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CHEMISTRY OF THE ELEMENTS ON THE
BASIS OF ELECTRONIC CONFIGURATION

The properties of the chemical elements are
largely dependent on the sizes of the atoms (or
their jons) and on electronic configuration. Flec-
tronically, the elements may be arranged into
three classes:

(1) The regular (or representative) ele-
ments, in which the outermost shell is being built
up to a maximum of 8 electrons; ie.. elements
in which the s and p subshells (orbitals) are being

filled.

(2) The elements of the short transition
series. in which the next to the outer shell is
being built up from 8 to 18 electrons as a result
of the filling of d orbitals.

(3) The elements of the long transition
series (the rare earths or lanthanides and the
actinides). in whick f orbitals are being filled
and the second from the outermost shell is heing
built up from 18 to 32 electrons.

. General Properties of Regular {or Representative)
Elements.

The regular elements (with the exception of
the H-He period) exist in periods (series) in
which s and p orbitals are being filled and the
number of electrons in the outer shell increases
regularly from 1 to 8; e.g.. Li Is? 2s5; Be 152 2s2;
B 1s? 252 2p; . . . Ne 1+ 25® 2p%. Underlying the
outer shell is one which contains either 8 or 18
electrons Tor the periods Li-Ne and Na-A. there
are 8 electrons in the underlying shell; for the
remainder of the complete periods. the first and
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second elements possess 8 electrons in the next
to outer shell and the rest of the elements 18
electrons. This change in configuration results
from the intervention of transition series hetsveen
the second and third elements. begiuning with the
third complete period. Thus. between  calciunt
(atomic number 20) and gallium (atomic runber
31) there occurs the scandium-copper transition
series. Included with the regular elements on the
basis of similarity in general properties are zinc.
cadmium. and mercury. elements having an . . .
18. 2 configuration. and which may he regarded
as the terminal elements of the varions short
transition series.

Examination of the elements which make up
any one of the regular series shows that. in gen-
eral, there is a definite transition from active
metal to active nonmetal to noble cas as the s
and p orbitals are being filled. Tt should be em-
phasized. however. that this transition from active
metal to nonmetal becomes less marked with
increasing series numbher, Thus, wheveas sificon
is completely nonmetallic in character. german-
ium. the corresponding element of the next series.
possesses some distinctly metallic characteristics.
This diminishing trend is. of course. most pro-
nounced in the last complete series; for example.
astatine, a member of the halogen family. can be
precipitated as a sulfide from hydrochloric acid
solution.

The diminishing trend from active metal to
active nonmetal with increasing sevies number
has its effect on group relationships. Variations in
properties within a group of elements are attribu-
table chiefly to differences in sizes of atoms {or
ions). Generally, the metallic chacacter (or re-
activity) of the members of any group as mani-
fested by ionization or electrode potential values.
and by the basic nature of the oxides which these
elements form. becomes more pronounced with
increasing atomic size.

Notable exceptions to this ganeralization exist.
however. One such exception. which well illus-
trates the effect of size in determining properties
within a group. is found in a comparison of the
ionization and electrode pot:ntials of the alkali
metals. As would be expected, the ease with which
an electron is removed frcm the gaseous atom
increases in a regular fashion from lithium to
cesium, as shown by the dacreasing values for



the corresponding ionization potentials (Li. 5.36
volts . . . Cs. 3.87 volts). On the other hand. al-
though the electrode potentials increase regularly
from sodium to cesium. ihe potential for the lith-
ium electrode, instead of being the lowest as might
be predicted from the ionization potentials alone.
is actually equat to that of cesium. This apparent
anomaly results from the large quantity of energy
liherated by the hydration of the very small
lithium ion: the tendency for the alkali metal
ions to polarize water molecules and form stable
hydrates increases markedly with decreasing ionic
<ize.

Other noteworthy reversals of trend occur
in the aluminum and the zinc groups, The vaiues
for the third ionization potentials and for the
electrode potentials (for the reaction M = M " *+
(aq) =4~ 3e’) of the members of the former group
are shown below:

THirp Tov1zaTioNn  ELECTRODE POTENTIAL.

PorenTiar. Vorrs Vorrs
Al 28.31 +1.67
Ga 30.6 —+0.52
In 27.9 +0.34
Tl 29,7 —-0.72

The great decrease in reactivity from alumi-
num to gallitin may reasonably be attributed to
the existence of the first <short transition series be-
tween these elements. A< a result of the generally
<teady decrease in <ize in this ceries, arising from
the filling of the 3d orbitals. there occurs a regu-
lar increase in effective nuclear charge. which in
gallium is manife<ted by a larger ionization po
tential than would be normally anticipated. The
nnch lesser reactivity of thallimm as compared
with indium is explained in a similar manner. ex-
cept that in this case two series intervene, in each
of which a relatively stead: decrease in size oc-
curs: namely. the third short transition series and
the lanthanides. An analogous explanation ac-
counts for the somewhat noble chemical nature
of mercury in contrast to the relatively reactive
character of zinc and cadmium.

The change from a shell of 8 electrons under-
Iving the valence shell 1o one of 18, which results
from the intervention of a short transition series,
also may affect basicity relationships, On the
basis of size alone. the hydroxide of aluminum
(the ionic radius of AI** ion is 050 A) would

be expected to possess weaker basic characteristics
than gallium hvdrexide (the ionic radius of Ga®+
ion is 0.62 A). However. gallium hydroxide is a
distinctly weaker hase than is aluminom hy-
droxide. The inve. sion noted above is not found in
the other groups of regular elements.

It has been mentioned that size differences
are chiefly accountable for variations in properties
between members of a group. Generally. the first
{and smallest) group member exhibits the widest
divergence from group similarities. This effect is
most pronounced in the firet three groups of regu-
lar elements, where lithium. bervllinm. and horon
differ markedly from the other members of their
respective groups. For example. lithium. on the
hasis of solubility of s salts. ability to form com-
plex compounds. and other properties. bears a
much closer resemblance to magnesium than it
dves to the other alkali metals. In like manner.
beryllium and boron are more similar to alumi-
num and silicon. respectively. than to the other
members of their groups.

Pegular series metals which possess a shell of
8 electrons adjacent to the valence shell have only
one siable oxidation state. corresponding io the
number of valence electrons. On the other hand.
metals with an underlving shell of 18 electrons
are capable of existing in more than one oxidation
state, Thus. oxidation states of 41 and +3 for
thallium. 42 and +4 for tin and lead. and -3
and 45 for antimony and bismuth are common.
The existence of variable oxidation states for
these elements has been attributed in part to the
superior shielding of the valence electrons from
the attractive force of the nucleus by an underly-
ing shell of 18 electrons as compared with one
of 8.

The ions of the regular elements are colorless
and diamagnetic. They are generally much in-
ferior 1o iransition metal ions in their ability to
form complex compounds. The tendency for com-
plex compound formation is most marked in ions
of large charge and relatively small size.

2. General Properties of Elements of Short Transi-
tion Series.

The elements of the short transition series
exist in periods in which the number of electrons



GENERAL PROPERTIES OF ELEMENTS oF SHORT TRANSITION SERIES
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in the outer shell remains essentially constant at
s and the next to the outer shell is being built
up from 8 to 18 electrons; i.e.. the d orbitals are
being filled. Although. on the basis of electronic
structure. the elements of the scandium group
are members of short transition series, their
chemistry is ordinarily discussed with that of the
rare earths. These elements are found in minerals
conlaining the rare earths and go along with the
latter in most analyvtical procedures. Zinc. cad-
mium. and mercury. with completed d ovistals.
are the terminal elements of the various short
transition series and do not possess the general
characteristics of transition elements.

All the transition elements are metals. Many
of the ions they form are colored and paramag-
netic as a result of the presence of unpaired elec-
trons, The elements have a great tendency to form
stable complex ions, Tnasmuch as electrons in both
the outer s and inner d orbitals are available for
chemical binding. most of the transition elements
possess variable oxidation states.

For the first six groups (scandium throngh
iron group). the maximum oxidation state ex-
hibited corresponds to the sum of the outer s and
inner d electrons. Bevond the iron group. except
for zinc. cadmium. and mercury. there appears
to be no correlation between electronic configura-
tion and the maximum oxidation state. A maxi-
mum oxidation state of eight. the highest attained
by any element. is reached at the iron group. Only
two members of this group. ruthenium and os-
mium. form compounds in which this state is ex-
hibited; e.g.. RuQ, and 0sO,. Tt should he em-
phasized that the highest oxidation state is not
alwavs the most characteristic one of the ele-
ment. In general. within a transition group
where the elements exhibit variable oxidation
states. the highest state becomes more stable with
increasing atomic number and the lower states
less stable. Thus the dichromate and permanga-
nate ions in acid madia are much more powerful
oxidizing agents than the tungstate and perr-

dbs?  d's? A5t dost dog?
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henate ions. In any series of compounds (e.g.
halides, oxides), formed by a transition element,
the ionic character of the compound decreases
with increasing oxidation state of the element.
This may be illustrated by a consideration of the
oxides of chromium. some properties of which are
shown below.

Ox1pATION STATE
oF Curomiusm Oxipe CHaracTER lons ForMmEeD

+2 CrO basic Cr2+

+3 Cr.0, amphoteric Cr%*
Cr0.—

+6 Cr0O; acidic Cr.0,=
Cr0,=

Transition elements show both vertical

(group) and horizontal relationships. The hori-
zontal similarities are generally marked in the
lower oxidation states. as illustrated by the fact
that in the first series the +2 and +3 states are
characteristic of the elements chromium through
copper. Horizontal relationships are most striking
in the series of elements frequently referred to
as the “transition triads.” Thus. iron. cobalt, and
nickel are metals which possess similar physical
properties and analogous oxidation states of 2, 3,
and 4. with the exception of iron which also ex-
hibits a 46 state. The second and third transition
triads are so similar in properties that they are
classified as the “platinum™ metals and their
chemistry is ordinarily discussed as a unit. The
vertical similarities hetween the various pairs of
platinum metals result from the lanthanide con-
traction. a phenomenon which has important
consequences insofar as transition element chem-
istry is concerned.

From cerium. element 58. to lutetium. ele-
ment 71. successive electrons are added to the
4f subshell. whereas the existing 5d and 6s levels
remain practically unchanged. The filling of this
level deep within the atom. accompanied by the
corresponding regular increase in nuclear charge.
results in a rather regular decrease in the atomic



volumes (and also the icnic radii) of the rave-
earth elements. which is known as the “lanthanide
conitraction.”” As a consequence of this contrac-
tion. significant irregularities in group ‘rends
exist between elements of the second and the third
transition series; most of the irregularities occur
immediately following the rare earths.

Within a regular group of metals, eg.. the
alkali or alkaline earth group, the ionic radius of
the characteristic ion increases regularly with in-
creasing atomic number. No such vegular increase
is observed in several of the transition groups. In
fuct. in groups containing elements which are not
far removerl from the rare earths. the ionic radius
of the third member is quite similar to that of the
corresponding ion of the second member:

Tit*. 0.65 A Vit 0.6 A Gt 035 A
Zrtt. 08 A Nb*> . 0.7 A Mo® . 062 A
Hf**. ca.C8A Ta*-, 072 A W°.065A

Inasmuch as chemical properties within a
group are in large measure related to the size of
the members. it is not surprising to find that the
second and third members of the wransition groups
arve much more closely related to each other than
to the first member. Mention has already been
made of the remarkable similarity of the platinum
metals. Zirconium and hafnium are so analogous
chemically that their separation has proved until
recently to be an exceedingly difficult task. The
pairs. niobium and tantalum. and molybdenum
and tungsten. are much more similar to each
other than to vanadium and chromium, respec-
tively.

Whereas within a regular group of elements,
with the e .ceptions already noted. electropositivity
as expressed by ionization or electrode potential
values increases with increasing atomic number.
the same situation does not prevail among the
transition groups. Indeed. as a consequence of
the lanthanide contraction. the last member of
the group is ordinarily considerably less reactive
than the first. The large increase in nuclear
charge with increase in atomic number is not
accompanied by a corresponding increase in
atomic size. and thus the valence electrons are
more firmly bound by the nucleus.

3. General Properties of Elements of Long Transi-
tion Series.

The long transition series ure characterized
by the filling of f orbitals. In the rare earths, or
lanthiides. the #f level 1s being filled. and in
the actinides the 5f. Although it is still unde-
termined where the first 53f electron appears in
the latter series. there is sufficient evidence to
suggest that the 5f series begins with actinium in
the same sense that the 4 series begins with
lanthanum.

a. The Rare-Earth or Lanthanide Series.

The rare carths are remarkably similar in
chemical Dbehavior. Thev possess the usual
properties of traunsition elemeuts: thev are all
metals. many of their compounds are colored and
paramagnetic. they form complex compounds but
much less readily than do the elements of short
transition series. and some of the elements possess
more than one oxidation state.

Tk Rave-EartH or LanTHANIDE SERIES
~Ce 4% 6s* (first. second. third shells. 4s. 4p.
4d. and 5s. 5p levels filled)

4 6s°

4ft 6s?

4f* Bs?

4f6 652

4f7 6s2

417 5d 652

40 Gs2

4f1° 652

411 6s*

412 6s2

4413 6s?

414 G2

4f14 54 652

2 Pr
woNd
. Pm
mSm
L
+Gd
.-Th
DY
«:Ho
~Er
wlm
Yb
5L

-The close relationship between the rare-
earth elements results from the existence of the
4f orbitals. Three electrons are readily lost from
the atom to give the characteristic tripositive
state of the configuration 4f". The 4f electrons in
the jon are not readilv available for chemical
binding and are relatively uninfluenced by the
electrical fields of neighboring atoms.

The rather regular decrease in size of the
tripositive ions with increase in atomic number
{lanthanide contraction). arising from1 the suc-
cessive filling of the 4f orbitals. has already been
noted and some chemical consequences of this



contraction have been described. As would he
expected. the basicity of the oxides decreases
regularly from cerium 1o lutetium. This. together
with the regular increase of hydrated jonic radius
from cerium to lutetium. has been of considerable
sipnificance in the successful separation of the
rare earths by ion exchange methods.

The oxidation states other than +3 which
exist mav be correlated directly with electronic
configuration. Three configurations. namely. 4.
4f". and 4f", arc particularly stable among the
rave-earth ions. Tt is not surprising. therefore.
that in an ion of oxidation state other than -3
one of these configurations is attained. or nearly
s0. The so-called anomalous oxidation states of the
rare earths and their configurations in the ground
state are shown below:

Cet+ 4f0
Pre+ 4
Sm2+ 4
Eun?+ 4f
The+ aft
Yb2+ 414

The existence of these “anomalous” oxidation
states has been useful in the separation of ele-
ments which possess them from other rare earths.
Thus cerium may be oxidized to the 44 state and
separated from the other rare earths by precipita-
tion as the iodate. Both dipositive europium and
ytterbium, which are similar in properties to the
alkaline earth metal ions. may be removed from
rare-earth niixtures by precipitation as sulfates.

The rare-earth elements are active metals pos-
sessing electrode potentials of the order of that of
magnesium. Qualitatively the activity decreases
with increasing atomic number.

Chemically. scandium. vttrium. and lantha-
num resemble the rare carths. The order of de-
creasing ionic size for M** and decreasing basici-
ty of the oxides is the following: 1.a. Ce. Pr. Nd.
Sm. Fu. Gd. Th. Dv. Y. Ho. Er. Tm. Yb. Lu. Sec.

b. The Actinide Series

The existence of a 5f series of clements hav-

ing aclinium as its prototype is derived largely
from chemical evidence. The exact place at which
the 5f level begins to fill is in doubt; however.
spectroscopic  data  strongly  indicate that ihe
ground state of the neutral uranium atom is
3% 6d 7s* (heyond radon).

THr. AcriNipeE SERIES

wTh  6d* 742 (or 5f 6d 7s*) (first. second. third.
fourth shells. 5s. 3p. 5d. and 6s. 6p
levels filled)

mba  5f% 6d 75% (or 5f 6d% 7s*)

LU 50 6d 72

NP 5f46d 752 (or 55 7s2)
WP 5% 752 (or 5 6d 752)
wAm o 5f7 7s?

LCm  5f 6d 7s?

Bk 5f86d 7s% (or 5f° 7s?)
<Cf  5f10 752

wEs 5L 72

wobm 52 752

mMd 513 752

w:No 514 752

w514 6d 752

The +3 state is characteristic of all the
actinide elements. (‘The tripositive statc of thorium
is incapable of existence in aqueous solution.) The
first elements (UI-Am) in this series are capalile of
being oxidized to oxidation states up to +6; in
this respect the actinides differ from the rare
earths. That the actinides possess more oxidation
states above the 43 state than do the rare-earth
elements is related to the fact that the 5f and 64
levels lie so close together that the energy re-
quired for the shift from one level 1o another is
sometimes of the order of magnitude of chemical
binding energies.

From uranium to americium the stability of
the +6 state decreases regularly; this is ac-
companied by a corresponding increase in stability
of the -+3 state. At americium. the latter state
becomes the predominant ane. and the only oxida-
tion state so far shown to exist for curium is 4 3.
This is entirely consistent with the proposal that
tripositive curium possesses a 57 configuration.
analogous to the 4f7 configuration of gadolinium,
its rare-earth homologue.
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PURIFICATION OF AMERICIUM
FOR GAMMA COUNTING

K. Wolfsberg and W. R. Daniels

1. Introduction

This procedure has been used for the separation of
americium from samples of up 10 2g of debris from
underground detonations. Purification of the sample in-
volves the isolation of a fraction containing both
americium and curium and consists of the folluwing
sequence of major steps: an initial fluoride precipitation;
hydroxide precipitations; extraction of lanthanides and
actinides into HDEHP (di-2-ethyvthexyl orthophosphoric
acid) from 0.05M 1INQ;: back-extraction of only the
lighter lanthanides and actinides into 0.8V HNOj;; passage
through an anion column to remove contaminants such as
Te, Zr, and Pu; additional fluoride and hvdroxide precipi-
tations; and finally, adsorption of the remaining lanthan-
ides and actinides on a cation exchange column and
clution with cthanol-HC) solution, and collecting the Am-
Cm fraction. The detsrmination of **Am and **'Am can
be cffected by gamma ray counzing in the presence of
Cm.

2. Reagents

HNOj: fuming; concd; 4, 0.8M; 0.054

HCIO4: coned

HF: concd

HCI: concd

HCI-HI" - 431 in each acid

H3BOj;: saturated aqueous solution

NaOH: 6.1

NitsOH: coned

NH;OH HCL: solid

Te(1V) carrier: 10 mg Te/ml, added as Na; TeOs in 61
HCl

Te(V1) carrier: 10 mg Te/ml, added as Nz, TeOa*2H;0 in
M1

Nd carrier: 5 mg Nd/ml. added as NdCl;-614;0 in H,0

0.5M HDEUP: dilute 645g of di-2-ethylhexyl ortho-
phosphoric acid (about 94% purity) o 4 liters with
n-heptane

EtOH-HCI reagent: 20% absolute ethanol - 80% concd
HCI - 0.1% NH,OH* HCl; saturated with HCI gas

Anion exchange resin: Bio-Rad AG 1-X10, 100-200 mesh

Cation exchange resin: Bio-Rad AG 50W-X4, (I form),
nom:nal minus 400 mesh, batch selected to give
satisfactory separation

Cation exchange rerin: Bio Rad AG 50W-X4, 200400
mesh (H form)

3. Procedure

Step 1 From 4 to 24 hours prior to beginning Step
2, prepare a cation exchange column containing Bio-Rad
resin AG 50W-X4, minus 400 mesh (11° forin). Treat the
resin (a quantity equivalent to a resin volume of 25 ml
when centrifuged from a slurry in water) three times with
50 ml of concd HCI and three times with EtOH-HCI
reagent. This treatment is performed in a Buchner funnel
with a medium frit and the resin is sucked dry between
treatments. Sluiry the resin with EtOH-HCI and transfer
to a glass column {9 mm o.d. x 38 cm long, filling 10 a
height of more than 32 cm under 10 psi of air pressure.
Pass EtOH-HCI reagent through the column until the
column is ready to be used. Just prior to use of the
column in Step 12 reduce the height of the resin to
30 em.

Step 2. Treat about 2 g of ground debris in a Vycor
or Teflon beaker with 10 ml of fuming HNOj;, 20 m} of
concd HCIO,. and 25 ml of concd HF. Boil to heavy
fumes of HClO4. Repeat treatment and boiling 1 or 2
times. Add 40 m! of 441 HNQj, transfer the solution to
40-mi Vycor centrifuge tubes. centrifuge. wansfer the
supernatcs to clean Vycor tubes, and discard the residues
Make the supernates about 4M in HF, centrifuge, and
discard the supernates. Wash tne precipitates three times
with 43 11Ci-#A1 HF, combining them in a single centri-
fuge tbe.

Step 3. Treat the precipitate with 5 m! of saturated
H3BO; and 2 mt of coned HNO3 and boil. If the sample
is not dissolved, add 2 mi of H3BO3; and 1 ml of HNO,
and boil again. If a smali quantity of solid still remains,
centrifuge, transfer the supernate to a clean centrifuge
tube, and discard the residue (Note 1).

Step 4. Dilute the solution to at least 20 m! with
H;0 and make basic with 6M NaOIlL Centrifuge and
discard the supernate. Wash the precipitate with 30 mi of
611 NaOH, boiling the mixture, then wash with H,0.
Discard the washes.

Step 5. Dissolve the precipitate in about 3 ml of
concd HCI, dilute to 20 ml with HH,0, and make basic
with concd NH,OH. Centrifuge, wash the precipitate with
11,0, and discard vhe wash.

Step 6. Dissolve the precipitate in abour 1 ml of
concd HNOj. Boil the solution to incipient dryness. (A
flash evaporator is useful for this purpose.) Dissolve the
restdue in 10 ml of 0.05M HNO; 'nd transfer the solution
to a 40-ml long-tapered centrifug- tube. Add 10 m’ of



0.5M HDEHP in heptane. Plug the tube with a plastic
stopper, shake vigorously for 20-30-sec, and centrifuge for
about 15 sec. Draw off and discard the aqueous (lower)
phase, and also discard any iaterface. Scrub the organic
phase twice with 10-ml portions of 0.05M HNOj;. Back-
extract the Am and the lighter tripositive lanthanides and
actinides with two 10-ml portions of 0.8M HNOQ,. Wash
the combined back-extract with 10 m1 of heptane and
discard the wash. Transfer the solution to a 125-ml erlen-
meyer flask and boil 10 incipient drvness (Note 2).

Step 7. Add 10 ml of concd HCL, 1 drop of concd
HNOj3, and 1 drop each of Te(IV) and Te(V1) carriers.
Heat the solution, but avoid boiling, and pass through an
AG 1-X10, 106-200 mesh anion column (8 mm «o.d. by
16 cm long) which has been pre-equilibrated with 10 ml
of coned HCL. Collect al) effluents in an erlenmeyer flask.

Step 8. Boil to about 2 ml, add 10-20 mg of Nd
carrier (or any tripositive lanthanide carrier), and ditute to
abouvt 20 ml with H20. Add 4 inl of coned HF, centri-
fuge, and discard the supernate. Wash the precipitate with
20 mi of 4M HCI-4M HF and discard the wash.

Step 8. Dissolve the precipitate in a mixture of
1-2 ml each of saturated H;BO; and coned HCI, dilute
the solution to 15 m! with H,0, and make basic with 6\
NaOIl. Cenrtrifuge and discard the supernate. Wash the
precipitate with 15 ml of H,0 and discard the wash.

Step 10. Dissolve the precipitate in 1 mi of concd
HCl, add about 100 mg of NH, OH*HCI, dilute to i5.mi
with H;0, and reprecipitate the hydroxides with coned
NI, OH. Centrifuge and discard the supernate. Wash the
precipitate with 15 mi of 11,0 and discard the wash.
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Step 11. Dissolve the precipitate in 3-5 drops of
concd HCl and dilute to about 30 m! with H,0. Add the
equivalent of 1-2 m! of centrifuged Bio-Rad AG 50W-X4,
200400 mesh, cation resin ({4’ form) in water-slurry
form, stir for 1 min, and centrifuge. Discard the super-
nate, wash the resin with 30 ml of H, 0, and discard the
wash.

Step 12. Slurry the resin from Step 11 in 1-2 ml of
H20 2nd transfer to the top of the cation exchange
column prepared in Step 1. Complete the transfer with a
small H, O wash. Allow the resin to settle and draw off
the H20. Start eluting with EtOH-HCI reagent (Note 3)
under about 10 psi of air pressure. The elution curve
shown in Fig. 2 of the procedure for “Concentration of
Transplutonium Actinides from Nevada Soil Samples™ by
K. Wolfsberg and W. R. Daniels is reproducnhlc on a
volume basis. Collect the Am-Cm fraction.

Notes

1. If a large amount of solid remains, add 20 m] of
6M NaOH aund boil for about 2 min. Centrifuge, discard
the supernate, and wash the precipitate with H,O0, dis-
carding the wash. Treat the solid with 2-5 ml of saturated
H3BO3 and 2 ml of coned HNOj, boil, centrifuge, and
combine the supernate with the original one.

2. If the heavicr lanthanides and actinides are to be
recovered, one should adapt Steps 8 and 9 of the proce-
dure for “Concentration of Transplutonium Actinides
from Nevada Soil Samples” by K. Wolfsberg and W. R
Daniels for the back-extraction of all the tripositive
lanthanides and actinides.

3. The NIH,OH-HCl in the EtOH-HC! reagent
ensures that all the Ce present remains in che +3 condition
and thar no trace of this element elutes early as 1 +3
species.



ANTIMONY
D. C, Hoffman and J. W, Barnes

l. Introduction

In this procedure for the determination of
antimony in fission-product solutions, the an-
timony is first converted tc the +5 state. Decon-
tamination from the bulk of the molybdenum
activity present is then effected by MoS; pre-
cipitation in the presence of fluoride ion which
strongly complexes Sb(V). thus keeping it in
solution, After reduction of antimony to the
tripositive state, separation from tin is effected by
precipitation of Sb.S; in the presence of tin
carrier and fluoride ion, the latter this time keep-
ing the tin in solution as a fluoro complex. Tellur-
ium, which precipitates along with antimony, is
removed by precipitation with hydrogen sulfide
from concentrated hydrochloric acid solution. the
antimony remaining in solution. The antimony is
then absorbed on a Dowex 1-X10 anion exchange
column from 0.9M hydrochloric acid solution.
The last traces of mulybdenum are removed with
a wash of the acid. The antimony is eluted from
the column by means of a 20%, ammoniacal tar-
trate solution and is again precipitated as a sul-
fide. The sulfide is dissolved in concentrated hy-
drochloric acid and then converied to the metal
by redaction with Cr(II) chloride. In this form
it 35 weighed and counted. The chemical yield is
about 50%. and six analyses can be performed in
about 8 hr.

2. Reagents

Sb carrier: 10 mg Sb/ml, added as SbCl, in 6M
HCl. <tandard|7ed

Mo carrier: 10 mg Mo /mil, added as Na.MoQ; in
H.O

8n carrier: 10 mg Sn/ml, added as SnCl.-2H.0
in 6M HCL

Tet* carrier: 10 mg Te/ml, added as Na.TeO. in
12M HCI

Te®* carrier: 10 mg Te/ml, added as Na.H,TeC.
in 3M HC1

HCl: conrd; 6M; 1M; 0.9M

HI: concd

HF: concd

H.S0,: concd

1

H.S: gas

Br.-H.O: saturated solution

NH,0H: concd

CrCl, solution (Oxscrhent)

NaKC,H,0,-4H.0: 20% aqueous solution

Aerosol soiution: 19 in H.Q

Methaneol: absolute

Dowex 1-X10 anion resin, 100-200 mesh {cb-
tained in purified form from Bio-Rad Labora-
tories, Richmond, Calif.)

3. Preparation and Standardization of Carrier
Dissolve 18.7 g of ShCl. in 63 HCl and make
the solution up to a volume of 1 liter with the
acid.

Pipet 5 ml of the above carrier solution into
a weighed filter beaker. (This beaker has a 15-
ml. fine-porosity. sintered-glass crucible sealed
into the side near the top so that the operations
which follow — reduction, filtration, drying, and
weighing — may be carried out in this one vessel.)
Add 5-10 ml of CrCl. solution (Oxsorbent). After
conversion to Sh metal is complete, filter and
wash the precipitate with small portions of H.O
and absolute methanol, Dry the filter beaker con-
taining the Sh at 100° for 1 hr. Cool and weigh.

4, Procedure

Step 1. To a 40-ml short-taper centrifuge
tnbe add 2 ml of Sb carrier, a few drops of Mo
carrier, the sample, and 2 ml of Br.-H.O. Boil off
the Br. and make the solution approximately
1.5M in HCL. Add 1 ml each of concd HF and
concd H.SO, per 25 ml of solution. Bring to
boiling. saturate with H.S to precipitate MoS,,
add some filter paper pulp. centrifuge, and pour
the supernate through a filter into a 90-ml centri-
fuge tube. Wash the filter with 2-3 ml of 1M
HCl and permit the washings to drain into the
same centrifuge tube.

Step 2. To the solution add 1 ml Sn carrier,
2 drops of Mo carrier, 2 ml of coned HI, boil for
about £ min. and add 5 ml of H.O. Saturate with
H.S to precipitate $b.S.. add a few drops of
aerosol solution. and centrifuge. Discard the super-
nate, wash the precipitate with 1M HCl, and
discard the washings.



Step 3. Dissolve the precipitate in 4 ml of
concd HCL, boil off H.S. and remove any undis-
solved NoS, precipitate by filtering the solution
through No. 41 Whatman paper into a clean 40-ml
short-taper centrifuge tube. To the filtrate add 4
drops of Sn carrier, 4 drops of Te'! carrier. 2
drops of Te®* carrier. and 1 ml each of concd HI
and concd HF. Boil for about 2 min (until the
original vigorous reaction subsides). Dilute to 25
ml with 1A HCL. add a few drops of aerosol solu-
tion, and saturate with H.S to precipilate $b.S..
Centrifuge and wash the precipitate as in the
previous step,

Step 4. Repeat Step 3, but use no Sn or Te
carrier.

Step 5. Dissolve the precipitate in 4 ml of
concd HCI, boil off the H.S, add 2 ml of Tet*
carrier. and boil for 1-2 min. Add 2 ml more of
concd HCL, bring to boiling, saturate with H.S.
and filter on a 15-ml medium fritted glass funnel
into a 4-ml short-taper centrifuge tube. Wash
the original tube with 2 ml of concd HCl and
filter into the original filtrate. Discard the pre-
cipitate. Boil the combined filtrate. add 2 ml of
Te** carrier, boil for 1-2 min, saturate with H.S.
and filter into a 40-ml short-taper centrifuge tube,
discarding the precipitate.

Step 6. Boil off the H.S, evaporate the
solution to about half of its original volume (it
will now be approximately 6} in HCI), and
dilute with H.O to make the solution 0.9 in
HCL Add 6 ml of H.O for every 1 ml of solution.
Measure volumes accurately and do the dilution
carefully. The 0.9M value is critical. since the
distribution coefficient for Mo rises steeply both
above and below 0.947 HCl concentration (Ngte

1).

Step 7. Prepave a Dowex 1-X106 anion resin
(100-200 mesh) column (1.1 cm X 5.5 cm) with
a glass wool plug hoth above and below the resia
bed. Prewash the column with about 10 ml of
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0.917 HCL. Place the solution from Step 6 on the
column and permit it to flow through. Discard
the eluate. Wash the column with 250 ml of 0.937
HCL discarding the washings. FElute the Sbh with
20 ml of 20% NaKC,1{,0,; which has been made
basic with 12 drops (about 1 ml) of concd
NH,OH. Collect the eluate in a 40-ml short-taper
centrifuge tube.

Step 8. Add coned HCI (about 2 ml) until
a precipitate just forms. Dissolve the precipitate
by adding concd HCl dropwise. and then add 2
ml of the acid in excess. Saturate with H.S. centri-
fuge. and discard the supernate.

Step 9. Dissolve the precipitate in 5-10 nl
of concd HCI and hoil off the H.S. Make the solu-
tion 3-5A7 in HCI and filter through a 60-ml fine
sintered glass crucible into a 40-ml short-taper

centrifuge tube,

Step 10, Add sufficient CrCl, =nlution (Ox-
sorbent) to completely precipitate Sb as the metal.
Start filtering through a weighed No. 40 What-
man filter circle. %" diameter. within 1 min or
less. using a ground-off Hirsch funnel and » filter
chimney. Wask the mietal with 5-ml portions of
H.0 and absolute methanol. Dry at 100° for 15
min. Cool, weigh, and mount {Note 2).

Notes

1. As an alternative to Step 6, after the
H.S is hoiled off, the solution may be evaporated
nearly to dryness on a steam bath, but the ma-
terial must not be lefi on the steam bath dry or
at elevated temperatures or the Sb may volatilize.
Then add a few drops of H.O until a white pre-
cipitate forms, dilute to 10 ml with 0.92 HC],
and proceed with Step 7.

2. The Sh is ordinarily not counted until
four days after the column step (Step 7), 1o allow
9.3-hr '*'Te to grow into equilibrium with 93-hr
127G},



ANTIMONY-127
E. A Bryant

l. Introduction

This simplified procedure permits a relative-
ly rapid analysis for '27Sh. It was developed
primarily for samples containing large amounts
of zirconium, niobiun, uranium. and hydro-
fluoric and perchloric acids, The basis for the
simplification of the chemistry is the use of a
Ge(Li) detector to measure !27Sb and 1258b
(spike) y-rays in an imperfecily purified sample,
Major interference in the measurements is cansed
by the 1321 daughter of 132Te.

The chemical separation consists of a series of
SbuS; and Tely (by-product) precipitations. Ex-
change with Sb{V) carrier is effected in the
presence of aqueons bromine at elevated tempera-
tures, Recovery is measured by means of the
1238b tracer-carrier; vields are hizh.

2. Reagents

1258b tracer-carrier: sufficient activity {source:
OBRNL) for measurement on the available
detector + 10 mg SB(V)/ml. added as SbCl;
in diiute HCL
Mo(VI) carrier: 10 mg Mo/ml, added as
( NH_| ) 1;‘1\/]()7024 4'H_IO
Te(IV) carrier: 10 mg Te/ml. added as
NayTe0O; in 12 M HCI
Te(VI) carrier: 10 mg Te/ml. added as
NagHsTeOg in 3 M HCI
HCI: concd
HI: coned
H3BO;: saturated aqueous solution
HoS: gas
Bro-HoO: saturated solution

3. Procedure

Step 1. Pipet 1.00 ml of '*38b tracer-carrier
solution into a 40-ml glass centrifuge tube. Add
10 mit of saturated H3BOz and 1 ml of Bra-Hs0.
then pipet the sample into the tube, Stir the golu-
tion and place the tube on a steam bath for a
minimum of 2, but less than 4. hr. (Prolonged
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standing results in precipitation of NbgO; which
carries down antimony.)

Step 2. Dilute by a factor of two with H20
and saturate with HgS. (If an orange precipitate
of SbsS; does not form. it will be necessary io dilute
the solution further and to use more H3BO; to
reniove fluoride ton still in solution.) Warm the
mixture and set it aside for 20 min_ Centrifuge
and discard the supernate,

Step 3. Dissolve the precipitate in 5 ml of
concd HCL and boil for 20 sec, Add 2 drops each
of Te(IV) and Mo (VI carriers and boil for
20 sec. Dilute to 26 ml with HoO and saturate
with H.S. Warm. set aside for 20 min.. centri-
fuge. and discard supernate.

Step 4. Add 5 ml of concd HCI to the pre-
cipitate. warm, and stir. Centrifuge, transfer tie
supernate to a clean centrifuge tube, and discard
the precipitate of MoS; and TeS,. Boil the super-
nate for 30 sec,

Step 5. Add 5 ml of Hp0 and 2 ml of HI and
boil for 30 sec, Add 2 drops of Te(IV) carrier.
hoil. centrifuge. transfer the supernate to a clean
centrifuge tube. and discard the Tel. precipitate.
Add 2 drops of Te(VI) carrier and bring the
solution to a boil. Centrifuge, transfer the super-
nate to a clean cenirifuge tube, and discard the
Tely precipitate,

Step 6. Dilute to 20 ml with He0O. saturate
with HS. and warm gently, Centrifuge and dis-
card the supernate, Dissolve the precipitate in 3
ml of concd HCl and centrifuge; discard any in-
~oluble residue.

Step. 6 Pour the solution into a convenient
container for counting (e.g.. a Packard 25-ml
polvethylene vial). Take a preliminary measure-

" ment of the activity to determiue whether there

has been adequate decontamination. The number
of counts in the 228 keV 132Te full energy peak
should be no more than 50 times larger than the
counts in the 473 keV 1278} full energy peak. If
this ratio is exceeded, repeat Steps 5 and 6, When
adequate decontamination has been attained, mea-
sure the 1258b activity by means of its 176, 428,
464. and 635 keV y rays and that of 127Sb by
means of its 473, 685, and 783 v rays.

November 1970



ANTIMONY I

B. R. Erdal

1. Introduction

This rapid procedure for the separation of antimony
from fission products is based on an article by A. E.
Greendale and D. L. Love, Anal. Chem., 35, 632 (1963).
The main decontamination process is the formation of
stibine, SbHj3, and the collection of this volatile com-
pound in a bromine water solution. A rtellurium(iV)
sulfide scavenge is then performed and the antimony is
reduced to the elemental state for counting and chemical
vield purposes.

The procedure requires about 15 minutes per sample
and gives chemical yields of 40-60%. Decontamination
factors of at least 10° from U thermal-neutron fission
products are obtained.

2. Reagents

Sb carrier: 10 mg Sb/ml, added as SbCi, in 6M HCL. The
solution is standardized by precipitation of $b metal
with about 1.6M CrCl,

Te(VH) carrier: 10 mg Te/mi, added as Na,H3TeOg¢ in
6M HCI

HCI: concd; 6M

Br,

NH,4OH: concd

Drierite (CaS0,)

N,: gas

Zn: dust

NH, OH+HClI: solid

Ethanol: absolute

CrCly: ~1.6 M aqucous solution (Fisher Scientific Cc.)

3. Procedure

Step 1. Assemble the separation apparatus as shown
in Fig. 1. Fill the U-tube with Drierite (CaS03) and cover
each side with gless wool, Place 10 ml of 6M HCI and 10
drops of Br, in each of the traps. Add 20 g of Zn dust to
the round-bottomed flask and bring the water bath to a
boil. Flush the entire system well with N,.

Step 2. Pipet 3.0 mi of standard Sb carrier into the
reservoir of the apparatus, add the sample, and make the
solution up to a volume of about 5 ml with 6M HCL. Drop
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Fig. 2.

the solution onto the Zn in one batch, collect the gas
(SbHj3 and H;) for 10-15 sec, and then open the vent.

Step 3. Transfer the Br;-HCI solutions (Note) to a
40-ml glass centrifuge tube, add 10 mg of Te(VI) carrier,
heat in a steam bath for a few minutes, add 100 mg of
NH;OH+HCl, and saturate with H,S. Digest in a4 stcam
bath until the precipitate has coagulated and filter
through a glass frit of medium porosity into a clean
centrifuge tube. Discard the precipitate.

Step 4. Add about 4 ml of concd NH4OH (the
resulting solution should be about 2M in HCl), saturate
with H,S, and digest in a steam bath for 2 few minutes.
Filter the SbyS;3 precipitate onto a glass frit of medium
porosity. Wash the Sb,S; with H,0, discontinue suction,
and discard the filtrate. Dissolve the SbyS3 in 10 ml of
concd HCI, start suction, and collect the filtrate in a clean
centrifuge wbe.

Step 5. Heat the filtrate in a steam bath to expel
H,S, add 10 ml of absolute ethanol, mix, and then add
5 ml of about 1.6M CrCl;. Swirl for 15 sec and filter the
metal precipitate onto a tared Gelman VF-6 filter paper
(0.45 um pore size). Wash the precipitate with a 50/50
mixture of 6M HCl and ethanol, then with H;0, and
finally with cthanol alone. Dry under suction for a few
minutes, weigh, and mount.

Note

The first Bry-HCI trap generally contains about 90%
of the Sb,



THE SEPARATION OF ARGON-37 FROM
IRRADIATED CALCIUM OXIDE

J. W Barnes, J. Balagna, R. J. Prestwood,
and B. P. Bayhurst

1. Introducticn

This procedure describes the separation of Argon-37
from a caleium oxide pellet which has been irradiated
with high energy (2.5-14.5 MeV) ncutrons.

0 1 37 4
0Ca+ p—> gAr+ ,He

In a system which has been previously evacuated, the CaO
pellet is treated with an excess of dilute HCl in the
presence of added Ar carrier. The resulting solution is
distilled to bring about complete mixing of 3’Ar with
carrier, and the Ar is then cryopumped into a thin-
windowed (1 mil Be) gas sample container fabricated
from stainless steel and sealed with a bellows valve. The
2.62 keV x-ray from 3'Cl, formed from *’Ar by electron
capture, is counted on a lithium-drifted silicon crystal.

2. Reagents

Ar carrier: high purity gas
HCI: 4M
Ta turiings

3. Procedure

Step 1. Add the CaO pellet (about 90-100 mg),
which has been compressed in a hydraulic press at high
temperatures and pressures before irradiation to the dis-
solver of the apparatus (Figure 1). On another vacuum
line fill the two sections of the Ar carrier tube with the
gas to a pressure of 250 Torr and connect the tube to the
apparatus as shown in Figure 1 (Note 1). Add about
2.5 ml of 4MHCI to the HCI reservoir and evacuate the
system in the following manner. Start the pumping at
room temperature with a mechanical pump and when the
pressure has dropped to 0.2-0.5 Torr, connect the system
to a diffusion pump. When the pressure reaches
20-50 mTorr, freeze the HCl solution with liquid nitro-
gen. Open the bellows valve to the stainless steel sample
container (Figure 2). Continue pumping until the pressure
is about 2 x 107 Torr (1-2 hr). Close the stopcock to the
pumping system and follow the pressure rise with the
differential capacitance manometer. If the pressure rise
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within 5 min is less than 2 mTorr proceed with Step 2. If
the rise is greater than 2 mTorr, continue the evacuation
process until the pressure rise is satisfactory. Open the
stopcock to the pumping system.

Step 2. Close the dissolver stopcock, open the onc
to the first half of the Ar carrier, melt the HCl solution
with an electric heat gun, and pour the solution ont’ the
CaO pellet. Stir for 10 min with a magnetic stirrer to
obtain a clear solution (Note 2).

Step 3. Chill the HCI reservoir by means of liquid
nitrogen, apply heat (electric heat gun) intermittently to
the dissolver (stirring is maintained) until the solution
distills into the reservoir and only solid CaCl; remains.
(The Ar is not condensed by the liquid nitrogen, but the
distillation permits complete mixing between carrier gas
and the *’Ar released from the CaO pellet.) Place a Dewar
filled with liquid nitrogen around the U-tube filled with
the Ta turnings (glass beads would probably work as
well). Melt the solid plug of HCI solution (heat gun) and
refreeze in the bottom of the reservoir in order to elim-
inate plugging at the upper portion by frozen HCI solu-
tion.



Step 4. Close the stopeock to the pumping system
and cool the copper heat exchange bar with liquid nitro-
gen. Slowly open the dissolver stopcock and record the
pressure indicated by the differential capacitanee manom-
cter (Note 3). Replace the liquid nitrogen around the
copper bar vith liquid helium and record the pressure
decrease at 2-min intervals for 8 min, and then at 1-min
intervals until the pressure drops to zero or remains con-
stant (10-12 min). Shut the dissolver stopcock and the
bellows valve and remove the liquid helium container for
refilling for later use. Be certain that the stopeock to the
pumping system remains closed.

Step 5. Open the stopeock to the second half of the
Ar carrier, remove the liquid nitrogen from atound the
HCI reservoir, and melt the HCl ice (heat gun). Pour the
solution onto the CaCl; in the dissolver and stir for about
10 min.

Step 6. Repeat Step 3.

Step 7. Cool the copper heat exchange bar with
liquid nitrogen and then replace the nitrogen with liquid
helium. Slowly open the dissolver stopcock and record
the pressure shown on the differential capacitance
manometer. After the copper bar has been cooled with
liquid helium for 1.5-2 min, open the bellows valve. Re-
cord the pressure decrease at 2-min intervals for 8 min
and then at 1-min intervals until the pressure drops to
zero or remains constant. Close the bellows valve, the
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dissolver stopcock, and the top Ar carrier stopcock. Ob-
serve the pressure in the manometer for another 5 min to
make certain that the bellows valve is sealed tightly. Open
the stopcock to the pumping system and check the
manometer for possible zero drift. Remove the liquid
nitrogen container from the U-tube containing the Ta
turnings, warm the turnings with an ¢lectric heat gun, and
pump for about 10 min. Disconnect the sample container
and count the 2.62 keV x-ray from *)Cl on a lithium-
drifted silicon crystal.

Notes

1. The quantity of carrier gas should be held con-
stant from run to run to c¢liminate errors due to self-
absorption of the gas.

2. The 3Ar will not be released quantitatively from
the CaO pellet if solution in HCl is not complcte.

3. The manometer reading will verify whether ap-
proximately half of the Ar carrier gas has been intro-
duced. P-V calibrations of the apparatus should have been
carried out previously.



ARSENIC
R. J. Prestwood and B. J. Dropesky

I. Introduction

In the separation of radioarsenic from fission
products, the sulfide is first precipitated in acid
medium. The chief contaminants of this precipi-
tate are germanium, tellurium, molybdenum, and
cadmium, Fuming of the sulfide with a mixture
of nitric, hydrochloric, and perchloric acids re-
moves germanium, which volatilizes as the tetra-
chloride; arsenic is oxidized to arsenic acid.
The arsenic is then converted to the triiodide by
treatment with hydroiodic acid and extracted into
benzene; tellurium, molybdenum, and cadmium
remain in the aqueous phase. The extraction is an
excellent decontamination step. After washing.
the benzene solution is treated with dilute sulfuric
acid, and arsenic is extracted into the aqueous
phase. After appropriate repetition of the extrac-
tion process, the arsenic is precipitated as the sul-
fide. The latter is dissolved and arsenic is finally
reduced by chromous chloride to the metal, in
which form it is weighed and counted. The
chemical yield approximates 90%,.

2. Reagents

As carrier: 10 mg As/ml. added as Na;AsO,
12H.0 in H.0, standardized

HCI: 2M; 6M; concd

HNO,;: concd

H.SO,: 1M

HCIO,: 70 to 729,

HI: 479

Nal: solid

CrCl. solution (Oxsorbent)

H.S: gas

Aerosol: 0.19%, aqueous solution

Benzene

Ethanol: absolute

3. Preparation and Standardization of Carrier

Prepare an aqueous solution containing 56.6
g of Na;AsO,-12H.0 per liter. Pipet exactly 5 ml
of the carrier solution into a 40-ml conical centri-
fuge tube, add 10 ml of 6M HCI, and heat. To the
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hot solution add 10-15 ml of CrCl, solution (Ox-
sorbent) and siir vigorously for 2 min while main-
taining the solution near its boiling point. Filter
the metallic arsenic precipitate into a weighed
30-ml sintered glass crucible of medium porosity.
Wash the precipitate three times with 5-ml por-
tions of H.O and once with 5 ml of absolute
ethanol. Dry at 110° for 15 min, Cool and weigh.
Four standardizations are carried out.

4, Procedure

Step 1. Pipet the sample into a 40-ml
conical centrifuge tube which contains exactly 2
ml of standard As carrier. Add 10 ml of concd
HCI and about 20 mg of solid Nal. Pass H.S into
the solution which is maintained at room tem-
perature. Centrifuge the sulfide precipitate and
discard the supernate.

Step 2. To the As.S, precipitate add 0.5
ml each of concd HNO, and HCL and { ml of
concd HCIO,. Heat the solution gently and then
to fumes of HCIO, over a burner. and continue
heating until all free sulfur has been oxidized.
Permit the solution to cool.

Step 3. Transfer the dissolved As (now in
the 45 state} with 10 ml of 3M HCI into a
125-ml separatory funnel. Add 5 ml of 479, HI
and 30 ml of C,H.. Shake the mixture thoroughly
and then permit it to stand for 1 min (Note 1).
Drain the aquec 1s phase and discard.

Step 4. Wash the C.H. phase containing
AsI; with 5 mil of 3M HCI] and 2 ml of 479 HI.
Drain and discard the wash solutior:.

Step 5. Add 10 ml of 1Y H.SO, to the
C.H. phase and shake for 1 min. Permit the mix-
ture to stand for 1 to 2 min, then drain the aque-
ous phase into a clean 125-m] separatory funnel,
and discard the C;H, layer.

Step 6. To the aqueous phase add 10 ml of
6Mf HCL 8 ml of 479 HI. and 30 ml of C,H..
Shake the mixture thoroughly and drain and dis-
card the aqueous phase,

Step 7. Repeat Steps 4. 5, 6. and 4.

Step 8. Add 15 ml of 1A H.SO,i0 the
C.II, solution and shake for 1 min. Let the mix-



ture stand for 1 to 2 min and then drain the
aqueous phase into a clean 40-ml centrifuge tube.

Step 9. Add 10 ml of concd HCI] and satu-
rate the solution with H.S. Centrifuge the As.S;
precipitate und discard the supernate.

Step 10. Repeat Step 2.

Step 11.  Add 10ml of 63/ HCl and heat to
boiling. Add 5 ml of CrCl, s»lution (Oxsorbent)
and stir comtinuously for 1 min, while keeping the
solution hot. Again add 3 ml of CrCl. and stir
continuously for 1 min. Wash down the walls of
the tube with a few drops of aerosol solution,

Step 12. Filter the elementary arsenic onto
a tared No. 42 Whatman fikter circle, 1” diameter,
using a ground-off Hirsch funnel and a filter

chinmey. Wash the precipitate with <everal 5-ml
portions of H.O and then with absolute methanol.
Dry at 110° for 10 min. cool. weigh. and mount
(Note 2).

Notes

1. Because of the toxicity of benzene vapor.
it is advisable 0 perform extractions with this
solvent in a fume hood.

2. Beta-counting of the 38.7-hr *As formned
in fission is begun immediately. If a half-life of
less than 38.7 hr is obtained it is likely that some
normal As was present and the (n.y) reaction on
it gave As (26,5 hr). The thermal neutron
capture cross section for As is quite high and
A3 is a prevalent contaminant.

Pror——,

[
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BARIUM
W. G, Warren

The procedure for the separation and de-
termination of barium is a maodification of one
described by L. E. Glendenin. CC-971 (September
13. 1943).

l. Introduction

Bariuin may be separated from fission-pro-
duct aterial by the specific precipitatizn in the
cold as BaCl.-H.O by means of a concentrated
hydrochloric acid-ethyl ether mixture. The pro-
cedure for the determination of barium as
outlined below consists of the isolation of
BaCl.- H.O. followed by conversion to the chrom-
ate. BaCr0,. Three precipitations of the chloride
are carried out, the first and second being fol-
lowed by ferric hydroxide scavenging steps. The
final precipitation of barium as the chromate is
preceded by a lanthanum hydroxide scavenging
step to remove lanthanum and other fission pro-
ducts which form insoluble hvdroxides and which
were not rerrsiod by iron hvdroxide scavenging.
The chemical yield is about 709%,.

2. Reagents

Ba carrier: 10 mg Ba ml. Ba(NO)). colution.
standardized

Fe carrier: 10 mg Fe’/ml. added as aqueous

FeCl,-6H.0
La carrier: 10 mg La‘ml. added as aqueous
La(NO,), 6H.0
HCl-ethy] ether mixture: 5 parts (byv volume) of
concd HCI to 1 part of ethyl ether
NH,OH: {M; 6M
HCl: 6M
HC.H.0.: 6M
NH,C.H.O.: 3M |
Na.Cr0,: 1.5M
Phenolphthalein indicator solution
Ethanol: 959,

as one solution

3. Preparation and Standardization of Carrier

Dissolve 19.0 g of Ba(NO,). in H.O and
dilute to 1 liter. Pipet 5.0 ml of carrier solution
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into a 250-ml beaker and dilute to approximately
100 ml. Add 10 m each of 60 H.C,0. and 3V
NH,C.H.0., Place on a hot plate and bring to a
boil. Add 5 ml of 1517 Na.CrQ, dropwise with
stirring. boil for 1 min with stirring. cool te room
temperature, and filter the Ba.Cr(), into a fine
sintered glass crucible which has been washed
with water and ethanol. dried at 110° for 15 min.
and weighed. Wash the precipitate three times
with 3-ml portions of H.O and three times with
5-ml portions of ethanol. Drv at 110°. cool. and
weigh. Four standardizations of the carrier solu-
tion are performed. The spread in results is about
03%.

4. Procedure

Step 1. To the sample in a 40-ml centrifuge
tube. add 2 ml of standardized Ba carrier (com-
bined volume not 10 exceed 5 ml). Evaporate to
reduce volume, if necessarv. Place the tube in an
ice hath and add 30 nil of cold HCl-ether reagent
(Note 1), Stir for 1 min or until a precipitate of
BaCl.- 1.0 is fornred. Centrifuge and discard the
supernate (Note 2).

Step 2. Dissolve the precipitate in 4 ml of
H.O and add 1 drop of phenolphthalein solution
and 3 drops of iron carrier, Neutralize with 6M
NH,OH and add 12 drops in excess. Centrifuge
and pour the supernate into a clean centrifuge

tube.

Step 3. Add 30 ml] of HCl-ether mixture to
the supernate and proceed as in Steps 1 and 2.
It do not add additienal Ba carrier.

Step 4. Repeat the precipitation of BaCl.
H.0 with FICl-ether reagent. Dissolve the pre.
cipitate in 10 ml of H.O. and add 1 drop of
phenolphthalein <olution and 10 drops of I.a car-
rier. Neutralize with 6 NH,OH and add 10
drops in excess. Bring the mixture to a boil. centri-
fuge. and pour the supernate into a clean centri-
fuge tube,

Step 5. Neutralize the supernate with 6M
HCL and then add 10 ml of the 6 HC.H.0.-
30 NH,C.H.Q. solution. Heat to boiling and drop-
wise add 2 ml of 1.5M Na.CrO,. Boil for 1 min
with constant stirring. centrifuge. and discard the
supernate, Wash the precipitate by stirring with



20 ml of H.0, centrifuge, and discard the super-
nate, Slurry the precipitate with 20 ml of H.O
and filter the BaCrQ, on a previously washed,
dried, and weighed filter paper, using a filter
chimuney and ground-off Hirsch funnel, Wash the
precipitate three times with 5-ml portions of H.O
and three times with 5-ml portions of ethanol.
Dry at 110°, cool, weigh, and mount (Note 3).

Notes

1. For a maximum yield of BaCl;:H.O the
solution must be cooled to about 5°,

2. If sulfuric acid, hydrofluoric acid, or
oxalate ion is present in the sample. or if the
volume of sample plus carrier exceeds 5 ml. the
following preliminary treatment is carried out
before BaCl, H.0 is precipitated. To the mixture
of sample and carrier in a 40-ml centrifuge tube

add 2 to 4 drops of concd H.SO, to precipitate
BaS0,. Wash the precipitate by stirring with 10
ml of H.O, centrifuge. and discard the supernate.
Add 5 ml of saturated K.CO, solution and boil
for 2 min, adding H.0 if necessary. Centrifuge
and discard the supernate. Wash the precipitate
with 10 ml of H.O as above. Add 1 ml of coned
HCL. heat to boiling, and then add 1 mi of 63
HCl, maintaining the solution hot. Add 3 ml of
H.0 and cool in an ice bath. Proceed with the
precipitation of BaCl.- H.O.

3. The BaCrO, precipitates are set aside for
134 hr hefore counting is begun, This permits
9Ba and '"La daughter activities to come to
equilibrium, If results are desired earlier, a com-
puter program for the IBM 7094 allows early
conseculive counts to give the answer, taking into
account the growth and different absorption cor-
rections for 1°Ba and *°La.
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BERYLLIUM

R. J. Prestwood

1. Introduction

This procedure is suitable for the determination of
radiobervllium in fission-product  solutions  containing
macro quantities of other metal ions and is much shorter
and more cffective than the procedure it supersedes,
which consisted mostly of by-product scavenges to effect
decontamination. This procedure consists of the extrac-
tion into carbon tewrachioride of the Be acetylacetone
complex from a solution of EDTA ata plt of 7.7 (Note
1), followea by an anion column separation, a NaOH
scavenge, tluoride scavenges, and mounting as BaBel,.
The chemical yvield is approximartely 90%. Beryllium run
on 10" fissions + davs old gave less than 1§ count/min,
Another sample consisting of a mixwre of 7 Be, 10! old
fission products, and 2 x 10" fresh fission products in
100 mt of 431 HCI, resulted in pure 7 Be.

2. Reagents

Be carrier: 2.5 g Be/ml, added as Be(NO;3); 31,0

Zr, La, and Sc carriers: 10 mg metal/ml, added as nitrate
or chlonde

‘e carrier: 10 mg Te/mi, added as Nay TeOy in H,0

HC1: coned, 6M

HNOj: coned

1tF: concu

NI, OI: coned

NaQH: 10\

BaCl;: 1.0M

EDTA: 0.2M1 solution of the disodium salt

Dowex AG 1-X8 column: 50-100 mesh,
8 mm x 4 cm, pretreated with coned HCl

Mcthyl red indicator sofution: 0.1% in ethanol

Acetvlacetone  (3,4-pentancdione): solution made by
shaking 15 ml with 100 ml [1,0

Wash solution: the wash solution for the extraction is
made up as follows:
15 ml acerylacetone
100 ml 0.241 EDTA
300 ml ;0
NH4OIl added to pll 7.7. Keep in tightly closed
polyethylene bottle.

CCly

pll meter

anion

3. Procedure

Step 1. Add in order into a suitable size beaker 2 nl
Be carrier, the sample to be analyzed, an equal volume of
EDTA or 10 ml £DTA, whichever is larger, and 10 m] of
acetylacetone solution (see Reagents for preparation).
Mix thoroughly. Add concd NH;OH unul the pH equals
7.7 £0.1. (Use the pH meter to get ap -accurate pli
reading.) Transfer the solution te an appropriate size
scparatory funncl. A water rinse may be used on the
beaker since it does nat change the pli.

Step 2. Add 8 ml CCly and shake 1 min. Transfer
CCly layer to 60-ml separatory funnel. Extract two more
times with 8 mi CCly, cach being ddded to the same 60-mi
separatory funnel. Discard the 1,0 layer. To the 24 mi of
CCly add 20 m! of “wash solution” (sce Reagents). Shake
1 min and let stand a couple of minutes. Transfer the
CCl, to a clean separatory funnel.

Step 3. Add 10 ml 63 HCY to the CCly and shake
~30scc. Drain the €Cly into a clean 60-nl separatory
funncl and then the 10 ml of 6M HCl containing the Be is
drained into a 125-ml erlenmever flask. Add 5§ ml 63 1ICI
to the CCl; in the separatory funnel, shake 30 scec and
discard the CCly. Drain the 5 ml of 6A1 ICl into the
125-ml erlenmeyer containing the first 10-ml portion of
6.3 HCI.

Step 4. Add 1 drop cach of Zr and Te, then boil the
6M HC down almost to dryness, adding a few drops of
coned HNOj if the solution starts to turn dark because of
the organic material present. Add ~2 mil of coned HCI
and boil down again almost 1o dryness. Cool. Add 2-3 ml
concd HCl and swirl to dissolve the contents of the
crlenmieyver. Pass through ~2 inches depth of Dowex
AG 1-X8, 50-100 mesh prepared as described in Note 3
on page 74, Wash the erlenmeyer with 2 mi portions of
coned 1IC1 and pass through the column, Collect all
effluents in a 40-ml centrifuge cone. Heat in a steam bath
carefully with stirring to drive off some of the excess HCI
gas. Add 5 ml 0.2A1 EDTA and 10 mi ;0. Add excess
NH4OH and put in an ice bath for ~1/2 h or until all the
Be has precipitated as Be(OH);. Centrifuge and discard
the supernate if it is clear. If not, replace in the ice bath
and centrifuge again.

Step 5. Dissolve the Be(Ol1); in 10 drops coned HCl
and add 1 drop Zr. Make the volume ~15-ml with 11,0
and add 3-4nl 1041 NaOH. Mix thoroughly and centri-
fuge the Zr(OH),. Transfer the supernate to a clean
polyethylene tube and discard the Zr(Ot)y.



Step 6. To the supernate add 2 drops mechyl red and
cancd HCL until the solution is acid. Precipitate Be(Oll),
by adding NH,Ol. Centrifuge and discard the supernate.
Dissolve the Be(OH); with 10 drops coned 11CH and dilute
to 15 mt with H; 0. Add 4 drops La carrier and 25 drops
of voned HE. Mix thoroughly and centrifuge, then trans-
ter the supernate to a clean poivethylene tube.

Step 7. Add NH,OI1 until the solution is neutral.
Add 1 more drop and 4 drops La. Centrifuge and pour
supernate into a clean polyethyiene tube. Add 5 ml coned
1IC! and 10 drops Sc. lleat for 5 min on the steam bath,
let stand a couple of minutes, centrifuge, transfer the
supernate to a clean polycthylene tube, and discard the
Scly.

Step 8. Put sample in steam bath until hot and add
1.5 ml of 1M BaCl,. Digest in the steam bath for 2 min,
let stand a few minutes, then centrifuge, Discard the
supernate, wash precipitate with 15 ml 1, O, centrifuge,
and discard the wash. Transfer the precipitate with 11,0
to the Millipore filter system. {See Note 2). Filter the
sample, wash with water, allow to remain on the filter
assembly with suction applied for about 20 min, then
disassemble and drv at 110° for 5 min.
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Notes

1. The extraction is very specific for Be and the
only activities observed after this step were ¥27e-f and
%2r-%Nb. The anion column remaoves both Te and Zr,

2. The Millipore filter system consists of the 25 mm,
0.8um pore size, designation AAWP 025 00 Millipore
fitter, clamped on top of a Whatman No. 42 filter paper
mounted on a regular Millipore sintered glass filter and
suction flask. After filtering, the chimney is left clamped
in place and air is sucked through until the precipitate and
papers are dry. This prevents the Millipore filter paper
from sticking to the chimney when it is removed. By
using the Whatman filter as a backing, the two filters may
be removed as a unit and dried and weighed together, A
Millipore filter with a precipitate on it is difficult to
handle, hence the double papers. A pair of similar filters
are treated the .ame as the sample for use as a tare in the
balance. After weighing, the Millipore filter is treated with
4 or 5 drops of 6% rubber cement in benzene, separated
from the Whatman filter, Jdried, and mounted for count-
ing.



BERYLLIUM
B. P. Bayhurst and R. J. Prestwood

{. Iniroduction

This procedure is suitable for the deternina-
tion of radioberyllium in fission-product solutions
containing macroquantities of other metal ions.
An initial precipitation of hydroxides by means
of agueous ammonia in the presence of the di-
sodium salt of EDTA (ethylenediaminetotraacetic
acid) serves to remove macroamounts of iron and
aluminum, Other hydroxides are then precipitated
with sodium hydroxide in the presence of zir-
conium and iron carriers, This is followed by hy-
droxide and fluoride scavenging steps performed
in the presence of fluoride ion. the latter keeping
bervllium in solution as the fluoroberyllate ion,
BeF,*. Further decontamination is accomplished
by an anion exchange step and by acid sulfide
scavenging. The bevyllium is finally precipitated
as BaBeF,. in which form it is counted.

The chemical yield is 50-60% und quadrupli-
cate analy<cs can be carried out in about 8 hr.

2. Reagents

Be carrier: 2.5 mg Be/ml, added as Be(NO.).:
3H.0

Zr. Fe, La. Sc, and Pd carriers: 10 mg metal ‘ml.
added as nitrate or chloride

Te carrier: 10 mg Te’ml. added as Na.TeO, in
H.O

HQL: coned; gas

HF: concd

H.SO,: concd

H.BO,: saturated solution

H.S: gas

NH,0H: concd

NaOH: 10M

NH.OH-HCI: solid

BaCl.: 1.00M

EDTA: 0.2M solution of the disodium salt

Dowex A 1-X8 anion colunun: 50-100 mesh; 8
mm X 4 cm, pretreated with concd HC!

Methyl red indicator solution: 0.1% in ethanol

3. Procedure

Step 1. To 2.0 ml of Be carrier add the
sample and an equal volume of 0.217 EDTA or
10 ml EDTA. whichever is larger., Add 5 ml
saturated H,BO, and bring almost to a boil. Neu-
tralize the solution with NH,OH and add a few ml
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excess, Allow to stand overnight, Centrifuge in a
40-ml cone. Discard the supernate.

Step 2. Thoroughly wash the precipitate
twice with H,0. Add 2 m! of concd H.SO, and
hoil over a burner until strong SO, fumes appear.
Cool and dilute to 10 ml with H.O. Add 100 mg
of NH.OH-HCl, warm. and then add 1 drop each
of Zr and Fe carriers. Neuiralize with 103/
NaOH and then add 2 ml in excess. Heat on a
steam bath to coagulate Fe(OH), «nd Zr(OH).,.
Centrifuge, transfer the supernate to a clean glass
centrifuge tube, and discard the precipitate.

Step 3. Add 1 drop each of La and Sc car-
riers. Mix thoroughly, heat on a steam bath for a
few minutes, centrifuge. and transfer the super-
nate te a 40-ml conical polyethylene centrifuge
tube. Discard the precipitate.

Step 4. To the solution. aqd 2 drops of
methyl red indicator solution, make barely acid
with concd HCI, and then add 10 drops of the
acid in excess. Make the solution basic with an
excess of concd NH,OH. centrifuge. and discard
the supernate. Wash the precipitate well with
H.O to remove residual sulfate ion and discard the
washings.

Step 5. Add 1 ml of coned HC! and 5 drops
of La carvier. Dilute 10 20 ml with H.O and add
1 ml of concd HF. Mix thoroughly. centrifuge.
trunsfer the superanate to a clean polyethylene
centrifuge tube. and discard the precipitate,

Step 6. To the solution. add 2 drops of
methyl red indicator and then concd NH,0H
dropswise 1o the endpoint and add 1.5 m! of concd
NH,OH. Add 1 drop each of Fe and La carriers
and mix thoroughly. Place on a steam bath for a
few minutes. centrifuge, and transfer the super-
nate to a clean polyethylene centrifuge tube.

Step 7. Add 6 ml of concd HCI and 4 drops
of Sc carrier and place on a steam bath for a few
minutes. Centrifuge. transfer the supernate to
a €lean polyethylene centrifuge tube. and discard
the precipitate,

Step 8. Add 1-2 ml of 1.0M BaCl. and place
on a steam bath for a few minutes. Centrifuge
and discard the supernate.

Step 9. Sturry the BaBeF, precipitate in 3
ml of concd HCI, add 3 ml of saturated H,BO,.
and dilute to 20 m} with H,O. Place on a steam
bath until the precipitate has dissolved completely.
Stir continneusly while adding 10 drops of concd
H.S0,. Let stand for 5 min. centrifuge. and trans-
fer the supernate to a clean 40-ml glass centrifuge
tube.



Step 10. Add an excess of concd NH,OH
to precipitate Be(OH).. Centrifuge and discard
the supernate. Wash the precipitate thoroughly
with H.QO (see Note) and discard the washings.
Add 10 drops of concd HC] and dissolve the pre-
cipitate, Add 4 drops of Te(VI) carrier and
saturate the solution with HCl gas.

Step 11. Transfer the solution to the Dowex
A 1-X8 anion exchange column. Rinse the centri-
fuge tube twice with 1-ml portions of concd HCI
and add the rinsings to the column. Collect all
effiuents in a ciean glass centrifuge tube. Add
two 2-ml portions of concd HCI to the column and
collect the effluent with the others.

Step 12. Boil until the total volume is re-
duced to about 1 ml, Dilute to 20 ml with H.O
and add 2 drops of Pd carrier. Place on a steamn
bath and bubble in H.S until the precipitate which
forms is completely coagulated. Centrifuge, trans-
fer the supernate to a clean glass centrifuge tube,
and discard the precipitate.

Step 13. Add 2 drops of Pd carrier, place
on a steam bath, and bubble in H.S until the pre-
cipitate which forms is completely coagulated.
Centrifuge, transfer the supernate to a clean glass
centrifuge tube, and discard the precipitate.

Step 14. Add an excess of concd NH,OH to
precipitate Be(OH).. Centrifuge and discard the
supernate.

Step 15. Dissolve the precipitate in 1 ml of
concd HClL and bhoil vigorously to expel H.S. Add
1 drop each of Fe and La carriers. Dilute with
H.O to 20 ml. Add sufficient 10M NaOH to pre-
cipitate Fe(OH), and La(OH), and then 2 ml in
excess. Centrifuge, transfer the supernate to a
clean polyethylene centrifuge tube, and discard
the precipitate,

Step 16. Repeat Steps 3 through 8.

Step 17. Slurry the BaBeF, precipitate with
0.5 ml of 1.0M BaCl. and 10 ml of H.O. Transfer
the precipitate anto a weighed 1” diameter, 0.8
micron Millipore filter and pad combination using
a ground-off Hirsch funnel and standard chimney
setup. Wash the precipitate with H.O and apply
a vacumn until the precipitate is practically dry.
Complete the drying process in an oven at 110°,
cool. and weigh. Mount on standard Al plates
with two-sided Scotch tape and cover with Mylar.

Note

It is necessary to remove all the excess

NH,0H and NH," jon at this point. otherwise
the large amounts of NIH,CI which are formed will
plug up the anion exchange columm in the next
step.

SEPARATION OF RADIOBERYLLIUM
FROM PLUTONIUM

D. C. Hoffman and T, T. Shull

I. Introduction

Radioberyllium can be separated from plutoni-
um by (1) precipitation of lanthanum fluoride.
which carries plutonium, or (2) carrying plutoni-
um on lanthanum hydroxide. precipitated by
means of excess sodium hydroxide solution, In
either case, beryllium remains in solution.

2. Procedure A

Step 1. To an aliquot of sample, add 10
mg of Be carrier and precipitate LaF, as de-
scribed in Steps 1 and 2 of the standard Pu pro-
cedure (Note)_ Centrifuge.

Step 2. The supernate is analyzed for Be
after remaval of fluoride by fuming with HCIO..
The analysis for Pu is carried out on the fluoride
precipitate in the usual manner,

3. Procedure B

Step 1. To an aliquot of sample. add 10 mg
of Be carrier, ¥¥%Pu tracer. and 2 1o 5 drops of
La carrier (10 mg La/ml). To the resulting solu-
tion add dilute NaOH -olution until precipitation
is complete and the supernate is distinctly alka-
line (ie. the Be is in solution as beryllate).
Centrifuge.

Step 2. Be is determined in the supernate
by the Tracerlab method. The La(OH), precipitate
is dissolved in either dilute HCl or HNO, and
the solution made 2 to 47 in acid concentration.
Pu is then determined by the usual procedure.

Note

If the sample is contained in a relatively
large volume of solution. it is advisable to per-
form an initial La(OH). precipitation with NH.
gas. The precipitate is dissolved in dilute HCI or
HNO, and the solution made 2 to 4M in acid.
The analysis for Pu is then performed on the
fluoride precipitate,
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BISMUTH
R. J. Prestwood

I. Introduction

In the separation of radiobismuth (RaE)
from other activities the es<ential steps consist of
(a) precipitation of bismuth as the sxychloride.
(1) extraction of hismuth triiodide into hexone.
7c) silver chloride scavenging. and (d) precipita-
tion of bismuth sulfide from 1.5M HCl. The
bismuth is finally weighed and mounted as the
oxychloride. The chemical vield is about 65%
and four samples can be analyzed in about 5 hr.

2. Reagents

Bi carrier: 10 mg Bi‘ml. added as Bi(NO.).-
5H.0 in 1M HCL. standardized

Rh carrier: 10 mg Rh/ml. added as RhCl.
4H.0 in 0.01M HCI

Ru carrier: 10 mg Ru/ml. added as RuCl, in
0.01M HCI

Ag carrier: 10 mg Ag ‘'ml. added as AgNO . in H.O

Te(IV) carrier: 10 mg Te /ml. added as Na.TeQ-
in dil HCI

HCI: 1M, 3M; 6M, concd

HCIQ,: concd

NH,0H: concd

N.H, H.S0,: solid

Nal: solid

NaNO,: solid

H.S: gas

Saturated aqueous SO,

Hexone (4-methyl-2-pentanone)

Methanol: anhydrous

3. Preparation and Standardization of Carrier

Dissolve 23.21 g of Bi(NO,).-5H.0 in 1M
HCL. make up 1o 1 liter with the acid. and filter.
Pipet 10.0 ml of the solution to a 250-ml! erlen-
mever flask. add 200 ml of beiling H.O. and
digest overnight on a steam bath. Filter into a
weighed 15-ml sintered glass crucible of medium
porositv. Wash the BiOCl precipitate with H.O
and then with methanol. Dry at 110° for 15 min.
cool. and weigh. Four standardizations gave a
tolal spread of 0.29, (Note 1).

4. Procedure

Step 1. To 2.0 ml of Bi and 1 ml of Te(IV)
carriers in a 125-ml erlenmeyer flask, add an
aliquot of the sample. Place on a hot plate and
evaporate to dryness, Add 5 ml of concd HC] and
again evaporate to dryness. (Evaporation is
necessary to insure Te exchange and also to re-
move NO.-. which inhibits reduction of Te to
metal.) Add 15 ml of 33 HCl and about 100 mg
of N.H,-H.S0,. Heat to boiling on a hot plate and
add saturated aqueous SO. periodically while the
solution is boiling until all the Te is precipitated
as metal and the solution has no blue tinge. (This
may take as long as 10 min. with SO.-water
heing added at about 2-min intervals.) Filter and
collect the filtrate in a 40-ml conical centrifuge
tube. Rinse the erlenmeyer flask with hot 3M
HCl containing SO.-water and pass the solution
through the filter into the centrifuge tube.

Step. 2. To the filirate add concd NH,OH
to precipitate Bi (OH) .. Centrifuge and discard the
<upernate (Note 2).

Step 3. To the precipitate add 10 drops of
631 HCL. 5 drops of Rh carrier. and stir to dissolve.
Wash the sides of the centrifuge tube with 2 to 4
ml of H.O and heat on a steam bath. (The solu-
tion at this point should be clear.) Add 30 ml of
hoiling H.O and digest for 5 min. Centrifuge the
BiOCI precipitate and discard the supernate.

Step 4. To the precipitate add 2 m! of concd
HCIO, and 5 drops of Ru carrier. and with vigor-
ous stirring heat to fumes. Fume until all the
RuO, has been volatilized and then allow the
solution to cool.

Step 5. Add 10 drops of Ag carrier, dilute
1o 20 ml with H.O. and then add 2 ml of 6M
HC] with vigorous stirring. Centrifuge and trans-
fer the supernate to a clean centrifuge tube con-
taining 5 ml of concd NH,OH. Centrifuge and
discard the supernate.

Step 6. Add 5 ml of 6M HCI to the Bi(OH),
precipitate and transfer the solution to a 60-ml
separatory funmel. Wash the centrifuge tube with
10 ml of 6M HCl and add the washings to the
sepavatory funnel. Add 15 ml of hexone and shake
vigorously. Drain the H.O layer info a clean
separatovy fumnel, Add 19 ml of hexone. 1-2 g of
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solid Nal, shake, and discard the H.O layer. Add
10 ml of 6M HCI containing approximately 1 g
of Nal to the hexone layer. 3hake and dis-
card the H.O layer. To the hexone phase add
10 ml of 6M HCl and approximately 0.5 g
of solid NaNO. and swirl. Place the stopper in the
separatory funnel and shake vigorously. (At this
point the aqueous layer is essentially colorless
and the "hexone phase may be slightly yellow.)
Drain the  H.O layer into a clean 40-ml centri-
fuge tube containing 5 ml of concd NH,OH.
Centrifuge and discard the supernate.

Step 7. To the Bi(OH). precipitate add 10
ml of 3M HCl and 10 ml of H.O. Place on a
steam bath and saturate with H.S for at least 2
min, Centrifuge and discard the supernate. Dis-
solve the Bi.S, precipitate by boiling n 5 ml of
6M HCL.

Step 8. Precipitate Bi(OH). as in Step 2.
Step 9. Repeat Steps 3. 4, and 5,

Step 10. Transfer the Bi(OH). precipitate
with 15 ml of 6M HCI to a 60-ml separatory fun-
nel. Add 10 ml of hexone. 1 to 2 g of solid Nal.
shake. and discard the H.O layer. Add 10 wl of
61/ HCI containing approximately 1 g of Nal to
the hexone layer. Shake and discard the H.O
laver. To the hexone phase add 10 ml of 6M
HCY and approximately 0.5 g of solid NaNO. and
swirl. Place the stopper in the separatory funnel
and shake vigorously. Drain the H.O layer into

a clean 40-ml centrifuge tube containing 5 ml of
concd NHLOI. Centrifuge and discard the super-
nate.

Step 11. Repeat Step 7.

Step 12. Repeat Step 2 and then Step 3.
the latter in the absence of Rh holdback carrier.

Step 13. Filter the BiOCl on 10 a weighed
No. 42 Whatman filter circle, using a ground-off
Hirsch funnel and filter chimney. Wash the pre-
cipitate with H.O and then with methanol. Dry
at 116° for 5 min. cool for 20 min. weigh. and
mount for counting,

Notes

1. The weight of Bi(NO.).-5H.0 emploved
in the standardization corresponded (by calcula-
tion) to 10.0 mg of Bi’'ml whereas the actual
standardization as BiOCI showed 10.1 mg Bi ml.

2. If large quantities of Ph activities are
present in the sample. they mayv be removed in
the following manner at this stage of the proce-
dure. To the Bi(OID) . precipitate add 5 drops of
Pb carrier. 2 ml of 12Y/ NaOH. and boil with
vigorous stirring. Add 20 ml of H.O and con-
tinue boiling for 3.5 min. Centrifuge and discard
the <upernate which contains the Pb as plumbite.
This procedure has proved extremely offective for
the removal of Pb.
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cadmium, calcium, cerium, cesivm, chlorine, chromium, cobalt, curivm
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CADMIUM

B. P. Bavhurst and R. I, Prestwood

I. Introduction

This procedure is designed for the rapid
separation of cadmimmn from fission products, De-
contamination  steps include scavenging  with
cadmium sulfide. acid sulfide. and iron hvdroxide.
The cadmium. in 43 HCL is then placed on an
anion exchange resin (Dowex AG 1-X8) and
eluted with .53 H.80,. Finallv. the cadmium i<
converted to the elemental form by electroplating.
The chemical vield is about 809%.

2. Reagents

Cd carrier: 10 mg Cd 'ml. added as CA/NO .-
4H.0 in very dilunte HCL standardized

Ag carrier: 10 mg Ag ml added as AgNO. in
very dilute HNO.

Fe carrier: 10 mg Fe 'ml. added as FeCl .-6I1.0 in
verv dilute HCI

Pd carrier: 10 mg Pd ‘ml. added as PdCl, in H.O

La carrier: 10 mg La ml. added as La(NO.).-
6H.0 in H.O

HCl: concd: 6M: 3M: 0.AM

H.S0,: 15M

NH,OH: concd

NaOH: 10M

H.S: gas

Dowex AG 1-X8. 30-100 mech anion exchange
resin. slurry in 637 HCI

Methyl red indicator solution

3. Preparation and Standardization of Carrier

Dissolve 27.4 g of CAd(NO.).-4H.O in H.O.
make the sclution slightly acidic with HCL and
dilute to 1 titer with HLO. Pipet exactly 5.0 ml of
the above carrier solution into a 40-ml conical
centrifuge tube and evaporate to dryness. Discolve
the residue in 20 mb of H.O. add 2 ml of 377
NH.CI and 2 ml of 1.5¥ (NH,) .HPO,. and bring
the solution to a boil. Permit the mixture to come
to room temperature and filter through a 60-ml
sintered glass crucible of medivm porosity. Wash
the precipitate with water and then with 959
ethanol. Dry for 15 min at 110°, cool. and weigh

as CANH,PO, -H.O.

4. Procedure

Step 1. Add the sample to 2 ml of Cd car-
rier in a 40-ml conical centrifuge tube. Add suf-
ficient 63/ 1Cl 10 make the solution 0.137 with
respect to this acid. Bubble in ILS for about 3
min. centrifuge. and discard the supernate.

Step 2. To the precipitate add 2 ml of concd
TICI and boil to expel LS. Dilute to 20 ml with
H.O. add 2 drops of Fe carrier. and make basic
by the dropwise addition of coned NHLOH, Cen-
trifuge. tronsfer the supernate to a clean centri-
fuge tube. and discard the precipitate. Add 2
drops of La carrier. centrifuge. transfer the super-
nate to a clean centrifuge tube, and discard ihe
precipitate.

Step 3. Add 1 ml of Ag carrier and then
concd H.SO, dropwise until the solution is acid to
methy] red indicztor. Add 10 drops of 637 HCI
and place on a steam bath for about 3 min. Cen-
trifuge. transfer the supernate to a clean centri-
fuge tube. and discard the precipitate.

Step 4. Saturate the supernate with H.S.
centrifuge. and discard the supernate,

Step 5. Dissolve the CdS precipitate in a
few drops of coned HCL bail briefly. and add 10
ml 33 HCI and 3 drops of Pd carrier. While the
solution is being heated on a steam hath. saturate
it with H.S. Centrifuge. filter the supernate
through a No. 41 I Whatman filter paper into a
125-ml erlenmever flask. and discard the pre-
cipitate.

Step 6. Boil the solution to expel .S and
then place it on top of a Dowex AG 1-X8. 50-100
mesh anion exchange resin column (0.8 em > 5
cm resin bed). Wash the flask with 2 ml of 3M
TICI and add the washings to the column. Wash
the columm with 10-15 ml of 0.1 HCI, Discard
all elnates, Add 10 ml of $1.5M H.SO, to the
column and. when this has passed through. add
20 ml of HLO. Collect the eluates in a clean centri-
fuge tube.

Step 7. Make the solution basic with 107
NaOH. centrifuge. discard the supernate. and
proceed with the electroplating of Cd metal.
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ELECTROPLATING OF CADMIUM

Introduction

The procedure for electroplating of cadmium
following its separation from fission products has
two major advantages in the isolation and count-
ing of cadmium in elemental forin rather than as
the usual compound such as CdNH,PO, H.O:
(a) superior stability and reproducibility of the
final product as the metal, and (b) an approxi-
mate 409, increase in counting efficiency.

2. Procedures

Following separation of cadmium from fis-
sion products. the step preceding electroplating
should be the precipitation of Cd{(OH). with
NaOH. The precipitate is thoroughly washed
twice with H.O before performing the following
procedure.
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Step 1. To the precipitate in a 40-ml coni-
cal centrifuge tube add 5 ml of 2M NaCN and
stir until solution is effected, heating if necessary.
Transfer the solution to a plating cell (see the
Uranium-2335 Procedure for details of the plating
assembly), the cathode of which is a weighed
polished Pt disk of 1” diameter, Wash the centri-
fuge tube with 5 ml of 2 NaCN and transfer
the washings to the plating cell.

Step 2. Plate the cadmium onto the Pt disk
at 25 ma at room temperature for 1 hr 10 min,
the amperage being maintained constant by means
of a variable resistance in series with the plating
cell. Upon completion of the plating remove the
cell, discard the electrolyte. wash the cell with
distilled H.O. and disassemble it. Wash the cad-
mium-plated Pt disk thoroughly with absolute
ethanol. allow to dry at room temperature, weigh,
and mount.



CALCIUM
W. H. Burgus

This procedure is an adaptation of one previ-
ously reported by E. P. Steinberg in Radiochemi-
cal Studies: The Fission Products. Book 1, Mc-
Graw-Hill, New York, 1951, p. 482.

l. Iniroduction

Calcium is first separated from most of the
fission products by appropriate ferric hydroxide.
acid sulfide. and ammonium sulfide scavenging
steps. followed by separation of calcium. stron-
tium. and barium as oxalates. The oxalates are
then dissolved and strontium and barium are re-
moved quantitatively by precipitation of their
nitrates from fuming nitric acid, The 40-hr [ a,
which has grown in from 12.5-day "*Ba during
the interval between the ferric hydroxide scaveng-
ing step and the last separation of barium and
strontium from calcium, is separated by means of
lanthanum hvdroxide scavenger. Caicium is final-
Iv precipitated as calcium oxalate monohydrate.
CaC.0,-H.0. and counted in this form, The
chemical vield approximates 309%. and the time
for a single analysis is about 134hr.

2. Reagenfs

Ca carrier: 10 mg Ca’ml. added as Ca(NO.).
4H.0 in verv dilute HNO.. standardized

F carrier: 10 mg Fe 'ml added as FeCl,-6H.0O in
verv dilute HCI

Pd carrier: 10 img Pd ‘ml. added as Pd{1.-2H.0 in

very dilute HCI

carrier: 10 mg Cu‘ml added as CuCl.-2H.O

in HO

Ni carrier: 10 mg Ni'ml added as NifNO.).

6.0 in very dilute HNO,

carrier: 10 mg Co 'ml added as Co(NO.).-

6H.0 in very dilute HNO,

Sr carrier: 10 mg Sr'ml. added as Sr(NO.).
4H.0 in very dilute HNO,

Ba carrier: 10 mg Ba 'ml. added a< Ba(NO.), in
H.0

Ta carrier: 10 mg La’'ml added as La(NO,) -
6H.0 in HO

HQ: 6M

Cu
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HNO;: concd; white fuming
NH.,OH: concd

(NH, .CO,: saturated aqueous solution
(NH,).C.0,: 4% aqueous solution
NaBrO,: 1M

H.S: gas

Ethanol: 95%

3. Preparation and Standardization of Carrier

Dissolve 59.0 of Ca/NO0.)..-4H.O in H.O.
add 1 ml of HNO.. and dilute to 1 liter with H.O.

Pipet a 2-ml aliquot of the above carrier
solution into a 100-ml beaker. dilute to 50 ml.
heat to boiling. precipitate CaC.0,-H.0 by the
addition of a slight excess of 4% (NH,).C.0,
solution. Filter into a tared sintered glass 15-ml
Gooch crucible (fine porosity). Wash three times
with 10-ml portions of hot H.O and once ‘vith
ethanol. Suck drv for several minutes. Dry to con-
stant weight in an oven at no more than 100°,

Four standardizations are performed. The re-
sults should agree within 0.5%.

4, Procedurs

Step 1. To the sample in a 40-ml centri-
fuge tube. add sufficient H.O to bring the volume
to 15 to 20 ml. then add 2 ml of standard Ca car-
rier. If no appreciable quantity of U js present.
proceed immediately to Step 2. If U is present.
heat the solution to boiling and precipitate am-
monium diuranate by the dropwise addition of
concd NH,OH. Centrifuge and discard the pre-
cipitate. transferring the supernate to a 40-ml
centrifuge tube,

Step 2. Aciaify the solution with concd
HNO.. add 6 drops of Fe carrier. heat to boiling.
and precipitate Fe(OH). hy the dropwise addi-
tion of concd NH,OH. Centrifuge and discard the
precipitate. transferring the supernate to a 40-ml
centrifuge tube.

Step 3. Repeat Step 2 twice.

Step 4. Make the supernate. after the
Fe (O, scavenging operation. 0.1 in HCL. and
add 4 dvops of Pd and 8 drops of Cu carriers.
Heat to boiling and pass in H.S for 4-5 min. Filter



the acid sulfide scavenging precipitate on a No.
40 Whatman paper and discard it. catching the
filtrate in a 40-ml centrifuge tube.

Step 5. Add 4 drops each of Ni and Co car-
riers to the filtrate and heat to boiling. Add concd
NH,OH until the solution is basic to litmus. then
add an additional 0.5 ml of NI, OH. Pass in
H.S for 3 min and filter the ammonium sulfide
scavenging precipitate on a No. 40 Whatman
paper and discard it. catching the filtrate in a
40-ml centrifuge tube.

Step 6. Add 3 ml of 49 (NH,).C.0, solu-
tion to the filtrate from Step 5, Centrifuge and dis-
card the supernate. Wash the precipitate with 30

ml of H:O.

Step 7. Dissolve the precipitate in 5 mi of
H.O and 1 ml of concd HNO.. Add 1 ml each of
Ba and Sr scavengers. Precipitate Ba(NQ ). and
Sr(NO.). by the addition of 30 ml of white fum-
ing HNO.. Cool in an ice bath for several min-
utes, Centrifuge and discard the precipitate. trans-
ferring the supernate to a 123-ml erlenmeyer
flask.

Step 8. Boil down the Ca-containing super-
nate to a volume of 1-2 ml. Add 3 ml of H.O.
1 ml each of Ba and Sr carriers. and 30 ml of
fuming HNO, to precipitate Ba(NO,). and
Ca(NG.).. Cool and transfer the mixture to a
40-ml centrifuge tube. Centrifuge. transfer the
supernate to a 125-ml erlenmeyer flask, and dis-
card the precipitate.

Step 9. Repeat Step 8.
Step 10.  Boil down the supernate to 2-3 ml

and add 30 ml of H.O. Transfer o a -H)-nml centri-
fuge tube and make ammoniacal with coned
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NILOMH. Add 2 ml of 49, (NI, .C.0, solution
to insure complete precipitation of CaC.0,-11.0.
Centrifuge and discard the supernate.

Step 11, Dissolve the CaCO, 11O in 2 ml
of coned HINO and 2 mil of 1M NaBrO . (Note 1).
Boil down to about 1 ml. Add 70 wl of H.O. make
strongly ammoniacal. and add 4 ml of saturated
(NI Y.CO. solution. Centrifuge the CaCO, and
discard e supernate.

Step 12, Dissolve the CaCO, in 1-2 ml of
concd HNO.. Dilute to 30 ml. and add 1 ml of
La carrier. Precipitate La‘OH) . by the addition
of eoncd NH,OH. Centrifuge. transfer the super-
nate to a +0-ml centrifuge tube. and discard the
precipitate,

Step 13, Heat the supernate to boiling and
precipitate CaC.0,-11.0 by the dropwise addition
of 3 ml of 4%, (NH) .C.G,. Filter the CaC.0O,
H.0 on a tared Whatman No. 42 circle. using a
garound.-off Hirsch funnel and a filter chirmney.
Wash three time< with 10-ml portions of hot H.0.
and then with ethanol. Suck dry. Dry in oven at
100° for 5 min. Weigh. mount. and count (Note
2).

Notes

1. NaBrD. is used to destroy oxalate and
thus avoid precipitation of lanthanum oxalate
when the [.a carrier is added (Step 12).

2. No special precantions need be taken in
counting. If short-lived isotopes are present. the
decay curve must be resolved. If 150-day *Ca is
to be counted. the chemistry emploved for <epara-
tion of Ca is carried ont after the decay of the
short-lived isotopes.



A. THE DISSOLUTION OF BULK GRAPHITE
CONTAINING URANIUM AND NIOBIUM
CARBIDES, AND

8. THE DISSOLUTION OF ACTIVATED
CHARCOAL

J. W. Barnces

Introduction

The procedures described are designed for dissolving
graphitic carbon containing fission products.

Bulk graphite containing both uranium carbide (ab-
breviated UC) and niobium carbide (NbC) (the UC can be
present in beads which are coated with pyrolytic graphite)
is brought into solution by wet ashing with 70% HClO4 in
the presence of a smail amount of CrO;. Two points in
the dissolution of the butk graphite merit special mention,
When heat is not removed with sufficient rapidity from
the g >phite, the dissolving process may accelerate to an
uncontrollable rate and an explosion may occur. This
condition results when the gases evolved interfere with
heat exchange between the solid and the acid. The explo-
sivn hazard may arise carly in the dissolving process cither
from the presence of a few remaining chunks of graphite
which have not yvet disintegrated to powder form or from
the usc of too large a sample relative to the quantity of
avid. Danger of explosion may also arise late in the
dissolving process if onc permits the acid to become so
depleted that the mixture approaches dryness.

The sccond point to note is the possible loss of
significant quantities of fission products which may be
entrained in droplets of solution carricd away by the
carbon di xide liberated in the dissolving process. This
possibility is avoided through the use of a device for
separating the droplets from the carbon dioxide and re-
turping them to solution.

Activated charcoal is first partially ignited in oxyvgen
and then dissolved in 90% HNOj; and 70% HCIOQ4. The
ignizion is performed because wet ashing of activated
charcoal without such treatment is hazardous and may
result in violent explosions. It is even more hazardous if
carried out in the absence of 90% HNC ;.

Fart A: The Dissolution of Bulk Graphite Containing UC
and NbC
i. Reagents

HCIO4: 70%

HNO,: 90% (yellow fuming)

HF: coned

HCl: 6M

HCI-HF sclution: 4A1 in HC! and 0.3M in HF
CrO; solution aqueous, 0.5 ghrl

Activated chareoal

2. Remarks on Equipinent

The apparatus used :s depicted in Fig. 1. The dissoiv-
ing flask is made of Vycor, which is resistant to thermal
shock and much less reactive with agucous HF than
Pyrex. The baffles stop and return gas-carried liquic to
the dissolving flask. The activated charcoal trzp collects
any volatile radivactive iodine species.

3. Procedure

step 1. Place a 172" slice of fuel clement (~6 g) in a
Vycor flask cquipped with a magnetic stirrer bar. Add
1 ml of CrC3 and 150 ml of 70% HCIO4 (Note). Connect
flask to condenser apparatus. The condenser trap should
contain about 40 ml of 63 HCI, that is, enough to cover
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the outlet tube. Boil for approximately 1 hour. Cool to
about 100° and add 10 ml 90% HNO; slowly through the
dropping funnel.

Step 2. Bring the solution again to a boil and con-
tinue boiling. The sample should be a reddish color in
approximately 2 hours from the time of the addition of
HNOj3. There will probably be biack specks of Zr or Nb
carbide present at this point. Boil 2 more hours after the
reddish color appears.

Step 3. Cool to near room temperature, disconnect
flask from the condenser, and add about half of the 6M
HCI] from the condensation trap. Reconnect flask to the
condenser and start warming and stirring. Add about 5 ml
concd HF through the dropping funnel. If the reaction
appears to be too vigorous, resulting in possible loss of
sample, it may be necessary to cool the flask. As the
reaction permits continue stirring and warming the solu-
tion, adding HF as needed to dissolve the black particles.

Step 4. When the solution is clear with a white
precipitate in the bottom of the flask, cool the solution
and decant the clear supernate into a 500 or 1000 ml
polyethylene volumetric flask. If a polyethylene vol-
umetric flask is not availabie, the cool solution may be
made up to volume in a Pyrex volumetric flask, then
transferred to a polyethylene bottle for storage.

Step 5. Try to dissolve the white solid in the bottom
of the flask with H,O, adding a little HF and warming if
necessary. If all the white solid does not dissolve, it may
be necessary to repeat the procedure.

Step 6. Add the distillate in the cold trap to the
volumetric flask. Rinse the cold trap and the dissolving
flask with 10-15 m! of HCI-HF solution and add the rinse
to the volumetric flask. Mix the contents of the vol-
umetric flask and make up to volume, finaily mixing
thoroughly. The solution is now ready for fission product
analysis.

Part B: The Dissolution of Activated Charcoal
i. Rcagents

HCIO4: 70%

HNO;: 90% (vcllow fuming)

HCl: 4M
O gas: pure, tank
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2. Procedure

Step 1. In a fume hood, place 20-50 g of sample in a
1500-ml Vycor beaker and cover the beaker with a Pyrex
watch glass which has a hole in the center for the ad-
mission of a glass tube of 5-6 mm o.d. connected to an O,
tank. By means of an appropriate heat source, hoat the
bottom of the beaker to raise the temperature of the
sample to about 600°. Pass O, slowly over the sample and
continue heating for 2 hours. (Too rapid an O, flow will
tend to blow solid oxide products from the beaker. It is
not necessary that combustion be complete.)

Step 2. Add 50 ml of 90% HNO, and 100 ml oi 70%
HClQ4. Boil on a hot plate wiile permitting an additional
50 ml of HNOj; to drip from a dropping funnel into the
mixturc through the hole in the watch glass. Continue
boiling for 20 min after a clear solution is obtained.
(The total time of Step 2 is 1-1.5 hours. There may be a
few chunks of unreacted sample present at the end of that
time.) Cool the solution. At this point some salts may
precipitate out.

Step 3. Add 20 ml of 4M HCI to complex Fe(lll)
and enough H,O to bring the volume to about 40 ml.
Filter into a 500-ml volumetric flask and mak. up to
volume with H,0. The solution can now be analyzed for
fission products.

Note

it would not be necessary to add the CrOj initially if
it were possible to add the fuming HNO; in the begin-
ning. When the HNOj; is added initially with the HClO,,
the reaction proceeds smoothly at first, but when the
greenish fumes characteristic of chlorine are replaced by
the white fumes of HClO4, enough pressure is generated
in the system to blow the sample into the condenser, or
blow the equipment apart.



CERIUM
D. P. Ames

The procedure for the determination of
cerium in fission-product material is based on a
method described by N. E. Ballou. CN-2815
(June 30, 1945).

1. lotroduction

In the analysis for radiocerium. exchange
between carrier and fission-product cerium is
effected by a Ce (IIT)-Ce (IV) oxidation-reduc-
tion cycle. Cerium (II1Y and other rare earths
are separated from other fission products by pre-
cipitation as fluorides with hydroflueric acid.
Cerium is then oxidized to the 44 state and
separated from other rare earths by precipitation
as the iodate. Ce(1Q,),. Cerium is converted io
the -3 state and zirconium. plutonium (IV). and
thorium activities are removed by zirconium
iodate scavenging. Precipitation of Ce(OH).
separates cerium from alkaline earth activities.
Cerinm is finally precipitated as the oxalate and
ignited to the oxide Ce0.. in which form it is
weighed and counted. The chemical vield ap-
proximates 75%. Quadruplicate analyses can be
performed in about 7 hr.

2. Reagents

Ce carrier: 10 mg Ce’/ml. added as Ce(NQ,).
6H.0 in H.O. standardized

La carrier: 10 mg La’‘ml added as La(NO,).:
6H.0 in H.O

Zr carrvier: 10 mg Zr/ml. added as ZrQ(NO,).-
211.0 in 1M HNO,

HCl: 6M; concd

HNO;: concd

HF: concd

H.BO.: saturated aqueous solution

HIO.: 0.35M

NH.0H: concd

NaBrQ.: saturated aqueous solution

(NH,).C.0,: saturated aqueous solution

H.0.: 309

3. Preparation and Standardization of Carrier

Dissolve 31.0 g of Ce(NO.).-6H.0 in H.O
and dilute to t liter. (To obtain cerium that is
free from other rare earths it may be necessary to
purify by two Ce{l0,), precipitations as in Steps
4 and 5 of Procedure.)

Pipet 5 ml of the cerium carrier solution into
a 100-ml beaker and dilute to about 20 ml with
H.O0. Warm on a steam bath and add about 50
m! of saturvated (NH,).C.O, solution. Continue
heating on the steam bath until the precipitate
has coagulated. Cool in an ice bath for 15 min
and filter through a filier funnel, using a No. 42
Whatman filter paper (11 cm), Ignite in a porce-
lain crucible at 800° for 30 min, cool, and weigh
as CeQ,,

Four standardizations, with results agreeing
within 0.59, are carried out.

4. Procedure

Step 1. To a 40-ml centrifuge tube, add 2
m! of Ce carrier and 5 m! of concd HNO.. and
pipet in the sample for analysis. Add 1 ml of
saturated NaBrO, solution and heat on a steam
bath for 10 min (Note 1).

Step 2. Remove the tube from the steam
bath and add 30% H.O. dropwise with vigorous
stirring (Note 2) until the solution has a light
reddish-brown color, Heat on the steam bath un-
til the Br. color disappears. adding a drop or two
of H.QO. if necessary.

Step 3. Add 2 ml of La carrier and 2.5 ml
of Zr holdback carrier and transfer the solution
to a 50-mnl Lusteroid tube. Add 3 ml of concd HF
to precipitate CeF. and LaF,. Centrifuge and dis-
card the supernate. Wash the precipitate with 10
ml of 5M HF, centrifuge, and discard the super-
nate,

Step 4. To the precipitate add 1 to 2 ml of
saturated H.BO, solution and suspend the pre-
cipitate by stivring. Then add 4 ml of concd AHNO;
and stir vigorously until a clear solution is
formed. Transfer to a 40-ml glass centrifuge tube
and add 4 ml of concd HNO, and 1 ml of satu-
rated NaBrO, solution. Heat on a steam bath for
about 10 mi.
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Step 5. Add 20 ml of 0.35M HIO, and stir
vigorously. Cool for 5-10 min in an ice bath.
Centrifuge and discard the supernate, retaining the
Ce(10;), precipitate (Note 3).

Step 6. Suspend the precipitate in a solu-
tion made up by the addition of 8 ml of H.O, 3
ml of concd HNO;, and 3 ml of 0.35M HIO,.
Centrifuge and discard the supernate. Repeat this
washing step twice, suspending the precipitate
each time.

Step 7. Add 1 ml of La carrier to the pre-
cipitate, Add 4 ml of concd HNO, and a drop or
two of concd HCl and slurry the Ce(I10;), by
stirring vigorously. Add 0.2 ml of 30% H.O, and
stir until dissolution of Ce(I0,), is complete, Add
1 ml of saturated NaBrO; and 4 ml of concd
HNO,. Reoxidize Ce (III) to Ce (IV) as in Step 4.

Step 8. Repeat Step 5.

Step 9. Repeat Step 6, washing the pre-
cipitate three times. (All other rare earths have
now been removed from the cerium.)

Step 10. Add 1 ml of Zr carrier to the pre-
cipitate from Step 9 and dissolve the precipitate
as in Step 7, using 8 ml of concd HNO,, 0.2 ml
of concd HCl, and 0.2-0.3 ml of 309 H.O. Add
20 ml of 0.35M HIO; to the clear solution to pre-
cipitate Zr(10;); (Note 4). Centrifuge and trans-
fer the supernate to a 50-ml Lusteroid tube, dis-
carding the Zr(I10,), precipitate,

Step 11. Add 5 ml of concd HF to pre-
cipitate CeF,. Centrifuge and discard the super
nate. Wash the precipitate with 10 ml of 5M HF.
Centrifuge and discard the supernate.

Step 12. Dissolve the CeF, by making a
slurry in 1 ml of saturated H,BO; and adding 2
ml of concd HNO,. Transfer to a 40-ml centrifuge
tube. Heat on a steam bath for 5 min to insure
complete dissolution,

Step 13. Dilute to 10 ml with H.O and
make strongly basic with concd NH,OH to pre-
cipitate Ce(OH).. Centrifuge and discard the
supernate. Wash the precipitate with 10 m} of
H.O. Centrifuge and discard the supernate,

Step 14. Dissolve the Ce(OH)y in 1 to 2 ml
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of 6M HCl. Heat on the steam bath to ensure
complete dissolution.

Step 15. Add 25 ml of saturated
(NH,).C.O; to precipitate Ce,(C,0,),. Allow the
precipitate to coagulate before removing the tube
from the steam bath (3-5 min).

Step 16. Cool the precipitate for 15 min
in an ice bath. Filtgr on a No. 42 Whatman filter
circle, 47 diameter, using a Hirsch funnel.

Step 17. Transfer the precipitate to a
porcelain crucible and ignite at 800° for 30 min.
Cool for 30 min and weigh as CeQ. (Note 5).

Step 18. Mount on an Al plate in a centered
depression, %¢” in diameter and 4o” deep. Count

(Note 6).

Notes

1. In a strongly acid (HNO,) medium,
BrO;' ion oxidizes Ce (III) to Ce (IV),

2. Ce (IV) is reduced by H.O. in acid
medium. The oxidation-reduction cycle performed
in Steps 1 and 2 promotes exchange between
radiocerium and carrier.

3. If the concentration of HNO, is low,
La(IO,}; will also precipitate at this stage.

4. The Zr(10;); scavenging step removes
any Th and Pu isotopes which may be present,
as well as active Zr.

5. CeO: should be white. If it is not white
at this stage, decontamination from other rare
earths is not complete.

6. If it is desired to obtain the mass 144
chain, count the samples immediately through
217 mg Al/cm? to cut out the 32.5-day 41Ce and
the 290-day !44Ce betas. This gives only the
activity from the 17.5-min Pr. To eliminate
33-hr 13Ce, one should allow 20 days from the
end of bombardment before beginning the analy-
sis. If it is desired to determine #'Ce, it is best
to count with no added absorber and use a least
squares separation of the “!Ce and Ce-
44Pr  activities,

vy
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CERIUM-144
J. W. Barnes

1. Introduction

The procedure described below has been
successfully employed for the analysis of cerium-
144, The major steps include: (a) an oxidation-
reduction cycle in the presence of cerium carrier
10 insure exchange; (b) twe by-product extrar-
tions from nitric acid solution with dibutvl phos-
phate (DBP) in carbon tetrachloride to remove
contaminants such as zirconium, neptunium,
thorium. plutonium. and uranium; (c) a cerium
(IIT) fluoride precipitation; (d) the extraction
of certum (IV) into lhiexone; and (e) the final
conversion of cerium to the dioxide. The chemical
yield is 50-60%, and eight samples can be ana-
lyzed in 6-8 hr. .

2. Reagents

Ce carrier: 12 mg Ce/ml, added as
(NH,).Ce(NO.), in 3M HNO,, standardized

HNO,: concd; 9M

HF: concd

H,BO,: saturated aqueous solution

NH,OH: concd

NaBrO,: 2M

(NH,).C.0,: saturated aqueous solution

HgOz: 30%

Dibutyl phosphate (DBP): 59 in carbon tetra-
chloride (The DBP employed was obtained
from the Victor Chemical Works. Chicago
Heights, I11.)

Hexone (4-methyl-2-pentanone)

Ethanol: 959%,

3. Preparation and Standardization of Carrier

Dissolve 47.8 g of (NH,).Ce(NO), in 190
ml of concd HNO. and dilute to 1 liter.

Pip.. 5 ml of the cerium earrier solution into
a 100-m] beaker and dilute to about 20 ml with
H.O. Warm on a steam bath and add about 50 ml]
of saturated (NH,).C.O, solution. Continue heat-
ing on the steam bath until the precipitate has
coagulated. Cool in an ice bath for 15 min and
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filter through a filter funnel, using a No. 42 What-
man filter paper (11 cm). Ignite in a porcelain
crucible at 800° for 30 min, cool, and weigh as
Ceo;.

Four standardizations, with results agreeing

‘within 0.5%, are carried out.

4. Procedure

Step 1. To 2 ml of Ce carrier in a 40-ml
conical centrifuge tube, add the sample. then 3-5
drops of 2M NaBrO, and heat on a steam bath
for 10 min. Dilute to 30 ml and add sufficient
concd NH,OH to precipitate CeOy XH.0J. Centri-
fuge and discard the supernate. Dissolve the pre-
cipitate in 2 ml of ccncd HNO; and add 3-5 drops
of 30% H.0, and 7-8 ml of H.O.

Step 2. Transfer the solution to a 60-ml
pear-shaped separatory funnel and shake with
about 25 ml of 5% DBP in carbon tetrachloride
solution. Permit the layers to separate and drain
off the organic (lower) layer. If the original
sample contains uranium or plutonium. transfer
the organic laver to the appropriate waste botile.
If these elements are absent, discard the organic
layer.

Step 3. Repeat the extraction with another
25-ml portion of the 5% DBP. again appropriate-
ly disposing of the organic layer.

Step 4. Transfer the aqueous layer into a
40-m] conical centrifuge tube. Dilute to about 20
ml with H.O. add 3-4 m} of concd HF. and stir
well to permit the precipitate to coagulate, Centri-
fuge and discard the supernate, Wash the pre-
cipitate with about 20 ml of H.O and discard the
washings.

Step 5. Stir the precipitate with 1 ml each
of concd H.BO, and concd HNO,. heating if
necessary to obtain dissolution. Dilute to 20-30 ml
with H.O and add an excess of concd NH,OH.
Centrifuge and discard the supernate.

Step 6. Pretreat 50 ml of hexone with a
mixture of 50 ml of 917 HNO, and 2 ml of 2M
NaBrO, by shaking for about 1 min and discard-
ing ihe aqueous layer. Dissolve the precipitate
from Step 5 in 10 ml of 9M HNO, and add 2 ml



of 234 NaBr0Q,. Transfer to a 125-ml pear-shaped
separatory funnel, add 50 ml of hexone and shake
for about half a minute, Discard the aqueous
layer. Wash the organic layer twice with 5 ml of
917 HNO. containing 2-3 drops of 23 NaBrO.
and discard the washings. Back extract the cerium
by shaking the hexone solution with 5 ml of H.O
containing a few drops of 309 H.O., Discard the
hexone layer.

Step 7. Add concd NH,OH to the aqueous
layer until an orange precipitate barely persists.
Add conced HNO. dropwise until the precipitale
cissolves. then add 10-13 ml of saturated
{NH,).C.0,. Stir briefly, cool. centrifuge, and dis-

card the supernate. Transfer the precipitate by
means of a stream of ethanol onto a No. 42 What-
man filter cirele. 17 diameter. using a Hirsch
funnel. Transfer the precipifate to a poreelain
crucible and ignite at 800 for 30 min. Cool.
weigh as CeO. mount. and f-count through a
217 mg cm® Al absorber (Note),

Note

The procedure probably can he nsed for
"iCe. although it ha< not bheen  thoroughly
checked out for this isotope.
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CESIUM |
P. B. Elkin

This procedure is similar to one reported hy
L.. E. Glendenin and C. M, Nelson. CN-1312 (May
15. 1945).

l. Introduction

In the separation of cesium from other fis-
ston-praduct activity. a preliminary precipitation
of the element as the silicotungstate is carried out.
Thiz dep gives a decontamination factor of 100
to 200, and is a specific separation of cesium
from ammomimm  ion.  rubidium.  and  the
other alkali metals which may interfere in the
determination of cesiunr as the perchlorate. The
silicotungstate is dissolved in alkali and C<Cl0,
precipitated from perchloric acid medium with
abeolute ethanol. The initial perchlorate precipita-
tion is followed by twa ferric hydroxide scaveng-
ings and two additional perchlorate precipitations.
Cesium is finally filtered as the perchlorate. which
i< dried. weighed. and mounted for counting. The
chemical vield is 60-70%, and the time required
for analysis in quadruplicate is about 8 hr.

2. Reagents

Cx carrier: 10 mg C< ‘ml. added as C<Cl in H.O.
standardized

Fe carvier: 10 mu Fe 'wml. added as Fe(NO.).
OH.O in very dilute HNQ,

HCl: 6M: concd

HNO.: concd

HC0,: 70%

NaOH: 637: pellets

NH,OH: 637

Silicotumgstic acid: solid

Fihanol: absolute

Phenolphthalein indicator solution: 19, in 90%

ethanol

3. Preparation and Standardization of Carrier

Dissolve 12.7 o of C<Cl in H.O and dilute
to 1 liter with H.O,

Pipet 5 ml of the above carrier solution into

a 125-ml erlenmeyer flask and add 1 m! of concd
HNO, and 5 ml of HCIO,. Boil until dense, white
fumes appear, cool to room temperature, and add
15 ml of absolute ethanol, Cool for 15 min in an
ice bath. Filter on a weighed sintered glass 15-ml
Gooch crucible (fine porosity) and wash three
times with 3-ml portions of absolute ethanol. Dry
at 110° for 15 min, cool, and weigh as CsClO,.

Four standardizations, with results agreeing
within 0.5%, are run.

4. Procedure

Step 1. Tn % ml of carrier solution in a
40-ml short-taper centrifuge tube, add an aliquot
of sample and make up to a volume of 40 ml,
the final solution being 63 in HCl. (If the active
solution contains HNO,, evaporate (with carrier)
to dryness and take up with 40 ml of 6M HCL.)

Step 2. Add about 2 g of silicotungstic
acid dissolved in 2 ml of H.O and let stand for at
least 1 hr (preferably overnight). Centrifuge,
discard the supernate, and wash the precipitate
twice with 10-ml portions of 6M HCL.

Step 3. Dissolve the Cs precipitate by boil-
ing with 2 ml of H,O and adding 2 pellets of
NaOH (about 0.24 g). Add H.Q, if necessary,
to prevent boiling to dryness. Pour into 20 ml of
hot 6M HCI in a 125-ml erlenmeyer flask and
boil, Add 0.5 ml of concd HNO; and continue to
boil. Add 10 m] of HCIO, and boil until white
fumes appear. Cool, and add 10 ml of H.O, heat
almost to boiling, and centrifuge in a 40-ml tube
{Note 1).

Step 4. Pour the supernate into a 50-ml
erlenmeyer flask, add 1 ml of concd HNO,, and
boil until white fumes appear. Cool to room
temiperature and transfer to a 40-ml centrifuge
tube using 30 ml of absolute ethanol to aid in the
transfer. Cool in an ice hath. Stir, let stand for
153 min, and centrifuge. Immediately pour the
supernate into the sink drain with running water.
Wash the precipitate twice with 10-ml portions of
absolute ethanol (Note 2).

Step 5. Dissolve the precipitate in 10 ml of
H.O. heat to boiling. add 0.5 ml of Fe carrier, 2
drops of phenolphthalein indicator. and 6M
NH,0OH dropwise until the solution is basic.
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Centrifuge and transfer the supernate to a 40-ml
centrifuge tube,

Step 6. Add 0.5 ml Fe cavrier aud again
precipitate Fe(OH),. Centrifuge and pour super-
nate into a 50-ml erlenmeyer flask.

Step 7. Boil and remove NH, by adding 2
drops of 631 NaOH.

Step 8. Add 05 ml of concd HNO, and 5
ml of HCIO,. Buil until white fumes appear. Cool
and transfer to a 40-ml centrifuge tube using 15
ml of absolute ethano!. Cool in an ice bath. Let
stand for 15 min, centrifuge. dispose of the super-
nate as before {Step ). and wash the precipitate
twice with 10-ml portions of anhydrous ethanol.

Step 9. Dissolve the precipitate in 2 ml of
H.0. heating if necessary. and transfer to a 50-ml
erlenmeyer flask, Wash centrifuge tube with 2
ml of H.O and trausfer washings to the 50-ml
erlenmeyer flask. Heat to boiling to remove
ethanol (1 min). Repeat Step 8. making sure to
remove HCIO, thoroughly by washing twiee with
ethanol,

Step 10. Slurry precipitate in 5 ml of ab-
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solute ethanol and filter on weighed filter paper
circle. using a ground-off Hirsch funnel and filter
chimney. Use absolute ethanol (o complete trans-
fer and to wash down sides of filter chimney. Dry
at 110° for 15 min. Cool for 10 min. weigh. and
mount. Count iinmediately (Note 3).

Notes

1. It is necessary to heat at this stage to
insure rapid and complete dissolution of GsClO,.
Silica and tungstic oxide (WO, ) remain behind.

2. The CsClO, must be washed thoroughly
with absolute ethanol to remove NaClO, which
has coprecipitated,

3. I 13.7-day *Cs is to be determined in
the presence of 33-yvear (s, gamma-connting
with a scintillation connter is advantageous. since
there are two gammas per disintegration for '%(Cs
and only one for ¥:Cs, A 400-mg Al cm* absorber
will stop most of the betas which are emitted by
both isotopes of Cs. The most practicable way of
resolving the two components. **Cs and '%°Cs, is
by a least squares determination,



CESIUM 1l
B. E. Cushing

I. Infroduction

The procedure outlined below is based on
the methoad of analysic described by Yamagata
and Yamagata. Analvst. 85. 282 (1960). Cesium
is first precipitated as the silicotungstate. Dissolu-
tion of this precipitate is followed by a ferric
hvdraxide scavenge. and then the cesivm is pre-
cipitated as the dipicryvlaminate, This salt is dis-
solved in 4-methvl.2-pentanone and the cesium
extracted by means of 23/ hvdrochloric acid.
Cesium i< finally precipitated as the perchlorate.
in which form it is weighed and counted. The
chemical vield approximates 709 and eight
analvses can be performed in about 8 hr.

2. Reagents

Cs carrier: 10 mg Cs ‘ml. added as CsCl in H.O.
standardized

Fe carrier: 10 mg Fe ml. added as Fe(NO.)
9H.0 in very dilute HNO,

HCIO,: 3M: concd

HCI: 2V/: 67 coned

HNO,: concd

NaOH: pellets

Siliconmgstic acid: 1 g/ml H.0

Sodium dipicrylaminate solution: Stir 25 g of
dipicrylamine*® with 500 ml of H.0 and add
611 NaOH until solution is complete. Allow
the solution to stand for several hours and
filter.

*Dipicrylnmine:

NO NO
ON— ~~No,
NO NO
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Fihanol: absolute

4-methyl-2-pentaione

Thymol blue indicator solution: Mix 100 mg of
thymol blue with 2 ml of 0.13 NaOH and
dilute to 100 ml with H.O.

3. Preparation and Standardization of Carrier

Make up an aqueous solution containing 12.7
g of CCl oper liter. Pipet 3 ml of the sviution
inta a 125-ml erlenmeyer flask and add 1 ml of
comed HNO, and 5 ml of coned HCIO,. Boii until
dense white fumes appear. cool to room tempera-
ture. and add 15 ml of absolute ethanol. Cool for
15 min in an ice bath, Filter on a weighed
sintered glass 15-ml Gooch crucible (fine porosity )
and wash three times with 3-ml portions of ab-
solute ethanol. Dry at 110° for 15 min. cool, and
weigh as CsClO,.

Four standardizations gave results agreeing
within 0.59.

4, Procedure

Step 1. To the sample in a 40-ml centri-
fuge tube add 2 ml of Cs carrier and make the
<olution 637 in HC1 by the addition of the concen-
trated acid. Add 2 ml of silicotungstic acid solu-
tion. stir. and let the mixture stand for 5-10 min.
Centrifuge. discard the supernate. and wash the
precipitate with 10 ml of 614 HCI.

Step 2. Add 2 ml of H.O to the precipitate.
heat to boiling. and then add 3 pellets of NaOH
to dissolve the precipitate,

Step 3. Pour the alkaline solution into 20
m! of hot 3Y HCIO, in a 125-ml erlenmever
flask. Boil over a burner until the volume is re-
duced to about 10 ml. Transfer to a 49-ml centri-
fuge tube and again heat to boiling. Centrifuge.
transfer the supernate to a clean 40-ml centrifuge
tube. and discard the precipitate which consists of
silica and tungsten(VI) oxide.

Step 4. Add 5 drops of Fe carrier. heat. and
precipitate Fe(OH). by adding NaOH pellets
singly. Add a few drops of thymol blue indicator
and continue to add NaOH until the sclution
turns blue. Centrifuge. transfer the supernate to
a clean 40-m} centrifuge tube, and discard the
precipitate.



Step 3. Cool the solution in an ice-water
hath and add 10 ml of sodinm dipicrylaminate
wolution with constant ~tirring. Continue to stir
for 13 min and then place the tube in a vefrigera-
tor for at least 30 min,

Step 6. Filter through a fine <intered glas<
crucible. Wash the precipitate with 10 ml of ice
cold water and dry in an oven at 110°,

Step 7. Discolve the drv precipitate in about
20 ml of +.methyl-2-pentanone. place the solution
in a 60-ml «eparatery funnel, and add 20 ml of
23 HCL Shake the funnel vigorously for 1 min
and perniit the aqueous layer to vun into i 125.
ml erlenmeyer flask. Fxtract the -t-methy]-2
pentanone solution two move times with 20-ml
portions of 2V TICI ind combine the aquenus
extracts,

Step 8. To the aqueons extracts add 1 m}

of coned TINO and evaporate the solution to ap
proximately 10 ml. Add 3 ml of concd HCW), and
boil until dense white fumes are evolved,

Step 9. Cool and transfer 10 a 40-ml centri-
fuge tube using 20 ml of absolute ethanol to of
fect complete transfer. Cool inan ice bath, lot
stand for 15 min. and cenirifuge. Wash the pre-
cipitate  twiee with 10-ml portions of absolwie
ethanol.

Step 10, Slurey the precipitate in 5 ml of
absolute ethanal and filter anta i weighed No. 42
Whatman filter paper circle (173, using a ground
off Tlirsch funnel ard filter chimney., Use ab-
wolute ethanol to complete the transfer of the
C<C10, precipitate, Wash the precipitate several
times with 3-mil portions of the aleohol, Ty
1107 for 15 nin. cool for 10 min, weigh and
mount, Count immediately.
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CHLORINE
W. L Burgus

l. Introduction

In the determination of chlorine in the
presence of fission praducts. considerable decon-
tanination  is  achieved by fervic  hvdroxide
scavenging and by precipitation of <ilver iodide
from annmoniacal medium, Precipitmion of silver
chloride in the presence of Versene® i< then per-
formed. primarily to remove chlovine from alka-
line earth metal ions but also to <separate this ele-
ment from many other activities. After additional
decontamination. silver chlaride is formed and
the chlorine removed as hydvogen chloride by
treatment with concentrated sulfuric acil. Chlorine
is finally precipnated as the mercury 11 come-
pound, in which form it is counted. The chemical
vield i~ about 739, and o single analveic can be
performed in 24 hr.

2. Reagents

Cl jon carrier: 10 mg Cl mb NaQl used as pri-
mary standard

I fon carrier: 10 my 1= mib added as KEin HO

Fe carrier: 10 mg Fe ml added av FeiND Y -
6H.O in very dilute FINO,

TINO . coned

HCHO: 379, aquests <ohntion

NH,0H: concd

KOH: 10Vf

He i NO Y - 01V wolition in dilute TINO

RKNO : <lid

Verwue: disadinn «aly Zamalviical reagent grinde.
Bersscorth Chemical Coo ST igueos
<olution

(l,

¢ HOIL absolute

3. Procadure

Step 1. To the solution containing  radio.

LVepiene (Rerswortly Chemicat Coo s the disodhiam
sl sd ethvlens dimmnetelaseetic aeid, Versens formes
vory stable soluble chelats with o large sumbteer of
mtallic fons
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active chlorine and fission products in a 40-ml
conical centrifuge tbe. add 1.0 ml of standard
NaCl carrier, Then wdd 4.6 drops of Fe carrier
and precipitate Fe:OH . by the addition of a
slight excess of coned NHLOH. Centrifuge. trans-
fer the supernate containing Cl- ion 10 a clean
centrifuge wbe. and discard the precipitate (Note

1).

Step 2. To the supernate add 5 ml of concd
NILOI and 4+ dissps of K1 earrier solution. Pre.
cipitite Agl by the =delition of a <light excess of
0N ApNO . solution, Coagulate the precipitate
by heating. centrifuge. transfer the supernate to
a clean ventrifuge tube, and discard lhe pre-
cipitate.

Step 3. To the supernate again add 4 drops
af K carrier and remove a Agl by product pre-
cipitite i the previous step. However. this time
filter the <upernate through No. W) Wiistiman
filer paper (9 cm) ina 27, 60° funnel 1o ensure
compiete removal of Agl.

Step 4. To the filirate add 5 ml of 8Y
Versene solution and <lowly acidify with concd
HNO 1 precipitate AxCl. Boil 1o coagulate the
precipitate, centrifuge. and wash the AgCl with
G4 il of 11O containing 2 drops ol coned
1INO . Discand the supernate and washings.

Step 5. Disslve the AgCl precipitate in 3
mi of coned NHLOIL add 5 ml of au 89, Versene
solution. dilute to 30 ml, and reprecipitate AgCl
Iy the addition of concd FINO.. Boil 10 coagulate
the AgCl and wash as in the previous step.

Step 6. Dissoive the AgCl in 40 drops of
concd NILOH, add 15 ml of H-) 10 drops of
10V ROFL and 10 drops of 379, TICHO. Heat o
biling 0 congulate the metallic Ag precipitate.
Add o drops of 01 AeNO, and wgain remove
i Ag precipitate. Filter hoth Ag previpitates to-
gethor throngh Ne 49 Whatnmn fife r paper in
a4 27, 60° funnel, collecting the filtrats in o 125
mi erlenmeyver Hask.

Step 7. Acidily the filtrate Wit coned
HNO . add i additional 2 m) of the xdd. and
heat o boiling Nete 23, Cool and add -3 drops
of Kt carrier solution. Transfer i o 125wl
wparatory fanmel Lubd S0 ml of CCL n! a Tew
erystals of KNO.. Exiract [; into the CCL, ayer



and discard. Add three <eparate additional 10 i
portions of CCl,. extract 1. and discard the CCH,
taver after each extraction.

Step 8. To the remaining aqueons  layer
add 2-3 ce of coned HNO .. transfer to a 40-ml
covtrifuge tube. and hieat to boiling to remove ex-
vess NO-jon. Add 4 drops of Fe carrier and pre-
cipitate FerOID  with coned NH.OH. Centrifuge.
transfer the <upernate to a clean centrifuge tube.
and dizcard the precipitate.

Step 9. Again add + drops of Fe carrier
and remove a Fe{OID . scavenger precipitate as
in 1the previous step.

Step 10, To the Cl--containing <upernate
add 0.1 AgNO. to precipitate AgCl. Centrifuge
and wash the precipitate as in Step 4.

Step 11, Dissolve the AgCl precipitate in 2
ml of concd NH,OH. Wash with several milli-
liters of H.O into a <pecial distilling flask (<ee
germanium procedure’. Bubble air through the
<olution $o remove most of the NH,OH. Cautious-
Iv add 6 ml of conced H.80, (Note 3) and heat
until all the HCl has distilled over into a 50-ml
beaker containing 20 ml of H.O.

Step 12, Precipitate Hg Cl. from the <olu-

tion of HCI distillate “after adding 1-2 ml of
concd HINO.) by the dropwise addition of 0.1.Y
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e NG wolution. Wash the precipitate with
H O after filtering onec o tared Noo 12 Whatiman
filter circle, 7 diameter. using a wround off
[Tir<ch funnel and a filter chimney, Wash with
absolute C IO and dey inan oven for 20 min
we< at 1107 Coal. weigh, mount. and  count
{Note +).

Notes

1. 1f the radiochlorine i< originallv in a
form other than Cl- ion or C).. care must he taken
to reduce it to one of these forms hefore heginning
the procedure. Otherwise the radiochlorine may
he Tost as a result of its failure to exchange with
Cl- rarrvier. The total volume in Step 1 shonld
not exceed 20 ml.

2. Boiling i< necessary at this stage to ve-
mave mast of the volatile HCHO.

3. Addition of coned H.SO, precipitates
AgCL During distillation continue bubbling air
thwronah the <olution,

+. Mzl i used as the compound mounted
in preference to AgCl hecause it does not form
agglomerates as does AaClL PHhCL. s ton <oluble
and therefore not <uitable. For counting 4107
-veiar MCL o «elf-ubsorntion carve should be con-
structed and corvections applied for a 0.72 Mev #-.



CHROMIUM
W._ H. Burgus

I. Introduction

In the analvsis for radiochromium. exchange
between active chrominm and dichromate carrier
i promoted by reduction of the latter to the -3
~tate. Some decontamination of the sample i< then

effected by acid  sulfide  cavenging  when
chromium i~ in the -3 state.  After  sulfide

scavenging. chromium i« oxidized to the +6
state and precipitated as barinm chromate. which
is then eonverted 1o the blue peroxy compound,
CrO. by wreatment with hydrogen peroxide in
hvdrochloric acid medium. in the presence of
ethyl ether. The peroxy compound is extracted
into the ether laver tellecting Turther decon-
tamination), then  back-extvacted inte aqueous
ammonia. and barium chromate is again pre-
cipitated. After remaval of any remaining radio-
barium as the sulfate, followed by ferric hvdroxide
scivenging steps and precipitation of excess sul-
fate as barium sulfate. chromiuny i< finally pre-
cipitated and coured as barinm chromate. The
chemical yield ix 40-509,. and the time for a
single analysis is 2-214 hr,

2. Reagents

Cr carrier: 10 mg Cr ml. 366 ¢ KCr.Q. per
liter. primary standard

Pd carrier: 10 mg Pd ml added as PdCL-2H.0
in very diiute HC}

Cu carrier: 10 mg Cu ml. added as CuCl.-2H.0
in H.O

Fe carrier: 10 :ng Fe ml added as FeCl.-6H.O
in verv dilute FIC]

TICE conad: dilute 3 m) coned T1CT Bter)

H.S0,: 3M

HC.HO.: 1M/

NIT,0H: concd

T1.S: gas

.0.: 309

BaiNO . <aturated sohation

NaBrQ, 17

NH.C.H.0.: 1M

Aqueous 8O, solution: saiurated

Ethanol: 959,

Ethy] ether
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3. Procedure

Step 1. To the sample in a 40-ml centrifuge
tube. add 2 ml of standard Cr carrier. Dilute the
solution to 15 ml. add 3 ml of coned HCI, and
heat 10 boiling. Add saturated SO. solution drop-
wise umtil all of the Cr.0.* has been reduced to
Crt - ion. Bot! off the excess SO..

Step 2. To the hot solution add concd
NH.OIl dropwise to precipitate Cr(OH)..
Caution: Do not use a great excess of NH,OH
{Note 1). Centrifuge the Cr(OH), and discard
the supernate.

Step 3. Discolve the Cr(OH). in 6-8 drops
of concd HCL dilute to 20 ml. heat to boiling. and
reprecipitate Cr(OH). with concd NH,OH. Cen-
trifuge and discard the <upernate.

Siep 4. Dissolve the Cr(OH); in 6-8 drops
of concd HCL dilute to 20 ml. and add 4 drop<
each of Pd and Cu carriers. Heat to boiling and
pass in JL.S for 5 min. Filter and discard the sul-
fide scavenger precipitate. retaining the Cr3*-con-
taining filtrate in a 40-ml centrifuge tube.

Step 5. Predipitate Cr(OH). from the fil-
trate (Step 2), centrifuge. and discard the super-
nate.

Step 6. Dissolve the Cr(QH). in 8 drops of
coned HCL boil out remaining H.S. and dilute to
20 ml. Add 4 drops <ach of Pd and Cu carriers
and remove another snlfide scavenging pre-
cipitate a~ before (Step +). Filter and collect the
filtrate in a 40-ml centrifuge tube.

Step 7. Repeat Step 5.

Step 8. Rediscolve the Cr(OH); from Step
7 in 8 draps of coned HCL heat to boiling to re-
move H.S. and reprecipitate Cr(OH), with concd
NH,0H. Centrifuge and discard the supernate.

Srep 9. Dissolve the Cr(OH). in onli- 4-6
drops of coned HCI (Note 2). Add 15 ml of H.O
and about 6 ml of 13/ NaBrO,. Transfer quan-
titatively to a 125.ml erlenmever flask and heat
over a flame until all the Cr** ion is oxidized to
Cr.0:*. Tf the oxidation does not appear to be
complete, additional NaBrQ, should be added
(Note 3).



Step 10, Add 3-1 wl of saturated Ba(NO,).
olution and 3-4 ml of 13 NH,C.H.0.. This will
result in the precipitation of BaCrO,. If precipita-
tion appears lo be incomplete. one drop of coned
NH,OH should be added. Transfer to 40-ml
centtifuge tube. cenirifuge. and discard the super-
nate. Wash the precipitate with 30 ml of H.O.
centrifuge. and discard the washings.

Step 11. Dissolve the BaCrO, in about 6
drops of concd HCl and 10 ml of H.O. (Heating
may be required.) Dilute to about 30 ml and re-
precipitate BaCrQ, with 13/ NH,C.H.O. as be-
fore (Step 10). Centrifuge. wash the precipitate
with 30 ml of waler. centrifuge. and discard the
washings.

Step 12. Dissolve the BaCrO, in 10 ml of
H.O and 5 drops of concd HCL. Cool to 0-5° in
an ice bath. Transler to a 125-ml separatory fun-
nel to which 90-100 wl of cold (below 5°) ethyl
cther has been added. Add 3 drops of cold (be-
low 3°) 30% H.O. and immediately extract the
biue peroxy compound CrO, into cold ether
(Note +). Discard the aqueous layer.

Step 12, Wash thie ether layer four times
with 10-ml portions of cold (about 3°) H.O con-
taining 3 ml of concd HCi per liter. Discard the
washings.

Step 14.  Back-extract into H.O by shaking
the ether with about 15 ml of H.O containing 3 or
4 drops of concd NH,OH. Transfer the aqueous
layer to a 40-ml centrifuge tube.

Step 15. Add 2-3 ml of saturated Ba(NO,)..
solution to precipitate BaCrO.. Centrifuge and
wash with 30 ml of H.O, discarding the supernate
and wiashings.

Step 16. Dissolve the BaCrO, m 15 ml of
H.0 and 8 drops of concd HCL. Heat to boiling
and add 3 drops of 3M H.SO,. Centrifuge and
discard the BaSO, precipitate. Transfer the super-
nate to a 40-nl centrifuge tube,

Step 17.  Add 6 drops of Fe carrier to the
supernate contsining the Cr.0.* ion and pre-
cipitate Fe(GH). with concd NH,0OI1. Centrifuge
and discard the Fe(OH);, transferring the super-
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nate to a $0-ml centrifuge tube. Acidify the
supernate with FINO,.

Step 18, Repeat Step 17 and heat the super-
nate to boiling.

Step 19. Add about 3 ml of saturated
Ba(NO.). solution to remove SO,* ion, Centri-
fuge the BaSO,. discard the precipitate. and trans-
fer the supernate to a 40-ml centrifuge tube,

Step 20.  Precipitate BaCrQ, from the super-
nate by the addition of coned NH,OH. Dissolve
in 6-8 drops of concd HCl and reprecipitate from
20 ml of solution by adding 3-¢+ ml of 1M
NH,C.H.0.. Centrifuge and discard the supernate.

Step 21, Dissolve the BaCrQ, in 5 drops of
coned HCL. Dilute to 30 ml and add 1 m! of 137
HCH 0.. Heat to boiling and add 2 ml of 1M
NH,C.H.O. dropwise to precipitate BaCrO,. Filter
on a tared No. 42 Whatman circle (75” diameter),
using a ground-off ITirsch funnel and a filter
chinmey. Wash the precipitate three times with
15- to 20-ml portions of hot H.O and then with
ethanol. Dry for 10 min at 110°, Weigh. mount.
and count immediately.

Notes

1. Tt is important to avoid the use of a large
excess of concd NH,OH to precipitate Cr(OH)..
inasmuch as some of the latter will complex with
NH.: and go into solution.

2. The CI and H* ion concentrations must
he kept low to avoid reduction of the Cr.0;*
which is formed by oxidation of Cr** jon with
orO5-

3. Tt is poscible. visuallv. to determine
whether oxidation of Cr** ion to Cr.0:2 is com-
plete.

4. The formation and ether extraction of
the blue peroxy compound CrO. must be carried
out in the cold. otherwise the Cr.0:% will merelv
oxidize the H.0.” Only a transient blue color is
then observed.



COBALT
W. H. Burgus

l. Introduction

Cobalt is separated from most fission pro-
ducts and specificall. from nickel by precipita-
tion as potassium  hexanitrocobaltate  (ITT).
K.Co(NO.).. from an ncetic acid medinm, The
nitrate ion, in this acid medium. is not only the
complexing agent but also serves to oxidize cobalt
(I) to the +3 state. The second precipitation of
cuball as the hexanitro comnlex is followed by
appropriate scavenging steps. and cobalt is then
exiracted as the blue Co(SCN) > complex into an
amyl alcohol-ethyl ether mixture. the extraction
giving additional decontamination. The cobalt is
back-extracted into an ammonia water solution
and precipitated as the sulfide. The sulfide is
then dissolved and cobalt is plated from strongly
ammonical solution and counted as the metal.
Some decomtamination occurs during the plating
process, The chemical yield is 70-75%. About 2
hr are required for the decontamination of a
single sample. and 2%-3 hr for the plating pro-
cess.

2. Reagents

Co carrier: 10 mg Co ml. added as Co{NQO.).:
6H.O in very dilute IINO.. standardized

Ni carrier: 10 mg Ni‘/ml. added as Ni(NO.).-
6H.O in very diluie HNO,

Pd carrier: 10 mg Pd ml added as PdCl.-2H.O
in very dihate HCI

Cu carrier: 10 mg Cu 'ml. added as CuCl.-2H.O
in H.0

Fe carrier: 10 mg Fe inl. added as FeCl.-6H.O
i very dilute HCI

HCl: concd

HNO;: concd

H.SO,: concd

HC.H.0.: 67 f; 3M

KOH: 10M

NH,0H: coned

NH,SCN: solid; 1 g/2 m]l H.O

(NH,).50;: solid

KNO.: solid

H.S: gas
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Amyl alcohol-ethyl ether mixture: equal parts by

volume
Ethanol:959%,

3. Preparation and Standardization of Carrier

Dissalve 49.3 g of Co(NO,).-6H.0 in H.O.
add 1 ml HNO,. and dilute to 1 liter with H.O.

Pipet 5.0 ml of the ahove carrier solution
into a 125-ml erlenmeyer flask and add 5 ml of
H.0 and 3 ml of concd H.SO,, Carefully boil
down 1o copious SO, fumes to remove NO, ion.
Cool. dilute to 8-10 ml with H.O. and allow the
solution to come to room temperature. Cautiously
ueutralize with concd NH,0H, then add 1 ml in
excess and allow to cool to room temperature.
Transfer the solution quantitatively to plating
cell* and dilute 10 15 ml with H,O. Add about 2
g of solid (NH,).SO,. introduce rotating anode.
and stir until the (NH,).SO, has dissolved. Plate
out Co with continuous stirring. The current is
initially kept at 0.10 amp at about 3 v. During
the first half hour of plating the current is
gradually increased to 0.20 amp, which current
is maintained for the remainder of the plating
process. (The optimum plating time is at least 3
hr.} The cell is dismantled, the plate removed and
washed several times with distilled H.O and once
with ethanol. It is then air-dried and weighed.

Four standardizations, with results agreeing
within about 0.29,. are usually made.

4. Procedure

Step 1. To the sample in a 40-m] centrifuge
tube. add sufficient H.O to bring the volume to
20 ml. Add 3 ml of standard Co carrier and 1 ml
of Ni carrier. Precipitate Co and Ni hydroxides by
the addition of 10} KOH (Note 1). Centrifuge
and wash the hiydroxides with 15 ml of H,0, dis-
carding the supernate and washings.

Step 2. Dissolve the precipitate by warming

“Plating cells: 5-mil Pt square cathode (preweighed),
mounted on brass plate and held in position by 74"
i.d. glass cylinder, with gasket between platinum and
glass cylinder; rotating Pt anode: dc source; resistance
in series with current source and cell. (One plating
cell each per sample and standard.)



with 3 ml of 63/ HC.H,0..Dilute to 25 ml with
H.0 and cool to room temperature,

Step 3. Precipitate K;Co(NO.).. by addition
of reagent made by saturating 6 ml of 33
HC.H.0. with KNO.. Allow about 3 min for com-
plete precipitation. Centrifuge, discard the super-
nate, wash the precipitate once with 30 ml of
H.0. and discard the washings.

Step 4. Dissolve the K.Co(NO.). by the
addition of several milliliters of concd HCI. Boil
off the decomposition products. Add 1 ml of Ni
carrier and dilute to 25 ml with H,0.

Step 5. Drecipitate Co and Ni hvdroxides
with 104 KOH as in Step 1. Dissclve the hy-
droxides as in Step 2.

Step 6. Repeat Step 3,

Step 7. Dissolve the K.Co(NO.). in 4-5 ml
of concd HCL boiling almost to drvness, Add 2
drops of Pd and 4 drops of Cu carriers. Dilute to
20 ml with H.0 and make about 0.1A7 in HCL
Heat to hoiling and pass in H.S for 5 min. Filter
onto No. 40 Whatman filter paper. catching the
filtrate in a 125-ml erlenmever flask and dis-
carding the sulfide scavenging precipitate.

Step 8 Boil out H.S from the filtrate. Add
2 drops Pd and 4 drops of Cu carriers and dilute
to 20 ml with H.O. Make 0.13 in HCl. heat to
hoiling. and pass in H.S for 5 min. Again remove
sulfides by filtration (Step 7).

Step 9. Boil out H.S from filtrate. This will
require concentration almost to dryness (Note 2).
Dilute to 25 ml with H.O and transfer quantita-
tively to 40-ml centrifuge tube. Add 4 drops of
Fe carrvier and precipitate Fe(OH). by addition
of concd NH,OH. adding about 0.5 ml of NH,OH
in excess. Centrifuge and discard Fe(OH).
scavenge. retaining the supernate.

Step 10.  Acidify the supernate with HCL.
Add 4 drops of Fe carrier and remove Fe(OH).
again hy the addition of concd NH,0H (0.5 ml
excess). Centrifuge and discard the precipitate.

Step 11. Repeat Step 10,

Step 12.  Acidify the supernate from Step
10 with concd HCL adding 1 ml in excess, Trars-
fer to 125-ml separatory funnel. Add 15 g of
NH.SCN and shake umtil all the solid has dis-
solved, Fxtract the Co-SCN complex inte 50 ml
of amyl aleohol-ethyl ether mixture, Wash the
organic laver twice with 10-ml portions of
NH.,SCN sclution. Discard washings.

Step 13,0 Back-extract the Co into 20 nil of
.0 to which 4 to 6 ml of concd NH,OH has been
added. Discard the organic layer and transfer the
aqueous laver to a 40-ml centrifuge tube.

Step 14. Precipitate CoS from solution hy
passing in H.S for 1 min. Centrifuge and discard
the supernate.

Step 15. Transfer the CoS precipitate with
5-10 ml of H.O to a 125-ml erlenmever flask. Add
10 ml of concd HNO.. Boil nearly to dryness
(1-2 mb). Add 3 ml of concd H.SO, and heat to
SO, fumes. Cool and slowly add 5-10 ml of H.O.
Cool again, Neutralize with concd NH,OH and
add 1 ml in excess. Add 2 g of (NH,).S0,.
transfer to plating cell and electroplate Co on a
weighed Pt foil. (For a circular foil about 74"
diameter begin plating at 3-4 v and 0.10 amp.
After the first half hour increase current to 0.20
amp. Plate for 215-3 hr.) After piating. wash
with distilled water and then with ethanol. Dry
at room temperature. weigh. and count. The
counting procedure is dependent on the isotope
involved.

Notes

1. The purpose of the initial precipitation
by means of KOH is to remove the Co from the
stronglv acid solution. For as complete a pre-
cipitation of K.Co(NQ.). as possible. mineral
acids and oxidizing agents must be absent.

2. The H.S is removed by hoiling to pre-
vent precipitation of Co as CoS when the Fe(OH).,
scavenging step is made,
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CURIUM-242
J. W. Barnes

I. Introduction

In this procedure. curium is sufficiently de-
contaminated from other activities so that a pulse
analvsis of the final product gives the ratio of the
unknown quantity of ***Cm present to the known
quantity of added *"*Cm tracer. The procedure has
the advantage over one which utilizes an HCl-
cation column in that an equally elfective separa-
tion of curium from rare carth activities can be
obtained with less time and cffort. This pracedure
does not separate americium and curium from
other trivalent actinides.

In the analysis, the first major step is the
adsorption of some of the impurities on an anion
column from concentrated hydrochloric acid. The
curium is then adsorbed on an anion colunm as
a thiocyanate complex from 53/ ammonium thio-
cyanate at pH 1.5. This step gives effective de-
contamination from alkali and alkaline earth
metal activities. The rare carths are poorly ad-
sorbed. and any that are fixed on the column are
eluted by washing with ammoninm thiocyanate
solutions. The curium is finally renoved from
the colunm by elution with a more dilute am-
nionium thiocyanate solution and is collected on
a platinum disk. After dryvi ¢ and ignition at rew
heat, the sample is pulse analyzed.

2. Reagents

Y carrier: 10 mg Y. ml. added as Y(NO,).-
6H.0O in H.O

24Cm standard solution: 100-1000 ¢, min, ml

HCIO,: concd

HCL: concd; 3M

HNO,: concd

NH,0H: 3M

NH,CNS: 3M; 1M, in a 3-1 ethanol to H.O mix-
ture

Solution “A”: a mixture containing 2-3 drops of
concd HNQ; to 15 ml of concd HC1

Ethanol: 959,

Hydrion paper: pH range 1.2-2.4

Dowex DI-X8. 100-200 mesh anion resin

Dowex. DI-X2. 200400 mesh anion resin

3. Procedurs

Step 1. To the 24Cm tracer (Note 1) in a
50-m! erlenmeyer flask. add an aliquet of the
sample, 3 drops of Y carrier, and 0.5-0.7 ml of
concd HCIO,. Boil to dryness and allow to cool.

Step 2. Prepare a column 6 mm by 7-8 cm
of Dowex anion resin DI-X8, 100-200 mesh. and
pretreat with 3-5 ml of Solution “A”. Dissolve the
drv residue from Step 1 in 1-2 ml of Solution
“A" (do not heat. even though all the solid does
not dissolve) and pass the resulting solution
through the resin column and ignore any pre-
cipitate. Rinse the erlenmeyer flask with 1 ml of
Solution “A” and pass the rinsings through the
colunmn. Collect the effluent and the wash in a
50-ml erlenrever flask. add 0.5 m} of concd
HCIO,. and fume to dryness. Cool.

Step 3. Prepare a column 3.5 mm by 7-8
cm of Dowex anion resin DI-X2. 200-400 mesh.
and wash the column with 2 ml of 5M NH,CNS.
Add 2 ml of 5M NH,CNS to the dry residue in
the evlenmever flask and swirl to obtain solution.
With the use of Hvdrion paper (pil range 1.2-
2.4) and 33/ NH,0H and 31 HCI, adjust the pH
to about 1.5. Add the solution to the anion column
and push it through at the rate of 1 drop every
7-15 sec. Rinse the top of the column with 2 ml
of 324 NH,CNS which has been adjusted to pH
1.5 with 38 HCI and push this solution through
at the same rate. Make up a 1M NH,CNS solu-
tion in a 3:1 ethanol to H.O mixture and adjust
the pH to 1.5 with 3}/ HCI. Wash the column
with 3 ml of this solution and collect the wash-
ings in a clean 40-ml conical centrifuge tube.
(This wash is kept as a precaution in case Cm
happens to be eluted at this stage.) Dilute the 1M
NH,CNS solution with an equ* volume of H.O
and add 1 drop of concd HCI for each 4 ml of
the resulting solution. Pass 1 ml of the final solu-
tion through the column and collect the eluate in
a clean 40-ml conical centrifuge tube.

Step 4. Transfer thic eluate, which con-
tains the Cm activity, to a Pt disk (134” diameter)
on a brass ring on a hot plate, Turn up the heat.
gently at first. and evaporate the liquid on the
Pt disk to dryness. When the disk is dry. adju-t
the hot plate to it« maximum heat and volatilize
the NH,CNS. Finally. heat the disk to redness in
a Fisher burner flame, Place the disk in the pulse
analyzer and count (Note 2).
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Notes

1. The quantity of *"Cm tracer emploved
is 3-3 times that of the estimated **Cm content
of the aliquot.

2. 1f the pulse amalyais curve is unsatis-
factory because of toa auch 2-+v activity. the ma-
terial on the Pt disk nmst be further purified.
This is accomplished in the following manner.

Warm the disk under a heat lamp with several

small portions (each approximately 0.5 ml) of
Solution “A”. Pass the resulting solution through
a Dowex DIXR column as in Step 2. Complete
Step 2 and the rest of the procedure. If experience
with gamma readings on the final eluate from
Step 3 indicates that further purification is neces-
sarv. do not dry the eluate, To the eluate add
sufficient solid NH,CNS to make the solution
+-3M in the <alt. Pour the solution onto a clean
Dowex DI-X2 column as in Step 3 and repeat this
step.
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GERMANIUM
R. J. Prestwood

l. Introduction

In the separation of radiogermanium from
other fission products, acid sulfide, lanthanum
fluoride, and barium sulfate scavengings are per-
formed in the presence of fluoride ion which
keeps germanium in solution as the GeF.* ion.
The fluo complex is then decomposed and germa-
nium distilled as the tetrachloride in a specially
designed multiple still. Germanium is finally
precipitated and mounted as the sulfide GeS.. The
chemical yield is 80-90% and the analysis of
samples in quadruplicate requires about 4 hr.

2. Reagents

Ge(IV) carrier: 10.00 mg Ge/ml, see Preparation

of Carrier

carrier: 10 mg As/ml, added as Na:AsO,

12H,0 in H,0

Ba carrier: 10 mg Ba‘ml, added as Ba(NO.).

in H.O

carrier: 10 mg La/ml. added as La(NO.).-

6H.0 in H.O

carrier: 10 mg Cu/ml, added as Cu(NO.).:

6H.O in H.O

Zr carrier: 10 mg Zr/ml. added as ZrO(NO.).
2H.0 in 1M HNO,

HCl: 4.5-5.5M; concd

HI: 479, aqueous soiution

H.S0,: concd

HF: concd

H,BO,: saturated solution

NH,O0H: concd

H.S: gas

CH,OH: anhydrous

As

La

Cu

3. Preparation of Carrier

Fuse 144092 g of CP GeO. with 30.0 g of
Na,CO,. Dissolve the melt in H.O and dilute to
1 liter. Permit to stand for 24 hr and filter, The
solution contains 10.00 mg Ge/ml and is used as
a primary standard.

4. Procedure

Step 1. To the sample in a 125-ml erlen-
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meyer flask add the following: 2 ml of standard
Ge carrier; 1 ml of As carrier; 1 ml of Ba carrier;
1 ml of Cu carrier; 1 ml of La carrier; 2 ml of
47%, HI solution; and 1 ml of concd HF. Make
the solution neutral by the addition of concd
NH,OH, add 10-20 drops of concd H.SO,, place
on a steam bath, and saturate with H,S for a few
minutes.

Step 2. Filter into a clean 125-ml erlen-
meyer flask through No. 40 Whatman filter
paper in a 2”, 60° funnel. Wash the precipitate
with a small quantity of water. Discard the pre-
cipitate,

Step 3. To the filtrate add 10 drups of La
carrier and 1 ml of Cu carrier and saturate with
H.S on a steam bath. Filter as in Step 2 and
wash the precipitate,

Step 4. To the filtrate add 1 ml of Cu car-
rier and saturate with H.S in the cold. Filter as
in Step 2 and wash the precipitate.

Step 5. Repeat Step 4.

Step 6. To the filtrate add 10 ml of concd
HC] and 10 ml of saturated H;BO,, and saturate
with H.S. Transfer to 40-ml conical centrifuge
tube, centrifuge the GeS. precipitate, and discard
the supernate (Note 1),

Step 7. Dissolve the GeS, in 1 ml of coned
NH,OH and dilute to 15-20 ml with H,0. Add 4
drops of Zr carrier, centrifuge, and discard the
precipitate. Make the supernate 3M with HCI,
saturate with H.S, centrifuge, and discard the
supernate.

Step 8. Slurry the GeS. with 4.5-5.5M HCl
{Note 2) and transfer the solution to the special
still (see figure). The total volume of acid used
should be about 15 m).

Step 9. Distill the GeCl, on an oil bath at
120° into a 50-ml beaker containing 5 ml of 4.5-
5.5M HCl saturated at room temperature with
H.S and placed in an ice bath (Note 3). GeCl,
begins to distill over after 15-20 min and then
the distillation must be maintained for 10-15 min
more to ensure completion. Almost 1009 yield is
obtained.



Step 10. Transfer the distillate o another
special still and repeat the distillation.

Step 11. Saturate the receiver with H.S
and filter the precipitate onto a weighed No. 42
Whatinan filter circle, 7% diameter. using a
around-off Hirsch funnel and a filter chimney.
Wash the precipitate with anhydrous CH.OH and
dry in an oven at 110-120° for 10 min. Cool.

weigh as GeS., and mount.

Notes

1. A water-clear supernate is not ordinarily
obtained upon centrifugation of the GeS. unless
the mixture is permitted to stand for several
hours. Since it is not practicable to wait so long
and since the losses are insignificant, do not

hesitate to discard a slightly  turbid supernate
from a GeS. precipitation.

2. The concentration of HCl must not ex-
ceed that of the constamt boiling mixture or
GeCl, will escape during the distillation unless
the delivery tube is below the surface of the re-
ceiving liquid. 1f the ¥ICI concentration in the
still is less than that required for the constant
boiling mixture. only water and no GeCl, is dis-
tilled. As soon as the composition of the still
reaches that of the constant boiling mixture. all
the GeCl, comes over rapidly. At higher HCI
concentrations the GeCl, is immediately swept out
with HCl gas.

3. The H.S is present in the receiver to
show (by the formation of white GeS.) when
GeCl, begins to distill.

Special distilling flask.
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GOLD
G. A. Cowan

I. Introduction

Gold is separated from meost fission-product
activities by reduction to the meta! by means of
hydrogen iodide in hydrochloric acid solution in
the presence of sulfosalicylic acid. The latter
serves to complex strongly and therefore holds
back many of the ions found in fission-product
solutions. The precipitated gold is further decon-
taminated by dissolution in aqua regia. followed
by silver chloride and ferric hydroxide scaveng-
ing precipitations. Last traces of contaminating
activities are removed by extraction of gold (IIT)
chloride from 1M HCl into ethyl acetate. The
tripositive gold is finally converted by hydrogen
iodide reduction to the metallic state in which
form it is counted. The chemical yield is approxi-
mately 75% and one sample can be analyzed in
about 3 hr.

2. Reagents

An carrier: 10 mg Au/ml, added as AuCl; in
about 0.1M HC), used as a primary standard

Ag carrier: 10 mg Ag/ml, added as AgNO, in
H.0

Te carrier: 10 mg Te/ml, added as H,TeO,
2H.0 in H,0

Fe carrier: 10 mg Fe/ml, added as FeCl;:6H,0
in 1M HCI

HCI: 1M; 2M; concd

HNOs: c0ncd

HI: concd

NaOH: concd

Sulfosalicylic acid: 5% in H.0

Ethyl acetate: CP

3. Preparation and Standardization of Carrier Solu-
-tion

Dissolve 10.0 g of pure Au metal in a mini-
mum quantity of aqua regia. Evaporate the solu-
tion nearly to dryness in the presence of excess
HCl] and dilute to 1 liter with 0.1M HCl. The
solution is used without further standardization.
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4. Procedure

Step 1. To the sample (Note 1) contained
in 20 ml of 1M HCl in a 40-ml conical centri-
fuge tube, add 2 ml of 5% sulfosalicylic acid solu-
tion, 2.00 ml of Au carrier, 1 d:op of Te** hold-
back carrier (Note 2). and 1.5 ml of concd HI.
Heat on a steam bath for 10-15 min. Cenirifuge
and discard the supernate.

Step 2. Wash out chloride ion hy filling
the centrifuge tube with H.O and decanting. Re-
peat. Digest the Au precipitate with 1 ml of
concd HNO,. boiling for 1 min in the hood.
Centrifuge and discard the supernate.

Step 3. Fill the tube with H.O and decant.
Dissolve the precipitate in 2 ml of concd HCI
and 3 or 4 drops of concd HNQ,. Boil off all the
HNO,,

Step 4. Dilute to 20 ml with 1A HC! and
repeat Steps 1 to 3 twice.

Step 5. Dilute the solution to 20 ml with
1M HCl and add 3 drops of Ag carrier, Centri-
fuge and transfer th. supernate to another 40-ml
centrifuge tube, discarding the AgCl precipitate.

Step 6. Add 4 drops of Fe carrier and then
a slight excess of concd NaOH, Without delay,
centrifuge and transter the supernate to a clean
40-ml centrifuge tube. discarding the Fe(OH),
precipitate. Immediately reacidify the supernate
with concd HC] (Note 3).

Step 7. Add 1.5 ml of concd HI and re-
precipitate metallic Au as before (Step 1). Dis-
solve the precipitate in a minimum amount of
aqua regia,

Step 8. Wash the solution into a 125-ml
separatory funnel with about 40 ml of 1M HCL.
Extract with 25 ml of ethyl acetate. Wash the
ethyl acetate layer twice with 5-ml portions of
2M HCL

Step 9.  Transfer the ethyl acetate extract
to a 125-ml erlenmever flask and remove the
ethyl acetate on a steam bath. Add 25 ml of 1M
HCl and 1.5 ml of concd HI. Heai on steam bath
for 10-15 min to precipitate metallic Au.



Step 10. Filter the Au on a weighed No. 41
H Whatman filter circle, %" diameter, using a
ground-off Hirsch funnel and a filter chimney.
Wash the precipitate with 1M HCI, and then with
acetone. Dry for 15 min at 110°. Cool, weigh.
and mount (Note 4).

Notes

1. If any oxidizing acids are present in the
original sample, they must be removed prior to
reduction with HI.

2. Te*  carvier is added sirce reduction to
the ++ state by HI promotes exchange with active
species.

3. Although Av (U} is amphoteric, con-
siderable Au is lost by precipitation of the hy-
drous oxide if the solution is kept strongly alka-
line for an hour or more after the Fe(OH),
scavenging step.

4. This procedure has been used for the
determination of 2.69-day 'W*Au. Counting is
carried out in a proportional counter and is be-
gun immediately upon completion of the chem-

istry.
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INDIUM
G. A, Cowan

1. Introduction

In its determination in fission products, indi-
um is first separated rapidis from cadmium so
that a <eparation time fronn its perent activity is
accurately known. The separation is accomiplished
by precipitation of indium hydroxide by means of
ammonium hydroxide; cadmium remains in solu-
tion as an ammonia complex. The hydroxide is
then dissolved and acid-insoluble sulfides are pre-
cipitated from a buffered solution (pH 3-4) in
the presence of sulfosalicylic acid. Indium is
leached from the mixture of sulfides with cold
137 HCI and is then precipitated as the hydroxide
and converted to the bromide by means of 4.5M
hvdrogen bromide. The bromide is extracted into
ethy] ether and indium is finally precipitated and
weighed a< the 8-hvdroxvquinoline (oxine) de-
vivative.* The chemical yield is about 509 and
one sample ean be run in about 4 hr.

2. Reagenis

In carrier: 10 mg In/ml. added as InCl; in 1.5M
HCL. standardized

*When 8-hydroxyquinaline (oxine)

8%
OH

s used as a precipitant, the hydrogen of the hydroxyl
group is replaced by one equivalent of metal ion. Thus
indium forms the following compound:

(O

O
%
3

This compound is insolgble in aqueous medium but
soluble in the usual nrganic solvents.
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Sb carrier: 10 mg Sh'ml, added as ShCl, in 1M
HCl

Cd carrier: 19 mg Cd 'ml, added as CdCl. in 1M
HCl

HCl: I1M; {5M

HBr: 4.5M

NH,0H: concd

H.S: gas

Buffer solution: (1M HC.H.O. - 2M NaC.H,0.)

Sulfosalicylic acid: 5% in H.Q

8-hydroxyquinoline: 5% in 23 HC.H.O.

Ethyl cther: saturated with 4.5M HBr

3. Preparaiion and Standardization of Carrier

Dissolve 10.0 g of pure In metal in a
minimum of HC] and dilute to 1 liter with 1.5M
HCl.

Pipet 2.00 ml of the above solution into a
100-m} beaker. and add 20 inl of H.O. 5 ml of
HC.H 0. - NaC.H.0. buffer soluiion, and 2 ml of
8-hydroxyquinoline solution. Permit the pre-
cipitate to settle and add 8-hydroxyquinoline
solution dropwise to the supernate until no further
precipitation occurs. Filter the precipitate on a
weighed 60-m! sintered glass crucible of medium
porosity. Wash the precipitate thoroughly with
H.O and dry at 110° for 15 hr. Cooi and weigh as
In(C,H:NO); (20.99% In).

Three standardizations. with results agreeing
within 0.5%, are run.

4, Procedure

Step 1. To 5-20 ml of sample in a 40-ml
conical centrifuge tube. add 2.00 ml of In car-
rier. 2 drops of Cd holdback carrier. and an excess
of concd NH,OH. Centrifuge the precipitate and
discard the supernate.

Step 2. Dissolve the precipitate in 20 ml of
1M HCI and repeat Step 1 twice.

Step 3. Dissolve the precipitate in 10 ml of
1M HCl and add 2 ml of 5% sulfosalicylic acid,
5 ml of HC.H;Q. - NaC.H;0. buffer solution, and
1 drop of Sb carrier. Saturate the solution with
H.S. keeping the solution cold. Centrifuge and dis-
card the supernate.



Step 4. Wash the precipitate with 3 ml of
diluted (1:10) buffer soluticn, centrifuge, and dis-
card the supernate.

Step 5. Add 5 ml of 1M HCI and digest
just at boiling for 1 min. Centvifuge and transfer
the supernate to a clean 40-ml centrifuge tube.
Discard the precipitate,

Step 6. Dilute the solution to 10 ml with
H.O and repeat Steps 3 through 5 three times.

Step 7. To the solution containing InCl; in
1M HCl, add an excess of concd NH,OH and
centrifuge. Discard the supernate.

Step 8. Dissolve the precipitate in 25 ml of
45M HBr, transfer the solution to a 125-ml
separatory funnel, and extract InBr, into 50 ml
of ethyl ether which is saturated with 4.5 HBr.
Discard the aqueous layer and wash the ether
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layer twice with 10-ml portions of 4.5M HBr.

Step 9. Draw off the ether into a 250-ml
erlenmeyer flask. Evaporate the ether on a steam
bath and take the residue up in 20 ml of 1M
HCL Add 5 ml of buffer solution and 2 ml] of
8-hydroxyquinoline reagent. Test for complete-
ness of precipitation by the addition of another
drop of reagent to the clear supernate. Filter on
weighed No. 41H Whatman filter circle, using a
ground-off Hirsch funnel and a filter chimney.
Wash the precipitate thoroughly with water and
dry at 110° for 15 hr, Cool, weigh, and mount.
Count immediately in a proportional counter
(Note).

Note
This procedure has been used for the de-

termination of 4.5-hr ''*In, daughter product of
58-hr 113C4,



IRIDIUM

J. S. Gilmore

1. Ingoduction

In this procedure for the analysis of radioactve
iridium in dirt samples, the major steps include: (a) fum-
ing with concd HCIO4, a process which converts the
iridium to polynuclear cationic species in which the ele-
ment is in at least the +4 oxidation state, (b) adsorption
of the complexed iridium on a cation exchange resin,
followed by clution with 4.5MHCI; (c) conversion uf the
clement to anionic chloro complexes and passage of the
latter in 0.05MHCI through a cation column (the two
exchange resin steps essentially remove all contaminants
except the otaer platinum metals and molybdenum and
tellurium); (d) extraction of molybdenum from solution
in 7M HCl into diisopropyl cther; (¢) scparation of tellu-
rium by reduction to the elemental state with sulfur
dioxide; (f) distillation of ruthenium as RuO4 from
fuming HClO,; (@) oxidation of iridium to the tetraposi-
tive state by means of HNO, and extraction into TBP
(tributyl phosphate) in n-hexane, leaving rhodium(lil)
behind: (h) reduction of iridium to the +3 state and
extraction of dipositive palladium and platinum as iodide
complexes into T8P-m-hexane; and (i) oxidation of
iridium to the +4 condition and precipitation as Cs;IrClg,
the form in which it is mounted for counting. Chemical
yields of about 50% arc obtained.

The following literature references proved helpful in
the development of the procedure: F. H. Faye and W. R.
Inman, Anal. Chem., 35, 985 {1963); and A. F. Marks and
F. E. Beamish, ibid 30, 1464 (1958).

2. Reagents

Ir Carvier:  yields 10mg of Cs,1rClg/mi. Weigh out

3.59 g of K,IrClg (previously dried to constant

weight at 110°) and dissolve in 500 ml of 231 HCL.
carrier: 10 mg Mo/ml, added as

(NHg)6M0,034+4H; 0 in 6M HCl

Te carrier: 10 mg Te/ml, added as Nay TeO; in dilute HCI

Rh carrier: 10 mg Rh/ml, added as NayRhClg in 1A HCI

HClL: 0.05M; 1M, 4.5M; 6M; concd

iM HCl - 0.1M HF

HNO,: concd

HCIO4: concd

NaOH: 6M

KI: 4% aqueous solution

CsCl reagent: 4 g in 60 ml of 601 HC|

Mo
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KCl: solid

TBP reagent: 50% by volume in n-hexane

n-Hexane

Diisopropy! ether

SO,: gas

Ethanol: absolute

Dowex AG SOW-X8 cation exchange resin, 100-200 mesh

3. Procedure

Step 1. To the sample of pulverized dirt (1-25 g) ina
Teflon beaker add 3 ml of Ir carrier and dissolve the
material in a mixture of concd HNO;, HCIO4, and HF,
Fume down to a low volume of HCIO, and to the cooled
mixture add sufficient H;0 to make the solution 2M in
HCIO,.

Step 2. Preparc a cation exchange resin bed,
8 mm x 10 cm, in a polycarbonate column fitted with a
plug of Teflon turnings to support the resin. Wash the
resin successively with 4.5 HCI, H,0, and 1M HCIO,
and transfer the scolution from Step 1 to the top of the
column. Permit the solution to pass through, wash the
column with 60 ml of 1M HCI-0.1M HF, and then with
10 ml of 1M HCL. Discard the eluate, Add 40 ml of warm
4.5M HCI to the resin column and collect the cluate ina
150-ml beaker.

Step 3. Add 3 drops of Mo and 1 ml of Te carriers
and heat on a hot plate for 10 min, Transfer the solution
to a 125-ml scparatory funnel with sufficient HC] to make
the final solution about 7M in acid. Extract twice with
50 ml of diisopropyl ether, discard the organic (upper)
phase, and transfer the aqueous layer to a 150-ml beaker.
Evaporate to a small volume on 2 hot plate (with the aid
of an air jet), add 2-3 drops of concd HNOj, and then
evaporate to dryness on a steam bath,

Step 4. Prepare a cation resin bed, 8mm x 15 cm, in
a glass column. Wash the resin with 4+.5M HCl and then
with 0.05M HCl. Transfer the residue from Step 3 to the
resin with 15 ml of 0.05M HC} and collect the eluate in a
125-ml erlenmeyer flask. Wash the resin with 5 ml of
0.05M HCI and combine the eluate with the previous one.

Step 5. Add 10ml of concd HCl and 1 ml of Te
carrier to the combined eluates and saturate the hot
solution with 8O,. Filter off the Te precipitatc and col-
lect the filtrate in 2 125-ml erlenmeyer flask. Boil to expel
SO;.



Step 6. Add $ ml of concd HCIO,4 and 2 ml of concd
HNO; and evaporate to dense fumes of HCIO,. (RuO,
volatilizes.)

Step 7. Dilute the solution to 2M in HCIO,4 and
repeat Step 2.

Step 8. Add 2 drops of Rh carrier and about 40 mg
of KCl. Heat to effect solution and then evaporate to
dryness in a steam bath. Add 3 ml of concd HCl and 3
drops of concd HNOj;, and evaporate to dryness again.
Repeat the last evaporation process. (Ir is converted to
IrClg¥".) Dissolve the residue in 10 ml of 6M HCl and
transfer the solution to a 60-mi separatory funnel, using
an additional 10 ml of 64 HCl. Add 20 ml of TBP rea-
gent, shake for 1 min, and transfer the organic (upper)
layer to a 40-ml glass centrifuge tube. Add 2 drops of
concd HNO; to the aqueous phase, repeat the extraction
with TBP, combine the organic phases and discard the
aqueous. Centrifuge and remove the trace of aqueous
layer with a transfer pipet. To the combined organic
phases add 2 ml of 6M HCI, let the mixture sette, and
remove and discard the aqucous layer.

Step 9. Transfer the organic layer to a 125-ml separa-
tory funnel, add 1 ml of 4% KI, shake, and allow to stand
for 10 min. Add 20 ml of 6M HC, shake well, and discard
the organic phase. Add 20 ml of TBP reagent, shake, and
discard the organic phasc. Wash the aqueous phase with
wo 30-ml portions of #-hexane and discard the washes,

Step 10. Repeat Step 8 omitting the addition of Rh
carrier and KCI,

Step 11. Transfer the organic layer to a 125-m}
scparatory funnel. Back-extract the Ir with two 40-ml
water washes and discard the organic phase. Wash the
aqueous phase twice with 30-ml portions of #-hexane and
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discard the washes. Transfer the aqueous phase to a
150-ml beaker, add 5 m! of concd HC! and a few drops of
concd HNOj3, and evaporate to near dryness on a hot
plate, using an air jet. Then evaporate to dryness in a
steam bath.

Step 12. Prepare and wash a cation resin column as
in Step 4. Transfer the residue from Step 11 to the
column with 10 mi of 0.054 HCl and collect the eluate in
a 40-ml Vycor centrifuge tube. Wash the column with
10mi of 0.05M HCl and combine the cluate with the
previous one. Stir well and transfer one-half of the solu-
tion to a second 40-ml Vycor tube. To each tube add
10 mi of concd HCl ard 1 ml of CsCl reagent and heat for
2 hr in a steam bath, adding HCl as needed to prevent
evaporation to less than 10 ml. Occasionally add 1 drop
of concd HNO;. Centrifuge and discard the supernates.
Wash ecach precipitate with 10 ml of 6M HCI, twice with
ethanol, and discard the washes. With the use of ethanol
as the transfer agent, filter onc of the precipitates onto a
No. 42 Whatman filter circle, 14-mm diameter, using a
ground-oft Hirsch funnel-filter chimney setup. Dry the
precipitate at 110° for 10 min, weigh, mount, and count
on an L x-ray counter. Carcfully evaporate the last traces
of ethanol from the second precipitate, dry it in centri-
fuge wbe at 110° for 15 min, transfer to a previously
weighed Teflon vial for Nal-well counting, and weigh
(Note).

Note

1. The isotope of mass 190 is determined from the
part of the gamma spectrum with energy greater than
1.4 MeV. Mass 192 is calculated from the region 0.32 to
1.4 MeV by subtracting the contribution from *™r. Simi-
larly “*1r and "Ir are derived from the L and K x-rays
respectively by subtracting the other three isotopes.



IRON
J. S. Gilmore

I. Introduction

In the separation of radioiron from fission
products. high-order decontamination is obtained
by the precipitation of iron (I1) sulfide from an
ammoniacal nedium containing tartrate as a
complexing ion. Further decontamination is el-
fected by acid sulfide scavenging. followed by
extraction of iron (III} into isopropyl ether from
hydrochloric acid solution. Iron is finally electro-
plated from solution. The chemical yield is about
50%.

2. Reagents

Fe carrier 10 mg Fe/ml, added as FeCl, 6H.O
in 1M HCIL. standardized

Sb (IIl) carrier: 100 mg Sh/ml.
in 3M HCI

Sn (II) carrier: 100 mg Sn’ml.
in 3M HCI

Te (IV) carrier: 10 mg Te/ml.
in 3M HCl

T (1) carrier: 10 mg T1/ml,
in H.O

I- carrier: 100 mg I-/ml, added as KI in H.O

HCl: 0.2M; 8M; concd

HNO.: concd

Tartaric acid: saturated aqueous solution

NH,0H: concd

(NH,).S: aqueous solution. light

(NH,).CO. reagent: 392.5 g of (NH,).CO; in
175 ml of concd NH.OH. diluted to 1 liter

NH,H.PO, reagent: 230 ¢ NH,H.PO, per liter

Br.: liquid

Aerosol: 0.1%, aqueous solution

Isopropyl ether (alcohol-free)

Ethanol: 95%

added as ShCl,
added as SnCl.
added as TeCl,

added as TICl;

3. Preparation and Standardization of Carrier

Weigh out 484 g of FeCl.-6H.0 and make
up to 1 liter in 1M HCIL. Pipet 5.0 ml into the
electroplating cell and add concd NH,OH drop-
wise until Fe(OH), begins to precipitate. Add 1
ml of NH,H.PO, reagent and 10 ml of (NH,).CO,
reagent. Plate onto a2 weighed 1” Pt disk at 2 amp
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and 70° for 90 min. Wash the plate with H.0 and
with 95%, ethanol. Dry in an oven at 100° for 5
min, cool, and weigh.

Four standardizations, with results agreeing
within 19, are performed.

4, Procedure

Step 1. To the sample in a 40-m! conical
centrifuge tube, add 4.0 ml of standard Fe car-
rier, Make the solution ammoniacal with concd
NH.0OH and add 5 ml of (NH,).S solution. Cen
trifuge and discard the supernate.

Step 2. Dissolve the FeS precipitate in 3
or 4 drops of concd HC] and hoil the solution to
drive off H.S. Add 1 ml of Te (IV) carrier, 1
drop each of Sn (II) and Sb (III) carriers, and
20 ml of 0.2M HCL. Add 1 drop of aerosol solu-
tion and saturate with H.S. Filter into a clean
40-ml centrifuge tube and discard the precipitate.

Step 3. To the filtrate add 1-2 ml of satu-
rated tartaric acid and 5 ml of (NH,).S solution.
Centrifuge and discard the supernate.

Step 4. Dissolve the precipitate in 3 or 4
drops of concd HCI and oxidize the Fe** ion with 1
or 2 drops of concd HNO;. Evaporate the solution
to dryness; add 3 or 4 drops of coned HCL. and
again evaporate to dryness. Transfer the FeCl,
with the aid of 10 ml of 8M HCIl to a 125-ml
separatory funnel. Add 30 ml of isopropyl ether,
shake for 1 min, and discard the aqueous phase.
Add 10 m! of H.O to the ether phase and shake
for 1 min. Transfer the agueous phase to a 40-ml
centrifuge tube and discard the ether layer.

Step 5. To the aqueous phase add 1 ml of
saturated tartaric acid and 5 ml of (NH,).S solu-
tion. Centrifuge and discard the supernate.

Step 6. To the FeS precipitate add 3 or 4
drops of concd HCI and boil to remove H,S. Add
1 drop of Sb (III) carrier and 3 or 4 drops of
liquid Br.. Boil off excess Br;, and add 1 ml of
T1 (III) carrier and 1 ml of I- carrier (Note 1).
Make the solution up to a volume of 20 ml with
0.2M HCL add 1 drop of aercsol solution, and
saturate with H.S. Filter into a 40-ml centrifuge
tube and discard the precipitate,



Step 7. Repeat Steps 3 through 5.

Step 8. Dissolve the FeS precipitate in 1 ml
of concd HC). Boil. add 1 ml of Te (IV) carrier.
and boil again (Note 2). Dilute the solution to
20 ml with 0.2M HCI, Add 1 drop each of Sn
(I and Sb (1II) carriers, 1 drop of aerosol solu-
tion. and saturate with H.S. Filter into a 40-ml
centrifuge tube and discard the precipitate.

Step 9. Repeat Steps 3 through 6.

Step 10. Repeat Steps 3 and 4.

Step 11. Filter the aqueous layver into a
clean 40-ml centrifuge tube and precipitate
Fe(OH). with concd NH,OH. Centrifuge and dis-
card the supernate.

Step 12, To the precipitate add 1 ml of
NH,H.PO, reagent. 10 ml of (NH,).CO, reagent.

and warm to dissolve the Fe(OH).. Transfer the
solution to a plating cell.

Step 13. Plate on a 1”7 Pt disk for 1 hr at
2 amp and 70°. Wash the plate with H.O and
with 95% ethanol. Dry in oven at 100° for 5
min. Cool. weigh. and beta-count.

Notes

1. To promote exchange between radio-
antimony and carrier, Sb (IIl) is first oxidized to
Sb (V) by Br. and the pentapositive antimony
is then reduced by I- ion. In the next operation
H.S reduces Tl (III) to Tl (I) which is then pre-
cipitated as the iodide,

2. When the solution containing Te car-
rier is boiled with concd HCL, any Te (V1) present
is ceduced to the +4 state, This operation pro-
motes exchange.
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lanthanides, lead -



THE LANTHANIDES

K. Wolfsberg

1. Introduction

After the radiochemical purification of the lanthan-
ides (rare earths) as a group, the separation of individual
lanthanides is accomplished on & cation column of low
cross linkage and fine particle size at room iemperature
by eluting with e-hydroxyisobutyric acid. The separation
of a number of lanthanides-Y (which behaves as higher
lanthanide), £u, Sm, Pm, Nd, Pr, Ce, and La-is best
achieved in a reasonable length of time by continuously
changing the pH of the eluent.

A chemical yield determination of the mounted
oxide samples may be performed after counting by dis-
solving the samples and titrating with EDTA.

2, Reagents

HCIO4: concd

HCI: conced

IINQ;: concd

H3BO;: saturated

H,C,04: saturated; 0.5%

HF: concd

H;PO,4: concd

H;S804: concd

Hz 02: 3096

NH; OH*HCI: 5M aqueous solution

Ethanol: 95%

Zr carrier: 10 mg Zr/ml, added as ZrO(NO3);*2H,0 in
1M HNO,

Te carrier: 10 mg Te/ml, added as Na, TeO3 in H, 0

Ba carrier: 10 mg Ba/ml, added as Ba(NO,), in H,0

x-hydroxyisobutyric acid: 0.394M solutions adjusted to
pH 3.40, pH 4.20 and other pH values for specific
applications. The commercially available -olid acid
comes in the form of the monohydrate.

Daowex Ag 50W-X4 or AG 50W-X8 cation resin, 200-325
wet graded (minus 400 mesh dry), NH,* form

Dowex AG 1-X8 anion resin, 50-100 mesh

La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Tm, Yb, Lu, and Y
carriers: 5 mg of oxide/ml, standardized, 99% pure

“Spm tracer: (produced by *Sm(n,y)'¥Sm-**Pm),
standardized

0.01M EDTA: 3.743 g disodium (ethylene dinitrilo) tetra-
acetate (direct from bottle) per liter

0.16MLa*" in 1M HCI: prepared from La, 0,

NH,4Cl: 25% w/v in H, 0
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ph 10 buffer: 61.5 gof NH,Cl dissolved in 400 m] of
NH,4OH

Arsenazo indicator 3-(2-arsonophenylazo)-4,5-dihydroxy-
2,7-naphthylene disulfonic acid trisodium salt:
0.05% in H,0

Phenolphthalein: 1% in 50% ethanol

8-Quinolinol reagent I: a solution of 0.5 g of 8-quinolinol
(8-hydroxyquinoline) and about 100 mg of phen-
olphthalein in 100 ml of ethanol

8-Quinolinol reagent 11: a mixture of 10 m! of quinolinol
reagent | and 5 ml of concd NH,OH diluted to
200 ml with H,0

Filter aid: for preparation, disintegrate ten 18.5 c¢m circles
of No. 42 Whatman filter paper in water in a blend-
er, dilute to 2 liters with H;0, and add 1 ml of
concd HCI

HCI rinse solution for anion resin column: 10 ml of concd
HCl and 1 drop of concd HNOj, freshly prepared

3. Preparation and Standardization of Carriers

Dissolve 5 g of the desired lanthanide oxide in about
50 ml 6M HCL. Heat or add a few drops of concd HNOQj if
dissolution is difficult. Fiiter and dilute to 1 liter, adjust-
ing the HCI concentratiun to 2 or 3M. Any pure soluble
cerium(11I) salt may be used for cerium carrier.

For the light lanthanides (La-Tb) and Y, pipet three
10-ml portions of the carrier into 250-m] beakers. Evap-
orate the solutions almost to dryness under a heat lamp.
Add about 40 ml of water and bring the solution almost
o boiling on a hot plate. Then add about 25 ml of
saturated H,C,0, dropwise while stirring the solution.
Digest the precipitate hot for 15 min and then let the
mixture stand overnight at room temperature. Filter the
oxalate on No. 42 Whatman filter paper, washing with
0.5% oxalic acid. Ignite the oxalate for 1 hr 2t 950° in
previously tared porcelain crucibles. Cool and weigh. The
three weights should agree to 0.5%. Two milliliters of
carrier should correspond to not more than 11 mg of
oxide to avoid the spreading of one lanthanide element
into the next during elution.

For the heavy lanthanides, pipet carrier solution and
evaporate as above. After diluting to about 30 ml with
H, 0, add 10 ml of quinolinol reagent I. Add about 1.5 ml
of filter aid and make basic with concd NH4OH, Heat on
a steam bath for 30 min, adding NH,OH if necessary to
keep the solution basic. Cool to room temperature, filter
on No. 42 Whatman filter paper, and wash with quinolin-
ol reagent II. Ignite for 1.5 hr at 950° in a previously
tared crucible.

Alternatively, the lanthanides may be standardized
by pipetting 5 ml of carrier solution directly into a tared



porcelain crucible. Evaporate the solution gently under a
heat lamp and then ignite the crucivle for 2 hours at
950°. The lanthanide chloride is converted to the oxide.

For standardization by means of EDTA titration,
pipet three 2-ml portions of the carrier into 125-ml erlen-
meyer flasks and titrate with EDTA solution as described
in Section 10. The titrations should agree within 0.5%.

4. Standardization of **Pm

The solution should contain 800-1200 counts per
minute of '**Pm per ml. Pipet 5 ml of the solution and
about 20 mg of standardized Nd carrier into cach of 4
centrifuge tubes. Dilute to about 20 ml, heat on a steam
bath, and add approximately 6 ml of concd NH4OH.
Cenrrifuge. Dissolve the precipitate in 1 ml of concd HCI,
dilute to 20 ml, heat on a steam bath, and add 10 ml of
saturated H,C;0,4. Digest the precipitate, cenrrifuge,
filter, ignite to the oxide, and mount as in Step 10 of
Section 11. Count the samples on a sodium iodide scintil-
lation counter for several days. The chemical yield of Nd,
which corresponds to that of Pm, may be determined in
three of the samples by EDTA titration (Section 10). The
activities, corrected for yield, shculd agree within 1%. The
fourth sample is retained for use as u standard each time
yield is determined. The assumed yield of this sample may
be calculated.

5. o-Hydroxyisobutyric Acid

Dissolve 208 g of a-hydroxyisobutyric acid mono-
hydrate in water and dilute to 4 liters. Filter the solution
if it is cloudy. Add concd NH4OH to obtain solutions of
the desired pH.

Different commercial batches of the reagent may
give rise to different elution curves for a particular con-
centration and pH. This is not as serious a problem when
performing elutions by continuously changing pH as when
performing clutions at a single pH. However, it is advis-
able to determine whether a new batch of a-hydroxyiso-
butyric acid gives the desired elution curves. If it does
not, the pH values or concentrations of the solutions
should be adjusted accordingly.

6. Treatment of Resins

Bio-Rad Laboratories will prepare cation resin ac-
cording to the following specifications: Dowex AG
50W-X4 or X8 “minus mesh”; the actual range is minus
2006 mesh wet (U.S. Std.) on the large end down to
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0.27 cm/sec settling rate (nominal 62 to 23 um). The
resin is washed successively with 6M HCl, 1A NH,CNS,
6M HCl, 1M NH4O0H, and H20. Dowex AG 1 resins as
supplied by Bio-Rad need no further purification. Since
there are variations among various batches of resin, thev
should be evaluated before routine use.

7. Preparation of Cation Exchange Columns

Select a 70-cm length of 8 mm i.d. Pyrex tubing.
Draw one end out to a drip tip (i.d., 0.8 to 1.2 mm) and
make a slight constriction 8 mm from the other end for a
tubing connection.

To load a column place a small plug of glass wool in
the tip and fill the column with water. Then add the
cation resin slurry from the polyethylenc wash bottle,
releasing the water. The settling rate of thc resin may be
increased by using air pressure. Resin should be added to
a height of about 65 cm. Care should be taken that no
portion of the resin goes dry. Columns prepared in this
manner may be stored by sealing both ends with dropper
bulbs or by storing the columns in a cylinder of water.

8. Preparation of Anion Columns

A 15-ml centrifuge tube is blown out at the bottom
and a 15-cm length of 6 mm i.d. glass tubing is attached.
The end of the glass tubing is drawn to a 1 mm i.d. drip
tip. The glass tubing part of the column is loaded with
anion resin in the same manner that the cation resins were
loaded. These columns may also be stored as long as the
resin is kept wet. Prior to use, two 5-ml portions of HCi
rinse solution are passed through the column.

9. Gradient Elution Equipment

A schermatic diagram of the gradient elution equip-
ment is shown in Fig. 1. Several columns may be operated
from one setup by delivering the eluent from the low pH
flask through “Y” connecting tubes; 500-ml flasks are
used for 1 or 2 columns and 1000-m! flasks for 3 or 4
columns.

Elution is begun with the levels of the two solutions
at the same height. One-half of the volume that is re-
moved from the flask containing the low pH solution is
continuously replaced by high pH solution by gravita-
tional leveling. Thus the pH of the eluent changes con-
tinuously from that of the low pH solution at the begin-
ning of elution to that of the high pH solution at the end
of elution.
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10. EDTA Titrations

Dilute the sample to about 30 ml in a 125-ml erlen-
meyer flask and add an excess of 0.01M EDTA from a
10-ml buret (0.6-0.7 ml for each milligram of rare earth
oxide and about 0.9 m} for each milligram of yttrium
oxide). Add about 4 ml of 25% NH4Cl and a drop of
phenolphthalein. Then add pH 10 buffer until the solu-
tion turns pink (the pH will be between 8 and 9). Bring
the solution almost to boiling. The pink color is de-
stroyed. Add 1 or 2 drops of arsenazo indicator and back
titrate with 0.01M La®" solution from another 10-ml
buret while the solution is still hot. The end-point is
reached when the solution turns from salmon to violet or
red-violet on the addition of approximately 1/2 drop.
More EDTA may be added and annther back titration
performed.

The relative strengths of the EDTA and La® solu-
tion titrants are obtained by starting the back titration
from a solution of about 6 ml La®* solution and an excess
of EDTA. The volume of La used in any titration is
multiplied by the EDTA/La®" solution ratio and this
number is then subtracted from the volume of EDTA
delivered to obtain the net volume of EDTA delivered to
obtain the net volume of EDTA.

The chemical yield of a sample is the net volume of
EDTA required to titrate the sample divided by the net
volume required to titrate 2 ml of carrier. For thickness
corrections, the weight of the sample can be calculated
from the titration of the sample, the titration of 2 ml of
carrier, and the gravimetric standardization of the carrier
(Section 3).

If accurate standardization of the EDTA solution is
desired, the solution may be standardized against zinc

75

(using Eriochrome Black T as an indicator) or against 2
rare earth oxide which has been ignited at 950° (Note 1).

11. Procedure

In this procedure all precipitates are digested on a
steam bath. They may be centrifuged while the solutions
are still hot.

Step 1. Into a polycarbonate centrifuge tube, pipet
2 ml of desired carrier and the active sample. If large
volumes are involved, pipet into a glass vessel and reduce
the volume by boiling or by evaporation under a heat
lamp (Note 2). Add H;0 to bring the volume 1o about
15 ml, then add 2-5 mi of concd HF, digest on a steam
bath for 15 min and centrifuge. Wash the precipitate with
about 20 ml of H;0 containing a few drops of concd HF.
Ceatrifuge and discard the supernate (Note 3).

Step 2. Slurry the precipitate with 2 ml of saturated
H3BO3 and add 2 ml of concd HNO; 10 ml of H;0, and
2 drops of Zr carrier. Heat to dissolve any precipitate.
Add 2-5 ml of concd HF, heat on a steam bath for a few
minutes, and centrifuge (Note 3). Wash the precipitate
with H,0 containing a few drops of HF. Centrifuge and
discard the supernate.

Step 3. Slurry the precipitate with 2 ml of saturated
H3BO3, add 2 ml of concd HNO; and heat on a steam
bath if necessary to dissolve the precipitate. Add 15 mi of
H,0.

Step 4. Add 8 ml of concd NH40H, heat for 1 min
on a steam bath, digest and then centrifuge. Discard the
supernate. (The anion resin column may be prepared at
this time.) Wash the precipitate with 15 ml of H,0 to
which a few drops of concd NH,OH had been added.
Centrifuge and discard the supernate.

Step 5. Dissolve the hydroxide precipitate in 6 ml
of concd HCl and 1 drop of concd HNO3 and add 2 drops
each of Zr and Te carriers. Heat the sample for only
30sec on a steam bath (to promote Te exchange but not
to reduce the HCl concentration). Pass the solution
through an anion resin column and collect the eluate in a
125-ml erlenmeyer flask. Rinse the column with one 4-
and one 6-mi HCI rinse solution (see 2. Reagents) and
collect the rinsings in the flask.

Step 6. Boil out excess HCl by heating the flask
over a flame and reduce the volume to 4-5 ml. Transfer
the solution to a long tapered centrifuge tube with 15 ml
of H;0. Add 8 ml of concd NH40H and 3 drops of 5M



NH,OH*HCL. Hzat on a steam bath for :bout 1 min,
digest, centrifuge, and discard the supernate. Wash the
precipitate with 15 ml of H20 containing a few drops of
NH4O0H.

Step 7. Dissolve the precipitate in 6 drops of concd
HCl and dilute the solution to about 30 ml with H;0.
Add about 30 drops (transfer pipet) of minus 400 mesh
cation resin slurry in H,O. Stir or shake for about 5 min
and centrifuge for 5 min, letting the centrifuge stop with-
out the use of the brake (Note 4), (The centrifuged resin
has a volume of about 1 ml.) Discard the supernate.

Step 8 Slurry the resin with about 1 ml of H,0
and, by means of a transfer pipet, transfer it to the top of
a previously prepared cation resin column. Allow the resin
te settle and remove the HyO. Rinse the centrifuge tube
with 1-2 m! of H,0, add the rinsings to the column, allow
to settle, and remove the H;0. (A small piece of glass
wool may be put in the top of the column.)

Step 9. Connect the column to a delivery tube from
the gradient clution equipment. For the analysis of Y, Eu,
Sm, Pm, Pr, Ce, and La, the initial pH of :he eluent
(0.394M o-hydroxyisobutyric acid) is 3.40 and the pH is
changed at an average rate approximately 0.025 pH unit
per hour. For the operation of one column, this condition
is met by starting with 144 mi of 0.394M a-hydroxyiso-
butyric acid, pH 3.40, in the first flask and with 144 ml
of eluent, pH 4.20, in the second flask. If several columns
are operated from one set of flasks, the volumes of
eluents are increased proportionally. A small additional
volume of low pH solution is added to the first flask to
compensate for the difference of volumes between the
delivery tubing and the stirring bar. The rate of elution is
controlled by the air pressure applied to the reservoirs.
Collect the eluate in 15-min fractions using a fraction
collector (Notes 5, 6, and 7).

Step 10A. For the light lanthanides and VY, add a
few drops of saturated H;C; 04 to each fraction to pre-
cipitate and locate the individual [anthanides. Pm is
located by measuring the activity in the tubes between
Sm and Nd. Combine the individual lanthanide fractions
in centrifuge tubes. To the Pm fraction add 2 ml of Nd
carrier. Add 5 ml of saturated oxalic acid to the centri-
fuge tubes and digest the oxalates for 15 min on a steam
bath. Centrifuge, suspend the oxalates in about 5 ml of
H,O, and filter on a 2.5 cm circle of No. 42 Whatman
paper using a filter chimney assembly. Ignite the oxalates
in a Coors 00 crucible for approximately 1 hr at 950°.
Oxalates may be mounted directly without weighing if
chemical yield is to be determined by EDTA titration
(Note 8).

76

Step 10B. For the heavy lanthanides, add about
0.5 mi of 8-quinolinol reagent t to each fraction. Add
concd NH4OH to make each fraction basic (red) and
combine the fractions containing an individual clement in
a 250-ml beaker. (At least 10 m] of reagent | should have
teen used in those tubes containiig the clement.) Add
about 1.5 ml of filter aid and digest the mixwre on a
steam bath for 15 to 30 min. Cool to room temperature
and filter on a 2.5 cm circle of No. 42 Whatman paper
using a filter chimney assembly. Wash with 8-quinolinol
reagent It Ignite the quinolate for 1.5 hr at 950° (Note
8).

Step 10C. If a given light lanthanide is to be cycled
through a second cation exchange column when a separa-
tion of 10° from other lanthanides is required, the
oxalate may be dissolved and destroyed by heatingit ina
centrifuge tube with about 1 m! of concd HNOj contain-
ing about 100 mg of KClOj. For heavy lanthanides, the
8-quinolate is ignited and dissolved in about 2 ml of
concd HCl and 0.5 ml of concd HNO3. Then one per-
forms Step 6 for the hydroxide precipitation prier to the
cation column step. This is usually done for Eu, Gd, Tb,
Lu, and Tm, and, when large amounts of Am are present.
also for Nd.

Step 11. After the crucibles have cooled, add 2
drops of ethanol to cach sample and grind up the oxi. s
with the fire-polished end of a stirring rod. Suspend each
sample in several milliliters of ethanol and filter onto a
circic of Wo. 42 paper using a 470 ground-off Hirsch
funnel and an 11 mm i.d. glass chimney. Dry the sample
for 15 min at 110° and mount it on an aluminum plate,
covering with No. 850 type 2PTA polyester film tape
(Note 9).

If chemical yield is to be determined by weight of
the oxide, the circle of paper on which the sample is
mounted should be washed, dried, and tared prior to the
mounting operation. The papers and samples should be
cooled for 20 min before weighing.

Step 12. After counting of a sample is completed,
yield determination by EDTA titration may be per-
formed. Remove the sample, filter paper, and tape cover
from the counting plate by cutting around the outside of
the filter paper with a sharp blade. Place this sandwich in
2 125-m! erlenmeyer flask. Add 10 ml of H,O and 2 ml of
concd HCL. Bring to boiling and place the flask on a hot
plate set to maintain the temperature just below broiling
for about 20 min. The filter paper may disintegrate, but
this does not interfere. Titrate the sample in the manner
described in Section 10.

CeO, does not dissolve with the HCl treatment
described above. After the sample sandwich is placed in



the flask, add about 2 ml of concd H3SO4 and heat the
mixture to SO; fumes over a flame. Then cautiously add
a mixture of 2 parts of concd H3504 and 1 part of 30%
0, dropwise to destroy the charred paper and tape.
Fume the clear solution down to about 0.25 ml. Dilute to
30 m}, add 0.1-0.2 g of ascorbic acid, and proceed with
the EDTA titration as described in Section 10.

Notes

i. The following references may be consulted for
general familiarization with EDTA titrations:

G. Schwarzenbach, Complexametric Titrations,

interscience Publishers, New York (1955).

H. Flaschka, H. T. Barnard, Jr., and W. C. Broad,

Chemist Analyst 46, 106 (1958)

A review of EDTA methods for the lanthanides is

given in:

H. Flaschka, H. T. Barnard, Jr., and W. C. Broad,

Chemist Analyst 47, 78 (1959).

This procedure was adapted from:

). S. Fritz, R. T. Oliver, and D. ). Pietrzyk, Anal.

Chern. 30,1111 (1958).

2. If Ce is to be divtermined, steps must be per-
formed to promote exchange between radiocerium and
carrier. (See Steps 1 and 2 of the cerium procedure.)

3. If the sample contains large amounts of clements
such as Al which form amphoteric hydroxides, treatment
of the lanthanide fluoride precipitate with an excess of
6M NaOR will precipitate lanthinide hydroxides and dis-
soive the amphoteric elements. If the amount of fluoride
precipitate in Step 1 scems to be too great for the quan-
tity of carrier added, it may be washed with about 10 mi
of 6M NaOH ind then with H2 O before carrying out Step
2. The same treatment may be used after Step 2. Pre-
cipitation of hydroxides with 6M NaOH may precede or
follow Step 3 or may precede the precipitation with
NH4OH in Step 6. In these instances, the precipitate is
washed first with 10 ml of 61 NaOH and then with H,0.

4. The 200400 mesh resin may be centrifuged
more easily than the finer resin that is used in the column,
and it also settles faster when added to the column. The
resin is suspended in water.

5. Under the conditions in Step 9, the lanthanides
elute in the following manner.
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Time that clement starts

Zlement cluting off column
Y 3.1 hr
Gd 6.5
Eu 8.2
Sm 10.5
Pm 13.2
Nd 16.5
Pr 19.5
Ce 22.5
La 28.0

Those lanthanides which are present in 6-9 mg
tuantities have clution widths of less than 2 hr. Carries-
free lanthanides elute more sharply. Europium, therefore,
is not cuntaminated with Gd, which is present carrier-free.
Decontamination factors for a particular lanthanide from
other lanthanides vary from 3 x 10°5 to 2 x 10°%.

6. For special applicatiuns, it may be more con-
venient to clute with an eluent at a single pH. For Dowex
AG 50W-X8, the following values of pH are used to
obtain ovemight separations: Pr, 3.98; Nd, 3.82; Eu, 3.51;
Er-Ho, 3.21; Tm, 3.11; and Lu, 3.05.

7. Some clements clute very closely to each other.
Such cases are Sc-Lu-Yb and Am-Nd-Pr. When contamina-
tion from a neighboring element is possible, one or two
fractions toward that clement should be discarded. It is
recommended that about 10 mg of Pr be added to spread
the peak of that clement.

8. For the preparation of a sample as a mass sepa-
rator source, scparation of the desired lanthanide is done
without addition of carrier of that clement. Ten milli-
grams of a lighter lanthanide carrier is usually added for
an hydroxide precipitation prior to the cation column
scparation. The activity peaks arc located by gross v
counting. About 3mg of the appropriate carrier is
then added to the a-hydroxyisobutyrate solution con-
taining the activity of interest and the element is precipi-
tated and ignited as in Step 10.

After the sample has been ignited, transfer the
oxide into a long tapered centrifuge tube. Add 2 ml of
concd HCI and 3-§ drops of concd HNO3. Heat gently on
a steam bath for 15 min or until the oxide has dissolved
and the solution is clear. (A few additional drops of
HNOj; may be necessary to effect soluiion of the oxide.)
Place the centrifuge tube in an oil bath and evaporate to a



volume of a drop ar two usii;g an air jet. Transfer the
drops in 20-X portions to the appropriate end of a quartz
viai containing quartz wool which has been previously
weighed. Dry {.r abour 8 min under a heat lamp after
cach transfer. Rinse the centrifuge tube with 1 drop of
concd HCI and transfer tie rinse 2 the quartz vial. Heat
the vial at 600° for 20 min, cool for 20 min, 2nd weigh.

9. The thickness of Scotch polyester film tape (No.
850 type 2PTA) is uniform along the length of a roll and
among most of the rolls precduced from the same batch,
the variation being about 1.5%. Howzver, there may be a
large variation between batctes. The tape of two batches
examined had thicknesses of 4.9 and 6.3 mg cm™?. This
variation does not pose a scrious problem since a large
number of rolls of tape can be obtained from a single
batch.

ADDENDUM 1 TO THE LANTHANIDE
PROCEDURE

1. Alternative Group Purification

The steps described below are alternatives for Steps
1 through 7 of Section 11 of the Lanthanide Procedure.
The number of manipulations and the time required are
decreased by use of this new process of group purifica-
tion.

The lanthanides are extracted frem a dilute nitric
acid solution into #-heptane containing di-2-ethylhexyl
orthophosphoric acid (HDEHP), and the resulting organic
phase is scrubbed with dilute nitric acid. Under these
conditions, the distribution coefficient, K(o/a), is greater
than 96 for the lanthanides and less than 0.02 for con-
taminants in oxidation states of +1 and +2. The lanthan-
ides are back-extracted into a more concentrated nitric
acid, and the aqueous phase is scrubbed with a solution of
HDEHP in trichloroethylene. The distribution ratio,
K(o/a), for this extraction is less than 0.02 for the lan-
thanides and greater than 97 for contaminants in higher
oxidation states. Radioacrivities of Cs, Ba, Ce, Nd, Eu, Y,
Zr, Nb, Th, and Pu isotopes were used in cbtaining the
distribution ratios.

2. Special Reagents

HNOj: 0.05M; 4M
0.5M HDEHP: a solution of di-2-ethylhexyl ortho-
phosphoric acid (mol wt 322.1) in #-heptane

0.14¢ HDEHP: a solution of the acid in trichloroethylene.
(The HDEHP used is assayed at greater than 94%
pure by the supplier, the Victor Chemical Division
of the Stauffer Chemical Co. If highly purified
HDEHP is used, some loss of the lighter lanthanides
may occur since K(o/a) for cxtraction from the
more dilute nitric acid may be significantly lower.)

3. Procedure

Step i. Vo the active solution in a 125-ml erlen-
meyer flask, add 19 0,2 of carrier of each lanthanide to be
determined. For locating . rposes, about 0.3 mg each of
carriers of the other lanthanides niay be added. If Pm is to
be determined, add "*Pm tracer. 1= maximum quantity
of carrier that can be used is 60 mg.

Step 2. Add 3 ml of coned HC!O4. boii the solution
to thick fumes of HClO4, and then boil for another
minute. (This step may be omitted if the active solution
does not contain species which may prevent exchange of
lanthanide activitics with the carriers. This is truc if the
active solution in its history prior to analysis has been
boiled to fumes of HCIO4 and then diluted with dilute
HNO; or HCL.) Transfer the solution to a 40-ml centri-
fuge tube. Wash the flask with a small amount of H,0,
and add washings to the centrifuge tube.

Step 3. If the sample does not contain HCIO,,
evaporate it to dryness under a heat lamp or by boiling
gently over a burner; then proceed to Step 4. If the
sampie does contain HCIO4, diture the solution to 20 ml
and add 6-8 ml of concd NH, Ol leat for 2 min on a
steam bath, centrifuge, and discard the superaate. Wash
the precipitate with two 20-ml portions of water. Dissolve
the precipitate in 1-2 ml coned HNO; and wash down the
sides of the tube with a small volume of water. Evaporate
the sample to dryness under a heat lamp or by boiling
gently over a burner.

Step 4. Dissolve the residue in 10 ml of 0.05M
HNOj;. Transfer the solution to a 60-ml scparatory
funnel, add 10mi of 0.5M HDEHP in n-heptane, and
shake. (Shakings are carried out for 1 min if manual and
2 min if done on a Burrell shaker.) Discard the aqueous
(lower) layer.

Step 5. Scrub the organic phase with two 10-mi
portions of ¢.05M HNO; and discard the lower phase
after each scrubbing.



Step 6. Back-extract the lanthanides by shaking the
organic phase with two 5-mi portions of 4 HNQ;. Drain
the aqueous (lower) phase after each extraction into the
same clean 60-ml separatory funnel. If cither Y or Tb is to
be determined, use four, rather than two, 5-ml portions of
4M HNOj. Discard the organic phase.

Step 7. Scrub the combined aqieous extracts with
two 10-ml portions of 0.1 HDEHP in trichloroethylene.
Discard the lower phase after each scrubbing.

Step 8. Scrub the aqueous solution once with 10 mi
of n-hepuane to remove most of the dissolved HDEHP.
Drain the HNO; solution (lower phase) into a 40-ml
centrifuge tube and discard the heptane.

Siep 9. Add 6-8 m! of concd NH4OH, centrifuge,
and discard the supcrnate, Wash the precipitate with H,O
and discard the washings.

Step 10. Continue with the separation of the in-
dividual lanthanides as in Steps 8, 9, 10, and 11 of the
Lanthanide Procedure. Addendum 1! gives methods for
mounting and yicld determination as alternatives for
Steps 10 and 11 of the Lanthamde Procedure.

Note

Y can be separated from the lighter lanthanides by a
slight modification of the procedure given above. Instead
of scrubbing with 0.05M HNO; in Step 5, scrub with four
10-ml portions of 0.75M HNQy. By this operation, more
than 99.9% of the Nd (and lamhanides of lower atomic
number) and about 93% of the Eu are removed into the
aqueous scrubs. Eighty-eight percent of Y is retained in
the organic phase. In most cases, the remaining Eu con-
ramination is small relative to the Y activity, and the Y
product from Step 10 can be mounted direetly as the
oxalate or oxide and counied. To do this. dissolve the
Y(OH); from Step 9 in about 4 drops of concd HCI, add
20 ml of H,O, and prc.eed as in Step 10 of the Lanthan-
ide Procedure or as in ‘I ernative Step 10 of Addendum
1.
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ADDENDUM 11 TO THE LANTHANIDE
PROCEDURE

Alternative Procedures for Mounting and Determination
of Chemical Yicld

Given below are alternatives for Steps 10 and 11 of
Section 11 of the Lanthanide Procedure. If the chemical
yield is to be determined by EDTA titration, the uimc
required to prepare a sample for mounting can be shorten-
ed by mounting the oxalate rather than the oxide. The
oxalate is dissolved for determination of yield. The weight
of the oxalate itself cannot be used for the yield deter-
minations.

Alternative Step 10. Combine the fractions making
up the activity of each lanthanide in a centrifuge tube.
Thus, there wilt be a tube for Nd activity, one for Eu
activity, etc. To the tube containing the Pm activity add
2ml of Nd carrier. To cach of the tubes add 5 ml of
saturated H3 C204 and digest the oxalate precipitates for
15 min on a steam bath. Centrifuge and discard the super-
nates. Suspend cach precipitate in 5 ml of H,0, break up
the lumps, and filter onto a circle of No. 42 Whatman
filter paper, 1" diameter, using a ground-off Hirsch funnel
and filter chimney set-up. Wash each oxalate with three
successive 5-ml portions each of H30, then cthanol, and
finally ether. Dry the sample for 10 min at 110° and
mount on an Al plate, covering with Scotch polyester film
tape (No. 850 type 2 PTA).

Alternative Step 11. After counting has been com-
pleted, the chemical yield is determined by EDTA titra-
tion. Remove the sample, filter paper, and tape cover by
cutting around the outside of the filter paper with a sharp
blade. Place the sandwich in the titration vessel, and add
10 ml of H20 and 2 ml of concd HCL. Pipet in an excess
of EDTA solution. Heat tie solution on a hot plate for
abour 20 min and adjust the pH to 8 or 9 as described in
Section 10 of the Lunthanide Procedure. Back titrate the
excess EDTA with La?* solution (See Note).

Note

The titration may also be performed with an auto-
matic photoelectric ttrator. If done in this manner,
Eriochrome Black T is used as the indicator, the wave
length is set at 650 my, and 0.0125M EDTA and 0.025M
La®" solutions are employed.



ADDENDUM Il TO THE
LANTHANIDE PROCEDURE

W. G. Warren

Special Considerations for the Analysis
of the Heavy Lanthanides

1. The HCIO, fuming and the Zi.(PO,»,
scavenging precipitation of Step 1 of the Procedure
and the BaSO, scavenge of Step 4 may bhe omitted.

2. If the sample contains large amounts of
Al and other elements which form amphoteric
hydroxides. the Prcedure is followed through the
volume reduction of Step 7. The sulution is then
transferred to a plastic tube and Step 7 is com-
pleted. The hydroxide precipitate is washed with
63 NaOH and H.O. the residue is dissolved in a
few drops of concd HCL and the hydroxides ave
reprecipitated as in Step 7. If the mass of the
precipilate now seems appropriate for the amount
of lanthanide cavriers present. proceed 10 Step 8;

80

if wol. the precipitate is dissolved in -+ ml of coned
HNO and Siep 2 is performed. The fluoride pre
cipitate is dissolved in 2 ml of saturated H.BO
and 2 ml of coned HNO . the solution is diluted to
15 ml. and the hydroxides arve reprecipitated with
coned NFLOH, Then procecd 1o Step R,

3. With 6.5W e-hydvoxyisobutvric acid as
eluent, the following pH values are appropriate
for the nongradient elution of the given efements:
Fu. 3.30 -+ 0.02: Th. 3.30 ~ 0.02: Er. Tm. Ybh.
and T 300 002, (See also Note 5 of the
Procedure.)

4. For locating and precipitating fractions
containing the elements holmium through luteti-
um. a solution of 39 (W V) cupferron in 6M
NH,0H is used instead of saturated oxalic acid
as in Step 9 of the Procedure. No more than a
few drvaps of the cupfervon reagent should be used
becanse these lanthanides are <oluble in an excess
of the reagent.

May 1968
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LEAD
J. S. Gilmore

. Introduction

In the determination of radiolead (RaD).
four decontamination cycles. each consisting of
the precipitation of (a) lead nitrate. (b) lead
chloride. (c) iron(ITl) hydroxide. and (d) lead
sulfide, are carried out. Lead is finally pre-
cipitated and mounted as the chromate. The
chemical yield is 60-70% «nd eight samples can
be run in about a day.

2. Reagents

Pb carrier: 20 mg Ph/ml, added as Ph(NO,). in
0.01M HNO.. standardized

Fe carrier: 10 g Fe/ml. added as FeCl, 6H.0
in 1M HC!

HCI: concd

HNO.: concd; fuming (sp gr 1.5)

HC.H.O.: 6M

NH,OH: 1M; concd

NaOH: 12M

NH,C.H.0.: 6M

Na.Cr0,: 1.5M

NH,Cl: solid

H.S: gas

Ethanol: 95%,

Bromphenol blue irdicator solution

3. Preparation and Standardization of Carrier
Weigh out 32.0 g of PE(NO.)., and make vp
to 1 liter in H.O. Pipet 5.0 ml of the solution into
a 250-ml beaker, add 3 ml of 6A NH,C.H.O.
and 2 ml of 6M HC.H.O.. and dilute to 30 ml
with H.O. Heat to boiling and add 5 ml of 1.5M
Na.Cr0), dropwise, Digest on a steam bath for
30 min and filter onto a weighed 15-ml sintered
glass crucible. Wash the precipitate with H.O
until the washings have no dichromate color. and
then wash with 95% ethanol. Dry in an oven at
115° for 30 min. Cool and weigh.

Four standardizations gave results agreeing
within 0.2%,.
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4, Procedure

Step 1. Pipet 2.0 ml of Pb carrier into a
40-ml conical centrifuge tube. add an aliquot of
sample, 1 ml of concd HNO,, and evaporate
nearly to dryness,

Step2. Dissolve the residue in 2 minimum
amount of H.O. add 30 ml of fuming HNO,
(sp gr 1.5). and cool in an ice bath. Centrifuge
and discard the supernate.

Step 3. Dissolve the precipitate in 1 ml of
H.0, and add 1 m! of concd HNOQ,, 25 ml of 95%
ethanol. and 4 drops of concd HCI, Chill in an
ice bath. Centrifuge and discard the supernate.

Step 4. Dissolve the precipitate in 20 ml of
H.0, add approximately 2 g of solid NH,Cl, 4
drops of Fe carrier, and heat 10 boiling. Add 2
drops of bromphenol blue indicator soluticn and
neutralize to a basic endpoint with 1A NH.OH.
Centrifuge while hot and transfer the supernate
to a clean centrifuge tube. discarding the pre-
cipitate.

Step 5. Saturate the supernate with H.S.
Centrifuge and discard the supernate.

Siep 6. Dissolve the precipitate in 2 ml of
concd HCl and evaporate to dryness. Add 1 ml
of concd HNO, and evaporate nearly to dryness.

Step 7. Repeat Steps 2 and 3.

Step 8. Add 20 m! of H.O to the precipitate.
4 drops of Fe carrier, and heat to boiling. Add 12M
NaOH dropwise until the Pb(OH), precipitate
dissolves. leaving only the Fe(OH). precipitate.
Then a:d 5 drops of 12M NaOH in excess, centri-
fuge. transfer the supernate to a clean centrifuge
tube. and discard the precipitate.

Step 9. Repeat Steps 5 and 6.

Step 10. Repeat Steps 2. 3. 4. 5, and 6.
Step 11. Repeat Steps 2. 3, 8. and 5.

Step 12.  Dissolve the precipitate in 2 ml of
concd HCI and evaporate nearly to dryness. Add
2 ml of 6M HC.H.0. and 3 ml of 6M NH,C.H.0..
dilute to 20 ml with H.O. heat to boiling. and add
3 ml of 1.5M Na.CrO,. keeping the solution at



the boiling point, Filter onto a No. 42 Whatman
filter circle. 73 diameter, contained in a ground-
off Hirsch funnel-filter chimuey setnp, Wash the
PbCrO, precipitate with H.O and then with 95%
ethanol. Dry the precipitate in an oven for 10
min at 113° Cool. weigh. and mount for count-
ing.

SEPARATION OF LEAD FROM URANIUM
AND THE TRANSURANIC ELEMENTS

J. S. Gilmore
1. Introduction

Radiolead is separated convenicently from
uraninm and the transuranic elements by pre-
cipitation as lead sulfide from an acidic solution.
The procedure below is applicable to the removal
of any element which formis a sulfide insoluble
in 1M hydrochloric acid.

82

2. Procedure

Step 1. To an aliquot of the sample in a
centrifuge tube. add 30 mg of Pb carrier and the
appropriate uranium and transnranic element
tracers. Evaporate nearly to dryness. (The sample
usually contains HCIO,.) Add sufficient dilute
HCl to dissolve any solid residue and make the
solution about 13 in acid concentration. Heat
and saturate the solution with H.S. Centrifuge
and transfer the supernate to an erlenmeyer
flask. Boil the supernate to remove H.S. add 5
ml of concd HNQ,. and evaporate to fumes of
HCIO,. Retain the solution for analysis for
uranium and the transuranic elements.

Step 2. Dissolve the PbS precipitate in 2 ml
of coned HCI by boiling. Convert the lead to
Pb(NO.). by evaporating to a small volume in
the presence of concd HNO,. To determine Ph.
carry out the standard Pb procedure from Step 2
onward.



magnesivm, manganese, molybdenum -
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MAGNESIUM
R. J. Prestwood and B. P. Bayhurst

I. introduction

This procedure has been employed in a
search for *Mg in fission. After common decon-
tamination steps, the magnesiuin is finally isolated
as MgNH,PO,-6H.0. A sample containing
3 X 10 fissions 3 days old gave a final pre-
cipitate with no detectable contaminants.

2. Reagents

Mg carrier: 10 mg Mg/ml. added as a solution
of Mg(NO,).-6H.0, The carrier is standard-
ized as MgNH,PO,-6H.0.

Fe carrier: 10 mg Fe/ml. added as FeCl,-6H.0
in 1M HC1

La carrier: 10 mg La’‘ml, added as La(NO,),
6H.0 in 1M HNO,

Sc carrier: 10 mg Sc/ml. added as ScCl, in 1M
HCl

Zr carrier: 10 mg Zr/ml, added as ZrOCl,-8H.0
in 1M HCl1

Cd carrier: 10 mg Cd /ml, added as Cd(NO,).
4H.0 in 1M HNO,

Co carrier: 10 mg Co’ml, added as Co(NO;).
6H.0 in 1M HNOQ,

Ba carrier: 1M BaCl.

Sr carrier: 10 mg Sr/ml, added as Sr{NO;).
4H.0 in H.O

Te(VI) carrier: 10 mg Te/ml,
Na.H,TeO. in 0.3M HCI

Pd carrier: 10 mg Pd/ri. added as PdCl.-2H.0
in 1M HCI

HCI: concd; 6

H.SO,: concd

NH,OH: concd; 0.1M

NaOH: 10M

NH.OH-HCI: solid

NH.,Cl: 3M

(NH,).HPO,: 1.5M

H.S: gas

Ethanol: absolute

Dowex AG 50-X4. 100-200 mesh cation resin;
slurry in H.0

Dowex AG 1-X8. 50-100 mesh anion resin; slurry
in 6M HCI

added

as
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3. Procedure

Step 1. Add the sample (Note) to 1 ml of
Mg carrier in a 40-ml conical centrifuge tube
and precipitate Mg(OH). by the dropwise addi-
tion of an excess of 10M NaOH. Centrifuge and
discard the supernate, Dissolve the precipitate in
a minimum of concd HCl, add about 100 mg of
NI,OH-HCI, and warm on a steam bath for 3-5
min. Add 5 ml of 3M NH,Cl and dilute to 20 ml
with H.O.

Step 2. Add 2 drops each of Fe, La, Sc, and
Zr carriers and then an excess of concd NH,OH
dropwise. Centrifuge and transfer the supernate
to a clean centrifuge tube, discarding the pre-
cipitate.

Step 3. Add 2 drops each of Fe and La car-
riers, centrifuge, transfer the supernate to a clean
centrifuge tube and discard the precipitate.

Step 4. To the supernate add 10 drops of
Cd carrier, 2 drops of Co carrier, bubble in H.S
for about 2 min, centrifuge, and transfer the
supernate to a clean centrifuge tube, discarding
the precipitate,

Step 5. Repeat the CdS-CoS precipitation.
Centrifuge and filter the supernate through a
Whatman No. 541 filter paper into a clean centri-
fuge tube, discarding the precipitate. Boil to re-
move H.S.

Step 6. Add 2 drops of Ba carrier. 10
drops of Sr carrier, a volume of absolute ethanol
equal to the total volume of solution, and 4 drops
of concd H.SO,. Let the solution stand for 10 min,
then centrifuge, transfer the supernate to a clean
centrifuge tube, and discard the precipitate. To
the supernate add 2 drops of Ba carrier and 10
drops of Sr carrier. let stand for 10 min, centri-
fuge, transfer the supernate to a clean centrifuge
tube, and discerd the precipitate.

Step 7. To the supernate add an excess of
10M NaOH dropwise to precipitate Mg(OH)..
Centrifuge and discard the supernate.

Step 8. To the precipitate add 5 ml of
concd HCL. and 4 drops of Te(VI) carrier and
boil the solution down to a volume of 1 ml. Dilute
to 15 ml with H.0. add 2 drops of Pd carrier, and



bubble in H.S for about 2 min. Centrifuge, trans-
fer the supernate to a clean centrifuge tube. and
discard the precipitate.

Step 9. Add 2 drops each of Cd zud Pd
carriers and bubble in H.S for about 2 min. Cen-
trifuge. transfer the supernate to a clean centri-
fuge tube, and discard the precipitate,

Step 10. Repeat Step 7.

Step 11, To the precipitate add 3 ml of
concd HCI and boil for 1 min, Dilute with H,0
to 20 ml. add 3 ml of 1.537 (NH,).HPO,. and
then an excess of concd NH,OH dropwise to pre-
cipitate MgNH,P0Q,-6H.0. Centrifuge and discard
the supernate, Wash the precipitate with H.,O
containing a few drops of NH,OH and discard
the washings.

Step 12. Dissolve the precipitate in i-2
drops of concd HCl and dilute to 10 m! with
H.Q. Place the solution on a Dowex AG 50-X4.
100-200 mesh cation resin coluinn (8 mm di-
ameter and 4 cm long). add two 5-ml portions of
H.O to the column. and discard the eluates.

Step 13. Place the cation column on top of
a Dowex AG 1-X8. 50-160 mesh anion resin
column (8 mm diameter and 4 ¢m long) so that
the eluate from the cation column can drip onto
the anion columnn, To the cation column add two
5-ml portions of 63/ HCl and permit the eluates
to flow into the anion column, Collect the eluate
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from the anion column in a clean centrifuge
tube.

o]

Step 14, Repeat Steps 2 throngh 11.

Step 15,0 Dissalve the precipitate in a few
drops of concd HCI and dilute the solution to 20
ml with H.O. Centrifuge and transfer the super-
nate to a clean centrifuge tube, To the supernate
add 3 ml of 1.5 (NH,}.HPO, and heat on a
steam bath for 2 min. Add concd NH,OH drop-
wise until MgNH,PO,-6H.0 precipitates. Filter
the precipitate onto a weighed No. 42 Whatman
filter paper. wash the precipitate with 01M
NH,OH and then with absolute ethanol. Dry in
an oven at 110°. cool. weigh. and mount.

Note

If the original sample contains large amounts
of salts. it should be treated in the following man-
ner. Insoluble hydroxides are precipitated from a
buffered NH,*-NH,OH solution; most of the
magnesium is left in the supernate and is re-
covered by precipitation with NaOH. The pre-
cipitate from the NH,OH treatment is dissolved
and reprecipitated until no detectable magnesium
is found in the supernate after addition of NaOH.
All Mg(OH). precipitates are dissolved in con-
centrated HCl and combined. The solution is then
treated with NH.OH-HC] as described in Step 1
before proceeding to Step 2.



MANGANESE

B. P. Bayhurst and R. J. Prestwood

. Introduction

In this procedure for the separation of man-
ganese from fission-product solutions. manganese

is finally precipitated ax MaNH,PO,-H.O after

standard decontamination steps. No detectable
contamination was found in the manganese

separated from 2.5 > 10" fissions one hour old.

2. Reagents

Mn carrier: 10 mg Mninl, added as MnCl. in
H.0. standardized

W carrier: 10 mg W/ml, added as Na.WO,
2H.0 in H.0

Fe carrier: 10 mg Fe ‘ml. added as FeCl. in 1M
HCl

Pd carrier: 10 mg Pd ml. added as PdCl.-2H.0
in 1A HC}

7r carrier: 10 mg Zr ‘'ml added as 7ZrOCl.-8H.0
in 1M HCI

IHCl: concdl; 6M

HNO.: concd

HC.H,0.: glacial

NH,0H: concd

NaOIT: 10M

H.S: gas

NaBr().: saturated solution

(NH)).S: 20% solution

(NH,).HPO,: 1.5M

Aerosol: 0.1% in H.O

Dowex AG 50-X4. 100-200 mesh cation resin.
slwrry in H.O

Dowex AG 1-X8, 50-100 mesh anion resin, slurry
in 60 HC]

Ethauol: absolute

3. Preparation and Standardization of Carrier

Dissolve 22.9 g of MnCl. in H.O and dilute
the solution te 1 liter. Pipet exactly £ ml of the
solution into a 40-ml conical centrifuge tube.
add 5 drops of coned HCL 3 ml of 15M
{NH,).HPO,. and make basic with concd NH,0H.
Heat to boiling. let stand for 10 min. and filter
the precipitate into a weighed sintered glass
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crucible. Wash the precipitate first with 0.1M
NH,0H and then with ethanol. Dry at 110°, cool,
and weigh as MnNH,PO,-H.O.

Four standardizations using the above pro-
cedure gave results with a total spread of 19%.

4. Procedure

Step 1. Add the sample to 2 ml of Mn car-
rier in a 40-ml conical centrifuge tube and ad-
just the volume to about 20 ml with concd HNO,.

Step 2. Add 5 drops of W carrier and heat
on a steam bath for 3-10 min. Centrifuge. trans-
fer the supernate to a clean centrifuge tube, and
repeat the W scavenge.

Step 3. To the supernate from the second
W scavenge add 3 ml of saturated NaBrQ, and
heat on a steam bath. (MnQ. begins to precipitate
and the solution fizzes.) Carefully add another 3
ml of NaBrO, and heat on a steam bath until the
total time of heating is about 10 min. Coul the
solution. add water to fill the tube. and ceniri-
fuge. Discard the supernate. wash the precipitate
twice with H.O, and discard the washings,

Sten 4. To the precipitate add 2 drops of
Fe carrier and 6 ml of concd HCI and boil over a
burner until the volume of solution is about 3
ml. Dilute to 20 ml with H.0, add concd NH,OH
dropwise until Fe(OH), precipitates, and then
add 1-2 drops in excess. Heat on a steam bath for
about 2 min and centrifuge. Transfer the super-
nate to a clean centrifuge tube and repeat the
Fe scavenge. Centrifuge and transfer the super-
nate to a clean centrifuge tube.

Step 5. Add 2 ml of 20% (NH,).S, heat
for 1-2 min on a steam bath, and centrifuge. Dis-
card the supernate. The precipitate is MnS.

Step 6. To the precipitate add 5 ml of
glacial HC.H0. and boil over a flame. Add 5
drops of Pd carrier. dilute to 20 ml with H.O,
place on a steam bath, and bubble in H.S. Centri-
fuge and transfer the supernate to a clean centri-
fuge tube. To the supernate add 5 drops of Pd
carrier. repeat the sulfide scavenge, and transfer
the supernate to a clean centrifuge tube.



Step 7. To the supernate add 3 ml of 1.5M
(NH,).HPO, and about 5 drops of concd HCI
and boil. Add 2 drops of Zr carrier, centrifuge,
and transfer the supernate to a clean tube. Add
2 drops of Zr carrier to the supernate, centrifuge,
and transfer into a clean tube.

Step 8. To the supernate add concd NH,OH
dropwise until MnNH,PO,-H.O precipitates and
then heat on a steam bath for 3-5 min. Centrifuge
and discard the supernate. Wash the precipitate
with a full tube of H.O, centrifuge, and discard
the washings,

Step 9. Dissolve the precipitate in 2-3 drops
of concd HCI, dilute to 5-7 ml with H,0, and
place on a Dowex AG 50-X4, 100-200 mesh ca-
tion resin column (6 mm diameter and 3 em
long). Rinse the centrifuge tube with H,O and
add the rinsings to the resin. Wash the resin with
several 2-3 ml portions of H.O and discard all
washings, To the cation resin column add 6-9 ml
of 6M HCI, after placing the column on top of a
Dowex AG 1-X8, 50-100 mesh anion resin column
(8 mm diameter and 4-5 cm long) so that the
eluate from the cation column drips into the anion
colum:. To the eluate from the anion column,
which contains the Mn and is collected in a clean
centrifuge tube, add 10Af NaOH dropwise to pre.-
cipitate Mn(OH).. Centrifuge and discard the
supernate.
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Step 10. To the precipitate, add 10 ml of
concd HNO,, bring to a boil over a flame, and
boil until the solution has lost any color. Repeat
the W scavenge (Step 2).

Step 11, Repeat Step 3.
Step 12. Repeat the Fe scavenge (Step 4).

Step 13. Repeat the M™MnS precipitation
(Step 5).

Step 14. Repeat the PdS scavenge (Step 6)

Step 15. Repeat the Zr,(P0Q,), precipitation
(Step 7).

Step 16. To the supernate add concd
NH,0H dropwise until MnNH.PQ,-H;O pre-
cipitates and then heat on a steam bath for 3-5
min. Centrifuge, discard the supernate, and dis-
solve the precipitate in 4-5 drops of concd HCL
Dilute to 20 ml with 1.0, add a few drops of
aerosol, and centrifuge. Transfer the supernate to
a clean centrifuge tube and reprecipitate
MnNH,PO,-H.0. Filter onto a weighed No. 42
Whatman 7%” filter circle, using a ground-off
Hirsch funnel and a filter chimney. Wash the
precipitate first with 0.1M NH,OH and then with
ethanol. Dry at 110°, cool, weigh, and moum,

[
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MOLYBDENUM 1|
J. W, Barnes and E. J. Lang

I. Introduction

The separation of molybdenum from fission
products is based primarily on its behavior in
the 46 oxidation state on an anion exchange
resin. Molybdenum(V1) is adsorbed on the resin
from hydrochloric acid solutions of concentrations
5 to 9M. Resin washes with a mixture of dilute
hydrochloric and hydrofluoric acids and with 3M
ammonium hydroxide remove most of the inter-
fering ions. Molybdenum is eluted from the
column with 60 ammonium acetate, precipitated
with «-benzoinoxime, and converted hy ignition
to MoO.. in which form it is weighed and counted.
The cheniical yield is about 75%,.

2. Reagents

Mo carrier: 10 mg Mo/ml (NH,).Mo:0.,4H.0
solution, standardized

Fe carrier: 10 mg Fe/ml, added as aqueous FeCl.:
6H.0

Cu carrier: 10 mg Cu/ml. added as aqueous
CuS0,-5H.0

H.SO,: concd

H.C.O,: saturated aqueous solution

NH,Cl: 3M

NaBrO,: 0.5M

HNO,: 1M; concd

HCl: 6M; concd

HCIO,: concd

HCI-HF: 0.1M in HCl and 0.05M in HF

NH,0H: 3M; concd

NH,C.H.0.: 6M

a-Benzoinoxime: 2%, in ethanol

Br.-H,O

Anion resin: Dowex 1-X8 (50 to 100 mesh; stored
in 6M HCI) (Note 1)

Ethanol: 95%

3. Preparation and Standardization of Carrier

Dissolve 18.4 g of (NH,}:Mo.0,,-4H.0 in
H.0, add 1 ml of 0.5M NaBrQ,, and dilute to 1
liter with 6M HCI. Pipet 5.0 ml of the solution
into a Coors 0 porcelain crucible which has been
heated previously in a muffle furnace at 550°,
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cooled, and weighed. Add 0.5 ml of concd HNO,
and 0.5 ml of concd HCIO,. Carefully dry the
sample under an infrared lamp, making certain
that no spattering occurs, Ignite in the furnace for
1 hr at 550°. Cool and weigh as MoO,.

4. Procedure

Step 1. Add the sample to 3.0 ml of Mo
carrier in a 125-ml erlenmeyer flask. Then add
1 m) of Br.-H.O, 4 drops of Cu carrier, and 1 to
5 ml of concd H.SO,, depending upon the amount
of uranium in the sample (about 2 ml of the acid
is sufficient for 1 g of U). Fume to dryness over
a burner, add 30 m! of H.,O, and warm to dissolve
the residue. While the solution is kept warm.
saturate with H.S, Pour the mixture into a 40-ml
conical centrifuge tube, centrifuge, and save the
supernate for the recovery of U (Note 2).

Step 2. Wash the precipitate by stirring
with 5 ml of 3M NH,C] and 10 ml of H.O. Cen-
trifuge and discard the washings, Dissolve the pre-
cipitate in 1 ml of concd HC] and a few drops of
concd HNO,. Add 10 ml of H.O, beil to remove
excess H.S, and then add 3-4 drops of Fe carrier.
Precipitate Fe.Q,-XH.O by adding 2 to 3 ml of
concd NH,OH. Warm to coagulate the precipitate,
centrifuge, transfer the supernate to a 125-ml er-
lenmeyer flask, and discard the precipitate.

Step 3. Take the supernate to half volume
over a burner. Add t ml of concd HCl and again
take to half volume. Add 1 ml of concd HCI, take
the solution almost to dryness, and then add 10 ml
of 6A7 HCl and 1 ml of Br.-H.0.

Step 4. Heat the solution to boiling, transfer
it to the Dowex 1 anion resin column (Note 3),
and permit it to run through under gravity. Wash
sides of column with 1 to 2 ml of 6M HCl, and
when the level of acid reaches the top of the resin,
add 10 ml of hot HCI-HF solution (Note 4).
When the level of the HCI-HF solution reaches the
top of the resin, add 5 ml of 3M NH,OH.

Step 5. As soon as the level of the NH,OH
reaches the top of the resin, all effluents collected
to this point are placed in the appropriate waste
bottle. Add 10 ml of hot 6M NH,C.H.0; to the
resin and permit the solution to pass through,
catching the Mo eluate in a clean 40-ml centri-
fuge tube.



Step 6. To the eluate add 2 ml of concd
NH, O stir. and then add 4 drops of Fe carrier.
Boil for one minute with stirring. Centrifuge.

Step 7. Add the supernate to an ice-cold
mixture of 6 ml of concd HNO,, 1 ml of Br.-H.O.
and 1 ml of saturated H.C.O, in a 40-ml centri-
fuge tube. Cool in an ice bath for 5 min. add 10
mli of a-benzoinaxime solution. and stir vigorously.
Filter onto No. 41 H Whatman filter paper.
completing the transfer with 137 HNO..

Step 8. Place the filter paper and contents
in a porcelain crucible (Coors O). and ignite to
MoO, at 550° for about 1 hr (Note 5).

Step 9. After ignition. allow the crucible
to cool and grind the MeO, to a fine consistency
with the end of a stirring rod. Add 2 drops of
ethanol and slurry: then add an additional 3 ml
of ethanol. stir. and filter onto a previously
washed. dried. and weighed No. 42 Whatman
fiker circle. using a ground-off Hirsch funnel
and stainless steel filter chimnev, Wash with
ethanol. and drv at 110° for abont 10 min, Cool,

weigh. and mount (Notes 6 and 7).

Notes

1. The anion resin. AG1-X8, 50-100 mesh.
obtained from Bio-Rad Labloratories. Richmond.
Calif.. is stored in 63 HCL.

2. This step is used only when the amount
of uranium in the sample exceeds about 50 mg
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or if plutonium or tungsten are present in ap-
preciable amounts, If the amount of uranium is
less than 50 mg and if relatively little plutonium
is present. add the sample to 3.0 ml of ‘Mo carrier.
and then add 1 ml of coned H.SO; and 1 ml of
Br.-H.Q. Fume to dryvness. cool, add 10 m] of
H.O and 3 drops of Fe carrier. and precipitate
Fe.0.-XH.O as in Step 2. Then continue the
regular procedure.

3. To prepare the resin column for use (a)
place a small plug of glass wool in the tip of the
column. (W) add enough resin shurry to obtain a
bed height of 4 to 3 cm and (¢) allow the acid to
drain off. (The column is fabricated by fusing a
15-ml conical centrifuge tube to an B-cmi length
of t-cm tubing drawn to a tip.)

4. The HCI-HF wash removes moderale
quantities of uraniwm and plutonium.

5. A streamm of air through the muffle
furnace aids in the conversion of the Mo(VI)-
henzoinoxime complex to MoQ,.

6. The samples are mounted on Al plates
with two-cided Scotch tape and covered with My-
lar film. Four drops of rubber cement solution
(3 ml rubber cement to 50 ml Lenzene) are used
to keep the MoQ. under the Mylar film.

7. The sample is permitted to stand for 18
hr hefore counting in order to allow the 6-hr *Tc
daughter to grow into equilibrium. The individual
counts are correcled to zero time using a half-life
of 66.4 hr. and a correction tor <elf-ahsorption in
the sample is applied.



MOLYBDENUM I
J. S. Gilmore and H. L. Smith

I. Introduction

The procedure described below. devised
originally for the rapid determination of **Mo
in the presence of large quantities of foreign ma-
terial. has proved to be suitable for the removal of
molvhdenum from 120 g of uranium or 1 g of
plutonium or ahout 20 g of iron. It also gives ex-
cellent decontamination from neptunium and fis-
sion products,

The chief decontamination step is an ex-
traction into chloroform of the precipitate of
Mo(VIY with e-benzoinoxime. This step may be
omitted and decontamination effected by extrac-
tion of molybdenum from hydrochloric acid solu-
tion into kexone (Note 1) 'if the sample contains
less than 10 g of uranium, If the original sample
has a volume greater than one liter, the hexone
extraction is essential as a volume reducing step.

Additional decontamination steps  include
adsorption of Mo(VI) from hydrochloric acid
solution on an anion exchauge resin and an iron
hvdroxide scavenge. The molybdenum is finally
precipitated as the 8-hvdioxyquinolate, in which
form it is counted.

The chemical vield is 60-709, and duplicate
determinations can he performed in about 45
nin.

2. Reagents

Ao carrier: 10 mg Mo mlL (N1, 0.0, - 4HLO.
standardized as described in the preceding
Molyvhdenura Procedure.

Fe carrier: 10 mg Fe 'ml. added as FeCl.-6H.Q

«-Benzoinoxime: 29 in ethanol

8-Hydvoxyquinoline: 5% in 23 HC.H0.

HCE concd; 637 1M

HNO,: cned

TICIO,: concd

H.S0,: concd

HC.H.0.: 6M

NaOH: 0.6M

HCI-HF: 0.13f in FICl and 0.1M in HF
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NH*C:HSOQ: 61"

Acetone

Ethanol: 959,

Chloreform

Methyl red indicator solution

Anion resin: Dowex 1-X10 (200 - 400 mesh;
stored in 6M HCI)

3. Procedure

Step 1. The sample is made 6-7M in HCI
and 1-2 ml of Mo carrier is added (Note 1). Boil
the solution briefly and dilute with ice and water
to 750 ml (Note 2). Transfer the solution to a
1-liter pear-shaped separatory funnel and pre-
cipitate Mo with 25 ml of «-benzoinoxime reagent.

Step 2. Add 50 ml of chloroform and shake
vigorously, Permit the phases to separate and the
precipitate to move from the aqueous to the
chloroform phase (Note 3). Transfer the chloro-
form phase tc a 250-ml pear-shaped separatory
funnel. Extract the aquesus phase with 10 ml of
a-benzoinoxime and 30 ml of chlurnform and
combine the chloroform layer with that separaied
previously. Discard the aqueous phase,

Step 3. Wash the chloroform layer with a
mixture of 80 ml of 137 HCI and 20 ml of ethanol
and discard the washings. Transfer the chlorcform
layer to a 125-ml separatory funnel. Add 25 ml
of 0.6 NaOH and shake vigorously to remove
the Mo. Discard the chloroform and transfer the
aqueous layer to a 250-ml Vycor or quartz erlen-
meyer flask,

Step 4. Boil the solution briefly to expel
any chloroform present. Add 19 ml of concd
HNOQO, and boil the solution to half its original
volume. Add 4 ml of concd HCIQ, and 2 mi of
concd H.,SO, and bhoil carefully until the exo-
thermic reaction subsides. Then boil until strong
fumes of SO, are evolved. (This step removes or-
zanic material.)

Step 5. Dilute the solution with 20 ml of
6M HCI and place on a Dowex 1-X10 (200-400
niesh) resin column (4-ml bed volume). Wash
the resin snccessively with 10 ml of 6M HCL. 15
ml of 0.1Af HCI-HF, and 10 ml of 3M NH,OH.

Step 6. Elute the Mo from the column with



15 ml of 6M NH.C.H.0. solution. To the eluate
add 3 ml of concd NH,OH and 4 drops of Fe car-
rier. Boil and filter throngh i! cm.. 41-H What-
man filter paper, using a 27, 60° funnel. Discard
the precipitate (Note 4).

Step 7. To the filtrate add methyl red in-
dicator solution, acidify with 63 HC.H.O.. then
add 2 ml in excess, boil. and add 2 ml of 8-hy-
droxyquinoline reagent (Note 5). Fillter onto &
1” Whatman No. 42 filter circle. using a ground-
off Hirsch funnel and filter chirmney. Discard the
filtrate. Wash the precipitate with H.O. then with
acetone.

Step 8. Dry the Mo oxinate for 30 sec at
140°, weigh, mount, and £2-count.

Notes

1. A hexone (4-methyl-2-pentanone) ex-
traction may be performed at this point instead
of or in addition to the precipitation and extrac-
tion of Mo as the «-benzoinoximate. The hexone
extraction is advisable if the sample contains less
than 10 g of U and is essential as a volume re-
ducing step if the sample has a volume greater
than 1 liter. The solution. which is 6-7M in
HCl, is extracted with an cqual volume of hexone

which has heen pre-eguilibrated with 637 TICI
to remove Mo, The hexone laver is washed with
an equal volume of G637 TICI which has been pre-
cquilibrated with hexone. and is then shaken
with 20-509% of ils volume of H.O to back-ex-
tract the Mo. If the original sample contained
more than 100 mg of Fe. proceed with ithe pre-
cipitation of Mo by means of «-benzoinoxime:
otherwite. go directly 1o Step 5 or. if no Fe is
present at this point. the .0 back-extract may
be diluted with an equal volume of coned HCI
and the solution put directly on a Dowex-1. 40-ml
reservoir. anion column, Then proceed with the
regular chemistry.

2. Precipitation of Mo with «-benzoinoxime

is more nearly complete if the solution is cold.

3. At least 15 min must have elapsed since
end of irradiation before any Mo chemistry is
performed to avoid possible separation of **Nb and
"o before the Mo has grown in.

4, The Fe(OH). scavenge removes Nb.
which otherwise contaminates the final sample.

5. The oxine precipitation constitutes the
last Te separation from the Mo, Therefore. the
time of the addition of the 8-hydroxquinoline
is accurately observed and recorded.
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neptunium, nickel, niobium -




NEPTUNIUM-239

H. L. Smith

1. Introduction

The procedure for the determination of “Np
affords excellent decontamination from milligram quan-
rities of uranium, the fission products obtained from 1043
fissions, and plutonium. The decontamination factor for
the latter element is about 10°,

An initial fuming with sulfuric acid is recommended
to ensure exchange between the Z'Np tracer employed
and 239Np, and also to complex uranium(Vl). If the
sample is a dissolved uranium foil, nitric acid must be
added before the fuming step ro convert uranium to the
+6 state. Np(1V) and (V) are carried down by lanthanum
fluoride precipitations in the presence of zirconium and
strontium holdback carriers, the precipitations providing
decontamination from the activities of the latter elements
as well as from uranium. Lanthanum fluorid: scavenging
with neptunium in the hexapositive state decontaiminates
from the lanthanides and partialty from plutonium.

2. Reagents

La carrier: 5 mg La/mli, added as La{NQ3)3°6H;0 in
H,O

Sr carrier: 10 mg St/ml, added as Sr(NO;);°4H;0 in
H,0

Zr carrier: 10 mg Zr/ml, added as ZrOCl, in H, O

237Np standard solution: 5,000 to 10,000 counts/min/ml
in 2 to 4M HCl or HNO;

HCl: 0.1M; 1M; 2M; coned

H;S04: concd

HNOj3: concd

H;3BOj: saturated solution

HF: 1:1 H,0 and concd HF

HI-HCl: 1 ml 55-57% HI + 9 m! concd HCI (thls mixture
may be saved if kept refrigerated but should be
discarded when it becomes very dark brown)

HF-HNQj3: equal parts by volume of 2M solutions

NH, CH+HCI: 5M (or saturated)

KMnOjy4: 10% solution

NH,4O0H: concd; dilute

Methyl red indicator solution: 0.5% in 90% ethanol

Dowex 1-X10 anion exchange resin: 100-200 or 200400
mesh, slurry in H,O (Note 1)
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3. Standardization of Tracer

The usual technique for standardizing a-emitting
tracers, which consists of the evaporation of a measured
volume of solution on a Pt plate and a-counting it, does
not work very well in the case of *'Np. This is because of
the relatively low specific activity of 2"Np, which is of
the order of 800 counts/min/ug, so that stippling pro-
duces a rather massive deposit. A preferable technique is
the following: Prepare a solution of pure *’Np from
pile-irradiated 2®U that contains approximately 10°
counts/min/100ul. Weigh an aliquot of this solution onto
a platinum plate, and add another weighed aliquot to
1 ml of tracer. The ***Np can now be used as a f-emitting
tracer to determine the absolute amount of **™Np.

Evaporate the zasz + PMNp sample to dryness with
HNO;, take into solution with 1 m) concd HCl and pass
the solution through an anion column as described in Step
11, then elute the Np with 0.1M HCI, and electroplate as
described in Step 12. a- and f-count the sample, and
B-count the pure >®Np aliquot. Using the known specific 3
activity of the *Np, calculate the activity of *™Np/ml of
solution.

4. Procedure

Step 1. Pipet 1 ml of ®™Np standard into a clean
125-ml erlenmeyer flask and then pipet in the sample.
Wash down the sides of the flask with a little H,O, add 10
drops of concd Hz50,4(Note 2), and evaporate nearly to
dryness on a hot plate. (No harm is done if the solution is
permitted to evaporate to hard dryness.)

Step 2. Dissolve the residue by boiling briefly in a
minimum of 2M HCL Transfer the solution to a clean
40-ml Pyrex centrifuge tube, wash the flask once with
H, 0, and transfer the washings to the tube, The volume
of solution should be 5-10 ml. (Ignore any small residue.)

Step 3. Add 5 drops of La carrier and 3 drops of Zr
holdback carrier. Add 2 drops of NH,OH-HCl for each
ml of solution, stir and let stand for a few minutes. Add
HF dropwise until the yellow color of the solution dis-
appears and the solution becomes cloudy (LaF4). Centri-
fuge. Remove and discard the supernate. Wash the precipi-
tate with 1 to § ml of HF-HNO;.

Step 4. Dissolve the precipitate by slurrying wich 3
drops of saturated H3BOj3 and adding 3 drops of concd
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HCL. (Ignore any small residue.) Add 3 ml of 2M HCl and
precipitate La(OH)3 by adding about 1ml of concd
NH4OH. Centrifuge and discard the supernate. Wash the
precipitate by boiling it briefly with several ml of H, 0.

Step 5. Dissolve the precipitate in about 5 ml of 2M
HClL. Reprecipitate LaF3; by adding 10 drops of
NH2OH*HCI and 10 drops of HF; centrifuge and discard
the supernate. Wash the precipitate with 1 ml of
HF-HNOj. If the precipitate volume is greater than
0.2 ml, repeat the hydroxide and fluoride precipitations
until the volume of LaF; precipitate does not exceed
0.2 ml.

Step 6. Dissolve the fluoride precipitate in 1 drop
each of saturated H3BO3 and concd HNOj. Add 10 drops
of KMnO4 and allow to stand for 5 min. Add 2 drops of
HF and allow the solution to stand fur a few minutes.
Centrifuge and transfer the supernate to a clean centrifuge
tube. Wash the precipitate with 0.5-1 ml of HF-HNO;,
ceniurifuge, and add the supernate to the previous one.
Discard the precipitate.

Step 7. Add 2 drops of La carrier to the solution,
stir, centrifuge, and transfer the supernate to a clean
centrifuge tube. Wash the precipitate with 0.5-1 ml
HF-HNOj3;, add the washings to the previous supernate,
and discard the precipitate.

Step 8. Add 5 drops of NH,OH*HCl and 2 drops of
Zr carrier, and let stand for a few minutes. Add 2 drops of
La carrier, stir well, centrifuge, and discard the supernate.
Wasi the precipitate with 1 ml HF-HNO;, centrifuge, and
discard the supernate.

Step 9. Repeat Steps 6 and 7.

Step 10. Add 5 drops of NH; OH*HC! and 2 drops
of Sr holdback carrier, and let stand for a few minutes.
Add 2 drops La carrier, stir well, centrifuge, and discard
the supernate. Wash the precipitate with 1 ml HF-HNO,,
centrifuge, and discard the supernate.

Step 11. Dissolve the precipitate with 1 drop of

saturated H3BO3 and 10 drops of concd HCL. Pass the
solution through a Dowex 1-X10 anion exchange column,
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3cmx 3 mm, and wash the column with 1 m! of concd
HCl. The Np is now in the +4 oxidation state and is
adsorbed on the column. If necessary, remove Pu from
the column with HI-HCl {(Note 3). Elute the Np with
0.5 m! of 0.1M HCl. If a Pu removal step has been done,
the solution should be taken to dryness before electro-
plating; otherwise, the elution can be received directly
into the electroplating cell, 1 cm diameter.

Step 12. Adjust the acidity so as to obtain 1-2 ml of
a solution that is about 6M in HCL. Add 1 drop methyl
red indicator and make basic with concd NH;OH, and
then barely acidic with 1M HCl. Electroplate for 20 min
at 0.5 amp. Make basic with dilute NH;OH for the last
minute of plating. (On several occasions an explosion
occurred when concd NH4OH was used for this neutrali-
zation.) Decant the plating solution, and rinse the cell
with H,0 and alcohol. Dismantle the cell and ignite the
plate to red heat in a burner. Mount with double-sided
Scotch tape in the center of an Al plate, a-count to
detennine the chemical yield, and count on three suc-
cessive days.

Notes

1. The resin is supplied by the Bio-Rad Labora-
tories, Richmond, Calif., who purify and grade the resins
manufactured by the Dow Chemical Co.

2. If the sample has been obtained from more than
the equivalent of 50 mg of soil, do not add any H,S0,
since CaS0,4 will precipitate and carry Np to some extent.
Probably repeated fuming with HNO, will promote ex-
change.

3. The procedure should remove 95% of the Pu
initially present in the sample. If, at this point, there
remains enough Pu to interfere with the determination of
the Np yield, that is, more than 1% of the Np tracer, Pu
may be removed more efficiently in the following way:
Allow 1ml of HI-HCl solution to drip through the
column with no added pressure. Wash the column with
several ml of concd HCI and discard the effluent, which
contains the Pu in the +3 state, and proceed with the rest
of Step 11. One elution step such as the one just de-
scribed removes 99.5% of the Pu.



NICKEL
W. H, Burgus

I. introduction

Nickel is separated from fission products by
precipitation with dimethylglvoxime (DMG)*
from an ammoniacal medium in the presence of
a large quantity of citrate ion. Three precipita-
tions in the presence of cobalt as a holdback car-
rier are carried out. After appropriate scavenging
steps, the nickel is again precipitated with di-
methylglyoxime and the nickel-dintethylglyoxime
complex is extracted into chloroform. The nickel
is then back-extracted into dilute hydrechloric
acid solution and is finally plated out of strongly
ammonijacal solution, The chemical yield is ap-
proximately 759%,. About 215 hr are required for
the decontamination of a single sample, and 2 hr
for plating.

*When diniethylglyoxime ({diacetyldioxime)
H,C-C=NOH

H,C-C=NOH
is used as a precipitant, one of the two hydroxyl hy-
drogens is replaced by an equivalent of the metal ion
precipitated. Thus with Ni2+, the foliowing brigit red
inner complex is formed

H
(8] (8]
H3C—C:N\ /N:C—CH3
Ni
H3C—C:N N:C—CH3
OH 0]

The precipitation of nickel is carried out in an am-
moniacal medium containing citrate or tartrate ion.
The presence of citrate or tartrate is essential in order
to complex ions which give insoluble hydroxides and
which, therefore, would be coprecipitated with nickel.
Palladium, which is partially precipitated from am-
moniacal solution, is removed by precipitation of the
sulfide from acid medium. The presence of large
amounts of oxidizing agents, e.g., hydrogen peroxide,
nitrates, and halogens, may prevent the precipitation
of nickel.
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2. Reagents

Ni carrier: 10 mg Ni/ml, added as Ni(NO,).-
6H.0 in very dilute HNO,, standardized

Co carrier: 10 mg Co’ml, added as Co(NO,).
6H.0 in very dilute HNO;

Pd carrier: 10 mg Pd/ml, added as PdCl.-2H.0
in very dilute HCl

Cu carrier: 10 mg Cu/ml, added as CuCl.-2H.0
in H,O

Fe carrier: 10 mg Fe/ml, added as FeCl,-6H.0
in very dilute HCl

HCL: concd; 6M

HNO;: concd

H.SO,: coned

NH,0H: concd

(NH,).S0,: solid

Sodium citrate: 109 in H.O

H.S: gas

Dimethylglyoxime reagent
ethanol

Chloroform

Ethanol: 959%

(DMG): 19 in

3. Preparation and Standardization of Carrier

Dissolve 495 g of Ni(NO,).-6H.0 in H.O,
add 1 ml of HNO.. and dilute to 1 liter with H.0.

Pipet 5.0 ml of the carrier solution into a
125.ml erlenmeyer flask, add 3 m! of concd H.SO,,
boil down to SO, fumes to remove NO;- jon, and
cool to room temperature. Dilute to 8-10 ml with
H.0, and cautiously neutralize with concd
NH,0H, adding ! ml in excess. Add 1 g of
(NH,).50,. quantitatively transfer to plating cell,
and plate for 3 hr at 0.10 amp and about 3 v.
Add a drop of concd NH,OH about every 30 min.
When the plating has been completed, wash the
cathode several times with distilled H.O and
once with ethanol. Air-dry and weigh.

Four standardizations are carried out with
results agreeing within abeut 0.295.

4, Procedure

Step 1. To 5-10 ml of the sample in a 40-
ml centrifuge tube. add 2 ml of the standard Ni
carrier, 10 drops of Co holdback carrier. and 10
ml of 109, Na-citrate solution, Make ammoniacal



by addition of concd NH,OH. (A color change to
deep blue-violet indicates that sufficient NHL.OH
has been added.) Dilute to 25 ml with H.O. Pre-
cipitate Ni by the addition of 15 ml of 1, alcoholic
DMG reagent. Centrifuge and wash precipitate
with 30 mi of H.O containing a drop of concd
NH,OH. Discard the supernate and washings.

Step 2. Dissolve the Ni-DMG precipitate in
2 ml of concd HCI and dilute to 15 ml with H.O.
(Disregard any DMG which precipifates at this
stage.) Add 10 ml of 109% Na-citrate. 2 drops of
Co carrier, and 5 ml of DMG reagent. Precipitate
Ni.DMG by addition of concd NH,OH. Centrifuge
and wash as before (Step 1).

Step 3. Repeat Step 2.

Step 4. Dissolve the Ni-DMG precipitate in
10 ml of concd HFINO.. and transfer to 125-ml
erlemmever flask. Boil to dryness and heat to de-
stroy all organic matter (Note 1). Dissolve NiQ
(black) in a few milliliters of concd HCI by heat-
ing. The solution process is aided by the addition
of a drop or two of concd HNO,. Boil until NiCl,
precipitates and then dilute to 20 ml with H.O.
(Be certain that the heating is continued for
sufficient time to remove HNO,.)

Step 5. Add 3 drops of concd HCl and 4
drops each of Cu and Pd carriers. Heat to boiling
and pass in H.S for 5 min, Filter sulfide scavenger
precipitate and discard.

Step 6. Boil out H.S, add 2 drops of concd
HC). 4 drops each of Cu and Pd carriers. dilute to
20 ml with H.O. heat and remove another sulfide
scavenger precipitate with H.S. Boil out H.S from
the filtrate and transfer to a 40-ml centrifuge

tube.

Step 7. Dilute to 20 ml with H.0. Add 8
drops of Fe carrier and precipitate Fe(OH), from
hot solution by the addition of concd NH,0H (1
ml in excess). Centrifuge and discard Fe(OH);
scavenger precipitate.

Step 8. Acidify the supernate with HCl or
HNO.. Add 8 drops of Fe carrier and remove a
second Fe(OH), scavenge. Transfer the supernaie
to a 100-ml beaker.

Step 9. To the supernate from the Fe(O),
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scavenge, add 10 ml of 10%, Na-citrate and 1 drop
of Co carrier, Add 15 ml of DMG solution and
transfer to a 600-ml separatory funnel. Add 500
ml of CHCI, and extract Ni-DMG (Note 2).

Step 10, Wash CTICL, layer twice with 50-
ml portions of H.O containing 1 drop of concd
NH,OH. Discard washings.

Step 11. Back-extract Ni into 20 ml of 637
HCI. Transfer water layer to a 125-ml erlenmeyer
flask (Note 3). and boil nearly to dryness. Add
4.5 ml of concd HNO.. Boil nearly to dryness.
Add about 3 m! of cencd H.S0O, and heat to SO,
fumes (Note 4). Cool to room temperature.

Step 12. Add 8 ml of H.O and cautiously
neutralize with concd NH,OH (1 ml] in excess).
Add 1 gm of (NH,).S0,. dilute to 20 ml with
H.0, and transfer 1o plating cell. Plate Ni on a
weighed Pt foil. (For a circular foil of %4 di-
ameter. plate for 2 hr at 0.10 amp. Add a drop of
concd NH,OH about every 30 min.) Afier plat-
ing. wash with H.O and then with ethanol. Air-
dry, weigh, and count (Note 5).

Notes

1. When boiling down with concd HNO,,
be certain to take to dryness. and then heat a iittle
longer. All citrate and decomposition products of
DMG must be removed, otherwise it is impossibie
to precipitate Fe(OH), in Step 7.

2. Freshly precipitated Ni-DMG ordinarily
extracts rapidly into CHCl,. If it does not do so,
add an additional 50 ml of CHCl, and shake the
separatory funnel vigorously. The CHCl, and
H.O layers do not separate quickly, and at least
5 min should be allowed for the emulsion to break
and for separation to occur.

3. The complete disappearance of the yel-
low-orange color of Ni-DMG in the CHC), layer
indicates that back-extraction is complete.

4. For successful plating, all organic ma-
terial and nitrates must be removed,

5. T1f 36-hr 'Ni is being counted, mount the
sample and cover with 1-mil Dural in order to
absorb the radiations of 2X105-year **Ni and of
300-year %8Ni.



NIOBIUM
1. S. Gilmore

1. Introduction

In the separation of niobinm from other fis-
sion activities, zirconium is removed as barium
fluozirconate; any 4-4 uranium present, as well
as rare-earth activities, are carried down as the
fluorides at this stage. Niobium is then converted
to its cupferron derivative which is extracted into
chloroform. This step gives an effective separa-
tion from +6 uranium. The cupferron complex
is destroved and the niobium precipitated as the
hydrous oxide. Nb.O.-XH.0, by means of am-
monia water; molybdenum remains in solution as
a mclybdate, The oxide is dissolved in sulfuric
acid and decontanination from tin and antimony
is effected by means of a sulfide precipitation.
Further decontamination is obtained by additional
precipitations of the oxide, extractions of the cup-
ferron derivative, and acid sulfide scavengings.
Niobium is finally precipitated as the cupferrate
and ignited to the oxide. in which form it is
weighed and counted. The chemical yield is 40-
50% and duplicate samples can be analyzed in
about 4 hr. If the sample solution contains large
quantities of uranium the chemical yields are
likely to be low; at present there is no explana-
tion for this.

2. Reagents

Nb carrier: 10 mg Nb/m}, added as Nb (V) in
oxalic acid solution, standardized

Zr carrier: 10 mg Zr/ml, added as ZrO(NO;).-
2H.0 in 1M HNO,

Cu carrier: 10 mg Cu/ml, added as CuCl.-2H,0
in H,0

HCl: 6M; concd

HNO.: 6M; concd

H.SO,: concd

HF: concd

Tartaric acid: 25% aqueous solution

H.BO,: saturated aqueous solution

NH,0H: 6M; concd

(NH,).C,H,0;: saturated aqueous solution

BaCl.: 50 mg/ml

KClO.: solid (for standardization)

H.S: gas
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Cupferron reagent: 6%, aqueous solution (kept in
refrigerator)

Methyl red indicator solution: 0.i% in 9%
ethanol

Chloroform

3. Preparation and Standardization of Carrier

(Taken from Radiochemical Studies: The Fission
Products, Book 3, pp. 1524-5)

Dissolve 26.0 g of potassium hexaniobate,
KiNbgO,- 16H.0, {Fansteel Metallurgical Corp.)
in about 200 ml of H,0, heat the solution nearly
to boiling, and add 15 ml of concd HNO, slowly
with stirring. Continue heating and stirring for
2-3 min and centrifuge. Wash the precipitate three
times, with centrifugation, with 50 ml of hot 2%
NHNO, solution. Add 200 ml of saturated
H.C.0,, and heat with stirring until Nb,O; dis-
solves. Cool and dilute with H,O to 1 liter, Filter
the solution if it is not clear.

Pipet exactly 5 ml of the carrier solution
into a 100-ml beaker. Add 30 ml of 6M HNO,
and about 1 g of KCIO: and carefully heat the
solution to boiling, Boil gently with occasional
stirring for about 5 min., Cool the mixture and
add about 15 ml concd NH,OH with stirring to
make the pH value 8 to 10. Filter quantitatively
on a No. 42 Whatman filter paper through a 27,
60° funnel, returning the first portion of the
filtrate if it is not clear, and wash with hot H,O.
Ignite in a Coors 00 crucible at about 800° for
15-20 min and weigh as Nb,O;.

Four standardizations performed as described
above gave results agreeing within 0.5%.

4. Procedure

Step 1. To exactly 4 ml of Nb carrier in a
40-ml Lusteroid centrifuge tube, add 3 ml of
concd HF, 10 ml of tne sample in 4M HC], 1 ml
of Zr carrier, and 4 ml of BaCl, solution (50
mg/ml). Centrifuge the BaZrF, precipitate, trans-
fer the supernate to a clean 40-ml Lusteroid tube,
and discard the precipitate. Repeat the BaZrF; pre-
cipitation three times, the third time transferring
the supernate to a 125-ml separatory funmel.



Step 2. To the supernate add 30 ml of a
saturated H.BO, to decompose the Nb-fluoride
complex and make the solution 1M in HCl. Add
4 ml of cold 6% cupferron reagent and let the
muixture stand for 1 min. Fxtract the Nb-cupferron
complex into 20 ml of CHCl; and transfer the
CHCI, layer into a 125-ml erlenmeyer flask.

Step 3. To the aqueous phase, still in the
separatory funnel, add 2 ml of cupferron reagent,
extract with 10 ml of CHCl., and combine the
extract with the previous one. Wash the aqueous
phase with 10 ml of CHCIl, and combine the wash-
ings with the previous extracts.

Step 4. Heat the CHCl,-extract with 3 ml
of concd H.SO, and about 20 ml of HNO, to de-
stroy organic matter.

Step 5. Transfer the solution to a 40-ml
conical centrifuge tube and make the solution
basic by the addition of concd NH,OH, Centri-
fuge and discard the supernate. Dissolve the pre-
cipitate (Nb,O,-XH.0) in 3.3 ml of concd H.SO,
and dilute the solution to 20 ml with H.O. Add
1 ml of Cu carrier and saturate the solution with
H.S. Centrifuge and filter into a clean 40-ml
conical centrifuge tube, using a 2”, 60° funnel
and No. 42 Whatman filter paper.

Step 6. Make the supernate basic by addi-
tion of concd NH,OH to precipitate Nb.O;- XH.0.
Centrifuge, discard the supernate, and wash the
precipitate with a mixture of 5 ml of 63/ NH,OH,
3 ml of 6M HNO,, and 5 ml of H.O (Note 1}.
Dissolve the precipitate by warming in 0.5 ml
of 259%, tartaric acid solution, Centrifuge, transfer
the supernate to a clean centrifuge tube, and dis-
card any residue,

Step 7. Add 10 ml of concd HNO, to the
sunernate and heat the mixture on a steam bath
for about 15 min. Centrifuge, discard the super-
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nate, and dissolve the Nb.G,-XH.O precipitate in
1 ml of concd HF and 3 drops of 6M HCL

Step 8. Transfer the solution to a 125-ml
separatory funnel, add 10 ml of saturated H,BO,,
and make the sohttion 137 in HCL Add 4 ml of
cold cupferron reagent and extract the solntion
with 20 ml of CHCl,. Transfer the CHCIl, layer
to a 125-ml erlenmeyer flask.

Step 9. Repeat Steps 3, 4, 5, 6, and 7.

Step 10. Repeat Steps 8, 3, 4, 5, 6, and 7,
but dissolve the Nb.O, XI.O precipitate formed
in Step 7 in 5 ml of saturated (NH,).C,H.O,
solntion and sufficient concd WH,OH to make the
solution alkaline.

Step 11. Cool the solution in an ice bath
and add 4 ml of cupferron reagent, Add 6M HCI
dropwise to acidify (2 drops past a methyl red
end point). Filter the Nb-cupferron complex onto
a No, 42 Whatman filter circle, 74" diameter,
using the standard ground-off Hirsch funnel and
filter chimney equipment. Ignite at 800° for
15-20 min. Cool the Nb.O,, mount, and count
(Note 2).

Notes

1. The Nb.O;:XH.O precipitate is washed
with NH,NO, solution to prevent peptization.

2. The ignited Nb.O; is mounted on an Al
plate, 214” X 334", which has a depression %"
in diameter and 145” deep in the center of one
side. A dilute solution of Zapon in ethanol is used
to spread and fasten the oxide to the plate. The
precipitate is covered with rubber hydrochloride.
The sample is counted in a beta counter with no
absorber. The isotopes counted are 72-min *’Nb,
23.3-hr ?*Nb, and 35-day *Nb.
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palladium, phosphorus, plutonium, protactinium -
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PALLADIUM 11

E.). Lang

1. Introduction

Radiopalladium is separated from fission products
by first carrying out the sequence-palladium sulfide pre-
cipitation; palladium dimethylglyoximate precipitation;
silver chloride and iron(Ill) hydroxide scavenges-a total
of three times. The palladium is then precipitated as the
sulfide and converted again to the dimethylglyoxime com-
plex, PA(C4H-N,0,),, in which form it is weighed. The
chemical yield is 60-70%.

2. Reagents

Pd carrier: 10 mg Pd/ml, added as PdCl, in H,0, stand-
ardized

Ag carrier: 10 mg Ag/ml, added as AgNO; in H,O

Fe carrier: 10 mg Fe/ml, added as FeCl3*6H;0 in very
dilute HC]

HCl: 0.4 M; 6 M; concd

HNOj: coned

NH4OH: concd

H,S: gas

Dimethylglyoxime (DMG) reagent: 1% solution in 95%
ethanol

Aerosol: 0,1% in H, O

Ethanol: absolute

3. Preparation and Standardization of Carrier

Dissolve 16.65 g of PdCl, in H,O and dilute the
solution to a volume of 1 liter. Pipet 5.0 ml of the carrier
solution into a 40-ml concical glass centrifuge tube and
make the solution 0.4 M in HCl, Add 5 ml of 1% dimeth-
ylglyoxime reagent and stir thoroughly. Filter the
Pd-DMG precipitate through a weighed 60-ml sintered
glass crucible of medium porosity. Wash the precipitate
with small quantities of H,O and absolute ethanol. Dry at
110° for 15 min, cool, and weigh as PA(C3H,N,0,);.

Four standardizations are carried out. Results are
found to agree within 0.5%.

4. Procedure
Step 1. Pipet an aliquot of the sample into a 40-ml

conical glass centrifuge tube, add 2.0 mi of Pd carrier, and
make the solution 6M in HCI.
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Step 2. Heat and pass in H,S to precipitate PdS.
Centrifuge and discard the supernate.

Step 3. Dissolve the precipitate by boiling with
0.8 ml of concd HNO; and add 0.15 to 0.5 ml of concd
HC1.

Step 4. Take the soluiion to close to dryness bv
heating over a flame,

Step 5. Add 20ml of 0.4M HCI and stuir. (The
solution should be clear. Heating may be necessary to
effect cornplete solution.)

Step 6. Add 5 ml of DMG reagent and 1 drop of
aerosol. Centrifuge and discard the supernate.

Step 7. Dissolve the precipitate in 1 ml of concd.
HNO3;, boil nearly to dryness, add 2 m} of coned HC,
and boil nearly to dryness, Add 15 ml of H;O, heat 1o
boiling, and hold at boiling for 1 min.

Step 8. Add | drop of concd. HCl and 2 ml of Ag
carrier. Heat and stir tw coagulate the AgCl precipitate.
Centrifuge and transfer the supernate to a clean centrifuge
tube.

Step 9. To the supernate, add 1 ml of Fe carrier,
make the solution basic with concd NH,OH, centrifuge,
and transfer the supernate to a clean centrifuge tube.

Step 10. Make the supernate 6 M in HC] by addition
of the concd acid.

Step 11. Repeat Steps 2 through 10 two additional
times.

Step 12. Heat the solution and pass in H,S. Centri-
fuge and discard the supernate,

Step 13. Dissolve the PdS precipitate in 1 ml of
concd. HNO3 and take the solution almost to dryness by
heating over a flame. Add 20 ml of 0.4 M HCl, stir, and
centrifuge. Transfer the supernate to a clean centrifuge
tube.

Step 14. To the supernate, add 5 ml of DMG reagent
and 1 drop of aerosol. Centrifuge and discard the super-
nate. Wash the precipitate by centrifugation first with
30ml of 0.4M HCI and then with 30 ml of absolute
ethanol. With aid of ethanol, transfer the precipitate onto
a No. 42 Whatman filter circle, 17 diameter, using a Pyrex
filter holder (Millipore Corporation, catalog no.
XX1002500). Wash with small portions of H,O and




absolute ethanol. Dry ar 110° for 5 min, coo), weigh, and
mount. Count the betas from '%Pd and "'2Pd.
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PHOSPHORUS
N. A. Bonner and H, A. Potratz

1. Introduction

The principal decontamination steps in the
determination of radjophosphorus in the presence
of fission-product material involve precipitations of
the element as zirconium phosphate and am-
monium phosphomolybdate. Arsenic is removed
by precipitation of the pentasulfide. Lanthanum
fluoride scavenging is included. Phosphorus is
finally precipitated as MgNH, PO, -6H.0. in which
form it is counted. The chemical vield is 70-809,
and the time required for a singie analysis is
about 7 hr. A sample containing 1.5 X 10" fis-
sions was decontaminated to less than 3 counts/
min measured 2 dayvs after bombardment. A small
amount of short-lived contamination (probably
80-min "®As) remains if the sample is counted
about 8 hr after the end of bombardment.

2. Reagents

P carrier: 5 mg P/ml. added as (NH,).HPO, in
H 0. standardized

Zr carrier: 10 mg Zr/m}. added as ZrO(NO.).
2H.0 in 1M HNO,

As carrier: 10 mg As/ml. added as Na,HAsO,
7H.0 in H.O

La carrier: 10 mg La/m), added as La(NO,),
6H.0 in H.0

HCl: 3M; concd

HNO,: 6M; concd

HF: concd

Citric acid: 500 g/1 of aqueous solution

NH,0H: 1:20; concd

H.0.: 30% {Superoxol)

H.S: gas

Ammonium molvhdate reagent: 200 g
(NH,)Mp».0.,"4H.0. 800 ml H.0, 160 ml
conced NH,OH

Magnesia mixture: 50 g MgCl.-6H.0. 100 g
NH.CL 3 to 5 drops concd HCI, 500 ml H.O

Aerosol solution: 0.1% in H.O

Ethanol: 50%; 95%

3. Preparation and Standardization of Carrier

Make up a liter of an aqueous solution con-
taining 21.3 g of (NH,) . HPO,.

Pipet exactly 5 ml of the above carrier solu-
tion into a 100-ml beaker and add 20 ml of
magnesia mixture, Make the solution slightly basic
by the dropwite addition of concd NH,OH and
permit to stand for 3 min with occasional stirring.
‘Then add 10 m! of concd NH,OH and allow the
mixture to stand for 4 hr, again stirring occasion-
allv. Filier the precipitate onto a weighed 15-ml
coarse sintered glass crucible. Wash the pre-
cipitate with 1:20 NH,OH, 50% ethanol, and
finallv 959% ethanol. Pull air through the filter
for approximatelv 10 min and then allow the
precipitate to stand in the balance case for about
30 min. Weigh as MgNH,PO,-6H.0.

Four standardizations gave results agreeing
within 0.59%,.

4. Procedure

Step 1. To the sample in a 40-ml Lusteroid
centrifuge tube (Note 1). add 20 m] of 637 HNO,
and 1.0 ml of (NH,),HPO, carrier solution. Heat
the solution on a steam bath and add 2 ml of Zr
carrier to precipitate zirconium phosphate, Con-
tinue heating for 3-5 min. Centrifuge and discard
the supernate. Wash the precipitate with H.O
and discard the washings.

Step 2. Dissolve the precipitate in ¢.1 ml
of concd HF and add 5 ml of H,0. 10 m! of 6M
HNO.. 5 draps of 0.19 aerosol solution. and 5 ml
of ammonium molvbdate reagent. Heat the mix-
ture on a steam bath for 2.5 min. Centrifuge and
discard the supernate. Wash the ammonium phos-
phomolybdate precipitate with 10 ml of H.Q
containing a few drops of aerosol (Note 2).

Step 3. Dissolve the precipitate in 9.5 m!
of concd NH,OH. add 10 m! of H.O and 4 drops
of 30% H.O. (Superoxol), and stir thoroughly.
Add 10 ml of coned HCl and 2 ml of Zr carrier
(Note 3). and heat on a steam bath for 5 min.
Centrifuge and discard the supernate, Wash the
precipitate with H.O and discard the washings.

Step 4. Dissolve the precipitate in 0.2 ml of
concd HF and add 10 ml of 3M HCl, 0.5 ml of
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As carrier and a few drops of aerosol solution.
Heat on a steam bath for 15 min while bubbling
H.S through the solution, Centrifuge and trans-
fer the supernate to a clean 40-ml Lusteroid cen-
trifuge tube. Wash the precipitate with 1-2 ml of
H.O containing a few drops of aerosol solution.
While the precipitate is being washed, pass H.,S
through the original supernate which is being
heated on a steam bath. Combine the supernate
from the washing with the original supernate.
Discard the As,S; precipitate.

Step 5.  Add 2 ml of La carrier to the solu-
tion from Step 4. Centrifuge, transfer the super-
nate to a clean 40-ml centrifuge tube, and discard
the Lal; precipitate.

Step 6. To the supernate, add 4 ml of coned
HNO. and 5 m] of ammonium molybdate reagent.
Heat on a steam hath for 2-5 min, centrifuge,
and discard the supernate, Wash the precipitate
with 10 ml of H.O containing a few drops of
aerosol and discard the washings.

Step 7. Repeat Steps 3 through 6 twice.

Step 8. Dissolve the ammonium phospho-
molybdate precipitate in 1 ml of concd NH,OH
and add 2 m! of citric acid solution (0.5 g/ml).
Add 10 ml of magnesia mixture and concd NH,0H
{dropwise) until the solution is barely alkaline,
then add 10 drops more. Swirl the solution for
about 1 min and if a precipitate does not begin to
form. add 5 more drops of concd NH,OH, After
precipitation begins, swirl the mixture for at least
1 min and then add 4 ml of concd NH,OH. Allow
the mixture to stand. with occasional stirring, for
at least 10 min. Filter through a 15-ml fine
sintered glass funnel and wash the precipitate

with a small amount of 1:20 NH,OH, Dissolve
the precipitate in a few drops of concd HCI and
a few milliliters of H.Q, Collect the {iltrate in a
100-mnl beaker.,

Step 9. Add 10 ml of magnesia mixture and
just enongh concd NH,OH to neutralize the HCI
in the mixture. (One drop of NH,OH in excess
should cause the precipitate of MgNH,PO,-6H.0
to start forming.} Swirl for about 1 min and
then add 3 m! of concd NH,OH. Allow the mix-
ture to stand for at least 10 min. Filter onto a
weighed No. 42 Whatman filter circle, %" di-
ameter, using a ground-off Hirsch funnel and
filter chimney. Wash the precipitate with small
portions of 1:20 NH,0H, 509, ethanol, and 959
ethanol. Pull air through the filter for 5 min,
allow the precipitate to stand in the balance case
for about 30 min, weigh, mount, and count (Note

4).

Notes

1. If large amounts of SO,* ion are present
in the sample, the precipitation of zirconium
phosphate is not complete.

2. If the ammonium phosphomolybdate pre-
cipitate shows a tendency to peptize, dilute
NILNO; solution should be used for the wash.

3. The reagents should be added in the in-
dicated order. If HCI is added before dilution with
H.0, ammonium phosphomolybdute reprecipi-
tates.

4, 14.1-day *P is the isotope determined.
This has a 1.71 Mev beta and no gamma.



PLUTONIUM

D. C. Hoffman

1. Introduction

The essentially specific procedure for plutonium util-
izes the almost-quantitative carrying of Pu (IV) on
lanthanum fluoride and the great difference in ability of
Pu (II1) and Pu (1V) in 12M HCI medium to be adsorbed
on a Dowex A-1 anion resin. One cycle of the procedure
serves to separate plutonium from other a-emitters, and
two cycles usually give complete decontamination from
B-emitting fission products.

The initial lanthanum fluoride precipitation, carried
out in the presence of hydroxylamine, is an excellent
volume-reducing step and also eliminates many elements
(notably iron) which may interfere in the subsequent
adsorption of plutonium on the resin column. After disso-
lution of the lanthanum fluoride precipitate in 12M HCI,
adsorption on the amnion resin column of neptunium,
plutonium, and any traces of iron and uranium present is
effected while the rare earths, americium and curium, pass
through the column, Plutonium is eluted from the column
after reduction to Pu (1II) with hydriodic acid; neptunium
is not reduced to the +3 state and remains quantitatively
behind. (A solution containing 15 ug of 25U was run
through the procedure, and no fission counts above the
usual background of 0.1-0.2 ng (1 ng = 10¢ mg) could be
detected.)

The plutonium is collected directly from the resin
column on 1 7/8” platinum plates which are flamed,
a-countzd, and, if necessary, pulse analyzed. The plates
are usually very clean and may be a-pulse analyzed with a
resolution of 1-1.5%.

Samples may be run in quadruplicate and yields are
usually determined in one of two ways. **Pu tracer 1o the
extent of about one-fourth to one-half of the total pluto-
nium a-activity expected may be added to one or two of
the original aliquots. On completion of the analysis, the
fraction of ***Pu in the sample is determined by pulse
analysis, thus permitting the calculation of yield. Yields
may also be determined by spiking two of the four
samples with a standardized solution of plutonium activ-
ity which is at least five times as active as the z2liquot to
be analyzed. The average of the number of counts per
minute in the two unspiked samples is subtracted from
the average in the two spiked samples. The resulting value
divided by the number of counts per minute in the spike
gives the vield. The chemical yield is usually about 97%
and for a set of four aliquots analyzed simultaneously is
constant to within +1%. In analysis of solutions of very
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high ionic strength the yields are somewhat lower
(90-97%), probably because under these conditions the
lanthanum fluoride carrying step is less efficient. Quadru-
plicate analyses can be performed in 3 hr.

2. Reagents

La carrier: 5 mg La/il, added as La(NO3); - 5$H,0 in
H,0 *®Pu standardized tracer solution, in 3M HCI
or Pu standardized spike solution, any mixture or
Pu isotopes in SM HC]

HCL. concd (12M); 3M

HF: concd

HF-HNOj: equal volumes of 2M solutions

HNOj: cond.

H3BOj3: saturated solution

NH,;OH-HCl: 35% by weight in H,0

Solution I: 0.1 ml coned HNO;3 per 15 sl coned HCI

AGI-X10, 200-400 mesh anion resin (obrained in purified
form from Bio-Rad Laboratories, Richmond, Calif.),
slurry in H,0.

Hl stock solution: Distill HI (Mallinckrodt analytical
reagent grade, 5.5M in H1, 1.3% H3PO; preservative )
under nitrogen. The Hl cannot be used without
distillation rince the H3 PO, preservation appears to
cause the ¢lured drops to attack the Pt collection
disks and make the samples unsuitable for pulse
analysis. Commercial preparations of Hl without
preservative usually contain so much free iodine as
to make them unsuitable. Even after storage under
nitrogen, distilled HI is slowly oxidized. Oxidation
is inhibited by the addition of sufficient hydrazine
(up to 20% by volume of 64-84% N;H, in H,0) to
decolorize the HI solution. The final solution is
abour 4.4M in HI.

HI-HCi eluent; 1 ml of Hl stock solution is added to 7 ml
of concd HCl to give a solution about 0.44M in HIL.
The precipitate which results from the hydrazine
present is removed by centrifugation and the super-
nate is saturated with gaseous HCl. The solution is
permitted to come to equilibrium at room tempera-
ture before use; since the solution is readily oxi-
dized, fresh reagent is required every few days.

3. Procedure

Step 1. Forty-ml long-taper centrifuge tubes are
used to hold the samples. Into those tubes which will
contain szmple on which yield is determined, pipet 1 ml
of tracel solution. Pipet sample (3M in HC)) into each
centrifuge tube (1 ml aliquots are used if possible,
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although aliquots as large as 25 ml can be used if neces-
sary). Bring all solutions to the same volume by adding to
those which do not contain tracer ¢or spike) acid of the
same concentration as that in the tracer (or spike).

Step 2. To each tube, add 1-2 drops of La carrier
per ml of solution and then stir. Add 4-5 drops of
N, HOH-HCI per ml of solution and stir. Add 3 drops of
concd HF per ml of solution (Note 1), stir, and let stand
for 5 minutes.

Strep 3. Centrifuge and discard the supernate.

Step 4. Wash the precipitate with 10 drops of 2M
HF - 2M HNOj. Stir, centrifuge, and discard the super-
nate.

Step 5. Dissolve the LaF; precipitate by adding 2-3
drops of saturated H3ROj solution, stirring, and then
adding 0.5 ml. of concd HCl with stirring. If the solution
is clear and colorless, continue adding concd HCI until the
volume of solution is 2 ml. Add 1 drop of coned HNO3
and heat gently. The solution is now ready for Step 6. If
the solution, after treatment with concd. HCI, is yellow--
even faintly so-dilute to 2 m] with Hy0, and, omitting
the addition of La carrier, repeat steps 2 through 5.

Step 6. Transfer the solution to a 3-§ cm x 4 mm
Dowex AG-i resin column which has been washed with
about 1 ml. of Solution I (Note 2). (This wash may be
driven through the column with air pressure if desired.)
By means of air pressure, push the solution containing the
sample through the column. Wash the centrifuge tube
with ¢wo 1-ml portions of Solution I and discard the
washes.

Step 7. Wash the sides of the centrifuge tube with
1.5 ml of concd HCI, stir with a stirring rod, and remove
the rod. Centrifuge the HC! wash and pass the solution
thraugh the resin column under pressure.

Step 8. Add a few crystals of N;HOHHCl directly
to the top of the resin column. Wash the centrifuge tube
with 1 m! of concd HC, transfer the wash to the top of
the column and push it through with pressure. Do not let
the column run dry under pressure for air bubbles will be
forced into the column and channeling and erratic elution
of activity may occur.

Step 9. Transfer about 1 mi of HI-HCI eluent to the
top of the column but apply no pressure during elution.
The dark band of the eluent may be seen migrating down
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the column. Start collecting the drops around the edge of
a 17/8” Pt disk when the band is halfway down the
column. After the !'and reaches the bottom of the
column, collect 15 drops of eluent, placing as many of
them as possible in the cente: of the disk. If necessary,
the rest are collected on top of the drops already around
the edge of the disk.

Step 10. Place the Pt disk on a hot plate (with the
setting at about 400) under a heat lamp and allow the
drops o evaporate. Heat the dick to red heat in an open
flame and then cool. Alpha-count if the original aliquot
was spiked, and pulse analyze and a-count if 23%py tracer
was used. (Notes 3 and 4).

NOTES

1. When an appreciable quantity of Fe is present,
sufficient HF must be ad.ed to not only complex this
element {thus decolorizing the solution) but also to pre-
cipitate La carrier.

2. The presence of concd HNO; in Solution I is
necessary to destroy the reducing properties of the orig-
inal resin and thus avoid premature reduction of Pu (IV)
to the tripositive state.

3. 1if it is desired to fission-count the Pu, plates may
be prepared by taking the activity directly from the
column. However, if any drops are permitted to run
together giving an extreme “bathtub effect "' the fission-
counting results are invariably too low. To avoid such
effects attributable to sample thickness, the samples
should be electroplated using the procedure for Electrode-
position of Plutonium for Fission Counting.

4. The Np activity which quantitatively remains on
the column after elution of Pu may be removed in the
following manner:

(a). By means of pressure run concd HCI containing
several drops of HNO, -per milliliter through the column
until the dark color has been removed. Discard the efflu-
ent. (During this process the column may separate as a
result of bubbling, etc., but can be resettled by means of
ptessure.)

(b). Wash the resin with coned HCI and pressure,
permiitting the column to rebed itself.

(c). Elute the Np with 0.1M HCL If the yield is
very low after only one elution with 0.1M HCI, about
three cycles of elution alternately with 0.1M HCl and
concd HCl usually give yields up to 85%.



ELECTRODEPOSITION OF PLUTONIUM
FOR FISSION COUNTING

D. C. Hoffman

1. Introduction

The procedure described below is an adapration of
one by R. F. Mitchell, Anal. Chem., 32, No. 3, 326
(1960). The plating setup is the same as that used in the
Uranium-235 Procedure.

2. Reagents

HCl: concd; 1M

HNOj;: coned

NH4O0H: concd

Ethanol: absolute

NH4Cl: solid

Methyl red indicator solution
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3. Procedure

Step 1. In a graduated centrifuge tube, collect the
eluate from Step 9 of the PLUTONIUM procedure. (The
same amount of cluate as would normally be collected un
the Pt disk for pulse analysis is collected). To the eluate
add 2-3 drops of concd HNO3 and place the tube in an oil
bath which is maintained at about 100°. With the aid of
an air jet, evaporate the solution to dryness. Add 3 drops
of coned HCI and take the resulting solution te dryness.
Repeat the HCI treatment four times.

Step 2. After the final evaporation, take the residue
up in 0.5 ml of concd HCl and transfer to the electroplat-
ing cell. Use a 1" Pt plating disk, 2 thin-walled chimney,
and a plastic gasket. Wash the centrifuge tube with two
0.5-ml portions of distilled H, 0, transferring the washings
te the plating cell (vol. ~1.5 ml). Add two small spatula-
fulls of NH4Cl may be put in the cell before the sample is
added.) Make the solution basic with concd. NHa0H and
then add IM HC! dropwise until the solution is barely
acidic.

Step 3. Electroplate at 2 amp and about 6.8 v for
15 min while the solution is stirred with a graphite rod.
Just before plating is completed, add 0.5 ml of concd
NH40H. Immediately turn off the stirrer and the current
and pour the plating lignid tack into the centrifuge tube.
Remove the chimney and wash the Pt disk, first with H,0
and then with ethanol. Flame the plate and count for 1
min on an alpha counter.

Step 4. By means of Duco cemenz, mount the Pt
plate on a standard fission mount.

REMOVAL OF PLUTONIUM.239 FROM
RARE EARTHS, CESIUM, AND ZIRCONIUM

B. E. Cushing

1. 'Introduction

Plutonium (IV) can be quantatively removed
from the rare earths, cesium, and zirconium by
extraction with triisooctylamine. The separation



is not satisfactory if the plutenium is in an oxida-
iion state other than 4. The extraction is carried
out in the presence of the appropriate carrier or
carviers; for example. if the solution, after re-
moval f plutonium. is to be used for analysis of
zirconiun. then this element is employed as
carrier.

2. Reagents

La carrier: 10 mg La‘ml. added as La(NO.)-
6H.0 in H.O

Cs carrier: 10 mg Cs,/ml. added as CsCl in H.O

Zr carrier: 10 mg Zr/ml, added as ZrO(NO,).
2H.0 in 1M HNO;

HCl: 5M; concd

H.SO,: concd

NaNO.: 0.1M

Triisooctylamine: 209 by volume in Amsco-95

3. Frocedure
All operations are performed in a glove box.

Step 1. Pipet an aliquot of the sample into
a 50-ml erlenmeyer flask and add { ml each of the
desired carriers. Add 10-20 drops of concd H.SO,
and heat to fumes of SO,.

Step 2. Gool the solution and transfer to a
40-m! centrifuge cone with 5-10 ml of 53 HCL
Add :hout 10 drops of 0.1A7 NalNQ. and heat in
a boiling water bath for 5 mun.

Step 3. Transfer the solution to a 125-ml
separatory funnel and rinse the centrifuge cone
with a minimum amount of 534 HCl, adding the
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rinsings to the separatory funnel. Add an equal
volume of 209, by volume) triisooctylamine in
Amseo-93 and shake well.

Step 4. Allow the phases to separate and
draw off the aqueous phase into a clean 40-ml
centrifuge tube.

Step 5. To the aqueous extract add 10
drops of 0.1M NaNO. and heat in: a boiling water
bath for 5 min.

Step 6. Repeat Step 3 (Notes 1 and 2).

Notes

1. The extraction is repealed if neressary.
In one experiment it was found that three extrac-
tions were suffictent to completely remove 47 mg
oi plutonium in the sample,

2. The procedure does not remcve 241Am
activity. Americium activity may be separated
from the plutonium-free aqueous solution in the
following manner:

(a) Precipitate hydroxides by means of ammonia
gas. Centrifuge, discard the supernate, and wash the
precipitate with H,0. Centrifuge and discard the
supernate,

(b) Dissolve the precipitate in 1-2 drops of concd
HCl and add 1 ml of 5M NH,CNS buffered at pH
1.2. Put the solution on an AG 1-X8 anion column (100-
200 mesh and 1 cm < 6 cm) which has been previous-
ly equilibrated with the 5M NH,CNS solution,

(¢) Eluie with 10 ml of the cold 5M NH,CNS
solution. This procedure gives a decontamination fac-
tor of about 5 X 10% and should be repeated to en-
sure removal of americium.

10



HDEHP SEPARATION OF PLUTONIUM
FROM SOIL DEBRIS

D. C. Hoffman and F. O. Lawrence

I. Introduction

In this procedure, plutonium is extracted
quantitatively into HDEHP (di-2-ethylhexy] phos.
phoric acid) in n-heptane from 4V HNO. solu-
tions of the fluoride-soluble fractions obtained
from soil debris. The method is a convenient one
for the isolation of plutonium from large volumes
of solutions of high ienic strength. solutions from
which the element does not carry well on a flu-
oride precipitate. The plutonium is predominant.
ly in the (VI) oxidation state in the samples. The
element is recovered from the organic phase by
reduction 1o the (ITI) state and back-extraction
with NH,I-HCI <olution, This step accomplishes
extensive decontamination since most of the
species  which extract into HDEHP from +M
HNO, are not back-extracted by the NH,]I-HCI
solution. Further purification of the plutonium can
be accomplished by the usual LaF. precipitations
and elution from an anion resin column with HI-
HC! solution as described in the PLUTONIUM
procedure.

Plutonium (IV) is also extracted quantative-
Iv by HDEHP in n-heptane, but it appears that
in this oxidation state the element is so tightly held
in the organic phase that it is not effectively ve-
duced and back-extracted.

2. Reagents

HDEHP solution: 0,53 solution of di-2-ethyvlhexvl
orthophosphoric acid in n-heptane (43 ml. ~
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4325 g. of the acid in 250 ml of solution).
The HDEHP used was assayed at > 949, by
the supplier. Stauffer Chemical Company.
Chicago Heights. TII.

HCL. oA

NH,I: saturated agueous solution

NH,I-HC! solution: 1 volume of the saturated
NH,I solution to 8 of 9M HCI

NH.OH-HC!: <olid

3. Procedure

Step 1. Pre-equilibrate the 0.5M HDEHP
with an equal volume of 4M HNO.. To an aliquot
of the sample (about 4M in HNO.)in either a
narrow-necked 40-ml] conical centrifuge tube or a
60-ml separatory funnel, add % to % its volume
of the pre-equilibrated HDEHP. Shake for 1 min
and allow the phases to separate. centrifuging if
necessary. Remove the aqueous (bottom) layer and
discard. Wash the organic layer by shaking for 1
min with an equal volume of 4} HNO.. and dis-
card the wash,

Step 2. To the organic phase. add about 50
mg of solid NH.OH-HCI and then 15 volume of
NH.I-HCl <olution. Shake for 2 min and drain
the aqueous (hottom) laver inta a clean 40-ml
centrifuge tube. Discard the organic laver.

Step 3. If the final volume of the aqueous
laver is 10 ml or less. dilute with H.O 10 about
three times the valume. and praceed to Step 2 of
the PLUTONIUM procedure, If the volume is
greater than (0 nl. transfer the solution to a 125-
ml erlenmever flask and evaporate to the desired
volume over a burner, Then proceed to Step 2 of
the PLUTONIUM procedure. Be sure to oxidize
the Pu (T by adding 1 drop of concd HNO, to
the HCI <olution and warming just before passing
it through the anion resin column,

May 1968



THE SEPARATION OF PLUTONIUM FROM
LARGE VOLUMES OF SOLUTION

D. C. Hoffman and F. Q. Lawrence

I. Irtroduction

The basic principle of the separation of plu-
tonium from large volumes of solution is the
same as that used in the procedure for HDEHP
SEPARATION OF PLUTONIUM FROM SOIL
DEBRIS. in which plutonium is extracted quanti-
tatively into HDEHP (di-2-ethylhexyl orthophos-
phoric acid) in n-heptane from acidic solution. In
the procedure described below. the plutonium is
extracted into HDEHP-n-heptane which has been
impregnated on an inert support (a fluorohalo-
carbon resin). Extraction on such a column is
much miore convenient than one in which the
plutonium-containing solution is extracted with
a large volume of HDEHP solution. Moreover. the
back-extraction of plutonium from the column is
more efficient than from HDEHP solution, With
the use of the column. the separation of phases is
clean. a situation which is not always true in
ordinary liquid-liquid extraction,

2. Reagents

238Py standardized tracer solution. in 3M HCI

HCL: 9M; 4M

CrO;: solid

NH,I: saturated aqueous solution

NH,I-HCI: 1 volume of saturated NH,I solution
to 8 volumes of 9M HCI

NH.OH-HCI: solid

CTFE-2300 (fluorohalocarbon resin) powder:
supplied by Allied Chemical Corporation.
Morristown. N.J.

HDEHP: di-2-ethylhexyl orthephosphoric acid:
crude material assayed at > 949 by the
supplier. Stauffer Chemical Company, Chi-
cago Heights, Ill.. purified according to the
directions of K. Wolfsberg. Ph.D. Thesis.
Washington University. 1959. p.60; Universi-

ty Microfilms (Ann Arbor. Mich.). 1..C. Carl
No. Mic. 59-6948.
n-Heptane

3. Procedure

Step 1. Pipet the tracer Pu and the sample
in 43 HCI into an erlenmeyer flask and add a
few crystals of CrQ,. Heat to boiling and then let
cool to room temperature.

Step 2. To the CTFE-2300 (1 g/50 ml of
sample solution) (Note) add enough of a mixture
of equal volures of purified HDEHP and rn-hep-
tane to make a slurry. Allow to equilibrate for
5 min. Stir well and pour the resulting mixture
into a glass column (id. ~ 1 cm). the tip of
which has been plugged with glass wool. Wash
the column with 2 ml of 4M HCI.

\

Step 3. Pour the cooled sample-containing
mixture onto the column and allow it to pass
through either under gravity or with the applica-
tion of a slight air pressure. Discard the effluent.

Step 4. Wash the (resin) column with 2 ml
of 4M HCl and then with 2 ml of 9M HCI. Dis-
card the washings. Add a few crystals of NH.OH:
HCI to the top of the column.

Step 5. Add 2 ml of NH,I-HC] solution tc
the column to elute the Pu. collecting the eluate
in o 40-ml graduated glass centrifuge tube.

Step 6. Dilute the eluate to 3M in HCI by
addition of the appropriate quantity of H.O. Per-
form Steps 2 through 10 of the regular PLUTONI-
UM procedure.

Note
Different batches of CTFE vary somewhat in
their properties. so that different ratios of sup-

port to sample from that cited may be necessary.

November 1968
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THE SEPARATION OF PLUTONIUM FROM
LARGE VOLUMES OF SOLUTION. I

F. O. Lawrence and D. C. Hoffman

1. Intzeduction

In this procedure, DBHQ, (2,5-di-tertiary butylhy-
droquinone) in 2-ethyl-l-hexanol solution is utilized for
the back-extraction of plutonium (1V) from solutions of
HDEHP (di-2-ethylhexyl orthophosphoric acid) in »-
heptane. The use of DBHQ as a reagent for this purpose
was suggested in the May 31, 1968, annual progress report
of the Chemical Technology Division of ORNL, ORNL-
4272.

Work in our laboratory has shown that treatment
with DBHQ reagent followed by contact with 6 HCI will
back-cxtract both plutonium-(1V) and (V1) quantatively
from HDEHP-u#-heptane solutions. It should be noted that
plutonium (IV), once extracted into HDEHP solutions, is
apparently so tightly complexed that previous attempts to
back-extract it quantitatively with other reagents, even
with those which should reduce the element to the tri-
positive state, have been unsuccessful. Presumably, in the
back-extraction with the DBHQ solution, the plutonium
is reduced to the +3 state and then strongly complexed by
the DBHQ. ]

The extraction coefficients (for transfer from
aqueous media to HDEHP solutions) for plutonium (1V)
are very much higher than for plutonium (VI) and the
volume of HDEHP extractant for the former species can
be as little as one-fifth the volume of the sample. The
procedure can be adapted readily to a mixture of the two
plutonium species by increasing the volume of HDEHP
extractant to one-third of the sample volume.

To determinc the element quantitatively, **Pu
tracer is added and sodium nitrite is used to ensure that
all the plutonium is converted to the +4 state to effect
complete exchange.

2. Reagents

23%py standardized tracer solution, in 3 M HCI
HDEHP solution: 0.75 M solution of di-2-ethylhexyl
orthosphosphoric acid in #-heptane; aource: Eastman
Organic Chemicals
DBHQ solution: 0.2M solution of 2,5-di-tertiary butylhy-
droquinone in 2-ethyl-1-hexanol; Source: Eastman Organ-
ic Chemicals.
HCl: 6M; 3M
NaNQO,: 10M
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3. Procedure

Step 1. Pre-quilibrate the 0.75 M HDEHP solution
with an equal volume of 3M HCl in a separatory funnel.
(The size of the funnel should be abaut twice that of the
aliquot of sample that will be used.) Add sufficient 10M
NaNO; to an aliquot of the sample and the Pu tracer (in
either a narrow-necked conical centrifuge tube or an
erlenmeyer flask) to make the final concentration of the
salt about 0.2M (for example, 1 ml of 10M NaNO; to 50
ml of aliquot of sample). Heat the solution to boiling and
then permit it to cool to room temperature. Add the
sample to one-third its volume of pre-equilibrated
HDEHP, shake for 1 min, and allow the two phases tc
separate, centrifuging if necessary (Note). Remove the
aqueous (bottom) layer and discard. Wash the organic
layer by shaking for 1 min with an equal volume of 6}
HCI and discard the wash.

Step 2. To the organic phase, add one-third volume
of the 0.2M DB!IQ solution and shake for about 10 sec.
Add one-half volume of 6M HCI, shake for about 2 min,
and allow 5 min for the scparation of the two phases.
Drain and save the aqueous (lower) phase and discard the
organic layer.

Step 3. If the volume of the aqueous phase is less
than § ml, add H;0 to make the solution 3M in aci! and
proceed to Step 2 of the PLUTONIUM procedure. If the
volume of the aqueous phase is greater than 5 ml, transfer
the solution to a 125-ml erlenmeyer flask and evaporate
to 2-5 ml over a burner. Transfer the solution to 2 40-ml
conical centrifuge tube, dilute to make the solution 3M in
acid by means of water washes from the erlenmeyer
flasks, and then continue with Step 2 of the PLUTONI-
UM procedure.

Note

If very large aliquots (150-200 ml) of sample are
used, the volume of HDEHP solution may be increased to
one-half volume of that of the sample, and a second
back-extraction with 6M HCl may be performed.



PROTACTINIUM
H. A. Potratz and N. A, Bonner

. Introduction

In the determination of protactinium-233 in
the presence of fission-product material. lan-
thanum fluoride scavenging is followed by the
carrying of the protactinium on barium fluo-
zirconate. The fluozirconate is converted to an
iodate of undetermined composition which is
then dissolved in hydrochloric acid and the pro-
tactinium is extracted with diisopropyl carbinel;
the zirconium remains in the aqueous phase. The
protactinium is back-extracted with hydrofluoric
acid and mounted carrier-free for counting. Pro-
tactinium-231 is used as a tracer to determine
chemical yield.

This procedure was tested on a fission-product
mixture from 3.2 X 10" fissions 3 days after end
of bombardment. Final activity was 8 = 5
counts ‘min and the yield was 769%,.

2. Reagents

231Pa tracer

Zr carrier: 10 mg Zr/ml. added as ZrO(NG.).-
2H.0 in 1M HNO,

La carrier: 10 mg La‘ml, added as La(NO.);
6H.0 in H.O

Ba carrier: 30 mg Ba/ml. added as BaCl. in H.O

HCI: 6M; concd

HNO.: concd

HF: concd

HIO,;: 1M

H.BO.: saturated aqueous solution

Diisopropy] carbinol: Eastman’s Yellow Label (re-
distilled)

3. Procedure

Step 1. To the fission-product mixture in
about 2M HCIl in a 50-m] Lusteroid centrifuge
tube, add 3 ml of concd HNG,, 2 ml of Zr carrier,
2 ml of concd HF, and ¥'Pa tracer in known
amount (Note 1).

Step 2. Dilute to 20 ml and add 1-2 ml of

La carrier. Centrifuge and transfer the supernate
to a clean Lusteroid tube. Wash the precipitate
with H.0 and combine the supernate with the
previous one, discarding the precipitate,

Step 3. Add 3 ml of Ba carrier and allow
the mixture to stand for 2-3 min. Centrifuge and
wash the precipitate with H.O, discarding both
the supernate and the washings. Dissolve the
BaZrF, precipitate by treating with 3 ml of
saturated H,BO.. 1 ml of concd HNO;, and 2 ml
of H.O.

Step 4. Heat the mixture on a steam bath
until the precipitate dissolves completely. Add 15
ml of 1M HIO, and allow to stand for 5-10 min.
Centrifuge (Note 2). wash with H.0, and discard
the supernate,

Step 5. Add 5 ml of concd HCI to the iodate
precipitate and heat on the steam bath for about
2 min. Add 2 ml of H.O and continue heating
until the precipitate is entirely dissolved, Trans-
fer the solution to a 125-ml separatory funnel.
Complete the transfer with 30 ml of 6M HCL
Add 35 ml of redistilled diisopropyl carbinol and
shake thoroughly. (If the activity level is high.
agitate the mixture with a stream of air.) Draw
off and discard the aqueous phase, (This contains
most of the Zr.) Wash the carbinol phase with
two 23-ml portions of 637 HCl and discard the
washings. Treat the carbinol phase with two
10-ml portions of a solution made by diluting 3
ml of concd HNOQ, and 0.5 ml of concd HF to 20
ml, Transfer the aqueous extracts to a clean Lus-
teroid tube and discard the carbinol phase. To the
combined aqueous extracts add 2 m) of concd HF
and 2 ml of Zr carrier.

Step 6. Repeat Steps 2 through 5, and then
Steps 2 through 4.

Step 7. Dissolve the iodate precipitate in 5
ml of concd HCl. Heat and add 2 ml of H.O.
Transfer the solution: to a 60-ml separatory fun-
nel. Complete the transfer with 10 ml of 63
HCL. Shake the solution with 16 ml of diisopropyl
carbinol. Wash the carbinol phase with two 10-ml
portions of 6 HCl and discard the aqueous
phases. Transfer the carbinol phase to a Lusteroid
centrifuge cup. Add 0.8 ml of H.O and 0.2 m! of
concd HF and agitate thoroughly. Centrifage.
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Draw off as much of the carbinol phase as possible
with a drawn-out dropper tube and discard. Add
5 ml of carbinol, shake, centrifuge, and discard
the carbinol phase. Repeat the carbinol wash and
draw off. Transfer the aqueous phase by means of
a drawn-out dropper onto a Pt disk of 1” diameter.
Evaporate under a heat lamp. Alpha-count for
#1Pa, Count betas of 2*Pa under 10 mg/cm?® Al
absorber.
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Notes

1. Only a small amount of **Pa tracer
should be used. The gamma radiation gives about
0.02 counts min on the beta counter for every
count per minute on the alpha counter.

2. This precipitate is not a simple zirconium

iodate. It may be BaZx{10,),.



it g b i e e

rhodium, rubidium, rufhenium-
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RHODIUM
J. 8. Gilmore

. Introduction

In the determination of radiorhodium the
principal decontamination steps include (a) re-
moval of ruthenimm as the volatile RuO,. (b)
precipitation of Rhl.. and (¢) iron{ITT) hydroxide
and acid sulfide scavenges from solutions con-
taining the extremely stable [Rh(CN).]* com-
plex ion. The rhodium is finally electroplated
from sulfuric acid solution after destruction of
the complex. The chemical yizid is about 60%.
and six samples can be analyzed in about one day.

2. Reagents

Rh carrier: 10 mg Rh ‘ml. standardized

Co carrier: 10 mg Co’ml. added as CoCl.-6H.O
in H.O

Fe carrier: 10 mg Fe'ml added as FeCl-AH.O

in 13/ HCl

carrier: 10 mg Mo 'ml

(NH,).Mo:0.,-4H.0 in H.O

Ba carrier: 10 mg Ba 'ml. added as BaCl.-2H.0
in H.O

Sh(IID) carrier: 10 mg Sh-'ml. added as SbCl, in
127 HQL

Te(IVY carrier: 10 mg Te ‘'ml added as Na.TeQ.
in 1/ HCI

HCl: 61/: concd

HNO : concd

H.S0,: concd

HC10,: concd

NH,0H: concd

KCN: 3M

NaNO.: 537

Na.CO : 05V

CuiNO ), solation: 100 mg Cu ‘ml

KI: solid

H.S: gas

Fthanol: 95%

Cation exchange column: 6 num > 6 cm Dowex
30-X8 (50-100 mesh: pretreated by washing
with 3/ NH,OH

Mo added as

3. Preparation and Standardization of Carrier

Weigh out 27.34 g of RhCl.-4I1.0 and make

up to 1 liter in 0.013/ HCI. Pipet 3.0 ml of the
solution into a 125-mi erlenmeyer flask and add
3 ml of concd H.80,. 2 ml of concd HCIO, and
1 ml of concd FINQO,. Heat until SO, fumes ap-
pear. Transfer the solution with 20 ml of 1.0
to the plating cell having a weighed Pt disk as
cathode. Electroplate at room temperature and 0.1
amp for 16 hr (Note), Wash the cathode with
H.O and then with 93¢ ethanol. Dry at 110° for
15 min. cool. and weigh. Four standardizations
gave results agreeing within 0.3%.

Procedure

Step 1. To a 125-ml erlenmeyer flask add
3 il of standard Rh carrier and an aliquot of
the sample.

Step 2. Add 3 ml of concd H.SO,, 2 ml of
concd HCIO,. 1 ml of concd HNO, and heat until
S0, fumes appear. Cool, add 2 ml of concd HCIO,.
and evaporate to a volume of 1 ml.

Step 3. Add 3 ml of 6M HCL 1 ml each of
Mo and Co carriers. 1 to 2 g of solid KI and boi!
for 20 min. adding 637 HCI as needed to keep the
volunie of solution approximately constant, Trans-
fer to a 40-ml centrifuge tube. centrifuge. and
discard the supernate, Wash the Rhl . precipitate
with 20 ml of warm 61/ HCI and discard the
supernate.

Step 4. To the precipitate add 3 ml of
3¥ KCN and heat until solution occurs. Add
1 ml of Te(IV) carrier, 2 ml of 6M HCi,
and heat to boiling. While heating. add 5M
NaNO. dropwise until I. fumnes are no longer
visible.

Step 5. Dilute 10 20 ml with H.O, add 3
drops of Fe carrier. and then concd NH,OH until
a precipitate barely forms., Centrifuge, transfer
the supernate to a clean 40-ml centrifuge tube,
and discard the precipitate.

Step 6. Add 2 ml of concd NH,OH. 1 ml of
Ba carrier. 3 ml of 0.5M Nz.CO, and warm on a
steam bath for 5 min. Add 3 drops of Fe carrier.
stir. and centrifuge. Transfer the supernate to a
clean centrifuge tube and discard the precipitate.

Step 7. Add concd HGI dropwise until the
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evolution of CO. ceases. Add 1 ml of 6M HCI, 1
ml each of Te(IV) and Sh(III) carriers, and
saturate with H.S. Centrifuge, transfer the super-
nate to a clean centrifuge tube, and discard the
precipitate.

Step 8. Boil the solution for about 30 sec
to remove H.S. Add 7 ml of concd HCI, 2 ml of
Cu(NO,). solution, and cocl in an ice bath. (The-
Rh is precipitated. presumably as the compound
Cu.[Rh(CN).]..) Centrifuge and discard the
supernate.

Step 9. Dissolve the precipitate in 2 ml of
concd NH,OH and dilute to 10 ml with H.O.
Transfer to the Dowex 50 cation exchange column
and allow the solution to pass through under
gravity. catching the eluate in a 125-ml erlen-
meyer flask, [Cu(NH,),]2* is removed on the
coluin, the [Rh(CN),}* passing through.

Step 10. Evaporate the solution nearly to
dryness, add 3 mi of concd H.SO,, and concen-
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trate to a volume of 1 ml to remove Rh.cyanide
complex,

Step .11. Repeat Steps 3 through 9, but
collect the column eluate in a 40-ml centrifuge
tube.

Step 12. Repeat Steps 6 through 10.

Step 13. Add 2 ml of coned HCIO,, 1 ml of
concd HNO,, and heat until SO, fumes are evolved.
Transfer to the plating cell with 20 ml of H.O.
Electroplate at room temperature and 0.1 amp
for 16 hr on a weighed Pt cathode disk. Wash
the cathode with H.O and then with 959 ethanol.
Dry in an oven at 110° for 15 min. Cool, weigh.
mount. and Z-count.

Note
The components of the plating cell must be

extremely clean in order to obtain a smooth, ad-
herent cathode deposit.



ADDENDUM TO THE
RHODIUM PROCEDURE

J. S. Gilmore

It has been found convenient to substitute for
Step 9 the following method for the removal of
Cu from the precipitate. which presumably has«
the formula Cu,[Ru(CN)].:

To the precipitate add 20 ml of H.O. svarm
the mixture. and then add sufficient 6M
NaOH to convert all the copper to the in-
soluble oxide, leaving the rhodium cyano
complex in solution as the sodium salt. When
conversion is complete (the precipitate will
be black and the solution colorless). centri-
fuge. transfer the supernate to a clean cenri.
fuge tube, and discard the precipitate. Pro-
ceed to Step 10,

May 1968
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RUBIDIUM
E J. Lang

l. Introduction

In this procedure for the analysis of radio-
rubidium in solutions obtained from soil debris.
alkali metals are first precipitated as perchlorates
ir an ethandlic medium. Following Fe(OH).
scavengings. rubidium is precipitated as the phos.
pho-9-molybdate. a step which serves effectively
to decontaminate the element from potassium.
Molybdenum is then removed by precipitation as
MoS; from slightly acidic solution. Rubidium
perchlorate is again formed. and the element is
separated from cesium by adsorption of the latter
on a thallium(I) phospho-12-tungstate (TPT) ex-
change column. The effluent is treated with aqua
regia to oxidize thallium to the 4-3 state. the solu-
ilon is evaporated to dryness, and any ammonium
ion present is removed by heating the residue. Af-
ter the thallium is separated by adsorption on an
anion exchange resin from a solution 14 in HCL
rubidium is finally precipitated as the perchlorate.
The chemical yield is 50-609,.

2. Reagents

Rb carrier: 10.0 mg Rb/ml. added as analytical
reagent grade RbC)

Fe carrier: 10 mg Fe/ml. added as FeCl..6H.O in
1M HCl .

HCI: 1M; concd

HCIO,: concd

HNO;: 3M; 6M; concd

Aqua regia: 3:1 V,/V coned HCl: concd HNO,

NH.,0OH: concd

NaOH: 6M

HL.S: gas

Fthanol: absolute

9.molybdophosphoric acid solution: 5 g of 12
molybdophosphoric acid. gently heated to ~
400-450°C. (Color will change through orange
to green.) Cool. Leach with ~ 10 ml H.O.
Filter, oxidize greenish solution to yellow solu-
tion with bromine water. Make up to ~ 20
ml with 6} HNQ..

TPT exchanger: to 180 ml of a 0.0015M TINO,
solution in 0.4 HNO.. add 50 mi of a solu-
tion containing 2% by weight of 12-tungs-
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tophosphoric acid (H.[PW,,0,,1) in 04M
HNO,. Evaporate the mixture containing pre-
cipitated thallium(I) phospho-12-tungstate
until the volume is about 10 ml. Add 25 g
of filter paper puip and shake thoroughly.
{Reference: H. Caron and T. Sugihara. Anal.
Chem.. 34. 1082 (1962} ).

Anion exchange resin: Dowex AG1-X10. 50-100
mesh. stored in 63 HCI

3. Procedure

Step 1. To 2.0 m! of Rb carrier in a 125-ml
erlenmeyer flask. add an aliquot of the sample, 5
ml of concd HNO,. and 8 ml of concd HCIO..
Heat until dense HCIO, fumes appear and then
cool,

Step 2. Transfer the solution to a clean 40.
ml glass centrifuge tube, Wash the erlenmeyer
flask w h two 10-ml portinns of ahsolute ethanol
and add the washings to the centrifuge tube. With
vigorous stirring. cool the contents of the tube for
about 15 min in an ice bath. Centrifuge and dis-
card the supernate. Add 20 wl of absolute ethancl
to the RbClO, precipitate and, with stirring, caol
in an ice bath for 15 min. Centrifuge and discard
the supernate. Repeat the ethanol wash.

Step 2. To the precipitate add 20 m! of H.O
and 1 drop of concd HCI and stir to effect solu-
tion, Neglect any residue. Add 5 drops of Fe car-
rier and then concd NH,OH dropwise until pre-
cipitation occurs, Centrifuge. transfer the super-
nate to a clean centrifuge tube, and discard the
precipitate. Repeat the Fe(OH). scavenge and
transfer the supernate to a (lean 125-ml erlen-
mever flask.

Step 4. Evaporate the solution to dryness.
add 5 ml of 3M HNO.. and transfer to a clean
centrifuge tube. Wash the erlenmeyer flask twice
with 10-ml portions of 3M HNO, and add the
washings to the centrifuge tube. Add 10 ml of
freshly prepared 9-molybdophosphoric acid solu-
tion. heat to boiling. and let the mixture stand un-
til precipitation of rubidium is complete. Centri-
fuge and discard the supernate. Wash the pre-
cipitate with one 10-ml portion of 3 HNO,. Dis-
card the washing.

Step 5. Dissolve the precipitate in a mini-



mum amount of 63 NaOH. heating if necessary.
Dilute to 20 ml with H.O and make barely acidic
with 60 HNO. and then barely basic with 61/
NaOH. Saturate the solution with H.S, heat to
boiling. add 1 drop of concd HNO. and heat to
coagulate the NioS, precipitate. Centrifuge and
transfer the supernate to a clean 125-ml erlen-
mever flask,

Step 6. Heat the supernate 10 dryness. Add
2 ml of 3W HNO. to dissolve the residue and
transfer the <olution to a TPT exchange cohimn.
8 mm x 3 cm. which has previously been prepared
by washing with 33 HNO, under pressure (6-8
drops per min) until the effluent is clear. Wash the
erlenmever flask with rwo 2-ml portions of 3M
HNO. and add the washings to the column, By
means of air pressure force the solution through
the colummn at a rate of 6-8 drops per min, Collect
the effluent in a clean 123-ml erlenmever flask.
Wash the TPT column with a 53-ml portion of
3M HNO. and pass the wash through the column.
Repeat the washing. Combine all effluents. (Note)

Step 7. Evaporate the solution to drvness.
add 3 ml of aqua regia. and take to dryness again.
Heat the residue to decomipose any ammonium
siahts present. Cool. add 2 ml of 147 HCL. and put
the solution on a Dowex AG1-X10 anion ex-
change resin column, 8 mm x 5 cm. which has
previously been washed with two 5-ml portions of
1M HCI. Rinse the erlenmeyer flask with 2 ml of
1M HCI and add the vinsings to the colunm. Re-

peat the washing. Permit the <olution and the
rinsings to run sequentially through the column
under gravity and collect the effluents in a clean
125-ml erlenmever flask, {Thallium is adsorbed
on the column.)

Step 8. To the solution add 5 ml of concd
HNO.. 8 ml of concd HCIO,. and evaporate until
dense HCIO, fumes appear. Ceol and transfer the
solution to a clean centrifuge tube. Wash the erlen-
meyer flask with two 10-ml] portions of absolute
ethanol and add the washings to the centrifuge
tube. Cool. with vigorous stirving, in an ice bath
for 15 min. Centrifuge and discard the supernate.
To the RbCIO, precipitate. add 20 ml of absolute
ethanol and. with stirring. repeat the cooling pro-
cess. Centrifuge and discard the supernate, Repeat
the ethanol wash. but this time filter the pre-

cipitate onto a weighed No. 42 Whatman filter

circle. using a ground-off Hirsch funnel and stain-

less steel filter chimuey, Dry the precipitate for

3 min at 110° cool. weigh. and mount for count-
ng.
Note

Radiochemically pure cesium. which is strong-
Iy adsorbed oun the TPT column. can be eluted

with 0,153/ TINQ..

May 1968
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RUTHENIUM
M. A. Melnick

The provedure for the determination of radio-
ruthenium in fission products is a modification
of a method developed by L. E. Glendenin, CN-
1312 (May 15, 1945).

I. introduction

Radioruthenium is separated from other fis-
sion products by oxidation to the tetroxide, RuQ,,
and distillation of this volatile oxide, The oxida-
tion is effected by means of a mixture of perch-
loric acid and sodium bismuthate in the presence
of red fuming nitric acid. The bismuthate serves
to convert the halogens to their nonvolatile
oxvacids, The ruthenium tetroxide is distilled into
sodium hydroxide solution and the ruthenium pre-
cipitated as a mixture of oxides. Ru.0, and RuO..
bv reduction with ethanol. These oxids are dis-
solved in hydrochloric acid and elementary ru-
thenium is precipitated by means of magnesium
metal. The chemica! vield is about 709 and
duplicate analyses can he performed in approxi-
mately 3 hr.

2, Reagents

Ru carrier: 10 mg Ru/ml. added as a mixture of
RuCl. and RuCl, in 0.1M HC]

I carrier: 10 mg I/ml. added as KI in H.0

HCI: 1M; 6M: concd

HC10,: 709,

H.PO,: 85%

NaOH: 6M

NaBi0,: solid

Mg metal: powder

Fthanol: 959

3. Preparation and Standardization of Carrier
Dissolve 26 g of commercial ruthenium

chloride (a mixture of the hydrated trichloride

and tetrachloride} in 1 liter of 0.1M HCl
Pipet 5.0 ml of the carrier solutior into a

125-ml erlenmeyer flask and add about 04 g
of powdered Mg metal portionwise. shaking after
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each addition. Dissolve the excess Mg metal in
concd HC! and decant the resulting supernate
carefully Add 20 ml of 1M HCI and swirl. Filter
the Ru metal onto a weighed 60-ml sintered glass
crucible of medium porosity. Wash the precipitate
twice with 5-ml portions of H.O and twice with
5-ml portions of 95% ethanol. Dry for 15 min at
110°, cool, and weigh.

Four standardizations are performed with
results agreeing within 0.59%,.

4. Procedure

Step 1. Pipet an aliquot of the sample into
the distillation flask (see diagram); add 2 ml of
Ru carrier, 1 ml of I holdback carrier, 6 ml of red
fuming HNO,.. 0.4 g of NaBiO,. 1 ml of 859
H.PO, (Note 1). and 10 ml of 70% HCIO,. Keep
the flask in a hot H,O bath until the solution is
colored light amber.

AR mgsr-.%

S-mm 1D TUBING

9.2em
-
138em

{L

S-mm 10 TUBING

Ruthenium distilling flask.



Step 2. Heat the distilling flask over a Bun-
sen burner and catch the first 2 m) of distillation
in a 40-ml conical centrifuge tube containing 10
ml of 63 NaOH. Discard this portion of the dis-
tillate.

Step 3. Place as the receiver a clean 40.ml
centrifuge tube which contains 20 ml of 6M
NaOH and i< cooled in an ice bath. Continue the
distillation until all the RuQ), has come over. (At
this “tage the solution in the distilling flask will
be virtually colorless.)

Step 4. To the distillate add 3 ml of 959
ethanol. heat to boiling. and centrifuge the mix-
ture of precipitated ruthenium oxides (Note 2).
Discard the supernate.

Step 3. Dissolve the precipitate by heating
with 2 ml of 6M HCL Transfer the rvesulting
solution to a 123-ml erlenmever flaxk and add
about (13 ¢ of Mg powder portionwise, Dissolve
unreacted Mg powder in a minimum of coned
HCE and carefully decant the supernate, Add 20
ml of H.0.

Step 6. Filter the Ru metal onto a weighed
No. 30 Whatman filter circle. 73" diameter. u<ing
a ground-off Hirsch funnel and filter chinmmey.
Wash the precipitate twice with 3-ml portions of
H.0 and twice with 3-ml portions of 959 ethanol.
Dry at 110° for 15 min, cool. weigh. and mount
{Note 3).
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Notes

1. The H PO, is added to the distilling flask
to prevent the slight volatilization of molvbdenum

by HCIO,.

2. Technetium is volatilized. probably as
Te.0.. However. Te (VI is not reduced by
ethanol and this element therefore does not con-
tuminate the ruthenivm. technetium
activity s usuallv absent from most <olutions.
since 5.9-hr *Te (daughter of 67-hr *NMo) s
the longest-lived technetium isotope prominent in
fission.

Moreover.

3. The #2-day "*Ru activity can be <epa-
rated conveniently from 1-vear ™Ru since the
3Ru activity is about 43 times as abundant as
"Ru as a result of half-life aud fission vield
factors. "Ru also has abont three times as many
gmmna ravs as "™Ru, With the use of a scintilla-
tion counter and a 2000-mg Al absorber 1o elimi-
nate the 3.35 Mev beta from ""*Ru. **Ru can be de-
termined. "Ru mayv be counted on a beta propor.
tional connter using a 210-mg Al absorber to cut
out the 0.68 Mev beta of "Ru. The 0.55 Nev
gamma from "Ra is counted also and must be
corvected for by counting through a «eries of
heavy Al ahcorbers (1600 0 2300 mg cm?®) and
extrapolating the activity 1o 210 mg Al
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SCANDIUM

J. E. Sattizahn
With modifications by R. J, Prestwood and
B. P. Bayhurst

1. Introduction

The initial step in the procedure for de-
termining radioscandium is the extraction of the
element from a solution 10M in nitric acid by
0.5 HDEHP (di-2-ethylhexyl orthophosphoric
acid) in n-heptane. The scandium is then back-
extracted into water as a complex fluoride. After
destruction of the complex. scandium is precipi-
tated as the simple fluoride. Other decs 1tamina-
tion steps are lanthanum fluoride scavenging
while the scandinm is complexed and lanthanum
hydroxide-ferric hvdroxide scavenging. Scandium
is finally precipitated as the hydroxide, ignited,
and counted as the oxide.

The chemical yield is about 65%. and four
samples can be analyzed in about 5 hr.

2. Reagents

Sc carrier: 13 mg Sc 'ml. added as 5cCl. in very
dilute HCL standardized

Fe carrier: 10 mg Fe ‘ml. added as FeCl.-6H.O in
very dilute HCI

La carrier: 10 mg La ‘ml. added as La(NO.),
6H.0 in very dilute HNO,

Ce (IV) carrier: 10 mg Ce.'ml, added as Ce(NO.),

HCl: 6M

HNO.: concd

HCIO;: concd

NH,OH: concd

NH.OH-HCI: solid

H.BO.: saturated aqueous solution

NH,HF.: mixture of 2 volumes of 6/ NH,OH
and 1 volume of 27M HF

NH,NO.: 29, aqueous solution

Methyl red indicator solution: 059 in 90%
ethanol

Ethanol: absolute

69, rubber cement in benzene

HDEHP: 0.5M solution of HDEHP (di-2-ethyl-
hexyl orthophosphoric acid) in r-heptane.
The acid may be obtained from the Victor
Chemical Division of the Stauffer Chemical

Co., Chicago Heights, Ill. The acid employed
was claimed to be 949, pure.

3. Preparation and Standardization of Carrier

Dissolve 20.0 g of Sc.0, in a minimum of
concd HCL. add an additional 5 ml of HCIL and
make the solution up to a volume of 1 liter with

H.0.

Pipet 5.0 ml of the above carrier solution into
a 100-ml beaker and dilute to 20 m! with H.O.
Add 5 1l of coned NH,OH to precipitate
Sc/OH),. Filter the solution through No, 42
Whatman filter paper (9 cm). using a 2. 60°
funnel. Rinse the beaker with 5 ml of 0.1M
NH,CI and fiter the washings through the paper
containing the Sc(OH),. Transfer the precipitate
to a weighed Coors 00 porcelain crucible and ig-
nite at 900° for 1 hr. Cool and weigh as Sc.O..

Two standardizations gave results agreeing
within 0.3%

4. Procedure

Step 1. Add two m! of Sc carrier and then
an aliquot of sample to a 60-ml separatory funnel.
Make the solution 1031 in TINO., add 5 drops
of Ce(IV) carrier [as Ce(NO.),]. and make the
volume approximately 40 m! by the addition of
10M HNO.. Add about 100-200 mg of NH.OH-
HCI to reduce Ce(IV) to Ce(III). (The reduction
is evident by the disappearance of the yellow
color.) Add 10 ml of HDEHP, stir vigorously for
5 min, and discard the H.O ayer. Wash the hep-
tane layer with 10 ml of 10M HFINO, containing
5 drops of Ce(ITI) prepared as described abave
and discard the washings. Transfer the heptane
layer to a 40-ml, quartz, tapered centrifuge tube.

Step 2. Add 4 ml of NH,HF. and stir
vigorously for 5 min. Add 5 ml of H.O, stir for 2
min, then add 5 ml of concd HCIO,, and heat on
a steam bath for 10 min, (ScF, precipitates at
this point.) Centrifuge and discard both the
organic and aqueous supernates, To the ScF; pre-
cipitate add 1 ml of concd H,SO, and 3 or 4 drops
of Ce(IV) carrier and heat to SO, fumes. Cool.

Step 3. Dilute to 10 ml with H,0 and heat
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to dissolve any solid material. Add 100-200 mg of
NH.OH-HCI to reduce Ce(IV). 3 ml of NH HF.,
and 2-3 drops of methyl red indicator solution.
Add concd NH,OH until the solution is barelv
acidic. (CeF; precipitates and Sc¢ remains in soln-
tion as a fluoro complex.) Add 2 drops of La
carrier, centrifuge, and transfer the supernate to
a clean 40-ml, polyethylene. tapered centrifuge
tube.

Step 4. To the solution. add 4 drops of La
carrier, 4 drops of Fe carrier. and 1.5 ml of
concd NH,OH. Dilute to 20 ml with H.O and
heat on a steam bath to coagulate the La(OH).-
Fe(OH). precipitate. Centrifuge. transfer the
supernate to a clean 40-ml polyethylene ceniri-
fuge tube, and discard the precipitate,

Step 5. Add 6 ml of concd HCIO, to the
supernate and heat for 5 min on a steam bath.
Allow to cool for 10 min. centrifuge. and discard
the supernate. (The soluble fluoroscandate is con-
verted to the insoluble ScF..)

Step 6. Repeat Steps 3 through 5 twice.

Step 7. Dissolve the ScF, precipitate in 2
ml of saturated H,BO, solution and 3 m!} of concd

HNO.. Dilute to 20 ml and transfer a clean
glass centrifuge tube, Add 10 ml of concd NH,OH
to precipitate Sc(OH).. centrifuge. and discard
the supernate. Wash the precipitate with 20 il
of H.O and discard the washings. Add 2 ml of
conced H.SO, and evaporate to fumes of SQ.
Cool. dilute to 20 m] with H.O. and add an excess
of NH,OH. Centrifuge and discard supernate.

Step 8. Dissolve the Sc(OH), in 1 ml of 631
HCI. dilute the solution to 20 ml. and centrifuge.
Transfer the supernate to a clean centrifuge tube.
Add filter paper pulp and then an excess of concd
NH,0OH to precipitate Sc{OH).. Filter onto a No.
41 H Whatman filter paper (9 cm) and wash
the precipitate with H.Q. Ignite at 900° in a
Coors 00 porcelain crucible for 20 min, Cool and
powder the Sc.Q, with the fire-polished tip of a
glass stirring rod. Transfer the Sc.0, with ethanol
onto a weighed No. 42 Whatman filter circle. 7"
diameter. 1-ing a ground-off Hirsch funnel and
a filter chimney. Rinse the centrifuge tube with
two 10-ml portions of ethanol and pour through
the filter. Dry the Sc.0, at 110° for 10 min. cool.
and weigh, Place 5 drop of a 6% solution of rub-
ber cement on the sample and permit it to dry at
room temperature. Mount on two-sided Scotch
tape on an Al plate and cover with Mylar.
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SCANDIUM I
B. P. Bayhurst

I. Inireduction

In the . nalysis of soil samples, it was found
that complete exchange between scandium and
carrier did ot occur when the original pro-
cedure for the element was used. Moreover, fluo-
ride precipitations early in the procedure gave
compounds which were resistant to further treat-
ment. a fact that caused substantial losses in
chemical yield,

This new procedure overcomes the above de-
ficiencies, The major steps are: precipitations
with NaOH and NH,0H: removal of macro-iron
and radiozirconium by adsorption on an anion
exchange resin from concentrated HCl solution;
LaF; and La(OH);-Fe(OH); scavenges; and
ScFy precipitations. The scandium is finally sep-
arated as the hydroxide and ignited to the oxide.
The chemical yield is 70-80%,

2, Reagents

Sc carrier: 13 mg Sc/ml, added as $cCl; in very
dilute HCI; standardized (see original pro-
cedure)

Fe carrier: 10 mg Fe/ml, added as FeCls6H:0
in very dilute HCI1

La carrier: 10 mg La/ml. added as La(NO3)36-
H.0 in very dilate HNO,,

Zr carrier: 10 mg Zr. ' ml. added as
ZI()(NO;{)g'gH;;O mivs HN();

HCI: concd; 6M:; gas

H.80,: concd

NaOH: 10M

NH,;0H: concd

NH;HF:: mixture of 2 volames of 63 NH,;OH
and 1 volume of 27V HF

Ethanol: absolute

6% rubber cement in benzene

Dowex AG 1-X8. 50-100 mesh. anion exchange

resin

2. Procedure

Step 1. Add the sample to 2.0 wml of Sc¢
carrier in an erlenmeyer flask. evaporate to about
2 ml un a hot plate. and transfer with the aid of
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H,O0 (10-20 ml) w0 a 40-ml glass centrifuge
tube. Add an excess of 10M NaOH. heat on a
steam bath for a few min, centrifuge, and discard
the supernate, Dissolve the Sc(OH)j precipitate
in a minimum of 6M HCI. dilute to 25 ml with
H.0. and reprecipitate with excess 10 M NaOH.
Centrifuge and discard the supernate.

Step 2. Dissolve the precipitate in a mini-
mum of 6M HCI, dilute with 25 ml with H.0, and
add an excess of concd NH,OH. Centrifuge and
discard the supernate, Repeat the precipitation.
centrifuge. and discard the supernate. Wash the
precipitate with 30 ml of Hy0. let stand on a
steam bath for a few min, centrifuge. and dis-
card the wash.

Step 3. Dissolve the precipitate in 1 ml of
concd HCI. add 1 drop of Zr carrier, and saturate
with HCI gas, Prepare a Dowex AG 1-X8. 50-100
mesh. anion resin column. 8mm by 315 in.. and
wash with concd HCl. Add the solution to the
resin column and collect the eluate in a clean
H-ml glass centrifuge tube. Wash the resin with
25 ml of concd HCl and combine the eluate with
the previous one,

Step 4. Evaporate i solution to about 10
ml on a steam bath, Add an excess of concd
NH;OH. centrifuge. and discard the supernate.
Add 3 ml of concd HpSO,, heat over a burner
with stirring until SO; fumes appear at the top
of the tube, Cool. dilute 1e about 10 ml with H.Q.
and transfer to a clean 40.m1 polvethylene cen-
trifuge tube. Reprecipitate Sc(OH)y with concd
NHOH. centrifuge. and discard the supernate.

Step 5. Add 3 ml of NH;HF.. 1 drop of
methyl red indicator, dilute to 10 ml with H.0.
and add concd NH,OH until the solution is just
acidic, Add 3 drops of La carrier. place on a
steam bath for 2 min. centrifuge. and transfer
the supernate to a clean polvethviene centrifuge
tube. Discard the precipitate, Add 3 drops of Ta
carrier. centrifuge. transh . the supernate to a
clean centrifuge tuie. and discard the precipitate.

Step 6. Add 1% ml of concd NH,OH. 2
drops each of La and Fe carriers, and heat on a
deam bath. Centrifuge. transfer the supernate
ta a clean centrifuge tube. and discard the pre-
cipitate,




Step 7. Add 6 ml of coned HCl, dilute 1o
about 30 ml with HaO. aad keep on a steam bath
until ScFy precipitates. Centrifuge and discard
the supernate,

Step 8. Repeat Steps. 3. 6. and 7 twice.

Step 9. Add 2 ml of 10M NaOH. let stand
for 3 min on a steam bath, and dilute with 10 ml
of Ha0, Place on a steam bath until Sc\OH)4
coagulates. centrifuge. and discard the supernate.

Step 10. Dissolve the precipitate inr a mini-
mum of 6 HCL dilute 1o 20 ml with HxOQ, and
precipitate Sc(OH); with concd NH,OH. Centri-
fuge and discard the supernate. Repeat the dis-
solution. dilution. precipitation. and centrifuga-
tion processes.

Step 11, Dissolve the S¢(OH)y in 1 ml of
63 HCL dilute to 10 ml with H.0O. add fiter
paper plup. and then an excess of coned NH I
to precipitate Sc(OH)y. Filter onto a No. 41
Whatman filter paper (9 cm) and wash the pre-
cipitate with H.0, Ignite at 1000°C in a Coors
00 porcelain crucible for 20 min. Cool and
powder the Scu04 with the fire-polished tip of «
giass  stirring rod. Transfer the Scy0; with
ethanol onto a tared No, 42 Whatman filter
circle. 7 8 in. diameter. using a ground-off Hirs<ch
funnel and a filter chimnev. Rinse the crucible
with twe 5-ml portions of ethanol and pour
through the filter. Dry the SOy at 110°C for
10 min. cool. and weigh, Place 5 drops of 4 69,
<olution of rubber cement on the sample and per-
mit it to dry at room temperature, Mount with
two-sided Scotch tape on an Al plaie and cover
with Mvlas,

Novewber 470
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SILVER

E J. Lang

This procedure is a modification of one de-
scribed by L. E. Glendenin, €N-1312 (May 15.
1945).

1. Introduction

Silver is initially separated from other fission
products by the specific precipitation of the
chloride from nitric acid <olution. The silver is
then purified by ferric hydroxide scavenging and
silver «ulfide precipitation. both of which are per-
formed in ammoniacal solution, After repetition
of the scavenging-precipitation cycle. the silver
is converted to the oxide and finally to the iodate.
AgIn.. in which form it is counted. The chemical
vield exceeds 80%. Quadruplicate analyses can
he carried out in about 3 hr.

2. Reagents

Ag carrier: primary standard grade. 10 ing Ag 'ml.
added as AgNO_ in verv dilute HNO

Fe carrier: 10 mg Fe 'ml. added as FeCl,-6H.O
in verv dilute HCI

HCI: concd

HNO.: concd

H.SO,: concd

HIO.: 2M

NaOH: 6M

NH,0H: concd

{NH,).S: saturated solution

Fihanol: 959

3. Preparation of Carrier
Dissolve 15.75 g of AgNO, primary standard

grade in a minimum amount of H.O. add a few
drops of HNO.. and dilute the solution to 1 liter.

4, Procedure

Siep 1. (Note 1.) To the sample in 2 40-ml
conical centrifuge tube. add exactly 2 m! of Ag
carrier and 5 ml of concd HNO, and dilute the

solution 1o 20 ml with H.0. Heat to boiling and
precipitate AgC! by (he addition of 4 drops of
concd HCL. Heat unul the AgCl has «ozgulated,
cool, centrifuge, and dJiscard the supernate.

Step 2. Dissolve the AgCl in 2 ml of concd
NH,OH. dilute to 20 m! with H.0. and add 1 ml
of Fe carrier. Stir. centrifuge. transfer the supet-
nate 10 a clean 40-ml centrifuge tube, and discard
the precipitate.

Step 3. To the solution add 1 ml of «atu-
rated (NH,).S solution. Stir vigorously. centrifuge
{Note 2), and discard the supernate.

Step 4. Dissolve the Ag.S precipitate by
heating with 1 ml of concd HNQ,. Dilute to 20
ml with H.O and precipitate AgCl by the addition
of 4 drops of concd HCI as in Step 1, Centrifuge
and discard the supernate.

Step 5. Repeat Steps 2 and 3.

Step 6. Dissolve the Ag.S by heating with
1 ml of concd HNO,. Dilute with 20 ml! of H.0.
make the solution alkaline with 637 NaOH. and
then add three Arops in excess. Centrifuge the
Ag.O precipitate and discard the supernate. Add
4 drops of concd H.SO, and heat over a burner
until a clear solution is obtained. Cool.

Step 7. With stirring. add 20 ml of H.O
and then 1 ml of 2M HIO,, Centrifuge and dis-
card the supernate.

Step 8. Dissolve the AglO, in 4 drops of
concd NH,OH and dilute to 20 ml with H.Q.
Centrifuge, transfer the supernate to a clean 46-
il centrifuge tube.

Step 9. Add 3 drops of conced H.SO, to the
solution, stir. and filter the AglO, precipitate on-
to a weighed No. 42 Whatman 74" filter circle.
using a ground-off Hirsch funnel and 2 filtar
chimney. Wash the precipitate with a large
amount of H.O and then with 5 ml of 959
ethanol, Dry for 10 min at 110°, coo), weigh, and
mount (Note 3).

Notes

1. Wait one day after bombardrnent before
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beginning the procedure to allow '''Pd and
11mPd to decay to '''Ag. The additional sil-
ver resulting from this waiting period is only
about 0.5% of the total.

€. Although the precipitation of AgCl from
acidic solution is specific for Ag* among the cat-
ions in fission products, it is possible that the
precipitate may be contaminated by bromide and
iodide. The Ag.S precipitations are performed to
remove any contaminating halogen activities.

3. Beta-counting for 7.4-day '11Ag activity
is begun about 16 hr after completion of the
chemistry to permit 3.2-hr '12Ag to decay suffi-
ciently so as not to interfere,

ELECTROPLATING OF SILVER

R. J. Prestwood and B. P. Bayhurst

}. Introduction

The procedure for electroplating of silver
following its separation from fission products has
two major advantages in the isolation and count-
ing of silver in elemental form rather than as the
usual compound such as AglQO,: (a) superior sta-
bility and reproducibility of the final product as

the metal, and (b) an approximate 409 increase
in counting efficiency.

2. Procedure

Following separation of silver from fission
products, the step preceding electroplating should
be the precipitation of Ag.0 with NaOH, The
precipitated oxide is washed thoronghly twice
with H.O, and then the following procedure is
followed.

Step 1. To the precipitate in a 40-ml conical
centrifuge tube add 5 ml of 2 NaCN and stir
until solution is effected, heating if necessary.
Transfer the solution to a plating cell (see the
Uranium-235 Procedure for details of the plating
assembly), the cathode of which is a weighed
polished Pt disk of 1” diameter. Wash the centri-
fuge tube with 5 ml of 2}/ NaCN and transfer
the washings to the plating cell.

Step 2. Plate the silver on the Pt disk at
15 milliamp at room temperature for { hr 10
min, the amperage being maintained constant by
means of a variable resistance in series with the
plating cell. Upon completion of the plating re-
move the cell, discard the electrolyte, wash the
cell with distilled H.O, and disassemble it. Wash
the Ag-plated Pt disk thoroughly with absolute
ethanol, allow to dry at room temperature, weigh,
and mount.
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SODIUM
B. R. Erdal
1. Introduction

This procedure for the separation of sodium from
all other nuclides produced in nuclear reactions is based
primarily on an observation by F. Girardi and E. Sabbioni
(J. Radioanal. Chemn. 1 169, 1968). These investigators
found that in concentrated hydrochloric acid only sodium
and tantalum, among sixty elements tested, were retained
on hydrated arntimony(V) oxide, Sb;Qs*xH,O (HAP).
The sodium is recovered from the HAP by reduction of
the antimony(V) with concentrated hydriodic acid,
extraction of antimony(lI) into 4-methyl-2-pentanone
(hexone) from hydrochloric acid medium, and then pas-
sage of the aqueous phase through a Dowex AG 1 anion
resin column, The sodium is finally converted to NaCl.

The chemical yield is approximately 75% and dupli-
cate samples can be analyzed in 1-2 hours. A decon-
tamination factor of greater than 10* has been found for
all 25U thermal-neutron fission products.

2. Reagents

Na carrier: 5 mg Na/ml, added as NaCl in 6M HCI,
standardized by atomic absorption spectroscopy

K carrier: § mg K/ml, added as KCl in 6M HCI

Rb carrier: 5 mg Rb/ml, added as RbCl in 6M HC!

Cs carrier: 5 mg Cs/ml, added as CsCl in 6M HCI

Te carrier: 5 mg Te/ml, added as K, TeQ4°2 H,0 in 6M

HCl

Cu carrier: 5 mg Cu/ml, added as CuCl;*2 H,0 in 6M
HCl

HCI: concd; 6M

HI: concd (47%)

4-methyl-2-pentanone (hexone)

Hz S: gas

HAP: Sb, 05, see below for preparation

Anion resin: Dowex AG 1-X8, 100-200 mesh, thoroughly
washed with 6M HCI

1-Butanol

Butanol-HCI reagent: 1-butanol saturated with HCI gas

Diethyl ether

3. Preparation of HAP
Four hundred and seventy milliliters of SbhCls are

diluted to 2 liters with H, O and the solution is permitted
to hydrolyze overnight with stirring. The resulting
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hydrated oxide is filtered through 2 large Buchner funnel
containing No. 40 Whatman paper and washed thoroughly
first with 6M HCl and then with H,O. The material is
dried under reduced pressure for several hours, powdered,
and dried in an oven at 270° for about 5 hr. The yellow
material is then powdered and sieved. That portion of the
oxide haviag 2 mesh between 60 and 170 is used in the
procedure.

4. Procedure

Step 1. To a 40-ml glass centrifuge tube, add 1 ml
of standard Nu carrier, an aliquot of the sample, 2 drops
each of K, Rb, Cs, Te, and Cu carriers, and dilute to 5 m!
with H,0. (The HCI concentration should be about 1M.)
Saturate the solution with H;S, digest, and filter under
suction through a glass frit of medium porosity, collecting
the filtrate in a 50-ml erlenmeyer flask.

Step 2. Evaporate the solution to dryness and cool.
Dissolve the residue in 0.5 ml of H, O (Note 1), add 10 ml
of concd HCI, and transfer the solution to a clean glass
centrifuge tube. Add 300 mg of HAP, mix Yy swirling for
about 5 min, centrifuge, and discard the supernate. Wash
the HAP three times with 10-ml portions of concd HCI,
each time swirling for about 5 min, centrifuge, and dis-
card the supernate.

Step 3. Add 3 ml of concd HI to the HAP and mix
until the HAP is well dispersed. Heat for about 2 min on a
steam bath, add 1 ml of concd HI, and reheat for about
2min. Add 6 ml of 6M HCI, heat for about 2 min on a
steam bath, and transfer the solution to a 60-ml sep-
aratory funnel. Add 20 ml of hexone, shake for about
1min, transfer the aqueous (lower) phase to a clean
60-ml separatory funnel, and discard the organic phase.
Extract the aqueous phase with 10 ml of hexone as before
and discard the organic phase.

Step 4. Transfer the aqueous phase to a clean 40-ml
glass centrifuge tube, add 3 ml of H20, and saturate the
solution with H;S. Filter under suction through a glass
frit of fine porosity, collecting the filtrate in a 50-ml
erlenmeyer flask. Evaporate the solution to dryness, add
1ml of concd HCl, and again evaporate to dryness.
Repeat the addition of HCl and evaporation.

Step 5. Dissolve the residue in a minimum of 6M
HCl and transfer the solution to the top of 2 10 cm x
4 mm Dowex AG 1-X8, 100-200 mesh, anion resin col-
umn. Add 10 ml of 6M HCI to the column and coliect the
eluate in a 50-ml erlenmeyer flask. Evaporate the solution
to dryness.



Step 6. To the residue, add 0.5 ml of concd HCI,
5 ml of 1-buranol, and about 2 ml of butanol-HCl reagent.
Permit the mixture to stand for about 5 min, add 8-10 ml
of diethyl ether, and filter through a synthetic filter paper
(Note 2). Wash the precipitate on the filter with diethyl
ether, dry under suction and mount for counting.

Notes

1. The acidity should be kept as high as possible
(~10M) in Step 2 to prevent adsorption of Rb on HAP.
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Some adsorption of that element occurs from solutions
6M in HCL.

2. Fluoride Metricel VF-) filter paper (source:
Gelman Instrument Co., P.O. Box 1448, Ann Arbor, Ml
48106) wet with methanol has been used for mounting.
The paper can be washed with methanol and ether and
weighed before use with no problems arising from humid-
ity.



STRONTIUM-90
B. P. Bayhurst

l. Introduction

In the determination of strontium-90, the
element is first separated as the nitrate. This is
an excellent decontamination step, the major im-
purity being barium which is removed by a series
of barium chromate precipitations, The strontium
is then converted to the carbonate, the chemical
yield at this stage being about 75%. Yttrium-90
is permitted to grow into equilibrium with the
strontium-90; Y carrier is added and separated
with the yttrium-90 from the strontium by pre-
cipitation as hydroxide. Finally, yttrium is pre-
cipitated as oxalate and ignited to oxide, in which
form it is counted. The chemical yield of yurium
carrier is about 859.

2. Reagents

Sr carrier: 10 mg Sr/ml, added as Sr(NO;). in
dilute HNO,

Fe carrier: 10 mg Fe/ml, added as FeCl,-6H.O
in very dilute HCI

Y carrier: 10 mg Y/ml (for preparation and
standardization see Yttrium Procedure)

Ba carrier: 10 mg Ba‘ml. added as Ba (NO.,).
in H.O

HCl: 1M; concd

HNO;: fuming; concd

HC.H.O.: glacial

NH,0H: concd

Na.CO,: saturated aqueous solution

Na.CrO,: 109 aqueous solution

(NH,).C.0,: saturated aqueous solution

KClO,: solid

Ethanol: 959,

3. Preparation and Standardization of Carrier

Dissolve 241.5 g of Sr(NO,). in H,0, add
10 m! of concd HNO,, and dilute to 1 liter with
H.0.

Into a 40-ml centrifuge tube, pipet 5.0 ml of
the carrier solution and add 15 ml of saturated
Na,CO, solution. Stir and allow to stand for at

least 15 min, Filter the SrCO, precipitate through
a weighed 15-ml fine porosity sintered glass cru-
cible. Wash the precipitate with 10 ml of water
and then with 5 ml of 959, ethanol. Dry in oven
at 110°.

Four standardizations are carried out, with
results agreeing within about 0.5%.

4. Procedure

Step 1. Pipet 2.0 ml of standard Sr carrier
into a 40-ml conical centrifuge tube. Add an ali-
quot of sample and adjust the volume to about
5 ml with H.O. Add 30 ml of cold (Note 1)
fuming HNO, and permit the mixture to stand in
an ice bath for approximately 10 min. Centrifuge
and discard the supernate,

Step 2. Dissolve the Sr(NO.). precipitate in
10 ml of H.O and add 5 drops of Fe carrier, Make
the solution basic by the dropwise addition of
concd NH,OH and then add 10 drops in excess.
Siir, centrifuge, and decant the supernate into a
clean 40-ml centrifuge tube, and discard the
precipitate.

Step 3. Add 2 ml of glacial HC,H.O. to
bring the pH of the solution to 3.5-4.0. Then add
2 ml of Ba carrier and 2 ml of 109 Na.CrO,
solution and digest for 10-15 min on a steam bath
with occasional stirring. Centrifuge, decant the
supernate into a clean 40-ml centrifuge tube, and
discard tha precipitate.

Step 4. Add 5 ml of saturated (NH,).C.0,
and digest on a steam bath for 5-10 min. Centri-
fuge and discard the supernate. Wash the precip-
itate by adding 2 ml of saturated (NH,).C.0, and
20 ml of H.O and stirring. Centrifuge and discard
the wash.

Step 5. Add 2 ml of concd HNO,, 5 ml of
H.O, stir. and then add 30 ml of fuming HNO
Allow to stand in ice bath for approximately 1<
min. Centrifuge and discard the supernate.

Step 6. Repeat Steps 2 through 4.

Step 7. To the precipitate of SrC.O, add 2
ml of concd HNO, and about 200 mg of KClO,.
Carefully briiiy the solution to a boil and then
boil vigorously for about 2 min.
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Step 8. Adjust the volume to about 15 mi
with H.O and add 5 drops of Fe carrier. Make the
solution basic by the dropwise addition of concd
NH,0H and then add 10 drops in excess. Stir.
centrifuge, and decant the snpernate into a clean
40-ml centrifuge tube, discarding the precipitate.

Step 9. Repeat Step 3. excepi filter the
BaCr0O, precipitate through a 27, 60° funnel on
No. 42 Whatman filter paper. Collect the filtrate
in a clean 40-m] centrifuge tube.

Step 10. To the filtrate add concd NH,OH
until the solution is barely basic. Then add 5 ml
of saturated Na,CO, solution to precipitate SrCO..
Centrifuge and discard the supernate. Wash the
precipitate with a mixture of 10 ml of H.O and
2 ml of saturated Na.CO.. Centrifuge and dis-
card the wash. Slurry the precipitate and filter
onto a weighed No. 42 Whatman filter circle. 7{”
diameter. contained in a ground-off Hirsch fun-
nel-filter chimney setup. Wash the precipitate
with 5 ml of H.0 and 5 ml of 95% ethanol. drv
in an oven at 110°, and weigh (Note 2). Trans-
fer the precipitate into a clean 40-ml centrifuge
tube and permit ™Y tao grow into equilibrium
with the "Sr. (This process requires ahout
18 days. Note 3.)

Step 11. After equilibrivm has been at-
tained. wash down the sides of the tube with 10-
15 ml of 1M HCl. Add 2 ml of standard Y car-
rier and stir, Slide the filter circle up the side of
the tube with 1he stirring rod and. while holding
the paper. wash with 1M HCl and remove it.

Step 12.  Add concd NH,OH dropwise until
Y(OH). precipitates and then add 5 ml in excess.
Centrifuge and save the supernate until the re-
sults of analysis for Y have been checked, Record
the time (Note 4).

Step 13. Dissolve the Y(OH), in a mini-
num of concd HCl and add 15 ml of H.0. Add
20 mg of Sr holdback carrier and precipitate
Y(OH), with excess concd NH,OH. Centrifuge
and discard the supernate.
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Step 14, Repeat Step 13.

Step 15. Wash the precipitate with H.0.
dissolve in a minimum of concd HCL and add 15
ml of H.O. Again precipitate Y(OH). with concd
NH,OH but this tinie in the absence of Sr car-
rier.

Step 16, Wash the precipitate and dissolve
as in Step 15.

Step 17. Add 5 ml of saturated (NH,).C.O,
solution and a small amount of HCL. if necessary.
to precipitate Y.(C.0,),. Digest on a steam bath
for 5-10 min.

Step 18, Filter the Y.(C.0,). precipitate
onto a weighed No. 42 Whatman filter circle, 73"
diameter. contained in a ground-off Hirsch fun-
nel-filter chimney setup. Wash the precipitate
with H.O and place in a porcelain crucible
{Coors 000). Ignite at 900° for 30 min. Grind the
Y:0. into a powder with a stirring rod and add
a few drops of ethanol. Continue grinding until
the precipitate is smooth and transfer with 959,
ethanol onto a weighed No, 42 Whatman filter
circle. 7 diameter. Wash down the sides of the
filter chimneyv with ethanol. dry the precipitate
in an oven at 110°. cool. weigh. and mount.

Notes

1. Bv use of refrigerated fuming HNO.. the
time required for cooling in an ice bath is reduced.

2. The SrCO, formed in this step mayv be
mounted and counted for 88r,

3. The 18.day waiting period may be
shortened provided a growth correction is made
for the time interval between the centrifugation
operations in Step 8 and Step 12.

4. The time at which Y is separated from
"“Sr is recorded as t. and all Y counts are cor-
rected to this time.



QUANTITATIVE CHEMICAL RECOVERY
OF SPALLATION-PRODUCED ELEMENTS.
MOLYBDENUM TARGET

A. SEPARATION OF STRONTIUM

P. M. Grant, M. Kahn,
and H. A. O’Brien, Jr.

Spallation reactions have been induced in moly-
bdenum targets by means of 200-800 MeV protons to
produce microcurie amounts of a variety of radio ele-
ments. The targets were in the form of 99.90% pure foils,
usually 0.51 mm thick, and were irradiated for from 1 to
20 pA-hr of integrated intensity. Following irradiation, a
target was permitted to stand for several days to permit
the activities to decay to rcasonable levels. It was then
radiographed and the hot spot cut away from surrounding
inactive metal. The radioactive section was cleaned of
surface contaminants by immersion in chromic acid clean-
ing solution for 1-2 min, rinsed with distilled water,
dried, and weighed. Typical molybdenum weights ranged
from 1-10 g.

A, SEPARATION OF STRONTIUM

1. Iawroduction

Strontium is quantitatively separated from the ir-
radiated molybdenum by a six-step procedure utilizing
precipitation, solvent extraction and ion exchange tech-
niques. The molybdenum metal is first dissolved in 30%
H,0; to give a solution of molybdic acid, H;MoOj,.
Following removal of excess H, O3, the acid is converted
to its ammonium salt and then lead molybdate is precip-
itated. Extraction of the lead molybdate with 0.12M
HCI-50% solution of di-2-ethythexyl orthophosphoric acid
(HDEHP) in toluene effectively separates strontium from
yttrium; the former is concentrated in the aqueous phase
while the yttrium and some other contaminants are
extracted into the organic phase. Macroscopic amounts of
lead and molybdenum are removed from the aqueous
solution, at pH 6.0, through the inorganic exchanger,
hydrous zirconium dioxide. Strontium ion is not retained
on the exchanger, while many contaminants are held.
Yields of strontium, based on radioactivity determina-
tions, are 94 £ 2% and separation is effected from moly-
bdenum, technetium, niobium, zirconium, yttrium, rubid-
ium, selenium, arsenic, zinc, and cobalt.

The long-lived strontium isotopes 82 and 85 are
obtained in the irradiation process. If one is interested
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mainly in strontium activities and the irradiation has not
been sufficiently intense to produce milligram quantities
of the element, strontium carrier is added at an appropri-
ate place in the procedure.

2. Reagents

HNOj3: 7-8M Sr carrier: Added as Sr(NO3), solu-
tion

HCI: 0.12M

H2S: gas

H,0,: 30% aqueous solution (unstabilized)

NH4OH: concd; 3.7M

0.1M NH,Cl: aqucous solution

Pb(NO;);: 5 mg Pb*ml aqueous solution chromic
acid cleaning solution: 35 ml of saturated aqueous
Na;Cr;04 in 1 £ of concd H, S04

HDEHP solution: 50% solution by volume of di-2-
ethylhexylphosphoric acid (source: Ea:tman Organic
Chemicals) in toluene

Hydrous ZrO; ion exchanger: HZO-1
Source: Bio Rad Laboratories

crystals:

3. Procedure

Step 1. To the Mo sample in a 400-m] beaker, add
sufficient 30% H,0, to dissolve the metal with mild
heating. (Typically, 10-20 ml of the peroxide is required
for each gram of Mo.) Heat the yellow molybdic acid
solution gently to drive off excess H,0,.

Step 2. By a careful combination of evaporation
with gentle heating and the addition of concd NH4OH
make the solution about iM in Mo and 3-4M in base.
(Care has to be exercised in this operztion because of the
large tendency of Mo to escape from solution by a mass
transport mechanism). During the process, the solution
changes from its original bright yellow color to almost
colorless, and a small amount of yellow-brown precipitate
forms. The precipitate, which is thought to be moly-
bdenum (V) or molybdenum (V1) hydroxide (hydrous
molybdenum oxides) or a mixture of the two, carries with
it a large amount of Zr and Y activities. Place the mixture
of precipitate and solution into a large centrifuge tube,
cenrrifuge, transfer the supernate to a clean centrifuge
tube, and set aside the precipitate.

Step 3. To the supernate, add 1 ml of Pb(NO3),
solution (5 mg of Pb®*). A white precipitate of PbMoO,
forms immediately. Stir the suspension, heat on a steam
bath for 1-2 hr, centrifuge, decant the supernate and set it



aside. Wash the PbMoO4 precipitate several times with a
0.1M NH,4Cl solution which had been made slightly basic
by the addition of NH40H. After each wash, centrifuge
and set aside the supernate.

Step 4. Add 10 ml of 0.12MHCI and 10 ml of
HDEHP solution to the precipitate. Stopper the centri-
fuge tube and equilibrate the mixture on a Burrell wrist-
action shaker for 1-2 hr. (The PbMoO,4 should be com-
pletely dissolved after this time.) Transter to a 60-ml
separatory funnel and draw off th. lower (aqueous) layer
into a 250-m] beaker. Set aside the organic (upper) layer.

Step 5. Make the aqueous phase basic with 0.5 ml
of 3.7M NH4OH. A white precipitate (probably Ph(OH);)
forms. Bubble H,S through the suspension for about a
hali-hour. The white precipitate is converted to PbS
(brownish black). Acidify the mixture with 0.5 ml of
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7-8M HNO3, heat on a steam bath for 10-15 min, caol to
room temperacure, and filter into o 250-mi filter flask.
Discard the precipitate, which is a mixture of PbS and
MOS3.

Step 6. Heat the filtrate to drive off any excess 11, S
and adjust the pH to about 6.0 by the dropwise addition
of concd NH4OH. If necessary, add a few milligrams of
Sr carrier in the form of Sr(NO;), solution. (See Intro-
duction; milligram quantities of Sr are required to main-
tain a quantitative recovery of the element.) Pass the
solution through a column (0.8 cm in diameter X 4 cm in
length) of untreated 100-200 mesh hydrous ZrO, ex-
change crystals (HZO-1) at a rate of about 0.1 ml/mu.
Collect the Sr-containing eluate.



SULFATE
B. P. Bayhurst

I. Introduction

In this procedure for the separation of sul-
fate ion from fission-product solutions, sulfate is
finally precipitated as the barium salt after ap-
propriate decontamination steps. With the use of
the procedure. there was no detectable activity in
the barium sulfate separated from a fission-pro-
duct solution six davs old and containing 3 X 10#
fissions. The chemical yield is about 75%.

2. Reagents

SO,* carrier: equivalent to 10 mg BaSO,/ml;
prepared by diluting 2.4 ml of concd H.SO, to
1 liter and standardized by conversion to
BaSO,

Fe carrier: 10 mg Fe/ml, added as FeCl,-6H.0
in 1M HCI

Zr carrier: 10 mg Zr/ml, added as ZrO(NO,).
2H.0 in 1M HNO,

HCI: concd; 6M; 3M; 0.75M

NH,0OH: 1M

NaOH: 0.5M

BaCl.: 1M

K.CO.: 50% solution

Benzidine reagent: prepared by dissolving 5 g of
benzidine hvdrochloride in 40 ml of 1M
HCI and diluting to 250 ml with 50%, ethanol

Acetone

Dowex AG 1-8X, 50-100 mesh anion exchange
resin; slurry in H;,O

3. Procedure

Step 1. Add the sample (in dilute acid
medium) to 3 ml of SO,* carrier in a 40-ml Py-
rex centrifuge tube. Then add 2 ml of 1M BaCl..
centrifuge. and discard the supernate, Wash the
BaSO, precipitate with H.O. and discard the
washings.

Step 2. With tlie aid of a minimum amount
of H.O. transfer the precipitate to a 125-ml erlen-
mever flask. Add 10 drops of 509 K.CO, solution
and heat to dryness. Add 20 ml of H.0. boil. and
transfer the mixture to a clean centrifuge tube.

1M

Centrifuge and transfer the supernate containing
the SO% ion to a clean centrifuge tube. (The
K.CO; treatment should have converted the BaSO,
completely to BaCO,. The precipitate should be
treated with 6M HC] and if it does not dissolve
completely. the K.CO. treatment should be re-
peated on the remaining BaSO,. The supernate
from the second treatment is then combined with
that from the first.)

Step 3. To the supernate (ur combined
supernates), carefully add 3M HC] dropwise un-
til the pH of the solution is about 2.5 Add 5 ml
of benzidine reagent. centrifuge, and discard the
supernate. Wash the precipitate with 15 ml of
H.0 and 2 drops of concd HCI, centrifuge, and
discard the supernate.

Step 4. Dissolve the benzidine sulfate in 5
ml of 0.5M NaOH. add 2 drops each of Fe and Zr
carriers. heat. centrifuge, and transfer the super-
nate to a clean centrifuge tube.

Step 5. Repeat the hydroxide scavenging
precipitations twice.

Step 6. To the supernate from the last pre-
cipitation. add 5 ml of acetone and transfer the
solution onto a Dowex 1-X8. 50-100 mesh, anion
resin columm (8 mm diameter and 4-5 cm long),
which has previously been washed with H.O and
dilute NaOH. Wash the column first with 10 ml
of a mixture of equal volumes of acetone and
water and then with 10 ml of a mixture of equal
volumes of 1M NH,OH and acetone. Discard
both washes. To elute the SO,> ion from the
column. add first 5 ml of 6A HCl and then 10
ml of 0.75M HCL, collecting the eluate in a clean
centrifuge tube.

Step 7. Add 2 ml of 1M BaCl.. precipitate
BaSO, as in Step 1. and then repeat Steps 2 and 3.

Step 8. Dissolve the benzidine sulfate pre-
cipitate in a mixture of 2 ml of concd HCl and
10 ml of H.O. (Warming speeds dissolution.} Add
2 ml of 1M BaCl.. centrifuge, and discard the
supernate, Wash the precipitate with H.O contain-
ing a few drops of BaCl. solution and HCI. Centri-
fuge and discard the wash. Slurry the precipitate
in H.O and filter through a weighed Millipore
(0.8y) filter. Wash the precipitate with H,O and
dry in an oven at 100°. Cool. weigh. and mount.



tantalum, tellurium, thallium, thorium, tin, fransactinides, fritium, tungsten -
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TANTALUM
B, P. Bayhurst

l. Introduction

In the separation of tantalum from niobium
and other fission preducts, lanthanum fluoride
scavengings are followed by the main decon-
tamination step of extracting the element into
hexone from a solution 2.88M in HNO, and
1.1M in HF. The tantalum is then back-extracted
by means of a 1.5% hydrogen peroxide solution
and precipitated as the hydrous oxide, Ta.0;-
XH.O. This is ignited to the anhydrous compound.
in which form the tanialum is counted. The chem-
ical yield is 80-909,.

2. Reagents

Ta carrier: 10 mg Ta/m), prepared by dissolving
the pure metal in a minimum of a mixture of
concd HNO, and HF and diluting to the
appropriate volume with H.O.

La carrier: 10 mg La ml added as aqueous
La(NO,}. 6H.0

Nb carrier: 10 mg Nb/ml. added as K.Nb.O,,
16H.0 in H.O

HNO,-HF solution: 2.883f in HNO, and 1.1M
in HF

HNO.: concd

KCIO;: solid

Hexone (4-methyl-2-pentanone)

H.0.: 1.5% by volume

Ethanol: 959,

3. Procedurc

Step 1. Add the sample to 40 ml of Ta
carrier in a 40-ml polyethylene centrifuge tube
and make the solution 2.88M in HNO, and 1.1M
in HF. Add 4 drops of La carrier. stir. and place
on a steam bath for 2-3 min. Centrifuge. transfer
the supernate 1o a clean polyethylene tube, and
discard the precipitate. Repeat the LaF, scaveng-
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ing twice, the last time transferring the supernate
to a small polyethylene tube.

Step 2. To the supernate, add 4-5 drops of
Nb holdback carrier and extract the solution with
hexone (the volume of hexone should be approxi-
mately one-third the volume of the solution).
Repeat the extraction twice, combining the hexone
layers in a clean polyethylene bottle. To the
hexone solution add 4-5 drops of Nb carrier and
wash with HNO,-HF solution, discarding the
washings. Again add Nb carrier and repeat the
washing step. Wash again with HNO,-HF solu-
tion without Nb carrier present and discaid the
washings.

Step 3. Extract the Ta from the hexone
solution with about one-{ourth of its volume of
1.59, H.0.. Repeat three times, combining all
the extracts i1 a 125-ml erlenmeyer flask and
discarding the hexone layer.

Step 4. Add 5 ml of concd HNO. and beil
the solution down to a volume of 2-3 ml. Repeat.
Add about 200 mg of KClO; and 5 ml of coned
HNO.. boil down to about 2-3 ml, and transfer
the mixture to a 40-ml Pyrex centrifuge tube with
the aid of concd HNO.. Centrifuge and discard
the supernate. Wash the precipitate twice with
concd HNO.. each time centrifuging and discard.
ing the supernate.

Step 5. To the precipitate, add a slurry of
filter paper pulp. stir. and filter through No. 40
Whatman filter paper (9 cm diameter). Transfer
the paper to a Coors 00 porcelain crucible and
ignite at 900° for 20 min. Permit the crucible to
cool.

Step 6. Add 1-2 ml of ethanol to the Ta.0,
in the crucible and with the aid of the polished
end of a stirring rod crush the oxide to a fine
powder. By means of a stream of ethanol from a
polyethylene squeeze bottle, transfer the oxide
onto a weighed No. 42 Whatman filter circle,
using a ground-off Hirsch funnel and a filter
chimney-. Filter. wash the precipitate with ethanol,
and dry at 110° Cool. weigh, and mount for
counting.



TELLURIUM
E. A. Bryant

{. Introducticn

This procedure, for the determination of
tellurium in fission products. utilizes the difference
in behavior between tellurium (IV) and tellurium
(V1) in 6M HC! on an anion resin column.
Tellurium in the +#4 state is adsorbed on
AG 1-X4 resin, eluted with 0.237 HCL reduced
to the metal, and then oxidized to the -6 state
with sodium bismuthate in nitric acid. The bis-
muthate is removed on an anion column. and the
tellurium (VD) is made 60 in HCl and passed
through another column. This last step effectively
removes molybdenum (VI). which stays on the
column. The telluriwn is finally reduced to the
elemental state in which form it is weighed and
counted. Chemical yields of about 759, are ob-
tained.

2. Reagents

Te carvier: 8.56 mg Te ‘ml. 10.7 g Na.Te0,-2H.0
and 8.7 g Na.TeO: in 1 liter of 4M HCI
standardized

HBr: concd

HCY: concd: 6M:; 3M; 0.2M

HNO.: concd: 3Mf

SO.: gas

NaBiO.: solid

Dowex AG 1-X4 anion resin column; slurry in
6 HQ

Ethanol: absolute

3. Preparsii.c and Standsrdization of Carrisr

Pipet exactly 5 ml of carrier solution into a
125.ml erlenmeyer flask. add 3 ml of concd HBr.
and boil nearly to dryness. Repeat the addition of
HBr and again boil the solution nearly to dryness.
Add 50 ml of 3M HCl, saturate the sclution with
S0.. and let it stand for about 20 min, Saiurate
again with SO, and filter the elemental Te onto
a weighed, fritted filter funnel of fine porosity.
Wash the Te first with H:O and then with ab-
solute ethanol. Dry in an oven at 110°, cool, and

weigh.

4. Procedure

Step 1. Add the sample to 3 ml of carrier
in a 125-ml erlenmeyer flask. Add 3 m! of concd
HBr and boil nearly to dryness. Repeat the HBr
treatment twice more and then dissolve the resi-
due in 5 ml of 6M HCI.

Step 2. Transfer the solution to the top of
a 0.6 > 5.cm Dowex AG 1-X4 50-100 mesh
anion resin column which has previously been
washed with 6 HCL. When the solution reaches
the resin. wash the erlenmeyer flask with 3 ml
of 63 HCQl and transfer the washings 10 the
column. Discard the eluates,

Step 3. Wash the column with three 5-ml
batches of 63 HC! and discard the eluates.

Step 4. Wash the column with two 5-ml
portions of 0.2A7 HC] and collect the eluates in
a clean 40-ml conical centrifuge tube.

Step 5. To the combined eluates add 2 ml
of concd HCI and saturate the solution with SO..
Let stand for about 20 nin. centrifuge. and dis-
card the supernate. Wash the precipitate with §
ml of H.O.

Step 6. To the precipitate 2dd 3 drops of
concd HNO.. warm with stirring. and then add
3 ml of 33 HNO.. Add about 50 mg of NaBiO..
stir for 1 min. and add another 50 mg of the
salt. Set aside for 10 min.

Step 7. Transfer to an anion resin column
that has been made up as alreadv described, hut
washed with H.O rather than with 6M HCI prior
to use. Wash the centri‘uge tube with 1 ml of
33 HNO. and add the washings to the column.
Wash the column with % ml of 0.2 HQ! and
then with 5 ml of 6M HCY Collect all eluates in
a clean centrifuge tube.

Step 8. Add 8 ml of cowed HCI to the com-
hined eluates and pass the s«#lution through an.
other anion resin coliunn whirh has been washed
with 63 HCI prior to use. Wont the solution has
passed through. wash the column with 5 ml of 63
HCL. Collect the eluates in & clexn 125-ml erlen-
meyer flask.
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Step 9. Add 3 ml of concd HBr and boil to
dryness. Repeat the HBr treatment twice.

Step 10. Dissolve the residue in a minimum
of 33 HCI and transfer the solution to a clean
centrifuge tube. Saturate with SO., let stand for

10 min. centrifuge. and discard the supernate.
Wash the precipitate with water and discard the
washings. Slurry the precipitate in absolute
ethanol, filter onto a weighed No, 42 Whatman
filter paper. dry at 110°, cool. weigh. and mount.
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THALLIUM
R. J. Prestwood

I. Introduction

In the determination of radiothallium in the
presence of fission products. tellurium and the
niore noble metals are removed by reduction to
the elemental state by means of sulfur dioxide and
hydrazine in hvdrochloric acid medium. This is
followed by a series of thallium (I} iodide and
lanthanum hydroxide precipitations, The thallium
iodide precipitation serves as an excellent decon-
taminating step. effectively removing thallium
from a large number of activities, including cad-
mium. chromium. cobalt. nickel. and alkaline
earths, Thallium (1) is finally converted to the
chromate, in which form it is counted. The chem.
ical vield is about 80%,. Quadruplicate analyses
can be performed in about 4 hr.

2. Reagents

Ti carrier: 10 mg Tl 'ml added as TICL: in dilute
HCL standardized

Te carrier: 10 mg Te ml added as Na.Te0Q. in
dilute HC]

La carrier: 10 mg La ml added as aqueous
[u’] (NO;! ) Lt GH_-O

HCL: 3M

HNO.: 6M

NH,OH- concd

N.H,-H.S0,: <olid

Na.CrO,-4H.0: 10% in H.O

$0.: saturated aqueous solution

Nal: solid

Alethanol: absolute

3. Preparation and Standardization of Carrier

Dissolve 11.17 g of T1LO. in dilute HCl and
dilute the solution to a volume of 1 liter with the
acid.

Pipet exactly 5 ml of the carrier solution into
a 125.ml erlenmever flask and add 50 mg of
solid KHSO,. Boil off excess SO. and make the
solution alkaline with concd NH,OH. Add 5 ml
of 10% Na.CrO,-4H.0 solution o precipitate

T1.CrO,. Bring to a boil and permit the precipitate
to stand for ahout 12 hr and filter onto a weighed
30-mi] sintered glass crucible of fine porosity.
Wash the precipitate with 10 ml of H.O and
then with 10 ml of 959, ethanol. Dry at 110°
for 15 hr. Cool and weigh.

Seven standardizations were found to give re-
sults having a total spread of less than 0.5%.

4. Procedure

Step 1. To the sample in a 125-ml erlen-
mever flask. add 2 ml of T1 carrier and 1 ml of
Te carrier. Evaporate barely to dryness over an
open flame. Add 3 ml of concd HCl and again
evaporate to drvness. Repeat evaporation once
again with 5 ml of HCl. Add 20 ml of 3} HCI
and approximatelv 0.5 g of N.H,-H.SO,. and heat
to boiling. Add t ml of SO.-H.O and continue to
hoil. making three to four successive additions of
SO.-H.O. Particular care must be taken to insure
complete precipitation of Te metal. When the Te
has been completely precipitated the supernate is
water-white with no suggestion of a bluish tint.
Filter into a 125-ml erlenmever flask through a
2”, 60° funuel. using No. 40 Whatman filter
paper. Wash the original flask and the precipitate
with dilute S0.-H.0. Discard the precipitate.

Step 2. Add encugh H.O to make the total
volume approximately 75 ml and then add about
2 g of solid Nal, Centrifuge in two batches in a
40-ml conical centrifuge tube. discarding the super-
na'e after each centrifugation.

Sten 3. To the precipitate add 4 drops of
La carrier and 1 ml of 634 HNO.. Heat over
opan flarne until all I. color has disappeared.
D:lute with H.O to 20 ml. heat over flame until
the solution is rather warm. add 2-3 drops of
SG.-H.0 to insure complete reduction of T1. and
make basic by the dropwise addition of concd
NH,OH. Add 1 ml of NH,0H in excess. Centri-
fuge. transfer the supernate to a clean 40-ml
centrifuge tube. and discard the precipitate of
Fa(OH)..

Step 4. To the supernate add approximate-
Iy 1 g of Nal. centrifuge the precipitated T1 (I).
and discard the supernate. To the precipitate add
1 ml of 607 HNO, and heat aver open flame until

149




I. color has disappeared. Transfer to a 125-ml
erlenmeyer flask, add i m! of Te carrier, and re-

peat Step 1.

Step 5. Repeat Steps 2 and 3.

Step 6. To the supernate add approximately
1 g of Nal, centrifuge, and discard the supernate.

Step 7. Repeat Step 3.
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Step 8. To the supernate add 5 ml of 109
Na.CrO,-4H.0 solution. Allow to stand 5-10 min
to permit the TL.CrO, precipitate to coagulate.
Filter on a weighed No. 42 Whatman filter circle,
%" diameter, using a ground-off Hirsch funnel
and a filter chimney, Wash the precipitate with
5 ml of H.0, and then with two 5-ml portions of
absolute methanol. Dry at 110° for 10 min, Cool,
weigh, mount, and count.



A RAPID PROCEDURE FOR THE

SEPARATION OF CARRIER-FREE

THORIUM FROM URANIUM AND
FISSICN PRODUCTS

C. J. Orth and W. R. Daniels

1. Introduction

This procedure describes the purification of thor-
ium which had been produced by 100-MeV proton irradi-
ation of about 100 mg or *®U. The actual separations
were begun at EOB+20 minutes and the procedure
required about 45 minutes. The resin columns were
operated under pressure so that effluent flow rates were
about one drop per one or two seconds from the cation
column and one drop per two o1 three seconds from the
anion columns.

The separation of thoucium required decontamina-
tion from fission products, neptunium, protactinium, and
macro uranjum.

The first decontamination step in the procedure is
the adsorption of thorium on a cation resin column from
3M HCl. The element is removed from the column with
oxalic acid and is taken up in concentrated HCI following
destruction of oxalate. Zircorium is then removed by
adsorption on anion resin columns and the thorium is
extracted into 0.5M HDEHP (di-2-ethylhexyl ortho-
phosphoric acid) in z-heptane. The latter step gives excel-
lent separation from the lanthanides. Finally, the thorium
is back-extracted into aqueous HCI-HF and the solution is
evaporated on a Teflon foil.

2. Reagents

HCl: coned; 6M; 3M

HNOj: coned

HCIO,4: concd

H;C504: 0.5M

NH, OH*HCl: solid

n-heptane

HDEHP solution: 0.5M solution of HDEHP (di-2-
ethylhexyl orthophosphoric acid) in #-heptane

AG 50W-X4 cation resin column, 100-200 mesh, H' form,
stored as a slurry in H20

AG 2-X8 anion resin column, 100-200 mesh, CI' form,
pre-equilibrated with coned HCI
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3. Procedure

Step 1. In a 50-ml erlenmeyer flask, dissolve as
much as 150 mg of U foil in 3 ml of concd HCl and 2 ml
of concd HNO3. Add 5 ml of concd HCIO4, fume to near
dryness, and then add 3 ml of 3M HCL.

Step 2. Transfer the solution to the top of a
5cmx8mm AG 50W-X4 (100-200 mesh, H' form)
cation resin column. Wash off U and other contaminating
activities first with 16 ml of 3M HCI and then with 4 ml
of concd HCI. Elute the Th with 10 ml of 0.5M H,C,0,
and collect the eluate in a 50-ml erlenmeyer flask.

Step 3. Add 5l of coned HCIO4 and 2 ml of
concd HNO3 and evaporate to dryness over a burner.
Cool and add 3 ml of concd HC. Transfer the solution to
the top of a 5 cm x 8 mm AG 2-X8 anion resin column.
Pass the solution containing the Th through two of these
columns in succession, following with 3 ml of concd HCI
wash. Collect the eluate in a 50-ml erlenmeyer flask
containing about 100 mg NH;OH'HCl. (Zr and any
remaining U, Np, and Pa activities remain on the anion
resin.) Boil the solution down to about 2 ml. (At this
point, Ce(1V) has been reduced to the 111 state.)

Step 4. Transfer the solution to a 15-ml tapered
glass centrifuge tube and add 2 ml of 0.5M HDEHP solu-
tion in n-heptane. Shake for 10 seconds and discard the
aqueous (lower) layer which contains lanthanides. Wash
the heptane layer successively with 2 ml each of coned,
M, and 2M HCl. Each time, shake for 10 seconds and
discard the washes. (One can at this stage y-count the Th
in the heptane layer.

Step 5. Add 0.5 ml of coned HF and 1.5 ml of 6M
HCI to the heptane solution, shake for 10 seconds, and
discard the heptane (upper) layer. Contact the aqueous
layer with 2ml of n-heptane, shake, and discard the
heptane layer. Evaporate the aqueous solution to near
dryness on an oil bath, using an air jet to speed up the
evaporation process. By means of a finely drawn pipet,
piace the liquid on a Teflon foil. Rinse the centrifuge tube
with a drop of concd HCl and add the rinse to the foil.
Evaporate to dryness under a heat lamp.

R TN,




THORIUM
R. J. Prestwood

l. Introduction

In the separation of thorium from large
amounts of fission products (10'® fissions or more),
four principal decontamination steps are em-
ployed: (1) Th(IO;), precipitation gives separa-
tion from the rare earths; (2) Th(C.0,). pre-
cipitation effects separation from zirconium; (3)
ion exchange from a concentrated (greater than
12M) hydrochloric acid solution on AG-1
anion resin results in the adsorption of zir-
conium. jron, neptunium, plutonium, and
uranium, the thorium passing through the
column; and (4) extraction of thorium from an
aluminum nitrate-nitric acid solution by means

of mesityl oxide ((CH;). C = CH — C — CH,)

i

o
gives excellent decontamination from the alkali
and alkaline earth metal ions (including radium),
lanthanum, and cerium. This extraction is inef-
fective for the separation of thorium from zirconi-
um, plutonium, and uranium, and gives only
poor decontamination from neptunium.

Thorium is finally precipitated as the oxa-
late and ignited to the dioxide, in which form it
is mounted and weighed, The yield is 70-80%,
and quadruplicate analyses can be carried out in
approximately 8 hr.

2. Reagents

Th carrier: 10 mg Th/ml (see preparation and
standardization of carrier)

Bi carrier: 10 mg Bi/ml, added as Bi(NO;),-5H.0
in dilute HNO,

La carrier: 10 mg La/ml, added as La(NO,),
6H.0 in H,0

Zr carrier: 10 mg Zr/ml, added as purified
7Zr0OCl,-8H.0 in H,O

HCI: concd; gas

HNO;: concd; 6M

H.SO,: concd

HIO;: 1M (filtered)

H.C.0,: saturated solution (filtered)

NH.OH: concd

H.S: gas

SO.: gas

2.4M AI(NO,); in 1.2M HNO, (filteced)

KClO;: solid

Methanol: absolute

Mesityl oxide: Eastman White Label

AG1-X10 anion resin column, 100-200 mesh,
stored as a slurry in H.0.

3. Preparation and Standardization of Carrier

I the purity of the thorium is known, the
metal may be weighed out directly as a primary
standard. It is dissolved on a steam bath in a
small excess of concenirated HNO, in a Pt dish,
with periodic additions of small amounts of 0.1M
HF. If thorium nitrate is used as carrier, it is
dissolved in about 0.0013f HNG, and filtered. To
a 10.0 ml aliquot {four standardizations are usual-
ly carried out) of the carrier, 10 drops of coned
HCI are added and the solution is boiled over a
Fisher burner, Four ml of saturated H.C.0, are
then added and the solution is boiled for 2 min.
The thorium oxalate precipitate is filtered through
No. 42 Whatman filter paper (3 cm) in a 2%, 60°
funnel and washed with about 1% H.C.O, solu-
tion (the saturated solution is diluted 1 to 10).
The precipitate is transferred to a tared porcelain
crucible (Coors 000) and ‘s carefully ignited at
900° for 1 hr. The carrie: is weighed as ThO..

4. Procedure

Step 1. Into a 40-m! short-taper centrifuge
tube, pipet 2.0 ml of standard Th carrier; add
the fission-product solution and 5 drops of La
carrier. Precipitate Th{OH); by means of an
excess of concd NH,OH, centrifuge, and discard
the supernate.

Step 2. To the precipitate add 8 ml of
concd HNO,, 15 m] of H,O, and 7 ml of 1M
HIQ,. Centrifuge the Th(IO,), precipitate and dis-
card the supernate. Wash the precipitate with 15
ml of a solution which is 4M in HNO, and 0.25M
in HIO;. Centrifuge and discard the supernate.

Step 3. To the precipitate add 1 ml of
concd HCI and 5 drops of Zr holdback carrier.
Heat while stirring over an open flame until the
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precipitate dissolves and the solution boils. Dilute
to 5 ml with H.O and bubble in SO. gas until
the solution becomes essentially colorless. Dilute
to 10 ml with H;O and boil until the solution is
water-white. Add 4 ml of saturated H.C.O; solu-
tion and continue miling for about 1 min. Cen-
trifuge the oxalate precipitate and discard the
supernate.

Step 4. To the precipitate add 1 ml of concd
HNO, and about 100 mg of solid KCIO.. Heat
cautiously to boiling to destroy oxalate. Dilute to
15 ml with H:O and precipitate Th(OH), by
nieans of an excess of concd NH,OH. Centrifuge
and discard the supernate.

Step 5. Add 10 drops of concd HCI to the
precipitate and bubble in HCl gas through a
transfer pipet until the solution is saturated, With
the aid of a hypodermic syringe and the same
pipet, transfer the solution {which has a volume
of approximately 1 ml) onto an AG1-X10
anion resin column. (Before use, the resin
column is treated with a wash solution made
up by adding 1 drop of concd HNO, (Note 1) to
26 ml of concd HCl and saturating with HCI gas
at room temperature.) By means of air pressure.
force the sample solution through the column in
approximately 3 min, but do not allow the
meniscus to go below the top of the resin, The
effluent is collected in a 40-ml short-taper centri-
fuge tube. Add 1 ml of the resin wash solution to
the original centrifuge tube and transfer the
washings by means of the same pipet onto the
column. The washings are forced through the
column in the same manner as the sample solu-
tion, and are collected along with the sample
solution. This wash may be repeated if it is
necessary to obtain the maximum yield of Th.

Step 6. Dilute the collected sample plus
washes to approximately 25 ml with H.O and
make the solution basic with concd NH,OH.
Centrifuge the Th(OH), precipitate and discard
the supernate.

Step 7. Dissolve the precipitate with 6 drops
of 6M HNO,. Use 10 ml of 24M AI(NO,).-
1.4M HNO, mixture (hereinafter called the ex-
traction mixture) to transfer the sample solution
to a 60-ml separatory funnel. Add 10 ml of
mesityl oxide to the separatory funnel, shake for
15-20 sec, and discard the water (lower) layer.

Wash the mesityl oxide layer twice with 5-ml
portions of extraction mixture. discarding each
washing. Back-extract the thorium with two 5-ml
washes of distilled H.0. collecting both H.O layers
in a 40-ml short taper centrifuge tube. Dilute to
15 ml and add 8 m) of concd HNO. and 7 ml of
1M HIO, (Note 2). Centrifuge the Th(I0.), pre-
cipitate and wash as in Step 2.

Step 8. Repeat Steps 3 through 6.

Step 9. To the Th(OH), precipitate, add 5
drops of Bi carrier and 10 drops of concd H.SO,.
Dilute to 10 m} with H.O and saturate the solu-
tion with H.S. Filter through a No. 40 Whatman
filter paper (9 ¢m) in a 2”. 60° funnel. collecting
the filtrate in a 40-ml short-1aper centrifuge tube.
Wash the precipitate with a small amount of
water and combine the wash with the filtrate;
discard the precipitate. Make the filtrate basic
with concd NH,OH, centrifuge, and discard the
supernate,

Step 10. Repeat Step 7.

Step 11.  Repeat Step 3. but do not add Zr
holdback carrier and do not centrifuge the oxalate
precipitate.

Step 12. Filter the hot solution containing
the oxalate precipitate onto a %¢” No, 42 What-
man filter circle, using a ground-off Hirsch fun-
nel and a filter chimney. Wash the precipitate
with 1% H.C.0, solution. Transfer the filter
paper by means of forceps to a Coors 000 porce-
lain crucible and ignite for 15-20 min at 900°.

Step 13. Transfer the ThO; to a dry 40-ml
long-taper centrifuge tube. (This is readily done
by holding the edge of the crucible with forceps
and dumping the contents into the centrifuge tube.
Little or no ThO. adheres to the crucible.) Grind
the ThO, with a 5-mm fire-polished glass stirring
rod; add 1 ml of absolute methano! and continue
grinding until the solid is very fine, Add an addi-
tional 10 ml of methanol and suspend the solid by
vigorous swirling. Transfer onto a tared No, 50
Whatman filter circle (1%4” diameter) in the
regular filter chimney setup. Apply suction until
the methanol has passed through the filter circle.
Remove the circle, dry in an oven at 115° for
10 min, place in the balance case for 20 min, and
weigh. Mount the sample on two-sided Scotch
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tape which is stuck to an Al plate. Cover the
sample with Nylon film (1.5 mg/cm?).

Notes

1. The purpose of the HNO, is to maintain
an oxidizing medium on the resin to prevent re-
duction of Pu.

2. At this point the solution will be slightly
colared as a result of oxidation of dissolved mesity]
oxide. This. however, does not affect the results.

6. B-Counting of Th

Whenever Th g activities such as isotopes 231,
233. and 234 are counted and 2**Th is used as
carrier. one is faced with the problem of the
growth of B activities from the carrier, Examina-
tion of the decay chain of 2*Th shows that the
amount of B activity depends upon the quantity
of 228Th present. In the chain the longest-lived
parent of 2%Th (half-life 1.9 years) is ***Ra, the
half-life of which is 6.7 years. Thus, the amount
of 228Th present in 232Th depends upon the time of
separation of 22Ra. The B emitters succeeding
2288Th grow in essentially with the half-life of
24Ra which is 3.64 days. Therefore, the 8 activity
that one observes from natural Th which has had
all of its decay products chemically removed
grows in with a 3.64-day half-life. One mg of
natural Th in equilibrium with its decay products
has 494 disintegrations per minute of B activity.
Since one does not usually know the history of
the Th used as carrier, the most convenient way
to correct for these counts is the following:

Pipet out as much carrier solution as will
give approximately the same weight as a true
sample would when carried through the
whole separation procedure. Perform Steps 9
through 13 of the procedure. Note the time
of the last mesityl oxide wash of Step 10.
After the sample is mounted. count it every
few hours over a period of several days. It is

convenient to use the time of the last mesityl
oxide wash as t.. In this manner, one can
correct for the growth of betas from the
carrier.

7. Absolute B-Counting of Some Th Isotopes

The relation between counts and disintegra-
tions for thorium isotopes of mass numbers 231.
233, and 234 can be obtained from 235U, *¥"Np,
and 2%%1J. respectively. If a weighed quantity of
25U or U js taken, Th carrier added, and a
chemical separation of Th made, one can calcu-
iate in each case the number of Th disintegrations
present. By counting the sample and correcting
for decay from time of separation, one has a
direct relationship between counts and disintegra-
tions, The self-absorption of the sample can be
taken into account by the use of this technique on
several different weights of Th carrier with
identical specific activity. For example, one adds
100 mg of Th carrier to a weighed amount of
either U or 2%, mixes the solution thoroughlv.
takes several aliquots of different sizes, and
separates the thorium, In this way, one can plot a
curve of sample weight vs disintegrations.

In the case of 2**Th the situation is different.
The decay product of this isotope is 2%®Pa. which
is also the immediate decay product of 237Np.
By separating 2*Pa from a known weight of
2"Np and counting the former. one has a direct
relationship for **3Pa of counts vs disintegrations.
For a sample of #Th one takes two known ali-
quots. differing by a factor of about 1.000 in
activity. (The ratio of 2*Pa to ®®Th half-lives is
1693:5.) The weaker aliquot is counted for 233Th
immediately upon separation of Pa. The stronger
one is permitted to decay until it is all 283Pa and
is then counted. From the previous (2"Np) cali-
bration one then can find the disintegrations of
#33Pa for this sample. The sample is corrected for
decay back to the time the weaker sample was
counted for **3Th, thus obtaining the number of
atoms of the latter when aliquot correction is
made.
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*Th (IONIUM)
J. W. Barnes and H. A. Potratz

A. Determination in Coral Samples

l. Introduction

The determination of 2°Th (ionium) in coral
samples involves carrier free separation of the
total thorium content by use of TTA{[44.4, tri-
fluoro - 1 - (2-thienyl) - 1, 3 - butanedione].
Thorium is finally adsorbed on a cation exchange
column and eluted with oxalic acid. It is then
a-counted and pulse analyzed, with 2?Th being
employed to determine chemical yield. The chemi-
cal yield is 50-70%,. Duplicate samples may be
run in about 6 hr.

2. Procedure

Step 1. Transfer about 20 g of coral,
weighed to the nearest 0.1 g, to a 60¢-m] beaker.
.Add 2*Th tracer in known amount (5-100 counts/
min) and wash down the sides of the beaker with
H.0.

Step 2. With a Speedyvap watch glass in
place on top of the beaker, gradually add 75 ml
of concd HNO,, dropwise at first to prevent ex-
cessive foaming. Place the covered beaker on a
hot plate and allow the solution to boil until the
vegetable fiters present in most samples have
disintegrated- and brown fumes are no longer
evolved. Coul to room temperature and cautiously
add 70% HCIO,. (During this and subsequent
steps which involve fuming with HCIO,, the
operator should wear a face shield and rubber
gloves). Evaporate to dense white fumes and con-
tinue heating for at least an additional 5 min.
Cool to room temperature and dilute to about 200
ml with Hzo-

Step 3. Add concd NH,OH until the solu-
tion is barely acid, and then adjust the pH to
2.0-2.5 with the use of 3M NH,OH and 3M
HCIO,.

Step 4. To a separatory funnel add the
solution from Step 3 and 150 ml of 0.5M TTA
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in benzene. Stir for at least 1.5 hr with a vortex
stirrer driven at high speed by means of an air
motor. Permit the layers to separate, draw off the
aqueous layer, and discard (Note 1),

Step 5. Wash the benzene layer, containing
the thorium complexed with TTA, for about 30
sec by stirring with 100 ml of H.O. Discard the
washings. Wash again with 50 ml of H,O and
discard the washings.

Step 6. Extract the thorium from the
benzene by stirring for 3 min with 100 ml of 3M
HCL.

Step 7. Transfer the aqueous phase to a
beaker and evaporate with an air jet on a steam
bath until the volume has been reduced to 20-30
ml. Transfer the solution to a 40-ml centrifuge
tube and cortinue evaporation to a volume of
1-2 ml.

Step 8. Add 1 ml of concd HNO, and boil
over a flame until brown fumes are no longer
evolved. Cool to room temperature, then add 0.3-
0.4 ml of 709 HCIO,, and boil until white fumes
appear. Cool to room temperature and dilute to
about 3.5 ml with H,0.

Step 9. Transfer the solution to the top of
an AG50-X4 cation exchange column (Note 2)
and rinse the centrifuge tube with 0.5 ml of H.O,
adding the rinsings to the column, (If air bubbles
are present in the column, they should be removed
by stirring with Pt wire.) Force the solution
through the column under 2 pounds of air pres-
sure, and then wash the column with 3-4 m] of
3M HCl under the same pressure, Discard the
first effluent and the wash.

Step 10. Pour 2 ml of 0.5M H.C,0, onto the
column and allow the solution to run through
under atmospheric pressure. Collect the drops
from the column on 1” square (1-3 mil) Pt plates,
which are placed just far enough below the col-
umn so that drops separate from the tip before
hitting the plate. Nine drops of effluent are col-
lected on each of four plates. Dry the plates under
a heat lamp; then ignite over an open flame.

Step 11. e-count the individual plates and
then pulse analyze those plates which carry the
activity (Note 3).



Notes

1. The chemical vield may be increased
slightly by taking the aqueons layer through an
additional extraction.

2. The tubes which are used to support the
resin columns are shown in the accompanying
illnstration. They were constructed by blowing
out the end of a 15-ml centrifuge tube and seal-
ing on a length of 3-4 mm id. tubing. The AG
30-X4 resin was water-graded and the fraction
which settled at the rate of 2-5 cm/min was se-
lected for use. This was washed several times
with concd HC] and then with H.O. To support
the resin column, a layer of HCl-washed sand
about 5 mm thick is placed in the tip of the
column tube. A slurry of graded. HCl-washed
resin is then added by means of a syringe pipet.
the resin slurrv being introduced into the tube
near the bottom so as to eliminate air bubbles.
The amount of slurry added should be sufficient
to produce a column 7-9 cm in length after set-
tling. Settling of the resin may be hastened hy
applying up to 10 pounds of air pressure to the
top of the column. To control pressure, the air
line is connected to the top of the column through
a reducing valve, Slurry liquid is allowed to flow

Extraction apparatus.

through the column until the liquid level reaches
the top of the resin; the stopper is then removed
from the top of the column tube. Air must not be
permitted to enter the resin column. If air does
enter. the resin is reslurried to remove air bubbles.
The cation column prepared as described above is
washed with 2-3 ml of 3A HCIO, and is then
ready for use.

3. Pulse analyses were made with a 100-
channel analvzer operated at a window setting
which placed the ***Th peak in the 83-87 channel
regiont.

B. Determination in Old Fission-Product Material

1. Introduction

The method described for the determination
of *Th (ionium) in coral samples is not satis-
factory for fission-product solutions inasmuch as
the plutonium present in the latter comes through
the separation procedure and seriously interferes
in pulse analyses. To overcome this difficulty.
plutonium is removed on an anion exchange
column from concentrated hydrochloric acid
medium immediately before thorium is adsorbed
on the cation column.

]

Resin columns.
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2. Procedure

Step 1. To an aliquot of the sample in a
150-ml beaker add ***Th tracer in known amount
(5-100 counts, min) and then boil untl white
fumes appear. Dilute to 40 ml with H.O.

Step 2. Repeat Steps 3 through 7 of Pro-
cedure A except cut down amounts of all reagents
by a factor of five.

Step 3. Add 0.3-0.4 ml of 70% HCIO, and
boil until white fumes appear. Cool to room
temperature and dilute to about 4 ml with Solu-
tion A. (Solution A consists of concd HNO,
mixed with concd HCl in the ratio of 0.1 ml
HNO; to 15 ml of HCI.)

Step 4. Transfer the solution to the top of
a 5 cm X 2 mm Dowex AlX2 anion exchange
column (Note) and rinse the centrifuge tube with
about 0.5 ml of Solution A, adding the rinsings
to the column. (Observe the usual precautions to
avoid introduction of air bubbles.) Force the solu-
tion through the column under 1-2 1b of air pres.
sure and collect the effluent in a 40-ml test tube.
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Rinse the column with 3 ml of Solution A under
the same pressure and collect the effluent in the
same test tube. Pu is retained on the column and
thorium comes through in the effluent.

Step 5 The effluent is evaporated with an
air jet to about 1 ml on a steam bath.

Step 6. Add 1 ml of concd HNO, and boil
over a flamne until brown fumes are no longer
evolved. Cool to room temperature and add 1 ml
of 70% HCIO,. Boil until white fumes appear,
then cool to room temperature, and dilute with

H.O to about 3.5 ml.

Step 7. Repeat Steps 9, 10, and 11 of Pro-
cedure A.

Note

The anion exchange column is prepared in
essentially the same manner as the cation column
(see Note 2, Procedure A). The resin used is a
0.3-2 cm ‘min fraction of Dowex Al-X2. The resin
is prepared for use by washing with Solution A.



PREPARATION OF CARRIER-FREE
*Th (UX:) TRACER

G. A. Cowan

1. Introduction

In the separation of *Th (UX,) from
uranium, the latter, originally present in the form
of UOQ.(NOs)., is converted to a soluble uranyl
carbonate complex by means of ammonium carbo-
nate solution. Then at pH 8.0-8.5 the cupferrate of
UX, is made and separated from the uranium by
extraction into chloroform. The UX, is back-ex-
tracted into dilute nitric acid containing bromine
which serves to decompose the UX, cupferrate.
thus allowing extraction of all the organic ma-
terial and excess bromine into the chloroform
phase.

2. Reagents

UO:(NO;): 1 g U/10 ml, added as U,O: or
U0,(NO,).-6H;0 in dilute HNO,

HNO:;: 3M

(NH,).CO;: saturated aqueous solution

Br. water: saturated solution

Cupferron: 69, aqueous solution (freshly prepared
and kept in refrigerator)

Chloroform: CP

Hydrion paper (short range)

3. Procedure
Step 1. 1'ipet 10 ml of UO.(NO;). solution

into a 250-ml beaker and treat with saturated
(NH,).CO; solution and H,O until the yellow
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precipitate which first forms dissolves. Sufficient
(NH,).CO, is added to make the firal pH of the
solution 8.0-8.5 (Note).

Step 2. Transfer the solution to a 250-ml
separatory funnel, and add 1-2 ml of 69, aqueous
cupferron reagent and 10 mi of chloroform.
Shake well and transfer the chloroform layer con.
taining the UX, to a clean separatory funnel. Re-
prat the chloroform extraction and combine the
extracts.

Step 3. Wash the chloroform extracts with
20 ml of H.O to which has heen added 1 ml of
cupferron reagent and sufficient {NH,).CO, solu-
tion to make the pH 8.0-8.5. Transfer the chloro-
form phase to a clean separatory funnel.

Step 4. To the chloroform phase add 10 ml
of 3M HNO, and a few milliliters of saturated
Br. water and shake. Discard the chloroform phase
and wash the aquecus phase twice with chloro-
form, discarding the washings. Transfer to a 250-
ml beaker and boil for a minute to remove the
last traces of chloroform. Transfer the solution to
a volumetric flask of the appropriate size and
make up to volume with H,O.

Step 4. Pipet aliquots of solution to 1” cover
glasses and evaporate to dryness under a heat
lamp, Count.

Note

A pH of 8.0-8.5 appears to be the optimum
for the preparation and extraction of the UX,
cupferrate, although a pH in the range 7-85 is
suitable.

——————



TRACER METHODS FOR ANALYSIS
OF THORIUM ISOTOPES

J. W. Barnes

1. intreduction

The principal purification step in tracer work
with thorium isotopes depends on the fact that the
relativelv small. highly charged thorium ion is
niore tightly bound to a cation exchange resin such
as Dowex 50-X# than are the ions of maost other
clements. Thorium is adsorbed on the resin bed
and washed with dilute hydrochloric acid solu-
tions to remove most impurities; it is then eluted
from the column in a very narrow band with
oxalic acid. Since thorium oxalate is insoluble.
macroquantities cannot be eluted from the
column in this way. The Dowex 50-X4 resin with
4%, divinyl benzene in the original polystyrene
bead is more satisfactory for this separation than
any of the other cross-linkages. For example.
Dowex 50-X2 does not adsorb thorium strongly
enough under the experimental conditions to be
useful; the higher cross-linkages in Dowex 50-X8
or -X12 do not ailow impurities to be removed
at a reasonable rate and also cause so much tailing
in the elution that the thorium is not concentrated
in the small volume desired. In tracer work with
thorium. it is well 10 avoid solutions comaining
nitrate. fluoride. sulfate. or phosphate. since these
cause considerable losses in steps involving anion
and cation exchange columns.

In the analysis for any thorium isotope in a
solution containing organic matter such as in-
completely decomposed filter paper, it is a neces-
sary first step. after addition of a suitable tracer.
to boil to dense fumes with perchloric acid. Even
though thorium has only the one stable valence
state in solution. there is strong evidence for lack
of exchange between added tracer and the radio-
isotope already in the solution when a hydroxide
precipitation is performed without the fuming
having taken place. Whether this apparent lack
of complete exchange results from complexing of
thorium by organic molecules that survived the
initial solution of the sample in nitric and per-
chloric acids. or from the existence of thorium in
the solution as some potvmeric ion. is difficult to
determine. Routine fuming of this type of sample
improves the precision of the analysis. If the

161

analysis is performed on solutions contaixiing
macraquantities of calcium, two precipitations of
thorium on a carrier hydrexide such as iron or a
rare rarth are necessary io remove most of the
calcium. Since most of the analyses were done on
salutions containing a very large excess of fission
products (Section 3}. tws Dowex 50-X4 columns
were used.

Some of the zirconium and probably a few
other unkncwn contaminants are eliminated by
adsorbing them [rom concentrated hydrochloric
acid solution on a relatively high cross-linked.
strong-base anion exchange resin such as Dowex
1-X8 or -X10. Twa of these columns are used.
one after the other. if one of the beta-emitting
thorium isotopes is heing separated. If an alpha-
emitting thorium isotope is being purified. one
anion column may be sufficient, and if the sample
contains fission products several davs old and does
not have excessive amounts of plutonium and
neptunium. two cation columns provide sufficient
decontamination.

Tracer amounts of thorium can be separated
from uranium in quantities up to about 1 g with
one Dowex 50-X4 column. Amounts of uranium
up to about 10 g can be adsorbed on a 150- to
200-m! bed of Dowex 1-X8 from concentrated
hydrochloric acid. leaving thorium in the effivent.
A carrier-free source of **'Th was prepared from
2 kg of oralloy by doing several ether extrartions;
then finally a cation column was employed to
concentrate the activity in 1 or 2 drops of oxalic
acid (Section 7),

Section 6 describes the application of the
above principles of separation to the specific
analvsis of thorium in coral or limestone samples.
as developed by W. M. Sackett.

2. Reagents

Fe carrier: 10 mg Fe per ml. added as 72.3 g of
Fe{NO,).-9H.O per liter of aqueous solution

HF: concd

HCIO.: concd

HCl: concd: gas; 6M; 3M

HNO.: concd

NH.OH: concd

H.C.O,: 0.5M (45 g of H.C.O, in a 1-] bottle and
fill with H.O)



NaBr0Q.: 05M (75.3 g of NaBrO, in a 1] bottle
and fill with H.O®

Anion exchange resin AG 1-X8, 100-200 mesh.
stored in concd HCl

Cation exchange resin AG 50-X4. 50-100 mesh

Cation exchange resin AG 50-X4. 100-200 mesh

Buth of the cation nxins are stored in 3M
HCI. Ti may not he necessary to further purifv
the resinc if they are obtained from Bic-Rad
Laboratories, However. if the decontamination or
chemical vields are not satisfactorv. it may be
well to treat the resins as follows. Place a quantity
of thie resin in a large fritted disk funnel of
medium or coarse porositv. (In this Laboratory.
we use a 12-cm fritted disk funnel sealed to a
30-cm length of glass whing so that much larger
quantities of resin can be handled.) The treat-
ments described below are speeded considerably
by draining reagents into a large (2-4 liter) suc-
tion flask connected to vacuum to promote com-
plete removal of a reagent before the next one is
added. When adding a reagent to the partially
dried resin it is helpful to stir it up with a heavy
porcelain spatula and then let it settla and flow
by gravity awhile to prolong the treatment time
before suction is applied and the reagent removed.
The reagents used successively for treating the
resin are an organic solvent such as acetone or
alcohol  which removes short-chain organic
polymers not firmly anchored in the resin matrix.
water to rinse out the organic solvents, and concd
HCI containing about 1 ml of 2M NaBrO, per
160 ml to dissolve extraneous inorganic matter.
This solution is removed with water or dilute HCI
in an amount equal to 10-20 times the volume of
resin being purified. (The resin may be washed
with 3M NH,OH and then with ~vater at this
point, but it prebably is not necessary.) The resin
shouid now be washed with 5-10 times its
own volume of whatever solution it is to be stored
in. Undesirable fine particles can be removed by
running distilled water upward through the fritted
disk to float them over the top. leaving the bulk of
the resin in the tube.

3. Special Equipment
Resin Columns: 4 per sample: three 0.6 cm id.

and 7 cm high, and one 0.35 cm id. and 7 cm
high. The glass coniainer for the column of

resin is most conveniently made by sealing
a piece of tubing. either 0.6 cm id. by 7 cm
or 0.33 em id. by 7 em. 10 the bottom of a
tapered 15-ml centrifuge tube. If glass wool
is to suppors the resin, the <ize of the open-
ing in the tip at the botlon, of the colomn is
not critical. 0.3-2 mm being satisfactory. A
glas. wonl column plug is made by cutting
off a short piece of fibers. wetting and rolling
it into a ball. and pushing it to the bottamn of
the ~olumn with a rod. The hole size for a
sand support should not be much larger than
0.5-0.5 mm; first put in & Yaver of coarse
sand and then cover it with a laver of finer
material to guarantee that the column will
not be part of the effluent. The sand should
he briled and leached with HCL. or better. be
made of glass. The choice hetween sand and
glass wool as a column support is a matter of
persanal preference.

Pressure Regulator: The pressure of air used to
push solutions through «nlumns is regulated
by a diaphragm reducing valve with a scale
reading from zero to 100 1b and the first mark
at about 4-5 1b. Tf an ordinary on-off valve is
used in place of the diaphragm tyvpe. light
pressure may be obtained by holding one
outlet from the manifold to one’s ear and
turning the valve until air can barely be
felt or heard or by incerting a tee tube be-
tween the reducing valve and the manifold
and leading a plastic or rubber tube below
the surface of a column of water in some
conveniently-sized tube such as a liter
graduate: the valve is then opened to pass
just enough pressure to cause bubbles to rise
in the tube,

4. Preparation and Standardization of Tracers and
the Calculations Involved in Their Use

In analyses for the beta emitters 23'Th and
24Th. the best tracer is 2*Th since no daughter
products grow into it within a time that could
affect the analysis. Since one needs to get good sta-
tistics with a single alpha counting to determine
chemical yield, it is desirable to use around 10,000
counts/minr: of #**Th tracer. It is well to have on
hand several standards made with the amount of
tracer being used in the analysis; then the chemi-
cal yield is determined by a ratio of sample-to-
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standard counted very close together. thus elimi-
nating any small error due to change in response
of the alpha counter.

The beta counting efficiencies for *'Th and
#3Th are determined by mixing a known amount
of #Th tracer with a known quantity of the ap-
propriate uranium parent, either U or *U.
After a perchloric acid fuming to guarantee ex-
change and to eliminate nitrate that may be
present, the solution is diluted to 2 to 3M in H-
ion concentration and an AG 50-X4 column step
is performed as in the last step of the fission
product decontamination (Step 9 of Section 5}.
except that a drop or two of 0.5W NaBrO, is
added to the initial solution and to the wash to
ensure that the uranium will be present as U(VI).
U(IV) behaves the same as Th(IV) on this col-
umn and will lead 10 enough deposit on the plate
to cause ervors in the alpha counting. The direc-
tions for obtaining large quantities of *'Th or
#34Th for use as tracers are given under Section 7.

The best tracer to use in analysis for **°Th
is ¥Th, as free from 2*Th as possible, Since
*Th and **Th are both alpha emitters, the final
plate is pulse-analyzed to get the ratio of the two.
The alpha energy of ***Th (as compared to that
of **8Th) is so much closer to that of *Th that
tail corrections are much larger and more subject
to error when ***Th is present in the ***Th tracer.
This tracer is made by the (d. 2n) reaction on

22Th.

gu”’I.h (d,2n) 91”2Pa

B
1.32d
> .20 __"_> 28 Th

92 70y 890

It is possible to standardize a solution of **Th
by allowing it to decay until all its daughters are
at equilibrium, then alpha counting it and sub-
tracting the contribution of the rest of the decay
chain. It is, however, quicker and more reliable
to mix accurately-measured quantities of ***Th
and a known #Th solution, fume with HCIO,.
and then separate from daughter activities with
an AG 50-X4 column as in Step 9 of the regular
fission product purification. The resultant plate is
pulse-analyzed to get the ratio of **Th to *Th
which, when multiplied by the alpha count of
2%Th, gives the correct alpha-count rate for **Th.

163

If this tracer is to he used for an appreciable
length of time. a decay correttion for its 1.9-year
half-life will have to be made.

Also. a correction is to be made in pulse
analvses involving ***Th, The energy from 4.6%
of the alphas of the *'Ra daughter of ***Th coin-
cides with the alpha peak of **Th. The time of
last sej.aration of the daughter is noted. This is
the time when the last HCl wash comes off the
last AG 50-X4 column. This parent-daughter re-
lationship falls into the classification of transient
equilibrium. where the equation of radioactive
decay is simplified to

Ny A,

N.(t) = FVn

(e'k") ’

where the subscript 2 refers to ***Ra and the
subscript 1 refers to ***Th. N,* is constant for the
simes involved. so it is convenient to prepare a
plot of N./N,> against time using the above equa-
tion. The elapsed time from the end of the HCI
wash on the last cation exchange column to the
midpoint of the pulse analysis is noted on the
curve. and the fraction N./N,° is read from the
graph. multiplied by 0.046. and subtracted from
the counts under the **Th peak.

To get the counting rate of *°Th in a
sample with ?®Th tracer. the ratio of the
2Th/**¥Th peaks is multiplied by the alpha-
counting rate of ***Th as obtained ahove,

5. Procedure for Thorium lsotopes in a Solution of
Fission Products

Step 1. Pipet the tracer into an erlenmeyer
flask of the proper size: a 50-ml flask for a
sample-plus-tracer volume less than 10-15 ml and
a 125-ml flask for 12-50 ml. Pipet the sample
into the flask. using a clean pipet for each sample
so that the solution will not become contaminated
with the tracer. Add a few drops of Fe carrier
and about 1 ml of concd HCIO,. Evaporate to
dense white fumes and continue heating for at
least 2 min after their first appearance. This
evaporation is most vapidly done over a Fisher
burner. but if there is no hurry use an air jet, hot
plate. or oil bath, Cool and add 10-15 ml of H.O
and transfer to a short-taper 40-ml centrifuge



tube. Ther may be a fine-grained residue of SiO.
in the flask, but thorium loss at this point is not

very great,

Step 2. Add an excess of concd NH,OH.
mix well, centrifuge, and discard the supernate.

Step 3. Dissolve the precipitate from Step
2 in 1 ml of 33 HCI and dilute with H.O to half
the volume of the tube. Add concd NH,OH to
precipitate the hydroxide, centrifuge, and discard
the supernate.

Step 4. Dissolve the precipitate from Step
3 in about 5 ml of 3M HCI. If there is a very
heavy precipitate of Fe(OH).. it may be necessary
to add niore 3M HCI to obtain complete solution.
Again ignore a small residue of SiO. if it is
present. Prepare a column 0.6 cm in diameter and
about 7 cm high filled with AG 50-X4, 50-100
mesh resin. Pour the HCI solution onto the top
of the resin and allow it to run through by
gravity. Wash the colummn with 10 ml of 3M
HCl and discard both the wash and the first
effluent. Put a 50-ml erlenmeyer flask containing
1 ml each of concd HCIO, and HNO, under the
column and add 3.5 ml of 0.5M H.C.O, to the
top and allow this to pass through by gravity.

Step 5. Evaporate the solution from Step 4
to Jense white fumes and continue heating for
about a minute.

Step 6. Transfer the solution to a 40-ml
long-taper centrifuge tube and rinse the contents
of the flask into it with 2 ml of concd HCl. Add
2 or 3 drops of 0.5M NaBrO, and saturate with
HCI gas while the tube is surrounded by water
at room temperature. Prepare a wash solution by
adding a few drops of NaBrO, to concd HC] and
saturate it at the same time.

Step 7. Prepare two columns for each
sample. The diameter of each column is 0.6 cm
and each is filled to a height of about 7 cm with
AG 1-X8 or AG 1-X10, 100-200 mesh resin. Add
the solution from Step 6 to the top of one of the
columns and collect the effluent in a dry centri-
fuge tube. Rinse the originai tube and column
with 1.0-1.5 ml of the wash solution prepared in
Step 6. Combine this wash with the effluent and
pass through the second column, Rinse this in the
same manner as the first and collect the combined

effluents in a 50-ml erlenmeyer flask. It may be
desirable to use very light air pressure to push
the solution through these two columns,

Step 8. Evaporate the solution from Step 7
to 2-3 ml and add 1 ml of concd HNO, and 0.5
ml of concd HCIQ,, and continue heating until
dense white fumes have been evolved for about a
minute. Cool and add 2 ml of water.

Step 9. Prepare a column 0.35 cm by about
7 cm filled with 100-200 mesh AG 50-X4 resin.
Pour the solution from Step 8 on the top of the
column and force it through with light air pres-
sure (2-3 1b). Wash the column with 4.5 ml of
6M HCl and discard this wash and the first
effluent. Add 0.3-0.4 ml of 0.5M H.C.0O, and push
down the column with very light air pressure.
Make sure that the leading edge of the oxalic
acid band does not reach the bottom of the resin
and get discarded with the other effluent. Add
0.7 ml of 0.5M H.C.O, to the top of the column
and collect the sample on a 5-mil Pt plate. If it
is for alpha counting only, use a 134” to 2” di-
ameter plate. If beta counting is to be performed
also. the sample is collected on a 1” diameter
plate. The samples are dried under heat lamps
and are left there until most of the H.C.O, is
sublimed. Then they are heated to red heat in a
flame.

6. Thorium Procedure for Coral or Limestone Samples

Step 1. Dissolve 100-125 g of coral (ac-
curatelvy weighed) in 250 ml of concd HNO; and
make up to 500 ml with H.0. This gives a solu-
tion containing about 0.2 g of coral per milliliter.

Step 2. Add a 50 mi aliquot of the well-
mixed solution to a 90-ml centrifuge tube together
with 1 ml of #Th (see Section 7) tracer solu-
tion and 1 ml of Fe carrier, Stir and heat in a
hot water bath for 1 hr; then cool (Note 1).

Step 3. Add concd NH,OH slowly with
stirring until Fe(OH). precipitates and then
centrifuge for 5 min (Note 2).

Step 4. Decant and dissolve the precipitate
in 5 ml of concd HNO,, dilute with H.O, and
again precipitate Fe(OH); with concd NH,OH.
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Step 5. Centrifuge, decant, and dissolve the
precipitate in 5 ml of concd HNO,, and use H.0
to wash the solution into a Pt dish. Add 10 ml
of concd HCIO, and 5 ml of concd HF.

Step 6. Take to fumes of HCIO, three times,
washing the sides of the dish with water after
each fuming (Note 3).

Step 7. Dilute the HCIO, solution to about
25 ml with H.0.

Step 8. The first column (4 X 150 mm
with a 40-ml reservoir) is filled with an AG
50-X4, 200-400 mesh resin-water mixture and
packed to about 120 mun. Wash ihe resin with
3M_HCIO, and add the solution from Step 7.
Allow the solution to flow at atmospheric pressure
or adjust the air pressure to give a flow of one
drop about every 30 sec.

Step 9. When the solution reaches the top oi
the resin, add 3M HCI acid in several 1-ml por-
tions, washing down the sides of the column. Con-
tinue washing until the ferric chloride color dis-
appears.

Step 10. Elute the Th with 2-3 ml of 0.5M
H.C.0,, catching the effluent in a centrifuge
tube. Add to the H.C.0, solution 5 ml of concd
HNO, and 5 ml of concd HCIO, and take to fumes
of HCIO, three times, washing the breaker down
with H.O after each fuming (Note 3).

Step 11. Add the solution, diluted with
H.O to 12 ml, to the second column (2 X 150
mm with a 15-ml reservoir) packed to a length of
120 mm with the same resin and treated as in
Step 8. Adjust the flow rate as in Step 8.

Step 12. When the solutien reaches the
level of the resin, wash with five 1-ml portions
of 3M HC, rinsing the sides of the centrifuge
tube with each portion.

Step 13. Elute the Th with 0.5M H.C.O..
collecting the first 10 drops of H.C.0, acid efflu-
ent on a Pt plate. (The first few drops, which
are HCI, are not collected.) Evaporate to dryness
under a heat lamp, and flame.

Step i4. Count 2Th to determine the yield
and pulse-analyze the alpha radiation (Notes 4
and 5).
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Additional Reagents and Equipment for this
section are:

Dowex 50-X4, 200-400 mesh, cation resin
Resin columns — 4 X 150 mm with a
40-ml reservoir

2 X 150 mm with a

15-ml reservoir

Notes

1. The phosphate, chloride, and other im-
purities in the coral and the high acid concentra-
tion seem to iake the thorium into a completely
exchangeable form.

2. Large quantities of phosphate increase
the formation of Ca,(PO,). which coprecipitates
with Fe(OH), and leads to a decrease in yield
due to the formation of phosphate complexes of
thorium.

3. The solution is fumed three times to be
sure no fluoride or oxalate remains to interfere in
separation,

4. The isotopic thorium composition is cal-
culated from the growth and decay of alpha
activity.

5. The yield for this procedure varies from
50 to 90%.

7. lsolatior. of Thorium Decay Products from Large
Quantities of Uranium Parent

#Th is isolated from a solution of oralloy,
approximately 93.5% 23U, and 3Th is obtained
from normal uranium and the #'Th present al-
lowed to decay. For preparation of tracer using
either of these thorium isotopes, the final step is
an AG 50-X4 cation exchange column as in the
determination of counting efficiency of **'Th or
234Th under Section 4, except that the final oxalic
acid effluent is fumed nearly to dryness with
1 ml eack of concd HNO, and HCIO,, If an
amount of uranium up to about a gram is suf-
ficient to supply the amount of tracer needed,
the AG 50-X4 column can be used as in Section
4. Sources of **'Th or ®Th can be milked from
a “cow” of the appropriate uranium isotope ad-



sorbed on an AG 1-X8 column, The uranium is
dissolved in concd HCI, and some oxidizing agent
such as bromate ion, bromine water, or chlorine
gas 1s used to oxidize the uranium to U(VI). The
solution is then saturated with HCl gas at room
temperature and adsorbed on an AG 1-X8 column.

For 10 g of uranium, a column about 25
mn in diameter and holding 150 to 200m! of
resin bed is satisfactory. The resin is prewashed
with concd HCI containing about 0.5 ml of 2M
NaBrO, per 100 ml of acid. The uranium solution
is passed through the column and then recycled
two or three times to get more of it adsorbed.
Then the column is washed with about twice the
resin bed volume of concd HCI containing a drop
or two of the bromate solution, After a suitable
growth time for the thorium daughter, the column
is treated with concd HCI as above, The solution
is evaporated to a small volume, fumed with 1
ml each of concd HNO, and HCIO, and treated
with an AG 50-X4 column as in Section 4,

A ¥Th source reading over 1 r was prepared
from 2 kg of oralloy as follows: the uranium
metal was dissolved in an excess of concd HNO,
and this solution was evaporated until the temper.
ature became constant at about 118°, This is the
boiling point of UO.(NO,).:6H.0. This sclution
freezes at about 60°, so it can be cooled to 70 to
80° and the molten hexahydrate poured into a
5.1 separatory funnel containing 3-4 1 of diethyl
ether that is being rapidly stirred with an air-
driven stirrer. This must be done in a good hood

with explosion-proof fixtures, or out of doors. As
long as the molten hexahydrate is added in a slow
stream to the ether with good stirring, the opera-
tion is perfectly safe and the ether losses are not
too large. since the vapor pressure of the ether
decreases rapidly as the uranium is dissolved. It
is more rapid and easier to add the molten hexa-
hydrate than it is to crysiallize it and add the
crystals. The final solution in ether from the 2
kg of oralloy should have a volume of about 4
liters, An aqueous layer of ubout 600 m! is with-
drawn. The ether solution is scrubbed with three
3-ml portions of H:O to insure complete removal
of any thorium that might be present. *"Th is
allowed to grow for 1 to 2 days and then is re-
moved with three 3-ml portions of H.O. This
aqueous layer is shaken with two 200-ml portions
of ether to remove more of the uranium. The
residual water layer is first evaporated on &
steain bath to remove ether. then fumed with 1
ml each of concd HNO, and HCIO, and the AG
50-X4 column used as in Section 4 except that the
column dimensions are 0.2 cm X 5 cm, The bulk
of the *'Th can be followed down the column
with a beta-gamma survey meter and over 809
of it is usually concentrated in 2 ¢or 3 drops. The
oxalic acid effluent is placed in small drops on a
10-mil Pt wire about 1.5 in long and the wire
gradually heated to red heat by a;plying a cur-
rent. controlled by a Variac. In this way the
oxalic acid is completely volatilized. leaving a
nearly mass-free deposit of *'Th. The ether
“cow™ of uranium can be kept for several weeks
for the preparation of a number of samples.
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TIN

D. C. Hoffman, F. 0. Lawrence,
and W. R. Daniels

I. Introduction

This procedure for separating tin from fis-
sion products is performed about two days after
irradiation; this time interval is necessary to
allow 2-hr #°8n to decay to 93-hr '*"Sb. When
performed after the two-day wailing period, the
procedure gives excellent decontamination from
fission products.

The sample is first treated with bromine
water to convert all the tin to the +4 condition
and to promote complete exchange between fis-
sion-product tin and Sn(IV) carrier. The oxida-
tion is followed by precipitation of SnS. from acid
solution and then the tin is dissolved and ad-
sorbed on an anion exchange column from 0.9M
hydrochlarvic acid solution; molybdenum. telluri-
um. and antimony pass through the column. The
tin is eluted from the column with 1.8M per-
chloric acid and is again precipitated as the sulfide.
The sulfide is dissolved. the tin is complexed by
means of hydrofluoric acid, and two acid sulfide
scavenges are performed, Following destruction of
fluoride ion with boric acid, the tin is again pre-
cipitated as the sulfide. dissolved, adsorbed on an
anion exchange column, and eluted. After a final
SnS. precipitation, the tin is dissolved and reduced
to the metal by chromous chloride, It is weighed
and counted in this form.

The chemical yield is about 70% and four
samples can be analyzed in 6-7 hr.

2. Reagents

Su carrier: 10 mg Sn,/ml. added as Sn metal dis-
solved in 3Af HCI, standardized

Te'* carrier: 10 mg Te/ml, added as Na.TeQ, in
3M HCL

Te®*carrier: 10 mg Te/ml, added as Na,TeO, in
3M HC)

Mo carrier: 10 mg Mo/ml. added as (NH,).-
Mo.0..-4H.0 in 6M HCI

Sb carrier: 10 mg Sh/ml, added as ShCl, in 6M
HCl

La carrier: 10 mg La/ml. added as aqueous
La(NO,);-6H.0

HCI: 0.9M; concd

HF: concd

HClO,: 1.8M

H.BO.: saturated aqueous solution

H.S: gas

Br.-H.O: saturated solution

CrCl.solution (Oxsorhent), cold

Anion resin: AGi-N4. 100-20¢ mesh (treated
with 0.9M HCI)

Acrosol: 0.19 in H.O

Ethanol: absolute

Rubber cement: 69, in benzene

3. Preparation and Standardization of Carrier

Accurately weigh =2.5 g of Sn metal and
dissolve it quantitatively in =125 ml of 644 HCI
using heat and Br.-H.O as necessary to complete
the dissolution. Dilute to exactly 250 ml making
the solution =3A7 in HCL The concentration of
the carrier solution can then be calculated, but
if desired. it may be confirmed by precipitation
of the Sn as follows: Dilute 1 ml of Sn carrier to
15 ml with H.Q. Add 10 ml of a saturated aqueous
solution of phznylarsonic acid. and heat at 110°
for 10 min. Cool to room temperature. allow to
stand for 15 min, centrifuge. and discard the
supernate, Wash with 5 ml absolute ethanol.
centrifuge, and discard the supernate. Add 5 ml
ethanol and filter through a weighed No. 50 What-
man 1” filter circle using a ground-off Hirsch fun-
nel and filter chimmey setup. Dry for 10 min at
1107, cool. and weigh. Multiplv by 0.2288 to ob-
tain weight of Sn metal in precipitate.

4. Procedure

Step 1. To 2.0 ml of the Sn carrier solution
in a 40-ml centrifuge tube, add the sample and
0.5 ml of Br.-H.O. Heat until the Br, is gone and
then dilute with H.O until the solution is 1M in
HCI. Place in an ice bath and saturate with H.S.
Centrifuge. discard the supernate, and wash the
precipitate with 0.9 HCI. discarding the wash-

ings.

Step 2. Dissolve the precipitate in 1 m) of
concd HCI with heat and boil for 3 min to remove
H.S, If the volume is less than 1 ml, make up to
this volume with concd HCl. Add 1 drop each of
the following catriers: Te8*, Tet+ Sb, and Mo.
Then add 0.5 ml of Br.-H:0 and heat until the
Br. is gone,
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Step 3. Dilute the sample to 12 ml with
H.O. (The solution is now approximately 1M in
HCL) Pour the solution onto a column of
AG1-X4, 100-200 mesh, anion resin, 5 cm X 9.5
mm, which has been treated with 10 ml of 0.9M
HCl. After the solution has been permitted to
pass through the resin column, wash the columm
with four 20-ml portions of 0.9 HCl. Discard
the eluate, including the washings.

Step 4. FElute the tin with 25 ml of 1.8M
HCYO, and collect the eluate in a 40-ml centri-
fuge tube. Add 4 drops of Mo carrier and saturate
with H.S. Add 4 drops of aerosol and centrifuge.
Discard the supernate, wash the precipitate with
0.9M HCI, an discard the washings.

Step 5. Dissolve the precipitate in 2 ml of
concd HCl (any MoS. present will not dissolve)
and boil for 3 min to remove H.S. Add 1 drop
each of the following carriers: Te8+, Tet+, and
Sb. Add 0.5 m! each of Br.-H.0 and concd HF.
Dilute the sample to 6 ml with H.O and boil.
Saturate the /ot solution with H.S, adding 2 drops
of La carrier at the completion of saturation. Add
3-4 drops of aerosol and centrifuge.

Step 6. Transfer the supernate to a clean
40-ml centrifuge tube by means of a transfer
pipet and add 1 drop each of Tet+, Tet*, and Mo
carriers. Also add 0.5 ml of Br,-H.O and boil.
Again saturate the /ot solution with H.S, adding
2 drops of La carrier at the completion of satura-
tion. Add 3-4 drops of aerosol, centrifuge, and
transfer the supernate to a clean 40-ml centrifuge
tube as above.

Step 7. Adjust the volume of the supernate
to 15 ml by the addition of H.0. Add 10 ml of
saturated H,BO, solution and cool in an ice bath.
Bubble in H.S. Centrifuge, discard the supernate.
and wash the precipitate with 0.9M HCI,

Step 8. Dissolve the precipitate in 1 ml of
concd HCI and boil for 3 min to expel H.S. Add
1 drop each of Te®+*, Te*+, and Sb carriers and
0.5 ml of Br.-H.O. Heat until all the Br. has been
expelled. If a precipitate (MoS,) is still present,
centrifuge, and pipet the supernate into a clean
centrifuge tube,

Step 9. Repeat Steps 3 and 4.

Step 10. Dissolve the precipitate in 2 ml of
concd HCl with heat and boil the solution for 3
min to remove H.S. Dilute the solution to about
8 ml with H.O, cool, and add an equal volume
of cold CrCl, solution. To avoid coagulation of the
tin, filter immediatelv onto a previously washed.
dried, and weighed No. 42 Whatman 1” filter
circle, using a ground-off Hirsch funnel and
filter chimney. Wash the precipitate first with
0.9M HCI, then with H.O, and finally with ab-
solute ethanol.

Step 11. Dry the precipitate in an oven at
110° for 5-10 min. Cool and weigh. Secure the
precipitate with 3 drops of 6% rubber cement in
benzene. When the precipitate is again dry, mount
it on an Al sample plate using double-sided
Scotch tape. Cover the sample with a square of
Mylar and count (Note).

Note

Analysis for either or both 26.85-hr 121Sn
and 9.625-day 'Sn can be performed. Small
amounts of 129.0-day *Sn and 2.8-year 1?5Sh
(daughter of 125Sn) can also be observed at later
times. (The half-life values quoted here are those
reported by Lawrence et al.) 1f 1218n is to be de-
termined, a least-squares analysis of the data is
performed with the half-lives fixed. If only 1%58n
is to be determined, g8-counting is begun about 12
days after bombardment, when the contribution of
1218y is small, and a correction is applied for the
small amount of '2Sn in the sample. A least-
squares analysis of the decay data for several
samples showed that the contribution of !%8n was
only about 0.7% of the total Sn activity at t,.
(The samples were counted on gas flow, beta-pro-
portional counters having 2” diameter, 4.9 mg/cm?
aluminum windows. The proportion of 28Sn
activity may, of course, be different for different
counting conditions.) For ease in calculation, a
graph showing the contribution of 128n to the
total 8 count of the sample at various times after
irradiation has been constructed from our data
(see Fig. 1) for Sn separation from thermal
fission products of 235U,

REFERENCE:
1. F. O. Lawrence, W. R, Daniels and D. C.

Hoffman. J. Inorg. Nucl. Chem., 28, 2477
(1966).
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TIN I

B. R. Erdal

L Introduction

This rapid, relatively simple procedure for the sepa-
ration of tin from fission products is taken from an article
by B. R. Erdai and A. C. Wahl, J. Inorg. Nucl. Chem., 30,
1985 (1968). The primary decontamination process
makes use of a cyclic solvent extraction system consisting
of three steps: (1) the extraction of tin(ll) from an
aqueous H,S04-Kl solution into 4-methyl-2-pentanone
(hexvne); (2) the oxidation of the tin vo the IV state; and
(3) the back-extraction of tin(IV) into aqueous
H,S04-Kl. Following two cycles of the process, an Sb, S,
scavenge is performed and then, after SnS; precipitation,
the tin is reduced to the elemental state, in which form it
is counted,

The procedure requires about 15 min per sample and
gives chemical yields of 40-60% with a decontamination
factor of at least 10° for all **U thermal-neutron fission
products.

2. Reagents

Sn carrier: 10 mg Sn/ml, standard solution prepared by
dissolving pure Sn metal in concd HCl and making a
solution 2M in the acid by the addition of exygen-
free H,0

Sb carrier: 4 mg Sb/ml, added as SbCly in 12M HCI

HCI: concd

NH4OH: concd

NH, OH*HCl: 1M aqueous solution

NaBrOj;: 1M aqueous solution

H, S04-NaCl solution: 0.6M in H,S0, and 0.4M in NaCl

KI: 1.2M aqueous solution

Kl-I; solution: 1.2M KI1-4 mg I,/ml

CrCl; : ~1.6M aqueous solution (Fisher Scientific Co.)

[(CH3)4N] Cl: 4M aqueous solution

4~-methyl-2-pentanone (hexone)

Ethanol: 95%

H;S: gas

N3: oxygen-free

3. Procedure
Step 1. To 2.0 ml of standard Sn carrier in a 40-ml

glass centrifuge tbe, add the sample, 4 drops of M
NaBrOj, and then an excess of 1M NH,OH-HCI, Dilute
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to 40 ml with Hy O (the solution should be less than 1M
in HCl) and saturate with H,S. Heat to digest the SnS,
and when the precipitate has coagulated, centrifuge, and
discard the supernate,

Step 2. Dissolve the SnS, in about 0.6 ml of concd
HCI and add 1 ml of 4M [(CH3)4N]Cl and 17 mi of 95%
ethanol to precipitate {{CH3)4N];SnCls. Digest on a
steam bath for 1 min, centrifuge, and discard the super-
nate.

Step 3. Dissolve the precipitate in 10 ml of 0.6M
H,50,-0.4M NaCl and add the solution to 10 ml of 1.2M
KI solution which has been flushed with oxygen-free N,
in the upper extraction vessel of the extraction apparatus
(Fig. 1). With the N, flow continuing, start the stirrer,
add 2 ml of approximately 1.6M CrCl, solution, and then
immediately add 2 ml of hexone (Note). Stir for 15 sec,
stop the nitrogen flow and the stirrer, and discard the
aqueous (lower) phase.

Step 4. To the hexone phase, add 10 ml of 0.6M
H,50,-0.4M NaCl colution and 10 ml of KI-1, solution.
Stir for 60-90 sec with nitrogen flowing and then stop the

N

n

Copillory
tubing

Fig. 1.



nitrogen flow and the stirrer. {(Sn(1l) is oxidized to Sn(lV)
by the I, and is extracted into the aqueous phase.)

Step 5. Run the aqueous phase into the lower extrac-
tion vessel, add 3 ml of about 1.6M CrCl; solution, and
then immediately add 20 ml of hexone. Stir for 15 sec,
stop the stirrer, and discard the aqueous phase.

Step 6. Repeat Step 4.

Step 7. Run the aqueous phase into a clean 40-ml
glass centrifuge tube containing 10 ml of Sb carrier. Cool
the solution by swirling it in a dry ice-isopropanol bath
for 45 sec, saturate with a very rapid stream of HyS for
30 sec, and centrifuge for 45 sec. Filter through a Milli-
pore HA, 0.45um pore size, filter paper with absorbent
pad (Millipore Filter Corp., Bedford, MA), and collect the
filtrate in a clean centrifuge tube. Discard the precipitate,

Step 8 Add about 8 ml of concd NH4OH to the
filtrate, saturate with H,S, and digest on a steam bath
until the precipitate coagulates. Centrifuge and discard
the supernate,

Step 9. Dissolve the SnS; in 2 ml of hot concd HC,
add 40 ml of H,O previously saturated with H;S, and
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digest on a stecam bath until the precipitate coagulates.
Centrifuge and discard the supernate.

Step 10. Repeat Step 2.

Step 11. Dissolve the [(CH3)4N],SnCl, precipitate
in 2 ml of hot concd HCI, dilute to 40 ml with H,0, and
saturate with H,S. Digest the precipitare on a steam bath,
centrifuge, and discard the supernate.

Step 12. Dissolve the SnS; in 0.5 ml of hot concd
HCI, add 8 ml of H,0, and then add 3 ml of about 1.6M
CrCl, to precipitate elemental Sn. Filter through a tared,
10um pore size, polypropylene filter paper (Gelman In-
strument Co., Ann Arbor, MI), wash the precipitate with
95% cthanol, and air dry under suction for about 1.5 min.
Weigh and mount.

Note

Unless the hexone is added immediately to cxtract
tin(1l), the yield drops substantially since elemental tin
begins to form and precipitate,



TRANSACTINIDES

SEPARATION OF ELEMENT 104
FROM FISSION PRODUCTS

R. J. Prestwood and B. P. Bayhurst

l. Iniroduction

It is expected that the ionic radius of element
104 in s 44 state would he approximately the
same as the radius of Zr'* and Hf*" and that
element 104 would exhibit similar chemicai be-
havior. It has been shown that hafnium is ¢luted
prior to zirconium from an anion exchange
columit by means of 9.75A hydrochloric acid,
and it is assumed in this procedure that element
104 would come off such a column before or with
hafnium.

The procedure as outlined below was used
to separate element 104 from 25 g of wil contain-
ing large amounts of fission products. The soil
sample, to which zirconium carrier had been
added. was dissolved and made up to 200-220 ml
of solution which was 4-10M in nitric acid,

2. Reagents

Zr carrier: 17.8 mg Zr,/'ml, added as ZrOCl. in 1M
HCl]

Sc carrier: 10 mg Sc’/ml. added as $cCl. in 1M
HCl

La carrier: 10 mg La’‘ml. added as aqueons
I.a(NO,),-6H.O

Ce(IV) carrier: 10 mg Ce/ml. added as (NH,).-
Ce(NO,).

HCI: 6M; concd; gas (tank)

HNO.: 10M; concd

HF: concd; 4M

H.S0,: concd

H.BO,: saturated aqueous solution

NH,0H: concd

Ba(NO.,).: saturated aqueous solution

NH.OH-HCI: solid

NH,HF.: a mixture of 2 volumes of 6M NH,0H
and 1 volume of coned HF

Dowex AG 1-X2 anion resin, 200-400 mesh

HDEHP: 0.5M solution of HDEHP (di-2-ethvl-
hexyl orthophosphoric acid) in n-heptane.
The acid may be obtained from the Victor
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Chemical Division of the Stauffer Chemical
Company, Chicago Heights, Ill. The reported
purity is 949.

3. Procedure

Step 1. Transfer the sample. which should
be 4-10M in HNO.. to a 250-ml separatory funnel
and add 5 drops of Ce(IV) carrier. 200-300 mg
NH.OH-HCl. and 25 ml of HDEHP. (The Zr
and any Hf and element 104 present are ex-
tracted quantitativelv into the organic layer.)
(Note 1.) Discard the H.O laver. wash the hep-
tane laver twice with 20-ml portions of 10M
HNO, each containing 5 drops of reduced Ce
carrier. and then twice with 20-ml portions of
the acid alone. Discard the washings.

Step 2. Transfer the heptane layer to a 40-
ml polvethylene bottle. add 10 ml of 4M HF.
and shake vigorously, (Zr is extracted as a fluoro-
complex into the H.O layer.) Add 3-5 ml of
saturated Ba(NO.). solution and shake the mix-
ture for 2 min. Transfer to a 40-ml polyethylene
centrifuge tube. cenirifuge the Ba(ZrF,) pre-
cipitate, and discard both the aqueous and or-
ganic layers.

Step 3. Wash the precipitate with 20 ml of
a solution 1M each in HF and HNO, and 0.01M
in Ba(NO,). and discard the washings. Dissolve
the precipitate in 4 ml of saturated H.BO, plus
4 inl concd HCI plus 10 ml of H.O. Add 10 drops
of concd H.SO, to precipitate BaSO, and let stand
for 10 min, Centrifuge. transfer the supernate to
a clean polyethylene centrifuge tube. and dis-
card the precipitate.

Step 4. To the supernate add 4 drops of La
carrier and then add concd NH,OH dropwise un-
til the solution is basic. (The precipitate formed
consists of Zr(OH), and La(OH). with visible
amounts of Fe(OH),. Centrifuge and discard the
supernate.

Step 5. To the precipitate add 3 ml of
NH.HF. and 100 mg of NH.OH-HCl. Stir and
add concd NH,OH dropwise until the solution is
acidic to methyl red indicator. Dilute to 10-12
ml with H.O. centrifuge. and transfer the super-
nate to a clean 40-ml polyethylene centrifuge
tube, To the solution add 4 drops of La carrier, 4



drops of Fe carrier. and 2 ml of concd NH.OH.
Dilute to 20 ml with H.O and heat on a steam
bath to codgulate La(OH),-Fe(OH). precipitate.
Centrifuge. transfer the supernate to a clean poly-
ethylene centrifuge tube, and discard the pre-
cipitate, Add 6 ml of concd HCI and 2.ml of Sc
carrier and heat on a steam bath for 5 min. Cen-
trifuge and transfer supernate to a clean poly-
ethylene tube.

Step 6. Add 3 ml of saturated Ba(NQ).
solution to precipitate BaZrF.. Centrifuge. dis-
card the supernate. and repeat Step 3. Transfer
the supernate to a clean 40-ml Pyrex centrifuge
tube and discard the precipitate.

Step 7. Add an excess of concd NH,OH to
precipitate Zr(OH),. Centrifuge and discard the
supernate, Dissolve the precipitate in 2 ml of
saturated H,BO. solution and 3 ml of 6M ICI.
and dilute to 20 ml. Reprecipitate Zr(OH), with
excess concd NH,0H. centrifuge, and discard the
supernate. Wash the precipitate with two 20-m!
portions of H.O and discard the washings.

Step 8. Prepare a Dowex AG 1-X2, 200-400
nmiesh anion resin colunm (8 mm X 5 ¢m) and
wash it thoroughly with concd HCl. With the
aid of concd HCl, remove the top 1-1.5 cm of
resin with a transfer pipet and add this portion of
the resin to the Zr(OH), precipitate. (The pre-
cipitate dissolves and the combined volume of
resin and solution is about 3 ml.) Bubble HCl
into the mixture for 5 min, transfer the solution
and resin to the top of the resin column. and
apply air pressure to give 1 drop of eluate every
5-6 sec. Collect the eluate in a 125-ml erlenmeyer
flask. ‘Add 2 ml of concd HCI to the centrifuge
tube which had contained the Zr(OH),. bubble
in HCI for 5 min, and transfer the solution to the
top of the resin column, Apply pressure as hkefore
and collect the eluate in the same erlemmeyer
flask. Add 15 ml of 9.75M HCl to the resin
column and collect the eluate at the same drop
rate in another 125-ml erlenmeyer flask (Note 2).

Step 9. Evaporate the eluate from the addi-
tion of the 9.75M HCI to about 2 ml, saturate the
solution with gaseous HCl, and transfer to the
top of a Dowex AG 1-X2, 200-400 mesh anion
column (2 mm X 25 cm) which has been
thoroughly washed with concd HCl. After the
liquid has passed through, wash the column with

174

2 il of saturated HC! solution, The eluates are
collected and saved. To the top of the column add
about 3 m) of 975 1ICI (Note 3) and collect
cach 10 drops of eluate on a separate 2-in Py plate.
Dryv the plates under an infrared lamp. flame
them if <o des<ired. and count.

Notes

1. At this peint varions metal nitrates may
precipifate as a result of the high HNO con-
centration. These salt< may be disregarded. since
thev do not affect the extraction of Zr nto the
organic layer,

2. Tt has been shown that 15 ml of 0.75M
HCI will remove 75%, of the Hf and oniy 10-% of
the Zr in a sample containing beth elemients. It
is asstmed that at least 759, or more of element
104 would have heen eluted also. The <atirated
HCI <olntion is kept as insurance against element
104 coming through the column immediately.

3. The volume of 97537 needed to elute
Hf (and thus any element 104} can be determined
with the use of Hf tracer. Normally about 3 ml
of the acid is needed.

SEPARATION OF ELEMENT 105
FROM FISSION PRODUCTS

B. P. Bayhurst and R, J. Prestwood
l. Introduction

The major decontamination step in this pro-
cedure is an extraction of tantalum and element
105 into hexone from a solution 2.88M in HNO,
and 1.1M in HF; niobium is not extracted-in this
step. The tantalum and element 105 are renioved
from the hexone by extraction with 1.5%, hydro-
gen peroxide solution, In the final step, niobium
carrier, and tantalum and element 105 activities
are placed on a Dowex AG 1-X8 anion exchange
resin column and then element 105 is eluted with
a solution which is 2.0 in HCl and 0.01M in
H.C.0O,.

2. Reagents

Nb carrier: 10 mg Nb/ml, added as K,Nb,O,,
16H.0 in H.O



HNO,: fuming: concd

HGIQ,: concd

HF: concd

H.SC,: concd

HCI-H.C.0, solution:
in HF

HCIHL.C O, «oliion:
in H.C.0,

H.C.O,. 05M

NH,OH: conced

NH,NO,: 1M

KCl0.: solid

11.0.: 1.5% by volume

Hexone (4-methyl! - 2-pentanone)

Methiv! red indicator solution

Dowex AG 1-X&. 100-200 mesh. anion resin:
slurry in 0.5M H.C.0,

2.0M in HCl and 0.01M

2087 in HCl and 0.01M

3. Procedure

Step 1. Transfer the sample, which has
been previously treated with a mixture of concd
HF. fuming IINO. and cancd HCIO, and brought
almost te dryness. to an appropriate extraction
vessel. Add a sulficient volume of solution 2.88M
in HNO_ and 1.1M in HF to dissolve most of the
salts in the sample. {A small residue of solid ma-
terial at this point does not interfere in the pro-
cedure.) Extract the solution three times. each
with one-third of its volume of hexone. combine
the hexone layers. and discard the aqueous layer.
Wash the hexore solution three times with one-
half of it< volume of the HNO. - HF solution and
discard the washings.

Step 2. Add 1 drop of methyl red indicator
sofwtion to the hexone solution and extract with
25-mi portions of 1.5, H.O. until the indicator
changes to an orange color. Then extract twice
more with 25-ml portions of the H.0. soluiion.
Combine all extracts in an erlenmeyer flask.
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~ Step 3. To the H.O: extract, add 10 drcps of
Nb carrier, then 20 ml of concd HNO;, and boil
down to about 5 ml to destroy H.O, Add ap-
proximately 200 mg of solid KCIO, and 10 ml of
concd HNQO, and hoil down to 2-3 ml to pre-
cipitate niobium (V) oxide. With the aid of concd
HNO., transfer the precipitate to a clean 40-ml
quartz centrifuge tube. centrifuge. and discard
the supernate. Wash the precipitate with 15 ml of
2Af HNO; containing 100-200 mg of NH,NO, and
discard the washings.

Step 4. Dissolve the precipitate by the drop-
wise addition of concd HF and transfer the solu-
tion to a Pt dish. Wash the centrifuge tube with
H.O and add the washings to the Pt dish. Add 1
ml of concd H.SO, and boil until SO. fumes ap-
pear, Add 2-3 of concd HF and again beil to SO,
fumes; repeat.

Step 5. With the aid of a stream of H.O.
transfer the solution from the Pt dish to a clean
40-ml Pyrex centrifuge tube. Add concd NH,OH
dropwise te precipitate Nb.O.-XH.0. and place
on a steamn bath for about 5 min. Centrifuge and
discard the supernate. Wash the precipitate with
1M NH,NO, and discard the washings,

Step 6. Dissolve the precipitate in a mini-
mum of 0.5M H.C.O, and transfer the solution
onto a Dowex AG 1-X8. 100-200 mesh. anion
resin column (36 em ¥ 6 mm). which has been
previously washed well with a solv:.on 2M in
HC] and 0.01M in H.C.O,. Elute with the HCI
- H.C.0, solution at a rate of 0.2 ml per min,
employing pressure if necessary, With the volumes
of reagents and the coluimn dimensions used in the
procedure. element 105 would be expected to come
off the column i the first 12 ml of eluate; tanta-
Ium is found in: the fraction consisting of the 12th
to 27th wml of eluate und niobium in the 36th to
69th ml.



ANALYSIS FOR TRITIUM
IN WATER SAMPLES

& A.Brvant and E. J, Lang

I. General Considerations

The preparction of tritiated water samples
for analysis by liquid scintillation counting re-
quires more thait usual attention to detail 1o
assure results of isigh quality. This is especially
true of samples of low-level activity because of
the ever-present possibility of contamination, The
equipment must be kept scrupulously clean, and
disposable items such as pipets. counting vials.
etc.. should not be re-ssed.

Vials should be labeled in a reasonably per-
manent manner with a unigue number and the
preparation date, and complete records should
be kept on the preparation and counting of each
sample. Care is necassary to avoid sample mix-
ups in the counter systens which will hold a
large number of samples It is strongly recom-
mended that the location of each sample in the
counter be entered in a notebook as it is loaded
into the counter,

Each sample should be examined before
and after counting to detect any abnormality
such as cloudiness or phase separation. Counting
should be done within 24 hr after preparation
of sample,

Samples such as pond or stream water may
contain foreign material which would interfere
with the counting and should be treated to re-
move such material,

2. Sample Preireatment

All water samples should be preireated to
remove organic and inorganic materials which
might cause quenching of the scintillating mix-
iure,

Step 1. Pass the sample through the What-
man 541H filter paper to remove suspended
solids.

Step 2. Pass 50 ml of the sample through
an activated charcoal column, Discard the first
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3-4 ml which may contain loose material from
the charcoal. The column should be made up in
a glass tube 1 cm by 20 cm with a drip tip at
the bottom and a glass reservoir of larger
diameter fused to the top, Each cclumn should
be used only once,

Step 3. Distill the effluent from the column
using the apparatus shown in Fig. 1, (Prepare
a new apparatus for each sample.) Discard the
first and last 2-3 ml of distillate; collect the
nuddle 45 ml and store in a tightly sealed glass
bottle,

ICE BATH

Fig. 1. Distillation apparatus.

3. Sample Preparation and Counting (Nete i)

Step 1. Pipet 16 ml of INSTAGEL
{source: Packard Instrument Company, Inc.) in-
to a 25-ml polyethylene counting vial. (For
each pipetting operation a new. freshly rinsed
pipet is used,)

Step 2. Pipet 9 ml of pretreated water in-
to the vial,

Step 3. Cap the vial, shake it vigorously
for  min. and allow it to stand at room tempera-
ture for 15 min, Label the vial with a unique
sample number and the date. Use a KUM-
KLEEN. or similar. label on cap,

Step 4. Place the sample in the cooler
compartment of the counier and record the
“counter location” in a notebook. Wait at least
1 hr, but less than 24 hr, before counting the
sample, Coilect at least two 100-min counts on
each low-level sample.



Step 5. Remove the sample from the
counter. note its condition in the record, and al-
low it to warm to room temperature. Add 0.209
ml of H0 containing a known amount of tritium
spike in the range from 100 to 300 dpm, (Higher
concentration will be required for high-level
samples, but should be avoided if possible.) Re-
mix the sample as in Step 3,

Step 6. Load the samnple into the counter
again, noting its location in the notebock. Wait
at least 1 hr but not more than 24 hr, before
counting,

Step 7. Enter counting data in the record
as soon as they are available, Cut off the portion
of the printer tape containing the data for the
sample and fasten it in the record with Scotch
tape. Re sure to include GAIN and WINDOW
settings in the record,

Note
1. Each group of samples should include
a blank not more than 3 days old,

4. WINDOW and GAIN Settings

The directions which follow pertain specific-
ally to the Parkard Model 3310 liquid scintilla-
tion counting system. However. the general pro-
cedure is applicable to other liquid scintillation
couniing systems,

Step 1. Set the GAIN for WINDOWS 1

and 2 to 75%,.

Step 2. Prepare a fresh <tandard contain-
ing 50,000 to 109,000 dpm of tritium. It is im-
portant that the standard be fresh so that the
pulse-height spectrum will be like those of freshly
prepared unknown samples,
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Step 3. Place the sample in the counter
and wait for at least 1 hr before proceeding with
the next step.

Step 4. Set the WINDOW discrininators
for channel 1 to 10-1000 and take a 10-min count.

Siep 5. Set the GAIN for WINDOWS 1
and 2 to 100% and adjust the upper discrimina-
tor of chazanel 1 downward until the count rate
is reduced to 83% of the rate measured in the
previous step.

Step 6. leave the upper discriminator set
as in Step 5 und adjust the lower discriminator
of channel 1 upward until the count rate is re-
duced from 83 to 829 of that measured in Step
+. (The lower level discriminator may be ad-
justed for “balance-puint™ if desired.)

Step 7. Set the lower level discriminator
of channel 2 to the same setting as used for
channel 1 (Step 6).

Step 8. Adjust the upper level discrimina-
tor of channel 2 down until the count rate is 609
of that measured in Step 4.

Step 9. Check the settings with a second
standard.

Step 10. Set the GAIN for WINDOW 3
to 10% and set the lower and upper discrimina-
tors to 120 and 1000 respectively. Counts, abovs
background. in this WINDOW will be indicative
of sample contamination; a small fraction
(<0.1%) of the tritium disintegrations will result
in counts i this WINDOW,
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TUNGSTEN
R. J. Prestwood

l. Introduction

In its separation from fission products, tungs-
tent is initially precipitated as the hydrous oxide
(“tungstic acid”) WO, XH.O, The tungsteun is
then further decontaminated by a geries of iron
hydroxide and acid sulfide scavenging steps. The
latter, performed in the ‘presence of tartaric acid
which strongly complexes tungsten (VI), removes
the troublesome molybdenum activity. Niobium
is effectively removed from hydrachloric acid
medium by extraction into chloroform with cup-
ferron; this is an excellent decontamination step
for other activities also. The tungsten, present as a
tartrate complex. is unaffected by cupferron and
is finally precipitated from a buffered acetic acid
solution as the 8-hydroxyquinoline derivative®.
in which form it is weighed and counted. The
chemical vield is about 509, and quadruplicate
analyses can be performed in approximately 4 hr.

2. Reagents

W carrier: 10 mg W.ml, added as Na.WQ,
2H.0 in H.O. standardized

Bi carrier: 10 mg Bi/ml, added as Bi(NO,),
5H.0 in very dilute HNO,

Fe carrier: 10 mg Fe/ml, added as FeCl. 6H.0
in very dilute HNO,

Mo carrier: 10 mg Mo /ml, added as (NH,)Mo.-
0.,-4H.0 in H,O

Nb carrier: 10 mg Nb/m). added as Nb.O, in
H.C.0, solution

HNO,: concd

H.SO,: concd

HC.H.0.: glacial

Tartaric acid: 509, aqueous solution

NH,0H: concd

Chloroform

Buffer solution: 1Af in HC.H.0. and 3.6M in
NaC.H.O.

H.S: gas

Cupferron reagent: 6% aqueous solaution (kept
in refrigerator)

*See the indium procedure for a brief description of
the use of 8-hydroxyquinoline (oxine) as a precipi-
tating agent.

8-hydroxyquinoline reagent: 5% in 2M HC.H,0.
Aerosol: 0.1% in H.O
Ethanol: absolute

3. Preparation and Standardization of Carrier

Dissolve 17.94 g of Na.WQ,-2H.0 in H.O
and make the solution up to a volume of 1 liter.

Pipet exactly 10 ml of the carrier solution
into a 125-ml erlenmever flask, add 2 ml of
glacial HC.H.O. ~nd 8 mi of 6 NH,C.H.O.,
and heat the solution on a steam bath to about
80°, Add a few drops of aerosol solution and 5
ml of 5% (in 2M HC.H,0.) 8-hydroxyquinoline
reagent. Heat on a steam bath until the 8-hy-
dioxyquinoline derivative coagulates. (The coagu-
lation may be aided by bringing the solution te
a boil over an open flame.} Filter the precipitate
into a weighed 60-ml sintered glass crucible of
medium porosity and wash three times with 5-ml
portions of H.0 and once with a 5-ml portion of
absolute ethanol. Dry the precipitate at 110° for
14 hr. Cool and weigh.

To determine the quantity of W contained
in 1 ml of the standard solution, a known volume
of the solution contained ini a 125-ml erlenmeyer
flask is digested on a steam bath with 637 HNO.
for 12 hr. The WO, XH.O formed is filtered into
a weighed Coors 2 Gooch crucible which is covered
with a thin mat of asbestos. The precipitate is
ignited at 850° {at 900° WO, begins to volatilize)
for 1 hr. It is then cooled and weighed as WO,.

Four standardizations, with results having a
total spread of about 19, are run. In one series of
standardizations it was found that 20.0 mg of W
gave 54.8 mg of the W-derivative of 8-hydroxy-
quinoline.

4. Procedure

Srep 1. To a 40-ml conical centrifuge tube
add 2.0 ml of standavd W carrier and an aliquot
of the sample. Then add 10 ml of concd HNQ,
and digest on a steam bath for 10 min. Remove,
centrifuge, and discard the supernate.

Step 2. To the WO.-XH.O residue add 6
drops of concd NH,OH ard dilute to 15 ml with
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H.O. Add. with swirling. 3 drops of Fe carrier
solution (Note 1) and 2 drops of aerosol solution.
Centrifuge and decant the supernate into a clean
centrifuge tube,

Step 3. To the solution add 10 drops of
509, tartaric acid solution. 10 drops of
concd I1.80,. and 5 drops each of Bi and Mo
carriers. Place on steam bath and bubble in H.S
rather vigorously for at least 2 min (Note 2).
{Some time is required for MoS; to coagulate.
Coagulation is aided by the precipitation of Bi.S..)
Filter the hot mixture containing the sulfide pre-
cipitates through No. 40 Whatman (9 cn) filter
paper in a 2”. 60° funnel (Note 3) and collect
the filtrate in a clean centrifuge tube. Wash the
centrifuge tube and the precipitate with 2-3 ml
of water and pour the washings through the filter
funnel. To the fillrate add 10 ml of concd HNO.
and digest cn a steam bath for 10 min. Remove.
centrifuge, and discard the supernate,

Step 4. Repeat Steps 2 and 3.

Step 5. Dissolve the WO,-XH,O precipitate
in 6 drops of concd NH,0H and add 15 drops of
509, tartaric acid solution. With 10 ml of
H.O transter the solution to a 60 ml separatory
funnel. Add 10 drops of concd HCL. 1 ml of Nb
carrier. and 10 ml of chloroform. Shake briefly
and add 5 ml of 6% cupferron reagent. Shake
for 30 sec and allow to stand for 1-2 min. Drain
off chloroform layer and discard. Extract again
with 5 ml of chloroform. Drain water layer into
clean 40-ml centrifuge tube.

Step 6. Repeat Step 3 but do not add the
tartaric acid solution. Cuutici: VWhen the mix-

ture is heated on a steam bath, there is a vigorous
evolution of oxides of nitrogen from reaction be-
twen tartaric acid present in solution and the
added nitric acid.

Step 7. To the WO,-XH.O precipitate ob-
tained in Step 6 add 6 drops of coned NH,OH.
Transfer the resulting solution to a 125-ml erlen-
meyver flask with the aid of H.O from a wash
bottle, The volume of solution should be about 15
ml. Add 6 drops of glacial HC.H,0. and 10 ml
of the buffer solution (see reagents), Heat to
boiling and add 1 ml of 5% 8-hydroxyquinoline
reagent dropwise. Boil for about 30 sec, let stand
for a few minutes, and filter through a tared No.
42 Whatman filter, 74" diameter, using a ground-
off Hirsch funnel and a filter chimney. (No. 50
Whatman paper is also suitable, but the filtration
process is slower.) Dry at 120° for 10 min. Allow
to stand for 20 min and weigh. Mount on two-
sided Scotch tape on an Al plate and cover with
Nylon film, 8-count immediately.

Notes

1. The percentage loss of W in this step is
almost exactly equal io the number of drops of
Fe carrier added.

2. Tt is necessary at this stage to keep the
solution hot in order to keep the formation of
sulfur to a minimum in the step where HNO, is
added to decompose tartrate.

3. Filtration is superior to cenlrifugation at
this stage, “Floaters™ are invariably present after
centrifugation.
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TUNGSTEN I

R. J. Prestwood

I. Introduction

This procedure was developed for the separa-
tion of tungsten from fission products in samples
obtained from underground nuclear explosions.
These samples had large quantities of soil asso-
ciated with them. and it was found that the
original tungsten procedure did not remove niobi-
um adequately.

There are three major differences between
this procedure and the original: the chloroform
extraction has been eliminated. fuming with con:
centrated sulfuric acid has been introduced. and
the final weighing form of the tungsten is WO,

2. Reagents

W carrier: 10 mg W ml. added as Na.WQ,-2H.0
in H.O; standardized

Fe carrier: 10 mg Fe.ml. added as FeCl.-6H.Q in
very dilute HNO,

Mo carrier: 10 mg Mo ml. added as (NH,) Mo:~
0.,4H.0 in H.O

Pd carrier: 10 mg Pd ‘ml. added as PdCl. in 1M
HCl

La carrier: 10 mg La‘ml. added as La(NO,).-
6H.0 in H.O

HC): concd

HNO.: concd

H.80,: concd

Tartaric acid: 509, aqueous solution

NH,0H: concd

NaOH: 10M

H.S: gas

Ethanol: ahsolute

3. Preparation and Standardization of Carrier

Same as in original TUNGSTEN procedure.

4. Procedure

Step 1. To a 40-ml glass centrifuge tube
add 2.0 mi of standard W carrier and an aliquot

of the sample. Then add 10 ml of concd HNO,
and digest on a steam hath for 10 min, Centri-
fuge and discard the supernate. If the original
sample is in a large volume of solution (the author
has processed as much as 200 ml of sample-con-
taining solution which was 4M in HCl), the acidic
solution is added to the standard carrier in an
erlenmeyer flask and digested on a hot plate for
24 hr. WO,-XH.O precipitates and coagulates dur-
ing the digestion. The mixture is then centrifuged
portionwise in a single centrifuge tube. the super-
nates bheing discarded.

Step 2. To the precipitate add 3-4 ml of
concd H.SO, and. with stirring. fume until SO,
fumes appear only above the mouth of the centri-
fuge tube (Note 1). Cool the tube in air until it is
safe to cool further with tap water. When cool.
carefully add 20 ml of H.O. stir. and heat on a
steam bath for 5-10 min. Centrifuge and discard
the supernate.

Step 3. To the precipitate add 10 drops of
10M NaOH. dilute 10 15 ml with H,0. and then
add 1 drop each of Fe and La carriers. Heat on a
steam bath until the precipitate coagulates. Cen-
trifuge. transfer the supernate to a clean centri-
fuge tube. and discard the precipitate,

Step 4. Repeat the Fe-La scavenge on the
supernate. Centrifuge and transfer the supernate
to a clean centrifuge tube. discarding the precipi-
tate.

Step 3. To the supernate add 10 drops of
tartaric acid. 10 drops of concd I1.S0,. 1 ml of Fe
carrier (Note 2). and 1 drop of Mo and 5 drops
of Pd carriers. Place on a steam bath and saturate
with H.S for at least 5 min. Centrifuge. transfer
the supernate to a clean centrifuge tube. and dis-
card the precipitate.

Step 6. To the supernate add 5 drops of Pd
carrier. place on a steam bath, and saturate with
H.S for 5 min. Centrifuge and filter the supernate
through a No, 541 Whatman filter paper into a
clean centrifuge tube. Discard the precipitate.

Step 7. To the supernate add 10 ml of concd
HNQO.. heat on a steam bath for 10 min. centri-
fuge. and discard the supernate.

Step 8. Repeat Step 2.
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Step 9. Repeat Steps 3 and 4. using concd
NH,OH rather than NaOH.

Step 10. To the supernate add 10 drops of
tartaric acid. 10 drops of concd H.SO,, and 5 drops
of Pd carrier. Saturate with H.S on a steam bath
for 5 min. Centrifuge and filter the supernate
through No. 541 Whatman filter paper into a
clean centrifuge tube. Discard the precipitate.

Step 11. To the supernate add 10 ml of
concd HNO;, digest for 10 min on a steam bath,
centrifuge, and discard the supernate. To the pre-
cipitate add 3 ml of concd H.SO, and fume as be-
fore (Step 2). Cool, add 20 ml of H.O. and heat
on a sieam bath for 10 min. Centrifuge and dis-
card the supernate.

Step 12. Dissolve the precipitate in 1 ml of
concd NH,OH and repeat one Fe-La scavenge.
Centrifuge and transfer the supernate to a clean
centrifuge tube,

Step 13. To the supernate add 5 ml of
paper pulp mixture (Note 3) and 10 ml of concd
HCL. Digest for 10 min on a steam bath. Filter
the hot mixture onto a Millipore filter (1.2p or
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less pore size). Do not wash the precipitate. Trans-
fer the precipitate and filter paper to a Coors 00
crucible and ignite for 5-10 min at 800°. Cool
and powder gently with a polished glass rod.
Transfer the powdered material with the use of
absolute ethamnol onto a tared No. 42 Whatman
filter circle. Weigh as WO,.

Notes

1. This treatmenl seems to ensure subse-
quent decontamination from Nb.

2. The presence of ferric jon delays the re-
duction of Mo by H.S and therefore facilitates its
complete precipitation.

3. The pulp mixture is made by adding
half a dozen Whaiman No. 42 (9 cm) filter
papers to 500 ml of H.O in a Warinug blender and
macerating for about 5 min. The pulp mixture ¥s
transferred to a Pyrex container and made slight.
Iy acidic with HCI to inhibit mold formation,

November 1968



THE SEPARATION OF
RHENIUM FROM TUNGSTEN

B. P. Bayhurst

{. Introduction

In this procedure for the separation of rheni-
um activity from radioactive tungsten which has
already been decontaminated. the major purifica-
tion step is the precipitation of Re.S: from a
medium which s approximately 3M in both hy.
drochloric and hydrofluoric acid. The chemical
vield is about 809,.

2. Reagents

Re carrier: KReO, in H.O. corresponding to about
15 mg of (C;H.), AsReO, ml; standardized

W carrier: 10 mg W ml. added as Na.W0,2H.0
in H_‘O

La carrier: 10 mg La ‘ml. added as La(NO).
6H.0 in H.O

HCI: concd; 6M

HF: concd

HF-HCI: 5M in each

H.S: gas

NH,OH: concd

H.0.: 30%

NaCl: 5M

(C.H.), AsCl: 19, aqueous solution

Ethanoi: absolute

3. Preparation and Standardization of Carrier

Dissolve 6.85 g of KReO; in water and dilute
the solution io 1 liter. Pipet 5.0 ml of the solution
into a 40-ml glass centrifuge tube. dilute to 20 ml
with H;0, and make the solution 0.5 in NaCl
Add 7 ml of 1% (C.H.), AsCL bring the solution
to a boil. and then permit it to cool overnight in
a refrigerator. Filter through a tared fritted glass
crucible and wash the precipitate with ice water.
Dry in an oven at 110° for 20 min, cool. and
weigh as (C.H:).AsReO,.

Four standardizations agreed with each other
within less than 19;.

4. Procedure

Step 1. To about 10 ml of a slightly alka-
line solution of the W in a 40-ml glass centrifuge
tube. add 2.0 ml of Re carrier. and allow the solu-
tion to stand for the desired growth period. Make
the solution 614 in HCI and heat on a steam bath
for 15 min to permit the precipitated WQ.-XH.0
to coagulate. Centrifuge and transfer the super-
nate to a clean centrifuge tube.

Step 2. To the supernate. add 2 ml of W
holdback carrier. heat on a steam bath for 5-10
min. centrifuge. and transfer the supernate to a
clean 40-ml polyethylene centrifuge tube. Discard
the precipitate.

Step 3. Make the solution about 5M in
both HF and HCI. Add 2 ml of W carrier and
saturate with H.S for at least 10 min while heat-
ing the solution on a steam bath, Centrifuge and
discard the supernate. To the Re.S: precipitate
add 30 ml of the HF-HCI] mixture. saturate with
H.S. ceatrifuge. and discard the supernate,

Step 4. To the precipitate add 1 ml of coned
NH,OH and 5-6 drops of 30% H.0.. Let the mix-
ture stand on a steam bath. with stirring, until
solution is complete. Add 30 ml of the HF-HCI
mixture and heat on a steam bath for 5 min.

Step 5. Saturate the solution. still main-
tained on the steain bath. for at least 5 min with
H.S. Centrifuge and discard the supernate. Wash
the precipitate with 20-30 ml of 6} HCI and dis-
card the washings.

Step 6. To the precipitate add 1 ml of concd
NH,O0H and 5-6 drops of 30% H.O.. Heat on a
steam bath io dissolve the Re.S:. and transfer the
solution to a clean 40-ml glass centrifuge tube.
Make the solution acidic with HCI and boil aver
a burner for a few minutes to ensure complete re-
moval of H.O..

Step 7. Add 4 drops of La carrier. make the
solution basic with concd NH,OH. centrifuge, and
transfer the supernate to a clean centrifuge tube.
Discard the precipitate,

Step 8. To the supernate add 1-2 ml of 51/
NaCl. 3 ml of 1% (C;H,), AsCl, and bring the
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solution to a beii, Cool. filter the (CH.), AsRe0 amount of absolute ethanol, Dry in an oven at
through a tared No. 42 Whatman filter circle. 1107 for 3 min. cool. weigh. mount. and count.
using a ground-off Hirsch funne] and filter chim-

ney. Wash the precipitate with H:0 and a small November 1968
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URANIUM-235

W. G. Warren

1. Introduction

The procedure described below is a carriet-
free method for the determination of ***U. employ-
ing *BU as a tracer. Decontamination from
neptunium and plutoninum is excellent. Removal of
plutonium is in part effected by conversion to the
tetrapositive stale, formation of the cupferron
complex. and extraction of the complex into
chlorofurm. Separation of rare earths. partial re-
moval of neptuniurm. and further decontamina-
tion from plutonium is obtained by adsorpiion of
uranium from concentrated hydrochloric acid
solution onto a Dowex A2 anion exchange column.
\Vashing of the colurin with 10M and then with
3M hydrochloric acid removes any adsorbed
plutonium and neptunium. respectively, Uranium
is eluted from the column by means of 0.13/
nitric acid and is then electroplated on platinum,
The chemical yield. deternnned by «-counting
the 32U tracer. is 50-909%. The 2¥U is fission-
counted. Fowr « mples can be determined in
about 514 hr with excellent precision.

2. Reagents

232U tracer: amount added is determined by the
a-counting technique employed .

La carrier: 10 mg La/ml, added as La(NO,).
6H.0 in H.O

Fe carrier: 10 mg Fe 'ml. added as Fe'NO.),
9H.0 in very dilute HNO,

Dowex A2-X8 anion exchange resin. 400 mesh

HCI: 5M; 10M; concd

HNO,: 0.1M; 6M

NH,OH: concd

NH.OH-HQl: 5M

(NH,).C.0, in H,O: 49

Aqueous cupferron reagent: 6%,

Methyl red indicator solution: 0.19% in 909
ethanol

Methanol: anhydrous

Chloroform

NH.: gas
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3. Special Equipment

Plating assembly (see photograph): one cell per
aliquot of sample

Source of current: Fisher Powerhouse (dc), with
variable resistance in series with cell

Cell (see photograph): brass hase (3” X 3") for
holding Pt cathode: 5-mi! Pt circular 17 disk
(cathode): gasket to seal cathode and chimn-
nev: glass chimnev. 7¢” id.. 4 high with
four ears at height of 3”: 1-14” steel springs
for holding chimnev to base: rotating Pt
anode, The cell is heated for 1 hr at 105°
alter assembly to ensure formation of seal
between glass and Pt,

Water bath for cell (ser photograph): Autemp
heater: 67 crystallizing dish (for water bath):
rubber pad for holding cell,

Plating assembly.



Parts of plating cell.

4. Procedure

Step 1. To an aliquot of sample not ex-
ceeding 20 ml (Note 1) in a 40-ml centrifuge
tube. add 3 ml of 232TJ tracer and 3 drops of La
carrier. and bubble in NH. gas until the pre-
cipitate which forms coagulates. Digest for 15
min on a steam bath. centrifuge, and discard the
supernate.

Step 2. Dissolve the precipitate in 0.6 ml
of concd HCI and dilute to 10 ml with H.O. Add
5 drops of 5M NH.OH-HCI (Note 2) and 2 drops
of Fe carrier (if this element is not already pres-
ent). and allow to stand for 10 min. Add 4 m! of
chloroform. 6 ml of 6% cupferron. and extract
the Pu(IV)-cupferron complex by stirring for 2
min. Remove the chlorofor layer by means of a
transfer pipet and discard. Extract the aqueous
phase three additional times with chloroform. To
the aqueous layer add 3 drops of La carrier and
bubble in NH, gas until the precipitate formed
coagulates. Digest for 15 inin on a stemn bath.
centrifuge. and discard the supernate.
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Step 3. Dissolve the precipitate in 1 mi of
concd HCl and transfer the solution with three
additional 1-m] HC rinses to the Dowex A2 resin
colummn, 3mm X 5 cm. which has been previously
washed twice with 2.5-ml portions of concd HCL
Force the solution through the column under
pressure. Wash the column twice with 2.5-ml por-
tions of 5M HCI and discard the washings.

Step 4. FElute the U from the column inme
the plating cell with two 2.5-ml portions of
0.1M HNO..

Step 5. Add 5 ml of 49 (NH,).C.0. 3
drops of methyl red indicator solution. and make
basic by the dropwise addition of concd NH,OH.
Make the solution barely red to the indicator hy
the dropwise addition of 6 HNO,, and add 3
drops in excess.

Step 6. Plate at 1.1 amp and 8 volts for
144-hr at 80° in a hot water bath. At the end of
the first 10 min. add 3 drops of methy! red solu-
tion and make acid with 637 HNOQ.. Check acidity
at two additional 10-min intervals. and at the
end of 40 min add 3 drops of coned NH,OH. At
10-min intervals thereafter check to see that the
plating solution is harely hasic to the indicator.

Step 7. Remove the cell from the water
bath. wash three times with methanol. and dis-
mantle the cell. carefully keeping the Pt disk
flat. Flame the disk over a burner. a-count and
then mount for [ission-counting against standard
#3307 foils

Notes

1. The aliquot of sample taken must have
a ¥ content in the range of the 21T standard
foils against which it is comparison fission-
counted.

2. The NH.OH-HCI reduces the Pu 1o the
-4 state. in which form it is complexed by the
cupferron.

P
.



URANIUM-235 I
W. G, Warren

I. Introduction

In this carrier-free method for the determina-
tion of *B¥U. it is unnecessary to obtain complete
decontamination from [ission products because
the uranium is finally fission-connted. The chem-
ical vield is determined by a-counting the **U
used as tracer., The uranium is first adsorbed on
an anion exchange vesin column from a solution
at least 1044 in HCi. The bulk of the fission pro-
ducts is removed from the uranium by elution
with 84 HNO. and then some decontamination
from neptuninm and platoniun is accomplished
hy columm washes with 337 HCI, The uranium is
eluted from the column by means of H.O and
placed on a new anion column, Decontamination
from neptunimm and platonium is completed by
column washes with 1037 and 337 HC] and the
wranium is eluted with H.O and electroplated onte
platinum,

2. Reagents

=T racer: amound added determmined by the o-
« unting technique emploved

HCL 2A01; 3M: 10M: coned

HNO.: 8™

NH,0OH: concd

NH.CL: solid

Ethanol: absolute

Methy] red indicator solution: 0.5% solution of the
indicator in ethanol

Bin-Rad AG 1-X8 anion-exchange resin. 100-200
mesh. water slurry

3. Procedure

Step 1. To an aliquot of sample not exceed-
ing 30 ml in a 125-ml erlenmeyer flask. add 1 ml

of =7 tracer and 20 ml of coned HCI and evapo.
rate the sclution to dryness, Repeat twice the addi-
tion of HCI and evaporation, Take up the residue
in 10-20 m! of coned HCL. heating if necessary to
ensure solutien.

Step 2. Add the solution to an AG 1-X8 an-
iom exchange resin colunn (prewashed with concd
HCI. 1 em x 7 en and allow it to flow through
the column under gravitv. (U is adsorbed on the
column.) Wash the erlenmeyer flask with 6 ml of
coned HCl and pass the wash through the resin
column. Discard the effluents.

Step 3. Wash the column twice with 6-ml
portions of 81 HNO, and twice with G-m} por-
tions of 337 HCI. Discard the effluents. Elute the
U with two 6-ml portions of H.O into a clean 125-
ml erlenmeyer flask.

Step 4. Evaporate the solution to dryness
and take up the residue in 10-20 ml of concd HCI.
Place the solution on another AG 1-X8 resin
column. 1 cm x 5 ¢m, and aliow 1t to flow through
under gravity, Wash the erlenmeyer flask with 4
ml of concd HCl and pass the wash through the
resin column, Discard the effluents.

Step 5. Wash the column twice each with
4 ml of 80 HNO.. 4 ml of 10M HCI. and 4 ml
of 33 HCI. Discard all effluents. Elute the U with
two 4-ml portions of H.0 and collect the eluate in
an electroplating cell.

Step 6. To the cel! add approximateiv €5
& NH.C! and 3 drops of methyl red indicator solu-
tion. Make the solution basic with concd NH,OH
and then barely acidic with 234 HCI. Electroplate
the U onto a 1” Pt disk at 2 amp for 15 min. One
minute before completion of the plating. add 1 ml
of coned NH,OH to the cell. Discard the cell solu-
tion and rinse the cell with tiwree 5- to 10-ml por-
tions of absolute ethanol, Disassemble the cell.
flame the Pt disk. and mount it for counting.

May 1968
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URANIUM-235 i

G. W. Knobeloch

1. Introduction

This replaces the May, 1968, URANIUM-235 11 pro-
cedure because that procedure did not completely remove
the plutonium activity from underground bomb debris. In
the carrier-free method described below, it is not neces-
sary to obtain complete decontamination from fission
products since the uranium is finally fission-counted. The
chemical yield is determined by &-counting the 22U used
as tracer. The uranium is first adsorbed on an anion
exchange resin column from a solution at least 10 M in
HCI, The bulk of the fission products is removed from the
uranium by elution with 8 M HNO; and then some
decontamination from neptunium and plutonium is
accomplished by column washes with 3 M HCl. The uran-
ium is eluted from the column by water and placed on a
fresh anion column. Decontamination from plutonium is
completed by elution with an HI-HCI mixture. Then the
resin is treated with H, 0, to oxidize the uranium to the
+6 state, and neptunium is removed with 3 M HCI. The
uranium is finally eluted with water and electroplated
onto platinum,

The procedure as given below is suitable for samples
having plutonium activity of less than 10° & courts per
minute. Footnote 2 tells how the procedure may be
modified for decontamination from plutonium of greater
activity,

2. Reagents

2( tracer: amount added determined by the a-counting
technique employed

HCl: 2 M; 3 M; concd

HNO;3: 8 M

HI-HCI mixture: 1:9 by volume of 47% H1 and concd HCI

H,0,-HCl reagent: 1 part by volume of 30% H, 0, to 40
of 9M HCI

NH,0H: concd

NH,4Cl: solid

Ethanol: absolute

Methyl red indicator solution: 0.5% in ethanol Bic-Rad
AG 1-X8 anion exchange resin, 100-200 mesh, water

slurry
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3. Procedurc

Step t. To an aliquot of a soluiion of the sampie,
not exceeding S0 ml, in a 125-ml erlenmeyer flask, add
1 ml of P2U tracer and 29 ml of concd HCl and evaporate
the sclution to dryness. Repeat twice the addition of HCl
and evaporation. Take up the residue in 10-20 ml of
concd HC, heating if necessary to effect solution.

Step 2. Add the solution to an AG 1-X8 anion
exchange resin column (prewashed with concd HC}) (Note
1), and allow it to flow through the column under gravity.
(U is adsorbed on the column.) Wash the erlenmeyer flask
with concd HCl and pass the wash through the resin
column. Discard the effluents.

Step 3. Wash the column twice with 8 M HNG,
(Note 2) and twice with 3 M HC), Discard the effluents.
Elute the U with two 6-ml portions of H,0 into a clean
125-ml erienmeyer flask.

Step 4. Evaporate the solution to dryness and take
up the residue in 10-20 ml of concd HCI. Place the solu-
tion on another AG 1-X8 resin column and allow it to
flow through under gravity. Wash the erlenmeyer flask
with concd HCI and pass the wash through the resin
column. Discard the effluents,

Step 5. Wash the column as indicated: (a) twice with
8M HNOj;; (b)twice with concd HCl; (c) twice with
HI-HCI mixture; {d) once with concd HCI; (¢) twice with
H;0,-HCI reagent; (f) and twice with 3 M HCL. Discard
alf effluents. Elute the U with rwo 6-ml portions of water
into a clean 125-nl erlenmeyer flask.

Step 6. Evaporate the solution containing the U to
dryness. Destroy the HI by heating to dryness twice after
adding 1-ml portions of concd HNQOj;. Convert to the
chloride by two successive evaporations to dryness after
adding 1 ml of coned HCL.

Step 7. Dissolve the residue in 1 mi  of coned HCL
Transfer the solution to an electroplating cell with 5 ml of
H,G. Rinse the erlenmeyer flask with 5 ml of H,0 and
add the rinse to the plating cell.

Step 8. To the cell add approximately 0.5 g of
NH4Cl and 3 drops of methyl red indicator solution.
Make the solution basic with concd NH40H and then



barely acidic with 2 M HC\. Electroplate the U onto a 1"
Pt disk at 2 amp for 15 min. One minute before comple-
tion of the plating, add 1 m! of concd NH40H to the cell,
Discard the cell solution and rinse the cell with three §- to
10-mi portions of absolute ethanol. Disassemble the cell,
flame the Pt disk, and mount it for counting.

Notes
1. Anion resin column size and volume of washes

are functions of Pu activity and size of the dirt sample.
The following table shows these relationships:

with concd HCl, and twice with 3M HCI, Discard
the effluents. Elute the U with two 6-ml portions of
H, 0 into a clean 125-m] erlenmeyer flask. Evaporate
to dryness and destroy the HI by heating to dryness
twice after adding 1-ml portions of concd HNOj.
Convert to the chloride by two successive evapora-
tions to dryness after adding 1 ml of concd HCL
Carry out Steps 4, 5, and 6 as described. Dissolve the
residue in 1 ml of concd HCl and place on a third
AG 1-X8 resin column, Wash twice with 8 M HNOj,
twice with concd HCl, twice with 3 M HCl, and elute
the U with two 6-ml portions of H,O into an elec-
troplating cell and plate as in Step 8.

Size of dirt sample, Pu limit, Resin dimensions, Wash volumes,
g c/m cm X cm mi
<0.0375 <10* 1x5 4
0.0375 - 0.075 10%-3 x 10* 1x7 6
0.075 - 1.50 3x10%-3 x 10° 1x15 10
1.50 -4.50 3x10%-10’ 1x20 15
>4.5 >107 1x30 25

2. For samples having Pu levels grester than 10°
cpm, the procedure is modified starting with Step 3 as
follows:

Wash the column twice with 8 M HNO;, twice with

concd HCI, twice with HI-HC] mixture, once again
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URANIUM-237
W. G. Warren

1. Introduction

In this carrier-free procedure for the de-
termination of *7U, the element is first adsorbed
on an anion exchange resin column from a solu-
tion at least 10M in HCL. The bulk of the fission
products is removed from the uranium by elu-
tion with 8/ HNO,. and the plutonium by elu-
tion with a mixture of concentrated HI and HCI.
The resin is then treaied with hydrogen peroxide
to ensure oxidation of uranium to the -6 state
and the neptunium is removed from the column
by means of 3 HCI. The uranium is eluted with
H.O and placed on another anion resin column
from concentrated HCl solution. Further decon-
tamination of the element is accomplished by
column washings with 844 HNQ,, 10M HCL, and
3M HCL Following elution of uranium with wa-
ter, the element is placed on a cation exchange
resin colunm. which is then washed with 0.1M
HCL a treatment presumably removing traces of
tellurium and jodine. The uranium is eluted with
3M HCI and electroplated onto platinum.

The procedure is carried out in the presence
of *¥U tracer and yield is determined by «-count-
ing this isotope, **7U is determined by @-counting.

2. Reagents

7 tracer: amount added determined by the «-
counting technique employed

HCI: 0.1M; 2M; 3A1; 10M; concd

HNO.: 8M

HI-HCI mixture: 1:9 by volume of 479 HI and
concd HCI

NH,0H: concd

NH,CI: solid

Fthanol: absolute

Methyl red indicator solution: 0.5% selution of
the indicator in ethanol

H.0, reagent: 0.5 ml of 309 H.O. to 40 ml of 9M
HCl

Bio-Rad AG 1-X8 anion exchange resin. 100-200
mesh, water slurry

Bio-Rad AG 30W-X8 cation exchange resin. 100-
200 mesh, water slurry

3. Procedure

Step 1. To an aliquot of sample not exceed-
ing 50 ml in a 125-ml erlenmeyer flask, add 1 ml
of #33(T tracer and 20 ml of concd HCl and evapo-
rate the solution to dryness, Repeat twice the addi-
tion of HCl and evaporation. Take up the residue
in 10-20 ml of concd HC], heating if necessary to
ensure solution,

Step 2. Add the solution to an AG 1-X8
anion exchange resin column (prewashed with
concd HCI). 1 cm x 5 c¢m, and allow it to flow
through the column under gravity. (U is adsorbed
on the column.) Wash the erlenmey=r flask with
4 ml of concd HCI and pass the wash through the
resin column. Discard the effluents.

Step 3. The following sequence of column
washes is now carried out: (a) twice with 4-ml
portions of 8V HNO,; (b) twice with 4 ml of
concd HC; (c) with 6.5 ml and then 2 ml of HI-
HC) mixture; (d) again with 4 ml of concd HCl;
{e) twice with 4-ml portions of H.O. reagent
(1. is removed and the resin column is decolor-
ized); and (f) twice with 4-ml portions of 3M
HCL. Discard all effluents. Elute the U with two
4-ml portions of H.O. collecting the eluate in a
clean 125-ml erlenmeyer flask.

Step 4. Evaporate the solution to dryness
and take up the residue in 10 ml of concd HCL
Place the solution on another AG 1-X8 resin
column and allow it to flow through under gravity.
Wash the erlenmeyer flask with 4 ml of concd
HCI and pass the wash through the resin column.
Discard the effluents.

Step 5. Wash the column twice each with ¢
ml of 80 HNO.. 4 ml of 10M HCI, and 4 ml of
3M HCI, Discard all effluents. Elute the U with
two 4-ml portions of H,0, and collect the eluate
in a clean 40-ml graduated long-taper glass centri-
fuge tube. Dilute the eluate to 10 - 15 ml.

Step 6. Place the solution on an AG 50W-
X8 cation resin column, 4 mm x 6 cm. and allow it
to pass through under slight air pressure. (The op-
timum flow rate through the” column is 1 drop
every 6 sec.) Discard the effluent,

Step 7. Wash the columm with two 2.5-ml
portions of ¢.1M HCI and discard the washings.

193



With the use of two 2.5-ml portions vf 337 HCl
elute the U from the resin column into an electro.
plating cell.

Step 8. To the cell add approximately 0.5
¢ of NH,Cl and 3 drops of methyl red indicator
solution. Make the solution basic with concd

NH,OH and then barely acidic with 2 HCL
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Electroplate the U onto a 17 Py disk at 2 amp for
13 min. One miunte before completion of the plat-
ing. add 1 mi of concd NH,0H to the cell, Discard
the cell solution and rinse the cell with three 5.
to 10-nmt portions of absolute ethanal, Disassemble
the cell. flame the Pt disk. and mount it for count-
ing.

May 1968
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TOTAL URANIUM |
E. J. Lang

I. Introduction

For its deiermination in material containing
fission products, uranium is first converted to
uranyl nitrate, 170,(NG,).. The nitrate is then
extracted into ether. After removal of the ether.
the uranium is finally incorporated into sodium
fluoride pellets and determined fluorimetrically.

2. Reagents

U standard: 0.2 g U/50 A of solution. Made up
by dissolving normal U in HNQ;, the final
acid concentration being about 3M.

HCl: coned

HNO,: 3M; concd

AI(NO,), reagent: 700 g Al(NO,),; 9H.O/liter
H.O. Before use, this reagent is treated in
the following manner: 35 ml of coucd HNO,
and 100 ml of anhydrous ethyl ether are
added to 500 ml of the AI{NQ,); solution in
a 1-liter separatory funmnel. The resulting
mixture is shaken for 5 min and then allowed
to stand for 5 min, The AI{NO.). layer is
then transferred to a clean 1-liter separatory
funnel. The extraction is repeated and the
Al(NO,); is transferred to the first separa-
tory funnel, which has been cleaned with dis-
tilled H.O0. The process is repeated until a
total of five extractions has been made,

NaF: solid (Baker and Adamson, meets ACS
specifications)

LiF: solid (Baker, CP grade)

NaF flux: a solid mixture of NaF-LiF. containing
29, by weight of LiF.

Ethyl ether: anhydrous (Mallinckredt, 5 1b cans)

Acetone: reagent grade

3. Procedure

Step 1. Pipet an aliquot (containing about 1
rg of U) of the sample into a 50-ml beaker and
evaporate to dryness under a heat lamp. Add 2-3
ml of concd HNO; and 1 ml of H,O and again
evaporate to dryness, Repeat the addition of HNO,
and H.0 and the evaporation twice.

Step 2. To the residue, add 1 m! of H.O
and 5 ml of concd HNG,. Transfer the solution
to the sample holder of the ether extraction ap-
paratus which contains 60 ml of AI{NO;), re-
agent, Rinse the beaker three times with 2-ml
portions of H,0, adding the washings to the sam-
ple holder. Add ether up to the arm of the sample
holder. add 8 mnl of H.O and 50 ml of ether to
the receiver. and assemble the extraction appara-
tus. Extract for 134 hr. The U is now in the re-
ceiving flask.

Step 3. Remove the receiving flask and
take off the ether completely by means of a
stream of N..

Step 4. Transfer the material remaining in
the receiver. with three H.O rinses (5 m! each),
to a 50-ml reinforced Pt dish. Evaporate to 1-2
drops under a heat lamp and transfer to a 2-ml
volumetric flask by use of a micropipet. Add 2
drops of 3M HNO, to the dish, swirl, and trans-
fer the rinsings to the volumetric flask. Repeat
the HNOQ; rinse.

Step 5. Rinse the sides of the Pt dish with
5 ml of H,0. add 0.5 ml of concd HNO,, evapo-
rate the solution to 1-2 drops, and transfer to the
2-ml volumetric flask. Add 3 drops of 3M HNO, to
the dish, swirl, and transfer to the volumetric
flask. Repeat the addition of 334 HNO, and repeat
the entire step twice.

Step 6. Make the solution up to volume with
3M HNO, and shake well. In a porcelain spot
plate, place six numbered and tored special Pt
dishes (Fig. 1). To each of 9 spots on a paraffin-
coated microscope slide, add 1 drop of 3V HNO,.
By means of a micropipet coated on the outside
with paraffin up to the first bulb, withdraw a 50
A aliquot from the 2-ml volumetric flask and trans-
fer to a special Pt dish. Rinse the pipet by dipping
the tip into one of the drops of 3 HNO; on the
microscope slide and drawing the liquid to above
the mark. Add the rinsing to the special Pt dish
containing the sample. Dip the pipet tip into the
same drop of 31 HNO, and draw the liquid about
half-way up the first bulb. Withdraw the pipet
tip from the drop and draw the liquid into the
second bulb. Force the liquid back and forth be-
tween the two pipet bulbs several times and
transfer the liquid to the Pt dish, Fill five other
special Pt dishes in the manner described above,
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PT. DISHES 20 MIL. PT.

FIRST OPERATION BLANKING
SECOND OPERATION ANNEALING

THIRD OPERATION FORMING

Fig. 1. Specifications for special Pt dishes.

Step 7. Evaporate the solutions in the
special Pt dishes under a heat lamp for about 15
min,

Step 8. To each of three of the dishes add
50 A (0.2 pg) of the U standard in the manner
described in Step 6, including the HNO; rinsings.

Step 9. Evaporate the contents of all the Pt
dishes to dryness under a heat lamp.

Step 10. By means cf a pelletizer made of
a 10-ml graduated pipet, the ends of which are
cut and the tubing fitted with a solid glass
plunger, introduce approximately 300 mg of NaF
flux into each Pt dish and crush the pellets with
a Pt spatula made by flattening one end of a
75-mil Pt rod. On an analytical kalance adjust the
weight of the flux in each dish to 300 == 0.2 mg.

Step 11. Fuse the contents of one Pt dish in
the fusion apparatus (Fig. 2) for exactly 10 min
(Note 1). Ten seconds before the end of the 10-
min fusion period, heat a pair of Pt-tipped
tweezers in the flame and at the conclusion of

Fig. 2. Fusion apparatus.

fusion remove the dish from the flame with the
tweezers. Hold the dish at the end of the iron
ring for 20 sec and then replace it in the porcelain
spot plate. Repeat the fusion procedure with each
Pt dish.

Step 12. Allow the Pt dishes to cool for 2-3
hr. Tap out each of the fused fluxes into an in-
dividual hole in the porcelain spot plate. The
samples are now ready for fluorimetric analysis.

Step 13. Into each of the holes in the sample
holder of the D.C. Fluorophotometer (Figs. 3 and
4), place a fused flux, bottom side up, and de-
termine the quantity of fluorescence {Notes 2
and 3).

Step 14. Upon completion of the analysis,
the special Pt dishes are cleaned in the following
manner. The dishes which had contained orly
aliquots of the sample are placed in a 1-liter
erienmeyer flask along with 200 ml of concd HCI
and the solution is refluxed for about 8 hr. The
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REMOVE BASE
CLEAN C}REFULLY

9297 2

415V

0.01 A7 NM

Fig. 3. D.C. Fluorophotometer (schematic).

AMMETER FOR ULTRAVIOLET ~q

LIGHT SOURCE

SECONDARY SWI-'I;C
MAIN SWITCH

Fig. 4. D.C. Fluorophotometer.
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acid is poured off and the flask and dishes are
rinsed several times with distilled H.O. Then 200
nil of concd HNO, is added to the flask and this
solution is refluxed overnight, The acid is poured
off and the flask and dislies are rinsed several
times with distilled H.O. The Pt dishes are then
placed on a clean towel by inverting the flask.
They are flanied by gentle heating in an open
flame and while still hot are immersed in distilled
water. They are then stored in Petri dishes. The
Pt dishes which had contained the standard U
are cleaned in a separate flask.

Notes

1. Methane is burned in the Fisher burner
of the fusion apparatus, the temperature being
controlled by the rate of gas flow, It is important
that the temperature be sufficiently high to melt
the flux. but not so high as to cause attack of the
Pt dish by the flux. The temperature of fusion
has been too high and the Pt dish has been at-
tacked when the cooled flux is yellow. The de-
termination of the optimum conditions for fusion
is at best an art and the technique must be worked
out by each analyst.

2. The D.C. Fluorophotometer (Figs. 3 and
4. designed by R. J. Watts, LASL) is opurated
in the following manner. The instrument is per-
mitted to warm up for about two hours before use
by turning the secondary switch to “zero”, the
main switch from “off” to “warm”, and the ultra-
violet light source from “off” to “on”. The ultra
violet light source and the main switch may also
be controlled by means of a No. 1191W Tork clock.
The current through the ultraviolet light source

should be adjusted to 0.9 amp by w.z of a Type
216 Powerstat. After the instrument has warmed
up, the main switch is turned to “on” and the
helipot to “O”. The secondary switch is now ad-
justed to the proper range (1, 2. or 3, depending
upon the U concentration of ths sample), and the
galvanonieter is “zeroed” by means of the zero
set. A sample is then positioned i the light path
by means of the sample holder and the latter is
adjusted forward and back until the maximum
deflection is obtained on the galvanometer. The
helipot is adjusted to “zero” the galvanometer
and the helipot reading is taken. The procedure
outlined above is repeated for the other samples.

3. Calculation of the average U content in
a 50 A aliquot sample:

A = average of the helipot readings with
the 50 A aliquots containing no
added standard U,

B = average of the helipot readings with
the 50 A aliquots containing added
standard 17,

D = U content. in pug, of the standard
in the 50 A aliquots.

A
('ﬁ_——'A-) D = pgof Uin 50 A aliquot

sample - NaF flux.

The value obtained by the above calculation
is corrected for the U in the NaF flux, which is
determined in the same manner as for the sample.
The U value is then adjusted to take into account
the chemical yield of the analytical procedure. No
correction is necessary for the U in reagents other
than NaF. when original aliquots of sample con-
tain about 1 pg of the metal,
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TOTAL URANIUM I
W. G. Warren

l. Introduction

This procedure is an adaptation of a procedure
developed by the Analytical Chemistry Group of
the Chemistry-Metallurgy Division of the Los
Alamos Scientific Laboratory. It is appropriate for
samples containing 310-300 milligrams of urani-
um.

Uranium(VI) is reduced to a mixture of
uranium(III) and uranium(IV) by means of
zinc amalgam in a Jones reductor. All the uranium
is then converted to the ++ state by atmospheric
oxidation and the uraniun:(IV) is determined by
titration with standard ceric sulfate in the pres-
ence of ferroin as indicator. The running of ap-
propriate blanks is essential. The chief inter-
ferences in the determination are iron, moly-
bdenum. tungsten, vandium. and nitrate ior:. Four
samples can be analyzed in about 5 hr,

2. Reagenk

H.SO,: 5% by volume (5 ml of concd H.SO, to
95 ml of H.O)

H.SO,: concd

Ferric ammonium sulfate: approximately 0.1M

Ceric sulfate: Standardized. Make up an aqueous
solution approximately 0.013/ and standardize
against pure uranium in the following man-
ner. Weigh out to the nearest 0.1 about 1 g
of pure U and dissolve the metal in concd
HCL. adding a few drops of concd HNO, if
necessary. Make the solution up to exactly
100 ml by the addition of 2.5M HNO, An-
alyze aliquots of the U solution as described
under Procedure. The solution should he
standardized once a month while it is in use.

Jones reductor; For preparation, see any good
book on quantitative analysis.

Ferroin indicator: 0.025M (in H.0)

3. Procedure

Step 1. Place the weighed or pipetted sam-
ple in a 250-ml beaker. If the sample is in me-

tallic form, bring it into solution with concd HC]
and 30% H.0. and proceed to Step 2. If the
sample is an oxide, dissolve it in a minimum of
concd HCIO,, add 100 ml of 59, H.SO,, and pro-
ceed to Step 3. If the samylc is in liquid form,
start with Step 2. '

Step 2. Add 5 ml of concd H.8),. cover
the beaker with a Speedyvap, and take the solu-
tion to dryness to remove nitrate and organic
matter. Repeat the process three additional times,
washing down the Speedyvap and the walls of the
beaker each time. If more than trace quantities
of nitrate or organic matter are present, a few
drops of concd HCIO, are added prior to the
second and third evaporation. After the final
evaporation add 100 mt! of 59, H,SO,.

Step 3. Activate a Jones reductor by passing
through it 100 ml of 5% H.SO0,. discarding the
effluent. Pass the solution containing the sample
through the reductor and collect it in a 500-ml
erlenmeyer flask. Pass three 50-ml portions of
5% H.SO, through the reductor. in each case
collecting the effluent in the erlenmeyer flask
noted above.

Step 4. Aerate the solution in the flask for
about 5 min with a stream of air from a glass gas
dispersion tube. The bubbles must be active
enough to stir the soluiion. Withdraw the aerating
tube and rinse it off, collecting the rinsings in the
erlenmeyer flask.

Step 5. Add 3 drops of the ferroin indicator
and titrate with standard ceric sulfate until the
orange color just begins to fade. At this point add
3 ml of 0.1} ferric ammonium sulfate solution
to restore the orange color and proceed cautiously
with the addition of ceric sulfate until the color
of the solution changes to blue-green. This is the
endpoint of the titration.

Step 6. Run two blanks and average their
titration values.

Step 7. Subtract the average blank titration
from the volume of ceric sulfate found in Step 5.
Calculate the amount of U in the sample by one
of the following formulas:
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% U in waighed sample =
ml Ce(50,). X N X F X 100

& of sample

Grams of total U in liquid sample =

ml Ce(SO0,). X N X F X

total vol of sample

aliquot vol of sample
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The {actor F in chese calculations is the milli-
equivalent weight of the U, with suitable correc-
tions for the isotopic composition:

For depleted U use 0.11900 for F
For normal U use 0.11904
For 939%, 235U use 0.11760
For 989 333U use 0.11650



PURIFICATION OF HIGHLY
IRRADIATED URANIUM

K. Wolfsberg

I. Introduction

This procedure describes the purification of
uranium which had been irradiated for several
weeks (in 1968) in a rabbit in the HFIR (High
Flux Isotope Reactor) at Oak Ridge. The experi-
ment was performed to produce *¥7U, which was
to be separated from other uranium isotopes in a
mass separator. To facilitate heat transfer during
the irradiation process, the uranium (in the form
of U,0. highly enriched in 2¥U) was intimately
mixed with the rabbit material, aiuminum.

The separation of the uranium requires de-
contamination from fission products. neptunium
isotopes. macro amounts of aluminum. the **Na
formed from the aluminum by the (n, ) reaction.
and other induced activities such as “Cr. The
major separation steps include adsorption of the
uranium from solution in a large volume of HCI
(8-9M) onto an anion exchange resin, extraction
into ethyl acetate from a HNO,-AI(NO,), solu-
tion. and a second adsorption on an anion ex-
change resin. The chemical yield is about 90%.

Although the procedure was developed for a
specific purpose. it appears to be generally ap-
plicable to the analysis for uranium in samples
containing highly radioactive comaminauats.

2. Reagents

Zr carrier: 10 mg Zr/ml. added as ZrO(NO,).
2H.0 in 1M HNO;

Te(IV) carrier: 10 mg Te/ml. added as Na.TeO.
in 6M HCI

Te(VI) carrier: 10 mg Te/ml, added as Na.TeO,-
2H.0 in 3M HCI

HNO,: concd

HCl: concd; 9M; 8M

HCI-HNO,: 9:1 by volume of the concd acids
(prepared just before use)

HCI-Br.: 9M HCL. saturated with Br.

HCI-HI: 9:1 by volume of concd HCI and 47%
HI (prepared just before use)

5M HCI-0.3M HF

0.1Af HCI-0.06M HF

NH,OH: concd

Al(NO,),: saturated aqueous solution (about
2.5M)

Ethanol: absolute

Ethy1 acetate: 999

Anion exchange resin: Bio-Rad AG 2-X8. 100-200
mesh

3. Procedure

Step 1. Cut off that section of the rabbit
which holds the irradiated sample. (This section
will contain about 5 g of Al.) With heating. dis-
solve the sample plus the cut-off section of the
rabbit in a mixture of 190 m} of concd HCl and
10 ml of concd HNO:. Dissolution takes about 40
min and the volume of liquid is reduced to about
140 ml. Add two 10-ml portions of the HC)-Br.
mixture (Note 1). Cool and dilute the solution to
300 ml with 9M HCI (Note 2) containing 1 drop
each of Zr. Te(IV). and Te(VI) carriers, Filter
the solution through No. 41 H Whatman filter
paper to remove the small quantity of flocculent
solid (ALO,?) which generally persists after the
dissolution process.

Step 2. Hili a glass colunin. 8 mm i.d., with
anion exchange resin to a height of 3 in. Pre-
equilibrate the resin with 83 HCIL. With the use
of air pressure pass the solution from Step 1
through the column at the rate of 10 drops every 7
or 8 sec. (All other column operations in this step
and all in Step 6 are carried out at the rate of
about 10 drops every 20 sec.) Wash the column
first with 5 ml of 8M HCi and then with 5 ml
of the concd acid, discarding the washings. Elute
the U into a 40-ml centrifuge tube with two 5-m!
portions of H.O and then with one 10-ml portion
of H.O (Note 3).

Step 3. Make the solution basic with 4 ml
of concd NH,OH (or 10 ml of 6M NH,0H).
Centrifuge and discard the supernate (Note 4).
Dissolve the precipitate in 1 ml of concd HNO,
and add 10 m} of saturated AlI(NO,)..

Step 4. Transfer the solution to a 40-ml ex-
traction vessel containing 10 ml of ethyl acetate.
Stir or shake for 1 min and then discard the lower
(aqueous) phase. Scrub the organic phase twice
with 10-ml portions of saturated Al(NO;), and
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discard the washings. Back extract the U with two
10-m} portions of water and collect the extracts
it a +0.ml centrifuge tube, Discard the organic
phase (Note 5).

Step 5. Make the solution basic with 4 ml
of concd NH,OH. Centrifuge and discard the
supernate. Dissolve the precipitate in 10 ml of

concd HCILL

Step 6. Prepare another resin colummn as in
Step 2. Since HF will be employed in aone of the
column steps. plug the tip of the column with
polypropylene felt. Pre-equilibrate the resin with
concd HCL. Successively. pass the following solu.
tions through columm and discard all effluents:
(a) the solution from Step 5; (b) two 3-ml por-
tions of concd HCl; (¢) two 5-tnl portions of
HCLHI;, (d) two 5-ml portions of HCI-HNO,
ithe column will bubble): (e) five 5-ml portions
of 5M HC1-0.3M HF (after the last addition blow
the column dry): and (f) 3 ml of absolute ethanol.
Elute the U into a 40-m! centrifuge tube with two
3-ml portions of 0.1A7 HCI-0.06A7 HF (Note 6).

N xtfes

1. The addition of Br. ensures that no re-
ducing substances are present; failure to do this
may result in a 5% loss of U in Step 2.

2. Higher HCI concentrations. or higher Al
concentrations. can cause the anion exchange resin
to become clogged during Step 2.

3. Less than 1% of the U is lost in this
step. Further column operations, such as those in
Step 6. result in additional losses of U. The col-

umn step decontaminates the U from all of the
Al *'Na. and the fission products in the (1. (1D,
and (JID oxidation states, The 3 activity from
fresh fission products is reduced to a factor of
one-third. At this stage. the main contaminants of
the U are Mo. Te. Zr. Nb. Np. and Pu.

4. The <upernate contains most of the "\o.

3. About 3% of the U is lost in this step.
Np and Pu follow U in the extraction. The ex-
traction step separates U from most of the fission
products; it is a particularly good step for removal
af Te. Zr is retained in the organic phase. The
U recovered from this step invariably contains
some Al from the AI(NO.), reagent. This fact
should be kept in mind if the extraction step is
wsed in some other procedure.

6. Overall decontamination factors from Np
and Pu are about 10% Nost of the Pu (> 999%)
and about 1.39%, of the Np are eluted in the HCI-
HI washes. Tt has been ohserved that with six 5M
HCI-0.3M HF washes Np is elued as follows:
60. 31, 6.2, 1.1, 0.3. and 0.7%. For U. the losses
with the same reagent are: 0.01. 0.03. 0.2, 0.7.
1.5. and 29%,. A sixth wash is. therefore. not pre-
scribed. If the HCI-HNO. washes are omitted. a
Np decontamination of about 104 is obtained witk
the 33 HCl-0.3M HF washes. In the first two
washes witk: 53 HCI-0.3M HF. about 159 of a
25-mg sample of U is lost: with a tracer 17 <am-
ple. the loss is about 3%. Any Zr and Nb present
are eluted in the 534 HCI-0.3M HF washes. Any
Mo still present remains on the column; Mo has
its lowest K, at about 2M HCL Any Te still
present follows the U,

November 1968
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YTTRIUM
R. J. Prestwood

{. Introduction

In the analysis of radioyttrium in fission
products, first ytirium fluoride precipitations are
carried out in the presence of zirconium holdback
carrier. After dissolution of the fluoride and re-
precipitation of yttrium as the hydroxide, separa-
tion from europium, samarium, and the lighter
lanthanides is effectively accomplished by ex-
traction of the element from C.7534 hydrochloric
acid soluiion +ith 0.5 HDEHP (di-2-ethylhexyl
orthophosphoric acid}; in n-heptare. Yttriwan is
finally precipitated as the hydroxide, ignited, and
counted as tie oxide.

2. Reagents

Y carrier: 10 mg Y/ml (see Preparation end
Standardization of Carrier)

Zx carrier: 10 mg Zr/ml, added as ZrO(NO,).
2H.0 in 1M HNO,

HCL: 0.75M; 1.5M; 6M

HNO,: 6M

HF: concd; 5M

H;BO;: saturated aqueous solution

NH,OH: concd

Ethanol: absolute

39 rubber cement in benzene

(INH,).C.0,: saturated aqueous solution

HDEHP: 0.5M solution of HDEHP (di-2-ethyl-
hexyl orthophosphoric acid)} in n-heptane.
The acid may be obtained from the Victor
Chemical Division of the Stauffer Chemical
Company, Chicago Heights, Ill, The reported
purity of the acid was 949.

3. Preparation and Standardization of Carrier

Dissolve 12.7 ¢ of Y:0, in 100 ml of
concd HC) and dilute the solution to 1 liter.

To 5.0 ml of the carrter solution in a 40-ml
Pyrex centrifuge tube, add 20 ml of H.0, heat to
boiling. and add 20 ml of saturated (NH,).C.0,
with stirring. Heat for 10 min on a steam bath
and then cool in an ice bath for 4 min. Centrifuge

the Y.(C.0,), and decant the supernate. Take up
the precipitate in 10 ml of H,0 and filter through
a 27, 60° funnel nto a No. 42 Whatman filler
paper (9 cm). Wash the precipitate with H.O,
transfer to a weighed Coors 00 porcelain crucille,
and ignite at 900° for 1 hr. Cool and weigh as
Y«_-Os.

Four standardizations gave results agreeing
within 19.

4. Procedure

Step 1. To the sample in a 40-ml poly-
ethylene, tapered centrifuge tube, add 4 ml of
standard Y carrier and make the solution 2 - 4M
in HNO,. Add 2 m] of Zr hnldback carrier and
make the solution 4M in HF. Centrifuge the YF,
precipitate and discard the supernate, Wash the
precipitate with 10 m} of 5M HF.

Step 2. Dissolve the YF, in 2 ml of satu-
rated H.,BO, solution and 2 ml of concd HNO,,
and dilute to 10 ml. Add 2 ml of Zr carrier and
enough concd HF to make the solution 4M with
respect to this acid. Centrifuge the YF,, decant
the supernate, and wash the precipitate with 10
wml of 5M HF.

Step 3. Dissolve the precipitate in 2 ml of
saturated H,BO; solution and 2 ml of concd HNO,,
Dilute the solution to 10 ml and precipitate
Y(OH), by the addition of concd NH,OH. Centri-
fuge and discard the supernate. Wash the pre-
cipitate with 30 ml of H;O.

Step 4. Dissolve the Y(OH); in 2.0 ml of
1.5M HCL. Transfer the soluiion with 8 ml of
0.75M HCI to a clean 60-ml separatory funnel.
Add 10 ml of HDEHP, shake vigorously for 1
min, and discard the aqueous layer, Wash the
heptane layer twice with 10-ml portions of 0.75M
HC] and discard the washings. Back extract the
Y into 10 ml of 6M HCI and transfer the agueous
layer to a clean polyethylene centrifuge tube and
discard the heptane layer. Add an excess of concd
NH,OH to precipitate Y(OH},, centrifuge, and
discard the supernate, Wash the precipitate with
30 ml of H.O and discard the washings,

Step 5. Repeat Step 4 (Note).
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Step 6. Dissolve the Y(OH), in 1 ml of 6M
HCI, dilute the solution to 20 inl, centrifuge, and
transfer the supernate to a clean polyethylene
centrifuge tube. Add paper pulp and then an excess
of concd NH,OH to precipitate Y(OH),. Filter
onto a No. 41 H Whatman filter paper (9 cm),
and wash the precipitate with H,O. Ignite at 900°
in a Coors 00 porcelain crucible for 20 min. Cool
and powder the Y.0; with the fire-polished tip
cf a glass stirring rod. Transfer the Y,0, with
ethanol onto a weighed No. 42 Whatman filter
circle, %" diameter, contained in a ground-off
Hirsch funnel-filter chimney setup. Rinse the
crucible twice with ethanol and pour through the

filter. Dry the Y,O, at 110° for 10 min, cool, and
weigh. Place 5 drops of a 69 solution of rubber
cement on the sample and permit it to dry at
room temperatire, Mount on two-sided Scotch
tape on an Al plate and cover with Mylar,

Note

It probably is not necessary to repeat Step
4 if *'Y is being determined, The author has
found that repetition of this step is desirable when
%Y is determined in the presence of large amounts
of fission products.
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THE SEPARATION OF
STRONTIUM FROM YTTRIUM

R. J. Prestvvood

i. Introduction

It is somelimes necessary to separate a stron-
tium isotope which has grown in from a neutron-
deficient vttrium parent. In many instances. the
yitrium parent is also associated with large guanti-
ties of fission-product vtirium. eg.. °'Y. The pro-
cedure for the analysiz assumes that the yttrium
has been separated from all other elements,

2. Reagents

Sr carrier: 50 mg SrCO.’2 ml; standardized

Y carrier: 10 mg Y/ml. added as Y.0. in dilute
HCl

HCY: coned

HNO,: fuming: coned

NH,UOH: concd

{NH,).CO;: 109 aqueous solution

Methyl red indicator solution

Ethanol: absolate

3. Preparativ., and Standardization of Carrier

Preparation and standardization of the Sr

.carrier was done as described in the Strontium-90

procedure with two modifications: the carrier
solution contained 35.85 g of Sr (NO,). per liter
and (NH,).CO.. rather than Na.CO.. was em-
ployed to precipitate SrCO..

4. Procedure

Step 1. Following the procedure for the de-
contamination of Y. the Y.0; from ignition is
weighed in a crucible, and transferred to a 40-ml
glass centrifuge tube. The crucible is then weighed
again to obtain the chemical yield in the original
Y separation. Add 1 ml of concd HCl and heat
gently to effect solution of the Y.0;. Add 2.0 ml
of Sr carrier, and permit the solution to stand long
enough to allow the desired amount of growth of
the Sr isotope to be separated (for example. the
growth time suitable for 87Sr is about 16 hr). The
time of the last Y(OH), precipitation prior to ig-
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nition to the oxide marks the start of the Sr growth.
The volume of solution should bhe approximalely
15 ml.

Step 2. To the solution add 3 drops of
methyl red solution and concd NH,OH until the
solution is just neutral. Then add 3 drops of the
base in excess. Swiri and place on a steam bath
for 2 min, Centrifuge. pour the supernate into a
clean centrifuge tube. and record the time to mark
the start of decay of the Sr isotope. Dissolve the
Y (OH). precipitate in a minimum of concd HCI,
dilute with H.O to 10 ml. add 3 drops of methyl
red solution, and then an excess of % drops of
concd NH,OH. Centrifuge and add the supernate
to the one from the first precipitation of Y (OH)..
The total volume should now be about 25 ml.

Stzp 3. Add concd HCI until the solution is
just acidic and then add 10 drops of Y carrier.
Make basic with concd NH,OH and add 3 drops
in excess. Place on a steam bath for 2 min, centri-
fuge. transfer the supernate to a clean centrifuge
tube. and discard the precipitate.

Step 4. Repeat Step 3 twice,

Step 5. To the supernate add 1 ml of concd
NH,0H and 5 ml of 10%, (NH,).CO.. Place on a
steam bath until SrCO, precipitates. Cenlrifuge
and discard the supernate.

Step 6. Dissolve the precipitate in 1-3 drops
of concd HNO, and 1 ml of H.O. Add 30 ml of
wce-cold fuming HNO,. [Sr(NO,). precipitates
immediately.] Centrifuge and discard the super-
nate.

Step 7. Dissolve the Sr(NO;). in 15 m} of
H.0. add 3 drops of methyl red solution. and re-
peat the Y(OH), scavenge (Step 3) three times.
(In the first repetition of Step 3. it is not neces-
sary to make the solution acidic with HCI.)

Step 8. Repeat Step 5.

Step 9. To the SrCO, precipitate add ap-
proximately 5 ml of H.O and with the aid of «
stirring rod suspend the solid. Filter onto a tared
No. 42 (1 in.) Whatman filter circle. Wash the
precipitate thoroughly with H.O and then with
absclute ethanol. Dry at 110° for 5 min. weigh
as SrCO;. and mount.
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THE SEPARATION OF YTTRIUM
FROM ZIRCONIUM

B. 1. Prestwood. B, P, Bayhurst. and
W. A, Sedlacek

. Introduction

This procedure is employed for the separa-
tion of an yttrium isotope which has grown in
from a neutron-deficient zirconium parent.
Usually. the zirconium parent is associated with
large amounts of fission-product zirconium. The
steps in the separation include precipitation of
yttrium fluoride, conversion to the hydroxide,
adsorption of the yttrium from nitric acid solution
onto a cation exchange resin, and elution with
«-HIB (a-hydroxyisobutyric acid). The yttrium
is finally precipitated as the oxalate and ignited
to the oxide,

2. Reagents

Y carrier: 25.0 mg Y203/2 ml (See YITRIUM
I1 procedure for preparation and standard-
ization.)

HNO;;: concd

IIF: concd

HCl: concd

HQSO.;: concad

H,C20;: saturated aqueous solution

NaOH: 10M

NH,OH: concd

Ethanol: absolute

0.5M «-HIB (a-hydroxyisobutyric acid); adjusted
to pH 3.29 (52.05 g of «-HIB plus about 19
m!} conc NH;0H/liter)

Cation exchange resin: Bio-Rad AG 50W-X4,

minus 400 mesh (NH,;* form) .

3. Procedure

Step 1. Dissolve the decontaminated
Zr(OH),4 in 3 ml of concd HCl in a 40-ml poly-
ethylene centrifuge tube. Dilute to 20 ml with
H:0. add 2.0 ml of standard Y carrier, and let
the solution stand long enough to permit reason-
able growth of the Y isotope to be separated,

Step 2. Add 3-+ ml of concd HF. Centri-
fuge and save the supernate for possible future
use,

Step 3. Add 3 ml of 10 M NaOH to the
precipitate and, with stirring, let stand on a
steam bath for 3 min, Dilute to 20 ml with H»0.
heat for a few minmutes, cenirifuge, and discard
the supernate,

Step 4. Add 3 ml of concd HCl 1o the
Y(OH)g precipitate and, with the aid of 20 ml
of Hy0, wansier the solution to a clean 40-ml
glass centrifuge tube. Add an excess of concd
NH,0H. centrifuge, and discard the supernate.

Step 5. Add 3 inl of concd HpSO4 to the
precipitate and boil until SOz fumes appear, Cool
well and dilute with 20 ml of H:0, Warm on a
steam bath until solution is complete,

Step 6. Add an excess of concd NH,OH
1o precipitate Y(OH)3. Centrifuge and discard
the supernate, Wash the precipitate with H»0
and discard the wash,

Step 7. Add 8 drops of concd HNO; to
the precipitate and dilute to about 25 ml with
Hy0. Add the equivalent of 1-1.5 ml of the
cation exchange resin, stir for about 1 min, cen-
trifuge, and discard the supernate, With the aid
of a small amount of Hs0 and a transfer pipet.
add the resin to the top of a cation exchange
column prepared as described in item 7 on p, 58.
The top column is then connected by rubber
tubing to a reservoir of 0.5 M «-HIB, the pH of
which has been adjusted to 3.29. Air pressure is
maintained at 4.5 psi and the effluent from the
column is collected in 13mm by 100mm glass
tubes. The tubes are held in an automatic fraction
collector which is set for 18-min change intervals.
Under the conditions described, each tube collects
about 2.5 ml of effluent, The Y appears in tubes
number 35 through 65, approximately, The exact
locations of the Y are determined by adding a
few drops of saturated HCyO; which precipi-
tates the oxalate, The contents of the 30 or so
Y-contained tubes are combined in two 40-ml
glass centrifuge tubes and an excess of HzCp0,4
is added to precipitate the element quantitatively.
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The tubes are then heated to coagulate the pre-
cipitate, One of the tubes is centrifuged and the
supernate discarded. The contents of the second
tube are poured into the first which is again
centrifuged, and the supernate is discarded. To
the precipitate add 6-8 ml of filter paper pulp
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(see Note 3. p, 144b) and a few drops of
H.C.0,. Filter onto a No. 40 Whatman filter
paper (9 cm), transfer to a Coors 00 porcelain
crucible, and ignite to Y.04 at 1000°C for 10
min, Cool. weigh, mount. and count.
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THE SEPARATION OF YTTRIUM FROM
ZIRCONIUM I

R. J. Prestwood, B. P. Bayhurst,
and W. A. Sedlacek

1. Introduction

In this procedure, separation of yttrium from zir-
conium is accomplished by a number of precipitations of
yttrium fluoride followed by the separation of the ele-
ment on a cation exchange column. The yttrium is eluted
from the column by &-HIB (a-hydroxyisobutyric acid)
and finally converted to the oxide.

The procedure, like the previous one, was designed
to separate an yttrium isotope which had grown in from a
neutron-deficient zirconium parent.

2. Reagents

Y carrier: 10 mg Y/ml, standardized (See YTTRIUM
procedure.)

Zr carrier: 10 mg Zr/ml, added as ZrO(NO3); *2H,0 in
1M HNO;

HF: concd

HCI: conced

H3804: concd

NaOH: 10M

NH40H: concd

Ethanol: absolute

a-HIB (o-hydroxyisobutyric acid), 0.5M, adjusted to pH
3.29 (52.05g of aHIB + about 19ml concd
NH4 OH/liter)

Cation exchange resin: Bio-Rad AG 50W-X4, minus 400
mesh (NH;* form)

3. Procedure

Step 1. Dissolve the decontaminated Zr(OH)4 in
3ml of concd HCI in a 40-ml polycthylene centrifuge
tube. Dilute to 20 ml with H,0, add 4.0 ml of standard Y
carrier, and let the solution stand long enough to permit
reasonable growth of the Y isotope to be separated.

Step 2. Add 3-4 ml of concd HF. Centrifuge and
save the supernate for possible future use.

Step 3. To the precipitate add 3 ml of 10M NaOH
and, with stirring, let stand on a steam bath for 3 min.
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Dilute to 20 ml with H, O, heat for a few minutes, centri-
fuge, and discard the supernate.

Step 4. Dissolve the Y(OH)3 precipitate in 3 ml of
concd HCI, add 1 ml of Zr holdback carrier, and dilute to
20 ml with H20. Add 34 ml of concd HF, centrifuge,
and discard the supernate.

Step 5. Repeat Steps 3 and 4, and then perform
Step 3 again.

Step 6. Dissolve the precipitate in a few drops of
HNOj, dilute with H20, and transfer, with the aid of
H;0, to a glass centrifuge tube. The final volume of
solution should be about 30 ml. (If there is indication
that the Y(OH)3 has not dissolved completely, add a few
drops of HNO; and heat.) Precipitate Y(OH); with an
excess of concd NH,OH, centrifuge, and discard the
supernate. Wash the precipitate with 30 ml of H,0 and
discard the wash.

Step 7. Add 6 drops of concd HNO; to the precipi-
tate and dilute to about 25 ml with H,0. Add the equiv-
alent of 1-1.5 ml of the cation exchange resin, stir for
about 1 min, centrifuge, and discard the supernate. With
the aid of a small amount of H20 and a transfer pipet,
add the resin to the top of a cation exchange column
prepared as described in Item 7 on p. 58. The top of the
column is then connected by rubber tubing to a reservoir
of 0.5M a-HIB, the pH of which has been adjusted to
3.29. Air pressure is maintained at 4.5 psi and the effluent
from the column is collected in 13 mm by 100 mm glass
tubes. The tubes are held in an automatic fraction col-
lector which is set for 18 min change intervals. Under the
conditions described, each tube collects about 2.5 ml of
cffluent. The Y appears in tubes number 32 through 50,
approximately. The exact locations of the element are
determined by adding a few drops of saturated H2C, 04
which precipitates the oxalate. The centents of the 18 or
so Y-containing tubes are combined in two 40-ml glass
centrifuge tubes and an excess of HyCy04 is added to
precipitate the Y quantitatively. The tubes are then
heated to coagulate the precipitate. One of the tubes is
centrifuged and the supernate discarded. The contents of
the second tube are poured into the first which is again
centrifuged, and the supernate is discarded. To the precip-
itate add 6-8 ml of filter paper pulp (see Note 3, p. 144b)
and a few drops of HCz04. Filter onto a No. 40 What-
man filter paper (9 cm), transfer to a Coors 00 porcelain
crucible, and ignite to Y,0; at 1000° for 10 min. Cool,
weigh, mount, and count.
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YTTRIUM Nl
R. J. Prestwood

The procedure outlined below is an adapta-
tion of lanthanide separations developed by K.
Wolfsberg,

I. Introduction

The determination of radioyttrium in fission
prodeces as described here basically involves a
separation of the element on a cation exchange
resin column. The column step is preceded by
two fluoride precipitations, The yttrium is eluted
from the column by means of «-HIB (a-hydroxy-
isobutyric acid) and is finally precipitated as
the oxalate and ignited to the oxide.

The analysis gives excellent separation, of

4. Procedure

Step 1. Add 2 ml of standard Y carrier to
the sample in a 40-ml polyethylene, tapered
centrifuge tubc. and make the solution 2-43f in
HNO; or HCl and 4M in HF. Centrifuge the

YF; precipitate and discard the supernate,

Step 2. Add 2 ml of 10M NaOH to the
precipitate, stir, and heat on a steam bath for
about 2 min. (See NOTES preceding p. 1 of this
volume.) Dilute to 20 ml with H>0 and heat for
2-5 min on a steam bath. (This treatment con-
verts YF; quantitatively to Y(OH)3.) Cenirifuge
and discard the supernate.

Step 3. Dissolve the precipitate in 1 mini-
,mum of HNO; and repeat the precipitation of
YF; and its conversion to hydroxide. Centrifuge

v and discard the supernate,
)

ytrium from the lanthanides cerium through .

terbium and erbium ikrough lutetium,. Separa-
tion from dysprosium and holmium is marginal.

2. Reagents

Y carrier: 12,67 mg Y03/2 ml; standardized

HNOj3: concd

HF: concd

H2C004: saturated aqueous solution

NaOH: 10M

NH,0H: concd

0.5M «-HIB (a-hydroxyisobutyric acid); adjusted
o pH 3.29 (52.05 g of «-HIB + about 19 ml
concd NH,OH /liter)

Cation exchange resin: Bio-Rad AG 50W-X4.

minus 400 mesh (NH4* form)

3. Preparation and Standardization of Carrier

Dissolve 12.67 g of Yo03 in a minimum of
concd HCI and make the solution up to a volume
of 2 liters with H0.

Transfer 5.0 ml of the carrier solution to a
tared Coors 00 porcelain crucible, Evaporate the
solution carefully to dryness and ignite the
residue at 1000°C for 1 hr, Cool and weigh as
Y20s.

Step 4. Dissolve the precipitate in a few
drops of HNOjy. dilute with Hz0, and transfer.
with the aid of H»0, to a glass centrifuge tube.
The final volume of solution should be about 30
ml. (If there is indication that the Y(OH)3 has
not dissolved completely. add a few drops of
HNOQ,; and heat.) Precipitate Y(OH)z with an
excess of concd NH,OH. centrifuge, and discard
the supernate, Wash the precipitate with 30 ml
of H.Q and discard the wash,

Step 5. Add 6 drops of concd HNOj to the
precipitate and dilute to about 23 ml with H.0.
Add the equivalent of 1-1.5 ml of the cation ex-
change resin, stir for about i min. cenirifuge.
and discard the supernate, ‘ith the aid of a
small amount of HyO and a transfer pipet, add
the resin to the top of a cation exchange column
prepared as described in Item 7 on p, 58. The
top of the column is then connected by rubber
tubing to a reservoir of 0.5 M o-HIB. the pH of
which has been adjusted to 3.29., Air pressure is
maintained at 4.5 psi and the effluent from the
column js collected in 13mm by 100mm glass
tubes. The tubes are held in an automatic frac-
tion collector which is set for 18 min change in-
tervals. Under the conditions described. each tube
collects about 2.5 ml of effluent. The Y appears
in tubes number 32 through 50 approximatiely.
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The exact locations of the element are deter-
mined by adding o few drops of saturated
H.CaOy which prec’pitates the oxalate, The con-
tents of the 18 or so Y-containing tubes are com-
bined in two 40-ml glass centrifuge tubes and
an excess of HuCy0, is added to precipitate the
Y quantitatively. The tubes are then heated to
coagulate the precipitate. One of the tubes is
centrifuged and the supernate discarded, The con-
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tents of the second tube are poured into the firs
which is again centrifuged. and the supernate
is discarded. To the precipitate add 6-8 m] of
filter paper pulp (see Note 3. p, 14th) and a
few drops of HsC.04. Filter onto a No, -0 What-
man filter paper (9 ¢m). transfer 1o a Coors (0
porcelain crucible. and ignite to Y.0.: at 1000°C
for 10 min, Cool. weigh. mount. and count.
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YTTRIUM (il
R. J. Prestwood

The procedure is adapted from the “Con-
centration of Transplutonium  Actinides from
Nevada Soil Samples”. by K. Wolfsberg and W.
R. Daniels. LA-1721. 3rd Ed., p. 177,

I. Introduction

T.e analytical scheme described here is de-
signed for the separation of yttrivm from large
samples  (3-10 g) of Nevada soil, It consists
primarily of the extraction of the lanthanides and
transplutonium  actinides from the bulk of the
soil sample into tri-n-butyl phosphate (TBP)
from a highly salted buffered solution, Af:er this
is accomplished. the YTTRIUM II proced:re is
employed,

2. Special Equipment

I-liter extraction vessel (see E. Fig. 1. p. 178)

Stirring motor and stainless steel centrifugal
stirrer

pH meter

3. Reagents (in addition to those given in the
YTTRIUM Il procedyre)

Saturated (about 2.5 M) Al(NOjz)z Dissolve 5
Ib of Al (NO)39H:0 in 1050 ml of HaO to
produce about 2400 ml of solution, Heating
speeds up the solution process.

1.9M Al(NOj3)g: 3 parts by volume of saturated

Al(NOj3)3 and 1 part of HO

10M NH4N03-02M I'INO:;: Dissolve 7 1b of

NH4NO; in H;0. add 50 ml

of concd HNO.. and dilute to 4 liter< with HyO

4M LiOH: aqueous solution

Al (N03)39H20 SOlid

Tri-n-butyl phosphate (TBP)

Fe carrier: 10 mg Fe/ml. added as Fe(NO;)39H0
in very dilute HNOs

Y carrier ‘267 mg Yo03/2 ml; standardized
(see YT3'RIUM II procedure)

215

4. Procedure

A typical sample consists of about 5 g of
dirt which has been dissolved by the regular dis-
solving procedure, with a slight modification.
The final treatment is dilution to 90-100 ml with
water rather than with 4M HCI,

The analytical procedure can be carried out
either with or without Y carrier.

Step 1. To the solution of the sample (60
to 100 ml) add enough solid Al {(NQO3);9H:0 and
4+M LiOH to make the pH approximately 0.9-1
and the Al(NOs); concentration about 1.7 M
The final volume of solution is usually of the
order of 200-300 ml,

Step 2. Transfer the solution to the ex-
traction vessel, add 100 ml of TBP, and stir
vigorously for about 5 min. Drain the aqueous
(Jower) phase. To tl.» TBP phase add 200 ml of
1.9M AI(NOg)g, stir for 2-3 min. and discard
the aqueous phase. Repeat the wash with
Al (NOj}; solution, To the TBP phase add 100 ml
of 10M NH,;NO;-0.237 HNO;. stir for 2-3 min.
and discard the aqueous phase, Repeat the wash.

Step 3. Add 30 ml of Hp0. stir for about
2 min, and drain the HoO layer into a clean
40-ml glass centrifuge tube, Repeat three addi-
tional times, each time draining the aqueous
layer into a clean centrifuge tube, (Ninety per-
cent or more of the yttrium activity is found in
the first two tubes,)

If Y carrier is used, make each tube basic
with concd NH;OH. heat on a steam bath to
coagulate the Y(OH); precipitate, centrifuge, and
fiscard the supernate, Dissolve each precipitate
in a few drops of HNO; and combine the solu-
tions in a clean 40-ml polyethylene centrifuge
tube. Make the solution approximately 4+Y in
HNO;3; and 3M in HF, centrifuge and discard
the supernate. Carry out Step 2 and then Step 5
of the YTTRIUM II procedure.

In the event that no Y carrier was employed.
add 3 drops of Fe carrier to each tube, Make the
first tube basic with concd NH4OH, heat on a
steam bath for a few min. centrifuge, and dis-
card the supernate, Successively add the contents
of tubes 2. 3. and 4 to the first tube. each time




vepeating the precipitation of Fe(OH)g with
NH,0H. and discard the supernate. (The lan-
thanides and actinides are carried on the
Fe(OH)3.) Dissolve the Fe(OH)g in excess concd
HCl (2-3 ml) and pass the solution through a
8-mm by 2 in. Dowex AG 1-X8, 50-100 mesh,
anion resin column to remove Fe. Wash the
colunin twice with 2- or 3-ml portions of concd
HCl and collect the cluates in a 40-ml glass
centrifuge tube, Evaporate essentially te dryness
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and proceed to Step 5 of the YTTRIUM pro-
cedure, In the absence of Y carrier. the Y activ-
ity in the «-HIB elution is confined to 3 to
tubes. starting at about tube 30, The exact loca-
tion (tube numbers) of the Y activity is found
by radiation monitoring (*'Y from fission pro-
ducts), Carrier may be added to the combined
tubes containing the Y activity to precipitate
Y2(C.0y)3. or the «-HIB solution may be further
processed,
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ZIRCONIUM-95 and ZIRCONIUM-97
C. W, Stanley, G. P, Ford, and E. J. Lang

This procedure is a modification of one de-
scribed by D. N. Hume, CN-1312 (May 15, 1945).

l. Introduction

In the procedure described below, exchange
between carrier and ®Zr and *Zr is effected by
formation of the fluorozirconate complex ZrFq%.
Rare-earth and alkaline-earth activities are re-
moved by lanthanum fluoride scavenging, and
then zirconium is separated by three barium
fluorozirconate precipitations, Zirconium is finally
precipitated with mandelic acid from hydrochloric
acid medium and ignited to the oxide, ZrO., in
which form it is weighed and counted. The chem-
ical yield is about 75% and a set of eight analyses
can be performed in about 7 hr.

The procedure may be used either to assay
for ¥Zr or MZr separately or to determine them
together. depending only on counting and analysis
of data. To assay for **Zr the chemistry is not
begun until the 17-hr *Zr had decayed. On com-
pletion of the chemical procedure, the ZrO. is
counted on the top shelf of a pB-proportional
counter before too much *>Nb has grown in. To
analyze for ¥Zr, the ZrQ; is counted through a
112-mg Al/cm? absorber.

To determine both ®Zr and *Zr in the
sample, the ZrQ. is counted on the top shelf of
the B-proportional counter for sufficient time to
resolve the decay curve, which has 17-hr (**Zr),
35-day (**Nb), and 65-day ("Zr) components.
The decay curve may be analyzed by least squares.

2. Reagents

Zr carrier: 10 mg Zr/ml, added as ZrO(NO;).
2H.0 in 1M HNOQ,, standardized

La carrier: 10 mg La/ml, added as La(NO:),-
6H.0 in H.O

Nb hold-back carrier: Solution of potassium nio-
bate, CP, 10 g per 100 ml of solution. Source
of the niobate: Fansteel Metallurgical Corpo-
ration, North Chicago, Ill.

HCl: 1M; concd

HNO,: 1M; concd

H.80,: concd

HF: concd

H;BOs: saturated aqueous solution

NH,OH: concd

NH.OH-HCI: solid

Ba(NO;).: 50 mg Ba/ml

Cupferron: 69, aqueous solution (freshly prepared
and kept in refrigerator)

Mandelic acid: 16%, aqueous solution

Aerosol: 19 aqueous solution

Ethanol: 959,

3. Preparation and Standardization of Carrier

Dissolve 30.0 g of ZrO(NO:), 2H,0 in H.0
and add sufficient concd FINO, to make the solu-
tion 1M in HNO;. Filter and make the filtrate up
to 1 liter with 1M HNO,.

Pipet 10.0 ml of the solution into a 100-ml
beaker, make the solution 2M in HCI, and cool in
an ice bath. Add a slight excess of 6% cupferron
solution and filter. Wash the precipitate with 1M
HC} containing a little cupferron. (Keep all solu-
tions and the cupferron derivative of Zr cold.)
Transfer the precipitate to a porcelain crucible
(Coors 1 or 2) and ignite for 1 hr at 600 to 800°.
Cool and weigh as Zr0.,

4, Procedure

Step 1. Place the sample in a 50-ml Lus-
teroid tube and add 4 ml of Zr carrier. Adjust to
4-5M in HNO. and to a volume of about 12 ml
(Note 1). Add solid NH.OH-HC] so that the solu-
tion is 2-39% in NH,OH (Note 2). Add 3 drops
of potassium niobate carrier and make the solu-
tion 5M in HF. Heat for 10 min on a steam bath.

Step 2. Add 10 drops of La carrier and
centrifuge for a siiort time. Add another 10 drops
of La carrier on top of the previous precipitate

and centrifuge thoroughly. Decant the supernate

into another Lusteroid tube and discard the pre-
cipitate.

Step 3. Repeat Step 2 twice.

Step 4. After a total of six LaF, scavengings,
add 1 mi of Ba(INO;). solution per 5 ml of the
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supernate. Let stand for 1 min and centrifuge.
Discard the supernate.

Step 5. To the precipitate add 4 ml of
saturated H,BO, {Note 3) and slurry. Add 2 ml
of concd HNQ, and slurry again. Add 10 to 12 ml
of H.O and mix well. If the precipitate does not
dissolve completely, centrifuge and decant the
supernate into another Lusteroid tube  (This step
is made easier by heating the H.BO,, the HNO.,
and the 1.0 on a steam bath prior to their use.)

Step 6. Precipitate BaZrF, by the addition
of 2 ml of Ba(NO,). solution and 2 ml of concd
HF. Centrifuge and dissolve as before (Step 5).

Step 7. Precipitate BaZrF, as before (Step
6) and dissolve the precipitate in 4 ml of saturated
H,BEQ.. 4 ml of concd HCI, and 10 ml of H.O. Add
3 drops of concd H.SO, diluted with 5 ml of H.O
and let stand for 15 min. Add a drop or two of
aerosol solution and centrifuge. Transfer the super-
nate to a 40-ml glass centrifuge tube and discard
the BaSO, precipitate.

Step 8. To the supernate add concd NH,0H
until the solution is basic. Centrifuge down the
Zr(OH), and discard the supernate. Dissolve the
precipitate in 2 ml of concd HCL 4 ml of satu-
rated H,BO,, and 10 m! of H.O. Centrifuge and.
if a precipitate is formed, transfer the supernate
to a 40-m! centrifuge tube. discarding the pre-
cipitate. Reprecipitate Zr(OH), with concd
NH,0H. Centrifuge and dissolve the precipitate
in 15 ml of 80 HCIl. Heat to boiling, add 10 ml
of 16% mandelic acid and again bring to a beil.
Wait 2-3 min. centrifuge, and discard the super-
nate. Dissolve the zirconium mandelate in 20 ml
of H.O and 8 drops of concd NH,OH, (The dis-
solution of the precipitate takes 2-3 min and may
be hastened by the addition of another drop or two
of NH,OH.) Add 3 ml of concd HCl, heat to
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voiling, and add 10 ml of 169 mandelic acid.
Again bring to a boil, wait 2-3 min, centrifuge
and discard the supernate,

Step 9. Slurry the precipitate with 10 ml
of ethanol and filter onto 2 No, 42 Whatman
filter circle (1), using a ground-off Hirsch fun-
nel and stainless steel filter chimney. Transfer
the paper and precipitate to a porcelain crucible
(Coors 0 or 00 and ignite for 1 hr at 800°. Powder
the ZrO. with the fire-polished end of a stirring
rod. Add 2 drops of ethanol, slurry, and grind
again. Add 10 ml of ethanol, stir, and {ilter onto
a previously washed, dried. and tared No. 42
Whatman filter circle, using a ground-off Hirsch
funnel and stainless stee] filter chimney. Wash the
Zr(). and chimney with 5 ml of ethanol. Dry at
110° "r 10 to 15 min, cool, weigh and mount, and
count (Note 4).

Notes

1. With this volume of solution, the chem-
ical yield is good since the loss of Zr with the
LaF, scavengings is small.

2. NH.OH reduces Np(VI) and Pn(VI) so
that these will be carried on the LaF; and thus not
interfere in the Zr separation, NH.OH may de-
compose on the addition of HF, causing the solu-
tion to effervesce,

3. H.BO, removes F- jon by -onversion to
BF,- and thus aids in the dissolution of BaZrF,
by HNO;,

4. The samples are mounted on Al plates
with two-sided Scotch tape and covered with
Mylar film. Four drops of rubber cement solu-
tion (6 ml of rubber cement dissolved in 100 ml
of benzene) are used to keep the ZrO: in place.
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ZIRCONIUM 1§

B. P. Bayhursy, R. }. Prestwood, and W. A. Sedlacek

1. Introduction

The procedure was originally devised for the deter-
mination of zirconium in large (up to 300 g) amounts of
dissolved soil, and the various steps in the analysis are
given below in Part 1. Zirconium is first extracted from a
nitric acid solution of the sample into HDEHP (di-2-
ethylhexy! orthophosphoric acid) in n-heptane and is then
removed as BaZrFg;. Following other decontamination
steps, which include precipitations of zirconium hydrox-
ide and a number of scavengings, the zirconium is finally
precipitated as the hydroxide. This material can cither be
ignited to ZrO, or milked for daughter products. The
chemical yield is about 65%.

Part 11 is a shortened version of the procedure which
is quite satisfactory for samples that do not contain large
amounts of metal ion impurities, The chemical yield is
over 80%.

2. Resgents

Zr carrier: =20 mg ZrO,/ml, added as ZrOCl;*8H,0,
standardized

Ce(lV) cander: 10 mag Ce/ml, added as (NH4); Ce(NO3)g
in H20

La carrier: 10 mg La/ml, added as La(NO3);*6H,0 in

Sc carrier: 10 mg 8c/ml, added us S¢Cly in M HC1

HNO;: 10M

HCI: concd; 6M

H: SO4 : concd

NH,O0H: concd

NH4 HF; solution: 4M in NH,HF, and 1M in HF

NH4H; PO, : 1.5M aqueous solution

HDEHP solution: 0.5M solution of HDEHP (di-2-
ethylhexyl orthophosphoric acid) in »-heptane;
supplier Stauffer Chemical Company, Chicago
Heights, inois; reported purity > 94%

Ba(NO3), : saturated aqueous solution

NH, OH*HCI: solid

Methy! red indicator solution

Ethanol: absolute

3. Preparation and Standardization of Carrier

Dissolve 52.31 g of ZvOCl, *8H,0 in H, 0 and dilute
to 1 liter with 0.1M HCL Pipet 5.0 ml of the carrier
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solution into an ignited and wred Coors O crucible and
carefully evaporate to dryness on a hot plate. Ignite at
900° for 30 min, Cool and weigh as ZrO; .

4, Procedure

Part [: For Large Amounts of Dissolved Soil

Step 1. Add enough Zr carrier to the dissolved sam-
ple which is 4-10M in HNO; to make a total of 30-40 mg
of Zr. [The natural Zr content of soils is usually
appreciable (about 100-200 ppm). If the chemical
yield of the Zr is needed, other similar soil samples
are analyzed for the element.] Transfer -the sample
to an extraction vessel of appropriate size and add a
volume of 0.5M HDEHP solution in n-heptane equivalent
to about one-tenth the sample volume. Extract by vigor-
ous stirring or shaking for about 5 min. Large volumes
which are difficult to mix intimately require longer
extraction times (20-30 min). Allow the layers to separate
and transfer the heptane (upper) layer to a clean extrac-
tion vessel. Again extract the aqueous layer with HDEHP,
but this time with half the previous volume of the rea-
gent. Combine the heptane layers. Shake the heptane
solution with about one-fifth its volume of 10M HNO;,
add 1ml of Ce(lV) carrier, and shake again. Add
100-200 mg of NH, OH"HC], shake, and discard the wash.
Repeat the wash with the HNOj, Ce(lV) carricr, and
NH, OH*HCl. Wash the heptane layer with 10M HNO;,,
and then with portions of 6M HCl unti} the color of Fe®*
ion is no longer visible in the aqueous phase. Discard all
washes.

Step 2. Transfer the heptane layer to a polycthylene
bottle, add about 3.5 ml of NH4HF, solution, 3 ml of
concd HCl, and 10ml of H,O. Shake. Add 6 m} of
saturated Ba(NO;), solution and shake again. Transfer to
a 40-ml polyethylene centrifuge tube and centrifuge. Test
the supernate with a few drops of Ba(NO3), solution for
completeness of Zr precipitation. If complete. discard; if
not, add 3 ml of saturated Ba(NO3), solution, heat, and
centrifuge again. Discard supernate,

Step 3. Add 2 mi of concd H,S0,4 to the BaZrFg
precipitate, stir, and place in a steam bath for a few min.
Dilute to 20 ml with H,O and allow to stand until the
BaSO,4 precipitates. Centrifuge, transfer the supernate to
a clean polyethylene centrifuge wbe, and discard the
precipitate.

Step 4. Add 5 ml of 1.5M NH,H, PO, to the super-
nate and heat in a steam bath for a few min. Centrifuge
and discard the supernate.



Step 5. Add 4 ml of NHaHF, and 5 drops of La
carrier. Stir vigorously, dilute to 15 ml with H,0, and
neutralize to a methyl red endpoint with concd NH,OH,
Centrifuge and transfer the supernate containing the Zr to
a clean polyethylene centrifuge tube. Discard the LaF,
precipitate.

Step 6. Add 4 drops of La carricr, stir, centrifuge,
transfer the supernate to a clean polyethylene centrifuge
tube, and discard the precipitate.

Step 7. Add 1 ml of Sc carrier, 6-8 ml of concd HCI,
and heat on a steam bath until the ScF3 coagulates.
Centrifuge, transfer the supemate to a clean polyethylene
centrifuge tube, and discard the precipitate,

Step 8, Add 6 ml of saturated Ba(NO;), solution,
place in a steam bath until BaZrF4 coagulates, centrifuge,
and discard the supernate.

Step 9. Repeat Step 3.

Step 10. Add 4 drops of Lu carrier and an excess of
concd NH,OH. Centrifuge and discard the supernate.

Step 11. Repeat Steps § (no La carrier), 6, 7, and 8,

Step 12. Repeat Step 3, but transfer the supernate to
a clean 40-ml glass centrifuge tube. Add concd NH4OH to
precipitate Zr(OH),, centrifuge, and discard the super-
nate,

Step 13. Dissolve the Zr(OH)4 in concd HCl and
reprecipitate with concd NH4OH. The Zr(OH), may be
vsed for milking experiments or may be mounted as in
Step 14,
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Step 14. Dissolve the Zr{OH)4 in concd HCI, add
5ml of filter paper pulp mixture (sce TUNGSTEN i
procedure), make ammoniacal with concd NH4OH, and
filter onto a 9 cm, No. 541 Whatman filter. Transfer to a
Coors 00 crucible and ignite at 900° for 5-10 min. Powder
with a polished glass stirring rod and, using absolute
ethanol, transfer to a tared filter circle. Dry at 110°,
weigh as ZrO,, and count.

Part 11, For Samples Containing Small Amounts of
Metal lon Impurities

Step 1. To the dissolved sample in an erlenmeyer
flask of suitable size, add 2.0 ml of Zr carrier and make
the solution about 4M in either HNO, or HCI. For each
50 ml of sample solution add 10 ml of 1.5M NH H, PO,
solutinn, Heat until the Zr3(POg4)4 coagulates, centrifuge,
and discard the supernate. (Note.) Start with Step 5 of
Part 1 and complete that procedure.

Note

This is an excellent decontamination step, expecially
for the removal of macro quantities of Fe, Al, Ba, Ca, and
Mg.



SEPARATION OF MILLIGRAM QUANTITIES
OF ZIRCONIUM METAL FROM TEN
GRAMS OF MOLYBDENUM METAL

W. R. Daniels

1. Inwoduction

The sample is first dissolved in 20% H,0, with
gentle warming.* Ten grams of molybdenum metal can be
dissolved in about 250 ml of the peroxide in about two
hours, The zirconium is then extracted into 0.5M HDEHP
(di-2-ethythexy! orthophosphoric acid) in n-heptane, the
process giving essentially quantitative separation from
molybdenum.

2. Reggents

Zr carrier: 10 mg Zrtml, added as ZrO(NO3); 21,0 in
1M HINO,, standardized. (For standardization, sec
ZIRCONIUM-95 and ZIRCONIUM-97 procedure,
LA-1721, 3rd Ed., pp. 163-164.)

HNO;: IM; concd

HCl: 6M; coned

H,0,: 30% aqucous solution; high purity

HDEHP solution: 0.5M solution of HDENP (di-2-cth-
ylhexyl orthophosihoric acid) in »-heptane: source
of acid, Stauffer Chemical Company, Chicago
Heights, lllinois.

NH4HF, solution: 4M in NHaHF; and 1M in HF

Ba(NO;), : saturated aqucous solution

113 BO,: saturated aqucous solution

NH,4O0H: coned

3. Procedure

Step 1. Place 10 g of M o sample in an 800-ml beaker
and add 10 ml of Zr carrier and 200 ml of 30% H,0,.
Heat on a hot platc at a low setting until solution is
complete (about 2 hr). Thc reaction is vigorous and
cooling may be nccessary during the solution process.

*This step is based on U.S. Patent 3,519,385 issued to E, C.
Hurst and 1. B, Hupf on July 7, 1970, and entitled “*A Method for
Separating Molybdenum from Technetium.”
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Occasionally, particularly if there are other impurities in
the Mo. a slight residue may remain. It may be removed
and dissolved in 2 minimum of aqua regia, The solution is
then combined with the other and the mixture cooled.

Step 2. Transfer the solution to a 250-ml glass sepa-
ratory funnel, add 20 m! of 0.5M HDEHP solution in
n-heptane, shake vigorously for about one-half minute,
and transfer the heptane (upper) layer to a 125-ml
separatory funnel. Add another 20 ml of HDEHP solution
to the aqueous phase, shake again for one-half minute,
and combine the heptane layer with the previous one.
Discard the aqueous phase. (Note)

Step 3. Wash the heptane solution by shaking it
twice with 40-ml portions of 30% H,0,, once with 40 ml
of 1M HNO,, and once with 40 m! of 6M HCl. Discard
the washings.

Step 4. TTransfer the heptane layer to a polyeth-
ylene bottle of appropriate size and add 3.5 ml of
NH4HF; solution, 3 ml of concd HCI, and 10 ml of H;0,
Shake vigorously for 1min, ad! 6m! of saturated
Ba(NO;); solution, and shake again for 1 min. Transfer
the mixture to polyethylene centrifuge tubes, centrifuge,
and test the supernates with Ba(NO;); solution for com-
pleteness of precipitation of BaZrFg. When precipitation
is complete, discard the supernates, and dissolve the com-
bined BaZrF, precipitates in 1 ml of saturated H;BO,
and 3 ml of concd HNQO;. Dilute to 15 ml with H,0,
precipitate Zr(OH),4 with concd NH,OH, centrifuge and
discard the supernate. Dissolve the precipitate in a mini-
mum of concd HCI and add sufficient H,O to make the
solution 4M in the acid. The solution is now ready for
analysis for Zr.

Note

The procedure also separares Zr from Nb quite well.

TThe NHaHF; trcatment and BaZrFg precipitation weie
suggested Ly R. ], Prestwood and B, P. Bayhurst.
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THE SEPARATION OF
YTTRIUM FROM ZIRCONIUM

R. . Prestwood. B. P. Bayhurst. and
W. A. Sedlacek

I. Introduction

This procedure was devised to separate an
yttrium isotope which had grown in from a neu-
tron-deficient zirconium parent. Usually. the zir-
conium parent is associated with large amounts of
fission-product zirconium. The separation is ef-
fected essentially by repeated precipitation of
yttrium fluoride.

2. Reagents

Y carrier: 10 mg Y‘mi; standardized (See
YTTRIUM procedure.)

Zr carrier: 10 mg Zr/ml; added as ZrO(NQO,).-
2H.0 in 1M HNO,

HF: concd

HCI: concd

H.S0,: concd

NaOH: 10M

NH,0H: concd

Ethanol: absolute

3. Procedure

Step 1. Dissolve the decontaminated Zr-
(OH), in 3 ml] of concd HCl in a 40-ml poly-
ethylene centrifuge tube. Dilute to 20 ml with
H.0. add 4.0 ml of standard Y carrier. and let the
solution stand long enoagh to permit reasonable
growth of the Y isotope to be separated.

Step 2. Add 3-4 ml of concd HF. Centri-
fuge and save the supernate for possible future
use.

Step 3. To the precipitate add 3 ml of 10M
NaOH and. with stirring. let stand on a steam
bath for 3 min. Dilute to 20 ml with H.O, heat
for a few minutes. centrifuge. and discard the
supernate.

Step 4. Dissolve the Y(OH), precipitate in
3 ml of concd HCI. add 1 ml of Zr holdback car-

rier. and dilute to 20 ml with H.0. Add 3-4 ml of
concd HF. centrifuge. and discard the supernate.

Step 5. Repeat Steps 3 and 4. and then per-
form Step 3 again.

Step 6. To the Y(OH), precipitate add 3
ml of concd HCl and. with the aid of 20 ml of
H.O. transfer the solution to a clean 40-ml glass
centrifuge tube. Add 1 ml of Zr carrier and pre-
cipitate Y(OH), and Zr(OH), by the addition of
an excess of concd NH,OH. Centrifuge and dis-
card the supernate.

Step 7. To ‘the precipitate add 3 ml of
concd H.SO, and boil until the §0, fumes appear.
Cool well and dilute to 20 ml with H.O. Warm on
a steam bath until solution is complete and then
transfer to a clean 40-ml polvethylene centrifuge
tube.

Step 8. Add 3-4 ml of concd HF. centrifuge.
and discard the supernate.

Step 9. Repeat Step 3.

Step 10. Dissolve the Y (OH), precipitate in
3 ml of concd HCI and dilute to 20 ml with H.O.
Add 3-4 ml of concd HF. centrifuge. and discard
the supernate,

Step 11. Repeat Steps 3 and 10. and then
perform Step 3 again.

Step 12. Dissolve the Y(OH). in 3 ml of
concd HCL dilute to 20 m] with water. and pre-
cipitate the hydroxide with an excess of concd
NH,0H. Centrifuge and discard the supernate.

Step 13. Repeat Step 12.

Step 14. Dissolve the precipitate in 3 ml of
concd HCL dilute to 20 ml with H.0. and add 5
ml of paper pulp mixture (see TUNGSTEN Il
procedure). Make the solution basic with concd
NH,OH and filter onto a 9-cm No. 541 Whatman
filter paper., Transfer the precipitate and filter
paper to a Coors 00 crucible and ignite for 5-10
min at 900°. Cool. powder gently with a polished
glass rod. and transfer with the use of absolute
ethanol onto a tared No. 42 Whatman filter circle.
Weigh as Y.0..

November 1968
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COMBINED PROCEDURES

SEPARATION OF GERMANIUM
AND ARSENIC FROM A
FISSION-PRODUCT SOLUTION

R. J. Prestwood

1. Introduction

It is sometimes necessary to isolate both
radioarsenic and radiogermanium from the same
sample. The separation and isolation of these ele-
ments is readilv accomplished by utilizing the
difference in ease of extraction of germanium (IV)
and arsenic (IID) iodides into chloroform in the
presence of hydriedic acid.

2. Reagents

As (V) carrier: see Arsenic procedure
Ge (IV) carrier: see Germanium procedure
HCl: coned

H-_:SO.‘! 1M

HCIO,: 4M

HI: 479

Chloroform

3. Procedure

Step 1. To the sample (Note 1) in a 125-
ml separatory funnel. add 2.0 ml of As (V)
carrier (Note 2) and 2.0 ml of Ge (IV) carrier.
(See As and Ge procedures for the preparation of
these carriers.) Make the solution 3M in HCI in
a total volume of 10 to 15 ml. Add 3 to 4 ml of
479 HI and 20 ml of CHCI, and shake thorough-
ly. (The As is completely extracted into the
CHCl. and the Ge remains in the aqueous phase.)
Drain the CHCL. laver into a clean separatory
funnel. To the aqueous layer add an additional 10
ml of CHCl; and extract again, Combine the
CHCI, extracts. The CHCI, extracts containing
Asl; can be treated as in Step 4 and the follow-
ing steps of the As procedure or can be shaken
with 10 ml of 1M H.S0,. If treatment with 1M
H.SO0, is carried out, discard the CHCI, layer and
drain the aqueous layer into a 40-ml conical cen-

trifuge tube. Add 10 ml of concd HCl and pass
in H.S. Centrifuge, discard the supernate, and
continue from Step 2 of the As procedure. The
latter is safer from the standpoint of decontamina-
tion.

Step 2. To the original aqueous layer
(which contains the Ge) add 20 ml of 479, HI
and extract with 20 ml of CHCl,. Drain the CHCI,
laver (which now contains the Ge as Gel,) into
a clean separatory funnel. Extract the aqueous
layer again with 10 ml of CHCI, and combine the
extracts.

Step 3. Wash the CHCL, containing the
Gel, with 10 ml of 4Af HCIO,. (This removes any
Asl which is present. with a loss of 19 or less of
Gel,.) Drain the CHCI, laver into a clean separa-
torv funnel and discard the aqueous phase. The
CHCI. containing the Gel, is now treated as in
Steps 6-10 of the Ge procedure,

Notes

1. The original solution must not contain
appreciable quantities of NO,- ion. otherwise some

of the HI which is added will be oxidized to I..

2. As (V) carrier is used so that reduction
to the tripositive state may promote exchange be-
tween active and inactive species,

Alternative Procedure

l. Introduction

Arsenic (IIT) is separated from germanium
(IV) by precipilation as the sulfide in hydro-
chloric acid medium containing fluoride ion. the
latter strongly complexing germanium (IV) as
GeF.? and preventing its precipitation. Prior to
the sulfide precipitation arsenic (V) is reduced to
the tripositive state by means of iodide ion.

2. Reagents
As (V) carrier: see Arsenic procedure

Ge (IV) carrier: see Germanium. procedure
HCl: 6M
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HEF: concd

H;BO;: saturated solution
H.S: gas

Nal: solid

Aerosol: 0.1% in H,0

3. Procedure

Step 1. To the fission-product solution in
a 40-ml conical centrif age tube, add 2.0 ml each
of As (V) and Ge ("V) carriers, Make the solu-
tion 3 to 5M in HCI and the volume to 10 to 15
ml. (Nitrate ion should be absent, or present only
in small amount.) Add 50-100 mg of Nal and
warm the solution gently. Add 10 drops of concd
HF and saturate the solution with H.S until the

As.S, precipitate has coagulated (time required is
3-5 min). Centrifuge and pour the supernate
through a No. 40 Whatman filter in a 2", 60°
funnel into a clean centrifuge tube, The As.S:
precipitate is then treated as described beginning
with Step 2 of the Arsenic procedure.

Step 2. To the filtrate containing the
germanium, add 5-6 ml of saturated H,BO, and
saturate with H.S. Centwrifuge the GeS. precipitate
and discard the supernate. The GeS. is then
treated as in Step 6 of the Germanium procedure
up through the point at which the germanate
solution is made aci : with HCIO,. Then the
regular Germanium procedure is carried out in
its entirety (except for the addition of Ge (IV)
carriar).

SEPARATION OF RADIOACTIVE
SPECIES OF GOLD, ARSENIC,
NICKEL, AND SCANDIUM

J-11 Radiochemistry Group

1. Introduction

In the separation of radioactive gold, arsenic,
nickel, and scandium, gold is first removed by
extraction into etiyl acetate from a solution 1-4M
in HCL Arsenic is then precipitated as the sulfide
from hydrochloric acid solution. Following this,
scandium is thrown down as the hydroxide by
means of ammonia water; nickel remains in solu-
tion.

2. Procedure

Step 1. To an aliquot of the sample in a
40-ml centrifuge tube, add 20 mg of Au, As, and
Ni carriers and 15 mg of Sc carrier. Adjust the
solution to an HCIl concentration of 1 to 4M.
Add a volume of ethyl acetate equal to that of

the solution and stir with a motor-driven stirrer.
By means of a pipet transfer the ethyl acetate
phase containing the Au to a 125-ml erlenmeyer
flask. Evaporate the ethyl acetate on a steam bath,
and for analysis of Au start with Step 1 of the
standard gold procedure. except do not add addi-
tional Au carrier.

Step 2. To the aqueons phase from Step 1,
add 8 ml of concd HCl and pass in H.S until
As.S, precipitation is complete, Heat on a steam
bath for 5 min. Centrifuge and transfer the super-
nate to a clean centrifuge tube. For analysis of
As in the sulfide precipitate, proceed fron_ Step
2 of the standard arsenic procedure.

Step 3. Boil the supernate to remove H.S
and add concd NH,OH dropwise until the solu-
tion is basic and Sc(OH). completely precipitated.
Centrifuge and transfer the supernate to a clean
centrifuge tube. For determination of Sc in the
hydroxide precipitate, begin with Step 2 of the
standard scandium procedure.

Step 4. For analysis of Ni in the supernate,
start with Step 1 of the standard nickel procedure,
except do ot add additional Ni carrier or NH,OH.
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SEPARATION OF RADIOACTIVE
SPECIES OF ARSENIC,
GERMANIUM, AND GALLIUM

R. J. Prestwood

1. Infroduction

In the separation of radioactive arsenic,
germanium, and gallium. tripositive arsenic is
first removed as the sulfide in the presence of
fluoride ion which serves to complex and keep
germanium in solution, The fluoro complex is
then destroyed and germanium separated as the
sulfide. Gallium is finally precipitated by means
of oxine (3-hydroxyquinoline).

2. Procedure

Step 1. To an aliquot of the sample (Note
1) in a 125-ml erlenmeyer flask, add 5 mg of Ga
carrier as GaCl, in 0.1M HCl (5.0 mg Ga3* is
equivalent to 36.0 mg Ga oxinate) and 20 mg each
of Ge and As carriers (see standard Ge and As
procedures). Add 2 ml of concd HNO, and 1 to
2 ml of concd HCIO, and evaporate to copious
HCIO, fumes (Note 2).

Step 2. Adjust the volume of solution to
about 15 ml with 437 HCl, Add 10 drops of concd
HF and about 100 mg of solid NalI and bubble in
H.S for several minutes. warming if necessary to
coagulate the As.S; precipitate. Transfer to a 40-
ml centrifuge tube. centrifuge. and filter through
a No. 40 Whatman filter paper. nsing a 2”. 60°
funnel. into a clean 125-ml erlenmeyer flask.
Wash the precipitate with a sm:all amount of H.O.
collecting the washings in the clean erlenmeyer
flask. To determine As in the sulfide precipitate
proceed with Steps 9 and 10 of ihe standard As
procedure.
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Step 3. To the solution in the erlenmeyer
flask. add 5 ml of saturated H,BO, and bubble in
H.S until GeS. has been completely precipitated.
(If the precipitate is not pure white, all the As
has not been removed.) Filter onto a weighed No.
42 Whatman filter circle (%” dia), using a
ground-off Hirsch funnel-filter chimney setup.
Transfer the filtrate to a clean 125-ml erlenmeyer
flask. The GeS. precipitate is washed with a small
amount of H.Q and then with absolute methanol.
The precipitate is dried in an oven at 110°.
cooled. weighed as GeS.. mounted, and counted.

Step 4. To the filtrate containing the Ga.
add 1 drop of phenolphthalein indicator. just
neutralize with NH,OH, and then add 10 drops of
saturated aqueous tartaric acid, Heat to boiling
and add dropwise about 1.5 ml of 5% oxine in
2M HC.H,0.. Transfer to a clean 40-ml centrifuge
tube, centrifuge, and discard the supernate. Dis-
solve the precipitate in about 3M HCI by heating.
Centrifuge and transfer the supernate to a clean
centrifuge tube (Note 3). Neutralize and pre-
cipitate the oxinate as above. Filter while hot onto
a weighed No. 42 Whatman filter circle. Wash
the precipitate with water and then with ether.
Dry in oven at 110°. coo). weigh as the oxinate.
mount. and count.

Notes

1. This procedure was developed primarily
for (n.p* and (n.a) reactions on As. Therefore
only Ge and Ga carriers were added. However.
the procedure is generallvy applicable for these
three elements.

2. With this treatment. GeQ. precipitates.
However. the Ge is brought back into solution in
Step 2.

3. This centrifugation is performed merely
to clean up the solution if it is necessary.



SEPARATION OF RADIOACTIVE
SPECIES OF THALLIUM,
ARSENIC, AND SCANDIUM

J-11 Radiochemistry Group

1. Infraduction

In the separation of radioactive thallium.
arsenic. and scandium. thallium is first removed
as the iodide. after reduction to the -1 state.
Arsenic is then precipitated as the sulfide from
hydrochloric acid medium, the scandium remain-
ing in solution.

2. Procedure

Step 1. To an aliquot of the sample in a
40-ml centrifuge tube. add 20 mg each of Tl As.
and Sc carriers and dilute the solution to about
30 ml with H,0. Add a few drops of saturated
aqueous SO. solution and then about 2 g of solid
Nal. Stir well and centrifuge. Transfer the super-
nate to a 125-ml erlenmeyer flask.

Step 2. Add 1 ml of 6M HNO, to the Tl
precipitate and heat over an open flame until all
I. color has disappeared. Add 1 ml each of Te
carrier and concd HCIO, and evaporate to heavy
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fumes over an open flame, Add 5 ml of concd
HCl and again evaporate to heavy fumes. Add
15 ml of 3M HCIl and approximately 0.5 g of
N.H,-H.SO, and heat to boiling. Add 1 ml of
saturated aqueons SO, and continue to boil while
making three or four successive additions of
SO.-H.0. When the Te has been completely pre-
cipitated (the supernate is essentially water-
white), filter into a 125-ml erlenmeyer flask
through a 2”. 60° funnel using No. 40 Whatman
filter paper. Wash the centrifuge tube and the
precipitate with dilute SO.-H.O and discard the
precipitate. For the determination of Tl in the
filtrate. start with Step 2 of the standard thallium
procedure.

Step 3. Evaporate the solution containing
the As and Sc to about 20 ml and transfer to a
clean centrifuge tube. Add 5 to 10 ml of concd
HCI and pass in H.S uatil! precipitation of As.S,
is complete. Centrifuge and transfer the supernate
to a clean centrifuge tube. For analysis of As in
the precipitate. start with Step 2 of the standard
arsenic procedure.

Step 4. Boil tlie supernate to expel H.S and
excess HCl. Precipitate Sc(OH), by making the
solution basic by the dropwise addition of concd
NHOH. Centrifuge and discard the supernate,
To determine Sc start with Step 2 of the standard
scandium procedure.



SEPARATION OF URANIUM AND
PLUTONIUM FROM LARGE SAMPLES OF
UNDERGROUND DEBRIS

H. L. Smith and G. W. Knobeloch

1. Introduction

This procedure was devised for the separation of
uranjium and plutonium from solutions of high ionic
strength obtained by dissolving underground debris. In
the separation these elements are oxidized to the +6 state
and extracted into diethyl ether from a sclution saturated
with ammonium nitrate and approximately 1M in HNO,.
The extraction is an excellent decontamination step since
very little else is taken into the ether. The uranium and
plutonium are back-extracted into water and the aqueous
w.lution is evaporated to dryness. Then the procedure for
the Preparation of Uranium and Pluronium for Mass Spec-
trometric Analysis is performed.

2. Reagents

HNO;: fuming

HCIOg4: concd

NH.NO;: solid

Diethyl ether: reagent grade

3. Procedure

Step 1. Transfer the sample in HCl and HCIO,4 to an
erlenmeyer flask of suitable size. Add a volume of fuming
HNO, cquivalent to about 10% of the sample volume and
heat carefully on a hot plate for several hours, finally
boiling to dryness to drive off all the HClO,.
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Step 2. Add approximately 50 ml of tuming HNO,
and evaporate to dryniess again. Heat the side: of the flask
to expel any residual HCLO,.

Step 3. Dissolve the residue in about 40 m! of
fuming HNOj,, warming if necessary. Transfer the solu-
tion to 40-mi centrifuge tubes and centrifugs out any
insoluble residue (Note i}.

Step 4. Transfer the supemate to a 1-iter beaker,
dilute with H; O to make the solution about 247 in HNO;,
and add solid NH,NO; until the solutior is sawurzted
with that reagent. Transfer to a separatory funnel and
extract twice with equal volume portions of diethyl ether
(Note 2). Combine the ether phases in a c'ean separatory
funnel.

Step 5. Back-extract with three portions of H,;0,
cach equivalent in volume to abeut 10% that of the
combined cther phases. Combine the aqueous exrracts
and go to Step 1 of the procedure for Preparation of
Uranium and Plutonium for Mass Spectromerric Analysis,
p. 171.

Notes

1. If the residue shows no activity, it may be dis-
carded. If, however, it contains a substantial fraction of
the total activity in the sample, an attempt should be
made to bring the active substances into solution. Heating
with M NaOH, followed by acidification with HNOg,
will usually remove most of the activity from the precipi-
tate.

2. Isopropyl ether is not satisfactory as an extrac-
tant.
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PREPARATION OF URANIUM AND
PLUTONIUM FOR MASS SPECTROMETRIC
ANALYSIS

H. L. Smith
1. Inwoduction

This is a one-column procedure which will separate
into successive fractions the lanthanides-actinides in their
+3 cxidation state, plutonium, neptunium, and uranium
from as much as one gram of dissolved underground
debris. The yield of each fraction is at least 70%. The
ianthanide-actinide fraction may be processed separately
for americium and curium; the uranium and plutonium
fractions are treated to destroy any organic matter and
are then subjected to mass spectrometric analysis without
further purification,

Radiochemical decontamination is unnecessary in
preparing heavy clements for mass spectrometric analysis
unless the contaminants have interfering masses, The main
requirements for a mass spectrometer sample are relative
freedom from massive contaminants so that the sample
can be evaporated on the filament (a small rheninm strip),
and freedom from organic material which produces a peak
at every mass position. Iron is the major component of
underground debris that is adsorbed from concentrated
HCI on a strongly basic anion resin (AG 1-X8 or -X10)
along with uranium, plutonium, and neptunium. The iron
may be eluted with 81 HNO;, without much loss of the
heavy elements.* After the iron is removed, the column is
reconverted to the chloride form and the plutonium is
reduced to the +3 state and cluted with a mixture of
HI-HCI (see the plutonium procedure). This reagent scems
to reducce the uranium slowly to the +4 state, in which
form it acts similarly to neptunium and would be eluted
with 5M HCL. In order to elute all the uranium in one
place, 9M HCI containing a little H, O3 is passed through
the column; this treatment apparently oxidizes the urani-
um to the +6 condition but not the neptunium. The
neptunium is then removed with 5M HCl and the uranium
with warer.

There are no precipitation steps in the procedure,
and all reagents are casily purified by distillation to elim-
inate contamination by uranium.

2. Reagents

HICl: concd; SM (6M HCI distilled in quartz and either
saturated with HCI gas or diluted with H;0)

*Faris, J. P., and Buchanan, R. F,, Anal. Chem., 36, 1157 (1964).
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HNOj;: 8M (sp gr approx 1.26) (fuming HNO; redistilled
in quartz and diluted)

HI-HCl: 1 vol of concd HI to 9 of coned HCl, each
reagent distilled in quartz, freshly prepared

H;0,-HCl: 1 vol of 30% H,0; to 20 of 9M HCI, pre-
pared immediately before use

HClO,: concd

Anion resin column: Dowex AG 1-X8, 100-200 mesh,
8 mm i.d. x 10 cm long, washed with H3Q and then
with concd HCI

3. Procedure

Step 1. Boil the sample to dryness in a 125-mi
erlenmeyer flask and then slurry with 10 ml of concd
HCl, Transfer to a 40-ml glass centrifuge tube, centrifuge,
and save the supernate. Wash the precipitate with concd
HC! and add to the previous supernate. (The precipitate
consists primarily of Na and Mg chlorides.)

Step 2. Pass the solution through the anion resin
column and collect the eluate in a clean 125-ml erlen-
meyer flask. Wash the original flask with 4 m! of concd
HCI and add to the column. Combine the cluate with that
previously collected. The combined eluates contain the
lanthanides, actinides, Th, Al, and metal ions of +2
charge. Boil to dryness and process for specific element
desired.

Step 3. Allow two 4-ml portions of 81 HNO; to
pass through the column with no additional pressure.
Continue to pass through 4-ml portions of HNO; until
the eluate is no longer yellow, but use no more HNO;
than necessary since loss of U may occur if large volumes
are used. Uranium has a K4 of 10 in 8 HNO,. Discard
all etuates,

Step 4. Pass two or three 4-ml portions of cencd HCI
through the column under pressure, until the eluate is no
longer yellow. Discard the eluate.

Step 5. Allow first 7 ml and then 3 ml of HI-HCI
reagent to pass through the column, collecting the eluate
in a Vycor tube. Evaporate the solution to dryness, then
treat the residue with a few drops each of fuming HNO,
and HCIO,, take up in a small volume of 2M HNO, for
mass spectrometric analysis. 1f the U is very much more
abundant than the Pu, additional chemistry must be done
on the Pu. Proceed as in the Note.

Step 6. Pass 6 ml of concd HCI through the column
and discard the eluate.
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Step 7. Prepare the H, O, -HCl reagent and allow two
4-ml portions to pass through the column. lodine is
removed from the column, which becomes decolorized.
The process is accompanied by vigorous bubbling.

Step &. Under gravity, pass through the column two
4-ml portions of 5M HCL. The eluate contains most of the
Np, which may be combired with the Pu and allowed to
decay, if advisable.

Step 9. Elute the U with two 4-ml portions of H, 0,
collecting the eluate in a Vycer or quartz tube. Fume to
dryness with HNO3 and HCIO,, and take up the residue
in a suitable volume of 2M HNO; for mass spectrometric
analysis.

Note

After evaporating the Pu fraction to dryness in Step
5, add a few drops of HNO; and evaporate to dryness
again. Dissolve the residue in 10 drops of concd HCl and
do a scaled-down version of the anion column, using an
anion column 3 mm i.d. x 4 cm long. Allow the 10 drops
of concd HCl to run through the column; wash tube and
column with 5 drops concd HC. If there is an appreciable
amount of Fe on the top of the column, introduce two
successive 200 ul portions of 8U HNO; to elute the Fe,
then reconvert the column to the CI' form with 1-2 ml of
concd HCL. Elute the Pu with HI-HCI reagent, evaporate
to dryness, add 3 drops each of fuming HNO; and
HCIO,, and evaporate to dryness again. Dissolve the Pu in
a suitable volume of 2M HNO; for delivery to the mass
spectrometer.

ADDENDUM TO THE PROCEDURE ON
PREPARATION OF URANIUM AND
PLUTONIUM FOR MASS SPECTROMETRIC
ANALYSIS

F. O. Lawrence and D. C. Hoffman

For the extraction of plutonium from large volumes
of solution (greater than 30 ml) carry out the procedure
given in THE SEPARATION OF PLUTONIUM FROM
LARGE VOLUMES OF SOLUTION II (p. 94C), omitting
the addition of Pu tracer. Then perform Steps 2 through 9
of the PLUTONIUM procedure (p. 91), but collect the
final eluate in a 40-ml glass centrifuge tube. Add 3 drops
of concd HCl und evaporate to dryness. Repeat twice.
Add 3 drops each of fuming HNO3 and concd HCIO,.
Evaporate to dryness and take up the residue in a suitable
volume of 2M HNO; for mass spectrometric analysis.
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B. PREPARATION OF PLUTONIUM FOR MASS
SPECTROMETRIC ANALYSIS

F. O. Lawrence and D. C. Hoffman

For the extraction of plutonjum from large volumes
of solution (greater than 30 ml), carry out the procedure
given in THE SEPARATION OF PLUTONIUM FROM
LARGE VOLUMES OF SOLUTICN. II (p. 94 C), omit-
ting the addition of Pu tracer. Then perform Steps 2
through 9 of the PLUTONIUM procedure (p. 91), but
collect the final eluate in a 40-ml Vycor centrifuge tube.
Evaporate the solution to dryness and take up the residue
in a suitable volume (10-20 A) of 0.2M HNO; for mass
spectrometric analysis.
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AMERICIUM AND CURIUM
H. L. Smith

l. Introduction

The procedures given below are suitable for
the isolation of americium and curium from a
solution containing uranium, plutonium, thorium.
and fission products obtained from under-
ground soil debris. The regular procedure, which
is employed for relatively small samples of up to
several grams, consists of a LaF,;-La(OH). cycle
to separate the actinides and lanthanides from mas-
sive contaminants. anion exchange steps to remove
plutonium. adsorption of the lanthanides and re-
maining actinides on a cation exchange colmn.
and elution of the latter elements with alcoholic

HCL

The alternative procedure is somewhat more
laborious. since a number of extractions are per-
formed. but may be used for larger soil samples,
This procedure utilizes. in modified form. the ex-
tractions with di-(2-ethylhexyl) orthophosphoric
acid (HDEHP) described by Peppard and cowork-
ers (D. F. Peppard. G. WW. Mason. J, L. Maier, and
W. I. Driscoll. J. Inorg. Nucl. Chem.. 4. 334
{1957); D. F. Peppard. G. W. Mason. and S. W.
Moline. ibid.. 5. 141 (1957). Unpurified HDEHP
is used directly as obtained from the Stauffer
Chemical Company. Chicago Heights. L

2. (a) Reagents for Regular Procedure

*“AmM tracer: standardized by counting a known
volume or known weight of solution

*HCm tracer: standavdized by counting a knewn
volume or known weight of solution

La carrier: 5 mg La ml. added as La(NG.) -6H.0
in H.O

HCI: 1M; 231; 631, concd

HNO;: concd

HF: concd

H.BO.:saturated aqueons solution

HT.ECl wash solution: 1M in each component

NH,0H: concd

Alcoholic HCI solution: 20%, by volume of ethanol
in concd HCL. saturated with gaseous HCI

Anion exchange resin: AG 1-X10, 100-200 mesh

Cation exchange resin: AG 50-X+4. finer than 400
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mesh; tested to make certain that it is suit-
able for the separation of the lanthanides from
the actinides

Methy] red indicator solution

(b) Additional Reagents for Alternative Procedure

HCl: 0.05M; 5M

HDEHP solution: 0.5M solution of the unpurified
material in heptane

Heptane

Diethyl ether: pre-equilibrated with 6 HCl

3. (a) Regular Procedure (Note)

Step 1. To an aliquot of sample in a 125-ml
erlenmeyer flask, add amounts of #*Am and
*#Cm tracers approximately equal to those of the
*Am and *2Cm expected, Adjust the acid con-
centration to about 1M, adding some HCI if none
is present, Allow the sample to stand on a steam
hath overnight.

Step 2. Boil the sample to dryness and then
add 10 ml of concd HCI and 3 drops of concd
HNO.. Pass the solution through an AG 1.X10
anion resin colummn. 8 mm x 8 cm. collecting the
effluent in a clean 40-ml long-taper glass centri-
fuge tube. Wash the column with 4-5 ml of concd
HCl and combine the effluent with the previous
one.

Step 3. Boil the sample to dryness. Take up
the residue in 5 ml of 2Af HCI, add 4 drops of La
carrier. and make the solution 2M in HF. Allow
the mixture to stand for 5 min. then centrifuge.
and discard the supernate. Wash the precipitate
with 2 ml of HF-HCI <olution and discard the
washings.

Step 4. Dissolve the precipitate by slurry-
ing with 1-4 drops of saturated H;BO. solution and
adding an equal volume of concd HCI, Dilute to
45 ml with H.O and precipitate La(OH), by the
dropwise addition of concd NH,OH. Let the mix-
ture stand on a steam bath for 5 min. centrifuge.
and discard the supernate. Wash the precipitate
with several ml of H.O. heat on & steam bath.
centrifuge, und discard the supernate.

Siep 5. Dissolve the precipitate in 5 ml of




2M HCL make the solution 2M in HF, let it
stand for 5 min, centrifuge. and discard the super-
nate. Wash the precipitate with HF-HCI wash
solution. centrifuge, and discard the supernate.
Dissolve the precipitate by slurrying with 1 drop
of H.BO, solution. then 10 drops of concd HCI
and approximately 0.02 ml of concd HNO,.

Step 6. Pass the solution through two suc-
cessive AG 1-X10 anion resin columns, 3 mm x
3 cm. Collect the effluent in a clean 40-ml long-
taper centrifuge tube. Wash the original centrifuge
tube and the resin columns successively with 3
drops of concd HCl and combine the washings
with the previous effluent. Discard the resin
columns, Evaporate the solution to dryness.

Step 7. Dissolve the residue in 1 drop (50
ul) of concd HCI and transfer the solution to an
AG 50-X4 cation resin column. 3 mm x 10 cm.
which has previously been washed with alcoholic
HCl solution, Pass the solution into the resin
column by means of a slight air pressure. Add an-
other drop of concd HCI to the centrifuge tube
and transfer to the resin column, again passing
the solution into the column. Elute the Am-Cm
with alcoholic HCL. collecting fractions of about
0.1 ml each in 0.5-ml beakers or planchets.

Step 8. Drv the fractions and locate the
Am-Cm peak bv a-counting. Transfer the activi-
ties to a plating cell with 6M HCl. Add 5 drops of
methyl red indicator solution. make basic with
concd NH,OH, and then make barely acidic with
1M HCQ. Electroplate onto a 1” Pt disk for 20 min
at 2 amp, (Details for the electrodeposition of
actinide elements at tracer concentrations have
been described by R. F. Mitchell. Anal. Chem.. 32.
326 (1960)). The *'Am and *2Cm are related to
the #3Am and **Cm iracers by a-pulse analysis.

(b) Alternative Procedure
Step 1. Same as in regular procedure.
Step 2. Boil the sample to dryress and dis-

solve the residue in 10 ml of 0.05M HCL Ignore
any insoluble residue. Transfer the solution

{and any residue) to a 60-ml separatory funnel
or 40-ml conical centrifuge tube. add 10 ml of
HDEHP solution. and mix the phases theroughly.
Separate the phases and discard the aqueous
(lower) laver.

Step 3. 1If there is a precipitate in the
HDEHP phase. filter it through dry filter paer.
Wash the HDEHP phase with three 10-ml por-
tions of 0.05 HCl and discard the washes The
Am and Cm activities are now in the organic
phase.

Step 4. Back-extract the Am and Cm with
10 ml of 547 HCl and discard the HDEHP. Wash
the HCI phase with 10 ml of heptane and discard
the washings.

Step 3. Add sufficient concd HCl to make
the solution 6-7M in acid. Extract twice with
volumes of diethyl ether equal to that of the acid
solution, (The ether should have been pre-equi-
librated with 63 HCl.) Discard the ether wash-
ings.

Step 6. Cautiously evaporate the aqueous
sulution to dryvness; at first the evaporation should
be carried out on a steam bath in a large enough
vessel to prevent loss of sample through any vio-
lent ebullition of the ether.

Step 7. Add 4 drops of La carrier and pro-
ceed with Steps 5-7 of the regular procedure,

Note

The regular procedure will ordinarily handle
the solution obtained from 0.1.0.3 g of seil. If it
is necessary to take a larger sample or if the sam-
ple contains a large amount of calcium. the alter-
native procedure should be used. The extractions
may be performed in separatary funnels or in
centrifuge tubes. mixing the phases with transfer
pipets and then centrifuging to separate the phases.
The volumes may. of course. be increased as de-
sired for larger ammnts of sample,

May 1968
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GROUP SEPARATIONS OF THE
HEAVY ELEMENTS

SEPARATION OF AMERICIUM
AND CURIUM FROM
TRANSCURIUM ELEMENTS

H. L. Smith

1. Introduction

This procedure is based primarily on informa.
tion contained in ORNI.-3273, Separation of
Transplutonium Elements by Phosphonate Extrac-
tion. by R. D. Baybarz. The separation of americi-
um and curium from the transcurium elements
depends upon the preferential adsorption of the
latter from dilute hydrochloric acid solution onto
a Kel-F column treated with 2-ethylhexylphenyl-
phosphonate [2-EH(¢4P)A].

2. Reagents

HCIO,: concd

HCL: 4M: 1M

2-FH(4P)A: 1M in n-heptane [20 ml of
2-EH(¢4P)A made up to 100 ml with n-hep-
tane].

Kel-F: Kel-F 6051 (from Applied Science Labora-
tories. State College. Pa.). Slurry in n-heptane,

Column: 3.5 mm X 5 cm; plugged with glass
wool or sand and filled with the Kel-F slurry
in heptane: treated prior to use with 5 ml of
2-EH(¢P)A reagent and 5 ml of 1M HCL

3. Preparation of 2-Ethythexylphenylphosphonate
[2-EH(¢PIA] from  Di-2-Ethylhexylphenylphos-
phonate

To a 2-liter quartz erlenmeyer flask add 200
g of di-2-ethylhexylphenylphosphonate (source:
Victor Chemical Division, Stauffer Chemical Com-
pany, Chicago Heights, Ill.), 60 g of NaOH, and
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500 ml of H.0. Add a Teflon stirring bar, cover
with a watch glass, and heat on a heater-stirrer
such as a Thermo-mix) for about 72 hr. The
saponification reaction is complete when the
volume of the organic phase has increased by
about 509%. Remove the watch glass and main-
tain the heating to permit the 2-ethylhexanol
formed to evaporate; add H.O, as necessary, to
prevent bumping. When all the 2-ethylhexanol
b. s evaporated, the monoester will be dissolved in
tne sodium hydroxide solution, leaving a single
phase. Acidify the solution with HCl, decant the
organic (upper) phase into centrifuge cones. and
centrifuge to remove any solid contaminant. The
compound may be used without further purifica-
tion.

4. Procedure

Step 1. Evaporate the sample to dryness
with concd HCIO,.

Step 2. Take up the sample in 100x of 1M
HCI and allow the solution to run inte the column.
Wash the sample tube with 50A of 1M HCIl and
add the washings to the column (Note 1). Add
several ml of 1M HCI to the celumn reservoir.

Step 3. Collect ten 1-FCV (Note 2) incre-
ments; these will contain Am and Cm. Cf starts
eluting at the 10-FCV point.

Step 4. Remove what remains of the 1M
HCl in the reservoir and add 4M HCl to the
column, The next four FCV’s of eluate should
contain 999 of the Cf.

Notes
1. Am and Cm start eluting immediately.
2. FCV denotes “free column volume.” i.e..

the liquid in the column. For the size column em-
ployed in the procedure. this amounts to 6-8 drops.




A RAPID SEPARATION OF THE
TRANSCURIUM ELEMENTS FROM
NEVADA SOIL SAMPLES

W. G. Warren and D. C. Hoffman

I. Introduction

This procedure is suitable for the separation
of the transcuriuni elements from solutions of
high ionic strength obtained by dissolving Nevada
soil samples.

Following an initial concentration of the
heavy elements by precipitation as hydroxides.
the lanthanides and actinides are extracted into
di- (2-ethylhexyl) orthophosphoric acid (HDEHP)
from a solution of pH 1.2-20. They are then
recovered as an aqueous phase after esterification
of the HDEHP with decanol. A number of the
lighter actinides are removed by adsorption on
an anion exchange resin column from 10} HCIL
this step being preceded and followed by hy-
droxide precipitations. The lanthanides and the
remaining actinides are further purified by ad-
sorption on a cation exchange resin column and
subsequent elution with 60 HCl. After another
hydroxide precipitation, the transcurium actinides
are separated from the lanthanides and americium
and curium by elution from a cation exchange
resin column with an ethanol-hydrochloric acid
solution.

2. Reagents

HCI: concd; 10M; 67M1; 0.1M

HNO;: concd; 0.05M

La carrier: 10 mg La‘ml, added as La(NO,),
6H.0 in H:.0

NH;: gas

NH.OH: 6M

Ethanol-hydrochloric acid solution (EtOH-HCI):
209, absolute ethanol - 80% coricd HCl (by
volume) saturated with HCl gas at room
temperature.

0.5M HDEHP: Dilute 645 g of di- (2-ethylhexyl)
orthophosphoric acid (about 949% purity) to
4 liters with heptane.

n-Heptane

Decanol

Anion exchange resin: Bio-Rad AG 1-X8, 100-200
mesh; sharry in H:0.
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Cation exchange resin: Bio-Rad AG 50W-X4, 200-
400 mesh; slurry in H.O.

Cation exchange resin: Bio-Rad AG 50W-X4,
minus 400 mesh; slurry in H:0.

3. Procedure

Step 1. Pass gaseous NH, into a solution
of the sample in a 40-ml long-taper Pyrex centri-
fuge tube until precipitation is complete. Centri-
fuge, wash the hydroxide precipitate with water
containing a small amount of NH,OH, Centrifuge
and discard the washings. Repeat the washing
process.

Step 2. Dissolve the precipitate in 20-25
drops of concd HNQ; and adjust the pH to 1.2-2.0
by the dropwise addition of 634 NH,OH. Dilute
to abaut 10 ml with H.O and add the solution to
a 60-m] separatory funnel. Add 10 ml of 0.5M
HDEHP and shake the mixture gently for about
1 min. Allow the two phases to separate and drain
the aqueous (lower) layer into a clean separatory
funnel. Add 5 ml of HDEHP to the aqueous phase.
shake gently. discard aqueous phase, and com-
bine the two HDEHP phases. Wash the com-
bined HDEHP phases four times with 15-ml por-
tions of 0.05) HNO.. discarding the aqueous
phase in each case,

Step 3. Drain the HDEHP phase into a
125-ml erlenmeyer flask and add 7.5 ml of concd
HCI and 4 ml of decanol. 3oil with magnetic stir-
ring on a hot plate for 15 min to convert the
HDEHP to the decanol ester. (Add more HCl, if
necessary.) Add the mixture to a 60-ml separatory
funnel. allow the two phases to separate, and
transfer the HCI layer (top) into a clean separa-
tory funnel. To the ester phase, add about 4 ml
of 6M HCL Shake and allow the two layers to
separate. Combine the HCl fraction with that
previously isolated and discard the ester fraction.
Wash the combined HCI fractions with 11.5 ml of
heptane. discard the washings, and transfer the
HCI fraction to a clean 40-ml long-taper Pyrex
centrifuge tube.

Step 4. Add 1 drop of La carrier if neces-
sary and bubble in NH, gas until precipitation is
complete. Centrifuge and discard the supernate.
Wash the precipitate with about 2 ml of H.O,
centrifuge, and discard the washings.
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Step 5. Dissolve the hyroxide precipitate in
1 ml of 10M HCI and 1 drop of concd HNO,, and
pass the solution through a Bio-Rad AG 1-X8,
100-200 mesh, anion exchange resin bed 2.5 cm
long in a column 8 cm .2 1 cm o.d, (The column
is prepared for use by washing with three sepa-
rate mixtures of 1 ml of 10M HCl containing 1
drop of concd HNOQ,). Collect the elnate in a 40-ml
long-taper Pyrex centrifuge tube.

Step 6. Dilute the eluate to about 8 ml with
H.O. Bubble in NH, gas until precipitation is
complete, centrifuge, and discard the supernate.
Wash the precipitate with about 2 ml of H.O,
centrifuge, and discard the washings.

Step 7. Dissolve the precipitate in 1 drop of
concd HCI, dilute the solution to 12 ml with H.O,
and pass it through a Bio-Rad AG 50W-X4, 200-
400 mesh, cation exchange resin column of the
same dimensions as the anion column. Wash the
centrifuge tube with two 1-ml portions of 0.1M
HCI and add the washings to the column. Elute
with three 1-ml portions of 60 HCI, catching the
eluates in a clean long-taper centrifuge tube.

Step 8. Bubble NH, gas into the combined
eluates to precipitate hydroxides, Centrifuge and

discard the supernate. Wash the precipitate with
1 ml of water, centrifuge, and discard the wash-
ings.

Step 9. To the precipitate, add 1-2 drops of
EtOH-HCI solution, and add the resulting solution
to the top of a Bio-Rad AG 50W-X4, minus 400
mesh, cation exchange resin column, 12-14 cm X
3 mm id., with a tip giving ahout 120 drops per
ml. Add 1 or 2 drops of EtOH-HC! sclution to
the centrifuge tube, centrifuge, and add the solu-
tion to the top of the resin column. Repeat the
EtOH-HC] wash of the centrifuge tube. Add 3
ml of EtOH-HCI solution to the resin column and
apply sufficient pressure (2-3 psi) to give a drop
rate of about 40 sec per drop. Collect dropwise in
1-ml beakers or on platinum plates. Dry these
fractions and « count. The transcurium elements
elute first, followed by Am and Cm (about 1.9
column volumes after the free column volume; see
Fig. 2 or 3, Trans Pu procedure in this section).

After identification of the Am-Cm peak, com-
bine all the previous fractions for the transcurium
sample. Evaporate to dryness at about 120° in
an oil bath with an air jet. Take up in 1 ml concd
HCI and proceed as in Step 2 of the procedure for
Electrodeposition of Plutonium for Fission Count-

ing.
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CONCENTRATION OF TRANSPLUTONIUM
ACTINIDES FROM NEVADA SOIL SAMPLES

K. Wolfsberg and W. R. Daniels

1. Introduction

In the procedure below, lanthanides and transpluto-
nium actinides are extracted into tri-n-butylphosphate
(TBP) from large volumes of solutions of low acidity
which are heavily salted with AI(NO3);. Following ex-
traction, the TBP is scrubbed with an NH4NO; solution
and the clements are back-extracted into water. To keep
the volumes of TBP and water reascnable, a relatively
small volume of TBP is repeatedly brought into contact
with small volumes of feed solutions. This is done at the
expense of about 10% of the yield of product.

The actinides and lanthanides are extractad into di-
2-¢vthylhexy! ortho-phosphoric acid (HDEHP) from a solu-
tion of low acidity, and are recovered in an aqueous phase
after boiling the HDEHP with decanol. Further decon-
tamination is accomplished by passage of a concentrated
hydrochloric acid solution of these elements through an
anion exchange resin column.

The actinides are then scparated from the lanthan-
ides by elution from a cation exchange resin column with
an ethanol-hydrochloric acid (EtOH-HCl) solution. A
scparation between the transcurium actinides and
ame ricium and curium can be made on this cclumn,

The purpose of the procedure is to concentrate the
tripositive actinide clements produced in undergorund
detonations. One may encounter samples of a range of
weights, and it is necessary to use equipment of various
sizes to accommodate the different samples. This pro-
cedure is written for samples weighing approximately
250g.

2. Special Equipment

Extraction vessels (Fig. 1): TBP vessel, 25cm long
x 12.5 em o.d.,; HDEHP vessel, 20cm long
X9 em o.d.

Transfer vesscls (Fig. 1): TBP vessel, 20cm long
x 9 cm o.d.; HDEHP vessel, 20 cm long x 7 cm o.d.

Stainless steel centrifugal stirrers

Stirring motors

Teflon glands (source: Arthur F. Smith Cc., 201 S.W.
12th Avenue, Pompano Beach, FL)

Separatory funncls, with Teflon stopcocks

Bottles: 2 liter; 4 liter; 9 liter
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pH meter with combination glass and Ag-AgCl probe
(Beckman 39030)

Rotary flash evaporator, with a water-cooled condenser

Vacuum pump

Vinyl tubing

Teflon stopcocks

Solenoid valves

Switches for operating solenoid valves

Dispensing burets, with Teflon stopcocks

Glass columns for anion exchange resin: 8 cm long
x 10 mm o.d.

Glass columns for cation exchange resin: 38 cm long
x 9 mm o.d., with standard taper joint at top

Glass wool: used as plugs in tips of all columns

3. Special Reagents

AlNOjy),: saturated, approximately 2.5M, made by dis-
solving § Ib of AI(NO;);°9H;0 in 1050 ml of H,0
to produce about 2400 mi of solution; 1.9M, made
by diluting 3 volumes of saturated A(NO3)5 with 1
volume of H; 0

NH4NO;3;-HNO; reagents: 10M in NH4NO; and 0.2M in
HNO;,, made by dissolving 7 Ib of NH¢NO; in H; 0,
adding 50 ml of concd HNO,, and diluting to 4 liters
with H,0; 0.65M NH{NO;-0.05M HNO;, made by
making 28 ml concd HNO; and 570 inl saturated
NH4NO; up to 9 liters with H,0

LiOH: 4M, made by dissolving 671 g of LiOH*H,0 in
H, O and diluting to 4 liters

Buffer solution: pH 1, for standardizing pH meter

HCl: 10M

Tri-n-butylphosphate (TBP)

HDEHP: 0.5M, made by diluting 645 g of di-2-cthylhexyl
orthophosphoric acid (about 94% purity) to 4 liters
with n-heptane

Decanol

HCI-HF: 4M in each acid

Te(lV) carrier: 10 mg Te/ml, added as Na, TeO; in 6M
HCI

Te(V1) carrier: 10 mg Te/m), added as Na,; TeO4*2H, 0 in
3M HCl

NH, OH-HCl: solid

n-Heptane

EtOH-HCl: 20% absolute cthancl-8¢% concd HCI-0.1%
NH,; OH-HC], saturated with HCl gas

Anion exchange resin: Bio-Rad AG 1-X10, 100-200 mesh

Cation exchange resin: Bio-Rad AG 50W-X4, (H* form),
nominal minus 400 mesh, batch selected to give
satisfa. ‘tory scparation}



Fig. 1. TBP and HDEHP cxtraction apparatns,
showing: A, lines to AI(NO3)3. NHaNO;,
and HNQ; wash solutions and to H;0; B,
TBP transfer vessel; C, HDEHP transfer ves-
sel; D, typical solenoid valve; E, TBP mixing *
vessel; F, stainless steel centrifugal stirrer: G,
HDEHP mixing vessel; H, Teflon gland; 1, air
pressure linc; J, feed solution vesscl; K, ves-
sels for receiving waste solutions or product.

4. Dissolving Procedure (Bricf Summary)

The ground-up sample is dissolved in a mixture of
concd HNO,, HCIO,, and KF, and boiled o fames of
HCIO, after cach addition. The solution is made 4M in
HNO,, then #M in HF, and the insoluble fluorides
(including the tripositive actinide fluorides) are filtered.
The precipitate is washed twice with 4M HF-4M HNO,,
dissolved in concd HCIQ,, and diluted to make a solution
1w 2M in HCIO,.
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5. Procedure

Step 1. To the sample, add enough saturated
Al(NO3 )3 and 4M LiOH to make the solution 1.7-1.9M in
Al(NO3)3 and about 0.1M in H * (pH 1) This is generally
accompiished by pouring the sample into a 9-liter bottle
and adding about 4000 ml of saturated AlNO;); and
then M LiOH slowly from a dispensing buret while
stirring the solution vigorously. Stop the addition of
LiOH when the wdicated pH is 0.9-1.1. Adjust the
AlNO;); concentration up to 1.7-1.9M (about three-
fourths saturated, Note 1)

Step 2. Pour 1 kg of TBP into the cxtraction vessel.
Then add 500 mb of 1.9M AlNO,), and stir for 2 min,
Draw off the preequilibrating AI(NO,); wash (the lower
phase) and discard. (Fig. 1 shows the extraction appara-
tws. In general, solutions arc transferred by means of air
pressure, pumps, or gravity flow.)

Step 3. Drain 500 ml of feed (the solution from Step
1) from the transfer vessel into the TBP in the extraction
vessel. As soon as the addition of feed is begun, start the
stirrer and continue stirring for 3 min. After the phases
scparate, drain off the aqueous phase and discard. Repeat
the procedure with successive 500-ml portions of feed:
the total number of such contacts is not to exceed about
20 (Note 2).

Step 4. Wash the TBP phase with onc 500-ml portion
of 1.9M Al(NO,);, stirrisg for 2 min, and then with five
500-ml portions of 10M NH(NO;-0.2M 1INO,, stirring
for 5 min cach time. Discard the washings.

Step 5. Back extract the lanthanides and actinides
with three 500-ml portions of Hjt), stirring for 2 min.
Collect the aqueous phases in a plastic bottle,

Step 6. Concentrate the back-entracted sample to
about 200 ml by beiling in an appropriate glass vessel or
by using 2 rotary fiash cvaporator witit a water-cooled
condenser. (The concentration step sho:'d be terminated
before any material comes out of seintion.) Pass the
concentrated solution through a filter ro remove any
remaining T8P.

Step 7. To the concentrated solution, slowly add
concd NHqOH until a pH of 2.5-1.75 is reacied. Transfer
the solution directly to the HDEHP extractios: wessel, add
200 ml of 0.54 HDEHP, and stir for about 2 »,%n. After
the phases separate, drain the aqueous phase gr«! discard.
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Wash the 1IDELP phase with three 200- nl portions of
0.65M1 NII4NO;-0.05M HNO; drained from the transfer
vessel into the extraction vessel. Discard the washings,

Step & Drain the HODENHP phase into a 1-liter erlen-
mever flask, and add 100 mi of decanol, 50 ml of concd
NCE and a magnetic stirring bar. MHeat the flask on a
stirrer-hot plate, and gently boil the mixture for 15-20
min. If nceessary, add additional coned HCI to maintain
an agucous phasc.

Step 9. Pour the hot mixture into a separatory
funnel. Drain the aqucous phase into 2 second scparatory
funncl. Extract the onganic phase with 25 ml of 6M HCY,
and add the aqueous phase to the second separatory
funncl. Scrub the combined aqueous phase with about
10 mi of heprance and discard the heptane, Boil the sample
in an cricnmeycr flask almost to dryness.

Step 10, Fill a glas, column (sce Special Equipment)
with anion cxchange resin and pretreat the resin with
about 15-20 ml of 104 HCI containing 2 drops of concd
1INO;. Diszolve the sample from Step 9 in 10 ml of coned
HCL Add 1 drop each of conced 1INO;, Te(lV) carricr,
and T(VD camrier and warm gently. Pass the selution
through the resin columa (about | drop per sec), collect:
ing the cluate in an crlenmeyer flask. Rinse the culumn
twice with 5-ml portions of 1041 HCI containing 1 drop of
coned HINO;, collecting the cluates in the same Aask.

Step 11, Boil the sample to about 2 ml; dilute with
110 o about 20 ml. Add 4 mi concd NF, centrifuge, and
discard the supemate. Wash the precipitate with 20 mi of
S HCI4 1IF and discard the wash, Dissolve the precip-
itate in 1-2 ml cach of saturated HyBO, and coned HGE,
dilute the solution o 15 mt with H,0, and make the
solution basic with Gt NzOI1. Centrifuge and discard the
sapemate. Wash the precipitate with 113 O and discard the
washirgs. Dissolve the precipitate in 1-2 ml of coned N,
dilute to about 20 ml with 11,0, and add about 100 mg
of NH;OI-HCL Warm the solution gently, make basic
with coned NHJOH, and centrifuge. Discard the super.
nate, wash the precipitaw with 11,0, and discard the
washings.

Step 12. Dissolve the precipitate in 3-§ drops of
concd HCI and dilute 1o about 30 m) with 2, 0. Add the
cquivalent of 2 ml of centrifuged cation exchange resin in
watcr-slurry form, stir for & min and centrifuge. Discard
the supcmate and wash the resin twice with 14,0,

Step 13. About | day prior to the next step, prepiare
the cation cxchange column. Trcat the cation exchange
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resin (& quantity cquivalent to a resin volume of 25 m!
when centrifuged from a slurry in H20) twice with 50 mi
of concd HCI and theee times with E1OH-HCl solution.
This treatment is performed in & Suchner funnel with a
medium frit, and the resin is sucked dry between trear-
ments. Slurry the resin with EtOi-HCI, and transfer to a
glass column for cation cxchange, filling 1o a height of
about 32 cm under 10 psi of air pressure. Pass EtOH-HCI
through the column under 10 psi of pressure until the
column is ready to be used. lust prior to use. reduce the
height of the resin to 30 cm.

Stwep 14. Sturry the resin from Step 12 in 1-2 m] of
11,0 and transfer to the wp of the cation cxchange
column. Complete the transfer with a small H,0 wash.
Allow the resin to settic and draw off the 11,0. Start
cluting with EtOH-HC] under about 10 psi air pressure, at
a flow rate of about 0.1 £0.015 ml/min. The eluzion
curve shown in Fig. 2 is reproducible on a volume basis.
The free column volume is about 6ml. The valley
between Am-Cm  (there is cssentially no  separation
between these elements with the eluent used) and Lu
occurs between 32 and 40 ml. The method of collecting
fractions (by volume, time, or drop number). counting
them, and combining them will vary with the nature and
intent of the purification (Note 3).

Step 15, After combining the desiced fractions in a
ceatrifuge tube, boil smost 1o dryness. Add 2 ml of
0.05M 1NO;. Heat if necessary to casure dissolution.
Add 2 ml of 0.54 HDEUP, stopper the wbr, and shake
for 2 min. Centrifuge briefly, and withdraw and discard
the lower phasc. Wash the organic phase with 2 mi of
0.0841 1INO, in a similar manner. Transfer the HDENP 10
a tokmi round-bottomed flask containing several glass
beads, add ) ml of decanol and 1 ml of coned HCL, and
boil for 15 min. Add 0.5 ml concd MNHCI several times to
insurc the presence of an aqucous phase. Transfer the
mixture to a centrifuge wibe, contrifuge, and transfer the
aqueous phase to 2 new contrifuge tube. To the HDEHP
phase add 1 ml of 631 HCI and stie. Centrifuge, draw off
the aqueous phase, and combine it with the previous
agucous phase. Scrub the combined aqueous phase with
Iml of heptane, centrifuge, and transfer the aqueous
phase to 2 quartz or Vycor vessel. Boil the sample 1o
dryness. Add a few drops of concd HNO; and concd
1CI0,4 and fume the sample dry again.

Ar this point, there is gemtzlly no visible material
present. if there is any residuc, a further separation can be
performed by the precipitation of the actinides with
NaOH in the presence of Fe(lil) carrier. The iton is then
removed on a small anion exchange resin column by a
procedurce like that described in Step 10. Another possible
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Fig. 2. Elution curve for transplutonium actinides.

purification can he accomplished by adsorbing the act-
inides on a small Dowex 50 cation exchange column from
a solution 0.1 in HCI, washing with the same acid, and
stripping with 6AM HCI.

Notes

1. The pH is not necessarily a real indication of the
hydrogen-ion concentration in the concentrated solution,
but it scems as good a way as any for arriving at a
reproducible starting solution of low hydrogen-ion con-
centration.

2. An oversimplified way to look at this step is to
treat each contact as an individual organic-aqueous system
with an apparent distribution coefficient, K(o/a), between
20 and 40. With relative volumes of organic phase to
aqueous phase of 2 to 1, between 97.5 and 98.8% of the
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actinides in the extraction vessel will be in the organic
phase after cach extriction. The following table shows
how the over-all yield would drop as a function of the
number of extractions.

Number of % Extracted
Extractions K=40 K=20
1 99 98
5 96 93
10 9% 87
15 91 82
20 88 78

In fact, the distribution cocfficient probably changes
with the number of contacts. The TBP becomes more
viscous, and phase scparation times increase with the
number of contacts.




A value of 20-40 for the apparent K is probably
fairly representative of Y. For Nd, the value is between 10
and 20. In general, the value of K (and recovery) varies in
the order: Nd Fu Am Y Tb Cf Fm. This difference might
result in about a 10% fractionation of the actinides.
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3. The Am(+Cm) fraction from the column is suit-
able for the determination of Am by gamma counting.
Step 15 can be omirted.




SEPARATION OF TRACE AMOUNTS OF
TRANSPLUTONIUM ELEMENTS
FROM FISSION PRODUCTS

D. C. Hoffman, J. W, Barnes.
H. L. Smith, W. R, Daniels

1. Introduction

The following procedure was devised to
separate the transplutorium elements from day-
old fission product samples containing 10" to 10'¢
fissions. These elements are carried with yttrium
or lanthanum fluoride and hydroxide precipitates
which are subsequently dissolved and the HCI
solutions passed through several anion resin
columns to remove U. Np. Pu. and most of the
remaining fission products (in particular, Zr and
Te). An ethanol-HCI elution from a cation resin
colunmn! is used to remove the lanthanides. Final
separation of the individual transplutonics is ac-
complished by elution from a cation resin column
with ammonium «-hydroxyisobutyrate.2

2. Reagents

Y carrier: 10 mg Y/ml, added as Y(NO,), 6H.0
in H.O

La carrier: 5 mg La/ml, added as La(NO;).
6H.0 in H:O

Zr carrier: 10 mg Zr/ml, added as ZrO(NO,). in
1M HNO,

Te carrier: 10 mg Te/ml, added as Na.TeQ; in
1M HCl

Sr carrier: 10 mg Sr/mil, added ac Sr(NO,).-4H.0
in H,O

NH,OH: concd

HCI: 0.1M; 0.5M; 3M; concd

10M solution I: 0.1 ml concd HNO, per 15 ml
10M HC1

HF: coned

HF-HNO,: equal volumes of 2M solutions

HF-HCI: solution 0.006)M in HF and 0.1M in HCI

HNO:: concd

H;BO,: saturated solution

Phenoiphthalein indicator solution

1Thompson, Harvey, Choppin, and Seaborg, J. Am.
Chem. Soc., 76, 6229 (1954).

2H. L. Smith and D. C. Hoffman, J. inorg. and Nu-
clear Chem.,3, 243 (1956).
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Ethanol-HCI eluent: 209, ethanol-80%, concd HCI
(by volume) saturated with HCI gas at room
temperature. (If a cold solution is passed
through a resin columm, bubbles will form,
disturbing the resin bed.) This solution should
be prepared just prior to use.

Ammonium «-hydroxy isobutyrate eluent: The
stock solution of a-hydroxy isobutyric acid
is prepared (usually 0.5 or 1M), and kept
refrigerated to inhibit possible mold forma-
tion. The compound may be obtained from
Fairmount Chemical Company, Newark, N. J.
From the stock solution, small quantities are
withdrawn and partially neutralized with am-
monium hydroxide to obtain eluent of the
desired pH. The pH of the eluent should be
chosen so as to elute the activities in a con-
venient volume, considering the column
volume and the speed with which the separa-
tion must be made. If 0.5M isobutyrate is
used, the peak position in FCV (free column
volume units) may be estimated directly from
Table I and Fig, 1. If stronger or weaker
acid is used, the pH corresponding o a given
anion activity (as shown in Fig. 2) must be
calculated. using the relationship

TABLE 1
Separation Factors with Ammonium
a-hydroxy isobutyrate

(Cm = 1.0)
Relative Peak
Element Position

Es 0.13
Ci 0.19
Bk 0.37
Cm 1.00
Am 1.39
Lu 0.011
Yb 0.016
Tm 0.022
Er -—
Ho 0.039
Y 0.069
Dy 0.076
Tb 0.14
Gd 0.22
En 0.34
Sm 0.7
Pm 11
Nd 23
Ce 34



K, = HH@) 10-4(A")
(HA) (Mua) — (A)
or
10-°H o Kl [(MHA) - (A.)]
(A%)
where
K, ~ 103®
(My,) = molarity of «-hydroxy isobutyric
acid
(A-) = anion activity (isobutyrate) read
from Fig. 2.

Anion exchange resin: Bio-Rad AG 1-X10, 100-
200 mesh for large columns and 200-400
mesh for the small column (Note 1). The
resin is stored as a slurry in H.O.

Cation exchange resins: Bio-Rad AG 50-X4, 400
mesh or finer. The resin is prepared by wash.-
ing in succession with H.0, NH,OH, H.O
and three times with concd HCl, For the
ethanol-HCl columns, the resin is stored as
an HCI slurry. For the slurry in H.O, the
resin should be washed an additional three
times with H.0.

Dowex 50 cation resin is used for the
butyrate column, from 2-8% DVB (% di-
vinylbenzene which is proportional to cross-
linkage). depending on individual preference
and what is available. Time required for at-
tainment of equilibrium and volume required
for elution inirease with percentage DVB of
the resin. The data in the accompanying
graphs were taken with 49, resin. The resin
should be very fine, 400 mesh or finer; or if
wet-graded, that fraction which settles at a
rate of 0.1-1.5 cm/min, If the resin has not
been specially treated by the supplier, it
should be washed thoroughly with 6M am-
monium thiocyanate, 6/ ammonium hy-
droxide, water, and hydrochloric acid, then
stored as the ammonium form in water. (If
no resin can be found that achieves a good
separation at room temperature, 129, DVB
Dowex 50 may usually be used successfully
with a column heated to 80-90°.)

Ton exchange columns: The ion exchange columns
are fabricated by fusing a length of glass
tubing to a centrifuge cone and drawing out
the tip to make 6-cm X 2-mm id. glass
columns, 14-cm X 2-mm id. glass columns.
12-cm X 8-mm id. glass columns. The

column tip is plugged with glass wool or
sand, A slurry of resin is introduced and
allowed to settle, and the supernate discarded.
The resin is washed by passing several ml
of eluent through the column. (Just prior to
use. the butyrate column is shuried with the
eluent and allowed settle again.) A uniform-
ly deposited bed of resin, free from air bub-
bles or channels, is essential to a successful
elution, The free column volume is approxi-
mately equal to half the apparent volume of
the resin bed.

4. Procedure

Step 1. To an aliquot of the sample in a
40-ml centrifuge tube, add 2 drops each Zr, Te
and Sr carriers and 1 drop of Y carrier. Using
phenolphthalein indicator, add NH.OH to pre-
cipitate the Y(OH).. Centrifuge, discard the super-
nate, and wash the precipitate twice with 0.5-1.0
ml H.O,

Step 2. Dissolve the precipitate in a mini-
mum amount of 34 HCI and transfer to a poly-
ethylene test tube. Add 2 drops concd HF
per ml of solution. (If the solution contains a
large amount of Fe or U add HF t decolorize the
solution, then 2 drops per ml in addition.) Let the
solution stand for 5 min, centrifage, discard the
supernate, and wash the precipitate with 0.5 ml
of the 2V HF-2M HNO, solution.

Step 3. Dissolve the fluoide precipitate by
adding 1 drop saturated H,BO;, stirring, and then
adding 2 ml concd HCI. Transfer the solution to
a 40-ml glass centrifuge tube, Add 2 drops Sr
carrier and then hoil the solution briefly. Precipi-
tate the Y(OH), with NH,OH, centrifuge, dis-
card the supernate, and wash the precipitate twice
with 0.1-1.0 ml H0.

Step 4. Dissolve the precipitate in 3 ml
10M HCl. Add 1 drop concd HNO., Transfer the
solution to a 5-cm X 2-mm AG 1 anion resin
column which has been washed with several
column volumes of 103/ solution I. Push through
under pressure. After adding 1 drop each of Zr
and Te carriers, pass the solution through two
additional 10-cm X 8-mm anion columns which
have also been treated with 10M solution I, Wash
the centrifuge tube and then all three columns in
succession with two 3-ml portions of 10M solu-
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PEAK POSITION (IN FREE COLUMN VOLUME UNITS)
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Fig. 1. Lanthanide elution positions vy pH with 0.5M o-hydroxy isobutyric acid.
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tion I. (The small column contains the Pu, which
can be determined by the procedure described
under plutonium in this volume.)

Step 5. Add NH,OH to the combined 10M
solution I fractions to precipitate Y(OH).. Centri-
fuge, discard the supernate, and wash the precipi-
tate twice with 0.5 ml H,0.

Step 6. Dissolve the precipitate in a mini-
mum amount of 0.1M HCI and pass the solution
through a 1-om X 2-mm AG 50 cation resin
column which has been previously washed with
several column volumes of 0.1M HCl. Wash the
column with 1 ml of 0.1M HCI, then 2 ml of the
0.006M HF-0.1M HCI solution, and finally 1 ml
0.5M HCI (Note 2).

Step 7. Using a transfer pipet and a mini-
mum of H.O, transfer the cation resin from the
1-cm column to the top of a 12.cm X 2-mm
Dowex 50 resin column which has been previ-
ously washed with several column volumes of the

ethanol-HC| eluent. After the resin has settled,
withdraw the excess H,O and wash out the column
above the resin with a small portion of ethanol-
HCL. Elute the activity with the 209 ethanol-HCl
solution using sufficient pressure to give approxi-
mately 1 drop every 45 seconds. Collect the de-
sired fraction (Note 3) in a 40-ml centrifuge tube.
(See Fig, 3.)

Step 8. Place the tube containing the sample
in an oil or steam bath and evaporate to approxi-
mately 0.5 ml, using a stream of air over the
solution if rapid evaporation is desired. Add a
drop of lanthanum nitrate solution (5 mg La/ml),
and transfer the sample to a 3-ml centrifuge cone.
The final solution should consist of 1.5 ml of
2-4M HCL

Step 9. Precipitate La(OH), with gaseous
ammonia or carbonate-free ammonium hydroxide.
Centrifuge, discard supernate, and wash the pre-
cipitate with 0,5 ml of water.

Step 10. Dissolve the precipitate in a few
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drops of 0.1M HCI and equilibrate this solution
with a small quantity of resin from the top of the
butyrate which is small with respect to the size of
the column, Transfer the slurry carefully to the
column reservoir and allow to settle. Withdraw
the supernate and discard.

Step 11. Introduce carefully several ml of
the butyrate. so as not to disturb the active band at
the top of the column, Apply slight air pressure,
if necessary, to produce a flow rate of a drop every
1-3 min. (Pressure may be applied with a 10-ml
syringe fitted with a rubber stopper, or, more
conveniently, from a pressure reduction valve at-
tached to a source of compressed air.)

Step 12. Collect the effluent dropwise on
platinum plates or in 1-ml beakers. Assay all
fractions and combine the drops which comprise
a peak. If additional chemistry is necessary, the
butyrate may be destroyed by evaporating the
solution to drymess, then destroying residual or-
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ganic matter with nitric and perchloric acids,

Notes

1. Specially purified and graded resins
may be obtained from Bio-Rad Laboratories,
Richmond, Calif. For some reason, resins vary
from batch to batch in their ability to achieve
various separations, so it is recommended that
several samples of resin be tried before discarding
the method.

2. The small cation column was used
as an alternative to equilibrating and washing the
resin in a test tube and then transferring the
resin to the top of the column, It seemed to be
more rapid, give better decontamination and
necessitate less direci handling of the rather “hot”
solution,

3. Essentially no separation of Am
and Cm was observed in these ethanol-HCl elu-
tions.
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HOT CELL PROCEDURE FOR
DISSOLVING LARGE SAMPLES
(up to 1 kg) OF UNDERGROUND
SHOT DEBRIS

J. W, Barnes

. Introduction

This procedure is designed for the recovery
of zirconium, niobium, the lanthanides, and the
actinides from samples, up to 1 kg in size, of
debris from underground nuclear explosions. The
samples are siliceous and have a wide range of
particle size. The initial chemical step in the
separation is a leaching with concd hydrofluoric
acid at room temperature, This is followed by re-
moval of silica by reaction with hydrogen fluor-
ide at about one-fourth atmosphere of pressure
and a temperature near the boiling point of
water, The resulting fluoride slurry is centri-
fuged to separate the insoluble lanthanide and
actinide fluorides from zirconium and niobium
which are in the form of soluble fluoride com-
plexes. The incoluble fluorides are then treated
with fuming nitric and concd perchloric acids
and the mixture is evaporated to dryness, The
residue is dissolved in dilute nitric acid.

All operations are carried cut with the use
of manipulators,

2. Reagents

HI: concd; gas

HNO;: 90% (yellow fuming); 1M
HCl0o4: 709

LiOH: 3.5M aqueous solution

3. Procedure

A. Preliminary Treatment, The sample is
distributed in a number of plastic tubes having
the dimensions 1 in. x 13 in, To each tube add
about 300 ml of H;O and shake the mixtures for
10 min on a paint shaker equipped with a hold-
ing plate for the tubes. Transfer the mixtures to
a coarse screened filter (about 1/8 in. mesh).

Permit the fines to pass through into a holding
vessel. and discard them if they show little activ-
ity (Note 1). It is sometimes possible to concen-
trate the coarse particles further on the filter
screen by examination of the individual pieces
for relative y activity.

B. Chemical Treatment. The quantities of
reagents and sizes of equipment are for high-
graded samples (i.e.. those which have under-
gone preliminary treatment) of 250 g size, Ap-
propriate scale-up or subdivision of sample is
made for larger samples,

1. Leaching with Concd HF. Transfer the
high-graded sample to a 2-liter polypropylene
erlenmeyer flask (Note 2). Add 600 ml of concd
HF in 50-ml portions over a 15-min interval and
shake the mixture for a few min on an ordinary
paint shaker after each increment of acid, When
the final portion of HF has been added, shake
for an additional 30 min,

2. Removal of SiO;. Transfer the fluoride
slurry to a polypropylene gas chamber (Fig. 1;
Note 3) and bubble gaseous HF vigorously into
the slurry at room temperature and under a
slight vacuum (water aspirator. see below). Atter
15 min, begin to heat the water jacket surround-
ing the chamber, and decrease the pressure to
about 14 atm, While the HF gas flow is main-

HF  FLUORIDE OUT
SLURRY IN GAS .

—e VAPOR
l ouT
VACUUM
'® GAUGE
=] GAS
= —F] CHAMBER
'_4. 1 HOT
- —~WATER
- u - JACKET
;_QL—J_ ——"

Fig. 1. Gas chamber.

257




tained. rapidly raise the temperature of the water
in the jacket to the boiling point. Permit the
vapor effluent from the gas chamber to pass
first through an empty polypropylene pot and
then into a pot containing 3.5M aqueous LiOH.
The latter is connected to a water aspirator, The
HF treatment is carried out for 1 hr.

3. Centrifugation. By air pressure. transfer the
thin fluoride slurry into a 1-liter polypropylene
centrifuge bottle (Fig. 2). Centrifuge for about
16 min, [A floor model centrifuge was modified
by removing the base and cutting about 6 in, off
the top. It was equipped with a special head
(source: International Equipment Company) for
holding four 1-liter bottles.] Pour off the super-
nate containing the Zr and Nb into a 2-liter Tef-
lon breaker. Wash the precipiiate twice with
about 34 liter of Hy0, adding the first wash to
the supernate containing the Zr and Nb and dis-
carding the second. The washing is effected by
stirring with a high speed plastic stirrer.

CENTRIFUGE BOTTLE &

Fig. 2. Centrifuge hottle and stirrer.

4. Conversion to Solution in HNO;y. Add 160
ml of 90% HNO; and 240 ml of 70 % HCIO, to
the precipitate and stir the mixture, Pour the
slurry into a 0.6-liter Teflon exaporation bottle
(Fig. 3; Note 4), Evaporate the slurry to dry-
ness by heating the bottle on a hot plate. The
evaporation may be accelerated by having an Al
covering around the bottle and introducing a
stream of heated air into the bottle through an
opening in the tapered Teflon joint. The evapora-
tion process is romplete when droplets of con-
densate no longer appear in the Kel F connecting
tube. Cool the dry solid and separate the evapora
tion bottle at the tapered joint. Add 700 ml of
1M HNOg and stir magnetically.

Suitable Teflon vessels do not appear to be
available for use with samples greater than 1 kg
in size.

Fig. 3. Teflon evaporation equipment.

Notes

1. If the fines show an appreciable fraction
of the activity, they are washed gently with H.O
and are then combined with the high-grade,

2. The concd acids used in the procedure-—
concd HF, 909 HNO; and 7O%HCIO4—-.are
extremely corrosive. Polypropylene reaction
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vessels have been found to be highly suitable for
use with these acids at room temperature and
with concd HF at elevated temperatures. and
much more desirable than vessels constructed
from polyethylene, The propyvlene polymer has
a high working temperature limit and greater
strength than polyethylene,

3. For specific details regarding the con-
struction and operation of this piece of equip-
ment and the others used in the procedure. sec

the paper by J. W, Barnes, in the Procecdings
of the 18th Canference on Remate Systems Tech:-
nology. 1970. published by the American Nuclear
Society.

4. Bottles of various capacities — 0.6 [ited
to 2 liter — were used depending upon the size
of the original amnle, The hottle; ure equipped
with a tapered Teffon joint and a Kei F connect-
ing tube to permit ready conmection with the
Teflon condenser shown,

November 1970
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THE DISSOLUTION OF DIRT SAMPLES

G. W, Knobeloch

1. Introduction

The successful dissolution of dirt samples depends
basically on repeated evaporations with concd HF to
convert silica and silicates to volatile silicon tetrafluoride,
The actual steps in the procedure are varied with the size
of the sample and the nature of the analysis to be per-
formed on it. The procedure given below is the onc
utilized for the dissolving of underground dirt samples
weighing up to 5 grams.

1. Reagents

HNOj;: fuming
HCIO,: coned
HF: concd
HCL: 3m
NaOH: 6M

3. Procedure

Step 1. Place the dried pulverized sample in a cylin-
drical Teflon vessel of about 700 ml capacity. Add 25 ml
of fuming HNO;, 100 ml of concd HCIO,, and, with care,
50 ml of concd HF. Heat to strong fumes of HCIO4 on a
hot plate (medium setting). (The solution process may be
accelerated by placing an Al jacket around the Teflon
container.)

Step 2. Cool, add another 50 ml of concd HF, and
again evaporate to strong fumes of HCIO,.

Step 3. Repeat Step 2 twice more. (If 10 g of dirt are
being dissolved, Step 2 is repeated four times, HCIO,
being added as necessary to prevent the sample from
becoming dry.)

Step 4. Evaporate until the volume is about 50 ml,
cool, and add 100 ml of 3M HCl. Warm slightly to dis-
solve any solids.

Step 5. Divide the solution among four 40-ml Vycor
centrifuge tubes. Wash the Teflon vessel with 3M HCl and
add the washes to the centrifuge tubes, Centrifuge for
2 min at 3500 rpm. During the centrifugation wash the
Teflon vessel under a stream of H,O. Rub the inner
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surfaces well and fAush them with 1,0 to remove adber-
ing Si0; particles, which may be discarded. The vessel is
now ready for re-use in the following step.

Step 6. Transfer the supernate to the clean Teflon
vessel, add 5C ml each of coned H¥ and HCIO, and begin
heating on 2 hot plate (medium setting).

Step 7. Wash the precipitates in the centrifuge tubes
with 3M HC), centrifuge, and add the supernates 1o the
Teflon vessel on the hot plate.

Step 8 To cach of the precipitates remaining in the
centrifuge tubes add 2-3 ml of 641 NaOH and boil with
stirring over a bumer. Cool, acidify with 3M HCl, bring te
a boil and centrifuge. Combine the superates with those
in the Tcflon vessel. If more than a few grains of sand
and/or any beta-gamma activity remain, repeat the NaOH-
HC! treatment until no sand is left or until it is no longer
active. (For complete destruction of solids, the sequence
of Steps 2-8 is repeated until the sand is entirely dis-
solved.)

Step 9. Heat the contents of the Teflon vessel to
strong fumes of HClO4. Cool, add 50 ml of concd HF,
and evaporatz the solution until the volume is about
50 ml. Cool.

Step 10. Add 100 ml of 3M HCI and warm slightly
to dissolve any solid material. Divide the solution among
four clean 40-ml Vycor czntrifuge tubes and centrifuge ar
3500 rpm.

Step 11. Filter the supernate through polypropylene
“paper” into a labeled, graduated polyethylene bottle.
Wash the Teflon vessel and the centrifuge tubes with 3M
HCI, centrifuge, and filter the washes into the polyeth-
ylene bottle. If any precipitate remains in the centrifuge
tubes, add 2-3 ml of 6 NaOH and heat over a burner.
Cool, neutralize with 3M HCI, centrifuge, and decant the
supernate through the filter into the polyethylene bottle.
Repeat the NaOH-HCl treatment if precipitate still
remains in the centrifuge tubes.

Step 12. Add 3M HCI to make the “concentration”
of the original sample in solution < 7.5 mg, per ml. Heat
the final solution overnight in a water bath at about 90°.
(For reasons which are not at all clear, this heat treatment
gives a sample solution which may be analyzed satis-
factorily. Without such treatment, results may be erratic.)
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