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FOREWORD

The Subcommittee on Radiochemistry is one of a number of sub-
committees working under the Committee on Nuclear Science within the
National Academy of Sciences -~ National Research Council, Its members
represent government, industrial, and university laboratories in the
areas of nuclear chemigstry and analytical chemistry.

The Subcommittee has concerned itself with those areas of nuclear
science which involve the chemist, such as the collection and distribution
of radiochemical procedures, the establishment of specifications for
radiochemically pure reagents, the problems of stockpiling uncontaminated
materials, the availability of cyclotron time for service irradiations,
the place of radiochemistry in the undergraduate college program, etc.

This series of monographs has grown out of the need for up-to-date
compilations of radiochemical information and procedures. The Subcommittee
has endeavored to present a series which will be of maximum use to
the working scientist and which contains the latest available informationm.
Each monograph collects in one volume the pertinent information required
for radiochemical work with an individual element or a group of closely
related elements,

An expert in the radiochemistry of the particular element has
written the monograph, following a standard format developed by the
Subcommittee. The Atomic Energy Commission has sponsored the printing

of the series.
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The Subcommittee is confident these publications will be useful not
only to the radiochemist but also to the research worker in other fields
such as physics, biochemistry or medicine who wishes to use radiochemical
techniques to solve a specific problem.

W. Wayne Meinke, Chairman

Subcommittee on Radiochemistry
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INTRODUCTION

This. volume which deals with the radiochemistry of barium, calcium,
and strontium is one of a series of monographs on radiochemistry of the
elements; There is included a review of the nuclear and chemical
features of particular interest to the radiochemist, a discussion of
problema of dissolution of a sample and counting techniques; and finally,
a collection of radiochemical procedures for the elements as found
in the 1iterature,

The series of monographs will cover all elements for which radio-
chemical procedures are pertinent, Plans include revision of the monograph
periodically as new techniques and procedures warrent. The reader is
therefore encouraged to call to the attention of the author any published
or unpublished material on the radiochemistry of barium, calcium, and

strontiua which might be included in a revised version of the monograph.

vi




1.

GENERAL REVIEWS OF THE INCRGANIC AND ANALYTICAL CHEMISTRY OF BARIUM,
CALCIUM, AND STRONTIUM

Pp. 259-269 in Vol. I and pp. 2u4-25L in Vol. II of "Amalytical
Chemistry®, F. P. Treadwell, tr. and rev, by William T. Hall,
John Wiley and Sons, Inc., New York, ninth editiom, 1937.

Chapter 4O, pp. 611-631 in ®Applied Inorganic Analysis®,
W. F. Hillebrand, G. B, F, Lundell, H, A. Bright, and
J. I. Hoffwan, Wiley, New York, second edition, 1953.

Pp. 398-413 in "Prescott and Johnson's Gualitative Chemical
Analysis®, R, K, McAlpine and B. A. Soule, Van Nostrand,
New York, 1933.

Chapter 19, pp. 8L45-867 in SInorganic Chemistry®, T. Moeller,
John Wiley and Sons, Inc., New York, 1952.

Pp. 117-136, 205~217, and 899-902 in Val. I of ®Scott's Standard
Methods of Chemical Amalysis®, N. H. Furman, Van Nostrand,
New Iork, 1939.

II, GENERAL REVIEWS OF THE RADIOCHEMISTRY OF BARIUM, CALCIUM, AND STRONTIUM
®Evaluation of Radiochemical Separation Procedures®, Duane N.
Sunderman and W. Wayne Meinke, Analytical Chemistry 29,
1578, November 1957.
®The Development and Evaluation of Radiochemical Separation
Procedures for Harium, Calcium, Strontium, Silver, and Indiux®,
Duane N. Sunderman, AECU-3159, Felruary 1956.
III. TAELE OF ISOTOPES OF BARIUNM, CALCIUM, AND STRONTIIX
Primary Radiations
Isotope Half Life Ype of %cay Uamca Rays Method of Preparation
c..38 0.66 sec. p + 305 ey
ca39 1.0 gec. ,@’ 6.1 Mev (none) Cal0 + gamme rays
Cal®  Stable - 96.97%
call  1.1x10° yr. EC (100%) (none) Cal® + neutrons
call?  Stanle - 0.64%
cal3  Stable - 0.145%



III. TAELE (CONTINUED)

Pr Radiations
_ _'1'1—1; o% ﬁcay Camna Rays Method of Preparation

Isotope Half Life
call  Statle - 2.06%
calts 164 days ﬂ' 0.254 (100%) (none) calilt + neutrons

Cal®  stame - 0.0033%
1< T
Calll  Statle - 0.185%
cald 8.8 min, 6 ~ ilo(?m) i;: {(fo a8 ¢ neutrons
srél 29 min. 2v35 (p, 5n)
582 25.5 days K¢ 2v%5 (p, Ln)
5r93 34 hrs. ‘g‘; 1.15 8 8‘7*8 Daughter of Y53

.1§§
srBl  starle - 0.56%
s=%® 70 min, = e 9:225 (558 sr + neutrons
sr® 6l aaye EC (100%) 0.513 (100%) sr8l + neutrons
5r8  stable - 9.86 %
se87™ 2.9 bre. IT (100%) 0.388 5r86 + meutrons
seb7  stable - 7.02%
sr%  stanle - 82.56%
srB9® A 10 days Ir
&89 51 daye ﬂ- 1.462 (598) n'on 1891)' sraffs:i::n;;xét
S0 28 yra. ﬂ- 0.545 (100%) {(nome) Fission product
e o iREE R ;Bz;<f;:izt;m¢t
sr? 2,6 hrs. ﬂ?:gs({b’%) (])' Fission product
o

sr9 8.2 min, ﬂ - Figsion product
Srg"‘ 1.3 min, A - Fission product
s 0.7 min. A - Fission product
s Short @ - Fission product




III. TAHE (CONTINUED)
Primary Eadiations
Isotops Half Life T9pe of %m Gawas Rays Method of Preparation
126 97 min, EC 9:23 {128}
B%7 12 min. A’
'8 2.} days EC 0.270 cel33 (p, 6n)
Bl 2.45 hrs. p’ 1.6 cs133 (p, Sn)
B30  starle - 0.13%
0.
3131 11.5 days EC (100%) g-lgg i??} B130 ¢ neutrons
0.372 (1 §
132  Stable - 0.19%
pl33® 38,9 hrs. IT (100%) 0.276 8132 + neutrons
133 0.357 (69% 2
Ba 7.2 yrs. EC (100%) 0.300 311 B132 ¢ neutrons
134 0.082 (222
B Statle - 2.60%
&1353 28.7 hrs. IT (100%) 0.268 ml3b . neu trons
M35 Stable - 6.7%
m136  stable - 8.1%
nl3™ 2.6 min. IT (100%) 0.662 P36 ¢ nen
daughter of Cs
m137  Stable - 11.9%
m138  stable - 70.4%
139 - 2.2 6§§ 138
Ba 8L min. V- A 1! 0.163 Ba + neutrons,
0.82 (19% fission product
140 - 1.0 (75%) 0.030 0.
B 12.80 days ,6 b (25%) g.%6§ 0,2}61 Fission product
0.30hL
B4l 18 min. /8" 2.8 Fission product
nll? 6 min. P Fission product
B3  £0.5 mn. a3 - Fission product
mlll  Sport a3 - Fission product

For more complete information of the radiations of the isotopes of calcium,

strontium, and barium gnd for references to the original literature, see

®Tahle of Isotopes®, D. Strominger, J. M. Hollander, and G. T. Seaborg, Reviews
of Modern Physics, 30, No. 2, Part II, April 1958.



IV. REVIEW OF THOSE FEATURES OF BARIUM, CALCIUM, AND STRONTIUM CHEMISTRY ‘
OF CHIEF INTEREST TO RADIOCHEMISTS

1. Metallic Barium, Calcium, and Strontium

Barium, calcium, and strontium are strong reducing agents and are
prepared either by electrolytic or thermal means in the absence of
moisture. Methods used for this purpose include the electrolysis of the
fused chlorides, heating the oxides with aluminum in a vacuum furnace, and
electrolysis of an aqueous solution with a mercury cathode with subsequent
heating of the mercury amalgram in hydrogen to drive off the mercury.

Barium, calcium, and strontium are very reactive and are readily
oxidized in air to the plus two oxidation state. The hydroxides are formed
in cold water with an evolution of hydrogen. The metals react vigorously
with acids to form the plus two charged cations and evolve hydrogen. The
reaction with nitric acid is very rapid, with the formation of nitriec oxide.
The reaction with dilute sulphuric acid is slow because of the formation

of insoluble sulphates.

2. Soluble Salts of Barium, Calcium, and Strontium
The socluble salts of barium, calcium, and strontium include the
acetates, chlorides, bromides, iodides, nitrates, nitrites, permanganates,
sulfides, chlorates, bromates, and perchlorates. Calcium chromate is soluble.
The hydroxides of barium, calcium, and strontium are slightly soluble and
may be precipitated only from concentrated solutions. The solubilities
range from 1.2 g/liter for Ca(OH), to 30 g/liter for Ba(OH)p.
3. Insoluble Salts of Barium, Calcium, and Strontium-
Precipitation and Coprecipitation Characteristics of
Barjum, Calcium, and Strontium
The common insoluble salts of barium, calcium, and strontium are
listed in Table 1. A number of these precipitates are suitable for
radiochemical separation procedures. The general references listed in
Parts I and II describe the insoluble compounds of barium, calcium, and

strontium and their use in analyses. The precipitates used most frequently




‘ in radiochemical and analytical procedures are the chromates, nitrates,
oxalates, sulfates, and barium chloride.

Chromate, Tlhe chromate precipitation is used in the classical
separation of the alkaline earths, Barium chromate is precipitated from a
hot solution buffered to a pH of L to 8. Ammonia is then added to the
solution, and the strontium chromate is precipitated. In radiochemical
work a pH of L is recommended! for the barium precipitation to minimize
the strontium and calcium contamination of the barium precipitate.

Nitrate. The Willard and Goodspeed nitric acid mthod2 has been
frequently used for the separation of barium and strontium from fission
products (see Section VII), Fuming nitric acid is added to the solution
to yield 60 to 80 per cent HNO3. The barium and strontium nitrates
precipitate under these conditions, but calcium nitrate does not. With
70 to 80 per cent HNO3 100 per cent yields of barium and strontium have been
obtained, tut calcium contaminated the precipitatesl. The calcium contamination
was reduced by using 60 per cent HNO3.

The precipitation of strontium nitrate has been employed as a
method of separating Sr%0 from its Y70 daughter3. Inactive strontium was
added as a carrier, and strontium nitrate was precipitated from a solution

of 80 per cent nitric acid, leaving the Y in solution.

TAELE 1. INSOLUBLE COMPOUNDS OF PARIUM, STRONTIUk, AND CALCIUM

Reagent Precipitate Solubility in Water Solubility in Other Reagents
F BaF, slightly soluble
(0.17 g/100 cc) soluble in acids and in NH)Cl
SrFp insoluble soluble in hot HC1
CaFo insoluble slightly soluble in acids .
soluble in solution of NH) salts

coy" BaCOg insoluble soluble in acids & in NHC1

SrCog insoluble soluble in acids

Caco3 insolutle solutle in acids & in KHCl
Co0,” BaCp0y, insoluble soluble in acids & in N§C1



TAHE 1. (CONTINUED)

Reagent Precipitate Solubility in Water  Solubility in Other Reagents
SrCa0,*HB;0 insoluble soluble in HC1 and HNO3
CaC20),*Hy0  very insoluble soluble in acids
soh" BaS0), very insoluble slightly soluble in H80),
SrS0;, insoluble insoluble in alcohol
slightly soluble in acids
CaSOh 8lightly soluble insoluble in alcohol
soluble in HC1
cro,™ or Crp07" BaCroy very insoluble soluble in mineral acids
&‘Cr()h slightly soluble
(0.11 g/100 cc) soluble in acids
ce HCl and ether BaCly*2H0 soluble insoluble in c¢. HCl-ether reagent
60-80% HNO4 Ba(N03), soluble inscluble in boiling amyl alcohol
insoluble in 60-80% HNO;
Sr(N03)p soluble insoluble in boiling amyl alcohol
insoluble in 60-80% HNO3
HPQ~ BHPO), insoluble soluble in acids
SrHPOQ, insoluble soluble in acids
CaHP%°2H20 inscluble soluble in acids
Po," Ba3(PQy, ), insoluble soluble in acids
sr3(Poy )2 insoluble soluble in acids
Cag(P%)g insoluble soluble in acids
s03” BaS05 insoluble soluble in HCL
Sr50; insoluble soluble in HC1
CaSO3°2!QO insoluble soluble in HC1l, HNO3, and 32803
I05” Ba(I03)5°H0 insoluble solutle in HC1 and HNO3
Sr(103), slightly soluble soluble in boiling water
HyS51Fg BaSiFg slightly soluble insoluble in alcohol
alkaline Hoq: BaMoQ), insoluble slightly soluble in acids
SrMo0), insoluble soluble in acids
CaHoOh insoluble soluble in acids
6




‘ Chloride. The insclubility of barium chloride im strong hydrochloric
acid solution is a basis for a method of separating barium from calcium,
strontium, and other elements. This method has been used in radiochemical
work (see Section VII). The precipitation is performed  either by adding
an ether-hydrochloric acid solution to the aqueous radioisotope solution or
by bubbling dry hydrogen chloride gas into an aquecus solutiom or a mixture
of ether and wmter. The barium chloride precipitate is readily soluble in
water, thus facilitating further separations.

Oxalate. The oxalates of all three alkaline earths are inscluble;
so the oxalate precipitation does not constitute a good method of decontaminating-
one alkaline earth from another. The precipitation of the oxalate from a
basic solution with ammonium oxalate is generally used as a convenient way
to reduce an alkaline earth to a weighable and reproducible form suitable
for radioassay.

Sulfate. The precipitation of barium sulfate is not generally
used in a separation procedure because of difficulty in performing further
operations on this highly insoluble substance. It is more useful as a
final step in a procedure to secure a form which can be readily dried,
weighed, and mounted for counting. Berium is quantitatively precipitated
as the sulfate by slowly adding dilute sulfuric acid to a hot barium
solution and digesting the procipitateh. For the precipitation of strontium
(or calcium) sulfate, a reagent such as alcohol is required to lower the
solubility,and coagulation mst be accelerated by heat’.

Yields of Precipitation Reactions.‘ The yields of calc:l.ul; strontium,

and barium in the chromate, nitrate, chloride, oxalate, and sulfate
precipitation reactions have been obtained under the conditions described
below and the resulis are summarized in Table 2. Ten milligrams of carrier
of each alkaline earth element and a tracer of the alkaline earth to be
determined were used in each yield determination.

In the chromate precipitation the excess acid from the carrier amd

tracer solutions was neutralized with ammonium hydroxide, and 10 ml of

@ 7



TAHRE 2. SUMMARY OF YIELD DATA OF PRECIPITATION REACTIONS '
FOR BARIUM, STRONTIUM, AND CALC

Precipitating Per Cent Carried
Solution Condition Barium Strontium Ca on Ha Ca on Sr
Ammonium pH L 70 # 3.4 1.6 + 0.3 0.8 + 0.08
Dichromate
PH 5 73 2L.0 8§ +#0.2 1.1 #0.08
pH 6 86 +1.3 22 #2,0 1.7 #0.22
Nitric Acid 80% 100 ¢ 5.3 100 + 1.7 27 # 2.2 Sl + 3.2
70% 100 + 3.6 98 #1,, 2.4, 403 11 +23
60% 86 + 3.3 8l #L4.2 0.9 #0.05 2.6 #1.0
Hydrochloric A. 3 ml Hp0 82 #1.1 28209 0.620.L
Acid
B, 1.5 ml Hp0 92 +2,2 11 + 0.7 0.8 #0.08
C. Dry HC1 99 * 0.k 7.3 1.6 1.0 # 0.1
D, Ether-dry HC1 93 + 2.4 6.0 +3 1.5 # 0.1
Ammonium 95° 59 on 8rCy0, 99 100
Oxalate
15 on Caczoh
Sulfuric Acid Excess 100 57 on Ba 10 3.6
Sulfate
Very slight
alone

All values are average of Quadruplicate runs. Errors are ®standard deviations®.
The yield data applies only to the experimental conditions described in the text.

sodium acetate-acetic acid buffer of the desired pH (4,5, or 6) were added.
The precipitation was then performed with 2 ml of ammonium dichromate
solution (100 mg/ml). The total volume of solution was 15 ml.

The nitrate precipitations were performed by adding sufficient
fuming nitric acid to secure the desired acid concentration of 60, 70, or
80 per cent. The total volume was 10 to 15 ml,

The chloride precipitation was performed by four procedures. In
procedure A and B the initial solutions were made up to either 3 or 1.5 ml

with water, and the precipitation was done with 10 ml of an HCl-ether

e ®



mixture., The HCl-ether reagent consisted of L parts of ACS reagent grade
hydrochloric acid and 1 part of ACS reagent grade anhydrous ether. In
procedure C, a 10 ml initial solution was cooled in an ice bath and dry
hydrogen chloride was bubbled in until the solution was saturated. In
procedure D, an initial solution containing 8 wl of water and 3 ml of ether
was cooled in an ice bath and the dry HCl was bubbled in.

In the oxalate precipitations the initial solution was diluted to
8 ml with water and an excess of concentrated ammonium hydroxide was added.
One ml of the hydroxide was usually satisfactory. The solution was heated
to boiling and 2 nl of saturated ammonium oxalate soclution added with
stirring. Again the solution was heated to boiling and allowed to stard for
S minutes with occasional stirring.

The sulfate precipitation was performed by diluting the initisl
solution to 10 ml with 1 M nitric acid and adding 1 ml of 2M sulfuric acid.
Strontium sul fate was found to be more completely precipitated in the
presence of barium or calcium than in their absence,

Contamination of Alkaline Earth Precipitates by Other Activities.

The contamination of alkaline earth precipitates by other activities was
determined by adding 10 mg of carrier and a tracer of the contaminating ion
(e.g.s Co, Ru, Sb, etc.) to a carrier solution containing 10 mg each of
the alkaline earths and carrying out the precipitation by the procedures
discussed in the preceding section. A summary of the results is given in
Table 3. The yield and decontamination data presented in this table and

in Table 2 have been used to develop the optimum alkaline earth procedures
given in Section VII (see Procedurel, 2, and 3).

Ferric Hydroxide as a Carrier for Barium and Strontium. Carrier-

free barium and strontium will coprecipitate with iron precipitated as the
hydrated oxide. This is an effective method for removing trace amounts of
barium or strontium from solution., Strontium-85 activity produced by a
cyclotron bombardment of a rubidium target has been separated) from the large

quantity of rubidium by coprecipitation with ironB. About 75 per cent of

9



TAHLE 3. CONTAMINATION OF ALKALINE EARTH PRECIPITATES
BY OTHER ACTIVITIES?

Precipitat Solution, per cent carried

oma Oxalate
Element piL HNO3 HNO3  HCl ‘on 5rCp0, on CaCpQ), Sulfate
Antimony 55 L7 30 28 Lk L6 28
Barium 70 100 86 82 59 15 100
Calcium 0.8 51 on Sr 2.6 on Sr 0.6 - 100 10

27 on @ 0.9 on Ba

Cerium 6 3.2 2.5 0.9 98 95 7.1
Cesium 3.5 1 2 1 0.8 1.6 2.9
Chromium 1.2 1.8 1.0 0.7 89 96 0.5
Cobalt 1.1 3 3.5 1 52 21 0.5
Iodine 2.0 1.2 0.8 0.9 2.3 5.0 1.5
Iridium 27 b2 0.9 5.4 L7 68 11
Ruthenium 5 1.5 2.4 2 23 38 0.6
Selenium 5.7 1.4 1.3 0.9 21 23 1.2
Silver 89 1.9 1.5 0.8 1.2 2 1L
Strontium 1.6 100 81 2.8 99 -- 57
Tantalum 10 1 0.7 0.5 L9 2 0.6
Tin 99.5 1 1.2 0.8 73 95 0.5
Zirconium 6.3 2.6 3.3 2 93 88 20

NOS ions present in all solutions
Cl™ ions present in all solutions except with I, Ag, and 2r
F~ ions present only in Ta solution and possibly Zr

The data above applies only to the experimental conditions described in the text.

o @




‘thc strontium is precipitated with the ferric hydroxide, leaving the rubidium

in solution. The iron is removed from the strontium by ether-extractiom.

The optimm conditions for coprecipitation of barium with
ferric hydraxide have been investigated’, and the amount of barium
carried has been found to increase with the amount of iron precipitated,
the time of settling, and the pH of the supermate. At a pH of 8, approximately
90 per cent of the barium is carried. Similar studies with strontium have
shown that approximately SO per cent of the strontinm coprecipitates with
the ferric hydroxide at a pH of 810, Calcinm has been found to not
coprecipitate with ferric hydraxidell.

Lead Sulfate as a Carrier for Barium and Strontium. The co-

precipitation of barium and strontium on PbSQ) can be used to ssparate
carrier-free quantities of these elements from fission prodnctslz. The M
is precipitated with Pb(NO3), and sulfuric acid. About 90 to 95 per cent of
the barium and 80 per cent of the strontium are coprecipitated. Small amounts
of other elements such as cerium, uranium, and thorium are also precipitated.
Most of the lead can be removed by converting the sulfate to carbomate,
dissolving it in hot HCl, and precipitating the chloride. The lead not removed
by this procedure can be precipitated as the sulfide, or it might be removed by
selective elution from an EDTA-loaded Dowex-l ion exchange resinl3.

Lead chromate can be used as a carrier for barium to separate
trace quantities of barium from tracer strontium, and lead nitrate can be
used as a carrier for both barium and stror_xtinnu‘.

L. Chelate Complexes of Barium, Calcium, and Strontinm

Chelate complexes of barium, calcium, and strontium have not been
applied to radiochemical procedures to any great extent. It is worthwhile,
however, to consider some of the complexes formed in order to understand what
effect various chelating agents may have on a solution of alkaline earth
ions. ,

A summry of some of the chelating agents forming complexes with
the alkaline earths is given in Table 4. The formation constants of the 1:1

@ n



TAELE ). BARIUM, CALCIUM, AND STRONTIUM COMPLEXES

OF SOME COMPLEXING AGENTS

Chelating Alkaline Ionic
Agent Earth Log K Strength Reference

EDTA Ba 7.76 0.1 a
Ca 10.59 0.1 a

Sr 8.63 0.1 a

Oxalic acid Ba 2.31 o] b
Ca 3.00 0 b

Sr 2.5, 0 b

Malonic acid Ba 1.23 0.2 c
1,71 0.0k d

Ca 1.6 0.2 c

2.L9 0.0k d

Sr 1.25 0.2 c

Succinic acid Ba 0.97 0.15 e
Ca 1.16 0.15 e

Sr 0.75 0.16 f

Maleic acid Ca 1.2 0.16 f
Sr 1.1 0.16 b 4

Citraconic acid Ca 1.3 0.16 f
Sr 1.3 0.16 f

Citric acid Ba 2.3 0.16 4
Ca 3.4 0.16 b

Sr 2.7 0.16 g

Tartaric acid Ba 1.62 0.2 c
Ca 1.80 0.2 c

Sr 1.65 0.2 c

Trimetaphosphoric acid ra 3.35 o] h
Ca 3.h5 0 h

O-phthalic acid Ba 0.92 0.15 e
Ammoniatriacetic acid Ba 6.41 0 i




‘ TAELE L. (CONT!'D)

Chelating Alkaline Ionic
Agent Earth Log K Strength Reference

Ammoniatriacetic acid Ca 6.1 0.1 j

8.18 0 i

sr k.98 0.1 3

6.73 0 i

Lactic acid Ba 0.55 0.2 c

Ca 1.07 0.2 c

Sr 0.70 0.2 c

Malic acid Be 1.30 0.2 ¢

Ca 1.80 0,2 c

Sr 1.5 0.2 c

Methylamine-N, N,- Be 2.59 0.1 3
diacetic acid

Ca 3.75 0.1 3

sr 2.85 0.1 3

& -Quinolinol Sr 2.39 0.1 k

k

0.84 (1og ¥2)%# 0.1

0.

* Formation constant for Sris.

a. G. Schwarzenbach and H. Ackerman, Helv. Chim. Acta 31, 1029 (19L8).
b. R. W. Money and C. W, Davies, Trans. Faraday Soc. 28, 609 (1932).
¢. R. K. Cannan and A. Kibrick, J. Am. Chem. Soc. 60, 231L (1938).
d. D. I. Stock and C. W. Davies, J. Chem. Soc. 1949, 1371.
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chelates are also given, and they show that the stability of the complexes
formed with a particular chelating agent decreases with increasing atomic
weight. Calcium forms the most stable complexes and barium, the least
stable.

The ethylene diamine tetra-acetic acid (EDTA) complex of calcium
has been used in an analytical procedurel « The calcium is titrated with
EDTA, using ®arsenazo® as an indicator. The indicator changes from violet
to orange at the end point. The formation of the barium EDTA complex may
be used to dissolve barium sulfatelé. This procedure can be employed in
the course of a separation to assist in decontamination of a barium
sulfate precipitate. The precipitate is dissolved in a hot ammoniacal
solution of EDTA and reprecipitated by dilution and acidification.

Sodium rhodizonate forms chelate complexes with barium and
strontium that are used as spot tests for these ions]‘?. Insoluble chelate
complexes of barium, calcium, and strontium are formed with piecrolonic
acidls. These chelates are soluble in acetic acid.. Complexing agents
such as EDTA, citric acid, and lactic acid are used in ion exchange
procedures for the alkaline earths.

5. Extraction of the Thenoyl Trifluorocacetons (TTA) Complexes

of Barium, Calcium, and Strontium Into Organic Solvents. A thenoyl

trifluoroacetone extraction has been used for the purification of
carrier-free Cahs preduced in the neutron bombardment of scandium'®, The
scandium is removed by solvent extraction at pHS into a 0.5M solution of
TTA in benzene, and the calcium is extracted by a 0.5M solution of TTA in
benzene at pH 8.2. The calcium is removed from the benzene phase by
back-extraction with water or dilute acid. The equilibrium constant for

the calcium extraction at 25 C is:

.2
(CaT2)p Hz. -
Kog = aT2)p '111012

(ca®®), (=3

where B and A represent the benzene and aqueous phases, respectivelyzo. More

than 99 per cent of the calcium is extracted at pH 8.2.
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Strontium has been extracted at a pH greater than 10 into a 0.02 M
solution of TTA in benzem21. The equilibrium constant for this extraction
is 7.5 x 10715, A TTA extraction at pH 5 has been used to separate I°C from
srd0. 225 23, 2L Yitrium extracts into a benzene solution of TTA at this
pH, but strontium does not., Kiba and m:mm25 report the extraction of
strontium at pH 8 into a 0,05 M solution of TTA in hexane,

No information has been located on the extraction of a TTA complex
of barium into an organic solvent, but considering the pH values required
to extract calcium and strontium into a benzene solution of TTA, a pH of
greater than 10 or 11 would probably be required for the extraction of
barium into this solvent.

6. Extraction of Barium, Calcium, and Strontium Into Organic

Solvents. Applications of solvent extraction to the radiochemical

analysis of barium, calcium, and strontium are not extensive. Morrison and

h‘eiaer26 have reviewed extraction procedures, and some of the solvents

they mention for the alkaline earths are discussed below. Few procedures

are specific for barium, calcium, and strontium, and the applications have

mainly been to the separation of the alkaline earths from one another.
Alcohol and Ether - A 1l:l mixture of absolute alcohol and absolute

ether has been used to extract anhydrous calcium nitrate from strontium
and bar:l.um27. A solution of the alkaline earths is evaporated to dryness
in the presence of nitric acid, and the calcium nitrate is extracted from
the dry mass by washing with the alcohol-ether mixture. The solubility
of the calcium nitrate in the alcohol-ether mixture is 0.37 grams of
Ca(NO3) per ml.

Butyl Cellosolve - Anhydrous calcium nitrate can be separated from

strontium and barium in the same manner as discussed above with alcohol and
ether, using the monobutyl ether of ethylene glycol (butyl cellosolve)28.
The hydrated nitrates and the butyl cellosolve are rendered anhydrcus by
boiling the nitrates in the reagent. The solubility of ankydrous calcium

nitrate in butyl cellosolve is 0.243 g/ml. The solubilities of the barium
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and strontium nitrates in the solvent are not more than 2.3 x 1076 and
1.1 x 1075 g/m, respectively.

Acetone - The anhydrous ca‘J.cium nitrate can also be extracted into
acetone to the extent of 0.212 g/nilzé‘.}

8-Quinolinol in Chloroform - Strontium can be extracted into a 1M

solution of 8-quinolinol in chloroforn®. An aqueous solution’of less
than 0.1 mg of strontium is brought to a pH of 11.3 with sodium hydroxide
and diluted to 15 ml. This is shaken with the organic solvent, and
approximately 96 per cent of the strontium will be extracted.

A 3 per cent 8-quinclinol solution in chloroform can be used to
extract calcium from a solution at a pH of 13 containing butyl cellosolve
and up to 80 micrograms of calciunsl,

Di (2-ethyl hexyl) Orthophosphoric Acid in Toluene - A 1.5 M

solution of di (2-ethyl hexyl) crthophosphoric acid (HDEHP) in toluene
has been used to separate Y0 from sr?0 » and Lalho from Balho. 32 1phe
190 is extracted by this reagent from a 0.1 M HC1l solution leaving most of
the strontium in the aqueous phase. The distribution ratio (X), i.e., the
ratio of the concentration of a specific nuclide in the organic phase to
the concentration of that nuclide in the organic phase to the concentration
of that nuclide in the aqueous phase, for strontium in this system is
1.6 x 10~2 and that for yttrium is greater than 10)".

Lalho is separated from Balho by extracting the lanthanum from

a 0,05 M HC1 solution. The K value for the barium is 3 x 10"2

, and that
for lanthanum is 50. A detailed study of the extraction of strontium and
barium by HDEHP in toluene has not been made, but the distribution ratios
are known to be approximately inversely proportional to the second power
of the aqueous acid concentration and directly proportional to the second
power of the HDEHP concentration3?,

7. n E Behav, Bapium, Calcium Strontjium,
Time considerations have thus far prevented the general applicability

of ion exchange procedures to rapid radiochemical separations of the
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alkaline earths., Good separations have been obtained, but most procedures
reguire six hours or more. Ion exchange is very good, however, for trace
quantities of barium, calecium, and strontium; -and this method has been applied
to the separation of alkaline earths from fission products, from products

of neutron irradiations, and from each other.

Cation Exchange. A cation exchange resin such as Dowvex-50 will
adsorb ions of the same valence in the order of their increasing hydrated
ionic radii, the smaller hydrated ions being adsorbed first. Bowner and
Smith33 list a selectively scale for divalent ions or Dowex-50, and from
this scale one can determine that the sequence of adsorption of the
alkaline earths will be Ba*' first, then Sr**, and then Ca**., When the
alkaline earths are eluted from a resin with a complexing agent, the order
of elution depends upon the relative stabilities of the metal complexes
formed. The alkaline earth forming the most stable complex will be eluted
first, and normally this will be calcium.

Carrier-free strontium and barium have been seperated from fission
products on a column of Amberlite IR-1 (40-60 msh)’n. Zirconium and
niobium were removed first with 0.5 per cent oxalic acid, and yttrium, cerium,
and the rare earths were eluted mnext with 5 per cent citric acid adjusted
to a pH of 3 with NHyOH, The strontium and barium were removed with an
eluant of 5 per cent citric acid at a pH of S. The strontium came off
the column first.

Tompkins35 separated radiocactive strontium, barium, and radium on
al cm2 x 15 cm column of colloidal agglomerates of Dowex-50. The initial
solution contained 20 mg of strontium, 20 mg of barium, and 204 g of
radium. The elution was carried out with 0.5 M ammonium citrate at a pH of
7.8 and with a flow rate of 0.3 ml per minute. All of the strontium was in
the first 4 ml of eluate, all of the barium was in the next 4 ml, and the
radium was in the last 8 to 10 ml. W. H, Power, et al., separated barium
and radium on a Dowex-50 column by adding the barium and radium to the column

in a solution of 0.2 N nitric or hydrochloric acid and eluting with 0.32 M
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ammonium citrate at pH 5.636. The barium was eluted first, Barium to
radium ratios as high as 4440 to 1 were separated with one elution.

Strontium-90 has been separated from its Y9° dauvghter by ion
exchange with Dowex—5037’38. The &‘90—190 solution is added to the column
after the resin has been converted to the ammonium form with ammonium
citrate at pH 6. The yttrium is eluted with a 5 per cent solution of
ammonium citrate at pH 3.8. The strontium is eluted with ammonium
citrate at pH 6.0. Barium-140 has been separated from its Lelw daughter
in the same marmer3?. The 1al*0 is eluted from a Dowex-50 column with
citric acid at pH 3.8, and the Balu'o is eluted with the same reagent at
pH 6.0,

An ion exchange separation with Dowex-50 has been employed in
the radiochemical analysis of strontium and barium in urinel®, The EDTA
chelates of the alkaline earths in urine at a pH of 5.5 are passed through
the colummn., Calcium and magnesium are eluted with a solution of citric
acid and EDTA at pH 5, and sodium is eluted with 0‘.5 N hydrochloric acid.
The strontium and barium are then removed from the colum with 6 N nitric
acid.

Milton and Grummittil studied the cation-exchange separation of
the alkaline earths with a 1.1 x 8 cm, Dowex-50 column at elevated temperatures
and applied this to the analysis of sr?0 in milk ash samples. They eluted
magnesium, calcium, strontium, barium, and radium in that order with 1.5 M
smmonium lactate at pH 7 and at 78 degrees Centigrade. They also obtained
good separations with 1.5 M and Lk M hydrochloric acid eluants and with an
eluant of 5 per cent ammonium citrate at pH 5. Temperatures of 60 degrees
and 78 degrees Centigrade were used for the hydrochloric acid and ammonium
citrate elutions, respectively.

Strontium and calcium have been separated on a Zeokarb 225 column
in the sodium formhz. The strontium and calcium in an EDTA solution at

pH 5.25 are added to the colum. The strontium is retained on the resin and




the calcium=-EDTA complex passes through. The strontium is then eluted with
3 N hydrochloric acid.

Calcium has been separated by ion exchange from tracer scandium
and the radicactive impurities produced in it by neutron i.rradiati.on“3 o
The calcium is adsorbed on a 4.5 cm column containing 0.25 g of SO micron
particle size Zeokarb 225 and eluted with hydrochloric acid.

The alkaline earths have been Qquantitatively separated from each
other in millimole Quantities on a colum of Dowex~50 (120 mesh)il. The
column size was 2.5 cm x 19 cm, and the eluant was 1.20 M ammonium
lactate at a flow rate of 1.4 ml per minute. The first 74 ml contained
all of the calcium, the next 58 nl contained all of the strontium, and
the barium was in the last 325 ml. The separation required 6 hours.

Anion Exchange. A few procedures utilizing anion exchange
columns have been reported for the alkaline earths. Strontium=-90 has
been separated from Y9° on a2 Dowex-1 column pretreated with lvdroxidehs.
The strontium is eluted from the column with water, and the yttrium
remains on the colwm as Y(OH)3. The yttrium may be eluted with 1 M
hydrochloric acid. Another strontium and yttrium separation has been
reported, using a nitrate loaded Dowex-1l colum containing some
8=hydroxyquinoline =5- sulfonic acid (HCS)hé. The strontium is eluted from
the column first with a solution 0.1 molar in NaNO3 and 0.0005 molar in
HCS at a pH of G5.5.

Barium-110 has been separated from Lalk0 on an lvdroxidp charged
Dowex-1 columnw. A 0.01 N hydrochloric acid solution of the barium and
lanthamn is passed through the colum, and the effluent contains radio-
chemically pure Ban‘o. Any barium remaining on the column may be eluted
with water. The Lall0 stays on the column and may be eluted with dilute
nitric acid.

The alkaline earths have been separated from each other on a
citrate resin pretreated with 0.05 M ammonium citrate at pH 7.5h8. A

chloride solution of the alkaline earths was added to the column, and the
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elution was performed with 0.05 M ammonium citrate at pH 7.5. The barium
was eluted first, followed by the s‘trontium and then the calcium,

James and Welchh9 report the adsorption of trace amounts of
strontium on an Amberlite IRA-L40O resin by the formation of an insoluble
salt. Trace amounts of strontium were adsorbed on the resin in the oxalate
form (the solubility of strontium oxalate is 0.05 g/1). The strontium
was readily eluted with dilute acid. With a chromate resin form only
abcut 80 per cent of the strontium was adsorbed, and with an hydroxide resin
form the strontium was not adsorbed. Strontium chromate has a solubility
of 1.5 g/1, and strontium hydroxide, 17.4 g/1. The limit of solubility for
the application of this technique appears to be approximately 1.5 g/1.

The fact that strontium is not adsorbed on an Amberlite IRA-LOO
colum in the hydroxide form has been employed to separate strontium and
cesium from fission productsso. All of the fission products present in
their solutions except strontium and cesium are removed from solution by

this colum (assuming barium is absent).

V. DISSCLUTION OF MATERIAL CONTAINING BARIUM, CALCIUM, AND STRONTIUM

The problem of dissolving a sample for the subsequsnt rediochemical
analysis of the alkaline earths is in most cases a simple one. Water can
be used to dissolve such compounds as the acetates, bromides, chlorides,
chlorates, perchlorates, cyanides, ferricyanides, iodides, nitrates,
nitrites, and permanganates. Hydrochloric or nitric acid dissolves the
fluorides, carbonates, oxalates, chromates, phosphates, sulfates (except
barium), and oxides.

Barim sulfate can be dissolved by treatment with hot, concentrated
sulfuric acid, but dilution with water causes reprecipitation of the
sulfate. To obtain a solution of barium ions from barium sulfate, it is best
to convert the sulfate to barium carbonate by fusion with sodium carbonatesl.
The sulfate is mixed with four to six times as much anhydrous sodium carbonate
and fused in a platimm crucible. The residue is cooled, boiled in a little

water, filtered, and washed with hot sodium carbonate solution to remove
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the sulfate ions. The barium carbonate residue is then dissolved in dilute
hydrochloric or nitric acid.

Frequently barium—-, calcium, or strontium-containing materials
such as limestone, cement, soil, bones, and biological materials must be
brought into solution. Hot hydrochloric acid can be used to dissolve
limestone and cement. An insoluble residue of silica will remain, and this
can be filtered or centrifuged.

In removing alkaline earths from soil it may not be necessary
to bring the soil into solution. Strontium, for example, has been leached
from soil with acidsz. Twenty-five milliliters of 1M nitric acid is added
to ten grams of soil and stirred to suspend the soil. This is heated and
stirred for three to four mimutes and centrifuged. Kahn®3 reports that
86.2 # 1,1 per cent of the strontium is removed per leach and 99.5 per cent
is removed in three leaches. To separate the strontium from calcium
dissolved by the acid, add strontium carrier and precipitate the alkaline
earth carbonates from basic solutionj redissolve the carbonates in nitric
acid and precipitate strontium nitrate with fuming nitric acid, leaving
the calcium in solution.

An ammonium acetate leach can also be employed to extract
calcium and strontium from soilSh. The soil is crushed and suspended
overnight in a norml solution oY ammonium acetate at pH 7. The suspension
is filtered, and the filtrate is evaporated to dryness and ashed at
600 degrees Centigrade. The ashed residue is dissolved in hydrochloric
acid, and iron and aluminum are removed by a hydroxide precipitation.
Calcium and strontium are then precipitated as the cxalate.,

In some cases the leaching procedure may not work and the soil
mst be dissolved by an alkali msionss. The soil is ground to a powder
in a mortar and pestle and added to a fusion mixture of 2:1:1 by weight of
potassium hydroxide, nitrate, and carbonate. The fusion mixture should be
five to ten times the weight of the soil sample. The fusion mixture is

heated for two hours at 550 degrees Centigrade, while swirling the contents
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at fifteen minute intervals. The mixture is then cooled and leached with
10 ml of water. The alkaline earths remain in the melt. Ten ml of 6N
nitric acid is added and the mixture is heated. This is taken to dryness
twice with addition of conc. nitric acid to dehydrate the silica. The
melt is redissolved in nitric or hydrochloric acid, and the silica is
centrifuged.

Biological samples such as plant material or dairy products are
first ashed by heating at 600 C for several hoursSl. Milk sax.nples are
first evaporated to dryness and then ashed. The milk ash goes readily
into solution in hot, concentrated hydrochloric acid, but in the case of
the plant ash it is necessary to perform two extractions with aqua regiasl‘.
In soms cases one may prefer to wet ash biological material by treatment
with nitric acid followed by an equal volume mixture of nitric and
perchloric acidsgé.

Human and animal bone samples are first ashed for about L hours
at 900 C and then dissolved in hot, concentrated hydrochloric acidsl‘.

VI. RADIOASSAY TECHNIQES FOR BARIUM, CALCIUM, AND STRONTIUM

In the radioassay of solutions or precipitates containing
radioisotopes of barium, calcium, or strontium particular attention must be
paid to the decay schemes and radiations of these isotopes. Such factors
as half life, type of radiation, and energy of radiation must be considered.
Nuclear characteristics of the isotopes of the alkaline earths can be found
in the literature®! and are summarized in Section III.

Calcium=-45 is the radioisotope commonly used as a tracer in
calcium analysis., This isotope emits beta particles with a maximum energy
of 0.254 Mev, and it emits no gamme radiation. A thin-window Geiger or
proportional counter is useful for radiocassay of C»,hs « In neutron activations
of calcium Cahl, Cam, and Caw may be produced in addition to Cahs.
Long-lived calid emits no radiation other than 0.003 Mev X-rays which are
difficult to measure. These low energy X-rays may be counted in a
proportional counter with a thin window. The 8.8 minute Ca¥d will not be
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encountered unless work is begun very soon after irradiation, in which case
it is best determined by counting the 1.0 and 2.1 Mev beta particles with

a Geiger or proportional counter. The L.7 day Call? emits 0.66 and 1.94 Mev
beta particles in addition to gamma rays at 0.50, 0.81, and 1.29 Mev. The
beta particles can be detected with a Geiger or proportional counter, and
the gamma radiation can be determined with a scintillation detector. Decay
corrections mst be made in counting Cah9 s and they should be made for Ca‘w
if the counting extends over a period of a few hours.

it Ca.hs, Cah'( » and calt? are present in an activated sample, they
will all contribute to the beta count and a decay curve must be determined
and resolved to obtain the quantity of each isotope. If only 164 day calts
is to be counted, the chemical separation of calcium should be carried out
after the decay of the short-lived isotopes.

Strontium=-89 and strontium=-90 are commonly used as tracers for
strontium analysis and are often determined in fission product and fall-out
studies. bDoth are beta-emitters and can be determined with a Geiger or
'proportional counter. Sr89 is always determined by beta-counting the
strontium precipitate. 5p90 decays to 61 hour Y% which is also a
beta-emitter. When activities from daughter products interfere in
counting, three methods of measurement are possible. In one, a time lapse
of about 10 half lives is allowed between the strontium separation and the
counting to permit the mixture to reach radiocactive equilibrium, when the
ratio of parent-to-daughter activity is constant. In the second method,
the Y0 is removed by precipitating it as the hydroxidesa » extracting it
from an acetate buffered s;)lution at pH S into a 5 per cent solution of
TTA in benzene>? » or selectively eluting the yttrium from an ion exchange
colum®0s61, The sr’C is then separated and radicassayed before the Y90
again becomes measurable.

The third method, which is most commonly used, also involves a
separation of the Sr¥0 and Y90, After the complete chemical procedure is

performed to separate the strontium from the fission product or fall-out
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sample, the strontium is stored for a period of time to permit ingrowth of
Y70, The Y0 is then milked from the strontium by one of the methods
described above and beta-assayed. The sr¥0 disintegration rate, ISr9°’

N
of the original sample is calculated by means of the etma't.j.cm6°:1

Iy%0
Tgp * Ty (1 - 07¥93)

Isr90 *

where !Sr and II are the chemical yields for the strontium separation and
the yttrium milking, The factor 1/(1-e~%93) is the correction factor for
Y9° growth when the ingrowth time is t hours, IY9° is the disintegration
rate of the Y9 milked from the strontium, The Y90 counting rate mst

be corrected for decay occurring during the time between the yttrium milking
and the counting of the Y90,

In a neutron-activated strontium sample 81'85‘, sr85 s Sr87",
and Sr8 will be observed. Sr89® may be present, but very little is
known about this isomer of Sr89, 8r89 is the only beta emitter in this
group. The others emit only gamma rays and can be measured with a
scintillation counter. Again the short-lived activities can be permitted
to decay, and only the 51 day sr89 and 8l day Sr85 need be msasured. The
gamma rays from the latter isotope can be easily distinguished with a
scintillation spectrometer.

In a fission product mixture all of the radioactive isotopes of
strontium with mass numbers above 88 may be present. sr89 and sr9° may be
measured as discussed above. Sro} and Sr92 emit both beta and gamma
radiation and can be counted either with a Geiger or proportional counter
or a scintillation counter. They have short half lives, however, so
decay corrections must be made. sr93 ’ Sr9h, Sr95, and Sr?7 are all beta
emitters but they have very short half lives and may not be observed.

All of the short-lived isotopes can be permitted to decay, and only the
5r89 and Sr90 need be counted.

Barijum-140 is used as a tracer in barium analysis. This

isotope emits beta particles with upper energy limits of 1.0 Mev and .
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about O.4 Mev and several gazme rays. Thus, it can be measured either
with a Geiger or proportional counter or with a scintillation detector.
BallO with a half life of 12.80 days decays to 4O hour LallO which also
emits both beta particles and gamma rays. At least 13k hours®? may be
allowed to elapse between the chemical separation and the radioassay to
permit radiocactive equilibrium to be eatablished, or the B0 cen be
separated from the Lall0 gng radicassayed before the Lau‘o again becomes
measurable., The separation of hn‘o and Lau‘o can be performed by
precipi tation of BaCly-2Ho0P2, by selectively eluting the Lell® from an
ion exchange t:olum63 s or by extracting the Lol from a 0.05 M HC1
solution into a 1.5 M solution of di(2~ethyl hexyl) orthophosphoric acid
in toluene®lt,

In a neutron activation &131, Bald3m  pgl33 R hlBSm’ &137l,
and Bal3? may be produced. Dal3l with a half life of 11.5 days, 38.9 hour
Bal3R, 7.2 year W33, 28.7 hour W13, and 2.6 mimte Bal37® emit only
gamma rays and can be measured with a scintillation detector, with
appropriate decay corrections for the short half lives. The only beta
emitter in this group is 84 mimte Pal3?, which alsoc emits a 0.163 Mev
gamma ray.

In a fission product mixture short-lived Balll, mlli2, plli3,
and mn‘h may be found in additicn to &137111, Bl39, and Ban‘o. These
higher-mass isotopes are all beta emitters. If a fission product mixture
is allowed to decay for a few hours before chemical separation, only &lho
will remain; and it can be permitted to coms to equilibrium with its Lall®

daughter or it can be counted before the I.nn‘o becomes msasurable.
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VII. COLLECTION OF DETATLED RADIOCHEMICAL FROCEDURES FOR
BARIUM, CALCIUM, AND STRONTIUM

PROCEDURE 1
Radiochemical Determination of Barium
1, Introduction

A radiochemical procedure for barium has been developed from the
yield and decontamination data presented in Tables 2 and 3 in Section IV,
The procedure involves a separation of barium from strontium, calcium, and
other contaminants by precipitation of BaClp*2H20 with an HCl-ether reagent.
This gives an 82 per cent yield for barium and results in a 50- to 100-fold
decrease in contaminants for each cycle. The barium chloride precipitate
is readily soluble in water, thus facilitating the recycling of the barium.
The method is fast and efficient, and it requires no precautions other than
those normally used in handling ether, The results are generally better

than those of nitrate precipitations, because of the lower viscosity of the
supernate, which allows more complete removal by suction tube., The barium
is converted to a form suitable for counting and yield determinations by

a final precipitation as the sulfate.
2. Equipment
Centrifuge
Centrifuge cones, borosilicate glass, graduated, with cone point, 15 ml,
Stirring rods
Pipets, 1 ml.
Glass suction tube connected to a vacuum flask - and through a trap to a
water aspirator.
Planchets, 1 inch diameter flat stainless steel
3. Bsagents
HCl-ether reagent: L volumes of ACS reagent grade hydrochloric acid to
1 volume of ACS reagent grade anhydrous ether (Mallinckrodt).
Nitric acid, 1M
Sulfuric acid, 10 ml of concentrated acid, ACS reagent grade, per 100 nl of
water (about 1.8M).



PROCEDURE 1 (Cont'd.)
4. Carriers (Depending Upon
Suspected Contaminants)

Antimony: SbCl3, 10 mg/ml Sb*3 in 3M HC1.

Barium: Ba(NO3)p, 10 mg/ml Ba*? in water.

Calcium: Ca(NOg)peLHy0, 10 mg/ml Ca*? in water.

Cerium: Ce(NO3)3+6Hy0, 10 mg/ml Ce*3 in dilute HNO3.

Cesiums CsCl, 10 mg/ml Cs® in water,

Chromiums Cr(NO3)3+9H0, 10 mg/ml Cr*3 in dilute HNOs.

Cobalts Co(NO3)p+6Hp0, 10 mg/ml Co*2 in water.

Iodine: Nal, 10 mg/ml I” in water.

Iridium: IrCly, 10 mg/ml Ir*¥ in 0.1M HOL.

Ruthenium: RuCly, 10 mg/m Ru*3 in 0.1M HCl.

Selenium: HpSeO3, 10 mg/ul Se s in 1.2M HCl.

Silver: AgNO3, 10 mg/xl Ag* in water.

Strontium: Sr(N03)2, 10 mg/md Sr*? in water.

Tantalum: KTaF;, 10 mg/ml Ta®> - add KpTaF; to 1 ml. of water containing
one drop of conc. HC1 and 1 drop of 1 to 1 HF and heat to
dissolve. Make up fresh immediately before use because of
instability.

Tin: SnClp+2H,0, 10 mg/wl 5n*2 in 5% HCL

Zirconium: ZrO(N03)o+2H;0, 10 mg/ml 2r*h in 0.5M HNO3 and 0.1M HF,

5. Procedure
An outline of the procedure is given in Table 1 along with the
yields and decontamination factors. A more complete description of each
step is given below.
Step 1. Add 10 mg of carrier of the contaminating ion and 10 mg of barium
carrier to the solution of the sample in a 15 ml centrifuge cone.
Total valume should be 3 ml. Composit carrier salutions can be

prepared to reduce volume requirements.
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TAHE 1.

RADIOCHEMICAL DETERMINATION OF BMRIUM

1,
2,

L.

9.
10.

13.

15,
16.

17.
18.
19.

Ba and Sr, Ca, Ag, Ce, Co, Cr, Cs, I, Ir, Bu, Se, Sh, Sn, Ta, or Zr

Add carriers
Precipitate with L:1 HCl-ether
Digest and centrifuge

Remove supernate

Dissolve precipitate, add carriers

Reprecipitate with HCl-ether
reagent

Digest and centrifuge

Remove supernate

BaCl,2Hp0

Dissolve precipitate, add carriers

Reprecipitate with HCl-ether
reagent

Digest and centrifuge

Remove supernate

A 4
B.Gl2 *2H,0

Decontamination factars:
1-10 Sb
10-100 Ir, Sr, Bu, Zr

100-1000 Ag, Ca, Ce, Co, Cr, Cs,
I, Se, Sn, Ta

Yield 82%

Decontamination factorss

10-100 Sb
102-103 Ir, Sr
103-10% Ru, Zr

10%-105 ag, Ca, Ce, Co, Cr, Cs,
I, Se, Sn, Ta

Yield 67%

e
Decontamination factors:

10-100 Sb
1030
10l-105 sr

105-107 Ag, Ca, Ce, Co, Cr, Ca,
I, Ru, Se, Sn, Ta, Zr

4
BCly-2H0  TYield 55%
Dissolve precipitate, add carriers| Deco mation factors:
10¢<10° Sb
Precipitate with 108 EpSQ, 104-105 1Ir, sr

Digest and centrifuge

Remove Supernate \

Bs
and dry

Transfer precipitate to plate
Weigh precipitate for yield

Mount and count

4

106-108 Ag, Ca, Ce, Cs, Bu, 2r
18 -10%o, Cr, I, Se, Sn, Ta
Yield 55%




Step 2.

Step 3.

Step L.
Step 5.

Steps 6,
Step 9.

PROCEDURE 1 (Cont'd.)

Precipitate BaCly<2H,0 firom the 3 ml agqueous velums by additien
of 10 ml of the HCl-ether reagent with thorough stirring.

Digest for 5 mimutes at room temperature with occasional stirring.
Centrifuge for 5 minutes at top speed.

Remove the supernate with the suction tube.

Dissolve the precipitate in water and add a carrier for the
contaminating ion. BEring the volume to 3 ml.

7, and 8. Repeat Steps 2, 3, and L.

Repeat Step 5.

Steps 10, 11, and 12. Repeat Steps 2, 3, and L.

Step 13.
Step 1k.

Step 15.

Step 16.
Step 17.
Step 18.
Step 19.

Repeat Step S.

Make volume to 10 ml with 1M HNO3 and precipitate BaSQ), with
addition of 1 ml of 10% HpSQ) with thorough stirring.

Digest for 5 minutes at room temperature and centrifuge at top
speed for 5 minutes.

Remove the supernate with suction tube.

Slurry the precipitate onto a planchet and dry.

Weigh the precipitate to determine the yield.

Mount in a counting chamber and count.

6. ' Discussion

If a ratio of HCl=-ether reagent volume to solution volume of

10:1.5 is used, the barium yield can be increased to 92 per cent per cycle,

but the contamination by strontium is increased by a factor of L. Calcium

is not a significant interference in either case.

A precipitate of AgCl forms upon addition of the HCl-ether

reagent when silver is present, but it readily dissoclves in excess reagent.




FROCEDURR 2
Radiochemical Determination of Calcium
1, Introduction
A radiochemical procedure for calcium has been developed from
the yield and deccntamination data presented in Tables 2 and 3 in Section IV,
The procedure involves a nitrate precipitation of calcium with strontium
and barium to separate the alkaline earths from contaminating activities,
a sulfate precipitation to remove the barium and strontium, and a final
precipitation of calcium oxalate. The calcium yield in sach nitrate
precipitation cycle is 78 per cent, and 10 per cent is lost in the sulfate
separation of barium and strontiunm.
2. Equipment
Centrifuge
Centrifuge cones, borosilicate glass, graduated, with cone point, 15 ml.
Stirring rods
Pipets, 1 ml
Glass suction tube comnected to a vacuum flask - and through a trap to a
water aspirator.
Water bath, composed of LOO ml beaker containing 300 ml of water supported
on a small hot plate.
Flanchets, 1 inch diameter flat stainless steel,
3. Reagents
Fuming nitric acid, ACS reagent grade, 90 to 95 per cent HNO3.
Nitric acid, 1M,
Sul furic acid, 10 m)l of concentrated acid, ACS reagent grade, per 100 ml
of water (about 1.8M).
Azmonium hydroxide, concentrated.
Ammonium axalate, saturated solution in water.
L. Carriers
See Procedure 1. The carriers used in this procedure are the
same as those used in the radiochemical determination of barium,
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PROCEDURE 2 (Cont'd.)
S. Procedure
An outline of the procedure, with yields and decontamination
factors, is given in Table 1. A more complete discussion of each step is
given below.

Step 1. Add 10 mg of carrier for strontium, barium, calcium, and the
contaminating ions to the solution of the sample in a centrifuge cone.

Step 2. Add sufficient fuming nitric acid precipitant and water to
secure 80% HNO3, and stir thoroughly.

Step 3. Digest for 5 minutes at room temperature with occasional stirring,
and centrifuge at top speed for S5 mimites.

Step k. Remove the supernate by decantation to waste storage for HNO3.
Explosions are likely to occur if this solution is mixed with other
wastes that may contain organic compounds.

Step 5. Dissolve the precipitate in water and add 10 mg of carrier for
each contaminating ion.

Steps 6, 7, and 8. Repeat Steps 2, 3, and L.

Step 9. Repeat Step 5.

Steps 10, 11, and 12. Repeat Steps 2, 3, and 4.

Step 13. Dissolve the precipitate in water.

Step lh. Make volume to 10 ml with 1M HN03, and precipitate BaSQ) and SrSQ
with addition of 1 ml of 10% HpSQ) with thorough stirring.

Step 15. Repeat Step 3,

Step 16. Decant the supernate into another centrifuge cone and discard
the precipitate.

Step 17. Add 10 mg of carrier for strontium and barium,

Steps 18, 19, and 20. Repeat Steps 1, 15, and 16.

Step 21. Repeat Step 17.

Steps 22, 23, and 24. Repeat Steps 1, 15, and 15.

Step 25. Dilute the solution to 8§ ml with water and add sufficient
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TAHE 1. BADIOCHEMICAL DETERMINATION OF CALCIUM

1.

3.
kL.

6.
Te
8.

9.

10.

12,

13.

15.
16.

Ca and Sr, B, Ag, Ce, Co, Cr,

Ca, I, Ir, Ru, S¢, Sb, Sn, Ta, or Zr

Add carriers
Precipitate with 80% HNO3 -

Digest and centrifuge

Remove supernate 4
ca** on m(N0 3,

Decontamination factors:
1-10 Sb

10-100 Ce, Cr, Co, I, Ir, Ru, Se, Ag,
zr, CS, Sn, Ta

tmd Sr(N03), Yield-Ca 78%, Be and Sr 100%

Dissolve precipitate and zid
carriers

Precipitate with 80% HNOy
Digest and centrifuge

Remove supernate

ca** on Ba(NO3)o

Decontamination factors:
1-10 Sb
102103 ce, Ir

103410k cs, Cr, Co, I, Ru, Se, Ag, Sn,
Ta, 2r

v
and Sr(NO3), Yield=Ca 61%, Ba and Sr 100%

Dissolve precipitate and add
carriers

Precipitate with 80% HNO3
Digest and centrifuge
Remove supernate

Ca** on Ba(NO3)z |

Decontamination factors:

1-10 Sb

10‘*-10S Ce, Co, Ir, 2r

105-10° ¢s, Cr, I, Bu, Se, Ag, Sn, Ta
and Sr(N0y), Yield<Ca 48%, Ba and Sr 100%

Dissolve precipitate

Precipitate with 10% HySO)
Digest and centrifuge

Discard precipitate

Decontamination factors
1-10 Sr

10-100 Sb, Ba
101‘-105 Ce, Co, Ir, Zr
105107 Cs, Cr, I, Bu, Se, Ag, Sn, Ta
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PROCEDURE 2 (Comttd)
TAHE 1. (CONTINUED)

ca**  TYiela-h3%

17. Add Sr and Ba carriers Decontamination factors:
1-10 Sr
18. Precipitate with 10% HgSOh %85}281‘513‘
19. Digest and centrifuge 104-10% Ce, Co, Ir, Zr
20. Discard precipitate 105-107 ¢s, Cr, I, Bu, Se, Ag, Sn, Ta
_g'ﬁ Yield-39%
21. Add Sr and Ba carriers Decontamination factors:
22. Precipitate with 10% HpS0), 10-100 Sr, Sb
23. Digest and centrifuge 10“-105 Ce, Co, Ir
2. Discard precipitate 105-10 B, Cs, Cr, Ié Rui Se, Ag, Sn,
a, Zr

*1’_’_ Tield-35%

25. Add excess NH) OH and heat Decontamination factors:
to boiling 10-100 Sr, Sb
26, Precipitate with (NH,)sCo0, 104-105 e, Ir
27. Heat to boiling, digest, and 6
centrifuge 105-10 Co, Cr, Ru, 2r
28, Remove supernate 106-20% m, cs, I, Se, Ag, Sn, Ta

Ci'CzOh Yield-35%
29. Transfer precipitate to plate and dry
30, Weigh precipitate for yield

31. Mount and count

concentrated NHhOH to0 neutralize the acid and give an excess. One ml
is usually satisfactory. Heat to boiling.

Step 26. Add 2 ml of a solution of saturated ammonium oxalate and stir
thoroughly to precipitate CaC20),.

Step 27. Heat again to boiling and allow to stand for 5 minutes without
applying heat, while stirring occasionally. Centrifuge at top speed for

S mimtes.
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PROCEDURR 2 (Comt'd,)

Step 28. Remove the supernate with the suction tube.
Step 29. Slurry the precipitate onto a planchet and dry.
Step 30. Weigh the precipitate to determine the yield.
Step 31. Mount in a counting chamber and count.
6. Discussion

The precipitation of the barium and strontium nitrates must be
done in 80% nitric acid. If the concentration of the nitric acid were
lower, the coprecipitation of the calcium would be much reduced. In 70%
nitric acid only 13.4 per cent of the calcium is carried, and in 60%
nitric acid only 3.5 per cent of the calcium is coprecipitated with the
barium and strontium,

Care must be exercised in handling the fuming nitric acid. The
work should be done in a well ventilated hood, and the operator should wear
rubber gloves and a face shield to avoid severs acid burns,

PROCEDURE 3
Radiochemical Determination of Strontium
l. Introduction
A radiochemical procedure for stromtium has been developed from

the yield and decontamination data presented in Tables 2 and 3 in
Section IV. The procedure involves a nitrate precipitation of strontium
and barium, a chloride precipitation to remove the barium, and a final
precipitation of strontium oxalate. The nitrate precipitation is done in
60 per cent nitric acid to minimize the calcium contamination. The yield
of strontium nitrate is 81 per cent. About 3 per cent of the strontium
is precipitated with the BaCl,+2H,0.

2. Equipment
Centrifuge
Centrifuge cones, borosilicate glass, graduated, with cons point, 15 xl.

Stirring rods
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PROCEDURE 3 (Cont'd.)

Pipets, 1 ml

Glass suction tube connected to a vacuum flask - and through a trap to a
water aspirator.,

Water bath, composed of 4OO ml beaker containing 300 ml of water supported
on a small hot plate.

Planchets, 1 inch diameter flat stainless steel.

3. HReagents

Fuming nitric acid, ACS reagent grade, 90 to 95% HNO,.

HCl-sther reagent: L volumes of ACS reagent grade hydrochloric acid to
1 volume of ACS reagent grade anhydrous ether (Mallinckrodt).

Ammonium hydroxide, concentrated.

Ammonium oxalate, saturated solution in water.

L. Carriers
See Procedure 1. The carriers used in this procedure are the same
as those used in the radiochemical determination of barium.
5. Procedure
An outline of the procedure, with yields and decontamination
factors, is given in Table 1. A more complete discussion of each step is
given below,.

Step 1. Add 10 mg of carrier for strontium, barium, and the contaminating
ions to the solution of the sample in a centrifuge cone.

Step 2. Add sufficient fuming nitric acid precipitant and water to secure
60% HNO3, and stir thoroughly.

Step 3. Digest for 5 mimites at room temperature with occasional stirring,
and centrifuge at top speed for 5 minutes.

Step L. Remove the supernate by decantation to waste storage for HNOB.
Explosions are likely to occur if this solution is mixed with other
wastes that may contain organic compounds.

Step 5. Dissolve the precipitate in water and add 10 mg of carrier for

each contaminating ion.




. PROCEDURE 3 (Cont'd.)

Steps 6, 7, and 8. Repeat Steps 2, 3, and L.

Step 9. Dissolve the precipitate in 3 nl of water.

Step 10. Precipitate &612-2520 from the 3 ml aqueous volume by additiom
of 10 ml of the HCl-ether reagent with thorough stirring.

Step 11. Repeat Step 3.

TAHE 1. RADIOCHEMICAL DETERMINATION OF STRONTIUM

Sr and Ba, Ca, Ag, Ce, Co, Cr, Cs, I, Ir, Bu, Se, Sb, Sn, Ta, or Zr

l. Add carriers Decontamination factors:

2, Precipitate with 60% HN03 1-10 Sb

3. Digest and centrifuge 10-100 Ca, Ce, Cs, Co, Ru, Se, Ag, Sn, Zr
Lo Remove supernate 100-1000 Cr, I, Ir, Ta

Ba(NO3), and Sr(NO3)p Yield-Sr 81%, Ba 86%

5. Dissolve precipitate and add Decontamination factors:
carriers 10-100 Sb
6. Precipitate with 60% HNO, 102-103 Ca, Co, 2r 3
7. Digest and centrifuge 103-10% ce, Cs, Cr, Bu, Se, Ag, Sn
8., Remove supernate 104105 I, Ir, Ta

v
Ba(NO3), and 5r(NO3)p, TYield-Sr 66%, Ba 7h%

9. Dissclve precipitate Decontamination factors:
1-10 B
10. Precipitate BaClp+2Bp0 with 10-100_Sb
HCl-ether 102-103 Ca, Co, Zr
11. Digest and centrifuge 103-10% ce, Cs, Cr, Ru, Se, Ag, Sn
12. Discard precipitate 10%-10° I, Ir, Ta

?r” Yield-6L%

 —

13. Add barium carrier to precipitate | Decontamination factors:
BaCl,*2H,0 10-100_Ba, Sb

1. Digest and centrifuge 103-10% ce, Cs, Cr, Bu, Se, Ag, Sn

15. Discard precipitate l10h~1o5 I, Ir, Ta
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TAHLE 1. (CONTINUED)

16.
17,

18.
19.

20,

21,

22,
23.

se*’ Yiela-62%

Evaporate and redissolve Decontamination factors:
Add excess unhon and heat 10-100_Ba

to boiling 102-103 Ca, Sb, Zr
Precipitate with (MH,),Co0y 103-10% Co, Ce, Cr, Ba, Sn
Heat to boiling, digest, and

centrifuge 108-105 se, Ir, Ta

Remove supernate 105-107 Cs, I, Ag

v
SrCy0, Yield-61%
Transfer precipitate to plate and dry
Weigh precipitate for yield

Mount and count.

Step 17. Decant the supernate into another centrifuge cons and discard

the precipitate.

Step 13. Add 10 mg of Ba carrier. BaCl,-2H,0 will precipitate.

Steps 1 and 15. Repeat Steps 11 and 12,

Step 16. BEvaporate the HCl-ether supernete and redissolve the residue in

8 ml of water.

Step 17. Add sufficient NHhOH to make the solution basic, amd heat to boiling.

Step 18. Add 2 ml of a solution of saturated ammonium oxalate and stir
thoroughly to precipitate SrCj0,.

Step 19. Heat again to boiling and allow to stand for 5 minutes without
applying heat, while stirring occasionally. Centrifuge at top speed
for 5 minutes.

Step 20. Remove the supernate with the suction tube.

Step 21. Slurry the precipitate onto a planchet and dry.

Step 22. Weigh the precipitate to determine the yield.

Step 23. Mount in a counting chamber and count.
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PROCEDURE 3 (Cont'd.)
6. Discussion

The precipitation of the strontium and barium nitrates is done
in 60% nitric acid to minimize the calcium contamination. At this acid
concentration only 3.5 per cemt of the calcium is coprecipitated with the
strontium and barium, but at a concentration of 70 per cent, 13.l per cent
of the calcium is carried. If the acid concentration gets as high as 80 per
cent, 78 per cent of the calcium is carried.

Care mist be exercised in handling the fuming nitric acid. The
work should be done in a well ventilated hood, and the operator should
wear rubber gloves and a face shield to avoid severe acid burns. Good
ventilation should also be provided for the dher, and it should not be

brought close to open flames.

PROCEDURE 4
BARITM

Source - C, 0, Minkkinen in *Collected Radiochemical Procedures®,
Los Alamos report LA-1721. Jan. 1958.

The procedure for the separation and determination of barium is a

modification by C. O. Minkkinen of one described by L. E. Glendenin,
CC-971 (September 15, 1943),

1, Introduction

Barium may be separated from fission-product material by the speci-
fic precipitation in the cold as BaCl;. Hy0 by means of a concentrated
hydrocil:.ic acid-ethyl ether mixture. The procedure for the determination
of barium as outlined below consists in the isolation of BaClp « Hy0,
followed by conversion to the chromate. Three precipitations of the chlo-
ride are carried out, the first and second being followed by ferric
hydroxide scavenging steps. The final precipitation of barium as the chro-
mate is preceded Ly aflantbamm hydroexide scavenging step to remove
lanthanum and other fission products which form insoluble hydroxides and

which were not removed by the iron scavenger.
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PROCEDURE 4 (Cont'd.)
The chemical yield of barium chromate is 65 to 75%. A single analysis

requires about 2 hours.

2. Reagents
Ba carrier: 10 mg Ba/ml h(NO3)2 solution--standardized

Fe carrier: 10 mg Fe/ml (added as aquecus FeCly ° 6H,0)
La carrier: 10 mg La/ml (added as aQueous La(NO3)3 * 6H50)
HCl-ethyl ether mixture: 5 parts (by volume) conc. HCl to 1 part ethyl ether
Mg, OH s 6M

NHhOH: 1M

HCl: 6M

IE2H302: 6M

NHh02H302: 3M

Na,CrO) : 1.5M

Phenolphthalein indicator solution

Ethanol: 95%.

3. Equipment
Drying oven
Centrifuge
Hot plate
Fisher burner

Block for holding centrifuge tubes

Forceps

Mounting plates

15-ml sintered glass crucible (fine porosity)
Ground-off Hirsch funnels: Coors 0O0CA (one per sample)
Filter chimmeys (one per sample)

Filter flask (one per sample)

250-m1 beakers {one for each standardization)

Pipets: 2- and 5-ml




PROCEDURE 4 (Cont'd.)
Wash bottle
LO-ml conical centrifuge tubes: Pyrex 8320 (four per sample)
No. 50 Whatman filter paper: 7/8% diameter
Stirring rods
Ice bath.

L. Preparation and Standardization of Carrier

Dissolve 19.0 gm of E(N03)2 in Hy0 and dilute to 1 liter.

Pipet 5.0 ml of carrier solution into a 250-ml beaker and dilute to
approximately 100 ml. 4dd 5 ml of 6_13 3021-1302 and 10 ml of 3M mhczn302.
Flace on hot plate and bring to a boil. Add 5 ml of 1.5M Na,Cr0), drop-
wise with stirring, boil for 1 min with stirring, cool to room temperature,
and filter the &Cr% on a fine sintered glass crucible which has been
washed with water andethanol, dried at 110° for 15 min, and weighed.

Wash the precipitate three times with S-ml portions of HyO and three
times with S-ml portions of ethanol. Dry at 110°, cool, and weigh.
Four standardizations of the carrier solution are performed. The

spread in results is about 0.5%.

5. Procedure

Step 1. To the sample in a LO-ml centrifuge tube, add 2 ml of
standardized Ba carrier (combined volume not to exceed 5 ml). Place
tube in ice bath and add 30 ml of cold HCl-ether reagent (Note 1)}, Stir
for 1 min or until a precipitate of B&Cly » Hy0 is formed. Centrifuge
and discard the supernate. Weshirgprecipitate twice with 5 ml of HCl-
ether mixture, centrifuging after each eashing and discarding the super—
nate.

Step 2. Dissolve precipitate in L ml of Hy0. Add 1 drop of phenol-
phthalein solution and 6 drops of Fe carrier. Neutralize with 6M Ni)OH
and add 12 drops in excess. Centrifuge and pour the supernate into a
clean centrifuge tube, A
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PROCEDURE 4 (Cont'd.) ‘

Step 3. Add 30 ml of HCl-ether mixture to the supernate and proceed
as in Steps 1 and 2.

m. Repeat precipitation of &Gl2 . H20 with HCl-ether reagent.
Wash precipitate twice with 5-ml portions of HCl-ether reagent, dissolve
precipitate in 10 ml of HZO, and add 1 drop of phenolphthalein solution
and 10 drops of La carrier. Neutralize with 6M N, OH and add 10 drops
in excess. Centrifuge and pour the supernate into centrifuge tube. Wash
precipitate twice with 5-ml portions of 1M NH) OH, adding the washings to
the supernate from scavenger precipitation.

Step 5. Neutralize supernate with 6M HCl, and then add 2.5 ml of
6M HCoH30; and 10 ml of 3M MHCoH30p. Heat to boiling and add dropwise
2 ml of 1.5M NanCrQ),. Boil for 1 min with constant stirring, Cool and
filter the ECrOh on a previously washed, dried, and weighed filter paper,
using a filter chimney and ground-off Hirsch furmel. Wash the precipitate
three times with 5-ml portions of H,0 and three times with S-ml partions
of ethancl. Dry at 110*, cool, weigh, and mount (Note 2).

1. For meximum yield of BaCl, ¢ HyO the solution must be cooled to
about 5°.

2, The BaCrQ), precipitates are set aside for 13L hours before
counting. This permits w10 and the LallO0 daughter activities to come
to equilibrium,




PROCEIURE S
BARTUM

Solution - L. J. Bsaufait, Jr., and H. R. Lukens, Jr., page 77 in

1.

2,

3.

h.

®Handtook of Radiochemical Analysis Volume II Radiochemical Procedures®,

U. S. Atomic Energy Commission report NP~5057 (Del.), March S, 1952.
To the solution containing the barium activity in a volume of 5 to 8 =l
(in a 4O-ml heavy-wall centrifuge cone), add barium carrier, stir
thoroughly and let stand for ten mimutes. Add 20 ml of yellow fuming
HNO3 to precipitate BEa(NO3)2 (Note a). The solution is stirred while
cooling in an ice bath for five mimnutes. Centrifuge, decant, and
discard the supernate.

Dissolve the precipitate completely in 2 ml of water (Note b). Re-
precipitate Ba(N03); by adding 10 ml of fuming HNO3 and cooling in an
ice bath for 20 mimtes with occasional stirring. Centrifuge the
solution, decant, and discard the supernate. Dissolve the precipitate
in 7 ml of water.

Add 5 mg of Fo*** carrier and precipitate Fe(CH)y by the addition of 2 ml
of 6N N§ OH while stirring (Note ¢). Centrifuge and transfer the super-
nate with a pipette to a clean LO-ml centrifuge cons, Wash the precipitate
ty slurrying in 7 ml of a 1N Mi)NO3 solution containing 2 drops of MNH),OH,
Centrifuge and remove the tn‘uh supernate with a transfer pipette. Combine
this wash supernate with the supernate above and save. Discard the

Fo(OH)3 scavenge precipitate.

Neutralise the combined supernates by the dropwise addition of 6N

HNO3, testing the acidity with pH peper. Add 1 xl of 61_! HAc and 2 =l
of 6M NEjAc. Heat the solution nearly to boiling and add 1 =l of 1.5M
lhgcrq‘, dropwise with stirring. Contime stirring the solution for

ons mimute, then centrifuge. Discard the supernate. Wash the yellow
hcrO,J with 10 m1 of hot water. Centrifuge and discard the supernate.
The remaining steps in the procedurs, including the final counting, mmst
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6.

7.

PROCEDURE 5 (Cont'd.)

be finished within two hours to prevent error due to Ll.lho daughter

contamination in the Ba precipitate.

Dissolve the BaCrQ), in 2 ml of éN HC1 (Note d). Add 15 ml of HCl-ether
reagent, and stir for two minutes to coagulate the BaCl? and let stand
for five mimtes in an ice bath. Centrifuge the salution, decant, then
discard the supernate.

Dissolve the precipitate in a few drops of water (Note b), and re-
precipitate the BaCly*HpO by the addition of 15 ml of HCl-ether
reagent and stir the solution for two minmites. Allow the solution to
cool in an ice bath for five mimutes. Centrifuge, decant, aml discard
the supernate.

Have ready a Whatman No. 42 paper disc which has bsen previously pre-
pared by washing it with three 3-ml portions of water and three 3-ml
portions of ethancl. Dry in an oven at 90-100° for 15 minutes, cool in
a desiccator for ten minutes, and weigh. Repeat this procedure

until constant weight (# 0.1 mg) has been obtained.

Dissolve the BaCl, in 10 ml of water. Heat the solution nearly to
boiling and add 5 drops of 1.5M HpSQ,. Continue heating for three
minutes to coagulate the precipitate, then filter onto the prepared
filter paper. Wash and dry the precipitate according to the filter
paper treatment in step 7. Weigh as BaSQ), mount, and count immediately
(Note o).

NOTES

a. At least 3 volumes of fuming nitric acid should be added to
insure quantitative precipitation of Ba(NO3)a.

b. It may be necessary to add several additional drops of water
t0 effect complete solution.

c. The addition of several drops of 1% aerosol solution sometimes
prevents excess crespage.

d. A precipitate of white BaClp may appear but will dissolve with
the addition of 0.5 ml of water.

e. The counting error due to growth of the L:n‘o daughter will become
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PROCEDURR 5 (Cont'd,)
appreciatle (approximately 3%) a two hours from the HaC
precipitation. A curve, ® -Lanthanumli0 Growth®, i:Oh

provided in Vol. I, Section two in case the two hour time limit
cannot be met.

PROCEDURE 6
BARIUM

Source - R. L. Folger in report AECD-2738
edited by W, W, Meinke, August 1949,

Target material: Approximately 3 g Time for separation: Approximately

U metal 1-1/2 hr.
Type of bonbardment: 184" high Equipment required: Centrifuge,
energy particles cones (50 ml-2 ml), ice bath.

Yield: 50-75%

Degree of purification: Approximately 103 from other elements - sufficient for
mass spectrograph or ion exchange column.

Advantages: Jives good yield of Ra-Ba with only approximately 75 ME carrier.
Procedure:

(1) Dissolve target in small amount conc. (heat if necessaz).
Add 100 g Ba (as Ba(NOy), carrier solution) and 20 mg Sr*< carrier
(as nitrate).

(2) Add fuming to make up arproximately 25 ml and chill in ice bath
for 10 minutes. Centrifuge out Sr(NO3), (Carries Ba and Ra).

(3) Dissolve in Hy0, transfer to 15 ml conc and buffer with HAc +
NHyAc (1 ml 6 § HAc and 2 ml 6 N NHyAc or pH 5-6). Add approximately
5 mg Pb and precipitate PbCr0y by addition of 1.5 ¥ NazxCrOy to hot
solution., Wash with hot HAc and NHyAc buffer (1 ml to 2 ml as above)
containing 1 drop 1.5 M Naz2CrOy.

) Dis;olve precipitate in hot 2 N HC1l, pass in HoS to reduce Cro = to
Cr*3 and dilute to 0.2_N, precipitate PbS scavenge with few mg .

(5) Boil out HpS, make basic with and precipitate SrCO3 by adding
2 mg Sr and a few drops 2_M NasCl,,

(6) Dissolve Sr in 1 drop 6 N HC1, boil out COp, buffer with 1/2
ml 6 N Hic and 1 ml 6 ¥ NHyAc (pH 5-6). Transfer to 5 ml cone,
adding not more than 1 ml H;O0., Heat to near boiling, add minimum
P* to precipitate PbCrOy with 1 drop 1.5 ¥ NapCrOy. Centrifuge.

(7) Dissolve PXC in 1 drop conc. HCl. Transfer to 2 ml cone with
1 ml HCl-ether reagent. Chill 10 min in ice bath and centrifuge
out BaCly<2H,0. Wash with 1/2 ml HCl-ether reagent.

(8) Dissolve in 1 drop HpO and add 1 drop 0.5 N HyS0,. Centrifuge
out RaSQ), for mass spectrograph.
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PROCEDURE 6 (Cont'd.)

(8a) Dissolve in 1 drop H20 and add 1 drop 0.5 N NaOH plus 1 drop 2 M
NapCO3. Centrifuge BaCO3 and dissolve in 01 N HC1 for equilibration
with resin for column run.

Remarks: If the target solution is obtained in large volums, buffer with
Ac until uranium precipitates out. Centrifuge and cipitate
from supernatant (20 mg or more may be required). Remove Pb by
dissolving the chromate in 1-2 N HCl, passing in HpS, diluting to 0.2 N
and precipitation PbS. After HpS has been boiled ocut, the solution
may be made basic and SrC0q precipitated to reduce the volume. Follow
with Sr(N03),, PtGr0), and BaClpe2Hp0 precipitatioms.

For mass spsctrograph work, steps 5 and 6 may be replaced hy:

(5-6a) Boil out HgS. Baffer to pH 5-6 and precipitate min. PuCrQ), by
addition of Pb*2 and 1.5 M NagCr0y. Centrifuge. Wash with 2 drops

[ M MHjAc,
To remove excess alkall salts add:

(9) Fume to dryness to remove any NH)Cl. Take up in 1 drop
0.5 N HpS50). Centrifuge and rewash with 1 drop 0.5 N HySQ),.

For resin columan separation of Sr, B, and Ra see E. R. Tompkins AECD-1998.
Elute from resin with citrate at pH 7.5-8.0.

PROCEDURE 7
BARIUM

Source - D, Z. Lippmarm and R. H. Goeckermann in report AECD-2738
edited by W, W, Meinke, August 1949.

Target material: Au foil, about 1 g Time for separation: 1 hr. for

barium,
Type of bombardment: Full energy Equipment required: Ice bath
protons, helium ions, or deuterons and hot water bath.

Yield: Ba 25%

Degree of purification: Good - about 10° from Au and spallation products
and at least 103 from fission products,

Advantages: Sr, Ba, and Mo can all be separated from the same target
material.

Procedure: Dissolve target in hot solution containing 10 mg each of Sr,
Ba, and Mo, 5 ml of 12 M HCl and 5 ml of fuming HNO3. Cool solution
in ice bath and slowly add about 30 ml fuming HNO3.” Sr(NO3), and
Ba (N03 )2 precipitate. Centrifuge.

Dissolve precipitate in 5 ml H20, add 5 mg Fem, warm in hot water
bath, and piﬁipitate Fe (OH)3 with 6 M NHyOH, Centrifuge. If desired
add more Fe and centrifuge out Fe(OH)» again. Neutralize super-
natant withk a few drops of 6 M HC,H.0, heat to boiling, and add 2 ml
of 1.5 M NapCrOy dropwise. Diges% CrOy precipitate in hot water

bath and centrifuge.
y o




PROCEDURE 7 (Cont'd.)

Wash BaCrOj, precipitate with 10 ml of hot Hy0 and centrifuge. Dissolve
BaCrOy in 1 ml of 6 M HCl with heating, add 10 mg Sr carrier, 2 ml 6 ¥
NHyCoHy0p, 1 ml of 6 M HC2H302, heat to boiling, add 2 ml 1.5 ¥ Na
dropwise, digest in hot water bath, and centrifuge. Dissolve BaCr
in 1 ml 6 M HC1 with heating, add 15 ml HGl-ether reagent (5 volumes
of 12 ¥ EC1 plus 1 volume of ether), cool in ice bath until BaCl,
itates, and centrifuge. Dissolve BaCly in 5 ml Hy0, add 5 mg
Fe-L, warm, precipitate Fe(OH)y with 6 M NH4OH, and centrifuge,
Neutralize supernatant with 6 113111103. add 2 ml 6 M NEC2H30p, 1 ml
6 M EZHBOZ, heat to boiling, add 2 ml 1.5 ¥ Na. CrOu dropwise, digest
in hot water bath, filter, wash three times with 5 ml H30 and three
times with 5 ml alcohol, dry 15 minutes at 110 C. Weigh as BaCrOy.

Remarks:

All additions of fuming or concentrated H}I){ should be made cautiouslys
they tend to react violently after a short induction period.

PROCEDURE 8
BARTUM

Source - R, W, Fink in report AECD-2738
edited by W, W, Meinke, August 1949,

Target material: GCsCl Time for separation: 90 min,

Type of bombardment: * 85 Mev Protons Equipment required: Standard
for 1 hour

Yield: Sufficient for mass spectrograph work.

Degree of purification: Cesium is rersistent, but may be removed in successive
recyclings. Pure enough for mass spectrograph work.

Advantages:
Carrier free Ba for mass spectrograrh.
Procedure:

(1) Target CsCl is dissolved in 2 cc 0.)-j HAc, 1 cc NHyAc saturated
added, and 10 mg Pb carrier added. K20rOy solution is then added
until complete preciritation. This precipitate is then washed with
14 NHyAc until free from Cesium. If necessary, the precipitste
may be dissolved in 0,1 - N HCl and reprecipitated to free it from Cs.

(2) The Cs-free PCrO4 precipitate is then dissolved in 1 cc 0,1-N HCL
and gxcess H>S is bubbled in to precipitate black FbS and reduce the
Cr0y, to CrCl3 (green).

(3) The solution from (2) containing radiobarium, is made alkaline, after
boiling to expel B,S and radioargons, and some Fe(Cl); added to
help precipitate Cr(OH)3.

(4) The final, colorless solution has carrier-free barium. It is
converted to the sulfate for mass spectrometer work.
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PROCEDURE 8 (Cont'd.)
Remarks:

The cesium, being the target material, is very persistent, and several
precipitations in step (1) may be needed to free the barium of it.

PROCEDURE 9
BARIUM

Source - R. H, Goeckermann in report AECD-2738
edited by W. W. Meinke, August 1949.

Target material: Approximately 1 g Bi Time for separation: 1-2 hrs.
metal

Type of bombardment: 184" all particles Equipment requireds Centrifuge,
tubes, ice, vacuum dessicator.

Yield: Aprroximately 80%

Degree of purification: Decontamination factor approximately 10“ from fission
and spallation products. Ba decontaminated approximately 10% from Sr.

Advantages: Good yield of Ba and Sr, separation from all other elements except
Ba, very good separation of Sr and Ba from each other.

Procedure:

(1) To aliquot of HNO; solution of target, add 10 mg Sr and Ba, 30 ml
fuming HN%. digest cold 1-2 min.

(2) Dissolve precipitate in 2 ml B,0 and reprecipitate with 15 ml
faming HN%.

(3) Dissolve precipitate in 5-10 ml H,0, add 5 mg Fe+3. and precipitate
Fe (OH)3 with tank NH3 (003" free!) Repeat Fe (OH)3 scavenge.

(4) Neutralize supernatant with 6 N HNO3, add 1 ml 6 ¥ HAc and 2 ml
6 M NHyAc. Heat to boiling and add 1 ml 1.5 M NapCrOy dropwise
with stirring. Digest one min. (Save the supernatant for Sr fraction).

(5) Ba - Wash BaCr0, precipitate with 10 ml hot Hy0., Dissolve in 1 ml
6 N HCl, add few mg Sr, and reprecioitate BaCrOy. Redissolve, add
15 ml ether-HCl reagent (5 parts conc. HCl to 1 part di-ethyl ether),
digest cold 2 min, wash with 5 ml absolute EtOH containing a few
drops of HC1,

Dissolve BaCl, in 1 ml H,0, make just basic with NH; and scavenge
with Fe(OH)3(5 mg). Add 15 ml ether-HCl and reprecipitate BaClz.
Repeat if necessary. Filter last BaClp precipitate, wash three
times with 5 ml ether, dry in vacuum dessicator - 2 min. evacuate
release, 5 min. evacuate. Weigh as Ba012°2P120(17.8 mg per 10 mg Ba).

Remarks: Procedure adapted for use when Sr activity much greater than Ba,
Ra follows the Ba well, can be separated from it by use of a resin column.
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PROCEDURE 10
BARIUM

Source -~ H., Hicks, R. L. Folger, and R, H, Goeckermann in
report AECD-2738, edited by W. W. Meinke, August 1949.

Target material: U or Th or Bi Time for separation: 30-45 min,
Type of bombardment: Fission Equipment required: ice bath
Yield: Approximately 100%
Degree of purification: excellent
Advantages: Fast and easy
Procedure:
(1) Take aliquot of HNO3 or HCl solutlon of target and add Ba carrier.
If necessary evaporate to less than 1 ecc. With tube in ice
bath, add 10 cc ether -- HCl reagent (ether-HCl reagent - 400 cc
conc. HC1 + 80 cc diethyl-ether). Stir and digest 2 or 3
minutes to bring down silky appearing BaCl,*2H,0.
(2) Centrifuge, dissolve in 0.5 ec E0, repeat (1).
(3) Centrifuge, dissolve in 0.5 cc Hy0, dilute to 7-8 cc, make to
pH >» 10 with carbonate free ammonia and scavenge twice with
FQ(OH)B.

(4) Precipitate 31003 by adding 3 drops saturated Nazc%. and digest
5 min. in hot water bath.

(5) Dissolve BaCO3 in 1 cc 6 N HC1, repeat (1) and (2).

{(6) Centrifuge, wash with 5 cc absolute alcohol, then 3 portions
of 5 cc other, weigh as 31012'2320.

Remarks: (2) can be modified by adding double volume of ether saturated
with HCl gas to BaCl,*2H,0 dissolved in Hp0 and continuing to

introduce HCl gas until the rrecipitate appears and the aqueous and
organic layers become miscible.

PROCEDURE 11
BARIUM

Source - A. S, Newton in report AECD~2738,
edited by W, W, Meinks, August 19i49.

Target material: Thorium metal (,1-1 gm) Time for separation: 1 hr,
Type of bombardment: 6&0* alphas Equipment required: Standard
Yield: Approximately 60% on B

Degree of purification: 106 other Fission Products approximetely 103
from Strontium,



PROCEDURE 11 (Cont'd.) .

Advantages: Ba and Sr can be taken out in same procedure.

Procedure: The Th metal is dissolved in conc. HCl plus a few drops of ,2 M
(NHy)2SiFg to clear up the black residue. The HC1 is diluted to 2 N
and an aliquot taken.

(1) Add 20 mg each Ba and Sr carrier and 30 ml fumin nitrig acid.
Cool 1-2 minutes with stirring and centrifuge. %If S0, present
add HpS0), to precipitate BEaSQ). Wash with 10 ml H20. Metathesize
with 50% K2CO3 by boiling § . Centrifuge, wash with water,
Dissolve precipitate in 1 N HNO3. Discard residue. Then make
fuming nitric acid precipitation.)

(2) Dissolve precipitate in 2 ml Hp0., Reprecipitate with 15 nl fuming
HNOB.

(3) Dissolve precipitate in 5 to 10 ml Hy0. Add 5 mg Fe***, precipitate
Fe(OH)y by adding 2 ml carbonate free 6 M M} OH or pass in N3 gas
to precipitate Fe(OH)3. Centrifuge.

(b) DNeutralize supernate with 6 N HNO3, Add 1 ml 6 M HAc, 2 ml 6 M
NHjAc. Heat solution to nearly boiling. 4Add 1 ml of 1.5 M NapCray,
dropwise with stirring. Let stand 1 min. Centrifuge, Reserve
supernate for Sr.

(5) Wash precipitate of Bacrqd with 10 ml hot Hy0, Dissolve in 1-2 ml
6 M HCl add 15 ml HC1-Etp0 reagent, stir 1-2 min. Centrifuge.

(6) Dissolve precipitate in 1 ml H20. Reprecipitate BaCly with 15 ml
HC1-Et,0 reagent. Centrifuge. Transfer precipitate to weighed
filter paper with 4% HCl in EtOH., Wash3 x S ml EtOp. Dry by
evacuation 2 min, release, evacuate, 5 min. Weigh as HaCly*H,0.

Remarks: This procedure has been described previously. (Phys. Rev. 75 17 (1949).

PROCEIURE 12
BARIUM

Source ~ A, 5. Newton in report AECD-2738,
edited by W. W. Meinke, August 1949.

Target material: Thorium metal (.1-1 gm) Time for separation: LS min,
Type of bombardment: 60" alphas Equipment required: Standard
Tield: 90%
Degree of purification: > 1()6 from all activities present
Procedure: The Th metal is dissolved in conc HCl plus a few drops of .2 M
(NHQ)Q SiFg solution to clear up the black residue. The HCl is diluted
to 2 N and an aliquot taken.
(1) 1-5 ml sample in 50 ml centrifuge tube, Add 20 mg Ba** carrier.

If total volume is > 5 ml, boil down to 5 ml or less. To cold
solution add 30-35 ml HCl-ether reagent. Stir 1-2 min while
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Remarks:

PROCEDURE 12 (Cont'd.)

cooling in ice bath. Centrifuge. Wash precipitate with 5 sl HCl-
Et20. Centrifuge.

Dissolve precipitate in 1 ml By0, add 15 ml HCL - Ety0 to precipitate
barium, Centrifuge and wash with HCl - ether solution.

Repeat (2).

If scavenging is neces dissolve in L ml H;0, add 12 mg Fe***
and fresh (carbonate free OH til1 an excess is present.
Centrifuge and discard precipitate. To solution add 5 ml
HC1-Et,0, cool and centrifuge.

Dissolve precipitate in H20., Dilute to 10 ml, add 6 drops HC1 +
10 mg Ag, digest, oentrifuge off 4gCl. Repeat,

;dt(i 1;2 mg Fe  , then nnhon. Make 2 hydroxide precipitations of
e (CH
3.

Add Na 003, precipitate BaCO3, Dissolve in 1 xl conc HCl, precipitate
BaCl, %; adding HC1l - Et20 reagent.

Transfor precipitate to weighed filter with 3-5 ml portions of
absclute EtOH containing 4% HCl. Filter with suction. Wash three
times with 5 ml Etp0. Dry by evacuation. 2 min. evacuation,
release, 5 min. evacuation. Weigh as BaCly<H,0,

This method has been described previously. (Puys. Rev. 75 17 (19L9) ).

Pregt_xéation of carrier solution: Dissclve 19.0 gms Ba(NO3), in water
and dilute liter.

Standardization as BaCly*HpO: Take 5 ml carrier, add 50 ml ether-HCl

mixture. Cool in ice bath for 10 minutes. Stir, filter onto a sintered
glass crucible. Use 3 - 5 ml portions of absolute EtOH containing 3-5
drops conc HCl to transfer and wash the precipitate. Wash with three 5 ml
portions of Et;0, Evacuate and weigh as BeCls°H30,

PROCEDURE 13
BARIUM

Source - L, E, Glendenin, Paper 288 in "Radiochemical Studies: The
Fission Products®, edited by C. D. Coryell and N, Sugarman, McGraw-
dated May 15, 1945,

1. INTRODUCTION

The specific precipitation of BeCl, by conc. HCl is the classical

method for the isolation of barium from fission-product mixtures.

65 The ntlm]66

previously employed on the Project consisted in three precipitations of

barium as

BaCl+Hy0, a La(0OH); scavenging precipitate, and a final precipitation
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PROCEDURE 13 (Cont'd.)
of barium as BaCrQ). A mixture of HCl and ether has also been used to
precipitate BaClp, since the precipitation by this reagent is more complete
than the precipitation by HC1 a.J.ona.e’-'68 The solubility is less than 1 part
in 120,000,

In the search for a method applicable to all types of fission-product
solutions, a more rapid method of analysis has been developed which consists
simply in a triple precipitation of BaClp<H20 by a HCl-ether mixture (5 parts
of conc., HC1 to 1 part of ethyl ether) and weighing as such after alcohol-ether
washing and vacuum desiccation. The improved procedure is given below.
Further testing of the procedure for special applications has been done Ly
Nelson, Boldridge, and Hume.69 ‘

2. PREPARATION AND STANDARDIZATION OF CARRIER

Dissolve 19.0 g of Ba(N03)z in Hy0 and dilute to 1 liter.

Standardization as PaCly«H,0: Pipet 5 ml of carrier solution into a
beaker and add 50 ml of HCl~ether mixture (5 parts of conc. HCl to 1 part
of ethyl ether). Cool in an ice bath for about 10 min with occasional
stirring. Filter quantitatively on a weighed sintered-glass crucible with
suction, transferring and washing with three 5-ml portions of absolute
ethanol containing L per cent conc. HClL, Wash three times with 5 ml of ether,
rinsing down the inside of the crucible with each washing. Wipe the outside of
the crucible carefully with Kleenex or a lintless cloth, and place in a
vacuum desiccator. Evacuate for 2 min., release the suction, and evacuate
again for 5 min. Weigh as HaClo*Ho0 and repeat the desiccation until the
weight is constant to 0.2 mg.

3. PROCEDURE

Step 1. Take 1 to 5 ml of a sample of fission material (Note 1) in
a 50-ml centrifuge tube and add 2 ml of standardized barium carrier. If the
total volume exceeds 5 ml, boil down to 5 ml or less. Add 30 to 35 ml of
HCl-ether reagent to the cool solution, and stir far 1 to 2 min while

cooling under running tap water. Centrifuge, decant completely, wash with
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PROCEDURE 13 (Cont'd.)
S ml of HCl~ether mixture, centrifuge, and again decant completely.

Step 2. Dissolve the precipitate in 1 ml of H0 and reprecipitate
with 15 ml of HCl-ether mixture., Centrifuge and decant.

Step 3. Repeat the precipitation, centrifuge, and decant thoroughly.
Note the tims,

Step L. Transfer the precipitate to a weighed filter-paper disk
(Note 2) in a small Hirsch funnel with three S-ml portions of L per cent HC1
in ethanol (Note 3). Filter with suction. Wash three times with S-ml
portions of ether and suck dry. Transfer the paper with the precipitate to
a small watch glass, and place in a vacuum desiccator. Evacuate for 2 min,
release the suction, and then evacuate again for S min. Weigh the
precipitate as BaClp+HpO and mount for counting (Note L). For samples of
higher purity than those obtained in this procedure, a Fe(OH)3 scavenging
precipitation can be performed (Note 5).

Notes. 1. The solution taken for analysis should be free of acid-
insoluble residue, since any solid mterial present will be weighed with the
BaClpeHo0. The sample should be filtered or put into solution if it is not
perfectly clear, provided it does not contain sq:‘ . For samples containing
S0~ proceed as follows: Add 2 ml of standardized barium carrier (ignoring
any precipitate formed), dilute to 10 ml, and add 2 ml of 6N st%. Heat
and stir for 1 to 2 min, centrifuge, and wash with 10 ml of Hp0. Convert the
BaSOy, to BaCO3 by boiling with 10 ml of 50 per cent KpCO3 for 5 min,
centrifuge, and wash with 10 ml of Hy0. Dissolve the precipitate of &003
in a little &M HCl, centrifuge or filter out any precipitate present, and
proceed with the boiling in step 1.

2. The filter-paper disk must be washed with ethanol and ether and
mst be dried under the same conditions as in the procedure before the
weighing.

3. Barium chloride is appreciably soluble in absolute ethanol. The

presence of the HCl represses the solubility and allows a quantitative recovery.
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PROCEDURE 13 (Cont'd.) ‘

L. The A -activity measurement of the barium sample should be taken

as soon as possible after the last precipitation; this is considered zero

time for the lanthamum daughter growth. The growth of La¥ activity is

nearly linear with time at the beginning, and the observed 4 activity of the
Ball0 can be corrected to zero Lali® growth by the relation A, = A,/(1 ¢ 0.0151t),
where A, is the original activity and Ay is the activity after t hr. This
expression is walid for about the first 10 or 12 hr of growth.

Alternatively the sample cam be set aside to allow the LOh Lnn‘o
daughter to grow and its Y radiation to be measured. The maximum 1,.119
activity is attained at 13k hr after separation, and the measurement should
be made at this time. A discussion of the growth of £ activity in Bl
as affected by absorption is given elaewhere?o

5. The rapid procedure provides a decontamination factor of about .’I.O3
from other fission activities. In special cases where greater purity may
be desired, the following procedure should be used: Dissolve the BaCly-Hs0
from step 1 in 5 ml of Hp0, and add 1 to 2 mg of Fe®3 carrier. Heat nearly
to boiling and add 1 ml of 6M NH)OH (COop-free). Centrifuge, and discard the
precipitate of Fe(OH)3. Reprecipitate the BaCly°HyO from the supermatant
solution with 34 ml of HCl-ether mixture, centrifuge, and proceed with step 3.

The addition of the Fe(OH) 3 scavenging step increases decontamination
considerably and requires little extra time.

L. DISCUSSION

In standardization of the carrier the presence of a small amount of
HC1 (3 to 5 per cent) in the ethanol wash was found necessary to prevent the
loss of barium in this step. There is no loss in the HCl-ether precipitation
or in the ether wash., All the filtrates and washings in the standardization
procedure gave negative tests for barium on the addition of HS50), whereas the
presence of as little as 0.5 mg of barium gave a distinct precipitate.

The composition of the BaCls precipitate was determined by standardizing

a barium carrier solution that had also been standardized as BaCr0),, For S ml
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PROCEDURE 13 (Cont'a.)
of solution, 93.2 mg of BaCr0), was obtained; this is equivalent to 50.6 mg of
barium or 83.2 mg of BaCly*Hy0. Standardisation of the carrier sclution in
triplicate by the method described here gave BaCl, precipitates with an average
weight of 83.2 mg and with a mean deviation of 0.8 per cent.

PROCEDURE 1L
CALC TUM

Source ~ W, H, RBurgus in ®Collected Radiochemical Proocedures"”,
Los Alamos report LA-1721. Jan. 1958.

This procedure is an adaption by W. H. Burgus of one previously reported
by E. P. Steinberg in Radiochemical Studies: The Fission Products,
Book 1, McGraw-Hill, New York, 1951, p. LB2.

1. Introduction

Calcium is first separated from most of the fission products by ap-
propriate ferric hydroxide, acid sulfide, and ammonium sulfide scavenging
steps. This is followed by separation of calcium, strontium, and barium
as oxalates., The oxalates are then dissolved, and strontium and barium
are removed quantitatively by precipitation of their nitrates from fuming
nitric acid. The 4Oh Lalk0, which has grown in from 12.5d R0 guring
the interval between the ferric hydroxide scavenging step and the last
separation of barium and strontium from calcium, is separated by means
of lanthanum hydroxide scavenger. Calcium is finally precipitated as
calcium cxalate monohydrate, GaCQOh * Hy0, and counted in this form.

The chemical yield approximates 30%, and the time for a single analysis
is about 1-3/4 hours.

2. Reagents
Ca carrier: 10 mg Ca/ml (added as Ca(NO3)p * LH,O in very dilute HNO3)
--standardized
Fe carrier: 10 mg Fe/ml (added as FeClj * GHpO in very dilute HC1)
Pd carrier: 10 mg Pd/ml (added as PdCl, + 2Ho0 in very dilute HC1)
Cu carrier: 10 mg Cu/ml (added as CuCly * 2Hp0 in Hy0)
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PROCEDURE 14 (Cont'd.) .

Ni carrier: 10 mg Ni/ml (added as Ni(N03)2 » 6Hy0 in very dilute HNO3)
Co carrier: 10 mg Co/ml (added as Co(N03)2 * 6HpO0 in very dilute HNO3)
Sr carrier: 10 mg Sr/ml (added as Sr(NO3)p + LHp0 in very dilute HNOB)
Ba carrier: 10 mg Ba/ml (added as Ba(NO3)p in Hp0)

La carrier: 10 mg La/ml (added as La(NO3)3 + 6Hp0 in Hp0)

HCl: 6M

HM)3= conc.

HN03: white fuming

NHhOH: conce.

(NHh)2CO3’ saturated aqueous solution

(M{h)zczoh: L% aquecus solution

NaBrO3: 1N

HpS: gas

Ethanol: 95%

3. Equipment
Drying oven

Centrifuge

Fisher burner

Hock for holding centrifuge tubes

Forceps

Mounting plates

Tongs for holding Erlenmeyer flasks

Ground-off Hirsch furmels: Coors OOOA (one per sample)

Filter chimmey (one per sample)
Filter flask (one per sample)

Pipets: 2-ml

Wash bottle

125-nl Erlenmeyer flasks (three per sample)

2%, 60°® short stem glass funnels (two per sample)

L4O-ml conical centrifuge tubes: Pyrex 8320 (11 per sample)
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PROCEDURE 14 (Cont'd.)
100-ml beakers (one per standardization)
15-ml sintered glass Gooch crucibles: fine porosity (one per standardization)
Filter flasks and holders for Gooch crucibles (one each per standardization)
No. 4O Whatman filter paper (9 cm)
No. 42 Whatman filter paper (tared for mounting): 7/8® diameter
Stirring rods
Ice bath.

4. Preparation and Standardization of Carrier

Dissolve 59.0 gm of Ca(R03), * LHp0 in HyO, add 1 ml of HNO3, ami
dilute to 1 liter with B0,

Pipet a 2-ml aliquot of the above carrier sclution into a 100-m}
beaker, dilute to 50 ml, heat to boiling, and precipitate CaCp0y, « Hy0
Ly the addition of a slight excess of L% (Nﬂh)z%o“ solution. Filter on-
to a tared sintered glass Gooch crucible (fine porosity). Wash three
times with 10-ml portions of hot HpO and once with ethanol. Suck dry
for several mimtes. Dry to constant weight in oven at no more than 100°,

Four standardizations are performed. The results should agree
within 0.5%.

5. _Procedure

Step 1. To the sample in a LO-ml centrifuge tube, add sufficient
H,0 to bring the volume to 15 to 20 ml, then add 2 ml of standard Ca
carrier. IfU is present, heat the solution to boiling and by the drop-
wise addition of conc. NB),0H precipitate ammonium diuranate. Centrifuge
and discard the precipitate, transferring the supernmate to a 4O-ml cen-
trifugs tube. If no appreciable quantity of U is present, proceed
immediately to Step 2.

Step 2. Acidify the solution with conc. HNO3, add 6 drops of Fe
carrier, heat to boiling, and by the dropwise addition of conc. NHhOH
precipitate Fe(OH)3. Centrifuge and discard the precipitate, transfer-
ring the supernate to a L4O-ml centrifuge tube.

9



PROCEDURE 14 (Cont'd.)

Step 3. Repeat Step 2.

Step L. Repeat Step 2 again.

Step 5. Make the supernate, after the Fe(OH)3 scavenging operation,
0.1M in HCl, and add L drops of Pd and 8 drops of Cu carriers. Heat to
boiling and pass in HyS for 4 to 5 min. Filter the acid sulfide scav-
enging precipitate on a No. 40 Whatman paper and discard it, catching
the filtrate in a LO-ml centrifuge tube.

Step 6. Add L drops each of NMi and Co carriers to the filtrate and
heat to boiling. Add conc. NH),OH until the solution is basic to litamms,
then add an additicnal 0.5 ml of NH CH. FPass in HpS for 3 min and filter
the ammonium sulfide scavenge on a No. 4O Whatman paper, catching the
filtrate in a 40~m! centrifuge tube, Discard the precipitate.

Step 7. Add 3 ml of L% (NH,),C20), solution to the filtrate from
above. Centrifuge and discard the supernate. Wash the precipitate with
30 ml of Hy0.

Step 8. Dissclve the precipitate in 5 ml of Hy0 and 1 ml of conc.
HNO3, Add 1 ml each of Ba and Sr scavengers. FPrecipitate h('llb)z and
Sr(NO3)2 by the addition of 30 ml of white fuming HNO3. Cool in an ice
bath for several minutes. Centrifuge and discard the precipitate, trans-
ferring the supernate to a 125-ml Erlemmeyer flask.

Step 9. Boil down the Ca=~containing supernate to a volume of 1 to
2 ml. Add S ml of Hy0, 1 ml each of Ba and Sr carriers, and 30 ml of
fuming HNO3 to precipitate &(NO3)2 and Ca(N03)2. Cool and transfer the
mixture to a LO-ml centrifuge tube. Centrifuge, transfer the supernate
to a 125-ml Erlemmeyer flask, and discard the precipitate.

Step 10. Repeat Step 9.

Step 11. Boil down the supernate to 2 to 3 »l and add 30 ml of HyO,
Transier to a 4O-ml centrifuge tube and make ammoniacal with conc. N8, OH.,

Add 2 ml of L% ("Hh)2°2°h solution to insure complete precipitation

of Cacz% * Hy0, Centrifuge and discard the supernate.

o ®




. PROCEDUEE 14 (Cont'd.)

Step 12. Dissolve the CaCQ) * HyO in 2 xl of conc. HNO3 and 2 ml
of 1M NaBrO3 (Note 1). Boil down to about 1 ml. Add 30 ml of Hy0, make
strongly ammoniacal, and add L ml of saturated (mh)2003 solution, Cen=
trifuge the 01003 and discard the supernate.

Step 13. Dissolve the CaC03 in 1 to 2 ml of Conc. nno3. Dilute to
30 ml,and add 1 ml of La carrier., Precipitate I.n((ﬂ)3 ty the addition
of conc. NH)OH. Centrifuge, transfer the supermate to a LO-ml centrifuge
tube, and discard the precipitate.

Step 1. Heat the supernate to boiling anf precipitate CaCp0), ¢ Hy0
ty the dropwise addition of 3 ml of k% (M§)),C0),. Filter the
CaC20) Hy0 on a tared Whatman No. 42 circle, using a ground-off Hirsch
furmel and a chimney. Wash three times with 10-nl portions of hot H0,
and then with ethanol. Suck dry. Dry in oven at 100° for 5 min, Weigh,

mount, and count (Note 2).

Notes
1. Nan-03 is used to destroy oxalate and thus avoid precipitation
of lanthamum oxalate when the La carrier is added (Step 13).
2. No spscial precautions need be taken in counting. If short-
lived isctopes are present, the decay curve must be resolved. If 150d
c.hS is to be counted, the chemistry employed for separation of Ca is
carried out after the decay of the short-lived isotopes.

PROCEDURE 15
CALCTUM

Source - D, Stewart and S. Softky in report AECD-2738,
edited by W. W, Meinke, August 1949.

Target material: Copper (up to 10 g) Time for separation: U4 hrs.

Type of bombardment: Neutrons 184% Equipment required:
200 ml stainless steel beaker
Pt stirrer electrode
D. C. source
200 ml centrifuge cone

® .



PROCEDURE 15 (Cont'd.)

Yield: 60 - 80%
Degree of purification: 106 from Cu
Procedure:

(1) Dissolve Cu in minimum dilute HNO3 in a stainless steel beaker,
add 10 mg Ca carrier as nitrate and 2-3 drops of conc. H; SO4.
Dilute to 100-150 ml.

(2) Electrodeposit copper at 2-3 volts using the beaker as the
cathode and a rotating platinum anode. Keep the stainless
steel beaker in an ice bath during the electrolysis.

(3) When solution is water-white remove the anode and transfer the
solution quickly to a 200 ml centrifuge cone. Neutralize with
NH,OF and make just acid with HNQB' Warm in a hot water bath.

(4) Add 20 g crystalline armonium oxalate and stir solution for 30
minutes, keeping it warm. Tronsfer to an ice bath and continue
stirring for another 30 mirutes.

(5) let settle, and finally centrifuge. Pipet off the supernatant.

Wash CaCy0), with hot water containing a little (NHy)2Co0y until
wash solution is colorless.

PROCIDURE 16
CALCIUM

Source - R. E, Batzel in report AECD-2738,
edited by #. W. Meinke, August 1949.

Target material: covrer Time for separation - 45 min.
Type of bombardment: A1l 60" and 184" Equipment required: standard
Yield: 95%
Degree of purificstion: 103
Advantages: Pure fraction with good yield.
Procedure:

(1) Dissolve the copper in the minimum amount of concentrated HNO,.

Add few mg carriers (Zn and below) including Ca and make the Zolu-

tion ammonical with carbonate free NH,OH.

(2) Precivitate the sulfides with H,S. Add holdback carriers and scav-
enge with another sulfide precipitation. Repeat.

(3) Boil to remove the HZS and make acid with oxalic acid . Add 5 ml
of 4% (NH,),C,0), and allow precivitate to settle for 10 minutes in
a steam batﬁ.

(4) Wash the precipitate with water containing oxalie acid and armonium
oxalate.
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. . PROCEDURE 16 (Cont‘'d.) -

(5) Dissolve the precipitate in 6N HNO; and add a crystal of KCl03 to
remove oxalate ions.

(6) Make ammonical and scavenge 2 times with Fe(OH)3.

(7) Make acid with oxalic acid and add 3 cc of 4% (NHy)2Co0y. Allow
to settle for 10 minutes on a steam bath.

(8) Centrifuge, wash, filter, and dry at 100 C. The precipitate is
welghed as CaCy0y°H,0.

Remarks:

(1) See Scott's Standard Methods of Chemical Analysis, Page 210-211,
Vol, I, Fifth Edition, 1939.

PROCEDURE 17
CALCIUM

Source - R. H. Goeckermamm in report ARCD-2738,
edited by W. W. Meinke, August 1949,

Target material: Apcroximotely 1 g Bl metal Time for separation: Few hrs.

Type of bombardment: 184" bombardment Equipment required: Centrifuge
all particles

Yield: Apvroximately 20%

Degree of purification: 30 ¢/m of Ca separated from aporoximately a millicurie
of fission 2nd spallation vrroducts.

Adventages: Separates Ca from all other elements.
Procedure:

(1) To aliocuot of HNOy solution of Bi, add 20 mg Ca and 10 mg each of
Ru, Cb, Fe, & La.” Make 0.5 N in HCl & precipitate with HpS.

(2) Add 10 mg Ru and Bi to supernatant and repeat H,S precipitation.
(3) Boil out H,S and precipitate with NHB'
() Add 10 mg Fe and Y to supernatant and reveat NH3 precipitation.

(5) Boil down to approximately 5 ml, add 10 mg Ba and Sr, and precipitate
with cold fuming HNOB.

(6) Add more Sr and Ba to supernatant and repeat precipitation three
times.

(7) Add Sr alone and repeat two times more.

(8) Boil down to apvroximstely 5 ml, add 5 ml saturated (NH,),COn,
and make basic with NHB'
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PROCEDURE 17 (Cont'd.)

(9) Dissolve CaC,0y precipitate in » destroy C,0,= with KCl0s,
and make basic with NHB' Add Fe, , and ¥ , centrifuge.

(10) Add more Fe, la, and Y to supernatant and repeat precipitation,
centrifuge.

(11) Repeat step (5). *

(12) Boil supernatant dowm to aporoximately 5 ml, make basic with .
heat, add 5 ml saturated (NH,),C20y slowly., Stir 2 min, filter,
wash three times with 5 ml Hy0, three times with 5 ml 95% EOH,
three times with 5 ml ether. Dry in vacuum desiccator -- Z min.
evacuation, release, 5 min. evacuation. Weigh as CaCp Oy
(32 mg per 10 mg Ca).




PROCEDURE 18
CALCIUM

Sourca - Abraham Broido in U. S. Atomic Energy Commission Report
AECD-2616, July, 1947.

APPLICATION OF THENOYL TRIH.IJORACE'I‘GEh§m) EXTRACTION
T0 THE PREPARATION OF Ca
This report presents the development of a satisfactory method
for the preparation of carrier-free Cal® from bowbarded scandium based
on the use of the chelating agent TTA. The following general flow sheet

was used to prepare several samples of ®carrier-free® cal‘s from scandium,

Irradiated Dissolve in HC1 and evaporate off excess acid. Add Hp0 to 0.5 mg

Sca04: Sc/ml and transfer to Stang Precipitator , while drawing air upward
(1) through a sintered glass disc. Add equal volume of O.5M TTA in benzens
and stir 10 minutes. Break vacuum, and allow aqueous phase to flow ocut
by gravity.
(2) Penzens (3) Aquecus phase: Contains Ca%” and all salts not extractahle
phase: at pH 1.5. Add NaOH to final pH 5 and extract with 0,5 M
Contains TTA in bengene.
Sc and more (5) Aqueous phase: Contains call®
tractabl
extractatile | (L) Benzens phase: anions, alkali metals. Add 0.5 M
(Note 1) Contains Sc and TTA in bensens; add NaOH to neu-
all cations tralize 90% of TTA; final pH = 8.2,
extractable be~
tween pH 1 and (6) Benzene phase: CalS (7) Aqueous
PH 5. (Note 2). phases
Anions,
Add water alkali
(Note k) metals,
. etc.
(8) Benzene (9) Aqueous (Discard)
phaset phase:
(Discard) (caliS prep) (Note 3)
(Note 3) (Note 5)
Notes:

(1) As a check on possible calcium loss here, calcium carrier was added and
the extraction ﬁepeataed. The quantitatively recovered calcium carrier
contained no Ca 5 activity.

(2) Up to this point the benzene phases be washed with water. Washing

with water here will extract the Ca)" » 80, if washing is necessary a
solution of the Na salt of TTA at pH 8 should be used.
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PROCEDURE 18 (Cont'd.)
(3) If more quantitative recovery of the CalS is desired, fraction 8 may
be alternately shaken with fractions 7 and 9 until the desired recovery
is attained.

(L) If thers are no radiochemical impurities in fraction 5, dilute acid
may be used here.

(5) The final solution may be extracted with benzene to remove last traces
of TTA.

PROCEDURE 19
STRONT IUM~90
Source - B, P. Bayhurst in ®Collected Radiochemical Procedures”,
Los Alamos report LA-1721, Jan. 1958.

1l. Introduction

In the determination of strontium-90 the element is first separated
as the nitrate. This is an excellent decontamination step, the major
impurity being barium. The latter is removed Yy a series of barium chro-
mate precipitations. The strontium is then converﬁed to the carbonate,
the chemical yield at this stage being about 75%. Yttrium90 is permit-
ted to grow into equilibrium with the strontium—90 and the former is
separated from the strontium by precipitation as hydroxide. Finally,
yttrium is precipitated as oxalate and ignited to oxide, in which form
it is counted. The chemical yield of yttrium is about 85%, based on the

quantity of strontium carbonate obtained.

2. Reagents
Sr carrier: 10 mg Sr/ml /added as Sr(NO3)p in dilute HNO3 7
Fe carrier: 10 mg Fe/ml (added as FeClq « 6Hp0 in very dilute HC1)
Y carrier: 10 mg Y/ml (for preparation and standardization see yttrium
procedure)
B carrier: 10 mg Ba/rl /[added as Ba(NO3)p in Hy0 7
HC1l: 1M

HCl: conc.




PROCEDURE 19 (Cont'd.)
HM)3: fuming
Hm3: conce.
BCZH302: glacial
NH,JOH: conc.
NayCO3: saturated aqueous solution
NaoCroj, 10% aqueous solution
(MNH),),Cx0,: saturated aqueous solution
KC103: solid
Ethanol: 95%

3. Equipment
Bunsen burner
Steam bath
Drying oven
Muffle furnace
Centrifuge

Block for holding centrifuge tubes

Mounting plates

Forceps

Pipets: assorted sizes

Wash bottle

Ice bath

Ground=-off Hirsch funnels: Coors 0OOA (three per sample)
Filter chimneys (three per sample)

Filter flasks

Porcelain crucilles: Coors 000 (one per sample)

2», 60° funnels

No. 42 Whatman filter paper: 11 cm

No. 4,2 Whatman filter circles: 7/8® diameter - weighed
LO-ml conical centrifuge tubes: Pyrex 8320 (eight per sample; ome per

standardization)
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PROCEDURE 19 (Cont'd.)
Stirring rods

Sintered glass crucible: 15-ml, fine porosity (one per standardization)

L. Preparation and Standardization of Carrier

Dissolve 241.5 g of Sr(NO3)y in Hy0, add 10 ml of conc. ENO3, and
dilute to 1 liter with HyO.

Into a LO-ml centrifuge tube, pipet 5.0 ml of the carrier solution
and add 15 ml of saturated lh2CO3 solution, Stir and allow to stand for
at least 15 min. Filter the SrC0O3 precipitate through a weighed 15-ml
(fine porosity) sintered glass crucible. Wash the precipitate with 10 ml
of water and then with S ml of 95% ethanol. Dry in oven at 110°.

Four standardizations are carried out, with results agreeing within
about 0.5%.

5. Procedure

Step 1. Pipet 2.0 ml of standard Sr carrier imto a LO-ml conical
centrifuge tube. Add an aliquot of sample and adjust the volume to about
5 ml with HO, Add 30 ml of cold (Note 1) fuming HNO3 and permit the
mixture to stand in an ice bath for approaximately 10 min. Centrifuge
and discard the supernate,

Step 2. Dissolve the Sr(N03); precipitate in 10 ml of HyO and add
S drops of Fe carrier. Make the solution basic by the dropwise addition
of conc. MIhOl{ and then add 10 drops in excess. Stir, centrifuge, and
decant the supernate into a precipitate.

Step 3. Add 2 ml of glacial H02H302 to tring the pH of the solution
to 3.5 to L.O0. Then add 2 ml of Ba carrier and 2 rl of 10% NapCr0), solu-
tion and digest for 10 to 15 min on a steam bath with occasional stirring.
Centrifuge, decant the supernate into a clean LO-ml centrifuge tube, and
discard the precinitate.

Step L. Agd 5 ml of saturated (Ni,),C,0) and digest on a steam bath

for 5 to 10 min., Centrifuge and discard the supernate. Wash the precip-
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PROCEDURE 19 (Cont'd.)
itate by adding 2 ml of saturated (NH,)C,0) and 20 ml of HyO and stirring.
Centrifuge and discard the wash.

Step 5. Add 2 ml of conc. HNO3, 5 ml of H,0, stir, and then add 30 ml
of fuming HNOB. Allow to stand in ice bath for approximately 10 min.
Centrifuge and discard the supermate.

Step 6. Repeat Steps 2, 3, and L.

Step 7. To the precipitate of SrC,0) add 2 ml of conc. HNO3 and
about 200 mg of KC103. Carefully bring the solution to a boil and then
boil vigorously for about 2 min,

Step 8. Adjust the volume to about 15 ml with Hp0 and add 5 drops
of Fe carrier. Make the solution basic by the dropwise addition of conc.
thH and then add 10 drops in excess, Stir, centrifuge, and decant the
supernate into a clean L0-ml centrifuge tube, discarding the precipitate.

Step 9. Repeat Step 3, except filter the BaCrQ, precipitate through
a 2%, 60° funnel on No. 42 Whatman filter paper. Collsct the filtrate in
a clean LO-ml centrifuge tubse.

Step 10. To the filtrate add conc. NH)OH until the solution is just
basic. Then add 5 ml of saturated Na2003 solution to precipitate SrC03.
Centrifuge and discard the supsrnate. Wash the precipitate with a mix-
ture of 10 ml of HyO and 2 ml of saturated NapCOj. Centrifuge and dis-
card the wash, Slurry the precipitate and filter onto a weighed No. 42
Hha;mn filter circle, 7/8" diameter, contained in a ground-off Hirsch
furmel-filter chimney setup. Wash the precipitate with 5 ml of Hy0 and
5 ml of 95% ethanol, dry in an oven at 110°, and weigh (Note 2). Trans-
fer the precipitate into a clean LO-ml centrifuge tube and permit 90 to
grow into equilibrium with the Sr?0, (This requires about 18 days. Note 3.)

Step 11, After equilibrium has been attained, wash down the sides
of the tube with 10 to 15 ml of 1M HCl. Add 2 ml of standard Y carrier
and stir. Slide the filter circle up the side of the tube with the

stirring rod and, while holding the paper, wash with 1M HCl and remove it.
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PROCEDURE 19 (Cont'd.)

Step 12. Add conc. NH)OH dropwise until I(OH)3 precipitates and
then add 5 ml in excess. Centrifuge and save the supernate until the
results of analysis for Y have been checked. Record the time (Note L).

Step 13. Dissolve the Y(OH)B in a minimum of conc. HC1 and add 15
ml of HyO. Add 20 mg of Sr holdback carrier and precipitate Y(OH)3 with
excess conc. NHhOH. Centrifuge and discard the supernate.

Step 1L. Repeat Step 13.

Step 15. Wash the precipitate with H,0, dissolve in a minimum of
conc. HC1l, and add 15 ml of H,0. Again precipitate I(ou)3 with conc.

NHhOH (this time in the absence of Sr carrier).

Step 16. Wash the precipitate and dissolve as in Step 15.

Step 17. Add 5 ml of saturated (mh)2620h solution (and a small
amount of HCl if necessary) to precipitate 12(02%)3. Digest on a steam
bath for 5 to 10 min.

Step 18. Filter the Y2(C20,);3 precipita‘te onto a weighed No. L2
Whatman filter circle, 7/8" diameter, contained in a ground-off Hirsch
furmel-filter chimney setup. Wash the precipitate with Hy0 and place in
a porcelain crucible (Coors 000)., Ignite at 900° for 30 min., OGrind the
Y203 into a powder with a stirring rod and add a few drops of ethanol.
Continue grinding until the precipitate is smooth and transfer with 95%
ethanol onto a weighed No. 42 Whatman filter circle, 7/8" diameter. Wash .
down the sides of the filter chimney with ethancl, dry the precipitate in

an oven at 110°, cool, weigh, and mcunt.

Notes
1. By use of refrigerated fuming HNO3, the time required for cooling
in an ice bath is reduced.
2. The SrC03 formed in this step may be mounted and counted for Sr89,
3. The 18-day waiting period may be shortened provided a growth
correction is made for the time interval between the centrifugation opera-

tions in Step 8 and Step 12.
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PROCEDURE 19 (Cont'd.)
L. The time at which Y90 is separated from Sr?0 is recorded, as to

and all Y counts are corrected to this time,

PROCEDURE 20
STRONT IUM

Source - L. J. Bsaufait, Jr., and H, R. Lukens, Jr., page 122 in

®Handbook of Radiochemical Analysis Volume II Radiochemical Procedures,®
U. S. Atomic Energy Commission report NP-5057 (Del.), March 5, 1952.

1. To the solution containing the strontium activity in a volume of
5 %0 8 ml (in a LO-ml heavy-wall centrifuge cone), add Sr carrier
add 20 mg of Be carrier, stir thoroughly, and let stand for ten
minutes. Add 20 ml of yellow fuming HNO3 to precipitate n(no3)2 and
5r(N03), (Note a). Cool the sclution in an ice bath for 30 minutes
with occasional stirring. Centrifuge at low speed for five mimutes,
decant, and discard the supernate.

2, Dissolve the total precipitate with a minimum volume of water (about
2~3 ml) and repeat precipitation of the nitrates with fuming HNO3
(Note a). Centrifuge as above, decant and discard the supernate.
Disgolve the precipitate in 7 ml of water.

3. Add S mg of Fe™* carrier and precipitate Fe(OH); by the addition of
2 ml of 6N NH)OH while stirring (Note b). Centrifuge and transfer the
supernate to a clean LO-ml centrifuge cone. Wash the precipitate by
slurrying with 7 ml of 5% NH)NOy containing 2 drops of NH\OH. Centrifuge,
remove the wash solution, and combine with the supernate above. Discard
the Fe(OH)3 scavenge precipitate.

L. Neutralize the combined supernates by the dropwise addition of 6N HNO3,
testing the acidity with pH paper. Add 1 mL of 6K HAc and 2 ml of 6M
NgjAc. Heat the solution nearly to boiling and add 1 ml of 1.5M Na,Cr0)
dropwise with stirring. Continue stirring the solution for one minute,
then centrifuge. Decant the supernate into a clean LO-ml centrifuge

cone. Discard the lia.Gx‘O,'l precipitate.

® n



So

6.

1.

9.

PROCEDURE 20 (Cont'‘d.)
Examine the supernate, and if it is not perfectly clear, centrifuge and
discard any residue. Add 2 ml of NH)OH, heat nearly to bolling, and add
S ml of a saturated ammonium oxalate solution slowly with stirring.
Continue stirring for two minutes. Centrifuge, decant and discard the
supernate.
Dissolve the SrCy0) precipitate with 4 ml of 6N HNO3. Add 15 ml of
fuming HN03, stir well and cool in an ice bath for 20 mimtes with
occasional stirring. Centrifuge, decant and discard the supernate.
Dissolve the Sr(NO3)2 precipitate in 10 ml of water, neutralize the
solution with lﬂhOH, heat nearly to boiling and add 2 ml of 1M NapCOg
solution slowly with stirring. Heat gently for several minutes and
allow to cool in an ice bath for 10 mimtes.
Have ready & Whatman No. L2 filter disc which has been previously pre-
pared by washing it with three S-ml portions of H,0 and three 5-ml
portions of ethancl. Dry in an oven at 90-100 C for 10 minutes, cool in
a desiccator for 10 minutes and weigh. Repeat this procedure until a
constant weight ( + 0.1 mg) has been obtained,
Filter the SrCO3 onto the prepared filter paper. Wash, dry, and weigh
the precipitate according to the filter paper treatment in step 8.
Weigh as SrC03, mount, and count.

NOTES

a. At least three volumes of fuming HNO3 should be added to insure
the quantitative precipitation of the nitrates.

b. The addition of several drops of a 1% aerosol solution will help
prevent creepage.
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PROCEDURE 21
STRONT UM

Source - S. Castner in report AECD-2738,
edited by W, W. Meinke, August 1949,

Target material: RbCl(w~ 30 mg) finely Time for separation: 35 min without
divided column; 1-1/2 hr with column

Type of bombardment: 184" deuterons and Equipment required: 1 ml cones,
protons plpettes, etc.

Yield: o 908

Degree of purification: Excellent -u» 5% Bb contamination without column.
2% or less Rb contamination with column.

Advantages: Quick, may be modified to give carrier free Sr.
Procedure:

(1) Dissolve target in 500 A\ of NazC0, (3 gms/100 ml). Best in
boiling water for 1 min, ir,

(2) Add Sr carrier, stir and oool in ice bath eentrmge. withdraw the
supernatant. (5.4 gms of Sr** produce visible ppt) see remarks #1.

(3) Wash the precipitate with C,0p (500/\ ), stirring up and then
centrifuging and discarding the wash solution.

(4#) Repeat wash 3 times.

(5) Wash with H,0 (500 /\ ) twice (see remarks) #2.

6 Dissolve the precipitate in 100 )L 11.0M-HC10y. Heat. Add 5.4 gms
Rb*, stir, cool in ice bath and centrifuge. This gives the Sr
practically carrier free in V1 100 of solution.

Remarks:

(1) and (2) While 5.4 gms of Sr** produce a visible precipitate as
stated when washed with 1 ml of Hzo, 25% of the precipitate will
dissolve.

(3) If carrier free Sr** is desired, 10.4 gms of Ba** carrier may be
added instead in step (2). The precipitate is not washed but is
dissolved in 0.1 N HC1 and placed on a 2 mm dlameter ion exchange
column, 2" long. The Sr'" comes off well after the Rb*., (Flow rate
of «7 1 drop/2.5 min.)

sroo, carries Rb with it in large quantities.
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PROCEDURE 22
STRONTTUM

Source - R. H. Goeckermann in report AECD-2738,
edited by W, W. Meinke, August 1949,

Target material: aprroximately 1 gh Bi metal Time for separation: 1-2 hrs.

Type of bombardment: 184" all particles Equipment required: Centrifuge,
tubes, ice, vacuum dessi-
cator

Yield: approximetely 80%

Degree of purification: Decontamination factor approximately 10" from fission
and spallation products. S, decontaminated 2> 100 from Ba.

Advantages: Good yield of Ba and Sr, separation from all other elements except
Ra, very good separation of Sr and Ba from each other.

‘Procedure:

(1) To aliquot of HN03 solution of target, add 10 mg Sr and Ba, 30 ml
fuming BNO3' digest cold 1-2 min.

(2) Dissolve precipitate in 2.ml H,0 and reprecipitate with 15 ml
fuming HN03.

(3) Dissolve precipitate in 5-10 ml H,0, add 5 rngFe"'3. and precipitate
Fe(OH)3 with tank NHy (CO3= free!) Repeat Fe(OH)3 scavenge.

(4} DNeutralize supernatant with 6 N HNO;, add 1 ml 6 ¥ HAc and 2 ml
6 M NH Ac. Heat to boiling and add 1 ml 1.5 M Na,CrOy, dropwise
with stirring. Digest one min. (Save the supermatant for Sr
fraction).

(5) Sr - Precipitate 5 mg BaCr0y, scavenge from supernatant saved from
Ba separation. Add 2 ml conc. NH4yOH, heat, add 5 ml saturated
(NH,)> Ox slowly. Stir 2 min, filter, wash three times with
S ml Hy0, three times with 5 ml EtOH, three times with 5 ml
ether, dry like BaClp., Weigh as SrC20y-H20 (22,1 mg per
10 mg Sr)o

Remarks: Procedure adapted for use when Sr activity much greater than Ba,
Ra follows the Ba well, can be separated from it by use of a resin
column,




PROCEDUKE 23
STRONTTIUM

Source - A, S. Newton in report AECD-2738
edited by W. W, Meinke, August 1949,

Target material: Thorium metal (.1-1 gm) Time for separation: 1 hr.
Type of bombardment: 60" alphas Equipment required: Standard
Yield: 75% on Sr

Degree of purification: ZI.O6 from other Fission Products, approximately 103
from barium

Advantages: Ba and Sr can be taken out in same procedure.

Procedure: The Th metal is dissolved in conc HCl plus a few drops of
2 M (NH‘,)ZSiFs to clear up the black residue. The HC1 is diluted
to 2 N and an aliquot taken.

(1) Add 20 mg each Ba and Sr carrier and 30 ml fuming nitric acid.
Cool 1-2 mimutes with stirring and centrifuge. (If SOy present
add BpS04 to precipitate BaSOy. Wash with 10 ml H20, Metathesise
with 50% K2003 by boiling 5 min. Centrifuge, wash with water. Dissolve
precipitate in 1 § HNO3, Discard residve. Then make fuming nitrie
acid precipitation.).

(2) Dissolve precipitate in 2 ml Hz0. Reprecipitate with 15 ml fuming HNOj.

(3) Dissolve precipitate in 5 to 10 ml B0. Add 5 mg Fe***, precipitate
Fe(OH)., by adding 2 ml carbonate free 6 M NH4OH or pass in NH; gas to
precipi%ate ) ) (OH)3 « Centrifuge.

(4) Neutralize supernate \rlth6nlm03. AMd1lml 6 YHAc, 2m1 6 Y
NHyAc. Heat solution to nearly boiling. Add 1 ml of 1.5 ¥ NagCrOy
dropwise with stirring. Iet stand 1 min, Centrifuge. Reserve
supernate for Sr.

(5) To clear supernate add 2 ml conc NHyOH, Heat nearly to boiling.
Add 5 ml saturated ammonium oxalate slowly with stirring. Stir
1-2 min,, filter with suction into a weighed filter paper. Wash
three times with 5 ml dil hot NHjO0H, three times with 5 ml 95%
EtOH, three times with 5 ml Et,0, Dry by vacwum 2 min, release,
5 min, Weigh as Srcz%'HzO.

Remarks: This procedure has been described previously (Phys. Rev. 75 17 (19549)).

: Dissolve 24.1 gms of Sr(l!03)2 in water
and dilute to 1 liter.

Standardization: Take 5 ml carrier add 30 ml nzo. Add 5 ml saturated
oxalic acid and heat nearly to boiling. Add 2 ml conc NHjOH dropwise with
stirring. lot stand 10 minutes, ¢ool in tap water. Filter into a sintered
glass crucible, Wash 3 times with hot water containing a slight amount
of NH,OH, three times with 95% EtOH and three times with 5 ml portions Etz0.
Evacuate in vac desiccator for 2 min,, release vac and evacuzte five minutes
longer, and weigh as SrC;0u°H,O. Repeat evacuations until weight constant to
0.2 mg.
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PROCEDURE 2L
STRONTIUM

Source - D. 2. Lippmarm and R, H, Goeckermann in report AECD-2738
edited by W. W. Meinke, August 1949,

Target material: Au foil, about 1 g Time for separation: 1 hr. for Sr

Type of bombardment: Full energy Equipment required: Ice bath and
protons, helium ions, or deuterons hot water bath

Yield: Sr 50%

Degree of purification: Good - sbout 10° from Au and spallation products
and at least 10° from fission products,

Advantages: Sr, Ba, and Mo can all be separated from the same target material.
Procedure:

Dissolve target in hot solution containing 10 mg each of Sr, Ba, and
Mo, 5 ml of 12 M HC1 and 5 ml of fuming » Cool solution in ice
bath, and glowly add about 30 ml fuming FB.;%. Sr(N03)2 and Ba(NO3)2
precipitate. Centrifuge,

Dissolve precipitate in 5 ml H;0, add 5 mg Fem. warm in hot water
bath, and rra! ipitate Fe(OH)3 with 6 ¥ NHyOH, Centrifuge. If desired
add more Fe and centrifuge out Fe(OH)3 again. Neutralize supernatant
with a few drops of 6 ¥ HC , heat to"boiling, and add 2 ml of 1.5 ¥
lEZCrO dropwise, Digest ga precipitate in hot water bath and

centr e.

Heat supernatant from first BaCr0, precipitation to boiling, add 1 ml

of Ba carrier dropwise, digest in hot water bath, and centrifuge. To
supernatant add 2 ml of 15 ¥ NHyOH (color of solution should just

change from orange to yellow), heat to boiling, add 5§ ml saturated
(NHy)5C,0), dropwise, digest in hot water bath, cool, filter, wash

three times with 5 ml H20, three times with 5 ml alcohol, and three

times with 5 ml other., Dry in a vacuum desiccator by pumping 2 minutes,
letting in air, and then pumping for 5 more minutes. Weigh as SrC204°H30.

Remarks:

All additions of fuming or concentrated HNO; should be made cautiously:
they tend to react violently after a short induction period.

PROCEDURE 25
STRONTIOM

Source - R. L. Folger and H, Hicks in report AECD-2738
edited by W. W. Meinke, August 1949.

Target material: Appr.4 g U metal Time for separation: 1-2 hrs.

Type of bombardment: 184" all high Equipment required: Centrifuge,
energy particles tubes, ice, vacuum desiccator
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. PROCEDURE 25 (Comb'd,)

Yield: Appr,80%

Degree of onurification: Decontamination factor .. 10“ from fission and
spallation products. Sr decontaminated > 100 from Ba.

Advantages: Good yield of Ba and Sr, separation from all other elements
except Ra, very good separation of Sr and Ba from each other, and
Sr from Ra (which follows Ba).

Procedure:

(1) To aliquot of solution of target containing 10 mg each Sr and Ba,
and reduced in volume to aporoximately 1.5 ml, add 12-13 ml fuming
HNO;, digest cold 5 minm,

(2) Dissolve precinitate in 1 ml B;0 and reprecipitate with approximately
13 ml fuming HNO3,

(3) Dissolve precipitate in 5 ml B0, add 2 mgFe?3, and precipitste FQ(OH)3
with tank lmj(coj‘ free!) Repeat Fe(OH)B scavenge (1 mg Fe*:

(4) Neutralize supernatant with conc. to methyl orange end point, add
lﬂGKHAcandanéuw Heat to boiling and add 1 ml of
1.5 ¥ KayCrOy dropwise with stirring. Digest one min., (Save the
supernatant for Sr fraction).

(5) Precipitate 5 mg BaCr0, scavenge from supernatant saved from Ba
separation, Add 2 ml conc. NH,OH, heat, and precipitate SrC03; by
adding saturated Nagmi Digest 2 min, centrifuge and dissolve in
6 N BC1 (minteum). 1 out COz.

(6) Make basic with NH; and add saturated NapCpOy. Stir 2 min (hot),
cool, filter, wash three times with 5 ml Hz0, three times with 5 ml
EtOH, three times with 5 ml ether, dry like BaClz. Weigh as
SrC,0n°H,0 (22,1 mg per 10 mg Sr).

Remarks: Procedure adapted for use when Sr activity much greater than Ba.
Ra follows the Ba well, can be separated from it by use of a resin column.
See AECD 1998 (Edward R. Tompkins)

In step (4) add 1 drop Me-orange to the solution before neutralization starts.



PROCEDURE 26
STRONTIUM

Source - P. C. Tompkins, A. Broido, G. W. Parker, E. R. Tompkins, W. E. Cohn,

W. Kisieleski, and R. D. Finkle, Paper 240 in "Radiochemical
Studies: The Fission Products™, edited by C. D. Coryell and
N. Sugarmen, McGraw-Hill Book Co., Inc., New York, 1951.

PROCEDURE FOR SEPARATING STRONTIUM FROM PILE-URANIUM SOLUTION

(1) Pile Uranium Dissolved in Conc.
HNO3. Dilute solution to 0.5N HNO,;
add 1.5 g of PbCl, per liter of solu-
tion; add 70 ml of 9M HyS0, per liter
of solution (use continuous stirring
for 1 hr); allow PbSO, to settle;
decant supernatant solution.

(2) Precipitate. PbSO,. Wash with
0, discard washings; adé 50 ml of sat.
2003, stir, and decant solution.

(3) Precipitate. FPbCO;. Wash with
Hy0 discard washings; add™ 50 ml of 3M

1, evaporate to low volume, cool, and
centrifuge.

(4) Solution. Boil with HNO3; add 1
mg each of Ce, la, and Y; edd 50 ml of
Hy0 and 50 ml of fuming HNOB, and
centrifuge.

(5) Precipitate. Fb(NO3),, Ba, and
Sr activities. Reprecipiltate three
times; and add 5 ml of 1N HCl; heat,
cool, and centrifuge.

(6) Solution. Evaporate to 1 ml, add
4e5 ml of conc. HCl, 1 ml of ether, and
10 mg of Ba in two portions; centrifuge.

(7) Solution. Evaporate to small
volume, Add 0.3N HCl, heat to 80 C,
saturate with HyS; filter.

(8) Solution. Sr  (7a) Precipitate.
activity. Evaporate PbS. Discard.
to dryness®*; add dil.

HC1. / \

(9) Solution. Sr  (8a) Insoluble
activity. residue.

*Found 3 mg of residue here.
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(1a) Solution. Discard.

(2a) Solution. Discard.

(3a) Precipitate. PbCl,.
Discard.

(42) Solution, Evaporate

to low volume.

(6a) Precipitate.

(5a) Precipitate. PbCls.
Discard.

BaCly°H20, Dissolve

in 520.

(6b) Solution. Add

conc, HCl;

centrifuge.

(6¢) Solution. Sr

activity.
Combine with
Solution 9.

N\

(6a) Insoluble

residue.

(6b') Precip-

itate.
BaCl,
with

Ba acti-
vity.
Dissolve
1n Hzoo



. PROCEDURE 27

STRONTIUM

Source - R. Overstreet, L. Jacobson, K, Scott, and J. G. Hamilton,

Paper 241 in "Radiochemical Studies: The Fission Products™, edited

ty C. D. Coryell and N  Sagarman, McGraw-Hill Book Co., Inc.,

New York, 1951.

1. PROCEDURE
A sample of RbCl was bombarded on a copper target with 300« a-hr

of deuterons at the 60-in. Berkeley cyclotron. Five days later the target was
treated with 0,1N HC1l, The resulting solution was filtered and made up to
0.3N with HCl. The copper was precipitated with HyS and filtered off. Fifty
milligrams of zinc as ZnCly was added to the filtrate. The solution was made
glkaline with NHhOH, and the zinc was precipitated with H2S. The filtrate
from the ZnS precipitation was acidified and concentrated to about 25 ml.
Fifty mdlligrams of iron carrier as FeClj was added. Equal volumes of ammonium
carbonate reagent/ 9N (MH,),C03 in 6N NHOH 7 and ethyl alcohol were added,
and the resulting solution was brought to boiling. The Fe(OH)3 precipitate
vas filtered off and washed with 3N NH)OH, About 75 per cent of the activity
was retained in the precipitate. The Fe(OH); precipitate was dissclved in
1N HC1l, and 50 mg of RIC1l was added. The iron was reprecipitated with an
equal volume of the (Nﬁh)2003 reagent, and the Fe(OH)3 was centrifuged down.
The precipitate was dissolved in 1N HCl and reprecipitated three more times
with the (mh)ZCOB reagent. In each case the supernatant sclution was found
to be inactive. The precipitate was finally dissolved in 6N HCl, and the
solution was extracted with several portions of ether to remove the irom.
The iron-free solution was evaporated to dryness, and the residue was heated
gently to remove NH;Cl. The residue was taken up in dil. HC1,

2. TESTS
To a small fraction of the final strontium tracer solution, 10 mg each
of zinc, yttrium, rubidium, and strontium carriers was added. The zinc and
yttrium were precipitated in alkaline solution with HpS., The strontium was

precipitated from the filtrate with (%)2603 reagent and ethyl alcohol,
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PROCEDURE 27 (Conttd.)
The activities of the sinc and yttrium fraction, the strontium fraction,
and the rubidium fraction were determined with an electroscope. Of the
total activity, 98.5 per cent was associated with the strontium fraction.
The absorption curves determined for the strontium prepared without
carrier and for the radiostrontium precipitated and purified with strontinm
carrier were found to be identical.

PROCEDURE 28
STRONTIUM
Source - J. C. Dalton and G. A. Welch in Anal. Chim. Acta 15, 317 (1956).
THE RAPID SEPARATION AND DETERMINATION OF RADIOSTRONTIUM
AND RADIOCAESIUM IN FISSION PRODUCT MIXTURES

A technigue has been described:n for precipitating cations and
removing them from solution without the use of filtration or centrifugation,
by passing the sclutions through anion exchange res;in beds saturated with
the precipitating anion. The precipitate forms around the resin beads as
an adhering film, and the eluate from the column is clear. More recently
the technique has been applied with success to the precipitation of
radioactive tracers in the carrier-free state.vz Employing a column in
the hydroxide form the authors have removed all the activity from an aged
fission product solution with the exception of that due to radiostrontium
and radiocaesium. Any anionic activity was removed by normal ion exchange
processes, while all the other long-lived cationic activity was precipitated
on the hydroxide column, Separation of the strontium and caesium in the
eluate was then carried out prior to the precipitation of each element in
a form suitable for counting after gravimetric determination of chemical
yield. By this means the determinations of these two elements were
accomplished more rapidly and with better precision than by existing
procedures.73 Under conditions of routine use, 8 determinations of each

radiocelement were made simultanecusly in under 2 days per operator and the
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' PROCEDURE 28 (Gomt'd.)

precisions obtained (30~ for about 30 results) were 10% for strontium
and 8% for caesium. -

EXPERIMENTAL

Aliguots of fission product sﬁ tion (at least several months old
and therefore containing very little B (12.8d) with added known amounts
of caesium and strontium carriers were passed down columns of Amberlite
IRA-400 (OH) and eluted with several column volumes of water. The eluates
were heated almost to boiling and saturated ammonium oxalate was then added
to precipitate the strontium. The precipitates were centrifuged off, washed
several times with water, dried, weighed and counted. After correcting

to 100% chemical yield, the results showed a good accuracy and precision.

The supernatant solutions frcm the oxalate precipitationa were made
about 5M in hydrochloric acid and an 0,1M solution of silicotungstic acid
was added to precipitate the caesium. This again was centrifuged off,
washed, dried, weighed and counted. Many of the sources became discoloured
on drying, and this discoloration was associated with poor agreement among
the results from the individual sources. It appeared that the caesium
silicotungstate was unsuitable as a method of gravimetric determination.
Several other reagemts were considered (e.g. see referencels) Jbut eventually
it was decided to employ perchloric acid;v The solution had to be free
from any ammonium ion during this precipitation of caesium, because ammonium
perchlorate also precipitates under the conditions used. Therefore, either
the ammonium oxalate used in the precipitation of strontium had to be volatilized,
or else the caesium and strontium had to be separated without the use of
ammonium oxalate. The removal of ammonium oxalate by volatilization was
avolded as it would prove time consuming, and a rapid separation was being
sought., Using a colum of anion exchange resin in the oxalate form, the
strontium could be removed from the caesium without the introduction of any
cation which would interfere in the subsequent precipitation of caesium as
verchlorate. However, the strontium carrier immediately precipitated as
a pad on top of the resin, and this slowed down the column flow-rate to such
an extent that it made its use in a routine method impracticable.

A much simpler and more rapid separation was effected by the
addition of carbon diaxide (in the solid state for convenience) to the
eluate from the hydroxide column, Thus the strontium was removed
quantitatively without the addition of any interfering cation, The caesium
could then be precipitated as perchlorate, while the strontium carbonate
was dissolved in acid and the strontium reprecipitated as oxalate.

Analysis of the strontium sources ggﬂ ~absorption measurements
showed the activity to be entirely due to Srb7, Sr¥0 and Y0, The last-named
isotope begins to grow in from its sro0 parent after chemical separation
has occurred. Only negligiile traces of y ~activity were observed in the
scurces. y ~spectrometric analysis of the caesium sources showed them to
be more than 99% Csl37/Bal37W ywith a trace of Csidk,

Reagents

Strontium carrier sclution (9.5 g SrCl2+6H20 in 100 nml water),
Caesium carrier solution (2.75 g CsCl in 100 ml water).
(The strontium and caesium contents of the respective solutions should be
determined accurately by norml gravimetric procedures).
Carbon dioxide (solid or from Kipp's Apparatus).
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PROCEDURE 28 (Conl'.'d.)
Procedure

The columns should be LO-50 cm long, 1.2-1.L cm internal diameter
and should contain 8-10 g Amberlite IRA-L0O (OH) resin. Before use, wash
the columns with about 50 ml of L4M nitric acid to remove any retained activity
from nrevious experiments. Remove the excess of acid with water, then pour
through the colums a strong sodium hydroxide solution prepared from carbon-
dioxide-free distilled water. Fit an absorption tube containing soda-lime
in the top of each column. Remove the excess of sodium hydroxide by washing.

Pipette an aliquot of the solution for analysis, which should
contain negligible amounts of Ba 0 into a small beaker and add 2.0 ml of
both caesium and strontium carrier solutions. The aliguot should be chosen
to contain qQuantities of act1v1ty suitable for gounting. The strontium-89
activity should be between 3 x 103 ﬁnd 1.5 x 10 disintegrations per minute
and the caesium-137 activity 2 x 104 to 6 x 105 dpm. In addition, the
aliquot should not contain more than four milliequivalents of anion other
than hydroxyl, otherwiss the effectiveness of the column may be impaired
owing to replacement of the hydroxyl ions by other non-precipitating anions.

Transfer the solution and washings into the columm and allow the
liquid to flow through slowly at a rate of 0.5-1 ml per minute. Collect the
eluate in a 150 ml beaker, and when the liquid level in the column has almost
reached the level of the resin, add distilled vater. Continue the elution
until about 4O ml has been collected, then precivcitate the strontium with
carbon dioxide. (If solid carbon dioxide is being used add 1-2 g.)
Centrifuge off the precipitate and dissolve it in a little dilute hydro-
chloric acid and dilute to about 20 ml with water. Retain the supernate
from the precipitation for the determination of caesium,

Boil the strontium solution to expel any carbon dioxide, cool,
add 2 ml of 18M ammonium hydroxide and heat again almost to boiling.
Slowly add 5 ml of saturated ammonium oxalate solution, and allow the
beaker and its contents to cool. Ccntrifuge off the precipitate, wash it
several times with water and then transfer it as a slurry with acetone to
a weighed stainless steel or glass counting tray., Dry the precioitate
carefully, weigh it and count the source without delay.

Standagd G.M. counting equipment with a total absorber thickness
of 130-1L40 mg/cm® should be used. Thus the 0.6 MeV /@ -activity of Sr90
is absorbed and only the 1.5 MeV p -emission of Sr°? is counted. However,
Y90 the daughter element of sr% commences to grow in with a half-life of
61 hours immediately after elution from the column, and the energy of its
-radiation is 2.2 MeV. The time interval between the coluimn separation
and the counting should therefore be noted. Recount the sample several
days later, using the same equipment, and note the time of counting.
Correct the counts for counting efficiency, background, back-scatter96nd
self-absorption as necessary. Calculate the fraction of the total Y
which has grown in during the imterval between the first and gecond
countings, and hence find the sr90 activity. The amount of Y activity
present during the first counting is therefore known, and by difference
calculate the Sr89 activity.

Fume down the supernate containing the caesium with 6 ml of 9M
perchloric acid. After fuming has continued for 10 minutes, cool the
mxture in a 50 ml centrifuge tube in an ice-bath. Add 15 ml of absolute
aloohol and allow to stand for 10 minutes, stirring cccasionally. Centrifuge
off the precipitate, wash it several times with absolute alcohol and transfer
it as a slurry with acetone to a weighed stainless steel or glass counting
tray. Dry under a radiant heater, weigh and count the source.
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PROCEDURE 28 (Comtt'd,)

Standard ¥ =-scintillation counting equipment fitted with a 2 g/caf
absorber of lead and aluminium (to prevent formation of sstrahlung)
should be used. The y -rays are actually emitted by Ba'>/™, the meta-stable
daughter, which has a half-life of 2.6 minutes and therefore quickly reaches
equilibrium. Corrections are made for counting efficiency (inc%gging the
absorber) and also for the fact that only 82.5% of the total Cs disintegrations
produce ¥ -rays from Bal3TM the rest being lost either by direct decay
to stable Bal3 , or else by interval conversion of the ¥ -rays,

PROCEDURE 29
STRONTIUM

Source - E. A. Martell in "The Chicago Sunshine Method®, U, S, Atomic Energy
Commission Report AECU-3262, page L7, May, 1956.

90 .

Ion Exchange Procedure for Sr’” in Water Samples

(Muclear Science and Enginsering Corporation Method)

Summary

The 5r7° in water samples may be concentrated by passing the water
through an ion exchange colurmm. The ¥90 may be milked from the sr?0 on the
colum or the Sr9 0 may be stripped from the colum for further purification.

Treatment of Resin

The resin used was Dowex-50, 100-200 mesh. The resin was air-dried
and then washed with 6M HC1 (Note 1) and water. The particles which floated
in the solution after 15 minutes were decanted off. A 25 mm 0.D. glass
tube was filled with resin to a height greater than 10 cm by slurrying the
resin in water, pouring it into the column, and allowing the resin to
settle onto a glass wool plug without flow of water. After the desired
beight of resin was reached, the resin bed was suspended in water and
allowed to settle, The column was washed with about 200 ml of water, until
the pH of the effluent was the same as that of the influent, then with
LOO ml of ammonium citrate, pH = 6.0, to convert the columm to the ammonium
form, After washing with 40O ml of water, it was ready for use.

Passage of Water Through Resin Bed

The water sample was filtered and passed through ‘the column at a
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PROCEDURE 29 (Comt'd,)

rate of about 1 liter per hour. The solution was discarded after the

volume had been measured,

Purification of Sr°°

To strip the Sr90-Y90 off the column, LOO nl of ammonium citrate
(prepared by adjusting the pH of a 5% solution of citric acid to 6,0 with
NHhOH, and then adding 5 ml of formaldehyde per liter as preservative)
were passed through the column at a flow rate of about 1 liter per hour.

Strontium carrier was added and the solution heated. Thirty ml
saturated HgCgOh were added and the SrCp0Q) digested for at least 2 hours,
(frequently overnight) to enable precipitation to be complete. The
solution was decanted through a filter and the precipitate slurried into
a centrifuge tube. This was centrifuged and the precipitate on the filter
paper washed through a hole punctured in the paper into the tube, which
was centrifuged again, _

After the precipitate had been centrifuged down, it was dissolved
in HNO3 with heating. The tube was cooled in an ice bath and about 30 ml
of fuming HNO3 added. After sitting for a few mimutes in the ice bath,
the Sr(N03)2 was centrifuged off and washed with 15 ml fuming HNO3 (Note 2).

The precipitate was dissolved in 20 ml H,0 and 10 drops Fe carrier
(10 mg Fe/ml) were added, if necessary. The solution was heated nearly to
boiling, made basic with NH)OH from a freshly opened bottle and the Fe(OH)3
centrifuged off (Note 3). The time of Fe(OH)3 separation was recorded as
zero time for YO growth,

The solution was neutralized with 6K HNOj and 2 rl 6M Mi)OAc and
1 ml 6M HOAc added. Fifteen drops of Ba carrier (50 mg Ba/ml) were added,
the solution heated nearly to boiling, and 1 ml 1.5N KoCrQ), added dropwise
with stirring. The mCrOh was allowed to digest for a few minutes and then
decanted through a #42 Whatman filter paper into a 150 ml beaker. Two ml
NH,OH were added and the sclution heated. Five ml of (NHy)2C03 were added

and the SrC03 digested for a short time. This was filtered on a weighed
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PROCEDURE 29 (Comt'd.)

fritted glass filter, dried at 110° for 15 minutes, cooled, and weighed.
The SrCO3 was then dissolved in 2 ml 6M HC1l and washed into a glass vial
to be stored for YO growth and milking.
90._y90

The Y9° was milked from the &'90 on the column by passing through
the columm 50 ml citric acid (pH = 2,0) and 350 ml citric acid (pH = 3.8),
coémbining the washes in a beaker (Note 4). Yttrium carrier was added, the
solution heated, and 30 ml saturated HyC>0p added. The solution was allowed
to cool and then filtered. If there were not calcium present, this
precipitate was ignited and the Y203 welghed and mounted for counting., If
calcium were nresent, the YPO), separation would have to be done after

ignition.

Notes:

1. The HC1l removes traces of impurities which are present in
quantities sufficient to impart a color to the initial washes.

2. If calcium is present, the concentration of the fuming HN03
should be not over 75%.

3. It is necessary to use fresh NHyOH to prevent the precipitation
of SrC0; by CO, picked up from the atmosphere.

4. The citric acid, pH - 2.0, 1is pasged through the column to
reduce the pH rapidly so as not to elute the Sr79,
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PROCEDURE 30

STRONTIUM

Source - W, B, Silker in U, S, Atomic Energy Commission, Report HW-55117,
May 20, 1958.

Three types of samples were analyzed for strontium=-90: soil,
vegetation, and animal bones. A cursory investigation of soil from the arid
region of the Hanford Reservation indicated that about 75 per cent of the
radiostrontium was held in the top one-half inch of soil. This surfacs layer
was subsequently samplea for the present study. Vegetation samples were
limited, with a few exceptions, to grasses of different varieties. No
attempt was made to differentiate the variety or age of the vegetation sample.
Bones of animals, primarily rabbit femurs, were collected at various
locations throughout the Hanford Reservation. Rabbits should be extremely
good indicators of localized contamrination, as their forage range is
limited to approximately one square mile 77 , and as vegetarians they will
tend to furnish an integrated sample of the diet in their immediate

environment.

SAMPLE PRETREATMENT

Samples were pretreated by methods which were similar to those

78

employed by the Chicago Sunshine Groupe Detailed procedures are appended,

The available calcium and strontium was leached from soil samples by the

ammonium acetate method.78

Vegetation sarples were reduced by wet ashing
with nitric acid, The residual material was baked on a hot vlate and then
miffled at 600 C for two to four hours. Sammle solution was accomplished by
digestion in dilute nitric acid. The residual material from the first few
samples was fused with sodium carbonate, dissolved, and upon analysis was
found to contain no strontium-90. This residue was subsequently discarded.

Animal bones were placed directly into a muffle furnace and ashed for two to

four hours at 600 C and then dissolved in nitric acid.
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PROCEDURE 30 (Cont'd,)

CALCIUM ANALYSIS

Whenever possible, the calcium concentration was determined by
precipitation of the alkaline earths as oxalates, which were oven-dried at
120 C and weighed. The oxalates were then muffled to the oxide at 600 C
and reweighed. When the oxide to oxalate ratio corresponded very nearly
to the molecular weights of calcium oxide and calcium oxalate monohydrate,
the calcium was taken as 0.715 times the oxide weight. When this ratio was
not obtained an aliguot of the acid solution of the oxide was taken for calcium
analysis. This method for calcium analysis involved the precipitation of the
oxalate from slightly acid solution. The oxalate was dissolved in dilute

sulfuric acid and titrated with potassium permanganate.

STRONTIUM SEPARATION

The presence of rare earth fission products which follow yttrium
necessitated chemical separation of strontium, which was then reserved to
allow buildup of ytirium-90. Strontium was separated by a modification of
the method of GlendeninT® which employed initial barium and strontium
isolation by precipitation as nitrates with fuming nitric acid. Calcium
decontamination was made by washing the nitrate precipitate with anhydrous
acetone, After an iron hydroxide scavenge, barium was precipitated as the
chromate, and strontium was separated as strontium carbonate. The carbon-

2te was weighed for yield determination and reserved for buildup of yttrium-90,

YTTRIUM EXTRACTION

The need for the highest nossible sensitivity for yttrium-90 measure-
ment made a carrier separation undesirable because carrier would decrease
the effective counting efficiency of the emitted beta particles. Solvent
extraction of yttrium-90 from the dissolved stromtium salt offered a tech-
nique for the carrier-free isolation of yttrium-90, thus eliminating the
counting error introduced by self absorption of the yttrium-90 beta particles.

Ittrium was extracted from acetate-buffered solutions with thenoyltrifluoro-
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PROCEDURE 30 (Cont!'d.)

acetone in benzene according to the procedure described by Perkins 80 e
decay of yttrium-90 from all samples was followed for several half-lives,

and with only three exceptions the yttrium~90 was free from contamination.

Preparation of Bone Samples

1. Place a sample of bone, not exceeding thirty grams, in a tared Vycer
evaporating dish.

2, Muffle the sample at 600 C for two hours, or until all of the crganic
material is destroyed. \

3. Cool and reweigh the dish and sample, and record the weight of ash.

L. Dissolve the bone ash in 4 N nitric acid, and dilute with water to volums
in a suitable volumetric flask.

5. Reserve an aliquot of the sample for calcium determination, and proceed

with the strontium determination with the remainder.

Preparation of Vegetation Samples

1. Place the vegetation sample in a drying oven at 110 C for forty-eight hours.

2. Pass the samnle through a Wiley mill,

3. Weigh a 100 g sample and place it in a 2000 ml beaker.

L. Add sufficient 8 X nitric acid to cover the sample, and evarorate to
dryness on a hot plate at low heat., Raise the temperature of the hot

plate to high heat, and bake the sample,
S. Transfer the sample to a tared LOO ml Vycor evaporating dish and

mffle at 400 C for two hours, or until the organic matter is destroyed.
6. Reweigh the dish plus sample, and record the ashed weight.
7. Digest the ash with 200 ml 3 N nitric acid by boiling on a hot plate

for five minutes.
8. Cool, centrifuge, and decant the supernatant liquid into a liter beaker.

9. Repeat steps 7-8 and discard the residue.

Extraction of Exchangeable Calcium and Strontium in Soils

1. Crush the air-dry sample and pass the sample through a 2 mm sieve.
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2. Place 500 g of the prepared sample in a four liter beaker and add
sufficient neutral normal ammonium acetate to cover.

3. Stir well and let stand overnight.

L. Filter the sample through two thicknesses of coarse filter paper, and
leach the sample with ammonium acetate until a total of two liters of
leachate is obtained.

S. Transfer the leachate to a four liter beaker and evaporate to drymsss.

6. Bake the residue until dehydration of the salt is complete.

7. Loosen as mach of the dry residue as possible with a spatula and transfer
to an evaporating dish.

8. Place the evaporating dish in a muffle at about 150 C, heat to 600 C, and
hold this temperature for about one hour,

9. To the small amount of residue remaining in the beaker, add 200 ml of
water, and 10 ml of 30% hydrogen peroxide.

10. Cover and boil for 15-20 mimnutes.

11. Combine the ashed residue and peroxide treated residue.

12, Add small portions of hydrochloric acid with stirring until all of the
carbonates are decomwosed; add 10-15 ml in excess.

13. Heat the solution to about 90 C and add 1:1 ammonium hydroxide with
stirring until a faint odor of ammonia persists.

1. Boil for 2-3 minutes to coagulate the precipitate and filter through
coarse filter paper.

15. Wash the filter with 200 ml of a hot 2% ammonium chloride solution.

16. To the combined filtrate and wash, add 20 drops of methyl red indicator
and acidify with hydrochloric acid; add 10-15 ml in excess.

17. Heat to 90 C and add 25 grams of oxalic acid.

18, Continue heating for 2-3 minutes and slowly add 1:1 ammonium hydroxide
until the solution turns a light yellow.

19. Digest at 90-95 C for 1-2 hours,
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PROCEDURE 30 (Cont'd,)

Collect the oxalate precipitate in a Gooch crucible.

Determine calcium and strontium in the oxalate precipitate.

Strontium Separation

Place the acid extract in a beaker of suitable size, and add LO mg of
gtrontium carrier and 10 mg of barium carrier,

Neutralize the sample with 12 N sodium hydroxide.

Heat to boiling.

Add LO ml of saturated sodium carbonate with stirring.

Allow the sample to cool for thirty minutes,

Centrifuge.

Discard the supernatant liquid,

Dissolve the carbonate precipitate in a minimum of concentrated nitric
acid.

Add fuming nitric acid until precinitation starts.

Cool for one minute with running tao water and centrifuge.

Suspend the well drained precipitate in 20 ml of anhydrous acetonse.

Cool for orne minute with running tap water and centrifuge.

Dissolve the precipitate in 6 ml of water and add 18 ml of fuming nitric
acid. Cool for one or two minutes with running tap water, Centrifuge
and discard tne supernatant ligquid.

Dissolve the precipitate in 10 mi of water, add 2-3 mg of iron carrier
and precipitate iron hydroxide by addition of 6 N ammonjum hydroxide.
Ccntrifuge and decant the supernatant liquid into a clean centrifuge tube.
Neutralize the solution to the phenolphthalein end point with 6 N nitric
acid, add 1 ml of 6 I acetic acid and 2 ml of 6 N ammonium acetate.

Heat the solution nearly to boiling and add 1 ml of 1.5 N scdium chromate
drop by drop with stirring. Continue stirring for about one minute

and centrifuge.

Decant the supernatant 1iquid into a clean centrifuge tube, and add 5 ml
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of saturated sodium carbonate with stirring., Centrifuge and discard
the supernatant liquid.
17. Wash the precipitate twice with water and once with ethanol.
18, Transfer the precipitate to a tared one inch counting dish with ethanol.
19, Dry under an insra-red heat lamp, weigh and reserve for build-up of

yttrium-90,

Yttrium-90 Extraction Procedure

1. To a 60 ml separatory funnel, add 10 ml of TTA solution {10 g thenoyl-
trifluorocacetone in 100 ml of benzene). 5 ml of 0.5 N nitric acid, and
shake mechanically for five minutes. Discard the aqueous phase.

2. Dissolve the strontium precipitate in 5 ml of 0.5 N nitric acid and
transfer the solution to the separatory funnel.

3. 4dd 10 ml of buffer solution (0.5 M Soaium acetate, 0.1 M acetic acid)
and extract for 10 mimutes. Discard the aqueous phase.

. Extract five mimuites each with two 10 ml portions of 0.1 lﬁ sodium acetate-
0.1 M acetic acid.

5. Back extract the yttrium-90 into 10 ml of 0.1 N nitric acid.

6. Evaporate the agueous phase to dryness on a one inch stainless steel

counting dish and measure the yttrium-90 disintegration rate.

PROCEIURE 31
STRONTIUM
Source ~ A. S. Goldin, R. J. Velten, and G. W. Frishkorn in Anal. Chem. 31,
1490 (1959).

The radiocactive isotopes strontium-89 and strontium-90 are
determined in a wide variety of environmental samples. Strontium-90 is
determined by beta-counting the daughter activity, yttrium-90, after
extraction into 2-thenoyltrifluoroacetone reagent. Total radioactive
strontium is determined by beta-counting a strontium carbonate precipitate.

The method includes procedures for treating different types of material

91



FROCEDURE 31 (Cont'd.)

and removing common interferences.

The basic procedures for the determination of radiostrontium were
developed for use in samples of fresh water. Other samples require pre-
treatment to convert them to a form which will fit into this scheme of analysis.
These procedures differ from ordinarily used procedures in several ways.

A large amount of strontium carrier (1 or 2 mmoles) is used, so that solubility
and transfer losses will amount to a smaller percentage of total strontium.
Second no attempt is made to obtain a pure, weighable strontjium precipitate

for chemical yield determination - chemical yield when required is determined
by flame spectroscopy. Third, no carrier yttrium is used. This eliminates

the possibility of radiocactivity in the yttrium salt and also permits counting
from a weightless yttrium extract, eliminating the troublesome correction

for self-absorption.

Determination of Strontium-90 in Fresh Water. The sample containing

L ml of 1 N carrier strontium is made strongly alkaline and brought to
boiling, and sodium carbonate is added to precipitate strontium carbonate.

The collected precipitate is dissolved in hydrochloric acid, neutralized

with ammonia to a methyl orange end point, and buffered at pH 5. Barium is
added, followed by potassium chromate to precipitate barium chromate, which
is discarded. Strontium is reprecipitated as carbonate and again brought
into solution with hydrochloric acid. Ferric iron is added and rrecipitated
with ammonia and the precipitate is discarded. Zirccnium and rare earth
(usually cerium or lanthanum) carriers are added and the warm solution is
acidified and then made basic with ammonia. The precipitated rare earth
and zirconium hydroxides are discarded and the strcntium is again concentrated
by precipitation with sodium carbonate.

The strontium carbonate, thus obtained is stored overnight or longer
for ingrowth of the ytirium daughter of the strontium-90. The length of this
ingrowth period depends on the strontium-90 content expected; it is shorter

for samples of high activity. At the lowest levels an ingrowth period
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of 2 weeks is allowed, during which the yttrium=-90 reaches 97% of its
final equilibrjum value. For an ingrowth period of only 18 hours, on the
other hand, the yttrium=-90 reaches about 18% of the equilibrium value,

After ingrowth of yttrium, the strontium carbonate precipitate is
dissolved with hydrochloric acid, neutralized tc methyl orange with ammonia,
and buffered at pH 5. The yttrium is extracted into 2-thenoyltrifluorocacetone
solution. After the organic phase is washed with water buffered at pH 5,
the yttrium-90 is stripped by extraction with 1 ¥ hydrochloric acid. The
hydrochleric acid extract is evaporated on copper planchets, heated
thoroughly to destroy residual organic matter, and counted, correcting for
decay of the yttrium-90 between its extraction and the counting time,

In this procedure the decontamination factor for contaminating
isotopes is about 10‘*. Typical results for a number of common fission

products chosen as representative are given in Table 1.

TAELE 1. YIELD OF CONTAMINATING ISOTOPES

Amount

Added, Amount Recovered
Isotope C.P.M, T.P.H, T
srd9 51,000 19 0.04
Csiiﬂ 178,000 18 0.01
Ce 58l ,000 39 0.007
ZrNp?> 585,000 1 0.009

Chemical yields for strontium range from 70 to 100%, with a mean
of approximately 85%. Recovery of yttrium in the solvent extraction is

greater than 95%.
Total Radiostrontium in Fresh Water. The strontium is collected

by precipitating 2 ml of 1 N carrier strontium as carbonate and treated
with concentrated (70%) nitric acid to remove calcium and magnesium
imourities. Thirty milliliters of concentrated nitric acid are used in
this treatment. The mixture is digested in a warm water bath with

occasional stirring for about 10 mirutes and cooled in an ice bath for
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5 minutes, after which the precipitated strontium nitrate is separated
and collected by centrifugation. (In soft waters where the additional
weight of the carbonate precipitate would be of no concern, this nitric
acid treatment may be omitted, leaving the calcium in the final carbonate
precipitate.) The strontium nitrate (or carbonate) is redissolved and
purified by barium chromate precipitation and iron and zirconiun~rare earth
hydroxide scavenging as above. The purified strontium is precipitated
finally as strontium carbenate, transferred to couating dishes, and counted
directly to obtain total radiostrontium content. Strontium-89 is calculated
by difference between the total radiostrontium value and the strontium=90
activity.

Average chemical yield is 85%. Because strontiurm-89 is determined by
difference, the error is dependent on the error of the strontium-90 determination

and on the relative amounts of strontium-90 and strontium-89.

Strontium~90 and Total Radiostrontium in Salt and Brackish

Waters, The determination of radiostrontium in salt and brackish waters

is comélicated by the mass of precipitate obtained. In salt water this is
largely due to the magnesium which is present in sea water to the extent of
1.27 grams per kilogram, 1f the pH is adjusted to minimize the precipitation
of magnesium carbonate, the precipitation of strontium carbonate is not
quantitative, the loss amounting to about 10% when 1 mmole of carrier
strontium is used. Accordingly, the carbonate precipitation was carried

out from strongly alkaline solution, a vreliminary separation of magnesium
being made to facilitate this operation.

The heated sample containing strontium carrier is treated with
ammonia and alcoholic 8-quinolinol to precipitate magnesium. This precipitate
is filtered off, washed thoroughly, and discarded, the washings being added
to the filtrate. Sodium hydroxide and sodium carbonate are added to the

heated filtrate to precipitate strontium, calcium, and other salts., The
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washed precipitate is collected and thoroughly dried, after which it is

PROCEDURE 31 (Cont'de)

treated with concentrated nitric acid to remove calcium from the precipitated
strontium nitrate. A second nitric acid treatment is usually required

for adequate removal of calcium. The strontium is purified by the standard
barium chromate and hydroxide precipitations, after which strontium
carbonate is precipitated for determination of total radiostrontium.

After total radiostrontium activity has been counted, the strontium

carbonate precipitate is stored for ytirium ingrowth amd the yttrium is

extracted and back-extracted as described above.
Loss of strontium in the magnesium precipitate is only about 2%

and precipitation from the sodium hydroxide-sodium carbonate solution is
quantitative. Over-all chemical recovery is about 85%, most of the loss
being in the nitric acid treatments,

Determination of Radiostrontium in Soils and Sludgg » The sample

is converted to ash in a3 mffle furnace and an aliquot of 1 to 50 grams is
taken for analysis, After addition of strontium and barium carriers and
drying, the ash is mixed with 6 times its weight of sodium hydroxide and
fused in a nickel crucible. Sodium carbonate is added to the melt and the
mixture is heated again. The fusion mixture is taken up in hot water to
compleve disintegration of the solid, and centrifuged; the supernatant is
discarded. The residual solid is dissolved in hydrochloric acid and the
strontium precipitated as carbonate by addition of ammonia and sodium
carbonate. Strontium is purified by nitric acid treatment, barium chromate
precipitation, and hydroxide scavengings before counting for total radio-
strontium cortent or separation of yttrium-90, In these samples, nitric
acid treatment usually is necessary, even if only strontium-90 is to be
determined.

If only leachable radiostrontium is desired, the original sample
is extracted several times with hot 6 M nitric acid. After addition of

carrier, the acid is neutralized and the strontium precipitated with
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carbonate, which is then treated in the same way as the carbonate
obtained after fusion.

Radiostrontium in Biological Materials. The sample is converted

to ash, usually in a2 muffle furnace. For some samples, however, wet ashing
with nitric acid followed by an equal-volume mixture of nitric and
perchloric acids may be preferred. A suitable aliquot is taken, dissolved
in hydrochloric acid, and evaporated to near dryness. The chlorides are
converted to nitrates by evaporation with nitric acid and strontium nitrate
is precipitated from concentrated nitric acid. After a second precipitation
from nitric acid, the precipitate is dissolved in water and made alkaline
with ammonia to test for completeness of phosphate removal. Any precipitate
(indicative of unremoved phosphate) is digested with sodium carbonate to
convert the phosphate to carbonate. This is dissolved in acid, warmed to
drive off carbon dioxide, and again made alkaline with ammonium hydroxide.
If a precipitate forms, it is discarded. Sodium carbonate is added to the
combined strontium-containing supernatants to precipitate the strontium as
carbonate. This precipitate is collected and purified by barium chromate
precipitation and hydroxide scavenging. In all cases with biological
samples, treatment with nitric acid is necessary to prevent phosphate

interference.




PROCEDURE 32
STRONTIUM AND BARIUM
Source - "Determination of Strontium and Barium Activities in Fission®,
L. E. Glendenin, Paper 236 in ®Radiochemical Studies: The Fission

Products®, edited iy C. D. Coryell and N. Sugarman, McGraw-Hill Eook
Co., Inc., New Yark, 1951. It is based on report CN-1312, dated May 15, 19L5.

1. INTRODUCTION

The precipitation of Sr(N03)2 and Ba(NO3)2 by fuming HNO3 is a
classical method for the separation of strontium and barium from fission-
product mixtures.8l Although the method is fairly specific for strantium
and barium, it has been known for some time that contaminating activities
my be present even after several reprecipitations-wln order to remove
this contamination, a Fe(OH)3 scavenging precipitation is made after a
single reprecipitation of the strontinm and barium nitrates. The barium is
then separated from strontium as the chromate in a buffered HCoH30 solution
(of pH 5), in which strontium is soluble, and converted to BaCl2°Hy0 for
added purification from strontium and for weighing,85 The strontinm is
isclated from the acetic acid-chromate solution as 5r(20)°Hy0 and is weighed
as such after an alcohol-sther washing and vacunm desiccation. The
precipitation of the SrCp0)*Hy0 is made in an ammoniacal solntion“to
prevent the reduction of the chromate to Cr(IIl) by axalic acid and the
subsequent coprecipitation of Cr(III) with the SrC20y+Hy0.

The procedure previously cnplqed83was somewhat longer, involving
added reprecipitations of the alkaline-earth nitrates and an added BaCrQy,
separation from the strontium fraction. These unnecessary operations have
been deleted from the procedure. The simplified method is given below.

2. FREPARATION AND STANDARDIZATION OF CARRIER
Strontium Carrier. Dissolve 24.1 g of Sr(N03)2 in water and dilute

to 1 liter. Pipet 5 ml of carrier solution into a beaker and add about
30 ml of HoO, Add 5 ml of saturated oxalic acid and heat nsarly to boiling,
Add 2 ml of conc. NHOH drop by drop with constant stirring.

Allow to stand for about 10 min in cool tap water with occasional
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stirring. Filter quantitatively on a weighed sintered-glass crucible with
suction. Wash three times with 5 ml of hot Hy0 containing a few drops of
NH),0H, three times with 95 per cent ethandl, and three times with 5 ml of
ether, rinsing down the inside of the crucible with each washing. Wipe the
outside of the crucible with Kleenex or a lintless cloth and place in a vacuum
desiccator. Evacuate for 2 min. Weigh as SrC;0), °Hy0 and repeat the
desiccation until the weight is constant to 0.2 mg.

3. PROCEDURE

Step 1. To 1l to 5 ml of neutron-irradiated uranyl nitrate in a 50~
ml centrifuge tube add 2 ml each of barium and strontium carrier and then
30 ml of fuming HNO3. Cool (under running tap water), stirring for 1 to 2
min, and centrifuge.

Step 2. Dissolve the precipitate in about 2 xl of Hy0 (Note 1), re-
precipitate with 15 ml of fuming HNO3, and centrifuge.

Step 3. Dissolve the precipitate in 5 to 10 ml of Hp0, add 5 mg of
iron carrier, and precipitate Fe(OH)3 with about 2 ml of 6M NH) OH. Centrifuge
and discard the Fe(OH)3.

Step L. Neutralize the supernatant solution with 6M HNO3 and add
1 ml of 6M HC2H302 and 2 ml of 6M NH,C,Hy0p. Heat the sclution mearly to
boiling and add 1 ml of 1.5M NagCrQ), drop by drop with stirring. Continue
stirring for about 1 min and centrifuge (Note 2), Reserve the supernatant
solution for strontium determination.

Step 5. Determination of &rium”(Note 3). Wash the precipitate with

10 ml of hot H30 and dissolve in 1 to 2 ml of 6M HC1 (Note L). Add 15 ml of
HC1l-ether reagent, chill, and stir for 1 to 2 min. Centrifuge and decant

completely,
Step 6. Dissolve the precipitate in 1 ml of HyO. Reprecipitate with

15 ml of HCl-ether mixture., Centrifuge and decant. Note the tims.
Step 7. Transfer the precipitate to a weighsd filter-paper disk
(Note 5) on a small Hirsch funnel with three S-ml portions of absolute
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ethanol containing 3 to 5 drops of conc. HCL (Note 6). Filter with suctiom.

PROCEDURE 32 (Cont'd.)

Wash three times with S-ml portions of ether and such dry. Transfer the
paper with the precipitate to a small watch glass and place in a vacaum
desiccator. Evacuate for 2 min, release the suction, and evacuate again for
S min. Finally, weigh the precipitate as BCl,*Hy0 and mount for counting.
Step 8. Determimation of Strontium. Add 2 ml of conc. NH,0H to the

clear supernatant solution from step L, heat nearly to boiling, and add

S ml of sat. (NH,),C20) slowly with stirring. Stir for 1 to 2 min and
filter with suctiqn en a weighed paper (Note 5) in a emall Hirsch funnel.
Wach three times with 5 ml of HyO, three times with 5 ml of 95 per cent
ethanol, and three times with S ml of ether. Trensfer the paper containing
the SrC20),°Hy0 to a small watch glass and place in a vacuum desiccatar.
Evacuate for 2 min, release the suction, and evacuate again for 5 min.
Weigh the precipitate as SrCp0),°Hy0 and mount.

Notes.
1. Heating may be required in order to effect complete solution.

2, A few drops of Aerosol solution facilitates clean centrifugation.
If any particles of BaCrQ), remain, the supermatant solution should be filtered.

3. If only strontium is to be determined, the precipitate may be
discarded and the supernatant solution may be treated at once as in step 8.

4. A small residue (probably BaCl2) may be formed, but it can be
ignored.

5. The filter-paper disk is washed with ethanol and ether and dried
in a2 vacuum desiccator under the conditions of the procedure before the
weighing.

6. Barium chloride is appreciably soluble in absolute ethanol.

The presence of the HCl represses the solubility and increases recovery.
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L. DISCUSSION

In the standardization of the strontium carrier, the &Cg%-ﬂgo is
precipitated by the method of the neutralization of an axalic acid sclution
with NH)OH rather than by the addition of (“Hh)zcz% to an ammoniacal
solution, as is required in the analytical procedure. The precipitation
is not performed by the latter method because it was observed in several
instances that a precipitate of SrCO3 was formed in the hot ammoniacal
solution (apparently by the absorption of CO2 from the atmosphere) before the
addition of (NHh)ZCZOh° The presence of SrC03 could lead to erratic results
in the weighing; therefore, this method was discarded in favor of the method
described above. The formation of SrC0O3 in the analytical procedure has not

been observed.

PROCEDURE 33
STRONTIGM AND BARIUM
Source - "Pregparation of Carrier-Free Strontium and Barium Tracers Ly
Use of Lead Nitrate and Lead Chromate Precipitations®, L. E. Glendenin,
Paper 238 in "Radiochemical Studies: The Fission Products®, edited ty
C. D. Coryell and N. Sugarman, McGraw-Hill Book Co., Inc., New York,
1951, It is based on report CC-1050 dsted November 8, 19L3.
1. INTRODUCTION
The precipitation of Ba(N03)2 and Sr(N03)p by fuming HNOj is a
classical method of separating barium and strontium from fission ntcrial.m’ss
Since lead nitrate is also highly inscluble under these conditions,89the
carrying of radioactive barium and strontium on Pb(NO3)p precipitated in this
manner was tested. The method proved to be highly efficient for the
separation of carrier-free barium and strontium from the other fission
products. On this same basis the carrying of barium on PbCrQ), precipitated
in a buffered HOpH302 solution, in which strontinm is  soluble, was studied,
and the results showed that such a procedure separates barium tracer from

strontium tracer very efficiently.
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The PbCrOh, carrying the active barium is dissolved, the CrQ)-- is
reduced by NalOp, the Fb** and the Cr*3 are precipitated with NH,OH and the
barium tracer is left in solutiom with hh*, mr,:, and uo;. The mother liquor
from the PbCrQ), precipitation is freed of CrOy-~ by the addition of excess
Pb“, and the excess is removed with HpS. The strontium is left in solution
with the Na* and NO3 ioms.

2. PROCEDURE

Step 1. Add 20 mg of lead carrier to the fission-product material and
evaporate the sclution to about 2 ml (Note 1). Add 15 to 20 ml of fuming
HNO3, cool, and stir occasiomally for 3 to S min., Centrifuge, and discard
the supernatant solutiom.

Step 2. Dissolve the precipitate of Pb(NO3)p in 1 ml of B0 and
reprecipitate with 10 to 15 ml of fuming HNO3. Centrifuge as before, and
discard the supernatant solution.

Step 3. Dissolve the Pb(NO3)z in about 10 ml of Hp0, add 10 mg of
lanthamm carrier, heat the sclution nearly to boiling, and add S5 N NH)OH
(Co2-free) in slight excess with stirring to precipitate La(CH)3 and Pb(OH)p.
Centrifuge, and discard the precipitate.

Step L, Neutralize the supermatant solution with 6N HNO3 and add 1 ml
of 6N HOpH30p and L ml of 3N MH)C,H30,. Add 10 mg of lead carrier, heat
nearly to boiling, and add 1 ml of 3N &201-% drop by drop with stirring.
Heat and stir for 2 min. Centrifuge, heat the supernatant soclution, and
add 10 mg of lead carrier drop by drop with stirring. Centrifuge, and
combine the PICrO), precipitate with the first precipitate (Note 2). The
supernatant solution is reserved for strontium separation in step 10.

Step 5. Dissclve the combined PCr0Q), precipitates by heating with
2 to 3 ml of 6N HNO3, Add S mg of strontium carrier and 10 ml of Hy0,

Heat nearly to boiling and neutralize with 6N ME)OH, Add 1 ml of 6N
HCpH90p and L ml of 3N MH,C,H30p. Heat the sclution, add 10 mg of lead
carrier, and precipitate by adding 1 ml of 3N NagCrQ), drop by drop with
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stirring (Note 3). Centrifuge, and discard the supernatant solution.
Step 6. Dissolve the PWCrOy in 2 to 3 ml of 6N HNOj and dilute to
about 10 ml. Heat nearly to boiling, add 1 ml of 1M NaNOy drop by drop,
and add 6N MN§; OH (COz-free) in slight excess to precipitate Cr(OH)3 and
Pb(0H),. Centrifuge, and reserve the supernatant solution for barium
separation, Redissolve the precipitate in 1 ml of 6N HNO3, dilute to 10 nl,
and reprecipitate with 6N NH)OH, Centrifuge, and combine the supernatant

solution with the supernatant solution from the first precipitation (Note ).
Step 7. Neutralize the combined supernatant solutions with 6N H02H302

and add 20 mg of lead carrier, 2 ml of 6N HC2H30p, and 8 ml of 3N NHh021{302.
Heat nearly to boiling and add 2 ml of 3N Na2CrQ), drop by drop with stirring.
Centrifuge, and discard the supernatant sclution (Note 5.)

Step 8. Proceed as in step 6.

Step 9. Boil the combined solution conmtaining the radicactive barium to
expel MHj, and dilute to the desired volume (Noté 6).

Step 10. Heat the sclution from step L and add 1 ml of 6N HNO3. Add
drop by drop with stirring a solution of 0.5 g of Pb(NO3), dissclved in a
few milliliters of Hy0. Heat and stir for 2 min (Note 7). Centrifuge, wash
with 10 ml of hot Hy0, and discard the precipitate of PbCrOh. Heat the
supernatant sclution nearly to boiling and saturate with HpS. Centrifuge,
and discard the PbS precipitate.

Step 11. Evaporate the supernatant solution containing the radicactive
strontium nearly to dryness. Add a few milliliters of conc. HNO3, again
evaporate nearly to dryness, and make up to the desired volume (Note 8).

Notes. 1. The fission-product material is the aqueous phase of ether-
extracted uranyl nitrate. With suitable modifications, other starting
materials can be used.

2. The second precipitation of PbCrOh is made to improve the recovery
of barium,

3. The precipitation of PtCr0) in the presence of strontium holdback
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carrier removes coprecipitated strontium. The additional lead is precipitated
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to recover barium more completely.

L. Chromic hydroxide and lead hydroxide are reprecipitated to recover
any barium that may have been coprecipitated.

S. lLead chromate (carrying barium) is again precipitated in a buffered

solution to ensure the removal of strontium,

6. The barium tracer solution will contain Me*, hﬂﬁ, and NO3 ions.

7. Lead is added to remove all the Cr0,™~ from solution. The
amount of lead added is slightly more than the amount required.

8. The treatment with HNO3 removes Mi)C,Hy0;. The strontium tracer
solution will contain lh’, H’, and Nog ions.

3. DISCUSSION
The method was tested for separation y starting with aliquots of a

60-day=-old fission-product concentrate prepered by an exhaustive ether
extraction of uranyl nitrate. The barium fraction from 1 ml isolated in the
first PbCr% operation and reprecipitated once with PbCrQ), in the presence
of strontium holdback carrier had an activity of 20,000 counts per mimte (c/m),
or a 35 per cent yield of the value of 58,200 c/m determined by a conventional
assay of the original concentrate .38 The activity of the strontium fraction
was 370,000 ¢/m, or a yield of 67 per cent of the value of 548,000 ¢/m in the
original concentrate.

A standard analysis88of the barium fraction for strontium activity
showed the presence of 1,000 ¢/m of strontium. The performance of the second
PbCr% precipitation provided for in the procedure would undoubtedly lower
this contamination considerably. An analysis of the strontium fraction for
barium activity showed the presence of only 220 c¢/m of barium. Other fission
species are probably removed to negligible values by the Pb(lD3)2 recrystallization
followed by the Pb(oﬂ)z-La(OH)3 precipitation, as shown by extensive studies on
dkaline-earth preparations by the closely analogous (Ba,Sr)(NO3)z method
described elsewhere.58
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It may be mentioned that an attempt to carry BaCls on NaCl precipitated
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from uranyl nitrate with conc. BCl was unsuccessful. This result was
confirmed by Hamilton,90

PROCEDURE 3L
STRONTIUM AND BARIUM

Source - Lawrence B. Farabee in Oak Ridge National Laboratory Report ORNL-1932,
September, 1955,

PROCEDURE FOR THE RADIOCHEMICAL ANALYSIS OF STRONTIUM AND BARIUM
IN HUMAN URINE

ABSTRACT

Ar analytical procedure for the determination of radicactive strontium
and barium in large volumes of urine is described. The method is based on
the preferential chelation of calcium over strontium using versene. This
difference is greatest at a pH of L.5 to 6.0. When a versenate chelate of
the alkaline earths in a urine specimen, at a pH of 5.5, is passed over a
cation exchange column all of the strontium and barium is adsorbed, whereas
almost all of the calcium and about 1/2 of the magnesium passes into the
effluent as the chelate. The extraneous calcium and magnesium can be
removed from the resin with a solution of citric acid and versene at a pH
of 5.0. The sodium is removed with 0.5 N HC1l, while the radioactive strontium

and barium is eluted with 6 N HNO3.

EXPERIMENTAL
PART 1. THE ALKALINE PHOSPHATE PRECIPITATION
A short approach to a urinalysis procedure would utilize the urine
direct without preliminary concentration by precipitation. Hcwever, certain
di fficulties arise in using urine direct with ion exchange resins in a
separation procedure. The high concentration of dissolved salts, as well as

the variability in individual specimens, and the presence of organic matter
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in urine makes a preliminary precipitation an important adjunct in this

FROCEDURE 3 (Comnt'd,)

procedure. Quantitative recovery of barium and strontium can be achieved

by a basic phosphate precipitate from urine. Since these elements do not
form complexes with the organic materials present in urines, the precipitation
can be carried out directly, thereby avoiding the laborious process of ashing
the urine sample. This precipitate also serves two major purposes: (1) The
separation of the above elements from sodium and potassium and (2) the

separation from organic matter which is present in the urine sample.

Procedure
1. Add concentrated hydrochloric acid (HC1l) to a 1500 ml urine sample to
make the urine 0.1 N in HCl and yield a clean solution.
2. Heat the sample on a hot plate to a temperature of 85° to 90° C.
3. Add 6 ml of 6M phosphoric acid to provide an excess of phosphate to insure
complete precipitation of all calcium and magnesium.
. Use an electric motor stirrer to provide vigorous stirring far the subsequent
precipitation.
5. Add slowly 6 M sodium hydroxide until a basic phosphate precipitate is
visible. Continue the addition until the solution is basic to a pH of &
to 10. Universal pH paper can be used to determine the pH in this case.
6. The precipitate is allowed to settls for 2 hours or longer.
7. The supernatant liquid is decanted by suction to the lowest possible
level such that the precipitate is not disturbed. Discard the supernatant
solution.
8. The remaining slurry is poured into a centrifuge cup. The precipitate
is centrifuged at 1500 rpm for 5 mimites. The supermatant liquid is decanted
by suction and discarded.
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PART II. PREPARATION OF THE CCLUMN

(a) Description of column system

Beds of 50-100 mesh Dowex~50 x 12 resin are prepared in a Pyrex
glass column 18.5 cm long and 1.8 cm inside diameter. The bottom is fitted with
a one-way stopcock in a one~hole rubber stopper. Glass wool over the rubber
stopper holds the resin bed. A 6 inch Pyrex funnel fitted to the top of the
glass column with a rubber tubing serves as a reservoir for the feed and
wash solutions.

(b) Preparation of the resin

New Dowex-50 resin is conditioned by several washings, alternately
with 5 per cent NaCl and 5 per cent HCl., During the conditioning process
a considerable quantity of ®fines®™ are removed. This is accomplished by
stirring the resin sample in a large beaker filled with the conditioning
solution. Most of the resin is allowed to settle, whereupon the liquid
containing the ®fines® is decanted. The resin is then converted to a sodium
cycle with 5% NaCl. About 250 gms. of the resin is put into a Pyrex glass
tube L ft. long and 2.5 cm, diameter. Six liters of 5% NaCl is then passed
over the resin at a maximm flow rate (4.7 ml/min/cmz). The resin is then
emptied into a large beaker and washed free of NaCl with distilled water.

The resin which has been used in urinalysis, can be re-used by converting
to the sodium cycle as described above.

For practical reasons, it is expedient to keep the amount of resin
used to a minimm in order to reduce the volume of elutriant solutions and
thereby reduce the time required to perform a single analysis. Experimentally
it was found that 16.3 gms. of the above resin (air dried), or about 25 mi by

volume (wet form) was sufficient for an individual analysis.
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PART III. OPERATION OF COLUMN
(a) Preparation of feed solution

The alkaline earth phosphate precipitate can be dissolved in 10 to
20 ml concentrated nitric acid. The resulting solution contains calcium,
magnesium, phosphates, plus an indeterminate amount of sodium, potassium,
ammonia ions, and organic material adsorbed on the gelatinous precipitate.
The organic material can be destroyed by wet ashing in the presence of nitric
acid and hydrogen peroxide. The inorganic residue is dissolved in 2 to 3 ml
of concentrated hydrochloric acid plus about 20 ml distilled water. The
solution is then diluted to about 800 ml with distilled water.

This urinalysis procedure was designed primarily to analyze urine
supernatant from a previous plutonium analysis in which 600 mg of extra
calcium had been added. The total calcium under these conditions was about
800 mg while the magnesium was about 100 to 200 mg. When adsorbed on a
cation exchanger of the size used in this procedure, such large quantities
of alkaline earths would utilize most of the exchange capacity of the
resin, thereby making the operation vulnerable to losses of strontium and
barium. In order to circumvent the above difficulty, it was necessary to
devise some way in which the amount of alkaline earths that were adsorbed
on the resin could be held to a minimum. The greater complexing efficiency
for calcium over strontium was used to develop a method whereby a large
per cent of the calcium and some of the mghesium, being chelated ﬁith
versene, would pass through the resin colum while while strontium and barium
are adsorbed. The alkaline earths of the feed solutions are first chelated
with versens at pH 10.5. At this pH a dye indicator can be used to determine

the end point cf chelation of the alkaline earths. The pH of the scolution

is chen reduced to 5.5 and put over the resin column., In 22 experimental
runs using samples with added calcium as well as samples without, 9L to 97

per cent of the calcium passed through the column as a complex, while 36 to
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63 per cent of the magnesium alsc passed intoc the effluent. Losses of sc89

tracer averaged from 0.11 to 0.19 per cent,

Procedure

1. The precipitate from Step 1, 8 is dissolved in about 15 ml concentrated
nitric acid.

2. This solution is poured into the two liter beaker in which the original
vhosphate precipitation was carried out.

3. The organic matter is destroyed by heating the solution, and by alternately
adding conc. ENO3 and 30% hydrogen peroxide.

L. This is repeated until a white residue remains. The residue is then
taken to dryness.

5. Remove the beaker from the hot plate and wash down the walls with about
20 ml distilled water. Add 2 to 3 ml concentrated hydrochloric acid and
heat until the incrganic material is dissolved. The voluwe is diluted to
800 ml with distilled water and the pH of the sclution is checked in
subsequent operations,

6. Add 1 N sodium hydroxide until the pH is about 9.0.

7. Add 2 ml Eriochrome Black T*.

8. Add a solution of 7.5% % technical grade versene until the indicator
changes from wine red to blue at pH 10.5. This voint indicates comolete

chelation of all calcium and magnesium,

9. Reduce the pH to 5.5 with concentrated hydrochloric acid. The final
adjustment can be made with 1 N HC1,

10. Pass this solution over the resin column at a flow rate of not greater
than 8 ml/min/cu?,
11, Wash down the walls of the funnel with about 50 ml distilled water.

12. Discard the effluents.

# Mix 0.5 gms. Eriochrome Black T and L.5 gms, hydroxylamine hydrochloride.
Dissolve in 100 ml of alcohol and filter.

4 Dissolve 75 gms. tetrasodium ethylenediamine tetraacetic acid (technical grade)
in about 800 ml distilled water. Filter and dilute to one liter,
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(b) Elution of Adsorbed Calcium and Magnesium from the Resin Golumn
The efficiency of versene to chelate the alkaline earths is reduced
when the pH is lowered to 8.0 to 5.5. Since the feed solution is put over
the column at a pH of 5.5, there will be some exchange of the cations between
the feed solution and the resin because of this reduction. This indeterminate
amount of calcium and magnesium that is adsorbed on the resin must be removed
without loss of strontium and barium, The citrate complex would remove
the alkaline earths in the following order: Mg>>Ca>Sr >Ba. Versens
would be expected to remove calcium from the resin before the other
alkaline earths. A combination of versene and citric acid at pH 5.0 is a
better elutriant than citric acid alone. This is due to the greater
affinity for calcium by verseme. There is no loss of 589 even at twice
the volume of elutriant necessary to remove all of the calcium and

magnesium,

Procedure

1. Pass 800 ml of a solution of one per cent citric acid and 0.75% versene
over the resin column at a flow rate of L # 0.8 ml/min/cn® (10.93 ‘gms. citric
acid monohydrate, 100 ml of 7,5% versene, dilute to cne liter and adjust
the o to0 5.0 with 6 M NaCH),
2. Discard the effluent wastes.

(¢) Removal of sodium from the resin column

Since the Dowex=50 resin had been put on the sodium cycle in
preparation for urinalysis, this sodium must be removed in order that the
final eluate of the strontium and barium can be evaporated and prepared
for counting without further chemical purification. Dilute acids will elute
the monovalent sodium with no significant loss of 89. In 22 experimental
urinalyses, losses of srB9 averaged 0,22 per cent when 0.5 N HCl was used

to remove the sodium from the resin.
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Procedure
1. Pass 800 ml of 0.5 N hydrochloric acid over the resin column at a flow
rate of L + 0.8 ml per minute per cm?,

2. Discard the effluent wash.

D. ELUTION OF STRONTIUM AND BARIUNM
The strontium and barium can be eluted from the resin column with 200
ml 6 N nitric acid. This vclume removes about 99.6 per cent of the strontium

and barium,

Procedure
1. Pass 200 ml 6 N HNO3 over the resin at a flow rate of 2 nl/min/cme.

2. Catch the eluate in a 400 ml beaker.

PART IV, PREPARATION OF THE SAMPLE FOR COUNTING

The eluate is evaporated on a hot plate to almost dryness at a
temperature just below the boiling point. The residue is transferred to a
counting dish*. The inorganic residue, which is mostly sodium and inert
strontium and barium, will have a density of less than 1 mg/cm2 s therefore
self-absorption of the radiations by the sample should be nil.

Since the rare earth daughter products of Sr90 and tho are
chelated by the versene-citric acid wash, these radioactive products will
be removed from the column by this wash. Therefore, the time of separation
of these daughter products can be established for subsequent identification

of the isotope by growth and/or decay measurements.

Procedure
1. Evaporate the nitric acid eluate to almost dryness on a hot plate.
2., Wash the contents into a 50 ml beaker with distilled water. Clean the

walls of the larger beaker with nitric acid and water. (This transfer to the

# This counting dish is made from a circular piece of type 30L stainless
steel 1-3/L inch diameter and 0.005 in. thick. A cup, one inch diameter
and 0.125 inch depth, is die pressed for holding the sample.
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small beaker facilitates the final transfer to a counting dish.)
3. RBvaporate the liquid in the small begker to dryness.
L. Dissolve the residue in about 1/2 ml 1 N HNO3. Transfer this liquid to a
counting dish using a pipette. Wash the walls of the beaker with another 1/2
ml of acid, and add this to the dish.
5. Dry under an infra-red lamp.

The radicactivity of the sample can be counted in a conventional end

window Geiger-Mueller counter.
RESULTS

More detailed studies of the various steps indicated that the
average total losses in the column operation were less than one per cent.
About ZI.O6 ¢/m of Sr89 was used to-study the losses. Similar studies with

Ban‘o likewise gave losses of about one per cent.

This procedure was also tested for total recovery of Sr89

tracer at
levels of about 75 ¢/m. This test was made on urine samples from individuals
who had not been exposed to fission product contamination. To 18 of the
samples was added the extra 600 mg calcium; the other lj had no extra calcium,
No difference was noted in the per cent of recovery. In the 22 experimental
runs, the recovery averaged 93.7% + 2.5 per cent (standard deviation) of sr89
tracer. The average counting error was about 2.7 ¢/m at a 903 confidence
level. In determining the per cent recovery, a volume of Sr89 tracer equal to
that put in the urine samples was evaporated in the center of a counting dish
and used as a ®standard®. The “standards® and urinalysis samples were counted
at about the same time to avoid errors due to decay of Sr89. Since some of
the residue in a wrinalysis sample is displaced farther from the center

than the "standards®, a reduction in efficiency of counting can be expected
due to this lateral displacement. The final per cent recovery took into

consideration both chemical losses and decreased counting efficiency.
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SEPARATION FROM K4O
In order to determine the presence of radiocactive strontium and
barium at very low levels, a urinalysis procedure must provide good separation
from Kho, a beta emitter that is present in urine. Urine specimens from
17 persons who had not been exposed to fission product contamination, were
checked by this procedure. Average radiocactivity due to I('*o was 0.7 ¢/m
at about 25% geometry. The maximum was 1.7 c/m.

SUMMARY

In the radiochemical analysis of strontium and barium in large
volumes of urine, an alkaline earth phosphate precipitation is used to
concentrate the strontium and barium. The separation of large amounts of
calcium and magnesium from tracer amounts of strontium and barium is done
on one ion exchange column by the use of versene and citric acid as complexing
agents. Over-all losses of sr89 on the colwm are about one per cent. Urine
samples containing from 150 to 800 mg calcium gave equally good recovery.
Since no ®carriers® are added, this method may be useful for analyzing
bone or urine for non-radicactive strontium and barium. This procedure is
simple in operation, has a minimum number of steps, and provides excellent

recovery of radiocactive strontium and barium in human urine.

PROCEDURE 35
STRONTIUM
Source - E, A. Martell in "The Chicago Sunshine Method®, U. S. Atomic
Energy Commission Report AZCU-3262, Page ik, May, 1956.

Strontium Separation Procedure for 5 Grams of bone Ash

(Method of Dr. John Harley, Health and Safety Laboratory,
New York Operations Office, U, S. Atomic Energy Commission)

1. Ash in nickel crucible at 900 C,
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2, Grind in mortar to a fine powder.
3. Veigh out 5 grams into a 250 ml centrj.mge bottle,
L. Add Ll ml of water and then slowly add 15k ml of $0% nitric
acid to bring concentration to 75%.
S. Add 20 mg of strontium carrier as Sr(N03)p in a 2 ml solution.
6. Stir rapidly for 30 mimtes (mechanically).
7. Centrifuge for 10 minutes at 2000 r.p.m.
8. Decant and repeat steps L4, 5, and 7 at half the original volums.
9. Decant as much as possible and tram'fer to 100 ml beaksr
with H,0.
’ 10. Evaparate to dryness to expel all the nitric acid.

11. Pick up with 50 ml Hy0; complete solution should result.

12. Heat this solution to boiling. Adjust pH to appraximately 7
with NaOH, Add 10 ml of 10% Nt2003, digest with heating until precipitation
of SrC03 is complete,

13. Filter througl; Tracerlab section filter apparatus and wash with
0.5% Na;CO3. Draw air through the filter for a few mimites to dry out the
precipitate. (The NagCO; is dried to constant weight in an oven at 110 C for
yield determination, dissolved in HCl, and reserved for Y growth and

subsequent milking,)

Notes:

1. The recovery of strontium by this procedure can be maintained
at about 95%. The direct solubility of strontium nitrate in the 75% nitric
acid is about 13 mg of strontium per liter. This is very markedly reduced
by the presence of calcium nitrate. For this reason, the calcium nitrate
is maintained at, at least S0% of saturation in the first separation. The
solubility of calcium nitrate is equivalent to 23.5 grams of CaO per liter
of 75% nitric acid. '
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2. Other types of samples are given a preliminary chemical
treatment to bring them to the form calcium oxide plus strontium oxide.
The nitrate separation is then carried out as for bone except that the
amount of 75% nitric acid is regulated to take solubility considerations

into account.

PFROCEDURE 36
STRONTIUM
Source - E, A. Martell in ®The Chicago Sunshine Method®, U, S. Atomic
Energy Commission Report AECU-3262, Page L9, May, 1956.

Strontium Separation from 4O Liters of Seawater

1. Filter original sample of LO liters of seawater to remove
suspended orgamic and inorganic material. Since the suspended material is
discarded, the filter may be changed frequently to speed filtration.

2, To filtrated seawater add SrCls; standard solution containing
about 3.5 grams of strontium. Add 4OO grams NH|Cl as a buffer to hold
magnesium in solution. Add “ 700 grams NapCO3 to precipitate calcium and
strontinm and allow mixture to settle overnight. Discard bulk of supernate
by decantation and filter remainder through Whatman #42 paper in large
Buchner funnel

3. Dissolve carbonates in 6 N HC1 and dilute to a volume of 3 liters.
Heat nearly to boiling and add solid (mih)zsoh to first cloudiness. Add
an additional 6 grams of solid (NHh)gsOh, digest for 30 mimmtes on hot
plate (on low), filter and wash with distilled water.

k. Transfer SrS0), precipitate to a clean beaker and add at
least 50% excess of (NHh)2003 solution. Digest for 20 minutes on low
hot plate. Filter and wash SrCO3 precipitate.

5. Dissolve SrC03 precipitate in minimum acid and proceed with
strontium separation, carrying out at least two barium chromate scavenging

precipitations before final determination of strontium as carbonate.
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[ Note added in proof]

During the routine use of this method for strontium analysis a very
small variable positive blas was encountered. Following a discussion with
FUDGE AND JENKINS of A.E.R.E. Harwell, special attention was directed to the
behaviocur of cerium.

A high activity run was carried out and following precipitation of
strontium carbonate the strontium was precipitated from fuming nitric acid.
A small amount of 141 cerium was identified remaining in solution on analysis
by P-absorption curve. It is believed that formation of a radiocolloid is the
cause of the solution of a small variable proportion of the cerium in the sample.
The addition of 10 mg of cerium carrier (as cerous nitrate) before column treat-
ment has been proved to prevent elution of the radiocerium, and the bias was
removed from the method.
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