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FOREWORD

The Subcommittee on Radiochemigtry is one of a number of
subcommittees 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 chemistry and
analytical chemistry.

The Subcommittee has concerned itself with those areas of
nuclear science which involve the chemist, such as the ecollec~
tion and distribution of radiochemical procedures, the estab-
lishment of specifications for radiochemically pure reagents;
the problems of stockpiling uncontaminated materials, the
avaialbility of cyclotron time for service irradiations; the
place ‘of radiochemistry in the undergraduate college program,
etc. ;

: Thig series of monographs has grown out of the need for
up=to-date compilations of radiochemical information and pro-
cedures. The Subcommittee has endeavored to present a series
which will be of maximum use to the working scientist and and
which contains the latest available information. : Each mono-
graph 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.

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, Chairmaﬁ
Subcommittee on Radiochemistry
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INTRODUCTION

This volume which deals with the radiocheiistry of chromium
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 prob-
lems of dissolution of a sample and counting téchniques and
finally, a collection of radiochemical procedures for the element
as found 1n the literature

The series of moncgraphs will cover-all elements for which
radiochemical procedures are pertinent. Plans include revision
of the monograph periodically as new techniques and procedures
warrant. The reader is therefore encouraged to call to the
attention of the author any published or unpublished material
on the radiochemistry of chromium which ‘might be included in a
revised version of the monograph.




I General Rev1ews of the Inorganlc and Analytlcal
Chemlstry of Chromium :

 Handbuch der Analytlschen Chemie

Zd. R.Fresenius und G. Jander, Springer Verlag Berlln 1948,
Teil II : Qualitative Nachwelsverfahren

Band VI : Elemente der Sechsten Gruppe.

p. 142-190 : Dr.Otto Schmitz-Dumont : CHROM.

~Handbuch der Analytischen Chemie

Bd. R Fresenlus und G.Jander, Sprlnger Verlag Berlin 1958.
Teil ITI: Quantitative Analyse

Band VI b6 : Blemente der Sechsten Nebengruppe : CHROMk
Dr.H.Garschagen, Dr.W. Klmpel und Dr.Jd. Weise

D. 1= 411

. G.Charlot et D.Bézier

‘Analyse Quantiﬁative Minérale.
Masson et Co; Paris 1955
p. 483404

G.Charlot and D.Bézier ~

Modern Methods: of Quantluatlve Inorganlc Analy31s
Trad.By R.C.Murray

J.Wlley and Sons N.Y. 1959

Colorimetric Determination of Eraces of Metals
E.B.Sandell (1959)
 D.388-408

Analytical Chemlstry of fhe Manhattan Proaect
Ed. Cl.Jd.Rodden

Mc,Graw-Hill 1950

p;445 : CHROMIUM




Solvent Bxtraction in Analyticalzchemistry
G.H.Morrison and H.Freiser o
J.Wiley and Somns (1957)

IT. General Reviews of the~Radiochemistry of‘Chromiuml

none




; I Table of Isotopes of Chromlum ~

(w1th decay-schemes and
activation cross-sectlons)

1.Table of Isotopes.

isotope % halfé décay energy method of
‘ , \ preparatlon

21 (a;2n)
Tiq's(d; n)
v (psn)
20 (n;X)
Cr52
Cr55

o® 35 P ot ()
| no | 5 (asp)
; (n,p)

For more complete information on the radiations of ‘chromium
isotopes and references to the original 1iterature,seé
k"Table of Isotopes'" by D.Strominger,‘J.M.Hollander and
G.T.Seaborg, Rev.Mod.Phys.,30 No.2,Part II,April 1958
pagesf625—627.




 2.Decay-schemes of some chromium isotopes.

y
o

10,

2,8.107




. : 3.Activation cross-sections of chromium isotopes

o  ;) Absorption cross-sections are given below:
‘ natural element:
Cr5o
Cr52

cp23

Cr54 less. than 0,3

The cross section for the less common reaction:
Fe?* (n3c) Cr51,
is given by Mellish,Payne and Otlet (M 1) as 0,37
- millibarns. ‘ :

IV. Review of those Features of Chief Interest to
Radiochemists. :

Yo Metallic Chromium

Chromium is & very hard steel-gray metal
(density 7,2088) with cubic cristalline form.
Depending on the way of preparation,it can attain
a hardness of G (R 1). It melts at 1890 °C and has
a boiling point of 2200 °C.

Readily soluble in hydrochloric acid and in diluted
sulfuric aéid,it is nevertheless insoluble in
nitric acid. Rendered passive,it 1s very resistent
towards 2 great number of chemicals., Its usée as
anti—corroéive coating of other metals is based
upon. this property.This covering can be obtained
by electrodeposition.

Metallic chromium is only rarely found in
nature.It is one of the elements of sub-group 6/
of the periodic: system of elements.Its highest

: . oxidation state is 6+ ,illustrated by the tri-oxide
CrO5 ,which is a true acid anhydride,the salts of




which are the chromates of the tyﬁekMeQCrOﬁ.

Chromium has a behaviour very similar to that
of the elements U’W and Mo (whloh are homologues),‘
but furthermore shows some similarities with the
elemenbs of sub—group 6/a, of whlch sulfur is a
Characterlstlc example.

The analogue behaviour of chromium with the

elements of the entire group 6 is furthermore
iljustrated by the isomorphous cristallisation of

the chromates,as com;ared with the molybdates tungsnates,

sulfates and selenates.

The greater-SLmllarlty of chromium with Mo and W
however,as compared with S and Se, is demonstrated
by the fact that the first three elements form iso-
and hetero-polyacids,which is not the case with
sulfur and selenium. k k

2. Soluble Salbs of Chromium

Some of the water-soluble salts of chromium are:
the acetate(Cr VI), the bromide,the chloride (Cr III
and Cr VI), the fluoride,the iodide,the nitrate,the
tri-oxide,the sulfate (Cr IIT and Cr VI) and the
oxychloride.The latter decompoées on COntact with water.

The agueous chloro—complexes are equally soluble in
water.

Several chromium salts exist in a water-soluble and
insolublekform.This is the case of the bromide CrBr5

and th¢ sulfate Cr2(804)3

The chemistry of the aqueous solubtions of chromium .,
salts is somewhat complicated by the different
oxidation states of chromitm ¢ 42 43 45 and 46 )
as reduction-oxidation reactions are to be expected.,
kThek+2 and +5 states are of little interest. The +5
state is only found in the red perchromates of the
~ type Me., Cr08,kwhereas the +2 state is readily ox1d_zed‘

by atmosnherlc oxygen.




For analytlcal purposes, the +§ and the +6
“ﬂ;0X1datlon states are to be considered. The tran31t10n
of one. state to another can be achieved by dlfferent ;
means,as;glven below. :

‘ Tfansition‘to oxidation state +6

a.Wet ox1datlon in alcallne medlum

concentrated NaOH and HO, (W 1)(B l)

Na 0, (M 2)

concentrated NaOH and bromine (J l)(H 1 3)
concentrated NaOH and SnIV oxide (K 1)
KMnO, and NaOH (K 1) (L 1)

alcaline oxidation by electrolys1s
persulfate in alcallne medlum (O 1) (J 1)

b. Wet oxadatlon in ac1d medlum

persulfate with catalysator (Ag Yo (P 1)
‘persulfate without catalysator (V 2) (K 2)
permanganate (H 2)
KBr03 (K 3‘)(H 3) (D 1)
(HC10, (W 1) (81) (B2
cl, (s 2)
. Pb=IV-oxide (T 1)
Ce~IV-sulfate (W 2)
sodiumbismuthate (B 3).(C 1),»‘
silverperoxide (T 2)

 c.Oxidizing mélt

This method,which will be discussed in chapter

V,can be used for the‘solubilisation of chromium-—
iron, ferrochrcmium,high alloy steels and some
very insoluble chromium oxides. ;
Simultaneously with solublllsatlon ox1dat10n to
the +6 state is achleved.

Transition to oxidation state + 3

transition from +2 to +3 : seldom used
transition from +6 to 43 ¢ this transition can




‘ be achleved by actlve hydrogen In many cases,‘
‘ bowever chromlum 3+ 1s further reduced to the
42 state.‘ ‘ ‘

- Other methods make use of alcohol (S 3), 802 ,~'
hydra21nesulfate (B 4), NHQOH HC1 (7 2),
KNO2 (8 4) or even H2S (F l)

;\Transitioﬁ‘to exidation,state + 2

Phis trans1tlon can be achleved by energetlc
kreductlon with hydrogen or by maklng use of a’
~Jones reductor.

Chromium can be determined volumetrically
by a large number of methods most of which are
based upon the ox1do—reductlon propertles of the
dlfferent chromlum ions.

A survey of these methods is given below. Detalled
procedures are found in literature.

Determlnatlon of chromlum 2+

‘Chromlum is quantltatlvely reduced to the +2 state,
;Whlch is then oxidized back to the +3 state with one
of the following reagents: Feo* (8 5), KMnO, (s 5),
K20r20 (S 5), methylene blue (8°5), I, (S 6),

KBrO (S 6) and KIO (8 6)s : -

Determlnatlon of chromlum 5+

ox1dat1ve determlnatlon. Wlth KMnO,, (D-2) (B 4, ;
potassium hexacyanoferrate (B 5) or Ce-1V sulfate
(N 2)

arsenate ( F 2) dlammonlumphosphate (K 4) or
with Complexon I1I ( S 7). ‘

Determlnatlen of chromlum 6+

All these determ;natlons are based upon the reduction
of_the;chromlum 6+ ions.This reduction can be ashieved




a number of reduclng agents such as:'x'

1od1de (Wlth subsequent tltratlon of the 12) (Z 1)
excess of Ye 2+ and hack-titration Wlth KMnO4
‘ K20r20 (S 8)(F 3) or with Ce-IV-sulfate (S9)(B 6)
direct tltratlon with Fe 2+ (F 2,pag 95y
= titrabion with arsenic acid (F 2,pag. 146) k
titration with Sn 2+ chloride solution (F 2,pag 162)
- titration with Ti 3+ salt (F 2,pag.l74)
- titration with chromium-2+-sulfate (Z 2)

The;énd-point of a number of these reactions can be
determined potentiometrically. .

%3.Insoluble salts and compounds of chromlum.
Pre01p1tatlon and co—preolpltatlon
characteristics of chromium.

The more common insoluble compounds of chromlum are
listed in the following table. ‘

acetate Cr(C2H502)2.H2O red crlst.pp.

c.arsenide CrAs : klnsol.cold and hot Water\
b insol.acids :

boride CrB. ‘1nsol.cold and hot water
. § R sol.,fusion Na202

bromide :CrBrz i . insol.cold and hot water
~ : very. sol.alcohol
deo§$oses in alcali

carbide‘ Cr302 ‘ y insol.cold ‘and hot water
‘ : sol.dil¢HCL

carbide Cr502 Sl insol.cold and hot water
carbonate CrCO3 ‘ amorphagreen—white D
carbonate i basic Cr-~III-carbonate
carbonyl "Cr(CO)6 co  subl.room temp-. :
insol.benz.,eth,,alcohol,
‘acetic acid
sl.sol. CHClB, CCl4
chloride ; insol.cold and hot water

insol acids CSE,acet.,
alcohol

chromate : (CrO)2CrO4 S ohromiohromate,
T j Es yellow—br0wn P




fluoride~

| hYdroxidé

hydroxide

nitride
éxaiate
oxide
;oxidek

oxide

oxide

phosphate.

»pbpsphate~ 

phosphaﬁe

phosphate

phosphide

selenide

silicide

suifate

sulfide

sulfide

‘CrQS

ch5

Cr(0H)

Cr(OH)5
C:N :

Cr(CgOQ).HéO

Crgo3

CrQOBXHZO

erg

Cr(PO4) 2H20

‘Cr(Poq) 4H20

Cr(POQ).6H20

CrP“

Dbasic selenide

Cr5812

’Cr2(SO4)3

f29r\oo4).h2804
- Cr8

>3

~ S01.HNO,

insol.cold water

sl.sol.acids ~
insol.alcohol, NH3~ ‘
soluble‘acids’v .
soluble acids

;1nsol cold and hot waterk
insol.dil. HN05;

yéllow crist.pp

- sol.hot water

1nsol cold and hot water
insol.dil. HNO5

_insol.cold and hot water
~insol. acids alcohol, alcali

dinsol. cold and hot Water

sol.acids,alcall

sl s01. NH3

1nsol.cold water

3

sl.sol.cold water

sol.acids.insol.acet.acid
sl.sol.cold water
sol.acids

sl.sol.cold water
sol,acids,alecali
insol.acetic acid

‘blue pp.

insol. éold water
50l .HNO, HE
1nsol aélds;

1nsol cold and hot water
so0l.HCY1, HY

~dnsol. HN03?~H2SQ4

ingol.cold water

sl.sol.alcohol
insol.acids

insol.cold water

black pp.

dnsol.cold water

very sol, alcohol

insol. cold water .
decompases with hot water
and in alcohol sol. HNO3 ‘




This table lists a number of precipitates of

possible analytical interest in separation and
precipitation work,as the chromium 2+ acebate and
oxalate, the chromium 3+ hydroxides and the phosphates.

The most common gravimetric 'determination of
chromium 3+ is based upon the precipitation as
chromium oxyhydrate,with sﬁbsequent ignition to
Cr203 (F 2,pag.19). Blectrodeposition of metallic
chromium is equally possible. '

Gravimetric determination of chromium G+ can be
ach&eved by precipitating chromium in the form of the
chromate of a heavy metal as: Ba,Pb,Tl,Ag or Hg+
These chromates are however easily transformed into
their basic salts.

Another gravimetric determination of chromium 6+
uses the Hg+—chromate as precipitation form,which is
then transformed to Cr203 by ignition. (G 1)

Other very insoluble compounds of: chromium are
its bichromates of lead barium and silver,
Most of the complex ions.of chromium are readily
soluble. in water,and are of 1little interest for
gravimetric work. They will be discussed later,as will
be the organometallic chromium chelate-compounds,

Precipitation and co-precipitation characteristics
of chromium,

Tracer amounts of chromium 3+ will co-precipitate
quantitatively with a number of hydroxides,such as for
instance Fe(oﬂ)5 s La(OH)5 or Al(OH)5

Chromium hydroxide however ofteh remains in a
colloid state and can only be flocculated with an
excess of the aforementioned hydroxides.

This co=precipitation is far from specific,and can only
be used as a preliminary group-separation,to be
followed by more specific separation.

11




4 number of organic reagents give more or less
specific precipitation of the chromium ion., Addition
of sodium benzoate or sodium succinate to a chromium
2+ salt for instance,gives a red precipitate.(F 4,
pag.157) .Other specific¢ precipitation reactions for
Cr 2+ ions use acebate or oxalate,with formation of
respectively red and yellow precipitates.(F 4,p.157).

A number of more complex organic chelating reagents
can be used as precipitating agents for chromium,
and will be discussed under IV/5,

4,Complex ions of chromium

Chromium,with its codrdination number 6, forms
hexacodrdinate complexes with a large number of ions
and molecules,such as aquo-,chloro-,sulfato~,oxalato-,
and ammoniaco-complexes.

These complexes have an octahedral configuration and
can give rise to cis- and trans-isomerism. They are
mostly easily soluble in watber.

5. Chelate compounds of chromium

A pumber of organic compounds give rise to .
chromium chelates.Some of these chelates are
insoluble,others form characteristic colours.
Nevertheless only a limited number are used for
current analytical purposes.They are listed in the
following table:

stability constant are given by Schwarzenbach and
Biederman (S 10).

give detailed descriptions of the following
compounds:




oxine

2-methyloxine
S5-methyloxine
6-methyloxine
7-methyloxine
2-phenyloxine
The same authors describe the use of l-hydroxy-

acridine, 9~-hydroxy-tetrahydro-acridine, p=-tolyl-

5=azo=-8~0xychinoline and o-carboxyphenyl-5-azo-8-
oxychinoline as reagents for chromium.

triethanolamine gives a blue-=green pp.of unknown
composition (J 3) k

thiodiphenyl carbohydrazide (P 2)

sodium alizarine sulphonate gives a yellow pp.

of unknown composition,which is insoluble in 1 %
acetic acid, (G 2).

gives a violet pp.with Cr‘5+ ions.The reaction is
not specific for chromium. (B 1).

Double_salt of methylemblue and zincchloride

Formation of a red brown colour or pp. in the presence
of pyrochromates.(P 3). ‘

— e e e e

Coloured chelate~complexes are furthermore formed

by a number of reagents such as:

orcine (G 3)

dimethylether of pyrogallol (M 4)
chromotropic acid (K 5)
serichrome blue R (S 11)
haematoxyline (W 3)

m-phenylene diamine (X 6)
diphenylcarbazide (F 2 p.220).
=naphtylamine (V 3)
diphenylcarbazone (G 4)

Less common colorimetric reagents for chromium (because
of their lack of specificity) are diphenylamine,
pyrrol,plasmochine, gtrychnine ,methylen-blue leukobase,
tincture of gualac, and o-oxychinoline derivatives.

13




The most‘sehsitive andkmost'widely;used of these :

(F 2,p.220),which
- has the §bantage of belng rather selectlve for the
‘ element chromlum

6. Extraction of chromium into organic solvents.

Acetylacefone

Acetylacetone forms well=defined chelates with
over o0 different metals. A great humber of these
‘chelates are solublekin organic solvents.The
ksolubility of the acetylacetonates in organic solvents
is of ‘a much higher order of magnitude than the .
solubilities of most analybically used chelates.
Macro-as well microscale separations are feasible;

For extra0ulon of chromlum the follow1ng procedure
can be used (M 5)(M 6)(s 12):
Exbtract a solution containing Cr %+ with a 50 vol.%
acetylacetohe solution in CHClB, atia pH of 3-4,%t0
remove other metals. Separate the agueous phase,
which still contains the Cr 3+ , adjust its pH to 6 ,
‘add 10 ml acebylacetone and heat under reflux for
 an hour to permit the formation of the chromium
acetylacetonate to proceed to completion.Once formed,
this acebylacetonate remains in:the organic phase,
even at.very high acidities. The solution is cooled;
acidified bo between 1 and 3 N and extracted Wlth the
acetylacetone in chloroform.

The complex has its absorption maximum at BGO‘QF.

Diethyldithiocarbamate.

A systematic investigation of the behaviour of
sodium~diethy1dithiocarbamate:has shown that the
extraction of chromium 6+ is best performed with
chloroform as solvent at a‘pH of 0=6. "

: Eauractlons at low pH should be performed Wlthout
delay and with an excess of reagent (2 % aqueous
solution) o avoid decomposition. (L 2).

14




The ab'sbrption spectrum,Beer's Law relatibnshlp and
“‘the effect of the pH of ’che aqueous phase are shown
in flgures 1 2 and 5

Abs

0800




f Diphenylcarbazide_~‘ .

Thls very sen51t1ve reagent for chromlum can bek
‘used for the extraction of chromlum 6L,

The follow1ng procedure can be used (D 4): To about:e
10—15 mli of a solutlon contalnlng microgram amountsf
of Cr 6+ in © 4 N H2804 , 8dd 1 ml 0,25 % diphenyl-
~kcarba21de solutlon (reagent 1/1 acetone—water) Add
15 nl of a saturated NaCl solution and extract with
1soamylalcohol. ; . L
 The complex has a méXimum absorbancy at a Wavelength‘k
of BUB m; The caloured complex may be used for the
‘ spectrophotometrlc determlnatlon of chromlum.

Prev1ous to the extractlon chromlum may be ox1dlzed“
by b0111ng briefly w1th a small amount of a KMnO4
solution.The excess KMnO4 is destroyed in the cold
;solutlon by the addition of sodium azide.

For a mgre~elaborate descrlptlon of this method, see
(F 2,p,220—253);' ‘

. Extraction of Cr 3+ with high molecular weight
amines,as methyldicctylamlne in 2 N HCl,is not
quantitative (31,8 %).The same is the case w1th
‘nitrate extraction of Cr 6+ in 8 M HNO3 with ethyl-
ether.Only 15 % of the chromlum is removed by one

‘ _extractlon.;(B 7

Eerfluorobut ic aecid (C§F7COOH) in ethyl ether
can be used for the separation of Cr 3+ from mono-‘

valent and dlvalent ions. Extractlons are optlmum at
a pH just less tnan that at which the metal hydrox1de
would pre01plnate. (M 7y ‘ ;

“J.C.White (W 4) clalms Lhat 1n 7 M HC1 Cr 3+
_can be extracted quantltatlvely with trl-n—octllghosghlne
oxide. 8b 3+ ,Ga 3+ , Au + ,Hf 4+ , Fe 3+ , Mo b+
Sn 4 + , Ti 4 + 4 U 6+ sV dr and Zr 4 + have a similar
,‘behav1our Uﬂder the condltlons cited. '

An lnteresflng separetwon method 1nvolv1ng the use‘k

of llquld liquid extractlou,ls the;2~;a01d method for ‘ .
the separation of chromium from vanadiun. (B 8). L ’ !
After removing small amounts of Fe by precipitation ‘

iy




; from alkallne solutlon neutrallze the flltrate contalnlng
k‘“Cr 6+ and V 5+ with Heso4 and evaporate the solutlon

b0 15-20 ml. : ~

If‘large amounts of iron are present, acidify‘the‘saﬁple

k solutlon with 52804 and oxidize the chromlum with
ammonlum persulfate if necessary.

This will prevent loss of chromium during the precipita~
tion of iron. Cool the solution and carefully buffer to

a pH of 1,7 + O,2.kTransfer‘this buifered solution %o a
separatory fumnel,dilute to 50 ml and add 75 ml of ethyl
acetate. Cool the mixture and add 1 ml of 1 M (3,8 %)
H202 . After shaklng the funnel vigorously for 30 ‘seconds
allow the layers to separate and then draw off the
aqueous solution. Repeat the extraction of the aqueous
layer at least twice suging 15 ml of ethyl acetate each.
tlme. Comblne the organlc fractions.

Add 1 ml of 10 % KOH solution to the blue solutlon of
perchromic acid and shake until the blue color is
replaced. by yellow.

Extract the yellow chromate Wlth water and b01l the
solubion for 10 mlnutes. Dilute to. 50 ml and
determlne the chromlum content thh dlphenyl-

- carbazide. The effect of the pH upon.the recovery
of chromium is given 1n figure 4,

Alternatlvely,a photometrlc debermination of the
blue perchromic acid can be made directly on uhe‘
organic phase at a wavelengh of 565kgy‘ (G 5).

: Chromiumfvanadium‘separations can also be
carried out by extraction of the vanadium-oxinate
with chloroform at a pH of 4 (8 15);

7.Ion~exchange behaviour ofkchromium.

Relatively little is known about the anion-
exchange behaviour of chromium. Kraus and Nelson,
in their ion:exchange studles of the flSSlon
products (K 7),note slight adsorption of Cr 3+
in 12 M- HCl,but strong adsorptlon of Cr 6+ in the
same medlum.
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L. ‘Ji g
3 4 5
PH of 3q soley.

Con31derably more data are available on cation - o

‘ Xchange resins.

The formation of a cobrdinate bond between the ;

~ sulfonic acid group of the resin (catlon exchanger

of the sulfonic acid type) and basic chromium 1ons

has been reported by Gustavson (G 6). The same

author (G 7) had already observed dlfflcultles

for the complete removal of chromlum retained from

2 complex solutlon and ascribed them to secondary

reactions of the complex w1th the phenolic structurek

of the resin (sulfurated phenol-formaldehyde type).
Especially after contact with solutions of

khexaurea chromic chloride, chromlum is bound so strongly

that hardly any chromium at all can be removed by

treatment with HC1 (1:1).

h In,h1s studies of the cation exchange~behaviour of‘thek
bromide,chlorate, chloride‘iodide nitrate and perchlorate
- of the element chromlum Samuelson (S 14) notved ' ‘
quantltatlve exchange of the cation with the hydrogen
lons of the column. The acid liberated can be debermined

‘by'simple titration'with standard alcali. The absorption
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however is not complete with certain solutions
containing basic chromium chloride. In the case of the
chromiund phosphate,a conSiderable amount of chromium
passes through the column. The same effect was noted
with chromlum sulfate (S:15),where no quantltatlve
exchange occurs with the green complex chromium sulfate,
The experiment showed that, while part of the chromium
remained on the column as complex catlons,part of  the
chromium passed through the resin bed in the form of
complex anions. The amount of sulfate taken up by the
resin or the amount passing through the column depends
among other things,on the time. taken for filtration

or Washiﬁg, the amount of ion exchanger,the concentration
< of the solution,etc... No difficulties arise in the
presence of the violet hexaquo ions,

Retention of chromium is equally incomplete when: a
solution of Na[Cr(CéDQ)é] is passed through the column,
Here again,strong anionic complexes are formed,and little
or no chromium is taken up from the solution.On the other
hand,the elution of the édSorbed chromium can be
sometimes extremely difficult. k

This is for instance the case w1th the complex
chromlum thiocyanate anion [ Cr(CNS)6 T when retained
on a weakly basic resin.. Only a small part can be
eluted by the use of 5 N HCI.

This is agaln explained by secondary reactions taklng
place between the chromic¢ complex. and the resin,

Ton exchange studies of chromium were mostly carried

~out to recover chromium from electro-plating baths
~or from solutions used in the leathér industrj.
A large number of papers dealing with this subject
are %o be found in literature. (¥ 6),(€ 8),(G 9),
(G 10),(G 11),(G 12),(K 8),(X 9),(P 4),(T 3).

Iur'e and Filippova (L 3) describe the following:
method for the separation of chromium from large amounts
of nickel: chromium may be taken up as chromate on an
anioniexchange column in acid as well as in alcaline
medium (pH 1-12). Elution is performed by means of
2 % NaOH solution. Some reduction of the chromate may
occur, and therefore a final extraction of the resin
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‘Wlth dlluted sulfurlc ac1d (l 9) may be reoommende G
Nickel is no% retalned 1n\ammonlacal solutlon and 1t

\, is possible to separate chromate from nickel in

ammoniacal solutlon 1n Whlch the ratlo Nl/Cr may be as
high as oO/l. ‘

Ve Solubiliéation‘of‘Samples Contaihing Chromium

Metallio chromium,prepared by aluminothermic
reaction (G 13)~(99 % Cr) is readilyksoluble‘in HC1.
and in diluted H,80, . The solubilisation of the
chromium salts {Cr 2+ Cr 3+ and the chromates)
offers no special dlfflcultles. Many of these substances
are water-soluble or can be brought into solutlon by
means of diluted or concentrated acids. ‘ ‘

Only the anhydrous Cr 3+ halogenides,the double
chromium oxides (chrome spinels such as for instance
Chromite), the anhydrous chromium sulfate (the so-called
Cr 3+ heptasulfate-dihydrate : 2 0r(80,)5.H,80, ) and
ignited chromium phosphate and ox1de are 1nsoluble in
water,acids and alcall. ‘ ‘

Nitride,carbide, silicide and boridekare less likely to
be encountered in: common practice.

Al these comnounds however can be solubilized by
~alcaline oxidative melt.Alcalicarbonates or alcali~
k hydroxides may be used,but addition of sodiumperoxide
speeds up the process. At the same time,chromium is k
transferred to its 6+ oxidation state and a number of
insoluble hydroxides are precipitated}‘ :

. Chromium alloys,of which the chromium steels are
important representatives,are mostly solubilized by
diluted H,S0, (1+5) or HOL (1+1) or with mixtures

;POf H,80,, (1+5) w1th HNO3 (1+1).

Chromlum nickel allys are treated w1th aqua regia and
tungsten alloys Wlth phosphorlc acid, mixed with other
mineral acids. ‘ , :
In this way no precipitate of‘tungstic acid‘occurs '

- but complex and soluble heteropolyacids are formed.
ngh alloy steels may be treated with perchlorlc
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. acid mixtures.If on the other hand,high~eonceqtration
of Carbon is to be expected (steel or cast iron)
diluted HClO4 is to be preferred.

‘Ferrochrome alloys are solublllzed by HCL, dlluted

_HéSO4 or mixtures HESO4 —H3P04.

Organic matter containing chromium can be
destroyed,prior to determination, by drg or wet
oxidation.This last method is to be preferred, and

- mixtures of HNOB—HClO - H2SO4 have been used with
success.It has been proved ‘that this destruction
method using‘the,ternary acid mixture allows quanti-
tative recovery of the elementkchromium,even on
microekor ultramicroscale (P 5). ;

The dry ashing method, on the ether hand,may give

Lrise to important losses at high temperature due to
reaction of chromium with materials of the crucibles
in which the ashing is performed.

VI.Counting Techniques Pertinent to Chromium Isotopes

1.The detection of soft X-rays in the presence of
hard gamma—radlatlon. A possible appllcatlon to
‘reactor technolo

B.T.Price and E. Healy AERE- RP/M- 29 Jan.11,1954
Nuclear Science Abstracts 11,4535,1957.

 The 5 keV X-ray of chromium can in principle
be used to detect corrosion of a stalnless steel
reactor tube by a liquid metal coolant.

The design of counting equlpmenr for: the efficient
detection of such X-rays in the presence of large
ganma-ray backgrounds ig discussged.

2 Procedure for estlmatlng the composition of Fe=59/

S.A.Lough and G.I.Hertsch
Nucleonlcs 13 no 7 66-7 (1955)

G.H.Hine,;B.,A.Burrows,L.Apt, M Pollycove Jde Ross and
L.A, Sarkes.
Nucleonics 13 no 2 23-5 (1955).

Scintillation counting for Fe’? and Crot are described.
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p.9-10 (1955).

The deeay of chromium-51 occurs through orbital
electron‘captﬁre with emission of K-eaptu:e‘x—
rays and also with emission of soft gamma rays
(0,325 MeV) in gbout 8-10 % of the :desintegrations.

It is thus possible to measure a sample of crot
either by~gamma- or by K-capture X-ray assay. .

For the measurement of the gamma~ray,a well-type
scintillation counter is the most efficient detector,
This detector has a total‘efficiency of about 4 %

(i, e., 4. 9% of all de31ntegratlons occurlng in the
sample are counted).

kkkFor the measurement of the K—cspturekx-rays,
a Geiger proportional counter filled with a heavy
‘gas and provided with a thin window is the most
suitable‘detector;‘Under good ‘working conditions,the
total efficiency of this getup is of the order of
- magnitude of about 1 % e

Tt is furthermore calculated that a 5 ml sample,
containing less than about 2,2.10° =3 ‘microcuries,

is more efficiently measured with the Geiger counter,
whereas: samples of greater activity are best measured
with a well- ~type scintillation detector.:

R L leby and K.Hand.
J.Lab.Clin.Med., 48,289-93 (1956)

Criteria for the construction of a simple lead
 absorber for any type of scintillation counter are
ideseribed,whereby\the F659,and or?t activities in
- mixbures may be easily determinated. :

The calculation is dlscussed. .

&.The preparatlon of Cr 51 of hlgh spe01f1c act1v1ty.

G Harbottle and A.G. Maddock e
J.Chem.Phys. 21,1686 (1953) L '

Allquot portlons of solutlons contalnlng the enriched




Cr~51 were evaporated on f01ls and the emltted Xkrays
were counted in a,proportlonal counter of known geometry.
S The counnter was filled with two atmospheres of argon and
0,2 atmosphere of ‘methane,and was operated at 2900 volts.
The counter tube was of ‘such dimensions,that all X-rays
opassing the window,were absorbed.The pulses from the
counter were amplified and analysed by a sliding-channel
pulse height analyser of Oak~R1dge de31gn,constructed by
the Brookhaven Electronlcs Division. ‘

The X-ray counting rate was obtained by numerically
summlng the area under the X-ray peak, and this figure
was corrected for geometry,absorption by alr and
absorption by the beryllium window of the counter,
The desintegration rate was obtained by an additional
correction for the fluorescence yield.

VII.Collection of Detailed Radiochemical Procedures
for Chromium :

Procedure 1.

Source: De Soete, Thesis Univ.of Ghent,Belgium,(1959)
D.De Soete,J.Hoste and G.Leliaert (to be publ.)

“Several guthors (F 2,pag.406),(8 16),(W~5) have
already described the separation of chromium as
Cr02012 by distillation from a perchloric acid solution
in the presence of hydrochloric acid. Experiments
demonstrated: that this procedure is suitable for the
quantltatlve distillation of tracer amounts of chromlum;

The basic procedure was slightly modified,by using

gaseous HCl instead of an aqueous solution,so as to
avoid the dilution of the perchloric acid. It also

ensures a smoother distillation in the presence of

solid materials in the perchloric/acid.

Other volatile chlorides as those from arsenic,;antimony
and tin,possibly present due to the. use of solder,
used for fixation to the target holder of the cyclotron,

distil under thesegconditions.They can:be removed,;if
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'PROCEDURE 1 (Cont'd.)
necessary,prior to the chromium dlstlllatlon,by the
procedure of Scherrer (s 17). * ‘ .
Tracer experiments using As76 b124 and Crsl indicated
that the removal of the arsenlc santimony and tin is
quantitatlve whereas the chromlum does not distil under
these condltions BExperiments u51ng v e and Fe59 showed
that these elements do not distil throughout the whole
proposed procedure.,

Chromlum 51 was produced by deuteron bombardment of a
'vanadium target at energles of 11 and 25 MeV

Procedure.

The irradiated‘vanadium target is transferred'intok
a platinum dish and dissolved by heating in k
‘approx1mately 5 ml conc. HF, The excess HF is removed
by fumlng down with 10 ml of concentrated H2 5
kwhereafter the sulfuric solutlon is quantitatlvely
transferred into the distillation apparatus represented
in Fig. 5 ‘ ' :

B

Apparatus for the distillation of Chromium

oh




. mocm 1 (Cont'd )

_ The r1n31ng water used is removed by dlstillation,
~fwhereafter 50 ml of concentrated HC1 are added dropsw1297
at a bath temperature of 250° C. After complete
distillation of arsenic and antimony as bheir;chlorides,
a mixture of 50 ml HC1/HBr 1/3wms also added ‘
dropswize at the same bath temperature to insure remova1~
of tin as SnB:c4 + The separatory funnel A is now
replaced by the HC1 1n1et tube B, The formed bromine

is swept from the solution by the gaseous dry HC1 -

stream. 30 ml 70 % HClO4 are added and the chromlum
tracer is distllled as Cr02012 after. approxmmately

30 minutes -at a bath temperature of 250 °2C, A slow

dry HCl stream is maintalned‘throughout the distillation.
. The chromylchloride is ¢ollected in approximatély 5=10
‘ml water. This solution can be taken to dryness,

without chromium losses,after the addition of a small
excess hydrazine hydrate. The excess hydra21ne 1s ‘
finally destroyed with 6 N HNO3 s

Discussion.

Typlcal distlllatlon in the presence of As76 Sb124

121 48 and F 59,13 represented in the following tables:

Table ;

Distillation of % distilled

volatile element ;
As 99,7
Sb 99,1 %
Sn ; 98,6
Fe f 0. ;
v \ 0,02 %
Cr 0,03 %

Distillation of
Cr02012
Sn 0,03 %
Fe et 0o %
v 0,02 %
Cr 99,93 %




 PROCEDURE 1 (Cont'd.)

As:can\be seen frcm the table;the\remqval of As and
Sb is practically quantitative,whereasel 4 % of the
Sn does not distil, Only 0,03 % of the total tin
however distills in the subsequent chromlum dlstlllatlon.‘
Both iron,which can also be present as trace element
and vanadlum,whlch forms the bulk of the solution,
do not distil'to;an~appreeiable‘ambunt‘throughout~the(
whole procedure.lt is also apparent that the chromium
yleld is quantltatlve.
The thick target ylelds computed from the 0,%23% MeV g&mma,

were found to be 4,4 yC[pAh and 10 pC[pAhkfor deuteron
energies of respectively 11 and 25 MeV.

‘PrQCedure‘2

Source' The productlon of Threshold Reactlons in'a
Graphlte Reactor

Chemical separation of carrler—free chromium after
bombardment of iron target. ‘
Reaction: Fe?t (n;et) or2t

‘Proeedure. Pass‘SO2 in HC1 solution to reduce all Cr

to Cr 3+, extract iron into 1sopropylether,precipitate
Cr(OH) with NaOH, boil with alcaline H05 ,
pre01p1tate baCrO4 ,dlssolve in acid and extract Cr
intd ether in presence of H202, re-precipitate BaCrO4 o

Procedure 3

Source: ?rdduction and Isolation of CarrierfFree Isotopes.
W.M.Garrison and J.G.Hamilton
Chem.Rev. 49, 237-725(1951) (p.259)

TParget materlal v
Type of bombardment (d 2n) or (p,n)

o6




.solubion and Cr

- A PROCEDURE 3 (COnt'd )

‘11Procedure The V target is dissolved in HNOB. The
solution is diluted to 6 N and saturated with 002
~to insure the reduction of Cr 3+

Te 5+ and La 3+ is added and the solution is made
/alcallne with NaECO3 .

V is oxidised to soluble. vanadate by air in alcaline
k oL is carried quantitatively on the
La(OH)B. cr2t is separated from the La(OH)3 by a
second preclpltatlon in the presence of Bra, which
“oxidiges the Cr51 to chromate.

Procedure 4.

Source: A.G.Maddock and G.Harbottle
: J.Chem.Phys. 21,1686 (1953)

The preparation of chromium 51 of high specific
activity.

Procedure for the separation of enriched Cr=51.",

The 12,4 hr potassium-42 activity in the bBbarded
salt (potassium chromate) was allowed to decay for
a week,and theyirradiated material was dissolved in
approximately 1 N sulfuric acid. 100 ml of acid was
used per 10 grams of salt. Twenty milligrams of &
aluminium carrier was added (as aluminium nitrate) \
Aluminium hydroxide,which carries trivalent chromium,
was precipitated by the addition of concentrated
ammonia,Centrifuged down ' and washed four times by
centrifugation‘with water containing a trace of
kammonia.The aluminium hydroxide was then dissgelved
in sbout 10 ml of 2. N sulfuric acid,the solution di-
luted three times and the. aluminiumhydroxide
reprecipitated With,ammonia and washed once With‘Hgo.
This cycle of reprecipitation was repeated a total
of four times and served to free the precipitate
completely of hexavalent chromium. An additional 10
milligrams of Al was added after the second repreci=
~pitation. s
Finally the aluminiumhydroxide was dissolved in a
caustic solutibn prepared by the . addition of five or
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PROCEDURE u (Cont'd )

six pellets of sod1umhydrox1de to 10 ml of water

‘and the solutlon oxidized by the addltlon of about

100 mg of sod1umperox1de The peroxyde‘was destrOYed -
by heating on a hot waber bath. - : ;;
. The solution now contalned only Al Cr (as chromate)
kand NaOH,

- The chromlum was estlmated colorlmetrlcally by the
use of the absorbtlon band shown by chromate in basxc
solution at 366 mp {molar extinction coefficient
& = 4670) A1 does no%b interfere in this determlnatlon.
If it is desired to obtain the Cr free of. Al, the
solutlon may be adjusted to ph 2 5 and lead chromate
pre01p1tated and centrlfuged out.

Procedure 5e

“Source: G. Harbottle‘
' JlChem.Phys. 22,1083 (1954)

;§21lard-Chalmers reactlon 1n crystalllne compounds‘
of Chromium. :

Radlochemlcal analy51s.

~The bombarded crystals were dissolved in aqueous
‘_solutlons,prev1ously adjusted to pH 2, which
~contained crlvalent chromlum carrier in the case of
hexavalent chromium compounds,and~hexavalent carrier
when trivalent salts had been bombarded.Two aliquot
‘portions were then removed.To the first was added

an excess of lead nitrate: lead chromate was
filtered off and the filtrate,which contained tri-
kvalenteCr was collected in a volumetriC‘flask;

The lead chromate was dlesolved in concentrated
fnltrlc a01d and collected in asecond volumetrlc
flask. The second allquot portlon was . made basic
with NaOH oxidized w1th Na202 ,heated to destroy ,
~exce8s of sod1umperox1de adausved bo pH 2,5 1 0, 5
and lead chromaue pre01p1tated flltered off, washed
 ani dlssolved as before. ‘

;Three solutlons were then counted representlng
trivalent and hexavalent fractlons and total chromlum.;e




PROCE‘DURE 5 (Cont'd )

ﬁ The agreement betWeen the sum of the flrst two and
 the thlrd was usually better than two percent and
‘constltuted;a check on the absence of‘forelgn“
activities.This procedure had been previously tested
and found to give a clean separation, not subgect to
~ :serlous errors due to coprecipitation or induced
exchange. }

‘Procedure 6,

Source: J.D.Gile and W.M.Garrison and J.G.Hamilton
J.Chem.Phys. 19,1217 (1951)

_ Carrier-free radioisotopes from cyclotron targets.
Separation of chromium-51 from Vénadium.
The bombarded vanadium was dissolved in a minimum
volume of & N HNOB. 10 mg of Pe 3+ were added,and the
solution was slowly poured into an excess of b0111ng
10 % NaOH solution. The Cr-51 carried guantitatively
onwthe‘Ee(OH)3 precipitate which was then redissolved
and reprecipitated as above. Three such cycles were
requlred to remove the last traces of sodiumvanadate.

The final Fe(OH) preclpltate containing the Cr-51
was dissolved in 6 N Hl\I'O3 prevzously saturated with
Br2 and repreclpltated by the addition of dllute
NaOH.The temperature of the solution was maintained
atfapproximately 90°C.Under these conditions,the
carrier-free chromium as chromate was retained

in the solution,which was then made 1 N in HNO;

and saturated with S02. 2'mg of Fe 3+ was added
and pre01p1tated by the addition of dilute ammonia,

@ The Fe{OH) pre01p1tate containing the Cr 51 was
washed, dlssolved in 6 N HC1, and Fe was extracted with
ethep. The HC1l solution was evaporated to dryness on,
20 mg of NaCl.The carrier-free Cr=-51 was redissolved

~quantitatively 1n 2 ml of water at pH 5 to glve an
isotonic saline solutlon for biological 1nvest1gatlon.




 Procedure 7 |

‘kSource: J.H.Green and A. G Maddock
L ‘ Nature 164, 788 (1949)

nﬂg recoil effects in potassnm chromate and dl- .
omate. ; S L L
The authors have irradiated SOlid potasSium di-
chromate sealed in silica ampoules with thermal. neutrons. o
Aqueous solutions of the dichromate of 0,008 M concen- ‘~'\
trations were used in the subsequent chemical manlpula;
tions.To allquots of the varlous solutions were added
measured volumes of the same solution of chrome alum
as carrier; chromic hydroxide was precipitated,the
activity of the precipitate was determined and the %
of Cr(51) present in the solutlons as trlvalent 1ens,
calculated. - ‘ ‘ : ~
: PreC1p1tates were unlformly deposited on hard filter
paper held in polystyrene holders and measured dlrectly
in the holder. :
Results indicate that a small but deflnlte bz1lard—
‘Chalmers separation occurs.

Procedure 8.

Bource: V I. Kutznetsev. C.A. 111i, (1956) 50 :
, Organlc coprec1p1tants in analytlcal chemlstry.

;Chromlum is copreclpltated by heatlng~w1thssulfonic
acids of azo compounds having 2 HO groupskin position ‘
'orth to the azo group,whlch ylelds a chromlum complex
from Cr 5+ and chromates.
Addition of methylviolet leads to pre01p1tat10n of a
solld which quantitatively copre01p1tates chromlum.
To separate chromium from other elements,the slow
formation of the complex from Cr 3 + in the cold is

o used.
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