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FOREWORD

TM Subommd.tteeonRadiodmnistryisoneof a numberof subcommittees
%KmlcingundertheCommitteeon NuclearSciencewithintheNetio:nalAcademy
of SoUmees-NationalResearchCouncil.Itsmembersrepresentgovernment
industrialandtmivsrsitylaboratoriesin theareasofnuclearchemistry
andanalyticalchemis&y.

TheSubcommitteehasconcerneditselfwiththoseareasof :nuclear
sciencewhichinvolvetheohemist$suchas theoolleetionanddistribution
ofradiochwtbxilprocedurestheestablishmentof specti%ationsforradio.
cthetioally-purereagamtsjtheproblemsof stockpilinguncontaminatedmateri.-
.aMpthem?ailabi.lf.tyof cyclotrontimeforserviceirradiationstheplace
ofradicmhetistryintheundengradua%ecollegeprogmm9etc.

T’Msseriesofmonographshasgi”o~ outof %heneedforq-to-date
eompiktionsof’radiocbtio~informationandprocedures,TheSubcommittee
haseadeavox’edtopresenta serieswhichwillbe ofMs&.mumuse%0the
workingscientistandwhichcontainsthelatestavailableinformation.
&ch mmgraph aol.1.am%sh onevmlumethepertinentinformationrequired
for~adicwhetitiworkwithan individualelementora groupof closely
relatedelements.

An expwt in the radioehemistry d thepartiemlardemerithaswritten
themno~aph$ f’ol.lowlmga standerdformatdevelopedby theSubccxmd.ttm.
The.AtomicEnergyCommissionhassponsoredtheprintingof thesexles.

The Subconzki.ttxswis conf%ien~thesepubl.tcatfonswillbe usefulnat
onlyto theradiochemistbutalsoto theresearchworkerinotherfields
suchas physios,biochemistryormedicinewhowishestouseradiochmicsl
techniquestosolvea specificproblem.

W. WayneFMnke,Chairmen
SubcommitteeonRadiochemidry
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iNTRODUCTION

This volume whichdealswiththeradiochemistryof
zirconiumandhafniumisoneof a seriesofnmnog=phson
radiochemistryof theelements.Thereis includeda review
of thenuclearandchemicalfeaturesofparticularinterest
to themdlochemist,a discussionofproblemsof dissolution
of a sampleandcountingtechniques,andfinally,a collec-
tionof radiochemicalproceduresfortheelementas found@
tieliterature.

Theseriesofmonog=phawiU coverallelementsfor
whichtiiochemlcalprocedunsareperttient.Plansinclude
revisionofthemono~ph periodicallyasnewtechniquesand
procedureswarremt.Thereaderisthereforeencouragedto
callto theattentionof theauthoranypublishedorunpub-
lishedmaterielontheradiochemistryof zirconiumandhaf-
niumwhichmightbe includedIna revisedversionof the
monograph.

vi



I. General Reviews of the Inorganloand Analytlaal Chemistry

of Zimonlum and H4Mm.

~ Nostrand ~0., Irm. New York, 1958.

Pp. 628-653, “Chemioal Elements snd their Compounds,”N. V.

Sldgwlok, Word Unlverslty Press, 1950.

Pp. 564-575, ‘Applied InorganioAnalysls,m W. F. Hlllebrand

et al., John Wiley and Sons, Inc., New York, 1953.

Chaps. 12 and 13, “Chapters In the Chemistry of the Less

Familiar Elements,”B. S. Hopldns, Stlpes PublishingCO.,

Ohmwaign, 111., 1939.

‘Hafnium,’ Chap. IV in “Modern Advames in morganio Chemlstry,8

E. B. Maxted, Oxford University press, 1947.

R.

E.

L. Barnard and R. E. Telford, Chap. 20 In “Analytloal

Chemistry of the Manhattan Projeot,nC. J. Rodden, eds.,

HoGraw-HillBook Co., New York, 1950.

B. Read, OhaP. 12 In “Metallurgy of Zirconium,” B.

Lumtman and F. Kerze, Jr., eds., Mo(Waw-HillBook Co.,

New York, 1955.

tielln~s Handbuoh der Anorganlsohem Ohemle, Systems NV. 43,

8th Edition (Ve% lag Ohemle, Gmb H. Ueinhelm - Bergstrasse,

1958.)

‘Ziroonlum,”(3.I.MUler, AcademioPress(1997).

‘Reoent Advances

E. M. Iarsen,

In the Chemistry of Ziroonlum and Hafnlum,=

J. Chem. Ed. 28, 529 (1951)0
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Msclvent -traction in Analytical Chemistry” G. H. Morrison

and H. Freiser, Wiley (1957).

“Ion-Exchangersin Analytical Chendst.ry,WO. Samuelson,Wiley

(1955) ●

‘Chemistryof the Metal Chelate Compounds,nA. E. Marten

and M. Calvin, Prenttce-Hall(1952).

11● General Reviews of the Radiochemistryof Zirconium and

Hafnium.

No general reviews have been published. D. N. Hume pre-

pared a pre13.minaryreview of the radiochemistryof some of

the major fission product elements in 1945, but it was not

published. Some materials from this review has been incor-

porated in the following presentation.

More complete informationon the radiationsof these isotopes

and references to the original literaturemay be found in “Table

of Isotopes,nD. Strominger,J. M. Hollander,and G. T. Seaborg,

Revs. Mod. Phys. ~, No. 2, Part II, April 1958.



111. Table of Isotopesof Zirconiumand Haf%xium.

Isotope Half-1ife Type of Decay Method of Preparation

!ZP86
#7

ZP88
~r89m

Z2?@

17 hr

94 fin

85 day

4.4 min

79.3 hr

0.83 sec

L1X106 yr

65 day

17.0 hr

.-dmin

35 sec

112 tin

16.0 ‘hr

..5yl?

23.6 hr

70 day

4,8 S13C

19 seo

5.5 hr

44.6 day

EC

w

It(93$%),EC(5.6~),P+(l.8~)

EC(a75~),f3+(~25j%)

IT

B-

$-

B“

P-

P-
~+

EC

EC

EC

EC

IT

IT

IT
~-

ANt p,spall.);As75(N14,3n)

Zr ‘(cx,n)

Ni(p,spall.)

Zr(X-ray)

Y(d,2n]

‘Z@go(n,nl)

Nuclear fission

Nuolear fission

Nuclear fission

Nuclear fission

Nualear fission

Lu(p,6n)

Lu(p,5n),Yb(cz,3n)

Lu(p,ytj(a,xn),Ta(d,2P9n)

Lu(p 3n); Yb(a,xn)
14Hf 7 (n,y)

daughter‘2.1 hr T.’78

Hf178(n,y)

Hf179(n,y)
Hf180(njy)

64 min P- W(n,a)

——..—.-.



m. Review of those Features of zirconiumand Hafnium Chemlst~
●

of Chief Interest to Radiochemists.

1. The Metallic State

zirconium and haf%lum are diffloult to prepare as pure metals.

They are very infusible and react vigorously at high temperatures

with carborbo~gen, and nitrogen. When finely divided, the dry

metal powders are Wophorlo and should be molatened for safe

handling . In oaspaot fom and at low temperatures the metals

are ve~ inert ohemloally, being attacked app??eoiablyonly by

RF, aqua regla, and fused KN03. The best method of preparation

of’the pure metals Is probably the van Arkel-de Boer method of

reduolng the Iodides on a hot filament. Thla produces the so-

oalled ●oryatal barn metal.

2. Soluble Salts

l%e solution ohemlstry of ziroonfumIs not veqy well under-

stood, and oonalderableoomfuslonexists in the literaturere-

garding the lonlo species present in aqueous solutions. ~18

results mainly frcm the fomnatlon of collolds and the fact that

ziroomlum ions undergo extensive hydrolysis and polymerization,

strongly dependent on PH and conoentratlon. (1) The only

cddation number Is #l. The nitrate, chloride, bromide,

perchlorate and sulfate of zlroonium are soluble In sold

tlon.

Important

iodide,

solu-

3. llmolubleSalts

Among the more Insoluble oompounds Is the very Insoluble

phosphate, ZFO(qP04)2 (K~p=2.28x10
-18 (~~

) which precipitates even

“Zlrconlumand hafnium show a remarkable slmllarltyIn mo6t
of their chemical properties,and unless otherwisenoted, any

statementsmade concerning one generally will apply equally well

to the other.

4
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from 2@ nulfurle acid. It has’properties similar to those Of

cerlc phosphate,but 16 dissolved by hydrofluorio acid. The io-

date precipitates frcun8 ~HN03, and the arylsubstituted arsomteb

and cupf’emate from acid solutions. The hydroxide (or hydrous

oxide) 1s preolpitated with ammonia or alkali hydroxide, and a

pertide with ~02 from dilute acid. Of these, only the phos-

phate is soluble In exoess reagent. Barium and hydrofluorio sold

give sllghtly soluble barium fluorzlrmnate of uncertain mmposl-

tlon, whioh Is Insoluble in exoess fluorlde and affords a good

separation frcm nlobim.

The eustmrg weighing form In radloohemloal and analytical

proeedure6 has been the Ignited Zr02 following preolpltatlon as

~e~l arsenate, cupfernateor other organh preoipltant.(2) How-

ever, a quantitative and well-defined prealpltate of zlmonlum

(3) has proved more con-with mandelle said and Its derivatives

venient and useful for mounting radioaotlvesouroes. Flaviatio

aoid has a180 been euggemted as a speolfio quantitative preolpltant

for”ziroonlum and”hafnlrznIn 0.2-0.3 ,~HC1 nolutlon.(3a)

4. Csmglng of Traoer Zlrmnium

Aotitity on Other Preelpitates

Ziroonlum trmer Is strongly oo-preolpitated with most p~-

oipitates in aoid solutions not containing oomplex-fomaimg Ions.

The aotivlty Is easily carried on foreign matter and adheres to

glassware. It Is readily oarried cm many phosphates, such as’

those of bismuth and eerlo oerlum. In the absenoe of hold-baok

oarrier, It Is nearly mmpletely oarrled on rare earth fluorides.

Iron hydroxide Isan effeotlve oarrler for zirconium traoer as is

thorium Iodate, but thorium oxalate Is not. Titanium hypophos-

@ute has also been suggested as a preolpltantfor tracer zlr-

oomlm.(~)

5



5. CcanplexIons

In addltlon to the hydrolytic speolea ref’erredto above,

ziroonium fomns oomplex ions with many substances. As la the

ease with the hydrol.ysls products, the species present in solu-

(4) ~~e studiedtlon are not well established. Connlok and HcVey

the completing ability of a number of substanoeo, and their data

Is reproduced In Table I.

The fluoride Is by f’arthe most stable ocmplex studied.

Among the d%oarbo~llc acids, oxallc has a muoh greater ccznplex-

hg power than oan be accounted for simply by a comparison of

t,he aold:dissoclatlonoomtants.

Although similar data are not avallablefor haf’nlum,the

complex aonstants must differ significantly, as evidenced by dlf’-

ferenues in the lon-exohange behavior (Bee below).

6. Chelate Capounds

The fcumation of ohel.ateoanplexes whioh are soluble In

organio solvents is of great importance to”the development of

radloohemloal se~ratlon procedures. -pies of auoh solvent

extraotlon systems for zirconium and hafnium will be presented

in detail later. In this seotlon we shall review the various

chelates fmmed by ziroonium and hafnium.

?
Aoe@laoetone (CE3-!-~-~-CH3). lhls P-diketone

fozma well-defined ohelates with over 60 metals, many of them

soluble In organic solvents. The aolubllltles of the aoety-

laoetonates is suoh that mac$ro-soale operations are feasible.

Zlroonlummay be extracted to the extent of 73$ with aoetylaoe-

-toneaotlng as both extracting agent and solvent at a pH of 2

to 3.(5)

~enoyltrlfluoroaoetone (’FTA~,[l~~j ‘~-C~-C-CF3].
g

o

6



Table I

COMPLETINGA131LITYOF VARIOUS SUBSTANCESFOR ZIRCONIUM
(Tracerzirconium,2.00 ~HC104, 25”C)

Sub~tanoe
Percent

Concentration Zirconium
Unoomplexed

Bisulfate ion, HS04-

Hydrofluoricacid, RF

Oxalic acid, H2C204

PE310ni0acid, HOOC-C~-COOH

Succinic acid, HOOC-(~)2-COOH

GlutaI?lcacid, HOOC-(C~)3-COOH

Fumeric acid, HC-COOH
//
COOHCH

‘a~pic acid y-::H

Orthophosphorfc acid, H3P04

Orthoboricacid, H3B03

Metasillcicacid, H2St03

Acetic acid, CH3COOH

Trifluoroaceticacid, CF3COOH

Carbonic acid, ~C03

Hydrogen peroxide,~02

Chlo??ideion, Cl-

Nitrate ion, NO;

{
0.0031 g
0.27’2~

{
10+ M
0.008-W

0.001 ~

0.01 ~

0.005 ~

0.1 ~

0.05 yJ

0.05 ~

56
0.18

0%0012

0.36

100

100

94

88

74

0.012 M 68

0.1 M 100

0.01 M 87

0.11 g 51

1 atrn.C02 90

0.015 g 63

{
2.0 M
1*2 m

{
2.OBJ 20
1.2 g 30
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The presence of the

oreases the aaldlty

trifluoromethyl group in this f3-diketonein-

of the enol fomn and thus permits extractions

frcm solutions of very low PH. The TTA is generally used as &

0.02-0.5 ~ solution in benzene or toluene. At lower aonoentra-

tlons the extraotlon rates beoome very slow. Connick and

HcVey(4) have studied the behavior of zlraonium -TTA complexes

and Moore(6) has developed a prooedure for the separation of

zlroonium from other elements utilizing TTA ccmplexing. The

ocmplex shows high extraotablllty from 2-1OIHNO or HC1 solu-
3

tlens Into 0.5 ~T’l?AIn xylene~ These conditions afford an ex-

cellent separation of zirconium frcm the ftsslon products. A

small contamination with niobium can be reduoed further by the

use of 0.% ~02 or 1.25 l~OH”HCl as a sequesteringagent.

Among the non-extractableIons are the alkalis, alkaline earths,

trivalent rare-earths,tin (II), niokel (II), cobalt (II), ohro-

mium (111), uranyl, thoria (rV), iron (II), alumlnum (III),and

bismuth (III). zirconium and hafnium maY be i’raotionatedwith

0.025 ~ TTA in benzene from Z?~HC104 aoid.(7) The”equilibrium

taonstantsfor ziroonium and hafnium extraotione were found to be

9.4 x 107 and 4.6 x 106 reapeatlvely.

Trifluoroaoetylaoetone (WA), [(CF3CO)2C~]. Chelates

formed with this dlketone are generally more soluble than those

with TTA. A ziroonlum hafnium separation may be achieved with

O 07!5~TFA in benzene from 0.07 ~HCl.(8)

Quinallzarln ((5$6””)fonzs oaplexes with a

do

number of’metals, but only the complexes of Fe(III), Al, So, Ti,

2P, and !l’hare eXtFaOtable with isoamyl alaohol. (9) ~ere-

agent is generally used as 0.1$%e“thanoliasolution.

8



8-qtinolinol (oxine),
[ ~PJ 1

Oxine f033f?IS slightly
N“

soluble chelateswith most metals, generally those that pre-

cipitatewith aqueous ammonia. Zil?coni.umforms s.Oolnplex

soluble in chloroformfrom acetic acid-acetatebuffered solu-

In acid medium,

morin Peacts with a number of metals includingAl, Ele,C@(III),

Ga, In, Sb(III), S0, Sn, Th, Ti, and Zr to form complexes that

are extractableby butyl, amyl and cyclohexylalcohols.(10)

Ammonium Salt of’N-Nftroso PhenylhydroxylAmine (Cupf%rron)

[0/ y=c1
1–+..o--titi(t . oupferron 5.swell-known for its ability to

form slightly soluble chelateswith many metals in mineral acid

solution, The eupferrates.aPegenerally soluble in a variety Qf

organic solvents such as chloroform ether, ethyl~ acetate$ hex-

eme, o-dichloro benzene, and benzene. Chloroformis the prefer-

red solvent. Zirconium eupferratemay be extracted f%’om1 ~

mineral acid solutions.(11)

7’. Solvent

An excellent review of

Extmmtion Behavior

solvent extraction systems in analyt-

ical ehemlstryis given by l’lorrisonand .Freiser(see general refer-

ence list). The behavior of zirmnf.umand Imf?nim in some C@ the

more important system will km discussed hem.

9



The thlocyanatecomplexes of zirconiumand hafnium exhibit

differencesin extractabilityinto ethyl ether and a separation

may be achieved.(12) From 8 ~HNOQ, zirconiumextracts only to

the extent of ~ into ethyl ether.{13)

MethyllsobutylKetone (Hexone). The distributionof

U(VI), Pu(IV), Pu(VI), Zr(IV), Ca(II), and La(III) betweek

Th(IV),

aqueous

mo3-Ca(N03)2 solutions and hexone has been studied by Rydberg and

Bernstr&.(14) Distributionratios approachingunity are obtained

for zirconium from solutions 3.5 - 4.0 ~in Ca(N03)2andabQut 35

in HN03.

(15) investigatedAlkylphosphoricAcids. Scadden and ~llou

di-n-butylesterof phosphoricacid (DBPA), [(C4H90)2P’OH ],
>0

either alone or in a mixture with the monoester as in commercial

‘butylphosphoricaoid,” aS an @Xtr2iCtant fOr Zirconiumand niobium.

Both t==cer and macro levels of zirconiumwere found to extract

quantitativelyfrom aqueous solutions 1 gin HN03, HC1, HC104,

or H2S04. A 0.06 ~ solution of the dibutylphosphoricacid in

di-n-butyletherextracted> 95$ of the Zr and < 5% of the N%.

!!%eniobium extraction increased from 2 to l@ as the extraction

tine increased from 1 to 5 minutes, but zirconiumwas Unaffected.

Addition of 3* +02 reduced niobium extractionto less than 1$%?

(evenwith a 10-minute extractiontime) without affecting zir-

aonium. &loreconcentratedDBPA solutions extractedboth zir-

conium and niobium quantitatively. Precautionsagainst emulsion

formationmust be taken with this reagent. Higher homologs, such

as the octyl phosphoric acids are reported to be free of this

difficulty. Tables 11 and III, taken from Scadden and Mllou,

summarize the extraction behavior of a number of elements with

DBPA .

10



EXTRACTIONPROPERTIES

PRODUCTELEMENTSWITH

TableII

OF CARRIIR-FREECONCENTRATIONSOFFISSION

MIXEDBUTYLPHOSPHORICACIECONDITIONS.

AQUEOusPM=, 1 y HN03,3Z ~02: 5-M~~ MDING; voJ.J~~RATIo

(oRf2./AQ.) I ‘ro I.

ElementsExtracted

Concn.of

DBF’Aa, >95%Q

g <5%by DBPA 5-95%WDBPA DHPA

0.06 Cs,Sr,La,Ce(III),Ag,b Y15%, Sn(IV)b Zr,In

Cd,Ge,Se(IV),Te(IV), 50%,b~15%

Sb(III),cSb(V),As(V),

Pd,b8u, Rh, Nb

0.6 CsjSr9La,Ag,bCd,Ge, Nbb23%,Nb60%, Zr,NbcY,

Se(IV),Te(lY),Sb(III)c Tac85% In,Sn(IV)b

Sb(V),As(V),Pd,bRu, Rh

al)i-~+~tylphosphoric acidsolutions

di-n-butylphosphoricacidtomono-n-butyl

bAg,Sn,Pd,andMonotcarrier-free:

0.5,3, 8,and8’Y/nil.,respectively.

cNo~Ogenperoxidepresent.

Wi-n-butylphosphate (TBP) is an

in whichxmlere.tioof

phosphoricacidis4.5to1.

theirconcentrationswere

excellent solvent for

zirconium. It may be used pure or with am inert di:luentsuch as

~-butylether,ether, kerose~e,be~ze~e, or CC14. The extracta-

bility increaseswith acid st~~i~~th, and distributionratio,

(organic/aqueous)of about 100 is observed from 8g HC!land

1000 from 13 M HN03.(16)

A summary of zirconiumextraction data f’rom13N03is given

in Figure 1, taken from Alcock et al.(17)

11



Table111

EXTRACTIONPROPERTIESOF MACROQUANTITIESOFFISSIONPRODUCT

ELEMENTSWITHMIXEDBUTYLPHOSPHORICACIDSCONDITIONS.AQUEOUS

PHASE1 KGELEMENTPERML,1 1?H#4, 2.5M (NH4)3S04,0.004~

OXALICACID,6% H202;VOLUMERATIO(oRG./AQ.) 1 TO1; MIXING

TIME,15 MINUTESWITH0.08~DBPA AND5 MINUTESWITH0.6&JDBPA

ElementsExtracted

Concn.of

DBPAa,

&

O*C6

0.6

<5$ by DBPA

Cs,Sr,Y, La,Ce(III),

Ag,Cd,Ge,Se(IV),

Te(N),Sb(III),bSb(V)

As(V)$PdjRu,RhjW, Nb

Cs,Sr$Ia,Ce(III),Ag,Cd,

Ge,Se(IV),‘Ye(IV),Sb(III)b

Sb(V),As(V),Pd,Ru,Rh,b

5-95%by DBPA

Sn(IV)15%,b

85$

Sn(IV)5@, Ta

35%

> 95% W
DBPA

Zr,12

Zr9 Nb,bY, Ho

In,12

aDi--K-butylphosphoricacidsolutioninwhichmolerattoofdi-&=bu~l

phosphoricacidtommc-g-butylphosphoricacidis4.5to1.

%Johydrogenperoxidepresent.

When Ca(N03)2

elements increases,

replaces HN03 the extraction of most other

but that of’zirconiumremains about the

same. This may be the result of hydrolysis of zirconiumwhich is

(1,4)considerableeven at acidfties of 1-2 ~.

Note: CommercialTBP often contains impurities of organic

pyrophosphatesand mono and di-butyl phosphoricacids. These may

be removed by hydrolyzing the organic pyrophosphateswith 8 ~

HC1 and washing with aqueous Na2C03(5$)and water.(161 mi~

u
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AQUEOUS NITRIC ACID CONCENTRATION
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ExtractionofzirconiumfromHNO~ systems
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19%TBPinkerosene(Alcock~~.,J.lnorg.&Nucl. Chem.~,,100
(1957))
3070TBP inCC14(Murbachand McVey USAEC reportLRL-115{1954))
TBP inVarsol(Bruce,PeacefulUsesofAtomicEnergyVol.7,
paper718,UN 1956)
100%TBP(Peppard,Mason &Maier,J.lnorg.&Nucl. Chem.j~,215
(1956))
2W’OTBP inbenzene(Peppard,Mason,& Maier,ibid.)—
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treatment Is important if the results reported are to be repro-

duced.

TrialkylphosphineOxides. [@nH2n+l)3p+ O] Preliminary

studies on the use of the phosphine oxides as extx’actantshave

‘17a) With a 0.1 M solution of tri-~-octyl-been carried out.

phosphine oxide in cyclohexanecomplete extractionfrom 1 ~ HC1

was observed for Cr(VI), Au(I), Hf(IV), Zr(IV), Fe(III), ?.’lo(VI),

Sn(IV) and U{VI). Ions that were partially extractedinclude

Sb(III),Bi(III), Cd(II), In(III),Hg(II), Pt(II), and Zn(II).

The trl-2-ethyl-n-hexylphosphineoxide extracts fewer metals

than the tri-~-octylcompound owing to the steric effect of the

position of the ethyl group. From a 1 ~HCl solution

Sn(IV), and U(VI) are completelyextracted. With 7 ~

Hf(IV), Zr(IV), Fe(III) Mo(VI), Sn(IV), and U(VI) are

extracted.

8. Ion Exchange Behavior

In addition to their value in the separationof

only Au(I),

HC1, Ga(III),

completely

zirconium

and hafniwn from other elements, ion exchange techniques afford

the most satisfactory means of separating hafnium and zirconium

from each other.

Cation Exchange

Aqueous colloidal solutionsof the hydrous oxides of zir-

conium and hafnium may be purifiedby contactingthe solutions

with a cynthetic organic cation exchange resin (e.g.Amberlite

IR-1OO) which retains impurities such as Be(II) and fi(III),

but has essentiallyno af’flnityfor the colloids.(18) me re-

moval of titanium and Iron is not complete;about 80~ and 95%,

respectively,being removed in one passage through the colwun.

The recovery can be as high as 9%. However, the metal con-

tent must be present In aqueous solutionas hydrous oxide in

14



amounts greater than trace quantities,e.g., the order of’0.1 ~.

The amount of resin used must be considerablyless than the

amount which would completelyadsorb the solution.

Hafnium may be effectivelyseparatedfrom zirconiumby

elution with HC1 from a sulfuric acid resin (Dowex-50,e.g.).(19)

l!htielements are adsorbed from 2 ~ HC1C!4and eluted with 6 ~ HC1,

the hafnium eluting first. Other eluants may also be used to

effect a hafnium-zirconiumseparationin which the zirconiumis

eluted first. Thus, a mixture of 0.45 ~ HN03 and 0.09 ~ citric

aoid elutes zirconium from Dowex-50, but not hafnium. (20s21) *e

hafnium may then be eluted with 5 ~

tion may be achieved with 1 & ~S04

Dowex-50. Hafnium is eluted with a

HNo
3“

An excellent separa-

elution of zirconium from

0.05 ~ oxallc - 0.2 ~ H2S04

mixture,’22) or with 3 ~ H.+04.(23)

l?hefluoride complexes of hafnium and zirconiummay be

utilized to effect a separationof these elements f’romother non-

oomplexingions, such as the rare earths, by passing an HC1-HF

solution of the elements through a cation exchange column.(24)

The negative fluoride complexeswill not be adsorbed and will

pass through the column while the other ions will be retained.

Mixtures of zirconiumhafnium, niobium, the rare earths, and

alkaline earths can be convenientlyseparatedfollowing adsorp-

tion on the top of a cation-exchangecolumn by selectiveela-

tion. Thus, zirconium,hafnium and niobium canbe eluted as

a group with 0.5$%oxalic acid without appreciablemovement Of

the other ions down the column. At a PH of 3, a 5% c:itratesolu-

tion displaces the trivalent Ions and at PH5 the remaining di-

valent and monovalent cations are removed in groups. Separations

within each group may then be carried out by xeadsorptionand

chromatographicelution with citrate buffers.
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Anion Exchange

Metals which form negatively charged complexesmay be

separatedby ion exchange chromatographywith anion exchange resfns.

This technique is particularlyuseful for the separationof’zir-

conium and hafnim from each other and from other elements. A

number OI?workers have made surveys of the anion exohange be-

havior of the elements. One of the most complete is that of lcraus

(26) Other acid systems have beenand Nelson for HC1 systems.

treated in a series of’papers from the U. S. Naval Radiological

’27) Although no complete analytical procedureEefenae Laboratory.

for zlraonium and hafnium has been published as such, the adsorp-

tion and elution data fh?omthese papers may be used to devise a

number of such separationschemes and a choice can be made depend-

$ng on the needs of the experiment. The dlffloultiesresulting

from the hydrolytic polymerizationof zirconiuMand haf’niumean

be effectivelycircumventedby the formation of’the fluoride com-

Dlexes, and HC1-HF mixtures are particularlyadvantageousfor

separationsinvolving these elements.

M’ulon exchange techniquesare espeufallyvaluable for zir-

oonitza-haftium$zirconium-niobium$zirconim-protactinim, and

zlroonium-thoriumseparations. ThuE.,with Amberlite IHA-400 in

the chloride form, zirooniumand hafnium may be adsorbed from

0.64 g I-IF.Elutictnwith a 0.2 ~ HC!l- 0.01 ~ HI?solutionremoves

the zirconium first, and.6% of the originalmay be reooveredwith

nohafni~.(28) Other systems have also been used for this

separation,(29-31) me d~~tributioncoeff’ieientsfor 23?, Hf, ~j

and Ta on Dowex-2 resin are shown as a,funotion of I-Eleoncen..

tl?ation in ~igw?e 2, taken from ~~ffia~, Idd~~~ ~~d L~~ly.(3°)

A Zr-Hf separationmay be achieved by’eluti.onwith ~.O ~

Hcl. In this case the Hf @lutes first (Figure 3) in contrast

to the behavior with the f’luoridecomplexes.
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Dependence d the distribution coe~ficient at 25~ on the hy[~rochloric acid
cOncentratiOn: 636 niObium; A, tantalum; 0, zimnium; 68, hafnium.
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Figure 3
Elution of chlorozirconate and chlorohafniate
with 9. ONJhydrochloric acid.

The difference in behavior of zirconium and niobium leads

to a convenient separation. In 6-7 M HC1. zirconiumpasses

through the column, while the niobium is retained. The niobium

may then be eluted with 1.5 - 4.0 ~HCl.(30’32) A variety of

conditionsmay also be utilized for a Zr-Nb separationin HC1-HF

mixtures.(32a) T!heoxalate compiexesofZr and Nb may also be

utilized for a separation.(33) Both are adsorbed on Dowex-1

resin from 0.1 - 0.4 ~ oxalic acid. The Zr is preferentially

eluted 1 ~ HC1 - 0.01 ~ oxalic acid solution.

The differences in behavior of Zr and Pa with anion-exchange

resins are not great, both being strongly adsorbed from concen-

trated HC1 solukions (> 9 Iw)and weakly adsorbed from dilute

acid (< 3 ~). However, a separationmay be effected by utiliz-

ing differences over the concentrationrange 6-8 ~. Such separa-
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tions have been carried out using Dowex-2 and Amberlite

(IR-&10(34)and Dowex-1 35) resins.

Sinoe thorium does not form negative chloride complexes,

it can easily be removed from ions that do, such as zirconium,

by adsorbing the latter on an anion exchange resin. The fact

that thorium does form complexeswith HNO=, while zirconiumdoes
2

not may also be utilized in a separationsprocedure.(36)

v. Problems of’S&unpleDissolutionand Interchangewith Carrier.

Zirconiumand hafnium metals are dissolvedby “treatmentwith

HP, a mixture ot’concentratedHC1 and HK03, or eon@@ntrated

II@o*. The ores are more difYicult to treat, and fusions with

Na2C03, ~S207P Na2Q29 or KHF2 are neoessary. When present as

minor constituentsor fcm’medby nuclear reactions in a matrix of

other elements or compounds zircmniumand hafnium offer no par-

ticular difficulty duzzingdissolution of the major constituents.

However, the tendency toward hydrolytic polymerizationat low

aciditiesmust be borne in mind. Also, if phosphorus is present,

the insoluble phosphates of zirconium and haflniummay be f’ormed.

In any quantitativeradioohemicalanalysis it is extremely

important to carry out chemical steps to insure complete inter-

change of the radioactivespecies and any added inwtive carrier

or to insure that all the radioactivespecies are in the same

chemical state before any separationsare carried out. This Is

particularlytrue in the case of zirconium or hafnium where hydro-

lytic?species and radi.doolloid~ormationmay cause ciifficulties.

In general, the formation of the strong complex with fluoride or

TTA is necessary. (Oxalate,e.g., does not effect complete inter-

change of’fission produced zirconium species with added zirconyl

carrier.)
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VI. counting Techniques

The specific technique of’counting any radioactivesample

will depend on the nature

the ex~riment. For many

so that relative oount’ing

of the radioactivityand the needs of

purposes an experiment can be designed

rates of samples of a particularnu-

cli.dewill suffice. It is then only necessary to count under

nearly identical conditionsto obtain precision of the order of

one to two per cent. ‘I’hiscriterion,in practiae, is relatively

simple to meet and whenever possible, comparativecounting is

therefore recommended.

the activity of sources

nature or in the energy

Of course, If It is necessary to compare

which dif~er in chemical or physical

of their radiations~these differences

must be taken into accomt.

The determinationof the absolute disintegrationrate of a

radioactive source is a more difficult problem, and special tech-

niques must be employed. Such a determinationinvolves a knowledge

of the decay scheme or the nuclide and the effi.oiencyof the de-

tector 201?the particles or rays emitted from the source. It iS

thus necessary to know the fraotion of the radiation leaving the

source which enters the sensitivevolume of the detector and the

intrinsic efficiency of the detector for the radiation. The inter-

actions of radiationwith matter alter the simple geometrio re-

lationshipbetween the source and detector by prooesses of’ab-

sorption and scattering in the material of the sample itself,

its support, any covering material, the space between the sample,

and detector, the deteotor window, and the housing of the de-

tecto~ unit. These effects are complex and depend critically on

the size and material of the sample and its support and on

energy and type of radiation. Mush time and effort may be

saved by the judiciousapplicationof published correction

factors for the combined effects of baekscatterlng~9~ple

the

thick-
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nesn, etc. on counting detemnlnations. However, It la extremely ti-

portant to be aware of’the sensltlvlty or the effects to expertien.

tal conditions. Where high aocnuracyIs desired It Is usually ad-

visable for eaoh investigator to determine the correction for hlEI

own conditions or employ teohniquea which mlninlze the effeots.

In some cases the radioactivity of the nuollde of interest may

be oompllcated by the presenoe of Isotoplo or genetically related

speoles which are alao radloaotlve. Correctlcnm for the presenoe

of these may be made, in general, by taking advantage of the tift’er-

enoes In half-lives, energies, and, perhaps, ty~s of’radiation in-

volved. Even In the case of a pure nucllde, different types of

radiation may be emitted (e.g., 13-,e-, x or y-rays) and their oon-

trlbuti.onto the observed counting rates must be evaluated.

Referenoe’son counting teahnlques should be oonau.ltedfor de-

tails of’the,methods.

of radioactive aouraes

and Prestwood(38) give

fiolencies to about 3$

A survey of ao~t$~:..~.th~,a,for,the asaay

(37)has been given .bySteinberg:.. ~yh,urst

a method for estimating beta oountlng e~-

uaing standardmounting and counting tech-

niques. The use of gamma-ray solntillatlonspeotrometryas an

analytical tool has received considerableattention. This tech-

nique is describedby Heath(39) and Olson.‘m)

The most oommonly encounteredIsotopes of ziroonlumand

hafnlum are Zrg5, Z#7, and HF181, E&aoountlng teohnlquesor

the extremely useful gamma-scintillationcounting techniquemay

be utilized for measurement of these nuclldes. Sample; of Zrg5

should be counted soon after isolation frcm nloblum.tomtnlmlze

the contributionto the aotivlty from the ~ 95 daughter. Z27

is generally oounted In equilibriumwith ita60sNh-and72 mNby

daughter.WhenbothZr95andZr~ arepresent,betaabsorptionsml/or

decay

which

measurements may be

differ considerably

utlllzed to analyze

in both beta energy

the components

and half-life.
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VII. Collection of Detailed RadioehemicalProcedures.

Procedure lt Solvent Extraction Procedure for Zr.

Source: K. F. Flynn, L. E. Glendenin and E. P. Steinberg,

Argonne National Laboratory (unpublished).

Introduction

Thts proceduremakes use of the formation of a benzene

soluble chelate of zirconiumand TTA (a-thenoyl triflu.oro

acetone}. The organic phase is scrubbed to remove extraneous

activities, and the zirconium back-extracted with hydrofluoric

acid. A Ba2h?F6precipitation is made to concentrate the ztrconi~,

the barium is removed as sulfate, and the zirconium recovered

as the hydroxide. The zirconium is finally isolated and weighed

as the tetramandelate.

Interchange between carrier

in nuclear fission is as complete

A radiochemically pure product is

yield. Two samples can be run in

Procedure

1. To 1-5 ml aliquot of fission

Zr carrier (Note 1) and 1 ml

ml and extract into 15 ml of

and radioactive species formed

as with fluoride completing.

obtained with about 75% chemical

about one hour.

product solution add 5 mg

cone. HN03. Dilute to 15

0.4 ~ TTA in benzene by

stirring for 10min. (Note 2.) Wash TTA phase 3 times

with 10 ml of 1 ~ HN03.

2. Back extract Zr with 10 ml of 2 ~ HF by stirring for a

few min. Add 1 ml of Ba* (50 mg/ml) reagent, centrifuge

and decant. Wash the Ba2ZrF6 precipitate with 10 ml of

3* Dissolve ppt. in 3 ml 5$%H3P03, 1 ml cone. HN03 + 5 ml

~0, (a clear solution should result). Add ~ml cone.
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PKZEMEW 1 (Cent’d.)

H#O~, aentrlfuge anddiscardppt. Addcono. NH40Hto

supernate, centrifugeand decant. Wash ppt., dlBsolve

in 3ml ccmo. HC1, dilute to 15 ml and add 15 ml of 1*

mandelic aoid solution. Heat on a stew bath for 10 min.

Centrifuge and deoant. wash Ppt. with 10 ml of hot ~0.

4. Filter ppt. throi@ a weighed filter disc, waeh with hot

~0, almhola ndether”a nddry8t110°Cf or10mln. Cool
‘.

&d weigh ae!Zr tetramandelate.

Note 1

Zr aarrler atandardlzed 88 followf3:

Pipet 3 ml of Zr oarrler solutlon (- 5 mgfil) Into

a ~ ml centrifuge tube and add 1 ml or oono. HC1.

Dtlute to 10ml, heat to bollAng and 8dd 20 ml of . ...

l@ mandelio aald solution. Heat on a steam bath

f’or10 min and filter through a weighed slntemed

glass oruolble. wash with hot ~0, aloohol and

ether and dry at 11O*C for 10 min. Cool and

weigh aa Zr tetramandelate.

Zlroonium tetramandelate Zr(G6H5~~COO)4

Qravimetric faotor: 7.62

Mot% 2

If Pu Is present It will extraut with the Zr.

To prevent extraatlon, the Pu must be reduoed to
.,

the trivalent state. !MIs may be acoompllshe~”’
,’..,.,

., .
by treatment with ~ and N#4”2HCl or, better, ’by

reduction with q using a Pt blaok &e as catalyst.

!Ilmsorlglmal solution should be oonverted to an HC1

medlmn for the reduotion of’Pu. The ertmotlon of

Zr may be oarrled out from 1 ~ HC1 solution.
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Procedure2: Determinationof zr95 ifiFission

ProductMixtures.

Source: Richard B. Hahn and Richard F. Skonieczny,

Nucleonics, Vol.&k, No. 2, p. 56 (Feb.1956).

The barium fluozlrconatemethod(41)is commonlyused for

determiningradioactive zirconium (Zrg5) in fission products. In

this procedure zirconiumis separatedfrom other activitiesby

precipitationas insolublebarium fluozirconate,followed by a

final precipitationwith cupferron. This is ignited to zirconium

dioxide, which is then weighed and counted.

This method gives excellent separations from other activities.

The only disadvantage lies in the use of cupferron. Cupferron LZ)

(the ammonium salt of nitroso phenyl hydroxylamine) is unstable

In water, hence solutions must be prepared freshly before use,

or must be stored under refrigeration. The cupferron-zirconium

precipitate Is bulky and spatters badly upon ignition. Because

of these dlsadvantages9 other reagents were considered. Man-

deli.cacid and Its derivative. seemed most promising.

Kumins@) showed that mandelic acid was a specific precip-

itant for ziroonium. He devised a procedure for determining

zirconium in the presence of various interferingelements. Ast&

nina and Ostroumovt~Jfound that under controlledconditions,

the zirconiummandelate precipitatecould be weighed directly

without ignition to the oxide. Zirconium tetramandelateis a

dense, crystalline

washed. It can be

analysis.

Modified Procedure

precipitatethat is

readily mounted and

easily filtered and

counted in radiometrlc

BY substitutingmandelic acid for oupfez=uon,the following

modlfioationof Hme!s bari’mnfluozir’>mateprocedwe ‘wasdevised.
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PROCEDURE2 (Cent’d.)

The first five steps are essentiallythe

Hume, with the exception that the volume

same as those given by

and weights of reagents

are only about one-fourth as large. This modification was neces-

sary to minimize self-absorption of the beta particlesby the

final precipitateof zt~eoniumtetzwunandelate.Five milligrams

of zirooniumcarrier gave optimum results. (See Table 1.)

TABLE I—Effect of Carrier Weight on Self-Absorption of Beta Activity

Zirconium zirconium Zirconium Activity*
carrier (mg) tetramandelate (M) yield (~) (Cpmfil)

4.68 22.4 62.67 3.27x 1$

4.68 21.1 59.04 3.43x 105

9.36 43.2 60.53 2.68x 105

9.36 37.2 52.12 2.75 X 105

18.72 96.2 67.41 1.60 X 105

18.72 96.3 67.48 1.59 x 105

*3.50 x 105 opm of Zr aotivlty added to each sample.

The prooedure Is as follows:

1. Add 5 mg of’zirconiws carrier (in zirconyl nitrate solu-

tion) to 1 ml of 6~ nitric acid in a Lusteroi.dcentrifuge tube.

Add a known amount of the Radioactive solutlon to be analyzed,

0.5 ml of 271J(oom.) hydrofluoric acid and mix thoroughly.

2. Add 0.25 ml of lanthanum nitrate solution (10 mg

La3+/rnl),stir thoroughly,

lanthanumtitrate carrier,

centrifugesadd a second 0.25 ml of

and centrifugethe precipitatedown on
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PRCCEDURE2 (Cent’d.)

top of the first precipitate. Decant the supernate to a clean

Lusteroid tube and discard the precipitate.

3. Add 1 ml of’barium nitrate carrier solution. Stir thor-

oughly, centrifuge, and discard the supernate.

4. Suspend the precipitate in 2 ml water, add 1 ml of

saturated boric acid solution, dissolve by adding 0.25 ml of

15N (oono.) nitric acid and stirring until a clear solution is

obtained. Add 0.5 ml of barium nitrate oarrier solution and 0.25

ml of cone. hydrofluorio acid to the clear solution. Stir, then

centrifuge down the precipitate an~ discard the supernate.

5* Repeat step 4.

6. Suspend the precipitate in 2 ml or water and 0.5 ml of

boric acid. Mssolve by adding 2 ml of 6~ hydrochloric acid.

Add 6~ sodium hydrw.ide while stirring to the above solution

un’bilit is basi.o. Centrifuge and discard the supernate.

7* Dissolve the preoipi.tateof zirocmium hydroxide by ad-

ding 3 ml of 12~ (cone.) hydrochlori~ aoid and 3 ml of water.

Transfer this solution to a glass centrifuge tube. Rinse the

Lusteroid tube tw~ce with l-ml portions of water and add these

washings to the solution in the glass tube. Add 10 ml of satur-

ated (15%) mandellc aoid solution. Stir and heat in a water bath

at 80°-900C for about 20 min.

8. Filter the hot solution using

disks in a Hirsoh funnel. Wash with 10

weighed l-em filter paper

ml of 5% mandeli,cacid-2$Zl

hydroohlori.cacid mixture, then with three 5-ml portions of 95$%

ethyl alcohol and finally with two 5-ml portions of ethyl ether.

Transfer the precipitate and filter paper to a tared watch glass

and dry under a heat lamp for about 5 min. weigh, then mount for

Oounting .
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PROCEDURE2 (Cent’d.)

R-s

zircor~l nitrate, lanthanum nitrate, barium nitrate, and boric

acid are prepared as in Hum@Is procedure (u)= Mandelic acid

(saturated): 16o gm of solid mandelic acid dissolved in 1 liter

of water.

5j%mandelic acid-~ hydrochloric acid wash solut:Lon:50 gm of

solid mandelic acid and 48.5 ml of oonaentrated hydrochloric eoid

(37$) ar@dissolved ineno@distilled water tomak! lliterof

solution.

Sodium hydroxide (6x): 240 gm of solid NaOH dissolved in

distilled water to make 1 liter of solution.

Discussion

The procedure was tested by analyzing identical samples of

zirconium-niobium tracer by Hume$s cupferron method and by the

mandelic acid method given previously. A mica end-wLndow (2.3

mg/cm2) G-M tube and scaler were used for beta count:Lng.

The data in Table 2 show the mandelic acid method gives re-

sults comparable to those obtained in the cupferron method.

A seeond series 0?2ssnrpleswere run in which the gamma

activity was counted (see Table 3). A bismuth-wall G-3!tube and

scaler were used.

The gamma counts obtained by the mandelic acid method were

6-14$ lower than those obtained by the cupferron method. No suit-

able explanation can be offered t’orthis discrepancy. The mandelic

acid method, therefore, is not recommendedfor analyses made by

gamma count*

Separation from F.P. Activities

To study the effectiveness of separation of zirconium qctiv-

ity from other fission products, the mandelic acid procedure was
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PKCEM@l 2 (Ccmt’d.)

TABLE 2—Z# ‘Detemuination by Cupferron and lwmdell~ Aeld

Methods (Beta Count*)

Cu ferron
?)

Hande’lioacid
Sample o~ (a~)

●Actouraoy iS i3j%m

TABLE && Determination by Cupferron and Ilmdelio Aold

Methods (- Gount) ‘

cY)erron Manckillaam
sample Opn (am)

1 0,432
8,296

2,, , 7,641

7,517

3 8,609

8,332\
4 7,671

7,532

7,327

7,385

6,900

6,625

7,829

7,782

7,119

6,703

,

4
repeated ulth samples aomtaining approximately 10 beta oounts

per minute of Oe144=144 s ~g5 , ~d @-yW . In all oases

less than 100 om was obtained. Thus the method oan be used

for determining ziraonium in the preaeno~ of these aOtivikleS. t-
,.
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PROCEDURE2 (Cent’d.)

p-Bromomandelic Acid

Experiments were conducted using &-broxnomandelicacid (45>

in place of mandellc acid. The precipitatesof zirconiumtetra-

p-bromomandelatewere much largeu in weight and In vc)lumethan

those obtainedwith mandelic acid. The analyticalresults were

poor owing to self-abso~ptionof the beta particlesby the precip-

itate. Since this reagent has no particularadvantage over man-

delic acid, it is not recommended.

***

This work

from the Atomic

Procedure

was supported In part by a grant (AT-11-1) 213

Energy Commission.

3: Zirconium.

Source: G. M. Iddings in RadioehemicalProceduresIn Use

at the University of CaliforniaRadiationLabora-

tory (Livermore)Report UCRL-4377,Aug. 10, 1954.

Purification: 5 x 10’3Atoms of Zr97 isolated from a l-day-old

15 fissions exhibitednomixture containing 10

contaminatingactivity when decay was followed

through six half lives. (See Note at end of pro-

cedure.)

Yield: - 50 per cent.

Separationtime: About four hours.

1. To a solution of the activity, at least 2~ in HO1, add 10 mg

Zr carrier and severalmg of La carrien. Make “thesolution

005~ in HF. Centrifuge and discard the precipitate.

.
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~3 (Cent’d.)

2.

3.

4.

5.

6.

7.

8.

9*

10.

Add three drops of saturated BaC~ solution to the eupsrna-

tant. Centrifuge and disoard supe-tant. wash precipi-

tate with water.

To the precipitate add 4 ml of?saturated H#03 solution, 10

ml of water and 2 ml oono. HN03. To the clear solutlon add

8everal drops of oono. H@04 and a few drops of two peroent

aerosol. Centrifuge and dlsoard the preolpltate.

To the supermatantiadd Nl140Hin exoess. CentfifWe Pre~lPl-

tate and disoard supernatant. Wash precipitate twloe with

dllube ammomla.

Add 10ml cionct.HC1 to the Premlpltate. Dilute the solution

to Q HC1.

Transfer solutlcm

tory funnel (with

cook) . Add 30 ml

to a 125-ml, open top, cyllndrloal separa-

stem detaohed Immediately below the 8top-

of O.~_ thenoyltrl~luoroaoetone (lTA) solu-

tim in benzene and equl~brate layers for 30-40 minutes by

rapid etlrrlng wlthamotor-driven glasa stirring rod (paddle).

Allow layers to sepazate. Drain and discard aqueous layer.

lfa8h orzanle phase four times with 15 ml of oom. HC1, allow-

lng ten mlnutee for each wash.

Ev’apcwatethe organic layer In”a No. 1 pcmoe-lalnorueible

uhder a lamp.

When the benzene has evaporated and only the Zr-m’A ci-pound

remains,moisten the solid with a few drops of oono. qo~

heat very gently, at first (to mlnlmlze

Ignite to Zr02 at 800”C. Pulverlze the

a tared alumlnum hat.

NOTE: The above prooedure wI1l not separate

spattering).

solid and tramsfer

from protaatltimm

and

to

isotopes if these are present In the orlglnal solution.
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PRCCEDJRX3 (Cent’d.)

In this ease, either one of the f’ollowlngprocedures can

be.interposed between steps 4 and 5:

A. Pass the solution (12~ In FiCl)through a Dowex-1 anion

exchange resin column (5O-lOO mesh), 6 mm Id. x 8 em In

length. Pass 5 ml .conc.HC1.throu@ oolumn. Dlsoard

effluents. Pass 15-20 ml,of n_ HC1 through column.

Collect effluent and dilute to 2~ HC1. Prooeed with

step 5. (Elutlon with ~HCl elutes ziroonlum,

leaves protaotlnlum on oolumn.)

B. Hake solution~~ In HC1. Add an equal volume of di-

Isoproml lmtone and equilibrate layers for a few

minutes. Msoami organlo layer. Hepe8t DIPK extrao-

tlon twioe.

Prooedure 4S Zlrconlum. ,,

Source:

Target material

(30e.ckeFman,In ‘Ohemloal Proceduresused in

BombardmentWork at Berkelej,” W. W. Melnke

(uoRL-432, Aug. 1948).

: x 1 g Bi metal Time for sep~n: 1-2 hrs.

Type Of bbdt: 184m all partioles Equlpnent required: Centri-

fuge, tubes, lutiterold

“cones,Ioe, small poroelaln

Yield:

Degree

cruolble.

-w

of purlfluatlon: Deoontamlnatlon fdotor z 104 fra fls-

slon and spallatlon products (no Th & negligible Hf actlv-

Ity present).
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Advantages: Good field of pure Zr, If’no Rf aotltity present.

Prooechwe:

(l)’

(2)

(3)

(4)

(5)

,

, (6)

Remarks:

To allquot of HN03 soln of target, add 10 mg Zr, make

sample up to z 5 ml of 5 ~ HN03 In a lusteroid Gone. Add

2 ml Oonoo m a 10IU h. Repeat LaF3 pptn.

Add 50 w Be tO SUPM. kjl!ish~zrF6 Ppt=

Dlasolve ppt In 2 ml 5Z H#03, add 1 ml oono. KN03 &

5 ml~O, repeat LaF3 pptn ttioe (as In (1) and (2)).

Repeat =ZrF6 ,pptn.

DIBaOlve wlth,2 ml J3-#03,2 ml 00n0. HC1, a 5 ml ~0.

Add 1 drop oono H@04.& oont out BsS04.

Dil supn to 20 ml & 8dd 2.ml @ oupfenon in Ice bath,

f’llter,tish with cold 1 ~ HC1 oontalnlng oupferron,

Ignite In a poroelaln oruoible. Weigh ar3Zr02

(13.5mg P= lomgzr).

This procedure probably effeata no sepa=tlon from

~.~ I don~t know about.. Zr oan be separated frm EU?by the

We of’TTA or anion exohange reslna.

Prooedure 5: Zlraonlum .

9ourc3e: Newton, In “Chemloal Procedures used In Bombard-

ment workat Berkley,n M. W. Mehke (UCRL432,

Aug. 1948).

!Nmget material: Thorium metal (.1-1 gm) Time for 13epln: 1-2 hns.

~ of.bbdt: 60S alms Equl~ent required:

Standard

Yield: * 60$
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Procedure: The Th metal is dissolved in cone HC1 plu:3a few drops

of .2 ~ (NH4)2SiF6to clear up the black residue. The HC1

is diluted to 2 & and an aliquot taken.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Remarks:

Use a lusteroidtube, add HN03 to make 5 ml of soln 4 to

5 molar in HNOn. Add 20 mg Zr carrier, 2 ml cone HF and
>

mix well. Centrifuge off N4.

Add 10 mg La+* carrier.

a second 10 mg La- and

ppt. Decant.

Add 50 mg Ba* to supn.

fuge.

Dissolve ppt by adding 2

Mix well and centrifuge.

centrifugedown on top of

Mix and let stand 1 min.

ml 5% H BO and stirring.33

Add

1st

Centri-

Add

1 ml cone HN03 and 5 ml H20. Add 2 ml 27N HF and 50 mg

~au * Stir until ppt forms and let stand 1.minute

longer.

Repeat (4).

Dissolve with 2 ml H3B03, 2 ml cone HC1 and 5 ml ~0. Add

1 drop cone H@04 and centrifugeoff BaS04.

Transfer supernate. Dilute to 20 ml and ppt Zr at ice

temp with 2 ml 6% cupferron reagent. Centrifuge. Wash

ppt with 1 ml cold HC1 containinga few drc~psof cupfer-

ron. Filter at once.

Ignite ppt to Zr02 in porcelain crucible. Weigh.

This procedurehas been described previously. (Phys.

Rev. ~, 17 (1949)\

Preparationof carrier solutions: Dissolve 29.40 gms

ZrO(N03)2.2H20in water, adding a rew

to clarify the solut~on. Dilute to 1

33

drops of HNO if necessary
3

liter.
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Standardlzatlon: Take 5 ml c!~rler. #!ake2~ In HC1 and cool

in Ioe bath to 10° C. Add a slight excess of 6$%oupferron solu-

tion. Filter and Ignite In a porcelain oruolble with oare to

p~vent”sp~tterlng of oils distilled from oupferron. Final iK-

nitlon temperature 6000 C. Weigh as ZIQ2. (@ oupferron solu-

tion: 6 gms oupferron ad pinoh of (NH4)2C03 In 100ml %0.

Solution slowly demmposes.)

Procedure 6. Carrier-Free Ziroonlum fra -ton Bombard-

ment of Nb.

Source: E. K. Wde and G. D. OIKelley, Fhys. Rev. 82, 944

‘(1951).

!lhlnstrips of speotrogra@.tally pure niobi?mmetal were

bombarded for periods of from 5 to 20 ~nutes with 1OO-KV pro-

tons in the l@l--inohoyolotron. Suoh bombardments produoed -12

disintegrations per mlriute of’total 21r00fih aotivlty. Numerous

bombardments were oarried out In the oourse of the researoh.

The niobium target foils were dissolved Immediately by drop-

ping them into a mixture of’concentrated HN03 and oonoentrated HF.

Ten milligrams of lanthanum nitrate were added, with stirring to

preoipltate IaF3. All the zlroonlum aotlvlties In solution were

oopreoipltated with the LaF and oleanly separated from the niobium,
3

(44)
a separation whioh has been studled by Ballou and by Gest, BWgUS,

and Iavles&7) The co-separation is belleved to be oaused by the

surfaoe adsorption of ZrF6= Ion on IaF3. l’heLsF3 preoipltate was

contaoted with strong KOH to metathesize the fluoride to the hy-

droxide mmpound. Then the hydrox.ldewas dissolved In ~ HC104.

In order to saavenoe out any tmoes of nloblum which might remain,
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manganese dioxide was precipitatedfrom the resulting solu$ion

by adding in turn Mn++ and KMn04.

The zirconiumwas extracted from the HC104 solutionby con-

tacting it intimately for 15 minutes with an equal volume of a

0.2~ solution of a-thenoyltrifluoroacetone(hereinafterreferred

to as !lll?A)in benzene. Aluminum nitrate was added to the

aqueous phase to complex any traces of fluoride ion which might

remain from the metathesis step, since tb.efluoride Ion interferes
(48)

with the TTA extraction. The work or Connick and McVey and of

Huffman and Beaufai~49~asused as a gluidein this purification

step. The ?irconium-TTA complex in benzene solutionwas thor-

oughly scrubbed of possible traces of extraneousactivitiesby con-

tact with 2!,JIW104 wash solution. ‘Thenthe benzene solutionwas

diluted 10-fold and contactedwith one-tenthits volume of conc?en-“

trated HC1 to effect the return of the zirconiumto a,naqueous

medium.

This zirconiumfraction was quite pure both chemicallyand

radioactively;but to be absolutely certain of its purity, it was

subjectedto an additionalpurificationstep, capable in itself of

effecting excellent decontaminationfrom most other elements. The

HC1 solutionwas slowly passed through a short column (2 cmx4mm)
(50)of I)owex-1anion exchange resin which had been pre--equilibrated

with concentratedHC3. Unpublishedresearch results of this

laborato#’~ave shown that from solutions 10IJor higher in HC!Icon-

centration,negatively charged chloride complex ions of zirconium

adsorb strongly on

tion less than 6NI,

complexes,but the

are not adsorbed.

Dowex anion resin. From solutions of conceritra-

they do not adsorb. Niobium forms even stronger

other elements which could.possibly be present

Hence, by passing the concentratedHC1 solution
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through the resin column and rinsing it well with more concentrated

HC1 solution,the zirconiumwas quantitativelyand cleanly ad-

sorbed. The zfroonium could be immediatelyde$o~b@~by PassIM

a & HC1 solution through the column. In some

experiments,the zirconium!activity was left on the column and

periodicallymilked of its yttrium daughter activity by rinsing

the column with 10-12FJHC1 at the proper time. The zirconium

was retained quantitatively and the yttrium quantitativelyremoved

by this step.

This isolation procedurehas

previous methods commonlyused for

conium suoh as co-precipitationon

cipal one is that the zirconiumis

state.

Procedure 7S Preparation of

several advantages over some

radiochemicalisolation of zir-

btu?iumflaoziroonate. A prin-

isolated in a carrier free

Carrier-l&eeZirconiumTracer.

Source: N. E. Ballou, Radiochem. Studies: The Fission

ProduetsyC. D. Coryell and N. Sugartnan,eda.,

NNES, Vol. 9, Paper 249.

A procedure is presented for the preparationof carrier-

free zirconium tracer. The proceduremakes use of the co-separa-

tion of ztreonium activity from fission material on thorium iodate.

The method

cent. The

is rapid, and the radiochemicalyield is about 80 per

purity of the final product is satisfactory.

INTRODUCTION

A rapid method for the isolation of zirconium activity from

ether-extracteduranyl nitrate has been developed. Zirconium
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Is oo-preoipltated with ~(103)4 from 4 ~ HN03 oontalnlng ~02

to keep nloblm (oolumblum) in solution and to ensure the trlva-

lenoy of oerlum. The precipitation of thorlun oxalate removes

234), leavl~ oarrler-free zlroonium In anthe thorium and UXl (Th

oxalate solution.

PRCCHDUHH

To 1 ml of’the aqueous oonoentrate of ether-extraoted

uranyl titrate are added 5 w of thorium carrier, 1 ml of 3

per oent ~02, 8 ml of oono. HN03, and 20 ml of 0.35 ~ H103.

The solution and preoipltate ~ oooled and allowed to stand

for 5 min. The Prealpltate Is mmoved”by oentrlf%gatlon and

dissolved in HC1 and S02. Thorium hydroxide Is preolpitated

tith NH40H, and this preoipltate Is dissolved In 8 ml Of cone.

HN03 ● After the addl~lon of 1 ml of 3 per cent 402 the thorium

Is preolpltated with 20 ml of 0.35 ~ H103 and allowed ’to stand

for 5 min. The Preolpltate of ~(103)4 is dissolved In HC1 and

S02, and Th(OH)4 Is preolpiated from t~s solution with NH40H.

After the Th(OH)4 preoipttate Is dissolved in 1 ml of 6~

HC1 and 15 ml of ~0, the solution is heated to boiling and 5

ml of sat. ~C204 solution is added. The solution Is oooled and

allowed to stand for 10 tin, and the ~(C204)2 PreolPitate IS

centrifuged off. A seoond preolpitation of ~(C204)2 frcaethe

solution Is made by adding 5 mg of’thorium oarrler and letting

it stand for 30 tin. The Th(C204)2 preoi.pitateIs then centri-

fuged off, leavlng a solution of zlroonlum aatlvlty. If a zlroon-

Ima traoer solution free of oxalic acid Is desired, Fe(OH)3 uan

be preolpitatedfrom the solution. This oarries the ziroonlum

aotlvlty. lhe Iron

prq~l ether frau 8

oan then be removed by extraction Into lso-

~ HC1 solution in the usual manner.
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bium

plex

late

Mno2

DISCUSSION

A representativezi.rooniumpreparationwas analyzed i?Ornio-

contaminationby adding niobium carrier as the oxalate com-

and then precipitatingNb205 by the destructionof the oxa-

complexwith ~04-. After the removal of the so-precipitated

with S02, the Nb205 was dissolved in oxalic aoid and repre-

ci.pltated.This precipitatewas found to contain about 4 per cent

of the original activity,about one-half of which could be at-

tributed to growth of the 35d Nb95 daughter since the preparation

95 tracer.of the 65d Zr

A preparation was made which used 0.5 ml of 30 per cent

~02 instead of lml of’3 per cent ~02. The niobium decontami-

nation was not improved. In the absence of ~02, niobiun pre-

cipitateswith !l?h(XO)4 about as efficientlyas zirconiumdoes.
3

The zirconiumin solutionafter the removaz of the niobium

was precipitatedon l?e(OH)3.Am aluminum absorptioncurve of’the

activity was identiealwi$h the aluminum absorptioncurve of 65d

Zr95 isolated with carrier and carefullypurified from radiochem-

ical impurities.

A sample of the zirconiumtracer was subjectedto the complete

isolation procedure, and 78 per cent recovery was attained. !Em

time required is about 2 hrs. If the t~aoer is to be used under

conditionsrequiring the absence of niobium activity, it should be

prepared just before use In order to avoid contaminationfrom the

growth of the 35d ~g5 daughter of’65d ZI?95.
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~ooedure 8:
~er-~e ~r89

fron the Y89(d,2n) Reaction.

Soume: A. N. Murln, V. D. Nefedov, I. A. Yutlandov,

“!lhe=oduotlon and tl?.eSeparation of Carrler-

free Radloaotlve Isotopea,n UspeolthlKhimll.,~,

527 (1955). (AERE Lib !bans.722, Harwell, 1956.)

Zlrcolduk.

Froduotlon

Irradiated

Zr~; T= 79.3 hours; K (75%) P+ (25%);

Ep+ = 0.910 Hev; T; Ey = 0.92 Mev.

reaotlon:
89

Y89(d,2n)Zr .

Y203 was dissolved h hydroohlorio add and the

solution was evaporab~d almost to dryness and was diluted with

water . The @trlum was separated In the fom of YF3 by pre-

oipltabion with HF. The exoess HF was removed by evaporation

with a fewmillilltres of eonoentrated H#04. After ~lutlon,

FeC13 uas Introduced Into the solution and was preolpitated in

the f’o~ of Fe(OH)3 ulbh the help of NHQOH. !EIUSthe I%MLLo-zlreo-

nlummm quantitatively adsorbed by the Preoipltate of”Fe(OH)3.

After dimolting the preolpltate of’w(OH)3 in 6~ HC1 the oarrler <

was removed by extraotlom with ether.

Frooedure 9: Preparation of Carrier-free Zirconium-Nloblum

Traoer.

SOW09: J. A. Marlnsky, D. N. Hume, and N. E. Hallou In

NNES, Vol. 9; Paper 250.

A rapid prooedure for the preparation of very pure oarrler-

free ziroonlum-nloblum tracer Involves the ohlorofomn extraction

of the cupfe~ldes of ziroonlum and nloblum activities frcanan

Irradiated uranyl nitrate solution.
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This procedure

bium form, at tracer

cupferride~5qin acid

1. INTRODUCTION

makes use of the faat that zirconiumand nio-

concentrations,very stable chloroform-soluble

solutions. The two activitiesare separated

from the other fission elements almost quantitativelyto yield a

mixture of pure zirconium-niobiumtraaer.

To a uranyl fitrate solutionmade 6~ in HC1 and 0.05~ in

S02 are added CHC13 and a freshly prepared 6 per cent solution

of cupferron. The final uranyl nitrate concentrationis about

8 per cent. The zirconiumand niobium activitiesare extracted

by the CHC13. A second extractionis performed on the solution

again with CHCll and cupferron.
3

The CHC13 extracts are combined,

and the small amount of”contaminatingactivitiesis almost com-

pletely removed by a wash with 6~ HC1. This wash also serves to

remove considerableamounts of excess eupi?erronand its decompo-

sition products. The CHG13 layer is then treated with a portion

of dil. HCI to which a few drops of bromine are added. me

A 5-ml sample

zirconiumand niobium activ-

Boiling this solutionhelps to

from the decomposedcupferron~

IJm?.

2. PROCEDURE

of’ 32 pew cent *uranyl nitrate in a separatcmy

20 ml.). A

!W303.W3,for

6 ptw sent

vigorously

cupferron (Note 1)

for 30 sec. After

is added, and Me fumnel is shaken

separationthe CHC1 layer is
3
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drained off. Another portion of 0HC13 and cold 6 per cent aup-

ferron is added to the aqueous layer, and the funnel is again

shalnm tigoroualy for about 30 sec. The CHC13 layer Is again

drained off. The two 0HC13 layers are cabined, and the aque-

ous layer is disaarded.

Both the CHC13 layer (In the separator funnel) and a lo-ml

wash solution 6~ in HL!land 0.05~ In S02 are aooled in an loe bath

for about 5 min. The two solutions are then mmnbined, and 1.2 ml

of cold wpfemon 18 added. After vigorous shaldng for 30 sec the

layers are separated and the aqueous phase Is dlsaarded.

To the 0HC13 layer in a separator funnel is added 5 ml of

6~ HC1. Several drops of Br2 are added, and the funnel Is shaken

vigorously for several minutes at 10-m.inIntervals. After 1 hr

the layers are separated and the CHC13 layer Is dlsoarded (Note

The aqueous layer Is boiled until the solution Is only slightly

colored (Note 3).

Notes. 1. Beoaus.s of the ~nstabtllty of the oupferron It

necessary to perform the extraotlon as rapidly as possible when

oxldlzlng materials are present In the solution (e.g., nltrltes

nitrates). In solutions oontainlng no oxidant, c!oollngIS un-

necessary and S02 addltlon ean be neglected.

2. The separation of the two layers can be aoaapllshed

2).

is

and

efficiently by drawing off most of the orlglnal 0HC13 layer, add-

= fresh CHC13, and repeating the withdrawal. ‘IIIIBmay be done

three or four times so that, when the aqueous phase is finally

collected, very little organle material fraa the original CHC13

phase till be present to uontamln.atethe produat.

3. If the presenoe of oxallo aoid in the trauer solution

is not ob~eotlonable, the solution may be made 0.5 per oent In
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qC204 “’beforebnillng. me Presenoe of OXSIIO sold prevents the

strong adsorption of the aetivltiea on the glass walls. Both

zirmnium and nloblum are readily adsorbed on glassware from the

CHC13-oupi’erron solutlon. It 1s good praakiae to store niobium

traoer as an oxalate solution and to destroy oxallc aoid by fum-

ing with oono. HN03 tiediately before use.

a DISCUSSION

me meld of ziroonium is 55 to 60 per oent; the yield Of

niobium is 30 to 35 per oent. Analyses for possible c!ontaminat-

i.ngaotivltieO

0.03 per oent;

and tellurim,

indicabed the following upper llmits: lanthanum,

barium, 0.06 per cent; ruthenims, 0.07 per oent;

0.004 per oent.

Rroaedure 10: Preparation

and Niobium

Souroe: R. overstreet and

Pagmr 251.

of Carrier-free Zirconium

Traoers.

L. Jaoobson In RNES, Vol. 9,

A prooedure 1s presented for the simultaneous preparation

of oarrier-free ziroonium and niobium activities frm irradiated

~1 nitrate. The procedure msdms use of the oarrying of zir.

oonlum and niobium on thorium iodate to isolate these elements

fr~ most of the other fission ~oduots. lhe separation of nio-

bium and $droonium from eaoh other is based on the formation of

a soluble otiplex oxide of niobium by qC03 fusion.

1. INTRODUCTION

In the present prooedure for preparing oarrier-free ziroon-

Ium and niobi~ aotlvltles from Irradiated uranyl nitrate, the
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bulk of the urenyl nitrate

oonlum, nloblum, and other

is removed by ether extraatlon. Zlr-

ammonia-insoluble fission produats

are separated frcm the remaining uranyl nitrate by wmplexing

the uranim with hydroxylemlne In ammonlaaal solution and aarry-

ing the insoluble fission praduots on Fe(OH)3. Zlraonlum, nlo-

blum, and aerlm are then separated as the Iodates by the use
●

of thorluisaarrler, and the zlrmnlum and tiublum are separated

t’rtm the oerlum amd thorium by means of HP. fie niobium Is re-

moved from the zlraonlum by repeated fusions with K#03, thorium

holdbaok carrier belmg used for the zlrooni~. The thorium is

finally separated fraa the ziroomlum by preolpltatlon with

HF. Each of the purified activities Is carried on Fe(OH)3, and

the iron Is then removed by ether extraction.

Heduae the

of repeated ether

2. PROCEDURE

amount of umnyl nitrate to about 5 g by means

ertraatloms. Treat the consentrated solution

with 100 mg of Iron oagTler .- 15 g of ~OH.HCl, and make

str~ly alkallne with NH40H. Heat to boiling, cool, and centrl-

fuge the Fe(OH)~ precipitate. Dissolve the prealpltate In HC1 and

repreolpitate twiae more In the presenoe of ~OH. HCl. Dissolve

the final Fe(OH)3 precipitate In HN03, add 25 mg of thorium aar-

rier, and makR 53 In HIW33. Precipitate the thorium as Th(103)4

by the addltlon of an equal volume of 0.35y KC03 reagent. Centrl-

~uge, and wash the precipitate with Ml. K103 solution.

the precipitate by repeated evaporations with cone. HC1

porate to dryness.

M!ccmpoBe

and eva-

“Edltorsl Note: Thorium Iodate In the presence of ~02 was used

by N. E. H8110u (Paper 249, this volume) to prepare carrier-free

zlrconlum aativity.
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Mssolve the resiclw In 20 ml of 5~HN03.8nd 8dd 5 WeaOh

of barium, strontium, yttrium, tellurlum, ruthenium, oesium, and

lantmum oatiers. Freoipltate the thorlm 8s before by the ad-

dition of 20 ml of R103 reagent. Centrifuge, wash the preoip~tate,

and deocmpose with HC1 as before. Dissolve the final residue In

~ HC1 ,g+ndadd 10 .mg of oertum oarrler. Make the solution ~ In

HF,, oentrlfuge, wash, and dlsoard the preolpltate. C-lne the

oentqU?ugate and washings, and evaporate to fuming with 1 ml of

Oomc. H@+.

Mlute-the solutlon to about @ ml and add 10 mg of thorium

oarrler. Makebasio with NH40H , oentrlfuge, and wash the

preolpitate of Th(OH)4. Evaporate to dryness, fuse with 4 g of

~co3, 9001, and extraot the mass with 10 ml of ~0. Centrifuge

the suspension, and wash the residue with 10 ml of 30 per oent

~co3 solution. Combine the supernatant solution and washings,

and set aside for the separation Or niobi=.

Fume the Th02 residue from the ~C03 fusion with 2 ml of orma.

~S04 for about 15 ~. Cool and dllute”to’30 ml with ~0. Add

5 mg of niobium carrier, ma~ baslo with RH40H, oentrlfuge, and

wash the resulting preolpitate. Dry and again sub~ect the preo~p-

Itate to the ziroonlum-nloblum se~ration by means of K&C03 fusion.

Repeat the fusion on the !th02residue, but do not add tiobium car-

rler. Dissolve the final Th02 residue with H@04 as desaribed

pravlously, and dilute to ~ ml. Hake the solution ~ in HF,

oenttif~e, and wash the !lhF4preoipltate with dll- HF.

Combine the supematant solution and washings from the

fluorlde preoipltate, evaporate to fuming, and dilute. Add 10

mg of iron carrier and male?the solutlon basio with NH40H. Centri-

fuge, wash the p~clpitate, and dissolve In 15 ml of 9~ HC1. Hx-
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tract the iron with isopropyl ether, leaving a carrier-freesolu-

tion of’zirconiumactivity.

Acidify the solution that was set aside for niobium separa-

tion, and precipitateTh(OH)4 with NH40H. Centrifuge,wash the

precipitate,and dissolve i.nHN03. PrecipitateTh(103)4 as before,

decomposewith HC1, and dilute to 50 ml. Make the solution 1~

in HC1 and 2~ In HF, and centrifugethe ThF4 precipitate. Wash

with 1~ HF and discard the precipitate.

Add 2 ml of cone. ~S04 and 10 mg of zirconium carrier to

the combined supernatantsolution and washings, and evaporate to

fuming● Cool, dilute with ~O; and precipitateZr(OH)4 with

NH40H. Fuse the preclpttatewith 3 g of anhydrous K2C03, and ex-

tract the melt with 10 ml of H20. Centrifugethe residue, and

wash with 10 ml of 30 per cent ~C03 solution. Set aside the fil-

trate and washings, and fuse and extract the residue twice more.

Combine the filtrates and washings from all three fusions,
*
and

acidify. Add 10 mg of iron carrier, and precipitateFe(OH)3 with

NH40H. Centrifuge,wash the precipitate,and dissolve in 91J HC1.

Remove the iron by repeated extractionswith isopropyl ether,

leaving a carrier-freesoluttcm of niobium activity.

3. DISCUSSION

An analysts for zirconiumand niobium from an aliquot of

the pm?e zirconium tracer solution was carried out 24 hxs after

the completion of the zirconium preparation. Of the total

activity, 3.3 per cent was found in the niobium fraction.

*
Previous experiments

zirconium passes into the
with radiozirconiumshowecithat no

filtrate from carbonatefusions.
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An aliquot of the final

a test of radioactivepurity.

zirconium solutionwas taken for

Ten milligrams each of zirconium,

strontium,barium, thorium, yttrium, cerium, lanthanum,ruthenium,

and tellurium carriers was added to the aliquot. The solutionwas

made 3~ in HC1 in a volume of 50 ml. One milliliter of 85 per

cent H3P04 was added, and the mixture was boiled for 30 min. The

precipitate of zirconium phosphate carrying zirconiumand niobium

was centrifuged out and washed. Another 10 mg of zirconium

carrier was added to the combined supernatant solution and wash-

ings, and the mixture was again boiled. The second zirconium

phosphate precipitate was centrifuged out and washed. The com-

bined supernatant solution and washings were evaporated to dry-

ness in a porcelain dish. The zirconium phosphate precipitates

were combined and also taken to dryness in a porcelain dish. me

adxivitles of the two fractions were measured with a thin-window

Lauritsen electroscope. It was found that 99.8 per cent of the

$otal aotivlty was In the zirconium-niobium fraction.

To a suitable aliquot of’ the purified niobium solution, 100

mg of niobium carrier and 10 mg eaah of strontium, yttrium, zir-

conium, tellurium, oesiwj barium, lanthanum, cerium, and thorium

oarriers were added and treated for the quantitative removal of

the niobium alone as Nb205. The solution was treated with a few

milliliters of HY and then was evaporatedto fumes with HC104.

The material was fumed to a volume of 3 ml, cooled, and boiled

for 15 min with 10 ml of 12~ HCOOH. The solutionwas then filtered,

and the paper was washed. The filtrate and washings from the

Nb205 separationwere oombinedand evaporatedto dryness> and the

act~vity was measured. When

sample, the activity of this

oorreoted for self-absorption in the

fraotion was 5 per cent of the aativity
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of the allquot taken. Its absorption curve, however, was very

similar to the absorption curve of niobium; this indicated that

the p~tty of the solution was considerably higher than the mini-

mum value of 95 per cent obtained.

Procedure 11s Hafnium.

Source: J. R. Grover, ‘The Reactions of Ta with 5.7 Bev

Protons,” (ReportUCRL-3932,Berkeley, Sept.

1957).

Barium fluohafnateand barium fluozirconatewere precipi-

tated together when ice-cold, saturatedbarium nitrate s~lution

was added to the chilled target solution. The precipitatewas

quickly washed with ice water and then slurriedfor several

minutes with an ice-ooldmixture of concentratednitric acid and

saturatedboric acid. The slurry was diluted with water, to dis-

solve the sediment,and made basic with ammonium hydroxide. The

precipitatedhydroxideswere washed with water and dissolved in

1 ~ hydrofluoricacid. Cerf.umcarrier was added, and the precipi-

tated fluoride was removed by centrifhgation. The solutionwas

chilled in an ice bath, and ice-cold saturatedbarium nitrate was

added to precipitatethe hafnium and zirconium. The precipi-

tate was dissolved and the hydroxideswere precipitatedin the

manner described above. This time the hydroxide precipitatewas

dissolved in 3 ~ perchloricacid. The zirconiumanc~hafnium were

extracted from this solution into 0.4 ~ thenoyltrifluoroacetonein

benzene, and back-extractedinto 5 percent ammonium bifluoride.

BoYic acid was added to complex the fluoride, and the solution

was made basic with ammonium hydroxide. The precipitatedhy-
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droxldes were washed with water and dissolved in 3 ~ perchlorlc

aald. The solution was heated In the hot water bath and l@ ml

of wet Dowex-50 uation-exohange resin was introduced. The hot

auapenalon waa allowed to stand with oooaslonal stlrrlng for a

few minutes, then allowed to settle, and the resin was transfer-

red to the top of a Dowex-50 resin bed oontained in a column 7 m

by 55 cm. This was done In the same way as Is desoribed In the

rare earth seotion. Zirconiumwas eluted by passing 0.5 ~ sul-

furlo acid through the column. After the zlroonlum was completely

eluted, that is, after the eluate failed to show a preolpitate

when made baalo with ammonium hydroxide, the hafnlum was eluted

with 3 ~ aulfurle sold. The hydroxides were preolpltated by mak-

ing

The

and

the respective eluates basic with exoess ammonium hydroxide.

hydroxides were washed with water, slurried with more water,

mounted for oounthg employing the filter-ohlmney setup.

This separation is very clean. No traoe of the very prom-

inent K x-rays ociourrlngIn the deoay of hafnlum oould be found

In the ziroonlum, and spectrographlo analysis of the hafnlum

sample proved the absence of zlrconlum.
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