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FOREWORD 

The Suboo-. ttee on Badioohem1et'r7 ie one ot a number ot euboo.t ttees 
vorld.Dg under the Co..tttee on Nuclear Science vitbin the RatioDal. Aoade~~T 
ot Soiencee-Rational Reeearcb Councn. Ita Mllbers repneent goftl'JIMDt, 
1nd.utr1al aD4 uninreiv laboratories 1n the areas ot nuclear obem1et'r7 
aD4 8DIIl7t1oal ohemist'r7. 

Tbe Suboo81ttee bas concerned iteelt vitb tboee areas ot nuclear 
eoience vbicb involve the cbelllist, nob as tbe collection aD4 distribution 
ot radiocbeld.oal procedures, tbe establishment ot speciticationa tor rad1o
oba1call7 pure reagents, the proble• of stockp111ng uncontam1nated •ter1-
als, the ava1lab111V' ot o;rclotron tiM t(tl' service irradiations, tbe place 
ot rad1ocba1etl7 1n tbe undergraduate college prograa, etc. 

This series ot mnograpbs bas grow out ot tbe need tor up-to-date 
oolllp1lat1ona ot radiocbnioal 1ntor.t1on and procedures. 'l'be Subco..tttee 
bas eDdeawred to present a aeries vbicb v1ll be ot • ...s •• ue to tbe 
world.Dg scientist and vbicb contains tbe latest available 1ntor-.t1on. 
laob mnocrapb collects in OM ~1,._ the pertinent 1nf'ormation required 
tor radiocbeld.oal work vi tb an 1nd.1v1dual el.-nt or a group ot cloeel7 
related ele.nts. 

AD expert 1n the rad1ocbellistl7 ot the particular ele.-nt bas vr1 tten 
the mnograpb, tolloviDc a standard format det'eloped by the Suboo..tttee. 
Tbe Atold.c Eneru Co..tssion bas sponsored the pr1nt1Dg ot tbe series. 

The Suboo..tttee is oontident these pablications v1ll be ueetul not 
only to the rad1oobell1st but also to the research worker 1n other tields 
eucb as pb)oeics, biocbad.st'r7 or .edicine wbo visbes to ue radiochemical 
tecbniqu.s to .olve a specitic problea. 

111 

v. 1IQne MeiDke, Cba.1.r.n 
Subco..t ttee on Rad1ocbeld.et'r7 
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I. General Reviews ot the Inorganic and Analytical Chemistry 

ot Zirconium and Hatn1um. 

•'lbe Chemical Behavior ot Zirconium,• v. B. Bluaenthal, D. 

Van Nostrand Co., Inc. New York, 1958. 

Pp. 628-653, •Chemical Elements and their Compowtds,• N. v. 
Sidgwick, OXford university Press, 1950. 

Pp. 564-575, •Applied Inorganic Analysis,• v. P. Hillebrand 

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

Chaps. 12 and 13, •Chapters in the Chemistry ot the Less 

Pami.liar Elements,• B. s. Hopkins, Stipes Publishing co., 

Chaapaign I Ill. I 1939. 

•11atn1ua, • Chap. IV in •xodem Advances in Inorganic Chemiatr;r, • 

E. B. Kaxted, Oxtord university Preas, 1947. 

R. L. Barnard and R. E. Teltord, Chap. 20 in •Analytical 

Chemistry ot the Jlanhattan Pro,1ect,• c. J. Rodden, eds., 

McGraw-Hill Book Co., New York, 1950. 

E. B. Read, Chap. 12 in •xetallurgy ot Zirconium, • B. 

Lustman and P. Jterze, Jr., eds., McGraw-Hill Book Co., 

New York, 1955. 

Cbelln•s Handbuch der Anorgan1schem Chemie, Systems NV. 43, 

8th Edition (Ver lag Chemie, Glab H. Veinhe1JI - Bergstrasse, 

1958.) 

•Z1rcon1Uil," G. I. Miller, Acadudc Preee (1957). 

•Recent Advances in the Chemistry ot Z1rcon1ua and Hatn1ua, • 

E. x. Larsen, J. Cham. Ed. 28, 529 (1951). 
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•solvent EXtraction in Analytical Chemistry,• G. H. Morrison 

and H. Preiser, Wiley (1957)• 

•Ion-BXohangers in Analytical Chemistry,• o. Samuelson, Wiley 

(1955). 

•Chemistry ot the Metal Chelate Compo\Ulds,• A. E. Martell 

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

II. General Reviews ot the Radiochemistry ot Zirconium and 

Hafnium. 

No general reviews have been published. D. H. Hume pre

pared a prel1Ja1nary review or the radiochemistry ot some ot 

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

published. Some materials tram this review has been incor

porated in the following presentation. 

More complete information on the radiations ot these isotopes 

and references to the original literature may be tound in ·~ble 

ot Isotopes,• D. Stroainger, J. M. Hollander, and G. T. Seaborg, 

Revs. Mod. Phys. J2, Ho. 2, Part II, April 1958. 
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III. Table or Isotopes ot Zirconium and Hatnium. 

Isotope Halt-lite Type or Decay Method or Preparation 

zr86 17 hr EO Ni~p,apall.); Aa75{N14,3n) 
zr87 94 min ~+, EO zr 9(a,n) 
zr88 85 day BC Ni{p,spall.) 
zr89m 4.4 min It{93~),E0(5.~),~+{1.~) zr{x-ray) 
zr89 79-3 hr BC{~75~),~+(~5~) Y(d,2n) 
zr90m 0.83 sec IT zr90(n,n 1 ) 

zr93 1.u1o6 yr ~ - Nuclear riaaion 
zr95 65 day ~ - Nuclear risaion 

w zr97 17.0 hr ~ - Nuclear risaion 
z~s ~1 min ~ - NUclear r1aa1on 
z~ 35 sec ~ - Nuclear r1aa1on 
Ht'l70 112 min a+ Lu(p,6n) 
Htl71 16.0 hJ' EO Lu(p,5n),Yb{a,3n) 
Ht'l72 ... 5 yr EO Lu{p,y~{a,xn),Ta{d,2P9n) 
Htl73 23.6 hr EO Lu(p43n); Yb{a,xn) 
Htl75 70 day EO Ht'l7 {n,y) 
Ht'l7& 4.8 sec IT da~ter 2.1 hr Ta178 
Ht'l79m 19 sec IT Hf'l78(n,y) 
Ht'l80m 5.5 hr IT Ht'l79(n,y) 
Ht'l81 44.6 day ~- Ht'l80(n,y) 
Ht'l83 64 min ~- W(n,a) 
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IV. Review ot those Features or ZirconitDD and Hafnium Chemistry 

* ot Chief Interest to Rad1ochem1sts. 

1. The Metallic State 

Zirconium and hafnium are difficult to prepare as pure metals. 

They are veey infusible and react vigorously at high temperatures 

With carbo~oxygen, and nitrogen. When finely divided, the dry 

metal powders are pyrophoric and should be moistened tor sate 

handling. In ccapact torm and at low temperatures the metals 

are ver.r inert chemically, being attacked appreciably only by 

HIP, aq1a regia, and tuaed mo3• The best method or preparation 

ot the pure aetala is probably the van Arkel-de Boer method ot 

reducing the iodides on a hot filament. This produces the so

called •ceyatal bar• metal. 

2. Soluble salta 

The solution cheaiatry or zirconium is not very well under

stood, and considerable contusion exists in the literature re

garding the ionic species present in aqueous solutions. This 

results mainly trca the formation ot colloids and the tact that 

zirconium ions undergo extensive hydrolysis and polymerization, 

strongly dependent on pH and concentration.(l) The only important 

oxidation nuaber is ~. The nitrate, chloride, brOIIide, iodide, 

perchlorate and sulfate ot zirconium are soluble in acid solu

tion. 

3. Insoluble salta 

Among the more insoluble compounds is the veey insoluble 

phosphate, ZrO(~P04)2 (K8 p•2. 28xlo-18)(la)which precipitate a even 

* Zirconium and hafnium show a remarkable similarity in moat 
ot their chemical properties, and unless otherwise noted, any 
statements made concerning one generally will apply equally well 
to the other. 
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trom 2~ sulfUJ"ic acid. It has properties s1m1lar to those ot 

eerie phosphate, but is dissolved by hydrofluoric acid. The io

date precipitates trom 8 ~ HN03, and the arylsubstituted arsonate& 

and cupterrate trom acid solutions. The hydroxide (or hydrous 

oxide) is precipitated with ammonia or alkali hydroxide, and a 

peroxide with ft202 tram dilute acid. or these, only the phos

phate is soluble in excess reagent. Barium and hydrofluoric acid 

give slightly soluble barium tluorzirconate ot uncertain composi

tion, Which is insoluble in excess fluoride and attords a good 

separation tram niobium. 

The custc.ary weighing toJ'IIl in rad1oohea1cal and analytical 

procedure& has been the ignited Zr02 following precipitation as 

phenyl araonate, cuptern.te or other organic precipitant. (2 ) Row

ever, a quantitative and well-defined precipitate or zirconium 

w1 th •ndel1c acid and its derivatives ( 3) has proved aore con

venient and wsetul tor aounting radioaoti ve soUJ"ces. Plavianic 

acid has also been suggested as a speoitio quantitative precipitant 

tor zirconium and hafnium in 0.2-0.3! HCl aolution.(3a) 

4. C&l"l71ng ot Tracer Zirconium 

Activity on Othe~ Precipitates 

Zirconium tracer is strongly ~reoipitated with aost pre

cipitates in acid solutions not containing complex-toraing ions. 

'.ftle activity is easily carried on foreign •tter and adheres to 

glassware. It 1a readily carried or. J118nY phosphates, such as 

those ot bisauth and eerie ce~ium. In the absence or hold-back 

carrie~, it is nearly completely carried on rare earth fluorides. 

Iron hydroxide is an ettective carrier to~ zirconium tracer as is 

thorium iodate, but thorium oxalate is not. Titanium hypophos

phate has also been suggested as a precipitant tor trace~ zir

ooniua. (3b) 
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5. Complex Ions 

In addition to the hydrolytic species referred to above, 

zirconium torms complex ions with many substances. As is the 

case wit~ the hydrolysis products, the species present in solu

tion are not well established. Connick and KcVey( 4) have studied 

the complexing ability ot a number ot substances, and their data 

is reproduced in Table I. 

The fluoride is by tar the most stable complex studied. 

Among the dicarboxylic acids, oxalic has a much greater complex

ing power than can be accounted for simply by a comparison ot 

the acid dissociation constants. 

Although s~lar data are not available tor hafnium, the 

complex constants must ditter significantly, as evidenced by dit

terencea in the ion-exchange behavior (see below). 

6. Chelate Ccapounds 

The formation ot chelate ccaplexes which are soluble 1n 

organic solvents is ot great importance to the development ot 

radiochemical separation procedures. Examples ot suoP solvent 

extraction systems for zirconium and hafnium will be presented 

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

chelates tomed by zircOnium and hafnium. 

0 ~ 
Acetzlacetone (ca3-B-082-~-CH3). This ~-diketone 

torms well-defined chelates with over 60 metals, many ot them 

soluble in organic solvents. The solubilities ot the acety

lacetonates is such that macro-scale operations are feasible. 

Zirconium may be extracted to the extent ot 73- with acetylace

tone acting as both extracting agent and solvent at a pH ot 2 

to 3. (5) 

Thenoyltr1tluoroacetone ('l'TA), [ 0-11 -C-C~-C-CF3]. 
'S"' II II 

0 0 
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Table I 

COMPLEXING ABILI'l'!' OF VARIOUS SUBSTANCES FOR ZIRCONIUM 
(Tracer Zirconium, 2.00! HClO-, 25•c) 

Substance 

Bisulfate ion, HSo4-

Hydrofluoric acid, HF 

oxalic acid, ~c2o-

Jialon1c acid, H00C-C~-COOH 

succinic acid, HOOC-(082)2-cooH 

Glutaric acid, HOOC-(~)3-COOH 

PuaePic acid, HC-COOH 
II 
COOHCH 

Ralpic acid HC-COOH 
11 

HC-COOH 

Orthophoaphoric acid, IJ3PO

Orthoboric acid, HjB03 
Metaailicic acid, ~Sio3 
Acetic acid, CH3COOH 

~tluoroacetic acid, CP3coOH 

C&Pbonic acid, ~co3 
Hydrogen peroxide, ~02 

ChloPide ion, Cl-

Nitrate ion, N03 

Concentration 

{0.0031 M 
0.272! 

{ lo-5 M 
o.ooff1! 

0.001 1! 

o.o1 1! 

0.005 ll 

0.1! 

0.05 ll 

0.05! 

0.012 M 

o.1 M 

o.o1 M 

1.0! 

0.11 M 

1 atm. co2 

0.015! 

{2.0 M 
1.211 

{2.0 .II 
1.2,1! 

1 

Percent 
Zirconium 

Uncomplexed 

56 
0.18 

22 
0.00012 

0.36 

100 

100 

9-
88 

7-

68 

100 

87 

100 

51 

90 

63 

19 
29 

20 
30 
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The presence ot the tr1tluoromethyl group in this ~-diketone in

creases the acidity or the enol torm and thus permits extractions 

tram solutions ot very low pH. The TTA is generally used as & 

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

tions the extraction rates became very slow. Connick and 

McVey< 4> have studied the behavior or zirconium -TTA complexes 

and Moore<6> has developed a procedure tor the separation ot 

zirconium trCII other eleaenta utilizing TTA cCIIplexing. '!he 

CCIIplex shows high extractability tram 2-10 JL HN03 or HCl solu

tions into 0.5 ~ TTA in xylene. These conditions attord an ex

cellent aepa~tion ot zirconium tram the fission products. A 

small contamination with niobium can be reduced turther by the 

use ot o.~ ~02 or 1.25 .11.. Nl'2oa·ac1 as a sequestering agent. 

Among the non-extractable ions are the alkalis, alkaline earths, 

trivalent rare-earths, tin (II), nickel (II), cobalt (II), chro

mium (III), uranyl, thorium (IV), iron (II), aluminum (III), and 

bismuth (III). Zirconium and hafnium may be tractionated with 

0.025 ! TTA in benzene tPam 2 .Jl HClo4 acid. (7) '!'he equilibrium 

constants tor zirconium and hafnium extractions were found to be 

9.4 x 107 and 4.6 x 106 respectively. 

Tritluoroacetylacetone (TFA), [(CF3co)2CH21· Chelatea 

tormed with this diketone are generally more soluble than those 

with TTA. A zirconium hafnium separation may be achieved with 

0 0751 TPA in benzene tram 0.07 B HCl.(S) 

Qg!nallzarin ( ~) 
at 0 

to~s complexes with a 

number ot metals, but only the complexes or Fe(III), Al, So, T1, 

ZJt, and '1h are extractable with isoamyl alcohol. ( 9) The re

agent is generally used as 0.1- ethanolic solution. 

8 
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8-!luinolinol ( Oldne), [ ~ ] • Oxine f'orms slightly 

soluble chelates with most metals, generally those that pre-

cipitate with aqueows ammonia. ZirconiUII f'orms a <Jomplex 

soluble in chloroform from acetic acid-acetate buf'f'ered solu

tions.(lO) 

In acid medium, 

morin reacts with a number of' metals including Al, Be, Ce(III), 

Ga, In, Sb(III), so, Sn, Th, Ti, and zr to f'orm complexes that 

are extractable by butyl, amyl and cyclohexyl alcohols.(lO) 

Ammonium Salt of' N-Nitroso Pheny1hydraxyl ADine (Cupf'erron) 

Cupf'erron is well-known f'or its ability to 

~ora slightly soluble chelates with many metals in mineral aoid 

solution. The cupf'errates are generally soluble in a variety of' 

organic solvents such as ohlorof'orm, ether, ethyl, acetate, hex

one, o-diohloro benzene, and benzene. Chloroform is the prefer

red solvent. Zirconium cupferrate may be extracted f'rom 1 !!_ 

mineral acid solutions.(ll) 

7. Solvent Extraction Behavior 

An excellent review of' solvent extraction systems in analyt

ical chemistry is given by Morrison and Freiser (see general refer

ence list). The behavior of' zirconiua and ha~UII in some of' the 

aore important systems will be discussed here. 

Ethyl Ether. This common solvent is effective f'or the ex

traction of' many elements from halide systems. Extraction of' 

zirconium, however, is not appreciable, the f'luoride being ex

tracted to the extent of' 2.~ and the other halides even less. 

9 
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The thiocyanate complexes or zirconium and hafnium exhibit 

differences in extractability into ethyl ether and a separation 

may be achieved. {l2) From 8 K. HNOf zirconiUII extracts only to 

the extent ot ~ into ethyl ether. l3) 

Meth:lisobutyl Ketone (Hexone). The distribution ot Th(IV), 

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

HH03-ca(NOl)2 solutions and hexone has been studied by Rydberg and 

Bernstrbm. l-) Distribution ratios approaching unity are obtained 

tor zirconium trom solutions 3.5 - 4.0 ! in Ca(No3)2 and about 3 l! 
in BN03• 

AlkflfhOSfhOric Acids. Scadden and Ballou(l5) investigated 

41-n-butylester ot fhOSfhOric acid (DBPA), [(c489o)2P;;oB ], 
0 

either alone or in a mixture with the monoester as in ca.aercial 

•butylphosphoric acid, • as an extractant tor zirconium and niobila. 

Both tracer and .. oro levels ot zirconiUII were round to extract 

quantitatively trca aqueous solutions 1 M in HH03, HCl, BClo4, 

or H2SO_. A o.o6 ! solution ot the dibutylphosphoric acid in 

41-n-butylether extracted > 95- ot the Zr and < 5- ot the Nb. 

The ftiobiUII extraction increased trca 2 to 1~ as the extraction 

t1Jae increased trca 1 to 5 minutes, but zirconium was unatteoted. 

Addition ot ~ ~02 reduced niobium extraction to leu than 1-

(even with a 10-ainute extraction t1Jae) without attecting zir

coniUII. More concentrated DBPA &olution& extracted both zir

ooniua and niobium quantitatively. Precautions against emulsion 

formation aust be taken with this reagent. Higher hcaologs, such 

as the octyl phosphoric acids are reported to be tree ot this 

ditticulty. Tables II and III, taken trom Scadden and Ballou, 

summarize the extraction behavior ot a number ot element& with 

DBPA. 

10 
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Table II 

EX'l'RACTIOB PROPERTIES OF CARRIER-FllEE CODNTRATIOHS OF FISSION 

PRODUCT EIEtt:NTS WITH MIXED BUTYL PHOSPHORIC ACID CONDITIORS. 

AQUEOUS PHASE, 1 !! HN03, 3% ~o2a S-MIBUD: MlXD«iJ VOLm£ RATIO 

(ORG./AQ.) 1 TO 1 

Concn. ot 

DBPAa, >9S% b7 

H < S% b7 DBPA s-95% b7 DBPA DBPA 

0.06 Cs, Sr, La, Ce(III), Ag,b Y 1S%, Sn(IV)b Zr, In 

Cd, Ge, Se(IV), Te(IV), s~, lbb 1s% 

Sb(III),c Sb(V), Aa(V), 

b Pd, Ru, Rh, lib 

o.6 b Cs, Sr, La, .Ag, Cd, Ge, b 
)b 2.3%, lib 60J' Zr, Jibe Y, 

Se(IV), Te(IV), Sb(III)0 Ta0 8S% In, So(IV)b 

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

aD1-Q-but71 phosphoric acid eo1ut1ona 1n vbich m1e ratio ot 

d1-D-but71 phosphor1o acid to mDO-D-bui;J1 phosphoric acid 1a 4.5 to 1. 

b.ag, So, Pd, and tob aot oarrier-treea their ooncentrations were 

o.s, 3, 8, aDd 8 'Y/ml, respeotinq. 

01lo bJdrocen percad.de present. 

Tri-n-buty1pbosphate (TBP} is an excellent solvent tor 

zirconium. It may be used pure or with an inert diluent such as 

n-butylether, ether, kerosene, benzene, or CCl4. The extracta

bility increases with acid stre~gth, and distribution ratio, 

(organic/aqueous} of about 100 is observed from 8 H HCl and 

1000 from 13M HN03 .< 16 ) 

A summary of zirconium extraction data from HN03 is given 

in Figure 1, taken from Alcock et al.(l7) 
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Table III 

BX'l'RACTIOI PROPZRf.IES OF MACRO QUA.NTIT.IES OF FISSION PRODUCT 

ILEHENTS WITH MIDD BUTYL PHOSPHORIC ACIDS CONDITIONS. AQUIOUS 

PHASE 1 Kl :EI.DaT PIR ML, 1 11fi104 , 2.5 I (NH4 )3so4 , 0.004 lf 

OXALIC ACm, 6. a2o2J VOLUI8 RATIO ( r1W./ AQ.) 1 TO lJ MIXDil 

TH, 15 MIRU'fES WITH 0.08 lf DBPA AND S MmJ'1'!S WITH 0.6 I DBPA 

CcmCilo ot 

DBPAa, 

I <~ b7 DBPA 5-95. b7 DBPA >9S• bT 
DBPA 

0.06 Ce, Sr, I, 1&, Ce(III), SD(IV) 15., ID Zr, 12 

Jg, Ccl, Oe, Se(IV), 8~ 

Te(IV), Sb(III),b Sb(V) 

Ae(V), Pd, Ru, Rh, lb, lb 

0.6 Ce, Sr, 1&, Ce(III), Jg, Ccl, Sn(IV) S~, Ta b Zr, lb, I, 

Ge, Se(IV), Te(IV), Sb(III)b 35. ID,~ 

Sb(V), Ae(V), Pd, Ru, Rh, lb 

aDi-sa-butTl pboepborio acid solution 1D vbioh .,le ratio of 41-a-batTl 

pboepborio acid to ..,no-a-but71 pboepborio acid 1e 4.5 to 1. 

b1fo IJ1droeen peroxide p-eeent. 

When Ca(No3)2 replaces HN03 the extraction or most other 

elements increases, but that or zirconium remains about the 

lb 

same. '!hie may be the result or hydrolysis or zirconium which is 

considerable even at acidities or 1-2 !•(1,4) 

~~ COIIIIIlercial. TBP often contains impurities or organic 

pyrophosphate a and mono and d1-buty1 phosphoric acids. These may 

be removed by hydrolyzing the organic pyrophosphate& with 8 ! 

HC1 and washing with aqueous Na2co3(5-) and water.<16) '!hie 
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Figure 1 
Extraction of zirconium from HN03 systems 
o 1~ TBP in kerosene (Alcock~!! .• J. lnorg. & Nucl. Chern.~ 100 

(1957)) 

v D TBP in CCI4 (Murbach and McVey USAEC report LRL-115 <l954)) 
t::.. TBP in Varsol (Bruce, Peaceful Uses of Atomic Energy Vol. 7, 

paper 718, UN 19561 
o 100ft TBP I Peppard, Mason & Maier, J. lnorg. & Nucl. Chern. 3, 215 

11956)) -
<> 25tfo TBP In benzene (Peppard, Mason, & Maier, ibid.l 

13 

Radiochemistry of Zirconium and Hafnium

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/21511


treatment is important if the results reported are to be repro-

duced. 

Tr1allqlphoeph1ne Oxides. [(Cn~n+1 ) 3P~o] Preliminary 

studies on the use or the phosphine oxides as extractant& have 

been carried out.(l7a) With a 0.1! solution or tri-n-octyl

phoephine oxide in cyclohexane complete extraction from 1 ! HOl 

was observed for Cr(VI), Au(I), Ht(IV), Zr(IV), Pe(III), Ko(VI), 

Sn(IV) and U(VI). Ions that were partially extracted include 

Sb(III), B1(III), Cd(II), In(III), Hg(II), Pt(II), and zn(II). 

The tri-2-ethyl-n-heXTlphoephine oxide extracts fewer aetala 

than the tri-n-octyl coapound owing to the ster1c effect or the 

position or the ethyl group. From a 1! HCl solution only Au(I), 

Sn(IV), and U(VI) are completely extracted. With 7! HCl, oa(IIr), 

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

extracted. 

8. Ion EJtchange Behavior 

In addition to their value in the separation or zirconiua 

and hafniUII from other eleaents, ion exchange techniques afford 

the aost satisfactory aeans or separating hafnium and z1rcon1ua 

from each other. 

cation EJtchar!ge 

Aqueous colloidal solutions or the hydrous oxides or zir

conium and hafnium may be purified by contacting the solutions 

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

IR-100) which retainc impurities such as Be(II) and La(III), 

but has essentially no affinity for the colloide.(lS) There

moval or titaniua and iron is not complete; about ~ and 95-, 

respectively, being reaoved in one passage through the column. 

The recovery can be as high as 99,e. However, the metal con

tent must be present in aqueous solution as hydrous oxide in 
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aaounts greater than trace quantities, e.g., the order or 0.1 !• 

The amount or resin used must be considerably leas than the 

aaount which would completely adsorb the solution. 

Hafnium may be arrectively separated from zirconium by 

elution with HCl from a tiulfuric acid resin (Dowex-50, e.g.).(l9) 

Thw eleaenta are adsorbed tram 2 ! HClo4 and eluted with 6 ! HCl, 

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

ettect a hafnium-zirconium separation in which the zirconium 1a 

eluted first. Thus, a mixture or o.45 H HN03 and 0.09 ! citric 

acid elutes zirconium tram Dowex-50, but not hatnium.<20•21 ) The 

hafnium 11&7 then be eluted with 5 H HNo3• An excellent aepara-. 
tion 11&7 be achieved with 1 H ~so4 elution or zirconium tram 

Dowex-50. Hafnium 1a eluted with a o.os ! oxalic - 0.2 H ~so4 
~ture,(22 ) or with 3 H ~so4 .(23) 

The fluoride complexes or hafnium and zirconium ma;y be 

utilized to ertect a separation or these elements tram other non

ccaplexing ions, such as the rare earths, b7 paaaing an HCl-HF 

solution ot the elements through a cation exchange column.<24) 

The negative fluoride complexes will not be adsorbed and will 

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

Jlixtures ot zirconium hafnium, niobium, the rare earths, and 

alkaline earths can be conveniently separated following adsorp

tion on the top or a cation-exchange column by selective elu

tion. (25) Thus, zirconium, hafnium and niobium can be eluted as 

a group with 0.5. oxalic acid without appreciable moveaent or 

the other ions down the column. At a pH or 3, a 5• citrate solu

tion displaces the trivalent ions and at pHS the remaining di

valent and monovalent cations are removed in groups. Separations 

within each group may then be carried out by readaorption and 

chromatographic elution with citrate buffers. 
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Anion Exchange 

Metal& which form negatively charged complexes aay be 

separated by ion exchange chromatography with anion exchange resina. 

This technique is particularly useful tor the separation ot zir

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

number ot workers have aade surveys ot the anion exchange be

havior or the elements. One ot the most caaplete is that ot Kraus 

and Nelson tor HCl systams.<26) Other acid systems have been 

treated in a &eries ot papers from the u. s. Naval Radiological 

Defense Laboratory.(27) Although no complete analytical procedure 

tor zirconium and hatni\11 has been published as such, the adsorP

tion and elution data tram these papers may be used to devise a 

number ot such separation schemes and a choice can be made depend

ing on the needs ot the experiaent. The difficulties resulting 

from the hydrolytic polymerization ot zirconium and hafnium can 

be effectively circumvented by the formation ot the fluoride com

plexes, and HCl-HF mixturea are particularly advantageous tor 

separations involving these elements. 

Anion exchange techniques are especially valuable tor zir

conium-hafnium, zirconium-niobium, zirconiua-protactinium, and 

zirconium-thorium aeparations. Thus, with Amberlite IRA-4oo in 

the chloride fol'll, zirconiUII and hatniUII may be adsorbed from 

0.64 ! HF. Elution with a 0.2 ! HCl - 0.01 ! HF solution removes 

the zirconium first, and 69.' ot the original may be recovered with 

no hatnium.<28) Other systems have also bean used tor this 

separation.(29-3l) The distribution coefficients tor Zr, Ht, Nb, 

and Ta on Dowex-2 resin are shown as a function of HCl concen

tration in Figure 2, taken from Huffman, Iddings and Lilly. (30) 

A Zr-Hf separation may be achieved by elution with 9.0! 

HCl. In this case the Ht elutes first (Figure 3) in contrast 

to the behaVior with the fluoride complexes. 
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Figure 2 
Dependence of the distribution coefficient at 250 on the hydrochloric acid 
concentration: ~. niobium; &, tantalum; o, zirconium; •. hafnium. 
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Figure 3 
Elution of chlorozirconate and chlorohafniate 
with 9.0 M hydrochloric acid. 

'Dle ditterenoe in behavior or ziroon1ua and n1obiua leads 

to a oonven1ent separation. In 6-7 ! RCl. ziroon1UII pe.s6ee 

through the ooluan, while the niobium is retained. 'lbe n1obi1.11 

Da7 then be eluted with 1.5- 4.0! RC1.(30,32) A variety or 

conditions may also be utilized tor a zr-Nb separation in HCl-RP 

mixtures. ( 32a) 'Dle oxalate ccapl exes ot zr and Nb may also be 

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

resin from 0.1 - o.4! oxalic acid. The zr is preferentially 

eluted 1 ! HCl - 0.01 ! oxalic acid solution. 

The differences in behavior or zr and Pa with anion-exchange 

resins are not great, both being strongly adsorbed from concen

trated HCl solutions (> 9 !) and weakly adsorbed from dilute 

acid (< 3M). However, a separation may be ettected by utiliz

ing ditterences over the concentration range 6-8 !· Such separa-
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tiona have been carried out using Dowex-2 and Aaberlite 

IR-lK>o(34) and Dowex-1(35) resins. 

Sinoe thorium does not torm negative chloride caaplexes, 

it oan easily be l'elloved t'raa ions that do, such aa ziroon1ua, 

b7 adaorbiag the latter on an anion exchange resin. The t'aot 

that thorita does t'ora oaaplexes with mro3, while zircon1ua does 

not ..,- also be utilised in a separations procedure. (36 ) ' 

V. Probl•a ot' saaple DJ.aaolution and Interoh!!!le with cal"r1er. 

Zirconium and hatnium metals are dissolved by treatment with 

HlP, a 111xture ot' oon.oentrated BCl and mro3, or concentrated 

~so4• '!he ores are aore ditt'icult to treat, and t'uaions with 

H~co3 , ~s2o7 , Na2o2 , or IB1'2 are necess&r,J. When present as 

111nor constituents or t'oraed by nuclear reactions in a aatl"ix ot 

other el ... nts or oaapounds, ziroon1ua and hat'niua otter no par

ticular dit't'iculty dul"iag dissolution ot the aajor constituents. 

However, the tendency toward hydrolytic pol,J11erization at low 

aoid).ties •uat be bome in 111nd. Also, it phosphorus ia present, 

the inaoluble phosphates ot' zirconium and hat'nium ..,- be torae4. 

In ~ quantitative radiooheaical analysis it ia extreaely 

t.portaat to oarr,r out oheaical steps to insure caaplete inter

ohaaSe ot' the radioactive species and any added inaotive carrier 

or to 1nsure that all the radioactive species are in the same 

ohellioal state bet' ore any separations are carried out. IJ.bis is 

particularly tne 1ll the oaae ot zirconium or hal'nium where hydro

lytic species and radiocolloid toraation aay oause ditticulties. 

In general, the tol'llation. ot the strong caaplex with tluoride or 

T!l is neceasar,y. (Oxalate, e.g., does not ettect caaplete inter

change ot' tission produced zirconium species with added zirconyl 

carrier.) 
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VI. Counting 'D!ohniques 

'Dle apeoitio teohnique ot oountins &117 radioactive a .. ple 

will depend on the nature ot the radioaotivit7 and the needs ot 

the experiaent. Por an7 purposes an experiaent oan be designed 

so that relative counting rates ot samples ot a particular nu

clide will suttice. It is then only neoesaaey to cotmt under 

nearly identioal conditions to obtain precisions ot the order ot 

one to two per cent. '.lbis oriterion, in practice, is relativel,

simple to aeet and whenever poaeible, comparative oounting is 

theretore recCIIIIIlended. Ot course, it it is neoeasaey to ccapare 

the aotivit7 ot sources whioh ditter in ohaaical or ph7sical 

nature or in the energy ot their radiations, these ditterenoes 

auat be taken into account. 

'Dle determination ot the absolute disintegration rate ot a 

radioaotiTe souroe is a aore dittioult problea, and speoial tech

niques aust be eapl07ed. Suoh a detel"llination involves a knowledge 

ot the de0&7 sObeae ot the nuolide and the etticienoy ot the de

teotor tor the particles or 1"&78 eaitted traa the source. It ia 

thus neoeaaaey to know the traotion ot the radiation leaving the 

source whioh enters the sensitive voluae ot the deteotor and the 

intrinsic ettioieno,- ot the detector tor the radiation. !he inter

aotiona ot radiation with •tter alter the s1aple gec.etric re

lationship between the source and deteotor b7 prooeasea ot ab

sorption and aoattering in the •terial ot the s .. ple itaelt, 

its support, &117 ooTering •terial, the spaoe between the saple, 

and detector, the detector window, and the housing ot the de

tector un1 t. 'Dlese etteots are oc.plex and depend ori tioally on 

the size and •terial ot the s .. ple and its support and on the 

energy and t;ype ot radiation. IIUoh tiae and ettort _,. be 

aaved b7 the judicious application ot pUblished correction 

raotors tor the oa.bined etteots ot baokaoattering, aaple thiok-
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neaa, etc. on counting determinations. However, it is extremely im

portant to be aware or the sensitivity or the effects to experimen

tal conditions. Where high accuracy is desired it is usually ad

visable for each investigator to determine the correction for his 

own conditions or eaploy techniques which miniaize the effects. 

In saae cases the radioactivity or the nuclide or interest .ay 

be complicated by the presence ot isotopic or genetically related 

species which are also radioactive. Corrections for the presence 

ot these may be made, in general, by taking advantage or the differ

ences in halt-lives, energies, and, perhaps, types or radiation in

volved. Even in the case ot a pure nuclide, different types or 

radiation may be eaitted (e.g., ~-. e-, x or y-rays) and their con

tribution to the observed counting rates must be evaluated. 

References on counting techniques should be consulted tor de

tails ot the methods. A survey ot counting methods for the assay 

ot radioactive sources has been g:i. ven by Steinberg. ( 37) Bayhurst 

and Prestwood(3S) give a method for estimating beta counting ef

ficiencies to about 3- using standard mounting and counting tech

niques. '!he use or gamma-ray scintillation spectrometry as an 

analytical tool has received considerable attention. '!his tech

nique is described by Reath(39) and Olson.(40) 

The most commonly encountered isotopes or zirconiua and 

hafnium are z~5, z~7, and HP181 • Beta counting techniques or 

the extreaely useful gamma-scintillation counting technique may 

be utilized for measurement or these nuclides. Samples ot zr95 

should be counted soon after isolation from niobium to minimize 

the contribution to the activity tram the Nb95 daughter. z~7 

18 generally counted in equ111bri\Dil with its 60s Nb97m and 72 m Nb97 

daughter. When both z.r95 and z.r97 are present, beta absorption em/or 

decay measurements may be utilized to analyze the components 

which differ considerably in both beta energy and halt-lite. 
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VII. Collection o~ Detailed Rad1oche.ical Prooedures. 

Procedure l1 Solvent Extraction Procedure ~or zr. 

Source: ~. F. Fly.nn, L. E. Glendenin and E. P. Steinberg, 

Arsonne National Laboratory {unpublished). 

Intl"'duction 

This procedure .. kes use o~ the ~or.ation o~ a benzene 

soluble chelate o~ zirconium and 'l"l'A {a-thea071 trU"luoro 

acetone). !he ozoganic pbaae is scl"Ubbed to reaoTe extraneoua 

activities, and the zirooniua back-extncted with h7dl"o~luorio 

acid. A BaZrll'6 precipitation is •de to cOilcentnte the s1ro01l1ua, 

the b&1"1ua ia reaoved as suUate, and the zirooniwa NCOTered 

as the hydl"'X1de. !he zirconium ia finally isolated and weiC)led 

aa the tetraaandelate. 

Interohanse between earner and rad1oactiTe species ~oNed 

in nuclear ~isaiOil is as caaplete as with ~luoride caaplexing. 

A nd1oohea1oally pure product ia obtained with about 75- cheaioal 

71-eld. Tiro saaples oan be run in about one hour. 

Procedure 

1. TO 1-5 al aliquot o~ ~1ssion pl"'duot solution add 5 as 
zr c&1"1"1er (Note 1) and 1 al conc. IDI03• Dilute to 15 

al and ext not into 15 al o~ 0. 4 ! 'l"l'A in benzene b7 

atirnns ~or 10 a1n. (Note 2.) walSh '!'!'A pbase 3 tilles 

with 10 al o~ 1 ! IDI03• 

2. Back extnct Zr with 10 al o~ 2 ! 811' b7 stirnns ~or a 

~ .. min. Add 1 al o~ Ba++ (50 asjal) Nqent, centntuse 

and decant. WalSh the Ba2ZrF6 precipitate with 10 ml o~ 

~o. 

3. Dissolve ppt. in 3 ml 5- H~o3 , 1 ml conc. IDI03 + 5 ml 

~0, (a clear solution should result). Add t ml cono. 
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~ 1 (Cont'd.) 

H2S04, centrifuge and discard ppt. Add cone. NH40H to 

supernate, centrifuge and decant. wash ppt., dissolve 

in 3 m1 cone. HCl, dilute to 15 ml and add 15 ml ot 1~ 

mandelic acid solution. Heat on a steam bath tor 10 min. 

Centrifuge and decant. wash ppt. with 10 ml ot hot ~0. 

11-. :rilter ppt. through a weighed filter disc, wash with hot 

'820, alcohol and ether and d1'7 at no•c tor 10 a1n. Cool 

and weish as Zr tetr&Mndelate. 

:Note 1 

Zr carrier standardized as follows: 

Pipet 3 ml ot Zr carrier solution (~ 5 mg/ml) into 

a 4o ml centrifuge tube and add 1 ml ot cone. HCl. 

Dilute to 10 ml, heat to boiling and add 20 m1 ot 

1~ mandelic acid solution. Heat on a steaa bath 

tor 10 a1n and tilter through a weighed sintered 

glass crucible. wash with hot ~o, alcohol and 

ether and d1",1 at uo•c tor 10 min. cool and 

weish as Zr tetr&Mndelate. 

Zirconium tetr&Mndelate Zr(C6SSCROHC00)4 

Graviaetrio taotor: 7.62 

Rote 2 

It Pu is present it will extract with the Zr. 

To prevent extraction, the Pu auat be reduced to 

the trivalent state. 'Ibis may be accOIIlplished 

by treatment with KI and N2H4•2HC1 or, better, by 

reduction with ~ using a pt black wire as catalyst. 

The original solution should be converted to an HCl 

medium tor the reduction ot Pu. The extraction ot 

Zr -., be carried out trOIIl 1 ! HCl solution. 
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Procedure 2& Determination of zr95 in Fission 

Product Mixtures. 

Souroe: Richard B. Hahn and Richerd I!. Skonieczny, 

Nucleonics, Vol.~, No. 2, p. 56 (Feb.l956). 

The barium fluoziroonate method (41) is camaonly used for 

determining radioactive zirconium (zr95) in fission products. In 

this procedure zirconium is separated from other activities by 

precipitation as insoluble barium fluoziroonate, followed by a 

final preoipitation with oupferron. This is ignited to zirconium 

dioxide, which is then weighed and counted. 

This method gives excellent separations tram other activities. 

The only disadvantage lies in the use ot cupterron. Cupterron (42) 

{the ammonium salt ot nitroso phenyl hydroxylamine) is unstable 

in water, henoe solutions must be prepared freshly before use, 

or aust be stored under refrigeration. The cupferron-zirconium 

precipitate is bulky and spatters badly upon ignition. Beoause 

ot these disadvantages, other reagents were oonsidered. Man

del1o acid and i~s derivative_ seemed most promising. 

Kum1ns(43) showed that mandelic acid was a specific precip

itant tor zirconium. He devised a procedure tor determining 

zirconium in the presence or various interfering elements. Ast• 

nina and Ostroumov<44) tound that Wlder controlled conditions, 

the zirconium mandelate precipitate could be weighed directly 

without ignition to the OXide. Zirconium tetramandelate is a 

dense, crystalline precipitate that is easily filtered and 

washed. It can be readily mounted and counted in radiometric 

analysis. 

Modified Procedure 

BY substituting mandelic a~id for ~-.. pt'e:-r.,n, the following 

modification of Hume•s bari~ fluozir}~nate proeedure was devised. 
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PROCEDURE 2 (Cont'd.) 

The tirst tive steps are essentially the same as those given by 

Hume, with the exception that the voluae and weights or reagents 

are only about one-tourth as large. This modification was neoes

sar,y to minimize self-absorption or the beta particles by the 

final precipitate or zirconium tet~delate. Five milligrams 

ot zirconium carrier gave optimum results. (See Table 1.) 

TABLE 1---Ettect ot Carrier Wei!ht on Self-Absorption or Beta Activity 

* Zirconium Zirconium Ziroonium Activ1t1 
carrier (mg) tetramandelate (mg) yield {-) (opafial 

4.66 22.4 62.67 3.27 X leY 

4.68 21.1 59.04 3.43 X leY 

9.36 43.2 6o.53 2.68 X leY 

9.36 37.2 52.12 2.75 X leY 

18.72 g6.2 67.41 l.6o X leY 

18.72 96.3 67.48 1.59 X leY 

*3.50 X leY cpm or zr activity added to each sample. 

'!he procedure is as follows: 

1. Add 5 mg or zirconium carrier (in zirconyl nitrate solu

tion) to l ml or 6N nitric acid in a Lusteroid centrifuge tube. 

Add a known amount or the radioactive solution to be analyzed, 

0.5 ml or 27N (cone.) hydrofluoric acid and mix thoroughly. 

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

La3+fial), stir thoroughly, centrifuge, add a second 0.25 ml or 

lanthanum nitrate carrier, and centrifuge the precipitate down on 
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PHOCiDORi 2 (Cont'd.) 

top ot the tirst precipitate. Decant the supernate to a olean 

Lusteroid tube and discard the precipitate. 

3. Add 1 al ot bariua nitrate carrier solution. Stir thor

oushl.7, oentrituse, and discard the supernate. 

-· Suspend the precipitate in 2 al water, add 1 al ot 

saturated boric acid solution, dissolve b7 addin& 0.25 ml ot 

15H (cone.) nitric acid and stirrin& until a clear solution is 

obtained. Add 0.5 ml ot barium nitrate carrier solution and 0.25 

ml ot oonc. h7drotluoric acid to the clear solutioa. Stir, then 

oentrituge down the precipitate an~discard the supernate. 

5. Repeat step -· 

6. Suspend the precipitate in 2 al ot water and 0.5 Ill ot 

bono acid. Dissolve b7 adding 2 al ot 6! h7droohlorio acid. 

Add 6! sodium h7c1roldde wbile stirrin& to the above solution 

until it is basic. Centrituge and discard the supernate. 

1. Dissolve the precipitate ot zirconium h7drox1de b7 ad

ding 3 ml ot 12! (cone.) h7droohlorio acid and 3 al ot water. 

Transter this solution to a glass centrituge tube. Rinse the 

Luateroid tube twice with 1-•1 portions ot water and add these 

washinss to the solution in the glass tube. 1\dd 10 al ot satur

ated ( 15-) ~~andellc acid solution. Stir and heat in a water batb 

at eo•-go•o tor about 20 min. 

8. Pilter the hot solution using weighed l-011 tilter paper 

dislca in a Blrsoh tunnel. wash with 10 al ot 5- ~~andelio acid-~ 

h7droohlorio acid llixture, then with three 5-ml portions ot ~ 

eth7l alcohol and tinall7 with two 5-•1 portions ot eth7l ether. 

Tranater the precipitate and tilter paper to a tared watch glass 

and c1r7 under a heat lallp tor about 5 min. Veigh, then aount tor 

counting. 
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PROCBDURI 2 (Cant' d. ) 

Reyeat.s 

Zircor.,l nitrate, lanthanua nitrate, bariua nitrate, and boric 

aci.d are prepared as in Hlae•a procedure (.U). Mandelic acid 

(saturated): 16o gm or solid aandelic acid dissolved in 1 liter 

or water. 

5- aandelic acid-~ eydrochloric acid wash solution: 50 p ot 

solid JI&Jldelic acid and 48.5 ml or concentrated eydrochloric ecid 

(3~) are dissolved 1n enough distilled water to -~ 1 liter or 

solution. 

Sodium eydroxide (6J!): 24<> gaa or solid NaOH dissolved in 

di.atilled water to make 1 liter or solution. 

Discussion 

1be procedure was tested by analysing identical aaaplea or 

nrconiua-niobiua tracer b7 Hume • a cupterron aethod and by the 

aandelic acid method given previously. A aica end-window (2.3 

Jagjoa2 ) G-Il tube and scaler were used tor beta cowtting. 

lbe dAta in '!'able 2 show the mandelic acid method gives re

sults caaparable to those obtained in the cupterron aethod. 

A second aeries or samples were l'W1 in which the gamma 

activity was cowtted (see Table 3). A biaauth-wall G-M tube and 

scaler were used. 

1be gamaa cowtta obtained by the aandelic acid method were 

6-l-- lower than those obtained by the cupterron method. No suit

able explanation can be ottered tor this discrepancy. 1be mandelic 
• 

acid aethod, theretore, ia not recamaended tor analyses made by 

gamaa count. 

Separation tram F.P. Activities -
To study the ettectiveneaa or separation or zirconium activ

ity traa other tiaaion products, the mandelic acid procedure was 
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P.ROCEDURI 2 (Cont'd.) 

TABLE 2--z;g5 Determination by Cupterron and Mandelic Acid 

* Jlethods (Beta Count ) 

CUff'erron Jlande lie acid 
Saaple cpn) (cpn) 

, 
m m ! 

779 
3 3.63 X lo5 3.50 X loS 

3.87 X loS 
~ 2.7~ X loS 2.61 X loS 

2.73 X loS 2.71 X loS 
5 2.~ X loS 2.39 X lo5 

2." X loS 2.~ X loS 

* Accuracy is :1:~. 

TABLE 3-Zr95 Determination by Cupf'erron and Mandelic Acid 
Jlethods ( aa-a Count) 

Cuff'erron llandelic acid 
Saaple cpa) (•pa) 

1 8,~32 7,327 
8,296 7,385 

2 7.6~1 6,900 
7,517 6,625 

3 8,609 7,829 
8,332 7,782 

~ 7,671 7,119 
7,532 6,703 

repeated With saaples containing approximately 104 beta count~ 
per minute of' ee14~-Pr1~4, Nb95, and s~ _y90. In all ca&es 

less than 100 cpa was obtained. Thus the method can be used 

tor determining zirconium in the presence of' these activities. 
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PROCIDURB 2 (Cont'd.) 

p-Bromomandellc Acid 

Experiments were conducted using £-bromomandelic acid (45) 

in place ot mandelic acid. The precip!tstea ot zirconium tetra

p-brcmaaandelate were much large:- in weight and in volume than 

those obtained with mandelic acid. The arAlytical results were 

poor owing to aelt-abeorption ot the beta particles by the precip

itate. Since this reasent has no particular advantage over man

delic acid, it is not recommended. 

* * * 

This work was supported in part by a grant (AT-11-1) 213 
traa the Atomic Energy Caamiaaion. 

Procedure 3: Zirconium. 

Source: o. M. Iddings in Radiochemical Procedures in Use 

at the university ot CBlitornia Radiation Labora

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

Pul"itication: 5 x 1013 Atcms ot zr97 isolated trcm a 1-day-old 

mixture containing 1015 tiasions exhibited no 

contaminating activity when decay was followed 

Y1.eld: 

through six halt lives. (See Note at end or pro

cedure.) 

"' 50 per cent • 

Separation time: About tour hours. 

1. To a solution ot the activity, at least 2! in HCl, add 10 mg 

Zr carrier and several mg ot La carrie:-. Make the solution 

0.5! in HP. Centrituge and discard the precipitate. 
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P.ROCIDaRI 3 (Cont'd.) 

2. Add three drops or saturated BaC12 solution to the superna

tant. Centrifuge and discard supernatant. wash precipi

tate with water. 

3. To the precipitate add 4 ml or saturated H3B03 solution, 10 

ml or water and 2 ml cone. HH03 • To the clear solution add 

several drops or cone. ft2S04 and a few drops or two percent 

aerosol. Centrifuge and discard the precipitate. 

4. To the supernatant add NH4ou in excess. Centrifuge precipi

tate Uld discard supernatant. wash precipitate twice with 

dilute ammonia. 

5. Add 10 ml cone. HCl to the precipitate. Dilute the solution 

to 2! HCl. 

6. 'l'rallster solution to a 125-ml, open top, cylindrical separa

toey tunnel (with at• detached ~ediatel.y below the stOP

cock). Add 30 ml or o.Ji! thenoyltrif'luoroacetone (TTA) solu

tion in benzene and equilibrate layers f'or 30-4o minutes b7 

rapid stirring with a motor-driven glass stirring rod (paddle). 

7. Allow layers to separate. Drain and discard aqueous layer. 

wash organic phase tour times with 15 al or cone. HCl, allow

ins ten minutes tor each wash. 

8. EVaporate the organic layer in a No. 1 porcelain crucible 

under a lallp. 

9. When the benzene has evaporated and only the zr-T'l'A ocapoUftd 

remains, aoisten the solid with a rew drops or cone. ft2S04 and 

heat veey gently, at first (to m1n1a1ze spatterins). 

10. Ignite to zro2 at aoo•c. Pulverize the solid and transf'er to 

a tared aluminum hat. 

NO'l'B: ~e above procedure will not separate rrom protaotin1UII 

isotopes it these are present in the original solution. 
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PROC&DORB 3 (Cont'd.) 

In this case, either one or the following procedures can 

be interposed between steps 4 and 5: 

A. Pass the solution (12! in HCl} throU&h a nowex-1 anion 

exchanse resin column (50-100 mesh}, 6 1111 i.d. x 8 011 in 

lensth. Pass 5 ml conc. HCl through column. Discard 

effluents. Pass 15-20 ml or 7.! BCl through column. 

Collect effluent and dilute to 2! HCl. Proceed with 

step 5. (Elution with 7N HCl elutes zirconium, 

leaves protactinium on column.} 

B. Make solution "-7.! in BCl. Add an equal voluae or di

iaopropyl ketone and equilibrate layers tor a rew 

minutes. Discard organic layer. Repeat DIPK extrac

tion twice. 

Procedure 4a Zirconium. 

Source: Goeckerman, in •Chemical Procedures used in 

Bo.bardment Work at Berke ley, • W. w. Meinke 

(tJCRL-432, Aug. 1948}. 

'l'arget material: "' 1 g Bi metal 

Type or bbdt: 184• all particles 

Yield: "' ~ 

Time tor sep•n: 1-2 hrs. 

Bquipnent required: Centri

fuge, tubes, lusteroid 

cones, ice, small porcelain 

crucible. 

Degree or purification: Decontamination ractor "' 104 from fis

sion and spallation products (no Th & negligible Ht activ

ity present}. 
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PROC&DORB 4 (Cont'd.) 

Advantages: Good yield or pure Z~, it no Ht activity present. 

Procedure: 

(l) To aliquot ot HN03 soln ot ta~et, add 10 mg zr, mak~ 

saaple up to "' 5 al or 5 !! HN03 in a lusteroid cone. Add 

2 al oonc. HI' & 10 mg La. Repeat I.aF3 pptn. 

(2) Add 50 mg Ba to supn. Wash BaZrF6 ppt. 

(3) Dissolve ppt in 2 ml 5• HjB03 , add l al conc. HN03 & 

5 al ft20, repeat LaF3 pptn twice (as in (l) and (2)). 

( 4) Repeat BaZrF6 pptn. 

(5) Dissolve with 2 al 83Bo3 , 2 al conc. HCl, & 5 ml H20• 

Add l ~op cone H2so4 & cont out Baso4. 

(6) Dil supn to 20 al & add 2 al ~ cupterron in ice bath, 

filter, wash with cold l !! HCl containing oupteiTOn, 

ignite 1n a porcelain crucible. Weigh aa ~2 

( 13.5 mg per 10 mg Zr). 

Rema~ka: 'lhis p~ooedure probably ettects no separation trca 

Bt .1!1 I don • t know about. zr can be separated trc::a Rt by the 

use ot TTA or anion exchange resins. 

Procedure 5 : Zi~oonium • 

so~ce: Newton, in •Cheaioal Procedures used in Bcabard

ment work at Berke ley, • W. W. lleinke ( UCRL-4 32, 

Aug. 1948). 

'l'a~et material: Thorium metal (.1-l gm) TiJie tor sep•n: l-2 hrs. 

Type or bbdt: 6o• alphas Bquipnent required: 

Standard 

Yield: "' ~ 
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Procedure: The Th metal is dissolved in cone HCl plus a few drops 

ot .2 ! (NH4)2S1F6 to clear up the black residue. The HCl 

is diluted to 2 ! and an aliquot taken. 

(1) Use a lusteroid tube, add HH03 to make 5 ml ot soln 4 to 

5 molar in HN03• Add 20 mg Zr carrier, 2 ml conc Jill' and 

mix well. Centrituge ott ThF4• 

(2) Add 10 mg La++:t- carrier. lUx well and centrituge. Add 

a second 10 mg La+++ and oentrituge down on top ot lst 

ppt. Decant • 

(3) Add 50 mg Ba* to supn. lUx and let stand 1 min. Centri

tuge. 

(4) Dissolve ppt by adding 2 ml 5~ H3oo3 and stirring. Add 

1 ml cone ~o3 and 5 al ~o •. Add 2 ml 27N ID' and 50 mg 

Ba *. Stir until ppt tom& and let &tand 1 minute 

longer. 

(5) Repeat (4). 

(6) Dissolve with 2 Ill H~3, 2 al cone HCl and 5 al ~o. Add 

l drop cone ~so4 and centrifuge orr Baso4• 

(7) Transfer supernate. Dilute to 20 ml and ppt zr at ice 

teap with 2 al ~ oupterron reagent. Centrifuge. wash 

ppt with l Ill cold HCl containing a tew drops ot cupter

ron. Filter at once. 

(8) Ignite ppt to zr02 in porcelain crucible. Weigh. 

Raarlas: 'lhis procedure has be-en described previously. (Pbys. 

Rev. .72., 17 ( l9JJ9)} 

Preparation ot carrier solutions: Dissolve 29.4o gm& 

ZrO(No3 )2.~o in water, adding a rew <1r0ps or HN03 it necessary 

to clarity the solution. Dilute to 1 liter. 
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PROCEDURE 5 (Cont'd.) 

Standardization: Take 5 al carl"ier. Make 2 .!!. in HCl and coo1 

in ice bath to 10• c. Add a slight excess or ~ cuptel"l"Oft solu

tion. Filter and ignite in a porcelain crucible with caJ."e to 

pJ."event splattering or oils distilled t:rom cupteRon. Pinal ig

nition teaperatU1"8 6oo• c. Weigh as ZI"02 • (~ cupteiTOn solu

tion: 6 gas cuptel"l"On and pinch or {NH4)2co3 in 100 ml ~o. 

Solution slowly decomposes.) 

Pl"ocedU1"8 6. Carl"ier-Pl"ee Zirconium traa Pl"Oton Bcab&l"d

ment or Nb. 

SOUI"Ce: E. K. ~de and G. D. O•Kelley, Pbya. Rev. ~, 9" 
(1951). 

'lbin stl"ips or spectl"'grapbicall.y pure lliobila metal wen 

bCllllbal"ded tor pel"iods or tl"CD 5 to 20 ainutes w1 th lQO-JIIev pro

tons in the 184-inch cyclotron. Such bCllllbardments produced ~109 
dis1ntegJ.Oations per minute or total zircon1ua acti v1 ty. Humel'OUS 

bombardments were cal"ried out in the coUJ.Ose or the reseal"Oh. 

The n1obiua target toils were dissolved tmaediately by dl"op

ping them into a lllixtUJ.Oe or concenti"&ted HN03 and concenti"ated HP. 

Ten m1111gl"allls or lanthanum n1ti"&te were added, with st1Ring to 

pl"ecipitate LaF3• All the zirconium activities 1n solution were 

coprecipitated with the LaF3 and cleanly sepai"&ted tram the n1obi~, 
(46) 

a separation which has been studied by Ballou and by Gest, Burgaa • 

and Davies $47) The co-separation is believed to be caused by the 

sUJ.Otace adsorption or ZrF6• ion on LaF3• The LaF3 precipitate waa 

contacted with strong KOH to aetatheeize the fluoride to the hy

droxide compound. Then the hydroxide was dissolved in 2! HClo4• 

In ol"der to ecavence out any tl"&cee or niobium which might l"a&in, 

Radiochemistry of Zirconium and Hafnium

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/21511


PROCEDURE 6 (Cont'd.) 

manganese dioxide was precipitated froa the resulting solution 

by adding in turn Mn ++ and KMno4 • 

The zirconium was extracted from the HClo4 solution by con

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

0.2! solution ot a-thenoyltritluo~oacetone (hereinafter referred 

to as TTA) in benzene. Aluminum nitrate was added to the 

aqueous phase to complex any traces of fluoride ion which might 

remain tram the metathesis step, since the fluoride ion interferes 
(48) 

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

Huttman and BeautaiJ49~as used as a guide in this purification 
;o, 

step. The Zirconium-TTA complex in benzene solution was thor-

oughly scrubbed of possible traces of extraneous activities by con

tact with ~ HCl04 wash solution. Then the benzene solution was 

diluted 10-told and contacted with one-tenth its volume ot concen

trated HCl to effect the return or the zirconium to an aqueous 

medium. 

This zirconium traction was quite pure both chemically and 

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

subjected to an additional purification step, capable in itself ot 

effecting excellent decontamination from most other elements. The 

HCl solution was slowly passed through a short colUIUl (2 cmx4 DDn) 

ot Dowex-1 anion exchange resiA50 )which had been pre-equilibrated 

with concentrated HCl. Unpublished research results of this 

laborato~~ve shown that from solutions 10! or higher in HCl con

centration, negatively charged chloride complex ions ot zirconium 

adsorb strongly on Dowex anion resin. From solutions of concentra

tion less than 6!, they do not adsorb. Niobium forms even stronger 

complexes, but the other elements which could possibly be present 

are not adsorbed. Hence, by passing the concentrated HCl solution 
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through the resin column and rinsing it well with more conoentrat&d 

HCl solution, the zirconium was quantitatively and cleanly &d

sorbed. The zirconium oould be 1mmed1ately desorbed b7 passing 

a 4! HCl solution through the column. In some 

experiments, the zirconium activity was lett on the column and 

periodically Jlilked ot its yttrium daughter activity by rinsing 

the column with lQ-12! HCl at the proper time. '!he zirconium 

was retained quantitatively and the yttrium quantitatively removed 

by this step. 

This isolation procedure has several advantages over uaae 

previous methods commonly used tor radiochemical isolation ot zir

conium suoh as co-precipitation on barium tluozirconate. A prin

cipal one is that the zirconium is isolated in a carrier t'reo 

state. 

Procedure 7• Preparation ot Carrier-!'ree Zirconiua Tracer • 

Source: N. E. Ballou, Radiochem. St~dies: '!he Fission 

Products, c. D. Coryell and N. Sugarman, ed$., 

NNES, Vol. 9, Paper 249. 

A procedure is presented tor the preparation ot carrier-

tree zirconium tracer. The procedure makes use ot the co-separa

tion ot zirconium activity tram fission material on thorium iodate. 

'lbe method is rapid, and the radiochemical yield is about 80 per 

cent. The purity of the final produ~t is Gatistactory. 

INTRODUCTION 

A rapid method for the isolation of zirconium activity tram 

ether-extracted uranyl nitrate has been developed. Zirconium 
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is co-precipitated with Th{ro3)4 tram 4 ! HN03 containing H202 

to keep niobium {columbium) in solution and to ensure the triva

lena,r or cerium. The precipitation or thorium oxalate removes 

the thori\DI and ux1 {Th234), leaving carrier-tree zirconiua in an 

oxalate solution. 

PROCEDURE 

To 1 al ot the aqueous concentrate ot ether-extracted 

urai'JYl nitrate are added 5 ag or thori\DI carrier, 1 ml or 3 

per cent 9202 , 8 al or cone. HN03 , and 20 ml ot 0.35 ! Hio3• 

The &olution and precipitate are cooled and allowed to stand 

tor 5 min. The precipitate is removed by centrifugation and 

dissolved in HCl and so2 • Thoriua hydroxide is precipitated 

with NH40H, and this precipitate is dissolved in 8 al ot cone. 

HNo3• After the addition or 1 ml ot 3 per cent 9202 the thorium 

is precipitated with 20 ml or 0.35 ! Hro3 and allowed to stand 

tor 5 min. The precipitate or Th{ro3)4 is dissolved in HCl and 

so2 , and Th{OH) 4 is precipiated tram this solution with NH4oH. 

Atter the Th{OH)4 precipitate is dissolved in 1 ml ot 6 ! 

HCl and 15 ml ot 920, the solution is heated to boiling and 5 

ml ot sat. 92c2o4 solution is added. The solution is cooled and 

allowed to stand tor 10 min, and the Th{c2o4)2 precipitate is 

centrifuged ott. A second precipitation ot Th(c2o4)2 tram the 

solution is made by adding 5 ag or thorium carrier and letting 

it stand tor 30 min. The Th(c2o4)2 precipitate is then centri

fuged ott, leaving a solution ot zirconium activity. It a zircon

iua tracer solution tree ot oxalic acid is desired, Fe(OH)3 can 

be precipitated tram the solution. This carries the zircon1ua 

activity. The iron can then be removed by extraction into iso

propyl other from 8 ! HCl solution in the usual manner. 
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DISCUSSION 

A representative zirconium preparation was analyzed tor nio

bium oontaaination by adding niobium carrier as the oxalate cca

plex and then precipitating Nb2o5 by the destruction or the oxa

late complex with Mno4-. After the removal or the co-precipitated 

Mn02 with so2, the Hb2o5 was dissolved in oxalic acid and repre

cipitated. This precipitate was round to contain about 4 per cent 

ot the original activity, about one-halt or which could be at

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

or the 65d zr95 tracer. 

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

~02 instead or 1 ml ot 3 per cent ~02 • '!be niobium deoontaai

nation was not illproved. In the absence or ~02 , niobium pre

cipitates with 'lb(Io3)4 about as efficiently as zirconium does. 

'!be zirconium in solution atter the removal ot the niobium 

was precipitated on Fe(OH)3• An aluminum absorption curve ot the 

activity was identical with the aluminum absorption curve or 65d 

zr95 isolated with carrier and caretully purified from radiochem

ical illpurities. 

A sample ot the zirconium tracer was subjected to the complete 

isolation procedure, and 78 per cent recovery was attained. The 

tille required is about 2 hra. If the tra;er is to be used under 

conditions requiring the absence or niobium activity, it should be 

prepared just before use in order to avoid oontlUIIination trcm the 

growth or the 35d Nb95 daughtar ot 65d zr95. 
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Procedure 8: carrier-trtt& zr89 rroa the y89(d,2n) Reaction. 

Souroe: A. N. Murin, v. D. Neredov, I. A. Yutl&Ddov, 

•The Production and tt_e Separation or Carrier

tree Radioactive Isotopes, • Uspeckh1 JQl1a1i, g!t, 

527 (1955). (AERB L1l: n-au. 722, Harwell, 1956.) 

Zirconi\111. zr89. 
4o' T • 79.3 hours; K (7~) ~+ (25~); 

E~+ • 0.910 Mev; Ti ET • 0.92 Mev. 

Production reaction: y89(d,2n)zr89. 

Irradiated Y2o3 was dissolved 1n hydrochloric acid aDd the 

&olution was evaporated almost to dr,Jness and was diluted with 

water 1be 7ttriUII was separated 1n the tona ot YP3 by pre-

oipitation with HP. The excess HP was removed by evaporation 

with a tew DL1llllitres or concentrated ~so~. Atter dilution, 

PeC13 was introduced into the solution and was precipitated in 

the rona ot 1Pe(OH)3 with the help ot NH~OH. '!bus the radio-zirco

aiua was quantitatively adsorbed by the precipitate ot 1Pe(OR)3• 

Arter dissolving the precipitate ot Fe(OH)3 in 6! HCl the carrier 

was r•oved b7 extraction w1 th ether. 

Procedure 9: Preparation or Carrier-tree Zirconium-Niobium 

Tracer. 

Source: J. A. Marinsk;y, D. N. HUJ!'e, and N. E. Ballou in 

NNES, Vol. 9, Paper 250. 

A rapid procedure tor the preparation or very pure carrier

tree zirconium-niobium tracer involves the chloroform extraction 

ot the cupterrides or zirconium and niobium activities tram an 

irradiated uranyl nitrate solution. 
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1. INTRODUCTION 

'.lh1s procedure makes use or the tact that zirconium and nio

bium form~ at tracer concentrations, very stable chlorotorm-solub1e 

cupterride~~in acid solutions. The two activities are separated 

tram the other fission elements almost quantitatively to yield a 

~ture or pure zirconium-niobium tracer. 

To a uranyl nitrate solution made 6! in HCl and 0-05! in 

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

ot cupterron. The tinal uranyl nitrate concentration is about 

8 per cent. The zirconium and niobium activities are extracted 

by the CHC13 • A second extraction is performed on the solution 

again with CHC13 and cupterron. The CHC13 extracts are combined, 

and the BJDall amount ot contaainating activitiec is almost com

pletely removed by a wash with 6! HCl. '.lh1s wash also serves to 

remove considerable amounts or excess cupterron and its decompo

sition products. The CHC13 layer is then treated with a portion 

ot dil. HCl to which a tew drops or bromine are added. 1!\e 

cupterrides are decomposed, and zirconium and niobium activ

ities enter the aqueous phase. Boiling this solution helps to 

remove traces or organic matter tram the decaapoaad cuptarron, 

and the niobium and zirconium activities are available in dil. 

HCl with a trace or HBr. 

2. PROCEDURE 

A 5-ml sample or 32 per cent uranyl ni trata in a separatory 

tunnel is made 6! in HCl and 0.05_! in 802 {in a volume ot about 

20 ml). A lQ-ml portion or CHC13 is added. The tunnel is 

cooled tor 5 to 10 min in an ice bath. A 1.2-ml sample or cold 

6 per cant cuptarron {Nota 1) is added, and the tunnel is shalcon 

vigorously tor 30 sac. Arter separation the CHC13 layer is 
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drained ott. Another portion ot CHC13 and cold 6 per cent CUP

terron is added to the aqueous layer, and the tunnel is again 

shaken vigorously tor about 30 sec. ~e CHC13 layer is again 

drained ott. ~e two CHC13 layers are combined, and the aque

ous layer is discarded. 

Both the CHcl3 layer (in the separatoey tunnel) and a 10-al 

wash solution 6! in HCl and 0.05! in so2 are cooled in an ice bath 

tor about 5 min. ~e two solutions are then combined, and 1.2 al 

ot cold cupterron is added. Af'ter vigorous shald.ng tor 30 sec the 

layers are separated and the aqueous phase is discarded. 

To the CHC13 layer in a separatoey tunnel is added 5 ml ot 

6! HCl. Several drops ot Br2 are added, and the tunnel is shaken 

vigorously tor several minutes at 10-min intervals. After 1 hr 

the layers are separated and the CHC13 layer is discarded (Note 2). 

~e aqueous layer is boiled until the solution is only slightly 

colored (Note 3). 

~· 1. Becaus& of the instability ot the oupterron it is 

necessaey to perform the extraction as rapidly as possible when 

oxidizing materials are present in the solution (e.g., nitrites and 

nitrates). In solutions containing no oxidant, cooling is un

necessar.y and so2 addition can be neglected. 

2. ~e separation ot the two layers can be accomplished 

efficiently by drawing ott most ot the original CHC13 layer, add

ing fresh CHC13 , and repeating the withdrawal. ~is may be done 

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

collected, ver,y little organic material tram the original CHC13 

phase will be present to contaminate the product. 

3. It the presence ot oxalic acid in the tracer solution 

is not objectionable, the solution may be made 0.5 per cent in 
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~c2o4 before boiling. '!he presence or oxalic acid prevents the 

strong adsorption or the activities on the glass walls. Both 

zirconium and niobium are readilY adsorbed on glassware tram the 

CHC13-cupterron solution. It is good practice to store niobium 

tracer as an oxalate solution and to destroy oxalic acid by fum

ing with cone. HN03 imaediately before use. 

3. DISCUSSION 

'!be yield ot zirconium is 55 to 60 per cent; the yield ot 

niobium is 30 to 35 per cent. Analyses tor possible contaainat

ing activities indicated the tollowing upper limits: lanthanua, 

0.03 per cent; barium, o.o6 per cent; ruthenium, 0.07 per cent; 

and telluriua, o.oo4 per cent. 

Procedure 10: Preparation ot Carrier-tree Zirconium 

and Niobium Tracers. 

Sources R. OVerstreet and L. Jacobson in NNES, Vol. 9, 

Paper 251. 

;. procedure is presented tor the simultaneous preparation 

ot carrier-tree zirconium and niobium activities tram irradiated 

~1 nitrate. '!be procedure aakas use or the carrying ot zir

conium and niobium on thoriua iodate to isolate these elements 

traa aost ot the other fission products. '!he separation ot nio

biua and zirconium trom each other is based on the formation or 

a soluble complex oxide ot niobium by K2co3 fusion. 

1. INTRODUCTION 

In the present procedure tor preparing carrier-tree zircon

ium and niobiua activities tram irradiated uranyl nitrate, the 

42 

Radiochemistry of Zirconium and Hafnium

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/21511


PIKOIDtJRI 10 (Cont 'd.) 

bulk ot the urallY'l nitrate is reaoved by ether extraction. Z1r

c01liua, niobiua, and other a.aonia-insoluble fission products 

are separated troa the reuaining uranyl nitrate by complexing 

the uraniua with hydroxylamine in amaoniacal solution and carry

ing the insoluble fission products on 1Pe(OH)3• Zirconium, nio

bium, and cerium are then separated as the iodates by the use 
• ot thorium carrier, and the zirconium and niobiua are separated 

trca the cerium ud thorium by aeans ot HF. '!he niobium is re

aoved troa the zirconium by repeated fusions with ~co3 , thorium 

holdback oarrier being used tor the zirconium. '!he thor1UII is 

tinallJ separated troa the z1rcon1ua by precipitation with 

HlP. Bach ot the purified activities is carried on 1Pe(OH)3, and 

the iron is then reaoved by ether extraction. 

2. PROC!])URB 

Reduce the amount ot uranyl nitrate to about 5 g by aeans 

or repeated ether extractions. Treat the concentrated solution 

with 100 mg ot iron carrier and 15 g ot ~OH.HCl, and •lea 

strongly alkaline with NH4oH. Heat to boiling, cool, and centri

fuge the 1Pe(OH)3 precipitate. Ddssolve the precipitate in HCl and 

reprecipitate twice more in the presence or ~OH.HCl. Ddssolve 

the tinal Fe(OH)3 precipitate in HN03, add 25 mg or thoriUII car

rier, and make 5! in HH03 . Precipitate the thoriua as 'lh(Io3)4 

by the addition or an equal volume or 0.35! KI03 reagent. Centri

fuge, and wash the precipitate with dil. KI03 solution. Decompose 

the precipitate by repeated evaporations with cone. HCl and eva

porate to dryness. 

Editors• Note: Thorium iodate in the presence or ~02 was used 
by N. E. Ballou (Paper 249, this volume) to prepare carrier-tree 
zirconium activity. 
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Dissolve the residue in 20 ml or 5!! HNo3 and add 5 ag eaoh 

ot bariua, strontiua, yttrium, tellurium, rutheniua, cesiua, aad 

lanthanua carriers. Precipitate the thoriua aa before by the ad

dition or 20 al ot no3 reagent. Centriruge, wash the precipjtate, 

and deccapoae with HCl as before. Dissolve the final residue 1n 

1!! HCl and add 10 ag or cerium carrier. Jllake the solution 2!! in 

HP, centriruge, wash, and discard the precipitate. Ccabine the 

centrirugate and washings, and evaporate to fUlling with 1 al or 

conc. ~so4 • 

Dilute the solution to about 40 al and add 10 ag or thorita 

carrier. Jllake basic with NH40H, centriruge, and wash the 

precipitate or Th(OH) 4. Evaporate to dryness, ruse with 4 g or 

~co3 , cool, and extract the uss with 10 ml or ~o. Centriruge 

the suspension, and wash the residue with 10 ml or 30 per cent 

~co3 solution. Combine the supernatant solution and washings, 

and set aside tor the separation or niobium. 

FUae the Th02 residue troa the K2co3 rusion with 2 al or ccnc. 

H2so4 tor about 15 min. Cool and dilute to 30 al with 820• Add 

5 ag or niobium carrier, make basic with NH40H, centriruge, and 

wash the resulting precipitate. Dey and again subject the precip

itate to the zirconium-niobium separation by means ot K2co3 fusion. 

Repeat the rusion on the Th02 residue, but do not add niobium car

rier. Dissolve the final Th02 residue with ~so4 as described 

previously, and dilute to 40 al. Make the solution 2!! in HIP, 

centrifuge, and wash the ThF4 precipitate with dil. HP. 

Combine the Dupernatant solution and washings tram the 

fluoride precipitate, evaporate to tuaing, and dilute. Add 10 

ag ot iron carrier and make the solution basic with NH40H. Centri

fuge, wash the precipitate, and dissolve in 15 ml or 9!! HCl. Bx-
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~ract the iron with isopropyl ether, leaving a carrier-free solu

tion or ziroon1um activity. 

Acidity the solution that was set aside for niobium separa

tion, and precipitate Th(OH) 4 with NH4oH. Centrifuge, wash the 

precipitate, and dissolve in HN03 • Precipitate Th(Io3)4 as before, 

~ecompose with HCl, and dilute to 50 ml. Make the solution l! 

in HCl and 2! in HF, and centrifuge the ThF4 precipitate. wash 

with ~ HP and discard the precipitate. 

Add 2 ml or cone. ft2S04 and 10 mg or zirconium carrier to 

the combined supernatant solution and washings, and evaporate to 

tuming. Cool, dilute with ~0; and precipitate Zr(OH) 4 with 

m4ou. Puse the precipitate with 3 g or anhydrous ~co3 , and ex

tract the melt with 10 al or ft20• Centrifuge the residue, and 

wash with 10 ml or 30 per cent K2co3 solution. Set aside the fil

trate and washings, and ruse and extract the residue twice more • 
• Combine the filtrates and washings rrom all three fusions, and 

acidity. Add 10 mg or iron carrier, and precipitate Fe(OB)3 with 

NH40H. Centrifuge, wash the precipitate, and dissolve in 9! BCl. 

Remove the iron by repeated extractions with isopropyl ether, 

leaving a carrier-free solution or niobium activity. 

3· DISCUSSION 

An analysis for zirconium and niobium rrom an aliquot or 

the pure zirconium tracer solution was carried out 24 ~ after 

the completion or the zirconium preparation. or the total 

activity, 3.3 per cent was round in the niobium traction • 

• Previous experiments with radiozirconium showed that no 
zirconium passes into the filtrate tram carbonate fusions. 
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An aliquot ot the final zirconium solution was taken tor 

a test ot radioactive purity. Ten Jlilligrams each ot zirconilDil, 

strontilDil, barium, thorium, yttrium, cerilDil, lanthanlDil, ruthenium, 

and tellur1lDil carriers was added to the aliquot. The solution was 

made 3!! in HCl in a volume ot 50 ml. One Jl111111 ter ot 85 per 

cent H3ro4 was added, and the mixture was boiled tor 30 min. The 

precipitate ot zirconium phosphate carr,ring zirconium and niobium 

was centrituged out and washed. Another 10 mg ot zirconium 

carrier was added to the ccabined supernatant solution and waah

ings, and the Jlixture was apin boiled. The second zirconi• 

phosphate precipitate was centrituged out and washed. The cca

bined supernatant solution and waehings were evaporated to dr7-

ness in a porcelain dish. The zirconium phosphate precipitates 

were combined and also taken to dr7ness in a porcelain dish. The 

activities ot the two tractions were measured with a thin-window 

Lauritsen electroscope. It was round that 99.8 per oent ot the 

total activity was in the zirconi•-niobi• traction. 

'1'0 a suitable allquot ot the puritied niobiua solution, 100 

mg or niobiua carrier and 10 as eaoh ot stronti•, ;yttr1•, ur

conium, telluriua, ceai•, bari•, lanthan•, ceri•, and thori• 

carriers were added and treated tor the quantitative reaoval ot 

the niobi• alone as Nb2o5• The solution was treated with a tew 

milliliters ot HP and then was evaporated to t.es with HClO~. 

The Mterial was tumed to a vol•e ot 3 al, cooled, and boiled 

tor 15 min with 10 al ot 12!! HCOCE. The solution was then tilter6d, 

and the paper was washed. The tiltrate and washings traa the 

Nb2o5 separation were combined and evaporated to dr7ness, and the 

activit;, was measured. When corrected tor salt-absorption in the 

sample, the activit;, ot this traction was 5 per cent ot the activity 
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of the aliquot taken. Ita absorption curve, however, was veey 

a1Ja1lar to the absorption curve of niobium; this indicated that 

the puri t;y of the solution was conaiderab~ higher than the mini

mum value of 95 per cent obtained. 

Procedure ll a Hatni um. 

Source: J. R. Grover, "The Reactions or T8 with 5.7 Bev 

Protons,• (Report UCRL-3932, Berkeley, Sept. 

1957}. 

Barium fluohatnate and barium fluozirconate were precipi

tated together when ice-cold, saturated barium nitrate solution 

was added to the chilled target solution. The precipitate was 

quickly washed with ice water and then slurried for several 

minutes with an ice-cold ~ture of concentrated nitric acid and 

saturated boric acid. The slurry was diluted with water, to dis

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

precipitated hydroxides were washed with water and dissolved in 

1 ! hydrofluoric acid. Cerium carrier was added, and the precipi

tated fluoride was removed by centrifugation. The solution was 

chilled in an ice bath, and ice-cold saturated barium nitrate was 

added to precipitate the hafnium and zirconium. The precipi-

tate was dissolved and the hydroxides were precipitated in the 

manner described above. This time the hydroxide precipitate was 

dissolved in 3 ! perchloric acid. The zirconium and hafnium were 

extracted from this solution into 0.4 ! thenoyltrifluoroacetone in 

benzene, and back-extracted into 5 percent ammonium bifluoride. 

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

was made basic with ammonium hydroxide. The precipitated hy-
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droxides were washed with water and dissolved in 3 ! perchloric 

acid. The solution was heated in the hot water bath and 1~ ml 

ot wet Dowex-50 cation-exchange resin was introduced. The hot 

suspension was allowed to stand with occasional stirring tor a 

tew minutes, then allowed to settle, and the resin was transfer

red to the top or a Dowex-50 resin bed contained in a column 7 mm 

by 55 em. This was done in the same way as is described in the 

rare earth section. Zirconium was eluted by passing 0.5 ! sul

furic acid through the column. After the zirconium was canpletel.y 

eluted, that is, after the eluate tailed to show a precipitate 

when made basic with ammonium hydroxide, the hafnium was eluted 

with 3 ! sulfuric acid. The hydroxides were precipitated by mak

ing the respective eluates basic with excess ammonium hydroxide. 

The hydroxides were washed with water, slurried with more water, 

and mounted tor counting employing the filter-chimney setup. 

This separation is very clean. No trace ot the veey prom

inent K x-rays occurring in the decay ot hafnium could be round 

in the zirconium, and spectrographic analysis or the hafnium 

sample proved the absence or zirconium. 
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