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FOREWORD

The Subcommitiee on Radiochemistry is one of a number of subcommittees
working under the Committee on Nuclear Scilence within the National Academy
of Selences-National Research Council. Its members represent government,
industrial and university laboratories in the areas of nuclear chemistry
and analytical chemlsiry.

The Subcommitiee has concerned itself with those aress of nuclear
science which involve the chemist, such as the collection and distribution
of radiochemical procedurss, the establishment of specifications for radio-
chemically pure reagents, the problems of stockpiling uncontaminsted materi-
als, the availability of cyclotron time for service irradiations, the place
of radiochemistry in the undergraduate college program, etc.

This seriass of monographs has giown out of the need for up~to-date
compilations of radiochemical information and procedures. The Subcommittee
has endeavored to present a series which will be of maximum use to the
working sclentigt and which contains the latest available information.

Each monograph collects in one volume the pertiment information required
for radiochemical work with an individusl slement or a group of closely
related elements,

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

The Subcommittee is confident these publications will be useful not
only %o the radlochemlst but also to the research worker in other fields
such as physics, biochemistry or medicine who wishes 1o use radiochemical
techniques to solve a specific problem.

W. Wayne Meinke, Chairman
Subcomrmittee on Radiochemistry
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INTRODUCTION

This volume which deals with the radiochemistry of
zirconium and hafnium is one of a series of monographs on
radiochemistry of the elements. There is included e review -
of the nuclear and chemical features of particular interest
to the radiochemist, a discussion of problems of dissolution
of a sample and counting techniques, and finally, a collec-
tion of radlochemical procedures for the element as found in
the literature.

The series of monographs will cover all elements for
which radiochemical procedures are pertinent. Plans include
revision of the monograph periodically as new techniques and
procedures warrant. The reader 1s therefore encouraged to
cell to the attention of the muthor any published or unpub-
lished material on the radiochemistry of zirconium and haf-
nium vhich might be Iincluded in a revised version of the
mopograph. . :
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I.

General Reviews of the Inorganic and Analytical Chemistry

of Zirconium and Hafnium.

"The Chemlical Behavior of Zirconium," W. B. Blumenthal, D.
Van Nostrand Co., Inc. New York, 1958..

Pp. 628-653, "Chemical Elements and their Compounds,™ N. V..
Sidgwick, Oxford Uhiversity Prees, 1950.

Pp. 564-575, "Applied Inorganic Analysis,” W. F. Aillebrand
et al., John Wiley and Sons, Inc., New York, 1953.

Chaﬁs. 12 and 13, 'chapters.in fhe Chemistry of the Less
Familiar Elements," B. S. Hopkins,'Stipea Publishing Co.,
Champaign, Ill., 1939. '

'Hafnium,i Chap. IV in "Modern Advancés in Inorgenic Chemisﬁry,'
E. B. Maxted, Oxford University Press, 1947.

R. L. Barnard and R. E. Telford, Chap. 20 in "Analytical
Chemistry of the Manhattan Projeot,™ C. J. Rodden, eds.,
McGraw-Hi1ll Book Co., New York, 1950.

E. B. Read, Chap. 12 in "Metallurgy of Zireconium," B.
Lustmen and F. Kerze, Jr., eds., MoGraw-Hill Book Co.,
New York, 1955.

Gmelin's Handbuch der Ahorganischem'chemie, Systems Nv. 43,
8th Edition (VeT lag Chemis, Gmb H. Welnhelm - Bergstrasse,
1958.) |

8Zirconium,” G. I. Miller, Academic Press (1§5’7).

"Regent Advances in the Chemlstry of Zirooni_um and Hafnium,"
E. M. Larsen, J. Chem. Ed. 28, 529 (1951).



"Sclvent Extraction in Analytical Chemistry," G. H. Morrison
and H., Freiser, Wiley (1957).

"Ion-Exchangers in Analytical Chemistry,"™ O. Samuelson, Wiley
(1955). |

"Chemistry of the Metal Chelate Compounds,™ A. E. Martell
and M. Calvin, Prentice-Hall (1952).

II. @General Reviews of the Radiochemistry of Zirconlum and

Hafnium.

orteden ettt

No general reviews have been published. D. N. Hume pre-
pared a preliminary review of the radiochemistry of some of
the majJor fission product elements in 1945, but it was not
published. Some materlals from this review has been incor-
porated in the following presentatlon.
More complete information on the radlations of these isotopes
and references to the original literature may be found in "Table
of Isotopes,® D. Stromlinger, J. M. Hollander, and G. T. Seaborg,
Revs. Mod. Phys. 30, No. 2, Part II, April 1958.



IIT. Table of Isotopes of Zirconium and Hafnlum.

Isotope Half-1ife Type of Decay Method of Preparation
Zr86 17 hr EC Niép,spall.); As75(N14,3n)
257 9k min e¥, Ec 2r°? (a,n)

Zr88 85 day EC Ni(p,spall.)

zr89m 4.4 min 1t(93%),EC(5.6%),87(1.8%) Zr(X-ray)

7259 79.3 hr EG(nT75%) ,6+(n25%)  ¥(a,2n)

A 0.83 sec IT zr’” (n,n')

793 1.1x10° yr B” Nuclear fisslon

20 65 day B~ Nuclear fission

Zr97 17.0 hr g~ Nuclear fission

Zr98 ~1 min B~ Nuelear fission

Zr99 35 gec g~ Nuclear fission

grt?° 112 min gt tu(p,6n)

uelf? 16.0 hr EC Lu(p,5n),¥o(a,3n)
uel'e W5 oyr EC Lu(p,yb(c,xn),Ta(d,2pon)
gei?3 23.6 hr EC tu(p,3n); Ybla,xn)
aei? 70 day EC Hfl7£(n,y)

el70m 4,8 sec T daughter 2.1 hr Tal7®
et 7om 19 sec IT Hf178(n,7)

g 180m 5.5 hr IT a9, y)

Hf181 4,6 day g” HE 80(n,'y)

e 183 64 min g~ Ww(n,a)




IV. Review of those Features of Zirconium and Hafnium Chemistry

of Chlef Interest to Radiochemists.*

1. The Metallie State

Zirconium and hafnium are diffioult to preparé as pure metals;
They are very 1hfusible and react vigorously.at high temperatures
with carbon, oxygen, and nitrogen. When finely dividéd,'the dry
metal powders are pyrophoric and should be molstened for safe
'handling. In compact form and at low températurea the.métais
are very linert oheﬁicallj, being attacked appreciably only by
HF, aqua regla, and fused KN03. The best method of preparation
of the puré metals is probably_fhe van Arkel-de Boer method of
reducing the 1odides on & hot filament. This produces the mso-

ocalled “erystal bar® metal.

2. Soluble Salts

_'The Qolution chemisfry of zifhonium 1s not very well under-
stood,-anﬂ considerable confusion exists in the literature re-
garding the ionic specles present in aqueous solutiohs. This
results mainly from the formation 6f collolds and the fact that
zlroconium ions undergo extensiﬁe hydrolysis and polymerization,
strongly debendent on pH and conoentration.(l)_ The only lmportant
oxidation number is +i. The nitrate, chloride, bromide, lodide,
perchlorate and sulfate of.zirconium are séluble in acid solu;.

tion.

3.. Insoluble Salts
Among the more insoluble compounds 1s the very 1nsolub1e

-18{(18) -
phosphate, ZrO(H2P04)2 (Ksp=2.28x10 18§ which precipitates even

*Zirconium and hafnium show a remarkable similarity in most
of thelr chemical properties, and unless otherwiée noted, any
statements made concerning one generally will apply equally well
to the other.



from 20% sulfuric acid. It has properties similar to those of
ceric phosphate, but 1s_d;ssoived by hydrofluoric acid. The 1o-
date precipltates from 8 g'HNOS, and the arylsubstituted arsonates
and cupferrate from aclid solutions. The hydroxide (or hydrous
oxide) 1s precipitated with ammonia or alkall hydroxids, and a
peroxide with H202 from dilute acid. Of these, only the phos-
phate 1s soluble 1n excess reagent. ﬁarium and hydrofluoric acld
give slightly soluble barium fluorzirconate of unﬁertain composi-
tilon, which 1s insoluble 1h excess fluoride and affords a good
separation from niobium. .

The customary weighing form in radiochemical and analytical
.procedures has_been_the ignited Zr02-rollow1ng-precipitation as
phenyl arsonatg, cupferrate or other organic precipitant;(g) How-
ever, & quantitative'and well-defined precipitate. of zirconlum
witﬁ nanﬁelie acid and its derivatives(s) has proved mors con-
venient and useful for mounting radiceactive sources. Flavianioc

acid has also been uuggested as a spedcific quantitative preoipitant

for zirconium and hafnimm in 0.2-0.3 N HC1 solution.(32)

4, Carrylng of Tracer Zirconium
Activity on Other Precipltates

Zifconium traoer.is strongly co-precipitated with most pre-
cipitates in acld solutions not conteining complex-forming ions,
Th9 gctivity 1s easily oarriéd on foreign matter ﬁnd hdheres,to
glasswara., It 1s-read11y carried on many phosphates, sueh as'
those of bismuth and eeric cerium. In the absence of hold-back
carrier, 1t is nearly completely carried on rare earth fluorides.
Iron hydroxide is an effective carrier for zirconium tracer as 1is
thorium iodate, but thorium oxalate 18 not. Titanium hypophos-
phate has also been suggested as a preocipitant for tracer =zir-
conium.(sb)



5. Complex Ions

In addition to.the hydrolytic specles referred to above,
zirconium forms complex lons with many substances. As 1s the
case with the hydrolysis products, the specles present 1n solu-
tion are not well established. Connick and Hchy( ) have studled
the complexing ability_of a number of substances, and thelr data
is . reproduced in Table I.

The fluoride is by far the most stable complex studled.
Among the dicarboxylic aclds, oxallc has a much greater complex-
ing power than can be ﬁccounted for simply by & comparison of
. the acild dissoclatlion oonstants.:

Although similar data are not available. for hafnium, the
complex constants must differ significanﬁly,.as evidenced by dif-

ferences in the ion-exohange behavior {see below).
6. Chelate Compounds

The formation of ohelate oonplezeu which are soluble in
organiec solventa is of great 1mportanoe to the development of
radiochemical seperation'procedures. Examples of such solvent
extraction systems for zirconjum and hafnium will be presented
in detail later. In this seotion we shall review the varlous
chelates formed by zircoﬁium and hafnium.

Acetylacetone (cH3-g—cHE-é—cH3). This B-diketone

forms well-defined chelates with over 60 metals, many of them
soluble in organic solvents. The solubilities of.the acety-
laoetonates 1s_suoh that macro-scale operations are feasible.
Zirconium may be extracted to the extent of 73% wlth acetylace-
tone acting as both extracting agent and solvent at a pH of 2
to 3.(5)

Thenoyltrifluoroacetone (ITA), [H H -C -CH,,- C CF3]



Table T

COMPLEXING ABTLITY OF VARIOCUS SUBSTANCES FOR ZIRCONIUM
{Tracer Zirconium, 2.00 M HC10y, 25°¢)

Percent
Substance Concentration Zirconlum
Uncomplexed
Bisulfate ion, HSO)" {8:3321; 55
Hydrofluoric acld, HF {3?828¥g 0?30012
Oxalic acid, H20204 0.001 M 0.36
Malonic acid, HOOC—CHQ-COOH 0.01 M 100
Suceinic acid, HOOC-(CH,),-COCH  0.005 M 100
Glutaric acid, HOOC-—(GH2)3—COOH 0.1 M 94
Fumeric acld, HC-COOH 0.05 M 88
COOHCH |
Malpic acid HC-COOH 0.05 M 74
HC-COOH |

Orthophosphoric acid, H3 POy 0.012 M 68
Orthoboric acid, H3BO3 0.1 M 100
Metasilicic acid, H28103 0.01 M 87
Acetic acid, CH3COOH 1.0 M 100
Trifluorocacetic acid, CF3COOH 0.11 M 51
Carbonlec acid, H2CO3 1 atm. 002 90
Hydrogen peroxide, H,0, 0.015 M 63
Chloride ion, C1° {%:g—g 59
Nitrate ion, NOj {%:gﬁ 2




The presence of the trifluoromethyl group in this p-dlketone 1n-
creages the acldity of the enol form and ._.thus permits e:itractions
from solutions of very low pH. The TTA is generally used as &
0.02-0.5 M solution in bengene or toluene. At lower conoentra-
tions the extraction rates 'bt_-:oome very slow. Connick and
HcVey(u) have studied the behavior of zirconlum -TTA comp_lexes
and Moore(s) has developed a procedure for the separation of
zirconium from other elements utilizing TTA complexing. The
oomplex shows high exj:ractability from 2-10 _H_HN03 or. HC1 solu-
tions lnto 0.5 M 'I_.'I‘A In xylene. These conditions _afford an ex-
cellent separation of zirconlum from the fisslion products., A
small contamination with niobium can be reduced further by the
use of 0.9% H,0, or 1.25 LNHQOH_'Hbl as a sequestering ageh_t.
Among the non-extractable lons are the alkalis, alkaline earths,
trivalent rare-earths, tin (II), nickei (II), cobalt (II), ohro-
mium (III), uraenyl, thorium (IV), iron (II), aluminum (III), and
bismuth (III). 2Zirconium and hafnium may be fractionated with
0.025 M TTA in benzene from 2_5_110104 acid.(7) The equilibrium
eonstants for zirconium and hafnium extractions were found to be

9.4 x 197 and 4.6 x 106 respectively.

Trifluoroacetylacetone (TFA), [(°F3°°)2°H2]‘ Chelates
formed with Ithis diketone are generally more soluble than those
with TTA. A zirconlum hafnium seperation may be achieved with
O 075 M TFA in bengZene from 0.07 N HCl.(B)

: ~OH .
Quinalizarin ( é\i “ ; forms complexes with a
| o -

" number of metals, but only the complexes of Fe(III), Al, So, T,
Ze, and Th are extractable with isoamyl alcohol.(g) The re-
agent 1s generally used as 0.1% ethanolioc solution.



8-gquinolinol (oxine), [ {gzz/ij ]. Oxine forms slightly
N

soluble chelates with most metals, generally those that pre-
clpitate with agueous ammonia. Zirconium forms a complex

soluble In chloroform from acetlc acid-acetate buffered solu-

tions.(lo)
o
re Y o>
Morin (\ S W e In acid medium,

e'»H O

morin reacts with a number of metals including Al, Be, Ce(III),
Ga, In, Sb(III), Se, Sn, Th, Ti, and Zr to form complexes that

are extractable by butyl, amyl and cyclohexyl alcohols,(lo)

Ammonium Salt of N-Nitroso Phenylhydroxyl Amine (Cupferron)

- N=o :
i
-— - . - t
[ N~ O JNH': ] Cupferron is well-known for its ability to

form slightly soluble chelates with many metals in mineral acld
solution. The cupferrates are generally soluble in a variety of
organic solvents such as chloroform, ether, ethyl, scetate, hex-
one, o-dichloro benzene, and benzene. Chloroform 1s the prefer-
red solvent. Zirconlium cupferrate may be extracted from 1 N

mineral acid solutions.(ll)

7. Solvent Extraction Behavior

An excellent review of solvent extraction systems in analyt-
ical chemistry 1s given by Morrison and Freiser (see general refer-
ence list). The behavior of zirconium and hafnium in some of the

more important systems will be discussed hers.

Ethyl Ether. This common solvent is effective for the ex-
traction of many elements from hallde aystems. Extraction of
zireonium, however, is not appreclable, the fluoride belng ex-

trascted to the extent of 2.9% and the other halldes even less.



The thioccyanate complexes of zirconium and hafnium exhibit
differences in extractabllity into ethyl ether and a separation
may be achieved.(lz) From 8 M.HN03, zirconium extracts only to
the extent of 8% into ethyl ether.(lB)

Methyllisobutyl Ketone (Hexone). The distribution of Th(IV),

u(vi), pu(Iv), Pu(vIi), zr(iv), Ca(II), and La(III) between aqueous
HN03—Ca(NO3)2 solutions and hexone has been studied by Rydberg and
Bernstr%m.(ln) Distribution ratios approaching unity are obtained
for zirconium from solutions 3.5 - 4.0 M in Ca(NO3), and about 3 M
in HNO

3.
Alkylphogsphoric Aclids. Scadden and Ballou(ls) Investigated
di-n-butylester of phosphoric acid (DBPA), [(C4H90)2P;;OH 1,
0

elther alone or 1n a mixture with the monoester as in commercial
"butylphosphoric aclid,”™ as an extractant for zirconium and niobium.
Both tracer and macro levels of zirconium were found to extract
quantitatively from aqueous solutions 1 M in HNOB, HC1, HClOn,

or H,yS0y. A 0.06 M solution of the dibutylphosphoric acid in
di-n-butylether extracted > 95% of the Zr and < 5% of the Nb.

The nicbium extraction increased from 2 to 10% as the extraction
time lncreased from 1 to 5 minutes, but zirconlum was unaffected.
Addition of 3% H,0, reduced nioblum extraction to less than 1%
(even with a 1l0-minute extraction time) without affecting zir-
conium. More concentrated DBPA solutions extracted both zir-
conium and nicbium quantitatively. Precautions against emulsion
formation must be taken with this reagent. Higher homologs, such
as the octyl phosphoric acids are reported to be free of this
difficulty. Tables II and III, taken from Scadden and Ballou,
summarize the extraction behavior of a number of elements with

DBPA.

10



Table II
EXTRACTION PROPERTIES OF CARRIFR-FREE CONCENTRATIONS OF FISSION
PRODUCT ELEMENTS WITH MIXED BUTYL PHOSPHORIC ACID CONDITIONS.
AQUEQUS PHASE, 1 M HNO,, 3% H,0,: 5-MINUTE MIXING; VOLUME RATIO
(ORG./AQ.) 1 TO 1

Elements Extracted

Concn. of
DBPA?, >95% by
M < 5% by DBPA 5-95% by DEPA | DBPA

0.06 Cs, Sr, La, Ce(III), Ag,® | Y 15%, Sn(IV)® Zr, In
cd, Ge, Se(IV), Te(IV), 50%, MoP 15%
Sb(II1I),% Sb(V), As(V),

Pd,P Ru, Rh, Mb

0.6 Cs, Sr, Ia, Ag,” Cd, Ge, | M 23%, Nb 60%, | Zr, M° Y,
Se(IV), Te(IV), Sb(III)° TaC 5% In, Sn(Iv)P
Sb(V), As(V), Pa,” Ru, Rh

8pi-p-butyl phosphoric acid solutions in which mole ratio of
di-n~butyl phosphoric acid to mono-n-butyl phosphoric acid is 4.5 to 1.

bAg, Sn, Pd, and Mo not carrier-free: thelr concenirations were
0.5, 3, 8, and 8 Y/ml, respectively.

®No hydrogen peroxide present.

Tri-n-butylphosphate (TBP) is an excellent solvent for

zirconium. It may be used pure or with an inert diluent such as
n-butylether, ether, kerosene, benzene, or CClu. The extracta-
p11lity 1lncreases with ac¢ild strength, and distribution ratio,
(organic/aqueous) of about 100 is observed from 8 M HC1 and
1000 from 13 M HNO3.(16)

A summary of zirconium extraction data from HNO3 is given

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

11



Table III
EXTRACTION PROPERTIES OF MACRO QUANTITIES OF FISSION PRODUCT
ELEMENTS WITH MIXED BUTYL PHOSPHORIC ACIDS CONDITIONS. AQUEOUS
PHASE 1 MG ELEMENT PER ML, 1 M HZSOL, 2.5 M (NHA)BSOL, 0.004 M
OXALIC ACID, 6% H,0,; VOLUME RATIO ( ORG./ AQ.) 1 TO 1; MIXING
TIME, 15 MINUTES WITH 0,08 M DBPA AND § MINUTES WITH 0.6 M DBPA

Elements Extracted

Concn. of
DEPA®,
it < 5% by DBPA 5-95% by DBPA | >95% by
DEPA
0.06 Cs, Sr, Y, Ia, Ce(III), Sn(IV) 15%, In Zr, I,
Ag, Cd, Ge, Se(IV), 85%
Te(IV), Sb(III),” Sb(v)
As(V), Pd, Ru, Rh, Mo, Nb
0.6 Cs, Sr, la, Ce(III), Ag, Cd, | Sn(IV) 50%, Ta | Zr, M,° ¥, Ho
Ge, Se(IV), Te(IV), Sb(IID)® | 3s5% In, I,
Sb(V), As(V), Pd, Ru, Rh, Mo

8pj—p-butyl phosphoric acid solution in which mole ratio of di-p-butyl
phosphoric acid to mono-n-butyl phosphoric acid is 4.5 to 1.

bro hydrogen peroxide present.

When Ca(NO3)2 replaces HNO; the extraction of most other
elements increases, but that of zirconium remalns about the
same. Thls may be the result of hydrolysis of zirconium which 1s
considerable even at acidities of 1-2 g,(l’u)

Note: Commerclal TBP often contains impurities of organic
pyrophosphates and mono and di-butyl phosphoric acids. These may
be removed by hydrolyzing the organic pyrophosphates with 8 M

(16)

HC1 and washing with aqueous Na2003(5%) and water, This

12



(org /aq)

PARTITION COEFFICIENT

1o~ -
4

|O'2 SRR BN ST R B SR R T
0] 5 10 15
AQUEOUS NITRIC ACID CONCENTRATION

Figure 1

Extraction of zirconium from HNO3 systems

O

v
A

19% TBP in kerosene (Alcock et al., J. Inorg. & Nucl. Chem. 4, 100
{1957))

30% TBP in CCly (Murbach and McVey USAEC report LRL-115 {1954))
TBP in Varsol (Bruce, Peaceful Uses of Atomic Energy Vol. 7,

paper 718, UN 1956)

100% TBP (Peppard, Mason & Maier, J. Inorg. & Nucl. Chem. 3, 215
(1956))

25% TBP in benzene (Peppard, Mason, & Maier, ibid.)

13



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

Trialkylphosphine Oxides. [C H P-0] Preliminary

2n+1)3
studies on the use of the phosphine oxides as extractants have

been carried out.(17a) With a 0.1 M solution of tri-n-octyl-
phosphine oxide 1n e¢yclohexane complete extractlon from 1 M HC1
was observed for Cr(VI), Au(I), Hf(IV), 2Zr(IV), PFe(III), Mo(VI),
Sn(IV) and U(VI). Ions that were partially extracted include
Se(IIT), BL(III), C4(II), In(III), Hg(II), Pt(II), end zZn(II).

The tr»l-g-ethyl-n-hexylphosphine oxide extracts fewer metals

than the tri-n-octyl compound owing to the sterie effect of the
position of the ethyl group. From a 1 M HC1 solution only Au(I),
Sn(IV), and U(VI) are completely extracted. With 7 M HC1, Ga(III),
HE(IV), 2Zr(IV), Fe(III) Mo(VI), Sn(IV), and U(VI) are completely

extracted.

8. 1Ion Exchange Behavior

In addition to thelr wvalue in the separation of zirconium
and hafnium from other elements, lon exchange techniques afford
the most satisfactory means of separating hafnium and zirconium
from each other.

Catlon Exchange

Aqueous colloidal solutions of the hydrous oxides of zir-
conium and hafnium may be purified by contacting the solutions
with a cynthetic organic cation exchange resin (e.g. Amberlite
IR-100) which retains impurities such as Be(II) and La(III),

(18) The re-

but has essentially no affinity for the colloids.
moval of titanium and iron is not complete; about 80% and 95%,
regpectively, beling removed in one passage through the column.
The recovery can be as high as 99%. However, the metal con-

tent must be present in aqueous solution as hydrous oxide in

1k



amounts greater than trace gquantities, e.g., the order of 0.1 M.
The amount of resin used must be conslderably less than the

amount which would completely adsorb the solution.

Eafnium may be effectively separated from zirconium by
elution with HC1l from a sulfuric acid resin (Dowex-50, e.g.).(lg)
The elements are adsorbed from 2 M HC10y and eluted with 6 M HC1,
the hafnium eluting first. Other eluants may also be used to
effect a hafnium-zirconium separation in which the zirconium 1s
eluted first. Thus, a mixture of 0.45 N HNO5 and 0.09 M cltric
acld elutes zirconium from Dowex-50, but not hafnium.(eo’gl) The
hafnium may then be eluted with 5 N HNO3. An excellent separa-
tion may be achleved with 1 N H,S0y elution of zirconium from
Dowex-50. Hafnium is eluted with a 0.05 M oxallec - 0.2 N H2804u

(22)

mixture, or with 3 N %304.(23)

The fluoride complexes of hafnium and zirconiwm may be
utilized to effect a separation of these elements from other non-
complexing ions, such as the rare earths, by passing an HCl-HF
solution of the elements through a catlon exchange column.(eu)
The negative fluoride complexes will not be adsorbed and will
pass through the column whlle the other ions will be retailned.
Mixtures of ziréonium hafnium, niobium, the rare earths, and
alkaline earths can be convenlently separated following adsorp-
tion on the top of a catlion-exchange column by selective elu-
tion.(25) Thus, zirconium, hafnium and nioblium can be eluted as
a group with 0.5% oxalic acld without appreciable movement of
the other ions down the column. At a pH of 3, a 5% citrate solu-
tion displaces the trivalent ions and at pH5 the remaining di-
valent aﬁd monovalent cations are removed Iln groups. Separatlions
within each group may then be carried out by readsorption and

chromatographic elution with citrate buffers.
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Anion Exchange

Metals which form negatively charged complexes may be
separated by lon exchange chromatography with anion exchange resins.
This technique is particularly useful for the separation of zir-
conium and hafnium from each other and from other elements. A
numnber of workers have made surveys of the anlon exchange be-
havior of the elements. One of the mozst complete is that of Kraus

(26) Other aclid systems have been

and Nelson for HC1 systéms.
treated in a series of papers from the U. S. Naval Radiological
Defense Laboratory.(27) Although no complete analytical procedure
for zirconium and hafnium has been published as such, the adsorp-
tion and elution data from these papers may be used to devise a
number of such separation schemes and a cholee can be made depend-
ing on the needs of the experiment. The difficulties resulting
from the hydrolytic polymerization of zirconium and hafnlum can
be effectively circumvented by the formation of the fluoride com-
plexea, and HC1l-HF mixtures are particularly advantageous for
separations invelving these elements.

Anion exchange techniques are especially valuable for zir-
conium-hafnium, zirconium-niobium, zirconium-protactinium, and
zirconiuwm-thorium separations. Thus, with Amberlite IRA-400 in
the chloride form, zirconium and hafnium may be adsorbed from
0.6k M HF. Elution with a 0.2 M HC1l - 0.01 M HF solution removes
the zirconium first, and 69% of the original may be recovered with

no hafnium.(28)

Other systems have also been used for this
separation.(29'3l) The distribution coeffiecients for Zr, Hf, Nb,
and Ta on Dowex-2 resin are shown as a\fuhction of HC1l concen-
tration in Figure 2, taken from Huffman, Iddings and Lilly.(3o)
A Zr-Hf separation may be achieved by elution with 9.0 ol
HCl. In this case the Hf elutes first (Figure 3} in contrast

to the behavior with the fluoride complexes.
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Elution of chlorozirconate and chlorohafniate
with 9.0 M hydrochloric acid.

The difference in behavlior of zirconium and nlobium leads
to a convenient separation. In 6-7 M HCl. zirconlum passes
through the column, while the niobium 1s retained. The niobium
may then be eluted with 1.5 - 4.0 M HC1.(39:32) 4 vartety of
conditions may also be utilized for a Zr-Nb separation in HC1-HF

(32a) The oxalate complexesof Zr and Nb may also be

mixtures.
utlilized for a separation.(33) Both are adsorbed on Dowex-1
resin from 0.1 - 0.4 M oxalic acid. The Zr is preferentially
eluted 1 M HC1 - 0.01 M oxalle acid solution.

The differences in behavior of Zr and Pa with anion-exchange
resins are not great, both belng strongly adsorbed from concen-
trated HCl solutions (> 9 M) and weakly adsorbed from dilute
acid (< 3 M). However, a separation may be effected by utiliz-

ing differences over the concentration range 6-8 M. Such separa-
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tions have been carried out using Dowex-2 and Amberlite
IR—400(34) and Dowex-1(35) resins.,

Since thorium does not form negative chloride complexes,
it can easily be removed from ions that do, such as zlirconium,
by adsorbing the latter on an anion exchange resin. The fact
that thorium does form complexes with HNO3, while zirconium does

not may also be utilized in a separations procedure.(36)

V. Problems of Sample Dissolution and Interchange wlth Carrier.

Zirconium and hafnium metals are dissolved by treatment with
HF, a mixture of concentrated HC1l and HNO3, or concemtra£ed
stou. The ores are more difficult to treat, and fuslons with
NaECO3, K23207, Na202, or KHF2 are necessary. When present as
minor constituents or formed by nuclear reactions in a matrix of
other elements or compounds, zirconium and hafnium offer no par-
ticular difficulty during dissclution of the major constituents.
However, the tendency toward hydrolytic polymerizatlion at low
aciq;ties nust be borne in mind. Also, if phosphorus 1s present,
the insoluble phosphates of zirconium and hafnium may be formed.

In any quantitative radiochemical analysis it 1s extremely
important to carry out chemical steps to Ilnsure complete inter-
change of the radiocactive specles and any added inactlve carrier
or to insure that all the radloactive specles are in the same
chemical state before any separations are carried out. This is
particularly true in the case of zirconium or hafnium where hydro-
lytic specles and radidcolloid formation may cause difficulties.
In general, the formation of the strong complex with fluoride or
TTA 1s necessary. (Oxalate, e.g., does not effect complete inter-
change of fission produced zlirconium specles with added zirconyl

carrier.)
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VI. Counting Techniques

The specific technique of counting any radicactive sample
wlll depend on the nature of the radloactivity and the needs of
the experiment. For many purposes an experiment can be designed
80 that relative counting rates of samples of a particular nu-
ellide will suffice. It is then only necessary to count under
nearly identical conditions to cobtain precisions of the order of
one to two per cent. This eriterion, in practice, is relatively
simple to meet and whenever possible, comparative counting is
therefore recommended, Of course, 1f 1t is necessary to compare
the activity of sources which differ in chemical or physical
nature or in the energy of their radliatlions, these differences
must be taken into account.

The determination of the absolute disintegratlon rate of a
radlioactive source is a more dAifficult problem, and special tech-
niques must be employed. Such a determination inveolves a knowledge
of the decay scheme of the nuclide and the efficlency of the de-
tector for the pafticles or rays emitted from the source. It is
thus necessary to know the fraction of the radiation leaving the
source which enters the sensitive volume of the detector and the
intrinsic efflcieney of the detector for the radlation. The inter-
actions of radiation with matter alter the simple geometric re-
lationshlp between the source and detector by proceazses of ab-
sorption and acattering in the material of the sample itself,
its support, any covering material, the space between the sample,
and detector, the detector window, and the housing of the de-
tector unit. These effects are complex and depend eritically on
the size and material of the sample and its support and on the
snergy and type of radiation. Much time and effort may be
saved by the judicious application of published correction

fzctors for the combined effects of backscatitering, sample thick-
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ness, etc. on counting determinations. However, it is extremely im-
portant to be aware of the sensltivity of the effects to experimen-
tal conditions. Where high accuracy 1s desired 1t is usuallj ad-
viseble for each investigator to determine the correction for his
own conditions or employ techniques which minimize the effects.
_ In some cases the radioactivity of the nuclide of interest may
be oomplicated by the presence of lsotoplc or genetically related
specles which'are also-radioactive, Corrections for the presence
of these may be made, 1n general, by taldng advantase_oflthe differ-
ences in half-livea, energles, and,_péphapg, types of radiation in-
volved. Even in the case of a pure nuclide, different fypes of |
radiation may be emitted (e.g., B, e , x or ygrgys) and their con- -
tribution to the observed coﬁnting rates must be evaluated.

References on counting techniques should be consulted for de-
talls of the methods. .A survey of_.go@t;ggh.pg;sngggi_f_p;-'_ the assay
of radloactive sources has been glven by Steinberg,(37);;3aynurut
~and Prestwood(sg) glve a method :or estimating bete counting-ef-
ficiencies to about 3% using stendard mounting and counting tech-
niques. The use of gamma-ray sointillatioﬁ spectrometry as an
analytical tool has received considerable attentlon. This tech--
nique is descrilbed by-Heath(39) and Olsén;(uo)

The most coﬁmonly encountered isctopes of zirconium and _
hafnium are Zr95,-Zr97, aﬁd HF181. Beta countlng technliques or
the extremely useful gamma-scintillation counting technique may
be utilized for measurement of these nueclides. Samples of ZJ:'95
should be counted soon after isolation from nioblum. to minimize
the contribution to the activity from the N> daughter-:-Zr?7
is generally counted in equilibrium with 1ta 60s M and 72 m Nb77
daughter. When both zr9% and 7r97 are present, beta absorption and/cr -
decay measurements may be utllized to analyze the components

which differ considerably 1n both beta energy and half-1life.
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VII. Collectlion of Detalled Radlochemical Procedures.

Procedure 1l; Solvent Extraction Procedure for Zr.

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

Argonne National Laboratory (unpublished).

Introduction

This procedure makes use of the formation of a benzene
soluble chelate of zirconium and TTA (a-thenoyl trifiluoro
acetone)}. The organic phase is scrubbed to remove extraneous
activities, and the zirconlum back-extracted wlth hydrofluoriec
acid., A BazZrFg precipitation is made to concentrate the zirconium,
the barium is removed as sulfate, and the zirconium recovered
as the hydroxide. The zirconium is finally isolated and welghed
as the tetramandelate.

Interchange between carrier and radloactlive specles formed
in nuclear flssion l1ls as complete as with fluorlde complexing.

A radiochemically pure product is obtained with about 75% chemical

yleld. Two samples can be run in about one hour.

Procedure

l., To 1-5 ml aliquot of fission product solution add 5 mg
Zr carrier (Note 1) and 1 ml conc. HNO;. Dilute to 15
ml and extract into 15 ml of 0.4 M TTA in benzene by
stirring for 10 min. (Note 2.) Wash TTA phase 3 times
with 10 ml of 1 M HNO3.

2. Back extract Zr wlth 10 ml of 2 N HF by stirring for a
few min. Add 1 ml of Batt (50 mg/ml) reagent, centrifuge
and decant. Wash the Ba2ZrF6 precipitate with 10 ml of
HQO.

3. Dissolve ppt. in 3 ml 5% H3EO3, 1 ml conec. HNO3 + 5 ml
H,0, (a clear solution should result}. Add % ml conec.
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PROCEDURE 1 (Cont'd.)

H2804, centrifuge and dlscard ppt. Add conc. NHAOH to
supernate, centrifuge and decant. Wash ppt., dissolve

in 3 ml cone. HCl, dilute to 15 ml and add. 15 ml of 16%

mendellc ‘acld solution. Heat on a steam bath for 10 min.
Centrifuge and decant. Wash ppt. with 10 ml of hot Ezo.
Filter pPpPt. through a weighed filter disc, wash with hot
Hy0, alcochol and ether and dry at 110°c for 10 min.l-0001

and weigh as Zr tetramandelate.

. Note 1 _
Zr cerrier standardized &s follows:
Pipet 3 ml of 2r carrier solution (~ 5 mg/ml) into
a8 40 ml centrifuge tube and add 1 ml of conec. HCl. .
Dilute to 10 ml, heat to bolling and add 20 ml of
16% mendelic acld solutlon. Heat on_a.sfeam bath
for iO min and filter through_ﬁ welghed sintered
glass ocrusible. Wash with hot H,0, aloéhoi and
ether and dry at 110°C for 10 min. Cool and -
welgh as 2r tetramandelate. .
* Zirconium tetramandelate Zr(GGHSCHOHCOO)4
Gravimetric faotor: T.62
_ | Note 2
If Pu is present it will extract with the Zr.
To prevent extractlion, the Pu must be reduced to
the trivalent state. This may be acoamplished ?IH_
by treatment with KI and N;H,°2HCL or, vetter, by
reduction with 32 using a Pt black wire as catalyst.
The orlginal solution should be converted to an HCl
medium for the redustion of Pu. The extraction of
2r may be carried out from 1 M HC1l solutlon.
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95

Procedure 2: Determination of Zr in Fission

Product Mixtures.

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

Nucleonies, Vol. 1%, No. 2, p. 56 (Feb.1956).

The barium fluozirconate method(41) is coﬁmonly used for
determining radiogcetive zirconium (Zr95) in fission products. In
thls procedure zlirconlum is separated from other activitles by
precipitation as insoluble barium fluozlreconate, followed by a
final precipitation with cupferron.‘ This is ignited to zirconlum
dloxide, which is then weighed and counted.

This method glves excellent separations from other activities.
The only dlsadvantage lies in the use of cupferron. Cupferron (42)
(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 dlsadvantages, other reagents were considered. Man-
delic acid and its derivative. seemed most promising.

Kumins (43) showed that mandelic acid was a speciflc precip-
itant for zirconium. He devised a procedure for determining
zirconium in the presence of varlous interfering elements. Asta-
nina and Ostroumov(44) found that under controlled conditlions,
the zirconium mandelate precipitate could be weilghed directly
without ignition to the oxide. Zirconium tetramandelate is a
dense, crystalline prgcipitate that is easlly filtered and
washed. It can be readily mounted and counted in radiometric

analysis.

Modified Procedure
plbduriuiahie ittt nalby
By substituting mandelic azid for cupferron, the following

modification of Hume's barium fluczir:onate procedure was devised.
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PROCEDURE 2 (Cont'd.)

The first flve steps are essentially the same as those given by
Hume, with the exception that the volume and weights of reagents
are only about one-fourth as large. This modiflcation was neces-
sary to m;nimize self-absorption of the beta particles by the
final preciplitate of zireconium tetramandelate. Five milligrams

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

TABLE l—Effect of Carrier Welght on Self-Absorption of Beta Activity

Zirconium Zirconium Zirconium Acti?ity*
carrier (mg) tetramandelate (mg) . yield (%) (epm/m1)
4,68 22,1 62.67 3.27 x 10°
4,68 21.1 59. 00 3.43 x 10°
9.36 43.2 60.53 2.68 x 10°
9.36 37.2 52,12 2.75 x 10°
18.72 96.2 67.41 1.60 x 107
18,72 . 96.3 ; 67.48 1.59 x 10°

*3.50 x 105 cpm of Zr activity added to each sample.

The procedure 1s as follows:

1. Add 5 mg of zirconlum carrlier (in zirconyl nitrate solu-
tion) to 1 ml of QE nitriec acld in a Lusterold centrifuge tube.
Add a known amount of the radloactlive solution to be analyzed,

0.5 ml of 27N (econec.) hydrofluoric acid and mix thoroughly.

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

Ladt/m1), stir thoroughly, centrifuge, add a second 0.25 ml of

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

top of the first precipitate. Decant the supernate to a clean
Lusteroid tube and dlscard the precipitate.

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

oughly, centrifuge, and discard the supernate.
4, Suspend the preciplitate in 2 ml water, add 1 ml of
saturated boric acid solutlon, dlssolve by adding 0.25 ml of
15N (eonc.) nitric aelid and stirring untll a clear solution is
obtalned. Add 0.5 ml of barium nitrate carrier solutlion and 0.25
ml of conec. hydrofluoric acid to the clear solution. Stir, then
centrifuge down the preclpltate and discard the supernate.

S. Repeat step k.

6. Suspend the precipltate in 2 ml of water and 0.5 ml of
.boric acld. Dissolve by adding 2 ml of GE hydrochlorie acid.
Add 6N sodium hydroxide while stirring to the above solution
until it 1s basie. Centrifuge and discard the supernate.

T. Dissolve the preclpltate of zirceniumvhydroxide by ad-
.'ding 3 ml of 12N (come.) hydrochlorie acid and 3 ml of water.
Transfér this solutlon to a glass cehtrifuge tube. Rinse the
Lusteroid tube twlce with l-ml portions of water and add these
washings to the solutlon 1n the glass tube. Add 10 ml of satur-
ated (15%) mandelic acid solution. Stir and heat in a water bath
at 80°-90°C for about 20 min.

8. Filter the hot solution using welghed l-cm filter paper
disks in a Hirsch funnel. Wash with 10 ml of 5% mandelic acid-2%
hydrochloric acid mixture, then with three 5-ml1 portions of 95%
ethyl alcohol and flnally with two 5-ml portions of ethyl ether.
Transfer the preciplitate and filter paper to a tared watch glass
and dry under a heat lamp for about 5 min. Welgh, then mount for
counting.
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PROCEDURE 2 (Cont'd.)

Reagents

Zircoryl nitrate, lanthanum nltrate, barium nitrate, and boric
acld are prepared as in Hume's procedure (41). Mandelic acid
(saturated): 160 gm of solid mandelic acid dissolved in 1 liter
of water.

5% mandelic acid-2% hydrochloric acld wash solution: 50 gm of
solid mandelic acid and 48.5 ml of concentrated hydrochloric acid
(37%) are dissolved in enough distilled water to make 1 liter of
solution.

Sodium hydroxide (6N): 240 gm of solid NaOH dissolved in
distilled water to make 1 liter of solution.

Discussion

The procedure was tested by analyzing ldentical samples of
zirconilum-niobium tracer by Hume's cupferrgn method and by the
mandelic acld method given previously. A mica end-window (2.3
mg/bmz) G-M tube and scaler were used for beta counting.

The data in Table 2 show the mandelic acld method gives re-
sults comparable to those obtained in the cupferron method.

A second serles of samples were run in which the gamma
activity was counted (see Table 3). A bismuth-wall G-M tube and
scaler were used.

The gamma counts obtalned by the mandelic acid method were
6-14% lower than those obtained by the cupferron method. No sult-
able explanation can be offered for this discrepancy. The mandellc
aeid method, therefore, is not recommended for analyses made by

gamma count.

Separation from F.P. Activities

To study the effectliveness of separation of zirconlum actliv-

ity from other fission products, the mandellc acld procedure was

27



PROCEDURE 2 (cént'a;)

TABLE" 2—213r Detemination by Cupferron and Mandelip Aeid

' Methods (Beta Count” )

Cupferron Mandelic acid
" Sample fom) e ~(opm) -
1 . 3 '
T B @
3 . 3.63x10° - 3.50 x 10°
' _ _ 3.87 x10°
3 2.k x 107 . 2.61x 10°
2.73 x 10°  2.71 x 10°
5 - - . 2.0x10° . 2.39x 10°
2.4 x 10° . 2.4 ::,105

*Acouracy 1s +3%. .

TABLE 3—Zr95 Detem:l.nation by Cuprerron and Handelio Acid
Methods (Gemma ('.'ount) o : '

C\J{zferron - ' Mandelic acid
Sample - : (epm)
1 | 8,432 7,327
' - 8,296 i 7,385
2 . , o T,641 , 6,900
- T,517 6,625
3 '_ 8,609 ' 7,829
: - 8,332 7,782
-k . 7,671 L 7,119
o ' - 7,532 _ - 6,703

repeated with eemplee contalning approximately 10“ beta o:wum:e
per minute of CGIM 44, N‘b95, and Sr9° Y9° In all ocases
less than 100 opm was obtained. Thus the method can be used

" for determining zireconium in the presence of these activitles.
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PROCEDURE 2 (Cont'd.)

p-Bromomandelic Acid

Experiments were conducted using p-bromomandellc acid (45)
in place of mandellc acld. The precipitates of zirconium tetra-
p-bromomandelate were much larger in weight and in volume than
those obtalned with mandelic acid. The analytical results were
poor owing to self-absorption of the beta particles by the precip-
ltate. Since this reagent has no particular advantage over man-

delic acld, 1t 1s not recommended.

* ¥ ¥

This work was supported in part dy a grant (AT-11l-1) 213
from the Atomic Energy Commlssion.

Procedure 3: Zirconlum.

Source: G. M. Iddings in Radlochemlical Procedures‘ in Use
at the University of California Radiation Labora-
tory (Livermore) Report UCRL-4377, Aug. 10, 1954,

Purification: 5 x 1013 Atoms of zro! isolated from a l-day-old
mixture containing lO15 fissions exhibited no

contamlnatling actlvity when decay was followed

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

cedure.)
Yield: ’ ~ 50 per cent.

Separatlon time: About four hours.

1. To a solution of the activity, at least 2N in HC1l, add 10 mg
Zr carrier and several mg of La carrier. Make the solution

0.5M In HF. Centrifuge and discard the precipitate.
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PROCEDURE 3 (Cont'd.)

2.

9.

10.

NOTE :

Add three drops of saturated BaCl, solutien to the superna-
tant. ICenfrifuge and discard superhatant. Wash preclpi- .
tate with water.

To the precipitate add 4 ml of saturéted H3303 solution, 10
ml of water and 2-m1 conc.'HNOs. To the clear solution_add
seve:al drops of conc. H2804 and a few drops of two.peroent
serosol. Centrifuge and discard the precipitate.

‘To the supernatant add NH4OH 1n'exoess. Centrifuge precipi-

tﬁte and_discafd supernatant. Wash preclpltete twlice with
dilute ammonia. _ |
444 10 m1 conc. HC1 to the precipitate. Dilute the solution
to 2N HCI. | |

Transfer solution to a 125-ml1, open top, eylindrioal separa-
tory funnel (with stem detached immediately below the stop-
cock). Add 30 ml of O.4M thenoyltrifluoroacetone (TTA) sclu-

tion in benzena and oquilibrate layers for 30-40 ninutes by .

rapid stirring with a notor-driven slass stirring rod (paddle).

Allow layers to separate. Drain and discard aqueous layer.

Wash organic phase four times with 15 gl of eone. HC1l, allow-

ing ten minutes for each wash. _

Evaporate the organic ‘layer in a No. 1 poroelain crucible
under a lanp _

When the benzene has evaporated and only the Zr-TTA compound
remains, molsten the s0lid with a few drops of conec. H2804 and
heat very gentiy, at first (to mininize”spaftefing).

Ignite to 2ro, at 800°C. Pulverize the solid and tramsfer to
a tared aluminum hat. ' '

The above procedure will not separate from protactinium

isotopes 1f these are presént in the original solution.
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PROCEDURE 3 (Cont'd.)

In this case, elther one of the followlng procedures can

be interposed between steps 4 and 5:

A. Pass the solution (12N in HC1) through a Dowex-1 anion
| exchange resin column (50-100 mesh), 6mm 1.4d. x 8 em 1n
length. Pass 5 ml conc. HCl. through oolumn. Discard
effluents. Pass 15-20 ml of 7N HC1l through column.
Collect effluent and dilute to 2N HCl. Proceed with
step 5. = (Elutlon with 7N HC1 elutes zifconium,

leaves protactinium on column.)

B. HMake solution ~7N in HCl. Add an equal volume of di-
lsopropyl ketone and eqﬁilibrate'layers for a few
minutes. }Diécard organic layer. Repeat DIPK extrao-
tion twlce. a

Procedure 4; Zirconium,

Source: QGoeckermen, in "Chemlcal Procedures used in
Bombardment Work at Berkeley," W. W. Meinke
(UORL-432, Aug. 1948).

Target material: ~ 1 g Bl metal Time for sep'n: 1-2 hrs.

Type of bbdt: 184" all particles Equipment requirédﬁ .Centri-
fuge, tubes, lusterold
cones, 1ce, small porcelain

cruoible.
!1eld: ~ 60%

Degree -of purification: Decontamination factor 104 from fis-
sion and spallation products (no ™h & negligible'Hf activ-
ity present). - ‘



PROCEDURE 4 (Cont'd.)

Advantages: @Good yleld of pure Zr, if no Hf activity present.

Procedure:

(1)

(2)
(3

(%)

(5)

(6).

Remarks:

"To aliquot of HN03-soln of targgt, add 10 mg 2Zr, make

sample up to ~ 5 ml of 5 N HNO3 in a lusteroid cone. Add
2 ml conc. HF & 10 mg lLa. Répeaf LaF3 pptn.

Add 50 mg Ba to supn. Wash BaZrFs'ppt.

Dissolve ppt in 2 ml 5% H3BOjg add 1 ml conc. HNO4 &

'5 ml Hy0, repeat LaPy pptn twice' (as in (1) and (2)).

Repeat BaZrFg pptn.

Dissolve with 2 ml H3BOj, 2 ml conc. HCl, & 5 ml H,0.
Add 1 drop °°n°-32504-& cont out 33804--

Dil supn to 20 ml & add 2 ml 6% oupferron in ice bath,
fllter, ﬁaah wlth cold 1 N HCl ocontalning cupferron,

i1gnite in a porcelain cruclble. Welgh as z_rO2

(13.5 mg per 1°_ mg 2r).

This procedure probably effects no separation from

Hf.Th I don't know about.. Zr can be separated from Hf by the

use of TTA or anion exchange resins.

Progcedure 5: Zirconlium -

Sources Newton, in "Chemlical Procedures used in Bombard-

ment work at Berkeley," W. W. Meinke (UCRL-432,
Aug. 1948).

Target material: Thorium metal (.1-1 gm) Time for sep'n: 1~2 hoys.

Type of bbdt: 60" alphas. _ Equipment required:

Standard -

Yield: ~ 60%
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PROCEDURE 5 (Cont'd.)

Procedure:

The Th metal is dlssolved in cone HCl plus a few drops

of .2 M (NH4)281F6 to clear up the black residue. The HC1

is diluted to 2 N and an aliquot taken.

(1)

(2)

(3)

(%)

(5)
(6)

(7)

(8)

Remarks:

Use a lusterolid tube, add HNO3 to make 5 ml of soln U to

5 molar in HNO3. Add 20 mg Zr carrier, 2 ml conec HF and
mlx well, Centrifuge off ThFu.

Add 10 mg Ta™ carrier. Mix well and centrifuge. Add

a second 10 mg La+++ and centrifuge down on top of 1st
rpt. Decant.

Add 50 mg Ba++ to supn. Mix and let stand 1 min. Centri-
fuge.

Dissolve ppt by adding 2 ml 5% H3BO and stirring. Add

3

1 ml conec HNO3 and 5 ml H,0. Add 2 ml 27N HF and 50 mg

2
Ba**. Stir until ppt forms and let stand 1 minute
longer. o
Repeat (4). '
Dissolve with 2 ml HyBOg, 2 ml cone HCL and 5 ml H,0. Add
1 drop cone H2804 and centrifuge off Basou. ‘ 'k  '
Transfer supernate. Dilute to 20 ml and ppt Zr ét iée
temp with 2 ml 6% cupferron reagent. Centrifugeo Wash
ppt with 1 ml‘cold‘HCl containing a few drops of cupfer-

ron. Fllter at once.

Ignite ppt to ZrO2 in porcelain cruelble. Weigh;'

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

Preparation of carrier solutions: Dissolve 29.40 gms

ZrO(NO3)2.2H20 in water, adding a rew drops of HNO; if necessary

to clarify the solution. Dilute to 1 llter.
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Standardization: Take 5 ml carrier. Make 2 M in HCl and cool

in 1ce bath to 10° C. Add a slight excess of 6% cupferron solu-
tion. PFilter and ignite in a_poroelain ocrucible with care to
prevent splattering of olls distilled from cupferron. Final ig-
nition temperature 600° C. Welgh as 2r0y. - (6% cupferron solu-
tion: 6 gms cupferron and pinch of (NH4)2003 in 100 ml H,0.

Solution slowly decomposes.)

Procedure 6. Carrier-Free Zirconium from Proton Bombard-
ment of Nb.

Source: E. K. Hyde and G. D. O'Kelley, Phye. Rev. 82, 944
| (1951).

'Iﬁin etripe of speotrogrﬁphically pure n_iobim metal were
_bombarded for periods of from 5 to 20 minutes with 100-Mev pro-
tons in the 184-inch cyclotron. Such bombandnente.pnoduoed ~109
dieintegrations per ninute of total ziroonium activity. Nﬁmeroue
bombardments were carried out in the ocourse of the researoh.

The niobium target folls were dissolved immediately by drop-
ping them into a mixture of. concentrated ENO3 and oencentrated HF.
Ten_milligrams of lanthanum nitrate were added,.with stirring to
precipltate IaF3. _All the zirconlium eotitities in solution were
coprecipiteted with.the LaF3 and cleanly.sepizzfed_fram the nioblium,
a separation whliaeh has been etudied by Ballou and by Gest, Eugua,
and Davieeiﬁn The co-separation is believed-to be ceused by the
surface adsorption of ZrF6=:ion on LaF3. The LaF3 preclpitate was -
contaoted with strong KOH to metathesize the fluoride to the hy-
droxide cqmpoqnd. Then the hydroxide was dissolved in 2M HClOn.

In order to scavence out any traces of nioblum which might remeain,
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manganese dioxide was precipitated from the resulting solution

by adding in turn Mn++ and KMnO4.

The zlrconium was extracted from the HClo4 solution by con-
tacting it intimately for 15 minutes with an equal volume of a
0.2M solutlon of a-thenoyltrifluorocacetone (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 from the metathesis step, since the fluoride ion interferes
with the TTA extraction. The work of Connick and McV9§48Lnd of
Huffman and BeaufaiéAg%as used as a gulde In this purification
step., The airconium—TTA complex 1n benzene soclution was thor-
oughly scrubbed of possible traces of extraneous activities by con-
tact with 2M HC1O) wash solutlon. Then the benzene solution was
diluted 10-fold and contacted with one-tenth 1ts volume of concen-
trated HC1l to effect the return of the zlrconlum to an aqueous

medium.

This zirconlum fractlon was gquite pure both chemically and
radioactively; but to be absolutely certain of lts purity, it was
subjected to an additional purification step, capable in 1tself of
effecting excellent decontaminatlon from most other elements. The
HC1l solution was slowly passed through a short column (2 omx4 mm)
of Dowex-1 anlon exchange resié5o)which had been pre-equllibrated
with concentrated HCl. TUnpublished research results of this
1aboratorfsuhave shown that from solutlons 10M or higher in HCl con-
centration, negatively charged chloride complex ions of 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 HC1l solution
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through the resin column and rinsing it well with more concentrated
HC1l solution, the zirconlum was quantitatively and cleanly ad-
sorbed. The zirconium could be immediately desorbed by passing

a UM HC1 solution through the column.. In some

experiments, the zirconlum activity was left on the column and
perlodically milked of its yttrium daughter activity by rinsing

the column with 10-12M HC1 at the proper time. The zirconlum

was retained quantitatlively and the yttrium quantitatively removed
by this step.

This isolation procedure has several advantages over some
previous methods commonly used for radiochemical isolatlion of zir-
conium such as co-precipitation on barium fluozircomate. A prin-
cipal one 1s that the zirconium 1s 1solated in a carrier free

state.

Procedure 7: Preparation of Qarrier-iree Zirconium Tracer .

Source: N. E. Ballou, Radiochem. Studles: The Flssion
Produets, C. D. Coryell and N. Sugarman, eds.,
NNES, Vol. 9, Paper 249.

A procedure is presented for the preparation of carrier-
free girconium tracer. The procedure makes use of the co-separa-
tion of zirconlum activity from fisslon material on thorium lodate.
The method 1s rapid, and the radiochemical yleld is about 80 per
cent. The purity of the final product is satisfactory.

INTRODUCTION

A rapid method for the isolation of zirconlum activity from

ether-extracted uranyl nitrate has been developed. Zireconium
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is co-precipltated with Th(IO3)4 from 4 M HNO3 oontalning Hy0,

to lmep niobium (columbium) in solution and to ensure the triva-
lency of cerilum. The preclpitation of thorium oxalate removes
the thorium and le (Th234), leaving carrlier~free zirconium in an

oxalate solution.
PROCEDURE

To 1 ml of the aqueous concentrate of ether-extracted
uranyl nitrate are added 5 mg of thorium carrier, 1 ml of 3
per cent H202,'8 nl of cono. HNO, and 20 ml of 0.35 M HIOq.
The -solution and precipltate are cooled and allowed to stand
for 5 min. The precipltate 1s removed by ocentrifugation and
dissolved in HCl and 802. - Thorium hydrdzide 1s preclplitated
with NH,OH, and this precipltate is dissolved in 8 ml of conc.
HNO. 'After the addition of 1 ml of 3 per cent H,0, the thorium.
1s preoipitéted with 20 ml1l of 0.35 E-HIO3 and allowed to stand
for 5 min. The precipitate of Th(103)4 is dissolved in HCl and
302, and Th(OH)u 18 preciplated from this solution wlth NH40H. '

After the Th(OH)n precipitate 1s dissolved in 1 ml of 6 ﬁ
HCl1l and 15 ml of H20, the solution 1s heated to bolling and 5
ml of sat. HyCn0p solution 1s added. The solution 13 cooled and
allowed to stand for 10 min, and the Th(czou)2 precipitate 1s
centrifuged off. A second preoipitation of Th(céou)glfram the
solution is made by adding 5 mg of thorlium carrler and 1ett1ng.
1t étand for 30 min. The Th(0204)2 precipitate is then centri-
fuged off, leaving a 5olutioﬁ'of zirconium activity. If a zircon-
l1um tracer solutlon free of o:aiic acld 1s desired, Fe(OH)3 can
be precipitated from the solution. This carries the zirconium
activity. The iron ocan then be removed by extraction into lso-

propyl ether from 8 N HC1l solution in the usual manner.
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DISCUSSION

A representative zirconlum preparation was analyzed for nio-
bium contamination by adding nloblum carrier as the oxalate com-
plex and then precipitating N‘b205 by the destruction of the oxa-
late complex with MnOn'. After the removal of the co-precipitated
Mho2 with 802, the Nb205 was dissolved in oxalic acid and repre-
cipltated. This preclpitate was found to contalin about 4 per cent
of the original activity, about one-half of which could be at-
tributed to growth of the 354 Nb95 daughter since the preparation
of the 65d 2r>° tracer.

A preparation was made which used 0.5 ml of 30 per cent
H202 instead of 1 ml of 3 per cent H202. The nloblum decontaml-
nation was not improved. In the absence of Héoa, niobium pre-
cipitates with Th(IO3)4 about as efficiently as zirconium does.

The zirconium in solution after the removal of the nioblum
was precipitated on Fe(OH)3. An 2luminum absorption curve of the
activity was identical with the aluminum absorption curve of 65d
Zr95 lsolated with carrier and carefully purified from radlochem-
ical impurities.

A sample of the zlirconlum tracer was subjJected to the complete
isolation procedure, and 78 per cent recovery was attained. The
time requlred is about 2 hrz. If the tracer is to be used under
ecnditions requiring the absence of nioblium activity, it should be
prepared just before use in order to avold contamination from the

growth of the 354 Nb95 daughter of 654 Zr95.
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Procedure 8: Carriler-free Zr 9 from the Ysg(d,an) Reaction.

.Source: A. N. Murin, V. D. Nefedov, I. A. Yutlandov,
"The Production and the Separation of Carrier-
frée Radiosctive Iéotopes,‘ Uspeckhl Khimii, 24,
527 (1955). (AERE Iib Trams. 722, Harwell, 1956.)

Zirconium. 'ngg; T = 79.3 hours; K (75%) Bt (25%);

Production reactlion: Ysg(d,an)Zreg.

Irradiated Y203 was dissolved in hydrechloric acld and the
solution was evaporated almost to dryness and was diluted with
water . The yttrium was separated in the form of YF, by pre-
cipltation with HF. The excess HF was removed by evaporation
with a few millilitres of eoncentrated Hésou. After dilutionm,
Fecl3 was introduced inte the-soiution and waslpreoipitated in
the form of Fe(OH)3 with the help of NH,OH. Thus the radio-zirco-
niun was quantitatively adsorbed by the precipitate or'Fa(OH)s.

1

After disaolving.tho precipltate of Fe(OE)3 in 6N HC1l the carrier

was removed by éxtraction wlth ether,

Procedure 9: Preparation of Carrler-free Zirconlum-Nioblum
Tracer. '

Source: J. A. Marinsky, D. N. Hume, and N. E. Ballou in
NNES, Vol. 9, Paper 250.

A rapld procedure for the preparation of very pure carrier-
free zirconlum-nlobium tracer involves the chloroform extractien
of the cupferrides of zirconlum and nioblum activities from an

i1rradiated uranyl nitrate solution.
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1. INTRODUCTION

This procedure makes use of the fact that zlirconium and nio-
bium form, at tracer concentrations, very stable chloroform-soluble
cupferride§5ain acid solutions. The two actlivitlies are separated
from the other fission elements almost quantitatively to yleld a
mixture of pure zirconlum-nicbium tracer.

To a uranyl nitrate solution made 6M in HC1 and 0.05M in
802 are added CHCl3 and a freshly prepared 6 per cent solution
of cupferron. The final uranyl nitrate concentration is about
8 per cent. The zirconium and niobilum activitles are extracted

by the CHC1 A second extraction 1s performed on the solution

3
again with CHQI3 and cupferron. The CHCl3 extracts are comblned,
and the small amount of contaminating activities 1s almost com-
prletely removed by a wash with 6& HCl. Thlis wash also serves to
remove considerable amounts of excess cupferron and its decompo-
sition products. The CHCl3 layer is then treated with a portion
of dil. HC1l to which a few drops of bromine are added. The
cupfarrides sre decomposed, and zirconium and nioblum activ-
1ties enter the aqueous phase. Bolling this solution helps to
remove traces of organic matter from the decomposed cupferron,

and the niocbium and zirconlum actlvities are avallable in dil.

HCL with a trace of HBx.

2., PROCEDURE

A 5-ml sample of 32 per cent uranyl nitrate in a separatory
funnel 1s made 6M in HC1 and 0.05M in SO, (in a volume of about
20 ml}. A 10-ml portion of GH013 1s added. 'The funnel is
goocled for 5 to 10 min‘in an lce bath. A 1.2-ml sample of cold
6 per cent cupferron (Note 1) is added, and the funnel is shaken

vigorously for 30 se¢. After separation the CHCl3 layer 1s
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dralned off. Another portion of CH0;3 and cold 6 per cent cup-
ferron is added to the agueous layer, and the funnel is again
shaken vigorously for about 30 sec. The CHCl3 1ayef 1is again'
drained off. The two CH013 layers are combined, and the aque-
ous layer 1l1s discarded.

Both the CH013 layer (in the separatory funnel) and a 10-ml
wash solution 6M in HC1 and 0.05M in S0, are cooled in an lce bath
for about 5 min. The two solutlons are then cqnbined, and 1.2 nl
of cold cupferron 18 added. After vigorous shalking for 30 sec the
layers are separated and thg aqueous phase 1s dlscaerded.

To the CH013 1ayer in a separatory funnel 1is added 5 ml of
6§ HCl._ Several drops of Br2 are added, and the funnel 1s shaken_
vigorously for several minutes at 10-min intervals. After 1 hr
the layers are separated and the CHCI3 layer 1s discarded (Note 2).
The aqueous layer 1s boiled until the solution 1s only slightly
colored (Note 3).

Notes. 1. Becausé of the instability of the oupferron it is
necesgsary to perform the extraction.as rapldly as possible when
oxldizing materials ﬁre present 1n the solution (e.g., nitrites and
nitrates). In solubtions contalning no oxidant, cooling i1s un-
necessary and 302 additlon can be neglected.

2. The separatlon of the twc layers can be accomplished
efficlently by drawing off most of the original CHCl3 layer, add-
ing fresh CH013, and repeating the withdrawal. This may be done
three or four times so that, when the aqueous phase 1s finally
- collected, very little organic materlal from the original 03013
phese wlll be present to contamlnate the product.

3. If the presence of oxalic acid in the traqer solution

18 not obJectionable, the sclution may be made 0.5 per cent in
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H20204 berofe 50111ng. The presence of oxalic acid prevents the
strong adsorptlion of the actlivities on the glass walls. Both

zirconium and nioblum are readlly adsorbed on glassware from the
CH013—cupferron solu?ion,. It 1s good practice to store nlobium
tracer as an oxalate solution and to destroy oxallec acid by fum-

ing with conc. HNO3 immediately befors use.

3. DISCUSSION
The yleld of zireonium 1s 55 té 60 per cent; the yleld of
niobium 18 30 to 35 per cent.. Analyseg for possible contaminat-
ing activitles indieated the following uppser limits: lanthanum,
0.03 per cent; barium, 0.06 per cent; ruthenium, 0.07 per cent;
and tellurium, 0.004 per cent.

Procedure 10: Preparation of Carrier-free Zirconium
and Nioblum Tracers.

Source: R. Overstreet and L. Jacobson in NNES, Vol. 9,
Paper 251.

A prooddure 1s presented for the simultaneous preparation
of cafriﬁr-frée ziroconiun and niobiun activities from irradiated
ursnyl nitrate. The procedure makes use of the carrying of zir-
conium and niobium on thorium lodate to isolate these elements
fran'nost of fhe other'fissibn products. The éeparation of nib-
blum and zirconium from each other is based on the formation of
a soluble complex oxide of nicbium by K,CO fusion.

1. INTRODUCTION
In the present prooedure for preparing carrier-free zircon-
ium and nioblum aotivities from 1rrad1¢ted uranyl_nitrate, the
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bulk of the uranyl nitrate 1s removed by ether extraction. Zlr-
conium, niobium, and other ammonia-insoluble fission products
are separated from the remaining urenyl nitrate by camplexing
the uranium with hydroxylamine in ammoniacal solution and c#rry-
ing the inscluble flsaion produots on Fb(OH)3. Zirconium, nio-
bium, and cerlium are fhen separated as the i1odates by the use
of thorium carrier,' and the zirconlum and niobiuﬁ are separated
from the cerium and thorium bj means of HF. Ehé niocblum 18 re-
moved from the zlirconium by repeated fusions with K2003, thorium
holdback carrier belng used for the zirconium. The thorium is
finally separated from the zirconium by preoipitation with

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

the 1ron 1s then removed by ether extraction.

‘2. PROCEDURE

Reduce the amount of urany) nitrate to about 5 g by means
of repeated ether extractlions. Treat the concentrated solution
~with 100 mg of iron carrier and 15 g of NHEOH.ECI,_and-nake
strongly alkaline with NHyOH. Heat to bolling, cool, and centri-
fuge the Fe(OH)s precipitate. Dissolve the preciplitate in HC1l and
réprecipitate twlce more in the presence of NH20H.HCII Dissolve
the final Fe(OH)3 precipitate in HNOg, add 25 mg of thorium car-
rier, and make 5N in HNOS. Precipitate the thorium as Th(IO3)4
by the addition of an equal volume of 0.35M K10y reagent. Centri-
fuge, and wash the precipitate with d4il. KIO3 solution. Decompose
the precipitate by repeated evaporations with conc. HCl and eva-
porate to dryness. |

*Editors' Note: Thorium lodate 1n the presence of H202 was used
by N. E. Ballou (Peper 249, this volume) to prepare carrier-free
zirconium activity. ' :
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Dissolve the residue in 20 ml of 55.HN03,and add 5 mg each
of barium, strontium, yttrium, tellurium, ruthenium, cesium, and
lanthanum carriers. Precipitate the thoriun as before by the ad-
dition of 20 ml of KIO3 reagent. Centrifugo,'wash the preclpiltate,
and decompose with HCl as before. Dissolve the final resldue in
1N HC1 and add 10 mg of cerium carrier. Make the solution 2N in
HF, centrifuge, wash, and discard the precipitate. Cambine the
centrifugate and washings, and evaporate to fuming with 1 ml of
conc. H,yS80y.

- Dilute -the solutiﬁn to about 30 ml and add 10 mg of thorium
carrier. Make basic with NHyOH, centrifuge, and wash the
precipitate of Th(OH)u} Evaporate to dryness, fuse with 4 g of
K,CO3, 0001, and extract the mass with 10 ml of H,0. Centrifuge
the suspension, and wash the residue with 10 ml ef 30 per cent
Kacos.solution. Combine the supernatant solution and washings,

and set aslide for the separation of nlocblum.

Fume the '.Eho2 residué from the kécos fusion with 2 ml of oconec.
'32804 for about 15 -min. Cool and dilutg'to'30 ml with H20. - Add
5 mg of niobium carrier, malee baslic with NH4OH, centrifuge, and:
wash the resulting precipitate. Dry and ageln subject the precip-
itate to the zirconlum-nlocblum separation by means of Kéco3-fusion.
Repeat the fuslion on the_'!ho2 resldue, but do not add niobium car-
rler. Dlssolve the final Tho2 residue with H,S0y as described
previously, and dilute to 40 ml. Make the solution 2N in HF,
centrifuge, and wash the ThF4 preclipltate with dil. HF.

Combine the supernatant solutlion and washings from the
fluoride precipitaté, evaporate to fuming, and dilute. Add 10
mg of lron carrier and make the'solutidn basic with NHuOH; Centril-
fuge, wash the pfecipitate, and dissolve 1n 15 ml of 9N HCl. Ex-
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tract the iron with isopropyl ether, leaving a carrier-free solu-

tion of zirconium activity.

Acidify the solution that was set aside for nioblum separa-
tion, and precipitate Th(OH)u with NH40H. Centrifuge, wash the

preciplitate, and dissolve in HNO Precipitate Th(IO3)4 as before,

3
decompose with HCl1l, and dilute to 50 ml. Make the solution 1IN
in HCl and 2N in HF, and centrifuge the ThFu precipitate. Wash

with 1IN HF and discard the precipitate.

Add 2 ml of conc. H,SO) and 10 mg of zirconium carrier to
the combined supernatant solution and washlngs, and evaporate to
fuming. Cool, dilute with H,0; and precipitate Zr(OH)u with
NH40H. Fuse the precipitate with 3 g of anhydrous K2003, and ex-
tract the melt with 10 ml of Hzo. Centrifuge the residue, and
wash with 10 m1l of 30 per cent K2CO3 solution. Set aside the fil-
trate and washings, and fuse and extract the residue twlice more.
Combine the flltrates and washings from all three fusions,* and
acidify. Add 10 mg of 1ron carrier, and precipltate Fe(OH)3 wilth
NH4OH. Centrifuge, wash the precipitate, and dlssolve in 9N HCl.
Remove the lron by repeated extractlions with isopropyl ether,

leaving a carrier-free solutlan of niobium activity.

3. DISCUSSION
An analysis for zirconlum and niobium from an aliquot of
the pure zirconium tracer solution was carried out 24 hrs after
the completion of the zirconium preparation. Of the total

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

*Previous experiments with radiozirconium showed that no
zirconium passes into the filtrate from carbonate fusions.
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An aliquot of the final zirconium solutlion was taken for
a test of radiocactive purity. Ten milligrams each of zirconium,
strontium, barium, thorium, yttrium, cerium, lanthanum, ruthenlum,
and tellurium carriers was added to the aliquot. The solution was
made 3N in HC1l in a volume of 50 ml. One milliliter of 85 per
cent H3P04 was added, and the mixture was bolled for 30 min. The
precipitate of zirconium phosphate carrying zlrconium and 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 bolled. The second zirconlum
phosphate precipitate was centrifuged out and washed. The com-
bined supernatant solutlon and washlngs were evaporated to dry-
ness ln a porcelain dish. The zirconlum phosphate precipitates
were combined and also taken to dryness in a porcelain dish, The
activities of the two fractlons were measured with a thin-window
Lauritsen electroscope. It was found that 99.8 per cent of the

total actlivity was in the zirconium-niobium fraction.

To a suitable aligquot of the purlfied niobium solution, 100
mg of niobium carrier and 10 mg each of strontium, yttrium, zir-
conium, tellurium, cesium, barium, lanthanum, cerium, and thorium
carriers were added and treated for the quantlitative removal of
the niobium alone as Nb205' The solutlion was treated with a few
milliliters of HF and then was evaporated to fumes with HClOu.
The materlial was fumed to a volume of 3 ml, cooled, and bolled
for 15 min with 10 ml of 12N HCOOH. The solution was then filtered,
and the paper was washed. The flltrate and washlngs from the
Nb205 separation were combined and evaporated to dryness, and the
activity was measured. When corrected for self-gbgorption in the

sample, the activity of this fraction was 5 per cent of the activity
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of the aliquot taken. Its absorption curve, however, was very
similar to the absorption curve of niobium; thls indicated that
the purity of the solution was considerably higher than the mini-

mum value of 95 per cent obtalned.

Procedure 1l1: Hafnium.

Source: J. R. Grover, "The Reactions of Ta with 5.7 Bev
Protons," (Report UCRI-3932, Berkeley, Sept.
1957) .

Barium fluchafnate and barium fluozirconate were preclipi-
tated together when ice-cold, saturated barium nitfate solution
was added to the chilled target solution. The precipitate was
quickly washed with lce water and then slurried for several
minutes with an ice~cold mixture of concentrated nitric acid and
saturated boric acid. The slurry was dilubted with water, to dis-
solve the Sediment, and made basic wilth ammonium hydroxide. The
precipltated hydroxides were washed with water and dissolved in
1 M hydrofluorlic acid. Cerlum carrier was added, and the preéipi-
tated fluoride was removed by centrifugation. The solution was
chilled in an ice bath, and ice-cold saturated barium nltrate was
added to precipitate the hafnlum and zirconium. The precipi-
tate was dissolved and the hydroxldes were preclpitated in the
manner described above. This time the hydroxide precipltate was
dissolved in 3 M perchloric acid. The zirconium and hafnium were
extracted from this solution into 0.4 M thenoyltrifluoroacetone in
benzene, and back-extracted into 5 percent ammonlum bifluoride.
Boric acid was added to complex the fluoride, and the solution

was made basic with ammonium hydroxide. The preclpitated hy-
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droxides were washed with water and dissolved in 3 M perchloric
acld. The solution was heated 1n the hot water bath and 1/2 ml
of wet Dowex-50 cation-exchange resin was lntroduced. The ﬂot
suspension was allowed to stand with oceéasional stirring for a
few minutes, then allowed to settle, and the resin was transfer-
red to the top of d Dowex-50 resin bed contained in a column 7 mm
by 55 cm..-This was done in the same way as 1s deseribed in the
rare earth section. Zirconlum was eluted by passing 0.5 M sul-
furic acid through the column. Aftsr the zlrconlum was completely
eluted, that 1s, after the eluate falled to show a precipltate
when made basic with ammonlum hydroxide, the hafnium was eluted
with 3.! sulfur;c-aoid. The hjdroxides were precipitated by mak-
ing the respeotive eluates basic wlth excess ammonlium hydroxide.
The hydroxides were washed with water, slurried with more water,
and mounted for counting employlng thé fi1lter-chimney Eetup.. _

~Thils separation 1s very clean. No.trﬁce of the very prom-
1nént K x-rays ocburring in the decay of hafnium 6ou1d be found
in the zirobnium; and spectrogréphio analysls of the hafnium

sample proved the absence of zirconium.



la,
2.

3.

3a.

REFERENCES

A. J. Zielen and R. E. Connick, J. Am. Chem. Soc. 78, 5785
(1956); E. H. Dewell and A. V. Voight, USAEC Report 15C-146
(1957); J. Schubert and E. E. Conn, Nucleonics 4, No. 6, 2

(1949).
W. H. Burgus, USAEC Report CN-2560, January 1945 (unpublished).

See e.g., F. J. Welcher, "Organic Analytical Reagents,™ (D.
Van Nostrand Co., N. Y. 1947) and R. Betcher and C. L. Wilson,
"New Methods in Analytical Chemistry," (Reichold, N. Y. (1955)).
R. E. Oesper and J. J. Klingenberg, Anal. Chem. g;; 1509
(1949); R. B. Hahn and R. F. Skonieczny, USAEC Report AECU-
2908 (1954). |

T. Nascutire, Proc. 2nd Geneva Conf. 28, 664 (1958).

L. Kosta and L. Ravnile, Proc. 2nd Geneva Conf. 28, 143 (1958).
R. E. Connick and W. H. McVey, J. Am. Chem. Soc. Zl, 3182

(2949) .

J. F. Steinbach, Ph. D. Thesis, University.of Pittsburgh,
{(1953); UCAEC Report NYO-6347.

F. L. Moore, Anal. Chem. 28, 997 (1956).

E. H. Huffman and L. J. Beaufait, J. Am. Chem. Soc. 71, 3179
(1949).

B. G. Schultz and E. M. Larsen, J. Am. Chem. Soe. 72, 3610
(1950).

G. Beck, Mikrochim. Acta 34, 282 (1949).

49



10.

11.

12.

13.
1%,

15.
16.

17.
17a.
18.
19.
20.
21.

22.
23.

24,
25,

E. B. Sandell, "Colorimetric Determination of Traces of
Metals,” 3rd Ed. (Intersclence (1959).)

N. H. Furman, W. B. Mason, and J. S. Pekola, Anal. Chem. 21,
1325 (1949); €. C. Miller and R. A. Chalmers, Analyst. 78,
686 (1953).

W. Fischer and W. Chalybaeus, Z. anorg. u. allgem. Chem., 254,
79 (1947); ibid., 255, 277 (1948).

R. Bock and E. Bock, Z. anorg. u. allgem. Chem. 263, 146
(1950).

J. Rydberg and B. Bernstrdm, Acta Chem. Seand. 11, 86 (1957).
E. M. Seadden and N. E. Ballou, Anal. Chem. 25, 1602 (1953).
D. F. Peppard, G. W. Mason, and J. L. Maler, J. INC 3, 215
(1956).

K. Alcock, et al. J. INC %, 100 (1957). *

C. A. Blake, Jr., et al., Proc. 2nd Geneva Conf. 28, 289
(1958); J. C. White and W. J. Ross, USAEC Report ORNL-2443
(Jan. 7, 1958).

A. 3. Ayres, J. Am. Chem. Soc. 69, 28 (1947); U S. Patent 2,
567, 661 (Sept. 11, 1951).

K. Street, Jr., and G. T. Seaborg, J. Am. Chem. Soc. 70, 4268
(1948); J. E. Neunhan, ibid., 73, 5899 (1951).

J. T. Benedlct, W. C. Schumb, and C. D. Coryell, J. Am. Chenm.
Soc. 76, 2036 (195%4).

Z. Dizder, Bull. Inst. Nuclear Sci., Boris Kidrich (Belgrade)
2, 85 (1953).

B. A. J. Llster, J. Chem. Soe. ILondon, 3123 (1951).

B. A. J. Lister and T. M. Hutcheon, Research, (London) 5,
291 (1952). ,

H. J. Hettel and V. A. Farsel, Anal. Chem. 27, 1311 {1955) .
E. R. Tompkins, J. X. Kheper, and W. E. Cohn, J. Am. Chem.
Soc. 69, 2769 (1947}; W. E, Cohn, G. W. Parker, and E. R.

Z0



Tompklns, Nucleonies 3, No. 5 22 (1948); W. E. Brown and W.
Riemer IIT, J. Am. Chem. Soc. T4, 1278 (1952).

26. K. A. Kraus and F. Nelson, Peaceful Uses of Atomic Energy,
Vol. 7, Paper P/837 (UN 1956).

27. L. R. Bunney, et al., Aral. Chem. 31, 324 (1959); L. Wish,
ibid., 326 (1959); E. C. Freiling, J. Pascual, and A. A.
Delueehi, 1bid., 330 (1959). ‘

28. E. H. Huffman and R. C. Lilly, J. Am. Chem. Soc. 71, 4147
(1949); ibid., 73, 2902 (1959).

29. K. A. Kraus and G. E. Moore, J. Am. Chem. Soc. T1, 3263
(1949).

30. E. H. Huffman, G. N. Iddings, and R. C. ﬁilly, J. Am. Chem.
Soe. 73, 4474 (1951).

31. W. Forsling, Arkiv. of Kemli 5, 503 (1952).

32. E. K. Hyde and U. D. O'Kelley, Phys. Rev. 82, 9i4 (1951)

32a. K. A. Kraus and G. E. Moore, J. Am. Chem. Soc. 73, 9 (1951).

33. R. E. Wacker and W. H. Baldwin; USAEC Report ORNL 637
(March 23, 1950).

34, A. G. Maddock and W. Pugh, J. INC 2, 114 (1955).

35. S. Kahn and D. E. Hawklnson, J. INC 3, 155 (1956).

‘36, E. K. Hyde, USAEC Report UCRL-8703 (April, 1959).

37. E. P. Steinberg, Chap. IV in "Handbook of Instruments and
Techniques,® (to be published by NRC Subcommittee on
Instruments and Techniques; also issued as AEC Report ANL-5622;
revised Jan. 1958). ' '

38. B. P. Bayhurst and R. J. Prestwood, Nucleonics 17, 82 (1959).

39. R. L. Heath, AEC Report IDO-16408 (July, 1957).

40. D. G. Olson, AEC Report IDo-lungé (Nov. 1959).

41, D. N. Hune. Determination of zirconlum activity in fission
by the barium fluozirconate method, in "Radiochemical
Studies: The Fisalon Products,® National Nueclear Energy

51



42‘

43.
44.

45.
46.

470

48,

49,

51.

52,

Series IV-9, Book 3, p. 1499, C. Coryell and N. Sugarman, ed.
(McGraw-H111l Book Co., Inc., New York, 1951)

G. F. Smith, "Cupferron and Neo-Cupferron,® p. 12(G. F. Smith
Chemical Co., Columbus, Ohlo, 1938)

C. A. Kumins, Anal. Chem. 19, 376 (1947)

&. A. Astanina, E. A. Ostroumov, Zhur. Anal, Khimv_g, 27 (1951);

Chem, Abstracts 45, 6121 (1951)

R. E. Oesper, J. J. Klingenberg, Anal. Chem. 21, 1509 {1949)

N. Ballou, National Nuclear Energy Serles, Plutonium Pro-

Jeet Record, "Radiochemlcal Studies: The Fission Products,n
(McGraw~-HL1l Book Co., Ime., New York, to be published 1951), Vol,
9B, Paper No. 824.4.

Gest, Burgus, and Davies, U. 3. Atomlic Energy Comission
Declassified Document, AECD-2560 (April 18, 1949) (unpublished).
R. E. Connick and W. H. McVey, J. Am. Chem. Soc. 71, 3182
(1949).

E. H. Hurfman and L. J Beaufalt, J. Am. Chem. Soc. T1,

3179 (194%9).

Manufactured by Dow Chemical Company, Mldland, Michigan;
purchased from Mlcrochemical Speclaltlies Company, Berkeley,
¢alifornla.

D. A. Orth and XK. Street, Jr., preliminary report on un-
published work, Unlverslty of California Radiation ILaboratory
Memorandum MB-IP-451 (January 27, 1950).

G. A. Cowan, R. E. Fryell, and H. A. Potratz, Report

CK-993, Oct. 9, 1943.

USAEC Office of Technical Information Extension
Oak Ridge, Tennessee

52



	THE RADIOCHEMISTRY OF ZIRCONIUM AND HAFNIUM
	TABLE OF CONTENTS
	I. GENERAL REVIEWS OF THE INORGANIC AND ANALYTICAL CHEMISTRY OF ZIRONIUM AND HAFNIUM
	II. GENERAL REVIEWS OF THE RADIOCHEMISTRY OF ZIRONIUM AND HAFNIUM
	III. TABLE OF ISOTOPES OF ZIRCONIUM AND HAFNIUM
	IV. REVIEW OF THOSE FEATURES OF ZIRCONIUM AND HAFNIUM CHEMISTRY OF CHIEF INTEREST OF RADIOCHEMISTS
	V. PROBELMS OF SAMPLE DISSOLUTION AND INTERCHANGE WITH CARRIER
	VI. COUNTING TECHNIQUES
	VII. COLLECTION OF DETAILED RADIOCHEMICAL PROCEDURES
	REFERENCES


