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RADIOCHEMISTRY OF ZIRCONIUM AND NIOBIUM

by Ellis P. Steinberg

-*”(Based largely on an unpublished
review by D. N. Hume)

~ ZIRCONIUM

Macro chemistgz

The only important oxidation number is +4%. The normal
| state in aqugeus_selution 1s the zireonyl iéﬁ (Zreff); the
tetraposit1§é 1on 1s_not'eapab1e of existence in diiute acld
solutions. Alkall hydroxides and ammonia precipitaté zirconyl
salts as Zro(0H),, imsoluble in excess base but soluble in
mineral asids. 'Fhe prgcipitation is hindered‘by=mﬁch ammsaium
fluariée._“0n heat&ng-bf drying, the'hydroxide is cenverteé
to the much.more insoluble oxide, Zrog. Igniteé zirconium
oxlde 18 soiﬁble oﬁly in hydroflueric acid. Hydrogen sulflde
has no effeet on solutions of zircenium salts. Alkall sulfides
dpféciﬁita#é_thé hyapéxide. Zireomyl mitrate, chléride,.and
- sulfate aré.seluﬁle,iﬁ acld solutionfl Zirconyl fluoride is
_1nsolu§ie but readily diasélves in hydrerluerie.aéid._ Reduction
5o the metal 1s very difficéit."cemnercial zirconium contalns
an appreciable amount of hafmium impurity.

Among"thewmere 1mpertant-insoluble compounds 18 the very
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inﬁ@lnhle_phosphate,_Zré(ﬂere4)2, Kgp = 2.28 x 16”1° which



precipitates even from 204 sulfﬁrielaoid. It has properties
simllar to those of cerie phosphate but 1s dissolved by hydro:
fluoric acid. The 1odat§ precipitates from 8 M HNO3 and the
aryl-subatltuted arsonates and cupferride precipltate from acid
solutions; none are appreclably soluble 1n excess reagent.
Oxallic acld and alkall carbonates glve precipitates soluble

in excess reagent. Barlum and hydrofluorlc acld glve slightly
soluble barium fluozirceﬁa%e of”unoértain composition,
1nsoluble in excess and affording a good separﬁtion from
nioblum. The customary welghing form is ignited ZrO,. A
quantitative.and well=deflned precipitate of zirconlum tetra-
mandelate, Zr(06H5GHOHGOEj4, 15 a more convenient_and ugeful
form for weighins_and mountiﬁg radicactlive Zr souroes.

Soluble coﬁplexes are réadiiy formed with hydrofluoriec
and oxalic aclds. Tartaric aeld gilves complexes stable also
in basle solution. Sulfates form complexes which are less
stable but sufflelently strong to prevent precipitation on
addltion of oxalate len in acld solutien, The solubllity
of ZrO(HePol.r)2 in excess phosphoric acid Indicates the
fofmation of a complex 1on_Zr0(H2P04)4= with a dissocilation
constant equal to about 10'16. Zirconium eupferride 1is
insoluble in water and dilute mineral acids but is readily
soluble in chloroform and may be extracted from 3 to 6 g_hydro:

chlorile aeid'solution, separating zlreonlum from other fission

products except nlobium. Anhydrous zirconlum halides are



volatile at high temperatures.

The radlochemlcal determinatlior of zlrconium activity
_1ﬁ f;ssion_qgter;g; 1s apeemplished, after first séavenging
rare earths and alkaline earths with lanthanum fluoride and
repeated precipitation of bariam'fluozirconate to separate from
niébinﬁ aﬁd_ether'fission preduets, by preelpltatlon as the

mandelate.

fracer Ghemistgzr

The interchange of zlirconium activity in fissiaﬁ material
with added 2ifcenyl carrier is quite imcomplete, especially in
the presence of phosphate. It 18 necessary to use strong
complexing agents, preferably flueride, to galmn complete
interchange. Oxalate medium 1s 1nférior for effecting exchange,
and phosphate ls quite poor. TPA extractlion has_heen found to
effect complete imterchange. |

Zirconlun tracer 1ls strorgly eeprecipitatedfwith most
precipltates 1n acld solutlons not comntalning eéﬁplex-forming
ions. The actlivity 1s easily carried on Yerud® and adheres
to glassware. Tracer zireonium 18 carried readlly on many
phosphates, such as those of bismuth and ceric cerium. In
the abssnce of holdback carrief, 1t is carried nearly c¢completely
on rare earth fluorildes. It 1s carriqd fairly well by thorium
iedate, but not by.thorium oxalate. It 18 carried effectively
by iron oxlde when the sol is floeculated. Zilrconium activity

is very poorly decontaminated by seodium uranyl ascetate cycles.



It exlsts 1n UNH partially as a colloid and partially in the
form of lons. Pure, carrier free zirconium tracer (source
unspecified) was shown to be a negatively charged colloid by
electrophoresis experiments. n
| Zirconium is strongly adsorbed from UNH solution by
Amberlite resin and may be selectively eluted, along with
niobium, by one-half per cent oxalic acid. Hhen.complexed
with ferron, it 18 not adsorbed on Amberlite. The adsorption_
of zirconium on silica gel is appreciable. | -
Zirconium forms negative ccmplexes in strong Hcl or
mixed Hcl-HF solutions, and these are strongly adsorbed by
anion exchange resins. - Under.proper conditions zirconium may
be effectively separated from niobium and hafnium; .dation
exchange resins are also éffective for zirconlum separations,
and an excellent zirconium—hafnium separation may be made |
with lH-H2804 elution of Bowex-so. carrier free zirconium
tracer may be made by adsorption on Amberlite resin and -
selective elution by oxalle acid followed by separation
from niobium through removal of the latter on manganese
dioxide in 10 M nitric acid.’ Alternatively, nioblum may
be separated first by coprecipitation in Mmoz, Zr adsorbed
'on Bowex-so fron strong HCl and eluted with dilute acid.
Zirconium is slightly,_but appreciably extracted from
aqueous nitrate media by oxygenated organic solvents.

Differences in extractibility with hexone have ‘been attributed _



to the presence of zlrconlum tracer in more'than one lonic or
melecular specles. In nitfic.acid;thiocyanate solutions,
zireonlum tracer 1is readlly extracted wlth hexone. The extraction
of zirconlum with TPA (tetrafluoro acetyl acetone) and benzene,
with TTA (a=thenoyl trifluoro acetone) in benzene or with TBP
(tri-n-butyl phosphate) in di-n-butyl ether 1s very efficient.
These B&lvents are especially.uéefullin radiooheﬁical separations.
The ocupferron extraétion 1s also satisfactory in the absence of
~carrier. The diffusion of zirconium from uranium when the latter
is heated near 1ts melting pbint 18 falrly extenslve. Zircohium
~1s volatllized when UO, 13 treated with hydrogen fluorilde at |
red heat but 18 not volatilized from uranium tetrafluoride with

hydrogen fluoride.
NIOBIUM

Macro Chemistry

The only Important oxidation state of nioblum 1s the'+5.
‘Fhe +3 exists in aqueous solutions im strongly reducing media
(zinc and acid) but is rapldly 6x1dized in alr and is thererére
not ordlnarlly encountered. Pentavalent nloblum forms no simple
~eatlions in aqueous gsolution but exists only in the form of
complex lens.

The most characteristic compound of niobium is the very
Insoluble oxide, szes, whieh 1s dlssolved nelther by aclds nor

bases in the absence of oomplex'forming ions. Prom acld



solutions of not toc stable niobium complexes (fluoride, sulfate,
oxalate), alkalies and ammonia precipitate the flocculent
'hydrous oxide, insoluble in excess and iasoluble in mineral
aclds but soluble in complex forming acids. The fresh
precipitate is soluble In hvdrogen peroxide and acid and it

is then stable to the addition of ‘base. Isnition leads to

the very insoluble anhydrous cxide which requires treatment with
hydrofluoric acid or fusion wlth alkali carbonate to effect |
solution._ Acid tartrate or- oxalate solutions of niobium are
pcttaffected by hydrogen sulfide.

Complexes soluble in-acid are fcrmed by a treatment of
fresh Nb205 with oxalic, tartaric, hydrofluoric, concentrated
sulfuric, and concentrated phosphoric aclds but net appreclably
by hydrcchloric or nitric acids. Nioblum pentoxide is
dissolved by digestion with a mixture of concentrated sulfuric
acid and selenium oxydichlorlde. With hydrofluoric acid, both
aormal:(NbF7;') and oxyfluoride'(NbOFB") complexes are formed;
Little 18 known about_the conatlitution of other complexes, but
there is some evidence that niobium, like molybdenum and
tungsten,-uay form heteropoly acias. o

The cxide 18 the most important of the imsoluble compounds,
.being precipitated completely'from atrong nitric acid upon o
destruction of.organic couplex'forming ions present. An
oraage-precipitate is obtaiued with tanniu in acid.sclutions.

Gupferron precipitates niobium, even from oxalie acild, and the.



'precipitate may be ignited to the oxide for weighing.' Nioblum
pentoxide way be made seluble by fusion with alkall earbonates,
yielding polyearbonates atable in neutral or alkali solutlons
_but which precipitate as the oxide on the addition of acid.
Niobium halldes, except the complex fluorides, are
~unstah1e 1n agueous solutions. . Theupentaehloride, velatile at
240°, is formed from the oxide andeeerbon teéfeehioride Vapor
at high,tempe:atufes.- Boﬁﬁ_the'pentaehleride and.oxytfiehloride
decempoee-violently_in the presence of weter, precipitating the
| oiide. _Niebium cupferride'is'extraeted from aeid solutlon
with chlereferm. Alkali and alkaline earth salte ef fluoniebic
acld are fairly seluble in acid solution, enabling a separation
from_zirconium. Many reaatione characteristioc of pure niobium
compounds. do not held_ih the preeenee ef other elemente, |
espeeialiy zipeopiua, which very readily coprecipitates with
nieﬁium in nearly gll its insoluble oompeunde; fhe.radio—
chemical determination of niobium_activity customarily
1ﬁ§elves preeipiﬁetion of.Hb205.frem'strongLy acld solution,
dissolution~of the oxide in oxallec acld, and reprecipitation
bf destruction of.oxalate. A barium fluozirconate scavenglng
of zireonium is deairable 1f pheaphate 15 present. fhe ebemieal
yield is deternnned by welghlng the ignited oxlde. Tellurium
is poorly deeontaminated, ‘but 1f enly.gamma aotivity 1s.to be
counﬁed there is negligible intefference. A clean aeparation

from tellurium and minor fission preduets 13 ebtained by



adsorption on Amberlite rdsin, followéd by elutlon with

oxalle aeld or cupferron-chloroform extraétion.

Tracer Chemlistry.

'There appears to be no diffieulty,with the interchange
between niobium sarrier and tracer. Tracer niobium is unstable
in acid solution without complex formling anions and tends to
deposlt on. glassware. It 1s strongly_adsorbed by many
rprecipitates, e.g..sulfides, zircoaium pheéphate, and bismuth
.?ﬁésphate.. B?ecipifation of qxideslfrom acid,solutio#i(e;g.
mansanesé diéxide, teliurium diexide) carrieé traper niébium_
mearly completély. Any %races of dust ér_silica'present in
giclear sol&tion results 1in marked losses. Frequentiy
centrifugétien of & clear solutlon 1eéds to much activity
beiﬁg thrown down. In the absence of complex forming loms,
tracer niobium.s_eemﬂ_ to exist as a radle collold with the
chemlcal propertiés of the oxide. Niobium is similar'to.
zirconium in that it may exist as a negatively charged ¢ollold
in aqueous medium. Bissolved metal contains most if not all
of the niobium in the form of a raéie collold very easily
depesited_on surfaees or goprecipitgted with inmsoluble _
eompeunds. Addlition of phesphoric ér hydrofluaric'acid to
metal solutien eOHVerts the niobium into true solution.
carrier-free niobium traeer may be removed from glass surfaces
by extraction with strong alkall hydroxide or dllute hydro-
fluoric acld. Niobium is volatilized when irradiaﬁed



uranocus oxide is treated with hjdrogen fluoride at red heat.
Niobium is readily adsorbed en Amberlite resin and may be
selectively eluted (with zirconium) by 0.5% exalle aoid.
Nlicblum and tantalum may be separated on anlon exohange
reeihe. Nioblum 1s strongly adsorbed by silioa gel and by
soils. In the presence of complex-forming anions (tartrate,
oxalate, fluoride), traoer niobium is stable 1n solution.

Low concentrations of fluoride (from fluoeilicate) prevent

the oarriase of niobium on bigmuth phosphate. Niobium ie

not carried on lanthanum fluoride to any great extent even
in the abeence of holdback oarrier, (dietinction from
zirconium). Niebium tracer 1is carried effectively by iron
oxide when the sol is flocculated. Extreotionlof niobium with
hexone 1s negligible.and ﬁith_tetrafluoro acetyl acetone under
condltlions ﬁhere ziroonium is extensivelf extreoted, only'a |
fow per cent of the niobiom passes into the bemzene phase.
Nioblum may be extracted from ooncenfrated,acl into di-
1sopropyl ketone affording a separation from zirconium.
Pantalum may be eeparated “from niobium in mineral aeid—HF
solutions by di-lsopropyl ketone extraotion. _Niobiom

extracts from 8 M HC1 into a solution of methyldioctylamine
in xylene; tantalum does éot. .

SOLVENT EXTRACTION PROCEDURE FOR Zr

Introduction

This prooedure makes use of the formation of a benzene
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soluble chelate of zirconium and TTA (a-thenoyl trifluoro
aeetone) The organic phase 1s sorubbed to remove extraneoue
actlvities, and the zirconium back-extracted with hydrofluoric
Iaoid. A BaZrF6 precipitation 18 made to eonoentrate the
zirconium, the barium is removed as sulfate, and the zlrconlum
recovered as the hydroxide._ The zirconlum is finally isolated
and. weighed as the tetramandelate.

Interohange between carrier amd radicastive specles
formed in nuclear fission is as complete as with fluorilde
complexing. A radioehemicelly pure produot is obtained with
aboﬁt-75% chemioal'yield. .Two samples can be run inlabout

one hour.

Procedure

1. To 1-5 ml aliquot of fisaion produot solution add 5 mg
Zr carriler (Note 1) and 1 ml comc. HNO3 Dllute to 15
ml and extract into 15 ml of O. 4 M TTA in benzene by

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

withiemioflmmos | | .

2. Baeck extract Zr with 10 ml of 2 N HF by stirring for a
few min. Add 1 ml of Ba++ (50 mg,/ml) reagent, centrifuge
and decant. ‘Wash the Baesz6 precipitate with lG ml
of H20. o | |

3. _Bissolve ppt in 3 ml 5% H3B03, 1lml cone. HN03 + 5 ml
HyO, (2 clear solution should result) - Add } ml cono.
H,50,, centrifuge and disoard ppt. Add'couo. EHMQH



11

to supernate,eentrifuge and decant. Wash ppt., dissolve
in 3 ml cone. HCL, dilute to 15 ml and add 15 ml of 16¢
mandelic acld solution. Heat on a stean bath fer 10 nin.
Gentrifuge and decant. Haeh ppt. uith 1@ ml of hot HBG
Filter ppt through a weighed filter dise, wash with hot
Hao alcehol and ether and dry at 110 ¢ for 10 min. cool
and weigh as Zr tetramandelate. '

Note 1

Zr earrler standardized as follews-

_Pipet 3 ml of Zr carrier solution (~5 mg/ml) into
a 40 ml cemtrifuge tube and add lml of conec. Hcl.
Pllute to 10 ml, heat tO‘boiling and add 20 ml of
164 mandelie acld solution. Heat omn a steam bath
for 10 min. and filter through a weighed sintered
glass'cruéibie. Wash with hot H20 ‘aleohol and
ether and dry at 110°¢ for 10 min Cool and
weigh as Zr tetramandelate.

Zireonium tetramandelate- Zr(@6H5cH0Hcoo)4
o Gravimetric facter 7 62

Hqte 2:

If Pu is present it will extract with the Zr.

Po prevent Pu extraction, {t must be reduced to

the trivalent state. Thie may be accomplished

by treatment with KI and NéH4-2Hcl or, better, by
reductien with H2 ueing a Pt black wire as catalyst.
The eriginal solution sheuld be converted to an HC1
medlum for the reduction of Pu. The extraction of
Zr may be carrled out from 1 M HCl solution.
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ZIRCONIUM

(This procedure is a modification by C. W. Stanley, G. P.
Ford, and E. J. Lang of one described by D. N. Hume, CN-1312,

May 15, 1945.)

Introduction

In the procedure described below exchange between carrier
and zr2! 1s effected by the formation of the fluorozirconate
complei ZrFg . Rare-earth and alkaline-earth activities are
removed by lanthanum fluoride scavenging, and then zirconium
is separated by three barium fluorozirconate precipltations.
These precipitations give excellent decontamlination from
niobium, the fluoro complex of which 1is soluble. Zlrconium is
finally precipitated with mandellec ascid from hydrochlorilc
acid medium and ignited to the oxide, Zr0,, in which form it
18 weighed and counted. The chemical yield is about 75%

and a set of eight analyses can be performed in about 7 hours.

Reagents

Zr carrier: 10 mg Zr/ml [added as ZrO(NOg), * 2H,0 in 1 M
HN03] - standardized

La carrier: 10 mg La/ml [added as La(NOg)s * 6H,0 in HO]
HCl: 1 M; conec.

HNO5: 1 M; conc.

H,SOy: cone.
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HF: cenc. _
| H3Ba3: saturated aqueous soiutioh
HH4OH: eone.
NH,OH - HCl: seolld
Ba(NO3)y: 50 mg Ba/ml

Cupferron: 6% aqueous solution (freshly prepared and kept
in refrigerator)

Mandellic acid: 16% aqueous Baluﬁion
Aerosel: 1% aqueoys solutlon

Ethanol: 95%

EguiEment

Ise bath

Centrifuge

Fisher burner

Bloek for heoldlng centrlfuge tubes

Forceps

Poreeléin erucibles: Coors O or 00 and Coors 1 or 2
@round-off Hirsch funnels: Coors 0000

‘Stainless steel filter chimmeys (i.d. 3/4")

' Fllger flasks

‘Mo. 42 Whatman filter circles: 1" dlameter, tared
No. 42 Whatman filter paper: 11 bm

iioé-ml beakers

2", 60° funnels

Plpets: assorted sizes

50-ml Lustereold test tubes

40-ml conieal dentrifuge tubes: Pyrex 8320
Stirring rods
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Preparation and Stamndardizatlen of Carrier

bissolve 30.0 g of z:é(ues)2 * 2H,0 1n H,0 and add
sufficient conc. HN03 to make the solutlon 1 M Inm HH03.
Fllter apd make the filtrate up to 1 liter with 1.g_HN63.

Pipet 10.0 ml of the solutlem inte a 100-ml beaker, make
the solution 2 M in HCl, and cool im an ice bath. Add a slight
excess of 6% cupferron solution and fllter. Wash the precipitate
with 1 M HCl containling a little cupferron. (Keep all solutions
and the éﬁprerren derivative of_ir cold.) Transfer the precipitate
to a porcelain orucible (Goors 1 or 2) and.ignite.fer 1 hr at

600 to 800°. Cool and weigh as Zr0,.
Procedure

Step 1. Place the sampie In a 50-ml Lusterold tube and
add 4 ml of Zr §arr1er. AéJgst to 4 to 5 M in HNO3 and to a
volume of ebout 12 ml (Nete 1). Add solid NH,OH + HCl so that -
the solution is 2 to 3% in NH,OH (Mote 2). Make the solution
about 5 5 1n HF. Allow to stand for a minute'ﬁe‘insure
exchange between radiozirconium and carrier. |

Step 2. Add 10 drops of La oarrier and centrifuge for
a shor#ltime. Add another 10 drgps of La carrier om top of
the previous precipitate_and-eentrifuge thoroughly. Decant
the supernate Into aﬁother'Lustereid tube and discard the
precipitata. | - |

Step 3. Repeat Step 2 twice.
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Step 4. After a total of six LaF, scavengings, add 1 ml
of Ba(H03)2 solution per 5 ml of the supernate. Let stand for
1 min and centrifuge. Dlscard the supernate.

Step 5. To the precipltate add 4 ml of saturated H3B®3
‘(Note 3) and slurry. Add 2 ml of cenec. HNO, and slurry agailn.
Add 10 to 12 ml of nae and mix well. If the precipitate does
not dissolve oompletely, centrifuge and deeant the supermate
into another Lusteroid tube.

Step 6. Preoipitate BaZrFg by the addition of 2 ml of
Ba(H03)2 solution and 2 ml of cemc. . HF. Centriruge and dissolve
as before (Step 5). '

Step 7. Preclpitate BaZfFG as before (Step 6) and dissolve
the precipiﬁate in 4 ml 6f saturated.HSBe3, b m1 of cone. HC1,
Iand 10 m1 of Hao. Add 3 drops of eona. H2304 diluted with 5 ml
of Hy0. Add 3 drops of cone. H,S0, diluted with 5 ml of
H,0 and let stand for 15 min. Add a drop or two of aerosol
solution and cemtrifuge. Transfer the supernate to a 40-ml
glass centrifuge tube and discard the Basoulprecipitate.

Step 8. To the supernate add conc. NH,OH until the
golution 1s:basic. Centrifuge down the Zr(0H), and discard
the supernate, Dlssolve the précipitate in 2 ml of cone.

HCl, 4 ml of saturated H3B03, and 10 ml of Hzo. Centrifuge
and, if a precipitate 1s formed transfer the supernate to
a 40-ml centrifuge tube, diacarding-the precipitate.
Reprecipitate Zr(OH)h wlth comc. NH,OH. Centrifuge and
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dissolve as before. freeipiﬁate.a third time and dissolve the

preelpitate in 2 ml of sonc. HGl and 15 ml of Hy0 (Note 4).
Step 9. Heat the solution to bolling and add 10 ml of

164 mandelic acid. Bring to a boil again and filter onmto

No. 32 Whatman filter paper (1l om), usimg suction. Transfer

the paper and preclpitate to a porgelain crucible‘(coors 0 or 00),

and ignite for 1 hr at 800°. Powder the Zro, with the fire

polished end of a stirring rod. _Add 2 drops of ethanol,

slurry, and grlnd agaln. Addlle'ml-@f ethanei, stir, and filter

onto a previously washed, dried, and ﬁared No. 42 Whatman

fllter eirele, using a groﬁnd;off Hirsch funnel and stalnless

steel filter chimmey. Wash the Zro, and chimey with 5 mi of

ethanol. DBry at 110° for 10 to 15 min., cool, weigh and

- mount, and count (Notes 5 and 6).

{otes

1. With this volume of solutlon, the chemical yleld
1s good since the 1983 of Zr with the LaF3 seavengiﬁgs is
small. ; | |

2. NH,OH reduces Np(VI) and Pu(VI) so that these will
be carried on the LaF; and thus not interfere in the Zr
separation. NHQGH may'decompose on the addition of HF,
causling the solutlon to effervesdce.

3. HgBOg removes F~ ion by conversion to BF4' and thus
21ds in the dissolution of BaZrFg by HNOs.
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k., This step of the procedure is not essentlal, but
i1ts performance probably completes the separatiom of Batt and
lessens the posslblllity of the formatlonm of Zr0304. For rough
work this step could very well be eliminated.

5. The samples are mounted om Al plates with two-sided
Scotoh tape and eovered wilth Hylar-film. Four drops of Zapon
Selution (1% in ethanoi) are used to keep the Zro, under.the
Mylar ©lim. |
' 6. To eliminate the tall resulting from decay of 654
295 to 37a 22, 17h 2+ 1s eounted through a 112-mg Al /oxl

absorber and a correction is made for self-abasorption.

‘HIOBIGM
Je S. @illmors

Tatréduction

In the separation of ﬁiébium from other fisslon activitles,
zirconium 1s removed as barium fiuozireonate; any +4 uranium
present, as well a8 rare-earth aetlvlitles, are carrlied down
as the fluorldes at this sﬁage. Niobium 18 then converted
to its cupferren derivative which 1la extracted into echloroform.
This step glves am effective separation from +6 uranium. The
cupferron complex 1s destroyed and the nioblum preclpitated
as the hydrous oxilds, Nb2¢5 -'XHéO,;by means of ammonia
water; molybdenum remains in solution as a molybdate. The
oxlde 1s disselved in sulfuric acld and decontamlnatlon from

tin and antlmony effected by means of a sulfide precipitation.
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Further decontamination is obtalned by additional precipitations
- of the oxide,'extractions of the ocupferron derivative, and

acld sulfide scavengings. Nlobklum 18 finally precilpltated as
the hydrous oxlde and 1gn1ted'to the oxlde, 1in which_form 1t

18 welghed and counted. The chemlcal yleld 18 40 to 50%

and duplicate samples can be analyzed in about 4 hours. If-
the sample solution contains large quantities of uranium the
chemical ylelds are likely to be low; at present there 1s mo
explanation for this. : |

 Reagents

Nb carrier: 10 mg Nb/ml (added as Nb (V) in oxalie acld
g aolution--standardized)

zr carrier: 10 mg Zr/ml (added as Zre(uo3)2 . 2H20 in 1 M Hno3)
Cu carrier: 10 mg Cu/ml (added as CuCl, * 2H,0 in Ha@)
HCl: 6 M |

HCl: conoc.

HN03:_ 6 M

HN03: 6ONc.

H;30y: come.

HF: eone.

Tartaric acld: 25% agueous Solution

H3BOB: saturatéd aqueous solution

NH,0H: 6 M

unuon cono.

(NH, ),CyHy04: saturated agqueous selution

BaCl,: 50 mg/ml
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KC103: solid (for standardization)

HES: gas .
Cupferron reagent: 6% aqueous solution (kept in'refrigerator)
Methyl red indlcator solution: 0.1% im 96% ethanol

 @h1oreform

Equipment

'Muffle furnace
Fisher burner

'dentrifuge

Block for holding centrifuge tubes

Mountimg plates (Hete 2)

Foreeps '

Tongs for holding Erlenmeyer flasks

Pipets: assorted sizes .

Wash bottle

Ground-off Hirsch funnels: Coors OOOA (one per sample)
_.Filter chimneys (one per sémble)
Filter flasks |

100-ml beaker (one per standardization)

2%, 60° funnels (one per sﬁandardizétion; three per sample)
125-m1 separatory funnels (three per sample) J
125-ml Erlenmeyer flasks (three per sample)

No. 42 Whatman filter paper (9 om)

No. 42 Whatman filter cireles: T7/8% dlameter

40-ml Lusterold cemtrifuge tubes (fouf per sample)

40-ml conical centrifuge tubes: Pyrex 8320 (nine per sample)
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Crucibles: Coors 000 (one per sample)
Crucibles: Coors 00 (one per standardization)
Steam bath ' '

Ice bath

Stirring rods

Preparation and Standardization of Carrier

(Taken from Radlochemlcal Studies: The Flssion Products, Book 3,
pp. 1524-5) .

Dissolve 26.0 gm of potassium hexaniobate, K8Nb6019 .
16H20, (Fansteel Metallurglcal Gorp.) 1lan about 200 ml of
Hao, heat the solution nearly to.boiling, and add 15 ml of
conc. HH03 slowly with stirring. Contlnue heating and
atirring for 2 to 3 mln and centfifuge. Wash the precipitate
three times, with cemtrifugation, with 50 ml of hot 2% NH,NO4
solution. Add 200 ml of saturated Hacaou, and heat with
stirring until Nb205 dissolves. Coel and dilute to 1 liter.
Filter the solution if 1t 1s not c¢clear.

Pipet exactly 5 ml of the carrier soluytion into a 100-ml
beaker. Add 30 ml of 6 M HNO; and sbout 1 gm of KC10; and
carefully heat the solution to bolling. Bell gently with
occasional stirring for about 5 min. Cool the mixture and
add conc, NH;OH with stirring to make the pH value 8 to 10
(about 15 ml). Filter quantitatively on a No. 42 Whatman
filter paper through é 2" . 60° funnel, returning the.first



21
portion of the filltrate if it is not clear, and wash with hot
H20. Ignite in a Coors 00 crucible at about 800° for 15 to 20
min and weligh as Nb205.

Four standardizations performed as described above gave

results agreeing withim 0;5%;

- Prosedure

Step 1. To exactly 4 ml of Nb carrier in a 40-ml
Luatereid centrifuge tube, add 3 ml of conec. HF, 10 mi of
the sample in 4 M HC1, 1 ml of Zr carrier, and 4 ml of BaCl,
solutlon (50 mg/ml). GCentrifuge the BaZrFg precipitate,
“transfer the supernate to a clean 40-ml Lusterold tﬁbe,-and
discard the precipltate. Repeat the BaZrF6 precipitation
three times, the third timektransferring the supernate to a
125-m1 separatory funnel. -

| Step 2. To the supernate a&d 30 ml of a saturated H3BO3
to destroy the Kb-fluoride complex and make the solution 1 M
i1n HC1l. Add 4 ml of cold 6% cupferrdn reagent and let the
mixture stand for i min. Extrast the Nb-oupferron complex
| mj;o 20 ml of CHCl, and transfer the CHCl, layer into a 125-ml
Erlenmé&er flask.

steg 3. To the agueous phase, st1ll in the separatory
funnel, add 2 ml of eupfeffon reagent,'eztract withnlo ml of
03013, and combine the extract with the previous one. Wash
the aqueous phase with 10 ml of-chl3 and combine the washings

with the previcus extracts.
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"8tep 4. Heat the cﬁai3-extraet with 3 ml of conc.

H,S80y ané about 20 ml of Hﬁo3 to destroylorsaﬁic_matter.
| Step 5. Transfer the solution to a 4Ol conilcal eemtrifuge
tube and make ‘the solution basic by the additlon of conc. NH, OH.
Centfifuge and digeard the supernate. Dissolve the preclplitate
'(Nb205 -.xuzo) in 3.3 ml of eonc. H,S80, and dilute the seiutien '
to 20 ml with H,0. Add 1 ml of Cu carrier and saturate the
solution with Hy8. Centrifuge and filter into a clean 4d-n1
eonlcal esentrifuge tube, using a 2", 60° funnel and No. 42
Whatman filter paper. |
ﬂ Step.6. Make the supernate basic by additien of conec.

NH,OH to precipitate Nb?o5'-'.m26. Centrifuge, discard the
supernate, and wash the precipltate with a mixture of 5 ml
of 6 M NH,OH, 3 ml of 6 M HNO,, and 5 ml of H,0 (Note 1).
Dissolve the precipltate by warming in 0.5 ml of 25%
_“tartaric acld selution. céntrirﬁge, transfer the supernate
to a clean centrifuge tube, and discard any residue.

Step 7. 4dd 10 ml of cone. HNO; to the supernate and
heat the mixture on a steam bath for about 15 min. Centrifuge,
digcard the supernate, and'diésqlve the szos * XH,O
precipitate in 1 ml of oonc. HF and 3 drops of 6 M HCl.

Step 8. Transfer the solution to a 125:ﬁl separatory
funnel, add lO'ﬁi of saturaied'H3Bo3, and make the solution
1 M in HCl. Add 4 ml of cold cupferren reagent and extract
the solution with 20 ml of CHCly. Transfer the eHc;13 layer
to a 125:#1-Erlenmeyer.;1aski '
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Step 9. Repeat Steps 3, b, 5, 6, and T.

Sﬁeg 10. Repeat Steps 8, 3, 4, 5, 6, and 7, but dissolve
the Nb205'-'Xng'preeipitate_farmed 1n_step_7.1n 5 m;.of
saturated_(ﬂH4)2043406 solution and sufficlent comc. NHyOH
to.make the solutlon alkalilne.

Step 11. Cool the solution in an iece bath and add 4 ml
of cupferron reagemt. Add 6 M HCl dropwise to acidify (2 drops
pastfé'méthyl.red end'poiht). Fllter the Nb:éupferron complex
onto a No. 42 Whatman filter eircle, 7/8" dlameter, using the
standard groundzéff_ﬁirach funnel and filter chimriey equipment. .
Ignite at 800° for 15 to 20 min. ¢€ool the Nby 0y, mount, and
count (Note 2).

. Notes

| 1. The Nb2°5 . xnae preclipiltate 1s.washed with NH4N03
solution te prevent peptlzation.
| 2. The 1gnited Nb205ris mourited on an Al plate, 2-1/2“_x
3-1/4", which has a depression 5/8" in dlameter and 1/32" deep
in the cemter of one side. A dilute solution of Zapon 1in
ethanol 18 used to spread and fasten the oxlde to the plate.
‘The precipitate 1s covered with rubber hydrochloride.

The sample 1s-counted in a beta sounter with ne absorber.

The isotopes counted are 68m N597, 23.3h Nb96,_and 37d N2,
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PREPARATION OF CARRIER-FREE ZIRCONIUM TRACER
By N. E. Ballou

A procedure 1s presented for the preparation of carrier-
free zlreconlum tracer. The procedure makes use of the
'6eseparation of zirconlum activity from flssion materlal on
thorium lodate. The method 1is rapid, and the radiochemical
yield 18 about 80 per cent: The purity of the final product
13 satisfactory.

INTRODUCTION

A rapid method for the isolation of zireonium activity
from.etheréextracted uranyi nitrate has_beeﬁ developed. Zirconlum
1s coprecipltated with Th(Io3)4 from 4 E;HN03 containing H,0,
to keep niobium (columbium) in solution and to ensure the
trivalency of cerium. The precipltation of thorlum exalate
removes the thorlum and Hxi'(Thasﬂ), i;aving garrier-_ree

zirconlum 1n an oxalate solution,

_PROE

To 1 ml1 of the aqueous ooncéntrate'of ether-extracted

- uranyl nitrate are added 5 mg of thorlum carrler, 1 ml of 3

per cent H202, 8 ml of cone. HNGS, and 20.m1 of 0.35 M HIG3.
The sclutlon and precipitate are cooled and allowed to stand
for 5 min. The preclplitate 1s removed by centrifﬁgation and
dissolved in HCl and §02. Thorium hydroxlde 18 preecipitated
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with NH,OH, and this preciﬁitate_is dissolved in 8 ml of come.
HN03. After the addlition of 1 ml of 3 per cent H202 the thorium
18 precipltated with 20 ml-of 0.35 M HIO; and allowed to stand
for 5 min. The precipitate of'Th(I03)4 i1s dissolved in HC1l and
S0y, and Th(OH), 1s precipitated from this solution with impa.
After the Th(oH) " precipltate 1s dissolved in 1 ml of 6 N
HEl and 15 ml of H,0, the solution is heated to bolling and 5
ml of sat. H26264 solution is added. The solution 1s cooled
.and allowed to stand for 10 min,‘and the Th(6204)2 preclpltate
is centrifuged off. A segond precipitation of Th(c204)2 from
the solutlieon 1s made by adding 5 mg of thorium carrler and
 letting 1t stand for 30 min. The Th(Cy0y), precipitate 1is
then centrifuged off, 1eaving a solutioh of zireonium activlity.
If a zirconium tracer solutlon free of oxallc acid 1is desired,
_Fe(OH)3 can be precipltated from the solution. This carries
the zirconium activity. The lroam can then be removed by
extraction into isopropyl ether from 8 N HC1 solution in the

usual manner.

-PISCUSSION
. . ‘\ .
A representative zirconium preparation was analyzed for

nleblum contamiﬁaFion by adding nicblum carrier as the |
oxalate cemplei and then precipigatipg Nb205 by the destruqtion
of the oxalate complex with MnO,". After the removal of the
eopreeipitated Mn02 w%th 302, the-Nb205 was dlassolved 1n oxalle
acld and reprecipitated. This precipltate was found to contaln
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about 4 per cent of the driginal_activity, about one:half
of which could be attributed to growth of the 35d Nbo>
daughter sinece the preparéﬁion of the 654 Zr95 tracer.

A preparation was made which used 0.5 ml of 30 per cent
3202 instead 0:51 ml of 3 per cent Héeaf The pi@bium
decontamination was not 1mproved. In the absence ef H202,
niobium:precipitatés with_Th(I03)4 about as effieiently as
zirconium does. | | |

The zirconium ia selution after the removal ef the
niobiﬁﬁ was preclipltated om Fe(@H)3. An aluminum absorption
curve of the activity was identicél with the aluminum
absorption eurve of 65d Zr95 isolated with carrlier and
carefully purified from radiochemical impurities.

A sample of the zirconium tﬁacer was subjected to the
complete 1solation pfocedure, and 78 per cent recevéry'was
attained. The time required 1s about 2 hr. If the tracer
18 to be used under conditlions requiring the absence of
niloblum activity, 1t should be prepared Jjust before use 1n
order to avold contaminatlon from the growth of the 354 Hbgs

daughter of 65d Zr95.

PREPARATION OF CARRIER-FREE ZIRCONIUM-NICBIUM
- TRACER _

By J. A. Marimsky, D. N. Hume, and N. E. Ballou
A rapld procedure for the preparation of very pure
carrier=free zirconlum-nloblum tracer lnvelves the chloroform

extraction of the cupferrlides of zirconlum and niobiﬁm aetivitles
from an irradiated uranyl niltrate selutlon.
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INTRODUCTION

TFhis precedure_makes ﬁse of the fact that zirconium and
niloblum form, at tracer ooﬁeentrétiena, very'stable chloroform;
soluble cupferrides in acld solutions. The two activities
are separated from the othér'fiséion elements almoest quantitatively
to yleld a mixture af pure-Zirconium:niebium tracer. |

To a uranyl nitrate solution made 6 M in HCl and 0.05 M in
S0, are added CHO1, and a freshly prepared 6 per cent solution
of cupferron. The final uranyl nitrate concentration 18 about
8 per cemnt. The zirconium and nioblum activities are extracted
by the,chl3. A second extraction is perfermed on the so;ution
agaln uith_cncl3 and cupferron. The GHCl, extracts are combined,
and the small amount eof contaminating activitles is alm@st
completely removed by a wash with 6 M HCl. This wash alse
serves to remove conslderable amounts of excess cupferron
and 1ts decomposlition products. The chlj layer 1s then
treated with a portion of dil._He;.to whiah a few drops of
bromine are.added; The cupferrides are decomposed, and
zirconium and niobium activifles enter the agueous phase.
Boiling this solution helpé:té remove traces of organic.
matter from the decomposed cupferron, and thé-niebium and-
zirconium activities are available im dil. HC1l with a trace
of' HBr. |

PROCEDURE

5-m1 sample of 32 per eent aranyl nitrate 1n a
separatory funnel is made 6 M in HEL and O. 05 M in 50, (in a
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volume of about 20 ml). A 10-ml portion of CHGl 1s added.
The fumnel 18 @ooled for 5 to 10 mim in an iee bath. A 1.2-ml
sample of cold 6 per cent cupferron (Note 1) 1s added, and
the funnel 18 shaken vigoréusly for 30 sqc} After separation
the CHCl; layer is dralnmed off. Another portion of CHCl, and
cold 6 per cemt cupferron is added to the aqueous layer, and
the funnel 1ls agaln shaken vigorously for about 30 sec. 'The
CHCl, layer is again drained off. The two CHCl, layers are
combined, and the aqueous layer 18 dlsearded.

Both the cH013 layer (in the separatory funnel) and a .
10-ml wash solution 6 M 1mn HCl and 0.05 M 1n 30, are cooled
in an ice bath for about 5 min. The two solutlions are then
combined, and 1.2 ml of éold cupferron 1s added. After
vigorous shaklng for 30 sec the layers are separated and the
aqueougs phase is discarded.

To the eﬂc13 layer 1n a separatory fumnel 1is added 5 ml
of 6 M HC1l. Several drops of Br2 are added, and the funnel is
shaken ﬁigoreusly for several minutes at 1l0-min intervals.
After 1 hr the layers are separated and the CHOl; layer is
discarded (Note 2) The aqueoﬁs layer 1s boiled until the
selution is only slightly colored (Note 3).

Notes

1. Because of fthe 1nsﬁab111ty of the oupferron 1t 1s

necessary to perform the extraction as rapldly as pessible
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when oxidizlng materlals are present in the solutien (e.g.,
nitrites and nitrates). In solutions comntalning no oxidant,
cooling 1s unnesessary and1802 addition can be neglected.

2. The separation Qf'the two layers can be accomplished
effieiently by drawlng off most of the origlnal chls_layer,
adding fresh GH013, and repegtins the withdrawal. Thils may be
done three or four times so that; when the aqueous phase 1s
finally collected, very little organiec materlal from the original
CHC14 phase_ will be present to contaminate the product.

3. If the presence of oxalle aeld in the tracer solution
1ls net objecfionable, the solution may be made 0.5 per cent 1in
H262°# before bolling. The presence of oxalic acid prevents
the sﬁrong adsorption of the activities om the glass walls. Bpth
zirconium and niloblum are readily adsorbed on glassware from
thé chl3:-cupferron solution. It 1s good practice to-gtore

niobium tracer as an oxalate solution and to destrey oxalie

acld by fuming with ‘cone. HH03 immedlately before use.

. PISCUSSION

The yield of zirconium 1s 55 to 60 per cent; the yleld
of nioblum 18 30'to 35 per cént. Analyses for possible
éeﬁtaminating-activities 1ndiéatéd the followling upper limits:
.lanthanum, 0.03 per cent; barium, 0.06 per cent; ruthenium,

0.07 per cent; and tellurium, 0.004 per cenmt.



IMPROVED PREPARATION OF CARRIER-FREE NIOBIUM
_ ~ TRACER WITH MANGANESE PIOXIDE : :

By J. M. Slegel, W. P. Bigler, and
_ D. N. Hume :

The mnez procedure for the preparatien of carrier-free
nloblum tracer from fisslon materlal has been modifled teo
1mprove'the yield and purity of the fimal product. The
principal change 18 in the method of tellurium decontamination.
The tellurium is removed by the reductlon of tellurium with
SO, in 3 M HO1 rather than by the redustion of H,Te0, with zinc
metal, since anf interferes with the carrying of nlobium on
Mno,, . ' :

. IRFROPUCTION

The prosedure of Glendenin'ﬁnd éest for the preparation
of carrier—frée niobium tracer on ¥no, has been revised |
aceording to suggestions by Glendenin. _The principél ehaﬁge
18 in the method by which the necessary decontamination from
" tellurium 1s carried out. The removal of tellurium by the
- reductlon of H,yTeOy with zinc metal has been eliminated.
Instead, the starting material containing added tellurium (IV)
carrier is fumed twice with eonc. HEl, and the.tellurium is
precipitated by 80, 1n the”préseﬁce'of 3 M HC1 and oxalilc
acid. The zime reduction method was descarded because. (1)
without oxalle acld, nioblum 18 lost on precipltated teiiurium,
(2) in the presemse of oxallc aeild, tellurium 1s incompletely
reduced by zine, and (3) in elther case Zﬁ++ interferes with the

carrying of nloblum on MM@Q.



The revised method consists in the metathesis of the

original fission mixture with come. HCl, the removal of the
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tellurlum with ecarrler from oxalie and hydrechloric aclds, the

carrying of niebium on MrO, from 10 M HNO (three times),
separation from manganése by coprecipltation with basie ferrilec
aeetéte, and the removal of the iron by extrastion with
-1sopropyl ethef. |

CHEMICAT, PROCEBURE -

Step 1. To a suitable velume (5 to 100 ml) of fission-
product concentrate (Note 1) arlzireoniuméniobium tracer
eoncentrate (Note 2) are added 10 mg of tellurium carrler
(as H,Te03) and 10 ml of cone. HCl, and the solution 1s
evaporated to approximatelﬁ 2 ml (Hete_3). A second 1l0-ml
portlon of conc. HC1l 1s added, and the solution 1s égain '
evaporated to about 2 ml. To the residual golutlon are added
20 _ml of 3 M HCl and 2 ml of safturated oxalle acld, and the
solution 18 heated to bolling. Sulfur diaxide is bubbled.
through the hot solutlon untll the tellurium precipitate
18 well coagulated (Note %4). The solution is filtered through
a slntered-glass fllter stiék, and the precipltate 1s disearde

Step 2.l The supernatant liquld 1s evaporated to about
2 ml in order to expel most of the HCL (Note 5). Twenty
mi111liters of 10 M HNO,, 10 mg of Mn'* carrier, and 1.5 g of
K0103 a?e added elther by Squfying wlth the HN03 or by the
addlition of small portioms of the solid. After the initlal
‘evolution of 012 haé subsided, the mlxbture is heated

d.
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cautiously to bolling. The bolling 1s continued for 2 to 3
-mi_n to coagulate Hnoa, and the supernatant liquild is filtered
off through a sin’cered:glass filter stick. The precipitate
is dissolved in 10 ml of 10 M HNO; contalnimg 2 to 3 drops
of 30 per cent H202 and bolled for a few minutes to decompose
the excess H202. Ten milllliters of 10 M HHOB and 1 g of
' Kc1®3 are then added, and the gixture is bolled for 2 teo 3
min to reprecipitate P!noa. The supernatant solution 1s flltered
6ff, and the Hn2 is dissolvéd and reprecipltated a third
time by the above procedure. |

Step 3. The third MnO, preclpitate 1s dissolved in 20
ml of H20 containing 0.5 ml of 5 M HN03_a.nd 2 drops of 30
per cemt H,0,. Ten miiligrm of Fe't carrier is added, and
the selution 18 bolled with 2 drops' of saturated bromine water.
- A solution of 6 M NH)OH 1s added ‘drop by drop until Fe(OH)3
almost precipitates (Note 6), the solution 1s heated to
boiling, and about 0.5 ml of 3 M NHyCoH30, 1s added drop by
drop to precilpitate basiec ferric acetate [probably FeGH(GgH302)2].
"he supernatant liquld is flltered off through a sintered-
glass fllter stick, and the ﬁrecipitate 1s dissolved in 20 ml.
of H,0 confalning 0.5 ml of 6 M @03. Basic ferriec acetate
18 reprecipltated by the above procedure, filtered, and
dissolved 1n 20 ml of 8 M HCl. This selution is then
extracted three or four times with 20-ml pertions of :l.sopropyl
ether. The agueecus phase 1s then evaporated to approxlimately
2 ml (Note 3) to expel ether and HC1 and is diluted to the
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desired volume.

Notes

1. The fission;product eonoentrﬁte is the aqueous
phase obtalned by the exhaustive ether extractlon of uranyl
nitrate and filtered to remove sllica. Iess than 1 g of .
uranyl nltrate per 50 mi of solution should be present. The
starting material must be free of S10, to prevent the loss
of niobium by absorption. ' |

2. If the zirconium:ﬁiobiam mixture 18 lsolated by the
cupferron;ehleroform method, 1t willl be free of tellurium, and
- Btep 1 may be omltted.

3. Niobium is lost on the walls of the contalner if |
the solutlon l1ls evaporated t@'dﬁiﬁesé. The actlvlity may be
removed by beiling-with'lig.KQH or G;leg_a;alic acid, glving
| stable solutions of tracér'aa the niobate or as the oxaiate
'complex, respeétively. _Thé oxalate may be removed before
use by treatimg with aqua regla and fuming with HNO3 to glve
 a golution 1n Hﬂos. Nioblum tracer 1n HN03 or HCl loses
activity rather quickly owiﬁg to adsorptlon on the walls of the
.glass contalner. | |

. Any hexavalent tellurium astivity initlally present will
be rqducad to the tetravalent state by the HC1l treatment, and
from this state the reduction to the metal occﬁrs readily

with 802.
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5. The presence of large amounts of HCl requilres the |
additlion of excessive quantitles of K&103. 'This tends to
interfere wlth the earrying of nloblum on nmeg.

6. It is usually necessary to add 1 drop im excess and
then to dlssolve the Fe(OH)3 with a drop of 6 M IHNO5.

TESTS AND ANALYSES

In the development of this procedure four small-scale
'ﬁreparatiens 6f 1eés than 0.5 millicurle and one large=-scale
preparation of 50 milliouries were made. In the four small-
scale preparations the recovery yleld ranged from 80 to 95
~ per cemt, but in the 1arge;saale preparation 1t was only 40
per cent. This low yleld was largely the result of lossges
caused by the mecﬁanical difficulties involved 1n remete:
sontrol operations. ‘ ” |

Absorption curves of all the preparations were determined;

except for the first run they showed very little B contamlnation.

An analysis of the large-scale preparation for tellurlium indicated _ 

that less than 0.2 per ceﬁt of the total f and y actlivlty was
due to tellurium.

The sodium bismithate test for manganese andlthe potassium
thiocjanate test for iron indicate that both of these elements
are present im very small amounts in the final tracer solution.

The tellurium precipltate was tested for nloblum astivity.
The preeiplitation of tellufium was carrlied out in the presence
of nicbium activity under the same condltions as in the tracer

isolation. The 1@53 on the tellurium precipitate was 0.8 per cent.
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