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FOREWORD

The Subcommittee on Radlochemlstry is one of a number of
subcomml ttees workling under the Commlittee on Nuclear Science
wlthln the Natlonal Academy of Sclences - Natlonal Research
Councll. 1Its members represent government, industrlal, and
unlverslty laboratorles 1n the areas of nuclear chemlstry and
analytlical chemlstry,

The Subcommittee hae concerned itself wlth those areas of
nuclear sclence which Involve the chemlst, such as the collec-
tlon and dlstribution of radlochemlcal procedures, the estab-
lishment of speclfications for radlochemlically pure reagents,
avallablllity of cyclotron time for service irradiations, the
place of radiochemistry 1n the undergraduate college program,
ete. :

Thls serles of monographs has grown out of the need for
up-to-date compllations of radlochemical information and pro-
cedures. The Subcommlttee has endeavored to present a series
which willl be of maximum use to the working sclentlst and
which contalns the latest avallable information. Each mono-
graph collects 1n one volume the pertinent informatlon requlred
for radlochemical work with an lndividual element or a group of
closely related elements.

An expert 1n the radliochemlistry of the particular element
has wriltten the monograph, followlng a standard format developed
by the Subcommlttee. The Atomlc Energy Commission has sponsored
the printing of the seriles.

The Subcommittee 1s confldent these publicatlons willl be
useful not only to the radiochemlst but also to the research
worker in other flelds such as physics, blochemlstry or medlcine
who wishes to use radlochemlcal techniques to solve a specific
problem. .

W. Wayne Melnke, Chalrman
Subcommittee on Radlochemlstry
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INTRODUCTION

Thils wvolums which d=s51s wlth the radlochemistry of nlcblum
and tantzlum 13 osne of a ssrlzss of monograbhs on radlochemistry
of the =lsmenta. Thers 13 included s review oI th=s nuclear and
chamles] features of partlcular lntsrsst to ths radlcchemlst, a
discussion cf problems of dlssclutlon of a sampls and counting
tachnlques, and flnally, s ccllsetlon of radlochemloesl procsdures
for the elament 33 found in the lltersture.

The 3erles ol monographs wlll cover sl1l elements for whizh
radlschemlcal procsdiures are pertinent. Plans lnslude revlsion
of the mcnograph perlicdlcally as new technlgues and procedures
warrant. Thsz resader 13 thsasrefors ancouraged to call to the
attentlsn of the suthor any publlishsd or unpubllsh=4d msterlsl on
the radlcchemistry of nicblum and tantalum which might bs inclu-
ded 1n a revised verslon of ths monograph.

It 13 a pleasure to acknowledge the asslstancs of Miss
Barbars Lor2 1n a survay of the pertinent literaturs.
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The Radiochemistry of Niobium and Tantalum

ELLIS P. STEINBERG
Avgonne National Laboratory ™
9700 South Cass Avenue
Argonne, Illinois

I. GEN'ERAL REVIEWS OF THE INORGANIC AND ANALYTICAL
CHEMISTRY OF NIOBIUM AND TANTALUM

"The Analytical Chemlstry of Tantalum and Niobium," W. R.
Schoeller (Chapman and Hall, Ltd., London, 1937).

"Analysis of Minerals and Ores of the Rarer Elements,"
W. R. Schoeller and A. R. Powell (3rd ed. Griffin, London, 1955).

Chap. 15 in "Chapters in the Chemistry of the Less Familiar
Elements,"” B. S. Hopkine (Stipes Publ. Co., 1940). o

“Taﬁtalum and Niobium,"™ G. L. Miller (Academic Press, 1959).

"Analytical Chemlistry of Niobium and Tantalum," R. H.
Atkiﬁson, J. Stelgman, and C. F. Hiskey, Anal. Chem. g&, 477
(1952). '

"Chemical Elements and thelr Compounds,®” H. V. Sldgwlck
(oxford University Press, 1950), pp. 804%-853. '

"Annotated Bibliography of the Analytical Chemlstry of Nb
and Ta,"™ Jan. 1935-June 1953, F. Cuttitta, Geol. Survey Bulletin
1029-A. (USGPO, 1957)-

*Operated by the University of Chicago under Contract W-31-109-eng-38.



"Research on the Compounds of Niobium and Tantalum," J. C.
de Marignac, Ann. chim. (Phys.) 8, 5 and 9, 249 (1866).

II. GENERAL REVIEWS OF THE RADIOCHEMISTRY
OF NIOBIUM AND TANTALUM

D. N. Hume prepared & preliminary review of the radiochem-
istry 9_:,_593:1_9.1qf t.l}__e mJ_q;-__'r._igs;fi-pn__produqt.elen_:ente_l __il_.'l.. 1945, but .
1t wee not published. Some material from that review has been.
incorporated in the present: sufvey. The following reviews con-
taln information on radioc;:_hemical methods for a number of ele-
ﬁents:

H. L. Pinston and J. Miskel, "Radlochemical Separation
Techniqués,” Annual Review of Nuclear Sclence 5, 269 (1955).

W. W. Meinke, "Nicleonics® Anal. Chem. 32, 104R (1960).

IIT. ._TABIE OF ISOTOPES OF NICBIUM AND TANTALDM

Isotope Half-life Type of Decay = Method of Preparation
Nngm ‘0.&1 . B+_ | Nb(}.),pun); Zr(p,xn);
o T aEey
w9 ‘1.9n gt
N‘bgoll 248 . _ _ IT logo decay.
20 14.6_91:1 ' ' gt 2r9°(4,2n) 5 N092(d.a);
- . Mo(y,pn)-
NI 64 B IT 2r9%(a,n); mo?*(4,an)
Nbgl long ’ EC ngo(d,n)
G | EC m3(p, pn)
NboC 10.14  EC, nop” ¥(a,n);2r(pn, ) sNb(v,n);
| |  Nb(n,2n); Nb(d,T) ;Mo (n,p);
‘u¥*(a,a) s
NI 12y T 2r93decay; M93(n,n')
W 6.6m IT 998 xo(n,v); Nb(4,p)

p™~0.1% .



TABLE OF ISOTOPES OF NIOBIUM AND TANTALUM (cont'd )

Isotope Helf-life
Nbgu ' 1.8x104y sp act
Nbo° 35¢
N2 23.35h
Nb97m 608
e 72.1m
Nb98 51.5m
Nb99 2.4m

176

73Ta 8.0h
Ta177 53h
Tal78 2.1lh
'™ 9.35m
rall? ~600d
1a180m g 15y
Ta182m 16.5m
e 182 115.14
o183 5.0d
218  g.74
Ta185 50m
Tala6 10.5m

Type of Decay

Method of Preparation

B~ ,no EC

EC ~ 97%, p~3%
Ec 988, pt2%

no B+

IT

EC

EC

EC

EC ~79%, B ~21%,

Nb(n,)

Nuclear fisslon; M097
(d,a); Zf95 decay
nuclear fission; Mo(d,a)

Zr95 decay

. Zr96(p:n)

98

Mo ('y,p);,ng7 decay

Mo(n,p); Mo(v,p); nu-

clear flassion

100

uoga(n,p);.no (d,a);

nuclear fission
moloo(y,pﬁ nuclear fis-
slon

Lu(a,3n); Ta spallation;
W;76 decaf

Lu(a,2n); Iu(a,3n); Hf(p,
n); Ta spallation; W177
decay

Lu(a,n);Hf (p,n);Ta(p,p3n)
Hf(p,n); W178 decay
Lu(a,n) ;HE (p,n);Ta(p,p2n)

1
e 181 181(7,n)

(n,2n);Ta
Ta(n,v)
Ta(n,v);Ta(d,p);W(d,a);
W(n, p)

W(n,p);W(v,p); W(n,pn)
w184(n’p)
Wlss(v,p)

W(n,p)



IV. REVIEW OF THOSE FEATURES OF NIOBIUM AND TANTALUM
CHEMISTRY OF CHIEF INTEREST TO RADIOCHEMISTS

1. The Metallic State

Nioblum and tantalum are very simllar in thelr chemical
and physical propertles. The metals are difficult to obtaln.
Niobium may be prepared by reducing the pentoxlide with alumil-
num thermite and heating 1ln vacuo to drive off excess alumlnum.
Tantalum 18 best prepared 5y reducing & fluorotantalate (e.g.,
KzTaF7) with an alkall metal and purified by heating in vacuo 1n
an electric arc to volatillize impurlties. Both are hard, grey
metals wlth hlgh melting points; nlobium melting at 1950°C and
tantalum at 2800‘0.. They absorb hydrogen and react with halo-
gehé; carbon, oxygen eand nltrogen at high temperatures aithough
nloblum comblnes only slowly with oxygen. Both tantalum and
niobium are very reslstant to chemlcal attack, only HF among
the ecids having any actlion on them. Aqueous alkalles do not
attack the metals, and fused alkalles do'so only slowly.

2. Soluble Salts

Pentavalent Nb and Ta form no simple catlons in aqueous
.solution and exlist only in the form of complex lons. Niobilc
and tantalle aclds are very weak and are readily hydrolyzed.
The orthoniobates (e.g., Na3Nb04) and hexanlobates (e.g.,
KBNb6°19) are soluble 1n water. The alkaline hexatanlates are
‘the only readily soluble tantalates known.

The only lmportant valence of Nb and Ta 1ls +5. Poiaro—
graphic reductlion to the +3 and +4 states in oxalate and tar-
trate-solutioﬁs has been demonstrated by Elson.(l) The reduced
Nb solutlons exhlblt a half-time for oxldation 1in air of 10-15
minut;s, while the corresponding Ta solutions exhibit times of
the order of hours.

3. Insoluble Salts

The most characteristlc compound of both nioblum and ten-
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talum 1s the very insoluble pentoxide which 1s dissolved nelther :
by aclds nor bases in the absence of complex forming lons. The
hydrated oxides are preclpltated when acid 1ls added to a solu-
tion of a nlcbate or tantalate.

Niobium and tantalum may be preclpitated (along with ti-
tanium and some tungstgn) by tannic acid from slightly acld
tartrate or oxalate solution.(g) This precipitetion was the
standard method for the separatlon and estimation of Ta and Nb
untll the recent development of solvent extraction techniques.
Milner, et El°(3) studlied the pH dependence of the tannic precip;
i1tation from varlous complexing solutions. The optlimum pH values
for complete precipltation from the varlous solutions are glven

in the following table:

Solution | Acidity
Ammonium Acetate-HCl 0.1 - 0.25 N HC1(Nb)
Ammonium Oxalate pH = 4.5
Ammonium Tartrate PH > 3(Nb)
DH > 4(Ta)
Ammonium Citrate PH > 5(NDb)
PH > 3.5(Ta)
Sulphosalicylic Acild pH > 0.5
Malic Acid PH > 4
Mandelic Acild ' PH > 2

The behavior of Ti with these solutions was also exemined, and

a possible separation from Nb and Te was noted with sulphosall-
c¢ylic acld solution in which only a small amount of titanium 1s
precipliteted with tannlc et pH = 0.5. M. Sankar Das, gg-gl,(u)
~used tennln 1n the presence of EDTA (ethylenedismine tetra-acetic
acld) as a sequestering agent. However, Ti, Sn, Pb, and some

W accompeny the Nb and Te tartrates.



A number of organlic preclpltants have been utllized for

Nb and Ta, some affording a good separaticn between the two ele-
ments. Both Ta and Nb may be preclpitated with cupferron from
cold, acldlc tartrate or oxalate solution(s) and with benzene
arsonlc acld from a solutlon containing excess tartaric acid;(6)
Tantalum may be preclpltated from hot acidic ammonium oxalate
solution with n-propylarsonic acid(7) whlile Nb remalns in solu-
tlion. Moshler and SchwarberéB)USEd tantalon (N-benzoyl-N-phenyl-
hydroxylamine) for precipitation of Ta from HF-H2304 solution

at pH 1.0. Under these condlitions a good sepafation from Nb, Ti,
and Zr 1s achleved. Nloblum may be separated from Tda and most
othér elements except Sn by preclpitation with cupferrbn from
tartrate-ammdnium acetate buffered solutions gt_pH k.5 to 5.5f(9)
Niobium may also be preclpltated with tantalon from a tartrate
solution at an.acidity of 2.0 E.(lo) At pH 3.5 -6.5 nioblum 18
ccmplefely preclpltated while tentalum remalns in solutlon.

The latter mey be preciplitated by lowering the pH to less than
1.5

‘The usual welghing and mounting form for Nb and Ta in

radliochemlical analyses 18 as lgnlted pentoxlde followlng pre-
cipitation as hydrated oxide, tannate, or cupferrate. However,
'Majumdar ﬁnd'HukherJee(ll) have shown that a stable complex of
Nb Qith tgntalon of composition NbO(Cl3HloN02) is_formed and

may be used for direct gravimetric estlimatlon. This complex

1s hlighly soluble 1n CHClS, but insoluble 1n Hzo,acetone, CClu,
06H6,and ethyl and amylacetates. It 1s stable up to a tempera-
ture of 229°C and may be weilghed directly after washing and
drylng at'110°Co The Ta complex 1s of 1ndefinite composition
and cannot be welghed directly. It may be lgnited to the pén—
toxlde for welghing. |



4. Behavior of Tracer Quantities*

Tracer niobium 1s unstable in acid solution without com-
plex forming anions and tends to deposlit on glassware. It is
strongly adsorbed by many precipitates (e.g., sulfides, hydroxldes,
zlrconium phosphate, and bismuth phosphate) and by silica gel
and solils. Precipitation of oxides from acid solution (e.g.,
manganese dloxlde, tellurium dioxlide) carries tracer niobium
nearly completely. Any traces of dust or silica present 1In a
clear solution results in marked losses. Frequently centrifuga-
tion of & clear solution leads to much actlvity belng thrown
down. In the absence of complex forming ions, tracer niobium
seems to exlst as a radiocollold with the chemical properties
of the oxide., Niobium is similar tc zirconium in that it may
exlst as a negatlively charged collold in aqueocus medla. When
irradiated uranium metal 1s dlssolved, the fission product nilo-
bium is mostly present in the form of a radiocollolid very easily
deposited on surfaces or coprecilpltated wlth Insoluble. compounds.
Addition of phosphoric or hydrofluoric acid to the metal solu-~
tion converts the nlobium into true solution. Carrler-free
niobium tracer may be removed from glass surfaces by extraction
with strong alkall hydroxlide or dilute hydrofluoric acid., Nio-
bium is volatilized when irradlated uranous oxlde 1s treated
wilth hydrogen fluoride at red heat. In the presence of complex-
forming anions (tartrate, oxalate, fluoride), tracer niobium
is stable in solution. ILow concentratlions of fluoride (from
fluosilicate) prevent the carriage of nioblum on pismuth phos-
phate. Niobium 1s not carried on lanthanum fluorlde to any
great extent, even in the absence of holdback carrier (distinction

from zirconium).

*Although the observations reported here refer to nlobium,

similar behavior may be expected for tantalum tracer.



5. Complex Tons

Complexes soluble in aqueous solutlion may be formed by
treatment of the freshly precipltated pentoxides of Nb and Ta
wlth oxglic, tartaric, HF, concentrated H2804, and concentrated
H3P04 aclds, but not appreclably with HC1l or HN°3' wWith HF,
niobium forms both normal (NbF7=) and oxy-fluoride (NbOF5=) com-
pléxes. Tantalum, on the other hand, forms only the normal com-
plex lon with HF. The hydrated oxldes are also soluble in al-
kallne solutlons of catechol and pyrogallol. Falrbrother,
Robinson, and Taylor(la) have shown that the freshly precipl-
tated oxides also form water soluble complexes with a variet&
of a-hydroxy acids and amines. Pure nloblic acid is much more
readlly soluble in these complexing agents than 1s tantallc acid.
The dependence of the solubllity on the method of preparation
and the age of the hydrated ox;dea Indicates that colloldal
phenomena are probably lnvolved.’

A humber of chelate compléxes which are of particular im-
portanée in solvent extractlon systems are discussed in the fol-
lowling sectlon, |

6. Solvent Extractlion Behavior

I1quid-liquid extraction syetems are effective in

separating nloblum and tantalum from other elements and offer the

best method of separating these very simllar elements from each
other. An excellent treatment of solvent extractlon systems
is glven by Morrison and Freiserg(l3)

Fluorides. The fluoride complexes of Nb and Ta may be ex-
tracted into a varlety of organic solvents. Ethyl ethe:r ex-
tracts 658 of the Nb and 80% of the Ta from 20 M HF solutions.(1%)
Of & number of other elements studled, only Re(VII) extracted
> 508%.

Milner and WOod(IE) obtalned oomplete extraction of Nb and

Ta fluorides lnto methyl ethyl ketone. Tungsten extracted to




the extent of 66%, Zr 22%, Cr 20%, Fe 17%, Mn B.5%, Ga 2.4%, and
V only a trace.

Methyl isobutyl ketone (hexone) has been used to extract

Nb and Ta fluorildes in the presence of Hasou, HC1l, and HN03,
Nb and Ta are completely extracted from aqueous solutions 10 M
in HF, 6 M in H,80, and 2.2 M in NH,F.(16) e hexone-HF-H,S0),
system was also studlied by Tews and May.(17) Complete extract-
lon of both elements was obtalned from aqueous solutioﬁs 5.6 N
in HF and 9 N in Hesou. The two elements can be separated by
back-extracting the Nb wlith aquecus solutlcns of lower acidilty
in stou and HF. A number of comblnatlons are suggested depend-
ing on the ratio of Nb/Ta. The extraction of Nb into hexone
from 6.3 M H2804-l,6 M HF solutions was also shown to be effect-

(18)  yigbie and werning!?9) made

ive by Waterbury and Bricker.
extensive studlies of the hexone-HF-HCl system, particularly

for 1ndustrlal separations. Equal volumes of hexone and an

aqueous solution of 1.1 N HF and 2,88 N HC1 gave optimum con-
ditions for the separation of Ta and Nb. 99.2% pure Ta was
obteined in the organlc phase and 98.4% pure Nb remained in

(20)

the aqueous. Theodore applied thils method to the deter-

mination of Ta in Nb by a photametric technlque. PFaye and

Inman(zl)

utlilized a hexone»HF—HN03 gystem. At 7.0 M HF and

5.0 M HN03, Ta and Nb were extracted practlcally completely.,

The method gave high purity Nb and Ta in the presence of such
elements .as Si, Fe, Al, T, Mg, Ca, Pb, and Zr. Ta dnd Nb may

be separated by hexone extraction of the Ta from 0.5 MHF + 1.0 M
HNO3. Under these conditions 98% of the Ta, but < 1% of the Nb
exfracts. The Ta and/or Nb may be stripped from the hexone

phaée by back-extractlion wilith a dilute H202 selution (1 vol 30%
H,0, + 19 vol Hy0). '

Dllsopropyl ketone was shown by Stevenson and Hicks(22)

to be an effective solvent for the sepsration of Nb and Ta froﬁ



aqueous sclutions of HF and mlneral acids.

preserted in Teble 1

The results are

Nicbium was found to extract to the ex-

tent of 90% from a solutlon 6 M in H>S04 and 9 M in HF.

An effective separatlon of Nb from Pa was carried out by

F. L. Moore(23) by extraction of the Nb into dilscpropyl carbinol

from aqueous solutions 6 Min H2804 and > 2 M 1n HF. Pa d14 not

extract, whilile > 97% of the Nb did. The Nb was readily stripped

from the organic phase with distllled water.

Chernikov, Tramm and Pevzner(

21)

used cyclohexancne to

separate Ta and Nb from HF-H2804 solutlons. Ta was completely

Table 1

EXTRACTION OF TANTALUM AND NIOBIUM INTO DIISOPROPYL KETONE

Ratio of
: Extraction
Acld Concen. Element Extracted Extraction Coefficlients
M : coefficilent Ta/Nb
HC1 3.70 Ta 81 4.3 91 -
HF 0.40 _Nb 4.5 0.047
HNO4 3.92 Ta 79 3.8 880
HF 0.40 Nb 0.43 0.0043
H2304 . 4,50 Ta 95 19 160
HF 0.40 Nb 11 Q.12
HCl0, = 4.61 Ta 90 9.0 290
HF 0.4%0 Nb 3.0 0.031

extracted from 2 M H2564—0.4 M HF. Nb extracts to a lesser

degree and 1s removed by washing the organic layer with_Hzo.

Chlorides.

Nioblum 18 readlly extracted bydiisogropyl

10




ketone from 10 M HC1 sclutions. The Nb may be back-extracted

in 6 M Hcl.(25) Nb 1s efrectively sepérated ‘from Ta by extraction
of the former from 6.5 M HC1 with hexone(as) The'extraction_be-
havior of the chloride cdmpques of Pa, Nb, and Ta into dilso-
propyl carblnol was studied by Casey and maddock.(a'” Thelr
results are given 1ln Fig. l.which indicates that_theae elements

may be effectively separated under appropriate pH .condlitions.

22 ' '
of /
(4
A
oo —+ 1 :
Pu SLOPE Nb SLOPE
o2 3.5 3.43
]
-10 - _ f e
. P
18— o/
T e “A
-
34
oI o3 o7 15 18 23

|._ne ACTIVITY HCI
N FIGURE 1
VARIATION OF THE LOGARITHM OF THE EXTRACTION COEFFICIENT
WITH THE LOGARITHM OF THE ACTIVITY OF

HYDROCHLORIC ACID'IN THE AQUEOUS PHASE.
DATA FOR NIOBIUM, TANTALUM AND PROTACTINIUM

The additlon of a small amount. of HF greatly increased the ex-
traction of Nb and Ta, but lowered that of Pa. . .
Schertf and Herrnann, (27A) showed that Ta and Nb could be
extracted from 6 M HC1-(1-3)N HF with di-isobutyl carblnol. Pa
and Zr remain in the aqueous phasé. The Pa can be extracted
after saturation of the aqueous phase with Alcl3, leaving Zr.
Alkyl phopphoric aqidaf Scadden and Ballqu(za) investi-

gated di-n-butylester of phosphoric acid (DBPA) either alone or

.11



in a mixture with the monoester (as in commereial "butyl phos-
phoric acid") as an extractant for zirconlium and niobium. A 0.06
M solution of DBPA 1n din-butyl ether extracted > 95% of the Zr
and < 5% of the Nb. The Nb extraction increased from 2 to 10# as
the extraction time increased from 1 to 5 mlnutes, but 2Zr was
unaffected._ Addition of 3% H202 reduced the Nb extraction to
less than 1% (even with a 10-mlnute extraction time) without
affecting Zr. More concentrated DBPA solutions extractéd both

Zr and Nb quantitatively. Precautlons against emulsion forma-
tlon must be taken with thils reagent. Higher homologs, sﬁch as
the octyl phosphorlc amcids are reported to be free of this dif-
ficulty, and are less soluble 1in H20. Tables 2 and 3, taken from
Scadden and Ballou, summarlze the extractlon behavior of a number
of elements with DBPA.

The extractlion of Nb and Zr with dilute tribﬁtyl phosphate

(TBP) (1% sclution in toluene) from 8-10 N HC1 serves as the basis
for the separation of these elements from mixed fisslon products.(zg)
Both elements may be back—extractea with 0.5 N HCl. Hardy and
Scargill(Bo) examined the extractlion of Nb by TBP from HNO3
solutions., Thelr results indicate that both extractable (lonie)
and inextractable (complex polymeric) specles are present. The

extraction 1s low. The systems'TBP-HFfHNO and TBP—HF—H2504 were

3
studlied by Fletcher et El.(3l) a8 a means of separating and purify-
ing Nb and Ta from thelr ores. The extraction of both elements in-
creases ﬁith ﬁcid concentration andlis greater from Hgsou than from
HN03, An ?ffective separation of Nb and Ta from Fe, Mn, Ti, and

Sn is indicated using equal volumes of undiluted TBP and a 10 M HF—
12 N H2804 aquéous solutiqn. A counter current extractlon system
using 100% TBP and an 8 N HF-3 N HNOj aqueocus feed 1s proposed

for the separation of Nb and Ta, The Nb 1s back-extracted with
0.5 N HF and the Ta with Na,CO5.
Amines. Methyl dloctyl amine in xylene(az)'and tribenzyl-
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amine in CHCl, or CHyo1,(33) extract Mo preferentially from Ta in
concentrated HC1l solutlons. _

Chélates. Several chelate complexes of Nb, soluble in
organic solvents, have been utilized for 1ts separation and
estimation, particularly by photometric methods. QEEEE
(8—quinolinol)!34) cupferron£35) and sodium diethyl dithlocar-
-bamate,(36) are useful for this purpose. 5,7-dichloro-8-quin-
olinol complexes Nb,and the complex may be extracted from solu-
tions at pH 10 with nltrobenzene, amyl acetate, or bis(2-chloro-
(26)

ethyl) ether. Ta does not extract. Glycolic acld was used

Table 2
- EXTRACTION PROPERTIES OF CARRIER-FREE CONCENTRATIONS OF FISSION
PRODUCT EILEMENTS WITH MIXED BUTYL PHOSPHORIC ACIDS.
(AQUEOUS PHASE, 1 M HN03, 3% H202j 5-MINUTE MIXING; VOLUME RATIO

(ORG./AQ.) 1 TO1)
Elements Extracted

DBPA®, ' ' > 95% by
M < 5% by DBPA 5-95% by DBPA DBPA
0.06 Cs, Sr, Ia, Ce(III), AZ®, |Y 158, sn(v)® |zr, In
cd, Ge, Se(IV), Te(1v), | 50%, Mo® 15%

Sb(III)®, Sb(V), As(V),
de, Ru, Rh, Nb

0.6 Cs, Sr, la, A, cd, Ge, |Mo® 23%, N 60%, | zr, M°,v,
Se(1v), Te(IV), sb(1rr)%]|  Ta® B5% In, Sn(Iv)®
b

Sb(v), As(V), Pd° Ru,Rh

aDi-g-butyl phosphofic acld éolutions in which mole ratio of
di-n-butyl phospﬁoric acid to monofg-but§1 phosphoric acld is 4.5 to 1.
bAg, Sn, Pd, and Mo not carrler-free; their concentrations were
0.5, 3, 8, and 8 7/&1, respectively.

®XNo hydrogen peroxlde present.
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Table 3 _
EXTRACTION PROPERTIES OF MACRO QUANTITIES OF FISSION PRODUCT
ELEMENTS WITH MIXED BUTYL PHOSPHORIC ACIDS. (AQUEQUS
PHASE 1 MG ELEMENT PER ML, 1 M H,S0y, 2.5 M (NH,),S0,, 0.004% M
OXALIC ACID, 6% H,0,; VOLUME RATIO (ORG./ AQ.) 1 TO 1; MIXING
TIME, 15 MINUTES WITH 0.06 M DBPA ‘AND 5 MINUTES WITH 0.6 M DBPA)
Elements Extracted

Concn. of .
a

DBPA : > 95% by
M : < 5% by DBPA | : '|5-95% by DBPA DBPA
0.06 cs, Sr, Y, Ia, Ce(III), sn(Iv) 15%, In | zr, Ié
Ag, cd, Ge, Se(IV), 854

b
Te(IV), Sb(III) ,Sb(V),
As(V),Pd,Ru,Rh,Mo,Nb

0.6 cs, Sr, Ia, Ce(III), Ag,Cd, | Sn(IV) 50%, Ta | zr, Nb°, ¥,
‘Ge, Se(IV), Te(IV), Sb(IIIP, 356 Ho,In, I,
.Sb(V), As(V), P4, Ru, Rh,Mo

aDi—g-butyl phosphoric acid solution in which mole ratio of
dl-n-butyl phosphoric acld to mono-n-butyl phosphoric acld is k.5
to 1. | '
bNo hydrogen peroxide present.
as a chelating agent and furfural as a solvent in a separation
of Ta from Nb.(37) Extractlon of Ti, Nb, and Ta cupferrates was
studied by Alimarin andIGibalo.(38) Mixed oxldes of thesé'elef
menta were fﬁsed.with potassium pyrosulfate éﬁd.the melt dissolied
in a 2% ammonium.bitartrate solution.” The solution_was adJusted
to the desired'pH with'dilute NH40H, aﬁ equai'Qolume of lscamyl
alcohol, and é H% aquéouﬁ cﬁpferron soluﬁibﬁ added. -The pH de-

pendence of the extraction 1s shown'in_Fig. 2. The data are

. 14



_ the result of three successive extractions with 1s0amyl alcohol.

A complete separation of TL from Nb and Ta is possible at pH>S.

1004

EXTRACTION %
[
o

40

20

PH—=

FIGURE 2 S .
RELATIONSHIP BETWEEN THE DEGREE OF EXTRACTION
OF NIOBIUM(I), TANTALUM (II) AND TITANIUM(II) CUPFERRATES
BY ISOAMYL ALCOHOL AND THE pH

7. Ton Exchange Behavior

.Since Nb and Té exhiblit strong tendencles toward radiocol-
loid formatlon, 1t 1s generally advisable to ensure true solu-
tions by the use of strong complexing agents. The.negatively
charged complexee formed with F  or ceoz ion, :or example, are
particularly well sulted to sebarations of Nb and Te from each
other, a8 well as from other elements, with an%on exchange re-
slns. _

Several systematic-studieq_of the;app;icétion of anion
exchange resins to the separation of the elements have been
made.(39’40) The work of Krause and Moore, in particular, has
demonstrated thg éxde;lent separation of Zr, Pa, Nb, and Ta ﬁs-
ing Dbﬁex-l resin with HC1-HF solutions. Thelr data 1s repro-
duced in Figs. 3, 4, and 5. Hﬁffman, Iddings and Lilly(ul) de-
.termined the distribution coefficlents for Nb, Ta, Zr, and Hf

on Dowex-2 resin. These data are reproduced in Flg. 6 and in-
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SEPARATION OF Zr AND Nb WITH DOWEX-I ANION
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CROSS-SECTION OF COLUMN:Q0226 sq.cm
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- FIGURE 4 ) .
SEPARATION OF PROTACTINIUM (X)), NIOBIUM(Y) AND
" TANTALUM(X) BY ANION EXCHANGE: 12.5 cm. DOWEX -|
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dicate an excellent separation of Nb and Ta from Zr and Hf. Ta
and Nb may be adsorbed from 9 M HC1l and stripped with dilute HCl,
the Ta eluting first.

The separation of Nb, Ti, Mo, and W w&u_investigated by

Hague, Brown and Bright(ua)

uslng Dowex-1 and HC1l-HF solutions.
Niobium was easlly separable under a wlde range of aeiq con-
ditions from 5% HF-10% HC1 ﬁ@ 20% HF-25% HC1, the separation in-
creasing with HF concentratiﬁn,'? : ;

Oxallc acld was used as a ccmplexing_agent for the separa-
tlon of Nb from Ta with Dowex-2 resin{*3) solutions of 1 N HC1
and 0.5 M H,C,0) ylelded Ta-free Nb with a recovery of 95%. The
Ta was recovered in 357905 yield, but conteined about 1% Nb.

Catlon exchangg’sepagatiqgs of Zr,'Hﬁ,*Nb,.the rare earths,
and alkaline earths were investigated by Tomplins et al.(uu) and
Cohn et al.(u5)' The cations.are adsorbed on Amberlite IR-1 in the
H-form from 0.01-0.1 N acld solution. The Nb, Zr, and Af may be
selectively eluted as a group with 0.5% oxallc acid without ap-
precleble movement Br the other ions down the column.

"Negative compiéiés'éf“Nb and Ta are not adsorbed on catlon
exchange resins, and?thub, they may be convenlently separated from
many catlons that are readily adsorbed. The colloldal nature
of Nb, Ta, Zr, Hf, and Pa may be exploited by the fact that
the collolds are not adsorbed on sation exchangers whereas lonic

impuritles are. (46)

‘The radlo colloidal behavior of Zr and Nb has
been extenslvely studied by Schubert et al.(47) .
Chromatographig adsorption methods for the separation of Nb
and Ta have been developed utilizins_several extractants in the
presence of adsorption beds such as cellulose or alumina. A quan-
titat;ve separation of-cqpbipgd_Ta end Nb was achleved by Hood(ue)
by the extractlion of the fluofidea with meth&l'eﬁhyl ketone con-
taining HF 1n the presence of activated cellulose. The extractlion
of e number of other elements was inhiblted by ammonium fluoride,

and the Ta and Nb were finally recovered by precipitation with
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tannin. An improved separation was made by Pur3atall, et al.(hg)
in which the Ta 18 extracted first with methyl ethyl ketone sat-
urated with H20. The Nﬁ is then extracted-wi;h the same solvent
contalning 405 HF.

Activated alumina was used by Tikhomirofr(so) as the ad-
sorption medium for Nb and Ta in oxalate solution. Ta may be
eluted with ammonium oxﬁlate at pH 7, leaving the Nb unaffected

on the eolumn. Niobium 18 eluted with ammonlum oxalate contaln-

"V. SAMPLE DISSOLUTION AND INTERCHANGE WITH CARRIER

Niobium and tantalum metels are-disaolved in HN03-HF
solution or by alkalli fusion. Concentrated H2804 or HF alone
acts slowly on the metals. The minerals of these metals are
best treated by fusions with NaOH, KOH, Na,0,, Ké32°7°r KHF, ..
Acld mixtures, such as HNO3-HF, dissolve most samples, but
generally leave.somq residue which must be treated by fuslon.

. The most important comsideratlon in deeling wlth solutions
of Nb and Ta 18 the problem of deposition of the hydrated oxides
from sqlution. Camplexing agents sdch as F or 0204-'shou1d be
present to ensure true solution of these elements.

Since Nb and Ta are essentlally moﬁovalent, there are no
particular problems in the interchange of radloactlive and carrier

speclesn.

VI. COUNTING TECHNIQUES

The most important radioactive isotopes of Nb and Ta are

35-day Nb95 (formed in huclear fisslion) and 111-day Ta182

181)

(formed
by neutron capture in Ta . Both nuclides may be counted

with standard beta or gamma counting apparatus. However, the
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N(E) dE C/Sec

energy of the Nb95 beta 1s rather low (0.15 Mev), and cor-
rectlons for sample sélf—absorption and scattering, ﬁay be
large and uncertaln. . .

One of the moat significant advances in radioactlvity assay
has been the 1ntroduction of the NaI scintlllation spectrometer
for y-ray measurements. Cataloge of the y-ray spectra of many
nuciides are available(sl) and may be conveniently used to identil-
fy the radloactivitles. Wlth sultable calibration, gamma-ray spec-
trometers may be used for absolute disintegration rate deter-
minations. .

Figures 7 and 8 ‘glve the y-ray spectra obtained by Heath(sl)

181
for Nb95 and Ta .
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Procedure #1 (Diisopropyl ketone method for Nb)

Source: P. C. Stevenson and H. ¢ Hicks, Anal. Chem. 25, 1517
(1953).

A fipslon product separation procedure has been devised for
nloblum to give decontamination factors of 106 for all other fls-
" sion products. ' o

1. Dissolve uranium target 1n concentrated nhydrochloric
acld to which nlobium carrier hes been added in oxalate form
(Lusterold tube).

2. Add a drop of concentrated hydrofluoric acid, and clear
solution with a  few drops of concentrated nitric acid and diges-
tion.

3. Transfer to polyethylene cone, adjJust to 6 M in hydro-
chloric acid, and extract three times with hslf volumes of dllso-
propyl ketone. Discard organlc layer.

4. Add sufficlent concentrated hydrochloric acid and hydro-
fluorle écid to make the solution 6 M in hydrochloric acld and g'ﬂ
in hydrofluoric acld. _ )

5. Extract three times with half volumes of diiaopropyi
ketone, and c.ombine ketone layers.

6. Wash comblned organic layers three times wilth a solu-
tion 6 M 1n sulfurle acid and 9 M 1n hydrofluoric acid.

7. Extraet nlobium from ketone three times with half
volumes of water. Collect water layérs in a tube contalning sat-
urated boric acid éolution.

8. add phenolphthaléin, make Just baslic with ammonlium
hydfoxide, and digest,

9. Wash nloblum precipitate twice with slightly basie
'ammonium nlitrate sclution, then twlce with concentrated nltric
acid. _

10. Transfer precipltate to polyethylene cone and dis-
solve 1in a solution 6 M in sulfurle aclid and 9 M in hydrofluoric

acld.
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Procedure 1 (Continued)

11. Repeat steps 5 through 9.
12.  Transfer precipitate to platinum erucible, ignite, and
welgh as Nb205.

Procedure #2 (TBP method for Nb)

Source: D. F. C. Morrls and D. Scarglll, Anel. Chim. Acta. 1%, 57
(196).

" Preparatlon and standardization of carrier

Dissolve 26.0 g of potassium niobate in ca. 200 ml of water,
heat the solution nearly to bolling and add 15 ml of concentrated
HNO3 slowiy with stlirring. Contlnue heating and stirring for two
to three mlnutes and centrifugé Wash the preclpitate three times
with centrifugation, with 50 ml of hot 2% NH,NO, solution. Add
200 ml of satureted oxalic acld, and heat with stirring until the
niobic acld dilssolves. Cool and dilute to 1 1litre. Fllter the
solution 1f it 1s not clear.

. Pilpette exactly 5 ml of the carrier solution into a 160 ml
. beaker. Add 30 ml of 6 M HNO3 end ca.l g of KClO3 and carefully
heat the solution to bolling. Boil gently with occasional stir-
ring for ca. 5 minuﬁes. Cool the mixture and add conc. NH40H
with stirring to make the pH value 8 to 10 (EE- 15 ml). Fiiter
quantitatively on a Whatman No. 42 filter paper through a 2 inch
60° funnel, réturning the first portlon of the flltrate if 1t
is not clear, and wash with hot water. Ignite in a porcelaln

erucible at ca. 800° G for 15 mlnutes and welgh as Nb205.

Procedure (for uranyl nitrate solutions)
Step 1. Place the sample solution (1 to 10 ml volume) in:
a 50 ml glass centrifuge tube. Add 10 mg zirconium carrier (10

mg Zr/ml prepared from zirconyl nitrate and 1 M nitric acid).

23



Procedure 2 (Continued)

Step 2. Add to the solution an equal volume of concentrated
HN03; 1 ml of saturated oxalic acld, and 2 ml ofrﬁopium carrier.
Gently stir for 10 mlnutes (ngg_l). Heat the solutlon nearly to
bolling and add 0.5 g of KBrO3 in small portions, boiling for a
few seconds after each addltlon. Evaporate the solution to low
bulk and centrifuge the precipitated nioble acild (HEEE 2). Decant
and dlscard the supernate. Wash the preclpltate in 10 ml of hot
2% NH, NO4 solution (Note 3).

_ Step 3. Transfer the preclpltate to a polythene tube. Dis-
solve in 2.5 ml of 40% HF, add 2 ml of 12 M H,S0; and 4-5 ml of
pure TBP. Stlir mechanlcally for 2 mlnutes using a polythene
stlirring rod. Centrifuge, transfer the organlic layer to a clean
polythene tube, and dlscard the aqueous phase. 'Add 5 ml of petro-
leum ether to the TBP phase and then 4 ml of 6 M NH40H. Stir the
phases “or 1 milnute. _Centrifugé at high speed for 1 minute and
separate and dlscard the brganic layer. Wash the équeous phase
with 5 ml of petroleum ether (Note 4y, Ccentrifuge at ﬂigh speed
for 1 minute, decant and dlscard the organic and aqueous super-
nate.

§EEB'4° Wash the nioble acld preclpitate with 10 ml of hot

2% NH4NO3 solution. Transfer to a cruclible with 2 ml of dis-
. tilled water, heat-to dryness, and lgnite at 800° C for ca. 15
‘minutes. Allow to cool in ﬁ deslccator, and break up the

Nb205 to a finé powder with a flat-ended glass rod. Slurry the
Nb205 wilth a little ethyl alcohol on to a weighed aluminum count-
ing tray. Dry under a radlant heater lamp taldng care to ensure
that the'résulting deposit on the tray 1s uniform. Welgh the
tray and Nb205 to establlish the chemlcal yleld. Count on a

y-scintlillatlion counter through a standard alumlnum-lead sandwlch.
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Procedure 2 (Continued)

Notes

1. For exchange of Nb activity and carrler, oxalic acld must be
present, and 1t is advisable to stir the solutlon for at least
10 minutes.

2. If [SiF’s']"2 or F 1s present niobic acid willl not be precipi-
tated. Addltion of an excess of H3Boé to the esample ellminates
this difficulty.

3. The washing is done with 2% NH4N03 solution to prevent peptiza-
tlon.

4, The washing wlth petroleum ether 18 designed to remove any

traces of TBP.

Reagents

Conc. nitric acid.

Saturated oxallc acild.

Potassium bromate.

2% Ammonium nitrate (slightly acidifled with nitric acid).
4oz Hydrofluoric acid. | |

12 M Sulphurlc acld.

Trl n-butyl phosphate.

Petroleum ether

Ethyl alecohol.

DISCUSSION

The procedure was tested for separation from different
possilble lnterfering activlities by uslng the followlng radiocactive
tracers: ceesium 137 -barium 137 (equllibrium mixture), cerlium
144 - praseodymium 144 (equllibrium mixture), ruthenium 106 -
rhodlum 106 (equilibrium mixture), molybdenum 99- technetium 99m
(equiiibrium mixture), and zirconlum 95. The results of these
experiments are summarized 1n Table 1. These data lndicate that

separation from caeslum, cerlum, praseodymlum, ruthenlum, rhodium,
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Procedure 2 (Continued)

molybdenum, technetlum, and zirconlum 1s adequate for fission
product mixtures normally encountered. _

Analyses by the procedure of four uranyl nitrate soiutions
prepared from neutrén 1rradlated uranlum which had c¢ooled varlous
lengths of tlme were carried out. Results are given 1n Table 2.

Aluminum absorptlon curve measurements and y-scintlllation
spectrometer measurements 1lndlcated the presence of a pB-particle
of ¢ca. 0.15 Mev. and a y-ray of 0.77 Mev. 1n each case. These re-
sults agree well wilth the values of 0.160, 0.159, 0.148, 0.146, and
0.15 Mev. quoted for the 35d. nioblum-95 B-particle and the.values
of 0.745, 0.758. 0.77 and 0.75 Mev, quoted_for the energy of the
niobium-95 7y-ray. No other B of v activitles could be detected
iﬁ samples from Solutlione 2, 3 and 4, save a trace of a P com-

*
ponent of energy ca. 0.7 Mev. In the case of samples obtained

Table 1

SEPARATION OF VARIOUS ELEMENTS IN THE PROCEDURE

‘Element v activlity added v activlity above back-
o ' ground in counted samples

Cs-Ba . 176000 cts/min. 15 - 34 . cts/min.

Ce-Pr 75000 . 1 0] |

Ru-Rh 356000 20 19

Mo-Tc . 68600 45 121

Zr 79100 L 120 69 (values uncor-
' rected for growth of Nb activity

during the experiment).

*It should be noted that the Al absorption curve of pure 35 a
95Nb 18 not obtalned until about two weeke efter the last step in
any radiochemicel procedure for the activity analysis of nioblum
in mixed fisslon products. This 1s due to the pfesence of conver-
sion eleetrons from the decay of 90 h 95m Nb.
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Procedure 2 (Continued)

Table 2

RADIOCHEMICAL NIOBIUM ANALYSES OF URANYL NITRATE SOLUTIONS PREPARED

FROM IRRADIATED URANIUM COOLED FOR VARIOUS LENGTHS OF TIME

Daye slince end of

Solutlion 1rradiation

Nioblum activity v ots/min/ml

3 146

L4 150

1894
1900
1976
1864
mean 1909 s8=2.5%

5867
6019
5838
5838
mean 5920 8=l1.1%

3540
3510
3510
3660
mean 3555 8 = é.o%

3505
344y
3496
3466

8 = Jéél = standard deviation, where d

n
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Procedure 2 (Continued)

on Solution 1 in which the uranium had had only 10d coocling,
alumlinum absorptlion curve measurements and y-scilntillation spec-
trometer measurements lndicated the presence of contamlnation
due to tellurium actlivity. y-scintlllation counter measurements
of the decay curves of the samples indicated a maximum contamina-
tion of ca. 5%.

It can be stated from the above results that the procedure
provides satlsfactory radiocﬁgmical purlty wlth <y-scintilletion
éounting using a standerd Al-Pb sandwich, and also a standard
deviatlon of 2% or less, in the analysis of materlal with a cool-
ing time of greater than 30 days (Te interference 1s then negli-
glble). |

The procedure 1s quick, requiring about 1.5 h for a complete
analysis. Chemical ylelds generally obtalned have been of the
order of 60%.

The lnterchange between traﬁer and carrler under the con-
ditions of the procedure has been tested by teklng a portlon of
pure nioblum-95 tracer in 1'M nitrlec acld solutlon, which was

evaporated on a tray and <y counted; the same quantity of tracer
was analyzed by the radlochemlcal procedure. The results shown
in Table 3 indlcate that satisfactory exchange occurs.

Table 3
ANAIYSIS OF CARRIER FREE NIOBIUM TRACER BY THE METHOD

. . TBP procedure evaporated sample
v activity of niobium 4018 cts/min 3925 ets/min

corrected for 100% yleld 4052
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Procedure #3 (Cupferron extractlon method for Nb)

Source: J. 3. Gllmore, US AEC Report Ia-1721 (2nd ed.), Jan. 1958.

l. Introduction

In the separation of nlobium from other fisslon activities,
zirconlum is removed as barlium fluozirconate; any +4 uranium
present, as well as rare-earth activities, are carried down as the
fluorides at thisg stage. Nlioblum 1s then converted to 1ts cupfer-
ron derlvatlve which 1ls extracted lnto chloroform. This step gives
an effective separation from +6 uranium. The cupferron complex is
destroyed and the niobium.precipitatéd as the hydrous oxide,

Nb205 . XH2O, by means of ammon;a water; molybdenum remalins 1n solu-
tion as a molybdate. The oxlde 1s dissolved 1n sulfuric aecid and
decontamination from tin and antimony effected by means of a sul-
flde preclpltation. Further decontamination 1s obtdalned by ad-
ditional precipltations of the oxlide, extractlons of the cupferron
derivative, and acld sulflde scavengings. Nioblum is finally
preclpltated as the hydrous oxlde and 1gnited to the oxide, in
which form 1t 13'weighed and counted. The chemlcal yield 1s 40

to 504 and duplicate samples can be analyzed 1n about 4 hours.

If the'sample solutlon contalns large quantlitles of uranium the
chemlcal ylelds are likely to be low; at present there 1s no

explanatlion for this.

2. Reagents
Nb carrier: 10 mg Nb/ml (added as Nb (V) in oxallic acld solu-
.tion-standardized) ‘
Zr carrier: 10 mg Zr/ml (added as ZrO(NO3')2 " 2H,0 In 1 M HNO3)
Cu carrier: 10 mg Cu/ml (added as CuCl, * 2H,0 in H20)
HC1: 6 M
HCl: cone,
HNOg: 6 M
HN03: conc.
H,S0,: conc.
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Procedure 3 (Continued)

HF: conc.

Tartaric acid: 25% aqueous solution

H3303: -saturated aqueous solutlion

NH,OH:: 6M

NH,0H: conc. _

(NH4)204H406: saturated agueous solution

BaCl,: 50 mg/ml

KC105: s8ollid (for standardization)

HQS: gas

Cupferron reageﬁt: 6% aqueous solution (Kept 1n refrigerétor)
Methyl red indicator solutlon: 0.1% in 90% ethanol

Chloroform.

3. Equipment'

Muffle furnace

Flsher burner

Centrifuge

'Block for hélding centrifuge tubes

Mounting plates (Note 2)

Foreceps

Tongs for holding Erlenmeyer flasks

Plpets: assorted sizes '

Wesh bottle

Ground-off Hirsch funnels: Coors O0OOA (one per sample)
Fllter chimneys (one per sample)

Fllter flasks

100-m1 beaker (one per standardization)

2", 60° funnels (one per standardlzation; three per sample)
125-m1 separatory funnels (three per sample)

125-ml Erlenmeyer flasks (three per sample)

No. 42 whatman filter paper (9 cm)
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Procedure 3 (Continued)

No. 42 Whatman fllter clrcles: 7/8" diameter

4o-ml Tusterold centrifuge tubes (foﬁr per sample)

40-ml1 conical centrifuge tubes: Pyrex 8320 (nine per sample)
Crueibles: Coors 000 (one per sample)

Cruclbles: Coors 00 (one per standardization)

Steam bath '

Ice bath

Stirring rods.

4. Preparation and Standardlizetion of Carriler

(Taken from Radlochemical Studles: The Fisseion Products, Book 3,
pp 1524-5) '

Dissolve 26.0 gm of potassium hexanlobate, KBNb6°19 . 16H20,
(Fen-steel Metallurgical Corp.) in about 200 ml of H20, heat the
solution nearly to bolllng, and add 15 ml of cone. HNO3 slowly
wlth stirring. Contlnue heating and stirring for 2 to 3 min
and centrifuge. Wash the precipltate three times, with centri-
fugation, with 50 ml of hot 2% NH4N03 solution. Add 200 ml of |
saturated H20204, and heat with stirring until.Nbeoé dissoclves.
Cool and dilute to 1 -1liter. Filter the solution 1f 1t 18 not clear.

Pipet exactly 5 ml of the carriler solution into & 100-ml
beaker. Add 30 ml of 6 M HNO3 and about 1 gm of KC10, and care-
fully heat the ‘solution to bolling. Boll gently with oceaéional
stirring for about 5 min. Cocol 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 fllter paper through a 2%,
60° funnel, returning the first portlon of the flltrate if 1tf
1s not clear, and wash with hot H20. Ignite 1n a Coors 00
crucible at about 800° for 15 to 20 min and welgh as Nb205.
Four standardizations performed -as described above gave

results agreelng within 0.5%.
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Procedure 3 (Continued)

5. Procedure

Step 1. To exactly 4 ml of Nb carrier in a 40-ml Lusteroid
centrifuge tube, add 3 ml of conec. HF, 10 ml of the sample in
4 M HC1, 1 ml of Zr carrier, and 4 ml of BaCl, solution (50 mg/ml).
Centrifuge the BaZrF6 precipitate, transfer the supernate to e :
clean 40-m1-Lusteroid tube, and discard the precipltate. Repeat
the BaZrFs precipitation three times, the third time transrerrinq
the Qupernate to a 125-ml separatory funnel. .

Step 2. To the supernate add 30 ml of a saturated H3BO3 to
destroy the Nb-fluoride ccmplex and make the solution 1 M in HC1.
Add 4 ml of cold 6% cupferron reagent and let the mixture stand
for 1 min. Extract the Nb-cupferron complex into 20 ml of CHCl

3

ahd'tranafer the CHCl, layer into a 125-ml Erlenmeyer flask.

3

Step 3. ‘To the aquéous phase, stlll in the separator& funnel,
add 2 ml of cupferron reagent, extract with 10 ml of CHcl3, and
combine the extract with the previous one. Wash the aqgueous
phase with 10 ml of CHCly and combine the washings with the pre-
vious extracts. . '

Step 4. Heat the CHC13—extracF with 3 ml of conc. H,S0, and.
about 26 ml of HNO3 to destroy organie matter.

Steé 5. Transfer the solution to a 40-m1 conicel centrifuge
tube and make the solﬁtibn-baaic by thé addition of conec.
NH, OH. Centrifugé and diﬁcard the supernate. - Dissolve the bre-
cipitate (N‘b205 - IH20)'1n 3.3 ml of conec. 32304 and dilute the
solutlon to 20 ml with HEO‘ Add 1 ml -of Cu carrler and saturate:
the solution'with'Has. Centrifuge and filter into a clean 40-ml
eonlcal centrifuge tubé, using a 2", 60° funnel and No. 42
Wha tman filter paper.

Step 6. Make the supermate baslc by additlion of cone. NH40H
to precipitate NbyO5 * XH,0. Centrifuge, discard the supernate,
and wash the precipifate with a mixture of 5 hl of 6 M Nﬁuoﬂ, 3
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Procedure 3 (Continued)

ml of 6 M HNO,, and 5 ml of H,0 (Note 1). Dissolve the precip-
itate by warming in 0.5 ml of'25$ tartaric acid solution. Centri-
fuge, transfer the supernate to & clean centrifuge tube, and dis-
card any residue.

Step 7. Add 10 ml of cone. HNO3 to the supernate and heat
the mixture on a éteam bath for about 15.min. Centrifuge, discard
the supernate, and dlssolve the Nb205 - XHQO precipltate in 1 ml
of conc. HF and 3 drops of 6 M HCl.

Step 8. Transfer the solution to a 125-m1 separatory funnel,
add.lo ml of saturated H3Bo3, and make the solution 1 M in HC1.
Add 4 ml of cold cupferron reagent and extract the solution with
20 ml of CH013¢ Transfer the CHCl3 layer to a 125-ml Erlenmeyer flask.

Step 9. Repeat Steps 3; 4, 5,6, and 7.

Step 10. Repeat Steps 8, 3, 4, 5, 6, and 7, but dissolve the
Nb205 . XH20 preclipltate formed in Step 7 in 5 ml of saturated
(NH, ) ,CyH)0g solution and sufficient conec. NHYOH to make the
solution alkalilne. -

‘Step 11. Cool the solutlon 1n an ice bath and add 4 ml of
cupferron reagent. Add 6 M HC1l dropwlse to acldify (2 drops past
a methyl red end point). Filter the Nb-cupferron complex onto a
No. 42 Whatman fillter cirecle, 7/8“ dlameter, uslng the standard
ground-off Hirsch funnel and fllter chimney equipment. Ignite
at 800° for 15 ﬁo 20 min. Cool the Nb205, mount, and count
(Note 2). . '

Notes
l. The N'b205 . XHEO preclplitate 13 washed with NH4N03 solution
to prevent peptlzation.

2. The lgnited Nb 1s mounted on an Al plate, 2-1/2" x 3-1/4",

2%
which has a depression 5/8" in dlameter and 1/32" deep in

the center of cne slde. A dilute solution of Zapon in
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Procedure 3 (Continued)

ethanol 1s used to spredd and fasten the oxide to the plate.

The preclpitate 1s covered wlth rubber hydrochloride.

The sample 1s counted in a bheta counter with no absorber.

The isotopes counted are 68m Nb”', 23.3n 26, and 37 NP2,

Procedure #4 (Cupferron extractlion method for Nb)

Source: R. H. Goeckermann, US AEC Report UCRL-432 (Aug. 1949).

Element separated: Nloblum
Target materlial: ~ 1 g Bl metal Time for sep'n: ~ 2 hrs,

Type of bbdt: 184" all perticles Equipment requlred: Centri-
' fuge, tubes, l1lce, lustoroid
cones, cruclble

Yield: approx. 504
3

Degree of purificatlon: Decontamination factor > 10” from
fission & spellatioh products.
Advanteges: Falr yleld of pure Nb
Procedure:
1. -Add equal volume of concentrated HNO3 to allquot of
HNO3 soln of target, 1 ml 6 N HC1, 1 ml saturated
Hzceou, 20 mg Nb, gnd 10 mg Zr. .Heet. and add 0.5 g
KBr0O3 in small portlons, Dilgeet 5 min,ind centrlifuge
Nby05. Wash precipltate hot.with.3 ml 6 N HNO3, 2 ml
6 N NH),OH, and 5 ml H,0.
2. Dissolve in 1-2 ml saturated H,C,0, + 10 drops 6 N HC1.
Make up to 20 ml of 6 N HC1, 0.05 M H,805, and edd 10
ml CHc13f Cool 1in ice bath, add 2 ml fresh 6% cupferron
and shake well. Extract a second time wlth more CHCl3
and cupferron. Wash CHClq with 20 ml cold 6 N Hci and,

0.05 M H2803 contalning more cupferron.
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Remarks:

Procedure 4 {Continued)

Boll with 10 ml concentrated HN03, adding KBro3 until

CHCl, 18 gone, solution is pale yellow and Nb has pre-

2%
cipitated.

Tranéfer to lusterold wlth dil. HN03. Dissolve by adding
1 ml concentrated HF., Add 2 ml 6 E HNO3, 10 mg Zr, and

5 ml H20- Add 50 mg Ba dropwlse and centrifuge BaZrFs.
Add 6 ml concentrated NH),OH to supernatant (to pH 8-10).
Centrifuge NbyOg, and wash with 3 ml 6 N NH;OH, 1 ml 6 N
HN03, and 5 ml H20. Use a second wash to transfer pre-
cipitate back to glaas.

Dissolve hot 1n 2 ml saturated H,C,0y plus 10 drops 6 N
HNOj. Add 3 ml H,0, 5 ml concentrated HNOj, heat, add
0.5 & KBrOg slowly, digest 5 min., centrifuge. Stir pre-
cipitate up with 3 ml 6 N HNO5, 2 ml 6 N NH,OH, and 5 ml
H20, heat, filtér, 1gnite 1in a cruclble 15 min.

Weigh as Nb, 05 (14.30 mg per 10 mg Nb), '

The extrn 1s supposed to separste Nb from Zr, Te, & Mo.

The extrn separation was substituted for heavy metal sul-

flde scav. to remove Te and Mo. The extrn procedure can possi-

bly be combined wlth carrying of the Nb tracer on Mno2 pptd

from 10 N HNO5 for a carrier free procedure.
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Procedure #5. (Diisdgropyl-ketohe extraction method for Ta)

Source: M. Lindner, US AEC Report UCRL-4377 (Aug. 1954).

Purification: 10°° Atoms of Ta182

lsolated from a 3-day-o0ld solu-
tion contalning 1015 fisslions showed no evldence of
contaminatlion by forelgn radlionuclides when decay
was followed through one half 1life,

Yield: 30 to 60 per cent.

Separation time: Four hours.

Reagents: Dllsopropylketone and a solutlon of 12 N H2304— 0.4
N HF.
Remarks: _ The.procedure 1s 1n essence that of Stevenson and

Hicks (Anal. Chem. 25, 1517 (1953)). The use of
glass equipment through the entlre procedure 1s
permlssible because of the low HF2' éoncentration.
The only,equipmeﬁt neéeséary 18 12-ml centrifuge
cones,

1. To the solut;on, which should be at leest 1 N in elther HC1
or HN03, add 10 milligrams of Ta carrier.* Bring to a boil
and digest for ten mlnutes .while the solution boills. Add
6 M acid 1f necessary to replenish volume. Centrifuge pre-
clpitete and wash twlce with conec. HN03, bringing to a boll
each time. On the last wash, transfer slurry to a 12-ml
centrifuge cone.

2. Dissolve the precipltate in 2 ml of 12 N H,S50,-0.4 N HF.
Ignore any small quantitles of undissolved forelgn material.

3. Add 2 ml of dlisepropylketone and equilibrate layers for
about one-half minute with a pletinum stirring wire. Centri-

*Fluoride—free tantalum carrler can be made by dissolving freehly
precipitated and washed hydrated tantaluﬁ oxide 1n hot saturated
oxallc acld. Rather concentrated solutions of tantalum mey be
made 1n thilis manner and may be dlluted to.any desired concentra-

tion with water.
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10.

Procedure 5 {Continued)

fuge the layers and transfer the ketone layer to a clean
12-ml cone. Repeat the equilibration twice, combining the
organic layers.

Wash the combined ketone fractlon with 2 ml 12 N H2304—0,4 N
HF. Discard the aqueous layer.

To the ketone layer, add 2 ml water, equllibrating layers for
about 30 seconds with a platinum'stirring wire. Centrifuge
layers. It may be necessary to centrifuge for five to ten
minutes at this polnt because the organic layer often ex-
hibits emulsification. Repeat the treatment twice with 2-
ml portions of water.

To the combined water layers add one drop of phenclphthaleln
and sufficient conc. NH4OH to make the solution barely al-
kaline. If necessary, "back-titrate™ by dropwise addition
of 4 N HNO3 to a falnt pink., Centrifuge the resultant pre-
cipltate and wash once with 5 ml conec. HNO3 or with 5 ml

of a solution of 1 M,NquH nearly saturated wlth NH4NO3e
Repeat the cycle (steps 2 through 6) twice,

Wash the final precipitate with 5 ml acetone. Discard the

wash. With vigorous stirring motlon of a platinum wire in

the precipitate, place the cone in a bolling water bath and
continue stirring until the precipitate appears dry and the
acetone has evaporated from the cone.

Slowly place the cone over an open bunsen flame, finally
heating the bottom of theﬂcone strongly. At this point the
precipitate usually turns black. Cool.

Cautiously shake the black powder out of the cone onto a
welghed platinum disc. Ignlte the platinum disc over a
Meker burner until the precipitate appears white. Cool

and welgh as TaEOSQ
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Procedure #6. (Dlisopropyl ketone method for Ta)

Source: F. F. Felber, Jr., UCRL (unpublished).

Separated from: Hfo2 Cyclotron target.

Procedure _ _

1. The target (~ 350 mg 18 dissolved with 6 M HC1 - 1 M HF in
a Pt dish, and evaporated to 0.5 - 0.75 ml. -

2. The precipifate is centrifuged, and reeerved for Hf recovery.

3. The supernatant llquid 1s cooled 1h an lce bath, and centri-
fuged tb remove any Hf that precipitates. The Hf preclpltates
are combined. .

4, The clear supernatant solutlion 1s extracted with an equal
volume of dlisopropyl ketone which hed been previously
equllibrated with 6 M HC1 - 1 M HF. (Note 1.)

5. The organlc phase 1s waeshed wlth an equﬁl volume of 6 M HC1 -
1 M HF and the washing discarded.

6. The Ta 1s back extracted into an equal volume of H,O0.

7. 30 - 50 mg soiid (NH4)2 C,0y 1s added to the solution, and

. Ta electropiated.

Notes

1. If larger volumes can be toierated, two extractions ma& be

performed.

2. A high concentration of F results in a low plating yleld.

Procedure #7. (Precipltation method for Nb)

Source: L. E. Glendenin, Paper 253 in "Radlochemical Studiles:
The Fisslcn Products,"‘NNES, Vol. 9, ed. by

'C.D.Coryell and N. Sugarmane (MeGraw-H111, 1951)

PREPARATION AND STANDARDIZATION OF CARRIER

PreEaration. (a) From Niobium Metal. Nliobium carrier solu-

tion can be prepared f-om nloblum metal as follows: Place 10.0 g

of pure niobium metal 1n a platinum dish and dissolve in a few
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Procedure 7 (Continued)

mllliliters of 27 M HF containing a little cone. HNO3. Transfer
to a bakellite beaker, dilute to about 200 ml, and add conec. NHAOH
to make the pH value'8 to 10. wWash the Nb205 three or four |
times by centrirugation with about 50 ml of hot 1 M NH40H (con-
taining 1 g of NH4N03 to prevent peptization). Stir the pre-
ciplitate of Nb205 with 5 ml of 6 M HNO3, and transfer to & 500-ml
beaker with about 200 ml of saturated oxallec aclid. Heat Just

to bolling and continue heating untll the Nb 1s dissolved.

205
Cool, and dilute to 1 liter. Filter the solution if 1t 1s not
clear.

(b) From Potasslum Hexanilobate. Nlobium carrier solution

can be prepared more convenlently from the water-soluble salt
potassium hexanlobate (K8Nb6019.16H20), commercielly available
as “potassium nlobate " from the Fansteel Metallurglecal Corp.,
as follows: Dissolve 26.0 g of the pure salt in about 200 ml of
H20, heat the solutlion nearly to bolling, and add 15 ml of conec.
HNo3 slowly with stirring. Continue heating and stirring for 2
or 3 min and centrifuge. Wash threé times, wlth centrifugeation,
with 50 ml of hot 2 per cent NHu_NO3 solution. Add 200 ml of
saturated oxalic acid, and heat with stirring until the N‘b205
dissoives. Cool and dilute to 1 liter. Fllter the solution 1if
1t 1s not clear.

Standardization. Pipet 5 ml of the carrier solutlon into a

beaker. Add 30 ml of 6 M HNO3 and about 1 g.of KlClO3 and care-
fully heat the solution to bolllng. Boll gently with occasional
stirring for about 5 min. Cool the mlxture and add cone. NH40H
‘with stirfing to make the pH valﬁe 8 to 10 (about 15 ml). Fllter
quantitatively on Whatman No. 42 filter paper, returning the first
porﬁion 6f filtrate if 1t 18 not clear, and wash with hot water.

Ignite at about 800°C for 15 to 20 min and weigh as Nb,Os -
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Procedure 7 (Continued)

PROCEDURE

Step 1. (a) Uranyl Nitrate Solutions. Add 10 mg of zirco-
nium holdback carrier and procged as in (b), but do not trans-
fer to lusterold tube (Note 1). Omlt steps 2 and 3;.proceed im-
mediately to step 4.

(b)_PhogphateAgg}utions. To the sample (Note 1) in a 50-ml

glass centrifuge tube,'add an equal volume of conc. HNO3,1 ml of

6 M HC1l, 1 ml of saturated oxallc acid, and 2 ml of niocbium car-
rier. Heat the solution nearly to boiliné and edd 0.5 g of

KClO3 in small portions, bolling for a few Beconds after each
addition. <Centrifuge the Nb205 (Note 2), &ecant the supérnatant
solution, and stir  in 3 ml of 6 M HNO;, 2 ml of 6 M NH,OH, and

5 ml of H20 (Note 3). Heat the mixture nearly to bolllng, transfer
to a 50-ml lusteroid tubé, and cgntrifuge.

Step 2. Dissolve the N'b205 in 1 ml of 27 ! HF and add 2 ml
of 6 M HN03, 1 ml of zireconlum carrier, and 5 ml of H201 Add. 1
ml of.Ba(Noa)a-solution (50 mg/ml) drop by drop, stir for 1 min,
and centrifuge out the-BaZrFG. Decant the supernatant solution
into a lusterold tube, add 1 ml of zirconlium carrier, and ceﬁtri-
fuge.

Step 3. Decant the sﬁpernatant solution into a lustercid
tube, add conc. NH;OH (about 7 ml) to make the pH value B te 10
(phenolphthalein indilcator), and centrifuge the Nb205. wash the -
precipitate by stirring up in 3 ml of 6 X NH,OH, 1 ml of 6 M
HN03. and 5 ml of H,0, and centrifuge (Note 4). Repeat the wash-
ing, using the wash solution to transfer the precipltate to a
50-ml glassa centrifuge tube. Heat nearly to boiling and centri-
fuge. Add about 10 drops of 6 M HN03 to the preclpltate and_pro-
ceed immediately to the next step (Note 5).

Step 4. Dlssolve’ the precipitate of Nb205 by heating with
2 ml of saturated oxalic aeld. Add about 3 ml of 320 and 5 ml
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Procedure 7 (Contlnued)

of conec. HN03, and heat nearly to boliling. Add 0.5 g of KClO3

in small portions, boll for a few seconds after each addition,

and centrifuge. Wash the NbyOg in a mixture of 3 m1_or 6 M HN03,

2 ml of 6 M NH,OH, and 5 ml of H,0 {Note 3). Heat nearly to

boiling, and filter (Note 6). Transafer to a crucible, burn

off the filter paper, and ignite in a muffle furnace at 800°C

for about 15 min. Cool, welgh the cruclble and i1ts contents,

transfer the lgnited precipitate to the mounting card, and re-
welgh the cruclble to find the weight of Nb205 mounted.

Notes

1. The volume of the esample should not exceed 10 ml.

2. If.SiFé' or F~ 1s present, Nb,0g will not precipitate. An
exceas of H3503 added to the sample eliminates this 4iffi-
culty. If the origlnal sample 1s turpld or of doubtful com-
position, use step 1b.

3. The washing 18 done with HN03 containing'NH4N03 to prevent
peptization.

4., The washing 1s done with NH,OH containing NH4NO3.to_prevent
peptization.

5. Freshly preclpltated Nb20 dlssolves readlly 1n hot oxalie

5
acld. If the precipitate 1s allowed to stand, however, 1t
may become very difficult to dissolve. If the preclpltate
wlll not dissolve, transfer to a lusterold tube with 5 ml
of water, dissolve with 1 ml of HF, and repeat step 3, be-
ginning with the addition of the NH)OH. '

6. If the first portion of the flltrate 1s not clear, return

"1t to the filter.
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Procedure #8. (Precipltation method for Nb)

Source: A. S. Newton, USAEC Report UCRL-432 (Aug. 1949).

Element separated: nloblum

Target materlal: thorium metal (.1-1 gm)

Type of bbdt: 60" a's

Procedure:

1.

. Dlssolve ppt with 1 ml 27 N HF. Add 2 ml 6 M HNO

' Zr holdback carrier, and 5 ml H,0. Add 50 mg Ba(NO

The Th metal 1s dissolved in conc. HC1 plus a few drops
of .2 M NH4L1F6 solution to clear up the black residue.
The HC1 1s dlluted to 2 N and an aliqueot taken. Add 10
mg Zr holdback carrler. Add an equal volume conc. HN03,

1 ml 6 M HC1, 1 ml saturated H,C,0y, and 20 mg Nb

‘carrier. Heat solution nearly te bolllng, add 0.5 gm

KBr03 in small portlons digesting and bolling a few
minutes after each addltion. Digest 5 minutes and centri-
fuge off pptd Nb

Stir up ppt with 3 ml 6 M HNO,, 2 ml

205. 3
6% NH)OH and 5 ml H,0. Heat mixture nearly to bolling and
transfer to a 50~ml lusterold tube and centrifuge.

37 10 mg
3)2 in solu-
tion dropwlse. Centrifuge out BaZrFs. Decant into another
lusterold tube, add 10 mg Zr carrler and centrifuge.

To supernate 1in lusteroid, add about 6 ml conec. NH40H {to

PH 8-10). Centrifuge the Nb,O;. Wash ppt by stirring up in
3mlof 6M NH,OH, 1 ml 6'3 HN03, 5 ml H,0. Centrifuge.

Repeat washlng end use wash solutlon to transfer ppt to a
gléss tube. Heat nearly to bolling and centrifuge. Add

abdut 10 drops of 6% HNO3 to ppt and lmmedlately proceed

on 4.

Dlssoclve the preclpltate by heating_with 2 ml saturated

-H20204. Add atout 3 ml H20, 5 ml cong HNO3 and heat nearly

to bolling. Add 0.5 gm KBrO3 1n small portlons, boll a few
minutes after each additlon. Digest 5.m1nutes and centrl-
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Procedure 8 (Contlnued)

fuge. Wash NbyOg in mixture of 3 ml 6 M HNO;, 2 ml 6 M

3!
NH40H and 5 ml H20° Heat nearly to bolling amd filter.
Transfer to a cruclble, burn off fllter paper and lgnite

in muffle 15 min. Weigh on wetchglass as Nb205 and count.

Preparation of carrler solution:

Dissolve 26.0 gms of pure potassium hexanlocbate
(KBNb6019~16H20 avallable from Fansteel Corporatlion as potassium
niobate) in 200 ml H20w Heat nearly to bolling and add 15 ml
cone. HNO3 slowly with stirring. Heat 2-3 min and centrifuge
off ppttd NbéoS' Wash three times by centrifugation with
50 ml hot 2% NH,NOg solution.

. Add 200 ml saturated oxalic acld solutlion to the Nb205.
Heat with stirring until the Nbao5 dissolves. Cool and dilute
to 1 liter. Fillter if soluticn 1s not clear.

Standardization:

Take 5 ml carrler, -adé 30 ml 6 N HNO3. Add 1 gm KBrO3
and heat solution to boliling. Boll 5 minutes with occaslional
stirring. Cool, add about 15 ml conc. NH,OH to a pH of 8-10.
Fllter on to Whatman #42. Refilter 1f not clear. Wash wlth

hot H,0. Ignite at 800°C for 15-20 min. Weigh aa'szos.
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Procedure #9. (Carrier-free separation of Nb by precipitation)

Source: J. M. Siegel, W. P. Blgler and D. N. Hume, Paper 255 in
"Radiochemical Studies: The Flssion Products,"” NNES Vol. 9, ed.

by Coryell and Sugarman (McGraw-H11l, 1951).

CHEMICAL PROCEDURE

Step 1. To a suitable volume (5 to 100 ml) of fission-
product concentrate (Note i) or zifconium—niobium tracer concen-
trate (Note 2) are added 10 mg of tellurium carrler (as H2Te03)
and 10 ml of conc. HCl, and the solution 1s évaporated to approx-
imately 2 ml (Note 3). A second 10-ml portion of conc. HCl1 is
added, and the solution 1s agaln evaporated to about 2 ml. To
the residual solutlon are added 20 ml of 3 M HCl1 and 2 ml of
saturated oxallc acld, and the solution is heated tp bollling. Sul-
fur dloxlde is bubbled through the hot solutlion until the tellur-
ium precipitate 15 well coagulated (Note 4). The solution is
flltered throﬁgh a slntered-glass filter_stick, and the precip-
l1tate 18 dlscarded.

Step 2. The éupernatant liquid is evaporated to about 2
ml in order to expel most of the HC1l (Note 5). Twenty milli-
liters of 10 M HNO3, 10 mg of Mn++ carrlier, and 1.5 g of KClO3
are added eilther by slurrylng wlth the HNO3 or by the addition
of smali portions of the solid. After the initlal evolution of
012 has subsided, the mixture 1s hested cautlously to boliling.
The boiling 138 continued for 2 to 3 min to coagulate MnOE, and
the supernatant lliquld 1s filtered off through a_sintered—glass
filter stlek. The precipitate 18 dissolved in 10 ml of 10 M
HNO3 cpntaining 2 to 3 dropé of 30 per cent H202 and bolled for
a few ﬁinutes to decompose the excess H202= Ten mllliliters of

10 M HNO3 and 1 g of KClb are then added, and the mixture 1s

3
bolled for 2 to 3 min to repreclipltate Mnoe. The supernatant

solution is flltered off, and the Mn0O, 1s dissolved and repre-

2
cipitated a third time by the above procedure.
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Procedure 9 (Continued)

Step 3. The third Mno2 precipltate 1s dissolved in 20 ml
of H20 confaining 0.5 ml of 5 M HNO3 and 2 drops of 30 per cent
Hy0, - Ten milligrams of Fett carrier'is edded, and the solution
18 bolled with 2 drops of saturated bromine water. A solutlon
of 6 M NH)OH 1is added drop by drop until Fe(OH)3 almost precip-
itates (Note 6), the .solution 1s heated to bolling, and about
0.5 ml of 3 M NH4C2H3O2 18 added drop by drop to precipltate
baslc ferric acetate [probably FeOH(02H302)2]. The supernatant
11quid 1s filtered off through a sintered-glass fllter stick,
and the precipitate 1s dissolved iﬁ 20 ml of H20 contalning 0.5
ml of 6 M HNO3. Baslc ferric acetate 1s reprecipltated by the
above procedure, flltered, and dlssclved 1n 20 ml of 8 M HC1.
This solution 1s then extracted three or four times with 20-ml
portions of isopropyl ether. The aqueous phase 18 then evapora-

ted to approximately 2 ml (Note 3) to expel ether and HC1l and
1s diluted to the desired volume.

Notes

1. The fission-product concentrate 1s the aqueous phase oﬁtained
by the exhaustive ether extractlon of uranyl nitrate and fil-
tered to remove silica. Less than 1 g of uranyl nitrate per
50 ml of solutlon should be present. The starting material
must be free of SiOz.to prevent the loss of nioblum by ad-
sorption.. .

2. If the zirconium—niobium mixture 18 1solated by the cupferron-
chloroform method, i1t will be free of tellurium, and step 1
may be omltted. _

3. Niloblum i1s lost on the walls of the contalner 1f the solutlion
1s evaporated teo dryness. The activlity may be removed by boil-
ing with 1 M KOH or 0.01 M oxallc acld, gilving stable salu-

tlons of tracer as the nlobate or as the oxalete complex, re-
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Procedure 9 (Continued)

spectively. Thé oxalate may be removed before use by treat-
ing with aqua regla and fumlng with'HNO3 to glve a solutlon

in HNO3° Niobium tracer 1n HNO, or HCl1l loses activity rather

3
qulckly owlng to adsorptlon on the.ﬁalls of the glass contalner.
Any hexavalent_telluriﬁm ac¢tivity initlally present willl be
reduced to the tetravalent state by the HC1 tfeatment, and
from this state the reductlion to the metal occurs readlly
with SO2.
5. The presence of large amounts of HC1 fequires the addition
of excesslve quantities of KC103, This tends to interfere
with-the carrylng of_nioBium on Mn02.

6. It 1s usually necessary to add 1 drop 1n excess and then to

dissolve the Fe(OH)g with a drop of 6 M HNO;.

TESTS AND ANALYSES

In the development of thls procedure four small-scale pre-
paratlons of less than 0.5 millicufie and one large-scale pre-
paration of 50 millicuries were made. In the four small-scale
preparations the recovery yleld ranged from 80 to 95 per cent,
but 1n the lafge—scale preparation 1t was only 40 per cent. This
low yleld was largely the result of losses caused by the mechan-
lcal difficultles invq}ved 1n remote-control operations.

Absorption curves of all the preparatlions were determined;
except for the first run they showed very little B éontamina—
tion. An analysis of the large-scale preparation for tellurium
indicated that less than 0.2 per cent of the total p and v activ-
1ty was due to tellurium.

The sodium bismuthate test for manganese and the potassium
thiocyaﬁate test for iron i1ndicate that both of these elements
are present in verj small amounts in the final tracer solutlon.

The tellurlum preclpitate was tested for nioblum activity.
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Procedure 9 (Continued)

The preclipltation of tellurlum was carrled out in the presence
of nioblum activity under the same condit;ons as 1n the tracer

isolatlon. The loss on the tellurlium precipitate was 0.8 per cent.

Procedure #10. (Carrier-free separation of Ta by solvent
extraction) ' '
Source: F. F. Felber, Jr., (UCRL, unpublished)

Separated from: Lu203 Cyclotron Target

_ Procedure
1. The terget (~ 100 mg) 1s dissolved in 20 - 25 ml 6 M HC1,
and any insocluble residue is centrifuged down, and reserved for
Lu recover&. .
2. PFlve mg Hf02 1s dissolved in 1 ml conc. HF and added to the
clear supernatant liquid, precilpltating LuF3 (Note'l).
3. The precipltate 1s centrifuged, and reserved for Lu recovery,
and the supernatant solutlon is evaporated to 0.5 - 0.75 ml.
4. The solution is diluted to a convenient volume with 6 M HC1,
and cooled in an 1ce bath, and any precipitate which appears 1s
centrifuged and combined witn the previous precilpitate.
'5. The clear solutlon 1s extracted with an equal volume of di-
1sopropyl ketone which had previously been equllibrated with
6 M HC1 (Note 2).
6. The organic phase 1s washed with an equal volume of G-E HC1
and the washlng dlscarded.
7. The Ta 1s back extracted into an equal volume of H20, and
30 - 50 mg of solld (NH4)2 0204 1s added td ready the solution

for plating.
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Procedure 10 (Continued)

Notes
l. Hf acts as a holdback carrier.

2. Two extractlions may be performed if larger volumes can be

tolerated.

Procedure #11. (Carrier-free separation of Nb by ion-

2xchange

Source: C. E. Melllsh, UKAEA Report A.E.R.E. 1/M 39 (1955).

A source of Nb was required contaiﬁing no zirconium aﬁd as
large & ratlo as possible of Nbg5m to Nb95. This was requlred
in & solutlon containing less than % mg of total solid which
could be evaporated on a thin polystyrene foll. Thus the Zr95
avaiiable, about 20 mCs., had to be stripped of =ll the niobium
1t contalned, left for a whille for the nloblium to grow, and then
stripped. of nioblum agsin before the short lived 1somer could
decay appreclably. Thls was achleved by_the use of an anlon
exchange column, after two other separatlion procedures had been
tried and rejected.

First, a method of separation due to Fudge (A. J. Fudge,
A.E.R.E. Report C/R 1502) was attempted. This involved a
chromatographlc separation of Zr and Nb on a cellulose column,
in a Solufion of methyl ethyl ketone/HF, The method was aban-
doned for two reasons; (2) because the column appeared to be-
have erratically with the carrler-free material, and (b) because
of the difficulty of obtaining less than % mg of total solid
when evaporating down the 400 ml of liquid reduired to elute the
nlobium. .

Secondly a solvent extraction method was attempfed,-in'which

Zr was extracted from the Zr/Nb mixture into n-butyl ether in the
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Procedure 11 (Continued)

presence of dl-butyl phosphate (J. M. Baker, et al. Proc. Phys. Soc.
§§, 305, 1953); Th;s method was unsatisfactory because of e
glass-1ike resldue 1n the final source materlal resembling phos-
phoric acid. Thils may have arlisen by hydrolysis of the DBP under

the acld conditions employed.

Anion Resin Column Method

The Zr/Nb mixture was evaporated to dryness, taken up in a
solution 9 N in HC1l and 2 N in HF and added to the resln column.
Elufing with thls mlxture removes the Zr falrly qulckly; the nlo-
bium 1s left on the column and 1s difficult to remove. The flrst
time the process was carried out, in fact, the nioblum had grown
in a HNO3/bxalic gcld mixture and proved impossible to elute.

:The column of resin, which was 20 cm long and i.o cm 1n diameter,
and held 1n a polythene tube, was therefore cut up, ané a niobium
source obtalned by destroylng the resin holding the Nb wlth con-
centrated nitric and sulphurle acidé and 100-vol hydrogen per-
oxlde. This gave & sourcé which was satlsfactory wilith regard
to total solld, and thils could be used as a method for obtain-
i1ng the nlobium. '

In subsequent experiments, the Nb95 was allowed to grow 1n
the HC1/HF mixture, and 1t was found poaslble to elute 1t with
acld 3 N in HC1 and 0.05 N 1in HF. These conceﬁtrations were
arrived at by extrapolating the figures of Kraus and Moore
(K. A. Kraus and G. E. Moore, J. Am. Chem. Soc.,75, 1460, 1953;
ibid.: 73, 9, 1951) to obtaln as large an elution constant for
Nb as possible.

Ménitoring in the separation is performed by counting
samples of effluent wlth an end window Gelger tube. The samples
are counted with and wilithout an absorber in front of the counter
to absorb all PB-particles, ﬁhen niobium can be distingulshed

by 1ts higher y-p ratilo.
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Procedure 11 (Continued)

The flnal source was prepared b& evaporating the niobium
solution to dryness and taking i1t up in a few drops of 40% HF;
this was evaporated on a po}ystyrene foll without damage to 1it.
The source contalned less thén 2% zirconlium, and was suppliled

about 30 hours after the Zr-Nb separaﬁibn.

Procedurc #12. (Carrier-free separation of Ta by precip-
ltation and lon-exchange)

Source: A. N. Murin, V. D. Nefedov, I. A. Yutlandov, Uspeckhl
' Khimii 24, 527 (1955).

Irradiated oxiae.of ﬁf (HfO,) was dissolved 1n a mixture
of HN03.ahd HF. Excess HF was removed by evaporation with 10 N
H_NO:,).7 To the solution.was added KMnO4, and Mnb2 was precipil-
tated. The Mnoé quantltatively carried down the radio-tantalum.
The précipitate was dissolved in oxalic'acid and the Mn*2 was

removed by adsorption on a catlioh exchange resin (Amberlite 1R-1

or Dowex-50).

Procedure #13. (Chromatographic extractlon method for Nb)

Source: A. J. Fudge, UKAEA Report A.E.R.E. C/R 1502 (Dec. 1954).

SPECIAL REAGENTS

Nioblum Carrier (5 mg Nb205/h1)

2.5 g of Specpure nloblum pentoxlde was dissolved by warm-
ing with 20 ml of 4o# w/v hydrofluoric acid under an infrared
lamp. If solution was slow more hydrofluoric acld solution was
added untll a clear golution has been obtained. This solution

was then washed qulckly intoc a 500 ml graduated glass flask or
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Procedure 13 (Continued)

polythene bottle and made up to 500 ml with 2% hydrofluoric
acid solution. The solution was stored in stopped polythene bot-
tles.

Zirconium Carrier (10 mg Zr/ml)

4, 7gof zirconium nitrate {Zr (NO3)4°5HQO] was dissolved
in 6.3 ml of concentrated nitric acid and 5 mls of water with
gentle warming. When a clear solution had been obtalned, the
solution was diluted carefully to 100 ml , allowed to stand over-

night and filtered if turbid.

Hydrofluoric Acid solution (1:3)

100 g of A.R., hydrofluoric acid (40% w/v) solution was
welghed into a polythene beaker and diluted with 300 ml of re-
distilled water. The mixture was stored in screw-capped poly-

thene bottles.

Developing solution

100 g of A.R. hydrofluorlic acid {(40% w/v) solution was
welghed into a polythene bottle, and 400 ml of redistilled methyl
ethyl ketone added. This solution was again stored in screw-cap-

ped bottles and keeps almost Indefinlitely if well secured.

Tannin solution {2%)

2 g of tannin was dissolved in 100 ml of redistilled water,

and the solution filtered to remove the residue.

Preparation of standardized 95-Niobium tracer solution

(1) 5 millicuries of 95-nioblum tracer (as supplied by R.C.C.
Amersham) was washed into a Pt basin and evaporated to dryness.

(2) The residue was fused with 1.0 g of powdered potassium bi-

sulphate and cooled. 5 ml of nioblum carrier, and 1.0 ml of
zirconlum carrier solutions were added with 10 ml of hydro-~

fluoric acid (40% w/v) and the mixture evaporated to dryness.

(3) The residue was dissolved, by warming under an infrared lamp,
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Procedure 13 (Continued)

in the minimum quantlty of diluted (1:3) hydrofluoric acid solu-

tion and 1.0 g of A.R. ammonium fluoride.

(4) Suffiecient Whatman cellulose powder was then added to the

solution to glve a powdery mixture.

(5) A cellulose column was prepared by édding Whatman cellulose
powder to a polythene column 12" x 1" contalning 20% hydrofluoric
ecld/methyl ethyl ketone solution until a column 8" high has

been obtalned.

(6) The niobium tracer on the cellulose pulp was then added to
the column, and 400 ml of 29% hydrofluoric acid/ mefhyl ethyl

ketone allowed to flow through the column.

(7) The eluent was evaporated to dryness 1in a platinum basin
under an I.R. lamp and the resldue ignited to 500°C to remove

carbonacecus matter.

(8) The residue was dissolved 1n dilute hydrofluoric acid (1:3)
- solutlon aﬁd made up to 100 ml1 . Standardization was carriled

out by D. At. En. method 1013.

Analysis of filsslon produét solution

(1) A suitable aliquot of flsslon product solution was plpetted
into a Pt basln, together with one ml of hydrofluoric acld

(40% w/v), and the mixture evaporated to dryﬁess under an I.R.
lamp.

(2) Add 1 ml (a) of hydrofluoric acid (40% w/v) and 1 ml of

Nb carrier solutlon and repeat the evaporation to dryness.

(3) Add 1 ml (®) 4 hydrofluoric acid (1:3) and stir with a
polythene rod for a few minutes. Allow to stand for 15 minutes.
(4) Take 0.01 ml of solution and deliver in as narrow a band

as posslble to one end of a Whatman No. 1. fillter paper C.R.L.1.
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Procedure 13 (Continued)

'(5) Add the 95-nioblium standard solutlon to the adjacent strip.
(6) Allow the strip to dry for one hour over saturated potassium
carbonate solutlon.

(7) Pour developing solutlon (25 ml ) into 600 ml polythene
beaker, and place strip into solvent,(c) wlth the sample spots
lowermost. Allow the solvent to diffuse upwarde for 20 min.

(8) Expose the strips to ammonia vapor 1n a desslcator, then dry
using hot air. Spray wlth 2% tannin solutlon from a glass
atomlzer, and_dry agaln with hot alr.

(9) Remove the colored portlions at the top of the strip and
mount for countlng between two pieceg of Sellotape and place

across a counting tray.

(10) ¥ count the sample and standard (d) and determlne the dis-
Integration rate from the efflclency of counting obtalned from

the 95-nioblum standard.
(a)UBe a polythene plpette.
(b)Use a glass pipette.

(C)Care must be taken to prevent the strlp touching the sldes

of the beaker.

(d)Counting is done in all cases through a lead sandwlch which
consisets of Al sheet (1800 mg/sq. cm.), Pb sheet

(3.5 g/8q. cm.), Al sheet (200 mg/sq. cm.).
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