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FOREWORD

The Subcommittee on Radlochemlstry Is one of a number of
subcommittees working under the Committee on Nuclear Science
wlthln the National Academy of Sciences - National Research
council . Its members represent government, industrial, and
university laboratories In the areas of nuclear chemistry end
analytical chemistry,

The Subcotittee has concerned Itself with those areas of
nuclear science which tivolve the chemist, such as the collec-
tion emd distribution of radiochemlcal procedures, the estab-
lishment of specifications for radlochemically pure reagents,
availability of cyclotron time for service irradiations, the
place of radlochemistry in the undergraduate college program,
etc.

This series of monographs has grown out of the need for
up-to-date compilations of radiochemleal information and pro-
cedures. The Subcommittee has endeavored to present a series
which will be of maximum use to the working scientist and
which contains the latest available information. Each mono-
graph collects In one volume the pertinent Information required
for radlochemlcal work with an lnd~vidual element or a
closely related elements.

An expert In the radlochemlstry of the particular
has written the monograph, followlng a standard format
by the Subcommittee. The Atoplc Energy Commlsslon has
the prlntlng of the series.

grotip of

element
developed
sponsored

The Subcommittee Is confident these publications will be
useful not only to the radlochemlst but also to the research
worker In other fields such as physics, biochemistry or medicine
who wishes to use radlochemlcal techniques to solve a speclflc
problem.

W. Wayne Mehke, Chairman
Subconmdttee on Radlochemlstry
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The Radiochemistry of Niobium and

ELLIS P. STEINBERG
Avgonne National Laboratory*

9700 South (%zss Avenue
Argonne, li!t?inois

Tantalum

I. GENERAL REV~WS OF THB INORGANIC AND ANALYTICAL

CHEMISTRY OF NIOBIUM ‘AND TANTALUM

nThe ~ lYtiCal ChemiBtw Of Tantalum

Sahoeller (Chapnan and Hall, Ltd., London,

‘Analysis of Minerals and Ores of the

and Niobium, - W.

1937) .

Rarer Elements, u

R.

W. R. Schoeller and A. R. Powell (3rd ed. ~rlffln, London, 1955).

Chap. 15 In “Chapters In the Chemistry of the Less Famlllar

Elements,” B. S. Hopkins (Stlpes Publ. Co., 1940).

‘Tantalum and Niobium,” Q. L. Miller (Academic press, 1959).

“Analytical Chemlatry of Nloblum and Tantalum,n R. H.

Atldnson, J. Stelgman, and C. F. Hlskey, Anal. Chem. 2A, 477

(1952).

m“che~~al Elements and their mmpoumls)m H. V. Sl@W~CJC

(Oxford Unlverslty Press, 1950), Pp. 804-853.

“Annotated Blbllography of the Analytical Chemistry of Nb

and Ts,* Jan. lgs5-June 1953, F. Cuttitta, 13eol.SUI’VeYBulletin

1029-A. (USWO, 1957).

*Operatedbythe Urdversityof Chicago under ContractW-3 l-109-eng-38.
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‘Eeaearoh on the”CcmpoundEJ of Nioblwn and Tantalum, ” J. C.

de Narlgnac, Amn. ohlm. (Phys.) g, 5 and ~, 249 (1866).

II. GENERAL REV~S OF ~ RADIOCHEXIWIRY

OF NIOBIUM AND TANTALUU

D. N. Hume

10try y~:Bomp.or....,

prepared a preMmlnary review of the radlochem -

the masm “f!lm~n, produot. elqenta ,lR 1945, but,,.. ..... .

It was not publl~hed. Some material from that review has been. ...

incorponted In the

tain infomatlon on

mentO:

H. L, Mneton

Technlcluem,m Axinual

W. i. Heinke,

III . TABIE

IBotope

mm
&3m

,.

in?”

~glm

N#

#2m

Nb9’

*93m

~94m

Hair-LLfe

pre8ent. mu-vey. me followlnz revlewe con-

radlochemlcal methods” for a nmiber of ele-

..

and J. Mlskel, 9Radlochemlcal Sepamtlon

Review of”Nualeati Science q, 269 “(1955).

‘NUcleotics* “-l. Chem. ~j 104R (1%0) .

OF.IS07R2- OF NIC@IllM@ TANTAIJJM

Type of Decay

O.eh B+

1.9h

240

14.6oh
..

64d””

long

13h

lo.ld

My

6.6m

p+”
IT

P+

IT

Ec

Ec

EC, no 13-

IT

“IT 99+$
p--o.ls

Method of Frepa&lon

Nb(p,p4n); Zr(p,xn);

Bi81 (612,4n)

HOW decay

z#(d,2n); HoW(d. a); .

Plo(y,pn)

Z#(d,n); Hog4(d,an)

Z#O(d,n)

~93(pJpn)

Y(&, n);Zr(pn, );~(yJn)j

Nb(n,2n); Nb(d,T);Mo(n,p);

Ho~4(d;=) “

Z#3decay; Nb93(n,nl)

Nb(n,y),; Nb(tl,p)
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TABLE OF ISOTOPES OF NIOBIUM AND TANTALUM (cent’d )

180tOpe

~94

~95m

~95

~%

~97m

~97

~98

N%gg

176
73m

~177

Ta178

Ta 178

~179

Talaom

Ta
182m

Ta
182

Ta183

~184

~185

Ta186

Half-life TY!Pe of Decay

1.8X104Y sp act p-,no EC

goh

jbd

2j.35h

60S

72.lJn

51 .5m

2.4m

8.Oh

5jh

2.lh

9.35m

+OOd

8.15h

16.5m

115.ld

5.od

8.7d

5om

10.5m

IT

@-

P-

IT

P-

P-

P-

EC

EC

EC - 97!%, P+-3%

EC 9ti, P+==%

EC

P-

P-

!3-

r3-

Method of Prep~tiOn

Nb(n,7)

Nuclear flsdon; Mo
97

(d,a); Zr95 decay

nuclear flsslon; ?fo(d,a)

Zr95 decay

~r96(p,nl

~098(y,pl; ,zr97 decay

Mo(n,p); Mo(Y,P); nu-

clear flaalon

~098(n,p); ~oloo(d a);
J

nuclear flaslon

~oloo
(Y,P);nuclear fis-

sion

Lu(a,3n); Ta sPallatlon;

#76
decay

Lu(a,2n); Iu(a,3n); Hf(P,

177
n); Ta spallatlon; W

decay

Lu(a,n) ;Hf(P,n);Ta(p,P3n)

Hf(p,n); W
178

decay

Lu(a,n) ;Hf(P,n);!M(p,P2n)

~181
(n,2n);Ta181(y,n)

Ta(n,’y)

Ta(n,y) ;Ta(d,p);W(d,a);

W(n, p)

W(n,p);W(Y,P); M(nJpn)

#84
(n,p)

W186
(YJP)

W(n,p)
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IV. REVIEW OF THOSE FEATURES OF NIOBIUM AND TANTALUM

CHEMISTHY OF CHIEF INTEREST TO RADIOCHEMISTS

1. The Metallic State

Nloblum and tantalum are very almllar In their chemical

and physical propertle6. The metals are dlfflcult to obtain.

Niobium maY be prepared by reducing the pentoxlde with aluml-

num thermlte and heating In vacuo to drive off excess alumlnum.

Tantalum Is best prepared by reducing B fluorotantalate (e.g.,

~TaF7) wlthan alkali metal and purlfled by heating In vacuo In

an electric arc to volatilize Impurltlea. Both are hard, grey

metals with high meltlng points; niobium melting at 1950”C and

tantalum at 2800”C. They absorb hydrogen and react wltk halo-

gens, carb,on,oxygen and nitrogen at high temperatures although

nloblum ccmblnes only slowly with oxygen. Both tantalum and

niobium are very resistant to chemical attack, only HF among

the acids having any action on them. Aqueous alkalies do not

attack the metals, and fused alkalies do so only slowly.

2. Soluble Salta

P&ntavalent Nb and Ta form no simple cations In aqueous

solution and exist only In the form of complex Ions. Nlobio

ancltantallc acddsare very weak and are readily hydrolyzed.

The ortho’nlobates (e.g.,

~Nb6019) are soluble In

the only readily soluble

The only important

graphic reduction to the

trate”solutlona has been

Na#b04) and hexanlobates (e.g.,

water. The alkaline hexatanlatea are

tantalate6 known.

valence of Nb and Ta Is +5. Polaro-

+3 and +4 atatea In oxalate and tar-

demonstrated by ElSon. ‘1) The reduced

libsolutions exhlblt a half-time for oxldatlon in alr of 10-15

minutes , while the corresponding Ta solutions exhibit ti.meeof

the order of hours.

3. Insoluble Salts

The most characteristic compound of both niobium and tan-

4



talum Is the very Insoluble pentoxide which Is dissolved neither

by acids nor bases In the absence of complex forming Ions. The

hydrated oxides are precipitated when acid Is added to a solu-

tion of a nlobate or tantalate.

Niobium and tantalum may be precipitated (along with tl-

tanlum and some tungsten) by tannlc acid $&cm slightly acid

tartrate or oxalate solutlon. (p) TMS preclpltatlon was the

standard method for the aeparatlon and estimatlon,of Ta and rib

until the recent development of solvent extraction techniques.

Milner, et al. (3) studied the pH dependence of the tannic preclp-.—

itation from various completing solutions. The optimum pH values

for complete precipitation from the various solutions are given

In the following table:

Solution

Ammonium Acetate-HCl

Ammonium Oxalate

Ammonium l%rtnte

Ammonium Citrate

Acldlty

0.1 - 0.25 ~ HCl(Nb)

PH ==4.5

PHZ 3(Nb)

pH~ 4(Ta)

PH z 5(Nb)

PH > 305(Ta)

Sulphosallcyllo Acid PH~ 0.5

~liC Acid PH>4

Mandellc Acid PH~2

The behavior of TI with these solutions was also examined, and

a Possible SePSFatlOn from Nb and Ta was noted with sulpho~all-

cylic acid solution in which only a small amount of titanium is

precipitated with tamic at PH

used tannin in the presence of’

acid) as a sequestering agent.

(4)
= 0.5. M. Sankar Das, et al.——

EDTA (ethylenediamlne tetra-acetic

However, Tl, Sn, Pb, and some

W accompany the Nb and Ta tartrates.

5



A rmmber of organic precipitant have been”,utilized for

Nb and Ta, some affording a good separation between the two ele-

ments. Both

cold, acldlc

arsenic acid

Tantalum maY

Ta and Nb may be precipitated with cupferron from

tartrate or oxalate solutlon (5) and with benzene

from a Bolutlon containing exce80 tartarlc acid. (6)

be precipitated from hot acldlc ammonium oxalate

solution with :-propylqr80nlc acid (7) while Nb remains In solu-

tlon. Moshler and Schwarhe #) used tantalon (N-benzoyl-N-phenyl-

hydroxylamlne) for precipitation of ‘Iafrom HF-H.#04 solution

at pH 1.0. Under these conditions a good sepa&tlon from ~, ‘M,

and Zr 18 achieved. Nloblum may be separated from TS and most

other elements except Sn by preclpltatlon with cupferron from

tartrate-ammonium acetate buffered solutions at pH 4.5 to 5.5.(9)

Niobium maY also be precipitated with tantalon from a tartrate

(lo)solutlon at an acldlty of 2.0 ~. At PH 3.5 -6.5 niobium Is

completely precipitated while tantalum remains In solutlon.

The latter may be precipitated by lowering the pH to lesB than

1.5

The usual welghlng and mounting form for Nb and Ta In

radlochemlcal analyses Is aB ignited pentoxlde following pre-

cipitation as hydrated oxide, tannate, or cupferrate. However,

’11) ~ve shown that a Btable complex ofMZJUmd8r and PWcherjee

Nb with tantalon of,composition NbO(C13HloN02) is formed and

may be used for direct gravimetric estimation. This complex

is highly Boluble In CHC13, but Insoluble in ~O,acetone, CC14,

C6~ and ethyl and amyl.acetateB. It is Btable up to a tempera.

ture of 229°C and may be weighed directly after washing and

drying at 11O”C. The Ta complex is of indefinite composition

and cannot be weighed directly. It may be ignited to the pen-

toxide for weighing.

6



4. Behavior of TPacer Qu.antltles”

Trac.ePniobium is unstable in acid solution without com-

plex forming anions and tends to deposit on glassware. It iS

strongly adsopbed ‘bymany pPecLpitates (e.g,, sulfides, hydroxides,

zirconium phosphate, and bismuth phosphate) and by silica gel

and soils. Precipitation. of oxides from acid solution (e.g.,

manganese dioxide, tellurium dioxide) carries tracer niobium

nearly completely. Any traces of dust or silica present i.na

clear solution results in marked losses. Frequently centrLfuga-

tion of a.clear solution leads to much activity being thrown

down. In the absence of complex forming ions, tracer niobium

seems to exist as a radiocolloid with the chemical properties

of the oxide. Niobium is similar to zirconium in that it may

exist as a negatively charged colloid in aqueous media. When

irradiated uranium metal is dissolved, the fission product nio-

bium 1.smostly p~esent in the form of a Padlocolloid ver”yeasily

deposited on surfaces or coprecipitated with insoluble compounds.

Addition of phosphoric or hydrofluoyic acid to the metal solu-

tion converts the niobium into true solution. Carrier-free

niobium tracer may be removed f“romglass surfaces by extraction

with strong alkali hydroxide or dilute hydrofluoric actd. Nio-

bium is volatll%zed when irradiated uranous oxide is treated

with hyd~ogen fluoride at red heat. In the presence of complex-

forming anions (tartrate, oxalate, ~luoride), tracer niobi~

is stable in solution. Low concentrations of fluoride (from

fluosilicate) prevent the carriage of niobium on oismuth phos-

phate. Niobium is not carried on lanthanum fluoride to any

great extent, even in the absence of holdback ca.rvvier(distinction

from zirconium).

*Although the

similar behavior

observations ??eportedhere refe~ to niobium,

may be expected for tantalum tracer,

7



5. Complex Ions

Complexes soluble in aqueous solutlon may be fomed by

treatment of the freshly precipitated pentoxldes of Nb and Ta

with oxalic, tartarlc, HF, concentrated H2S04, and concentrated

H3P04 acids, but not appreciably with HC1 or HN03. With HF,

nloblum forms both normal (NbF7=) and oxy-fluorlde (NbCF5=) com-

plexes. Tantalum, on the other hand, forms only the normal com-

plex Ion with HF. The hydrated oxides are also soluble in al-

kaline solutlons of catechol and pyrogallol. Falrbrother, .

Robinson, and Taylor(12) have shown that the,freshly precipi-

tated oxides also form water soluble complexes with a variety

of a-hydroxy acids and amlnes. Pure nloblc acid Is much more

readily soluble In these complexlng agents than Is tantallc acid.

The dependence of the solubllity on the method of preparation

and the age of the hydrated oxides Indicates that colloidal

phenomena are probably involved.

A number of ohelate complexes which are of particular Im-

portance In sol,ventextraction systems are dlscuased In

lowlng section.

6. Solvent ExtractIon Behavior

Liquid-llquid extraction systems are effective In

separating nloblum and tantalum from other elements and

the fol-

offer the

best method of separating these very similar elements from each

other. An excellent treatment of solvent extraction sfstems

is given by Morrison and Frelser. (13)

Fluorides, The fluoride complexes of

tracted Into a variety of organic solvents.

tracts 65$ of the liband 6@ of the T’Sfrom

Of a number of other elements studied, only

> 5*.

Mllner

Ta fluorldes

and Wood~15) obtained oomplete

Nb and Ta may be ex-

Et+yl ether ex-

20 ~ I-IF solutions. (14)

Re(VII) extracted

extraatlon of Nb and

into methyl ethyl ketone. Tungsten extracted to

8



the extent of’6@,

V only a trace.

Zr 22$%, Cr 2M, Fe 17*, m 8.5$, aa 2.4$%,and

Methyl Lsobutyl ketone (hexonel has been used to “extract

Nb and Ta fluorides In the presence of ~S04, HC1, and HN03.

Nb and Ta are completely extracted from aqueous solutions 10 ~

(16) The hexone-H&~SO~in m, 6 ~ In H@04 and 2.2 ~ In NH4F.

(17) Complete extract-system was also studled by Tews and May.

Ion of both elements was obtained from aqueous solutlonB 5.6 ~

In m and 9 ~ in ~S04. The two elements can be separated by

back-extmctlng the N% with aqueous solutlons of lower acldlty

In ~S04 and m. A number of combinations are suggested depend-

ing on the ratio of Nb/Ta. The extraction of Nb into hexone

from 6.3 ~ ~S04-I.6 ~ w solutions was also shown to be effect-

(18) ~gbie and WerningIve by Waterbury and Bricker. (19) ~de

extensive studies of the hexone-HF-HCl system, particularly

for Industrial separations. Equal volumes of hexone and an

aqueous solution of 1.1 ~ w and 2.88 y HC1 gave optimum con-

ditions for the separation of Ta and Nb. 99.@ pure Ta was

obtained In the organic phase and 98.!# pure Nb remained In

the aqueoue. Theodore(”) applied tkls method to the deter-

mination of Ta In Nb by a photometric technique. Faye and

Inman(21) utilized a hexone--HF-HN03 :ystem. At 7.0~ HP and

5.0~HNo3, Ta and Nb were extracted practically completely.

The method gave high purity Nb and ll?ain the presence of suoh

elements.as S1, Fe, Al, Ti, Mg, Ca, Pb, and Zr. Ta dnd Nb may

be separated by hexone extraction of the Ta from 0.5 ~ HF + 1.0 ~

HN03 . U~der these condlt.ions 9% of the Ta, but < 1$ of the Nb

extracts. The Ta and/or Nb may be stripped fram the hexone

phase by back-extr~ctlon witl?a dilute H202 -lutlon (1 vol 30%

~02 +lgvol~o).

to be

Dllsoprop yl ketone was shown by Stevenson and

an effective solvent f’orthe sep=rstlon of Nb

Hlcks(22)

and Ta from

9



aqueous solutions of HF aridmineral acids. The results are

preser,ted In Table 1 Nlcbium was ?cum.dto extract to the ex-

tent of 9~ from a solution 6 ~ In @s04 and 9 ~ in HF.

An effective separa~ion of Nb from Pa was carried out by

F. L. Moare(23) -Dy extraction of the Nb Into d.llscpropy1 carblnol

from aqueoua soluttons 6 ~ tn ~S04 and ~ 2 ~ In IW. pa dld not

extract, while > 97$%of the Nb dfd. The Nb was readl,ly stripped

from the organic phase with distilled water.

Chernlkov, Tramm and Pevzner
(24)

used cyclohexanone to

separate Ta and

EXTRACTION OF

Nb from HF-H2S04 solutions. Ta was completely

Table 1

TANTALUM AND NIOBIUM INTO DIISOPROPYL KETONE

Ratio of
Extraction

Acid Concn. Element Extracted Extraction Coefflclenta
g $ coefficient Ta/Nb

HC1 3.70 Ta 81 4.3 91

HF 0.40 Nb 4.5 0.047

HN03 3.92 Ta 79 3.8 880

HF 0.40 lib 0.43 0.0043

H@o~ 4.50 Ta 9,5 19 160

HP 0.40 N-b 11 0.12

KC104 4.61 Ta 90 9.0 290

HF 0.40 Nb 3.0 0.031

extracted from 2 ~ H2S04-0.4 ~ HF. Nb extracts to a lesser

degree and Is removed by washing the organic layer with ~0.

,Chlorldea. Niobium IS readily extracted bydllsopropyl

10



loetone

in6~

of the

havlor

EwaQ

from 10 ~,HCl solutlom. The Nb may be back-extmctecl

HCI. (25) ~ IS effective se~rated”fm N by extraction

(26) me “ext~ctlon,be-fomer rrom 6.5 ~ HC1 with hexone,.

of the chloride c&nplexeB of’Pa, Nb, and Tt3Into di180.

carbinol wa~. studied by Ca”seyand ~ddock. (27) ~eir
—-

~sults are glvm in Fig. 1 which Indiaates that these elements

may be effectively eepamted under appropriate pli.conditlom.

.

-ACllVITY HCI

FIGU~ 1

VARIAilUIl OF THE LO&4Rl~”M G THE EXTRKTION ~ENT
WITH THE ~lTHMOFTHEKTiV’llY OF

HYDROCHLORIC “iCIDIN THE ~EWS PHASE.
MTA FOR NIOBIUM,mNTALUM AND -TACTINILM

The addition of a emall amount.of HR greatly Increaeed the ex-

traction of tlband N, but lowered that”of pa.

Scherff’andHeIrnann, (27A) showed t~t Ta”and~ could,be

extracted from 6 ~ HC1-(1-3)~ HF with dd-lsobutyl carblnol. n

and Zr remain in the aqueous phase. Fe m can be extracted

after 8aturatlon OC the aqueouO phat!ewith A1C13, ~eaving Zr.

,@cxl phosphoric aclda. Scadden and mllou “(28)lnvesti-

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

.11



In a mixture with the monoe8ter (as In commercial ‘butyl phoa-

phorlc acid”) as an extractant for zirconium and niobium. A 0.06

~ solutlon of DBPA Ind%n-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 minutes, but Zr was

unaffected. Addltlon of 3$ ~02 reduced the Nb extraction to

less than

affecting

Zr and Nb

tlon must

the octyl

lx (even with a 10-minute extraction time) without

Zr. MOre concentrated DBPA solutions extracted both

quantitatively. Precautions against emulsion forma-

be taken with this reagent. Higher homologs, such as

phoephorlc acids are reported to be free of this dif-

ficulty, and are less soluble .in~o. TableB2and3, taken from

Scadden and wllou, aummaFize the extraction behavior of a number

of elements with DBPA.”

The extraction of Nb and Zr with dilute trlbutyl phosphate

(TBP) (1S selutlon In toluene) from 8-10 ~HCl’serves as the basis

for the separation of these elements from mixed flsslon products. (29)

Both elements may be back-extracted with 0.5 ~ HC1. Hardy and

Scarglll(30) examined the extraction of Nb by TBP from HN03

soluttons. Their results indicate that both extractable (ionic)

and Inextractable (complex polymeric) species are present. The

extraction la low. The systems TBP-HF-HN03 and TBP-HF-~S04 we=

studied by Fletcher et al. (31) as a means of separating and purlfy-.—

Ing Nb and T8 from their ores. The extraction of both elements in-

creases with acid concentration and Is greater from ~S04 than from

HNo An effective separation of Nb and Ta from Fe, Mn, Ti, and3“ ,

Sn Is indicated using equal volumes of undiluted TBP and a 10 ~ HF-

12 ~ H2S04 aqueous solutlon. A counter current extraction system
.

USIng Io@ ~P and an 8 y I-IF-3 N HN03 aqueous feed IS proposed

for the separation of Nb and T8”. The Nb Is back-extracted with

0.5 & HF and the Ta with Na2c03.

Amines. w ~1~ e, in ~~ene(32) and tr~benzy~-

12



smlne In CHC13 or CI-$C12(33) .eXtract Nb preferentially from 1% In

concentrated HC1 solutlons.

Chelates. Several chelate complexes of Nb, soluble In

organic solvents, have been utilized for its separation and

eatlmatlon, particularly by photometric methods. Oxlne

(8-qtin01fn01)j34) cupferron~35) and sodium dlethyl dlthlocar-

bamate, (36) are useful for thie purpose. 5,7-dlchloro-8-qtin-

ollnol complexes Nb,and the complex may be extracted from solu-

tions at pH 10 with nltrobenzene, amyl acetate, or bis(2-chloro-

ethyl) ether.
(26)

Ta does ’not extract. Olycollc acid was used

Table 2

EXTRACTION PROPERTIES OF CARRIER-FREE CONCENTRATIONS OF FISSION

PRODUCT ELEMENTS WITH MDH3D BUTYL PHOSPHORIC ACIDS.

(AQUEOUS PHASE, 1 ~ HN03, 3% H202; 5-MINUTE MIXING; VOLUME RATIO

(ORG./AQ.) IToI)

Elements Extracted

zmcn. of

3PAa, > 95$ by

g < 5% W DBPA 5-95$by DBPA DBPA

.06 Cs, Sr, La, Ce(III), @b, Y 15~, Sn(l?J)b Zr, In

Cd, Ge, Se(IV), Te(IV), 50j%,Mob 15$

Sb(III)c, Sb(V), As(V),

Pall’,Ru, Rh, Nb

.6 Cs, Sr, Ia, Agb, Cd, m, ~Ob 23, m 6(z%, Zr, Nbc,Y,

Se(IV), Te(IV), Sb(III)c, Tac 85$ In, Sn(IV)b

Sb(V), As(V), Pdb Ru,Rh

aD1-fi-butyl phosphoric acid solutlons in which mole ratio of

dl-n-butyl phosphoric acid to mono-~-butyl phosphoric acid is 4.5 to 1.

i
Ag, Sn, Pd, and Mo not carrier-free; their concentratlone were

0.5, 3, 8, and 8 y/ml, respectively.

CNO hydrogen peroxide present.

13



EXTRACTION PROPERTIES

Table 3

OF MACRO QUANTITIES OF FISSION PRODUCT

ELEMENTS WITH MIXED BUTYL PHOSPHORIC ACIDS. (AQUEOUS

PHASE 1 MG ELF$IENT PER ML, 1 ~ H2S04, 2.5 ~ (NH4)2S04, 0.004 ~

OXALIC ACID, 6% ~02; VOLUME RATIO (ORG./AQ.) I TO I; MIXING

TIME, 15 MINUTES WITH O.@ ~DBPA AND 5 HINUTES,WITH 0.6 ~DBPA)

Concn. of

DBPAa

g

0.06

0.6

< ~ by IE!PA

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

Ag,,Cd, Ge, Se(IV),

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

As(V), Pd,Ru,Rh,Mo,Nb

Cs, Sr, La, Ce(III), Ag,Cd,

Ge, Se(IV), Te(IV), Sb(III~

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

?nts Extracted

5-95X by DBPA

Sn(IV) 15%, In

85$

Sn(IV) 5@, Ta

35%

> 95$ by

DBPA

Zr, 12

Zr, Nbb,Y,
Ho,In, 12

aD1-~-butyl phosphoric acid solution In which mole ratio of

dl-~-butyl phosphoric acid to mono-~-butyl phosphoric acid Is 4.5

to 1.

b
No hydrogen peroxide present.

as a chelating agent and furfural as a solvent In a separation

’37) RxtIactlon of Tl, Mb, and Ts cupf’errateswasof Ts from Nb.

studied by Allmarln and Glbalo. (38) Mixed oxides of these ”ele-

ments were fused with potaaslum pyrosulfate and the melt dissolved

In a @ ammonium bitartrate solution. The solutlon was adJuBted

to the desired pH with dilute NH40H, an equa~ -volume of Iaoamyl

alcohol, and a ~ aqueou~ cupferron solution added. The pH de-

pendence of the extraction is shown In Fig. 2. The data are 1

,,.. ,,

14



the re~ult

A complete

of three t!uccessive extractlona with lBoamYl alcohol.

separation of TI from Nb and Ta Is possible at PH5.

)
PH--

FIGURE 2
RELATIONSHIP BETWEEN TtfE EGREE OF ~ACT!ON

OF NIOBIUM(I), TANTALUM(n)~D TITANWM(m) cUpFERRA~
BY ISOAMYL AICOHOL AND THE PH

7. Ion Exchang e Behavior

Since Nb and Ta exhibit strong tendencies toward radiocol-

lold formation, It Is generally advisable to ensure true Oolu-

tlona by the use of strong complexlng agents. The negatively

.
charged complexes formed with F- or C204 Ion, for example, are

particularly well suited to separations of Nb and Ta from each

other, as well as from other elements, with anion exchange re-

shs i

Several syatematlc studies of the application of anion

exchange resins to the aeparatlon of the elementt3 have been
made.(39>w

The work of Krause and Moore, In particular, has

demonstrated the excellent 8eparatlon of Zr, Pa, Nb, and Ta us-

ing Dowex-1 resin with HC1-HF solutions. Their data Is repro-

duced In Figs. 3, 4, and 5. Huffman, Iddlngs and Lilly (41) de-

termined the distribution coefficients for Nb, Ta, Zr, and Hf

on Dowex-2 resin. These data are reproduced in Fig. 6 and ln-

15
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FIGURE 3

SEPARATION OF Zr AND Nb WITH DWEX-I ANION
EXCi-lANGE COLUMNS: AVERAGE FLOW RATE cd. 0.3 mlhq.timinuh;

CROSS-SECTION OF COLUMN: Q0226 sq. cm
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FIGURE 4

SEt%RAllON OF PROTACTINIUM (Y), NIOBIUM(Y) AND

TANTALUM(Y) BY ANION EXCHANGE: 12,5 cm. DOWEX -1
COLUMN, 0.0226 W. cm, CROSS-SECTION, f13ml. minute-l

FLOW RATE, ELUENT 9 M HCI-O.05 M HF
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FIGURE 5
SE~RATION OF ZIRCOJIUM (TK), PROTACTINllFJ(lZ)NIOMUM(E),

AND TANTALUM (X) BY ANION EXCHANGE: 6-cm. COWEX-l

COLUMN,C132 Sq.CJn,CRC6S-SECTIONAL AREA, AVERAGE
FLOW RATE 0,2 ml. minute-l cm.-z
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dicate

and “Nb

the ~

Hague ,

an excellent sepaz%atlon of Nb and Ta from Zr and Hf. Ta

may be admorbed”from 9 ~ HC1 and 6tripped with dilute HC1,

elutlng flrat.

The 13eparation of Nb, Tl, Mo, and W wm Investigated by

Brown and Brlght(42) uelng Dowex-1 and HC1.-HF solutions.

Niobium were!easily eepareble umclera wide range of acid con-

ditions from % HF-Nj% HC1 to 2X HF-25~ HC1, “the separation ln-
,,

creasing with HF concentration.” ‘

Oxalic acid was used as.a c~plexl& agent for the ~epara-

(43) Solutlone of l~HCltlon of Nb frcm Te with Dowex-2 realn.,.

and 0.5 ~ ~C204 yielded ~-free Nb with a rec”ovev of 95%. “!rhe

m warn,recovered In 85-9* yield, but contained.about 1$ Nb.

Cation exchange” separations of Zr, “Hf,”:fi,.the rare earths,....

and aIkallne earths we~ investigated by Tompld.ns et al. (44) gn~

Cohm et al,(45) “The cations.are adqorbed on Amberllte IH-1 In the

H-fomn Crom 0.01-0.1 ~ acid solution. The Nb, Zr,and Hf may be

Belectlvely eluted aa a group with g.% oxallc acid without ap-

prealable movement of the other Ions down the.column.
:..,

“Negative comp3.exet3”6f.,Nband Ta are not adeorbed on cation

exchange resins, and”thus, they may be conveniently ”separated from

many cations that ar& kadlly adeorbed. The colloidal nature

of Nb, Ta, Zr, Hf, and Pa may be exploited by the fact that

the colloldm are not adOorbed On aatlon excha~ere whereas lonlc

Impurities are. (46) “The “&dlo colloldal.be~vlor of?.Zr.and Nb has

been extenOlvely etudled by $ohubert et al.
(47)

Chromatographlc adsorption methods for the separation of ~

and Ta have been developed utillzing Eeveral extraotantO In the

preOence of ad80rptlon beds such aO oelluloe+e”or alumina. A quan-

titative sepamtlon o? combined !raand ~ was aahleved by Wood (48)

by the extractlcm of the fluoddee with mekfil” eihyl ketone con-

taining HF In the pre~ence of activated cellulose. The extraction

of a number of other elemente was Inhlblted by ammonium fluorlde,

and the Ta and Nb were finally recovered by precipitation with

18



tannin.

In which

m Improved eeparatlon waE made by Eur3ta11., et al.
(Jg)

the Ta 18 extracted first with methyl ethyl ketone aat-

The ~ Is then extractedwlth the same solventurated with ~0.

containing * HF.

Activated alumlna was used by TUh~rOff (50) a8 the ad-

sorption medium for Nb and 1% in oxalate solution. Ta may be

eluted with amauonlma oxalate at PH 7, leaving the Nb Unaffected

on the oolmn. Nloblum 18 eluted with enmonlum 0XSlJ9te COIIhlII-.

lng.H#04.

v. SAHPIE DISSOLUTION AND INTERCHANGE WITH C~R

Niobium and tantalum metals are dissolved in HNO.-HF
2

eolutlon or by alkali Ilx310n. Concentrated H@04 orliF alone

actO S1OW1Y on the metals. The minerals of these metals are

best tmiated by ruslons with NaOH, KOH, Na202, K@2~or KHF2.

Acid mlxtu=s, such as HNO -I-D?,dissolve mont samples, but
3

genemlly leave some remldue which must be treated by fuflltin.

The meet important oon8ideration In deallng with Bolutiona

or Nb and Ta IEIthe problem or deponltion of the hydrated ox$deE

from eolutlon. C-plexlng agents mch am F- or C204= “Ohould be

prement to enau= true Oolutlon or the8e elements.

Since Nb and Ta are eaE$entlally monovalent, there are no

pafilaular problems In the Interchange

species.
,.

VI. Coummo

of’radioaatlve and carrier

The most Important radioactive Isotopes of Nb and TS are

35-day Nb95 (rorgnedIn nuclear flsslon) and ill-day Ta1* (romned

by neutron capture In ~ 181 ). BOth nuclddes maY

with standard beta or gamma counting apparatus.

19
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energy of the lb95 beta Is rather low (0.15 Mev), and cor-

rections for sample self-absorption and sca.tterlng,may be

large and uncertain.

One of the most slgnlflcant advances In radioactivity assay

has been the Introduction of the NaI scintillation spectrometer

for y-ray measurements. Catalogs of the y-ray spectra of many

’51) and maybe conveniently used to identl-nuclldes are available

fy the radloactivltleB. With suitable callbratlon, gamma-ray spec-

trometers may be used for absolute dlslntegratlon rate deter-

minations.

Figures 7 and 8 give the ‘y-ray spectm obtained by Heath (51)

for Nbg5 and Ta’8’.
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Source:

(1953) .

A

niobium

Procedure #1 (Dlisopropyl ketone method for Nb)

P. C. Stevenson and H. G Hicks, Anal. Chem. ~, 1517

fiOOlon product separation procedure haa been devised for

to give decontamination factors of 106 for all other fls-

slon products.

1. Dissolve uranium target In concentrated hydrochloric

acid to which niobium carrier has been added in oxalate form

(Lusteroid 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,

chloric acid, and extract three timee with

adJust to 6 ~ in hydro-

half volunes of diiso-

propyl ketone.

4. Add

fluoric acid to

in hydrofluoric

5.

ketone, and

6.

tion 6 ~ in

7.

Discard organic layer.

sufficient concentrated hydrochloric acid and hydro-

make the solution 6 ~ In hydrochloric acid and 9 “~

acid.

Extract three times with half volumes of dilsopropyl

combine ketone layers.

Wash combined organic layers three times with a solu-

sulfurlc acid and 9 ~ in hydrofluoric acid.

Extract niobium from ketone three times with half

volumes of water. Collect water layers in

urated boric acid solution.

8. Add phenolphthalein, make Just

hydroxide, and digest .

9. Wash nloblum precipitate twice

ammonium nitrate solution, then twice with

acid.

10. Transfer precipitate to

solve in a solution 6 E In sulfuric

acid.

a tube containing sat-

basic with ammonium

with sllghtly basic

concentrated nitric

polyethylene

acid and 9 ~

cone and dis-

h hydrofluorlc
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Procedure 1 (Continued)

11. Repeat steps 5 through 9.

12. Transfer precipitate to platinum crucible, Ignite, and

weigh as Nb205.

Procedure B( TBP method for Nb)

Source: D. F. C. Morris and D. Scarglll, Anal. Chin. Acts.~, 57

(1956).

Preparation and standardization of carrier

Dissolve 26.0 g of potassium nlobate In gg. 200 ml of water,

heat the solution nearly to boillng and add 15 ml of concentrated

HN03 S1OW1Y with stlrrlng. Continue heating and stlrrlng for two

to three minutes and centrifuge Wash the precipitate three ttieO

with centrlfugatlon, with 50 ml of hot ~ NH4N03 solutlon. Add

200 ml of saturated oxalic acid, and heat with stlrrlng until the

nioblc acid dissolves. Cool and dilute to 1 lltre. Filter the

solutlon If it Is not clear.

Ptpette exactly 5 ml of the carrier solution Into a 100 ml

‘.beaker. Add 30 ml of 6 ~ R?J03and,~.1~ of K0103 and carefully

heat the solutlon to “bolllng. Boll gently with occasional stlr-

ring,.for ca. 5 minutes. Cool the mixture and add cone. NH40H—

with stirring to make the PH value 8 to 10 (ea. 15 ml). Filter—

quantitatively on a Whatman No. 42 filter paper through a 2 Inch

60” funnel, re”turnlng the first portion of the filtrate If It

Is not clear, and wash,wlth hot water. Ignite In a porcelaln

crucible at ca. 800° C for 15 minutes and weigh as Nb205.—

Procedure (for uranyl nitrate solutions)

- 1“ Place the sample

a 50 ml glass centrifuge tube.

mg Zr/ml prepared from zlrconyl

solution (1 to 10 ml volume) in

Add 10 mg zirconium carrier (10

nitrate and 1 ~ nitric “acid).
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Procedure 2 (Continued)

W2” Add to the solutlon an equal volume of concentrated

HN03 ; 1 ml of saturated oxalic acid, and 2 ml ofnlobiwn ~arrler.

Gently stir for 10 minutefl (Note 1) . Heat the mlutlon nearly to

boiling and add 0.5 g of KBr03 In small portions, boiling for a

few seconds after each addition. Evaporate the solution to low

bulk and centrifuge the precipitated nloblc acid (Note 2), Decant

and discard the supernate. Wash the precipitate In 10 ml of hot

@ NH4N03 solution (~ 3).

~ 3. Transier the precipitate to a polythene tube. Dis-

solve in 2.5 ml of 40Z HF, add 2 ml of 12 ~ H2S04 and 4-5 ml of

pure TBP. Stir mechanically for 2 minutes u~ing a polythene

stirring rod. Centrifuge, transfer the organic layer to a clean

polythene tube, and discard the aqueous phase. “Add 5 ml of petro-

leum ether to the TBP phase and then 4 ml of 6 ~ NH40H. Stir the

phases Zor 1 minute. Centrifuge at high speed for 1 minute and

separate and discard the organic layer. Wash the aqueous phase

with 5 ml of petroleum ether ( Centrifuge at digh speed

for 1 minute, decant and discard the organic and aqueous super-

nate.

~4. Wash the niobic acid precipitate with 10 ml of hot

@ NH4N03 solution. Transfer to a crucible with 2 ml of dis-

tilled water, heat to dryness, and ignite at 800” C for ca. 15—

minutes. Allow to cool in a desiccator, and break up the

Nb205 to a fine powder with a flat-ended glass rod. Slurry the

Nb205 with a little ethyl alcohol on to a weighed alumlnum count-

ing tray. Dry under a radiant heater lamp taldng care to ensure

that the resulting deposit on the tray is uniform. Weigh the

tray and Nb205 to establlsh thechemlcal yield. Count on a

y-scintillation counter through a standard alumlnum-lead sandwich.
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Procedure 2 (Continued)

Notes

1.

2.

3.

4.

For exchange of Nb actlvlty and carrier,

present, and It is adviaable to stir the

10 minutes.

If [SIF61-2 or F- is present nloblc acid

oxalic acid must be

~olutlon for at least

will not be ‘preclpl-

tated. Addition of an excess of H-j303 to the Bample elhlnates

this difficulty.

The washing is done with 2$ NH4N03 solution to prevent peptlza-

tlon.

The washing with petroleum ether Is designed to remove any

traces of’TBP.

ReaKents

Cone. nltrlc acid.

Saturated oxallc acid.

potassium bromate.

2$ Ammonlumnltrate (slightly acidified with nltrlc acid).

4M Hydrofluorlc acid.

12 ~ Sulphurlc acid.

Trl n-butyl phosphate.

Petroleum ether

Ethyl alcohol.

DISCUSSION

The procedure was tested for separation from different

posdble Interfering activities by uE1.ng the following radioactive

tracers: caesium 137-barium 137 (equlllbrlum mixture), cerlum

144 - praseodymium 144 (equllibrlum mixture), ruthenium 106 -

rhodium 106 (equilibrium fixture), molybdenuxn,99- technetium 99m

(equlllbrium mixture), and zirconium 95. The results of these

experiments are

sepantlon from

summarized In Table 1. These data indicate that

caeslum, cerlum, praseodymium, ruthenium, rhodlm,,
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Procedure 2 (Continued)

molybdenum, technetium, and zirconium Is adequate for flBBlon

product mixtures normally encountered.

Analyses by the procedure of four uranyl nitrate aolutlons

prepared from neutron Irradiated uranium which had cooled various

lengthi3 of time were carried out. Results are given In Table 2.

Aluminum absorption curve measurements and y-scintillation

spectrometer measurements Indicated the presence of a p-particle

Or c_a.0.15 Mev.

suits agree well

0.15 Mev. quoted

of 0.745, 0.758.

and a y-ray of 0.77 Mev. in each case. These re-

wlth the values of 0.160, 0.159, 0.148, 0.146, and

for the 35d. nloblum-95 p-particle and the values

0,77 and 0.75 Mev. quoted for the energ of the

niobium-95 ‘y-ray. No other p or I’actlvltleE could be detected

in samples from Solutlons 2, 3 and 4, Bave a trace of a @ com-
*

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

Table 1

SEPAR&TION OF VARIOUS ELEMENTS IN THE PROCEDURE

Element y actlvlty added y actlvlty above back-

ground In counted samples

Cs-w 176000 ctB/mln. 15 34 cts/mln.

Ce-Pr 75000 1 0

Ru-Rh 356000 20 19

Mo-Tc 68600 45 121

Zr 79100 120 69 (values uncor-

rected ~or growth of N% actlvlty

during the experiment).

●

It should be noted that the Al absorption curve of pure 35 d
95N_bis not obtained until about two weeks after the last step In

any radiochemlcal procedure for the’actlvlty analysla of niobium

In mixed fission products. l%ls Is due to the presence of conver-

sion electrons from the ‘decay of 90”h 95m Nb.
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Procedure 2 (Continued)

Table 2

RADIOCKEMICAL NIOBIUM ANALYSES OF URANYL NITRATE SOLUTIONS PREPARED

FROM IRRADIATED URANIUM COOLED FOR VARIOUS LENGTHS OF TIME

10

Solution
DayB since end of NloblUm activity y ota/mln~

Irradiation

1894

1900

1 1976

1864

mean 1909 S=2.5~

5867

6019

2 99 5898

5898

mean 5920 S=l.@

3540

3510

3 146 3510

3660”

mean 3555 s = ‘p.@

3505

3444

4 150 3496

3466

mean 3478 S = O.@”

—

bd2
B= = standard deviation, where d = devlatlon from the mean of

n-1 single measurements.
n = number of measurements.



on Solutlon 1 In which

Procedure 2

the uranium

(Continued)

had had only 10d COOling,

alumlnum absorption curve measurements and ‘r-scintillation spec-

trometer measurements Indicated the presence of contamination

due to tellurium actlvlty. y-sclntlllatlon counter measurements

of the decay curves of the samples Indicated a maximum contamina-

tion of ca.— 5$.

It

provides

counting

can be stated from the above results that the procedure

satisfactory radlochemlcal purity with y-sclntlllatlon

using a standard A1-Pb sandwich, and also a

deviation of 2$ or less, In the analysls of material

Ing time of greater

glble).

The procedure

analysis. Chemical

order of 60$.

than 30 days (Te Interference Is

standard

with a cool-

then negll-

1s quick, requlrlng about 1.5 h for a complete

yields generally obtained have been of the

The interchange between tracer and carrier under the con-

ditions of the procedure has been tested by taldng a portion of

pure nloblwn-95 tracer In 1 ~ nitric acid solutlon, which was

evaporated on a tray and y counted; the same quantity of tracer

was analyzed by the radiochemical procedure. The results shown

in Table 3 indicate that satisfactory exchange occurs.

Table 3

ANALYSIS OF CARRIER FREE NIOBIUM TRACER BY THE METHOD

TBP procedure evaporated sample
y a“ctlvlty of nloblum 4018 cts/mln 3925 cts/mfn

corrected for 10C@Jyield 4052
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Procedure #3 (Cupferron extraction method for ~)

Source: J. S. (lIlmore, US ARC Report Le-1721 (2nd ed.),Jan. 1958.

1. Introduction

In the aeparatlon of nlobfum from other fls610n actlvlties,

zirconium is removed as barium fluozlrconate; any +4 uranium

preBent, as well as rare-earth actlvltles , are carried down as the

fluorldes at this stage. Niobium is then converted to Its cupfer-

ron derivative which Is extracted Into chloroform. Th10 step gives

an effective separation from +6 uranium. The cupferron complex Is

destroyed and the niobium precipitated as the hydrotis oxide,

Nb205 “ ~0, by means of anmionlawater; molybdenum remains In solu-

tlon as a molybdate. The oxide Is dissolved In sulfuric acid and

decontamination from tln and antimony effected by means of a sul-

fide precipitation. Further decontamination Is obtained by ad-

dltlonal preclpltatlons of the oxide, e~tractlon~ of the cupferron

derivative, and acid sulfide scavenglngs. Niobium IS finally

precipitated as the hydrous oxide and Ignited to the oxlUe, In

which $orm It i~ weighed and counted. The chemical yield Is h

to 5* and dupllcate samples can be analyzed in about 4 hours.

If the’sample solution contains large quantities of uranium the

chemical yields are llkely to be low; at present there IS no

explanation

Nb carrier:

Zr carrier:

Cu carrier:

HC1 : 6E

HC1 : cone.

HN03: 6 ~

HN03: cone.

for this.

2. Reagents

10 mg Nb/ml (added as

tlon-standardized )

10 mg Zr/ml (added as

10 mg Cu/’ml (added as

Nb (V) In oxallc acid solu-

ZrO(N03)2 “ 2H20 In 1 ~ HN03)

CUC12 “ 2~0 In ~o)

~SOq: cone.
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Procedure 3 (Continued)

HF: cone.

Tartarlc acid: 25$ aqueous solutlon

H3B03 : saturated aqueous solution

NH40H: 6 ~

NH@H: cone.

(~4)2c4H406: saturated aqueous solutlon

BSC12 : 50 mgjnl

KC103 : solld (for standardization)

~S: gas

Cupferron reagent: & aqueous solutlcm (kept In refrigerator)

Methyl red indicator solutlon: O.1~ in 90$ ethanol

Chloroform.

3. Equipment

Muffle furnace

Fisher burner

Centrifuge

Block for holding centrifuge tubes

Mounting plates (Note 2)

Forceps

Tongs for holding Erlenmeyer flasks

Plpets : assorted sizes

Wash bottle

Ground-off Hirsch funnels: Coors OOOA (one per sample)

Filter chimneys (one per sample)

Filter flasks

100-ml beaker (one per standardization)

2n, 60” funnels (one per standardlzation; three per sample)

125-ml sepamtory funnels (three per sample)

125-ml Erlenmeyer flasks (three per eample)

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

No. 42 Whatman filter clrcleO: 7/8” diameter

40-ml Lusterold centrifuge tubes (four per sample)

~-ml conical centriftie tubes: Pyrex 8320 (nine per sample)

Crucibles: Coors 000 (one per sample)

Crucibles: Coors 00 (one per standardlzatlon)

Steam bath

Ice bath

Stirrlng rods.

4. Preparation and Standardlzatlcm of Carrier

(Taken from Radlochemical Studies: The FlsslOn Products, Book 3,

pp 1524-5)

DlSi301Ve 26.0 gm of potassium hexanlobate, ~~60~9 “ 16~o,

(Fan-steel MetallWglcal Corp.) In about 200ml of ~0, heat the

solution nearly to boiling, and add 15 ml of cone. HN03 SIOWly

with stlrrlng. Continue heating and stlrrlng for 2 to 3 min

and centrifuge. Wash the precipitate three times, with centrl-

fugation, with 50 ml of hot 2% NH4N03 solutlon. Add 200 ml of

/ saturated ~C204, and heat with stirring until Nb O dissolves.25

Cool and dilute to 1 liter. Filter the solutlon If it Is not clear.

Plpet exactly 5 ml of the carrier solutlon Into a 100-ml

beaker. Add 30 ml of 6 ~ HN03 and about 1 gm of KC103 and care-

fully heat the ‘solutlon to bollhg. Boll gently with occasional

stlrrlng for about 5 min. Cool the mixture and add cone. NH40H

with stirring to make the pH value 8 to 10 (about 15 ml). Filter

quantitatively on a No. 42 Whatman filter paper through a 2“,

600 funnel, ”returnlng the first portion of the filtrate if It,

Is not clear, andwashwlth hot ~0. Ignite ina Coors 00

crucible at about 800° for 15 to 20 mln and weigh as Nb205.

Four standardizations performed as described above gave

results agreeing wlthln O.~.
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Procedure 3 (Continued)

5 . Procedure

w“ To exactly 4 ml of Nb”carrier In a ~-ml Lusterold

centrifuge tube, add 3 ml of cone. HF, lQ ml”of the sample In

4~HCl, lml of Zr carrier, and 4ml of BaC12solutlon (50mg/ml).

Centrifuge the ~ZrF6 preclpltate, transfer the uupernate to a

clean ~-ml Lueterold tube, and discard the preolpltate. Repeat

the BaZrF6 preclpltatlon three tlmeS, the third time tran~ferrhg

the aupernate to a 125-ml Oeparatory fun.neli

m“ To the Eiupernate add 30 ml of a saturated H Op3to

deBtroy the Nb-fiuorlde c6mplex and &ke the aolutlon 1 ~ In HC1.

Add 4 ml of cold ~ cupferron z=agent and let the mixture.stand

for 1 min. Extract the Nb-cupferron complex Into 20 ml ofCHC13

and”tranOfer the CHC13 layer Into a 125-ml Erlenmeyer flask.

Step 3. “To the aqueou~ phase, still in the Beparatoti funnel,

add 2“ml of cupfenon reagent, extinct with 10 ml of CHC13, and

canblne the extnct with the previous one”. Wash the aqueous

phase with 10 ml of CHC13 and oomblne the waOhlngB with the pre-

VIOU8 extz73ctB.

m“ Heat the CHCi3-extract with 3 ml ok cone. ~S04 and

about 20 ml of HN03 to destroy organ”lcn“tter.

*“ Transfer the t301utlon to a 40-ml conical centrifuge

tube and make the Ooltitl”on baElc by the addltlon or cone.

NHqoH . Centrifuge and discard the”supernate. Illasolve the pre-

cipitate (Nb205 . ~0) “In 3.3ml of cone. ~904 and dilute the

Bolutlon to 20 ml with ~0. Add 1 mlof Cu e&ler and saturate”

the ieolutlon”wlth”H#. centrifuge and filter Into a olean ~-ml

conlcai centrifuge tube, using a 2“, 60° funnel and No. 42

Whatman inter paper.

w“ Make the OUpe=te baBIC by addltlon of cone. NH40H

to @eclpltate Nb205, “ x~o. Centrifuge, discard the.aupernate,

and wash the precipitate with a mixture of 5 ml of 6 ~ NH40H, 3

.
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Procedure 3 (Continued)

ml of

Itate

fuge,

6 ~HN03, and 5 ml of ~0 (Note 1). Dissolve the preclp.

by warming In 0.5 ml of 2S$Ztartarlc acid solution. Centrl-

transfer the supernate to a clean centrifuge tube, and dLa-

card any residue.

Step 7. Add 10 ml of cone. HN03 to the supernate and heat

the mixture on a steam bath for about 15’min. Centrifuge, discard

the supernate, and dissolve the Nb O
25

- X~O precipitate in 1 ml

of cone. I-E+and 3 drops of 6 M Hcl.—

m“ Transfer ”the solution to a 125-ml separator funnel,

add 10 ml of saturated H3B03, and make the solution 1 ~ in HC1.

Add 4 ml of cold cupferron reagent and extract the solution with

20 ml of CHC13. Transfer the CHC1
3

layer to a 125-ml Erlenmeyer flask.

w“ Repeat Steps 3, 4, 5, 6, and 7.

Step 10. Repeat Steps 8, 3, 4, 5, 6, and 7, but dissolve the

~205 “ X~O precipitate formed in Step 7 in 5 ml of saturated

(NH4)2C~H406 solution and sufficient cone. NH40H to make the

solution alkaline.

Step 11. Cool the solution in an ice bath and add 4 ml of

cupferron reagent. Add 6 ~ HC1 dropwlse to acidify (2 drops past

a methyl red end point). Filter the Nb-cupferron complex onto a

No. 42 Whatman filter circle, 7@ diameter, using the standard

ground-off Hirsch

at 800° for 15 to

(Note 2).

Notes

funnel and filter chimney equipment. Ignite

20 min.
cOO1 ‘he ~2°5J ‘out’ and Comt

1. The Nb205 “ ~OPreciPitate is washed with NH4N03 solution

to prevent peptization.

2.
‘e ‘gnited ~2°5

is mounted on an Al plate, 2-1/2” x 3-1/4”,

which has a depression 5/8n in diameter and l/32° deep

the center of one side. A dilute solution of Zapon in

in

33



Procedure 3 (Continued)

ethanol Is used to

The precipitate Is

spread and fasten the oxide to the plate.

covered with rubber hydrochloride.

The sample is counted in a beta counter with no absorber.

The isotopes counted are 68m Nb97, 23.3h Nb96, and 37d Nb95.

Procedure $4 (Cupferron extraction method for Nb)

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

Element separated: Nlobi um

Target material: - 1 g BI metal Time for sepin: - 2 hrs.

Type of bbdt: 184n all particles Equipment required: Centri-

fuge, tubes, Ice, lustorold

cones, crucible

Yield: approx. 50%

DegPee of puriflcatlon:

fission & spallatlon

Advantages: Fair

Procedure:

1, Add equal

HN03 soln

Decontamination factor> 103 from

products.

yield of pure Nb

volume of concentrated HN03 to allquot of

of target, 1 ml 6 ~ HC1, 1 ml saturated

H2C204, 20mg Nb, end 10

lC3r03in small portions.

Nb205 . Wash precipitate

6 ~NH40H, and 5 ml ~0.

w Zr. Heat and add 0.5 g

Digest 5 mln,md centrifuge

hot with 3 ml 6 ~ HIJ03,2 ml

2. Dissolve In l-2ml maturated ~C204+ lo drops 6~HC1.

Make up to 20 ml of 6 ~ HC1, 0.05 ~H2S03, and add 10

ml CHC13~ Cool In Ice bath, add 2 ml fresh 6$ eupferron

and shake well. Extract a second tipe with more CHC13

a’ndcupferrcm. Wash CHC13 with 20 ml cold 6 ~HCl and,

0.05 ~ lf@03 containing more cupferrcm.
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Procedure 4 (Continued)

3.

4.

5.

6.

BOI1 with 10 ml concentrated KN03, adding KBr03 until

CHC12 18 gone, solution Is pale yellow and NbaO= has pre-
2 .

cipltated.

Transfer to lue.teroldwith dll. HN03. Dla!301ve

1 ml concentrated HF. Add 2 ml 6 ~ HN03, 10 mg

5 ml ~0. Add 50 mg ~ dropwise and centrifuge

>

by adding

Zr, and

~ZrF6 .

Add 6 ml concentrated NH40H to supernatant (to pH 8-1o).

Centrifuge Nb205, and wash with 3 ml 6 ~ NH40H, 1 ml 6 ~

HN03, and 5 ml ~0. USe a Becond wash to transfer pre-

cipitate back to glass.

Dissolve hot In 2 ml saturated ~C204 plus 10 drops 6 ~

HN03 . Add 3ml~0, 5ml concentrated HN03, heat, add

0.5 g mro3 S1OW1Y3 digest 5 tin., centrifuge. Stir tire-

cipitate up with 3 ml 6 ~ HN03, 2 ml 6 N NH40H, and 5 ml

~0, heat, filter, Ignite In a crucible 15 min.

Weigh as Nb205 (14.30 mg per 10 mgNb).

Remarks: The extrn is supposed to separate Nb from Zr, Te, & MO.

The extrn separation was substituted for heavy metal sul-

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

bly be combined with carrying of the ~ tracer on Mn02 pptd

from 10 ~ HN03 for a carrier free procedure.
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Procedure fi. (Dllsopropyl ketone extraction method for TS)

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

Purlflcatlon: 1010 Atoms of Ta182 isolated from a 3-day-old solu-

15 flsalons showed no evidence oftlon containing 10

contamination by foreign radlonuclldes when decay

was followed through one half life.

Yield: 30 to 60 per cent.

Separation time: Four hours.

ReaRents: Dllsopropylketone and a sOlutlOn of 12 Y H@04- 0.4

Remarks: The procedure Is In essence that of Stevenson and

Hicks (Anal. Chem. ~,, 1517 (1953)). The use of

glasa.equipment through the entire procedure Is

permissible because of the low HF2- concentration.

The only,equipment necessary Is 12-ml centrifuge

cones.

1. TO the solutlon , which should be at least 1 ~ In either HC1

or HNO , add 10 milligrams of Ta carrier.
3 ● Bring to a boil

and digest for ten minutes while the solution bolls. Add

6 ~ acid If necessary to replenish volume. Centrifuge pre-

cipitate and wash twice with cone. I-llJOs, brlnglng to a boll

each time. On the last wash, $ransfer slurry to a 12-ml

centrifuge cone.

2. Dissolve the precipitate in 2 ml of 12 ~ ~S04-0.4& ~.

Ignore any small quantities of undissolved foreign material.

3. Add 2 ml of dllsopropylketone and equilibrate layers for

about one-half minute with a platlnu.m stirring tire. Centrl -

●

Fluoride-free tantalum carrier can be made by dissolving freshly

precipitated and washed hydrated tantalum oxide In hot saturated

oxalic acid. Rather concentrated eolutlons or tantalum may be

made In this reamer and may be diluted to any desired concentra-

tion with water.
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4.

5.

6.

7’

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 fraction.with 2 ml 12 & H2S04-0.4~

HF. Discard the aqueous laye~.

To the ketone layep, add 2 ml water, equilibrating layers for

about 30 seconds with a platinum sti.rrin.gwire. Centrifuge

layers. It may be necessary to centrifuge for five to ten

minutes at this point because the organic layer’often ex-

hibits emulsi~ication. Repeat the treatment twice with 2-

ml portions of water.

TO the combined wate~ layers add one drop of phen.olphtha.le~n

and sufl?icient cone. NH40H to make the solution barely al-

kaline. If necessary, “back-titrateVq by dropwise addition

of 4 N HNO s to a faint pink. Centrifuge the Pesultant pre-—

cipita’ceand wash once with 5 ml cone, HNO or with 5 ml
3

of a solution of 1 ~,NH40H nearly saturated with NH4N03,

Repeat the cycle (steps 2 through 6) twice.

8. Wash the final precipitate with 5 ml acetone. Discard the

wash. With vigorous stirring motion of a platinum wire

the precipitate, place Vne cone in a boiling water bath

continue stirring unti’1 the precipitate appeaps dry and

In

and

the

acetone has evaporated from the cone.

9. Slowly place the cone over an open bunsen

heating the bottom or the,cone strongly.

precipitate usually turns black. cool .

flame, finally

At this point the

10. Cautiously shake the black powder out of the cone onto a

weighed platinum disc. ‘Ignitethe platinum disc over a

Meker burner unt.1,1the precipitate appears white. cool

and ‘ei’ghas ‘a205”
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Procedure ~. (Dllsopropyl ketone method for ‘I%)

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

Separated from: Hf02 Cyclotron target.

Procedure

1.

2.

3.

4.

5.

6.

7.

The target (- 350 mg IB dissolved with 6 ~ HC1 - 1 ~ HF In

a Pt dlah, and evaporated to 0.5 - 0.75 ml.

The precipitate 18 centrlf’uged, and reBerved for Hf recovery.

The 6upernatant llquid Is cooled In an Ice bath, and centri-

fuged to remove any Hf that precipitates. The Hf precipitates

are combined.

The clear supernatant solution Is extracted with an equal

volume of dllsopropyl ketone which had been previously

equilibrated with 6 ~ HC1 - 1 ~ HF. (Note 1.)

The organic phase is washed with an equal volume of 6 ~ HC1 -

1 ~ HF and the washing discarded.

The Ta Is back extracted into an equal volume of ~0.

30 - 50 w solld (NH4)2 C204 Is added to the BOIUtiOn, and

TS electroplated.

Notes

1. If larger volumes can be tolented, two extractions may be

performed.

2. A high concentration of F- results In a low platlng yield.

Procedure #7. (Precipitation method for ?W)

Source: L. E. Glendenln, Paper 253 In “Radlochemical

The Flsslon Products,” “NNES, Vol. 9, ed. by

Studies:

c.D.Corgell andN. Suganiane (McGraw-Hill, 1951)

PREPARATION AND STANDARDIZATION OF CARRIER

Preparation. (a) From Niobium Metal. Niobium Car@f3r solu-

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

of pure nloblum metal In a platinum dish and dissolve In a few
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Procedure 7 (Continued)

milliliters of 27 ~ HF containing a little cone. HNO .
3

Transfer

to a bakellte beaker, dilute to about 200 ml, and add cone. NH40H

to make the pH value 8 to 10. WaBh the Nb205 three or four

times by centrlfugation with about 50 ml of hot 1 ~ NH40H (con-

taining 1 g of NH4N03 to prevent peptlzatlon). Stir the pre-

cipitate of Nb205 with 5 ml of 6 E HN03, and transfer to a 500-ml

beaker with about 200 ml of eaturated oxalle acid. Heat Just

to bolllng and continue heating until the Nb205 la dissolved.

Cool, and dilute to 1 llter. Filter the solutlon If It Is not

clear.

(b) From Potassium Hexaniobatt?. Niobium carrier solution

can be prepared more conveniently from the water-soluble ealt

potassium hexanlobate (K8Nb6019.16~O)J commercially available

as ‘potassium nlobate n from the Fansteel Metallurgical Corp.,

as follows: DISsOlve 26.0 g of the pure salt in about 200 ml of

~0, heat the solution nearly to bolllng, and add 15 ml of cone.

HN03 S1OW1Y with stirring. Continue heating and etlrrlng for 2

or 3 mln and centrifuge. Wash three times, with centrlfug&tion,

with 50 ml of hot 2 per cent NH4N03 solution. Add 200 ml of

saturated oxalic acid, and heat with stlrrlng until the Nb205

dlssolvee. Cool”and dilute to 1 llter. Filter the Solutlon if

It is not clear.

Standardlzatlon. Pipet 5 ml of the carrier aolutlon Into a

beaker. Add 30 ml of 6 y HN03 and about 1 g of K0103 and care-

fully heat the solution to bolllng. Boll gently with occasional

atlrrhg for about 5 min.

“with stlrrhg to make the

quantitatively on Whatman

portion of filtrate if It

Ignite at about &IOeC for

cool the mixture and add cone. NH40H

PH value 8 to 10 (about 15 ml). Filter

No. 42 filter paper, returning the first

is not clear, and wash with hot water.

15 to 20 min and weigh as Nb205.
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Procedure 7 (Continued)

PRooEDIJHg

Step 1. (a) Uianyl Nitrate Solutions. Add 10mg of zlrco-

nlum holdback carrier and proceed as In (b), but do not tmns-

fer to lusterold tube (Note 1). Cbdt atepB 2 End 3;.proceed Ini-

mediately to step 4.

(b) Phosphate Solutlona. To the aample (Note 1) In a 50-ml

glasa centrifuge tube, add an equal volume of cone. IU’JOY1 ml of

6 ~ HC1, 1 ml or saturated OXSIIC aald, and 2 ml of nioblm car-

rier. Heat the aolutlon nearly to boiling and add 0.5 g“of

KC103 in small portions,” bolllng for a few aeconda after each

addition. :Centrlfuge the Nb2C$ (Note 2), deuant the aupernatant

aolutlon, and atlr in 3 ml of 6 BJHN03, 2 ml of 6 ~ NH40H, and

5ml of~O (Note 3). Heat the mixture nearly to bolll~, tmnafer

to a 50-ml luaterold tube, and centrifuge.

Step 2. Dissolve the Nb205 In 1 ml of 27~ HF and”add 2 ml

1 ml of qirconlum carrier, and 5 ml of ~0. Addlof 6 ~ HIJ03,

ml of.M(No3)2 Bolutlon (50 mg@) drop by drop, stir for 1 mln,

and centrlf~e out the”BaZrF6. Decant the aupernatant aolutlon

Into a luaterold tube, add 1 ml of’zlrconlum carrier, and centri-

fuge.

Step”3. Decant the aupernatant aolutlon”lnto a luaterold

tube, add cone. NH40H (about 7 ml) to mab the pH”value 8“te 10

(phenolphthalein Indicator) , and centrlfiage the ~205. Waiih the

precipitate by stlrrlng up In 3 ml of 6 ~NH40H, 1 ml”or 6~

IiN03,and 5 ml of ~0, and centrifuge (Note 4). Repeat the waah-

ing, .ualng the waah solutlon to t=na~er the precipitate to a

50-ml glass centrifuge “tube. Heat nearly to bolllng and centri-

fuge. Add about 10 drops of 6 ~ HlJ03 to the precipitate and,pro-

eeed

2 ml

lnmedlately to the next step (Not.a5).

-“ Mssolve’ the precipitate of Nb205 by heating with

of satumted oxallc acid; Add about 3 ml of?~0 and 5 ml
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Procedure 7 (Continued)

of cone. HN03, and heat nearly to bolllng. Add

In Bmall portions, boil for a few seconds after

and centrifuge. Wash the Nb205 In a mixture of

0.5 g of KC103

each addltlon,

3ml of 6YHN03,

2 ml of 6 ~NH40H, and 5 ml of ~0 (Note 3). Heat nearly to

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

off the filter paper, and Ignite In a muffle furnace at 800”C

for about 15 min. Cool, weigh the crucible and Its contents,

transfer the Ignited precipitate to the mounting card, and re-

Welgh the crucible to find the weimt of Nb205 mounted.

Notes

1.

2.

3.

4.

5,

6,

The volume of the sample ehould not exceed 10 ml.

If.SIF~- or F- Is present, Nb205 will not precipitate. An

excess of H=BO= added to the sample ellmlnatea this dlffl-
JA

Culty . If’the orlglnal sample 10 turold

posltlon, use step lb.

The washing Is done with HN03 containing

peptlzatlon.

or of doubtful com-

NH4N03 to prevent

The washing Is done with NH40H containing NH4N03 to prevent

peptlzatlon.

Freshly precipitated Nb205 dissolves readily in hot oxalic

acid. If the precipitate Is allowed to stand, however, It

may become very dlfflcult to dissolve. If the precipitate

will 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 NH40H.

If the first portion of the filtrate Is not clear, retu,rn

it to the filter.
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procedure #8. (Preclpita”tlonmethod for Nb)

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

Element sepamted: niobium

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

‘l?ype,ofbbdt: 60” a!s

Procedure:

1.

2.

3.

4.

The Th metal Is

of .2 ~ NH4LIF6

dissolved In cone. HC1 plus a few drops

solution to clear up the black residue.

The HC1 Is diluted to 2 ~ and an allquot taken. Add 10

mg Zr holdback carrier, Add an equal volume cone. HN03,

1 ml 6 ~ HC1, 1 ml saturated ~C204, and 20 mg Nb

carrier. Heat solutlon nearly to bolllng, add 0.5 gm

KBr03 In small portions digesting and bolllng a few

minutes after each addltlon. Digest 5 minutes and centrl-

‘~e ‘ff Pptd ~2%” Stir up ppt with 3 ml 6 ~ HIJ03,2 ml

@ NH40Hand5ml~0. Heat mixture nearly to boiling and

transfer to a 50-ml luaterold tube and centrifuge.

Dissolve ppt with 1 ml 27 ~ HF. Add 2 ml 6~HN03, 10mg

Zr holdback carrier, and 5 ml ~0. Add 50 mg Ba(N03)2 in solu-

tlon dropwlae. Centrifuge out BaZrF6. Decant Into another

lusteroid tube,add 10 mg Zr carrier and centrifuge.

To supernate In luateroid, add about 6 ml cone. NH40H (to

pH 8-lo).Centrifuge the Nb205. Wash ppt by atirrlng up In

3 ml of 6 ~NH40H, 1 ml 6 MHN03, 5 ml ~0. Centrifuge.

Repeat washing and use wash solution to transfer ppt to a

glass tube. Heat nearly to boiling and centrifuge. Add

about 10 drops of @ HNO to ppt and Immediately proceed
3

on 4.

Dissolve the precipitate by heating with 2 ml saturated

~c20~. Add akout 3 ml ~0, 5 ml con~ HN03 and heat nearly

to boiling. Add 0.5 gm KBr03 In small

mlnutea after each addltlon. Digest 5

portions, boll a few

minutes and centrl-
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Procedure 8 (Continued)

fuge. Wash Nb205 in mixture of 3 ml 6 ~ HNO
3’

2m16~

NH40H and 5 ml H20. Heat nearly to boiling and filter.

Transfer to a crucible, burn off filter paper and ignite

In muffle 15 min. Weigh on watchglass as Nb205 and count.

Preparation of carrier solutlon:

Dissolve 26.0 .gnsof pure potassium hexanlobate

(~~6019”16H20 available from Fansteel Corporation as potaselum

niobate) in 200 ml ~0, Heat nearly to boiling and add 15 ml

cone. HNOs slowly with stlrrlng. Heat 2-3 mln and centrifuge

off pptld

50 ml hot

Add

Heat with

‘2°5 “ Wash three times by centrlfugatlon with

2~ NH4N03 solution.

200 ml satumted oxallc acid solutlon to the Nb205.

stlrrlng until the Nb O
25

dissolves. Cool and dilute

to 1 llter. Filter If solutl@n Is not clear.

Standardlzatlon:

Take 5 ml carrier, add 30 ml 6 ~ HN03. Add 1 .gnKBrO
3

and heat solution to boiling. Boll 5 minutes with occasional

atfrrlng. Cool, add about 15 ml cone. NH40H to a PH of 8-1o.

Fllteronto Whatman #42. Refilter If not clear. Wash with

hot H20. Ignite at &IOOC for 15-20 min. ‘eigh as ~2°5”
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Procedure #g. (Carrier-free separatlon of Nb by precipltatlon)

Source: J. M.

‘~dlochetical

by Coryell and

Siegel, w. P. Blgler and D. N. Hume, Paper 255 in

Studies: The Fission Products,n NNES Vol. 9, ed.

Sugarman (McGraw-Hill, 1951).

CHEMICAL PROCEDURE

-O To a suitable volume (5 to loo ml) of’flsslon-

product concentrate (Note 1) or zlrconlum-niobium tracer concen-

trate (Note 2) are added 10 wg of tellurium carrier (as ~Te03,

and 10 ml of cone, HCl, and the solution is evaporated to approx-

imately 2 ml (Note 3). A second 10-ml portion of cone. HC1 Is

added, and the solution Is again evaporated to about 2 ml. To

the residual solution are added 20 ml of 3 ~ HC1 and 2 ml of

saturated oxallc acid, and the solution Is heated to boiling. sul-

fur dioxide is bubbled through the hot solution until the tellur-

ium precipitate Is well coagulated (Note 4). The solutlon Is

filtered through a slntered-glass filter stick, and the precip-

itate

ml in

Is discarded.

-“ The supernatant llquld is evaporated to about 2

order to expel most of the HC1 (Note 5). Twenty mllll-

llters of 10 ~ HN03, 10 mg of MnH carrier, and 1.5 g of KC103

are added either by slurrylng with the HN03 or by the addltlon

of small portions of the solid. After the initial evolution of

C12 has subsided, the mixture Is heated cautiously to bolllng.

The boiling Is conthued for 2 to 3 mln to coagulate Mn02, and

the supernatant liquld Is filtered off through a slntered-glass

filter stick. The precipitate is dissolved In 10 ml of 10 ~

KN03 containing 2 to 3 drops of 30 per cent ~02 and boiled for

a few minutes to decompose the excess ~02. Ten mllllllters of

10 ~ HN03 and 1 g of KC103 are then added, and the mixture Is

boiled for 2 to 3 mln to repreclpltate Mri02. The supernatant

solution Is filtered off, and the Mn02 Is dissolved and repre-

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

Step 3. The third Mn02 precipitate is dlsaolved in 20 ml

of H20 containing 0.5 ml of 5 ~ HN03 and 2 drops of 30 per cent

~02 . Ten milligrams of Fe* carrier IB added, and the Oolutlon

Is boiled with 2 drops of Baturated bromine water. A Oolutlon

of 6 ~ NH40H is added drop by drop until Fe(OH)3 abost Precip-

itates (Note 6), the .solutlon is heated to boiling, and about

0.5 ml of 3 ~ NH4C2H302 IS added drop by drop to precipitate

basic ferric acetate [probably FeOH(C2H302)2]. The”supernatant

llquld Is filtered off through a slntered-glass filter stick,

and the precipitate is dissolved In 20 ml of ~0 containing 0.5

ml of 6 ~ ~03.

above procedure,

This solution is

Basic ferric acetate is

filtered, and dissolved

then extracted three or

repreclpltated by the

In 20 ml of 8~Hcl,

four times with 20-ml

portions of Isopropyl ether. The aqueous phase Is then evapora- , ‘

ted to approximately 2 ml (Note 3) to expel ether and HC1 and

is diluted to the desired volume.

Notes

10

2.

3.

The fission-product concentrate is the aqueous phase obtained

by the exhaustive ether extraction of uranyl nitrate and fil-

tered to remove silica, Less than 1 g of urafiylnitrate pep

50 ml of solutlon should be present. The starting material

must be free of S102.to prevent the 10S6 of niobium by ad-

sorption.

If the zlrconlum-niobium mixture Is Isolated by the cupferrcm-

chlorofozm method, It will be free of tellurium, and step 1

may be omitted.

Niobium Is lost on the walls of the container If the solution

Is evaporated to dryness. The actlvitY may be removed by boll-

Ing with 1 ~ KOH or 0.01 ~ oxalic acid, glvlng stable salu-

tions of tracer as the niobate or as the oxalate complex, re-
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Procedure 9 (Continued)

4.

5.

6.

spectlvely. The oxalate may be removed before use by treat-

ing with aqua regia and fuming with HN03 to give a solution

In HN03. Niobium tracer In HN03 or HC1 loses activity rather

quickly owing to adsorption on the wal10 of the glass container.

Any hexavalent tellurium aCtlvlty Initially present wI1l be

reduced to the tetravalent state by the HC1 treatment, and

from this state the reduction to the metal occurs readily

with S02.

The presence of large amounts of HC1 requires the addltlon

of excessive quantities of KC103. ma tends to Interfere

with the carrying of nloblum on Mn02.

It la usually necesOam to add 1 drop in excess and then to

dissolve the Fe(OH)3

In the development

with a drop of 6 ~ HN03.

TESTS AND ANALYSES

of this procedure four small-ecale pre-

parations of less than 0.5 millicurie and one large-scale pre-

paration of 50 millicuries were made. In the four small-scale

preparations the recovery yield ranged from 80 to 95 per cent,

but in the large-scale preparation it was only 40 per cent. This

low yield was largely the result of losses caused by the mechan-

ical difficulties involved in remote-control operations.

Absorption curves of all the prepamtions were determined;

except for the first run they showed very little !3contamlna-

tion. An analysis of the large-scale prepmatlon for tellurium

indicated that less than 0.2’per cent of the total 13and Y activ-

ity was due to tellurium.

The sodium bismuthate test for manganese and the

thiocyanate test for iron indicate that both of the8e

are present in very small amounts in the final tracer

The tellurium precipitate was tested for niobium

potassium

elements

solution.

activity.
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Procedure 9 (Continued)

The precipitation of tellurium waB carried out In the pre8ence

of niobium activity tider the same conditlon6 as In the tracer

Isolatlon. The loss on the tellurlum precipitate was 0.8 per cent.

Procedure #lo. (Carrier-free separation of Ta by solvent

extraction

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

Separated from: ~03 Cyclotron Target

Procedure

1. The target (- 100 mg) Is dissolved In 20 -

and any Insoluble residue Is c.entrlfuged down,

Lu recovery.

2. Five mg Hf02 Is dissolved in 1 ml cone, HF

25 ml 6 ~ HC1,,

and reserved for

and added to the

clear supernatant liquid, preclpltatlng LuF3 (Note 1).

3.

and

4.

and

The precipitate Is centrifuged, and reserved for Lu recovery,

the supernatant solutlon Is evaporated to 0.5 - 0.75 ml.

The solution Is diluted to a convenient volume with 6 M Hcl,—

cooled In an Ice bath, and any precipitate which appears Is

centrifuged and combined witn the previous precipitate.

5. The clear solution Is extracted with an equal volume of dl-

Isopropyl ketone which had previously been equilibrated with

6~Hcl (Note 2).

6. The organic phase Is washed with an equal volume of 6 ~ HC1

and the washing discarded.

7. The Ta Is back extracted into an equal volume

30 - 50 mg of solid (NH4)2 C204 1s added to ready

for plating.

of ~0, and

the solution
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Procedure 10 (Continued)

Notes

1. Rf acts as a holdback carrier.

2. ‘Iwo ext~ctlons may be performed If larger volumes can be

tolerated.

Procedure #il. (Carrier-free separation of Nb by lon-

.exchange)

Source: c. E. Mellish, UKAEA Report A.E.R-E. lfi 39 (1955).

A source of Nb was required containing no zirconium and as

large a ratio as possible of Nbga to Nb95 . This was required

In a solution containing less than ~ mg of total solid which

could be evaporated on a thin polystyrene foil. Thus the Zr95

avallahle, about 20 mCs., had to be stripped of all the niobium

It contained, left for a while for the niobium to grow, and then

stripped.of niobium again before the short llved Isomer could

decay appreciably. This was achieved by the use ofan anion

exchange column, after two other separation 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. TWs Involved a

chromatographlc separatlofi of Zr and Nb on a cellulose column,

In a bolutlon of methyl ethyl ketone~. The method was aban-

doned for two reasons; (a) because the column appeared to be-

have erratically with the carrier-free material, and (b) because

of the dlf~icu.lty of obtaining less than ~ mg of total solid

when evaporating down the 400 ml of liquid required to elute the

nloblum.

Secondly a solvent extraction method was attempted, In which

Zr was extracted from the Zr/Nb mixture Into n-butyl ether In the



Procedure 11 (Continued)

presence of di-butyl phosphate (J. M. Baker, et al. Proc. Phys. Sot.

6&, 305, 1953). !l?hIsmethod waO unsatisfactory because of a

glass-llke residue In the final source material resembling phos-

phoric acid. This maY have arisen by hydrolysi~ of the QBP under

the acid conditions employed.

Anion Resin Column Method

The Zr~ mixture was evaporated to drynesO, taken up in a

solution 9 ~ in HC1 and 2 ~ In HF

Elutlng with this mixture removes

blum is left on the column and is

time the proceos was carried out,

In a HN03/Oxalic acid mixture and

The column of resin, which was 20

and held In a polythene tube, was

source obtained by destroying the

and added to the realn column.

the Zr fairly quickly; the nlo-

dlfflcult to remove. The first

In fact, the niobium had grown

proved impossible to elute.

cm long and 1.0 cm In diameter,

therefore cut up, and a nloblum

resin hold.lngthe Nb with con-

centrated nltrlc and sulphurlc acids and 1OO-VO1 hydrogen per-

oxide. This gave a

to total solld, and

Ing the nloblum.

In subsequent

the HC1/HF mixture,

acid 3 ~ In HC1 and

source which was satisfactory with regard

this could be used as a method for obtaln-

experlmente, the Nbg5 was allowed to grow In

and It was found possible to elute it with

0.05 y 11-4FW.” These concentrations were

arrived at by extrapolating the figures of Kraus and Moore

(K. A. -us and,G. E. Moore, J. Am. Chem. SOC.,75, lMO, 1953;—

Ibid.: ~, 9, 195~)

libas possible.

Monltorlng In

samples of effluent

to obtain as large an elutlon constant for

the separation is performed by counting

with an end

are counted with and without an

to absorb all fl-particles, when

by Its higher y-p ratio.

window Geiger tube. The samples

absorber In front of the counter

nloblum can be distinguished
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Procedure 11 (Continued)

The final source was prepared by evaporating the nloblum

solution to dryness and taking it up In a few drops of .40~HF;

this waB evaporated on a polystyrene foil without damage to It.

The source contained less than 2j%zirconium, and was supplied

about 30 hours after the Zr-Nb separation.

Procedure #12. (Carrier-free separation of TS by preciQ-

i~atlon and Ion-exchang e)

Source: A. N. Murin, V, D. Nefedov, 1. A. Yutlandov, Uspeckhl

Khlmil 3, 527 (1955).

Irradiated oxide of Hf (Hf02) was dissolved In a mixture

of HNO and HF.
3

Excess ~ was removed by evaporation with 10 ~

HNo
3“

‘TOthe eolutlon was added ~04, and Mn02 was Precipi-

tated. The Mn02 quantitatively carried down the radio-tantalum.

The precipitate was dissolved In oxalic acid and the ~+2 was

removed by adsorption on a cation exchange resin (Amberllte lR-1

or Dowex-50).

Procedure “#13. (Chromato~rapMc extraction method for N%)

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

SPECIAL REAGENTS

Niobium Carrier (5 W Nb205/’ml)

2.5 g Or SpeCpwe niobium pentoxide was dissolved by warm-

ing with 20 ml ,of 4C$ w/v hydrofluoric acid under an infrared

lamp . If solution was slow more hydrofluoric acid solution was

added until a clear tiolutionhas been obtained. This solution

was then washed quickly into 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)—.—.—

q.Tgofzirconiu_m nitrate iZ~ (N03,405H20]

in 6.3 m or concentrated nitric acid and

gentle warmin.go When a Clear solution,had

solution was diluted carefully to 100 ml ,

night and filtered if turbid,,

Hydrof’luoric Acid solution (1:3)....——.——

100 g of A.R. hydrofluoric acid (40~

weighed into a polythene beaker and diluted

distilled water. The mixture was stored in.

thene bottles.

Developing solution——

100 g of AR. h.ydrofluoric acid (40~

weighed into a polythene bottle, and 400 ml

was dissolved

of water with

ethyl ketone added, This so”lutl.cnwas again

ped bottles and keeps almost indefinitely i~

Tannin solution. (2741.———

2 g ofl tannin,was dissolved in 100 ml

~een obtained, the

sllo~ed to stand over-

w/v) solution was

with 300 ml of re-

screw-capped poly-

~/v) Solution was

of redistilled methyl

stored in screw-cap-

well, secured,

and the solution Tlltered to remove the realdue.

~YepaPation of standardized 95-Niobium trace~ solution—..

(1) 5 millicuri.es of 95-niobium 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 powde~ed pOtaSSiUm bi-

sulphate and cooled. 5 ml of niobium carrier, and 1.0 ml of

zirconium 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

tlon and 1.0 g

quantity of diluted (1:3) hydrofluoric acid solu-

of A.R. ammonium fluoride.

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

6olutlon to give a powdery mixture.

(5) A cell~ose column was prepared by adding ~atman cellulose

powder to a polythene column 12”X 1“ containing

ticldfiethyl ethyl ketone solution until a column

been obtained.

(6) The niobium tracer on the

the column, and ~0 ml of 29X

ketone allowed to flow through

(7) The eluent wqs evaporated

cellulose pulp was

hydrofluorlc acid/

the column.

2@ hydrofluoric

8“ high haS

then added to

methyl ethyl

to dryness In a platinum basin

under an I.R. lamp and the residue ignited to 500°C to remove

carbonaceous matter.

(8) The residue was dissolved Indllute hydrofluorlc acid (1:3)

solution and made up to 100 ml . Standardization was carried

out by D. At. En. method 1013.

Analysis of fission product solutlon

(1) A suitable allquot of fission product solutlon was plpetted

Into a Pt basin, together with one ml of hydrofluorlc acid

(~ w/v.!,and the mixture evaporated to drynefls under an I.R.

lamp.

(2) Add 1 ml (a) of hydrofluorlc acid (~~w/v) and lml of

Nb carrier solution and repeat the evaporation to dryness,

(3) Add 1 ml ‘b) of hydrofluoric acid (1:3) and stlrwlth a

polythene rod for a ?ew minutes. Allow to stand for 15 minutes.

(4) ‘fake0,01

aO possible to

ml of solutlofiand dellver In as narrow a band

one end of a Whatman No. 1. filter paper C.R.L.1.

52



Procedure

(5) Add the 95-niobium standard

13 (Continued)

8olutlon to the ad~acent strip.

(6) Allow the ~trlp to dry for one hour over saturated potasOlum

carbonate Bolutlon.

(i’) Pour developing solution (25 ml ) Into 600 ml polythene

(c) with the sample spotsbeaker, and place strip Into solvent,

L3wemnost. Allow the solvent to diffuse upwards for 20 mln .

(8) Expose the strips to ammonia vapor In a desslcator, then dry

using hot afr. Spray with 2% tannin solutlon from a glass

atomizer, and dry again wfth hot air.

(9) Remove the colored portions at the top of the strip and

mount for counting between two pieces of Sellotape and place

across a counting tray.

(10) y count the sample and standard ‘d) and determine the dis-

integration rate from the efficiency of counting obtai”nedfrom

the gq-n.ioblum standard.

‘a)T.Jsea polythene pipette.

(b)
Use a glass pipette.

‘c)Care must be taken to prevent the strip touching the sides

of the beaker.

(d)Counting Is done in all cases through a lead sandwich which

consists of Al sheet (1800 mg/sq. cm.), Pb sheet

(3.5g/sq. cm.), Al sheet (2oO mg/sq. cm.).
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