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INTRODUCTION

The analytical chemlstry of tantalum, niocbium, molybdenun,
tungsten, and titanium has become of prime importance because
of recent applicatlions in super alloys for alrcraft jet
engines and turbine wheels, as alloying constituents for the
aerospace effort, for fuel alloys in nuclear reactors, and as
containers for molten metals and szlts. Other, well-known
uses are as alloying elements in tool steels, for surgical
materials, and for rectifiers and magnets.

These applicatlons place a great demend on the analytical
chenist to develop reliable and versatile methods of separa-
tion and determination of these metals. The separation of
mixtures of niobium, tantalum, molybdenum, tungsten, and
titanium by classical methods is very lengthy and difficult.
This is true partly because of the similarity between their
chemical properties and partly because of the ease with which
salts of these metals are hydrolyzed in acld solution.

It is not uncommon to find 211l of these metals present
in en 2lloy. In addition, nigh temvperature alloyé usually
coantain cobalt, nickel, chromium, iron and others in varying
proportions. The presence or absence of these other metals
greatly affects the results obtained by classical methods for
separating niobium, tantalum, molybdenum, tungsten, and

titaniunm.

A once-popular classical method of separation 1s



Schoeller's salicylate procedure (1), for the separation of
niobium and tantalum from titanium. In this method, the oxa-
lates of these metal lons are decomposed with calcium chloride
in the presence of sodium salicylate, and the earth acids are
precipitated as salicylate complexes., The titanium-sélicylaté
complex 1s soluble, but it coprecipitates. The niobium and
tantalum recovery is often not complete and the precision is
not very good.

Another procedure, described by Bedford (2), is over
fifty years old but 1s stlll used, It.involves a fusion of
the earth aclid oxides wlta potassium carbonate and precipita-
tion of the niobium and tantalum by magnesium sulfate and
ammonium chloride. The oxlides of niobium, tantalum, titaniua,
and zirconium are precipitated but alkall tungstate remains
in solution.

For about twenty~five years tannin, introduced by Schoel-
ler, was in constant use for earth acld analysis. Schoeller
and Powell (3), glve detailled instructions for obtaining
proper conditions for the separation of many metal louns.

The reagent, N-benzoyl-N-phenyl-hydroxylamine, nas been
used for obtaining precipitates of niocbium, tantalum, and
titanium that are virtually free from almost all other ele=-
ments, including tungsten (4). Various precipitating condi-
tions are used to precipitéte consecutively niobium, tantaluam,

and titanium.

Dams and Hoste (5), were only moderately successful in an



attenot to separate nioblum and tantalum by ovrecipitation

from homogeneous solution by thermal decomposition of their
veroxy comvlexes in the presence of tannin and oxzlate. The
separation is improved by extracting the bisulfate melt with
ammonium oxalate before adding hydrogen peroxlide, hydrochloric
acid, and tamnin.

The combination of precipitation and separation is very
time~consuming, but does give correct results for the metal
contents of an alloy. Hague and Machlan (6), have determined
niobium, tantalum, titanium, and zirconium in steels by pre-
cipitating these elements from solutlion with cupferron,
igniting the precipitate to give mixed oxides, and separating
the metal lons on an lon-exchange column.

In the methods discussed thus far, the fact that niobium
and tantalum can exist in solution only &s some kind of =
comvlex has not been completely exploited. That is, this
knowledge is only used to the extent that homogeneous solu-
tions are prepared before a precipitant is added. However,
newer technigues based on lon-exchange, cellulose chromatog-
raphy, and liguid-liquid extraction are designed to take full
advantage of the ability of niobium and tantalum to form
various complexes which have varying aciditiles, tendenciles to
hydrolyze, and stabilitiles.

Some effective complexing agents which have bteen used in
separations involving niobium, tantalum, molybdenum, and

tungsten are hydrogen veroxide, organic acids, and hydro-



chloric-hydrofluoric acid solutions. The use of hydrogen
veroxide in separation procedures, rather than nydrofluoric
acid or organic acids, has the advantage that determinatioas
or further separations are simvlified.

Several cation exchange separatlions have been revorted
(7-11) which employ acidic solutions of hydrogen veroxide to
élute niobium, tantalum, molybdenum, and tungsten as anlonic
complexes. However, only one or two of these metals are sep-
arated from a few other metals in the procedures reported,
and elution conditions vary considerably. A method using a
single eluent, that would separate niobium, tantalum, molyb-
denum, and tungsten as a group from a fairly large number of
elements would have a édefinite advantage. The research of
Part I of this thesis was intended to achieve this goal.

Anion exchangé separatlions of niobium, tantalum, molyb-
denum, and tungsten are reported using organic acids or hydro-
fluoric-hydrochloric acid mixtures as eluents. 4An anion
exchange separation of niobium, tantaium, molybdénum, tung-
sten, zirconium, and titanium from each other uses varlous
combinations of organic acids, hydrochloric acid, and hydro-
gen veroxide as eluents {(12). Good results are reported for
analyses of the separated metals, but the separation time is
long and elution volumes are very large.

A typical anion exchange separation procedure employlng
hydrochloric-hydrofluoric acid mixtures as eluents for nio=-

bium, tantalum, and assoclated elements, is reported by



Kallmann et al. (13). In this technlque, niobium and tantalum
are adsorbed by the resin from a hydrochloric~hydrofluoric
acld solution, while a large group of other metals (including
molybdenum, tungsten, and titanium) vass through the column.
Niobium is subsequently separated from tantalum by elution
with a solutlion of ammonium cnloride~hydrofluoric acid. Tan-
talum is finally eluted with a solution of ammonium chloride-
ammonlum fluoride. Thus, the anion exchange separation pro-
cedure with hydrochloric~hydrofluoric acid mixtures is
versatile, but long separation times and large volumes of
effluent are limitations.

In one varlation of the anion exchange vrocedure (14),
niobium, tantalum, molybdenum, tungsten, titanium, and zircon-
ium were separated from several‘other metals, using hydro-
fluoric acid, hydrochloric-hydrofluoric acid, and a solution
of ammonium chloride~zmmonium fluoride, as eluents. The total
separation time is five hours. However, only micro guantities
of metals were separated. Distribution ratio studies showed
that the compositions of eluents are critical in some cases.

Hydrofluoric acid solutions are employed in the separa-
tion of niobium, tantalum, and associated elements, using
cellulose as the support and ethyl methyl ketone as the
eluent (15). In this method, a hydrofluoric acid solution of
the metals 1s soaked up in cellulose pulp and transferred to
the top of 2 cellulose column. Tantalum is eluted first with

ethyl methyl ketone, saturated with water. Ithyl methyl



ketone, which contains a higher percentage of hydrofluoric
acid, 1s then passed through the column to elute niobium.
Provided that water is absent, or present in only very low
concentration, metals other than niobium are not extracted
(except tungsten, which is partially extracted) by the solvent
used to elute niobium. Separation of niobiuwm from tantalum is
effected by this procedure, and both are separated from a
large group of other metals, However, in addition to requir-
ing long separation times and large effluent volumes, the
separation by cellulose partition chromatography lacks versa=-
tility. The method is also less specific and more cumbersone
than the anion exchange procedure.

The separation of niobium, tantalum, and associated ele-
ments using liquid-liquid extraction is a téchnique which is
sometimes used. Solvent extractlon systems can often be
extended to a multistage column partition method. A convean=-
ient, quantitative separztion is then possiblé in many cases.

Niobium and tantalum are separated by solvent extraction
in the system cyclohexanone~0.4 ¥ hydrofluoric acid, 4 X
sulfuric zcid (16). Co-extracted niobium is stripped from the
solvent fraction by washing with water, and tantalum is re-
extracted with 2 solutioh of ammonium oxalate and boric acid;

Another solvent extraction system that has bteen given
considerable attention is the hydrofluoric acid, sulfuric
acid-trivutyl phosphate system (17). The extraction of niobium

an@ tantalum was studled in this system as a2 function of hydro=-



fluoric acld concentration, organic solvent ratilo, sulfuric
acid concentration, tributyl phosphate concentration, extrac-
tlon freqguency, and oxide concentration. A conclusion of the
work 1s that this system has better extractability for tan-
talum and niobium than does the nydrofluoric acid, sulfuric
acid-methyl isobutyl ketone system.

A particularly favorable solvent extraction separation
of niobium and tantalum was reported by Werning et al. (18),
using the 3 M hydrochloric acld, 1 )M hydrofluoric zcld-methyl
isobutyl ketone sysfem. After one extraction, tantalum is
99.2% extracted and niobium is only 1.6% extracted. We were
very interested in trying to adapt this system to a reversed-
vhase chromatographic separation of niobium and tantalum since
no such work has been reported. A faster separation, iavolv-
ing small effluent volumes, would overcome the limitations of
presently a&ailable chromatographic methods. Since trace
amounts of niobium, tantalum, molybdenum, and tungstern are of
great interest, an investigation of the possibility of sevar-
ating trace quantities .of these metals was included in the

research plan.



PART I. CATION EXCHANGE SEPARATION OF MOLYBDENUM, TUNGSTEX,
NIOBIUM, AND TANTALUM FROM OTHER METAL IONS



LITERATURE SURVEY

Hydrogen veroxide forms stable complexes in acidic ague-
ous solution with only a few metal ions. Most of these metzl
ions form anionic peroxy complexes although the titanium(IV)-
peroxy complex is cationic. The compositions and structures
of the veroxy complexes of niobium(V), tantalum(V), molybde-
num(VI), tungsten(VI), vanazdium(V), and titanium(IV) in acidic
solution have been determined by several investigators (19-

22).
Fritz and Abbink (23) used a2 dilute solution of hydrogen

peroxide to elute vanadium from a cation exchange column and
thus to separate it from a2 number of other metal ions., Stre-
low (24) used hydrogen peroxide and sulfuric acld to separate
titanium from more than 20 cations by cation exchange.

Various authors have used solutions of hydrogen peroxide
to elute molybdenum(VI), tungsten(VI), niobium(V), and tenta-
lum(V) from cation exchange columns ( 7,8,9,10,11 ), but a
very limited number of separations have been reported and the
conditions for elution have varied considerably. Strelow (24)
indicated a successful elution of molybdenum(VI) and niobium (V)
from a cation exchange column with acidic hydrogen peroxide
but stated that tungsten(VI) and tantalum(V) showed a teundency
to hydrolyze.

The purpose of the present work was to study the cation
exchange separation of molybdenum(VI), tungsten(VI), niobium

(V), and tantalum(V) as a group from other metal ions.
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EXPERIMENTAL
Appraratus

Ton-exchange columns

Conventional 1.2 cm. 1i.4. lon-exchange columns with
coarse glass frits were used. A slurry of resin and eluting
solution was added to the column until the bed had = height of
12 cm. Sample solutlons and eluting solution were added drop-
wise from a separatory funnel inserted in the top of the
column through a one-holed rubber stopper.
oi Meter

A Beckman Model G pH meter was used to control the tE in
EDTA titrations. A Beckman 1190-=72 glass electrode was used

with a Beckman standard calomel electrode.

Reagents

Ton-eXchange resin

Dowex SOWFXB cation exchange resin, 100 to 200 mesh, was
used in the hydrogen form. Backwashing of the commercial
resin in 2 large column with distilled water effected removal
of fine particles. The resin was then purified by washing
with 3 liters of 10% ammonium citrate and 3 liters of 3 X
hydrochloric acid. PFinally, weter was washed through the
resin until the eluent gave z negative test for chloride with
silver nitrate. ZIZxcess water wes removed by aspirator suction

and the resin was then air-dried.
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Metal lon solutions

Zxcept for the metal ion soluticns listed, all metal ilon
stock solutions were 0.05 M solutions of the altrate or per-
chlorate salt in dilute nitric or perchloric acid.

Chromium(III) was a 0.05 M solution of chromium chloride
in dilute nitric acid.

Zirconium(IV) was a 0.05 ¥ solution of zirconyl chloride
in 0.3 M hydrochloric acid. The zirconium(IV) salt was dis-
solved in concentrated hydrochloric acid and diluted to
volunme. -

Titaniun(IV) was a 0.05 } solution of titanium tetra-
chloride in 0.2 M sulfuric acid and 0;3% hydrogen peroxide.

Tin(IV) was a 0.05 ¥ solution of tin tetrachloride in
0.3 M hydrochloric acid.

Molybdenum(VI) was & 0.05 M solution of molybdic acid
which was made slightly basic (pH 8.3) with sodium hydroxide.

Tungsten(VI) was a 0.05 M solution of votassium tungstate
in distilled water (pH 8.5). The potassium tungsiate was pre=-
pared and purified in Ames Laboratory. It was analyzed for
tungsten by the hydrogen reduction method andéd was found to be
extremely pure.

The niobium(V) and tantalum(V) 0.05 ¥ stock solutions
were prepared as follows: Weighed amounts of the high purity
metal (99.97%) were dissolved in hydrofluoric and nitric acids

in tall plastic beskers provided with plastic covers. Dis-
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solution was complete in about five minutes at room teumpera-
ture. The resulting solution was evaporateé to about 5-10 nl,
in the plastic beazker and next was transferred to a platinum
evaporating dish. After addition of 10 ml. of councentrated
sulfuric acld, the solution was further evaporated to fumes of
sulfur trioxide to remove traces of fluoride. The vessel was
cooled and then diluted with approximately equal quaatities
of concentrated sulfuric acid and 30% hydrogen peroxide. The
solution was transferred to a 500-ml. flask, a total of 30-55
ml. of concentrated sulfuric acid and 50-65 ml. of 30% hydro-
gen peroxide were added, and the solution was diluted to
volume with distilled water. In all instances these stock
solutions were stable for at least a month. In the fuming
step 1t was found that if heating was continued much beyond
the first appearanée of sulfur itrioxide fumes, it was diffi-
cult to dissolve the NbpOg and TapOg which formed.

The eluting solution consisted of 0.25 ¥ sulfuric, per-

chloric or nitric acid, containing 1% hydrogen peroxide.

Separation Procedure
Synthetic sample mixtures for separation were vrepared
by mixing known quantities of molybdenum ( 0.25 mmole),
tungsten, niobium or tantalum ( 0.5 mmole for each of the last
three) with approximately an equal quantity of a second metal
ion. The mixture of niobium or tantalum and other metal lon

vas already 0.5-1 ¥ in sulfuric acid and 1,5-2% in hydrogen
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peroxide (from stock solutions, so that further addition of
sulfuric acid and hydrogeh veroxide was unnecessary.

The sample was added to a 1l2-cm. ilon exchange colunmn.
¥olybdenum was eluted with 100 to 150 ml. of 0.25 ¥ sulfuric
or verchloric acid containing 1% hydrogen peroxide. About 80
ml. of a 0.25 ¥ nitric acid, 1% hydrogen peroxide solution was
used to elute tungsten, nioblum and tantalum. The use of
nitric acid for the last three metals 1s desirable becsuse re=-
coveries in the gravimetric analytical method are reported to
be slightly low (at least for tungsten), when much sulfuric
acid is vpresent in the precipitation medium (25). In each
case, after elution the column was washed with about 25 ml. of
distilled water. Then the other metal ion was stripped from
the resin with the amount of eluting solution indicated in
Table 1. The meximum flow rate obtainable was used in all of

the elutions.

Table 1. Zluting solutions used for meteal ious

Metal 1loans Zluting solution
Y(III) 300 ml. of 4 ¥ HC1
u(vI) 300 ml. of 2 M HCL
Za(II}, ¥Ma(II), Co(II), Xi(II), Cu(II)
150 ml. of 3 4 HCL
Pe (III), Cr(III), Ti(IV), Sn(IV)
Po(II) 250 ml. of 3 ¥ HNO

21(I11) 300 ml. of

(G GV O
b= La he
v
Q
H

Zr (IV) 500 ml., of
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Analysis of Column Effluents

The column effluents containing the other metal ion were
evavorated almost to dryness and then diluted to 100 ml. with
distilled water for titration. The metel ilons were titrated
with 0.05 M EDTA by standard methods. Uranium was determined
by the standard oxidation-reduction method of titrating with
cerium(IV) after passing the uranium(VI) solution throuzh a
lead reductor. Chromium was determined by oxidetion-reduction
titration with iron(II).

Molybdenum in column effluents was determined gravimet-
rically as the oxinate according to the method of 3Balanescu
(26). In order to destroy the molybdenum-peroxy complex,
sulfur dioxide ges was bubbl;é fhrough the solution, which
was then gently boiled for about fifteen minutes. After addi-
tion of 10 ml. of 1 ¥ zmmonium acetate solution, the volume
was adjusted to about 100 ml. Next, 1 ml. of 5% 8-hydroxy-
quinoline in 4 M acetic acid was added, and the sample was
boiled for three minutes. The precipitate was collected in a
medium frit, sintered gless crucible, washed with water, and
dried at 135°C. overnight.

Tungsten, niobium and tantalumwwere determired by the
homogeneous precipitation technique of Dams and Hoste (25, 5).
The eluted solutions conteining these metals as peroxy com-
plexes were made about 5 ¥ in nitric acid and then were heated

at 60-50°C. After precipitation the hydrous oxides were
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allcwed to digest for at least two hours. In the vresent
worx it was found convenient to leave the solutions on a hot
vlate overnlignt and filter the precivpitates the next worning.
The precipitated oxides were collected on Selas No. 3010
porcelain filtering crucibles and then ignited in a muffle
furnace for fifteen to thirty minutes. The temperatures used
were 550°C. for WOz and 1000°C. for Nbop0s and Taglsg. It is
important that W03 not be heated above 700°C., because Carey,
Raby and Banks (27) found that above fhis temperature vola-
tilization becomes an important consideration. The crucibles
were cooled in glass desiccators before weighing to obtain

the amount of anhydrous oxide.

Results and Discussion

In the separation of molybdenum(VI) from other metal
ions, the other metal ion 1s usually retained in z tight band
at the top of the column, while molybdenum is rapidly eluted
from the column &s an anionic peroxy complex. Between 100
and 150 ml. of 1% hydrogen peroxide in 0,25 ¥ sulfuric acid
elutes molyvdenun quantitatively from a 1l.2x12-cm. coluna.
Quantitative datza for lon exchange separation of nmolybdenun
(VI) from other metals are summarized in Table 2.

Using the color of tungsten blue as a gualitative test,
it was found that tungsten(VI) is completely eluted from a
l.2x12-cm. cation exchange column by 80 to 90 ml. of 1%

hydrogen peroxide in 0.25 M sulfuric or nitric acid. Further
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Table 2. JIon-exchange separacion of molybdenum(VI) Ffrom
other metal lons. Results are the average of
two or three determinations

Mo Mo Diff., Other Taken, Pound, Diff.,
taken, found, % metal ml.2 ml.& A

mg. ng.

0.1173 0.1172 -0.1 Cu(II) 4,78 4,79 +0.2
0.117> 0.1174 +0.1 Pe(III) 4.22 4.225 +0.1 .
0.1173 0.1172 -0.1 Ma(II) 4,02 4,03 +0. 2
0.1173 0.1173 10.0 Ni(IT) 3.97 3.99 +0.4
0.1173 0.1173 0.0 U(VI) 16.78° 16.78°  +0.0
0.1179 0.1187 +0.7 Y(III) 4,93 4.93 +0.0

8Results expressed in milliliters of 0.05 M EDTA
required for titration.

byiililiters of 0.05 M cerium(IV) required for titration.

evidence for complete elution was provided by ashing some of
the resin after elution and analyzing for tungsten by emission
spectroscony. No tungsten was detected in the resin. The
recovery of tungsten eluted from the resin was also checked

by gravimetric analysis and was found to be quantitative. The
homogeneous precipitation method (25) of analysis for tungsten
was compared to the standard hydrogen reduction method. The
results of four determinations by the homogeneous precipita=-
tion method agree well with those obtalned by Rabyl on

five determinations by hydrogen reduction: 56.33 + .03%

1Raby, B. A., Ames Leboratory, Ames, Iowa, private com-
munication, 1963.
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(gravimetric-%03), compared to 56.34 + .05% (hydrogen reduc-
tion-¥). The analyses were done on the same sample of high
ourity potassium tungstate.

Results for the quantitative lon-exchange sevaration of
tungsten(VI) from other metal ions are given in Table 3.

Table 3. Ion-exchange sevperation of tungsten(VI) from other
metal ions. Results are the average of two deter-

minations
WO W03 Diff., Other Taken, Found, Diff.,
taken, found, 9 metal ml.a ml.a %
mg. ng.
0.1197 0.1196 -0.1 A1(ITI) 9.90 .88 -0.2
0.1153 0.1151  =-0.2 Co(II) 8.92 8.92 +0.0
0.1197 0.1196  -0.1 or(III) 29.722 29.700  -0.1
0.1159 0.1161  +0.2 cu(IIi) 9.73 9.7k +0.1
0.1159 0.1158 =0.1 Fe (III) 9.44 Q.44 +0.0
0.1197 0.1195 -0.2 Ma(II) 10.48  10.49 +0.1
0.1197 0.1198  +0.1 Ni(II) 9.96 9.98 +0.2
0.1197 0.1195 -0.2 Pp(II) 10.02  10.02 +0.0
0.1197 0.1197 0.0 Zn(II) 10.13 10.12 -0.1

&Results expressed in milliliters of 0.05 ¥ EDTA
reguirecd Ior titration.

biilliliters of 0.05 ¥ iron(II) reguired for titration
after oxidation to chromium(VI).
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As was the case with the tungsten sepzratiouns, the
resins used in the niobium and tantalum sevarations were sub-
mitted for spectrographic enalysis after ashing. The revorts
consistently shnowed no evidence of nicbium or taantslum. Quan-
titative recoverlies of niobium and tantalum were obtained, as
shown by gravimetrlic analysis of column effluents. About 80-
90 ml. of 0.25 I nitric acid, 1% hydrogen veroxide solution
was used as the eluent. Satisfactory separations of niobium

and tantalum from various other metal ions were obtained

except for niobium=-tin (see Table 4).

Table 4. Ion-exchange sevaration of niobium(V) or tanta-
1un(V) from other metal ions. Most results are
the average of two determinations

Y205 205 Diff., Other Taken, Found, Diff.,
taken, found, % metal ml.2 ml.a %
(g) (g)

[ = XD
C.0%963 0.0960 -0.3 A1(III) 9.75 9.73 -0.2
0.0063 0.0962 -0.1 Cr(III) 18.55b 18.52b -0.2
0.0963 0.0960 -0.3 Co{II) 9. 74 8.72 -0.2
0.0963 0.0961 =C.2 cu(II) 10.70 10.69 -0.1
0.0963 0.0965 +0.2 Pe{III) 10.54 10.61 +0.2

&Results expressed in milliliters of 0.05 }¥ EDTA
reguired for titration.

byiliiliters of 0.05 M iron(II) required for titration
of chromium(VI).
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Table 4. (Continued)
¥205 Mo0g Diff., Other Taken, Tound, Diff.,
taken, found, % metal ml,& nl,a %
(g) (g)
M = Nb
0.0963  0.0966 +0.3 ¥n(II) 10.23  10.25  +0.2
0.0963  0.0964  +0.1 Ni(II) 10.05  10.06 +0.1
0.0663  0.0665 +0.3 TL(IV)C  8.93 8.96 +0.3
0.066% 0.0662 =0.2 1 (IV)S¢ 2,06 2.05 -0.5
0.0663 0.0661 -0.3 Zr(IV)C 9.33% 9.05 -3.0
0.0663  0.0662 -0,2 2r(Iv)8  1.90 1.91  +0.5
0.0663  0.1252 +89.0 sn(IV)e 9.39 0.13 =99.0
0.0663  0.0756 +14.0 sn(IV)d  1.39 0.37 =70.0
M =Ta
0.1086  0.1085  +0.3 AL(IITI)  9.74 9.72  =0.2
0.1086  0.1086 0.0 Cr(III) 18.57° 18.53  =-0.2
0.1086  0.1082 -0.4 Co (II) 9.78 9.80 +0.2
0.1086  0.1087 +0.1 Cu(II) 10.45  10.43  -0.2
0.1086  0.1082 -0.4 Pe (III) 9.32 9.30  =0.2
0.1086  0.1083 -0.3 ¥n{II) 10.25  10.22  =0.3
0.108  0.1083 -0.3 Ni(IT) 9.45 9.46  +0.1

0.5 mwillimole.

do.1 millimole.



Strelow (24) found that tantalum was not comvoletely
eluted due To 1ts very vronounced tendency to hydrolyze., How=-
ever, in the present work this difficulty has been eliminated
perhaps vecause of the higher concentration of aydrogen vper-
oxide and sulfuric acid in the stock solution aliquot waich
was introduced to the column. The use of a shorter column
may have also helped to decrease aydrolytic tendenciles.

Several alloys furnished by the Ames Laboratory's Metal-
lurgy Department were also analyzed by the present vrocedure:
niobium=-nickel, tantalum-iron and tungsten-copper. After
dissolution of these alloys in hydrofluoric and nitric acid
and evaporation to sulfur trioxide fumes, severzal hours were
spent in dissolving the hydrous oxides in sulfuric acid and
hydrogen peroxide. TapOg required the longest time o go into
solution. For practical analyses it is recommended that evap-
oration be carried only to the point where all or most of the
oxide has precivitated. By doing this with several trisl

.

tantalum and niodbium solutions, it was found that the oxide
dissolved within about fifteen minutes. The results of the
2lloy analyses are gilven in Table 5.

Since small azmounts of zircorium(IV), titanium(IV) =and
tin(IV) are vresent in niobium and tantzlum minerals, a study
was made to determine the extent of interference of these

metel ions in the gravimetric method used for nioblum and tan-

talum. Beaker precipitations were carried out in wnich
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Table 5. Analyslis of alloys. Results are the average of
four determinations

Alloy Metal Theory (%) Found (%) Difference (%)
determined
e Nb 40,16 40,15 -0.01
Nb-N1 Ni 59,84 59.72 -0.12
o Ta 72.10 71.93 -0.17
Ta-Te e 27.90 27.91 +0.01
o | 40.09 40.02 -0.07
fi=vi Cu 59.91 59.91 +0,00

equimolar amounts of niobium and otaer metal ilon were present.
Results for niobium were high in all trials. In the case of
zirconium results ranged from about 0.3% to 1.7% high when
0.1 millimole and 0.5 millimole amounts of zirconium were
present, resvectively. The degree of interference increased
with titanium, results being from 2.5% to 10% high, while for
tin the range was from 21% to 100% high.

Column separations of zirconium, titanium or tin from
niobium were attempted. The total volume ol solution added
to the column was increased to 40 ml. in order to decrease the
sulfate ion concentration (from 1 X to about C.25 M), so that
titanium and zirconium would not be eluted with niobium. In

order to compensate for dilution the solution was made about

-
W

2% in hydrogen peroxide and 0.3 in nitric acid by addition

of approvriate amounts of each. A total of about 150 ml. of
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eluting solution was used.

It can be seen in Table 4 that quantitetive separations
for both 0.5 millimole and 0.1 millimole amounts were achleved
only for titanium. The separation of tin from alobium falled,
but niobium can be separated frcom 0.1 millimole amounts of

zirconiun.
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PART II. REVERSED-PHASE CHROMATOGRAPHIC SEPARATION OF
NIOBIUM, TANTALUM, MOLYBDENUM, AND TUNGSTEN
FROM EACH OTHER



24

LITERATURE SURVEY

The nunber of partition chromatographic methods available
for the separation of niobium, tantalum, and associated metals
is not large. One of the first separations of thils type was
the elution of tantalum, niobium, and other metals from a
cellulose column wlth ketone solutions containing various
concentrations of hydrofluoric acid (29).

Several paper chroumatographic methods using ketones and
hydrofluoric acid have been used to separate niobium and tan-
t2lum. Scott and Magee (29), used a mixture of methyl iso-
butyl ketone and hydrofluoric acid to separate niobium and
tantalum in a steel sample. Several alcohols, alone, and in
various proportions were tried, but they gave no separation.
Ketones gave the best results.

Bruninx et al. (30), reported the separation of up to
50 ug of niobium and tantalum on paper by electropnoresis.

The same authors also separated the oxalates of the metals
using ethyl methyl ketone and 10 M hydrochloric acid. Micro-
gram amounts were separated.

In another paper chromatogréphic technigue (31), niobium,
tantalum, and titerium were separated from each other. The
solvent mixture found to be most effective is 2.2 M hydro-
fluoric acid-2 ¥ nitric acid-diethyl ketone. The Rf values
reported are: titanium - 0.00; niobium - 0.50; and tantalum -

0.95. The separation was accomplished in 30 minutes, followed
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by svraying with 8~hydroxyquinoline to detect the location of
the metal ion svpots.

Some solvent extractlon technigues have been reported for
the separation of niobium, tantalum, and associzted metals.
One system that seemed to hold promise for column application,
has the composition hydrochloric acild-hydrofluoric acid-methyl
isobutyl ketone. Although Werning et al. (18), have thoroughly
studied the extraction behavior of niobium and tantalum in
this system, no attempt has been made to adapt the system to
a column chromatographic procedure. The extraction efficien-
cies of various ketones vere determined in this study, and
methyl isobutyl ketone was found to be best for separation of
niobium and tantalum. Cyclohexanone extracted a higher per-
centage of tantalum than did methyl isobutyl ketone, but the
extraction of niobium was alsc significantly higher.

The separation of tantalum and niobium from hydrochloric-
hydrofluoric acid solutions with methyl isobutyl ketone, was
found to be a function of hydrofluoric and hydrochloric acid
concentrations., Variable ratios of niobium to tantalum nmay
be used with negligible influence on the efficiency of the
separation. Egqual volumes of 3 M hydrochloric acid, 1 ¥
hydrofluoric acid solution and methyl isobutyl ketone gave
optimum conditions for the separation. About 99.2% pure
tantalum was recovered in the organic phase and 98.4% pure
niobiun remained in the aqueous phase (one stage).

Werning and Higbie (32), showed that tantalum is prefer-
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entially extracted by 12 M hydrochloric acid from ketone sclu-
tions of the mixed anhydrous pentachlorides. Various ketone
mixtures were tried, but the combination of methyl iscbhutyl
ketone and diisopropyl ketone was found to be the best. This
separation was applied to low grade ores but the authors do
not believe that the procedure is limited to such ores.

The solvent extraction separation of niobium and tantalum
was also investigated by Stevenson and Hicks (33). Tantalum
and niobium were 8l1% and 4.5% extracted, respectively, by
Giisopropyl ketone, from a 3.7 M hydrochloric acid, 0.4 ¥
hydrofluoric acid solution. In addition, niobium was found to
be 90% extracted from a solution sbout 6 M in sulfuric acid,
and 9 M in hydrofluoric acid. Since tantalum is highly
extracted under these conditions, the separation of niobium
and tantalum from many other metals 1s possible.

Milner et al. (34), have shown that nicbium and tantalum
are quantitatively exiracted with methyl isobutyl ketone Ifrom
a solution 6 ¥ in sulfuric acid, 10 ¥ in hydrofluoric acid,
and 2.2 M in ammonium fluoride. Other metzls assoclated wiih
niobium ard tantalum have very low distribution ratios in this
system,

Nishimura (3%5), determined distribution ratios for nio-
vium, tentalum, tin, titenium, and iron for extraction with
methyl 1isobutyl ketone from the following mineral acids:
hydrofluoric acid; hydrofluoric-hydrochloric acid; hydro-

fluoric-sulfuric acid; and hydrofluoric-nitric acid. Distri-
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bution ratios were determined as a functlon of each aciad
concentration, and it was concluded that tin, titanium, and
iron can be separated sufficiently from niobium and tantalum.
By using the previous solvent extraction data, one should
be able to formulate a versatlile separation procedure for
niobium, tentalum, and assoclated metals. This was the alm

of the second part of the research.
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EXPERIMENTAL
Apparatus

Columns

Standard 1.2 cm. 1.d. polyethylene tubing was held
stralght by tightly fitting glass tubing. A Teflon straight
union reducer attachment, obtained from Beckman Instruments,
Inc., Fullerton, Californla, was connected to the bottom of
the polyethylene tubing. To the bottom of the reducer attach-
ment was fitted a Nalgene stopcock, available from The Nalge
Co«, Inc., Rochester, N.Y. The resin was supported by a
small plug of Dynel wool. A 125 ml. Nalgene separatory
funnel, placed at the top of the column served as a reservoir
for the eluent.
Stirrer

A Burrell shaxer was used in the equilibration of samples
for distribution studies.

Spectrovhotometers

Most of the spectrophotometric meassurements were made on
& Beckman lModel B Spectrophotometer. Silica cells with 1 cm.
path length were used. 4 Cary Model 14 recording spectro-
vhotometer was used for only a few experiments.
pHE Meter

All pH measurements were made on a IZeckman Model G pH
meter eguipped with a EBeckman 1190-72 gless electrode znd a

Beckman standard calomel electrode.
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Laboratory ware

Class A pipets and burets were used throughout the work.
Nalgene ware anC platinum evaporating dishes were used in work
with hydrofluoric acid. For filtration of hydrous oxides of
niobium, tantalum, and tungsten, Selas no. 3010 and 3001 por-
celain filtering crucibles were employed.

Irradiation facilities and detection ecguivment

Irradiation of molybdenun and tungsten samples was made
a2t the Ames Laboratory Research Reactor. At its rated maxi-
mum . power, 5 megawatts, this produces a flux of 4x1013 n/cm2
X sec. in the rabbit irradiation facility.

Tn this work, all counting was done using a 4x4 inch
well=type NaI-(Tl) crystal in conjunction with a single
channel gamna scintillation svectrometer composed of the
following modules: RIDL model numbers 30-19; 33-10B; 40-123;
and 49-25., The window of the znzlyzer was set to measure the

following gamma ray energles:

19D e ) Ly §187 e 0.48 Mev
3534 Nb 0.76 Mev oun ¥ orin ey
1824 73+02ao.. L:2 Mev 66h 1099 —==m- 0.141 Mev
1.1 Mev

In the work involving radioactive molybderum, it was best
to allow time Tor Tc?9 to come to equilibrium with its parent
%099, The measured activity of a molybdenum solution then

includes the 0.14 Mev peak of 1c99.
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Reagents

Column suvports

Tee Six, an Inert polytetrafluoroethylene suvport, was
obtained from Analytical ZEngineering Laboratories, Inc.,
Hamden, Conn. The pre-sieved resin was available as 70/80
mesh or 160/170 mesh. Both mesh sizes were used in this work.
Before use, the Tee Six powder weas stirred with a mixture of
hydrochloric acid, hydrofluoric acid, and methyl isobutyl
ketone. The resin was then transferred with acetone to a
Buchner funnel. Washing with anhydrous ether, followed by
suctlon and air drying, made the Tee Six suﬁﬁort ready for
use.

Chromosord W and Chromosorb P are available from F & M
Scientific Coryporation, New Castle, Delaware. These suvports
are supplied in pre-sieved 80/100 mesh size. They were both
treated with dichloro dimethyl silane and dichloro diphenyl
silane so that they would preferentially sorb the MIBX phase.

Cellulose pvowder 1s available from Reeve Angel Co.,
Clifton, New Jersey. The cellulose was slurried with a solu-
tion of petroleum Jjelly in benzene, followed by evaporation
of the benzene.

Solvents

Methyl isobutyl ketone (MIBK) was obtained from Eastman

Distillation Products Industries, Rochester, N.Y. This

solvent was used without purification.
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Metal ion solutions

Niobium(V), tantelum(V), molybdenum{VI), and tungsten(VI)
stock solutlons were prepared by dissolution of each metal in
a hydrofluoric-nitric acid mixture. 7The solution was evap-
orated to dryness, followed by additlon of appropriate amounts
of hydrofluoric acid and hydrochloric acid. The resulting
solution was then transferred to Nalgene bottles for storage.

Solutions of radioactive NbI2 and T3182 were prevared by
transferring a portion of the solutlons, obtained from Ozk
Ridge, Tenn., to a Nalgene bottle containing carrier in 7 ¥
hydrochloric acid, 2 M hydrofluoric acid. The resulting
solutions were stirred and allowed to stand a day to insure
complete exchange.

Solutions of radioactive M099 anad W187 were prepared as
follows: One mg. of the metal was sealed inslde a 2 mm. i.d.
fused quartz tube. Primary containers of 1 mm. diameter sur-
gical polyethylene tubing were also used. The primary tube
was then sealed inside a polyethylene tube to zvoid breakage
or loss. All tubes and metal samples were washed with dis-
tilled water and ether to avoid sodium contamination.

Tweezers and tongs were used to handle the materials. After
irrzdiation of the samples, the metal ion solutlions were pre-
pared in the usual way by dissolution of the metal in a hydro-
fluoric-nitric zcid mixture. A lead brick shield was needed

during the preparation of radioaétive solutions, especlally



in the case of molybdeaun and tungsten where short half lives
and high activities were involved.

Except for the metal ion solutions listed, all other
metal loa solutions were 0.02 M to 0.05 M solutlons of the
nitrate or perchlorate salt in dilute aitric - or perchloric
acid.

Chromium(III) was a 0.05 M solution of chroamium chloride
in dilute nitric acid.

Zirconium(IV) was a 0.05 M solution of zirconyl chloride
in 0.3 ¥ hydrochloric acid. The zirconiun(IV) salt was dis-
solved in concentrated hydrochloric acid and diluted to volume.

Titanium(IV) was a 0.025 M solution of titanium tetra-
chloride 1a 5 ¥ hydrochloric acid.

Tluents
The eluents used in some of the colunn separations were:

A) 7 ¥ hydrochloric acid, 2 M hydrofluoric acid

td
s
=

¥ hydrochloric acid, 8 ¥ hydrofluoric acid

C) 2 ¥ hydrochloric acid, 1 ¥ hydrofluoric acid

Thais seqﬁence of eluents 1s considered To be optimum for
thne separstion of.tungsten, molyndenun, niobium, end tantalum,
However, other slightly different eluent compositions were
used with success and these are givea with each table of data.
The zcueous solutions were equilibrated with MIBX before use
by sheking for about five minutes in a separatory fuanel.

Tluents were used on the same day that they were prepared.
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Analytical Procedures

Gravimetric vrocedures

folybdenum(VI) was precipitated with 8-hydroxyquinoline
according to the method of Balanescu (26). The column efflu-
ents containing molybdenum(VI) were heated to fumes with
sulfuric acid to destroy organic matter. The solution was
then diluted to about 100 ml. with water and treated as des-
cribed in Part I of this thesis.

Niobium(V), tantalum(V), and tungsten(VI) were analyzed
according to the homogeneous precipitation technigue of Dams
and Hoste ( 5). The detalls of this method are described in
Part I of this thesis.

Volumetric vprocedures

The tltration of most metal lons was done with 0.05 M
EDTA by standard methods. Chromium was determined by oxida=-
tion-reduction titration with iron(II).

An interesting volumetric method for determining nio-
bium (V) is presented by Lassner (36). This 1s a chelatometric
method using aitrilotriacetic acid which forms a 1:1 complex
with the niobium(V)-peroxy ion. Xitriloacetic acid was
added in excess, and the excess was titrated witn copper (II)
at pH 5.0-515 by using the metallofluorescent indicator,
methylcalcein, under ultraviolet illum}nation. For small
amounts of niobium(V) (about 10 mg.), the method was found to

give an error of about 0.3=0.7%. The error was about 1.0%
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for larger amounts of nlobium(V). The method of end point
detectlon was somewhat 1lnconvenient, and the change at the end
point was not very marked at times. The gravimetric method
was at least as accurate and more rellable than the volu-~
metric method, and was used in prefereance to the latter
method.

Spectropnotometric procedures

Molybdenum (VI) and tungsten(VI) were determined spectro=-
photometrically by the thioccyanate method (37),

The absorbance of the niobigm(V)~peroxy complex in con=
centrated sulfuric aclid was measured in the spectrophoto-
metric method (38) used for alobium(V). Solutions were fumed
with sulfuric acild and diluted to the mark in 10 ml. volu~-
metric flasks with concentrated sulfuric acid. The absorbance
was then measured at 360 nu.

A method developed by Belcher, et gi. (39) was also used
to determine niobium (V) spectrophotometricélly. Niobium (V)
solutions are heated to fumes with sulfuric acid to eliminate
fluoride. A solution containing between 9-70 Hg. of nioblum
(V) is adjusted to pd 6.0 and is transferred to 100 ml.
volumetric flasks., DNext, 10 ml. of 0.02 M EDTA, 10 ml. of
ZLO"3 Ji4 4w (2-Pyridylazo-resorcinol) solution, and 5 ml., of an
acetate buffer solution are added. The absorbvance of the
solution is measured at 550 my after 45 minutes. The absorp-

tivity of the complex is as high as that recorded for the
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thiocyanate method, and the stability 1s superior. Most
interfering lons can be masked with EDTA and cyanide. Inter-
ference from tantalum(V) is avoided if enough tartrate is
added.

Tantalum (V) was determined spectrophotometrically by the
method reported in the compilation edited by Vinogradov and
Ryabchikov (40). A solution containing tantzalum(V) is heated
to fumes with sulfuric acid. If the solutlon 1s not clear and
transparent, zmmonium persﬁlfate solution 1s added and heat-
ing is continued. The solution is then mixed with 10 ml. of
10% tartaric acid solution and is transferred to a 100 ml.
volumetric flask. An aliquot of the resulting solution is
added to 10 ml. of 0.5% Arsenazo I solution and 25 ml. of 6 X
hydrochloric acid, contained in a 100 ml. volumetric flask.
The absorbance of the solution is determined immediately at
570 mu,

Radiochemical procedures

Column effluents were collected in Nalgene graduated
cylinders and transferred to platinum dishes. Oxalie, citric,
or tartaric acid was added to keep the metal ions in solution.
The solutions were evaporated to about 4 mi., a2nd then were
transferred to 18x150 mm. Pyrex test tubes for counting. A4
standard (reference) solution counsisted of radioactive tracer
solution, which was tzken with the same pipet that was used

for synthetic mixture preparation. Standard solutlons were
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evaporated and transferred in the same manner as for column
effluents. Nioblua(V), tentalun(V), and tungsten(VI) solu-
tions were analyzed immediately after column separations were
achieved. However, counting of activities of molybdenun(VI)
solutlions was not done until 15 hours aifter performing separ-
ations. This allowed Mo29 and T099 to reach transient equi-
liorium,

Flution curves

In early stages of this work, the progress of elution of
metal ions from the column was followed qualitativeiy by using
various spot tests. Most of the'tests used are described by
Feigl (41).

Evaporation of column fractions containing molybdeaum
(VI) resulted in formation of molybdenum blue oxide. A more
sensitive test used for molybdeaum(VI) was the reaction with
thiocyanate and tin(II) chloride to produce red, solubie
H3M00(CNS)5. Interference from tungsten(VI) was avoided by
verforning the test on filter paper moistened with hydro-
chloric acid.

Zvaporation of fractions containing tungsten(VI) resulted
in formation of yellow WOz. The rezction of tungsten(VI) with
tin(II) chloride and concentrated hydrochloric acid on filter
paper to form a blulsh green spot was also used to detect

tungsten(VI) (42).

The formation of white hydrous oxides of niobium(V) znd



37

tantalum (V) served as fair tests for the presence of these
metal ions. The best spot test for tantalum (V) seems to be
the reaction of tantalum(V) with methylene blue to give a
purple precipitate (42). The test is carried out in dilute
fluoride solution. Fairly high concentrations of niobium(V),
molyodenum(VI), tungsten(VI), and other metal ilons were tested
and found not to interfere. The yellow color produced in the
reaction of niobium(V) with aydrogen peroxide was used to test
for niobium (V). 2Zinc in hydrochloric zcid reduces niobium(V)
to blue or brown niobium(III). Molybdenum(VI) and tungsten
(VI) are also reduced and produce colored solutions. However,
tantalum (V) is not feduced and the test was somewhat useful
for niobium (V).

Qualitative analyses of column fractions by emission
spectroscopy also provided information with which to select
prover elution conditions.

Quantitative measurements of the activities of fractions
were made in order to coustruct Figures 3 and 4. Fractions
were collected in 5 ml. increments and were counted in Pyrex
tubes.

Distrivbution ratio methods

Distrivution ratio data were obtained by determining the
apmount of solute in the MIBX phase, and in the aqueous phase,
¥zny of the anzlyses were performed radiochemically, and the

phase volumes were usually egqual. In a typical determination,
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1l ml. of the tracer was z2dded to a measured volune of inactive
metal ion solution in a separatory fuanel. The solution was
stirred and allowed to stand 1 hour to a2llow complete exchange
to occur. Appropriate volumes of pre-equlilibrated acid solu-
tions were then added. After additlon of an equal volume of
pre-eguilibrated MIBK, the mixture was shaken for about 10
minutes., Then 1t was allowed to settle for 15 minutes bvefore
'separating the vhases. The phases were transferred to gradu=-
ated cylinders for volume measurement, followed by another
transfer to tubes for couhting.

Gravimetric and specirophotomeiric methods were also used
to analyze phases., In these analyses, the phases were heated
to fumes with sulfuric acid, and then & determiration was
made according to procedures previously described.

Column »nrocedurse

Tee Six vowder weas stirred with enough pre-equilibrated
MIEBX to form a free flowing slurry. This mixture was allowed
to stand for about 10 minutes before transferring it to the
column. Additional MIBK was used to complete the transfer.
The level of the MIBX was allowed to settle to the top of the
resin, and then pre-equilibrated aqueous phase was passed
through. A4 graduested cylinder was placed at the bottom of the
column to collect the effluent.

Wnen the MIBK ohase had been complétely displeced by

aqueous phase, the velume of MIBK was measured and noted as
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Vi, the volume of mobile phase (interstitial volume). After
allowing tne level of the aqueous phase to settle to the top
of the resin, a sample was carefully introduced by means of ;
separatory fuanel. Tnls sorptioan stepv was done at a Ilow rate
of 0.25 ml./min., about half as fast as for elution of metal
ions., Sequential elﬁtion of metal lons in the sample mixture
was then carried out using pre-equilibrated acid solutiouns.
Fractions were collected and analyzed according to vprocedures
described previously.

The total volume (Vp) of MIBK associated with the resin
solumn was obtained by pipeﬁing ¥MIBX into &z graduated cylinder
contalining the resin. The volume of excess MIBX above the
top of the resin was then measured. This value was subtracted
from the zmount added by pipet, giving the value of Vp. The
difference between Vp and Vy gives Vg, the volume of MIEX

sorbed to the resin (volume of stationary phase).



Distribution Ratlios

Thne deternination of batch dist

H

ibution ratios is usually
the first step in deternining optimum conditions for elution
of a mixture of metal ions, e.g., from a colurn. A relation-
ship derived from plate theory, which includes the distribu-
tion ratio, can be useé to obtain information zbout colurn
vehavior. This will be illustrated in the next section.
Distribution ratics were determined for extraction of
niobiuwn(V), tentalum(V), molybderum(VI), and tungsten(VI) frox
1 ¥ hydrofluoric acid, 1 ¥ nitric acid into methyl isobutyl
ketone (Table 6). This system was investigated briefly be=-
cause a successful paper chHromeatogravhic separatlion of nic-
bium (V) Ffrom tantalum(V) was reported using the same agueous
panase and diethyl ketone (32). The distribution ratios in
Table 6 do not suggest a separation scheme for all four metals.

Table 6. Distribution ratios for niotium(V), tantalum(V),
molybdenumn(VI), and tungsten(VI)

1¥ HNOB
-MIBX system
1 M HR
Metal icn Dy

b (V) 0.5
Ta (V) 41
Yo (VI) 0.6
wW(VI) 0.07
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Ffurther investlgation of the above system might have
proved promising but a different solvent extracticn systen,
reported by Werning et a2l. (18) looked very good and appeared
to be adaptable to a multistage column separation. Figure 1
shows the per ceant extraction of tantalum(V) and niobium(V)
from solutlions of variable hydrochloric and hydrofluoric acié
concentrations into methyl isobutyl ketone. TFrom 3 M hydro=-
chloric, 1 ¥ hydrofluoric acid, tantalum(V) is 99.27% extracted
into methyl isobutyl ketone, while niobium(V) is only 1.6%
extracted (single stage).

Since a2 separation scheme including molyvdenum(VI) and
tungsten(VI) was desired, the distribution ratios of these
metal ions were determined., Iarlier investigators had found
that molybdenun(VI) extracted appreciably into methyl iso=-
butyl ketone from about 3 M to 7 ¥ hydrochloric acid (43).
However, the presence of hydrofluoric acid greatly decreased
the extraction of molybdenum(VI) (44). If sulfuric acid wes
then added, however, the extraction of molybdenum(IV) in-
creased again., Thus, distribution ratios were determined for
the four metzal ions, with sulfuric acid present in the ague-
ous vhase in some experiments.

Table 7 shows the effect of hydrochloric and hydrofluoric
aciéd concentrations or the distribution ratios. Reading thils
table from right to left also glves thae order of elution for

a separation scheme develcped in this work.
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Table 7. Variation of distribution ratio with hydrochloric
and hydrofluoric acid concentrations

¥t = 0,025 ¥
HCL HF Dog Dy Do Dy
7 2 392 64 6.2 0.1
4 8 - 33 0.4
2 1 106 0.2

Table 8 shows the effect of sulfuric acid concentration
on the distribution ratios for the four metal ions. The re-
sults show that the extraction of molybdenun({VI) and tungsten
(VI) into methyl isobutyl ketone 1s siguificantly increased
by ar increase in the sulfuric acié concentration. However,
for tungsten(VI) the absolute value of the distribution ratio

is still low.

Table 8.,  Vari&ftion of distridvution ratioc with sulfuric ecid

concentration
HCL =74 5P =2 M ¥t ag, = 0.025 X
Metal ion HoS04 2q. Dgnd

Ta (V) 0.0 392
Ta (V) 0.5 ¥ 438
Yo (V) 0.0 ¥ 33.5
o (V) 0.5 % 46
b (V) 1.0 £ 49
¥o(VI) 0.0 % 6.2
Mo (VI) 0.5 % 9.6
Mo (VI) 1.0 ¥ 12.0
W(VI) 0.0 ¥ 0.10
W(VI) 0.5 ¥ 0.16
W(VI) 1.0 ¥ 0.32
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The trend for niobium(V) and tantalun(V) extraction seems
to be a small increase in extractabllity with increasing sul-
furic acid concentration.

Table 9 contains additional metal ion distribution ratios
which were obtained using slightly different agueous acid coun-
centrations.

Table 9. Distribution ratios for metal ilons between metayl
isobutyl ketone and the agueous phase indicated

Metal fon  HCL(M) HF(¥)  HyS804(¥) D ¥*tag. (X)
W(vI) € 2 0.1 0.03 0.025
W(VI) 6 2 0.5 0.07 0.025
W {VI) 6 2 1.0 0.1 0.025
W(VI) 6 3 1.0 0.2 0.025
No (V) 3 b 0 0.4 0.025
b (V) 7 2 0 18 0.2
¥b (V) 7 2 0 48 1x10-8 and 0.05

¥ each in Ta{V)
Fo(VvI), W(VI)
¥ (VI) 6 2 0.1 3.3 0.025
Mo (VI) 6 2 0.5 5.5 0.025
Mo (VI) 6 2 1.0 9.3 0.025
¥o (VI) 6 3 1.0 T4 0.025
Mo (VI) 6 5 0 1.6 0.025

Some of the same gereral trends were observed. The extraction
of tungsten(VI) and molybdenum(VI) into methyl isobutyl ketone
increases with increzsing sulfuric acid concentration, the
increase for molybdenum(VI) being more prorounced than that
for tungsten(VI). An increase in hydrofluoric aciid concentra-

tion in the aqueous phase 1s agzin seen to decrease the
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extractability of molybdenum(VI), probably owing to formztion
of more of the less exitractable fluoro complex.

The distribution ratios of several other metal ilons were
determined between 7 M hydrochloric acid, 2 ¥ hydrofluoric
acid and methyl isobutyl ketone (Table 10). Most of these
metals are alloyed with niobium, tantalum, molybdenum, and
tungsten commercially. All of these metzl ioas exzcept iron
(III) either do not readily form chloro complexes or are not
much extracted by methyl isobutyl ketone. The data lndicate
that only iron(III) is highly extracted. The extractabilities

of the rest of the metal ions range from 0-17%.

Table 10. Distribution retios of some other metzl ions
7 M HClL, 2 M HF-MIBK system

concentration of metal ion = 0.02 ¥ to 0.05 M

Metal ion DM+n
Pe{III) 59
Co(II) 0.1
Ni(II) 0.02
cu(II) 0.05
¥ (II) 0.07
21(II1) 0.09
Cr(III) 0.07
V(IV) 0.19
Zr (IV) 0.04
71 (IV) 0.0

It is useful to know 1f the distribution raitio of 2 metal
lon remains constant or changes over a range of metal ion con-

centrations. The datza of Table 11 were used to construct
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Table 11, Variation of distribution ratio with metzl ion
concentration (data for coastruction of Figure 2 )

¥ HCL, 2 ¥ HF-MIBX system

Equal vhase volumes unless otherwlse indicated

MIBX and agueous phases znalyzed in each D

determination
Metal M aq. Loz M™ aq. Dyzin Log Dy+a
ion
f0(VI)  1.0x10™2 -5.000 5.4 0.806
Mo(VI) 2.5%1072 -1.602 7e2,6.6,4.7 0.792
Ave.6.2)
Mo (VI)  2.5x107% -0.602 6.2,6.2 0.792
Mo(VI) 5.0x10"% -0.301 3.9,4.3,4.6% 0.634
(Ave., 4.3)
Mo (VI) 1.0 0.000 2,2 0.343
Mo(VI) 1.5 0.176 1.6 0.204
No(V)  1.0x10"% -8.000 ' 54,65 1.810
Yo (V) 4104 3,400 59 1.771
Nb(V) 1.25x1072 -1.903 57 1.756
Nb (V) 2,5x107% -1.602 52 1.716
Wb (V) 5.0x1072 -1.301 45 1.654
Mo (V) 1.0x1071 -1.000 42 1.623
Wo (V) 1.6x107% -0.796 17 1.231
¥o(¥)  2.0x107% -0.699 16 1.204
Mo (V) 3.0x10"+ -0.523 7,13 1.114

#MIBK phase = 20 ml., aqueous phase = 10 ml,
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Table 1l1. (Continued)

Metal MTR ag. Log M™% aq. 5M+n- Log Dyun
ion
7a(V)  1.0x1073y -8.000 Lop 2.625
Ta(V) 1.0x10~7 ~7.000 354 2.549
Ta(v)  1.0x1070 ~6.000 45 2.649
Ta(V) 2.5x10~2 -1.602 392 2.593
Ta(V) 5.0%10~2 -1.301 395 2.593
Ta (V) 1.0x10™1 ~1.000 249 2.396
Ta(V) 2.0x10"1 -0.699 202 2.306
W(VI)  1.0x10-0% -6.000 0.1 -1.00
W(VI) 2.5%10-2 -1.602 0.1 -1.00

Figure 2, in which the logarithm of the distridution ratilo

1s plotted a2geinst the logerithm of metal ion concentration
(aqueous phase, before equilibration). Fromx 10-8 ¥ to about
0.05 M tentalum(V), the distribution ratio is fairly counstarnt
at about 4#00. Over this same conceatration range, the distri-
bution ratio for niobium(V) changes From £4 to 45, with zlmost
all of the decrease occurring above 0.01 ¥ niobium(V). As the
concentration of tantalum(V) or niobium(V) is increased above
apout 0.025 ¥, the distribution ratio begins to decrease

fairly rapidly. The distribution ratio'for molybdeaum (VI)
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is constant between 1072 : ¥ end 0,25 ¥, and then it decreases
rapidly at highaer moljoaenum(v¢) concentrations., The distri-
bution ratio for tungsten(VI) appears to remain constant at
the low value of 0.1l.

One observation that can be made from Figure 2 is that
separation factors for metal ions in fhis system are obtalned
directly by subtraction of the logarithas of the distribution
retios. Anotner use for the plot is the nrediction of elu~
tion behavior of the metal ions. For instance, coansider the
separation of a mixture of niobiun(V), 0.20 M, and smwall con-
centrations of tantalum(V), molybdenum(VI), and tungsten(VI).
When the mixture 1s sorbed to the top of a2 Tee Six column,
impregnated with methyl isobutyl ketone, niobium(V) is re-
tained (a2long with tantalum(V) and molybdenum(VI) ), since
aiobiun(V) is 949 extracted uader these conditions. Then,
if the metal ions are eluted with 7 M hydrochloric acid, 2 ¥
hydrofluoric acid, molybdenun(VI) would be eluted first, and
niobium (V) would appear somewhat later. The course of this
elution can be described by plotiing the conéentration of
niobium(V) against milliliters of eluate. The curve that
would result would be roughly bell-shaped but with a "t il"
on the trailing edge. Thils 1is due to the fact that niobium
(V) in the leading and treiling dg s of the niobium(V) band

move Slower down the column than does the center of the band.

The concentration of niobium(V) in the center of the band is
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higher than that in the {railine edges. Thus the niobiuwa(V)
peak is eluted relatively rapidly, and the zailodium(V) renain-

o~

ing in the tralilling edzge of the vand is held more tightly
(nigher distridbution ratio). More mobile vhase than might be
anticipated would be regulired to elute last traces of nio-
biuwm (V).

Difficulty would follow 1f the mixture contained =z metal
ion with 2 distribution ratio Just enough algher than that for
niobium{V) theoretically to permit a sevaration. The tailing
of niobium (V) would result in contamination of the other metal
lon fraction. Thus initial concéntrations of metal lous
should be adjus%éﬁ to corresponié to fie plateau of the curve.

Beyond the level portion of the surve in Figure 2, a
decrecase in distribution ratio was observed for molybdenun
(VI), niobiun(V), and tantalum(V). Overloading of the organic
pnase was not the cause of the decrease because approxzimately
the same distribution ratios were obtained whea organic phase
volumes were doubled. The decrease in distribution ratios
with increasing metal ion concentrations was probably the
result of formation of agueous phase vpolymers, or some other

metal ion species which was not extracted.

Theory of Chromatographic Separatious
Separations based on partition chromatograzpopry have a
definite advantage over batch type solvent extraction methods

in that only a significant difference in the extractabllity
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employed to meke = solveant extraction procedure quan

a single column with controlled eluent supply scems advan-

tazgeous for umany cases, esveclelly if the coilumn lcading is

no Proviem.

If a2 chromatograpnic sevaration involves only a vparti-
tioning effect (i.e. no adsorption or ion-cxchange interaction

of the solute with the suvport), then the following relatilon-
ship exists between D, the batch distribution ratioc, and Vg,
the retention volume:
Vo = DVg + ¥y (1)
where, Vg = volume of eluent required to elute the solute to
its maxinmum concentration in the effluent,
D = batch digtribution ratio for the extraction of
solute from aqueous into organic vrase,
Vi = volume of mobile phase (interstitial volume),

Vg = volume of statlonary vnase. -

-8 n <
guation 1, 1 x 10 ~ mmole of radio-

L

In order to test
zctive niobium (V) was introduced to 2 11.3 x 1.2 cm. Tee Six
column impregnated with methyl isobutyl ketonme. Zlution wes

carried out with a2 7 ) hydrochloric acid-2 ¥ nydrofluoric



52

acid solution, and 5 ml. fractlions were collected for count-
ing. An elution curve of net couunts per minute vs milliliters
of effluent is shown in Figure 3. In this experiment, the
flow rate was 0.3 ml./min., Vi was 5.0 uml., Vg was 3.3 ul.,
and D was 64. The theoretical Vp, calculated from Equation 1,
was 216 ml. as compared to the experimental Vg of 223 ml.
This good agreement 1llustrates how a knowledge of an equi~-
librium value (D) can be used to predict apoproximately the
volume of eluent needed to elute a solute to its maximum con-
centration in the effluent.

The number of theoretical plates, N, was calculated for

this column by using the relatiounship given by Samuelson (45).

2
x=8/R . (2)

where, Vp = retention volunme,

B

width of the elution curve (in milliliters in
this case), at a solute concentration of
C = cpgay/e = 0.368 cpax.
K was calculated to be 124, which corresponds to a height
equivalent to a theoretical plate of 0.09 cm. Gas chromato-
zravhic columas generally have low HETP values (of the order
of fractions of a mm.), so the value obtained in this experi-
ment is considered good.

The shape'of the elution curve in Figure 3 is bell~-shaved
and snows little, if any tailing. Tee Six was selected 1a the

beginning of the work vrimarily because tetrafluoroethylene
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Flution of 1x10~3 mmole radioacitive nioblun(V) from a 11.3x).2 cn.
column of 170 mesh Tee Six
The stationary phase is MIBK and the eluent is 7 M hydrochloric aclid,
2 M hydfof]vorlc acid. TFractlons were collected in 5 ml. iqcrewlenbe
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polymers are the most inert of all suvpverts. Thus inter-
actlion of solute with support, which can cause tailing, was
not expected to occur. The solvent cepacity of Tee Six is
fairly good. Chromosorb W and Chromosorb P were tested as
supports (both coated with dichlorodimethylsilane and dichlor-
odiphenylsilane), but hydrofluoric acid reacted significantly
with these materials. Cellulose was also tried (coated with
petroleum jelly), but retention of an iron(III) solution was
pooxr so cellulose was abandoned.

Another exveriment was performed to test the validity of
Equation 1 for a mixture of metal ions. About 0.25 mmole each
of inactive tantalum(V), molybdenum(VI), and tungsten(VI) was
mixed with 1 x ].O"'8 mmole of active niobiun(V), and separated
on a 29.5 x 1.2 cm. Tee Six column impregnated with methyl
isobutyl ketone. The initial sample volume was 4 ml. and the
flow rate was 0.5 ml./min, ZElution was performed with a 7 ¥
hydrochloric-2 ¥ hydrofluoric acid solution, and fractions
were collected at 5 ml. intervels for counting. 4 bétch dis-
tribution ratio of 48 was found for niobium(V) under condi-
tions identical with those for the column separation. In
this experiment, Vi and Vg were 12 ml. and 8 ml., respectively.
The Vg calculated from Zguation 1 wes 396, compared to an
experimental V3 value of 345. This is not very good agreement
but it should be noted that the measurement of Vg 1s critical
when high distribution ratios are involved. For example, the

theoretical V3 would be 336 if Vg was found to be 7 ml.
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According to the theoretical plate concept, a solute
veax moves down a columan at a constant velcclity, and the elu-
tion curve can e apvroximated by a Gausslan curve. The
nunber of theoretical plates does not affect the rate a2t whicn
2 peakx travels, but it does determine the sharvrness of the
band. 4 high number of theoretical plates will result in =z
steep, narrow solute band, while a2 low nurber of plates will

P

cause the band to be diffuse.
The number of theoreticzl plates depends upon the nature
of the solute, the suvpport aanad the solvent system. IFor 2

ziven solute, inert support, and solvent system, the aumber

()
(o]
Ft
ct
by
®

of plates is determined largely by the vparticle siz
support, and by the Tlow rate. The use of & support with
large surface zrea will enable the solute to come to egui-

librium faster in both vphases. Thus, tnhne nunber of theoreti-

cal piates tends to increazse with a decrease in particle size,

move to another plate before complete egulili

nhe flow rzte is too fast.

ct

b

}.Ju

occurred in the first plate
ince more vlates are then needed for the solute to reach
egullibrium, the auvmber of theoretical plates for the column

is reduced. If the flow rave is exitremely slow it is possible
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that solute will diffuse from one plate to another before
ecullibrium is reached in the first plate. However, thils 1is
not likely to occur in practical separations, since a reason-
ably fast rate of flow is usually used.

In the early stages of movement down 2 column, the solute
is distributed in plates following the Poisson distribution.
After passage of more than 25 theoretical plates, the shape
of the elution curve 1is approximately Gaussian, ard can be

calculated according to an expression given by Samuelson (45,

p. 126),
N(Vg-V)2
2VgV
Y\ %
where, o, = & [ 2 . 4
» Cmax. Vs 2W> ( 3‘

and, N = number of theoretical plates
Vg = peak retentlon volume

V = eluent volunme

m = meg. solute.

Thus, a knowledge of the number of theoretical plates
and the retention volume ensbles one to construct a complete
elution curve. In vractice, the number of theoretical plates
is calculafed from an elution curve from a preliminary exver-
iment. The peak retention volume is also determined for the
same column. - Then elution curves can be constructed for
columns having other dimenslons as well as for the particular

column used in the preliminary experiment. Factors such as
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art size, flow rate, and elucnt coancentration must be
neld constant waen a cunange in column dimension 13 made. The

IT7 we assume a vure varilitioning wrocess, the elution
curve will be bell-shaped. However, if the sclute loazling of
a2 varticular column is very higl
plates available will be less than that used to consiruct the
elution curve. Cheannelling would alsc reduce the nunber of

theoretical plates since equilibrium in every piate would no

Q_'

be attzine

1))

i
Q

cording to plate theory, a caiculation of conditions
reguired for the cuantitstive separation of two solutes can
be made if both distribution ratios are known, and the numover
of theoretical plates is known for one of the sciutes. The

3

numter of theoretical plates is assumed to be approximately

D
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the same for tes with siziler properties. The sharpness

jor

of sevparation devends on the overlap of the two eiution bands.

The impurity content of the Ffirst soiute band (band 1) may be

defined as A:ng/ml-zlml (where m = meqg. solute on the column),
or avproximately zs Z&mg/ml. L chert 1s given by Sesxmuelson
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coantexination of two elution banés &s a funciicn of The number

cf tneoretical plates for varicus velues of the reiio
V32/V21. The number subscrivpis refer To band 1 and pand 2.
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The use of tihils chart can be 1llustrated as follows: £ the
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ratio VQQ/VQj = 1.5 for two solutes preseat in ecguel ancuntis,
the intersection ol lires on the crert shows thet 540 vpletes

vtain a purity (for ezch solute) of 0.1
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Under the same conditions, where tre ratio is 2.0, only &0
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Instance the column could be shortened by a factor o

It may be useful to know the peak concentration (cpay) in
order to select the prover method of apzlysis after seyarziion
of the two solutes. Zgustion 4 can be used fcor this. The
calculation of the band width,/B , can be mecde Ifror Zcuation
2, and is useful for selecting the size of effluent fractions

to collect for analysis.

Sevarations

Separation of niobiuwn (V) and tantalum (V)

u
o
4y

Figure 1 shows that the most favorable sepzratic
niobivx and tentalum is obiained using an agueous paase Walch
is about 3 ¥ in hydrochloric ecid and 1.1 X in hydrofluoric

ecid. XNiobium end teantelum, in ecuel end varieple molar

at 2 flow rate of 0.5 ml./min., Tentalum was stripped from
the column with 100 ml. of 15% hydrogzen peroxide, at maximum

rate of flow (2bout 2 ml./min.). Data for quantitative



separatlions are given in Table 12.
Teble 12. Sevarstion of niobiuwz(V) froz tantasluzn(V
16x%1,.2 cm. Tee 5ix column {70zesh)
flow rate 0.5 mol e/“~
50 ml. of 3 % ZCL, 1.1 ¥ X=F elutcs niobium
1C0 ml., of 15% Hol2 elutes tentalun
Ratio %0205 ‘ Taz0g
Ta:ib TaxXen FYounrda DLIT, Teken Feouna DiIT.
ng. & mz. nz. mz, mg,
0.1 t0o 1 654.0 549.,3 =47 110.5 111.2 +0.7
1 to 1 87.C 66.5 =0.5 120.7 111.3  +0.56
1 to 1 7.0 c6.2 =0.8 110.7 1i0.,9 +C.
1 tO l é?.o 66.6 _Ool‘f’ 110.7 llleg ".“O.D
1 tc 1 57.0 £5.,L 0.5 110.7 1i2,0 «+1.3
1 to 1 07.0 66.5 0.4 1310.7 1i0.3 =0.4
1l to 1 67.0 56,6 -0.4 1i0.7 111.0 +0.
1l to 1 7.0 56.8 =C.2 —— ——— ———
5 %o 1 12.1 12.5 +0.5 110.5 1il1.3 +0.8
10 to 1 12.1 11,7 =0.4 221.0 221.9 +0.9
Sevaration of molvbdenun (VI) and tungsten(VI}

The distrivbution ratios for molybdenum and tungsten for
extraction from 6 ¥ hydrochloric acid- kydrofluoric &cid=
1 ¥ sulfuric acid into methyl isobutyl kXetone ere givern in
Tavle 9. The low distribution ratio for tungsten, C.2, axznd =
dist ution retio of 7.4 For moliyblenum in this sys sug-
gests that a separation of the two metal ilors should ve Tos-
sible. The resulis of a gquantitative separztion of nolyblenum
and tuagsten on & 26x1.2 cm. Tee Six column are shcwu in Tatle

3. Spot tests and svectroscecpic analyses indicated Thet
tungsten was completely eluted with 15-20 ml. of & ¥ hydro-



Table 13, Sepzration of molybdenuvn(VIj, tungsten{VI) an
rniobiunV

26x1.2 cm. Tee Six column (170 nmeskh

flow rate 0.5 ml./min.

Mol ey il A NS e

Tluert La:ea Tound Dirfft,

S o R ma: 22 Tz
Maval volume 4Co“c057tloa ocxide cxide wide

i 20 ml. 6% HC1, 1¥ 5S04, 59.1  58.7  -0.%&
3% AT
¥o 50 ml. 3¥ HCL, 1X HoSOy, 38.3 38.5 +0.2

10¥% HF

W 20 ml. 6 HO1, 1M H,S0, 59.1  59.6  40.5
3% HB

Mo 50 ml. 34 HCl, 1¥ HoSO4 38.3  38.2  -0.1
104 ¥7

o 50 ml. 3 HC1, 1Y X7 29.0  28.7  -0.3

chloric acid-3 ¥ hydrofluoric acid-l [ sulfuric acid., Zor

the separsiion in Table 13, 20 zli. of the agueous eluent wes

Je]

|

e

vsed. Next, molybdenum was stripped from the column wita 3
nydrochloric acid - 10 I hydrofluoric acid~l } sulfuric acld
2t maximun flow rate. The reduction in hydrochloric acid

concentration and the large increase in nydrofluoric acid
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concentration causes molybderum to be rapidly eluted. Spot

from 3 ¥ hydrochloric-10 yérolfivoric acid soclutican. The
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cn ¢ some sulfuric acid ezrances the extraciion of
niobiun primarily by providing more hydroaium lons.
¥olybéenum, tungsten, and niobium were retained dy the

column from a solution 6 ¥ in hydrochloric acid, 3 X in hydro-

fluoric acid, and 1 ¥ in sulfuric acid. Tungslen was eluted
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with 20 nl. of a solution of the prec

rolybdenur wes quantitetlively removed frozm the column with 50
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Io -

ml. of 3 ¥ hydrochloric acid-10 ¥ hydrofluoric aclid-l

-

sulfuric acid., Pinall rapid elution of zniobivm wes carried
] =

for The separstion of the molybdenum-tungsten mixture.

Reference to Tigure 1 shows that tantalum is very aighly
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that were used to elute tungsten, molybdenum, and niobium in
the pfeceding separations. Thus, 2ll four metzl ilons were
separated on a 26x1.2 cm., Tee Six column, using the same
eluents as describved in the separation of molybdenum, tung-
sten, and niobium. Tentalum was last to be eluted, using 50
nl. of methyl isobutyl ketone at maximum flow rate. Spot
tests and emission spectroscopic analyses indicated thet Ta
was quantltatively removed with 40-50 ml. of methyl iscbutyl
ketone. Results for separations are given in Table 14,
Another sepzration of all four metal ilons was performed
in which the system was simplified by omittihg sulfuric acid.
The distribution ratios for the metal lons in the system 7 Y
nydrochloric acid-2 M hydrofluoric acld-methyl iscbutyl ketone,
are given in Table 7. 4All of the metal ions except tungsten
(VI) are extracted into methyl isobutyl ketone to a consider-
able extent. The distribution ratio for tungsten was lower
in this system (0.1 as compared to 0.2 for the system contain-
ing sulfuric acid). Tungsten was first to be eluted with 20
ml, of 7 M hydrochloric acid-~2 ¥ hydrcfluoric acid. Molybde-
num was eluted next with 50 ml. of 6 ¥ hydrochloric acid-6 Y
hydrofluoric acid (D = 1.6). ZElution with 50 ml. of 3 ¥
hydrochloric acid-l M hydroflucric zcid removed nioblum, and
tantzlum was stripped at maximum flow rate with 50 ml. of
methyl isobutyl ketone. Column conditions were the same as
for the preceding separation of the four metal ions. Spectro-

scoplic analyses showed that the separations were clean.



Table 14, Separation of niocbium(V), tantaluwa{V), molybde-
num(VI), and tungsten(VI)

flow rate 0.5 wl./min.

Ilueant ' Tezen Tound DiZT,
¥etal Volune Comyuosition oxide oxice oxice
i 20 ml. 6 HCLl, 1M HpS04 59.1 59.4 +0.3

- 3 HF
o cC nl. 3% HCL, 1¥ HpoS0 38.3 38.2 -0.1

-0.4

n
(03]
.

(@)

by 50 nml. 3% HCl, 14 HF 29.0
-0.8

Ul
(G
*

I~

Ta 50 ml. MIBK 54.2

W 20 ml. 7 HCl, 2 HT 57.8 57.1 -0."
Wo 50 mi., 6} ZCL, 6% =7 38.5 38.4 ~0.1
b 50 ml. 34 #Cl, 1¥ =7 33.1 32.0 ~1.1
Ta 50 ml. MIZK 56.6 56.3 ~0.3

The relative stancard deviation for 2G chemical ansalyses

for molybdenum, tungsten, niobium, and tantalun was + 1.344%,
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Separation of niokiun{V) ané tentzlun{V)-sveciropholtonetr:

determination of niodbium (V)

separated on a 26x1.2 cm. Tee 8ix cclumn., The zmount of nig-
“2 by - -Z-L -y 3 . e 3
pium teken was 1x10™" zmole. Kilobiun was seperated fron

A

tantalum with 50 ml., of 3 ¥ hydrocaloric scié=l ¥ hydroc-
fluoric ecla and was aralyzed for spectrovhotometrically.
A mixture of 1 part niobium and 1000 parts esch of ten-

talun, molybdenun, and tuangsten was also separateé on & 286x

w
iy

on conditions and results o

ct
!-b

1.2 cm., Tee Six column., Elu

the separations are given in Table 15.
4

Table 15. Seperaticon and spectrophrotometric determination of
niobium (V)

26x1.2 cm. Tee Six coiumn (170 mesh)
flow rate C.5 ml./nic.
2¢ ml, of 7 ¥ HICI, tuagsten
5C ml. of 6 X HCL, molybdenun
50 ml. of 3 ¥ HCL, nicbium
Mixture, Taken Found
metal ion ratio mmole Nb mnoie Nb % Zrror

Ta:ND | &, 00x10~% 3, 85x10"

1000._

- ~ =4 - ~-L .
'a,xo,a:No L,00x10 4 3.82x10 -4,5
1000:1 ,




sernination of nicsivm{V)
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n three different mixitures. The amount of 1lnactive metal
ion was 0.25 mmole in every case.
One part of active tantzlun was sepsratec from 10 pertis
of inactive niodium., One vpart of actlive tantalum was also
4 .

- o, ’7 - o
separated from 10 2nd 10' paris each of inactive molybienum,

tuagsten, and niobium., The amount of each inactlve met ilon

A sevparetion of 1 pert =a2ctive tuungsten from 107 verts
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ct
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inactive molybdenum, nio
Was successiully periora
active molybéenun and 10~ psrts inaciive tungsten, niobium,

and taztzlum (0.25 mmole each), was zlso carxried ouw

Tabie 16, together with vercentage recovery of the active

netal lons.

tions involving active

W

In 211 the racdéiocihemiczl seper

(e
[
<

niobiun, a relatively constant percentage of the total



Table 16. Sevaration and radiochemical determination of
niobium(V), tantalum(V), molybdenum(VI), and
tungsten(VI) .
26x1.2 cm. Tee Six column (17C mesh)
flow rate 0.5 ml./min.

20 ml. of 7 M HCL, 2 M HF elutes tungsten
50 ml. of 6 ¥ HCl, 6 ¥ HF elutes molybdenum
50 ml, of 2 M HCl, 1 M HF elutes niobium

50 ml. of MIRX elutes tantalum

Mixture Fraction Counts/min. Lctive ion

metel lon ratio analyzed recovery,

active ion %

Ta:Nb Kb standard 53,064

10431 NDb 52,763 99.4

Nb (V)

¥o,W,Ta:Nb ¥b standard 4,549

105:1 b 4,576

Nb(V) W 356 100

o 341
Ta 334
background 337
Mo,W,TasXN Nb standard 114,837
6.4 Nb 114,140
10%:1
Mo 327
Ta 348
background 333
¥o,%W,Ta:Nb Nb standarad 11,232
7.9 b 11,109
%O i W 399 99.0
¥ (V) Mo 356
Ta 336
background 338
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Table 16. (Continued)
wixture Trzcition Couvnts/min, letive ion
metal ilon ratilo analyzed recovery,
azctive lon o/
Nb:Ta Ta standard 26,3293
10%.1 Ta 26,865 99.9
7 (V) ¥b 220
= background 424
Yo,W,Nb:Ta Ta standard 19,429
O Q‘?.‘_g_ -
n \ " P 99.3
Ta (V) Mo 279
) 274
background 269

¥o,i¥,Nb:Ta
107:1
Ta(V)

WadD,TaMo
106:1
Yo (VI)

Ta standard

Ta

T

ot

Mow

Whaess
background

W stendard

TT

¥

column siripping
background

¥o stenderd

Mo

column strivping
background

99.7

99.9

14

¥ TCL, 8 i

“
[
Es]
w
w
£

638
2,104
2,039
1,674
1,626
1,548

To elu
to elu

molybéenvun.

niobium.



elways appearcd in the tungsten fracticns (sce Tatle 16).

}Jc
ot
<
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s activity is shown 2lso zs a2 small peak in the elution
curve (refer to Tigure 4).  Pigure & shows the small neal

da 2 e a2 - e -, Py BTN -~ = DI p
civivy occurring shortly after a2 colunrn veolume of eluent

some species in the nicbium(V) stock solution. 4 gamma ray
spectrum of the niobiuwa(V) stock solutiorn was odteizned on =
rultichananel u“a¢jze* but it revealed no other metal icn trace
impurities. Since the interfering svecles was eluted imzedi-

fter one column volume wWas passel tarough, we believed

m
ct
]
[
o
]

the svecies to be non-extractable, rasdiocciloidal nicbium{V).
To vrove this, some niobiun{V) stock sclution, 7 ¥ in hydro-
chloric acid and 2 ¥ in hydrofluoric acid, was equilibrated

with methyl isobutyl ketone, followed by vack-extiracitiion of

N

iobium (V) into a sclution of 2 ¥ hydrochloric acid-l X

fe

the n

-

hydrofiuvoric acid. Appropriate zmouants of concentrated nydro-

wilars

flvoric and hydrochloric acids were &dded in order to glive a
nioviun{V) solution which was 7 ¥ in hydrockloric acid, and

2 ¥ in hydrofluoric acid. This solution was then introduced

to a column ard elution was carried oul with equilibrated 7 X

aydrochloric acid=-2 M hydrofluoric acid. After one column

cl
[n)
[(\]
H
M
=
M
147]
13
(e}

volune and four 5 ml., fractlions were collected
activity cbserved, so the conclusion about the source of tne

activity was avperently correct.



Pigure 4, Elution of a mixture of 1X10"8 mmole raediozctive niobiuvun(V) end
0.25 mmole each of inactive tantalum(V), molybdenum(VI), and
tungsten(VI) from a 29.5x1.2 cm. colummn of 170 mesh Tce Six

The statlonary phase is MIBK and the eluent is 7 I hydrochloric
acid, 2 M hydroflvoric acld. TFractions were collected in 5 ml.
increments
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