
I JoumaJ oJ R~"h 01 tho Nationol Bu,onu oJ Slandrud, Vol. 53, No. 4, October 1954 Resea rch Paper 2542 

Separation of Titanium, Tungsten, Molybdenum, and 
Niobium by Anion Exchange 

John L. Hague, Eric D. Brown, and Harry A. Bright 

The resul.ts of a ~y sten;atic study of t~e elution be~lavior of titanium, tungsten, moly b
denum, and 11l0blUm In vanous hydrochlonc-hydroflounc acid media are given. These data 
de~onstrate the behavi or . of the anion c.omplex~s of thes~ el~ments on an anion-exchange 
r eSIn ~olumn. The posslbJI Jty of severallllterestJJlg quantItat Ive separations is eviden t, and 
expenmen ts are descnbed t hat demonstrate that t hese elem ents can be separated from ea ch 
other. 

I. Introduction 

One of the more difficult problems of analytical 
chemistry is the separation of Litanium, niobium, and 
tantalum. Existing methods [1 , 2, 3, 5, 6]1 for the 
separation of niobium and tan talum arc not entirely 
satisfactory in the presence of ti tanium, and such 
methods are further complicated by additional 
separations when molybdenum and Lungsten are 
present. 

Kraus and Moore [4] have shown that niobium and 
tantalum can be separated as mixed chloro-fluoro 
anion complexes by use of an anion exchange resin in 
a hydrochloric-hydrofluoric acid medium. The 
results of a systematic study of the elution behavior 
of titanium, tungsten, molybdenum, and niobium in 
some hydrochloric-hydrofluoric acid media are 
presented here, a well as a demonstration of the 
separation of these elements from each other . 

2. Experimental Method 

2.1 . Preparation of Column 

The columnLised ill Lhese rxperimenLs was pre
pared from a l2-in. length or polyst.yrene Lubing 
with a %-in. inside diameter. The bottom of the 
tube is closed by a waxed No. 5 rubber stoppel' with 
a ~{6-in . hole. A 6-in. length of polystyrene tubing 
with a ~{6-in. outside diameter O{6-in. bore) is inserted 
into the hole, flush with the upper surfaee of the 
stopper. Another 6-in. length of this tubing is 
attached to the smaller tube with a 2-in. length of 
Tygon R tubing, and the flow controlled by a pinch
cock on the Tygon tubing. The bottom of the large 
tube is covered with a 7~- to %-in. layer of acid
resistant vinyl chloride plastic "wool". The column 
is fill ed with prepared 2 200- to 400-mesh Dowex-l 
resin, of 8- to 10-percent crosslinkage, to ob tain a 
set tled column of the resin 8 in. high. A measure of 
the liquid capacity of the column of resin is deter
mined by washing with neutral ammonium chloride 
(150 gjliter , pH 6) until the resin darkens, and then 

I Figures in brackets indicate the litera ture references at the end of th is paper . 
2 rrhe finest and coarsest materials arc removed from the main portion of tho 

resin by settli ng in di luted llydroehlori e acid (1 + 19) , and several cycles of sue
ccssi vely decanting the fin e RJld main portions of the resin from the coarse fraction. 
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determining the volume of dilu ted hydrochloric acid 
(1 + 3) required to lighten the color of the r esin. 
The volume so determined was approximately 35 ml. 

2 .2 . Elution Procedure 

Acid mL,tures to co vel' the range of 5 to 20 pcrcenL 
by volum e of concentrated hydrofluoric acid (48 %) 
and 10 to 60 percent by volume of concentra ted 
hydrochloric acid (36 %) were used. To expedite Lhe 
work:, the elemen ts were run in pairs, molybdenum 
and titanimn constituting one pair, and tungs ten and 
niobium the other . 

As an example of the procedure used, approxi
mately 20 mg of high-purity molybdic oxide and 20 
mg of high-purity titanium dioxide were transferred 
to a platinum crucible and fused with 0.5 g of 
potas tum bisulfate. The fusion wa dissolved in 
50 ml of a mixture of 1 volume of hydrofluoric acid , 
2 volumes of hydrochloric acid , and 17 volmnes of 
water (designated 5-percen t hydrofluoric- 10-per cent 
hydrochloric acid). The prepared column was 
washed with 50 ml of the sam e hydrofluoric-hydro 
chloric acid mixture, and the eluate discarded. The 
solution of the fusion was trail fen'ed to the resin, 
the firs t 25 ml of cluate being discarded. Elution of 
the resin was then continued with the hydrofluoric
hyorochloric acid solution , 50-ml fractions being 
collec ted in polystyrene graduates for analysis. 
Suitable portions (usually 10 ml) taken from each 
50-ml fraction as the elution procedure was con- . 
tinued, were examined for titanium and molybdenum. 
Fluoride was eliminated from these portions by 
evaporation (usually three times) with sulfuric acid 
and hydrogen peroxide. Molybdenum was deter
mined by the thiocyanate photometric method and 
titanium by the peroxide photometric m ethod [2] . 

E lution was continued until examination of the 
fractions showed that the titanium and molybdenum 
were removed from the collll1ll. The amount of each 
element in each fraction examined was then cal
culated to a percentage of the total amount of each 
element eluted , and the accumulated percentages 
were plotted against volume of eluate. The proce
dure was then repeated with a solution of a fusion of 
tungsten and niobium oxides, the tungsten being 
determined by the hydroquinone photometric proce
dure and niobium by the peroxide photometric 
procedure. 
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FIGURE 1. Elution behavior of titanium, tungsten, molyb
denum, and niobium. 

.6., 'ritanium; A , tungsten ; 0 , molybdenum ; .J niobium. 

3. Results and Discussion 

The results of a series of experiments conducted as 
described above in various acid mixtures are pre
sented in figure I, except for niobium in 60-percent 
hydrochloric- la-percent hydrofluoric acid medium, 
in which niobium did not appear until more than 4 
liters of eluate had been collected. 

These curves demonstrate the possibility of several 
interesting quantitative separations. Titanimn and 
niobium are easily separable under a wide variety of 
acid conditions, and as titanium is the first of the 
pair removed, even major quantities of titanium 
should offer few difficulties. Molybdenmn and 
tungsten are also easily separable under several con
ditions; in fact, titanium and tungsten are the only 
pair of the group of elements consideTed here for 
which some latitude in separation does not exist. 

To demonstrate that the separations can be made 
without the usual "loss of individuality" [5], several 
possible separation schemes were tried, and three of 
these are presented in figure 2. Figures 2a, and 2b, 
show the results of experiments involving 10 to 20 mg 
of each element. A trial of procedure 2,b, indicated 
it does not work well in handling decigram quantities 
of these elements. The extra solutions at the begin
ning of experiment 2,b, were designed to remove iron 
and cobalt, which are absorbed even in fluoride solu
tion in the presence of high chloride-ion concentra
tion, and to provide for the elimination of the alkali 
bisulfate used for fusion of the oxides. 
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ii'IGURE 2. Separation of titanium, tungste n, molybdenul1J , 
and niobium. 

ct . F raction 1: 250 ml of 20% HOl- 5% HF; fraction 2: 250 111! of 40% H CI- r,% Hl>'; 
fract ion 3: 250 m! of 40% HOl- lO% HF; fraction 4: 250 m! of 14% N B , Ol-4% 
BF. 

b . Fraction 1: 50 ml of 10% HOl-20% llF; fraction 2: 100 1111 of 10% HOl- 5% Hl<; 
fract ion 3: ].,0 m! of 25% HO I- 5% HF; fraction 4: ZOO ml of 40% HOI- 5% HF ; 
fractiou 5: 300 ml of 40% HOl- lO% HF; fraction 6: 250 ml of 14% NR. Ol-4% 
HF. 

c. F ract.ion 1: 450 ml of 50% HOI- lO% HF; fraction 2: 350 m] of 25% H OI- 20% 
HF; fraction 3: 350 illl of 14% NH. OI-4% HF. 

6" rritanium ; A , tungsten ; 0 , molybdenUTn; .J niobium . 

Figure 2,c, presents the separation of an oxide 
mixture obtained by suitable concentration from a 
5-g sample of a high-temperature alloy and involves 
approximately 200-mg amounts each of molybde
num, tungsten, and niobium, with residual amounts 
of titanium and tantalum. It may be seen that the 
separations are good even with these larger quanti
ties. D etails of the niobium-tantalum separation 
have been omitted, as such data are already avail
able [4]. 

Quantitative experiments are well advanced, and 
detailed procedures for the separation and determina
tion of the components of several mixtures of com
mercial interest are being investigated. 

4 . Summary 

The elu tion characteristics of titanium, tungsten , 
molybdenum, and niobium in hydrochloric-hydro
fluoric acid mixtures on a Dowex- l resin column 
differ sufficiently to indicate the possible separation 
of these elements from each other. Experiments are 
described that demonstrate the quantitative separa
tion of these elements without the usual loss of 
individuality. 
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