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ION EXCHANGE CHROMATOGRAPHY OF TRON, MOLYBDENUM AND TITANIUM
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(Received August 2, 1966; revised August 26, 1967)

A method has been worked out for the rapid separation of iron, molybdenum and titanium. //The
mixtare of these cations in 0.1m hydrochloric acid is added to an anion exchanger and eluted with
the same acid to remove iron and titanium. Finally, molybdenum is eluted with 1m hydrochloric acid.
The mixture of the two cations (Fellt, TilV)ia 5.5M hydrochloric acid is then adsorbed in an exchanger
and eluted with the same acid to remove titanium and iron is finally eluted with water.

Introduction

One of the most powerful ways to use ion
exchange in inorganic analysis is ion exchange in
hydrochloric acid solution.! Most metals form
chloride complexes and these differ greatly in
stability and their ability to be absorbed by poly-
styrene-type anion exchange resins.? lIon ex-
change separation of titanium from iron, molyh-
denum and many other metals has been studied. 3-5
A liquid-liquid  extraction of ferric chloride
or more correctly chloroferric acid, by ethyl ether
or isopropvl ether was made from 1:1 hydrochloric
acid.® Sandell7 reported it as a good method for
the removal of most of the iron in solution. In the
present investigations, titanium(IV) chloride was
found to be very weakly adsorbed on an anion
exchanger at all concentrations of hydrochloric
acid and readily eluted, whereas Kraus, Nelson
and Smith* have, however, reported considerable
adsorption of Ti(IV) on such resin at certain con-
centrations but no detailed experimental con-
ditions have been given. During the course of
investigations, it was also found that the separa-
tion of molybdenum can also be achieved from
iron and titanium under the conditions employed
by previous workers %% for the separation from
other cations. The ion exchange separation of
molybdenum from iron has also been made by
Crouthmel and Johnson,/' wusing ammonium
thiocyanate as eluting agent. From the difference
in absorbilities of the chloro complexes of molyb-
denum, iron and titanium in different concentra-
tions of hydrochloric acid, on the column of anion
exchanger, it appeared that these cations can be
separated from each other. The investigations
were carried out to this end. and the results
obtained are reported below.

Experimental and Results

Apparatus and Reagents.—A borosilicate glass
column 1.8 cm in diameter, 40 cm higk; provided
with a sintered glass plate of coarse pororsity was
filled up with the resin up to a height of 10 cm.

Hilger Absorptiometer H810.301 (Filter pho-
tometer).

Ion Exchange Resin.—Amberlite CG 400(Cl")
100 to 200 B. Sieve Mesh, anion exchanger in the
chloride form. The column of the resin was
prepared from 10 g of the resin by repeatedly
mixing the dry form with water and treating
with 100 ml of 2m HCl toreactivate the exchange-
able Cl" ions. The resin is then transferred to the
column and further washed with 100 ml HCI
and finally several times with water.

Standard Solution of Iron—Approximately 20 g
FeCl;.6H,0 were dissolved in a few ml HCl and
the volume made up to 1 1. with Im HCI and
standardized volumetrically by dichromate me-
thod. 1 ml of the solution — g.9088 mg of Felll |

Standard Solution of Molybdenum.—1.5 g pure
MoO; was dissolved in a few ml dilute NaOH,
made slightly acidic with HCI and diluted with
o.lMHClto11l. 1 mlofthe solution— 1 mg.

Standard Solution of Titantum.—1 g pure metal
supplied by B.D.H. was dissolved in sulphuric
acid and the solution made upto 1 1. with dilute
sulphuric acid so that the acid concentration of the
solution was 68 H>SO,. The solution was stan-
dardized  gravimetrically. Iml—1mg. An
additional standard solution was prepared from
titanium tetrachloride solution by dissolving the
latter in 2m HCI and standardized colorimetri-
cally.

Other reagents used were KOCNS, FeSO,,
(NH,)>SOy,, amyl alcohol, stannous chloride and
hydrogen peroxide.

Column Experiments with Titanium.—From the
preliminary experiments on the distribution co-
efficient of titanium, it was indicated that Ti(IV)
has a very low distribution coefficient at all HCI
concentrations. Only traces of titaniums are
found to have been adsorbed on the resin phase
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when the aqueous phase containing Ti(IV) in
varying concentrations of hydrochloric acid was
brought into contact with the resinous phase by
shaking for 2 min. This was found to be contra-
dictory to the findings of Kraus, Nelson and
Smith* who reported considerable adsorption of
Ti(IV) at higher concentrations of HCl. Further
experiments were therefore continued on column
by passing a known concentration of Ti(IV)
contained in varying concentrations of HCI solu-
tion at a flow rate of 5 ml/min. The effluent was
found to be iree from titanium, but was found to
be readily eluted when a small volume of the same
acid concentration was passed through the column.
This suggests that initially titanium is adsorbed on
the column when no trace of it is found in the
effluent, but its ready elution with a fraction of the
volume of the same acid concentration as of in-
fluent indicates that titanium is not strongly
adsorbed on the column as a chloro complex
anion in 1-11.gm HCIL.

Column Experiments with Iron in HCGL Solution.—
Iron solutions of different concentrations in varying
concentrations of HCl were passed through the
column., Iron was found to be quantitatively
adsorbed when contained in an acid concentration
of not less than 5M HCI and is not eluted from the
column by 5-12m HCl. The same can, however,
be successfully eluted with water. Below an acid
concentration of 5 HCI, iron is partially adsorbed
by the column, and at 1M HCI, it passes through
the column completely unadsorbed. Further,
it was found that iron is quantitatively adsorbed
on the column if it is contained in Im HCI which
has been previously saturated with NaCl and is
not eluted from the column by a large volume of
the same solution, i.e. Im HCI previously saturated
with NaCl. In presence of NaCl in dilute HCI,
additional Cl ions are furnished by the salt which
are necessary for the formation of chloroferric
acid or sodium chloroferrate as shown below:

FeCl; + HCle2HFeCl,e2H " + (FeCl,)~

(5.5 HCI)
: Nay+ _ _
FeCly+ HCl+NaCl 2[[3?] " (FeCl,)™+(FeCly)
(1M sat.) ‘

The results obtained on column experiments
are shown in Table 1.

Column  Experiments with Molybdenum (VI).—In
the first few experiments, Mo(VI) solution con-
tained in 1m HCI solution was passed through the
column. The effluent was free from traces of
Mo(VI), indicating the quantitative adsorption
of the metal on the column. But washing of the
column with 1m HCL eluted molybdenum very
slowly which shows initially weak adsorption of
the metal like Ti(IV) on the column with the
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difference that 'Ti (IV) or titanium was most
readily eluted whereas Mo(VI) is eluted slowly.
It was, however, noted that Mo(VI) is also quan-
titatively adsorbed when passed through the column
in an acid concentration of o.1M HCI and is not
eluted by washing with a large volume of the same
acid. Finally, it was eluted successfully with 300
ml 1m HCI, collecting a fraction of 50 ml each.
The results obtained are shown in Table 2.

TaBLE 1.—ErrecT oF HCL axp NaCl oN Apsorp-
TION OF IrRON oN AMBERLITE CG-400 (Cl').

Iron

Iron tak
1 adsorbed
m

mg/10 ml

osadsorp-

HCl1 ;
tion

39.088 Nil
7.654

Ir Nil
; 21.543

|

{

i

f

%

|

10.94
53.84
91.02
99.81
(100.00
[ 100.00
}100.00
100.00

35.567
39.015
29.088

® G AW -

11.3 )
1M HCI1 saturated with L
NacCl (30% w/v). ‘

19.0544
39.088

19.0544
39.088

100.00
100.00

TABLE 2.

Mo (VI)(mg) eluted
in successive 50 ml
fractions of Im
HC1

Mo (VI) taken

{
He (mg/10 ml)

M

1 72, 10.00 0.250
4.000
5.000
0.730
1.300
1.700
0.900
0.600
0.425
4.075
4,075
4.075
4,075
4.075
1.200
2.300
0.800
0.350
0.225
0.150

0.1 5.00

0.1

5.00

0.1
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Column Experiments with Fe(IIl) and Ti(1V).—
_After studying the ion exchange properties of these
three elements separately, it was indicated that
the separation of titanium can easily be achicved
both from iron and molybdenum, singly or in
presence of each other. Their separation was first
studied in a pair of iron and titanium and then
when all the three cations were present in solution.

Separation of Iron(IIl) and Titanium(1V).—
Several mixtures of iron and titanium in different
proportions were taken in 5.5 to 6.5 HCI and
transferred to the column and washed with three
separate 10 ml portions of the same acid. Iron
was quantitatively adsorbed on the column, while
titanium passes into the effluent and washings.
Finally, iron was eluted with 100 ml water. The
presence of moderate amount of sulphuric acid
in the medium or influent does not affect the
adsorption of iron and clear-cut separation is
achieved provided the hydrochloric acid con-
.centration of the medium (influent) before passing
through the column is not less than 5.5m. Simi-
larly, quantitative separation of both metals is
achieved when they are contained in a medium of
1M HCI saturated with NaCl, which would greatly
reduce the consumption of HCI when the chlorides
.of the two metals are separated through the column
of anion exchanger.

Separation of Iron(I1l), Titanium(1V) and Molyb-
denum(VI).—The solution containing known
amounts of Fe(III), Ti(IV) and Mo(VI) was
taken in o.1m HCI, transferred to the column of
the anion exchanger and washed with three sepa-
rate portions of 10 ml 0.1 HCL The influent
also contained moderate amount of sulphuric
acid, since sulphuric acid up toa concentration of
3-4N has no effect on the adsorbalities of molyb-
denum. The washings were combined with the
effluent and reserved for the determination of iron
and molybdenum.

Elution of Molybdenum.—Molybdenum was elu-
ted from the resin with approximately go0o ml
1 HCl at a flow rate of 5+1ml/min. The
eluates were collected in 50-ml fractions in volu-
metric flasks. Molybdenum  was determined
colorimetrically.!!

Adsorption of Iron in the Effluent from Mo(VT)
Separation.—After the separation of molybdenum,
the remaining cations, Fe(III) and Ti(IV) were
received in a flask and an equal volume of concen-
trated HCl added to raise the concentration to
above 5M HCI, transferred to the column at a
flow rate of 5ml/min and washed with two or three
separate 10 ml portions of 1:1 HCI (5.5-6.3Mm)
till the washings were free from traces of titanium.

The effluent and washings were combined
reserved for the determination of titanium.

and

Elution of Iron.—Iron was eluted from the resin
with approximately 100 ml of distilled water and
finally with 1o ml of 2m HCI to remove the last
trace of iron which might have been retained as
cation in between the pores of the resin. The
cluate was collected in a conical flask and the
amount of iron was determined volumetrically by
titration with potassiurn dichromate.

TABLE §.—SEPARATION OF KNOWN AMOUNTS OF
MOLYBDENUM.

Mo(VI) taken ~ Mo(VI) found Difference

i (mg)

oo o
20.00 56 10g o5
2000 20.00 Nil
30.00 29. 96 e
30.00 29.88 i

TABLE 4.—SEPARATION oF KNowN SoLrurion

or IroN.
Iron taken Iron found Difference
(mg) (mg) (mg)
19.544 19.540 — 2004
19.544 19.546 +.002
39.088 39.100 +.012
39.088 39.000 — .088
39.088 39.080 — .008
TABLE 5.—SEPARATION OF KNOWN SOLUTIONS OF
Trranium.
"~ Ti taken Ti found Difference
(mg) (mg) (mg)
20.00 20.08 + .08
20.00 20.00 Nil
30.00 29.96 — .04
30.00 30.05 + .05
40.00 40.05 +.05
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Determination of Titanium in the Effluent—The
effluent combined with washings received after
the adsorption of iron on the column was trans-
ferred to a 250-ml volumetric flask and diluted
with water to make up the volume. The amount of
titanium was found colorimetrically. The results
are shown in Table 5.
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