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SYNTHESIS AND ION-EXCUNGE PROFEHRTIES OF
TANTALUM SELENITE ANOD ITS USE FOR THE SEPARATION OF METAL IONS
BY ION-ZXCu.NGH COLUMN CrRUGATOGRAPLY

J.P. Rawat and K.P., Singh Muktawat

Department of Chemistry,
Aligarh Muslim University,
Aligarh-202001 (India).

ABSTRACT

A new inorganic ion-exchanger tantalum gelenite has heen
syntiresized hy mixing 0.10M Ta205 and 0.10M NaQSeoj. The ion-exch mge
pronerties, chemical stability, TGA and IR absorption have been
studied, Some industrially imroriant separatious of Fe3+ from Mn2+,
cut, xi2Y, co’t, mZ*, vo®*, a1?* and pa”t from ca®t, sr?t, mg®t
have been aciieved on the columus of tantalum selenite. Separation
of Fes*-Ni2+ can be applied to separate and determine Fe3+ from

nickel electroplating bath.
INTHODUCITON

Out of the various inorganic ion-exchangers studied recently,
the tantalum based ion-exchangers have received scaut attention.
Studies on tantalum pentoxide have heen reported by Abe aud Ito (1)
and Chidley, et al, (2). Studies on tantalum phosphate by Kraus and
Phillips (3), tantalum antimonate by Qureshi,et al.(4) and tantalum
arsenate by Rawat and Mujtaba (5) have also been reported. Further-
more, only few studies have been reported on selenite based inorganic
ion-exch mgers. Costa and Jeronimo (6) prepared zirconium selenite
and used for the separation of 1B group metal ions using paper
chromatographic technique. Quresihi, et al, (7,8) prepared titanium
selenite and stannic selenite and separated metal ions by ion-exchange
colwm chroiatography., A search of literature showed that no such
studies have been reported on tantalum selenite. Therefore, the
studies on tantalum selenite were explored in the field of ion-exchange
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chromatograni:y by achieving the selective separation of Fe3+ from a
nunber of comon interferriug wmetal ious on the column of tantalum
selenite. The separation can be applied to the determination of F‘e:”+

content as impurity in nickel electroplating solutions.

MATERIALS AND METHODS

Tantalum pentoxide (Fluka), sodium selenite (B,D.H,) were used.
A temperature couatrolled SICU shaker, Bausch and Lomb Spectronic 20
and KElico pH meter model Li-10 were used for shaking, spectrophoto-
metric and pll measurements respectively. For IR studies spectromom
2000 (Budapest) infrared spectrophotometer was used.

Synthesis

The tantalun selenite samples were prepared by mixing 0,.,1M
tantalum pentoxide and 0.1M sodiuwm selenite solution in the ratio 1:1
under couditicuns given i Table 1. The sodium selenite solution was
added to tantalum pentoxide soclution and desired concentration of acig
was adjusted by adding aqueous ammonia. Sample 3 was prepared Ly

TABLE 1

Synthesis and Properties of Tantalum Selenite

Sample Conditions of synthesis Properties
No.
Conc.,of Temperature Appearance Ion-exch mge Composition
H2SOA at at which of exchanger capacity Ta: Se
which samples in H* form meq/g for H*
exchanger Prepared
prepared
1 4 ,50M 250 Light red 1.18 1:1.50
L]
4 .50M 60.C Light grey 0.96 1:1.45
3 4 50M Refluxed at Light grey 0.50 1:1.38
<
100 C

4 0.10M 25°C Light red 0.89 1:1,15
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refluxing the mother liquor of sample 1 for 24 hours at 100°C. The
precipitate was kept overnight with mother liquor. It was filtered off
washed with deminaralized water and dried in oven at 4000. The dried
product broke into small granules when immersed in water. The

granules were then dried aud placed in 2.0M HNO3 for 24 hours with
occasionally ghaking and intermitteunt changing of acid to couvert

them intd hydrogen forwm, The chemical composition of the products
synthesized was determined by estimating tantalum by Pyrogallol

method (9) and selenium by sulpherdioxide method (10).

RESULTS AND DISCUSSION

The condition of synthesis and some basic properties of

different sawple of tantalum selenite are summarized in Table 1,

Ion-exchange capacity

The ion-excheage capacity of Tantalum selenite (Sample 1)
was also determined for different uni and divalent wmetal ions by
colum operation and was found to be 1,12, 1.19, 1,45, 1.10, 1.05,
1.12 and 1.30 for Li*, Na', k¥, Mg2*, ca®*, gax 3 sre* ana Da®t
respectively. The exchmge capacity by gravimetric procedure (11)
was also measured as 1,12, 1,18, 1,22 and 1.53 for Mg2+, Ca2+, sr2*
and Ba>" respectively., A comparisoun of these results with the exchange
capacity by column procedure indic:tes tirat the exchange capacity by
gravimetric procedure is slightly higher than the column procedure
capacity. This is due to some adsorption of metal ions on the

exchanger (12).

Dissolution of tantalum selenite

To determine the solubility of tantalum selenite in different
solvents, 0.5 g of exchanger was talken with 50 ml of the solution
concenred at room temperature for 6 hours., After removing the
undissolved material tantalum and selenite were determined in the
filtrate colorimetrically with pyrogallol (9) and diaminobenzidine (173)
respectively. The results show that the amount of tantalum and
selenium dissolwd in 50 ml is negligible in demineralized water,
NaN03, NH4N03, HN03, stoq, HC1l, alcohol and acetic acid. The
dissolution of tantalum selenite is upto certain extent in NH,OH, NaOH

4
and oxalic acid.

The results of Table 1 further reveal that the ion-exchange
capacity and chemical stability are considerably affected by the
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conditions of premaration. The results are in agreemmnt with the

results of Nancollas (14) who found that the wethod of preparation
of amorphous ion-exchanger has a considerable effect ou cowmposition
and the derree ot hyvdration. These two factors are responsible for

the ion-exch:ange capacity and the chemical stability of the vnroduct,

Ion-exchange Potentiometric Titrations

The pH titration of sample 1 werc performed by the method of
Topp and Pepper (15) with LiQH, Na2OI, KOH and agueous Nll3 with their
respective salts ot kuown concentrations. 7The backward pil titrations
were also pertformed by takiung 50 wl NaOH 0.1M with the addition of
0.1M HNO3 and water to umalte up the voluue 100 ml, After shakiug for
four hours and the pl! was measured, The effect of hydroxyl ion ou the
pH of eguilibrating solntions are given in Figs.l auil 2, These
results show that tantalum selenite iu hydrogen forwm Dehaves as a
monobasic acid, The results iu Fir,2 forward and backward litration
curve for Na' ions sugzest a reversible behaviour of tiie exchanger,
as a very small hysteresis loop is observed. The coicentration of

NaOH was 0.1M in which material dissolves nezlicibly.

e KOH-KCI
° LiOH ~-LiCI
® NH4ZOH -NH4CI

i L 1 1 1
0 10 20 3o 40 50

Volume of ctkali added (ml )

Figure 1 Potentiometric titration for tantalum selenite.
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) I 1 1 1 1

0 10 20 3o 40 50

Volume of NoOH added (mi)
Figure 2 Potentiometyic titration for tantalum seleiite

fa! Forward, 'h' Baciward with 0,1 NaOH and 0.1iM NaCl.

IR Absorption Studies

IR spectra of tantalmm selenite in hydrogen formw were
measured in nujol media. The results show that the tantalum selenite
sives the characteristic peaks. A broad peak in the range
2900-3600 cm_1 with a maxima at 3400 cm_1 represcnis the interstitial
water free water with nujol. The stroug peak at 1650 cm‘i corresnonds
to the deformation vibration of interstitial water and of OH croups,
The weak peaks are at 1150 en~ ! aud 1050 en~! ana very strouz peak
is the region 650-900 cm-l. These pealis are due to the stretcuaing
vibration of the M-0 bond i.e. Ta~0 and 3e-0. Some of the peaks in
this IR spectrum resembles with the Iit studies oi sodium sclenite

performed by Millar and Wilkins (16).

Thermal Treatment

To examiue the effect of dryiiug tewnecrature on the ion-exciionge
properties of the wmaterial, the sample was dried at various

tenperatures in a muffle furmace for 2 hours. A decrease in the
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ion-exchange capacity with jucreasing temperature is plotted in
Fig.3. Therwogravimetric analysis of sample 1 in hydrogen form was
perfomed at a rate of 5°/min. The results of TGA show that the
welzht loss of the sample in ut form upto 250°C is due to tie removal
of external water molecules in the structure. Ahove this tempernture
upto 500°C the weight loss is nearly coustant. It shows that there
is no loss of other water molecules. A sharp increase in weizht loss
is okerved when the temperature is raised upto BSOOC. Sisnificwit
structural changes must occur oer this temperature range and condern-

sation may take place i.e, way be the formation ot oxides,

The effects of the drying temperature on the ion-exchange
capacity are given in Fig,.5. These results indiecate that this ion-
exchange material can he used upto 10000 without much loss of ion-
exchage capacity. This ion-exchanger, therefore, possesses the
higher capacity in comparison to other selenites and tantalum based
exchaigers, Above 100°C temperature the capacity decreases
continuously upto 700°C.

1.2,
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Figure 3 Ion-exchange capacity of various selenites and tantalum

based exchangers as a function of drying temperature.
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Distribution Studies

Kd values of metal ions were determined by batch process

on sample 1 in different systems

Kd = 5_0__Sl—_§_l ml gm—i

0.5 x

where I is the volume of 0.002M EDTA used to titrate cation solution
initially and F is the NDTA volume needed for cation titration after
equilibrium. The total volume of equilibrating solution was 50 ml
and 0.5 # exchange was taken., The results are given in Table 2,

Separations

Some analytically important and industrially useful
separations were achieved on the basis of Kd values of metal ions,

TABIE 2
Distribution coefficients of metal ious on tantalum selenite

[
Cation @ DMW 0.1M 0.1M  1.0M 0.1 ' 0.01M 0.001M 0.0001M

NaNO NHI‘NO3 HNO3 HNO HNO HNO HNO

3 3 ] 3 3

Ba2+ 2210,0 1400.0 1462.0 62,0 328.4 800.0 1180.0 2150.0
24

sr 8.2 0.0 5.0 2.0 2.6 2.6 7.0 7.0
Mg2* 1.4 1.0 7.0 0.0 4,0 6.5 15.9 16.5
ca®* 0.0 0.0 0.0 0.0 0.0 0.0 1.5 1.5
cu®* 22,0 18.0 18.0 2.0 3.0  13.0  17.0 18.0
Mn>* 0.0 0.0 6.0 4.0 6.0 24.0  27.0 27.0
NiZ* 2.4 0.0 2.5 1.0 2.5 2.5 2.5 5.0
co?* 5.6 4.0 8.2 0.0 1.5 3.8 8.0 15.0
A1 21.0 20.0 4.4 0.0 3.0 5.0 6.0 8.0
Feo* T.A.  T.A. 1550.0 2.0 7.5 115.0 455.0  780.0
voZ* 30.0 49.0 3.6 7.0 8.0  32.0  40.0 43.0
m?* 0.0 9.0 2.0 0.0 6.0 11.0  19.0 19.0

T.A. = Total Adsorption
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Figure 4a Separations achied on tantalum selenite,.
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Separations achieved on tantalum selenite.
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The separations were performed using the ion-exchange columm
chromatographic technique. The order of elution and eluents are
presented in Fig.4. 1In order to explain the effectiveness of tantalum
selenite for the separation of Fe3+ and Ba2+ was made. It was found
that the selenites of Mg, Ca, Sr, N1, Cu, Co, Mn, Zn and Al have been
prepared by mixing the carbonates of the respective metal ions with
selenious acid (17). Except ferric selenite and barium selenite all
are soluble in water as well as in dilute mineral acids. Therefore
ferric and barium should be adsorbed more strongly than the remaining
cations under study. Hence elution of Ma, Ca, Sr, Ni, Cu, Co, Ma, Zn
and Al has been made with demineralized water or 0,.5M sodium nitrate
while the elution of ferric and barrium with 1,0M nitric acid adding
1.0M sodium nitrate or ammonium nitrate., The elution of ferric and
barium is not sharper than other metal ions also for the same reason.

The industrial utility of these separations was checked by
geparating Feo' from Ni%* in a electroplating bath solution. The
presence of Fe3+ in the electroplating bath solution of nickel produces
black spots on electroplated shiny surfaces. It was found that for
two samples taken from the same electroplating bath the iron{III)
content was 189 and 201 ng in 2 ml bath solution.
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