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ABSTRACT

The antimonate (V), tungstate (VI),
molybdate (VI), and arsenate (III) of tin (IV) have
been synthesized. Sorption of nickel and
magnesium on these sample has been studied at pH
4.0 as a function of nickel ion and magnesium ion
concentration. The sorption of nickel was found to
decrease in the order molybdatg (VI), antimonate
(V), tungstate (VI), and arsenate (III). The trend
of adsorption of magnesium was similar to that of
nickel. The distribution coefficients of nickel and
magnesium on the four samples for various initial
cation concentrations established the selectivity
Ni>Mg. Repeated treatment of the samples with
1.0 M NaCl and 1.0 M HNO, solutions tended to
decrease the capacities to certain minimum values.
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INTRODUCTION

The rapid development in nuclear energy,
hydrometallurgy of rare eléments, and water
purification, have necessitated the synthesis of
highly selective ion-exchanging materials resistant
to chemicals, temperature changes and radiation,
and of more convenient properties than commercial
organic or natural inorganic ion-exchangers.
Several hydrous oxides and acidic salts of
multivalent metals have been described as 10o-
exchangers [1-5]. The acidic salts of tin (IV) are
generally compounds of the type Sn(HXO0,),.yH,0
where X is the metal cation from the acidic group.
The cation-exchange properties arise from the
presence of readily exchangeable hydrogen ions
associated with the anionic groups present in the
salt. The sorption of metal ions on these salts can
be represented by the following exchange
mechanisms:
nSnXH + M®* = (SnX), M*" + nH"

In this study, the adsorption of nickel and
magnesium on four acidic salts of tin (IV) is
investigated. The. effect of regeneration on the
capacity is also studied.
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CHEMISTRY

EXPERIMENTAL

The molybdate (VI), tungstate (VI), and
arsenate (III) of tin (IV) were prepared by mixing
0.10 M aqueous solutions of SnCl, and 0.20 M
solutions of ammonium molybdate, sodium
tungstate and sodium arsenate (III), respectively.
Tin (IV) antimonate (V) was prepared by mixing
0.15 M tin (IV) chloride solution with 0.3 M
antimony (V) chloride solution in 4.0 M HC1. The
pH was adjusted with ammonia solution to pH 2.0.
The precipitates were allowed to stand for 24 hours
at room temperature and then washed with distilled
water by decantation, filtered off and dried at
40°C. The samples were treated with 2.0 M trioxo
nitrate (V) acid to converl them into the hydrogen
form and finally washed with demineralised water
and dried again at 40°C. For sorption studies the
samples werd ground in a porcelain mortar and
sieved to 100 - 200 mesh size.

The sodium ion capacity of the samples in
the hydrogen form and the sorption experiments
were carried out by the methods described earlier
[5]. To examine the reversibility of the exchange,
the samples were repeatedly treated with 1.0 M
sodium chloride solution and regenerated with 1.0
M trioxo nitrate (V) acid. The four exchangers
were packed in separate columns and treated with
1.0 M sod’um chloride solution until all replaceable
hydrogen atoms have been replaced with sodium
atoms. The samples were then thoroughly washed
with demlineralized water to remove excess sodium
ions and dried at 40°C. They were then put into
columns, treated with 1.0 M trioxo nitrate (V) acid,
washed with demiperalized water and dried at
40°C. The sodium ion capacities were then
determined. The process was repeated till five
regeneration were made.

RESULTS AND DISCUSSION

Figures 1 and 2 summarize the results for
the sorption of nickel and magnesium, respectively,
on the four samples. The sorption of nickel
decreases in the order molybdate, antimonate,
tungstate, and arsenate, Furthermore, it 1is
observed that the adsorption of mnickel per unit

weight of the samples tended towards maximum
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values. The trend of adsorption of magnesium is

similar to that of mickel. Tin (IV) molybdate 1. Mabhal, H.S., Venkataramani, B. and.
adsorbed the greatest amount of magnesium; the Venkataswariu, K.S., Sorption
smallest amount of magnesium is adsorbed by tin of uranium-on hydrous oxides.
(IV) arsenate. Adsorption of magnesium on tin Vol.43,
(IV) arsenate increased linearly with increase in the No.12, pp-3335 - 3342, 1981.
initial concentration of magnesium ions up to about 2 Inoue. Y. and Yamazaki, Y., Studies
0.1 M. Between 0.02 M and 0.1 M, the ) ’ of hydrous tin (IV) oxide ion-
adsorption on the other samples was approximately exchangers Bull. Chem. Soc.
proportional to the initial concentration of 7 =
magnesium ions. For concentrations less than 0.02 %%8, ‘;0;5525, No.12, pp 3742
M, tin (IV) antimonate adsorbed more magnesium : 4 i

than did tin (IV) tungstate; between 0.02 M and 0.1 3. Qureshi, M., Kumar, R. and Rathore,

M the reverse was the case.

Table 1 gives the calculated distribution
coefficients of nickel and magnesium on the four
samples. From the values it is observed that the

H.S., Studies on chromium
(1Il) hydroxide, arsenate,
antimonate, molybdate and
tungstate._Talanta, Vol.19, pp

selectivity Ni> Mg is established on all the
samples. This trend is in agreement with the 4.
adsorption of these ions on synthetic organic resins
[6]. In table 2 are given both the ion-exchange

1377 - 1386, 1972.

Qureshi, M., Zehra, N Nabi, S.A.
and Kumar, V., Comparative
study of titanium (IV)-based
exchangers in aqueous and

Table 1: Kp Values for nickel and magnesium (in parentheses) mixed solvent systems.

Talanta, vol.20, pp 609 - 620,

Initial cation concentrations (mmol.dm™) of nickel and

Ion-¢xchanger magnesium 1973-
to 20 ) 60 | s0 | 100 5. Nyamah, D., Sorption of nickel on
Tin (IV) molybdate | 50.4 | 241 | 13.1 o1 | 74 | 63 cerium (IV)-based ion-
) @n| @asol oty | ey | 68 | 6.» -
Tin (IV) antimonate | 26.7 | 168 | 10.8 79 | 63 5.2 exchangers. Chem.Lett., pp
187 | aos)| 66 «n | 69 | o4
Tin (IV) tungstate (21,0 14.4 9.1} (6,9 {5.?) 5.0)I 163 = 166’ 1985 .
(14.2) 4) 6.5 (5.2 4.4 4.0 lenﬁmﬁ
Tin (V) arsenate 9.6 (:.3 il By e |54 6. Vogel, Textbook of <
an| enl an | e | a9 | o Inorganic Analysis, 4th Ed.,

Longman, London, p. 170,
1978.

Table 2 : lon-exchynpe capacities and per cent loss of
capacitly on repeated regeneration

Exchanger Capacity Per cent
(mequiv.g!) | loss (%)
Tin (IV) molybdate 0.89 44 8
Tin (IV) antimonate 0.81 15.4
Tin (1V) tungstate 0.78 231
Tin (1Y) arsenate ; 0.43 34 4

capacities and the per cent loss after 5
regeneration. It is observed that the amount of
nickel sorbed is proportional to the capacity of the
sample. The dependence of the exchange capacity
on the number of regeneration is of interest if the
samples are to be used in column operations. A
decrease in capacity after 5 regeneration is
observed for all the samples; tin (IV) molybdate
had the greatest per cent decrease, and tin (IV)
antimonate the smallest. The decrease in exchange
capacity is probably due to the dissolution of the
exchanger in the trioxo nitrate (IV) acid during
regeneration. However, it can be observed from
Figure 3 that the exchange capacities approach
minimum values.
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