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Abstract

Inorganic ion exchangers behave quite differently from the point of view of their swelling
characteristics. Swelling in water is quite pronounced in clay minerals used as exchangers, but
in synthetic products from Zr or another group of four elements, the swelling characteristics
are quite different. Though the prepared product is hydrated to a great extent when they are
dried, they lose much of their water except those molecules which are linked to the structure
more strongly. If they again put in water, they do not absorb water to some extent. Though
they show swelling in many cases up to ~100%, this effect is negligibly small for samples
heated to higher temperatures. Zirconium phthalate and Zirconium phthalophosphate have
been shown to give swelling of about 103-116% respectively. In general Zirconium Phosphate
products are denser and do not swell considerably. The newly prepared exchanger has also
been studied for its swelling characteristics.
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Introduction

After the discovery of fact that the insoluble compound obtained from Zirconium salts and
phosphoric acid can be used to separate uranium and plutonium from fission products (1, 2).
Zirconium phosphate becomes a model ion exchanger. The stability of this compound towards
ionizing radiation, high temperature, and many common chemical reagents has made an
important product which is of great use chemical processing contaminated moderator or
cooling in atomic reactor. To improve its ion exchanging properties a (3) tried to prepare an
exchanger of citric acid, similarly, phthalic anhydride was used to prepare zirconium
phthalophosphate (4), similar to zirconium phosphate, arsenate, tungstate or molybdate have
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also been prepared. some zirconium-based exchangers have been reported (5-9), In this
zirconium arsenate has been taken in place of phosphate, due to conditions of preparation for
zirconium arsenate are similar to those of zirconium phosphate (10,11). Carboxylic acid,
phthalic acid is used to prepare the proposed exchanger, Abbreviation used for Zirconium
Phthalo Arsenate, ZrPthAs,

Introduction of some acidic group in the zirconium arsenate and thus some zirconium-based
three-component ion exchanger has been prepared. Bi-functional cation exchanger, Zirconium
Phthalo Arsenate, ZrPthAs have been prepared from Zirconyl nitrate, Sodium Arsenate, and
phthalic acid in different molecular ratios. The swelling character of the exchanger throws
some light on the structure and hence also on their ion exchanging power, so the effect of
swelling in an aqueous and alcoholic medium was studied. This indicated a quite denser
structure of the product.

Experimental

1. Preparation of Zirconium (IV) salt, organic acid, and sodium arsenate solutions :

A.  Zirconium (IV) salt solution was prepared by taking 7.6 gm. Of Zirconyl Nitrate in
56.00 ml of 1.0N nitric acid. The solution so obtained was more than 0.5M in
strength.

B.  Sodium arsenate solution was prepared by dissolving 22.00 gm. Of sodium arsenate in
200 ml. of water.

C. Organic acid was dissolved in 2.00N sodium hydroxide to give a solution of
concentration slightly greater than 1.00M. Thus the succinic acid, phthalic acid, and
anthranilic acid solution were prepared by dissolving 3.98, 5.0, and 4.6 gm
respectively of acid in 58.00 ml of 2.00N sodium hydroxide.

2. Procedure for preparing the new exchangers
Preparation of exchanger with zirconium: organic acid: Arsenate in ratio,1:1:1. In zirconyl
nitrate solution (solution A) was taken in 400 ml beaker added solution of organic carboxylic
acid (solution C) with stirring. This formed a thick white precipitate of the complexed
zirconium compound. It was then quickly poured into a 50.00ml solution of sodium arsenate
(solution B) taken in another 400 ml beaker with a magnetically driven stirring device. The
mixture was stirred vigorously using the magnetic stirrer for about half an hour. The
precipitate so obtained filtered and washed many times with distilled water. The filtrate was
tested for the presence of nitrate ions and washing was continued till the precipitate was free
from nitrate ions. The precipitate was then dried in an electric oven at 100+0.1°C. This
provides an amorphous gel-type exchanger. This product after drying was again submerged in
water and grounded. It was then filtered and dried again at100+0.1°C.
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3. Swelling characteristics of exchanger

A fixed volume of the exchanger was filled in the specially prepared glass cylinders. Then the
required solvent was added to cover the resin completely. It was added in sufficient excess to
allow complete swelling for the material. The air bubbles were removed by tapping these
cylinders.

The cylinders so filled were kept overnight for the exchanger to swell completely. After this,
the volume changes were again read off and noted. The swelling was calculated as a
percentage change in the volume of the exchanger. The swelling study was carried out in
water 100%, water-ethanol (50-50%), water-ethanol (25-75%), and ethanol 100%.

Table 1:Swelling characteristics ZrPthAs in Water- Ethanol medium

SN Solvent Resin Volume | Resin Volume Swelling
Composition before adding | after adding Percentage
solvent, ml solvent, ml
0
1 Water 100%, 0.75 0.77 +2.66
2 Water-
Ethanol (50-
50%) 0.80 0.78 -2.50
3 Water-
Ethanol (25- 0.82 0.80 -2.43
75%),
4 Ethanol
100%. 0.80 0.77 -3.75

+ Swelling represents actual Swelling of the exchanger and

- Swelling represents a contraction of the exchanger
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Fig 1. Comparison of swelling characteristics ZrPthAs in Water- Ethanol medium

Result and discussion

Showing swelling of resin in water 100%, from 0.75 to 0.77 i.e.+2.66%, Showing contraction
of resin in Water- Ethanol (50-50%) from 0.80 to 0.78, in Water- Ethanol (25-75%) from 0.82
to 0.80 and in Ethanol 100% from 0.80 to 0.77.Comparative data are given in Table-1. The
swelling has been shown as a positive change, while a decrease in volume has been shown as
a negative change and a comparison of swelling and contraction of resin is shown in Fig 1.
Very little swelling in water shows a quite denser structure of the ZrPthAs.

Conclusion

1. The prepared exchanger shows very little swelling +2.66% in water.
In Ethanol 100%, the exchanger contract -3.75 a bit rather than swelling.
3. In mixed water — Ethanol solutions there is contraction rather than swelling.

N
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