
International Conference on MZXRDOUSWASTE rSmree*,
12-16 December 19QS, Cairo-Ezvpt

TR-6

Synthesis and Characterization of Silicon Titanate as Cation
Exchanger and Their Use in the Treatment of Radioactive Liquid

Waste

I.M. El-Naggar, N. Belacy, D.A. Mohamed, M.M. Abou-Mesalara
and H.F. Aly

Hot Laboratories Centre, Atomic Energy Authority, P.Code 13759, Cairo, Egypt

, _ » ^ , _ p _ , , _ , _ — IIIIIRII Illll I l l l •(IIIIBUI • • • • • • • • • I I I " II"

ABSTRACT EG0000187

A new class of inorganic ion exchanger called crystallise silicon ritanates has
excellent chemical and radiation stability. The materials exhibited high selectivity
for the ion exchange of cesium, strontium and several other radionuclides from
highly acidic solutions. The ion exchange capacity was determined for Na*, Cs*, Coz+

and Sr2+ ions and found to be 1.17,1.9,1.38 and 1.52 meq./g, respectively. Besides,
the drying temperature of silicon titanates have a profound effect OH the ion
exchange capacities and distribution coefficient values of the above mentioned
cations. Moreover, the studied results of distribution coefficient indicating the
ability of separation of these radionuclides from radwaste solutions.

Key Words: Synthesis / Characterization / Silicon titanate/Ion exchange /sorption /
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INTRODUCTION

The selectivity of an ion exchange rnaterial depends considerably on the specific interaction of the
counter ions with the exchanger. This interaction varies with the chemical composition of the
exchanger which can be altered with greater ease and facility inorganic materials than in the organic
ones *'\ The synthesis of new inorganic ion exchangers is therefore of outstanding analytical interest.
The imponance of sysnthetic inorganic ion exchangers has increased due to their high selectivity,
stability at elevated temperatures and resistivity to the high levels of radiations{2l3).

This study was undertaken to obtain an ion exchanger, superior ion exchange properties and
stability over other similar materials. The present paper summarize the preparation, characterization
and analytical applications of silicon titanate.

EXPERIMENTAL

Reagents:
Boiled distilled water was used in the preparation process. All chemicals used of analytical reagent

grade and used without further purification.

Preparation of Silicon Titanate (SiTi): .
Silicon titanate was prepared by dropwise addition of equimolar solutions of sodium metasilicate

(0.6M) to titanium tetrachloride (0.6M) at Si/Ti molar ratio of 1.0 with continuous stirring in water
bath at 60°C. The mixed solutions were than immediately hydrolyzed in deionized water at 60°C. The
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white precipitate of silicon titanate was formed by addition of few drops of ammonia solution. Then
the precipitate was left to age in the mother liquor overnight, filtered and then washed with deionized
water. The white precipitate was dried at 60°C for 4 days and rewashed with near boiling deionized
water (70°C) in order to remove the air trapped and adherent fine particles, the white product was
ground and sieved to obtain a mesh sizes of 0.212-1.00 mm.

The total water contents of SiTi were determined by calcination of l.Og at 850°C and calculating
the % loss in weight.

Characterization of Silicon Titanate:
Measurement of X-ray diffraction were carried out using shimadzo X-ray diffractometer, XD-Di,

with a nikel filter and a Cu-Ka radiation. For ER. spectra measurements, FTIR spectrometer was used,
Bomem, MB-series and the measurements were carried out using KBr disc method.

Measurements of differential thermal analysis were carried out using a shimadzo DTA thermal
analyzer obtained from shimadzo "Japan".

Chemical Stability:
Chemical stability of silicon titanate was studied in water, nitric acid and hydrochloric acid by

mixing 50mg of SiTi and 50 ml of the desired solution with intermittant shaking for 48 h. The filterate
was tested for Si and Ti spectrophotometrically w .

Apparent Capacity Measurements:
The Na+, Cs+, Co2+ and Sr24" capacities of silicon titanate were measured by repeated batch

equilibrations of the sample with 0.1M of the desired solution in a shaker thermostat adjusted at
25±1°C, until saturation was attained. The capacity can be calculated from the following formula;

Ic - If
Capacity = x Co x V/m x N meq. g"

where, I,, : initial activity of solution.
If : final activity of solution at equilibrium.
Co : initial concentration of the ions.
V : volume of the solution, ml.
m : weight of the exchanger, g.
N : valence of the ions.

Distribution Studies:
O.lg of the exchanger was shaken at 25±1°C with 10 ml (V/m = 100 ml g'1) of each of Cs+, Na\

Co2+, Sr2+ and Eu3+ labelled with l34Cs, 22Na, 60Co, S5Sr and IHI54Eu, respectively. After overnight
standing (sufficient to attain equilibrium) the mixtures were centrifuged and the acidity of the
solutions determined.

Distribution Coefficients (kj) were calculated from the following;

Ai-Af
kd = x V/m ml g*1

Af

where,
V = volume of solution (ml).
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m = weight of the exchanger (g).
Ai = initial counting rate in solution.
Af = final counting rate in solution.

Radiometric Assay:
The radioactivity was identified and measured by y-ray spectrometry using a TENNELEC

Multichannel analyzer coupled with a high purity Germanium Coaxial detector. A (Nal) scintillation
counter was used for ordinary gamma counting.

RESULTS AND DISCUSSION

Structural Features:
X-ray diffraction patterns for silicon titanate are represented in Fig.l and manifested that the

prepared sample dried at 50°C is amorphous structure and that no significant change occurs with the
heating temperature of the material in the investigated range, 50-400°C,

The infrared spectra of silicon titanate sample showed that the broad peak at ~3400 cm'1 is
characteristic '5' to the streching mode of free water and OH groups adsorbed on the titanate sample.
The strong peak at -1630 cm'1 also represents the bending mode of water molecules-adsorbed on
SiTi(6|7). The last two peaks at -1410 and -500 cm'1 are due to the Ti-OH deformation vibration(7) and
Ti-0 bonds^ in the structure, respectively. The decrease in water content of the sample, as
demonstrated by the decrease in band intensities of molecular water about ~3400 and 1630 cm-1 goes
parallel to the increase in heating temperature from 50 to 400°C as shown in Fig.(2).

Differential Thermal Analysis (DTA) for silicon titanate shows two characteristic endothermic
peaks, the first are due to loss of free water and the second endothermic peak corresponds to
crystillization of SiC>2. This support the fact that silicon titanate has a good thermal stability,
compared with other organic and some of inorganic ion exchangers(9).

The stability of the ion exchange sorbents to the chemical attack play an important role in their use
in acid medium. The results of chemical stability of silicon titanate in water, nitric and hydrochloric
acids show that the exchanger is very stable in water and acid solutions up to 6M KNO3. As well, SiTi
is physically quite stable up to 4M HCl and completely dissolved in solutions of 6M HCl.

The water content of silicon titanate was determined and showed that the % of water content are
9.64, 13.96 and 23.96% at 200,400 and 850°C; respectively.

Apparent Capacity Measurements:
The ion exchange capacities of SiTi heated at different temperatures are given in Table (1). The

data in the table showed that the ion exchange capacities for Na+, Cs+, Co2+ and Sr2^ are decreased
with increasing the heating temperatures from 50 to 400°C. This may be due to the loss of free water
which may act as exchangable active site for SiTi. Table (1) showed also that the order of selectivity
for these cations seem to be;

Cs*>Srll'>Co2+>Na<-

This trend may be attributed to the adsorption of these cations in the hydrated state, which increase
the electrostatic interaction of the Cs+ ion with the sites of the exchanger as a result of the higher
inability of Cs+ compare to Co2+, Sr2+ and Na+ ions which facilitate the higher adsorption of Cs1" with
SiTi.
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Table (1): Capacity of titanium silicate dried at different drying
temperature for Cs+, Na+, Co1+ and Sr2+ ions at
25±1°C.

Heating
Temp.,

°C

50

200

400

Capacity, meq./g

Cs+

1.9

1.0

0.7

Na+

1.17

0.70

0.60

Co2+

1.38

1.30

1.02

Sr2+

1.52

0.80

0.38

Cs+>Sr2+>Co2+>Na+

Distribution Studies:
Preliminary studies indicated that equilibrium was attained within 24 h, in a shaker thermostat, for

the exchange reaction.

The distribution coefficients of metal ions (Cs+, Na+, Co2+, Sr?+ and Eu3+) as a function of pH of
solution at constant concentration of the cations in the solutions [10'4M]. The linear relation between
log kd and pH was observed as predicted from the following equation;
The cation exchange reaction between H* and M"* is expressed as:

~~ (1)

For which the equilibrium constant, K, can be written as;

aM
K =

aHn aM

YM[ M ] yHn[H]n

y M [ M ] YHn[H]n

(2)

where a bar refers to the exchanger phase, a denotes the activity and y the activity coefficient. For the
sake of simplicity, the charge in the cations is omitted in the expersion. The distribution coefficient of
Mn+ is expressed as:

[ M ]

[ M ]
mlg1 (3)

when the amount of Mn+ uptaken is extremely small as compared with that of H*" in the exchanger, yH

and YM are regarded as constant. Moreover, YM/YHH is also constant if the ionic strength of the solution
is kept constant. Under such conditions, the following equation holds as follows

log kj = constant - n log [H]

which implies that a plot of log kd vs. log [H] should be linear with a slope of -n as showing in Fig.(3).
Figure (3) shows the pH dependency of kd values of Cs\ Na\ Co2+, Sr2+ and Eu3+. The linear relations
between log k,, and pH were observed for CS*, Na+, Co2*, Sr2+ and Eu3+ with slopes of the straight
lines were 0.6, 0.6, 0.7, 0.7 and 1.1, respectively, which prove the non ideality of the exchange
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reaction. These findings cannot be explained only in terms of the electrostatic interaction between the
hydrated cations and the anionic sites in the exchanger. It may therefore be considered that the
dependence of k<j for cations cannot be understood by a purely coulombic interaction with the anionic
sites, but may be due to the formation of a covalent bond similar to a weakly acidic resin, such as the
carboxylic acid and phosphoric acid resin, such interaction would be closely related to the ionic
potential of the cations(1Olll).

Figure (3) also showed that the cation exchange is probably the main mechanism of uptake of Na+,
Cs*, Co2'1', Sr"+ and Eu3+ ions by silicon titanate. It must be said here that trials to prove this
mechanism from log kd -pH plots at a low or constant load, giving slopes equal to the charge of the
sorbed ion (l ' \ were not successful with SiTi sample. This is probably due to the great complexity of
the system involving both cation and anion exchange. CV sorption may affect the cationic sorption of
the above cations by changing the pH of the solution and by competing for the exchange sites.
Besides, in view of the increase of Cl" sorption with the increase of the acidity and CH concentration
of solution, it is not expected that the activity coefficients in the solid, or the involved activity
coefficient ratios, will remain constant along the log kd - pH curves.

The heating temperatures have a profound affect on the sorption behaviours of Cs+, Na+, Co2+, Sr2+

and Eu3+ ions on silicon titanate where the kd values decreased to some extent values with increasing
the heating temperatures as shown in Figs.(4-8). Figures (4-8) show the ka values of Cs+,Na+, Co2+,
Sr2+ and Eu3+ ions, respectively, against equilibrium pH at different drying temperatures. From these
figures we found that as the heating temperature increase the ka values decreased for all the above
mentioned cations, which may be due to the loss of chemical bond and free water at relatively high
temperature which act as exchangable active site for silicon titanate as discussed above. '
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Fig.( 1): X-ray diffraction patterns of Silicon titanate at different
drying temperatures.
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Fig( 2 )• Infrared spectra of silicon titanate dryed at 50, 200 and 400°C.



0

Fig.(3): Kd values against equilibrium pH of 10'4 M Cs+, Na+, Co2+
; Sr24

and/or Eu3+ for Silicon titanate at 25+l°C.
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Fig.( 4): Kd values against equilibrium pH of lO^M Cs+ at different
drying temperatures of silicon titanate.
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Fig.(5): BCd values against equilibrium pH of lO^M Na+ at different
drying temperatures of Silicon titanate.
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Fig.(g): Kd values against equilibrium pH of lO^M Co2+ at different
drying temperatures of silicon titanate.
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Fig.(7): IQ values against equilibrium pH of lO^M Sr2"1" at different
drying temperatures of silicon titanate.

852



00

1
3
S

.22

oo

i
B

0 1

Fig.( 8 ): K<i values against equilibrium pH of lO^M Eu3+ at different
drying temperatures of silicon titanate.
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