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Separation of lons on Columns of Cerium(lV) Silicate,
A New lon Exchanger

M. GHANNADI-MARAGEH,* S. WAQIF HUSAIN, A. R. KHANCHI,t
and S. J. AHMADY

JABER IBN HAYAN RESEARCH LABORATORIES
ATOMIC ENERGY ORGANIZATION OF IRAN
P.O. BOX 11365/8486, TEHRAN, IRAN

ABSTRACT

Six different samples of a new inorganic ion exchanger, cerium(lV) silicate, have
been prepared under varying conditions. lon-exchange capacity, IR, X-ray, thermo-
gravimetry, composition, and distribution coefficients of many metal ions have been
studied and discussed. Separations of Cr'''-vV, cu"'-Bi"", Ti'V-CrV!, and Cr'"'-CrV!
have been developed on columns of this ion exchanger.

INTRODUCTION

Synthetic inorganic ion exchangers have found wide use in separation sci-
ence due to their selectivity toward certain elements (1). They are also stable
both chemically and thermally. Silicates form one of the most important
classes of these ion-exchange materials with applicationsin nuclear and envi-
romental areas (2—8). In continuation of our work on the synthesis of some
new inorganic ion exchangers (4, 5, 9, 10), we found cerium(IV) silicate to
have useful ion-exchange properties. The present paper describes the synthe-
sis, ion-exchange properties, and analytical applications of cerium(lV) sili-
cate.

* To whom correspondence should be addressed.
T Present address. Chemistry Department, Faculty of Science, University of Tarbiat Modarres,
Tehran, Iran.
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EXPERIMENTAL
Reagents
All the chemicals used were from E. Merck (Analytica Grade).

Apparatus

pH measurements were made with a Schott CG841 pH-meter (Germany).
A Perkin-Elmer IR-843 Spectrometer was used for IR studies. X-ray studies
were made with a Jeol Model GDX-8030 (Japan). Thermogravimetric analy-
sis was performed on a Dupont Model 951. Quantitative determinations of
inorganic ions were carried out using an atomic absorption spectrometer
(AAS, Model 20 Varian) and an inductively coupled plasma spectrometer
(ICP, Model 5500 Perkin-Elmer).

Preparation of Cerium(lV) Silicate

Six samples of cerium(lV) silicate were prepared by gradually adding so-
dium silicate solution to cerium(lV) sulfate solution under the various condi-
tions given in Table 1. While the reaction mixture was thoroughly stirred
with amagnetic stirrer, the pH of the system was increased slowly by adding
NaOH or NH,4OH to the desired final pH for completion of gel formation.
The gel formed was allowed to settle overnight. It was then filtered off and
washed five times with demineralized water and dried in an oven at 50°C.
The samples were finally converted into the H" form using 1 M HNOs.

TABLE 1
Synthesis and Properties of Cerium(IV) Silicate
Analytical data
Cation-exchange
Concentration Mixing Gel 2 capacity (meg/g)
Sample of reagents  volume ratio, finad  Composition,
Sample code (M) Ce:Si (vIv) pH CelSiOs pH3 pH9 pHI11
1 Cs1 0.05 1.2 7.9 0.91 0.6 1.0 16
2 RCS-1° 0.05 1:2 12.1 0.96 0.1 0.9 16
3 CSs2 0.05 1.2 5.1 127 05 1.0 18
4 CSs3 0.1 1:1 8.4 2.20 0.3 0.9 19
5 CS4 0.1 1:3 9.0 0.60 0.6 12 22
6 CSs6° 0.05 1:3 9.2 0.92 0.4 11 19

aThe pH was adjusted by adding NaOH or NH,OH solutions for completion of gel formation.
b Refluxed in mother liquor for 24 hours.
¢ Refluxed in mother liquor for 2 hours.
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lon-Exchange Capacity

The cation-exchange capacity of each sample was determined using NaNOs
solution at different pH values according to the reported methods (11, 12).

Composition

250 mg portions of the ion-exchanger samples were decomposed in 10 mL
hot 4 M NaOH and then digested in dilute HNOs (1:1). Cerium and silicon
were determined volumetrically (13) and by atomic absorption methods (14),
respectively.

Distribution Coefficients

The distribution coefficients (Kq) of metal ions in agueous media were
determined by batch operation (15). 200 mg of an ion exchanger (CS-1, RCS-
1, CS-2, CS-3, CS4, CS-6) was equilibrated at 25 + 0.1°Cin 20 mL of 1.25
X 10™* M metal ion solution. The metal ions were determined with AAS
or ICP (16) methods.

RESULTS
X-Ray Analysis

X-ray diffraction patterns show that al the samples are noncrystalline ex-

cept sample RCS-1 which is weakly crystalline in nature.
Infrared Absorption Spectra

IR spectra of samples were measured by the standard KBr disc technique.

The IR spectrum of Sample CS-4 is recorded in Fig. 1.
pH Titration

The pH titration of the ion exchanger was performed by the method of
Topp and Pepper (17). The pH-titration curve of Sample CS-4 is given in
Fig. 2.

Thermogravimetric Studies

Thermogravimetric analysis of various samples was carried out with a
heating rate of 10 K/min. The thermogram for Sample CS-4 in H* form is
recorded in Fig. 3.
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FIG. 1 Infrared spectrum of cerium(IV) silicate (CS-4).

Chemical Stability

All six samples are stablein water, dilute mineral acids, ethanol, methanol,
acetone, and ether. However, when heated in concentrated HCl and 4 M
HNO3 or 4 M NaOH, they gradually decompose.

DISCUSSION

The properties of inorganic ion exchangers vary widely by changing the
conditions of their preparation (9, 10, 18). The mode of preparation has a
significant effect on the size and shape of the cavities inside the exchanger
and its chemical stability. Six different samples of cerium(lV) silicate were
prepared under various conditions.

The infrared spectrum of cerium(IV) silicate recorded in Fig. 1 can be
explained on the basis of IR data for silicates (4, 6, 15). The first band with
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FIG. 2 pH-titration curve for cerium(lV) silicate (CS-4) ion exchanger.
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FIG. 3 Thermogram of cerium(lV) silicate (CS-4).
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amaximum at 3440 cm~! is due to interstitial water and hydroxyl groups.
The sharp peak at 1610 cm™! is due to the deformation vibration of the free
water molecules. The very sharp peak at 1400 cm™1 is due to the presence
of nitrate ion (19), which supports the amphoteric behavior (20), here shown
by cerium(lV) silicate ion exchanger. The band at 1020 cm~! and a peak at
800 cm™* are characteristic of silicates. The peak at 440 cm™! is associated
with the metal—oxygen bond.

The pH-titration curve of the ion exchanger recorded in Fig. 2 shows one
inflection point, indicating that the ion exchanger behaves as a monobasic
acid. It is inferred from the curve that the ion exchanger is not appreciably
hydrolyzed in acid media. Thereis a corresponding increase in the pH of the
solution with a slow increase in the OH™ concentration.

The thermogram for Sample CS-4 in H* form is recorded in Fig. 3 and
can be explained as follows; Up to 383 K the mass loss is due to removal
of free external water molecules. Condensation of exchangeable hydroxyl
groups takes place from 383 to 673 K whichisthe usual behavior of synthetic
inorganic ion exchangers (6). Above 673 K the gradual lossin massis proba-
bly due to the formation of oxides of cerium (9). The curve pattern shows
that it is a stable ion exchanger up to 900 K.

X-ray studies of al samples at 298 K give XRD patterns which show that
they are noncrystalline, except for Sample RCS-1 which isweakly crystalline
in nature. However, after calcination, the x-ray diffraction patterns of the
samples show that their crystallinity is dlightly improved between 773 and
1073 K, while Sample RCS-1 shows an improved semicrystalline pattern.
(Powder x-ray diffractograms are not included to save space.)

The distribution coefficients of inorganic ions on this ion exchanger
(Table 2) show good selectivity of this materia for a number of ions in
water. On the basis of the results recorded in Table 2 it may be inferred
that cerium(lV) silicate behaves as a good anion exchanger in the low
pH range, showing a high affinity for anionic species and also a weak
uptake of cationic species, resulting in low Ky values for a number of
elements. This is supported by an increase of the cation-exchange capacity
of cerium(lV) silicate ion exchanger at high pH values (Table 1). Ampho-
teric ion exchangers act as anion exchangers at low pH values and act
as cation exchangers in the high pH range (20). The utility of this ion
exchanger has been demonstrated by achieving separations of great analyti-
cal significance. For example, CrV' was separated from Cr'"' and Ti'V
(Figs. 4 and 5). The presence of CrV' and its separation from Cr''' in
water is of prime environmental importance (21). Here Cr¥' is highly
adsorbed on the column at acidic pH (Table 2) as an anionic species,
while Cr'"" and Ti'V are passed through the column as cations due to their
low Kqy values. Later, by using an ammonia solution, CrV' is eluted from
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FIG. 4 Elution curve of Cr(I11)-Cr(VI). (a) Demineralized water, 0.5 mL/min; (b) 0.25%
NH4OH, 0.5 mL/min. lon exchanger: 2.0 g CS-4.
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mL/min. lon exchanger: 2.0 g CS-4.
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FIG. 6 Elution curve of separation of Cr(l11)-V (V). (@) Demineralized water, 0.5 mL/min;
(b) 1% NH4O0H, 0.5 mL/min. lon exchanger; 2.0 g CS-4.
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FIG. 7 Elution curve of separation of Cu(ll)-Bi(lll). (a) Demineralized water, 0.5 mL/min;
(b) 0.5 M HNOg3, 0.5 mL/min. lon exchanger: 1.0 g CS-2.
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the column. This is because the cation-exchange nature of this ion exchange
is enhanced at a higher pH, thereby releasing the CrV'. Titanium and
vanadium are toxic and form alloys with chromium, which always interferes
in their determination and has led to the lack separation methods (22).
However, their separations have been accomplished on this ion exchanger
(Figs. 5 and 6). Similarly, the rather difficult separation of Cu"-Bi"' has
also been performed with ssimple eluents (Fig. 7).

In addition to the nature of this ion exchanger, various factors such as
swelling, formation of complexes, nature of the chemical bond, and solvent
distribution may be responsible for the wide variation in the distribution coef-
ficient (Table 2) values (23), which offers many possible separations of toxic
metal ions from agueous systems.

ACKNOWLEDGMENT

A.R.K. isthankful to The University of Tarbiat Modarres for some facili-
ties.

REFERENCES

1. M. Qureshi and K. G. Varshney (Eds.), Inorganic lon Exchangers in Chemical Analysis,
CRC Press, Orlando, FL, 1991.
2. H. Minato (Ed.), Proceedings of the International Symposium for Mineral Property and
Utilization of Natural Zeolites, JSPS, Tokyo, 1994.
3. H.G. Kargeand J. Weitkamp, Zeolite Science; Recent Progress and Discussions, Elsevier,
Amsterdam, 1995.
4, M. Ghannadi Marageh, S. W. Husain, A. R. Khanchi, and S. J. Ahmady, Appl. Radiat.
Isot., 47, 501 (1996).
S. W. Husain, M. Ghannadi Marageh, and M. Anbia, |bid., 44, 745 (1993).
K. G. Varshney, S. Agrawal, and K. Varshney, Sep. Sci. Technol., 18, 59 (1983).
K. G. Varshney, U. Sharma, S. Rani and A. Premdas, Ibid., 17, 1527 (1982).
K. G. Varshney and A. Premdas, J. Lig. Chromatogr., 4, 1247 (1981).
S. W. Husain, M. Ghannadi Marageh, and S. Rasheedzad, J. Radioanal. Nucl. Chem.,
84, 239 (1984).
10. S. W. Husain, S. Rasheedzad, J. L. Manzoori, and Y. Jabbari, Sep. ci. Technol., 17, 935
(1982).
11. M. Sugita, M. Tsuji, and M. Abe, Bull. Chem. Soc. Jpn., 63, 559 (1990).
12. M. Abe, M. Tsuji, S. P. Qureshi, and H. Uchikoshi, Chromatographia, 13, 626 (1980).
13. A.l. Vogel, Textbook of Quantitative Inorganic Analysis, Longman, London, 1979, p.
368.
14. B.Welz, Atomic Absorption Spectrometry, 2nd ed., VCH, Weinheim, 1985, pp. 323-324.
15. K. G. Varshney, S. Agrawal, K. Varshney, U. Sharma, and S. Rani, J. Radioanal. Nucl.
Chem., 82, 299 (1984).
16. R.K.Winge, V. A. Fassdl, V. J. Peterson, and M. A. Floyed, Inductively Coupled Plasma
Atomic Emission Spectroscopy, Elsevier Science, Amsterdam, 1985, pp. 95-197.
17. N. E. Topp and K. W. Pepper, J. Chem. Soc., (A), p. 3299 (1949).

© 00N U

MaRcEL DEKKER, INC.
270 Madison Avenue, New York, New York 10016

Copyright © Marcel Dekker, Inc. All rights reserved.

)



11:16 25 January 2011

Downl oaded At:

ORDER | _=*_[Il REPRINTS

SEPARATION OF IONS ON COLUMNS OF CERIUM(IV) SILICATE 229

18.

19.

20.
21.

22.
23.

S. K. Srivastava, R. P. Singh, S. Agrawal, and S. Kumar, J. Radioanal. Chem., 40, 7
(2977).

K. Nakamoto, Infrared and Raman Spectra of Inorganic and Coordination Compounds.,
Wiley, New York, NY, 1986, p. 124.

A. K. Deand S. K. Das, Sep. ci. Technal., 13, 465 (1978).

P. MacCarthy, R. W. Klusman, S. W. Cowling, and J. A. Rice, Anal. Chem., 67, 525R
(1995).

E. Berman, Toxic Metals and Their Analysis, Heyden, London, 1980.

M. Qureshi, N. Zehra, S. A. Nabi, and V. Kumar, Talanta, 20, 609 (1973).

Received by editor January 14, 1998
Revision received May 1998

Copyright © Marcel Dekker, Inc. All rights reserved.

MaRcEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 o



Downl oaded At: 11:16 25 January 2011

Request Permission or Order Reprints|nstantly!

Interested in copying and sharing this article? In most cases, U.S. Copyright
Law requires that you get permission from the article’ s rightsholder before
using copyrighted content.

All information and materials found in this article, including but not limited
to text, trademarks, patents, logos, graphics and images (the "Materials"), are
the copyrighted works and other forms of intellectual property of Marcel
Dekker, Inc., or itslicensors. All rights not expressly granted are reserved.

Get permission to lawfully reproduce and distribute the Materials or order
reprints quickly and painlessly. Simply click on the "Request
Permission/Reprints Here" link below and follow the instructions. Visit the
U.S. Copyright Office for information on Fair Use limitations of U.S,
copyright law. Please refer to The Association of American Publishers
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted,
reposted, resold or distributed by electronic means or otherwise without
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the
limited right to display the Materials only on your personal computer or
personal wireless device, and to copy and download single copies of such
Materials provided that any copyright, trademark or other notice appearing
on such Materialsis also retained by, displayed, copied or downloaded as
part of the Materials and is not removed or obscured, and provided you do
not edit, modify, alter or enhance the Materials. Please refer to our Website

User Agreement for more details.

Order now!

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081S55100100646


http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=SS&title=Separation+of+Ions+on+Columns+of+Cerium%28IV%29+Silicate%2C+A+New+Ion+Exchanger&offerIDValue=18&volumeNum=34&startPage=219&isn=0149-6395&chapterNum=&publicationDate=01%2F29%2F1999&endPage=229&contentID=10.1081%2FSS-100100646&issueNum=2&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+11%3A33%3A33&publisherName=dekker&orderBeanReset=true&author=M.+GHANNADI-MARAGEH%2C+S.+WAQIF+HUSAIN%2C+A.+R.+KHANCHI%2C+S.+J.+AHMADY&mac=XQ$YHY6tZWYuGYGYaRgWTQ--

