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ABSTRACT :

Zeolites synthesized from coal fly ash were attracting huge attention in current era of research because
of their uncomplicated, unhazardous synthesis way. The eto-frfendjx properties have opened a wide field of
applications of using these materials in different technologically important fields such as catalysis, adsorption
and gas separation. Hence, the commercial zeolite ZSM-5 and zeolite Y with their modified forms which were
synthesized from coal fly ash is used to test their applications as adsorbents and ion conducting materials

mainly related to the chemical composition, Si/Al ratio, the type of exchangeable cations, degree of
exchangeable cations, the state of hydration and temperature.

Compared with other ionic crystalline solids, zeolites have g high electric conductivity. This conductivity
results from the great mobility of exchangeable cations. Thus zeolites can be regarded as weak electrolytes.
Their conductivity is of the cations between close sites. Dc conductivity of modified form of ZSM-5 and Y were
studied.
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INTRODUCTION:

The study of variation of DC conductivity with 1000/T over fly ash prepared HZSM-5, HY and their
modified form with Cd++ and Zn++. The circuit diagram is as shownrin Figure -1 It contains ionic conductivity
cell, muffle furnace, DC source, DC voltmeter, DC micrometer. Its melting point is 1500 0C and low
coefficient of thermal expansion. The pellet of sample under study can be sandwiched between two brass
electrodes, B1 and B2, which internally make good contacts with the central rod F and one supporting rod G

All the samples of the modified forms of zeolite were pelletized under an appropriate amount of
pressure of 5 tons.' The diameter (d = 13mm) and thickness (t = 1mm) of sample pellet is measured. The
pellet is placed between two brass electrodes of the conducting cell. The central rod is tightened to make
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centigrade. The current is noted at a constant known voltage at different temperature when substance is
allowed to cool

The type of zeolite used is called Mobil Synthetic Zeolite Z5M-5, which was developed by Argauer
and Landolt in 1972. Since its inception, ZSM-5 has been widely used for hydrocarbon inter conversion in the
petroleum industry. ZSM-5 zeolites in protonic type (HZSM-5) have been extensively used in this research®.
The topology of the zeolite framework is given by a unique three-letter code, which is not related to the
composition of the material. Generally, based on the pore openings zeolite ZSM-5 is a medium pore zeolite
material with Mobil Five (MFI) topology.

The MFI structure is built up by ** secondary building units (SBU); the smallest number of TO4 units,
where T is Si or Al, from which zeolite topology is built which are linked together to form a chain and the
interconnection of these chains leads to the formation of the channel system in the structure Faujasite Y is
according to the International Zeolite Association, the structure is a FAU type®? which crystallizes in the
cubic space group Fd; m with a lattice constant ranging from about 24.2-25.1A, depending on the framework
aluminum concentration, cations, and state of hydration.This zeolite is most conveniently visualized as being
formed from 24- tetrahedra cubic octahedral units (sodalite cages), joined through hexagonal prisms (also
known as double 6-rings), The structure can be viewed as the diamond structure, with the sodalite cages
playing the role of carbon atoms, and the double 6-rings the role of C-C bonds

Zeolite Y is the most important catalytic zeolite, and is generally synthesized in the Na form. Most of
the catalysis of interest is acid catalysis, which requires replacing the Na cations by protons, converting the

due to their potential applications in various electrochemical devices such as fuel cells, batteries, sensors
and electro chromic display devices™. Although, a vast number of various solid electrolytes have already
been identified but the development of chemically and thermally stable super ionic conductors still remains
one of the prime goals of research in solid state electrochemistry and material science. Currently

spectroscopy. Zeolite contains mobile cations which are located in sites, in cavities, on the channel walls and
free within the channels co-ordinate with water molecule™. These cations compensate the negative charge
of the zeolite framework. Since cations are free, they can'move to new positions under the influence of an
external electric field, which causes the electric charge transport. If's conductivity and dielectric relaxation.
Compared with other ionic crystalline solids, zeolites have a high electric conductivity***%, This conductivity

Their conductivity is of the cations between close sites. The mobility of exchangeable cations in zeolites has
- Beattie and Dyer have shown that electrical
conduction of zeolites occurs by the migration of cations41. At room temperature the conductivity increases
sharply on adsorption of water in the zeolites. Freeman and Stamires served a strong dependence of
activation energy on the type of cation in ZSM-5 and Y type zeolite and proposed the existence of at least
two types of cation sites?*?5,
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EXPERIMENTAL:
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Figure -1: Circuit diagram to measure DC conductivity

RESULTS AND DISCUSSION:
D. C. Conductivity of HZSM-5 and modified forms of HZSM-5 with Cd++ and Zn++:

Figure -2 represent the plot of variation of dc conductivity with 1000/T of HZSM-5. From the
conductivity plot of HZSM-5 sample it is observed that as temperature increases the conductivity increases
linearly. With pure ZSM-5, in which less number of mobile free carrier are available hence the density of
mobile ions for conductions leads to the less conductivity. It could be expected that exchange with high
mobility protons H+ would create an increase of the conductivity. In case of modified HZSM-5 samples with
divalent Cd++ and Zn++ the conductivity is also high for high temperature. But the conductivity for H+ forms
was sharper than divalent metal forms of ZSM-5 which is illustratifg in the Figure 3.8 and Figure 3.9. This
may be due to increased ionic radii of zinc and cadmium with respective to protons, which has been
suggested as a potential reason for the increased activation energy and decreased conductivity of the metal
modified zeolite.

Another reason may affect that, in zeolites, the anionic framework sites are created by framework
aluminum and are univalent 49. During the ion exchange two of these univalent sites must be in an

occur at that temperature. The deviation from straight line behavior in the low temperature region is further
dependent on the relative importance of two phenomenons: lonic conductivity and dipole absorption
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Fig. 3 : D.C. conductivity of fly ash synthesized HZSM-5 and
Cd ZSM-5 (2wt %), Cd 2SM-5 (4wt %) and Cd ZSM-5 (6 wt %) Zeolites
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" Fig. 4: D.C. conductivity of fly ash synthesized HZSM-5 and
Zn Z5M-5 {2wt %), Zn ZSM-5 (4wt %) and Zn ZSM-5 (6 wt %) Zeolites

From the above observations the conductivity is greater in H-ZSM-5 sample than Zn (2wt%, 4wt%
and 6wt %) ZSM-5 and Cd (2wt%, 4wt% and 6wt %) ZSM-5. The variation of the conductivity as a function of

that at higher temperature the conductivity is high and it linearly reduces with temperature. It is observed
that the as the metal percent of divalent cations increases the activation energy increases which leads to
decrease in conductivity
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D.C. Conductivity of HY and modified forms of HY with Cd++ and Zn++;

Zeolite Y have received the greatest attention in literature on the conducting properties of zeolites,
perhaps due to early reports revealing a high frequency relaxation in these materials, or because of the
wealth of crystallographic knowledge pertaining to the FAU structure, i.e., aluminum framework sites, cation
positions, etc. Fig. 4 represent the plot of dc conductivity verses temperature (1000/T) of HY. It is seen that
in all the modified forms of Y samples with Zn++ and Cd++, the conductivity is high for high temperature. It
observed that conductivity increases with increasing temperature. For each sample the linearity predicted by
Arrhenius law is almost perfect in the region of the higher temperature (H.T.). At low temperature (L.T.)
important deviations of linear behavior are observed. The specific conductivity is greater in HY sample than
Zinc and Cadmium modified forms with the different metal ion percents.

This is because protonic forms mobility values are much greater when compare to the Zinc and
Cadmium ions due to its structural features. In zeolite Y, activation energy for cation transport was observed
to monotonically increase with increasing cation percent; this was attributed to decreased electrostatic
interaction between the charge balancing cation and the anionic framework site. As the metal ion percent of
zinc and cadmium increases (in the exchange solution) the same trend was observed as that was observed
for zeolite ZSM-5 samples. Cd (6wt %) Y sample given lowest conductivity when compared with the other
2wt% and 4wt% of CdY forms. The variation of the conductivity as a function of nature of exchangeable
cations follows the order H+ > Zn++ > Cd++ for Y zeolite.

HY zeolite
S
O
)
e
o
)

(483 [ERES 1§ 11 1.

1000/T (K'Y

Fig. 4 : D.C. conductivity of fly ash synthesized HY Zeolites

Dielectric study of H+, Zn++ and Cd++ modified Zeolite ZSM-5 and Zeolite Y synthesized from fly ash:

The dielectrical studies have been performed on pre and post modified forms of zeolites ZSM-5 and
Y. These studies deal with the influence of absorbed molecules or cation exchanges on electrical properties
of the sample. Electrical conductivity and dielectric properties have been experimentally studied for many
synthetic and natural zeolites, with various cationic compositions (di-valent cations with increasing cation
concentration) in the presence of different adsorbents or in dehydrated form. At low frequencies (up to 10
MHz) dielectric properties are dominated by cation jumps between sites located at the same or different
zeolites cavities. Thus they are very important to understand ion exchange, molecular sieve effects or high
temperature catalysis and also to evaluate zeolites as a solid electrolyte. Local (intra sites) motions are
expected to contribute at higher frequencies.

SUMMERY AND CONCLUSION: .

The dc.conductivity, dielectric properties of HY, HZSM-5 zeolites prepared from coal fly ash and their
modified forms were measured. In our observations Conductivity as a function of nature of exchangeable
cations follows the order HY > ZnY > CdY zeolite and H ZSM-5 > Zn ZSM-5 > Cd ZSM-5 zeolite. In both the type

‘_'_——._'__._,_,_ﬂ
.-'JR;«:CJP;&L )




Review of Research : Volume - 1 | Issue - 2 | March - 2019

of the samples as the metal percent increases the Al frame work content decreases and the conductivity
decreases. In ZSM-5 samples, the conductivity is high for high temperature. In the case of zeolite Y samples
as the temperature increases sudden drop in the conductivity was observed in the case of H+, it may appear
due sudden decrease in framework aluminum content. Further for each sample the linearity predicted by
Arrhenius law is almost perfect in the region of the higher temperature (H.T.). At low temperature (L.T.)
important deviations of linear behavior are observed in both type of sample. The deviation from straight line
behavior at high temperature region is dependent on the relative importance of lonic conductivity and
dipole absorption.

From the observations it is learnt that at higher temperature the conductivity is high and it linearly
reduces with temperature. In the study of dielectric constant as a function of frequency the dielectric
constant continually increases as frequency decreases, all metal loaded zeolite samples shows the same
pattern. The dielectric relaxation in zeolites is assumed to be due to a change of dipole moment vector,
formed between the cations in the cavities and framework anions, when the cations migrate. The adsorbed
polar water affects the relaxation phenomenon. In our observations metal loaded zeolites capacitance,
dielectric constant (¢') decreases as the frequency increases this was verified by the literature that due to
the decrease in the dipole distance the freedom of the lattice decreases which in turn changes the electrical
properties of the zeolites. '
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