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Preparation and Characterization of High Silica Molecular Sieve
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Abstract
A mordenite type of high silica molecular sieve with a formula composition
Na 32(AlO2)32(SiO2)i76l92H2O having a high molar ratio of SiO2/Al2O3

(5.4)with a percent yield of 98.76% has been prepared from synthesized
zeolite NaY and glycolato silicate on the basis of hydrothermal condition.
Zeolicate NaY and glycolato silicate were synthesized by using 98.34%
purified silica which was extracted from rice husk. The characterizations
with XRD, FT-IR .EDXRF .TG-DTA and SEM techniques were studied.
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Introduction

Rice husk is one of the major by-products derived from the milling of
paddy rice. The quality of rice husk depends on the kinds of paddy, grain type,
soil and climatic condition in which the paddy is cultivated.The utilization of
any rice husk will depend on its composition. Carbon and oxygen constitute
40 % and 36 % respectively with about 5 % hydrogen. The ash or residue is
about 19 %. The ash is made of silica, which constitutes almost 90-97 % with
small quantities of Ca, Mg, K, Na, P, S, Al, Mn and Fe(FAO,1997).

Zeolites are microporous crystalline solids with well-defined
structures. Generally, they contain silicon, aluminium and oxygen in their
framework and cations, water and/or other molecules within their pores. Many
occur naturally as minerals, and are extensively mined in many parts of the
world. Others are synthetic, and are made commercially for specific uses, or
produced by research scientists (Website,2Q03).

About 200 years ago, natural zolites such as natrolite, chabatite,
erionite, faujasite, clinoptilolite and many others have been known to be
useful filtrating aids in the treatment of water. They were also used in ion-
exchanges as well as catalysts. The catalytic nature of zeolite depends on the
SiCVAfeOs molan ratio of any impregnated metal ion. The greater the molar
ratio of SiCVA^Os, it is a common fact that the high silica zeolite make good
catalysts in reforming, cracking of petroleum and vegetable oils (Barrer,1978).
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The name 'zeolite' was derived from two Greek words 'zein' and 'litho'
which together mean "boiling stone". A defining feature of zeolite is that their
frameworks are made up of 4-connected networks of atoms. One way of
thinking about this is interns of tetrahedral, with a silicon atom in the middle
and oxygen atoms at the corners. These tetrahedral can then link together by
their corners to form a rich variety of beautiful structure as shown in figure 1.
The frame structure may contain linked cages, cavities or channels , which are
of the size to allow small molecules to enter, i.e. , the limiting pore sizes are
roughly between 3 and 10A in diameter.

cage

Figure 1.Framework structure of zeolites

Zeolite molecular sieve are crystalline structures on a molecular scale,
are not unlike sponges.They have a solid framework, defined by large internal
cavities where molecules can be adsorbed. These cavities are interconnected
by pore openings through which molecules can pass, and because of their
crystalline nature, the pores and cavities are all precisely the same size.
Depending on the size of the openings, they can adsorb molecules readily,
slowly, or not at all, thus functioning as molecular sieve, adsorbing molecules
of certain sizes while rejecting larger ones.

Synthetic zeolites can be manufactured to provide a wide range of
desired adsorption characteristics or selectivities, and can be used as catalyst
for numerous commercial applications. Traditional molecular sieve works as
desiccants, adsorbents, and ion exchangers. High silica zeolites can be applied
for the removal of organic bodies that can cause odours or affect taste within
food, beverage packing and catalyst (Website, 2003).

Zeolite may be represented by the empirical formula:

R.n2/nAl2O3.xSiO2.yH2O.
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In this formula x is normally > 2 since AIO4 tetrahedra are joined only to SiO4

tetrahedra; n is the cation valence (Kirk & Othmer, 1982).

Zeolites are colourless or white, amorphous powder or beads, partially
soluble in strong acids and alkali hydroxide solutions between 80 and 100 °C.
The more siliceous mineral zeolite mordenite was known with a SiCVAliC^
molar ratio of 5 and possessing superior stability characteristics, both thermal
and acid. Breck provided the first success in the quest with the discovery of
the third commercially important molecular sieve zeolite type Y, with a
.S1P2/AI2O3 molar ratio from 1.5 to 3.01, and a framework topology like that
of zeolite X and the rare zeolite mineral faujasite.

The stability characteristics vary substantially from a crystalline
decomposition temperature near 700 °C for the "low" silicate zeolites, to
above 1300 °C for silicalite. The low silica zeolites are at best "fragile" in the
presence of acid, whereas the high silica zeolites are completely stable even in
boiling, concentrated mineral acids. In contrast, the high silica zeolites show
decreased base stability.

Experimental

Preparation

The synthetic zeolite represented by high silica molecular sieve was
prepared from synthetic zeolite NaY and glycolato silicate ,f6rming a jelly
like material consisting of very fine grained suspended particles.

An accurate weight (Ca.5g) of prepared NaY zeolite and excess
amount of prepared glycolato silicate (25ml) were mixed with 100 ml of
distilled water in polypropylene flask.The mixture was stirred by a magnetic
stir at 90 °C for one hour until it becomes homogeneously dispersed/The
dispersed solution was transferred into a pressurized cooker.The pressurized
cooker was heated to 450 + 5°C for 4 hr.Then the solution was cooled and
transferred into a round-bottomed flask.The solution in the round-bottomed
flask was distilled at 230 + 5°C to remove unreacted glycolato silicate. The
remaining product was then sufficiently dried in a flow of pure nitrogen gas
to 450 +5°C for 2 hr. Then the temperature was slowly diminished from
450^C to 200°C in 1 hr; t he product was washed with 0.01M hydrochloric
acid solution followed by hot water.Finally,the zeolite product was dried at
110°C for 1 day.
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The experimental runs were made at least three times by the variation
of crystallization time and pH of zeolite NaY.

Characterization

Powder X-ray diffraction (XRD) pattern of prepared high silica
molecule sieve was recorded by using Rigagu D/max- B X-ray diffractometer
with nickel filtered Cu Ka radiation (X = 1.5406 A).FT-IR measurement was
done with KBr-pressed wafers on Genesis 2 spectrometer. EDXRF
measurement was carried out by Perkin Elmer 700, EDXRF spectrometer.
Scanning electron microscope was obtained in a JEOL JSM-5610, Ion
Sputter JFC-1600 at 20 kV. TGA-DTA thermal analysis of high solica
molecular sieve was done on a TG-DTA ( STA-449-CNET 25 CI).

Results and Discussion

Characterization by XRD.

The X-ray patterns of calcined high silica molecular sieve was shown
in figure 2. The calculated a values with corresponding intersities from the
hightest to lowest values were matched with those of the standard data from
the database of zeolite structure reportes in the literature. The XRD
measurements of high silica molecular sieve represent nearly the same
similarity to the reference 20 values of 22-25° .It was shown that the
compound was in agreement with the mordenite type zeolite. The crystal
structure of high silica molecular sieve can be know from the sharp peaks of
XRD patterns.

The molecular formula of high silica molecular sieve was calculated at
the values of 26 , d spacing and intensities of peaks. The molecular formula
of high silica molecular sieve is Na32(AlC>2)32 (SiO2) 176-192 H2O.
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Figure 2. XRD spectrum of high silica molecular sieve

Characterization by FT-IR

Figure 3 shows the characteristic FT-IR spectrum of high silica
molecular sieve. Variation of the frameworks of zeolite give rise typical
bonds in the mid- and far- infrared regions.The presence of Si-OH-AL bond in
a SiOH group in the prepared high silica molecular sieve is indicated by the
O-H stretching band at 3433cm*1.Typical for the spectra of aluminisilicate
lattice is so-called mid-infrared region of 400-1300cm*1 .The characteristic
bands assigned to internal tetrahedral and external linkages were observed
in the region of 550 to

1200 cm1.
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Figure 3. FT-IR spectrum of high silica molecular sieve

Characterization by EDXRF

Figure 4 shows the EDXRF spectrum of high silica molecular sieve.
This shows that the relative value 96.6% was present in the high silica
molecular sieve with small impurities.

Characterization by SEM

The scanning Electron Micrograph of synthesized high silica
molecular sieve was shown in figure 5.The SEM photogram of 10 jam
indicates more or less the crystalline character. But in the case of
dealumination process of zeolite NaY , the surface morphology of high silica
molecular sieve shows the appearance of hexagonal shape.The diameters of
pores may be approximately 1-10 pm range.lt can be considered that tjie pores
are in the micro porosity sized particles , well separated form each other ,
with no tendency to form aggregates of the particles.
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Characterization by TGA-DTA

Figure 6 and Table 1 shows the thermogram and record data of high
silica molecular sieve. The stability of high silica molecular sieve can be
observed to occur from 40°C to 250°C. No clear cut DTA profile can
observed for this temperature, range. Phase change can occur from 300°C to
500°C.DTA profile indicates the endothermic peak at the maximum
481.17°C.

Table 1. Thermal Analysis Data for High Silica Molecular Sieve

TG
Temperature

(°Q

40-120

120-300

300-500

Break in
Temperature

120 °C first onset
temperature

300 bC second
onset temperature

500 °C third onset
temperature

Weight
Loss

- •

-

11.675%
1.201 mg

TG Remark

Stable

Stable

Dehydration

DTA Remark

-

Endothermic
max. 272.35 °C

Endothermic
max. 481.17 °C
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Figure 4.EDXRF spectrum of high silica
molecular sieve

Figure 5. SEM photogram of high
silica molecular sieve
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Figure 6.TGDTA Thermogram of high Figure 7.Effect of crystallization
silica molecular sieve time on the molar ratio of

(SiCVAkOa) and percent
yield of synthesized high
silica molecular sieve

The chemical analysis data of high silica molecular sieve shown in
Table 2 were the results determined by the effect of crystallization time. This
indicated the changes of chemical composition of high silica molecular sieve
with respect to the variation of crystallization time .As the crystallization
time increase , the molar ratio of S1O2 to AI2O3 also decrease.
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Table 2. Chemical Composition, (S1O2/AI2O3) Molar Ratio, Morphology
Nature and Yield Percent, of High Silica Molecular Sieve with
respect to Crystallization Time

Crystallization temperature = 105 ±5 °C

Crystallization
Time (hr)

1

2

3

4

Chemical Composition

(wt %)

SiO2

45.30

46.14

49.43

54.69

50.21

AI2O3

24.48

20.56

17.36

16.84

20.48

Na2O

12.60

12.28

11.85

10.06

11.26

H2O

17.62

21.02

21.35

17.87

18.05

S1O2/AI2O3
Molar Ratio

3.14

3.81

4.84

5.45

4.16

Yield
(%)

85.95

91.50

94.06

98.76

91.75

Morphological
Nature

Amorphous

Amorphous

Crystalline

Crystalline

Crystalline

Conclusion

This investigation shows that the molecular formular of synthesized
high silica molecular sieve was found to be Na32(AlC>2)32 (SiC>2) 176-192 H20.
The percent yield of synthesized high silica molecular sieve was 98.76 %
having a molar ratio of 5.45 for four hours of crystallization time. XRD and
SEM identified to show that it has a crystalline structure and it has micropores
cavities.
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