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A comprehensive study of synthesizing zeolite nanoparticles, with the addition of
organic template, by reflux method has been chalked out to form crystals. The
method is effectivly for the synthesis of zeolite nanocrystals, incorporating alkali
metals, silica and organic template. The organic templates tetra-propyl ammonium
hydroxide (TPAOH), tetra-propyl ammonium bromide (TPABr) or (TPABr, N,N,N-
tripropyl-1-propanaminiumbromide), tetraethyl orthosilicate (TEOS) were added to
assist the formation of zeolite (Albite) crystals. A cross linker tetraethyl orthosilicate
(TEOS) was also mixed. Addition of carbon nanotubes (CNTs) and graphene oxide
(GO) resulted into a unique nano morphology of Albite (when the time of reaction
was less than 240 h). Effect of additives on morphology, particle size, crystal
geometry, surface area, and particle shapes was characterized with FT-IR, X-ray
diffraction, BET, EDX and SEM. For the practical point of view, Kevlar supported
polymer membrane with the Zeolite as catalyst is used. Results show that polymeric
supported fabric and catalyst supported fabric have same result with response to
mechanical testing. This suggest that the Kevlar supported polymer membrane has
potential application in industrial cables, asbestos replacement brake lining, under
water applications, tyres, and body armors.
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INTRODUCTION

eolites are micro porous and
hydrated aluminosilicate crys-
tals composed of an infinity

three-dimensional network of [SiO4]*~
and [AlO4]°~ tetrahedrally joined with
each other through one oxygen atom at
all possible sites to give a network, like a
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Owing to their high surface area, zeo-
lites are predominately used in ion
exchange resins, catalysis, adsorption,
and molecular packaging. Pores in zeo-
lite crystals at nanometer and sub
nanometer level provide defining char-
acteristics to zeolite to control shape
selectivity on a molecular level>=.
Organic templates seem to be very
important for the synthesis of desired
and demanding pore size structure of
zeolite crystal.

There is certain limitation of zeo-
lites as well which are generally hin-
dered the process for application.
The limitation includes the micro
porosity of bulky molecule, deacti-
vation by irreversible adsorption, high
acidic strength and the deposition of
metal oxide to the active side of the
substrate®. As the functional group
have greater polarity it is very dif-
ficult to utilize the shape sensitivity
of zeolites in chemical interactions.
Whereas, the pore structure has an
impact on selectivity and synthesis
of cavity or pore sized material. This
can affect the synthesis and applica-
tion of the zeolites’. There are different
methods used to synthesized zeolite
nanoparticles. Hydrothermal method
is the most common method used to
synthesized nanoparticle of zeolite.
The Si-O-Al is relatively easy to bond
which will impart the crystallization
around the particles under the induc-
tion of aluminum to formulate zeo-
lite material® . Another method is
phase transition that undergo solid-
state transformation mostly undergoes
decomposition reaction or changes in
symmetry rather than overall structure.
Sol-gel method is also used with reser-
vations. High speed synthesis attracted
the world by the Microwave method
which relay on their speed due to sig-
nificant enhancement in reaction rate,
which depends upon pseudo-study state
conditions. This implies with the sen-
sitivity of the activated site of the sub-
strate. Recently organic template assis-
tant method is used to cater the prob-
lem. This method has advantages over

other method due to its low cost, sen-
sitivity, porosity, pore volume, nano
synthesis and especially for environ-
ment friendly. I used organic template
assistant method to control pore size,
pore volume, surface area, crystallinity
and also adsorption'9~11,

Zeolite are used to reduce cost
for water purification and removing
of heavy metals and ammonia. The
physical properties of the zeolites are
strongly affected by the presence and
ratio of Si and Al. Secondly, the OH
changes the nucleation time by induc-
ing silicates to the solution phase!>~13.
Thirdly, the cation act as structure
directing agent and balanced the frame-
work. They also disturb the product
concentration and purity level of crys-
tals.The main problem is the cost and
availability of the raw materials mainly
the silica source for the synthesis of
zeolite crystals. Silica, from sand hav-
ing the different reactivity, selectiv-
ity and available in the form of the
sol-gel and powder form. Silica and
alumina chemicals as raw materials
is more expensive!*~13. So alternative
material such as coal ashes, munici-
pal solid wastes, clay minerals, incin-
eration ashes and the industrial waste
are the cheaper raw material for the
Zeolite synthesis. The main purpose of
synthesizing Zeolite is to reduce the
environmental problems such as for
the water purification and removing
of the heavy metals and ammonia'.
Zeolites act as catalysts for chemical
reactions!’. Essentially, Zeolites have
essential properties, which make them
particularly suitable as starting materi-
als for the preparation of catalysts!'3~19.
They are cation exchangers; hence
it is possible to introduce a large
variety of cations with different cat-
alytic properties into their intra crys-
talline pore system, which in turn
offers the opportunity to create differ-
ent catalytic properties, e.g., in acid or
metal-catalyzed reactions. Zeolites are
crystalline porous materials with pore
dimensions are in the same order as the
dimensions of simple molecules hence

they possess molecular sieving proper-
ties when the shape and size of a partic-
ular pore system exert a steric influence
on the reaction, controlling the access
of reactants and products!'220—21,

Generally, Zeolite can be synthe-
sized at high temperature that ranges
from 600°C to 900°C from differ-
ent time dilation. Template assisted
highly depends upon the time dila-
tion because at low temperature gel
formation need some time to develop
well define crystal of Zeolite and the
assisted template can be removed at
calcination temperature above 600 °C.
Different research associate are believ-
ing that, with increase in tempera-
ture, variable nuclei can induce crys-
tal formation’’~23. However, crystal-
lization process is slow process and
we know that almost all natural occur-
ring Zeolite often grow at low tem-
perature with the base line of alkaline
and saline lake system. The synthesis of
Zeolite crystal must require a homoge-
nized system of nuclei and simultane-
ously events leading to the formation of
gel particle?*—2>,

The recent research on template
assisted Zeolite at moderate tempera-
ture have become a wide range of inter-
est, in a desire pore size and geome-
try. Primarily we utilized tetra propyl
ammonium hydroxide and tetra propyl
ammonium bromide as in synthesis
of zeolite Nano crystal. In that solu-
tion, alkaline cation amount should be
appropriate to avoid flocculation of gel
particles. The SDA groups needs very
high temperature to establish poros-
ity. One drawback is that these organic
templates are mostly affected by envi-
ronment and not very economical, so
choice of the organic template is very
important. Today, Zeolites are sig-
nificantly used in variety of viable,
military, and industrial applications,
leading from water-softening in laun-
dry detergents to chemical weapons.
Kevlar is a synthetic fabric of para
amide. Para phanyleneterephthalamide
a very useful fabric and have important
role in modern world in different fields.
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It has a greater tendency to form a lin-
ear sheet like structure. It has a rigid
molecules structure and favor a con-
densation reaction. It is a woven mate-
rial which has high impact. It has low
thermal conductivity. It has high ten-
sile strength at low temperature as tem-
perature increases with time its strength
decreases. Due to its high tensile to
weight ratio it is lighter as compared
to steel. Therefore, it is used in many
plastic fabric and many other materials.
Kevlar fabric with the catalyst used to
check fabric strength.
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Figure 1. FT-IR Spectra (a) Batch-1 (b)
Batch-1I (c¢) Bach-II1

Kevlar has three types and we used
Kevlar 29 which is used in body
armour, industrial cables, asbestos
replacement, and brake lining and
under water. Kevlar 29 is yellow in

color, thickness ranges from 0.08 mm
to 0.28 mm and its density is 1.44
g/cc. It is commonly known as Kevlar
ballistic fabric. In support of this, we
used polypropylene membrane with the
addition of Zeolite to check its tensile
strength.

EXPERIMENTAL SETUP

Materials and Methods

Sodium aluminum oxide (NaAlO,),
tetrapropyl ~ammonium  hydroxide
(TPAOH), tetrapropyl ammonium bro-
mide (TPABTr), tetraethyl orthosilicate
(TEOS), nitric acid (HNO3), sulphuric
acid (H2SOy), hydrochloric acid (HCI)
and graphene oxide (GO) were pur-
chased from Sigma-Aldrich. Carbon
nanotubes (CNT) were purchased from
Sun Nanotechnology and functional-
ized it.

Batch-1: The samples of Batch-1
were prepared by taking the ingredi-
ents in two separate beakers labeled
as A and B. 0.5 g of NaAlO; and 10
mL of TPAOH were added to beaker
A and contents were stirred for 30
min followed by the addition of 10
mL deionized water. 10 g TPABr were
mixed with 20 ml deionized water in
beaker B and the contents were stirred
at room temperature. Both the contents
of beakers A and B were mixed TEOS
was added drop wise and the mixture
was refluxed for 240 h. During this
time, samples were taken out after at an
interval of 16 h, 32 h and 64 h.

Batch-2: The samples of Batch-2
were prepared by taking the ingredi-
ents in two separate beakers labeled as
A and B. 0.5 g of NaAlO, was mixed
with 10 ml TPAOH in beaker A and
the contents were stirred for 30 min fol-
lowed by the addition of 10 ml deion-
ized water. 10 g TPABr were mixed
with 20 mg of CNTs and the contents
were stirred in 20 ml deionized water
in beaker B at room temperature. Both
the contents of beakers A and B were
mixed TEOS was added drop wise and
the mixture was refluxed for 240 h.

During this time, samples were taken
out after at an interval of 16 h, 32 h and
64 h.

Batch-3: The samples of Batch-3
were prepared by taking the ingredients
in two separate beakers A and B. 0.5
g of NaAlO, was mixed with 10 mL
TPAOH in beaker A and the contents
were stirred for 30 min followed by
the addition of 10 ml deionized water.
10 g TPABr were mixed with 100 mg
of GO and the contents were stirred in
20 ml deionized water in beaker B at
room temperature. Both the contents of
beakers A and B were mixed and TEOS
was added drop wise and the mixture
was refluxed for 240 h. During this
time, samples were taken out after at an
interval of 16 h, 32 h and 64 h.

Application of synthesized zeolite

The thermal induced phase separa-
tion (TIPS) technique and dip coat-
ing method were used for this pur-
pose. About 10 g isotactic polypropy-
lene, 90 ml soya bean oil and 5 g
adipic acid were heated in a beaker at
220 °C under constant stirring until the
mixture became homogeneous. 1 g of
the synthesized zeolite named as Albite
or sodium TectoAluminotrisilicate was
added under stirring till the mixture
homogenized again. Then Kevlar fab-
ric was dipped in the homogenized
solution for about 10 sec and coated
membrane was quench. The coated
membrane was put into n-hexane for
the removal of oil to form zeolite
(sodium TectoAluminotrisilicate) com-
posite polymer membrane and dried at
80 °C for 4 h.

Characterization

To study the crystal structure and
its atomic spacing, X-ray diffractom-
etry was recorded upon STOE Ger-
many THETA-THETA diffractometer
in 2 theta steps of diffraction. The
anode material was made of Cu and
the Scan Step Time was 0.4000 sec
while Receiving Slit Size was 0.3000
mm at 25 °C. IR spectra in the
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Table 1. Preparation of Na (AlSizOg)

Sr. No Reagents

Batch -1 NaAlO, TPAOH
Batch—-2  NaAlO, TPAOH
Batch—-3  NaAlO, TPAOH

pH
TPABr TEOS — 10
TPABr TEOS CNTs 10
TPABr TEOS GO 10

Collection
time (Hrs.)
S1 S2 S3

Product

Albite Na (AlSi30g) 16 32 64
Albite Na (AlSi30g) 16 32 64
Albite Na (AISi305) 16 32 64

range of 4000-400 cm~' were mea-
sured by using FTIR spectrometer
of PerkinElmer Company (Spectrum
100 series). Brunauer-Emmett-Teller
(BET) were performed on Micromerit-
ics instrument corporation model Gem-
ini VII 2390 (V1.03). Scattering elec-
tron microscopic images were recorded
on JEOL JSM-6490A. Electron diffrac-
tion spectroscopy were performed on
JEOL model JED-2300 analysis sta-
tion.

RESULTS & DISCUSSION

FT-IR study of the samples

The FTIR spectra of the fabricated sam-
ples are given in Figure 1. The IR peaks
in the range between 1100 to 900 cm ™!
show stretching vibration of silicate in
the samples %6. The Si-O stretching and
O-H bending bands are found in the
range of 1300 to 400 cm~'?7. The peak
below 900 cm~! shows Al-O and Si-
C band stretching. The peaks at 726
em~! and 670 cm™! are for the sym-
metric stretching vibrations of Si-O-
Si and Si-O-Al bridged bonds respec-
tively. Obviously, high intensity of the
symmetric stretching vibrations of Si-
O-Si indicates the progress of the sili-
con condensation process 2872, The -
OH stretching vibration between 3800-
3200 cm™~! regions is due to adsorbed
water molecules. In the IR spectrum of
Batch-2 and Batch-3, the peaks at 3800-
3200, 2950, 1400, 1800-1500, 1100-
900 and 800 cm ™!, are assigned respec-
tively to the O-H, Si-O, C-C, C=C, C-
H, Al-O, Si-C and mineral hydrated
silicate30 =36

SEM study of the samples

Figure 2 shows the SEM images of the
Batch-1 samples. It is obvious that par-
ticles size ranges between 20-100 nm
for Zeolite (Albite) collected after 16 h
as shown in Figure 2 (a) and (b). Images
shows a gap between the particles. The
images in Figure 2 (c) and (d) repre-
sent samples collected after 32 h. Obvi-
ously, particles are in regular shape but
bigger in size compare to those col-
lected after 16 h. The SEM images of
the samples collected after 64 h are in
the range of 20-100 nm and show big
junks of zeolite (Albite) comprised of
small particles.

Figure 4 (a) and (b) show the SEM
images of Batch-2 samples obtained
after 16 h of processing. In this case,
the particles size range between 20-50
nm having regular geometry of CNTs
doped zeolite. Figure 4 (c) and (d) show
the SEM images of zeolite-CNT sam-
ple received after 32 h. The particle
siz e is in the range of 50-100 nm and
possess big junks formed from small
particle. As the size increases, pore size
decreases.Figure 4 (e) and (f) show
SEM images of the Batch-2 samples
collected after 64 h and most of the par-
ticles are rod like in the range of 50 nm.
The size of the crystal goes on increas-
ing it ranges up to 100 nm.

Figure 6 represent SEM images of
the Batch-3 samples. The Figure 6 (a)
and (b) show SEM images of the sam-
ples obtained after 16 h. obviously, par-
ticles are granular in shape with regu-
lar geometry and sizes of the crystal are
between 40-50 nm. The granular shape
of the crystal of zeolite is modified with
the addition of graphene oxide as addi-
tive. As time is increased, the size of
the crystal increase as shown in the Fig-

ure 6 (c) and (d) for the samples col-
lected after 32 h. When time is further
increased up to 64 h, the particles fur-
ther grow in size and reached to 100 nm
or even bigger up to 200 nm.

EDX Spectroscopic study of the
samples

The presence of different elements
in the fabricated samples of all the
three Batches were determined using
energy-dispersive X-ray (EDX) spec-
troscopic technique. The EDX spec-
trum of Batch-1, Batch-2, and Batch-3
samples is provided in Figure 3, 5, and
7, respectively.. It is clear that the fab-
ricated Zeolite has the elemental com-
position of sodium, aluminum, oxygen,
and majorly silicon. The other uniden-
tified peaks may be related to the line
peaks of sample holder.

The EDX spectrum in Figure 5
shows that the Batch-2 samples are
mainly composed of aluminum, oxy-
gen and silicon while those of Batch-3
samples contained silicon, oxygen, alu-
minum and sodium as shown in Figure
7. The unidentified peaks in all the three
Batches may be related to the line peaks
of sample holder.

X-ray Diffraction (XRD Analysis)

In Figure-8, matches the XRD pat-
tern of Sodium TectoAluminotrisilicate
(PDF reference no.01-072-1245). From
the pattern it is clear that the sam-
ple has composition of Na, Al, Si, and
O and confirmed sodium aluminum
silicate (Zeolite family) in Anorthic
crystals. Mineral name of this pattern
is Albite. Sodium TectoAluminotrisili-
cate formulated as Na (AlSi3Og). The
unit cell of the crystal has a spec-
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Figure 2. SEM image of batch-1 after 16, 32 and 64 hrs
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Al K 1.486 24.84 1.23 21.92 29.3439
SiK 1.739 52.02 1.76 44.10 49.0015
Total 100.00 100.00

ification of angles and side that is
alpha angle is 94.33°, beta angle is
116.57°, and gamma angle is 87.65°.
The sides of the crystal lattice unit cell
a, b and c are 8.138A0°, 12.7890A° and
7.1560A respectively®’ 38, The XRD
and reference pattern expressions in
figure-8 (a) for batch-1 collecting after
16h, 32h and 64h. The pattern expres-
sions different peaks which match to
the XRD pattern of Sodium TectoA-
luminotrisilicate (PDF reference no.
01-089-6427). The XRD pattern are
shown in figure-8 (b). Here also pattern
shows Sodium TectoAluminotrisilicate
(PDF reference no. 01-071-1151). The
XRD pattern for batch-3 are shown in
figure-8 (c). Here also pattern indicates
Sodium TectoAluminotrisilicate (PDF
reference no. 01-071-6218)

Figure 3. EDX Spectrum of Batch-1

Brunauer-Emmett-Teller (BET
Analysis of Zeolite)

The analysis parameter was equilib-
rium base, timed was 5s, saturated
pressure was about 760mm of Hg,
free space differences ranges from -
2.9737cm? to -0.0947cm?, sample den-
sity was 1.000 g/cm?, evacuated rate
was 1000 mm of Hg. As surface area
is inversely proportional to pore size,
increases in size surface area decreases,
small pore size has large surface area
and vice versa. The surface area, pore
size and pore volume of the Zeo-
lite (Sodium TectoAluminotrisilicate)
samples obtained after processing for
16h, 32h and 64h are measured by BET
technique. The relevant data summa-
rized in Table 2(a) and (b). As shown in
table (a), the surface area of the sodium
TectoAluminotrisilicate decreases as

the processing time increases. The sur-
face area of zeolite sample taken after
16h is 344.9944 m?/g while surface
area for the sample taken after 32h and
64h are 338.7048 m?/g and 266.9330
m?/g respectively. This indicates that as
the processing time increases the par-
ticle size increases thus surface areca
decreases.

shows with the addition of additive
as CNTs the surface area increases, as
the time goes on increases from 16h
to 64h while the surface area of GO
decreases as the time goes on increases
from 16h to 64h. After 16h surface area
was 292.3505 m?/g while the surface
area after 32h and 64h were 298.1724
m?/g and 314.3314 m?/g respectively.
These data reveal that as the processing
time increases pore size decreases thus
surface area increases. The surface area
after16h is 234.6936 m?/g which means
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Figure 4. SEM image of batch-2 after 16, 32 and 64 hrs
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Figure 5. EDX Analysis of Batch-2.

Table 2. (a). Surface Area of Zeolite with and without Additive

Samples BET surface area of BET surface area of CNTs as BET surface area of GO as
zeolite (m?/g) additive (m>/g) additives (m>/g)

After 344.9944 292.3505 234.6936

16hour

After 338.7048 298.1724 127.7253

32hour

After 266.9330 314.3317 107.7345

64hour
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Figure 6. SEM Image of the Batch-3 after 16, 32 and 64 hrs.
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its surface area is small. After 32h
and 64h surface area become 187.6208
m?/g and 176.9163 m?/g respectively.
These results show that as processing
time increases surface area decreases,
its pore size increases.

(b) shows that, pore volume of
sodium TectoAluminotrisilicate crys-
tal ranges between 18.3A% to 18.4A0.
This show that as pore size increases
its surface area and catalytic efficiency
decreases. As the sample taken after
16h, 32h and 64h pore sizes increases
gradually. The average pore size width
is also increases as we move from 16h
to 64h. The pore size of Zeolite-GO

Figure 7. EDX Analysis of Batch-3.

composite samples after 16h, 32h and
64h respectively. The data revealed that
pore size with respect to surface area
decreases as surface area increases. As
table 2 (¢) gives the comparative data of
surface area and pore size of batch-1, 2
and 3.

Analysis of Zeolite Coated
Kevlar Membrane

Figure 9 (a) directs the Kevlar fabric
with polymer coated membrane, the PP
layer interact with the fiber of Kevlar
and form a cage. In figure 9 (b) by

the addition of catalyst in coated mem-
brane, its cage like structure trapped
the particles and become a composite
membrane. Images shows that the inter-
action between the layer and catalytic
layer are properly compatible with fab-
ric.

Tensile strength

For the proving of strength between
Kevlar fabrics, Kevlar supported
polypropylene membrane and catalyst
containing polymer fabric mechani-
cal test applied. For that parameter
adjusted and it is clear from data, cata-
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Figure 8. XRD Pattern of batch-1, batch-2 and batch-3
Table 3. (b). Pore Volume of Zeolite with and without Additive
Sam- Adsorption average pore width Adsorption average pore width  Adsorption average pore
ples without additives (4V/A by BET) of CNTs (4V/A by BET) width of GO (4V/A by BET)
After  18.2111A° 18.2864A° 17.9567A°
16hour
After  18.2461A° 18.2640A° 18.2988A°
32hour
After  18.4695A° 18.2524A0° 18.4009A°
64hour
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Table 4. Comparative study of Batch-1, 2 & 3

Batches

Batch-1

Batch-2

Batch-3

Sample collection time

16
32
64
16
32
64
16
32
64

344.9944
338.7048
266.9330
292.3505
298.1724
314.3317
234.6936
127.7253
107.7345

BET surface area (m” /g)

Pore volume (cm’ /g)

0.217686
0.208979
0.078368
0.182356
0.182753
0.194109
0.093822
0.080230
0.080340

18.2111A9
18.2461A°
18.4695A°
18.2864A°
18.2640A°
18.2524A9
17.9567A°
18.2988A0
18.4009A°

Pore diameter (A" )

20V X3,000

Sum

20KV

X500

S0pm

Figure 9. Kevlar Fabric with Polymer Membrane and Catalytic Membrane.

Table 5. Comparison between Keviar Fiber, PP Membrane and with Composite Membrane of Kevlar

Samples

Parameter unit
Break force sensitivity(N)

Break stress

sensitivity(N/mm)

Break strain sensitivity (%)
Max. force calc. at entire

area (N)

Max. stress calc. at entire

area (N/mm2)

Max. Strain calc. at entire

area (%)

Min. force calc. at entire area

N)

Min. stress calc. at entire

area (N/mm2)

Min. strain calc. at entire

area (%)

Kevlar Kevlar supported polymer
fabric membrane

1*1 1*1

10 10

10 10

10 10

246.035 151.695

70.2958 43.3413

2.87303 2.16530

-0.0223 0.11126

-0.0064 0.03179

0.01008 0.01511

Kevlar supported composite
polymer membrane

1*1

10

10

10
151.695

43.3413
2.16530
0.11126
0.03179

0.01511
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lyst does not affect mechanical strength
of polymeric fabric Kevlar. As the fab-
rics damages with the increase in tem-
perature, by the addition of zeolite fab-
ric temperature can be manages. Albite
does not damage the strength of fabric.
It also gives stability with temperature.

CONCLUSIONS

It is settled from the analysis that, addi-
tives play a vital role in the morphol-
ogy of zeolite. We used reflux con-
densation process assisted by organic
templates. Analysis revealed the for-
mation of Albite (Sodium TectoAlu-
minotrisilicate). For analysis we used
the techniques FTIR, BET, SEM, EDX
and XRD. These helped us to deter-
mine morphology, surface area, pore
volume, pore size and crystalline geom-
etry. To check variation in Albite, we
do not change the Si/Al ratio, only
addition of additives which can bring
changes. With additives, it can change
the pore size, pore volume surface
area, crystallinity, composition of Zeo-
lite as well. As time increases, it does
not belong to Nano crystal because
as aging time increases, size of the
crystal goes on increases, it becomes
a large molecule rather than a small
Nano crystal. SEM analysis revealed,
size of particles ranges from 20nm to
100nm for which magnification of the
instrument ranges to 50,000 to 1500.
It shows regular morphology and size
of the particles. Above we presented
results which shows the regularity of
the geometry and the size of the parti-
cle. FTIR outcomes indicated, the com-
position of Albite that ranges between
1100 cm ™! to 900 cm™~!. With the addi-
tion of additive, it is also clear that for-
mation of Zeolite series between 1100
ecm~! to 900 cm~!.BET results shows
that with the change in the time, it
moves 16h to 32h and then to 64h,
its morphology changes as aging time
increases its size would become large.
With the addition of additives its phys-
ical characteristic changes as pore sizes
increases or decreases and pore volume

also changes to some extent and impor-
tantly pore size that depends upon pore
volume as well. Surface area of the
sample is also an important feature
of this characterization. XRD results
shows the formation of structure, over
here Zeolite formed with a common
name as sodium tecto-alumotrisilicate
(AINaOgSi3). For the practical point of
view, Kevlar supported polymer mem-
brane with the Zeolite as catalyst is
used. Kevlar fabric is an important fab-
ric used in many ways as in indus-
trial cables, asbestos replacement brake
limning, under water treatment applica-
tion bicycle and racing cars tyres, and
importantly body armor as an applica-
tion. Results show that polymeric sup-
ported fabric and catalyst supported
fabric have same result with response
to mechanical testing.
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