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Abstract

The goal of this research was to prepare catalytic support materiais from rice
husk silica for bimetallic catalysts containing platinum and other metals. These catalysts
were tested for reactions of hydrocarbon compounds. The successes of the project
included the synthesis of zeolite X, Y, mesoporous MCM-41, and aluminium-modified
MCM-41 (Al-MCM-41) which were charaeterized by physical and chemical methods.
The zeolite Y was used as a support for platinum-cobalt catalysts (Pt-Co/Y) and the Al-
MCM-41 was used as a support for platinum-iron catalysts (Pt-Fe/MCM-41). However,
zeolite X was not used as a support because its structure collapsed during the catalysts
preparation due to hydrolysis.

Pt-CofY Catalysts were tested for butane hydrogenolysis but not successful due
to catalysts deactivation from coking. The Pt-Fe/MCM-41 and Pt-Fe/Al-MCM-41
catalysts were found to be active for toluene hydroxylation. The activities depended on
time and Al amount added. The products from this reaction were chetechol and

hydroquinone.

AMMAN  bimetallic catalyst, MCM-41, zedlite X, zeolite Y
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2. WRedanzidsasiudmindaingite Tdun dlaladiond uardlalad
g laglF88menunay wasiiensianwazoesdlaladaonsn drumaiia
@19 9 1w X-ray diffraction (XRD), X-ray fluorescence (XRF), Scanning
electron microscopy (SEM) tas Brunnauer-Emmette-Teller (BET)

3. Ravadnsaiftrunefin-lavaaduuglaladne  (PrCory)  ia
nageuMILIIAATL) Butane hydrogenolysis

4. tﬁaLﬂ’funﬁmiqﬂﬁﬁ‘%mLLwaﬁﬁ'u-mﬁnuu MCM-41  (Pt-Fe/MCM-41)iia
neagsuMIIIUNNILN Toluene hydroxylation

2. 3Emmeaag

2.4 MSIATBABANIOUNAVUALNITHATIZHANB ML

Rice husk was washed thoroughly with water to remove the adhering soil and
dust and dried at 100 °C overnight. The dried rice husk then was refluxed in 3M HCI
solution for 6 h, filtered and washed repeatedly with water until the filtrate was neutral
and dried in an oven at 100 °C overnight. Finally, the refluxed rice husk was pyrolyzed
in a hot air furnace muffle {Carbolite, CWF1200) at 550 °C for 3 h to remo»;;e the
organic contents to obtain the white rice husk silica (RHS).

The chemical compositions of RHS in the form of oxides were analyzed by
energy dispersive XRF (EDS Oxford Instrument ED 2000) with an array of 16 anodes
analyzing crystals and Rh X-ray tube as a target with a vacuum medium.

2.2 nMs&nasieidla ladiansuaznisimseiansme

The LSX synthesis w;as synthesized by hydrothermal method with an initial
batch composition of 5.5 Na,0 : 1.65 K,0 : Al,O, : 2.2 Si0,: 122 H,O prepared from
sodium silicate and- sodium aluminate solution with a method modified from that
described by Kiuhi (2001). The sodium silicate solution was prepared by slowly adding
RHS into 100 mL of 14 % wt NaOH solution under stirring untii a homogeneous solution
was obtained. In the LSX synthetic procedure, sodium aluminate was dissolved in
deionized water and slowly added into a solution containing KOH and NaOH. The new
solution was mixed with diluted sodium silicate solution. The resulting mixture was
transferred into a polypropylene bottle, capped and sealed with paraffin film. Aging and

crystallization were carried out at 70 °C for 3 h without stirring, then adjusted to 100 °C



for 2 h to complete crystallization; the sample was cooled down to room tem-perature
and washed with water and 0.01 N NaOH solution, and dried at 110-125 °C overnight.
The obtained product was zeolite LSX in the form of Na and K cations and was
designated as NaK- LSX throughout this article.

Phase and crystallinity of RHS and NaK-LSX were confirmed by powder XRD
(Bruker AXS diffractometer D5005) with nickel filter Cu K radiation scanning from 4 to
50° at a rate of 0.05 °/s with current 35 kV and 35 mA.

Functional groups within the NaK-LSX structure were identified by FT-IR
(Spectrum GX, Perkin-Elmer) using KBr as a medium. IR spectra were scanned in the
range of 4,000 cm  to 400 cm’ with a resolution of 4 cm .

The specific surface areas (BET), pore volumes, and pore sizes of NaK-LSX
were determined from a nitrogen adsorption isotherm by a Quantachrome (NOVA
1200e) gas adsorption analyzer at liquid nitrogen temperature. The sample was
degassed at 300 °C for 3 h before the measurement.

Crystaliite size and morphology of -NaK-LSX were studied by SEM (JEOL JSM-
6400} with applied potential 10 - 20 kV.

Particle size distribution of NaK-LSX was determined by DPSA (Maivern
Instruments, Mastersizer 2000) with the sample dispersed in distilled water and
analyzed by He-Ne laser. The standard volume percentiles at 10, 50, and 90, or
denoted as d{0.1), d(0.5), and d(0.9), respectively, were recorded from the analysis and
used fo calculate the width of the distribution.

Finally, NaK-LSX was exchanged to NH,-LSX by stirring in NH,NQ, for 18 h.
After filtration and drying, the obtained NH,-LSX product was caicined at 400 °C to
convert to H-LSX. Thermal stabilities of NH<-LSX were investigated by TGA on a-
Simultaneous Differential  Thermal Analysis {SDT 2690) by heating from room
temperature to 1000 °C with a heating rate of 10 °C/min in nitrogen flow (100 mi/min).
The phases of both materials were also analyzed by XRD.

2.3 msdsensidtelasnsuasnsitenedansme

The zeolite NaY was synthesized from a seed gel and feedstock gel with a
procedure modified from that described elsewhere (Ginter, 2001). The major difference
between seed gel and feedstock gel is that the feedstock gel was prepared and used
immediately without aging. Briefly, the seed gel with a molar ratio of

10.67Na,0:Al,C5:108i0,:180H,0 was prepared by adding Na,SiO, solution to the



solution of NaAlQ,. The mixture was stirred until homogeneous and transferred into a
polypropylene {PP) bottle, capped, and aged at room temperature for 24 h.

The feedstock ge! with molar ratic 4.30Na,0:AlL,0,5:108i0,:180H,0 was
prepared in similar fashion to that of the seed gel except that it was used immediately
without aging.

The NaY synthesis was carried out by a slow addition of the seed gel into the
feedstock gel under stirring. The mixture was transferred into a PP bottle, capped, and
crystallized at 80 °C. This study compared two synthetic routes for NaY. The first
route was “one-step” synthesis in which the mixture of seed gel and feedstock gel was
mixed and taken directly to crystallization at 90 °C for 24 h. The second route was a
“two-step” synthesis in which the seed gel and the feedstock gel were mixed and aged
at room temperature for 24 h and crystallized at 90 °C at various time (22 - 72 h).
After the crystallization, the samples were cocled down to room temperature. The solid
product was separated by filtration, washed thoroughly with distilled water, and dried at
110 °C.

2.4 N1TAIATIEN MCM-41 Uaz AI-MCM-41 UAZNTISILATIERANBTNE

Siliceous MCM-41 is synthesized from a gel having a molar composition of
4S5i0,:1Na,0:1CTABr:0.29H,50,4:400H,0. " Si0O, (3 g) is dissolved in a solution
containing NaOH (6 g) in distilled water. The solution is then mixed with a solution of
CTABr (4.5 g) in distilled water 90 mL until a clear solution is obtained. The pH of the
gel mixture is adjusted to 11 with H,SO, then the gel mixiure is stirred for 2 h and
finally the mixture is transferred into a Teflon-lined autoclave and kept at 100 °C under
static conditions for 3 day. The solid material obtained is separated by centrifugation at
3000 rpm for 30 min. and washed well with distilled water, until the solid shows a -
neutral pH then dried in air at 100 °C overmnight. Finally the resulting material is calcined
at 540 °C for 6 h, at a heating ramp of 10 °C /min. MCM-41 is characterized by various
techniques including XRD, XRF, TEM, BET surface area and FT-IR.

Al-MCM-41-Post samples are also prepared by grafting method. Siliceous MCM-
41 is heated to remove water in an oven at 100 °C overnight. NaAlC, solution is added
to MCM-41 with SifAl ratios 100, 75, 50 and 25 in a propylene bottie and the mixture is
stirred vigorously for 30 min. The solid materiat obtained is separated by centrifugation
at 3000 rpm for 30 min and washed well with distilled water, until the filtrate shows a
neutral pH then dried in air at 100 °C overnight. Finally the resulting material is calcined

at 540 °C for 6 h, at a heating ramp of 10 °C /min.



2.5 MNTBUAEUSIUGT30 Pt-ColNaY msmadoaunstsatlfjissn Butane
hydrogenolysis
Pt monometaliic catalysts on zeolites Y (Pt/Y) are prepared by inciplent wetness
impregnation with aqueous soiutions of H,PtCl,. Co monometallic catalysts on zeolite Y
(CofY) is also prepared by impregnation with agueous solutions of CoCl,. 6 H,0.

Bimetallic Pt-Co/Y catalysts are prepared by conventional wet impregnation
technique, sequential impregnation method and co-impregnation method by using
H,PtCl, and CoCl, as precursors.

The catalytic testing is conducted in a tubular flow reactor (Fig. 1). The catalysts
are loaded into tubular micro-reactor and feduced under H, at 450 °C for 2 hours and
cooled under N, flow to 200 °c. A gas reaction mixture containing C,H,; H, and He
with mole ratio of 1:2:5 is flowed infc the micro-reactor and carry out the reaction is
carried out at 200 °C. The composition of effluent gas is analyzed by on-lineg GC

equipped with thermal conductivity detector.

2.6 M5IATHAA30 1781 PtFe/AI-MCM-41 tasnimnadaunstsaldfjnsgn
Phenel hydroxylation

The 0.5 wt.% of platinum and 5 wt% of iron catalyst supported on MCM-41 and
Af-MCM-41 was prepared by co-impregnation with FeCl, and H,PtCl,.6H,0 soluti'on the
materials was dried at 100 °C overnight and calcined at 300 °C for 2 h, with a heating
rate of 10 °C /min. The catalysts obtained were 0.5Pt5Fe/MCM-41, 0.5Pt5Fe/75AIMCM-
41, 0.5Pt5Fe/50AIMCM-41 and 0.5Pt5Fe/25AIMCM-41 where the number 75, 50 and 25
were Si/Al ratio. The catalysts were characterized by temperature programmed-
reduction (TPR). '

The catalytic testing for phenol hydroxylation, the catalyst, phenol and H,O,
solution (30% wiv) were mixed (pHenolIHZOZ mole ratioc = 3) in a fwo-necked round
bottle (250 ml) equipped with a magnstic stirrer and a reflux condenser. The reaction
was carried out at 60 °C for 1 h and the catalyst was separated by centrifugation. The
product was analyzed by a gas chromatograph (Shimadzu GC14-A) equipped with a
capiilary column {{D-BP1 3.0 um, 30 m x 0.53 mm), a flame ionization detector {FID)

and the injector and column temperatures were 250 °C and 190 °C, respectively.
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The chemical compositions of RHS in the form of oxides are shown in Table 1.
The major component was SiO, along with small amounts of Al,05; K0, CaO and
Fe,O;. The purity of RHS was sufficient to use as a silica source for the synthesis of
Nak-LSX.
Table 1. RHS components determined by XRF

Components {%wt)
Si0, 97.96
AlLO, 00.56
K0 00.06
Ca0 00.98
Fe, 0, 00.02

The powder XRD pattern of RHS is shown in Figure 1. Only a broad peak at
approximately 22 degrees which was a characteristic of amorphous silica was observed.
This phase was more suitable for the NaK-LSX synthesis than the crystalline form
because it could be dissolved to form sodium silicate more easily. A longer time would

be needed in the synthesis with crystalline silica.

g

=
o

Lin {Coupts}
-4

2-Theta - Seate

Figure 1 Powder XRD pattern of RHS

3.2 4an1RILAIIEWE Ll lad oNBUALNITIATIERA NS

3.2.4 Characterization of NaK-LSX by XRD

The formation of the NaK-LSX framework synthesized from RHS was confirmed
by XRD comparing with standard NaX (Figure 2). The sample gave peaks at positions
similar to that of the standard NaX, indicating the formation of the faujasite structure,
and the sharp peaks indicated high crystallinity. The relative crystallinitiy to the standard

NaX was caiculated and the obtained value was approximately 100%:
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Figure 2 XRD spectrum of {a) NaK-LSX synthesized from RHS and (b} standard NaX

The details of peak positions, d-spacing and relative intensity of NaK-LSX and
standard NaX are presented in Table 2. Although all the XRD peaks of NaK-LSX were
similar to those of the standard NaX, the sequence of intensities were different. This
was not surprising because our sample contains both Na and K cations, while the
standard only has the Na cation. It was previously reported that the sequence of peak
intensities depended strongly on type of cations (Joshi et al, 2002; Esposito et al.,
2004) and the presence of K  attenuated them. Moreover, the lower SifAl ratio

enhanced the line intensities (KOhl, 1987).

Table 2. Peak positions, d-spacing and relative intensity of NaK-LSX and standard NaX

Relative intensities

26 d Standard NaX Synthesized LSX
6.10 14.48 100.00 100.00 .
15.43 5.74 22.70 13.10
9.99 8.85 C 2240 17.30
26.70 334 22.10 29.40
2332 3.81 21.00 20.00
30.10 2.88 20.40 26.20
11.73 7.54 16.40 17.80
20.09 4.42 12.60 6.90
30.36 2.94 11.21 13.10
32.03 2.79 8.62 17.30
18.43 4.81 7.18 4.20
34.24 2.62 4.89 6.20




3.2.2 Characterization of NaK-LSX by FTIR

The synthesized NaK-LSX was characterized by FTIR to identify functional
groups in the structure. Figure 3 shows a strong peak at 950 cm’’ which was assigned
to an asymmetric T—O stretching. In general, T—0O is a tetrahedral atom referred to the
framework of Si, Al composition and may shift to a lower frequency with an increase of
the number of tetrahedral Al atoms (Lee ot al., 2006). Bands in the region 773 cm'1. 690
em’ and 571 ~— 460 cm ' were attributed mainly to the symmetric stretching, double ring
and T—O bending vibrations, respectively. Lee ef al. (2006} and Sang et al. (2006)
reported that a band at 600 — 500 cm'1 is related to the topological arrangement of
secondary units of structure in zeolites that contain the double 4 and 6 rings external
linkage peak asscciated with the FAU structure and also observed in all the zealite
structures. The band with a peak at 3,487 was assigned to OH stretching and the

vibration at 1,638 cm was referred to bending vibration of adsorbed water molecule
(Dyer et al., 2004).

1638 143 Lo
6

3487

Transmittance (%)

1.002

4,080 3,600 3200 ' 200 2,400 2,030 1,600 1200 e 400

. Wave number(cm")
Figure 3 IR spectrum of zeolite NaK-LSX synthesized from RHS

3.2.3 Surface Analysis of NaK-LSX by BET

The N, adsorption isotherm of NaK-LSX is shown in Figure 4. It was type |
based on IUPAC’s classification with a large nitrogen uptake at low pressure and the
desorption almost overlapping with the adsorption. The step increased in N, adsorption
with an increased relative pressure, P/Py and N, adsorbed amount reaching 127 cmalg

at P/IP, = 0.048 suggesting the pressure of an appreciable amount of micropore on the

10



NaK-LSX surface. This result was common for the zeolite structure as explained by
Langmi et al. (2005) that zeolite X has a very open framework and the entries to internal
pores are not restricted by a large cation. Moreover, the effect of a cation on the
surface area and pore structure show that the ion-exchange processes could induce
enormous changes in surface and pore structure and these ions inhibited the movement
of nitrogen molecuie into pores or the so-called pore blocking effect, resuiting in the
decrease in surface area (Langmi ef al., 2003; Rakoczy and Traa, 2003; Huang ef a/.,

2004).

— o
1200
=
E 1000
E 80.0 -
% ~+- Adsorption
2 ‘e Desorption
g 600 4
-4
|
a
g 40.0 -
2
Q
=
200 4
0.0 T T v T T T T T v v
0.0 ol 0.2 a3 0.4 0.5 0.6 .7 0.8 0.9 1.0

PP,

Figure 4 N, adsorption-desorption isotherm at 77 K on the synthesized NaK-LSX

Figure 5 shows cumulative pore volume and pore size distributions of NaK-LSX
from N, adsorption. The pore diameter of NaK-LSX, shown in Figure 5(a), was
calcutated by the HK method and showed a narrow pore width between 0.3 — 1.9 nm
with pore volume of 0.195 — 0.201 cmafg. Nevertheless, the curves of pore size
distribution evaluated from desorption data by utilizing the BJH model shown in Figure '
5(b) exhibited a narrow pore size distribution ranging from 1.3 nm — 30.0 nm with the
highest pore size at 1.7 nm. However, a shoulder peak distribution is dominant and it
was probably from interconnected surface pores of LSX (Chang et aa‘._, 2005 and Lee et

al. (2006).
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Figure 5 (a) HK cumulative pore volume and (b} BJH pore size distribution of NaK-LSX

zeolite, where V is the cumulative pore volume (cmslg)

Table 3 shows results from a nitrogen adsorption study including the BET

surface areas, pore volumes, and average pore diameters of NaK-LSX. The BET

surface area and pore volume of NaK-LSX form RHS was interesting as it supported

material for catalysis preparation or other application. (Langmi et a/., 2005) -

Table 3 Textural properties of synthesized NaK-LSX zeolite

Textual Properties ‘ Value Unit

BET surface area’ 3914 (rnzlg)
External surface area’ 361.0 (mzfg)
Micre pore surface area’ 355.3 (mzfg)
Langmuir surface area’ 577.1 (mzfg)
Pere volume of micro pored 0.19 (cmzfg)
Micro pore diameter” 13.58 (nm)

aMuIlipoint BET analysis, "BJH analysis (t-method), dt-method, “DA method
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3.2.4 Morphology of NaK-LSX Studied by SEM

Shape and size of NaK-LSX particles synthesized from RHS were studied by
SEM and images are displayed in Figure 6 with magnification of 1,500 (a) and 25,000
(b). In the image with the smaller magnification, the solid product contained a mixture of
mutti-faceted spherulite crystals with a particle diameter approximately 6 — 10 Ltm along
with round amorphous particles with a particle diameter approximately 0.2 — 5.0 Hm.
The multi-faceted spherulite particies were composed of polycrystal particles with
different sizes along with small particles. Because some particles apparently connected
with other particles, (Figure 5a), the particle size distribution was expected to be targe
as it was confirmed by DPSA (see next section). The paricles in Figure 6(a) were

distributed in the range of 0.3 — 10 (lm with the largest contribution in the 0.3 - 2.0 Llm

range.

=) = = = = = o = =) =
- od " ~ v = ™~ o5 e =
1 ] i 1 ' 1 1 ' 1 -
-y —_ —_ - —_ —_ —_ —_ -

[= — ~ N - W -] ~ o0 ;

Diameter (& m)
Figure 8 SEM images of synthesized Na-LSX with magnification of (a) 1,500 and (b)

25,000, respectively, and (c) particle size distribution measured from all particles in (a)

3.2.5 Particle Size Distribution of NaK-LSX by DPSA

The particle size distribution of Na-LSX was also investigated with DPSA and
the resulls are presented as a histogram in Figure 7. The sizes were classified as
oversize (area a) and undersize (area b), and the histogram plot and frequency curves

are {c). The histogram plot shows the percentage of velume of particles, and the height
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of the histogram bars (left hand scale) was at 15.0 — 17.5 um as for the majority of
particles. The peak frequency curve provided the apparent tail in particle size analysis
and shows the dominantly single modal distributions at 5 — 50 pym. Note that the results
from DPSA were the size and distribution of bulk particles which might be composed of
several small particles clustered together, and thus were different from the results from
SEM which displayed images of isclate particles. Because the shape of samples as
seen In SEM varied from a spherical shape to multi-faceted spherdlite, that caused a
different light scattering or diffraction eﬁed based on the angularity of the crystals and

their hydrodynamic behavior suspension (Cundy and Cex, 2005).
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Figure 7 Particle size distribution of NaK-LSX synthesized from RHS; (a) percentage of
sample below a certain size of pariicle, {b) percentage of sample above a certain size
of particle and (c) histogram plot and frequency curve of particle Characterization and

Thermal Stabitity of NH,-LSX from lon Exchange of NaK-LSX

3.3 wansdsiaTswdlaladanuuaznisiassiansue
3.341 Compafison between One-step and Two-step Routes in NaY Synthesis
In this work, two synthetic routes for NaY synthesis were compared, namely, one-
step and two-step. The products frorﬁ both routes were characterized by XRD
comparing with the pattern of standard NaY. As shown in Fig. 8, two-step route gave
XRD pattern which was characteristic of NaY and all peaks were similar fo those of the
standard NaY. Thus, the product from two-slep route contained NaY in pure phase. In
contrast, the product from one-step route gave XRD peaks which were characteristic of

hoth NaY and NaP. It was reported that aging time was essential for synthesis of NaY
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(with Si/Al ratio 1.8) from kaolin [13]. The process with no aging time resulted in the
formation of NaP. From this observation, the suitable method for the NaY synthesis
from RHS was two-step route and aging time of 24 h was sufficient to produce NaY in

pure phase.

Intensity (. u.)

q 9 E] 19 24 19 4 39 44 49
2 Theta-Scale

Figure 8§ Normalized ARD spectrum of NaY from cne-step and two-step synthesis (A)

standard Y zeolite, (B) two-step, {C) one-step; {Y = NaY and P = NaP)

The mixed intermediate phase of NaY and NaP could be formed after rnixirig the
seed gel and the feedstock gel with equilibrium in favor of NaY intermediate at room
temperature, thus aging time was required. The presence of mixed phase during crystal
growth was also found in the synthesis of MFI-Type zeotites and it was reported to be
dependent on the degree of crystallization that proposed on the basis ‘of the
appearance of stable silicate 'species and the role of OH- ions during the induction

period (Oh et al., 2001).

3.3.2 Crystallization Time in Two-step Route
In the synthesis of NaY by two-step route, the crystallization time was varied from
22 to 72 h and the results were displayed in Fig.9. All specira were normalized relative
to the most intense peak and the crystallinity was compared from line broadening. In
standard method {Ginter, 2001), the crystallization time was recommended to be 22 h
with no more than 2 additional h. Thus, 1Ee crystalfization time was carried out at both
22 and 24 h and the product obtained from both periods displayed only spectrum

characterizing NaY (Fig.3, spectrum A and B, respectively). The spectrum of NaY from
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24 h before normalization (not shown) exhibited sharper peaks with higher intensity than
that from 22 h indicating that the optimum crystallization time for the synthesis of zeolite
NaY with RHS was 24 h. The relative crystallinity of NaY with 22 h crystallization time
was approximately 73% compared to that with 24 h.

D
. A,
5 C
s
£
£
E
B
A
4 9 14 19 14 29 34 39 44 49

1-Theia-Scale

Figure 9 Normalized XRD spectrum of NaY from two-step synthesis crystallized at (A)
22, (By 24, (C) 48, and (D) 72 h ; (Y = NaY and P = NaP)

After 24 h, additional peaks in XRD spectrum which were characteristic of
zeclite NaP started to appear. The intensity of NaP peaks increased with crystallization
time while that of the peaks of NaY decreased. The peaks of NaP were dominant at 48
and 72 bk and the peaks of NaY were still observed with low intensity (Fig.9, spectrum C
and D) indicating that Jonger time was required to complete the transformation ~of NaY ~
to NaP. The synthesis of Nall:’ in pure phase from commercial silica suspension was

reported with crystallization time of 5'days (Albert et al., 1998).

3.3.3 Textural Properties of NaY

Table 2 lists the BET surface areas, pore volumes, and average pore diameters
of zeclite Y with different synthesis routes and crystallization times. The BET surface
area of the product from one-step route was lower than that of the two-step route
because of the presence of zeolite P which was a less porous phase. The presence of

zeolite P was confirmed by XRD in Fig. 2 as mentioned above.
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Tabfe 4 Textural properties of synthesized zeolite Y from one- and two-step route

Sample BET area [mz.-*g) Vp (crns!g) Op {nm)
One-step 382.10 0.184 2.693
Two-step

22 h 440.10 . 0.220 2.565
24 h 625.10 0.320 2.547
48 h 12.71 0.002 2.593
72h 31.13 0.008 3.820

Vp = pore volume, Dp = pore diameter

In the two-step route, the only product observed from crystallization time of 22
and 24 h was NaY. The product from crystallization time of 24 h had surface area of
625.10 mzlg which was higher than that obtained from crystallization time of 22 h that
was 440.10 mzlg. This confirmed that crystallization for 24 h allowed more complete
formation of Na¥Y. The surface area of the products from crystallization of 48 ang 72 h
were much lower because the major products were zeolite P which was a less porous
phase.

3.3.4 Morphology of NaY by SEM

The SEM micrograph of NaY synthesized from RHS at optimum conditions, two-
step route and 24 h crystallization time, with magnification of x20000 is displayed in Fig.
10. The particles were uniform in size and some crystals apparentiy fused fogether to
form agglomerate particles. The particle size of isclate crystal from SEM micregraph

was approximately 1 [lm.

1K

SUT . 18HY, X28.800 ISmm

Figure 10 SEM image of zeolite Y synthesized from RHS with magnification of x20000
As mentioned earlier that NaY underwent transformation to NaP completely afier

crystallization for 72 h. The morphology of NaP was also studied by SEM. As
exhibited in Fig. 5, the crystal shape of NaP was apparently different from that of NaY
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(Fig.10). The shape of crystals was spherulitic particles of approximately 6-8 [im.
Most crystals had cracks through the center and virtually similar, but much larger than

that of zeolite P prepared from commercial silicate (Albert, et al., 1998),

3.3.5 Particle Size Distribution of NaY by DPSA

The result from DPSA analysis was the pariicle size distribution and the
statistics of distribution calculated from the results using the derived diameters, an
internationally agreed method of defining the mean and other moments of particles size
British Standards; BS2955:1993. The percentage of volume sample that was under a
certain particle size band (% under) at 10, 50, and 90% were 0.66, 6.18, and 25.93 Lim,
respectively. The width of distribution was 4.09 llm. The particle size distribution in all
range by DPSA was displayed in a histogram in Fig. 11 revealing that the obtained
products were not homogeneous in size. The average padicle size from DPSA was
approximately 15 llm. This average was different from the size of isolate crystals from
SEM because several crystals fused together to from large particles. This information
showed homogeneity of zeolite particles which could be of use for designing the
application of the material.

Valume (%}

1.0

Parikcle Diameter {(pm.}

Figure 11 Particle size distribution of zeolite Y synthesized from RHS analyzed by

DPSA
3.4 HRNISAILATIEN MCM-41 UR=N1TILATIZRA NBOLE

The XRD patterns of the calcined MCM-41 and Al-MCM-41 are displayed in Fig.
12. The MCM-41 showed a strong peak at 2.5 and small peaks at 4, and 4.5
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corresponding to the (100), (110}, and (200) planes of a hexagonal lattice, respectively.
Cnly the (100) peak was observed in all AI-MCM-41 indicating that the structure was
slightly changed after Al grafting. The peak positions shifted slightly to lower value as
aluminum was incorporated " and the intensities decreased indicating changes in
crystallinity. The widths of the strongest peak of AI-MCM-41 samples were broader than
that MCM-41 and the differences in peak area were compared to estimate the relative
crystallinity. As shown in the second column in Table 1, the crystallinity of Al-MCM-41

decreased as aluminum was incorporated.
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Figure 12 Normalized XRD patterns of {a) MCM-41, (b)-(d) AI-MCM-41 with Si/Al ratio
of (b) 75, (c) 50 and (d) 25

The N, adsorption isotherms of MCM-41 and AI-MCM-41 samples with SifAl
ratio of 75, 50 and 25 are shown in Fig 13. All isotherms corresponded to type IV which
was typical for mesoporous materials. At the beginning, the adsorbed amount in¢reased .
quickly and concaved to the P/P, axis due to adsorption on external surface and form
monolayer. The adsorbed amounts pf all AI-MCM-41 samples were lower than that of
MCM-41 indicating that their surface areas decreased after Al grafting. As shown in the
second column in Table 1, the surface area of MCM-41 was 1,230 mza’g and those of all

AI-MCM-41 decreased to the range 740-870 m'fg.
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Figure 13 N, adsorption isotherm of (a) MCM-41, (b)-(d) A-MCM-41 with Si/Al ratio of
(b) 75, (¢) 50 and (d) 25

At the 0.2-0.4 range of P/P; the N, increased again before reaching nearly
constant velume. This range corresponded to nitrogen adsorption in the mesopores of
MCM-41 and AI-MCM-41. However, the adsorption in this range for Al-MCM-41did not
increased sharply as in MCM-41 indicating that some mesopores might collapse during
the Al-grafting. This change could be an explanation to the significant decrease of

surface area.

In addition to the relative crystallinity and BET surface area, Table 1 also
showed the concentration of Si and Al in the MCM-41 and AI-MCM-41 determined from
XRF. MCM-41 contained a small amount of Al because Al originally presentec{ in the
silica obtained from rice husk. , Upon rafting, the concentration of Al increased and the '
acidity from ammonia adsorption was expected to have a similar trend to the Al

concentration.

Resuits derived from the ammonia adsorption of the calcined samples are listed in the
last column of Table 5. The acidity from ammonia adsorption was lower than the
concentration of Al from XRF for all materials indicating that only some portion of Al
were present at the surface and accessible for adsorption. The acidity values of Al-
MCM-41 was in the range of 0.20 — 0.25 mmol/g compared to 0.17 mmol/g of the un-
grafted MCM-41.
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Table 5 Composition, surface area and acidity of MCM-41 and AI-MCM-41

Sample Relative BET surface Concentration of  Concentration Acidity from
crystallinity  area (m'/g)  Si from XRF of Al from NH,

(mmolig ) XRF {mmol/g ) adsorption

(mmaol/g)

MCM-41 100.00 1231.4641 34.30 0.28 0.17
75AMCM-41 81.20 741.3508 35.22 0.52 0.22
S0AIMCM-41 51.56 B64.8746 34.92 0.81 0.25
25AIMCM-41 76.82 746.7049 34.22 0.66 0.22

3.4 Han1IMaFouA1TSIUG 381 Butane hydrogenolysis a1 8aILSIUGH3H"
Pt-Co/NaY

nsnagaulfiiien Butane hydrogenolysis 83lidszauanugnsa fiassn
anmsAdnwiRamafavanwnssdnifisnedvnags (lasninmyazanes
m'fuauﬁﬁwﬁwaoﬁmiwﬁﬁ‘%m (Coking) flasnnisuanauedssasnuanITIaii
wiautumsifiewadwelnatuvesniiven usnaniledasdiofily Tduiganununts
navoaurs (Mass flow controfler) T30 uazdosliiaalunmidanuu FamHdvludu
ﬁﬁammu‘%’uﬁ'umaﬁ'ummﬁmﬁu wnsEaTManmNas i Teuns ol
mursoimiTeludniibiiadamud leaaimane 13

3.5 nan1naaaunITt3et§Ai381 Phenol hydroxylation @auaat3alfisen
Pt-Fe/Al-MCM-41

The hydroxylation activities of 0.5Pt5Fe on MCM-41 and AI-MCM-41 at various
reaction times are presented in Fig.14. The phenol conversion increased remarkably in
the time range of 0—1 h. The detail of conversion and selectivity are included in Table .
5. The activities were in this order: 0.5P15Fe/75SI/AI-MCM-41 < 0.5Pt5Fe/50SifA-MCM-
41 < 0.5P15Fe/25S/AI-MCM-41. After 2 h, the conversion became nearly constant
during the 4 h testing period.
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Figure 14 Phenol hydroxylation activity (H,O,/phenal = 1/3 at 70 °C and amount of
catalysts 0.05 g.)

The table 2 showed the performance of other Pt-Fe bimetalic catalysts for
phenol hydroxylation reaction. The reaction was carried out with fixed amount of H,O,
and phenol in 1:3 at 70 °C for 1 h and amount of catalysts 0.05 g. The 5Fe0.5Pt/MCM-
41 showed the highest phenol conversion 42 % because MCM-41 had high surface and
good dispersion of platinum and iron. For the bimetaliic catalysts on A-MCM-41 with
SifAl ratio of 75, 50 and 25 were 12, 34 and 41%, respectively, but the selectivity of
chetechol were 73, 53 and 51% and selectivity of hydroquinone were 26, 47, 49%,
respectively. The selectivity of hydroquinone seemed to increase as acidity of Al-MCM-
41 increased. The phenocl conversion showed higher conversion than either Fe-NaY,

Co-NaY Fe-Co-NaY catalyst catalyst reported in literatures (Park, et al., 2006).

Table 5 Catalytic activities of various catalysts in phenol hydroxylation with conditions:

phencl/H,0; ratio = 3/1, reaction temperature = 70 °C, reaction time = 1 h.

Catalyst % phenol Selectivity of Selectivity of

conversion chetechol hydroquinone
0.5Pt 5Fe/MCM-41 42.20 52.35 47.64
0.5Pt SFe/75AIMCM-41 12.23 7344 26.56
0.5Pt 5Fe/50AIMCM-41 34.04 52.61 47.39
0.5Pt 5Fe/25AIMCM-41 41.31 50.76 49.24
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The table 2 showed the performance of other Pt-Fe bimetalic catalysts for
phenol hydroxylation reaction. The reaction was carried out with fixed amount of H,0,
and phenol in 1:3 at 70 °C for 1 h and amount of catalysts 0.05 g. The 5Fe(.5PtYMCM-
41 showed the highest phenol conversion 42 % because MCWM-41 had high surface and
good dispersion of platinum and iron. For the bimetallic catalysts on A-MCM-41 with
Si/At ratio of 75, 50 and 25 were 12, 34 and 41%, respectively, but the selectivity of
chetechol were 73, 53 and 51% and selectivity of hydroquinone were 26, 47, 49%,
respactively. The selectivity of hydroquinone seemed to increase as acidity of Al-MCM-
41 increased. The phenol conversion showed higher conversion than either Fe-NaY,

Co-NaY Fe-Co-NaY catalyst catalyst reported in literatures [16].
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Abstract—Rice husk silica (RHS) in amorphous phase with 98% purity was prepared from a
waste rice husk from rice milling by leaching with hydrochloric acid and calcination. The
RHS was used effectively as a silica source for the synthesis of zeolite Y in sodium form
(NaY). The zeolite in pure phase was obtained from a two-step synthetic route in which the
starting gels were mixed, aged for 24 h at room temperature and crystallized for 24 h at 90 °C.
The diameter of single crystal particle from scanning electron microscope was approximately
1.0 um whereas the average particle diameter from laser diffraction particle size analyzer was
approximately 10 pm because of the agglomeration of small crystals. Longer crytallization
time in this route resulted in a mixed phase containing NaY and zeolite P in sodium form
(NaP). In addition, one-step synthetic route (no aging) was studied and the product was also

a mixed phase zeolite.

Key words: Rice husk silica, Zeolite Y, NaY, Two-step route, One-step route, Zeolite P



INTRODUCTION

Rice husk which is often considered as a solid waste from rice milling contains
approximately 70% of organic compounds and 30% of hydrate silica (SiO;) (!, 2]. In general,
the rice husk can be used as a cheap energy source through combustion or for other purposes
as low value material. When the rice husk is leached with mineral acid and calcined in air,
white powder rice husk silica (RHS) is obtained. The RHS with high silica purity is suitable
as a silica source for the production of inorganic materials such as silicon carbide and silicon
nitride {3, 4]. In a research field related to catalysis, RHS was used as a silica source for the
synthesis of microporous materials such as zeolites {5 — 8] and mesoporous silica such as
MCM-41 [9]. In this work, RHS was successfully used as a silica source for the synthesis of
zeolite Linde type Y in sodium form (NaY).

Zeolites are microporous crystalline aluminosilicates composed of tetrahedral TO4 units
(T = Si or Al) linked together by sharing oxygen atoms. The general formula of zeolites is
M,V [Si,AL,0,] mH;0 where M™ is extra-framework cation, [SixAl,O,] is zeolite framework,
and mH,O is water molecules in sorbed phase [10]. Zeolites have several interesting
properties that can be related to various applications such as solid acidity, ion-exchange
capability, adsorption/release capability, and molecular-level pores. Zeolite NaY, the main
focus in this work, is in the faujasite (FAU) family with a framework containin:g double 6
rings linked through sodalite cages that generate supercages with average pore diameter of
7.4 A. There are several applications of FAU zeolites such as fluid cracking catalysts and
sorbents for volatile organic removal [11].

The goal of this research was to use the RHS as silica source in the synthesis of NaY with

the formula Nasg[AlseSi1360384)-250H;0. Two different synthetic routes, one-step and two-

step, and crystallization time were investigated. The NaY products were characterized by X-



ray diffraction (XRD), scanning electron microscopy (SEM), surface area analysis (BET),

and laser diffraction particle size analyzer (DPSA).

EXPERIMENTAL

1. Materials for RHS Extraction and NaY Syntheses
Rice husk was obtained from a local rice mill in Lampang Province, Thailand. Chemicals

for RHS extraction and NaY synthesis were hydrochloric acid (37%wt HCl Carlo-Erba)

3

sodium aluminate (~ 55-56% of NaAlO,, Riedel-de Haén), sodium hydroxide (97%wt NaOH,

Carlo-Erba), and potassium hydroxide (85%wt KOH, Ajax Fine Chem). Standard zeolites

were NaY with Si/Al molar ratio 5.7 (JRC with Tosoh Crop) and NaP (Fluka).

2. Silica Extraction from Rice Husk

Rice husk was washed thoroughly with water to remove the adhering soil and dust and
dried at 100 °C overnight. The dried rice husk was refluxed in 3M HCI solution. for 3 h,
filtered and washed repeatedly with water until the filtrate was neutral. After the acid
treatment, the rice husk was dried at 100 °C overnight and pyrolyzed in a furmace mufile
{Carbolite) at 550 °C for 6 h to remove the organic contents. The obtained product, RHS,

-

was characterized by X-ray fluorescence (XRF) and powder XRD.

3. Synthesis of Zeolite NaY

The zeolite NaY was synthesized from a seed gel and feedstock -gel with a procedure
modified from that described elsewhere [12]. The major difference between seed gel and
feedstock gel is that the feedstock gel was prepared and used immediately without aging.
Briefly, the seed gel with a molar ratio of 10.67Na;0:Al;05:10810;:180H,0 was prepared by

adding Na,SiO; solution to the solution  of NaAlQ,. The mixture was stired until



homogeneous and transferred into a polypropylene (PP) bottle, capped, and aged at room
temperature for 24 h.

The feedstock gel with molar ratio 4,3_0Na20:A1203:1OSi02:180H20 was prepared in
similar fashion to that of the seed gel except that it was used immediately without aging.

The NaY synthesis was carried out by a slow addition of the seed gel into the feedstock
gel under stirring. The mixture was transferred into a PP bottle, capped, and crystallized at
90 °C. This study compared two synthetic routes for Na¥Y. The first route was “one-step”
synthesis in which the mixture of seed gel and feedstock gel was mixed and taken directly to
crystallization at 90 °C for 24 h. The second route was a “two-step” synthesis in which the
seed gel and the feedstock gel were mixed and aged at room temperature for 24 h and
crystallized at 90°C at various time (22 — 72 h). After the crystallization, the samples were
cooled down to room temperature., The solid product was separated by filtration, washed

thoroughily with distilled water, and dried at 110 °C.

4. Characterization of RIS and NaY

The chemical compositions of RHS, calculated as major oxides, were analyzed by energy
dispersive XRF (EDS Oxford Instrument ED 2000) with amay of 16 anodes analyzing
crystals and Rh X-ray tube as target with a vacuum medium. The specific surface areas
(BET), pore volumes, and pore sizes of NaY were determined by a Quantachrome (NOVA
1200e) gas adsorption analyzer and the nitrogen adsorption isotherms were obtained at liquid
nitrogen temperature. The sample was degassed at 300 °C for 3 h beforé the measurement.

Phase and crystallinity of the RHS and the synthesized Na¥Y were confirmed by powder
XRD (Bruker AXS diffractometer D5005) with nickel filter Cu K, radiation scanning from 4
to 50° at a rate of 0.05 degree/s. The intensity of peak at 22.5° was chosen for the crystallinity

comparison. Morphology of the synthesized NaY was studied by SEM (JEOL JSM-6400)



with applied potential 10 kV. Particle size distribution was determined by DPSA (Malvern
Instruments, Mastersizer 2000) with the sample dispersed in distilled water and analyzed by
He-Ne Jaser. The standard volume percentiles at 10, 50, and 90% denoted as d(0.1), d(0.5),
and d(0.9), respectively, were recorded from the analysis and used to calculate the width of

the distribution. The width was calculated from the equation below:

d(0.9) - d(0.1)
d(0.5)

RESULTS AND DISCUSSION
1. RHS Characterization

The chemical compositions of RHS in the form of stable oxides were shown in Table 1.
The major component was SiQ, with purity approximately 98%wt along with small amounts
of other inorganic oxides including ALO;, K0, CaO, and Fe;O;. The silica purity was
sufficient to use as a silica source for the synthesis of NaY. The silica purity of the RHS
from acid-leached rice husk in this study was higher than that of the rice husk ash (RHA)
obtained directly from rice husk combustion without leaching [7]. However, the RHA silica
was still suitable for the synthesis of zeolites such as zeolite beta and zeolite ZSM-5 [6, 7]. In
general, RHA from pyrolysis of rice husk at high temperature contains silica in.crystallinc
form 5] which takes a long time to dissolve in NaOH solution to form water glass for zeolite
synthesis.

From the XRD pattern of RHS in Fig.1, only a broad peak with 29 at 22 degree which
was a characteristic of amorphous silica was observed. This form of silica is suitable for

zeolite synthesis because it dissolves easily in NaOH solution to form sodium siiicate.



2. Comparison between One-step and Two-step Routes

In this work, two synthetic routes for NaY synthesis were compared, namely, one-step
and two-step. The products from both routes were characterized by XRD comparing with
the pattern of standard NaY. As shown in Fig.2, two-step route gave XRD pattern which was
characteristic of NaY and all peaks were similar to those of the standard NaY. Thus, the
product from two-step route contained Na'Y in pure phase. In contrast, the product from one-
step route gave XRD peaks which were char_acteﬁstic of both NaY and NaP. It was reported
that aging time was essential for synthesis of NaY (with Si/Al ratio 1.8) from kaolin [13]. The
process with no aging time resulted in the formation of NaP. From this observation, the
suitable method for the NaY synthesis from RHS was two-step route and aging time of 24 h
was sufficient to produce NaY in pure phase.

The mixed intermediate phase of NaY and NaP could be formed after mixing the seed gel
and the feedstock gel with equilibrium in favor of NaY intermediate at room temperature,
thus aging time was required. The presence of mixed phase during crystal growth was also
found in the synthesis of MFI-Type zeolites and it was reported to be dependent on the
degree of crystallization that proposed on the basis of the appearance of stable silicate species

and the role of OH- tons during the induction period {14].

3. Crystallization Time in Two-step Route

In the synthesis of NaY by two-step route, the crystallization time was varied from 22 to
72 h and the resuits were displayed in Fig.3. All spectra were normalizéd relative to the most
intense peak and the crystallinity was compared from line broadening. In standard method
[11], the crystallization time was recommended to be 22 h with no more than 2 additional h.
Thus, the crystailization time was carried out at both 22 and 24 h and the product obtained

from both periods displayed only spectrum characterizing NaY (Fig.3, spectrum A and B,



respectively). The spectrum of NaY from 24 h before normalization (not shown) exhibited
sharper peaks with higher intensity than -that from 22 h indicating that the optimum
crystallization time for the synthesis of zeolite NaY with RHS was 24 h. The relative
crystallinity of NaY with 22 h crystailization time was approximately 73% compared to that
with 24 h.

After 24 h, additional peaks in XRD spectrum which were characteristic of zeolite NaP
started to appear. The intensity of NaP peaks increased with crystallization time while that of
the peaks of NaY decreased. The peaks of NaP were dominant at 48 and 72 h and the peaks
of NaY were still observed with low intensity (Fig.3, spectrum C and D) indicating that
longer time was required to complete the transformation of NaY to NaP. The synthesis of
NaP in pure phase from commercial silica suspension was reported with crystallization time

of 5 days [15].

4. Textural Properties of NaY

Table 2 lists the BET surface areas, pore volumes, and average pore diameters of zeolite
Y with different synthesis routes and crystallization times. The BET surface area of the
product from one-step route was lower than that of the two-step route because of the presence
of zeolite P which was a less porous phase. The presence of zeolite P was confirmed by XRD
in Fig. 2 as mentioned above.

In the two-step route, the only product observed from crystallization time of 22 and 24 h
was NaY. The product from crystallization time of 24 h had surfacelarea of 625.10 m*/g
which was higher than that obtained from crystallization time of 22 h that was 440.10 m?/g.
This confirmed that crystallization for 24 h allowed more complete formation of NaY. The
surface area of the products from crystallization of 48 and 72 h were much lower because the

major products were zeolite P which was a less porous phase.



S. Morphology of NaY by SEM

The SEM micrograph of NaY synthesized from RHS at optimum conditions, two-step
route and 24 h crystallization time, with magnification of X20000 is displayed in Fig.4. The
particles were uniform in size and somé crystals apparently fused together to form
agglomerate particles. The particle size of isolate crystal from SEM micrograph was
approximately | um.

As mentioned earlier that NaY underwent transformation to NaP completely after
crystallization for 72 h. The morphology of NaP was also studied by SEM. As exhibited in
Fig.5, the crystat shape of NaP was apparently different from that of NaY (Fig.4). The shape
of crystals was spherulitic particles of approximately 6-8 pm. Most crystals had cracks
through the center and virtually similar, but much larger than that of zeolite P prepared from

commercial silicate [15].

6. Particle Size Distribution of NaY by DPSA

The result from DPSA analysis was the particle size distribution and the statistics of
distribution calculated from the results using the derived diameters, an intemationally agreed
method of defining the mean and other moments of particles size [16] British Standards;
BS2955:1993. The percentage of volume sample that was under a certain particlé size band
(% under) at 10, 50, and 90% were 0.66, 6.18, and 25.93 pm, respectively. The width of
distribution was 4.09 um. The particle size distribution in all range by DPSA was displayed
in a histogram in Fig. 6 revealing that the obtained products were not homogeneous in size.
The average particle size from DPSA was approximately 15 pm. This average was different
from the size of isolate crystals from SEM because several crystals fused together to from
large particles. This information showed homogeneity of zeolite particles which could be of

use for designing the application of the material.



CONCLUSIONS

RHS in amorphous phase with 98% purity was prepared by leaching rice husk with HCI
acid and calcinination; and used_as silica source for the synthesis of zeolite NaY. The NaY in
pure phase was obtained from two-step synthetic route in which starting gels were mixed,
aged for 24 h at room temperature and crystallized for 24 h at 90 °C. The diameter of single
crystal from scanning electron microscope -was approximately 0.6 — 1.0 um whereas the
average diameter of zeolite particles from laser diffraction particle size analyzer were
approximately 10 ym. When the crystallization time was longer than 24 h, NaY slowly

transformed 1o zeolite NaP.
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Table 1. Chemical components of RHS determined by XRF

Component (%owt.)
ALO; 00.56
S10; 97.96
K,0 00.06
Ca0O 00.98
Fe;O5 00.02
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Table 2. Textural properties of synthesized zeolite Y from one- and two-step route

Sample BET area (m*/g)  Vp (cm’/g) Dp (nm)

One-step 382.10 0.194 2.693
Two-step
22h 440.10 0.220 2.565
24 h 625.10 0.320 2.547
48 h 12.71 0.002 2.593
72 h 31.13 0.006 3.820

Vp = pore volume, Dp = pore diameter
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Fig. 2. Normalized XRD spectrum of NaY from one-step and two-step synthesis (A)
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Fig. 5. SEM image of zeolite NaP with magnification of x1500.
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SYNTHESIS AND CHARACTERIZATION OF ZEOLITE LSX
FROM RICE HUSK SILICA
Pongtanawat Khemthong, Sanchai Prayoonpokarach and Jatuporn
Wittayakun®
Abstract

Silica powder with approximately 98% purity was extracted from rice husk (RH), converted
to a sodium stlicate solution, and used as a silica source for the synthesis of low silica type X
(LSX) by hydrothermal process. The synthesized zeolite in the form of Na and K cations,
referred to as NaK-LSX, was characterized by X-ray diffraction (XRD) and Fourier
transform infrared spectroscopy (FT-IR), which confirmed the success of the synthesis.
Images from scanning electron microscopy (SEM) of NaK-LSX displayed multi-faceted
spherulite particles composed of polycrystal particles with different sizes along with small
amorphous particles. The particle size distribution of NaK-LSX from a laser d_iffraction
particle size analyzer (DPSA) was in the range of 0.2 —~ 50 pm and nitrogen adsorption
indicated a surface area around 400 m*/g. The structure of LSX did not change after the ion-
exchange to produce an ammonium form but collapsed after subsequent calcination.

-

Keywords: Rice husk silica, NaK-LSX, zeolite, hydrothermal
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Introduction

The composition of rice husks varies with geological location. Mainly it contains organic
substance and approximately 20% wt of silica (SiQ;) and after combustion the white ash
contains approximately over 90% wt of $i0Q; (Williams and Nugranad, 2000; Park, 2003;
Hamdan ef al., 1997; Kapur, 1985; Huang ef al., 2001). There are impurities in rice husk ash
such as oxides of alkali metal which could be removed by leaching rice husk with acids
before calcination; such a method could impfove the purity of rice husk silica (RHS) to 96 -
99 % wt. (Williams and Nugranad, 2000; Sun and Gong, 2001; Chorkendorff er af., 2003;
Liou, 2004; Prasetyoko ef al., 2005). With high purity, RHS has potential as a silica source
for the production of silicon-based inorganic materials such as silicon carbide (SiC); silicon
nitride (SiN); mesoporous silica including MCM-41 and MCM-48; and zeolites (Wang et al.,
1998; Huang ef a/., 2001; Sun and Gong, 2001; Grisdanurak er a/., 2003, Mohamed, 2004,
Katsuki er al, 2005; Prasetyoke ef al., 2005). This study focuses on using RHS as a silica
source for the synthesis of low silica zeolite type X (LSX).

Zeolites are microporous crystalliﬁe aluminosilicates in which the structural
framework contains tetrahedral TO4 units (T = Si or Al) linked together by oxygen sharing
(Corma, 2001). The general formula of zeolite is Ma""[SixAlyOz]-mHzO where M,"" are extra-
framework cations; [Si;AlO;] is the zeolite framework; and mH,0 are sorbed wa'ter
molecules (Roberie ef al., 2001). Zeolites are related to several industnal applications, for
example they are catalysts in fluid cracking, sorbents in volatile organic removal {Cundy et
al., 2005), a solid-state hydrogen storage medium (Langmi ef af., 2005; Li and Yang, 2006),
and an internal side space for synthesis of transition-metal encapsulation (Salavati-Niasarni ef
al., 2006).

Zeolite LSX is in the faujasite (FAU) family with a framework containing double 6

rings linked through sodalite cages that generate supercages with pore diameters of 7.4 A.



The typical Si/Al ratio of LSX is in the range of 1-1.5. It belongs to the space group Fi,
(Auerbach ef al., 2003) and has a large number of extra-framework cations. LSX can be
synthesized from a variety of silica sources including natural clay such as kaolintite, oil shale
ash, and commercial silicates (Chandrasekhar and Pramada, 2001a, 2002b; Machado and
Miotto, 2005). There are no reports on the synthesis of LSX with a silica source from rice
husk.

Here we report the synthesis of zeolite LSX with the formula Na7;Kz»[SigrAlesQis4]
-212H,0 (Esposito ef al,, 2004) by using RHS as a silica source and characterization by X-
ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), surface area analysis
(BET), scanning electron microscopy (SEM), and laser diffraction particle size analyzer
(DPSA). Its stability after ion exchange to ammonium and proton forms (NHg-LSX and H-

LSX, respectively) was studied by thermogravimetric analysis (TGA).

Experimental

Materials for RHS Extraction and Zeolite Synthesis

Hydrochloric acid (37% HCI, Carlo-Erba), sodium silicate solution (Na;SiQs; 28.7%
Si0;, 8.9% Na,O, Panreac, N Brand clarifie.d), sodium aluminate (~ 55 - 56% of NaAlO,,
Riedel-de Haén), sodiom hydroxide (97% NaOH, Carlo-Erba), potassium hydro‘xide (85%
KOH; Ajax Fine Chem), ammonium nitrate (99.0% NH4NOQ;, J. T. Baker), and rice husk for
RHS (local rice mill in Lampang, Thailand).
Silica Extraction from Rice Husk

Rice husk was washed thoroughly with water to remove the adhering soil and dust
and dried at 100°C overnight. The dried rice husk then was refluxed in 3M HCI solution for
6 b, filtered and washed repeatedly with water unti} the filtrate was neutral and dried in an

oven at 100°C overnight. Finally, the refluxed rice husk was pyrolyzed in a hot air furnace



muftle (Carbolite, CWF1200) at 550°C for 3 h to remove the organic contents to obtain the
white RHS.
Synthesis of Zeolite LSX

The LSX synthesis was synthesized by hydrothermal method with an initial batch
composition of 5.5 Na;O : 1.65 K;0 : ALO; 1 2.2 Si0,: 122 H,O prepared from sodium
silicate and sodium aluminate solution with a method modified from that described by Kiihl
(2001). The sodium silicate solution was prepared by slowly adding RHS into 100 mL of 14
% wt NaOH solution under stirring unti] a homogeneous solution was obtained. In the LSX
synthetic procedure, sodium aluminate was dissolved in deionized water and slowly added
into a solution containing KOH and NaOH. The new solution was mixed with diluted sodium
silicate solution. The resulting mixture was-transferred into a polypropylene bottle, capped
and sealed with paraffin film. Aging and crystallization were carried out at 70°C for 3 h
without stirring, then adjusted to 100°C for 2 h to complete crystallization; the sample was
cooled down to room temperature and washed with water and 0.01 N NaOH solution, and
dried at 110-125°C overnight. The obtained product was zeotite LSX in the form of Na and
K cations and was designated as NaK- LSX throughout this article.
Characterization of RHS and NaK- L§X

The chemical compositions of RHS in the form of oxides were analyzcc'i. by energy
dispersive XRF (EDS Oxford Instrument ED 2000) with an array of 16 anodes analyzing
crystals and Rh X-ray tube as a target with a vacuum medium.

Phase and crystallinity of RHS and NaK-LSX were conﬂrrﬁed by powder XRD
(Bruker AXS diffractometer D5005) with nickel filter Cu K, radiation scanning from 4 to 50°

at a rate of 0.05 °/s with current 35 kV and 35 mA.



Functional groups within the NaK-LSX structure were identified by FT-IR (Spectrum
GX, Perkin-Elmer) using KBr as a medium. IR spectra were scanned in the range of 4,000
e t0 400 ecm™ with a resolution of 4 cm’™

The specific surface areas (BET), pore volumes, and pore sizes of NaK-LSX were
determined from a nitrogen adsorption isotherm by a Quantachrome (NOVA 1200e¢) gas
adsorption analyzer at liquid nitrogen temperature. The sample was degassed at 300°C for 3 h
before the measurement.

Crystallite size and morphology of NaK-LSX were studied by SEM (JEOL JSM-6400)
with applied potential 10 - 20 kV.

Particle size distribution of NaK-LSX was determined by DPSA (Malvern
Instruments, Mastersizer 2000) with the sample dispersed in distilled water and analyzed by
He-Ne laser. The standard volume percentiles at 10, 50, and 90, or denoted as d(0.1), d(0.5),
and d(0.9), respectively, were recorded from the analysis and used to calculate the width of
the distribution. The width was calculated from the equation below:

d(0.9) - d(0.1)
d(0.5)

Finalty, NaK-LSX was exchanged to NH4-LSX by stirring in NHsNO; for 18 h. After
filtration and drying, the obtained NH,4-LSX product was calcined at 400°C to convert to H-
LSX. Themmal stabilities of N‘H‘;-LSX were investigated by TGA on a Simultaneous
Differential Thermal Analysis (SDT 2690) by heating from room temperature to 1000°C with
a heating rate of 10 °C/min in nitrogen flow (100 ml/min). The phases bf both materials were

also analyzed by XRD.

Results and Discussion

RHS Characterization



The chemical compositions of RHS in the form of oxides are shown in Table 1. The
major component was S10; along with small amounts of Al;O5, K30, Ca0O and Fe 05, The
purity of RHS was sufficient to use as a silica source for the synthesis of NaK-LSX. The
purity from this study was higher than that of rice husk ash (RHA) obtained from combustion
without leaching which was less than 95% (Kapur, 1985; Williams and Nugranad, 2000;
Huang ef al., 2001, Liou, 2004). However, that silica from RHA was still suitable for the
synthesis of several porous materials such as MCM-41, zeolite beta, zeolite ZSM-5 and
zeolite Y (Sun and Gong, 2001; Grisdanurak et al., 2003; Khemthong and Wittayakun, 2006a,
2006b, Praseryoko et al., 2006).

The powder XRD pattern of RHS is shown in Figure 1. Only a broad peak at
approximately 22 degrees which was a characteristic of amorphous silica was observed. This
phase was more switable for the NaK-LSX synthesis than the crystalline form because it
coluld be dissolved to form sodium silicate more easily. A longer time would be needed in the
synthesis with crystalline silica (Hamdan et al., 1997).

Characterization of NaK-LSX by XRD

The formation of the NaK-LSX framework synthesized from RHS was confirmed by
XRD comparing with standard NaX (Figure 2). The sample gave peaks at positions similar to
that of the standard NaX, indicating the formation of the faujasite structure, anc‘l the sharp
peaks indicated high crystallinity. The relative crystallinitiy to the standard NaX was
calculated in the equation below (Gosh ef al., 1994; Tangkawanit and Rangsriwatananon,

2004) and the obtained value was approximately 100%:

2 intensity of XRD peak of product
%Crystallinity=[ 2, imtensity o peak o7 procu JxlOO.

> intensity of XRD peak of standard zeolite NaX

The details of peak positions, d-spacing and relative intensity of NaK-LSX and

standard NaX are presented in Table 2. Although all the XRD peaks of NaK-LSX were



similar to those of the standard NaX, the sequence of intensities were different. This was not
surprising because our sample contains both Na and K cations, while the standard only has
the Na cation. It was previously reported that the sequence of peak intensities depended
strongly on type of cations (Joshi er al., 2002; Esposito ef al., 2004) and the presence of K*
attenuated them. Moreover, the Jower Si/Al ratio enhanced the line intensities (Kiihl, 1987).
Characterization of NaK-LSX by FTIR

The synthesized NaK-LSX was characterized by FTIR to identify functional groups in
the structure. Figure 3 shows a strong peak at 950 cm™' which was assigned to an asymmetric
T—0O stretching. In general, T-O is a tetrahedral atom referred to the framework of Si, Al
composition and may shift to a lower frequency with an increase of the number of tetrahedral
Al atoms (Lee ef al., 2006). Bands in the region 773 cm™, 690 cm™ and 571 — 460 cm™ were
attributed mainly to the symmetric stretching, double ring and T--O bending vibrations,
respectively. Lee et al. (2006) and Sang ez al. (2006) reported that a band at 600 — 500 cm’™' is
related to the topological arrangement of secondary units of structure in zeolites that contain
the double 4 and 6 nngs external linkage peak associated with the FAU structure and also
observed in all the zeolite structures. The band with a peak at 3,487 was assigned to OH
stretching and the vibration at 1,638 cm™ wa§ referred to bending vibration of adsorbed water
molecule (Dyer et al., 2004). )
Surface Analysis of NaK-LSX by BET

The N, adsorption isotherm of NaK-LSX is shown in Figure 4. It was type | based on
[UPAC’s classification with a large nitrogen uptake at low pressure and the desorption almost
overlapping with the adsorption. The step increased in N; adsorption with an increased
relative pressure, P/Py and N; adsorbed amount reaching 127 ijfg at P/Py = 0.048
suggesting the pressure of an appreciable amount of micropore on the NaK-LSX surface.

This result was common for the zeolite structure as explained by Langmi et al. (2005) that



zeolite X has a very open framework and the entries to internal pores are not restricted by a
large cation. Moreover, the effect of a cation on the surface area and pore structure show that
the ion-exchange processes could induce enormous changes in surface and pore structure and
these ions inhibited the movement of nitrogen molecule into pores or the so-called pore
blocking effect, resuiting in the decrease in surface area (Langmi er al., 2003; Rakoczy and
Traa, 2003, Huang ef al., 2004).

Figure 5 shows cumulative pore volume and pore size distributions of NaK-L8X
from N; adsorption. The pore diameter of NaK-L.SX, shown in Figure 5(a), was calculated by
the HK method and showed a narrow pore width between 0.3 — 1.9 nm with pore volume of
0.195 — 0.201 cm’/g. Nevertheless, the curves of pore size distribution evaluated from
desorption data by utilizing the BJH model shown in Figure 5(b) exhibited a narrow pore size
distribution ranging from 1.3 nm ~ 30.0 nm with the highest pore size at 1.7 nm. However, a
shoulder peak distribution is dominant and it was probably from interconnected surface pores
of LSX (Chang er ai., 2005 and Lee et al. (2006).

Table 3 shows results from a nitrogen adsorption study including the BET surface
areas, pore volumes, and average pore diameters of NaK-LSX. The BET suiface area and
pore volume of NaK-LSX form RHS was interesting as it supported material for catalysis
preparation or other application. (Langmi et al., 2005) )
Morphology of NaK-LSX Studied by SEM

Shape and size of NaK-LSX particles synthesized from RHS were studied by SEM
and images are displayed in Figure 6 with magnification of 1,500 (a) and 25,000 (b). In the
image with the smaller magnification, the solid product contained a mixture of muilti-faceted
spherulite crystals with a particle diameter approximately 6 — 10 pm along with round

amorphous particles with a particle diameter approximately 0.2 ~ 5.0 um. The multi-faceted

spherulite particles were composed of polycrystal particles with different sizes along with



small particles. Because some particles apparently connected with other particles, (Figure Sa),
the particle size distribution was expected to be large as it was confirmed by DPSA (see next
section). The particles in Figure 6(a) were distributed in the range of 0.3 — 10 pum with the
largest contribution in the 0.3 — 2.0 um range.

Particle Size Distribution of NaK-LSX by DPSA

The particle size distribution of Na-LSX was also investigated with DPSA and the
results are presented as a histogram in Figure 7. The sizes were classified as oversize (area a)
and undersize (area b), and the histogram plot and frequency curves are (c¢). The histogram
plot shows the percentage of volume of particles, and the height of the histogram bars (left
hand scale) was at 15.0 — 17.5 pm as for the majority of particles. The peak frequency curve
provided the apparent tail in particle size analysis and shows the dominantly single modal
distributions at 5 ~ 50 pum. Note that the results from DPSA were the size and distribution of
bulk particles which might be composed of several small particles clustered together, and
thus were different from the results from SEM which displayed images of isolate particles.
Because the shape of samples as seen in SEM varied from a spherical shape to multi-faceted
spherulite, that caused a different light scattering or diffraction effect based on the angularity
of the crystals and their hydrodynamic behavior suspension (Cundy and Cox, 2005).

Only the important part O:f the DPSA data was summarized in Table 3 beéause thére
were too many numbers in the full data. The particle size distribution of NaK-LSX at volume
percentiles of 10 was above 1.43 um, while that of 50 was 12.35 pum and that of 90 was
below 24 um. The large particle size distribution of zeolite X was common as Lee et al.
(2006) reported that uniformly sized NaX was difficult to synthesize in a large single phase
crystal because crystal nuclei grew rapidly during the crystallization period and might
transfer into zeolite NaP which was a more stable phase.

Characterization and Thermal Stability of NH;-LSX from Ion Exchange of NaK-LSX



LSX in ammonium form (NH4-LSX) was prepared by ton exchange of NaK-LSX
with a NH4NO; solution and characterized by powder XRD. As shown in Figure 8(b), the
resulting material still had all peaks positioned similarly to that of the standard NaX. The
sequence of intensities was different from the standard NaX because of the difference in
cation type as discussed earlier. The NH4-LSX was also studied by SEM and the micrograph
is displayed in Figure 9. Compared with the NaK-LSX in Figure 6(a), the exchanged zeolite
contained more crystalline particles and the.amorphous particles might be removed with a
basic solution during the exchange and wash process.

In general, zeolite in proton form can be obtained by calcination of ammonium form
which releases ammonia. Thus, NH;-LSX was calcined at 400°C for 3 h and the resulting
material was characterized by XRD. As shown in Figure 8 (spectrum c), the characteristic
peaks of zeolite X were no longer observed indicating the collapse of the NH,-LSX structure
to an amorphous form upon calcination. From this result, we investigated the thermal stability
of NH4-LSX by thermal analysis.

The thermal stability of NH,-LSX was studied by thermal analysis. The resuits in
Figure 10 demonstrated weight loss of NH.-LSX when the temperature was raised from room
temperature to 1,000°C, along with the first derivative of weight loss. When NH,LSX was
heated, there were three ranges of weight loss. The first range, with approxin;ately 17%
weight loss below 200°C, was attributed to removal of adsorbed water (Chandrasekhar and
Pramada, 2001; Joshi ef al., 2002; Huang ef al., 2004). The second region with approximately
10 % weight loss between 200°C and 300°C, was caused by the decomposition of NH,s" ion
to ammonia and proton (Chandrasekhar and Pramada, 2001). The last region was a relatively

small loss compared with the other two regions from 300°C to 650 °C, possibly caused by

loss of the structural hydroxyl group. No further weight loss was observed at a higher



temperature. In general at the temperature range of 900 ~ 1,018 °C, zeolite will be converted

to mullite and glass phases (Chandrasekhar and Pramada, 2001; Esposito es al., 2004).

Conclusions

RHS in amorphous phase with 98% purity was prepared by leaching rice husk with HCI acid
and calcination, and used as a silica source for the synthesis of zeolite NaK-LSX. The
formation of the zeolite structure was confirmed by XRD and FTIR. The NaK-LSX crystal
morphology was multi-faceted spherulite particles as shown by SEM micrographs. The
particle size distribution from DPSA shows a large scale in crystal size and size distribution.
The BET surface area of the NaK-LSX was approximately 400 m%/g. The ion-exchange with
ammonium ions gives NHs-LSX and the zeolite structure was still maintained after ion

exchange. However, the structure collapsed after calciantion to convert to proton form.
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Table 1. RHS components determined by XRF

Components (Yowt)
S10; 97.96
ALO, ' 00.56
K0 00.06
CaO 00.98

Fe 04 00.02




Table 2. Peak positions, d-spacing and relative intensity of NaK-LSX and standard NaX

Relative intensities

26 d Standard NaX  Synthesized LSX
6.10 14.48 100.00 100.00
15.43 5.74 22.70 13.10
9.99 8.85 22.40 17.30
26.70 3.34 22.10 29.40
23.32 3.81 21.00 20.00
30.10 2.88 2040 26.20
11.73 7.54 16.40 17.80
20.09 4.42 12.60 6.90
30.36 2.94 11.21 13.10
32.03 2.79 8.62 17.30
18.43 4.8] 7.18 4.20

34.24 2.62 4.89 6.20




Table 3. Textural properties of synthesized NaK-LSX zeolite

Textual Properties Value Unit

BET surface area® 391.4 (m*/g)
External surface area® 361.0 (r*/g)
Micro pore surface area” 355.3 (m%/g)
Langmutr surface area® 577.1 (m?/g)
Pore volume of micro pore® 0.19 (em’/g)
Micro pore diameter® 13.58 (nm)

“Multipoint BET analysis, "BJH analysis (t-method), “t-method, *DA method



Table 4. Percentile of NalK-LSX particle size distribution analyzed by DPSA

Statistic distribution of particle Result (% volume) Unit

d(0.1) 1.43 (pm)
d(0.5) ) 12.35 (um)
d(0.9) 25.05 {(um)
Average diameter 13.23 (um)

Span (width of distribution) 1.91 (um)




List of Figures

Figure 1. Powder XRD pattern of RHS

Figure 2. XRD spectrum of (a) NaK-LSX synthesized from RHS and (b) standard NaX

Figure 3. IR spectrum of zeolite NaK-LSX synthesized from RHS

Figure 4. N; adsorption-desorption isotherm at 77 K oun the synthesized NaK-LSX

Figure 5. (a) HK cumulative pore volume and (b) BJH pore size distribution of NaK-
LSX zeolite, where V is the cumulative pore volume (cm’/g)

Figure 6. SEM images of synthesized Na-LSX with magnification of (a) 1,500 and (b)
25,000, respectively, and (c) particle size distribution measured from all
particles in (a)

Figure 7. Particle size distribution of NaK-LSX synthesized from RHS; (a) percentage
of sample below a certain size of particle, (b) percentage of sample above a
certain size of particle and (¢} histogram plot and frequency corve of particle

Figure 8. XRD patterns of (a) Na-LSX (b) NH,-LSX, and (c) NHLSX after calcination

Figure 9. SEM images of NH;-LSX with magnification of 1,500

Figure 10. Thermogram of zeolite NH,LSX (solid line is weight and dash line is first

derivative of weight with respect to temperature)



" i
30 ‘j
a -
g R
S 2
.5
A
10
0 Wmﬁﬁmw
3] 10 20 30 40 50 60
2-Theta - Scale

Figure 1. Powder XRD pattern of RHS



{a}

Intensity (a. u.}

4 & 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 3§ 40 42 44 46 48 30

2-Theta-Scale

Figure 2. XRD spectrum of (a) NaK-LSX synthesized from RHS and (b) standard NaX
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Figure 4. N; adsorption-desorption isotherm at 77 K on the synthesized NaK-LSX
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Figure 9. SEM images of NH,-LSX with magnification of 1,500
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Abstract

This paper focused on the utilization of rice husk silica to produced microporous material to use as
metal catalyst support. Silica powder with approximately 99% pure was prepared from rice husk (RH)
by refluxing in HCl and thermal decomposition. The obtained silica was then converted to sadium
silicate solution and used as silica source for the syntheses of low silica type X (LSX) and Linde type Y
zeolites by hydrothermal process. in addition to the RH silica (RHS), commercial sodium silicate was
used as a silica source for zeolite syntheses with similar procedures to compare the effect of starting
material on the zeolite properties. The yield of each zeolite was close to 100%. Zeolites from both silica
sources were characterized by XRD, SEM, DPSA, and BET. The formation of zeolite frameworks from
both sources were confirmed by XRD showing similar patterns to the reference database. It was
observed that there was no significant difference in formation frameworks between these two silica
sources. SEM micrographs of Na-LSX zeolites from both silica sources were not different in shape and
size. In contrast, NaY prepared from commercial silica source had larger particle size than that prepared
from RHS. Amorphous particles were also observed in all zeolite micrographs. The information to be
reported at the symposium also includes the application of supported bimetallic catalyst as well as the
structure of such type of catalyst.

Keywords: Hydrothermal synthesis; Y zeolite; LSX zeolite; Rice husk silica

1. Introduction

It is well know that RH is by-product of the rice milling process. The main compgsitions are
organic compounds and hydrated silica (10-20% wt.). To obtain silica with high purity, HCl has been
used as leaching agent in pre-treatment before combustion {1]. It is effective in substantially removing
most of the metaliic impurities producing silica with purity 96 — 99% [2]. After acid leaching, the silica
produced is completely white in color and has high purity, also called rice husk silica. At present, RHS
is the raw materials for the production of zeolites.

Zeolites are micreporous crystalline material of aluminosilicates. They are attractive materials due
to their solid acidity, ion-exchange capability, adsorption/release capability, and molecular-level pores.
Zeolites are usually synthesized under conventionally hydrothermal condition from solutions of sodium
aluminate, sodium silicate, or sodium hydroxide, and template. Among the zeolitesthat suitable
properties for used in heterogeneous basic catalysis are low silica type X (LSX) and Y zeolites. Several
types of zeolites including MOR, ZSM-5, ZSM-48, NaX, Beta, and FSM-16 have been successfully
synthesized from RHS. In this work, RHA is raw material for the synthesis of Na-LSX and Na-¥Y
zeolites which are used further as support materials for Pt-Co catalysts. The synthesis products were
characterized by X-ray diffraction (XRD), BET surface area (BET), scanning electron wmicroscopy
(SEM), and diffraction particle size analyzer (DPSA).

2. Experimental

Rice husk was washed with water, dried, and feached with 3 M HCI acid for 6 k. The leached
material was washed with deionized water, dried, and pyrolyzed in the hot air fumace (Carbolite) at
550°C for 6 h, to yield RHS. The chemical contents of RHS were analyzed by X-ray fluorescence
spectroscopy {XRF). RHS was dissolved in 14% wt NaOH to produce sodium silicate solution, filtered
te remove carbon residue, and used in zeolite syntheses. Each zeolite was synthesized by a method
described in literature {3]. The formation of zeolite framework was confirmed by XRD with a filtered
Cu K, radiation with the 28 scan range between 4°-50° with step size of 0.02°. Specific surface areas
were measured according 1o the BET method by nitrogen adsorption. Particle size and size distribution
of 2eolite support was determined by DPSA with sample amount 10-30 mg dispersed in distilled water.
The morphology of crystals was observed by SEM in JEOL, Model JSM-6400 with applied potential 10
kV.



3. Results and discussion

The chemical compositions of RHS by weight presented in the form of stable oxides and included
08.5% Si0;, 0.68% ALO;, 0.05 % K;0, and 043 % CaO in average. it can be seen that the
[Si0;)/[A10;] ratio was very high. Therefore, it was efficient and interested as silica source for zeolites
synthesis.

Fig. 1 illustrates the XRD diffraction patterns obtained for Na-LSX and NaY samples synthesis at
different silica source compared with zeolites X and Y standards. The spectrum was similar to that in
reference confirming the formation of zeolite frameworks from both sources. XRD sharp peaks
indicated that the zeolites had Kigh crystallinity.
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Fig. | Powder x-ray diffraction patterns of Na-LSX (left) and Na¥ {right} a1 various silica sources;
[1] commercial silica source {2] rice husk silica source [3] standard zeolites

The morphology of the crystal was
shown in Fig. 2 As expected; SEM
micrographs of Na-LSX zeolites from both
silica sources (Fig. la and 2a
respectively) were not different in shape
and size showing polycrystalline particles
with some amorphous spheres. [a contrast,
SEM micrographs of NaY prepared from
commercial silica source showed larger
polycrystailine particles than that from RH
sitica (i.e., ~4-8 pm vs. ~1 pm). This result
indicated that longer aging time is needed
in the preparation of NaY from RH silica.
In addition, amorphous particles were alsc
observed in all zeolite micrographs.

-

Fig.2. SEM image of {(a) Na-LSX, (b) NaY ; {[] commercial silica source [2] rice husk silica source

4. Conclusion _

The high purity silica from rice husk was successfully used as silica source for the syntheses of low
silica type X and Linde type Y zcolites. The obtained zeolites were high crystallinities and suitable for
used as support materials for Pt-Co catalysts.
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ABSTRACT

MCM-41 was synthesized by using silica from rice husk and further modified to increase acidity by adding Al with
grafting method. The resulting aluminum-medified MCM-41 material denoted as AI-MCM-41, with Si/Al ratio of 75,
50 and 25 were characterized by XRD, TEM, BET and ammonia adsorption on TGA. XRI spectrums of the
modified MCM-41 showed characteristic peaks at 2.5, 4, and 4.5 of the {100}, (110), and (200} planes, respectively;
and their TEM images exhibited well order structure. Surface areas of all AI-MCM-41 were approximately 700 m%/g,
lower than that of the parent which was 1,230 m*/g. The increase of acidity after Al-addition was clearly observed by
ammoniz adsorption in which the acidity of Al-MCM-41 was in the range of 0.200 — 0.250 mmol/g compared to 6.166
mmol/g of the Al-free MCM-41. ANl AI-MCM-4]1 materials were used as supports for bimetallic platinum—iron
catalysts, denoted as Pt-Fe/Al-MCM-41, with Pt and Fe amount of 0.5 and 5.0% by weight, respectively.
Characterization by temperature-programmed reduction indicated that the presence of Al assisted the interaction
between Pt and Fe indicated by the shift of reduction temperature of iron oxides to lower value. All catalysts were
- tested for pbenol hydroxylation using H,0, as an oxidant with the following conditions: phenol/H,0; ratio = 3/1,
reaction temperature = 70 °C, reaction time = 1 h., As the amount of Al in MCM-41 increased, the conversion
inereased whereas the selectivity decreased. The phensl conversions of the bimetallic catalysts on Al-MCM-41 with
Si/Al ratio of 75, 50 and 25 were 12, 34 and 41%, respectively, but the selectivities for chetechol were 73, 53 and 51 %,
respectively.

Keywords: AI-MCM-41, rice husk, phenol hydroxylation, Pt-Fe/Al-MCM-4]

I. INTRODUCTION

Rice husk is the milling byproduet of rice and could be considered as an agricultural waste [1]. The major constituents of
rice husk are cellulose, lignin and ash varying with the variety, climate and geographic location of growth. The ash is largely
composed of sitica with small amounts of inorganic salts and silica with high purity can be obtained from rice husk by a
simple acid-leaching procedure and calcination [2]. Thus, rice husk can be used as a silica source for a number of silicon
compounds such as silicon carbide, silicon nitride, zeolite and mesoporous MCM-41{3]-[5]. This work will focus on using
rice husk silica as a source for the synthesis of MCM-41 which was further modified to utilize as catalyst support materials.

Mesoporous MCM-41 is amorphous silica with a regular mesopore system (pore size 2-50 nm) which consists of an array
of unidimensional and hexagonally shaped mesopores. MCM-41 has attracted considerable interest as a model substance of
gas adsorption, catalyst support [6). However, the surface of MCM-41 is only weakly acidic. Acidity modification of MCM-
41 is necessary for the applications to acid-catalyzed reactions such as cracking, isomerization, atkylation and hydroxylation
[6]-[8]. Bremsted acid sites could be generated through isomorphous substitution of Si by Al There are two methods to
introduce Al to MCM-41: direct sol-gel method {Pre) and post-synthetic grafting method {Post}. The first method causes not
only unfavorable hydrothermal structural deterioration but also produces very low concentration and strength of Brensted
acid sites even at high aluminum content. Therefore, post-synthesis modifications have been developed to maintain structural
stability and to incorporate various metal elements easily into siliceous MCM-41 support. In this work, AI-MCM-41 was
prepared by post methods and used as catalyst support for platinum and iron for phenol hydroxylation.

Phenol hydroxylation to produce dihydroxybenzenes is an important selective oxidation reaction in which the products,
catechol and hydroquinone, are used in such diverse applications as photographic chemicals, antioxidants, flavoring agents,
polymerization inhibitors and pharmaceuticals [£0]. The process of phenol hydroxylation with 30% H;0, would be a useful
process in the future because of its simplicity and lack of pollution. Redox molecular sieves, which are promising materials
for transformations of large organic molecules in liquid phase reactions, had emerged recently by incorporating various
transition metal species such as platinum and iron [11]-[12]. In this work, the bimetallic platinum/iron supported on Al-
MCM-41 will be used as catalysts in hydroxylation of phenol. The acid sites and pore size of Al-MCM-41 which is larger
than that of zeolite (< 15 A) is suitable for phenol. The % convetsion of phenol and the reaction time of using the bimetallic
catalyst will be investigated in this work.



II. EXPERIMENTAL
A. Chemicals

The chemical used for rice husk silica preparation is hydrochleric acid 37% (HCI, supplied by Carle Erba). The chemicals
for MCM-41 and AI-MCM-41 preparation are cetyltrimethylammonium bromide (CTABr, supplied by Fluka), sodium
hydroxide, anhydrous pellet (NaOH, supplied by, Carlo Erba), sutphuric acid 96% (H,S0,, supplied by Carlo Erba), sodium
aluminate anhydrous (NaA10,, supplied by Riedel-de Haen) and ammonium nitrate (NH,NQ, supplied by, Ajax).

The chemicals for catalyst preparation are iron(lll)chloride hexahydrate (FeCl,.6H,0, supplied by Polskie Odczynniki
Chemiczne and dihydrogen hexachlorplatinate{lV} 40% (H,PtCl;.6H,0, supplied by Alfa).

The chemicals for catalyst testing are phenol (CsHsOH, supplied by BDH), hydrogenperoxide 30% (H;O,. supplied by
Ajax), cetechol (CsHgOy, supplied by Fluka) and hydroquinone {CsH4(OH),, supplied by Asia Pacific Speciality Chemicals).

- 8. Extraction of silica from rice husk
The rice husk silica (RHS) was prepared with a procedure simitar to our previous work [4). The purity of silica was 98.5%
wt and its phase was amorphous.

C. MCM-41 and Al-MCM-41 preparation

Siliceous MCM-41 was synthesized with a method modified from literature (8]. Briefly, the starting pel with a molar
composition of 45i0,:1CTMAB:0.29H,50,:400H,0 {CTMABr = cetyl trimethyl ammonium bromide) was prepared, and
the get pH was adjusted to 11 with H,S80,. Crystallization was done in a Teflon- lined autoclave at 100 °C in static condition
for 3 days. The MCM-41 powder was separated by centrifugation, washed with distilled water, dried and calcined at 540 °C
for 6 h to remove CTMABT template.

Al-MCM-41 supports with Si/Al ratio of 75, 50 and 25 were prepared from silicons MCM-41 and NaAlQ, by grafting
method [8]. The starting materials were mixed in 2 polypropylene bottie and stirred vigorously for 30 min. Then the solid
powder was separated by centrifugation, dried at 100 °C oven 3h and calcined at 540 °C for § h.

Both MCM-41 and AI-MCM-41 were characterized by powder x-ray diffraction (XRD), X-ray fluorescence {XRF},
transmission electron microscopy (TEM), N, adsorption-desorption (BET method) and ammonia adsorption on
thermogravimetric analyzer {TGA).

D. Cartalyst preparation and testing for phenol hydroxylation

The 0.5 wi.% of platinum and 5 wt% of iron catalyst supported on MCM-41 and Al-MCM-41 was prepared by co-
- impregnation with FeCl; and H,PtCl, 6H,0 solution the materials was dried at 100 °C overnight and calcined at 300 °C for
2h, with 2 heating rate of 10 °C /min. The catalysts obtained were 0.5PtSFe/MCM-41, 0.5Pt5Fe/75AIMCM-4],
0.5Pt5Fe/SOAIMCM-41 and 0.5Pt5Fe/25AIMCM-4] where the number 75, 50 and 25 were Si/Al ratio. The catalysts were
characterized by temperature programmed-reduction (TPR). ’

The catalytic testing for phenol hydroxylation, the catalyst, phenol and H,0, solution (30% w/v} were mixed
{phenol/H;0, mole ratic = 3) in a two-necked round bottle {250 ml} equipped with a magnetic stirrer and a reflux condenser..
The reaction was carried out at 60 °C for 1 h and the catalyst was separated by centrifugation. The product was analyzed by
a gas chromatograph (Shimadzu GC14-A) equipped with a capillary column (ID-BP1 3.0 um, 30 m % 0.53 mm), a flame
ionization detector {FiD) and the injector and column temperatures were 250°C and 190°C, respectively.

E. Supports and catalyst characterizalion

The XRDr patterns were obtained using Cu Ko radiation on a Bruker axs D5005 diffractometer. The composition of
mesoporous material samples was determined by XRF (Phillip, MagiX Pro). The arrangement of mesopores is investigated
by TEM (JSM 6400). Physical characteristjcs of the sample are determined by N, adsorption-desorption isctherm at -{96°C
for relative pressure from 107 10 0.99 on an AUTOSORB-1 analyzer. Before measurement, each sample was degassed at
300°C for 3 h. The BET surface area was obtained from the N; adsorption data in the relative pressure range of 0.001-0.99.
The pore size and pore volumes were calculated from the desorption branches of the isotherm using Barrett-Joyner-Halenda
{BJH) method.

Ammonia adsorption 10 determine the amount of acidity of MCM-4] and Al-MCM-41 was carried out on a TGA,
(NETZSCH, model STA 409PC) where the weight changes due to adsorption and desorption was measured directly from a
microbalance. Each sample (approximately 120 mg) was pretreated by heating from room temperature te 300 °C in nitrogen
flow (flow rate 30 mL/min and heating ramp rate of 10 °C/min) and heid for 1 h 1o remove water. A fter cooling down to
room temperature, the sample was exposed to ammonia in helivm (20% and total flow rate 40 mL/min} unti] the maximum
adsorption was obtained. Then it was purged with nitrogen (flow rate 30 mL/min) to remove physisobred ammonia until the
weight becomes constant. The weight change ws vsed to calculate the acidity of material and the acidity unit is reported as
mmol of ammonia per gram of material.

For the TPR measurement of PtFe catalyst, a catalyst sample with approximately 50 mg was packed on guartz wool
catalyst bed in a guartz tube and placed in a furnace connected to temperature controller, gas flow and mass spectrometer.
Before TPR measurement, the catalyst was pretreated by heating from room temperature to 300 °C in helium flow (flow rate
20 ml/min and ramp rate of 10 “C/min) and held for | h to remove water. After cooling down o room temperature, a gas
mixture containing 5%H; in He was introduced with flow rate of 2 mL/min and the temperature was ramped again with the



rate § °C/min from room temperature to 600 °C. The water from reduction was detected continuously by a mass
spectrometer and plotted with temperature.

[I1. RESULTS AND DISCUSSION
A. Supporits characterization by XRD, XRF, BET and ammonia adsorption

The XRD patterns of the calcined MCM-41 and Al-MCM-41 are displayed in Fig. 1. The MCM-41 showed a strong peak
at 2.5 and small peaks at 4, and 4.5 corresponding to the (100), (110}, and (200} planes of a hexagonal lattice, respectively.
Oniy the (100} peak was observed in all AI-MCM-41 indicating that the structure was slightly changed after Al grafting.
The peak positions shifted stightly to lower Yalue as aluminum was incorporated and the intensities decreased indicating
changes in crystallinity. The widths of the strongest peak of Al-MCM-41 samples were broader than that MCM-41 and the
differences in peak area were compared to estimate the relative erystallinity. As shown in the second column in Table |, the
crystallinity of AI-MCM-41 decreased as aluminum was incorporated.
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Fig. 1 Normalized XRD patterns of (a) MCM-41, (b)-(d} Al-MCM-41 with Si/Al ratio of (b} 75, {¢) 50 and {d) 25

The N; adsorption isotherms of MCM-41 and Al-MCM-41 samples with Si/Al ratio of 75, 50 and 25 are shown in
Fig 2. All isotherms corresponded to type IV which was typical for mesoporous materials. At the beginnihg, the adsarbed
amount increased quickly and concaved to the P/P, axis due to adsorption on external surface and form monolayer. The
adsorbed arnounts of all Al-MCM-41 samples were lower than that of MCM-41 indicating that their surface areas decreased
after Al grafting. As shown in the second column in Table 1, the surface area of MCM-41 was 1,230 m%/g and those of all
Al-MCM-41 decreased to the range 740-870 m’/g.

At the 0.2-0.4 range of P/P,, the N, increased again before reaching nearly constant volume. This range corresponded to
nitrogen adsorption in the mesopores of MCM-41 and Al-MCM-41. However, the adsorption in this range for Al-MCM-
41did not increased sharply as in MCM-41 indicating that- some mesopores might collapse during the Al-grafting. This
change could be an explanation to the significant decrease of surface area.
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Fig. 2 N, adsorption isotherm of (a) MCM-41, (b)<(d} AI-MCM-4 | with Si/Al ratio of (b} 75, (¢) 50 and (d) 25



In addition to the relative crystallinity and BET surface area, Table 1 also showed the concentration of Si and Al in the
MCM-41 and AIMCM-41 determined from XRF. MCM-41 contained a small amount of Al because Al originally
- presented in the silica obtained from rice husk. Upon rafting, the concentration of Al increased and the acidity from
ammonia adsorption was expected to have a similar trend 1o the Al concentration.

Results derived from the ammonia adsorption of the calcined samples are listed in the last column of Table 3. The acidity
from ammonia adsorption was lower than the concentration of Al from XRF for all materials indicating that only some
portion of Al were present at the surface and accessible for adsorption. The acidity values of AI-MCM-4F was in the range
of 0.20 — 0.25 mmol/g compared to 0.17 mmol/g of the un-grafied MCM-41,

Table T Composition, surface area and acidity of MCM-41 and Al-MCM-4 |

Sample Relative BET surface area | Concentration of | Concentration of | Acidity from NH,
crystallinity {(m%g) Si from XRF Al from XRF adsorption
(mmol/g ) {mmol/g ) __(mmol/g)
MCM-41 100.00 1231.4641 3430 .28 0.17
T5AIMCM-41 81.20 741.3508 3522 0.52 0.22
50AIMCM-41 51.56 8648746 3492 0.81 0.25
25AIMCM-41 76.82 746.7049 34.22 0.66 0.22

B. Characterization of PtFe catalysts by TPR

The TPR results from bimetallic Pt-Fe catalysts supported on MCM-41 and Al-MCM-4! are shown in Figure 3. For Pt-
Fe/MCM-41, there were two peaks, the first peak around 100 °C was assigned to the reduction of platinum and the second
around 480 °C was assigned to the reduction of iron. The assignment was based on the fact that platinum oxides are more
easily reduced than iron. For the Pt-Fe/Al-MCM-41, the reduction peaks of iron in ali catalysts shifted to lower temperature
with maximum around 380°C. It was possible that iron on these supports located near platinum. After platinum oxide was
reduced, it became adsorption site for hydrogen and the adsorbed could easily migrate to reduce iron oxides, resulting in
lower reduction temperature. Because this behavior was not observed on bimetzallic catalyst on MCM-41, it was possible
that the presence of Al on MCM-41 facilitate the interaction between platinum and iron.
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Fig. 3 Water production from temperature-programmed reducq;on of (a) 0.5Pt5Fe/ MCM-41, (b} 0.5Pt5Fe/75S/Al-MCM-
41, {c) 0.5Pt5Fe/50SVAI-MCM-41 and (d) 0.5P15Fe/255/AI-MCM-41

C. Catalyst activily testing on phenol hydroxylation

The hydroxylation activities of 0.5Pt5Fe on MCM-41 and Al-MCM-41 at various reaction times are presented in Fig.4.
The phenrol conversion increased remarkably in the time range of 0—1 h.  The detail of conversion and selectivity are
inciuded in Table 2. The activities were in this order: 0.5Pt5Fe/755i/Al-MCM-41 < 0.5Pt5Fe/SOSVAL-MCM-41 <
0.5Pt5Fef25Si7AI-MCM-41, After 2 h, the conversion became nearly constant during the 4 h testing period.
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Fig. 4 Phenol hydroxylation activity (H;Oy/phenol = 143 at 70 °C and amount of catalysts .05 g.)

Table 2 Catalytic activities of various catalysts in phenol hydroxylation with conditicns: phenol/H,O; ratio = 3/1, reaction
temperature = 70 °C, reaction time = 1 h,

Catalyst % phenol Selectivity of Selectivity of
conversion chetechol hydroquinone
0.5Pt SFe/MCM-4] 4220 52.35 47.64
9.5Pt SFe/75AIMCM-41 12.23 73.44 26.56
Q.5Pt 5Fe/30AIMCM-4i 34.04 52.61 47.39
L0.751“1 5Fe/25AIMCMA4] 41.31 J 50.76 4924

The table 2 showed the performance of other Pt-Fe bimetalic catalysts for phenol hydroxylation reaction. The reaction was
carried out with fixed amount of H;0O; and phenol in 1:3 at 70°C for f h and amount of catalysts 0.05 g. The
SFeD.5PYMCM-41 showed the highest phenol conversion 42 % because MCM-41 had high surface and good dispersion of
platinum and iron. For the bimetallic catalysts on AI-MCM-41 with SifAl ratio of 75, 50 and 25 were 12, 34 and 41%,
respectively, but the selectivity of chetechol were 73, 53 and 51% and selectivity of hydroquinone were 26, 47, 49%,
respectively. The selectivity of hydroquinone seemed to increase as acidity of Al-MCM-41 increased. The phenol
conversien showed higher conversion than either Fe-NaY, Co-NaY Fe-Co-NaY catalyst catalyst reported in literatures [16].

[V. CONCLUSION

MCM-41 was prepared from rice husk silica and its acidity was improved by adding aluminum by grafiing methed. The
aluminum addition was successful and the acidity of A1-MCM-4t samples was higher than that of MCM-41. Upon grafiing,
the surface area of Al-MCM-41 decreased*but the mesoporous structure was still maintained. The prepared Al-MCM-41
materials were used as supports for bimetallic Pt-Fe catalysts and tested for hydroxylation of phenol. The acidity has effect
to conversion and selectivity of hydroquinone. The selectivity of hydroquinone was increased as acidity of AI-MCM-41. The
5Fe0.5PtYMCM-41 was shown highest phenol conversion 42 %, 5FeD.5SPY75MCM-41 was shown highest selectivity of
chetechol 73 % and 5Fe0.5PY25MCM-41 was shown highest selectivity of hydroquinone 49 %,
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Abstract: Silica (Si02) was prepared from rice husk by refluxing with 3M
hydrochloric solution at 60 °C for 3 h. The acid-leached husk was filtered, washed,
dried and calcined at 500 °C for 6 h. The white ash powder was characterized by X-
ray diffraction (XRD) and X-ray fluorescence (XRF). It was found that the ash
contained of amorphous silica 98.5% and small amounts of inorganic compounds.
After that the rice husk silica was used as silica source for the synthesis of MCM-41|
by hydrothermal method and further modified by addition of aluminiun with Si/Al
ratio of 100, 75, 50 and 25 to increase acidity with direct sol—gel methods. The MCM-
41 and Al-MCM-4] were characterized by XRD, TEM, and TGA. The XRD peak
intensity MCM-4] and AI-MCM-41 decreased with aluminum increased and MCM-
4] showed an ordered structare characteristic of a regular hexagonal array.

Introduction:

Rice husk is byproduct of rice milling composed of cellulose, lignin and ash
varying with the variety, climate and geographic location of growth. (1] The ash is
largely composed of silica with small amounts of inorganic compounds. Pure silica
can be obtained from rice husk by a simple a?:id—leaching procedure and calcination at
600°C under in atmosphere. HCI is most often used for acid leaching.[1, 2] Due to its
high silica content RH has become a source for preparation a number of silicon
compounds such as stlicon carbide, silicon nitride, zeolite and mesoporous MCM-41.
MCM-41 is amorphous silica consists of an array of unidimensional and hexagonally
shaped. The pore size of the MCM-41 can be controlled from 1.5 to 10 nm by use of
an appropriate surfactant as a template. Because of its uniform size and shape of
mesopores as well as its thermal stability, MCM-41 has attracted considerable interest
as a model substance of gas adsorption, catalyst supports. MCM-41 was prepared



originally by hydrothermal reactions of silicate gels in the temperature range from
100-120 °C. [3] The surface of MCM-41 is only weakly acidic and the acidity could
be generated through isomorphous substitution of Si by Al. Acidity modification of
MCM-41 is necessary for the applications to acid-catalyzed reactions such as
cracking, isomerization, alkylation and hydroxylation. [3, 4]

Methodology:

Extraction of silica from rice husk and characterization; The rice husk was
washed thoroughly with water to remove adhering soil and dust and dried at 120 °C
overnight. The water-rinsed rice husk and 3 M HCl solution in ratio 100 g : 500 mL
were refluxed under stirring in a round-bottomed flask at 60 °C for 3 h. The mixture
was filtered and the husk was washed with distilled water several times until the
filtrate was free from acid. The acid-leached husk was then dried at at 120 °C
overnight and calcined at 500 °C for 6 h, with a heating ramp of 10 °C /min. The
silica from rice husk was characterized by XRD and XRF.

MCM-41 and AI-MCM-41 preparation and characterization; Pure siliceous
MCM-41 was synthesized from a gel having a molar composition

4810,:1NayO: 1CTMABr:0.29H,504:400H,0, where CTMARBT is cetyl trimethyl
ammoniurm bromide. Si0O; 3 g was dissolved in a solution containing NaOH 6 g in
distilled water. The solution is then mixed with a solution of CTMABr 4.5 g in
distitled water 90 mL until a clear solution is obtained. The pH of the gel mixture was
adjusted to 11 with H,SO4 then the gel mixture was stirred for 2 h and finally the
mixture was transferred into a Teflon-lined autoclave and kept at 100 °C under static
conditions for 3 day. The solid material obtained was separated by centrifugation at
3000 rpm for 30 min. and washed well with distilled water, until the solid shows a
neutral pH then dried in ajr at 100 °C overnight. Finally the resulting material was
calcined at 540 °C for 6 h, at a heating ramp of 10 °C /min. AI-MCM-41 were )
prepared by the same procedure with an addition of Al source (NaAlO;) with Si/Al
ratio = 100, 75, 50 and 25 to the preparation mixture. MCM-41 and AI-MCM-41 were
characterized by various techniques including XRD, TEM and TGA.

Results, Discussion, and Conclusion: Rice husk silica is composed of amorphous
silica 98.51% and small amounts of inorganic compounds. The XRD patterns of the
calcined MCM-41 and AI-MCM-41 in Fig. | showed characterstic peaks that can be
indexed on a hexagonal lattice. The intensity of the peaks decreased as aluminum was
incorporated. TEM micrograph MCM-4 and AI-MCM-41 of the calcined can be
clearly observed exhibits a well-ordered long-range structure in Fig. 2. TGA of
MCM-4 and Al-MCM-41 showed thermal stability to 600 °C. Acidity modification of
MCM-41 from rice husk silica can using in applications to acid-catalyzed reactions
such as cracking, isomerization, alkylation and hydroxylation.
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Fig. 1 XRD pattemns of the calcined (a) MCM-41, (b)-(e) AI-MCM-41 with Si/Al
ratio of (b) 100, {(c) 75, (d) 50, and (e) 25

Fig. 2 TEM micrographs of the calcined (a) MCM-41, (b)-(e) AI-MCM-41
with Si/Al ratio of (b) 100, (¢) 75, (d) 50, and (e) 25
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Abstract: Silica (810,) powder was prepared from rice husk (RH) by refluxing with hydrochloric
(HCI) acid and calcination in air. The resulting white solid which was analyzed by X-ray
fluorescence spectrometry (XRF) contained approximately 98% wt SiO,. The obtained silica was
converted to sodtum silicate (Na,SiOh) and used as silica source for the hydrothermal syntheses of
Linde Type Y zeolite (Y). In addition to RH silica, commercial sodium silicate was used as a silica
source for the zeolite syntheses with similar procedure in order to compare the effect of starting
material to the zeolites properties. Zeolites from both silica sources were characterized by X-ray
diffractometer (XRD), Brunauer —-Emmentt-Teller analyzer (BET), and scanning electron
microscope (SEM). The formation of zeolite frameworks were confirmed by XRD showing similar
spectrum to the reference standard. Surface area from BET analysis of the zeolite from RHS was
655.58 m?/g, while that from the commercial silica was 400.25 m%g. SEM micrographs of the
zeolite prepared from RHS source showed only crystalline shape, but the Y zeolites that prepared
from commercial silica were observed in two types of particle shapes: octahedral with beveled edge
and ball of wool. However, needle amorphous agglomerates are also observed. The particles size of
Y zeolite prepared from rice husk silica was ~0.6-1 pm, while that from commercial silica was ~4-8
pm. N

Introduction: RH is an agricultural by-product; it contains organic materials as the major
constituent and hydrate silicon, which produce high ash content [1]. The ash contains 87 — 98%
Si0; and a small proportion of metalfic elements [2]. Some of the advantages of rice husk silica are
widely used in electronics, ceramic, and polymer material industries, thermal insulator and
composite fitlers [3]. The silica contents of rice husk ash are used as precursor species for alkaline
hydrothermal conversion of rice husk ash into zeolite.

Zeolite is an attractive microporous crystalline material because of its solid acidity, ion-
exchange capability, adsorptionrelease capability and molecular-level pores [4]. Important

industrial application of zeolite is such as in catalyst and sorbents for removal of ions and molecules



from wastewaters [S]. Zeolites are usually synthesized under hydrothermal conditions from solution
of sodium aluminate, sodium silicate, or sodium hydroxide [6].

Because, silica in rice husk ash (RHA) formed by combustion below 800 °C was found to be
sufficiently pure and in amorphous phase [7], this study explored the potential of RH silica as a raw
material to produce NaySiQ; for syntheses Linde type Y zeolites (NaY). The obtained products
were characterized by XRD, SEM, and diffraction particle size analyzer.

Experimental: Rice husk was washed with water, dried, and leached with 3 M HCI acid (CARLO-
ERBA) for 6 h. The leached material was washed with deionized water, dried, and pyrolyzed in the
hot air furnace (Carbolite) at 550°C for 6 h, to yield rice husk silica (RHS). The chemical contents
of RHS were analyzed by X-ray fluorescence spectroscopy (XRF; Oxford). RHS was dissolved in
[4%wt. NaOH to produce Na,Si(; solution, filtered to remove carbon residue, and used in zeolite
syntheses. Each zeolite was synthesized by a method described in literature [8]. The formation of
each zeolite product was confirmed by powder XRD (Bruker AXS diffractometer, Model D5005)
using nickel filter Cu K, radiation scanning from 4 to 50° at a rate of 0.05°/s with current 35 kV and
35 mA. SEM (JEOL, Model JSM-6400 with applied potential 10 kV) was used to determine
particle size and nature of particle surface.

Results and discussion: From the XRF results, the components of rice husk ash included
approximately 99 %wt SiQ,, 0.5 — 0.7 %wt Al,O; and trace of other metal oxides. Therefore, it was
efficient and interested as silica source for zeolites synthesis.

The diffraction patterns of the microporous zeolites NaY are shown in Fig. 1. The spectrum
were similar to that in reference database (8] confirming the formation of zeolite frameworks from
both sources. XRD sharp peaks indicated that the zeolites have high crystallinity.

r
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Fig. 1. XRD pattern of NaY from RHS and commercial silica source

SEM micrographs of NaY zeolites from RHS were not different in shape and size showing more
usual octahedral crystals habit of NaY and cornéss has been modified to one with beveled edges
(fig. 2). In contrast, SEM micrographs of NaY prepared from commercial silica source (fig. 3)
showed larger particles than that from RHS (i.e., ~4-8 pm vs. ~I pm). There are two types of
particle shapes including polycrystalline or beveled octahedral (3b), ball of wool or also zeolites
impurities. Nevertheless, needle agglomerates or amorphous zeolites (3¢) are also observed, This
result indicated that longer aging time is needed in the preparation of NaY from RH silica. In
addition, amorphous particles were also observed in all zeolite micrographs.



Fig.3. SEM image of NaY prepared from commercial silica source

Conclusions: The high purity silica from rice husk ash was successfully used as silica source for
the syntheses of Linde type Y zeolite.
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Abstract: Mesoporous material, MCM-41, was synthesized by hydrothermal method
from rice husk silica and modified further by adding titanium into its framework. The
resultant solid product Ti-MCM-41 possessed high specific surface area and narrow
pore size distribution. XRD pattern exhibited reflection of (100), (110) and (200) at 2¢
lower than 10 degree and the form of loaded titanium was free-oxide titanium form. The
Ti-MCM-4]1 was modified surface by KNO; and KOH and the resulting catalysts were
designated as K/Ti-MCM-41 and K;O/Ti-MCM-41, respectively. They were used to
catalyze biodiesel production of palm olein oil and methanol via transesterification
reaction. GC chromatograms showed that methyl palmitate, oleate and linoleate were
clearly presented at retention time of 30.59, 41.36 and 45.40 min, respectively.

Introduction: This study began from extraction of silica from rice husk by acid
leaching and calcinations. The obtained white powder resultant contains ~ 98% silica in
an amorphous form with small amount of metallic impurities. This silica was utilized 1o
synthesize mesoporous material, MCM-41 ahd the active acid sites were created by
adding titanium into its framework, noted as Ti-MCM-41. Moreover, they were
modified further by introducing KNQ; and KOH onto surface, named K/Ti-MCM-41
and K;O0 /MCM-41, respectively. K/Ti-MCM-41 and K;0/MCM-41 were utilized to
transesterification reaction for biodiesel production.



Methodology:

Preparation of Ti-MCM-41

Silica source for Ti-MCM-41 synthesis was extracted from rice husk by acid-
leaching method with 3 M HCI followed by calcinations at 500°C. The molar ratio of
each composition in the MCM-41 gel mixture was Si0;:0.25 CTABr: 0.0303 TBOT:
180 H,0, where CTABr is cetyltrimethylammonium bromide. In general synthesis,
CTABr 1.45 g was dissolved in 30.00 mL of deionization water. The mixture was
stirred constantly further 4 hours to obtained clear solution, denoted as solution A. Then
solution B was simultaneously prepared by the following procedure: 1.00 g of silica,
0.173 g of tetrabutyl orthotitanate (TBOT) and 2.00 g of NaOH were dissolved together
in 15 mL deionization water and constantly stirred further 4 hours to obtained clear
solution. Consequently, the solution A was poured to 100 mL teflon linen autoclave and
solution B was gradually added dropwise for 20 minute. The pH of the mixture was
adjusted to about 11.5 by slowly dropping 5 N H,80, until small particles agglomerate
as a white sol-gel started to appear. The gel mixture was then transferred into a tleon-
linen autoclave and annealed hydrothermically in an oven at 100 °C for 72 h to obtain
the crystallized product. The product mixture was filtered and dried at 100 °C to remove
water. Finally, Powder was ground and calcined at 540°C to remove the template. The
product had Si/Ti = 35.

Preparation of K/Ti-MCM-41

K/Ti-MCM-41 was prepared by impregnation method adapted from Wenlei Xie et
al [6]. Firstly, 0.20 g of Ti-MCM-41 was dried at 120 °C for 16 h. then 0.12 g KNO;
was dissolved in 0.7 mL of deionized water. Slurry gel was vigorously stirred for 30
min. Finally, the mixture was calcined at 500°C for 5 h and (35%) K/TiMCM-41 was
obtained. \

Preparation of K;O/Ti-MCM-41

Similar to K/Ti-MCM-41 preparation, K,O/Ti-MCM-41 was prepared in the same
condition. Fitstly, 0.20 g of Ti-MCM-41 was dried at 120 "C for 16 h. then 0.53 g of
KOH was dissolved in 0.7 mL of deionized water. Slurry gel was vigorously stirred for
30 min. Finally, mixture was calcined at 500°C for 5 h and (35%) K;O/TIMCM-41 was
obtained.

Catalytic performance for transesterification reaction

The prepared catalysts were used to test for biodiesel production. First, 100 g of oil
was preheated to reaction temperature (70 °C) while appropriate amounts of methanol
and catalyst were vigorous mixed together to produce metoxide anion. The reaction was
carried out with a weight ratio of 4.5:6.0:0.3 (methanol: soybean: catalyst). Then, the
mixture of methanol and catalyst was transferred to preheated oil and vigorously stirred
for 8 k. During the period of reaction, pale yellowish liquid was formed and the
viscosity was decreased significantly. After reaction completed, the pale yellowish
solution was distillated to remove access amounts of methaneol. Consequently, liquid
product was centrifuged to separate fatty acidmethyl ester from glycerol and solid
catalyst. Then the ester was dried by molecular sieve anhydrous to obtained pure fatty
acid methyl ester. Finally, a biodiesel product was characterized by gas chromatography
with FID detector.

Results, discussion and conclusion
XRD patterns of MCM-41 and Ti-MCM-41 in Figure 1 exhibited a main
reflection peak corresponding to the (1 0 0) plane at a low angle (around 20 = 2.0-2.5).
The other peaks had lower intensities, (110) and (200), occur below 26 = 5.0. No



diffractions were seen at higher angles that mean titanium loaded isolates from titanium
oxide form. Intensity of (100) plane was decreased when titantum was loaded. In
addition, the peak shifted to higher 2 6 due to an increase of the wall thickness.

1200
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1100
1000
900

1.5 2 3 4 5 t

Figure 1. XRD patterns of MCM-41 and Ti-MCM-41 samples (Si/Ti = 35)

Bicdiesel production

K/Ti-MCM-41 and K;O0/MCM-4] were used to catalyze biodiesel production.
Chromatograms of CG showed peaks of methyl palmitate, oleate and linoleate at the
retention time of 30.59, 41.36 and 45.40 min, respectively. Unfortunately, the biodiesel
products at this step were still too low to calculate the yield. At present, the amount of
Ti, K, and K,Q are varied for better conversion and the results will be presented at the
conference. The problem may tnvolve reversibility of transesterification reaction.
Methyl palmitate, oleate and Jinoleate can revert to palmitic, oleic acid and linoleic acid,
respectively. Another ongoing work to solve this problem is by performing the reactions
of biodiesel in a continuous batch reactor in which the product can be collected and
analyzed while the reaction reaches equilibrium,
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Synthesis of zeolite Y and Al-MCM-41 from rice husk silica as catalytic support materials

Wittayakun, J.* , Khemthong, P.*, Chume, J.*, Grisdanurak, N.”
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Abstract

Silica (Si10;) powder was prepared from rice husk (RH) by refluxing with hydrochloric acid and
calcination in air. The resulting white solid was analyzed by X-ray fluorescence spectrometry
(XRF) containing approximately 98.5%wt Si0Q,. The cobtained silica was converted to sodium
silicate (Na;Si0;) and used as silica source for the hydrothermal syntheses of zeolite Y. In
addition to RH silica, commercial sodium silicate was used as a silica source for the zeolite
syntheses with similar procedure in order to compare the cffect of starting material to the
zeolites properties. Zeolites from both silica sources were characterized by X-ray diffractometer
(XRD), Brunauver-Emmentt-Telter analyzer (BET), and scanning electron microscope (SEM).
The formation of zeolite frameworks was confirmed by XRD showing similar spectrum to the
standard. Surface area from BET analysis of the zeolite from RH silica and from commercial
silica was 655.58 and 400.25 m*/g. SEM micrographs of the zcolite prepared from RH silica
source showed only crystalline shape, but the Y zeolites that prepared from commercial silica
were obscrved in threc types of particle shapes, polycrystailine, wool balls and ncedle
agglomerates. The particles size of Y zeolite prepared from rice husk silica was ~0.6-1 pm.
while that from commercial silica was ~4-8 um. The zeolite is used as support materials for
platinum and cobalt catalysts which are currently tested for butane hydrogenolysis (cquation
below). Investigation on effect of reaction conditions and kinetics is underway.

2C4Hip+H; — CyHg + C3Hy + CHy + Ha

In addition, the rice husk silica was used as silica source for the synthesis of MCM-41 by
hydrothermal method and further modified by addition of aluminiun with Si/Al ratio of 100, 75,
50 and 25 to increase acidity with direct sol—gel methads. The MCM-41 and AI-MCM-41 were
characterized by XRD, TEM, and TGA. The XRD peak intensity MCM-41 and Al-MCM-41]
decreased with aluminum increased and MCM-41 showed an ordered structure characteristic of
a regular hexagonal array. .The Al-MCM-41 is used as support material for platinum and iron
which are currently tested for phenol hydroxylation (shown below).
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Preparation and characterization of catalyst support using
silica souce from rice husk

Jatuporn Wittayakun",Pongtanawat Khemthongl, Jitladda Chume’,
Nurak Grisdanurak®

!Sehiool of Chemisiry, Instifuie of Science Suranaree University of Technolog. Nokhon Raichasima 30000
‘Deparunent of Chemical Engineering, Faculty of Engineering, Thammasart University, Rungsit Campus.
Patbumtham 12121

_ Abstract—Silica was groduced from rice husk after being refluxed in hydrochlaric
acid, washed, and calcined at 500°C, The percema)igﬁ of silica content of the resulting silica
determined by X-ray Fluorescence Spectroscopy (XRF) was approximately 99%. The silica
from rice husk was utilized to prepared catalyst supports including MCM-4] and zeolite Y
The success of the syntheses was confirmed by characterizafion with Powder X-ray
Diffraction [gXRD). The XRD patterns of both materials were similar to those rgported in
literatures. Further characterizations of both materials include the determination of Si/Al ratio
by XRF and the measurement of surface area and pore size by adsorption method. These
materials are being used as the support for bimetallic catalysts (_:ontamml% platinum which will
be prepared by impregnation, ion exchange and adsorption. The catalysts will be
characterized and tested for hydrogenation of tight hydrocarbon compounds. The obtained
results will be reported in the meeting.

Keywords—rice husk silica, MCM-41, zeolite Y, supported bimetallic catalyst, platinum
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