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Synthesis of calcium silicate from golden apple snail and rice husk to use as

catalyst in biodiesel
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Abstract

This research was the synthesis of calcium silicate (CaSiO,) from snail shells and rice
husk ash with hydrothermal method and solid state reaction. The white solid products were
calcined and characterized by Fourier transformer infrared spectrometer, scanning electron
microscopy, X-ray diffractometer. The solid state reaction provided the percentage of yield of
calcium silicate as 70-76 as higher than hydrothermal method. Further, calcium silicate was used
as biodiesel catalyst in transesterification reaction between methanol and palm oil. Calcium
silicate synthesized by hydrothermal method was performed as biodiesel catalyst better than
calcium silicate synthesized by solid state reaction. However, only calcium silicate could not be
acting as biodiesel catalyst. While, mixed catalyst between calcium silicate and potassium
hydroxide could provide biodiesel to 76-82 percent by volume and the purity of biodiesel in the

form of methyl esters was 90.04-92.08 percent by weight, which are the quality standards for
biodiesel engines.

Keywords: Calcium silicate, Agricultural materials, Catalyst, Biodiesel
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Abstract: Shells of Pomacea canaliculata and rice husk
ash were used as starting material to synthesize calcium
silicate by solid state reaction. The shell and rice husk
ash were manually ground in the molar ratio of 1:1 for 1
and 2 hr. The solid products were calcined at 800, 900
and 1,000 °C for 2 hr in muffle furnace. Fourier
transforms infrared spectroscopy and X-ray diffracto-
metry revealed the formation of calcium silicate. In
addition, scanning electron microscopy was employed to
study the morphology of the synthesized products.

1. Introduction

According to Thailand is agricultural country.
There is a huge amount of snail namely Pomacea
canaliculata in rice field. Its shell consisted with
calcium carbonate is up to 90 % by weight [1]. Also
there is a huge amount of rice husk as agricultural by
product. The weight of silicon dioxide in the rice husk
ash was 78.44 % by weight [2]. The shells of snail and
rice husk ash are natural source of calcium oxide and
silica, respectively.

Calcium silicate or wollastonite which has
chemical formula is CaSiO;. The reaction between
Ca0 and SiO, provides CaSiO; as show in equation
(1). Calcium silicate can be used in many industries
such as ceramics, glasses, electrical insulator [3] and
cements [4]. There are several methods to prepared
calcium silicate such as sol-gel [5], hydrothermal
method [6] and solid-state reaction {3,7,8]. The
conventional method is solid-state reaction due to this
method is non-toxic, environmental friendly and
inexpensive. However, the ball milling consumes large
amount of starting materials. The manually grinding
by hand is one of solid-state reaction which consumes
a few amounts of starting material. Therefore this
method is appropriate method in preliminary work to
synthesis calcium silicate from shell of snail and rice
husk ash.

8i0, + Ca0 —> CaSi0, (§)]

2, Materials and Methods

2.1. Raw materials

The shell of Pomacea canaliculata was washed by
tap water and then dried at 100 °C in an oven for 24 hr.
The shells of snail and rice husk ash were separately
dried at 100 °C in an oven for 24 hr. They were
crushed and sieved through 60 mesh.

2.2 Preparation of calcium silicate

The snail-shell powder was mixed with rice husk
ash powder in mole ratio of 1:1. The mixed solids
were manually ground for 1 and 2 hr. The solid
products were calcined in a muffle furnace at 800, 900
and 1,000 °C for 2 hr.

2.3 Characterization of calcium silicate

Calcium silicate was characterized by Fourier
transform infrared (FTIR) spectroscopy, scanning
electron microscopy (SEM) and X-ray diffractometry
(XRD).

FTIR spectra by Perkin Elmer were recorded on a
spectrometer at a spectral resolution of 4 cm™ with 32
scanning and collected over the range of wavenumber
4,000-400 cm’'. The samples were mixed with
potassium bromide to prepare pellet. FTIR was
characterized the functional group.

SEM by JEOL was characterized the morphology
and approximately size of the powders before and after
calcination.

XRD by X'Pert PHILIPS was characterized the
formation of calcium silicate.

3. Results and Discussione

The appearance color of solid product was gray, as
the temperature of calcination increased, the color of
powder turned to be pale gray. Figure 1 and 2 were
displayed the FTIR spectra of shell and rice husk ash
manually milled for 1 and 2 hr, respectively with and
without calcination. A feature of FTIR spectra of
heating products at 800-1000 ‘C was appearance the
band in range of 3750-3500 cm™ which assigned to the
OH group in calcium hydroxide as unreacted calcium
oxide with water vapor [9]. The band at 1490 cm ™' was
assigned to CO,” with decreasing after calcination
[10]. The intense band at 1096 cm™ assigned to
Si~O-Si [11] was disappeared with calcination while
The intense bands in range of 1000-900 cm’ were
appeared with calcination. The band in range of either
1000-850 cm™' [12] or 950-940 cm™ [11] attributed to
Si—O—Ca (calcium silicate) could not be observed in
FTIR spectra. It would be suggested that the systhesis
of calcium silicate was incompleted at 1000 ‘C of both
manually milling time for 1 and 2 hr.

Pure and Applied Chemistry International Conference 2014 (PACCON2014)
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Figure 1. FTIR spectra of (a) snail-shell and rice husk
ash milled 1 hr without calcination (b) with calcination
for 2 hr at 800, (c) 900, (d) 1,000 C.
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Figure 2. FTIR spectra of (a) snail-shell and rice husk
ash milled 2 hr without calcination (b) with calcination
for 2 hr at 800, (c) 900, (d) 1,000 "C.

Figure 3 exhibited the scanning electron
microscopy (SEM) image of snail-shell and rice husk
ash. Figure 4 and 5 displayed SEM morphology of
snail-shell and rice husk ash milled 1 and 2 hr,
respectively with calcination at 800, 900 and 1,000 C
for 2 hr. The calcination process presented the larger
size and more homogeneous particle. The average
particle size was less than 5 pm. However, using
manually ground solid-state reaction provided the
larger particle size of calcium silicate prepared by ball
mill and microwave synthesis at 1,100 °C for 10 min
[4]. The particle size was smaller as the milling time
incresed and well homogeneous as the temperature of
calcination increased.

Figure 6(a), 6(b) and 6(c) exhibited the X-ray
diffractometry (XRD) pattern of snail-shell and rice
husk ash milled 1 hr and calcined at 800, 900 and
1,000 ‘C for 2 hr, respectively. The XRD result
provided that calcium oxide from shell and silica from
rice husk ash were nearly transformed to calcium
silicate with calcination at 900 to 1,000 "C. The XRD

570

pattern of calcium silicate were charecterized
calcium silicate JCPDS no. 00-034-0558.

as

Figure 3. SEM morphology of (2) shell of snail and (b)
rice husk ash.

e

Figure 4. SEM morphology of (a) snail-shell and rice
husk ash milled 1 hr without calcination (b) with
calcination for 2 hr at 800, (¢) 900, (d) 1,000 C.

Figure 5. SEM morphology of (a) snail-shell and rice
husk ash milled 2 hr without calcination (b) with
calcination for 2 hr at 800, (c) 900, (d) 1,000 "C.

Figure 7(a), 7(b) and 7(c) show XRD pattern with
milled 2 hr and calcined at 800, 900 and 1,000 "C for 2
hr, respectively. After calcination at 1,000 °C for 2 hr,
the percentage of calcium silicate was highest
intensity. The XRD pattern of calcium silicate were
charecterized as calcium silicate JCPDS no. 00-034-
0558.

The results of X-Ray diffractometry could be an
evidence to present calcium silicate was synthesized

Pure and Applied Chemistry International Conference 2014 (PACCON2014)
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Figure 7. XRD peak pattern of snail-shell and rice
husk ash milled 1 hr and calcined 2 hr at (a) 800, (b)
900, (¢) 1,000 C.

4. Conclusions

The calcium silicate was synthesized from shell of
snail namely Pomacea canaliculata shells and rice
husk ash using a solid state reaction by manually
grinding and calcined at 1,000 °C for 2 hr. X-ray
diffractometry is suitable technique to characterize the
formation of calcium silicate. The more benefit of
calcium silicate synthesized from snail shell and rice
husk ash by manually grinding is not much amount of
starting material and inexpensive.
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Abstract

Calcium silicate was successfully synthesized using agricultural byproduct such as rice husk ash and
shell of snail namely Pomacea canaliculata by solid state reaction. Chemical composition of silica
in rice husk ash and calcium oxide in shell were 91.50 and 98.25%, respectively by X-ray
fluorescent determination. The rice husk ash and shell in molar ratio of 1:1 were milled for 5-8 hr
and calcined at 800-1000 'C for 2 hr. The Fourier transforms infrared spectra and X-ray
diffractometry pattern were confirmed the formation of calcium silicate as the milling time
increased.

Introduction

Calcium silicate or wollastonite is a mineral comsisting of calcium, silicon and oxygen. It is
molecular formula can be expressed as CaSiO; or Ca0-SiO; [1]. Calcium silicate can be used in
many industries such as ceramics, glasses, paints, paper, plastic, clectrical insulator and cements
[2,3]. There are several methods to prepared calcium silicate such as sol-gel [4], hydrothermal
method [5] and solid-state reaction [3,6,7]. The conventional method is solid-state reaction due to
this method is non-toxic, environmental friendly solvent-free, waste-free synthetic route unlike
chemical method and inexpensive. Mostly calcium silicate from agricultural waste, industrial waste
and natural materials as starting materials were synthesized from solid state reaction.

Various precursors to synthesis calcium silicate derived from agricultural waste, industrial waste
and natural materials have been investigated. Diatomite [8] and rice husk ash [9,10] are sources of
silica to prepare calcium silicate. Also sourced of calcium to prepared calcium silicate such as egg
shell [2,11] avian egg shell [12] and marble waste [13]. Due to Thailand is agricultural country,
there are a large amount of rice husk consisted with silica around 80 % by weight [14] and snail
namely Pomacea canaliculata in rice field which is the serious problem for farmer. Its shell
consisted with calcium carbonate is up to 90 % by weight [15]. Both of agricultural material were
used for starting material to synthesize calcium silicate.

In this research, the solid state reaction was method to synthesis calcium silicate from
agricultural materials as shell of snail and rice husk ash. The determination of optimum conditions
to synthesize calcium silicate was studied. The formation of calcium silicate was considered firstly
by Fourier transform infrared spectroscopy. The morphology was investigated by scanning electron

microscopy. Also the X-ray diffractometry was confirmed the formation and phase of calcium
silicate.

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www.ttp.net. (ID: 118.172.11.19-11/03/15,15:54:08)
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Experimental

1. Raw materials

The shell of snail namely Pomacea canaliculata was washed by water and then dried at 100 Cin
an oven for 24 hr. The shell was crushed and sieved through 60 mesh. The powder of shell was
calcined in a muffle furnace at 800 'C for 2 hr. Rice husk ash was dried in an oven at 100 °C for 24
hr. It was crushed manually and sieved through 60 mesh. The metal oxide composed in raw
materials were characterized by X-ray fluorescent (PAN analytical).

2. Preparation of powder

The powder of shell and rice husk ash were mixed with in molar ratio of 1:1. The mixed solids
were milled by alumina balls for 5, 6, 7 and 8 hr. The solid products were calcined in a muffle
furnace at 800, 900 and 1,000 'C for 2 hr with automatic heating rate.

3. Characterization of calcium silicate

The synthesized products were characterized by Fourier transform infrared (FTIR) spectroscopy,
scanning electron microscopy (SEM) and X-ray diffractometry (XRD).

FTIR spectra by Perkin Elmer was transmission mode recorded on a spectrometer at a spec&ral
resolution of 4 cm™ with 32 scanning and collected over the range of wavenumber 4,000-400 cm™.
The samples were mixed with potassium bromide to prepare pellet. FTIR was characterized the
functional group and investigated the Ca—O-Si of calcium silicate.

SEM by JEOL was characterized the morphology and approximately size of the powders before
and after calcination. The samples were deposited on a sample holder with a double stick
conducting carbon tape and were coated with gold to improve the surface conductivity. .

XRD by PHILIPS X'Pert was characterized the formation and phase of calcium silicate in the
region of 20 = 10-90° using Cu K, radiation (A = 1.5406 A) with a step scan of 0.5°/min.

Results and Discussion

Chemical composition of silica in rice husk ash and calcium oxide in shell were 91.50 and 98.25
% by weight, respectively by XRF determination shown in Table 1.

Table 1. XRF analysis of shell of snail Pomacea canaliculata calcined at 800°C for 2 hr and rice

husk ash by % weight .
saitiple AlLO; SiG, alb TiG, Mn0O TFe,B; Cul SO Y.C5 ZrC, Ba0 HfO,
shell of 0.40 062 9825 0.02 0.05 0.24 0.03 0.19 0.004 0.10 0.09 0.006

snail

rice husk 1.9 91.5 1.07 0.017 0.14 0.178 0.02 0.004 0.006 0.004 0.01 0.012
ash

Figure 1 was displayed the FTIR spectra of shell and rice husk ash ball. The mixed solids were
milled for 5-8 hr without calcination. The band of —OH group at ~3,400 and dominant band of
CO5*" at 1,431 cm™ were appeared [16]. Those bands were trend to disappear as the temperature of
calcination was increased to 800, 900, and 1,000 °C as shown in Figure 2, 3, and 4, respectively. It
indicated that the absorbed water and carbonate were removed at temperature higher than 800 €
After calcination the intense band at 1,096 cm " assigned to Si—0-Si [17] was disappeared. While
the intense bands in range of 1,010-900 cm’ ! were appeared.

Figure 2 a feature of FTIR spectra of calcined products at 800 °C was appeared the band in range
of 3,750-3,500 cm™' which assigned to the —OH group in calcium hydroxide as unreacted calcium
oxide with water vapor [18].

As the milling time was increased and the temperature of calcination was increased up to 900 C
in Figure 3. The bands in range of either 950-940 cm’ Y1171 or 1000-850 cm™ [19] attributed to
Ca—0-Si (calcium silicate) could be observed in FTIR spectra. Those bands could be observed
clearly in Figure 4 as the temperature of calcination was 1,000 °C. It would be suggested that the
calcium silicate was starting to occur at milling time up to 7 hr with calcination at 1000 C.



Advanced Materials Research Vol. 1103 3

% T
%T

pasu

v ; = . : . . A a0 330 3000 2500 2000 1S9 1000 500
4000 3500 3000 2500 2000 1500 1000 500 Wavenumber (cm')
Wavenumber (cm)

Figure 1. FTIR spectra of samples at milling Figure 2. FTIR spectra of samples at milling
time for (a) 5, (b) 6, (¢) 7, and (d) 8 hr. time for (a) 5, (b) 6, (c) 7, and (d) 8 hr and
calcined at 800 "C for 2 hr.
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Figure 3. FTIR spectra of samples at milling Figure 4. FTIR spectra of samples at milling
time for (a) 5, (b) 6, (¢) 7, and (d) 8 hr and time for (a) 5, (b) 6, (¢) 7, and (d) 8 hr and
calcined at 900 "C for 2 hr. calcined at 1,000 °C for 2 hr.

Figure 5 displayed SEM morphology of CaO from shell of snail calcined at 800 °C for 2 hr and
rice husk ash. Figure 6 were SEM morphology of solid products from shell and rice husk with
milled for 5-8 hr. It was clearly observed that the particle size of the samples was decreasing while
the milling time was increasing. Figure 7 exhibited SEM morphology of solids products with milled
for 8 hr and calcined at 1,000 ‘C for 2 hr. The higher temperature for calcined process presented the
smaller size and more homogeneous particle. The average particle size was less than 10 pm.
However, using ball milling by solid-state reaction provided the larger particle size of calcium
silicate than prepared by ball milling and microwave synthesis at 1,100 °C for 10 min [4]. It could
be suggested that the milling time, the temperature for calcination and the solid state hybrid
microwave synthesis influence the particle size of calcium silicate.

Figure 8 was the X-ray diffractometry (XRD) pattern of calcium oxide from calcined shell of
snail at 800 "C for 2 hr and silica from rice husk ash. The XRD peaks pattern of calcium oxide were
characterized as CaO (JCPDS no.82-1690) and SiO, (JCPDS no.01-0438).
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Figure 5. SEM morphology of (a) CaO from shell of snail calcined at 800 "C for 2 hr and (b) rice
husk ash.

Figure 7. SEM morphology of samples at milling time for 8 hr and calcined for 2 hr at (a) 800, (b)
900, and (c) 1,000 C.

From the first characterization by FTIR provided that calcium silicate was starting to occur when
milling time was up to 7 hr with calcination at 1000 "C for 2 hr. Those conditions were selected to
characterize by XRD in further to confirm the formation of calcium silicate. The structure of the
XRD pattern of calcium silicate was not changed with increasing the milling time. On the other
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hand, the intensity of XRD peaks was increasing while the milling time was increasing. [t indicated
that milling time has no effect on the phase transformation of calcium silicate. The XRD patterns in
Figure 9 was correspond to calcium silicate JCPDS no.27-0088.

In order to examine the effect of the heating temperature on the phase transformation, the mixed
oxides at milling time for 8 hr were calcined at different temperature for 2 hr. Figure 10 was XRD
pattern of sample with milled 8 hr and calcined at 800, 900 and 1,000 °C for 2 hr. The XRD pattern
of calcium silicate were characterized as calcium silicate JCPDS no0.27-0088. The result clearly
show that the calcination at 1,000 "C provided the highest intensity of calcium silicate. Also calcium
oxide could completely reacted with silica at this heating temperature. However, silica was still
existed due to the mole ratio of Ca0:SiO, in this experiment was 1:1. Therefore, the amount of
silica was excess. It has been reported the propriate molar ratio of Ca0:SiO; was 1:0.8 [2]. The
temperature of calcination could be effect the intensity of XRD pattern. While the temperature in
range 800-1,000 C could not be effect the phase transformation.
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Figure 8. XRD patterns of CaO from calcined shell of snail at 800 °C for 2 hr and SiO, from rice
husk ash.
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Figure 9. XRD patterns of samples at milling tlme for (a) 5, (b) 6, (c) 7 and (d) 8 hr and calcination
at 1,000 °C for 2 hr.
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Figure 10. XRD pattern of samples at milling time for 8 hr and calcined 2 hr at (a) 800, (b) 900, and
(c) 1,000 \C.

Conclusions

The calcium silicate was successfully synthesized from shell of snail namely Pomacea
canaliculata and rice husk ash by solid state reaction as conventional synthesis. The optlmum
conditions to synthesize calcium silicate with mlllmg time for 8 hr and calcination at 1000 C for 2

hr. The heating temperature in range 800-1,000 °C could not be effect the phase transformation of
calcium silicate.
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