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Potential Application of Rice Husk for Synthesis of
Catalyst for Biodiesel Production

Jibril Goli Buta, Nedumaran Balasubramanian

Abstract -- This study synthesize biodiesel from soybean oil using transesterification over rice husk based Li2SiO3 and Na2SiO3 catalysts.
The catalysts were characterized using FTIR, powder-XRD, DTA/TGA, XRF and SEM instruments. At optimum condition of 500oC catalyst
calcination, 3w% catalyst concentration, 60oC reaction temperature, 150min reaction time and 12:1 methanol to oil molar ratio; the biodiesel
yield of 96.7% was obtained for rice husk derived sodium silicate catalyst, whereas for rice husk derived lithium silicate catalyst, the
biodiesel yield of 99.4% was obtained at optimum condition of 4wt% catalyst concentration, reaction temperature of 65oC, reaction time of
180min and methanol to oil ratio of 24:1. The biodiesel products were also characterized by using H-NMR, FTIR and GC-MS and the results
confirms the transformation of oil triglyceride to biodiesel methyl ester. The physiochemical properties of biodiesel fuels were also in
agreement with international standard.

Index Terms -- Agricultural waste, rice husk ash, catalyst, sodium silicate, lithium silicate, soybean oil, transesterification, biodiesel fuel
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 1. INTRODUCTION
OW a days, biodiesel is considered as a renewable
biofuel with fewer pollutant emission than petrol diesel.
The  use  of rice husk (RH)  from  agricultural  waste  as  a
catalytic material is one way to reduce the cost of the

catalyst and keep the environment clean. This approach
creates additional revenue opportunities for farmers,
entrepreneur and local government in addition to reducing the
cost of procuring and synthesizing the catalytic material.
Instead of discharging them, using waste material as a catalyst
also lessens the cost of waste management.

The primary staple food for billions of people is rice and it
covers 1% of the earth’s surface [1]. Based on weight, RH
account for nearly 20% of paddy production and it is the outer
cover of the rice [2]. The heating value of 16.3MJ/kg, volatile
matter content of 74% and ash content of 20% are the main
characteristics  of  the  RH  [3].  It  is  used  as  a  fuel  to  produce
steam in various industries and this characteristics indicate
that the RH could be a good solid fuel [4], and therefore,
conserving both energy and resources. Rice husk ash, which is
typically considered as waste, produced when RH is burnt in
air [5]. It is the only crop by product that generates a huge
quantity of ash when it is burnt in air [6].  Silica (87-99%) and
minor amount of inorganic salts are the main constituents of
RH ash [7], [8]. Suitable substitute disposition must be
scheduled to avoid undesirable environmental effect as about
70 million tons of RH ash is being produced annually.
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Inorganic metal such as Pd2+ and Cu2+ metal ions [9], [10],
absorbent to absorb organic dye such as malachite green [11],
as construction material in concrete [1], [12]  are the
application area where the RH ash  has been used so far. Silica
from RH ash can be an additive for rice plant itself, as it is
absorbed by the roots of plant and deposited on the outer
walls of epidermal cells as a silica gel and act as a physical
barrier against pathogenic fungi and attacks by insects [13].  In
recent years, RH ash is used as economically viable raw
material for producing silicates and pure reactive silica [14]
because of its high silica content [15]. Sodium silicate is a very
popular  water  glass  which  can  be  prepared  in  a  simple
manner from SiO2 and NaOH [16]. In order to synthesize
mesoporous silica material [17], β-zeolite [18], normal alkane-
silica composite phase [19]; sodium silicate was also used as
reactant. In the transesterification reaction of vegetable oil, the
use of calcined sodium silicate as solid basic catalyst has been
reported recently, implies that the effectiveness of the catalyst
under mild reaction condition and short reaction time, the
reusability of the catalyst without the loss of its activities was
for at least about 5 times [20], [21], [22].

The key objective of this study is to develop heterogeneous
catalyst from RH. Two types of heterogeneous alkali catalyst
are  prepared  from  RH  ash  based  chemical  reaction;  lithium
silicate catalyst is prepared using lithium carbonate as an
activating agent and sodium silicate is prepared using sodium
hydroxide as an activating agent through a solid state reaction.
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2. MATERIALS AND METHODS
2.1. Materials
Soybean oil was purchased from local market in Roorkee city;
India. The density and molecular weight of the oil were
measured to be 0.902g/ml and 871.99g/mole respectively. RH
from local rice mill,  utilized as catalyst source. Methanol,
NaOH, Li2CO3 and HCl (all analytical reagent) were
purchased from local market in Roorkee, Uttarakhand State,
India (Thomas baker chemical, Bharat Mahal, Marine Drive,
Mumbai, India).

2.2. Preparation and Characterization of RH derived
catalyst

Na2SiO3 catalyst preparation method (RH-Na2SiO3)

Clay particles and residuals rice were eliminated by sieving
the RH using sieve screen. Then the residual, clay free RH was
washed with deionized water and allowed to dry overnight
for 12h at 110oC in oven. The oven dried RH was digested by
reflux technique in 1M HCl (solution prepared from 83.5ml of
35.4% concentrated HCl and distilled water in 1L borosilicate
glass). The digested RH was washed with deionized water
several times until the pH of washing water becomes neutral
and acid free RH was again dried in hot oven at 110oC
overnight for 12h. The digested-oven dried RH was converted
to RH ash after calcining at 700oC for 4h; where organic matter
were removed during heat treatment [23]. To generate the
sodium silicate material, 7g of prepared RH ash and 90ml of
1M NaOH were mixed and boiled for 1h with constant stirring
in 500ml borosilicate flask. Then drying of the subsequent
solution was carried out in an oven for 6h at 110oC. To obtain
the heterogeneous alkali catalytic material, the resulting
material was calcined in a furnace within temperature range of
400-550oC in air for 1h.

Li2SiO3 catalyst preparation method (RH-Li2SiO3)

This follows the same procedures as for sodium silicate
preparation up to the hot oven drying of acid free acid RH at
110oC for 2h. Then a sample of RH was converted to RH ash
by calcining RH at 900oC for 4h. Again the resulting material
was washed with deionized water and filtered and the RH
ash was dried at 120oC for 16h in oven. In order to obtain
highly active solid lithium silicate catalyst, 1.0g of RH  ash was
well mixed and ground with 1.23g of Li2CO3 using ceramic
pastel mortar. The resulting slurry was then calcined at 900oC
in air atmosphere for 4h.

2.3. Catalysts Characterization

The developed catalysts were characterized through X-ray
fluorescence (XRF) spectroscopy, thermal gravimetric analysis

(TGA)/ differential thermal analysis (DTA), Fourier Transform
infrared spectroscopy (FTIR), Scanning electron microscopy
(SEM) and X-ray diffraction (XRD). The XRF analysis was
performed by using a BRUKER S4 PIONEER spectrometer to
identify the major and minor elements present as oxide form
in sample under investigation. X-ray fluorescence was
performed under energy dispersive mode for accurate
measurement of minor and major element present in the
sample. The TGA/DTA was performed on differential thermal
analyzer of type (SII 6300 EXSTAR) to estimate the complete
decomposition temperature of RH, mixture of RH ash-NaOH
and mixture of RH ash-Li2CO3 through temperature program
of 25 – 700oC  for  pure  RH  and  mixture  of  RHA-NaOH,
whereas 25-900oC for mixture of RHA-Li2CO3 with 10oC/min of
constant heating rate and under nitrogen flow as inert gas.
XRD  analysis  was  performed  on  Bruker  D8  Advance  which
was powder diffracto meter. A source of Cu-Kα radiation was
used. The scan was taken from 2ϴ = 5 to 2ϴ= 90 with step size
of 0.019o, step time of 38.4s and at room temperature of 25oC.
Powder X-ray diffraction equipment was used for the
identification of phase present in the catalyst. The FTIR
equipment (THERMO SCIENTIFIC-NICOLET 6700) was used
within the wave number range of 500 to 4000 cm-1 for the
determination of functional group and investigation of major
absorption band for RH and its derived catalyst. SEM analysis
was performed on SEM equipment (LEO 435VP). The
topographical information (a high resolution image of the
surface of a catalyst), information about catalytic particle
morphology, composition near the surface region of the
material  and  the  active  phase  homogeneity  were  studied  by
using SEM (Scanning Electron Microscope).

2.4. Transesterification of Oil to Biodiesel

Three necked glass reactor equipped with condenser,
thermometer and magnetic stirrer was used for the
transesterification of soybean oil to biodiesel. For both catalyst,
the reactor was primarily filled with 13g of soybean oil and on
which the mixture of methanol and catalyst were added to the
preheated oil. To avoid the splashing in the flask at the stirring
speed, the reactant was stirred evenly. As soon as the mixture
of methanol and the catalyst were added to the reactor, the
timing of the reactor was initiated.  The effect of reaction
temperature (45 to 75oC), MeOH to oil ratio (6:1 to 30:1),
catalyst concentration (1-5wt %), reaction time of (30-300min)
on the conversion of triglyceride to biodiesel were studied. All
of the experiments were investigated at atmospheric pressure.
The yield of biodiesel is calculated by [24].

   Biodiesel yield = ௪௧  ௗ௦ ௗ௨ௗ
௪௧   ௨௦ௗ

(1)                      100 ݔ
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3. RESULT AND DISCUSSION

3.1. Characterization of Catalysts

When calcined up to 700oC, the RH loss it’s mass up to 83.16%
by weight (Fig.1). Loss of physically absorbed moisture and
water content in the RH was up to 200oC. Of the total weight
loss, this loss was account 5.63% by weight. The removal of
organic group by oxidation reaction and removal of water
formed from poly condensation reaction was corresponds to
weight loss from 200 to 600oC. In between from 200 to 300oC,
the decomposition of hemicellulose takes place. From 300 to
351oC, the decomposition of cellulose and decomposition of
most of the volatile material takes place. From 351 to 600oC,
the TG curve represent the volatilization of cellulose and
followed by total decomposition of lignin. Above this
temperature range, the remaining residue was considered as a
char [2], [25], [26], [27], [28]. Finally, from TGA curve it has
shown that, beyond 600oC,  the  RH  loss  no  more  weight.
Therefore, calcining RH at approximately 700oC  gives  a  RH
ash which contain high composition of SiO2 in side it [23].
From DTG curve, the rate of weight loss was maximum at
337oC and was amount to 177.3µg/cel. As per the result of
DTA curve, there were two exothermic peak; initially at 373oC
due to transformation of organic matter to volatile organic
substance and next at 528oC due to carbonization [29].

Fig. 1. DTA/DTG/TG  curve for acid digested rice husk

After boiled for 1h at 100oC, and hot oven dried at 110oC for
6h, the mixture of RH ash and sodium hydroxide powder was
analyzed by TGA/DTA to determine the thermal behavior of
the resulting material (Fig. 2).  There was only one weight loss
at below 500oC which was due to loss of water molecules and
physically absorbed moisture from the resulting material. This
loss was equivalent to 9.18% by weight. Beyond 500oC, the
weight loss of the resulting mixture was almost constant;

which gives the direction for the formation of sodium silicate
when calcined just above this temperature. From DTG curve,
the rate of weight loss was maximum at 333oC and was about
4.84µg/cel. Therefore, based on these graph result, to optimize
the calcining temperature for the generation of sodium silicate,
the temperature of 400, 450, 500 and 550oC were selected [22].

Fig. 2. DTA/DTG/TG curve for mixture of rice husk ash and sodium
hydroxide.

The thermal behavior of mixture of calcined RH ash and
lithium  carbonate  was  shown  in  Fig.  3.  The  purpose  is  to
estimate the calcination temperature used to generate lithium
silicate  from this  mixture.  As  shown from TG curve,  the  first
weight loss from 29oC to 600oC was about 3.16% by mass and
it was attributed to dehydration process of water absorbed on
the surface of lithium carbonate. Second weight loss observed
between 600 to 765oC was attributed to decarbonization
process which was present in lithium carbonate and was about
36.14% by weight. Above 800oC, the sample is thermally stable
and  no  more  weight  loss  has  seen.  Therefore,  the  thermally
stable material was lithium silicate which was heterogeneous
alkali catalyst used for biodiesel synthesis. Thus, for testing of
catalytic activities, the chosen calcination temperature was
900oC. From DTG curve, the rate of weight loss was
maxiumum at 716oC and was amounts to 105.2 µg/cel. Also
from differential thermal analysis, thermal decomposition is
endothermic reaction with heat absorption of 1.29 m.V.S/mg at
718oC. Because energy is required to release CO2, contained in
lithium carbonate during the reaction with SiO2 to  form
Li2SiO3.

As shown in  Fig.4., all the material under consideration;
RH ash, mixture of RH ash with sodium hydroxide calcined at
400, 450, 500 and 550oC shows different differaction pattern.
XRD pattern of RH ash and RH ash mixed with sodium
hydroxide calcined at 400oC for 1h shows almost similar and
at this condition no very sharp crystalline peak has observed.
Therefore, no sodium silicate was detacted when sample was
calcined at 400oC ;thus, not enough to use this as a catalyst for
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biodiesel synthesis. But clear, more crytalline and sharp peak
were observed as the sample mixture were calcined at 450, 500
and 550oC. This indicate that after calcination, the mixture of
RH ash and sodium hydroxide was changed to sodium silicate
as their XRD pattern detect the diffaraction pattern of sodium
silicate.

Fig. 3. DTA/DTG/TG curve for mixture of rice husk ash-Li2CO3 (1:1.23)

After calcination at 700oC for 4h, 5g of RH ash was taken to
XRF instrument to identify the major mineralogical
component present in the sample. RH ash contain high
concentration of SiO2 which contributes about 91.09% by
weight and other minor mineral oxides (Table 1). Therefore,
from this result, it was evident that the RH ash was rich in
silicon  dioxide  and  thus  this  silicon  dioxide  can  be  reacted
with sodium hydroxide and lithium carbonate by solid state
reaction to generate sodium silicate and lithium silicate which
are highly active heterogeneous alkali catalysts used in the
trnas-esterification reaction of vegetable oil; preferably,
soybean oil in this study.

The presence of sodium silicate was detected at
approximately diffraction angle of 2ϴ = 7.32, 20.0, 28.5, 39.45,
40.0, 50.0, 60.0, and 69.7 for the mixture calcined at 450, 500
and 550oC. But the calcination temperature of 500oC was
choosen as the optiumum temperature for the genaration of
higly crystalline sodium silicate catalyst, because at lower
temperature of 450oC, there may not be the total removal of
water from sodium silicate and at higher temperature of
550oC, the catalyst may get sintered hence this may lower the
surface area.

The XRD pattern for lithium carbonate, mixture of lithium
carbonate and SiO2 from RH ash at a ratio of 1.23:1 and lithium
silicate catalyst generated from calcination of RH ash (SiO2)
and lithium carbonate at 900oC  for  4h  were  shown  in  Fig.5.
The result indicates that, from figure Fig.5a, the presence of
lithium carbonate at all the 2ϴ values. The indication of clear
and sharp peak suggest the lithium carbonate as a precursor

for a catalyst due to its crystalline morphology. The position of
2theta value at which lithium carbonate with high intensity
was  identified  were,  2ϴ = 21.5337, 29.6227, 30.7575, 31.9350,
34.3010, 36.2319 and 37.0921 with reference code of 01-083-
1454 JCXRDS. Fig. 5b., indicate the XRD pattern for mixture of
RH ash and lithium carbonate with ratio of 1:1.23.

TABLE 1.

CHEMICAL COMPOSITION OF RICE HUSK ASH

Fig. 4. XRD pattern (2Theta, degree Vs Relative Intensity, AU) of RHA (a),
mixture calcined at 400oC (b), mixture calcined at 450oC (c), mixture

Srial
No.

Chemical
Component

Proportion,  %

1 Silicon oxide 91.09

2 Sodium oxide 1.53

3 Potassium oxide 0.68

4 Iron oxide 1.32

5 Strontium oxide 0.31

6 Calcium oxide 0.36

7 Magnesium oxide 0.34

8 Aluminum oxide 0.36

9 Manganese oxide 0.61

10 Loss on ignition 3.4IJSER
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calcined at 500oC (d), mixture calcined at 500oC (e) for 1h (from bottom to
top)

Fig. 5. XRD pattern (2Theta, degree Vs Intensity, AU) of Li2CO3 (a),
mixture of Li2CO3 & RHA with ratio of 1:1.23(b), mixture of Li2CO3 & RHA
(with ratio of 1:1.23) calcined at 900oC for 4h (c) (from bottom to top)

Also from Fig. 5c., it was seen that the presence of sharp,
clear and highly crystalline peak. This diffraction pattern
represents two form of lithium silicate compound (Li2SiO3 and
Li4SiO4); the products which were obtained after the
calcination of RH ash and lithium carbonate at 900oC for 4h.
Among them, Li2SiO3 is the required chemical compound used
as a catalyst for biodiesel synthesis. According to the Joint
committee of XRD pattern of reference code 01-083-1517, the
angle at which Li2SiO3 catalyst detected were; 2ϴ = 18.7702,
26.8867, 32.9398 and 38.5700. The relative intensity for this
2theta value were just above 35%. Whereas for Li4SiO4, it was
detected at an angle of 2 theta = 22.0823, 22.4495, 24.0698,
28.0326, 33.7274 and 34.7479 with reference code of 00-004-
0727. The contribution of their relative intensity were above
36%.

The  FTIR  spectra  of  RH  ash  was  shown  in  Fig.  6a.  The
presence of Si-H functional group was indicated at the bands
of 799.28 and 461.80 cm-1 [30]. The band at 1102.91cm-1 suggest
that the presence of Si-O-Si functional group. The same result
was obtained by [31]. The band at 1417.04 cm-1 suggests the
presence of stretching of aromatic ring [32]. Stretching of
aldehyde and ketone is observed at 1637.09 and 1557.31cm-1.
The band at 2984.46 cm-1 represent the presence of methyl
group.  Methyl  group  is  present  in  the  RH  ash  due  to  the
presence  of  lignin  [31].  The  region  of  band  spectra  from
3384.79 to 3584.96 cm-1 represent the presence of OH stretching
due to silanol group (i.e., SiOH) and adsorption of water on
the surface.

The spectra of all calcined sample to generate sodium
silicate material which was used as a heterogeneous alkali
catalyst for the transesterification reaction of soybean oil has
shown in the Fig. 6 of (b),(c), (d), and (e).  Stretching vibration
of Si-O bond and Si-O-Si bond were observed at strong broad
absorption band at 1079.02 and 788.65 cm-1 respectively for
sample calcined at 400oC, at 1095.94 and 788.65 cm-1

respectively for sample calcined at 450oC, at 1093.46 and 788.87
cm-1 respectively for sample calcined at 500oC and finally at
1115.92 and 792.12 cm-1 for the sample calcined at 550oC. The
band at 1415.58, 1415.16, 1415.20 and 1468.52 cm-1 were
assigned respectively to Si=O stretching vibration when
sample were calcined at 400, 450, 500 and 550oC. The presence
of Si-O-Si linking structure was indicated by these stretching
vibration, thus the formation of sodium silicate was confirmed
from this evidence [20]. for all sample calcined at different
temperature, the broad peak from around 3200 to 3600 cm-1

were attributed to Si-O-H stretching vibration caused due to
the absorbed water molecules by the surface. There was
reduction  in  the  intensity  of  water  peak  in  the  region  from
sample calcined at 400oC to sample calcined at 550oC, this was
due to dehydration of water molecules from the catalyst
surface by calcination process.

The FTIR spectra for lithium silicate catalyst was displayed
in graph of Fig.6c. The medium band at 3443.45cm-1 represent
O-H vibration [32].  The asymmetric stretching mode of Si-O-
Si functional group was observed at a peak of 1063.76cm-1 [33].
The presence of lithium silicate vibration was confirmed at the
bands of 1480.15 and 1439.69cm-1 [34]. The presence of Si-O-Si
bond and O-Si-O stretching vibration were confirmed at the
bands of 526.34, 615.59 and 735.28cm-1[34].

a

b

c

d
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Fig. 6.FTIR spectra (Wavenumber, cm-1 Vs Transmitance, %) of rice husk
ash (a), mixture calcined at 400 oC (b), mixture calcined at 450 oC(c),
mixture calcined at 500 oC(d) and mixture calcined at 550 oC (e)

The morphological features of all powders; namely, RH
ash, mixture of RH ash and sodium hydroxide after drying
and finally the catalyst product (Sodium Silicate) obtained
when mixture was calcined at 500oC for 1h were shown in Fig
8. For RH ash, the SEM micrograph indicates that the presence
of large spherical and impermeable porous surface. It has the
layer thickness of 32nm and shows that the size of the sphere
are nearly homogeneous with about 10µm. after the solution
has boiled and dried, the particle size was reduced to 1µm.
thread like and agglomerate surface was seen from SEM
image. Finally the calcination at 450oC brings, the morphology
of the catalyst to agglomerate shape and these agglomerate
were loosely attached. These structure create a favorable
condition for the access of triglyceride and methanol, such that
the basic sites of internal surface can be exploited for
transesterification reaction.

Fig. 7. FTIR spectra of lithium carbonate (a), mixture of rice husk ash-
lithium carbonate (b) and lithium silicate generated by solid state reaction
of (b) at 900 oC for 4h (c)

The morphological features of all powders; namely, RH
ash, lithium carbonate, mixture of lithium carbonate and RH
ash and finally the catalyst product (lithium silicate) obtained
by solid state reaction of lithium carbonate and RH ash
calcined at 900oC for 4h were shown in Fig.9. For RH ash, the
SEM micrograph indicates that the presence of large spherical
and impermeable porous surface. It has the layer thickness of
32nm and shows that the size of the sphere are nearly
homogeneous with about 10µm. for lithium carbonate
powder, the SEM morphology suggests that the presence of
small, aggregate and thread like structure with average
particle size of 2 µm. the mixture of lithium carbonate and RH
ash describes the features of both samples with small,
aggregate, porous and spherical like structure with
interconnected network of silicon dioxide in the RH ash and
lithium carbonate. The corresponding particle size was about
2µm. finally, after calcination, the solid state reaction bring the
catalyst with very highly crystalline morphology, agglomerate
and rod-thread like structure with average particle size of 2
µm.

4. EFFECT OF PROCESS PARAMETER ON BIODIESEL

YIELD

For the transesterification reaction of soybean oil, the catalytic
activities of RH based sodium silicate was varied with
calcination temperature. The catalytic activity of RH based
lithium silicate catalyst was not evaluated with different
calcination temperature, because, the catalyst was already
calcined only at 900oC. As the catalyst was calcined at 400oC,
the biodiesel yield was only 52% (Fig.10a).

e

a

b

c
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Fig. 8.SEM image (2500X) of rice husk ash (a), mixture of rice husk ash
and sodium hydroxide after drying (b) and sodium silicate calcined at
500oC for 1h (c)

Since at this calcining temperature, there is low intensity peak
in  XRD  pattern  which  indicates  that  low  conversion  of  RH
ash-sodium hydroxide mixture to sodium silicate catalyst.
When calcining temperature of the sample increased from 400
to 500oC, significantly, the biodiesel yield was increased to
96.8%. This was because of the XRD pattern of the sample
calcined at 450, 500 and 550oC indicate clear, sharp and highly
crystalline and consequently confirm the conversion of sample
to sodium silicate. Under the same reaction condition, further
increase in calcination temperature result in slightly decrease
in % biodiesel yield this was resulted from decreasing of
catalyst surface area due to sintering effect at higher
temperature. As a result, to synthesize the sodium silicate
catalyst from the mixture of RH ash- sodium hydroxide, 500oC
was taken as the optimal calcination temperature.

Fig. 9. SEM image of  lithium carbonate (a), mixture of rice husk ash and
lithium carbonate(b) and lithium silicate (c)

One of the utmost imperative parameter which affect both
the reaction rate and yield is reaction temperature (Fig.10b).
With constant reaction time of 45min and 3h respectively for
sodium silicate and lithium silicate, the reaction temperature
was varied from 45 to 75oC to investigate biodiesel yield. As
the reaction temperature increased from 45 to 60oC for sodium
silicate catalyst and 45 to 65oC  for  lithium  silicate,  the  %
biodiesel yield was increased from 40.5 to 96.7% and 50.7 to
99.3% respectively for sodium silicate catalyst and lithium
silicate catalyst. Further increase the reaction temperature
above 60oC and 65oC respectively for sodium silicate and

b

IJSER



International Journal of Scientific & Engineering Research, Volume 8, Issue 12, December-2017                                                                                          1165
ISSN 2229-5518

IJSER © 2017
http://www.ijser.org

lithium silicate catalyst, give rise in the decreasing of biodiesel
yield, because evaporated methanol inhibit the reaction on
three phase interface; soybean oil-methanol-catalyst [35].

The effect of reaction time on the production of biodiesel
from  soybean  oil  using  both  RH  based  sodium  silicate  and
lithium silicate catalyst were shown in fig.11b. After 150min,
the biodiesel yield reach 96.3% for sodium silicate catalyst and
the yield reach around 99.4% after 180 min for lithium silicate
catalyst. For lithium silicate catalyst, the yield of biodiesel
obtained was greater than 90.2% within 1h reaction time and
as a result of equilibrium conversion, thereafter the reaction
time became nearly the same. For sodium silicate catalyst, the
yield of biodiesel was rapidly falls as the reaction time
increase when compared to lithium silicate catalyst.

Methanol to oil molar ratio was one of the most important
parameter affecting the yield of biodiesel in the
transesterification reaction. As the molar ratio of methanol to
soybean oil was increased from 6 to 24 for lithium silicate
catalyst and from 6 to 12 for sodium silicate catalyst, the %
biodiesel yield gradually increased (fig.11a). There was slight
decreasing of the conversion of soybean oil if molar ratio was
further increased beyond 12:1 for sodium silicate catalyst and
beyond 24:1 for lithium silicate catalyst. This was due to
dissolution of glycerol byproduct in excessive methanol and
thus inhibition of the reaction of methanol with soybean oil
and solid catalyst; if excessive methanol to oil ratio was used.
Other reason for reduction of %biodiesel with excessive
methanol  to  oil  molar  ratio  is  due  to  the  presence  of  polar
hydroxide in methanol which act as emulsifier which create
difficulty in separating the biodiesel product from the reaction
mixture; thus resulting in reduction of % biodiesel yield [20].
Therefore, 12:1 was the optimum methanol to oil molar ratio
for sodium silicate catalyst which was 4 times higher than the
required stoichiometric molar ratio and 24:1 was the optimum
methanol to oil molar ratio which was higher 6 times higher
than the required stoichiometric molar ratio.

Fig.11c, shows the effect of catalyst concentration on yield
of biodiesel. To produce biodiesel from soybean triglyceride,
the basic site of lithium silicate and sodium silicate generate a
reactive nucleophile which was commonly known as
methoxy-oxide from methanol which will react with
electrophilic carbonyl carbon of triglyceride. This is the
mechanism of transesterification reaction. Therefore, to
enhance the biodiesel product, the amount of catalyst must be
increased such that the active basic site will generally increase
[36]. The result indicates that for sodium silicate catalyst, there
was the increment of biodiesel from 45.3% to 96.4% as the
catalyst content was increased from 1wt% to 2wt%; whereas
51.7% to 99.3% as the catalyst content was increased from

1wt% to 4wt% for lithium silicate catalyst. But, increasing the
catalyst concentration beyond 3wt% for sodium silicate and
beyond 4wt% for lithium silicate, did decrease the biodiesel
yield because of limitation of mass transfer and high viscosity
of reaction mixture [37].

Fig.  10.  (a)  Effect  of  Na2SiO3 calcination temperature on biodiesel yield
(catalyst concentration: 3wt%, reaction temperature: 60 oC, methanol to oil
ratio:12:1, reaction time:150min) and (b) Effect of reaction temperature on
biodiesel yield (for Na2SiO3; catalyst calcination=500oC, catalyst
weight=3%, methanol:oil ratio=12:1, reaction time= 150min; for Li2SiO3;
catalyst weight= 4%, reaction time=180min, methanol:oil ratio= 24:1)

Using the optimized condition, the reusability of both RH
based lithium silicate and sodium silicate catalyst were
investigated (Fig.11d). After reusing of catalyst for 5th time, the
yield of biodiesel was still about 83.7% and 75% respectively
for sodium silicate and lithium silicate catalyst and the value
falls to 45.8% for sodium silicate and 57.8% for lithium silicate
catalyst after 7th run. Leaching of active species from catalytic
site was the main possible reason for loss of catalytic activity
[38][39]. Leaching of Na+ and Li+ to the reaction mixture was
the main cause for the reduction in the yield of biodiesel after
each cycle of run. Another possible reason for loss of activity
was due to glycerol covering the surface of the catalyst.
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5. CONFIRMATION OF BIODIESEL FUEL

5.1 Confirmation Using FTIR

General conclusion can be made about the transformation
soybean triglyceride to biodiesel fuel methyl group around
three possible peaks using FTIR technique (Fig.12). primarily
due to O-CH3 stretching of methyl group at 1164.90 cm-1 with
0.5% transmittance for soybean oil, at 1170.00 cm-1 with
15.5%T for RH derived sodium silicate catalyst based FAME
product and at 1167.44cm-1 with 43.5%T for RH derived
lithium silicate catalyst based FAME.  Due to the presence of
methylene  group  of  O-CH2 at 1372.76 cm-1 with 10.5%T for
soybean oil, at 1366.69 cm-1 with 38.8%T  for  RH  derived
sodium silicate catalyst based FAME product and at 1377.30
cm-1 with 53.2%T for RH  derived lithium silicate catalyst
based FAME. Next, due to –CH3 asymmetric bending vibration
at 1458.73 cm-1 with 0.25%T for soybean oil, at 1452.62 cm-1

with 19.3%T for RH derived sodium silicate catalyst based
FAME and at 1454.38 cm-1 with 49.5%T for RH derived lithium
silicate catalyst based FAME. In all above three region
explanation, as the % transmittance of both biodiesel at those
three point were greater than 18.5, this implies the biodiesel
content of the product increases as those peaks increases
correspondingly. The same result was reported by [40].
Therefore,  the  FTIR  result  confirms  the  transformation  of  oil
triglyceride to biodiesel.

5.2 Confirmation Using H-NMR

The 1H NMR spectra of reactant soybean oil and RH-derived
sodium silicate and lithium silicate catalyst based FAME, were
shown in Fig.13. The presence of peak at 3.66ppm (the peak
which corresponds to the presence of methyl ester proton of
biodiesel) was visible in Fig.13b & c; which marks the
representative variance in the 1H NMR spectra of mother
soybean compound and its derivatives biodiesel. The non-
appearance of doublet of doublet peak at 4.2ppm is another
remarkable story in the 1H NMR of fatty acid methyl ester
produced by RH-derived sodium silicate and lithium silicate
catalysts. It is clearly observed that, for both fatty acid methyl
ester1H NMR, there is no signal in between 4.0ppm and
5.2ppm which confirms the high conversion yield of soybean
oil triglyceride in to biodiesel [41]. The glyceridic protons of
the triglyceride, diglyceride and mono glyceride were
appeared at the doublet of doublet peak in the range of 4.0 –
4.3 ppm; which in turn confirm the progress of
transesterification reaction. This value is diminished in the
biodiesel spectrum and this signifies the formation of fatty
acid methyl ester that is observed at the peak of 3.66 ppm [41,
[42].

5.3 Confirmation using GC-MS

The result of fatty acid methyl ester obtained after
transesterification of soybean oil using RH based sodium
silicate and RH based lithium silicate alkali catalyst were as
shown in the Fig. 14.
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Fig.  11.   (  Sodium Silicate, Lithium Silicate catalyst) Effect of
methanol to oil molar ratio (a), reaction time (b), catalyst concentration (c)
and reusability of the catalyst (d)

Fig. 12. FTIR spectra (Wavenumber, cm-1 Vs. Transmittance, %) of
soybean oil (a), rice husk derived sodium silicate catalyst based FAME (b),
rice husk derived lithium silicate catalyst based FAME(c)

Fig.13. H-NMR for soybean oil (a), FAME obtained by RH-Na2SiO3

catalyst (b) and FAME obtained by RH-Li2SiO3 catalyst (c)

Fig.  14.  GC-MS  spectra  for  FAME  obtained  by  RH-Na2SiO3 catalyst (a)
and FAME obtained by RH-Li2SiO3 catalyst (b)

From Table 2, the same fatty acid profile were detected by
both catalyst at different retention time, with different peak
area and with different solution concentration. Using RH-
Na2SiO3 catalyst, methyl linoleneate (C18:3) was detected at
15.083min with relatively highest concentration of 2.360ppm
and using RH-Li2SiO3 catalyst, methyl eocosonate (C20:1) was

Retention

 time(min)

Area

(0.1xµVx sec)

Compone

nt name

Solution

conc.(ppm)

A B A B A B

4.667 3.750 24232 3457 C14:0 0.069 0.006

7.250 7.000 70562 122202 C16:0 0.202 0.212

8.750 7.667 356792 70008 C18:0 1.023 0.121

12.500 8.750 53031 825225 C18:1 0.152 1.429

13.417 11.000 379752 27302 C18:2 1.089 0.047

15.083 12.500 823446 112584 C18:3 2.360 0.195

16.583 13.417 20819 697412 C20:0 0.060 1.208

17.167 15.083 102014 1608508 C20:1 0.292 2.785

19.083 16.583 5908 17863 C20:2 0.017 0.031

24.750 17.167 55594 182308 C20:3 0.159 0.316

25.917 20.333 26602 24614 C21:0 0.076 0.043

30.583 22.833 115960 41958 C22:1 0.332 0.073

a

b

c

a

b

c
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TABLE 2.

FATTY ACID PROFILE OF SOYBEAN OIL METHYL ESTER CONVERTED
BY CATALYST A) RH-NA2SIO3, B) RH-LI2SIO3
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detected at 15.083min with relatively highest concentration of
2.785ppm.

6. PHYSIOCHEMICAL PROPERTIES OF BIODIESEL FUEL

As shown from Table 3, the physiochemical properties of
biodiesel produced by both catalysts were confirming to all
standard conditions.

7. CONCLUSION
This  study  developed  synthesis  of  Li2SiO3 and Na2SiO3 by
solid-state reaction from rice husk ash as catalysts for the
application of biodiesel production directly without further
catalyst synthesis process. The experimental result showed
that Li2SiO3 and Na2SiO3 catalysts demonstrated excellent
catalytic activity because of their high basic strength and their
stability in transesterification reaction. At optimum condition
of 500oC catalyst calcination, 3w% catalyst concentration, 60oC
reaction temperature, 150min reaction time and 12:1 methanol
to oil molar ratio; the biodiesel yield of 96.7% was obtained for
rice husk derived sodium silicate catalyst. Whereas for rice
husk derived lithium silicate catalyst, the biodiesel yield of
99.4% was obtained at optimum condition of 4wt% catalyst
concentration, reaction temperature of 65oC,  reaction  time  of
180min and methanol to oil ratio of 24:1. The biodiesel fuel
synthesized by catalysts was characterized by FTIR, H-NMR
and GC-MS and the result confirms the transformation of oil
triglyceride to methyl group of biodiesel fuel.
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Soybean biodiesel
fuels

RH-
Na2SiO3

RH-
Li2SiO3

Density,
 kg m-3

BIS 860-
900

912 880 880.1

Kinematic
viscosity
30 oC,  mm2 s-1

ASTM
D6751

1.9-
6.0
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value,  mg KOH
g-1 oil
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Acid value,  mg
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Ash content, % D975 ≤0.0
1

0.024 0.0090 0.0060

Cloud point,  oC - -3 to
10
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Flash point,  oC D93 >130 280 202 199.4
Heating value,
MJ kg-1

D2015 39-
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38.95 39.48 39.43
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