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production, catalyst plays as an important role as it can increase the rate of the
reaction. The type of catalyst that usually can be found are homogeneous and
heterogeneous catalyst. However, homogenous catalyst is difficult to separate with
the product (biodiesel) at the end of the reaction compared to heterogeneous
catalyst. This will result in production of high waste water and creates issue in
regeneration of the catalyst. In order to overcome the issue, many researchers have
studied about heterogeneous catalyst and the use this type of catalyst in production
of biodiesel. The heterogeneous catalyst can be developed from natural resources
such as animal bone, waste and natural rock which is a type of alkali earth oxides. A
way to improve the catalytic activity of the catalyst used is increase its surface area
by preparing it in nano-sized of catalyst. Nano-catalyst has a high catalytic efficiency,
large surface area, high resistance to saponification and good rigidity. However, the
thermal condition during decomposition of catalyst could influence the activity of the
catalyst during the reaction. Therefore, the reaction rate and the catalytic activity of
the catalyst during transesterification reaction can be affected by the type of catalyst
and the thermal condition involved during the preparation of the catalyst.

Copyright © 2018 PENERBIT AKADEMIA BARU - All rights reserved

1. Introduction

In recent years, the rising of atmospheric greenhouse gas levels such as NOx, SOx, CO, CO, and
the scarcity of conventional fossil fuels had caused problems associated with global warming [1].
Due to the limitation of the traditional fossil resources, the renewable energy have gain more
attention [2,3]. Because of the consumption of fossil fuel is 10° faster than the natural production,
the available fossil fuel is expected to be ran out in 2050 [4]. In order to overcome the issue caused
by the traditional fossil fuel, biodiesel can be used. Biodiesel is made from renewable biological
sources such as vegetable oils and animal fats [5]. Biodiesel also chemically known as fatty acid
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methyl ester (FAME) can be derived from transesterification of triglyceride in vegetable oils or
animal fats which is as triglyceride source [5,6]. Figure 1 shows the transesterification for biodiesel
synthesis. Besides, biodiesel also can be produced by esterification of free fatty acid [7]. In the
production of biodiesel, various feedstock can be used such as soybean oil, rapeseed oil, sunflower
oil, palm kernel oil, waste cooking oil, coconut oil, Jatropha oil, microalgae oil, rice bran oil, castor
oil, Canola oil, and bombax ceiba oil [1,7-10].

Biodiesel has gain much attentions from researchers due to its capability as renewable energy
because of its advantages. Biodiesel is environmental friendly because it is biodegradable, non-
toxicity, free from sulfur and aromatics and containing oxygen in its structure that can cause in
production of more tolerable exhaust gas emission than conventional fossil diesel despite providing
similar levels of fuel efficiency [11]. In addition, biodiesel have many advantages that can solve the
problems that created by the commercial diesel. For instance, no sulfur content in this type of
biodiesel can provides a good lubricity than the conventional diesel fuel, thus can enhance the
durability of the engine [12]. Besides, biodiesel is also low toxicity compared to diesel fuel and can
degrades more rapidly which are can minimize the environmental consequences of biofuel spills
[13]. Moreover, they also mentioned in their studies that biodiesel can reduce the emission of
contaminant and can lower the health risk which is does have sulfur dioxide (SO,) emissions.
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Fig. 1. Transesterification reaction of biodiesel synthesis

2. Catalyst

The transesterification reaction, a reversible process proceeds appreciably by the addition of
catalysts, which can be acidic, basic or organic in nature, usually in molar excess of alcohol [14]. In
the production process of biodiesel, a catalyst is necessarily used to initiate the reaction because
the alcohol is sparingly soluble in the oil due to their polarity difference [15]. The type of catalyst
then categorized into homogeneous and heterogeneous catalysts [16]. The economy of the
production is depending on the catalyst used as compare as the other factors. Recently, a catalyst
that derived from organic waste materials has gained much attention towards researcher as they
are non-toxic, safe to handle and store, abundantly available, low cost and it comes from
renewable sources [17].

2.1 Heterogeneous Catalyst
Recently, heterogeneous catalysts have received greater attention than homogeneous catalysts

in the production of biodiesel [18,19]. Heterogeneous catalyst means that the reactants and the
catalyst are in different forms; where in the heterogeneous catalytic biodiesel production, the
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reactants are in liquid form and the catalyst is in solid form [6]. The example of heterogeneous
catalyst that can be used in biodiesel production have been reported such as mixed oxides, alkaline-
earth metals oxides, alkali metals supported on zeolite, alumina and solid acid catalysts [1]. This
type of catalyst has been found to be an efficient catalyst. This is because, it is easy to separate, low
sensitivity towards free fatty acid, high catalytic activity, environmental friendly, reusable, non-
corrosive, no soap formation and high stability and ability to produce FAME [1,18-22]. Calcium
oxide (Ca0) is one of the most used heterogeneous base catalyst for transesterification reaction of
different oils and fats to biodiesel [2]. CaO also has been found to be one of the emerging and
efficient heterogeneous base catalyst [23,24]. However, the most of the heterogeneous catalyst is
quiet expensive or complicate to prepare, which limits their industrial application [10]. Therefore,
many researchers derived heterogeneous catalyst from biomass in order to reduce the cost for the
preparation of catalyst.

2.2 Homogeneous Catalyst

Homogeneous catalyst is a type of catalyst that soluble in the middle of reaction and these type
of catalyst are in a single phase either liquid or gaseous [25]. Currently, biodiesel is commercially
produced using a homogeneous catalyst (NaOH, alkali catalysis; H2S04, acid catalysis) for the
transesterification process, because of its high reaction activity and low cost [21]. Conversion of
vegetable oils to methyl esters using homogeneous catalysts can reach 99% within an hour due to
high reaction rate of the catalyst [18]. However, it suffers from several drawbacks, such as
equipment corrosion and have high waste water [10].

2.3 Enzymatic Catalyst

In biodiesel production, the enzyme that usually use as biocatalyst is lipase [13]. It has been
receiving much attention in the production of biodiesel because of its high efficiency, selectivity and
production of a highly purified product [26]. However, it leads to leads to very high production
costs and consumes days to complete the process [15]. This is because, the low rate of reaction and
deactivation of enzyme also limits its commercialization [27].

3. Nano-Catalyst

Nanocatalyst is a type of nanomaterials from nanotechnology with the range of size 100nm to
0.1nm [25]. Some researchers have been studied about the production of biodiesel by using
nanocatalyst [23]. Recently, nanocatalyst has become the focus for an efficient biodiesel production
because of high surface area, high catalytic efficiency and resistance to saponification along with
good rigidity [28,29]. The particle size of the catalyst that used in biodiesel production is one of the
most important factors for its catalytic activity [30]. Therefore, in order increase the catalytic
activity of the catalyst, some studies have used nanocatalyst in biodiesel production because it has
high surface area [2]. Many studies have confrimed that catalyst with a lower particle size and
higher surface area accelerate reaction rates due to an increased number of molecules that have
minimum required energy for the reaction to occur as illustrated in the Figure 2 [30].
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Fig. 2. Illustration image of comparison between (a) large particle with
low surface area and (b) small particle with high surface area

However, according to Bankovic-lli¢ et al., the nanocatalyst also have some drawbacks which
are difficult separation from the reaction mixture, difficult handling due to the formation of
pulverulent materials, the high pressure drop and leaching of the solid phase [2]. Nevertheless, the
yield of biodiesel can be optimised by controlling its parameters such as methanol to oil ratio,
temperature, time and catalyst loading. Table 1 shows the comparison of conditions for various
types of nanocatalyst. The highest yield of 98.54 % is obtained by using calcium oxide (CaO) as the
heteogeneous base catalyst with 66+3 nm (diameter) [30]. However, Baskar et al., reported that
the yield of biodiesel increased with the increase in the concentration of catalyst [8]. However, the
yield of biodiesel gradually decrease when the catalyst loading is more than 12 %. The reason for
the decrease in biodiesel yield might be due to the diffusion limitation between oil and methanol it
increased solid interfaces in the reaction mixture at high nanocatalyst concentration. Besides, the
reaction time by using nanocatlyst with high surface area can reduce the reaction time.

3.1 Nano-Catalyst Based CaO

Calcium oxide (CaO) is one of the most used solid catalyst for transesterification reaction of
different feedstocks in production of biodiesel [2]. Among the type of alkali earth oxides that
available, CaO is widely used catalyst due to its availability in nature, low cost, long life time,
highest activity under mild reaction conditions and high activity [35,36]. CaO has a white color, a
spherical shape, high porosity and narrow particle size distribution [37]. This heterogeneous base
catalyst was found to be effective in the catalysis of transeterification [24]. However, nano-sized
Ca0 was found to have a 30 times higer conversion rate if compared to the meso CaO. This is
because the catalytic activity of nano-sized CaO is better [23]. In addition, it is also reported that
nano-sized CaO has many advantages compared to meso CaO such as higher conversion, large pore
size, larger surface area to volume ratio which is can increase the availability of active sites, high
catalystic activity, shorter reaction time, less amount of catalyst required, easy seperation, better
recovery, recylability and reusability. The synthesis of nano-sized CaO is usually prepared through
two main steps: preparation and activation of nano-particles which is the first step includes
different methods such as thermal decomposition, impregnation, mixing and precipitation, while
the second step is most frequently calcination of the produced nano-particles in order to achive the
specific catalytic activity [2]. However, in producing CaO by calcination, reseachers found some
drawbacks that can affected the efficiency of this type of catalyst in transeterification reaction. This
is because its catalystic activity is sensitive towards moisture present which will decrease the
reaction rate catalyzed by CaO [23]. Moreover, the calcination temperature also largely affects the
catalytic properties of the resultant catalyst. A study that conducted by Pandit et al., showed that
calcium carbonate was decomposed to CaO and carbon dioxide above 800°C [29].
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Table 1

Comparisons of reactions conditions for various types of nanocatalysts

Catalyst Feedstock Calcination Transesterification Reusable Reference
Temp Time (h) Size (hm)  Methanol : Catalyst Temperature (°C) Time (h) FAME ( %)
(°C) Oil loading
CaO Jatropha oil 900 2.5 6613 5.15:1 0.02:1% 65 2.22 98.54 6 [30]
(w/w)
Ni doped ZnO  Castor oil 800 3 35.1 8:1 11 %(w/w) 55 1 95.20 3 [8]
Zr0O, loaded with Soybean oil 512 5 10-40 16:1 6.0 % 60 2 98.03 5 [10]
C4H,06HK
TiO,/PrSOsH Waste cooking oil 23.1 15:1 4.5 wt% 60 9 98.3 4 [31]
Al/Sr Sunflower oil 600 5 68 12:1 65 5 96.8 [32]
MgO-La,03 Sunflower oil 550 4 20 18:1 60 wt% 65 5 97.7 4 [33]
CaO Bombax Ceiba oil 900 18-30 10.37:1 1.5 wt% 65 1.10 96.2 5 [23]
Cz0 Neem oil 500 2 40.62 10:1 10 %(w/w) 55 1 97.18 6 [34]
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4. Thermal Decomposition of Cao

In the conversion of CaO, calcination temperature largely affects the catalytic properties of the
resultant catalysts [10]. Calcination process is to convert calcium carbonate, CaCOs; to CaO and
carbon dioxide, CO, with heating above 800 °C as shown in equation 1. CaO is a type of metal oxide
which can act as heterogeneous base catalyst for biodiesel production. This catalyst is closely
resembled to an environmental-friendly material. Generally, calcium nitrate, Ca(NOs), or calcium
hydroxide, Ca(OH), is the raw material to produce CaO. Besides, CaO also can be derived from
natural calcium sources from wastes, such as egg shell, mollusk shell, and bone [38]. The condition
of calcination namely temperature and time have a significant effect upon the surface are, total
pore volume, and mean pore diameter [39].

calcination

CaC0; (solid) —— CaO (solid) + CO, (1)

From some studies that have been conducted by some researchers in biodiesel production as
shown in the Table 2, they were using nano-sized CaO as the catalyst. However, the condition of
the calcination in the CaO synthesis was different. In the study conducted by Pandit et al., hen eggs
was utilized to synthesis CaO with the calcination condition of 900°C in 3h [29]. The study also
reported the calcination conditions that were used in were attributed to the decomposition of
CaCOs; to Ca0 and CO,. This is because, the release of carbon dioxide during the high heating
process leads to the formation of nano-sized of CaO.

Table 2
Preparation and characterization of nano-catalyst based CaO
Catalyst Calcination Morphology Size Reaction  Yield Reusability Reference
condition (nm) time (%)
Cao from 900 °C-3h Spherical shape, 75 3.6h 86.41 5 [29]
hen eggs agglomerated due to
high surface area
CaO from 900°C-2.5 Rod and spherical shape, 66.3 2.22 h 98.54 6 [40]
seashells h agglomerated due to
high specific surface
area
CaO 1000 °C-2 h  Uniform spherical, bulk <100 80 min 89.89 3 [42]
spherical, minor rod
shape
CaO from 900 °C Irregular shape due to 8-30 70.52 95.7 5 [23]
calcium agglomerated of min
nitrate particles
Ca0 - 500°C-3h - 29.9 82.3 [41]
Al,03
CaO from 1100°C-3h Acluster of well- 66.2 2h 93.5 5 [9]
seashells developed cubic crystal

with obvious edges,
agglomerates of
spherical particle

The morphology structure of nano-sized CaO is in spherical shape with agglomerated due to the
high surface area of the CaO particles. The active centers was well developed with the usage of the
optimal calcination temperature, which is contributing to the favorable efficiency catalyst [2]. The
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highest yield of biodiesel achieved by Reddy et al., was 98.54 % within 2.2h [40]. They reported
that, at 850°C, the calcium carbonate of the shell powder decomposed to CaO and CO,. The
calcination temperature largely affects the catalytic properties of the catalyst produced. The
morphology of the CaO particles that decomposed from the seashells showed a rod and spherical
shape with agglomerated with relatively high surface area, small particle size and it was stated
“highly active” of nano-catalyst. Besides, Hashmi et al., reported the lowest yield of biodiesel,
82.3% was achieved because the calcination temperature (500 °C) was lower than the temperature
needed to convert CaCO; to CaO [41].

4. Conclusions

Biodiesel which is also chemically known as fatty acid methyl ester (FAME) can be produced
from transesterification of triglyceride in vegetable oils or animal fats. Due to the limitation of the
traditional fossil resources, the biodiesel has gained more attention. Normally, biodiesel can be
produced from a chemical reaction by transesterification process of a vegetable oil or animal fat
with alcohol in the presence of catalyst to obtain methyl or ethyl esters (biodiesel) and glycerol
(soap, side product). In order to produce high yield of biodiesel, catalyst with high catalytic activity
will be used. Catalyst can be found in basic or acidic which are either in heterogeneous,
homogeneous or enzymatic catalyst. In the industry, homogeneous catalysts had been used broadly
in the production of biodiesel. However, this type of catalysts are toxic, highly flammable and
corrosive in nature besides of producing soap and high waste of water. Therefore, to solve the
problems, researchers have extensively focused on substituting homogenous catalyst with different
types of heterogeneous catalysts which are can overcome the problems that caused by
homogeneous catalyst.

CaO0 is one of highly efficient solid base catalyst for production of biodiesel and the one of the
most used solid catalyst for transesterification reaction. CaO is cheap, easily available, non-
corrosive, environmental friendly, easy to handle, high basicity that also can be regenerated and
reused. However, the particle size of the catalyst is the one of the most important factors for the
catalytic activity of the catalyst. Catalyst with the lower size of particle and higher surface area
contribute to enhancing the reaction rate. Unlike many other solid catalyst, nano-sized CaO can be
prepared without much effort.

The synthesis of CaO have two main steps which is preparation and activation of nano-sized of
catalyst. Calcination was conducted for the activation of nano-sized catalyst to achieve the specific
catalytic activity. The CaO was reported to start to synthesis when the heating temperature is more
than 800 °C. Moreover, the calcination temperature has a significant effect upon the surface area,
total pore volume, and mean pore diameter of the catalyst. Thus, with nano-sized solid base
catalyst with the optimized calcination temperature, high catalytic activity of catalyst would be
produced to have a high yield of biodiesel with a shorter reaction time.
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