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Biofuels are emerging as an alternative fuel to replace the conventional one. Biodiesel production is 
carried out by the transesterification process where catalyst plays an important role in the production 
of biodiesel. The reaction is catalyzed by either homogeneous catalyst or heterogeneous catalyst as the 
selection of suitable catalyst depends upon the amount of free fatty acid present in oil. Since past few 
decades focus was made on homogeneous catalyst for the production of biodiesel but slowly the trend 
has been changed as heterogeneous catalyst is becoming more promising catalyst for the production of 
biodiesel due to its properties which can overcome the problems faced by the homogeneous catalyst. 
Heterogeneous catalysts have been effective way to produce biodiesel but has drawback of being 
sensitive to free fatty acids (FFA) and low grade feed stock. This paper gives overview of the production 
of biodiesel with different heterogeneous catalyst consisting of carbon catalyst such as CaO based 
catalyst, carbon nano tubes (CNT) and graphene oxide (GO), activated carbon and solid acid catalyst. 
The utilization of heterogeneous catalyst provides a greener and cheaper synthesis of production of 
biodiesel. 
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1. Introduction 

Fossil fuels are the major source of energy which satisfies the 90% of 
world’s energy demand. As excessive usage or consumption of fossil fuels, 
this has raised the alarm of depletion in natural resources, increase in 
greenhouse gas emission and global warming. The experts predict that 
available sources of fossil fuels will run out by 2050 because their 
consumption is more faster than their natural production [1] while the 
energy demand will reach to 30 Terawatt (TW) in near future. Due to this 
the researchers are focusing on other means of renewable energy sources 
which will meet the half of the world’s energy need and will reduce the 
greenhouse gas emissions. The energy demand has accounted a rapid 
growth of industrialization in the 19th century. The energy is the main 
component for the existence of life on earth. The main reason for finding 
the alternate source of energy is due to increase in demand of natural 
resources and in limited amount around the world [2].  

Biofuels is produced from the contemporary process known as 
biological processes, such as agriculture and anaerobic digestion rather 
than geological process such as fossil fuels i.e., coal and petroleum. Bio 
fuels can be derived from plants, bio-waste or indirectly from agriculture, 
commercial and domestic industrial wastes. Other renewable biofuels are 
produced through the use or conversion of bio mass. The bio mass can be 
converted to convenient energy containing substance in three different 
ways; thermal conversion, chemical conversion and bio chemical 
conversion. This bio mass can result fuel in solid, liquid and gaseous forms 
[3]. Among the renewable fuels, biodiesel has a significant position which 
can be produced from the bio-sources such as vegetable oils, animal fats, 
soybean oil and algae lipids. The properties biodiesel possess is it’s non 
toxicity and biodegradability in nature, has high flash point, good lubricant  
and low gas emission with less harmful components during combustion 
[4, 5]. Biodiesel has remained a good substitute for conventional fuel as it 
has similar physical and chemical properties to that of conventional fuel. 
Chemically biodiesel are known as reacting lipids with an alcohol 
producing fatty acids. Production of biodiesel is a great challenge as main 
criteria lies in the minimizing the cost of production, selection of suitable 

feed stock and catalyst. As catalyst plays an important role in the 
production of biodiesel [2]. 

Currently there are two types of catalyst used for the production of 
biodiesel catalyzed by the reaction- homogeneous and heterogeneous 
catalysts. The technologies implemented for the production of biodiesel 
are mostly based on homogeneous catalyst [6]. As the homogeneous 
catalyst are inseparable as it gets fully dissolved with the two reacting 
chemicals and cannot be reused which makes it an expensive catalyst. It 
leads the researchers around the world to focus towards the 
heterogeneous catalyst for the production of bio diesel. The 
heterogeneous catalyst are non-corrosive, eco-friendly in nature, can be 
easily separated from products, tunable, selective, capable of producing a 
clear solution of biodiesel and reused with or without regenerating them 
makes it more convenient for the production of biodiesel compared to 
homogeneous catalysts [7]. 
 

2. Synthesis of Biodiesel from Nano and CaO Based Catalyst 

2.1 Nano Catalyst 

In last decade, researchers have been searching for advanced functional 
and low cost nano materials which include carbon nano tubes, nano fibers, 
nano clays, nano composites etc. for different applications. The 
geometrical dimensions of nano material is less than 100 nm and the nano 
particles as spherical in shape having diameter less than 100 nm can play 
an important role in catalysis process [6]. 

There are two types of process for the synthesis of nanoparticle- 
physical and chemical process. The physical method requires large capital 
cost with reduced environmental impact whereas chemical process is 
cheap due to reduced energy input. The characteristics that nano catalyst 
should possess is extremely high activity, low energy consumption and 
long life which can be achieved by controlling the size, shape, spatial 
distribution, surface composition and electronic structure with thermal 
and chemical nano component stability [8]. Its advantages in chemical 
industries can be specified as energy efficiency, reduced global warming; 
optimum feed stock utilization and minimum chemical waste. A high 
degree of catalyst selectivity plays an important role in catalysis process 
so heterogeneous catalyst makes a prime source of energy saving 
technology [8]. Heterogeneous catalyst consist of numerous favorable 
nanoparticle catalytic properties such as high activity, surface reactivity, 
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large pore size and large surface area they are preferable catalyst for the 
production of biodiesel. A typical heterogeneous catalyst consist few 
nanoparticle dispersed on highly porous material having surface area upto 
250 m2/g [9]. 

The different solid catalyst which have been tested in biodiesel in nano 
form are: Fe3O4, Ca/Al/ Fe3O4, aluminum powder, KF/Al2O3 etc., [10-12]. 
Among them CaO based catalyst is efficient catalyst for the use in nano 
form for the transesterification process of different oil feed stocks for the 
production of biodiesel.  

 
2.2 CaO catalyst in Synthesis of Biodiesel 

The CaO based catalyst is conducted in two ways; preparation and 
activation of nano particles. In the first step the methods include are 
thermal decomposition, impregnation mixing and co-precipitation and in 
the second step calcinations is done to the produce nano particles in order 
to achieve the specific catalytic activity. This increases the surface area of 
CaO catalyst which can be employed for the transesterification of various 
oil feed stocks. CaO has greatest potential for transesterification process 
because of its catalytic activity such as nature, size and specific surface 
area and their reaction condition. There are four forms of nano CaO such 
as neat CaO, doped CaO, loaded Cao and waste CaO which are used as 
catalyst in synthesis of biodiesel form different oil feed stocks [6]. Doped 
CaO and loaded CaO based catalyst is more preferred than neat CaO 
because it easily form hydrogen bond with methanol and glycerol, 
complicates the post treatment process and phase separation which 
increases the cost of production.  

It has been found out that neat CaO when used in poultry fat with 
alcohol: oil molar ratio of 10:3 at room temperature gives 100% yield 
conversion [13] and in palm oil as feed stock with 15:1 alcohol:oil molar 
ratio at 60 °C it gives 95.7% yield conversion which is lowest in all feed 
stock [14]. In doped CaO with used cotton seed oil as feed stock with 3:1-
8:1 alcohol:oil molar ratio at 35-65 °C gives 100% yield conversion 
whereas with rapeseed oil with 6:1-12:1 alcohol: oil molar ratio at 70-90 
°C gave 93% yield conversion which were lowest in all other feed stock 
[6,15]. In loaded CaO the higher yield was with jatropha oil with 99%, 15:1 
alcohol: oil molar ratio at 70 °C and lowest was recorded with soybean oil 
with 97.8% yield at 600C and 15:1 alcohol:oil molar ratio [6,16]. 
 

3. Synthesis of Activated Carbon  

Activated carbon is a form of carbon processed to have small, low 
volume pores that increase the surface area available for adsorption or 
chemical reaction. The activated carbon is commercially used in waste 
water treatment which is produced from coconut shell, wood and lignite 
[1]. As the waste water treatment is less profitable compared to other 
industrial use, it is always preferable to reduce the cost of treatment of 
waste water. Since the last decade numerous biowaste has been identified 
for the production of low cost adsorbent and number of studies has been 
conducted to determine the characteristics and efficiencies of activated 
carbon which is produced from different biowaste in removal of different 
pollutants from waste water.  

The synthesis of activated carbon from biomass are generally involves 
pre-treatment of the sample, crushing, drying and sieving with 
carbonization of biomass in dry inert gas atmosphere which eliminates the 
volatile matters and tars. This leads the formation of biochar which can be 
referred as charcoal. The use of hydrothermal carbonization is gaining 
popularity in preparation of activated carbon. In this process biomass is 
mixed with water or reagent solution before carbonization process [17]. It 
has been stated that hydrothermal carbonization is more advantageous 
than conventional one as in this biomass drying process is not required. A 
lower temperature is used in this process as the pressure from the steam 
present in the closed system acts as an extra driving force to convert the 
biomass to hydro char. The acidic gases such as CO2, NO2, SO2 etc. produced 
during the heating may react with water to form an acidic solution, thus 
treatment is needed to eliminate such gaseous pollutant. Thus presence of 
several functional groups on the hydrochar as reported which increases 
the higher adsorption capacity of contaminants [18]. 

Several studies have showed that presence of these functional group 
improves the adsorption of heavy metals on hydro char despite having 
lower surface area compared to activated carbon [19]. There are two types 
of activation required such as physical and chemical activation to activate 
the carbonized material after carbonization of biomass. The physical 
activation is mostly performed by passing inert gas such as CO2, N2 etc. or 
steam through the sample at high temperature [20]. This limit the 
conversion of carbon material into CO2 through oxidation which increases 
the yield of activated carbon compare to activation in air. In chemical 
activation, activating reagent such as acid or base is added to the 

hydrochar prior to heating followed by washing to neutralize the pH of 
activated carbon formed. KOH is the reagent used in chemical activation. 
Some researchers attempted to modify the synthesis method of activated 
carbon. In chemical activation the biomass is mixed with chemical 
activating reagent prior to pyrolysis at high temperature which is known 
as one step pyrolysis where as in certain studies two step of pyrolysis of 
biomass was carried out where carbonization at lower temperature 
precedes addition of chemical activating agent [21, 22]. The two step 
pyrolysis increased microporosity and surface area of activated carbon 
which lead to higher adsorption capacity.  

The preparation of activated carbon using a three step process was 
done by Tran et al. [21]. It was observed that activated carbon prepared 
by three step process showed a higher adsorption performance towards 
cationic dye than activated carbon prepared using one step and two-step 
process. So the three stage synthesis is considered a more effective 
approach in activated carbon preparation.   

 
3.1 Pollutants Removal using Activated Carbon Derived from Biowaste 

Activated carbon have been proven to be effective in removal of various 
pollutants from aqueous solution including dyes, pharmaceutical and 
personal care products, heavy metals and organic pollutants.  

 
3.1.1 Dyes 

Dyes are identified to be the one of the heavy pollutants of water bodies 
due to the use of large amount of colorings required in clothing, paper 
products, paints and plastics. Most dye molecules are resistant to 
degradation in water due to their complex structures. This causes the 
harmful effect on photosynthesis of aquatic plants and causes mutagenic 
and carcinogenic effects to human bodies [23, 24]. A large number of 
studies are carried out on removal of dyes especially methylene blue (MB) 
[25]. The very low adsorption capacities of methylene blue on biomass 
without activation was recorded on sweet lemon peel i.e., 0.66 mg/g, 
waste egg shell and membrane i.e., 94.9 mg/g [26, 27].  

Pradhananga et al. [28] reported that high adsorption of two dyes which 
was used in wool carpet dyes, lanasyn orange at 2.60 x 103 mg/g and 
lanasyn gray at 2.60 x 103 mg/g on activated carbon derived from 
chemically activated bamboo cane.  

 
3.1.2 Heavy Metals 

The hazards brought by heavy metals and anions in water have raised 
concern among the public. The consumption of metal and anions usually 
causes severe damage to human body, chronic effects instead of acute 
effects [29]. The efficiency of adsorption in removal of contaminants from 
waste water through activated carbon is undesirable due to the low 
affinity towards heavy metals [30]. So the development of other 
adsorbents from biomass waste should be vital to minimize the heavy 
metal ions from entering the water bodies. The activated carbon produced 
from Loblolly pine chips removes 167.3 mg/g of Cd2+ pollutant, radish 
press cake removes 500 mg/g of Pb2+ pollutant which is the highest rate of 
removal and the lowest was recorded with Rice husk, 1.5 mg/g of Cr6+ 
pollutant [29].  

 
3.1.3 Organic Pollutant 

Palm oil is one of the main vegetable oil used globally and Malaysia 
produces 39% of the world palm oil. Despite the huge economic benefit, 
treatment of palm oil mill effluent remains main concern [29, 31]. The 
decomposition of organic substance in palm oil mill effluent in rivers 
produces harmful component and threat to aquatic life. The common 
treatment process acquired is pond system which requires a large land 
area and long hydraulic retention time [32]. The adsorption is used in 
polishing of treated palm oil mill effluent prior to discharge to meet the 
waste water discharge order. The adsorbent derived from sugar cane 
bagasse removes 97.83% of color, 88.14% of COD and 47.25% of NH3-N 
which is an efficient adsorbent and lowest was recorded with coconut shell 
comprising 39% of TS’s, 66% of COD and 61% of color in palm oil mill 
effluent [29].  

 
3.1.4 Pharmaceutical and Personal Care Products  

The presence of pharmaceuticals and personal care products waste 
from these industries in waste water is a growing concern as these 
compounds are resistant to biodegradation. The emerging contaminants 
such as carbamaze pine, naproxen, diclofenac and ibuprofen that require 
close monitoring due to potential effect on human health [33]. The 
adsorbate prepared from waste tea residue in H3PO4 at 450 °C in steam 
removes 273.7 mg/g of oxytetracycline pollutant from PPCPS and lowest 
was recorded 175 mg/g when prepared in H3PO4 at 450 °C in N2 [34]. Also, 
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the adsorbent derived from saw dust removes 334.28 mg/g of bisphenot 
A, 226.71 mg/g of paracetamol, 256.29 mg/g of caffine, 329 mg/g of 2-
naphtol, 272.28 mg/g of o-nitrophenol, 150.87 mg/g of Resorcinol and 
254.36 mg/g of Hydroquinone contaminant from PPCPs [35].    

 
3.2 Advancement of Adsorption of Contaminants onto Activated Carbon  

Recent advancement has been made on adsorption of contaminant by 
synthesis of magnetic activated carbon involved treatment of precursor 
with metal based reagent. This is done to deposit the ions on the precursor 
surface and inside the pores. In a study done by Rattanachueskul et al. [36] 
shows that it is possible to synthesis magnetic hydrochar from biomass 
with desirable pollutant removal property despite of having lower surface 
area available for adsorption when compared to activated carbon. 

Modification of activated carbon with magnetic material was also 
studied as such material facilitates the adsorption of some contaminants 
that can be hardly removed by conventional activated carbon.  
 

4. Heterogeneous Catalyst Derived from Biomass for the Production 
of Biodiesel  

 
Biodiesel is chemically known as fatty acid methyl ester (FAME) by 

chemically reacting feed stock with catalyst. The production of biodiesel is 
carried out through transesterification process with homogeneous or 
heterogeneous catalyst. The biodiesel production was focused on edible 
vegetable oil as feed stock such as palm oil, soybean oil, sun flower oil, 
algae oil etc. Non edible oil such as jatropha oil, waste cooking oil, algae oil 
and animal fat are considered as reliable feed stock as these cuts the cost 
of procurement as compared to edible oil. Biodiesel can be produced by 
either transesterification of triglycerides with short chain alcohol or 
esterification of free fatty acid (FFA) [37-39].  

At present time there are several methods for the production of 
biodiesel such as direct use and blending of raw oil, dilution, micro 
emulsion, pyrolysis and transesterification [40]. Among all these method 
transesterification is the most suitable, easiest and cost effective approach 
for the production of biodiesel. The catalyst for the transesterification 
reaction can be alkali, acid or enzyme [41].  FAME is generally produced at 
industrial scale by using homogeneous catalyst such as NaOH, KOH and 
H2SO4. The use of homogeneous acid and base catalyst will lead to 
corrosion of reactor and soap formation which leads to formation of stable 
emulsion and Saponification with low yield conversion [42]. 

A homogeneous base catalyst has been currently widely used in 
industries for the production of biodiesel in large scale. However the 
homogeneous catalyst reaction is highly sensitive to the presence of free 
fatty acid (FFA) and water. In a decade heterogeneous catalyst has gain 
interest in the production of biodiesel. The heterogeneous catalyst does 
not dissolve in the reacting chemical which makes it easier to separate and 
reusable [43]. The heterogeneous catalyst offers several benefits such as 
non-corrosive, easy separation and longer catalyst life [44, 45]. In 
heterogeneous catalyst such as Ca, Na, Mg and K which are usually 
prepared in the form of millimetric spherical particles and nanostructure 
material which increases the surface area of catalyst as well as the catalytic 
activities. The major drawbacks of mentioned above catalyst are soap 
formation, leaching of catalytic active sites in reaction and high sensitivity 
to moisture and free fatty acid (FFA). So to overcome this limitation we 
have to perform acid pretreatment process for low quality feed stock to 
reduce FFA and development of active and low cost heterogeneous 
catalyst [46, 47].  

 
4.1 Heterogeneous Alkali/ Base Catalyst Derived from Biomass 

4.1.1 Biomass Ashes 

A biomass ash is a solid based catalyst which can be separated and 
reused in the process. Organic compound contain high amount of carbon, 
oxygen and metal salt including K, Na, Mg, Ca [48]. Upon combustion at 
high temperature the carbon and oxygen content reduces, leaving alkali 
metal oxides such as CaO, K2O, MgO and the main ingredients in ashes [49]. 
High presence of basic strength oxides in the ashes increases its catalytic 
property to produce biodiesel [50]. 

In a study by Ofori- Boateng and Lee [51] reported that, potash as the 
potential catalyst for biodiesel production. In potash or potassium 
carbonate (K2CO3) or potassium chloride (KCl) a byproduct of biomass 
combustion. The inorganic derived potash has high catalytic ability and is 
used as a base catalyst in biodiesel production, but their synthesis is rather 
hazardous, environmentally damaging and unsuitable. In a study done by 
Deka and Basumatary [52], Musa balbisiana colla ash when used with  
Cascabela thevetia (Thevetia peruviana)  seed oil at 32 °C for 3 hr, 20 wt% 

catalyst and methanol:oil molar ratio of 20:1 gave 96% of yield conversion 
which makes it a promising catalyst for the production of biodiesel.  

 
4.1.2 Waste Shell  

The use of heterogeneous catalyst for the production of biodiesel is 
advantageous because it will not mix with the reacting chemicals and can 
be easily separated and reused. The search for greener catalyst to replace 
the use of conventional catalyst has been studied by numerous 
researchers. Mostly they utilized the catalyst derived from calcium 
carbonate enriched organic waste such as waste shell and animal bones. 
Upon combusting calcium carbonate (CaCO3) at high temperature it will 
be converted to calcium oxide (CaO) which is a highly active base catalyst 
for biodiesel production. Waste shell mainly composed of CaCO3 with trace 
amount of magnesium carbonate (MgCO3), strontium carbonate (SrCO3), 
calcium phosphate, organic substance and water [53].  

Most of the waste shell does not have practical use and no value so they 
are discarded by marine product manufacturers and local restaurants into 
land fill [54]. The high amount of CaCO3 in waste shell is the source for 
synthesis of CaO as a catalyst. The various types of CaCO3 enriched organic 
wastes has been investigated as a potential catalyst for the production of 
biodiesel including waste shell, waste egg shell [55] , waste coral fragment 
[56], waste fish scale [57] and waste animal bones [58, 59]. 

The study conducted by Boey et al. [60] on cokle shell of Tegillarca 
granosa (Anadara granosa) in palmolein oil in production of biodiesel. The 
waste shell was calcinised at 900 °C for 2 hr which produced the active 
catalyst. Thus the transesterification process resulted in 97.48% yield in 3 
hr reaction time. In another study done by Boro et al. [61] the waste shell 
of Pyrgostylus striatulus was found to be promising catalyst for biodiesel 
production using mustard oil through transesterification reaction at 65 °C 
for 3 hr, 3wt% catalyst and methanol:oil molar ratio of 9:1 gave 93.3% 
yield conversion.  

 
4.1.3 Activated Carbon Catalyst 

Activated carbon is a form of amorphous carbon with high porosity 
nature [44] which can be derived from carbon content compound such as 
coal, wood and coconut shell. Activated carbon is widely used in pollution 
controlled application such as air and gas filter, water treatment for the 
removal of toxic elements from it [62]. The utilization of heterogeneous 
catalyst may reduce the mass transfer limitation and hence increases the 
rate of reaction. The use of Activated carbon will reduce the cost of 
production [63]. Several studies have investigated the potential of biomass 
derived Activated carbon as catalyst with certain active metals which 
improves the catalytic performance.  

Chakraborty et al. [55] has concluded that high amount of SiO2 and Al2O3 

of fly ash when used in soybean oil at 70 °C, 5 hr, 1 wt% catalyst with 
Methanol:oil molar ratio of 9:1 provides 96.9% yield conversion which is 
a good low cost catalyst as conventional one. Biomass ashes have potential 
as a good catalyst including cocoa pod husk ash [51], coconut husk ash [49] 
and empty palm bunch ash [64]. 

 
4.2 Effect of Methanol to Oil Molar Ratio in Production of Biodiesel 

In a study, Amani et al. [65] reported that 90% yield conversion in 
biodiesel was optimized at value of 20:1 methanol to oil molar ratio and 
further increase in methanol to oil molar ratio 30:1 reduces the yield 
conversion drastically to 65%. In another findings by Phan and Phan [66] 
where they reported  that biodiesel from waste cooking oil at 8:1 methanol 
to oil molar ratio gave 88% yield conversion and when 12:1 methanol to 
oil molar ratio was taken into consideration the yield conversion 
decreased to 82%.  

 
4.3 Effect of Catalyst Loading in Production of Biodiesel 

In a study by Amani et al. [65], reported that the increase in FAME 
content with the increase in catalyst loading. It has been shown that 90% 
of FAME content was produced at 3wt% catalyst loading after 3 hr reaction 
time and the FAME content was decreased to 83% with 4wt% catalyst 
loading. It was reported that solubility of methanol observed in high FFA 
waste cooking oil is due to low catalyst loading.  

 
4.4 Effect of Calcination Temperature on Catalyst Preparation 

Calcination temperature has greater influence on the catalytic property 
in development such as acidic site density, surface area and pore volume, 
molecular and crystalline structure [42]. Calcination temperature affects 
the performance of the catalyst as increase in calcination temperature 
during catalyst development decreases the FAME content significantly and 
reduced low catalytic activity [67]. 
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5. Advantages and Disadvantages of Solid Acid Catalyst  

The advancement achieved in heterogeneous catalyst is that it is a 
recyclable solid acid catalyst for the production of biodiesel. The catalyst 
Lewis type (mixed sulfated oxides) and Bronsted type (sulphonic acid) 
have exceptional advantages in esterification, transesterification reaction 
and high FFA contents peculiar to low grade oil. Other advantages of these 
catalyst are selectivity, recyclability, regeneration, elimination of washing 
step and minimizing if corrosion problem even in presence of acid species 
[68]. In spite of having encouraging result in biodiesel production by 
esterification reaction of solid acid catalyst are slow on transesterification 
process. As a result large amount of catalyst is needed for 
transesterification reaction. High temperature requirement and long 
reaction time in transesterification reactions for biodiesel production is a 
problem. Other limitations are leaching, product contamination, high 
amount of catalyst requirement and formation of side reactions such as 
ether formation [42]. 
 

6. Carbon Catalyst 

6.1 Graphene Oxide   

Graphene is referred as an atomic layer of graphite which is basic unit 
of fullernes and carbon nano tubes. Graphene has 2D structure consisting 
of single atomic layer of sp2 hybridized carbon atoms closely packing into 
honey comb lattice by σ bonding. Raman spectroscopy is used to 
determine its number of layers [69]. Single layer transferable graphene 
nano sheets were first obtained by mechanical exfoliation of bulk graphite 
and by chemical vapour deposition (CVD). The strong oxidizing agent is 
the popular approaches towards graphite exfoliation to obtain graphene 
oxide [70]. Brodie [71] was the first researcher that discovered properties 
of graphite oxide [72]. Since then graphite oxide became popular among 
researchers because of its unique properties. The preparation of graphene 
oxide can be modified to produce certain functionalized graphene oxide 
which has lower and higher conductivity properties than pristine 
graphene [73, 74]. Organic solvent such as dimethylformamide, N-methyl-
2-pyrrolidone, tetrahydrofuran and ethylene glycol can form single layer 
of graphene oxide sheet when used with water [72]. Kavinkumar et al. [75] 
reported that graphene oxide containing more sp3 and less sp2 carbon 
atom which becomes nonconductive element. The recent method for 
obtaining graphene oxide was obtained from graphite flakes by using 
modified Hummers method. 

The basic properties of graphene are optical, mechanical, thermal, 
electronic, physical and chemical. There are various synthesis methods for 
graphene such as mechanical exfoliation, chemical derived, chemical 
vapor deposition, arc discharge, epitaxial growth on SiC and it can be 
synthesis by different methods by unzipping CNT with strong oxidizing 
agent, laser irradiation or plasma etching [76,72]. Graphene oxide has 
mechanically strong and chemically stable structure due to high C-C bond 
and most carbon atoms are in higher oxidation states. This structure is 
capable of protecting active sites of catalyst. Graphene oxide can be 
obtained at low cost on large scale by using graphite and graphite oxide 
[7]. Graphene oxide can also be synthesis from waste material (like waste 
plastics, biomass wastes, wood, leaf, animal bones etc.).  

In a study done by Nongbe Medy et al. [77] the synthesis of sulfonated 
graphene catalyst was done for the transesterification of palm oil with 
methanol into fatty acid methyl esters (FAME). The catalyst was obtained 
by chemical exfoliation of inexpensive graphite, followed by 
functionalization of prepared graphene with benzenesulfonic acid 
functions. As temperature is an important parameter for delicate 
compromise between reaction conversion and catalyst stability and to 
determine the influence of temperature on palm oil for the production of 
FAME the methanol to oil molar ratio was fixed at 12:1. When the 
sulfonated graphene catalyst of 10 wt% at 25 °C for 14 hr was taken into 
consideration 30% yield conversion was recorded. Similarly at 50 °C it was 
37% conversion, at 800C it was 68%, at 100 °C it was 78% and at 120 °C it 
did not modify the mixture composition. In general high volume of 
methanol shifts the chemical reaction for the formation of FAME. When the 
amount of methanol: oil molar ratio was increased from 12:1 to 20:1 with 
catalyst loading of 10 wt% at 100 °C for 10 hr gave 98% yield conversion.  

The synthesis of graphene oxide can be processed from natural graphite 
powder through modified Hummers method. The study of Cheng Jun et al. 
[78] investigated the catalytic action of graphene and its derivatives for 
the conversion of lipids from wet microalgae into biodiesel is done by four 
heterogeneous catalyst graphene oxide, sulfonated graphene, sulfonated 
graphene oxide and sulfonated active carbon. The catalysts 5 wt% (of the 
mixture) at 90 °C for 40 min was considered for the reaction. The 
conversion efficiency of the microwave assisted lipid transesterification of 
wet microalgae using sulfonated graphene were 48.6%, graphene oxide 

were 73.1%, sulfonated graphene oxide were 84.6%. Sulfonated graphene 
oxide showed the best catalyst performance for highest conversion 
efficiency of wet microalgae. In a study by Cheng Jun et al. [79] the lipids 
in wet microalgae was converted into FAME with solid graphene oxide 
catalyst. As the increase in reaction temperature from 70 °C to 90 °C the 
conversion efficiency of microalgal lipids to FAME increases from 77% to 
96%. As the reaction temperature increases to 110 °C the conversion 
efficiency decreases to 68%. The conversion efficiency of microalgal lipids 
to FAME increases from 5.8% to 96% when the concentration of catalyst 
in methanol is increased from 1% to 5%.  

 
6.1.2 Carbon Nano Tubes (CNT)  

Carbon nano tubes were discovered by Iijima in 1991 while studying 
the surface of graphite electrodes in an electric arc discharge. There are 
two forms of CNT’s, Single walled carbon nano tubes (SWCNT) and multi 
walled carbon nano tubes (MWCNT). Single walled carbon nano tube is 
considered as single graphene sheet rolled into tube of single walled 
whereas multi walled carbon nano tube is considered as number of 
concentric single walled carbon nano tubes having different diameter. The 
synthesis of carbon nano tubes can be done by various methods such as 
Arc discharge, laser ablation and chemical vapor deposition (CVD) [80].  

In Arc discharge method under sub atmospheric chamber carbon nano 
tubes is generated by providing high temperature of vaporizing carbon 
anodic electrode by applying direct current between two graphite 
electrodes. The pros and cons are it is a simple process which produces 
impurities such as fullernes and amorphous carbon with structure defect 
due to high operation temperature [81, 82]. In Laser ablation method laser 
beam generates high temperature to gasify the carbon target mostly a 
graphite pellet with certain amount of Co and Ni as catalyst. During 
vaporization of carbon, inert gas is pumped through tube to collect carbon 
nano tubes on the cold finger. Its pro’s and con’s are it produces high and 
pure quality of carbon nano tubes but the quality depends upon the 
synthesis condition such as  laser properties, carbon source composition 
etc., [81, 82]. In Chemical vapor deposition (CVD) carbon nano tubes are 
produced from hydrocarbons such as methane which initially adsorb on 
catalytic particle surface followed by decomposing into carbon atoms 
under inert atmosphere. Later the carbon atoms is diffused into catalyst 
substrate, after achieving supersaturated state the precipitated carbon 
atoms serves as seed points for carbon nano tubes nucleation and growth. 
Its pro’s are large scale production, easy reaction control, pure carbon 
nano tubes and carbon nano tube properties such as orientation, diameter, 
alignment and length. The con’s are it is expensive and energy consuming 
[83]. 

In a study done by Shu Qing et al. [84] multi walled carbon nano tube 
was produced by C3H6 decomposition on Fe/Mo/Al2O3 catalyst in a 
fluidized bed reactor with a sintered porous filter plate at its bottom. The 
plate acts as carrier for Fe/Mo/Al2O3 catalyst before it began to fluidize. As 
the waste animal fats and vegetable oil contains lot of fatty acids, the main 
component in this is oleic acid which was used to substitute the animal fat 
and vegetable oil. SO4

2−/MWCNTs, SO4
2−/MWCNTs and Al3+-

SO4
2−/SWCNTs, Al3+-SO4

2−/C were used as catalyst for the production of 
biodiesel. The experimental study of the catalyst SO4

2−/MWCNTs, 
SO4

2−/MWCNTs as follows:- methanol:oleic acid molar ratio of 12:1, 
catalyst 0.5 wt% for 6 hr at 65 °C. The experimental study for catalyst Al3+-
SO4

2−/MWCNTs, Al3+-SO4
2−/SWCNTs and Al3+-SO4

2−/C as follows:- 
methanol:oleic acid molar ratio of 12:1, catalyst 0.9 wt% for 7 hr at  65 °C. 
After the experimentation process it has been found that the yield 
conversion was 95% with oleic acid with Al3+-SO4

2−/MWCNTs catalyst and 
80% conversion with Al3+-SO4

2−/SWCNTs or Al3+-SO4
2−/C catalyst. Further 

it was reported that the conversion of oleic acid was still high at 81.8% 
when Al3+-SO4

2−/MWCNTs catalyst was recycled for eight times which 
indicates it has high catalytic stability. In another study by Deep et al. [85] 
the lipase was conjucated with MWCNTs by chemical reaction. The lipase-
MWCNT catalyst has been employed for the production of FAME through 
methanolysis of crude jatropha oil. The yield of FAME production 
increases linearly with increase in the catalyst support fraction in reaction 
time of 1 hr. The desired yield 90% of product was achieved when using 
15% immobilized catalyst and the conversion of non-immobilized lipase 
was only in the range of 10-15%. 

 

7. Conclusion 

This review considers the potential of using heterogeneous catalyst for 
the production of biodiesel as it has various advantages than 
homogeneous catalyst. It demonstrate the different form of nano catalyst 
and their synthesis with focus on CaO based catalyst such as neat, doped, 
loaded and waste with the conversion rate of each catalyst with low grade 
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feed stock for the production of biodiesel. The focus has been made on 
other catalytic substance too such as alkali/base catalyst from biomass for 
the synthesis of heterogeneous catalyst and carbon nano tubes for the 
production of biodiesel. Heterogeneous catalyst offers several benefits 
over homogeneous catalyst such as non-corrosive, easy separation, 
reusability and longer catalyst life. This makes heterogeneous catalyst a 
promising catalyst for the production of biodiesel. The heterogeneous 
alkali/base catalyst is derived from biomass such as biomass ashes, waste 
shell and activated carbon catalyst to compare the prominent and suitable 
catalyst for the production of biodiesel. Also the focus has been made on 
the use of activated carbon in different material components to remove 
the various pollutants from aqueous solution and organic pollutants. The 
production of biodiesel through low grade feed stock by heterogeneous 
solid acid catalyst and carbon nano tubes has been reviewed with the 
effect of methanol to oil molar ratio, catalyst loading and calcinations 
temperature on solid acid catalyst with various properties of graphene 
oxide and carbon nano tubes (SWCNTs and MWCNTs) with their 
respective yield conversion. The future aspect of heterogeneous catalyst is 
that when it is coupled with low grade feedstocks it could become a new 
effective route to replace the conventional fuel as energy source with low 
cost of production. 
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