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Due to increase in the prices of petroleum, 
gradual depletion of the world’s petroleum 
reserves and impact of environmental pollution 
caused by combustion of fossil fuel, the search 
for substantial alternative energy resources such 
as biodiesel has gained importance (Lippke  
et al. 2011). As reported in the role of biodiesels 
beyond 2020 (Cluzel 2013) biodiesel has 
imperative role in the energy sector.  Compared 
to the conventional petroleum diesel, biodiesel 
is renewable, non-toxic, non-flammable, have 
low pollutant emissions and safe for use in all 
conventional diesel engines which has the same 
performance and engine durability. Srithar et al. 
(2014) and many researchers reported biodiesel 
can be used alone or can be blended with any 

ratio of mineral diesel to produce biodiesel 
blend. The blending of biodiesel with petroleum 
diesel depicts similar characteristics with lower 
hazardous exhaust emissions compare to the 
emission of fossil fuel (Koh et al. 2011).

Biodiesel is a green energy resource, 
compromises mono alkyl ester of long fatty 
acids derived from biologically produced 
oils or fats including vegetable oils, animal 
fats and microalgae oils (Qien et al. 2010). 
Initially many researchers and some developing 
countries are using edible oils such as rapeseed, 
soybean, palm, sunflower, coconut, and linseed 
oils as feedstock for commercial produce of 
biodiesel (Demirbas 2009; Gui et al. 2008). 
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The use of edible oils for biodiesel production 
is banned in few countries like china since it’s 
not feasible due to limited availability of per 
capita agriculture land resources. hence there 
is a potential demand and promotion for the 
non-edible oils like crude jatropha oil (CJO) 
as feed stock in biodiesel produce (yang et al. 
2010; Deng et al. 2010). The current interest 
is developing a biofuel with international 
specifications, without affecting the food 
demand (Mofijur et al. 2012). Jatropha has been 
chosen as feedstock due to its adaptability in 
tropical and sub-tropical climates in marginal 
and non-agriculture areas. Apart from that, the 
JCL seeds are found to be toxic to human and 
animals (Leung et al. 2010). Jatropha Curcas 
Linnaeus (JCL) comes from Euphorbiaceous 
family. It is a fast growing tree has a life span 
of about or more than 50 years (Nahar et al. 
2011). Jatropha Curcas Linnaeus contains oil 
in the seed which is 27% to 40% of oil.

There are many methods to produce 
biodiesel from vegetable oils or animal fats 
like direct use or blending, pyrolysis, micro-
emulsion and transesterification (Meher et al. 
2013; Bobade et al. 2013). Among these, the 
most common method is transesterification of 
triglycerides using methanol fatty acid methyl 
esters (FAmE). Also, transesterification is 
discovered to be the most efficient way to 
reduce the viscosity of vegetable oils to meet 
the biodiesel standards like EN 14214. In 
transesterification, triglycerides in vegetable 
oil will react with alcohol to form a mixture 
of and fatty acid alkyl esters. (Chung et al. 
2008) reported, in transesterification, based 
on the amount of free fatty acids (FFA), both 
acidic-catalysts and basic-catalysts can be used. 
Since 3% to 40% FFAs present in acid oils 
homogeneous catalysts are not recommendable. 
marchetti et al. (2007) and Gubitz et al. (1999) 
reported that the homogeneous catalyst and 
the FFA will interact to produce soap. This 
makes the amount of available catalyst for the 
transesterification reaction to be reduced and 
also complicates the down streaming separation 

and the biodiesel purification further, the rate of 
transesterification reaction by alkaline catalysts 
is much faster than that by acid catalysts.

The main focus of the present work was 
to synthesize heterogeneous base catalysts 
from the sea shells and egg shells for biodiesel 
produce from CJO. A comprehensive study 
on the efficiency of biodiesel conversion from 
CJO to jatropha biodiesel (JB) by using two-
step transesterification to optimize the reaction 
process and found the best yield of biodiesel 
was carried out. The properties of biodiesel 
produced were analyzed through Fourier 
Transform Infrared Spectrometer (FT-IR), 
bomb calorimeter, density meter, flash point 
tester and flue gas analyzer. Subsequently a 
comparative analytical approach on comparable 
characteristics of biodiesel blends with pure 
mineral diesel, such as lowest fuel consumption 
rate, specific fuel consumption rate, highest 
brake horsepower and mechanical efficiency 
were analyzed.

mATERIALS AND mEThODOLOGy

Material and Equipment
The research was conducted in the Faculty of 
Engineering, Universiti malaysia Sarawak. 
material used for biodiesel production were 
CJO, methanol (meOh) >99% pure), sulphuric 
acid (h2SO4) 95%–97%, Desterilized water/pipe 
water, sodium hydroxide, NaOh, potassium 
hydroxide (KOh), calcium oxide (CaO) from 
P. expansa and eggshell. Equipment used are 
magnetic stirrer cum heater, orbital shaker, 
electronic scale and furnace.

Catalyst Preparation
Polymedosa expansa, whose scientific name 
Solander 1786 belongs to 23375 Corbiculidae 
families and locally it is called as Lokan 
(Bachok et al. 2003). P. expansa has large 
rounded, thick-shelled bivalve reaching about 
110 mm. Exterior has sculpture of distinct 
concentric growth lines, often developed as 
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ridges with strong and wide hinge and in white 
or with thick olive-brown periostracum colour. 
Interior colour is white.

P. expansa shells were collected from a 
local villager’s stall. The edible portion attached 
to the shells and other impurities were removed, 
they were rinsed thoroughly with tap water 
followed by double rising with distilled water.  
The P. expansa shells were dried in hot air oven 
at  for 24 h. The P. expansa shells were tested for 
calcium, one seashell was dissolved in 10% hCl 
to obtain a large amount of effervescence and a 
colourless solution. If this solution was added 
to a sodium carbonate and/or sodium sulphate 
solution a white precipitate could be formed:

CaCO3 + 2HCl →CaCl2 + h2O + CO2

CaCl2 + Na2CO3 →2NaCl + CaCO3↓

CaCl2 + Na2SO4 → 2NaCl + CaCO3 ↓

The dried P. expansa shells were ground 
in an agate mortar until they became a form 
of powder. mustakimah et al. (2012), Azimah 
et al. (2012) and Said et al. (2014) reported 
the calcination of the seashells using standard 
process. The shell powder was calcinated in an 
open furnace at 900°C for 2 h. At 850 °C, the 
calcium carbonate of P. expansa shell powder 
decomposed to calcium oxide and carbon 
dioxide. Calcium oxide is a white crystalline 
solid with a melting point of 2572°C.

Eggshells were collected from UNImAS 
(Students Pavilion). Buasri et al. (2013) 
reported on the calcination of eggshells. The 
raw eggshells were calcined at temperatures 
between 300°C to 900°C, for 1, 3 and 5 h. The 
proper calcination conditions were: 900°C 
and 1 h, yielding calcium oxide with a purity 
of 99.06% w/w. The calcium carbonate of 
the rhombohedral form (CaCO3) transformed 
completely into the calcium oxide or lime of 
the face-centered cubic form (CaO) at 900°C. 

Free Fatty Acids Measurement
Titration was adopted to determine the FFA 
content in crude jatropha oil. It is expressed as 
the amount of KOH in mg required to neutralize 
1 g of fatty acid methyl ester. KOh 0.1 m 
was diluted into ethanol (Azhari et al. 2008; 
Bojan, et al. 2012). The solid KOh was fully 
dissolved in the ethanol by constant stirring. 
A weight of 2 ± 0.5 g of jatropha oil and a 50 
ml solvent mixture (95% ethanol + diethyl 
ether, 1:1 v/v) were mixed in a conical flask 
and heated on the heater with magnetic stirrer. 
Few drops of phenolphthalein were added to 
the mixture and titrated. The mixture with the 
KOh solution was stirred continuously for 10 s 
until the colour of the solution turned pink. The 
process was repeated three times to increase the 
accuracy. If the FFA was more than 4%, acid 
pretreatment was required to be carried out to 
reduce the FFA value in first step.

Transesterification
Since the FFA value determined was greater 
than 4%, acid pretreatment is required. Thus, 
biodiesel conversion by using two-step 
transesterification is carried out (Ismail et al. 
2014).

Pretreatment (Step 1)
Filtered 25 ml CJO was heated over 100°C to 
remove the water content. mixture of sulphuric 
acid (catalyst) and methanol (alcohol) were 
prepared according to the catalyst to oil ratio, 
alcohol to oil ratio by volume and heated to 
50°C. Oil sample was added to the catalyst 
mixture and heated to 50°C to 60°C by using 
magnetic stirrer for 1 h then it was allowed to 
settle down for 1 h. methanol-water fraction 
was removed. The remaining oil was washed 
by using de-sterilized water. It was allowed 
to settle for 30 min to remove the water at 
the lower layer using the separation funnel. 
The pretreated oil was heated to 100 with 
magnetic stirrer to remove the water content. 
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The pretreated oil was for second step based 
catalyzed transesterification (Bojan et al. 2012).

Transesterification by Base Catalyst (Step 2)
The optimum condition obtained which has 
the lowest acid value was selected to proceed 
with second step transesterification. The 
pretreated oil was heated to 50°C to make it 
turn into a clearer fluid. A mixture of CaO from  
P. expansa (catalyst) and methanol (alcohol) 
according to the catalyst to oil ratio and alcohol 
to oil ratio by volume was prepared and heated 
up to 50°C. The oil sample and the catalyst 
mixture were allowed to react using magnetic 
stirrer for 2 h at 60°C. The mixture was shacked 
for 2 h using orbital Shaker at room temperature 
at 250 r.p.m. speed and allowed the mixture to 
settle for 24 h. The glycerol stocked at lower 
layer and the methanol-water fractions at the 
upper layer were separated. The remaining 
biodiesel was washed by using de-sterilized 
water and allowed 30 min for removing the 
water at the lower layer in the separation funnel. 
The filtered biodiesel produced was heated to 
100°C with a magnetic stirrer, to remove the 
water content in order to get pure biodiesel. 
The process was repeated with catalyst calcium 
oxide (CaO) extracted also from eggshells.

Biodiesel Properties Analysis
The biodiesel produced was tested by using 
FT-IR analysis, bomb calorimeter, density 
meter, flash point tester and flue gas analyzer 
to compare its properties with diesel and CJO. 
Engine performance test was conducted by 
using Jatropha Biodiesel blends to determine 
the optimum ratio. 

RESULTS AND DISCUSSION 

Acid Value
From Table 1, the acid value obtained was 
29.466. The acid value obtained is 29.466. The 
acid value was too high so it was not suitable 
to run one-step esterification. Thus, two-step 
transesterification was conducted where Step 1 
acid pretreatment to reduce the high free fatty 
acid content in the CJO to less than 4%.

Catalyst to Oil Ratio
Figure 1 shows the different proportion of acid 
catalyst which is from 1% to 6% to oil ratio by 
volume, 1% of sulphuric acid had shown the 
best result which the FFA value of the Jatropha 
oil sample was reduced to 1%. Thus, it is 
suitable for alkali catalyzed transesterification 
to be carried out.

Figure 2 shows the concentration of 
the catalyst increases, biodiesel yield also 
increases. however, it reached optimum 
condition during 2% (w/w). Further increases 
in the concentration of catalyst result in lower 
yield as more soap formation. Among the 
catalysts used, Calcium oxide (CaO) from P. 
expansa had shown the highest yield which was 
96% with the concentration of catalyst at 2% to 
oil ratio (w/w).

Methanol to Oil Ratio
After the FFA value was determined and 
qualified for alkali catalyzed transesterification 
process, different ratio of alcohol to oil ratio 
were tested to identify the optimum proportion 
of methyl ester yield produced. From Figure 3, 

Table 1. Acid value analysis.

Experiment Weight (g) Volume (ml) Molarity (mol/l) Acid value

1 2.706 14 0.1 29.024
2 2.952 15.7 0.1 29.836
3 2.773 14.6 0.1 29.537

Average 29.466
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Figure 1. Acid value by different proportion of catalyst to oil ratio for Step 1 transesterification.
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it was found that, 60% of methanol to oil ratio 
by volume showed the highest ester yield which 
was 98.4%. 

As shown in Figure 4, the amount of alcohol 
increased; the biodiesel yield also increased. It 
reached its optimum condition during alcohol 
to oil ratio 5:1. Further increasing of methanol 
led to lower conversion. This was due reverse 
reaction as the amount of alcohol was too high. 
Among the catalysts used, the optimum ratio 
obtained for methanol to oil was 5 to 1 and CaO 
from P. expansa catalyst had the highest yield 
at 92%. Thus, CaO from P. expansa were the 
best catalyst among the catalysts used. From 
the experiments carried out it proven that the 
optimum ratio of methanol to oil ratio was 
5:1, the optimum concentration of catalyst to 
oil ratio was 2% which gave the highest JB 
conversion at 96%.

Equipment Type
Figure 5 shows that the Orbital Shaker (OS) 
converted a higher yield which averaged 
92% compared to magnetic Stirrer (mS) cum 
heater, i.e. 74.33%. OS showed a better and 
more complete mixing process for biodiesel 
conversion. Also, it provided more balanced 
mixing compared to mS which contributed to 

higher yield or conversion efficiency. Hence, 
OS was a more reliable equipment to be used 
in biodiesel production.

Reaction Time
Figure 6 shows that during Step 1 esterification, 
the optimum reaction time obtained was 1 h.  
Further increase in reaction time did not 
contribute to a higher percentage of conversion. 
This was due to esterification which is a 
reversible process where the ester yield will 
be converted back to crude jatropha oil if it 
exceeds the optimum reaction time.  

The optimum reaction time for Step 2 
transesterification was 2 h with a conversion 
of 96% as shown in the Figure 7. The rate 
of conversion to biodiesel increased with the 
reaction time until it reached 2 h. however, 
further increase in reaction time exceeded the 
optimum condition of biodiesel yield; the yield 
decreased with the reversible reaction and soap 
formation.

Analysis of Jatropha Biodiesel Properties
Spectrum analysis. The spectrum for 

the biodiesel produced from two different 
heterogeneous catalysts derived from P. expansa 
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and eggshells was of same pattern. In Figure 8,  
the main difference of spectrum of biodiesel 
produced from mineral diesel was at 1700 cm–1 
– 1750 cm–1 due to the presence of aldehyde 
or ester carbonyl or C=O group. The presence 
of the spectrum proved that the specimen 

was a fatty acid methyl ester or biodiesel 
where the absorption bands were only present 
for biodiesel. Besides that, JB also showed 
absorption spectrums in between 1000 cm–1 – 
1320 cm–1 due to the presence of ester carbon 
oxygen group or C-O group.
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Calorific Value
Caloric value is a measure of the energy 
produced when the fuel is burnt completely in 
order to determine the suitability of biodiesel 
as an alternative to diesel fuel. From Figure 9,  
diesel showed that the highest caloric value 
which was 43.6475 MJ/kg. This was followed 

by CJO, 39.4381 MJ/kg. JB had the lowest 
caloric value which was 35.4284 MJ/kg. 
The caloric value of the JB was lower than 
diesel because of the oxygen content in 
biodiesel which was higher. higher oxgen 
content improves the combustion process 
and decreases its oxidation potential. So, the 
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decrease of hydrogen and carbon content is the 
source of thermal energy. Thus more complete 
combustion leads to less emission of carbon 
monoxide. 

Density Analysis
Density influences the efficiency of the fuel 
atomization for airless combustion system. 
It effects the break-up of fuel injected into 
the cylinder. The biodiesel produced from 
vegetable or fats are slightly denser and less 
compressible than the diesel fuel (Leung  
et al. 2010). The density measured is displayed 
in the Figure 10. The results shown is in the 
acceptable density range in accordance to the 
biodiesel standard DIN EN 14214 which is in 
between 860 – 900 kg/m3. Thus, the biodiesel 
produced was comparable as the mineral diesel.

Flash Point
Flash point is the temperature at which the fuel 
will start to burn when it comes in contact with 

fire. Figure 11 showed flash point of diesel at 
68, CJO at 200 and JB at 167. The flash point 
of JB was higher than diesel as JB was having 
volatile impurity which was very important for 
the engine’s starting and warming. Flash point 
is a crucial parameter from the point of safety. 
This is because higher flash point demostrates 
safely during transport, handling and storage 
(Leung et al. 2010).

Emissions
In accordance to Figure 12, carbon monoxide 
(CO), Sulphur dioxide (SO2), nitrogen oxide 
(NO) and nitrogen dioxide (NO2) produced in 
JB was lower than diesel. This was a result of 
a more complete combustion in JB as it was 
having a higher ketone number compared to 
petrol diesel. This is due to its long chain fatty 
acids with 2–3 double bonds, not aromatic and 
contains 10%–11% oxygen by weight (Koh  
et al. 2011). A decrease in CO emission was due 
to more oxygen content in biodiesel compared 
to diesel. meanwhile, a decrease in SO2, NO 

880

900

920

860

800

820

840

Density

Diesel

843 914 895

CJO JB

Figure 10. Density of diesel, CJO and JB.



26

0

40

20

60

80

100

200

120

140

160

180

Flash point (°C) Diesel

68

200 167

CJO JB

Figure 11. Flash point of diesel, CJO and JB.

10 000

1000

100

10

SO2CO
1274 29 16 0.8 3

0.2 412 4501JB (p.p.m.)

Diesel (p.p.m.)
NO NOXNO2

1

0.1

Figure 12. Emission analysis of mineral diesel and JB.



27

and NO2 was due to better fuel properties of 
JB produced. A complete combustion led to 
higher combustion temperature which resulted 
in higher NOx formation. Other than that, high 
viscosity caused a bigger droplet size and 
shorter ignition delay might lead to the rise of 
the NOx emission.  

Diesel Engine Performance
Diesel engine performance testing was 
performed to study the fuel consumption, 
specific fuel consumption, brake horsepower 
and mechanical efficiency (Edin et al. 2013). 
The diesel engine used was model TNm-
TDE-700. The experiments were carried out 
by preparing the JB blends by mixing mineral 
diesel and JB was prepared for 20 ml for each 
sample. Six samples were prepared namely B0, 
B10, B20, B30, B40 and B50. B0 consists of 
0% of JB and 100% of mineral diesel. The load 
used was set to 120 N and the speed was set 
to maximum throughout the experiment. The 
results were presented in Table 2 and Figure 13. 

Fuel consumption rate is the ratio of 
distance travelled over the volume of the fuel 
burned. It is used to measure the fuel economy 
as lower consumption rate represents that 

the fuel is more economic. B0 or pure diesel 
showed the lowest fuel consumption at 0.3210 
ml/s. B10 to B50 were having higher fuel 
consumption rate due to lower calorific value 
of JB. Thus, JB required more fuel in order to 
produce the same amount of energy. Among the 
JB, B20 showed the lowest fuel consumption 
rate which was 0.3235 ml/s that was very near to 
B0. Thus, B20 was the optimum blending ratio.

Specific fuel consumption is a measure of 
fuel efficiency of any prime mover that burns 
fuel and produces rotational or shaft power. 
The specific fuel consumption rate of B0 or 
pure diesel was lower than the other JB blends 
as pure diesel had higher energy content. B20 
showed a similar value to B0 which meant B20 
was comparable to B0 and it showed a potential 
to be a substitute to diesel.

Brake horsepower is the actual or useful 
horsepower of an engine and its power is 
measured using dynamometer. Brake horse 
power of B0 or pure diesel was the highest 
while as the percentage of JB blends increased 
it showed a reduction in brake power. however, 
B20 showed an increment which was 41.5420 
kW. The decreasing is a result of lower caloric 
values and higher viscosities as both factors 

Table 2. Diesel engine performance study calculation for B0 to B50.

Engine performance
JB Blends

B0 B10 B20 B30 B40 B50

Torque (N.m) 36 36 36 36 36 36
Fuel consumption  rate (ml/s) 0.3210 0.3309 0.3235 0.3381 0.3389 0.3424
Engine power output (kW) 1.3500 1.3410 1.3500 1.3261 1.3112 1.3024
Specific fuel consumption (mL/kW) 14.8148 14.9142 14.8148 15.0818 15.2532 15.3563
Brake horsepower 41.5579 41.5342 41.5420 41.5027 41.4946 41.4709
Indicated horsepower (kW) 57.8 57.8 57.8 57.8 57.8 57.8
Mechanical efficiency, n (%) 71.8994 71.8584 71.8720 71.8039 71.7900 71.7490
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have an effect on combustion. An uneven 
combustion characteristic of biodiesel also 
contributes to decline in the percentage of break 
power.

mechanical efficiency refers to the 
measurement of the effectiveness of the diesel 
engine in transforming the energy and power 
that is input to the diesel engine into output 
mechanical work or in other words to measure 
the engine performance. B0 had the highest 
energy efficiency which was 71.8994% compare 
to the other JB blends. As percentage of JB 
blends increased, the mechanical efficiency 
decreased except for B20 which showed an 
increment. The results showed that B20 was the 
optimum blend and performed as comparable 
to diesel.

CONCLUSIONS
In this study, a heterogeneous catalyst from 
seashells and eggshells was synthesized 
and used for biodiesel production. During  

Step 1, acid pretreatment process the identified 
optimum catalyst to oil ratio was 0.01:1 and 
the optimum methanol to oil ratio was 0.6:1. 
On the other hand, for Step 2, base-catalyzed 
process the optimum to oil ratio was 0.02:1 
and the optimum methanol to oil ratio was 5:1. 
Among the catalysts used, CaO from P. expansa 
performed the best. The optimum reaction time 
for Step 1 was 1 h while for Step 2 it was 2 h. 
For equipment, orbital shaker showed a higher 
conversion rate compared to magnetic stirrer 
cum heater due to its better mixing rate. The 
highest rate of conversion of the JB yield was 
96%. 

For FT-IR analysis, the main differences 
in the spectrum of JB produced from mineral 
diesel were strong infrared absorption at  
1700 cm–1–1750 cm–1 due to the presence of 
aldehyde, C=O group. The presence of C=O 
group confirmed the specimen to be biodiesel 
or fatty acid methyl esters. Other functional 
groups such as C-O, C-h were also present. 
For calorific value analysis, JB had the lowest 
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calorific value among CJO and diesel. This was 
due to higher oxygen content and led to more 
complete combustion in JB. So, the hydrogen 
and carbon content decreased which was the 
source of the thermal energy. For density 
analysis, the JB produced had a density of 895 
kg/m3 which was higher than the mineral diesel 
and lower than CJO. The biodiesel produced 
was comparable to mineral diesel as it fell in the 
acceptance density range of biodiesel standard 
DIN EN 14214 which is 860 kg/m3 – 900 kg/
m3. For flash point analysis, JB had a flash point 
of 167. It is safer and cheaper for transport, 
handling as well as for storage compared to 
mineral diesel which had a flash point of 68.  
From the diesel engine performance testing 
conducted, it was found that JB of B20 was 
the optimum ratio as it had the lowest fuel 
consumption rate, highest brake horsepower 
and highest mechanical efficiency among the 
JB blends. JB showed a similar characteristics 
of mineral diesel. Therefore, it had the potential 
to act as a substitute for diesel.
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