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Abstract: The synthesis of biodiesel from Jatropha curcas by transesterification is kinetically controlled.
It depends on the molar ratio, reaction time, and temperature, as well as the catalyst nature and
quantity. The aim of this study was to explore the transesterification of low-cost, inedible J. curcas seed
oil utilizing both homogenous (potassium hydroxide; KOH) and heterogenous (calcium oxide; CaO)
catalysis. In this effort, two steps were used. First, free fatty acids in J. curcas oil were reduced from
12.4 to less than 1 wt.% with sulfuric acid-catalyzed pretreatment. Transesterification subsequently
converted the oil to biodiesel. The yield of fatty acid methyl esters was optimized by varying the
reaction time, catalyst load, and methanol-to-oil molar ratio. A maximum yield of 96% was obtained
from CaO nanoparticles at a reaction time of 5.5 h with 4 wt.% of the catalyst and an 18:1 methanol-to-
oil molar ratio. The optimum conditions for KOH were a molar ratio of methanol to oil of 9:1, 5 wt.%
of the catalyst, and a reaction time of 3.5 h, and this returned a yield of 92%. The fuel properties of
the optimized biodiesel were within the limits specified in ASTM D6751, the American biodiesel
standard. In addition, the 5% blends in petroleum diesel were within the ranges prescribed in ASTM
D975, the American diesel fuel standard.

Keywords: biodiesel; calcium oxide; fatty acid methyl esters; Jatropha curcas; transesterification

1. Introduction

Energy demands have been consistently increasing worldwide alongside the increas-
ing human population and industrialization. Natural gas, petroleum, and coal (fossil fuels)
are the traditional and common non-renewable sources of energy, and these sources are
depleting rapidly due to huge energy consumption. The potential shortage of energy in
the future and rising prices of non-renewable fuels have prompted interest in alternative
renewable energy sources and energy security [1–4]. Moreover, fossil fuels have many
environmental issues, cause atmospheric pollution, and are a major contributor to an-
thropogenic greenhouse gas emissions. Combustion of fossil fuels emits COx, SOx, NOx,
hydrocarbons, and many carcinogenic compounds into the atmosphere that may lead
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to global warming and negative effects on human health [5]. Biodiesel prepared from
animal fats, vegetable oils, and other renewable lipids has been promoted as a sustainable
alternative to conventional petroleum diesel (petrodiesel) due to its environmental benefits.

Currently, one third of vehicles sold in Europe and the United States (US) are diesel
powered. Biodiesel is a potential alternative fuel for these diesel vehicles, and biodiesel
demand has been increasing since 2005 in the US [3,6,7]. Biodiesel is defined as the mono-
alkyl esters of fatty acids derived from plant oils or animal fats [8]. Biodiesel has several
advantages over petrodiesel such as reduced CO2 emissions, derivation from renewable
sources, a high cetane number (CN), inherent lubricity, easy and efficient production, and
no need for drilling or a petroleum refinery, as well as the fact that it can be produced
locally, is biodegradable, has a higher flash point (FP) for safer handling, and has negligible
toxicity [2–4,8–11].

There are numerous potential sources for biodiesel, which include used cooking oils,
vegetable oils, animal fats, and others. Animal fats and used cooking oils are generally
not feasible for direct biodiesel production because inherent impurities cause problems
during processing [6,12]. Hence, vegetable oils are the most promising feedstocks for
biodiesel production, especially low-cost, inedible oils that do not compete with food
production and can be grown on marginal lands. Examples of inedible feedstocks include
jatropha (Jatropha curcas), polanga (Calophyllum inophyllum), and karanja (Pongamia pinnata).
Jatropha is one of the most promising sources because it has many advantages for biodiesel
production in terms of economic, agronomic, and environmental considerations [13–16].

Many methods have been developed for biodiesel production from oils, such as mi-
croemulsion, thermal cracking, and transesterification [1]. However, biodiesel produced
by microemulsion and thermal cracking may lead to incomplete combustion because of
its low CN [14]. Thus, transesterification to yield fatty acid methyl esters (FAME) is the
most common and simple method to produce biodiesel from vegetable oils and gener-
ally yields superior fuel properties compared to microemulsion and cracking, including
the CN, FP, kinematic viscosity (KV), lubricity, oxidative stability, and low temperature
performance [2,13].

In the present work, we investigated the alkaline catalysts calcium oxide (CaO) and
potassium hydroxide (KOH) for transesterification of low-cost, inedible jatropha oil and
compared their catalytic performances under various conditions. The transesterification
parameters of the methanol-to-oil molar ratio, catalyst load, and reaction time were opti-
mized using heterogeneous CaO nanoparticles and homogenous KOH. The fuel properties
(cetane index (CI), cloud point (CP), FP, KV, and specific gravity) of FAME produced from
both KOH and CaO were measured and compared to the American biodiesel standard,
ASTM D6751. In addition, the fuel properties of a 5 vol.% (B5) blend of FAME in petrodiesel
were evaluated against the American petrodiesel standard, ATM D975.

2. Results and Discussion
2.1. Catalyst Characterization

The heterogeneous CaO nano-catalyst was prepared by calcination, while the ho-
mogenous KOH catalyst was pretreated under high temperature but below its melting
point. The morphologies of CaO and KOH were then analyzed by XRD and SEM. In XRD
analysis, the peak width with the highest intensity provided an average crystalline size for
the catalysts, which was 20–60 nm. CaO nanoparticles afforded significantly smaller crystal
sizes than KOH. Furthermore, SEM images (Figure 1) revealed a morphology consisting of
agglomerated spherical grains for both catalysts.
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Figure 1. XRD analysis of (a) KOH and (b) CaO. SEM images of (c) KOH and (d) CaO. 

2.2. FTIR Analysis of Biodiesel 
The functional groups identified in the FTIR spectra of FAME, synthesized using 

KOH (denoted as BD-K) and CaO (denoted as BD-C) catalysts, are shown in Table 1. The 
absorption peaks observed in the spectra of BD-C and BD-K were nearly identical, which 
indicated that similar functional groups were present in each sample. These peaks 
indicated the presence of alkane moieties, as confirmed by C–H stretching vibrations at 
around 2852 and 2921 cm−1. In addition, the strong peaks at 1742 cm−1 (C=O vibration) and 
1163 cm−1 (C–O vibrations) clearly indicated the presence of the ester moiety, thus 
confirming that transesterification had occurred with both catalysts. Thus, from these 
results, it is concluded that FAME were formed in each case. 

Table 1. Functional groups identified in the FTIR spectra of BD-C (from CaO) and BD-K (from 
KOH). 
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1 –CH2– Stretching 2850–2950 2922 2921 
2 –CH2– Stretching 2850–2950 2853 2852  
3 C=O Stretching 1730–1750 1742 1742 
4 –CH3 Stretching 1350–1475 1462 1462 
5 C–O Stretching 1000–1300 1163 1162 
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The yield of biodiesel achieved using CaO was 96%, which was comparable to yields 
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Figure 1. XRD analysis of (a) KOH and (b) CaO. SEM images of (c) KOH and (d) CaO.

2.2. FTIR Analysis of Biodiesel

The functional groups identified in the FTIR spectra of FAME, synthesized using
KOH (denoted as BD-K) and CaO (denoted as BD-C) catalysts, are shown in Table 1.
The absorption peaks observed in the spectra of BD-C and BD-K were nearly identical,
which indicated that similar functional groups were present in each sample. These peaks
indicated the presence of alkane moieties, as confirmed by C–H stretching vibrations at
around 2852 and 2921 cm−1. In addition, the strong peaks at 1742 cm−1 (C=O vibration)
and 1163 cm−1 (C–O vibrations) clearly indicated the presence of the ester moiety, thus
confirming that transesterification had occurred with both catalysts. Thus, from these
results, it is concluded that FAME were formed in each case.

Table 1. Functional groups identified in the FTIR spectra of BD-C (from CaO) and BD-K (from KOH).

Peak Possible Functional
Group

Type of
Vibration

Absorption
Range (cm−1) BD-C BD-K

1 –CH2– Stretching 2850–2950 2922 2921
2 –CH2– Stretching 2850–2950 2853 2852
3 C=O Stretching 1730–1750 1742 1742
4 –CH3 Stretching 1350–1475 1462 1462
5 C–O Stretching 1000–1300 1163 1162

2.3. Yield of Biodiesel

The yield of biodiesel achieved using CaO was 96%, which was comparable to yields
reported elsewhere from other heterogeneous catalysts [17–19]. The yield obtained from
KOH was only 92%, which is lower than the values reported in the literature [20–22]. The
lower yield observed for KOH was attributed to the increased basicity of KOH (pKa 15.7)
relative to CaO (pKa 12.8), which promoted reactions such as hydrolysis and saponification
on FAME, which, in turn, lowered the yield. In addition, the smaller particle sizes of
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CaO may have provided an increased surface area for catalytic activity to occur, thereby
enhancing the yield relative to KOH.

Acid-catalyzed pretreatment was conducted prior to transesterification to lower the
amount of FFA in the oil from 12.4 to less than 1 wt.%. During pretreatment, FFA were
esterified to FAME in the presence of excess methanol. Pretreatment was performed
because FFA can cause catalyst deactivation, soap formation, and yield loss when alkaline
catalysts are utilized for transesterification.

2.4. Effect of Reaction Paramenters on Biodiesel Yield
2.4.1. Effect of Methanol-to-Oil Molar Ratio

The effect of the methanol-to-oil molar ratio on the FAME yield from CaO- and
KOH-catalyzed transesterifications was studied. Ratios of interest included 3:1, 6:1, 9:1,
12:1, 15:1, and 18:1, as illustrated in Figure 2. A molar ratio of 3:1 is the theoretical
minimum stoichiometric amount. Lower ratios would lead to incomplete conversion due
to insufficient methanol. Molar ratios in excess of 3:1 thus utilized a stoichiometric excess
of methanol in an effort to drive the equilibria toward the desired FAME products. All
optimization reactions were conducted at 60 ◦C, utilizing 1.0 wt.% of the catalyst for 1.5 h.

Figure 2. Effect of methanol/oil molar ratio on biodiesel yield.

As seen in Figure 2, the yield increased rapidly with both catalysts, up to a molar ratio
of 9:1, with KOH and CaO providing yields of 73% and 79%, respectively. Beyond this
amount of methanol, the yield gradually increased with CaO but decreased with KOH.
In the case of KOH, the yield dropped to 63% as a result of difficulties encountered in
the separation of the biodiesel from the glycerol and catalyst due to increased solubility
caused by the larger amount of methanol. With regard to CaO, the yield increased to 92%
as the molar ratio reached 18:1. This increase was attributed to oil dispersion caused by
excess methanol, which improved the miscibility and enhanced the yield [23]. Given these
results, the optimum molar ratios chosen for CaO- and KOH-catalyzed transesterifications
were 18:1 and 9:1, respectively. These ratios were utilized hereafter for optimization of the
catalyst load and reaction time.

2.4.2. Effect of Catalyst Load

The influence of the catalyst load on the FAME yield from CaO- and KOH-catalyzed
transesterifications was investigated. Catalyst loads of interest ranged from 1 to 9 wt.%, as
shown in Figure 3. All optimization reactions were conducted at 60 ◦C with molar ratios of
methanol to oil of 18:1 and 9:1 for CaO and KOH, respectively.
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Figure 3. Effect of catalyst loading on biodiesel yield.

In the case of CaO, the yield increased from 40% to 86% up to a loading of 4 wt.%.
However, further increases in the catalyst load from 5 to 9 wt.% returned lower yields,
as production of FAME decreased to 15% at 9 wt.%. As reported previously, excessive
catalyst loading can cause difficulty during mixing of a heterogenous catalyst, oil, and
methanol. Furthermore, excessive catalyst loads can adsorb some quantity of FAME, which
suppresses the overall yield [24]. In addition, high dosages of the catalyst (>5 wt.%) caused
phase separation and increased saponification of triglycerides and FAME, which produced
soaps. These soaps became coated on the catalyst surface and hindered biodiesel separation
during purification. Therefore, 4 wt.% catalyst loading was concluded to be the optimum
amount for CaO-catalyzed transesterification.

With regard to KOH, the yield was enhanced significantly from 36% to 72% when the
catalyst load was increased from 1 to 5 wt.%. Yields decreased with further increases in the
load due to the formation of thick slurries that hindered the reaction. These thick slurries
depressed the yield by disrupting adequate mixing of the catalyst, oil, and methanol [25].
Additionally, excessive catalyst loadings may have promoted saponification that further de-
pressed the yield. Thus, a load of 5 wt.% of KOH was determined to be the optimum level.

2.4.3. Effect of Reaction Time

The influence of the reaction time on the biodiesel yield from CaO- and KOH-catalyzed
transesterifications was studied. Reaction times of interest ranged from 2 to 7 h, as
shown in Figure 4. All optimization reactions were conducted at 60 ◦C. Molar ratios
of methanol to oil of 18:1 and 9:1, and catalyst loads of 4 and 5 wt.% were used for CaO
and KOH, respectively.

When CaO was used as a catalyst, yields were low (7%) for the first 2 h of the reaction.
These results were attributed to the immiscibility of the reactants and the poor diffusion
of the heterogeneous CaO catalyst at the initial stages of the reaction. This phenomenon
has been reported elsewhere [26]. As the reaction proceeded further, the yield climbed
rapidly to 96% by 5.5 h. Such a dramatic increase may be attributed to activation of
CaO by methanol. Methanol activates CaO by converting small amounts of CaO into
Ca (OCH3)2, which acts as an initiating agent and exhibits higher catalytic activity than
the nonactivated catalyst [26]. In fact, it has been postulated that Ca (OCH3)2 is the key
active species that drives transesterification [27,28]. However, after 5.5 h, the yield of FAME
gradually decreased, which was probably due to hydrolysis and/or saponification caused
by prolonged exposure to the catalyst. Thus, based on these results, the optimum reaction
time for CaO-catalyzed transesterifications was 5.5 h.



Catalysts 2021, 11, 1420 6 of 11

Figure 4. Effect of reaction time on biodiesel production.

In the case of KOH, the yield of FAME increased to 87% as the reaction time was
increased to 3.5 h. However, as the reaction progressed beyond 3.5 h, the yield fell to 76%,
which represented a larger decrease than observed for CaO. The lower yield obtained with
KOH relative to CaO at longer reaction times was attributed to the increased basicity of
KOH, which more vigorously promoted yield-reducing hydrolysis and/or saponification
reactions caused by prolonged exposure to the catalyst. Therefore, the optimum reaction
time for KOH-catalyzed transesterifications was 3.5 h, based on these results.

Arias et al. [29] reported that microreactors can significantly improve the mixing
between reactants and phases, enhance the transfer rates, and, consequently, increase
biodiesel yields in a shorter reaction time. This type of micro-scale system can be used for
investigations of heterogeneous catalysts to improve the reaction time.

2.5. Biodiesel Fuel Properties

The fuel properties of FAME (B100; 100% biodiesel) prepared from jatropha oil us-
ing the optimized reaction conditions elucidated previously are shown in Table 2. Fuel
properties of interest included CI, CP, FP, KV, and SG. These results were compared to the
American biodiesel standard, ASTM D6751. A B5 (5% biodiesel in petrodiesel) blend was
also analyzed and compared to the American petrodiesel standard, ASTM D975, which
allows for blends of biodiesel of up to 5%.

The FP is a measure of the lowest temperature at which vapors will ignite if given an
ignition source and has important implications for the storage and handling of flammable
or combustible materials. Fuels such as gasoline have an FP below 37.8 ◦C and are thus
flammable, whereas petrodiesel and biodiesel are combustible since they have an FP above
37.8 ◦C. As expected, B100 provided a much higher FP than the corresponding B5 blends
due to the higher FP of biodiesel relative to petrodiesel. The FPs of BD-K and BD-C were
288 ◦C and 293 ◦C, respectively, which were well above the minimum level specified in
ASTM D6751. In addition, the B5 blends provided FPs of 84 (BD-K) and 83 ◦C (BD-C),
which were above the lower limit prescribed in ASTM D975.
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Table 2. Fuel properties of biodiesel (B5 and B100 blends) produced by KOH (BD-K) and CaO (BD-C)
catalysts, and comparison to ASTM D6751 (B100) and ASTM D975 (B5).

Biodiesel Property ASTM
Method B5 B100 ASTM D6751 ASTM D975

FP (◦C) D93 84 288 93 minimum 52 minumum
CP (◦C) D2500 1 7 Not specified Not specified

BD-K KV (40 ◦C; mm2/s) D445 2.05 4.40 1.9–6.0 1.9–4.1
CI D976 53.7 47.3 47 minimum 40 minimum

SG (15.6 ◦C) D1298 0.851 0.896 Not specified Not specified
FP (◦C) D93 83 293 93 minimum 52 minumum
CP (◦C) D2500 4 9 Not specified Not specified

BD-C KV (40 ◦C; mm2/s) D445 2.12 4.50 1.9–6.0 1.9–4.1
CI D976 53.9 49.7 47 minimum 40 minimum

SG (15.6 ◦C) D1298 0.853 0.899 Not specified Not specified

The CP is the temperature at which growing crystals first become visible when a fuel
is cooled. Once the CP is reached, the tendency of fuels to plug filters or small orifices
increases until the pour point (PP) is reached, which is the temperature at which the fuel
ceases to pour. In all cases, the PP occurs at a lower temperature than the CP. The CPs
of BD-K and BD-C were 7 and 9 ◦C, respectively, which, as expected, were considerably
higher than the values for the corresponding B5 blends (1 ◦C and 4 ◦C, respectively). It is
well known that petrodiesel generally has lower CP values than biodiesel, and these results
confirm that trend. Neither ASTM D6751 (B100) nor ASTM D975 (B5) contains specific
limits for the CP. The relatively high CP of the B100 samples revealed that they are most
suitable for high- and moderate-temperature climates or for summer use in colder climates.

KV is important because it influences the flow characteristics and atomization of fuels.
Fuels with high KV have lower flow rates and poor atomization, which contributes to
coking and deposition and subsequently decreases engine life. The KVs (40 ◦C) of BD-K
and BD-C were 4.40 and 4.50 mm2/s, respectively, which were well within the range
specified in ASTM D6751. In addition, the B5 blends provided KVs of 2.05 (BD-K) and
2.12 mm2/s (BD-C), which were within the limits prescribed in ASTM D975.

The CN is an indicator of the combustion speed of diesel fuel and plays a similar role
for diesel as the octane rating for gasoline. Thus, the CN is important for determining
the ignition quality of diesel fuel. A high CN indicates rapid ignition upon injection into
the combustion chamber and is thus more desirable. However, if the CN is too high,
then ignition occurs too rapidly without proper mixing with air, which increases smoke
emissions and reduces engine power. In this study, the CI was used as a substitute for
the CN and is calculated based on the fuel’s density and distillation range. The CIs of
BD-K and BD-C were 47.3 and 49.7, respectively, which were above the minimum CN limit
specified in ASTM D6751. In addition, the B5 blends provided CIs of 53.7 (BD-K) and
53.9 (BD-C), which were above the minimum limit for the CN prescribed in ASTM D975.

SG is the ratio of the density of a substance to the density of water at a given tem-
perature. If SG is less than 1, then the substance is less dense than water and vice versa.
Because SG is related to density, it influences fuel economy, as fuels with higher SG will
contain more energy per unit volume than those with lower SG. The SGs (15.6 ◦C) of
BD-K and BD-C were 0.896 and 0.899, respectively, which were higher than the values
for the corresponding B5 blends (0.851 and 0.853, respectively). It is well documented
that petrodiesel has lower SG than biodiesel, and these results confirm that trend. Neither
ASTM D6751 (B100) nor ASTM D975 (B5) contains specifications for SG.

3. Materials and Methods
3.1. Materials

Jatropha oil was purchased from a local market in Islamabad, Pakistan. Methanol
(99.5%), chloroform (GC grade), potassium hydroxide (KOH; 98.9%), calcium carbonate
(CaCO3; 98.5%), and sulfuric acid (98%) were purchased from Sigma-Aldrich (St. Louis,
MO, USA). All chemicals and reagents were of analytical grade and used as received.
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3.2. Preparation of Catalysts

For the preparation of the calcium oxide (CaO) nano-catalyst, 2.0 g of finely ground
CaCO3 was calcined at 900 ◦C for 3 h. KOH was ground into fine a powder and pretreated
at 300–400 ◦C for 3 h.

3.3. Characterization of Catalysts and Biodiesel

Catalyst morphology was determined by X-ray diffraction (XRD) and scanning elec-
tron microscopy (SEM). Functional group analysis of FAME was performed using Fourier
transform infrared spectrometry (FTIR) and confirmed by GC-MS. Crystallography was ac-
complished utilizing a Bruker D8 X-ray diffractometer (Billerica, MA, USA) and equipped
with a Cu anode. X-rays were generated by a horizontal HyPix-400 with Cu Kα radiation
(λ = 0.15406 nm) at 40 kV and 30 mA. The sample was dispersed on a glass holder as a
compact layer with a smooth surface. The scan was set over 2 θ = 5–80◦ with a 5◦/min
scan. Diffractograms were compared to the standard JCPDS (Joint Committee on Powder
Diffraction Standards). SEM images were captured using a JOEL (Peabody, MA, USA)
JSM-5910 SEM at 20,000 magnification under high vacuum to avoid interruption of the elec-
tron beam that created the secondary and backscattered electrons used for imaging. Prior
to capturing images, all samples were dispersed evenly on an aluminum plate covered
with carbon tape. The catalysts were sputtered with gold using a model JFT-1600 JEQL
sputter coater to create a conductive layer to prevent charging, minimize thermal damage,
and enhance the secondary signal. FTIR spectra were collected with a Thermo Nicolet
7000 FTIR spectrometer from Thermo Fisher Scientific (Waltham, MA, USA). Samples
were evenly dispersed on a diamond ATR crystal. A total of 200 scans were performed at
400–4000 cm−1 with a resolution of 4 cm−1.

3.4. Pretreatment and Transesterification of Jatropha Oil

Transesterification was conducted in a two-necked round-bottom flask equipped
with a magnetic stirrer and reflux condenser. The reaction temperature varied between
50 and 55 ◦C and was controlled using a water bath. The reaction was carried out in
two steps: pretreatment followed by transesterification. In the first step, methanol and
oil (6:1 molar ratio) were mixed with sulfuric acid (1%) and heated at 50 ◦C for 1.5 h to
convert free fatty acids (FFA) in the oil to FAME. Then, 0.5% (w/w %) of the catalyst (CaO
or KOH) was added, and the mixture was heated under constant stirring for 1 h. The
reaction was equipped with a reflux condenser to reduce methanol loss, and the weight
change by the end of the reaction was <0.5%, meaning the overall methanol-to-oil ratio
was maintained. After the reaction, excess methanol was removed under reduced pressure
by rotary evaporation, and, after equilibration to room temperature, centrifugation yielded
three phases. The upper phase contained biodiesel, the middle phase was glycerol, and
the bottom phase consisted of the catalyst and traces of glycerol. The upper phase was
collected and washed with hot distilled water until a neutral pH was achieved.

3.5. Fuel Properties and Yield of Jatropha Oil-Based Biodiesel

The fuel properties of FAME were measured in triplicate, and mean values were
reported. The cloud point (CP) was determined following ASTM D2500. Kinematic
viscosity (KV) was determined at 40 ◦C in accordance with ASTM D445. The flash point
(FP) was measured following ASTM D93. The cetane index (CI) was calculated according
to ASTM D976. Specific gravity (SG) was measured following ASTM D1298.

3.6. GC-MS Analysis of Biodiesel

Gas-chromatographic mass spectrometric (GC-MS) analysis was conducted to quantify
the FAME content. Analyses were performed using a Perkin-Elmer (Richmond, CA, USA)
Clarus 500 model GC-MS equipped with a capillary column (HP-1, 30 m × 0.25 mm ×
0.25 µm) and coupled to a Perkin-Elmer Clarus 500C MS. The sample injection tool was
placed at an oven temperature of 50 ◦C and was held at that temperature for 1 min. The
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oven temperature was then increased to 325 ◦C at a heating rate of 10 ◦C/min and held for
2 min. Helium (99.99%) with a constant flow rate of 1.2 mL/min was used as a carrier gas.
Finally, the yield of biodiesel was calculated according to the following equation [30]:

Yield (%) =
ΣA − Ameh

Ameh
× Cmeh × Vmeh

Wt
× 100 (1)

where
∑A (mm2): total area of peaks;
Ameh (mm2): peak area of methyl heptadecanoate;
Cmeh (ppm): concentration of methyl heptadecanoate;
Vmeh (mL): volume of methyl heptadecanoate;
Wt (g): weight of product.

3.7. Blending Biodiesel with Petrodiesel

The blend was prepared at room temperature by pipetting a precisely measured
volume of biodiesel into petrodiesel followed by agitation of the contents to ensure homo-
geneity. Properties were measured at the B5 (5 volume % biodiesel in petrodiesel) blend
level. Petrodiesel was obtained from a local gas station in Islamabad, Pakistan.

4. Conclusions

Both CaO and KOH provided FAME in high yield after transesterification of J. curcas
seed oil. However, yields employing CaO were higher (96%) compared to KOH (92%).
The lower yield of KOH was attributed to the increased basicity that promoted unwanted
hydrolysis and saponification reactions. In addition, the smaller crystalline sizes of CaO,
as determined by XRD, provided a higher surface area for enhanced catalytic activity.
Pretreatment was conducted with catalytic sulfuric acid prior to transesterification to
lower the FFA content of J. curcas seed oil from 12.4 to less than 1 wt.%. Pretreatment was
necessary because reactions of excessive FFA with alkaline catalysts such as CaO and KOH
result in catalyst deactivation, soap formation, and lower yields.

The optimum reaction conditions elucidated for heterogeneously catalyzed CaO
transesterifications were an 18:1 molar ratio of methanol to oil, 4 wt.% catalyst load, and
a reaction time of 5.5 h. The optimum reaction conditions for homogeneously catalyzed
KOH transesterifications were a molar ratio of methanol to oil of 9:1, 5 wt.% catalyst load,
and a reaction time of 3.5 h. All optimization studies were performed at 60 ◦C.

The fuel properties such as the CI, CP, FP, KV, and SG of biodiesel prepared from CaO
and KOH under optimum conditions were within the limits specified in ASTM D6751,
where applicable. The relatively high CP of the B100 samples revealed that they were best
suited for high- and moderate-temperature climates or for summer use in colder climates.
In addition, the fuel properties of B5 blends of jatropha oil-based biodiesel in petrodiesel
were within the ranges prescribed in ASTM D975, where appropriate.

These results indicate that low-cost, inedible J. curcas seed oil is readily convertible to
FAME utilizing heterogeneous CaO nanoparticles. The resulting biodiesel as well as its
B5 blend with petrodiesel exhibited fuel properties that were within the limits prescribed
in international fuel standards. These results also indicate that CaO nanoparticles are
an effective heterogeneous catalyst for the production of biodiesel. In summary, the
work described herein provides new insights into potential commercial applications of
heterogeneously catalyzed transesterification of J. curcas seed oil, which will be useful to
biodiesel producers.
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