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Abstract

Biodiesel has become beguiling nowadays for it is environmental benefits and it seems an opposite alternative
fuel for future. In the current study, the biodiesel was produced from Jatropha seed oil using sulphated zirconia as
catalyst. The catalyst was characterized using Fourier transform infrared (FTIR), differential scanning calorimetry
(DSC), X-ray diffraction (XRD), thermogravimetric analysis (TGA/DTA) and X-ray fluorescence (XRF). The GC-MS
result of biodiesel produced shows 8.46% hexadecanoic acid, methyl ester, 10.41% 9-Octadecenoic acid (Z)-,
methyl ester and 10.33% 9, 12-Octadecadienoic acid (Z,Z), methyl ester as major methyl ester. The
physicochemical properties of the biodiesel produced are found to be within the ASTM standard hence the biodiesel
maybe use as an alternative or additive to conventional diesel.
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Introduction
Fossil fuels are one of the major sources of energy in world today. It

can be accounted to easy usability, availability and cost effectiveness
[1]. But the limited reserves of fossil fuels are a great concern owing to
fast depletion of the reserve due to worldwide increase in demand [1].

Biodiesel has become beguiling nowadays for it is environmental
benefits and it seems an opposite alternative fuel for future [2], it’s
made from renewable biological sources such as vegetable oils and
animal fats [2]. It is biodegradable and nontoxic, low emission profiles
and also environmentally beneficial [3].

Vegetable oils are among the different sources of energy fuels being
considered as alternatives to fossil fuels [4]. Palm-oil, coconut oil
among other oil is required in refined forms to obtained quality
biodiesel, in Addition to their food needs, this makes the production of
biodiesel from their sources uneconomical [5]. Non-edible oils
obtained from plant species such as Jatropha curcas L. and Castor
seeds may provide better alternatives with great potential for biodiesel
production because it does not conflict with the food crises: since it is
not main food source [6].

Each Jatropha seed produces 35% to 37% of its mass in oil and it is
drought resistant [1]. It is being considered a break through because of
availability of various types of oil seeds in huge quantities. Vegetable oil
are renewable in nature and may generate opportunities for rural
employment when use on large scare [1].

Materials and Methods

Sampling
Jatropha seed was obtained from Sokoto Energy Research Centre,

Usmanu Danfodiyo University Sokoto premises, Sokoto State, Nigeria.

Sample preparation and extraction of oil
The seed was sundried to remove moisture content and grinded to

powdered form. The Jatropha oil extraction was carried out by soxhlet
extraction method as reported by Farag et al. [7].

Preparation of catalyst
The catalyst was prepared heterogeneously by a method called

Ameliorated method below.

Preparation of S-ZrO2 powder
The fine S-ZrO2 powder was prepared by ameliorated method,

which was based on the method reported by Hara and Miyayama [8].
Zirconium oxychloride hydrate (ZrOCL2.8H2O), ammonia
(NH3.H2O) and sulphuric acid (H2SO4) were used as starting material,
precipitating agent and sulphating agent, respectively 20% NH3 aq. was
gradually dropped into ZrOCL2.8H2O solution (0.20M) and the pH
value was adjusted to 10, hydrated zirconia (ZrO2.nH2O) hydrogel
appeared. The obtained ZrO2.nH2O hydrogel was washed with
distilled water using the centrifuge till no chloride ions were detected
with silver nitrate (AgNO3). The ZrO2.nH2O hydrogel was then
changed into its alcogel by washing several times with anhydrous
ethanol. The fine ZrO2 powder was obtained from the ZrO2.nH2O
alcogel by washing several times with anhydrous ethanol. The fine
ZrO2 powder was obtained from the ZrO2.nH2O alcogel supercritical
drying method at 260°C and 7MPa. The ZrO2 powder was added to
0.20M H2SO4 under vigorously stirring for 30 minutes, filtered using
filter paper and heated for 3 hours at 620°C to obtain the fine S-ZrO2
powder.

ZrOCl2(H2O)4(s)+4NH3(aq) → ZrO2(NH3)4(s)+2H2O+2Cl-… (1)

ZrO(NH3)4(s)+2H2SO4(aq) → ZrO2(SO3)2+2H2O+4NH3 ……(2)

The product will be:

Sulphated Zirconia ZrO2 (SO3)2.
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Characterization of catalyst
The S-ZrO2 catalyst was characterized through FTIR Method of

Analysis, DSC Method of Analysis, X-ray diffraction (XRD) Analysis
and X-ray fluorescence (XRF) analysis.

Transesterification of the oil into biodiesel
The pretreated Jatropha oil (20 g) was placed in two necked round

bottom flask, placed on hot plate magnetic stirrer heated to 50°C and
stirring at 600 rv/m. the methanol was mixed with 0.6 g (3 w/w%)
catalyst load of sulphated zirconia in a beaker and heated to 40°C in
water bath, then transferred into two necked round bottom flask
containing oil. The reaction mixture under the same condition was
allowed for 2.15 hrs. The mixture was then transferred into a
separating funnel and allowed to separate overnight under gravity. Two
distinct layers were observed, a dark bottom layer which is the glycerol
and the light upper layer which is the biodiesel, in some cases when the
layer did not separate distinctly enough, equal amount of distilled
water and n-Hexane is added to aid the separation. After which the
biodiesel was washed by adding 20% volume of warm distilled water
and agitated gently for 5 minutes. The mixture was allowed to settle
into a two layer from which the biodiesel was separated from the
impurities, glycerol and water. The washing was done in order to
remove impurities and any remaining residue methanol [9]. The
biodiesel yield was calculated using equation 3.

Biodiesel yield=Actual Weight/Theoretical Weight × 100……… (3)

Characterization of biodiesel using GC-MS
Characterization of the highest yield 97.91% of the biodiesel

produced was carried out using GC-MS model QP-2010 PLUS
machine for the characterization, the biodiesel was injected into the
gas chromatography at injection temperature which was programmed
for 70°C to 280°C for 5 minutes and at 280°C for 5 minutes. The
analysis was done based on software matching with standard mass
spectra.

Physicochemical characterization of the oil
The saponification value, kinematic viscosity, specific gravity, iodine

value acid value and flash point were determined through the methods
as reported by Indhumathi et al. [10]. The cloud and pour point were
analyzed according to method by Fuduka et al. [11]. The high heating
value was calculated using formula as reported by while, cetene
number according to Demirbas et al. [12,13].

Results
The results obtained from the physicochemical properties of the

Jatropha seed oil, biodiesel produced, and ASTM standards are shown
in the Table 1.

Parameter Jatropha Oil ASTM Method Biodiesel Limit Biodiesel Obtained

Yield (%)

 38.47 ± 1.20 - -

97.911

31.592

Specific Gravity 0.91 ± 0.05 D1298 0.87-0.89 0.866

Cetane Number 35 D6756 48 to 65 62.27

Pour Point (°C) 8 D97 -15 to 10 5.5

Cloud point (°C) 6.20 ± 0.20 D2500 -3 to 12 7.9

Flash Point (°C) 130.00 ± 1.00 D93 100 to 170 140

Aniline Point (°C) - D611 - -

Kinematic Viscosity (Mm2/s) 58.80 ± 3.50 D445 1.9 to 6.0 4.7

Iodine Value (gl2/100 g) 101.38 ± 1.50 D6751 130 max 104.99

Acid Value (mgKOH/g) 5.05 ± 0.50 D6751 0.5 max 2.02

Saponification Value (mgKOH/g) 175.49 ± 2.00 D6752 - 186

API Gravity 23 - - 35.56

Higher Heating Value (MJ/Kg) 39.92 - - 43.1

Where Key, 1=Row Methyl Ester Yield and 2=Methyl Ester Yield Analyzed by GC-MS Machine.

Table 1: Physicochemical Properties of Jatropha seed Oil, Biodiesel and ASTM limits of Biodiesel.

Characterizations of the catalyst prepared
Characterizations of the prepared catalyst were achieved using

infrared spectroscopy (FTIR), thermo gravimetric analysis (TGA), X-
Ray Diffractions (XRD), X-Ray Fluorescence (XRF) and diffraction
scanning colometry (DSC).

FTIR analysis: Infrared spectroscopy was reported to be used for the
characterization of inorganic compound by Farag et al. [14].
Absorption peaks with FTIR spectrum of sulphated zirconia shown in
Figure 1, vibrational peaks in the range of 4000-950 cm-1 represent the
characteristic metal-oxygen stretching frequencies associated with the
vibrations of O-S-O bonds. The absorption peak at 723.1 cm-1,
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represent ZrO2 the stretching vibration, the peak absorption at and the
absorption peaks at 2363 and 2325 and are due to S-H stretching, the
characteristic absorption of sulphated zirconia observed correspond to
the absorption of SO42

-/ZrO2 reported by Yunfeng et al. [15].

Figure 1: FT-IR of Sulphated Zirconia.

DSC analysis: The DSC (diffraction scanning colometry), analysis of
S-ZrO2 as indicated in Figure 2, show glass transition temperature (the
temperature at which the catalyst undergone change in heat capacity
without change of state) as 74.82°C, the crystallization temperature
(the temperature at which catalyst amorphous solid change to
crystalline solid) is 158.31°C with exothermic heat as -46.78 × 10-3

mW/°C. As the catalyst heated from 59.996 to 299.93°C, the heat
capacity change from -0.0232 mW/°C to 0.0073 mW/°C, this is due to
crystallization of catalyst from amorphous to trigonal of ZrO2. The
specific heat capacity of the S-ZrO2 normalized at 1.44 J/g.

Figure 2: Diffraction Scanning Colormetry of Sulphated Zirconia.

TGA/DTA analysis: The TGA and DTA curves of prepared of
Sulphated Zirconia catalyst in Figure 3 show a weight lost at a
temperature of 100°C, the weight of the catalyst slightly decreases from
28.1 mg to 27.3 mg when the temperature rises from 36.5°C to 120°C.
The reduction maybe due to evaporation of the water at the surface of
the catalyst, the weight of the catalyst slightly remains constant as the
temperature rises from 120°C to 590°C. As the temperature rises above
600°C to 900°C, the catalyst weight significantly decreases from 27.3
mg to 19 mg, this may be due to decomposition of the impurities and
desorption of SO2 that adsorbed at the surface of the catalyst.

Figure 3: TGA/DTA of Sulphated Zirconia.

XRF and XRD analysis: The results of XRF analysis as indicated
show 1.728% Al2O3, 2.815% SiO2, 2.287% CaO, 1.019% SO3, 1.0137%
SO3 (OS) and 74.03 ZrO2.

Figure 4: X-ray diffraction of sulphated zirconia.

Figure 4 is the X-ray diffractogram of the S-ZrO2 and the principal
minerals present. The diffractogram of the S-ZrO2 show strong
absorption of various point of 2 Ø, the important peak at 28.0°C,
31.8°C, 34.0°C and 50.4°C show the characteristic absorption of
mineral Baddeleyite (ZrO2). The X-ray diffraction neutron’s catering
and EXAFS spectroscopy of monoclinic Zirconia analysis show crystal
cell per volume of ZrO2 is 140.64 Å3.

Discussion
The results obtained might vary depending on the method and

solvent used for oil extraction, nature and type of sample,
environmental factors, method of transesterification etc. The results
obtained from these analyses are interpreted as follow:

Percentage biodiesel yield
The yield of biodiesel produced at optimum transesterification

variable were (60°C, 3 hours, 1:8 w/w%) was found to be 97.91%. This
is slightly higher than the value (89.90%) for Jatropha biodiesel
obtained by Teo et al. [16] using calcium oxide as catalyst, similar
result (96%) was obtained by Endalew et al. [17]. The varying optimum
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biodiesel yield results may be due to the different methods of the
catalyst preparations, catalyst loads, temperatures and oil to methanol
ratios.

Physicochemical properties of biodiesel produced
Acid value: The acid value of the biodiesel determines the level of

free fatty acids present in the biodiesel. The acid value of biodiesel
produced was 2.02 mgKOH/g, as presented in Table 1 is higher than
0.5 maximum ASTM standards. This can be corrected by neutralizing
the oil before use to suits engines in order to avoid corrosion and wear
in fuel systems and storage tanks.

Iodine value: The iodine value of biodiesel produced is 104 gl2/100 g
as presented in Table 1, which is within the range of 130 maximum
ASTM standards. The value shows low degree of unsaturated
compound in the biodiesel produced, this is upholding by GC-MS
analysis of the biodiesel produced which indicate low degree of
unsaturated methyl esters i.e., (8.23%) hexadecanoic acid, methyl ester,
(12.14%) 9,12-octadecadienoic acid, methyl ester and (10.82%) 11-
octadecanoic acid, methyl ester.

Saponification value: The saponification value of Jatropha biodiesel
is 186.00 ± 2.00 mgKOH/g, as shown in Table 1, similar result (190.00
mgKOH/g) was obtained by Singh et al. [18]. The saponification value
suggests that the biodiesel has higher molecular weight that may be
responsible for its higher specific gravity (0.85) of the biodiesel
produced. The high saponification value indicates higher methyl ester
contents, as ester value is the difference between saponification value
and acid value.

Flash point: The flash point of the biodiesel was 140°C as shown in
Table 1, which falls within the range of 170 ASTM standards; similarly,
a slightly higher result (162°C) was obtained by Singh et al. [18]. Flash
point is not related to engine performance but is inversely related to
fuel volatility Ramirez-Verdazeo et al. [19]. The flash point of biodiesel
obtained indicates the lower volatility of the oil which in turn indicates
its safety in handling.

Pour point: The pour point of biodiesel produced was 5.5°C as
shown in Table 1, a lower result (-6°C) obtained by Singh et al. [18].
The value obtained is within the range (-15 to 10°C) of the ASTM
standards. Considering the average temperature of our locality 22 to
40°C, the biodiesel could be handled and stored safely without
solidifying, but when the fuels are to be used in cold regions, they
would have to be preheated or blended with some additives that would
further reduce the pour point of the biodiesel [20].

Cloud point: Cloud point of the biodiesel produced is 7.9°C as
presented in Table 1, a lower result (2 ± 0.21°C) obtained by Aldo et al.
[21] which are both within the range (-2 to 12) ASTM standards of
biodiesel, the difference may be a result of different in weather and
climatic conditions.

Specific gravity: The specific gravity of the biodiesel at optimum
yield is 0.85 (Table 1). Similar result 90.89 was obtained by Ogunwole
et al. [22]. The result obtained is within the range (0.95 max) ASTM
standards. The higher the specific gravity of a fuel, the greater the mass
of fuel injected into the engine and hence more power [23].

Kinematic viscosity: The kinematic viscosity of the biodiesel is 4.70
mm2/s, as presented in Table 1, A similar result (5.25 mm2/s) was
obtained by Aldo et al. [21], and a lower result (4.51 cSt) was obtained
by Previous work. The result obtained is within the range (1.6 to 6.0) of
ASTM standards, which indicate the presence of short chain

unsaturated methyl fatty acid esters and is likely to produce less
deposits when burnt in combustion engines.

Cetane number: The result contained in Table 1 for biodiesel is
62.27, which agree with range (48-65) ASTM standard specification for
biodiesel, lower result (49.50) obtained by Afaf and Salwa [4].
However, the high cetane number of the biodiesel obtained indicates
its good ignition quality.

Higher heating value: The result obtains as presented in Table 1 for
biodiesel is 43.10 MJ/Kg, however, the result is comparable to 47.54
MJ/Kg reported for diesel fuel [24]. Fuel having higher heating value
gives higher power out and it small quality will cover long distance
drive [25]. The higher heating value of biodiesel increases with increase
in chain length and degree of saturation [26-44].

Conclusion
This research work demonstrated the production and

characterization of biodiesel from Jatropha curcas L. seed using
sulphated zirconia catalyst revealed 97.91% biodiesel yield and 31.59%
methyl ester yield as analysed by GC-MS. The characterization of the
catalyst shows that, the DSC analysis show glass transition and
crystallization temperature of sulphated zirconia as 74.82°C and
158.31°C and specific heat capacity 1.44 J/g. The TGA/DTA show the
catalyst decomposed at temperature ranged 600- 900°C. While the
XRF results show 74.03% ZrO2. The physicochemical properties of
biodiesel produced are within ASTM standards, this indicate that, oil
might be used as alternative to conventional diesel or as an additive.
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