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Palm oil methyl esters (POME’s) significantly contributed towards biodiesel production commercially.
Rubber seed oil methyl esters (RSOME’s) with non-edible properties and significant amount of
unsaturated fatty acid content contributed to enhancement of low temperature properties along with
remedy on food scarcity dilemma. Post blending of POME’s and RSOME’s at different volumetric ratios
improved the low temperature properties of fuel. POME’s resulted in excellent oxidation stability with
induction period (IP) of 25.52 h compared to RSOME’s which only exhibited IP of 3 h. Contrarily, RSOME’s
showed positive behavior towards low temperature properties. GC analysis determined the significant
improvement in low temperature properties as the saturated methyl esters composition is reduced in post
blended mixture. The optimized blend value where both low temperature properties and oxidation stability
were determined at acceptable limits was found at blend ratio of POME’s to RSOME’s at 20:80. All the
blends satisfied the international biodiesel criteria of EN and ASTM. Transesterification kinetics of POME
and RSOME were investigated and followed pseudo-first order kinetics. Activation energy for POME was
found to be 33.2 kd/mole and for RSOME was found to be 43.4 kJ/mole. Frequency factor for POME and
RSOME was found to be 2.4 x 10°> min™ and 1.3 x 10° min” respectively.

1. Introduction

Being a clean bio-fuel, Fatty Acid Methyl Esters (FAME) or biodiesel is an alternative to petro diesel which
is converted from vegetable oils in the presence of methanol and homogenous catalyst followed by base
transesterification process (Martins et al., 2013). International biodiesel market aims to achieve
approximately 30% annual growth rate till year 2016 with production of 140BL of biodiesel yearly (Ng.et
al.,2012). Malaysia has a huge capacity of crude palm oil (CPO) for the production of biodiesel. Being
edible oil, CPO has some socio limitations is it utilized as a biodiesel feedstock at commercial level. CPO
high prices will negatively affect the economic growth of country which directly has influenced on people by
disturbing the human food chain. Rubber seed oil (RSO) has proved to be affirmative alternative to CPO
because of its non-edible characteristics (Ahmad et al., 2013). Although, Malaysia has large number of
rubber seeds plantations across the country but rubber seeds are still un-utilized. These seeds potentially
contribute in avoiding food utilizing as a fuel thus promotes an economic stabilize society (MRB, 2012).
Pre-blend of CPO and RSO was successfully investigated by researchers to conform with international
biodiesel standards (Yusup and Khan, 2010).

The main problems associated with produced methyl esters were its appropriate low temperature
properties and stability towards oxidation. These problems directly linked with fatty acid composition
chemical structure of the feedstock which was converted to methyl esters. Palm oil methyl esters (POME)
has major constituents of saturated methyl esters (SME) which exhibits poor low temperature properties
and it nucleates in the low temperature climate zones which restricted smooth fuel flow for ignition (Atabani
et al., 2013). Reversely, rubber seed oil methyl esters (RSOME) have lesser amount of SME and have
huge content of poly-unsaturated methyl esters which contains double bonds. Unsaturated methyl esters
are more sensitive to autoxidation because it depends upon the number of double bonds and its sites.
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Poor oxidation stability of biodiesel deteriorates its fuel properties such as viscosity, acid value and
peroxide value which leads towards engine malfunctioning (Kim et al., 2012). Blending of different methyl
esters shows significant improvement in these properties of biodiesel. Park et al., (2008) investigated
methyl esters blends of different feedstocks and improved its fuel properties.

Current study focused on the post blending of POME with RSOME at variable ratios to improve its low
temperature properties and oxidation stability by obtaining most suitable optimized ratio. Similarly, all the
post blends products were tested according to international biodiesel standards of EN 14214 and ASTM
D671 (Ahmad et al., 2013). Kinetic parameters were calculated for base transesterification reaction of
POME and RSOME.

2. Experimental

2.1 Materials

The CPO was procured from Felcura Chemicals Sdn. Bhd. Perak, Malaysia. RSO was purchased from
Vietnam via Kinetic Chemicals, Malaysia. All the chemicals were of analytical grade and supplied by Merck
Chemical Company, Germany. The FAME standards were delivered by Sigma Chemical Company, MO,
USA.

2.2 Feedstock Properties and Acid Pre-treatment

The feedstock was characterized for properties such as kinematic viscosity, acid value and moisture
content. Prior to base transesterification acid value of feedstock was reduce to an acceptable limits by acid
esterification process using sulphuric acid as catalyst. Alcohol to oil molar ratio of 10:1 was used at
reaction temperature of 65°C and reaction time of 3 h. Catalyst amount for CPO was used as 1.5 wt % and
for RSO 10 wt%.

2.3 Base Transesterification

Transesterification reaction in the presence of potassium hydroxide (KOH) as catalyst was carried out in 3
neck round bottom flask equipped with thermometer and reflux condenser to avoid methanol losses. The
reaction was carried out at alcohol to oil molar ratio of 6:1, catalyst amount of 1.5wt%, reaction
temperature of 65 °C and reaction time of 3 h. After completion, the product was poured into a separating
funnel to separate it from glycerol. After separation, the upper layer was collected as methyl esters and
washed several times with warm deionised water to remove impurities. The FAME conversion was
identified with the help of gas chromatographer (GC, SHIMADZU,Japan) equipped with flame ionization
detector (FID) with column specification at 30mX0.25 mm i.d, film thickness 0.20 ym. Nitrogen was used
as the carrier gas with maximum column temperature of 240 °C. FAME percentage was calculated and
was compared with retention time of reference standards.

2.4 Blending of Samples and Fuel Properties

POME and RSOME was post blended ( POME and RSOME separately produced and then blended) at
different volumetric ratios of 20-80 vol% in a beaker with constant stirring to ensure uniform blending. The
cloud point (ASTM D2500), pour point (ASTM D97) and cold filter plugging point (ASTM D6371) were
analyzed by using cloud —pour point (CPP) 5G’s with digital sensors. Biodiesel Rancimat (873, Rancimat
Metrohm AG, Switzerland) was used to determine the oxidation stability of the blends by referring to
standard method of EN 14112. 3 g of sample was heated at constant temperature of 110 °C under
constant air flow of 10 L/h. Other fuel properties were analyzed in accordance with EN 14214 and ASTM
D671 international biodiesel standards. Total and free glycerine determined using GC-FID (GC, 2010,
Shimadzu) followed ASTM D6584 method.

3. Results and Discussion

3.1 Feedstock Characteristics

The CPO exhibits the following properties; acid value of 12.42 mg KOH/g, water content of 0.033 % and
kinematic viscosity of 33.5 mm?/s at 40 °C. Similarly acid value for RSO was found to be 45.5 mg KOH/g,
water content of 0.026 % and kinematic viscosity of 36.8 mm?/s at 40 °C .

3.2 POME, RSOME and Their Blends Quality

Fatty acid profile of methyl esters was determined by using GC to examine its quality. It was found that
POME has significant amount of palmitic (42.88 %) and oleic acid (41.40 %) contents which are highly
saturated. The RSOME mainly contains linoleic (40.2 %), linolenic (17.1 %) and oleic acid (25.8 %) content
which is considerably unsaturated. Their equivolume blends are distributed in both saturated and
unsaturated fatty acid contents and will enhance the fuel properties.



573

3.3 Blending Effect on Low Temperature Properties and Oxidation Stability of Biodiesel

As seen in Figure 1, POME (Palm oil methyl esters) has CP, PP and CFPP values of 11.25 °C, 10.2 °C
and 10.9 °C respectively. Similar values were measured for RSOME (Rubber seed oil methyl esters) and
the values are 3.4 °C (CP), -1.3 °C (PP) and 0 °C (CFPP) respectively. Park et al. (2008) results for POME
in previous report are comparable with current reported values. For comparison with previous study the
low temperature properties of RSOME, are CP of 4 °C and PP of 2 °C which closely conformed with the
values observed in recent study (Ahmad et al., 2013). The blends of biodiesels were examined to study
the effect of both edible and non-edible methyl esters on low temperature properties. As per results shown
in Figure1 , blending of 20 % rubber seed oil (non-edible oil) methyl esters with POME has significantly
reduced the cloud point to 6 °C, pour point to 0.5 °C and cold filter plugging point to -1 °C. The increasing
fraction of non-edible methyl esters (RSOME) in the blends has gradually improved the overall low
temperature properties. From the results, it is proven that RSOME exhibit better low temperature
properties as compared to POME. The enhanced low temperature properties of POME versus RSOME
attributed because RSO has lower content of saturated fatty acids as compared to POME. Based on
previous studies, it has been determined that small level of saturated FAME influenced the low
temperature properties of biodiesel which result in higher melting points. In addition, higher content of
polyunsaturated fatty acids also contributed considerably to the increasing number of double bond content.
It should be noted that melting point decreases significantly in the presence of double bond such as
melting point of methyl esters of stearic is C18:0 is 37.7 °C, oleic is C18:1 is -20.2 °C, linoleic is C18:2 is -
43.1 °C and linolenic is C18:3; is -57 °C quoted by (Atabani et al., 2013). RSOME contains higher amount
of polysaturated fatty acid as compared to POME.
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Figure 1: Low temperature properties of pure and post blended methyl esters

It was observed from Figure 2, that as the proportion of POME increases in blended ratio, oxidative
stability also increases. For neat biodiesel, POME and RSOME recorded an IP of 4.55 h and 7.63 h
respectively. Unsaturated and polysaturated fatty esters are significantly more reactive to oxidation than
saturated esters. The reason is that saturated fatty acid chains contain the most reactive sites which are
particularly vulnerable to free radical attack (Atabani et al., 2013). The rate of auto-oxidation of FAME is
influenced by presence of double bonds that are separated by allylic methylene positions (AMP) with bis-
allylic methylene positions (BAMP) being even more prone to oxidation. The reason polyunsaturated fatty
acids are particularly vulnerable to auto-oxidation is due to the presence of BAMP. To meet the more
stringent specification of ASTM D6751 and to achieve goal of least utilizing of edible methyl esters, blend
of 80 % of RSOME and 20 % of POME conforms to the standards requirement. Table 1 shows the
characterization of post blends products according to EN 14214 and ASTM D6751 international standards
(Ahmad et al., 2013).
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Figure 2: Oxidation stability of pure and post blended methyl esters
Table:1 Post blended biodiesel fuel properties
Fuel properties Units EN 14214 Criteria  ASTM D671 Criteria POME: RSOME (vol %)
80:20 60:40 40:60 20:80

Esters % mass 96.5 - 97 96.8 96.6 96.2
Acid Value mg KOH/g 0.5 max 0.5 max 0.39 040 0.38 0.39
Moisture Content % volume 0.05 max 0.05 max 0.01 0.01 0.02 0.01
Oxidation Stability  Hr 6 - 14.21 13.48 10.54 8.9
Sulphur Content % mass 0.01 max 0.05 max 0.01 0.02 0.01 0.01
Flash Point °C 120 min 130 min 153 155 155 153
Heating Value kJ/g 35 min - 401 39.6 399 398
Free Glycerine % mass 0.02 max 0.02 max 0.006 0.008 0.006 0.0053
Total Glycerine % mass 0.24 0.25 0.05 0.07 0.078 0.080

3.4 Kinetics of Transesterification Process

Kinetics of transesterification reaction of CPO and RSO in the presence of potassium hydroxide (KOH) as
homogenous catalyst and methanol was carried out in a single step. Equation 1 expressed the general
transesterification reaction.

[TG] (triglycerides) +3 ROH —» FAME + Glycerol )

Catalyst amount with respect to oil is adequate for the reaction to proceed towards forward path to
produce methyl esters. The, rate law for forward transesterification reaction of methyl esters production is
expressed as,

Rate= -t rave = -d[TGJ/dt = k* [TG] [ ROHJ® @)

[TG] = Concentration of triglycerides, [ROH] = Alcohol concentration, k* = rate constant
Current work used methanol as the alcohol. Equation 2 can be rewritten as,

Rate= -r rave = -d[TG)/dt = k* [TG] [ CH3OH]3 ©

According to Eq. 3, the overall reaction follows the fourth order reaction rate and methanol was used in
excess during the reaction. The methanol concentration is assumed to remain constant during the
reaction. Thus the reaction follows the pseudo-first order kinetics and the Equation 3 was re-written as;

Rate= -r rave = -d[TG]/dt = k [TG] @)



Rate= -r rame = -d[TG)/ [TG] = k dt
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Where k is modified reaction rate constant, k = k* [CH30H]3 ,After integration Equation 5 becomes,

In [TGo] — In [TG{] =kt
According to mass balance,

Xume =1 —[TG]/ [TGq]

[TG]=[TGo] (1 — Xume)

(6)

)
(8)

Where, Xve = Methyl ester conversion .The FAME conversions calculated using GC- FID at different

temperatures and time interval are shown in Figure 3 (a) and (b)
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Figure 3: Time Vs. FAME concentration plot for (a) CPO (b) RSO
Rate expression can be written in terms of conversion
dXME/ (1 - XME) = kdt (9)
Integration of the Equation 9 resulted in
-In (1 — Xme) = kt (10)

Figure 4 shows the logarithm plot of reaction rate constant with respect to reciprocal of temperature. The
activation energy and frequency factor were calculated using these plots and results as shown in Table2.
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Table :2 Kinetic parameters for base transesterification process and comparison with literature

Kinetic Parameters Current Study Jain et al.(2010) Rabu et al.(2013)
CPO RSO Jatropha Cucras Waste Cooking Oil
Activation energy (kJ/mole) 33.2 43.4 8.78 254

Frequency Factor (min™") 2.4 x 10° 1.3x10° - -

4. Conclusions

The contents of fatty acids in both biodiesel, in terms of saturated and unsaturated extensively contributed
to the difference in two essential and critical properties of FAME. A signature design of 80 % RSOME
(non-edible oil) and 20 % POME (edible oil) conformed to international standards set by ASTM D6751and
EN 14214 (Ahmad et al., 2013) and found to be the optimum blend ratio with enhanced oxidation stability
and low temperature property. It was found for base transesterification process kinetic studies that it
follows the pseudo first reaction order. Activation energy was found to be 33.2 kJ/mol and 43.4 kJ/mol for
CPO and RSO transesterification process respectively. While, frequency factor was found to be 2.4 x 10°
and 1.3 x 10° for CPO and RSO respectively.
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