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ABSTRACT

Synergistic properties, especially low temperature properties (e.g. pour point and cloud point), can be 

achieved by blending palm oil methyl esters with petroleum diesel in appropriate ratios. In a preliminary 

study, appropriate blending of palm oil methyl esters-petrol diesel at 70%-80% palm oil methyl esters led to 

a decrease in pour point temperature. A decrease in cloud point temperature was also noted at mixtures of 

90% palm oil methyl esters with petrol diesel. A similar phenomenon was observed in the viscosity properties 

of the palm oil methyl esters-petrol diesel mixture. Further improvement in the low temperature properties 

(e.g. pour point temperature) of the palm oil methyl esters-diesel mixtures at 3oC can be achieved by adding 

1% of a palm-based additive. However, the blended palm oil methyl esters-petrol diesel fluid resulted in an 

increase in viscosity. The decrease in low temperature properties (both pour point and cloud point) in the 

blended palm oil methyl esters-petrol diesel mixtures and in the presence of the additive was suspected to be 

mainly due to the disruption and changes in the molecular orientation and arrangement on both the palm oil 

methyl esters and the petrol diesel.
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INTRODUCTION

There has been considerable interest in developing 
biodiesel as an alternative fuel in recent years. This 
is mainly due to its environmental benefits and 
being a renewable resource like other vegetable 
oils (Graboski and McCormick, 1998; Srivastava 
and Prasad, 2000; Altin et al., 2001; da Silva et al., 
2003; Demirbas, 2007). Recent global shortages in 
petroleum which were due to various unexpected 
factors have further increased the awareness of 
using biodiesel in various fields and applications 
(Knothe et al., 1997; Lois et al., 2000; Kalligeros 
et al., 2002). Even though biodiesel exhibits fuel 
properties comparable to petroleum diesel, the 
former still needs to overcome several drawbacks 
(both physical and chemical properties) before it 

can be used successfully without any limitations 
just like petroleum diesel (Dunn and Bagby, 1995; 
Lee et al., 1996).

Some of the problems in biodiesel can be 
overcome by blending biodiesel with petroleum 
diesel. By using appropriate blend ratios and 
formulations, synergistic properties and increased 
engine performance, such as engine torque and 
power output, can be achieved. In mixing vegetable 
oil (e.g. rapeseed oil) with condensate gas fuel or 
petroleum diesel, it is possible to obtain improved 
performance characteristics such as solid point, 
cloud point and self-ignition point (Dunn, 2002; 
Semenov, 2003; Altiparmak et al., 2007). 

Low temperature properties such as cloud 
point (CP), pour point (PP) and low-temperature 
filterability (LTFT) have been routinely used to 
characterize the cold flow operability of both bio- and 
petroleum-based diesel fuels (Chandler et al., 1992; 
Dunn et al., 1996). These parameters are important 
indicators for fuel quality control specifications, 
storage, pipeline distribution, and suitability for use 
in cold conditions.
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One of the primary solutions to overcome bulk 
flow and fuel filter blockage is to incorporate a 
pour point (PP) additive that will provide impact 
on the change of the crystal morphology of the fuel. 
It is known that most fuel additives function by 
modifying the wax crystals, reducing their size and 
shape. As a result, it provides a barrier to crystal 
agglomeration rather than by altering the initial 
formation of the crystals (Hagemann, 1988; Lewtas 
et al., 1991; Lee et al., 1996; Teoh et al., 2005).

This article presents some physical properties 
(e.g. CP, PP and viscosity) of blended palm oil 
methyl ester-petroleum diesel systems (of different 
formulations). The effect of selected ratios of the 
blended diesels in the presence of a palm-based 
additive was also tested using similar methods.

MATERIALS AND METHODS

Materials

Palm oil methyl ester and three different diesel 
samples (diesel P, S and M) were obtained from local 
sources. These materials were selected as they are most 
commonly used and easily obtained in the market. 
The additive used in this study was palm-based and 
synthesized in the laboratory of the Malaysian Palm 
Oil Board (MPOB). Early studies on this compound 
indicated that it exhibited great potential to be used 
as a fuel additive (Ooi et al., 2005). 

Methods

Sample preparation. Samples of different weight 
percentages of palm oil methyl ester and petroleum 
diesel were mixed and blended thoroughly prior to 
any tests (for CP, PP and viscosity). The mixtures 
started from 10% and gradually increased to 90% with 
a 10% increment each time of palm oil methyl ester 
in petroleum diesel. Briefly, palm oil methyl ester 
was added into petroleum diesel at a low stirring 
rate at room temperature. The mixtures were stirred 
continuously for 15 min and left for 30 min to reach 
equilibrium before they were subjected to any tests. 

Selected samples of the blended palm oil methyl 
ester and petroleum diesel were mixed with different 
amounts of palm-based additive for further studies. 
The additive was added into selected blends at 45oC 
at a low stirring rate for 10 min. The blended diesel 
containing the additive was equilibrated for 30 min 
before conducting any tests. A minimum of three 
replicate measurements were averaged for each 
experiment.

Microscopic analysis. Polarized light micrographs 
(PLM) of samples placed against two glass discs 
were observed under a Leica DMLP microscope 
equipped with Linkam (THMS 600) for temperature 

control. The sample was first heated to 40ºC and held 
isothermally for 2 min prior to cooling to the desired 
temperature (up to -5°C) at a rate of 5°C min-1. Liquid 
nitrogen was used to cool the system.                                                 

Cloud point test. CP is defined as the temperature 
at which a cloud of wax crystals first appears in a 
liquid form when the liquid is cooled under certain 
conditions. The CP test was performed using MPOB 
test method (MPOB, 2005). Briefly, the samples 
were heated at 45oC for 15 min and then were left to 
cool to room temperature. The samples were then 
immersed into a water bath for further cooling and 
were continuously stirred until the temperature at 
which sufficient clouding occurred so as to render 
the thermometer bulb immersed in the sample was 
no longer visible. 

Pour point test. PP is defined as the lowest 
temperature at which a liquid can flow. The PP 
apparatus and procedure adopted were according 
to the ASTM D 97 standard method (ASTM, 1997). 
The test apparatus manufactured by Petrolab 
Corporation (Latham, NY) was used. Test jars, 
thermometers, corks and rubber rings met ASTM D 
97 specifications. 

The sample was immersed into the test jar at 0oC 
or other temperature, as specified in the method. 
Readings were taken at every 3oC decrease in 
temperature until the sample totally ceased to flow 
(with the sample held in a horizontal position for 5 
s). A reading of the test thermometer was taken, and 
3oC was added to the temperature and recorded as 
the result, following of the ASTM D 97 method. All 
measurements were carried out at least twice.

Viscosity test. The viscosities of samples (0.5 ml) 
were analysed using a Brookfield Programmable 
Digital Viscometer Model DV-III. The spindle used 
was CP40. The operating temperature and speed 
were set at 40.0±0.5oC and 150 rpm, respectively. All 
the data were recorded, extracted and analysed.

Fatty acid methyl ester composition. The fatty 
acid compositions of palm oil methyl ester were 
determined using gas chromatography, with reference 
to the standard method (AOCS Method, Ce 1-62, 
1997). Table 1 shows the fatty acid compositions. 

RESULTS AND DISCUSSION

Cloud Point and Pour Point Analyses

In this investigation, various weight ratios of 
palm oil methyl ester and three different petroleum 
diesels were blended to observe the changes in both 
CP and PP. In general, CP can be defined as the 
highest temperature used for characterizing cold 
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flow properties while PP is the lowest temperature. 
The CP and PP of the original components in Table 2 
show palm oil methyl ester had a relatively higher 
CP and PP than petroleum diesels.

As indicated in Figure 1, the blended palm oil 
methyl ester and petroleum diesel had a lower PP 
than palm oil methyl ester and petroleum diesels, 
except in the case of petroleum diesel M (which had 
a lower PP only when it was blended with 60%-80% 
palm oil methyl ester). A significant reduction in 
PP (to 5oC) was observed especially at a high palm 
oil methyl ester content of between 60% and 80% 
w/w.  It was also observed that the blends of palm 
oil methyl ester-petroleum diesel P and palm oil 
methyl ester-petroleum diesel S exhibited a wider PP 
range (that was lower than those of the individual 
components) than that of the blend of palm oil 
methyl ester-petroleum diesel M. 

All blended palm oil methyl ester-petroleum 
diesel exhibited the lowest CP at 90% palm oil 
methyl ester and 10% petroleum diesel. Both palm 
oil methyl ester-petroleum diesel P and palm oil 
methyl ester-petroleum diesel S blends had a similar 
trend, exhibiting a broader range of CP which was 
lower than individual components, i.e. between 70% 
and 90% palm oil methyl ester, than that of palm 
oil methyl ester-petroleum diesel M (only at 90% 
palm oil methyl ester). The sudden drop in both CP 
and PP of palm oil methyl ester with the addition 
of petroleum diesel (by 10% for CP and up to 20% 
for PP, respectively) may very well indicate that 
petroleum diesel was acting as a diluent for palm oil 
methyl ester. The addition of petroleum diesel will 
dilute the palm oil methyl ester and form complex 
mixtures among the aliphatic, aromatic and esters 
compounds. As a result, a synergistic interaction 
between palm oil methyl ester and petroleum diesel 
molecules occurred and this affected the orientation 
of the molecular arrangement during crystallization 

(whether at PP or CP temperatures) as the operating 
temperature decreased. This was further analysed 
by observing at the microstructure of palm oil 
methyl ester, S diesel and palm oil methyl ester-S 
mixture samples using the PLM at -5ºC (Figure 2). 
The micrograph of palm oil methyl ester shows 
agglomerates of sharp crystal and needle shape 
crystal was formed in S diesel sample. However, 
significant changes in microstructure of the crystals 
were noted in the palm oil methyl ester-S mixture 
sample.

Flow Analysis

Viscosity measurements of the original 
components are shown in Table 3. Among the 
original components, palm oil methyl ester was the 
most viscous, followed by petroleum diesel P and 
petroleum diesel M, with the least viscous being 
petroleum diesel S. 

An interesting phenomenon was observed when 
different weight ratios of palm oil methyl ester and 
petroleum diesel (P, S and M) were blended. As 
shown in Figure 3, irrespective of the palm oil methyl 
ester and petroleum diesel weight ratios, palm oil 
methyl ester-petroleum diesel blends exhibited lower 
viscosity than their individual components. Blends 
of palm oil methyl ester-petroleum diesel P exhibited 
minimum reduction in viscosity, whereas a dramatic 
decrease in viscosity was observed at high palm 
oil methyl ester content (50%-80% palm oil methyl 
ester) with petroleum diesel S. However, an opposite 
trend was noted in palm oil methyl ester-petroleum 
diesel M blends in which the viscosities were reduced 
dramatically at low palm oil methyl ester content. If 
there was a weak interaction or repulsion among the 
molecules, the mixtures would have deviated from 
the sum of the individual interactions according to 
the ratios of the blends. However, the decrease in 
viscosity of palm oil methyl ester-petroleum diesel 
mixtures to lower than the individual components 

TABLE 1. FATTY ACID COMPOSITIONS OF PALM OIL METHYL ESTERS

Sample					    Fatty acid composition (%)

	 C8	 C10	 C12	 C14	 C16	 C18:0	 C18:1	 C18:2	 C18:3	 Others

PME	 -	 -	 0.2	 1.0	 43.9	 4.5	 39.9	 9.6	 0.3	 0.6
Note: PME – palm oil methyl ester.

TABLE 2. POUR POINT AND CLOUD POINT OF TEST 
FLUIDS

Fluid	 CP (oC)	 PP (oC)

Palm oil methyl esters	 10.8	 15

Petroleum diesel P	 9.1	 12

Petroleum diesel S	 9.2	 12

Petroleum diesel M	 9.7	 12

Note: CP – cloud point; PP – pour point.

TABLE 3. VISCOSITY OF TEST FLUIDS

Fluid	 Viscosity at 40oC (cP)

Palm oil methyl esters	 3.66

Petroleum diesel P	 3.62

Petroleum diesel S	 3.19

Petroleum diesel M	 3.49 
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Figure 1. Cloud point and pour point of palm oil methyl ester (PME) with different petroleum diesels. (a) Diesel P,  
(b) diesel S  and (c) diesel M. 
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Figure 2. Polarized light micrographs of (a) palm oil methyl esters, (b)  S diesel and (c) mixtures of 70% palm oil 
methyl esters and  30% S petroleum diesel  at -10oC to -50ºC (20X magnification).
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Figure 3. Viscosity of blended palm oil methyl ester (PME) with different petroleum diesels (P, S, and M) at 40oC.

was quite substantial, which suggested that an 
unfavourable interaction between the molecules as 
well as dilution factor have affected the behaviour 
of the blends. The type of additives present in the 
petroleum diesel (local source) may also play an 
important part in affecting the viscosity of the palm 
oil methyl ester-petroleum diesel blends. 

Use of an Additive Derived from Palm Oil

From the above experiments on the three different 
palm oil methyl ester-petroleum diesel (P, S, and 
M) systems, two weight ratios of 70-30 and 80-20 of 
palm oil methyl ester-petroleum diesel blends which 
exhibited the lowest PP values were selected for 
further studies. A palm-based additive synthesized 
in our laboratory was added into these blends. As 
indicated in Figure 4, the presence of the additive 
changed the PP, CP and viscosity of 70-30 weight 
ratio of palm oil methyl ester-petroleum diesel. The 
additive lowered the PP of both palm oil methyl 
ester-petroleum diesel P and S blends from 6oC to 
3oC. The PP temperature remained constant even 
when the additive was increased to 3%. Interestingly, 
the additive did not seem to have any effect on the 
palm oil methyl ester-petroleum diesel M blend. 
The presence of the additive might in a way have 
affected the arrangement of the crystal packing, 
which prevented the mixtures from solidification, 
or allowed the crystals to get effectively bound to 
the crystal stacks (Teoh et al., 2005).

Among the blended palm oil methyl ester-
petroleum diesels, the palm oil methyl ester-
petroleum diesel M blend had the highest CP, 
followed by palm oil methyl ester-petroleum diesel 
P and palm oil methyl ester-petroleum diesel S. 

However, the presence of the additive further 
increased the CP temperature by 2oC. The additive 
used seemed to have the ability to decrease the PP 
of the blends, but not the CP. Continuous addition 
of the additive above 1% into the palm oil methyl 
ester-petroleum diesel blends did not cause any 
change in the CP (Figure 4b). As shown in Figure 4c, 
the presence of additive increased the viscosity of the 
blended palm oil methyl ester-petroleum diesel. The 
viscosity of palm oil methyl ester-petroleum diesel 
blends continued to increase with the increase in 
additive concentration. 

At the 80-20 weight ratio of palm oil methyl 
ester-petroleum diesels (Figure 5a), the presence 
of the additive did not affect the PP temperature, 
even when the additive concentration reached 
3%. However, the CP of the blended palm oil 
methyl ester-petroleum diesel decreased slowly 
as the additive was increased. This indicates that 
the effectiveness of reducing PP and CP in the 
presence of the chosen palm-based additive was also 
dependent on palm oil methyl ester-petroleum diesel 
ratio. Just as in the 70-30 weight ratio of palm oil 
methyl ester-petroleum diesel blend, a similar trend 
in viscosity was observed for the 80-20 weight ratio, 
as the additive concentration increased to 3%.

CONCLUSION

Blending of palm oil methyl esters with petroleum 
diesel has the ability to provide synergistic effects on 
both the PP and viscosity of palm oil methyl ester-
petroleum diesel blends. However, a reduction in 
CP of palm oil methyl ester only occurred in blends 
having high palm oil methyl ester content. The 
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Figure 4. Effect on (a) pour point, (b) cloud point, and (c) viscosity of blend of mixtures of 70% palm oil methyl ester 
and 30% petroleum diesel (P, S, and M) in the presence of different concentrations of additive.
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Figure 5. Effect on (a) pour point, (b) cloud point, and (c) viscosity of blend of mixtures of 80% palm oil methyl ester 
and 20% petroleum diesel (P, S, and M) in the presence of different concentrations of palm-based additive.
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presence of a palm-based additive selected for this 
study had some profound effects on the PP, CP and 
viscosity of palm oil methyl ester-petroleum diesel 
blends. The degree of effects on the blends was also 
highly dependent on their blending ratios.

ACKNOWLEDGEMENT

The authors would like to thank the Director-General 
of MPOB for permission to publish this article.

REFERENCES

ALTIPARMAK, D; KESKIN, A; KOCA, A and GÜRÜ, 
M (2007). Alternative fuel properties of tall oil fatty 
acid methyl ester-diesel fuel blends. Biores. Technol., 
98: 241-246.
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