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Abstract−− In this article the results of the ex-

perimental determination of a group of physical  and 
transport properties of palm oil and of its methyl 
esters are presented, so as to  generate reliable in-
formation for the execution of works done by chemi-
cal engineers, such as the modeling, the equipment 
sizing and the simulation of processes. Melting 
ranges, heats of fusion, boiling points, heats of com-
bustion, were experimentally determined, and den-
sity, viscosity and heat capacity as a function of tem-
perature were measured. The experimental values 
were adjusted to empirical models. In addition, den-
sity, viscosity and heat capacity as a function of tem-
perature for three mixtures of palm oil and its 
methyl esters were measured, from where it was 
concluded that the density and heat capacity can be 
calculated as if the mixture would behave as ideal 
solutions, while the viscosity can be calculated with 
Andrade’s model. 
Keywords−− Palm oil, methyl esters, biodiesel, 

properties. 

I. INTRODUCTION 
The World’s decrease of the probed reserves of oil and 
the constant conflict in the Middle East, have taken the 
oil price to historical levels, and this makes more feasi-
ble, from an economical point of view, to replace some 
of the petrochemical derivatives which make part of the 
every day life, for some other coming from renewable 
raw materials and more friendly with the environment. 
Within these raw materials, oils and fats can be trans-
formed into a large quantity of products, with diverse 
applications and uses.   

The possibility to use fatty acid methyl esters 
(FAME), product of the methanolysis of oil and fats, as 
a partial or total substitute of petrochemical diesel 
(Barnwal and Sharma, 2005), and as a raw material to 
produce fatty acid methyl esters sulphonates (MES), 
which can replace the traditional linear alkyl benzene 
sulphonates (LABS) in detergents (Hama and Ohbu. 
2002), has increased the interest in developing proc-
esses that increase the productivity and facilitate the 
stages of separation and  purification.  

Colombia is the fifth World palm oil producing 
country and the first in Latin America, with an annual 
production of about 650,000 tons. The agricultural in-
dustry of palm oil is one of the main job-generating in 
the Colombian rural sector and an important protagonist 
in the export commerce of oils and fats. The Colombian 

government has identified this potential, and based on 
the legislation promotes the cultivation of African palm 
(Elaeis guineensis) and the production of biodiesel, 
which by the year 2008 will be added to the  petro-
chemical  diesel in order to replace the 5%, in a  similar 
way to that used for the oxygenation of gasoline with 
ethanol.  

In this study the results of the measurement of some 
physical and transport properties of palm oil, its methyl 
esters and three of its mixtures, are presented. Melting 
ranges, heats of fusion, boiling points and heats of 
combustion were experimentally determined, and the 
properties density, heat capacity and viscosity, were 
measured as a function of temperature.  

With these experimental values and the empirical 
models obtained from them, it is pretended, for exam-
ple, in the case of a process simulation, to facilitate the 
evaluation of the calculation methods of the properties, 
the validation of properties and the estimation of pa-
rameters not available in the data base of the simulator. 
To have reliable values of properties is fundamental in 
order for the results of the processes simulation and the 
posterior economical evaluation gets closer to reality 
(Carlson, 1996).  

In the case of the density and viscosity of palm oil 
methyl esters, the study is justified because, although 
Tate et al. (2006a, 2006b) obtained densities and kine-
matics viscosities of FAME from 20°C to 300ºC, 
FAME from palm oil was not included. In other hand, 
even though researchers have reported some models to 
predict the viscosity of FAME from their fatty acid 
composition (Allen, 1999), or from the pure component 
topological index (Shu, 2007), these models did not 
relate viscosity and temperature.   

II. METHODS 

A. Material 
Refined, bleached and deodorized palm oil edible grade 
(RBD) obtained from INTERGRASAS S. A. (Bogota 
D.C.). The origin was the eastern production zone of 
palm oil in Colombia, and the fatty acid composition, 
determined by GC, and some of its properties are shown 
in Table 1. Methanol, sodium hydroxide, pyridine, ben-
zoic acid and hydrochloric acid were of analytical grade 
obtained from MERCK (Darmstadt, Germany). Palm oil 
methyl ester of >98.5% purity, free of glycerol, 0.15 
wt% of water and acid value 0.13 mg KOH/g,  was ob-
tained through methanolysis of the palm oil, under the 
conditions described further. Reference standars chro-



P. C. NARVÁEZ, S. M. RINCÓN, L. Z. CASTAÑEDA, F. J. SÁNCHEZ 

2 

matographically pure as methyl palmitate, methyl 
oleate, monopalmitin, dipalmitin, tripalmitin, triolein 
and the silylating agent N,O–bis (trimethyl-
silil)trifuoruacetamide (BSTFA), were purchased from 
Sigma Aldrich Chemical Company (St. Louis, MO.). 
The internal standard, tricaprin, was obtained from 
Fluka (Buchs, Switzerland). 

Table 1. Fatty acid composition and characterization of palm 
oil used in this work.  
Fatty acid  wt% 

Miristic  1.9 
Palmitic  44.2 
Estearic  4.5 
Oleic  39.6 
Linoleic  9.8 
Saponification number (mg KOH/g) ASTM D-
939  

198.9 

Average molecular weight  846.1 
Acid value (mg KOH/g) ASTM D-664  0.22 
Iodine value (cgI

2
/g) ASTM D-1959  53.5 

Unsaponifiable matter (% w/w) ASTM D-1965 <0.01 
Ssaponification number and acid value were determined with an 
automatic titrator Mettler Toledo DL 53 (Mettler Toledo GmbH, 
Schwerzenbach, Switzerland). Average molecular weight was calcu-
lated from saponification number. 

B. Experimental Procedure   
For the methanolysis of palm oil a cylindrical glass re-
actor of 750 mL, equipped with a stainless steel turbine 
type impeller, reflux condenser, thermocouple type K 
and sampling port, was used. The reactor jacket was 
connected to a JULABO F34 circulating bath (JULABO 
Labortechnik GmbH, Seelbach, Germany), capable of 
maintaining the temperature within ±0.1 °C. The rota-
tional speed of the impeller was 400 rpm (±1 rpm), and 
for providing the mixing requirements a HEIDOLPH 
RZR 2021 mechanical stirred was used (Heidolph In-
struments GmbH, Swchwabach, Germany).  

The reactor was charged with 400 g of palm oil and 
it was heated at 60°C. A known quantity of sodium hy-
droxide was dissolved in methanol, and this solution 
was added to the reactor. The molar ratio of methanol to 
oil was 6 to 1 and the catalyst was 1 wt% sodium hy-
droxide. After 120 minutes, the reacting blend was 
taken to a decanting funnel of 1 L, where it stayed for at 
least 2 hours. The upper layer was neutralized with an 
stoichiometry quantity of HCl (5 wt%) and it was 
washed until the  pH of the lower layer was 7. Finally, 
the upper layer was transferred to a flask and it was 
vacuum distilled to remove the remaining water and 
methanol. The palm oil methyl esters were analyzed by 
gases chromatography to determine the quantities of 
palm oil, di and monoglycerides, and methyl esters, 
using the method further described.  

Mixtures of palm oil and its methyl esters of 500g of 
25 wt%, 50 wt% and 75 wt% of methyl esters, were 
prepared weighting the corresponding quantities and 
keeping them to 50°C with agitation for 30 minutes. 

C. Analysis   
Gases Chromatography (GC)  
A sample of about 20 mg was silylated at room tem-
perature, adding BSTFA and pyridine. The analysis was 
performed in a Hewlett-Packard 5890 Series II gas 
chromatograph (Hewlett-Packard Co., Germany) 
equipped with a split/splitless injection port, flame ioni-
zation detector and the HP ChemStation software. A 
SUPELCO SGE HT-5 aluminum clad capillary column 
of 12mx0.53mmx0.15µm was used (SGE International 
Pty. Ltd. Victoria, Australia. N2 was used as carrier gas 
to a flow of 8 ml/min and 50:1 split radio. The injector’s 
temperature was 350°C and that of the detector 390°C. 
After a stabilizing period of one minute at 140°C the 
oven’s temperature was increased up to 380°C at 
20°C/min. The final temperature was kept during 10 
minutes.  
Differential Scanning Calorimetry (DSC)  
The heat capacities, melting ranges and heats of fusion 
were determined in a DSC 2910 TA Instruments (TA 
Instruments Co., New Castle, DE). The DSC was cali-
brated with aluminum oxide before determination. 
Samples of 5 to 10 mg were placed in a hermetic alumi-
num capsule, and an empty capsule was used as refer-
ence. The N2 

source was adjusted to a flow of 20 
mL/min. The capsules were heated at 10°C/min from -
30°C up to 100°C. The amplitude was 1°C and the pe-
riod 60 s.  
Thermogravimetric Analysis (TGA)  
The boiling points were measured in a  TA Instruments 
Model 2050 thermobalance (TA Instruments Co., New 
Castle, DE), using a platinum capsule. Samples of 5 to 
10 mg were at 10 °C/min from 20°C to 600°C, with N2 
atmosphere to a flow of 20 mL/min.  
Heat of Combustion  
Heats of combustion where measured with a Parr Calo-
rimeter Model 1241 (Parr Instruments Co., Moline, IL, 
USA), in accordance with the procedure established in 
the ASTM D-240.  
Density  
The density was calculated from the measurements of 
specific gravity carried out with a Fischer hydrometer 
with a range of 0.800 to 0.910 (Fischer Scientific, 
Rochester, NY), and following the procedure described 
in the ASTM D-1298. The temperature was adjusted 
with a JULABO F34 circulating bath (JULABO La-
bortechnik GmbH, Seelbach, Germany) and it was 
measured with an ERTCO ASTM 9C thermometer 
(Ever Ready Thermometer Co., Germany).  
Viscosity  
The viscosity of palm oil and of its methyl esters were 
calculated from the kinematics viscosity and density 
values. The kinematics viscosity was measured follow-
ing the established procedures in the ASTM D-445, 
using a Cannon - Fenske Routine capillary viscometer 
(Cannon Instrument Co., State College, PA), and a 
Koelher model K 23376 bath (Koelher Instrument Co., 
Bohemia, NY) .  
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III.  RESULTS AND DISCUSSION  
A. Melting Ranges and Boiling  Points   
The results of the DSC of palm oil are shown in Fig. 1. 
Palm oil presented a fusion event which begins at -
9.21°C, and ends at 46.10°C, in which two endothermic 
peaks were observed, at 3.99°C and 31.46°C. These 
peaks can be associated to the melting points of the 
triglycerides present in a greater proportion in the oil. 
The heat of fusion between 20.13°C and 46.36°C was 
10.01 kJ/kg. Siew (2000) and Basiron (1996) presented 
DSC melting and crystallization thermograms with two 
peaks between -22°C and 45°C, and between -43°C and 
42°C, respectively. It is quite clear that the two peaks 
observed in palm oil are due to the olein and stearin 
fractions. Kirschenbauer (1964) reported a melting 
range from 27°C to 50°C and Siew (Tsang, 2000), 
based on solid fat content determination by nuclear 
magnetic resonance, reported that at 45°C the RBD 
palm oil is melted.  

 
Figure 1. Diferencial Scanning Calorimetry of palm oil.   

Palm oil methyl esters presented a fusion event 
which begins at -25.57°C, and finishes at 23.25°C. The 
associated heat in this event was 54.62 kJ/kg. Zhang 
(1994) reported melting points of 30.6°C and -19.8°C 
for methyl palmitate and methyl oleate, respectively, the 
same vales reported by Knothe and Dunn (2001), tem-
peratures that are within the melting range measured in 
this work.  

Figure 2 shows the thermogravimetric analysis of 
palm oil. The vaporization of palm oil took place at 
369°C1. The vaporization of methyl esters took place at 
180°C1. The values reported by Ma and Hanna (1999) 
for methyl oleate and methyl palmitate are 190.0°C and 
196.0°C, respectively. The measured values in this 
work and those reported by Ma and Hanna (1999), are 
quite different from those reported by Goodrum (2002), 
who measured the boiling points of methyl esters of 
some fats and oils with values in the range of 338°C to 
369°C.  

The lower limits of the measurement ranges of the 
properties of density, viscosity and heat capacity, were 
defined based on the DSC results. The measurement 

                                                           
1 The measured temperatures were corrected at a barometrical 
pressure of 760 mmHg using Sidney Young Eq. 

range for palm oil was 46°C <T<100°C, and for methyl 
ester 25°C < T<100°C.  

 
Figure 2. Thermogravimetric analysis of palm oil 
 
B. Heats of Combustion  
The heats of combustion are shown in Table 2. 
Srivastava and Prasad (2000) and Knothe and Dunn 
(2001), reported heats of combustion for vegetable oils 
in the range of 30 MJ/kg to 40 MJ/kg, relatively low 
compared to the petrochemical diesel (about 45 MJ/kg). 
The presence of oxygen linked in the molecule of 
triglyceride, reduces its heat of combustion. Kalam and 
Masjuki (2002) reported a value of 41.3 MJ/kg for palm 
oil methyl ester, and Knothe and Dunn (2001) reported 
values of 39.5 MJ/kg and 43.8 MJ/kg for methyl palmi-
tate and methyl oleate, repectively.  

Table 2. Heats of combustion (MJ/kg) of palm oil and of its 
methyl esters.  

Palm Oil 41.2 
Methyl esters 41.7 

C. Density.   
Palm oil and its methyl esters densities as a function 
of temperature are shown in Fig. 3. The Eq. 1 and 2 
are the result of the lineal regression of the experi-
mental data. The units of the Eq. are kg/m3 for den-
sity and °C for temperature.  

ρ
TG

=-1.24T+945.14  R
2
=0.997  (1) 

ρ
FAME

=-1.18T+895.41  R
2
=0.991  (2) 

Alvarado (1997) reported some data for palm oil 
from Equator in the range of 30°C to 70°C, which fit to 
Eq. 3.  

ρ
TG

=-0.70T+918  R
2
=0.994  (3) 

Within the common range for Eq. 1 and 3, the values 
differ in less than 1.2%. For Malaysian palm oil, Basi-
ron (1996) reported an apparent density range from 888 
to 889 kg/m3 for 215 samples at 50°C, and Siew (Tsang, 
2000) a range from 889.6 to 891.0 kg/m3 

for 244 sam-
ples at the same temperature, while the average value 
measured in this was 883.3 kg/m3, 0.8% lower than the 
mean of the reported ranges.  

In regard to methyl esters, Tate et al. (2006a) con-
cluded, based on their experimental results, that density 
of FAME from canola, soybean and fish oils decrease 
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linearly with temperature by 1.23 kg/m3°C, behavior 
which is similar to the found in this work, where density 
of palm oil methyl ester decrease linearly with tempera-
ture by 1.18 kg/m3°C. For esters obtained from palm oil, 
Kalam and Masjuki (2002) reported a typical value of 
870 kg/m3 at 15°C, while Cheah et al. (1998) reported a 
range between 875 kg/m3 and 900 kg/m3 at the same 
temperature. Choo and Cheah (2000) reported a value of 
870 kg/m3 

at 23.6°C. In accordance with the results of 
DSC, 15°C and 23.6°C are within the melting range of 
methyl esters, and thus, this temperature makes no part 
of the range of Eq. 2. Nevertheless, and with the only 
object of conducting a comparison, the range was ex-
tended and values of 880 kg/m3 at 15°C, and 871 kg/m3 
at 23.6°C were obtained. At 15°C the calculated value is 
inside the range reported by Cheah et al. (1998), and at 
23.6°C the difference is less than 0.2% respect the value 
reported by Choo and Cheah (2000). 

 
Figure 3. Densities of palm oil (■) and of its methyl esters (♦). 

D. Viscosity   
The viscosities of palm oil and of its methyl esters as a 
function of temperature are shown in Fig. 4, and Eq. 4 
and 5 corresponds to the co-relation of the experimental 
data. The units of the Eq. are cP for viscosity and °C 
for temperature.  

Lnµ
TG

=1.59LnT+9.63  R
2
=0.991  (4) 

Lnµ
FAME

=-0.87LnT+4.68  R
2
=0.995  (5) 

Even though the function that expresses in a better 
form the relation of the viscosity and the temperature is 
Andrade’s model (Krisnangkura et al., 2006), the data 
obtained in this work fits better to the function pre-
sented in Eq. 4 and 5. For palm oil, the reported data by 
Alvarado (1997) differs from the determined data in this 
work up to a 10%.   

For methyl esters, Tate et al. (2006b), reported that 
kinematics viscosity of FAME from canola and soybean 
oils can be predicted by a modified Andrade’s equation. 
Kalam and Masjuki (2002) reported a kinematics vis-
cosity of 4.70 cSt at 40°C, Cheah et al. (1998) 4.44 cSt, 
and Shu et al. (2007) reported a viscosity of 3.59 cP at 
the same temperature. The measured viscosity at 40°C 
in this work was 5.13 cSt, 4.35 cP, greater than the 

maximum value approved for the European Union for 
biodiesel, but within the accepted range by the ASTM2.   

 
Figure 4. Viscosities of palm oil (■) and of its methyl esters 
(♦). 

The discrepancies between the measured and the re-
ported values in this work can be attributed to the dif-
ferences in the composition of the oils used, and to the 
presence of impurities in the FAME, principally di and 
monoglycerides. The viscosity of fat and oils greatly 
depends on the structure of the compound, and it is af-
fected by factors such as chain length, the position, na-
ture and number of double links and the nature of the 
oxygenated molecules (Knothe and Steidley, 2005). The 
longer the fatty acid hydrocarbon chain, the higher vis-
cosity the FAME has; on the other hand, the greater the 
unsaturated bonds, the lower the viscosity of the FAME 
(Shu et al., 2007).   

However, when the composition of palm oil used by 
Shu et al. (2007) was compared with the composition of 
palm oil used in this work; differences are too small to 
justify the discrepancies observed in methyl esters vis-
cosities. Then, the discrepancies could be attributed to a 
higher content of di and monoglycerides (about 1.5 wt% 
in this case), which viscosities are higher than methyl 
ester. Moreover, di and monoglycerides are emulsifying 
agents and its presence in a mixture, still in low concen-
trations, could increase the viscosity.  

E. Heat Capacity   
The heat capacity of palm oil and of its methyl esters 
were presented in Fig. 5, and Eq. 6 and 7 are the result 
of the correlation of experimental data. The equation 
units are J/g°C for the heat capacity °C for the tempera-
ture.  

c
P TG

=0.0059T+1.617  R
2
=0.993 (6) 

c
P FAME

=0.0050T+0.987  R
2
=0.988 (7) 

Alvarado (1997) reported a constant value of 2.20 J/ 
g°C for crude palm oil, in the range of 30°C to 70°C. 

F. Mixture properties   
Figures 6 to 8 show the behavior of the density, viscos-

                                                           
2 The Standards EN 14214 and DIN V 51606, applicable in Europe, 
established a range for the kinematics viscosity at 40°C for the bio-
diesel from 3.5 to 5.0 cSt, while the ASTM D6751, applicable in the 
United States, established a range from 1.9 to 6.0 cSt. 
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ity and heat capacity, as a function of temperature, for 
mixtures of palm oil and its methyl esters. For the den-
sity and the heat capacity the behavior adjusts to the 
calculation model of properties for ideal solutions. This 
means that the property values can be calculated with 
Eq. 8 and 9, with deviations of less than 1% with re-
spect to the experimental value of the density, and less 
than 2% with respect to the experimental value of the 
heat capacity. 

This behavior agrees with the reported by Goodrum 
and Eiteman (1996), who demonstrated that the binary 
mixtures of triglycerides behave as ideal solutions for 
the density and heat capacity.  In these equations, x is 
the molar fraction. 

 
Figure 5.  Heat Capacities of palm oil (■) and of its methyl 
esters (♦). 

 
Figure 6. Densities of mixtures of palm oil and its methyl 
esters (♦) 25 % (■) 50% (▲) 75% in weight of methyl esters. 

 
Figure 7. Viscosities of mixtures of palm oil and its methyl 

esters (♦) 25 % (■) 50% (▲) 75% in weight of methyl esters. 

 
Fig. 8. Heat capacities of mixtures of palm oil and its methyl 
esters (♦) 25 % (■) 50% (▲) 75% in weight of methyl esters. 

 
 

 
 

Regarding viscosity, the experimental values of 
mixtures fits accurately to Andrade´s model, which is 
shown on Eq. 10.  The units are cP for viscosity and K 
for temperature. 

 

 

(10) 

The average difference between the experimental 
and calculated values is of 10%. Goodrum and Eiteman 
(1996), demonstrated that the viscosity of triglycerides 
mixtures can be calculated using the empirical models 
of Kendall and Monroe, Eq. 11, while Krisnangkura et 
al. (2006), established that for a liquid mixture non as-
sociated, as in this case, the viscosity can be calculated 
using Eq. 12. 

 
(11) 

 
(12) 

FAME mixtures are non associated liquids and due 
to the similarity, the components do not interact with 
each other and thus should behave in a similar manner 
as an individual component. Allen et al. (1999) reported 
that the Grunberg-Nissan equation, Eq. 13, is the most 
suitable for computing viscosity of liquid mixtures. In 
this ecuation, Gij is the interaction parameter that could 
be neglected in the case of FAME. In Eq. 10, although 
Kij is an interaction parameter, it includes the tempera-
ture dependency, and then can not be neglected. 

  
(13) 

III. CONCLUSIONS 
Melting ranges, boiling points and combustion heats of 
palm oil and of its methyl esters were measured, ex-
perimental values of the density, viscosity, and heat 
capacity of palm oil, of its methyl esters and of some 
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mixtures of them were determined, as a function of 
temperature. In the studied range, the density and the 
heat capacity of palm oil and of its methyl esters adjust 
to a lineal function of temperature, while the viscosity 
adjusts to a lineal function of temperature natural loga-
rithm. The density and heat capacity of the mixtures can 
be calculated from the properties of palm oil and of its 
methyl esters, using the calculation model of properties 
for ideal solutions. Andrade’s model allows calculating 
the viscosity of mixtures with deviations lower than 
10% with regard to the experimental data. 

NOMENCLATURE 
c

p
 Heat capacity  

G Binary coefficient for the calculation of the viscosity 
in Grunberg-Nissan equation  

K Binary coefficient for the calculation of the viscosity 
in Andrade’s model. 

T  Temperature 
i,j Sub-index to indicate the component of a mixture  
n  Number of components of a mixture. 
x  Molar fraction 
µ  Viscosity 
ρ  Density  
FAME Palm oil methyl esters 
TG Palm oil  
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