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Biodiesel production is the reaction of raw oils with mixing and heating within catalyst 
and methanol. The raw oils usually come from vegetable oils and animal fats. 
Vegetable oils are a promising feedstock for biodiesel production since they are 
renewable in nature. Nevertheless, the physical properties of biodiesel pose some 
acute problems when used in an unmodified engine. It is important to diesel and 
biodiesels because it impacts components such as the fuel pump. Therefore, this paper 
intends to investigate the properties of biodiesel samples in terms of viscosity, density, 
flash point and acid values at different bio lipids and different mixing time. The 
evaluation is carried out on the three types of biodiesels: CPO, corn oil, and waste 
cooking oil. Methanol was chosen over the others for the transesterification process 
because it was cheaper. The esterification process, which reduces the amount of free 
fatty acids in the crude oil, will be performed with the help of an acid catalyst. Alkaline 
catalysts, in contrast, are used for the transesterification process. The comparison of 
all the samples shows that CPO is the better biodiesel than the other due to the 
physical properties of kinematic viscosity, density and flashpoint. 
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1. Introduction 
 

Because of the dwindling world petroleum supply and the environmental issues that are 
happening now, there is a great demand for alternative fuels to replace or lessen petroleum-based 
fuel dependency and to control greenhouse gas (GHG) emissions into the environment. Other than 
reducing fossil fuel consumption [1-2], a novel automotive engine with post-combustion emission 
control devices should be developed to reduce GHG emissions and improve the efficiency of energy 
systems [3-5]. Biodiesel has recently been considered as the best candidate for it. It can be used in 
any ignition compression engine without the need for modification [6-9]. 
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Chemically, biodiesel is a mixture of methyl esters with long-chain fatty acids. It is usually made 
from non-toxic, biological resources such as vegetable oil, animal fat, or cooking oil [6,10-11]. 
Biodiesel is one of the current favorites to be the next-generation fuel. It is made from renewable 
biological sources such as vegetable oils and animal fats. It is biodegradable, non-toxic, and has a low 
emission profile. Chemically, biodiesel is fatty acid methyl esters (FAME). FAME will be produced by 
transesterification of oils and fats with methanol in the presence of suitable catalysts.  

The most common way to produce biodiesel is by trans-esterifying oils and animal fats with 
methanol (preferred over the others due to its low cost). Compared with other alcohol such as 
ethanol, propanol, and butanol, methanol has a lower molecular mass [12-13]. When the raw oil has 
a high percentage of FFA and water, it must be retreated by using esterification process before it can 
be catalyzed. It is because the process depends on the FFA contents in raw oil. If the FFA contents 
are more than 2%, the transesterification process is not feasible. The FFA must be less than 2% to 
ensure transesterification reaction possible [14-18]. 

Biodiesel can be produces from straight vegetable oil, animal oil/fats, and waste cooking oil. Soya 
bean is commonly used for biodiesel production in the United States, whereas; rapeseed oil is used 
in many European countries. Corn oil also is one of the sources of biodiesel production. Although 
biodiesel is commonly made from soybean or rapeseed oil, as corn oil refining technology improves, 
it is expected to become a larger source for biodiesel and a backup source for large-scale soybean 
crop failures. Other industrial sectors are already using corn oil, including paint, salve, rustproofing 
for metal surfaces, inks, textiles, nitroglycerin, and insecticides. It is also sometimes used as a carrier 
for molecules inside pharmaceutical drug preparations. The corn can be grown and can be harvested 
in months, and can be planted again, and it is suitable to produce in Malaysia because of warm and 
rainy season during the year. However, Asian has a competition with the edible oils market, so they 
explore non-edible seed oil, such as jatropha and pongamia as biodiesel raw oils [19]. But the 
gestation period of a couple of years are needed before these plants start producing seeds and oil.  

On the other hand, Malaysia is using coconut oil and palm oil for biodiesel production. But 
because palm oil contains a substantial amount of saturated fat, biodiesel from palm oil has a poor 
low-temperature tolerance [17,20]. To exploit South Asian closeness with South-East Asian countries, 
jatropha and palm biodiesel were inspected to study the physicochemical features to get the optimal 
mix to achieve better low-temperature tolerance with better oxidation stability. Another feedstock 
to produce biodiesel is used or waste cooking oil, which is much less expensive than edible vegetable 
oil. It will be one of the promising alternatives to edible vegetable oils. In Malaysia, for example, most 
palm oil is converted into cooking oil, making palm oil biodiesel difficult to come by. In many regions, 
waste cooking oil and fats cause considerable disposal issues; this problem can be avoided by turning 
these waste cooking oil into something useful. Waste cooking oil can be used as an alternative fuel, 
biodiesel, and diesel engine. Waste cooking oil has a lot of commercial potentials since it can be used 
to make biodiesel [21], polyurethane (polyol), and bitumen [22], all of these can minimize reliance 
on natural resources.  

Regarding standard (ASTM D 6751-07 or EN 14214 and EN14105), biodiesel should satisfy several 
specifications, which must be 99.7% ester [23]. Because of the physical qualities that happened in 
biodiesel,  handling and use must be extra careful. In terms of lubricity, the significant increase in 
even concentrations at 3% or less of the biodiesels indicates that biodiesel additives can improve 
diesel operation and lengthen component life. However, obtaining esters in biodiesel is not an easy 
task as the current technology in manufacturing and refining biodiesel is still not so economically 
favorable [24]. Thus, the purpose of this study is to investigate the properties of three biodiesel 
samples in terms of viscosity, density, flash point, and acid values at different bio-lipids and different 
mixing times. 

http://en.wikipedia.org/wiki/Paint
http://en.wikipedia.org/wiki/Salve
http://en.wikipedia.org/wiki/Rustproofing
http://en.wikipedia.org/wiki/Ink
http://en.wikipedia.org/wiki/Textile
http://en.wikipedia.org/wiki/Nitroglycerin
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2. Methodology  
2.1 Material 

 
Three types of raw oils will be investigated in this research: CPO, corn oil, and waste cooking oil. 

The esterification process, which reduces the quantity of free fatty acid in raw oils, will be carried out 
with the help of an acid catalyst. Simultaneously, an alkaline catalyst is employed in the 
transesterification process. Methanol is chosen over the others for the transesterification process 
since it is less expensive. Three samples from CPO, corn oil, and waste cooking oil were used as 
feedstock. Each sample contains approximately 100 milligrams of raw oils in each beaker. 

 
2.2 The Process of Determining the Free Fatty Acid (FFA) Content 
 

The titration process is the process to investigate the amount of water and FFA in raw oils. If the 
FFA level is too high, it may cause problems such as soap formation. The chemical solution used for 
the titration process is 99% pure Isopropyl alcohol, distilled water, and phenolphthalein solution. The 
purpose of conducting the titration process is to lessen the FFA content in raw oils. 

The free fatty acid value is calculated by the formula 
 

AV = 
( 𝑠𝑎𝑚𝑝𝑙𝑒 – 𝑒𝑡ℎ𝑎𝑛𝑜𝑙 95%) × 𝑁𝐾𝑂𝐻 × 56.1

𝑚
                      (1) 

 
where N its exact normality of KOH, and m is the mass in g of the sample. And the percentage of 

FFA is given by 
 

% FFA = 
𝑚𝑙 𝐾𝑂𝐻 ×𝑚𝑙 𝐴𝑉

𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 ×10
          

     = 
𝐴𝑣

𝐹𝑎𝑐𝑡𝑜𝑟 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛
                        (2) 

 
Factor conversion is taken from AOCS official method Ca 5a-40, and a detailed explanation is 

documented in [25]. 
A typical titration began with a beaker or Erlenmeyer flask containing a precise volume of the 

reactant and a small amount of indicator and placed underneath a burette containing the reagent. 
The set-up is as shown in Figure 1. 

 

 
Fig. 1. The set-up of titration process 
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In a typical titration, the titrant in the burette is added to the solution in the Erlenmeyer flask 
until the indicator changes colour to show that the reaction is complete. By controlling the amount 
of reagent added to the reactant, it is possible to detect the indicator's point. As long as the indicator 
has been chosen correctly, this should also be the point where the reactant and reagent neutralize 
each other, and, by reading the scale on the burette, the volume of the reagent can be measured. 
 

2.3 Esterification Process 
 

Esterification is the reaction process that produces carboxylic acid and alcohol to lessen the FFA 
in the contents of raw oils. This reaction can be catalysed by the presence of H+ ions and mixing with 
methanol. Sulphuric acid H2SO4 will be used as a catalyst for this reaction. At the end of the 
esterification reaction, the acid catalyst must be neutralized to isolate the product. 
 
2.4 Transesterification Process 
 

After reducing the FFA acid below 1%, the transesterification process takes place to produce 
biodiesel. The process must be conducted in two different mixing times, which are 30 minutes, 60 
minutes, and 120 minutes. The temperature of heating is 600C to 700C. These processes are quite 
similar to the esterification process, where it is needed to mix with methanol and catalyst. For this 
process, the alkaline catalyst is preferred. The alkaline catalyst used is potassium hydroxide (KOH), 
and Figure 2 shows the transesterification process. 

 

 
Fig. 2. Transesterification process 

 
2.5 Washing Process 
 

In this stage, the FAME has separated from the glycerol, excess methanol, and catalyst. Pure 
FAME can be obtained by removing the glycerol from the biodiesel samples as shown in Figure 3. 
FAME, however, is certainly not pure fuel. Water washing is a great way to get rid of both 
contaminants. It can also eliminate any residuals in FAME, such as sodium salt and soaps. 
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Fig. 3. Washing process to remove the impurities in FAME 

 
3. Results  
3.1 Physical Properties 
 

The results of 9 samples of biodiesel which be trans esterified at different mixing times, can be 
seen in Table 1. The color of biodiesel samples from corn oil does not differ much from the samples 
of waste cooking oil. But, the color of samples biodiesel of CPO is like dark orange color, which is 
different from the other sample.  

 
Table 1 
Transesterification process of 9 samples at different mixing times 

Biodiesel samples Times 

Corn oil 

   
30 minutes 60 minutes 120 minutes 

Waste cooking oil 

   
30 minutes 60 minutes 120 minutes 

CPO 

   
 30 minutes 60 minutes 120 minutes 
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Table 2 shows the result of the physical properties of biodiesel samples. 
 

Table 2 
Result for physical properties of biodiesel samples 
Feedstock Time (min) Kinematic 

Viscosity at 40°C (𝑚𝑚2/𝑠) 
Density 
(g/cm³) 

Acid value 
(mg KOH/g) 

Flash point 
(°C) 

Corn oil - 26.7 0.9088 0.5565  
Corn oil  30 3.5 0.8588 0.555 169 
Corn oil  60 3.4 0.8568 0.533 171 
Corn oil 120 3.3 0.8566 0.528 174 
Waste cooking oil - 32.2 0.9024 0.5599  
Waste cooking oil 30 3.5 0.865 0.550 168 
Waste cooking oil  60 3.5 0.8649 0.544 172 
Waste cooking oil  120 3.5 0.8648 0.537 176 
CPO - 32.8 0.8953 6.786  
CPO  30 3.5 0.8647 2.088 172 
CPO  60 3.4 0.8598 1.634 175 
CPO 120 3.3 0.8549 1.543 176 

 
3.2 The Comparison of The Kinematic Viscosity of Corn Oil, Waste Cooking Oil and CPO 
      

Kinematic viscosity of the corn oil, waste cooking oil, and CPO is 26.7mm2/s, 32.2mm2/s and 
32.8mm2/s, respectively. These are the results from the raw materials. As can be seen in Figure 4, 
differences of kinematic viscosity values between of the 9 biodiesel samples are too small after 
transesterification process. However, there are big difference of kinematic viscosity values between 
raw materials and biodiesel samples. These 9 samples are within the range standards 1.9mm2/s to 
6.0 mm2/s that were determined from ASTM D-6751. As the time taken for the transesterification is 
increased, kinematics viscosity will be decreased. This can be seen in Figure 4.  
 

 
Fig. 4. The comparison of the kinematic viscosity of corn oil, waste 
cooking oil and CPO 
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This result has a good agreement with the previous studies [10, 26]. The viscosity of the biodiesel 
derived from waste cooking oil decreased 10 times compared to the original waste cooking oil 
samples. Results obtained in this study [27] indicated that the kinematic viscosity absolutely no 
change in time for the sample of waste cooking oil. But this still apply because it still falls between 
the ranges of standard. There are many factors that could lead to different results even though using 
the same sample. For an example, Malaysia is known as food heaven. Many restaurants provide food, 
and of course, they used a lot of cooking oil. In this case, necessarily the kinematic viscosity of waste 
cooking oil is different. 

The properties of final product strongly depend on the yield of methyl ester (purity of methyl 
ester phase). The presence of glyceride types, in particular, in the fuel can cause serious problems in 
commercial applications. According to EN 14214 biodiesel standard, there are strict limitations for 
both free and total glyceride contents of biodiesel and the level of methyl ester content. Although 
the amounts of free glyceride and total glyceride were not measured, the purity of biodiesel can be 
determined by using the viscosity measurement. 
 
3.3 The Comparison of The Density of Corn Oil, Waste Cooking Oil and CPO 

 
At the start of the research, the density of the raw material has to be determined in order to 

know the differences between the raw material with biodiesel samples. The density of corn oil is 
0.9088 g/cm³, waste cooking oil is 0.9024 g/cm³, and CPO is 0.8953 g/cm³.  

The density for all the samples does not differ much in this study. Results for all samples can be 
seen in Figure 5. Note that a small value of axis in the y-direction was used in the figure since the 
difference for all the results was small.  

 

 
Fig. 5. The comparison of the density of corn oil, waste cooking oil 
and CPO 

    
At 30 min, the density of the biodiesel sample from corn oil is higher but then decreases when 

the time is increased. Meanwhile, the density of the biodiesel samples from waste cooking oil is 
slightly higher than biodiesel from CPO, which is 0.0003 g/cm³. At 60 minutes, the sample does not 
show too much difference. But, at 30 minutes, the density of the biodiesel sample from CPO is 0.8647 
g/cm³, but at 120 minutes, the density of the biodiesel sample decreases to 0.8549 g/cm³. Compared 
to biodiesel samples from corn oil and waste cooking oil simultaneously, the density of CPO is lower 
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than the others, which are 0.8549 g/cm³. On the other hand, the densities of biodiesels will vary with 
the fatty acid composition and purity, as noted by Tat and Jon [28]. Therefore, it was found that the 
density of the biodiesel decreases with the increase in time. 
 
3.4 The Comparison of The Flash Point of Corn Oil, Waste Cooking Oil and CPO 

 
The flash point of a fuel is defined as the temperature at which the fuel becomes a mixture that 

will ignite when exposed to a spark or flame. But, in this study the temparature, methanol content 
and catalyst are constant with the value of  60 °C to 70 °C, 21.696 gram and 1% of 
catalyst,respectively. The time is the only variable. As can be seen in Figure 6, when the time was 30 
minutes, the three biodiesel samples have a low flash point values which are 169 °C, 168 °C and 172 
°C for corn oil, waste cooking oil and CPO respectively. The increase in the flash point was occurred 
at 60 minutes, in which samples of biodiesel from CPO has a flash point higher than the value of the 
other two samples of biodiesel, which is 175 °C. While, at the time of 120 minutes, the flash point 
value for all biodiesel samples has increased. In this study, the flash point value from biodiesel waste 
cooking oil samples has similar increase with biodiesel sample from CPO which is 176 °C. Whereas, 
the flash point for biodiesel sample from corn oil increased up to 174 °C only. However, it was found 
that the value of flash point that is obtained in this study still within the standard. 

Graboski and McCormick [29] noted that the fuel with high flash point is highly coveted, as the 
risk associated with fuel transportation is greatly minimised. This is attributed to the inability of 
combustible air fuel vapour mixture to ignite below the flash point. Flash point strictly corresponds 
to the methanol content. Specifically, flash point is used in safety regulations to define "flammable" 
and "combustible" materials [30].  Flash point is the number indicating flammability when given a 
spark.  
 

 
Fig. 6. The comparison of the flash point of corn oil, waste cooking 
oil and C 

 
 
 
 
 

0 20 40 60 80 100 120 140
165

170

175

180

Time (minutes)

F
la

s
h
 p

o
in

t 
(o

C
)

 Corn oil
 Waste cooking oil
 CPO



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 86, Issue 2 (2020) 136-146 

 

144 
 

3.5 The Comparison of The Acid Value of Corn Oil, Waste Cooking Oil and CPO 
 

At the beginning of the study, there were differences in acid content of raw materials. Compared 
with waste cooking oil and CPO, corn oil has an acid value lower than the others which are 0.5565 
mg KOH/g. While the acid value of waste cooking oil and CPO are respectively 0.5599 mg KOH/g and 
6.786 mg KOH/g. Reactions were carried out at 60 °C to 70 °C for 30 minutes, 60 minutes and 120 
minutes using a feedstock to methanol molar ratio of 1:6. The catalyst concentration was 1% (v/v). 
The drop in acid content was used as a measure to calculate the percentage of conversion of 
feedstock to biodiesel. The difference is probably due to the type of oil. The acid value indicates the 
content of free fatty acid in biodiesel. 

Corn oil has a low percentage of saturated fats and trans fats.  Table 2 shows the difference in 
acid content between the 9 samples of biodiesel. From the results of this study, acid value from was 
cooking oil was found to decline when the time taken for the transesterification process is longer. 
Leung et al., [31] has found that the acid content was obtained 2.5 mg KOH/g.  But a study from Phan 
and Phan [27] found that the acid content in waste cooking oil was 0.43 mg KOH/g. These two studies 
show that the acid content is lower than this findings. The difference is probably due to the 
production of cooking oil itself in which that it is strongly dependant on the yield of methyl ester. This 
can also be caused by brand, the location to produce oil production, and the manufacturing process. 
Biodiesel from CPO samples have the highest acid content compared to other samples maybe due to 
the presence of oxygen. That is why, to reduce the acid content, it is necessary to do esterification 
process first. 

To test an engine performance, biodiesel which has the lowest acid content is to be preferred. 
In this study, the samples from corn oil at the time of 120 minutes are better than the other 8 
samples. 

 
4. Conclusions 
 

The physical properties of biodiesel samples in terms of viscosity, density, flash point and acid 
values were investigated at different biolipids and different mixing time. The following conclusions 
are obtained. 

i. Using clean raw materials (waste cooking oil and corn oil) leads to biodiesel that is easier to 
produce. The esterification process has been performed on the CPO samples due to the higher 
acid content, which is 10.92 mg KOH/g.  

ii. In terms of viscosity, the biodiesel samples of corn oil and CPO at time 120 minutes and 40 °C 
is better than the others, which are 3.3 mm²/s. The density of biodiesel from CPO samples at 
120 minutes is the lowest, which is 0.8549 g/cm³ compared to the other sample.  

iii. In terms of acid value, biodiesel from corn oil is better compared to other samples. However, 
CPO at 30 minutes had a larger acid content value of 2.088 KOH/g, and at 120 minutes, it 
decreased to 1.543 KOH/g. The acid values for waste cooking oil did not differ much, 0.550 
KOH/g, 0.544 KOH/g and 0.537 KOH/g at 30, 60 and 120 minutes. 

iv. In terms of flashpoint, biodiesel samples from waste cooking oil and CPO at time 120 minutes 
are better, 176 °C respectively.  

v. The comparison of 9 samples shows that CPO is the better biodiesel than the other due to the 
physical properties of kinematic viscosity, density and flashpoint. 
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