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Abstract 
 
Currently, the biodiesel production technology is moving toward the trend of non-catalytic reaction under subcritical condition as the 
conventional non-catalytic transesterification requires high energy input and high production cost. Hence, non-catalytic biodiesel produc-
tion under subcritical condition using microwave energy is proposed. Before that, thermogravimetric analysis (TGA) was conducted to 

characterize the biodiesel feedstock and determine the suitable experimental temperature range for the proposed method. Besides, the 
thermal behavior of the palm oil and biodiesel at different stages of reaction was also investigated. The results showed that the palm oil and 
biodiesel were started to degrade from 335ºC and 160ºC respectively. However, the degradation point of palm oil was higher than the 
supercritical temperature of DMC. So, external energy is needed to bring down the operating condition, such as microwave energy as it has 
potential to reduce the activation energy. To further eliminate the problem of biodiesel thermal degradation during the transesterification 
process, the suggested experimental temperature range is within 80ºC to 180ºC, which is from the temperature lower than the boiling point 
of DMC (<90ºC) to the temperature slightly higher than the biodiesel thermal degradation point. Furthermore, DSC result indicated that 
palm oil requires 518.35kJ/mol to decompose.  

 
Keywords: Differential scanning calorimetry (DSC); Microwave-assisted reaction; Non-catalytic transesterification; Palm oil; Thermogravimetric analysis 

(TGA) 

 

1. Introduction 

Climate change, including temperature risings, erratic weather and 
glaciers melting, has been witnessed in the last 30 years due to the 
increasing of greenhouse gas (GHG) emissions. Studies shown that 
GHG emission is highly dependent on the burning of fossil fuels, 
and so, exploring of alternative renewable energies is necessary in 
order to meet the global warming targets [1]. Besides, the amount 
of fossil fuels is limited on the Earth and their formation took 
hundreds of millions years. Nevertheless, 80% of the current global 

energy requirements are dependent on them and as a results, large 
percentage of total amount of fossil fuels formed has been exploited 
in just a few recent centuries.  
In order to scale down the dependency on fossil fuels, biodiesel has 
been introduced as the alternative renewable liquid fuel. Biodiesel 
is a biodegradable and non-toxic fuel that produce less harmful 
gaseous emission into the environment. It has the potential to re-
place the petroleum-based diesel as both of them consist of similar 

fuel properties [2]. Since most of the industrial areas and trans-
portation require liquid fuel to function the machinery and engines, 
hence, biodiesel should be more emphasized. Transesterification is 
one of the widely-used biodiesel production method. Nevertheless, 
the oil-to-biodiesel conversion technology exist inefficiencies, 
which results in high production cost [3]. 
Hence, numerous researches have been conducted to enhance the 
biodiesel production process [4–7]. Non-catalytic 

transesterification under subcritical condition is the current trend as 
it shows the possibility to produce biodiesel in a greener and 
less-complicated way [8]. This is because it consists of high 

adaptability to the cheaper feedstock, which usually consists of 
high free fatty acid (FFA) and water content. Moreover, this tech-
nology does not require complicated pre-treatment and downstream 
process.  
To the best of found knowledge, the implementation of microwave 
technology into non-catalytic transesterification under subcritical 
condition has never been explored. Microwave processing is one of 
the well-known green technology that able to enhance the chemical 

reactions and produce cleaner product. In addition, micro-
wave-assisted reaction allowed low energy consumption and 
process intensification as the results of selective heating and reac-
tion acceleration. These unique phenomenon observed could be 
explicated by the thermal and non-thermal microwave effects [8, 
9]. Moreover, to further increase the economic viability of biodiesel 
production, dimethyl carbonate (DMC) has been suggested to 
replace the conventional methanol as DMC is a green solvent with 

better miscibility properties, and the DMC-mediated transesterifi-
cation process will produce higher value-added by-products, glyc-
erol carbonate, instead of the waste glycerol.  
Before conducting the proposed non-catalytic biodiesel production 
under subcritical condition using microwave-assisted reaction, 
thermogravimetric analysis (TGA) should be conducted to identify 
and characterize the biodiesel feedstock. Besides giving fast as-
sessment, this thermal analytical method requires only a small 

amount of sample size. Thus, it is a preferred and accepted method 
to determine the thermal behaviour or properties of a material. 
Moreover, TGA is important to find the suitable experimental 
temperature range for a non-catalytic transesterification reaction as 
no catalyst is used during the reaction [10].  
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In this study, the biodiesel feedstock chosen is palm oil. Malaysia is 
the second largest world palm oil producer, and hence, palm oil will 
be a good suggestion for studying the biodiesel production tech-
nology in Malaysia. In short, this paper presents the results of 
thermogravimetric analysis (TGA) for palm oil. Besides, the TGA 
of palm oil and biodiesel with different percentages were also 
performed to study the thermal behavior of the palm oil and bio-
diesel at different stages during the reaction process. Moreover, 

another thermal analysis, differential scanning calorimetry (DSC) 
was conducted to determine the physicochemical transformations 
happening when heating up. It is a useful tool in fats and oils areas, 
especially in quality control and development of new fat and oil 
product. 

2. Methodology 

2.1. Materials 

The palm oil and biodiesel used in this project were obtained from 
the local supplier. 

2.2. TGA of Palm Oil and Biodiesel Blend at Different 

Ratio 

Firstly, the fresh palm oil and biodiesel was mixed at different ratio 
(v/v %). Then, the thermogravimetric analysis (TGA) of the sam-
ples with different percentages were performed with a Mettler 
Toledo TGA/SDTA851e. In the TGA experiment, appropriate 
amount of sample was placed into a 100 µl alumina crucible and 
then put on a crucible holder inside the furnace. Next, the sample 
was heated from 30 ºC to 700 ºC at a heating rate of 15 ºC/min. The 

sample mass was measured by the thermobalance in the instrument 
throughout the experiments. For all experiments, nitrogen, N2, was 
used as an inert carrier gas with a flow rate of 100 ml/min. Besides, 
the TGA tests were performed in triplicates to ensure reproduci-
bility.     

2.3. DSC of Palm Oil  

The DSC experiments of the fresh palm oil, however was per-
formed with a Mettler Toledo DSC823e. The sample was firstly 

placed into a 40µl aluminium crucible and weighted with a digital 
balance before putting it into the equipment. Then, the heat capacity 
was tracked as changes in the heat flow to heat the sample from 
25ºC to 600ºC at a heating rate of 15ºC/min. Nitrogen, N2 was used 
as an inert carrier gas with a flow rate of 100 ml/min and the tests 
were performed in triplicates to ensure reproducibility.     

3. Results and Discussions 

3.1. TGA of Palm Oil and Biodiesel Blend at Different 

Ratio 

The thermogravimetric data obtained in this experiment were ex-
pressed graphically as TG curve (see Figure 1). In order to differ-

entiate the thermal decomposition effectively and clearly identify 
the individual mass change steps, the differential thermogram 
(DTG) was plotted and shown in in Figure 2. The error bar was 
eliminated in the thermogram since negligible experimental devia-
tions were observed.  
For the ease of comparison, the TGA result of palm oil was dis-
played as 0% biodiesel in Figure 1. Based on the results, the ther-
mal degradation of palm oil and pure biodiesel happened in a single 

step reaction [11]. Nevertheless, the biodiesel at 20% to 80% in-
volve two step decomposition, similar with the result reported by 
Roschat [12]. The onset temperature, Ton of every samples were 
determined by intercepting the tangent line of the inflection point 
with the extrapolated horizontal baseline at 1% degradation. Then, 

the values were recorded in Table 1. Note that the actual degrada-
tion is always initialized at the temperature below Ton [13]. For 
example, the palm oil was thermally stable up to ~335°C and the 
pure biodiesel started to degrade at ~160°C. However, this tem-
perature value is less reliable compared to the Ton in describing as 
the initial thermal decomposition temperature.  

 
Fig. 1: TG curve of palm oil and biodiesel at different blend ratio 

 

 
Fig. 2: DTG curve of palm oil and biodiesel 

 

Table 1: Summary of the TGA results 

Samples 
Onset Temperature, Ton (ºC) 

Methyl Ester (Biodiesel) Palm Oil 

0% biodiesel (palm oil) - 401.63 

20% biodiesel 320.81 425.75 

40% biodiesel 291.16 403.55 

60% biodiesel 271.68 383.97 

80% biodiesel 253.00 364.78 

100% biodiesel 236.39 - 

Palm oil is made up of triglycerides and the main component of the 

triglyceride is fatty acids. At ~335ºC, the mass decay observed can 
be explained by the direct bond dissociation of these fatty acids. 
The boiling point of the palm oil cannot be determined in this case 
as the direct bond dissociation of fatty acids is predominantly 
occurred, rather than the evaporation of triglycerides. The single 
step thermal decomposition of pure biodiesel, however, can be 
explained by the mass loss of methyl ester compounds. Hence, the 
TGA results of sample with 20% to 80% biodiesel are reasonable as 
they are the combination of pure biodiesel and palm oil and so, 

involve two-step decomposition reaction. These results clearly 
show the thermal behaviour of the possible product in this study at 
different stages during the transesterification process. Besides, it 
can be observed that the thermal stability of the sample decreased 
as the biodiesel percentage increased. This might be due to the bond 
dissociation energy requirement for biodiesel (methyl ester) is 
lower compared to palm oil. Thus, as the biodiesel percentage 
increases, the initial thermal decomposition temperature decrease. 

It is believed that the direct bond dissociation of triglyceride is 
important for a non-catalytic process, as the transesterification 
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process is normally initiated by the bond dissociation of fatty acids 
before entering the substitution stage of two reagents [14, 15]. In 
other words, the transesterification process is achievable without 
the presence of catalysts if conventionally heat up the palm oil to 
~400ºC. Besides, the reaction rate increase as the temperature 
increase, based on Arrhenius Equation. Theoretically, the tem-
perature should as high as possible to overcome the activation 
energy more easily and at the same time, reduce the reaction time. 

However, it is advised that the temperature should not beyond the 
maximum degradation temperature of palm oil as it is not suitable 
to produce high biodiesel yield [16]. Jung et al. [17] studied the 
thermally-induced non-catalytic transesterification for biodiesel 
production from coconut oil with the presence of biochar as porous 
media. In their study, the yields of fatty acid methyl esters (FAMEs) 
and fatty acid ethyl esters (FAEEs) were 71% and 87% and were 
obtained at 365°C and 380°C respectively, which was lower than 

the inflection point of the coconut oil in their TGA experiment. 
Moreover, Figure 2 shows that the inflection point of palm oil and 
pure biodiesel located at 435.59°C and 274.18°C with a maximum 
degradation rate of 0.2804/min and 0.29486/min correspondingly. 
After the decomposition step, the flattening curves indicates that 
there is no further conversion occurred as the temperature in-
creased.  
In short, the temperature range used to investigate the optimal 

condition for the non-catalytic biodiesel production should lower 
than the thermal degradation temperature of palm oil, ~400°C. To 
avoid any thermal decomposition of the biodiesel formed during 
the biodiesel production, the reaction temperature should be further 
decreased, lower than the onset temperature of biodiesel. The 
proposed transesterification method involves the implementation of 
microwave heating to replace the conventional heating. Some 
researches show that the microwave energy has the ability to bring 
down the activation energy and so, it is hypothesized that the 

non-catalytic transesterification can occur at a lower temperature 
[18]. Besides, it is also interesting to study the reaction process at 
the temperature below the boiling point of DMC (< 90°C). Hence, 
the suggested experimental temperature for the non-catalytic 
transesterification under subcritical condition is in the range of 
80°C to 180°C, which involves the temperature lower than the 
boiling point of DMC to the temperature slightly higher than the 
starting point of biodiesel thermal degradation (160ºC). 

3.2. DSC of Palm Oil 

The purpose of conducting DSC is to study the physical and 
chemical transitions happening in the sample. Besides plotting the 
thermogram, the DSC test reports are also summarized in Table 2. 
Based on Figure 3, there was only one endothermic reaction. It can 
be noticed that the DSC endothermic peak temperature for palm oil 
(430.41ºC) is almost similar with the TGA decomposition tem-

perature 435.59°C. The percentage difference for both analysis was 
less than 1% and hence, it can be concluded that this endothermic 
event was the thermal decomposition of the palm oil observed in 
TG and DTG curves in the previous session (refer to Figure and 
Figure). By integrating the area under the DSC curve at the re-
spective peak, the enthalpy for the palm oil, which indicates indi-
cates the energy required to decompose the sample, was calculated. 

Table 2: Summary of the DSC results 

Characteristic Palm Oil 

Onset Temperature (ºC) 424.59 

Offset Temperature (ºC) 501.99 

Peak 

 

Temperature (ºC) 430.41 

Heat flow (mW) 88.63 

Enthalpy (J/g or kJ/mol) 611.77 or 518.35 

 

 

Fig. 3: DSC thermogram of the palm oil 

4. Conclusion 

Non-catalytic transesterification of triglycerides is a ther-
mal-chemical process, in which the reaction temperature are usu-
ally very high (350-500 ºC) to accelerate the reaction since no 
catalyst is used. Although high biodiesel yield achieved within 

short reaction period and through simple reaction procedure, but the 
other side effects such as the thermal degradation of biodiesel at 
temperature more than 236 ºC has not been fully investigated. 
Hence, through the thermogravimetric analysis (TGA) of palm oil 
and biodiesel at different percentages, the thermal behavior of both 
of them can be investigated. To further eliminate this thermal 
degradation problem of biodiesel during the transesterification 
process, non-catalytic biodiesel conversion under subcritical con-
dition would be an alternative pathway to be explored. Based on the 

TGA results, the non-catalytic transesterification can be achieved 
when the palm oil is heated up to 335ºC, which is higher than the 
supercritical temperature of the dimethyl carbonate (DMC). 
However, the aim of the proposed method is to conduct the 
non-catalytic transesterification at a milder condition. Hence, it is 
concluded that an external forces/ energy is needed to bring down 
the activation energy. So, it is believed that through the imple-
mentation of microwave technology the activation energy might be 

reduced and hence, biodiesel can be produced at a lower reaction 
temperature. So, it is interesting to study the non-catalytic micro-
wave-assisted transesterification from the temperature below the 
boiling point of DMC (< 90°C) to the temperature slightly higher 
than the starting point of biodiesel thermal degradation (160 ºC). In 
a nutshell, it is suggested to conduct the experiment in the range of 
80 °C to 180 °C.  
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