RESEARCH PROGRESS IN MECHANICAL AND
MANUFACTURING ENGINEERING

e-ISSN: 2773-4765 RPMME

Vol.5 No. 1 (2024) 140-148
https://publisher.uthm.edu.my/periodicals/index.php/rpmme

Effect of Reaction Time and Temperature on Biodiesel
Production from Vegetable Oil

Asyiq Hazarith Abu Bakar?!, Nor Mazlana Main'*, Nurul Fitriah Nasir!

1 Faculty of Mechanical and Manufacturing Engineering, Universiti Tun Hussien Onn Malaysia, 86400 Parit Raja,

Batu Pahat, Johor, Malaysia

*Corresponding Author: mazlana@uthm.edu.my
DOI: https://doi.org/10.30880/rpmme.2024.05.01.016

Article Info

Received: 31 January 2024
Accepted: 03 June 2024

Available online: 15 September 2024

Keywords

Biodiesel, Corn Oil, Yield, Density,
Kinetic Viscosity, F-TIR, Temperature,
Reaction Time

Abstract

An alternative fuel made from renewable resources such as leftover
cooking oil, vegetable oils, and animal fats is called biodiesel. With the
world's population growing and the need for diesel fuel rising, the
search for alternative fuels is becoming increasingly important. The
process used in this study's experiment is turning corn oil into
biodiesel. Sodium hydroxide (NaOH) was chosen as the catalyst, and
methanol was utilised as the alcohol. This project aims to analyze the
properties blended in biodiesel, such as yield percentages, density,
kinetic viscosity, and F-TIR spectrum, according to different conditions
of reaction time and reaction temperature. Reaction time took 1 and 2
hours through different temperatures, 50 °C and 60 °C to produce 4
samples each. Ingredients to make analyzed biodiesel in this experiment
were 400 ml of corn oil, 101.97 ml of methanol, and 2.79 g of sodium
hydroxide (NaOH). 4 samples were produced in analysis determination.
Sample 1 was done under 1 h and 50 °C, sample 2 was done under 1 h
and 60 °C, while sample 4 was done under 2 h and 50 °C. Lastly, sample
4 was done under 2 h and 60 °C. The best result sample biodiesel yield
was sample 3 out of all samples produced using a 2-hour reaction time
at 50 °C. In the meantime, the density of each sample produced is about
the same, and the kinematic viscosity increases with temperature over
the course of two hours of reaction time. Consequently, it is discovered
that as the temperature rises, the yield decreases with each reaction
time. The best sample in terms of kinetic viscosity is sample 1.
Nonetheless, the goal of producing a percentage of biodiesel production
between 72% and 75% was accomplished. Hence, this study can
improve renewable energy with less hydrocarbon emissions for a
healthy future.

1. Introduction

One renewable energy source is biodiesel, which is made from non-edible oil, vegetable oil, and animal fats. The
creation of liquid fuels from renewable sources has received increased attention lately, and biodiesel has been
proposed as one of those fuels because of its potential to be produced in a carbon-neutral manner. The
manufacture of liquid fuels from renewable sources has received increased attention lately, and biodiesel has
been proposed as one of those fuels because of its potential for carbon-neutral production [1]. Since biodiesel is
oxygenated, the gases it releases during burning are virtually the same gases the plant absorbed from the

tmosphere during its growth it is recommended that diesel derived from petroleum be replaced with it. By
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trans esterifying vegetable or animal fat with alcohol such as methanol or ethanol in a batch process, biodiesel is
created. It is renewable, biodegradable, and favorable to the environment [2].

In this study, biodiesel was created by the transesterification method utilizing corn oil combined with alcohol
and NaOH as a catalyst through 4 different conditions, which are 1 and 2 hours for each 50 and 60 °C. A
researcher completed a transesterification procedure in six hours, aside from that. On the other hand, biodiesel
dissolves slowly and its yield percentage decreases over time [3]. If transesterification is done under high-
temperature values, saponification is enhanced, lowering the yield of biodiesel [9]. Consequently, the
characteristics of the biodiesel were investigated after the reaction time was reduced from six hours to one or
two hours. The purpose of this research is to investigate the properties of density, kinetic viscosity, yield
percentage and biodiesel F-TIR spectrum.

The reaction time studied for alkali transesterification at different time intervals ranging from 0.5-6 hours
revealed that about 2 hours of reaction was sufficient for the completion of the alkali transesterification process
and optimum conversion of palm olein vegetable oil to biodiesel (about 80%) [3]. Numerous studies have shown
that reaction times are invariably connected to the synthesis of biodiesel. Put another way, the amount of
biodiesel produced increases with reaction time. However, a two-hour response period yields the highest
amount of biodiesel. This tendency is linked to the production of more soap during longer reaction times during
the production of biodiesel. The reversibility of the transesterification reaction, which facilitates the reaction
between methanol and glycerol to produce soap, is the source of soap creation [11].

2. Materials

Daisy corn oil is purchased from a nearby supermarket that works as a raw material. Next, the chosen methanol
as the solvent in the oil assists in the breakdown of the base catalyst. 0.75wt.% of NaOH and drops of acetic acids
were used as a catalyst and neutralizer. Alcohol and catalyst were supplied by the UTHM Faculty Fuel
Laboratory. Biodiesel that was produced had been calculated through the 6:1 alcohol-to-oil conversion ratio.
Table 2 presents the material description relative molecular mass and density of raw oil and alcohol and Figure
1 displays the Daisy Corn Oil as the raw material.

Table 1 Material description

Process condition Values
Relative Molecular Mass Corn Oil 885.48 g/mol
Relative Molecular Mass Methanol 32.04 g/mol
Density of Corn Oil 0.93 g/mol
Density of Methanol 0.79 g/mol

Fig. 1 Daisy Corn Oil
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2.1 Experimental Design

This project describes in detail the process settings that include the dilution of the alcohol-catalyst combination,
the transesterification process, the separation process, the filtering and purification steps, and the analysis test
for the qualities of biodiesel. There were 4 samples produced at the end. Sample 1 was done under 1 h and 50 °C,
sample 2 was done under 1 h and 60 °C, while sample 4 was done under 2 h and 50 °C. Lastly, sample 4 was
done under 2 h and 60 °C. Two distinct temperatures were employed in the transesterification process: 50 °C
and 60 °C. One- and two-hour increments of reaction times were recorded for each temperature, and the mixing
rate remained constant at 600 rpm during the whole procedure. By the project's conclusion, four viable samples
had been produced. The yield %, F-TIR (Perkin Elmer Spectrum 100, UK), density at 15 °C, and kinematic
viscosity at 40 °C were all measured and examined for this biodiesel. Every detail about the chemical substance
and parameter that was used was written, as seen in Table 2.

Table 2 Transesterification process condition

Process condition Values
Corn oil, (ml) 400 ml
Methanol (ml) 101.97 ml
Sodium Hydroxide (NaOH), (g) 2.792¢g
Reaction time, (h) 1h, 2h
Reaction temperature, (°C) 50°C, 60 °C
Rate of mixing 600 rpm

2.2 Preparation of Alcohol-Catalyst Mixture

Alcohol, catalyst, and unrefined vegetable oil were combined to create biodiesel at a consistent temperature,
mixing rate, and reaction time. Methanol was the alcohol of choice for this experiment. NaOH was the catalyst
utilized in this experimental transesterification to create biodiesel. First, 101.97 ml of methanol is put into a
beaker. Next, using an electronic weighing scale, weigh a tiny beaker of sodium hydroxide (NaOH) at
approximately 2.792 g. Stir the methanol at 600 rpm while diluting the NaOH once heated to between 40 and 45
°C.

2.3 Transesterification Process of Corn Oil and Alcohol-Catalyst Mixture

Firstly, fill a pot with pipe water and heat on a hot magnetic plate. The three-neck flask is placed inside the filled
water pot such that the flask's base touches the pot's base. So that the magnetic stirrer can easily spin smoothly
inside. Subsequently, the condenser is affixed to the center of the flask with three necks, and the rubber pipe is
linked to the water flow both in and out. A condenser was used to maintain the pressure inside the three-neck
flask and avoid water vapor and explosion. Three-neck flask and condenser must be clamped perfectly to the
retort stand to avoid fall issues. Next, add 400ml of corn oil inside the three-neck flask and started to heat the oil
until it gets 50 °C at first sample. Other than that, the second hole of the three-neck flask must be shut with a
cork and thermometer to control the temperature. The corn oil must be heated slowly by regulating the hot plate
knobs. The corn oil is stirred under 600 rpm conditions. As the corn oil was heated to 50 °C, pour the alcohol-
catalyst mixture into the hot corn oil and start the 1-hour timer as it is the first sample. Figure 2 indicates the
transesterification process with the complete apparatus.
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Fig. 2 Complete apparatus transesterification process

2.4 Phase Separation of Biodiesel

Following the transesterification procedure, the ester needs to be let to cool in a beaker for approximately five
minutes after pouring the three-neck flask through the third hole. The observation's result is that two layers are
visible in the beaker when the ester cools down after five minutes. After that, transfer the ester mixture into a
separation funnel and leave it there for a night to separate. The separation is complete after a night. It is possible
to draw conclusions from the observation that two layers were formed inside the separating funnel. Glycerol is
the bottom product while biodiesel is the top product. The primary goal is understanding how biodiesel is made
and glycerol is discarded.

2.5 Filter Biodiesel Product

In addition to methyl ester, biodiesel also contains a lot of other products such excess methanol, water,
hydrocarbons, excess NaOH, and glycerin. Biodiesel with high levels of excess content needs to be filtered using
standard grade quantitative filter paper with a radius circle of 15 mm. The purpose of a biodiesel filter is to
remove superfluous material from the fuel.

2.6 Purification

After testing all four samples, the pH values ranged from 8 to 9. It indicates that the biodiesel was alkaline before
neutralization. The biodiesel needs to be neutralized in order to get its pH down to 7, which can be achieved by
mixing it with distilled water and one to three drops of acetic acid. Measure 400 ml of distilled water into a
beaker, then add one to three drops of acetic acid.

The neutralized step involved adding acidic distilled water to the biodiesel after it had been poured into a one-
liter beaker and gently stirred. After that, pour once more into the separation funnel to let the water and
biodiesel separate for about a minute. After that, discard the acidic distilled water that has formed at the bottom
of the product. Reintroduce the biodiesel into the beaker lastly. If the pH of the biodiesel was still alkaline, the
neutralization procedure was repeated a second time.

When the neutralization procedure is complete, a pH test must be performed to ensure the pH is 7. Warm
distilled water must be used twice to wash neutral biodiesel. The distilled water should first be heated to 50 °C
before being poured into a one-liter beaker. To remove extra methanol and excess acid, softly swirl and pour.
Biodiesel has to be cleaned till the distilled water becomes transparent.
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Biodiesel still has surplus content that needs to be removed after washing. The final stage in biodiesel
processing is drying. By applying a lot of heat and keeping the temperature at 101 °C for an hour, excess content
in biodiesel can be eliminated.

2.7 Determination of Biodiesel Properties

Testing the qualities of the biodiesel was done to ascertain whether the production of biodiesel was
accomplished and whether it complies with international standards. Fourier Transform Infrared Spectroscopy
(F-TIR), flash point, kinematic viscosity, and density at 15°C are used to analyze the biodiesel. The international
biodiesel standard was compared to determine the density and kinetic viscosity of the sample. In order to obtain
averages for more accurate values, each property was performed twice.

3. Result and Discussion

3.1 Determination of Density at 15 °C

The difference between the pycnometer's initial and final weights yields the density value. The weight in (g/cm3)
is the total difference between the pycnometer's starting and final weights. In general, one can alter a condition's
temperature or pressure to alter the density value. Density values will rise in response to pressure increases. In
order to prevent losses in this experiment, it is then recommended to adjust the temperature to 15 °C. This
serves as a reference point for density testing. The outcome is acquired by weighing the biodiesel using a
pycnometer to determine how much biodiesel was created. Table 3 displays the outcome. The density of the
product falls between 0.8878 g/cm3and 0.8799 g/cm3. Nonetheless, in accordance with the international EN ISO
12185 and EN ISO 3675 standards. The value's density should be between 860 and 900 g/cm3. The density data
for each production biodiesel sample is presented in Table 3 and is compared to the international standards EN
ISO 3675 and EN ISO 12185. The density bared graph in Figure 3 initially increases when reaction time and
temperature increase.

Table 3 Data collected for density for each sample
Sample  Density (kg/cm3) Density, EN ISO 3675
EN IS0 12185 (kg/cm3)

1 878
2 889 860 to 900
3 878
4 879
8500
8880
8EG0
= 8840
5
R
=
G BBOO 8780 8788
a

B7B0

B760

B740

B720

Samples

Density (gfcm3)

Fig. 3 Density against sample graph

First, the precise characteristics needed to produce biodiesel are displayed in Table 1. Every sample was
assembled using the worldwide EN ISO 12185 and EN ISO 3675 standards. It can be said that every sample met
the density standard. Every sample displays a density that is nearly identical to 0.88 g/cm3. With reference to
the graph shown in Figure 1, Sample 3 had the lowest density of the four samples. Previous study indicates that
a decreased density can lead to an increase in fuel consumption. This indicates that biodiesel is more efficient if
the density value is near 860 kg/cm3 [4]. Upon closer inspection, the graphic illustrates that density increases
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with temperature and reaction time. The biodiesel analysis done by the previous researcher was a little bit
different. According to Rusdianasari, who produced biodiesel from leftover cooking oil, the density decreases
with increasing reaction temperature [5]. Apart from that, the graph shows that a greater density value
corresponds with a longer reaction time during transesterification. When compared to the other reaction times
used here, the results obtained with Lakshmana, a previous researcher, are remarkably different; a satisfactory
outcome was obtained with the 120-minute reaction time. Stated differently, the yields of biodiesel rise and the
amount generated decreases as the reaction time grows for higher and lower alcohol concentrations [6].

3.2 Result of Kinetic Viscosity at 40 °C

The EN ISO 3104 standard is an international standard used to analyze kinetic viscosity. The kinematic viscosity
values of all the samples taken throughout the experiment are displayed in Table 4. The collected statistics were
compared to the EN ISO 3104 international standard. This comparison demonstrates that the kinematic viscosity
of every sample was found to be successful. The worldwide EN ISO 3104 standards for kinematic viscosity
specified a standard range of 3.5 mm2/s to 5 mmz2/s. The data gathered for kinetic viscosity is displayed in
Table 4 and is contrasted with the worldwide EN ISO 3104 standards. The kinetic viscosity bared graph against
samples is shown in Figure 4. The kinetic viscosity bared graph versus samples is displayed in Figure 3.

Table 4 The data collected for kinetic viscosity

Sample  Kinetic Viscosity Kinetic Viscosity
at °C (mm3/s) ENISO 3104 (mm3/s)
1 4.0
2 3.6 3.50to 5.00
3 3.5
4 3.6
41
4
4
ER]
COEX:
E
E 37
g‘ 3.6
b 3.5
o 35
g
% 34
33
3.2
1 2 3 4
Sample
E Kinetic
Viscosity at 40°C

Fig. 4 Kinetic viscosity against sample graph

Kinetic viscosity was measured using thermal analysis at 40 °C. The sample with the highest kinetic viscosity
value, measured at 50 °C for one hour, was the first to be recorded. According to an earlier study, the biodiesel
product produced will be less viscous with the higher reaction temperature [5].

Therefore, given that biodiesel yields the same statistics, it can be concluded that cooking oil waste is a typical
phase. Sample 3 exhibits the lowest value of kinetic viscosity, with a reaction time of 1 hour at 50°C. Overall, the
kinetic viscosity of the sample with a 1-hour reaction time is lower than that of the sample with a 2-hour
reaction time, which is operating at the same level. The graph can also show that sample 1 had the best kinetic
viscosity value for biodiesel. According to the findings of other researchers, high-viscosity biodiesel fuels may
cause larger droplets to form during injection, which may reduce fuel atomization and increase spray angle and
tip penetration, ultimately leading to poor combustion [7]. One clear factor influencing the kinetic viscosity
values was the temperature at 40 °C. In general, viscosity drops as temperature rises. While temperature tends
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to decrease the viscosity of biodiesel, different feedstocks may have varying relationships with temperature and
viscosity [8].

3.3 Result of Yield Percentage

Each percentage of yield that varies with reaction time and temperature will be assessed once the biodiesel yield
has been determined. The percentage of each sample with a different condition is displayed in Table 5. The
graph of the biodiesel yield percentage for each sample is displayed in Figure 5.

Table 5 The percentage of each sample
Sample Yield Percentage (%)
1 74.34
2 69.25
3 74.54
4 72.20

73 74.34 7454

74

73
722

72
71
70

69.25
69

YEILD PERCENTAGE (%)

68

67

66

SAMPLE

Percentage (%)

Fig. 5 Yield percentage against graph

All things considered, the observation on the bared graph displays four samples under four distinct conditions.
Samples 1 through 4 produced 74.34%, 69.25%, and 72.20% of biodiesel respectively. Samples 3 and 4
produced nearly identical amounts of biodiesel, 74.54% and 72.20%, respectively, to sample 1. Accordingly,
sample 3 yields the highest percentage at 50 °C and 2 hours. The bared graph indicates that the sample heated to
50 °C had a greater yield percentage while the sample heated to a higher temperature had a lower yield
percentage. Additionally, it displays the proportion of yield that rises at lower temperatures and longer response
times. According to a prior study, a longer mixing time yields a higher yield than a shorter one. Therefore,
utilizing fried oil and methanol, 120 minutes of reaction time yielded good results compared to other reaction
times used [6]. Secondly, producing biodiesel at a higher temperature can result in lower biodiesel production.
According to Leung's previous research, a study employing 60 °C and a two-hour reaction period found that high
temperature values can promote saponification, which can reduce the biodiesel output [9]. Other than that, the
yield will be optimized when using the temperature reaction is under the boiling point of alcohol which is 50°C
and below to avoid vaporization [9].

3.4 Result of Fourier Transform Infrared Spectroscopy (F-TIR)

Materials' chemical composition can be identified and characterized with the help of analytical techniques like
Fourier Transform Infrared Spectroscopy. Its working theory is that various substances each have their own
"fingerprint" that is created by the way molecules absorb different frequencies of infrared light. Chemical
composition, forensic analysis, material analysis, and quality control can all be ascertained with F-TIR. Apart
from that, an organic compound's chemical bonds and content are displayed using F-TIR. The spectra of each
present molecule can also be presented via F-TIR. The transmittance spectrums of the four samples are mixed
with the raw maize oil spectra in Figure 6. Additionally, it demonstrates that the contents of raw corn oil and the
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four other samples are nearly same. However, following the transesterification process, biodiesel has greater
excess content due to the creation of bonds, methylene, and other compounds. Through Table 6, the compound
and bonds are shown by the numbered labels.
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Fig. 6 Spectrum of all 4 sample with raw corn oil
Table 6 The classification of element follows the frequency of range biodiesel
Label Frequency Range (cm1) Group Compound Class
1 2880 - 2900 CH Benzene, Alkene group
2 2652 - 2972 C-CH3 Propene, Alkene group
3 1700 - 1900 C=0 stretching Ethyl ethanoate, methyl group
4 1405 - 1465 CH2 Alkane, methyl group
5 1175-1275 C-0-C Cyclic olefin, Ester group
6 885 - 895 C=CH2 Propidine

Figure 6 presents that two methyl groups C=0 and CH2 have been isolated through the use of methanol and
triglycerides, which stretch between 1700 and 1405 cm-l. Because of the C=0 were stretching vibration of the
carbonyl groups present in esters and triglycerides, this strong peak was situated at C=0 and CH2. Then, a peak
between 2880 and 2900 cm'! demonstrates the symmetric and antisymmetric stretching vibrations of the
groups CH, CH2, and CH3, respectively. On the other hand, the ester group bond exhibits the compound class of
ester when stretched between 1175 and 1275 cm L. It is certain that the ester bond is present in the biodiesel's
composition. Lastly, there is an alcohol detected at 2500 - 3200 cm! with OH group and the compound class is
alcohol. Last but not least, the spectrum result from F-TIR analysis was be verified along [10]. It is found that
it was discovered that every ingredient in the experiment existed, although the graph's trend varied [10]. This
could be the result of various factors, such as the use of distinct techniques to identify the elements present in
methyl ester, NaOH, and methanol.

4 Conclusion

Methanol was used as the excess reactant in the transesterification process of corn oil, while NaOH was used as a
catalyst. Nonetheless, the goal of producing a percentage of biodiesel production between 72% and 75% was
accomplished. Since the biodiesel production results closely adheres to the international standard, it can be
approved within the given reaction time and temperature range. Overall, sample 3 had the highest biodiesel
yield of the samples mentioned. For the density analysis, it was found that sample 3 is the best choice for the
density value because the value is near 860 kg/cm3. It shows that the lowest value of density is the best
properties for ideal biodiesel quality. Then, the best value for kinetic viscosity is the highest one, which was
sample 1 because it has the highest value of kinetic viscosity value. Therefore, a 2-hour reaction time at
50°C was the optimal
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parameter that could be optimized for the production of biodiesel. Hence, this study can improve renewable
energy with less hydrocarbon emissions for a healthy future.

Acknowledgement

The authors express their gratitude to the Faculty of Mechanical and Manufacturing Engineering, Universiti Tun
Hussein Onn Malaysia (UTHM) for its administrative and technical support.

References

[1] Diesel, R. (1912). The diesel oil-engine and its industrial importance particularly for Great Britain.
Proceedings of the institution of mechanical Engineers, part 1-2, pp. 179-280.

[2] Cetinkaya, M., Ulusoy, Y., Tekin, Y., & Karaosmanoglu, F. (2005). Engine and winter road test performances
of used cooking. Energy Conversion and Management, 46(7-8), pp. 1279-1291.

[3] Daniyan, I. A, Adeodu A. 0., Dada, O. M., & Adewumi D. F. (2015). Effects of reaction time on biodiesel yield.
J. Bioprocessing and Chemical Engineering. V312. DOI: 10.15297 /JBCE.V312.01.

[4] Petrovic, A, Vozarova, V., Csillag, |., & Bilcik, M. (2019). Effect of Temperature and Blending on Biodiesel
Density, Journal on Processing and Energy in Agriculture 23, Department of Physics, Slovak University of
Agriculture in Nitra: Ana PETROVIC. (pp. 69-72).

[5] Rusdianasari, R.S.P., & Bow, Y. (2020). Temperature effect on the biodiesel quality from waste cooking oil
by induction heating. Journal of Physics: Conference Series, 1450(1):012003. https://doi.org/10.1088/1742-
6596/1450/1/012003.

[6] Ramavathu, L., Naik, L., Radhika, N., Sravani, K., Hareesha, A., Mohanakumari, B., & Bhavanasindhu, K.
(2015). Optimized parameters for production of biodiesel from fried oil optimized parameters for
production of biodiesel from fried oil. International Advanced Research Journal in Science, Engineering and
Technology, 2(6), 23. https://doi.org/10.17148 /IARJSET.2015.2615.

[71 Nie, Z, Lj, F., Sui, M., Wang, Shuang, Han, G., & Liu, Z. (2018). Effect of temperature on the kinematic
viscosity of biodiesel fuels. 2nd International Conference on Advance in Energy, Environment and Chemical
Science. (Advances in Engineering Research, volume 155) (pp. 52-57) Atlantis Press.

[8] Hoang A.T., Nguyen V.T., (2017). Emission characteristics of a diesel engine fueled with preheated
vegetable oil and biodiesel. Philippine, ], Sci, 146(4):475-482.

[9] LeungD.Y. X. Wu, & Leung, M. K. H. (2012). A review on biodiesel production using catalyzed
transesterification, Appl. Energy, vol. 87(4), pp- 1083-1095.

[10] Al C. H,, Asif, A. H,, Igbal, T, & Qureshi, A. S. (2018). Improved transesterification of waste cooking oil into
biodiesel using calcined goat bone asa catalyst. Energy Sources, Part A: Recovery Utilization and

Environmental Effects, 40(9), 1076-1083. website: https://doi.org/10.1080/15567036.2018.1469691.

[11] Hasan, M. etal,, (2016) Study on physicochemical properties of edible oils available in Bangladeshi local
market. Archives of Current Research International, 6 (1), 1-6, https://doi.org/10.9734/acri/2016/29464.

Penerbit
UTHM


https://doi.org/10.17148/IARJSET.2015.2615

