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This study investigates the effect of time and catalyst type on the extraction yield and
lipid quality of biodiesel feedstock from marine microalgae Nannochloropsis oculata
using the in-situ transesterification method with Microwave Assisted Extraction (MAE).
The increasing human population has led to a higher demand for fuel, which is not
proportional to the availability of fuel resources, making fuel shortages inevitable. One
solution to reduce dependency on fossil fuels is to develop environmentally friendly
alternative fuels, such as biodiesel. Biodiesel, derived from plant oils or animal fats, has
properties similar to diesel oil. Among Indonesia's vast natural resources, microalgae
have significant potential as an alternative raw material for biodiesel production, with
Nannochloropsis oculata containing 31-68% lipids. This research explores the
transesterification reaction of microalgae oil and methanol using H2SO4 and KOH
catalysts, with reaction times of 40, 60, and 80 minutes. The lipid extraction process
utilizes MAE, which involves both esterification and transesterification to yield crude
biodiesel. Subsequent filtration separates the biodiesel from the formed glycerol. The
study aims to determine the extraction yield, Fatty Acid Methyl Ester (FAME)
composition, microalgae morphology, and biodiesel quality through % yield calculation,
GC-MS analysis, SEM-EDS morphological analysis, and various SNI quality tests. Results
indicate that the % yield of biodiesel increases with longer reaction times for both
catalysts, with H2SO4 producing higher yields than KOH at all times. GC-MS analysis
reveals that the primary FAME components using H2SO4 are methyl hexadecenoate
(30.54%) and methyl hexadecenoic (30.08%), while KOH yields are dominated by methyl
hexadecenoic (3.83%). SEM-EDS confirms the microalgae as Nannochloropsis oculata,
consistent with its cell morphology and elemental composition. SNI tests show that
H2S04 increases density with reaction time (1.0127-1.0341 g/mL), while KOH decreases
(0.8213-0.6716 g/mL), with the 40-minute KOH reaction yielding biodiesel closest to SNI
standards (0.85-0.89 g/mL). Viscosity tests for both catalysts fall within SNI ranges (2.3-
6.0), and acid numbers are well below maximum SNI limits, indicating excellent quality.
Total glycerol values for both catalysts (0.1326%-0.2318%) meet SNI 7182:2015
standards, with the highest at H2SO4 40 minutes (0.2318%) and the lowest at H2S04 60
minutes (0.1326%).

1. INTRODUCTION

availability of fuel that exists today. This has led
to a world fuel shortage that is difficult to avoid.

The number of human populations is Global energy sources are currently dominated
increasing, but it is not proportional to the by fossil fuels which are depleting over time.
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Many countries are starting to look for and test
renewable fuel alternatives to replace or
increase the supply of fossil fuels. The
development of alternative energy sources must
consider economic and ecological factors,
namely systems that are capable of producing
large amounts of energy at low cost and
minimal impact on the environment. One of the
alternatives that meets these criteria is the use
of vegetable oil as a biofuel.

In Indonesia, some of the sources of biofuel raw
materials come from palm oil, sunflower,
soybeans, jatropha and corn. However, these
materials have disadvantages such as long
harvest periods, dependence on large areas of
arable land, and the potential for increased food
prices due to competition with food needs.
Vegetable oils are generally biodegradable and
more environmentally friendly than fossil fuels.
One of the potential vegetable oils as an
alternative fuel is microalgae. Indonesia, with
its marine wealth, has great potential to develop
microalgae as an alternative energy source.

This research will focus on microalgae of the
Nannochloropsis oculata type which has a high
lipid content and can be used for biodiesel
production. This microalgae was chosen
because of its easy-to-cultivate and fast-growing
nature, as well as having a high enough lipid
content to be processed into biodiesel. This
study will explore the influence of catalyst type
and reaction time on biodiesel results obtained
from the in situ transesterification process using
the Microwave Assisted Extraction method.

This study aims to determine the amount of
yield produced, the composition of Fatty Acid
Methyl Ester (FAME) content, the morphology
of the microalgae used, and the quality of the
biodiesel produced. The tests include %yield
analysis, GC-MS analysis, morphological
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analysis using SEM-EDS, and several biodiesel
quality parameters according to SNI standards.

2. METHOD

Location and Time of Research

This research was carried out from November
2023 to April 2024 at the Integrated Laboratory
of Halu Oleo University, Kendari, Southeast
Sulawesi.

Tools and Materials
The tools used in this study include:

1.  Beakers (Iwaky Pyrex) with capacities of
50 mL, 100 mL, 250 mL, and 500 mL

2. Measuring cup (Iwaky Pyrex) with a

capacity of 25 mL

Oven (Gallencamp England)

Droplet pipette

Shaker

Vial bottles 250 mL

Stirring rod

Scales (Eksplorer Ohaus: max 210 g and

min 0.001 mg)

9. Spatula

10. Funnel

11. Petri Cups

BN oG p W

12. Knife
13. Blender
14. Sieve
15. Jars

16. Scissors

17. Magnetic stirrer

18. Vacuum pump

19. Erlenmeyer

20. Buchner Funnel

21. Separation funnel

22, Sample Bottle

23. Distillation device device

24. Microwave

25. SEM (Scanning Electron Microscope)

26. EDS (Energy Dispersive X-ray
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Spectroscopy)
27. GC-MS (Gas

Spectrometry)
The materials used in this study include:

Chromatography-Mass

Microalgae Nannochloropsis oculata
Aquades

Methanol (CH30H) 96%

N-hexane

H2S04 98%

KOH 98%

Whatman filter paper no. 40

N

Research Flow
The stages of this research are carried out by
following the following flow:

1.  Microalgae Sampling: Nannochloropsis
oculata microalgae are collected and
prepared for the extraction process.

2.  Sample Preparation: 100 grams of
microalgae powder is put into a beaker,
then 500 mL of methanol is added with a
ratio of the mass of microalgae

3. 1:5 g/mL. The mixture is homogenized
using a magnetic stirrer for 3 hours at a
speed of 300 rpm.

4. In situ transesterification wusing acid
catalysts (H2SO4): The process of in situ
transesterification with acid catalysts is
carried out to convert microalgae lipids
into biodiesel.

5. In Situ Transesterification Using Base
Catalysts (KOH): In situ transesterification
with alkaline catalysts is carried out as an
alternative to convert microalgae lipids
into biodiesel.

6. Microalgae Oil Yield: Measurement of oil
yield resulting from the extraction process
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using the Microwave Assisted Extraction
(MAE) method.

7. FAME (Fatty Acid Methyl Ester) analysis
with GC-MS: The analysis was carried out
to determine the composition of FAME in
the biodiesel produced.

8. Biodiesel Quality Test According to SNI:
The biodiesel produced is tested for quality
in accordance with SNI standards.

This research process aims to determine the
amount of yield produced, the composition of
FAME content, the morphology of microalgae
used, and the quality of biodiesel produced.

3. RESULT AND DISCUSSION

Biodiesel is a fuel that can be used as a
substitute for diesel which is a derivative ester
compound from a long chain of fatty acids.
Biodiesel is composed of mono alkyl esters from
fatty acids derived from renewable lipid sources
such as vegetable oils and animal fats, which are
used as fuel for one of the plants that can be
used as Dbiodiesel, namely microalgae.
Microalgae are living things that can
photosynthesize, microalgae only need sunlight
to grow and several other simple food sources
when compared to other biodiesel source plants,
microalgae have a fairly high growth rate and
productivity and require a relatively low land
area (Ahmad et al, 2010). The source of this
very promising biodiesel raw material is
microalgae and one of the widely studied
microalgae species is Nannochloropsis oculate
(N. oculate).

The selection of the Nannochlropsis Oculata
microalgae because it can produce oil of 46.47%
(Purnama et al, 2020), this value is quite large
when compared to other types of microalgae.
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The oil content in N. oculata is quite high,
reaching 31-68%. Its existence in nature is very
abundant and easy to cultivate en masse. The
harvest period of these microalgae is quite short
and the cost for cultivation is also relatively
cheap (Sukarni et al, 2014). The fatty acid
content of N. oculata microalgae is generally
dominated by palmitic acid (C16:0), palmitoleic
acid (C16:1) and oleic acid (C18:0), making it
suitable as a raw material for biodiesel.

The research "The Effect of Time and Catalyst
Type for Improving Extraction Yield and Quality
of Lipids as Biodiesel Raw Materials from
Marine Microalgae Nannochlropsis Oculata
Transesterification Method In Situ Microwave
Assisted Extraction" was conducted at the
Integrated UPT Lab Laboratory, Halu Oleo
University. The raw materials used are in the
form of Nannochlropsis Oculata microalgae,
which are obtained from BBAP Takalar and also
Megaplankton Jepara, Central Java. These
microalgae are used because they have a high
lipid content so they have the potential to be
used as raw materials for biodiesel.

The use of technology in the form of microwaves
in this study was chosen because of its many
advantages, in previous studies using
microwaves reported that its use is very simple
and also effective for lipid extraction. In an
effort to remove lipids contained in cells, there
needs to be a breakdown process in the cell wall,
where there is a difference between
conventional heating or using a microwave.
Conventional heating uses excess heat if you
want to get oil quickly which has an impact on
decreasing the quality of the extracted oil, while
using microwaves is utilizing heat through
electromagnetic micro waves, so that excessive
heat use is not necessary to avoid damage to the
extracted oil. In addition to relying on micro
electromagnetic waves generated by

microwaves, it is also important to use solvents
in the extraction process.

This study uses a solvent of methanol
compounds, the use of methanol has a role in
addition to functioning as an extractor, but also
as a reactant. The use of methanol as a reactant
is because methanol is a compound that tends
to be very polar because it has a hydroxyl group
(-OH) although it also has non-polar properties
because it has a methyl group (-CH3) (Lazuardi,
2016) and has a shorter alcohol chain.

The extraction results can also be affected by the
type of catalyst used, the catalyst plays a fairly
important role in improving the extraction yield
and also the quality value of the extracted oil,
besides that the use of the catalyst can allow the
reaction to continue to run under normal
operating conditions when compared to not
using a catalyst that requires high temperature
and pressure. The catalyst in this study is
divided into 2 parts, namely the H2SO4 acid
catalyst and also the KOH base catalyst.

Extraction and characteristics of
Nannochlropsis Oculata microalgae oil
using the Microwave Assisted Extraction
method

This research has been carried out microalgae
oil extraction experiments using the Microwave
Assisted Extraction (MAE) method. This MAE
method uses microwaves as its energy source, so
it has better control over temperature than
conventional heating processes. In addition,
MAE also has several advantages, including
shorter extraction time, less energy and
solvency consumption, and higher accuracy and
precision (Barqi, 2015).

In situ Transesterification Process
The first stage before going through the in situ
transesterification process, a homogenization
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process is carried out between the microalgae
Nannochlropsis Oculata and methanol with the
aim of helping to attract oil that is still trapped
in the microalgae cells. After going through the
Homogenization process, then the in situ
Transesterification process in an effort to
produce biodiesel. The in situ transesterification
process has several advantages, including that
this process can make the extraction time faster
and also reduce the use of solvents (Liu et al,
2016), so that biodiesel can be obtained more
optimally and economically and also the use of
heat is not excessive so as to avoid reducing the
quality of the biodiesel oil produced.

The mechanism of In situ transesterification
occurs as a stimulant. The oil that has been
extracted from the microalgae cells will be
directly conjugated to the form of FAME. The
use of microwaves is part of the in situ
Transesterification process which provides a
thermal effect whose source comes from
microwaves which can increase alcohol to
extract oil from biomass. The heat of microwave
radiation heats and evaporates the water on the
cell. So that the pressure on the cell wall will
increase, as a result of which the cell will
undergo swelling. The pressure pushes the cell
wall from the inside so that the cell stretches
and ruptures, the damage to the material matrix
makes it easier for the target compound to come
out and be extracted (Jain et al, 2009). The
results of transesterification showed that there
were 2 layers that did not mix with each other,
where methyl ester was in the upper layer and
the lower layer was an impurity (a mixture of
glycerol and fatty acid salts).

Effect of Reaction Time on H2S04
catalyst and KOH catalyst on Biodiesel
yield

Reaction time and also catalyst differences are
factors that have an important role in the

conversion of oil into FAME (Biodiesel)
products. In this discussion, we will show an
effect of the existence of 40, 60, and 80 minute
time variables and the use of different catalysts
between H2SO4 and KOH -catalysts aimed at
table 1.

Table 1. Effect of Reaction Time on H2S04
catalyst and KOH catalyst on Biodiesel yield.

Catalyst Time % Yield of
(Minutes) Microalgae Oil
H2S0O, 0.35 M 40 18.43
H2S504 0.35 M 60 21.67
H2S04 0.35 M 80 25.46
KOH 3% 40 10.78
KOH 3% 60 13.87
KOH 3% 80 15.23

Based on table 1, the results of the in situ
transesterification process that occurred in the
microwave on the H2SO4 catalyst with a
concentration of 0.35 M with a time variation of
40, 60 and 80 minutes at a power of 450 watts
and also on the KOH catalyst of 3%, it can be
seen from the two catalysts that produce a %
yield of biodiesel which is increasingly
accompanied by an increase in the time used.
This is due to the existence of sufficient time to
provide an adequate opportunity between the
microwave and the reaction mixture that can
produce a more optimal result of a
transesterification  reaction, but  when
comparing the yield of %biodiesel between the
use of H2SO4 acid catalyst or KOH alkaline
catalyst, the best yield value of biodiesel is
produced from the use of H2SO4 catalyst at 80
minutes with the yield value produced is 25.
46%.

Research conducted by Bhuana et al (2020)
where the highest yield of biodiesel was
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obtained at 450 watts of power and 60 minutes
reaction time, which is 65%. Meanwhile, in this
study, at a power of 450 watts and a reaction
time of 60 minutes, the yield produced was
21.67%, so that in this study the yield value of
biodiesel was lower. Factors that can affect the
low %yield value produced are because there
may be differences in the amount between the
microalgae powder and the solvent used, the
type of microalgae used and also the number of
catalyst volumes used.

Meanwhile, in the use of acid catalysts, the best
yield is produced because in the stirring
between methanol and KOH, the formation of
water as a result of the reaction between
hydroxide and alcohol is inevitable. This can
cause hydrolysis of triglycerides or ester
products produced so that soap is formed. The
results of transesterification showed that there
were 2 layers that did not mix with each other,
where methyl ester was in the upper layer and
the lower layer was an impurity (a mixture of

glycerol and fatty acid salts) (Habibi et al,
2010).

Characteristics of FAME Content of
Nannochlropsis Oculata Microalgae Oil
using GC-MS

Based on this research, after extracting and
producing microalgae oil, then FAME content
analysis was carried out wusing Gas
Chromatography (GC). The samples tested were
H2SO4 catalyst samples with a time of 80
minutes and samples with a KOH catalyst with
a time of 80 minutes. The role of the addition of
catalysts in an effort to increase the FAME
content itself has a different impact on the
FAME value produced. GC analysis aims to find
out the components contained in lipids,
especially fatty acid components and their
quantity. The GC-MS results are presented in
the figure, chromatography of microalgae oil
content with H2SO4 catalyst for 80 minutes as
seen in figure 1, while chromatography.
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Figure 1. GC-MS Results of N.Oculata Microalgae Content Acid Catalyst
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Figure 2. GC-MS Results of N.Oculata Microalgae Content KOH Catalyst

Table 2. Acid catalyst FAME content

No Peak Components Chemical Concentration
Fatty acid methyl ester (FAME)  formula (%)
1 35 Methyl octadecadienoate C19H3402 5.23%
2 37 Methyl tetradecadienoate C15H2602 1.34%
3 38 Methyl octadecadienoate C19H3402 11.49%
4 39 Methyl hexadecenoate C17H3202 30.54%
5 40 Methyl hexadecanoic C17H3402 30.08%
6 41 Methyl tetradecadienoate C15H2602 3.35%
7 43 Methyl tetradecadienoate C15H2602 2.59%
8 45 Methyl tetradecadienoate C15H2602 7.78%
Table 3. FAME content of alkaline catalysts.
Components Chemical Concentration
No. Peak Fatty acid methyl ester (FAME) formula (%)
1 35 Methyl tetradecadienoate C15H2602 0.67%
2 37 Methyl hexadecenoate C17H3202 3.06%
3 38 Methyl hexadecanoic C17H3402 3.83%

It can be seen from the table The results of the
analysis of biodiesel produced using the H2SO4
catalyst, show that this biodiesel sample
consists of eight identified FAME components.
The two main components that dominate the
composition are Methyl hexadecenoate
(C17H3202) and Methyl hexadecanoic
(C17H3402), with concentrations of 30.54%
and 30.08%, respectively. Together, these two
components account for more than 60% of the
total composition of FAME. Another significant
component is Methyl octadecadienoate
(C19H3402) which appears at two different
peaks with a total concentration of 16.72%
(5.23% + 11.49%). The dominant presence of
these C16 and C18 fatty acid esters is a common
characteristic of biodiesel derived from
vegetable oils. In addition, there were four
peaks identified as Methyl tetradecadienoate

This is an open access article under the CC BY License
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(Ci5H2602) with a total concentration of
15.06%, this component appearing at four
different peaks (37, 41, 43, and 45). The reason
for these same components appearing at
different peaks may indicate the presence of
isomers or differences in the position of their
double bonds. The diversity obtained in the
composition of FAME can affect the properties
possessed by biodiesel, such as flash point,
viscosity, and oxidation stability.

(Akhlaghi et al, 2017). In the FAME component
results from extraction using KOH, it looks like
in table 7 The components detected are Methyl
tetradecadienoate = (Ci5H2602) with a
concentration of 0.67%, Methyl hexadecenoate
(C17H3202) with a concentration of 3.06%, and
Methyl hexadecanoic (C17H3402) with the
highest concentration of 3.83%. The presence of



these three components reflects the diversity of
fatty acids in the feedstock used for biodiesel
production. Methyl hexadecanoic, which is the
methyl ester of palmitic acid, had the highest
concentration, indicating the dominance of
saturated fatty acids with 16 carbon atoms in
this sample.

The results of GC-MS analysis showed a
significant difference in the Fatty Acid Methyl
Ester (FAME) profile between biodiesel
produced using H2SO4 and KOH catalysts with
a reaction time of 80 minutes. Biodiesel
produced with the H2SO4 -catalyst shows a
more diverse FAME profile and higher
concentrations. This difference shows that the
type of catalyst has a great influence on the
efficiency of the conversion of triglycerides to
FAME and the type of FAME produced. H2S04
acid catalysts, tend to produce greater amounts
of FAME compared to alkaline catalysts such as
KOH in the transesterification process for
biodiesel production, especially when the
condition of the raw material still has a high
content of free fatty acids (FFA).

This is due to the ability of acid catalysts to
catalyze both in the process of free fatty acid
esterification reactions and in the process of
simultaneous triglyceride transesterification.
Under acidic conditions, protons from acid
catalysts can protonate carbonyl groups of free
fatty acids and triglycerides, making them more
reactive to nucleophilic attack from methanol,
thus allowing for more efficient conversion of
free fatty acids into FAME, which alkaline
catalysts cannot do because alkaline catalysts
tend to react with free fatty acids to form soaps,
which can reduce biodiesel yield (Lotero et al.,
2005). In addition, acid catalysts are more
tolerant of the presence of water that may be
present in the feedstock. Water can hydrolyze
triglycerides into free fatty acids, and if it is in

an alkaline condition it will form a soap, but if it
is in an acidic state it can still be converted to
FAME. Acid catalysts also tend to produce more
diverse FAME profiles due to their ability to
catalyze reactions in different types of fatty
acids, including those with long chains and
double bonds. Acid catalysts are effective in
converting raw materials with high FFA content
into biodiesel (Canakci and Van Gerpen, 1999)
while Marchetti and Errazu (2008) affirmed the
superiority of acid catalysts in overcoming soap
formation problems that often occur with
alkaline catalysts in low-quality raw materials.

Morphological test of Nannochlropsis
Oculata microalgae wusing Scanning
Electron Microscope (SEM)

The morphological test in this study, to
determine the certainty of the type of
nannochlopsis oculate microalgae, a Scanning
Electron Microscope (SEM) tool was used,
where this tool functions to determine the
morphology of the microalgae.

Electron Image 1

50pm

Figure 3. Morphology of N.Oculata microalgae

The result of the morphological description is as
seen in figure 16. The similarity of the
morphological picture has similarities in
research (Dedi et al, 2016) and is also seen in
research by (Bajwa, et al 2018), it has
similarities in the form of round or slightly oval
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cell shapes, very small cell sizes ranging from 2-
4um, generally smooth cell surfaces, and also
the cells are also separated from each other so
that they do not form colonies.

EDX or EDS ( Energy Dispersive X — Ray
Spectroscopy )

EDS (Energy Dispersive X — Ray Spectroscopy)
is an analysis that provides results in the form
of the composition of several elements
contained in these microalgae. The results of
EDS analysis can be seen in the figure below.

. Map Sum Spectrum

Figure 4. EDS Morphology of N.Oculata
microalgae

The results of EDS (Energy Dispersive X-Ray
Spectroscopy) analysis obtained in this study
are outlined and can be seen in table 8 showing
a diverse composition. The main elements
detected are carbon (C), oxygen (O), sodium
(Na), and chlorine (Cl), which collectively
account for about 90% of the atomic
composition. C and O have a large atomic
percentage of 25.97% and 38.66%, which are
the main organic components in microalgae
cells. The high content of Na 12.43% and Cl
13.21% indicates that the sample may have
come from a saltwater environment or the
influence of salt-containing growth media.
Magnesium (Mg) was also detected in
significant amounts of 8.02%, which is an
important component in the process of
photosynthesis. Other macronutrient elements
such as phosphorus (P), sulfur (S), and

Ot

potassium (K) were detected in smaller
amounts, 0.14%, 0.61%, and 0.31%,
respectively, indicating the presence of nucleic
acids and proteins that play a role in cell
metabolism.

The analysis also detected some micronutrients
and additional elements in small amounts.
Silicon (Si) was detected at 0.17%, which may
be related to the structure of the cell wall.
Calcium (Ca) is present at 0.31%, which can
play a role in cellular signaling. Some heavy
metals such as copper (Cu) and nickel (Ni) were
detected in very small amounts, 0.04% and
0.05%, respectively. The presence of these
elements, even in low concentrations, can affect
the metabolism and growth of microalgae. some
elements normally found in microalgae, such as
iron (Fe), were not detected in this analysis,
which may be due to the limitations of the
instrument's detection or specific growth
conditions. The presence of gallium (Ga) in
small amounts (0.03%) is unusual and may be a
contaminant.

According to a study that has been conducted
by Jiang et al (2015), EDX analysis shows that
Nannochlropsis oculata has a high content of C
and O, reflecting the composition of its organic
biomass, besides that this study also reveals the
existence of other elements such as N, P and S
that play a role in the structure of proteins and
nucleic acids. Meanwhile, Mayer et al (2017) in
Applied Sciences reported the detection of small
amounts of metals such as Mg, Ca, and Fe,
which are important for the process of
photosynthesis and cell metabolism.

Another study by Benavente-Valdés et al (2016)
in Biotechnology Reports used EDX to analyze
changes in the elemental composition of
Nannochlropsis oculata under various growth
conditions. They found that the levels of the C
or N ratio would vary depending on the
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availability of the nutrients obtained by the
Nannochlropsis oculata. From the conclusion of
some of the studies above, the results of this
study provide results that have enough
similarity in the amount of element content and
on theories related to element levels in
Nannochlropsis oculata.

Characteristics of SNI test results of
Nannochlropsis Oculata microalgae oil

Density or density indicates the ratio of the
union weight of the volume. This characteristic
relates to the calorific value and power that will
be produced by the type of diesel engine per

unit volume of fuel. The higher the density of
an object, the greater the mass in each volume.
The use of SNI in this quality test aims to
produce a good Dbiodiesel value as
predetermined, because if biodiesel has a value
at the threshold of the provisions that have been
set in SNI, then it should not be used in diesel
engines, because it will cause worse emission or
exhaust gas values, increase engine wear, and
will cause damage to the components in the
diesel engine. The results of biodiesel analysis
of microalgae with different number of catalysts
and time variations can be seen in Table 4.

Table 4. Density of biodiesel yield of N.Oculata Microalgae.

Catalyst Time (Minutes)

Density (g/ml)

40 1,0127
H2S04 60 1,0271
80 1,0341
40 0,8213
KOH 60 0,7893
80 0,6716
SNI 0,85-0,89

Based on table 9 For the H2SO4 catalyst, the
product density shows an increase in value with
increasing reaction time. At 40 minutes, the
density obtained was 1.0127 g/ml, increased to
1.0271 g/ml at 60 minutes, and reached 1.0341
g/ml at 80 minutes. All of these values are
above the range set by the SNI (0.85-0.89
g/ml). This increase in density may occur
because it indicates the presence of several
things such as the H2SO4 catalyst can cause the
final product to have a high water content or the
presence of impurities that have not been
completely separated or the formation of by-
products as the reaction time increases. On the
other hand, for the KOH catalyst, the opposite
result is obtained, where the density of the
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product decreases as the reaction time
increases. At 40 minutes, the density obtained
was 0.8213 g/ml, decreased to 0.7893 g/ml at
60 minutes, and dropped further to 0.6716 g/ml
at 80 minutes. These values are below the SNI
range, with the exception of 40 minutes which
is close to the lower limit of the standard.

Comparing the two catalysts, it can be seen that
H2SO4 produces a product with a higher
density than KOH at all reaction times. The
value of KOH is better because KOH is a strong
base. In the biodiesel transesterification
reaction, KOH helps break down triglycerides
into methyl esters (biodiesel) and glycerol more
efficiently. Strong bases tend to produce purer
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products with fewer amounts of impurities, as
they promote stable ester formation.

The significant difference between the results of
these two catalysts suggests that the type of
catalyst will have a major influence on the
characteristics of the final product produced. In
order to optimize the process and achieve
density that complies with SNI standards,
further adjustments to reaction conditions, such
as temperature, reactant molar ratio, or catalyst
concentration may be required. In addition,
further investigation may be needed to
understand why the two catalysts produce
opposite data patterns in terms of product
density.

Viscosity

Viscosity testing is carried out using a
viscometer that functions to test the value of the
viscosity of the biodiesel samples that have been
produced. A number on the Viscosity value
indicates the magnitude of the resistance or
resistance in a liquid to flow or the size of the
shear resistance in a liquid material. The value
of viscosity also affects the performance of the
injectors in diesel engines (Riyanti, 2012).
Viscosity values that are too high will have an
impact on the smoke that will be emitted in
diesel engines tends to be dirty and black
because the fuel flows slowly and is more
difficult to atomize, while if the viscosity value
is too low, it will have an impact on lubrication
which tends to be bad and worse will result in
leakage in the pump (Triana, 2006).

Table 5. Viscosity yield biodiesel Microalgae N.Oculata

Value cSt/sec Kinematic Viscosity
Sample code @ t-sample (cSt)
H2S04 40 7.64 0.5 3.82
minutes
H2S04 60 8.24 0.5 4.12
minutes
H2S04 80 7.08 0.5 3.54
minutes
40-minute KOH 6.47 0.5 3.24
KOH 60 minutes 6.9 0.5 3.45
KOH 80 minutes 8.09 0.5 4.05
SNI : 2.3-6.0

Based on table 10, it can be seen that the
comparison of the results of kinematic viscosity
measurement of samples with the SNI
7182:2015 quality standard for biodiesel.
According to SNI 7182:2015, the kinematic
viscosity of biodiesel at 40°C must be in the
range of 2.3-6.0 cSt, so it can be seen that all
samples tested have a kinematic viscosity value
between 3.24 to 4.12 c¢St. This shows that all
samples, both treated with H2SO4 and KOH
with time variations of 40, 60, and 80 minutes,
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meet the quality requirements of SNI 7182:2015
in terms of kinematic viscosity. Viscosity in
accordance with this standard is important to
ensure good performance on diesel engines,
including proper fuel atomization and adequate
lubrication of engine components.

Determination of Acid Number

The acid number is often defined as the number
of milligrams of KOH used to neutralize free
fatty acids. The determination of this acid
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number is directly correlated with the content
of free fatty acids (FFA) contained in
microalgae oil. Transesterification reactions can
take place when the content of free fatty acids is
below 5%. The number of acids in the fuel can
affect the corrosion properties of the engine.
The higher the number of acids, the higher the
corrosivity, which can cause damage to the fuel
system. Results of analysis of biodiesel quality
acid number in H2SO4 and KOH catalysts

Based on the results of the acid number test, it
is known that the acid number for all samples
(both with H2SO4 and KOH catalysts) is far
below the maximum limit of SNI (0.5
mgNaOH/g). This shows that the process with
both catalysts results in a product with a very
low acid number, which is well in accordance
with SNI standards, comparing the two
catalysts, KOH produces a lower acid number at
a longer reaction time (80 minutes), while
H2S04 is more effective at a shorter reaction
time (40 minutes). KOH catalysts are better at
producing products with low acid numbers due
to their alkaline properties that promote the
efficient conversion of free fatty acids into
esters, without leaving behind acid residues.
More stable reaction conditions and better
control in the transesterification process also
contribute to the low acid number. In contrast,
H2S04 as a strong acid catalyst tends to leave
behind acid residues and other acid by-
products, which increases the number of acids
in the final product, for both catalysts to be
effective in producing products with low acidity.
The selection of the optimal catalyst and
reaction time will depend on other factors such
as product yield, energy efficiency, and
economic  considerations. For  further
optimization, testing over a wider time range or
different reaction conditions may be required.

Total Glycerol Value

The total glycerol level is carried out as a
parameter to show the success rate in the
biodiesel manufacturing process. In the results,
the total glycerol value in biodiesel is affected
by the reaction process and the washing process
in biodiesel oil. High glycerol levels can cause
problems in the engine, such as injector
blockages and deposit formation, while if a low
total glycerol value is obtained, then it is
identified that in a very efficient
transesterification process in converting oil into
biodiesel. The value produced in total glycerol
varies depending on each policy issued
according to the standards that exist in each
country. For Indonesia itself, the maximum
glycerol value listed in SNI 7182:2015 is 0.24%.

Based on the results of this study as seen in the
table. 12 For the H2SO4 catalyst, the highest
total glycerol content was found at 40 min
reaction time (0.2318%), then decreased
significantly at 60 min (0.1326%), and slightly
increased at 80 min (0.1574%). This pattern
suggests that the transesterification reaction
with H2SO4 may be more effective in reducing
total glycerol at intermediate reaction time (60
minutes). Meanwhile, for the KOH catalyst, the
highest total glycerol content was also found at
40 minutes reaction time (0.2154%), decreased
at 60 minutes (0.1736%), and then slightly
increased at 80 minutes (0.1986%). This
pattern is similar to that observed on the
H2SO4 -catalyst, suggesting that the optimal
reaction time for both catalysts may be around
60 minutes.

Comparing the two catalysts, H2SO4 produced
a lower total glycerol content at a 60-minute
reaction time compared to KOH. However, at a
reaction time of 80 minutes, KOH showed
better performance in terms of consistency,
with a smaller increase in total glycerol
compared to H2SO4. It is important to note
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that all samples meet the SNI 7182:2015
standard which requires a maximum total
glycerol content of 0.24%, except for H2SO4
samples at 40 minutes which slightly exceed the
limit (0.2318%). These results show that both
catalysts are effective in producing biodiesel
with a low total glycerol content, with H2S04
showing a slight advantage at optimal reaction
times. For further optimization, testing at a
narrower time range of around 60 minutes or
variations in other reaction parameters may be
required.

4. CONCLUSION

Based on the results of the research and
discussion that has been carried out, several
conclusions can be drawn. The production of
biodiesel from Nannochloropsis oculata
microalgae using the Microwave Assisted
Extraction method using 40, 60, and 80
minutes of time variation as well as variations of
H2S04 and KOH catalysts showed that in the
transesterification process of microalgae oil
using H2SO04 catalyst, the lipid levels produced
at 40, 60, and 80 minutes were 18.43%, 21.67%,
and 25.46% respectively. Meanwhile, the lipid
levels obtained in the KOH catalyst were
10.78%, 13.87%, and 15.23%, respectively. From
this data, it can be concluded that the longer the
transesterification time, the greater the lipid
content obtained.

In the yield percentage value produced, the type
of catalyst has a significant influence on the
yield percentage of microalgae oil. The H2S04
catalyst consistently produces higher yields
compared to KOH, with H2SO4 achieving the
highest yield of 25.46% while KOH only reaches
15.23%. This shows that H2SO4 is more
effective in extracting microalgae oil compared
to KOH.

Ot

The results of the GC-MS analysis showed that
the components of FAME content in microalgae
oil using H2S04 and KOH catalysts were
different. The FAME content in microalgae oil
with H2SO04 catalyst was dominated by methyl
hexadecenoate (30.54%) and methyl
hexadecenoic (30.08%), while the FAME
content in microalgae oil with KOH catalyst was
dominated by methyl hexadecenoic (3.83%).
Based on these results, it can be concluded that
the best FAME content in the transesterification
process of microalgae oil was obtained using the
H2S04 catalyst.

The microalgae oil quality test according to SNI
standards involves two types of catalysts,
namely H2S04 and KOH, as well as time
variations of 40, 60, and 80 minutes. Based on
the density test of microalgae oil with the SNI
standard (0.85-0.89 g/ml), the results on the
H2S04 catalyst at all time variations showed
values above the SNI standard that had been
set. However, in the use of the KOH catalyst, all
time variations showed values below the SNI
standard, with the results closest to the SNI on
the KOH catalyst with a time of 40 minutes
(0.82 g/mL). Furthermore, the viscosity test
showed that in both the H2SO4 and KOH
catalysts, the viscosity value was still in the
range of SNI values (2.3-6.0).

The microalgae oil acid number test using the
H2S04 catalyst and KOH showed results in
accordance with the SNI standard (max 0.5
mgNaOH/g), but the KOH catalyst at 8o
minutes gave the best result of 0.0069
mgNaOH/g. The total glycerol test of
microalgae oil with H2SO4 and KOH catalysts
showed results in accordance with SNI
standards (max 0.24%), with the best results in
the H2SO4 catalyst at 60 minutes at 0.13% and
at the KOH catalyst at 60 minutes at 0.17%.
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