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Abstract
Article Info This study was conducted to synthesize MCM-48 based on the surfactants
Submitted: (cetyltrimethylammonium bromide (CTAB) and Triton X-100). The effect of surfactant on
20/11/2023 MCM-48 was studied in the esterification of nyamplung seed oil. Optimization of the amount
Revised: of surfactant in the MCM-48 catalyst in the esterification of nyamplung seed oil was carried
30/04/2024 out by washing and calcination methods. Comparison of GC-MS method and acid-base
Accepted: titration was also studied to determine the activity of the MCM-48 catalyst in the esterification.
05/05/2024 The results of the Mann Whitney statistical test showed that there was no significant difference
Online first: (Asymp. Sig. (2-tailed) = 0.967) for the two methods. The effect of the active site on the MCM-
06/05/2024 48 catalyst activity in the esterification was characterized by FTIR and XRD. The catalyst's

activity is significantly influenced by both the percentage transmittance of the silanol active
site and the surfactant removal method. The MCM-48 catalyst manufactured by calcination
(CTAB-MCM-48/650) performed 12.31% better than the washing approach (CTAB-MCM-
48/1w). However, the CTAB-MCM-48 catalyst can be applied to the simultaneous reaction
(esterification and transesterification) of the conversion of nyamplung seed oil into biodiesel.
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1. Introduction Generally, biodiesel  production  from
vegetable oil is carried out through esterification
[16], [17] and transesterification [18]-[22]. The
production stage is strongly influenced by the
levels of free fatty acids (FFA) contained in
vegetable oils [23]. When using an alkaline
catalyst, vegetable oils containing FFA levels
greater than 5% [24] need to go through the
esterification step before the transesterification
stage [25], [26]. In contrast to the base catalyst, the
acid catalyst does not need to go through this

Energy and clean air are essential needs for
human survival. The increasing world population
causes the demand for energy and clean air to also
increase. Fossil fuels are the world's main energy
source [1]-[3] however, these fuel reserves are
very limited, non-renewable, and unsustainable
[4] along with are toxic to the environment [5]-[7].
Therefore, research to find alternative energy
sources is needed. One of the renewable and non-

toxic alternative energies to the environment is reaction step, but this catalyst requires a long time

biodiesel from nyamplung seed oil [8]-[10]. [27] and high temperature in  the
l\Tyar.nplung seeds' areo a .non—fc')od source of o nesterification. This stage is one of the
biodiesel and contain 15% higher oil than Jatropha 4 1101, ges in the production of biodiesel from
nyamplung seed oil which contains 29.80% FFA

_ _ WOHE HIE yEd [28]. The wuse of strong acid homogeneous
fairly wide natural distribution in the world [15]. catalysts (HCI and H250x) in the esterification is

[11], [12], are easily regenerated [13], the seeds can
be produced throughout the year [14], and have a
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the method most widely used to reduce the FFA
levels of these oils. Although this method gives
quite good results, the use of a homogeneous
catalyst in the
disadvantages namely, difficult to separate from
the product, pollutes the environment [29], cannot
be used repeatedly [30], and is not economical [9].
The best solution to overcome this problem is to
leave conventional methods and move to modern
methods.

One of the modern methods currently being
developed is to use heterogeneous catalysts in the
production of biodiesel from vegetable oil. The
advantages of using this heterogeneous catalyst
are easy to separate from the product [31], less
waste [32], [33], and reusable [34]. Heterogeneous
catalysts that have been used to derive FFA from
nyamplung seed oil such as Al/Fe-graphite oxide
[16] and CaO support Mobil Composition of
Matter No. 48 (MCM-48-CaO) [35]. Al/Fe-graphite
oxide catalyst was able to reduce the FFA of
nyamplung seed oil from 20% to <2%. MCM-48-
CaO catalyst needs two esterifications to reduce
the FFA of nyamplung seed oil from 28% to 1.7%.
The cost for the synthesis of Al/Fe-graphite oxide
catalyst is quite expensive when compared to
MCM-48-CaO catalyst. Besides, the MCM-48-CaO
catalyst is also not very economical because the
synthesis process is still going through the
surfactant removal stage. Pirouzmand, et al. [36],
proved that the presence of CTAB in the
Ca/MCM-41 catalyst can increase the percent
conversion of canola oil to biodiesel. It seems that
the use of MCM-48 heterogeneous catalysts that
still contain CTAB in the esterification gives better
results. Apart from that, observations of
surfactants in MCM-48 using the calcination
method have also been applied to the
esterification of nyamplung seed oil. The catalyst
calcined at a temperature of 650 °C gave a
nyamplung seed oil biodiesel yield of 35.74% and
behaved selectively in converting linoleic fatty
acids into biodiesel up to 100% [17].

Mesoporous silica synthesized by the washing
method will have more silanol groups than the
calcination method [37]. The silanol groups in
mesoporous silica play an important role in the
esterification reaction of nyamplung seed oil [38].
Nyamplung seed oil contains 80% triglycerides
and 20% FFA. The silanol group in MCM-48
mesoporous silica is the active site of the catalyst

esterification has several
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in the esterification reaction of nyamplung seed
oil into biodiesel. Apart from that, the active site
also functions to minimize the hydrolysis reaction
of triglycerides and methyl esters into FFA in the
process of converting nyamplung seed oil into
biodiesel. Therefore, in this research, gradual
observation of the surfactant in the MCM-48
washing method as a catalyst in this reaction will
be carried out.

2. Method

2.1. Materials

Samples of nyamplung seeds were obtained
from Kalauli Hamlet, Leihitu District, Central
Maluku Regency, Maluku Province, Indonesia.
Phenolphthalein, n-hexane, methanol, and HsPOs
were from Merck. The chemicals used to
synthesize MCM-48 are, ethanol, NaOH, and
CHsCOOH from Merck, while Ludox HS40,
CTAB, and Triton X-I00 were from Sigma Aldrich.
All chemicals were purchased in pro analysis (p.a)
grades.

2.2. Nyamplung Seed Oil

Nyamplung seed oil was obtained through the
Soxhlet method using n-hexane as a solvent [39].
The solvent is added as much as 60-70% v/v of the
volume of the Soxhlet flask. The oil, produced
after the separation from the solvent, is heated in
an oven at a temperature of 105 °C for 60 minutes
[40]. The oil is then degummed using HsPOs until
it becomes suitable for esterification [17], [41].

2.3. Synthesis of the MCM-48

The procedure for synthesizing the MCM-48
catalyst followed the report by Taba, et al. [42].
14.3 g of Ludox HS40 was dissolved in 45.25 g of 1
M NaOH at a temperature of 80 °C for 2 hours.
Dissolve 6.12 g CTAB and 1.34 g Triton X-100 in
83.47 g distilled water while heating. After both
solutions had cooled, the two solutions were
mixed and shaken in a polypropylene bottle. The
mixture was heated and shaken occasionally at
100 °C for 24 hours. After cooling, the pH of the
mixture was adjusted to 10 using CHzCOOH 30%
(w/w). The mixture was heated again in the oven
at 100 °C for 24 hours. The mixture was cooled and
filtered, then the solid dried in an oven at 120 °C.
The surfactant is washed from the solid using an
HCl-ethanol mixture. No wash (CTAB-MCM-48),
First wash (CTAB-MCM-48/1w), second (CTAB-
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MCM-48/2w), third (CTAB-MCM-48/3w), and
fourth (CTAB-MCM -48/4w). in addition, the solid
was also calcined at 650 °C (CTAB-MCM-48/650)
at a rate of 2 °C/min [17]. The presence of
surfactant in the MCM-48 catalyst was identified
using FTIR and XRD. XRD setting in the range 20
2.0-10.0 with 0.01 deg, 2.0 deg/min, Cu Ka, 40.0
kV, and 30.0 mA.

2.4. Esterification of Nyamplung Seed Oil

The esterification is carried out inside a 100 mL
three-neck flask equipped with an electric heater,
thermometer, magnetic stirrer, and cooling
system. The reaction temperature is maintained at
62 °C with a stirring rate of 1200 rpm, 2% (w/w)
catalyst against methanol, while the oil and
methanol ratio is 1: 9 (w/w), and the reaction time
is 60 minutes. The three-neck flask was put in an
ice cooler to stop the reaction. Next, the mixture is
filtered through the Buchner funnel using filter
paper. FFA levels in the yield obtained were later
identified using the GC-MS method and acid-base
titration [17], [43].

3. Results and Discussion

3.1. Degumming Nyamplung Seed Oil

The degumming process is carried out to
minimize phosphate compounds, carbohydrates,
and proteins contained in seed oil [44], [45]. The
compounds in the oil will increase the viscosity
and density of the resulting biodiesel so that it
needs to be purified. Nyamplung seed oil before
and after degumming using HsPOs (Table 1)
shows changes in FFA color, volume, and level.
This show that the impurities have been success
minimized.

3.2. Synthesis and Characterization Catalysts
FTIR is used to describe surfactant-based
MCM-48 catalysts. Based on FTIR data (Figure 1),
it seems likely that the catalyst CTAB-MCM-48
has a surfactant role and has been success made.
The peaks of surfactant identified on the CTA-

© La Kolo et al.

MCM-48 spectrum before washing (Figure 1a); -
CH stretching (2850 and 2922 cm) and -CH
bending (1479 cm) of the -CHs cluster as reported
in the study [46], [47]. The wide peak at 3453 cm!
and the peak at 1639 cm is the absorption of the
silanol groups (-Si-OH stretching and bending).
The strong (1225 and 1094 cm™) and weak (966 cm-
1 and 802 cm?) peaks are asymmetric -5i-O-5i- and
symmetric stretching vibrations of the silicate
lattice [48], [49]. After washing once (Figure 1b),
twice (Figure 1c), three times (Figure 1d), and four
times (Figure 1e) with HCl-ethanol, peaks in the -
CH stretching and -CH bending absorption areas
continued to decrease the intensity. This indicates
that the template (surfactant) removal process for
the formation of MCM-48 mesoporous silica has
been success carried out. This is support by a peak
shift in the -5i-O-Si- stretching vibration region
(Table 2) to a higher wavenumber. The same
finding was previously reported [42]. Compared
with the washing method, the calcination method
(Figure 1f) gives the lowest intensity for both -CH
vibrations and almost disappears. This shows that
the calcination method is more effective in the
surfactant removal process to form MCM-48
mesoporous silica.

The X-ray diffraction pattern of MCM-48
(Figure 2) shows two peaks in the 20 2-3° region
and several peaks with low intensity in the 20 4-
5° region (usually six peaks). The peaks shifted to
a higher 20 angle after removal of the surfactant
from CTAB-MCM-48. There is in line with that
reported by Seo, et al. [50] and Taba, et al. [51].
Figure 2 also shows that the calcination method
has an X-ray diffraction peak with higher intensity
than the washing method and even disappears for
the 20 4-5° peak. According to Qian, et al. [52], this
phenomenon is an implication of the presence of
surfactant covering the pore channels. The
presence of this surfactant is supported by FTIR
data which can be seen in Figure 1. In addition, the
low peak intensity in the washing method is
probably due to some of the silica having been
corrosion by acids [37].

Table 1. Degumming results of seed oil

. Degumming
No. Variable Before After
1. Volume (mL) 211 183
2. Color Turbid yellow Clear yellow
3. FFA (%) 23.87* 20.33*

*titration method
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Table 2. Shifting of the catalyst active group vibrations after surfactant removal

Catalyst Group Vibration A (cm™?) Transmittance (%)

CTAB-MCM-48 -5i-OH S 3425.58 39.56
B 1637.56 58.81

-5i-O-Si- S. Asymmetric 1062.78 24.24

CTAB-MCM-48/1w -5i-OH S 3435.22 30.29
B 1641.42 53.70

-5i-O-5i- S. Asymmetric 1064.71 19.80

CTAB-MCM-48/2w -5i-OH S 3450.65 12.55
B 1637.56 34.09

-5i-O-Si- S. Asymmetric 1091.71 1.79

CTAB-MCM-48/3w -5i-OH S 3452.58 12.89
B 1637.56 29.98

-5i-O-Si- S. Asymmetric 1093.64 5.70

CTAB-MCM-48/4w -Si-OH S 3460.30 15.52
B 1641.42 32.96

-5i-O-Si- S. Asymmetric 1093.64 11.15

CTAB-MCM-48/650 -S5i-OH S 3450.65 15.39
B 1635.63 27.94

-5i-O-5i- S. Asymmetric 1082.06 12.30

A. Wavenumber, S. Stretching, B. Bending

Y
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Figure 1. Catalyst FTIR spectrum; a) CTAB-MCM-48,
b) CTA-MCM-48/1w, c) CTAB-MCM-48/3w, e) CTAB-
MCM-48/4w, and f) CTAB-MCM-48/650
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Figure 2. X-ray diffraction patterns; a), CTAB-MCM-
48/4W, b) CTAB-MCM-48/650 and c) CTAB-MCM-48

3.3. Esterification of Nyamplung Seed Oil

The activity of MCM-48 catalyst as a function
of surfactant in the esterification of nyamplung
seed oil was identify by determining the methyl
esters (ME) level and the reaction yield. If the
catalyst activity is show (Figure 3) in the
esterification of nyamplung seed oil from the
highest to the lowest is in the order of CTAB-
MCM-48/650 > CTAB-MCM-48/3w > CTAB-
MCM-48 > CTAB-MCM-48/1w > CTAB-MCM-
48/2w> CTAB-MCM-48/4w. The titration method,
the catalyst activity in this reaction is in the order
of CTAB-MCM-48/650 > CTAB-MCM-48/1w>
CTAB-MCM-48> CTAB-MCM-48/2w > CTAB-
MCM-48/3w > CTAB-MCM-48/4w.

40 1
m GC-MS
35
m Titration
30 A
& 25
*? 20
2
I3} i
& 15
10 A
5 4
0 J

a b c d e f
Catalysts

Figure 3. Catalyst activity in the esterification, a)
CTAB-MCM-48, b) CTAB-MCM-48/1w, c) CTAB-
MCM-48/2w, d) CTAB-MCM-48/3w, e) CTAB-MCM-
48/4w, and f) CTAB-MCM-48/650
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The disparity in the conversion of catalytic
activity may be comper by considering the
limitations of the GC-MS approach, which solely
enables the identification of volatile chemicals.
Furthermore, the calculation only pertains to the
MEs and detected FFAs level, as seen in Figure 4.
In the titration method, the acidity of all
components of the compounds is also measured
and affects the measurement of FFA levels. The
results of the non-parametric statistical test
(Mann-Whitney test) proved that there was no
significant difference (Asymp. Sig. (2-tailed) =
0.967) for both methods. Therefore, both
instruments can be used to identify catalyst
activity in esterification. Biodiesel production
requires a more economical method, so the choice
will be on titration. Besides, this method is easier
to apply than the GC-MS.

The percentage of the two active clusters of
CTAB-MCM-48 catalysts as surfactant function in
the esterification of seed oil (Figure 5) is obtained
from the percentage of transmittance (Table 2); -Si-
O-Si- versus the active clusters -Si-OH stretching
(blue) and -5i-O-Si- versus -5i-OH bending (red).
Figure 5 shows that in addition to CTA* ions from
CTAB, the two active groups also play a role in the
esterification of seed oil. Similar mechanisms have
been reported in the previous study [53], [54]. In
the titration method, the rate of catalyst activity
decreases as the loss of surfactant and the
difference between the two active groups
decreases. For CTAB-MCM-48 catalysts that have
low activity is thought to be caused by excessive
surfactant depravedness. This conjecture is
reinforced by the physical and chemical
properties of surfactant which has hydrophobic
and hydrophilic sites. The existence of surfactant
tends to increase the conversion of FFA to
biodiesel, but the higher of surfactant can also
inactivate the FFA cluster, mediating the mixture
of yield with water and glycerol as a by-product
of esterification, thereby lowering catalyst
activity. This is understandable from the GC-MS
characterization results showing the highest
hydrocarbon side results (Figure 4) on this catalyst.
This review provides a clue that surfactant and
both active clusters have an optimum composition
as in CTAB-MCM-48/1w catalysts. In the catalyst
CTAB-MCM-48/650, it proved that MCM-48
without surfactant has higher activity than MCM-
48 which still

contain surfactant in the
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esterification of nyamplung seed oil. Moreover,
the calcination method provides higher activity
than the washing method. The high activity of the
MCM-46/650 catalyst is caused by a better pore
structure than other catalysts. This shape causes it
to have a higher surface area and number of active
sites of silanol groups so that its activity is higher.
This statement is supported by the FTIR and XRD
data of the catalyst. The proposed esterification
mechanism that might take place is shown in
Figure 6.

The results of this study showed that the
catalyst CTAB-MCM-48/650 can be used as a
candidate to replace homogeneous catalysts
strong acid in the esterification of biodiesel
raw materials that have FFA levels quite high.
However, the CTAB-MCM-48 catalyst is also
a possible candidate for a one-step reaction

mYield(%) ®=mME 1w FFA (%) mHidrocarbon (%)
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Figure 4. Chemical composition of nyamplung seed
oil; before (BE) and after esterification; a) CTAB-MCM-
48, b) CTAB-MCM-48/1w, ¢) CTAB-MCM-48/2w, d)
CTAB-MCM-48/3w, e) CTAB-MCM-48/4w, and f)
CTAB-MCM-48/650
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Figure 5. Percentage difference in transmittance; (blue)
-5i-O-Si- versus -5i-OH stretching and (red) -Si-O-5i-
versus -5i-OH bending, a) CTAB-MCM-48, b) CTAB-
MCM-48/1w, c) CTAB-MCM-48/2w, d) CTAB-MCM-

48/3w, e) CTAB-MCM-48/4w, and f) CTAB-MCM-
48/650.
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Figure 6. Catalyst activity in the esterification of nyamplung seed oil: a) The reaction takes place in the surfactant
medium, and b) The reaction takes place in the hydrophobic part of the surfactant

(esterification-transesterification). The resultant
substance may be readily use in diesel engines.
The low FFA level in the reaction products may be
attributed to the relatively large concentration of
hydrocarbons present in biodiesel. In addition,
this catalyst will be more active when active sites
such as metals.

4. Conclusion

The titration method can be used and is more
profitable than the GC-MS method in the
production of biodiesel from nyamplung seed oil.

The synthesis of the catalyst using the calcination
method gave higher catalyst activity (35.74%) than
the washing method (23.43%). The titration
method can be used and is more profitable than
the GC-MS method in producing biodiesel from
nyamplung seed oil. The synthesis of the catalyst
using the calcination method gave higher catalyst
activity (35.74%) than the washing method
(23.43%). MCM-48 catalyst without surfactant is
more active than MCM-48 catalyst, which still
contains CTAB in the esterification of nyamplung
seed oil. The smaller the percentage transmittance

Automotive Experiences

166


http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index

of the -5i-O-Si- and -5i-OH groups, the greater the
percentage of catalyst activity. The CTAB-MCM-
48/650 catalyst can be applied to biodiesel
feedstock with a high enough FFA level
However, the CTAB-MCM-48 catalyst has a high
action to crack the compound components
contained in nyamplung seed oil, making it
possible for a one-step reaction (cracking-
esterification-transesterification) to occur in
biodiesel production.
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