Journal of Oil Palm Research
DOI: https://doi.org/10.21894/jopr.2024.0041
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ABSTRACT
Natural clay comprises a blend of diverse minerals exhibiting distinct structures and characteristics.
Montmorillonite exhibits strong acidity and stabilising effects on active species due to its unique layered
structure, thus making it a suitable material for use as a heterogeneous catalyst. Therefore, this research aims
to examine the effect of separation and thermal modification process of Tanah Datar clay minerals, as well as
their catalytic activity in the conversion of waste frying oil (WFQO) into biodiesel. The catalysts were evaluated
using X-ray Diffraction (XRD), X-ray Fluorescence (XRF), and Laser Particle Size Analyser (LPSA). The
uncalcined clay primarily consists of montmorillonite, along with kaolinite, hematite, and quartz. Upon
calcination, montmorillonite transforms into meta montmorillonite. The particle size of montmorillonite
increases after separation and calcination. The catalysts were employed in a lab-scale biodiesel production via
transesterification reaction, employing a mole ratio.of oil and methanol of 1:6, catalyst amount of 3% (w/w),
stirring speed of 500 rpm, and a temperature of 70°C for 3 hr. Both uncalcined and calcined montmorillonite
catalysts can enhance biodiesel yield by up to 80.11%. This observation demonstrates the considerable

potential of the implemented treatment as a catalyst in biodiesel production.
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INTRODUCTION

Energy is one of the factors in sustaining human life
activities. Energy consumption always increases
every year. Continuous energy use results in a
shortage of energy originating from fossil fuels.
The use of fossil fuels is also a global problem due
to excessive levels of CO, emissions, environmental
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impacts, and threats to the economy, environment,
and human welfare (Azni et al., 2023; Rehman
et al., 2021). One renewable energy source that
can lessen the scarcity of fossil fuels and lessen
environmental pollution is biodiesel (Pacheco-Lépez
et al., 2021; Pikula et al., 2020). Biodiesel fuel can
replace fossil fuels used for diesel engines. It
is more attractive than diesel fuel because it is
non-toxic, biodegradable, and can be produced
from renewable sources, making it a sustainable
alternative fuel (Nguyen et al., 2023; Siddeg ef
al., 2022). Additionally, it can also help reduce
greenhouse gas emissions by up to 86% compared
to petroleum diesel (Suwarno et al., 2021; Xu et al.,
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2022). It can be made through several methods,
such as dilution, pyrolysis, microemulsion, and
transesterification (Irawan et al., 2021; Mishra
and Goswami, 2018; Supriyanto et al., 2021). The
transesterification method is preferred for biodiesel
due to its low cost compared to other methods.
In addition, the transesterification process is also
relatively simple (Gouran et al., 2021; Salaheldeen
et al.,, 2021).

Making biodiesel by transesterification method
uses raw materials containing triglycerides, such
as vegetable oils. Some types of vegetable oils
that have been used are sunflower (Jabbari, 2018;
Khan et al., 2023; Vital-Lopez et al., 2023), castor
oil (Bibin et al., 2020; Mustafa et al., 2023; Ubaid
et al., 2022), coconut oil (Bambase et al., 2021;
Lugo-Méndez et al., 2021), and palm oil (Nang
et al., 2009; Palaniselvam, 2023; Syukri et al., 2022).
However, the use of waste frying oil (WFO) is of
great interest. This is because biodiesel from WFO
is an environmentally friendly process. After all,
WFO can be utilised, making it more economical
and effective in waste management (Gouran et al.,
2021; Sukkathanyawat and Wichianwat, 2023). The
transesterification reaction also requires a catalyst.
The catalysts used can be homogeneous catalysts
and heterogeneous catalysts. Homogeneous
catalysts have disadvantages such as difficulty
in catalyst separation, high effluent generation
(Pasae et al., 2021; Silva et al., 2015), and equipment
corrosion, while heterogeneous catalysts offer
advantages like reusability, selectivity, and low cost
(Faruque ef al., 2020; Gaide et al., 2023; Kibar et al.,
2023). Therefore, many heterogeneous catalysts are
now developed in the transesterification reaction,
one of which is montmorillonite.

Montmorillonite belongs to the smectite group
and has a 2:1 layer structure (Belghazdis and
Hachem, 2022; Uddin, 2018; Yaghmaeiyan et al.,
2022). Alumina and silica make up the majority
of montmorillonite, a typical cationic clay; other
metal oxides make up a small portion (Tripol’Skaya
et al., 2009). Montmorillonite exhibits strong
acidity -and a stabilising effect on active species,
such ‘as metal nanoparticles, due to its unique
layered structure. This makes it a suitable material
for use as a heterogeneous catalyst (Takabatake
and Motokura, 2022). Several studies have used
montmorillonite as a catalyst for transesterification
reactions, such as montmorillonite KST in
producing biodiesel from palm oil (Kansedo
et al., 2009), the novel modified montmorillonite
to produce biodiesel from castor and Jatropha
oil (Negm et al, 2017), and barium-loaded
montmorillonite for the synthesis of biodiesel from
waste cooking oil (WCO) (Sharma and Bhavani,
2021). Each of these reactions produces high yields
of biodiesel. However, the chemical modification
given to the montmorillonite catalyst requires

complicated steps and is expensive (Shapkin
et al., 2017). Meanwhile, physical modifications can
also be given to montmorillonite, such as thermal
modifications (Abdrakhimova and Abdrakhimov,
2007; Wu et al., 2022). Previous researchers reported
that clay calcined at 850°C could increase biodiesel
yield (Admi et al., 2022).

The montmorillonite that is widely used in
catalyst application is synthetic montmorillonite,
which  consequently  increases  production
costs.. However, montmorillonite is one of the
minerals contained in natural clay. Separating
montmorillonite from natural clay can be a
solution to reduce catalyst production costs.
Montmorillonite was separated from Boyolali
natural clay by previous researchers and applied
as an oil-bleaching agent (Taslimah et al., 2008).
However, montmorillonite, separated from natural
clay has never been used as a catalyst. Therefore, this
research applies montmorillonite separated from
natural clay as a catalyst in the transesterification
reaction. Based on data in 2021, the availability of
clay in Indonesia is very abundant. There are about
10 387.209 million tonnes of natural clay available
in West Sumatera Province. Therefore, the catalyst
raw material used in this study was taken from one
of the areas in West Sumatera Province, namely
Tanah Datar Regency because there have been no
reports regarding the separation of montmorillonite
minerals from clay in that area. The Tanah Datar
area has abundant clay, which is characterised by
the presence of brick production sites.

This study aims to determine the effect of
separation process and thermal modification
on mineral composition, physical and chemical
properties of minerals, and catalytic activity of
uncalcined and calcined montmorillonite from
Tanah Datar clay in the process of converting WFO
into biodiesel.

MATERIALS AND METHODS
Materials Preparation

The clays used in this study were taken from
Andaleh, Batipuh District, Tanah Datar Regency,
West Sumatra Province, Indonesia. The area is
located at latitude 0°27'12.4“S and longitude
100°26’09.7E in the form of a plateau area at an
altitude of 946 m above sea level. The map of
natural clay (n-clay) sampling locations can be seen
in Figure 1. The n-clay was soaked in distilled water
for 24 hr, filtered, and dried at 105°C for 3 hr. The
clay was crushed and sieved with a sieve of 90 um
(Syukri et al., 2020). The heated clay (h-clay) catalyst
was obtained ready to be separated from the
montmorillonite mineral. The transesterification
reaction was carried out following the methods
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reported by previous researchers (Fifi et al., 2023)
with some modifications using three times WFO
and methanol (Merck) as raw materials. Ammonia
hydroxide (NH,OH) was used as a dispersing
agent for montmorillonite from Tanah Datar
clay following the method reported by previous
researchers (Taslimah et al., 2008).

Separation and Thermal Modification of
Montmorillonite

Montmorillonite was separated by dispersing it
in an NH,OH solution. In brief, 25 g of h-clay was
stirred in 400 mL NH,OH 2% (v/v) with a magnetic
stirrer for 15 min and left for two days (Taslimah
et al, 2008). The suspension was separated by
centrifugation at 1000 rpm for 5 min. The precipitate
was separated and dried in an oven at 105°C to obtain
the montmorillonite clay (M#-clay) catalyst. Thermal
modification is carried out by calcining the Mt-clay
catalyst at a temperature of 850°C in a furnace for 4
hr to obtain the calcined montmorillonite clay (c-Mt-
clay) catalyst.

Catalyst Characterisation

The catalyst’s crystallinity was assessed
through the utilisation of X-ray Diffraction (XRD)
equipment by X'Pert MPD (PANanalytical) which
employed Cu Kal radiation (A = 1.54059 A).
The equipment operated at 40 kV and 30 mA,
covering an angular range of 20 10° to 90°. The
oxide composition was determined using X-ray
Fluorescence (XRF) equipment by NEXCG Rigaku.
Particle size was assessed using the Laser Particle
Size Analyser (LPSA) equipment by Labtron,
LLPA-C10, which has a measuring range of 0.01-
2000.00 pm.

Preparation and Determination of Free Fatty Acids
in WFO

The preparation of WFO is done by heating it
at 105°C until the water bubbles disappear. Free
fatty acid (FFA) content was determined following
the acid-base titration method reported by
previous researchers (Febrianto et al., 2020) with
the Equation (1):

|4

% FFA = NaOHxN x Bm

NaOH fatty acid
M x 1000 (1)

is the volume of 0.1 N NaOH

Ny,on is normality of NaOH,
Bm,,, .., is molecular weight of fatty acid (in g), and
M is mass of oil sample.

where V.,

titration (in mL),

Biodiesel Production Through Transesterification
Reaction and Its Characterisation

The WFO used in this study has a density of
0.90 g cm™ and FFA of 1.65%. The FFA value is
lower than 3% so WFO can be used directly in
the transesterification reaction. Each catalyst was
used in the transesterification reaction of WFO by
refluxing method. The molar ratio of WFO and
methanol used was 1:6 with 3% (w/w) catalyst.
The transesterification reaction was carried out
for 3 hr at 70°C with a stirring speed of 500 rpm.
The catalyst and glycerol were separated from the
product mixture by centrifugation. The biodiesel
layer was washed with 50°C aquadest at a volume
of 1:1 and homogenised for 5 min. The mixture was
allowed to stand so that the dense water would
separate as the bottom layer and drained out.
The remaining water in the biodiesel was removed

0°27°'12.4”S 100°26°09.7"E

Figure 1. Map of natural clay sampling locations.
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using anhydrous Na,SO,. The yield of biodiesel
was calculated using the Equation (2) (Munir et al.,
2019):

Mass of biodiesel produced (g)

% Yield = Mass of oil used (g)

x100 (2)

Product Analysis

The type and content of methyl esters
produced in biodiesel products are identified using
Gas Chromatography-Mass Spectrometry /GC-MS
(Shimadzu QP 2010 Ultra). The GC-MS instrument
is equipped with a DB5 MS column with Helium
as a carrier gas and an injection temperature of
250°C. The biodiesel product was determined for
density at 15°C (ASTM D6751) and moisture content
(ASTM D2709).

RESULTS AND DISCUSSION
X-ray Diffraction Characterisation

Figure 2 shows the X-ray diffraction pattern
of the h-clay, Mt-clay, and c-Mt-clay catalysts
scanned at 20 from 20°-90° that the Tanah Datar
clay contains the minerals montmorillonite
and kaolinite. The presence of montmorillonite
(RRUFF ID: 110052) was found to have diffraction
intensities at 20: 19.9° and 34.9°. Kaolinite in the
h-clay sample was confirmed based on Inorganic

Crystal Structure Database (ICSD) No. 68698 with
the appearance of diffraction intensity at 26: 12.3%
24.8°; 36.5°; 38.3°; 42.4°; 45.8°; 54.8°; and 62.3°. The
presence of quartz (ICSD No. 68698) was found
with high intensity at 20: 26.6°. Quartz is a stable
phase of silica in the form of an inert compound.
When at normal temperature, quartz has a trigonal
quartz (a-quartz) structure (Gotze et al., 2021).
The diffraction intensity of hematite (ICSD No.
154191) was also found at 20: 33.1°; 36.5° 64.0°;
and 75.7°.

The separation can cause changes in mineral
peaks. Montmorillonite peaks appear at 20: 21.5°
and 54.2°. Meanwhile, the peak that existed before
separation remained after separation and there
was an increase in intensity, namely at 19.9° and
34.9°. Kaolinite mineral as an impurity in M-
clay also causes the disappearance of the peak at
20: 36.5°; 42.4°; 45.8° and 54.8°. Meanwhile, the
kaolinite peak that is still present in the Mt-clay
sample has a low intensity at 20: 12.4°; 25.1°; 35.9%;
and 62.4°. Hematite also experiences peak loss at
20: 36.5° and 75.7°. The thermal modification given
to ¢-Mt-clay caused the disappearance of most
of the montmorillonite mineral peaks (Figure 2).
Montmorillonite peaks were only found at 20: 54.2°
and 72.5° with very low intensity. The diffraction
peaks of c-Mt-clay are dominated by hematite
peaks, at 20: 24.3° 33.2°; 41.0° 49.6°; 62.7°; and
64.4°. Another interesting point is the appearance
of a quartz peak at 20: 26.6° albeit with very low
intensity, which was previously missing in the Mt-
clay sample.
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Note: M- montmorillonite, K- kaolinite, Q- quartz, H- hematite.

Figure 2. XRD diffratograms of h-clay, Mt-clay, and c-Mt-clay.
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X-Ray Fluorescence Characterisation

Thermal separation and modification affect
the elemental and oxide composition of each
catalyst (Table 1). According to the XRF analysis,
it is evident that all catalyst samples contain a
significant proportion of silicon (5i) and aluminium
(Al) elements in their composition, whose levels
reach more than 60% of the total of all elements in
the sample. This shows that the catalysts used are
indeed classified as clay because they have the main
constituent composition of clay (Lomertwala et al.,
2019). In addition, it can be seen that the type of
montmorillonite contained in Tanah Datar clay is
Ca-montmorillonite because there is Ca content in
the clay (Park et al., 2016). Iron oxide occupies the
third highest position as a constituent composition
of clay catalysts whose levels reach 19%-32%.
Determination of the Si/Al mole ratio on the clay
catalyst also needs to be done to determine the
potential of the sample as a catalyst. It is known that
the h-clay has a Si/ Al mole ratio of 1.79; Mt-clay has
a Si/ Al mole ratio of 1.27; and ¢-Mt-clay has a Si/ Al
mole ratio of 1.26.

Laser Particle Sizer Analyser Characterisation

The particle size distribution of h-clay
and Mt-clay catalysts may change due to the
montmorillonite and separation process (Figure 3).
The h-clay catalyst is significantly distributed at
a particle size of 5.21 pm, accounting for 3.5% of
the total samples. After separation and calcination,
the particle size distribution increased to 9.6 um
for 4.37% of Mt-clay and to 37.86 pm for 9.37% of
c-Mt-clay. This causes the specific surface area of
particles (S) to decrease due to the separation and

calcination process, where the known S values
of h-clay, Mt-clay, and c-Mt-clay are 5.57 m? g7,
1.73 m? g, and 0.24 m? g™ (Table 2). H-clay has a
particle size distribution of <0.1-2000.0 pm. While
the particle size of Mt-clay and c-Mt-clay spread
over >0.1-2000.0 pm.

The separation and calcination can cause the
standard percentile value of the sample to rise
(Table 2). The D10 of h-clay (0.51 pm) increased in
Mt-clay (1.54 pm) and c-Mt-clay (13.01 um). This
shows that 10% of the samples are below 0.51, 1.54,
and 13.01 pm in size. The D50 value of h-clay (4.74
pum) increased at Mt-clay (9.14 um) and c-Mt-clay
(33.01 um). This indicates that 50% of the samples
are smaller than this value for each sample.
Similarly, the D90 value becomes 44.14, 54.37, and
83.72 pum in h-clay, Mt-clay, and c-Mt-clay which
means that 90% of the samples have a small size
of that value. The Dav (average particle size) value
also increased in h-clay 20.75 pm to 23.94 pm in
Mt-clay and 43.02 pm in ¢-Mt-clay. The increase in
particle size on the catalysts after separation and
calcination may be due to Van der Waals forces
increasing the ability for particles to gather to form
agglomerations (Hamed et al., 2019).

Mechanism for Separating Montmorillonite from
Natural Clay

Montmorillonite mineral was separated from
h-clay by dispersing it in an NH,OH solution
(Taslimah et al., 2008). NH," ions from NH,OH
enter the interlayer of montmorillonite minerals
through interlayer cation exchange events, causing
swelling in the montmorillonite structure (Gautier
et al., 2010; Tong et al., 2021). Swelling that occurs
due to intercalation by NH," ions can cause the

TABLE 1. CHEMICAL COMPOSITION OF H-CLAY, MT-CLAY, AND C-MT-CLAY

Oxide h-clay (%) Mt-clay (%) c-Mt-clay (%)
ALO, 22.854 22,893 25.845
Si0, 48.356 34.459 38.502
P,0. 3.325 3.261 2912
KO 1.108 0.743 0.599
CaO 0.677 0.688 0.597
TiO, 2122 1.866 1.777
V,0; 0.069 0.096 0.089
Fe,0O, 20.476 32.657 28.606
ZnO 0.068 0.119 0.099
SrO 0.005 0.003 0.000
ZxO, 0.076 0.101 0.066
Ag,0 0.632 0.675 0.0682
PbO 0.014 0.032 0.024
Si/ Al ratio 1.790 1.270 1.260
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Figure 3. Particle size distribution curves of h-clay, Mt-clay, and c-Mt-clay.
TABLE 2. PARTICLE SIZE DISTRIBUTION CHARACTERISTICS OF h-clay, Mt-clay, AND c-Mt-clay
Type of catalyst D10 (um) D50 (pm) D90 (pm) Dav (um) S (m*g™)
h-clay 0.51 474 4414 20.75 5.57
Mit-clay 1.54 9.14 54.37 23.94 1.73
c-Mt-clay 13.01 33.01 83.72 43.02 0.24

Note: D10, D50, D90 - standard percentiles; Dav - average particle size (agglomeration size); S - specific surface area of particles.

opening of interlayer space in the montmorillonite
structure. The distance between the layers of
the montmorillonite structure will increase and
eventually release so that the montmorillonite can
be dispersed in the NH,OH solution. In addition,
the interaction of NH," ions with montmorillonite
can also increase hydration in montmorillonite
(Peng et al., 2020). The separation mechanism of
montmorillonite using NH,OH solution can be
seen in Figure 4.

Effect of Separation and Thermal Modification on
Mineral Type and Composition

Separation of montmorillonite from h-clay has a
significant effect on increasing the purity of Mt-clay.
According to the XRD results, new montmorillonite
peaks appear at 20: 21.5° and 54.2°. Meanwhile, the
peak that existed before separation persists after
separation and there is an increase in intensity.

The kaolinite mineral as an impurity in Mt-clay
also decreased substantially and several peaks
experienced a decrease in intensity. Hematite also
experiences peak loss. The disappearance of the
diffraction peaks of montmorillonite mineral in
the ¢-Mt-clay sample calcined at 850°C is due to
the dehydroxylation of montmorillonite to meta
montmorillonite (Werling et al., 2022). During the
calcination process, there is a removal of water
from the surface and water between the layers of
montmorillonite (Taylor-Lange et al., 2015). This
means that montmorillonite undergoes thermal
decomposition in the form of dehydration and
dehydroxylation during the calcination process
(Scrivener and Favier, 2015). According to the XRF
results, the Si/ Al mole ratio decreased due to the
separation and thermal modification processes. A
small Si/ Al mole ratio indicates a high Al content.
High Al comes from aluminate (AlO,”) which is
negatively charged. The large number of negative
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Figure 4. Mechanism of montmorillonite separation using NH,OH solution.
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Figure 5. The colour difference of catalyst: a) n-clay, b) h-clay, c¢) Mt-clay, and d) c-Mt-clay.

charges in the clay mineral layer will increase the
electrostatic  interaction with the cations in the
clay mineral layer (Strawn, 2021). The change in
Si and Al levels in clay is caused by isomorphic
substitution in the terrestrial sheet (Kukharenko,
1971). Each catalyst also has a good Si/ Al mole ratio
(1:2) so that the sample can act as a catalyst. If the
Si/ Al mole ratio is large (>2), the sample will act as
an adsorbent.

Effect of Thermal Separation and Modification on
the Physical Properties of the Catalyst

Natural clay which is dark brown (Figure 5a)
and becomes light brown (Figure 5b, 5¢) in h-clay
and Mt-clay. This is due to the loss of adsorbed

water in the clay due to heating at 105°C. The h-clay
sample is light brown as shown in the figure. The
thermal modification also affects the colour of the
catalyst. After coking, c-Mt-clay turned a brick
red colour (Figure 5d). The colour change in the
clay minerals is due to the transformation of iron
oxide contained in each sample. When the clays
are calcined in the presence of oxygen at 850°C,
goethite [FeO(OH)] transforms into hematite
(Fe,O,) at 300°C-650°C. Above 650°C, hematite
will be reduced to magnetite (Fe,O,). However, the
samples that have been calcined are cooled again at
room temperature. This cooling process will turn
magnetite back into hematite. This is what causes
the calcined sample to become reddish (Martirena
et al., 2020).
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Transesterification Reaction Mechanism with Clay
Catalyst

The use of each catalyst in the transesterification
reaction involves several stages (Figure 6). In the
first stage, the negatively charged siloxane surface
of the clay mineral catalyst skeleton structure can
remove H from the hydroxyl group of methanol
to form alcohol anion (methoxide) and adsorb on
the cation interlayer. When the reaction occurs, the
methoxide anion will attack the carbonyl C atom on
the triglyceride molecule to form an intermediate.
Then, the intermediate undergoes rearrangement by
taking H* from the siloxane surface to form methyl
esters and diglycerides (Intarapong et al., 2014).
These stages occur repeatedly so that three moles
of methyl ester and one mole of glycerol are formed
from one mole of triglyceride.

Differences in Catalytic Activity

The separation and thermal modification of Mt-
clay and c-Mt-clay catalysts can improve catalytic
activity (Figure 7). The yield of biodiesel in the use
of h-clay catalyst is 57.67%. The use of Mt-clay and
c-Mt-clay catalysts increased the biodiesel yield
to 76.20% and 80.11%, respectively. The increase
in catalytic activity is due to the decrease in the
Si/Al mole ratio according to the XRF results

Description: l?z
X~ = Negatively charged side 0=(|3
Y* = Interlayer cations

shown in Table 1. The decrease in the Si/Al mole
ratio value indicates the increase in Al content of
aluminate (AlO,””) which is negatively charged
so that its electrostatic interaction with cations in
the clay mineral interlayer also increases (Strawn,
2021). This shows that the active site of the catalyst
also increases so that it can increase its catalytic
activity. According to LPSA results, it turns out
that particle size does not contribute to catalytic
activity. Although it is generally assumed that
catalysts with higher surface areas have better
activity, this is not always the case. In some cases,
the shape and geometry of the catalyst also play
an important role in determining its activity
(Groimann et al., 2023).

The catalyst produced in this research is more
selective than the clay catalyst used by previous
researchers (Fifi et al., 2023; Syukri et al., 2022).
The h-clay, Mt-clay, and c-Mt-clay catalysts have
high selectivity in producing methyl palmitate and
methyl oleate. Meanwhile, previous researchers
produced - various methyl ester products in each
biodiesel. The yield of biodiesel produced in this
research is also almost the same as previous research
(which chemically modified the clay (Fifi et al.,
2023; Kansedo et al., 2009). This shows that thermal
modification with a simple method and lower
cost can also increase the catalytic activity of the
montmorillonite mineral.
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Figure 6. Transesterification reaction mechanism with clay catalysts.



SEPARATION AND THERMAL MODIFICATION OF MONTMORILLONITE FROM TANAH DATAR CLAY AND ITS CATALYTIC APPLICATION IN BIODIESEL

PRODUCTION FROM WASTE FRYING OILS

100 —

60 57.67

Yield (%)

h-clay

Mt-clay

b Biodiesel yields

80.11

c-Mt-clay

Type of catalyst

Figure 7. Biodiesel yields catalysed with h-clay, Mt-clay, and c-Mt-clay.

TABLE 3. COMPARATIVE STUDY OF MONTMORILLONITE BASED CATALYST ON BIODIESEL YIELD

Temperature

Time  Catalyst Yield

Catalyst Feedstock ©0) (hr) ratio %) Reference
Cd-Mn-MMT Prunus cerasoides D. oil 120 5 4.0% 85.00 Munir et al. (2019)
MMT K10 WCO 150 6 4.0% 38.39 Yahya et al. (2020)
Fe-MMT K10 WCO 150 6 4.0% 95.26 Yahya et al. (2020)
Nano-MMT Crude palm oil 60 3 40g 84.90 Harmawan et al. (2021)
Copper modified MMT  Raphnus raphanistrum L. oil 150 5 3.5% 83.00 Munir et al. (2021)
c-Mt-clay WFO 70 3 3.0% 80.11 This work
TABLE 4. PHYSICAL PROPERTIES OF BIODIESEL CATALYSED BY h-clay, Mt-clay, AND c-Mt-clay

Properties Standards Type of catalyst

h-clay Mt-clay c-Mt-clay
Density (g cm™) 0.86-0.90 (ASTM D6751) 0.87 0.86 0.86
Water content (%) 0.05 (ASTM D2709) 0.47 0.03 0.02

Transesterification reactions produce similar
methyl esters, namely methyl palmitate and methyl
oleate. Methyl palmitate is a saturated methyl ester,
while methyl oleate is an unsaturated methyl ester.
Saturated methyl esters are the most desirable
component ‘in biodiesel. This is related to their
stability against oxidation. Unsaturated methyl
esters, on the other hand, are more easily oxidised
and will form gum in the fuel which can cause fuel
corrosion (Perosa et al., 2011).

Based on the comparison of montmorillonite-
based catalyst studies in the Tuble 3, the yield
obtained from this study is higher than the
yield obtained in other studies using the MMT
K10 synthetic catalyst without treatment and
modification. However, when compared with
montmorillonite catalysts that were modified by
making them nanostructured or by imposition of
metal, the yield values obtained in this study were
relatively lower.

Physical Properties of Biodiesel Products

The physical properties of the biodiesel
product determined are density and water content
(Table 4). Based on ASTM D6751, biodiesel has
a density of 0.86-0.90 g cm™ at 15°C, while the
maximum water content in biodiesel is 0.05%
(ASTM D2709). The transesterification reaction
products catalysed by h-clay, Mt-clay and c-Mt-
clay have densities of 0.87 g cm™, 0.86 g cm™, and
0.86 g cm™, respectively. While the water content
in h-clay, Mt-clay and c-Mt-clay biodiesel products
is 0.47%, 0.03% and 0.02%, respectively. Therefore,
biodiesel products catalysed by Mt-clay and
c-Mt-clay are included in the biodiesel group
because the values meet with the density and
water content under ASTM. While the product
catalysed by h-clay is not considered biodiesel
because the water content exceeds the maximum
limit set by ASTM.
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CONCLUSION

This research has succeeded in separating the
mineral montmorillonite from the natural clay of
Tanah Datar. Calcined montmorillonite caused
changes in the constituent phases, and the element
levels, as well as the oxide levels contained therein.
All catalysts contain the main elements of Si, Al
and Fe. Separation and thermal modification
caused changes in elemental content and Si/Al
mole ratio from 1.79 in h-clay down to 1.27 and
1.26 in Mt-clay and c-Mt-clay samples. Thermal
treatment of c¢-Mt-clay caused colour changes
from light brown to brick red. Montmorillonite
turned into meta montmorillonite after calcined at
850°C. Particle size does not contribute to catalytic
activity. Separation and thermal modification of
Mt-clay and c-Mt-clay catalysts can increase
biodiesel yield. The h-clay catalyst had a biodiesel
yield of 57.67%, which increased to 76.20% in
the Mt-clay catalyst and 80.11% in the c-Mt-clay
catalyst. Therefore, we suggest that other researchers
can use this method to produce a good catalyst for
producing biodiesel.
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