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Sodium metasilicate (SMS) tended to agglomerate during glycerolysis reactions in high shear compart-
ment reactors (HSCR), hindering triacylglycerol (TAG) conversion. Therefore, the aim was to evaluate
the SMS-magnesium oxide (MgO) blend as a heterogeneous catalyst for glycerolysis reactions. Various
SMS-MgO ratios (ranging from 2.5:1 to 10.0:1) were evaluated. The results demonstrated that increasing
MgO in the blend reduced catalyst basicity and minimized O-Si-O groups and catalyst crystallinity, pre-
venting clumping and increasing catalyst surface area. The SMS-MgO 5.0:1 blend exhibited the smallest
pore size (<2 nm) with a surface area of 4.22 m*- ¢! and basicity of 11.59 = 0.115 mmol - g™ This
blend achieved the highest TAG conversion of 53.98%, with a MAG content of 16.86 = 0.528% when it
was performed at 120 °C with an agitator speed of 2,000 rpm for 6 h. Thus, the SMS-MgO 5.0:1 blend
shows promise as a heterogeneous catalyst in glycerolysis reaction in HSCR, hindering agglomeration
and enhancing surface area.
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INTRODUCTION

A mixture of Monoacylglycerol (MAG) and diacylgly-
cerol (DAG), also called MDAG, are additives widely
used in food and non-food products and are classified
as GRAS non-ionic emulsifiers. This type of emulsifier
is produced through various chemical? and enzymatic
processes® ¥. A homogeneous catalyst, such as NaOH
or KOH, is commonly used in the glycerolysis reaction,
such as MAG and DAG synthesis from Refined Bleached
Deodorized (RBD) Stearin®. Interesterification reactions
can also utilize organocatalysts alongside homogeneous
catalysts, broadening the scope of catalyst options ava-
ilable for this process® ’. However, homogeneous cata-
lysts and organocatalysts have several drawbacks. The
homogeneous catalyst can only be used once, and the
residues have to be separated from the product®. The
limited scalability associated with organocatalysts poses
challenges in their widespread application in intereste-
rification reactions’. On the other hand, heterogeneous
catalysts are a solid form of catalyst that has been investi-
gated by several researchers in this reaction, causing the
process of interesterification cost-efficient'*"'2. Currently,
many different kinds of heterogeneous catalysts, such as
MgO?* B, zinc glycerolate!, and sodium silicate’, have
been used extensively in interesterification processes,
such as in the manufacture of biodiesel™*", glycerol
carbonate ", and mono and diacylglycerol® *..

Both SMS and MgO have great potential to be used in
the interesterification process due to their strong alkali-
nity' %2224 However, several researchers have reported
experiencing difficulties in applying this catalyst in its
non-calcined form, especially for sodium metasilicate. It
is possible due to the hydrolysis process of non-calcined
sodium silicate, which forms H,SiO, monomers. This re-
action caused the solid catalyst agglomeration, influenced
mass transfer, and reduced trans-esterification product

yield®*. The forming of SiO, bridges on the catalyst can
be prevented by mixing the catalyst with other oxide
materials, which also improves the solid base catalyst’s
ability to be reused®.

One significant drawback of the glycerolysis reaction is
the immiscibility of glycerol with oil. This lack of com-
patibility between the two substances leads to difficulties
in mixing them efficiently. As a result, the mass transfer
between glycerol and oil becomes limited, hindering the
overall effectiveness and efficiency of the reaction. To
solve this issue, tert-butanol and tert-pentanol were used
as solvents®. Ultrasonication and high shear reactor were
also used to enhance the mass transfer rate*. Forming
an emulsion system with a very small globule particle
size improved the mass transfer. The catalyst’s surface
will react with the globules efficiently due to their small
size, increasing the reaction rate. However, high shear
can damage solid catalysts, resulting in a change in their
properties and a decrease in their overall efficacy?.
To overcome this problem, a compartment has been
incorporated into the high shear compartment reactor
(HSCR) to protect the catalyst from damage by the im-
peller. A combination of compartments and high-speed
agitation was performed to deal with the miscibility of
the substrate. Therefore, this study evaluated the use
of a high-alkalinity solid base catalyst based on a mi-
xture of uncalcined sodium metasilicate and magnesium
oxide (MgO) to synthesize mono- and diacylglycerol
using HSCR. The effect of SMS and MgO blend on its
efficacy, including catalyst basicity, crystallinity, surface
area, pore volume, and performance in the glycerolysis
process, was investigated. An HSCR was employed to
create a homogenous substrate and identify catalyst
property changes.
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MATERIALS AND METHODS

Materials

Refined bleached deodorized palm kernel oil (RBDP-
KO) was obtained from PT Smart Tbk (Bekasi, Indone-
sia). Sodium metasilicate (SMS) (Na,SiO;) was obtained
from Sigma-Aldrich (Missouri, USA), and magnesium
oxide (MgO) powder was obtained from Merck KGaA
(Darmstadt, Germany). Glycerol was obtained from P&G
Chemicals (Kuala Lumpur, Malaysia). The Silica Gel
60 F254 TLC plate was obtained from Supelco Merck
(Darmstadt, Germany).

Catalyst Preparation

Wet impregnation of the MgO was carried out by
heating 30 g of MgO in 150 mL of distilled water. The
mixture was then heated for 2 h at 80 °C. After filtration,
The MgO slurry was dried and crushed to a fineness of
mesh 100. Anhydrous sodium metasilicate (SMS) and
MgO were mixed in the following ratios: 2.5:1 (SMS-
-MgO 2.5:1), 5.0:1 (SMS-MgO 5.0:1), 7.5:1 (SMS-MgO
7.5:1), and 10.0:1 (SMS-MgO 10.0:1). The powder mi-
xture was mixed with 5% (wt) of distilled water, and the
slurry was dried at 105 °C for 6 h. The dried catalyst
was crushed to pass through mesh 15 but remained in
mesh 30, resulting in catalyst granules.

Glycerolysis Reaction in High Shear Compartment
Reactor

The process of glycerolysis was carried out with a mole
ratio of RBDPKO and glycerol equal to 1:3. The substrate
mixture was heated to 120 °C. The catalyst concentration
was 20% (based on the oil mass), with the catalyst gra-
nule placed in the reactor compartment (Figure 1). The
reaction was performed for 6 h at an agitation speed of
2000 rpm. Every 60 min, a sample was collected.

After the reaction, the catalyst was removed from the
compartment. A washing process was carried out using
a mixture of n-hexane and ethanol®. The previously used
catalyst granules were added to the solution and stirred
for 30 minutes in a 1:1 (v/v) mixture of hexane and
ethanol, with a total volume of 50 mL. A new solution
was used to wash the granules of the catalyst after the
first wash. The granules were dried for 2 h at 105 °¢
to eliminate any remaining solution. Finally, TLC was
used to examine MAG, DAG, and TAG concentrations.

(B)

Figure 1. (A) High-shear reactor design for the glycerolysis
reaction; (B) compartment filled with heterogeneous
catalyst

Characterization of Sodium Metasilicate and MgO
Blend Catalyst

NOVAtouch Lx4 (Quantachrome Instruments, Graz,
Austria) was used to analyze the pore size and pore
volume of the catalyst using N, gas sorption. The iso-
therms for adsorption and desorption were determined
using the multipoint approach. The Brunauer, Emmett,
and Teller (BET) technique was used to determine the
total surface areas®. The Barrett-Joyner-Halenda (BJH)
method provided mesoporous size distribution®. The
benzoic acid titration method was used to determine
the basicity of the solid catalyst'.

Fourier Transform Infrared Analysis

The Fourier Transform Infrared (FTIR) method was
used to determine the functional groups of the catalyst
granules, which was carried out using Perkin Elmer
UATR (USA). X-ray diffraction (XRD) analysis was
carried out using a Shimadzu XRD 7000 S/L (Japan)
with Cu radiation (30 kV and 30 mA). The samples
were scanned in the range of 20 = 10-90° at a scanning
speed of 4°/min.

Analysis of Fatty Acid and Acylglycerols Composition

Gas chromatography (GC-2010 Shimadzu, Japan),
outfitted with a flame ionization detector and a silica
capillary column DB 23 (Agilent, USA), was used to
examine the fatty acid content of triacylglycerol in
RBDPKO. The retention time was used to determine
the presence of fatty acids, which were then compared
to standards of FAME (Sigma-Aldrich, USA), and the
results were reported as a percentage of fatty acids.
The amount of free fatty acids was calculated using the
titration method described in AOCS Ca 5a-40*.

Thin Layer Chromatography (TLC) was used to deter-
mine acylglycerol compositions (mono-, diacylglycerol,
and triglyceride) in the raw material of RBDPKO and
the product of the glycerolysis process®. One uL of the
sample was spotted on a TLC plate that had been dried
at 105 °C for 1 h. The mobile phase for elution was
hexane: ethyl ether: glacial acetic acid (80:20:2) (v/v/v).
After the chamber had been filled with the mobile phase,
the TLC plate was put in the chamber. The TLC plate
remained upright within the chamber until the mobile
phase (eluent) reached the finish line, located 1 cm from
the plate top. When the elution process was completed,
the plate was removed from the chamber and allowed
to dry at ambient temperature. Coloring of the TLC
plate was accomplished by employing Coomassie bril-
liant blue at a concentration of 0.02% (w/v), which has
been dissolved in a mixture of acetic acid, methanol,
and distilled water in the proportions of 1:3:6 (v/v/v)®.
Camag’s Automatic TLC Scanner III S/N (1.14.16) was
used to scan the TLC plate at a wavelength of 629 nm,
and WinCATS software was used to analyze the data.
The scanner software integrates the signal intensity for
each spot. This integration gives a peak area, which
is proportional to the amount of the compound. By
comparing all of the peak areas of sample, the software
can calculate the concentration of MAG (Eq. 1), DAG
(Eq. 2), and TAG (Eq.3) in the sample.
Peak areas of MAG

Total peak area

MAG Concentration (%) = X100% (1)



Peak areas of DAG
Total peak area

DAG Concentration (%) = x 100% (2)

Peak areas of TAG
Total peak area

TAG Concentration (%) = X 100% (3)

The TAG conversion formula is shown in Equation 4:

TAG, —TAGt 100% (4)

TAG Conversion (%) = TAG
0

where subscript 0 and t are the starting and final con-
centrations, respectively.

Analysis of Water Content and Slip Melting Point

Water content and slip melting point were determined
by Karl-Fisher titration (AOCS Ca 2e-84) and AOCS
Cc 3b-92, respectively.

Statistical Analysis

The statistical analysis was performed using an SPSS
26.0.0 (SPSS Inc., USA) program. Tuckey’s multiple
comparison tests were used to compare mean values
and differences among mean values were considered
significant when P < 0.05.

RESULTS AND DISCUSSION

Characteristics of RBD Palm Kernel Oil

The fatty acid profile, free fatty acid value, water con-
tent, and slip melting point of RBDPKO are presented
in Table 1. The result showed that RBDPKO’s fatty
acid composition was dominated by lauric acid, which
accounted for 47.24% of the total. Kilic & Ozer found
nearly the same number of 47.74% in their study*. As
a result, RBDPKO exhibits a high slip melting point
value, typically around 23 to 26 °C. This melting point
characteristic makes it ideal for applications where solid
fats are required, such as in the production of confec-
tionery, emulsifiers, and cosmetic formulations.

Effect of SMS-MgO Mass Ratio on Functional Groups
of Catalyst

FTIR analysis was used to characterize the functional
groups of the catalyst. The IR spectra of the catalyst at
various SMS-MgO ratios were evaluated in the range of
450-4000 cm™. Figure 2 shows that the spectra display-
ed an absorption band at a frequency of ~969 cm,
which was interpreted to be caused by the stretching of
Si-O-Na'*%. The appearance of Si-O-Si stretching bands
at approximately 827 cm™ was ascribed to tetrahedral
SiO,* aggregation, which consequently formed Si-O-Si".

Table 1. Characteristics of RBD Palm Kernel Oil
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The observed bands with a wavenumber of 702 and
1165 ecm™ indicated the stretching vibrations of Si-O
bonds®> *. The catalyst surface exhibits the presence of
various carbonate species (O-C-O) at a wavenumber of
1441 cm™ ¥ This occurrence can be attributed to the
catalyst’s alkaline properties and its interaction with
atmospheric CO,. The spectral peaks observed at wave-
numbers 515 and 871 cm™! are attributed to the distinct
modes of the stretching vibration involving the O-Si-O
bonds®. The observed decrease in peak intensity at this
specific wavelength on the SMS-MgO (2.5:1) catalyst
may be attributed to the presence of MgO particles
that are adhered to the surface of the sodium metasi-
licate granules. This attachment potentially hinders the
formation of O-Si-O bonds. Thus, it minimized catalyst
agglomeration.

In the process of impregnation, it is widely known
that the reaction of MgO with distilled water will result
in the formation of a molecule of magnesium hydroxi-
de (Mg(OH),). A peak at 2927 and 3693 cm™ can be
attributed to the residual C-H bond and vibrational
stretching of hydroxyl (OH) groups inside the catalyst
compound, respectively’® 3 %, The observed peak at
a wavenumber of 777 cm™ is attributed to the stretching
vibration of Mg-O-Mg™®. In addition, an absorption peak
is observed at around 458 cm™, which can be attributed
to the vibrations of the Mg-O bond*. An increase in
the peak at this wavelength was observed as a result
of employing a greater quantity of MgO powder in the
catalyst mixture.
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Figure 2. FTIR spectrum of sodium metasilicate (SMS) to
magnesium oxide (MgO) ratios. SMS-MgO ratios
were 1:0 (A); 10.0:1 (B); 7.5:1 (C); 5.0:1 (D); and
25:1 (E)

. value
No. Analysis This study [30]
1. Free Fatty Acid Value (as lauric acid) (%) @ 0.05 -
Water content (%) ° 0.03 -
Fatty acid composition (%) ©
Caprylic acid (C8:0) 3.57 3.24
Capric acid(C10:0) 3.30 3.36
3 . Lauric acid (C12:0) 47.24 47.73
) . Miristic acid(C14:0) 15.18 15.91
. Palmitic acid (C16:0) 8.80 8.25
. Stearic acid (C18:0) 2.59 2.45
Oleic acid (C18:1) 15.51 15.18
4. SI|p Melting Point (°C) ¢ 245-25.2 -

a AOCS Official Method Ca 5a-40-°® AOCS Official Method Ca 2e-84, ¢ AOCS Official Method Ce 2-66, "¢ AOCS Official Method Cc 3-25
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Effect of SMS-MgO Mass Ratio on Crystallinity Index

The XRD diffraction patterns of the SMS-MgO
catalyst are shown in Figure 3. Similar to Fan et al.
(2013), the diffraction peaks of anhydrous Na,SiO; in
this catalyst mixture exhibited at 20 angles of 17.2°,
25.4°, 29.7°, 35.4°, 37.5°, 48.4°, 52.5°, 64.6°, and 66° ¢,
Conversely, the MgO diffraction peaks can be seen at
43.3° and 62.7° ®. The peak at 43.3° is often associated
with the (200) plane, and the peak at 62.7° with the
(220) plane in MgO crystalline. These values can be
matched with standard JCPDS (Joint Committee on
Powder Diffraction Standards) cards to confirm the pres-
ence of MgO nanoparticles and their cubic structure®.
Figure 3 demonstrates that the addition of MgO to the
catalyst mixture causes several changes in peak intensity
in the catalyst crystallinity profile. For example, a drop
in the peak at 29.4° indicates a decrease in the degree
of SMS-MgO crystallinity due to the addition of MgO.
This fact can also be seen in Table 2, which shows that
SMS-MgO (2.5:1) had less crystalline than other types
of SMS-MgO. Magnesium oxide has a simple ionic
crystal structure with alternating layers of Mg”>* and
O% in a cubic or rock salt shape*. Meanwhile, sodium
metasilicate crystals are silicon-oxygen tetrahedra (SiO,)
with four oxygen atoms covalently bound to each silicon
(Si) atom®. While synthesizing the SMS-MgO catalyst,
MgO particles prevented solid-to-solid interactions
between sodium metasilicate particles, causing reduced
catalyst crystallinity. Furthermore, it is suggested that
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Figure 3. XRD spectrum of sodium metasilicate (SMS) to
magnesium oxide (MgO) ratios. SMS-MgO ratios
were 2.5:1 (A), 5.0:1 (B), 7.5:1 (C), and 10.0:1 (D)

forming an amorphous structure increases surface area
of the catalyst.

Effect of SMS-MgO Mass Ratio on Catalyst Basicity,
Surface Area, and Pore Size

The impact of the modification in the mass ratio of
sodium metasilicate and MgO on the basicity of the
catalyst is provided in Table 2. The catalyst basicity value
increases proportionally to the amount of sodium meta-
silicate applied. Sodium metasilicate, with the chemical
formula Na,SiOs, is a compound that exhibits high basicity
due to the presence of silicate ions (SiO;). Similar to
previous studies by Guo et al. and Li et al., the basicity
of sodium metasilicate in this study was around 13.27
+ (.18 mmol - g %! and the MgO basicity value was
between 0.28 and 1.18 mmol - g™! %, Based on this ob-
servation, it can be inferred that increasing the quantity
of MgO in the catalyst production procedure will reduce
the basicity value within the catalyst mixture.

According to Table 2, the used catalyst has a lower
basicity value than the new catalyst. The SMS-MgO
(7.5:1) catalyst showed the most significant shift in base
strength during the experiment. The change in the basicity
value of the used catalyst was attributable to the leaching
of some catalyst ions. During the glycerolysis reaction,
ion exchange occurs between sodium (Na*) and hydrogen
(H™). The absence of Na* ions will reduce the activity of
the catalyst mixtures*’. However, this phenomenon did
not occur when using the SMS-MgO (10.0:1) catalyst.
According to the data presented in Table 2, it can be
observed that the basicity value of SMS-MgO (10.0:1)
shows a minor drop prior to its utilization in the glyce-
rolysis reaction. This occurs as a result of the SMS-MgO
catalyst (10.0:1) agglomerating during the glycerolysis
reaction. Glycerolysis processes often produce water as
a byproduct through the breakdown or formation of ester
bonds. In the presence of a trace quantity of water, certain
Si-O-Si or Si-O-Na bonds were converted into Si-O-H
bonds, forming H,SiO, monomers. These monomers had
the ability to conglutinate the catalyst'. As a result of
this condition, the substrate has difficulty penetrating the
catalyst lumps contained within the compartment. Hence,
there was a possibility that the sodium ions contained
in the catalytic mixture underwent minimal leaching
and were retained within the catalyst. This solid catalyst
agglomeration can reduce mass transfer efficiency and
ultimately lower glycerolysis yield’.

Based on Table 2, the SMS-MgO catalyst has micro-
-size pores (less than 2 nm). The SMS-MgO catalyst with
a ratio of 5.0:1 exhibits a particularly smaller pore size
compared to other SMS-MgO catalysts. In addition to
this, the SMS-MgO (5.0:1) catalyst exhibits an increased
surface area. Due to the amorphous nature of MgO,
the addition of MgO to the catalytic mixture will affect
expanding the surface area of the catalyst. Even though
the SMS-MgO (10.0:1) catalyst exhibits a greater pore
size in comparison to the SMS-MgO (5.0:1) catalyst,
it is noticeable that the SMS-MgO (10.0:1) possesses
a smaller pore volume, resulting in a lower surface area.

Effect of Catalyst on pH Value of Glycerolysis Product

In this research, we observed the effect of utiliz-
ing catalysts with varying mass ratios of sodium metasilicate
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Table 2. Effect of Sodium Metasilicate and MgO Mass Ratio on Basicity, Surface Area, Pore Volume, and Pore Size of Catalyst

Catalyst Basicity (mmol - g™') Surface area Pore volume Pore size Crystallinity Index
2. ~—1 3. ~1
new used (m?-g™) (em®-g7) (nm)
SMS-MgO (2.5:1) 9.07 £ 0.095° 8.03 £ 0.0922 3.99 0.0031 1.53 21.14
SMS-MgO (5.0:1) 11.59 + 0.115° 8.56 £ 0.017° 4.22 0.0030 1.41 24.76
SMS-MgO (7.5:1) 12.32 £ 0.073° 7.56 +0.6902 3.91 0.0035 1.79 29.21
SMS-MgO (10.0:1) 13.25 + 0.021¢ 12.32 £0.753° 212 0.0018 1.67 24.89

Glycerolysis reaction: time 360 min; catalyst loading 20 wt% (mass of oil); agitation speed 2000 rpm; temperature 120 °C
Different letters indicated significantly different values for each column (p < 0.05)

and MgO on the final product’s pH value. As shown in
Table 3, the SMS-MgO (5.0:1) catalyst produced a product
with the highest pH value of 9.42 + 0.15. During glycer-
olysis process, the sodium metasilicate catalyst will react
with the water formed by the reaction. Sodium metasilicate
is an alkaline chemical that produces silicate ions when
dissolved in water, which can combine with water to form
silicic acid. In the presence of water, sodium metasilicate
hydrolysis results in NaOH and Si-O-H?.

The increase in pH value of the product was likely
affected by NaOH molecules produced during the reac-
tion process. The glycerolysis reaction can be accelerated
by NaOH molecules that are produced during sodium
metasilicate hydrolysis?’. The presence of NaOH in the
substrate will assist in initiating the interesterification
process that occurs in acylglycerol. In addition, it is also
believed that the formation of glycerolate anion during
the glycerolysis reaction is responsible for the increase in
the pH of the product. Anion glycerolate usually forms
in ionic liquid solvents, which are liquid salts made of
ions. These parts are very soluble in glycerol and other
reactants and exhibit strong polarity. The higher solubil-
ity of reactants in anion glycerolate promotes effective
collisions and increases the reaction rate. Glycerolate’s
negative charge also stabilizes the reaction intermedi-
ate. This stabilization will decrease the energy barrier,
making the reaction easier and faster®.

Effect of Catalyst on TAG Conversion

In glycerolysis processes, heterogeneous catalysts aim
to obtain a form of catalyst that can be readily sepa-
rated and recycled for additional usage. The primary
objective was to maximize the rate at which TAGs can
be converted into MAG and DAG. The glycerolysis re-
action proceeds in two sequential stages: initially, TAG
reacts with glycerol to form MAG and DAG (Eq. 5
and Eq. 6), and subsequently, DAG further reacts with
glycerol to produce additional MAG (Eq. 7)"®. Several
studies have been conducted to determine the most
effective heterogeneous catalyst for this glycerolysis

process. It has been mentioned in various published
works that the conversion rate of TAG into MAG and
DAG is increased according to the basicity value of the
heterogeneous catalyst that is utilized' .

TAG + Gly < MAG + DAG (5)
TAG + 2Gly <> 3MAG (6)
DAG + Gly < 2MAG (7)

According to the research, heterogeneous catalysts
with extremely high basicity values may not always give
the greatest TAG conversion. Figure 4 shows that the
glycerolysis reaction with the SMS-MgO (10.0:1) catalyst,
which has the highest basicity value, has a lower TAG
conversion rate than the glycerolysis reaction with the
SMS-MgO (5.0:1) catalyst. This phenomenon occurs due
to the tendency of catalysts containing large quantities
of sodium metasilicate to agglomerate. Furthermore, the
SMS-MgO (10.0:1) catalyst was known to have a lower
value than the SMS-MgO (5.0:1) catalyst based on the
measurement of the surface area of the catalyst using
the BET technique (Table 2). There is a correlation
between crystallinity and catalytic activity in specific si-
tuations. Siregar et al. found that a crystalline phase of
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Figure 4. Effect of various catalysts on the TAG conversion.
Reactions were performed at RBDPKO/Gly molar
ratio 1:3; temperature 120 °C; catalyst loading 20
wt%; time 360 min; agitation speed 2000 rpm

Table 3. Effect of Sodium Metasilicate/MgO Mass Ratio on pH Value and Acylglycerol Composition in The Product

Acylglycerol (%)
Catalyst pH value TAG conversion (%)
MAG DAG
SMS-MgO (2.5:1) 7.830.11°2 3.61 £ 0.440° 21.09 + 2.555% 24.55 + 3.157°
SMS-MgO (5.0:1) 9.42+0.15" 17.03 £ 0.475° 36.21 £ 1.723° 53.04 £ 2.152°
SMS-MgO (7.5:1) 9.20+0.47° 14.29 + 3.086° 30.36 + 1.502° 44.54 + 3.402>
SMS-MgO (10.0:1) 9.34+0.23" 8.24 + 1.888° 35.45 + 1.238° 43.58 + 3.116°

Glycerolysis reaction: time 360 min; catalyst loading 20 wt% (mass of oil); agitation speed 2000 rpm; temperature 120°C
Different letters indicated significantly different values for each column (p < 0.05)



22 Pol J. Chem. Tech., Vol. 26, No. 4, 2024

the sodium silicate catalyst was formed by impregnating
NaOH onto calcined silica corncob ash®. The results
showed that a catalyst with a high degree of crystallinity
was more active than the amorphous ones. Crystalline
materials have enhanced surface reactivity due to their
regular atom arrangement. A crystal’s surface atoms are
closer to reactant molecules, causing catalytic reactions
more effective. Nonetheless, the increased surface area
of amorphous catalysts allows them to outperform their
crystalline counterparts in terms of activity. SMS-MgO
(5.0:1) catalyst has a larger surface area (4.22 m?- g™')
allowing for more interactions between the reactant and
the catalyst, leading to enhanced catalytic activity.

Effect of Catalyst on Acylglycerols

As previously mentioned, the SMS-MgO (5.0:1) ca-
talyst generates products with the greatest pH values.
Glycerolate anion can arise in substrate mixtures due
to strong catalytic activity. It allows high-MAG and
DAG products, as demonstrated in Table 3. As seen in
Figure 5, the glycerolysis reaction carried out using SMS-
-MgO (5.0:1) and (7.5:1) catalysts produced a significant
increase in MAG and DAG after 180 min. Meanwhile,
a significant decrease in TAG occurred in the SMS-MgO
(10.0:1) catalyst in the 60" min. After that, TAG levels
tended to remain steady or did not decrease much. Due
to the low basicity, the SMS-MgO (2.5:1) catalyst was
insufficient to react with the substrate attached to the
catalyst’s surface. As a result, this catalyst could not
convert TAG significantly.

Additionally, the physical characteristics of the catalyst
show an effect on the rate of conversion of triacylglycerol
(TAG) into monoacylglycerol (MAG) and diacylglycerol
(DAG). Increasing the catalyst’s surface area will enhance
the interaction between the substrate and the catalyst.
Using SMS-MgO (5.0:1) as a catalyst, characterized by
its substantial surface area, leads to an enhanced pro-
duction yield of MAG and DAG molecules (17.03+0.475
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and 36.21+1.723%, respectively). The accessibility and
transport of chemicals that interact on the catalyst’s
surface are influenced by the catalyst’s pore size and
pore volume®.

CONCLUSION

The production of MAG and DAG products using
RBDPKO oil as feedstock has been successfully achie-
ved using a mixture of catalysts derived from SMS and
MgO in a HSCR. Based on the evaluation of the catalyst
characteristics, SMS contained Si-O-Si stretching and the
O-Si-O bonds. Impregnation of SMS with MgO reduced
the O-Si-O bonds and increased Mg-O-Mg stretching
and Mg-O bond vibrations. The MgO particles preven-
ted solid-solid interactions between the SMS particles,
resulting in reduced catalyst crystallinity. SMS basisity was
about 13.27 + 0.18 mmol - g™, Increasing the amount
of MgO in the SMS-MgO catalyst reduced its basicity
value (0.28-1.18 mmol - g™*). In addition, the SMS-MgO
catalyst had micro-sized pores (less than 2 nm). SMS-
-MgO (10.0:1) catalyst had a lower surface area than the
SMS-MgO (5.0:1) catalyst. The increase in surface area
was due to the amorphous nature of MgO.

Based on the catalyst activity evaluation, SMS-MgO
(5.0:1) increased the MAG and DAG production yields
(17.03+£0.475 and 36.21%+1.723%, respectively). This is
due to the increased surface area (4.22 m2 - g') and
the formation of NaOH and Si-O-H from the hydrolysis
of SMS during the glycerolysis reaction. The product
pH was 9.42+0. On the other hand, SMS-MgO (10.0:1)
had the highest basicity value, but the catalyst activity
was lower than SMS-MgO (5.0:1). This is due to the
agglomeration of the SMS-MgO (10.0:1) catalyst. Thus,
MgO potentially prevents the formation of O-Si-O bonds,
forms an amorphous structure, increases the surface area
of the catalyst and minimises catalyst agglomeration.
Finally, it improves their catalytic activity.
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Figure 5. Effect of sodium metasilicate (SMS) to magnesium oxide (MgO) ratios on acylglycerol compositions. SMS-MgO ratios were

2.5:1 (A), 5.0:1 (B), 7.5:1 (C) and 10.0:1 (D)
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