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 Abstract: The synthesis of mesoporous material by utilizing palm oil boiler ash (POBA) 
waste as the silica source and methyl ester sulfonate (MES) surfactant as the template for 
a high-porosity was investigated for free fatty acids (FFA) adsorption. The research was 
initiated with silica extraction from POBA by sodium hydroxide addition through the 
sol-gel precipitation method. Silica modification was carried out with MES surfactant 
and 3-aminopropyltrimethoxysilane (APTMS) as the co-structure-directing agent 
(CSDA) in different calcination temperatures. Mesoporous silica-POBA (MS-POBA) free 
template had a surface area, pore diameter, and pore volume (41.033 m2/g, 4.180 nm, 
and 0.250 cm3/g) lower than MS-POBA with the template (71.0147 m2/g, 7.923 nm, and 
0.524 cm3/g). The ability of MS-POBA to adsorb FFA reached its optimum conditions 
with an adsorption time of 20 min and an adsorbent dosage of 0.24 g. The FFA removal 
by MS-POBA with the template was found to have higher adsorption ability, which was 
35.54%, compared to the MS-POBA free template of 26.68%. The high porosity of MS-
POBA with a template makes the FFA adsorption capacity of this material higher than 
MS-POBA free template. 
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■ INTRODUCTION 

Indonesia is one of the world's largest palm oil 
plantations, covering an area of 14.09 million hectares, 
and it holds the title of the largest palm oil producer 
globally with dominance in Sumatra and Kalimantan [1-
2]. Crude palm oil (CPO) is a primary product of palm oil 
mills. Processing CPO from palm oil in the industry 
produces a lot of solid waste, such as 23% empty fruit 
bunches, where 15% in the form of fiber and the other 6% 
in the form of shells, while they are used to generate 
electricity in the industry palm oil mill from the steam-
driven turbine. Palm oil boiler ash (POBA) is an 
environmental problem because it is a waste of the palm 
oil mill industry. POBA is ash derived from shells and 
fruit fiber that have been ground and burned at a 
temperature of 500 to 700 °C in a boiler furnace and it 
contains silica chemical elements such as SiO2 (49.50%), 
Al2O3 (5.45%), and Fe2O3 (5.73%) [3-6]. 

Silica from boiler ash is obtained through a 
synthesis process using the sol-gel method by adding 
sodium hydroxide, where 37% of silica is obtained [7-9]. 
Apart from the purity, the important thing about silica 
is the presence of porous silica. The pore diameter size 
of silica, according to the International Union of Pure 
and Applied Chemistry (IUPAC) is classified into 
micropores (pore size below 2 nm), mesoporous (pore 
size between 2 to 50 nm), and macropores (pore size 
above 50 nm). The details about porosity, density, 
specific surface area or pore size, and pore size 
distribution in porous solids depend on the adsorbate 
that enters the pore gaps. The results are influenced by 
the size of the molecule that is passed through the pores 
[10]. 

The properties of silica are affected by particle size, 
pore size, pore volume, and surface characteristics of the 
material [11]. Several methods can be utilized to form 
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nanoparticles, such as thermal decomposition, 
microemulsions, co-precipitation, sol-gel, and 
hydrothermal. Silica can be modified by organic ligands 
[12-13] and additional surfactants (categorized as 
cationic, anionic, and non-ionic) as a template since it is 
more attractive and commonly used due to the presence 
of a hydrophobic tail and a hydrophilic head. An 
appropriate surfactant required for modifications might 
be different depending on the nature of adsorbents and 
adsorbate interactions. 

Anionic surfactants have also been widely used, 
including sodium dodecyl sulphate (SDS), sodium 
dodecyl benzene sulfonate (SDBS), and sodium 
ricinoleate [14-18]. The most relevant surfactant required 
for modification depends on the nature of the adsorbent 
and the interactions of the adsorbate [19]. The previous 
work modified mesoporous silica nanoparticles by 
varying the molar ratio of two anionic surfactants [18] 
and this research used only one anionic surfactant. 
Methyl ester sulfonate (MES), a kind of anionic surfactant 
derived from palm oil, has good surface-active properties 
and has recently been named a green surfactant [20]. 
These compounds include new surfactants, which are 
renewable resources (from renewable materials) and are 
biodegradable because they are made from vegetable oils 
and can be produced economically. 

There has not been any research on the use of this 
MES surfactant as a template in the synthesis of 
mesoporous silica materials, which is based on the 
literature that was found. This MES anionic surfactant has 
the chemical formula RCH(CO2Me)SO3Na. Its carbon 
chain contains a double bond (C9 atom) and a hydroxy 
group (C7 atom); both might influence the formation of 
micelle aggregates and consequently affect the porous 
characteristics of mesoporous silica. It has been 
discovered that the co-structure-directing agent 
(CSDA)/surfactant ratio, alkyl chain length, and 
surfactant ionization level all affect the size of silica pores 
[15]. The hydrophobic interactions between the organic 
groups of CSDA on the silica wall and the hydrophobicity 
of the micelles drive the formation of mesopores [21]. 

The increase in the pore size of boiler ash silica using 
MES as a template is interesting. Mesoporous silica palm 

oil boiler ash (MS-POBA) was prepared using a simple 
microemulsion polymerization method and then used as 
an adsorbent. MES, which was initially used as a 
template agent during synthesis, was retained in a silica 
framework, and the product of the synthesis was 
denoted as MES silica nanoparticles. Mesoporous silica 
has been used as an adsorbent [13,22-23] and this study 
aims to reduce free fatty acid (FFA) in CPO by 
adsorption process. CPO quality standards in Indonesia 
refer to SNI 01-2901-2006. Under this regulation, 
tradeable CPO has a FFA content of less than 5%. The 
higher FFA production is due to enzyme activities in the 
fruits, from which microbial lipases produce Kerner and 
react with oil and water during the storage process 
through hydrolysis of the triglyceride component. The 
MS-POBA with the template provided active sites and 
porosity to enhance the FFA adsorption performance. 
Evaluation of the MS-POBA with the template in 
adsorbing FFA from CPO was conducted using batch 
adsorption. An experimental study on the adsorbent 
dose and contact time effects for FFA was performed. 

■ EXPERIMENTAL SECTION 

Materials 

POBA as a silica bio-source from Riau, Indonesia 
and CPO from PTKI Medan. Sodium hydroxide (NaOH, 
99%), hydrochloric acid (HCl, 37%), MES as a surfactant 
were purchased from Rendychem. APTMS, ethanol 96%, 
phenolphthalein, methanol, other chemicals, and solvents 
were produced from Merck and Sigma Aldrich in pro-
analytical grade and used without further purification. 

Instrumentation 

The instrumentation used for the characterization 
in this study includes X-ray diffraction (XRD-600, 
Shimadzu), which is measured by using an 18 kW 
diffractometer with monochromated CuKα radiation 
and with scattering reflections recorded for 2θ angles 
corresponding to d-spacing. Fourier-transform infrared 
spectroscopy (FTIR, Prestige-21 Shimadzu) in the range 
400–4000 cm−1 was performed using the standard KBr 
pellet technique. The equipment used in this research 
consisted of a furnace, reflux equipment, a magnetic 
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stirrer, and pH meters. The specific surface area was 
determined using the surface area analyzer Brunauer-
Emmett-Teller (Gemini VII Version 5.03, Micromeritic) 
method from the adsorption data in the relative pressure 
range (P/P0) by a micromeritics. The morphological 
compositions were analyzed using field emission scanning 
electron microscopy with energy disperse X-ray (SEM-
EDX, JSM-6510). 

Procedure 

Synthesis of the silica from boiler ash palm oil 
As much as 100 g of POBA was refluxed in 200 mL 

of 6 M HCl solution at 120 °C for 3 h at a speed of 250 rpm 
and then washed using distilled water at neutral pH 
conditions. The solid was then dried at 120 °C for 3 h and 
was calcined at 750 °C for 3 h [24]. For the preparation of 
sodium silicate solution, 10 g of POBA was entirely 
dissolved in NaOH solution, then boiled and stirred for 
1 h and filtered [25]. The filtrate was added with HCl 2 M 
until it reached pH 7 then the solution was left at room 
temperature for 18 h for aging. The solution was filtered 
and washed with distilled water to remove excess acid to 
achieve a neutral pH [9] and then before calcination at 
500 °C for 4 h, the solution was dried at 90 °C for 12 h. 

Synthesis of the silica with template MES 
To synthesize the MS-POBA MES template, 

2.7 mmol of MES as a template was first added to 
deionized water, and HCl 0.1 M in a round-bottomed 
glass flask at 40 °C for 1 h (solution A). In a different 
beaker glass was weighed 2.4 g (40 mmol) of SiO2 and 
APTMS 9.6 mmol were mixed in a 250 mL glass flask and 
then dissolved in methanol (solution B). Solution B was 
dropped into solution A and was shaken at 250 rpm speed 
and sufficient contact time of 1 h. The solution was 
refluxed at 70 °C for 5 h and washed using distilled water 
at neutral pH conditions. The product was heated at 70 °C 
for 5 h and then calcined at 550, 750, and 950 °C for 4 h. 

Adsorption experiments 
Adsorption experiments were carried out in batch 

conditions. The FFA levels were determined by SNI 01-
2901-2006. Typically, preheated CPO 50 °C was weighed, 
and dissolved in 50 mL neutral ethanol; as well as two 
drops of 1% phenolphthalein indicator. Titration was 

performed using 0.103 M NaOH solution in deionized 
water until it turned orange in color. The FFA (%) was 
calculated based on the Eq. (1): 

v  NaOH M NaOH 25.6%FFA 100%
w

 
   (1) 

where %FFA represents the percentage of FFA, M is the 
NaOH concentration (0.103 M), v represents the 
amount of NaOH in volume (mL), and w represents the 
weight of CPO (g). 

Parameter optimization of adsorption FFA by MS-
POBA 

The application silica of boiler ash with template 
MES using mass variation (adsorbent dose) of MS-
POBA (0.08, 0.12, 0.16, 0.20, 0.24, and 0.28 g), then 
mixed with 5 g of CPO. Furthermore, observations were 
made at the adsorbent contact time for 5, 10, 15, and 
20 min, stirrer speed of 300 rpm with heating of 50 °C. 

■ RESULTS AND DISCUSSION 

Synthesis of the Silica from Palm Oil Boiler Ash 

The sample is first prepared by sieving it on a sieve 
with a 120-mesh sieve. The presence of metal oxides 
other than silica contained in the ashes of palm oil mill 
boilers, such as metal oxides of iron, calcium, and 
magnesium, can be purified by the addition of HCl. 
Some reactions occur in the metals contained in the 
ashes with strong acids such as HCl (Eq. (2) and (3)). 

(s) (aq) 2(aq) 2 (l)CaO 2HCl CaCl H O    (2) 

(s) (aq) 2(aq) 2 (l)MgO 2HCl MgCl H O    (3) 
The silica extraction process of POBA in 6 M NaOH 
produced a sodium silicate solution. Sodium silicate was 
added with 6 M HCl by the sol-gel method at pH 7. 

2(s) (aq) 2 3(aq) 2 (l)SiO 2NaOH Na SiO H O    

2 3(aq) (aq) 2 3(l) (aq)Na SiO 2HCl H SiO 2NaCl    

2 3(l) 2 2 (s)H SiO SiO H O   (4) 
The sol-gel precipitate was then separated by the 
filtration method. The precipitate was dried to release its 
water content and formed silica powder, as shown in Eq. 
(4). Based on the research that has been carried out, the 
results of silica extraction from 10 g of boiler ash 
obtained a silica yield percentage of 44.6% or if it 
converts into the mass of silica produced 4.46 g. 
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Synthesis of the Silica with Template MES 

The interaction between organic (surfactants) and 
inorganic (silica oligomers) species has been considered 
an important variable in the formation of mesoporous 
materials. To maintain these interactions, several 
synthesis techniques are necessary for various types of 
surfactants. CSDA was initially introduced into the 
anionic surfactant templating system since under acidic 
conditions, anionic surfactant could be substantially 
protonated, whereas, under alkaline conditions, the 
interactions of counter-cations with surfactant and 
silicate ions are relatively weak. A type of CSDA is an 
amino silane group, such as APTMS [16]. The 
electrostatic interaction between the positively charged 
ammonium sites of CSDAs and the negatively charged 
headgroups of anionic surfactants is what propels the 
development of highly structured mesostructures. 

The addition of HCl can liberate Na+ from sodium 
MES to form SO4

− and protonate the amine group (NH2) 
from APTMS to become NH3

+. The interaction between 

the MES template and APTMS is getting better because 
all the SO4

− groups from MES and the NH3
+ groups from 

APTMS are involved in electrostatic interactions, which 
will determine the porous nature of the silica material. 
Free template silica and APTMS were dissolved in 
methanol. Methanol serves as a co-solvent to 
homogenize the reaction. The addition of methanol can 
affect the packing of the methyl ester sulfonate template, 
which functions as a pore former. The schematic 
strategy of the synthesis of the MS-POBA MES template 
materials product is shown in Fig. 1. 

Tetraalkoxysilane and the CSDA's alkoxysilane 
groups interact to produce the silica framework after co-
condensing. The silicon atoms are covalently bound to 
the cationic ammonium groups by trimethylene groups 
of APTMS. This innovative approach succeeds in 
generating a variety of structures. By using the 
calcination process, the anionic surfactant templates 
were eliminated. The MS-POBA was then calcined at 
temperatures ranging from 550, 750, and 950 °C. 

 
Fig 1. The illustration of the interaction between SiO2 with MES 
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FTIR Data 

FTIR analysis is a tool used for quantitative analysis 
based on existing functional groups using standards KBr. 
Based on Fig. 2, the broadening absorption at 
wavenumber 3448 cm−1 indicates the presence of 
stretching vibrations of the –OH (Si-OH), and 
wavenumber 802–1103 cm−1 indicates asymmetric Si–O–
Si vibrations. 

The sulfonate groups in MES samples can be seen at 
the peak at wavenumbers 1226 to 1126 cm−1 and the S=O 
group at wavenumber 1049 cm−1. The formation of 
sulfonate groups (SO3), i.e., S=O and S–O stretching 
absorption bands, was observed at wavenumbers of 1006 
and 902 cm−1 [26]. Based on Fig. 2(a), it can be seen that 
the absorption at 1080 and 1226 cm−1 indicates the 
presence of symmetric and asymmetric group strain 
vibrations. The shift in the wavenumber in spectra Fig. 
2(b) with wavenumbers from 1080, 956, and 1180 cm−1 
indicate an electrostatic interaction between the S=O 
group and the amine group, resulting in an extension of 
the S–O bond and a change in the wavenumber toward of 

the smaller number. The absorption band at 1459 cm−1 
corresponds to the asymmetric bend vibration of the 
methyl group (C–H). At the same time, the asymmetric 
and symmetrical C–H stretching of the CH3 group at 
2654 and 2916 cm−1 showed a long series of alkyl groups 
in MES, C18. The FTIR absorption band of silica with 
the addition of the MES template indicated the presence 
of the appropriate groups. The silica formed shows an 
absorption peak between 3425 to 3055 cm−1 (broad), 
which was assigned by the stretching OH group (Si–
OH), whereas the peak at 956 cm−1 was assigned by the 
asymmetric Si–OH group. The FTIR data is summarized 
in Table 1. 

Other absorption peaks are also observed at 1107 
to 1095 cm−1 (strong), namely the presence of Si–O–Si 
groups, and at 804 to 801 cm−1, which is caused by the 
presence of symmetrical Si–O–Si groups [27-28]. In Fig. 
2(d), it can be observed that after calcination temperature 
at 550 °C still contained organic compounds. The 
presence of C–H bonds indicates that the template (C18) 
has not  decomposed  completely,  implying that  carbon  
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Fig 2. The infrared spectra of (a) MES, (b) SiO2, (c) uncalcined SiO2+MES, (d) MS-POBA 550 °C, (e) MS-POBA 750 °C, 
and (f) MS-POBA 950 °C 
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Table 1. The summary of the FTIR absorption peaks 
Wavenumber (cm−1) Functional groups 

3665–3256 
972 

stretching O–H 
stretching -Si–OH 

802 
1103 

symmetric vibration Si–O 
asymmetric vibration Si–O 

1080 
1226 

symmetric S=O 
asymmetric S=O 

2916–2854 C–H bend in alkane 
1720 C=O bending 
1599 
3378 

N–H bending 
N–H stretching 

atoms are still bonded to hydrogen. To ensure the removal 
of sulfonate groups in calcination, it can be seen by not 
showing the wavelength of the sulfonate groups at 
wavenumbers 1366 to 1015 cm−1 as shown in Fig. 2(e) and 
2(f). The carbon component began to disappear after the 
template had been calcined based on Fig. 2(e) and 2(f), it 
can be observed that after calcination, there are no peaks 
visible in the absorption region of 2960 to 2850 cm−1, 
which is characteristic of asymmetric and symmetric 
stretching of C–H bonds. This indicates that the template 
has completely decomposed. This result is related to the  
 

previously confirmed removal of the organic residues 
that were successfully eliminated through the 
calcination process since these peaks were not observed 
in the FTIR spectra [29]. 

XRD Data 

XRD is examined to obtain diffraction patterns of 
crystalline structures. The XRD pattern of silica material 
shows a different diffraction pattern, as shown in the 
diffraction pattern Fig. 3. The pattern of free template 
silica had a characteristic wide peak at 2θ = 25.8 
indicating that the material obtained is amorphous [30]. 
The shape of the wide peak with a peak center around 
21–28° indicates that silica was amorphous [4]. The 
arrangement of atoms in amorphous silica occurs 
randomly or to a low degree of order. For the MS-POBA 
material with a calcination temperature template of 
750 °C, diffraction peaks experienced a slight shift of 2θ. 
The first highest peak appeared at 2θ at an angle of 18° 
and increased crystallinity is marked by the appearance 
of 2θ values at other peaks, namely 22°, 25°, 27°, 29°, 31°, 
and 37°. Fig. 3 shows that the crystal phase analysis 
revealed that the MS-OPBA exhibited multiphase 
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Fig 3. XRD pattern of (a) SiO2 free template, (b) MS-POBA 550 °C, (c) MS-POBA 750 °C, and (d) MS-POBA 950 °C 
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characteristics, this finding supports the results from 
Indrasti et al. [9] with the presence of three distinct crystal 
phases (quartz, cristobalite, and tridymite) identified 
under each condition of various temperature calcination. 

The MS-POBA with a calcination temperature 
template of 750 and 950 °C formed a sharp peak, which 
indicated the crystalline structure of the mesoporous 
silica material. The diffraction pattern of the silica 
material at 950 °C shows high peaks and different values 
and indicates that the silica phase with a crystal structure 
appears at peaks (2θ) of 17°, 21°, 28°, 31°, 36°, and 43–49°. 
At higher calcination temperatures, the crystallites 
formed were larger, which can be attributed to thermally 
induced crystallite growth [31]. Likewise, MS-POBA with 
a calcination temperature template of 950 °C shows XRD 
results similar to MS-POBA at 750 °C. The crystallinity of 
silica increases with increasing temperature because the 
structure of silica changes the position of the atoms, 
which can change as the calcination temperature 
increases. According to this research, the application of 
choice is an amorphous material. The advantages of silica 
from palm oil solid waste are its amorphous form, which 
makes it more reactive (easier to react), low crystallinity, 
does not require large processing energy, has a relatively 
high specific surface area (SSA), economical, and can be 
easily found. 

Surface Analyzer Area BET 

To investigate the surface area, pore volume, and 
pore size of samples, the nitrogen adsorption and 
desorption isotherm were measured. The BET equation 

was used to calculate the isotherm graph and the specific 
surface area. Pore volume, average pore diameter, and 
pore size distribution were determined using Barret-
Joyner-Halenda (BJH), Isotherm adsorption-desorption 
analysis of nitrogen at −196 °C was carried out to 
determine the porosity of a mesoporous silica material. 
Fig. 4 illustrates the N2 adsorption/desorption isotherms 
of the MS-POBA free template and with the template. 

The hysteresis curve for the N2 adsorption-
desorption isotherm typically reveals important 
information about the porous structure of a material. 
The hysteresis loop is often classified into different types 
(I, II, III, and IV) based on its shape. The adsorption-
desorption isotherm patterns of MS-POBA free 
template and MS-POBA with templates showed a 
hysteresis loop in the middle region, which is identical 
to the type IV adsorption-desorption isotherm 
according to the IUPAC classification. The type IV curve 
is associated with the phenomenon of capillary 
condensation, showcasing a distinctive hysteresis effect 
characteristic of porous solids [32]. Meanwhile, the N2 
adsorption and desorption isotherms depicted in Fig. 4 
for the MS-POBA hysteresis loop observed at P/P0 > 0.9 
indicates characteristic materials featuring ink-bottle 
pores interconnected with narrow necks, typically 
caused by pore blocking or cavitation [33]. Porous 
materials are classified according to their pore size into 
micropores (pore size below 2 nm), mesoporous (pore 
size between 2 to 50 nm), and macropores (pore size 
above 50 nm). Specifically, this behavior is indicative of 
the adsorption type observed in mesoporous (2 to 50 nm).  

 
Fig 4. The N2 adsorption-desorption isotherm of MS-POBA (a) free template and (b) with template 
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This type of hysteresis loop is characteristic of 
mesoporous materials with a wide distribution of pore 
sizes. The loop is wider and exhibits a more pronounced 
hysteresis, indicating capillary condensation occurring in 
a range of pore sizes. 

The presence of pores on a solid surface caused 
capillary condensation to occur. This type of pathway is 
characterized by mesoporous materials [34]. The 
characteristics of mesoporous silica (MS-POBA) are 
shown in Table 2. It was found that the N2 adsorption 
capacity and the pore size of the samples gradually 
increased from lower mesopore to upper mesopore when 
micelles (MES) were used as soft templates. The presence 
of an anionic surfactant in the micelle as a soft template 
will enhance the pore diameter significantly from 4.180 to 
7.923 nm. This result also showed that the BET surface 
area of MS-POBA with the template is 71.014 m2/g. This 
result is not similar to a previous report on mesoporous 
silica synthesized by using a mixed surfactant template, 
which showed a much higher surface area (217 m2/g) [18]. 
However, this research represents a new contribution to 
the knowledge of anionic surfactants, as no previous 
studies have reported anionic surfactant MES as the 
template. 

Adsorption Experiments 

Silica adsorbs FFA in CPO, supported by the 
presence of silanol groups to form hydrogen bonds with 
oxygen from the carbonyl groups in FFAs, as shown in 
Fig. 5. Oxygen molecules attract hydrogen atoms in the 
presence of electronegative properties. The presence of 
polar groups, such as hydroxyl in the adsorbent 
structure causes them to interact with molecules that 
have carboxyl groups through hydrogen bonds. The 
greater number of hydroxyl groups in the adsorbent 
structure will make its ability to adsorb molecules such 
as carboxylic acids become greater. In this research, 
there were two parameters to determine the optimum 
conditions of adsorption. It is simple, but in this 
research, we found that the FFA value of CPO is already 
below the SNI value. 

The effect of the adsorbent mass 
The increase in mass of the MS-POBA adsorbent is 

related to the addition of charged sites and hydroxyl 
groups in the silica structure. It can be a determining 
factor in the interaction between silica and the carboxyl 
groups of fatty acids, thus affecting the affinity and 
adsorption capacity  of silica for FFA.  The enhancement  

Table 2. The surface characters of the adsorbents 

Sample Specific surface area 
(m²/g) 

Total pore volume 
(cm3/g) 

Average pore diameter 
(nm) 

SiO2 free template 41.033 0.250 4.180 
MS-POBA 550 °C 71.014 0.524 7.923  

 
Fig 5. The illustration of the interaction between SiO2 with FFA 
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in porosity will give more space that contained in the 
adsorbent, so that more adsorbates will be adsorbed [35]. 

Based on Fig. 6, it can be seen that the best reduction 
occurred at an adsorbent mass of 0.24 g. The increase in 
the adsorbent dosage indicates a larger surface area and 
abundance of active sites available to interact with FFA 
molecules [35]. When the adsorbent dosage was below the 
optimum value, the removal of FFA was low because of 
the lower binding sites available for adsorption [36]. The 
highest percentage removal of FFA was 35.54% compared 
to MS-POBA without template that only has removal 
percentage of 26.68%. This result was lower compared to 
previous research using material adsorbent such as Mg, 
Ca, Sr, and Ba-based silicate and demonstrated in 
significant reduction of FFA (> 70%) [37]. This can be due 
to the high surface area with large adsorption sites of 
different materials. 

The effect of the contact time 
Adsorption is a surface process that leads to the 

transfer of molecules from fluid bulk to solid surface. In 
this study, the adsorbent was applied to CPO by varying 
the contact time between them so that the optimum 
contact time of MS-POBA to adsorb FFA will be known. 
Based on Fig. 7, the best reduction of FFA by MS-POBA 
occurred after 20 min of contact time, in which the FFA 
content was 4.12%. 

At the beginning of the process, FFA quickly enters 
and adsorbed on silica surface because the adsorption 
sites on the silica surface are still empty. After a further 
increase in contact time, the adsorption capacity remained 
almost constant. This indicates that the contact time, MES 
template MS-POBA, interacts and produces a van der 
Waals force in the form of a tensile force between the FFA 
particles and the adsorbent. This process causes FFA to 
stick to the adsorbent. The adsorption contact time of 20 
to 30 min did not result in a significant decrease in the 
percentage of FFA because the silica surface was almost 
saturated with FFA compounds. With increasing time, 
the number of vacant sites decreases, so the adsorption 
rate is slow. At one point, when the adsorption sites are 
depleted, there will be repulsion between the adsorbate on 
the surface of the adsorbent and the adsorbate for FFA 
[38]. Interestingly, we found that the addition of 

adsorbent of MS-POBA free template (4.12%) and MS-
POBA with the template (4.68%) onto CPO resulted in 
the value of FFA having been considered to SNI 
standard. However, only very limited works reported the 
MS-POBA material for the removal of FFA in CPO. 
Recently, Sitinjak [37] used Mg, Ca, Sr, and Ba-based 
silicate as adsorbent material and further evaluated to 
find out about the optimum condition of adsorbent MS-
POBA. The characteristics of CPO are shown in Table 3. 

The adsorption of FFA from CPO on silica shows 
that adsorption occurs with the formation of a 
multilayer on the silica surface. The long carbon chains 
in FFA molecules are nonpolar, making it possible to 
have an affinity with other nonpolar sides of fatty acid 
molecules and allow the formation of layers [39]. 

SEM Data 

The characterization of MS-POBA with SEM-EDX 
was used to determine the 3D surface morphology of the 
mesoporous  silica,  as shown  in Fig. 8.  At 10,000  times  

 
Fig 6. Effects of adsorbent mass 

 
Fig 7. Effects of contact time 
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Table 3. Characteristic of CPO 

Parameter CPO 
non-adsorbent (%) 

CPO adsorbent 
free template (%) 

CPO adsorbent 
with template (%) 

SNI No 01-2901-2006 
(%) 

Moisture 0.280 0.138 0.128 0.500 
Impurities 0.210 0.204 0.204 0.500 
FFA 6.380 4.619 4.108 5.000 
Removal  26.68 35.54  

 
Fig 8. SEM for mesoporous materials (a) before and (b) after adsorption 

 
magnification, the MS-POBA material with the MES 
template obtained had a non-uniform particle 
distribution, particle size, and hollow particles. The 
distribution of the particles was small, large, and shaped 
like a beam with non-uniform sides [30]. Fig. 8(b) shows 
that the FFAs from CPO filled the empty spaces in the 
silica material. The elemental composition of the material 
obtained in this study was 39.90%. Furthermore, the MES 
template MS-POBA material was used for the adsorption 

of fatty acids, and the SEM-EDS results after adsorption 
are shown in Fig. 8(b). 

EDX and mapping observations showed that the 
nano-silica particle was primarily composed of Si and O 
(Table 4). Beside Si and O, there were also elements of C 
and Na. The element with the largest composition from 
the results of the analysis is element C at 71.45%, followed 
by the elemental composition of O at around 17.23%, 
and the mass composition of Si element at 10.95%. 

Table 4. The elements of the nano-silica particle based on the EDX test 

Element 
MS-POBA before adsorption MS-POBA after adsorption 

Net weight (wt.%) Atomic (wt.%) Net weight (wt.%) Atomic (wt.%) 
C 5.34 8.60 71.45 80.04 
O 50.03 60.44 17.23 14.49 
Na 2.39 2.01 0.37 0.22 
Si 39.90 27.46 10.95 5.25 
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■ CONCLUSION 

In this study, mesopores silica from POBA with the 
addition of MES as a template and APTMS as co-structure 
directing agents was successfully synthesized. The 
alkoxysilane sites of APTMS were co-condensed with 
silica to form the silica framework. APTMS became 
positively charged through protonation and subsequently 
interacted with the negatively charged anionic surfactant 
(sulfonate group). The mesoporous materials are 
obtained by subsequent removal of the surfactant by 
various calcination temperatures where calcination at 
550 °C showed that the materials were amorphous, while 
the crystalline mesoporous materials are obtained at 750 
and 950 °C. The BET surface of MS-POBA showed an 
enhancement by the addition of MES as the template and 
make it has higher FFA from CPO adsorption ability 
(35.54%) compared to MS-POBA free template due to its 
larger surface area. 
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