ISSN 2347 - 3983
Volume 8. No. 8, August 2020
International Journal of Emerging Trends in Engineering Research
Available Online at http://www.warse.org/| JETER/static/pdf/file/ijeter125882020.pdf
https://doi.org/10.30534/ijeter/2020/125882020

Synthesized Silica Mesoporous from Silica Geothermal
Assisted with CTAB and Modified by APTMS

Silviana Silviana'”, Adi Darmawan?, Atikah Ayu Janitra®, Amar Ma’ruf®, Isabel Triesty®
! Department of Chemical Engineering, Faculty of Engineering, Diponegoro University, Tembalang, 50275
Semarang, Indonesia, “silviana@che.undip.ac.id
2 Department of Chemistry, Faculty of Science and Mathematics, Diponegoro University, Tembalang, 50275
Semarang, Indonesia
¥ Master Program of Chemical Engineering, Faculty of Engineering Diponegoro University, Tembalang, 50275
Semarang, Indonesia

ABSTRACT

Mesoporous silica is one of the modifications from silica
particle; it can used as host of drug delivery. This study
focused on the synthesis of mesoporous silica. The precursor
of silica is sodium silicate, obtained from silica geothermal.
Assisted with cetyltrimethylammonium bromide (CTAB) as a
surfactant, to produce silica particle with mesoporous
structure. Then modified with
3-Aminopropyltrimethoxysilane (APTMS) to modified the
mesoporous silica with amine functional group, so it can be a
matrix of slow-release urea fertilizer. The precursors used
was sodium silicate from silica geothermal; the surfactant was
CTAB at 0.03 molar ratio. Stdber method used in this
research with the addition of ethanol, NH,OH, CTAB, and
water with a mol ratio of 10: 22.8: 0.03: 5.2 to 1 mol sodium
silicate, respectively. The mesoporous silica characterized by
using BET and FTIR. It is then modified with (APTMS) to
increase the absorbed urea as slow-release urea fertilizer. The
mesoporous silica revealed a diameter of 15.310 A and 19.025
A at adsorption and desorption, respectively and having the
adsorption-desorption curve type of IV which classified as the
mesoporous particle. The results showed that the addition of
CTAB strongly influenced porosity of silica particles. Several
functional groups indicate ammonia from APTMS have
modified the mesoporous silica, such as 2930 cm * ascribed to
the stretching modes of CH, groups and vibrational modes at
155 cm* represent NH,. It approved that mesoporous silica
modified with APTMS adjusted with ammonia functional
group, so it proved as a matrix of slow-release urea fertilizer.

Key words : Silica geothermal, Mesoporous silica, 3-
Aminopropyltrimethoxysilane,  Cetyltrimethylammonium
bromide, Slow release
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1. INTRODUCTION

Indonesia is known as an agricultural country, with an area of
agricultural land of 7.1 million hectares, it makes Indonesia
one of the countries that have potential as an agrarian
country. To increase the Indonesian’s growth and
development in agricultural, it is necessary to improve the
quality of agricultural products. Therefore, fertilizer is a
significant issue in Indonesia to strengthen its agricultural
products. Urea fertilizer is one type of fertilizer that is widely
used because it contains nitrogen elements needed by plants.
Plant only utilize the nitrogen element 30-40% when
fertilizer applied to the soil [1], while 60% will lose leached in
nitrates form, evaporated to the air in the form of ammonia
gas and transformed into another structure that can't be used
by plants [2]. Plants can adsorb nitrogen in different forms
generally, in the form of NH," (ammonia) and NO3™ (nitrates)
produced from the urea hydrolysis process, these changes are
influenced by soil types and soil bacteria. Nitrifying bacteria
able to arrange nitrate compounds from ammonia compounds
which generally take place aeraobically in the soil (Bernhard,
2010), then nitrogen in plants will be changed to -N, -NH and
-NH, [3,4]. By applying urea fertilizer to spread it on the soil
surface will increase the potential for NH," turn into NH; gas
which can disappear due to evaporation. Nitrites and nitrates
present in the soil can pollute the surrounding water, with the
presence of nitrites and nitrates in groundwater with high
concentration can cause health problems for humans [5]. To
overcome these problems urea fertilizer developed by various
technologies aim to decrease the urea release of urea fertilizer,
one of them is by slow release fertilizer.

Slow-release fertilizer can increase the efficiency of nitrogen,
so plants can absorbed nitrogen maximal and reduce pollution
caused by harmful substances from urea hydrolysis. This
paper will develop slow-release fertilizer using safety
material and able to provide optimal results. Slow-release
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fertilizer be done through several methods, including
encapsulation, and the encapsulation will synthesize urea
fertilizer particles that are enveloped by added precursors, it
will reduce the rate of nitrogen leaching in the soil.
Slow-release encapsulated fertilizer has partially hydrophilic
and hydrophobic properties. Hydrophilic nature cause the
flow of water into the encapsulation layer, and nutrient
transfer occurs, hydrophobic nature will reduce the rate of
nutrient transfer so that the release will take place slowly [6].
Polymers and non-polymers utilized as encapsulation, such as
starch, neem, renin, sulfur and other synthetic polymers [7].

The research of Zhu & Zhuo [8] said that starch could be
modified as grafted copolymerized with various monomer;
each monomer that grafted on the starch will give specific
properties on it. Chen et al [9] reported about the behaviour of
starch-g-poly that grafted with L-lactide can modify the
hydrophobic behaviour so would make the matrix swell less.
Then Chen et al [10] said that The new modification of
starch-g-PLLA as urea fertilizer membrane-encapsulation,
the hydrophobicity of PLLA will diminish the startch’s
swellability and reduce urea’s release rate. As a minor cell
and the urea encapsulation in the changed starch film
discharged through a diffusion mechanism. The use of sulfur
for encapsulation of urea fertilizer can reduce the rate of
dissolving of particles, and Sulphur film has a physical
barrier that can protect urea particles from rainwater and
groundwater. However, it is very susceptible to forming
cracks or gaps caused by microbes, which can cause urea to
dissolve quickly, coupled with the high cost of production
processes and unstable release patterns [11]. Elastomer,
amine or amine mixture with microcrystalline, paraffin can
optimize the encapsulation result. But those compounds are
non-biodegradable, expensive and not environmentally
friendly [12].

The newly developed method is using a material that is safe
and able to provide optimal results as host material for the
urea fertilizer; one of them is silica. There are several sources
to get silica, one of them is from silica alkoxide compounds
which are generally expensive and dangerous to the
environment, such as tetraethylorthosilicate (TEOS) and
tetraethylorthosilicate (TMOS) [13]. Silica can found from
minerals such as rocks and sand; silica is also can found in
organic materials such as rice husks, bamboo leaves and other
agricultural waste [14]. Affandi et al [15] used natrium silica
as Si precursor to synthesis silica xerogel, the raw material is
bagasse ash. The bagasse ash purified with several method,
one of them is by leached it acid. It proofed that Si in the form
of natrium silica from leached raw material can produce silica
xerogel with surface area in range of 69-152 m%g™*. According
to Purnomo et al [16] geothermal waste or silica scaling could
be one of the sources of silica with silica content
approximately 88.29% and increasing to 97% after going
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through leaching. The silica content in geothermal waste is
quite high, namely 85% amorphous silica [17]. The high of
silica content will be used in this study as a source of silica, in
addition to reducing geothermal waste, it can also be used as
more useful research. To improve the performance of silica, it
is necessary to do modifications, and modifications by
modifying the structure of silica and silica’s surfaces.

There are several way to improve performance of silica, one of
them is by synthesis mesoporous silica. Mesoporous silica has
a porous and nano-sized pore, pore space can adsorb urea
well, mesoporous silica is a material that will accommodate
urea, commonly called as host material [18]. Mesopore is a
porous material with the appropriate meso size as a host
material for large molecules and its porous structure is able to
overcome the diffusion problems that are often found in
micropore material [19]. Knipping et al [20] has been done
research about synthesis silicon nanoparticle with microwave,
this method require certain reactor so the microwave induced
electrical discharge in order to dissociated the saline in low
pressure flow. Even the Si particle get lower particle when the
power was increase, microwave take a lot of energy in the
range 300 Watt — 550 W, in addition it coupled with plasma
flow which is take a lot energy too.

In Fang & Hu [21] reported that mesoporous silica
synthesized with CMK 3 as a template, the reaction done by
heating it at 38°C for 4 hours, then need 24 hour to
successfully aged in 100°C condition. Thus, because the
addition of copolymer it need to be canonizations by heating it
on 9000C. In Tony et al [22] using surfactants in the form of
N-lauroylsarcosine sodium, reportedly can produce products
with a pore size of 3.65 - 3.8 nm. In the process of synthesis of
mixed mesoporous silica in the form of N-lauroylsarcosine
sodium surfactant, H20, CSDA and TEOS homogenisation
using ultrasonic homogenizer, then continued with cooling
for 18 hours at 800C. Both previous research Fang & Hu [21]
and Tony et al [22] the synthesized is considered ineffective.

Wanyika et al [23] reported that silica precursors in the form
of TEOS were modified with CTAB as a template, to form
mesoporous silica. Silica with mesoporous structure has a
specific area and pore with a diameter between 2 - 50 nm. The
use of CTAB as a mesoporous silica synthesis template known
from the results of the BET test which shows an increase in
surface area, pore size and pore volume [24]. Vazquez et al
[24] described that using TEOS as a precursor of silica, was
obtained a specific area of 1480 m?/g and pore sizes ranged
from 2,5-2,8 nm. Mesoporous silica is biocompatible
[25](Popat et al., 2011), so it has the potential and save to be
used as a matrix for slow release fertilizer. Surface
modification can improve silica’s performance by adding
organotrialkoxysilan, such as APTMS (3-
Aminopropyltrimethoxysilane). Rahmat et al [26] use zeolite
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because it has a high silica alumina content and porous
structure, zeolite activated by HF and then modified using
APTMS. The use of APTMS can modify the zeolite surface by
forming a -NH, group, it can increase adsorption of urea, and
decrease the release time of urea.

In this research a slow-release urea fertilizer will be
developed using silica in the form of sodium silica obtained
from the extraction of geothermal waste through leaching
process, then synthesize mesoporous silica through addition
with CTAB (Cetyltrimethylammoniumbromide), followed by
modification with APTMS (Aminopropyltrimethoxysilane).
The stages of the research are the preparation of geothermal
silica waste, synthesize sodium silicate precursors, synthesis
mesoporous silica and modification of mesoporous silica with
APTMS. Followed by characterization tests covering the
morphological structure using SEM-EDX, particle size using
BET and functional groups using FTIR.

2. MATERIAL AND METHOD

2.1 Material

Silica geothermal obtained from Geothermal Power Plant
Indonesia, CTAB (Cetyltrimethylammonium bromide) p.a
produced by Sigma Aldrich, APTMS
(3-Aminopropyltrimethoxysilane)  produced by Sigma
Aldrich, NH,OH p.a produced by Merck, Ethanol technic,
H,SO,4 (Sulfuric acid) technic, NaOH (Sodium hydroxide)
technic, and Aquadest.

2.1 Method
A. Silica Geothermal Leaching

Silica geothermal as silica source was taken from Geothermal
Power Plant Indonesia. To get pure silica oxide compounds,
the leaching process is carried out. The silica geothermal
dried to decrease its water content, then mashed into powder.
The silica preparation procedure based on the method that has
been carried out by Boukoussa et al [27]. The leaching process
done by stirring 125 gram dried silica geothermal with 20%
H,S0,at 100°C for 105 minuets. Then, washed with aquadest
until the pH is neutral approximately to 7, dried 105°C 1 hour.
Mashed to obtained SiO; (silica oxide).

B. Sodium Silicate Preparation

Sodium silicate is used to be silica precursor, the procedure
preparation of sodium silicate based on Trivana et al [28].
Silica oxides 125 gram added with 4 N NaOH solution heated
at 90°C for 1 hour, then the sodium silica solution chill at
room temperature to deposited the residual impurities.
Sodium silica filtered to separate the impurities, so that
sodium silicate formed. This optimal sodium silicate used as a
precursor for the mesoporous silica synthesis stage.

C. Mesoporous Silica Synthesis
The procedure for mesoporous silica synthesis based on the
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method that has been carried out by Vazquez et al., [24].
Preparation of a surfactant solution by mixing 10 moles of
ethanol, 22.8 moles of water, 5.2 moles of NH,OH, and 0.03
of CTAB (Cetyltrimethylammonium bromide). The addition
of CTAB done while stirring it on solution of ethanol, water
and ammonia for 15 minutes. The sodium silicate that added
dropwise to the surfactant solution by stirring continuously
for 2 hours at room temperature. In the solution there will be
white sediment particles. The precipitate is filtered and
washed using aquadest. Then the precipitate obtained was
calcined at 550°C to remove organic impurities. Furthermore,
it characterized by BET and FTIR.

D. Silica Mesoporous Modification

The procedure for modifying the surface synthesis of
Mesoporous silica with APTMS
(3-Aminopropyltrimethoxysilane) based on the method done
by Zhao (2012). Mesoporous silica stirred with APTMS 10%
for 8 hours at room temperature, then dried. The modification
results then characterized by FTIR.

3. RESULT AND DISCUSSION

Silica geothermal from geothermal power plant contains
more than 85% amorphous silica [17], but still contains
several heavy impurities. The metal mainly comes from
metals that toxic to the human body, such as arsenic (As), lead
(Pb) and nickel (Ni) as well as other metals [29]. To get silica
with higher purity, leaching needs to be done, leaching is
done by adding 20% sulfuric acid (H,SO,) at 90°C for 105
minutes. SiO, content could be increased because SO, ions
are highly reactive to metals, especially alkali metals and
from transition groups such as Fe, Ni, Cu, Pb and others.
These ions will bind the impurities in the sample to form
sulfate salts from metals. Whereas hydronium ions (H;O") are
acidic in proportion to the strength of dissolved acids (H,SO,)
and are also durable and concentrated. The characteristics of
these two ions are interrelated so they can reduce the metal
content in silica [30]. The leached silica was reacted with 4 N
NaOH solution at 90°C for 60 minutes to obtain silica
precursors in the form of sodium silicate.

Pore size classification according to IUPAC [31] based on
pore diameter are micropores (d <20 A), mesoporous (20 <d
<500 A) and macropores (d> 500 A). This classification is
made based on the absorption of nitrogen gas at normal
boiling points by porous solids with a wide range of pore
sizes. Pore size distribution is an important aspect of
adsorption and needed in the evaluation of porous media and
membranes. The pore size distribution influences the
adsorption capacity, adsorption kinetics and adsorption
selectivity which is the basis in adsorbent synthesis [32].
Silica was modified with CTAB as a template, to form
mesoporous silica. Because mesoporous silica has a porous
and nano-sized pore, urea can be well adsorbed in the pore
space, the ability to become a material that can accommodate
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urea, commonly called host material. The precursor of silica
hydrolyzed in ethanol and ammonia as base catalyst called
Stober method [33]. In this research the precursor of silica is
sodium silicate, silicate hydrolyzed into silanol monomers
then will be condensed to be silanol monomers into siloxane.
Ammonia as base catalyst gives an important role to the
kinetic balance of silica’s particle growth. The average pore
radius values, specific surface area and total pore volume of
samples of silica mesopores compared with leached silica
geothermal as seen in Table 1.

Table 1: Surface area, pore volume, and pore radius for
mesoporous silica

Surface Pore IZZ:jei
Sample Type Area Volume o
m?/gram ml/gram
(m“/gram) | (ml/gram) A)
Leache . 1703
d Silica Desorption 77.179 0.150 5
Geother Adsorption 73.063 0.147 17,07
mal 1
Mesopo | Desorption 287.609 0.368 19502
rous
Silica Adsorption 277.012 0.390 15(')31

The surface area was increase from 70 m?/gram to 280 m*gram
on leached silica geothermal and mesoporous silica,
respectively. Then reacting silica precursor with solution of
mixture ethanol, water and ammonia obtained mesoporous
silica with high pore volume and surface area. It caused by
CTAB surfactant micelles formed as template in an ensemble
of, then calcination done to remove it, so obtained
mesoporous silica with high pore volume and surface area
[23], indicate from the increase surface area from leached
silica geothermal and mesoporous silica. Mesoporous silica is
a material that has a very large surface area. Mesoporous
silica has a very large surface area, a pore size that can be
modified as well as a surface chemical character that can be
easily modified. Thus high surface territories ought to give an
enormous number of site on surface or interface for example
adsorption with other atoms, ions, or molecules [34]. It’s
large pore volumes can provide large space to molecule can
loaded into it [34], for this research is to load urea as slow
release fertilizer. There are six types of isotherms classified by
the International Union of Pure and Applied Chemistry
(IUPAC), which are microporous, nonporous, macro porous,
or mesoporous [35]. This classification relies on adsorption
and desorption curves, and a hysteresis indicates mesoporous
materials. In chemistry, a hysteresis defined as the deviation
of the contact angle from it's theoretical (and mean) value due
to physical phenomena. To further accurately indicating silica
samples as mesoporous, a visual analysis may be conduct.
From Figure 1 show the hysteresis curve of CTAB 0.03 mol
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because it represents isotherm curve type 1V that implied a
mesoporous material.

—8— Adsorption
—O— Desorption

Volume @ STP (cc)

2

T T T T
00 02 04 06 08 1.0 12
Relative Pressure, P/Po

Figure 1: Hysteresis Result of Mesoporous Silica.

After the mesoporous silica obtained, to improve the ability of
mesoporous silica as urea fertilizer matrix, it added with
amino silane agent. Amine silane agent in this research is
APTMS (3-Aminopropyltrimethoxysilane), with the aim to
modify the mesoporous silica surface with amino group so
urea not only intercalated on mesoporous silica’s pore but also
in amine functional group by hydrogen bond between
nitrogen and hydrogen. The presence of amine functional
group would increase the intercalation between adsorbent
and adsorbate, so urea’s adsorption increased [36]. FTIR
spectrum of mesoporous silica and mesoporous
silica-APTMS as seen in Figure 2, revealed characteristic
absorption bands of ordered silica. The FTIR characterization
results obtained spectra which shows the appearance of
certain peaks at wavenumber with a certain absorbance, then
identified the appearance of those peaks indicates the
presence of certain functional groups. Based on the FTIR
characterization analysis it can determine that there are
differences in mesoporous silica without APTMS
modification and after modification. There are several peaks
that each of it has identical to one functional group, from
FTIR result we can referred that there are some functional
group on it. The higher absorbance of one specific functional
group implied that it has high intensity of it, in Figure 2 there
are several new peak arise indicate that amine functional
group successfully modified mesoporous silicas’s surface. But
there are increased absorbance in several original peak
indicated that the intensity is higher because of modification.

Peak at around 3500 — 3000 cm* is a stretching vibration of
amine, couldn't be distinguish because an extensive broad
extended to OH stretch of water intake physically at
3700-2700 cm*. NH vibration covered by a wide band of
adsorbed water O—H prolonged band of the outside of silanol
gatherings and the remaining adsorbed water atoms, because
its overlapping each other. Axial deformation of the practical
amine additionally covered of the extending vibration groups
of Si-OH [27],[37],[38]. The peak appearing at 2930 cm™*
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was ascribed to CH, and CHj stretching modes, elongation
bands of —CH; and —CH, containing in amino silanes, CH
stretching in CH,CH,CH,NHs,, vibration of CH, groups of the
propyl chain of the silylating agent [27],[37]. The 1100 cm ™
broad absorption bands were ascribed to stretching vibrations
of SiOSi while the 1630 cm ™, 790 cm* and 450 cm™* were
attribute to SiO-H bending, SiO—H symmetrical stretching

and Si—O bending vibrations, respectively. Vibrational modes
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at 155 cm’ represent NH, scissoring, NH, symmetric
bending vibration, NH, scissoring vibration, bending NH,
amine bonding of NH, H-bonded SiOH group [39].

Further reading can improve integration and application in
different field such as [40], [41] and [42].
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Figure 2: FTIR for Mesoporous Silica and Mesoporous Silica-APTMS (a)3700-2150cm™(b)2150-1300cm™(c)850-550cm™

4. CONCLUSION

Mesoporous silica obtained using cetyltrimethylammonium
bromide (CTAB) as surfactant and sodium silicate as a
precursor. Sodium silicate obtained by adding silica with
NaOH. The effects of sodium silicate also have different
effects on the pore produced.. The BET analysis ensured the
characterization of the silica product in pore radius,
pore-volume, surface area and adsorption-desorption curves.
Mesoporous silica synthesis with 0.03 mol of CTAB revealed
the diameter are 15,310 A and 19,025 A at adsorption and
desorption, respectively. The pore diameters were in the
range of 2 nm-50 nm, indicate that mesoporous particle was
produced. Also, having the adsorption-desorption curve type
of IV which classified as the mesoporous particle.
Modification done by  adding APTMS (3-
Aminopropyltrimethoxysilane), the modified mesoporous
silica characterized by using FTIR. Several functional groups
indicate ammonia from APTMS have been modified the
mesoporous silica, such as 2930 cm* corresponding to CH,
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groups Stretching modes and Vibrational modes at 155 cm ™
represent NH,.
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