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 Abstract: In this study, silica gel was extracted from rice husk ash using a modified acid-
leaching process. The gel was then characterized using an X-ray Diffractometer (XRD) 
and an X-ray Fluorescence (XRF). At different loadings of 0, 0.05 and 0.10 wt.%, silica 
gel was used as a cross-linker in the membrane formulation. Fourier Transform Infrared 
Spectroscopy (FTIR) and Scanning Electron Microscopy (SEM) were used to characterize 
the membranes, while their performance was determined by pure water flux. XRD and 
XRF results revealed that the gel contained 76.85% silica. The presence of silica gel in 
membranes results in optimal water flux, indicating that the membranes have achieved 
good integral stability via the cross-linking process. Based on these positive findings, the 
applications of the membranes in the water-oil separation process will be evaluated in 
future work. 
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■ INTRODUCTION 

The world's rice consumption will continue to rise 
with the number of consumers. Because rice husk waste is 
abundant, some alternatives to add its value are being 
explored. The composition of rice husk (RH) comprises 
70–80% cellulose and lignin, with 20–30% silica, alkali, 
and trace elements. RH has a high energy content of 
16,720 kJ kg−1, making it suitable for burning fuel or post-
combustion [1]. When RH is burned between 350 and 
750 °C, an amorphous shape of silica is formed, whereas a 
crystalline shape is formed when it is burned above 800 °C 
[2]. The yield of the ash is 25% when RH is burned. 

The rice husk ash (RHA) is composed of 85–95% 
amorphous silica and a trace amount of alkali oxide [3]. 
The percentage of silica in rice varies according to its 
origin and the process of burning the husk. RHA is used 
in ceramics, construction, chemicals, and electronics 
because it increases the material's workability and 
mechanical properties [4-5]. Aside from that, it can be 
used as a filler for membranes, adsorbents, 
photoluminescent substances, and a filler for activated 
carbons [5]. RHA's popularity stems from the fact that it 
is both environmentally friendly and inexpensive. 

On the other hand, silicate from rice husk ash can 
act as a cross-linker if incorporated into a membrane. 
This silica is introduced during the polymer-making 
process as a cross-linking reaction in which the polymer 
chain forms a network structure as a stabilization 
process during the reaction [6]. Inorganic silica gel is one 
of the inorganic materials that has been applied 
nowadays in wastewater treatment as a membrane for 
heavy metal removal and dyes. Having a structure with 
high porosity, hydrophilicity, and high activity makes 
the structure such a sponge for better adsorption. Silica 
gel is widely used because the pore structure inside the 
silica gel is easy to control, has strong selectivity, and 
high stability, and consists of silanol hydroxyl group. 
The silanol group is formed when the silicate 
tetrahedrons are condensed using oxygen as their 
binding site to generate the siloxane bond (Si–O–Si). 
Thus, the silanol group is originated from the siloxane 
bond when the synthetic silica is extracted from RHA. 
Moreover, this silica gel also increases the power of 
adsorption and selectivity to heavy metal ions [6]. 

There are two methods of extraction process: acid 
leaching and alkali leaching. Acid leaching is the most 
widely used method because it can produce silica at high 
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purity, where the silica has a large surface area for 
adsorption and with amorphous and mesoporous 
particles [7]. The amorphous structure is highly preferred 
for silica as the solubilities are enhanced as compared to 
the crystalline structure. This property is important in the 
membrane-making process as a homogeneous solution 
can be formed [8]. 

Acid leaching is the most common silica extraction 
method for RHA. This method is simple and does not 
require heating to a high temperature. RHA is cleaned of 
metal impurities with HCl before being treated with 
NaOH to produce sodium silicate. It was then followed by 
titration with HCl to form silica gel. This amorphous 
substance was derived from the dehydration process of 
silicate tetrahedrons to form a nanometer size of 
substance with siloxane bonds (Si–O–Si). In the 
membrane-making process, a study was reported on 
incorporating tetraethylorthosilicate as the silica 
nanoparticle into the blend polymer of polyvinyl 
alcohol/polyethylene glycol/glycerol [9]. It was found that 
the crosslinking process through the sol-gel method has 
improved the thermal and mechanical stabilities of the 
membranes. The sol-gel method involves the hydrolysis 
of silica, and the subsequent condensation process to form 
a covalent bond. 

Aside from improving its properties, the 
incorporation of silica during the membrane formulation 
can combat the fouling and improve the hydrophilicity of 
the membrane [10]. By improving the interconnectivity of 
pores in the top layer and sub-layer of the membrane, 
these additives can avoid the formation of macro-voids, 
improve the flux, and increase the rejection of the 
respective pollutants [11-13]. According to Harun et al. 
[14], silica is chemically resistant and thermally stable. 
Furthermore, its high hydrophilicity manages to lessen 
fouling mechanisms by enhancing water permeation [14]. 
Previously, researchers investigated the use of 
tetraethylorthosilicate as a cross-linker in a composite 
hybrid membrane with polysulfone membrane as the 
support membrane. Results from antifouling evaluation 
revealed that the membranes exhibited good antifouling 
behavior with the use of humic acid as the foulant model 
with the additional advantage of high thermally stable and  

high adsorption towards heavy metal [15]. 
The purpose of this study is to examine the 

outcome of the RHA silica extraction process using a 
modified acid-leaching method, as well as to evaluate the 
effect of the silica gel addition in the membrane 
formulation on the characteristics of the fabricated 
membranes. 

■ EXPERIMENTAL SECTION 

Materials 

Polyvinyl alcohol (PVA, 87–89% hydrolyzed with 
a molecular weight average of 85,000–124,000) and 
polysulfone (PSF with a molecular weight of 22,000) 
were obtained from Sigma-Aldrich (M) Sdn Bhd, 
Malaysia. Aman Semesta Enterprise in Malaysia 
supplied the chitosan (CS). Merck Sdn. Bhd., Malaysia, 
supplied the 1-methyl-2-pyrrolidone (NMP) and 
polyethylene glycol 400 used in this study. R&M 
Chemicals, Malaysia, supplied the hydrochloric acid 
(HCl, 37% purity) and dimethyl sulfoxide. BT Science 
Sdn. Bhd. in Malaysia supplied the rice husk ash. 
Deionized water and distilled water were obtained from 
the UiTM Shah Alam Chemical Laboratory in Malaysia. 

Instrumentation 

Perkin Elmer Spectrum One Fourier Transform 
Infrared Spectroscopy (FTIR) instrument with Model 
Spectrum 400 was utilized to identify the emergence of 
functional groups in the silica gel as well as in the 
membrane. The analysis produces an infrared 
absorption spectrum, which identifies the presence of 
chemical bonds in the molecule. The wavelength was 
analyzed between 400 and 4000 cm−1 [16]. For the 
analysis of membrane surface morphology, a Field-
Emission Scanning Electron Microscopy (FESEM) 
brand Joel: Model JSM-7600F was used. The pattern of 
the RHA silica gel was evaluated using a Rigaku X-ray 
Diffractometer: Model D/Max200V/PC with an 
accelerated voltage of 40 kV and a current of 30 mA. At 
a rate of 5°/min, the diffraction angle (2θ) was scanned 
from 10 to 80° [17]. X-ray Fluorescence Spectrometer 
(XRF) by Philip was utilized for the analysis of the 
extracted silica gel. The membrane filtration rig, which 
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uses nitrogen gas for purging, was used in the filtration 
process. The tools used for this study were a hot plate, 
magnetic stirrer, electrical balance, glassware, aluminium 
foil, filter paper, and pH paper. 

Procedure 

Silica extraction from RHA 
The extraction method was adapted from de Lima et 

al. [17] with some modifications on the amount of raw 
RHA used and some parameters such as temperature and 
time. To 250 mL of distilled water, 25 g of raw RHA was 
added. To remove metal impurities, 8 g of HCl was added 
to the mixture. This is known as the pre-cleaning 
procedure. For 1 h, the solution was heated to 90 °C with 
continuous stirring at 650 rpm before it was left to cool 
overnight at room temperature. The filtration process was 
conducted through Smith 102 filter paper. The cleaned 
RHA was labeled on the permeated liquid. The permeated 
liquid was poured into a solution of 1 M NaOH with 
250 mL volume. The mixture was heated at 80 °C and 
swirled at 600 rpm for 1 h in an alkaline leaching process. 
After it was left overnight, another filtration process was 
performed by using Smith 102 filter paper. The brownish 
liquid obtained from the filtration process was known as 
sodium silicate (Na2SiO3). The liquid has a pH of 14 after 
being tested with universal pH paper. For the gelling 
process, one normality of HCl was prepared. The titration 
using the HCl was conducted on the Na2SiO3 until it 
reached pH 7, at which point it solidified into a gel texture. 
The gel was left to mature for 24 h before it was then 
vigorously stirred with a magnetic stirrer at 1500 rpm to 
break it down into smaller sizes. It was then washed with 

400 mL of distilled water. The washing procedure was 
repeated four times until the gel was clear (whitish). This 
step was taken to remove sodium chloride (NaCl) to 
obtain high-purity silica oxide (SiO2) [17-19]. The 
reaction mechanism involved in the production of silica 
gel is depicted in Fig. 1. Fig. 2 depicts images of mature 
and washed silica gel, respectively. XRD, XRF, and FTIR 
were then used for the characterization of the silica gel. 

PVA and CS solutions preparation 
A 10 wt.% PVA solution was prepared by 

dissolving 10 g of PVA powder into 90 g of dimethyl 
sulfoxide for 4 h at 90 °C and 400 rpm stirring rate. After 
that, the solution was left to cool down. To make the CS 
solution, 0.02 g of CS was mixed with 99.98 g of 2 wt.% 
aqueous acetic acids, followed by heating at 90 °C for 4 h 
and at 400 rpm of stirring. The mixture was left to cool 
down before mixing [20]. 

Cross-linking process of PVA/CS solution 
Both prepared PVA and CS solutions were mixed 

with 400 rpm stirring for 7 h while heated to 60 °C. Silica 
gel was poured into the mixture at a concentration of 0 
to 0.10 wt.% of the total mixture [14]. As a catalyst, 1 mL 
of HCl 37% was added. The formulations of each 
membrane are shown in Table 1 [15,20]. Fig. 3 depicts 
the cross-linking reaction from the sol-gel method 
between the silicate from RHA gel and the hydroxyl 
group from PVA. 

             
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       Na SiO H O 2HCl Si OH 2NaCl
 

Fig 1. Reaction mechanism of silica gel [18] 

 
Fig 2. (a) Mature and (b) washed RHA silica gel 
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Table 1. The formulations of membranes 

Membrane code Hybrid solution 
PVA solution (g) CS solution (g) Silica gel (wt.%) HCl (mL) 

MA 50.00 50.00 0.00 1.00 
MB 50.00 50.00 0.05 1.00 
MC 50.00 50.00 0.10 1.00 

 
Fig 3. Reaction mechanism between RHA silica gel and a hydroxyl group from PVA [20] 

 
Table 2. Membrane formulations 

Membrane PSF solution (g) Hybrid solution (g) 
MA 50.00 1.00 (without silica) 
MB 50.00 1.00 (0.05 wt.% silica) 
MC 50.00 1.00 (0.10 wt.% silica) 

Polysulfone (PSF) solution preparation 
To make 13 wt.% PSF solution, 13 g of PSF beads 

were dissolved in 82 g of NMP, followed by adding 5 g of 
PEG 400. For approximately 6 h, the solution was heated 
at 60 °C and stirred at 400 rpm. The solution was left at 
room temperature before the membrane solution was 
prepared [15]. 

Membrane preparation 
A 50 g PSF solution was mixed with one gram of 

each prepared hybrid membrane solution shown in Table 
1. For 3 h, a stirring was set at 700 rpm while the mixture 
was being heated at 80 °C. The formulation for each 
membrane is shown in Table 2. For the membrane film-
making process, the membrane solution was spread to a 
thickness of 100 μm with a Baker's Film Applicator on a 
glass plate. The plate was submerged in a water-containing 
coagulation bath for 24 h to solidify. This method was called 
the phase inversion method. Then, the film of the 
membrane was allowed to cure for 1 d at room 
temperature [20]. The films were characterized by 
functional groups using FTIR and surface morphology 

using FESEM, and the performance was checked 
through pure water flux. 

RHA silica gel yield calculation 
Eq. 1 was used to determine the yield of RHA silica 

gel after the washing process; 

g
cY 100%
m

   (1) 

where m represents the weight of mature silica gel, c is 
the weight of washed silica gel, and Yg is the yield of silica 
gel (%) after washing [21]. 

Analysis of water flux 
A dead-end filtration rig was used for the water 

flux evaluation, which was conducted at room 
temperature. The apparatus was linked to a compressed 
nitrogen gas cylinder, which applied pressure to the feed 
solution. The filtration through the membrane was 
performed at 6 bars for 60 min, with sampling every 
15 min. The flux was determined through the collected 
volume of the permeate solution. For each formulation, 
three membrane samples were tested before the average 
reading was recorded. The membrane was cut into a 
circular shape with an area of 0.196 × 10−2 m2. Eq. 2 was 
used to calculate the permeate flux; 

p
p

Q
J

A t



 (2) 
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where Jp is the permeate flux (L m−2h−1), Qp is the volume 
of permeate (L), A the effective membrane area (m2), and 
Δt is the sampling time (h) [22]. 

■ RESULTS AND DISCUSSION 

RHA Silica Gel Analysis 

Fig. 4 depicts the result from the XRD analysis. 
Based on the image, the silica gel shows an amorphous 
structure without the presence of NaCl because no 
crystalline peaks were observed in the range of 30 to 60° 
[19]. This result shows a similar pattern to the one 
obtained from the previous research by de Lima et al. [17], 
where the modified extraction process successfully 
extracted a high amount of SiO2 [17]. It could be 
concluded that the washing method in this modified 
method has been carried out efficiently to remove all the 
NaCl. NaCl in the silica gel should be avoided because it 
may interfere with the cross-linking reaction in the 
membrane-making process [18]. 

A further investigation of the composition of the 
silica gel was performed through XRF analysis. Table 3 
shows that the gel has 76.85% silica with 0.55% Na and 
0.72% Cl. The remaining 21.88% of the total composition 
could be oxides and metal impurities. Although the 
washing process can remove all the NaCl, it fails to 
remove the metal impurities. Setyawan [19] discovered 
that RHA extraction yielded 86.17% SiO2, and the results 

were relatively high in comparison to this finding. The 
reason could be due the RHA was obtained from 
different sources in local areas. 

FTIR analysis of the RHA silica gel was performed 
in the 400–4000 cm−1 range. The spectra in Fig. 5 can 
identify a few major chemical groups. The strong and 
broad absorbance of the silanol O–H group stretching at 
peak 3296 cm−1 and symmetric stretching vibration 
band at peak 1635 cm−1 indicates another O–H group 
from water [6,23-24]. Si–O–Si absorption band was 
discovered at 1082 cm−1 [24-26]. 

Characteristics of Integral Membrane 

The FTIR spectra of membranes MA, MB, and MC 
are shown in Fig. 6. The peaks of the three membranes 
are primarily composed of PSF/PVA/CS, with silica gel 
incorporated as a cross-linker in the formulations of MB 
and MC. Overall, the fingerprints of MB and MC differed 
only slightly due to the appearance of small peaks ranging 
from 400 to 4000 cm−1.  In the 2800–3600 cm−1  range,  it  

Table 3. The elements of silica gel 
Element Percentage (%) 

Si 76.85 
Na 0.55 
Cl 0.72 

Others 21.88 
 

 
Fig 4. X-ray diffraction pattern of RHA silica gel 
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Fig 5. FTIR spectra of RHA silica gel 

 
Fig 6. FTIR spectra of membranes 

 
corresponded to the silanol O–H groups of silica gel that 
have overlapped with hydroxyl groups (O–H) of PVA for 
MB and MC. The spectra revealed that all membranes had 
C–H stretching that overlapped with amine bands at a 
peak around 2969 cm−1, and the peak at 1600 cm−1 also 
corresponded to O–H groups [16,20]. The vibration 
modes of C=O and C–O bonds were coming from the 
unhydrolyzed vinyl acetate of PVA that was observed 
between 1100 and 1700 cm−1 [16]. The peaks of MB and 
MC at 2139 and 2156 cm−1, respectively, represent the weak 
stretching band of C≡C alkynes derived from conjugated 
silica gel [27-28]. The stretching mode of Si–O is usually 
assigned to the absorption band between 1000 and 

1100 cm−1 for MB and MC [29], where the crosslinking 
process to form Si–O–C at 1107 cm−1 resulted in the 
overlapping to the original C–O bond. Despite being 
crosslinked by silica, the O–H groups stretching in 
membranes MB and MC at 2800–3600 cm−1 showed a 
membrane's hydrophilicity [26]. 

Fig. 7 depicts the surface morphology of 
membranes. Based on the images, it was observed that 
the pore structure of MA was uneven in size and had a 
larger pore size as compared to MB and MC. Membranes 
MB and MC had smaller pore sizes and denser surfaces 
that were caused by the reaction between the polymer 
blend's O–H group and the Si–O–H of the silica gel [16]. 
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Fig 7. Surface morphology structure of membranes 

 
Observing the surface structure of MB and MC, it was 
concluded that both membranes had a smooth surface, 
and no agglomeration was spotted, which proved that the 
crosslinking process with the silica gel was successful [18]. 

Water Flux Analysis 

Fig. 8 depicts the pure water flux (PWF) results for 
MA, MB, and MC after 1 h of filtration. PWF is related to 
the surface structure of the membrane and its hydration 
properties, with a constant value of PWF indicating that 
the membrane porosity remained constant throughout 
the filtration time [22]. The increment in the water flux 
indicates changes in the permeable structure of the 
membrane [21]. 

According to Fig. 8, the flux for MA continues to 
increase until 1 h, indicating that there are changes in the 
pore sizes of the membrane [30]. The membrane must 
have ruptured, causing the pore size to increase. It was 
also observed through a visual that the membrane was 
swollen at the end of the filtration process. Realizing that 
PVA has an abundance of O–H groups, this situation was 
attributed to the membrane's lack of integral stability in 
the absence of a cross-linker such as RHA silica gel [31]. 
It could be related to Fig. 7 where the structure of the 
membrane MA was not compact without the cross-
linking process, resulting in high water flux and swelling 
of the membrane. 

Different flux patterns were observed in the MB and 
MC, where the flux began to decrease gradually after 
15 min of filtration and continued to decrease until 1 h of 
filtration time. After 1 h, the fluxes for MB and MC were 
40.7 L m−2 h−1 and 26.9 L m−2 h−1, respectively. It was  
 

 
Fig 8. Pure water flux of membranes 

observed that there was no pore enlargement on the 
surface of the membrane after the filtration process. This 
situation demonstrated that the crosslinking process 
improved the membrane's structure by providing higher 
membrane stability [31]. Although the crosslinking 
reaction utilized the O–H group from the polymer 
blend, the silica with good hydrophilicity compensated 
for the effect to ensure membranes MB and MC 
exhibited good water permeability [26,32]. MC has a 
lower flux than MB due to an increase in cross-linking 
degree due to a higher concentration of RHA silica gel 
added to the membrane formulation. 

■ CONCLUSION 

In conclusion, a modified acid leaching technique 
was found to successfully extract a significant amount of 
silica from the rice husk ash. The process also was 
successful in removing NaCl. Even though only 76.85% 
silica could be extracted, the incorporation of silica gel  
 



Indones. J. Chem., 2023, 23 (3), 609 - 617    

 

Nur Syazwanie Izzati Chik and Norin Zamiah Kassim Shaari 
 

616 

in the membrane formulation had a significant effect in 
terms of improving the membrane polymer matrix 
through the cross-linking process, with the added benefit 
of homogeneous membrane solution being produced. 
Based on this promising result, additional research will be 
carried out to evaluate the performance of the membranes 
in the water-oil separation process. 
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