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ABSTRACT 

 

Silica (SiO2) is widely used in numerous applications, including ceramic 
membranes, and can be extracted from rice husks, which is an agricultural 

waste containing high amounts of silica. In fact, it is essential to reduce the 

vast amounts of discarded rice husks as open burning of the rice husk can have 
detrimental effects on the environment due to the release of hazardous 

pollutants. For the rice husk to be used, a suitable sintering temperature 

should be obtained to ensure the membrane synthesized has the desired porous 
structure. A high sintering temperature can affect the melting condition of the 

membrane’s porous structure. While a low sintering temperature may not give 

the required porosity. Therefore, this study aims to evaluate the effect of 
sintering temperature on the pore size of the membrane fabricated from kaolin, 

polyvinyl alcohol, and rice husk ash. The rice husk was initially treated with 

hydrochloric acid (HCl) and heated at 900 ℃ to produce rice husk ash. The 
membranes fabricated were then sintered at 1000 ℃ to 1400 ℃. X-ray 

fluorescence (XRF) results show that 71.36% of silica was successfully 

extracted from the rice husk. According to the XRD results, only two 
membranes sintered at 1300 °C and 1400 °C have crystallinity forms. Because 

the ceramic membrane contains a crystalline phase, it was determined that 

1300 °C is an appropriate temperature for sintering. It also has a low 
absorption percentage (88.89%) and the desired porosity (69.93%). 
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Introduction 
 
The content and composition of rice husks from different areas may differ [1]. 

Generally, it has about 36% - 40% cellulose, 12% - 19% hemicellulose, 20% 

lignin, and 12% ash in rice husks, with 80% - 90% of the ash being silica [2]. 
The open burning of rice husks produces carbon dioxide (CO2) and releases 

hazardous pollutants into the environment [3]. It has been demonstrated that 

treating rice husk with hydrochloric acid (HCl) during silica extraction 
increases silica purity. The result shows 97.64 wt% of silica (SiO2) from 

treated rice husk with HCl, which was the highest purity of silica compared 

with using other acids [4]. Amorphous silica and crystalline silica were formed 
from treated or untreated rice husk, with amorphous silica obtained by heating 

at 550 ℃ - 800 ℃ and crystalline silica at 900 ℃ - 1000 ℃ [5]. 

The use of a ceramic membrane in the filtration process was preferable 
compared to a polymeric membrane because the polymeric membrane has 

random chain scission, an unzipping depolymerization reaction, and 

disintegrates at higher temperatures [6]. All materials have unique 
characteristics, such as good chemical resistance (filter of organic solvents or 

hostile fluids like acids, bases, and oxidants), moderate thermal resistance 

(working temperatures of up to several hundred degrees), and enough 
mechanical strength (allowing pressures of around 10 bar - 100 bar) [7]. Low 

maintenance requirements, fouling resistance, and high-temperature stability 

help these systems have lower lifecycle costs [8]. The formulation of the 
ceramic membrane contains rice husk silica, which presents a possibility for 

low-cost ceramic membrane manufacture [9]. 

According to earlier studies, when temperatures rise, the crystalline 
silica membrane's porosity size rises [9]. Increasing the membrane sintering 

temperature makes the porous size of the membrane increase. However, 

increasing the sintering temperature to 1500 ℃ and above melts the membrane 
[9]. Which can close the pores of the membrane. Therefore, examining the 

membrane characterization and minimum porosity was required. For the 

membrane, 40% porosity and above was required for the ceramic membrane 
to minimize the pressure drop [9]. This study has proposed the fabrication of 

membranes by mixing the rice husk ash (RHA), kaolin, and polyvinyl alcohol 

(PVA) by setting the suitable sintering temperature range in observing the 
porosity of the membrane and the correlation between absorption percentage 

with porosity. Therefore, the objective of this study was to study the porosity 

of the membrane at different sintering temperatures. The study explored the 
potential for changing waste to wealth. Porosity was an important factor in 

ceramic membrane performance. Hence, this study will contribute useful 

findings for the feasibility of ceramic membrane application using rice husk.  
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Methodology 
 
Synthesis of the rice husk ash (RHA) 
In this study, the rice husk was utilised for membrane fabrication. Rice husk 

weighing 5000 g (obtained from Berkat Padi Sdn. Bhd.) was soaked and 
washed with tap water and then dried in the oven for 24 hours at 110 ℃. The 

drying of rice husk was to remove the water content in the rice husk that can 

influence the concentration of acid used. With a constant stirring at 650 rpm, 
the rice husk was soaked in 1 M hydrochloric acid (HCl) at 60 ℃ for 2 hours. 

Then, the rice husk was washed and soaked with tap water until the pH was 

between 7 - 8. The rice husk was dried in the oven for 24 hours at 110 ℃ [5]. 
Lastly, the rice husk was heated in the furnace at 900 ℃ for 2 hours to obtain 

rice husk ash (RHA). The heating rate of the furnace was set to increase at a 

rate of 5 ℃/min [5]. The RHA composition was checked by using X-ray 
fluorescence (XRF) (model: Epsilon3-XL). 

 

Preparation of the membrane 
For membrane fabrication, the RHA was mixed with kaolin and polyvinyl 

alcohol (PVA) as binders according to the weight compositions as shown in 

Table 1. 
 

Table 1: Composition of each component used for membrane fabrication 

 
Components Weight, % 

Rice husk ash (RHA) 38.46 

Kaolin 38.46 

Polyvinyl alcohol (PVA) 23.08 

 
Figure 1 depicts the overall fabrication process. The distilled water was 

added to the mixture of RHA, kaolin, and PVA. Then, the mixture was heated 

at 80 ℃ at 700 rpm for three hours to mix evenly. The white slurry was then 
dried in the oven for two hours at 100 ℃ to remove the water content. The 

shape of the membrane was fabricated in a rectangular shape [9]-[10]. Five 

membrane filtration samples were sintered using the high-temperature furnace 
(Thermoline/F46110CM). The five samples were heated at different 

temperatures. The sample was named rice husk membrane (RHM) and each 

sample was labelled as RHM-1, RHM-2, RHM-3, RHM-4, and RHM-5 with 
heating temperatures of 1000 ℃, 1100 ℃, 1200 ℃, 1300 ℃, and 1400 ℃, 

respectively. The heating rate was 3 ℃/min for 2 hours [9]. The membrane 

phase after the sintering process has been checked using X-ray diffraction 
(XRD) (model: Rigaku / Ultima IV). The scan speed used for analysis was 3 
o/min and the scan range was from 20º to 80º with a scan-axis of 2𝜃. The 

porosity of the fabricated membrane was analyzed by using a Mercury 

porosimeter (model: Micromeritic/Autopore Iv 9510). The swelling 
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percentage of the membrane was conducted by soaking the membrane in 

distilled water for 24 hours. Equation (1) was used to calculate the swelling 
percentage. The surface morphology of the membranes fabricated was 

analysed using a scanning electron microscope (SEM) (model: Hitachi 

TM3030). 
 

Swelling percentage (%) =
Final weight (wet)−Initial weight(dry)

Initial weight(dry)
× 100   (1) 

 

 
 

Figure 1: The flow method in synthesizing the ceramic membrane 
 

 

Results and Discussion 
 

Rice husk ash composition characterisation 
From the heating process of the treated rice husk with hydrochloric acid (HCl) 
at 1 M, the white powder known as rice husk ash (RHA) was obtained, as 

shown in Figure 2. According to Shen et al. [1], the result of the 

thermochemical conversion of rice husk was rice husk ash. The conversion 
process conditions, including pyrolysis, gasification, or combustion, determine 

the physical-chemical properties of the finished products, including the ash. 

According to Zainal et al. [5], heating the rice husk at temperatures ranging 
between 900 ℃ to 1300 ℃ can produce crystalline silica powder. Besides 

removing carbonaceous wastes, pyrolysis at temperatures above 800 °C also 

causes the creation of crystalline silica [1]. Based on a study by Younesi et al. 
[11], crystalline rice husk ash was obtained when heating the treated rice husk 

at 700 ℃. This study used a temperature of 900 ℃ to heat the treated rice husk, 
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resulting in a white powder, as shown in Figure 2. Table 2 shows the 

composition of RHA. 
From the XRF analysis as shown in Table 2, 71.36% of silica (SiO2) 

was obtained as the main component in RHA. Another study gained 98.94% 

of silica by heating the rice husk at 800 ℃ and 99.5% at 600 ℃, respectively 
[12]-[13]. The difference in silica composition obtained in the rice husk was 

due to the type of rice, the region's soil, and its climate [1].  

 

 
 

Figure 2: The rice husk ash (RHA) synthesized 

 
Table 2: Composition of RHA from XRD data 

 
RHA contents Composition, % 

SiO2 71.3637 

P2O5 0.3537 

K2O 0.0537 

CaO 0.1943 

TiO2 0.0030 

MnO 0.0070 

Fe2O3 0.0237 

CuO 0.0040 

ZnO 0.0037 

SrO 0.0020 

Ag2O 0.0020 

 

Effect of sintering temperature on membrane phase 
Based on Figure 3, the XRD pattern for RHM-1, RHM-2, and RHM-3 was 

similar which indicates that the membrane phase was in the amorphous phase. 

Meanwhile, membrane RHM-5 (1400 ℃) and RHM-4 (1300 ℃) have 

crystalline phases because it has a broadening peak. The peak was 2𝜃 = 22.2° 

for RHM-4 and 2𝜃 = 22.14° for RHM-5. It shows that increasing sintering 
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temperature changes the amorphous membrane to a crystalline membrane. 

This finding was similar to that obtained by Nayak et al. [14], where the phase 
of the amorphous membrane has turned into a crystalline membrane at a 

sintering temperature of 1300 ℃. In contrast, it was different from another 

study which indicated that the crystalline phase can be observed at a sintering 
temperature of 1150 ℃ and 1000 ℃ [15]-[16]. This discrepancy may be due 

to the number of component mixtures used in fabricating the membrane which 

triggers altered values of crystalline sintering temperature.  
As a result, it demonstrates that not all sintering temperatures can yield 

crystalline membranes; instead, it may rely on the composition utilized to make 

the membranes. RHA, kaolin, and PVA were combined for this study, and each 
component may have its sintering temperature to enter the crystalline phase. 

For the kaolin membrane sintered at a temperature of 800 ℃, the membrane 

showed partial crystallization and the crystallization form increased with 
increasing sintering temperature [17]. From XRD analysis, the crude powder 

of kaolin has shown that the crystalline phase was in the form of quartz [18]. 

The sintering temperature of the kaolin membrane at 1100 ℃ was changed the 
crystalline form of the membrane to the mullite phase [18]. It shows that the 

kaolin has crystallinity form.  

With the siloxane (Si-O-Si) and silanol (Si-OH) groups in rice straw 
ash, PVA will form a potent secondary bond [19]. This is because PVA has a 

hydroxyl group in each iteration of the polymer, which causes PVA and silica 

to have a three-dimensional structure [19]. The PVA will function as a binder 
between the particles, enhancing the silica membrane's green strength [19]. 

The polymer PVA was partly crystalline [20]. Previous studies have 

demonstrated that as rice husk concentrations were increased, the percentage 
crystallinity of membrane-containing PVA decreased [21]. According to other 

studies, the peak gets sharper when more cellulose nanocrystals from rice 

husks are present. When the number of cellulose nanocrystals at 1.0 percent in 
the PVA-containing membrane increases, the peak then decreases [22]. As a 

result, it demonstrates how the mixing of each component's amount affects the 

membrane's crystallinity. 
The crystalline membrane has greater hardness resistance [5]. There 

were a few types of crystalline forms, for this membrane most of the crystalline 

formed was in cristobalite and low quartz. Most phase crystalline for RHM-5 
was in the cristobalite phase and for RHM-4 phase of crystalline was in 

cristobalite and quartz. Other researchers, the type of crystalline that has been 

found in rice husk membranes were mullite and quartz [15]. According to 
Olivia et al. [23], PVA and cellulose can affect the crystallinity of the 

membrane. 
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Figure 3: XRD analysis on membrane fabricated 
 

Effect of sintering temperature on membrane porosity 
The porosity of crystalline rice husk membrane (RHM) after sintering at 
different temperatures was analyzed, and Figure 4 shows the membrane pore 

size distribution. Membrane RHM-1 (1000 ℃) has the highest mercury 

intrusion compared to RHM-5 (1400 ℃). This result shows similarities with 
previous research from Hubadillah et al. [9], where the sintering temperature 

increased as the intensity of the mercury intrusion reduced.  

According to Bat-Amgalan et al. [24], the pore size distribution of the 
supports sintered at low temperatures (950 °C - 1000 °C) was smaller than that 

of the supports sintered at high temperatures (1050 °C – 1150 °C). When the 

sintering temperature increases, it produces larger pores size. When looking at 
the results obtained from this study for the pore diameter range between 6 nm 

- 5000 nm, as shown in Figure 4, most of the RHM-1 (1000 ℃) pore size was 

in the range of 6 nm to 1300 nm while the RHM-5 (1400 ℃) in the range of 
200 nm to 3000 nm. This shows that the membrane was sintered at a 

temperature range of 1000 ℃ to 1200 ℃, showing a small diameter of the 

pore. Meanwhile, when the sintering temperature of the membrane increased 
from 1300 ℃ to 1400 ℃, it showed a big pore size diameter. The particle 

diffusion that results from the silica melting phenomenon at higher 

temperatures was the cause of this [9]. This result shows that increasing 
sintering temperature increases the pore size, similar to that found by 

Hubadillah et al. [9]. In addition, large pores may be produced because rising 

sintering temperature encourages particle development. However, tiny pores 
may overlap as large pores develop [24].  
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Figure 4: Membrane pore size distribution 
 

From Figure 5, all membranes have more than 40% porosity. According 

to Hubadillah et al. [9], porous ceramic membranes have a significantly higher 
porosity above 40% to reduce pressure loss. High pure water flux was created 

by the ceramic membrane with a porosity more significant than 40%, which 

was desired for water treatment applications [9]. The application of the 
membrane defines the porosity needed for a particular membrane. The majority 

of rice husk membranes were intended for use in water filtration because of 

their high porosity. 
Moreover, the membrane's pore size can be changed to target particular 

pollutants, including bacteria, viruses, and organic particles [25]. The smallest 

pore size of the ceramic membrane fabricated in this study was larger than 6 
nm. Therefore, the fabricated membrane was suitable for microfiltration 

because the desired pore size for this type of membrane filtration was more 

than 50 nm [26]. Although the pore size range required for ultrafiltration 
membrane was between 2 nm to 50 nm [26], the membrane fabricated in this 

study was not suitable for this type of membrane because it has a high pore 

size which was greater than 50 nm, and the smallest pore size which was 6 nm. 
Therefore, the sintering temperature used to fabricate the membrane in this 
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study has the potential for water microfiltration applications due to porosity 

exceeding 40% and pore size larger than 50 nm. 
Examining membrane ability in terms of porosity alone was insufficient 

because various other aspects need to be considered for ceramic membrane 

characteristics. Based on Figure 5 the porosity membrane RHM-1 was higher 
than other membranes. It has 75.25% porosity. High porosity and high-strength 

ceramics were required; however, the high porosity yields poor-strength 

materials [27].  
 

 
 

Figure 5: Membrane porosity percentage (%) 
 

Effect of sintering temperature on swelling percentage 
The swelling or absorption percentage was the percentage of water uptake in 
the membrane. From Figure 6, the membrane that has low swelling percentages 

was RHM-5 (88.24%). Meanwhile, RHM-1 has the highest swelling 

percentages compared to other membranes. From previous research, the 
swelling percentage of the membrane was decreased by increasing the 

composition of rice husk ash in the membrane [28].  

Based on the swelling percentage of membrane sintered at different 
temperatures, elevating the sintering temperature was frequently found to 

reduce the absorption of water. When the sintering temperature was at 1200 °C 

and above, a drastic reduction in water absorption occurred. The result from 
Prasad et al. [15], has shown that the water absorption percentage drastically 

reduces when the temperature increases from 1100 °C to 1150 °C. From this 

study, the water or swelling percentage of membrane RHM-1 was the highest, 
and the percentage was decreased when the sintering temperature of the 

membrane was increased.  

The absorption of the membrane correlates well with the porosity of the 
membrane. The volume of gaps has a noticeable impact by increasing the 
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amount of water absorbed [29]. In samples with pores, water absorption 

increased approximately linearly with time [29]. From the previous study on 
decreasing membrane porosity, the water absorption also decreases [30]. By 

comparing results from porosity and swelling percentage, the membranes 

followed the effect of porosity on water absorption, as the membrane's porosity 
decreases and water absorption decreases. However, a high absorption 

percentage reduces the pure water flux of the membrane [31]. Therefore, a 

membrane with high water absorption can reduce water flux on the membrane 
where high water flux was required for ceramic membrane, but it also requires 

high selectivity. 

 

 
  

Figure 6: Membrane swelling percentage (%) 

 
Lastly, Figure 5 shows that RHM-1 had the highest porosity of any 

membrane, with a value of 75.25%. In comparison to other membranes, RHM-

1 exhibited the highest absorption percentage as a result. This demonstrates 
that the water flux of the RHM-1 may be minimal, and RHM-5 may have a 

significant water flux. 

 
Analysis of membrane surface morphology 
The surface morphology of the fabricated membranes was analyzed, and 

Figure 7 presents the results for the five different membranes fabricated. The 
pores on the membrane were densely arranged, however, the distribution of the 

pores was not arranged consistently. These atoms or ions were grouped in a 

regular three-dimensional structure with a distinct and ideal lattice [9]. 
Furthermore, the structure of silica produced was in quartz form [9]. Quartz 

was a significant crystalline phase in almost all triaxial whiteware 

compositions [15]. 
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Regarding the membrane pore size, the pore size of each membrane was 

not uniform. At 500x magnification, the porosity on the membrane part was 
not visible. The membrane consists of open and closed pores. Open pores link 

to the material's surface, whereas closed pores are pockets of vacuum space 

within a bulk material. Open pores are essential for molecule separation, 
adsorption, and catalysis research. Thermal insulators and structural 

applications are the most common applications for closed pores [32]. However, 

for RHM-5 (1400 ℃), the porous structure was seen as more significant 
compared to the other sintering temperature. The pore structure was more open 

and clearly seen. This was probably because the PVA used to hold the rice 

husk ash structure was evaporating due to the current high temperature during 
the sintering process. For the RHM-1 (1000 ℃) membrane, smaller pore sizes 

were observed, as shown in Figure 7. The result can be related to pore size 

distribution (Figure 4), where the pore size increased due to increasing 
sintering temperatures [9]. 

For SEM images at 2500x magnification (Figure 8), the state of the 

porous membrane was more clearly visible. The pore size for the RHM-5 (1400 
℃) membrane was seen as large. As there were no finger-like voids, the 

membranes were considered symmetrical [9]. The pores coalesced at a high 

sintering temperature, resulting in the formation of these large pores. At high 
temperatures, some of the pores may have vanished [33]. Therefore, high 

sintering temperatures caused the pore size to increase, which was attributed 

to small pores interacting with one another [33].  
 

 
 

Figure 7: Membrane surface SEM image at 500x magnification; (a) 1000 ℃, 

(b) 1100 ℃, (c) 1200 ℃, (d) 1300 ℃, and (e) 1400 ℃ 



Nurul Asilah Md Amin, Istikamah Subuki, Nurul Haiza Sapiee, Norin Zamiah Kassim Shaari 

194 

 
 

Figure 8: Membrane surface SEM image at 2500x magnification for RHM-5 
 

On the other hand, the performance of the fabricated membrane has yet 

to be tested in a particular application. For any application, it has not been 
confirmed that the range of membrane pore sizes achieved in this study can be 

acceptable. Each application may have its own desired porosity and pore sizes 

required for effectiveness and it includes the value of swelling percentage. 
Therefore, further analysis should be tested on the membrane fabricated to look 

at its potential in specific applications. 

 
 

Conclusions 
 
In this study, about 71.36% of silica has been obtained from rice husk ash. 

From the study, it can be concluded that the membrane’s pore size increases 

by increasing the sintering temperature. Besides that, all of the membrane’s 
porosity exceeded 40%, and the swelling percentage of the membrane was 

reduced by increasing the sintering temperature. The sintering temperature of 

the membrane fabricated the membrane 1300 ℃ has been observed as a 
suitable temperature for sintering the ceramic membrane due to having a 

crystalline phase. Moreover, the RHM-4 has a desired porosity requirement for 

the ceramic membrane, which was 69.93%, where this value exceeded the 
minimum porosity required for ceramic membrane filtration. The swelling 

percentage for RHM-4 was 88.89%. Although other membranes' swelling 

percentage was lower, increasing the sintering temperature up to 1400 ℃ can 
affect the mechanical strength. Moreover, the pore size of membrane RHM-4 

was also suitable for microfiltration membranes.  
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