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Lead (Pb2+) is one of the most toxic heavy metals, causing significant physical, 
biochemical, and behavioural health issues in humans. Sustainable water management 

practices and technologies have become crucial as clean water sources diminish. 
Membrane separation, a chemical-free and cost-effective method, has emerged as the 

preferred solution, offering economic and environmental benefits. This research 
focused on utilizing silica from rice husk ash as a cross-linker in the membrane 
formulation made from a blend of chitosan/polyvinyl alcohol/polysulfone. Chitosan is 

widely used as an adsorbent for removing heavy metals due to the hydroxyl and amino 
groups in its structures. This study examines the effect of silica incorporation in the 

membrane formulation on membrane properties and the removal of lead ions, focusing 
on various loadings of 1, 4, and 7 wt.%/wt. polymer. The properties were investigated 
using thermal gravitational analysis (TGA), Fourier Transform Infrared Spectroscopy 

(FTIR), and membrane filtration experiments. TGA analysis and FTIR spectrum results 
showed that introducing silica from rice husk ash (RHA) particles enhanced the 
membranes' thermal stability and crosslinking structure. The performance results 
showed that the presence of silica substantially improved permeate flux, percentage 
removal of lead ions, and antifouling properties. This is because the silica in the RHA 
particles enhanced the membrane's hydrophilicity, which improves water absorption 
and permeation rates. 7 wt.%/wt. polymer of silica is the best formulation that removed 

94% of the lead ion with the highest water flux and displayed the average antifouling 
performance with the relative flux recovery (RFR) of 40.26%. The formulated 
membrane has the potential to be used in wastewater treatment for the removal of 

lead ions. 
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1. Introduction 

 
Despite numerous technological developments and triumphs, wastewater treatment remains a 

critical global issue. The wastewater, which contains heavy metal ions, poses a serious hazard to 
human health if not adequately treated, making its disposal critical [1]. According to Lin et al., [2] and 
Pakade et al., [3] as mentioned in Chowdhury et al., [4] they are prevalent in water from diverse 
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sectors such as electroplating, tanner mills, steel production, wood processing, plastic manufacture, 
metallurgical and mining activities, nuclear power plants, dyes and pigments, ceramic, paints, and 
fertilizer industries. Furthermore, heavy metals do not biodegrade easily, but they can be enriched 
hundreds of times through biological amplification, in which dangerous compounds migrate up the 
food chain and eventually enter the human body [5]. 

Heavy metals are among the most harmful contaminants on the planet's surface and lead (Pb) is 
one of the most hazardous heavy metals. Lead is a carcinogenic metal that rapidly enters the food 
chain. Lead appears in three forms: metallic lead, inorganic lead, lead compounds (or lead salts), and 
organic lead (including carbon). Lead in the environment is rarely found in its elemental state, but 
rather in its +2 oxidation state (Pb2+) in diverse ores around the world [6]. The lead ions are generated 
from various industries such as manufacturing, chemical, battery, and paint and colouring industries 
[7]. In addition to severely impacting the standards of water required for human consumption, it can 
also result in the death of innumerable species. High amounts of lead ions affect living organisms by 
inhibiting or obstructing biological processes, resulting in severe and irreversible harm [8]. 

Various procedures for removing heavy metals from wastewater have been developed, including 

adsorption, chemical oxidation-reduction, precipitation, ion exchange, electrochemical processes, 
membrane filtration, and reverse osmosis. These procedures are often expensive and impracticable 

in remote places where heavy metal contamination is induced by geogenic sources [9]. On the other 
hand, De Gisi et al., [10] stated that various treatment systems are available with varying degrees of 
efficiency to prevent and minimize water pollution. However, most of these systems have drawbacks 
such as high operational and maintenance costs, toxic sludge formation, and difficult treatment 
procedures. Thus, adsorption is considered a preferable choice in water and using activated carbon 
because of its convenience, ease of operation, and simplicity of design. Nevertheless, when a broader 
range of applications is required, the high cost of activated carbon is a disadvantage, and as 
mentioned in Ma et al., [11], in a high-temperature setting, a considerable volume of saturated 
activated carbon can easily release hazardous chemicals. 

According to Elorm et al., [12] as indicated in Issaoui et al., [13], membrane technology is still the 
most effective technique with the best prospects in wastewater treatment. Apart from that, 
according to Shi et al., [14] as described in Issaoui et al., [13] the membrane process has been widely 
employed in various fields as a new separation technique, and it is one of the most cost-effective 
water treatments accessible and saves water resources. Furthermore, membrane technology is used 
in the water sector to improve water quality for use, reuse, or release to the environment, as well as 

for wastewater [15]. As a result, membrane separation has emerged as the favoured alternative due 
to its mild, environmentally benign approach and lack of sludge generation. It has been reported that 

chitosan is a good adsorbent for heavy metal ions and the crosslinking with silica resulted in a denser 
membrane structure for higher entrapment of heavy metal ions [16]. Furthermore, the organics-

inorganic hybrid polymer combinations of chitosan/polyvinyl alcohol blend with silica from 
tetraethylorthosilicate have good thermal stability and cause strong binding affinities toward metal 
ions such as copper and ferum [16].  In the previously reported process [16], the hybrid membrane 
solution was layered on the polysulfone membrane. In this current research, an integral membrane 
was formulated where a blend of chitosan/polyvinyl alcohol/silica from rice husk ash was mixed with 
a polysulfone solution. To utilize the biomass from rice, the silica from rice husk ash was extracted 
using a modified method and incorporated into the hybrid membrane solution [17].  The utilization 
of the abundant biomass from rice milling could reduce the impact to the environment due to the 
burning activities of the rice husk [18]. This research aims to investigate the potential utilization of 
silica from rice husk ash as a crosslinker in the membrane’s structure made of polyvinyl 
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alcohol/chitosan/polysulfone to remove lead ions. The effect of silica loadings on the thermal 
stability, water flux, and antifouling performance was further evaluated.  

 
2. Methodology  
2.1 Material  

 
Polyvinyl alcohol powder with a molecular weight of 85000-124000 and 87-89% hydrolyzed, and 

polysulfone pellets with 35000 molecular weights were purchased from Sigma-Aldrich (M) Sdn. Bhd. 
The chitosan powder was purchased from Aman Semesta Enterprise.  1-methyl-2-pyrrolidone (NMP), 
and polyethylene glycol 400 (PEG 400) were purchased from Merck Sdn. Bhd.  The dimethyl sulfoxide, 
humic acid, and hydrochloric acid (HCl, 35-37% purity) were purchased from R&M Chemicals. The 
rice husk ash was supplied by BT Science Sdn. Bhd. Other materials such as sodium hydroxide, acetic 
acid, lead nitrate, and distilled water were obtained from the chemical laboratory of the School of 
Chemical Engineering, UiTM Shah Alam. 
 

2.2 Methods 
2.2.1 Silica extraction method for rice husk ash (RHA) 

 
The extraction of silica from rice husk ash (RHA) was prepared according to the procedure 

outlined by Chik et al., [17] and Mohd Zainuddin et al., [19]. The first step was cleaning the raw 
material where 50.0 g of raw RHA was mixed with 250 mL of distilled water and 8.0 g of HCl. After 
that, the mixture was heated to 90°C and stirred for one hour at 650 rpm. The mixture was filtered 
overnight with Smith 102 filter paper after being cooled overnight. Next, 250 mL of 1.0 M NaOH was 
added to the RHA, then heated to 90°C and stirred for one hour at 650 rpm. Before the mixture was 
filtered using filter paper Smith 102, the mixture was once again cooled to ambient temperature 
overnight. The filtrate was treated with 1N HCl to bring the pH to 7, initially at pH 14. The gel was 
then thoroughly cleaned and rapidly agitated with 400 mL of distilled water at 1,500 rpm. The 
washing procedure was repeated until clear gel was obtained to remove sodium chloride (NaCI) and 
obtain water and high-purity silicon dioxide (SiO2).  The gel was dried in a 60°C oven for 24 hours. The 
powdered dried silica gel was then obtained. The extraction of silica is represented in Figure 1. 
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Rice husk ash (RHA) 

 
Heating and stirring of 50 g RHA 

with 250 mL distilled water and 8 g 

HCL 

 
Two cycles of filtration process 

 
                        The silica gel powder 

 
 The dried silica gel 

after oven-dried 

 
Treatment with 1N HCL followed 
by cleaning with 400 mL distilled 

water 

Fig. 1. The silica extraction process 

 

2.2.2 Blend membrane solution preparation 
 

As mentioned in Sulaiman et al., [20], a homogenous solution of polyvinyl alcohol was created by 
heating 90.0 g of dimethyl sulphoxide and 10.0 g of polyvinyl alcohol (PVA) powder at 90°C for 4 

hours while being stirred at 400 rpm. The solution was then chilled until it reached room 
temperature. An amount of 0.02 g chitosan was dissolved in 99.98 g aqueous acetic acid, which was 

then heated at 90°C for 4 hours while being stirred at 400 rpm. This resulted in a 2 wt.% chitosan 
solution. After that, it was kept at room temperature. 

 
2.2.3 Preparation of hybrid membranes 

 
PVA and chitosan were each made in separate solutions, which were then combined at a weight 

ratio of 1:1 and heated at 60°C for 6 hours while stirred at 400 rpm. A 1 wt.% concentration of the 

extracted silica powder from RHA powder was added. Table 1 shows the silica powder's composition. 
A volume of 1.0 mL HCl was used as a catalyst for the sol-gel method. After that, the mixture was 

allowed to cool to ambient temperature. Another membrane was created without the inclusion of 
silica by repeating the previous stages with 4 wt.% and 7 wt.% of silica powder. Table 2 displays the 

composition of each formulation [20]. The schematic diagram of the preparation of the hybrid 
membrane solution is displayed in Figure 2. 
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Table 1 
Composition of silica powder 
Compound Percentage (%) 

Si 77.02 

Na 0.49 
Cl 0.53 
Other impurities 21.97 

 
Table 2 
Composition of various membrane solutions 
Membrane Code PVA Solution (g) CS Solution (g) Silica Powder (wt./wt.% polymer) 

0 RHA 20 20 0 
1 RHA 20 20 1 

4 RHA 20 20 4 
7 RHA 20 20 7 

 

2.2.4 Preparation of polysulfone (PSF) solution 
 
Research by Sulaiman et al., [20] as cited in Shaari et al., [16] demonstrated the preparation of a 

polysulfone (PSF) solution. As stated, after dissolving 13.0 g of PSF beads in 82.0 g of 1-methyl-2-
pyrrolidone (NMP), 5.0 g of polyethylene glycol was added. The solution was heated and constantly 
agitated at 60°C at 400 rpm for about 6 hours. The mixture was then allowed to cool to room 
temperature. 

 
2.2.5 Preparation of integral membrane 

 
An amount of 1.0 g of each hybrid membrane solution as shown in Table 2 was mixed with 40.0 

g polysulfone solution. The mixture was heated to 80°C with continuous agitation at 800 rpm for 3 
hours. After cooling, the mixture was put onto a glass plate and a film was formed using a Baker Film 
Applicator to a thickness of 100 μm. The plate was then submerged in a large amount of water for 
24 hours. The membrane was then allowed to dry for 24 hours at room temperature [21,22]. The 
production process of the membrane is represented in Figure 3.  

 

 
Fig. 2. The preparation process of the hybrid membrane solution 
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Fig. 3. The preparation process of the integral membrane 

 
2.2.6 Characterizations of membrane 

 

The membrane was cut into small pieces weighing 50.0 and 60.0 mg and placed into the crucible. 
The membranes were heated with nitrogen gas at a rate of 10°C/min from 0°C to 900°C [19]. The 
Mettler Toledo model Stare SW served as the basis for the TGA model. Research by Ghiggi et al., [23] 
as cited in Shaari et al. [16], mentioned that through FTIR research, the integral membrane's 
functional groups were observed. 
 
2.2.7 Performance of membranes 

 

The performance of the membrane in terms of lead removal and antifouling analysis was carried 

out using the fabricated dead-end filtration apparatus as shown in Figure 4 [20]. Using deionized 
water and a dilution process from a 100-ppm lead solution, the lead solutions at 4, 8, and 12 ppm 

were formed. Nitrogen gas was used to produce the requisite pressure (2 bar) to run the dead-end 
configuration [24]. Each membrane piece was subjected to a one-hour filtration with 15-minute 

sampling intervals. Based on Eq. (1), flux from the withdrawn sample solution was measured every 
15 minutes. 

 

𝐹𝑙𝑢𝑥 = (
∆𝑉

𝐴∆𝑡
)                                             (1) 

 
where ∆V is the volume of the collected permeate solution (mL), A is the membrane’s cross-sectional 
area (m2), and ∆t is the time interval (min). Atomic Absorption Spectroscopy (AAS) from Mettler 
Toledo was used to quantify lead concentrations in the feed (C f) and permeate stream (Cp). Eq. (2) 
was used to obtain the percentage rejection of lead ions from the initial solution. 

𝑅𝑒𝑗𝑒𝑐𝑡𝑖𝑜𝑛 (%) =  (
𝐶𝑓−𝐶𝑝

𝐶𝑓
) × 100                        (2) 

 
In the anti-fouling experiment, the nitrogen gas pressure was 2 bar [25]. The foulant model was 

created by dissolving 2.0 g of humic acid in 1.0 L of 200 ppm sodium hydroxide. The procedure was 
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completed in three steps. The first step was completed within 30 minutes by the filtration of 
deionized water. The flux was measured and labelled as J0. The deionized water as the feed solution 
was replaced with humic acid (HA) solution and the filtration was performed for 2 hours. The final 
flux at this stage was measured and labelled as Jp. The membrane was removed from the stirred cell 
and cleaned by soaking it in 50 mL water and stirred at 150 rpm in a shaker for 30 minutes. The final 
stage was carried out by repeating the first step, and the flux was designated as J1 [26]. The fouling 
resistance of the membrane was determined using the flux recovery decay (RFD) and relative flux 
recovery (RFR) methods described by Zhu et al., [26] according to Eq. (3) and Eq. (4) respectively. 
 

𝑅𝐹𝐷 (%) =  (
𝐽0−𝐽𝑝

𝐽0
) × 100                                               (3) 

 

𝑅𝐹𝑅 (%) =  (
𝐽1

𝐽0
) × 100                                               (4) 

 

 
Fig. 4. The schematic diagram of the dead-end membrane filtration rig [19] 

 
3. Results  

3.1 Thermal Stability 
 

Thermogravimetric analysis (TGA) is a potent method for determining a material’s thermal 

stability [27]. The results from the TGA analysis are displayed in Figure 5. All the membranes showed 
a small weight loss which ranges from 30oC to 400°C. According to Huang et al., [28] and Jamalludin 

et al., [25], this is due to the evaporation of the absorbent water and the residual NMP, an organic 
solvent with a boiling point of 202 °C. 

The weight loss occurs between 428–598 °C corresponding to the combustion of the polymer. It 
was observed that the change in the TG curves indicates that adding silica from RHA raises the 

membrane's degradation temperature [25]. Furthermore, Jamalluddin et al., [25] have mentioned 
that this is possibly due to the interaction between the PSF and SiO2 groups. Adding silica from RHA 
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enhances the membranes' thermal stability because they are inorganic polymer nanocomposite 
membranes [29]. This phenomenon describes that adding fillers enhances the mass transport barrier 
effects against the volatile compounds produced during degradation and the oxidizing atmosphere 
[29]. 

The residual masses after TG analysis are 33%, 32%, 36%, and 36% for 0 RHA, 1 RHA, 4 RHA, and 
7 RHA, respectively. The increase in the residual mass corresponds to the amount of RHA added 
except for 0 RHA. This confirms the successful incorporation of the silica from RHA in the membranes. 
7 RHA exhibits a greater residual mass compared to the other three membranes. Due to its higher 
silica content, the polymer undergoes thermal degradation at elevated temperatures. According to 
Sulaiman et al., [20], an increased RHA content enhances the integration of silica into the 
chitosan/PVA polymer matrix, demanding more reaction activation energy and leading to a higher 
order. Consequently, the polymer gains higher strength and is thermally stable with higher  silica 
content [16]. 
 

 
Fig. 5. Percentage weight residue of the membranes at 
different temperatures 

 
3.2 FTIR Analysis 

 
The surface functional group's main polymers of the membrane structure as demonstrated by 

the FTIR spectrum and derived from the Fourier Transform spectroscopy analysis, are the primary 
determinants of its adsorption properties. Figure 6 displays the FTIR analysis findings. The fingerprint 

of the membrane is represented by an array of peaks, as each figure makes evident. These peaks are 
similar and are mainly composed of polysulfone, polyvinyl alcohol, chitosan, and rice husk ash, with 

most of the peaks falling within the 1600–500 cm−1 range [30]. 
The raw hybrid membrane (chitosan/PVA) is represented by spectrum (a). The carboxyl stretching 

(C=O) of the secondary amide band (amide I) of pure chitosan is represented by the two peaks at 

spectra (a) at 1503.79 and 1585.12 cm−1. A very strong absorption peak is also visible at 1240.08 cm−1 
in the spectrum (a), and it is linked to the –C-O stretching of carboxylic acid [20]. 

Spectrum (b), (c), and (d) represent the spectrum of chitosan/PVA hybrid membrane with 1% 4%, 
and 7% of RHA content respectively. In spectrums (b), (c), and (d), the presence of silica is identified 

with the existence of a crosslinked bond of the hybrid membrane. The FTIR spectrum of the silica 
showed the characteristic peaks assigned to the asymmetric and symmetric stretching of Si -O-Si 

groups at 1014 cm−1 and 833 cm−1, respectively [31]. The peak at 2973–2962 cm−1 corresponded to 
C-H stretching that overlapped with amine bands [20]. As seen in Figure 6, an absorption band 
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ranging from 3000 to 3794 cm−1 was found to represent the hydroxyl groups from all membranes 
where the intensity decreases with the increase in loading of silica powder in the membrane's 
formulation [30].  

Peaks that exist at 1322.76 cm−1 are attributed to the blended chitosan/PVA's C-N stretching. The 
Si-O-C groups' distinctive band, located between 1013.97 cm−1 and 1014.11 cm−1, demonstrated the 
condensation reaction between the alcohol group in PVA and the silanol groups in RHA, resulting in 
the formation of a covalent bond between PVA and silica. According to Reino Olegário da Silva et al., 
[30] the condensation reaction enhanced the compatibility and crosslinking network between the 
inorganic and organic components in the integral membrane. 

 

  
Fig. 6. FTIR spectra of membranes (a) FTIR analysis for 0 RHA (b) FTIR analysis 
for 1 RHA (c) FTIR analysis for 4 RHA (d) FTIR analysis for 7 RHA 

 
3.3 Permeate Flux and Membrane Rejection 
 

The permeation fluxes from the lead removal process at different feed concentrations of 4 ppm, 
8 ppm, and 12 ppm are displayed in Figure 7(a)-(c). These three figures show that all membranes 

observed a consistent drop in fluxes after a 15-minute interval of filtration for 1 hour. Based on Figure 

7(a), the control membrane, 0 RHA followed by a low silica loading of 1 wt.% of RHA exhibited the 
lowest permeate flux. The permeate flux increased sharply as the RHA particles were increased to 4 
wt.% and 7 wt.%. Toosi et al., [24] state that the presence of silica from RHA increases the 
hydrophilicity of the membrane, which explains the increase in permeate flux from the addition of 

RHA particles. 
Figure 7(a)-(c), show that, at the first 15 minutes of the time interval for all lead solution 

concentrations, membrane 7 RHA had the highest flux with 217.60 L/m2.h at 4 ppm followed by 
192.81 L/m2.h at 8 ppm, and 184.55 L/m2.h at 12 ppm, accordingly. Furthermore, in general, it is 
evident from Harun et al., [32] also mentioned that a higher hydrophilicity value corresponds well 
with a higher permeation value when there is an increase in the silica loading. Additionally, according 
to Huang et al., [28] the addition of silica from RHA increases the water flux due to the enlargement 
of the membrane's finger-like pore size and improved interconnectivity across the membrane 
thickness, which decreases membrane hydraulic resistance. Therefore, these findings demonstrate 
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that as the quantity of RHA particles increases, the permeate flux also increases, as evidenced by the 
results indicating that 7 RHA exhibits the highest flux. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 7. (a) Flux for 4 ppm of lead solution (b) Flux for 8 ppm of lead solution (c) Flux for 12 ppm of  lead 
solution 

 
The membrane's ability to remove the lead ions was assessed by examining the percentage 

removal of lead ions from various feed solution concentrations, as depicted in Figure 8. The results 
suggest that the percentage of lead removal rises with prolonged exposure time. The elevated 
adsorption at the initial concentration is likely attributed to increased open sites available on the 

membrane surface in the early stages. Since the amount of chitosan as an adsorbent for lead ions is 
fixed in the membrane formulation, the only variable affecting the rejection of lead ions is RHA 
loading as the crosslinker. 

As illustrated in Figure 8(a)-(c) for each lead ion concentration, there was a fluctuation trend in 
the percentage removal of lead ions for all membranes, where the percentage reached a maximum 

at 30 minutes before it declines until 60 minutes, especially at 12 ppm lead solution. As shown in the 
figures, membrane 7 RHA displayed the highest percentage removal of lead ions with a value of 94% 

at 4 ppm followed by 92% at 8 ppm after a 1-hour filtration. However, lower removal was 
demonstrated at 12 ppm lead solution due to the accumulation of lead ions on the membrane’s 

surface [33].  Membrane 7 RHA removes the highest percentage of lead ions (75%) from 12 ppm 
solution after 45 minutes of filtration time. This result was anticipated because the increase in RHA 

resulted in enhancing the crosslinking of the polymer membrane and tightening of the membrane 
surface to provide greater surface area for metal ion adsorption [32]. It can facilitate more 

interaction, more diffusion of the feed solution into the membrane, and more adsorption of Pb2+ 
ions.  Based on the significant amount of flux discharged by Membrane 7 RHA as shown in Figure 7 

(a)-(c) along with higher removal of lead ions, the incorporation of 7 wt.% silica from RHA is the 
optimum loading in the membrane formulation.  
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(a) 

 
(b) 

  
(c) 

Fig. 8. Removal efficiency of lead ions at various loadings of silica from RHA with different lead  feed 
concentrations (a) 4 ppm (b) 8 ppm (c) 12 ppm 

 
3.4 Antifouling Performance 
 

Humic acid (HA) was used as the foulant model to evaluate the membrane's antifouling 
performance. According to Fan et al., [34] as cited in Zhu et al., [26] humic substances, including 
humic acids, frequently represent a significant portion of natural organic matter in surface water or 
groundwater. The relative flux decay (RFD) and recovery flux ratio (RFR) results were calculated and 

displayed in Table 3.  
According to Zhu et al., [26] incorporating additives such as silica from rice husk ash polymer into 

the membrane enhances antifouling performance compared to the control membrane, resulting in a 

lower flux decline rate and higher flux recovery rate. The formulated membrane must withstand 
organic fouling brought on by natural organic matter. Based on Table 3, high RFD was portrayed by 
all membranes where the control membrane (0 RHA) showed a flux decline of 86.61% which was the 
lowest value, and the membrane with silica from RHA showed the highest value with 94.25%, 93.80%, 
and 95.16% for 1 RHA, 4 RHA, and 7 RHA, respectively. The RFD value is very high for all membranes 
due to employing high concentrations of humic acid. 

As shown in Table 3, the experimental results for the RFR stand at 43.75% for 0 RHA after 2 hours 
of filtration, indicating significant fouling on the base membrane surface. The RFR increased to 
51.82% for 1 RHA followed by the highest value of 63.86% for 4 RHA as the silica loading increased 
to 4% and then decreased to 40.26% for 7 RHA at a 7% silica loading. Despite the RFR being lower for 
all membranes, higher water fluxes (J0 and J1) were displayed by membranes with silica from RHA. 
This situation was attributed to the enhancement of the hydrophilicity from the incorporation of SiO2 
nanoparticles arising from hydrogen bonding between the hydroxyl group of water and SiO 2, [35]. 
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This situation also led to effective antifouling capabilities and increased flux recovery in membranes 
with silica loading as portrayed particularly by 1 RHA and 4 RHA. Membrane 7 RHA has comparable 
RFR with 0 RHA and a decrease in RFR due to pore blockage, as explained by Huang et al., [28] 
Furthermore, the 7 RHA membrane exhibits lower flux recovery due to the difficulty of washing out 
trapped humic substances in its pores. Despite this, most of the RFR values of membranes with silica 
loading are higher than that of the control membrane, meaning that modifying the membranes with 
silica from RHA particles improves the fouling resistance. 

 
 Table 3 
 Antifouling properties of membrane from various formulations  
Membrane Code Jo (L/m2.h) Jp (L/m2.h) J1 (L/m2.h) RFD (%) RFR (%) 

0 RHA 66.11  8.85  28.92  86.61  43.75  
1 RHA 151.49  8.71  78.50  94.25  51.82  

4 RHA 114.31  7.09  72.99  93.80  63.86  
7 RHA 106.05  5.13  42.69  95.16  40.26  

 
4. Conclusions 
 

The introduction of silica particles from rice husk ash has increased the thermal stability of the 
membranes because of the crosslinking process as displayed through the FTIR spectra. It was also 
demonstrated that the incorporation of silica enhances the hydrophilicity of membranes through 
water flux increment. A higher percentage removal of lead ions with good antifouling properties was 
also portrayed. The results indicated that membrane 7 RHA, which has 7 wt.% silica from RHA was 
the best membrane which exhibits the highest percentage removal of lead ions irrespective of the 
concentration of the lead solution without jeopardizing the flux and it has good thermal stability. 
These findings underscore the potential of RHA in membrane fabrication for wastewater treatment, 
particularly in removing lead ions.  
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