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Abstract 
         Palm oil is derived from tropical palm tree that is easily cultivated in tropical countries 

like Malaysia, Thailand and Brazil. Palm oil fuel ash (POFA) is a by-product from palm oil 

industry that is produced in large quantity (approximately 4 million tons annually in 

Malaysia). This paper presents an improved method for production of silica from POFA. 

Untreated POFA was dried in an oven at 110 ºC for 24hours, it was then grinded in a ball mill 

for 12 hours at 250 rev/min to reduce the particle size, the powder is dispersed in 1 molar of 

HCl acid and stirred constantly for 30 min using electric shaker. X-ray fluorescence analysis 

shows that, POFA treated with acid shows the existence of thirteen chemical elements and the 

chemical composition of SiO2 increases after the acidic wash from 15.90 wt% to 43.70 wt%. 

The percentage difference for SiO2 is shown to be 175%. Based on the result of this study, it 

can be concluded that acid wash treatment is suitable for production of silica from POFA. 
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1. Introduction 

Palm oil fuel ash (POFA) is a byproduct from palm oil industry as a result of burning palm oil 

shell, fiber and empty fruit bunch to heat boiler and generate electricity [1]. POFA management and 

disposal have been a great challenge faced by palm oil milling industries in the world. POFA has 
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been thrown and dumped in the landfill and it take long time to biodegrade, thus leading to 

environmental pollution [2]. Over the past decades, palm oil industries witness a tremendous 

increase, thus the waste by-products also increase. In Malaysia and other tropical countries, palm oil 

industries have significantly contributed to the socio-economic growth, it is estimated that, 

Malaysia cultivated 2.65 million hectares of palm oil trees, annually processing about 8 million tons 

of oil [3].  

Brinker and Scherer reported that, industries have been using silica for different purposes 

ranging from detergent, refining of vegetable oil, for packaging, in pharmaceutical products and in 

ceramic industries [4]. Process of silica based material production (example tetra chloride, silicon 

carbide and nitride) have been reviewed by Sun and Gong [5]. They proposed a new technique for 

silica production from Rice husk ash, insisting the need for the simple and low energy consuming 

method for silica production is inevitable. Silica production from other sources such as inorganic 

like mineral and sand requires high temperature is not affordable and lead to high cost of 

production, discovering a low temperature method is paramount as it is economic wise and save 

environmental and air pollution [6]. Therefore, introducing a low energy consuming method for 

silica production from palm oil fuel ash is logical. 

The successful incorporation of POFA in concrete as cement partial replacement has sparked 

several research in the construction and building industries. In the tropical region, palm oil fuel ash 

is among the prevalent waste products, due to the amorphous nature and higher quantity of silica 

content in POFA, it can be used in several clay-related materials like ceramic and porcelain [7]. 

Researchers like Jamo et al attempted to use POFA in the porcelain production as replacement of 

quartz, they reported that, incorporation of POFA at 15 wt.% enhance both physical and mechanical 

properties of porcelain [8].  

 

2. Methodology 
Palm oil fuel ash (POFA) is mostly a moist powder, therefore it is dried in an oven at a 

temperature of 110 °C for 24 hours to remove the moisture, the powder is grid using ball milling 

machine for 12 hours at speed of 250 rev/sec for particle size ≤ 50 µm. POFA powder is then 

washed with HCL acid and stirred using electric shaker for 30 minute and filtered. The powder is 

sieved and dried again to remove the acid residue. To analyse the effect of acid treatment on 

chemical composition, morphology and phase composition, X-ray fluorescence analysis (XRF), 

Scanning electron microscopy (SEM) and X-ray diffraction analysis (XRD) were used. 

 

3. Results and Discussion  
X-ray fluorescence analysis is used to identify the chemical composition of POFA and also to 

quantity of the compounds present. X-ray Bruker S4 Pioneer model operating at 50 mA and 60 kVp 

is used and the result is presented in Table 1. The chemical composition of treated POFA shows that 

SiO2 has the highest composition as 43 wt.% while for untreated it is 15 wt.%, then follows by K2O, 
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P2O5, Al2O3, Cl, CaO and Fe2O3 respectively. Evidently, treatment plays a vital role in increasing 

the chemical composition of silica (SiO2) and normalizing other chemical compositions. The result 

of this research is in agreement with other research by [9], where they reports that, silica is the main 

composition of treated POFA. 

 

Table. 1 Chemical Composition of Untreated and Acid treated POFA 

 

Chemical 

element present 

Untreated 

POFA (wt.%) 

HCl acid 

treated (wt.%) 

Percentage 

difference (%)  

K2O 35.00 9.21 -74 

SiO2 15.90 43.70 175 

C 0.10 0.10 0 

CaO 6.00 4.10 -32 

Cl 5.33 5.59 4.88 

MgO 3.91 3.13 -20 

P2O5 3.12 8.02 156 

SO3 3.10 0.69 -78 

Al2O3 2.08 5.52 165 

Fe2O3 1.36 3.29 142 

Na2O 0.67 0.17 -75 

TiO2 0.26 0.18 -31 

MnO 0.16 0.14 -13 

 

Similarly, to calculate the percentage difference equation 1 below is adopted and the result is also 

shown in table 1 above. 

Percentage difference = 
஺௖௜ௗ	௪௔௦௛ି௎௡௧௥௘௔௧௘ௗ	

௎௡௧௥௘௔௧௘ௗ
 x 100               (1) 

Therefore, percentage difference of each chemical compound is shown in table 1, it is clear that 

silica has the highest percentage difference of 175 % which indicates that, after acid treatment silica 

increased by 175 %, so also Al2O3, Fe2O3 and CaO respectively. 

X-Ray Diffraction Analysis (XRD)  

The structure of untreated and acid treated POFA is characterized by X-ray diffraction analysis. 

The analysis is conducted using XRD Bruker D8 Advanced operated at room temperature with Cu-

Kα radiation (1.54Â) with 2θ ranging from15º ≤ 2θ ≤ 90º to ascertain the structure of POFA 
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powder. For better interpretation and analysis, the result from XRD data is then analyzed using 

X’Pert High Score application and presented in figure 1. 

 XRD result for acid treated POFA clearly indicates scattered peaks of amorphous structure, 

there is distribution of large peaks along the 2 axis. For acid treated POFA, the major peaks 

detected are silica (SiO2) also known as quartz that appear as crystalline phase as result of sharp 

peak detected along 2 axis, whereas potassium chloride and sylvine are the minor peaks 

respectively. Similarly, for the untreated POFA, there is evidence of high intensity diffuse halo peak 

of amorphous structure with potassium chloride as major phase while quartz as minor phase.  

 

 
Figure 1. X-ray diffraction (XRD) pattern for Acid treated and Untreated POFA 

 

Scanning Electron Microscopy (SEM)  

Scanning Electron Microscopy (SEM) was used to check the morphology structure of untreated 

and acid treated POFA and the result is presented in figure 2 below. 

Figure 2 (a) represent the untreated POFA which is spongy and porous, the texture has irregular and 

angular shapes that are amorphous in nature. It is pronounced that figure 2 (b) has a medium 

particle size that appear to be crushed than figure 2 (a). Similarly, for the acid treated sample, the 

structure is amorphous with irregular shapes, after acid treatment the powder agglomerates and 

forms a cluster of solid structure. As it is very difficult for the acid to pass through after the 

treatment due to the agglomeration, the sample has to undergo another grinding process before the 

characterization. 
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Figure 2. (a) Microstructure of Untreated POFA (b) Microstructure of Acidic Treatment 

 

4. Conclusion  

Based on the result of this study, it can be concluded that the acidic wash treatment is suitable for 

production of silica from palm oil fuel ash. The objective of the study was achieved which is to 

produce silica from palm oil fuel ash using acidic wash treatment, and to determine the chemical 

composition of acidic wash treated and untreated POFA. X-ray fluorescence analysis shows an 

increase of silica content due to acid treatment, this indicates that, acid treatment is good for the 

enhancement of the silica content in POFA. X-ray diffraction analysis supported the finding of XRF 

whereby after acid treatment silica became the major composition and many impurities were 

washed away. 
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