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Abstract: The silica removal by post-treatment of activated carbon derived from rice husk has been conducted. Effect of 

post-treatment was observed by measuring the change of pore properties of carbon materials. Activated carbon prepared 

by steam activation has total surface area 285.5 m2/g. After post-treatment, the total surface area of activated carbon is 

increased to 1170.9 m2/g. From the Scanning Electron Microscope (SEM) images, it is found that the activated carbon 

derives from rice husk has non-uniform carbon frame shape and this frame was broken after post-treatment.   
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1. INTRODUCTION  

Rice is a major food crop for many countries and its husk 

has been produced in large quantity. Unfortunately, due 

to high silica content and low nutrition, rice husk is not 

suitable as animal feedstock or as compost materials. 

Therefore, recent method to reduce rice husk is by 

burning it in the open air which causing environmental 

pollution [1]. In order to decrease the rice husk amount 

without adding more environmental problems, it is 

necessary to convert this biomass into another material 

with a higher value.  

 

Activated carbons are very important adsorbents which 

are used for many applications such as CO2 adsorption [2] 

and air conditioning [3]. They have been prepared from 

various kinds of precursors such as biomass [3], fabric 

waste [4], and coals [5]. The utilization of biomass is 

promising because it is sustainable and low cost. Rice 

husk has been used as an activated carbon precursor in 

some previous studies[6][7]. However, rice husk contains 

15% of ash which 90% of the ash is SiO2 [8][9]. SiO2 in 

carbon materials is needed to be removed in order to 

increase the surface area and impurity of activated carbon 

[10]. Several methods to remove SiO2 from the surface 

of carbon materials have been reported in prior 

researches[11][12]. Therefore, in the present study, the 

activated carbon from rice husk had prepared by steam 

activation then the effect of post-treatment of activated 

carbon on its pore development was studied. 

 

2. MATERIALS AND METHOD 

2.1 Materials  

Rice husk was pretreated by soaking in warm water 

(60°C) for 3 h to remove some ash content. The rice husk 

was then dried in an oven at 100°C for overnight. Dried 

rice husk was carbonized at 900°C for 1 h by a 15°C/min 

heating rate and 200 cm3/min of N2 gas flow rate. The 

carbonization product was activated by using steam at 

900°C for 30 minutes. The activated carbon then was 

post-treated using KOH 2M and warm water at 90°C for 

24 h to reduce silica content that can still block the pores 

of activated carbon [13]. The prepared materials were 

labeled as RHC (carbonized material), RHAC (activated 

carbon without post-treatment), RHAC-DW (activated 

carbon post-treated with distilled water), and RHAC-

KOH (activated carbon post-treated with KOH). 

 

2.2 Characterization 

The pore properties of char and activated carbon before 

and after post-treatment was characterized by N2 

adsorption-desorption at 77K (Fig. 2) using 

Quantachrome NOVA3200e, SA and Pore Size Analyzer 

(USA). All pore properties were calculated by using 

NLDFT (non-localized density functional theory). The 

surface morphology of activated carbon was observed by 

the Scanning Electron Microscope JFM-6700, JEOL. 

 

3. RESULTS AND DISCUSSION 

Before biomass was converted into carbon materials, it 

was pretreated by 60°C of distilled water to reduce the 

mineral contents. There was a 9% mass loss of rice husk 

after being pretreated using warm water. It might be due 

to the dissolution of some inorganic materials such 

Al2O3, SiO2, Fe2O3, CaO, MgO, Na2O, and K2O from rice 

husk into the water[14]. The pre-treated biomass then 

were carbonized and activated by steam. The yield of 

activation is 44.7% with an overall yield is 13.5%.  

 

Fig. 1 Demonstrates that before activation, char derives 

from rice husk possess some pores. More pores were 

formed after activation (b) and it is shown that activated 

carbon derives from rice husk has non-uniform pores and 

cavities, different pore size and shapes. The structure of 

activated carbon was broke after post-treatment with both 

distilled water (c) and KOH (d).  

 

The post-treatment by warm water broke the carbon 

structure and causing the decrease in the total surface area 

(Table 1). On the other hand, the post-treatment by KOH 

at 90°C not only broke the structure of activated carbon 

but also broadened the pores. Post-treatment by KOH 

were able to produce more micropores and enlarging the 
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existed micropores into bigger pores. This phenomenon 

can be observed from the pore size distribution graph 

(Fig. 3).  

 

  

  
Fig. 1. SEM images of: (a) RHC, (b) RHAC, (c) RHAC-

DW, and (d) RHAC-KOH. 

 

Fig. 2 shows the nitrogen adsorption-desorption isotherm 

of all materials. From Fig. 2, it can be seen that 

adsorption of N2 onto RHAC and RHAC-KOH were 

following the combination of type I and IV which is 

typically for microporous (type I) and developed 

mesopores (type IV) according to the classification of 

IUPAC [15]. On the other hand, N2 adsorption onto RHC 

and RHC-DW are following the combination of type I 

and type II which indicate that both materials have a 

small number of micropores and nearly to the non-porous 

material.  

 

 

 
Fig. 2. N2 adsorption-desorption isotherms of carbon 

materials at 77K. 

 

 
Fig. 3. Pore size distribution of the carbon materials. 

 

Fig. 3 demonstrates how the pore development happened. 

It is shown that RHC has a small number of micropores. 

After activation (RHAC), the peak intensity at around 5 

nm was decreased. Moreover, there is broadened and 

shift peak into bigger pore width which indicates after 

activation, instead of producing new micropores, the 

steam reacts with existed pores to created bigger pores. 

After being post-treated with deionized water, the 

number of pores and surface area of RHAC-DW reduced. 

Surface area of RHDAC-DW (140.7 m2g-1) is smaller than 

RHC (239.5 m2g-1) and RHAC (285.5 m2g-1) which means 

that post-treatment by warm deionized water was not 

favored to increase the porosity of activated carbon. On 

the other hand, bigger and higher peaks were produced 

after post-treatment by KOH (RHAC-KOH) which 

demonstrate that more blocked pores of activated carbon 

opened [13]. This result also supporting by the total 

surface area of RHAC-KOH which is 1170.9 m2/g with 

total pore volume is 1.07 cm3/g. This value shows that 

post-treatment of activated carbon by KOH can 

effectively enrich the porosity of activated carbon. 

 

The pore properties of all carbon materials are 

represented at Table 1. From that table, it is confirmed 

that RHAC-KOH has the highest total surface area, total 

volume, and micro-porosity compare with other prepared 

carbon materials. This result is higher compare with prior 

research that produced activated carbon by chemical 

activation[16][6]. 

 

Table 1. Pore properties of carbon materials. 

Samples 
Stotal

a
 

(m2 g-1) 

Vtotal
b

 

(cm3 g-1) 

Smicro
c
 

(m2 g-1) 

Vmicro
d

 

(cm3 g-1) 

RHC 239.5 0.14 238.11 0.13 

RHAC 285.5 0.28 254.3 0.16 

RHAC-DW 140.7 0.17 120.84 0.09 

RHAC-KOH 1170.9 1.07 1064 0.69 
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4. CONCLUSIONS 

The study investigated the effect of post-treatment of 

activated carbon prepared from rice husk by steam. As 

treated by KOH, the surface area of activated carbon 

increased more than 4 times of the surface area of 

activated carbon without post-treatment. The pore 

volume raised more than 7 times compare to before post-

treatment. 
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