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Abstract 

Rice husk (RH) is a biomass resource that contains about 20 mass% silica. In Southeast Asia countries, RH 

is used as fuel for thermal power plants, and it produces a large amount of ash (Rice Husk Ash: RHA), as 

industrial waste. Furthermore, our research group has reported that consolidated zeolite A could be prepared 

from RHA as a raw material. Zeolite A has hydrophilic micropore in the structure and is used for adsorption 

and a builder for detergent. From processing point of view, the remaining carbon must be removed before 

synthesizing of zeolite A. However, the utility of carbon in RHA has not been studied sufficiently. In the 

present study, therefore, the possibility of usage of both silica and carbon in RHA as a raw material was 

investigated for the high value-added application of RHA. Before the synthesis of zeolite, activation 

treatment of carbon was carried out for RHA under specific conditions to make the carbon become porous. 

The specific surface area was measured by BET for activated RHA. Additionally, hydrothermal treatments 

were attempted after adjusting the composition of raw materials for the preparation of composites of carbon 

and zeolite. For the obtained specimens, XRD analysis and SEM were conducted as characterizations to 

confirm crystalline phases and microstructures respectively. Activation treatment made the specific surface 

area of RHA larger. As the activation time and temperature increased, silica was crystallized to cristobalite 

and the reactivity was decreased. The crystalline phase of zeolite A was recognized in the specimens with 

an appropriate composition. Furthermore, the homogenous zeolite A particles with a size smaller than 1 µm 

were also observed. Therefore, activated carbon-zeolite composites could be synthesized from RHA. 
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Introduction  

In recent years, environmental problems such as global warming and abnormal weather have 

become serious, and there is a movement to reduce carbon dioxide emission. Among them, 

biomass is one of the renewable energy resources and carbon neutral, so it is expected to contribute 

to the establishment of a society based on recycling, reusing and reducing, and the suppression of 

global warming through the expansion of its use [1]. Rice husk is a by-product of rice production, 

and is also used as fuel for thermal power generations mainly in Asian countries [2]. In using it as 

fuel, a large amount of rice husk ash is discharged as industrial waste. As biomass power 

generation becomes popular, an increase in rice husk ash is anticipated. Rice husk is composed of 

about 80 mass% of organic compounds, impurities from soil, and about 20 mass% of silica, which 

are attributed to the ability of gramineous plants to selectively absorb silica in soil[3]. Rice husk 

ash has a high content of silica and can be expected to be used as a Si source. In our research group, 

we have reported the synthesis of consolidated zeolite from rice husk ash as Si source [4]. Zeolite 
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is one of functional materials with fine pores of molecular size in a crystalline structure and has 

properties such as adsorption and ion exchange capacity [5].However, it is necessary to remove 

the remaining carbon during the synthesis process. The composition of rice husk ash after 

combustion varies depending on the operating conditions (time, temperature, and atmosphere) of 

the thermal power plant, and a large amount of carbon may remain. In the present study, an attempt 

has been made to synthesize carbon-zeolite composites for high value-added application using 

both carbon and silica in rice husk ash. The carbon in rice husk ash was converted to activated 

carbon, and zeolite was synthesized using silica in rice husk ash after activation. 

Experimental Procedure 

Activation of Carbon in RHA 

Rice husk ash (RHA) discharged from a thermal power plant in Vietnam was used as a raw 

material. It is known that carbon reacts with carbon dioxide to form micropores as shown in 

Formula (1) and the reaction proceeds above 850ºC[6]. 

Cn + CO2 = Cn-1 + 2CO - 172kcal                     (1) 

In activation process, 3 g of RHA and 3.5 g of rice husk were divided into a closed 

crucible. Then, the crucible was heat-treated at 850 or 900ºC from 30 to 120 minutes. 

Subsequently, RHA after activation was ground for 1 hour with an automatic grinding. For the 

obtained RHA, the specific surface area was measured by BET (Gemini, SHIMADZU Corp.) 

between relative pressure 0.01 to 0.10 and the crystalline phases were characterized by XRD (X-

Ray Diffraction, Cu-Kα radiation, RINT2000 Rigaku Corp., Japan). 

Preparation of Activated Carbon-Zeolite Composites  

Zeolite A was synthesized by using Rice husk ash activated for 60 minutes at 850 or 900ºC as a 

silicon (Si) source. NaAlO2 (NaAlO2, Wako Corp., Japan) was utilized as sodium (Na) and 

aluminum (Al) source. NaAlO2 was weighed so that a molar ratio of Si: Al: Na is 1: 1: 1.23 based 

on the content of reactive silica in RHA. The reactive silica is described later. Then sodium 

aluminate, activated RHA and de-ionized water were mixed for making slurry. Subsequently, the 

slurry was cast into the mold (1×1×6 cm) and then heat-treated under water vapor atmosphere at 

60 C for 24 h. For the specimens, XRD analysis and SEM (Scanning Electron Microscope, JSM-

7600F, JEOL Ltd., Japan) were conducted for confirming crystalline phases and microstructure. 

Results and Discussion 

Activation of Carbon in RHA 

Table 1 shows the initial composition of RHA. RHA contains about 55 mass%. In addition, Figure 

1 exhibits the thermal analysis results for rice husks and RHA. In rice husk, a remarkable 

exothermic peak and a weight loss of about 80 mass% were observed around 300 to 400ºC, 

resulting from the combustion of organic compounds [7]. Moreover, the combustion temperature 

of rice husk was lower than RHA. 
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Table 1. Chemical Composition of Rice Husk Ash (RHA) in the Present Study 

Sample Carbon SiO2 K2O CaO Others* 

RHA 54.43 41.36 2.60 0.50 1.11 

* FeO, MnO, MgO, etc                                            (mass%) 

 (a)          (b) 

Figure 1. Thermal analysis of (a) RHA and (b) rice husk 

Figure 2 shows the weight loss behaviors of RHA activated at 850ºC and 900ºC 

corresponding to activation time. The weight of activated RHA was heavier than that of RHA 

without carbon. In other words, activated carbon in RHA did not burn completely. This suggests 

the following mechanism in the closed crucible. While the rice husk consumed oxygen in the 

crucible preferentially, it burned and generated carbon dioxide, because the rice husk started to 

burn at approximately 250ºC. At the temperature at which RHA began to burn, there was not 

enough oxygen for combustion in the crucible. RHA reacted with carbon dioxide from the rice 

husk to form micropores as shown in the Formula (1).  

As a result, the specific surface area of RHA significantly increased by activation, as 

shown in Figure 3. The specific surface area of RHA activated for 60 min is almost the same as 

that for 30 min, although the weight of RHA activated for 60 min decreased by approximately 10 

% compared to that for 30 min. However, the area decreased at both temperatures from 60 to 120 

minutes. From these results, it can be guessed that as the activation time became longer, the 

reaction of Formula (1) proceeded and the amount of carbon decreased, leading to a decrease in 

specific surface area. The XRD analysis patterns of as-received RHA and the RHA activated at 

850ºC are illustrated in Figure 4. As-received RHA originally contained cristobalite as crystalline 

silica. The peaks were identified by ICDD 27-0605. It was found that the peak intensity increased 

and the halo decreased with longer heat-treatment. This could be due to the influence of alkaline 
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impurities like potassium oxide and calcium oxide. Usually, temperature higher than 1000ºC is 

required to transform amorphous silica to cristobalite phase, but it is known that the phase 

transition temperature decreases in the presence of alkali oxides [8]. It was expected that the 

amorphous silica was easily transformed into crystalline at 850ºC by alkaline oxides from soil, and 

the same tendency was confirmed at 900ºC. Especially in the presence of K2O, silica forms a 

liquid phase at 742ºC in the phase diagram [9], so it is possible that the liquid phase covered the 

micropores of carbon and contributed to the reduction of the specific surface area. 
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Figure 2. Weight residual rate of 

RHA activated at 850 and 900C 

Figure 3. Specific surface area of 

RHA activated at 850 and 900C 
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Figure 4. XRD patterns of as-received RHA and RHA activated at 850C 
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Preparation of Activated Carbon-Zeolite Composites  

Activation treatment decreases carbon content and relatively increases the amount of silica in 

activated RHA. When the heat-treatment for activation is carried out for 60 min, the amount of 

silica in the RHA is about 60 mass%. However, it is unlikely that all the silica will be used for the 

reaction of zeolite synthesis because some of the silica is crystallized from figure4. The crystalline 

phase is stable and will not produce zeolitein the synthesis condition of the present study. 

Therefore, it was assumed that the amount of reactive silica in activated RHA consumed for zeolite 

synthesis was 20 to 50 mass% of the activated RHA. Therefore, A30 means that activated RHA 

contains 30 mass% of reactive silica. Figure 5 shows the XRD patterns of RHA activated at 900°C 

for 60 min. In the composition of A20, only cristobalite peaks were recognized, and no zeolite was 

formed. On the other hand, A30, 40, and 50 had peaks identified with zeolite A. As the amount of 

sodium aluminate increased, the peak intensity of zeolite A increased compared to that of 

cristobalite, and the peak of gibbsite, a kind of aluminum hydroxide, was also observed. Therefore, 

it is considered that enough sodium aluminate was added in the A30 composition to form zeolite. 

However, the small peak of gibbsite peak was also seen in A30. This is guessed to be due to the 

slow dissolution of silica and the residual aluminum and sodium. The XRD results of specimens 

with A30 and A40 compositions using RHA activated at 850°C were illustrated in Figure 6. The 

formation of zeolite A was observed for both compositions, in the same as the samples prepared 

with RHA activated at 900 °C.A30 showed almost no gibbsite formation. The peaks of zeolite A 

and gibbsite were identified by ICDD 39-0222 and 33-0018 respectively.  
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Figure 6. XRD patterns of specimens 

with each composition using RHA 

activated at 850°C 
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The crystallinity of each specimen prepared with RHA activated at both temperatures was listed 

in Table 2. It was found that even with the same composition, the lower the activation temperature, 

the higher the crystallinity. From these results, it was suggested that the lower the activation 

temperature, the better the reactivity of the silica, even if the specific surface areas were almost 

equal. Figure 7 is the SEM image of A40 prepared with RHA activated at 900°C. Cubic uniform 

particles peculiar to zeolite A were observed [5], and the particle size was approximately 1 µm. 

This result had good agreement with the XRD analysis results. Furthermore, the EDX results of 

the same specimen in Figure 7 were shown in Figure 8. From these images, the size of carbon was 

around 10 to 20 µm and coexisted with zeolites. The zeolite particles were deposited around the 

carbon. 

Table 2. The Crystallinity of Each Specimen Activated at Both Temperatures 

Activation temperature 900℃ 850℃ 

Composition A30 A40 A30 A40 

Crystallinity / % 66.7 70.1 80.5 88.0 

 

 

 

 

 

                                                                      (a)                   (b) 

Summary 

Porous materials were tried to be prepared for an effective utilization of components in rice husk 

ash, silica and carbon. The activated carbon-zeolite composites were prepared by using the 

activated RHA.  

Activation of carbon in RHA increased the specific surface area of RHA by generating 

micropores in the carbon.  

Zeolite A could be obtained (synthesized) by adjusting the composition in consideration 

of crystallization of some silica.  

Figure 7. SEM image of A40 

using RHA activated at 900°C 

Figure 8. (a) SEM image and (b) carbon atom 

mapped EDX result of A40 using RHA 

activated at 900°C 
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The uniform cubic zeolite A particles deposited on carbon particles. The activated carbon-zeolite 

composites were able to be prepared by using the activated RHA. Therefore, these composites 

could be expected to utilize as an adsorption of several toxic substances which have different 

polarities. 
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