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Abstract: This study examined the possibility of using rice husk char as a catalyst in the catalytic tar conversion process. Four types 

of catalysts were prepared and tested in this study: three of them were prepared by calcining rice husk under N2 atmosphere at 400, 

600, 700°C, and one was prepared by coating nickel on 700°C-calcined rice husk (10% by weight). Key elemental components in 

these catalysts were carbon and silicon (as SiO2). Characteristics including surface areas, total pore volumes and mean pore diameters 

were analyzed for all catalysts. Tar conversion tests, divided into 2 parts: using naphthalene as a simulated tar and using actual tar 

from RDF pyrolysis, were conducted in a 5-cm-diameter quartz reactor that was controlled at 600°C under N2 atmosphere. Results 

showed that catalyst prepared at higher temperature could convert more of naphthalene into useful H2 and CH4. This could be due to 

higher surface area and total pore volume. Nickel-coating on calcined rice husk showed to increase the performance on naphthalene 

conversion compared to uncoated catalyst around 5%. Nevertheless, experimental results were not yet sufficient to draw a conclusion 

on the catalytic effects on conversion of actual tar. Further investigations are required. 
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1. Introduction

RDF gasification is considered a promising waste-to-

energy technology. One important advantage is that it produces 

lower emissions compared to traditional combustion-based waste 

incineration. Gasification is also help in diverting waste from 

land disposal. RDF could be prepared from landfill mining of 

old municipal solid waste (MSW) or processed new MSW by 

using, for example, Mechanical-biological treatment (MBT). 

However, tar production often is the drawback of this process. 

Tar is a black liquid from the destructive distillation of organic 

substances such as wood, coal and crude oil, the mixture consists 

of hydrocarbons and carbon free. In order to improve overall 

performance of RDF gasification, studies on tar components and 

tar minimization were carried out [1-3]. These studies investigated 

the possibility of using locally-made catalysts for tar minimization 

and conversion instead of costly commercial products. Rice 

husk, waste material from agriculture that is readily available in 

the country, was investigated. Rice husk consisting mainly of 

carbon and silica [1] and porous when charred [4] could be an 

alternative catalyst. This research aimed to investigate the effects 

of rice husk-based catalyst on the catalytic conversion of tar from 

RDF gasification process. 

2. Experimental

2.1 Materials 

Chemicals including naphthalene and Ni(NO3)2 were 

obtained from Earth Chemical Lab Ltd. Rice husk was obtained 

from locals in Ratchaburi province. RDF was obtained from 

Phitsanulok municipality’s MSW disposal site. The composition 

of RDF is mostly plastic covered with dirt or dry food waste 

81.5 wt%, followed by soil 8.9 wt%, fabric and textile 2.7 wt%, 

metal 2 wt%, rubber 1.5 wt%, wood 1.2 wt%, foam 0.5 wt% and 

other 2.8 wt%. 

2.2 Methods 

Four catalysts prepared from rice husk were investigated 

for their performances in cracking tar at 600oC. The study is divided 

into 2 parts: (1) using naphthalene as simulated tar and (2) using 

tar from RDF pyrolysis. Naphthalene (C10H8) is used since it 

could represent the key component in RDF gasification [5]. 

A reactor housing catalysts for simulated tar conversion 

process was made of 2-inch diameter quartz heated by a furnace 

with 3,000-watt heater and temperature control. The changes in 

tar amount and composition with and without catalysts were 

investigated. In the first part of the experiment, two grams of 

naphthalene was heated to gas phase and fed to the reactor 

which contained two grams of catalyst being tested. Gaseous 

products were collected and analyzed for change in weight of 

naphthalene. The second part of the test was carried out by inserting 

2 grams of RDF in the reactor just before the catalysts. The rice-

husked catalyst perform best in the first part of the experiment was 

selected for this second part.  

Four types of catalysts were prepared as followed: three 

of them were prepared by calcining rice husk under N2 

atmosphere at 400, 600, 700oC for 1 hour, and one was prepared 

by coating 700oC-calcined rice husk char with nickel (10% of Ni 

by weight) by using nickel nitrate impregnant solution followed 

by calcination in air at 600oC for 1 h.  

For rice husk and RDF, proximate analysis was carried 

out by using Thermogravimetric Analysis (TGA), ultimate analysis 

by Elemental analyzer, calorific value analysis by bomb calorimeter, 

and elemental composition analysis by X-ray fluorescence (XRF). 

Composition of gases were analyzed by using Gas chromatography 

(GC), Gas chromatography–mass spectrometry (GC-MS). Catalysts 

were analyzed for their morphology by using a Surface Area and 

Porosity Analyzer and a Scanning Electron Microscope (SEM). 

Crystalline phase was analyzed by using X-Ray Diffraction (XRD) 

analysis. 

3. Results and Discussion

3.1 Characteristics of rice husk and rice husk char 

Morphology of catalysts, rice-husk chars, produced at 

400, 600 and 700oC are shown in Fig. 1. Differences of surfaces 

of these catalysts couldn’t be detected by SEM at 1000x. However, 

results from analysis of surface areas, total pore volumes and mean 
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pore diameters of these catalysts, as shown in Table 1, confirmed the 

effect of charring temperatures. Increasing in charring temperatures 

resulted in larger surface area and total pore volumes of catalysts 
as more hydrocarbons and other volatile compounds were driven 

out from the rice husk structure at high temperatures.  Conversely, 

mean pore diameters reduced with the increasing temperature. 

This is because number of small pores were created at higher 

temperatures.  

Chemical compositions of catalysts by proximate and 

ultimate analysis as well as elemental composition and ash samples 

are shown in Table 2. It was found that the main components of 

catalysts, made of charring rice husks, were carbon and silicon 

(as SiO2). Other key compositions in ash were potassium (as 

K2O) and phosphorus (as P2O5). 

Crystalline phase analyzed by XRD as shown in Figure 

2 shown a peak of SiO2 for catalysts charred at 400 and 600oC. 

At 700oC, crystalline phase of SiO2 was not detected. 

 
 

   
(a) 400oC (b) 600oC (c) 700oC 

Figure 1. Surface morphology of rice husk char produced at (a) 400oC, (b) 600oC and (c) 700oC 

 

Table 1. Surface areas, total pore volumes and mean pore diameters of catalysts produced from charring rice husks at different temperatures. 

Temperatures used in preparing catalysts 400°C 600°C 700°C 

Surface area (m2/g) 24.6 193.3 203.1 

Total pore volume (cm3/g) 0.031 0.121 0.156 

Mean pore diameter (nm) 4.8995 2.5068 2.2762 

 

Table 2. Compositions of rice husk and catalysts produced from charring rice husks at different temperatures (wt% on dry basis). 

Composition (wt% db) Rice husk  charred at 400°C charred at 600°C charred at 700°C 

Proximate analysis     

Volatile matter 59.7 23.0 9.4 8.8 

Fix carbon 11.9 40.1 49.6 48.8 

Ash 28.4 36.9 41.1 42.5 

Ultimate analysis      

C 27.1 28.7 29.6 29.2 

H 4.5 1.9 1.1 0.8 

N 0.3 0.8 0.6 0.5 

O(1) 39.6 31.6 27.6 27.0 

S 0.1 ldl ldl ldl 

Ash composition      

SiO2  32.4 35.7 37.8 

K2O  1.2 2.1 2.0 

P2O5  0.5 1.7 1.3 

Others  2.9 1.5 1.4 

Note: (1) by difference; (2) ldl: lower than detection limit  
 

 
Figure 2. XRD analysis of 3 catalysts produced from charring rice husks at different temperatures. 
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3.2 Conversion of naphthalene 

Naphthalene was found to be the major component in tar 

produced from RDF gasification. Therefore, it was used as a model 

tar in this study. Catalytic cracking of naphthalene at 600oC by 

different types of catalysts produced from rice-husk char are 

shown in Table 3. Composition of gases produced from catalytic 

cracking of naphthalene at 600oC by different types of rice-husk 

based catalysts are shown in Table 4. 

With no catalyst, it was found that about 36% of 

polycyclic aromatic rings of naphthalene conversed at 600oC into 

CO2, H2 and CH4. When the rice husk-based catalysts were 

introduced into the system, the conversions of naphthalene were 

increased from 52% with the catalyst prepared at 400oC to 69% 

with the catalyst prepared at 700oC. The Ni-coated catalyst could 

lead to highest naphthalene conversion of 72%. The results 

showed that catalysts helped cracking naphthalene into H2, CO2, 

CO and CH4. The catalyst produced at higher temperatures, having 

larger surface area (m2/g), could possibly increase the production 

of H2 and CH4 while reduce the production of CO and CO2. 

However, more tests on the effect of charring temperatures are 

required to confirm this. It was note that when using the catalyst 

prepared at 400oC, higher concentration of H2, CH4, CO and 

CO2 were detected. This is due to the release of volatile matters 

still existing in catalysts (volatilized at 400 – 600oC). Release of 

volatile matters from the catalyst prepared at 600oC was also 

noticed. The highest H2 concentration up to 5% was found with 

the test conducted with Ni-coated catalyst. The result of Ni on 

H2 production is in accordance with other studies such as 

Laosiripojana et al. (2014) [6].  

 

3.3 Catalytic tar cracking in RDF gasification  

The Ni-coated catalyst was selected to test for its 

performance in cracking tar from RDF gasification. Initially the 

RDF pyrolysis process, having equivalence ratio (ER) equal to 0, 

was conducted. The results of H2 and CH4 concentration in syngas 

produced from RDF pyrolysis with and without the catalyst are 

compared in Fig. 3. It was clearly that the experiment with 

catalyst could produce higher concentration of H2 and CH4 more 

than the experiment without catalyst. Syngas collected from the 

first 10 minutes of the experiment with catalyst comprised 

14.5% of H2 and 1.4% of CH4. Meanwhile, there were only 4% 

of H2 and 1% of CH4 in the experiment without the catalyst.  

Catalyst produced from this study, Ni-coated rice-husk 

char, was proved to increase the tar cracking process. Rice-husk 

behaved both as catalyst and substrate. The results agreed with a 

similar study conducted by Shen et al. (2014) who investigated 

the catalytic tar cracking in biomass gasification and pyrolysis 

[7]. Shen et al. (2014) reported 42% of tar conversion when 

using rice-husk char, and 93% of tar conversion when using Ni-

coated rice-husk char [8].  

 

Table 3. Conversion of naphthalene (%) by different types of rice-husk based catalysts. 

RUN Type of catalyst Initial weight of 

naphthalene (g) 

Remaining weight of 

naphthalene (g) 

% weight loss 

1 No catalyst 2.03 1.30 35.96 

2 Catalyst prepared at 400°C  2.06 0.99 51.94 

3 Catalyst prepared at 600°C  2.09 0.80 61.65 

4 Catalyst prepared at 700°C  2.02 0.63 68.81 

5 Catalyst prepared at 700°C + Ni 10% 2.06 0.57 72.33 

 

Table 4. Composition of gases (%) produced from catalytic cracking of naphthalene at 600oC. 

 

Gaseous composition (%) 

H2 CH4 CO CO2 C2H4 C2H6 

No catalyst 0.008 0.001 0 0.082 0 0 

Catalyst prepared at 400°C  0.667 0.247 0.135 1.183 0.004 0.023 

Catalyst prepared at 600°C  0.739 0.082 0.018 0.820 0 0 

Catalyst prepared at 700°C  0.178 0.019 0.284 1.025 0.001 0.001 

Catalyst prepared at 700°C + Ni 10% 5.069 0.058 0.062 0.788 0 0 

 
 

  
Figure 3. Syngas composition from RDF gasification process (%) versus time. 
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4. Conclusion 

 

An agricultural waste namely rice husk was proved to be 

a useful catalyst and catalyst substrate. The structure of rice-husk 

char was porous and composed mainly of carbon and silica structure 

with abundant surface area for catalytic activity. Charring 

temperature had effects on the structure of char and hence on 

syngas production. The catalyst prepared at 700oC showed highest 

tar conversion rate compared to 600oC and 400oC. Ni-coated 

rice-husk char could improve the tar conversion rate further.  
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