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The tar contamination along with the biomass producer gas needs to be removed for 
avoiding the tar problems to all systems of biomass gasification. In this paper, toluene 
and naphthalene were used as tar model compounds along with nitrogen gas as carrier 
gas. The conditions of catalytic cracking of tar models were fixed at temperature of 800 
°C, residence time of 0.24 s, and gas flow rate of 3.8 LPM. The Ni/Mg/ Al2O3 catalyst has 
been good displayed on efficiency rate of tar removal through heat transfer of microwave 
irradiation with almost stable of differentiation rate. The results also found that the slight 
deactivation on the modified catalyst caused by the magnesium addition into catalyst 
performed as promoter for reduction of carbon deposit on catalyst surface. In order that, 
naphthalene was harder to destruct than toluene. 
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1. Introduction 
 

Nowadays, the energy demand is a very important and necessary not only in the production 
system but also in the transportation and other activities. The energy consumption around the world 
is focused on commercial energy, such as oil, natural gas or coal. That energy, in addition to creating 
a very high amount of pollution, it has been used up causing the finding of new energy sources to 
replace energy from oil. Biomass energy is considered as an alternative energy that is interesting as 
a renewable energy source and high potential. Biomass is converted into useful gases that usually 
called biomass gasification process. That method is taken biomass to gasifier with controlling oxygen 
and produced the fuel gas or producer gas. Its gas is mainly consisted of hydrogen, carbon monoxide, 
carbon dioxide, methane and also by products such as sulfur compounds (H2S), tar and particles. 
Among of all by products, tar content is the most problem both the system and the producer gas. 
The problems of tar content have widely reported in several literatures [1-6]. Thus, the raw producer 
gas must be cleaned to avoid the tar problems before utilization of producer gas [7,8]. The purified 
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producer gas (low contaminant) will be used as fuel for internal combustion engines to produce 
electricity and can be used as raw materials in industry [9]. 

There are several methods for removal of tar such as mechanical treatment, thermal treatment 
and catalytic cracking [1,7,10-13]. Among of these methods, catalytic cracking is extensively 
suggested as compared with other methods due to its ability to remove tar, to increase the 
gasification process efficiency and its swift the rate of reaction [6,14,15]. These catalysts consist of 
nickel based, non-nickel metal, alkali metal, basic, acid, and activated carbon [1]. All of catalysts, that 
have been mentioned by several studies previously in term of their advantages and some weaknesses 
on tar removal. It has suggested Ni-based catalysts have been extensively used and supported by 
alumina (Al2O3) as metal oxides, or dolomite, olivine as natural materials [16]. Sutton et al., [17] were 
reported that Ni/Al2O3 catalysts have provided the high efficiency of tar removal and high activity of 
catalysts. The tar conversion, Al2O3 was shown good catalytic cracking of tar compared with dolomite, 
activated alumina catalyst, silica-alumina catalyst and silicon carbide, respectively [18]. Besides, it 
has founded that the main problem of Ni-based catalysts is not stable and rapid deactivated [19]. 
Thus, Ni-based catalysts are the best capability for tar removal although that was often unstable and 
deactivated through coking at high temperatures [19-22]. Recently, some research was reported that 
the additives of magnesium (Mg) on catalysts can improve the stability and resistance the carbon 
deposition [23]. In addition, the tar removal by catalytic cracking is more effective but its method 
requires high energy demand about 400-900 °C. Salema and Ani [24] also mentioned that its 
treatment usually uses an external high electrical source where heat transfer arises from the surface 
into the core of material but the heat transfer resistance, heat losses to surrounding and the 
corrosion of wall reactor are the lack of this treatment because of continuous high electrical heating. 

In this work, the modified catalyst and microwave reactor were used to resolve the problems of 
catalytic cracking of tar models. The stabilities and catalytic activities of catalyst on tar removal were 
investigated. 
  
2. Methodology 
2.1 Material 
 

The modified of alumina (Al2O3), which is impregnated by nickel and magnesium, was used as 
catalysts for removal of tar. Toluene and naphthalene, the tar models compounds, are usually used 
as the representative of biomass tar which contaminated with biomass producer gas and both of 
them also are occurred in biomass gasification on downdraft and fluidized beds gasifiers [7,25]. 
Nitrogen gas, carrier gas, was used to deliver the evaporated tar models to the microwave reactor 
through insulated pipes system. In addition, silicon carbide (SiC-F10), absorber materials, were used 
for absorption and conversion of microwave energy into heating source [16]. 
 
2.2 Catalyst Preparation 
 

The catalyst, Al2O3, is a commercial grade catalyst. It was prepared by wetness impregnation and 
drying methods. Al2O3 was dried in an oven at 120 °C for 12 h for removing the moisture and 
impurities inside the catalyst. Then, the dry Al2O3 was immersed with magnesium nitrate (solution- 
Mg(NO3)2 6H2O) at room temperature 24 h, dried at 80 °C for 2 h and calcined in a furnace at 500 °C 
for 3 h. The catalyst (Mg/Al2O3) was finally followed impregnation with nickel nitrate (Ni(NO3)2 6H2O) 
as the same above processes [26]. 
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2.3 Experimental Equipment and Catalytic Activity Tests  
 

The activity tests were operated in the experimental equipment that is shown in Figure 1. This 
apparatus was consisted of a modified microwave reactor, tar generator, tar mixing tank and tar 
collection. In this process, the catalytic cracking of tar model compounds was conducted using the 
modified catalyst (Ni/Mg/ Al2O3). The experimental parameters of this study are listed in Table 1. 
Inside the reactor, SiC was used as absorber material; three layers of bed with total length 12 cm 
were prepared by SiC, SiC+ catalyst and SiC, respectively. In each run of experiment, the model tar 
compounds were put into the tar generator with 3 g of catalyst mass. The carrier gas (nitrogen) was 
passed through the system from below of microwave reactor into other parts with gas flow rate of 
3.8 LPM which was controlled by flow meter. The temperature for tar model compounds removal 
was fixed at 800 °C. To prevent tar condensation, asbestos rope was used to insulate all tanks and 
pipes. 

Before and after departing the microwave reactor, the gas was flowed through the tar collection 
for condensing the tar. The tar collection system consists of six bottles which first five bottles were 
filled 50 ml of isopropanol and last bottle was empty. The first two bottles were put at room 
temperature and next four bottles were dipped into an ice box filled with ice and salt that were mixed 
together to keep temperature about -22 °C. Its temperature is sufficient to condense the tar 
compounds (class 3,4 of tar) as reported by Bergman et al., [27]. The tar samples were captured in 
the isopropanol solution in tar collection and then were filtered through the whatman filter paper to 
separate soot (solid particles). The filtered solution of isopropanol (tar content) was sent into BUCHI 
rotary evaporator to evaporate and determine the gravimetric of tar. The tar removal efficiency was 
calculated as the follow equation [28] 
 
Tar removal efficiency (%) = [(Tar mass in - Tar mass out)/(Tar mass in)]×100      (1) 
 

The purified gas was sent into the gas sampling bag and then investigated with GC-TCD to analyze 
the quantification of H2 and CH4. All the activity tests of catalyst cracking were analyzed every 10 min 
for 5 times. The thermogravimetric analyzer (TGA) was used to determine the carbon deposited on 
catalyst (coke). 
 

 
Fig. 1. The photograph of catalytic cracking set up (1. nitrogen gas; 2. 
flow meter; 3. tar generator; 4. tar tank; 5. microwave reactor; 6. 
absorber material; 7. asbestos insulation; 8. tar collection; 9. gas bag) 
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Table 1  
The experimental parameters for catalytic cracking of tar model 
compounds 
Condition Parameter Unit 

Catalyst mass 3 G 
Carrier gas flow rate 3.8 LPM 
Catalyst bed height 3 Cm 
Initial mass concentration of model tar 50 g/Nm3 
Residence time 0.24 S 
Temperature   800 °C 
Microwave power 0.7 kW 

 
3. Results and Discussion 
 

The problem of catalyst deactivation, structural damage of the catalyst, was mainly from coke 
deposit or the deposition of carbon on the catalyst surface. The carbon mentioned is caused by the 
reaction of boudouard and from methane decomposition reactions. The deactivation of the catalyst 
due to carbon deposit is a very important problem for the cleaning process of biomass producer gas. 
Since that gas is composed of light hydrocarbons and tar. Therefore, the opportunity to generate 
carbon is increasing especially from thermal cracking, catalytic cracking as reported by Wang et al., 
[25]. 

In this work, the tar model compounds (toluene and naphthalene) removal with 
Ni/Mg/Al2O3 as the modified catalysts, the catalysts were tested continuously for 5 times in 
microwave reactor. Figure 2 performs the removal efficiency and tar concentration during 
Ni/Mg/Al2O3 cracking of tar model compounds with the testing temperature at 800 °C, 0.24 s of 
residence time and 3.8 LPM of gas flow rate. The modified catalysts have been shown good tar 
removal rate efficiency in first two times of run number at 90% , 83% for removal of toluene and 
naphthalene respectively. Then, the rate of tar removal efficiency has slightly declined. The graphs 
also show the results conform with Buchireddy et al., [15] and Anis et al., [29] that were reported the 
removal of naphthalene more difficult than toluene. It can be seen that, the phenomena in efficiency 
of tar removal by adding with nickel and magnesium on catalyst has shown small reduction rate with 
trends to almost stable rate. The main reason, it may explain that the magnesium which was added 
to the catalyst performs as promoter for reduction of carbon deposit on catalyst surface. Thus, the 
modified catalyst showed excellent on tar removal and stability activity test of catalyst. The products 
yields during Ni/Mg/Al2O3 cracking of tar model compounds are showed similar trends of slightly 
reduction after testing for 5 times. Coke deposit on catalyst also shows small differentiation that led 
to the high tar removal efficiency because of lower coke deposit as mentioned by Fakeeha et al., [30]. 
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(a) (b) 

Fig. 2. Removal efficiency and tar concentration during Ni/Mg/Al2O3 cracking of tar model compounds: (a) 
toluene (b) naphthalene 

 

  
(a) (b) 

Fig. 3. Products yields during Ni/Mg/Al2O3 cracking of tar model compounds: (a) toluene (b) naphthalene 

 
4. Conclusions 
 

The main problem of catalyst deactivation is the structural damage of catalyst due to coke deposit 
or the deposition of carbon on the catalyst surface. The performance of Ni/Al2O3 with the addition 
of Mg on tar removal has been studied. Toluene and naphthalene were used as the representative 
of biomass tar. The reaction temperature of 800 °C, the residence time of 0.24 s and 3.8 LPM of gas 
flow rate were fixed as the conditions of this study. The Ni/Mg/ Al2O3 catalysts have been shown 
good on tar removal efficiency with almost stable differentiation rate. This paper found that the 
addition of magnesium into the catalyst has been performed as the promoter for reduction of carbon 
deposit on catalyst surface. Besides, the result also displays that the toluene was facile to remove 
than naphthalene. 
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