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Abstract. Low grade iron ore can be used as an alternative catalyst for bio-tar decomposition. Compared to other 
catalysts, such as Ni, Rd, Ru, Pd and Pt, iron ore is cheaper. The objective of this research was to investigate the effect of
using low grade iron ore as catalyst for tar catalytic decomposition in fixed bed reactor. Tar used in this experiment was 
pyrolysis product of wood waste while the catalyst was Indonesian low grade iron ore. The variables studied were 
temperatures between 500 – 600 0C and catalyst weight between 0 – 40 gram. The first step, tar was evaporated at 450 0C
to produce tar vapor. Then, tar vapor was flowed to fixed bed reactor filled low grade iron ore. Gas and tar vapor from 
reactor was cooled, then the liquid and uncondensable gas were analyzed by GC/MS. The catalyst, after experiment, was 
weighed to calculate total carbon deposited into catalyst pores. The results showed that the tar components that were
heavy and light hydrocarbon were decomposed and cracked within the iron ore pores to from gases, light hydrocarbon 
(bio-oil) and carbon, thus decreasing content tar in bio-oil and increasing the total gas product. In conclusion, the more 
low grade iron ore used as catalyst, the tar content in the liquid decrease, the H2 productivity increased and calorimetric 
value of bio-oil increased.

Keywords: iron ore, catalytic decomposition, pyrolysis, hydrogen.

INTRODUCTION

Many power plants across the world burn fossil fuels to generate energy. Coal is the remains of ancient plants
and trees that grew over 200 millions of years ago. Oil and gas is made up of the remains of microscopic plankton. 
Over millions of years these remains become the carbon-rich coal, oil and gas we can use as fuel. When fossil fuels 
are burned, they release carbon dioxide into the atmosphere which contributes to global warming. Using fossil fuels 
to generate energy also releases pollutants into the atmosphere [1]. Even, fossil fuels provide the main source of 
energy for our global economy however their stocks are limited and renewable fuels need to be found [2]. One of the 
renewable resources that are promising for substitution of fossil fuel in the future is biofuel. 

Biofuels are fuels produced directly or indirectly from organic material, including plant materials and animal 
waste. Among the various biofuels type, biodiesel is widely studied by adopting esterification and transesterification 
reactions [3]. Several studies reported on biodiesel production performed in batch-stirred reactors from crude palm 
oil (CPO), cooking oil and palm fatty acid distillate [4,5]. Moreover, the continuous process of reactive distillation 
column is more popular due to low energy consumption [5-7]. However, biodiesel has poor cold-flow properties, 
which can be problem for engine performance and the oxygen content in the biodiesel is responsible for the low 
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heating value and the weakness of stability [8,9]. So, some researcher studied thermal conversion including 
gasification and pyrolysis processes.

Several studies reported on gasification process with the raw material of sugarcane bagasse and oil palm empty 
fruit bunches and showed promising result for producing bio-syngas [1,10]. However, the gasification process needs 
much higher energy compared to pyrolysis. Pyrolysis process has several advantages such as simple reactor 
configuration, faster reaction time, more liquid products (less energy for product separation) and adaptive to several
of biomass [11]. Pyrolysis process produces gas, char and tar [12]. Char is the main product used as reducing agent,
while tar and gas are by-product containing carbon and substantial energy [13]. In pyrolysis, tar is an undesired 
byproduct because it causes operational problems such as the contamination of the inner wall of a reactor, blockages 
in pipes, corrosion and formation of tar aerosols [14-16] and is also carcinogenic [17]. Therefore, it is necessary to 
take steps for removing tar or decomposing tar into fuel gas (bio-syngas) and other compounds that are more useful. 
There are three options to remove or decompose tar including physics, non-catalytic and catalytic processes [18].
However, the last process are the most promising economically and technically [19].

Several studies of tar decomposition using alkali metal catalysts such as Ni, Pt, Rh and Pd have been conducted 
[20-22]. The performance of the catalyst was Rh> Pt> Pd> Ni = Ru [23]. The most important problem in catalytic 
tar decomposition was catalyst deactivation due to the accumulation of carbon in the pores of the catalyst [24].
Recently, Fe-based catalyst has attracted attention some researchers. Besides its ability to reduce tar, it could be 
integrated in the iron-making process [25-26]. It has been reported that Fe added in the catalyst Ni / PG had better 
result than the Mg, Mn and Ce [27] and the Fe / olivine for tar decomposition process of biomass gasification in 
fluidized bed. It was concluded that the Fe / olivine could reduce tar and increase the production of bio-syngas [28].
The existence of Fe is believed to make the catalyst more active for producing clean bio-syngas. And usually, the 
material of Fe can be extracted from high-grade iron ore (total Fe > 60 mass %).

High-grade iron ore is used in the iron making process to produce high grade iron and steel [24]. However, it is 
limited in availability [29]. In contrast, low grade iron ore (total Fe <60% mass) is still available abundantly. Direct 
utilization of low grade iron ore in steel-making industries is thermally disadvantageous because it’s requires high 
energy consumption compared to commercial high grade ore due to large content of combined water [24,25]. As 
compared to high grade iron ore, low grade iron ores contain more gangue minerals and combined water because 
main component is goethite, FeO.OH [26]. So when heated, the specific surface area of ore increases due to thermal 
decomposition effects on iron ore porosity. This process needs extra thermal energy in steel-making which makes 
the utilization of low grade iron ore less energy efficient. By using low grade iron ore as catalyst of tar 
decomposition, carbon in the form of tar will fill the pores of the iron ore. The deposited carbon within pores of the 
iron ore can act as reducing agents. Compared to conventional processes (processes in the blast furnace), the 
distance between carbon and iron atoms was very close so this process resulted in high reduction rate, low reduction
temperature and low energy consumption [24]. Fig.1 shows the additional process of tar decomposition to produce
energy (fuel). The additional process could also improve the quality of low grade iron ore that can be used as raw
material in iron and steel-making industries.

The objective of this research was to investigate the effect of using Indonesian low grade iron ore as catalyst for 
tar catalytic decomposition in a fixed bed reactor. Yields of product, compositions of syngas and quality bio-oil were 
studied.

FIGURE 1. Scheme of tar decomposition process using low grade iron ore
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MATERIALS AND METHODS

Materials

Tar used in this study was derived from pyrolysis of wood waste with heating value 28.77 MJ/kg and density 
1.0358 gr/cm3. While low grade iron ore was obtained from PT. SILO (Sebuku Iril Laterit) in Sebuku Island, 
Kotabaru, South Kalimantan, Indonesia. The compositions of low grade iron ore were 51.41 % of Total Fe, 7.214 % 
of Al2O3, 3.042 % of SiO2 and 0.4803 % of NiO.

Methods

Fig. 2 shows the experimental equipment for tar decomposition. The experiment were carried out at temperature 
of 500 and 600 0C in a fixed bed rector filled with catalyst range of 0 – 40 gram. The apparatus was equipped with 
vaporizer to ensure the oil enters the reactor in the vapor phase.

FIGURE 2. Experiment apparatus for tar decomposition 

Prior to start the experiments, nitrogen was passed through the reactor and preheater to remove oxygen. The 
reactor and vaporizer were heated by an electric heating system and the temperature was controlled by a digital 
temperature controller. Once the temperature inside the reactor and vaporizer has reached steady condition at 
specified temperature, the tar was flowed into the vaporizer to vaporize the tar. Then, the vapor will pass through the 
catalyst bed and resulting in catalytic reaction. Subsequently, the vapor left the reactor and entering the cooling 
system. There are two phases which obtained from the condenser, the aqueous and the organic liquid phase. Besides
product in the liquid phase, the cracking reactions also produce gas which its volume is measured by the 
displacement volume of water. The reaction was continued until no more liquid product was condensed. The 
composition of the liquid and gas product was analyzed using Gas Chromatography and GC-MS. The effectiveness 
of catalyst was evaluated by performing the experiments with various ratio of catalysts to oil and temperature of 
reaction. 

RESULT AND DISCUSSION

Effect of Catalyst Weight on Yield of Product

The catalyst has a very important role in the reaction process because it can reduce the activation energy. By 
decreasing the activation energy, the reaction will proceed more rapidly to achieve the optimum conversion which 
will reduce the energy needed. In this experiment, a preliminary study was conducted for studying the performance 
of Indonesian low grade iron ore on the produced yields.

1. Tar tank 
2. Peristaltic pump (feeding section)
3. Vaporizer unit
4. Temperature control
5. Reaction section
6. Bed of catalyst (ID= 3.2 cm)
7. N2 cylinder
8. Heater
9. Condenser
10. Liquid product
11. Water displacement for gas product
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Fig. 3 shows the effect of weight of iron ore catalyst on the distribution of tar decomposition product including 
bio-oil, bio-char, gas and aqueous at 500 and 600 0C. It shows that gas and bio-char yield increased by increasing the 
catalyst weight, but bio-oil and aqueous yield decreased. It indicated that the iron ore has catalytic activity for tar 
decomposition. The introduction of iron ore to catalytic decomposition caused cracking tar as follow:

The tar components, heavy and light hydrocarbon, were decomposed and cracked within the iron ore pores into
gases, light hydrocarbon (bio-oil) and carbon, resulting in decreased tar content in bio-oil and increased the total gas 
product. Simultaneously by tar decomposition, the carbon product of tar also infiltrated and deposited within the 
pores of the iron ore. Bio-char is amount of char product including deposited carbon. This data agreed with the result 
reported Uddin et al. that iron oxide promoted catalytic tar decomposition [16]. The existence Fe on catalyst is 
believed to make the catalyst more active, prevent the formation of stable chemical structures and decrease the 
activation energy [28,30].

(a) At 500 oC (b) At 600 oC

FIGURE 3. Effect of catalyst weight on yield of product

Effect of Catalyst Weight on Composition of Gas Product

The main gas components resulted to tar catalytic decomposition were CO, CO2, H2 and CH4. Fig. 4 shows 
composition of gas product from this process. The results show that content of hydrogen and carbon dioxide 
increased while catalyst weight increased. Meanwhile, content of methane and carbon monoxide tend to decrease 
when catalyst weigh of tar decomposition increase. Decreasing CO and increasing H2 as well as CO2 were probably 
due to increasing in the water-gas shift reaction, where steam was produced to break deoxygenated reaction into 
hydrocarbon. However, this trend was not observed in the present work. From Fig. 4, we also identified that 
increasing catalyst weight of tar decomposition gave the better quality of syngas. This data agreed with the result 
reported Virgine et al. that Fe catalyst can improve syngas quality [33].

(a) At 500 oC (b) At 600 oC

FIGURE 4. Content of syn-gas at various catalyst weight of tar decomposition
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Effect of Catalyst Weight on Quality of Bio-Oil

Fig. 5 shows effect of catalyst weight on heating value of bio-oil. We may see that heating value of bio-oil
increased when catalyst weight increased. This means that the presence of catalyst is easier to deoxigenation of 
oxygenated compounds in the tar into hydrocarbon compounds. From this figure, we also identified that the heating 
value of bio-oil at 600 0C was higher than the heating value at 500 0C. 

FIGURE 5. Effect catalyst weight on heating value of bio-oil

CONCLUSION

Effective utilization of Indonesian low grade iron ore was proposed as catalyst of tar decomposition. The main 
results can be summarized as follows.

1. The iron ore has good performance for tar decomposition. With the increasing of catalyst weight, gas 
product increased but bio-oil and bio-char decreased.

2. The iron ore also had influence on composition of gas product on tar catalytic decomposition. With the 
increasing of catalyst weight, content of hydrogen and carbon dioxide tends to increase while carbon 
monoxide and methane decrease.

3. Heating value of bio-oil increased when catalyst weight and temperature increased.
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