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(Study on iron catalysis for co-gasification of low rank coal

and woody biomass)
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This doctoral thesis discussed the development of effective utilization technique of
low-rank coal and woody biomass. The low-rank coal and woody biomass are believed to
be main important energy resources in the near future. To use these energy resources
effectively, the steam gasification is the most practical process because both low-rank
coal and woody biomass can be converted to clean energy gases, such as Hz and CO. In
this thesis, the objective is to improve the gasification efficiency of low-rank coal and
woody biomass.

This thesis was composed of 5 chapters. In the first chapter, current energy problems
and present status of low-rank coal and biomass use were described. Then the necessity
of effective use of low-rank coal and biomass was discussed. Although there are various
utilization methods, co-gasification of low-rank coal and biomass was dealt in this thesis.
Moreover, catalysts are usually used to improve the gasification efficiency. Iron
catalysts are well-known to be effective for the steam gasification, whereas the
influence of iron catalysts on the co-gasification is unclear. In the second chapter, the
co-gasification of Fe-loaded biochar and subbituminous coal was performed. As a result,

the amount of hydrogen evolution for the co-gasification was higher than that
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calculated by individual gasification. This suggests that the iron catalyst on the biochar
affects the gasification of subbituminous coal. This reason was discussed from the
change in the chemical form of iron during pyrolysis and gasification. In the third
chapter, for the co-gasification of Fe-loaded biochar and subbituminous coal, the best
mixed timing and the best mixed ratio were mainly investigated to produce as much
hydrogen as possible. In the fourth chapter, to simplify the gasification process, the
co-gasification of subbituminous coal and biomass with physical-mixed iron catalyst
was performed and the effectiveness of physical-mixed iron catalyst was studied. In the
last chapter, the promising process of co-gasification of subbituminous coal and biomass
are proposed. The detailed results obtained in the chapters 2-4 are described below.

In the second chapter, the co-gasification of Fe-loaded biochar (pyrolysate of Fe-loaded
Japanese cedar) and Indonesian Adaro subbituminous coal at 800°C. The main
purpose of this work was to examine the effectiveness of an iron catalyst loaded on
biochar for hydrogen (Hs2) evolution. It was shown that the H2 evolution for a mixed
sample of Fe-loaded biochar (20 wt%) and Adaro subbituminous coal increased by 20%
compared with that for the coal sample with the same amount of iron catalyst and was
approximately 1.5 times that for the sample without the iron catalyst. This increase in
the co-gasification Hz evolution was explained by the chemical form and crystallite size
of the iron catalyst.

In the third chapter, Fe-loaded biochar, which can be used as a catalyst and feedstock,
was added to Adaro subbituminous coal or coal char for steam gasification in a
fixed-type reactor. The purpose was to determine the optimal content of added
Fe-loaded biochar for steam co-gasification in this system and the best time to add it.
The amount of hydrogen evolution observed for the mixture of Fe-loaded biochar and
Adaro coal at 800°C was much higher than that observed for the mixture of iron-loaded
biochar and coal char. The optimal ratio of iron-loaded Japanese cedar biochar to
Indonesian Adaro sub-bituminous coal char was determined to be 1:1 by weight. X-ray
diffraction patterns of the different mixtures after pyrolysis revealed that the iron
catalyst contained in the iron-loaded biochar may affect the pyrolysis of Adaro coal. The
mechanism by which the iron catalyst m iron-loaded biochar promoted the
co-gasification reactivity was also discussed.

In the fourth chapter, the steam gasification of Adaro coal and Japanese cedar mixed
in a 1:1 weight ratio with the physical addition of 10 wt% Fez03 in 50 vol% H20 at
ambient atmospheric pressure and 800°C for 60 min was investigated. The primary
objective was to examine the effectiveness of an iron catalyst on the interaction between

Adaro coal and Japanese cedar. The study demonstrated that the Hz evolution for



Akita University

co-gasification without a Fe catalyst was 100 mmol/g-char. However, the Hz2 evolution
for co-gasification with the addition of Fe2O3 was 152 mmol/g-char. The increase in the
co-gasification for Hz evolution was based on a change of the char structure during
pyrolysis and gasification.

In the last chapter, the conclusions obtained in this study are summarized.
Furthermore, based on the obtained findings, a guideline to the effective use of low-rank
coal and biomass is proposed.

This thesis treated the co-gasification of low-rank coal and biomass catalyzed by iron.
This technique is applicable to the future technologies such as an integrated coal
gasification combined cycle (IGCC) and an integrated coal gasification fuel cell
combined cycle (IGFC). If the gasification efficiency of low-rank coal improves and a
part of coal is replaced by biomass, the decrease in CO2 emission is expected. The
knowledge obtained in this thesis would provide a guideline to the effective use of

low-rank coal and biomass.
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