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Conventional Gasification with alkali

Rapid reaction at low temperature
(a large body of literature)

High efficiency

Heat supply from outside

Process Problems

Inactivation of catalyst due to the interaction between catalyst and 
mineral matter in coal;

Difficulty for recycle use

Suppressing caking properties Increased coal varieties 

viable

Cheap catalyst (but not available)



Contents of this study

•　We use an ash-free coal (Hyper-coal) to investigate the 

catalytic steam gasification performances with potassium 

carbonate. 

• Since Hyper-coal contains no ash, we expect a simple process 

for catalyst recycle.
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4.00.52.45.387.829.20.1OC Hyper-coal

6.70.52.35.685.336.10.1GG Hyper-coal

4.30.72.55.286.628.08.5OC coal

7.10.62.35.484.733.56.0GG coal

OSNHCVMAsh

Ultimate analysis
(%, daf)

Proximate 
analysis
(%, db)

Coal

Properties of raw coal and Hyper-coal

Note:  Hyper-coal was produced by an solvent extraction method. A 
0.1 t/d test plant is under construction in Japan mainly to examine a 
potential use of this coal in gas turbine. 
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Gasification rate of raw coal and Hyper-coal (6% K2CO3)
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Conversion = 

(ΔW) / (W0-Wa) × %

ΔW: weight decrease
W0：initial coal weight
Wa: ash and catalyst 
weight

Gasification rate was 2~3 
times higher for the 
Hyper-coals
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In the case of using Hyper-coal, the release of hydrogen and carbon 
dioxide was violent

Gas release during the catalytic gasification (6% K2CO3)
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Gaseous compositions derived from raw coal and Hyper-coal
(750 °C)

A higher H2/CO molar ratio for Hyper-coal

Equilibrium line, 
H2 vs temperature 
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(gasification temperature, 750 °C; OC HPC)



SEM-EDX observation on the Char derived from OC raw coal
loaded with 6%K2CO3

Overall composition
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Main compositions：　carbon, oxygen, silicon, aluminum, and
potassium.
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Part of potassium disseminates all on the carbon; part of it 
incorporates with clay. 

SEM-EDX observation on the Char derived from OC raw coal
loaded with 6%K2CO3



Overall composition
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SEM-EDX observation on the char derived from OC HPC
loaded with 6%K2CO3 

Little silicon and aluminum are observed 
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SEM-EDX observation on the char derived from OC HPC
loaded with 6%K2CO3 

Co-existence of potassium and a high proportion of 
carbon everywhere



84OC Hyper-coal

15OC raw coal

85GG Hyper-coal

38GG raw coal

Dissolution (%)Gasification sample

Water-dissolution of potassium from the gasified chars
（6% K2CO3, 750 ℃, 15 min)

Only 15−38% of potassium in the raw-coal char is dissolved in 
water, while 85% of potassium in the HPC char is dissolved, 
indicating the intensive interaction between catalyst and 
mineral matter in raw coal.



Conclusions

•　This study proposes a potential catalytic gasification process 
using Hyper-coal to improve the gasification performances. 

•　（１）Gasification rate is greatly increased using Hyper-coal, 
compared to using raw coal;

　（２）Inactivation of catalyst is minimized by using ash-free 
coal, in contrast to a striking inactivation of catalyst for raw coal 
due to the interaction between catalyst and mineral matter; 

　（３）Catalytic gasification of Hyper-coal is favorable for the 
formation of gaseous product containing a higher proportion of 
H2



Hyper-coal Production Technology Development in JAPAN

Coal

Slurry 
preparation

Solvent
extraction Separation Alkali

removal

Recycle solvent 

Insoluble coal Hyper-coal
(ash < 200 ppm, 
alkali < 0.5 ppm)

Anticipated Utilization of Hyper-coal: 
fuel for IGCC, Gas turbine fuel, and other uses

Important factors for the process:
Hyper-coal yield, ash and alkali removal

Hyper-coal yield: > 60%

Scale, 0.1 t/d
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Mechanism of the catalytic gasification
Explanation 1: 

K2CO3 + 2 C = 2K + 3 CO
2K + 2nC = 2CnK
2CnK + 2H2O = 2nC + 2KOH + H2
2KOH + CO = K2CO3 + H2

This circulated mechanism can not elucidate the formation of 
CO2 and more H2

Explanation 2:

(1)     H2O + K2O−C ↔ H2 + K2O2−C
(a)     K2O2−C + C → K2O−C + CO
(1−a)   CO + K2O2−C ↔ CO2 + K2O−C

Overall, 
H2O + aC → H2 + (1−a) CO2 + (2a−1) CO


