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Abstract : Catalytic gasification of raw coals at mild condition is not realized yet mainly due to deactivation of catalysts via their
irreversible interaction with mineral matters in coal. In this work, the gasification behavior of ash-free coal (AFC) was compared
with that of the parent raw coal. In order to modify the gasification conditions, the raw coal gasified with fixed variables (water
supply, space velocity, temperature, catalysts) in a fixed bed reactor. When catalysts are added by physical mixing method with
coal, K,CO; was the most effective additives for steam gasification of coal. However, the activity of ash-free coal (AFC) was
much less reactive than raw coal due to high temperature extraction in a 1-methylnaphthalene under 30bar at 370 C for 1 h,
almost removed oxygen functional groups, and increased carbonization. The addition of K,CO; in AFC achieved higher
conversion rate at low temperature (700 ‘C). At that time, the molar ratio of gases (H»/CO and CO»/CO) was increased because of
water-gas shift reaction (WGSR) by addition of catalysts. This shows that catalytic steam gasification of AFCs is achievable for
economic improvement of gasification process at mild temperature.
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Table 1. Proximate/ultimate analysis and calorific value of coals
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Figure 1. Schematic view of a fixed bed gasification reactor.

(**daf: dry & ash-free)

Proximate analysis (wt%) Ultimate analysis (wt%)** Heat value
Sample
M VM Ash FC H N o) S (keal/kg)
Raw coal 6.7 52.3 2.20 38.6 70.5 5.1 0.9 23.5 0.0 4,554
AFC 1.2 46.5 0.0 52.3 86.3 52 0.9 7.6 0.0 8,234

(M: moisture, VM: volatile matter, FC: fixed carbon)
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Figure 2. Steam gasification of Samhwa raw coal at 700 ‘C with 30
vol% steam and 15,000 h™' space velocity.
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Figure 3. Steam gasification of Samhwa raw coal containing 10
wt% K,COs with varying the amount of steam (5-60
vol%) at 700 C and 15,000 h™".
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Figure 4. Steam gasification of Samhwa raw coal with varying the
space velocity (7,500-30,000 h"') of 30 vol% steam in N
at 700 C.
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Figure 5. Steam gasification of Samhwa raw coal at 600-800 C
with 30 vol% steam and 15,000 h™".
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Figure 6. Catalytic steam gasification of Samhwa raw coal in the
presence of 10 wt% catalyst at 700 C with 30 vol%
steam and 15,000 h'.
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Figure 8. Catalytic steam gasification of Samhwa ash-free coal in
the presence of 10 wt% catalyst at 700 “C with 30 vol%
steam and 15,000 h'.
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Figure 9. Catalytic steam gasification of Samhwa ash-free coal in
the presence of 10 wt% K>COs at 700-800 C with 30
vol% steam and 15,000 h”! (“K” in the legend indicates
inclusion of 10 wt% K,COs).
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Figure 12. Structural analysis of Samhwa raw (Raw) and ash-free coal (AFC). (a) X-ray diffraction pattern and (b) FT-IR spectra.
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