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Steam re-gasification properties and kinetics
of coal char fines derived from fluidized bed gasifier

JING Xu-liangl’z , WANG Zhi-qing] , FANG Yi-tian'
(1. Institute of Coal Chemistry, Chinese Academy of Sciences, Taiyuan 030001, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The steam gasification behavior and kinetics of coal char fines derived from fluidized bed gasifier
were investigated by TGS-2 thermogravimetric analyzer. Their physical and chemical properties were also
compared with the corresponding coal chars and demineralized char fines. The results show that the gasification
reactivity of char fines increase with increasing temperature. Compared with the coal char from pyrolysis, the
char fine has a larger surface area and leads to a higher gasification reactivity. The reactivity of different coal
char fines are also affected by their carbon crystalline structure and ash content. Based on this, the gasification
reactions are described by the shrinking core model and the kinetic parameters are obtained, so as to provide

some theoretical guides for the gasification of coal char fines.
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Table 1

Proximate and ultimate analysis of samples

Proximate analysis w,,/ %

Ultimate analysis w,,/ %

Sample -
\% M A FC C H (o N S,

XYCC 1.13 0.56 19. 68 78.63 75.87 1.01 1.74 0.82 0.32
YCCC 2.08 1.13 17.93 78.86 76.62 1.02 2.00 0.85 0.45
XYCF 1.16 2.32 25.91 70.61 67.09 1.01 2.67 0.69 0.31
YCCF 1.31 2.10 49.05 47.54 45.15 0.80 2.37 0.37 0.16
DXYCF 2.19 3.01 1.15 93. 65 89. 65 1.01 3.99 0.76 0.43
DYCCF 2.34 6.11 1.28 90.27 86.35 0.96 4.14 0.76 0.40

* . by difference
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Table 2 Ash constituent analysis of char fines

Content w/ %

Sampl

AP TS0, ALO,  Fe,0,  CaO TiO, K,0  NaO SO, P,0,
XYCF  46.99  38.43 2.6  5.25 1.49 0.5 030  0.42  0.44
YCCF  45.81  38.34  3.82  5.80 .63 072  0.42  0.19  0.66
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Figure 1 Carbon conversion curves of char fines at different temperatures
(a): XYCF; (b): YCCF
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Figure 2 Reactivity comparison of coal chars, un-demineralized and demineralized coal char fines
(a); m: XYCC900 T; O: XYCC-960 C; @: XYCF-900 CT; 0: XYCF-960 C; a: DXYCF-900 C; A: DXYCF-960 C
(b): m: YCCC-900 C; O: YCCC-960 C; ®: YCCF-900 C; 0: YCCF-960 C; a: DYCCF-900 C; A: DYCCF-960
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Figure 3 XRD spectra of char fine and coal char
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Table 4 Pore structure analysis of char fines and coal chars

Sample

BET surface area Micropore surface area  Total pore volume Micropore volume

A/(m*-g™") A/(m*-g™") v/ (ecm’-g™") v/ (em’-g™")
XYCC 0.612 0.701 0.0032 0.000 3
YCCC 12.8 10.4 0.0116 0.004 8
XYCF 48.0 19.6 0.0401 0.008 8
YCCF 274 146 0.152 0.066 4
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Figure 4 Curves of conversion of char fines vs time fitted by SCM
(a): XYCF; (b): YCCF
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Figure 5 Curves of conversion of demineralized char fines vs time fitted by SCM

(a) : DXYCF; (b): DYCCF
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Table 5 Kinetic parameters of samples steam gasification

Sample E,/(kI-mol™) ky/s™!
XYCC 179 9.94x10°
YCCC 183 2.40x10*
XYCF 247 1.64x107
YCCF 211 6.42x10°
DXYCF 223 9.38x10°
DYCCF 214 7.33%10°
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