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Abstract — A model was developed for the gasification of a single anthracite particle in an environment
of steam, carbon dioxide, catbon momoxide, methane, and hydrogene in the gasification zone of a reactor.
This model consisted of the mass and energy balance equations together with stefan-maxwell relations
without equilibrium assumption of water-gas shift reaction based on the shrinking core model. The gas
concentration profiles within ash-ayer and the temperature front profiles of particle and reaction surface
could be obtained. It was found that the effect of water-gas shift reaction was significant with increasing
coal conversion and the molar ratio of product gases 0} approached its equilibrium value (Ke) at high
temperature (more then Tb=1300 K).
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Fig. 1. Schematic representation of the gasifi -

cation of single coal particle.
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Fig. 3. Concentration profiles at T,=1200K,
Cy1=0.5,C,,=0.15,Cp=0.03, r,=5X%X107*
m,Sh=2.0,X.=0.9.
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Fig. 4. Concentration profiles at T,=1300K, C,,
=90.5,C,;=0.15,C,:;=0.03, r,=5X10"'m,
Sh=2.0,X.=0.9.
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Fig. 6. Temperature progress profiles of reaction
surface at C,,=0.5,C,,=0.15,C,,=0. 03,
o =5X10"'m, Sh=2.0, T,= 1100, 1200K.
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Fig. 7. Temperature progress profiles of reaction
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Fig. 9. Temperature progress profiles of particle
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NOMENCLATURE
A : matrix of A for orthogonal collocation
B : matrix of B for orthogonal collocation
C, : concentration of i-component in ash layer

(kg-mol/m?)
C, : concentration of i-component at gas
phase (k,mol/ma)
effective diffusivity of i-component(mz/s)

D,, : knudsen diffusivity of z'-component(mz/s)
F. : parameter
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heat transfer coefficient (kJ/m2, sK)
equilibrium constant

thermal conductivity of ash-layer (kJ/
m,s,K)

reaction rate constant of i-component
mass-flux of i-component (K, mol/m?s)
partial pressure of i-component ( atm)
total pressure of gas phase (atm)

radius of reaction surface (m)

radius of particle (m)

reaction rate of i-component per unite
area (K.mol/mz, s)

reaction rate of water-gas shift reaction
per unit g-Ash (k; mol/s, gash)

gas constant

Sherwood number

temperature of gas phase (K)

temperature of ash layer (K)
dimensionless  radius, (r—r )/(r, -r,)
conversion of single char

i-th-gaseous species, 1=H,0, 2= H,, 3= CO,
4= CO,, 5= CH,4

porosity

molar ratio, (CO,;) (H,)/(CO) (H,O0)
density (k‘/m3)

REFERENCES

Yoon, H., Wei, J. and Denn, M.M.: AIChE
J., 24, 885 (1978).

Biba, V. and Macak, J.: Ind. Eng. Chem.
Process Des. Dev., 17,92 (1978).

Schmal, M. and Castellan, J.L.: Ind. Eng.
Chem. Process Des. Dev., 21, 256 (1982).
Wen, C.Y. and Chaung, T.Z.: Ind. Eng.
Chem. Process Des. Dev., 18, 684 (1979).

5.
6.

10.
1.

14.
15.

16.

17.

18.

19.

20.

21.

22.

279

William, E.K.: Fuel, 60, 803 (1981).

Mine, R.J., Tao, J.C. and Thew, T.W.: Ind.
Eng. Chem. Process Des. Dev., 21, 528
(1982).

. Govind, R. and Shah, J.: AIChE J., 30,

79 (1984).

. Arri, LE. and Amundson, N.R.: AIChE

1., 24,72(1978).

. Srinivas, B. and Amundson, N.R;: AIChE

1., 26,487 (1980).

G.: AIChE J., 26, 577 (1980)
Zygourakis, K., Arri, L. and Amundson,
N.R.: Ind. Eng. Chem. Fundam., 21, 1
(1982).

Gavalas,

. Chin, G., Kimura, S. and Tone, S.: Ind.

Eng. Chem., 23, 113 (1983).

. Chin, G., Kimura, S. and Tone, S.: Ind.

Eng. Chem., 23, 113 (1983).

Haynes, HW.: AIChE J., 28, 517 (1982).
May, W.G. and Mueller, R.H.: Ind. Eng.
Chem., 50, 1289 (1959).

Katta, S. and Keairns, D.L.: Ind. Eng.
Chem. Fundam., 20, 6 (1981).

Ergun, S. Ind. Eng. Chem., 47, 2075
(1955)

Caran, H.S. and Fuentes, C.:
Chem. Fundam., 21, 464 (1982).
Grace, R.J. and Zahradnik, R.L.: Adv.
Chem. Sre., 131, 126 (1974)

Singh, C.P. and Saraf, D.N. : Ind. Eng.
Chem. Process Des. dev.,, 16, 313 (1977).
Wen, C.Y. and Lee, E.S. :Coal Conversion
Technology, Addison Wesley Publishing
Co. (1979).

Mason, E.A., Malinauskas, A.P. and Evans,
R.B.: J. Chem. Phys, 46, 3199 (1967).

Ind. Eng.

HWAHAK KONGHAK Vol. 23, No. 4, August 1985



