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Abstract—Thermal analyses were conducted by isothermal technique in order to characterize the combus-
tion and steam gasification reaction of coal chars that were carbonized from Dong-Won anthracite, Australian
Coalex(HD) bituminous coal, Australian Victoria subbituminous coal, and Pakistian Lakla lignite. Char combus-
tion reactions were carried out with respect to various factors.: char particle size(0.08-0.5 mm), isothermal
reaction temperature(560-680°C), oxygen concentration(5%-20%), and pyrolysis conditions. Char-steam gasifi-
cation reactions were carried out at isothermal temperatures of 750-950C. In combustion reaction, measured
reaction orders of oxygen concentration and activation energy were 0.56-0.98 and 53-123 kJ/g-mol, respectively.
In char-steam gasification reaction, measured activation energy were in the range between 113 kJ/g-mol and
165 kJ/g-mol. The kinetic equation of char combustion and char-steam reaction was correlated with various

factor.
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Fig. 2. Effects of particle size on the combustion reaction.
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Fig. 3. Effects of oxygen concentration on the combustion
reaction for Dong-Won char.
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Table 1. Mean order of combustion reaction on O, concen-
tration for various char

Order of . Mean
Char type Conversion reaction on O, Correlation order of
. coefficient .
concentration reaction
Dong Won 0.2 0.79 0.965 0.79
03 0.82 0.968
04 083 0976
05 0.83 0983
0.6 083 0.990
0.7 0.77 0994
08 0.74 0.989
09 0.77 0992
Coalex(HD) 02 0.90 0970 098
03 0.99 0977
04 1.04 0.983
0.5 1.02 0.987
0.6 1.03 0.984
0.7 1.01 0988
08 0.95 0.980
09 0.90 0.992
Victoria 0.1 0.56 0.965 0.56
02 0.56 0.963
03 0.54 0.961
04 053 0,958
05 054 0.938
06 054 0.936
0.7 054 0.896
0.8 0.60 0914
09 0.63 0925
Lakla 04 0.75 0985 081
0.5 0.79 0.983
0.6 0.81 0.979
0.7 0.84 0.981
08 0.85 0.967
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Table 2. Mean activation energy of combustion reaction
for various char

. Mean
Activation . .
. Correlation activation
Char type Conversion energy .
(K/g-mol) coefficient energy
(kJ/g-mol)
Dong Won 02 132.72 0.995 121.68
03 135.79 0.995
04 13045 0.992
05 127.89 0.996
0.6 120.20 0.995
0.7 110.21 0992
0.8 94.5 0.995
Coalex(HD) 04 76.78 0.957 83.16
05 8140 0.966
0.6 84.63 0975
0.7 84.80 0.974
08 85.01 0.982
09 86.27 0.983
Victoria 0.1 67.24 0.995 525
0.2 59.60 0.999
03 5242 0.99
04 49.35 0.996
05 51.32 0.99
0.6 4746 0.965
0.7 42.55 0.953
08 39.56 0.947
0.9 63.08 098
Lakla 0.7 52.58 0935 67.07
08 64.30 0.961
0.9 84.29 0.983
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Table 3. Calculated parameter of random pore model
Temperature Correlation
Char type ©) | I coefficient y Frequency factor
Dong Won 697 2.79X 1072 5.27X1073 0.956 5.29 4115
655 7.96X1072 2.76 X103 0.952 28.84 2880 cm24
614 196X 1072 4,57X1074 0.97 42.89 1131  g-mol*®-min
Coalex(HD) 696 4.55X107* —244X1073 0.999 —18.65
653 240X1072 2.35X1073 0.995 10.21 53206
612 8.29X10°3 1.31Xx1073 1.0 6.33 37988 cm?®
570 177X 1078 1.72X1074 0.999 10.29 13060 g-mol-min
Lakia 696 3.51X107! —-9.26X1072 0.982 —3.79
655 2.84X107! —6.49X 1072 0.993 —4.38
616 1.73%107! —2.13%X1072 0.998 —-8.12 cm?*
573 3.03x10°2 1.35X 1072 0.989 224 5227 g-mol®®-min
36 T T T T +1)Co%™ exp(—121.7/RT) (5)
z': 7 (r=0.949)
o I~ o -
30F ° | =3t Coalex(HD) Holl & 24}¢9] polynomial regres-
28 ° . . i sionel] £]3te] 2] (6)°o.2 FAIEM
8
26 ° s . dx/dt=1.75X 10°( - 6.2x*+5x
24+ e -
- 8 3 o +1)Co.**® exp(—83.16/RT) (6)
‘O 22+ 8 8 4 3 -1
-] =
,)_(. 20l . o 8 i (r=0.89)
< 18t N . aefut Lakla# o) A%E Y3 Al ¢4 7
16f /¢ 1 mA Ae ok A e EAEG
14+ ° e
o dx/dt= —0.71 X 107(56.9x% — 59.4x
12 ° \o T
Lok ] +1)Co"* exp(—67.07/RT) N
8t ° o - (r=0.80)
- o
6F o R : 7144 (k])/g-mol)
ar - T ALK
2 . Co, :AbAFE(g-mol/cm®)
0 ! 1 1 { . pLo A s
0 2 4 6 8 10 dx/dt : WH-&-%-% (min ™)

Conversion (x)
Fig. 9. The change of a k, with conversion for Dong-Won
char combustion.
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sion®. 2 FAlsld 4] (5)¢F o}

dx/dt=1.11X10"(6.28x*— 15.88x*+ 8.56x
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Fig. 10. Determination of reaction order with respect to
carbon concentration for Victoria char.
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Fig. 11. Comparison of experimental combustion reac-
tivity with calculated reactivity for Victoria char.
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Fig. 12. Intrinsic reactivity of various carbons at oxygen
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10.0 T T T 1 — T Table 4. Mean activation energy of char-steam reaction
95} - for various chars
90r ] Activation . I?/Iea.n
851 . Correlation activation
sof o 0946:(3 i Char type Conversion energy coefficient energy
0 924C (kJ/g-mol)
75 S 891C (kJ/g-mol)
70 v 861C Coalex(HD) 0.2 185.7 0.993 164.1
£ 65 o 840C 03 1864 0983
S 60 04 1754 0987
g 55 05 1696 0.987
£ 50 06 156.4 0.981
8 a5 0.7 1430 0978
g 40 038 1320 0981
& 35h Victoria 02 1392 0.983 170.7
30 03 153.1 0985
25 04 1616 0984
20 05 169.9 0983
155 06 1731 0981
10 0.7 1811 0975
5 08 1912 0970
0 TR GU S W N . 09 1965 0.967
01 2 3 4 5 6 7 8 9 10 Lakla 03 1134 0.968 1132
Conversion 04 1174 0977
Fig. 13. Effects of reaction temperature on the char-steam 05 1198 0969
reaction for Coalex(HD) char. 06 1210 0.960
0.7 1165 0953
0.8 1110 0.960
09 934 0.964
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Fig. 14. Effects of reaction temperature on the char-steam
reaction for Victoria char.
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Fig. 15. Effects of coal rank on the char-steam reaction.
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Table 5. Mean order of char-steam reaction on carbon
concentration for various chars

Tempera- (?rder of reac- Correlation o0
Char type ture (C) tion on car?on coefficient OI'dEIj of
concentration reaction
Coalex(HD) 946 0.78 0999 0.58
924 0.72 0999
891 0.60 0994
861 048 0.996
840 0.37 0.999
Lakla 880 0.76 0.999 0.70
844 0.73 0999
820 0.70 0955
805 0.67 0992
773 0.65 0994
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757 WS E A5 T5te] By Table 59 Rt} o]
& Yagi®} Kunii[2]7} Alokgh, ub-g-e] zlalslwA
F92= cored] FHo] HbE A $EF Awishke
ulih-g &8 ZdA) dx/dt=k(1-x)% Cye"e] ®hi
X & A 06677 FAFEtgich

3 57 Fool tHE 4 (Chpo)& B Al HE
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d 164
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(r=0.983) (10)
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13.2
L —393X100 exp(— T20) (13007 (Cp)
(r=0.979) (11)
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Fig. 16. Comparison of model and experimental data for
Lakla char-steam reaction.

5.0 T T T 1
451 1
4.0+ .
35 = . T
clé 3.0+ v v L] 4
E /4 L
A ™ A
< 25r- .
b3
20 s = 7
v
A)
L5 eg51T A
4 927C
10t m 895C g
v 870C
Sr g
.0 1 1 i A
0 2 4 6 8 1.0

Conversion (x)
Fig. 17. The change of a ko with conversion for Victoria
char-steam reaction.

R :7]34%(k)/g-mol)

T ARL=(°K)

Cupo : T%7)55(g-mol/cm®)

dx/dt : ¥4 % (min~?)

A ;¥ %24 [em!®/(g-mol®® min) ]

Lakla®e] 7% 4 (1D& A7l wtE HEEE HE
s ww 4 (12)sh 2ok
1—(1_}()0‘3

= 12
1.18 X 105(Cip0)°° exp( — 113.2/RT) 12)

t

35125 H29H H3E 19914 6%

o] Al AYAE w|Esled Fig 16°] Jehfigied,
gk HAp AL A EE AEAE v E-A
g2 WA= FA A 32 A=)

Victoria® 2] 74 Fd dh¢&£eghe X ez 94
1h-g-2] 799} olArA R 4 (4)§ A48k Fig 173}
#e AFAE Aok 9714 aked AFEe i3t 2
2}19] polynomial regression®. 2 ZEAJsH 3] (13)3}
e g 7A =t

dx/dt=1.98X10°( —4.01x*+ 3.06x
+ 1exp(—~170.7/RT) (Cyyo)®®
=—198X10°(4x+1)(x —1)
exp{ —170.7/RT) (Cup)*® (13)
(r=0.96)

b gle] Al Meate] Alzke] wafel wiE WM
¢ Asua ofle] A3 o] Aok

(= In{(4x+1)/(1-x)}
9.9X 10°(Cyyo)°° exp(—170.7/RT)

(14)

524 &

(1) 3 dadkgeld 4z FT 2pe 0.56-0.984
18] el x, &4 #ellv] A= 53-123 k]/g-mol] &
vetgi el g Sge] &4 E e Fhkd
out, AR 2719 W] B E H-dnw

o

o T
ATAAE ZA Gk SR e da AEe
g2 vepd ¢ Uz A g EEXE 23

AYPAE Tk

(2) H-Z7] ubgellA EA3evix = 113-165 k]
/g-mol®] #t& et ict. #-537] ub-goll A Victoria
F Y=t o] uh-gAdo] 7 EUZ, o] A AlE AF
Foda) YA Aol e

Coalex(HD) < A=t 3o} Laklazdsl o] 79 vt
Aggol gk 2571 0.6-0.7 2hol9) e vrehiglm,
o1& m¥ H-57] whEExle Tk

REFERENCES

1. vped A, &1 3labg3), 25, 546(1987).

2. Yagi, S. and Kunii, D.: 5th Symposium on Combus-
tion, Reinhold, N.Y., 231(1955).

3. Levenspiel, O.: “Chemical Reaction Engineering”,
John Wiley & Sons, p.257-378(1972).

4. Ishida, M. and Wen, C.Y.: AIChE ], 14, 311(1968).



[=2]

10.

11
12.

13.

14.
15.

. Wen, C.Y.:Ind. Eng Chem., 60, 34(1968).
. Petersen, E.E.: AICRE ], 3, 443(1957).
. Szekely, J., Evans, J.W. and Sohn, H.Y.: “Gas-Sol-

id Reactions”, Academic Press(1976).

. Ishida, M. and Wen, C.Y.: Chem. Eng Sci, 26,

1031(1971).

. Sohn, H. Y. and Szekely, ).: Chem. Eng. Sci, 27,

763(1972).

Dutta, S, Wen, C.Y. and Belt, R.J.: Ind. Eng
Chem. Process Des. Dev., 16, 20(1977).

SR8, PREH, HET, Z%6E - {LEB TERSRSTEE, 8, 51(1982).
Simons, G. A. and Finson, M. L.: Combustion Sci-
ence and Technology, 19, 217(1979).

Bhatia, S. K. and Perlmutter, D.D.: AICKE ], 26,
379(1980).

Gavalas, G.R.: AIChE ], 26, 577(1980).

Adschiri, T., Kojima, T. and Furusawa, T.: Chem.

)
£

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

#5375 haEeEy

335

Eng Sci, 42, 1319(1987).

Tseng, H.P. and Edgar, T.F.: Fuel 68, 114(1989).
whed, wed A, &), Wl shahyE, 25, 345
(1987).

Wred A, oF&l <, £A19 : o] =] R&D, 10, 36(1988).
A, oFdr, £ shahye, 28, 691(1990).
Lewis, ]J. B., Connor, P. and Murodch, R.: Carbon,
2, 311(1964).

Armiglio, H. and Duval, X.:J of Chem. Phys., 64,
916(1967).

Magne, P. and Duval, X.: Buil. Soc. Chim., 5, 1585
(1971).

Smith, I. W. and Tyler, R. J.: Combust. Sci. Technol,
9, 87(1974).

Tyler, R.]., Wouterlood, H.J. and Mulcahy, M. F.
R.: Carbon, 14, 271(1976).

Smith, 1. W.: Fuel, 57, 40(1978).

HWAHAK KONGHAK Vaol. 29, No. 3, June, 1991



