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Abstract

A mathematical modeling of combustion mechanism of Korean high-ash anthracite briquette
is developed and analysed to show its applicability to the actual system. The shrinking core
model is chosen. With the assumption of 2C+0,=2CO reaction only at the moving boundary
surface and 2C0O+0,=2C0, reaction in the ash layer, the whole mechanism can be described
by two reaction moduli representing above reactions, respectively. The actual briquette burning
characteristics are shown to be predicted without considering the oxidation reaction of carbon
monoxide in the ash layer, in other words, with assuming oxygen diffusion control. For

carbon monoxide concentration profile, ash layer reaction should be included.
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Fig. 1. Concentration Profile in Ash Layer.
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Table 2. Typical Input Data for Computation.
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Fig. 5. 0: Concentration Profile in Ash Layer
When Combustion Completed.

1.6

8o09c/

€O Concentration (’B)

2 L
[ 0,2 0.k 0.6 0.8 1.0
T™ickneas (o)

Fig. 6. CO Concentration Profile in Ash Layer
When Combustion Completed.

CO Concentration (yp)
B

Fig. 7 % Fig. 8% 8333} 0|45 %3]
A EAARANA 0, 4 COFEF vejEoh. =
8 0,55 AM Fand B $EEro
A7 e ALz Fa% el Rech A
0,557 3| B354 CO8 MALESE ¥
AR (=0) A 0,529} AL ¥ %3te of

7t gt FE E5A

7b abS-Eol A
1.0
N
LN
0.8 It \
!
~ i N
» Y ~.
= \ . !
o i \\ ~ o H
¢ 0.6 B0 Pooe
- t s
- I ~. !
] | ..
] ! T~
[] v
0 i
g 0.4 L
3] by N
1Y N
& P o
RN
AN TS 800%
0.2 L1 N ~—
\\-\ 9ce%c e
7 !
N 110c%¢C B |
[¢] e .
) 0.2 C.h 0.6 0.8 1.0
Thickness (s)
Fig. 7. 0 Concentration Profile at Moving

Boundaries When Combustion Completed.

-
.
(o]

i i
[+ 0.2 0.k 0.6 9.8 1.0
Thickness (s)

Fig. 8. CO Concentration Profile at Moving
Boundaries When Combustion Completeed.

HWAHAK KONGHAK Vol. 16, No. 6, December 1978



394

AAHAALY O, 55 FZr) e o] EAA AL o] E
Al wel dAs] WgE Fig. 7614 & 5
ek

Fig. 9& Table 38 #1532 A 739 o
Aol s AeAR}E 4 Lo
& Rolrh. LE/ WESFE Al wbgo]

A, FESE

=

3-3. ZiEl Hsol A

Fig. 103} Fig. 11-& Table 28 4= #tg
oAl A o] ERAANAY FRRLAF kb A
AEAT £ P A O, FEE HIMIGE
wf e} g gks A Asbolvt. Fig. 1014 3

e
™~
©

150 |

20 -

S0

Tine (min.)

Thickness (8)

0.8

Fig. 9. Temperature Effects on Reaction Time.

Table 3. Reaction Moduli at Various Temperatures and Moving Boundaries.

— Thickness (s) }
\Ziaction Moduli 0.2 0.4 0.6 i 0.8 1.0
fFern,p.Engi\ |
mo | o052 0.743 0909 | 105 1.174
700 |
72 0.071 0.141 0.215 |  0.283 0.354
w00 m 1.191 1.685 2,063 2,384 2,663
72 0. 190 0.380 0.570 0. 760 0.951
000 7 2.344 3.317 4.062 [ 4.688 5. 241
72 0430 | o081 | L2l | L72 2. 153
000 " 4.145 ’ 5. 862 f 7.18 8. 276 9. 285
0
72 0.6 | 1713 | 2560 3.714 4. 282
1100 ™ 6.727 9.535 ’ 11.656 | 13459 15. 040
7 1.538 3.07 | 4610 , 6. 151 7. 692
) 7 | 10. 222 14. 449 17.705 20. 455 22.822
1200
72 | 2. 550 5. 099 7. 649 ( 10. 198 12. 748
150 m [ 14. 696 [ 20. 806 25. 482 ‘ 29. 361 32. 830
0 2
2 | 3.95 | 7.916 11. 867 15. 811 19. 790

stet8st M6 H 65 19784 128



DAGSAZE 3 FE2 Aoz ). 2
#7144 0,55 @ AldLb-3AFY F3F
ol M2 Q&L ATAA AFL vhsh vhA
T}.
7.0
1 n-uu.l (169 miz,
(2) zO 1 (287 mir.)
0.8 L k1 0.1, Copx1+5 (313 min.)

(&) k, x10 (§2€ 2%n.)

o 0.2 [ 0.6 0.8 1.0
Thickness (s}
Fig. 10. Effects of Variables on Reaction Time
(900°C).
1.0
N\
NN
< 0.8 |
5 .
8 N
b N
E 0.6 |
- N D
] \
8 N )
[} AN (2
K .
0.4 | R
Y \\ G
N,
1)
4
0.2 <)
0 L 2 2 "
) 0.2 0.t 0.6 0.8 1.0

Thickness (s)

Fig. 11. Effects of Variables on O; Concentration
Profile in Ash Layer (900°C).

.3 B
o) darTE
oz 4wt
& 2ot

T $

o AR

ol 41 & QCLO-—”
9 2C0+0,
= g8 o_,._rm = :11}
3= 2704 reaction modulus n Z . B
A&7 T5 SAds 48 -’r‘- At
(2) AEHe] AAEHL o)ZAARN4 re-

Ry

(D) A% 984 dojrb g2 ol 7
S

action modulus %, o]
mol 10el&keldd 3%
modulus 7. ¢} & A

Ab o 2\ o =] e}

A E T2 A 5E SsA = HhEA

ns 7b 2H 5 ef of ek,

AME TR

A EHYLET k9 AFAH4, gmole/cm?

«atmesec

A COALAENSEE k8] AFAS gmole

/cm?-atmesec

Cs 0, ExX%, gmole/cm?
Cs CO &%x, gmole/cm?

Ca
Cr

p 714 Ae O; EF5% gmole/cm?®
p 71 AN A8 CO E5E gmole/cm®

Dy 0,8 RFEEAA S cm/sec

Dy CO¢ FasAAl 4= cm?/sec

Dan 0,-CO A2 ¥-=}2FAHA 4-(0°C) cm?/sec
AE, k& #FA3}le]x], cal/gmole=cm’atm

/gmole

4E;, k.9 A stelqx], cal/gmole

ky
k,

L

my

gmole?
ol ek 7, cm

a4 2ol (=52

My 'Fl'—jl'o iﬂ]( Cip)
Pap 71 A6 A8 O, %9, atm

HWAHAK KONGHAK Vol. 16, No. 6, Dece mber 1978



396

Pgp A Akl A 9] CO X9}, atm
s A A (=2/xm)
t 247k, sec

ALY
A uk-gA] 7, sec

AR 7R Y A, cm
ya 23 0, FE(=Ca/Capr)
T2k CO FE(=Cs/Cap)

N d
w0 FAR 0, FEe e (=20

3 FA4 CO 5Eg 2t (=-22)

T g 48 o (=Da/Ds), FA4

229 AT, FALY

o FoAElE el49 E UxE, gmole/cm®
kg

¢} reaction modulus, Fz}¥

A1 EH

1. W.Z. Nusselt, Ver. Deut. Ing. 68(1924),
124.

2. S.P. Burke and T.E.W. Schuman, Proc.
8rd Int. Conf. Bituminous Coal, 2(1931),
485.

3. J. Szekely, J.W. Evans and H. Y. Sohn,
“Gas-Solid Reactions,” Academic Press
(1976).

&ret 35t Al 162 H 63 19784 128

4. HY. Sohn, HWAHAK KONGHAK 14
(1976), 3, 65.

5. LY. Park, HWAHAK KONGHAK 15
(1977), 3.

6. M. Ishida and C.Y. Wen, AICKE ]. 14
(1968), 311.

7. HY. Sohn and J. Szekely, Chem. Engng.
Sci., 27(1972), 763.

8 J.Y. Park and O. Levenspiel, Chem. En-
gng. Sci., 80(1975), 12(7.

9 FMEHE, APTE, @i, 1977 £ EASE
BIRIRHME e Bl RERE, b 171

10. E.E. Petersen, “Chemical Reaction Ana-
lysis,” Prentice-Hall(1965).

11. M.W. Thring and R.H. Essenbigh, “Ch-
emistry of Coal Utilization® Suppl. Vol.,
H.W. Lowry Ed. Wiley(1963), 754.

12. O.A. Hougen and K.M. Watson, “Chemi-
cal Process Principles” Part 3, Wiley
(1953), 1069.

13. P.L. Walker Jr., F. Rusinko Jr., and L.G.
Austin, “Advances in Catalysis” Vol. XI
(1959), 133.

g AL
Zl—aa dbgel & A AAlAd 2739l &
& Utah w), ¥ & (H-E3H) & 259 A
Lol ]| T (A &3 e Zold] zhAbatet.



