1872 % & M

% 71 4 (1985) %165

[T U IR

W X

SRR g

HEHE

=R - BRI

HLEERICRIT %2 — 7 ABOKILBED

© 1985 1SIJ

T RRRARE™ - KBRS

Estimation of Coke Porosity Variation with Temperature during

Carbonization

Takatoshi MIURA, Jun FUKAL, Hisao MATSUBAYASHI and Shigemori OHTANI

Synopsis :

The porosity of a packed bed of coals, which is transformed into coke during carbonization process, is
estimated by taking the following phenomena into account : volume change by swelling and shrinking,
gas production and weight loss of the coal during carbonization reaction. -The porosity is determined

by the apparent density of the packed bed of coal and true density of coal.

Total amount and production

rate of each gas are then determined experimentally for four bituminous coals which are heated at 0.042
and 0.083 K/s from the room temperature to 1 300 K. The porosity is measured by following JIS method
for four bituminous coals which are heated at 0.05 K/s from the room temperature to arbitrary temper-

ature above solidification point.
with the experimental one.
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The variation of estimated coke porosity with temperature agrees well
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Fig. 1. The constraction of the simulation

model.
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Table 1. Typical analysis item of coal property.

Coal property

Parameter

Released gas volume ( V*)

Released gas weight (W¥*)
Coefficient of contraction (a)
Effective thermal conductivity (desr)
Effective thermal diffusivity (xss)
True dilatation (Dirue )

Content of volatile matter (V. M.)

Mean reflection of vitrinite (Ro)
Weight fraction of carbon (Cwt%)
Delatation (d)

— 39



1874 %, & M

% 71 4 (1985) #1162

A=z —HABRCHELhABEIRERL X v d, FRETRZ
¥ X ORI E R 7R R O i & 2 L - i
BRZR Dirue DFF 03 RICHEIE OBZIRR O F1MIZHE L T
BTERBEL TS, AR TR D Dy #ED A
h, (B)RERACTEHEIhBEESRO REMARE Y, H
O REGRE o 2B 554, 360 BEEE
Yo, ETIEIRT AL L, BBLALVWES, AT LE
W (P, =0°) dDE L. M
Yg, =0v°- (1+Dtrue/100) 'PoaPP/Pctrue """"" (5)

CZE p%pp, Ptrue FERFNTEID papp, Ptrue
AT AR D, ARG SR T F ToBEEL
BERTHLENDD. L, <vorkoRps [
WA YT b2 —x - ABRREERD LR B OB OB K
T HET 2 0RETH 5. KFRTIE, REAE
i B 23 ELIR B U Ao i RBMARE 2% 0° v Vs,
NAT , THICELT S & L.

IFERBEL S 2 ERBCRE 528, DDA
b = — 7 ADFIFEREL a(0) TEE, 0(0)12(6)
KTHEzZBRS.

2(8) =, (1+j;oa(ﬂ)dﬂ)3"-------~--~---------- (6)

W ®)YRAFD a — 7 2 DINFESRET 1L, WANDLESS?
DR ART A -2 —L LTELE a(d) OREREE
RV,

—Ji, EEE piye ODOHEEWL, FRANKLING® 2
KREVELEN!® 2IijI%E Lhﬂ-@ﬁ@ﬁﬁ&%ﬁﬂﬁg@gﬁ
B, SIUOEHLVNEELCEARROEEESY KES
BOR og(0) LOBRTEE L. 2 ERBS IO
BBy L b TEMO og HHBZLNTE R,
Ptrue KDDL MAREL /%, AW TIE + DOBIE
HRD 4 XA THEYU LT

Ptruc(6) =1.03x 10-3. 0k (8) —0.0189. v} (6)

+0.138-wi(6) —0.532-wu (0) +2.23 -.e-.. (7)

o (0) 11, (3)ADLDLLRERFADREEREYR ® 52
ER XY (8)XRTEHEINS. FrankLN, KREVELEN
BIOEHLORMEREL (7)KrbRD B AFE
L OFRRFRELFE UIRHR, WEMD 95.4% 11, &t
HiED +5% LR H Bz Ervbay, (7) Rixt+s
KREYFOLELZLRS.

o (0) = (wa— 1002;fk~Wk)/(1— ‘ZW;') e (8)

CCT op XRROKFEEESRY, k 12LERY 2D
SLRFHAERTE L OV AR, Fio fi &V A
DFREEENDIKROBBHREFNFRRELT V5.
LEROFABET S H oo THEE L2 RBRORE
DAL, FEFRGCEHBALESELMLTCHE S R

B, ZOFBOBLELAAARER L a—27 20
Rer & (Cpp)err 11, TTRMEL TS AP &
IO ker 19 (=2ers/(Cpp)err) DRBREA . R
BEE poppy BEFBE ptrue BLIOKILEP L, RBA
BESMEENTETHBRCOE LR EERS L
SRL, TOBESEHEEFREC ST 5 HEMHEE L
fe.

3. RBRREEIUVUAE

AHRE T VTR RBEE porpy BIOCEBE Otrue
DIRERFHELB LD KZBECRT 2858 A 2D
REBXMDNENDSH. CampBELL 538 R % 3K
ELTEBDBEAADRERE T £ —2 —HRELT
WBED, MERYEERETLIEBEO 2 — 7 2HiFL
# % % & CampeLL LOER V2 ICEIE BB L&
zZbhb. T TAMRTIIETHEREYARE LA
IRB R A DEREE S L U SERBEOFIELITL,
BSRICROE 7 AERBECE T2 (3)RFD 5 2
— 4 — (4, EBRXUF)®RE L. EHREIRHERS
BOZUBEPHRET57-D 2~ 7 AREEL, popps
Ptrue B LOPDREARITOI.

3-1 ARBABHARADEREESIUTERGRD
RERZE

Fig. 2 iw HYO ¢ Tar #< 6 o » =2 (H,, CO,
CO,, CH,, C,H; & o CHy) DBIEIC 7 EED
g 2R3, BRFOMNK 100mm OF X ¥ THRAK
@%FH L1z (850kg/m?) SUS #Hkizd (AR 14

@ Thermocouple
® Sample holder

@ Stainless pipe
@ Electric furnace
® Specimen ® Gas sampling bag
@ Trap Ice cooler
Fig. 2. Schematic diagram of experimental
apparatus (H,, CO, CO,, CH,, C,Hgs and
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BHARCRTSE 2 -7 ABOKILKXEoORE 1875

¢ x& 200mm) #4AZ/EL, tv—4+—LLTN,
ML 7en b (8 90 ml/min), FIEDRE ¥ T 0.042
K/s (2.5K/min) %5 1 ¢f 0.083K/s (5K/min) R
BETHELL. ZOEETH A%H 50K Lot
BL, RBECBT A&7 ADERBLY A7 n il Lo
THEL 72, AR TIRRFBED 3 U Lo RIEKFEDF
Eixdiootcdd, A2 v XBPIEIZTOTUV o,
F7: KA B, FrrzeeraLp 5183 L 8 JUNTGEN 5170
HFre il REENSU Loy 20REEROEH
BRI ERD 1y BEC L)L, REE,» 3L
EORIEKFELZES L CLHIEBERVEELBRS. s,
FREE B X OB A —TE 2 B &b T Sh 5 T
AV THEINSAADOREE 40 (=6% B/4x,
b=FK¥R, B=RE#EE) ¥, RGBT 5K (B
=0.042K/s) ~10K (B=0.083K/s) Chbh, Fnh«
DI E O THREZRIBA T 5.

3-2 H,0 & Tar O4ERBEEEIUSERERD

AERE

H,O & Tar o4pEEs X F £4REROHIE R
Fig. 3 wr3#BLMA 2. hu Fig. 2 wRLE
LECRESFAR JOH At HO & Tar »ig
ML TR TERVDTHS. BRAR TR
(850kg/m?) L7-3HAKAEHE (MR 206 < HFX 80 mm)
THRIPFOMCEEL, 0.06K/s (3K/min) 7p2% FiR
HETHEDOREF T L RARFHEEXS 13
K). BALcr 2227 v L ABLEHED (HR 6¢)
ZHEL, b7 IHMARNT HO &L Tar oLk
B I, R LBREIOERYRIELIH, ~Nv
YV THRL THOBERIBC 5 5 KB D Z Az 4 A=,
FTROHBLZOEREY KOAEREREE L. ¥ HKC

QOLO000Y

® Thermocouple
@ Stainless steel shell

® Aluminium container
@ Ice cooler

@ Specimen

@ Stainless pipe

® Electric furnace
Insulator

Fig. 3. Schematic diagram of experimental
apparatus (H,O and Tar).
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Fig. 4. Variations of the gas releasing rate
with temperature (H,, CO and CH,).
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Fig. 6. Variations of the gas releasing rate
with temperature (H,O and Tar).
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Table 2. Estimated values of parameters

(F, A and E).
Fi; Agg E;;
gas -1 [1/min] [kcal/mol]
H, 1. 000 4.29x10° 12.6
CO 0. 500 1.30x 102 16.3
0. 500 3.30x 102 24,8
CO, 0. 315 6.39x10° 23.9
0. 685 3.10x 102 16.6
CH, 0. 265 1.02x 107 30.0
0.271 3,27x105 27.7
0. 464 6.87x 101! 14, 8
C, 1. 000 3.07x 107 3.3
C.H 1. 000 1.52x 102 14, 2
H,0 1. 000 1.00x 102 12. 4
Ta 1. 000 7.00x 1010 38.3
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Fig. 7. Variations of the released gas volume
with volatile matter (H,, CO and CH,).
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Fig. 8. Variations of the released gas volume
with volatile matter (CO,, C,Hg and C,H,).
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Fig. 9. Variations of the released gas weight
with volatile matter (H,O and Tar).

Table 3. Regression analysis between volatile
matter and total volume or weigth of releasing

gas.
gas a b

i) .
H, —1.37x1073 2.57x107!
CcO 1.06x 1073 —5.78x 103
CO, 3.90x10~* —5.91x1073
CH, 7.11x10~* 6.00 %102
CyHg 1.68x 10~* 1.83x 1072
Q)QH, 7.05x10°% —1.69x 1074
1

H,0 1.60x1073 8.02x1073
Tar 4,01 x10-3 —1.11x10"2

i) V¥=a-(V.M.) + [

3NTP/kg-coal]
it) W=a-(V.M.) +

b [kg/kg-coal]
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Fig. 10. Variations of the apparent density of

coke with temperature.

Table 4. Analysis of coals.

Ultimate Proximate Dilatometer
analysis analysis analysis
R, C H O F.C. V.M. O fa 0 d Dirue Vs [0
[%] {wt%, d.a.f.] {wt%, dry base] [K] K] [K] [%] [%] -1
Peak Down 1.28 90.9 4.4 1.9 70. 6 20.7 664 702 754 82 149—-184 1.51—1.72
Coal Cliff 1.17 89.7 4.5 3.9 70. 6 20.4 655 710 748 36 97—125 1.13—-1.29
Moura 0. 89 86. 4 4.9 6.6 63. 6 28.7 662 706 736 5 53— 74 0.87—0.99
Daiyon 0.70 83.7 5.8 7.8 53.0 38.5 627 694 716 —2 4060 0.81—0.93
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Fig. 1l. Variations of the true density of coke
with temperature.
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