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Visualization and Modeling of Coke Pore Formation Mechanism

Kinya SAKANISHI, Koji HANAOKA, Kiyoshi FUKATA and Sadayoshi A1ZAWA

Synopsis : Formation mechanism of coke pores is investigated based on the visualization and digital treatment of laser microscopic observation in order

to estimate porosity of cokes prepared from coking and non-coking coals including their blended coals under various conditions, The esti-

mated porosity of the cokes by multi-layered image analysis was well correlated with the coke properties including mechanical strengths pre-

viously evaluated, successfully revealing the influences of the different heating rate during carbonization and the different blending ratios on

their changes, although the estimated values of the porosity by the multi-layered image analysis method were a little bit lower compared to

their real values measured by JIS method. Modeling of coke pore formation in the relation to the mechanical strength is discussed based on

the above results.

Key words : laser microscope; pore formation mechanism; coke porosity.

1. #8

-2 Zid, BROWAL - ERENERE % & 7= HELRO 1
IT—Z AN N1000°CHIBRTHRBEE NS I LIZk-T, #
HWMEARRTLIZEVPHMEN TS, ThET, F7LH
B, IvamE, [flE, E5, 5-R0DEE, Co,H A
{LRIGHZOWMT — 2 05 2 — & 2 DRRE R 5B 2S3F
ENTELO, LALEDNS, HKRD400°CHIFEAND
BuUZ ko THMT LiERE, REwms) - Bz & CHE

ftL, ¥3a—2720R1Mt, FERIC»ETSEILn5,

HROBALER &5 i< BEERICkT 22— 24
W, SILERA A =X L5HL»ICTH5I L3, kbl
a— 0 ZAREHO~ o atEOREEE 4 R 5 LTIk
HBIZEETH S, ZO&I HHNDOERKIZIE, 600°CEE
FTCOBUBETERT 2 IT— 2 20K TN, RTREO
VAR - BRI, 7 5 N2 600~1000°CTHE I T —2 X
DALFREEZE L 5 VNS T — & 2 DIHIRREZEAL % 80§
ZOBENRH B,

IhETIZ, FEELIZE I -7 2RO FIEHE
kG RS R A D T — 7 2REBIZ RIFTHEL T
B 578, ARkFRmE, B JeEm, St/ 25
PRI A S FRREE TS F X DB L, &3
O -2 A0BHEROMME L KILE, RERB L OMHEER
RAERANER, 2—-2 2088513, BELZORIL,
IRBERISIZ P S iEIZ &k 2 BB Tk <, BILERE
HBOWE - RyTREE 2R U CHBELAT%IZER T 5 5L

DERPARESFIZL-oTERZLHEELERITITVEI L
PR E NI, o

72, ERBROKMEE 2 -2 204 E L K UWE
ICHET B RGOS B, FREE R AR OFTHEEZ L

—EHHTHIETE 3 DD, RIFZEERT S HROMEE,
YRR, K, REEE, 52503ERE (Ro#EE) ,

BiK, TEEZORAES, -2 2PWEICKRE L

THZERMONTWBEYY, LIROBACEE, wWE), ¥
va, HELERS %4 RIEKBIZ VT, MBI -
BRIz X D RRKTOMEARES R, H2 - HRFIOR
A pnaAsEHEL LT, X6I1RIL - Bikickpa—
2 ABNERT B, ERT—2 23, BRRROMIR (GK
LR, HRESR, BMMS), LB, TEEELZTTEL,
BUBRE (TERULE, FREE, FHK - EhE) opEt
KEL RIS, H-T, BELE#ZO I 2 -2 ZADRIL
RIGIZBT BRI I 7 aflfBOBE A =X b ERAE
B, BENEROMM A MIEICIEET 2282, -2 20D
WEESO~ 7 PO RBRE L BT 5 L TIFEICE
BHTh5,

KR TS, BROGEBEREN, RILER, RORS
Wy, BAE - RIERRE AR - HELARIC BT 53— 2
OHBEEHRT 2 I 7 ol KILDERE A # =X L%
B, BEMEEN LB ERBE L2y THES
Iy v OBINELICE SV Lvwa -2 21{LE
FLERRTZZEEZEBLT, ROKS ENfEEIT-
77

FRR 17478126 FER1749 A 6 HZH (Received on July 1, 2005; Accepted on Sep. 6, 2005)
x () PEERIFRAMZEAT (National Institute of Advanced Industrial Science and Technology (AIST), 2-2-2 Suehiro Kure Hiroshima 737-0197)

%2 JFE 2 F—)L (#) (JFE Steel Co.)
*3 (FREBITE (k) (Sumitomo Metals Co.)

87

191 I



. 192

$% & 8R  Tetsu-to-Hagané Vol. 92 (2006) No. 3

) AROBEELATH%RO -2 21012
BUEER A = X 2 DfREH

2) HE{ERD T - ﬁXﬁHW&&U@E%ﬁ%rﬂ@
"E

B sKAEK, &

2. EBROFE

2.1 O—7 ZAHHAR

ARBRBE LT, BMBROZ=25R% (GR), RV
JE - IBRRD Y 4w ISV IR (WR), TV aviR
(ERR) W, ZhoDSHT— 2% Table 112 L 8
726

HRR R OIE - MEBSBR Y v FEAKR (G/W=3/7,
G/E=3/7; EREI) &, "Ly MRICEA (BHEHEE B
1.2, FRRPRIAE 1 60 X v ¥ 2 DI #9250 um L F) L 7=%%,
Fhoa M E 2 4 BV T, 3°C/min & BV i 80°C/min D
REE T600°C £ TMELL 72, Z DELE R %2 BE%ED
ML, 80°CCTHEZEWRE L%, v v Z7LFEHNWT, 7
TG T, 10°C/min D FHEHEE THMALL , 1000°C T 1
Hﬁ%ﬁbfa—axﬁﬂé%ﬁbto
GREVERM»S, ABIF (EREBLE) #HNT,
REREA 2y bo—- L LEEME I -2 207 2V F
(R AR 2RRL 7,

2.2 BEHO-720L—-Y-EHBRE L RALEOHE
b U 7= &S afE 4 Dm#asdE CHEE L 720 — 2 2506
%, BT — L =¥ KD XRITE KU KICHIS
BURZ1T0, 1001500 O HEI RGO — RICHEIE % 1 &
HIEaDRL 55 T3mll ElRE L, &£ XITE{ED |l
{LEHERITIZ K > TR oM B RAEAFHT I EI2 k-
T, 82— ZRABOKILEAHBEL 72, 2O, Al
BT, B0 (ARRT) EB0ES (22R7) %5
LT, Bufpodld+KilE#E Lz, £72, ZXJCL —
W — BRI E R RAT DBR, R F D53 RERE % 1 um BAL
TIRUER#EL, &4 0B MG, 6 EliL 7z &
IICHILEAHRREL, Tho 2 FEBHTaZLi2&k-T, K
FLEREEHR L /2,

3. BREZE

3.1 BEI-VZAHHOL -V —AMREHRE

FEADEMGTHBL 72— 2 2BDOF 5L — ¥ —FiAM
BWEHE% Fig. 1~5128 LT %, 600°C  TO FIEHEE P
PHEREAIZE ST, TR TEOER - BEEN A XL
B o TOBRTHHRICHS, —flE LT, Fig 112iF,
GHIRR 2 & B ABRRNTHH L za -2 2D L —% —
SEMBEEE AR LT 5, L —F—SEMETETIZ, %
SAMEEO K512, B2 BIEEY - B L THEVBD T,
HIRRT- O 3RITH R ERL - EORT L L 312, KL

Table 1. Some properties of coals used in the present

study.
C_H N S O(iff) H/IC Ash VM FC MFT MF
[mass%, daf base] () [mass%,db] [C] Loglddpm

Goonyella(G) 88.0 5.0 1.9 0.5 4.7 0.68 85 24.4 67.1 457 3.0

Witbank(W) 82.5 5.0 2.0 0.7 9.8 0.72 7.5 32.7 59.8 431 0.85

Enshu(E)

76.8 48 1.5 0.3 16.6 0.75 8.2 359 559 431 1.6

Fig. 1. Laser-micrograph of cokes derived from G coal.

laser-micrograph

Fig. 2. Three-dimensional
cokes prepared from G coal by slow-heating car-
bonization.
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Fig. 4. Two- and three-dimensional laser-photographs of cokes prepared by rapid-heating rate carbonization of blended coal

(G/W=3:7; 80°C/min to 600°C).
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Fig. 5. Two- and three-dimensional laser-photographs of cokes prepared by slow-heating rate carbonization of blended coal

(G/W=3:7; 3°C/min to 600°C).

Table 2. Estimated porosity of cokes from their multi-lay-
ered laser-photographs (500 magnification).

Coal ratio ((;(::sf/ie)ld H:’;;i;'i::;e Estil(n_a)ted area ::;:i;:;;e?_)

G 100 84 3 0.65 0.36

G 100 81 80 0.51 0.48
G30:W70 79 3 0.70 0.32
G30:W70 80 80 0.66 0.36

E 100 82 3 0.68 0.40

E 100 g 80 0.59 0.38
G30:E70 83 3 0.69 035
G30:E70 82 80 0.66 0.37

1) Calcination: 1000 °C, 10 °C/min, 1 h, Ar flow
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Table 3. Estimated porosity of cokes from their multi-lay-
ered laser-photographs (100 magnification).

Coalratic  Cokeyield Heatingrate poimageq area Estimated
(mass%) (°C / min) (-) porosity (-)

G 100 84 3 0.62 0.38

G 100 81 80 0.49 0.51
G30:W70 79 3 0.65 0.35
G30:W70 80 80 0.60 0.40

E 100 82 3 0.59 0.41

E 100 79 80 0.58 0.42
G30:E70 83 3 0.61 0.39
G30:E70 82 80 0.57 0.43

1) Calcination: 1000 °C, 10 °C/min, 1 h, Ar flow
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Fig. 6. Comparison of estimated porosity of cokes by
multi-layered laser-photographs of different magni-

fications.
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Fig. 7. Influences of coal blending on the change in the es-
timated porosity of cokes prepared by slow-heating
rate carbonization.
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Fig. 8. Influences of coal blending on the change in the es-

timated porosity of cokes prepared by rapid-heat-
ing rate carbonization.
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Fig. 9. Sampling sites of cokes prepared from G and E
coal by quick quenching method using a test oven.

Fig. 10. Laser-photographs of coke prepared from car-
bonization of G coal followed by quick quench
method.
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Fig. 11. Laser-photographs of coke prepared from car-
bonization of E coal followed by quick quench

method.
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Fig. 12. Influences of heating temperatures on the porosity
of cokes prepared by carbonization and quick
quench method from G coal and E coal.
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In(TS) =In(TS)o -K * P
TS:Tensile Strength, P:Porosity,
K:coefficient
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Fig. 13. Relationship between the tensile strength and the

porosity of cokes prepared from blended G and W
coal at different heating rates.

12k B RILEOHMZEIL, KR & IERRSRS IR TS 2
BERPR LN,

7, V- F MBI ST — 2 2ARILEOHETIE,
BERWE O RS R S h T, 3 -7 ZilBox
RAEES S Z k<, 20O % THERY L B{EMEHH
fTABRT, BELTETHD LA D,

3.4 AxREEk- - RERELHERILEFICE DSV A
MEDHEE

BIARIZK T 50— AHEE & SELEOBRIZDOWTLEL
AR U 7-fl(Fig.13) Tk, WafbR/ FERGRE KB A Hb A8 0~
100, 600°C % CTOMELREFE T O HIBHEE 5 1~10°C/min D
ZMET, FERRSREMR T, 1°C/min DKRARDIGA %
BT, Blo8R 0 5 & KILROBIRIZ BT & UGB 6% A
HBHZEERLTOD, HANIZIE, 650K (IKeK%E
) oAl - RFEHOREBRE(T)H TILENKE S &
DI >TE F LU COL @A ERT A, ZOEAVIAKR
DFEEA R RAILIED FEEEIZ L > TRESELE ST
WBRZENEHENBED, 2%, FEKY v FEAT
HoTEREBEE RN MBI N BMHEEARE S LT
3,

ZD &S wlHEMAZER L - hiRBELA I - FUREE &R
SALRICE S HREOHEREL LT, XD &S HIE
1285 C, T — 2 ZOMR 5 HERRE O L % A 72,
1) FEEEME ; GAR @ 100%, 3°C/min, KJLHE 038D 3T —

I ABEE100LT 5,
2) JERNREIRELA © 20% %MD, KFLE D R0.01 B, M

I10% KT
3) FEEE 10T, KALE K003 K, M

$910% 3800, 7272 LRGSR 100 DIHAIE, 10% (KT



Table 4. Examples of relative intensity of cokes estimated
based on the relationship between the porosity
and the tensile strength.

Coal ratio Coke yield Heating rate pgrimated Estin'lated
%) (°C / min) orosity( - ) relative
(mass% p strength
G 100 84 3 0.38 100(base)
G 100 81 80 0.51 ~70
G30:W70 79 3 0.35 ~ 60
G30:W70 80 80 0.40 ~90
E 100 82 3 0.41 ~50
E 100 79 80 0.42 ~80
G30:E70
83 3 0.39 ~ 60
G30:E70 82 80 0.43 ~90
1) Calcination: 1000 °C, 10 °C/min, 1 h, Ar flow
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