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Microtexture Change of Semi-Cokes and Its Mechanical Strength
Development During the Carbonization

Kinya Saranisui, Sumihito Isuwa, Isao Mocuma, Tsunao Kamio, Junpei Kicucm and Michio Honma

Synopsis :

Microtexture changes of semi-cokes produced from coking and slightly-coking coals were compared during the

carbonization process in the temperature range of 600-1000°C, in order to correlate them with the mechanical strength
development mechanism of cokes. The coke produced from Goonyella coking coal at a low temperature of 600°C
exhibited a highly-oriented microtexture observed under the high resolution SEM, while the coke produced from
Witbank slightly-coking coal at a higher temperature of 1000°C showed many plate-like edges on the surface. It is
suggested that the microtexture of the cokes should reflect the fusibility and the caking properties of the original coals.
The blending of the two coals was very influential on the carbonization behavior, the coking coal modifying the slightly
_coking coal to produce the coke of high mechanical strength. The influences of cold moulding, coal blend ratios and
heating rate during the carbonization on the properties of the cokes were also investigated in terms of the apparent
density, the porosity, the tensile strength, and the microtexture of the cokes. The combination of the higher heating
rate of 10°C/min with the cold moulding was very effective to produce the cokes of the high tensile strength with
relatively low density from the coal blends rich in the slightly-coking coal. The tensile strength of the cokes is
essentially related to the anisotropic region development and the microtexture orientation extents of the cokes after the
resolidification around 600°C, being influenced by the formation of cracks through the calcination around 800°C with
the shrinkage and the thermal expansion. The endothermic reactions such as dehydrogenative condensation and the
enlargement of aromatic carbon planar stacking proceeded during the calcination around 900°C observed by the high
temperature DSC, although such evidence was not definitely observed by Raman spectroscopy. X-ray diffraction
showed the evidence for the enlargement of aromatic planar stacking of the coke produced from the coking coal at 1000

°C.
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1. #&

BECORE->THAROBSTEI L 2EFREL L
TSREHF L 32— 28EIR, BHOEEARNR, HIR
BEEME, 55— 250N LMBEFOEAER
EoT, JY—BoOEEERMLELFR T 2 L AEEDE
BRisarica T v A, B, GEEDOHBKIK 3 ASERED
HAARBIZLE ST, 2— 2 20 REKELEE 2L RAD
RELYRDLNTV 5, 20T, AROIETELE
BBl KRR & A ¥ — 2 2ABET v € 2 DR
PEEAN T 519,

FIRD500°CRIZRTOBLBETHERT 5L Ia—2 RN,
600~1000°CLL ETa—2 2(b L THEE 2 RRT 5 2 LH°
HONTw 5, RO NS amE, I27niffE, [ILE,
B, 5 -5 b 58E, CO, 0 ALK ST — 2 6

FHMfis g a—2 AEE %, WFEL DM IS 5 ik
DFESIHEKD LT b, 2T, XEE, =22
2 v ATIC & 2 E B & OIEFHE, JeiEBAREE
& 5 gk, SEM, TEMBIEE D & 5 A EE HALD
M, BMANMR, ESR, B«E&0WEPEEL T LI 22—
2 2 DALFREE AL L SR IR 2 BLEA U 2 FFRYED 6
NT S5, a— 2 20227 0D —>2>TH 58E ¥,
Iz a ek, (LEREERAT R o THB L eplidd g
[T

AR T, 600°C2 CTOBLEBTHERT LI a—2R
DRLFHN, BFREIOFEM - BiEkii, 2ofiirIia—2
2 ORI BB 35 1 5 e EkiEE, R RGO &L
P ETHISE, S REESEMBIEE IC L - TEML, 2—
o ABERBRF LIS I EPHBME L2, SIRDSC,
XEREHT, 7= 227 b vaiEEE 4T, 600~1000°CT

TR 7T A11H 9 BRAS

Pk 84E1 H18HZ M (Received on Nov. 9, 1995 ; Accepted on Jan. 18, 1996)

*  JUNKHBE B RIS (Institute of Advanced Material Study, Kyushu University, 6-1 Kasugakoen Kasuga Fukuoka 816)
* 2 (k) #h = BURFTSEERIR TFZE + o~ % — (Iron & Steel Research Center, Kobe Steel, Ltd.)

% 31 Bk (k) 7k B8k (Mizushima Works, Kawasaki Steel, Corp.)

75

419 =



Bl 420 £k $BVol. 82(1996)No. 5

D I 2—27 ADMEREEZELL 6 I 2 — 2 2 DG
FEAL B LT, 272, 32— 27 AFHEFFORIEEE,
RERE IR /KRS IR EL A LD 2 — 27 A58 C RIF T EE T~
b1, ARELFRE, R/ AR, SFHE/ R TR
FHY STEEROEMSETEETA I LILLY, £Ia—
7 ZADBFERMEYHELI2, 3 612, RILK(FERES
S UHBIF) D@ it L AR — 27 AMROZER L HEL
12,

2. RESKIUHEE

AR & LT, Goonyellafk (LI'FGR), Witbankhk (L)
TWiR) ZHCIE, 26 DR #ZTablel (2 12, 2
Djr%, 60meshLl T L, 2R FNDHKKKRTE
FEECA R (30/70, 50/50, 70/30mass%1t) Z 34 L, RALK
G L fe, RALRIGIE, 774 R 2B TR RRE L1
A%, BEIRT, 15 5 0I1310°C/min® H- £ E T600
CETm#h L, 1EeRIERE:L TIT- 12, 600°CHALIL, 3
GAZ 7 v R FT10°C/minD AR @ EET1000°C £ Thn
oL, 1BRRIERFR L TIRBEL 72, 600°CiRAIbI 3 £ 1F1000°C
Ktz —2 2L, ZnFNBIIEED - %, RCIHBEE
B o N HE, WmENERIT- 12,

JI gk BRI (B AR 250kg, 400mm : 15 X 1400mm : B
78 X960mm : & 3) 3T, FiEEE 3 °C/min, K
IR FEHI1000°C (950°CRER K E H) T, KFERLAR D G 3L
-2 ZAFFEL, BECIO NI LEE, 275
2 WE L 72, G100%, G/W 50/50, 7 6 Fi=G/W 30/70
FCARD LB L /o2 — 27 A #60meshll FiokfE L, X2
SR, SRS E T BEISR(HITACHL, S-900, & F kst
) #1282, SIEDSC(SEIKOE 1) il E, XAREIH (V 728,
FEAENMRZHT 05V 7 8 400MHz), 3L fv—F—3>
= VAT (HARSETEE, NR-10008) #47- 12,

3. BRBKIUEE

3:1 £3I3—7ADERIRLEIC & D HMEBEL
Gitis X 'WIR D600~1000°CiZ 35 1) A ARIRARBET2ER L
1za—7 2DESHRESEMEB B %, Fig. 1w X 2 I0mRL
12 (3 HHEDRI-—ERTEIR) . G- BEHEOK S CGIRH
Ka2—27 AT, 600°CTARBLTDERM, Bk L
DAERE L b C, —RICH B EE R L 7GR

Table 1. Some properties of the coals used in the
present study?.

Ultimate analyses(mass%) Elemental analyses(mass%,daf) Ro MF TD CSN

Ash VM FC C H N S Odiff
Goonyella 9.8 234 668 88.1 51 19 06 4.4 1.11 2.99 120 7.5
Witbank 80 329 59.1 827 45 2.2 0.6 100 0.74 095__0 20

1) VM: volatile matter, FC: fixed carbon, Ro: average reflectance,
MF: maximum fluidity, TD: total dilatation, CSN: crucible swelling number
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Fig. 1. SEM photographs of the cokes produced
from G coal at 600, 800 and 1000°C.
(a) 600°C (b) 800°C (c) 1000°C
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Fig. 2. SEM photographs of the cokes produced
from W coal at 600, 800 and 1000°C.
(a) 600°C (b) 800°C (c) 1000°C
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Fig. 3. Raman spectra of cokes produced from G
coal at 600, 800 and 1000°C.
(a) 600°C (b) 800°C (c) 1000°C

Relative Intensity

(a)

(b)

(c)

1800 1600

‘Wavenumber

7400

(cm-1)

1200 1000

Fig. 4. Raman spectra of cokes produced from W
.coal at 600, 800 and 1000°C.
(a) 600°C (b) 800°C (c) 1000°C

5w Z7AERD B IR & 2 REREEEL, HEEB
KEF ST BB HREBOIARS LiEES NS, G/
W 70/30EA R T %, GHBRR TR 6 iz oD ¥ — 212l
2T, 820°CHEE et v — 2 R LT 5, 210, &
EBAAOY—275890°CRRE-Z7MLTWVE, 2Lk, 820
COEE — 27 BRWRICHRT3HOY—2 L LTHIHEL,
BEZEOC—ZIMEOBMBRNFOY—2 L LTHAISNT
W LEHEEINS,

77

T 22— 2 2RDFRALBIRC I 5 BEIERRE L

6250 v -10

5000 -20

-30
780.8

2500 -40

W
1250 L . A 50
700 1000

DDSC mW / min

Temp. T (Heating)

Fig. 5. High temperature DSC curves of cokes
produced from G 100 (a) and G/W 70/30 (b).
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Fig. 6. Effect of GYL/WIT ratio on the DI and TI
of the coke.
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Fig. 7. Optical micrographs of the cokes produced at Kawatetsu test furnace (1000°C, ca.3°C/min).
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Fig. 8. SEM micrographs of the cokes produced at
Kawatetsu test furnace (1000°C, ca.3°C/min ;
30,000 magnification).
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Fig. 9. SEM micrographs of the cokes produced at
Kawatetsu test furnace (1000°C, ca.3°C/min ;
100,000 magnification).
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Fig. 10. SEM micrographs of the cokes produced at
Kawatetsu test furnace (1000°C, ca.3°C/
min ; 400,000 magnification).
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Table 2. Some properties of cokes produced from
G/W blend coals by the cold-moulding and

carbonizationV.

Coal ratio CY HR da TS
G/W___ (mass%) (C/min) (g/cm cm
100/0 82 1.0 0.978 59
70/ 30 80 1.0 1.351 119
50/50 78 1.0 1.277 90
30/70 77 1.0 1.265 59
0/100 76 1.0 1.197 11
70/ 30 81 10 0.592 24
50/ 50 80 10 0.773 36
30/70 78 10 1.117 49
0/100 78 10 1.057 101

1) Carbonization : 600C, 1h, Nz flow
Caleination : 1000C, 10 C/min, 1h, Ar flow
CY : Coke Yield
HR: Heating Rate
da : Apparent Density
TS : Tensile Strength
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Fig. 11. Relationship between tensile strength (TS)
and porosity.
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Fig. 12. Optical micrographs of the cokes produced by cold-moulding and carbonization at 600°C (10°C/min).
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