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Thermal Deterioration of Metallurgical Coke
Yasuo OKUYAMA, Tetsuo SHIODE, Sennosuke SATO and Akira KURUMADA
Synopsis :

2000°C hot drum tester was developed successfully for the evaluation of the thermal deterioration of
metallurgical coke. It was observed that the thermal deterioration were occurred by the increase in poros-
ity due to the weight losses as well as to the development of micro cracks. It is considered that above
1 800°C the graphitization of coke and the change in volume of mineral matters in coke such as Si and Ca
compounds make many micro cracks in coke structure with few weight losses and that micro crack develop-
ment changes closed pores to open ones about 10%.

Both the thermal shock resistance and fracture toughness of coke were measured by the Joule heating
method. It was found that these properties could be estimated roughly from the coke properties at room
temperature and that coke with high strength in 2 000°C hot drum tester gave high thermal shock resist-
ance.

Key words : coke ; strength ; thermal deterioration ; micro crack.
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Fig. 1. Hot drum tester.
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Fig. 2. Measuring methods for disk tests.
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Table 1. Properties of samples.

Coal properties Coke properties
Ash VM Ro MF 30 150 Porosity

® % (@dpm)| DI DS e

C1| 86 2.1 1.12 300 | 93.1 8.0 48.0

« C2! 7.9 27.1 1.08 358 | 92.9 78.9 47.2
$ C3| 9.0 251 1.17 110 | 92.3° 8.8 45.1
~ C4| 85 333 0.8 87 | 88.2 71.0 51.0
€ C5{ 9.0 25.1 1.16 283 | 95.5 83.0 49.2
2 C6| 86 285 1.04 235 93.2 8l.3 46.0
£ C7| 9.0 283 — 320 | 94.3 — 47.9
= C8| 87 27.6 1.08 292 | 94.6 — 4.3
S C9| 88 27.0 1.15 — — 84.0 51.2
Cio| 8.8 28.3 1.10 270 — 83.6  47.7

o F1| 96 184 177 — 94.0 82.2 32.0
% F2| 103 2.7 — — — 86.3 28.4
& F3| 93 21.0 — — 95.7 85.5  39.7
g F4f 95 194 1.71 — 93.3  80.6  30.3
E F5| 99 194 172 — 93.0 79.5  30.3
S F6) 103 194 173 — 92.9 78.2 32.8
F7| 9.2 194 1.62 — 85.4  65.1  32.9

FR L7 > 7 VMR % Table 1 1SR L7z, EfFa—
A 10 M, M- 2 2 THE BV EFa-272
ClBXUFC4~10 1%, EEEIFA v oY Ty
LEbDTHA. C6,7 i3 RBRARIEDRE K, S
R L-a—2 A ThA. C4id, KRARIE - KiKE)
EORAGRIPOLEEBEINEKHBEI -7 XATHS. C2,
3REBRFEa— 27 2T, C3 RFHEEE 110 ddpm DK
BIEERARD S& O NIRRT LR WICERICL
DONTWiEY, WhIFEEREAREa— 27 20n—2 L
Breahkd., fBla—27 2, WTFhLRET77 2 T
BESN7-bDT, DIE T 65.1~86.3 LMRIELL ¥ >
TVEHELL.
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Fig. 3. Temperature dependence of SHY° (T)
(Conventional coke).
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Fig. 4. Temperature dependence of SH{Y (T)
(Formed coke).
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Fig. 5. Relation between porosity and SHis° (T).
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Fig. 6. Change of the porosity of coke with its
weight loss during heat treatment.
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Fig. 7. Change of pore size distribution.
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Fig. 9. Effects of ash components on the thermal
deterioration of coke.
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Fig. 10. Relation between thermal shock
resistance and other coke properties.
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Fig. 11. Relation between porosity and other
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Table 2. Physical properties of coke.

Thermal shock Thermal shock Kic K Thermal Young’s Apparent
re(s\};;ant A fracture V e (MPa-m!/?) (MPa{ngnl/z) diffs;vity modulus densit3y
mm) toughness (W/mm /%) (mm*/s) (GPa) (g/cm®)
K Cc1 2.65 1.50 0.24 0.39 27.5 2.42 0.925
K= C2 3.00 4.75 0.15 0.38 22.5 2.37 0.856
H Cc3 3.15 1.95 0.30 0.41 24.5 3.06 0.872
gg C4 1.28 3.50 0.13 0.19 38.0 2.22 0.817
8¢ C5 0.74 3.30 0.24 0.40 8.84 2.18 0.940
T F1 1.95 4.72 0.31 0.41 31.5 4.99 1.190
£y F2 5.85 5.65 0.14 0.22 34.5 6.11 1.290
=S F3 1.72 3.68 0.34 0.51 12.7 2.55 1.030
T 1 1 1T 1T 1 1 .
o col tional e conventional
nventiona
€ 6 | © Formed - ,_[: o formed .
£ E 1o pd
; 5 | — E p— /, -
. ,
R o . g 8r < T
q 3 F 1.+ 7] : 6T /’102 7
. d o> e o2 d
o 2 | e - g 4 F . 3.4/// .
' 8 . 4 5 2 ot /50/ 3 '
T F L 5/ ' - © e o 7
oLl 1 70 o 11 {0 A N SO SN NS N N NS E—
01 2 3 4 5 6 7 8 9 0 2 4 6 8 1012 14 16 18

Cal.A (W/mm)

Fig. 12. Estimation of thermal shock resistance.
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h5. Fig. 10 DEH A tFEMv ORI, FITED
HEBBRSHEET 5725, Cl & C3 723 migicc i
A biFRT WA, Fig 13 0BWw<d, Cl & C3
BEMEV XD FEBV IETEREZRL TS, Fig
12 & 130EE A L viER, (3), (4)R~FETH
WMBRI DT — 27 D WTRD oy, K, EFEERA
LTELRZ{DTHD, BinEoOWHEETIER V. £
7o, WL BERABEBHEL CwiRvnoTroYy v
MiconwTh—FEIWEL, 1.21 kJ/kg-°C3? & 6X
1078C™ 120 o HkfER T EHVWCEIE L 2. &
FE(ZERE D A DY 2 — VINECEAE B O RERET Y >~

Cal.V (W /mm3 )

Fig. 13. Estimation of thermal shock fracfure.
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i B 7 AP & B L BRI o, Bd %
WEA 70y b+ E Fig 4 2ELNRA. SRFT A
SREEATE VT — 7 R iE, BEBEELENR T A, T,
Bl U7 & 9 I ImDMESErRvwa—2 21 SH D
ABIXUVLEVEERL TV 200 RROBETS

%5, 72, Fig. 141212 Cl & C3 DF— ¥ HR%EL

TWLOLHEHO—DOTH 5.

BFRTO I =27 A0OFZ) 5 BEBEEOHRIZKL,
Fionenko 579 O R, g,/ E=0.444(56) # H W72, 50
i, I— 7 ABWKREERPOT L OREETHS. 5=
100°C & L, F2 26k 0 BRERE £=34.5X1.29X
1073X1.21%53.8J/mms-°C & $5 &, A=0.444X
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L7, KILET10% CHHYTHHEAILY S BEEIL
O E A 7 REVRT R, 2ho2E S5
DLEZ LT

(2 ) BB BEnh s & L@ R EIME i, FiRoa—2 2
BRI HCHLBEHRETEL I L bhro7. LaL,
HEED -7 2l T, BLIEBRCEHE Ke
DIETIZ & % & Bb 2 BB BESME 0K T oEiss
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