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Deterioration of Coke Strength by CO; Gasification at High Temperature

Tetsu NIsHI, Hiroshi HARAGUCHI and Toshiaki OKUHARA

Synopsis :

The deterioration of coke in the blast furnace has been evaluated as the change in coke size due to reac-
tion between coke and CO; gas. To clarify the deterioration mechanism, a series of experiment has been
carried out at each reaction temperature using apparatus for high temperature CO, reaction.

The findings obtained are as follows :

(1) The deterioration of coke by CO, gasification reaction was largely changed with the temperature for

CO, reaction.

(2) Reaction up to 1300°C : Due to the selective reaction by the anisotropic texture of coke, reaction
proceeded to the central core of the lump and weight loss affected the decrease of coke strength.

(3) Reaction between 1300°C and 1500°C : Coke lump reacted uniformly on its surface, thereby holding
very low reaction rate in the core of the coke lump. Weight loss did not affect the decrease of coke

strength.

(4) As CO; reaction below 1 300°C decreased remarkably the coke strength, if weight loss caused by the
reaction lower than 1 300°C could be decreased, this countermeasure would become an important method for

the control of coke deterioration.

(5) A good quality coke at high temperature showed uniform microstructure and high reactivity with CO,

gas at pore-wall.
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Fig. 1. Apparatus for high-temperature CO,
reaction.
Table 1. Properties of experimental coke.
JIS Apparent P
reac-  MSI  specific  oros”
Sample | DI}¥® CRI CSR it (%) avit (1;/)')
(AGX ér/cm ) °
A 85.3 26.8 61.5 25.3 30.9 0.99 48.4
B 84.6 29.3 61.6 28.0 33.1 1.05 4.7
C 83.7 35.1 52.7 54.0 25.1 1.12 41.4
D 83.8 29.9 39.2 33.0 31.1 1.31 31.1
E 87.3 18.6 75.3 9.5 30.4 1.05 46.2
F 82.3 22.7 63.0 7.0 29.3 0.91 53.6
G 87.0 15.0 73.3 14.5 38.8 1.57 28.5
H 84.8 28.4 62.9 32.0 21.3 1.03 46.1

Note: MSI (Micro strength index) CRI (Coke reactivity index)
CSR (Coke strength after reaction)
AG (CO% measured by gas-analyzer)

Table 2. Conditions for the coke gasification.

Gas composition and volume
Heating pattern
Temp. CO, Ng
¢S (NUmin)  (NVamin)
RT ~ 800:C: 10:C/min RT ~1300 0.5 4.5
800~1200°C: 2°C/min 1300~1 400 3.7% 1.25
1200~1500°C: 7°C/min 1400~1 500 1.0 4.0

1) EREEE, 950~1500°C 0#IFECRES XU
e e RmEOBRIC oW THRET Lz, &8, KX
JBEF 2L s ¥ 5841k CO,=5NI/min TLEFH %
B, ,

¥ 72, RI=0 OIS, PIEOREICHER,
£ a— 2 2225\ T RI=30% B0 RUCKERE & [ U R
FORETHEFELZ. H0 RSB L T, H,O0 T
0.5 (N, 4JF 0.5) & L, fho&fix CO, RIiED5GE
LETHB.

2) REREDHOE— b3y — 0 BIUTAHK
% Table 2 IZ7R L 72,

v — F2%¥ — VICIEEEIFEEAY O MRS AV
LRTWAEFNEMEE L&A 2REL, 7 A
BFENTOZBERGTEDV ) a—a v - OAEN
—REEIICEDLNTWAKEIC RS X ) ITPkD .

2-4 SEBRERME

KB 20+1mm ®a—27 & 200g ¥ A2IFICWh,
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600 EEE L 7-%%, RA¥o—r 2A0RESH (8B 15,
9.52,5.3mm) ¥ MIEL. FOKEREELRONIAAL,
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200(g) — Rk E = (8)

R (R)= 200(2) X100(% )
S5 e (189°

_ IR F S 2088%>9.52 mm EE(g) 9
= Y 0] X100(2%)

3. R B & R
3-1 &R (~1500°C) I£HF33—7 XD CO, KIS
#b GERER) h

Table 1 2R L7ZAI— 2 ZIZ2WT COp & DD
W% B2 720, KR % 20~180 min O TE{L S
&, R, FUBEMmENELRIE 2 F~ 7.

1) FUSERR & S8 : Fig 2« SUSEE & SiRE
& (RI) L OBfR%ERLA. Wa—2 2 COp &
ORI SRR 55 & RIFSABICHNT 5.

2) FIish & KIGHRIRE : Fig 3 \CRUGE & JGHM®
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Fig. 2. Relationship between reaction time and
weight loss (RI).
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Fig. 4. Relationship between reaction temperature
and strength after reaction.
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Fig. 3. Relationship between weight loss and
strength after reaction.
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Fig. 5. Relationship between reaction temperature
and mean size.
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Fig. 6. Comparison of strength of coke after CO,
and H,0 reaction.
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Fig. 7. Comparison of porosity of coke after CO,
and H,O reaction.
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Fig. 8. Gasification of coke on heating.
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Fig. 10. Relationship between RI and I$3°.
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Fig. 11. Relationship between reaction tempera-
ture and porosity of coke.
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Fig. 12. Reaction model of a single particle coke.
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Fig. 13. Reaction model of lump coke with CO,
gas.

Table 3. Reactivity of each coke texture (% ).

Weight . Frag-
Temp. Isotro- Fine Coarse .

(°C3) %‘.’yjs) pic mosaic mosaic Fibrous Leaflet 'f':‘es'::
1000 24.6 42.2 62.7 0 0 0 33.9
1600 23.8 20.8 32.5 17.6 0 15.3 30.5

DEoBirsdh, BEFEL 25 EMEMEHE DX
JRAMEBII Y, AR TIIRICOETAFEEISE %
DTWAH I EPHBHENS.

3) CO, EDRIBICHT 5 a— 27 AHEEDER
PIDTIO g — » A DRFEHEGFHMME CO, L DK
B BT HREOEE S 1000°C &£ 1600°C THEL
7z. Table 3 WM RIGIRE L b ZIZFUKICE (W
24%) #5272 OO LR ERLAEZHDOT
HbH, TOHERICEDHE 1000°C TEEHME, WMAE
WA 7 R AR KB & B A, 1600°C 127%
5 e 1000°C TR LIC WK - 5427, R
RHEBOHFUG L TWB I EAbhb.

4) T— 7 AEFOEIC X HRITEEDZE : Table 1
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Fig. 14. Difference of reaction state for each
coke.
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7 AN R FICIREZ RS, SHCHRLE SIS
ckitkoTw 4 ruR Ly raMmEL, KILED
KT T57-ORCENERBEERTICHEL 2.

4-2 A=Y ZAORKEHIICELFTRICBEDSE
1500°C ¥ CORRMBECHE SN2 FUBIHES 2 —
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1300, 1 300~1500°C) T & RIS EE DI TIE (Al
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Fig. 15. Relationship between RI and AI$P.
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Fig. 16. Change of I3’ for two different gasifica-
tion by CO; in the heatmg up conditions.
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Fig. 17. Relationship between estimated tempera-
ture and —3 mm fine coke content.
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LB EERLL. ad/hEVEEREHEO/IE N
-2 ATHAHH, (1)1100°C Tz, JIS KIHHEAME
Wi & ald/hE v, (2)1300°C Plbkizzn e, JISK
B LUTRILENE VI E ad/bhS V. Thid, &
WA % B & FUSTEEEASSE L i E A £ A Db 5 72D EIL
BED RSB b 013 ERE PG 2558 < 4T LIRAER
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xnEFEErHBENLIEDNhEVwa— 2 2 TH B, b ik

Thermally non-deteriorative

Photo. 1. Relationship between ther-
3 mal deterioration and coke structure
before treatment.

1100~1500°C D #iPATi& JIS RS & MSI H3K <,
SIEFBVIEERE W, L, BEFLEFLTL b
PETFTLZVwa—2 2HH 5. Photo. 1 IZEHIZ451L
THI—IRE, LEwa—7 2AOBEMET COHE*
SRL7Z. BICHIE L2 wdb o, §550ICH-NT,
A—2ADI 7 UEENE—~THDLI Ll bh 5.
4-4 ~1500°C FTCOERICH T IHBAMROBN I
A= A2V T

BEARTI— 2RV ) a—Ya >y  OARGE D T
% 1500°C & TOFMTOBRMEIRIZ>OVTREF L7z,
REegpftaRLEo oA RKE S EEL, KR
(1100°C) THEFUBHEAE VS D3 L RIBHILE/DNE W
A%, B (1300, 1500°C) CREGHEAE VS DIE LR
oA LR/AE V. ChRIREEICE2Ta—27 & CO,
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