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Pore structure and high-temperature
compressive strength of gasified coke with CO, and steam

GUO Wen-tao, WANG lJing-song, SHE Xue-feng, XUE Qing-guo, GUO Zhan-cheng
( State Key Laboratory of Advanced Metallurgy, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: By using a coke gasification reaction device and an online measurement apparatus of high-temperature
compressive strength, the variation of pore structures of coke after gasification with CO, and steam was
investigated. In addition, the influences of solution loss rate, temperature and pore structure on the high-
temperature compressive strength of coke were also studied. The results show that compared with that in CO,
gasification, the average pore diameter of coke becomes smaller, and the specific surface and the quantity of pore
under 100 pwm increase in steam gasification. Meanwhile, the global high-temperature compressive strength
becomes higher. After reacting with CO, and steam, the high-temperature compressive strength of coke will
decrease with the increasing of solution loss or temperature. When the coke is gasified at 1 200 C, its work
(WOC, ) during deforming process will decrease gradually with solution loss. The work ( WOC,) is higher for
steam gasified coke than that for CO, gasified coke. The deformation shows a trend of decrease with solution
loss. At the same solution loss, compared with that after CO, gasification, the damage of pore structure variation
to the coke strength after gasification with steam is relatively smaller and the deformation resistance is stronger.
Key words: coke; solution loss rate; pore structure; high-temperature; compressive strength
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Table 1

Proximate analysis, ultimate analysis and property of coal

Proximate analysis w,/%

Ultimate analysis w,/%

Caking properties

M A Vv FC C H

(6] N CSN maximum fluidty/ddpm

1.34 9.42 23.42  65.82 77.67 4.36
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Figure 1 Coke morphology photos before and after coking
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Figure 2 Coke microstructure photo
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Table 2 Proximate analysis, ultimate analysis and drum indexs of coke
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Figure 3  Experimental device of coke gasification reaction
1. balance; 2. outlet gas; 3. reaction tube;
4. thermocouple; 5: coke; 6: Al,O, ball; 7: heating
furnace; 8. peristaltic pump; 9. pipeline heaters; 10 inlet gas
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Figure 4 Measurement device of
high-temperature compressive strength
1; pressure sensor; 2; displacement meter; 3: Al,O,
compression bar; 4 heating furnace; 5: coke; 6: Al,O, base
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Figure 5 Coke microstructure photos after gasified with CO, and steam

(S: stoma, Sh; string hole, C; coke matrix, R resin)
CO,: (a): 10%; (b):20%; (c):30%; (d): 40% ; H,O: (e): 10%; (f):20%; (g):30%; (h): 40%
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Figure 6 Pore structure of coke after gasified
with CO, and steam
(a,»: average pore size;

@, A specific surface area; W, ®: porosity)
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Figure 8 High-temperature compressive strength of coke at different solution losses after gasified with CO, and steam
(a); 1000 C; (b); 1100 C; (c): 1200 T; (d): 1300 C; m: CO,; O: H,O
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Figure 9 Compressive strength of coke at different temperatures after gasified with CO, and steam
(a): 10%; (b):20%; (¢):30%; (d): 40% ; m: CO,; v. H,O




46 4

I 4 fra CO, MUKZE TR FLBRES 4 i i O 58 B A e

659

H1 Pl 9 WIAT, 8 i i TR BT e o 8 s kA KR
Ak BER BT R A T R AR R i
24500 7 RN R X £ e B R 5 R S AR
CO, FIKZE &M T A% = i e e i B3 A8 b fa 345k
A, LR R 20% , ARG T 300 3 i
AR A BIHEAT AT, HREE A1 000 °C R R 5 B 43
24 3316 F13 817 N, 1200 °C i Hi JE 58 & A, 4
SIh 3103 F13 266 N, FEAR i FE 40N
2.2.3 FERmRTAZEHFNMETENTH

FEHVE &5 A ok 1) 22 AR | i ad R 4 ok
PRI p-u IR BN R 25 1 T R A I i s, &
10 4 CO, FI/KFESKSALSE, 1200 C AR Hp-uh
2,5 CO, Sk L, K ZE A T AW A 1R )
N, ] u, 227 DT Be it in R 2 e it A
FEAIE AR, p-u BHZRS X Sl B3k i AL R
it R SZ R 46 T (WOC,) ™ u, Al WOC, 4
SIS RSB F 3 ME

6000 6000
Z 5000 Z 5000[ H,0 10%
L) o
4000 4000
o
= 3000 £ 3000
] ]
[
£ 2000 £ 2000
1000 1000
0 i 1 . | | 0
0 o2 3 4 5 0 1 2 3 4 5
Displacements ~ » /mm Displacements ~  /mm
6000 6000 6000
Z 5000F CO, 20% Z 50001 H,020% Z 5000 CO, 30%
[=% = o
4000 4000 4000 [
L 1 g
2 3000 é 3000 3 3000
£ 2000 £ 2000 £ 2000
1000 1000 1000
0 1 0 1 0 | |
2 5 5 4 5
Displacements  # /mm Displacements  # /mm Displacements ~ # /mm
6000 6000 6000
Z 5000 H,0 30% Z 5000 CO, 40% Z 5000 [ H,0 40%
a : o a
4000 - 4000 | 4000 [
I I g
= 3000 - = 3000 = 3000 -
17} w) 17}
£ 2000+ £ 2000 £ 2000 |
1000 - 1000 Féﬂ 1000 %’1
0 1 L L L L 0 1 L L L 0 T I 1 1 1
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

Displacements  « /mm

Displacements

u /mm Displacements  « /mm

B 10 CO, F/KZESM)E 1200 C TR p-u Lk
Figure 10  p-u curve of coke after gasified with CO, and steam at 1200 C
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Figure 12

High-temperature compressive strength of industrial coke at different solution losses after gasified with CO, and steam

(a): 1000 C; (b): 1100C; (¢): 1200 C; (d): 1300 C
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The compressive strength of industrial coke at different temperatures after gasified with CO, and steam
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