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Reaction Behavior of Coke with Iron Oxide Catalyst

Yuichiro YAMAMOTO, Yoshiaki KASHIWAYA, Seiji MIURA, Masaru NISHIMURA, Kenji KATOU,
Seiji NOMURA, Masahiro KUBOTA, Kazuya KuNitomo and Masaaki NAITO

Synopsis : The performance of coke in blast furnace (BF) used to prefer a high strength and low reactivity, generally, while the high reactivity coke
commonly has a low strength. To overcome the contradiction, we are going to use the catalytic effect on the coke gasification. It is important

to clarify the mechanism of coke gasification concerning to the coke microstructure and pore. In this study, the coke gasification was ana-
lyzed using p-X-ray CT (Computed Tomography). The optimum conditions for the image processing of the data from the X-ray CT were
obtained through the comparison with the cross section of the coke embedded in a resin. Nondestructive observation became possible. To

improve resolution of the nondestructive observation, the sample shape was changed from spherical to cylindrical one and the observation

conditions were adjusted to an optimum one. It was found that the resolution of the nondestructive observation of cylindrical sample was bet-
ter than that of spherical sample. Using high precision u-X-ray CT, the position of the catalyst added and the reaction behavior became clear.
Furthermore, using new developed image processing of the data from the u-X-ray CT, macroscopic reaction behavior of the catalyst became

clear.

Key words : coke gasification; iron oxide catalyst; y-X-ray CT; coke degradation; nondestructive analysis; integrated image processing.
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Table 1. Ash content and ultimate analysis of coal (dry
basis).

Ash
(%)
9.7

VM C H N
(%) (%) (%) (%)
36.4 76.57 5.23 1.81

A coal

Table 2. Contents of iron oxide catalyst.

Sample 1 Sample 2 Sample 3 Sample 4
A coal (mass%) 100 90 70 50
PF* (mass%) 0 10 30 50

*PF: Pellet Feed

Table 3. Chemical compositions of iron and iron oxides in
coke samples.

Chemical composition (mass%)
PE(%) ["TFe | MFe | FeO | Fe,0, | MFe/T-Fe
(%)
Sample 1 0 1.47 0.56 0.37 0.89 38.1
Sample 2 10 9.06 6.63 0.85 2.53 73.2
Sample 3 30 27.03 | 19.74 4.30 5.64 73.0
Sample 4 50 43.23 | 28.83 7.83 11.89 66.8

BT 58MEE L A ENEEHONETHS, ZDT 1

T T T T T T T

O :Fe
W:FeO
M:Fe;0,
Q:Sio,

L,

Sample 3

Intensity ( -)

Sample 1

10 20 30 40 50 60 70 80 90
20 (Cu-Ko)

Fig. 1. Results of XRD analysis of samples 1 and 3.
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(¢) Cubic sample

Ad.1pm

20mm
A17.77um
(a) Spherical sample
Fig. 2. Modification of sample shape for increase of the

resolution of X-ray CT.

Table 4. Experimental conditions and gasification degree
obtained in the present experiment.

PF Wo v 0 Temp. | GD

% (@ | mm) | (mm) | (m’) | (gem’) | (°C) | (%)

Sample 1 0 2.61 21.02 9.72 3.3713 | 0.7727 1100 12.8
Sample 2 10 3.10 21.08 9.7 3.3836 | 0.9151 1100 14.9
! 30 4.15 21.02 9.7 3.3644 | 1.2339 1100 18.0

ple 3 30 4.19 21 10 3.4653 | 1.2097 1250 50.2
Sample 4 50 5.17 21 9.8 3.3926 | 1.5257 | 1100 41.8

GD: Gasification Degree, D: Diamter, L: Length, V: Volume

289 I



$% &30 Tetsuto-Hagané Vol. 96 (2010) No. 5

Gas outlet

MFC Gas iQIet

Air

Alumina cap

O+«— Work coil
Graphite

8——Reaction tube
(Quartz)

Alumina tube

Fig. 3. Experimental apparatus.
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Fig. 4. Illustration of reactor and cylindrical coke on the
alumina tube.

Alumina tube
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Fig. 5. Change of gasification degree with the addition of
catalyst (PF%).

(a) Resin (b) p-X-ray CT

Fig. 6. Comparison of cross section of sample 3 between
resin and u-X-ray CT after reaction (temp.:
1100°C, GD: 18%, catalyst 30%).

(a) Before reaction

(b) After reaction

Fig. 7. Comparison of cross section of sample 3 before
and after reaction (temp.: 1100°C, GD: 18%, cata-
lyst 30%).
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(a) SEM image

(b) EDS analysis
(Fe Ka)

(c) u-CT analysis

Fig. 8. Observation of sample 3 in maximum resolution
before reaction.
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(a) Principle of image accumulation (b) Results of accumulation

Fig. 9. Illustration of the summation of planes in different
directions.

(a) Before reaction (b) After reaction

Fig. 10. Result of image summation of sample 3 before
and after reaction (temp.: 1250°C, GD: 50.2%).

ML L 722) & FICHAL 2, AR TIE, BiE

20 mm¢ D AR CT % A Fig. 9(b) 12/ $ & 512, IS A
RS & 22N T TS R LT, LI DR O P21

&%ﬁ%%ﬁbkoﬁih ﬁﬁ%@ﬁﬂ?iiiﬁ(°

AWK ) AZEDNER DRSS & o THRER 2D L
W AREME S E, LA L, il 4 OY)Wrh i, M?E&n%ﬂ

Wnd 720, KREAKIPEDLTHFELZDTE729
Jea i B Ze L - SRS O R 2 21 Ts D alRH R D I
ISRHEZ RIS Z L LW, 2D, &5 —EDFHKT
B{gARE L~ 7 o R EEHO ML LS5 2 T58DT
H B

Fig.1013, Sample 3 D [T %2 O MR MR % Z 112 UK
mE (RXD S (RX) o275 s Uik
L7280 Th 5, 5k, iWFHIIBHOZAL A2 IZRKT
72812, Sample 3 % 1250°C £ CHIE L 722 D&M L 72,
(a) (XIS HT DR O B FEI{E T, (b) I3 RIE % D ek i
HEETH 5, HAURIGIZE > TRIBERA» S 32— Z
MIRFENDHEINTNBZ b b, 72, RIBHD
AUBFHIIZIE, KO B K ORI & 7= fildiiE s, & B
HLCFEL T B K3 IZAZ B (Fig10(b). L2 L&
5, MImREEE{EIE, BEL Q0B AN U CRGR
BFRDIMENTOIHAICE, ROz s 2 K51
AAZBOT, 3DWBIZENTHzX B4R 6, ZOAME



(a) CT image

(Temp:1250°C,GD:50.2%)

(c) 3D image (Parallel to the inclined
surface after reaction)

Fig. 11. Extraction of Fe catalyst using u-X-ray CT.
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Sample 1, Catalyst: 0%

Vertical section of the CT image of the sample 1
before reaction.

Fig. 12.
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Fig. 13. Variation of porosity at the third row of sample 1.

(a) Before reaction. (b) After reaction.

DRALENFENE Z AT, KIBH A2 F 2L ¢,
FIRAHEA T A EIT AL < A6, S LRl C
ZlIZRR L, R PETIRIEE A ERIDL Ty, K
¥ A% B SR EMNITTCOE 20, KIBH AN FifE T
FFELTCWEVWEELISND,

RIGHT# DXL EE ZNZTN, ¢, e,& L, ¥IHO R
JOEREEV,, REDEE% p & T5E, kPR
FUWERIZ ()R TESh, KOHEORFERIZ(3)A
TRENDE, ZThoDREMNB L, H2LRIEERIZ(4)
RDEIITh B, Fig 2ITREh 2 Wi H VT, (4)R
M TIEH (L1, R1~L8, RY) F THOITNTDILHE %KD
C Table 512/8 L 72, Table 5& 0 XNTDRKIGEDN-H %
Kz e, W1 & x->72, EREL» 6H 65506
EROIEHEIZ128% TH D, W ME L &> 7= (Table 51
BTV A F 2 T BETH H 50, Z AR Tk
e LTELPOMEDOIETEDENFHKL TNBEEDEH
AbN5),

Before reaction: (1 —£))XVyXPgope (@) wrreerrereeeeeees (2)
After reaction: (1= €)X VX P (&) eevmmmmreeeessnnnns (3)
. (&) .
Gasification degree: X100 (Yo) wvevreeerneeenees (4)
(I-&)

2903 N



$% &30 Tetsuto-Hagané Vol. 96 (2010) No. 5

Table 5. Results of reaction degree for each cells.

R1 R2 R3 R4 RS R6 R7 RS RY9 | AVE.
L1 6.18 | -0.87 | 21.7 | 17.1 | 1.11 | 6.44 | 21.7 | 19.1 | 184 | 12.6
L2 | 391 | 518 | 204 | 6.73 | 11.7 | 10.7 | 5.55 | -1.66 | 13.97 { 8.34
L3 | 332|393 | 267 | 059 | 1.32 | 817 | -0.13 | 6.32 | 1.36 { 6.29
L4 17.8 | 3.18 | 29.2 | 40.5 | -1.61 | 2.45 | 194 | 32.6 | 17.7 | 17.9
L5 | 245 | -7.12 | 31.5 | 20.6 | 17.0 | 10.6 | 3.75 | -0.21 | 24.6 { 13.7
L6 | 597 | 30.8 | 23.6 | 25.1 | 4.76 | 2.07 | -0.21 | 2.96 | 10.6 | 11.6
L7 | 23.1 | 124 | 330 | 17.2 | 1.51 | 11.7 | 4.61 | -3.04 | 1.28 | 7.48
L8 | 36.2 | -3.13 | 2.60 | 9.78 | 21.6 | 17.7 | 10.9 | 9.81 | -2.37 { 10.9
AVE.| 15.1 | 556 | 19.8 | 17.2 | 7.19 | 8.74 | 8.21 | 8.25 | 10.7 Ave. GD
(Sample 1 GD:12.8%, Catalyst: 0%) 11.1%
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Fig. 14. Average porosity in each line for sample 1. (a) Be-

fore reaction. (b) After reaction.
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Fig. 15. (a) Vertical section of the CT image of the sample
3 before reaction. (b) Emphasizing the position of
iron catalyst.
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Fig. 16. Variation of porosity at the second row (R2) of
sample 3. (a) Before reaction. (b) After reaction.
Table 6. Results of reaction degree for each cells.
Rl | R2 | R3 | R4 | RS | R6 | R7 | R8 | RY |AVE.
L1 [ 202 ]-035] 175 | 280 | 240 | 481 | 1.26 | 201 | 1.11 | 175
12 | 168 | 384 | 16.1 | 3.09 | 26.8 | 51.5 | 0.487 | 5.34 | 9.40 | 187
L3 [0.654] 32.8 | 24.6 | 2.17 [0.934 | 36.9 | 31.0 | 252 | 30.7 | 206
L4 [ 342 | 408 | 152 | 322 | 343 | 459 | 161 | 158 [19.40 | 28.1
L5 | 218 | 443 | 471 | 157 | 504 | 556 | 332 | 47.8 | -2.01 | 29.07
L6 | 083 | 7.67 | 443 | 41.7 | 393 | 53.4 | 269 | 532 |-1.50 | 255
L7 | 160 | 193 | 284 | 343 | 303 | 14.0 | 439 | 221 |-1.21 | 19.77
L8 | 110 | 640 | 9.10 | 27.2 | 17.0 | 26.6 | 303 | 219 |0.241 ] 156
AVE.| 121 | 215 [ 150 [ 213 [ 279 [ 415 | 225 | 264 | 827 | ,
(Sample 3 GD:18%, Catalyst: 30%) 21.9%
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Fig. 17. Average porosity of each line. (a) Before reaction.

(b) After reaction.
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Fig. 18. Summation of the side plane for obtaining the av-
erage reaction degree.
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Fig. 19. Average brightness in each vertical section. (a)
Before reaction. (b) After reaction.
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Fig. 20. Summation of the side plane for obtaining the av-
erage reaction degree.
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Fig. 21. The average brightness in each vertical section.
(a) Before reaction. (b) After reaction.
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