HOKKAIDO UNIVERSITY

Title O—J ABTHRMI N-EBIL SR D T DIFER & RIGHEE
Author (s) WA, H—0BB; HBa, RE; =%, #E it
Description AR ® "Kazuya KUNIMOTO” (354

k&8, 96(5), 297-304

bt o https://doi.org/10.2355/tetsutohagane. 96. 297
Issue Date 2010-05-01
Doc URL https://hdl. handle.net/2115/75170
Type journal article
File Information Tetsu-to-Hagane 96(5) 297-304 (2010). pdf

kaido
wo¥ U"/Ls

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




=

affH

%4

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

O—7 ZFh(ZFHMN S O 7-BRIESRERIE D
T DIZEE & RICTHTS

HE—EB* - ffy Piwe
AR

LA
(xR - B

SN CARE A
SR GEIAT - R ORI -

=7 %6

1

IS

%Lbl
y!

In Situ Observation and Reaction Mechanism of Iron Oxide Catalyst added to Coke

Yuichiro YAMAMOTO, Yoshiaki KASHIWAYA, Seiji MIURA, Masaru NISHIMURA,
Kenji Katou, Seiji NOMURA, Masahiro KUuBOTA, Kazuya KuNiMoTO 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, it is important to develop a catalyst to increase the reactivity of carbon, so that
the reaction mode can be changed from chemical reaction control to diffusion control. In this study, the reaction behavior of a ferro-coke was
investigated, in which an iron oxide were added into a raw coal. Using high temperature laser microscope, in situ observation was carried out
with the ferro-coke sample ground into tetragonal shape with 3.4X3.4X2.2 mm. Behavior of catalyst in coke was clarified through the in situ
observations. It was found that the temperature at peak of reaction without catalyst was 1270°C, while the coke with catalyst showed two
peaks at 900°C and 1270°C. It was considered that redox reactions would exist in the system. The mechanism of redox reaction is shown as

Egs. (1), (2) and (3), mainly.

FeO 1y C=Fe+CO (1)
FeO eyt CO=Fe+CO, (2)
Fe+CO,=FeO ,+ CO (3)

On the other hand, the coke gasification was analyzed using high precision u-X-ray CT. The optimum conditions for the image processing
of data from the u-X-ray CT were obtained through the comparison with the cross section image of the coke embedded in the resin. Because
of the smaller sample than the previous study, higher precision analysis was able to carry out.

Key words : coke gasification; y-X-ray CT; redox reaction; nondestructive analysis; high temperature laser microscope.
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Table 1. Ash content and ultimate analysis of coal (dhy basis).

Ash
(%)
9.7

VM
(%)
36.4

C
(%)
76.57

H N
(%) (%)
5.23 1.81

A coal

Table 2. Proportion of iron oxide catalyst.

Sample 1 Sample 2
Coal A (%) 100 70
PF (%) 0 30
D Sample
;l
Monitor .
(3.4X3.4X2.2mm)
Flow Control Valve

and Flow Meter

|

Halogen Lamp Infrared Image Furnace

Fig. 1. Experimental apparatus.
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Alumina crucible

L.

 so0um 4
0%)

(b) After reaction

(a) Before reaction

Fig. 2. SEM images of sample 1 before and after reaction.
(A) Small ash particles remained on the surface,
(B) opened pore after reaction.

Fig. 3. SEM images of sample 1 after reaction (GD: 23%,
catalyst: 0%).

Fig. 4. In situ observation of high temperature behavior of
coke in Ar-30%CO,. (a) SEM image before
reaction, (b) 0s, 25°C, (c) 3100, 500°C, (d) 4300,
700°C, (e) 5500s, 900°C, (f) 6650s, 1000°C, (g)
81005, 80°C, (h) SEM image after reaction.
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(a) Resin embeded sample (b) Image of p-X-ray CT

Fig. 5. Optical microscope and SEM image of sample 1
after reaction (GD: 23%, catalyst: 0%).
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Cross section closed to Reaction surface

(a) Before reaction (b) After reaction

Fig. 6. X-ray CT images of sample 1 before and after
reaction (GD: 23%, catalyst: 0%).

CBERL TV 8D lbhd, RISEOFMIZDOWT

Alumina crucible

500um
(b) After reaction

8
500um

(a) Before reaction

Fig. 7. SEM image of sample 2 before and after reaction
(GD: 28.6%, catalyst: 30%).

(b) After reaction

(a) Before reaction

Fig. 8. SEM images of sample 2 before and after reaction
(GD: 28.6%, catalyst: 30%).
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Fig. 9. In situ observation of high temperature coke
behavior in Ar-30%CO, atmosphere. (a) SEM
image before reaction, (b) 0s, 40°C, (c¢) 3100s,
500°C, (d) 4300s, 700°C, (e) 5500s, 900°C, (f)
6650s, 1000°C, (g) 8100s, 80°C, (h) SEM image
after reaction.
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Melts

(a) Instance of broken. (b) Bubble just before broken.

Fig. 10. Foaming phenomenon of sample 2 during reac-
tion.

Dropping during handling

(b) p-X-ray CT

(a) Resin

Fig. 11. Comparison of cross sectional image of sample 2
between optical microscope and X-ray CT before
and after reaction (GD: 28.6%, catalyst: 30%).

(a) Before reaction (b) After reaction

Fig. 12. Comparison of cross sectional image of sample 2

at different position from surface before and after
reaction (1) Reaction surface of sample 2 before
reaction. (2) Reaction surface of sample 2 after re-
action. (3) center of sample 2 before reaction. (4)
Center of sample 2 after reaction.
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(2)EDS (Fe Ko

(1) SEM image (3) CT image

Fig. 13. Comparison of sample 2 among SEM, EDS map-
ping and CT images (GD: 23%, catalyst: 0%).
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70 2 T T T 1400

1270°C

60 - TG 1 1200

0 Temp.

50 |- S60°C 1000 5
—_ 2+ [
S 40 -1 800 ®
E 3 2
Baf g 2
o Ll =Y

20 400
5T et :

10 DTG 200 F

ol ® 0

10 = 10 - - . - -200

0 50 100 150 200 250 300
Time (min)
Fig. 14. Result of TG (dTG/dt=DTG) of sample 1 (Ar
atmosphere).

. Comparison of pore of sample 1 during reaction
in Ar-30%CO,. (a) 800°C, (b) 850°C, (c) 900°C,
(d) 950°C, (e) 1000°C, (f) 1100°C.

1400

' 1270°C__
900°C

0 ’\IG\E\
o

_2,830C\ \!

4 1200

DTG (ng/min)
8
(-]
8
Temperature (°C)

) 10

100 250

0 50

150 200
Time (min)

Fig. 16. Result of TG (dTG/dt=DTG) of sample 1 in Ar
atmosphere.
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Fig. 17. Comparison of pore structure of sample 2 during
reaction in Ar—30%CO, (a) 800°C, (b) 850°C, (c)
900°C, (d) 950°C, (e) 1000°C, (f) 1100°C.
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T =2 2SR & N7 RAL SR D Z D BBE & SRR

Fe, O, + C = FeO,, +CO (1)
y _ ¥ COyin bulk)
FeO + Ash = FeO(melt) (2) co+CO,
Redox reaction
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‘—’)-<
Fe+CO, = FeO(mem+CO
Carburization:
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()]

Fe-C , ,+CO,=Fe+2C0O

Fig. 18. Mechanisms of enhancement of gasification reac-
tion with iron and iron oxides through a REDOX
reaction accompanied by a foaming phenomenon.
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Fig. Al () IZVARIRTOHF T, (b)IXERBEOMETD 5.
DT AY1085°CIZHR LT, ZRilEIX1112°CTH - 7=,
L7 ->T, FEERPOGBREE I, —27°C DHIEZfE L <
W5, £/, OTILIF BONFIHT A AN THORIE
FERG AT 572, ZOYARERNRE LIZFLALFHLUTH -

1111.7% 6537

1113.5% 634

(a) Copper before fusion (b) Copper after fusion

Fig. Al. Temperature calibration by the melting point of
copper.
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