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Coke Properties and Operational Conditions of Blast Furnace to
Prevent Coke Degradation in the Raceway

Shiro WATAKABE, Kanji TAKEDA and Katsutoshi IGAWA

Synopsis : Fine coke, which mainly originated in the raceway, has a great influence on the blast furnace operation. Generation behavior of coke fine in

the raceway was investigated by the coke combustion experiments and the examination of the coke collected from Chiba No. 5 blast furnace.

Fraction of fine coke in deadman increased as coke strength decreased, as coke CRI decreased, as flame temperature decreased or blast ve-

locity increased. And influence of coke properties on coke fine generation in the raceway was confirmed from the coke combustion experi-

ments. These results imply that coke was gasified and broke down to generate fine coke in the raceway.

Mathematical model of fine coke generation in the raceway, which consists of coke gasification and destruction in the transient region and

combustion in the dense oxygen region, clarified that high strength coke, high reactivity coke, high flame temperature or low blast velocity

decreases in coke fine generation in the raceway.

Key words: coke; coke fine; degradation; gasification; CRI; raceway; blast furnace; strength; reactivity; flame temperature; blast velocity.
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Table 1. Experimental conditions of coke combustion.

Blast Volume 0.025 Nm3/sec
Combustion Time 1.44 %104 sec
Blast Temperature 1373 K
Plasma Heater Power 140 kW
0, Enrichment 4%
Blast Moisture 0
Blast Velocity 200 m/sec
Coke Diameter 8~15%x1073m
PCI 0.005 kg/sec
(200 kg/ton—p)

Table 2. Coke properties used in the coke combustion ex-

periments.
400
Coke TI 6 (%) | CSR®%) CRI (%)
A 83.8 57.0 26.7
B 84.4 60.2 2712
C 89.2 66.9 21.1
D 844 56.4 304
E 83.7 46.2 36.6
F 839 559 29.4
G 79.8 46.3 35.1
PC Injection Combuster
Tank N
Exhausted Gas
Treatment
Dust Catcher
I
=3 Bag Filter Combuster
Hot
Cycron
PCl Lance N
Plasma Gun Air
§ 0,
Controller/ Power Supply
Transformer
Controlle rPower Supply

Fig. 1. Schematic view of experimental furnace (Coke combustion experiment).
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Fig. 2. Effects of coke CRI and strength on fraction of fine
coke (Coke combustion experiments).
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Fig. 3. Diameter distribution of the coke nearby raceway
(Coke combustion experiment, coke A-D).
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Fig. 4. Diameter distribution of the coke nearby raceway
(Coke combustion experiment, coke E-G).
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2173

< -
= [ O -7
£ ! -7
T 2073 @) -
s O -
£ i e
rd
21913 0O o .-
s - 'e) e
o s
g P -
& 1873 | e
E -7
(=3 s
01773 I/IJlllllllllll‘llll
1773 1873 1973 2073 2173

Coke Temperature above Tuyere (K)

Fig. 16. Relationship between the estimated temperature
of the fine coke in deadman and above raceway
(dia. 3.0X107°~5.0X 103 m).

Figl6 Th b, Thnb, Bia—2 2z oW TidiEsH =
BRKEVWEOD, Filia—s2 L -2y 24 Fa—»
ADBREREIZIZIZFRBEE THB3DIH LT, Ba—» 2
TRIFET = 2D DREL B ->THBT enbh s, X
502, Fgl7ITR L KIS — 7 2 32 L 8
DI PERERE G, $abb, SEERELL 724050 %
I—=2 23EFNERET T 502 28U B 5T
BD, BROLV -2 A ICHEL TV B LHEES NS,

JFEANOR 2 — 2 ZOHFIZONTIIEA LEHH 4 X
NTED, V=274 TRELTFERICREL 223
B, IFFEOHMIT— 2 2 LAMDOIBREAZTTHRT L
ETEMPVEND B, AFETEFEANDT -2 281
L= x4 P5REMLAEHEIND S, ZHUTEREL
THEBSESFPIBROFREMO NS AEFTH B &,
T— 7 ZEFELZHBO 2 — 2 265 EL . Flods
MHRRFTH -0 ELILND,

KR T Fig15~17 TR L 2FRAD I — 2 285
L= 29 2 AICH¥EL T3 E LT, PILIRTLRME & LA
a— 0 ZAELOEREFAN:Z, 22 THOa— 2 AL
OB, T — 2 ZAMPTED &IPS 5 IR 4 2R L
TR 2 RO 7 — & % PO EE, BlGRBER IS 13
WIR2~4 HETO HE 7 — & O FHE 4 Fv 72,

14

£ 227
c PP -
g - ”
g a3 F -7
A L O P
c r ,
‘e 2073 F 8 7
2 C O e
E - rd
g wsf OO e
7’
k: OLH .-
¢ 1873 F ‘
3 R
o ~ -
i-LE-1773'../lllllllllllljllllllllll
1773 1873 1973 2073 2173 2273

Lump Coke Temperature in Deadman (K)

Fig. 17. Relationship between the estimated temperature
of the lump coke (dia. 2.0X1072~2.5X10"?m)
and the fine coke (dia. 3.0X1073~5.0X 107> m) in

deadman. :
400
Tig
O »85
06 A 84~85
! O w~s
¥ <83
04 |

o
N

'

00 1 1 1 1 1 1 1 1 1 1 1 1 i
150 200 250
Blast Velocity (m/s)

:;:E;: A,
A

Fraction of Coke Fine in deadman (=)

300

Fig. 18. Relationship between fraction of fine coke in
deadman and coke strength and blast velocity.

FENOKRESmm U TOa— 2 2L 0 — 2 2hE
(TI), PO AR & ORIR A Fig 18127, FREO®
BED T — 27 Z TP EEO B & & & 1R PR
ML, 2—2 Z8EOMANI L =2 THERRDS LT
WBZEAbNDB,

IR EFEBRIZ T — 2 ZKIBME(CRY), FEGRIABERE & IF &
Wk L DB E RN, ERR AR AT -7, $Fa—2
Z TIE, PIOSEE5HE, = — 2 2 CRI, BERREEEE D 7 7
NEDHEMEBRE ERD 7=, Xz, BB S —»
AT EEO3EAFZhZFhEMA - EORE2T->TES
M BT 2BIRL, [ERRORIE4§1T CTREMNIZ4
KT XTOEGEFT > 72, SEUROBRPEIZB W T FRE
EIT->-THARTH S Z L 4R L, ZORKR, KRR
JTEOER &8,

P, ==9.44X107°TI+1.85X10 7%, —1.17X 10 *TFT

—T7.36X 10 3CRIF 0476 +rvevreereeeereenenneennanann. (4)

222U, PASEIR(-), THET — 2 23 (%), v, 1$F00
JCEGE (m/s), TRT (3 FEGRIRBEIE S (K), CRIIZ 2 — 27 Z KIS
M) TH 5,




A COMRBEER LK FET L THORMNE RIS
W AEAETEFOMELREHN TSI ENEETHD, F
7mINEDEERBIIEFIZE - TEEDLTHEIND
A, T— 2 ZRREOM, 32— SO, BEERR
WRED LR, PIORBEHDET & & S IZFFFERHD
- ZBEAMETFLTE D, BiEZ TOMRBEEEL LU
ETFNLERICKBHREEMNIZ—T S,

Thbb, L—2% x4 TOI—2 LI LFERIEIC
BB MHNEEN X > THEIATED, &,
HENVNIEREGED I -2 2T 5T LIk THATD
FALBOAER A HFIL , PIOREERIK T, & 250 3E8E
D=2 2L FE5ILIZK->THILBOREAMIEL, B
RAELPRAEETHD L EL6N 5,

5. #2E

2

BV =2 2 4 AR L 72 RBEHE, L — 2T =
Athoa—2 2 H 2{LRIGE , EROEHEAZEREL /-
-2 ZBMEBRE T LR, BIOESFNTHRIL 7=
T— 7 ZWROFAIZL D, UTORAEHS2IZL /2,

(1) =27 ZABBEEBROLER, 72— 2ADHE L RIE
PAEL & BIEEBRBEPORREENRA L7,

(2) BRI -2 24 Hw/za -2 ZBRBEFERT
3, L— 29 2 A EETOEAT — 7 ZREROBOEIAEHD

mL, A ZANREMEFREICHIEL Tl LTI h
%,
(3) L—2Z% x4 TOI—2ADH ALKIE & HEMIY

HERICLAPEL AEBE L AHAEFLHRICLD, B
B, BAVIERBMEDT - 2 $TB I Ik THA
HOHBOERAHF L, PIORBGEIKT, 525035
MEI— 2L THI LIk THILBOREZIIEL,
BORE EHEITRETH S Z & AR L 2=,

(4) TEBESEHTFOWFNDSEL 2ZFAND 3T~ 2
ZfHIL — AT 2 A4 TOIT— 7 2OBEIZ&k > THERL
LEZON, TOMEZ, 23— 2BEDO EH, POHER

15

EIFL — 2% x4 T a— 2 2L AIMEIT 5 32— 7 AR e RN

HOKT, HRRERE oM, 72— AReMEO L5
FoTETLAEZEDS, HFEFLIZLIREGTHER1E
ffrehnrs-,

X [

1) Advanced Pulverized Coal Injection Technology and Blast Furnace
Operation, ed. by K.Ishii, Pergamon-Elsevier Science Ltd., Oxford,
(2000).

2) T.Maruyama, A.Maki, A.Shimomura, 1.Okochi, K.Mori, M.Sato and
R.Murai: CAMP-ISIJ, 11 (1998), 834.

3 ) K.Nozawa, T.Maki, K.Shibata, T.Goto, R.Hori and Y.Matsui: CAMP-
1S1J, 11 (1998), 833.

4) M.Ichida, T.Nakayama, K.Tamura, H.Shiota, K.Araki and Y.Sugi-
saki: Tetsu-to-Hagané, 78 (1992), 1132.

5) T.Nishi, H.Haraguchi, Y.Miura, S.Sakurai, K.Ono and H.Kanoshima:
Tetsu-to-Hagané, 66 (1980), 1820.

6) K.Yamaguchi, T.Uno, T.Yamamoto, H.Ueno, N.Kon-no and S.Matsu-
zaki: Tetsu-to-Hagané, 82 (1996), 641.

7) H.Haraguchi, T.Nishi, Y.Miura, M.Ushikubo and T.Noda: Zetsu-to-
Hagané, 70 (1984), 2216.

8 ) R.Nakajima, S.Kishimoto, H.Hotta, K.Ishii, M.Sakurai and S.Itagaki:
NKK Tech. Rep., No. 132, (1990), 1.

9) Y.Okuyama, T.Shiode, S.Sato and A.Kurumada: Tetsu-to-Hagané, 73
(1987), 1877.

10) T.Nishi, H.Haraguchi and Y.Miura: Tetsu-to-Hagané, 70 (1984), 43.

11) H.Haraguchi, T.Nishi and T.Okuhara: Tetsu-fo-Hagané, 70 (1984),
S749.

12) H.Iwakiri, T.Kamijo, C.Nakamura and H.Tanaka: Kobe Steel Eng.
Rep., 40 (1990), 97.

13) H.Yamaoka and K.Nakano: Tetsu-to-Hagané, 86 (2000), 733.

14) K.Tamura, M.Ichida, H.Ueno and K.Yamaguchi: McMaster Sympo-
sium, MacMaster University, Ontario, No. 19, (1991).

15) Y.Shigeno, S.Kobayashi, Y.Omori and M.-T. Hong: Tetsu-to-Hagané,

72 (1986), S43.

Y.Hara and M.Tsuchiya: Tetsu-to-Hagané, 66 (1980), 1810.

K.Yamaguchi and T.Uno: ZTetsu-to-Hagané, 85 (1999), 578.

S.Watakabe and K.Takeda: 7Tetsu-to-Hagané, 87 (2001), 467.

K.Kodama. A.Shigemi, T.Ogata and T.Horio: Tetsu-to-Hagané, 48

(1962), 1551.

M.Ikawa: CAMP-ISIJ, 2 (1989), 29.

K.Chikamori, Y.Kitamura, M.Ogawa, H.Aoki and T.Miura: Tetsu-fo-

Hagané, 86 (2000), 73.

KiLiEd Bt E O -p oW EBHERE, HPILEREH,

5L, (1985),225

T.Kamijo, H.Iwakiri, J.Kiguchi, T.Yabata, H.Tanaka and M.Kitamura:

Tetsu-to-Hagané, 73 (1987), 2012.

K.Inagaki, H.Yoshimoto, Y.Ino, K.Inokuchi and N.Kusakabe: Tetsu-

to-Hagané, 68 (1982), S792.

24)

15




