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Some Fundamental Aspects of Highly Reactive Iron Coke Production

Seiji NOMURA, Hidetoshi TERASHIMA, Eiji SATO and Masaaki NAITO

Synopsis

: The development of production and utilization technology of highly reactive coke is significant in order to improve blast furnace reaction

efficiency. In this report, some fundamental aspects of highly reactive iron coke produced in a coke oven chamber were investigated. First, the
effects of catalytic Fe powder addition to coal before carbonization on coke strength were investigated. The addition of Fe powder decreased
coal caking property and hence resultant coke drum index (DI'®° ;). On the other hand it increased coke reactivity (JIS coke reactivity index
and CRI) to a great extent. This means that caking property of blended coals needs to be adjusted higher to produce the iron coke with proper
strength and high reactivity. Secondly, it was shown that the iron ore reacts with silica brick at 1200°C in a condition similar to that in a coke
oven chamber. The iron ore and silica reacted to produce fayalite (2FeO - SiO,) and the brick was damaged. On the other hand, it was proved
that the iron ore does not react with silica brick at 1100°C in the above condition. Based on this fundamental study, the iron coke with proper
strength and high reactivity was successfully produced in coke ovens on a commercial scale by adjusting the coal blend composition and the
coke oven temperature. Furthermore it was revealed that about 70% of iron in iron ore powder added to coal was reduced to metallic iron
during carbonization in coke ovens.

Key words : iron coke; coke reactivity; catalyst; ironmaking; cokemaking; drum index; fayalite; reaction efficiency; blast furnace; thermal reserve zone.
) Yy

wE

t%ﬁﬁ-ﬁﬁﬁﬁﬁj—ﬁX%iﬁﬁ(%ﬁﬁ%(ﬁ)
EWE ) TEERIEGEN L, EITM KR

FF BRI I o W CEIFINRID R R A Rl OB F I 5Z &&ﬁ*bt”

ST LMK URER 7 2 PIRIZh R OHIRE T & 5 L5 5d , QO Fe I HRTRAIZDWTIE, Feh Ak L H
THBRODTEETHHH, ZOHTERIGEAE NI —2 2 AIRA Lf:l 7S G4 bt:! s 2LLTC [7z
(ZZTIEC+CO,=2CO0N YV ) 2 —¥ 3 v u X2 X3 CO, -2 A BEREDHOSNATVRE Y%, a—-2 2mE
H 2R %) OFEHICK D, BIFNARETRE &« (BRI, RIS 2WE T 572000 REARIZDNWT, &

KT+,

BEITMILA KT 2 AP ELLEELONT BCTRMCBE T 2 20 Ic e s hTnd ik

W5, FELI, EEFOHATRELSKEE T -2 28 WAKW, £/, 7rua—2 ZEE FOBREERO—D
WA HRE L, AEER Iz X 3ERIeM T — 2 28 ERT LT, FeOM O — 2 ZIFIFREH HIREO EX 5 TdH 5

DRt T

S>THY, SIFRGRIFFREX QRE - 7 A Si0, & Kb LUKy (774 Y974 V) #ET5F

B) 1250 T Fe X Ca @RI & FBUS 5 728 DO filfi MREEN TN BN, FEROEAMILISH L TED K
ELTHYETHIHaMEL TEL, S uFENTEDHREDHEEG A 5 0IZ DTS

fdIHEE e UCid, O [HCE%RMR ] & (72038 TV,

Hra—2o

AUVE SR T — o I RMEANE & & FITIZIZTI, BEX2— 2 2B W TESIFCHER

ﬁéﬁ&)&®FEW&Mﬁ®$mﬁ 1 (i & TREABELANLOERIBE 7 03— 22 8ET 5 H

% B2 R

JRAEL, RAWEI— O ZFTHREL TS ZHWE U, AR E MO HERTRAGEIC WD TERME (%

xaf%ﬁ%)#%16h6“0%§6u,®@:—/ ek, $ASR) AT -2 2REB KU T -2 ZIF
2 T IR (Fe, Ca)id, IRFEHMENE L, WHNE FFEER LIS R T B DL THET &2 1TV, 2 OHEMERET
IR DML T B3 — o AKEWETRE KD & ER & TARE HRARICER I - 2 TERIBET 2 a2 -2 2 &3
FIHFE XN B 2D A 5% G I R T 5 HY, BRIICBLE L 2B RIC DB THRE T 5.

QD CafiE BRIRATIX, BCaFHKIAIZKDELEL

SERC184E4 A 25 B2 FrK 1846 A 30 H32H (Received on Apr. 25, 2006; Accepted on June 30, 2006)
*  FTEARLUEE (BR) BB - 7 ux 2WRBF £ v 4 — (Environment & Process Technology Center, Nippon Steel Corporation, 20—1 Shintomi Futtsu 293-8511)
%2 B AARBYS (F) & EBUEAT (Nagoya Works, Nippon Steel Corporation)
* 3 JLiEBEk (BR) (Hokkai Iron & Coke Corp.)

157

849 N



$%k & 4H Tetsu-to-Hagané Vol. 92 (2006) No. 12

2. WMESEMERMA -7 AREICRIZFTHE

2.1 ERBRFX
2-1-1 TBRSREME I RT3 ok Sk Al AR N oo B2 23T

FEERIZIE Table LIZ/RT SHEIHDO LR (BK AIZHRK,
AKX B1I~B4ZEIAHR) AW, ZZ TBI~B4DANE
B OREREEIIHEIMETH 5, K& EARA T 5 #kfh
BE LR, AREDYBHRENESTH D, 2 DD
WREREARELS TI2HEEZL, WHESG (Table 2, X
H1 Tl iron ore powder & F09) , ¥ K UK AKDEIL AR
3 (Fe,0,, Fe,0) & W2, 72, THO OSBRI A
RS U4 R A R 5 720 O o adkt & L T
¥ia—2o 2&fWz, ZhoOSMERNME L O3 —
O A%, ARICHUTATEDBERIL(1~10%) RN L , Bk
M XCRBEOZMEL 72, 22 THMERNE SO
¥y — 2 Z2508HK 118, 0.60, 0.25, 0.15 mm DEFL TERVS
I CEBIEERE 10 (f, (%)) & K (Table 3), KKEX
7 ORFERE D, (mm) % Z 1124 1.500, 0.890, 0.425, 0.200,
0.075 & U T B EER E 7 A (f, () B3 Kk® 72, 22T
KTHhAREEERAETH 3 EIREL CHERMED,
(cm)=[Y. £, (D,/10°V[ X £, (D,/10)*1% K& , I3 i ft s,
(em™Y)=6/D, % K¥ 7=,

2-1-2 ¥ZEERER

AR & WSRO R AR 2 B SUNEAEAER T — 2 2
FICHBLT7rua—s 258E L2, BRI, 9
FR A, Bl, B2 % -3 mm 85%, K5 6% IZFH%EF%, Table 412
NT M TR SEIG 2 1RA Lz, RIZ, TORSSLaRm
10, 10, 20% D ik (Test 3~5) 34kg & 2mDE T i & »
5 305X305X305mm D E A NIZHE T & THERARE »H

Table 1. Characterization data for the coals used.

WU 7Y, 2Dk, #BSSLaRMNEICIE L THlIE L 2%
AL (Table 4) CHISEEAIRBDIEAE  (JFIE 420 mm ; 4F
R 600mm ; JFE400mm) (2R ERA L TRRBRT — 27 2
FRIZAR, Za—2 Z2FI2BT 57 ) 2 — 8 1250°C
TORPFESE —VIZA I K ITBRREAARDRE 23
L, 185hHZHA Lz, 612, HKRB4%-3mm 80%, XK
Oy 4% IR, OMSKEEE, Fe,0,idE, Fe,0,ik¥E % Fir
TR (2.5~7.5%) SHECTERIN - IRA L, BAEE 830 dry, ke-
coal/m® CiRBR T — o ZMFIZA LTz L 7=,

2-1-3 22— A EGHERER

WRABO A= ABBEFHKPTHAL %, Vv
4 —iRERHEOCIMNE FAEE L a— 2 255 (F T 40
FEFERDI™ 5 & JIS K2151 {Za0#D F 7 4 150 A5 15 mm
B LAEE) ABIELZ. &6, Kigtd X URIEHE
J§ %5l % 728, JIS RISMHER® (R I: Reactivity Index),
Ma—2 2O REM (CRI: Coke Reactivity Index: 20 mm O
B — 2 23K 200g % CO, R H 1100°C T2h K IE X
H - ROBRMDEFH), BBIILH%ERE 'Y (CSR: Coke
Strength after Reaction : LilEUGHHARHI I F 5 4T 600
WER O A M A 7200 9.5 mmEs | H B O RS E RIS
N5 RE) #WELL, 72, EHEEFOH HRE&
#200mm DT — 2 A EZIRELL , 8D 589 100mm  (f
#8) OIFEEIPAT AW A, BEMSRIC K O BIgRL 72,
2.2 XBEREPLUVEER

2-2-1 ARSI RUE S ok S AR Mo B2 2

Fig. 1, Fig. 212§ & 912, MBME8Eammic & b &k
RELIURESRAENRE SEKTL, 10% RN TEEE
ARILRINMEEDIE 71, BRESRENE (log (MF/ddpm)) 15k
WINEED K 60~80% 1K T4 B Z &b n b, 72, Fig
3R T K 51T, Fe,0, & Fe,0, a3 T & 2MFEEH K
ELKT 95, BERKETORMBETIE, MBEEELE
a3 — 2o 2ZOBRENHIZIRIZIZIZFFRCTH D, Fe,0, &

Proximate analysis| Total Maximum
Coal (mass % db) dilatation fluidity
VM Ash (%) |(log MF/ddpm) ) . . .
A 236 50 103 5,93 Table 4. Blending ratio of iron ore powder and bulk densi-
B1 28.8 88l 25 1.93 ty in the carbonization test.
B2 26.2 8.9 39 2.56 Iron ore - 3
B3 26.5 92| 74 2.70 Bulk density (dry,kg/m?)
B4 | 268 90| 80 na. Test | Coal | powder -
: _ (mass%) | coal +iron ore coal
n.a.; no data available 1 ry 0 732 723
2 A 10 777 719
Table 2. Chemical compositions of the iron ore. 3 B1 0 724 724
4 B1 10 777 719
Chemical composition (mass %) 5 B1 20 845 728
T.Fe | FeO [Fe,0;| SiO, | Al,O,| CaO | MgO | Mn | TiO, 6 B2 0 724 724
66.76 117.35 (76.16 | 4.52 | 0.37 | 0.18 | 0.07 | 0.06 | 0.06 7 B2 10 777 719
Table 3. Size distribution and specific surface area of iron ore powders and coke breeze.
f. (mass %) (measured) f. (%) (calculated) b s s/ p
Sieve size (mm) |>1.18]>0.60 >0.25[ >0.15] -0.15 | >1.18 ] >0.60 [ >0.25 | >0.15 [ -0.15 s °, P |
(cm) | (em™) |(g/cm”)| (cm?/g)
D, (mm) 1.500 | 0.890 | 0.425 | 0.200 | 0.075 | 1.500 | 0.890 | 0.425 | 0.200 | 0.075
Iron ore powder 0.0 0.0 0.0 1.1 98.9 0.0 0.0 0.0 0.1 99.9]0.0076 795 5.0 159
Fe, 0, 0.0 76| 16.9| 16.6| 58.8 0.0 0.0 0.2 1.5| 98.4]0.0109 550 5.3 104
Fe;0, 0.0 13| 61.7| 22.9| 141 0.0 0.0 2.2 7.7 | 90.1]0.0222 270 5.1 53
Coke breeze 0.1 1.3 8.3 8.9| 81.5 0.0 0.0 0.1 0.6 | 99.40.0087 691 1.0 691
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Fig. 1. Effect of iron ore powder addition to coal on total

dilatation.
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Fig. 2. Effect of iron ore powder addition to coal on max-

imu fluidity.
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Fig. 3. Effect of iron ore powder and iron reagent addition
to coal on total dilatation.
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Fig. 12. The optical microscopic images of coke (a)
no addition (X25) (b) no addition (X200) (c)
10% iron ore powder addiion (X25) (d) 10%
iron ore powder addiion (X200).

Fig. 14. The cross-sectional view of the heat-treated
silica brick retort (a) no addition, 1100°C (b)
iron ore powder, 1100°C (c) no addition,

130mm 1200°C (d) iron ore powder, 1200°C.

(b) (d)

Fig. 17. EPMA of the heat-treated
silica brick retort (b) iron
ore powder, 1100°C (d) iron
ore powder, 1200°C.
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Pia e ANz, 3= ZFRICERIC I T S MEkEa &
HABRRLORGAFBEBT 5720, ZOLYRIZELLT
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W FRERR A AN B &5 O MEVUEL 41T - 72,
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3.2 XBRBERIIUVEER

AR R O VI B B % Fig. 14@)~@Smd ., K&,

TR 858570 TR T 1100°C MU O 35 A 13 bR FLIE 4 < 251k 28
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Fig. 13. The silica brick retort and the heat-treatment ex-
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Fig. 16. The microstructure of the heat-treated silica brick
retort (a) no addition, 1100°C (b) iron ore powder,
1100°C (¢) no addition, 1200°C (d) iron ore pow-
der, 1200°C.
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4.2 HRBPLUEE

Table 6 12789 & 912, WAHAH T — 2 ZDIJIS Relid
405 &<, DI 13809 TH »7z, CDQIZKBmEM |k
BIR159EZER T 5 & CDQAUIRTHE TO DI ;13 82.4 &
Y, EEFCHEHTRLZBEELNLORRIGHE 7 = v
T ZBER R LA, -0 ZAFREIZBWT, O—
22U UHEIBER D CRICBEIEE o7z, 72,
FEER L ANDHBE LRI W E»r -T2,

¥ 72 Table 71273 & D12, SFGmEsmMmL =071,
FBHEI -2 2AKOIKAPELIKBDFeEL BoTW 5,
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Fig. 18. The SEM image of the heat-treated silica brick re-
tort (iron ore powder, 1200°C) and the positions

of the EPMA spot analysis.

Table 5. The EPMA spot analysis results of the heat-treated silica brick retort (iron ore powder, 1200°C).

r ratl -

No. =g co's"iposmc‘:).;: (mals=se%) OIAIAfo%Tgfnbeofé: )OIFe Compound
1 364 02]533] - | 20 9294 [Si0;

5| 54261 96121469 147 | 32 | 122 | 135

3 155 04[539]206] - | 34 | 1850 | 1.9 [2FeO-SiO;
| 01[163] 04538 291[491.1 | 31 [ 1819 | 1.9 |2FeO-SiO,
5 | 02| 17.1] 04| 51.6|304]|2565 | 34 |190.0 | 21 [2FeO-SiO,
3 295 505 - | 18 - 50,

Table 6. Properties of the iron coke produced in a commercial coke oven chamber.

DI',; | DI'; | Mean size | Apparent density | True density |Porosity| CRI CSR | JIS Rel
) () (mm) (g/cm®) (glem®) (%) ) @) ()
80.9 82.7 47.3 1.07 2.06 47.9 48.8 16.3 40.5

Table 7. Ultimate analysis and ash components of the iron coke produced in a commercial coke oven chamber.

Ultimate analysis
(mass%, db)

Major component in coke ash (mass%)

VM | Ash | TS | P,0, | K0 | Na,0

Si0,

ALO,

Fe,0;] CaO | MgO | MnO | TiO, | SO,

0.31| 18.92( 0.49] 0.52| 0.47 | 0.25

30.22 |1

6.27 |48.34 | 0.93 | 0.64 | 0.06 | 1.03 | 0.30
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Table 8. Chemical compositions of iron in the iron coke
produced in a commercial coke oven chamber.

Chemical composition (mass%)

T.Fe | Metal Fe** Fe™*
7.92 5.24 1.67 1.01

TA VRBRIZE T AU ADOE-E I LR LK ST,
D= ZFEP PR I NAERITITEAEET A A LINE
jEn, WAHKIC KD HBREL 3 EEE » 5, 4
R EWHSEAODRA A T — 2 ZIFCHET B &, Ak
BUMRIC K DRET S CO, HyFDBRITH 212 & 0 ke
SOV THETLENEDT, BIFOKIGIEES & 651z |k
XELNBUREMEN D B,

5. 8

FRT -7 2B TESF CHEAWTRARE L L
OEREE7 zrua—2 248084254200 L, HR
&AM D HATRA BT B O TR (TR, #RiRER)
WA — 2 288 B K03 — 7 2 IFFRE IS RIT T 5
BIZOWTHET 21TV, ZOREBERAERA S ICH g —
2P TEIISET7 2102 — 7 2 & RBICEGE U 728
R, UToMRE57-,

(1) TRk (FOBskeng, S8R mmc &k v AR
R R E MK NI 5. F T 2R OIY )2 EN
72037 2EEET 501013, AREAEEIZGU
THiENE (BRtE) 2+ 8RS KEHWIBER D
5,

(2) TRrEAmIERmMmz &y a2 — 2 2t (1S KIS
88, CRD T RkELHIMNT 5,

(3) TORYEESLOTRMIT 1100°C LB OB A T R4
SZEMU 0D, 12000C B OB, HOMLERD
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D Si0, & FeO 28 IS U TR RAL A (2FeO - Si0,) % A &,
L, MEAKELRE, BEIRS,

(4) FHa— 2 2IF IO THBRSILA & AR ISIRA L
T7xu3—2 Z2&RBICELE L, DI, 809 (CDQAL
P%82.4), JIS Rel 40 DEILET — 7 28L& A K L 7=,
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