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Improvement in Blast Furnace Reaction Efficiency through the Use of Highly Reactive Calcium Rich Coke

Seiji NOMURA, Hiroyuki AYUKAWA, Hisatsugu KITAGUCHI, Toshihide TAHARA, Shinroku MATSUZAKI,
Masaaki Na1TO, Satoshi Koizumi, Yoshikuni OGATA, Taukeshi NAKAYAMA and Tetsuya ABE

Synopsis : A method to produce coke in ‘lump’ form with high strength and reactivity through the addition of a catalyst was investigated in order to im-

prove blast furnace reaction efficiency. The addition of Ca compounds to coal before carbonization was found to considerably increase the re-

activity of the coke at a low temperature range equivalent to the thermal reserve zone temperature of a blast furnace. Furthermore it was

proved that strong, highly reactive ‘lump’ form coke could be produced by adding a Ca-rich non-caking coal and adjusting the coal blend

composition. Based on this fundamental study, the Ca-rich coke was successfully produced in coke ovens on a commercial scale, both at

Kimitsu and Muroran works. The use of the Ca-rich coke in the Muroran No. 2 blast furnace was found to cause a decrease in the reducing

agent rate by 10 kg/t-p. This technology, producing coke of high reactivity and strength through catalyst addition, is promising as a means of

improving the reaction efficiency of a blast furnace.
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Fig. 1. The factors determining coke reactivity.
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Fig. 3. ‘Pre-addition of catalyst to coke’ method.
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Table 1. Characterization data for the coals used.

Proximate Total Maximum eflectance Mai h £ (%
Coal| (mass % db) |dilatation| fluidity ajor ash component (%)

VM Ash (vol.%) |[(log MF/ddpm) (av.)(%) | P.O5;| K,O | Na,O | SiO, | Al,O;[Fe,0;] CaO | MgO
A 20.7 9.8 99 2.56 1.42 0.74| 112 0.83[59.99[26.66| 4.20 | 1.42| 0.59
B 23.8 8.8 103 2.93 1.28 0.45| 1.07| 0.75[56.40 [31.48| 3.70| 0.87 [ 0.59
C 35.7 9.1 32 2.08 0.79 0.41| 1.14| 0.51(62.98 [23.83| 4.99| 1.52[ 0.76
D 43.2 4.7 0 — 0.63 0.38 | 2.22| 0.52[55.72[22.43| 9.66 | 2.85| 1.66
E 48.6 1.7 0 — 0.44 0.31] 0.77 | 0.39 |39.38 [19.72[18.04 [ 6.56 | 1.69
F 37.4 5.3 0 - 0.61 0.08( 0.13[ 1.47(21.23| 9.18 6.07 [45.99] 1.34

Table 2. The blending composition of the coals.
Test

CoaAl4—T—> T3 T2 Ts T 6 789
A 20] 20| 20| 20| 20] 20
B 70| 90| 80| 50| 50| 50| 50| 50/ 50
C 30 30] 25| 20| 15| 20| 20
D 10
E 10
F 10| 20 5 10| 15
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Fig. 4. The relationship between the addition rate of the al-
kaline earth metal and the JIS coke reactivity
index.

Table 3. Effect of Ca-rich coal addition on coke quality.

Coal F (%)) DI"";s | CRI CSR | JISR.I
Test 1 0 84.5 23.3 66.8 6.6
Test2| 10 84.0 248 | 68.0 | 39.0
Test3| 20 81.8 33.2 586 | 418

HIREOBEGETRT, 22T, 7AH ) TESBORNE
i, I— 2MBEMNELCH D ICRMEhT LAY 1
HERITHEDEAHTE L, K&, SEHWET LA
) SR TOMBEMERESIL Sr>Ca>Mg TH D, Cald
B, REBILOE S 5 TEAMHERLH 5 E13b1 5,
—%, MgCO,, MgOZ3itm FERIKIZE A E RN,
StiE A ARPIZEZhEEE D5, $-HMETEE
PORMIZTE S &S BSHEAMIIFEL &V, —FCa
i, BICOIRGREAIKE REHRERER & U TERICHA
LTkD, EoizhRkPICE s 2BEEENTVS, L
&b, a—-r 2K EMEE UTIECaBHTH S
LEIOND,

2:2-2 ECakEAHMI— 2 AMBIIRITTHE

(1) HISRIGHERE# L CRI

Table 312 Test 1I~3 DFERE R T, £LD, FIR (HCafk)

BlAizky, a—s 20 usRIBERENZFEL <M LT3
Ehrbnr b,

Fig. 512, FERSR (DR, ER, FIK) BEALE LIS
R HEROBERETR T, CRRAEFR (BCakk) IKIRDE
ABZLICKDNSRISHEEIEIRE <M ET A, Fik
BLA A B8N % L1f) ERhFiSfafl$ 2EAICH 5, — A4,
CREDRIZIEDEZ TE NSKEEHERZH EL v,
IDZENL, FIRPIZEL HEND CaOMBERIZKD
ISKIGHEEAmEL 2B 2 5N 5, EREARD IS
ROIGHEEEA DR & D @D, EROARILE DD
TS, ERAREEDD H — KV OB EAR W=D & H
Abhb,

%72Fig. 6 &0 CHREDE FRIZIRDEABZLICX
D, CRIAHEMT 5HE,Ab» 5, [FUEAHKE (10%) Tt

122

50

Coal F(Ca-rich
40

30 Coal E

20

CoalD
10

JIS coke reactivity index (-)

0 5 10 15
Blending ratio of non-caking coal (%)

0

Fig. 5. The relationship between the blending ratio of non-
caking coals and the JIS coke reactivity index.
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Fig. 10. The relationship between reaction temperature
and rate (CO,/CO=50/50).
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Fig. 11. The relationship between reaction temperature
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Fig. 13. The distribution of porosity measured by the mer-
cury porosimeter.
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Table 4. The coal blending composition, coal properties and coke quality in producing the Ca-rich coke in a test coke oven.

Test
10 1 12 13
Coal |coal F (Ca-rich) (%) 0.0 7.5 7.5 5.0
blend |SCC ratio (%) (incl. coal F) 30 16 " 24
VM (mass % db) 27.2 25.5 25.0 26.5
Ash (mass % db) 9.2 9.0 9.0 9.1
Coal |Total dilatation

property|(vol.%) (calc.) %0 100 108 94

IMaximum fluidity
(IogﬂM_Flddpm) (calc.) 2.46 2.38 2.42 2.39
Coke DI"™ 5 (-) 86.2 85.3 86.0 85.0
.. [csSrR() 51.0 481 53.7 426
quality e RO 7.0 33.9 373 312

Table 5. The coal blending composition, coal properties and coke quality in producing the Ca-rich coke in a commercial scale

coke oven.
Kimitsu Muroran
base Ca-rich base Ca-rich
Coal |coal F (Ca-rich) (%) 0 57 0 8
blend [SCC ratio (%) (incl. coal F)] 44 1929 a2 a5
VM (mass % db) 285 26.1-27.3 27.6 28.7
Ash (mass % db) 9.0 8.6-8.7 9.2 8.9
Coal |Total dilatation
property|(vol.%) (calc.) 56 69-76 49 81
Maximum fluidity
| log MF/ddpm) (calc.) 2.18 2.12-2.15 1.74 2.30
Coke 1PV 1s0) 85.5 85.6-86.2 85.0 84.9
°I.‘: CSR () 55.0 547630 | 617 0.6
ually ISR () 15.8 33.3-394 | 151 459
MR TH D720, BCakBAIZk DT -2 2AMEKT _ %
ERERERORFLAIC & DT 5 L EA D > 72h5, FRO x | Ca-rich coke
" S| :
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3.2 BREMI—YAFICH HECaBRIGET— 7 710 e
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. . DI"*45 (-)
FEEAIR AT, FIRBLA M 5~7%, FERORKS IR (SCC)
Fig. 15. The relationship between DI'® 5 and the JIS coke
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reactivity index.
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Fig. 16. The relationship between Ca content in coke and
the JIS coke reactivity index.

Table 6. The chemical composition of the sinter used.
Sinter (mass %)
T.Fe FeO
57.36 | 6.08

Ca0o
10.11

SiO,
5.18

AlLO,
1.36 |

——normal coke

1200 — o Ca-rich coke | e . 100
R . z
© 1000 | 48 2
< g
e )
2 800 160 2
g Reduction 3
£ 600 degree 140 8
] -
; 4 =
3 a00 L4 {208
& 3 5
200 B o o

0.0 0.2 0.4 0.6 0.8 1.0

Relative distance from furnace top ( -)

Fig. 17. Effect of Ca-rich coke on the temperature and sin-
ter reduction behavior in the adiabatic blast fur-
nace simulator.
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Fig. 18. Changes in RAR and Ca-rich coal blending ratio.
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