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Mathematical modeling of Mei Steel No. 2 BF with coke oven
gas injection

TANG Jue’, CHU Man-sheng’
(1. Mei Steel Technology Center, Bao Steel Research Institute, Nanjing 210039, Jiangsu, China;

BI Chuan-guang',
2. School of Metallurgy, Northeastern University, Shenyang 110819, Liaoning, China)

Abstract: In order to achieve the green and low cost ironmaking, Mei Steel will perform the BF operation with coke ov-
en gas(COG) injection. And for insuring the effective injection, the mathematical modeling research of Mei Steel No. 2
BF with COG injection is researched. Firstly, based on the raw material and fuel conditions of Mei Steel No. 2 BF, the
mathematical modeling of the BF operation with COG injection is carried out by multi-fluid blast furnace model. Second-
ly, the economic benefit after COG injection is also preliminarily analyzed. Compared with the base case of no COG in-
jection, when the COG injection is 50 m*/t(Fe), the concentration of reducing gas in the BF increases and the reduction
is accelerated; the production increases to 4 740 t/d (increases 30.12%) ; the coke rate decreases to 321.80 kg/t(Fe) (de-
creases 14.43%) ; the carbon emission decreases to 355.93 kg/t(Fe) (decreases 8.61%). On the base of the coke price of
1 607 RMB/t and the COG price of 0.774 9 RMB/m’ (supplied by Mei Steel in Nov 2016) , the cost of pig iron reduces
20.14 RMB/t, the saved coke for COG injection is 7.79 ten thousand tons per year, and the total economic benefit is
51.15 million RMB per year. Considering the economic benefit, the coke saving potential, the rich oxygen capacity, and
the COG surplus of Mei Steel, it is recommended that the rational COG injection for Mei Steel No. 2 BF is maintained
around 50 m*/t(Fe).

Key words: low carbon ironmaking; blast furnace; coke oven gas injection; multi- fluid blast furnace model; economic
benefit
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Table 1 Chemical composition of burden containing iron for Mei Steel No. 2 BF %
TRl TFe FeO Si0, H.O AlLO; Ca0O MgO S
FRAE 57.85 9.14 5.03 0 1.76 9.27 1.59 0.013
BRI 63.42 0.48 7.14 0.31 0.79 0.31 0.43 0.003
Py 63.20 0 291 1.50 1.45 0.11 0 0.014
RN 5231 2.35 15.89 0 0.94 1.11 0.38 0.765
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(VAT 41 WA 2. Base Ay B AR £k 4
< ; COI20., COI40. COIS0, COI60. COI70, COI80

F1 COI100 43 7 3 735 W W AE 45 < 201 40+ 50, 60
7080 F1 100 m*/t(Fe) . 15 5%, A H 2 Ui A 02
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Table 2 Initial conditions of modeling for Mei Steel No.2 BF COG injection

%A Base COI20 COI40 COI50
AELE/C 117932 1179.32 1179.32 1179.32
R/ (mP ) 1027.91 904.71 841.69 798.15
EE A 4.625 6.670 8.679 9.980
PRSI e )/ C 2271.28 2271.26 2271.28 2271.27
PR/ (kget ™) 134.60 134.80 134.60 134.30
A COI60 COI70 COI80 COI100
AR S/ C 1179.32 1179.32 1179.32 1179.32
FHAG R/ (m’ -t 779.37 756.38 736.74 688.42
% 10.885 12.014 13.236 15.646
HR el 2/ C 227127 227127 2271.27 2271.28
PR BECR/ (kg-t ) 134.10 1343 134.60 134.10

FELE ARG AR A, FRK X S dR bR R 5
T [ T DX 3t A Ry JL AR 7 S (0 2 2% b . 3L
R AR 7 Z A 57 XA AE N 2 ik =
PR A AT S SRR . THE R
Fi SN R, DREFIE LLAERFIE T .
1.2 ¥R

Kl 1 BT A 8 4~ CASE N 1) 45 A4 kL1 i o

Base. COI20. COI40.COI50. COI60. COI70. COI80.
COI100 8 P 4E '~ , Wit & (PCO 4 ¥ AL, 8K
WS 1179.32 °C, g AR B4 3 oA 1 027.91,
904.71. 841.69. 798.15. 779.37. 756.38. 736.74.
688.42 m’/t (Fe) (brifE &%) 5 ‘& 5% 70l 4 4.625%
6.67%  8.679% . 9.980% . 10.885% . 12.014% .
13.236% 15.646% ; " I I & 73 7l 4 3 518.87
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(a) Base; (b) COI20; (¢) COI40; (d) COIS0; (e) COI60; (f) COI70; (g) COI80;  (h) COI100.
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Fig. 1 Gas material balance of Mei Steel No. 2 BF with COG injection
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Fig. 2 Effect of COG injection on distribution of
averaged temperature along height of Mei Steel No. 2 BF
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Fig.3 Effect of COG injection on distribution of inner temperature of Mei Steel No. 2 BF
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Fig. 4 Effect of COG injection on averaged H, mole
concentration along height of Mei Steel No.2 BF
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Fig. 5 Effect of COG injection on distribution of hydrogen mole concentration of Mei Steel No. 2 BF
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Fig. 6 Effect of COG injection on reduction of burden containing iron of Mei Steel No. 2 BF
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Table 3 Percent of hydrogen reduction in indirect

reduction %
AR LB/ %
%
Fe,0:—Fe;0, Fe;0.—FeO FeO—Fe

Base 1.06 27.88 48.34
COI20 1.69 33.72 51.96
COI40 2.18 39.30 55.94
COI50 2.54 42.50 57.29
COI60 2.81 44.90 58.66
COI70 2.96 45.23 59.26
COI80 3.125 47.77 59.93
COI100 3.53 51.41 61.60

153 ) 48 K 14.62%F1 8.95% . X T4 i1 T H, 1)
W JFEATIT CO, W GRS, B A Ha BRI
FET i, Bk roBhIa JEUd , B 38 Bty 1T n] 3R AT
1.4 BREFESIHEN2 SHPRIEERD
A1

AN TRV EE P AR AT MR 2 5 R
PEREFR AR AR L L 4. (O #ELL . 5 Base £61F
ARG, 2 FE B ASCms R B 38 0, B £ L Rl 2 38
2 A A mE IR R S50 mYe (Fe) B, 38 1 JA
13.64% , H 32 22 i PR v b g e A e B U P A
AL AR K, fropbads J ek, i 2 A S 5 1)
P i, R FEIk D, TR £E L3 R . (2) B Hi
bt Bl £ 0w 3G 0, B e L R BB
e, IR 20 mY/t(Fe) fEJ N, B4 Ll 0.45;
2 IE R K E 50 m/t (Fe) I, B e LAY % &
0.446, X T Bt iy AR b B CE S N, N A
(R 2R BRAR o (B AR 7 B o AR A= M0 R i
R, M 2 5 i AR Bk B R s . — T, A
HL IR B 2 3 300, HOHLIE R4 T CO, kbt it
T3, PoRRAE A 2 B IS TR1 92 s 5y — 7 THT, AR

R4 BIREPESIEN2 SEIPEERIEERORNE
Table 4 Effect of COG injection on major operational parameters of Mei Steel No. 2 BF

A Base COI20 CO140 COI50
W HEEL Gwo/we) 4.187 4518 4.646 4758
B/ (kgom™) 0 0.450 0.448 0.446
i fAchyopbin i/ (kges™) 85.02 95.26 101.18 105.87
ARk R/ (ted ™D 3642.8 4181.70 4.494.80 4740.00
FELE/ (kget ™) 367.5 340.60 323.80 321.80
L/ (kget™D) 134.6 134.8 134.6 134.3
A (kgD 0.00 9.62 19.55 23.98
[l A JE A T FE i (kgD 502.20 475.40 458.40 456.10
AR (kg -t 387.07 367.48 361.82 355.93
CO R /% 51.76 54.64 55.67 56.46
HL A #/% 33.99 31.16 30.17 29.44
I J SR 2% 49.87 51.56 51.71 51.84
% T COI60 COI70 COI80 COI100
BTG Gwo/we) 4.797 4815 4.857 5.365
B/ (kgem™) 0.446 0.446 0.445 0.444
[ pAcpyorbin s/ (kges™ 108.73 111.489 114.91 122.5
A/ (ted D 4.854.20 4950.8 5153.10 549552
FELL/ (kget™) 318.60 316.40 315.00 303.40
PELE/ (kget™) 134.1 1343 134.6 134.1
FEP R (kgD 28.82 33.95 38.61 48.20
] A 30 Dt 1) A T P/ (kg ot 452.70 450.7 449.60 437.50
R (kgD 350.80 345.231 341.02 330.96
CO FIHZ/% 56.90 56.93 57.60 58.50
Ho FH #%/% 29.01 28.71 28.45 27.87
SR 26/% 51.81 51.82 51.85 51.93
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Fig. 7 Initial evaluation of economic benefit for Mei Steel

No. 2 BF with COG injection
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AR R B IR 50 m/t(Fe) A
AN, WA AN 51.78 m?, B X D 227.42 m,
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Table 5 Changes of raw materials and fuel consumption of Mei Steel No. 2 BF with COG injection

L Base COI120 COI40 COI50  COI60  COI70  COI80  COI100
MR T AR/ (kg -t D 134.60 134.80 134.60 13430 13410 13430 13460  134.10
LTI FE/ (m* D 0 20.00 40.00 50.00 60.00 70.00 80.00 100.00

EAAMFY (et 0 19.61 40.18 51.78 60.98 73.58 84.90 106.85
HAHFE/ (M) 0 —121.95 —184.32 —22742 —246.01 —261.06 —288.21 —336.03
FERIGFE/ (kgt™) 0 —26.90 —3870  —4570 —4890 —51.10 —52.500 —64.100

™k

e A B R AR S T R, 28
H5 AR TIN 45 A (A2 A e, Bk

2.2 BN SR ENESEH R AR E
FRPEMEEN 2 5 = 2016 4F 11 A 477414, B

i

/N

pei

o

St AL . AR
BAE T

0.064 5 70/m’, FEIPHES 0,774 9 Ju/m’, £E9% 1.607 JUkg,
400.5644 J0/m’, Mgk AL P2 A 1 756.06 TG, T
DL B S, IS & 2R B SAS VN T ReA 15 o
P He it 98 55 S AR FEA AR, WD VR T AR 2
5 T I IR R R A R A Rk, 4 AR T #] 8
FIoRe ARSI E N 50 mY/t(Fe) I, W 2k ik
A PEAK 20.14 7T, BT L IR 7.79 T t, S0 H B
LT RN 3 436 0. MAEGEA K E KT
80 m’/t (Fe) I, |1 - AE 4y 5 A< FI s 4 B AR 348 s 52

70 m’/t(Fe) .
2.3 HBN2SBIBEREFES BN
27 FRE AN B2 3t F e Ak 28 % 2K 25 44 JC, MEAN 2
5 W R IR A R AR AR R Y AL A
W3R 6. MW A 0 A0 5t 3 I, A Q0 38 7= 3L R
B, 2 mE R A A RS 20140150 60 70 80
100 m*/t(Fe ) i, 45 47 DA A2 42 = 5 48 n o2 ik 1) 28 5%
RS 794 771290 J5 .1 678 J1 .1 895 J7 .
2012 J7.2 304 J5.2 875 ) JC.
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Fig. 8 Cost benefit of Mei Steel No. 2 BF with COG injection
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Table 6 Production benefit of Mei Steel No. 2 BF with COG injection
B4 Base COI20 COI40  COIS0  COI60  COI70  COI80  COIL00
Ak (ted ™D 0 501.2 814.3 1059.5 11737 12703 14546 18150
EROIB VTP 0 794 1290 1687 1897 2012 2304 2875
2.4 BN SEFBEREFESENSERE Rt 44 TC S MR A AT FRAIG 20.14 TT , B A PR g

AN 2 5 vy AR D S H B AR 3
HFAEH =R G AT W 9 R . mig
FEY R 20,4050, 6070+ 80+ 100 m*/t(Fe) I,
FERGEE M N 4 487 .4 592.5 115.4 225,
2580.1019.281 /i 7G.
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Fig. 9 Total benefit of Mei Steel No.2 BF with COG
injection

2

3

(1) 5 AR ARG A B, M4 2 5 i o s
50 m*/t(Fe) FE P, 0 PR3 i 0 B2 3
BRE B FE R s 7= 519 42 4 740 v/d, 351 30.12%;
FE LU % 42 321.80 kg/t(Fe) , B#IE 14.43%; B HEBOR 2
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