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Combustion rate of semi-coke in blast furnaces and economic benefits

calculation after its addition

ZHU Qiuping', WANG Shenyang”, CAO Cheng', ZHANG Jianliang”, SUN Shuochao', XU Runsheng’
(1. Fushun New Tron & Steel Co.,Ltd.,Fushun 113001, Liaoning, China ;2. School of Metallurgy and Ecological
Engineering , University of Science and Technology Beijing, Beijing 100083, China)

Abstract: In order to determine the combustion rate of semi-coke inside the blast furnace and whether the steel
enterprises have economic benefits after adding semi-coke, in this study a new-type simulation experimental device for blast
furnace coal injection combustion was used to detect the combustion rate of semi-coke in the blast furnace and additionally
the energy and quality balance calculation was used to access the impact of adding semi-coke on the fuel cost and smelting
cost of the blast furnace. The experimental results show that the average combustion rate of semi-coke in the blast furnace is
64.03% ,which is between bituminous coal and anthracite. Based on the calculation of on-site raw materials and fuel
prices, it is obtained that when the price of semi-coke ranges from 0. 80 and 1. 21 Yuan/kg,adding semi-coke can reduce
the fuel cost and smelting cost of blast furnaces. The findings of this study can provide theoretical guidance for iron and
steel enterprises in selecting and injecting semi-coke.
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Table 1 Proximate analysis and ultimate analysis of fuels %0
e Tk 4#T ‘ JLR T
Ifi 7 ik Wy R Koy C H 0 N S

L TOAR 78.78 9.79 10. 87 0.56 81.62 3.17 3.74 1.07 0. 46
JRUE TC AR 80. 42 11.73 7.22 0.63 82.05 3.09 0. 62 1.14 1.11
B IC AR 80. 31 10. 64 8.38 0.67 83. 56 3.21 0. 54 1.05 1.13
FIR TS 76. 98 11.74 10. 47 0. 81 80.78 3.25 3.84 1.04 0.49
A TE R 80. 58 9.74 10. 50 0.43 85.26 3.40 0. 40 1.08 1.09
1% Ry AR 59. 71 5.52 36. 80 3.87 61.26 3.89 14.13 0.91 0. 83
=Y/ 75.50 11.55 11. 68 1.27 76.07 2.21 8.92 0.70 0.32
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Table 2 Gross calorific value and net calorific value

of fuels J
PR A AE e
22 TCARAE 31 185. 44 27 254. 57
JE TC I 31 659. 49 28 580. 06
PR IC AR 32 040. 65 28 809. 76
FIRTOAAAE 30 721. 02 26 632. 83
H R TC I 32 343.15 26 783. 03
% SR AR 30 900. 93 24 535. 81
20K 31 118.91 25 203. 57
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Fig.1 Schematic diagram of the new blast furnace
pulverized coal injection combustion simulation

test device
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Table 3 Main equipment parameters

n

i H V/mL T/K  P/(101 325 Pa)
GM (i) 350 298 0. 05
HD(&JEX) 85 298 5.00
ND (fR X)) 606 1873 2. 60
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Q. =S x4 600 (14)
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Fig.2 TG-DTG curves of pulverized coal and semi-coke
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62% Fify , BRBEFRIFAR R, X 2R KN il
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Table 4 Average combustion rate of different fuels %

TEARHE BR L
W RUE HR Fk Ak B
64.17 61.79 61.49 63.27 61.18 66.12 64.03
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BRBEFRANFE 5 Fis .

F5 FREALEMRERREE

Table 5 Combustion rate of fuels with different

particle sizes %0

T e
150 ~106 106 ~80 80 ~75 75 ~50
B Jmy MR 61.45 64.31 68.34  69.73
=V 59.75 62.03 64.97  66.12
FETMBE  53.08 57.43 60.76  63.49
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Table 6 Physical and structural properties of the samples

t-Plot t-Plot t-Plot BJH LKW FF
BET 3Al AR LR ” P N

BRI REBY - ABRRY CEAR w my SEmmBY MALERY BiHKRY

(m*-g™) (em™-g™") AFY/ nm 2 -1 2 -1 3 1 3 -1

(m™+g™) (m*-g™) (em”-g™) (em”-g™")

FIRTCHHIE 0.620 6 0. 002 580 16. 632 1 0.4550 0.165 6 0. 000 173 0. 002 436

=V 1.098 8 0. 003 733 13.589 9 0.396 7 0.702 1 0. 000 166 0. 003 584

S S AR A 1.478 8 0.004 138 11.193 6 0.347 5 1.1313 0.000 145 0. 003 954
0.620 6, 1.098 8, 1.478 8 m*/g, H i F ik KM o BUBREME K K ER RS R mlange 7.

SRy ) L R TR AR /0N, R A R By 1) L 3% T AR 8 7N

ok, T LR ELE AN 0.002 58 em’/g BN =
0.004 14 cm’/g, VBB MREAT B8 3= & (1 FL B 5
M, 2mIRZ, FRITCWERK, FHFREIH,
= HALAR N 16.63 . 13.59, 11.19 nm, ¥4
TR S, AR AR AR 19 25 09 2 8500T LA
B, PABTERERR L AR AR Y L TH
TR, FLER AR =5
2.2 EMAIZREESR LIS

R TR RN 7 FRHE SEBR AR 7 i R
AR LE, R R A 3R A 5 8 R AR 153
PO EITEN L8 %0 K, KRB RORE Y P 1L

HIZE 7. 8 AN, JCHAARE A AT R E 2 I
THARERA BRI AR 5B % 8 R
TE R TR BRRBE RGO, 5 7% S8 F AR A #A be
AU g T IO, P A ROMES R 2 4
A6/ o FR TR IR R AR B SR WA A1 A% 2 B LA
R, AR CEEA LEAE 8Os, A ) b 2 9 54 i ST
UL, HA oM B P LE AR BOHE R O s > i
2> > AW > iU, 22k i TR A Y
PEF, HAEO HEAR 20 K Wt T AR, B LA
P22 B AR AR AR Y EIE AR HEA T i, HA i
7o 22U AR BB LR

®7T FRBBHERRE

Table 7 Effective heating value of different fuels kJ/kg
S RIS ANTEARRBER KBS BREAE YR KO RGER BB ARHE
22 TC AR 8 529.29 154. 24 823. 83 343.74 21. 16 4 683.31
JRUE TC A 8 574.22 161. 30 643. 83 411. 86 51.06 4518.83
BB TR 8 732.02 163.17 663. 19 373.59 51.98 4 455.21
FIR T 8 441. 51 168. 46 836. 54 412.21 22.54 4 579.31
F R TE AR 8 909. 67 156.23 700. 11 341.99 50. 14 4 535,07
SR A 6 401. 67 776. 74 1 422. 54 193. 81 38.18 2 625. 21
=¥/ 7 949. 31 87.41 792. 54 405. 50 14.72 4 255. 10
#8 AEMRHEM LIS
Table 8 Cost-effectiveness index of different fuels
PRERI S HRE (K -kg™) KN A& /T iR A/ 0 K/(kJkg™' -t
W22 TR 4 683.31 1.383.48 11.83 3.37
R TC AR 4518.83 1.394.28 21.16 3.19
i PH AR 4 455.21 1301. 40 19. 54 3.35
F2 ik TOHEAE 4 579.31 1 301. 40 8.72 3.49
FI AR TC AR 4 535,07 1 344. 60 16. 69 3.33
B SRR 2 625.21 1174.20 17. 62 2.21
V3 4255.10 1 134.60 20. 64 3.68
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2.3 BRMERBPIBFUE IR, 2ZIRANKE R 1. 171 J0/kg, FEHIN 20% 225

TR S0 2 1, 238 1 R o V- A A
NI 2205 S SR RE AR A RE ) R TS A A5 A 3
B RN T 0.1% , 4k #5 4  fit ok
(5.93% ) . WEHIRRRPEIREE (2 241 °C) B i
AR (1.24) RARGA, BB R HEE Yok B
MR, BRI an2 9. 10 Frzn, Wik~
SR TANRB SR 2BV = i OGBS B R 2
RammE 11, 12 iR,

R 22 1 A Ml AR R 5 4 1 Ry B3 g R
Bl 50% MR +50% ToIRIE, U822 ik 5 8 4EFr 2
HEMI T oA, RA T oA & A5 XU D & AR
B AFEAE . RFBRBHES T 22 5 M A4 KRR
ARFEANE 3 iR,

HIE 3 W, Bl 2= AR B, R Ak
AR EFHEaS RS 2RSS AR, BABERL
APET R I A TR, BET, B R R
LER R RL A K 895. 64 JT/tHM, ¥R N 10% %

W, 22 MA% N1, 19950/ kg, SRR KR IL R T
895. 64 Ju/tHM, i H Fi AR LA, 1 75 1
ZIEAETE LA 5 . Hod, Wi 20% == R 7E
WA/ NTF 29 1. 143 Ji/kg B, HCER AN 109% 22 5% 3
AAT i o

PRI, 2R A% L 7E 0. 80 ~ 1. 199 JT/kg K
Ny R =W ST oy G L D Bl o 1
0.80 ~ 1. 143 Ji/kg B, W1 20% A 5 & 1 28 55 51
£y MEZHMARALE 1. 143 ~ 1. 199 Ji/kg B, @0
10% =% i AT 4850 4

3 & it

(1) 2ZBAE = BN B RR G AR B m T I MR RAE
RT A, TR BOBDRLEE 5, kB B, BAbE
R, RBEIE BRI

(2) ZmRMNMFEIEETE 0. 80 ~ 1. 199 Ji/kg A,
IS A N (1R o N W NI e < B

R ANPEBMEEXLFERSD (RESH)
Table 9 Main chemical composition of raw materials for furnace charging %
JERFh 2 TFe S FeO Ca0 Si0, MgO Al O, MnO H,0
hesh 55.04 0.010 8.69 11.20 5.93 2.15 2.49 0.33 —
ERH] 63.20 0. 007 0.48 0.76 6. 69 0.56 1.44 0.14 0.50
R0 ANPEREIEZRS (RESH)
Table 10 Main composition of fuels for furnace charging %
RIS 53
BokE [#] 7 B S RSy Kax
Ca0 MgO Si0, Al, 0, HoAh Rt
FEIR 85.19 0.77 1. 65 0.61 6. 08 3.86 0.40 12. 60 1.34 0.10
Sk 68.29 0. 66 2.59 0.15 2.89 2.62 0.12 8.37 22. 14 0.54
x11 BR=RSH
Table 11 Parameters of injected semi-coke
WEIR A/ (m® -t ") AL/ C HAR/ % PIREZ/C BB/ (m®em ™) FURLARLE/C
100 1150 3.80 137 0.005 3 25
R12 BREMEUESPXESHNHTESER
Table 12 Calculation results of key blast furnace parameters after fuel structure changes
prap— AR/ L/ B/ BREHE/ Wl B, SRR
R % (kg-tHM™') (kg-tHM™') (kg-tHM™')  C % TR/ C
50% HHIEE + 50% TCHHHE 3.80 381.0 155 536.0 1150 593 2241.32
10% 2 J5¢ +40% JCHABE +50% ML 3. 81 380.0 155 535.0 1150  5.93  2240.43
20% =55 +30% JCHAME +50% ML 3. 86 379.7 155 534.7 1152 5.93  2240.16
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