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Effect of injecting high calcium bituminous coal on droplet performance

of iron — containing burden
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Abstract: Aiming at such characteristics as low ash low sulfur low phosphorus high CaO high calorific value and high
combustion rate of a high calcium bituminous coal the experiment on injecting the bituminous coal into blast furnace is
conducted the influence of flux injection mode change on the performance of iron-containing burden is studied and the
burden structure under the condition of high proportion injection of the bituminous coal is explored which lays the
foundation for the large-scale application of blast furnace injection of the bituminous coal. The results show that after using
this bituminous coal except for a slight increase in the melting start temperature and softening interval other indexes are
reduced. Keeping the bituminous coal ratio unchanged at 30% with the coal ratio increasing from 140 kg/t to 200 kg/t the
softening start temperature softening end temperature and melting end temperature of the burden gradually increase while
the melting start temperature softening interval and maximum pressure difference have little changes and the thickness of
melting interval and soft melting layer first increases and then decreases. When the coal ratio is kept constant at 160 kg/t

with the proportion of bituminous coal rising from 30% to 100% the softening start temperature softening end

temperature melting start temperature and melting end temperature of the burden as a whole show a trend of increasing first
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and then decreasing the softening interval shows a trend of decreasing first and then increasing and the melting interval
maximum pressure difference and soft melting layer thickness also show a trend of increasing first and then decreasing.
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Fig. 1 Image of the test material
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Table 1 Chemical composition of iron-containing materials and pulverized coal ash %
TFe FeO  Fe,O;  MgO ALO;  SiO, CaO TiO, K,O0 Na, O SO,
57.06  9.26 — 2.35 1.88 5.05 9.66 0.13 0.03 0.010 — 14. 570
64. 54 — — — 0.52  5.66 — — — — — 29.280
64.40 0.35 — 0.27 1.21 330  2.36 0.18 0.05 0.040 — 27. 840
PB 62.30 0.09 — 0.02 1.37 3.3 0.02 0.02 0.01 0.003 — 32.827
— — 13.13 — 6.73 3350 15.03 — 0. 69 — 8.23  22.690
— — 5.40 — 28.79 50.84 4.03 — 1.79 — 1.61 7. 540
— — 21.37 — 11.40  19.13  29.09 — 0.20 — — 18. 810
160 kg /t . . (
>>( GB/T
N 34211—2017) 2 o
2
Table 2 Melt-drop experiment scheme of charge structure
/g /
PB (keet™) ) 1%
0%( ) 271. 40 39.95 116. 35 72.30 160 160 30
1* 258.90 39.95 128. 85 72.30 160 140 30
2" 263.50 39.95 124. 25 72.30 160 160 30
3* 268. 15 39.95 119. 60 72.30 160 180 30
4* 272.75 39.95 115.00 72.30 160 200 30
5" 251.85 39.95 135.90 72.30 160 160 50
6" 240. 20 39.95 147.55 72.30 160 160 70
7* 222.70 39.95 165. 05 72.30 160 160 100
1.3
( 2)o
(105 +£5) C
2 h; N
10.0 ~12.5 mm 0
4
o 1—N, 7 2—N, ; 3—CO
80 g ; 4—CO D 5— C 66— -
80 g L 8— ; 9—U L 10— :
i 11— ;12— ;13— ;14—
;15— ;16— ;17— ;
900 C 10 C /min; 900 <1100  °© 7 T A
;22— ;23— ;24— o
C 2 C/min; 1100 ~1 600 °C ’
5 °C/min; 1600 C Fig.2 Iron ore high temperature load reduction soft melt
30 min. 500 C

dripping equipment diagram
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N, 5 L/min; 500 C 30% CO + 1 kPa ) C; T, (
70% N, 5 L/min; ) C; AT, C; AT,
N, 2 L/min; C; H, mm; H,
200 °C N, mm; AH mm; AP
kPa; P
kPa; P kPa.
) 2
N 2.1
(1) ~(4) 3 . @®
0 30% - 160 kg/t (0%, 2*
AT, =T, - T (1) )
AT, =T, -T. (2) , @ 30%
AH=H -H, (3) (1" ~4* )
AP=P -P (4) €)Y 160 kg/t
T ( 10% (2%, 5" ~7" )
) C; T,
40% ) C; T, ( o
3
Table 3 Experimental results of softening melting and dripping properties of different charges
/C
T, T, T T, AT, AT, AP fkPa - AH
0" 1 059 1211 1312 1417 152 105 6.8 16.3
¥ 1038 1202 1312 1380 164 68 8.0 9.4
2f 1 042 1203 1321 1 391 161 70 3.9 12.5
3" 1 048 1 198 1263 1373 150 110 8.0 21. 1
4* 1 068 1227 1314 1418 159 104 5.6 16.4
5* 1 065 1215 1312 1418 149 106 5.5 16.2
6" 1032 1182 1270 1 405 150 135 6.1 19.5
7* 1 032 1202 1 304 1407 171 103 4.9 18. 11
CAP kPa.
(1) o* 2f 0 N N
3 o 2f
N N 2" ( 160
0 kg/t) 3" ( 180
\ \ o kg/t)
(2) 1% ~4* o 3 1" ~4" AT, AT,
3 1" ~4* Ty~ Ty~ T\ T, 140 kg/t 200 kg/t

140 kg/t

200 kg/t

o
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180 kg/t 6" 70%
140 kg/t 2"
0 30% °
30%
0 140. 160 kg/t °
o 30%
3 1" ~4* AP, .~ AH 100% N
140 kg/t 200 kg/t N N
160 kg/t
3" ( o 30%
180 kg/t) 1" ( 160 °
kg/t) o 2.2
2
0 160 kg/t 4
o * 0
140 kg/t 200 4"
kg/t N N
N o 160 kg/t-
N 100%
160 kg/t o 4 ( )
(3) 2", 5" ~7" . Table 4 Data table for the structural proportioning of
A Ty~ Ty~ Ton T, the furnace charge %
N N Pb
2#0‘ 5 L7t AT,. AT, 0" 54.28 7.99 23.27 14.46 0 0
30% 100% 1 5178 7.99  25.77 14.46 -2.5 2.5
. 252,70 7.99 24.85 14.46 -1.58 1.58
100% 3 53.63  7.99 23.92 14.46 -0.65 0.65
50% < 70% . 4% 54.55 7.99 23.00 14.46 0.27 -0.27
5% 50.37  7.99 27.18 14.46 -3.91 3.91
. 70% 6" 48.04 7.99 29.51 14.46 -6.24 6.24
30% 7% 44.54  7.99  33.01 14.46 -9.74 9.74
° (
30% ° ) 49 kg/t
2F. 5%~ 7" AP, .~ AH (23 kg/t) o
30% 100% @
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Table 5 Data tables used for calculations
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(kget™) (=) (=)

3200

280

23 700 300

(2)
140 kg /t

30%

30%

200 ke/t

160 kg /t

160 ke/t
100%

~

131 ( )

3332t 100 (

J. 2021 33(S1):17 -21;
43.
ZHANG Li ZHANG Jianqgiang NING Shuzheng et al.
China and global coal industry situations comparative
analysis J . Coal Geology of China 2021 33( SI1):17 -
21;43.

J . 2022
20(1):3-5;217.
ZHANG Chunhui XIAO Nan SU Peidong et al. Green
transition and development opportunities of China’s coal
industry under the constraints of the “Carbon Peaking
and Carbon Neutrality” goals J . Energy Science and
Technology 2022 20( 1) :3 -5;27.
VECM
I 2022 41(1) :96 -99;107.
XING Tingyu. Analysis of China’s coal demand elasticity
based on VECM model J . Shaanxi Coal 2022 41(1):
96 -99; 107.
.2021—2022
I 2022 48(2):5-14.

YUE Fubin. Research report on economic situation of
China’s coal industry from 2021 to 2022 J . China
Coal 2022 48(2):5-14.

J. 2021 23(5) :130 -138.
KANG Hongpu WANG Guofa WANG Shuangming
et al. High—quality development of China’s coal industry
J . Steategic Study of CAE 2021 23(5) :130 —138.



2023 2

107

J. 2022(1):7 -9.
WANG Hangheng. Discussion on the future development

direction of coal mining technology J . Modern Chemical

Research 2022( 1) :7 -9.

WANG Xiaoai JIANG Xin TIAN Xiaowen et al.

Research and application of key technology to improve
the coal injection ratio of blast furnace J . Hebei Metal—-

lurgy 2021(5) : 49 - 54; 69.

7  ZHUKOVSKIY Y L. BATUEVA D E BULDYSKO A D 12 WU K PAN W XU W R et al. Research on utilization
et al. Fossil energy in the framework of sustainable devel— factor of injected pulverized coal into BF at large PCI rate
opment: Analysis of prospects and development of fore— J . Steel Research International 2008 79( 12) : 904 —
cast scenarios J . Energies 2021 14( 17) : 5268. 907.

8 ZHANG R XING Y W XIA Y C et al Synergistic 13
adsorption mechanism of anionic and cationic surfactant J. 2006 41(6):9 -12.
mixtures on low—srank coal flotation J . ACS Omega KONG Fanshou ZHANG Jianliang LI Binglai et al.
2020 5(32) :20630 —20637. Development and application of accurate PCI control

9 FANYJ CHAIYF WUJY et al. Behavior of coke in technology J . Iron & Steel 2006 41(6) :9 —12.
the blast furnace for smelting Bayan Obo Mine ] . Fuel 14
2022 309:122147. J. 2022 32(5):1-8.

10 ZENG Yu JIANG Zhe ZHANG Jianliang et al. Compre—

J. 2022 32(3):61 - hensive analysis on characteristics of injection fuel in
67. Ansteel blast furnace J . China Metallurgy 2022
ZENG Yu JIANG Zhe ZHANG Jianliang et al. Utiliza— 32(5):1-38.
tion rate of coal injection for blast furnace in Anstellunder 15 LIYJ ZHANG J L WANG G W et al. Effect of coal
the large injection condition J . China Metallurgy 2022 blending on ash fusion behavior for blast furnace injection
32(3):61 -67. of high calcium bituminous coal J . Energy Science &
11 Engineering 2019 7( 6) : 3332 —3343.
J. 2021(5) :49 -54; 69.
( 100 ) 14 .NH, V,0,/AC
12 . yFe, 0, J. 2006 27(1):91 -
NH, NO J. 96.
2014( 32) : 5734 - 5740. MA Jianrong LIU Zhenyu HUANG Zhanggen et al.
LIANG Hui ZHA Xianbin GUI Keting et al. A study of Adsorption and oxidation of NH; over V,05/AC catalyst
selective catalysis reduction denitration performance and J . Chinese Journal of Catalysis 2006 27( 1) : 91 - 96.
adsorption of NH; and NO over vyFe,O, catalyst J . 15
Proceedings of the CSEE 2014( 32) : 5734 —5740. NO D .
13 2015.

D . : 2013.
GAO Yan. Experimental and mechanism analysis on
selective catalytic reduction de NO_ catalyst D . Jinan:

Shandong University 2013.

LI Xiaoxiao. Sn0O,-CeO, /spherial activated carbon based
catalysts for low-emperature selective catalytic reduction
of NO with NH; D . Shanghai: East China University of
Science and Technology 2015.



