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Research progress and development thinking of gas-based direct
reduction process

ZHU Deqing' , XUE Yuxiao', PAN Jian', TANG Zhucheng’, YANG Congcong', JIANG Rongcai’
(1. School of Minerals Processing and Bioengineering , Central South University ,Changsha 410083 , Hunan ,China
2. Fujian Sansteel Minguang Co. ,Ltd. ,Sanming 365000, Fujian , China)

Abstract: The low carbon development of the iron and steel industry is crucial to achieving the carbon peaking and
carbon neutrality goals on schedule. Based on the introduction of the current status of carbon emission reduction in the
iron and steel industry,the current development of direct reduction process is summarized, the development trend of
gas-based direct reduction process is analyzed, it is pointed that the gas-based shaft furnace process is the direction of
its vigorous development, and the suggestions to realize the large-scale process equipment and to promote the
diversification of raw material sources are proposed in order to offer solutions for carbon emission reduction in
industry.
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Table 1 CO, emissions of each production link of iron

and steel smelting and its relevant proportion

PR CO, Hefit it/ (kg-t™') /%
IR 57 3.14
1L 285 15.70
gk 288 15. 87

B+ K 709 39. 06
P 329 18. 12
AL 84 4.63
g 63 3.47
Eit 1815 100. 00
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Table 2 Comparison of CO, emissions of different

iron and steel smelting processes
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Fig.1 Output variations of electric furnace crude steel and DRI
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(3% ~5%), w(CaO) <2.5% , w(MgO) <
1.0% , w(Ti0,) <0.15% , w(S) <0.02%;
@ BRI 58 B KT 2 500 N/P, i B i Ji
( +6.3 mm) KT 93% ; @ HA &AL E M
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2.2.2 Midrex %

Midrex T. 2 WA WAE 2 I/~ Midrex 245
YETRLRE R A T A ) 4 A0 38 T e 1SS 0 4L B
Wi T, ELJE 2 70% 19 (CO + H, ) ¥ T
FEEARAE, 548 RRKIRA 5 E AR
PR EHEA 1 100 °C A4 A R AR AL R 1)
J A HE AT A 2 A RO, AR & A Co
(4%~36% ) H,(60%~70% ) } CH, (3%~ 6% )
1) 870 C ik i<, Ja &, W p b m & B E,
Ay TIREL | R R BRI A B, PURHE 800 °C
DL E BRI B B4 ~ 6 h BT I 45 4 ik AV ]
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Fig.2 Flow diagram of Midrex process
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PRI 3,

I AN, Midrex 7 X & B N Arex 3 HI
MXCOL® 3L 21 - Arex 54 Midrex ¥ 1387 ik
i, RIREHAR (WS R) #0525 A%
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Table 3 Typical operation indices of Midrex process

DRI M JFE AL IR (TR0 /% HAbFehr
SBIER, w(TFe)/ PUERE/ O+ H CH N KIRR HHBBIHAE,  JKIHFE/ H &/
% % (N-P") : ! : HAE/GI (kW-h) m’ (t-med7h)
92 ~96 >90 500 75 ~ 84 3 12~15 10.5~11.0 110 1.6 9~12
R4 AEERIKIER Midrex TE N RER
Table 4 Application of Midrex process with different fuel sources
PRRLAR ARG WIS FAE H,: CO 77 1 [/ 4R
KRR, HIT60 HERIE T Midrex® H#5, 1.5~1.7 1969
R HAHAR ZRHE S, Ik 3.2~3.9 1990
MXCOL( COREX % Hi#3) BT AR KIS K Al CO, MEER + fm#k 0.3~0.4 1999
MXCOL( #:1K) 4 3KIR CO, Mikk + ik 0.5~0.6 2014
MXCOL( #:15) SR SRR 2 R CO, JIBR + i 2.0 2014

R R S MXCOL i 2 KA 05 YW HE ik
XU 5, a3 s nl g0, S5 b i fe A L,
MXCOL Jife K05 Y HEcE i i/, Hr
SO, . M4, NO,, CO, K COD (A WL AHXF 5%
B 5 CE m R B 3.60% . 10.40% |
1.30% . 79.10% F1 34.50% , AW . &ifib¥ K
HCN BHERCGE WL %A seah, HEKHEK
HAL0.10 m’/t, AT RPN 1.29 m’/t,
P, AL b i RE, MXCOL Ji A m
TR OR, ARG R R AT,

2.2.3 HYL/Energiron T2

HYL-M (%) T2 WLE 3, &R

A0 P 4 A 0 XS 0T AR A D A R B

x5 BHIREES MXCOL RBXSFERWHEMITLE
Table 5 Comparison of air pollutant emissions of

blast furnace and MXCOL processes

— MXC?%®/ BF_/l (MXCOL/BF)/
(g tpg) (g tug) %
S0, 29 805 3.60
PN 35 335 10. 40
NO, 12 920 1.30
o, 1 453 000 1 836 000 79. 10
COD 10 29 34. 50
e} 0 60 0.00
ALY — 120 0. 00
HCN — 15 0. 00
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Fig. 3 Flow diagram of HYL-III ( shaft furnace) process
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@ feske, SABBAR, —MAE9.5 GI/t iy,
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Table 6 Technical indicators of HIY-III/Energiron processes

i H RIRR YRR PR
P #/¥ DRI ¥ DRI /¥ DRI
FERE/ (ta™") 200 000 ~2 500 000 200 000 ~2 500 000 200 000 ~2 500 000
&IEAE % = 94 = 94 = 94
TR/ % 2.5~4.5 2.5~4.0 0.5~2.5
R4 1.35~1.40 1.35~1.40 1.35~1.40
KAEHEFE/G) 9.84 8.37(HekkL1.67) 9.21
N—_— LS AE (045 ) /kW -h 70 95 70 ~90
CHEN G RE D) HE Nt 60 15 0
K/m? 1.2 1.3 1.3
AT/ (A h™) 0.11~0.17 0.11~0. 17 0.11~0.17
“Hefr 9 /3600 3.0~3.3 3.0 3.0~3.3
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R T2 DRI 7 B 1 ok 4livg, ¢, S &P
B 0. 5%~2. 0% . 0.001%~0. 003%

A IER A DRI AY A 77 AR
B AT S oK 9 A 7 B

F10. 005%~0. 090% ;
o4 1 964. 05 T/t

A HE AR MIF 2 T 2M, AR
b T ZREFEN AR, BEAh, IR E LR
TR L TREMEATY, MRS, K
o, HARE i R SRR =

*x71 FRREXE
Table 7 Comparison of product quality

PR ST (TR /% DRI AR 5
TFe 90 ~ 94 =94 =95
MFe 83 ~90 — —
C 0.5~2.0 4.0~4.7 <2.0
0. 001 ~0. 003 0.01 ~0.04 <0.05
P 0. 005 ~0. 090 0.10 ~0. 20 <0.05
Cu <0. 002 <0. 080 0. 070 ~0. 550
Ni <0. 009 <0. 060 0. 030 ~0. 200
Cr <0. 003 <0. 050 0. 040 ~0. 180
Mn 0.06 ~0. 10 0.10 ~0. 50 0.03 ~0. 40
JhkA 2.8~6.0 — —
*8 IZHeFEI

Table 8 Comparison of process energy consumption

TER. £ DRI fETR LY THEE Pr e ReFE/ (kgee-t™")
S 300 ~420 kg 14 +200 ~ 135 kg M4 481.0 ~588.5
HYL-ZR 330 ~360 Nm® KIS 375.8 ~427.1
Midrex 300 ~350 Nm® KIS 355.3~392.9
CG-SF 600 ~750 kg 8h J145 445.0 ~460.0
COG-SF 600 ~700 Nm® FEH IS 356.8 ~416.3
R [R5 7 850 ~950 kg 4 650. 0 ~750. 0

Fx9 I EZERHAITEL (2017 £)

Table 9 Comparison of process cost

NS I DRI A%/ 70
FALERA 1 076.22
gy P CRERE R 702.78
g K HLLN, 5 55.05
DRI /=i TR 30. 00
BEA e s 100. 00
A 1 964. 05

TR AL m gk A = AR 2 088. .00 ~2 100. 00
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