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Hydrogen metallurgy engineering technologies based on
zero reforming of hydrogen enriched coke oven gas
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Abstract; Hydrogen energy is the most powerful clean energy in the 21 st century,and is an important part of our
country’s future energy system. Building a new steel energy system "replacing carbon with hydrogen" is an impor-
tant direction of realizing double carbon target in China's iron and steel industry. For hydrogen energy based hydro-
gen metallurgy technology, the principle and technological process,the hydrogen metallurgical products, key function-
al units are interconnected, hydrogen shaft furnace and other key equipment, plant layout, technical and economic in-
dexes and operation cost estimation and CO, emissions were discussed,such as the system structure and key technol-
ogies of hydrogen metallurgical engineering. The engineering practice shows that the hydrogen metallurgy process
with hydrogen-rich coke oven gas as reduction gas source, using gas reforming and gas base direct reduction iron
making technology, using oxidized pellets as raw material,completely eliminating the use of coke,coal and sinter, re-
ducing the use of carbon from the source,and greatly reducing the generation and emission of pollutants. No sinte-
ring,coking process,the general layout is compact,greatly saving land. Hydrogen metallurgy with coke oven gas as
gas source has some advantages in operational cost. Based on the estimation of technical and economic indicators, hy-
drogen metallurgy based on hydrogen-rich coke oven gas can achieve 58. 8% reduction in carbon emission per ton of
iron compared with blast furnace ironmaking process. Hydrogen metallurgical process can not only provide high-
quality pure hot metal for the subsequent electric furnace steelmaking, but also play a significant role in improving
the quality of Chinese iron and steel products,and lay a solid foundation for the future development of green,low car-
bon and high quality of iron and steel industry.
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Table 1 Main composition of oxidized pellet
A2 TiH e
1 w(Fe)/ % 66~69
2 w(FeO)/ % 1.0~1.5
3 w(Si02) /% 2.0~3.0
4 w(Ca0) /% 240, 20
5 w(MgO) /% 250.19
6 w(ALO:) /% 27 0. 44
7 w(Na; O+K.0)/ % <0.2
8 w(S)/ % <0. 006
9 w(P)/% <<0.05
10 w(Ti02) /% <1.0
11 w(Mn) /% <0.15
12 w(Zn) /% <<0.02
13 B J¥ /mm 6.5~31.8
14 HBE /N =2 254

L2 F@mEX

KL R A Y R IR SRR A D 3 A 1D
A A R 4k (CDRD) | #1428 19 B 45 36 7
(HDRD AR P (HBD . ik 3 B i vl AR 4 0
a8 e i R B AT B BTt DT E L ™ A B R AR
SR 2.
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Table 2 Typical characteristic parameters of DRI

=2 W CDRI HDRI HBI
1 &IEIER/ % 92~95 92~95 92~95
2 w(C)/ % 1~5 1~5 0.5~5
3 w(P)/% <0.06 <0.06 <0.06
4 w(S)/ % <0. 004 <0. 004 <0. 004
5 WA 5 4380/ Vo 2.8~6 2.8~6 2.8~6
6 R R/ (kg » m™ %) 1 600~1 900 1 600~1 900 2 400~2 800
7 FMERE/ (kg « m™*) 3 400~3 600 3 400~3 600 4 900~5 500
8 7 il g/ C i 550 IR
9 YRR B /mm 6.3~20 6.3~20 110X 50X 30
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(1) B 4P PN 348 it 2
3Fe, O, (s) + H, (g)—>2Fe; O, (s) +H,0O(g)
Fe, O, (s) +H, (g)—>3FeO(s) +H,O(g)
FeO(s) +H,(g)—>Fe(s)+H,0(g)
1/4Fe; O, (s) +H, (g)—>3/4Fe(s) + H,O(g)
3Fe, O, (5)+CO(g)—>2Fe, O, (5) +CO, (g)
Fe; O, (s) +CO(g)—>3FeO(s) +CO, (g)
FeO(s)+CO(g)—>Fe(s) +CO, (g)
1/4Fe,; O, (s) +CO(g)—>3/4Fe(s) +CO, (g)
(2) B p PN | ERE S
CH, (g) + H,O(g)—~CO(g) +3H, (g)
CH, (g) +CO,(g)—>2CO(g)+2H,(g)
(3) W& 4P N B i Y -
3Fe(s)+CH, (g)—>Fe,C(s)+2H, (g)
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Fig. 1 Schematic diagram of hydrogen metallurgy

process flow based on coke oven gas
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Fig.2 Typical plant layout of hydrogen metallurgy project
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Fig. 3 Schematic diagram of hydrogen based shaft furnace
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Table 3 Composition of coke oven gas

SRR K % ik HSEE alph ZRIT BTX Jii fit
Hiliy WL/ wE/ WL/ WL/ WL/ SR
Hz CO CHq Nz C()z C,,,H,, ()2 (mg . mfs) (g . m—s) (mg . m,3) (mg . m,3) (mg . m73)
S 60.5 7.3 22 5 3 0.7 0.68 30 1 20 2 400 2074 382.8
WL 2
2 2 2 2 2 2
BB 60,5 NT7.3 K22 K5 A3 0.7 #£0.68 <1 <0. 001 <2 <0. 005 <50 <10
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Table 4 Division of water system in hydrogen metallurgy
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5 &K TEBRHKOGHED FAMAIBVERR 2B IV K
6 {ZRIVIN BHELHKOFHD JH A 3 4 i 3 PR S e 25 7 02 )
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Table S Main technical and economic indicators of project

¥ Bl ELieidi)
1 BT/ (h e a™ 1) 8 000
2 BRI AR/ (te D) 1. 40
3 PRGBS /(m® - D) 700
4 PR/ (KW e he t™ 1) % 200
5 AR GRES) /(m® ) 2y 30
6 AAHAEBRMES) /(m? « 1) 2y 40
7 AT/ (m? e 1) 25 1.6
8 JE4R 7S FEBRES) /(m® « D) 7 21
9 WHEMEO/ (kg t™1) 2y 4

D7 B SR AL BR 5 220 B A0 BT AL, FOAR O i DRI 77

T HFE.
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DL 5 B S e mt 25 A H Rt i S ks Al 4, &
R4 T 2B AT AR (3 6) T2 5 mi R 2 Oy 5 b o7 &k
W AR B AN A
3.2 mHEE S

R e [ A9 4 26 77 A ol il & MR HE O BB
FEE A B GRAOOP KCGIR 3 M HE R 55
G R —5 5 B4y Nk AR Ak ) (GB/
T 32151, 5—2015) 5 JEATIHEE . LA A 4B 00 h
WR S M AR 4 T2, Honl DRI A 6 HE e h
433.04 kg, W 7,

AR A 11 PN 40 B0 A5 A ol 1) 4k T LT 4 A
B MR i B HE SO 1318, 80 kg, HE T AENRESR
T2 R SR A TR 1 Wk Al HE R 543,85 kg, DL
% 8,

FRAE LR g5 1 won, DUEP IR R EE SR
ST EEEGE SRR RGEM L, A= 1 ¢ g b
CO, Hef 774. 9 kg, Wl HE it 35 58. 820, I ik AR

x6 BEFEPESHEARSIZETHERE
Table 6 Cost estimation on hydrogen

metallurgy of coke oven gas

U OWRSH WDRUGE WG
1 EHALER A 1.4t 951 1331.4
2 W AR 4 kg® 0.6 2.4
3 WRRE K 5l 563. 6
D 2} 200 kW « h 0.5 100
2) AR K 1.6 m? 5 8
3 R4S GRS 21 m? 0.1 2.1
4) AR BRES 40 m? 0.15 6
5) AXHRES 30 m? 0.50 15
6) P BRIESD 700 m? 0. 60 420
(B Ho A g%k 3h 5
4 T e WHm — — 7.5
5 il 38 2% — — 100
6 DRI i 1 A — — 1.997. 4

@ g w4 Ak BR VAT F6 10 U BE AL B

2%,
x7T ETEPESSASHBRIERER
Table 7 Carbon emission based on hydrogen metallurgy of coke oven gas
e JiH i DR 5 #E CO: HEj A7 DRI ) CO, HEjik
1 B g P A 1 HE 200 kW « h 0.581 0 kg/(kW + h) 116. 20 kg
2 FE ST S 9 HE 700 m? 0.762 2 kg/m? 533.54 kg
3 7= &h DRI [ & B e © —1t 91.7 kg/t —91.7 kg
4 CO, il 4 [# 5 Ay ik @ —125 kg 1 000 kg/t —125 kg
WeHE A 433.04 kg
@7 it DRI H [ 53 B T 1 40 B0 2,526 @477 1 ¢ DRI 2448 125 kg 1y CO;.
x8 BN RESSASHENMEKRAEMIBE R
Table 8 Carbon emission of hydrogen metallurgy on coke oven gas
TR P i EREE AT
fafe 980 0.381 6 373.97 — — —
egh 163. 5 1.394 5 228.00 — — —
Bk 71 80. 3 0.096 9 7.78 80. 3 1. 38 110. 814
ST 709 1 709. 00 — — —
R K — — — 433.04 1 133. 04
Gt 1318.75 543.85

O#K LU A Fods A8 ™ Wk 38 #6 19 T 7™ it B i

4 %k
(LB R EUA 4 T2 AU A AL BR AT A s A X

PR JORE s Al I RE 45 5 F0 A ¢ B UCR FH AR B B
i@iﬁﬁﬁﬂﬁﬁﬂi WOl TR AR R ERE RS,
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