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Abstract: A large amount of by-product gases, i.e. COG, BFG and LDG, were produced during the steel manufac-
turing process. And the quantity of energy contained in the by-product gases accounts for about 70% of the total
quantity of secondary energy in the steel plant. Thus, by-product gases play a very important role in energy balan-
cing in the steel plant. At present, most of by-product gases are used as fuels in the steel plant. However, another
high-added value utilization direction is to exploit the potential value of Carbon and Hydrogen, i.e. H,, C,H,, CO,
etc. , and then to realize material conversion and resource utilization. However, analysis of energy flow (by-product
gas flow) and optimization of its network are the core issues of material conversion utilization of by-product gases in
steel plants. By this means, by-product gases can be used to produce many kinds of chemical products, such as hy-
drogen gas, methanol, LNG, SNG, CNG, ammonia, dimethyl ether, ethylene glycol, olefin, etc.. Based on the
case study on methanol production by using COG and LLDG as raw materials in Dazhou Steel, it is indicated that
through material conversion utilization of by-product gases, not only by-product gases will be high efficiency uti-
lized, but also obvious economic and environmental benefits will be brought into the steel plant.

Key words: by-product gas; material conversion; energy flow network; function extension; steel industry; high-

added value utilization
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Table 1 Main components, calorific values and recovery of by-product gases in steel plants
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Fig. 1 Possibilities for resource utilization

of by-product gases in steel plants
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Fig.2 Diagram of by-product gases flow network of Dagang before reconstruction in 2006
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Fig.3 Principle for optimizing energy structure for

resourcing utilization of by-product gases
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Table 2 Main reconstruction contents of heating system and equipment

FE A e W o
U b A B A WK B XL S A R %
. , , R T T L N B L
2 , S5 TR BT L : >
fepr AASUNERG RIRMIIAIBT e e A B B R B
I AP M A U B .
5 gREEE EEpEpae s ORISR FORE PRSI R e gz
L B
L pesk A T e B R S B Y O
O T A B P R A B -
T ety i e ——
PR 4.02mh
s
{ FEAER 47.5 Hmbh
24.6% Yy
sy I

" 5.0%  409%

PR 3.937mYh

4 BERZENEIFESKTME (2012 3 F)

Fig. 4 Diagram of by-product gases flow network of Dazhou Steel after reconstruction in first half of 2012
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Fig. 5 Flow diagram of methanol production by using COG and LDG as raw material in Dazhou Steel
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Fig. 6 Change of specific energy consumption per ton steel in
Dazhou Steel from 2006 to first half of 2012
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Table 3 Energy index comparison between before and after transformation in Dazhou Steel

(assuming that all surplus by-product gases were used for power generation)
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Table 4 Energy index comparison between methanol production mode and self-power generation mode in Dazhou Steel

i H B AFH T 1 A i A B AR A T B R
WK R/ (kW s hoe t 1 (D) 306. 28 169. 63 —136. 65
BRH LR/ Y% 65. 66 36. 36 —29.30
B 25 45 RERE / (kg CRRIERE) « 1 () 618. 52 589. 82 —28.70
F = /7 — 5.61(2012 4F b2 4F) 5.61

R4 DL A B, 38 8N 0 3 e A A VR R AR TR R
136. 707T/ t(89) BHERUBAEFN 189. 33 kg(CO,)/t(F) .,

3 L

COART @I 7 5 S0 8 1 2 3Bk T 3 It 72 ) g
i JE 11 S B[] BN R R Ol A Ak o o O AR A R
IR R ORI A B R R T )

(2) A Ml B A % il i 3 5 T B 9 R 1 0R £
K e B E L B R A I T g . AT RE TR B Y 4 i
PG IR AR R A% O 2 E AT BE AU CRE AT 1Y
it AT K FL R 2% ) A1 Ak TR) RE 2 9 43 % 45 Rk 2K BE IR
8 B 8 (4 43 R A% B LKA (B R

AV AEHEHER ) &I 7 B HE IR AL R R
JEBORIE B R AR Al A B A W R dE
7T R 405 T 3 1 0 1R R B0 R 1 % 1 B R AL
FFH = i A0 8 R0 T S R E AT R 2 S B A
SR E 57k = A S = e L L SN (SNt S
Bk R LNG,CNG,SNG, & & R £ &k T
st R JEORE 2 BN T 7 R ASMRRE A [ 3 R BT A
P 2 A2 sl e — BT RS 4%

C4) 3K B9 1 G2 091) ¢ B 76 6 b 19 A B 0 CHE <
i) B HL I 245 3 AT A BT RLOE AR JS S I AR 25 G RE FE
2006 4F 1) 686 kg (AriEME) /t RO BEAIRF] 2012 4F
AR 590 kg (bR iESHD /tCHD L BEIR A 2] T 14265

Hy A [ i R 4 1 R A 5 I O )l
PR AT B 136, 70 I8/t CH) B HE A HE 11 38 fin
189. 33 kg(CO,) /t(4H)

S E 3k

[1] YIN Ruiyu. Metallurgical Process Engineering[ M|. Beijing:
Metallurgical Industry Press, Springer-Verlag Berlin Heidel-
berg, 2011.

[2] BRaEwE. KA. WA 08 2 52 B8 35 2 U 194 3L
LI, W4k, 2005, 40(7): 1. (YIN Rui-yu, ZHANG
Chun-xia. Developing functions of steel enterprises is an ef-
fective way for realizing circular economy[]J]. Iron and Steel,
2005, 40(7):1.)

[3] (PEWS LI EEwEEZE R 2. o EW kD4 %ML
JEmT: o B Tl AR %) 2 B A, 2018, (Editorial Board of
China Iron and Steel Statistics Yearbook. China Iron and
Steel Statistics Yearbook [ M]. Beijing: Editorial Office of
China Iron and Steel Statistics Yearbook, 2018. )

Cal sk, RRIE, BIKRK, 4. HIBRM R4 Sox CO. HiE
T[T, M8k, 2010, 45(5): 1. (ZHANG Chun-xia.,
SHANGGUAN Fang-qin, HU Chang-qing, et al. Steel
process structure and its impact on co, emission[ J]. Iron and
Steel , 2010, 45(5): 1. )

[5] BRmi=. k&8, WK, WE) b 5 <OR H m sk g 43
[J1, A4 ek, 2005, 5(5): 37. (CHEN Li-yun, ZHANG
Chun-xia, HU Chang-qing, et al. Potential analysis on the
utilization of coke oven gas of steel plant[J]. World Iron and

Steel ,2005,5(5): 37.)



120

e

B

%54 B

[6]

(7]

[8]

L9]

L10]

[11]

ZHANG Chun-xia, HU Chang-qing. YIN Rui-yu. Process at
steel plant of new generation and utilization modes of gases
[C1//The 11th China-Japan Symposium on Iron and Steel
Technology » Metals,
2007 11.

ZHANG Chun-xia, LI Xiu-ping , SHANGGUAN Fang-qin.

Beijing: The Chinese Society for

Recent progress of utilization of by-product gases and envi-
ronment in Chinese Steel Industry[ C]// The 13th China-Ja-
pan Symposium on Science and Technology of Iron and Steel.
Beijing: The Chinese Society for Metals and The Iron and
Steel Institute of Japan,2013:203 .

FEIEK, HEN, R E. HEAF TSR E TR
B w1, #9%, 2015, 50(12); 11. (SHANGGUAN
Fang-qin, TANG Zhi-gang, WEN Yan-ming, et al. Strategic
study on green development engineering for coking chemical
industry[J]. Iron and Steel, 2015, 50(12):11 )

XIE H,YU Q.ZHANG Y. et al. New process for hydrogen
production from raw coke oven gas via sorption-enhanced
steam reforming: Thermodynamic analysis[ J]. International
Journal of Hydrogen Energy, 2017, 42(5):2914.)

José M, Bermudez, Ana Arenillas, et al. An overview of novel
technologies to valorise coke oven gas surplus[J]. Fuel Pro-
cessing Technology,2013, 110:150 .

RBVLH , RS JE R %, 45, R B IS e b <A = 1
BLEAALI] A 5461, 2014(2):49. (XIONG Jiang-
jun, WU Ying-zhong, LONG Su-an, et al. Methanol produc-
tion process by coke oven gas and converter gas[ J]. Fuel and

Chemical Processes, 2014(2):49.)

[12]

[13]

[14]

[16]

[17]

E SRV o/ R% 5 R S 1 I O L S A £ o S S g R AT e
FI A& ARDE 5[], 1R 485 71, 2018 (5) : 22. (WANG Hong-
jun, ZHAO Ze-dong, WANG Yong-qiang, et al. Research on
high-efficiency utilization of converter gas resources in steel
industry[J]. Metallurgical Power,2018(5):22. )

FIRIC FHEf. BRI KRR R R B
T, 2014, 42(1):7. (WANG Zhao-wen , DU Xiong-wei.
Development and prospect of COG-to-SNG industry[J]. Coal
Chemical Industry, 2014, 42(1).:7.)

MAN Y,YANG S,QIAN Y. Integrated process for synthetic
natural gas production from coal and coke-oven gas with high
energy efficiency and low emission[ J]. Energy Conversion and
Management, 2016,117:162.

XA . R EE . A RSB RTE AL ER 2 U i 2 1
AL, $4kT,2015,43(3) 142 . (LIU Yue, XIE Wei, HU
Xiao, et al. The utilization technologies of coke oven gas in
coking circular economy[ ] ]. Coal Chemical Industry, 2015,
43(3):42.)

BT L O T A A ol OB IR A R ik AR LT . iR B R
P .2015(3): 3. (HU Jian-jiang. XIE Guo-wei. Analysis of
reasonable utilization of gas resources in iron and steel enter-
prises[J]. Energy for Metallurgical Industry, 2015(3):3.)
ZEarll . WHE. BRI R DT ] RS
fLT. 2018, 49(3):49. (LI Li-ye. HUANG Shi-ping. A
technology for coke oven gas efficient polyregeneration[ ] ].

Fuel and Chemical Processes, 2018, 49(3):49.)



