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Abstract: Focusing on the novel vertical electric arc furnace (EAF) process coupled with hot metal charging, this study
conducted a systematic analysis and optimization of the process to address practical production issues such as high electric-
ity consumption per ton of steel, endpoint over-oxidation, and prolonged smelting cycles. Through in-depth analysis of key
process parameters including charging rhythm, oxygen supply regime, and energy input, a phased optimization strategy
was proposed. This strategy systematically divides the process into three components: adjustment of scrap steel and hot
metal ratio, optimization of oxygen lance operation, and enhancement of scrap preheating. Industrial trials demonstrated
that after implementing the phased optimization, the electricity consumption per ton of steel was reduced to 188. 70 kWh,a
decrease of 15. 30 kWh, the smelting cycle was shortened to 38. 45 min (a reduction of 3. 84 min) , and the endpoint oxy-
gen content reached 5. 19x107°, indicating significant mitigation of over-oxidation. Both energy efficiency and production
rhythm were substantially improved. This study validates the effectiveness of the phased control strategy and provides a
systematic technical solution along with practical evidence for achieving efficient and stable operation of vertical EAFs un-
der high hot metal ratio conditions.

Key Words: Shaft Electric Arc Furnace; High Hot Metal Ratio; Oxygen Supply Optimization; Charging Rhythm; Scrap
Preheating
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Table 1 Basic parameters of the electric arc furnace
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Fig. 1 Operational diagram of a typical heat in an electric arc

furnace
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Fig. 2 Operational and Harmonic Diagram of a Typical Heat in

an Electric Arc Furnace
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Fig. 3 Typical oxygen blowing curve (a)and endpoint oxygen distribution (b) in hot metal charging heat
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Fig. 5 Operational diagram of the new process
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Table 4 Production performance metrics

RUEECRA s HAA A i FEL FE/k Wh

I A R /m®

25 w0V

107 16 R JE 3 /min

kit Bk /%

5 130 109.82 188.70

26.01

519.09 38.45 48t 40.9




sl AR A I e BROK LR R B B T AL -7

R5 BREIZ5FHITZRERER

Table 5 Smelting timeline: conventional vs. novel pro-

cess min
TZ - 343 1) e K [H] /M [E]
T2 46.29 56 35
B 38.45 52 36

TRE 5 55— J7 1T, K Mol B 2R e M A A oAy < I B K
S RIS SRR = AN B, IR it
AT B T T . SRS AR, L aRRS A &%
658 TR BRI

3) LEMACS , B 7= 48 b5 10 35 2l - WA
F& 1 204 kWh [ ik = 188.7 kWh; /& 4 J& 1
46.29 min 454 % 38.45 min; &5 A 6.58%10°
[ % 5.19x10°,

4) BRI SR I R O T A S
B, AT S P REAE AR L AR 77 Y 22 R AN K o £ 4

SE Ltk
(1] ARBTWL, 42 0, £/, 55 . 100 ¢ HLHIP BRI AL T 20 92 8.
[J]. PR 42 ,2023,33(3): 109-116.
[2] XUBEAE . KV 3 SRk s oI I 79 T34 N R o 25 1 10 1 )
FELD . B VTP BT R %, 2024,
(3] 81 M. ZI0h R AR d I M5 o R A A £ B AR AL
WFFEID]. Kb PR, 2022,
[4] Schubert C, Biischgens D, Eickhoff M, et al. Development of a
fast modeling approach for the prediction of scrap preheating in
continuously charged metallurgical recycling processes [J 1. Met-
als, 2021, 11(8): 1280.
[5] Xiao P C, Jin Y X, Zhu L G, et al. Comparative study of heat
transfer simulation and effects of different scrap steel preheating
methods[J]. Metals, 2024, 14(8): 913.
(6] F/bu RIp g . b I Bl B AR B H
Tl ,2022,51(7) : 41-45.
(7] WRIRAK . 42 0 B 3% S OB L SI DRSE G 1) SRRl 52 (D 1.
TEFR : ARdb e, 2023,
(8] ~J/NEE . LI I b PN B A DR A AL LB LD ] bt Jb st Ft
ok, 2021
(9] 3K 7, BN W 2E5 . 100 HLSIP 48 3 koK Lo 2k = st ik
PHE )], MRR 4,2020,28(6) : 51-53.
[10] BT % 0 I, 45 . SR A 50 CL i e FERROK HO Y
fFFE L) ] 4 AT, 2010, (3) : 4-6.

(11] WA, BO6TE R o, 5 . ialb dg BB R 9 Ak 7 92 Bk S
PEHLT]. A ER 4 ,2023,33(1) :131-138.

[12] MG, B 2P RO, 55 . B R B0k JEURL 1 BDIR 43
SeE[]. M4k, 2021,56(11):55-62.

(13 ] ACHEME, R POHE B e, 55 . 90 Wi fa oI i S AL WF 5T 5 A= 7=
LI ). Talkim#, 2023, 52(5) : 7-10+20.

[14] X 4k, sk 4 8. Bok S iy is AT e (1]

REX AR T [J].

1200
°
1000 ° e
° FHEERS5.19% 107
° °
° 2,
°
. 800 00 2 e,
: 2 °
2 o o o e °
= 0@ o @ °
S 600Ff @ o0,% o o ° °
= 20 9 9 90%, 20 0% 0
-2 222 O o PP e —
? o, 2 90 9.9 9
400 f % o o P o o
:o oo P goq o %0
L) ° %
Y ° 29 'Y Go
200 & o ] ° @
0

(I) 2‘0 4IO 6IO Sb 160 1 iO 140
8
K8 BRI IR i B A
Fig. 8 Endpoint oxygen distribution in hot metal charging heat

T, o 8 s I e B K BE AR R B0 e AR A A 7 A
T g BB SR S A

R4 45,2015, (3):53-57.

[15] 2255 PRACES Bl SOl . 45 i gl 6 b Al s 5 A 7 5 i
[J]. Tl hn#k, 2023,52(5) : 15-20.

[16] RLLy™, s, #2=% . Z2H9 100 ¢ HLIRY i AOR R BRI
WS AT ]. WA 4 ,2021,29(6) : 38-41.

[17] Trawan A, Kurniawan T, Alwan H, et al. An energy optimiza-
tion study of the electric arc furnace from the steelmaking pro-
cess with hot metal charging [J]. Heliyon, 2022, 8 (11) :
el1448.

[18] Yang L Z, Hu H, Yang S, et al. Life cycle carbon footprint of
electric arc furnace steelmaking processes under different smelt-
ing modes in China [J]. Sustainable Materials and Technolo-
gles, 2023, 35: ¢00564.

[19] ABZ2 4k, FHT4E . 150 t Fuchs B2 JIUD 19 4ORHC L X A2 7
BTN b T R [) ], FRFRA, 2010,31(2) :35-37.

[20] & o, EHIL, FEA, 4. 20100 oAU Y
PRI T 25T ], RFORAT, 2008, 29(1) : 40-42.

[21] Xiao P C, Jin Y X, Zhu L G, et al. Comparative study of heat
transfer simulation and effects of different scrap steel preheating
methods[ J]. Metals, 2024, 14(8): 913.

[22] # ¥ . SR oI 2 9 AR AT 5T (D). TR
ALK, 2019.

(23] i B, £ b, w0, 55 . ST IR 100 T i ARG D) KOtk
AFIWLI]. 53,2020, 57(13) : 137-143.

[24] skBrZs, A G, Ray . aUh gy 7 R R AR B R OF 5T
[J]. HEH4, 2005, 15(12): 34-36.

[25] et , BUER AL . VTR R Ptk 0 — IR 68 B4 532 i) TR 3R
FIREHLT]. FeERE, 2004, 25(6) : 36-38.

[26] 8% 0, IRLGE, ET70], 45 AL BoK Lo k& S ORI
FRHEMABERELT]. IZRIA 46,2023, 45(4) :22-24.



