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Abstract: In the steel industry is facing the new normal situation of transformation and upgrading, with the help of intelli-
gent equipment to drive the steel industry to green and high-end development is expected to achieve the optimization of the
steel production organization. Continuous casting tundish with constant temperature and low superheat can effectively im-
prove the quality of steel, so it is necessary to develop the heating technology of tundish. Therefore, tundish heating tem-
perature control technology has been paid more and more attention. Regarding to the hot issues of tundish plasma heating
technology, which has attracted increasing attention in recent years, systematically describes the heating principle and
equipment characteristics, introduces the research and development of equipment and metallurgical functions of plasma
heating technology at home and abroad, and mainly analyzes the influence of plasma heating technology on the flow field,
temperature field, inclusion removal and chemical composition of steel liquefication in tundish, and the metallurgical ef-
fect of practical application. Based on the deep understanding of the research and application of plasma heating technol-
ogy, the new problems found in the heating process of a new type of hollow graphite electrode plasma equipment indepen-
dently developed in China are discussed, and the ways to further improve its metallurgical effect are discussed. Analysis
indicates that the domestically developed hollow graphite electrode plasma heating equipment is better suited to meet the
transformation needs of China’s steel industry. This equipment provides an effective solution to issues such as the instabil-
ity of superheat in casting steel, lower cleanliness levels in molten steel, and uneven composition of molten steel. It ad-
dresses the shortcomings in the intelligent positioning of the "one-key heating" intermediate package, thus enhancing its
precision.
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Fig. 1 Schematic diagram of plasma arc heating molten steel

in tundish"®
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Fig. 5 Temperature cloud of transverse and longitudinal section of molten steel in tundish: (a) plasma heating, (b) plasma heating

composited with bottom blowing argon'®’!
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Fig. 6 Schematic diagram of sampling before and after plasma heating, temperature measurement process and sample processing '**’
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AN LB HLR R B AR ACR AT LGB S iR 8 3.3 A5 B U v ) 4 IR P € ON B2 )
SR R A s 7 400 kW I IEAS) 28R AT G A2 W AR PG AR e, v ) A A A TR AT 58 Y T
AR DI RE , e R A G AR AL IR A8 R T S T S e A P R A
SEBE A B R e o AR T A AR B A %%%ﬁ%%l%%ﬁé)%ﬁﬂ GBI ST, L
bR, AR Ak SE PR AR AR LA A E HOINA SRS A — R B R B 2 AR A R I R
TZEEH. ’%a‘iﬁz%ﬁ%”’” o SR, 25 1 5 IO g T A ool



514

ZE AU A5+ H ) S T AN BRI e R -7

FARI ARG S ) B0 R 2 HEF B R 1 2 1 L
N B oy NG DI A R B 1 T I = R = N6
W B 25 A, T IOR: | rRL B AR UK i A T A A Ak
Oy F R G U R B AR A SR A
JOT 1) 25 5 AR A 2 R ARG e KU > TR
16 4 TAEE BT XA B8 0 0 45 B AR #hke &, X
B Pk AR BRI AR LIRS BT

T 3hE G AR R KRG R A S A A
T R AR M S N #8540
523, B BB XN B B AR A R A
IRIFFE B, 26 IR % A ) A P R LR sl AU
hy BB R AU ARV S A R AR
()5 A, R 7 Wl T B ] R ) R VR
R R R AR RUTR A AU, R S Ik,
Wt B R G o 45 B IR R B AT DA 31—
PR BHE R (E N SR i AN e AT SR L) 58 4 7
B R X, SRR R
TS5BS ARG T OR3P X A0 VR e R S ), 4
ST, P U HOR I TP A TiO, & B0, REAT Rl HE
U 2% A5 S T ARIVE F T 0 0 B R R 4
SR AT SRR R HL R B A R G A e SRR Y
BARK A A B AR 2 2R R i, PS40 o i
47 0.003 6%

T A5 B A v TR i AR B SR LI R R
FEAE R AR B R s AR R R A B X
PR TR0 N R AT AN A3 A . S5 SRR AN
WP N A, T A A AR B FE T B C
TS TR H w [ CI7E 3X10°~9X10° ) 4 XHE.
T Bh 2 TR, 45 B TR N AR B PLC R4
3, T R i 0V T S A AR 7 B A AR
FL AR N 212 A SRR B A ik Y B AR
B8 AR P SRR | 4 B A R ke A A T
b YR Al O 3T LA S0 S X AR 4l v
JE AR
3.4 AF BB A ) A AN i rh e e A bR

1) 5 Wi

AL AR 0B AN e 2 2 o TR E A
FH 22— 6 3Je 2 1 2 3k %) A 6, 0 2 L 51 6 A6
5818 F, mirsid i, 0Lk EEK
5EH B ECHE R AP S g ) BT REK
R R 0 P RE SR S BRSSP AR TR
SRR R E , B I 22 W) R S B A 5 i 2
s BN R P I R RAE T Bh 2R A

o Ak T P 2 DA R AR A5 R ]
I R, L DA S I B U T A2 sl oA H A iR
B Je 20 g I ] TR IR e R T
Wt s, AT u] 5 e v )6 3 3 S R 9 T 24 e
HR 2 v (A1 N IR e 2 L I 1 B I

S B A AT v (i) 5 P AN R v e 2 i 2 B
BB SZ R, — P SR A T T — A B TR
D11 2R RV R N K Ol 3 A € 21 Y 21
2R o TIRY) BRI R G R R
BE TS PR B T T e Ze M R W RE 7 L 1H
FE 2 T T A 7 a5 RN T BT Sl 4 1) TR AR
R TG — L IEATIRNE o SRS X 7 B0 3 $5 AL
S5 B TR 5 6 b B N R D e 22 P RRAE
AECE AT T 88T 40 W, & BN Je 2= 9 1 F
I BOm AR IR B R 3 RS AR AN
K, U B4 B Ao Rk 3t 1 v ()6 AR Y T
TG00, AR T /N RS e 3 W Rl 4 17247 R, A R
TN Je 22 W00 e B o X 28 20 X A B 3 5 L
A5 B U AR A ) PN AR R e S REAE
MR UEAT T Gt 45 R R, 45 B TR A
Xof ] P AR e 2 2 R R RS TS B S s )
{EE X Je 22 W i 4 o b A — S, SE R TR
IS IRFE T ALO,-MnS & 4 I 24 W 5 AR,
ALO, I 7= (5 FLmE A T, MnS Je 224 5 HL K 240
FEAK. UL, S5 5 Ao B Fl e e Rk
S22/ UERI

H AT 58 K 240 98 Tl 3l 56 3538 e 22 9 1) 2=
BRACAL , 3002 — P s AR 9 e PO =, AR
ok, T e e 2 ik 04 B (A AR 0 e RRR T, S BR
SUN e S R DN L F R R SN RN o € i
SRR A R i R = A5 B T S e A L T
Ib 2 RIS Ve T Je 28 W R BE 3Bk, e 22 W1
-t B A 1) 37 1 Ay A an T 8 Y DAAR AR AL
AL 5, T 5 B T Ao #od B A7 A8 R -1 -
TR ARG AR () 2 F Pk R e v B 1 A5 H
IS B I AT B Je 2 A R A 4y 1B
Z T B 2P SR A S AT
4 [EFGitig

AR, A AAT Ml T I 2 e ATl K i i A A
A I TR S BT A1 T e ) AR A A
v AR o A S ) R A T A A ke
B GRART I AR T M F T AR e A R A
R TMERL, R fif TR e B B K O IR SRR E L



"8 5 R W

RFHBENTIE

K8 e WTE N -t S KBRSl A2 1 A i AR R IR T
Fig. 8 Schematic diagram of dynamic force analysis model for

steel—slag interfacial removal of inclusions!™"’

TR ¥ B KPRV 7K 22U o3 AN 145 1 )
LT RaR A Bl ] A A RO A AR (AN
KN, HA AR SRR Tt o %) 37 B A g 11
AR B AR AR SC L E AT SR AR A . JEH
T e A6 F T 38 A v ()6 5 0] A A K R B
PEINEA T 2555 J7 T I A, )8 F ) i R gk — A5
K SRR BRAIERR T
4.1 A A B A T W

] PR Bl E T BIR T AR o L
P & e il A9 WOR A B A v R AL BR A A i
JE B B R F B PSR 55—, JF B U i i
19, R T LA AR v ) R Y R RO R TR {E
(7 AR 02 25 37" R Pt 8 ) i A8 90 sl v 5 2
T R P )AL AR R SRR AR, S BT —
B UK e P RS IR AR . 24 vl ] PR A L A
RIS, S5 28 1R I EARE A B v Mt A ek B i
A S BRI O IR SRR . h TR ]
A B 8 LB A P T B 2 LA R R e v ) L
TR AR R I, SO SR TRT 8P ) R T R sl P B
IR T A BEAT R0l N o i A e AR e sl
S RO N o8t e B 6D 1201 WA R TR IR KT G S
ST IR B P AR (E e 8 AR S A
Tt BE R RS DA 5 A Be 5 vb i U1 AR i A mT L2 s 2 19
TR JEE P Bh Ak S K, e S8 B A Ta) 4 388 B A O o
B, AR TSR E G AE . L, MR A5 B A
P SR I R R G L T EAR R SR R
ok T v ) Rl R A A R, R A AL
INFAR A AT R SR, Y i — 1 58 B 1 ik

P S

4.2 PR B T AR B SR R

S5 T AR M FH e AR A A T AR
X TREAT AR, T B AT R 2 0 A AR AN TR R

545 5
———300kW
1793.0 S00LW
—— 1000 kW
17925 — Y L
£1792.0
<
17015
1791.0
1790.5 T

1;0 260 2150 360
B [Al/s

Flo  pedhid B o a) f i B ARk e i
Fig. 9 Statistics of tundish temperature variation during cast-
[55]

0 50 100

ing

TET B 76 i 1) 7 A — R S IR, DA T ol A B e 2
JRAE—RE R bk AR AR A, T 0 ) 6 5 1
AR B PRI R LA R A 5 790 o8 H WA e 2 ) Y T
A m R, HAT, BN BoA & T 55 1o
FAOKE v ] L 7 o 7R v < M RE S R ) R ST
I, 1 2 AT AT 26 8 5 A R i 8 i 7 % WU 0
P oy (A AR RE R AR SR AT T ISR .
S5 BT A 2 SRR A R AN R B
TR WIS B 22 AL Sy 2] (BUR BB AT,
L7 58 700 Rl & S 45 D 1 45 i 3 738 AR el 705 B B 1P
AEASGF o AL, AT Tl i 2 W A 2 7 i = 0 )2
PP B AR, 5 T8 RV DR AL S DI A 1) £
A TRt — 5T

TEARAR M TAE R, BLARSAT X AR R ISR AT
2Rz BT T BEA TR AR R LA & T
PR B R 8] 6 N A P e A W iz 3l A7
R Y FITI , $4% A A T 5 585 70 18 %ot e 2% 0 % o 2k
Heo Dy dd v AL AR B AR RE R A TR
TR ) B 8 R AR A B A B AETE 5
KRR R R AL KRR )5 28 B A AR
S A B TR POIR SR ] R GE N A5 A Z ]
1 8l 25V A 5 e, T E A A R R A L 23 AR 1Y
SR AR (A T OISR AN
AR 22 N Rl S AR S T OB SR A T
A BT RO SRR I R 5 Tl AR A R
TC P e PR B o PR R ), DA o 55 8 A o
BB PRIHIBCR o
4.3 SEET A R AL A T K

TE R BT AR v, 77 H 18] G T A 42 ok
INER BB GR , JC A BH A X 24 07 B A i sy 7
Ho T O RHR ik 32 B T B v G T A A



514

ZE AU A5+ H ) S T AN BRI e R *9-

SR B A RS, TR EUNE T AL 22 1R i, fhs
R BN AR T ZREUNTE 5 ¥ v, PR 1
JCTES S g AR R AE B G2 oy T4 B T A
S0P T #5535 20 000 °C, i 157 36 77K b T
Hs RCER 2 L A5 S - A e o X 9 TR 7 A= 4 B0, i
TG R T A ) e A P o TR 7 S R A A
8 IR A PE R TR - Y- A 2 TR A A AR R 2%
AR MR R AL BN . PR, G T 45 8 1A
ISEAE T OB R AL BEIE 75 2EAT IR AT
TR b SR A PR R S A B A
IR T B 5 R X I B R ok s R S i
S B TR T2 B K bR T A fe B e
Px:

5 Hit5kE

T ] o A il B AR R 2 A R A 7
HAAGERNE BB, X 52 BUA FR AR IR 59 | % 55
I A AE i De 8 , 2E— AP BRI BRHE , 4R T 45
PERCR 7 BRSBTS R R
FE T PRMR AN

&% 3k

[1] Mclean A. The Turbulent Tundish-Contaminator or Refiner: ISS
Steelmaking Conference Proceedings [C]. Toronto: Iron and Steel
Society of the American Institute of Mining, Metallurgical, and Pe-
troleum Engineers. 1988. 3.

(2] 2225, WIRE, X, 55 BB AR IR v ] 42 49 B DL AF
FEMB )] HRERAT, 2022, 43(1): 16-21.

(3] WHIHA , S22, ibkesi , 25 . b i) 6 3 3 0 i o o A
WA70 I [T ], FREREN, 2021, 42(2): 14,

(4] 58S, Misadl, MEAEM, 55 . EHIFDEE I WAL R X
S0 L) ] R, 2023, 44(2): 56-60.

[5] Quan Q, Zhang Z X, Qu T P, et al. Physical and numerical inves-
tigation on fluid flow and inclusion removal behavior in a single-
strand tundish [J]. Journal of Iron and Steel Research Interna-
tional, 2023, 30(6): 1182-1198.

[6] Moore C, Heanley C P, Cowx P M. Plasma tundish heating as an
integral part of continuous casting [J]. Steel Times International ,
1989, 13(2): 44-46.

[7] Dong Z Y, Chen Q Q, Yang Y G, et al. Experimental and numeri-
cal study of hydrodynamic cavitation of orifice plates with multiple
triangular holes[J ]. Applied Mechanics and Materials, 2012, 256-
259: 2519-2522.

[8] Ludlow V, Normanton A, Anderson A, et al. Strategy to minimise
central segregation in high carbon steel grades during billet casting
[J]. Ironmaking & Steelmaking, 2005, 32(1): 68-74.

[9] HWiY]J, YuY, Wang L, et al. Strain-induced precipitation in Ti

micro-alloyed interstitial-free steel [J]. Journal of Iron and Steel

UTAEAE , v e A I FAE AT [ AN R Al 75 2
PR, HHOR 25 R T 558 E F e B Y
HORWAEA R A3 BB . BT E R A MR
FEAS R R v 2 A S AR T AR SOk T A%
GLAEE TR MR BT . T 54"
[ 5 B N () AT s AT, B 2 A B A PR
8 LA T 2 R AR e R A TR A5 5 ik
FEAn, 45 B A BT v it A 1 T A 5 ) ) 0
Koy g VERERY AL AL | v a] A0 R bR RO 2o JEE T A
SR T T B AR T AR A I e Ah, A
B E AN TR AL 77 26 AF N I B T E 28, anfag AR 4l 2.
Ao o] R T o 285 o AR S oR o 4 il
AW L R, Ay AR 8 4 o A rP e BE D Bl DA K
AR RS 4 ) A B R OIS 24 S AR T gt — 2P
AW T ] AR T /b 1951 Bk, F 0T
Je A5 L LA G AN AR ATl A o AR
oK, T A B T ) R — A RGEIERY
AR, 5 EAR SR A R 275 B A OF BEAT AW 52
6, L[] 08 1 r T Ak Tl g R R, D AT i
e 5 ] B R S A

Research, International, 2016, 23(4): 385-392.

[10] Zuo Q W, An X A, Yang ] B, et al. Effects of over heat and cast-
ing speed on quality of GCrl5 billet[J]. Advanced Materials Re-
search, 2014, 997 534-537.

(1] dmmess, 2 2R, ik, 5. ARERIE S45 bl W RIS 53
PRI BREELT ] R4 Ahik, 2023, 47(6): 64-71.

[12] HVLHE, BEA L, SR, 55 b B I X Al R 0 B ] 20 4L Ak
TSR BB A ()] & s 244, 2021, 57(5) -
586-594.

[13] B S, XDRZE, EAEAK, A5 37Mn5 24 F P b0 A5 A R
L] MERBETEAI, 2011, 23(10): 38-43.

(1414 3K, DLk, MILitn, 2. RRARG BAEE Xy SREE I 41 ZURY
1] Wk, 2010, 45(2): 45-48.

[15] Okorokov G N, Donets A I, Shevtsov A Z, et al. A heating
tundish—The final link in a continuous steelmaking technology
[J]. Metallurgist, 1998, 42(1): 15-20.

[16] Zu L Y, Meng H J, Xie Z. A compensation model of continuous
temperature measurement for molten steel in tundish[J]. Journal
of Tron and Steel Research, International, 2012, 19(7): 6-11.

[17] QuTP, Liu CJ, Jiang M F. Numerical simulation for effect of in-
let cooling rate on fluid flow and temperature distribution in
tundish [J]. Journal of Iron and Steel Research, International,
2012, 19(7): 12-19.

[18] Ueda T, Ohara A, Sakurai M, et al. A tundish provided with a
heating device for molten steel : KR19840002332U[P]. 1984.

[19] skrE gk, ZE ol )5 i ki 8 [T ). BEkAoT, 1984,



- 10 - FFIR N

545 5

12(1): 69.

[20] & ok, PAIH, FERRAN . 3% 4% v a] 4 3 3 2R i P A
[J]. #45, 2008, 33(5): 4-8.

[(21] EHLZ. RS F AR AR A S W i ]
TLIMAS:, 1997, 25(6) ; 39-40+77.

[22] BRIF S, #orb, FR2%E . s ss R kIR S5ias ()],

FEJEHT, 2015, 21(5) : 38-43.

RIS, XN A5, mh e . i v AL AR B L], T

AP, 1993, 22(6) : 8-12.

[24] 2£J4e, 220, FoKM, % BRI S L I SEER 05T
[J]. 4%k, 1995, 30(3): 12-15.

[25] 1EHEy, s, DRIE, % . S BT P R BB R A 4
AR R[], MR, 2016, 45(1): 10-18.

(26] BABFHE. A OIAS B 1A Jin A3 5 v (R G SRR A 4 A7 R S
SERFsE D], dbnt: st RHE R,

(27] MR, SEM. Pl a5 B T I AR /Y & e 5 0 ().
ALiE 4, 1996(1) : 29-34.

(28] afkts . i & v o) 60 A5 88 —F i FAH: AR [ N A1 1y FH B % e [T].
PUNA 4G, 1997, 19(2): 52-55.

[20] MY, SkTR, ZEntit, 5. E8% PSR TR
WRLI]. SR, 2017, 23(2): 45-48.

[30] w12k, EHAZE. B H PRIt & i SO 2 1) 4, 45 25
A E NS-Plasma I1”[J]. #HHAR , 2005(6) : 50-53.

[31] #h =¥, I E , Emmanuel Abiona, 5. mr[al4u 285 1
ML RGP A BRI & S T]. %45, 2016, 41(6):
37-41.

[32] Abiona E, Yang H, Chaudhary R, et al. Development of Plasma

[23

[l

Heating and Electromagnetic Stirring in Tundish: 8 th Interna-
tional Conference on Electromagnetic Processing of Materials[C ],
Cannes: Springer Netherlands, 2015: 1.

[33] =i A, ARFEHE , JH ORI, 2. i) 6 50 K 45 B 1 A R 78
TR P A SR, Wk, 1999, 34(1): 70-73.
[34] JOGHT, AR . A5 B PR A o ) BB AR AE T 64 7

RISE[)]. 345, 1998, 23(2): 12-13+45.

[35] 4% 25, BXRiE, 2200, 45 . vh ) RESE & T I BORTE T B
IR ). R, 2018, 43(2): 7-11.

[36] & #&. diE SR HLC]. 2019 4 s # ]
R S Hpbi i e T 23830 M, 20191 106-109.

[37] Zhao M J, Wang Y, Yang S F, et al. Flow behavior and heat
transfer of molten steel in a two-strand tundish heated by plasma
[J]. Journal of Materials Research and Technology, 2021, 13:
561-572.

[38] Chattopadhyay K, Isac M, Guthrie R I L. Physical and math-
ematical modelling to study the effect of ladle shroud mis-
alignment on liquid metal quality in a tundish [J]. ISIJ Interna-
tional, 2011, 51(5): 759-768.

(391 b RA, 3k Sr, BERESC, 5. i TR R 2 R X o
T SRR R [T ], R E S 24, 2002, 14(4)
6-9.

[40] XUAE, 28 4, ARILVL, 55 FEU0H S AR R P R AL 1
BUARBILAELT ). 5, 2023, 48(2): 10-18+33.

(411 FBIwAT, BASLAe, Bk 95, 5% D03 o ) 4 3 3 5 e [K 2R 43

SOeAel1]. B4, 2021, 37(1): 63-72.

[42] WRHWbR, JRELFER, 2R, 45 AUOI K e IRAE B T MR 1 4K
AL ], TRERLA2AHE, 2020, 42(S1): 60-67.

[43] £ 5. BRI 55 B T I BOCEERBESE D], b
A EERHE R, 2022

[44] Wang Y, Wang C, Zhao M J, et al. Development and application
of a multi-graphite electrode DC plasma tundish heating[J]. Jour-
nal of Iron and Steel Research International, 2022, 29 (11) :
1800-1806.

[45] Kittaka S, Wakida S, Kanki T. Nippon Steel Type Tundish
Plasma Heater "NS-Plasma 1" for Continuous Caster [J]. South
East Asia Iron and Steel Institute, 2001, 30(2): 38-46.

[46] ZRENE, W25, L, 5 b ) K S5 B A T
I REIRT]. RAEREN, 1998, 17(5): 11-17+57.

[47] P. Porracin, D. Onesti, A. Grosso, Z& . YR 9 A2 % F1 A2 i HL
ISR )], W8k, 2007, 42(6) : 88-90.

(48] skZ: Ty, EGEN, ER, 5. LERHOE RO HEREN SEIR AT oY
[T]. MERIFE A4, 2003, 15(6): 12-15.

[49] R, XISC, FYLR, 55 S8 IR EAR K Hak 4
DIRetTEsE )], w4, 2021, 57(10): 1229-1245.

[50] MR &, ekl XURVL, 45 . /ST 55 il 40 55 55 1 ket
PR BERULT ). S2Jm2A4R, 2001, 37(4): 429-433.

[51] IR, INENE, B3Crh, & ARAR I 1/ \ 5 B i
LRI L) . HRE, 2020, 36(2): 42-47.

[52] Wang Q A, Li B K, Tsukihashi F. Modeling of a thermo-
electromagneto-hydrodynamic problem in continuous casting
tundish with channel type induction heating [J]. ISIJ Interna-
tional, 2014, 54(2): 311-320.

[53] Barron-Meza M A, de J Barreto-Sandoval J, Morales R D. Physi-
cal and mathematical models of steel flow and heat transfer in a
tundish heated by plasmal[J]. Metallurgical and Materials Trans-
actions B, 2000, 31(1): 63-74.

[54] BERK, XMRIL, paeif, 45 . A58 AN i 7 v ] 46
W BT T[] SRR, 2007(5) : 67-70.

[55] Zhao M J, Wang Y, Yang S F, et al. Flow field and temperature
field in a four-strand tundish heated by plasma [J]. Metals,
2021, 11(5): 722.

[56] i 7. BUCHLHRMELE SN HIM]. JEat: ma Tk R
#t, 2009.

[57] Zhang F J, LiJ S, Liu W, et al. The thermodynamics and kinet-
ics of a nitrogen reaction in an electric arc furnace smelting pro-
cess[J]. Materials, 2022, 16(1): 33.

[58] XUakh, Ut . &Y e E L2t 1], hIENG 4,
2013, 23(8): 38-41.

[59] skitili, x| &, tWig, 45 . K D08 4 v ] 60 9 fr
DRI AE D B B e (T]. TORERL S, 2020, 42(8)

939-948.
[60] 5UA . 1WA 2 ER M. bRt 164 Tolk i i
2004.

(611 sREAT. R rh2s B A BT AL LI PN IR 847 1 ik
RAFFEID ], VLFH: LR, 2010.
[62] £ 17, WY, HAREL, 5. PR K A T Ot



51

ZE AU A5+ H ) S T AN BRI e R - 11

W], W8k, 1997, 32(9): 21-24.

[63] %L, JEF RS T Imena S E 1], #9, 1996,
12(5): 19-23.

o4 ] Whkm, AR, E3CU, 55 . A5 B R H b )42 Ok
Ik l)] MBI, 1997, 9(4): 13-17.

[65] Miki Y, Thomas B G. Modeling of inclusion removal in a tundish
[J]. Metallurgical and Materials Transactions B, 1999, 30(4) :
639-654.

[e6] 2= &, piaxde, ki, 5. il SRkl LR 22 Wy
BRI ], R, 2023, 39(3): 52-57+85.

[67] ZErpde, W A, SIS, &5 s 25 b X BT 2l K e A
I LR EAEBHUDTEL) ). 8, 2023, 39(2): 42-48.

[68] Thomas B G, Zhang L. Mathematical Modeling of Fluid Flow in
Continuous Casting[J]. Transactions of the Iron & Steel Institute
of Japan, 2007, 41(10): 1181-1193.

[69] X1 W, AN, MR, 5. a4 45 B A Tl i g
[J]. "PERR 4, 2020, 30(10) : 36-40.

[70] LiJ S, Sun Y, Yang S F, et al. Research status of numerical
simulation of nonmetallic inclusions interfacial removal [J]. Steel
Research International, 2023, 94(6): 1611-3683.

[71] Yang S F, Liu W, Li J S. Motion of solid particles at molten
metal-liquid slag interface[ J]. JOM, 2015, 67(12): 2993-3001.

[72] Wi 3, B, nbosobk, 45 . A5 B v ) 0 e =5 500 4
RERISZMALT ). ZEH, 2021, 46(3): 1-6.

o R e e e e e e e e e e e e S L e e e e S S Saa=aY

(B BHA)MA T F BN 3}

www.specialsteeljournal.com
itk L E B AT EAKIE3LS . KIEFHRINEGRATEHRN) ZE
HR %R : 435001 FiAFEIE:0714-6297386 0510-80673212
CHE RN ) 4R 55 ER BR 48 : E-mail : tsghs @sina.com

i
!
f

0




