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Abstract : To address the issue of excessive DS-type inclusions in 1. 2343 hot-work die steel produced by electroslag re-
melting (ESR) , a process approach involving slag system optimization was proposed. Two new slag systems (E40F and
ES0F) were evaluated in industrial trials. Using FactSage software and empirical formulas, key physical properties of the
slag systems—such as basicity, viscosity, conductivity, and activity of certain components—were calculated, forming the
basis for the ESR process. Industrial trials revealed that the ESOF slag system exhibited the best overall performance, with
moderate SiO, content enabling the modification of hard Al,Os3 inclusions into low-risk spherical inclusions. It also com-
bined moderate fluidity with Al,O3 inclusion suppression capability, making it the preferred choice for inclusion control in
the finished product in production. The E40F slag system exhibited strong modification capability but suffered from high
viscosity, leading to difficulties in inclusion flotation and higher residual inclusion levels, resulting in inferior performance
compared to ESOF. The 37 slag system exhibited the highest Al>O3 activity, causing significant secondary hard inclusion
precipitation without modification capability, yielding the poorest inclusion control performance. Using the optimized
ES0F pre-melted slag significantly decreased the DS inclusions in 1. 2343 hot-work die steel, achieving a rating level of
0. 5 with all inclusions smaller than 15 pm. The total inclusion count decreased by 27% compared to the original slag sys-
tem. The E50F slag system is more effective in removing inclusions from 1. 2343 hot-work die steel.

Key Words : 1.2343; Hot-Work Die Steel; Electroslag Remelting; Slag System; Inclusions; Basicity

1.2343 JE A @ 5 B PVERL R (R0 0 RS mBERE Dy — R ZE AR il fe . HRUER
et R PR ST R IR SOCTERE ) AN R R o YR i A v B PR R R AR A
THREME /PSS EEE R (INGLR EER 7 SR IS SR , T v i 2 1 = A 6
PRSERE AR ) RS VR E i AT 2 ) (R B R, SRS T K 8 45 e v 45 Wl BRE BT I B
PSR BRI IR H LR G R B TR AR mm ) AT ST 1.2343 Al AU SR A
TG P R R Rm R SR R ORI T i AR A S LU R R A R R 2 )
XA IO EIERESR Hh T H 0K R 3 8RBT A8 2 R W 7 ot e O E PR RE

HLTE T — PP OR R AR  SEK ks RN S B R R R

YEE B : PG (1995—) 55 AR W TAIT;  E-mail: 762739819@qq.com; W BHI: 2026-05-21
Editorial Office of Special Steel. OA under CC BY-NC-ND 4.0



- 56 - Y5 IREN

547 4%

H I T A 1.2343 SPE R ELACR FAE 421
37 #5 (70% CaF, . 30% A1,0,) 4= 7= , 3% 3 1778 DS 25 ¢
ZP AR I, ERIEREIES TR T M
FOHT i 22 (E40F \ESOF ) FH i e 1.2343 $AERLE
Y& 2y JE s 11 ) A

AW 5T LA ' 1 BB SR 1Y 1.2343 SERLE
BRI FE G, TR 3 AN [R] 43 T B 1) HL S T R
(37 \ESOF i \E4OF i#t ) , R0 HF J xf LU ot , 43t
AN [ 22 50 H v T I 1.2343 B4l BE e Z A
TR S M B, 48 7 7 2R 405 A 6 g 114 G
IRAIL T , B A 07 3 3 P v B 1 R 1.2343 X Y d
e i AR, IR AR Y L S T2 L R
5L EL B0 1 BT i T AR R e S S TR S R
Ao
1 BES5HEENKRS

BT E R A AR 1.2343 BRI
O3 WPIR e A Wy M A 9 [R) 8, 1T T E40F L ESOF i
Fo EB) FactSage 1A AXIHE T ZABYNES
. BECAPR, PR oo RIEAT Tolkiat
B, Sk e 7 A B 9 D BROIR SRR Y T B, B i R
BT Ca0O MgO .Si0, 2075,

HAPHIN T CaO H & 3 5 7 BB, 45 o v
{140 J58 A MOt 420 R T DA T 28 AR A 118 Ao 4t i 2 56 )
Iy & B

F7 v v B ALY CaO 7 i v el B B
T & PR O Fl Ca™ , B [S ] 5 ¥ vh G 4 O > 7E i
G LR A R R B TR A A R Ca
55 S 255 T RS SE 1 CaS #5785 LA 20 T 8 215
i By, B o an= (1)-(3)

(Ca0) = Ca’* + 0%~ (1)
[S]+ 0 = +[0] (2)
[S]+ (Ca0) =(CaS) +[0] (3)

J25 i T FeO 0 FL I I A% b 45 Ja H B R T AR Y
FeO 2P EZALEED . i FeO 5 CaO 4 1K
BRI — 45 O ERIRES ) , 44 LA A= AT FeO . CaO
H10, %A N AR BBR R — 5, HIRAR A1 AL TS e
W o A IR R R — 805 R R TR 45 34 B A s Y A AR
S QN e R e o = AN R Ny F A
K(5).(6).

(FeO) + (Ca0) = (Ca0-FeO) (5)

2(FeO) + 2(Ca0) + % (0,)=(2Ca0-Fe,0,)(6)
SR PR [(Mn] ([Si] [ALJ /2 AL IR R £ %

WA TTER BRSO N AE A =15 Horr,
Si0,. ALO, A R 1 AL ¥, MnO 2 55 0 14 2 AL 40 -
A A W AE i v B B AR R N 2 AR I A BT
5 AR PEAT . SRERTE CaO 235 X BE I A ) & R
FRE , AN I FE 7= 4, A 38 A8 A R 22 1 m B 3, TR
JEE 648, [A) B AR B 9 B2 77 ) CaO - MnO | 2Ca0+
Si0,.3Ca0 - AL O, & # i 4 AR W, HLAA B iy an =K
(7)-(9).

[Mn]+[0]+ (Ca0O) =(CaO-MnO) (7)

[Si]+ 2[0] + 2(Ca0) = (2Ca0-Si0,) (8)

2[A1]+ 3[0] + 3(Ca0) = (3Ca0-ALO,)  (9)
Horpehn 1 Si0, B A2 i v s i A2 b be i3S SR 1
B2, W T FAEARR A r £ sk AL B b, i 24k 3] [ A1 e
Z i By, B RN WL (10) [[lAT, Sio,
55 CaO WA BEAIKE 551 CaSiO, , FFEARME 145 1
P IRUGAH DX, 20 v 1) D sl P RS 1, BRI
R IL(11) .

3[Si]+ 2(A1,0,) <> 4[Al]+ 3(Si0,) (10)

(Ca0) + (Si0,) = (CaSi0,) (11)
AN T MO 1) 5 27 H U 1R i AR T 7R i
th 2% 2 T8 1 B R B 24 R, 92 v b 0 AT
AL D R AR O . MgO S i i 4 A (4l
MgO #5 #i~2 852 °C) , it T HL i B FLIRLEE , #h 94
T AT VR ] DX TH], A1)~ [ AR 2 0 [l i) Fi
T L PN R v U R TR AR RO IR B B, R T
B H R MgO [ AR 00K, T B 8 2 A 45 74, MgO
LR W w I sh iR A R R e R,
I AT, 2R T ek B S A e R [ IX ], o
LIV A FLLAEAE 1P B AR

Tl a5 FH s B o3 LR 1, 8 ] 1.2343
LR R Y B T L3R 2.

*1 BEEBERBENRS (RESE)
Table 1 Chemical composition of slags for ESR %
RSP CaF, ALO, MgO0  Ca0  SiO, #IE

37 70 30 - - - L5 &
E40F 40 30 3 20 7 B &
E50F 50 30 3 12 5 Bk R

F2 HIGA 1. 2343 BIRERI RS (RESE)
Table 2 Chemical composition of 1.2343 electrode ingots
for test %
C Mn P S Si Cr Mo Ni V
037 045 0.014 0.002 1.08 505 129 0.13 0.38
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Fig. 1 Relationship between slag viscosity and temperature
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Table 3 Hemispherical temperature, initial melting tem-

perature and final melting temperature of slags C
B R kil THRIE IR SEaRRE
37 1303 1059 1546
E40F 1308 1188 1428
E50F 1306 1182 1431

*4 BENSET. SEUB.CRUENEE

Table 4 Activities of calcium ions, alumina and silica in

slags
HEER A5 B8 i FE T AR TR
37 0.008 966 312 0.017 932 625 0.002 942 33
E40F 0.005 176 364 0.009 788 037 0.001 003 941
ESOF 0.006 434 5 0.012 574 556 0.001 547 849

RS IBEHAFHEMSEER
Table 5 Optical basicity and electrical conductivity of

slags
R R FHLF o1 800 ‘C/S-cm™
37 0.52 1.67
E40F 0.62 1.12
E50F 0.59 0.91
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Table 6 Process parameters of 1. 2343 steel during ESR

e HEE CEREAY A H] /min ADE I ] /min SR E/min - 4/ (kgemin™) BEH kg
Al 37 45-43 790 160 950 10.6-9.2 10 068
A2 37 45-43 802 165 967 10.6-9.2 9994
A3 E40F 47-44 794 144 938 11.0-9.6 9976
A4 E40F 47-44 800 150 950 10.0-9.6 10 007
A5 E50F 48-46 824 158 982 10.8-9.4 10017
A6 E50F 48-46 781 159 940 10.8-9.4 10 060

R7 ARBEEFRALKL 2343ESR MWL R R ER
Table 7 Inclusion rating results for 1. 2343 ESR steel re-
smelted with different ESR slag systems Z

WHR OFES A4 AM B4 BKL c4d CHL D4 DM DS

Al 0 0o 05 10 O 0 1.0 1.0 20

37
A2 0 0 05 05 0 0 1.0 05 1.5
A3 0 0 05 05 0 0 1.0 05 1.5
E40F
A4 0 0O 05 05 0 0 1.0 05 1.0
AS 0 0 05 05 0 0 05 0 05
E50F
A6 0 0 05 0 0 0 1.0 05 0.5

#&8 ASPEX 34 3:4) R~ B &5 100 mm* /> %
Table 8 Size range of ASPEX-scanned inclusions and
number per 100 mm?
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E40F 2 682 543 88 29 15 7
E50F 2 552 503 42 7
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Fig. 2 Morphology and composition of typical DS inclusions in 1. 2343 Die Steel
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Fig. 3 Typical DS inclusions in die steel produced with different slags :
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