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Design of Slag System for FB2 Heat-resistant Steel
Electroslag Remelting and Its Effect on Element Loss
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Abstract: Based on the principle of low eutectic point, a new basic slag system for electric slag remelting of FB2 heat-
resistant steel was designed and calculated by FactSage software. The effects of traditional slag system 69. 65% Cal’,-
29. 85% A1,0,-0. 5% B,0, (1*) and new slag system 50. 4% CaF,-26. 5% CaO 19. 6% Al,0, 3% MgO 0. 5% B,0, (2*) on
the content changes of easily oxidizable elements in steel were compared and investigated using slag-metal equilibrium and
10 kg electroslag remelting experiments. The results show that , compared with the traditional slag system, the melting
temperature , viscosity and resistivity at different temperatures of the new design slag system are lower. When the activity of
ALO, component in the slag is high and the activity of SiO, and B,0, components is at a low level, Si and B probably will
react with low oxygen potential Al,0, between the slag and the metal based on thermodynamic calculations. The content of
w[B] in the reaction equilibrium between the two slag systems and FB2 steel is 0. 001 9% ,0. 004 3%, respectively. In
both slag series, Si and B elements will be burned and Al is increased in steel during slag-metal equilibrium and electro-
slag remelting smelting. In 2" slag series, the element fluctuation is small, and the variation range of element content de-
crease significantly after 60 min of slag-metal equilibrium time. In contrast, the change in element content in the electric
slag ingot after remelting is smaller.
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Table 1 The chemical composition of FB2 steel electrode

%
C Si Mn P S Cr Ni Mo
0.14 0.050 034 0.001 0.0005 9.08 0.15 1.54
Co A% Nb Al N 0 B Fe
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Table 2 The chemical composition of experimental slag %

B CaF, AL, Ca0 MgO B,0,
1"t 69.65 29.85 - - 0.5
2% 50.40 19.50 26.60 3.00 0.5
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Fig. 1

tubular resistance furnace
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Fig. 3 The time variation trend of FB2 molten steel fraction
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Table 3 The composition of melting temperature and theoretical melting point in pentabasic system phase diagram

i S w[CaF,)/% w[A1,0,1/% w[Ca0l/% w[MgOV/% w[B,0,1/% JEALIRLE/C
1 1.5 76.9 18.0 3 0.5 1679.0
2 9.5 75.5 11.6 3 0.5 1 667.4
3 9.8 56.0 30.7 3 0.5 1405.2
4 9.7 57.7 29.1 3 0.5 1404.5
5 5.4 39.1 52.0 3 0.5 1373.8
6 332 43.8 19.5 3 0.5 1321.1
7 0.1 48.8 47.6 3 0.5 1305.9
8 0.1 48.2 48.3 3 0.5 1305.0
9 37.8 40.3 18.3 3 0.5 1302.1
10 18.2 322 46.0 3 0.5 1297.7
11 40.2 34.0 223 3 0.5 1287.4
12 50.4 19.6 26.5 3 0.5 1229.1
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Fig. 7 Content changes of various elements in FB2 steel with time after slag—metal equilibration of two slags : (a) 17 slag, (b) 2 slag
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Fig. 8 Macroscopic morphology of two FB2 electroslag ingots :
(a) 17 slag, (b) 2% slag
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R, FLTE FEJ R e A T 1 R P R S AR T RO
T U LA L% <5 A it U T = 1R AR Ak A Y
PP [¥) R, 228 37 /N 3 < - A 1 8 4 P ] g G
Si\BILE BE Pl e BE AN X LA . Z345 AL i < -
I 10 kg AL FUE KBTS R, TR S5
DA K% FB2 B Fi s i A 7 i e PP s 7R R R AR



5% 4 4

e A  FB2 T AV R i TR O AR BT BN T R B A R +99 -

B R L3 R 0 Si0, ZH eIl BB N B0, 4T
e, LU FB2 89 B £ Si LB T BRI A K ke G
WAL KA.
3 %Hit

1) M T 1% 85 19 69.65%CaF,-29.85% ALO,-
0.5%B,0, & % , # B 50.4%CaF,-26.5%Ca0-
19.6%A1,0,-3%Mg0-0.5%B,0, It Z& 14 15 4k, Tt B i
1 260.09 °C, £ IEE T &R AL, BA R 4093
E5IN i SN = g iR ey =y 2 LS 1 227 N3 B T
PR

2) WA R 5 FB2 40 i 411 S s 34

S22 3k

(1] 28 M, BRIFSE, #5, %. 9%~12%Cr & R TR R
DR S TR R T ]. %k, 2021, 56(2): 40-49.

[2] BRI W, B Ak, S5 S HEBE 9%~ 12%Cr 5 TN & J&
FOR B 6B 1 I AR L) ] A ALEL R, 2021, 63(1) :
71-76.

[3] we, £ K, W30S0, %, BBIGF LS T FB2 Hg
AT AT RS (D] REIEHRAE, 2023(3): 1-5+11.

(4] BEr, 28T, % . 620 “CHERBIE TR WU T H 9 M
RRAKE T 2Mr5E[)]. RIVEEAT, 2016(2) : 3-5.

(5] ffPGdn, XIEAS, TRE, . o EHBEB G Sy e LS i 3
OB EE R R LT]. TR 4, 2023, 33(12): 1-11.

(6] Bravde, £ &, sigoat, 5. WA EF T 20 GH4169 Bifi i
L)) RS AER, 2012, 24(12): 11-16.

(7] BFIR, T, PN, 4. GH2132 542 vl EE T2
PeHELT ], FEERAN, 2022, 43(3): 43-46.

(8] Wik, xladte , whaks, 4. Bl TN FeCrAl N85 80w 2
FIREE[T]. BT, 2015, 27(10) : 19-25.

(9] BFrhde, 28, TAME, 4. (R4 G0 B EIE X DZ2 &
TR RS K e 22 isgm [, FFBRM, 2023, 44(1): 19-24.

[10] faems , XUgEme, 3k fd, 4% . GH3128 & 4 “VIM+ESR” I
“NVIM+ESR”™ i # i 2 o 1 ATl B e 2 o [T ). 45mk
A9, 2020, 41(6): 15-19.

(11] % W, T 7%, Xhdk, 4. BT 06Cr  Ni, Ti B AR
B BEI A T2 b (1], MR SE 244, 2024, 36(11):
1399-1408.

[12] BEdtig, TARD, R, 4. Tio, XK Fl ik Z f i 04 In-
coloy825 A 4x v AL Ti JCZ S M I FA ) = 9E (1], AR BLER
2022, 43(3): 152-160.

[13] Z=4RMS, AREIR, FRER, 5. GH4169D £ 4 i S g ol f rp
FRERTC R BB A SORS e HoR [T, h NG 4x, 2024, 34
(11): 83-92.

[14] Liu F B, Gao J Z, Cao H B, et al. Effect of slag composition on

elements oxidation behavior of GH984G superalloy for electroslag

AP S BICE & EFEATE I Al S, H 58 A
50.4%CaF,-26.5%Ca0-19.6%A1,0,-3%MgO-
0.5%B,0,# Z -1 fii FB2 8 H T 2 & s sh B/,
A B ] 3K 2] 60 min J& , 70 E & AR AL IR B 2
%, AT A AT A AR R A AN Si B i
B ALO, KA RN GG 72 R i 3R 5 FB2 4N
J -5 [ B 14353124 0.0019% ,0.0043% o

3) Zopi RIBE T 28 F A 06 T 1 FL TS e T TR
T AR U R R N R TR e R [ O,
Tty 2205 R A AL I B S BT S AR, ALC R &
L DI (E v S 2] B P N RV vl G LR F W
£

remelting withdrawal process [J]. Journal of Iron and Steel Re-
search International, 2022, 29(5): 761-771.

[15] TH &, 250, RAFIT, 55 IRKOUARERH d it T A
Tig Ty ]. LlEa s, 2024, 46(1) : 58-61+69.

[16] sk, SR, R, 5. & BIS A HL & S0 R 0T
[J]. *PER 4, 2023, 33(8): 92-103.

[17] B~#fls, Bk 2%, e, % BT DHOT 620 “CRERLH FB2
P LU S22 PERE A IR [T ], g R 2 i (R ARFLA D
2023, 54(7): 2642-2650.

(18] sz M. i o 45 A I SR AE HLEL 7 ) COST-FB2 916 4
SFIEABESEID ). LB ARAERA:, 2021

[19] Kim D S, Lee G J, Lee M B, et al. Manufacturing of 9CrMoCoB
steel of large ingot with homogeneity by ESR process [J]. 10P
Conference Series: Materials Science and Engineering, 2016,
143: 012002.

[20] FE/NI . Co3W3 A4 HL i HE 43 B i #2 h J0 BT [T ). R H A
2017, 23(4): 20-24.

[21] ZIEHF . MR e 5 9B IM]. dbat: R4 Tl i
#t, 2010: 121-123.

[22] ZJp7%, MBS, 5K 3, 2F. AL A I A C-HRA-3 Tt #4
BRI ], FERHT, 2023, 44(5): 76-82.

[23] 3k F, 430y, skt2¢, 45, Ti0,-Ti,0,-FeO = JCitk R Fiii
FEERIT AL . P IEA R A, 2018, 28(9): 1876~
1882.

[24] FEERE A M. v R A 10 0 A 2 R G P 3 SO AR
[M]. BLFA: ZRAbIR: R, 1989 84-88.

[25] #Hfh, 2£HME, Z2IEd%, 4. BlA & & Rk R B R
Bk ] MRS AAA, 2012, 11(4): 274-277.

[26] BRHERTE . KU IEEIEF W M) T ARJLR
thRRAL, 1993 48-64.

[27] ptware, XURGE, ARt . o i SRR AL SN 2 i 2R X AL
TR ], kAR, 2021, 42(10): 835-838.

[28] skZ==. e M]. dbat: e Tk ik, 2011



