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Influence of Slag System Ingredients on Hydrogen Content
in 316H Stainless Steel for Electroslag Remelting
in Nuclear Power Applications

Geng Xin', Jiang Zhouhua', Ge Chunyu’, Xin Guanghan'
(1 School of Metallurgy, Northeastern University, Shenyang, 110819;
2 Angang Cast Steel Co., Ltd., Anshan, 114001)

Abstract: During the process of electric arc remelting, the content of gas components (such as H, O, N, etc. ) in the
steel is significantly influenced by the gas permeability of the slag system used. In order to explore a slag system with low
hydrogen permeability suitable for nuclear-grade 316H stainless steel in electric arc remelting, the hydrogen permeability
of five slag systems used in electric arc remelting was determined. The results showed that the newly developed 63%Cak’,-
30%A1,0,-7%MgO slag system had the lowest hydrogen permeability. meanwhile the hydrogen permeability of slag system,
65%Cak,-30%A1,0,-5%Mg0O, was similar to that of the 63%CaF,-30%A1,0,-7%MgO slag system, and hydrogen perme-
ability of both slag systems exhibited a significant reduction compared to the original slag system used in the steel plant’s
electric arc production, declined from 6. 58%107° mol/(em=min) to 1. 89x10° mol/(cm*min) and 2. 18x10° mol/(cm*min)
respectively. The higher the optical basicity of the slag was, the higher the hydrogen permeability was. CaO in the slag had
a high affinity for water and can easily increase the hydrogen content in the steel ingot during electric arc remelting, while
the addition of MgO in the slag system can significantly reduce hydrogen permeability. Under the research conditions, the
influence of the slag system’s constituents on its hydrogen permeability was more significant than the optical basicity.
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316H B RN SN D A MM N AT AR TP A AEE (AR a% B S50 . 2R, §v8 s
HEZE AR ) T2 7R O H SR B, HE ﬁﬁfe}%ﬁ\ﬁﬁﬁ\ﬂ‘@ﬁﬁﬁﬁ316HK@§’%W&M$H%&MX¢%
AR RIS PRI H B TR 31I6H AR BT BOMAIREER AR SR e ey SRRk R RS &
BAIRBPJLT M, 5 HAD 300 RABEMNA L, 316H 2 PERE— Stk 5 B2 J7 ) SloRLIEE 249 50 P A5 SR B H:
AR TR C S, ufﬁ%ﬁﬁ%ﬁ@ﬁ%ﬁ T, QAT AR SE e AT A A A G 316H A B Y
PERE, L, BERS) iz MW ] Tl I BE A il ARORSE AR A A R T

EEWA : FEARBAHEE (52174304) s 1L T BHOTHIBCAETHRIBUH (2023 JH2/101700302)
EE® N Bk #E(1979—), B -1 Bl 2% E-mail: gengx@smm.neu.edu.cn; Wi BHE: 2024-04-18
BEEE: LFE0963—), 1, #3%; E-mail: jiangzh@smm.neu.edu.cn



- 84 - FEIRIN

BARTCE T L LH T 316H N0 FE =1L,
ARG T 316H AN A9 (1 iF 92 3 LI 5 ) L i
ASPERE R R BRh T T2 A Ty i B R AT Y, R
FHIB BRI T T AR EL L 316H [ &
SIS R A A R RN AN B Y
FE PR AF AR AR Z i ), b s IR A =
Pl UG 22— XEL,

A CH) X F ARG A R 2 G 15, XK
T T 4 R o A A S Dy R R RS
T R B REE (O 510 mmX2 400 mm ) A H
HEIE R, SRR, Y w[H] > 1x10° Bt 2
A S BREE AR — e RO A A A
FIVE ) 96 S8R 56 T 23 it 45 ) &0 & s iff AT T
L R S P EeRVE P P U N e Ll NG IR 78 ki R
Ko 2 s i B T B S, T R BUR T A
ERTHE . I, WA TS R B E R,
R IO T H v 0 R R RN A B B
AT, R BABARE S &R0 R4
WoNHEEESRETAS RN S EAEE
=Y.

AR SR R - -4 B T X 5 Fh s R A2
BT T E R R T A R4LoxHE R A B
B RO, BB T AR 2 T v A A
FH 316H AN G40 I & & i i, IR 45 5 9037 i s
SESCH, T R A A B 316H AN KA
BERBR,

1 SRR SR

S FELE MoSi, i i FL By R EAT IR S
Ee AR50, I L RE K B I TR B 5 T A5 A v
MoSi, i it L B4 45 44 7~ B RN 1 TR . MoSi,
TR HLBEA A 6 42 UTE Y MoSi, K A, B ATLL HR Bk
() )7 AAEAEW Hb . B NAE A 90 mm, KR
1000 mm, § 4 M R NI o i BHDT A 2 3 3R
g8 Rl EwE [ s RAL, TR R g R RS B Y R 7R
2 CHYRUENEE LA . b b A ARk A%, T i
EER W1V O 1) =2

WE5ERTHI 316H ANE Ak A TR = 1y
% 316H AN, FE S ok A THE TS H A FEm
e, AR I 5 FH 2 U1 EIHLREAS 5 80 b)) sl /N, 2
J5 FREL(600£50) g, fiff TR SE7E 42 K A A 853k
AT B S Ak 1 22 5 i, S50 T FH 316 H R 5 A9 114 At
SR,

AN FT 1 FH ) 5 Bl 28 () ELAR o0 W36 2, Hop

A

K1 A—E—a R st gl
Fig. 1 Schematic diagram of gas—slag—metal equilibrium ex-

periment
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Table1 Chemical composition of 316H stainless steel %
C Si P S Cr \Y Mn Al Ni Mo O
0.048 0.49 0.0139 0.0011 18.00 0.0323 1.795 0.025 12.74 2.672 0.014
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Table 2 Experimental electroslag ingredients %

BRGNS CaF, ALO, Ca0 MgO
s1 60 20 20 -
2 70 30 - -
S3 67 30 - 3
S4 65 30 - 5
S5 63 30 - 7

ST R AR L A B0 316H AN 54N K I R &
S2 ¥ N HREH | S3-S5 S S ity &, i i 2R 00
P 2A AT L, W RS AR R . I s
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Table 3 Optical alkalinity values of each ingredients
Ca0 MgO ALO, sio, TiO, CaF,
1.00 0.92 0.66 0.47 0.65 0.67

RO AR (2) LR 3 Wi 58, 3t
AR RDGEE, W4,

S R 9 R ] MoSi, 5 T R BE bR gk AT T
SO0 R TR AL TR AN R4 LB RR AT E
HET 19 150 g A2l 0B BHE AT, A A 0.2 mm
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Table 4 Optical alkalinity of each slag system

A i T
s1 0.737
s2 0.665
s3 0.676
s4 0.682
S5 0.692

JELAH B A A SRR, SR T MoSi, bl B TR
TR RN 8 C/mine Fh I FE b, FF & L A
T OBUEA B AR L P 22 . A B k4R Rl T
TR L AR U B SR AR R TR R B, iR Ak F
300 “CHF, DA MoSi, 4 Ji& # 5 <C H WRA E 46 Ar, Ar i
BRI ) BEE A 8 L/ming A PRIE T 8 40250
TERE S IR FE IR 5] 1 450 “CHT, 483 20 min, I AW
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& 400 “CJ5 , 51038 Ar BUBRES o FRE S 3B 7E
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A L2 5

x5 ZRATARBIRERS (RESH)

Table 5 Ingredients of pre—melted electroslag used in the

experiment %
WRGS  CaF, ALO, Ca0 MgO
sl 59.03 19.53 20.47 -
s2 69.17 29.61 - -
3 66.28 29.62 - 3.01
sS4 64.62 29.32 - 5.01
S5 62.95 29.16 - 7.02
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Table 6 Experimental conditions for measuring hydrogen
permeability in five heats

WA OWE EE AR %

KA R TR

g5 e Hw/g E/mm JE/C F;Zijlk% %1/515) I%gfl')
S1 564 100 5.1 35 71 4 1
S2 572 100 5.4 33 67 4 1
S3 567 100 5.4 37 46 4 1
S4 576 100 5.4 35 54 4 1
S5 563 100 5.5 36 65 4 1

2 KWERESH
SCHG TN R T S R BRI A5 R WA T, R
BURESIAGI A LA R TRE , 4 RO (R
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Table 7 Determination of hydrogen content in the

samples x107
RS ¥ 2* 3* 4* 5*
Sl 2.4 6.2 7.1 8.7 9.0
S2 2.0 3.1 4.0 52 5.4
S3 2.0 2.6 3.9 4.2 4.5
S4 2.0 2.3 2.8 3.0 3.0
S5 2.0 2.2 2.6 2.6 2.6
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Fig. 2 Time-dependent curve of hydrogen in molten steel
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Fig. 3 Average growth rate of hydrogen content in steel
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Fig. 4 End-point hydrogen content in molten steel
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Table 8 Hydrogen permeability of different slag system

R HiBiEZ x10 (mol -cm™ - min™")
S1 6.58
S2 3.87
S3 2.47
S4 2.18
S5 1.89
R 5 P TR S Ao, T OUEE IR T 5

Foft S i A3 2R T 75, S1IE RN A B B R s,
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Table 9 Gas element detection results %
iH H N 0
brife <0.000 5 0.050 ~ 0.070 <0.003 0
[ERELERi 0.000 2 0.065 0 0.002 5
T 0.000 3 0.063 3 0.027
L7 20196003 0.000 2 0.062 5 0.002 6
FHL 7 20196007 0.000 1 0.065 1 0.002 6
L5 20196008 0.000 2 0.062 9 0.002 6
L 20196010 0.000 2 0.055 7 0.0027
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