H o= ® % 5 £ R ¥ & Hast HTH
610 CHINESE JOURNAL OF VACUUM SCIENCE AND TECHNOLOGY 2025 4F 7 /1

HAS SR P o = Sl B B AN S B ] T2

XNER EHE WRE BB
(ITHE VD) BBEFEBE KU 215600)

Control Process of Manganese and Oxygen Content in Melting Ultra-High
Manganese Steel by Vacuum Induction Furnace
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Abstract The vacuum induction furnace is utilized for the melting of ultra-high manganese steel. To address
the issue of elevated oxygen levels while achieving high manganese yield, a dual-furnace melting process has been
meticulously designed and implemented. In the first heat, the impacts of furnace pressure and molten steel
temperature before manganese addition and the frequency of manganese addition on the manganese yield were
studied. The results show that the manganese yield approaching 100% can be attained when the furnace pressure is
maintained at 30 kPa and the molten steel temperature is set at 1610°C before adding manganese introduced in six
equal batches, but the oxygen content is as high as 0.037%. In the second heat, the ingot produced in the first heat is
remelted under vacuum and deoxidized through the vacuum carbon-oxygen reaction. The impacts of carbon
addition, furnace pressure and reaction time on oxygen and manganese content in molten steel were studied. The
results show that the oxygen content can be reduced to 0.0012% when the furnace pressure is set at 25 Pa, the
carbon content is 0.2%, and the reaction time is extended to 30 min. Under these conditions, the content of
manganese is 23.66%, and the comprehensive yield of manganese is 91%. This experimental research offers a
vacuum induction melting technique tailored for steel with low oxygen and ultra-high manganese content, suitable
for pilot-scale or small-batch industrial applications, and also charts a course for the ultra-clean production of ultra-
high manganese content steel in the future.

Keywords Vacuum induction furnace, Low oxygen, Ultra-high manganese, Melting process, Argon at-

mosphere
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Tab. 1 Parameter of vacuum induction furnace

T RIIH AW W R 77 /kPa
150 150 100

IR TR C
1700°C

Ai/kg

1.2 IZigit
KPR IE R L2, SB— IR TS a1k,

LA B A FE:

(1) 2Rt AL Bl A 28 L 4b 2 A
Zankk . &8 B Ak, okl HUiCE THHR T
O G i 2 B A Dol O /YA D a5 )
0.02%, A=, I NI <25 Pa Ja il HUIBEILY 8L

(2) K5k Bl oA I I, TG B 5 A9 VL B &
1600°C, i 15 ~ 20 min.

(33000 7 - 005 0 VR TR 30 Ao 9 K 3% P T R AR
AN IR K 1550 ~ 1670°C.,

(DA et R P J1i5 1~ 100 kPa,
ST A & B AR, B —HER B 4B A A I Fn
R/

(5) Doy BURE 4 B 4, i R 2R, TR A
TR E A 1470°C, 7 LB 50 mm ELAR R

5 P A T B ik R N AR, D R

(DR ML BEY I A 2T B — 2 i
Tk AN ORI, iR B0 T RO [E] B &, A b
fh2s, BN <25 Pa Sl HUIG AL BE D ORE, $58 3%
HL D138, S BT[] R 30 ~ 70 mins

(2) K5k BB G I I, TG 12 o A9 VAL &
1600°C, £&if# 10 min.

(3) A &b sk,

(4)Peid: FLEMI N E F135 15 kPa, BURE ST
BT, W KIS, ARSI EE R 1470°C, A FLBET:
1.3 AREIT

S 56 FH o Al A A B DL 2, TR G e
HEFERWR 3 BT R T LN 4, it
T A~CH3ANFE, B P RERFTEIE S, &
T D~FI3ANHER, FERPIRMRAERMZ
) Z IR A5 R

A 55, VR a1 N 8 A RS N s T 43
WA 1kPa, 5kPa. 10 kPa. 20 kPa. 30 kPa. 50 kPa.
100 kPa, #4835 HE D) 3245 T WX W L BE 2 1610°C, °F
P43 7S HEUR a1 IR I 4 R e, A 4 e BURE 3
BT B e R B i

B J7 %, IVER T 1) 970 8 78 AR S 9 R i
30 kPa, % 1% F, D 845 1 ARV B2 435314 1550°C
1580°C. . 1610°C , 1640°C . 1670°C,, 1443 7S AL K 1]
IR I & JE i, ‘B 4 0 I BORE 20 BT A A A
A

C J7 58, JIVER T 1) 77 N 38 A GRS 00 9 R ) 43
3k 30 kPa, P& 2% FL 2l 2845 A WO Sl 1610°C,
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Tab.2 Chemical compositions of ultra-high manganese steel /%

JLHF Mn C Si Cr o) S P
JL 23~25 0.15~0.20 0.15~0.30 0.015~0.045 3.8~4.0 <0.002 <0.01 <0.01
Htr 24 0.18 0.25 0.030 3.9

i 26 0.20 0.26 0.040 3.9

% 23.66 0.18 0.25 0.025 3.9 0.0012 0.0027 0.0038

®3 REREANRENS/%

Tab.3 Raw material categories and their components /%

x5 FETIRARET

Tab. 5 Design of the second furnace scheme

Jke Mn C Si Al Cr 0 Fe E S YN FE F1/Pa WAL/ % S0 B[R] /min
@BE 967 009 009  0.02 025  2.79 25
ek 99.96 50
£k 0.05 9976 0.04 014 D 100 0.20 30
L2y 99.96 0.03 igg
&% 001 0009 009 018 994 0.07 024 1000
4k 0.07 0001 0001 0.004 0.02 0.004 99.9 0.02
0.05
R4 F—IxRARET E 25 0.10 30
Tab. 4 Design of the first furnace scheme 0.15
- 0.20
Mn AR}
% AV 30
PR e g O MEH "
; F 25 0.20 50
0 60
A 20 1610 6 0
30 N
50 R J13K 25 Pa Ji ik B, $8 2% B 2D 53R, ) s 1o ek (1]
100 A1 30 min, 244 5 BORE I AN rh R AR & 1
1550 N s It T ol
1a80 FJ7 4, R A B0h 0.20% HBORL R 0k B
B 30 1610 6 TG, 2 [ P9 e J735 25 Pa J5 ik H, $5 416
. WL R, R BRI 43 5] 9 30 min, 40 min. 50 min,
60 min, 70 min, 24 5 BUE AT NI TR AT S
C 30 1610 2 FHRETTE

AN L AW N =

SRPER oy — bk . A, =k, IO, Hot
UL ZSHEUR I 3R DU & T8 AL, 48 420 Je BORE o
BT AR Hh e R i

D i, TR ECN 0.20% BB R R
T M 35, il 23 8 0 N R 7 43 il 3k 25 Pa, 50 Pa,
100 Pa. 200 Pa, 500 Pa. 1000 Pa J5 2% Hi, 35 i 3%
IR, fdi 2 W I E] 24 30 min, 496 5 BURE 3BT 4K T
TR A S

E %, /i 040k 0.02% . 0.05% . 0.10% .,
0.15%. 0.20% F Bk bifi JERHE A SH 38, ik 23 {1

2.1 SEIMNBIP R E A XHEEE R A2

L7 TN I WA 3R T2 A LA R R A
AL TR AR IS R, R o S S A, R
RA[ Ik 90% LA BV Sl R S R AR A A 1) 4
W FEA— & = A, TER AR T 28 00 & 21k,
AR AR IO R . A ZE IR E IR &
2L (1) ™, A 0 28 9 o 30 B8 1 v ot
2 H 5T AL, 1600°C B AR 19 18 A28 ¥ Ol 5400 Pa
e, PRV BV H 1 N S AR S R i
5400 Pa, 4 YA B AT ILF] 100% . SEPrAE =, 52
B e SR T A R BRI IR B b T
AHZ 8RR, W RA 2k B R KT AR



%07 M

KRS A5 FL2s NP M v B A A S i i T2 613

0 X BN 23%~25% 1 AR T AL AR, BFAE T
IVER BT 4 P H 0 %0 i WA 38 A0 S o, B2 2R
K1,

log py, = —14520/T —=3.02log T +19.24 (1)

WA 1, BT Y N T B T, SR R
FFHEa# ., 1 kPa R IRAS 2N 87.5%, 5 kPa I
W 15 K 93.7%, 20 kPa I} 46 I 15 % 98.9%,
30 kPa I 5 A5 20 99.9% ., PR 1M 2025 JER; 425 R i
BN 23%~25% 1Y R AR AN, A0 A BEAR AT R 4
T 100%, JIn‘e: /75 o007 P9 78 ARSI P R 3k
1 30 kPa.
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The influence of furnace pressure on manganese yield

Fig. 1

before adding manganese
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Fig.2 The influence of steel temperature before adding man-

ganese on the manganese yield
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Fig.3 The influence of the number of manganese addition

batches on the manganese yield
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Fig. 5 Surface of molten steel after adding manganese
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Tab. 6 Chemical composition of floating slag
BN MnO ALO, ot
/% 76.1 21.7 22

PR At S B B T e R 0.037%,
L] B 22 (B A DTTE B SRR

TUVE I8 S0 W0 4 B A B 0 A AR 3R T8 TR 1
TR, WS s, B BUR A HUERE . o 877
B IER O, BN A AR e M, TE SR
G v R R o R FH T TE B SR U . g 6,
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P 6 v, B IOk A 300 18] 7 P9 T ) A B

N R IRl e Ry U T IR A U 2 o < k-
TR 25 Pa B, AV PR 5 B2 23.66%, AR
0.0012%, % BIWAS %R 91%. ¥ P E 14 1000 Pa
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Fig. 6 The influence of furnace pressure on the manganese and

oxygen content in molten steel
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Tab. 7 Interaction coefficients of various elements in pure iron melt with carbon and oxygen, e-f value

TCHE j c Si Mn Al

Cr (0] H Ti Mo
eé 0.14 0.08 -0.012 0.043 0.016 -0.024 -0.34 0.67 / —0.0083
e —-0.45 -0.131 —-0.021 -3.9 -0.013 —-0.04 -0.20 =3.1 —-0.60 0.0035

JFELH £.=0.441, £,=0.104, I} K=493.86, N
[C][O] =4.37%x 107 pco (7)
SN R 128 25 Pa, AR BE A 1600°C B, AR
P20 (7 HHFEAFAL, [CI[O]=1.09x10°, D4R Ik e &
154 0.02% B}, 2.5 5N 0.000545%, 5K Rk & &
H0.2% B}, 4,554 0.0000545% ., PRSI, BL2S 4%
PR, AR ARG B s At T el AR e R A
K. SEBRAE =, 52 A 7= BRI, 5 ELE K
A —RE220E
BAEES LT, R A KR IME A A
AR 2, MO 1 B e R R P,
[Mn] + [O] = (MnO) (8)
B A S B L A AR — R, AR SE
A AY T R A i R BN U R AR RN A B R, 4
SOLE 7,

24.0
235 +
23.0 +
225 +
22.0 &

0.008 +
0.006 +
0.004 +
0.002 +

—=— OXygen content
—e— manganese content

oxygen and manganese content/%

0.020.040.060.080.100.120.140.16 0.18 0.20
carbon addition/%

BI7 BB b SRR & B s
Fig. 7 The influence of carbon addition on the manganese and

oxygen content in molten steel
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Fig. 8 The influence of melting time on the oxygen and man-

ganese content in molten steel
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70 min B}, 40 W AR E O 0.0008%, i i M
21.77%, 5K RN 16.3%., AW H A & =728 1k
K, R GAIEER SR, SOV E] % R 30 min.
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(1) B XK AU = & i, T T R I
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IO th B I
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TR R 1610°C, -3 73 7S HE KA, SR Micfs 2%
AI3K 99.9%, SN H A B A 0.037%.

(3) R, SN TR 25 Pa, iRINA TR
0.2%. JZ R IFIE] 2 30 min B, 593 48 & B ml R AR
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