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Research on Quality of high Speed Steel M35 Bearing
Sulfur Remelting by Acid Slag
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(1. Heye Science and Technology Co. Ltd, Shijiazhuang 052165 ; 2. Hebei High Speed TFool Steel
Engineering and Technology Research Center, Shijiazhuang 052165 )

Abstract Tt was studied the quality of carbide,non-metallic inclusions and composition change of sulfur bearing M35
high speed steel (0.015% ~0.030 S) using acid slag remelting in atmospheric conditions using the 1 t double electrode
furnace. When the acid slag was remelting, the sulfur,silicon, manganese ,chromium have a large difference between the two
ends of the ingot,the difference reduced using the method of adding calcium sulfide when slag melting and adding manga-
nese iron when Slag dump. The quality level of carbide nonuniformity , granularity of sulfur bearing M35 high speed steel mill
bar is similar to that of conventional alkaline slag,non-metallic inclusions class A is less than 1.5,B,C and D, which are
less than or equal to 1. 0.

Material Index  Sulfur Bearing high Speed Steel M35, Electrosleg Remelting, Acid Slag, Chemical Composition , Car-
bide , Non-metallic Inclusions.
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Table 1 Chemical composition of steel M35/ %

Mn P S Cr Mo v w Co

x1,
L2 PR o.s(; ~ .
RENEBEARAERMEEER 095 045

0.20~ 0.15~ =

0.015~ 3.80~ 4.70~ 1.70~ 5.90 ~ 4.50 ~

0.40 0.03 0.030 4.50 5.20 2.10 6.70 5.00
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Table 2 Slag system for testing at 1 t ESR furnace

R RS/ % CaS(4t FeMn(4h

T4 HBBERABEERRNESHMES.Si. M, Cr TE
e /% ,

Table4 S,Si,Mn,Cr content in each parts of ESR ingots

remelting by different test slag series/ % '

®E CF, ALO, Ca0 S0, )% g BE®)
A 55 15 10 20 - - 0.50
B 60 15 5 20 - - 0.25
C 60 15 5 20 2.5 - 0.25
D

60 15 5 20 2.5 100 0.25
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Table 3 Process parameters of remelting by 1 t ESR furnace

SR/ BRE BE/ BE/
mm #/mm kg ME/V EH/A (kg-h™1)
310 RI20 26  60~50 %0~ 270
4500

R =(Ca0)/(Si0,)

K (Ca0) (Si0,) - RN A E &85 R <1
1.3 ERTZSRBBHESE

WETE 1t EPHAT, RAPSMOE BB E
NGRS, RIFHATIRER; AR TZSHA
3,

BRSTRF M10 Bt U B , BURETE 5 6
BT R TE T A R BB, B B T
MEEKR K 30 mm 60 mm, FIW. /Ko BALHAY
B GB/T14979-1994 J5 ik K 4 , Bk AL W0 URL B %2
GB/T9943-2008 ¥: % , E-4 )& Je 2914 GB/T 10561-
2005 A BRRH, Beibl) SRR B AL HIEM

2 HEEHER

L B R R 2 i A 5, M35 R C.
W.Mo.V.Co B RMAETR/, T SiMn.S.Cr B
BHREABRARME, RAERE 4; R XWER R
PRIFER A ZEHB K. H0.010% ,BEH#E R B.C.D
EEBRK. HO0.01%, BHERBEHEKR N
0.10% , &R A ZEZAHN0.17%
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REZEREBSNEAFIBARSEZLR
A1, REEERERREARLES,

REBER HH S Si Mn Cr
Bt 0.027 0.31 0.33 4.00

K3%30mm  0.011 0.34 0.31 3.92
K3k 60 mm  0.015 0.32 0.32 3.98

A FEE 0.021 0.29 0.32 4.01
Mk 0.021 0.28 0.33 4.00
P30 0.010 -0.05 0.02 0.08

#3%30mm 0.019  0.37 0.23 3.81
A3%k60 mm  0.021 0.30 0.32 3.91

B 5K 0.023 0.28 0.32 3.94
N3k 0.023 0.26 0.32 3.98
=ME 0.004 -0.10 0.10 0.17

KL30mm 0.026 0.36 0.23 3.85
K% 60 mm  0.024 0.29 0.32 3.93

C hER 0.022 0.27 0.32 4.01
Vi 0.022 0.26 0.32 3.96
EE -0.004 -0.10 0.09 0.16

*3k30 mm  0.027 0.36 0.34 3.85
Kk 60mm  0.025 0.28 0.33 3.94

D i 0.022 0.27 0.33 3.98
Ak 002 02 032 3.9
M  -0.005 -0.10 -0.04 0.13
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Fig.1 Change of sulfur in different parts of ESR ingots remlting
by each test slag series
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Table 5 Chemical composition and basicity of test siag before and after remelting

R, BRB B3 . BEEE AL
788 A B 3 Kk 60 mm

w CHEEONEA

B A B A g 25 R K gy

Pr i & D W] {4 B2 B B
Ry NS AN S
B, HEA™KHEHER D

HIF
4 BUTERSERNIMESEREZY. . BUAY

RAMER D #EAT THEA, S5 M35 BN

RE -— R %

BFE CaF, ALO, Ca0 SiO, MgO Fe,0; MnO Cr,0, Cas (R)

A EMFET 53.78 15.12 10.51 19.45 0.51 0.53 0.04 0.05 0.01 0.54
EIRE 52.32 14.69 12.87 16.85 0.56 0.86 1.29 0.46 0.10 0.76

c EJAET 58.82 15.24 5.33 19.53 0.31 0.39 0.08 0.04 0.26 0.27
TG 56.77 14.81 7.49 16.92 0.29 0.73 2.13 0.79 0.07 0.44

[Sil, + 2(07?%) = Si0, (4)

Si0, + 2Cak, = SiF4T + 2Ca0 (5) BE

Si02+[Mn]ﬁ+ (0“2) = MnSiO, (6)

2[Crlgy + 3(07%) = Cr,0, (7)
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FHE AR MeEk Sk 30 mm AbHERE, ZERSIF
ST EEN, EREREAR, MENRE . BfR
HREMAERENESBIIR, SR PERE M)
L, R 7o L AR 2 A (5) SRR BT, (R A B
BRIk 30 mm AP HARIMERA —E HFeiR, 5H

A E REANEA RIS S B RE
3,MnO 555 E ALY, EIFRIE + MnO FER
%, BRI E AR & 4 (3) L (5) AR B 1 BUAR A b2
B B R R, EAWHAK 30 mm Lb4EEE R
BE, FEESHITET M0 B RIFBEBER
.M Mn FREBTRE, SRR TERIE, BR
D e B[R R0 FeMn Bia , ¥Reh T 896Kk Mn 1)
et , Mn S BB HEBAAMERERBAE LI, BT
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Fig.2 Si content in different parts of ESR ingots remelting by
each test slag series
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Fig.3 Mn content in different parts of ESR ingots remelting by
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Fig.4  Cr content in different parts of ESR ingots remelting by
each test slag series



- 30 - Fr kM

$40 %

*6 BUHEEBSH MS 5ENILFESBRIZYITESR
Table 6 Non-metallic inclusion rating of acid slag remelted
sulfur-bearing M35 high speed steel rolled bar

K/ A B C D
mm 4 i Ei| i i H @ il
0
0

61 ~72 1.5 0 1.0 0 0 0 0.5
P40 ~56 1.0 0 1.0 0 0 0 0.5
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Table 7 Carbide Nonuniformity and large particle carbide

size of acid slag remelted sulfur-bearing M35 high speed

steel rolled bar

ks BRI B RBORLRRALYI R 5/ pm

/mm HwE &K RS OHE BK BD
®61~72 452 50 40 162 20 14
»40~56 3.92 45 3.5 148 18 12

WZBST ALY FE SRR B ERRIERE
BEEXE T P& RER, AP eEIBRER
BiFo

5 MEERER M35 HEM O72 nm AMBRAYIAY
B (a) BRI (b)

Fig.5 Nonuniformity (a) and morphology (b) of carbide in

acid slag remelted M35 high speed steel ®72 mm rolled bar
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