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Exploration and Practice of Continuous Casting Process for
High—Speed Tool Steel M35 Series
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Abstract: Aiming at the drawbacks of low production efficiency, high metal loss and severe carbide segregation existing in
the conventional ingot casting process of cobalt-containing M35 high-speed steel, Jiangsu Shenyuan Group carried out re-
search on the continuous casting process for 150 mm X 150 mm square billets by adopting a curved continuous caster
equipped with electromagnetic stirring. M35 steel has a total alloy element content of approximately 22% and a wide solidi-
fication temperature range, which brings great difficulties to continuous casting, such as cracks, breakout and coarse eu-
tectic carbides. A complete and stable production scheme was established through precise composition control within nar-
row ranges, development of special mold flux with low melting point and low viscosity, matching submerged nozzle inser-
tion depth of 90 mm—95 mm, molten steel superheat of 40 “C—50 “C and stable casting speed of 1. 00 m/min—1. 20 m/min,
as well as the optimization of mold oscillation, dual electromagnetic stirring at mold and strand end, soft secondary cooling
system and high-temperature straightening process at 950 ‘C—1 000 ‘C. More than 200 tons of continuous casting billets
were produced in industrial trials, and both internal and surface quality of the billets met the requirements of downstream
processing. Compared with ingot casting, the eutectic carbide segregation grade of hot-rolled wire rods is reduced from
Grade 3. 0 to Grade 1. 5, the carbide size is significantly refined, the phase microstructure is improved, the finished prod-
uct exhibits favorable ductility, and inclusion levels meet the standard requirements. This process can completely replace
ingot casting, raise the yield by 7%—10% and greatly reduce production costs, which provides a practical engineering ref-
erence for continuous and stable mass production of high-alloy cobalt-bearing high-speed steel.
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Table 1 Main process parameters of billet and round bil-
let continuous casting machine
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Table 2 Chemical composition of M35 high—speed tool steel %
C Si Mn P S Cr v w Mo Co Ni Cu

0.87~0.95 0.20~0.45 0.15~0.40 <0.030 <0.030 3.80~4.50

1.75~2.25

5.50~6.50 4.50~5.50 4.50~5.50 <030 <0.25
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Fig. 1 Alloy phase diagram of M35 steel
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Fig. 2 Slag layer thickness of M35 steel mould flux
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Table 3 Optimized composition of M35 high—speed tool steel %
C Si Mn P S Cr AY W Mo Co Ni Cu
0.88~0.93  0.35~0.45 0.25~0.40 <0.030 <0.030 3.90~4.25 1.80~2.05 5.95~6.20 4.80~5.10 4.60~4.80 <0.30 <0.25
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Table 4 Physicochemical indicators of special mould flux for continuous casting of M35 steel
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1%1%“ 26.5~34.5 22~30 2.8~6.8 <3.0 1.7~5.7 7.5~11.5 12~16 1 050~1 130 0.25~0.65
fEes 16.5~22.5 <4.0 <3.0 5.8~9.8 12.0~16.0  11.5~15.5 910~990 0.14~0.34

2 28.0~34.0
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Fig. 3 Comparison of billet surface of 150 mm X 150 mm square billet of M35 high-speed steel before and after mold flux optimiza-

tion: (a,b) slab surface before optimization using No. 1 mold flux, (c¢) slab surface after optimization using No. 2 mold flux

2) PR B A P A O BB, B YUE Rt
U5 [ LR 5 O [ R it o, T A PR R —
PRIEFE IR 25 S T DR B RS R R g S
SR EE HCBUANK 0 7, B 1 S A s IR R
5% 31 2R I 42 T 0 R o L 07 8, il 5 R P
Ai LS b Aw AT o AR 7 R T 20 A ] X ] Ry
0.90~1.10 m/min, XS5 X 0] 5 1 AR TE IR AN |
U8 1 AR g 57 I B , O BT fe AR e MR 2%

R B [, B0 50 B [ R B 96 OF 5 AR
/\ito

d=kJt=k/(L/v) (1)
of, d b B RS R , mms k R 25 A B R R BL
mm/min"?; ¢ REEE ], min; LA 45 i 48 A 80K B
m;o AP, m/min,

A NS Tk 5, o M35 89345
49 7 3 42 1] 7 1.00~1.20 m/min | & £ 7 38 (1.10+
0.1)m/mint , MH 55 20 H1 45 §h 4% T H A ER ST R B2 Ry
18~20 mm, Zb T4 4 [l 5 FLAZH 30 ] K 058 11 AR o
Wi Y S 7 P 8 B DX, A R o R S
i, R ISR 10 P T R IE B0 50 JEE B 38 40, ik /D g
WIE Lt
3.5 SERBIRNSH K BHUHEHFESH

D& IR S5k

ghimn R HIEZ R IE RIS E RS
PRI DRI EC A, AR SE W A L DRk I R
BI5 A% 0 B bR, 38 Y 45 e PR 2l 0 38 I R AR £ i ot
R, HEIRNSECR PRIF=3.5xVe HRA=120xVc,
2o H Ve N3, m/min, 7E 1.00~1.20 m/min [ 7 3
TR PN, 25 S 07 TR0 B ) AT 45 I 78 0.15~0.18 s, 1
JE M35 T 22K,

2) RS B B

Oy A R R AR R A Bl LE L i
HL IR T , ASBIETE A2 it 27 5 05 11 A S 249 158 ¢ P
PR . Sl IR AL , B 5 M35 3% 54 1 L
BEFES RO 5, 1% 2 500] S BB A4 TRL AN+ ,
B H AL T A -5 I T

R5 M3SWEHBRUBEHESE
Table 5 Electromagnetic stirring parameters for continu-
ous casting of M35 steel

RGBS HL/A JBIAIH
MEMS 280 3.5
FEMS 350 7.0

3.6 BRF|EFSRATZMNL

M35 PRI RE N BRFE 1 24 51 ¥ ) 2 A
S0 TR A . I, XA AR 58 S
BOEATE S EDAL -

IDESTIE (57 e PP TR Ry S R I (-
il 25 5 2% 7K 88 O (4+0.2) mm , 45 5 2% 4 B 1% E N
1.24 %/m. A R A HIA s T 5 e s
e LIRS B M35 SRIZESS i a5
FE Y BE [5] 20 70, B SV VAN 1 51 & i R 52 JEE B AN
SN IE =L s A LT

)R HISH A - 4 AR v F I AZ O B AR AR
WEFE PR 25 g & H B BR ek 8 % R . LT
B [ A S5 A A 2O B e 25 T R K
W HITE 1 500~1 600 L/min, 37 H 7K I8 22 45 i 78
5~7 °C, A] SCIRERTE () 34 S Pt EE [
3.7 ZIRERHATIZEIT

M35 5N BE [ o e Bl B AR 55 M C e fk 4
L RN, ¥ F skt G 7 R AR AR R T, iR 2SR
K. NI, B E M3S AT 8 T4 BB N5, R



551

T ZE4E M35 i T HAGERS I T 2R R 5908 <75 -

F R B A KA HI+ TR BER R H [ 43 BEA 2
TR T NIy A KB — X BB R AR
B a/KEH, —  E XN —& BRI E R,

FR AR R (9 A8 4k, F 0 KR R AT 3 A
T AR B V8 K A Bl i B WL 3% 6, 5 50 L K
HITE 0.20~0.22 Likg, 7] S B HR 1Y Z18 1 5) 8 1,
A B ATA AR R g 5 AL SR

6 M35 _AEKR
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Fig. 6 Inhomogeneity of eutectic carbides in ¢5. 5 mm M35 steel wire rods: (a) ingot casting, (b)continuous casting
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Fig. 7 Microstructure and carbide size of 5. 5 mm M35 steel wire rod: (a)(c) continuous casting, (b)(d) ingot casting
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Fig. 8 Non-metallic inclusions in ¢5. 5 mm wire rods of continuously cast M35 steel: (a) sample 1, (b) sample 2
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Fig. 9 EDS point analysis results of ingot—cast M35 steel : (a)metallographic micrograph, (b)-(d)EDS 1-3
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Fig. 10 EDS point analysis results of continuously cast M35 steel : (a)metallographic micrograph, (b)-(d)EDS 1-3
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Fig. 11  XRD patterns of M35 steel

: (a) continuous casting, (b) ingot casting
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Fig. 12 M35 steel tensile curves
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Table 8 Tensile test results of M35 steel

RS AFE AR (D /mm PLASRSE (Rm)/MPa  JE ARERE (Rp0.2)/MPa WiJR R (A)/% W 1A A 8 % (2) 1%
e 1 5.56 769.93 384.39 23.90 46.68
kR 2 5.59 764.74 349.82 26.03 44.62
e 3 5.51 791.09 352.82 26.90 43.82
ke 4 5.55 773.88 331.85 24.63 43.00




« 80 -

FEIRIN

547 5

&% 3k

[1] Bocealini M, Goldenstein H. Solidification of high speed steels
[J]. International Materials Reviews, 2001, 46(2): 92-115.

(2] RSCHE , I ol 3, 45 . v Ab BIXE M35 1) 4R 20 ZURI: R
ML) ], 14, 2026,48(2) :20-27+33.

(3] ZEG 0, MR IR, WORIRE , &5 . 3% 55 M2 o AR e £k 4 A% 0L O
HrIABEUL ] BRI FE 41, 2023, 35(10) : 1228-1240.

(4] sREA,ZUZF 8 B o dUG R M35 mdl i i O 2 0%
i EREL) ], PR TR, 2025,53(9) 1 115-124.

(510 fd, REL, X 7%, @mlEoe TREMESE T LR
JEBLARLT]. FE3RM, 2022, 43(6): 66-72.

(6] Furuya K, Jitsukawa S, Saito T. Application of the sinter-HIP
method to manufacture Cr — Mo = W = V - Co high-speed steel via
powder metallurgy[J]. Materials, 2022, 15(6): 2300.

[7] Liang W, Li J, Li J] H. Formation and decomposition mechanism
of carbides in AISI M35 high-speed steel produced by ESR[M ].
TMS 2024 153rd Annual Meeting & Exhibition Supplemental Pro-
ceedings. Cham: Springer Nature Switzerland, 2024 : 1418-1427.

(8] Akwik,ZF L ARIRER, 5% . M2 BV 04 18 AL I R T 20 A

PRI %, 2023(4) 1 73-80.
(9] XML, SR, bl , 45 . 3750k 8 i A WoMoSCraV2 @
100 mm PRI T L0801, FFHEM,2015,36(1) :41-44.

[10] = . ¥ M, oL RS @5 T Cri2MoV BB T2
BRFERIF L] R AR, 2023,29(1) : 12-16.

[11] A, 28 . s dh e DR it A ) SN B AR 1 % e
(] H2E RS, 1998,35(6) - 18-24.

[12] ZE, 5 I%, 2620 AL T 20N i REBEFE X R i 4 4L
RIGRALT]. R, 2021(3):13-17.

[13] Je5pse, XU T AR I, 25 . PMO X M2 5 1 A 12 4 0 05 [ 41
LA BT B sZ e (1], R RAE R (AR BE D
2025,31(3):403-419.

[14] LiuD W, Zhang G ¥, Zeng ] H, et al. Numerical simulation of
segregation in slabs under different secondary cooling electromag-
netic stirring modes[J ]. Materials, 2024, 17(11): 2721.

[15] Wang Y D, Zhang L F. A review of macrosegregation simulation
for the continuous casting process [J]. Steel Research Interna-

tional, 2026, 97(5): 2370-2382.



