FFIR TN

3 Vol. 46. No. 3
5H SPECIAL STEEL

-+ 38 - May 2025

FE Bk i Ab ZE X M2 5 i SW ZH 4R 5 1 RE Y R2 M

KRR, X, F3LIE
(1 A E2BE A R G hae T R BE , HIE 64400052 BEAAERIERDTTEBE , AL 610031)

W OECRAME G B G A Bk b b BE Y D, 6 M2 s UK AT T AR B R 4 AH B SEM FITEBSD W4 T
WS, R TR B ERE . A5 R, 1 200 “CHIUAL B RARR Y B ECAA SR R 295 24 pum , 283 U el Ak 2
Ji , B A fibode ] ST S 25 ANk, 7E 1 140 °CHAR S fichr RSEAIE RN 4. 8 pumo 4K Y M2 155 1 H90 25 500 )3 Je i ik
3799 MPa, [t # AL FT 1 180 “CAR KBS (BT S 0 B4 55 T 39% . 5 Bl F b PR M2 35 0 49 119 B L AAR o R
SHASTEAR G, BT RL B, B b Ak 8 A R AN AR AS 2 TR IR, T 0 24 2 V5 T R i = A A st 34
BE DA BRI XA R B R

SR M2 s Sk AnAk s bkl BraseRE

DOI:10. 20057/j. 1003-8620. 2024-00240  HE 4% S . TG161

Effects of Electropulsing Treatment on the Microstructure
and Mechanical Property of M2 High—speed Steel
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(1 Faculty of Materials and Chemical Engineering, Yibin University, Yibin 644000, China;
2 Pangang Group Research Institute Co., Ltd., Panzhihua 610031, China)

Abstract: Using conventional heat treatment combined with electrical pulse treatment (abbreviated EPT) , the M2 high-
speed steel was processed and the microstructure was observed using microscope,, SEM and EBSD, the bending resistance
of the specimen was tested. The results showed that the prior austenite grains (abbreviated PAGs) size of sample pre-
treated at 1 200 °C was about 24 wm, the austenite grain size was significantly refined after EPT, the grain size was refined
to 4. 8 pm while quenching at 1 140 °C. The maximum bending strength of the refined M2 high-speed steel reached to
3799 MPa, which was 39% higher than quenching at 1 180 “C of conventional heat treatment (abbreviated CHT). Com-
pared with the size change of austenite grain of M2 high-speed steel during the CHT , it can be found that the grain refine-
ment effect produced by EPT was not due to cyclic quenching, but it should be due to the high overheat generated by rapid
heating and the influence of non-thermal effect on the nucleation rate.
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Table 1 Chemical composition of M2 high—speed steel %
C Mn Si W Mo Cr V S P Fe
0.813 0.372 0.452 5.885 4.827 4.016 1.814 0.0081 0.022 Bal.
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(a) Thermal history of the M2 samples during electropulsing treatment, (b) schematic diagram of the three—point bending test
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Fig. 2 Microstructure of pre—treated M2 high—speed sample: (a) annealed condition, (b) quenched at 1200 °C, (¢) SEM image af-

ter pre—tempering at 550 °C for 1 hour, (d) quenched at 1 180 °C.
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Table 2 HRC hardness of M2 high—speed

Ty B/ Ak b HE°C
1200 1094 1140 1163 1190 1220 1265
VEASGHE) 631 654 648 646 648 640 635

[Fl kA (25%) 627 598 617 637 649 639 633
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Fig. 3 Optical metallographic images of EP treated M2 high—speed steel: (a) 1094 °C, (b) 1140 °C, (¢) 1163 °C, (d) 1190 C,

(e) 1220°C, (f) 1265°C
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Fig. 4 SEM images of EP treated M2 high—speed steel: (a) 1094 °C, (b) 1140 °C, (c¢) 1163 °C, (d) 1190 °C, (e) 1220 °C,

(f)1265°C
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Fig. 5 SEM images of EP treated M2 high—speed steel samples after tempering : (a) 1094 °C, (b) 1140 °C, (¢) 1163 °C, (d)

1190 °C, (e) 1220 °C, (f) 1265 °C
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Fig. 6 Bending strength of M2 high—speed steel samples
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Fig. 7 EBSD images of M2 high—speed steel samples: IPF color map of the samples after EP quenching from (a) 1140 °C, (b)
1163 °C, (¢) 1190 °C and (d) 1220 °C; boundary morphology of the samples after EP quenching from (e) 1 140 °C, (f) 1163 C,

(g) 1190 °C and (h) 1220 °C
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Fig. 8 Sub-grain size distribution of M2 high—speed steel af-
ter EPT
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Fig. 9 Optical metallographic images of M2 high—speed steel samples after 2 cyclic CHT by using the starting tempered structure :
(a) 1094°C, (b) 1140 °C, (¢) 1163 °C, (d) 1190 °C, (e) 1200, (f) 1220 °C
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Fig. 10  Austenite grain size of M2 high—speed steel samples

quenched from desired temperatures
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