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Evolution of Carbides in AISI M3:2 Powder Metallurgy Tool
Steel during High—temperature Holding Process
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(1 Nanchang Polytechnic University, Nanchang 330599, China;2 State Key Laboratory of Advanced Special Steel
(Huangshi), Huangshi 435001, China;3 Daye Special Steel Co., Ltd., Huangshi 435001, China)

Abstract : The evolution of primary carbides and the mechanism of microstructural stability in powder metallurgy AISI
M3: 2 steel during holding at different temperatures were systematically investigated. Scanning Electron Microscopy
(SEM) was employed to characterize the microstructure and carbide precipitation characteristics of the material , and room
temperature impact toughness tests were conducted to analyze the influence of microstructural evolution on mechanical
properties. The research results indicate that during holding at temperatures of 1 100 C and below, the M ¢ C-type
(tungsten-rich) and MC-type (vanadium-rich) primary carbides in the steel exhibit good thermal stability. Their average
size and volume fraction do not significantly change with increasing holding temperature and prolonging holding time. This
phenomenon is primarily attributed to the initial microstructural homogeneity imparted to the material by the powder metal -
lurgy preparation process, as well as the extremely high thermodynamic stability of the two carbides themselves. When the
holding temperature is raised to 1 150 ‘C and the holding time is prolonged, the MC-type carbides with relatively low ther-
modynamic stability undergo substantial dissolution, leading to a sharp decrease in the overall volume fraction of carbides.
Simultaneously, the undissolved residual MsC-type carbides undergo significant coarsening and form discontinuous ring-
like distribution characteristics at grain boundaries. The aforementioned microstructural evolution ultimately results in a
significant reduction in the impact toughness of the material. Therefore, under prolonged holding conditions, 1150 °C
serves as the critical temperature for the microstructural stability of primary carbides in this type of high-alloy tool steel,
providing crucial experimental data support for optimizing heat treatment process parameters and precisely controlling the
hot working window.
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Fig. 1 Microstructure morphology of AISI M3:2 powder metal-

lurgy tool steel in hot isostatic pressed state
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Fig. 2 The microstructure of AISI M3:2 steel after holding at different temperatures :

(a) held at 1 000 °C for 2 hours, (b) EDS

spectrum analysis of M,C carbide, (¢) EDS spectrum analysis of MC carbide, (d) held at 1 100 °C for 2 hours, (e) held at 1 100 “C

for 6 hours, (f) held at 1 100 °C for 10 hours
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Fig. 3 Microstructure of AISI M3:2 steel after holding at

1150 °C: (a) 2h,(b) 4h,(c) 6h,(d) 10h
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Fig. 4 The size change of carbides in AISI M3: 2 steel after
holding at different temperatures for various durations
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Fig. 5 Changes in volume fraction of carbides in AISI M3:2

steel after holding at different temperatures for various durations
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Fig. 6 Changes in impact toughness of AISI M3: 2 steel after

holding at different temperatures for 10 hours
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