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Abstract: The high temperature friction and wear properties of a new kind of hot stamping die material, SDCM steel,
were investigated on a UMT-3 high temperature friction and wear tester using a high quality hot work die material,
CR7V steel, as a benchmark. The microstructure and oxidation resistance of SDCM after heat treatment, morphologies
and composition of the worn surface and cross-sectioned worn surface at eldevatd temperature were determined by using
scanning electron microscope, transmission electron microscopy, X-ray diffraction analysis, Bruker white light scanning
profiler. Results indicate that wear mechanisms of SDCM steel were different at elevated temperature. Adhesive wear
dominated at 100 ‘C. Mild oxidation wear and adhesive wear were observed at 300 ‘C and 500 C. The dominate wear
mechanism was oxidation wear at 700 ‘C. At temperatures from 100 ‘C to 400 C, CR7V exhibited high wear resistance
due to the presence of M,3;C¢ and M;C; carbide, which were for 3.4% and 12.7% of the total carbide, respectively. From
500 °C to 700 ‘C, SDCM had high resistance to temper softening. In addition, it had poor resistance to oxidation because
of the low quantity of Cr. As the result, the tribo-oxide layer on the worn surface acted as a “lubricant” and responsible
for the high wear resistance of material at 700 C.
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Table 1 Chemical composition of test steels (W1%)

Steel grade C Si Mn Cr Mo v P S Fe
SDCM 0.4~0.5 0.2~0.5 0.5~0.9 2.3~2.7 2.0~2.7 0.8~1.0 0.03 0.005 Bal.
CR7V 0.42 0.5 0.4 6.5 1.3 0.8 0.03 0.03 Bal.
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Table 2 Heat treatment processes of test steels

Steel grade Heat treatment processes Hardness/HRC
SDCM 1050 C oil quenched and 540 ‘Cx2 h tempered for twice 53~55
CR7V 1 050 C oil quenched and 560 ‘Cx2 h tempered for twice 53~55
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Table 3 Conditions of high temperature fiction and wear test

Loading/N Frequency/Hz

Temperature/ C

Time/min Distance/m

10 5

100, 200, 300, 400, 500, 600, 700 60 360
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Fig. 1 Typical SEM micrographs of the metallographic structure
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(a) DF image of SDCM

(b) BF image of SDCM

(c) BF image of CR7V

Fig. 2 Typical TEM micrographs of quenching and tempering microstructure
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Table 4 The atomic percentage of SDCM and CR7V in g 2.0
TEM images by EDS 5 )
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SDCM 57.89 4.61 337  27.02 711 100 é
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Fig. 3 Wear rate of SDCM and CR7V at elevated temperature
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Fig. 4 SEM micrographs of SDCM
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Fig. 5 SEM micrographs of wear track on the sample of CR7V
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Table 5 Types and quantity of carbides in SDCM and

CR7V by JmatPro wl%

Steel grade ~ M(C,N) M23C6 M7C3 M2C  Total carbides
SDCM 0.93 0.0115 022 452 5.68
CR7V 0.59 0.22 0.84 494 6.59
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Fig. 6 Oxidation weight gains as a function of time
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Fig. 7 XRD patterns of the wear scar surface of SDCM and
CR7V at 600 C and 700 C

K7 SDCMAICR7VAS B BE IR 3R H P AH

B T B SCPEADRL I B A0 AN I AR e M R A B
—VEREI B R bR, il 5 A TR R AR 1 S A
BT, T P A Ot e

WE9FT/R, SDCMAICR7VH FR 54481620 C
ARG . MRS R UUEH, 5
LB KB, SDCMAICRT7 VA H AL BHAIIL H 5K 1) 2



544 [ I

536 %

Fig. 8 Width of wear scar of SDCM (a) and CR7V (b) at 700 C
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Fig. 9 Time-dependent hardness curves for SDCM and CR7V
at 620 C
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