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Abstract: Martensitic wear-resistant steel is widely used in metallurgy, building materials due to its ex-
cellent wear resistance. However, its insufficient toughness limits the service life of the material. To ad-
dress this issue, a two-step tempering heat treatment after quenching was adopted to promote the precip-
itation of carbides within the martensitic laths. The results show that the two-step tempering reduces the
proportion of carbides at grain boundaries from 45% after conventional tempering to 25%, leading to
superior impact toughness and wear resistance compared to conventional tempering. Orthogonal experi-
mental analysis and variance analysis reveal that the temperature and duration of the first tempering step
exert significant effects on impact toughness and hardness, respectively. The optimal two-step temper-
ing process is identified as tempering at 130 °C for 45 minutes followed by 200 °C for 45 minutes. Com-
pared with conventional tempering at 200 °C , this process improves impact energy and wear resistance
by 20% and 42%, respectively.
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Table 1 Chemical composition of the experimental steel %

C Si Mn Cr Ni Al P S Fe

027 028 149 1.17 125 0.025 0.02 0.02 Bal
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Fig. 1 Schematic diagram of sliding wear
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Table 3 Design and results of orthogonal experiment

o BRI T B AN B 1 100 15 180 26 490.4 172
F1 160 °C; B RS ‘Exlikﬁﬂﬂ, n?Jumiﬂ 1‘5\ > 100 30 200 29 toes e
30 min 1 45 min; C {UFSE B nl KR, 40 51k 3100 45 220 32 528.1 217
R — pp— 4 130 15 200 35 494.9 131
FE 180, 200 °C Fil 229 C, W5k 2 P, A B 5 130 30 220 33 504.1 181
KA EIEEF 90 min Yl 2558 — B ol K AR IE] 6 130 45 180 32 525.0 146
7 160 15 220 34 4812 149
£2 SBEEAM=EZEZKE LIG) EXiREEER 8 160 30 180 30 502 166
Table 2 Factors and levels of the two-step tempering 9 160 45 200 35 519 162
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Table 4 Range analysis table of experimental steel

E Impact toughness of -20 “C/J Hardness(HBW) Wear amount/mg
actor K 2 3 R 1 R B R Kl B R
A 29 333 33 43 508 508 500.3 7.27 188.3 152.7 159 35.7
B 31.7 30.7 33 2.3 488.8 506.5 504.5 35.2 150.7 174.3 175 243
C 293 33 33 3.7 504.5 503.9 508.3 2 161.3 156.3 182.3 26
Influence degree A>C>B B>A>C A>C>B
Optimal combination A2B3C2 or A2B3C3 A1B2C3 or A2B2C3 A2B1C2
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Table 5 Analysis of variance of impact toughness of experimental steel

Factors Impact toughness Hardness Wear amount
S f MS F N f MS F S f MS F
A 34.89 2 17.44 22.4 105.61 2 52.81 3.04 2172.67 2 1086.33 5.16
B 8.22 2 4.11 5.29 1871.77 2 935.87 53.93 1152.67 2 576.33 2.74
C 26.89 2 13.44 17.3 6.22 2 3.11 0.18 1142 2 571 2.71
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Fig. 2 Microstructure of experimental steel at different one-step tempered temperatures
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Fig.3 The SEM images of microstructure of samples after the different first step tempering temperature of two-step tem-

pering and the traditional tempering
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Fig. 8 Microstructures of the samples treated by two-step tempering with different time of the first-step tempering
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