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Effect of Pro-eutectoid Ferrite and Cementite-spheroidization
on the Sliding Wear Resistance of Carbon Steels
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Abstract

The current study elucidates the effects of cementite spheroidization and pro-eutectoid ferrite on the sliding wear
resistance in medium carbon (0.45wt%C) and high carbon (1wt%C) steels. Both steels were initially heat treated to obtain a
fully pearlite or ferrite + pearlite microstructure. Spheroidizing heat treatments were performed on both steels to spheroidize
the pearlitic cementite. Sliding wear tests were conducted using a pin-on-disk wear tester with the steel specimens as the
disk and an alumina (Al,O3) ball as the pin. The sliding wear tests were carried out at room temperature in air with humidity
of 40+ 2 %. Adapted sliding distance and applied load was 300m and 100N, respectively. Sliding speed was 0.1m/s and the
wear-track radius was 9 mm. Worn surfaces and cross-sections of the wear track were examined using an SEM. Micro
Vickers hardness of the wear-track subsurface was measured as a function of depth from the worn surface. Hardness and
sliding-wear resistance of both steel decreased with increased spheroidization of the cementite. The decrease was more

significant in the fully pearlitic steel (1wt%C steel). The steel with the pro-eutectoid ferrite showed relatively higher wear
resistance compared to the spheroidized pearlitic steel.
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Table 1 Chemical composition of the tested steel (wt. %)
Designation C Mn Si P S Cr
1 wt. % C Steel 1.0 0.31 0.26 - - 217
S45C 0.444 0.717 0.249 0.014 0.008 -
Table 2 Heat treatment condition, microstructure, and micro Vickers hardness

Steel Specimen . ) Hardness

Designation Symbol Heat treatment Condition Microstructure (HV))

P 1050 C for 30 min, 650 C for 30 min, W.Q. Lamellar Pearlite 362.6

1wt. % C SP12 After P treatment, holding at 700 ‘C for 12 h, F.C. Speroidized Pearlite 264.5

Steel SP24 After P treatment, holding at 700 C for 24 h, F.C. Speroidized Pearlite 255.8

SP48 After P treatment, holding at 700 ‘C for 48 h, F.C. Speroidized Pearlite 234.4

FP Holding at 1000 C for 1 h, F.C. Ferrite + Pearlite 171.0

FS6 After FP treatment, holding at 700 C for 6 h, F.C. Ferrite + Speroidized Pearlite 147.4

S45C FS12 After FP treatment, holding at 700 C for 12 h, F.C. Ferrite + Speroidized Pearlite 146.1

FS24 After FP treatment, holding at 700 C for 24 h, F.C. Ferrite + Speroidized Pearlite 141.8
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Fig. 1 A schematic diagram of the high-stress dry sliding
pin-on-disk wear tester
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Fig. 2 FE-SEM micrographs of the heat-treated 1wt%C
steel specimens: (a) P, (b) SP12, (c) SP24, and (d)
SP48
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Fig. 3 FE-SEM micrographs of the heat-treated S45C
carbon steel specimens: (a) FP, (b) FS6, (c) FS12,
and (d) FS24

Table 3 Micro Vickers hardness of the tested treated
1wt%C steel and S45C carbon steel specimens

S45C 1 wt. % C Steel
Specimen Hardness Specimen Hardness
Symbol (HVY) Symbol (HVY)

FP 171.0 P 362.6
FS6 147.4 SP12 264.5
FS12 146.1 SP24 255.8
FS24 141.8 SP48 234.4
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Fig. 5 Dry sliding wear rate of the S45C steel specimens
with different microstructure
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(a) and FS12 (b, ¢, and d) specimens
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Fig. 8 SEM micrographs of worn-surface cross sections
of the tested SP48 (a) and FS12 (b) specimens

Fig. 9 SEM micrographs of cross sections of the tested
SP48 (a) and FS12 (b and c) specimens
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