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Various Pearlite Volume Fractions

M. G. Kim, H. Gwon, H. L. Hur, Y-S. Kim
(Received January 5, 2015 / Revised February 6, 2015 / Accepted February 9, 2015)

Abstract

The current investigation was performed to study sliding-wear-rate deviation (wear-rate data scatter) in carbon steels
with various microstructures. Pure iron, 0.2 wt. % C steel, 0.45 wt. % C steel, and bearing steel (AIS152100) were used for
the investigation. These steels possess different microstructures. Microstructures of the pure iron, two carbon steel and the
bearing steel were full ferrite, ferrite + pearlite and full pearlite, respectively. Depending on the carbon content, the carbon
steel had different pearlite-volume fractions. Dry sliding wear tests of the steel were conducted using a ball-on-disk wear
tester at a sliding speed of 0.1 m/s using a bearing ball (AlIS152100) as a counterpart. Applied load and sliding distance were
100 N and 300 m, respectively. More than three (up to twelve) tests were conducted for each steel under the same conditions,
and the mean deviations in the wear rate of the steel (microstructure) were compared. The wear-rate deviation in the steel
with ferrite + pearlite microstructure was higher than that with ferrite microstructure, and the deviation decreased with the
increase of pearlite volume fraction. The pure iron and the bearing steel specimens showed much less deviation. The high
deviation observed from the ferrite + pearlite steel was attributed to irregular subsurface-crack nucleation and growth at the
interface between the two micro constituents (ferrite and pearlite) during the wear test.
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Table 1 Chemical composition of the tested steel in the present study (wt. %)

Material C Mn Si P S Etc
Pure Iron 0.005 0.14 0.06 0.004 0.008
0.2 wt. % C steel 0.19 0.72 0.05 0.01 0.01
0.45 wt. % C steel 0.44 0.717 0.249 0.014 0.008
AISI 52100 1.0 0.31 0.26 Cr (2.17)

Table 2 Heat treatment condition and microstructure of the tested specimens

Material Heat treatment condition Microstructure Designation

Pure Iron As - rolled 100 % Ferrite 100 % Ferrite
0.2 wt. % C steel 1000 C for 1 hour — Furnace cooled Ferrite + Pearlite (18 %) 18 % Pearlite
0.45 wt. % C steel 1000 C for 1 hour — Furnace cooled Ferrite + Pearlite (54 %) 54 % Pearlite

AISI 52100 1050 °C for 30 min. 650 °C for 30 min — Water Quenched 100 % Pearlite 100 % Pearlite
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Fig. 3 Optical micrographs of the tested specimens: (a)
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Fig. 6 SEM micrographs of worn surfaces of the tested
steel specimens: (a) 100% Ferrite, (b) 18%
Pearlite, (c) 54 % Pearlite and (d) 100 % Pearlite
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Fig. 7 SEM micrographs of cross section of the tested
steel with different microstructure: (a) 100%
Ferrite, (b) 18% Pearlite, (c) 54% Pearlite, and
(d) 100 % Pearlite
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