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Analysis of the Sliding Wear Mechanism of Pure Iron Tested Against
Different Counterparts in Various Atmospheres
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Abstract

During sling wear of a ferrous metal, a surface layer is formed. Its microstructure, constituting phases, and mechanical
property are different from those of the original wearing material. Since wear occurs at the layer, it is important to
characterize the layer and understand how wear rate changes with different layers. Various layers are formed depending on
external wear conditions such as load, sliding speed, counterpart material, and environmental conditions. In this research,
sliding wear tests of pure iron were carried out against two different counterparts (AISI 52100 bearing steel and Al,O5) in
the air and in an inert Ar gas atmosphere. Pure iron was employed to exclude other effects from secondary phases in steel on
the wear. Wear tests were performed at room temperature. Worn surfaces, wear debris, and cross-sections were analyzed
after the test. It was found that these two different counterparts and environments produced diverse layers, resulting in
significant changes in wear rate. Against the bearing steel, pure iron showed higher wear rate in an Ar atmosphere due to
severe adhesion than that in the air. On the contrary, the iron showed much higher wear rate in the air against Al,Os.
Different layers and wear rates were analyzed and discussed by oxidation, severe plastic deformation, and adhesion at

wearing surfaces.

Key Words: Sliding Wear, Pure Iron, Counterpart, Environmental Effect, Subsurface Layer
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Table 1 Chemical composition of the tested iron (wt. %)

Element Mn C Si P S
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Fig 1 Comparison of wear rates of the pure iron tested
against AISI 52100 steel and alumina in the air
and in an Ar atmosphere
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Fig. 2 Tilted worn surfaces of the pure iron tested in the
air ((@), (b)) and in an Ar atmosphere ((c), (d))
against AISI 52100 steel ((a), (c)) and Al,O; ((b),
(d)
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Fig. 3 Cross sections of the pure iron tested against (a)
AISI 52100 steel in the air, (b) Al,Oz in the air, (c)
AISI 52100 steel in Ar, (d) AlLO; in an Ar
atmosphere
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Fig. 4 Micro Vickers hardness variation as a function of
depth from the worn surface
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(a (b)

Fig. 5 TEM micrographs of the high-hardness layer in
the pure iron tested against Al,O; in an Ar
atmosphere: (a) horizontal plane of the worn
surface (parallel to the sliding direction), (b)
vertical plane of the worn surface (perpendicular
to the sliding direction)

AU g vhd AR Ee AsE Fo) 34
54 = BA0A St AW 9] 33 Ao
g we vhE £EE R, vhEw ofd WML

L ARIE HAY o] TS TEMOZ

M
1%
e
iy
~|
ty rio
s
Q
ol
2
v
o
=
2,
&

o
ol
o
=2
¥
>
)
E
oft o

=
F22/37bE(SPD)E =& Alde] TEM =
FARSITH13]. 53] Fig. 5(b)= =&
Al EA el 4 ~ W nm 2719 A
Foll A& Holw, Ar 7} F81710A ALOE
= vy vhdd £d wuel ddd APFo
AT A e 7ol FAs A WHE
LR R

Ar 7}~
g v
15 Azl
A WY

Ehui At

>
Ry}
w
m
O
>
<o
I
A
ot 2 oM N H

BN
3
%

)
i
Ku}
£
v

T

ot
ol
jules

AlLOE AUAlZ =H w
g AgE AR P, v
& o] W3E Fig 69, L

7= Fig. 791 2+

e
(o]

=
B = o

>,
jukei)
fu to
o
=
k=X

av)
o)
o
i
()
ot
N

160

Pin-on-disk sliding wear test

140 Specimen: Pure iron ]
Counterpart: Al203
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Fig. 6 Variation of wear rates of the pure iron specimen
as a function of sliding distance. (counterpart:
alumina, applied load: 100 N, sliding speed: 0.1
m/sec, Ar atmosphere)
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Fig. 7 SEM micrographs of cross sections of pure iron
specimens tested under different sliding distance
conditions in an Ar atmosphere against an
alumina ball: (a) 100m, (b) 150m, (c) 200m, (d)
300m (applied load: 100 N, sliding speed: 0.1
m/sec)
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