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Abstract

Dry sliding wear behavior of pure Fe and Cu which have BCC and FCC crystal structure, respectively, was investigated.
The wear characteristics of the pure metals with different crystal structure were compared. Dry sliding wear tests were
carried out using a pin-on-disk wear tester at various loads under the constant sliding speed condition of 0.15 m/s against a
silica ball at room temperature. Sliding distance was fixed as 600 m for all wear tests. Wear rate of a specimen was
calculated by dividing the weight loss of the specimen after the test by the specific gravity and sliding distance. Worn
surfaces and wear debris were analyzed by SEM. The wear of both pure Fe and Cu proceeded with surface deformation,
resulting in similar wear rates despite of their structure difference under the current test conditions. Wear rates of both
metals were low if the surface deformation due to wear forms thick surface-deformation layer that is strain hardened
beneath the wearing surface. The pure Cu specimens showed a lot of oxides on the worn surface when tested at low loads
less than 5 N, which resulted in very low wear rate.
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Fig. 1 Optlcal mlcrographs of the pure iron (a) and
pure Cu (OFHC Cu) (b) specimens
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Table 1 Hardness and grain size of the pure Fe and
OFHC Cu specimens

Material Heat Treatment Hardness Grain
Condition (HV) Size (um)
1000 °C, 1hr/FC” 85 80
Fe
700 °C, 1hr/FC" 95 20
Cu As-received 88 160

* FC: furnace cooled
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Fig. 2 Sliding wear rates of the pure Fe specimen
(heat treated under different conditions after
rolling) tested at 10N
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Fig. 3 Variation of wear rates of the pure Cu specimen
as a function of applied load
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Fig. 4 SEM micrographs of worn surfaces of the Fe
specimens tested at 10N: (a) high wear-rate
specimen marked as A in Fig. 2); (b) low wear-
rate specimen marked as B in Fig. 2)
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Fig. 5 SEM micrographs of wear debris of the Fe
specimens tested at 10 N: (a) high wear-rate specimen
(marked as A in Fig. 2); (b) low wear-rate specimen
(marked as B in Fig. 2)
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Fig. 6 SEM micrographs of worn-surface cross section
of the Fe specimens tested at 10N: (a) high
wear-rate specimen (marked as A in Fig. 2); (b)
low wear-rate specimen (marked as B in Fig. 2)

Fig. 7 SEM micrographs of worn surfaces of the
OFHC Cu specimens tested at (a) 1N, (b) 2.5
N, (c) 5N, and (d) 10N

PPERE(Fig. 7 (d)2 ME UE FEe Boedh
mpE&ETE e AlEE] mpEWE whEd 9
of E71¢ 22 Fol $FE s Holt o
T S EDS 24 A AsE Som whe
At o5 AlAA #EHE v miEEEE v
Aol FAgH atstE Fol 9% o, AstE
ol mhEw s FojAetel A4 HE5a whdst
o AGe Ho miREoz MAyErt Fig. 7 (d)=
10N o2 Alge o] AlA 7hedel A 71 v
bE £ 5 (43.5x10 B mm) S Bl AJH e miyEd

S EEIEEEC I FEEREE EXEE
B vhESi Ak kel s, Fig 4 (0)9] e vhE %
8 wel Fe AWel vhduu f4% FYE

Fo nEEEE Bt & 74 Fe AH0]
o wEABe HAe wEwed wny
g3 FaAsks Ad wdel o Av WIF
425 = olk ojo] Wake e mpuEa
GehlE Amel wEud e ghe FelA

ol

i)

A7t Agste] BAE Aow AAAE o
Asl WAFel whaY Aaeln aa
Aol Aol wEw Aelel
eER oﬂ% FA Ak F g A
ol g rhyl A vhEAE 7

-

X
Hg
o]
Fgehe A 8y urhe sA6 oje )
&
3
o}
7

=8 4% %—z shol Felstgich. e wEsE
& wel AHFig 2 B A@)e] rhaw Are
HV 26022 Z4H3, =& nfEEEE HQl

Al A(Fig. 2, A A1) u}“é?i W AEE HV
2052 ZAH o], ¥ ntE& S Wl AlHoA
i Fol o @ A nfEdg A A
FRSS BT mhEde] gAEE ¥ oW

9 % Aol Fe AW AAYH WY o
A gk =, Fe AlE o &S
<111> WEs x3she= {110} WA He] »3d
Wol| v SR8 Aol ﬂ}“é?ioﬂf\ﬂ w11

2 Fg ol <AskaL, o
of uhe} Aol gksls ‘f’“ﬁo}‘ﬁ*ﬂ g
&7l Folx Aow AWEHT, o]o whale,

BCC ﬁxg,] 1\331%;5_] ]—fgztﬂ <111> ul—z‘fko] u}uﬂ
Wol| Folx ¢Far w3l s 44 4=
S Ay wpEd Wol FolA HW ﬂ}“ﬂo}woﬂ
ojgt & WFPo] ntHWH A3l A 0461 HA
ol Al FAldl IASHEA A FA9 Eﬂ‘ ‘Ol
P4, 74 st + |

ol A Al Hlr}, o] e} Z2 3
T A Aolet 19 =
BCC, FCC FxdA T4 o=z #ATHY, 1
Ao A zHME BCC T-x &AM o]
22 Aol ¢ s o= #FAHT. BCC

_a Fl fin)
i 4o
"
o%
s
2
)

AR BT} FCCAANA &-o] F o &0
g Ax B Ao AnE v et & 55
Fe A¥dlA A4g 7)o wel vpdsre] 2
o7} §lv AL, B Aol AgE AFY 2
7](20pm, 80um)7}t olw] Fw3] AA AA A W
9] ztelo] FFE YERA ke wWEo® 74



4. 2 E

2~
o

1A

_J_"V
=

Ul

A gBCC) TS A Fe
YY(FCC)TxE A OFHC Cu ¢
545 A 0}04 e 2 Aes

U B vIgetEe vpEE
{835101 AT v 23N
s DW*EE LHER ST

#E52 FdE v g%
o]

5 cE

CC 7x9 Fe & w5

N ARl wet A Aol Y whELEe)

AxE BTk CulAE vhESE WAk B3
ket

EECRE

glot} Fe wrbs AW 2+ fA} 2
el

®A
Wb

d At

i

E

(3) BCC, FCC 7% T &%

T o m =
Weo] vhdw Ewol YFEol gre
=

|y
AT ]

hya
ar

W oA WETo] PAE u vpES T 9k,
ntEY Wy Fo] dH FAR YA sMEA s
o] w7t & wf wpEEETL okt
(4) FCC & Cu & %2 5N o]3}9] w2 n}
oA whEde gbstE Fo] AL,
- WE wE &S et
Ml

e o

SET P 0101] ZArE gy,

[1] R. G. Bayer, 1994, Mechanical Wear Prediction and
Prevention, Marcel Dekker, Inc., New York, pp.
1-3.

K.-H. Zum Gahr, 1987, Microstructure and Wear of
Materials, Elsevier, Amsterdam, pp. 393~397.

(2]

362 /et=487138E X|/H 193 M6%, 20104

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

H. S. Yu, S. K. Yi, D. H. Shin, Y.-S. Kim, 2007,
Sliding Wear Mechanism of Ultra-fine Grained
Low Carbon Dual Phase Steel as a Function of
Applied Load, Trans. Mater. Process., Vol. 16, No.
4, pp. 299~303.

Y.-S. Kim, H. S. Yu, D. H. Shin, 2009, Low Sliding-
wear Resistance of Ultrafine-grained Al Alloys and
Steel undergone Severe Plastic Deformation, Int. J.
Mater. Res., Vol. 100, No. 6, pp. 871~874.

Y. S. Zhang, Z. Han, K. Wang, K. Lu, Wear, 2006,
Friction and Wear Behaviors of Nanocrystalline
Surface Layer of Pure Copper, Vol. 260, pp. 942~
948.

S. D. Kim, S. J. Kim, Y.-S. Kim, 2006, Sliding
Wear Mechanism of the High-nitrogen Austenitic
18Cr-18Mn-2Mo-0.9N Steel, Trans. Mater. Process.,
\ol. 15, pp. 112~117.

D. H. Buckley, R. I. Johnson, Wear, 1968, The
Influence of Crystal Structure and Some Properties
of Hexagonal Metals on Friction and Adhesion, Vol.
11, No. 6, pp. 405~419.

M. D. Hanna, J. T. Carter, M. S. Rashid, Wear, 1997,
Sliding Wear and Friction Characteristics of Six Zn-
based Die-casting Alloys, Vol. 11-21, pp. 11~21.

T. Akagak, D. A. Rigney, Wear, 1991, Sliding
Friction and Wear of Metals in Vacuum, Vol. 149,
No. 1-2, pp. 353~374.

A. F. Smith, Wear, 1984, The Friction and Sliding
Wear of Unlubricated 316 Stainless Steel at Room
Temperature in Air, Vol. 96, No. 3, pp. 301~318.

J. E. Leg, Y.-S. Kim, T.-W. Kim, 2008, Comparing
Sliding-Wear Characteristics of the Electro-pressure
Sintered and Wrought Cobalt, Int. J. Modern Phy.
B(1JMPB), Vol. 22, No. 31/32, pp. 6127~6132.



