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On the Wear Properties of the Alumina Short
Fiber and Particle Reinforced Aluminium
Bronze Alloy Composite

Sang-Ro Lee and Moo-Young Huh
Department of Metallurgical Engineering, Kovea University

Abstract—In order to investigate the effect of the ceramic reinforcements on the wear properties
of aluminum bronze composites, Cu-8wt%Al aluminum bronze alloys reinforced with the Saffil
alumina short fiber were produced by the powder metallurgical method and tested by a pin-on-
disc wear testing machine. The wear surfaces of the pin specimens and discs, wear debris, and
the cross sections of the wear specimens were observed by SEM. The wear mechanism according
to various wear conditions and the change of microstructure in the composites were also discussed.
In the results, the reinforcement of the composites with alumina short fiber was very effective
at th'e higher applied load over 10N. The material transportation to the counter disc was observed
in the alloy specimens without reinforcements. However, the composites reinforced with ceramic
particles and fibers showed the resistance against the material transportation.
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Fig. 1. Schematic diagram of wear testing machine.
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Fig. 6. Scanning electron micrographs of worn surface

in the (a) Cu-8wt%Al, (b) Cu-8wi%Al-20vol%AlLO;,.
(applied load: 4.9N, sliding velocity: 0.93 m/sec)
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Fig. 7. Scanning electron micrographs in Cu-8wt%Al.
(a) cross section showing surface cracks(etched), (b)
loose debris. (applied load: 19.6N, sliding velocity: 0.93
m/sec)
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Fig. 9. Scanning electron micrographs in Cu-8wt%Al-
20vol%Al,0x.. (a) worn surface, (b) cross section (unet-
ched), (¢) high magnification of cross section(etched).
(applied load: 19.6N, sliding velocity: 0.93 m/sec)
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Fig. 10. Scanning electron micrographs of counter
steel disks after wear testing with (a) Cu-8wt%Al, (b)
Cu-8wt%Al-20vol%ALOy. (applied load: 19.6N, sliding

velocity: 0.93 m/sec )
=] of o] nbkakFol olste] PR Z9)E
°u‘ akar slch

phiElkol g uf ol R} 7,
v 74sb ghEr)7] Al sell wlelel $-pad
el o) ek} o) xp kA B-gkalE v)Ab
vx-go] Eotrt Fig 82 19.6N 8] nhRatZFol 4] 1500
m vER A §EE 20 vol% obEwlv) o) ab B by el
(a) ”Hlﬁ_”i () vFel =} (c) whRAl#He] v)11ein)
gat gaigh dxbel AlRvhdg b abaEn) g e
2o Jél' Hatolrl o] H-ghaje Erdof 44z
SAvpRel FR dmrt AAHEE
haby)e], qistubnizl olofylul s

wrol dAdslel gl mgh &

5 5 RN 5 L
FEHE LA 52 W
o

o} 53

]
1
uly18] wheko it v}l

ghpubel bl sloful 2% 2 gelel
b atol fe pale] ) ols)
P R I R
Aol A G4E (D)) ohugl e sum 4w



FFolh SR 3 YA BTl

N

|Z25€ 0.1um o]ste] A7|& zhe okt 275
b gleh o17]4] 3 wefe] R o] FofAl vpmglAle
dute|ape] elslo] zelar miAEh wpwglabs
drtubie] 2late] HAIHULE Aolch 27id vhe
FErlell A B ojde] lofsk St wlAlg e
4ol s l ek (@ o] Alde] AMzchHs
A
A

N

N

debd o R vl A 02wl Al B Fel A
A=l 1605191 Hell & HolF3 girh Fig 7(a)e] &
] Al b el 4 ﬂ%ﬂ‘f wddE et
ch2 A o] gkl el e -8 et o
Aol A rede] WA L wEkg vt gl o] 9}
o] mpnziwle] wWloff &Haf sz obFuv) jIAkE of =
e el Ay u&aﬂau e Aes 2ejalck
obfn|u} gl el &k HE Aol WE ieiR
el k4l fwpel A o] Fdo| AFYg widlEhs
A7} GAle Abg-ste] abFe] whm oAl o
iz E-ghae] viRgo] 7)Aol vlEhe] A
A shekwl o= wle]xinh

Fig. 9+ a1815<] 19.6Nell 4 7}3k vpsgo] wofwd
20vol% Fuivt thdFE E3hshs A9 (@
bzl (b2} (ot vl Wk Qe whe
o 7o) Auirig) HzZxhdoelr]. npR E el A= o
oFgl of +hE-iro] Moz|Aub HWele] AAH FIo
7ol gle] wlwd vjizgh o] HAHAUvk EEH
h o i vlAlFdEe] Ao A= oA
ot} (h)e o] vimAlmel AlErkwe] vz Al

vl ieio 2 RE] g WEE npHd o5k Al 7o)

4
&
N
2
{o

So)u}

£ao] o) BAAL 94wtk ©F hriue]
3 ol ol olstol

a5 ol &R A v R e
4 um A% Aeld zbe olalgele] el glck
o wlAlatede]l HTtghel] whz} whRsiwelA] vhEg
271 &A= /40]1} ‘jl-ﬂ o] AziutHoel 2] uj4]
Batafe] - obfulvt shH RS F3
atA Fabes A& 5’ 'T~ %E}. upeba] sh 7 v
el g aabdes wajstal sle el
o]o} Frol L7 Aol eFEu|u} whAd -2 MUl Ak
o]l Batgalg Ao MA M ALE Z7}A1 70 =
Salol VRS AWIAE gobrn] ) ket
ofal &b viebde] Webrgde] dade] odoiz|=
Heg "ozt

Fig. 10 Athziel SCM45 7ol viewioll v|x]i=
B el ek aryebs] flske] 196N9 8
Foll A vlazgiAe) 1500 m vhEA|EF Adoige] sb
e wHaEg dstolt (a)e] oHFvnh Hsiabe £

ol .o
HEES

5717 gAY vt EA 45

FalA| o= Cu-8wt%Al T3} vpRA]3F Abchzi ¢
Aol viRAH o2 HE] EAo] Awsl AHo|
sl gleh wlmzgle]l Aot F Aol S
e o] aEgdeon, FHRESAI|Z Al
S 548 249 a9 7jEw Bos °F 03 um

&:h

45 gue] 45se] Qddch o7& Cu-swi%Al
#7148 A7} Aeiahe] wlste] A3 W) o)
Foll A% vhEAHoZ VE A4 AR 24

ol olofyt7] Wgelch (D) FFulc} ki f7t 20
vol%s EE Saha e} AQek Ao Erow
@elHs) o] TAUGL B2H) pov] v
o olAbge] #aEa sieh o)e walf7}
el g Folgst Sl 147} Az
olgEE A wolFy] wiolz AR o714
ARl disc vheAY Ykl M SCM45C
7bo 2 7w HRC 63+ 3310 nli2xe selg
A3t AYPAAE Aaletel 2} AFEe] QL 7]
A ehzelAbolEoink, TH AT 2¢E %
g} oheAlg e A ERlA dAAEE
o] Aeldo ninaate Woreg oF & Uk v
BAGA vharlel 2t el Eel wsle] AE
7b 5] who] $AH 02 vhr ) o} Ao
Azleol2r} ERFoz 249 4 ol ol
Aa el wzh S3bde] EPgH AR DT by
R S IO E S
Pude e gHHFe] 4AY Aol ol
whel AshAt $ax07) He gA Ariepel el 4
34317} 21oju} Fig. 10(5)2} 78 Aol Al o) mh sEto]
G4 Aolet weialch

4. A =

R R U SUEAR
ol 35717 BAE pehgos Azsed] vl
BEAS Agstgon shugy, ey sy, o)
wAHe] e, A Fe #uska LA
wrpale) £5s alnlol e By ShEEE
dgste] et 2e AAE Qedeh

L 5N o)shel vhusgol 4 v} g)x) wE
A Bdel SRk 2EAe) tehrgel e
A7) gyerom, whe vhmslEeld 712349 of
w7 $atebrsle),

2 o 23l
e R

2 ¢

AE7]12] A]H 15N o] 4t
A Z oz HejE Qg5 o]

Vol. 10, No. 3, 1994



46 oAb -

o] slojubz gabutehu} AHgalel Adnled
o o7},

3. Saffil Fulvt BARE GBI} =27) ol
Babael A 712 &Aool vlmEw dstelA
A} AAEIE ehde luslaie) Bgg o
Alste] Htale) vimlw e A A

4. 9743t G714 Al BE B} ol nhrAgA
A A2 gAAe] dojytort Meuabe Febet
B H3e 710738 Zabo) oA A 24
Mol odojui] edspeh

7l

£ dFE 19989E u&
24u 2 AYH A5

-
2
b
2
M
o
L
_lg\_:‘
W
r o
ey

g 22 8

1. A. G. Wang and I. M. Hutchings, “Wear of Alumina
Fibre-Aluminum Metal Matrix Composites by Two
Body Abrasion”, Mater. Sci. Technol,, Vol.5, pp.
71-76, 1989.

2. A. T. Alpas and J. D. Embyry, “Sliding and Abra-
sive Wear Resistance of an Aluminum (2014)-SiC
Particle Reinforced Composite”, Scripta Metall.
Mater., Vol. 24, pp. 931-935, 1990.

3. F. M. Hosking, F. Folgarportillo, R. Wunderlin and
R. Mehrabian, “Composites of Aluminum Alloys:
Fabrication and Wear Behaviour”, J. Mater. Sci.,
Vol 17, pp. 477-498, 1982.

4. R. J. Arsenault and R. M. Fisher, “Microstructure
of Fiber and Particulate SiC in 6061 Al Composi-
tes”, Script. Met., Vol. 17, pp. 67-71, 1983,

5. M. K. Surappa, S. V. Prasad and P. K. Rohatgi,
“Wear and Abrasion of Cast Al-Alumina Particle
Composites”, Wear, Vol. 77, pp. 295-302, 1982.

6. 7147, o)AdE, A, o]F, “SiC A 2
Al B89 vjd z23 71AH SAdo a4
77, g4 ebal=], A 287, pp. 640-647, 1990.

7. 0149, 7, “SIC N2A BHEE A2 Aib
2o Az} 1 EAo g A7, wedigta
AW e A4y, 1992,

8. S. V. Prasad and P. K. Rohatgi, “Tribological Pro-
perties of Al Alloy Particle Composites”, J. of Met.,,
Vol. 39(11), pp. 2-26, 1987.

9. M. Gupta and C. Lane, “Microstructure and Prope-

Journal of the KSTLE

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

rties of Spray Atomized and Deposited 1-7Si/SiCp
Metal Matrix Composites”, Script. Met., Vol. 26,
pp. 825-830, 1992.

. A. T. Alpas and J. Zhang, “Sliding and Abrasive

Wear Behavior of an Aluminum(2014)-SiC Particle
Reinforced Composite”, Script. Met., Vol. 24, pp.
931-935, 1990.

A. T. Alpas and ]. Zhang, “Wear Rate Transitions
in Cast Aluminum Silicon Alloys Reinforced with
SiC Particles and Abrasive Wear”, Script. Met., Vol.
26, pp. 505-509, 1992.

L. Cao, “The Wear Properties of a SiCw Reinforced
Aluminum Composites”, Wear, Vol. 140, pp. 273-
277, 1990.

V. Sridhara and K. Gopinath, “Technological Eva-
luation of Aluminium Bronze Friction Material”,
Solid State Phenomena, Vols. 8 & 9, pp. 251-258,
1989.

o4, s1%ed, a3k mlnd whAstel A SiC 3
27 3 YARE ZE)A B elEa,
gt§-&8}3] 2], Vol. 12, pp. 49-55, 1993.

Aiguo Wang and H. J. Rack, “Abrasive Wear of
Silicon Carbide Particulate and Whisker Reinforced
7091 Aluminum Matrix Composites”, Wear, Vol.
146, pp. 337-348, 1991.

W. R. Symes and E. Rasstetter: “24 International
Colloqurium on Refractories™ at Aachen, Sep., pp.
23-25, 1981.

J. Dinwoodie, “Automotive Applications for MMC’s
Based on Short Staple Alumina Fibres”, Internatio-
nal Congress and Exposition Detroit, Feb., pp. 23-
27, 1987.

L. F. Allard, S. P. Rawal and M. S. Misra, “Charac-
terization of Interfaces in Metal Matrix Composi-
tes”, Journal of Met., pp. 40-42, 1986.

K. Kannikeswaran and R. Y. Lin, “Trace Element
Effects on Al-SiC Interfaces”, Journal of Met., pp.
17-43, 1987.

H. C. Park, “Wear Behavior of Hybrid Metal Mat-
rix Composites Materials”, Scripta Met., Vol. 27,
pp. 465-470, 1992.

A. D. Sarkar, “The Role of Wear Debris in the
Study of Wear”, Wear, Vol. 90, pp. 39-47, 1983.
Nam P. Suh, "An Overview of the Delamination
Theory of Wear”, Wear, Vol. 44, pp. 1-16, 1977.
J. R. Fleming and Nam P. Suh, “Mechanics of
Crack Propagation in Delamination Wear”, Wear,
Vol. 44, pp. 39-56, 1977.

S. Jahanmir and Nam P. Suh, “Mechanics of Sub-
surface Void Nucleation in Delamination Wear”,
Wear, Vol. 44, pp. 17-38, 1977.



