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Abstract

AlSi-ALOs; composite layer was prepared by plasma spray on steel substrate. The composite powder for plasma
spray was prepared by simple mechanical blending. The wear resistance of the composite layers and matrix aluminum
alloy were performed in terms of size distribution of ceramic particles. Friction coefficients of AlSi were decreased
with incorporation of ALOs;. The tribological properties of coated layers were affected by the size of incorporated
AbLO; particle. The reinforcement of ALO: particle into aluminum alloy matrix decreased the friction coefficient as
well as wear loss.
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.M B = e
g, 0|13 BFAgY AxE F2 (Casting) Ut &
GFEEEH 22 A% 94 F5 AlO;, SiC wola¥ (Powder metallurgy) S HaAA AZ7&
o 22 3F A dAE BAAIIE, AR A o] GLE AR 7150 LFHE REL JRE FHd
7 ul2A g dA g 3E Jepdoie A & ¥ ZdEes gdAdd o E3gst vy o]
A ok EF o] EdAlaE BEAFS HlE 23 s7Em vk EEsiE o3 EgARe] Al rle
SEo 99UAE A7, EHELE Wolsdwd A o|Foz MR AR FXUL SolEite HE E
sFoz gAE Y. F glon, AR o2 v MAYE (Bulk material)
AZAYe e FE-AeE BPARY oldF ¥ S AT & ke FHE /K 9. wuAE
AL o] 85l BE A, s & 5 54 F M= &AP|E (Thermal spray)< HE4wr) #
o2 HYr Hol, JAE, Hyola dxa 2y Fo] 8 FHIAVIERA AFATENY $8d FETL
ggo] Agdw glon, 23 A% Asuy gF-Agd AP = AR REL AA AL BN Lx,
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Zg=o} &A% AlSi-ALO; BEAE

5939 vl424 9 o} - rkeEy a7

B3l &xo| §43 W3l 5 7183 npd/mke 33 S
#A A}, mEA ERAE $APlE 2 nld/uiR 54
5 AR B A7} 1S Bag Aol

£ AT E AlF12SiA 4FHE EeiEe BA
2 sl ZFzn AR A8l AlOs Alg At
E3skg 3A4d5S 38A71R, AlOs 9= e
EdAR 39S vAzA 2 upE/pie S48 B4
sz} sl &, Zekzet A AMgHE B
e FeEEY] Azxol= &-FE5F (Atomizing), 7174
A §23 (Mechanical alloying)*® $o] Sgs,
£ d7M e 349 St At 71AE v &%
o g&f FHHAeH, EFAE ZHZL AT (Steel
bal) & AR sk FETF A9 4222 nir
AldE A8,

2. Mgl
ACLEEECIES

ASE 98 F ¥F)E TE2 AlF1281 38 Y
(-90+45 /m, Spheroidal, Gas atomized)S AH&3}
der, 24 Agy dAzE A2 ALSEE AlO;
2 (Mesh W3 #0600, #400, #220, BaUY4 &
7} 30, 47, 62 m, Fig. 1 F2)< A8 F 21

WD15. Tmm 15.0kV x100 500um

(¢) AleO3 400mesh

< A 60:40 (K9] 69:31)2 EF-87)0) Ho}

on 841 A (Gun)2 Sulzer-Metcorte] 9MB type
o|At}. 71#& 51 x 35 x 2 mm 7|9 LukzL ¢
A% (KS 47, SS 41)& AMgaldon, $A1=] A
Al A o] B AAE A8 GZ= AFstxn, =A%)
|AEY HEAEE F7MI717] A8 80 mesh fused
alumina %22 sand blasting *}2}3l5it}. Table 1
o AL4d F8 8AFH 24 vYHdi g B84
8 F8Y3-2 34Ar7 (Optical microscope), FAF
A80)7 (Scanning electronic microscope), EDS
(Energy dispersive spectroscopy) 5% )43} n

Table 1 Plasma spray conditions

. Applied conditions

Parameters Unit - -
AlSi-AlO3 | AlSI

Arc current A 500 500
Arc voltage v 50 68
Gas flow (Ar) ft%/hr 50 96
Gas flow (Hz) ft>/hr 2 20

Spray distance cm 6 12.7
Powder feeding rate | g/min 40 76
No. of pass pass 2 2

(d) AloOz 600mesh

Fig. 1 SEM images of feed stock powders
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£ o o

LOAD

\ 4
Steel Ball N}Qﬁ m!:—
Coated PIatLL\I\. :

. < )

Fig. 2 Schematic diagram of wear test equipment

Table 2 Basic properties of plasma sprayed layers

. Thickness | Porosity Ceramic
Specimen () (%) content
(Area %)
AlSi only 1240 2.7 -
AlSi + 220 Al0s3 545 1.2 14.2
AlSi + 400 AlOs 513 0.5 10.6
AlSi + 600 Al2O3 665 0.9 23.1

Bz 9lor, 220 2 400 mesh AlOsE &338ld
FAE SAE U9 Al iate gif-E §-8EA gn
ABYA] o] FA1E A2 ZRF ol E4tE0] 9
AL ¢ 5 Aqd. 2, 7 elAlR 4RI 600
mesh AlO3E E33 Z-foll=, WE-EALE ZAZ
A, 220 mesht} 400 mesh Al:Os B ZHZAM &
aoR] Bolx| ¥ 23 (Fig. 3 (¢) EAIFE F32)&
vehiolth. EDSEA Ao ofshd FARe] d2ulF
AR EIser, o) AtF oz ulAd AlOs
YA7E 8AL 5 HdE 4 SaHo Y xF e
ot 39, Aty gAY FRHS FULSE ¥
3 Aoz A& o] FAH T vt 98 EFEY
& AlSi:AlO3 9 FUH|7} FAMRE 60:40 (F34]
2 69:31)oloy, BAtRAGA FEEA7(Image
Analysing)ol 2|3t ®A¥] B4R = 10-23% 55
Vet ATt &AL I8 E U] Ak g g 2
o gAlue FAA] AIST T S840 FeA B
ZF, Ak dxle] wl8-gol 93 mAEHe Rate B
£ 5ol Yooz Algdr} wabd &} Sl Ak ¢
A7d Za v wA o] AEAY 600 mesh Al2O3 &
FAE SA2 v A & B33e-S vepn gl
Aoz gt §AF RS o] At 4ze] 53
&S AsAl7lEe A4S dEg [ o

(a) AlSi-220A1203

(b) AlSi-400Al203

() AlSi-600Al203

Fig. 3 Optical micrographs of cross section of plasma sprayed layer
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Zelzol gAlsAel o8 FHE AIST ZRFH
AlSi-AlOs B3tAE 3RS, H7HE Al0sS] 9=
o we nprzieke] WalE Fig. 40 UYehlz gl o
3 2219 vlRAIE A Aol € ZHFY vhEgt
ZF (vlRdE=AE A ARTA - AlF F AEFA) S
Al03 Al 4zt M7t o3l oF 1/3 o3t #ase
ATE Jelz 9o E3), 220 mesh Al:Os{AE
A7l AL AL urEg Yehz gtk 89,
AiAfel 7 (Steel ball)9] vFEAHES AlOsgA+Y]
77 AXEA (Z, mesh WE7} ZAelxdA), F7t
e AS Holx glom, AE dAE HrlskAl &
& AlSE B2 Ao PlRAE 3 03] 7T
BA7} F7He S VeI o

Fig. 5 Zt &A1 B &9 A|PAZHERt T npdA
o] 2jol 2 HolFm It} whEAS EI IR Ze vt
w27 vz 2 Ak gt #bell o8l AAHA

0.018 -

0.016 *
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i
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Weight loss(gram)

0.000

-0.002 AlSi only #600 #400 #220
- coating 0.0159 0.0080 0.0052 0.0011
A ball -0.0005 0.0018 0.0023 0.0023
Specimen
Fig. 4 Weight loss of coating layer and ball after
wear test

onj, B3], Az e 457 7P £ 220 mesh
H7tel AS A upEASe] Aago] S ARE &
& 9qie} Mahal Qat Arlel] ofe i npEAlse W
i FE 20| nlmzheke] Wste} o) AL S B
oqgF1 ok 53] A 4R BodAdel AY &
220 mesh 9AP} A71E B% 839 nie2gd 9 v}
ZAS 9 dE e 298 JeERth

A3} G20 gy BEAR npRASd g A7
L 2 229 S9 o Azd ¥a BgAjao] hal
YA gtom, 1 AFHEL Table 39 YERAATH 4
2olMe] nl@ASE AT EH, Sato ol E¥Asm
A ZART npdASY) Z718HE B3 uie 9o

2 d7Aee?® Bax g sl 4 BAld o
Hlsle] B5Y mE 20-30% AAEY e #aa
2 9t B Adox Fule Zetzol &l o3 B3t
AR FTHZNE BAA ER0)EEF I ok
7} < 0.95¢1 Ad) thelsky 0.76-0.83 $Fo= 7
a9 AT E ez ook o] 23 vlEAlee] xfo]

1.20 (
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=}
g
£ 080
bS]
U
(=]
O 060
=
2
k3]
2 040
)
0.20
0.00 i . M |
AlSi only #8600 #400 #220
O aversge 0.95 1 0.82 [ 0.83 1T ous

Specimen

Fig. 5 Average friction coefficients of coating layers

Table 3 Friction coefficients of various aluminum metal matrix composites

i Reinforcing Mat'l FCY
Matrix , - - " Comment ref.
Matl | Process |Contents|Size(um)| Matrix Comp.
Al-4Cu-0.75Mg | SiC | Casting 1\3;;5 5-46 | 0.36-0.42 | 0.43-0.56 | greater FC than matrix at RT” 17
(4
Al-4Cu-0.75Mg | AlyO3 | Casting Wlt5°/ 3 0.36-0.45 | 0.39-0.51 | greater FC than matrix at RT 17
0
AFL5Mg | SiC | Casting 12V'Vf;/15 50-100| 063 | 0.24-0.47 | lower FC than matrix at RT 18
0
Al SiC PM 1‘2;12] 3.5-7 | 0.53-0.66 | 0.36-0.49 | lower FC than matrix at RT 2
AFIMg068i |, Sars:;:agn 20 s | 0306 | 0405 |6061: abrupt increase at 300C | o
(6061) 2 D‘;mss vol% (RT-220C) | (RT-250C) | Comp.: abrupt increase at 300C
Al_'f'l:’\FC‘j‘ll&Mg gic | Seray 15 7.5 | 0809 | 055:0.90 | 2618: greater than 1 over 150T | .
‘(2(6918.) ! forming | vol% | (3-22) | (RT-100C) | (RT-150TC) | Comp.: abrupt increase at 200TC
1) FC : Friction coefficient
2) Comp. : Composite
3) RT : Room temperature
Ritaaait £22% 5%, 20044 10H 443
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Azeng nfReA vehbe ptRI|FE 3R
(Adhesive wear), A4vlE (Abrasive wear), &
ot (Fatigue wear), 4712 (Erosive wear)E &
4 BFT 5 A, o] F HEeRe F2 FE0R
Al A& Flola, FAntEE 543 E97]8llA
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2ol el AatlulEsl £83 Aol $&AviREE 2719
opztEHo] vh ARl SAE-Fo] vhad o3
Adslo] WAe, AanlRe njinyshks 209 1A
B 7oA, gmdk Zo] uAEHo] Adje Y-
BHE Zol Yo} dojudr} T 2709 1A ¥ Zho)) ©
g o] ZUAL HAEE, o] YAt AukAle] FE-&
3t dojubes A9 Ut

Fig. 6& ul2AId % AlSI FBF ¥ AlSi-ALO; &
HAs R ZNA vtREZ (Wear track) EH] HF
Al &S Vel ok A dxt 533lEA]
22 AlSI ZRF9 ZA$lE 200-400 ¢m 3719 ®H
Fo] "ojA Wt 22& BoFa o (Fig. 6 (a)
HAIFE F2), AlSi-AlOs E3AE ZRZ9 799
€ AdFoz F3 43 149 nREe] Yehin
At Fig. 72 mtEAIE & 449 m2AAE ekl
ISl Al 42 B3R 2 AlS e RS

r T 1 Electron imege 1

(a) wear debris of AlSi coating

W Etectron |mae h
(b) wear debris of AlSi-#600Al120s coating

Fig. 7 Morphologies of wear debris

_ B S
[ 1300 um

(b) AlISi-600A1203 coating

(c) AlSi-400Al203 coating

(d) AlSi~220Al203 coating

Fig. 6 Morphologies of worn surfaces
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