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Abstract

The advantages of thermal sprayed coatings as a replacement for cast iron liners are reduced weight,
better heat transfer and reduced cost. One of the most important performance attributes of a cylinder
bore coating is its wear resistance, since it must survive the abrasive sliding of both the piston rings
and the piston skirt.

In this study, composite powders were prepared by ball milling of Al-138i-3Mg(wt%) alloy with SiC
particles. The concentrations of SiC were 40 and 60wt%. The composite powders were sprayed using
Metco-9MB plasma torch. Plasma sprayed coatings were heat-treated at 500C for 3 hours. The wear
resistances of the plasma sprayed coatings were found to improve with heat treatment and superior to
the commercially available G.C.I.(gray cast iron). AlSiMg-40SiC heat-treated coatings showed the best
wear resistance in this study.
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Table 2 Condition of plasma spray coatings.

3
é% AHgHAT 8719 U@ ballel FAHE §7) Spray gun Metco - SMB
W Ao 50%2 atgn UL phall = Fo Chemical composition (wt%) | AISiMg-40SiC| AlSiMg-60SiC
1/602.2 &gt dutA oz palls}h £7)udo] 9 Gas pressure(Ar/H2) (psi) 96/20 116/23.5
SEE 3L WA Y] 93 AHedte HYE A Spray distance (mm) 150 150
= AHESHA @it a2la B9 g E K3 Transverse speed (mm/min) 600 600
&71We Ad 24712 sl Spray angle () 90 90
Table 1 Chemical compositions of thermal spray Arc voltage (V) 70 79
powders (wt7%) Are current (A) 500 500
408iC/60(Al-3Mg-138Si) LEed rate indicator(g/min) 76 64
2 60SiC/40(Al-3Mg-13S1) Carrier gas flow(SCFH) 13.5 13.5
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Fig. 2 Schematic diagram of wear testing machine
and dimensions of rotor.
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Fig. 3 SEM micrographs of ball milling powders.
AlSiMg-408iC(a), AISiMg-60SiC(b)

Fig. 4 SEM micrographs of cross section of AlSiMg-40SiC(a) ball milling powders and Al(b), Si(c) mapping
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Table 3 Porosity of plasma-sprayed coatings.
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Fig. 5 SEM micrographs of cross section of plasma-
sprayed AlSiMg-40SiC(a), {¢) and AlSiMg-
60SiC(b), (d) coatings

KBt H174% $6I. 1999%F 125

Fig. 6 SEM micrographs of cross section of plasma-
sprayed AlSiMg-40SiC(a), (¢) and AlSiMg-
60SiC(h), (d) coatings after heat treatment
at 500T for 3 hours
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Fig. 7 XRD patterns of AlSiMg-40SiC powders,.
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5007 for 3 hours
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Fig. 8 Hardness of Plasma-sprayed coating. before
and after heat treatment at 500°C for hours.
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Fig. 9 Specific wear of plasma-sprayed coating,
before and after heat treatment for 3 hours
at 500¢

Fig. 10 SEM micrographs of worn surface of
plasma sprayed AlSiMg-40SiC(a) and
AlSiMg-60SiC(b) coatings
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Fig. 11 SEM micrographs of longitudinal corss-
section of worn surface on plasma sprayed
AlSiMg-40SiC(a) and AlSiMg-60SiC(b)
coatings

Journal of KWS, Vol. 17, No. 6, December, 1999



Aluminum Engine Cylinder Bore 2 & A1SiMg/SiC 23 &4}5jgte) yinig &4 67

gt dte] se A& 4 F k. ol#E nleAge
a8 129 2u. 283 AlSiMg-60SiC7} AlSiMg-
40SiCel| Hl&) @& vplE kg el A AW E
%9 Zol7} AISiMg-40SiCel ®siA AY7) &2
2 BdEg. oA JEY Fxd & Az
Al/SIC Bz vlRo gk 4390 &) w
HA AT 2L AE 2oz siv).

crack initiation

plastic
zone

O
O o 0O

crack propagation

increasing time

O

delamination

Fig. 12 Schematic of subsurface cracking wear
mechanism

a9 138 @43 A ete] mhed Apzlojr),
g4z A T Pee we) RS WET F Y,
FUAE7 28 48 BdFa g w3, o
4% ntRgd 22 A1) 3 dxel g AlSiMg-
40SiC &Ag o] F9= dg9S #2d + gloy,
AlSiMg-60SiCe A$% dAe] Ao HsiA Fdo]
A ZHolv} gkl A A& & & Ut olg) 2 9
AL X s AlZIA 9 SiCYAREe] Hia o)
7307 HEQ Ao duEn Ale] Zo) Be
AlSiMg-40SiC7F AlSiMg-60SiCEt G gld) ¢
& o & 2= Q7] gEez2 AlgHT
a9 15& #ge] HAER o2 AlSiMg-40SiC €
A A Ete vl S EDX WEA G A}zlo]
o ARl HEE vlEH B Ado] WA T g
o} o] AL AR AMEH 2 (WC-Co)dllAl &4

KEFHEEI B178 P65, 19994F 128

Fig. 13 SEM micrographs of worn surfaces of
plasma sprayed AlSiMg-408iC (a) and
AlSiMg-60SiC(b) coatings after heat
treatment at 500C for 3 hours.
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Fig. 14 SEM micrographs of longitudinal cross-
setion of worn surfaces on plasma sprayed
AlSiMg-40SiC (a) and AlSiMg-60SiC(b)
coatings after heat treatment at 500C for
3 hours
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Fig. 15 SEM micrographs of longitudinal corss-section of worn surface on plasma sprayed
AlSiMg-4083iC(a) and image(b), EDX mapping Al(c), Si(d) and W(e)
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