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Abstract

The objective of this study is to investigate the characteristics - microstructure, hardness, adhesive

strength and friction coefficient - of the coatings with aging-treatment after optimizing internal- plasma spraying pa-
rameters for Al-30wt%Si powder as a basic research to manufacture the cylinder block bore for Al engine composed of
Al-30wt%Si alloy on Al alloy. The optimum internal-plasma spraying parameters of Al-30wt%Si alloy are summa-
rized as follows: voltage: 37.5V, current: 160A, working distance: 25mm, gun traverse speed: 4.5mm/s, rotating speed:

518m/min. The primary Si particles grew aggressively with increasing heat-treating temperature. The hardness of
the as-sprayed coating was about Hv=275 but this value was abruptly decreased with increasing heat-treating tem-
perature. And average friction coefficient of the coating was below 0.08 after heat treatment for 48h at 175C.
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Table 1. Nominal composition of metallic materials

Materials Al Si Fe Cu Mg Mn Cr Zn Ti
(Als:lll)s;r FX:IQ) bal. 16 0.5 45 0.45 0.1 - - -
( Alca’ﬁ;‘)r;dgg 53 bal, 02 | 035 | o1 038 01 | 004 | o1 0.1
coating bal. 30 - - - - - - -
*(unit : wt%)
Table 2. Spraying conditions
Variable Conditions
Spray gun gun type TYP SM-F2-VB
Ar-H,
Pressure (psi) - primary : 70
Plasma gas secondary : 50
Flow rate (1/min) - primary : 349
secondary : 1.98
Power Ampere(A) : 160
Voltage(V) : 375
feed rate (g/min) 25
Powder feed vibrator air pressure (psi) 50
carrier gas flow rate (I/min) 1.39
spray distance (mm) 25
gun traverse rate (mm/s) 45
rotating speed (m/min) 518
FA4, & FHEE (Ra=0.3°18), 28z F& 7|F& FH 848E wHE F HAE dgd. AN

(2% 013} Tl 2 F-Hm et

B JPo M= FFA Al-30wt%Si §F M2E LA
AE R Adste WA Stz AulE o] &3t Al-
30wt%Si & AN BE Bojo] HE37] AT 7z
AT2H FTA Al-30wt%Si T2 &ApaSF A3}e}
TS dxee] w2 vz, A, HPAE, vpEA
+5 Fr)ela, =g Al-30wt%Si AT B3 BE A
s o] glot.

2 A EYH

2.1 BARHZ U BA}

Al-30wt%Sigtae SAbEdol gk W7 Eel=vl 4
Alz2AL HAHFE ) 4T AP 2 A4H ZAiE Al-
3.5Cu-6S8i 24 zt= A319 Al &€ 20mm X 50mm
X bmmE 7}FEte] AM-stged, HF Az iy 2
oJ= wrought Al &3 606322 X 27 88mm, 4
74 76mm, Ze¢] 150mmE= 7\A 7}g-shed Azkslsdct. A
43 FE5A89 FexAL Table 1o} bl &4
A 2o AHB)E 200CoNA 1A17F =R F o ER
227 A Hslo] 2 Tule] BTES AAsIgc). oA
Zu)®l A|He 30meshe] &-FuvtE Befa®Ete 2

ValuPlaz (Sulzer Metco) ¢} TYP SM-F2-VB (Plasma
Tech) W7 ZA& AH-39ch. B AP AR 3 34
Al-30wt%SigtE £4H 2 5 ol T AMEFTE
AFLERE Aol AHEHct A EgtRe) 412
7Ze] HAs= L18 Furdel] oj3t AYAgY e 2 -3
slgleni® Table 29 HALAx2ZE& Jebgdct. W7
Eepzol LA HAske] 42 FIED (6) ol A4
3] A= e sld.
22 GxE| W 24

R AFAE dAlY L ERTAA AL 2EE
& e Al-Si &4 28BS vAE 9% v
A g g A7 B2 220 =EHAE 99
A% 2 Qe dXuE o2 A LA HYAE,
vz, AT ¥ uldeie 540 HElE FHs7] A8
dAeles = 175°C, 275°C, 375 CE 847t aging 93
2stodt). aging 2% 175CE Al-Si 39 T6 aging
A Lxel 77he-m, dzle] Firly TR 4%t ¥
7] wEol, o] LEE 7FOE St F o) ¥ £xq
275C, 375CE aging*¥ == A3}, 375CE
443} dx8] 28t} & 100C #& 2224 @A
B 250 x2HUE 9 BAY F e ZHEY 93
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Table 3. Wear test conditions

Parameter/type Condition
. . Block : Al130Si coating
Tribometer block-on-ring Ring : SKD 11 steel
) temperature(°C) 26
Environment -
humidity(%) 85
. . . ine oil
Lubricant liquid lubricant ( S;r}lzg_lrlxg% 30)
Normal load N 38.24
Rotational speed  (rev./min) 1024
Running time sec 1800

& £43817) 8t A4 283 275CE 7
A2 L2 A A7 dxj2]o) &) njAzAe A}
Az 7 24 Si Ak $x9 37)9 2HE Ay
stk i 175 °CoAl e 96412171A] aging 2 8lshe] A)
273} B 2 ¥E o) EAMSE st} ujMzA
< AAEr]7 (SEM) 22 EA3%c) AxE: 44)3%9]
@S vHALZY] (Digital Micro Hardness Tester
MXT-d7 ; MATSUZAWA) & ©]45}e 100g 3}F0.2
1027 218ty 103 A3 3¢ F23t] A= e 7
shodch. =3 44129 HIPREE ASTM C 633-794)
g8 A HY Vo o} Ao o, strain rates
0.3mm/min o2 e}, o§7) 4 AHE-gH F2A = M AL
weld 22148 AHSStgt). vHEAIFE AL L4159 ¥4
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Az vtRAIY7)E olgsldon, viaASLEY gz
& Table 37 ztc},

3 &t gl i
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Fig. 1. Morphology and particle size distribution of Al-30wt%Si powder.
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Fig. 2. SEM microstructure of the coatings depending on aging-temperature.
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Fig. 3. SEM microstructure of the coatings depending on aging-time at 175C
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Fig. 4. Microhardness of the coatings depending on aging-tem-
perature.
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Fig. 5. Microhardness of the coatings depending on aging-time
at 175C.
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Fig. 6. Adhesive strength of the coatings depending on aging-
temperature

& 175°C/96 17} aging ¥ =7} 275°C/8A13t aging
Fo) Ax Bt} o ¥ AN AXPo}. o]HeR Ko}
Al-30wt%Si 79 A% AxE Si Yxbe] =7l B
g PAL ASE & T Ut

AFAHATE Fig. 60 Hetdidch. AR el A 3
# 18 MPa olgiem, 175CelA 8412 dx=] & F,
225 MPa 2 ZFvlstalen) alAAg Ast Adurx o )
S e kg woir). =3 e g dFA] & F
gty goiwit}. aging =9 F7hel ¥ AL A
¢ 7oy, AATE e Frke dofubA] ke of
e QAR Q] A3 ¥H G| 7)elste Ao B

3.4 TEEL| oA+ EH

AY Bojo) 245t7] A wiR - v 4L ol
88 AT shfolet. o)u] AL-208i ¥Fe &4 2
El&o AA 9] A Bojo] TEe 41 9l7] 9
Foll, Al-30wt%Si ¥ =T WulR - vpE A5 E ¥
A7} P AR Aok} SA} RS vpEAT &
£ block-on-~ring By o2 SAslgdc}, 2avl AAl 4™
o] Boje} YA E & AlolelE plane-on-plane F&e] &
ojulbm, T2oj X FE-Fol| 2JajA uho] o]FIx]7] o
Fol) Auir) Bojo] $)x|e) e} mpaAIGT}L 2A FebAl
o}, wpeta] B dFol4] SAE mpRAISE hydrodynamic
el 4] vpRAFRE A4T 5 9o, FAH vpEAS
= AR gholl 2je)r} glow, Auigre AR e} ozt o
£ 4 Qloh okm - b B4 A5 ofve, EHS
A Abeloll ZA| 2Esdy) Wil &4 ZRF] FHe o
ubz] $#12007%] det F wp@AFE SAs A A
ol A& Rarl oF b.4ume)gled, ant® Adelel A= Ra
7} ¢k 0.18umeo)del. Table 39 wlEXH o8 AYHT F
aging &%=9} aging AZbell we} dxejgd &4} 29
ohdAl WS Fig. 734 Fig. 8ol 2tz vt et &4t
% aof 9} Alelgb 175C ol 4] 842t aging A elgk 73-¢7}
o g2 2= o)A aging &) 5ol vsi A mhR AL}



970 g2AsGAA 4114 A11E (2001)

o
N
L]
N
g bhcton coocars )

s se ®
2383 3

Friction coefficient ()
(=)
>

0.08 1 —O—— as-sprayed
0.064 —O—H.T: 175°C
0.04 4 —O—H.T:275°C
—O—HT:375°C

10 100 1000
Time (sec)

Fig. 7. Friction coefficient of the coatings depending on aging-
temperature.
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Fig. 8. Friction coefficient of the coatings depending on aging-
time at 175°C
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