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ABSTRACT

Al-SiC, composite layer was prepared by plasma thermal spray on aluminum substrate using composite powder prepared by
mechanical alloying. Mechanically alloyed powder was achieved after 24 h milling, which was used for thermal spray coating. The
correlations between process conditions and thickness/porosity were analyzed, and increase of hardness was confirmed. The presence

of Al-Si-C-O compound was detected by TEM analysis.
Key words : Composite, Thermal spray, Ceramic particle
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HHH (vortex addition technique), 71412 §53}(mechanical

alloying) 53 Zo] &4 HdAE Sy BT &
Al(thermal spray), PTA(Plasma Transferred Arc surface
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energy ball mill& FAHAe] ol ge] Qlw, ¥ Ve
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SAERZ S Az 2 B4E AR Y 34
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u]% matrix®l] SiC,(Silicon Carbide Particle)°] £4+<
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B3 SAET Aol AHSE 93T F dFvFES
YE 7EEEst AFOE 99% w59 177-420 um(—40
+80 mesh)Atel 9] Q=& 7HA = B4 AME3oy, 73
A A YRz dAAE AMEEE 600 mesh(H T Y
°F 29 um) SiC IS AR FepEn SAHA
gty BAg IYES AR s 50-
150um A% J= BEXE /A e FEA0) Fad &
Be A zFtoJol ), I3 A3t FdsA EEH

o o

=
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$18) ball millingg o8& 71414 FE3EE o] &3A
M Taple 16] EgAlz 2718 Uehiz glon, A}
£49 ball2 F7 9.525mm<! SUS304 ballS A&+ 1,
FLEY] A=T S Holgr| sl 378 Ao A] (process
control agent)Z HIWHSS 4wt% F7IEIE T E3 24
e A AAIE7] 93] milling £71) HEE A
Aete] 2 Y F rotary pumpE AY E971E F
g ¥ millingg AAI3A . ball millingg AAIgH 2
AFEA A7 93] 30 min o] AF3tH —100+325 mesh
(45~150 pm)E EJ73t] SARETS Az FHE
SARE & XRD(X-Ray Diffractometer, Rigaku Rint-1400)
of olsff 27 &% 4deg/min, 100 mA, 40kVe] ZAoE
AAQNE EAeta ey 2 Addvt & FEdn)F
(optical microscope, Olympus, BH)oll &3] A 7+Z2E &
At

BYAE TRFS AR AR SATHE Subzer-

flo ox

Table 1. Powder Preparation Condition

Parameter Unit Condition
.. Al wt% 60
Composition .
SiC wt% 40
P Batch weight g 443
ocess .
condition Ball weight g 4,431
Milling time h 6, 18, 24

Cooling water
Cathode Anode L

@
Plasma jet

_/
Cooling ,_= ok
water X,
o Work distance T
! ) Substrate

Arc gas Powder with I

Primary: Ar  carrier gas (Ar) Rotation jig

Sendary: H,

Fig. 1. Schematic diagram of plasma thermal spray system.

Table 2. Plasma Thermal Spray Condition

Level

Parameter 0 ! 2

A Primary arc gas (Ar) flow rate (m3/h) 278 417 -

B Specimen rotation (rpm) 100 150 200
C  Powder feed (arbitary scale) 50 60 70
D Work distance (cm) 8 10 12
F No. of pass (pass) 20 30 40
G Arc voliage” (volt) 65 70 75
H Powder carrier gas flow rate (m3/h) 0.83 097 1.11

¥ common condition

— Arc cuarrent : 500 A

— Spray angle : vertical

— Gun traverse speed : 4 cm/s
note: 1) Arc voltage was controlled by secondary arc
gas(H,) flow rate

Metcorts] Fekzrt §41 Al298 AHgaIIom 41 7
(gun)& 3MB-TI°|SATh. RAA|HE 72x36x3 mm 7] ¢
TOE BAE AGHAO, SR A A o)F
de) AAZ 95 YB= ARSI, B} SA2 A
e Z7HA)717] ¢5f 80 mesh fused aluming EEE
sand blasting A 213t} Set=ul §AF A28 MfEge
£ Fig. 19] JepSth SARA A = B2 Mg o
3] Z¥Fo Aol IS I=v. 8 34 HI(control
parametenE+ 2Ae] AAWHEEEA, EokEHE, 4=
B), ot 7t2e] £/ 2 FFE, ol AYEFAA,
FAE Y] EFHRAEEE, A(qun)st AL A, &4}
e, A/BAY olgEE, BAY &5 Wt 5 gxLF
Hz70] Yk B Ao Table 29 o] AW
Fo} 22 AT Ly x3)ATMEHE Vol 5] g4

Mg diamond slurry 1 pm74x] Ansk
Fo] #83v]7 2 image analyzer (Media Cybernetics,
image pro plus)E AME-3le] wMZRZ, T, 7|FE&E &
A3+ 21, load 200 g, A1ZF 153, SH SH 9] HHA=
wlo] 22 H]F2 7 E(Mitsutoyo, MVK-HVL)E 22418}
o} g XRD 22400 o3 gARAGol & A W
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Fig. 2. Optical microscopy of Al-SiC, composite powder.
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Fig. 3. XRD pattern of Al-SiC,, composite powder.
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Fig. 4. Optical microscopy of thermal
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Table 3. Plasma Thermal Spray Condition and Results
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8} ZEE FAE FAZAY Bet 57-800um A=
o] M E Vel FAZFAY 9% FAZS EAakrA
g AFE Table 49 T T 7 FHo W FA] =2

FELEzN AN G AFATE] FFT)FS Fig 590
Yeplth. ZWF FAe EAE 24T A9 3ds
T, EUFFIFAY feed A, EAA uEEOlF ST,

obZAstel FUt Wk SUetR e, 13} of= 7had)

Table 4. Analysis of Variance(ANOVA) Table of Thickness

Results

] S \% Fy
A. E‘;‘;‘agteam gas 1 25006 25006  5.14
B. Specimen rotation 2 16,922 8,461 1.74
C. Powder feed 2 225510 1127755 23.19%*
D. Work distance 2 10,391 5,196 1.07
F. No. of pass 2 117,772 58,886  12.11%
G. Arc voltage 2 7,063 3,532 0.73
H. gP;’SW‘fiIZrWCEer 2 230888 115444 23.74%*
Error 4 10,523 5,251

® : Degree of freedom * : significant in significant level = 0.05

S : Sum of square  **:significant in significant level = 0.01

V : Variance (=S/¢)

Process condition Results
exI;)Igl:irzZnt Primary arc ~ Specimen  Powder Work  No. of Arc Carrirer gas Thickness Porosity Hardness

gas flow rate  rotation feed distance pass voltage  flow rate (um) (%) (Hv)

1 278 100 50 8 20 65 30 i12 13.6 58
2 2.78 100 60 10 30 70 35 368 4.1 109
3 2.78 100 70 12 40 75 40 303 1.0 93
4 278 150 50 8 30 70 40 72 7.9 52
5 278 150 60 10 40 75 30 599 78 101
6 2.78 150 70 12 20 65 35 329 18.1 87
7 278 200 50 10 20 75 35 158 2.8 104
8 2.78 200 60 12 30 65 40 197 59 55
9 278 200 70 8 40 70 30 800 5.8 68
10 417 100 50 12 40 70 35 158 132 80
11 4.17 100 60 8 20 75 40 99 6.6 51
12 4.17 100 70 10 30 65 30 491 10.2 61
13 4.17 150 50 10 40 65 40 57 7.5 31
14 4.17 150 60 12 20 70 30 261 12.5 86
15 4.17 150 70 8 30 75 35 382 7.9 37
16 4.17 200 50 12 30 75 30 284 13.0 93
17 4.17 200 60 8 40 65 35 382 9.6 56
18 4.17 200 70 10 20 70 40 155 8.2 47
Average 289 8.7 71

A 409 A 53.(2003)
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Fig. 5. Thickness variation.

P X
5]

3
]

Arel %, 743 BA) Alole] A, gAMET
gas F-Ze| F7tol| me}t ATt olE
HE2Z oA A Zagtel dis] #9 3
T feed B A, SALA WHEolF 3145, carrier gas
o] AT}, Feed 474 ghEolF 3¢ F7ke AlH
o 29 AR Fe 585 74 St 714
3 Aoz wotdoh §H, Mash 'V 3}¥ deposition
efficiencyoll tIg} carrier gas flow 9¥&-2 32 (Optimum
point)yg 7HAW W|F HasAY Host Heols &8

el
°
/Ké )

al

3)

=~
AL A
RG]

o] BojRcty B33 vl gle=d, B AFoNAME carrer
gas flow2] =2 flow rate 371 28} &AMEEe) 3
a5 Wallsted FAF 24T AR ALRHET
715E& EAENAF} FANST BEHANS
Table 59 Fig. 6o YeERNATE 7]F&S AlHo| wizt
1.0-18.1%2] HHE vetdl=d, 12 ok= 7k {39
F7l et Frtstdon, A wHhEolF S, o=
A, cartier gas % Skl wE} Z4sAT. 53] of
A AL} carrier gas T3] F7tol wet ZA FAdEe
7A%E JehidTh
oFF 7k 5 1AF 7R Are 2 8AF L2 kinetic
energyoll 71dshR, 23 7}29 He 84 229 thermal
energy®ll 71jdtk gl oh'? 12} otz px §F
o] F7kshd L9 £rrh wepRH, 4 et Fg=
ot AE Fol AFEHE Abe] HaEHo] F2e] &§o)

)
279 2
w}

=
T

23Eel 4 & 9, A $2% 9 Yugoz 2
N3¢ 44 F Aok w1389 BhE 98
M A 2o w8 F 3RS g0l dojd 9
= z7e] Wasth

A WHEOE B57) F/HE4E A AV &
A ggol FrMth ek S5YAT BA FE
g o, §AAY WBOIE 257t B AeelE E O o
Q¥ BAlst FE o) B0o) §go] BEEave
= BAZYEY g3 o) 4 AAT ATe] F4
A Qoz wedn,

A2 8)15)7)

9%

LR - s

Table 5. Analysis of Variance(ANOVA) Table of Porosity

Results

0] S A% Fy
A gs;“ﬁem £as 1 262 262 172
B. Specimen rotation 2 25.0 12.5 0.82
C. Powder feed 2 11.1 56 0.37
D. Work distance 2 44.5 223 1.46
F. No. of pass 2 259 13.0 0.85
G. Arc voltage 2 55.5 27.7 1.82
H. Zfswﬁfﬁifr 2 591 295 1.94
Error 4 61.0 15.2

¢ : Degree of freedom * : significant in significant level = 0.05
S : Sum of square **:significant in significant level = 0.01

V : Variance (=S/)
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Table 6. Analysis of Variance(ANOVA) Table of Hardness
Results

o S v Fo

A. Primary arc gas 1 1,901 1901  9.72*

flow rate
B. Specimen rotation 2 280 140 0.72
C. Powder feed 2 358 179 092
D. Work distance 2 2,690 1,345 6.88
F. No. of pass 2 65 33 0.17
G. Arc voltage 2 1520 760 3.89
H. Powder carrier 2 2212 LIO6 565

gas flow rate
Error 4 782 196
¢ : Degree of freedom *: significant in significant level =0.05

S : Sum of square  **:significant in significant level =0.01
V : Variance (=S/¢)
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Fig. 7. Hardness variation.
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Fig. 8. Variation of porosity and hardness.
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Fig. 9. XRD pattern of Al-SiC,, composite coating layer.

(b) Bright field

4 um

(a) Composite structure

(c) Dark field

Fig. 10. TEM microstructure of composite coating layer and
enlarged image of Al-Si-C-O compound.
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Fig. 11. EDS resuit of Al-Si-C-O compound.

Fgo] 2hshEl AREE BHE AYolH YHE Ao
AerEs), A48 244 2 AP daAE E o 2
A A7t B ¥ Ao= BoEd

44 =

AL-SiC, -8 RE LS ball millings
3ol =8) AzSGem, o SHLTE AHgIt]
gzrl gAb) ofs) Gelw 2A) 9 ALSIC, SR
B3¢ 49z

FRZ FA=
FH29 feed A2 ] 8 }Zﬂ HkEo)s Q
& S7tst $ Frhsslen, 1A oka 7V\(Ar)/] 3,
Az 2A) Aele) AR, BEFHE carrier gas FF
7toll whe} ZhAstle.

ZGF] 71F&2 14 ofA ks &7
o gAR WHEolE B, o=

S7tell wet

A<}, carrier

o\
N
)
o
¥
o

EZ0] nlola= HAX ARE BF IR &
2ulg 24 4400 vls) 28} shrbe]l FrbstALH, 13}
o= 7}A ol 278 mhel AS 71FeH AEY ¥
AT A" FFe deEA, 13 okA TkE F
Zo] 417 m/mel Aol HaAd BAEHLS FARA
NEEFH AE7F FAS BFo R WstHe & 15
ER 2T

38, TEM E40 o8 §AI=ZE #AA Fo A" A
o2 BEHE ALSIC-O 3H3EL] EAE IAsAH.

_Q_
=



Fehzm} BAll 9@t ALSIC, BRAIE FR39) Az 467

REFERENCES

. J. Rodriguez, A. Martin, and J. Llorca, “Modeling the Effect
of Temperature on the Wear Resistance of Metal Reinforced
with Ceramic Particles,” Acta Mater., 48 993-1003 (2000).

. F. M. Hosking, F. F. Portillo, R. Wunderlin, and R. Mehra-
bian, “Composites of Aluminium Alloys: Fabrication and
Wear Behavior,” J. Mater. Sci., 17 477-98 (1982).

. A. Sato and R. Mehrabian, “Aluminum Matrix Composites:
Fabrication and Properties,” Metal. Trans., 7B 443-51
(1976).

. M. V. Kevorkijan, “MMCs for Automotive Applications,”
Am. Ceram. Soc. Bull, 77 [12] 53-9 (1998).

. X. Y. Li and K. N. Tandon, “Effect of Ion Implantation on
the Dry Sliding Wear Behavior of SiC Reinforced Al-Si
Composite,” Surface and Coating Technol., 90 136-42
(1997).

. L. Pawlowski, The Science and Engineering of Thermal
Spray Coating, John Wiley & Sons, New York, 1995.

. Y. Nishida, Introduction to Metal Matrix Composites(in
Jpn.), Coronasha, Tokyo, 2001.

. R. N. Sanders and A. R. Valdo, “Aluminum-silicon Com-
posite,” US patent 3,961,945 (1976).

9.

10.

11.

12.

13.

14.

15.

16.

J. W. Min and S. E. Yoo, “A Study on the Preparation and
Wear Characteristics of TiC Hardfaced Layers on Alu-
minium Alloy by PTA Method,” Tran. Kor. Soc. Auto. Eng.,
7 [9] 138-45 (1999).

K. Ghosh, T. Troczynski, and A. C. D. Chaklader, “Alu-
minum-silicon Carbide Coatings by Plasma Spraying,” J. of
Thermal Spray Technol., 7 [1] 78-86 (1998).

B. M. Yang, E. S. Byon, and K. C. Park, “Thermal Sprayed
AlSiMg/TiC Composite Coatings-fabrication of Powder and
Characteristics of Coatings (I),” J. Kor. Weld. Soc., 18 [5]
638-44 (2000).

P. S. Gilman and J. S. Benjamin, “Mechanical Alloying,”
Ann. Rev. Mater. Sci., 13 279-300 (1983).

R. B. Heimann, Plasma-spray Coating, VCH Publishers,
New York, 1996.

S. H. Park, Applied Experimental Design, Youngchi Pub-
lishing Co., Seoul, 1990.

D. R. Mash, N. E. Weare, and D. L. Walker, “Process Vari-
ables in Plasma-jet Spraying,” J. Met., 13 473-78 (1961).
H. S. Choi, C. M. Han, C. H. Lee, and H. J. Kim, “Effects
of the Process Parameters on the Coating Properties of the
APS Alumina-titania Coatings,” Proceedings of the 16th
Thermal Spray Technol. Workshop(Seoul), 3-14 (2002).

A 40 A 5F(2003)



