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Abstract

Al,O; ceramic coating layer by gas flame spraying was very porous, therefore it could not have wear
and corrosion resistance at all. To get a dense and strong coating layer, a method to infiltrate an alloy
into the pores of ALO: ceramic coating was investigated. Cu-Ti alloys, which had good wettability and
reactivity with ALO, ceramic, were examined for infiltration. Infiltration of the alloys was performed in
vacuum at 1100C. The melt of Cu-50 at% Ti alloy was well penetrated through the porous AlO; coating
and tightly sealed the pores, unbonded area and microcracks in the coating. The alloy melt in the pores
reacted with ALOs ceramic to produce a suboxide phase, Cu.TiO. This composite layer which was composed
of ALOs and Cu.TiO phase had good microstructure and wear and corrosion resistance. Additionally, microst-
ructures at interfaces between coating layers were greatly improved owing to the effect of vacuum heat

treating.
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Fig. 1 Schematic diagram showing gas flame spraying
with air jet unit
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Table 1 Experimental conditions for spraying the bond and
AlO; ceramic coating powder

powder hond ceramic
variable coating coating
nozzle type P7C-M P7CK
O: pressure(psi) 32 30
C:H, pressure(psi) 15 15
0, flow rate(indicator) 45 42
CH; flow rate( » ) 55 50
powder feed rate(kg/hr) 181 09
air vibr. pressure(psi) 5 25
preheating yes yes
spray distance(mm) 180 71
air jet cross dist.(mm) no 60
specimen rot. speed(rpm) 60 60
gun travel speed(mn/min) 420 400
no. of coating passes 6 12
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Fig. 2 Schematics of the high vacuum furnace used in hea-

ting for the penetration of Cu-Ti alloy into ceramic
coating,
1) specimen, 2) graphite heating element, 3) water
cooled copper electrode, 4) Pt-Rd thermocouple, 5)
heat shield box 6) vacuum chamber, 7) cooling coils,
8) viewing port. 9) telescope and camera, 10) to
vacuum system.
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Table 2 Chemical composition and penetration conditions for the various Cu-Ti alloys

Composition(at % ) Penetration condition
No. Cu Ti Temp.(C) Vacuum(torr) Time(min) Cooling rate
1 100 0 1100 10° 30 10C/min
2 935 6.5 1100 2 4 (1100C—600T)
3 80 20 1100 “ “ 5C/min
4 50 50 1100 ” 4 (600C—R.T.)
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(b) : Ni-4.5wt% Al bond coating layer

Fig. 3 Optical micrographs of as-sprayed Al:Os ceramic and
bond coating layer(bar=25um)
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Fig. 4 Results of the wear and corrosion test
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Fig. 5 Melting and wetting behavior of Cu-Ti alloys on AL,O;
ceramic coating
a, e . pure copper (¢) Cu-50at% Ti alloy
b, f Cu-65at%Ti alloy
¢ g Cu-20at%Ti alloy
d, h: Cu-50at%Ti alloy
a-d  with bond coating
e-h . without bond coating

M

(d) Cu-50at%Ti alloy

Fig. 6 Microstructures of the coating layers penetrated by
. / the Cu-Ti alloys(bar = 100um)
a, ¢ - without bond coating
E— b, d : with bond coating

(a) Cu-20at%Ti alloy
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Fig. 7 SEM micrograph showing the coating layers composi-
ted by the penetration of the Cu-50at% Ti alloy
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Fig. 8 Microstructure of the coating layers and their interfa-
cial region improved by the penetration of Cu-50at
%Ti alloy
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Table 3 Chemical composition by EDX at positions indica-

ted
in Fig8 (at%)
1 2 3 4 5 6 7

Al | 8877 | 363 | 7893 745 | 872 1390 | 9891
Ti - - - - 053 | 4994 | 024
Cu - - — 1907512743 | 086
Fe 123 | 089 | 533 | 034 = - -
Ni | 1000 | 9548 { 1573 | 9209 - 8.72 -

9 giol Uolba ZE BHH ARE s 9

o] Whe4E EAEY] st Cu20at%Ti §Ha3

Cu-50at% Ti #5ol o3 AxH £3 coating ZE
el XRD &41& HAlsch Cu-50at%Ti el
) Axd AU BAY CuTi §2L grindingol

ojaf AAHAIZ F B3 coatingZoll sl XRD H41&

.5K

O AlL,O,
o Cu
P4 ¥ CuyTi O

@
a
S
2z
E.ZS-—- °
s o . < : o,
ol qedlte 1ol
i R M o -
‘. l \SV! \§40 og‘l’ 3
! ]o‘ \v | e v v
\, | | o
" "'Wv,‘ JM K PJ %M
e var.y PRI
. i . I . | L
20 40 60 80 100
206 (°)

(a) Composited by the Cu-20at%Ti alloy

10K

vf. O ALO,
H ¥ Cu,Ti0
@
a
2
>
=
2.5 —
2 | o
= o, . 3 s :
vi| §3 z H z
/ o = 3 =
il vg ] =
ho e - ¥ oa Y. < -
o ity o 2 i 2
3
o O' ~ oolv ° v
! V\/ ov o
P T LY
! 1 1
20 40 60 80 100

28 (°)
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Fig9 XRD analysis results for the composite coatings
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Table 4 Comparison of XRD data in this experiment
with JCPDS (data for the Cu,TiiO phase

Crystal This work JCPDS Ad(A)
planes de(Ad) | Vi | A | Vw | (d.—d)
422 2306 | 37 | 2326 | 60 | -0020
333511 2174 | 100 | 2194 | 100 | -0.020
440 1997 | 30 | 2017 | 60 | -0.020
600442 1885 | 24 | 1902 | 40 | 0023
622 1703 | 15 | 1718 | 20 | <0015
711,551 1583 | 17 | 1598 | 40 | 0015
731,553 1474 | 15 | 1485 | 20 | -00m1
660,322 1335 | 28 | 1347 8 | 0012
555,751 1306 | 17 | 1320 | 40 | 0014
842 1233 | 17 | 1245 | 40 | -0012
933,771,754 | 1137 | 18 | 1149 | 80 | 0012
332 Uviz el 7}
vk /de] 7= grit blasting M/CE o]&3}od

BET(Blast Erosion Test) ¥3¥< $33lgtt, 7+ &
4] alumina grit® AM2-8led, A 42em, ZHE 450,
43 57psidtol A 302 B¢ blasting® F FAUL
i*i Wt =& Hrkatg o ek coatingZol A=

AL H59 Vickers A% Alolols A
] A@AZE ke Buse] Qo wi Ao )
A GAl A AFH #AS 7pR17] o) o) BETA
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Fig. 10 Schematic diagram showing blast erosion test

Table 5 Experimental condition

and results of blast erosion test for Al:Os ceramic

coatings by the various methods

result blasting conditions weight loss
method grit pressure(psi) | distance(cm) angle(®) time(sec) (mg/e)
gas flame sprayed alumina 57 42 45 30 4194+ 2
composited by z 4 4 z s 072+ 02
Cu-50at% Ti alloy
plasma sprayed ” ” » ” K 1.78+ 03
Holl o3 ZALA e UntEde AEg AHe £ AFIHRA R B¢ AR e EE
Q. Wrtwe] 23w 2345 27 Figlo 9 AR 283, 7 A%E ALO A coa-
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Hwe o, A3 -5 WelE 548 AL 9l
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ALO; *ﬂf’/}‘l]coatmgv’sfli AEF Cu20at%Ti 3
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g, o] ALO/FH CuTLOA 2 FAHE 28 coa-
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