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A Study on the elastic properties of coated layers and
the changes of microstructure in plasma spray coating
of Al;05-TiO, ceramics
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Abstract

ALO;-TiO, powders of six different compositions were plasma-sprayed on Ti substrate. The
spray powders and the spray coated layers were analysed and compared using SEM and X-RD.
The elastic properties (specific elastic constant and damping coefficient) of the coated specimens
were measured in order to select the optimum composition range of ceramics for use in a
speaker diaphragm. A correlation between the microstructure and elastic properties was also
investigated. When ALO; powders with 0 - 13% TiO, were plasma sprayed, the coated layers
were composed of metastable Y-Al,O; with small amount of e-Al;Q; and the content of ¢-ALO;
was increased with TiO, content. Specific elastic constant was rapidly increased with 2 and 13%
TiO, addition to ALQ,;. The internal damping was nearly unchanged with TiO, content. The
specific elastic constant seemed to be dependent on the content of a-Al,O; in the coated layer.
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Table 1. Composition and characteristics and
manufacturing method of the ceramic
powders employed in plasma spray
coating

No Composition | Particle | Melting | Production

’ (Wt%) Size (pm) |Poing (T)| Mtehod
11 99,5 ALO, 5-20 2308 Melting
2 | ALO;-2TiO, 5-25 2040 Melting
3 1 ALOs-13TiO, | 3-30 1840 Sintering
4 | Al,05-40TiO; | 5-45 1840 Sintering
5 | ALOs-50TiO; | 10-53 [1920-2038| Blending
6 TiO, 10-53 1920 Melting
Ti e ehzet §448 Ash 2R} 2

) (alumina grit) o ¢}3te] E-2}2H (blasting) 21 2
Qo Ba2g3 BAE FA FAATA £
zkth Sel=ulgAlE 80kW -89} Sulzer Metco
A}-°4 M-1100C 29 AHgsich. F Eap=nt
E Ar 7128 Abgail e, ArbAske A
Hs}oq H, 7128 Frsigd. =28 "33
EZIH #4& A8 Y3ty Axd &F 37
2 Agstd WZAA FAok 4 BEed dg §
AzAL FYsHA dRen, §AEde ¥ 200
yeliidch AHEC 2 2RSS 100TAA 24
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2ech old Y29 FAMNEF PATEE
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Journal of KWS, Vol. 14, No. 6, December, 1996



ALO,-TiO. A&t &) Fetzvl SAL T ol A v A F20] Helot A R Fo] B g a7 111

XA AENE Fysion, ZWFZ dd
sl e FAFEAER Z (SEM) 2 A AEY
EDX) & Y3 " F9 EUdeY} HH
AA7) dA AEHY SFEH e v &
Aoz d#A vk meEtx 7+ §AlZE E8F
o tialAd EHAAY|Ra)E FA}AUT. EHA
A7) & Mitutoyorl ) Surftest-4028 AL-&-3te] #4
A=

Table 2. Summarized plasma spray condition

Ar H
Flow FIOZW Voltage | Current Spray Gun

Rate Rate
(SLPM) | (SLPM) W o (mm)

Distance | Speed
(mm/sec)

44 12.5 { 70-72 450 115 200

2979 SEEA 2 FFE v[X = vjaA
A E/p ) HEEA (and) & ZHE ZH2he] A
29 dAME SHA HBEAATS JF-&
Aol EAe FAHESAHOZA APHA ZA A
& Fo] FAFHFE FHse THY FTIH
£ AHEEth. AME® AB]E Ono-SokkiAl2]
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Ao 2AEE 2o Fuh AgAHC AA IF
& & % vlo]A 2 E (microphone) & AHE3t &
AP AFY By o) Aol 1z FAF
g2 RE @4 AT (E/p) & Faer, 3
F-NEL ZHow B WEEA (@nd) & T34
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Fig. 1 Schematic diagram describing the dynamic
test method to measure sepcific elastic
modulus and internal damping loss.
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Fig. 2 SEM micrographs showing the morphology of the ceramic powders for plasma spraying
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Fig. 3 X-ray diffraction profiles of the ceramic
feedstock powders for plasma spraying.
(@) 99.5AL0; (b) ALO;-2TiO,
(¢) ALO-13TiO; (d) ALOs-40TiO,
(e) A]zOs'SUHOz (ﬂ 2T102
(O :e-AlLO,, ¥ : TiO,(anatase),
¥V : TiO,(rutile))
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Table. 3 Surface roughness, damping and specific
elastic constant of the ceramic coated Ti

plates.
No. | Coating Roslg?rfeess Danring N Speéfrfstilatsm
(Ra, pm) (tand, x10°) (E/p. X10"em” sec?)
1 Titanium 0.3 6.0 2.62
2 | 99.5AL,0,4 4.2 5.72 4.19
3 | ALOy2T0, | 4.7 5.49 7.11
4 |ALOs13TiI0,| 4.3 5.42 6. 44
5 {ALO;-40Ti0,| 4.9 4.72 3.71
6 |ALOs-50TiO;| 6.6 6. 32 2.719
7 Ti0, 6.5 6.16 4.86
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(a) AbO3-40TiO; powder (b) AlL,O:-50TiO» powder
Fig. 4 SEM micrograph and distribution of Ti and Al by EDX observed on Al:Os~40TiO» and ALO,-50TiO, powder.
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Fig. 6 ALO,-TiO, phase diagram.
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Fig. 5 X-ray diffraction profiless of the plasma-
sprayed coatings obtained from various
feedstock powders.

(a) 99.5A1,0; (b) ALO;-2Ti0;

(0) ALO,s-13TiO, (d) ALO;-40TiO,
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(c) AlbQ3-50TiO,

Fig. 7 Cross-sectional SEM micrographs of the
plasma-sprayed coatings
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Fig. 8 Variation of internal damping loss and specific
elastic modulus of the plasma-sprayed AlO;-
TiO, coating as a function of the TiO, content.
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