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Improvement of the Adhesion of a Ceramic
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The structure and adhesion of an alumina coating on a ceramic substrate with NiCrAlY alloy bond coat-
ing was investigated by heating at 1573 and 1673 K in the air. Phases of NiO, NiGr®liAl 204, aAl 203,

and Ni were revealed in a 10@um thick bond coating on heating at 1573 and 1673 K. A veined structure
was also detected in the coating heated at 1573 K. The adhesion strength of the coating was improved and
reached approximately 20 MPa on heating at 1573 and 1673 K for 14.4 ks in air although the strength of
the as-sprayed coating was only 2 MPa. The improvement of adhesion strength may arise from the for-
mation of NiAl204 with a spinel structure at the interfaces of the top coating/bond coating/substrate coat-
ing system. The adhesion strength of the coating improved on decreasing the bond coating thickness and
reached approximately 45 MPa for a 2um thick bond coating which was heated at 1673 K. Only NiAD4
oxide was formed in the bond coating.
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A substrate of sintered alumina was plasma sprayed (Table 1)
with gray alumina powder (SHOWA DENKO SHOCOAT K-
1. Introduction 13, 45 to 1qum diameter) of composition 2.28 Tj1.07 SiQ,

0.03 FeOg3, and balance AD3 (mass%). The bond coat was Ni-

Engineering ceramics of high strength as well as corrosion CrAlY alloy (SHOWA DENKO SHOCOAT MA-91, Showa
resistance have been required recently in some industries. Cladbenko and Minato Tokyo, Japan; 45 toifi diameter, compo-
ding of different ceramics by brazing is one of the technologies sition of 22.01 Cr, 10.04 Al, 0.88 Y, balance Ni, in mass%). The
(Ref 1-4) to meet this requirement. Thermal spraying is not oftenalumina substrate was 25 mm diameter and 5 mm thick and was
used due to the adhesion strength of the ceramic coating beingrit blasted with silicon carbide of No. 24 mesh prior to spraying
generally low when sprayed directly on ceramics or metallic the bond coating. The thickness of the top and bond coatings
bond coatings. were approximately 300 and 1Q@n, respectively, for the re-

The adhesion of a ceramic coating on ceramic substrates wittsearch of the strength properties. The thickness of the bond
a nickel-base alloy bond coating is able to be improved by heatcoating was changed from 150 to 26 in other samples to
treatment in air (Ref 5). The strength of the ceramic coating in- investigate this effect on the adhesion strength. The sprayed
creased by approximately 10 times (~15 MPa) from the as-coatings were heat treated in 1573 and 1673 K for 14.4 ks in
sprayed condition when heat treated at 1273 K for 7.2 ks in air.air and in vacuum followed by cooling at 5 K/min in the fur-
This improvement is due to the formation of oxides which nace. The observation of the interfaces of top coating, bond
have a veined structure and grow into cracks or pores of thecoating, and substrate was performed using electron micro-
ceramic coating substrates. Thus, the improvement of adheprobe analysis (EPMA). X-ray diffraction (XRD) (Cuei
sion is attributed to chemical and physical interactions at the was also performed to reveal the phases present at the inter-
interfaces. Therefore, it is anticipated that the adhesion of aface. Strength was measured by a tensile test (JIS H8666).
ceramic coating will improve with further chemical bonding
on both interfaces between the metallic bond coating and the
ceramic materials on both sides by heat treatment above 1273able 1 Plasma spraying conditions
Kin air.

The change in strength of the ceramic coating when heatyop coating

treated above 1273 K was investigated relative to the interfacepjasma gas Ar
structures through the ceramic and bond coating, as well as th@owder feed rate, g/min 25
ceramic substrate. Current, A 800
\oltage, V 28
Spray distance, mm 50
Bond coating
K. Kishitake, H. Era, andF. Otsubo, Department of Materials Sci- ~ Plasmagas , Ar
ence and Engineering, Faculty of Engineering, Kyushu Institute of Powderfeed rate, g/min 60%5
Technology, Kita-Kyushu 804, Japah; Sonoda,Graduate student S;{;%’SY\A/ 0
of Kyushu Institute of Technology (currently: Kyoritu Alloy Co. Spray d’istance, mm 100

Ltd., Japan).
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3. Results and Discussion in the reacted layer on both sides of the bond coating. The veined
structure, seen in the heat treated coating at 1573 K, is not ob-

3.1 Structure of Coating served on both sides. The heat treated specimens in vacuum did
not form a veined structure or a reacted layer.

Figure 1 shows a back-scattered electron image of a cross Figure 4 shows XRD patterns from the top surface of the Ni-
section of an as-sprayed coating on an alumina substrate. Ther€rAlY bond coating only without the top coating, as sprayed
are more pores in the top coating than in the substrate. Pores aand heat treated at 1573 and 1673 K for 14.4 ks in air. Broad
cracks in the top coating and the substrate are not impregnategeaks of Ni solid solution are mainly revealed in the XRD pat-
with the metallic bond coating due to polishing. Figure 2 shows tern of the as-sprayed coating. Small amountsfd$O3 and Ni-

a back-scattered electron image of the cross section through th€rOz are formed during thermal spraying. On heating at 1573 K
interface between the bond coating and substrate after heat treafor 14.4 ks, the NiCr@concentration increases, and NiO oxide
ment at 1573 K for 14.4 ks. In this case the pores or cracks in theand NiALO, spinel are formed. The peaks of Ni shift to larger
substrate are filled with oxide of the bond coat, and a veinedangles and become sharp. This may be due to the decrease of Cr
structure has formed. This also pertains to heat treated coatin@d Al in Ni solid solution which forms NiAD, and NiCrQy

at 1273 K for 7.2 ks (Ref 5). phases. On h.eatlng at 1673 K for 14.4 ks, N@i@daAIzOg,

Figure 3 shows a back-scattered electron and the x-ray im-Phases diminish, and the amount of Ni@} and NiO phases in-
ages of the heat treated bond coating at 1673 K for 14.4 ks. Th&réase. Accordingly, NiO and NifD4 oxides and some Ni
bond coating is oxidized and has reacted with alumina on bothPNases are presentin the heat treated coating at 1673 K for 14.4
sides. The width of the reacted layer is thicker at the top coatingkS Inair.
side than at the substrate side. Nickel is approximately equally Figure 5 shows XRD patterns on the ruptured surface after a

P : . . : tensile test of the gray alumina coating with the bond coating
distributed in the bond coating, but chromium is less prominent heat treated at 1573 and 1673 K for 14.4 ks. The tensile test

specimen failed within the bond coating. The XRD pattern of the
specimen heat treated at 1573 K for 14.4 ks is similar to the XRD
pattern of the heat-treated bond coating shown in Fig. 4. On
heating at 1673 K for 14.4 ks, mainly N, and NiO oxides
exist on the ruptured surface though the volume fraction of
NiAl ,0,4 oxide in Fig. 5 is larger than the top surface of the bond
coating in Fig. 4. This arises because the NiO in the bond coating
reacted with AJOzin the alumina top coating.

Top Coating
(Al Oa=TiOs)

3.2 Adhesion Strength

Figure 6 shows the adhesion strength of the coatings in the as
sprayed and heat treated conditions. The adhesion strength of the
coatings is enhanced from 2 MPa by heat treatment at 1573 and
1673 K to approximately 20 MPa. The adhesion strength of the
coatings heat treated at 1273 K is approximately 15 MPa (Ref 5).

The formation of NiA}O4 oxide by heat treatment in air may
enhance the adhesion strength between the top coating and the
substrate. The reaction of bond coating with alumina was not
completed after the heat treatment at 1673 K for 14.4 ks as
shown in Fig. 3. Therefore, the change in the adhesion strength
was investigated with respect to the thickness of the bond coat-
ing in the range of 150 to 20n. Figure 7 shows the strength re-
sult as a function of the bond coating thickness. The adhesion
strength of the 100m and 15Qum thick bond coatings is ap-
proximately 20 MPa. The adhesion strength of the coating in-
creases with a decrease in the thickness of the bond coating and
reaches approximately 45 MPa inj2@ thick bond coating.

Figure 8 shows the back-scattered electron and x-ray images
of the specimens of 2@m thick bond coating. The bond coating
is composed of one phase, and the width of the reacted phase is
approximately twice the original thickness of the bond coat. In
the middle of the reacted zone, a layer of voids was indicated by
the appearance of the arrows. The position of the layer of voids
is not at the center of the reacted phase but deviates to the sub-
strate side (i.e., the reaction between the bond coat and the top
Fig. 2 Back-scattered electron image of coating heat treated at 1573 C0ating1s faster tha_n between the bond coat and the substrate be-
K for 14.4 ks cause the top coat is more porous than the substrate).
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Top Coating

Fig. 3 EPMA images of bond coating heat treated at 1673 K for 14.4 ks. (a) Back-scattered electron imagen (§¢)Mi#Ka. (d) Cr-Ka.
(e) O-Ka
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Figure 9 shows the back-scattered electron images of the Although alumina base ceramics are important structural
cross section of ruptured coatings in the specimen withua20  materials, they do not exhibit good corrosion resistance to ash.
thick bond coating. The coating exhibited a maximum strength Alumina-chromia ceramics contain a higher ratio of chromia
of ~45 MPa. Clearly the breakout occurred at the surface of thewhich possess high corrosion resistance to ash (Ref 6). Thus,
layer of voids in the reacted zone. Figure 10 shows the XRD pat-alumina-50% chromia was thermal sprayed on an alumina-base

terns of the ruptured surface of the bond coating. The XRD pat-
tern of 20um thick bond coating consisted mostly of Ni@l.
Peaks ofoAl,O3 observed may be resultant of the substrate.
Whereas in the case of the 0@ thick bond coating, NiO re-
mains on the ruptured surface in addition to N@Yy. In conclu-

sion, a thinner bond coating is effective in improving the
adhesion strength of the coating because it tends to form only
NiAl .04 phase by the reaction of the bond coating with alumina
in the top coating and the substrate.
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Fig. 4 XRD patterns of bond coating heat treated at various tempera-
tures for 14.4 ks in air
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Fig. 5 XRD patterns of the ruptured surface after tensile testing
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Fig. 6 Adhesion strength of coatings. Coatings were heat treated at
1573 and 1673 K for 14.4 ks in air, except for those in the as-sprayed
condition. Longitudinal bars show maximum and minimum strength of

three samples.
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ceramic with a NiCrAlY bond coating followed by heat treat- coating after heat treatment. The adhesion of the coating was
ment at 1673 K for 36 ks in air. Figure 11 shows the back-scat-adequate for practical use, and the removal of the coating did not
tered electron image micrograph by EPMA at the interface occur during heating and cooling of the furnace.

between the alumina-base substrate and alumina-50% chromia
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Fig. 7 Change in adhesion strength as a function of bond coating
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4. Conclusions

The change in the structure and strength of plasma sprayed gray
alumina coatings on a high purity alumina substrate with NiCrAlY
alloy bond coating by heating at 1573 and 1673 K in air was inves-
tigated. The results obtained are summarized as follows.

e Aveined structure forms at the interfaces between the bond
coating and top coating and the substrate on heat treatment
at 1573 K for 14.4 ks.

¢ Theadhesion strength of the coating enhanced and exhibited a
strength of ~20 MPa on heat treatment at 1573 and 1673 K
whereas the strength of the as sprayed coating was ~2 MPa.

e The enhancement of strength arises due to physical joining
by the veined structure and chemical joining by the forma-
tion of NiAl204 oxide at the interfaces.

¢ The adhesion strength of the coating increases on decreas-
ing the bond coating thickness. In the |2@ thick bond
coating, the strength exhibited ~45 MPa, and only p@Al
oxide was formed in the bond coating on heating at 1673 K.

Fig. 8 EPMA images of 2(um thick bond coating heat treated at 1673 K for 14.4 ks. (a) Back-scattered electron imagea(t(cNAKK a. (d) Cr-Ka
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Fig. 10 XRD patterns on ruptured surface of 100 andug0thick

Fig. 9 EPMA images of 2Qum thick bond coating heat treated at
coatings heat treated at 1673 K 14.4 ks

1673 K for 14.4 ks after tensile testing
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Fig. 11 Back-scattered electronimage atinterface between sprayed alumina-50% chromia and alumina-base substrate with NiCra&ligooaatco
treated at 1673 K for 36 ks in air
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