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ABSTRACT NiCoCrAlY alloy component in ZrQ,/ NiCoCrAlY graded coating forms heterogeneous mi

crostructure after plasma spraying, which consists of ¥(Ni) matrix phase and some &Co phase, as well as a

. !N . . . .
little ¥ ( NizAl) phase. Moreover, owing to the impaction of molten NiCoCrAlY droplets on the substrate at

high speed, the alloy particles experience severe deformation at a high strain rate, producing a lot of disloca-

tions. During rapid solidification, NiCoCrAlY alloy reacts with oxygen in air, and some NiQ, Cr,03, AlLO;

form in the alloy.

Key words plasma spraying graded coating NiCoCrAlY

microstructure

1 INTRODUCTION

Ceramics/ metal graded coating is a new
type of thermal barrier coatings ( TBCs)'"?!,
whose compositions distribute gradually from
metal bond layer to ceramics surface layer, so as
to eliminate the macroscopic ceramics/ metal in-
terface in traditional TBCs. Therefore, the ther
mal stress induced by the mismatchs of thermal
expansion coefficient and elastic modulus be
tween ceramics coating and metal substrate can
be relaxed in high temperature application, and
the thermalshock property can be largely im-
proved.

MCrAlY(M= Ni, Co, Fe, etc.) is a spe
cial kind of superalloy, whose compositions are
designed more simpler comparing with the com-
mon superalloy. Because of the higher content of
Cr and Al, MCrAlY alloy displays excellent antr
oxidation property at high temperature, and has
become the most used metal component in

TBCs .

characteristics of rapid solidifying and cooling,

Since plasma spraying process has the

the microstructure of MCrAlY alloy in the coat-

ing is very complicated * which needs to be
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deeply investigated, but this investigation is in-
sufficient up to date because people are usually
more interesting in the utility of TBCs'> . In
this paper, the microstructure of NiCoCrAlY al-
loy component in ZrO,/ NiCoCrAlY graded coat-

ing was discussed preliminarily.
2 EXPERIMENTAL PROCEDURE

The substrate material was TC4 ( Tr6AF
4V), which was grit-blasted prior to plasma
spraying. The spraying powders were 8% Y203
partially stabilized ZrO, ( PSZ) and Nr4. 5Co
20Cr-4AF1Y alloy, which were premixed to-
gether in various volume ratios according to the
pre-designed compositional distribution, then
carried into the plasma stream. So the ZrO»/
NiCoCrAlY graded coating was fabricated by ad-
justing the plasma spraying parameters.

Coating samples were cut across section,
then ground and polished. The microstructural
distribution and phase composition were investr
gated with optical microscopy (OPM) ., electron
probe microanalyzer( EPMA) and X-ray diffrac



Vol.7  Na 1

M icrostructure of NiCoCrAlY in ZrOo/ NiCoAlY coating . g7 -

tion( XRD). Substructure of NiCoCrAlY alloy
was explored by Phlips CM-12 transimission
electron microscopy(TEM ). TEM samples were
mechanically milled to 0. 05 mm thickness, and
followed by ion thinning to transparency.

3 RESULTS AND DISCUSSION

3.1 Microstructure distribution in graded
coating

Fig. 1 is the crosssectional microstructure
of Zr0,/ NiCoCrAlY graded coating, in which
the left side is T C4 substrate and the other is the
graded coating. In the coating, the white phase
is NiCoCrAlY alloy and the gray one is ZrO».
From substrate to coating surface, the amount of
7103 increases gradually, but that of NiCoCrAlY
changes oppositely. During plasma spraying the
melted NiCoCrAlY particles impacted onto the
substrate surface at high speed, and then flew
and deformed along the substrate surface. Final-
ly the coating was formed by the deformed parti
cles which heaped up layer by layer, and displays

typical laminar structure!”’

3.2 Phase composition of NiCoCrAlY alloy
The bonding layer of the graded coating is
pure NiCoCrAlY alloy, whose phase composition
and distribution were investigated by EPMA
(shown in Fig. 2). Fig.2(a) and Fig. 2(b) are
composition image and morphology image, re

spectively. Fig. 2(¢) ~ 2(f) are the area distrr
bution images including Ni, Co, Cr, Al ele
ments. It could be found that NiCoCrAlY alloy
contains Nrrich matrix phase, some Co-rich
phase and AbFrich phase, as well as a little Cr-
rich phase. Owing to the severe flow and defor-
mation of NiCoCrAlY particles at high strain
rate during plasma spraying, the microstructure
is composed of heteromogeneous and irregular
multr phases.

Fig. 3 is the XRD pattern of NiCoCrAlY
bond layer. The result shows that NiCoCrAlY
alloy includes a lot of ¥(Ni) phase, and a little
NiO, Cry03, Al,O3zete. According to EPMA, it
could be identified preliminarily that Nrrich ma
trix phase is Nrbase solid solution ¥Ni, which
contains some Cr, Co and Al. Crrich phase
mainly is CryO3 and AkFrich phase is Al,O3. Be
cause the content of Co-rich phase is very low, it
is difficult to identify the phase structure of Co-
rich phase according to XRD.

3.3 TEM observation of NiCoCrAlY alloy

The TEM observations reveal the phase
structure of NiCoCrAlY alloy more clearly
(shown in Figs. 4~ 6). Fig. 4(a) is the bright
field image of Y ( Ni) phase, whose electron
diffraction pattern from [ 001] direction is shown
in Fig. 4(b). It could be found that a lot of dis
locations exist in ¥ ( Ni) phase, which twine
each other and form net structure inside the
grain, and squeeze to form dislocation walls at
the boundary(shown by the arrow). The comp-

Fig. 1

Optical microstructure of ZrQ,/ NiCoCrAlY graded coating
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Fig.2 EPMA of plasma sprayed NiCoCrAlY alloy
(a) —composition image; (b) —morphology image;
(¢) ~ (f) —area distributing images of Ni, Co, Cr, Al respectively

osition of ¥( Ni) phase identified by TEM EDS
is

Co, 2.05%; Cr, 17.7%:; Al 1.12%; Y,
0.25% and Niothers. Comparing with the com-
mon Nrbase superalloy, the content of elements
solved in ¥(Ni) phase is very low'®!.

Fig. 5(a) is the bright image of Co-rich

phase, whose electron diffraction pattern is

shown in Fig. 5(b). The indexed result shows
that Co-rich phase has hcp structure, and the dir
rection of electron beam in Fig. 5(b) is [ 0110].
The EDS analysis shows that the Co-rich phase
is nearly pure Co, which indicates that the ele
ment Co unsolubilized in Y ( Ni) phase trans
formed from fce to hep structure during cool
ing, and formed & Co phase.
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A little Y/(Ni3Al) phase is found in Nt
CoCrAlY alloy(shown in Fig. 6). Fig. 6(a) dis-
plays that Y phase has typical cellular structure,
and Y phase distributes along the interface be-
tween Y phase grains, which indicate that the
reaction of Ni and Al occurred during plasma
spraying, and form NizAl phase. Fig. 6(b) is
the electron diffraction pattern from [ 111] dr
rection of ¥ phase, in which regular superlat-
tices spots exists due to the fec latticeordered
structure in Y phase.

The microstructure of plasma sprayed Nt
CoCrAlY alloy is very complicated, and is differ-
ent from the common Nrtbase superalloy. This
results from the complex forming process of the
microstructure of plasma sprayed coating. On
the one hand, the melted NiCoCrAlY particles
impacted onto the substrate at high

speed, and deformed severely; meanwhile, the
alloy particles went through rapid solidification
and cooling, so high mechanical stress and ther-

mal stress formed in the coating'”!, and
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Fig. 3 XRD pattern of NiCoCrAlY
bond layer

Fig. 4 TEM micrographs of Y(Ni) phase in NiCoCrAlY alloy

(a) —morphology;

(b) —EDP

[niinl

Fig. 5 TEM micrographs of & Co phase in NiCoCrAlY alloy
(a) —morphology; (b) —EDP



« 110 -

Trans. Nonferrous Met. Soc. China Mar. 1997

Fig. 6 TEM micrographs of Y (Ni;Al) phase in NiCoCrAlY alloy

(a) —morphology;

induced high density dislocation in NiCoCrAlY
alloy, on the other hand, because of the rapid
melting and solidifying process of NiCoCrAlY
particles during plasma spraving, the solution of
alloying elements such as Co, Cr, Al and Y into
Y(N1) phase is insufficient. So the content of el
ements in Y(N1i) phase is fairly lower, and some
pure element phase such as & Co etc remained at
room temperature. Moreover, the reaction be
tween Niand Al was incomplete, and only a lit-
tle ¥ (NisAl) phase was poduced in the alloy.
Some oxidizing reaction occurred on the alloy
particles surface during solidification, and a little
NiO, Cr,03, ALO;5 films formed.

Since the microstructure of NiCoCrAlY al
loy is very complicated, further work must be
done to investigate the microstructural character
istics and forming mechanism, as well as the in-
fluence of microstructure on thermal shock prop-
erties.

4 CONCLUSIONS

(1) NiCoCrAlY alloy component in ZrO,/
NiCoCrAlY graded coating exhibits complex
multrphase microstructure after plasma spray-
ing, which consists of a lot of ¥Y(Ni) matrix
phase, some & Co phase and a little Y (NizAl)
phase. During plasma spraying process, Ni -
CoCrAlY alloy reacts with oxygen in air, and

(b) —EDP

some NiO, Cry03, ALO3 form in the alloy.

(2) Owing to the impaction of molten Nt
CoCrAlY droplets on the substrate at high
speed. the allov particles experience severe de
formation at high strain rate, producing het-
erogenous and irregular microstructure as well as
a lot of dislocations.
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