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Oxidation protection of NiCoCrAlY coatings on ¥ TiAl"”
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Abstract: The effect of NiCoCrAlY overlay coatings on the oxidation resistance of ¥TiAl was studied at 900 C in
static air. To hinder the interdiffusion of the elements, the Al/ AlO3 layer was added between the coating and the

alloy. The results show that the TiAl alloy exhibits poor oxidation resistance. NiCoCrAlY coating can not effective

ly protect the ¥TiAl substrate from high temperature oxidation because of the serious interdiffusion between the

coating and the substrates. With Al/ AL O3 diffusion barrier, the NiCoCrAlY coating exhibits excellent oxidation

protection on ¥TiAl alloy.
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1 INTRODUCTION

TiAl intermetallic alloy, based on the ¥TiAl,
is expected to be one of the candidates for high
temperature systems such as aircraft engine be-
cause of its high modulus of elasticity, low density
and good creep resistance at high temperature' " .
However, there are two major drawbacks with ¥
TiAl alloy as an engineering material: one is its
poor room temperature ductility and the other is
the poor oxidation resistance above 800 ‘C°'. A
large amount of efforts have been focused on im-
proving the oxidation resistance of TiAl alloy. It
was shown that alloying or ion implantation could
effectively improve the oxidation resistance of
TizAl and TiAl* "', e. g, by addition of Nb'® 7,
Cr'®, Mo and Si''”.

sults by surface coatings for improvement of the

In addition, some good re-

oxidation resistance have indeed been achieved by
silicides/ aluminide coatings made by pack cementa-
tion, coating of MCrAlY type, TiAkbased coat-

1
I ete. However, a

ings with Cr and A g additions''
simpler and less expensive method is still desira-
ble. MCrAlY overlay coatings are being widely
used on superalloys because dense and adherent
scales can be formed during service, thus preven-
ting further environmental attack'!'™ "', But when
applied on TiAl alloys, the MCrAlY coatings en-
countered problems due to the very serious inter-
diffusion between the coatings and the sub-
strates''™. To solve this problem, a diffusion bar-
rier must be included in the coating system. In this

paper, the effect of NiCoCrAlY overlay coatings

on the oxidation resistance of ¥TiAl was studied at
900 C in static air. To hinder the interdiffusion of
the elements, the Al/ AL O3 diffusion barrier was
added between the coating and the alloy. The in-
fluence of the diffusion barrier on the behavior of
the oxidation and the interdiffusion was investiga-

ted.
2 EXPERIMENTAL
The nominal composition of the ¥TiAl alloy is

Tr48AF2Cr2Nb ( mole fraction, %).

pons of 10 mm X 15 mm X 2 mm were cut from this

The cou-

material by means of a spark erosion saw. The
samples were polished to 800-grit, peened (200-
grit glass ball), ultrasonically cleaned in ethanol
and dried in cold air. Then the coupons were load-
ed into an arc ion plating facility to deposit the A1/
A120; diffusion barrier and NiCoCrAlY coating.
The nominal composition of the NiCoCrAlY coat-
ing is Ni32Co-20Cr8A 0. 5Y ( mass fraction, %) .
The time for depositing the A1/ Al,03/NiCoCrAlY
coating was 10 min, 30 min, 4 h, respectively. Ox-
idation tests were conducted in static air at 900 C
for 100 h. The mass changes of the specimens were
measured at regular intervals. The sensitivity of
the balance was 1077 g. Subsequent to oxidation,
the specimens were evaluated by X-ray diffraction
( XRD, CuKua),
( SEM)
(EDX).

scanning electron microscopy
and energy dispersive X-ray analysis
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3 RESULTS AND DISCUSSION

Mass gain vs time data of the ¥TiAl alloy and
its protective coatings exposed to air at 900 C in
furnace tests is shown in Fig. 1. It is clearly shown
that the bare alloys have high mass gains in the
first 20 = 30 h. After that, obvious mass loss oc
curs, which shows scale spallation on the bare al-
loy during oxidation. The mass gains of the coated
specimens are much lower and obey the parabolic
law during the oxidation process. The mass gains
of the NiCoCrAlY coatings decrease by the addr
tion of the A1/ ALLOs barriers at 900 C. The TiAl/
A1/ Al203/NiCoCrAlY system shows excellent oxi-
dation resistance, with the mass gain of only
0.57256 mg/ cm® after 100 h oxidation.
spallation takes place on the uncoated specimen,
while no spallation can be found for the coated
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Fig. 1 Curves of mass gains vs time

Fig. 2 shows the cross-section morphology of
the oxidized TiAl alloy. It is clearly shown that
flaking of the oxide scale occurs somewhere on the
bare alloys. Alternative layers of TiO2 and ALOs,
which correspond to the XRD results in Fig. 3, are
Beneath the
scale, it can be seen that an Al impoverished layer
forms. The scale of mixed TiO2 and AL O3 has no
protective effect and is prone to scale off. As a re
sult, the bare alloy exhibits rather poor oxidation
behavior at 900 C.

For the NiCoCrAlY coatings without diffusion
barrier, the oxidation product consists mainly of
Cr203 and Ti02, and also a small amount of AL, O3
and Co0203(Fig.4). The peaks of the metallic pha-

ses are very low, which show that the coating ex-

formed on the specimen surface.

periences serious oxidation and a large amount of
coatings were consumed. Fig.5 displays the cross
section morphology of the NiCoCrAlY coatings on
the TiAl alloy after oxidation for 100 h at 900 C.
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Fig.2 SEM image of cross-section of
¥TiAl alloy after oxidation for 100 h at 900 C
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Fig. 3 XRD pattern of ¥TiAl alloy
after oxidation for 100 h at 900 C
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Fig. 4 XRD pattern of ¥TiAl/NiCoCrAlY after
oxidation for 100 h at 900 C

The scale on the specimens is porous mixed oxide
of Cr, Al, Ni, Co and Ti instead of protective
Al2O3(Table 1). The mixed oxide has little pro-
tective effect, which results in the fast consump-
tion of the NiCoCrAlY coating. Serious interdiffu-
sion occurs between the coatings and the sub-
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Fig. 5 SEM image of cross-section of NiCoCrAlY
coating on ¥TiAl alloy after oxidation

for 100 h at 900 C

strates. Ti in the substrate diffuses into the coat-
ing, whereas Ni and Co in the coating diffuses into
the substrate at the same time. The remaining
coating can hardly be detected. Two diffusion lay-
ers are formed between the coating and the sub-
strate: the brighter layer labeled “2” is rich in Co,
Ni and also large amount of Ti and Al; the darker
laver is rich in Ti. Al and also laree amount of Ni

(Table 1).

Table 1 EDX results for microzones in Fig. 5
(mole fraction, %)

Element Sfiot Spot  Spot

Spot  Spot  Spot
2 3 1

Element b 3

0 55.5 - - Co 4.14 25.40 4.45

Al 13.07 24.29 39.73 Ni 1.39 23.97 16.13
Ti 6.04 24.73 34.40 Nb - 0.75 1.77

Cr 19.87 0.86 3.51

The NiCoCrAlY coatings with Al/A12O3 bar-
rier show very different phenomenon during oxida-
tion. The interdiffusion between the coating and
the substrates is very limited. From the cross
section morphology in Fig. 6, it can be seen that no
interdiffusion zone can be detected at the interface.
No Ti can be detected in the NiCoCrAlY coating,
and at the same time, no Ni, Co and Cr can be de-
tected in the substrate. A very dense and adherent
scale of Al2O3 formed on the coating. According to
the XRD results in Fig. 7, only ¢ ALO;3 can be 1
dentified as the oxidation product and the peaks of
¥Ni and Y-Ni;Al phases were still very high after
oxidation for 100 h at 900 C. That is, the NiCo-
CrAlY coating on the Al/ Al Os barrier remains al-
most unattacked after 100 h oxidation at 900 C due
to the excellent protection of the dense and adher-
ent scale of ALOs formed at the initial stage of oxi-
dation.

The NiCoCrAlY coatings don't perform well
on ¥TiAl substrates because of significant inter-

Fig. 6 SEM image of cross-section of
A1/ ALO3/NiCoCrAlY coating on ¥TiAl alloy

after oxidation for 100 h at 900 C
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Fig. 7 XRD pattern of ¥TiAl/Al/Al2Os/
NiCoCrAlY after oxidation for 100 h at 900 C

diffusion between the coatings and the substrates.
The serious interdiffusion influences the oxidation
behavior of the coatings in two ways. On one
hand, the outward diffusion of Ti increases the T1i
content in the NiCoCrAlY coatings. The high
mobility of Tiatoms makes it possible for Ti to mi
grate into the oxide scale and formed Ti oxides
quickly!™. Ti oxides destroy the continuity of the
alumina scale. As a result, no continuous alumina
scale can be formed on the surface of the coating.
The coating experiences fast degradation during
oxidation. On the other hand, the outwarddif-
fused Ti and Al react with the inward-diffused Ni
and Co. The reaction may produce new brittle in-
termetallic phases that will deteriorate the mechan-
ical properties of whole systems. Other researchers
have reported similar results'. With Al/ AL O3
diffusion barriers, the interdiffusion between the
coating and the substrates decreases significantly.
Both the out-diffusion of Ti and inw ard-diffusion of
Ni and Co are suppressed. The stabilization of the
NiCoCrAlY coatings on the ¥TiAl alloys results in
the excellent oxidation behavior of the coatings
similar to that on the superalloys. The dense and
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uniform scale consisting only of AL O3 is formed
on the coating surface. Oxygen in the environment
cannot easily permeate through the alumina scale
into the coating. Consequently, the degradation of
the coating is very slow. In addition, no interdiffu-
sion zone containing brittle intermetallic phases
such as AlCo:Ti and AINiTi'" that will deterio-
rate the mechanical properties of the whole systems
can be formed. As a result, the NiCoCrAlY coat-
ings with A1/ Al2Os barriers provide excellent pro-
tection for the ¥TiAl alloys.

4 CONCLUSIONS

The interdiffusion between the coating and
substrate is a very serious problem for the NiCo-
CrAlY coating on the TiAl substrate. No protec
tive alumina scale but mixed oxide is formed on the
surface of the specimen owing to the fast outward
diffusion of Ti from the substrate into the coat-
ings. With an Al/ AL Os diffusion barrier, a dense
and adherent protective scale of ®A1203 is formed
on the surface of the NiCoCrAlY coating. The Al/
A120s3 can act as an excellent diffusion barrier. The
A1/ Al203/NiCoCrAlY coating provides good pro-
tection for the ¥TiAl alloys.
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