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MORPHOLOGY OF y’ PRECIPITATES AFTER SIMPLE AGING
IN FIRST STAGE LOW PRESSURE TURBINE BLADE
OF Ni-BASED SUPERALLOY AFTER SERVICED'

Nobuhiro Miura®

Yoshihiro Kondo®

Abstract

To estimate the distribution of the temperature and the stress, and the stress direction of the
blade in service, the morphology of the y’ precipitates in the Ni-based superalloy serviced as
the 1st LPT blade of the aircraft engine and this aged one was investigated. Microstructure
observations by a FE-SEM were carried out on the forty portions of the both sides of the
perpendicular and the orthogonal sections at the vicinity of the blade surface in the suction
and pressure sides. Most of the y’ precipitates kept cuboidal in shape in serviced blade. A lot of
the secondary y’ precipitates in the y matrix were observed at the root part. On the contrary, at
the leading edge of the tip part, there were no secondary y’ precipitates. After simple aging, the
low complete rafted y/y structures were appeared at the suction sides of 70mm part, while the
other portions, coarsening of the y’ precipitates was observed. Consequently, the 1st LPT
blade in service, at the leading edge of the tip part was exposed to the highest temperature
condition. However, the stress is extremely low in all portions.
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1 INTRODUCTION

As the material for turbine blade in aircraft engine, Ni-based superalloys have been
employed because of their excellent in high temperature strengths and ductility.!"® It was well
known that the cuboidal y’ precipitates of single crystal Ni-based superalloys with the stress
axis of the [001] orientation turn their shapes into the plate like ones perpendicular to the
stress axis during high temperature creep deformation.”"" It was impossible to measure the
temperature and the stress of the blades in service, because the blades rotate with high
speed at high temperature. Therefore, attention has focused on the evaluation method of the
serviced condition of the blade based on the morphology of the y' precipitates.”*>'3 In our
previous work, to estimate the temperature and the stress distribution of the blade in service,
the morphology of the y’ precipitates of a single crystal Ni-based superalloy serviced as the
first stage high pressure turbine (1st HPT) blade of a jet engine was examined. And it was
possible to estimate the blade in service environment based on the morphology of the
v precipitates qualitatively.”

By the way, the polycrystalline Ni-based superalloys have been used for 1st stage low
pressure turbine (1st LPT) blade of a jet engine, because the gas temperature of 1st LPT was
relatively low in comparison with that of HPT. However, in recent years, with a superior
performance and a request of the carbon dioxide emissions reduction of the aircraft, the
further high output and the high efficiency of the jet engine are demanded. The efficiency of
the jet engine strongly depends on the Turbine Inlet Temperature (TIT) and becomes the high
efficiency as a high temperature.!"™ And so the TIT was steadily rising."” With an increase in
the TIT, it was expected that the 1st LPT blade was exposed to the higher temperature.
Moreover, the shape and size of the 1st LPT blade become complicated, namely large and
long in the centrifugal direction compared with those of the 1st HPT one. In addition, the
1st LPT blade was non-cooled. Therefore, it was estimated that the temperature and the
stress distribution of the 1st LPT blade were significantly different from those of the 1st HPT
one. Based on the above conception, the microstructure observation was conducted on the
1st LPT serviced blade. The rafted y/y’ structures were not observed, and most of the y
precipitates kept cuboidal in shape. This microstructure evidence showed that the estimation
of the stress distribution was difficult though the temperature was presumed to be low."¥

In our previous work, the cuboidal ¥ precipitates of the as-heat treated single crystal
Ni-based superalloy, CMSX-4, connected to three <100> directions and coarsened with
simple aging at the high temperature. On the contrary, by employing the aging without stress
of CMSX-4 after the interrupted creep test at the stages when the y' precipitates are still
cuboidal, the y/y’ structure changed to rafted one perpendicular to the creep interrupted stress
axis.'" Based on these experimental results, the formation of rafted v/ structures
corresponding to the stress history was expected by subjecting to the simple aging for
serviced blade.

In this study, the morphological change in the y’ precipitates of the Ni-based superalloy
serviced as the 1st LPT blade of the jet engine and the aged one was investigated to estimate
the detail of the temperature and the stress distribution, and the stress directions in service.
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2 EXPERIMENTAL PROCEDURE

A polycrystalline Ni-based superalloy was prepared in the form of the non-cooled turbine
blade by precision casting. After employing the defined solution treatment and the aging,
aluminized coating was done on the surface of the part of the airfoil. The blade was serviced
as the 1st LPT blade of the jet engine on the military aircraft. The blade was cut into four parts
of perpendicular to longitudinal direction at 10, 40, 70 and 90mm from the tip part by electron
discharge machine. These parts were designated as the tip, 40mm, 70mm and root parts.
Each part was cut into six portions parallel to the longitudinal direction from the leading edge
to the trailing one at the interval of 7mm. Microstructure observations by a field emission
electron microscope (FE-SEM) were carried out on the forty portions of the both sides of the
perpendicular and the orthogonally sections at the vicinity of the interface between the coating
layer and the matrix on the suction and pressure sides. These specimens were aged at
1273K, 3.6x10%. SEM observations were also carried out on the aged specimens at the
same portions before aging. Specimens for the SEM observation were prepared
metallographically and electroetched with a supersaturated oxalic acid agueous solution.

3 RESULTS
3.1 Appearance of 1st LPT Blade

The size of the airfoil of the 1st LPT blade is about 100mm maximum length, about
30mm maximum width. The change of color is observed at the leading edge of the pressure
side and at the trailing edge of the suction side.

3.2 Morphology of y' Precipitates in Different portion of Serviced Blade

3.2.1 Tip parts

The SEM micrographs at the pressure and suction sides of the tip part are shown in Fig.1.
The dotted line on the photos are intersection lines of the orthogonal two planes, the upper
side is perpendicular section on the boundary of this line, and the lower side is the
orthogonally section. The right side of photos of the pressure side and the left side of photos
of the suction side are parallel to the outside surface of the blade.

The cuboidal y’ precipitates becomes rounded in all portions. At the suction side, at the
portion with the distance of 23mm from the leading edge, that is, 23mm portion, the fine
secondary vy precipitates are slightly observed in the y matrix. The denuded zone of the
secondary y’ precipitates are recognized at the matrix phase near the y/y’ interfaces (Fig.1b).
On the contrary, at the leading and trailing edge, there are few secondary y' precipitates
(Fig.1a and c). At the pressure side, the secondary y' precipitates are only observed at the
trailing edge, and the morphology and the distribution of ones are similar to the 23mm portion
at the suction side (Fig.1e).
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Figure 1. SEM micrographs of the suction and pressure sides of the tip part : the leading edge (a) and

(d), 23mm portion (b) and (e) and the trailing edge (c) and (f), respectively.
3.2.2 40mm part

The SEM micrographs at the pressure and suction sides of the 40mm part are shown in

Fig.2. At the suction side, most of the cuboidal ¥ precipitates kept cuboidal in shape (Fig.2a-c).
Alot of the fine secondary y’ precipitates are observed in the y matrix at the 23mm portion and
the trailing edge (Fig.2b,c). At the pressure side, the cuboidal y’ precipitates still remain as well
as the suction side. No secondary y' precipitates are observed at the leading edge (Fig.2d).
However, the amount of the secondary y’ precipitates in the y matrix increased toward the
trailing edge(Fig.2d-f). And at the trailing edge, a large number of the secondary y’ precipitates
are observed at the vicinity of the y/y’ interfaces (Fig.2f).

Figure 2. SEM micrographs of the suction and pressure sides of the 40mm part : the leading edge (a)
and (d), 23mm portion (b) and (e) and the trailing edge (c) and (f), respectively.
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3.2.3 70mm part

The SEM micrographs at the pressure and suction sides of the 70mm part are shown in
Fig.3. Most of the y' precipitates keep cuboidal in shape in all portions. There are few
secondary vy precipitates at the leading edge (Fig.3a,d), while the other portion, the secondary
Y precipitates are observed. The amount of the secondary y’ precipitates increased markedly
toward the trailing edge. In particular, at the trailing edge, the secondary y' precipitates are

closely precipitated at the y/y’ interfaces (Fig.3c,f).

d o : TR § AN SRR A m

Figure 3. SEM micrographs of the suction and pressure sides of the 70mm part : the leading edge (a)
and (d), 23mm portion (b) and (e) and the trailing edge (c) and (f), respectively.

3.2.4 Root part

The SEM micrographs at the pressure and suction sides of the root part are shown in
Fig.4. Most of the ' precipitates keep cuboidal in shape similar to the other part. At the suction
side, a lot of the secondary y' precipitates are observed in the y matrix in the all portions,
whereas the ratio of volume fraction of secondary y’ precipitates is high as leaving from the
leading edge. At the 23mm portion and trailing edge, the fine secondary vy’ precipitates in the y
matrix are closely precipitated at the y/y' interfaces (Fig.4b,c). At the pressure side, A large
number of the fine secondary y’ precipitates are observed in all portions as well as the suction
side (Fig.4d.,f).

5544



ANAIS
PROCEEDINGS

|S5M 1516-392X

18" IFHTSE CONGRESS ﬁ; ze

Isternational Federation for Heat Teatment and Surface Engineering IFETSE

Figure 4. SEM micrographs of the suction and pressure sides of the root part : the leading edge (a) and
(d), 23mm portion (b) and (e) and the trailing edge (c) and (f), respectively.

3.3 Estimation of the Temperature Distribution of Serviced Blade

The estimation of the temperature and the stress distribution of the blade in service is
based on the morphology of y’ precipitates, that is, the formation of the rafted y/y’ structures
and the completion of them including the shape of the y/y’ interfaces. However, as mentioned
above, marked morphological changes from the cuboidal y' precipitates to the rafted y/
structures in each part of the blade are not observed in this work. Therefore, it is impossible to
estimate the temperature and the stress distribution of the blade only based on the
morphology of y' precipitates. By the way, the secondary y' precipitates in the y matrix are
dissolved and disappeared at high temperature, whereas with decreasing the temperature,
the secondary y’' precipitates becomes smaller, and the denuded zone of ones near the
Y precipitates become narrow. Based on the above evidence, the temperature distribution of
the blade in service will be estimated.

Fig.5 shows the schematic illustration of the temperature distribution of the blade in
service. The temperature is classified into five from the morphology of the secondary
Y precipitates in the y channel and the existence of one at the vicinity of the y/y’ interfaces. The
highest temperature is assumed that the secondary y’ precipitates had disappeared. The
distribution from low temperature to high temperature is shown in shades from dark to light. At
the suction side, the secondary y' precipitates are not observed in the y matrix at the leading
and trailing edge of the tip part, temperature is relatively high. At the trailing edge side from the
40mm to the root parts where the many fine secondary y’' precipitates are precipitated in the y
matrix, the surface is exposed to the lowest temperature condition. At pressure side, at the
leading edge side of the tip part and the leading edge of the 40mm part where the secondary
Y precipitates are disappeared, the surface is exposed to the highest temperature condition.
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However, at the trailing edge side of the 70mm and root parts where the high amount of the
fine secondary y’' precipitates exists at the vicinity of the y/y" interfaces in the y matrix, the

surface is not enough to be exposed to the high temperature condition.
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Figure 5. Schematic illustration of the distribution of the temperature
of the 1st LPT blade in service.

3.4 Morphology of y’ Precipitates in Different Portion of Blade After Aging

As mentioned above, the cuboidal y' precipitates of the as-heat treated single crystal
Ni-based superalloy connected to three <100> directions and coarsened with simple aging at
the high temperature. By employing the aging without stress of a single crystal Ni-based
superalloy after the interrupted creep test at the stages when the ' precipitates are still
cuboidal, the y/y’ structure changed to rafted one perpendicular to the creep interrupted stress
axis.l"¥ Therefore, by subjecting the simple aging to the serviced blade, the morphological
change of y precipitates, that is, the formation of the rafted y/y’ structures is expected by the
difference in the stress level. To estimate the distribution of the stress of the blade in service,
the blade is aged at 1273K, 3.6x10%s and the morphology of y’ precipitates is investigated on
the aged specimens at the same portions before aging.

3.4.1 Tip part after aged

The SEM micrographs of the aged blade at the pressure and suction sides of the tip part
are shown in Fig.6. There are no secondary y precipitates in y matrix. At the suction side,
coarsening of the y’ precipitates are observed (Fig.6a,c). At the pressure side, remarkable
coarsening of the y’ precipitates are observed at the leading edge, whereas the degree of
coarsening of the ' precipitates is low as leaving from the trailing edge (Fig.6d,e).
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Figure 6. SEM micrographs of the aged blade of the suction and pressure sides of the tip part : the leading
edge (a) and (d), 23mm portion (b) and (e) and the trailing edge (c) and (f), respectively.

3.4.2 40mm part after aged

The SEM micrographs of the aged blade at the pressure and suction sides of the 40mm
part are shown in Fig.7. The adjacent y’ precipitates contact with each other. The secondary
Y precipitates are not observed in the y matrix as well as the tip part.

Figure 7. SEM micrographs of the aged blade of the suction and pressure sides of the 40mm part : the
leading edge (a) and (d), 23mm portion (b) and (e) and the trailing edge (c) and (f), respectively.
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3.4.3 70mm part after aged

The SEM micrographs of the aged blade at the pressure and suction sides of the 70mm
part are shown in Fig.8. The secondary y precipitates are disappeared. At the suction side,
most of the y’ precipitates are connected two specific directions, and the interface between the
vl phase is straight (Fig.8a). At the 23mm portion, the rafted y/y’ structure are observed, and
the interface between the y/y’ phase is also straight (Fig.8b). At the trailing edge, the low
complete rafted y/y’ structure are observed (Fig.8c).

At the pressure side, the morphology of the y’ precipitates are different from the suction
side, further coarsening of the y' precipitates are observed.

o B 2 B2 5,4, o s B _ BT RS AN Aum
Figure 8. SEM micrographs of the aged blade of the suction and pressure sides of the 70mm part : the
leading edge (a) and (d), 23mm portion (b) and (e) and the trailing edge (c) and (f), respectively.

3.4.4 Root part after aged

The SEM micrographs of the aged blade at the pressure and suction sides of the root
part are shown in Fig.9. The rafted y/y’ structures and the secondary y’ precipitates in the
y matrix are not observed in all portions.
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Figure 9. SEM micrographs of the aged blade of the suction and pressure sides of the root part : the leading
edge (a) and (d), 23mm portion (b) and (e) and the trailing edge (c) and (f), respectively.

3.5 Estimation of the Stress Distribution of Serviced Blade

Based on the above microstructure evidences, the stress distribution of the blade in
service will be discussed.

Fig.10 shows the schematic illustration of the stress distribution of the blade in service.
The distribution from low temperature and low stress sides to high temperature and high
stress sides is shown in shades from dark to light. The rafted y/y’ structures are only appeared
at the suction sides of 70mm part. However the completeness of the rafted y/y’ structures is
low. This microstructure evidence indicated that the amount of the deformation is extremely
little, and the loaded stress is low on the 1st LPT blade in service. While most of the portions
in the blade, coarsening of the y’ precipitates are observed. Therefore, it is supposed that
there is almost no influence of stress.

Consequently, the stress for the 1st LPT blade in service is slightly high at the suction side
of the 70mm part in comparison with other parts, but is extremely low overall.

Root ;
Suction side Pressure side

Figure 10. Schematic illustration of the distribution of the
microstructure of the aged 1st LPT blade in service.
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4 CONCLUSIONS

The morphology of the y’ precipitates of a Ni-based superalloy serviced as the 1st LPT
blade of the jet engine and the one aged for 1273K, 3.6x10%, are investigated to estimate the
temperature and the stress distribution, and the stress directions in service. The following
conclusions are obtained.

1) Most of the y’ precipitates kept cuboidal in shape in serviced blade.

2) The marked difference in the amount of the secondary y’ precipitates in each part of the
blade are observed. There is no secondary y’ precipitates in the y matrix at the pressure side
and at the leading edge of suction side of the tip part, while at the root part, a large number of
the fine secondary y’ precipitates are closely precipitated at the y/y’ interfaces.

3) The surface at the leading edge side of the tip part and the leading edge of the 40mm
part of the pressure side of the blade in service, are exposed to the highest temperature
condition.

4) After simple aging, the low complete rafted y/y’ structure are observed at the suction
sides of 70mm part, while at the other portions, coarsening of the y' precipitates is observed.

5) From these results on the 1st LPT blade in service, the temperature is exposed
comparatively low, and the stress is slightly high at the suction side of the 70mm part in
comparison with other parts, but is extremely low overall.
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