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Abstract

The y/y’-eutectic structure in the single crystal blade castings of superalloy CMSX-4 was examined. It
was observed that the as-cast eutectic in the airfoil region was uniformly distributed and could be nearly
completely eliminated during solution heat treatment. In the platform, however, significant difference
in the eutectic appearance between top and bottom surface was detected. The as-cast eutectic in the top
region was measure to be several times more than that at the bottom. Even after standard heat treatment,
there is still a number of residual eutectic remaining undissolved at the platform top. This phenomenon,
called as upward accumulation of eutectic structure, is attributed to the upward transmission of y’-form-
ing elements by means of diffusion and convection, resulting in an eutectic concentrated region at the top
of the casting part.

Keywords: Superalloy; Single crystal; Blade casting; Eutectic; Upward accumulation

Short Communication

Aero-engine is the most advanced product in modern manufacturing industry, in
which the Single Crystal (SC) blades of superalloys are the most important components. At
present, all advanced aero-engines are characterized by the application of SC blades, which
are fabricated by directional solidification technology. During the solidification process, the
y phase grows from the alloy melt in the form of columnar dendrite, and the y/y'-eutectic
phase precipitates from the interdendritic residual liquid at the final step of the solidification
process. In order to improve the strengthening effect of precipitation phase in the alloy, more
and more y'-phase forming elements were added. This makes the volume fraction of y/y'-
eutectic in the as-cast structure increase continuously. In the as-cast microstructure of the
second and third generation SC superalloys, the y/y'-fraction may even exceed 10% [1]. In the
past few decades, the study of eutectic structure has mainly focused on the morphology, size
and volume fraction of eutectic with solidification conditions [1-5]. In addition, the nucleation
and growth of eutectic in the interdendritic liquid were studied in detail [6-8]. In this paper,
the as-cast and solution heat treated microstructures of SC blade castings were investigated,
to detect the distribution of eutectic in both structures.

The alloy used in the experiment is the second-generation SC superalloy CMSX-4 with the
nominal composition (wt pct) of 6.4Cr, 9.6Co, 0.6Mo, 6.4W, 6.6Ta, 2.9Re, 5.7Al, 1.0Ti, 0.1Hf,
and rest Ni. A group of single crystal turbine blades were cast in an industrial vacuum furnace
of Bridgman type. The applied heater temperature and pouring temperature were 1550 °C,
and the withdrawal velocity of the mold shell poured with alloy melt was 3mm/min. After the
casting process, the blade castings were knocked out of the ceramic mold and mechanically
separated from the casting cluster. After the sand blasting the blades were etched to reveal the
macrostructure. A part of the blade castings were used to investigate the eutectic distribution
in as-cast structure. For the other part of castings, the solid solution heat treatment was
carried out to detect the corresponding structure.

Figure 1(a) & (b) show the cross-sections of the blade airfoil before and after heat treatment
respectively. The as-cast microstructure shown in Figure 1(a) consist of dark y-dendrites and
bright white y/y’-eutectic islands. It can be seen that the y/y’-eutectic structure is relatively
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uniformly distributed on the cross section, and the eutectic fraction
in the as-cast microstructure was measured to be about fe = 6.5%
. After solution heat treatment, the eutectic islands were basically

(a)

Figure 1: Cross sections of the blade airfoil in as-cast state (a) and after heat treatment (b).

The microstructure in the platforms of blade castings was
also examined, as presented in Figure 2. Although the platform
is only 3mm in thickness, there is a great difference in the y/y'-
eutectic appearance between the top and the bottom surface of the
platform. Figure 2(b1) shows the as-cast microstructure beneath

eliminated (figure 1(b)), only a few small residual eutectic could
be detected, which were distributed randomly in the cross section.

(®)

the top surface. A large number of white bright y/y'-eutectic islands
are present in the interdendritic region. The area fraction of the as-
casty/y'-eutectic reaches a high value of fe=13.1%, as measured on
the entire upper surface of the platform.

Heat treated

(b1

(fe=13.1%)

(b2} (fe=3.0%)

(c2 ) (fe-}

Figure 2: Photo of a blade casting part (a), and cross sections of a platform (b1, b2, c1, c2), revealing the as-cast
structure and the heat treated structure, at the top and at the bottom, respectively.

Figure 2(b2) shows the as-cast microstructure beneath the
bottom surface of the same platform. In this area only a small
amount of fine y/y’-eutectic islands are observed. The area fraction

of as-cast eutectic is about fe=3.9%, which is only 30% of that at the
top surface (Figure 2(b1)), revealing an uneven distribution of as-
cast y/y'-eutectic in the blade platform.
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The solution heat treatment process was applied to dissolve the
as-cast eutectic and to reduce the chemical segregation of alloying
elements in the blade castings. Figure 2(c2) shows the heat-treated
microstructure at the platform bottom. Compared with the as-cast
structure, as seen in Figure 2(b1), the eutectic in this region has
been completely dissolved. However, in the top area of the platform,
there are still a lot of residual eutectic (Figure 2(c1)) even after
heat treatment. The area fraction of the residual eutectic is about
fe=2.1%, so that the blade casting has to be rejected, for exceeding
the residual eutectic standard of 1.5%.

The longitudinal sections of the blade platforms were also
prepared in as-cast state and after heat treatment. Figure 3(a)
presents the as-cast microstructure through the platform, in which
the eutectic fraction increases gradually from the bottom to the top
surface. After solution heat treatment (Figure 3(b)) , the eutectic
structure in the bottom region was completely eliminated. In the
middle region only some fine residual eutectic can be found. In the
top region of the platform, however, there is still a lot of residual
eutectic remaining undissolved, in spite of a standard solution heat
treatment.

Bottom

(a)

(b)

Figure 3: Longitudinal sections of the blade platform in as-cast state (a) and after heat treatment (b).

In order to explain the evolution of the eutectic structure, the
solidification process from the bottom to the top of the platform

\ A

Y ||||H|l__. .-lr
(a)

is divided into the following three steps, as illustrated in Figure 4:

(c)

Figure 4: Schematics illustrating the formation of the as-cast structure from the bottom (a) through the middle (b) to
the top of the platform (c).
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a) Inthebottom region, solidification takes place rapidly due
to the local undercooling, forming the fine dendrite structure.
The y’-forming elements Al+Ti+Ta segregate positively from
the dendrite core into the interdendritic liquid. Due to the
lower solid fraction and insufficient concentration of Al+Ti+Ta
at this stage, only a small amount of y ’-phase can be formed in
the form of y / vy '-eutectic.

b) In the middle region, the dendrites grow upward
continually. With the increase in the solid fraction, more and
more Al+Ti+Ta elements segregated into the interdendritic
liquid, so thatmore y / y ’-eutecticare formed correspondingly.
At the same time, Al+Ti+Ta elements in the liquid transfer
upwards continually by means of diffusion and convection.

c) In the top region, the dendrite growth reaches the top
surface of the platform. Due to the slowdown of the solidification
and the accumulation of elements Al+Ti+Ta, a lot of coarse
y / vy -eutectic are formed, resulting in the phenomenon of
eutectic accumulation in the top region of the platform.

In summary, the microstructure in SC blade castings of
superalloy CMSX-4 was detected. An uniform distribution of
as-cast vy / y’-eutectic was observed in the airfoil part, whose
area fraction is about fe=6.5% in the cross section and can be
almost eliminated after solution heat treatment. In comparison, a
phenomenon of upward eutectic accumulation was found in the
platform. The eutectic fraction at the top and at the bottom of the
platform is about fe=13.1% and fe=3.9% respectively, revealing a
significant difference in the eutectic distribution. This phenomenon
is attributed to the upward transmission of vy ’-forming elements by
means of diffusion and convection during the upward solidification
process through the platform, which are finally enriched in the
upper surface region and generate a large number of y/y’-eutectic.

It should be pointed out that, the eutectic accumulation at the top of
platformis so serious thata number of eutectic remains undissolved
during standard heat treatment, resulting in the rejection of the SC
blade castings.
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