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Abstract

Rene-80 nickel-base superalloy as an alloy for gecdn of the jet turbine blades shows high
mechanical properties as well as microstructurdilgia during the high temperature engine
operation. In this research, age hardening heatntient cycle was done on the as-cast Rene-80
superalloy. In the following, microstructure, elamed analysis of phases and macro-hardness of the
alloy before and after of heat treatment were casgbtogether with scanning electron microscopy
(SEM) observation, X-ray spectrometry (EDS) andlhass test, respectively. The obtained results
showed that’ carbide particles in the as-cast alloy had cubmrphology, while these particles
showed more spherical morphology after heat treattraed also the amount of this phase was
reduced after heat treatment. Based on hardndsesests, hardness of as-cast sample was reduce
from 38.17 to 35.01 HRC after age hardening hestitnent, which can be due to the reduction of
carbide particles and their morphological modificat
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1. Introduction

Superalloys developed for use at high temperatum@ siress condition due to their high

performance characteristics. The three major nasedf these alloys are nickel, cobalt and iron
and usually manufactured by casting and forminghouetd [1-5]. High thermomechanical strength,

resistance to high temperature creep, surface listalnd corrosion resistance are the key
characteristics considered in using the supergléoys.

Nickel based is critical superalloys use for tuebindustry applications where high strength and
creep resistance properties needed.

The cast nickel-based superalloy Rene-80 is a mtaton strengthening material use for

manufacturing catastrophic parts including turbiobede, turbine disk and combustion chambers
due to its high thermal fatigue and corrosion tasise [6-7]. The application of these superall@ys i

increasing in different industries. The authorsenagme efforts on welding, brazing and drilling of
this material in the industry [8-11].

There are a few works concerning heat treatmenRehe-80 super alloy. Safari et al. [12]

investigated the precipitation of different carlsde grain boundaries and alloy elements.
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Yang et al. [13] studied the effect of heat treattren the mechanical and stress rupture properties.
Gao et al. [14] discovered the cooling rate effeot microstructure evolution and mechanical
properties of Rene-80 super alloy. Du et al. [16fked on microstructure and tensile behavior of
In792 super alloy. In addition, some works [16, t@hducted on newly developed nickel based
super alloys. In them, mostly the microstructureletton and hot temperature properties of the
alloys studied due to heat treatment processesl| &oal. investigated the formation of serrated
grain boundary resulted from movementgbarticles in Ni-based superalloys and the requiesat
treatment cycles in casting process was suggets8d [

According to the research [19-22] on Ni-based tregtments, the correct selecting of solution and
aging temperature is the more affective parameteadhieving proper mechanical behavior.

In this work, the effect of over aging heat treattnen the material microstructure, phases,
morphology and hardness was investigated for Ré@nsu@eralloy. The OM and SEM images of
casting and heat treated samples were studiecharehtlysis of elements performed by EDS tests.

2. Experiments

The average elemental composition of the cast hlukeed superalloy Rene-80 reported from XRF
analysis on five samples is according to Tablehis &lloy is named C50TF28 in GE standard. This
material is used for manufacturing of industrias garbines blades.

Tablel. Chemical composition of Rene-80
Element Ni Cr Co Ti Al Mo W C B Fe
Wt% Bal. 15.18 9.10 542 3.18 4.14 4.10 0.15 0.13 0.10

The over-aging heat treatment cycle performed @nddsted samples according to Figure 1. A
programmable argon vacuum furnace under vacuumsyme@sof 0.1 mbar was used for heat
treatment. The performed heat treatment processawésllow: in the first step, solution treatment
performed in 1204C for two hours followed by cooling to 1093 for 10 minutes in argon furnace.

In the second step, the samples were kept in 1098t four hours and cooling to 843 in argon
furnace for 60 minutes. In the third step, the dasipvere kept in 848 for 32 hours after that
cooling to room temperature in 60 minutes. In therth step, the temperature of samples increased
to 1000C and kept for 10 hours in this temperature anch tb@oling to room temperature in
vacuum furnace in 60 minutes.
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Figurel. Over aging heat treatment process ofdh@ptes
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3. Results

Effects of over aging heat treatment on the mdtemgrostructure, phases, morphology and
hardness investigated for Rene-80 superalloy. dhewing results presented for both casting and
heat-treated samples.

3.1 Casting samples

Figure 2 shows optical microscopy result of a R8@ecasting sample contains dendrites resulted
from solidification process in a separation pattéfrhe heavy elements with high melting point
temperature such as tungsten and molybdenum areemated in the center of dendrites.
Boundary areas of dendrites are rich of aluminum @tanium element which shown in shaded
color. Existence of these elements results in asing the size of’ particles in boundary areas
relative to dendrites center [23].
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Figure2. OM image of Rene 80 castlng dendrltlc rmmucture

In Figure 3 the SEM image of casting microstructigrghown. In this image, the particles have
cubic shape in which some of them have extendedec®rdue to forming of new particles from
older ones.

Ternary phase diagram of Ni-Al-Cr showed in FigdreMicrostructure of eutectig-y’ areas are
shown in Figure 5 which are formed in the last stégolidification step. Distribution of carbide
particles in casting microstructure is shown irufig6. Two types of carbides MC and#ds with
different shapes in the grains and boundaries ecegnizable. Usually BCs carbides form in

grain boundaries but MC carbides create insidegthens more regularly as clarified in Figure 6
[23].

Figure3. SEM image of cubi¢ particles in Rene 80 casting microstructure
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Figure4.Calculated isothermal section for-Al-Cr at 1000 c [2#

Figure5.SEM image of eutectic microstructure in R&80 casting microstructu

Figure6.distribution of carbides in castirmicrostructure of Ren&C

The image of MC carbidewith 6.00 KX magnification is declared indure 7. In Figure 8 the
analysis of this element is shown. Accordingly thesrbides are rich of titanium, tungsten
molybdenum.
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Figure7. MC carbide in casting microstructure oh&0
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Figure8. Elemental analysis of MC carbides in R@dienirostructure

As shown in the SEM results, the phaswith semi cubic morphology exist in the microstture,
which can lead to significant reduction in the mialdlexibility and increasing its hardness.

3.2 Heat Treated Samples

The influence of over-aging heat treatment proaasshe morphology of’ microstructure is
shown in Figure 9. The cubi¢ of casting microstructure is converted to sphari¢ and in some
zones the’ particles are united which result in reducing meagical properties and increasing the
weldability. Figure 10 displays the carbides dizition in heat treated microstructure. According to
dissolution temperature of MC carbides (more th@A0IC) and M3Cs carbides (750 to 98Q),
the carbides of heat treated samples are lessddsting microstructure shown in figure 5 and
eutectic zong’-y disappeared.

The MC carbide enriched of titanium, tungsten amdyivdenum is displayed in Figure 11 with the
element analysis presented in Figure 12. Figurdeiionstrates the boundary carbidg;®4. The

element analysis of this carbide shown in Figureelals that this carbide is full of molybdenum,
chromium and tungsten.
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Figure9. The morphology af in microstructure of heat treated Rene 80

Figurel0. Distribution of carbides in Rene 80 métrocture

Figurell. MC carbide in heat treated Rene 80 sample
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Figurel2. MC 6arbide in heat treated Rene 80 sample
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Figurel13. Existence of boundry,MCs carbides in heat treated sample

SpsleV

=S
I

£1H | Y

L
T T T
0

| \‘ !
6 g 10 12

Figurel4. Element analysis onMfe carbides in heat treated samples

3.3 Hardness

The hardness average of heat treated sample i$ BRRC while for casting sample is less (about
38.17 HRC). The reason may be due to decreasiegrbfdes in the matrix and also changing the
morphology of them from cubic form to semi sphdrica

4. Conclusion
In this work, the microstructure, element analyamsl macro hardness of Rene 80 super alloy is
studied in casting and heat treated condition haddllowing results obtained:

1. In casting microstructure, some dendrites with s pattern exist.

2. Conducting over aging heat treatment result in ghranof particles shapes from cubic
to spherical. In some zones, the particles are adenected and larger particle created.

3. In both samples, the MC and M23C6 carbides ardleisihile in heat treated one their
value is lower.

4. The macro hardness of heat treated sample is loweomparison with casting ones.

The possible cause is declining of carbides aftecgss and transforming of them from cubic to
spherical forms.
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