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ABSTRACT

Purpose: Nickel based superalloys are widely used for turbine and stator blades of compressor in aero-engines. 

The objective of this work is to determine the influence of the inoculant’s content (cobalt aluminate) in the surface 

layer of the ceramic mould on the microstructure and mechanical properties of high temperature creep resisting 

superalloy René 77.

Design/methodology/approach: Experimentally investigated castings have been made of commercially 

produced nickel superalloy René 77. Stepped and cylindrical samples have been casted for: microstructure and 

mechanical examinations. During preparation of ceramic face mould, it has been added the suitably inoculant’s 

content of: 0, 5, 10% mass in zirconium flour. The microstructure analysis has been made by the use of light 

microscopy. Verification of the influence of CoAl2O4 on the mechanical properties of castings has been investigated 

on the basis of results obtained form tensile and creep tests.

Findings: Modification of the face coat of ceramic mould results in the reduction of the grains size of γ matrix 

and disintegration of carbide precipitates. It results in the improvement of mechanical properties of the alloy. On 

the grounds of the obtained results, it was found that the sufficient incoulant concentration in the surface layer of 

ceramic mould is 5%mass.

Research limitations/implications: As the cost of material and process are very high, the castings were 

made with only three different contents of cobalt aluminate in the surface layer of ceramic mould.

Practical implications: 

Originality/value: It was revealed, that inoculant content have a significant impact on the microstructure of 

superalloy René 77 depending on the casting section thickness. It was proved that modification of surface layer of 

ceramic mould has a positive effect on the mechanical properties of superalloy. The researches allowed to find the 

optimal concentration of CoAl2O4 in ceramic mould to produce casting elements made from superalloy René 77.
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PROPERTIES

1. Introduction 

Nickel based superalloys castings are produced by investment 

casting methods which are being improved constantly. Nickel 

superalloys are used for critical elements of the aircraft engines; 

so called „Flight safety parts” (FSP). They are subject of 

exceptional requirements in the production and control respects. 

These elements have to fulfil a lot of requirements of the 

consumer’s standards dealing with the chemical composition, 
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microstructure – and first of all the grain size, the microstructure 

of matrix, the type and relative volume of carbides, microporosity, 

and the surface roughness. This requirements apply to mechanical 

properties at the room temperature and creep strength with 

measurements of strain after breach [1-5].  

Properties of casted blades of nickel based superalloys are 

determined by grains size and orientation, morphology and 

spacing of  ’, carbide phases, and the matrix microstructure [6, 

10]. Turbine blades produced by conventional precision casting 

methods have coarse and inhomogeneous grain structure [11, 12]. 

Such a material often does not fulfil basic requirements, which 

concern mechanical properties for the stuff used in aeronautical 

engineering. The incorporation of controlled grain size improved 

mechanical properties [10-14]. This control of grain size in the 

casting operation was accomplished by the control of processing 

parameters such as casting temperature, mould preheating 

temperature, and the use of grain nucleates in the face of the 

mould. In general, the oxides of cobalt, nickel and iron, metals 

such as cobalt, ruthenium, rhodium, iridium, and platinum, and 

the mixed oxides of cobalt, silica, and alumina extert strong 

nucleating effects, even in low concentration. Nickel, cobalt, and 

iron base alloys have been successfully nucleated by this 

technique. For nickel based superalloys, it was found that cobalt 

aluminate has the best nucleating effect [12]. The important 

factor, which influences the grain size and the quality of the 

casting is the amount of modifier introduced into the mould [13-

15]. The nucleant concentration depends on the alloy kind. Apart 

from the alloy type and modifier there is a certain maximum 

concentration above which the grain size is stable [13, 14].  

In this paper, there has been made an attempt to determine the 

influence of cobalt aluminate content in the surface layer of 

ceramic mould on the cross-section microstructure of superalloy 

René 77 and its influence on the mechanical properties.  

2. Materials and methodology 

The alloy used in this study is René 77. Chemical composition of 

the used melt is given in Table 1. Castings were made by the lost wax 

method in The Precision Foundry WSK „PZL- Rzeszów” S.A. Stepped 

samples were casted for microstructure investigations and cylindrically 

shaped for mechanical properties investigations (Fig.1). In order to 

achieve the modification effect on the surface layer of the casting the 

composition of the first layer of ceramic mould undergone changes – 

reacting directly with the liquid metal. During preparation of ceramic 

face mould, the suitable content of cobalt aluminate (CoAl2O4),

manufactured by Permedia Lublin company, has been added: 0, 5, 

10% mass in zirconium flour.  

Table 1. 

Chemical composition of nickel superalloy René 77 (%mass) 

Ni Cr Co Mo Ta Al Ti C B Zr Fe S Si 

57 14.61 15.32 4.52 0.05 4.73 3.49 0.07 0.015 0.01 0.08 0.001 0.017

Stepped samples were cut in order to make an observation of 

microstructure on the cross sections of separate stepp casting. 

Polished sections were etched with Marble’s reagent (10gCuSO4

+50cm3HCl +50cm3H2O). Stereological parameters of 

microstructure were determined for cross sections of steppes. 

Macro- examination was performed by the means of the image 

analysis software APHELION 2.3. The average surface area of 

grain cross section  , standard deviation s, and the average shape 

factor of grains f were calculated. The average shape factor of 

grains f was calculated according to the relationship, f=a/b, where 

a and b are respectively the length and the height of rectangle 

circumscribe on the analysed grain cross section. Images of grains 

of ! matrix were obtained by the means of stereoscope 

microscope Zeiss Stem 2000-C equipped with the digital camera. 

Microstructure studies were performed by the use of light 

microscope Nikon Epiphot 300. 

Samples of 6.25mm diameter were rolled from cylindrical 

castings for mechanical properties investigations (Fig. 2). Tensile 

tests were carried out by the means of strength testing machine 

WPM ZWICK Mops-h according to ASTM E8 [16] standard. The 

offset yield strength R0,2, tensile strength Rm, unit elongation A4,

and percentage reduction of area of the specimen Z were 

evaluated. Creep tests were made by the use of creep machine 

W+B Walter+bai+AG according to ASTM E139 [17] standard. 

The operating condition of creep tests were as follows: the 

temperature T= 982ºC, and the stress "p= 151,7 MPa. The total 

time duration of creeping tz, unit elongation A4, and percentage 

reduction of area of the specimen Z were evaluated. 

a) b) 

Fig. 1. Assembled wax tree of cylindrical: (a) stepped (b) wax pattern 

Fig. 2. Shape and dimensions of samples for tensile and creep tests 

3. Results

The macrostrucuture investigations showed that the grain size 

of ! matrix in the cross section of casting depends on the section 

thickness of casting and on the concentration of CoAl2O4 in the 

first layer of ceramic mould (Tab. 2). The average surface area 
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Table 2.  

The stereological parameters of macrostructure of superalloy René 77 depending on the inoculant content and the section thickness of the 

cast (height of stair) 

Cobalt aluminate concentration, %mass 

0% 5% 10% 

The section 

thickness, 

mm  , mm2 s, mm2 f  , mm2 s, mm2 f  , mm2 s, mm2 f 

49 6.38 6.06 2.07 3.79 4.70 1.97 1.49 1.92 2.18 

29 6.83 7.52 1.88 4.38 5.79 2.02 2.19 3.32 2.20 

23 13.33 11.68 1.71 4.48 5.84 2.00 1.80 3.15 2.57 

17 6.62 7.15 2.24 1.50 2.30 2.19 0.86 1.51 2.53 

11 3.46 3.90 2.33 1.10 1.49 2.27 0.48 0.56 2.50 

5 1.14 1.30 2.10 0.40 0.69 2.18 0.30 0.34 2.78 

of grain cross section   reduces with the enlargment of cobalt 

aluminate concentration. However, as it is shown in Table 2, the 

difference is not so significant, as the inoculant content increases 

above 5%mass. It was found that the average shape factor of 

grains f remains constant for the large sections (of 49mm). 

Modification of larger amount of CoAl2O4 causes that grains 

which were formed during crystallization are more elongated in 

the direction of the heat outflow from the casting. The photos 

2a),b) show macrostructure of cross section of the samples with 

thickness of 11mm. It is visible, that inoculant acts most 

intensively close to the sample surface. The macrostructure is not 

a homogenious one.  

Fig. 2. The macrostructure of the superalloy René 77 on the cross 

section of casting with 11mm height: a) nonmodified, b) modified 

with 5%mass of CoAl2O4

The microstructure investigations revealed that the inoculant 

influences the microstrucutre of casted alloy. From Figure 3 one 

can see inhomogenity of the microstrucutre resulting from 

dendritic structure. In the case of modified microstructure the 

carbide particles are tinner. Moreover, it was estabilished that the 

realtive volume of „chines script” carbides reduces. 

Table 3 presents the correlation between the inoculant content 

and mechanical properties obtained from the room temperature 

tensile tests. The yield strenght R0.2, tensile strenght Rm and unit 

elongation A4 depends on the CoAl2O4 content. They increase 

with the grain refinemet effect, however when the inoculant 

content is 10%mass, the mechanical properties seem to be stable. 

Fig. 3. The microstructure of the superalloy René 77 in the cast 

state a) the nonmodified sample, b) the modified sample with 

10% mass of CoAl2O4

Table 3.  

Results of tensile test of superalloy René 77 

CoAl2O4

concentration, 

%mass 

R0.2,

MPa 

Rm,

MPa 

A4,

%

Z,

%

0 755 861 3.90 11.49 

5 772 917 6.89 10.52 

10 771 920 6.87 12.96 

Table 4 presents the results of the creep testing. The total time 

duration of creeping tz improved. Similarly, as in the case of strenght 

tests the use of more inoculant content in the surface layer of ceramic 

mould does not improved the total time duration of creeping, only the 

plasticity of superalloy slightly drops with 5%mass of CoAl2O4 and it 

again rises with 10%mass of inoculant content. 



632 632 READING DIRECT: www.archivesmse.org

Table 4.  
Results of creep test of superalloy René 77 

CoAl2O4 concentration, %mass tz, h A4, % Z, % 

0 33.2 16 16.24 

5 38.5 13.2 15.4 
10 38.4 16.65 21 

Fig. 4. The microstructure of superalloy René 77 after the creep 
tests: a) modified with 5%mass of CoAl2O4, with visible cracks 
along grain and dendritic crystal boundaries, b) modified with 
5%mass of CoAl2O4, with visible microvoids growing into the 
gaps, c) nonmodified, cracs in the grain boundaries 

Cracking of superalloys had intercrystalline character and it 
occured along grain or dendritic crystals boundaries, as shown in 
Figure 4a). During creep, nonmodified samples have more 
propensity to carbide coarsening and joining together in the grain 
boundaries, (Fig. 4c) It could influenced the velocity of crack 
nucleations and lower creep strenght. 

4. Conclusions 

The enlargement of CoAl2O4 content in the first layer of ceramic 
mould results in grain refinement of superalloy René 77. It was found 
that the content of cobalt aluminate higher then 5% mass does not 
cause high difference of grain size in the superalloy. Moreover, cobalt 
aluminate effects on the carbide refinement and the change of 
morphology. Modified alloy posses higher value of yield strenght and 

tensile strenght, than nonmodified samples. What is more, the 
elongation increases at about 80%. Castings with inoculated surface 
layer of the mould have a better high temperature creep resistance; the 
rupture time is about 12% longer. The microstrucutre investigations 
revealed that mechanical properties of superalloy René 77 are better 
not only because of the grain refinement but also the carbide 
refinement and the reduction of content „chinese script” carbides. 
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