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Summary: In order to develop technology for production of nickel based superalloys by vacuum precise casting the extensive investigations have been done. Considering that these castings, namely turbine blades, are to be working in demanding conditions, it is necessary to fulfill high microstructure criteria and mechanical properties. For accomplishing the required quality, casting and solidification parameters should be under control. Complete quantitative and qualitative characterization of blades obtained by vacuum precise casting in ceramic mold was investigated. Present phase identification and measurement of structure parameters have been done because they are relevant for blades behaviour in operating conditions. In this way the correlation technology-structure-properties was defined.
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1. INTRODUCTION
The turbine blades for thermo power plant must be made of material that retains stable structure at high temperatures and complex stress conditions. Since nickel based superalloys satisfy this requirement, they are recently used for turbojet engine production (1(. Superalloys named INCONEL 100 (IN-100) and 713C are the most frequently used for this purpose. The structure of these alloys is very complex because it depends on chemical composition and solidification conditions [2-4]. Generally, it can be said that the cast structure of this alloys consists of metal matrix (nickel based gamma solution), finely dispersed (( intermetallic phase (usually Ni3(Al,Ti)), (/(( eutectic and primary carbide (MC). The amount, size, shape and distribution of present phases influence the properties of the alloy, which are in direct correlation with the process of solidification.
The aim of this work is the characterization (microstructure and properties) of turbine blades produced from IN-100 and 713C alloys by vacuum precise casting. In this way, it is possible to use new materials and new technology for turbine blades production. The results present only a segment of extensive investigations in this area.

2. EXPERIMENTAL
The two types of turbine blades for thermo-power plant obtained by vacuum precise casting in ceramic mold were investigated. The turbine blades are made of nickel-based superalloys, denoted IN-100 and 713C, which chemical composition is presented in table 1.

Table 1 Chemical composition of turbine blades, wt
	Element

wt%
	C
	Al
	Ti
	B
	Mo
	Cr
	Co
	Ni
	V
	Zr
	Nb

	ALLOY
	IN-100
	0,18
	5,5
	5,0
	0,01
	3,0
	10,0
	15,0
	60
	1,0
	0,06
	-



	
	713C
	0,12
	6,0
	0,8
	0,0012
	4,2
	12,5
	-
	74
	-
	0,10
	2,0


It should be noted that turbine blades made of IN-100 superalloys are bigger compared to those made of 713C superalloy.

Quantitative and qualitative microstructural analysis of turbine blades, hardness measurements in the function of wall thickness i.e. cooling rate and tensile strength tests have been done. Tinner wall samples were taken from the root of the blade. Since the blades made of different alloys had different size, corresponding samples had similar dimensions.

Microstructure characterization was carried out using optical microscope equiped with image analyser (Quantimet-500MC(, Leica. For determination of grain size (L) and dendrite arm spacing (DAS), as main solidification parameters the metallographic liner method is used. The planimetry is performed for carbide particle size determination, which is defined through particle area section (A), perimeter (Lp) and Feret diameter (Fx). Shape of the particles is expressed using perimeter form factor (fX) and area form factor (fA-which is defined to be 1 for circle and ellipse). Carbide particle volume fraction (VV) and their numerical density (NA-number of particles in unit surface) are also determined, being relevant measure of carbide phase dispersity.

Relative standard error for all structure parameters determination was between 1% and 5%.

3 RESULTS AND DISCUSSION
The characteristic microstructure as the function of wall thickness of examined blades made of IN-100 are shown in fig.1a and 1b and blades made of 713C are shown in fig. 1c and 1d.

Microstructure of the blades made of IN-100 is distinguished by dendritic-cellular segregation type of primary ( solid solution. In the dendrite-, cell- and grain-boundaries the carbide phase is precipitated and the quantity of embeded (/(’ eutectic increases with the wall thickness. At higher microscope magnifications, the great quantity of dispersed gamma prime phase is identified. The presence of dendrite segregation of alloying elements in ( solid solution is also obvious (Fig. 1a).
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Fig. 1 The characteristic microstructure as the function of wall thickness of examined blades made of IN-100 (a, b) and 713C (c, d)
Generally, microstructure of the specimens made of 713C is more dispersed comparing to the IN-100. It is probably due to chemical composition of 713C alloy, i.e. the presence of titanium, and most of all, 2% Nb, having in mind that the cooling rates are almost equal due to similar wall thickness. Morphology of the gamma solid solution is dendritic-cellular with lot of carbide particles precipitated in the boundaries. Certain quantity of (/(’ eutectic is present only in thicker wall specimens.

Results of the mean value of grain size (LAV) and the dendrite arm spacing (DAS) measurements for both alloys are shown in Figure 2. 
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Figure 2 Mean values of dendrite arm spacing –DAS (a) and of mean value grain size- (LAV) (b) vs. wall thickness for IN-100 and 713C alloy

These measurements confirmed the qualitative assessment about drastically finer grain and dendrite structure in blades made of 713C comparing to those made of IN-100. The structural parameters dependence of wall thickness, i.e. of cooling rate is also obvious for each alloy. Looking at all small cross-sections, the dendrite arm spacing is equable, what means that cooling control was good. 
Considering changes in the grain size, it can be concluded the same about cooling conditions. The difference in dendrite arm spacing between these two alloys is smaller than the difference in grain size, what lead to the conclusion about grain size weaker response to the cooling rate. The presence of Nb and Ti in 713C alloy contributes the finer grain effect.
Table 2 Carbide particles geometric parameters dependence on wall thickness for samples made of IN-100 and 713C 
	
	A,

(m2
	Lp,

(m
	Fx,

(m
	fL
	fA
	VV,

%
	NAx10-6

(m-2

	IN-100
	tinner wall
	15,90
	21,3
	6,06
	0,674
	0,738
	2,01
	1265,9 


	
	thicker wall
	40,05
	31,9
	8,90
	0,645
	0,766
	3,50
	868,1

	713C
	tinner wall
	0,97
	5,1
	1,35
	0,526
	0,798
	3,04
	31282,6

	
	thicker wall
	8,25
	15,06
	4,40
	0,630
	0,785
	2,90
	2915,7


Results of hardness and tensile strength measurements are presented in Table 3 for both examined alloys.

Table 3 Hardness and tensile strength of as cast blades produced of IN-100 and 713C superalloys 
	Properties
	Re, MPa
	Rm, MPa
	Contraction, %
	HV20

	Alloy
	IN-100
	685
	1014
	9
	317-328 (tinner wall)

317-321 (thicker wall)

	
	713C
	630
	897
	15
	367-381 (tinner wall)

328-340 (thicker wall)


Particle size and distribution difference between these two alloys is obvious. Significant finer and more numerous particles present in blade made of 713C alloy can be explained by Ti and Nb presence. At the same time, volume fraction is similar in both alloys blades. Higher cooling rate in tinner wall blade of both alloys causes more disperse structure and higher hardness than in thicker wall blade (Table 3). All the samples had similar mean values of form factor (Table 2). IN-100 superalloy has higher mechanical properties than 713C, what can be explained by carbide and (’ phases characteristics. 

3. CONCLUSION

On the basis of performed investigations it can be concluded that the microstructure of turbine blades made of IN-100 and 713C superalloys depends on differences in their chemical composition in the first place, and than on cooling rate i.e. wall thickness. Mechanical properties are also in correlation with cooling rate.
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