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Abstrakt 
 Příspěvek zhodnocuje chemickou a strukturní heterogenitu niklové slitiny Inconel 713 
LC.  Tento materiál patří mezi lité polykrystalické niklové superslitiny, které jsou užívány k 
výrobě oběžných kol malých spalovacích turbín pro pomocné energetické jednotky v leteckém 
průmyslu. V provozních podmínkách spalovacích turbín proudových motorů jsou lopatky 
oběžných kol namáhány časově, teplotně a napěťově proměnnými cykly zatěžování. Během 
provozu jsou lopatky vystaveny řadě degradačních vlivů, zejména vysokoteplotní korozi, 
únavovým procesům a creepu. Měření chemické mikroheterogenity prvků bylo realizováno na 
vzorcích slitiny v litém stavu před a po provozním zatížení. K měření koncentračních dat 
vybraných prvků byl použit mikroanalytický komplex JEOL JXA 8600/KEVEX Delta  
V Sesame a metoda energiově disperzní analýzy. Na každém vzorku byly měřeny koncentrace 
sedmi prvků (Al,Ti,Cr,Ni,Zr,Nb,Mo) ve 101 bodech struktury. Na základě matematicko-
statistických metod byly vypočítány základní segregační charakteristiky měřených prvků. Bylo 
zjištěno, že chemická heterogenita studované niklové slitiny roste směrem od středních částí 
lopatky k náboji. Je pozoruhodné, že největší mikroheterogenita turbínových lopatek v místech u 
náboje koresponduje s frekventovaných výskytem míst iniciace únavových lomů.  
 
 
Abstract 
 The contribution deals with the chemical and structural heterogeneity of a creep 
resistant Ni-based alloy Inconel 713 LC. This material belongs to the cast poly-crystalline nickel 
super-alloys which are used for the production of circulating wheels of small combustion 
turbines for supplementary energetic units in aviation industry. In operational conditions of 
combustion turbines as part of turbo engines, blades of the circulating wheels are stressed in 
time, temperature and stress variable cycles during the loading procedure. The blades are 
exposed to a series of degradation factors such as high-temperature corrosion, fatigue processes 
and creep during the operation. Measurement of the chemical microheterogeneity of elements 
was realized in as-cast state before and after exploitation. As microanalytical complex was 
applied JEOL JXA 8600/KEVEX Delta V Sesame and EDS. In the analysis of chemical 
microheterogeneity, the concentrations of Al, Ti, Cr, Ni, Zr, Nb, Mo were measured in 101 
points of the structure. Then the indices of dentritic microheterogeneity IH were estimated. The 
redistribution of elements is discussed.  
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1.  Introduction  
 This paper aims to evaluate the dendritic heterogeneity and to measure the 
concentration sets of selected elements as found in the samples of INCONEL 713LC taken from 
the turbine wheels, including the development of metallographic documentation on the areas 
measured with reliance on dendritic cells of six samples, numbered 1 through 6. For details on 
the measurement methodology see literature [1 - 4]. To assess the dendritic heterogeneity and to 
determine the effective distribution coefficients of the elements, it was necessary to measure, in 
a defined manner, large concentration sets of the considered elements, in this case those 
encountered in the structurally suitable areas of the samples featuring the greatest possible 
measure of likeness. 

 
Fig.1 Turbine wheel and the areas sampled 

 
 
 Table 1 Sample designation & history  

Sample number Sample designation Sampled area 
1 unused blade 12 mm from the hub 
2 unused blade 2 mm from the hub 
3 unused hub 14 mm from the external girth 
4 used blade 12 mm from the hub 
5 used blade 2 mm from the hub 
6 used hub 14 mm from the external girth 

 
 

2.  Microanalysis and microanalytical results 
 Using a Protopress machine the samples were pressure embedded into Mounting 
Resins 1, 3, a conductive thermoplastic mounting material manufactured by the STRUERS 
Company; the pressure ratio was 7 : 3 and the time of pressing was set as extended. When 
prepared, the samples were etched with an etching agent containing 35 ml of HCl, 10 drops of 
H2O2, 65 ml of ethyl alcohol and 1 g of CuCl2. Then an EPITYP optical microscope was utilized 
to select areas suitable to be analyzed, the areas thus selected were machine encircled and each 
area so encircled was marked (using a HANEMANN microhardness gage under a NEOPHOT 2 
optical microscope) with a row of micro-sized dots; the dots constituted a vector line from which 
the relevant concentration sets were to be taken for each sample used to assess the dendritic 
segregation of the selected elements. After, the samples were treated to the ED microanalysis on 
the JEOL JXA-8600/KEVEX Delta V apparatus combined with OLYMPUS C-3030 Z, a digital 
camera. 
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 To properly assess the level of dendritic heterogeneity and to determine the effective 
distribution coefficients, sufficiently large concentration sets of the monitored elements (Al, Ti, 
Cr, Ni, Zr, Nb, Mo) had to be available. In this case we have decided to subject each sample to 
the ED microanalysis so as to obtain one concentration set of 101 dots placed alongside a vector 
line; the line was to be oriented so that it intersected, in each analyzed sample, a roughly 
comparable number (approx. 8 to 9) of structurally similar dendritic cells and their boundaries. 
To keep the number of dendritic axes intersected by the measured line roughly the same, we 
have chosen different lengths of the section to be measured [1 - 4]. For the 1, 4 samples the 
length was L = 200 µm (the spacing of the adjacent dots was ∆L = 2 µm), while for the 
remaining samples (2, 3, 5 and 6) the figure was L = 600 µm. The dendritic structure was 
evaluated based on half the distance between the dendritic axes. The measured and calculated 
concentration sets of the analyzed elements are quoted at the paper end (e.g. for Nb in sample 3, 
Figure 2) and structures of the other samples (Figure 3, 4). The Table below states the dendritic 
structure parameters: 
 
   Table 2  Number of interdendritic spaces intersected  

Sample number Number of intersected ribs "n" Mean length L/2n *) Measured section L [µm ] 
1 11 9.091 200 
4 11 9.091 200 
2 12 25.000 600 
5 12 25.000 600 
3 10 30.000 600 
6 10 30.000 600 
 11.0±0.9 21.364±9.766  

 
 

 
Fig.2 Structure of Sample 3 of INCONEL 713LC and the Nb concentration versus the distance over  a section 600 µm 

(101 dots) long. The measured dots were etched visible under the x axis.  

  
 Fig.3 Structure of Sample 2 of INCONEL 713LC            Fig.4 Structure of Sample 5 of INCONEL 713LC 
                    unused blade – 2 mm from the hub                used blade – 2mm from the hub 
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3.  Brief discussion of the analysis and a preliminary conclusion 
 Table 3 lists the average concentrations of the measured elements XS; the standard 
deviation SX; the index of heterogeneity of the measured element content IHet = SX/XS; and 
the chemical composition of the samples being measured: 
  
 Table 3a  Summary of measurement & analysis results (wt.%) 

Sample Al Ti Cr Ni Zr Nb Mo 

1 6.283 0.582 11.997 75.900 0.005 1.242 3.990 
4 6.319 0.638 12.064 74.972 0.028 1.701 4.276 
2 6.326 0.554 11.790 76.051 0.027 1.221 4.029 
5 6.129 0.801 11.998 73.860 0.108 2.687 4.416 
3 6.378 0.528 11.683 76.356 0.003 1.183 3.871 
6 6.292 0.565 12.108 75.612 0.009 1.302 4.111 

XS (wt.%) 6.288 0.611 11.940 75.459 0.0300 1.556 4.116 
SX (wt.%) 0.0846 0.0999 0.1666 0.9129 0.0397 0.5856 0.1995 

IHet=SX/XS ( - ) 0.0135 0.1635 0.0140 0.0121 1.3233 0.3763 0.0485 
Quoted (wt.%) 5.90 0.78 11.94 - 0.11 2.24 4.59 

 
 
  Table 3b Chemical composition of INCONEL 713 LC in [wt.%] 

Element C Al Si P S Ti Cr Mn 
Content [wt.%] 0.04 5.90 < 0.05 < 0.005 < 0.005 0.78 11.94 < 0.05 

Element Fe Co Ni Cu Zr Nb Mo Ta 
Content [wt.%] 0.24 0.15 balance < 0.05 0.11 2.24 4.59 0.13 

  
 
 If we compare the average element contents found by the microanalysis (as presented 
in Table 3) with the chemical composition of the material, it becomes obvious that, save for Zr, 
the chemical composition embraces all the remaining elements being analyzed. 
 Table 4 shows the minimum and maximum concentrations of elements within the 
mentioned section and the Is - Index of Segregation (Is = Max / XS). 
 
 
4.  Conclusion  
 The analyses results demonstrate that the mean distances of the dendritic branches 
found in the Ni-based alloy INCONEL 713 LC substantially differ within the measured group of 
the alloy samples in dependence on the manner in which the sample was taken from the turbine 
wheel. The closer are the sampling and measurement locations to the turbine wheel hub, the 
greater is the distance between the dendritic branches. Twelve millimeters from the wheel hub 
the mean half-distance of the dendritic branches found in both the used blade and the unused one 
amounted to L/2n = 9.1µm. In samples taken 2 mm from the wheel hub, the distance was 
observed to rise to L/2n = 25µm. The same structural parameter encountered in the hub proper 
was even larger - L/2n = 30µm. 
 This relation reflects itself in the increased chemical heterogeneity of the measured 
elements, mostly as an enhanced value of the maximum concentration of elements observed in 
the blades close to the wheel hub. The increase of this value with the distance of the dendritic 
branches in the turbine wheel is quite sizable.  
 The greatest differences in the chemical heterogeneity of elements were noticed in 
samples 1 and 4, 12 mm away from the hub, where the maximum measured concentrations Cmax 
showed a marked increase (see Table 5). The peak concentrations of all the elements (especially 
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those of Nb a Mo) were encountered close to the wheel hub. In the hub itself the observed 
concentrations did not exhibit such striking differences in element concentrations. 
 
Table 4  Statistical figures on chemical heterogeneity of the analyzed samples from turbine wheel 

Sample Al Ti Cr Ni Zr Nb Mo 
XS 6,283 0,582 11,997 75,9 0,005 1,242 3,990 
SX 0,270 0,161 0,525 1,109 0,033 0,482 0,305 
Min 5,630 0,290 10,820 72,85 0,000 0,390 3,490 
Max 7,080 1,090 13,260 77,610 0,320 2,650 4,930 
IHet 0,043 0,277 0,044 0,015 6,468 0,388 0,076 

 
Sample 1 

 
L/2n=9,09 µm 

IS 1,127 1,872 1,105 1,023 63,373 2,134 1,235 
XS 6,319 0,638 12,064 74,492 0,028 1,701 4,276 
SX 0,310 0,228 0,508 2,073 0,089 1,573 0,649 
Min 4,700 0,340 9,610 61,670 0,000 0,720 3,500 
Max 6,950 2,020 13,680 76,840 0,590 12,480 8,560 
IHet 0,049 0,358 0,042 0,028 3,176 0,924 0,152 

 
Sample 4 

 
L/2n=9,09 µm 

IS 1,100 3,164 1,134 1,025 20,982 7,335 2,002 
XS 6,326 0,554 11,790 76,051 0,027 1,221 4,029 
SX 0,885 0,165 2,406 1,829 0,176 0,383 0,606 
Min 3,960 0,250 5,450 70,230 0,000 0,430 2,380 
Max 8,230 0,960 17,890 79,290 1,750 2,260 6,460 
IHet 0,140 0,297 0,204 0,024 6,413 0,313 0,151 

 
Sample 2 

 
L/2n=25 µm 

IS 1,301 1,731 1,517 1,043 63,809 1,850 1,603 
XS 6,129 0,801 11,998 73,860 0,108 2,687 4,416 
SX 1,072 1,368 2,609 10,014 0,666 8,198 1,954 
Min 0,730 0,270 1,670 4,720 0,000 0,470 3,140 
Max 7,570 10,520 17,130 78,49 5,020 60,330 18,140 
IHet 0,175 1,707 0,217 0,136 6,174 3,051 0,443 

 
Sample 5 

 
L/2n=25 µm 

IS 1,235 13,130 1,428 1,063 46,558 22,450 4,108 
XS 6,378 0,528 11,683 76,356 0,003 1,183 3,871 
SX 0,864 0,148 2,389 1,819 0,011 0,396 0,551 
Min 4,390 0,200 7,020 71,380 0,000 0,390 2,860 
Max 8,070 1,030 17,120 79,740 0,080 2,220 5,550 
IHet 0,136 0,280 0,205 0,024 4,257 0,335 0,142 

 
Sample 3 

 
L/2n=30 µm 

IS 1,265 1,952 1,465 1,044 31,077 1,877 1,434 
XS 6,292 0,565 12,108 75,612 0,009 1,302 4,111 
SX 0,926 0,179 2,670 2,211 0,031 0,493 0,713 
Min 4,220 0,250 7,670 69,670 0,000 0,410 3,020 
Max 7,800 0,980 18,030 78,840 0,200 2,830 6,700 
IHet 0,147 0,317 0,221 0,029 3,572 0,378 0,173 

 
Sample 6 

 
L/2n=30 µm 

IS 1,240 1,733 1,489 1,043 22,697 2,173 1,630 
Note:  L/2n – half of the distance measured between the dendritic branches, n - number of intersected ribs  
 
 
 Table 5 Maximum measured concentrations Cmax 

Average Cmax Al Ti Cr Ni Zr Nb Mo 
Samples 1, 4 7,015 1,555 13,470 77,225 0,455 7,565 6,745 
Samples 2, 5 7,900 5,740 17,510 78,890 3,385 31,295 12,300 
Samples 3, 6 7,935 1,005 17,575 79,290 0,141 2,525 6,125 

 
 
 A tendency to the heterogeneity growth similar to that observed in the maximum 
measured concentrations can also be seen in the growth of the Heterogeneity Index and the 
Segregation Index of the elements being measured. As we leave the central sections of the 
blades and measure the microheterogeneity of elements nearer to the hub, the Indices tend to 
grow. 
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 It is worth mentioning that the location of the greatest microheterogeneity found in 
the turbine blades, i.e. next to the hub, corresponds with the place where the fatigue cracking 
(notorious as a plague of the bottom sections of the blades) typically starts. In service the same 
area is subject to high tensile stresses exerted on the blade by centrifugal forces in the rotating 
turbine wheel. The conducted measurements lead us to believe that the differences observed in 
the chemical heterogeneity of the turbine wheel are to a considerable degree related to the 
dendritic structure parameters. The larger the mean distance of the dendritic branches, the 
greater chemical heterogeneity of elements in the blades can be expected. 
 Owning to the lack of operational data describing the service conditions of both the 
wheels, the used one and the unused, from which the samples were taken, it was impossible to 
define and make a closer assessment of the differences found in the measured chemical 
heterogeneity of elements. Nevertheless we can assume that as regards the very similar primary 
dendritic heterogeneities found in the used and unused turbine wheels, the differences in the 
exploitation of the two wheels were not as significant as to prevail over the differences in the 
primary technologies (melting, casting, solidifying in the mold, and the like). 
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