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STRUCTURE AND PROPERTIES OF HEAT-RESISTANT ALLOY 
ZHS-26VI FOR THE PRODUCTION OF RELEVANT PARTS OF GAS 

TURBINE ENGINES 
Purpose. To study the macro- and microstructural state of a series of research samples of the heat-resistant alloy 

ZhS26-VI for the production of critical components of a gas turbine engine, namely rotor blades of a high-pressure 
turbine (HPT), and to evaluate the mechanical properties and heat resistance in accordance with the technical 
specifications of the materials of the gas turbine hot part . 

Research methods. Macro- and microstructural analysis and phase composition studies were carried out by optical 
metallography using an optical microscope. Mechanical properties at room temperature were determined in accordance 
with ISO 6892-84 and ST SEV 471-88. Tensile tests were carried out on a ZDMY30 machine. 

Results. The structure and properties of samples of experimental melts of the ZhS-26VI alloy obtained in the             
FM-1-2-100 vacuum furnace of the “ULMAC” company by the method of equiaxed crystallization were studied. 
Significant grinding of the macrograin was established due to intensive heat removal and high crystallization rate. The 
microstructure of the samples before heat treatment corresponds to the cast state of the alloy, and after heat treatment in 
the standard mode satisfies the technical conditions and corresponds to the approved microstructure scale. The 
mechanical and heat-resistant properties of the samples meet the requirements of the regulatory documentation for 
responsible heat-resistant casting. 

Scientific novelty. New data on the structure and phase state of the ZhS26-VI alloy of experimental and serial melts 
were obtained. The fine structure of the nickel-based heat-resistant alloy, which is traditionally used to produce high-
pressure turbine blades of an aviation gas turbine engine, was studied. 

Practical value. The results obtained provide an opportunity to expand the use of the ZhS26-VI heat-resistant alloy 
for the production of castings for critical purposes. 

Key words: heat-resistant alloy, macro- and microstructure, heat treatment, mechanical properties, heat resistance, 
gas turbine blade. 

Introduction 

The development of new-generation gas turbine 
engines (GTEs) requires improved performance 
characteristics, including power, service life, reliability, 
durability, and fuel efficiency. Achieving the required GTE 
performance is ensured by the application of heat-resistant 
nickel alloys as the primary materials for hot-gas path 
components [1-5]. Heat-resistant alloys used in gas turbine 
construction must have an optimal combination of 
mechanical properties and heat resistance with sufficient 
ductility, which generally ensures high component 
performance under conditions of uneven stress distribution 
across the cross-section. In the works [1–6, 10, 11] special 
attention was paid to the study and improvement of the 
long-term strength and creep properties of heat-resistant 

alloys, and the authors [7–9, 12, 13] paid special attention 
to the development of principles for alloying heat-resistant 
alloys operating in high-temperature corrosive 
environments, which is more typical for gas turbine units 
in land and marine engine building, although it is also 
inherent in aircraft engines operating in marine 
environments or desert regions [8, 9]. Ensuring improved 
characteristics of hot tract parts and, in general, the 
operational life of a gas turbine engine is usually carried 
out in two main directions: the development of new 
complex heat-resistant alloys with a high content of 
elements, having low diffusion coefficients under high 
temperature conditions and increasing the range of service 
characteristics through additional alloying, modification 
and microalloying of industrial alloys that have 
demonstrated reliability in long-term operation [16]. 
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For modern gas turbine engines, the base material for 
both uncooled and air-cooled blades are high-strength cast 
nickel alloys, which, in addition to the nickel base, may 
contain chromium, cobalt, titanium, aluminum, tungsten, 
and other elements. An example of such alloys is the nickel 
alloy ZhS26-VI [14]. 

Material and Methodology 
Fragments of a rod blank produced in a ULMAC FM-

1-2-100 vacuum furnace using equiaxed crystallization of 
the ZhS26-VI alloy were studied. 

The chemical composition of the material, as well as 
the macro- and microstructure of the test samples, were 
determined. The macrostructure was revealed by chemical 
etching in a reagent consisting of 80 % HCl and 20 % H2O2. 

Using high-speed directional solidification, 15mm-
diameter, 135mm-long specimens were cast from 90mm-
diameter rod blanks of ZhS26-VI alloy obtained from fresh 
components to determine their mechanical and heat-
resistant properties. 

The mechanical and heat-resistant properties were 
determined on unheat-treated specimens, as well as after 
heat treatment using the standard mode—homogenization 
at 1265 ± 100 °C in a vacuum. 

After processing according to the specified options, the 
blanks were machined to ensure the dimensions specified in 
the technical documentation for the manufacture of 
mechanical testing specimens. Mechanical properties at 
room temperature (tensile strength, yield strength, 
elongation, and reduction in area) were determined in 
accordance with ISO 6892-84 and ST SEV 471-88. Tensile 
testing was performed on a ZDVY30 testing machine. 

Long-term strength testing was conducted in 
accordance with DSTU ISO 204:2019 using an Instron M3 
testing machine at 945 °C and a load of 260 MPa until 
complete failure of the specimens. 

Research Results and Discussion 
The chemical composition of the ZhS26-VI alloy for 

all tested variants, with respect to the main elements, meets 
the requirements of the scientific and technical 
documentation for the material (Table 1).The 
macrostructure of the transverse cut of fragments of 
workpieces, taken from a vacuum furnace FM-1-2 from 
OLVAC using the equiaxial crystallization method, is 
presented in Fig. 1.The structure of the workpiece-fork is 
presented by the following crystallization zones: 

- Zone of fine subcortical crystals; 
- Zone of columnar crystals; 
- Zone of equiaxed crystals. 
The zone of columnar crystals, which expand from 

the surface of the samples to the central zone at a 12–23 
mm distance (Fig. 1). According to the authors [15, 16], 
this zone is formed under influence of cobalt aluminate, 
which is introduced into the first ceramic-shaped working 
layer and ensures increased thermal conductivity [16, 17]. 
The advancing zone is the zone of equiaxed grains, grown 
at the center of the fork with a diameter of 4–61 mm. 
Intensive fragmentation of grains in this zone can be 
associated with the action of dispersed particles of titanium 
carbides, which are additional centers of crystallization, 
which promotes the formation of a more finely dispersed 
structure of the alloy [16].

 
Table 1 – Chemical composition of tested variants of ZhS26-VI nickel-based alloy 
№ 

melt 

Content of elements, % 

C Cr Co W Al Ti Mo Fe Nb V Si Mn S P B Ni 

1 0,144 5,08 9,05 11,54 5,86 0,98 0,98 0,06 1,54 1,03 0,090 0,008 0,003 0,005  Base 

2 0,16 5,10 9,06 11,58 5,90 0,99 1,01 0,06 1,54 1,00 0,080 0,006 0,005 0,004  Base 

3 0,144 4,95 9,10 11,46 5,84 1,02 1,06 0,06 1,60 1,05 0,080 0,009 0,005 0,004 0,014 Base 

4 0,143 4,98 8,93 11,52 5,90 1,00 1,03 0,06 1,60 1,04 0,080 0,010 0,005 0,004 0,012 Base 

5 0,14 5,03 9,00 11,45 5,76 1,02 1,04 0,06 1,65 1,03 0,080 0,010 0,005 0,004 0,011 Base 

6 0,143 5,12 9,13 11,51 5,77 1,02 1,06 0,06 1,65 1,05 0,070 0,009 0,005 0,004 0,014 Base 

7 0,144 5,16 9,15 11,42 5,66 1,02 1,05 0,06 1,63 1,07 0,080 0,009 0,005 0,004 0,014 Base 

8 0,14 4,98 9,03 11,59 5,82 1,05 1,09 0,06 1,60 0,99 0,085 0,008 0,005 0,004 0,013 Base 

9 0,15 5,02 9,10 11,49 5,78 1,09 1,11 0,06 1,71 1,08 0,065 0,009 0,005 0,004 0,015 Base 

10 0,133 4,80 8,84 11,75 6,05 0,92 1,00 0,06 1,50 1,00 0,10 0,008 0,005 0,004 0,010 Base 

11 

Series 
0,15 5,04 8,89 11,65 5,86 0,93 1,00 0,06 1,63 0,99 0,11 0,009 0,005 0,004 0,010 Base 

Norms 

TU 1-92-

177-91 

0,12- 

0,17 

4,3- 

5,3 

8,7- 

9,3 

11,2- 

12,0 

5,6- 

6,1 

0,8- 

1,2 

0,8- 

1,2 
≤0,5 

1,4- 

1,8 

0,8- 

1,2 
≤0,2 ≤0,3 

≤ 

0,005 

≤ 

0,010 

≤ 

0,015 
Base 
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a 

 
b 

 
c 

 
d 

 
e 

Figure 1. Macrostructure in the cross-section of the bar blank of 
the ZhS26-VI alloy samples: 

a – variant 1 before heat treatment; b – variant 1 after heat treat-
ment; c – variant 2 in the initial state; d – variant 10 in the initial 

state; e – variant 11 in the initial state 

 
The results of measuring the parameters of the macro-

structure of the blanks of different variants of the melts of 
the ZhS26-VI alloy samples are given in Table 2. 

Table 2 – Parameters of the macrostructure of the 
blanks made of ZhS26-VI metal in the initial state 

 

Option 
number 

Size of crystallization zones, mm  
macrogra
in, size 

mm 

zone of fine 
subcortical 

crystals 

columnar 
crystal 
zone 

zone of 
equiaxed 
crystals 

1 1…2 17…23 44…56 3,0…8,0 
2 1…2 12…15 52…58 2,0…10,0 
10 1…3 18…20 47…51 2,0…5,0 
11 1…2 10…12 57…61 1,0…2,5 

 

Metallographic examination of the test samples          
revealed no metal contamination in the form of films, 
coarse slag inclusions, or accumulations thereof. 

The microstructure of the alloy samples cast made of 
the ZhS26-VI alloy, in all test variants, is a γ-solid solution 
with an intermetallic γ′- phase and a eutectic (γ-γ′) phase 
with carbides and carbonitrides, corresponding to the as-
cast state of the ZhS26-VI alloy (Fig. 2). 

 

   
a × 50                  b × 200 

 

    
c × 500                  d × 50 

 

    
e × 200                  f × 500 

Figure 2. Microstructure in the edge (a, b, c) and central (d, e, f) 
zones of sample 1 
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g × 50               h × 200 

 

    

i× 500                k × 50 

    

l × 200                 m × 500 

Figure 2. Continuation, in the edge (g, h, i) and central zones of 
sample 2 (k, l, m) before heat treatment 

 

The microstructure after heat treatment is character-
ized by greater homogeneity due to the equalization of the 
particle sizes of the intermetallic γ′- phase between the axes 
and interaxial space of the dendrites and almost complete 
dissolution of the eutectic (γ-γ′) -phase in the γ-solid solu-
tion (Fig. 3). It can be considered that the microstructure of 
all samples is satisfactory for a normally heat-treated con-
dition of this alloy. 

TCP phases were not detected in the studied alloy 
samples (either before or after heat treatment according to 
the standard mode). To determine the mechanical and heat-
resistant properties, samples (diameter 15 mm, length 135 
mm) were cast from rod blanks with a diameter of 90 mm 
using the high-speed directional crystallization method. 

 

    
a × 50                 b × 200 
 

…  
c × 500                d × 50 
 

    
f × 200                e × 500 

Figure 3. Microstructure in the edge (a, b, c) and central (d, f, e) 
zones of sample 1 

 
Mechanical and heat-resistant properties were deter-

mined according to 18T-TU-165 on unheat-treated sam-
ples, as well as after heat treatment using the standard 
mode (homogenization at 1265 ± 100 °C for 1 hour 15 
minutes, in a vacuum). The results of mechanical tests, in-
cluding long-term strength tests, are presented in Table 3. 

Mechanical tests showed that all studied variants pro-
vide mechanical properties that meet the requirements of 
regulatory and technical documentation. The most pro-
nounced indicators of material ductility are those obtained, 
as the obtained values exceed the requirements by 1.5 to 3 
times (see Table 3). 
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g × 50                 h × 200 

 

   
i × 500               k× 50 
 

    
l × 200               m × 500 

Figure 3. Continuation, as well as in the edge (g, h, i) and 
central (k, l, m) zones of the sample 2 after heat treatment 

 
The time to high-temperature failure of the studied 

samples also complies with regulatory requirements and 
exceeds them by 1.5 to 2.5 times (see Table 3). The favor-
able morphology of grain-boundary carbides and the uni-
form distribution of the carbonitride component through-
out the alloys, along with traditional strengthening by the 
intermetallic γ′- phase, characteristic of alloys of this class, 
were the reasons for the high time to failure. 

The sizes of the structural components in the original 
90mm diameter blank of the ZhS26-VI alloy, as well as in 
the samples (15mm in diameter and 135mm in length) be-
fore and after heat treatment, are presented in Table 4. 

In the alloy structure, carbides and carbonitrides are 
present as small, dispersed particles of spherical and plate-
like shapes, generally uniformly distributed throughout the 
material. Standard calculations of the quantitative and di-
mensional properties of the intermetallic γ′- phase did not 
reveal any significant differences between the alloys        
studied. 

 
 

Table 3 – Mechanical and high-temperature proper-
ties of studied metals 

 

Melt 
number 

State of 
the 

material  

Mechanical 
properties at 20°C 

Hour before 
the failure (at 

Tisp =  9 75°С 
and Ϭ = 260 

MPa), τf, hour 

Ϭв, 
МПа δ, % 

1 

without 
heat 
treatment 

914 10,0 9415 

after heat 
treatment 875 9,4 10030 

2 

without 
heat 
treatment 

1094 8,6 7230 

after heat 
treatment 913 9,8 8230 

3 
without 
heat 
treatment 

928 9,2 4000 

4 
without 
heat 
treatment 

874 14,8 4000 

5 
without 
heat 
treatment 

727 24,8 9100 

6 
without 
heat 
treatment 

1108 13,2 6730 

7 
without 
heat 
treatment 

1085 10,8 5330 

8 
without 
heat 
treatment 

897 17,0 7930 

9 
without 
heat 
treatment 

866 17,2 6830 

Norms 
of TC 

 ≥ 850 ≥ 6,0 ≥ 4000 

Conclusions 

A series of experimental melts of ZhS26-VI alloy 
samples revealed significant macrograin refinement due to 
intensive heat removal and high crystallization rates. The 
macrostructure of all studied samples is satisfactory and 
meets technical specifications. The microstructure of the 
samples before heat treatment corresponds to the as-cast 
state of the alloy, and after heat treatment under standard 
conditions, it also meets technical specifications and con-
forms to the approved microstructure scale 

It can be concluded that the normally heat-treated 
structure of the studied samples was achieved due to the 
conformity of the alloy's chemical composition. Heat treat-
ment and hot isostatic pressing completely eliminated in-
ternal microporosity. The structure of all studied alloys ex-
hibited the precipitation of carbides and carbonitrides in the 
form of small particles of spherical and lamellar morphol-
ogy, generally distributed uniformly throughout the         
material. 
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The mechanical and high-temperature properties of 
the samples meet the requirements of regulatory documen-
tation for critical heat-resistant castings. To confirm the 

sufficiency of the demonstrated level of mechanical prop-
erties, it is recommended to conduct technical tests (motor, 
full-scale) of parts as part of a gas turbine engine according 
to the accepted methodology of aviation regulations. 

Table 4 – Dimensions of structural components for work pieces with a diameter of 90 mm and in samples (diameter 
15 mm, depth 135 mm) of studied alloys 

 

M
el

t n
um

be
r 

   N
ay

m
en

uv
an

ny
a 

State of 
the 

material  

Place of 
measurement 

Size of structural components, microns Distance be-

tween axes of 

2nd order den-

drites, μm 

carbides 

Eutectic type   
(γ-γ') Globular type 

MeC 
Plate type 

Me6C 

11 

Workpiece, 
diameter 90mm 

without 
h/t 

edge 1,5…6 6…27 4…18 25…35 

center 2…8 6…30 9…65 65…90 

after h/t 
edge 1,5…6 6…25 - 25…35 

center 2…8 6…30 До 16 65…90 

sample, diameter  
15 mm 

without 
h/t 

center 3…12 5…25 7…60 50…90 

after h/t center 3…9 5…28 - 50…90 

22 

Workpiece, 
diameter  
90 mm 

without 
h/t 

edge 3…11 4…34 11…52 20…40 

center 2…13 6…32 15…50 45…90 

after h/t 
center 4…9 3…30 - 20…40 

center 2…9 6…30 5…22 45…90 

Sample, diameter  
15 mm  

without 
h/t 

center 3…9 7…44 8…43 60…90 

center 3…18 7…40 - 60…90 
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Мета роботи. Вивчити макро- та мікроструктурний стан серії дослідницьких зразків жароміцного сплаву 

ЖС26-ВІ для виробництва критичних компонентів газотурбінного двигуна, а саме роторних лопаток турбіни 
високого тиску (ТВТ), та оцінити механічні властивості та жароміцність у відповідності до технічних специ-
фікацій матеріалів гарячої частини газової турбіни. 

Методи дослідження. Макро- і мікроструктурний аналіз та дослідження фазового складу проводили ме-
тодом оптичної металографії на оптичному мікроскопі. Механічні властивості при кімнатній температурі 
визначали у відповідності до ISO 6892-84 та СТ СЭВ 471-88. Випробування на розрив здійснювали на машині 
ZDMY30. 

Oтримані результати. Проведено дослідження структури та властивостей зразків дослідних плавок 
сплава ЖС-26ВІ, отриманих у вакуумній печі FM-1-2-100 фірми «ULMAC» методом рівновісної кристалізації. 
Установлене суттєве подрібнення макрозерна за рахунок інтенсивного тепловідводу та високої швидкості кри-
сталізації. Мікроструктура зразків до термічної обробки відповідає литому стану сплава, а після термообробки 
по стандартному режиму задовольняє технічні умови та відповідає затвердженій шкалі мікроструктури. Ме-
ханічні та жароміцні властивості зразків відповідають вимогам нормативної документації до відповідального 
жароміцного лиття.  

Наукова новизна. Одержано нові дані щодо структури та фазового стану сплаву ЖС26-ВІ дослідних та 
серійних плавок. Вивчено тонку будову жароміцного сплаву на основі нікелю, що традиційно використовується 
для отримання лопаток турбіни високого тиску газотурбінного двигуна авіаційного призначення.  

Практична цінність. Отримані результати надають можливість розширити використання жароміц-
ного сплаву ЖС26-ВІ для виробництва виливків відповідального призначення.  

Ключові слова: жароміцний сплав, макро- та мікроструктура, термічна обробка, механічні властивості, 
жароміцність, лопатка газової турбіни.
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