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Abstract. Most superalloy steels, especially those alloyed with chromium, tungsten, cobalt, and molybdenum, are strongly 
riveted during plastic deformation by drawing. Superalloy steels with a clean, scale-free surface are susceptible to stick-slip 
with the carbide tool – drag. Therefore, in case of cold deformation, it is necessary to use special lubricants with extreme 
pressure components and strong lubricating coatings. After cleaning the surface from scale, a lime-salt coating is applied. 
Recently, a fairly effective sub-coating of the composition (in an aqueous solution) has been used: sodium sulphate Na2SO4 – 
130...250 g/l; liquid glass Na2SiO3 – 20...30 g/l; treatment at a temperature of 80...90°C. In some technological processes, 
thin metal coatings are used as an oil coating – copper, lead-tin, and oxalate. After deformation, all types of coatings must 
be completely removed, since heat treatment can lead to processes of interaction of metal with lubricating coatings. This 
can lead to deterioration of the surface quality and loss of the necessary properties. The purpose of the study is to create 
a methodological framework for the oxidation processes of superalloys of the working layer and interfacial surfaces of 
bimetallic pairs. Methodology – thermodynamic calculations of the equilibrium of chemical reactions on the metal – gas 
phase interface surfaces. The paper presents the results of experimental studies with the established dependence of the 
isobaric potential on temperature for reactions on the interfacial surface “Me2 – gas phase”. The authors obtained the 
dependence of the isobaric potential on temperature for gaseous reaction products on the surface of superalloys. The 
existence of the dependence of the isobaric potential on temperature for reactions of the formation of complex oxides on 
the surface of superalloys is confirmed. Scientific significance – the adequacy of oxidation processes of superalloys of the 
working layer and interfacial surfaces of bimetallic pairs has been experimentally confirmed

Keywords: steel, alloys, chemical composition, oxides, interface surfaces, bimetallic castings

INTRODUCTION
The production of high-quality bimetallic castings is pos-
sible only if a high-quality connection of the working layer 
with the base is formed [1].

The development of a high-quality technological 
process for the production of bimetallic castings makes it 
necessary to conduct a complex of research measures to 
investigate the features of their development [2]. The main 
purpose of this stage is to investigate the oxidation pro-
cesses of steels and alloys of the main and working layers and 
determine the chemical composition of simple and complex 
oxides on the base, working layer, and interfacial surfaces [3].

A reliable diffusion bond between alloys belonging to 
bimetallic pairs can be obtained after studying the oxidation 
processes of superalloys of the working layer and calculating 
the composition of complex oxides on interfacial surfaces [4].

Therefore, the problem of investigating the features 
of oxidation processes of superalloy working layers and cal-
culating the composition of complex oxides on interfacial 
surfaces is urgent.

Investigations of the oxidation processes of car-
bon, low-alloy steels and superalloys belonging to bimetal-
lic pairs, and the content of complex oxides, were carried 
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On the surface of superalloys 240x16 (12% Cr – 
ASTM A532 Class II Type A), 300x12g5 (300 Cr12Mn5 – 
marking of Ukraine) and 260x28 (25% Cr-ASTM A532 Class 
III Type A), oxidation of iron, carbon, silicon, manganese, 
chromium, sulphur, and phosphorus is possible. Reactions 
of interaction of iron and manganese with sulphur with 
the generation of iron and manganese sulphides are also 
possible. Oxidation of iron, silicon, manganese, and chromium 
is carried out by reactions (3)-(9). 

Fe+½O2→FeO, (3)
4Fe+3O2→Fe2O3, (4)
3Fe+2O2→Fe3 O4, (5)
[Si]0.36+O2→SiO2, (6)

[Mn]0,65+O2→MnO, (7)
3[Mn]0,65+2O2→Mn3O4, (8)

4[Cr]0,3+3O2→2Cr2O3. (9)
The formation of sulphides corresponds to reactions (10) 

and (11).
Fe+[S]→FeS, (10)

[Mn]+[S]→MnS. (11)
On the surface of superalloys, the formation of 

a complex oxide MnSiO3 is possible by reaction:

[𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀] + [𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆] + 3
2𝑂𝑂𝑂𝑂2

→ 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑂𝑂𝑂𝑂3 , (12)

superalloys 300X12M (GJN-HV600 (XCR11 – EN – JN3019), 
300X12G3M (300Cr12Mp3Mo – marking of Ukraine), 
300X12G5M (300Cr12Mp5Mo – marking of Ukraine), 
300X20M2 (GJN-HV600 (XCr18) –EN-JN3039) are oxidised 
and form oxides of iron, silicon, manganese, and chromium 
on the surface by reactions (3)-(9), and iron and manganese 
sulphides can be formed by reactions (10) and (11). The reac-
tion (13) of Mo oxidation to MoO3 is added to the above:

2[Mo]+3[O2 ]→MoO3.                           (13)
Alloy 300x22 (20% Cr-Mo – ASTM A532 Class II Type D) 

in addition to the main elements such as iron, carbon, silicon, 
manganese, and chromium contains vanadium and tita-
nium. The following oxidation reactions of these elements 
were studied:

4[V]+3O2→2V2O3, (14)
[V]+O2→VO2(β), (15)

2[V]+2O2→V2O4(β), (16)
Ti+O2→TiO2(rutile), (17)

2Ti+3/2O2→Ti2O3. (18)
On the surface of the alloy 300X16M2 (GJN-HV600 

(XCr14) – EN-JN3029), oxidation of elements by reactions 
(3)-(12), and oxidation of copper to CuO and Cu2O oxides 
is possible:

[Cu]+½O2→Cuo, (19)
[Cu]+½O2→Cu2O. (20)

On the surface of a superalloy 350XH2 (GJN-HV550 – 
EN-JN2029), oxidation by reactions is possible (3)-(9), (12), 
and the formation of sulphides by reactions (10) and (11). 
To these reactions, it is necessary to add the nickel oxidation 
reaction to NiO:

NiT+½O2→NiO, (21)

out using the method of thermodynamic calculations of 
the equilibrium of chemical reactions on the surfaces of 
the metal-gas phase interface [5]. The main advantage 
of thermodynamic research methods is the possibility of 
conducting a theoretical analysis of the oxidation process 
without its preliminary experimental implementation [6]. 
A special feature of the method is the preliminary system-
atisation of not only the temperature functions of the log-
arithm equation of the equilibrium constant Kr, but also the 
functions of the enthalpy ΔH, changes in the entropy ΔS, 
and changes in the thermal coefficients of the heat capac-
ities of all participants in the reaction ΔCp [7]. The values 
of the logarithms of the reaction equilibrium constant are 
calculated according to the equation given in [8].

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐾𝐾𝐾𝐾𝑟𝑟𝑟𝑟 =
∆𝑓𝑓𝑓𝑓(∆𝐻𝐻𝐻𝐻)

𝑇𝑇𝑇𝑇 + ∆𝑓𝑓𝑓𝑓(∆𝑆𝑆𝑆𝑆) + ∆𝐶𝐶𝐶𝐶0 ∙ 𝑀𝑀𝑀𝑀0 + 
+∆𝐶𝐶𝐶𝐶1 ∙ 𝑀𝑀𝑀𝑀1 + ∆𝐶𝐶𝐶𝐶2 ∙ 𝑀𝑀𝑀𝑀2 + ∆𝐶𝐶𝐶𝐶−2 ∙ 𝑀𝑀𝑀𝑀−2 

              (1)

where T – temperature, K; M0, M1, M2, M-2 – temperature 
functions; ∆C0, ∆C1, ∆C2, ∆C-2 – heat capacity coefficients.

To assess the possibility of implementing the studied 
reactions, the isobaric potential was determined at a given 
temperature in [9]:

∆ZT
0=-4,575·T·lℓgKr                              (2)

The composition of complex oxides on interfacial 
surfaces was studied by x-ray phase analysis on a DR-2 
x-ray diffractometer [10]. Samples of cylindrical alloys with
a diameter of 20 mm and a height of 15 mm oxidised at
a temperature of 1,000°C with an exposure time of 30 hours
were used as the object of research [11]. Diffraction spec-
tra were obtained in monochromatic Cukl – radiation [12]. 
A single graphite crystal placed on a diffracted beam was
used as a monochromator [13].

This shooting geometry allows reducing the fluores-
cent background and recording the diffraction spectra of 
iron-based alloys in copper radiation [14]. Diffragrams were 
obtained by step scanning in the range of angles 2θ from 10 
to 90° [15]. The scanning step was 0.05°, and the exposure 
time was 3-5 seconds. The scanning speed was 0.5°/min. Data 
processing of the diffractometric experiment was performed 
using a program for full-profile analysis of x-ray spectra 
from a mixture of polycrystalline phase components pow-
der cell 2.4 [16].

During the calculation process, the periods of ele-
mentary cells of phase components [17], the half-width of 
x-ray profiles [18], the background line [19], and the mass
fractions of phases [20] were specified.

The purpose of the study is to create a methodological 
framework for the oxidation processes of superalloys of the 
working layer and interfacial surfaces of bimetallic pairs.

RESULTS AND DISCUSSION
To investigate the processes of oxide formation on the sur-
faces of superalloys of the working layer of bimetallic cast-
ings, thermodynamic calculations of possible oxidation 
reactions at the interfacial boundaries “Me2 – gas phase” 
in the temperature range of 1,100-1,700 K were performed.
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300X20M2 (GJN-HV600 (XCr18) – EN-JN3039) to the 
reactions discussed above, the reaction (13) – oxidation 
of molybdenum to MoO3 is added, which is most likely, and 
the isobaric potential decreases in this temperature range 
with ∆Z1,700=-577 kJ mol to ∆Z1,100=-863 kJ/mol.

On the surface of a superalloy 300X22 (20% Cr-Mo-
ASTM A532 Class II Type D) to reactions (3)-(9), (10) and (11) 
the reactions (14)-(16) – vanadium oxidation and reactions 
(17), (18) – titanium oxidation are added.

Thermodynamic calculation of reactions (14)-(16) 
vanadium oxidation revealed that reaction (14) – vanadium 
oxidation to V2O3, is the most likely: ∆Z1,700=-1,491 kJ/mol, 
∆Z1,100=-1,801 kJ/mol. Reactions (15) and (16) are impossible, 
since their isobaric potential is a positive value. Reactions (17) 
and (18) – oxidation of titanium to TiO2 and Ti2O3, accord-
ingly, they are the most likely and with a decrease in tem-
perature the potential decreases: ∆Z1,700=-1,066 kJ/mol, 
∆Z1,100=-1,218 kJ/mol of reaction (16), a ∆Z1,700=-642 kJ/mol 
and ∆Z1,100=-746 kJ/mol – for reaction (17).

On the surface of a superalloy 300X16M2 (GJN – 
HV600 (XCr14) - EN-JN3029), reactions (3)-(12) are added 
to reactions (19) and (20) – oxidation of copper to CuO  
and Cu2O. Both of these reactions are the least likely:  
∆Z≈-12÷-98 kJ/mol.

On the surface of a superalloy 350XH2 (GJN-HV550 – 
(EN-JN2029) to reactions (3)-(9), (10)-(12) added reaction 
(21) – oxidation of nickel to NiOt oxide. Based on the value
of the isobaric potential, it can be assumed that it is unlikely, 
∆Z≈-90÷-142 kJ/mol.

When superalloys are oxidised, gaseous reaction 
products are also formed: CO2, CS2, COS, SO, SO2, SiO, and 
PO. Figure 2 shows the dependence of the isobaric poten-
tial in the range of 1,100-1,700 K reactions (22)-(28) – the 
formation of gaseous products.

[C]O2→C2↑, (22)
[C]+2[S]→CS2↑, (23)

[C]+ [S]+½O2→COS↑, (24)
[S]+½O2→SO↑, (25)
[S]+O2→SO2↑, (26)

[Si]+½O2→SiO↑, (27)
[P]+½O2→PO↑. (28)

Dependence of the isobaric potential on temperature 
for reactions on the interfacial surface “Me2 – gas phase” is 
shown in Figure 1.

Figure 2. Dependence of the isobaric potential  
on temperature for reactions on the interfacial surface 
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The most likely reactions for superalloys are 
240x16 (12% Cr – ASTM A532 Class II Type A), 300X12G5 
(300 Cr12Mn5 – marking of Ukraine) and 260x28 (25% 
Cr – ASTM A532 Class III Type A) there are reac-
tions (9) – oxidation of chromium to Cr2O3, reac-
tion (4) oxidation of iron to hematite at temperatures 
below 1,600 K, reaction (8) oxidation of manganese 
to Mn3O4 at temperatures of 1,400 K and below, and reac-
tion (12) – oxidation of manganese and silicon to form 
a complex oxide MnSiO3 at temperatures below 1,500 K.

At temperatures of 1,500-1,700 K, the reaction (16) 
is unlikely, and in the range of 1,400-1,500 K, the isobaric 
potential drops sharply. The reactions (13) and (18) are less 
likely – oxidation of iron to magnetite and oxidation of sili-
con to SiO2 reaction (7) – oxidation of manganese to MPO. 
The following are unlikely: reaction (3) – oxidation of iron 
to visstite, reaction (11) – formation of manganese sulphide, 
and reaction (10) – formation of iron sulphide.

For superalloys 300X12M (GJN-HV600 (XCR11) – 
EN-JN3019), 300X12G3M (300Cr12Mn3Mo – marking 
of Ukraine), 300 Sg12Mn5Mo – marking of Ukraine) and 

∆
Z,

 k
J/

m
ol

27

1100 1200 1300 1400 1500 1600 1700

100

0

-100

-200

-300

-400

-500

∆
Z,

 k
J/

m
ol

Temperature, K

23

26

25 28

22

Figure 2. Dependence of the isobaric potential 
on temperature for gaseous reaction products  

on the surface of superalloys
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The most likely reaction is (22) – carbon oxidation to 
CO2↑. Reactions (26) and (24) – formation of SO2 and COS 
are less likely. Reactions (25), (27), and (28) – formation of 
SO, SiO, and PO, respectively, are less likely. Reaction (21) – 
formation of CS2 in the range of 1,350-1,700 K is less likely, 
and at temperatures below 1,350 K it is impossible.

The superalloys listed above have their own number 
of most likely oxidation reactions. Figure 3 shows a histo-
gram for superalloys.

For superalloys 240X16 (12% Cr – ASTM A532 Class 
II Type A), 300x12g5 (300 Cr12Mn5 – marking of Ukraine), 
260x28 (25% Cr-ASTM A532 Class III Type A), a number of 
reaction probabilities are presented in Table 1.

For superalloys 300X12M (GJNHV600 (XCr11) – 
EN-JN3019), 300X12G3M (300Cr12Mn3Mo – marking 
of Ukraine), 300X12G5M (300Cr12Mn5Mo – marking of 
Ukraine) and 300X20M2 (GJN – HV600 (XCr18) – EN-JN3039) 
a number of probabilities are shown in Table 2.

Figure 3. Dependence of the isobaric potential on temperature for solid-phase products on superalloys: 
a) temperature range from 1,400 to 1,700 K; b) 1,100 to 1,300 K
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Table 1. A number of probabilities of oxidation reactions and formation of iron and manganese sulphides  
on superalloys 240X16 (12% Cr – ASTM A532 Class II Type A), 300x12g5 (300 Cr12Mn5 – marking of Ukraine),  

260x28 (25% Cr-ASTM A532 Class III Type A)
T, K Number of reaction probabilities

1.700 9 5 6 4 7 3 11 10 8 –
1.600 9 4 5 6 7 11 3 10 8 –
1.500 9 4 12 5 6 7 11 3 10 8
1.400 9 4 8 12 5 6 7 3 11 10
1.300 9 4 8 12 5 6 7 3 11 10
1.200 9 4 8 12 5 6 7 3 11 10
1.100 9 4 8 12 5 6 7 3 11 10
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A number of probabilities for a superalloy 300x22 
(20% Cr-Mo – ASTM A532 Class II Type D) are presented 
in Table 3.

A number of probabilities on a superalloy 350XH2 
alloy (GJN-HV550 – EN-JN2029) are presented in Table 5.

Table 2. A number of probabilities of oxidation 
reactions and formation of iron and manganese 

sulphides on superalloys 300X12M (GJN – HV600 
(XCr11) – EN-JN3019), 300X12G3M (300Cr12Mn3Mo – 
marking of Ukraine), 300X12G5M (300Cr12Mn5Mo – 

marking of Ukraine) and 300X20M2 (GJN – HV600 
(XCr18) – EN-JN3039)

Temperature, K
1.100 1.200 1.300 1.400 1.500 1.600 1.700

Number of reaction probabilities
9 9 9 9 9 9 9
4 4 4 4 4 4 13
8 8 8 8 12 13 5

12 12 12 12 13 5 6
13 13 13 13 5 6 4
5 5 5 5 6 7 7
6 6 6 6 7 11 3
7 7 7 7 11 3 11
3 3 3 3 3 10 10

11 11 11 11 10 8 8
10 10 10 10 8 – –

Table 3. A number of probabilities of oxidation reactions 
and formation of iron and manganese sulphides on a 

superalloy 300x22 (20% Cr-Mo – ASTM A532 Class II Type D)

Temperature, K
1,100 1,200 1,300 1,400 1,500 1,600 1,700

Number of reaction probabilities
14 14 14 14 14 14 14
9 9 9 9 9 9 9

18 18 18 18 18 18 18
4 4 4 4 4 4 17
8 8 8 8 12 17 5

12 12 12 12 17 5 6
5 5 17 17 5 6 4

17 17 5 5 6 7 7
6 6 6 6 7 11 3
7 7 7 7 11 3 11
3 3 3 3 3 10 10

11 11 11 11 10 8 8
10 10 10 10 8 14 16
14 14 14 14 14 16 –
16 16 16 16 16 – –

Table 4. A number of probabilities of oxidation reactions 
and formation of iron and manganese sulphides

on a superalloy 300X16M2 (GJN-HV600 (XCr14) – EN-JN3029)

Temperature, K
1.100 1.200 1.300 1.400 1.500 1.600 1.700

Number of reaction probabilities
9 9 9 9 9 9 9
4 4 4 4 4 4 13
8 8 8 8 12 13 5

12 12 12 12 13 5 6
13 13 13 13 5 6 4
5 5 5 5 6 7 7
6 6 6 6 7 11 3
7 7 7 7 11 3 11
3 3 3 3 3 10 10

11 11 11 11 20 8 8
20 20 20 20 10 15 19
19 19 10 10 19 16 16
10 10 19 19 8 - -
15 15 15 15 15 - -
16 16 16 16 16 - -

Table 5. A number of probabilities of oxidation reactions 
and formation of iron and manganese sulfides on 
a superalloy 350XH2 (GJNHV550 – EN-JN2029)

Temperature, K
1,100 1,200 1,300 1,400 1,500 1,600 1,700

Number of reaction probabilities
9 9 9 9 9 9 9 
4 4 4 4 4 4 5 
8 8 8 8 12 5 6 
5 5 5 5 6 7 7 

12 12 12 12 5 6 4 
5 5 5 5 6 7 7 
6 6 6 6 7 11 3 
7 7 7 7 11 3 11 
3 3 3 3 3 21 21 

21 21 11 11 21 10 10 
11 11 21 21 10 8 8 
10 10 10 10 8 - - 

For a superalloy 300X16M2 (GJNHV600 (XCr14) – 
EN-JN3029), a number of probabilities are presented  
in Table 4.

Figure 2 shows a histogram of gaseous reaction prod-
ucts on the surface of superalloys.

A number of probabilities of possible gaseous reac-
tion products are shown in Table 6.

Table 6. A number of probabilities of gaseous products of oxidation reactions 
at the interfacial boundary “Me2 – gas phase”

T, K Number of reaction probabilities
1,700 22 26 24 25 27 23 28
1,600 22 26 24 25 27 23 28
1,500 22 26 24 27 25 23 28
1,400 22 26 24 27 25 28 23
1,300 22 26 23 27 25 28 23
1,200 22 26 24 27 25 28 23
1,100 22 26 24 27 25 28 22



31
Machinery & Energetics, Vol. 13, No. 1

Ye. Aftandiliants and D. Viesturs

Oxides formed on the surface of superalloys can 
interact with each other to form complex oxides by reactions:

FeO+ Cr2O3→FeO·Cr2O3, (29)
MnO+SiO2→MnSiO3, (30)
FeO+SiO2→FeO·SiO2. (31)

To determine the possibility formation of complex 
oxides on the surfaces of alloys 300X12M (GJN-HV600 

2FeO·SiO2 – accordingly, they are unlikely due to their small 
size ∆Z. Reaction (31) at temperatures of 1,700-1,800 K is 
not possible.

In order to study the phase composition of complex 
oxides, an x-ray phase analysis of oxide films formed on the 
surface of superalloys was performed.

The results of x-ray phase analysis are presented in 
Table 7.

(XCr11) – EN-JN3019), 300X12G3M (300Cr12Mn3Mo – 
marking of Ukraine), 300X12G5 (300 Cr12Mn5 – marking 
of Ukraine), 300X16M2 (GJN-HV600 (XCr14) – EN-JN3029), 
300X20M2 (GJNHV600 (XCr18) – EN-JN3039) thermody-
namic calculation of the isobaric potential of these reac-
tions of complex oxide formation in the range of 1,100-
1,800 K is performed.
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The dependence of the isobaric potential on tem-
perature for complex oxide formation reactions is shown 
in Figure 5.

Calculations show that the following complex 
oxides can form on the surface of superalloys: FeO·Cr2O3,  
MnO·SiO2 and 2FeO·SiO2. The most likely reaction is (29) – 
the formation of a complex  oxide FeO·Cr2O3. Reactions (30) 
and (31) – formation of complex oxides MnO·Sio2 and 
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Table 7. Results of studying the phase composition of oxide films on superalloys
Object of research Phase composition

300X12M GJN-HV600 (XCr11) (EN-JN3019) Fe2O3 (rhombohedral lattice); Fe2O3 (cube); Cr2O3; Fe2O3 
. Mn2O3; Cr2O3 

. Fe2O3

300X12G3M 300Cr12Mn3Mo Fe2O3 (rhombohedron); Fe2O3 (сube); Cr2O3 
. FeO; Cr2O3 

. Fe2O3 ; Fe2O3 
. Mn2O3;

Cr2O3 
. 3Fe2O3

300Х12G5 300Cr12Mn5 γ- Fe; α- Fe; Fe2O3 (rhombohedron); Fe2O3 (cube); Fe2O3 
. Cr2O3; Fe2O3 

. Mn2O3

300X16M2 GJN-HV600 (XCr14) (EN-JN3029) α- Fe; γ- Fe; Fe2O3 (rhombohedron); Fe2O3 (cube); Fe3O4; Fe2O3 
. Mn2O3; Cr2O3 

. 3Fe2O3

300X20M2 GJN-HV600 (XCr18) (EN-JN3039) α- Fe; γ- Fe; Fe2O3 (rhombohedron); Fe2O3 (cube); Fe3O4; Mn2O3 
. Fe2O3; Cr2O3 

. Fe2O3
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The results of the x-ray phase study showed that 
complex oxides are formed on all superalloys. The largest 
amount of complex oxides is formed on the alloy 300x12G3M 
(300Cr12Mn3Mo – marking of Ukraine): Cr2O3·FeO; Cr2O3·Fe2O3; 
Fe2O3·Mn2O3; Cr2O3·3Fe2O3. Superalloys 300X12M (GJN-HV600 
(XCr11) – EN-JN3019), 300X12G5 (300 Cr12Mn5 – marking of 
Ukraine) and 300X20M2 (GJN-HV600 (XCr18) – EN-JN3039) 
form two complex oxides Fe2O3 each. Mn2O3 and Cr2O3 Fe2O3. 
Complex oxides Fe2O3 are formed on the 300x16M2 alloy. 
Mn2O3 and Cr2O3·3Fe2O3. Presence of complex oxide Cr2O3·FeO 
and lack of MnO·SiO2 and 2FeO·SiO2 in oxide films confirm the 
results of the performed thermodynamic calculations.

CONCLUSIONS
1. It is established that on the surfaces of superalloys of the
working layer in the temperature range of 1,700-1,100 K as
a result of oxidation reactions, the following solid-phase
oxides are formed: FeO, Fe2O3, Fe3O4, SiO2, MnO, Mn3O4, 
MnSiO3, Cr2O3, MoO3, V2O3, TiO2 (rutile), Ti2O3, Sio, Cu2O, 
NiO. As gaseous products of reactions, Co2, SS2, COS, SO,
SO2, SiO, PO are formed.

2. It is established that complex oxides are formed
on the surfaces of superalloys due to oxidation reac-
tions: Cr2O3·FeO, Cr2O3·3Fe2O3, 3Cr2O3·2Fe2O3, Cr2O3·Fe2O3,  
Fe2 O3·Mn2O3.
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Процеси окислення високолегованих сплавів робочого шару 
і міжфазних поверхонь біметалевих пар

Анотація. Більшість високолегованих сталей, особливо легованих хромом, вольфрамом, кобальтом, молібденом, 
сильно наклепуються при пластичній деформації волочінням. Високолеговані сталі з чистою поверхнею без окалини 
схильні до схоплювання-налипання з твердосплавним інструментом – волоками. Тому при холодній деформації 
необхідно застосовувати спеціальні мастила з протизадирними компонентами та міцні підмастильні покриття. 
Після очищення поверхні від окалини наносять вапняно-сольове покриття. Останнім часом почали застосовувати 
досить ефективне підмастильне покриття складу (у водному розчині): сульфат натрію Na2SO4 – 130...250 г/л; рідке 
скло Na2SiO3 – 20...30 г/л; обробка при температурі 80...90 °С. В окремих технологічних процесах використовують 
як підмастильні покриття металеві тонкі покриття – мідні, свинцево-олов’яні, а також оксалатне. Після деформації 
всі види покриттів повинні бути повністю видалені, так як при термообробці можуть протікати процеси взаємодії 
металу зі змащувальними покриттями. Це може призвести до погіршення якості поверхні та втрати необхідних 
властивостей. Мета статті – створення методологічного апарату процесів окислення високолегованих сплавів 
робочого шару і міжфазних поверхонь біметалевих пар. Методологія – термодинамічні розрахунки рівноваги 
хімічних реакцій на поверхнях розділу “метал – газова фаза”. В статті представлено результати експериментальних 
досліджень із встановлена залежність ізобарного потенціалу від температури для реакцій на міжфазній поверхні 
“Ме2 – газова фаза”. Авторами отримана залежність ізобарного потенціалу від температури для газоподібних 
продуктів реакцій на поверхні високолегованих сплавів. Підтверджено існування залежності ізобарного потенціалу 
від температури для реакцій утворення комплексних оксидів на поверхні високолегованих сплавів. Наукова 
значимість – експериментальним шляхом підтверджена адекватність процесів окислення високолегованих сплавів 
робочого шару і міжфазних поверхонь біметалевих пар

Ключові слова: сталь, сплави, хімічний склад, оксиди, поверхні розділу, біметалеві виливки
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