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Oxidation processes of superalloys of the working layer
and interfacial surfaces of bimetallic pairs

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 Na,SO, -
130...250 g/1; liquid glass Na,SiO, - 20...30 g/1; 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 “Me, - 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
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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].

Suggested Citation:

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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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 K, but also the
functions of the enthalpy AH, changes in the entropy AS,
and changes in the thermal coefficients of the heat capac-
ities of all participants in the reaction ACp [7]. The values
of the logarithms of the reaction equilibrium constant are
calculated according to the equation given in [8].
Af(AH)
19K, = ————+ Af(AS) + ACo - Mg +
+AC, My +AC, My +AC_, - M_,

where T - temperature, K; M, M,, M,, M , - temperature
functions; AC, AC, AC,, AC , - heat capacity coefficients.

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

AZ°=-4,575-T-1(gK. 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 20 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 “Me, — gas phase”
in the temperature range of 1,100-1,700 K were performed.

Ye. Aftandiliants and D. Viesturs

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+%20,—FeO, 3)
4Fe+30,—Fe,0,, 4)
3Fe+20,—Fe, O,, (5)
[Si],;+0,—Si0,, (6)
[Mn], ,,+O,—MnO, (7)
3[Mn], ,;+20,~Mn,0,, (8)
4[Cr], ;+30,—2Cr,0;. 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 MnSiQ, is possible by reaction:
[Mn] + [Si] + % - MnSi0s, (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 MoO, is added to the above:
2[Mo]+3[0, ] -»MoO.. (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]+30,-2V,0,, (14)
[V]+0,—VO,(B), (15)
2[V]+20,—-V,0,(p), (16)
Ti+0,—TiO,(rutile), (17)
2Ti+3/20,-Ti,0,. (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 Cu,O oxides
is possible:

[Cu]+%20,—Cuo, (19)
[Cu]+¥20,—Cu,0. (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+140,—NiO, 1)
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Oxidation processes of superalloys of the working layer ...

Dependence of the isobaric potential on temperature
for reactions on the interfacial surface “Me, — gas phase” is
shown in Figure 1.
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Figure 2. Dependence of the isobaric potential
on temperature for reactions on the interfacial surface
“Me, — gas phase”

The most likely reactions for superalloys are
240x16 (12% Cr — ASTM A532 Class II Type A), 300X12G5
(300 Cr ,Mn, — marking of Ukraine) and 260x28 (25%
Cr — ASTM A532 Class III Type A) there are reac-
tions (9) - oxidation of chromium to Cr,0,, reac-
tion (4) oxidation of iron to hematite at temperatures
below 1,600 K, reaction (8) oxidation of manganese
to Mn,0, at temperatures of 1,400 K and below, and reac-
tion (12) - oxidation of manganese and silicon to form
a complex oxide MnSiO, 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 SiO, 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 (300Cr,,Mn Mo - marking
of Ukraine), 300 Sg,,Mn.Mo - marking of Ukraine) and

300X20M2 (GJN-HV600 (XCr18) - EN-JN3039) to the
reactions discussed above, the reaction (13) — oxidation
of molybdenum to MoO, is added, which is most likely, and
the isobaric potential decreases in this temperature range
with AZL7OO=—577 kJ mol to AZI’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 V,0;, is the most likely: AZ, ,=-1,491 k]/mol,
AZ, ,,=-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 TiO, and Ti,0,, accord-
ingly, they are the most likely and with a decrease in tem-
perature the potential decreases: AZ . =-1,066 k]/mol,

1,700
AZ. . =-1,218 k]/mol of reaction (16), a AZ, . =-642 k]/mol

1,100

and AZI’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 Cu,O. Both of these reactions are the least likely:
AZ~-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 NiO, oxide. Based on the value
of the isobaric potential, it can be assumed that it is unlikely,
AZ~=-90+-142 kJ/mol.

When superalloys are oxidised, gaseous reaction
products are also formed: CO,, CS,, COS, SO, SO,, 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.

1,700

[C]O,—~C21, (22)
[C]+2[S]—>CSZT, (23)
[C]+ [S]+¥20,—COS?1, (24)
[S]+120,—SO01, (25)
[S]+0,—S0,1, (26)
[Si]+120,-8i01, @7)
[P[+150,—PO?1. (28)
100 - 27
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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
CO,7. 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 CS, 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.

Ye. Aftandiliants and D. Viesturs

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.
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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
Table 1. A number of probabilities of oxidation reactions and formation of iron and manganese sulphides
on superalloys 240X 16 (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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Oxidation processes of superalloys of the working layer ...

Table 2. A number of probabilities of oxidation Table 4. A number of probabilities of oxidation reactions
reactions and formation of iron and manganese and formation of iron and manganese sulphides
sulphides on superalloys 300X12M (GJN — HV600 on a superalloy 300X16M2 (GJN-HV600 (XCr14) - EN-JN3029)

(XCr11) - EN-JN3019), 300X12G3M (300Cr12Mn3Mo - T
. . emperature, K
marking of Ukraine), 300X12G5M (300Cr12Mn5Mo — 1100 1.200 1300 1400 1500 1.600 1.700
mal‘kil’lg Of Ukraine) and 300X20M2 (G]N - HV600 Number of reaction probabilities

(XCr18) — EN-JN3039) 9 9 9 9 9 9 9
T T St
1.100 1.200 1.300 1.400 1.500 1.600 1.700
. Py 12 12 12 12 13 5 6
Number of reaction probabilities

13 13 13 13 5 6 4

9 9 9 9 9 9 9
5 5 5 5 6 7 7

4 4 4 4 4 4 13
6 6 6 6 7 11 3

8 8 8 8 12 13 5
7 7 7 7 11 3 11

12 12 12 12 13 5 6
3 3 3 3 3 10 10

13 13 13 13 5 6 4
S S 5 S 6 7 7 11 11 11 11 20 8 8
6 6 6 6 7 11 3 20 20 20 20 10 15 19
19 19 10 10 19 16 16

7 7 7 7 11 3 11
10 10 19 19 8 - -

3 3 3 3 3 10 10
15 15 15 15 15 - -
11 11 11 11 10 8 8 " 1 1 1 e - -

10 10 10 10 8 - -

A number of probabilities for a superalloy 300x22 A number of probabilities on a superalloy 350XH2

(20% Cr-Mo — ASTM A532 Class II Type D) are presented  alloy (GIN-HV550 — EN-JN2029) are presented in Table 5.
in Table 3.
Table 5. A number of probabilities of oxidation reactions

Table 3. A number of probabilities of oxidation reactions and formation of iron and manganese sulfides on
and formation of iron and manganese sulphides on a a superalloy 350XH2 (GJNHV550 — EN-JN2029)
superalloy 300x22 (20% Cr-Mo — ASTM A532 Class II Type D)

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

1,100 1,200 1,300 1,400 1,500 1,600 1,700 Number of reaction probabilities
Number of reaction probabilities

14 14 14 14 14 14 14 o 2 2 K 9 9 Kl
9 9 9 9 9 9 9 4 4 4 4 4 4 5
18 18 18 18 18 18 18 8 8 8 8 12 5 6
4 4 4 4 4 4 17 5 5 5 5 6 7 7
8 8 8 8 12 17 5 12 12 12 12 5 6 4
12 12 12 12 17 5 6 5 5 5 s 6 7 7
5 5 17 17 5 6 4

17 17 5 5 6 7 7 6 6 6 7 11 3
6 6 6 6 7 11 3 7 7 7 11 3 11
7 7 7 7 11 3 11 3 3 3 3 21 21
3 3 3 3 3 10 10 21 21 11 11 21 10 10
1 1 11 11 10 8 8 11 1 21 21 10 8 8
10 10 10 10 8 14 16

14 14 14 14 14 16 - 10 10 10 10 8 - -
16 16 16 16 16 - -

Figure 2 shows a histogram of gaseous reaction prod-
For a superalloy 300X16M2 (GJNHV600 (XCr14) —  ucts on the surface of superalloys.
EN-JN3029), a number of probabilities are presented A number of probabilities of possible gaseous reac-
in Table 4. tion products are shown in Table 6.

Table 6. A number of probabilities of gaseous products of oxidation reactions
at the interfacial boundary “Me, — 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
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Oxides formed on the surface of superalloys can
interact with each other to form complex oxides by reactions:

FeO+ Cr,0,—Fe0-Cr,03, (29)
MnO+Si0,—MnSiO,, (30)
Fe0+S§i0,—Fe0-Si0,. (31)

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

400 22 22 2 22

350
300
250 -
200
150 -
100 |

50

kJ/mol

AZ,

Temperature, K

Ye. Aftandiliants and D. Viesturs

(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.

2 22 22

1400

Figure 3. Dependence of the isobaric potential on superalloys

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-Cr,0,,
MnO-§i0, and 2FeO-Si0,. The most likely reaction is (29) -
the formation of a complex oxide FeO-Cr,0,. Reactions (30)
and (31) - formation of complex oxides MnO-Sio, and

50

2Fe0-Si0, - accordingly, they are unlikely due to their small
size AZ.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.

0
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Figure 5. Dependence of the isobaric potential on temperature for reactions of formation
of complex oxides on the surface of superalloys

Table 7. Results of studying the phase composition of oxide films on superalloys

Object of research Phase composition

300X12M GJN-HV600 (XCr11) (EN-JN3019)

Fe,O, (thombohedral lattice); Fe,O, (cube); Cr,0,; Fe,0, -Mn,O,; Cr,0, -Fe O,

300X12G3M 300Cr12Mn3Mo

Fe,O, (thombohedron); Fe,0, (cube); Cr,0, -FeO; Cr,0,-Fe,0, ; Fe,0, -Mn,0,;

273

Cr,0, 3Fe 0O,

300X12G5 300Cr12Mn5

y- Fe; o- Fe; Fe,O, (thombohedron); Fe O, (cube); Fe,0, - Cr,0,; Fe,O, -Mn,0,

300X16M2 GJN-HV600 (XCr14) (EN-JN3029)

a- Fe; y- Fe; Fe,0, (thombohedron); Fe,O, (cube); Fe.O,; Fe, O, -Mn,0,; Cr,0,-3Fe,O,

374

300X20M2 GJN-HV600 (XCr18) (EN-JN3039)

a- Fe; y- Fe; Fe,0, (thombohedron); Fe,O, (cube); Fe.O

.0,; Mn,0,-Fe,0;; Cr,0, Fe,0,

Machinery & Energetics, Vol. 13, No. 1
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Oxidation processes of superalloys of the working layer ...

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
(300Cr,,Mn,Mo - marking of Ukraine): Cr,0O,FeO; Cr,0,Fe,O,;
Fe,0,-Mn,0; Cr,0,-3Fe,0,. Superalloys 300X12M (GJN-HV600
(XCr,,) - EN-JN3019), 300X12G5 (300 Cr,,Mn, — marking of
Ukraine) and 300X20M2 (GJN-HV600 (XCr,,) - EN-JN3039)
form two complex oxides Fe,O, each. Mn,0, and Cr,0, Fe,O..
Complex oxides Fe,O, are formed on the 300x16M2 alloy.
Mn,0; and Cr,0,-3Fe,0,. Presence of complex oxide Cr,0,-FeO
and lack of MnO-SiO2 and 2FeO-Si0, in oxide films confirm the
results of the performed thermodynamic calculations.

CONCLUSIONS

1. Tt 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, Fe,O,, Fe,O,, SiO,, MnO, Mn,O,,
MnSiO,, Cr,0,, MoO,, V,0,, TiO, (rutile), Ti,O,, Sio, Cu,0,
NiO. As gaseous products of reactions, Co,, SS,, COS, SO,
S0,, SiO, PO are formed.

2.1t is established that complex oxides are formed
on the surfaces of superalloys due to oxidation reac-
tions: Cr,0,-FeO, Cr,0,-3Fe,0,, 3Cr,0,-2Fe,0O,, Cr,0,Fe,0,,
Fe,0,-Mn,0..
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'HatioHanbHMI YHiBepCcUTET 6iopecypciB i MPUPOIOKOPUCTYBAHHS YKpaiHU
03041, Bysn. I'epoiB O6oponu, 15, M. Kuis, Ykpaina

2JIaTBiiCbKMI YHIBEPCUTET HAYK PO KUTTS
LV-3001, Byx. Velika, 2, m. €nraBa, JIaTBist

Mpouecu oKUCNeHHA BUCOKONEroBaHUX cnnasiB po6oyoro wapy
i MbkdasHMUX noBepxoHb 6iMeTaneBux Nap

AHOTaUiq. BiblIicTh BMCOKOIErOBaHKX CTaJeit, 0COOIMBO JIETOBAHNUX XPOMOM, BOJbhpaMoM, KO6aabTOM, MOJTiGIeHOM,
CWJIBHO HAKJIENYIOThCSI TP TIACTUYHIN gedopmaliii BomoviHHSIM. BucoKoneroBaHi ctasi 3 yMcTolo oBepxHero 6e3 oKaaIuHu
CXWITbHI O CXOTUTIOBaHHS -HAIMITAHHS 3 TBEPILOCIUIaBHMM iHCTPYMEHTOM — BosiokaMu. ToMy IIpu X0NoHiit medopmariii
HeoOXiJTHO 3aCTOCOBYBATH CIelliaabHi MacTuIa 3 TPOTU3aTUPHUMIU KOMIIOHEHTAMM Ta MilTHi MiAMAaCTUIbHI TOKPUTTSI.
[Ticst ounIeHHs TOBEPXHI BiJi OKaIMHM HAHOCSITh BalTHSIHO-CO/IbOBE MOKPUTTS. OCTaHHIM YacoM I1oYaiy 3aCTOCOBYBAaTU
IOCUTb e)eKTUBHE IiaMacTUIbHe MOKPUTTS CKIaay (Y BOGHOMY po3umHi): cynbdar Harpiro Na,SO, - 130...250 r/x; pinke
cki10 Na,SiO, - 20...30 r/1; 06po6ka rpu Temnepatypi 80...90 °C. B 0kpeMMX TeXHOJIOrYHMX IPOLIecaX BUKOPUCTOBYIOTh
SIK TIAMACTMIbHI TOKPUTTS MeTaIeBi TOHKI TOKPUTTS — Mi/IHi, CBMHIIEBO-0JIOB’SIHI, @ TaKOX okcasaTHe. ITicist medopmarii
BCi BUIM TTOKPUTTIB MOBMHHI OYTY IMOBHICTIO BUAA/EHI, TaK SIK IIPU TEPMOOOPOOL MOKYTh IIPOTIKATH MPOIEeCH B3aEMOLi
MeTaty 3i 3MallyBaIbHMMM TOKPUTTIMU. Lle MOyKe TPMU3BECTH 10 MOTipLIEHHS SIKOCTi TOBEPXHi Ta BTPAaTU HeOOXiTHUX
BJIACTMBOCTE. MeTa cTaTTi — CTBOpPEHHSI MeTOA0JIOTiYHOrO0 anapary MpoleciB OKMC/IeHHS BMCOKOJIETOBAaHUX CIIaBiB
pobouoro mapy i mixkdaszHux MOBepxoHb OiMeTaneBux map. MeTogo/orist — TepMOAMHAMIUHI pO3paxyHKU PiBHOBATK
XiMIUHMX peakIliii Ha MOBePXHSX PO3Liay “MeTasn — ra3osa (asa”. B cTarTi mpeicTaBieHO pe3ylnbTaT eKCIiepUMeHTaTbHUX
JIOCTiIKeHb i3 BCTAHOBJIEHA 3a/IeXKHICTh i306apHOTr0 NOTEHIIiaNy Bif TeMriepaTypu AJsl peakiiii Ha MibkdasHiii moBepxHi
“Me2 - ra3zoBa ¢a3a”. ABTopamMu OTpuMaHa 3aJIesKHiCTh i306apHOro MOTEeHIIiaay BiJ TeMIepaTypu AJis ra30moLi6HMX
TIPOAYKTIB peaxiliit Ha ITOBepPXHi BMCOKOIEroBaHMX CIuiaBiB. [TigTBepIKeHO iCHYBaHHSI 3a/IEKHOCTI i306apHOTO MOTeHIiaTy
Bij TemmepaTypu [Jis1 peaklili yTBOpeHHSI KOMIIJIEKCHUX OKCU/IiB Ha MOBEPXHi BMCOKOIeropaHux criapis. Haykosa
3HAYMMICTb — eKCIIepMMeHTaIbHUM LUISIXOM MiATBepIyKeHa afleKBaTHICTh IIPOLIeCiB OKMCIEHHS BMCOKO/IETOBaHUX CIIaBiB
pobouoro mapy i Mi>kdasHUX TOBEPXOHb GiMeTaneBux rap

KniouoBi cnoB.a: crasb, CIijIaBu, XiMiuHMIt CKIIa I, OKCUIM, [IOBEPXHI pO3/Iiay, 6iMeTaneBi BUTMBKI
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