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Annotatsiya

Magqolada turli xil ishlov berish rejimlarida olingan oksinitrid usulida himoya
diffuziya qatlamlarining korroziyaga qarshi tajriba natijalari va ularning boshqga
goplamalar bilan giyosiy ko‘rsatkichlari, xususan, dastlabki oksidlanish jarayoni
amalga oshirilmagan holda ham nitridlash olib borilgan, shuningdek, galvanik
xrom qoplamasi bo’yicha olingan ma’lumotlar ham keltirilgan. Bundan tashqari,
ish nitridlashdan oldin dastlabki oksidlanishning, shuningdek, mis sulfat
eritmalarida keyingi oksidlanishning oksinitrid qatlamini olish jarayoniga va hosil
bo’lgan qoplamalarning korroziyaga qarshi chidamliligi ta’siri o’rganilgan.

Olingan ko‘rsatkichlarni tahlil qilish shuni ko‘rsatadiki, har bir ko’rib
chiqilgan ishlov berish haroratida ma’lum bir dastlabki oksidlanish vaqti mavjud,
bu esa po’latlarning korroziyaga garshi chidamliroq oksinitrid qoplamalarini olish
imkonini beradi.

AHHOTaL VA

B craTbe mnpuBeneHbI pe3ysIbTaThl 3KCIEPUMEHTOB II0 KOPPO3MOHHON
CTOVIKOCTV  3allUTHBIX  OUEP@PY3MOHHBIX  CI0€B, IOJy4YeHHBIX  METOIOM
OKCMHUTPUpPOBaHMS IIpY  pasjIMYHBIX  peXxmuMmax o0paboTkm, a Takke
CpaBHUTeJIbHBIE IIOKa3aTeylll C OPYIMMM IIOKPBITMAMK. B "acTHOCTH, IIpoBemeHO
HUTpUpOBaHUe 0e3 IIpeBapuUTeSIbBHOTO OKWUCIIeHNs, IIpVBeleHbl JaHHBIe IIO0
rayIbBAaHNYECKOMY XPOMMPOBAaHHOMYy HOKpbITHMIO. Kpome Toro, B pabore
UiccIleflOBaHO BIIMSIHMeE IIpefBapUTeIbHOIO OKMCIIeHUs Iepel, HUTpUpOBaHMeM, a
TaKXKe IIOCJIEOYIOIIero OKMUCIIeHMS B pacTBopax cyiabdaTa Megy Ha HIpoliecc
IIOJIy4eHNss  OKCMHUTPUIOHOIO CJIod M HAa  KOPPO3MOHHYIO  CTOVMKOCTD
00pa30BaBIINIXCS TOKPBITUIL

AHa;mM3 [OJIyuyeHHBIX [JaHHBIX IIOKas3blBaeT, 4YTO MPM KaXIOM U3
pacCMOTpPeHHBIX  TeMIepaTyp  oOpaboTKM  cyllecTByeT  OIIpefeIéHHOe
ONTMMa/IbHOe BpeMsi IpeBapUTeIbHOTO OKMCIIEHWs, KOTOpOoe IIO3BOJISeT
oIy4aTh 00Jlee KOPPO3VMOHHO - CTOVIKIE OKCYMHUTPVIHbIE IIOKPBITYS Ha CTJISX.
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This article presents experimental results on the corrosion resistance of
protective diffusion layers obtained by the oxynitriding method under various
treatment regimes, along with comparative indicators for other coatings. In
particular, nitriding was also carried out without initial oxidation, and data are
provided for galvanic chromium coatings. In addition, the study examines the
effect of pre-nitriding oxidation and subsequent oxidation in copper sulfate
solutions on the formation of the oxynitride layer and on the corrosion resistance of
the resulting coatings.

Analysis of the obtained data indicates that at each treatment temperature
considered, there is a specific optimal time for initial oxidation that enables the
formation of more corrosion-resistant oxynitride coatings on steel.

Kalit so‘zlar

nitrid oksidi qatlami, oldingi oksidlanish, qoplama, ishqalanish juftlari.

KiroueBbie ciioBa

OKCMHUTPUIIHBIV CJIOV, IIpefBapuTe/IbHOe OKMCIIeHVe, IIOKPbITHE, Iapbl
TPeHMsL.
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Introduction. Steels and protective coatings used in heavy industry and in the
harshest areas of the oil and gas industry are often produced to provide various
anti-friction layers. Therefore, a necessary condition for the selection of anti-friction
steels and coatings is not only their wear resistance in neutral environments, but
also their corrosion resistance in aggressive environments [1,2,3,4,5].

In this regard, the kinetics of electrochemical corrosion of the developed
coatings was studied using the potentiodynamic method.

The corrosion resistance of nitride-oxide layers was evaluated in comparison
with untreated ones. In addition, nitride-oxide coatings obtained without
preliminary oxidation and coatings obtained by the chromium plating process were
compared.

Corrosion resistance tests were conducted in a climate chamber in a salt spray
environment. The results of the study are presented in Tables 1-3.

The test results showed that nitro-oxidized parts develop the least amount of
corrosion spots compared to other types of treatment methods.

Research part. When comparing the anodic polarization curves obtained from
steel samples of grade 38X2MYuA with each other, it was found that the magnitude
of the corrosion current in the passive zone decreases by 1.5-2.0 times. Figure 1

65



AMERICAN JOURNAL OF MULTIDISCIPLINARY BULLETIN
ISSN: 2996-511X (online) | ResearchBib (IF) = 9.512 IMPACT FACTOR

USAE

SCIENTIFIC JOURNALS [t

OF AMERICA

Volume-3| Issue-6| 2025 Published: |30-06-2025 |

shows the potentiodynamic polarization curves obtained from steel samples
subjected to different oxynitriding regimes.

As can be seen from Figure 1, nitroxide coatings obtained by primary
oxidation increase the corrosion resistance of steel compared to untreated steel,
which is covered with a continuous film of corrosion products during the first two
hours of exposure to a 3% sodium chloride solution [4,5,6,7].

It has been proven that the anodic current density of nitro-oxidized samples
obtained after nitriding with initial oxidation and subsequent steam oxidation in
water vapor is 1.5-5 orders of magnitude lower, depending on these cleaning
methods.

Table 1
Results of corrosion tests in a salt fog chamber with 3% sodium chloride at
t=26°C

T/ | Processing modes Oxynitrid | Time to | Corrosion
R Pre-oxidation Nitriding Next e layer | first rate, test
oxidation thickness, | corrosion | duration,
pm site, % /hour
hours
5| & 5| g | £
Y || E |Y | EE |Y|E|E
e e |2 Pl el 2 el | 2
1 - - 58 (2| 151 |58 |30 |30] 181 312 5/300
0 0
2 |- - - 58 2| 151 |58 |30 |32 180 547 10/1125
0 0
3 620 | 5 |20 |62 |2 |37 62 | 30 | 55| 40,5 678 5/352
0 0
4 580 |10 | 20 |58 |2 | 133 |58 |30 | 20| 153 9 40/470
0 0
5 550 (10 | 1,2 |55 |2 | 150 |55 |30 | 18| 18,0 8 20/173
0 0
6 580 |7 | 17 |58 |2 |220 |58 |30 |25 250 596 5/726
0 0
7 | 620 (20 |45 |62 |2 (292 |62 |30 |43]|335 604 5/743
0 0
8 550 | 20 | 20 |55 |2 | 120 |55 |30 |26| 145 31 50/130
0 0
9 550 | 10 | 1,2 |55 |1 | 120 |55 |20 | 18] 13,6 28 50/163
0 0
10 [ 580 |5 |12 |58 |2]213 |58 |30 |21] 245 570 5/694
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0 0

11 | 580 | 30 |36 |58 |2 |10 58 | 30 | 4,2 | 13,0 17 40/125
0 0

12 | 620 | 30 |52 |62 |2 |16 62 | 30 | 3,5| 20,0 585 5/712
0 0

13 | 620 | 5 20 |62 |1 |275 |62 |20 |28] 305 560 10/1142
0 0

14 | 580 | 10 | 20 |58 |1 |165 |58 |20 |23] 195 16 45/120
0 0

15 | 580 | 20 |30 |58 |2 |170 |58 |30 |24] 19,0 320 15/570
0 0

16 | 620 | 30 |52 |62 |1 |130 |62 |20 |5,7] 18,0 18 30/112
0 0

17 | 550 | 20 | 20 |55 |1 |100 |55 |20 |20] 13,0 7 20/85
0 0

18 | 550 |30 | 27 |55 |2 |50 55 130 | 29] 8,0 9 45/70
0 0

Original sample 1,5 50/70

Hard chrome plating h=16 pm 49 50/230

It should be noted that anodic current density is a measure of the dissolution
rate of a metal and, accordingly, an indicator of its corrosion resistance in a given
environment. These corrosion units can be easily expressed in mm/uil, g/m2, and
other units of measurement.

Table 2
Effect of hardening modes on the corrosion resistance of samples
T/R Process Processing time Number  of | Exposure time
rerature, °C - 5 detected re first appearance,
& re testing,
5 © cm?2
=g
: |5 |f:
£ |26k
1 580 - 2 130 3 4
2 580 - 2 130 b/p 6
3 620 20 2 130 b/p 9
4 580 7 2 |30 14 0,5
5 550 10 2 |30 6 15
6 580 7 2 130 6/m 9,5
7 620 5 2 |30 6/ 9,5
8 550 20 2 130 9 1
9 550 10 1 20 15 0,5

(e)}
~N
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10 580 5 2 30 6/n 8

11 580 30 2 30 1 3

12 620 30 2 30 o/m 7

13 620 5 1 20 2 4

14 580 10 1 20 2 3

15 580 20 2 30 o/m 4

16 620 30 1 20 4 3

17 550 20 1 20 7 0,7

18 550 30 2 30 14 0,5

- Oxidation in CuSOs4 solution.

Results. All the obtained oxynitride layers are not porous, which is confirmed
by the low decomposition potential in the polarization curve. Analyzing the results
of polarization measurements (Fig. 1), we can conclude that the protective coatings
obtained in the processing process in modes 3, 6, 7 have the highest corrosion
protection properties, and the coatings obtained in mode 5 are insignificant.
Comparison of the anodic polarization curves shows that corrosion resistance is
achieved by treating the surface in modes 3, 6, 7, since in this case the anodic
dissolution rate is 5 orders of magnitude lower than the corresponding value.

The lack of initial oxidation under the influence of water vapor during
chemical-thermal treatment significantly reduces the protective properties of the
oxynitride layer against the external environment. In this case, the anodic
dissolution rate is 2-4 degrees lower than in the original steel, while the
introduction of the initial oxidation process provided a reduction in the anodic
dissolution rate by 5 degrees.

o=V(NVE) Figure 1.
Potentiodynamic
polarization dependences in
3% NaCl at t=250C.
38X2MYuA steel.

1 - Hardened according
to mode No. 3; 2 - Hardened
according to mode No. 6; 3 -
Hardened  according to
mode No. 7, 4 - Hardened
according to mode No. 2; 5 -
Hardened  according to
mode No. 1, 6 - Hardened
according to mode No. 4; 7 -

8 7 o6 B 24 B 2 A depd
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Hardened  according to
mode No. 5, 8 - untreated
stee, 9 - chrome-plated
(galvanized) - h=16 pm.

It has been proven that coatings obtained by mode 2, although not undergoing

initial oxidation, have better corrosion protection properties than coatings obtained

by mode 1 due to steam oxidation after nitriding in a CuSO4 solution.

9 = V(NHE)

-0.54

-0.4-

Figure 2.

at

5 o Corrosion potential

/K—O\f:_ g o versus time in 3%

/ = ‘NaCl t=250C.
;’_‘—F © ~= :38X2MVuA steel.

1 - Hardened

according to mode 5; 2 -

“mode 4; 3 - Hardened

m 9 "9 Hardened according to
e

e
-0.3- ”according to mode 1; 4 -
Hardened according to
-0.2 : ~mode 2; 5 - Hardened
20 40 60 .
Time. T (min) according to mode 6; 7 -

Hardened according to
mode 3; 8 - untreated
steel;

9 - chrome plated
(galvanized) - h=16 pm.

When analyzing the anodic polarization curves obtained for 38X2MYuA steels

in modes 4 and 6, it is clear that at the initial stage of treatment in a CuSO4 solution,

oxidation, respectively, anodic solution currents sharply reduced the corrosion

resistance of the coating and differed by 3 orders of magnitude. The conclusions of

the results obtained based on the analysis of anodic polarization curves show that

the time dependence of the corrosion potential under the influence of the same

solution is confirmed by measuring the indicators (Figure 2).

As can be seen from Figure 1, the initial corrosion potential of untreated

38X2MYuA steel has the most negative value, and it has been proven that the stable

corrosion potentials for steel with protective coatings obtained according to modes
3, 6, and 7 shifted to positive potentials by 350-370 mV.
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1The low protective properties of the coatings obtained in modes 4 and 5 are
confirmed by a shift of the corrosion potential in the anodic direction of only 50-100
mV compared to untreated steel. Part of the corrosion tests was carried out in a salt
spray chamber with spraying of 3% sodium chloride solution. The temperature in
the room was 2°C. The tests were carried out on samples made of 38X2MYuA steel,
hardened under various conditions. The results of the corrosion tests and the
oxynitriding regimes are given in Tables 1 and 2. The results of the corrosion tests
were compared with the original samples, samples with nitride-oxide layers
obtained without initial oxidation, which were studied in detail in [4,5,8,9,], and
coatings obtained after hard chromium plating with a thickness of 16 pm. The tests
showed that the nitro-oxidized samples hardened according to regimes No. 2, 3, 6,
7,10, 12 and 13 had the smallest corrosion spots compared to all other samples and,
with increasing corrosion area, constituted a correspondingly smaller percentage. It
should be noted that the values of the values obtained in nitro-oxidized samples
hardened according to modes 2, 3, 6, 7, 10, 12, 13 did not increase significantly in
the future. In samples hardened according to other modes, an increase in the
volume of corrosion centers is observed, especially in the chrome-plated sample. If
corrosion sites are present, their rapid growth also occurs.

The work also investigated the effect of the temperature-time parameters of
the initial oxidation on the corrosion resistance of nitro-oxidized samples (Figures
1,2, and 3).

It was found that increasing temperature in the considered ranges has a
positive effect on the corrosion resistance of the metal (Figure 3). The best results in
terms of corrosion resistance in the temperature range of 550 and 580°C were
achieved with a preliminary oxidation duration of 7-10 minutes (Figure 3), while
the most positive results were achieved at a temperature of 620°C. After a
preliminary oxidation of 5-20 minutes, it was observed that a preliminary oxidation

of 30 minutes at 620°C also proved to be significantly better corrosion resistance
[4,5,8,10,].
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550°C 580°C , 620°C
1- Tno = 5 mm

2- Tno = 20 min
3= Tno = 30 min

1- Tne = 7 min
2- Tno = 20 min
3- Tne = 30 min

1-Tna= 1[:] m.'lﬂ
E'Tﬂﬂ-z 2[] ﬂ:lltl
3-Tao = 30 min

":
o

]

Number of pitting corrosion pits
formed per 1 cm? of surface
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Figure 3. Dependence of the number of pits on the exposure time of
38X2MYuA steel samples in 3% sodium chloride at chemical-thermal treatment
temperatures of 550, 580, 620°C. Nitriding time 2 hours, final oxidation time 30

minutes.

Thus, studies have shown that nitro-oxidation of steels, carried out under
optimal conditions, significantly increases their corrosion resistance.

Discussion of the results. The high anti-corrosion properties of nitro-oxidized
layers are also confirmed by the results of electrochemical studies of the samples.

The electrochemical behavior of nitro-oxidized layers was compared and
evaluated with the properties of chromium coatings deposited on 38X2MYUA
steel.

Thus, the results of electrochemical studies conducted in a salt spray chamber
confirmed the increased corrosion protection properties of oxynitride layers formed
on the surface of steels.

Conclusion. Part of the research work on increasing the corrosion resistance
and extending the service life of metal coatings was carried out by spraying a 3%
sodium chloride solution. The experiment was conducted at a room temperature of
2°C, and the tests were carried out under various conditions to coat and form a
protective layer on samples made of hardened steel grade 38X2MYVYuA.

As a result, the research work showed that nitro-oxidized steel samples
hardened according to regimes No. 2, 3, 6, 7, 10, 12 and 13 had the smallest
corrosion spots compared to all other samples, and the corrosion area increased
and, accordingly, was a smaller percentage. From the obtained research results, it
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can be noted that the operational performance of the values obtained in nitro-
oxidized samples hardened according to modes 2, 3, 6, 7, 10, 12, 13 is confirmed. In
samples hardened according to other modes, an increase in the size of corrosion
foci was observed, especially in chrome-plated samples.
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