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EFFECTIVENESS EVALUATION OF THE CONVERSION
COATINGS APPLICATION ON TITANIUM ALLOYS IN
CONTACT WITH GFRP UNDER NOMINALLY
STATIONARY CONTACT CONDITIONS

Titanium products are very often used conversion coatings that are formed on the
metal surface as a result of a chemical reaction with reagents or the environment. The
purpose of using such coatings is to increase corrosion protection, ensure better
adhesion with paint coatings, decorative aspect, and also increase wear-resistant
characteristics. The paper analyzes the use of conversion coatings on titanium alloys
for wear protection. Tests have shown that conversion coatings increase the wear
resistance of titanium alloy Ti5SAI5V5MolCrlFe for anodic coating by 10% and by
6% for phosphate coating in combination with GFRP. The shallow depth of the
coating up to 20 um and insufficient hardness only provide protection from
reinforcing glass fibers of the composite material for a while and then only enhance
the damage effect. When E-glass fibers come into contact with conversion coatings,
deep grooves are formed at the micro level, which are located in the sliding direction.
Due to shearing and setting, the products of conversion coatings, titanium oxides and
glass fiber particles are mixed on the friction surface into a tribological layer that
mainly has an abrasive effect. As a result of fretting processes, microcracks and areas
of titanium coating delamination are formed on the surface near the grain boundaries,
which increase the destruction of the titanium surface. Anodizing provides greater
protection due to the formation of a film that is 40 % harder than phosphating.

Key words: titanium alloys, coating, wear resistance, fretting, fiberglass, analysis, testing,
nominally fixed contact.

Introduction. As is known, titanium alloys have low wear-resistant properties, but
despite this, the use of both titanium alloys and composite materials in modern aircraft
is only increasing every year due to their high strength properties compared to their
weight. The contact of these materials is increasingly common in aircraft of well-known
manufacturers and design bureaus.

Nominally fixed contacts of titanium alloys and composite materials (carbon
plastics and fiberglass) under the influence of vibration from aircraft operation and gas
turbine engines begin to micro-move over time, which leads to slipping of surfaces and
as a result the appearance of defects known as wear during fretting corrosion. Analysis
of damaged parts and studies [1, 2] show that in the contact of Ti-CFRP/GFRP titanium
alloys are damaged many times more than composite materials due to the high strength
and abrasive action of reinforcing fibers. Thus, titanium alloys in nominally fixed
contacts must always be protected with special coatings and treatments to prevent the
development of fatigue cracks that occur during fretting damage.

Titanium products are often used with special coatings called conversion coatings
[3-10]. This is usually a thin layer of coating (up to 10-100 microns), which is formed
on the metal surface as a result of a chemical reaction with reagents or the environment.
There are various types of conversion coatings on titanium alloys, including chromate,
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phosphate, oxide, etc., each of which has its own properties and purpose of application.
The purpose of using these coatings can be increased corrosion protection, ensuring
better adhesion with paint coatings, decorative aspect and they can improve the wear-
resistant characteristics of titanium alloys.

The following technological solutions can be used to obtain wear-resistant
conversion coatings on titanium alloys: hard anodizing [3] (in sulfuric or phosphoric
acid at low temperature) allows you to obtain a dense layer of oxides with a thickness
of 20-30 microns and a hardness of HV 600-1200; micro-arc oxidation (MAO) [4]
(anodic process in alkaline media) allows you to obtain ceramic-oxide structures up to
20-100 microns and a hardness of HV 800-1600; blueing [5] (in hot solutions of
pergamanate and nitric acid) allows you to obtain a dark oxide layer up to 1-5 microns
and a hardness of HV 300-500; phosphating [6] (in a phosphate solution using Zn, Mn
elements) allows you to obtain a coating of increased hardness up to 100 microns and a
hardness of HV 500-900.

Analysis of the application of conversion coatings on titanium alloys for
protection against fretting.

Thus, the authors of the work [7], when forming oxide structures on the surface of
the VT23M titanium alloy by anodic oxidation, established that during dry friction, the
wear resistance of the coating is 20-30 % higher than that of the heat-treated titanium
alloy, but 8-10 times lower when rubbed with TiN and WC-Co coatings. The friction
coefficient was within 0.68 compared to 0.36 for nitrided coatings. However, the
authors note the highest adhesion strength of oxidized coatings compared to other types
of application (detonation, PVD).

In a monograph devoted to conversion coatings on titanium alloys, the authors [8]
note the high wear resistance of coatings applied by such methods as: coating with
mixed oxides, electrochemical synthesis of Mn,O, manganese coatings, plasma-electric
oxidation and coating in diphosphate environments. Coatings applied by such methods
can increase the wear resistance of titanium alloys by 5-10 times, approaching the wear
resistance of TiN structures. Depending on the method, oxide coatings with different
structures can be formed on the friction surfaces (Fig. 1), which allows to retain the
lubricating layer during friction.
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Fig.l. Porous oxid coating on the surface of titanium to improve adhesion properties
(x1000000) [8].

In works [9, 10] the authors established that the reduction of grain sizes and the
formation of microglobular structures on the surface of titanium occurs with an
increased content of manganese in mixed oxide layers, which is associated with
electrochemical and thermochemical reactions in the surface and in the volume of the
oxide layer. The reduction of abrasive wear correlates with the reduction of grain and



ISSN 03702197 Problems of friction and wear, 2026, 2(111) 33

smoothing of surface layers. The abrasive wear resistance of TixOy-MnxOy structures in
K4P-07 electrolytes increases by 3-5 times.

Analysis [5-10] showed high wear resistance of coatings obtained on titanium
alloys during dry abrasive friction. However, the operating conditions of fretting
corrosion and Ti-CFRP/GFRP contact in aircraft are somewhat different. Coatings that
have proven themselves well in unidirectional wear may be unreliable in the reversible
action of abrasive particles of reinforcing fibers and hard abrasive structures obtained
as a result of conversion coatings. Therefore, to determine the effectiveness of the use
of conversion coatings in the Ti-CFRP/GFRP contact under fretting corrosion
conditions, comparative studies are necessary. Table 1 presents a comparative analysis
of wear resistance and some characteristics of conversion coatings on titanium alloy
Ti5A15V5Mo1CrlFe taken from literature sources under dry friction [3-12].

Table 1
Comparative analysis of the characteristics of conversion coatings on titanium
alloy Ti5A15V5Mo1Crl1Fe [3-12]

No Tvpe of coatin tfiglﬁ:gg Hardness, | Coefficient of | Wear rate, 10®
) P g um ’ HV dry friction MM3/N-M
Phosphating
1 5 71 + HaPO4 5-15 425-550 0,4-0,6 10-30
Phosphating
2 5 ZNP-M?* + HaPOs 8-18 500-650 0,35-0,55 8-20
Phosphating ) ) i i
3 5 Mn?* - HsPOs 10-20 550-700 0,3-0,5 5-10
Phosphating
4 5 Ca* + NHaHAPO. 3-5 300-450 0,6-0,8 20-50
5 MAO-silicate 30-50 900-1200 0,6-0,8 1,2-1,8
6 MAO+Mo0Os; 40-60 1100-1600 0,4-0,6 0,5-1,0
7 MAO+MoS; 50-70 1500-2100 0,2-0,4 0,1-0,3
8 Anodizing in H2SO.4 5-15 350-550 0,6-0,7 20-40
Anodizing in
9 LSO + HsPOs + KaCr2O- 15-30 800-1200 0,4-0,5 10-20
10 | Phosphate acid anodizing | 14 55 | 500.700 0,3-05 10-30
in H2SO.4
Electrolytic plasma
11 boriding in HsBOs + 10-15 1100-1600 0,3-0,4 0,2-0,4
NH.CI 850-900 °C
Chemical bluing in
12 KMnOs + HNO: 1-2 350-450 0,4-0,6 80-150
13| Thermal bluing in air 35 600-700 0,35-0,5 10-30
aerosol, 700 °C
Anodic bluing in
14 H.SOs 4 KaCraOr 10-20 500-800 0,3-0,5 5-10

Analysis of wear resistance and functional characteristics of conversion coatings
on titanium alloy Ti5AISV5MolCrlFe shows that coatings obtained by micro-arc
oxidation (MAO) technology have the highest characteristics in terms of hardness, wear
resistance and thickness, and are close in these properties to nitriding technology.
Coatings obtained by blueing due to their small thickness cannot be considered for Ti-
GFRP contact at all, since the coating will quickly collapse under the action of fretting
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corrosion. Coatings obtained by anodizing and phosphating methods have
approximately the same characteristics in terms of thickness and wear.

The purpose of the work is to determine the wear-resistant characteristics of some
conversion coatings on titanium alloys in combination with GFRP under fretting
corrosion conditions.

Testing procedure. To determine the wear resistance characteristics of conversion
coatings on titanium alloys in contact with fiberglass, phosphating coatings (in the
environment of solutions of Zn+Mn elements) and anodizing (in the solution of
chemical elements HSOs+H3PO4+K.Cr207) were determined, which were applied to
the TiSAI5V5MolCrlFe alloy. Both coatings are black in color, 15-20 um thick and
were applied at the Antonov plant in accordance with research work No. 549-X08
(AHO1-60(08). The corresponding sample was the GFRP composite material. To
compare the test results and assess the effectiveness of the use of conversion coatings
in fretting corrosion, the test conditions corresponded to the following [13]: amplitude
of mutual displacements 175 um, specific load 15 MPa, test base of 300 thousand cycles
and frequency of 30 Hz.

Analysis of research results. The test results presented in Fig. 2 indicate
unsatisfactory surface protection by conversion coatings when in contact with GFRP
under conditions of nominally stationary contact, which is 10 % for anodic coating and
phosphating process, the increase in wear resistance occurs only by 6 %. The small
depth of the coating up to 20 microns and insufficient hardness only provides protection
from reinforcing glass fiber fibers for some time and then only enhances the damage
effect.
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Fig. 2. Histogram of wear resistance of conversion coatings of Ti5AI15V5Mo1Cr1Fe alloy
when tested under conditions of nominally stationary contact in a pair with GFRP.

When E-glass fibers come into contact with conversion coatings, deep grooves are
formed at the micro level, which are located in the direction of sliding. Wear products
in the form of oxide and phosphate compounds form areas at the bottom of the grooves
due to adhesion. Due to cutting and setting, the products of conversion coatings,
titanium oxides and glass fiber particles are mixed on the friction surface into a
tribological layer, which mostly has an abrasive effect. In turn, abrasive particles are
introduced into the rougher surface of composite materials and during friction, an
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abrasive-adhesive type of wear occurs in contact. As a result of fretting-corrosion
processes, microcracks and areas of titanium coating delamination are formed on the
surface near the grain boundaries, which increase the destruction of the titanium surface
(Fig. 3). Anodizing provides greater protection due to the formation of a film that is 40
% harder than phosphating.

Fig. 3. Tribological layer on the surface of anodized titanium alloy TiSAISV5Mo1Crl1Fe
during tests with GFRP under fretting corrosion conditions.

Thus, the effect of conversion coatings on the wear resistance of the Ti-GFRP
contact under the action of fretting corrosion is, but not significant in comparison, for
example, with chemical-thermal treatment, where the increase in wear resistance occurs
more than 11 times. Thus, it can be concluded that only the coating using the MAO
technology is able to create a coating that is close in its characteristics to the chemical-
thermal treatment of nitriding. Also, to protect the contact of composite materials with
titanium alloys with conversion coatings, they can be used in combination with other
methods [14-16] (polymer composite materials, addition of solid lubricants, plastic
metals).

Conclusions. Thus, it was found that conversion coatings increase the wear
resistance of titanium alloy for anodic coating by 10 % and by 6 % for phosphate
coating. The shallow depth of the coating up to 20 microns and insufficient hardness
only provide protection from GFRP reinforcing fibers for some time and then only
enhances the damage effect. When E-glass fibers come into contact with conversion
coatings, deep grooves are formed at the micro level, which are located in the direction
of sliding. Wear products in the form of oxide and phosphate compounds form areas at
the bottom of the grooves due to adhesion. Due to shearing and setting, the products of
conversion coatings, titanium oxides and glass fiber particles are mixed on the friction
surface into a tribological layer that mostly has an abrasive effect. In turn, abrasive
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particles are introduced into the rougher surface of GFRP and during friction, an
abrasive-adhesive type of wear occurs in contact. As a result of fretting corrosion
processes, microcracks and areas of titanium coating delamination are formed on the
surface near grain boundaries, which increase the destruction of the titanium surface.
Anodizing provides greater protection by forming a film that is 40 % harder than
phosphating.

References

1. Khimko A., Popov O., Khimko M. Effect of temperature on the wear resistance
TI6AL4AV-CFRP/GFRP contact under vibration conditions. Problems of friction and wear.
2026. No. 1 (110). P. 4-12. URL.: https://doi.org/10.18372/0370-2197.1(110).20915

2. Khimko A. The influence of corrosive and aggressive environments on the contact of
aluminum and titanium alloys with CFRP under vibration loading conditions. Problems of
friction and wear. 2025. No. 4 (109). P. 95-104. URL: https://doi.org/10.18372/0370-
2197.4(109).20757

3. Fedirko V. et al. Thermodiffusion Saturation of the Surface of VT22 Titanium Alloy
from a Controlled Oxygen—Nitrogen-Containing Atmosphere in the Stage of Aging. Materials
Science. 2018. Vol. 53, no. 5. P. 691-701. URL: https://doi.org/10.1007/s11003-018-0125-z

4. Ilwasaki M. Titanium Anodizing. Journal of The Surface Finishing Society of Japan.
2022. Vol. 73, no. 1. P. 28-32. URL.: https://doi.org/10.4139/sf].73.28

5. Angier R. H. Firearm Blueing and Browning (Classic Gun Books Series). 2nd ed.
Stackpole Books, 2008. 160 p.

6. Sobol O.V. Increasing the antifriction properties of titanium alloys by microarc
oxidation (MAO): thesis 2018. URL: http://repository.kpi.kharkov.ua/handle/KhPI-Press/44268

7. Putyrskiy S. V., Arislanov A. A., Artemenko N. 1., Yakovlev A. L. Different methods
of wear resistance increase of titanium alloys and comparative analysis of their efficiency for
VT23M titanium alloy. Aviation Materials and Technologies. 2018. No. 1. P. 19-24. URL.:
https://doi.org/10.18577/2071-9240-2018-0-1-19-24

8. Sakhnenko N. D. et al. Conversion and composite coatings on titanium alloys.
Monograph. Kharkov: NTU "KhPI", 2015. 176 p.

9. Sakhnenko N. D., Azhev M. V., Karakurkchi A. V. Morphology and properties of
coatings obtained by plasma-electrolytic oxidation of titanium alloys in pyrophosphate
electrolytes”. Surface Physics and Protection of Materials. 2017. No. 6. P. 637-645. URL.:
https://doi.org/10.7868/s0044185617060213

10. Aliasghari S. Plasma electrolytic oxidation of titanium: thesis. 2014. URL:
https://www.research.manchester.ac.uk/portal/en/theses/plasma-electrolytic-oxidation-of-
titanium(2c6b1bch-9749-4220-aff9-98ddf9532bed).html

11. Magalhdes A. A. O., Margarit I. C. P., Mattos O. R. Molybdate conversion coatings on
zinc surfaces. Journal of Electroanalytical Chemistry. 2004. Vol. 572, no. 2. P. 433-440. URL:
https://doi.org/10.1016/j.jelechem.2004.07.016

12. Yakymenko G. Ya., Artemenko V. M. Technical Electrochemistry. Part 3. Galvanic
Production: Textbook. Ed. B.I. Bayrachny. Kharkiv: NTU “KhPI”, 2006. 272 p.

13. Tareq M. A. Al-Quraan at al. Increasing the Wear Resistance of Titanium Alloys in
Plain Bearings with Galvanic and Vacuum-Arc Coatings. Tribology in Industry. Vol. 48, 1
(2026), p. 72-82. https://doi.org/10.24874/ti.2043.10.25.11

14. Kralya V. O., Molyar O. H., Trofimov V. A. Khimko A. M., Defects of steel units of
the high-lift devices of aircraft wings caused by fretting corrosion. Mater Sci 46, 2010. pp. 108—
114. https://doi.org/10.1007/s11003-010-9270-8

15. Khimko M., Khimko A., Mnatsakanov R., Mikosyanchyk O. Resource testing of
modified plain bearings for the aviation industry. Problems of tribology. V.29, No. 2/112-2024,
P.16-22. URL.: https://d0i.org/10.31891/2079-1372-2024-112-2-16-22



https://doi.org/10.18372/0370-2197.1(110).20915
https://doi.org/10.18372/0370-2197.4(109).20757
https://doi.org/10.18372/0370-2197.4(109).20757
https://doi.org/10.1007/s11003-018-0125-z
https://doi.org/10.4139/sfj.73.28
http://repository.kpi.kharkov.ua/handle/KhPI-Press/44268
https://doi.org/10.18577/2071-9240-2018-0-1-19-24
https://doi.org/10.7868/s0044185617060213
https://www.research.manchester.ac.uk/portal/en/theses/plasma-electrolytic-oxidation-of-titanium(2c6b1bcb-9749-4220-aff9-98ddf9532bed).html
https://www.research.manchester.ac.uk/portal/en/theses/plasma-electrolytic-oxidation-of-titanium(2c6b1bcb-9749-4220-aff9-98ddf9532bed).html
https://doi.org/10.1016/j.jelechem.2004.07.016
https://doi.org/10.24874/ti.2043.10.25.11
https://doi.org/10.1007/s11003-010-9270-8
https://doi.org/10.31891/2079-1372-2024-112-2-16-22

ISSN 03702197 Problems of friction and wear, 2026, 2(111) 37

16. Khimko A., Mikosianchik O., Khimko M., Filonenko O. Wear resistance of contact of
titanium alloys with composite materials depending on the technology of their manufacturing
under conditions of nominally fixed contact. Friction and wear problems. 2025. No. 3 (108). P.
28-37. URL: https://doi.org/10.18372/0370-2197.3(108).20445

Received: May 09, 2026
Accepted: May 25, 2026
Published: May 31, 2026

Andrii Khimko — Candidate of Technical Sciences, Associate Professor, Associate
Professor of Air Transport Department, National University KAI, 1 Lubomyra Huzar Ave.,
Kyiv, Ukraine, 03058, E-mail: andreykhimko@ukr.net, https://orcid.org/0009-0009-8059-
880X

Margarita Khimko — Candidate of Technical Sciences, Associate Professor of Air
Transport Department, National University KAI, First Deputy Director of LLC Airline
"H3OPERATIONS", 6b Staronovodnytska St.,, Kyiv, Ukraine, 01015, E-mail:
margarytakhimko@gmail.com https://orcid.org/0009-0005-4364-5444

Ruslan Makarenko — Candidate of Technical Sciences, Associate Professor of the
Department of Aviation Engineering, National University KAI, 1 Lyubomyr Huzar Ave., Kyiv,
Ukraine, 03058, E-mail: makrusale@gmail.com https://orcid.org/0000-0001-9515-144X

Vitalii Tokaruk — Candidate of Technical Sciences, Associate Professor, Air Transport
Department, National University KAI, 1 Lubomyr Huzar Ave., Kyiv, Ukraine, 03058, E-mail:
vitalii.tokaruk@npp.kai.edu.ua https://orcid.org/my-orcid?orcid=0000-0002-1965-1765

Ximko Anapiit MukoaiioBUY - KaH[I. TEXH. HAYK, JIOICHT, JOICHT KadeApH aBiaIliitHoro
tparcniopty, HY KAI, mp. Jlobomupa I'y3apa, 1, m. KuiB, Ykpaina, 03058, E-mail:
andreykhimko@ukr.net, https://orcid.org/0009-0009-8059-880X

Ximko Maprapura CepriiBHa — KaHA. TeXH. HayK, JOLCHT Kadeapu apialiiiHOro
tparciopry HY  KAI, mepmmit 3actymamk  gupektopa TOB — Apiakommasii
«H3OTIEPEMIIIHC», Byn. CrapoHoBommmipka, 66, M. Kwuie, Vkpaina, 01015, E-mail:
margarytakhimko@gmail.com https://orcid.org/0009-0005-4364-5444

Maxkapenko Pycanan OJjekciioBH4 — KaHI. TEXH. HayK, IOICHT, TOLCHT Kadenpu
apiamiiinoi imxenepii, HY KAI, np. JIro6omupa I'y3apa, 1, m. Kuis, Ykpaina, 03058, E-mail:
makrusale@gmail.com https://orcid.org/0000-0001-9515-144X

Toxapyk Birajiii BoroaumMupoBuY — KaHj. TeXH. HayK, TOLUEHT KadeapH aBialiiiHOro
tpauciopty HY KAI, np. Jlro6omupa Iyzapa, 1, m. Kui, VYkpaina, 03058, E-mail:
vitalii.tokaruk@npp.kai.edu.ua https://orcid.org/my-orcid?orcid=0000-0002-1965-1765



https://doi.org/10.18372/0370-2197.3(108).20445
mailto:andreykhimko@ukr.net
https://orcid.org/0009-0009-8059-880X
https://orcid.org/0009-0009-8059-880X
mailto:margarytakhimko@gmail.com
https://orcid.org/0009-0005-4364-5444
mailto:makrusale@gmail.com
https://orcid.org/0000-0001-9515-144X
mailto:vitalii.tokaruk@npp.kai.edu.ua
https://orcid.org/my-orcid?orcid=0000-0002-1965-1765
mailto:andreykhimko@ukr.net
https://orcid.org/0009-0009-8059-880X
mailto:margarytakhimko@gmail.com
https://orcid.org/0009-0005-4364-5444
mailto:makrusale@gmail.com
https://orcid.org/0000-0001-9515-144X
mailto:vitalii.tokaruk@npp.kai.edu.ua
https://orcid.org/my-orcid?orcid=0000-0002-1965-1765

38 ISSN 03702197 Mpobnemu mepmsa ma 3HowysaHHs, 2026, 2 (111)

A. M. XIMKO, M. C. XIMKO, P. O. MAKAPEHKO, B. B. TOKAPYK

OIIHKA EOEKTUBHOCTI 3ACTOCYBAHHS KOHBEPCIMHUX
IHOKPUTTIB HA TUTAHOBUX CIIVTABAX B KOHTAKTI I3 GFRP B
YMOBAX HOMIHAJIBHO HEPYXOMOI'O KOHTAKTY

TuraHOBI CIIaBH BOJIOAIIOTH HU3bKMMU 3HOCOCTIMKMMU BIaCTHBOCTSIMH, ajle He3BaXKalun
Ha IIe B Cy4aCHHUX HOBITPSHUX CYJHAX 3 KO)KHUM POKOM JIMIIE iIBUIYETHCS BUKOPUCTAHHS, SIK
TUTAHOBHUX CIUIABIB TaK 1 KOMIO3WIIHHUX MaTepialiB, 3aBISKH iX BHUCOKHM BIIACTHBOCTSM
MIIIHOCTI B MOpIiBHAHHI i3 iX Baroro. KoHTakT 1ux marepianiB Bce 4acTille 3yCTPIi4aeThCsl B
HOBITPSTHUX CyJIHAX BiIOMHX BUPOOHHKIB Ta KOHCTPYKTOPCHKUX O10PO.

HominanbHO HepyxXoMi KOHTaKTH THTAaHOBHX CIUIABiB Ta KOMIIO3WIIIHHHX MaTepialiB
(BYTJIEIUTACTHKIB Ta CKJIOIUIACTHKIB) Iif Ai€t0 BiOpamii Bif eKCIUTyaTarlii HOBITPSIHAX CYICH Ta
poOOTH Ta30TypOIHHHUX IBUTYHIB 3 4aCOM IMOYHHAIOTH MiKpOIIEPEMIN[yBaTHCh, M0 IPU3BOAUTH
JI0 TIPOCKOBXKYBAaHHS MTOBEPXOHB 1 K HACHIJOK MOsBi Ae(PEKTiB BITOMUX SK (PETHHT-KOPO3isl.
AHami3 TMOIIKOKEHUX neTaneil mokasye, mo B kKoHTakTi Ti-CFRP/GFRP TuTaHOBi cruiaBu
MOIIKO/DKYIOTHCS B pa3y OLUIbIINE HIK KOMITO3UIIIHI MaTepiaiu 3aBIsKA BUCOKIH MIITHOCTI Ta
aOpa3uBHii Ji1 apMyIOYHX BOJIOKOH. TakiM YHHOM THTAHOBI CIVIABH B HOMIHAJIEHO HEPYXOMHX
KOHTaKTaX HEOOXiJHO 3aBXAW 3aXHIINATH CHCHIAbHUMH TMOKPUTTSIMH Ta OOpOOKOIO IJist
HonepePKEHHs PO3BUTKY BTOMHHUX TPIIIMH sIKI BAHUKAIOTH MiJI 4ac MOIIKO/PKEHb B PE3YJIbTaTi
¢dperunra.

ICHYIOTH Pi3HI BapiaHTH KOHBEPCIHHMX MOKPUTTIB HA TUTAHOBHX CILIABAaX KOXKEH 13 SKHX
BOJIOZi€ CBOIMHM BIACTHBOCTSAMHM Ta METOI0 3aCTOCYBaHHS. B poOOTI mpencTaBiIeHO aHai3
3aCTOCYBaHHS KOHBEPCIHHUX IMOKPUTTIB Ha THTaHOBOMY cintaBi TiSAISV5MolCrlFe 3 meroro
3aXMCTYy KOHTAaKTy BiJA 3HOIIYBaHHA. BHIpPOOYBaHHSMH BCTAaHOBJICHO, IO KOHBEPCIilHI
MOKPHTTS TiBHILYIOTh 3HOCOCTIHKICTh THTAHOBOTO CIUIABY JUISl aHOAHOTO MOKPHUTTS Ha 10 %
Ta Ha 6 % 1A dochaTHOrO MOKPUTTI. Masa TMOMHA OKPUTTA 10 20 MKM Ta HEJOCTATHS
TBEPAICTH 3yMOBIIIOE JIMIIIE 3aXUCT Bix apMyrodnx BosiokoH GFRP Ha neskiit gac a motim e
MIICHITIOE €)EeKT TTOIIKOKEHHSI.

ITpu xonrakti E-glass BOJOKOH i3 KOHBEPCIHHMMHU MOKPHUTTSMH YTBOPIOIOTBHCS TJTHOOKI
00pO3HM Ha MIKPOpIBHI, IO PO3TALIOBaHI 10 HaNpsMy KOB3aHHs. [IpOJyKTH 3HOIIYBaHHS Y
BUTJISIAI OKCUAHHUX Ta (ochaTHHX 3 €IHAHB 32 PAXyHOK ajare3ii yTBOPIOKOThH MUISHKA Ha JTHI
00po3eHb. 3a paXyHOK 3pi3yBaHHs Ta CXOIUTIOBAHHS BiJOYBAETHCS MEPEMIITYBAaHHS Ha TOBEPXHI
TEpPTsI NPOJYKTIB KOHBEPCIMHUX MOKPHUTTIB, OKHCJIIB THTAaHY Ta YacCTOK CKJISIHMX BOJIOKOH B
TPHOOJOTIYHUIA map SIKMi 31e01IbIIoro Mae abpasuBHY Hito. B cBOr0 depry abpa3uBHI 4acTKH
BIIPOBA/KYIOTECS B OUbIn mopcTky moBepxHto GFRP Ta mpu tepti BinOyBaeThcs abpa3uBHO-
anre3ifHUil BWJ 3HOITYBAaHHS B KOHTAakTi. B pe3ymbraTi (peTHHr-KOpO3iMHHX TpoIeciB
YTBOPIOIOTHCS MIKPOTPILIMHYU Ta IUISTHKH BiJIIapyBaHHS TUTAHOBOTO MOKPHUTTS Ha MOBEPXHI
Oinst rpaHMIL 3epeH sKi MiACWIIOITh PYHHYBaHHS MOBEpXHI THWTaHy. binpmmii 3axucr nae
TIOKPUTTS aHOJyBAaHHS 32 PaxXyHOK YTBOpPEHHA IUTBKH sika Ha 40 % Mae OUTbIIY TBEPHICTH B
NopiBHSAHHI i3 hochaTyBaHHIM.

KuiouoBi cjioBa: mumanosi cniasu, noxpumms, 3HOCOCMIUKICIb, (pemune-Kopo3sis,
CKII0B0IOKHO, AHANI3, BUNPODYBANHA, HOMIHATLHO HEPYXOMULL KOHMAKM. .
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