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Abstract

The article investigates the inflnce of ultrasonic treatment and electromagnetiatian on the adhesive strengtr
epoxy composite coatings in oil and gas sectortagoimg fineparticles. The results of research have been aed|yaptima
composition and type of treatment of epg@alymer composition on the stage of formation hia@en selected. The introduct
of high particle content ensures optimal significemprovement of study characteristics that indictite future of research
this area and the feasibility of formation of hignality protective epoxy composite coatings.
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Problem formulation. Polymer composites are Due to the high surface energy fine particles are
considered to be perspective materials that cansbd characterized by a tendency to form agglomeratées an
as protective coatings to protect oil and gas m®cesedimentation, which complicates their uniform
equipment from corrosive environments, variablelistribution in the polymer. Compositions are iiesdd
temperatures and dynamic loads. This can signifigan by external energy fields at the stage of formation
increase the durability, reliability and performanof gurantee uniformity of structure and high stabildf
machine parts and steel structures of oil and gahase composition [3]. Application of these fields
equipment. A key role in ensuring the reliabilitytbe enables us to customize a supramolecular structure,
materials is played by an adhesive bond between tbensity as well as mechanical properties of
polymer and the substrate because its strength aeploxycomposite materials. Treatment of polymer
stability stipulate physical, mechanical and perfance composites with electromagnetic field or ultrasousd
characteristics of coatings. The strength of theeatve rather perspective in this regard, it helps to ptaEm
connection with the substrate polymer matrix igqual distribution of structural components, enkanc
determined by the intensity of molecular and chainic interaction at the interface and reduce defectshn
interactions in the point of contact of polymercarsipe  system [4].
material with the metal base. Adhesive strength of Thus, the development of technology of treatment
coatings depends on the nature of the polymertiibs of epoxy composites with external physical fieldshee
and the state of its surface. stage of heterogeneous structure formation, which

Polymer composite materials based on epoxallows to reduce the degree of aggregation of gesi
binders, containing superfine fillers, have higiheglve and ensure uniformity of the system is an actual
strength. These materials are characterized b higcientific and practical problem.
adaptability when applied on parts with complexXate Materials and research methods.In this work
profile and are characterized by high performante iepoxy composite materials based on epoxy resin of
terms of aggressive environments impact [1]. Th&D-20 brand (GOST 10587-84), which is a liquid
efficiency of modification of thermosetting polynsdoy reactive oligomeric product based on diglycidylestbf
fine particles depends on the following charactiesof diphenil propane, have been investigated. Coatings
the filler, such as: particle size and shape, Wk bf its based on ED-20 resin are characterized by high
content, particle size distribution, uniform dibtrtion adhesion to metal, glass, ceramics, high hardness,
of filler in the polymer matrix [2]. elasticity, high dielectric properties, resistante

aggressive environments. Compositions have been
solidified, using polietylen poliamin (TU 6-02-5940),
characterized by a high rate of interaction of puiyn
and secondary amino groups with epoxy groups ahroo
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Iron powder PZHR 3 (GOST 9849-86) contain:
not less than 97% of metallic iron, dispersion o #
particles is 300...500 mc. The powder is obtaingd t
spraying molten steel with water under high pressur

Carbonyl iron of P-20 brand (GOST 13610-79) i [ —
fine powder of pure iron, produced by therma 2\;{_* =
decomposition of iron pentacarbonyl. The powde — — = —
contains spherical particles without sharp protmsiof /~—J] — = = ~M——" T 7 7~
layered structure, the average diameter of pastitde o P i 4 / \
2.5-3.5 mc.

Fluorocarbon of 4PN-20 brand (GOST 10007-80)
is tetrafluoroethylene polymer powder with the
dispersion of 6...20 mc. High bonding strength of
fluorine and carbon atoms causes high chemical an
physical properties. The powder is heat-resistant,
resistant to corrosive media, has high mechanical,
insulating, anti-friction properties and the alpilito

/5

1 —the source of radiation; 2 — medium (water);
3 — container; 4 — composition; 5 — tripod
d Figure 1 — The layout of ultrasonic treatment
of composition

To study the magnetic field impact
maintain the above mentioned properties in a wi Iectromag_net|c mixer ha_s been used. The treatwist
performed in the air medium at a frequency of 502ViH

range of operating temperatures and pressures. . o
The adhesion strength research method have beEe resulting composition was placed above thecsour
electromagnetic waves.

used in order to define tailored composition and Material solidificati held by the followi
technology of formation of epoxy composites filleith mo des?ser::?ttesrof(larl Izilarlwogt Vlvgi C'e 1 ho)lljr 0? e())(pg’;’;ﬂg
fine particles (GOST 14759-69). In accordance with 70 °C. 1 hour at 100 °C, 4 h at 130 °C.

above mentioned method the study material was li . .
Y epp Discussion of results.As a result of conducted

on the front surface of the rod with a conical pobjon : . )
in place for self-centering grips. After epoxy cargjte _resegrch. I h?s Ibe(]in fo;_IEISEOUt (E'g' ? that Mte t
layer structuring, research was conducted on nsi[roduction of uitrafine PT pow! gr( pLs. .Wn)o
machine of UMM-5 brand at the lower traverse veloci the polymer matrix adhesive bond is rapidly inceeas
of 2 mm/min 2.5 times and has a maximum value Xf £ 43.22 MPa)
Building of prototypes involved obtaining a8s compared to unfilled systemy, & 17.3 MPa). PTFE
wder promotes the formation of a strong adhesive

homogeneous composition, containing necessa d bet the fill ‘ 4 bol i
components with mechanical mixing of components ond between the Tiler surface and polymer maite
no its high capacity for wetting and homogeneous

every stage to ensure high uniformity of the SySteé‘ﬁolymer composition
Obtained composition was applied to the prepar It has been established that the range of critical

surface. Surface was previously treated with aasibe JGantent of dispersed PTFE powder particles in aimat
t hi the desired h dd d . .
0 achieve the desired roughness and degrease Is 6-10 pts. wt., at this value the adhesive stfemng

acetone. ) : -
Ultrasonic treatment has been performed in gpoxy composites materials reaches the maximum
value.

laboratory ultrasonic unit (Fig. 1) in the mediurh o . e
Increase of powder content in the composition in

water at a frequency of 20 kHz. The resulting paym )
composition in the vessel was placed at a distarfice the range of 20__40 pts. wi. leads to a smooth deerin
values of adhesion due to the presence of aggldesera

10 mm from the source of ultrasonic waves. Thth th b : 4 due 1o i let i ¢
optimal duration of treatment was 15 min. at have been lormed due {o incompiete wetling o

Powder filler:
G,. MPa —e— — iron (PZHR-3)
50 —@— — carbonyliron
40 " e . —&— — PTFE
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Figure 2 — Dependence of adhesive strength of epoggmposites upon filler content

s

2 ISSN 2311—1399. Journal of Hydrocarbon Power Engin  eering. 2016, Vol. 3, Issue 1



Influence of physical fields upon adhesive strength of epoxy composite protective coatings in oil and gas sector
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Figure 3 — Dependence of adhesive strength of epaxynposites, modified by electromagnetic field,
upon filler content
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Figure 4 — Dependence of adhesive strength of eposgmposites, modified by ultrasound upon filler cotent

particles with polymer, resulting in uneven distion the electromagnetic field, compared to the polymer
of filler in the volume matrix. matrix, as a slight increase of adhesive strendgth o
For systems filled with powder of iron PZHR-3epoxy polymers by a factor of 1.3 is recorded after
and carbonyl iron P-20 (for filler content of 6-i8. wt.) processing of the composition in an electromagnetic
adhesive strength is 1.7-2.8 times decreased, eqtpar field as compared to untreated epoxy polymer.
due to lack of formation of chemical bonds between It has been experimentally defined that
macromolecules of polymer matrix and reinforcingelectromagnetic field treatment leads to a shacpease
particles, as evidenced by research degree steyctuof characteristic under investigation (1.5-12 tijnes
which is characterized by low content of gel frantin  low degrees of system filling (6—10 pts. wt.) wiihe of
the system. different chemical composition compared to untreate
At higher levels of system filling with powders system. Additional treatment of investigated maisri
PZHR-3 and 4PN-20 (20-40 pts. wt.) adhesive streofit filled with fine particles with electromagnetic lfie
polymer composites is increased by a factor of 8%— enhances the adhesive strength of epoxy compahites
This indicates a growing degree of cross-linkingh# to improvement of polymerization conditions. On the
matrix in the outer surface layers around the rfille surface of particulate filler particles centers are
which increases the physical and mechanical prigsert activated as a result of the external field impadtich
of these polymer composite coatings. in the process of epoxy composites formation infgns
It has been defined that epoxy composition witlstructuring processes, resulting in increase of the
fine fillers (Fig. 3) is more sensitive to the udince of number of links between the binder and the surfice
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dispersed particles. This reduces the molecularilityob To improve the uniformity of distribution of

in the intermediate boundary layers and increakes treinforcing elements and phase stability, epoxymeir

degree of material cross-linking. composition must be irradiated with the external
Adhesive strength of epoxy polymers in the coursphysical fields. Application of these fields enabieou

of ultrasound treatment (Fig. 4) increases by lirié$ to customize a supramolecular structure and mechhni

compared to the untreated polymer matrix and Inggi properties of epoxy composite materials.

compared with electromagnetic field treatment agp Treatment of compositions with external physical

polymer composition. Ultrasonic treatment provides fields improves the interaction of components and

higher degree of homogeneity of epoxy composites agpromotes uniform distribution in the bulk compawiti

result of the intensification of interaction betwethe through improved mobility and stream lining of the

components of the system and reduction of systefifler particles in the polymer matrix. Additional

defects in general. processing of epoxy composite coatings, develoged a
Ultrasound treatment facilitates the increase dbw degrees of system filling 6-10 (pts. wt.) irases

adhesion strength of epoxy composites at low degrée the adhesion strength (1.5-12 times) when expased t

system filling (6—-10 pts. wt.): 1.2 times for PTFEelectromagnetic fields. Mean while ultrasound tresxtt

3 times for carbonyl iron and 12.6 times for iroh opromotes the increase of characteristic under

PZR-3 mark. Increased adhesion as a result ofvestigation (1.2-12.6 times), enhancing feadgbili

ultrasound treatment can be explained by appeaminceindicators of developed epoxy composite protective

active sites on the reinforcing elements surfackfeae coatings.
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Bnnue ¢isanyHnx noniB Ha aare3ivHy MilUHICTb
eMOKCUAHNX KOMMNO3UTHUX 3aXUCHMUX NOKPUTTIB B HacpTorasosin ranys3i

B.M. Maneus, B.Il. Kawuuuvxkui

Jlyyvruii HayioHanbHull mexHivHull yHigepcumem,
eyn. Jlvsiscoka, 15,m. Jhyyok, 43000,Vkpaina

HaBeneHo pe3ynbTaTi TOCIHTIKEHD BIUIUBY YIbTPa3BYKOBOI 0OPOOKH Ta €JIEKTPOMATrHITHOTO BUIIPOMiHIOBAHHS
Ha aJre3idHy MIIHICTh €MMOKCHKOMITO3UTHUX MOKPHUTTIB HA()TOTa30BOTO KOMILIEKCY, IO MICTATh BHCOKOAMCIICPCHI
gacTUHKU. [IpoaHamizoBaHO pe3ylNbTaTH [OCHIIPKeHb, BHOpaHO ONTHUMAJbLHUN CKJIaM Ta BHI OOpOOKH
EMOKCUTIOIMEPHOT KOMIIO3HIIIi Ha cTafii popMyBaHHSI. BBeIeHHS BUCOKOIUCTIEPCHUX YACTHHOK 32 ONTHMAIBLHOTO
BMICTY 3a0e3Meuye 3HaYHe MOKPAIICHHS JOCTIIKYBAaHOI XapaKTePUCTUKH, [0 BKA3Y€ HA MEPCICKTUBHICTH JaHOTO
HANPSIMKY JOCJIJKCHb Ta JOIUIBHICTh CTBOPEHHS BUCOKOSKICHUX 3aXMCHUX COKCUKOMIIO3UTHHX IMIOKPHUTTIB.

Kiro4uoBi ciioBa: 6ucoxkooucnepchuil nopouwiox, eneKmpoMAazHimue SUNPOMIHIOBAHHS, €NOKCUKOMNOZUNMHULL
mamepian, yibmpaseykosa 0opooxa.
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