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Abstract

Epoxy-composite protective coatings filled with iseglomerating additive have been investigatechgidR-spectre
analysis. The presence of O-H and C-H bonds inrdhge of wave numbens= 2848-2922 ciy C-C in the range of wa
numbersy = 1112-1541 cih and the amino groups in the range of wave number§$23-667 cr, indicating the catalyt
activity of the additive. It has been establishleat fit is expedient to use an additive for the eot# ofq = 20pts.wt. for th
formation of the adhesive layer of coating, whilere was obseed the maximum growth of adhesion strength. Therfor th
formation of a coating with high cohesive strengtlis advisable to use an additive containipg 10—-20 pts.wt.which provide
both elastic properties and moderate stiffnesefapoxy omposite material. By the method of optical micayscthere i
analyzed the structure of epoxy composites andrméted the optimum content of the filler with thedered structure, witha
defects, which provides high indicators of cohesitrength of materials.

Keywords:activity of the filler, adhesion strength, cohesstiength, fracture structure, IR-spectral analysiptical microscopy.

The oil and gas industry is important for aof the binder, which ensures uniformity of the dogt
country's economic development, security and enerdgyer during application, and, consequently, inseel
independence. Gas and oil are the main types ¢f fuperformance characteristics. Particularly relevarthe
while up to 80 % of it is consumed by many entegsi use of anti-agglomerate additives in the develogroén
of various industries in Ukraine, such as shipiogu multicomponent polymer systems, where fibrous
aircraft building, chemical and metallurgical, powe constituents are additionally used. Such polymeric
engineering, which ensure the development of thmaterials can be used for the restoration of pigeli
country's economy. At the same time, given thé&ansport elements. Considering the above, itlesvamt
significant consumption of raw materials, more antb develop new materials that increase the sefifecef
more attention is paid to the reliability and seeviife pipe transport.
of pipeline transport. The length of gas pipeliméthin
Ukraine is about 35 thousand km, oil pipelines —  Materials and research methods
2.5 thousand km, oil product pipelines — about The main component for the binder in the
3 thousand km. Thus, a gradual decrease in strengtbrmation of CM was chosen the epoxy dyanoic
deformation and corrosion damage to the main ail aroligomer of the mark ED-20 (GOST 10587-84), which
gas pipelines is an urgent problem of our time. ©he is characterized by a complex of improved propsrtie
the main directions of increasing the service life compared to other known thermosets [1], namely high
pipeline transportation, in particular oil and gastrength of adhesion compounds in the metal bage, t
pipelines, is the use of protective coatings [1-4]. possibility of hardening at low temperatures, low

Analysis of research results [1-3, 11], allowsas tshrinkage, lack of release of volatile substanaging
state that to ensure the service life of pipelhamdport, the formation of the product, adaptability when laap
it is advisable to use protective coatings basedpmxy to parts with a complex surface profile, developad
binders. Slight shrinkage (up to 2 %) of coatingsddl materials base.
on epoxy binder ensures manufacturability when  For cross-linking epoxy compositions there was
applied on long surfaces of a complex profile, whis used  polyethylenepolyamine  (PEPA)  hardener
relevant in the oil and gas industry. At the saimeet (TU 6-05-241-202-78), which allows cross-linking
one of the ways to improve the properties of prdtec materials at room temperature. It is known that REP
coatings is the use of anti-agglomerative additi®gh a low molecular weight substance, which consisthef
additives are evenly distributed throughout theuwm following structural monomeric units [-GHCH,-NH-].
Different stages of crosslinking were modeled and
investigated with the introduction of the hardemn
* Corresponding author: the composition according to the stoichiometridoraff

ksma@ksma.ks.ua the components (10 pts.wt. per 100 pts.wt.of ED-20
epoxy oligomer).

Hydropho biervnsmittel (HDBS) was used as a
filler. It is a white powder made in Germany. Hypho
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biervnsmittel is used as an anti-agglomerating af@n were wused. The distance between the supports
building mixtures. Additionally HDBS provides weath | =40 £ 0.5 mm.
resistance, frost resistance and vapor permealulity The deviation of values in the study of indicators
building mixtures. The patrticle size is 8—12 migon of physical and mechanical properties of CM was
An epoxy composite filled with HDBS particles 4—6 % of the nominal one.
was formed according to the following technologse-p For the study of chemical bonds in the filler, IR
dosing of ED-20 epoxy resin, heating the resin to spectral analysis was used. The IR spectra were
temperature of T =353+2 K and keeping it at thisecorded on a spectrophotometer “IRAffinity-1" (3ap
temperature for a time = 20+0.1 min; dispensing the in the range of wave numbevs= 400—2400 cit by a
dispersed filler and its further introduction intbe single beam method using reflected light. The swafep
epoxy binder; hydrodynamic combination of ED-2Cthe spectrum by wave numbérs = v was carried out
oligomer and dispersed filler over time= 1+0.1 min; on a diagram within 225 mm in the range of the ehos
ultrasonic treatment (UST) of the composition dgrin frequencies. Wave numbers, transmission intensity,
the timet = 1.5%£0.1 min; cooling the composition tohalf-width, and absorption band area were deterthine
room temperature for a timer=60+5 min; the using the IR solution software. The error in defeiny
introduction of PEPA hardener and mixing thethe wave number is =+ 0.01 cm, and in determining
composition for a time = 5+0.1 min. Later, CM was the accuracy of the location of the peak + 0.125 crit.
approved according to the experimentally estabtisheThe measurement accuracy was + 0.2 % at software
mode: sample formation and holding for a timeontrol of the slot and the integration tirne 10 s. The
1=12.0¢0.1 h at a temperature T = 293+2 K, heatinigtegration step\A = 4 cm™.
with a speed = 3 K/min to a temperature T = 393+2 K, The study of the structure (topology) of the CM
holding the CM for a time = 2.0+0.05 h, slow cooling was performed on a metallographic microscope
to a temperature T = 293+2 K. In order to stabilize XJL-17AT equipped with the Levenhuk C310 NG
structural processes in the matrix, the samples Wwept Digital Camera (3.2 MegaPixels). The range of
for a timet = 24 h in air at a temperature T = 293+2 knagnification of the image ranges from 100 to 1600
followed by conducting experimental trials. times. For processing digital images there was used
The following properties of the developed epoxyLevenhuk ToupView software.
composite coatings were investigated: adhesive and
shear strength, residual stresses, destructivessseand Discussion of research results
elasticity modulus, impact strength, structure of  The chemical activity of HDBS particles was pre-
composite materials by means of the opticalletermined, that is, the presence of active graupthe
microscopy. To study the activity of the addititksre surface and in its structure (in the range of wave
was used IR spectral analysis. numbersy = 487-3408 ci) by the IR spectral analysis
The adhesive strength of the matrix to the metdFig. 1, Table 1) [6-8].
base was studied by measuring the breaking stritgs w Further, the effect of HDBS content on adhesion
a uniform separation of a pair of glued samplestrength at separation., displacementtj and residual
according to GOST 14760-69. The study of adhesimiressesdgd in CM was investigated. It was established
shear strength was carried out according to GOSSxperimentally (Fig. 2), the introduction of HDBS
14759-69, similarly measuring the force of detaamme fractions into an epoxy oligomer for a content of
of adhesive joints of steel specimens on an UM-§ = 10 pts.wt. leads to an increase in adhesi@ngth
automated tensile machine at a loading vate10 N/s. when CM is detached from 24.4 MPa HDBS (for epoxy
The diameter of the working part of the steel samplit matrix) to 34.0 MPa (Fig. 2, curve 1). The introtioc
separation was d = 25 mm. It should be noted tiat tof an additive at a content of g = 20-30 pts.wtises
area of bonding of the samples, which were invattidy the formation of a material with a maximum value of
at separation and shear, was the same. adhesive strength at separation, whicty,is 35.0 MPa.
The residual voltages in the matrix were A significant effect of the additive on the adhesiv
determined by the console method [5]. The coatingtrength of the coating can be explained by the
thicknessd = 0.3-0.5 mm was formed on a steel baséncreased adsorption and catalytic activity, expedsby
Base parameters are as follows: the total lengghsignificant number of O-H bonds and C-H filleuhd
| =100 mm; the working lengthl, =80 mm, the in the wave number range= 2848-2922 cit and C-C-
thicknessd = 0.3 mm. in the wave number range = 1112-1541 cil. The
Destructive stress and elasticity modulus wertitroduction of HDBS particles in the binder moharn
deter-mined according to GOST 4648-71 and GOST = 40 pts.wt. leads to a decrease in adhesivagitre
9550-81, respectively. Sample parameters are thieig. 2, curve 1). It was believed that the reafrthis
following: length | =120 2 mm, width could be the increase in residual stresses dudneo t
b =15+ 0.5 mm, height = 10 + 0.5 mm. supersaturation of the active anti-agglomeratioenag
Impact toughness was determined by the Charg9-12].
method in accordance with GOST 4647-80 by means of The studies of the effect of HDBS on adhesion
a pendulum scraper MK-30 at a temperature ditrength allowed us to state a similar relationsfiipis
T =298 + 2 K and relative humidity= 50 + 5 %. The indicates the same mechanism of destruction exgdess
samples sizetlx b x h = (63.5 x 12.7 x 12.7) + 0.5 mm by the ability of adhesive macromolecules to defanm
both longitudinal and transverse directions, emguthe

64 ISSN 2311—1399. Journal of Hydrocarbon Power Engin  eering. 2018, Vol. 5, Issue 2



Polymer composites for improving the resource of pip eline transport

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
FTIR Measurement 1/em

Figure 1 — IR-spectrum of the HDBS filler in the range of wave numbers = 487-3408 crit

Table 1 — Characteristic absorption bands accordingo the IR spectrum of HDBS particles

Wave number] Intensity, | Relative peak area] Groups corresponding to characteristic absorption
No. 1
v, Cm T, % S % bands
1 487 2.3 15.4 -C-H- bending vibration®f the aliphatic chain
2 623 2.7 20.1 . .
3 667 52 599 primary amines: -Nk CH,-NH,
4 721 1.1 43.4 C-0-0
5 935 7.4 26.1 C-H- bending vibrations
6 1112 3.3 75.7 C-C- bond of the aromatic ring
7 1419 1.3 14.4 C-C- bond of the aromatic ring
8 1473 0.4 106.5 C-C- bond of the aromatic ring
9 1541 0.1 32.7 C-C- bond of the aromatic ring
10 2019 14.7 2.6 C=0- stretching vibrations
11 2339 13.9 35.6 -C=N- stretching vibrations
12 2640 10.9 39.1 C-H
13 2848 0.4 166.9 C-H
14 2922 0.2 142.9 O-H
15 3408 4.6 — -NH- stretching vibrations

formation of the same magnitude of tangential anthan q = 40 pts.wt. leads to the maximum growth of
normal shear and shear stresses. In this case, tksidual stressescfs = 2.6-3.1 MPa) and coating
maximum value of shear strengthtiss 9.5-9.7 MPa. delamination with time (Fig. 3).
Therefore, the introduction of HDBS particles in a During the operation of CM, not only the adhesion
binder with a content of q = 20-30 pts.wt. provitles strength indicators, but also the physical and raeal
formation of a material with a maximum value of ahe properties are significant. Therefore, the physico-
and the peel strength. mechanical properties of CM, filled with HDBS
At the same time, it is advisable to take intgarticles, were further investigated. It was esshield
account the value of the residual adhesive stress that the introduction of HDBS filler into the epoxy
long-term use of the coating. Therefore, the deprod binder for a content off = 10-20 pts.wt. leads to a
of residual stresses on the content of HDBS pasicl maximum increase in destructive stresses when CM is
was additionally analyzed. It is shown that theimum  bent relative to the matrix (Fig. 4, curve 1). The
values of residual stresses (= 2.0-2.5 MPa) are with destructive flexural stresses of such materials are
the introduction of the additive with a content ofspe, = 60.0-64.0 MPa. Considering the results of IR
g = 10-30 pts.wt. Interconnections with relativedyy ~ spectral analysis (Table 1), it can be assumedthsat
absolute values of residual stresses and adhesinerease ino,e, is associated with crosslinking of the
strength indicate the possibility of long-term ag@n epoxy groups of ED-20 oligomer with the participati
of the coating. At the same time, it should be ddteat of O—H groups of the additive and amino acid groofps
the introduction of HDBS patrticles into the binadeore the hardener. Due to this, the material is chareetd by
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Figure 2 — Dependence of adhesion strength,( t) and residual stressesotes)
of CM on the content of the HDBS filler

Additionally, we analyzed the dependence of the
elastic modulus upon bending on the HDBS content
(Fig. 4, curve 2). It is established that the gtowt
dynamics of the elastic modulus is similar to the
flexural stress. However, the maximum value of the
elastic modulusE = 4.2 GPa) was observed with the
introduction of HDBS for the content gf = 20 pts.wt,
characterizing the elastic properties of the dgwedb
materials with the critical amount of filler.

Figure 3 — Defects of the coating caused It has been established (Fig. 4, curves 1 ande3) th

by high residual stresses correlation relationship between the physical and

mechanical properties of the indicatorg.ef{ and W)

its ability to resist deformation. The structure safch with the introduction of HDBS particles with the
composites is characterized by homogeneity, wheoontent of q=10-20 pts.wt. Such materials are
blocks of the same absolute size prevail (Figh,5;). characterized by impact toughness, which is
Comparing fractographic patterns of the epoxy matriwv = 9.0-9.5 kJ/rh (Fig. 4, curve 3). Moreover, the
fracture (Fig. 5,a) and the composite material withfurther introduction of HDBS particles leads to a
HDBS particles with the content of = 10-20 pts.wt. decrease in toughness & = 7.5 kJ/mi, which is
(Fig. 5,b, ¢) it is found that the CM is characterized bycharacteristic of CM with a defective structure.eTh
the absence of wide splitting lines. This indicaties results of the toughness study are additionally
uniform distribution of residual stresses by voluarel coordinated with optical microscopy, confirming the
ensures the formation of a material with highreliability of the results obtained.
mechanical strength. Based on the results of the study of the cohesive

Further introduction of HDBS particles with thestrength of epoxy composites, it is found that lbam
content ofg = 30-50 pts.wt. leads to a decrease imaterials with a complex of improved physical and
destructive stresses when bendigg, = 50.0-55.0 MPa. mechanical properties, it is advisable to inject an
Despite the fact that the particles of hydroph®iDBS filler within g = 10-20 into epoxy binder;
biervnsmittel is an anti-agglomeration additiveg 8M  (up to open = 60.0-64.0 MPa), elasticity modulus
structure is characterized by the appearance dbagg(E = 3.5-4.2 GPa), impact toughnegé< 9.0-9.5 kJ/R).
merates, the onset of which was observed when HDBS
was introduced for a content @& 30 pts.wt. (Fig. 5b). Conclusions
It is assumed to be due to the dispersion of pestic 1. The surface of hydropho biervnsmittel particles
(d = 5-10pm) and their supersaturation in the binderwas studied by IR spectral analysis. The activityhe
which causes an increase in the viscosity of thgnper  anti-agglomeration additive was established, exges
system. This, in its turn, leads to incomplete imgtt by a significant number of O—H and C—H bonds in the
of particles, and with further introductiory (¢ 40— range of wave numbers= 2848-2922 cnt, C—C in the
50 pts.wt) it ensures the formation of a significanrange of wave numbens1112-1541 cit and amino
amount of agglomerates (Fig. 8, €) in the polymer groups — in the wave number range 623-667 cil.
volume, and, consequently, a significant decredse o 2. For the formation of coatings that provide high
mechanical strength of materials. rates of adhesion strength at separation and shaear,
advisable to use composites containing particles of
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Figure 4 — Dependence of the bending strengtla), elasticity modulus E) and impact toughness\{)
of the CM on the content of the HDBS filler
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Figure 5 — Fractograms of the CM fracture, filled with HDBS patrticles

hydropho biervnsmittel for the content of = 20— the maximum growth of adhesion strength at separati
30 pts.wt. per 100 pts.wt. of ED-20 epoxy oligoraed of ¢, = 33.0-35.0 MPa, shitt= 9.4-9.7 MPa and slight
10 ptswt. of PEPA hardener. Introduction ofresidual stressases= 2.0—-2.5 MPa, which is due to the
antiagglomerate additives at optimum content emssur@écreased adsorption and catalytic activity.
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3. For the formation of coatings that provide high [3] Brai'lo, MV 2014, ‘Investigation of the impact
rates of cohesive strength, it is advisable toagsapo- Strength of epoxy composite materialScientific Herald of
sites containing particles of hydropho biervnsrhifite E_heulﬁhe_rs_on] State Maritime Academmo. 1, pp. 148-157.
the content ofq = 10-20 pts.wt. per 100 pts.wt. of [ ZKramian
ED-20 epoxy oligomer and 10 ptswt. of PEPAMysh[“] Ershova, OV, Mullyna, R, Chuprova, LV,

o . . uryna, OA & Bodian, LA 2014, ‘Study of the effeaf
hardener. The addition of the additive at the optm .o composition of the inorganic filer on the piogs

content ensures the maximum growth of cohesivgiemical properties of the polymer composite materi
strength (compared with the matrie, = 48.0 MPa, Fundamental researcheso. 12-3, pp. 487—491.
E = 2.9 GPa, W = 7.0 kJfn namely: destructive [5] Koryakina, M1 1988 Testing of paints and coatings
bending stressess,es = 60.0-64.0 MPa, elasticity Moscow, Chemistry. [in Russian]
modulus E = 3.5-4.2 GPa, impact strength W = 9.0- [6] Nakamoto, K 1991IR spectra and Raman spectra of
95kJ/ M. inorganic and coordination compounds: transl. frénglish

4. The results obtained by the method of opticaf!0S¢oW: Myr. [in Russian]

microscopy are consistent with the results of thuelys Moscgv]v Scar]::%ri]s’trss[i nl%%?;l;g;gamc composite materials

of the cohesive strength of materials. It is esshled [8] Buketov, AV, Sapronov, OO & Aleksenko, VL
that composite materials, filled with particles ofy015 Epoxynanocomposites: monograptSMA, Kherson.
hydropho biervnsmittel for the content of = 10— [9] Brailo, MV 2013, ‘Investigation of the effect dhe

20 pts.wt.,, are characterized by a homogeneogsmentitious content and crosslinking temperatune tioe
structure that ensures a uniform distribution afideal properties of epoxy bindersBulletin of the Zhytomyr State
stresses by volume and growth of the mechanic&pchnological University. Series: Technical Science
strength of the material. no. 2(65), pp. 3-12. in Ukrainian]

‘At ; ; [10] Brailo, MV, Jakushhenko, SV & Fesenko, IP 2017,
The publication contains the results of StUdIesOptimization of the initiator content in the pokter matrix

conducted by President's of Ukraine grant fo; : ; . 2
.- . ts ph | and h I tieSGientif t f
competitive projects (No F75/172-2018, 25.09.2(1f8) f,\r,Tla '?SgS'SC?a pr SQZ%_?mCSkgiﬁgir]' 1entitic notes o

the State Fund for Fundamental Research». [11] Buketov, AV, Sapronov, OO, Brailo, MV &
Aleksenko, VL 2014, ‘Influence of the ultrasoniedtment on
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MonimepHi KOMNO3UTU ANA NiABULLEHHA pecypcy pob6oTu
TpybonpoBigHOro TpaHcnopTy

A.B. Bykemoe, A.B. Canponosa, M.B. bpaino, B.B. Coyenko, K .10. IOpenin, 5. Anmonio

Xepconcvra depoicasna Mopcoka akaoemis;
npocnexkm Ywarxosa, 20,m. Xepcon, 73003 Vkpaina

Mertogom [Y-cnekTpajabHOrO aHalidzy JIOCHIPKEHO MOBEPXHI EMOKCHKOMIIO3UTHOTO 3aXMCHOIO MOKPHTTS,
HAIlOBHEHOTO aHTHAarJIOMEepyI04ol0 J100aBkoro. BcranoBieno mnpucyTHicTh 3B's3kiB O-H 1 C-H y ngiamazoni
XBHIHOBHX umcen v = 2848-2922cm™, C-C — y miamasomi v = 1112-1541cvm™* ta amiHorpyn — y miamasomi
v =623-667 CM_l, IO BKa3ye Ha KaTAliTUYHY AaKTUBHICTH H00aBKH. BcraHoBieHo, mo s (HopMyBaHHS
aIre3iHOrO IIapy TMOKPHUTTS JAOLIJBHO BHKOPUCTOBYBaTHM na00aBKy 3a BMmicty ( = 20mac.d4., npu LbOMY
CIIOCTEPIraeThCsl MAaKCHMAJbHE 3pOCTaHHS ajre3iiHoi winHocTi. yis (QopMyBaHHS TOKPUTTS 3 BHCOKHUMH
MOKAa3HUKAMH KOTE31HHOI MIIIHOCTI JOIIJILHO BUKOPUCTOBYBAaTH noOaBKy 3 ( = 10—2Quac. 4., mo 3abe3mnedye sk
MIPYXKHI BJIACTHBOCTI, TaK i MOMIpHY YKOPCTKICTh €MOKCHKOMITO3UTHOTO MaTepiany. MeTO0OM ONTHYHOT MIiKPOCKOTTi1
MPOaHAI30BaHO CTPYKTYPY CMOKCHIHMX KOMIIO3UTIB 1 BU3HAYEHO ONTUMAJIbHUN BMICT HAIMIOBHIOBAYa, IPH SKOMY
XapaKkTepHa BIOPSAKOBaHA i 0€3 AePEKTiB CTPYKTypa i3 BUCOKMMH MOKa3HUKaMHU KOTe31iHOI MIIIHOCT1 MaTepiaiB.

KitouoBi cnoBa: aoeesivina miynicmov, axmusHicmv HanosHiosaua, I4-cnexmpanvuuil ananiz, KoeesiuHa
MIYHICb, ONMUUHA MIKPOCKONIS, CIMPYKIMYPA 31AMY .
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