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Abstract

It is shown that one of the main means of regulatire structure and properties of polymer compssgeheir physici
modification. It has been proven that the introthrcof plasticizersand fillers into the binder makes it possiblerpiove thi
properties of materials.

The effect of the 4,4'-methylenebis rfthoxyaniline) modifier on the adhesion propertiéshe epoxy matrix has be
investigated. The optimal concentration of the rfiedihas been established, ensuringximum indicators of the adhes
strength of the matrix when separated from thd Se& base.

The method of IR-spectroscopy established the atamstructure of the modifier, confirming its adtyvto interactwith
the epoxy oligomer in the course of polymerizatigith a binder. This provides obtaining material woly with improvet
adhesion strength, but also with negligible redidtr@sses.

Keywords:adhesive properties, base, epoxy composite, matixifier, residual stresses, strength.

Introduction increasing the overhaul period of operation. Pramis

The development of modern industry sets than this regard is the use of 4,4'-methylenebis
conditions for improving the reliability of process(2-methoxyaniline) modifier, which contains
equipment, especially the means of transport ofoihe components, actively interacting with the epoxydein
and gas industry. In this context, it is advisatdleuse The use of this modifier allows not only to charibe
polymer composite coatings to protect parts of thsupramolecular structure of the epoxy matrix, Haba
transport. Recently two — or multi-layer functionalto improve its mechanical properties [3, 4, 8].
coatings are widely used. At the same time, thst fir The purpose of this work is to establish the effect
layer is important, which performs the function ofof 4,4'-methylenebis (2-methoxyaniline) modifier te
adhesive. It is shown [1-4] that the adhesive pittgee  adhesion strength of the epoxy matrix on the niedaé.
of coatings is one of the most important charasties
of the durability of materials during equipment Materials and research methods
operation. Therefore, the development of protective Based on the above, as the main component for the
coatings with enhanced adhesive properties is dander in the formation of the CM there is chosen
important task of protecting equipment from coroosi ED-20 epoxy diane oligomer (the State Standard
and wear. GOST 10587-84). The structural formula and model of

It is known [1-4] that among the existing polymer€ED-20 epoxy diane oligomer is shown in Fig. 1.
there are marked materials based on epoxy bindér wi 4,4'-methylenebis (2-methoxyaniline) (MBMA)
improved complex properties. An epoxy oligomer isvas used as a modifier. The modifier was introduced
characterized by reactive epoxy and hydroxyl grougsato the binder at a content of from 0.10 to 2.@Qgt.
that can react chemically with a hardener, resgltm per 100 pts.wt. of ED-20 epoxy oligomer (hereinafte
the formation of a network structure of a compositpts.wt. are suggested at 100 pts.wt. of ED-20 epoxy
material (CM). To improve the properties of the CMoligomer). Molecular weight of 4,4-methylenebis
based on epoxy resin, modifiers and fillers of @asi (2-methoxyaniline) is 258.3. Chemical formula is
physical nature and dispersity are introduced itht® C;sHigN,O,. The modifier is soluble in benzene,
binder [5-8]. The presence of these ingredienta atethanol, acetone, slightly soluble in water. The
critical content improves not only the properties ostructural formula of the modifier is shown in Fa.
materials, but also increases their cost-effecégsrby Polyethylenepolyamine (PEPA) hardener
(TU 6-05-241-202-78) has been used to crosslinkypo
composites, which enables materials to hardenanro
* Corresponding author: temperatures. It is known that PEPA is a low mdlcu

ksma@ksma.ks.ua weight substance, which consists of the following

interrelated components  [-GHCH,-NH-],.  The
structural formula and model of the fragment of
PEPA hardener are shown in Fig. 3. Different stagfe
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Figure 1 — The structural formula of the fragment d Figure 2 — A general view of the chemical bonds
ED-20 epoxy diane oligomer [8] of the 4,4'-methylenebis (2-methoxyaniline)

(MBMA) modifier [8]

Table 1 — Characteristics of the components of epgbinder

Characteristics ED-20 epoxy oligomer MBMA modifier PEPA hardener
Molecular mass 390 — 430 258.30 230 — 250
The content of epoxy groups, % 20.00 — 22.50 - -
The content of hydroxyl groups, % 1.25 - -
Average epoxy functionalitf, 2.00 - —
Nitrogen content, % - 10.84 19.50 — 22.00
Carbon content, % — 69.74 -
Hydrogen content, % - 7.02 -
Oxygen content, % - 12.39 -
Viscosityn, Pa-s 13-20 - 0.90
Densityp, g/lcnt 1.16 — 1.05

NH, T=293+2K, heating at a speed=3 K/min to a

temperature T=393 +2 K, exposure for a time
t=2.0+£0.05h, slow cooling to a temperature
T=293+2K. In order to stabilize the structural
processes in the matrix, the samples were kept for
t=24h in the air at temperaturd =293 + 2 K,
followed by experimental tests.

HN The adhesive strength of the matrix to the metal
base was investigated by measuring the breaking
stresses with a uniform separation of a pair okedlu
samples according to the State Standard GOST 18960—
The study of the adhesion shear strength was daotie

NH, according to GOST 14759-69, similarly measuring the
force of detachment of adhesion joints of sampiethb

UM-5 automated tensile testing machine at a loading

speedv = 10 m/s. The diameter of the working part of

crosslinking were modeled and investigated with thg]et Zampltetshat peelmfg bwai?; 25 fn:hm It sholuld rSVT\
introduction of the hardener in the composition tioe noted that tne area of bonding of the samples, Ic
content of 10 pts.wt. at 100 pts.wt. of ED-20 epox>\;vere mvestlga_ted at peeling and_shear, was th_e.sam
oligomer to determine the optimum ratio of compaeend ; The dre:dl:ﬁl stressles ”':h ;hGS m_l"f‘rt]r'x w?_re
for the corresponding characteristics in the “bimde etermine _y e console method [8]. The coating
modifier” system. The characteristics of the epdigne thickness 6 = 0.3 -0.8 rnm was formed on a _metal
oligomer, modifier and hardener are listed in Table ~ P2se. Base parameters: total lerigtL00 mm, working
Epoxy composites were formed according to thi€ngthlo=80 mm, thicknese= 0.3 mm. o
following technology: heating the resin to a tengpere The deviation of values in studies of indicators of
T =353 +2 K and holding at this temperature fdinae adhesive properties and residual stresses in CM was
r=20+0.1 min; hydrodynamic combination of the#—6 % of the nominal one. , -
oligomer and the modifier for a time= 1 + 0.1 min; For the study of chemical bpnds in the modifier
ultrasonic treatment (UST) of the composite fofhere was used IR-spectral analysis. The IR spegira
t=1.5+0.1 min; cooling the composite to roonf€corded —on —a Fourier Transform Infrared
temperature for a time= 60 + 5 min; the introduction SPectrophotometer IRAffinity-1 (Japan) in the ramge
of the hardener and mixing the composite over timgave numbers = 400 — 2400 cfit by the single beam
t=5+0.1 min. The CM was hardened according ¢ tHméthod using refle_(ited light. The sweep of the Spet
following mode: the formation of samples and theiPy Wave numberd™ = v was carried out on a diagram
exposure for a time=12.0+0.1h at a temperatureW'th'” 225 mm in the range of selected frequencies.

Figure 3 — The structural formula of the fragment d
PEPA hardener [8]
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Figure 4 — The modifier spectrum of 4,4'-methyleneis (2-methoxyaniline) in the wave number range
v = 400-4000 crit

Wave numbers, transmission intensity, half-widthd an Absorption bands at wave numberss 910.40—
absorption band area were determined using tl960.55 cm' indicate the valent vibrations of C-C-,
IR solution FTIR control software. The error in-C-N-, -C-O-groups and have an optical density of
determining the wave number was + 0.01 cm’, and D = 25.1-29.4 % and a peak area of S = 13.5-168 %.
in determining the accuracy of the location of feak wave numbers are = 1041.56-1076.28 crh the
v=%0.125cm’. The measurement accuracy wasbsorption bands for the modifier have an optical
+0.2 % with software control of the slot and thedensity D = 22.2-26.2 % and an area S = 26.1-36.3 %
integration time = 10 s. The integration sté. = 4 cm™. The data in the spectrum refer to valent vibratiofs
-C-C-, -C-N-, -C-O-groups, tertiary aminesCH,)sN,

Research results and discussion and parabenzene.

Analysis of the works [1-4] allows us to state that ~ Valence vibrations ofG-C-, -C-N-, -C-O-groups,
during the investigation of the process of crogstig secondary amines<CH,-NH-CH,- and primary amines
epoxy composites it is important to directly stuthg CH,-NH, have also been found at = 1165.00—
characteristics of the modifier structure, which i1195.87 cm. In this case, the band with the wave
introduced into the binder. Therefore, to deterntine number v = 1165.00 crt has an optical density
chemical bonds, the presence of active groups amd= 22.9 % and area S = 22.9 %, and the band has
segments in the structure of the modifier wasdensity D = 24.5 % and the peak area S = 13.0 % at
investigated by the technique of IR spectral anglysv=1195.87 cm".

For this, a tablet was formed with an additive with Medium intensity bands have been detected at
using KBr powder. It should be noted that thevave numbers = 1242.16-1288.45 cth which have
transmission intensity wasl = 18.0-64.0 %, which almost the same optical density D = 22.2-22.3 % and
indicates the reliability of the experiment (Fig. 4 area S = 12.0-14.7 %, which indicates the defoomati

The infrared spectrum of the modifier (Fig. 4,vibrations of OH-groups, valent vibrations of-N-,
Table 2) allowed us to identify the absorption bavith  C-O-groups, tertiary -N-R and secondary amines
the wave numbev = 752.24 crif, which has an optical -NH-R. In addition, the presence of the methyl grou
density of D =24.1 % and a peak area of S =19.5 %H;-C, the tertiary amines -N,Rand -OH-, -CH-
This absorption band characterizes -NH-, -CHgroups, have been detected by the presence of an
pendulum oscillations, as well as oscillations NH, absorption band at the wave number 1346.31 cm
primary amines groups. Absorption bands are alssith the following parameters: D =22.2% and
defined, where wave numbers ame = 810.10— S =19.9 %.

864.11 cm' with an optical density of D = 23.0-24.9 % Also, deformation vibrations of -CH-, methylene
and the area of S=9.3-18.6 %, which chara&erizCH,- and methyl CHC-groups have been detected on
pendulum oscillations of -NH-, CH-groups, valent the modifier spectrum at = 1427.32 cit. Moreover,
vibrations of €-C- bonds and primary aminesthis absorption band has an optical density of
-CH,-NH,, -CH-H,. D = 22.1 % and the area of S = 20.5 %. The absorpti
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Table 2 — Characteristic absorption bands and paramters of their intensity and area according
to the IR spectral analysis of the MBMA modifier

Characteristics of the band MBMA Modifier
Group v, cmi” D, % S %
-NH-, -CH- pendulum oscillations, -Nfrimary amines 752.24 24.10 19.50
-NH-, -CH- pendulum oscillations(-C- valent oscillations, 810.10 23.20 18.60
primary aminesCH>-NH,, CH-H, 833.25 23.00 9.30
864.11 24.90 17.40
s 910.40 29.40 13.50
-C-C-, -C-N-, -C-O- valent oscillations 960.55 55 10 1680
-C-C-, -C-N-, -C-O- valent oscillations, tertiary amines: 1041.56 22.20 36.30
(CHy)sN, parabenzene 1076.28 26.20 26.10
-C-C-, -C-N-, -C-O- valent oscillations, secondary amines: 1165.00 22.90 41.60
CH,-NH-CH,, primary aminesCH,-NH, 1195.87 24.50 13.00
-OH- deformation oscillations(C-N-, C-O- valent oscillations, 1242.16 22.20 14.70
tertiary amines: -N-R secondary amines: HNR 1288.45 22.30 12.00
-OH-, -CH- deformation oscillations, tertiary amines:
‘N-R,, CH;-C methyl 1346.31 22.20 19.90
-CH- deformation oscillationsCH,- methyleneCHs-C methyl 1427.32 22.10 20.50
-NH- deformation oscillations, secondary amines:
-HN-R, CH-HN-CH, CH,-HN-CH,, parabenzene 1519.21 20.20 510
-N_H- deforr_natlon oscillationsG=C-, -C=N- valent oscillations, 1620.21 2100 2400
primary aminesCH,-NH,-NH,, parabenzene
1728.22 47.90 6.50
1755.22 51.20 9.10
1867.09 45.20 17.00
C-O- valent oscillations 1951.96 57.90 6.10
1998.25 56.70 7.30
2067.69 49.80 15.20
2187.28 57.50 5.50
2306.86 5320 13.80
C-N- valent oscillations 2576.90 51.20 8.50
2692.73 49.30 20.50
-CH- valent oscillations, 2835.36 21.60 550
-CH,- methylene
-CH- valent oscillations 2962.66 21.20 20.00
-CHs-C methyl, €CH,- methylene 2997.38 28.70 9.70
-CH-, -OH-, -NH- valent oscillations, parabenzene 3205.69 28.80 .509
—_ 3360.00 18.70 31.80
-OH-, -NH- valent oscillations 3441 01 1870 840

band for the output modifier at a wave number oflso atv = 2187.28 cri, which has an optical density of
v = 1519.21 cit has an optical density of D = 20.2 %D = 57.5 % and the area of S = 5.5 %. This indEate
and the area of S=5.1%, which indicates thsignificant number of these groups in the modifier,
deformation vibrations of -NH-groups, secondarwhich allows us to state the following. This additiin
amines: -HN-R, CH-HN-CH, CH,-HN-CH, and the epoxy matrix can be active before interactiath w
parabenzene. The average intensity band is detettechydroxyl groups of an epoxy oligomer and the haeden
the wave numberv = 1620.21 cm (D = 21.0 %, mainly by the C-O-group, since their amount is
S = 24.0 %). This allows us to state the defornmatiosignificant in the modifier.
vibrations of -NH-groups, as well as the valent The formation of strong intensity bands at wave
vibrations of €=C-, -C=N-bonds, primary amine8H,- numbersy = 1206.86-2692.73 cthon the IR spectrum
NH,, -NH, and parabenzene. of the output modifier indicates the valent viboat of
Absorption bands in the range of wave numberthe C-N-group. Their optical density is not significantl
v = 1728.22-2187.28 cth are important, as they different and amounts to D = 49.3-53.2 %, and tea a
indicate the valent oscillations of the-O-group. In S = 8.5-20.5 %. This may indicate a significant
particular, strong intensity bands have been deteat a modifier activity, as an additive, in the chemical
wave number of = 1998.25 cri, which has an optical interaction with the epoxy oligomer also througksi
density of D = 56.7 % and the area of S = 7.3 %!, argroups, since the intensity of their absorption dzan
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Figure 5 — Dependence of the adhesion strength anesidual stresses
in the CM on the content of 4,4'-methylenebis (2-nthoxyaniline) modifier

among the entire range of the research spectrumbase, equalsoc,=24.8 MPa, at displacement -
maximum. 1= 8.5 MPa, and residual stressegss= 1.4 MPa.

The absorption band at= 2835.36 crit has an It is shown (Fig. 5) that the introduction of the
optical density of D = 21.6 % and an area of S5=%. MBMA modifier into the epoxy binder leads to an
This band indicates the valent vibrations of théd-C improvement in the adhesion properties of materials
and methyleneGH,-groups. It has been established thaparticular, the introduction of an insignificant difier
the absorption bands at wave numbers 2962.66— content ¢ = 0.10-0.25 pts.wt.) into the epoxy oligomer
2997.38 crit with an optical density of D = 21.2— leads to an increase in the adhesion strength dadic
28.7 % and an area of S = 9.7-20.0 % correspond wden the CM is detached from the steel base from
valent vibrations of -CH-, methyl -G-C and o, = 24.8 MPa tas, = 26.9-31.3 MPa. With a further
methylene -Ch-groups. increase in the content of the modifigr= 0.50 pts.wt.),

Equally important is the presence of an absorptioan insignificant decrease in the adhesion strength
band at a wave number of= 3205.69 cm, which has indices has been observed with the CM separation in
an optical density of D = 28.8 % and an area ofg, = 28.9 MPa. In the future, the increase in thet@on
S = 9.5 % and corresponds to valent vibrationshef t of the MBMA modifier from g = 0.75 pts.wt. to
-OH-, -NH-, -CH-groups. It is important to note theq = 2.00 pts.wt. leads to a monotonous deterianadid
presence of absorption bands at wave numbeitse adhesive properties of CM to the steel baséhitn
v=3360.00 and v=3441.01 crm, which are -case, the adhesive strength of the matrixjs= 26.6—
characteristic of valent vibrations of —-OH-, -NHsgps. 28.4 MPa. It can be stated that the maximum iner@as
These bands are marked by the same average igtensilhesion strength in the case of the CM peeling
in the form of optical density D = 18.7 % and theaa (0, = 28.9-31.3 MPa) has been observed for the content
S=31.8% and S = 8.4 %, respectively. It canrgaed of modifier in the matrix in the amount of g = 025
that there is a small amount of adsorbed water, i.8.50 pts.wt. (Fig. 5). In our opinion, with such an
-OH-groups in the modifier. additive content, the energy of the adsorptionrattion

Based on the analysis of the IR spectrum of thieacreases, as a result of which physical and cremic
MBMA modifier, it can be stated about its activity bonds are additionally formed. Based on the resflts
the physicochemical interaction with the bindethe study of the modifier structure by the meth6dRe
components (ED-20 — PEPA) due to a significargpectroscopy, it has been believed that with the
number of groups and segments. introduction of an additive at a critical conterihe

At the next stage, there has been investigated theructural network of the polymer is formed with
effect of the content of the MBMA modifier on theadditional chemical bonds as a result of the intéra
adhesive strength at separatian),( displacementtf of -C-N-, -C-C-, -C-O-, -N-H-groups of the modifier
and residual stresses.{) in the matrix. It has been with side groups and macromolecule segments ofyepox
established experimentally that the adhesion sthengbinder, which is typical with an increase in adbasi
when the epoxy matrix is detached from the steeBSt rates. The above results of the study suggestdbiéiye
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effect of the modifier, especially when it is insificant, Conclusions

on the course of the matrix formation processeschwyh On the basis of the conducted studies, the optimal
as a result, improves its adhesive propertiesdosteel content of the 4,4'-methylenebis (2-methoxyaniline)
base. modifier in the epoxy matrix with improved adhesive

A similar tendency has been found on theroperties has been established. It has been pibagn
dependence curve of adhesion strength when paékng to form a matrix with improved adhesion properties
steel St. 3 base (Fig. 5, curve 2). In particubdth the the steel base, it is necessary to introduce a
introduction of the MBMA modifier at the content of 4,4'-methylenebis modifier (2-methoxyaniline) ineth
g = 0.10-0.25 pts.wt. an increase in the adhesi@mount ofg= 0.25-0.50 pts.wt. into the epoxy oligomer
strength fromt = 8.5 MPa (for the initial matrix) to (100 pts.wt.). In this case, the material is formnetich
Tt = 8.9-9.6 MPa has been observed. Further, with tliee marked by the following properties: adhesivelipge
introduction of the modifier with the content ofstrengths, =28.9-31.3 MPa, adhesive shear strength
g = 0.50 pts.wt. an insignificant decrease (wittie 7= 9.4-9.6 MPa, residual stressgs= 0.8-1.0 MPa.
experimental error) of the adhesion strength astiear
to t = 9.4 MPa has been observed. It has been proven References
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HDocnipxeHHa BnnuBy 4,4'-MeTUNEHO6IC (2-MeTOKCUaHIiniHy)
Ha aAaresinHi BMacTMBOCTi eNOKCUAHOI MaTpuui
ANA 3aXUCHUX NOKPUTTIB 3acobiB TpaHCNOpPTY

A.B. Bykemoe, O.M. bezoax, B.M. Aok, P1O. Hecpyua

XepcoHnewbka 0eparcasna Mopcbka akademis;
npocnexkm Ywaxosa, 20,m. Xepcon, 73003 Vkpaina

IToxazaHo, 1O OJHWM 13 OCHOBHHX 3acO0iB PETYITIOBAaHHS CTPYKTYpH Ta BIACTHBOCTEH MOJIMEPHUX
KOMITIO3MTIB € iX (piznuyHa mojudikanis. /loBeneHo, 110 BBEICHHS y 3B’ A3yBay IUIACTU(IKATOPIB i HAIIOBHIOBAYIB
MOKpAILYy€e BJIACTUBOCTI KOMITO3MTIB.

JHocnimkeno BB Mmonudikatopa 4,4'Metunendic (2-MeTOKCHaHINIHY) Ha aare3iitHi BIACTUBOCTI €MOKCHIHOT
MaTpuLi, OOIPYHTOBAHO ONTHMAJIbHY KOHLEHTpPALIIO Uil 3a0e3le4eHHs MAaKCUMAJIbHUX ITOKa3HMKIB ajre3ifHoi
MILHOCTI MATPHLI MPH BiApHBi Bif cTaneBoi (Mapka Ct 3) OCHOBH.

Meronom IY-criekTpockomii BCTaHOBJIEHO XIMIYHY CTPYKTYpy Moaudikaropa, WO MHiATBEPIXKYE HOro
aKTHBHICTh JIO B3a€EMOJii 3 CMOKCHIHHWM OJIITOMEPOM Yy TMpolleci moJiiMepu3aliii 3B's3yBada. lle 3abe3meuye
OTpUMaHHS MaTepially 3 TOJIMIICHAMH ITOKa3HUKaMHU aAre3ifHOoi MIIHOCTI Ta HE3HAYHHMHU 3aJIAIIIKOBUMH
HaIpy>XCHHAMH.

KirrouoBi crioBa: adeesitini éracmusocmi, enOKCUOHUL KOMNO3UM, 3ATUWKOBT HANPYICEHHS, MAMPuyst, MiyHICMb,
Moougixamop, ocrnosa.
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