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noaumepa u OUCNEPCHLIX O0KCUO08 Pa3-
Hol xumureckou npupoovt Al,03, Fe,03,
TiO3, Ca0. Yemanosnenvt 3aK0HOMEPHO-
cmu 8aUAHUS KUCLOMHO-0CHOBHBLIX Xd-
pakmepucmux HanoIHumesel HA Medic-
MOJEKYNAPHbLE 63AUMOOCUCMBUL U NPO-
cmpancmeenHnyro KoH@opMauuro noJiu-
Mepos. Onpedeievt 3a6UCUMOCIMU CIPYK -
MYPHLIX napamempos u ce0Ucme Kom-
no3umoe om OUCnEPCHOCMU U NIAOMHOC-

8 NOAUMEPHOI Mampuye
Knrouesvie cnosa: medxcmonexynap-
Hble 63AUMO0ECMEUSL, INOKCUAMUHHDLL

CUOHDBLIL HANOJHUMEb, KUCTIOMHO-0CHOG6-
Hble ceolicmea

1. Introduction

Composites based on epoxyamine compositions, filled
with dispersed fillers, are one of the most common types of
polymer composite materials (PCM) in the construction
industry [1-5]. This is due to the unique complex of techno-
logical and operational properties and almost unlimited pos-
sibilities for the modification of epoxyamine compositions.
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Physical-chemical modification of polymers with dispersed
mineral fillers of oxide nature is the most affordable way
to create new epoxyamine PCM. In this case, it is possible
to obtain materials with special properties — glues, mastic,
coverings, restoration, sealing and injectable formulations,
paint and varnish materials, binders for glass plastics and ba-
salt plastics [6—9]. Adding dispersed oxides makes it possible
to adjust technological properties of compositions [1, 5], as




well as to improve physical-mechanical and operational cha-
racteristics of PCM [2, 6, 10]. Studying the regularities of the
influence of dispersed oxides on the structure and properties
of epoxyamine-filled compositions solves a task on the deve-
lopment of new multifunctional PCM for construction sector.

2. Literature review and problem statement

When using epoxyamine compositions for building mate-
rials, it is necessary to add inorganic oxide fillers of different
chemical nature. Inorganic dispersed materials based on
oxides SiOj, Al,Os3, FeyO3, TiO,y, Cry0s3, etc. are used for
epoxy materials. In this case, cost and flammability of PCM
decrease and possibility to regulate majority of technological
and operational properties in a wide range appears [11-14].
Regulation of properties of PCM is believed to be associated
with completeness of adhesive contact and wetting at the
boundary, separating phases “epoxy polymer — filler”. In this
case, the nature and properties of surface oxides are virtually
not considered. At the same time, the structure of epoxy-
polymer grid was found to change under the influence of
surface functional groups (active centers) of fillers [15-21].
It is known that a certain number of surface active centers
(hydroxyl-hydrate layer) with different acidity function are
found on the surface of mineral oxides [22, 23].

Analysis of the literature indicates that the influence of
the fillers’ surface on intermolecular interactions, structure
and properties of polymer composite is made over the entire
technological cycle and is divided into three stages:

— at the first stage, there is an impact on spatial orienta-
tion and motion of molecules of oligomers and hardeners in
viscous-fluid state of the composite (impact on rheological
properties) [18—21, 24];

— at the second stage, there is catalytic or inhibiting in-
fluence of the surface-active centers on processes of reticular
structure formation at transition from viscous-fluid to glassy
state (impact on rheokinetic properties and molecular struc-
ture of reticular polymer) [15—17, 25 26];

— at the third stage, there is formation of intermolecular
interactions between functional surface groups of fillers and
the polymer grid in glassy state (impact on spatial orienta-
tion of grid’s fragments and properties of composites).

An integrated gradual influence of the surface layer of
a filler needs to be studied at each of the stages of formation
of polymer composite material. This will help to predict
operation, physical-chemical and other properties of filled
composites.

At the first stage, in epoxypolymer composites there is
spatial orientation of molecules of oligomers and hardeners
under the influence of the filler’s surface. These processes are
a consequence of acidic-basic, electrostatic, dipole-dipole,
donor-acceptor and other interactions between relevant
functional groups on the surface of phases’ separation. In
papers [19-21], it was noted that the influence of dispersed
fillers on the properties of epoxy composites is due to for-
mation of boundary layers (adsorption and orientation) on
the surface of separation of phases between a polymer and
a filler. In a solid composite, the structure of interphase
polymeric layers is fundamentally different from the matrix
of reticular epoxypolymer and at certain large dimensions
determines properties. According to data of [20], existence
of oxides AlyO3and Fe,Os significantly affects the processes
of structure formation in composites based on ED-20 and

triethylegridetramine (TETA). A decrease in temperature
of glass transition of filled polymers was found to be the
result of intense interphase interaction due to hydrogen and
donor-acceptor bonds. It was established that because of
more intensive interactions with Al,O3 in composites, the
influence of the surface is the greatest. Similar results were
obtained in paper [24]. With the use of the method of quan-
tum-chemical simulation, in article [18], values of energy of
interactions between epoxy resin based on diglycidyl ether
bisphenoid A and oxides AlyO3, SiO4 and SiC were obtained.
It was found that surface of AlyO3forms the structures with
the strongest bonds with epoxy resin. This is experimentally
proved by research into wear resistance of materials. But the
authors did not take into account the fact that on the surface
of oxides, there exist a certain number of OH-groups, the
nature of which may significantly affect the mechanism of
interphase interactions. Thus, it was established that at the
first stage of the influence of the oxide filler’s surface on the
properties of epoxy composites, the main factor is chemical
nature of oxides.

Catalytic or inhibiting effect of the surface-active centers
of the filler is associated with the nature and acidic power.
The authors of [25], explored the influence of polymineral
oxide fillers on activation energy and the rate of reaction
of cross-link of epoxy oligomer by polyethylene polyamine
(PEPA). It was established that existence of OH-groups of
hydroxyl-hydrate surface layer of fillers causes an increase
in the rate of cross-link reaction at a decrease in energy of
the process activation. Intensity of influence of fillers” sur-
face was found to depend on the nature of oxide fillers and
acidic-basic properties of surface OH-groups. The authors
of paper [15] examined compositions based on epoxy resin
ED-20 and PEPA. As fillers, they used graphite, mica, and
TiOs, which differed by nature and dimensions of the parti-
cles. It was established that addition of TiO5 has the greatest
impact on kinetics of hardening of the composition. It was
indicated that the catalytic effect of TiOj is associated with
a relatively higher concentration of surface OH-groups.
Catalytic activity of surface OH-groups of aluminum oxide
v-Al,O3 on the process of revealing of the constructive cycle
was experimentally established by the authors in [16, 17]. It
was found that between the surface of OH-groups y-Al,O3
with acidity indicators pK,=4 and epoxy group, there may
be a chemical bond, which causes sealing of the structure and
an increase in the strength of epoxypolymer composites. It
was shown that chemical interaction does not occur between
the surfaces of a-AlyO3, FeyOs, SiO, and epoxypolymer, and
modification effect is associated with formation of hydrogen
bonds. In paper [26], the authors established that the centers
(OH-groups with different acidity function) of the surface of
polymineral oxide fillers influence the process of formation
of reticular structure of epoxyamine grid, and the number of
cross-links is directly proportional to total concentration of
surface active centers of the filler. It was shown that in the
filled composites, the number of effective cross-link nodes
and formation of the structure of a polymer layer is deter-
mined by total concentration of surface active centers of the
filler and acidic power. Thus, it is possible to conclude that
at the second phase of impact of the fillers’ surface on the
structure of epoxy composites, the main factor is the number
and acidic-basic characteristics of the surface-active centers
of oxide fillers.

Thus, in the course of analysis, it was found that the ma-
jority of scientific research explore the influence of the nature



of oxide fillers at the first and the second stages of composite
formation. The processes that occur at the third stage are
practically unexplored. Obviously, this is due to the fact that
intermolecular interactions happen in glassy condition and
proceed very slowly. Actually, an interaction between the
surfaces of the two solid phases occurs due to formation of
non-covalent bonds between the surface functional groups.
As a result, low energy weak bonds are formed. That is why
experimental research into the nature and characteristics
of these processes is complicated and there arises the need
to use the methods of quantum-chemical simulation. In
addition, in well-known works, the authors do not take into
account that active centers of the surface of oxides that form
hydroxyl-hydrate layer are mostly represented by Brensted
OH-groups with a different acidity function. In this case,
possible acidic-basic character of interphase interactions is
not taken into consideration.

Thus, the unresolved problem is the problem of the
influence of the nature and characteristics of oxide fillers
on the structure and pro-
perties of epoxyamine poly-
mer at the stage of forma-
tion of intermolecular bonds

dening continued at temperature 373 K for 4 hours. Filled
compositions were prepared in the following technological
sequence. Resin ED-20 was mixed with hardener DETA at
stoichiometric ratio to get homogeneous mixture. In this
case, viscosity of resin decreased. After that, the filler at
amount of 10 vol. % was added to epoxyamine system and
stirred till homogeneous mixture. Oxide fillers were air-dry
dispersed materials based on oxides of different chemical
nature Al,Os, FeyOs, TiO4, CaO. Specific surface of fillers
was determined by the BET method (Brunauer, Emmett,
Teller). For selected fillers, the study of morphology, surface
and dimensions of particles was conducted with the use of
electronic-microscopic images, made by scanning electronic
microscope of JSM-6390LV make. X-ray phase analysis was
performed on the X-ray diffractometer DRON-2. Acidity
function of the active centers, prevailing on the surface of
the fillers, was determined by potentiometric measurement of
pHiysp in water with the method that is described in [27]. The
studied properties of the oxide fillers are shown in Table 1.

Table 1

Properties of dispersed oxide fillers

in glassy state. In addition,
given the existence of surface

functional groups, the role of
the acidic-basic factor in in-
termolecular interactions on

the surface of phases’ sepa-
ration was not established.
To address above mentioned

issues, the approach, which
includes theoretical methods

of quantum-chemical simula-
tion of molecular systems and
indirect experimental tests, is

. Specific surface, pK, . .

Filler Sy m2/g of active centers Mineral composition
Rutile _ Rutile (TiO»)
GOST (State Standard 22938-78) (RT) 1.30 8.16-8.49 | \hatise (TiOy)
Alumina non-metallurgic B Corrundum (o-AlyO3)
GOST (State Standard 30559-98 (AL) 20.00 9.05-9.50 Alumina (y-Al,O3)
Calcite .
GOST (State Standard 4530-76 (CL) 7.95 9.42-1046 | Calcite (CaCOs)
Hematite* B Hematite (a-FeyOs)
TU U 8785-028-200 (HIM) 11.35 970-1140 | 50 ethite (FeOOH)

considered appropriate.

3. The aim and objectives of the study

The aim of present research is to explore the influence of
oxide fillers of different chemical nature AlyO3, FeyOg, TiOo,
CaO on the structure and properties of epoxyamine polymer
compositions. This will make it possible to predict and adjust
operation characteristics of filled composites.

To accomplish the set goal, the following tasks were for-
mulated:

—to explore intermolecular interactions between epo-
xyamine grid and oxide fillers of different chemical nature by
the method of quantum-chemical modeling;

— to establish relationship between the nature and the
strength of intermolecular bonds, the structure and proper-
ties of composites.

4. Materials and methods of research

We selected as materials for research the filled poly-
mer compositions based on epoxy resin of ED-20 brand
(DSTU 2093-92) and stoichiometric amount of alipha-
tic amine hardener diethylegridriamine of DETA brand
(TU 6-02-91486). The composition hardened in the air
(293-298 K) for not less than 72 hours. After that, har-

Note: * — limonite, four calcium alumoferrite and ettringite were found as related minerals

With development of software for molecular modeling,
the possibility to explore spatial understanding of mu-
tual orientation of molecules in self-organized systems and
on the surface of separation of phases appeared. Within
these programs, it is possible by calculation to establish
energy, kinetic and thermodynamic parameters of interac-
tions that give an idea of chemical nature of various model
systems [28].

In the work, the studies of interactions on the surface of
phases’ separation were carried out using the HyperChem
software package for molecular modeling for chemical sys-
tems. This software package uses widely known empirical
methods of molecular mechanics, as well as non-empirical
and semi-empirical methods in molecular chemistry.

The method of semi-empirical calculation PM3, which
allows obtaining the best results for large hydrocarbon
systems, was selected as the basic method. In paper [29], it
was found that results of calculation under this method are
adequate.

Chemical resistance of composites to water and aqueous
solutions was studied by the method of immersion of samples
in aggressive water medium. The tests were carried out at
temperature of 298 K5, followed by calculation of relative
increase in the mass of the sample over a period of time
(GOST 4650-80 and GOST 12020-72).



4. Quantum-chemical modeling
of intermolecular interactions
between epoxyamine grid and

oxide fillers

For modeling of interactions bet-
ween epoxyamine reticular polymer
and the surface of oxides of different
chemical nature, a fragment of the
grid, which was formed as a result of
reaction of cross-link of two ED-20
molecules and one DETA molecule,
was used (Fig. 1). To take into con-
sideration the influence of hydro-
xyl-hydrate surface layer of fillers’
particles, molecules of hydroxides of
metals Al(OH)s, Fe(OH)s, Ti(OH),,
Ca(OH), were used as models. The
studied molecular complexes consis-
ted of a fragment of the grid (EP) and
a molecule of hydroxide. Fig. 2 shows
3-D models of the fragment of epo-
xyamine grid and molecular comple-
xes, constructed with the use of Hy-
perChem software package with the
function of geometric optimization.

R1—0 —CH;—CH—=-CH —N —CHZ—:—CH —CH;—0—R"

T
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n

H, OH

E
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|
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Fig. 1. Fragment of the grid of epoxyamine polymer

Fig. 2 3-D models of:
a — fragment of epoxyamine grid EP, 6 — molecular complex EP+Ca(OH),, ¢ — EP+Ti(OH),,
d— EP+AI(OH)3 with conditional designations of atoms ® —C; ® —0; &« —H; @ —N; ® —Tj; ® —Ca; ¢ — Al



As a result of modeling, we obtained the values of in-
termolecular distance and dipole moments (u) of molecules
and molecular complexes, enthalpic formation (AHy,,) and
energy of interaction (Ej;) of molecules in the complexes.
Energy of interaction in the complexes was determined from
the following formula:

A+BoAB;

Eint:AHfmm(AB)_ [AHform(A)+AHfonn(B)]-

Calculation results are shown in Table 2.

Table 2

Energy and dimensional parameters of
molecules and molecular complexes

H3SOj4 solutions were used as aggressive media. Dependen-
ces of an increment in mass Am=(my—m)-100/my on time T
of keeping of samples in aggressive media were studied. The
test results are presented in Fig. 3 and in Table 3.

To take into consideration the influence of parameters of
dispersed structure of fillers, in the research, the distances
between the particles in dispersed-filled polymer composites
were calculated from formula:

a=d-[(K/@)'"~1],

where a is the distance between particles of the filler, pm;
d is the size (diameter) of particles, pm; K is the coefficient
that characterizes package density of the filler’s particles;
® is the volumetric share of the filler in composite mate-
rial (0.1). Calculation results are presented in Table 4.

Am. %o
0.3 4

Complex  |AHy, kJ/mol| Ej,, kJ/mol
Am, %o
gfrgﬂi‘e(%,) 15224 - 5
Ti(OH), ~1,170.7 -
EP+Ti(OH),4 -1,931.8 181.9 1.5 -
Ca(OH), -872.3 -
EP+Ca(OH), -3,603.6 —288.7
AI(OTT)s 29491 B 17
EP+AI(OH);3 —1,710.1 181.9
Fe(OH); ~1,515.0 - 0.5 7
EP+Fe(OH); -2,276.3 181.8
Distance
Complex between moment, 0
molecules, A u, D
Fragment
of grid (EP) o 2am, %o
Ti(OH),4 - 0.15
EP+Ti(OH), 5.9 6.20 L4
Ca(OH), - 0.07 L2
EP+Ca(OH), | 17-25 450 1
Al(OH), - 2.37
EP+AI(OH); 5.6 8.14
Fe(OH); - 3.18
EP+Fe(OH)3 3.2-3.9 9.08

: RT 0.05
Dipole 0 I"ﬂ T —HM 0

As a result of quantum-chemical
modeling with the use of HyperChem

software package, the following energy v

and dimensional parameters of molecules

and molecular complexes were obtained. Am.
o

Selected systems give an idea of possible
intermolecular interactions and forma-
tion of non-covalent bonds on the surface
of separation of phases in epoxyamine

g |
polymer composites. 1.5
1 -
5. Experimental research into
0.5

chemical resistance of samples
of the filled polymer composites

200 400 . hh
a
A, @
CL 0.4
0.35
0.3
0,25
0.2
0,15
0.1
0,05
0
200 400 T h 0 200 400t h
c d

CL

HM

For verification of the results of 0
quantum-chemical modeling, the tests of
resistance of filled composites in water

200 400 ©h 0 200

400T. h

e f

and aqueous solutions were conducted.
Distilled water and 0.1 #NaOH and

Fig. 3. Dependences of an increment in mass Am on duration T of keeping samples in:
a, b — distilled water, ¢, d — 0,1 nH,SO4 solution; e, f — 0,1 nNaOH solution



Table 3

Increment in mass after 600 hours of keeping
in aggressive medium

Samples of Increment in mass of sample Am, %
composites H,0 H,SO, NaOH
EP 0.29 0.26 0.28
EP+CL 2.22 1.64 2.34
EP+AL 0.32 0.43 0.41
EP+RT 0.27 0.33 0.29
EP+HM 0.21 0.24 0.24
Table 4
Parameters of disperse structure fillers in the filled
composites
Filler Mean.diameter of Pa(.:k.age co- Dista_nce between
particles d, pm efficient, K particles, a, um
CL 30 0.82 60.80
AL 55 0.83 111.27
RT 10 0.63 18.51
HM 3 0.58 5.40

The distance between the particles of the filler a is the
parameter that describes dimensions of the element of dis-
persed structure that is repeated in the composite material
with cubic package of particles [21].

6. Discussion of results of studying the influence of oxide
fillers of different chemical nature on the structure and
properties of epoxyamine polymer compositions

As Fig. 2a of the model shows, a fragment of the epo-
xyamine grid is rather non-symmetrical and has a spatial
configuration of a high dipole moment u=6.15 D. The rest of
the molecule of diethylegridriamine is located between resi-
dues of ED-20 molecules that repel. Obviously, the residues
of ED-20 molecules, which contain benzene rings with delo-
calized w-bond, repel from nitrogen atoms of DETA residue.

By comparing resulting energy and dimensional parame-
ters of the molecular complexes between EP and hydroxides
of metals of different chemical nature, it is necessary to
note significant influence of the nature of metal (Table 2).
Molecular complexes with dipole moment, which is
more than p of individual molecules, are formed at in-
teraction in most cases. Thus, dipole moment of complex
EP+Fe(OH); (1=9.08 D) is 1.5 times as high as dipole
moment of EP (u=6.15 D) and 3 times as high as dipole mo-
ment of Fe(OH), (u=3.18 D). Dipole moments of complexes
EP+Ti(OH)4 and EP+ AlI(OH)3 exceed u of source mole-
cules as well. In the case of EP+Ca(OH),, on the contrary,
dipole moment of the complex (u=4.50 D) is by 1.4 times
less than dipole moment of EP, but by 2 orders of magni-
tude larger than p of Ca(OH),. Obviously, it is connected
with the fact that compared with metals of amphoteric
nature (Ti, Fe, Al), Ca is strong alkaline-earth. It is charac-
teristic that in this complex the distance between molecules
is the least (1.7-2.5 A), and interactions are the strongest
(Eine=—288.7 kJ /mol). This is due to the fact that a molecule
of Ca(OH), interacts with EP by a fundamentally diffe-

rent mechanism from hydroxides Ti(OH)4 Al(OH)3 and
Fe(OH)s. Thus, Fig. 2, b shows that existence of a Ca(OH),
molecule causes a change in special conformation of the grid’s
fragment. Calcium atom is oriented to m-electron cloud of
benzene ring with formation of donor-acceptor bond. At the
same time, OH-groups of calcium hydroxide form hydrogen
bonds with OH-groups of the residue of a ED-20 molecule.
This conclusion follows from the values of the measured
distance between a Ca(OH), molecule and EP, which are
compared to the length of hydrogen bond, equal to about
3 A. In general, it should be noted that calcium hydroxide has
the greatest influence on spatial conformation of epoxyamine
fragment and causes substantial changes in all energy and
dimensional parameters of the grid.

As a result of geometric optimization of molecular com-
plexes, it was established that hydroxides Ti(OH),, AI(OH)3
and Fe(OH)3 are oriented by hydroxylic groups to OH-
groups of the grid’s fragment. In this case, they are located
on the opposite side from the residue of a diethanolamine
molecule (Fig. 2, c—e). Location like this is, obviously, the
most energy- and spatially conditioned by conformation. The
values of enthalpies of formation of the studied molecules and
molecular complexes are negative (Table 2). Absolute values
of AHyy, complexes are by 1.5-4 times higher than AHy,,
of separate molecules. In other words, intermolecular inter-
actions between the studied molecules are energetically pre-
defined. At the same time, obtained results of modeling make
it possible to argue that interactions between the hydroxides
of amphoteric metals and epoxyamine grid are weak and
low-energy. The distances between EP and metal hydro-
xides are small (3.2-5.9 A) and are comparable with the
distance, which are characteristic for formation of a hydro-
gen bond (about 3 A). Energy of interaction of hydroxides
Ti(OH),, Al(OH); and Fe(OH); and EP grid fragment have
close values at different distances between molecules in com-
plexes. Small values of energies of interaction at sufficiently
high values of dipole moments (u=6.20—9.08 D) indicate for-
mation of low-energy inductive and, possibly, dipole-dipole
(orientationally) intermolecular interactions. The obtained
data show that existence of amphoteric hydroxides does not
cause a change in spatial conformation of the EP fragment
(Fig. 2, c—e). From results of quantum-chemical mode-
ling, it follows that ability of metal hydroxides affect the
conformation of a fragment of the epoxyamine grid increa-
ses in the series: Ti(OH)3<AI(OH)3<Fe(OH)3<Ca(OH)s,.
This series coincides with the series, in which basic pro-
perties increase (acidic properties weaken) of the active
Branstad centers (OH-groups) with the central elements:
Ti"*<AlP*<Fe?*<Ca?" [22]. There is also correlation with
pK, of active centers that prevail on the surface of the fil-
lers (Table 1).

Thus, as a result of quantum-chemical modeling, it was
found that the influence of the oxide filler on the structure
and spatial conformation of epoxyamine grid depends on the
surface acidic-basic properties and increases at an increase of
basic (alkaline) properties of an oxide due to strong intermo-
lecular interactions (formation of hydrogen and donor-ac-
ceptor bonds), the spatial conformation of epoxyamine grid
changes significantly. It was shown that between OH-groups
of the surface of oxides of amphoteric nature and the epoxy-
amine grid, weak low-energy bonds of orientation and induc-
tion character are formed. In this case, spatial conformation
of the grid’s fragment does not change. In general, we can
conclude that the nature and energy of intermolecular bonds,



which affect the structure of epoxyamine polymer compo-
sites, are determined by surface acidic-basic properties and
the chemical nature of the oxide filler.

The obtained results of experimental research into che-
mical resistance (Fig. 3, Table 3) show a significant effect of
oxide fillers on an increment in the mass of filled epoxyamine
polymers after keeping in aqueous media. Composite, filled
with calcite (EP+CL) differs from the others, and compared
with the non-filled, reveals the least resistance to the influ-
ence of all media. Addition of calcite reduces resistance of
polymer composite to HyO by 8.5 times, to HoSO4 solution —
by 5.7 times, and to NaOH solution — by 9 times. Obviously,
low chemical resistance of composite with calcite is due to
the fact that, as it was determined, existence of calcium oxide
affects spatial conformation of an epoxyamine fragment and
all energy and dimensional parameters of the grid. As a result
of strong intermolecular interactions between epoxyamine
grid and the surface of calcium oxide, composites of he-
terogeneous structure and non-homogeneous distribution of
compacted areas are formed. In addition, existence of strong
intermolecular interactions may be the cause of formation of
internal stresses in the composite. All these factors obviously
cause a decrease in chemical resistance of composites.

The results of chemical resistance of composites EP+AL,
EP+RT, EP+HM are close to resistance of non-filled polymer
EP. Influence of fillers on chemical resistance of composites
is ambiguous and cannot be attributed to the acidic-basic
properties of the oxide filler. This may be due to the fact
that selected oxides AlyOs, FeyOs, TiO, are amphoteric
and acidic-basic properties of the surface-active centers are
close [23]. Thus, it is evident that views about the acidic-
basic properties of fillers for explanation of the influence of
amphoteric oxides on chemical resistance of filled polymer
composites are not sufficient.

When acidic-basic properties of dispersed oxides are
close, it is necessary to consider the effect of parameters of
dispersed structure: specific surface, dispersion (dimensions
of particles), package coefficient. These factors are believed
to affect the structure, density and dimensions of the in-
terphase polymeric layer, which determines most of opera-
tion and physical-chemical properties of composites [21, 30].
Calculation results (Table 4) show that parameter a of
composites, which characterizes package density of a filler
in the polymer matrix, increases in the series of composites
EP+HM (5.40)<EP+RT (18.51)<EP+AL (111.27). This
series coincides with the series, in which resistance of filled
composites increases in all aggressive media. As a result,
we can prove the assumption of decreasing possibility of
pegridration of molecules of aggressive medium at an in-
crease in package density of the filler in the material, which
is related to extension of the diffusion path. It should be
noted that the calculated parameter @ in the composite with
calcite EP+CL (60.80) is 2 times as low as in composite
EP+AL (111.27). In addition, chemical resistance of EP+CL
is three times as low. This fact once again proves the previ-
ously made conclusions. In this case, the factor of acidic-basic
properties of a filler prevails.

Thus, as a result of the conducted studies, it was found
that at interaction between the epoxyamine grid and the sur-
face of oxide fillers in a glassy state, non-covalent low-energy
bonds are formed. Interactions occur between the functional
groups of the reticular polymer (OH-groups, benzene rings
with delocalized n-bond) and OH-groups of hydroxyl-hyd-
rate layer of the oxides’ surface. The main factors that affect

characteristics of intermolecular bonds, conformation struc-
ture and chemical resistance of composites are acidic-basic
properties, dispersion and package density of particles of the
filler in the polymer matrix.

Obtained regularities do not take into account existence
of plasticizers, solvents, accelerators and other low-molecular
components, which are usually contained by epoxy compos-
ite polymeric materials. It is obvious that existence of these
substances significantly affects the considered phenomena
and needs additional research. On the other hand, the re-
sulting information can be used to select these components,
and, accordingly, regulation of the structure and properties
of composites. It should be noted that the present research
is limited to oxide fillers. But it is known that filled epoxy
composite materials can include polymineral clay (alumino-
silicate), carbon (soot, graphite) and dispersed materials, dif-
ferent by chemical nature. Similar studies in above systems
are relevant and are of theoretical and practical interest.

7. Conclusions

1. Using the method of quantum-chemical modeling, re-
search into intermolecular interactions between epoxyamine
grid and oxides of different chemical nature was carried out.
In order to take into account a hydroxyl-hydrate surface
layer of oxides, molecular complexes of the fragment of the
epoxyamine grid and metal hydroxides AI(OH)3, Fe(OH)s,
Ti(OH);, Ca(OH); were used as models. As a result of
modeling, it was found that Ca(OH), molecule forms strong
intermolecular bonds and has the greatest influence on the
spatial conformation of an epoxyamine fragment. It was
shown that a calcium atom is oriented to m-electron cloud of
benzene ring with formation of donor-acceptor bond. In this
case, OH-groups of calcium hydroxide form hydrogen bonds
with OH-groups of the residue of ED-20 molecule in the grid.
The studied intermolecular interactions of epoxyamine grid
and hydroxides of amphoteric metals AI(OH)3, Fe(OH)s,
Ti(OH), indicate formation of low-energy inductive and,
possibly, dipole-dipole (orientation) connections. It was es-
tablished that existence of amphoteric hydroxides does not
cause a change in the spatial conformation of the fragment of
the grid. The ability of metal hydroxides to affect the struc-
ture of a fragment of epoxyamine grid was found to increase
in the series: Ti(OH)3<Al(OH)3<Fe(OH)3<Ca(OH),. The
resulting series completely coincides with the series, in which
basic properties of active Branstad centers (OH-groups)
with the central elements Ti*'<AI**<Fe3*<Ca?" increase
(acidic properties decrease). It was shown that the influence
of the oxide filler on the structure and spatial configuration
of the epoxyamine grid depends on the surface acidic-basic
properties and increases at an increase in basicity (alkalinity)
of an oxide.

2. As a result of experimental research into epoxy com-
posites, filled with dispersed oxide fillers, it was found
that resistance of composites to aqueous aggressive media
depends on acidic-basic properties, dispersion and package
density of particles of oxide fillers. It was found that at ad-
dition of strongly basic oxides (calcite), chemical resistance
of composites changes by 5-9 times. In this case, obviously,
composites of heterogeneous structure and non-homoge-
neous distribution of compacted areas are formed. Existence
of strong intermolecular interactions may cause formation
of internal stresses in the composite. It was found that when



adding amphoteric oxides of rutile (RT), alumina (AL) of
hematite (HM), the main factors that affect chemical resis-
tance of filled composites are dispersion and package density
of particles of the filler in the polymer matrix. Calculation
parameter a of composites, which characterized package den-
sity of the filler in the polymer matrix, increases in the series

of fillers HM<RT<AL. This series coincides with the series,
in which resistance of filled composites in all aggressive me-
dia decreases. It is obvious that with an increase in package
density of the filler, possibility of pegridration of molecules of
aggressive environment into the material decreases, which is
associated with extension of the diffusion path.

References

1. Pohl, G. Textiles, Polymers and Composites for Buildings [Text] / G. Pohl. — Woodhead Publishing, 2010. — 512 p.
doi: 10.1533/9780845699994

2. Fink, J. Reactive Polymers: Fundamentals and Applications [Text] / J. Fink. — William Andrew, 2017. — 800 p.

3. Horohordin, A. M. Epoksidnye kompozitsii v stroitel’stve (obzor) [Text] / A. M. Horohordin, E. A. Horohordina, O. B. Rudakov //
Nauchniy Vestnik Voronezhskogo gosudarstvennogo arhitekturno-stroitel’nogo universiteta. — 2017. — Issue 1 (14). — P. 7-18.

4. Osipchik, V. S. Influence of the composition of the redox system on the thermo-oxidative degradation of intercalated gra-
phites [Text] / V. S. Osipchik, R. A. Yakovleva, E. Y. Spirina, T. N. Obizhenko, E. A. Rybka, A. V. Kondratenko // International
polymer science and technology. — 2011. — Vol. 38, Issue 1. — P. 53-56.

5. Kovaleva, E. G. Epoksidnye polimery v stroitel’stve: problemy i perspektivy [Text] / E. G. Kovaleva, V. Yu. Radoutskiy // Vestnik
Belgorod. gosud. tekhnol. un-ta. im. V. G. Shuhova. — 2011. — Issue 2. — P. 39-42.

6. Lebediev, Ye. V. Funktsionalni polimery ta kompozytsiyni materialy na yikh osnovi dlia budivnytstva [Text] / Ye. V. Lebediev,
Yu. V. Saveliev, V. M. Koliada // Budivelni materialy, vyroby ta sanitarna tekhnika. — 2011. — Issue 42. — P. 76-80.

7. Chebotareva, E. A. Polimernye kompozitsionnye materialy: formirovanie struktury i vliyanie na ee svoystva (obzor) [Text] /
E. A. Chebotareva, L. R. Vishnyakov // Visnyk inzhenernoi akademii Ukrainy. — 2012. — Issue 2. — P. 157-163.

8. Kumar, Sh. Sh. Application of nano pigment particles for the development in corrosion and scratch resistance of epoxy-zeolite
coating [Text] / Sh. Sh. Kumar // Intern. Journ. of Eng. and Appl. Sci. (IJEAS). — 2015. — Vol. 2, Issue 11. — P. 103-109.

9. Hozin, V. G. Polimery v stroitel’stve — real’nye granitsy i perspektivy effektivnogo primeneniya [Text] / V. G. Hozin // Polimery
v stroitel’stve. — 2014. — Issue 1 (1). — P. 9-26.

10.  Andronov, V. A. Efficiency of utilization of vibration-absorbing polimer coating for reducing local vibration [Text] / V. A. Andronov,
Yu. M. Danchenko, A. V. Skripinets, O. M. Bukchman // Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu. — 2014. —
Issue 6. — P. 85-91.

11. Dasari, A. Recent developments in the fire retardancy of polymeric materials [Text] / A. Dasari, Z.-Z. Yu, G.-P. Cai, Y.-W. Mai //
Progress in Polymer Science. — 2013. — Vol. 38, Issue 9. — P. 1357-1387. doi: 10.1016 /j.progpolymsci.2013.06.006

12.  Li, R. The thermal stability investigation of microencapsulated ammonium polyphosphate/siloxane-modified epoxy resin com-
posites [Text] / R. Li, H. Zhang, C. Zhou, B. Zhang, Y. Chen, H. Zou, M. Liang // Journal of Applied Polymer Science. — 2017. —
Vol. 134, Issue 36. — P. 45272. doi: 10.1002/app.45272

13.  Fu, Y.-X. Thermal conductivity enhancement with different fillers for epoxy resin adhesives [Text] / Y.-X. Fu, Z.-X. He, D.-C. Mo,
S.-S. Lu // Applied Thermal Engineering. — 2014. — Vol. 66, Issue 1-2. — P. 493-498. doi: 10.1016/j.applthermaleng.2014.02.044

14. Kudina, E. F Vliyanie silikatsoderzhashchih napolniteley na svoystva kompozitov na osnove funktsionalizirovannoy epoksidnoy
smoly [Text] / E. FE. Kudina // Polimernye materialy i tekhnologii. — 2017. — Vol. 3, Issue 2. — P. 49-55.

15.  Martyniuk, H. V. Vplyv napovniuvachiv na protses polimeryzatsiynoho otrymannia epoksydnykh kompozytiv [Text] / H. V. Mar-
tyniuk // Perviy nezavisimiy nauchniy vestnik. — 2015. — Issue 1. — P. 36-39.

16. Sitnikov, P. A. Vliyanie kislotno-osnovnyh svoystv poverhnosti oksida alyuminiya na reaktsionnuyu sposobnost’ s epoksid-
nymi soedineniyami [Text] / P. A. Sitnikov, Yu. I. Ryabkov, M. A. Ryazanov, A. G. Belyh, I. N. Vaseneva, M. S. Fedoseev, V. V. Tere-
shatov // Izvestiya Komi nauchnogo tsentra UrO RAN. — 2013. — Issue 3 (15). — P. 19-26.

17. Sitnikov, P. A. Fiziko-himicheskie zakonomernosti sozdaniya novyh gibridnyh epoksipolimernyh nanokompozitov s povyshennymi
prochnostnymi harakteristikami [Text] / P. A. Sitnikov, Yu. I. Ryabkov, A. G. Belyh, I. N. Vaseneva, A. V. Kuchin // Izvestiya Komi
nauchnogo tsentra UrO RAN. — 2016. — Issue 1 (25). — P. 18-22.

18. Li, E-Z. Surface interaction energy simulation of ceramic materials with epoxy resin [Text] / E-Z. Li, Z.-L. Lu, Z.-H. Yang, K. Qi //
Polimery. — 2015. — Vol. 60, Issue 07/08. — P. 468—471. doi: 10.14314/polimery.2015.468

19. Demchenko, V. L. Vplyv napovniuvachiv na protsesy strukturoutvorennia ta vlastyvosti polimernykh kompozytsiynykh mate-
rialiv [Text] / V. L. Demchenko, V. I. Unrod, S. P. Benenko // Visnyk ChDTU. — 2013. — Issue 4. — P. 149—154.

20. Shtompel, V. I. Mikroheterohenna struktura kompozytiv na osnovi epoksydnoi smoly ta oksydu Fe(IIT) abo AI(IIT) [Text] /
V. I. Shtompel, V. L. Demchenko, V. O. Vilenskyi, Yu. Yu. Kercha // Polimernyi zhurnal. — 2008. — Vol. 30, Issue 3. — P. 233-238.

21. Petryuk, I. P. Vliyanie parametrov dispersnoy struktury na soderzhanie mezhfaznogo sloya v napolnennyh polimerah [Text] /
I. P. Petryuk // Plasticheskie massy. — 2014. — Issue 5-6. — P. 7-9.

22. Tarasevich, Yu. I. Poverhnostnye yavleniya na dispersnyh materialah [Text] / Yu. I. Tarasevich. — Kyiv: Naukova dumka, 2011. — 390 p.

23.

Danchenko, Y. Investigation into acidbasic equilibrium on the surface of oxides with various chemical nature [Text] / Y. Danchen-
ko, V. Andronov, E. Rybka, S. Skliarov // Eastern-European Journal of Enterprise Technologies. — 2017. — Vol. 4, Issue 12 (88). —
P. 17-25. doi: 10.15587/1729-4061.2017.108946



24.

25.

26.

27.

28.
29.

30.

Aniskevich, K. K. Effect of moisture on the viscoelastic properties of an epoxy-clay nanocomposite [Text] / K. K. Aniskevich,
T. I. Glaskova, A. N. Aniskevich, Ye. A. Faitelson // Mechanics of Composite Materials. — 2011. — Vol. 46, Issue 6. — P. 573-582.
doi: 10.1007 /s11029-011-9172-3

Danchenko, Y. M. Environmentally friendly epoxyamine filled compositions curing under the low temperatures [Text] /
Y. M. Danchenko, R. O. Bykov, M. P. Kachomanova, T. M. Obizhenko, N. H. Bilous, A. V. Antonov // Eastern-European Jour-
nal of Enterprise Technologies. — 2013. — Vol. 6, Issue 10 (66). — P. 9-12. — Available at: http://journals.uran.ua/eejet/article/
view/19165/17024

Danchenko, Yu. M. Vplyv kyslotno-osnovnykh vlastyvostei poverkhni poli mineralnykh napovniuvachiv na strukturu ta kharak-
terystyky epoksykompozytiv [Text] / Yu. M. Danchenko, Yu. V. Popov, O. S. Barabash // Voprosy himii i himicheskoy tekh-
nologii. — 2016. — Vol. 3. — P. 53-60.

Danchenko, Y. Research into surface properties of disperse fillers based on plant raw materials [ Text] / Y. Danchenko, V. Andronov,
A. Kariev, V. Lebedev, E. Rybka, R. Meleshchenko, D. Yavorska // Eastern-European Journal of Enterprise Technologies. — 2017. —
Vol. 5, Issue 12 (89). — P. 20—26. doi: 10.15587/1729-4061.2017.111350

Laboratorniy praktikum «Kvantovo-himicheskoe modelirovanie soedineniy v pakete HyperChem» [Text]. — Kemerovo, 2013. — 175 p.
Barabash, O. S. Vyvchennia vplyvu malykh domishok poverkhnevo-aktyvnykh ta kremniyorhanichnykh rechovyn na protsesy
tverdinnia epoksyaminnykh zviazuiuchykh [Text] / O. S. Barabash, Yu. V. Popov, Yu. M. Danchenko // Zbirnyk naukovykh prats
Ukrainskoho derzhavnoho universytetu zaliznychnoho transportu. — 2017. — Issue 170. — P. 104—111.

Pyhtin, A. A. Vliyanie ul'tradispersnyh napolniteley na svoystva nizkomolekulyarnyh zhidkostey i kompozitsiy na osnove epoksid-
nyh oligomerov [Text] / A. A. Pyhtin, P. V. Surikov, L. B. Kandyrin, V. N. Kuleznev // Vestnik MITHT. — 2013. — Vol. 8, Issue 4. —

P 113-117.

u] =,

Buxonano nopisnanvii docaioxcenns mpudomex-
HIMHUX Xapakxmepucmux nojimMepHozo KoMNo3umuo-
20 mamepiany «Moglice> i po3pobaeinozo mamepiany
JIK-6. Bunpo6yeanns 6ukonyeaiucs Ha napax mepms
<«uasyn — mozaaiic» i <uasyn — JIK-6». Jlocrioxncenmns
HeoOXIONI 014 NpaKmu1IL020 3aCMocyeanis mamepia-
nie /IK-6 aoo «Moglice> npu 6ionoesenni snomenux
nogepxonv mepms. Ompumano no3umueni pesyioma-
Mmu NOPiBHANLHUX BUNPOOYBEADL NONIMEPHO20 KOMNO-
sumnoeo mamepiany /JK-6 6 nopienanni 3 «Moglice»

Knrouoei crosa: nanpamui xoezanns eepcmamia,
mpubomexniuni xapaxmepucmuxu, noiimMepui Kom-
no3umui mamepianu, Koeiyicnm mepms

[, ]

Buinoanenvt cpasnumevivle uccae008anus mpu-
OomMexHUUECKUX XAPAKMEPUCMUK NOJUMEPHO20 KOM-
nozumnozo mamepuana «<Moglice> u paspabomanno-
20 mamepuana /IK-6. Hcnoimanus 6binoiHAIUCy HA
napax mpenus <uyeyn — moeaaics> u <uyeyn — JK-6».
Hccnedosanus 1eo6xo00umot 011 npaxmuneckozo npu-
Mmenenus mamepuanoe JJK-6 uau «Moglice> npu éoc-
CMano8IeHUU USHOUEHHBIX NOBEPXHOCMEN MpeHus.
Hoayuenvt nonoxcumenvrvie pe3yavmamol CpasHu-
MEbHBLIX UCNBIMAHUL NOJUMEPHO20 KOMNOIUMHOZ20
mamepuana JIK-6 no cpasnenuro ¢ «Moglice»

Kniouesvie caosa: nanpasnsrowue CrKoavicenus
cmankoe, mpubomexnureckue XapaKxmepucmuru, no-
JUMeEpHbLE KOMNO3UMHbLE Mamepual, kodQPuuuenm
mpenus

0 0

|DOI: 10.15587,/1729-4061.2017.1 14367|

TRIBOTECHNICAL
RESEARCH INTO
FRICTION SURFACES
BASED ON POLYMERIC
COMPOSITE
MATERIALS

A. Ishchenko

Doctor of Technical Sciences, Professor
Department Mechanical equipment of factories
of ferrous metallurgy*

E-mail: ischenko50@ukr.net

A. Radionenko

PhD, Associate Professor

Department of Mechanical Engineering*
E-mail: radav50mar@gmail.com

E. Ischenko

Engineer of 1 category

LTD «Diamant»

Budivelnykiv ave., 80, Mariupol, Ukraine, 87548
E-mail: anyolady@i.ua

*Priazovsky State Technical University

1. Introduction

A decrease in the operation resource of machinery caused
by wear is a serious problem. In technically advanced coun-
tries the cost of repair and maintenance of machinery makes

Universytetska str., 7, Mariupol, Ukraine, 87500

up 10...15 % (up to 25 %) on average of the cost of equipment
per year. For machines operating under particularly difficult
conditions, the cost of major repairs reaches 50 % of their price.

A larger part of machine parts (80..85 %) fail due to
intensive wear. At the same time, correct application of




