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Summary. The important feature of the ship transportation systems and facilities operation is the possibility
of using methods of current and capital repair of machines and mechanisms. The durability of machine parts and
elementsoperation significantly depends on the state of the mechanisms at the current moment, the critical conditions of
their thermal and power load. This applies especially to engine room components of modern vessels. Based on the
above-mentioned problem, the solution of the issue of current repair of transport systems and facilities is important
today, since the occurrence of emergency condition while the systems are in operation requires their immediate leveling
during the vessels voyage. In this context, the application of modern strategies for the repairing of transport systems and
facilities, which involve the use of modified polymer epoxy plastics, is promising. The development of new materials with
improved properties is impossible without scientific research of their cohesive characteristics. The latter can be
improved by introducing chemically active modifiers into epoxy oligomer. The optimal content of the modifier in the
epoxy oligomer was determined in this paper according to the cohesive strength criteria, such as destructive stresses
and flexural elastic modulus, impact strength of composites. Epoxy oligomer ED-20 was chosen as the basis for binder
formation. Compositions were polymerized with PEPA hardener. 2.4-diaminoazobenzene-4 -carboxylic acid was used
as a modifier. It is proved that for the formation of materials with improved cohesive properties, it is necessary to use
the composition of the following content: epoxy oligomer ED-20 (100 wt. parts), hardener PEPA (10 wt. parts), modifier
2.4-diaminoazobenzene-4 -carbonate acid (0.5... 1.0 wt. parts). The formation of such material ensures significant
increase in the mechanical properties of composites compared to the original epoxy matrix. An important scientific and
technical problem regarding the improvement of modern strategies for transport systems and facilities repairing by
means of new modified epoxy plastics is solved in this paper. This is achieved by selecting the structural component
materials based on the results of the investigations of interphase interaction processes during the formation of
heterogeneous systems and their cohesive properties.
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Statement of the problem. An important feature of the operation of ship transport
systems and facilities is the possibility of using methods of current and capital repairing of
machines and mechanisms. The durability of machine parts and elements operation
significantly depends on the state of mechanisms at the current moment, critical conditions
of their thermal and power load. This applies especially to the engine room units of modern
vessels, such as sealing between the nasal end, propeller hub and stern lining, the shaft cone
on the aft side, deadwood seals, and the deadwood complex as a whole.

As the result, the parts of engine room mechanisms of transport systems and facilities
are exposed to corrosive and cavitation effects of aggressive environments. For example,
when water gets on the surface of the propeller shaft (as the result of its waterproofing
violation), the fatigue strength of the shaft decreases sharply. In this case, cracks occur and
intensively develop on the surface with their propagation in depth. In the area between the
lining and the propeller hub, the shaft destruction is electrochemical in nature (due to the
ingress of seawater into this area) with the occurrence of corrosion-fatigue cracks.

Analysis of available researches and publications. Based on the above-mentioned
problem, the solution of the problem of current repairing of transport systems and facilities is
of great importance today, since the occurrence of emergency condition while the systems are
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in operation requires their immediate leveling during the vessels voyage. In this context, the
application of modern strategies for the repairing of transport systems and facilities, which
involve the use of modified polymer epoxy plastics, is promising [1-7]. The development of
new materials with improved properties is impossible without scientific research of their
cohesive characteristics. The latter can be improved by introducing chemically active modifiers
into epoxy oligomer. Such strategies cover the following areas of activity in critical conditions
of the of transport systems functioning:

- to carry out instant qualitative analysis of the structure, characteristic faults using the
latest diagnostic technologies of modern deadwood complexes;

- to develop (or apply known) technology for the formation and repair of deadwood
seals, elements or pump casings;

- to carry out mathematical calculation of the ingredients and modes of formation of
new polymer materials to eliminate breakdowns;

- to take into account the economic feasibility of using the developed composites for
the restoration of elements of transport systems and facilities, including seals, bearings, pump
impellers, etc.

- take into account labor and environmental protection measures.

Considering the above mentioned, it is effective to use polymer composites that can be
used in the form of elements, including for deadwood seals, in the current repair of transport
systems. This makes it possible to improve significantly the physical-mechanical, anti-
corrosion and other operational characteristics of deadwood complexes and mechanisms under
the influence of static and dynamic loads. The use of polymer composite materials (CM) based
on epoxy binders is important. Such materials are characterized by good manufacturability
when applied to the parts with complex surface profile and increased operational characteristics
under critical operating conditions. The development of new materials with improved
properties is impossible without scientific investigation of their cohesive characteristics. The
latter can be improved by introducing chemically active modifiers into the epoxy oligomer.
This results in the formation of materials with increased operational characteristics, which are
regulated by technological modes of composites formation.

The objective of the paper is to substantiate the need for the use of modified epoxy
plastics in the restoration of machine parts in the context of the development of modern
strategies for transport systems and facilities repairing.

Materials and methods of investigation. Epoxy dian oligomer brand ED-20 (1SO
18280:2010) was chosen as the basis for the binder formation. Epoxy compositions were
polymerized with PEPA hardener (TU 6-05-241-202-78). 2.4-diaminoazobenzene-4’-
carboxylic acid (DAABCA) was used as modifier during the formation of coatings.

Indicators of destructive stresses and modulus of elasticity were determined according
to ASTM D 790-03. During the investigation, samples of the following dimensions were used:
length | = 120 + 2 mm, width b = 15+ 0.5 mm, height h = 10 + 0.5 mm.

The impact viscosity of CM was determined by Charpy method (ISO 179-1) on the
MK-30 pendulum probe. Sample dimensions: (65 x 12 x 12) + 0,5 mm.

Presentation of the main investigation material. As it was mentioned above, materials
with improved cohesive properties should be used during current repairing on the ship.
Therefore, it is necessary to use new materials with predetermined amount of active modifier.
In this regard, the optimal content of the additive in the epoxy oligomer was determined
according to the cohesive strength criteria, such as destructive stress and modulus of elasticity
in bending, impact toughness of CM.

Physical and mechanical properties of the initial epoxy matrix modified by ultrasonic
treatment were experimentally investigated. It was proved (Fig. 1) that the indicators of its
characteristics are as follows: the modulus of elasticity at bending is 2.8 GPa, the destructive
stresses at bending are 48.0 MPa, and the impact toughness is 7.4 kJ/ m2.
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It is proved (Fig. 1) that the introduction of DAABCA modifier at small content
(0.25 wt. parts) results in slight decrease in the modulus of elasticity of the modified matrix
(from 2.8 GPa (for the original epoxy matrix) to 2.7 GPa). Subsequently, the increase in the
content of the additive provides monotonous increase in the modulus of elasticity of CM, and
the maximum on «E — g» dependence curve was observed at the concentration of the modifier
in the amount of 1.00 wt. parts. Such developed CM is characterized by modulus of elasticity
of 3.8 GPa. The introduction of the modifier in the amount more than 1.00 wt. parts results in
the deterioration in the investigated properties of CM, since the modulus of elasticity
decreases to 3.6 GPa (with the content of DAABCA in the amount of 2.00 wt. parts).
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Figure 1. Dependence of physical and mechanical properties of epoxy matrix on the content of
DAABCA modifier: 1) modulus of elasticity in bending (E); 2) destructive stresses during bending (o)

The obtained results can be explained in the following way. The introduction of the
modifier in relatively small amount (0.25 wt. parts) ensures the formation of CM, which is
characterized by low degree of crosslinking. Insufficient amount of the modifier in epoxy binder
results in the formation of material with significant content of sol fraction. Under the above
mentioned modes of matrix crosslinking, in our opinion, free uncrosslinked radicals are formed
in homogeneous polymerized system, ensuring material plasticity, but cohesive properties
deterioration. On the contrary, when DAABCA content is increased to 1.0...1.5 wt. parts the
matrix with maximum values of the modulus of elasticity is formed. It was considered that in
this case, the maximum number of side hydroxyl and epoxy groups of the epoxy oligomer, as
well as hydroxyl and primary amines of 2.4-diaminoazobenzene-4’-carboxylic acid, were
involved in the process of crosslinking of the composition. In this case, the indicators of gel
fraction of the developed materials increase as much as possible, which, accordingly, ensures the
increase in their modulus of elasticity during bending.

Analysis of the investigation results regarding the effect of modifier content on the
destructive stresses during bending makes it possible to state the following. It has been proven
(Fig. 1) that the introduction of the modifier provides the increase in destructive stress indicators
of CM, and the maximum values (56.7...58.3 MPa) are characterized by materials with the
content of DAABCA in the amount of 0.25...1.00 wt.parts. Further, the increase in modifier
content results in the deterioration of matrix properties within the range of the investigated
additive concentrations. It is shown (Fig. 1) that the introduction of DAABCA in the amount
of 2.00 wt.parts ensures the formation of CM with indicators of destructive stresses, which do
not differ significantly from similar values for the original epoxy matrix (54.3 MPa). At the
same time, it should be noted that the maxima on the curves of the dependence of modulus of

ISSN 2522-4433. Bicnux THTY, Ne 2 (110), 2023 https://doi.org/10.33108/visnyk_tNtu2023.02 ..........cooveeevvererrererrereresnenens 113



Modern strategies for repairing transport systems and facilities using modified epoxy plastics

elasticity and destructive stress during CM bending on the modifier concentration, slightly
differ (by additive content). In particular, on the «E — g» curve, the highest values of
the modulus of elasticity are characteristic of CM containing DAABCA in the amount
of q = 1.00...1.50 wt. parts, and analysis of «c — g» curve made it possible to determine the
following optimal concentration range modifier — 0.25...1.00 wt.parts. Based on this and in
order to confirm the results of the above mentioned tests, the impact toughness of the original
and modified epoxy matrices was investigated at the next stage,.

It is determined experimentally (Fig. 2) that the initial epoxy matrix is characterized by
7,4 kJ/m? impact viscosity index.. Introduction of the modifier in the amount of 0.25...1.00 wt.
parts makes it possible to increase the impact viscosity of CM up to 8.0...8.2 kJ/ m2, moreover
maximum (8.2 kJ/ m?) is observed for the material with DAABCA content — 0.5 wt. parts.
Introduction of additive in the amount of 1.50 wt. parts results in the decrease of matrix
resistance to impact loads, since its impact viscosity (7.5 kJ/ m?) practically does not differ from
similar values characteristic for the initial matrix. Therefore, it can be argued that optimal range
of modifier concentrations for the formation of matrices with maximum impact viscosity is
0.25...1.00 wt. parts, which completely coincides with the similar content of DAABCA in CM
with the highest values of destructive stresses during bending.
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Figure 2. Dependence of the impact viscosity (W) on the content (q ) of the modifier in matrix: a) initial matrix;
b) q = 0.25 wt. parts; ¢) q = 0.50 wt. part; d) g = 1.00 wt. parts; e) g = 1.50 wt.parts

In addition, in order to confirm the above mentioned results of the investigation of CM
physical and mechanical properties, we analyzed the surface of their fracture after testing on
pendulum copra by optical microscopy. It is shown (Fig. 3, a) that the fracture surface of
samples of the original epoxy matrix has wavy character. At the same time, branched chipping
lines are visible on the samples (Fig. 3, b — the upper part of the photo), and the presence of
craters is also noted, which can be caused by air inclusions in the material due to the
technological process of its formation. Such heterogeneity in volume indicates the formation of
the system with kinetically unbalanced state. And this, in turn, makes it possible to confirm
high rates of residual stresses that occur during matrix polymerization of the. The latter results
in the increased material brittleness and premature aging.

Flat fracture surface was observed while analyzing samples of the modified matrix with
additive content of 0.25 wt. parts At the same time, it should be noted that the crack propagation
front at such material fracture under impact is almost perpendicular to the sample horizontal axis
(Fig. 3, ). This indicates low cohesive properties of CM, which implies insignificant resistance to
external impact loads. It should be noted that the fracture surface is characterized by uniformly
distributed structure, without available air inclusions (Fig. 3, d). It is definitely in comparison with
the initial epoxy matrix, provides the improvement of cohesive properties of the developed material.

Branched front of crack propagation was observed during the analysis of the fracture
surface of epoxy composite samples with modifier content of 0.5...1.0 wt. parts. (Fig. 3, d, e).
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Curvilinear trajectory of the fracture surfaces indicates increased cohesive strength of CM, and
three-dimensional network of chemical bonds of macromolecules of epoxy oligomer and
modifier reduces the crack propagation time and increases the path of their propagation (Fig. 3,
e, g). Accordingly, such materials are characterized by increased indicators not only of impact
viscosity, but also of destructive stresses during bending (Fig. 1, Fig. 2).

Surface analysis of the fracture photograph of CM modified with 1.50 wt. parts DAABCA
also indicates linear and perpendicular to the horizontal axis of the sample character of crack
propagation (Fig. 3, h, i). During the impact, the fracture of the samples is observed with the
formation of significant number of small volume fragments (Fig. 3, h), the fracture surface is
characterized by deep cracks (Fig. 3, i). The above mentioned analysis results make it possible to
assert the formation of brittle material during its polymerization, which increases its elastic
modulus, but the values of fracture stresses and impact viscosity are not high enough (Fig. 1, Fig. 2).

i) x3

Figure 3. Photomicrographs of the fracture of the initial and modified epoxy matrices: a, b) initial epoxy matrix
(control sample); ¢, d) 0.25 wt. parts; d, f) 0.5 wt. parts; g, h) 1.0 wt. parts; i, j) 1.5 wt.h.
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Conclusions. An important scientific and technical problem regarding the improvement
of modern strategies for the repair of transport systems and facilities using new modified epoxy
plastics is solved in this paper. This is achieved by selecting the structural component materials
based on the results of the investigations of the processes of interphase interaction during the
formation of heterogeneous systems and their cohesive properties. At the same time, we have
determined the following.

1.1t is substantiated that in order to obtain materials with improved cohesive
properties, it is necessary to use the composition with the following content: epoxy oligomer
brand ED-20 (100 wt. parts), polyethylene polyamine hardener PEPA (10 wt. parts), modifier
2.4-diaminoazobenzene-4* — carboxylic acid (0.5...1.0 wt. parts). The formation of such
material provides, in comparison with the initial ultrasonically modified epoxy matrix, the
increase in the following indicators of composites physical and mechanical properties:

- modulus of elasticity — from 2.8 GPa to 3.2...3.8 GPa;

- destructive stresses — from 48.0 MPa to 56.7...57.0 MPa;

- impact viscosity — from 7.4 kJ/m? to 8.0...8.2 kJ/m?.

2. By means of optical microscopy, it is determined that the fracture surface of
samples of the original epoxy matrix has wave-like character. At the same time, branched
chipping lines are visible on the samples, the presence of craters is noted, the cause of which
may be caused by air inclusions in the material due to the technological process of its
formation. Flat fracture surface is observed while analysing the samples of the modified
matrix with additive content of 0.25 wt. parts. At the same time, it should be noted that the
crack propagation front during the fracture of such material under impact is almost
perpendicular to the horizontal axis of the sample. This indicates low cohesive properties
of CM, which implies insignificant resistance to external impact loads. Branched front of
crack propagation is observed while analysing the fracture surface photographs of epoxy
composite samples with modifier content of -0.50...1.00 wt parts. The curvilinear trajectory
of the fracture surfaces indicates the increased cohesive strength of CM, and three-
dimensional network of chemical bonds of macromolecules of the epoxy oligomer and
modifier reduces the time and increases the crack propagation path. Therefore, it can be
stated that the results of the investigation by the method of optical microscopy are in good
agreement and confirm the results of the tests of physical and mechanical properties of the
developed materials.

In the future, it is planned to carry out investigations on determining the influence
of the modifier content on thermophysical properties of protective coatings for repairing
transport systems and facilities and improving their operational characteristics.
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CYYACHI CTPATEI'II PEMOHTY TPAHCIIOPTHUX CUCTEM TA
3ACOBIB I3 BUKOPUCTAHHAM MOAU®IKOBAHUX
EIIOKCHUIIJIACTIB

Anppiii bykeros; KocrsaaTun KieBuos; Ouekcanap CanpoHos;
Ouaexcanap llapko; Poman Herpyuna

Xepconcwbka oepacasrna mopcbka akademis, Xepcon, Ykpaina

Peztome. Baoicnueoro ocobausicmio excniyamayii  CyOHO8UX MPAHCNOPMHUX CcUCmeM mad 3dcodig €
MOJHCTIUBICTG BUKOPUCIIANHST MeMOOi8 NOMOYHO20 Ul KANIMAIbHO2O0 PeMOHMY Mawiul i mexauizmis. /Joeeoeiunicme
pobomu demaneii ma eiemMenmie Mauun Cymmeso 3a1exiCumsy 6io CMany Mexamizmie y Nomo4HU MOMEHI, KPUMUYHUX
YMOG iX menno6o20 ma cuno8020 HasanmadicerHs. Lle 0cobnueo cmocyemucsa 6y3/1i6 MAuiuHHO20 GI00INEHHS CYUACHUX
cyoeH. Buxoosuu 3 Hasedenoi 6uwye npodiemu, aKmyanbHuM Ha Cb0200Hi € GUPILUEHHS NUMAHHS NOMOYHO20 PDEMOHNTY
MPAHCNOPMHUX CUCIeEM ma 3aco0i6, N03AK BUHUKHEHHS ABapiliHO20 CIMAaHy npu pobomi cucmem nompedye HecamHo2o
ix HigenoanHa nio yac nepebysants cyoen y peiici. B ybomy Konmexcmi nepcnekmueHUM € 3acmocy8ants Cy4aACHUX
cmpamecii. peMoumy MpaHCNOPMHUX cucmem ma 3acodis, aKki nepeddbavaiomsv SUKOPUCMAHHA MOOUDIKOBAHUX
noaimMepHux enokcuniacmie. Po3pobienna Hoeux mamepianié 3 NONNWEHUMY GIACMUBOCHIAMU He MOJichuee Oe3
HAYKOBUX 00CiOdICeHb iX Koze3iunux xapaxmepucmuk. OCMAaHHI MOJICHA NOKPAWYBAMU 34 PAXYHOK Y8eOeHH: 6
ENOKCUOHUIL OIi20MeP XIMIYHO aKmMUSHUX MoOugikamopis. ¥ pobomi eusnayan onmuMaibHull émicm moougikamopa
8 eNnoKCUOHOMY OJlicoMepi 3a KpUMepIIMU KO2e3iUHOI MIYHOCMI, MAKUMU, sIK PYUHIGHI HANPYJICEHHs ma MOOYilb
NPYICHOCMI NPU 32UHAHHI, YOAPHA 8 SA3KIiCnb KOMNOo3umis. Y euenioi ocHosu npu (hopmyeanni 36 ’a3yeaua oOpaHo
enokcuonuti onicomep EJJ-20. Ionimepuzyeanu komnosuyii meeponuxom IIEIIA. SAx moougikamop 3acmocogyeanu
2,4-0uaminoaszobenszon-4 -kapbornogy xuciomy. Josedeno, wjo 0is (POpMyeaHHs mamepianié 3 NOLINUEHUMU
KO2E3IUHUMU 6ACMUBOCIAMY HEOOXIOHO BUKOPUCIMOBYBAMU KOMUOZUYIIO HACHYNHO20 CKIAOY. enoKCUOHUL Onicomep
E/[-20 (100 mac.u.), meeponux I1IEIIA (10 mac.u.), mooughixamop 2,4-0uaminoazobenzon-4’-kapoonosa xucioma
(0,5...1,0 mac.u.). @opmysanns makozo mamepiany 3ab6e3neyye NOPIGHAHO 3 GUXIOHOIO ENOKCUOHON Mampuyero
cymmese nioBuueHHss NOKAZHUKIE MeXaHiuHux eiacmusocmeti Komnosumig. Taxum uumom, y cmammi UpiUeHo
aKmMyaibHy HAYKOGO-MEXHIUHY 3a0auy CMOCOSHO B0O0CKOHANEHHS CYYACHUX CHpameciti peMOHmY MpPAHCHOPIMHUX
cucmem ma 3acodig i3 GUKOPUCMAHHAM HOBUX MOOUDIKOBaHUX enokcuniacmis. L{boco docseanu wsxom eubopy
CIMPYKMYPHUX CKIA008UX MAMEPIanié HA OCHOBI Pe3yibmamieé OO0CHLONCEHHs. npoyecie Mixcghaz06oi 63acmo0ii npu
Popmysanni cemepoceHHUX cucmem ma ix KO2e3iiHux 61acmueocmell.

Knrouoei cnosa: mamepian, komnozum, onicomep, MoOupikamop, 61acmueoCcmi.
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