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METHOD OF OPERATIONAL LIFE’S INCREASING OF
TRANSPORT’S PARTS DUE TO USAGE OF COATINGS BASED ON
EPOXY MATRIX MODIFIED BY MALEINIC ANHYDRIDE WITH
IMPROVED THERMAL PHYSICAL PROPERTIES
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Summary. The use of a new method of operational life increase of the transport means parts due to the
introduction of polymer-based modified materials has been substantiated in the paper under discussion. It is shown
that the use of matrices based on epoxy diane oligomers is quite promising direction in protective coatings
formation. Some active additives have been applied to improve the properties of epoxy matrices on preliminary
stage of their formation. The use of maleinic anhydride modifier containing active to the interphase interaction
functional groups is promising as well.

Epoxy diane oligomer has been used as the main component for the matrix in the composite formation.
The hardener polyethelenepolyamine has been used to link the epoxy compositions enabling to harden the
materials at room temperature. The choice of maleinic anhydride as a modifier to improve thermal-physical
properties of the developed materials has been substantiated.

It has been found that to form a composite material or a protective coating with improved thermal-
physical properties it is necessary to apply maleinic anhydride as a modifier in epoxy matrix in the following ratio:
g = 0,5 pts.wt. per g = 100 pts.wt. of epoxy oligomer ED-20. In this case the material has been formed where,
comparing with nonmodified matrix, the indices of glass transition temperature are being increased from
T. =327 K to T, = 335 K, heat resistance (by Martenson) from 7= 341 K to 7 = 362 K, and thermal coefficient
of linear expansion in the range of temperatures AT = 303...423 K is being decreased from a = 9,9 x10° K1 to
a=4,4 x]10° K,

It has been proved that the maleinic anhydride content in the matrix with its small fraction
(g = 0,5 pts.wt.) has activated the processes of interphase interaction in epoxy CM structure formation, resulted
in the increase of number of both physical and chemical bonds per polymer volume unit. This process will involve
the increase of gel fraction degree in CM, and, correspondingly, both the cohesion and thermal-physical properties
of modified CM have been improved. The developed material under discussion could be efficiently used as a matrix
in formation of protective coatings which are to be operated under high temperatures conditions and dynamic or
static loadings.

Key words: epoxy composite, heat resistance, thermal coefficient of linear expansion, glass transition
temperature.
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Problem statement. It is well known [1-4], that some parts of modern means of
transport, including river and maritime ones, have always been affected by static and dynamic
loads as well as by sign-alternating temperature. This is the main reason of the operational
life reduction due to the early ageing of the materials. Taking into account the above-
mentioned facts, one of the most urgent problems nowadays has been the development of new
technologies aimed at increase of reliability of the equipment due to the use of new materials
meeting the latest requirements.

We must admit that one of the methods to increase the operational life of transport
vehicles parts is the use of modified protective coatings for the means of transport. In this
case such coatings must have not only improved physical-mechanical properties, but thermal-
physical ones as well. One of the directions to implement the above-mentioned method is the
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use of modified polymer materials where active to physical-chemical interphase interaction
additives will allow to obtain synergistical effect to improve properties, including thermal-
physical ones, polymer composites and protective coatings on their basis.

Analysis of the latest studies and publications. The authors [5-8] have shown that
one of the directions to use the widely spread method of operational life increase of the
transport means parts is the introduction of modified protective coatings on modern vessels.
In this case it is necessary to apply only active additives which interact with polymeric matrix.
Here the use of maleinic anhydride as an initiator of such interaction is quite promising. It is
characterized by its active carbonyl and carboxyl groups which will allow to improve
cohesion and, hence, thermal-physical properties of protective coatings functional use due to
the interaction with the functional groups of the main polymer.

Paper purpose — study the influence of the content of maleinic anhydride modifier on
the thermal-physical properties of epoxy composites to increase the operational life of
transport means parts.

Materials and technique of the research. Epoxy diane oligomer ED-20
(GOST 10587-84) has been used as a base in polymeric matrix formation. The hardener of
cold hardening polyethelenepolyamine PEPA (TU 6-05-241-202-78) has been used in
polymerization of the developed materials based on epoxy resin.

Maleinic anhydride (MA) has been used as a modifier to improve the properties of
epoxy composite materials (CM). The modifier was applied to the matrix with content from
0,10 to 2,00 pts.wt. per 100 pts.wt. of epoxy oligomer ED-20. The molecular formula of the
modifier: C4H203. The mole weight of MA — 98,057 g/mole. It looks like a white substance.
Density — p = 1,314 g/cm?

Epoxy composites have been formed by the following technology [5, 6]: the epoxide
was heated to the temperature 7'= 353 + 2 K and the exposure at the given temperature within
the time interval z = 20 + 0,1 min; hydrodynamic shift of oligomer and the fractures of filling
within the time interval z = 10 + 0,1 min; ultrasound treatment of the composition within the
time interval z = 1,5 + 0,1 min; the composition cooling till the room temperature within the
time interval z = 60 + 5 min; the hardener applying and the composition mixing within the
time interval z =5+ 0,1 min. The CM was hardened by the mode: test pieces formations and
their exposure within the time interval r =12,0+ 0,1 hour at temperature 7 =293+ 2 K,
heating at speed » = 3 K/min to the temperature 7'= 393 + 2 K, exposure within the time
interval 7= 2,0 + 0,05 hour, slow cooling up to the temperature 7= 293 + 2 K. To stabilize
the structural processes in the composite the test pieces have been exposed during = = 24 hour
in the open air at temperature 7= 293 + 2 K with the further experimental tests conducting.

Thermal coefficient of linear expansion (TCLE) and heat resistance (HR) of CM have
been studied in the article under discussion. Heat resistance (by Martenson) of CM has been
found according to GOST 21341-75. Thermal coefficient of linear expansion (TCLE) of the
materials has been calculated by the relative deformation-temperature influence curve. The
relative deformation has been determined by the change of the specimen length at the
temperature increase (GOST 15173-70).

Results of the study and their discussion. It is well known that one of the most
important properties of epoxy composite materials (CM) being operated under heat field
impact conditions is the glass transition temperature. The latter characterizes the heat
processes taking place in the structure of materials under transition from visco-elastic to glass-
like state conditions. We must admit, that the glass transition temperature has been
determined on the basis of dilatometric curves analysis under heating and cooling of the
developed materials conditions.
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The conducted experiments have proved that (fig. 1) the glass transition temperature of
epoxy matrix is equal to 7. = 327 K. The application of maleinic anhydride modifier (MA) in
the epoxy matrix has caused the increase 7. of modified matrix. In particular, it is shown
(fig. 1), that the presence of additive equal to g = 0,25 pts.wt. in the heterogeneous system
per 100 pts.wt. of epoxy oligomer ED-20 has provided the formation of the composite
whose glass transition temperature is equal to 7. =332 K. The best indices of this
characteristics of the whole range of the materials under study the CM has been differentiated,
filled with MA of the content q = 0,50 pts.wt. per 100 pts.wt. of epoxy oligomer ED-20. Such
composite has been characterized by the glass transition temperature — 7., = 335 K, which is
AT. = 8 K higher than the same indices of the nonmodified epoxy matrix. The further increase
of the modifier content could not result in the matrix glass transition temperature increase.
On the contrary, the properties are getting worse under the additive content conditions
g = 2,00 pts.wt. when the glass transition temperature of CM is 7. = 325 K, which is lower
than T. of the parent matrix.
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Figure 1. Dependence of the CM glass transition temperature
on the maleinic anhydride modifier content: parent matrix (control specimen);
g = 0,25 pts.wt.; g = 0,50 pts.wt.; g = 2,00 pts.wt

To prove the above-mentioned results of the tests heat resistance (by Martenson)
of the parent matrix and modified materials has been studied additionally. The conducted
experiments have proved that (fig. 2) the heat resistance of the parent nonmodified
epoxy matrix equals to 7=341K. The application of a modifier irrespective of its
concentration in the epoxy matrix has contributed to the monotonous increase of the
indices of heat resistance that was clearly enough shown on the histogram (fig. 2). We can
state that the maleinic anhydride content in the matrix at some small amount (g = 0,25 pts.wt.)
has activated the processes of interphase interaction in epoxy CM structure formation
resulted in the number of both physical and chemical bonds per unit of the polymer volume
has increased. It has involved the increase of gel fraction degree in the CM and,
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correspondingly, both the cohesion and thermal-physical properties of the modified CM have
been improved as well.

Furthermore, the higher content of the additive up to 0,50...2,00 pts.wt. in the
epoxy oligomer has facilitated the increase of the heat resistance indices (by Martenson)
from T'= 341 K (for epoxy matrix) to 7= 362...367 K. Due to the method of IR-spectroscopy
it has been proved that it was caused by the interaction in the process of carbonyl and
carboxyl groups polymerization of the modifier with epoxy and hydroxyl groups of
epoxy oligomer. Therefore, it has been resulted in the increase of density of the polymer
three-dimensional network due to which the heat resistance of the developed CM has
increased.

b))
W

Figure 2. Dependence of the CM heat resistance (by Martenson) on the maleinic anhydride
modifier content: a) parent matrix (control specimen); b) q = 0,25 pts.wt.;
¢) g = 0,50 pts.wt.; d) g = 1,00 pts.wt.; e) g = 2,00 pts.wt

The thermal coefficient of linear expansion (TCLE) of epoxy composites in different
temperature ranges of the tests has been studied in the paper under discussion. Taking into
account the operating conditions of the developed materials, the following temperature
intervals of the tests have been chosen AT, K: 303...323, 303...373, 303...423, 303...473.
We must admit, that thermal coefficient of linear expansion (TCLE) of the developed CM
have been calculated while analyzing the dilatometric curves shown on fig. 3.

The analysis of the obtained results has allowed to claim that in the first chosen by us
ranges of tests (A7 = 303...323 K ta AT = 303...373 K) the introduction of a modifier has
provided the CM formation having 2,2...2,5 times smaller thermal coefficient of linear
expansion (TCLE) comparing with the matrix without regard to the additive content (table. 1).
As it was mentioned above, this can be explained by active interaction of the modifier micro
molecules with active side hydroxyl and epoxy groups of an epoxy oligomer resulted in the
increase of gel formation degree of the modifies matrix.
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Figure 3. Dilatometric curves of CM with different content of maleinic anhydride modifier

Table 1

Thermal coefficient of linear expansion (TCLE) of CM at different range of temperatures

N . Thermal coefficient of linear expansion (TCLE), a x10°, Kt
Additive ratio,
No ts.wt Temperatures ranges of the test, A7, K
a PISWL 303...323 303..373 | 303..423 | 303..473
1 Matrix 6,3 6,8 9,9 10,9
2 0,25 2,5 2,5 41 10,4
3 0,50 2,7 3,1 4.4 9,8
4 2,00 2,9 3,1 55 10,8

The results of the thermal coefficient of linear expansion (TCLE) study in the areas of
increased temperatures have been quite interesting from both the scientific and practical point
of view as well. It was found (table 3.1), that in the area of glass transition temperature
(AT = 303...423 K) thermal coefficient of linear expansion (TCLE) of the parent epoxy matrix
was equal to o = 9,9 x10° K1, The use of additive of the content g = 0,25...2,00 pts.wt. has
facilitated the formation of CM whose thermal coefficient of linear expansion (TCLE) has been
1,8...2,4 times lower.

In the areas of increased temperatures (A7 = 303...473 K) the following results have
been observed. Thermal coefficient of linear expansion (TCLE) of the epoxy matrix is
o= 10,9 x10° K, but in the developed composites this coefficient is getting lower up to
a=1(9,8...10,7) x10° K1. Moreover, we should admit, that the material containing the modifier
of the content q = 0,50 pts.wt. has been characterized by the minimal values of the thermal
coefficient of linear expansion (TCLE) (a = 9,8 x10° K1) for the given area of tests.

Due to the results of the conducted study dealing with the thermal-physical properties
of the composites as a complex, we can say that a modifier has made a great impact on the
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structure and characteristics of the materials. Moreover, we can assume that the most efficient
has proved to be the maleinic anhydride content q = 0,5 pts.wt. as an additive in the polymer
matrix per 100 pts.wt. of epoxy oligomer ED-20.

Conclusions. On the basis of the study results dealing with the thermal-physical
properties of composites related to the maleinic anhydride modifier content we can state the
following. To form a composite material or a protective coating with improved thermal-
physical properties it is worth to apply a maleinic anhydride modifier of amount
g = 0,5 pts.wt. per g = 100 pts.wt. of epoxy oligomer ED-20 in the epoxy matrix. In this case
the material has been formed where, comparing with the nonmodified matrix, the indices of
the glass transition temperature are getting higher from 7. =327 K to 7. =335 K, heat
resistance (by Martenson) from 7= 341 K to 7' = 362 K, but the thermal coefficient of linear
expansion (TCLE) within the range of temperatures A7 = 303...423 K is getting lower from
0=99x10°K*to o = 4,4 x10° K,

We can state that the maleinic anhydride content in the matrix at its some small amount
(g = 0,25 pts.wt.) has activated the processes of interphase interaction in epoxy CM structure
formation resulted in the number of both physical and chemical bonds per unit of the polymer
volume has increased. It has involved the increase of gel fraction degree in the CM and,
correspondingly, both the cohesion and thermal-physical properties of the modified CM have
been improved as well. The developed material can be successfully applied as a matrix in
protective coatings formation which are to be used under increased temperatures impact and
static or dynamic loadings conditions.
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METO/I 35LIIIEHHSI PECYPCY JETAJIENl TPAHCIIOPTHUX
3ACOBIB 3A PAXYHOK BUKOPUCTAHHSI TOKPUTTIB HA
OCHOBI MOJTUPIKOBAHOI MAJIETHOBUM AHTTJIPHIOM

ENOKCHIHOI MATPULII 3 HOJIMIIEHANMH TEIJIO®I3UYHUMH
BJIACTUBOCTSIMUA

Janna KutHuk

Xepconcwbka oepacasna mopcvka akademis, Xepcon, Ykpaina

Pesrome. OOIpyHmMoBaHo GUKOPUCMARHS HOB020 Memo0dy 30LIbUieHHs pecypcy pobomu demanel 3acobie
MPAHCNOpmy 3a PAxyHoK YNpo8aodiceHHs Moougixosanux mamepianie Ha nonimepuiu ocnogi. Iloxasano, wjo
NepCneKmueHUM npu (OPMYSAHHI 3AXUCHUX NOKPUMMIE € GUKOPUCMAHHS 36 53)Y8a4i8 HA OCHOGI eNOKCUOHUX
JiaHosux onicomepis. [[na NoKpaujeHHs 61ACMU80OCmell enoKCUOHUX MAampuyb HA NOnepeoHil cmaodii ix
Gopmyeanns 6so0smv akmusHi 0obasku. Ilepcnekmuenum € 3aCcmocy8anHs MOOugixamopa ManeiHo8o2o
aHeiopudy, AKull Micmume akmueHi 00 Mixc@az080i 3aemooii yHKYioHaIbHI cpynuL.

AK 0CHOBHULL KOMROHEeHm 0151 38 'A3y8aya Npu (PopmMysanHi KOMHOIUMIE UOPAHO eNOKCUOHUL OIAHOBUU
oniromep. /[ 3uUBAHHA eNOKCUOHUX KOMNOZUYIN GUKOPUCIAHO MEEePOHUK NOJIIeMUNeHNONIAMIH, U0 00380J€E
3ameepodicysamu mamepianiy npu KiMHamuux memnepamypax. Q0Ipynmosano eubip y euensioi moougikamopa
Maneino8ozo anciopudy 0 NONINUEH s MEeNAOPIULHUX 6IACTUBOCMEN PO3PODIEHUX MAMEPIATis.

Bcemanoeneno, wjo 0ns popmysanus KOMRO3UMHO20 MAMeEPIany Yu 3aXUCH020 NOKPUMMS 3 NONINUEHUMU
MmenioQizuUHUMU 8IACIMUBOCIIAMU ) ENOKCUOHULL 38 ’83Y8ad OOYLIbHO 6800umu MoOugixamop maneinoguil
aneiopuo y xinekocmi = 0,5 mac.u. na q =100 mac.u. enokcuonozo onicomepa EJ]-20. ¥V maxomy eunaoky
Gopmyemovcs mamepian, y AKOMY, HODIBHAHO 3 HEMOOUQDIKOBAHOW MAMpuyero, NOKAZHUKU MeMnepamypu
cknyeanns 30invuyromocs 6i0 T. = 327 K 0o T, = 335 K, mennocmitixocmi (3a Mapmerncom) 6i0 T = 341 K 0o
T=362K, a mepmiunuu Kroegiyicum niniinoeo poswiupenns y obaacmi memnepamyp AT = 303...423 K
smenwyemucs 6i0 o = 9,9 x10° K1 0o a = 4,4 x10° K.

Jlosedeno, wo emicm y 36’sa3y8aui maneinosoeo aneiopudy 3a Hesnaunoeo emicmy (q = 0,5 mac.u.)
akmueye npoyecu Mixcgazogoi 83aemodii npu cmpykmypoymeopenui enokcuonux KM, y peszynbmami uozo
30LIbULYEMBCA KILKICMb K (Qi3UYHUX, MaK [ XIMIYHUX 368 '83Ki6 Ha 00unuyto 00 ’emy nonimepa. Lle nepedbauac
30inbwents cmynens eenv-gpaxyii y KM, i, 6i0nogiono, noninuyiomscs sk Ko2e3ilni, max i menioQisuyni
enacmugocmi moougixosanux KM. Po3pobaenuti mamepian 00yiibHo 8UKOPUCOBY8amU Y 8uiidi Mmampuyi npu
GopmysanHi 3axucHuUx NOKpUMMIs, AKi 3aNIAHOBAHO eKCHIYaAMY8amu 8 YMO8axX 6naugy NiOGUIEHUX meMnepamyp
i OUHAMIYHUX YU CTRAMUYHUX HABAHMANCEHD.

Knrouoei cnosa: enoxcuonuti xomnosum, mMenjioCmitiKicms, mepMivHuil Koe@iyicum JLiHIlIHO20
PO3UWUPEHHS, MEMNEPAmypa CKILYE8AHHSL.
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