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This scientific paper delves into a new method of the photochemical cross-linkage of
the encapsulating and adhesive materials that are based on oligoester acrylates with
addition of the epoxy resin (oligomer) ER-20. The objects of research were oligocarbonate
methacrylate OCM-2, epoxy oligomer ER-20 and the synthetic aluminosilicate (zeolite)
filler. The additives for the photoinitiation were benzoin and its ethers. Studies the
strength-, service and thermal properties of polymer composite materials (PCM) and the
behavior of structural properties under different conditions. The obtained data allowed us
to minimize the shrinkage of PCMs, increase their thermal oxidation stability and speed
up the cross-linkage process. It was established that the combination of oligocarbonate
methacrylate OCM-2 and the epoxy oligomer ER-20 has a significant effect both on the
PCM cross-linkage process behavior and on its strength and service properties. The PCM
composition was suggested for the encapsulation and moisture protection of the modules
and assemblies of radio electronic equipment. A comparative evaluation of the suggested
method of cross-linkage with the thermochemical curing allowed us to define the advan-
tage of the photochemical method used for the material cross-linkage.

Keywords: photochemical cross-linkage, oligocarbonate methacrylate, epoxy oligomer,
internal stresses and shrinkage.

doromoOUIBbHI mOJiMepHi CcKIamoBi Marepiaam 3 BIOCKOHAJEHOI KoMOiHamieio
mimHocTi i cepBicanx Baacrusocrteit. B.JI.Aepamenro, JI.D.Ilidzopna, O.X . Kapandauwos

PosrasayTo HOBuiT MeToz (POTOXiMIUHOrO CTPYKTYPYBAaHHS ePMETHUIYIOUMX 1 KJEOUYMX MaTe-
piaxis Ha ocHoBi ouairoediparkpunarie OKM-2 3 pobaBroro emoxcupuoro oJgiromepy EI-20.
O6’exkTn mociuimxennsa € oxirokapbomarmerakpuaar OKM-2, enoxcunuuii oxiromep EI-20, mamo-
BHIOBAU CUHTeTUYHMH asomocuiaikar (meouirt). HoGasxamu mia doroininianii € Gensoin i itoro
edipu. Hocaigkeno mingicHi, ekciuryaraniiiai, Tepmiuni BmactuBocri ITKM i mporikamusa mpo-
meciB CTPYKTYPYBaHHSA y PisHMX yMoBax. BusHaueHO BHYTPIlIHI HAIpyru, SKi BUHHUKAOTH Y
mporieci CTPYKTYPyBaHHSA Marepiany. BcraHoBiieHo, IO IIOEIHAHHA OJIroKapObOHATMETAKPUJIATY
OKM-2 i enokcumaoro oxiromepy EI[-20 icroTHo BiLtmBae K Ha mepebir mpoIecy CTPYKTyPyBaH-
g [TKM, Tak i Ha KoMILIeKC Horo MimHocTi i eKcILTyaTaliiHUX BJacTUBOCTEl. PexomMeHIoBaHO
craang ITKM piia repmermsaliii i Bosiorosaxmucery By3JiB i OJIOKIB pajioeeKTPOHHOI allapaTypiu.
ITopiBHANbHA OIliHKA 3aIIPONOHOBAHOIO METOLY CTPYKTYPYBAHHSA 3 TEPMOXiMIUHMM OTBEPIiHHAM
IO3BOJIMJIA BUSHAUUTH IIepeBary (QoToXiMiuHOrO CIrocoby CTPYKTYpPYBAHHA.

PaccmoTper HOBBINT MeTOn (POTOXMMHUYECKOTO CTPYKTYPHUPOBAHUS I'ePMETHSHUPYIOMIAX U KJIe-
AUX MaTeprayoB Ha ocHoBe oaurosdupaxpuaara OKM-2 ¢ moGaBKoil SIOKCHIHOIO OJHroOMepa
91-20. O6beKTaMH UCCIENOBAHUA SABJIAIOTCH oaurokapbonarmerakpmiar OKM-2, smoxkcuaHbI
onuromep I/1-20, HaONIHATEIb CUHTETHUECKUN asoMmocuiankar (meoaut). Jlobaskamu st QoTo-
VHAIUUPOBAHUA ABJIAOTCA 0eH30MH U ero sdupsl. McciaeqoBadsl IPOYHOCTHEBIE, SKCILIyaTAIlU-
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oHHBIe, TepMuuecKue cBoiicTBa IIKM u mpoTekaHMe TIPOIECCOB CTPYKTYPUPOBAHUA B Pa3JINU-
HBIX ycaoBuax. OmnpefeNeHb BHYTPEHHUE HANPAMKEHNSA, KOTOPbIe BOSHUKAIOT B MPOIlECCe
CTPYKTYPUPOBAHUSA MaTEpPUATa. Y CTAHOBJEHO, UTO COBMEIeHUE OJUTOKAPOOHATMETAKPUIATA
OKM-2 u smokcupHoro onuromepa 3/1-20 cyiiecTBeHHO BAMAET KAK HA MPOTEKaHNE IIPOIlecca
cTpykTypupoBanusa IIKM, Tak ¥ Ha KOMILIEKC €r0 MPOYHOCTHBIX M SKCIIYaTAIIMOHHBIX
cBoiicTe. PekomengoBan cocraB IIKM gnas repMeTMB3alMM M BJIATO3AIIUTHI Y3JIOB U GJIOKOB
PagnosIeKTPOHHON anmmapaTtyphbl. CpaBHUTeAbHAS OIEHKA TPEAJ0KEHHOTO MeTola CTPYKTY-
PHUPOBAHUA C TEPMOXUMUUECKUM OTBEPIKAEHIEM IO3BOJUJIA OTPENeJUTH MTPENMYyIecTBO (o-

TOXUMHYECKOTO CIocoba CTPYKTYPUPOBAHUA.

1. Introduction

The development of the basic principles
for the creation of the functional photo-
chemically cross-linked PCMs is considered
to be an important achievement in the field
of the chemistry of polymer material sci-
ence over the last years.

The hands-on application of the photo-
chemical technology allowed us to solve
many important engineering problems; in
particular we managed to create photopo-
lymer printing plates, sealing adhesive ma-
terials with elevated adhesion, structural
PCMs with specific properties, i.e. high ad-
hesion, radiation stability, etc.

Oligoether acrylates, epoxy acrylic-,
polyether and other oligomers and also the
monomers of a different chemical nature
and special additives [1, 2] are used as the
initial components of photocured systems

General instrument-making industry and
radio electronic equipment production are
considered to be special branches for a wide
application of PCMs and a high adhesion, a
low shrinkage, a low level of residual
stresses and a high curing rate under mass
production conditions including a high level
of moisture protection are of great impor-
tance for these branches. The use of such
PCMs allows for a considerable reduction in
the volume and mass of produced articles
and extension of the range of permissible
external effects. The priming of the assem-
blies and modules of the electronic equip-
ment (EE) with photochemically cured compo-
sitions is a constructive approach to the mini-
aturization and creation of the unpacked
moisture-resistant bonded structures.

The use of micromodules that have a
high potential for the portable radio elec-
tronic equipment (REE), rockets, artificial
Earth satellites allows for a considerable re-
duction in the sizes of the devices and
equipment in comparison to those adopted
for the traditional (compact) mounting [2].

A new field for the application of PCMs
is microminiature holographic storage de-
vices for computing tools. A maximum ca-
pacity of the devices that use polymer mate-

588

rials is higher by a factor of 2 to 8 in
comparison to the magnetic tape storage
and the average access time is lower by a
factor of 7 [2, 3].

Electronic equipment parameters depend
to a great extent on the mechanical proper-
ties of polymer materials, their strength at
different loadings, including the vibration
strength, hardness, elasticity, etc.

For the structures that include magneti-
cally soft materials, a low shrinkage of en-
capsulating PCMs is of great importance.

The main method of encapsulation is the
priming (formation) of monolithic or
molded insulation.

Epoxy compounds, organic silicon poly-
mers, polyurethanes and polyacrylates are
used most frequently for these purposes.

The compounds based on the chemically
reactive oligomers (CRO) of a photochemical
cross-linkage (curing) are of special interest
for the encapsulation and moisture protec-
tion of the assemblies and modules of differ-
ent devices and these demand additional
studies [4-6].

The purposes of this scientific paper are
as follows: first, we were to create photo-
chemically cured PCMs that are based on
oligoether acrylates, epoxy oligomer with
different initiators and additives, study the
influence of different factors and system
components on the process of photopolym-
erization and analyze many technological,
physical-&-mechanical and service proper-
ties of developed PCMs and their behavior
in operative conditions.

2. Experimental

To use the polymer skeleton of composi-
tion for the formation of the photochemi-
cally cured PCM a number of commercial
oligoether acrylates was provided for the
selection of appropriate oligomers. When
selecting the oligomers, we took into ac-
count the dependence of the properties of
polymers that are based on the given group
of materials on the structure of dibasic
acids and glycols or polyatomic alcohols, the
number of the functional groups of hy-
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droxyl- and carboxyl-containing reagents,
different additives and their ratios.

However, oligoether acrylates attract
special attention due to their ability to get
cured photochemically.

PCM materials were developed taking
into consideration the requirements set to
the service conditions of the articles made
of PCM and the possibility of their forma-
tion by photochemical curing. Such oli-
gomer compositions as OCM-2, TGM-3;
MGF-9 and MDF-2 were tested for their use
as a PCM skeleton. These possess an easily
controlled set of the properties, a high reac-
tivity and good compatibility [7, 8].

Domestically produced lamps LUF-80 and
LUF-40 were used as a source of UV-radiation.

The epoxy oligomer ER-20, the synthetic
alumosilicate filler (zeolite), different pho-
toinitiators and photosensitizers were stud-
ied as modifying additives.

The photopolymerizing composition was
prepared in the following manner: all sys-
tem components were weighted, the mixture
was mixed by the magnetic mixer or the
paddle at room temperature at 100 to
150 rpm during 0.5 to 1.5 h depending on
the mixture volume. After the mixing the
mixture was settled during one hour to re-
move air bubbles, and then it was poured
into the moulds and exposed to the action of
the bank of luminescent lamps of LUF-80
and LUF-40 types for about 10 to 20 min:o
at a lamp-to-specimen distance of 8 to
15 cm. The obtained cured compositions
were studied paying attention to many pa-
rameters and the degree of cure (cross-link-
age) of the PCM was defined using Soxhlet
apparatus for the extraction in acetone ac-
cording to the known laboratory technique.

The IR-spectroscopy was used to study
the process kinetics of the photochemical
curing of the multicomponent system and
also study in detail the photopolymerization
process behavior.

The participation of functional groups in
the photopolymerization reaction was de-
fined by a change in the intensity, and also
by disappearance of appropriate absorption
bands and appearance of new absorption
bands.

The spectra were taken using the self-
acting double-beam spectrophotometer IR-20
with NaCl and LiF prisms in the domains of
700-3800 cm 1. The specimens were pre-
pared in the form of the film of 10 um
thick in the demountable liquid cell with
the windows made of NaCl [9].
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Residual stresses were measured by the
tensometric method using the DTB-5 device.
To measure the contact pressure we used
the model in the form of a thin-wall cylin-
der with wire sensors pasted on its inner
surface to measure axial and circumferen-
tial strains.

The cylinder with affixed strain sensors
was placed into the split mould. After-
wards, the model was filled with the test
compound so as to form a layer of 6 mm
thick around the cylinder.

The residual stresses that arise during
the compound setting result in the cylinder
strain. The cylinder strain and, as a conse-
quence, the effort that gives rise to it were
defined by the value of a change in the
resistance of strain sensors.

The contact pressure was calculated
using the computation formula for the thin-
wall cylinder [10].

P=¢yEA/r(1 — /1),

where P is the contact pressure, MPa; r is
the mean radius of cylinder, mm; E; is the
cylinder material elasticity modulus, MPa; ¢,
is the relative circumferential strain; A is

the cylinder wall thickness, mm; u is the
Poisson coefficient. The thermal stability of
UV-cured polymers was measured using the
methods of differential thermal analysis
(DTA) and thermal gravimetric analysis
(TGA) on the derivatograph of a Paulik-
Paulik-Erdey system [11].

A weighted quantity of the fine-grained
polymer in the amount of 200 to 300 mg
was heated at a rate of 5°C/min to achieve
the temperature of 500°C.

The ultimate flexural strength, the im-
pact elasticity. the water absorption, the
PCM specimen shrinkage and the relative
composition viscosity were measured using
appropriate standards and known laboratory
methods. The adhesion strength of coatings
was measured using the method of cross-
cuts [12]. The UV-spectra of the absorption
of photoinitiators and photosensibilizers
were analyzed using the UV-spectro-
photometer SF-56.

3. Results and discussion

The studied oligomers have an absorption
edge shifted to the long-wave domain of the
spectrum. Oligocarbonate methacrylate
OCM-2 (o, m-bis-methacrylosiloxyethylene-
oxicarbonyloxi)-ethylene oxiethylene showed
the highest photochemical activity of all the
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Fig. 1. The absorption spectrum of oligocarbon-
ate methacrylate OCM-2 in the UV-domain.

tested oligomers and its absorption spectrum
in the UV-domain is given in Fig. 1 and it is,
evidently, conditioned by the specific features
of the structure of carbonyl group.

From the photochemical point of view
the carbonyl group C=0 is one of the most
important chromophores. Its great advan-
tage consists in that this group is photo-
chemically active but it is rather stable
thermally. Carbonyl absorbs UV light in the
near UV -domain and it can thus be excited
selectively in the presence of a great num-
ber of other chemical groups.

In addition, OCM-2 has a minimum wave-
length limit of the transmission in the ab-
sorption spectrum in comparison to other
oligoether acrylates.

Hence, to carry out follow-up studies we
selected the oligomer OCM-2 that defines a
high level of such properties of the cured
material as water resistance, hardness, bent
strength, low shrinkage, etc.

It turned out that the addition of chro-
mophore groups to the system in the form
photoinitiators and photosensibilizers re-
sults in an increased photoactivity of OCM-
2 and, as a result, the cross-linkage rate is
also increased.

We tested a great number of the differ-
ent classes of compounds, in particular am-
ides, phenons, etc to check them as the pho-
tosensibilizers and photoinitiators.

The best results were obtained using ben-
zoin photoinitiators and its derivatives. i.e.
benzoin methyl ether and ketal. Fig. 2 gives
the UV-spectra of mentioned photosensi-
bilizers and photoinitiators.

We carried out a series of the experi-
ments on the introduction of thermoinitia-
tors to the composition for a more total
activation of the double bonds of oligomer
that failed to enter into reaction. Benzoyl
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Fig. 2. UV-spectra of the absorption of pho-
toinitiators and photosensibilizers.

peroxide, cumene peroxide, tertiary butyl
maleate and peroxide urea formaldehyde
resin have been investigated.

The studies of the influence of peroxide
compounds by the example of the use of
benzoyl peroxide allowed us to establish
that it is more reasonable to introduce par-
ticularly benzoyl peroxide that allows for an
enhanced curing degree and improved
strength performances.

Thermal treatment of the composition at
90°C during 60 min turned out to be effi-
cient. At the same time, it was established
that the addition of thermoinitiator results
in an increased induction period, a de-
creased photopolymerization rate and re-
duced photochemical in-depth transforma-
tions. Evidently, it is related to the filter-
ing action of benzoyl peroxide that contains
the residues of carboxyl groups conjugated
with benzene nucleus.

A change in the quantity of added photo-
sensibilizer (benzoin) was studied by a
change in the value of gel-fraction (Fig. 3).
By selecting the promoters and adding them
to the composition formulation we expected
to change the system photosensitivity and
also the rate of photochemical reaction and
the set of physical and mechanical properties.

We studied the influence of different
amines and the amines that contain hy-
droxyl groups in their structure evoke spe-
cial interest.

The analysis of obtained data allows us
to draw a conclusion that amine derivatives
have a significant effect on the light sensi-
tivity of chemically cured compositions.

We can assume that the interaction of
amine derivative and photoinitiator results
in a partial neutralization of the number
and options of free radicals both of amine
and benzoin types in the system in the pres-
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Fig. 3. Dependence of the output of gel-frac-
tion on the quantity of sensibilizer.

ence of air oxygen. In the absence of the
synergetic action of amines the activity of
photosensibilizers is slightly decreased.

The best results were obtained for the
introduction of the mixture of diethylene
triamine and imidazole to the composition in
the ratio of 70:30 in the amount within 2.5 %.

The dependence of the output of the gel-
fraction of the chemically-cured PCM (OCM-
2-99. 95 %, ketal —0.05 %) on the type and
amount of the promoter is given in Table 1.
The epoxy oligomer ER-20 served as a PCM
modifying additive. An optimal quantity of
this additive was equal to 10 wt. %.

The synthetic aluminosilicate (zeolite)
with its general formula of
Na,0-Al;05-28i0,-1.8H,0 was tested by us
as a filler.

Addition of the filler allowed for an in-
crease in the viscosity of the poured compo-
sition and the photochemical transformation
depth (up to 3 wt. %) was also slightly in-
creased. It can be explained by an increase
in the mobility of the polymer binder for
the mean and extensive levels of transfor-
mation due to the retarded intermolecular
interaction and the collapse of associated
formations.

The main requirements to the developed
compositions were a decrease (minimization)
in the level of residual stresses that arise

during the cross-linkage, and also an in-
crease in the adhesive properties of PCM
and a decreased shrinkage.

The tensometric method was used for the
estimation of the value of residual stresses that
arise during the composition cross-linkage.

This method enables the estimation of
the level of residual stresses during the
cross-linkage process in a wide temperature
range and it is an essential advantage of it.

Since a change in the system volume due
to different structural transformations dur-
ing the photochemical polarization is one of
the main reasons for the origination of re-
sidual stresses we studied the kinetics and
relaxation of residual stresses depending on
the oligomer nature, modifying additives,
the filler nature and the polymerization
process behavior.

The spreading of composition plays an
important role in the origination of residual
stresses during the encapsulation of the
modules and assemblies.

The research data are given in Fig. 4 and 5.

The given diagrams show that the value
and behavior of residual stresses that arise
in the studied compositions are not similar.

The highest level of residual stresses is
observed in the thermally cured ER-20 oli-
gomer-based composition (Fig. 4) and it is
conditioned by the formation of polymer
with a rigid cross-linked structure and this
polymer is incapable of significant relaxa-
tion due to the insufficient flexibility of
macromolecules.

A high value of the level of residual
stresses and their positive polarity result in
a considerable pressure exerted by the
epoxy polymer material layer on the sub-
strate and it results in the relaxation of the
adhesive interaction between the substrate
and the PCM.

All the photochemically cured PCMs, in-
cluding the initial OCMZ2-based material
(Fig. 5) and the composition modified by the
epoxy oligomer ER-20 have a very low level
of residual stresses and a negative polarity.

Such a behavior of residual stresses is
conditioned by that the addition of epoxy

Table 1. The dependences of the output of the gel-fraction of the chemically-cured composition
(OCM-2-99 — 95 %, ketal — 0.05 %) on the type and amount of the promoter

Promoter Content, | Gel-fraction | Gelatinization time at
wt. % output, % daylight, min
With no promoter - 87,40 No gelatinization
Diethylene triamine with imidazol (70:30) 2.5 82.63 20
Diethylene triamine with triethanol amine (70:30) 2,0 83,71 20

Functional materials, 27, 3, 2020
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Fig. 4. Dependences of the value of residual
stresses of the thermochemically cured com-
positions on the time of cure.

oligomer to OCM-2 results in the formation
of polymer with the "snake-in-the-cell”
structure that considerably suppresses
shrinkage processes.

Similar effect is observed in the case of
the addition of zeolite filler to the composi-
tion and as a result the conditions are cre-
ated in the photochemically cured polymer
under which the stress relaxation time be-
comes commeasurable with the polymer for-
mation time (Fig. 5).

The thermochemical cure of OCM-2 with
benzoyl peroxide (Fig. 4) shows a higher
level of residual stresses due to the origina-
tion of the nonuniform force field in the
system and the origination of it is condi-
tioned by the action of the temperature gra-
dient and these internal stresses are lower
by one order of magnitude in comparison to
those peculiar for the PCM based on ther-
mally-cured epoxy compositions, because
OCM-2 is polymerized due to the availabil-
ity of finite or regularly arranged unsatu-
rated groups in the oligoether module. It
conditions a high mobility of the circuits
and, as a consequence, a possibility of the
relaxation of originated residual stresses.

Hence, the research done allowed us to
study the cross-linkage process of photo-
chemically cured systems, select photo-
chemical polarization parameters and PCM
formulations with minimum residual
stresses.

Due to the fact that the reliability and
service-life of the polymer material-contain-
ing articles depend on many service proper-
ties and physical-mechanical properties of
PCMs and an extent of the completeness of
the setting process we also studied the proc-
esses of the photochemical cure of OCM-2
using IR spectra.

The initial OCM-2 spectrum shows the
following absorption bands: the most inten-
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Fig. 5. Dependences of the value of residual
stresses of the UV-cured compositions on the
time of cure.

sive bands that are observed at 1728 em!

correspond to the wvalent vibrations of
CHy=groups, the absorption band with a
maximum of 1635 cm™! corresponds to the
valent vibrations of >C=C=-bonds and the
absorption band with a maximum of
1448 ecm™! corresponds to the strain vibra-
tions of CHy-group.

A comparison of the IR-spectrum of the
initial OCM-2 and that of the obtained PCM
shows that the band intensity at 1448 cm™1
endures no changes during the photo-cure
process. The band is subjected to the most
intensive changes at 1638 cm™1, especially
during the first period of the photo-polym-
erization process and afterwards it remains
actually constant. Its intensity remains un-
changed even after a long-time exposure.
Evidently, it is conditioned by the availabil-
ity of unreacted >C=C<-bonds in the photo-
cured material and on the termination of
radiation these bonds condition the "post-ef-
fect” behavior, i.e. the possibility of a fur-
ther material cross-linkage using spatially-
screened radicals and nonreacted double
bonds. These data are correlated with the
data obtained during the measurement of
residual stresses that were described earlier.

It is known that the stability of PCM
properties is achieved at a maximum depth
of the oligomer cross-linkage.

Since the developed PCMs and the arti-
cles made of them are subjected to the ac-
tion of air oxygen and the temperature dif-
ference during their operation it was of
great interest to study the process of the
thermooxidation destruction of developed
compositions and also the stability of physi-
cal and mechanical properties. For this pur-
pose we used DTA and TGA methods.

Functional materials, 27, 3, 2020
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The TG data show the difference in the
behavior of the polymers depending on the
added modifying additives and the polym-
erization method.

The reactions that progress during the
thermooxidation destruction are accompa-
nied by the mass loss and many thermal
effects. The analysis of TG curves (Fig. 6)
shows that the temperature of the onset in
the loss of mass of tested polymers varies in
the range of 60 to 210°C. The initial speci-
men of the OCM-2 with the sensibilizer has
the mass loss onset temperature of 100°C.
For the composition with the epoxy oligomer
this temperature is equal to 110°C, and it is
indicative of the formation of a more cross-
linked and thermally stable polymer.

The 50 % composition disintegration
temperature varies in the range of 260 to
370°C.

The most efficient additive from the
standpoint of a rise in the decay tempera-
ture is considered to be the epoxy oligomer
ED-20 (its 50 % disintegration temperature
is equal to 370°C), while for initial composi-
tion it is equal to 270°C. A total disintegra-
tion of all the tested compositions is ob-
served in the temperature range of 370 to
470°C, and for the zeolite-containing com-

T,°C
50 150 250 350 450
0 1 1 1 1 1
20 AN
xR 7\ \
¢ 40 .
g AN
w 601 —OCM2 N\
& 2 — OCM-2 + ER-20 N\
= 80 3 OCM-2 + ER-20 + zeolite \\\\
100

Fig. 6. Thermogravimetric curves for photo-
chemically cured polymers.

positions it is equal to 500°C. Proceeding
from the obtained data we can draw a con-
clusion that the OCM-2 composition modi-
fied by the epoxy oligomer is the most im-
portant as for the thermal stability.

Table 2 gives physical-mechanical and
service properties of cured compositions.

Based on the research data obtained for
the photocured polymer composite materials
given in Tables 2 and 3 we can state that
compositions 1, 2 and 3 are optimal from
the standpoint of photochemical technology
and these were used as a basis for the for-
mation of the specimens with the unlimited

Table 2. Physical-mechanical and service properties of the photochemically cured compositions
based on the OCM-2 and the epoxy oligomer ER-20

Indices of the properties Composition
1 2 3 4
Density, kg/m3 1399 1337 1321 1604
VS-4 viscosity, s, at 20°C 46 44 70 100
Vital capacity, h, at 20°C Unlimited Unlimited Unlimited 3
Water absorption, %, 1 day/30 days -0.78/0.1 -0.75/0.1 -0.10/0.08 0.035/0.112
Shrinkage, %, 1 day/30 days 0.076/0.155 0.068/0.15 0.035/0.112 0.46/0.64
Impact elasticity, kJ/m2, 1 day/30 days 7.0/8.4 14.1/14.6 15.6/16.1 22.4/23.0
Ultimate flexural strength, MPa, 65/71 60/67 90/94 110/225
1 day/30 days
Adhesion, points 1.0 1.0 1.0 1.0
Table 3. Remark: the composition formulation, mass parts
Component Content
Composition 1 Composition 2 Composition 3 Composition 4
OCM-2 85.95 90.95 90 6
Benzoin 0.05 0.05 1.0 1.0
ER-20 10 5 88
Zeolite 3 3 3
Benzoyl peroxide 1 2

Functional materials, 27, 3, 2020
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life capacity, a low water absorption and
shrinkage and rather high strength per-
formances. However, many fields of the ap-
plication of the articles that are subject to
the encapsulation and moisture insulation
require on the contrary a low life capacity
and an increased strength (printed boards
that contain different non-ferrous metals)
and in these cases it is recommended to use
composition 4 that will be optimal for such
conditions.

4. Conclusions

Photochemically cured polymer compos-
ite materials were studied to define their
appropriateness for the priming, encapsula-
tion and moisture protection of the articles
of radio electronic equipment.

It was established that a decrease in the
shrinkage and residual stresses of the pho-
tochemically cured PCM has a positive ef-
fect on the set of physical-&-chemical and
service properties of PCMs and provides a
reliable compound operation under elevated
temperatures.

It was established that a combination of
oligocarbonate methacrylate and the epoxy
oligomer ER-20 has a significant effect on
the PCM cross-linkage process and also on the
set of its strength and service properties.

The research done showed that the devel-
oped composition formulations can be rec-
ommended for the encapsulation and mois-
ture protection of the modules and assem-
blies of the electronic equipment.

The comparative estimation of the data
obtained for photo- and chemically cured

594

PCMs has been carried out. It was estab-
lished that photochemically cured PCMs
have a higher level of service and process
performances and these are suitable for the
use in different electronic devices.
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