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The processes of radiation-chemical structuring of modified epoxy acrylic compositions were studied depending on the nature of
epoxy oligomers and modifiers. ED-20 and ED-22 grades epoxy oligomers were chosen as epoxidian oligomers; 3,4-
epoxyhexahydrobenzal-3,4-epoxy-1,1-bis(hydroxymethyl)cyclohexane (UP-612 grade), 3,4-epoxycyclohexylmethyl-3,3-
epoxycyclohexanecarboxylate (UP-632 grade) were chosen as cycloaliphatic oligomers; diethylene glycol diglycidyl ether (DEG)
was chosen as aliphatic oligomer. To modify the epoxy oligomers, unsaturated acrylic monomers, such as acrylic acid and methyl
acrylic acid ester; aromatic and aliphatic oligoester acrylates, such as a,o-methacryl(bis-diethylene glycol)phthalate (MDP-1 grade),
a,m-methacryldi(diethyleneglycolphthalate) (MDP-2 grade), o,m-methacryl(bis-triethyleneglycol)phthalate (MGP-9 grade) and atri-
(oxyethylene)-a,o-dimethacrylate (TGM-3 grade); condensation product of linseed oil dimerized fatty acids and
polyethylenepolyamine, such as oligoamide L-20 grade; condensation product of ricinoleic acid, castor oil and maleic anhydride,
such as unsaturated polyester PE-220, were used. The thermophysical and relaxation properties of cross-linked polymers, obtained
under exposure to y-radiation of Co® and electrons accelerated by the absorbed radiation dose of 50-150 kGy at the beam current of
2-4 mA and electron energy of 240-300 keV, were studied. The distance from the exhaust window of the accelerator to the irradiated
surface of the samples was 63-80 mm. The thermophysical properties of the cured polymers were evaluated using thermomechanical
studies on a thermomechanograph with the temperature rise of 1°/min and the pressure of 0.54 MPa in the temperature range of
293-673 K, as well as the differential thermal and thermogravimetric analyzes on a system derivatograph by L. Paulik, R. Paulik, L.
Erdei in the temperature range of 293-973 K with the rise rate of 7°/min. The relaxation properties and molecular mobility of the
cross-linked polymers were studied by the dielectric method. The dielectric loss tangent was determined in the temperature range of
143-393K at the frequency of 1 kHz using a digital automatic bridge of alternating current R-589. The test sample temperature was
measured using a potentiometer on a copper-constantan thermocouple, which was placed in the measuring cell along with the test
sample. The samples were cooled by placing the cell in a vessel with liquid nitrogen. As a result of the studies, the influence of the
chemical nature of epoxy oligomers and unsaturated modifiers on the processes of structure formation and molecular mobility of
polymers, obtained under conditions of radiation-chemical curing, was established. It was determined, that when modifying epoxy
oligomers with acrylic acid, methyl acrylic acid ester, oligoester acrylates of MGP-9 ((o,m-methacryl(bis-
triethyleneglycol)phthalate)) or TGM-3 ((tri-(oxyethyleneglicol)-a,m-dimethacrylate)) grades, the structuring of compositions, based
on the DEG-1 aliphatic epoxy oligomer and UP-612 cycloaliphatic oligomer, was more efficient than the compositions based on
unsaturated ETO oligomers grade such as 2-ethylhexylepoxytallate oligomer and epoxidian oligomers of ED-20 and ED-22 grades. It
was established, that the modifier oligoamide of L-20 grade, containing primary and secondary amino groups, increased the radiation
sensitivity of the compositions, based on epoxidian and cycloaliphatic oligomers, and reduced the inhibitory effect of atmospheric
oxygen. The optimal composition and the main technological parameters were determined, what allowed to obtain materials with
high physical and mechanical properties and adhesive strength to various metals. The application of the developed materials under
industrial conditions will make it possible to organize a continuous high-speed radiation-chemical process for producing polymer
coatings on metals, providing improved working conditions, lower energy consumption, as compared to the thermochemical process
of the coatings production, and will increase the corrosion resistance of metals.
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The operational properties of materials, as well as their physical and chemical characteristics, substantially depend
on the structure of the cured polymer, the configuration and flexibility of macromolecules, their kinetic properties [1,2].
An important task of technological progress is still the development of technologies providing lower energy
consumption and improved working conditions, what allows increasing the service life of products and equipment. One
of the directions in the development of high-strength, heat-resistant, and chemically resistant protective materials for
metal surfaces is the formation of cross-linked polymers under the thin-layer radiation-chemical structuring [3]. The
properties of polymers, obtained under the radiation-chemical structuring, are studied insufficiently. Here, an important
role is played by the choice of polymer compositions based on materials produced by industry, the possibility of their
modification in order to increase the operational properties of the materials obtained on their basis. It is also important
to establish the relationship of the service properties of the selected materials with the structure of the obtained cross-
linked polymer, molecular characteristics and concentration of the starting components of the compositions under study.
Besides, these properties have a significant impact on the strength and performance characteristics of products, obtained
in mass production (hermetic sealing, mass production of protective coatings and products), where these structuring
methods contribute to obtaining various types of products with the required set of properties. A special industry of
widespread use of polymer composite material (PCM) is general instrument engineering, the manufacture of electronic
equipment, where high adhesion, low residual stresses, fast curing speed in mass production, low shrinkage, and high
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moisture protection are extremely important. Important indicators of a PCM, obtained under the ionizing radiation
exposure, are its thermophysical properties, strength, adhesion to various substrates, and the level of residual stresses,
arising at PCM quick structuring under the radiation-chemical curing [4].

The object of this study was to develop the compositions, based on epoxy oligomers, structured at low absorbed
radiation doses under conditions of free access of atmospheric oxygen, which could be recommended as metal
protective coatings with high adhesion and other operational properties. In this case, one of the effective ways to
increase the radiation sensitivity of compositions based on epoxy oligomers, such as modification of them with various
unsaturated reactive oligomers (RO) and monomers was used, and the relationship of the properties of the obtained
cross-linked polymers with the chemical nature and composition of the starting components was established [5].

RESEARCH METHOD

The above mentioned set of properties was studied on the basis of thermo-mechanical research, differential-
thermal and thermo-gravimetric analyzes, and of the research of macromolecules relaxation properties.

The thermophysical and relaxation properties of cross-linked polymers, obtained under exposure to y-radiation of
Co® and electrons, accelerated by the absorbed radiation dose of 50-150 kGy at the beam current of 2-4 mA and the
electron energy of 240-300 keV, were studied. The distance from the outlet window of the accelerator to the irradiated
surface of the samples was 63-80 mm.

The thermophysical properties of the cured polymers were estimated using thermo-mechanical studies on a
thermo-mechanograph with the temperature rise of 1 K/min and the pressure of 0.54 MPa in the temperature range of
293-673 K, as well as by the differential thermal and thermo-gravimetric analyzes using the derivatograph of the system
by L. Paulik, R. Paulik, L. Erdei in the temperature range of 293-973 K with the rise rate of 7°/min [6].

The relaxation properties and molecular mobility of the cross-linked polymers were studied by the dielectric
method. The dielectric loss tangent was determined in the temperature range of 143-393 K at the frequency of 1 kHz
using a digital automatic bridge of alternating current R-589.

The temperature of the test sample was measured using a potentiometer connected to a copper-constantan
thermocouple, which was placed in the measuring cell along with the test sample. The samples were cooled by placing
the cell in a vessel with liquid nitrogen.

To study the properties of the obtained polymer coatings on metals, standard methods were used [7].

EXPERIMENTAL RESULTS AND DISCUSSION
Thermomechanical studies of compositions based on epoxy oligomers of various chemical nature, modified by
unsaturated reactive oligomers (RO) and monomers, which are structured directly under exposure to the ionizing
radiation, were carried out. The compositions were cured in bulk by y-radiation of Co® with the dose of 50-100 kGy.
The nature of the thermomechanical curves of the cured epoxy oligomer — acrylic acid (AA) compositions (the
absorbed radiation dose was 63 kGy) (Fig.1) indicates, that the cured products have high rigidity, low deformation
(8-15%) and sufficiently high heat resistance (the samples are destroyed at 593 K) [8,9].
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Fig. 1. Thermomechanical curves of polymers based on compositions AC, CC

The composition containing a cycloaliphatic epoxy oligomer CC (cycloaliphatic composition) is structured to form
a more rigid structure (the glass transition temperature of the polymer based on this composition is 403 K, which is
80 K higher than that of the composition based on the aliphatic oligomer of DEG grade (AC - aliphatic composition),
which is 323 K.

When heating the samples obtained under irradiation with the dose of 420 kGy, some decomposition of polymers
with gas release is observed, what indicates to the polymer destruction.

The composition, containing the unsaturated aliphatic epoxy oligomer 2-ethylhexyl epoxytallate of the ETO grade
and AA, is not cured with the dose of 100-150 kGy under the effect of both y-radiation and accelerated electrons.

The compositions, containing the diane epoxy oligomer of ED-20 grade and AA, modified with the PE-220
oligoester, are cured at the dose of 100 kGy to form sufficiently brittle blocks, that are destroyed at mechanical
treatment. It is impossible to obtain from them the samples for thermomechanical studies.
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The thermomechanical studies of the cured compositions, containing an aliphatic oligomer as an epoxy oligomer,
in the presence of modifying components (Fig. 2), showed that the presence of acrylic acid methyl ester (AM) in the
composition provides a more elastic polymer composition AC-MM (aliphatic composition - acrylicacid methyl ester
modified). The value of deformation in the highly elastic state of the cured composition, containing AM, is 5-7% higher
than that of the cured compositions without it (AC-N — aliphatic composition - not modified). In this case the glass
transition temperature remains unchanged.
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Fig. 2. Thermomechanical curves of polymers based on compositions AC-N, AC-MM, AC-PM

The heat resistance of the composition in the presence of AM is also higher. The destruction temperature is 613 K,
while for the composition without it is 555 K.

Modification of the compositions with oligoester PE-220 (PE-220 — polyester) (AC-PM - aliphatic-polyester
modified composition) provides samples with lower heat-resistant (destruction at 423 K), with the values of highly
elastic deformations higher, than those, when modified with MGP-9 grade oligomer (Fig. 2, AC-MGM (aliphatic
composition — methacryl glycol modified), what confirms the conclusion, that PE-220 does not participate in the
formation of the cross-linked polymer, but plays the role of a plasticizing agent.

The polymers, obtained by curing the compositions with the participation of the cycloaliphatic epoxy oligomer of
UP-612 grade and in the presence of modifying additives, are characterized by greater rigidity (Fig. 3, composition
CC-P —cycloaliphatic composition-polymer, UP-612 grade oligomer not modified, CC-PM - cycloaliphatic
composition — polymer, UP-612 grade oligomer modified by acrylic acid methyl ester). The presence of AM in the
compositions causes a decrease in the glass transition temperature of the samples and an increase in highly elastic
deformation (Fig. 3, compositions CC-P and CC-MP). The cured compositions with the participation of the diane epoxy
oligomers and oligoamide of L-20 grade have a lower glass transition temperature than in the presence of PE-220
(Fig. 3, compositions DC-PM ((epoxydian (ED-20 grade oligomer) composition - with PE-220 grade oligomer modified
by acrylic acid methyl ester)), DC-LM ((ED-20 grade oligomer) composition - with L-20 grade oligoamide
(condensation product of linseed oil dimerized fatty acids)) modified by acrylic acid methyl ester).
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Fig. 3. Thermomechanical curves based on the compositions CC-P, CC-PM, DC-PM, DC-LM

For the polymers, based on compositions involving oligoamide L-20 (composition DC-LM), an additional cross
linking of the polymer at the temperature increase is observed. On the thermomechanical curve this is indicated by a
smooth decrease in highly elastic deformation.

The samples, obtained by structuring the composition based on ED-20 and UP-612, which is modified with
MGP-9, are destroyed at 563-573 K and practically do not deform, what indicates the formation of rigid brittle
structures.

Thus, the thermomechanical studies have shown, that during the radiation-chemical curing the epoxy compositions
have the cross-linked structure and are characterized by a fairly high heat resistance (563—613 K). More rigid cross-
linked polymers are formed at structuring the compositions, based on cycloaliphatic epoxy oligomers and the MGP-9
grade modifier, as compared to the compositions based on the aliphatic diane oligomer and unsaturated oligomer



99
Study of Radiation-Chemical Structuring of Composition Based on Epoxy Oligomers EEJP. 1 (2020)

PE-220. With inclusion of AM into the composition, the highly elastic deformation increases, the glass transition
temperature decreases, and the heat resistance increases.

For the compositions containing the aliphatic DEG oligomer, as well as in the presence of L-20 grade oligoamide
an increase in temperature causes intensification of the structuring process and a decrease in highly elastic deformation.

The behavior of the compositions cured under the impact of electrons, accelerated by the absorbed radiation dose
of 120 kGy, and under exposure to high temperature and oxygen, as well as the polymers thermal stability were studied
using DTA (differential thermal analysis) and TG (thermogravimetric) analysis [9,10].

The table presents the data on estimation of the thermal stability of compositions, which are cured by the absorbed
radiation dose of 120 kGy and heat-treated at 393 K for 15 minutes.

Table
Thermal stability of polymers obtained when the compositions are irradiated by the absorbed radiation dose of 120 kGy
and heat-treated at 393 K for 15 min

Composition Temperature, K, at which the mass loss is, % Temperature of maximum
10 20 30 40 50 mass loss rate, K

DC-LMM 510 576 633 663 693 653

DC2-LMM 513 610 653 676 713 685

CC-LMM 553 590 616 653 700 615

DC-LMT 550 610 653 690 718 683

Modification of the compositions by oligoester acrylate of TGM-3 grade ((DC-LMT — epoxydian (ED-20 grade
oligomer) composition — with L-20 grade oligoamide modified by acrylic acid methyl ester and tri-(oxyethyleneglicol)-
a,o-dimethacrylate)) promotes the formation of polymers with greater thermal stability than when they are modified by
MGP-9 (DC-LMM composition — epoxydian ((ED-20 grade oligomer) composition — with L-20 grade oligoamide
modified by acrylic acid methyl ester and o,m-methacryl(bis-triethyleneglycol)phthalate)). The epoxy oligomers with
lower molecular weight form polymers with higher thermal stability (DC2-LMM and DC-LMM).

The relaxation properties of the compositions cured by y-radiation of Co® and accelerated electrons were
determined by the dielectric method, which is one of the most sensitive methods for studying molecular relaxation used
to determine the physical properties of polymers [11].

The research of the processes of the compositions dielectric relaxation depending on the molecular weight and
nature of the epoxy oligomer (Fig. 4) showed, that in the molecules, containing the epoxy-oligomer of ED-22 grade
(ED — epoxy diane oligomer), the dipole-segmental relaxation process is very weak. Even a slight decrease in the
molecular weight of the oligomer, as compared to the ED-20 grade epoxidian oligomer, is accompanied by a shift of the
maximum of dipole-segmental relaxation processes toward higher temperatures and indicates the formation of more
rigid structures in the cured compositions. In the compositions, based on the cycloaliphatic oligomer, the maximum of
the dipole-segmental relaxation processes is in the region of lower temperatures as compared to the polymers, based on
the epoxydian oligomer.
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Fig.4. Temperature dependence of tgd cured compositions based on ED-20, ED-22, UP-612, UP-632

On the whole, the dipole-segmental and dipole-radical relaxation processes in the cured compositions under study
are observed in the temperature range of 223-283 K and 173-193 K, respectively.

In the compositions, containing the cycloaliphatic epoxy oligomer, in the process of radiation-chemical structuring
the destruction processes also occur, resulting in an increase in the materials electrical conductivity at elevated
temperatures, what leads to a distortion of the maximum position due to the segmental motion of macromolecules.
However, according to the research data, it can be concluded, that the maximum dipole-segmental losses for these
polymers are in the region of lower temperatures as compared to the cured compositions, containing Diane epoxy
oligomers, what indicates the formation of a more micro-heterogeneous structure in the compositions, containing
cycloaliphatic oligomers, and the structure imperfection of their spatial lattice.

The results of studying the influence of the nature of oligoesters with different length of the aliphatic chain and
different content of aromatic nuclei on the relaxation properties during the radiation-chemical structuring (Fig. 5)
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indicate, that the greatest plasticizing effect is observed when MDP-2, which has a greater amount of aliphatic and
aromatic fragments in the molecule, as compared to other oligoester acrylates, is present in the compositions. The
maximum dipole-segmental loss of the cured compositions with the participation of MDP-2 is shifted toward lower
temperatures and makes 252K. The smallest plasticizing effect is made by MDP-1, which has a shorter aliphatic chain
as compared to MGP-9, and a more compact molecule as compared to MDP-2. The maximum dipole-segmental loss in
polymers with MDP-1 is shifted toward higher temperatures and makes 283K. MGP-9 and TGM-3 are in an
intermediate position (the temperatures of the maxima of the dipole-segmental relaxation process are 254 K and 261 K,
respectively).
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Fig. 5. Temperature dependence of the tgd cured compositions based on TGM-3, MGP-9, MDP-1, and MDP-2

On the basis of the results of the research on the thermophysical and relaxation properties of radiation-curable
epoxy composites, subject to the molecular characteristics and quantitative composition of the systems, the optimal
compositions were chosen, allowing to obtain protective coatings on various metal surfaces (copper, aluminum, steel)
with high adhesive strength (grade 1 by the method of lattice notches), bending strength = 1 mm, impact strength =5 J,
hardness = 0.900 rel. units, high chemical resistance, good dielectric properties (py = 5,3-10"* Ohm'm; tg & at
1 kHz=0.01 — 0.035; ¢ = 2.0 — 6.0). The highest hardness and glittering effect of the materials are provided by
cycloaliphatic oligomer UP-612 and modifier MGP-9.

CONCLUSIONS

Thus, the processes of radiation-chemical structuring of modified epoxy acrylic compositions, subject to the nature
of epoxy oligomers and modifiers, were investigated. The thermophysical and relaxation properties of cross-linked
polymers, obtained under exposure to y-radiation of Co® and electrons, accelerated by the absorbed radiation dose of
50-150 kGy, were studied. The influence of the chemical nature of epoxy oligomers and unsaturated modifiers on the
processes of structure formation and molecular mobility of polymers was established.

It was determined, that when modifying epoxy oligomers with acrylic acid, methyl acrylic acid ester, MGP-9 or
TGM-3 oligoester acrylates, the structuring of compositions, based on the DEG-1 aliphatic epoxy oligomer and UP-612
cycloaliphatic oligomer, was more efficient than with the compositions based on unsaturated ETO grade oligomers such
as 2-ethylhexylepoxytallate oligomer and epoxidian oligomers of ED-20 and ED-22 grades. It was established, that the
modifier oligoamide of L-20 grade, containing primary and secondary amino groups, increased the radiation sensitivity
of the compositions, based on epoxidian and cycloaliphatic oligomers, and reduced the inhibitory effect of atmospheric
oxygen.

As a result of the research, the optimal composition and the main technological parameters were determined, what
made it possible to obtain materials with high physical and mechanical properties and adhesive strength to various
metals. The application of the developed materials under industrial conditions will make it possible to organize a
continuous high-speed radiation-chemical process for deposition of polymer coatings on metals, which provides
improved working conditions, lower energy consumption as compared to the thermo-chemical process of the coating
production, and will increase the corrosion resistance of metals.

REFERENCES

[1] V.L Irzhak, B.A. Rozenberh, N.S. Enikolopiyan, Cemuamuie noaumepsr [Cross-linked polymers], (Moscow, Nauka, 1979)
pp- 250. (in Russian)

[2] A.L. Volynskii and N.F. Bakeev, Surface Phenomena in the Structural and Mechanical Behaviour of Solid Polymers, New
York: Taylor & Francis, 2016.

[3] A.L Vilensky, Radiation-Chemical and Structural Changes in Polymers Irradiated with High-Energy Ions. J. Synch. Investig.
12, 619-622 (2018).

[4] Sh.M. Mammadov and A.A. Garibov, Radiation physics and chemistry of polymers, (LAP Lambert Acad. Publishing,
Germany, Saarbrucken, 2015), pp. 668.

[5] E.N. Mochalova, I.V. Lounev, M.F. Galikhanov, [.A. Gabrakhmanov, R.R. Fatikhova, Y.A. Gusev and R.Y. Deberdeev. Study
of electret and dielectric properties of epoxiamine polymer materials. Butlerov Communications, 49(1), 91-97 (2017). ROI: jbc-
02/17-49-1-91

[6] Simultaneous Thermal Analyzer - STA 449 F5 Jupiter® Method, Technique and Applications, 2015, pp. 16.



101
Study of Radiation-Chemical Structuring of Composition Based on Epoxy Oligomers EEJP. 1 (2020)

[71 M. Karyakina, Jla6opamopnuiii npakmukym nO UCHbIMAHUIO JAKOKPACOYHbIX Mamepuanos u nokpvimuu [Laboratory
workshop for testing paints and coatings], (Khimiya, Moscow, 1979), pp. 240. (in Russian)

[8] Y. Rabek, Oxcnepumenmanvhuvie memoowt ¢ xumuu nonumepos [Experimental methods in polymer chemistry], (Mir, Moscow,
1983), pp. 384. (in Russian)

[9] A.P. Belokurova, V.A. Burmistrov, T.A. Aheev, Tepmomexanuueckuti memoo uccnedoganus noaumepos [Thermomechanical
method for the study of polymers], (Ivanovo, 2006), pp. 36. (in Russian)

[10] V.M. Sutyahin, A.A. Lyapkov, Qusuxo—xumuyeckue memooul ucciedoganus noaumepos [Physico-chemical methods for the
study of polymers], (Tomsk, 2008), pp. 130. (in Russian).

[11] LY. Averko-Antonovich, R. T. Bikmullin, Memoow uccaedosanus cmpyxkmypor u ceoiicme noaumepos [Methods for studying
the structure and properties of polymers], (Kazan', 2002), pp. 604. (in Russian)

ORCID IDs
Lidiya F. Podhornaya https://orcid.org/0000-0001-5549-6726,
Vyacheslav L. Avramenko https://orcid.org/0000-0002-6968-1321
Oleh H. Karandashov https://orcid.org/0000-0002-3192-6944

JTOCIIKEHHA PAIAIITHO-XIMIYHOT'O CTPYKTYPYBAHHS KOMIIO3HIIII
HA OCHOBI ENIOKCHJIHUX OJITOMEPIB
JLIL ITiaropua, B.JI. ABpamenko, O.I'. Kapannamos
Hayionanvnuii mexuiunu yHisepcumem « XapKiecoKuil NOAIMeXHIYHULL IHCIMUmymy»
syn. Kupnuuosa, 2, 61002, Xapkis, Yxpaina

JlocipkeHO TIpolecH paialiifHO-XIMI9HOTO CTPYKTYypyBaHHS MOM(IKOBAaHHX EMNOKCIAKPUIOBHX KOMIIO3MIIH B 3aJE€XKHOCTI Bif
MIPUPOIM ETOKCUAHHUX OJIIrOMepiB 1 MOAU]IKATOpiB. Y SKOCTI EMOKCHAHUX ONiroMepiB Oyimu oOpaHi €HOKCHIIaHOBI OJNiroMepu
mapok EJ1-20, E/I-22; y sikocTi mukioanipatiyHuX oiiromepiB Oymu obpasi 3,4-emokcurekcarigpobensans-3,4-emoken 1,1-6ic-
(rizpoxcumertwin) -LikiorexcaH, Mapku YII1-612, a Takox 3,4-eMOKCHIIKIOTeKCIIMETiII-3,3-eMOKCUIIMKIIOreKCaHKapOOK iIaT, MapKu
VII-632; i pirmiuiginoBuit edip nmiermnenrmikomto JEI O6yB oOpanuii B sikocti amidaruunoro omiromepa. s moamdixarii
CIOKCHAHUX OJIrOMepiB BUKOPHUCTOBYBAIN: HEHACHUYCHI aKPWJIOBI MOHOMEpH, Taki sK aKpuiIoBa KHCIOTa Ta CKIaAHUN edip
METIUTaKPUIIOBOI KUCIIOTH; apOMaTHy4Hi 1 amidaTudHi oniroedipHi akpuiaTu, Taki SK o, ©-MeTaKkpui (Oic-TieTHICHTIIKOb) (Taiar
(mapkun MDP-1), o, o-metakpinai (mieTuneHrinikonbdranar) (Mapka MDP-2), o, o-Merakpun (Oic-TpHETHICHTIIKONb )) ¢ranat
(mapxku MGP-9), Tpu- (OKCieTHIICHTIIIKONE) -0, ®-guMeTakpuiar (Mapka TGM-3); mpoaykT KOHIEHcAIil JiMepi30BaHHUX >KUPHHUX
KHCIIOT JUITHOI OJIif 1 MoJieTHJIeHNoiaMiH, Takoro sk omiroamix Mmapku L-20; mpoAayKT KOHIEHcAIil PHUIMHOIEBOi KHCIOTH,
KacTopoBoi oii i MaJiefHOBOrO aHTinpuay, Takoro sk HeHacuueHuil noisiedip PE-220. BuBueHo Terurodizuuni 1 penaxcauiiHi
BJIACTHBOCTI CITYACTUX MOJIMEPIB, OTPUMAHKX Mif mi€ro y-BunpominoBanus Co® i enekTpoHiB, MPUCKOPEHUX MOTIMHEHO 030K
BunpominioBanus 50-150 xI'p npu ctpymi B myuky 2-4 MA i eHeprii enekrponiB 240-300 keB. Bixcranp Bij BHIIYCKHOro BikHA
MPUCKOPIOBaYa 10 ONPOMIHIOBaHOI MOBepXHi 3paskiB cranoBmia 63-80 mwm. Terogi3udHi BIACTUBOCTI 3aTBEPAIIMX MOTIMEpiB
OIIHIOBAX 3a JOIMOMOTOI TEpMOMEXaHIYHHX JOCHiKEeHb Ha TepMoMexaHorpadi mpu migioMi Temmepatypu 1°/XB 1 THCKY
0,54 MIla B inTepani Temmneparyp 293-673K, a Takox mMeToq0oM Au(EpeHIiaTbHOTO TEPMIYHOTO 1 TEPMOTPABIMETPHYHOTO aHATI31B
Ha pepuBarorpadi cucremnu JI. Ilaymik, P. ITaynix, JI. Epnei B intepBaini temmeparyp 293-973 K 3i mBuakictio mimiiomy 7°/XB.
PenakcariiiHi BIacTHBOCTI 1 MOJEKYJSIPHY PYXJIMBICTB CITYaCTMX MHOJNIMEPIB BHBYAIM JiEJIEKTPUYHHM METONOM. Bu3HaueHHsS
TAQHIeHCa KyTa JieJeKTPUYHHMX BTpar 3JilicHioBann B TemreparypHoMy iHtepBaii 143-393K npu wacrori 1 k[ mudpoBum
aBTOMATHYHAM MOCTOM 3MiHHOTO cTpyMmy P-589. BumiproBaHHs TeMmepaTypy IOCHTIKYBaHOTO 3pa3Ka MPOBOMIH 33 JOIOMOTOI0
MOTEHIIOMETpa Bil TEPMOIIAPH Mi/Ib-KOHCTaHTaH, sika nepedyBajia y BUMIPIOBAIBHOMY BiJICIKY pa3oM i3 JOCHIIKYBaHUM 3Pa3KOM.
OXO0JO/DKEHHST 3pa3KiB 3IIMCHIOBAIM IUISXOM PO3MIIIEHHS Bi[ICIKy B MOCYIMHY 3 PiIKHM a30TOM. B pe3ynbrari JOCIiKEHb
BCTaHOBJICHO BIUTMB XiMiYHOI IPHPOIH EOKCUIHUX OJIroMepiB i HEeHaCHYEHUX MOAN(DIKAaTOPiB Ha MpoIiecH POPMyBaHHS CTPYKTYpHU
1 MOJIEKYJIApHY PYXJIMBICTH IOJIIMEPiB, OTPUMAaHUX B YMOBaX paiamiiHO-XiMIYHOTO 3aTBepAiHH:A. BusHadeHo, mo npu Moaudikarii
STIOKCU/IHHUX OJIITOMEpiB aKPHUIIOBOIO KHCJIOTOI0, METHIIOBHM €(ipoM aKpHIOBOI KHCIOTH, oniroedipakpmiarom MI'®-9 a6o TTM-3
CTPYKTYpyBaHHS KOMIIO3WIi Ha ocHOBI amidatmynoro emokcumomiromepa JEI-1 i muxmoamidaruanoro omiromepa YII-612
3MIHCHIOEThCS OUTBIN €EKTUBHO y TMOPIBHSHHI 3 KOMITIO3MIIISIMH Ha OCHOBI HeHacuueHoro oiiromepy OET i emokcumiaHOBHX
omiromepie EJI-20 i EJI-22. BcranosneHo, mo moaudikatop oniroamin JI-20, mo MICTUTH NEpBHHHI 1 BTOPHHHI aMiHOTPYIIH,
MiABUIYE pafialliiHy 4yTIUBICTh KOMIIO3MLi Ha OCHOBI SMOKCHIIAHOBUX 1 LUKIOATI(GAaTHIHUX OJNIrOMEPIiB i 3MEHILYE HriOyI0Ty
JiI0 KHCHIO TOBITps. BH3HAa4YeHO ONTHMAaNbHUH CKJaJ KOMIIO3WI Ta OCHOBHI TEXHOJIOTIYHI MapaMeTpd, L0 J03BOJSIOTh
OTPUMYBATH MaTepiald 3 BHCOKMMH (i3MKO-MEXaHIYHUMH BJIACTHBOCTAMH 1 aire3ifHO MILHICTIO M0 pIi3HHX MeTaliB.
3acTocyBaHHS pPO3pOOJICHHX MaTepialiB y MPOMHCIOBHX YMOBaxX [O3BOJIUTH OpPTraHi3yBaTh Oe3MepepBHUI BHCOKOUIBHIKICHHUN
paziamiifHO-XiMIiYHHI TIpolleC OTPUMAaHHS TOJIMEPHHX IOKPHUTTIB Ha MeTajax 3 MOJINIICHUMH yMOBaMH Mpalli, MEHIIUMH
CHEPrOBUTPAaTaMH B MOPIBHSIHHI 3 TEPMOXIMIYHMM IIPOIIECOM OTPHMAaHHS ITOKPHUTTIB, 1 3a0e3MeUnTh MiIBHIIEHHS KOPO3ifHOT
CTIMKOCTI MeTaJliB.

KJIIOUOBI CJIOBA: papiamiiiHo-XiMi4HE CTPYKTypyBaHHs, 10Hi3ylo4€ BHIIPOMIHIOBaHHSI, MU(EpeHLIHHO-TepMIYHMI aHaIi3,
MaKpOMOJIEKYJIa, eIOKCHAHUH OiromMep

HCCJIEJOBAHUE PAIUAIIMOHHO-XUMHUYECKOT'O CTPYKTYPHPOBAHUS KOMITO3AIUI
HA OCHOBE 31IOKCHJHBIX OJIMTOMEPOB
JI.®. Iloarophas, B.JI. ABpamenko, O.I'. Kapanaamos
Hayuonanvuwiii mexuuueckuil ynugepcumem « XapbKoGCKUUl NOAUMEXHUYECKUL UHCTMUMY Y
ya. Kupnuuosa, 2, 61002, Xapvros, Ykpauna
VccnenoBansl IpoIecchl paJMalioOHHO-XHMHYECKOTO CTPYKTYPHUPOBAHUST MOAN(DHUIIMPOBAHHBIX AMTOKCHAKPHIOBBIX KOMIO3ULHUK B
3aBUCHMOCTH OT IIPHPOJBI MOKCHIHBIX OJMIOMEPOB M MOJU(UKATOPOB. B KadecTBe SHOKCHIHBIX OJIMIOMEPOB OBUIM BBIOpPAHBI
SMOKCHAMAHOBBIE onuromepsl Mapok OJ1-20, D/I-22; B kauecTBe NIHMKIOATH(ATUYECKUX OJIMTOMEPOB OBLIM  BHIOpaHBI
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3,4-snokcurexcaruapodensans-3,4-snokcu  1,1-6uc-(rugpoxcumernn)-uukiaorekcad,  mapku  YII-612, a  Ttakxe  3,4-
SMOKCHUIMKIIOT€KCHIMETHI-3,3-3MOKCHIIMKIOTeKcaHKapOokeunar, Mapku YII-632; um aurmunuaunoBelid 3GUp AWATUIICHIIIMKOIS
DI Obu1 BbIOpaH B KadecTBe anmudatudeckoro onuromepa. Jias MoanpUKanuy SMOKCHIHBIX OJMTOMEPOB HCIIOIB30BAIH:
HEHACHIIIEHHbIE AKPHUJIOBBIE MOHOMEpHI, TAaKWe KaK aKpHIoOBas KHCIOTA W CIOXHBIH 3(GHpP METHIAKPHIOBOH KHCIIOTHI,
apoMaTHdecKue U annpaTHdeckue OMUrod(UpHBIC aKPHIIATHL, TaKHEe KaK 0, (O-METAKpHJI (OHC-TUITUIICHTIINKONE) GTanar (MapKu
MDP-1), o, o-Metakpuian (AudTHiaeHIMKoIbGTaNaT) (Mapku MDP-2), o, @-MeTakpui (OMC-TPUITHICHIIINKONG) ) (TanaT (MapKu
MGP-9), Tpu- (OKCHITHIEHINIMKONB) -0, ®-guMerakpwiar (Mapka TGM-3); mpoayKT KOHAEHCAIMU AMMEPHU30BAHHBIX S>KHUPHBIX
KHCJIOT JIBHSHOTO Macjia W IOJIMITHJICHIIONHAaMHMHA, TaKOro Kak ojuroamun Mapku L-20; mpoIayKT KOHIEHCALMH PULIMHOJIEBOM
KHCJIOTBI, KacTOPOBOTO Macja ¥ MJICMHOBOTO aHTHJIPWJAA, TaKOro Kak HeHachleHHbl mnoamddup PE-220.M3y4enst
TemoMU3NYECKHE U PENAKCAIMOHHBIE CBOMCTBA CETYATHIX MOJNMMEPOB, MOJYYEHHBIX MO nelicTBueM Y —wu3nydenns Co®® u
YCKOPEHHBIX 3JEKTPOHOB IOMNIOMIeHHONW n030i m3myuyenust 50-150 xI'p npu Toke B myuke 2-4 MA M DHEPrHUM 3JIEKTPOHOB
240-300 x3B. PaccrostHHe OT BBIIYCKHOTO OKHA YCKOPHUTENS OO OONydaeMoi MOBEPXHOCTH 00Opa3loB cocTaBisio 63-80 M.
Temnodusmueckne CcBONHCTBA OTBEPXKICHHBIX IOJIMMEPOB OIEHMWBAIM C MOMOIIBIO TEPMOMEXAaHWIECKHX MHCCICJOBAHUA Ha
TepMoMexaHorpade mpu mnogbeme Temreparyps! 1 °/mun u masnennu 0,54 MIla B uaTepBane temmeparyp 293-673K, a Taxxe
METOOM AndQepeHnnaIbHOr0 TEPMUUECKOTO0 W TEepMOTPaBHMETPUYECKOTO aHAIM30B Ha JepuBaTtorpade cucremsl JI. Ilaynmk,
P. [Maynuk, JI.Opneu B umHTepBaie temmeparyp 293-973 K co ckopocthio moabema 7 °/MuH. PenakcaloHHbIC CBOMCTBA U
MOJIEKYJSIPHYIO IIOJIBIDKHOCTh CETYaTHIX IIOJIMMEPOB M3ydYall JAWdJIEKTpUueckuM MertopoM. OrmpeleneHne TaHreHca yria
JHUJICKTPUYECKHUX TIOTEPh OCYILIECTBISLIA B TemiieparyproM uHtepBaie 143-393K npu yactore 1 k11 undpoBbIM aBTOMAaTHYECKUM
MOCTOM TepeMeHHoro toka P-589. M3mepenue TemmepaTypsl HccieyeMoro oopasiia MpoBOAMIN C MOMOIIbIO MOTEHIIMOMETPA OT
TepMOIapbl MeJb-KOHCTAaHTaH, KOTOpas HAaXOAWIACh B M3MEPUTEIBHON sdelike BMECTEe C HCCIeAyeMbIM oOpas3moM. OXnaxmeHue
00pa3IoB OCYIIECTBILUIN ITyTeM MOMEIIEHHS sTMEHKH B COCY/I C )KUIKAM a30TOM. B pesynbrare nccieoBaHuid yCTaHOBICHO BINSHHE
XUMHYECKOH MPHUPOABI SMOKCHIHBIX OJUTOMEPOB M HEHACHIIIEHHBIX MOJH(UKATOPOB HA Mpouecchl (GOPMUPOBAHUS CTPYKTYPHI U
MOJIEKYJISIPHYIO TTOJIBIDKHOCTD HOJIMMEPOB, IOTYYCHHBIX B YCJIOBUSX PaIHallMOHHO—XUMHYECKOTO OTBepkacHUs. OmpeneseHo, 9To
Opy  MOAM(GHKAIMH  OHOKCHIHBIX  OJMIOMEPOB  aKPWJIOBOMH  KHCJIOTOM, METHJIOBBIM J(UPOM  aKpWIOBOH  KHCIOTBHI,
onurodpupakpuinataMu MI'®-9  wmun TITM-3 cTpykTypHpOoBaHHE KOMIIO3HLMI Ha OCHOBE anu(aTHYECKOTO SIOKCHOIUroMepa
J9T-1 u nuxnoanudarudeckoro omuromepa YII-612 ocymectsisiercss 6osiee 3h(GEKTUBHO MO CPABHEHUIO C KOMIIO3ULIMSIMH Ha
ocHOBe HeHachleHHoro onuromepa OOT u snokcuananoBbix onuromepoB 3J(-20 u D]/I-22. YcraHoBieHO, 4yTo MoauduKarop
omuroamun JI-20, copepkamquii TEpBUYHBIE M BTOPHYHBIE AMHHOTPYIIBI, TOBBIMIACT PaJHAMOHHYIO YyBCTBHUTEIBHOCTH
KOMITO3UIINIT HAa OCHOBE SMOKCHIMAHOBBIX M IUKIOATH()ATHIECKUX OJMTOMEPOB U YMEHBIIAEeT HHTHONPYIOIIee ASHCTBHE KHCIOPOAa
Bo3xyxa. OmpezeneH ONTHMAJbHBI COCTaB KOMIO3WIUA M OCHOBHBIC TEXHOJOTMYECKHE MapaMeTphl, MO3BOJIIONINE MOJydaTh
MaTepHajbl C BRICOKUMH (pU3UKO-MEXaHUIECKUMH CBOMCTBAMHU U a[r€3MOHHON IIPOYHOCTBIO K PA3IMYHBIM MeTauiaM. IIpuMenenne
pa3pabOTaHHBIX MAaTepHalOB B IPOMBIIIICHHBIX YCIOBHUSX II03BOJIMT OPraHU30BaTh HENPEPHIBHBIH BBHICOKOCKOPOCTHOU
paIMalMOHHO-XUMHYECKUH IPOIECC IMONTYyYSHUs] MOJUMEPHBIX IOKPHITHH Ha MeTalaX C YJIy4YIICHHBIMH YCIIOBHSIMH Tpyla,
MEHBIIUMU 3HEPro3aTpaTtaMy 10 CPaBHEHUIO C TEPMOXMMHMYECKHM IPOIECCOM MONy4YEeHHs MOKPBITHHA M 00ECIeYUT MOBBIILIECHUE
KOPPO3UOHHOM CTOMKOCTH METAJJIOB.

KJIIOUEBBIE CJIOBA: paanaifoHHO-XUMHYECKOE CTPYKTYpHpPOBAaHHE, HOHU3UPYIOIIee H3NydeHue, auddepeHnaibpHo-
TePMHUIECKUH aHAIIH3, MAKPOMOJIEKyIa, SMOKCHIHBIN OJIUroMep





