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Abstract

The effect of the 4.4-sulfonilbis (4,1-phenylen& n,n-diethyldithiocarbamate) §&,sN,0,Ss) modifier on the thenal
properties of the epoxy bisphenol oligomer ED-26himi the temperature rang€l = 303—87X has been defined. The h
resistance by Martens, thermal expansion coefficgass transition temperature and shrinkage baea studied. As the res
of the acquired data analysis, the optimum conaéofr of the GH,gN,O,Ss modifier, significantly improving the therm
properties of epoxy composite, has been set. Ithesn demonstrated that in order to get a compasiterial (CM)or ¢
protective coating with enhanced thermal properitds necessary to introduce the optimumoant of modifier into the epo:
binder ¢ = 0.10-0.25 mass parts out of 100 % EDresin). In this case, the composite is formetth tie heat resistance va
by Martens ofl = 362 K.

On the basis of experimental studies of thermapgries using modern research methedsh as differential thernr
analysis (DTA) and thermogravimetric analysis (TGKA¢ allowable temperature limits at which it is gibte to use modifie
epoxy composites have been $&¥l with the entered modifier af = 0.75 mass parts afig = 601.8K is characterized by tl
biggest destruction temperature value if comparihd tie matrix Ty = 600.1K). The difference between the minimum and
maximum value is onhAT, = 1.7 K, which indicates insignificant positive pact of modifier upon the initiaflestructiol
temperature.

Using DTA curves exothermic effects when exposethé thermal field within the temperature rang€df AT = 591.3-
683.7 K have been defined. It has been found aittttie maximum values of exothermic pedkcompared with the matr
(Thax=618.3 K) areT .= 626.6-641.0 K, and they are characteristicdtt, filled with the G.H,gN,O,Ss modifier in ar
amount ofg =0.50-0.75 mass parts. The difference betweemtimemum (matrix component) and the maxim value i
ATmax= 22.7K, which (within experimental error) shows a sigraht positive impact of the modifier upon the nmaxir
exoeffect value. It is said to increase the themstatbility of CM, which in its turn, is due to th&bkility of physical ad chemice
bonds in the material, providing improved physieald mechanical properties of materials under thpaah of rising
temperatures.

Keywords:epoxy composite modifier, heat resistance, glasssttion temperature, shrinkage.

One of the promising areas of materials science materials with improved properties as comparedhéo t
the development of new polymer composite materiakriginal components. The addition of a modifiereets
by modifying them with various filling agents. Rirgf the formation of supramolecular composite structure
all in the course of modifying useful propertiestbé and allows obtaining materials with valuable projesy
material must be kept, while new properties must beithout creating new expensive chemical technoltogy
added or undesirable properties must be eliminatepgroduce a new polymer with the required parameters.
With the help of modification it is possible to ¢l Meanwhile combination of ingredients of different
the structure of polymeric binders, eliminate ithérent nature to obtain a complex of improved properties,
disadvantages and improve the strength propertiggeeo modified epoxy composites, including thermal, aow
materials, etc. [1]. Modifiers can be solid, liquid to extend the temperature range of use of suchrialste
organic, inorganic or with low molecular weight 2], Thus, currently the modification of existing
etc. These compounds have been found interesting fopolymers and obtaining of new materials on thesida
long time due to the fact that the introduction af is one of the most important areas of polymer ckami
modifier in a polymeric binder, and further mixirog In this regard, the formation and application of
the individual compositions can help to create newomposites based on epoxy binder is rather promisin
Epoxy resins are a class of thermosetting plastics
similar materials such as phenols and polyesters. A
number of improved properties of epoxy composites
leads to their widespread use in the industry,uidiclg
oil and gas industry. Failures are often associatil
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One of the main reasons for such failures as tiheréa Table 1 — Characteristics of epoxy binder componest

of the oil and gas equipment production facilities] Epo The

training, transport, processing and storage ofisithe - -POXY- |~ 1. .N.| PEPA
corrosion of metal. The inner surface of the oill @ras Characteristics ollé%or;gr Z(ZJ;QZ i hardener
equipment is most susceptible to corrosion due {o j modifier

constant contact with oil, produced water, gas-ailo | Molar mass 340 512.8 215-2H8
(industrial pipelines, oil treatment, reservaoirs). Epoxy group content, % 20.0-2p.5 — -

The main way to improve the safety and serviceHydroxyl content, % 1.25 _ _
life of oil industry equipment, tanks for oil stg@and [Hydrogen content (H), 9 _ 5.50 _
preparation, pipelines, is the use of high-quatyd [Nitrogen content (N), %  — 546 | 19.5-22l0
relatively expensive insulating coatings. Carbon content (C), % _ 51.93 _

One of the most effective solutions is the uséhef t Oxygen content (O), % — 6.24 —
modified anti-corrosion epoxy composite materiaL.Sulfur content (S) % — 3105 —
Such protective coatings have a complex of progerti- - : -

. . . ] Viscositys, Pa-s 13-20 - 0.9
required for oil industry equipment: good adhesion - -
metal and non-metallic surfaces, hardness, go ‘Bensnyp, glem 1.16 6.08 1.05

chemical resistance (to oils and solvents, water Epoxy CM was formed according to the following
resistance in fresh and marine waters, gagchnology: component dosing, hydrodynamic mixing
impermeability), high abrasion resistance, higheies of the modifier and ED-20 epoxy-dian resin to obtai
of dielectric properties, as well as low shrinkeaygd homogeneous mixture and then complete dissolving of
significant hardening rate [4-7]. the additive for a timer=2+0.1 min at room
Thus, one can make a conclusion that epoxgmperaturel = 298 + 2 K , the introduction of a filler
composites are of a general purpose and can beedpplof a predetermined content, the ultrasonic treatnoén
in many fields of industry. Therefore, to expane ththe composition for a timer=1.5+0.1 min, the
range and possibilities of industrial applicatidrepoxy introduction of a PEPA hardener and hydrodynamic
composites it is necessary to study the thermalignment of the components for a time 2 £ 0.1 min,
properties of the modified materials that allows t@uring the composition. The validation of the CMswa
predict their reliability in various temperaturenges of carried out according to the experimentally esshigd
operation. regimes: the formation of samples and their holdorg
The purpose of this study is to investigate tha timer=12.0+0.1 h at a temperatureTof 298 + 2 K,
impact of 4,4-sulfonilbis (4,1-phenylene) bis (djethyl- heating with a velocity = 3 K/min to the cross-linking
dithiocarbamate) modifier upon structural propertie temperatureT = 413 + 2 K, holding the samples at a

epoxy composites under the thermal field impact. given temperature for a time=2.0+0.05h, slow
cooling to a temperaturd =298 +2 K. In order to
Materials and methods of research stabilize the structural processes in the matrhe t

On the basis of the above mentioned informatiorsamples were held for a time=24h in air at a
epoxy diane oligomer ED-20 (GOST 10587-84) hatemperature T=298+2 K with the subsequent
been selected as the main component for the bindee  experimental studies.
formation of CM. It is characterized by high adloesi Thermophysical properties of CM have been
and cohesion strength, low shrinkage and manufactigtudied, such as heat resistance by Martens, therma
ability when applied to the surface of a compleafie.  coefficient of linear expansion, thermal stabil{§TA

4,4-sulfonil bis (4,1-phenylene) bis (n,n-diethyl-and TGA analysis).
dithiocarbamate) has been selected as a modifiés. | Heat resistance of CM by Martens was determined
characterized by reactivity to interaction with emlles according to GOST 21341-75. The method of
of epoxy oligomer due to a significant number dive investigation consists of determining the tempesmat
groups. The modifier was introduced in the amount avhich the sample was heated at a spead=08 K/min
from 0.10 to 2.00 mass parts for 100 mass parts ohder the impact of a constant bending load
epoxy oligomer ED-20 (hereinaftermass parts ammed F=5+0.5MPa, as a result of which it has been
to as per 100 mass parts of epoxy oligomer ED-20)eformed by a predetermined valle=(6 mm).

The formula of the 4,4-sulfonilbis (4,1-phenyleri®$ The thermal coefficient of linear expansion of
(n,n-diethyldithiocarbamate) modifier is as folew materials was calculated on the basis of the gecaphi
C,oH2eN50,Ss. dependence of the relative strain on temperature,

For the cross-linking of epoxy compositions, theapproximating this dependence by the exponential
polyethylene polyamine PEPA (TU 6-05-241-202—78}unction. The relative deformation was determinearf
hardener is used, which makes it possible to formime change in the length of the sample with indngps
materials at room temperatures. It is known thaPRE temperature under steady-state conditions (GOST
is a low-molecular substance that consists of th&5173-70). The dimensions of the samples for tinyst
following monomeric units: [-CHCH,-NH-],, [4, 8]. were 65 x 7 x 7 mm, the nonparallelism of the halib
The curing agent was added to the composition in amds was not more than 0.02 mm. Before the test, th
amount of 10 mass parts per 100 mass parts of epdepgth of the sample was measured with the accuficy
oligomer ED-20. Characteristics of epoxy dianaip to £ 0.01 mm. The rate of temperature increase w
oligomer, modifier and hardener are given in Table  p = 2 K/min.
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The deviation of values in the study of thecompositon and indicates a  homogeneous
parameters of the thermophysical properties of @G&{ polymerization of CM.
resistance by Martens, thermal coefficient of Imea The introduction of the modifier in an amount of
expansion) was 4-6% of the nominal value. g = 0.25 mass parts leads to the insignificant desgrén
To study the effect of the amount of filler onthe heat resistance t&@ = 360 K. The subsequent
thermal transformations in composites, the TGA anihcrease in the amount of the modifiergqe= 0.50-2.00
DTA analysis was used using the Thermoscan4®ass parts also insignificantly affects the hesistance
derivatograph. The investigations were carriediothe of the CM and within the experimental error makes u
temperature rangedT =298-873 K, using quartz an analogous value af = 360 K. On the basis of the
crucibles for samples with a volume ®¥f=0.5 cmi. above mentioned experimental data, it can be cdedu
During the studies, the rate of temperature rises wahat the introduction of the gH,gN,O,Ss modifier in an
v = 10 K/min, while A}JO; (m = 0.5 g) was used as aamount exceeding = 0.10 mass parts practically does
reference substance, the weight of the sample undet affect the parameters of heat resistance ofaDil
investigation wasn= 0.3 g. The error in determining remains within the limits of the constant.
the temperature wasAT=+1K. Accuracy of One of the important and basic characteristics of
determination of thermal effects was 3J/g. Theolymers is the glass transition temperature. It is
accuracy of determination of the change in the nadiss associated with the decrease in the mobility of the
the sample igm=0.02 g. polymer units. Below the glass transition tempeaatu
(To), the supply of kinetic energy in macromoleculgs i
The results of the research and their discussion insufficient to move the segments of the chain as a
When materials are used in production an#hole, which leads only to minor oscillations obmis
operation in various technological processes, it i®lative to their centers of gravity. The structofethe
important to study structural changes when CM ipolymers under these conditions is solid, in a
heated, allowing us to estimate the temperaturgerafi  sufficiently brittle state, their macromoleculesvbaan
use of new materials. Therefore, we first studikd t elongated shape and are characterized by onlyght sli
heat resistance (according to Martens) of CM, niedif elastic deformation. With an increase in tempegatur
by the G,H,gN,0,Ss modifier. At the same time, the exceeding the threshold, polymers with an increase in
filler content was varied within the range ofthe thermal energy reserve become highly elastt an
g = 0.10-2.00 mass parts. become capable of highly elastic deformations,then
It has been established [6-8] that the heatords, they remain in a plastic form. When the
resistance of a modified epoxy matrix Ts= 341 K temperature is raised, the transition of the polymi®
(Fig. 1). Introduction to the binder, the:H,N-,0,S; a viscous-flowing state is noticeable, and defoiomat
modifier in the amount = 0.10 mass parts leads to aduring the action of critical temperatures proveb®
significant increase in heat resistance relativethe irreversible, which leads to the destruction of the
matrix, resulting in a maximum on the curve of T coating and the impossibility of its further opévat
curve, which isT = 362 K. This indicates an active Therefore, we conducted an analysis of the behafior
physical and chemical interaction of the modifigthw CM under the influence of a thermal field, inveatied
the epoxy binder and indicates the formation gbatial the glass transition temperature and shrinkagehén t
polymer network in which the dissolved modifier iscross-linking of the developed CM.
uniformly distributed throughout the volume, whith It has been experimentally established [6-8]
an important factor in the structure formation beét (Table 2, Fig. 2, Fig. 3) that the glass transition
temperature of the modified RCD epoxy matrix is
T,K T.=327 K. The introduction of the »H,gN,0,Ss
365 — modifier in the amount of g = 0.10 mass parts l¢ads
significant increase in the glass transition terapge
360 and amounts td@. = 334 K. It should be noted that the
R obtained values correlate with the values of tid C
heat resistance indexes, which are also maximahtor
given composite. The subsequent increase in the
concentration of the modifier in the range frgms 0.25
to g = 0.50 mass parts reduces the glass transition
temperature of the matrix td.=323-324 K. It is
345 established that on the contrary the addition of an
additive in an amount ofg = 0.75 mass parts
340 Y¥— substantially increasegk to 343 K, which is the largest
R value obtained in the course of the experiments,Tihi
N T T VI T S O B its turn, is consistent with the obtained thernesistance
0 025 050 075 1,00 125 1,50 1,75 g,pbw  data, which are described below. Further increashe
Figure 1 — The dependence of the thermal resistance amount of filler in the binderg(= 1.00-2.00 mass parts)
by Martens (7) of CM upon the content of the led to a significant decrease in the glass tramsiti
Co2H2gN,0,Ss modifier (g, pbw) temperature relative to the matrixTp= 322-307 K.

355

350
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Table 2 — Thermophysical properties of CM
Content of the &H»gN,0,Ss modifier g, pbw

Properties matrix] 0.10] 0.25 ] 050] 0.75] 1.00 1.26 150 1.15 2p0
Glass transition temperatufg K | 327 | 338| 323 324 343 322 304 306 313 307
Shrinkage’, % 032] 025 019 ] 0.19| 022 0.1 0.032.074| 0.069| 0.042
&% &%

18 1.8

1,6 1.6
14 14
12 12
1,0 1.0
0,8 0.8
0,6 0.6

0.4 0.4

FTTTTTTTTTTTTTTT T

0,2 0.2

303 323 343 363 383 403 423 443 463 TK 0 303 323 343 363 383 403 423 443 463 TK

0

Matrix; = q = 0.10 pbw; ===== q = 0.25 pbw q = 1.00 pbw; ewseseee q =1.25pbw; ===== q = 1.50 pbw;
- == =050pbw; ==+ q=0.75 pbw —-==q=175pbw; =-="+q=2.00pbw
Figure 2 - The dilatometric curves of epoxy matrix Figure 3 — The dilatometric curves of CM
and CM with different content of the with different content of the
C22H2gN,0,Ss modifier, g, pbw C22H2aN,0,Ss modifier, g, pbw

Table 3 — Thermal coefficient of linear expansionfoCM within various testing temperature ranges

Content of the GHuN,0,S: Thermal coefficient of linear expansion10’, K™
modifier, g, pbw Testing temperature rangg¥, K
303-323 303-373 303-423 303-473
matrix 6.30 6.81 9.92 10.91
0.10 3.11 2.74 3.29 7.41
0.25 2.89 2.77 4.16 7,25
0.50 2.63 3.24 4.48 7.26
0.75 3.65 3.57 4.21 7.16
1.00 2.87 3.35 4.43 8.25
1.25 4.65 3.60 4.60 9.11
1.50 3.02 3.53 4.86 9.42
1.75 3.03 3.39 4.48 9.38
2.00 3.40 3.21 4.09 9.38

To study and analyze the structural processdigear expansion fluctuates within the limits
occurring in the samples under the influence of the = (2.74-2.77)10° K. Also, special attention should
thermal field, the thermal coefficient of lineampexsion be paid to the behavior of CM at higher temperatuire
of the materials was investigated. On the basis olr case in the temperature rantje= 303—473 K. It is
dilatometric curves (Fig. 2, Fig. 3) of deformationproved that the smallest thermal coefficient ofedéin
versus temperature dependences the thermal ceefficiexpansion in the above temperature range of tests i
of linear expansion of CM was calculated within theharacterized by materials with a modifier confarthe
temperature range of T = 303—473 K. The results of amount of ¢ = 0.10-0.25 mass parts). Thermal
calculating of thermal coefficient of linear expenmsin  coefficient of linear expansion of such materiats i
predetermined temperature ranges are given in Table o = (7.25-7.41)10° K™ It is worth noting that the

It was found that with increasing temperature atesults of the investigation of modified matriceghwhe
different temperature sections of the study, trerttal above-described additive concentrations are in good
coefficient of linear expansion of the samples éases. agreement with each other in different temperature
According to the obtained experimental data, it igxposure ranges, since the lowest values of thermal
established that the minimum value of thermatoefficient of linear expansion correlate with data
coefficient of linear expansion in the thermal rangheat resistance, glass transition.

AT = 303-373 K is characterized by materials with an  Thus, it can be argued that in the formation of CM
amount of modifieig = 0.10-0.25 mass parts (Table 3)with improved thermophysical properties, it is ahile
At the same time, the value of thermal coefficiefit to introduce the &H,gN,O.Ss modifier with a
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Table 4 — Temperature resistance of the CM filled wth C,,H»gN,0»Ss modifier

The C%”;Zme‘?f c%?zbei;lzozss To, K To K Tyo K Too K Tins K em %
matrix 600.1 619.3 626.4 645.8 734.( 733
0.10 594.1 621.2 630.8 641.7 7375 75.3
0.25 596.2 619.5 630.0 641.9 778.1 78.6
0.50 600.8 624.0 633.8 646.5 760.3 773
0.75 601.8 626.0 635.6 648.8 731.3 743
1.00 601.8 622.6 632.4 643.4 747.9 76.3
1.25 598.6 620.2 630.7 642.1] 749.1 774
1.50 598.5 622.8 630.2 6404 750.1 78.3
1.75 591.1 616.8 627.6 639.1] 741. 75.
2.00 591.5 617.4 628.9 6403 752.9 75.

Note: T — the initial temperature of mass losses (begigmihthe destruction);
Ts, Ti0, Too — the temperatures of mass losses (5, 10, 20 %);
Tyn — the final temperature of mass losses (complatfatestruction) g, — relative mass losses

concentration ofg = 0.10-0.25 mass parts. It wasmaterials. In this regard, it is important to apmy
believed that in such materials, with the optimuncomprehensive approach to optimizing the compasitio
amount of additive, the physicochemical procesdes of epoxy-composite materials and protective coating
interaction of the modifier with the binder areiaated. their basis.
In our opinion, this is due to a high content oftbam in On this basis, the behavior of epoxy composites at
the modifier (Table 1), which is uniformly distrited elevated temperatures (thermal stability) was stlidi
over the volume of the spatial grid and leads, ugne and analyzed by the thermogravimetric (TGA) and
ability to form various types of bonds with manydifferential thermal (DTA) analysis (Fig. 4) in the
chemical elements, to increase the interfaciarautton temperature rangdT from 298 to 873 K. The analysis
when the modified matrix is cross linked. Thustabke, was carried out in the air. During the study of the
cross linked polymer structure is formed with ireged destruction process of physico-chemical bonds & th
resistance to deformation (linear or volumetricomp initial and modified matrices, the rate of temperat
exposure to a temperature factor (at a maximumise of the samples was= 10 K/min. Thus, at this stage
temperature value of T = 303-473 K). At the same of work, the thermal stability of the matrix ancetEM,
time, the modifier also contains sulfur, the amoaft filled with CxH,eN,O,S modifier, was investigated. In
which is 31.26 % (Table 1). This content of sulfuthe course of experimental studies, it has beemdou
atoms, on the contrary, negatively affects théhat there is no loss of mass (Fig. 4—6, Tableo#)tie
polymerization processes, especially under coritmf investigated CM in the temperature range from
increasing temperatures, forming in them an in@easAT = 303.0 K to7p = 591.1-601.8 K. This indicates the
content of sol-fraction, which accordingly leads a0 absence of significant structural transformationsrdy
deterioration of the thermophysical properties loé t the process of heating in the CM, and it indirectly
modified matrices. This is confirmed by theindicates insignificant moisture content in the péas,
experimental data obtained above, which indicate lzeing studied.
decrease in the thermophysical properties of na$eri At the same time, on the basis of the TGA curve,
with an increase in the amount of the modifier (andve have determined the temperature at which thialini
hence the amount of sulfur) in them. and modified matrices begin to degrad® £ 600.1—
The process of polymeric materials combustion i601.8K), and the process ends & = 734.0-778.1 K
a complex physico-chemical process, whicldue to the losses of the samples masses relatitleeto
encompasses, among other things, the chemichndard. Relative mass losses for all modifiedpdasn
reactions of destruction. During the process ddis well as the initial matrix aeg = 73.3-78.6 % (Table 4),
material’s heating to the critical temperature atsd where the difference between the minimum and
further destruction, the structure of the CM undesy maximum value is onlye, = 5.3 %. In our opinion,
changes. Therefore, as the temperature rises, fl8s indicates a uniform mechanism of the behavafur
physical, in particular, thermophysical propertieslestructive processes, associated primarily with th
change, affecting the conditions of diffusion, heatlestruction of chemical bonds of the "epoxy matix
transfer, leading to a viscous-flowing, highly ¢las modifier" system components. It is worth emphagjzin
state of the polymer. Consequently, the state ef thhat the relative mass losses, as well as the final
epoxy-composite coating structure changes, ane ter destruction temperature, are not decisive factdnienw
observed the formation and development of micraporehoosing the optimum performance characteristics of
and microcracks in particular. This leads to &he developed materials, since their maximum
deterioration of functional (physical and mechahicadestruction occurs afi(;). Since the initial destruction
electrically conductive, etc.) characteristics aifbcts temperature @) is characterized by the initial stage of
the operational and technological properties aflestruction of the intra-chemical bonds of matsritiis
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containing the G,H»gN-0O,Ss modifier, q, pbw:
a-1.25; b-1.50
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Figure 6 — Results of thermogravimetric (1) and diierential thermal (2) analysis of CM,
containing the G,H»gN-0O,Ss modifier, q, pbw:
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Table 5— Temperature intervals of composites exoeffects amaling to DTA

Content of the &H»gN-O,S Temperature intervals of exoeffects Maximum value of
modifier, g, pow T, K Tiins K ATy, K AT, K exo effectslinas K
matrix 598.1 683.7 85.6 1.75 618.3
0.10 597.0 677.3 80.3 1.61 616.4
0.25 599.2 678.1 78.9 1.56 626.3
0.50 600.1 678.0 77.9 2.24 626.6
0.75 600.1 682.1 82.0 1.58 641.0
1.00 595.2 672.7 775 1.54 623.4
1.25 591.9 673.1 81.2 1.52 639.6
1.50 594.8 673.1 78.3 1.42 618.0
1.75 593.0 684.0 91.0 1.60 619.2
2.00 591.3 665.6 74.3 1.80 636.3

Note: T, — the initial temperature of the exoeffety; — the final temperature of exoeffect;
AT, — exoeffect temperature rangé€l,— temperature difference between the sample
with changes and a standard one, in which thererarehanges

process was considered to be the defining parameteshich constitute . = 626.6—641.0 K, are typical for
which limits the operation of the developed CMs. CMs filled with the modifier in an amount gf= 0.50—
The highest temperature value of the destructiod.75 pbw. As can be seen from the results, the
beginning in comparison with the original matrixdifference between the minimum (matrix exponent) an
(T = 600.1 K) is the CM with the introduced modifierthe maximum value i8T,ox= 22.7 K, which (within the
amount ofg = 0.75 pbw and the exponef = 601.8 K. experimental error) indicates a significant positeffect
As can be seen from the results, the differencevdmst  of the modifier on the maximum value of the exoetife
the minimum and maximum values is oMy, =1.7 K, It should be emphasized that the obtained data are
which (within the experimental error) indicates arconsistent with the previous results of the dilattno
inessential positive effect of the modifier on ieasing curve analysis (glass transition point
the initial destruction temperature. At the samaetithe T, = 343 K), as well as the thermal stability of s,
CM, filled with a minimum amount of a modifier where a similar range of the introduced modifier
(q = 0.10 pbw), is characterized by the highest value (q = 0.50-0.75 pbw) leads to the formation of samples
the heat resistancd (= 362 K). For such a material, with maximum characteristics indices. This confirms
there was observed one of the lowest temperatlvesa the reliability of the studies conducted. Howevere
of the destruction beginnind{ = 594.1 K), where the obtained data do not completely correlate withtdsts
difference between this value and the parametetbeof results of the physical and mechanical propertfeth®
original matrix isAT, = 6 K. Taking into account the CM. It was assumed that this was caused by the
error limits, this indicates the minimal effect dfe following fact. Since the destruction of physical
CxH,gN-0,Ss modifier on the temperature value of thentermolecular bonds depends on the load and
destruction beginning, and that is why it can bwigd temperature, then the effect of mechanic destmctio
during the operation of the coating. also strongly depends on the effect and intenditthe
Parallel analysis of the DTA curve (Fig. 4-6, cui2ye thermal field upon the materials. At normal
in the above-described temperature rang€ £ 298- temperatures, under the influence of external
873 K) has additionally allowed us to establishmechanical forces upon the sample, physical and
exothermic effects. It should be noted that onghef chemical bonds between macromolecules are strongly
most important parameters is the magnitude afestroyed, while slippage of molecules with resgect
exothermic effects T7,), which characterizes the each other in the field of mechanical stresses siimo
beginning of deformation and structural transfoior® does not take place (with the exception of critloalds).
in epoxy-composite materials. With increasing temperature, this effect increadas.
Exothermic effects are established by means ather words, mechanical destruction is more likiy
DTA curves under the influence of a thermal fieftbn  occur in polymers in the glassy state, less in Ijigh
the CM in the temperature rangeA¥ = 591.3683.7 K elastic, and even less in viscous flow. On the reopt
(Table 5). It should be emphasized that the digmient the thermal destruction occurs in a highly elastiag
of the peak for the exothermic effect into the higleven more in a viscous-flowing state. Such a distin
temperature range provides for an increase in thfference between these processes can fully exjiie
thermal stability of materials under the influerafethe discrepancy between the results obtained in theystéi
thermal field. This is caused by the stability dfypical the physicomechanical and thermophysical propedties
and chemical bonds in the CM, leading to athe CM.
improvement in the physical and mechanical properti It is known [6-8] that the properties of the polyme
of the material under the influence of the therfieddl. CM are determined by the properties of the polymer
It is established that the maximum values ofatrix and the filler (in our case, the modifiethe
exoeffects, in comparison with the matrix.{= 618.3 K), distribution of the latter, the interaction at thpmlymer-
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filler" interface. A significant properties changé the the above results with those of the original matrix
filled polymers, especially rheological and physico (75, = 683.7K), it can be concluded that,£l,5N,0,Ss
mechanical, is due not only to the effect of thenodifier has practically no effect on the final
additional boundary layer of the polymer on thdéemperature of the exoeffect. Thus, using the cerpl
structure and properties, but also to the intepacti estimation ofT;,, Traxand 7y, (Table 5), it can be stated
between the modifier macromolecules. The introdurcti that the CM, which contains this modifier with
of the modifier into the epoxy oligomer and theirther q = 0.50-0.75 pbw, is characterized by the best heat
hydrodynamic alignment led to the formation of aesistance among the entire range of materialsestud
continuous network, formed as a result of the adgon

of the modifier macromolecules with segments adeé si Conclusions

groups of the chain of the epoxy diane oligomeroun On the basis of experimental studies of
opinion, such activity is associated with a widega of thermophysical properties, there have been estealis
chemical elements of the modifier and predominargermissible temperature limits, at which it is pblesto
carbon (C) 51.53 % and sulfur (S) 31.26 % (Table 1use epoxy composites modified with 4,4-sulfonylbis
As a result, with the increase in the amount oflifirer  (4,1-phenylene)  bis  (n,n-diethyldithiocarbamate).
and the high ability of its chemical elements (carb Namely:

and sulfur) to interact, due to stable covalentdson 1. It is advisable to introduce a modifier with
both with each other and with the binder, the dgnsiq = 0.1 pbw for the formation of composite materiais
increases and the intermolecular distribution o thprotective coatings on their basis with increased
spatial grid of the matrix decreases. Thus, thesjgy thermophysical properties in the epoxy binder. This
mechanical properties of CMs are significantlicomposite has the maximum value of heat resistance
improved. among all materials under study= 362K. In its turn,

It was assumed that at room temperature (293—-303 0 the formation of a composite material charaztst
the S atoms are in the form of the most stableicy&l by both increased thermophysical, physical and
molecules forming a rhombic a{sulfur) stable mechanical properties a modifier of q = 1.5 pbwustio
modification. The latter forms ring molecules withbe introduced in the epoxy binder. The heat rasigta
covalent bonds that are chemically active and dapafb by Martens of such a materialTis= 359 K.
being combined with almost all elements during 2. It has been found that composites with a madifie
heating. This fact in its turn leads to the impnmeait in - amount ofg = 0.1 pbw -7, = 338K andq = 0.75 pbw —
the physico-mechanical properties of the CM. HowgeveT, = 343K are characterized by the greatest glass
as the temperature increases, the rhombic modifitat transition temperature. It was additionally provbeit
(o-sulfur) transforms into monoclinig-sulfur, which is the shrinkage of the modified matrices did not extce
stable at temperatures aboVe= 368 K and melts at 1%. It should be noted that the shrinkage of maltri
T = 392.3 K. AtT = 433 K, the $ molecules begin to with a modifier amount off = 0.10 pbw andj = 0.75 pbw
break, open chains are formed, turning subsequentty much less than the shrinkage of the originalrimat
into plastic sulfur with an unstable chain struetur (6 = 0.32 %). This makes it possible to apply the
Further heating of materials to temperatures abowieveloped materials in the form of coatings with a
T =463 K contributes to a decrease in the averaganch uniform layer on the long-dimensional surfaces of a
length, respectively, the number and strength afomplex profile.
covalent bonds also decreases. An increased coottent 3. It has been experimentally established that it i
sol-fraction is formed during the process, and thisxpedient to use composites with a content of the
worsens the thermophysical properties of the neteri modifier 4,4-sulfonylbis (4,1-phenylene) bis (n,n-
With a further increase in temperature, the mutualiethyldithiocarbamate) (GH2gN.O,Ss) amount of
movement of the individual molecules rather thaa thq = 0.10-0.25 pbw at a maximum temperature range
links of the chain is accelerated. This in its tleads to AT = 303-473 K. These materials are characterized by
irreversible deformations in the material and fartits the lowest value of the thermal coefficient of hne
complete destruction under the influence of thertta® expansion, which ia = (7.25-7.41)10 K™
field. 4. It is shown that the indicators of relative mass

Thus, it follows from the above that the divisidn o loss, as well as the final destruction temperatare ,not
additives, including modifiers, into active (hardey decisive factors when choosing the optimum
strengthening, heat-resistant) and inactive (irisrtp a performance characteristics of the developed naseri
certain extent conditional, since, while improvisgme On the contrary, the initial destruction temperat(it,)
characteristic of the system, the additive can amiss was considered the determining parameter limitimg t
other properties. operation of the developed materials. The matevitd

Based on the analysis @}, and Ty, temperatures the modifier amount off = 0.75 pbw is characterized by
of the exoeffect beginning and end (Table 5), ththe greatest value of the destruction start tentpera
following results are established: the best resufitthe (To = 601.8 K) in comparison with the original matrix
initial exothermal temperature T{=600.1 K) of (T, = 600.1 K). This indicates an insignificant effedt
modified matrices are characteristic for samplethw&i the modifier on the initial destruction temperature
modifier quantity ofq = 0.50 pbw andy = 0.75 pbw. With the help of DTA curves, there were studied
The final temperature of the exoeffect for the CMadis exothermic effects on modified materials under the
Ty = 678.0 andly, = 682.1K, respectively. Comparing action of a thermal field in the temperature range
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AT=591.3-683.K. It was established that thewhich indicates a uniform mechanism of the courke o

maximum values of exoeffects, in comparison with thdestructive processes.

matrix (Tyax= 618.3K), which amount7p,,x= 626.6—

641.0K, are characteristic for materials with a modifier References
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Bnnue TemnepaTypu Ha CTPYKTYpY i TennodisanyHi BNacTuBOCTI
€MOKCUAHNX KOMMO3UTIB, MOAUpiKOBaHNX
4,4-cynbdoHinbic (4,1-coeHnnen) 6ic (n,n-gieTungitiokapbamartom)

A.B. Bykemoeg, C.O. Cmemankin, /[.A. 3inuenxo

XepcoHnewbka 0eparcasna Mopcvka akademis;
npocnexkm Ywaxosa, 20,m. Xepcon, 73000 Vrpaina

Bcranoeneno BB Moaudikatopa 4, 4cymbdonindic  (4,1<penmnen) 6Gic  (N,n-miermnmiTiokapbamara)
(CooH2gN50,Ss) ma TeruoisWdHi  BIACTHBOCTI €MOKCHIAHOI Marpuili B fiama3oni temmeparyp AT = 303-873K.
JocnikeHo TemnocTiikicTs 3a MapTeHcoM, TepMiuHU KoedillieHT TiHIHHOrO PO3IMIUPEHHs, TEMIEPATYpy CKIYBaHHS Ta
ycanky moaugikoBaHol Marpuii. B pe3ynpraTi aHamily oAepiKaHMX JaHUX BCTAHOBJIGHO ONTHMAJIbHY KOHIICHTPAILIO
C2oH2gN,0,S MmouikaTopa, o BaroMo MOKpaIlye TermIo(i3nyHi BIACTHBOCTI €MOKCUAHOI MaTpui. [Toka3aHo, mo st
¢dopmyBanus kommo3uTHux Marepianis (KM) abo 3aXxMCHHX MOKPHUTH i3 MiABHUINEHUMH MMOKa3HUKAMH TEIUTO(I3ZHIHUX
BJIACTHBOCTEl HEOOXiJHO B CIOKCHIHE B shDKyde BBECTH ONTHMANbHMI BMicT Moamdixatopy (= 0.10-0.25vacoBux
yactuH Ha 100 macoBux uyactun cmonu EJ[-20. ¥V TakoMmy Bumamky QOpMYeThCS KOMIIO3UT 31 TEIJIOCTIMKICTIO 3a
Maprencom 7 = 360-36XK.

Ha ocCHOBI eKCliepUMEHTaJIbHOTO BHBYCHHS TEIUIO(I3MUHMX BIACTUBOCTEH 13 BHUKOPUCTAHHSIM METO/IB
audepenuianpHo-TepmigHoro (JTA) i repmorpasimerpuusoro (TT'A) aHanizy BU3HA4EHO JOMYCTHMI MEXI TeMIeparypH,
JUI SIKHX MOXKHa BHKOPHCTOBYBaTH MOAHM(]DIKOBaHI €MOKCHIHI KOMIO3UTH. HalOimbIIMM 3HAYEHHSM TeMIepaTrypu
MOYaTKy aecTpykmii y mopiBusHHI 3 Matpuneio (7, = 600.1K) xapakrtepusyerbcss KM i3 BmicromM Momudikatopy
g = 0.75macoBux yactuH i mokasHukoM Ty = 601.8K. Pi3Huil Mik MiHIMAaIbHAM i MaKCUMaJIbHUM 3HAYCHHSM CKIIAIa€
Bchoro ATy =1.7K, mo Bka3dye Ha He3HAUyHIMHd IMO3UTUBHHHA BIUIMB MOAU(IKATOPY HAa IOYATKOBY TEMIEpaTrypy
JECTPYKLII.

3 momomororo kpuBux JITA BusiBieHO ex30TepMiuHi 3QeKTH B pe3ysbTari Aiil TermioBoro nois Ha KM y niamazoni
temnepatyp AT = 591.3-683.K. BcraHOBIICHO, [0 MAaKCHMAaJbHI 3HAUCHHS €K30€(eKTiB y MOPIBHAHHI 3 MaTPHIICIO
(Tmax= 618.3K) cxmamaiorh Tmax= 626.6—641.K i xapakrepui mis KM i3 Bmictom (= 0.50-0.75acoBux uactuu
momudikatopa COEK. PisHuns Mik MiHiManbHEM (IIOKa3HMK MATPHIl) | MaKCHMAJBHUM 3HAYCHHSMH CKIIa[a€
ATnax= 22.7K, 1m0 BKa3ye Ha 3HAYHUIl O3UTUBHMUN BIUIMB MOAM(DIKATOPY Ha MAKCUMAaJIbHY BeNUYHHY ek3oedekry. [e
CBLIYUTH MPO MiJBUIIEHHA TepMocTabiabHOCTI KM, 1m0 3yMOBIEHO CTiHKicTIO (pi3MKO-XIMIYHUX 3B’S3KIB y Marepiani i
MOKpAaIEHHSAM HOro (i3MKO-MEeXaHIYHUX BIACTUBOCTEH B yMOBAaX Jiii BUCOKUX TEMIIEPATYP.

Kir040Bi c10Ba: enoxcuoHull KoMno3um, MoOUQIiKamop, memMnepamypa ckiy8anus, mepmocmiikicms, ycaoxa.
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