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Summary. The perspectives of using new modified polymer-based materials for the restoration of vehicle 

parts are substantiated in this article. The use of binders based on epoxy diane oligomers is proved to be promising 

in the formation of anti-corrosion coatings. To improve the properties of epoxy matrices at the preliminary stage 

of their formation, active additives are introduced. The use of a phthalimide modifier, which contains functional 

groups active before interfacial interaction, is proved to be promising as well. 

An epoxy diane oligomer is selected as the binder‘s main component in the formation of composites. The 

hardener polyethylene polyamine is used for crosslinking the epoxy compositions. It allows to harden materials at 

room temperatures. The choice of a phthalimide modifier for the improvement of thermophysical properties of the 

developed materials is substanciated. 

Heat resistance (according to Martens), glass transition temperature and thermal coefficient of linear 

expansion of modified epoxy composites are studied. To form a composite material or protective coating with 

improved thermophysical properties, the modifier phthalimide in the amount of q = 0.25… 0.50 pts. wt. at q = 100 

pts. wt. of epoxy oligomer ED-20 should be introduced into the epoxy binder. Based on the tests of thermophysical 

properties of phthalimide-modified materials, the allowable temperature limits, at which it is possible to use the 

developed composites, are found. 

Key words: epoxy composite, heat resistance, thermal coefficient of linear expansion, glass transition 

temperature. 
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Statement of the problem. Due to the significant autonomy of navigation, the vessels 

of the modern flotilla are marked not only by the reliability of the equipment parts, but also by 

their maintainability, including in sail conditions. In this regard, the use of polymer composite 

materials (CM) and protective coatings based on them is relevant. Despite the wide range of 

currently known polymer composites, the most common are anti-corrosion adhesives based on 

epoxy oligomers. In the formation of such materials at the stage of crosslinking, various 

additives are introduced into the binder. Therefore, the degree of gelation of heterogeneous 

systems increases, leading to the improvement of their properties [1–4]. It should be noted that 

modern ships are affected by the dynamics of climatic loads due to operation in different time 

zones in a short period of time. Thus, the operation of both hulls and machines and mechanisms 

under the influence of operating temperatures is considered. The protective anti-corrosion 

coatings, which are exposed to both dynamic mechanical and thermal loads and external 

climatic factors, are found to be the most damageable. Therefore, the study and analysis of 

thermophysical properties of polymer coatings under different operating conditions, including 

under the influence of the thermal field, is a challenge of modern materials science. 
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Analyses of available investigations and publications. The authors [5–9] proved that 

the use of binders based on epoxy diane oligomers is promising in the formation of anti-

corrosion coatings. To improve the properties of epoxy matrices at the preliminary stage of their 

formation, active additives are introduced. The use of modifiers that contain active to interfacial 

interaction functional groups is promising as well. The introduction [5, 6] of homeopathic 

content of such additives as 4,4′-methylenebis (4,1-phenylene) bis (N, N-

diethyldithiocarbamate), 2,4-diaminoazobenzene-4'-carboxylic acid, 4,4'-methylenebis (2-

methoxyaniline), paraaminoazobenzene, benzene-1,3-diamine, etc. is known to provide a 

significant improvement in the adhesive and cohesive properties of CM and protective coatings 

based on them. However, the use of phthalimide as a modifier for the epoxy matrix is interesting 

from a scientific and practical point of view. Such a modifier contains carbonyl and nitrogen-

containing groups. In this case, we should expect additional interaction with macromolecules 

of the epoxy oligomer. This allows improving the cohesive and, as a consequence, 

thermophysical properties of anti-corrosion adhesives. The use of composites will increase the 

reliability and serviceability of vehicles. 

Objective of the paper – is to study the influence of phthalimide content on the 

thermophysical properties of epoxy composites in order to increase the maintainability and 

service life of ships. 

Materials and methods of research. The epoxy diane oligomer ED-20 (GOST 10587-

84) is selected as the main component for the binder in the formation of epoxy CM. The 

oligomer is characterized by high adhesive and cohesive strength, low shrinkage and 

manufacturability when applied to the surface of a complex profile. 

Phthalimide (other names: o-phthalic acid imide or isoindoline-1,3-dione) was used as 

a modifier. The modifier was introduced into the binder with a content from 0.10 to 

2.00 pts.wt. per 100 pts. wt. of epoxy oligomer ED-20 (hereinafter referred to as pts. wt. are 

given per 100 pts. wt. of epoxy oligomer ED-20). Molecular formula of the modifier: C8H5NO2. 

The molar mass of phthalimide is 147.13 g/mol. Density – 1.47 g/cm3. Thermal properties: 

melting point – 238°C, boiling point – 336°C. Molecular heat capacity is 1.21 J/(mol·K). 

Phthalimide possesses the properties of dicarboxylic acids: it easily hydrolyzes under the action 

of 25% aqueous NaOH solution with the formation of phthalamic acid; alkynation of alcohols 

produces N-alkyl-substituted acids; amonolysis leads to the formation of phthalic acid diamide. 

The modifier is soluble in water and polar organic solvents. 

Epoxy composites were formed based on the following technology [5, 6]: the heating of 

resin to a temperature T = 353 ± 2 K and holding at a given temperature for a time 

τ = 20 ± 0.1 min; hydrodynamic combination of oligomer and filler particles over time 

τ = 10 ± 0.1 min; ultrasonic treatment of the composition for a time τ = 1.5 ± 0.1 min; cooling 

the composition to room temperature over time τ = 60 ± 5 min; introduction of the hardener and 

combination of the composition components for a time τ = 5 ± 0.1 min. CM were hardened 

according to the mode: formation of samples and their aging over time 

τ = 12.0 ± 0.1 hours at a temperature T = 293 ± 2 K, heating at a rate υ = 3 K/min to a temperature 

T = 393 ± 2 K, aging for a time τ = 2.0 ± 0.05 hours, slow cooling to a 

temperature T = 293 ± 2 K. In order to stabilize the structural processes in the composite, 

samples were kept for a time τ = 24 hours in air at a temperature T = 293 ± 2 K. Then, the 

experimental tests were conducted. 

The thermal coefficient of linear expansion (TCLR) and heat resistance (HR) of CM 

were studied in this work. Heat resistance (according to Martens) of CM was determined in 

accordance with GOST 21341-75. The thermal coefficient of linear expansion (TCLR) of 

materials was calculated applying the influence curve of relative deformation due to 

temperature. The relative deformation was determined by the change in the length of the sample 

with increasing temperature (GOST 15173-70). 
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Research results and their discussion. The thermophysical properties were studied in 

the complex. Based on the original and modified matrices, heat resistance (according to 

Martens), glass transition temperature and thermal coefficient of linear expansion (TCLR) of 

the samples were determined in parallel. The heat resistance of the original unmodified epoxy 

matrix is experimentally found to be T = 341 K (Fig. 1). The introduction of the modifier at low 

content (in the amount of q = 0.25… 0.50 pts. wt.) leads to a significant increase in heat 

resistance of materials. Heat resistance (Fig. 1) compared with the original matrix increases 

from T = 341 K to T = 354… 356 K. Further increase in the additive content does not 

significantly reduce the heat resistance of CM; and the content of phthalimide in the amount of 

q = 2.00 pts. wt. in the epoxy matrix forms a material with heat resistance Т = 352 К. 

In our opinion, the improvement of thermophysical properties of modified CM is caused 

by a decrease in the intermolecular distribution of macromolecules in homogeneous systems 

due to an increase in the crosslinking density of the spatial grid of modified matrices. This is 

due to the interaction in the gelation of composites of the active groups of the modifier with the 

functional side groups of the epoxy oligomer. Therefore, the cohesive properties of the 

developed CM are improved, which is in good agreement with [10, 11]. 

 

 

 

Figure 1. Dependence of heat resistance (according to Martens) of CM on the content of 

the phthalimide modifier 

 

Further, the dynamics of the glass transition temperature of the modified CM depending 

on the content of phthalimide was analyzed. The glass transition temperature of the epoxy 

matrix (Fig. 2) is proved to be Тс = 327 К. The introduction of additives at homeopathic content 

(in the amount of q=0.25… 0.50 pts. wt.) leads to a slight increase in the glass transition 

temperature of the modified matrices (the latter increases from Тс = 327 K to 

Тс = 329… 331 K). However, the introduction of the phthalimide modifier in the amount of 

q = 2.00 pts. wt. provides the formation of a material with the glass transition temperature – 

Тс = 336 K, which is the highest among the entire range of materials under study. The obtained 

results of the study of changes in heat resistance and glass transition temperature of CM 

depending on the content of the modifier are not completely correlated. The best indicators of 
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CM heat resistance were observed for composites containing an additive in the amount of q = 

0.25… 0.50 pts. wt.; and the material with a modifier with a content of 

q = 2.00 pts. wt. is marked by the highest values of Тс. Based on the above, the thermal 

coefficient of linear expansion of epoxy composites in different temperature ranges of tests was 

additionally studied. 

 

 

 

Figure 2. Dependence of CM glass transition temperature on the content of phthalimide modifier 

 

In the range of temperature tests ΔT = 303… 323 K, TCLR of the original matrix was 

experimentally found to be α = 6.3 × 10-5 К-1 (Fig. 3, Table 1). The introduction of the modifier 

reduces the TCLR of materials by 2.3… 2.6 times, while the TCLR indexes decrease 

to α = (2.4… 2.7) × 10-5 К-1. A similar pattern was observed in the study of TCLR samples in 

the temperature range ΔT = 303… 373 K. The introduction of phthalamide regardless of the 

concentration leads to a decrease in TCLR CM from α = 6.8 × 10-5 К-1 (for epoxy matrix) to 

α = (2.8… 2.9) × 10-5 К-1. This indicates a significant effect of the additive on improving the 

thermophysical properties of materials that operate at higher temperatures. It is important to 

analyze the results of the study of CM in the temperature range that is higher than the glass 

transition temperature of composites. The range of temperature tests is ΔT = 303… 423 K, 

TCLR of the original matrix is α = 9.9 × 10-5 K-1 (Table 1). The maximum decrease in TCLR 

was observed in this temperature range for samples with a modifier content in the amount of 

q = 0.25… 0.50 pts. wt. For such materials, TCLR is α = (4.4… 4.8) × 10-5 К-1. Increase in 

the content of the modifier to q = 2.00 pts. wt. leads to an increase in TCLR materials to 

α = 5.3 × 10-5 К-1. 

The results of the study of TCLR material in the temperature range ΔT = 303… 473 K 

revealed the following. TCLR of the original and modified matrices does not differ 

significantly, since the values are in the range – α = (10.0… 11.1) × 10-5 К-1. This indicates the 

destruction of physical bonds at such temperatures in both the original and modified materials, 

which is in good agreement with Sperling's work [12]. 

Based on studies of the thermophysical properties of composites in the complex, it can be 

stated that the modifier significantly affects the structure and characteristics of materials. The 
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content of the phthalimide additive in the amount of q = 0.25… 0.50 pts. wt. per 100 pts. wt. of 

epoxy oligomer ED-20 is considered optimal. 

 

 

 

Figure 3. Dilatometric curves of CM with different content of phthalimide modifier 

 
Table 1 

 

Thermal coefficient of linear expansion (TCLR) of CM at different temperature ranges of the study 

 

№ 
Filler content, 

q, pts.wt. 

Thermal coefficient of linear expansion,  

α ×10-5, К-1 

Test temperature ranges, ∆Т, К 

303…323 303…373 303…423 303…473 

1 matrix 6.3 6.8 9.9 10.9 

2 0.25 2.6 2.8 4.4 10.4 

3 0.50 2.4 2.8 4.8 10.0 

4 2.00 2.7 2.9 5.3 11.1 

 

To confirm the above tests, CM was additionally examined by IR spectroscopy. The 

spectra of the original matrix and CM with the content of the modifier in the amount of 

q = 0.50 pts. wt. (Fig. 4) were analysed. The absorption bands available on the spectra of the 

matrix 2873.94 cm-1 and 918.12 cm-1 are characteristic for the valence vibrations of the epoxy 

ring. It should be noted that the absorption band at the wave number 2873.94 cm-1 can also 

characterize the valence oscillations –CH2. The absorption band at 918.12 cm-1 is absent in the 

spectrum of the composite, and the absorption band at 2873.94 cm-1 is shifted to the band 

detected at a wave number of 2870.08 cm-1 (Table 2.). The displacement of the absorption band, 

which characterizes the presence of hydroxyl groups, from 1049.28 cm-1 to 1037.70 cm-1 

is found. This indicates the interaction of the epoxy groups of the binder with the active groups 

of the modifier. 

Intense symmetric and asymmetric valence oscillations of the –СН2 groups were 

observed at 2966.52 cm-1 and 2873.94 cm-1, respectively. At the same time, the corresponding 

deformation modes look like less intense absorption at 1454.33 cm-1. The СН2 groups could 
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form part of the basic polymer network, and the carbonyl group is part of the ester bond 

that connects the active centers of the filler with the main chain of macromolecules. 

In addition, in the CM spectrum, the valence fluctuations are absent at wave numbers 

1126.43 cm-1, 2542.18 cm-1 and 3417.86 cm-1, which correspond to the deformation oscillations 

С-О-Н, –ОН–valence oscillations and –СН– valence oscillations, respectively. The main 

difference between the spectra is observed in the site of the absorption bands corresponding to 

C-H tensile oscillations (2700… 3100 cm-1) and aromatic C-H deformation oscillations (700… 

900 cm-1). The intense absorption band at 3035.96 cm-1 indicates that the aromatic rings are 

substituted selectively. Site analysis at 700… 900 cm-1 also provides information on the 

substitution of the aromatic ring. The intensity of the absorption bands decreases at 810.10 cm-1 

and 840.96 cm-1 on the CM spectrum at a content of 0.50 pts. wt. Of 

the filler with the subsequent formation of a wide absorption band at 829.39 cm-1. 
 

 
 

Figure 4. IR spectra of materials under study: 1 – epoxy matrix; 

2 – CM with a content of 0.50 pts. wt. of the modifier 

 
Table 2 

 

Spectral characteristics of CМ 

 

Band characteristics Matrix 

CМ at a contant of 

0.50 pts.wt. of the 

modifier 

Group 
ν, 

см-1 

Т, 

% 

ν, 

см-1 

Т, 

% 

1 2 3 4 5 

–C–H– oscillations in the benzene ring 578.64 15.918 557.43 36.92 

pendulum -CH- oscillations, -NH- oscillations, -

NH2 oscillations of the primary amino group 
732.95 17.88 727.16 45.44 

pendulum -CH- oscillations, -NH- oscillations, -

NH2 oscillations of the primary amino group 
767.67 17.32 767.67 43.81 

Oscillations of a para-substituted aromatic ring of 

benzene 

810.10 16.63 – – 

– – 829.39 28.84 

840.96 15.18 – – 

valence oscillations of the epoxy ring 918.12 15.85 – – 

secondary hydroxyl groups 1049.28 15.20 1037.70 29.78 

deformation oscillations С-О-Н 1126.43 15.17 – – 

valence oscillations of -С-С-, -С-N-, -С-О- 

groups 
1188.15 14.94 1182.36 29.83 
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(to be continued) 
 

1 2 3 4 5 

symmetric and asymmetric valence oscillations –

СН2 
1454.33 15.26 1454.33 32.58 

Oscillations of the benzene ring, С=С valence 

oscillations of the aromatic ring group 
1516.05 13.83 1504.48 27.38 

С=О valence oscillations – – 1581.63 39.58 

С=О valence oscillations 1612.49 14.77 1606.70 36.98 

oscillations of triple С≡С, С≡N-groups 2067.69 19.53 2063.83 56.76 

valence oscillations of the epoxy ring 2873.94 14.85 2870.08 36.55 

–СН valence oscillations, symmetric and 

asymmetric valence oscillations –СН2 
2966.52 14.42 2964.59 35.38 

Oscillations of methylene and methyl groups of the 

oxirane cycle, valence oscillations –CH groups of 

aromatic cycles 

3035.96 15.75 3035.96 42.97 

–ОН– valence oscillations, –СН– valence 

oscillations 
3417.86 15.17 – – 

 

Conclusions. Based on the research results of the thermophysical properties of 

composites with consideration of the content of the phthalimide modifier, the conclusions are 

made: 

1. For the formation of a composite material or protective coating with improved 

thermophysical properties in the epoxy binder, it is advisable to introduce the modifier 

phthalimide in the amount of q = 0.25… 0.50 pts. wt. at q = 100 pts. wt. of epoxy oligomer ED-

20. In this case, materials are formed in which, compared with the unmodified matrix, the heat 

resistance increases from T = 341 K to T = 354… 356 K. The improvement of cohesive and, as 

a consequence, thermophysical properties of modified matrices are caused by the increase in 

the crosslinking density of the spatial grid of materials. This is due to the interaction in the 

gelation of composites of the active groups of the modifier with the functional side groups of 

the epoxy oligomer, which leads to improved properties of the developed composites. 

2. The modification of the epoxy binder phthalimide in the amount of q = 2.00 pts. wt. is 

substantiated to provide the maximum increase in the glass transition temperature of the 

material from Тс = 327 K (for the original epoxy matrix) to Тс = 336 K. Composites containing 

an additive in the amount of q = 0.25… 0.50 pts. wt. possess the best heat resistance indexes, 

and a material with a modifier with a content of q = 2.00 pts. wt. are marked with the highest 

Тс indicators. Therefore, the thermal coefficient of linear expansion of epoxy composites in 

different temperature ranges of tests was additionally studied. 

3. In the range of temperature tests ΔT = 303… 323 K, the introduction of the 

phthalimide modifier in the amount of q = 0.25… 0.50 pts. wt. was proved to cause a decrease 

in TCLR materials by 2.3… 2.6 times. Additionally, it was found that in the temperature range 

ΔT = 303… 423 K, which are higher than the glass transition temperature of materials, the 

lowest values of TCLR are characterized by the same composites with a modifier content in the 

amount of q = 0.25… 0.50 pts. wt. Besides, a material is developed, whose TCLR is 2.1… 2.3 

times smaller compared to the epoxy matrix (TCLR decreases from α = 9.9 × 10-5 K-1 to α = 

(4.4… 4.8) × 10-5 K-1).  
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УДК 667.64:678.026 
 

ДОСЛІДЖЕННЯ ТЕПЛОСТІЙКОСТІ МОДИФІКОВАНОЇ 

ФТАЛІМІДОМ ЕПОКСИДНОЇ МАТРИЦІ ДЛЯ ЗАХИСТУ ЗАСОБІВ 

ТРАНСПОРТУ 
 

Андрій Букетов1; Олександр Шарко1; Тетяна Чернявська1; 

Тетяна Івченко1; Віталій Яцюк2; Ігор Окіпний3 

 
1Херсонська державна морська академія, Херсон, Україна 

2Тернопільський науково-дослідний експертно-криміналістичний центр 

МВС України, Тернопіль, Україна 
3Тернопільський національний технічний університет імені Івана Пулюя, 

Тернопіль, Україна 
 

Резюме. Показано перспективи використання нових модифікованих матеріалів на полімерній 

основі для відновлення деталей засобів транспорту. Перспективним при формуванні антикорозійних 

покриттів є використання зв’язувачів на основі епоксидних діанових олігомерів. Для покращення 

властивостей епоксидних матриць на попередній стадії їх формування вводять активні добавки. 

Перспективним є застосування модифікатора фталіміду, який містить активні до міжфазової взаємодії 

функціональні групи. Як основний компонент для зв’язувача при формуванні композитів вибрано 

епоксидний діановий оліґомер. Для зшивання епоксидних композицій використано твердник 

поліетиленполіамін, що затверджує матеріали при кімнатних температурах. Обґрунтовано вибір у 

вигляді модифікатора фталіміду для поліпшення теплофізичних властивостей розроблених матеріалів.  

Досліджено теплостійкість (за Мартенсом), температуру склування й термічний коефіцієнт 

лінійного розширення модифікованих епоксидних композитів. Встановлено, що для формування 

композитного матеріалу чи захисного покриття з поліпшеними теплофізичними властивостями в 

епоксидний зв’язувач доцільно вводити модифікатор фталімід у кількості q = 0,25…0,50 мас.ч. на 

q = 100 мас.ч. епоксидного олігомеру ЕД-20. На основі проведених випробувань теплофізичних 

властивостей модифікованих фталімідом матеріалів встановлено допустимі межі температури, при 

яких можливо використовувати розроблені композити. 

Ключові слова: епоксидний композит, теплостійкість, термічний коефіцієнт лінійного 

розширення, температура склування. 
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