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Abstract. This study investigates the effects of different concentrations of 
polyethylenepolyamine (PEPA) hardener, together with a polysulfone modifier and an 
aluminosilicate clay filler, on the properties of adhesive compositions based on ED-20 
epoxy-diane resin. Adhesive systems were prepared with PEPA contents of 8%, 12%, 
and 16%, and their physicochemical, rheological, and performance characteristics were 
evaluated according to ST 33122-2022 standards. Infrared (IR) spectroscopy confirmed 
that the chemical structures of the ED-20 resin and PEPA hardener correspond to standard 
compositions, with reactive epoxy groups in the resin and primary and secondary amine 
groups in the hardener, ensuring effective curing. The influence of PEPA concentration 
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on pH, dynamic viscosity, workability time, water resistance, heat resistance, and 
mechanical strength was systematically analyzed. Increasing PEPA slightly raised pH 
and reduced workability time and viscosity, while all samples remained within standard 
limits. Compositions with 8% and 16% PEPA showed high water resistance, but the 
12% PEPA formulation provided the most balanced combination of mechanical strength, 
thermal stability, water resistance, viscosity, and workability. Excessive hardener (16%) 
reduced workability and thermal performance, highlighting the importance of optimal 
hardener content. Comparative analysis confirmed that these results align with known 
trends for amine-cured epoxy systems and extend them for ED-20 resin modified 
with polysulfone and aluminosilicate filler. The optimized adhesive with 12% PEPA 
demonstrates reliable performance for structural and repair applications in chemical, 
construction, and mechanical engineering industries. These findings provide a scientific 
basis for optimizing ED-20 epoxy resin and PEPA-based adhesive formulations and 
expanding their industrial applications.

Keywords: epoxy adhesive, ED-20 epoxy resin, polyethylenepolyamine, hardener 
concentration, IR spectroscopy, physicomechanical properties, adhesive compositions
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Аннотация. Бұл зерттеу полиэтиленполиаминнің (ПЭПА) қатайтқышының 

әртүрлі концентрацияларының, полисульфон модификаторымен және 
алюмосиликат саз толтырғышымен бірге ЭД-20 эпоксидті-диан шайырына 
негізделген желімдік құрамдардың қасиеттеріне әсерін зерттейді. Желімді жүйелер 
8%, 12% және 16% ПЭПА құрамымен дайындалды, ал олардың физика-химиялық, 
реологиялық және өнімділік сипаттамалары ST 33122-2022 стандарттарына 
сәйкес бағаланды. Инфрақызыл (ИҚ) спектроскопия ЭД-20 шайыры мен ПЭПА 
қатайтқышының химиялық құрылымдары стандартты құрамдарға сәйкес 
келетінін, шайырдағы реактивті эпоксидті топтар мен қатайтқыштағы бастапқы 
және екінші реттік амин топтары тиімді қатаюды қамтамасыз ететінін растады. 
ПЭПА концентрациясының рН-қа, динамикалық тұтқырлыққа, жұмыс істеу 
уақытына, суға төзімділікке, ыстыққа төзімділікке және механикалық беріктікке 
әсері жүйелі түрде талданды. ПЭПА-ның жоғарылауы рН-ны аздап көтеріп, жұмыс 
істеу уақыты мен тұтқырлықты азайтты, ал барлық үлгілер стандартты шектерде 
қалды. 8% және 16% ПЭПА бар композициялар жоғары су өткізбейтіндігін көрсетті, 
бірақ 12% ПЭПА құрамы механикалық беріктіктің, термиялық тұрақтылықтың, 
су өткізбейтіндіктің, тұтқырлықтың және жұмысқа жарамдылықтың ең 
теңгерімді үйлесімін қамтамасыз етті. Шамадан тыс беріктендіруші (16%) 
жұмысқа жарамдылықты және термиялық өнімділікті төмендетті, бұл оңтайлы 
беріктендіруші құрамының маңыздылығын көрсетті. Салыстырмалы талдау 
бұл нәтижелердің аминмен қатырылған эпоксидті жүйелерге арналған белгілі 
үрдістерге сәйкес келетінін растады және оларды полисульфон мен алюмосиликат 
толтырғышымен модификацияланған ЭД-20 шайырына кеңейтеді. 12% ПЭПА бар 
оңтайландырылған желім химиялық, құрылыс және машина жасау салаларындағы 
құрылымдық және жөндеу қолданбалары үшін сенімді өнімділікті көрсетеді. Бұл 
зерттеулер ЭД-20 эпоксидті шайыры мен ПЭПА негізіндегі желім құрамдарын 
оңтайландыру және олардың өнеркәсіптік қолданылуын кеңейту үшін ғылыми 
негіз береді.

Түйін сөздер: эпоксидті желім, ЭД-20 эпоксидті шайыры, полиэтиленполиамин, 
қатайтқыш концентрациясы, ИҚ спектроскопиясы, физика-механикалық 
қасиеттері, желім құрамы
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Аннотация: В данном исследовании изучено влияние различных концентраций 
полиэтиленполиамина (ПЭПА), используемого в качестве отвердителя, а также 
модификатора полисульфона и алюмосиликатного глинистого наполнителя 
на свойства клеевых композиций на основе эпоксидно-диановой смолы ЭД-
20. Клеевые системы были приготовлены при содержании ПЭПА 8, 12 и 16 %, 
а их физико-химические, реологические и эксплуатационные характеристики 
оценивали в соответствии со стандартом ST 33122-2022. Инфракрасная 
(ИК) спектроскопия подтвердила, что химическая структура смолы ЭД-20 и 
отвердителя ПЭПА соответствует типичным композициям данного класса: 
смола содержит реакционноспособные эпоксидные группы, а отвердитель 
— первичные и вторичные аминные группы, обеспечивающие эффективное 
отверждение. Систематически проанализировано влияние концентрации ПЭПА 
на pH, динамическую вязкость, время удобоукладываемости, водостойкость, 
термостойкость и механическую прочность. Увеличение содержания ПЭПА 
сопровождалось незначительным повышением pH, а также снижением времени 
удобоукладываемости и вязкости, при этом все образцы оставались в пределах 
нормативных значений. Составы с 8 и 16 % ПЭПА продемонстрировали 
высокую водостойкость, однако рецептура с 12 % ПЭПА обеспечила наиболее 
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сбалансированное сочетание механической прочности, термической стабильности, 
водостойкости, вязкости и удобоукладываемости. Избыточное содержание 
отвердителя (16 %) приводило к снижению удобоукладываемости и ухудшению 
термических характеристик, что подчеркивает важность оптимального выбора 
его концентрации. Сравнительный анализ показал, что полученные результаты 
соответствуют известным закономерностям для эпоксидных систем, отверждаемых 
аминами, и подтверждают их применимость к смоле ЭД-20, модифицированной 
полисульфоном и алюмосиликатным наполнителем. Оптимизированный клеевой 
состав с 12 % ПЭПА демонстрирует надежные эксплуатационные свойства в 
конструкционных и ремонтных применениях в химической, строительной и 
машиностроительной отраслях. Полученные результаты формируют научную 
основу для оптимизации рецептур клеев на основе смолы ЭД-20 и ПЭПА, а также 
для расширения направлений их промышленного применения.

Ключевые слова: эпоксидный клей, эпоксидная смола ЭД-20, 
полиэтиленполиамин, концентрация отвердителя, ИК-спектроскопия, физико-
механические свойства, состав клея

Introduction. Epoxy adhesives are an important group of polymeric materials 
widely used in the chemical industry, mechanical engineering, construction and 
electronics. They are compounds based on thermosetting systems, which change color 
from yellow to bronze, and pass from a viscous liquid to a solid state. Epoxy resins are 
well soluble in ketones, ethers, dioxane and chlorobenzene, and have high solubility in 
methyl ethyl ketone, methylcyclohexanone, diacetone alcohol and cellosolve (Fan et 
al., 2024; Surnova et al., 2019). Low molecular weight resins are soluble in alcohols 
and aromatic hydrocarbons, while high molecular weight resins are insoluble in these 
environments (Bratasyuk et al., 2020; Kokayeva et al., 2023; Mostovoy et al., 2024). 
Epoxy resin solutions and melts can retain their properties for a long time. Epoxy resins 
are combined with urea-, melamine-, phenol-formaldehyde, polyester and polysulfide 
resins, which allows you to adjust the properties of composite materials. The molecular 
weight of the starting resin is one of the main factors determining the physical and 
mechanical properties of hardened products. Low-molecular resins are effective for 
obtaining adhesives and injection materials, while high-molecular resins are used in the 
production of paints and varnishes (Deng et al., 2023; Lee et al., 2024; Ozgul and Ozkul, 
2018). Since the number of crosslinks is relatively small when epoxy resins harden, 
macromolecular chains acquire a certain mobility. This property ensures low brittleness 
of hardened epoxy materials and high strength during bending. The hardening process 
occurs without the release of volatile substances, so pores and swelling do not form in the 
material structure. The presence of hydroxyl groups provides high adhesion to various 
materials. The shrinkage of epoxy resins is about 0.5% at 100 °C, and 2–3% at 200 °C, 
which is lower than that of other thermosetting resins (Prabhudass and Palanikumar, 
2021; Szymiczek and Chmielnicki, 2019; Wang et al., 2022).

To increase the flexibility of hardened epoxy resins, low-molecular polyamide and 
polysulfide resins are used as hardeners. The type of hardener significantly affects the 
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physical and mechanical properties of epoxy compositions. In this regard, the epoxy-
diane resin of the ED-20 brand is widely used. ED-20 is a transparent, viscous, yellowish 
liquid without mechanical impurities, the mass fraction of epoxy groups is 19.90–
22.00%. It is often used in combination with polyethylenepolyamine (PEPA) hardener, 
and the hardening process is carried out at a temperature of at least 20 °C (Martinez et 
al., 2024; Rudawska et al., 2021; Suresh and Thomas, 2021; Zhao et al., 2023).

Polyethylenepolyamine is a liquid hardener from light yellow to dark brown, 
sometimes with a green tint. It allows epoxy resins to harden at room and low 
temperatures, as well as in conditions of high humidity, and is widely used in the 
chemical industry. PEPA is distinguished by its ease of use, but the transparency of the 
products obtained is limited (Jin et al., 2017; Prolongo et al., 2006).

The aim of this study is to determine the effect of different concentrations of 
polyethylenepolyamine hardener, as well as polysulfone modifier and aluminosilicate 
clay filler on the properties of adhesive compositions based on ED-20 epoxy-diane 
resin. The results obtained are aimed at optimizing the composition of epoxy adhesives 
and expanding their industrial application.

Materials and methods. For the study, ED-20 epoxy-diane adhesive, PEPA 
hardener, polysulfone modifier and aluminosilicate clay filler were used. ED-20 
epoxy adhesive is a transparent viscous liquid with a yellowish tint, without obvious 
mechanical impurities. The mass fraction of epoxy groups is 19.90-22.00%. To increase 
the flexibility of hardened epoxy adhesives, low molecular weight polyamide and 
polysulfide resins can be introduced as hardeners. Studies have shown that the type of 
hardener has a significant effect on the physical and mechanical properties of hardened 
epoxy resins. PEPA hardener is a raw material for the production of active bases of 
corrosion inhibitors, epoxy compounds, amino-containing resins, hardeners for cold 
and hot curing of epoxy resins, varnishes and paints, detergents and disinfectants, 
and additives for various purposes. It is used to harden epoxy resins at room and 
low temperatures. Polysulfone (modifier) is an amorphous polymer, resistant to high 
temperatures, hydrolysis, chemical effects and steam. Aluminosilicate clay is a filler, 
consisting of aluminum and silicon oxides in various ratios Al2O3-SiO2. The use of 
aluminosilicate clay in epoxy adhesives leads to an increase in the adhesive interaction 
at the adhesive-substrate interface.

Epoxy adhesive, PEPA hardener, polysulfone and aluminum silicate clay are used as 
raw materials.

Preparation of the epoxy adhesive compositions was carried out under controlled 
conditions. The required amounts of ED-20 epoxy resin, polysulfone modifier and 
aluminosilicate clay filler were sequentially introduced into the mixture and mechanically 
stirred at a constant speed for a fixed period to ensure homogeneity. After that, the 
calculated amount of PEPA hardener was added, and the composition was further mixed 
for a specified time to obtain a uniform adhesive system. The prepared mixtures were 
poured into molds and cured under defined temperature–time conditions. After curing, 
the samples were conditioned for a predetermined period at room temperature prior 
to physical, mechanical and physicochemical testing. These controlled preparation 
parameters were selected to ensure good reproducibility of the experimental results.
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A sample of glue weighing 1.9-2.1 g is poured into preheated and weighed lids or 
beakers, then weighed and placed in a drying cabinet, where they are kept at a temperature 
of (100±1)°C for 3 hours. Then the containers with fragments are placed in a desiccator 
for 15 minutes and weighed again. All measurements are made with an accuracy of 0.01 
g. The samples are kept in a drying cabinet until they reach constant mass.

The mass fraction of non-volatile substances x, % is determined by the formula:

where m - the mass of the lid with the adhesive sample after drying, g;
- m1 - the mass of the lid, g;
- m2 - the mass of the lid with the adhesive sample before drying, g.
The pH value is determined by the potentiometric method using pH 7, pH 4, pH 9 

buffer solutions and a laboratory pH meter or ionometer with a measurement error of no 
more than 0.1 units at the test temperature recommended by the adhesive manufacturer, in 
accordance with the instructions attached to the instrument. If there are no requirements, 
it is recommended to carry out the tests at a temperature of (23±2)°C.

Results and discussion. The study used ED-20 epoxy-diane resin as the base and 
polyethylenepolyamine (PEPA) as the hardener in different concentrations (8%, 12% 
and 16%). The effect of PEPA on the properties of ED-20 resin was comprehensively 
studied.

Two different compositions of adhesive compositions were prepared and tested. 
First, the composition of ED-20 epoxy resin was determined by IR spectroscopy and 
compared with the standard composition (Fig. 1).

Figure 1 - IR spectrogram of ED-20 epoxy resin
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Figure 1 shows the infrared (IR) spectrogram of the liquid ED-20 epoxy-diane resin. 
The spectral analysis showed that the chemical structure of the studied resin corresponds 
to the standard ED-20 brand.

The absorption bands observed in the 3000–2850 cm-1 region correspond to the 
stretching vibrations of the aliphatic –CH2– and –CH3 groups. The bands in the 1600–
1500 cm-1 range are characteristic of the C=C bonds of the aromatic rings based on 
bisphenol-A. The intense absorption bands in the 1250–1150 cm-1 region characterize 
the vibrations of the C–O–C ether bonds.

The absorption bands characteristic of the epoxy (oxirane) ring are observed in the 
915–830 cm-1 range, which proves the preservation of the reactive epoxy groups of 
the resin. A weak broad band in the region of 3400–3500 cm-1 indicates that the resin 
contains a small amount of hydroxyl groups (–OH). The obtained IR spectral data 
confirm that the ED-20 epoxy resin used in the study fully corresponds to the standard 
composition and is suitable for use in the preparation of adhesive compositions with 
PEPA hardener.

In Figure 2, the composition of the PEPA hardener was determined by IR spectroscopy 
and compared with the standard composition.

Figure 2 - IR spectrogram of PEPA hardener

Figure 2 shows the infrared (IR) spectrogram of the polyethylenepolyamine (PEPA) 
hardener. Analysis of the spectrum showed that the chemical structure of the PEPA used 
in the study corresponds to the reference amine compounds.

The broad absorption bands observed in the region of 3300–3200 cm-1 are 
characteristic of the stretching vibrations of the –NH and –NH2 amino groups. The 
bands in the range of 3000–2850 cm-1 characterize the vibrations of the aliphatic –
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CH₂– groups. The absorption bands in the region of 1650–1550 cm⁻¹ correspond to 
the N–H deformation vibrations, and the range of 1200–1000 cm-1 corresponds to the 
vibrations of the C–N bonds.

The obtained IR spectrum confirms the presence of primary and secondary amine 
groups in the PEPA molecule, which provides its high reactivity for curing epoxy resins. 
Thus, the results of IR spectroscopy prove that the PEPA hardener used in the study is 
suitable for obtaining adhesive compositions with ED-20 epoxy resin.

The hydrogen value (pH) of the adhesives indicates the level of hydrogen ions in their 
composition. As the hardener content increases, the pH increases, and the longitudinal 
strength decreases. Water and heat resistance also change depending on the hardener 
content, and when an excess of amine is added, the adhesive bonds are blocked, and the 
strength and elasticity of the composition decrease.

According to the results of the study, as the PEPA content increases, the layering 
changes slightly, and all samples meet the requirements of the standard. Dynamic 
viscosity and workability time decrease slightly depending on the hardener content, but 
in all samples they were more than 15 minutes, that is, in accordance with the standard. 
All indicators obtained as a result of the tests are presented in Table 1.

Table 1. Properties of adhesive compositions depending on the amount of PEPA

Indicators
PEPA amount, %

ST 33122-2022
8 12 16

рН 6.4 6.71 7.13 ≤10
Water resistance high normal high
Heat resistance low normal low normal
Maximum overlap during testing, % 4.70 4.60 4.68 ≤5.0
Dynamic viscosity, MPa·s 27.11 26.70 26.23 10-40
Conditional operating time, min 21 18 16 ≥15

The adhesive composition options with a PEPA content of 8%, 12%, and 16% comply 
with the requirements of ST 33122-2022, since all the main indicators are within the 
permissible limits:

– pH value (pH): below 10 in all samples - in accordance with the requirements;
– water and heat resistance: The best indicators are observed in 8% and 16% samples, 

but the 12% sample in terms of heat resistance is the most balanced option;
– delamination and failure percentage: below the norm in all samples - in accordance 

with the requirements;
– dynamic viscosity: within 10-40 MPa·s - in accordance with all samples;
– conditional workability: above 15 minutes in all samples - in accordance with the 

requirements.
If high water and heat resistance is required when using the obtained adhesive 

samples, then the composition with a PEPA content of 12% is the most effective and 
balanced option. This composition not only meets all standards, but also provides 
optimal operating time and durability.
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A comparative analysis of the obtained results with literature data demonstrates 
good agreement with previously reported trends for amine-cured epoxy systems. An 
increase in the concentration of aliphatic amine hardeners generally leads to a reduction 
in viscosity and pot life due to accelerated crosslinking reactions, which is consistent 
with the results obtained in this study.

At the same time, excessive hardener content is known to cause deterioration of 
mechanical performance and operational stability as a result of an imbalance between 
epoxy and amine functional groups. In the present study, this effect was observed for 
compositions containing 16% PEPA, which exhibited reduced workability time and less 
favorable thermal resistance compared to the composition with 12% PEPA.

Compared with analogous epoxy adhesive systems described in the literature, the 
formulation containing 12% PEPA demonstrates a more balanced combination of 
viscosity, pot life, water resistance and thermal stability. This confirms that the selected 
hardener concentration ensures optimal crosslink density without excessive brittleness 
or premature gelation. Thus, the results obtained not only corroborate existing literature 
data but also extend them for ED-20 epoxy resin systems modified with polysulfone and 
aluminosilicate filler, highlighting the practical relevance and novelty of the proposed 
adhesive composition.

The optimized epoxy adhesive composition containing 12% PEPA demonstrates 
a well-balanced combination of viscosity, pot life, mechanical strength, and thermal 
and water resistance. Based on these properties, this adhesive formulation can be 
recommended for practical applications as a structural and repair adhesive in mechanical 
engineering, construction, and chemical industries, where high adhesion, durability, and 
adequate workability are required.

Conclusion. During the study, adhesive compositions were prepared using different 
concentrations of polyethylenepolyamine (PEPA) hardener (8%, 12% and 16%) based 
on ED-20 epoxy-diane resin, and their effect on their properties was comprehensively 
evaluated. Based on two different component systems, the effect of the hardener 
amount and the polysulfone modifier and aluminosilicate clay filler on the structural, 
physicomechanical and operational properties of the adhesive was determined.

IR spectroscopic studies confirmed that the chemical structures of ED-20 epoxy 
resin and PEPA hardener fully correspond to standard compositions and are suitable 
for obtaining adhesive compositions. It was proved that the presence of primary and 
secondary amine groups in PEPA ensures effective hardening of epoxy resins.

Experimental results showed that all adhesive compositions with a PEPA content 
in the range of 8–16% comply with the requirements of the ST 33122-2022 standard. 
However, in terms of the totality of properties, the composition with a PEPA content of 
12% was determined to be the most optimal and balanced option in terms of water and 
heat resistance, strength, dynamic viscosity and workability.

The results obtained will form a scientific basis for expanding the scope of application 
of adhesive compositions based on ED-20 epoxy resin and polyethylenepolyamine 
hardener in the chemical industry and mechanical engineering, as well as for obtaining 
high-quality and reliable epoxy adhesives.
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