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Abstract. Alkali-resistant hot-curing epoxy binders based on ED-20 and 
new amine hardeners "Amikrost" have been developed, intended for the 

production of glass-composite fittings for construction purposes. The 
rheological properties of epoxy compositions were determined, using 
differential scanning calorimetry and thermogravimetric analysis, the 
temperature dynamics of the curing process of epoxy compositions and the 
thermal-oxidative resistance of cured samples were studied. The alkali 
resistance of cured epoxy compositions and specimens of composite 
reinforcement in 40% alkali aqueous solution was evaluated. It is shown 
that the developed amine hardeners provide high alkali resistance of 
composite reinforcement in comparison with the currently used anhydride 

hardener iso-MTHPA, which is especially important for reinforcing buried 
and hydraulic concrete. 

1 Introduction 

The popularity of composite reinforcement obtained by pultrusion is increasing every year 

due to its advantages over traditional metal reinforcement such as light weight, high 

mechanical strength, good oxidative and acid corrosion resistance, and dielectric properties. 

[1-3] The lighter weight of building structures reduces the load on the foundation of the 
structure, which allows to extend its service life. [2-4] Composite reinforcement, unlike its 

metal counterparts, better tolerates tensile loads, which makes it possible to use it to 

strengthen the most critical concrete structures. [1-9] 

As a binder in the production of composite reinforcement by pultrusion from continuous 

glass or basalt fiber, hot curing epoxy resins are used, the properties of which largely 

depend on the chemical structure of the epoxy resin, hardener and reaction accelerator. [10-

12] In particular, the curing modes, mechanical properties and chemical resistance of the 

binder strongly depend on the nature of the hardener. [7, 10-12] From a practical point of 

view, an important problem for epoxy binders in composite reinforcement operating in 

concrete is their alkali resistance. [2] This is especially true of reinforcement operating in 

water-saturated concrete of buried and hydraulic structures. [2, 4, 7] 

2 Purpose of the study 
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The aim of the study was the development and study of alkali-resistant epoxy binders for 

the production of composite reinforcement for building purposes by high-temperature 

pultrusion. 

3 Materials and research methods. 

The following materials were used in the work: epoxy resin ED-20, anhydrous iso-MTHFA 

hardener, Amikrost-1 and Amikrost-2 amine hardeners, Agidol accelerator, which were 

mixed in various proportions. 

As research methods in the development of epoxy alkali-resistant compositions, the 

following were involved: the rotational method for determining dynamic viscosity, 

differential scanning calorimetry (DSC), thermogravimetric analysis (TGA) and the 
determination of physical and mechanical characteristics in tension of blades from cured 

compositions. 

For rheological studies, a Brookfield DV-e rotational viscometer was used. To assess 

the thermal effects during the curing of epoxy compositions and determine the glass 

transition temperatures of cured materials, a DSC device "NETZH DSC 204 F1 Phoenix" 

was used, the temperature rise rate was 10°C per minute, argon was used as an inert 

atmosphere, the sample weight was 12-13 mg. The thermal and oxidative stability of the 

cured compositions when heated in air was evaluated using a TGA instrument "NETZH TG 

209 F1 Libra" at a constant heating rate of 5 degrees per minute, the weight of materials 

was 7-10 mg. 

4 The discussion of the results 

The study of the curing process and determination of the gelation time is important for the 

development of compositions and technology for the preparation of epoxy binders, 

therefore, at the first stage of the work, the curing kinetics of a significant number of 

compositions was studied. To do this, we used a setup consisting of a heated magnetic 

stirrer, a silicone bath, and a Brookfield DV-e rotational viscometer. A glass container with 

preheated to 100°C and mixed components of the epoxy composition was loaded into a 

preheated silicone bath, the mixture was thermostated at a temperature of 100°C, the 

spindle was immersed, and the viscosity of the reaction mixture was measured until it 

thickened. 
The most technologically advanced and reactive compositions presented in Table 1 

were selected as objects for further research. 

Table 1. Composition of epoxy binders. 

№ Recipe 
code 

The composition of the recipe Mass fractions 

1 EDA-5 ED-20/Amikrost-2/Agidol 100/22/2 

2 EDA-6 ED-20/Amikrost-1/Amikrost-2/Agidol 100/16,5/5,5/2 

3 EDA-10 ED-20/Amikrost-1/Agidol 100/21/2 

 
Figures 1 and 2 show the dependences of the viscosity and reduced viscosity of epoxy 

mixtures on the curing reaction time, on the basis of which the time to reach the gel point is 

determined. 

 

 

 

E3S Web of Conferences 413, 02027 (2023) https://doi.org/10.1051/e3sconf/202341302027
INTERAGROMASH 2023

2



 

Fig. 1. The dependence of the increase in viscosity during curing of the developed epoxy binders at 
100°C. 

 

Fig. 2. Dependence of the reduced viscosity on the curing time of the developed epoxy binders at 
100°C in the coordinates 1/ƞ=f(t). 

Table 2 presents the values of the time to reach the gel points of the developed binders 

obtained during the measurements of dynamic viscosity. From the presented graphs and 

Table 2, it can be seen that the beginning of the viscosity increase for the more active EDA-

10 and EDA-5 compositions occurs 15 and 17 minutes after the start of the curing reaction, 
and for the less active EDA-6 composition, after 25 minutes. The shortest time to reach the 

gel point (31 minutes) is observed for the EDA-5 composition, apparently due to the greater 

reactivity of the Amikrost-2 hardener compared to Amikrost-1. 

Table 2. Time to reach the gel point of the developed epoxy binders at 100°C. 

№ Recipe code Start time of viscosity 

increase, min. 

Time to reach the gel point, 

min 

1 EDA-5 17 31 

2 EDA-6 25 41 

3 EDA-10 15 40 
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The method of differential scanning calorimetry (DSC) was used to evaluate the 

temperature dynamics of the curing process of epoxy compositions, to select the optimal 

temperature for their curing, and to determine the glass transition temperatures of cured 

epoxy compositions. 

Figures 3-5 show DSC curves for epoxy binders EDA-5, EDA-6, EDA-10 and DSC 

curves for determining the glass transition temperatures of cured compositions. As can be 

seen, the curves reflecting the thermal effects during the curing reaction of the epoxy resin 

ED-20 have two maxima, the temperatures of which for all compositions are given in Table 

3. 

 

Fig. 3. DSC curve of the curing process and DSC curve for the cured epoxy binder EDA-5. 

 

 

Fig. 4. DSC curve of the curing process and DSC curve for the cured epoxy binder EDA-6 
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Fig. 5. DSC curve of the curing process and DSC curve for the cured epoxy binder EDA-10 

 
Table 3. Temperatures of peaks of thermal effects during curing of epoxy compositions and 

glass transition temperatures of cured compositions. 

№ Recipe code Т, оС 
first maximum 

Т, оС 
second 

maximum 

Тс, оС 

1 EDA-5 110,5 166,4 146,0 

2 EDA-6 111,1 172,0 139,6 

3 EDA-10 112,6 199,2 121,4 

 

As can be seen from fig. 3-5 and Table 3, the first maxima on the DSC curves for the 

curable compositions are observed at almost the same temperature ≈111°C and have 

approximately the same area, which indicates that the thermal effect corresponding to these 

maxima is associated with the ED-20 reaction with "Agidol", which acts not only as a 

curing accelerator, but also as a hardener. This explanation is confirmed by the same 

content (2 parts) in all the epoxy compositions under consideration (Table 1). 

The temperatures of the second maxima on the DSC curves are higher than the first 

ones and depend on the nature and composition of the hardeners. It is obvious that the 

hardener "Amikrost-1" in the composition of EDA-10 is less active compared to 
"Amikrost-2", the reaction with its participation is less exothermic (the intensity and area of 

this maximum is less than that of EDA-5 and EDA-6). The spatial network of the cured 

composition EDA-10 is less rigid, therefore, the glass transition temperature of this material 

is 121.4°C, which is 24.6 and 18.2°C lower compared to EDA-5 and EDA-6. 

Hardener "Amikrost-2" in EDA-5 is more active, compared to "Amikrost-2", not only 

according to rheological tests (Table 2), but also according to DSC data: the second 

maximum for EDA-5 occurs earlier than others and observed at 166.4°C. In addition, this 

hardener forms a more rigid and heat-resistant crosslinked ED-20 structure with a glass 

transition temperature of 146.0°C. 

For the epoxy composition EDA-6, an intermediate indicator is observed for the 

position of the second maximum (172.0 ° C), which is consistent with the composition of 

the mixed hardener, in which "Amikrost-1" / "Amikrost-2" as 16.5 / 5.5 m.h. (Table 1). 
This applies equally to the glass transition temperature of the cured EDA-6 composition 

with Tc=139.6°C. 

 

 

 

E3S Web of Conferences 413, 02027 (2023) https://doi.org/10.1051/e3sconf/202341302027
INTERAGROMASH 2023

5



Based on the results obtained using the DSC method, the optimal temperature was 

chosen for the industrial curing of the developed epoxy binders in a pultrusion plant for the 

production of fiberglass composite reinforcement. It is 140-150°C, which corresponds to 

the beginning of the second maximum of the exothermic effect. The choice of such a 

temperature range (and not higher) is associated with fears of overheating of the epoxy 

binder in the polymerization oven due to a powerful exothermic effect, which can lead to 

decomposition of the epoxy matrix with the formation of gaseous products of thermal-

oxidative degradation, pore formation in the composite and, as a result, to a decrease in 

strength characteristics of composite reinforcement. 

Due to the technological features of the pultrusion line and the possibility of abnormal 

overheating in the polymerization furnace, we have studied the thermal and oxidative 
stability of the developed epoxy binder formulations at an extreme temperature of 300°C. 

Tests of powders of cured epoxy compositions were carried out using the method of 

isothermal thermogravimetric analysis in an air atmosphere. The heating rate was 

25°C/min, and the sample was heated from 30 to 300°C in 10.8 min. The resulting TGA 

curves are shown in Figure 6. 

 

Fig. 6. Weight loss curves of cured epoxy binders: [1] - EDA-5, [2] - EDA-6, [3] - EDA-10 in 
isothermal mode at 300°C in air.  

It can be seen from the graphs that at the initial stage of heating, the samples add 2-3 

wt% in weight, it is obvious that this is due to thermal-oxidative and hydrolytic reactions 

with oxygen and water vapor, which ultimately lead to the decomposition of the chemical 

structure of the epoxy material and weight reduction of the sample. Moreover, the thermal-

oxidative resistance of cross-linked epoxy compositions significantly depends on the nature 
and composition of the hardeners, so the EDA-5 composition has the highest thermal-

oxidative resistance, which loses 3.2% of the mass at about 27 minutes of isothermal 

heating and does not reduce its weight upon further heating, EDA-6 loses 5% of its mass at 

18 minutes of heating and 10% at 30 minutes, EDA-10 occupies an intermediate position 

and loses 5% of its mass at 22 minutes of heating, and then its mass remains unchanged. In 

general, all three compositions showed good resistance to possible short-term overheating. 

In order to confirm the increased alkali resistance of the developed amine-cured epoxy 

binders, blades 16 mm wide, 2 mm thick and 86 mm in total length were cast, cured and 

aged in a 40% NaOH alkaline solution at 90°C for 28 days, which were then tested on a 

tensile testing machine according to GOST 11262-2017 to obtain the values of ultimate 

strength, modulus of elasticity and relative elongation of samples at break. For comparison, 
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the same operations were performed with blades based on the EDI-75 epoxy binder (ED-20 

with the anhydride hardener Iso-MTGFA), which is currently widely used in the production 

of composite fiberglass reinforcement. 

Table 4 shows the deformation-strength properties of blades made of cured binders 

EDI-75, EDA-5, EDA-6 and EDA-10 before and after exposure to an alkaline solution. 

Figure 7 shows photographs of blades on an anhydride curing EDI-75 epoxy binder after 

exposure to an alkaline solution. 

Table 4. Deformation-strength properties of cured epoxy binders before and after 

exposure to an alkaline solution. 

№ Epoxy 
compound 

Е,  
GPa 

Δ Е, 
% 

σР, 
 MPa 

Δ σР, 
% 

ε,  
% 

Δ ε, 
% 

1 EDI-75 initial 3,30 - 75,61 - 2,63 - 

2 EDI-75 after 
alkali 

1,76 -47 51,41 -32 1,22 -54 

3 EDA-5 initial 3,32 - 79,41 - 1,58 - 

4 EDA-5 after 
alkali 

3,37 +1,5 65,50 -17 1,51 -4 

5 EDA-6 initial 3,29 - 80,62 - 1,59 - 

6 EDA-6 after 
alkali 

3,30 +0,3 84,85 +5,2 1,17 -26 

7 EDA-10 initial 3,33 - 85,39 - 1,65 - 

8 EDA-10 after 
alkali 

3,34 0 79,51 -7 1,40 -15 

 

 

 
Fig. 7. Samples made of cured binder EDI-75 after exposure for 28 days in 40% NaOH aqueous 
solution at 90°C. 

As can be seen from Table 4, exposure of the blades from the binder hot anhydride 

curing EDI-75 leads to a significant decrease in tensile strength (-32%), elastic modulus (-

47%) and elongation at break (-54%). After holding in an alkaline solution, the EDI-75 

blades acquired an intense color (Fig. 7), shells appeared on the surface, and the geometric 

dimensions and weight of the samples decreased. 

Unlike samples from EDI-75, samples from the developed epoxy compositions of hot 

amine curing after soaking in alkali practically did not change their color (Fig. 8), 

geometric dimensions and weight, and, most importantly, slightly reduced their 

deformation-strength properties (table 4). In particular, the modulus of elasticity showed 

especially high stability, which practically did not change, and even slightly increased, 
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compared with the original samples. The tensile strength and relative elongation of samples 

with amine hardeners after soaking in alkali decreased, but slightly, compared with EDI-75. 

 

Fig. 10. Blades made of hardened ESA-10 binder after exposure for 28 days in 40% aqueous NaOH 
solution at 90°C. 

For greater confidence in the suitability of the developed epoxy binders for the 

production of composite reinforcement for construction purposes, we produced pilot 

batches of composite reinforcement based on glass roving and EDA-6 and EDA-10 binders 

at the factory pultrusion plant of GALEN LLC (Cheboksary). It was found that the existing 

technological regimes for the production of reinforcement from EDI-75 are fully suitable 

for the use of the developed amine curing binders. 
To compare the alkali resistance of composite reinforcement based on various binders, 

the reinforcement samples were kept in a 40% NaOH aqueous solution (imitation of wet 

concrete with pH=12.6-13.0) at a temperature of 60°C for 30 days. After that, reinforcing 

bars with a nominal diameter of 8.99 mm, a nominal area of 63.48 mm2 and a length of the 

working part of 380 mm were tested on a tensile testing machine. The test results are shown 

in table 5. 

When comparing the test results given in tables 4 and 5, a good correlation of the 

reduction values (ΔЕ, ΔσР, Δε) of the strength and deformation properties of the cured 

epoxy binders and composite reinforcement based on these binders is visible, which 

indicates the important role of the epoxy alkali-resistant matrix in ensuring chemical 

resistance composite reinforcement. The results obtained open up new possibilities for the 
production of alkali-resistant composite reinforcement intended for operation in water-

saturated buried and hydrotechnical concrete. 

Table 5. Deformation-strength properties of composite fiberglass reinforcement before and 
after soaking in an alkaline solution. 

№ Binder in rebar Е, GPa Δ Е, % σР, MPa Δ σР, % ε, % Δ ε, % 

1 EDI-75 initial 59,5 - 1300 - 3,5 - 

2 EDI-75 after 

alkali 

24,6 -58 595 -54 2,5 -28 

3 EDA-10 initial 60,6 - 1310 - 4,3 - 

4 EDA-10 after 
alkali 

57,5 -5 1198 -8 4,5 +4 
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5 EDA-6 initial 60,4 - 1250 - 4,4 - 

6 EDA-6 after 
alkali 

57,5 -5 1200 -4 4,5 -2 

 

5 Conclusion 

Based on the results of the study, it can be concluded that the developed epoxy 

compositions are suitable as binders in the production of alkali-resistant composite 

fiberglass reinforcement by the pultrusion method. Such reinforcement will be especially 

reliable for reinforcing concrete in the construction of buried and hydraulic structures. 
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