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Abstract. Composite materials based on epoxy oligomers due to their unique properties are 

widely used in various fields of construction and mechanical engineering, including fire 

retardant coatings. The introduction of flame retardants and dispersed inert fillers as a rule, 

affects the structure of epoxy polymers. When addressing issues related to the creation of 

flame-retardant, composite materials, there is insufficient data on the impact of dispersed 

mineral fillers on their performance properties. Attention is mainly paid to the indicators of 

flammability, toxicity of combustion products and thermophysical properties of the coating. 

Therefore, the aim of this work is to conduct experimental studies of changes in the adhesive 

and strength characteristics of fire-retardant epoxy polymer from the content of metal-

containing additives. As a result of experimental studies, it was found of that changing the 

component composition of the composition can vary widely the adhesive strength 

characteristics of fire-retardant epoxy polymers. The obtained data must be taken into account 

when developing epoxyamine coatings for fire protection of building structures and 

technological communications. 

1. Introduction 

Composite materials based on epoxy oligomers due to their unique properties are widely used in 

various fields of construction and mechanical engineering. The main disadvantage of epoxy composite 

materials is their flammability. This problem is solved by the introduction of various fillers and flame 

retardants. The tendency of epoxy resins to carbonization allows to obtain on their basis fire-retardant 

coatings of intumescent type. However, the filling of the composition leads to a change in their 

properties, including operational.  

It is known that the performance characteristics of epoxy polymers are largely determined by the 

technological properties of the polymeric binder, structuring processes, adhesive interactions at the 

interface between polymer-solid, intermolecular interactions and other factors [1-8].  

The introduction of fillers, as a rule, significantly affects the structuring processes, chemical and 

water resistance, adhesive strength, rheological properties and structure of epoxy polymers. However, 

in addressing issues related to the creation of non-combustible, composite materials, there is 

insufficient data on the impact of dispersed mineral fillers on their performance properties. Attention is 
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mainly paid to the indicators of flammability, swelling rate, smoke formation, toxicity of combustion 

products and thermophysical properties of the coating [1, 9-13]. 

Previous studies [10] allowed us to obtain results that reflect the influence of the nature and content 

of metal-containing additives on the swelling rate and the value of the coke residue of fire-retardant 

epoxyamine coatings of low flammability. 

The dependence of the swelling epoxy polymer content on the additive content was investigated 

experimentally and the resistance of the polymer to the action of a celite rod heated to 950 ° С was 

studied. 

The change of thermomechanical properties [14] of epoxy polymers modified with metal-

containing additives has been studied. It is shown that the rate of gas evolution in the temperature 

range after the transition of the system to the viscous state until the phase transition from the plastic 

state to curing, determines the multiplicity of swelling of the intumescent composition. 

In [15-19] the results of research of thermal and thermo-oxidative destruction of epoxy polymers 

are given. However, no less important are the studies of their mechanical properties [20-23]. 

2. Unresolved issues  

These studies give an idea of the mechanisms of formation of a swollen oblique layer on the surface of 

the epoxy polymer, as well as the effect of metal-containing additives on the processes of thermal and 

thermo-oxidative destruction, thermomechanical properties of the polymer and others. However, no 

less important characteristics of fire-retardant coatings are also their performance properties. 

The adhesive strength of a polymeric binder with a substrate is a decisive factor in obtaining 

compositions intended for the protection of building structures. Given that fire-retardant epoxyamine 

compositions are complex highly filled systems, it is of interest to study the effect of metal-containing 

additives on their adhesive strength, impact viscosity and destructive bending stress. 

The purpose of this work is to conduct experimental studies of changes in the adhesive strength 

characteristics of fire-retardant epoxy polymer from the content of metal-containing additives. 

3. Main part 

An epoxy oligomer-based composition was used as the base flame retardant epoxy polymer ED-20, 

and monocyanethylenediethylenetriamine was used as a hardener [1, 10, 11] Monoammonium 

phosphate (MAP) (NH4H2PO4) and activated basalt husk (ABS) SiO2 – 30.2; FeO + Fe2O3 – 16.1; 

TiO2 – 1.6; Al2O3 – 14.0; CaO – 9.6; MgO – 4.1) were used to reduce flammability. 

Copper oxide (II), zinc oxide (II), vanadium oxide (V) and bentonite [10, 13] were used as metal-

containing additives (clay-based material with a percentage by weight: SiO2 – 72.5; TiO2 – 0.27; Al2O3  

– 14.45; Fe2O3 – 1.23; CuO – 1.5; MgO – 2.8; K2O – 0.29; Na2O – 1.55). Additives were introduced 

into the composition of epoxy polymers in an amount of from 5 to 20 mass parts (m.p.). 

The adhesive strength was determined experimentally by the method of uniform separation from 

each other of two metal washers with a base diameter of 25 mm, made of steel grade St3. The essence 

of the method is to determine the magnitude of the destructive load Pdest, when stretching two washers, 

the bases of which are pre-glued with the investigated epoxy polymers, forces perpendicular to the 

bonding plane. The nature of the destruction can be both adhesive or cohesive, and mixed [6, 24]. The 

studies were conducted on a series of 10 samples. The largest and smallest value of the destructive 

load Pdest from the series were not taken into account in further calculations. The remaining 8 values of 

the destructive load Pdest used to determine the average value of the destructive load Pdest.  

Tensile strength  was determined based on the average value of the destructive load Pdest and 

the cross-sectional area of the washer base F [20]: 

. .
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Figure 1 shows the results of experimental studies of the effect of metal-containing additives on the 

tensile strength  fire-retardant epoxy polymers for steel grade St3. 

 

Figure 1. The dependence of the tensile strength  fire-retardant epoxy polymers for steel St3 from 

the content of metal-containing additives: ZnO, V2O5, CuO and bentonite. 

From the presented data it is seen that all metal-containing additives increase the adhesive strength 

of the fire-resistant epoxy polymer to varying degrees. The introduction of a small number of additives 

up to 5 m.p. leads to a sharp increase in adhesive strength: ZnO 1.8 times, V2O5 and bentonite – 1.6 

times, CuO – 1.2 times. Further increase in the content of additives from 5 to 15 m.p. leads to a 

decrease in adhesive strength (except CuO). Filling the polymer matrix with metal-containing 

additives (except bentonite) from 15 to 20 m.p. also leads to an increase in adhesive strength by 1.3 to 

2.1 times compared with fire-retardant epoxy polymer without additives. Introduction 20 m.p. 

bentonite has almost no effect on the adhesive strength of the flame retardant epoxy polymer. 

The effect of metal-containing additives on the change in impact strength without notch according 

to ISO 179 and destructive bending stress was also studied dbs  according to ISO 1209 of the 

investigated fire-retardant epoxy polymer from the content of additives. 

The essence of the method of testing the impact strength without incision is the effect of pendulum 

dill on the test sample, which is placed on two supports. The impact energy spent on the destruction of 

the sample is recorded as the difference between the initial stock of potential energy of the pendulum 

and the energy remaining in the pendulum after the destruction of the test sample [21, 24]. 

Studies of the impact strength were performed on samples without incision type 1/179-1 with 

dimensions of 80×10×4 mm, ten samples were used in each series of tests. The distance between the 

supports on which the sample is 62 mm. The pendulum hit was carried out on a sample placed "flat". 

The results of studies of the effect of metal-containing additives on the change in impact strength 

are presented in Figure 2.  

From the presented data (Figure 2) it is seen that metal-containing additives affect the impact 

strength of the fire-resistant epoxy polymer is not the same. The addition of bentonite in small 

amounts (up to 10 m.p by weight) leads to a 1.5-fold increase in impact strength, but a further increase 

in the additive content gradually reduces this index. Introduction to the composition of the fire-

retardant epoxy polymer additives of oxides of metals of transition valence V2O5, CuO in amounts up 

to 5 m.p. leads to a decrease in the impact viscosity of the samples. The largest decrease is observed 

for epoxy polymer with the addition of V2O5 – 1.5 times, for CuO – 1.1 times. For ZnO there is a 

slight increase of 1.05 times. A further increase in the content of ZnO and CuO additives leads to a 

sharp increase in impact strength by 1.8 and 1.6 times, respectively. Increasing the content of V2O5 to 

10 m.p. does not significantly change the impact viscosity compared to filled with 5 wt.h. epoxy 

polymer. Increasing the content of additives to 15 m.p. leads to a decrease in impact viscosity in all 

cases except epoxy polymer with the addition of V2O5. The most significant decrease is observed for 
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epoxy polymer with the addition of ZnO. For epoxy polymer with V2O5 there is an increase in impact 

strength by 1.2 times compared to fire-retardant epoxy polymer without additives. Further increase the 

content of additives to 20 m.p. leads to a gradual decrease in impact viscosity in all cases. 

 

Figure 2. Dependence of the impact strength of fire-retardant epoxy polymers on the content of metal-

containing additives: ZnO, V2O5, CuO and bentonite. 

The essence of the test method to determine the destructive stress during bending  is the effect 

on the sample, which is scattered on the two supports, short-term load applied in the middle between 

the supports [21, 23]. 

Investigation of the index of destructive stress during bending  were performed on samples 

with dimensions of 80×10×4 mm according to the method described in [21, 23]. 

The results of studies of the effect of metal-containing additives on the change in the destructive 

stress during bending  presented in Figure 3. 

 

Figure 3. Dependence of destructive stress during bending  fire-retardant epoxy polymers from 

the content of metal-containing additives: ZnO, V2O5, CuO and bentonite. 

As can be seen from the graphs in Figure 3 increase in the content of metal-containing additives 

with 5 до 20 m.p. leads to a gradual decrease in the destructive stress during bending  fire-

retardant epoxy polymers 1.23, 1.15, 1.12 and 1.29 times for additives ZnO, V2O5, CuO and bentonite, 

respectively. Introduction of small amounts to 5 m.p additives ZnO and V2O5 has almost no effect on 

the destructive stress, the growth is slightly – 1.04 and 1.07 times, respectively. Add to 5 m.p. CuO 
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and bentonite, on the other hand, reduce this Figure by 1.14 and 1.23 times. A further increase in the 

content of additives leads to a deterioration of the destructive stress during bending .  

From the obtained results it is seen that by changing the component composition of the 

composition it is possible to vary the adhesion-strength characteristics of fire-retardant epoxy 

polymers. 

4 Conclusion 

The paper presents the results of studies of the effect of metal-containing additives – ZnO, V2O5, CuO 

and bentonite – on the adhesive strength, impact viscosity and destructive stress in bending of fire-

retardant epoxy polymer based on oligomer ED-20. 

As a result of experimental studies, it was found that metal-containing additives on the adhesive 

and strength characteristics of fire-retardant epoxy polymers do not affect equally. The adhesive 

strength of the studied samples, mainly, increases, achieving the best performance when filling to 5 

m.p., except for samples with the addition of CuO, for which the best performance is observed when 

filling to 20 m.p. The results of studies of the effect of metal-containing additives on the change in 

impact strength indicate the possibility of adjusting this characteristic in a wide range. The best values 

were achieved during the introduction 10 m.p. ZnO, receiving an increase in impact strength of 1.8 

times. The introduction of flame retardant epoxy polymers of metal-containing additives leads to a 

gradual decrease in the destructive stress during bending. 

From the conducted experimental researches it is visible that changing component structure of a 

composition it is possible to vary in wide limits adhesive-strength characteristics of fire-retardant 

epoxy polymers. The obtained data must be taken into account in the development of epoxyamine 

coatings for fire protection of building structures and technological communications. 
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