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The disadvantage of polymeric materials, including epoxy resins, is their increased fire hazard. Reducing the 

flammability of polymeric materials is a serious problem that needs to be addressed. One of the ways to reduce 

the flammability of polymers is the introduction of special additives into the polymer matrix with flame retarding 

properties, which leads to a change in the nature of the processes occurring during the combustion of the 

polymer, or to blocking the combustion process with non-combustible or inhibiting substances. In this work, 

aluminum trihydroxide, melamine polyphosphate, and melamine poly(magnesium phosphate) were used as flame 

retardants to enhance the flame-resistant properties of epoxy resin. The filler loading in the epoxy composites was 

10 wt. %. The experimental studies have been carried out to determine the ignition temperature of the produced 

epoxy composites. The data obtained were compared with the ignition temperature of a control sample of epoxy 

resin without filler. The results indicated that the incorporation of all the flame retardants studied resulted in an 

increase in the ignition temperature. The ignition temperature of the samples filled with melamine polyphosphate 

and melamine poly(magnesium phosphate) increased by 28 and 11 °C, respectively. However, the best result was 

obtained for a sample filled with aluminum trihydroxide: the ignition temperature of this sample was 40 °C higher 

than that of the unfilled epoxy resin.  
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Introduction 

Epoxy resins are multipurpose oligomeric materials used for the production of compounds, composites, 
as well as for pouring various surfaces and making glue and sealant. Due to the unique combination of useful 
properties, epoxy resins are widely used in various areas of the national economy. From the whole variety of 
epoxy resins, an epoxy resin of ED-20 type stands out as an inexpensive, high-quality product. Epoxy resin 
ED-20 possesses such properties as high density, excellent hardness, good resistance to mechanical damage 
and moisture, heat resistance, dielectric and anti-corrosion ability, good adhesion to plastic, metal, glass, 
ceramics, wood, and many other materials, ease of use, low shrinkage. However, the flammability of epoxy 
resin, as well as most polymeric materials, is a disadvantage that limits the widespread use of polymeric 
materials in various industries and in everyday life [1]. The increase in the number of fires and material 
damage can be correlated with the increase in the consumption of polymer materials. Reducing the 
flammability and fire hazard of polymeric materials is one of the most important tasks, on the solution of 
which the further development of many sectors of the national economy depends. This task can be facilitated 
by the introduction of additives with flame retardant properties [2–5]. Such fillers can lead to a change in the 
nature of the polymer degradation process when heating or blocking the combustion process with non-
combustible or inhibiting substances. Besides, the fillers also improve the physical, mechanical, and other 
functional properties of polymeric materials; their use contributes to reduce the consumption of valuable and 
often scarce raw materials. Therefore, this direction seems to be attractive from the point of view of the 
economics of the production of polymer material. 

A large group of substances used as flame retardants is substances that upon heating endothermically 
decompose to form non-flammable products. One of such substances having flame retardant properties is 
boric acid. At the heating, boric acid releases water in the endothermic process that reduces polymer 
temperature and degradation. Also, nonflammable boron oxide forms on the polymer surface, which has a 
barrier effect and protects the polymer from flame action [6, 7]. Aluminum trihydroxide (ATH) also belongs 
to the group of substances that have flame retardant properties due to endothermic decomposition upon 
heating [8–10]. It is known that the use of ATH is effective for reducing the flammability of the polymers, as 
a rule, when introduced in high concentrations of ~ 50 wt. % and more, which contributes to the deterioration 

Buk
eto

v u
niv

ers
ity



    Engineering.   77 

. 

of physical, mechanical, technological, and operational properties, as well as to an increase in the cost of the 
material [11]. The new generation of flame retardants with excellent flame retardant properties includes 
melamine polyphosphate (MPP) and melamine poly(magnesium phosphate) (MPMgP) [12–16]. MPP 
combines the advantages of phosphorus and melamine based flame retardants and is widely used in various 
polymers to stimulate char formation. An important advantage of MPP is that it is environmentally friendly. 
It does not contain halogens, which are harmful to the environment. 

The aim of this work was a comparative study of the effect of aluminum trihydroxide, melamine 
polyphosphate, and melamine polyphosphate magnesium on the ignition temperature of the epoxy 
composites based on epoxy resin ED-20. 

1. Experimental part 

1.1 Sample preparation 

To obtain epoxy composites, we used epoxy resin of grade ED-20 and polyethylene polyamine (PEPA) 
as a hardener. The concentration of PEPA in the samples was 12 wt. %. Aluminum trihydroxide (ATH), 
melamine polyphosphate (MPP), and melamine poly(magnesium phosphate)  (MPMgP) were used as fillers. 
The concentration of the fillers in the compositions was 10 wt. %. The resulting mixtures were poured into 
silicone molds and cured at room temperature for 24 h. For the experiment, five samples having a mass of 3 
g of unfilled cured epoxy resin (E0) were prepared, as well as five samples for each type of filler. The 
samples had a cylindrical shape with the following dimensions: diameter 45 mm, height 2 mm. The images 
of the filled epoxy composites are shown in Fig. 1. 

 

 

а) b) c) d) 
Fig.1. Samples of epoxy composites: a) E0, b) E/ATH, c) E/MPP, d) E/MPP-Mg 

 

1.2 Characterization 
The thermogravimetric analysis (TGA) of the unfilled epoxy polymer was made using STA 449C 

Jupiter thermal analyzer (Netzsch). TGA curves were measured from 25 °C to 900 °C at a rate of heating 10 
°C/min under air atmosphere. Test method for determining ignition temperature of the epoxy composites was 
carried out according to the Russian regulatory document GOST 12.1.044-2018 “Occupational safety 
standards system. Fire and explosion hazard of substances and materials. Nomenclature of indices and 
methods of their determination”. The experimental method for determining the ignition temperature consists 
in heating the substance, at which the evolved gases are ignited, after which the presence of ignition is 
recorded at a set temperature. The tests were carried out on an installation for determining the ignition 
temperature and autoignition temperature of solids and materials at a constant temperature of the reaction 
furnace (Fig. 2). 

The principle of operation of the installation is based on setting a constant temperature regime in a 
reaction furnace (400 °C) and exposure to a burner flame. After introducing the test samples into the reaction 
furnace, the temperature indicators were monitored. To calculate the ignition temperature of the investigated 
substance, the arithmetic mean of two temperatures differing by no more than 10 °C was taken. 

2. Results and discussion 

The results of thermal analysis obtained for the unfilled epoxy sample E0 are shown in Fig. 3. Thermo-
oxidative degradation of the epoxy resin was studied using the thermogravimetric method (TG), differential 
thermogravimetry (DTG), and differential scanning calorimetry (DSC).The initial temperature of 
degradation of the sample E0 at which the mass loss is 5% was found to be 266 °C. Thermo-oxidative 
degradation of the epoxy polymer occurs in three stages.  
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Fig.2. Installation for determining the ignition temperature 
 
Three exothermic peaks on the DSC curve are caused by the following processes: homolytic scission of 

chemical bonds, the depolymerization of polymeric chains followed by a primary carbonaceous char 
formation, and the oxidation of formed carbonaceous char [17, 18]. The values of the maximum temperature 
at the first, second, and third peaks for the sample E0 were 285, 428, and 522 °C, respectively. The thermo-
oxidative degradation of the unfilled epoxy polymer was finished at ~600 °C. 

 

Fig.3. TG (1), DTG (2) and DSC (3) curves of the unfilled epoxy polymer 

 
One of the characteristics of the flammability of materials is ignition temperature. Ignition temperature 

means the lowest temperature of a substance at which, under the conditions of special tests, a substance emits 
flammable vapors and gases at such a rate that, when exposed to an ignition source, ignition is observed. The 
value of the ignition temperature of the test sample must be known to develop measures to ensure fire safety, 
as well as to determine the degree of flammability of substances. The results of the testing for the ignition 
temperature of epoxy composites are presented in Table 1. Fig. 4 shows the remains of the materials obtained 
during testing. 

According to the results obtained, the ignition temperature of the control sample E0 was 307 °C. The 
maximum ignition was obtained for the sample E/ATH and it was 40 °C higher than that of the control 
sample E0. When heated, ATH decomposes in the endothermic reaction with the release of water and the 
formation of non-combustible aluminum oxide [8–10]: 

2Al (OH)3 → Al2O3 + 3H2O, ΔH = 298 kJ/mol. 

Thus, the introduction of ATH into the polymer promotes heat removal and dilution of the formed 
combustible gases during heating and combustion of the polymer. Additionally, the layer of aluminum oxide 
on the polymer surface provides a physical barrier and prevents the polymer from the action of the flame. 
The ignition temperature for the samples E/MPP and E/MPMgP was higher by 28 °C and 11 °C, 
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correspondingly, in comparison with that of the sample E0. The residue after the test was the largest for the 
samples E/ATH and E/MPP. The sample E/MPMgP burned out almost completely.  

 
Table 1. Ignition temperature of epoxy composites. 
 

Sample Тig, °С 
E0 307 

E/ATH 347 

E/MPP 335 

E/MPP-Mg 318 

 
MPP decomposes endothermically above 350 °C, acting as a heat sink and cooling the combustion zone 

of the polymer. The released phosphoric acid additionally reacts with the polymer to form carbonaceous 
char, preventing oxidation of the combustible polymer surface [12, 13]. At the same time, the formation of 
nitrogen during the decomposition of melamine intensifies the formation of a char layer for additional 
protection of the polymer.  

 

 
а) b) c) 

Fig.4. Samples of epoxy composites after testing for ignition temperature: 
 a) E/ATH, b) E/MPP, c) E/MPP-Mg 

 
The results obtained can be explained by the thermal stability of the unfilled epoxy polymer and used in 

this study flame retardants. It is known that at the heating ATH begins to decompose at the temperature 190 
°C with maximum release of water at 350 °C [10], while according to the results of thermal analysis, the 
initial temperature of degradation of the unfilled epoxy polymer is 266 °C. When the epoxy polymer filled 
with ATH is heated, ATH decomposes endothermically in aluminum oxide and water, absorbing heat. 
Additionally, the water formed in this process dilutes the concentration of other gaseous decomposition 
products and lowers the flame temperature. Upon further heating, solid residues are formed, creating a 
barrier against oxygen and heat. The MPP starts to degrade at 350 °C, the temperature of 5 wt. % mass loss 
for MPP is 383 °C and for MPMgP is 368 °C [13, 14]. When the epoxy polymer is heated to such values of 
temperature, the epoxy polymer loses 52 and 49 % by weight, respectively. The contribution of the flame 
retardants MPP and MPMgP to the flame suppression process begins at a later stage in comparison with the 
epoxy polymer filled with ATH.  

The obtained results can be compared with the result for determining the ignition temperature of epoxy 
composites filled with boric acid (10 wt. %) and the composition of boric acid (10 wt. %) and iron 
nanopowder (5 wt. %) [19]. The ignition temperature was found to be increased to 317 °C for the sample 
filled with boric acid and 322 °C for the sample filled with boric acid in combination with iron nanopowder.  

It should be noted that these conclusions relate to the epoxy resin of the ED-20 type investigated in this 
work. Thus, among the studied flame retardants, the use of ATH leads to the greatest increase in the ignition 
temperature and can be recommended for the development of polymer composite materials based on the 
epoxy resin ED-20. 

Conclusions 

In this work, the epoxy composites were prepared by incorporation of three kinds of flame retardants in 
the epoxy matrix: aluminum trihydroxide, melamine polyphosphate, and melamine poly(magnesium 
phosphate). The concentration of each flame retardant in the epoxy resin was 10 wt. %. The test for 
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determining the ignition temperature of the epoxy composites and unfilled epoxy resin was carried out 
according to Russian regulatory document GOST 12.1.044-2018. Among the studied flame retardants, when 
they were introduced into the epoxy resin to reduce flammability, aluminum trihydroxide showed the best 
results: the ignition temperature was 40 °C higher than that of the unfilled epoxy resin ED-20. The use of 
melamine polyphosphate and melamine poly(magnesium phosphate) as a flame retardant for other types of 
epoxy resins requires clarification and more detailed studies, in particular, using thermal analysis. In our 
future work, we will study the effect of aluminum trihydroxide on the characteristics of the flammability of 
epoxy polymers in combination with nanodispersed fillers – metal nanoparticles. The results of this study 
can be applied to study and develop polymer materials with reduced flammability. 
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