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DEVELOPMENT AND OPTIMIZATION
OF FIRE-PROTECTIVE COATING
COMPOSITION BASED ON
EPOXYPOLYMERS

The object of research is intumescent fire retardant coatings based on epoxy resins. The research is aimed at
the development of mathematical models of the dependence of the swelling rate of intumescent fire retardant
coatings on their composition. Considering the complexity of the processes during the formation of a protective
carbon layer, it is advisable to select the optimal ratio of the components of an intumescent fire retardant coating
experimentally, followed by the construction of mathematical dependences of the swelling ratio on the coating com-
position. Therefore, experimental studies aimed at developing and optimizing the composition of an intumescent fire
retardant coating based on epoxy polymers are an important task. The studies were carried out in accordance with
the theory of planning experiments with the construction of an orthogonal compositional plan of the second order.
A linear swelling factor was chosen as the response function. Compositions based on the ED-20 epoxy oligomer,
cured with polyethylene polyamine and filled with ammonium polyphosphate, aluminum hydroxide, and graphite
additive were used for the study. Based on the results of processing the experimental results, a regression equation
was obtained and response surfaces were constructed that describe the dependence of the linear swelling coeffi-
cient Cs of an intumescent composition based on an epoxy oligomer on the content of ammonium polyphosphate,
aluminum hydroxide and graphite additive. A complex relationship is shown between the content of components
and the linear swelling coefficient Cs with different ratios of the components. The optimum by the linear swell-
ing coefficient (Cs=68.1) content of the components in the epoxy polymer was determined, amounting to 20 wt.
including for ammonium polyphosphate, 15 mass parts including for aluminum hydroxide and 3 mass parts for
the graphite additive. However, with such a ratio, the <self-extinguishing»> condition is not met (Cs=27 % ). Filling
the composition with ammonium polyphosphate in an amount of 26.3 mass parts including, aluminum hydroxide
25 mass parts and 3.5 mass parts including graphite additives allows to get an intumescent fire retardant coating
with a swelling ratio Cs over 63 and a reduced level of flammability (Ci=31 % ).
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1. Introduction

The development of fire retardant coatings that swell
under the influence of high temperatures is a complex
scientific and practical task that requires a clear under-
standing of the role of each of the components in the
intumescent system [1, 2]. Typically, typical intumescent
fire protection coatings (IPC) used for fire protection
are multicomponent systems, which generally consist of:

— film former (binder);

— an inorganic acid or substance, it is released at a tem-

perature of 100-250 °C;

— compounds with a high carbon content — coke-flawless;

— gas generators (substances that are capable of re-

leasing a significant amount of non-combustible gases

during thermal destruction) [3, 4].

Proceeding from the set of operational characteristics —
high strength indicators, chemical and atmospheric re-
sistance, adhesion to many materials — the development
of TPP based on epoxy resins is promising [5, 6]. Taking
into account the complexity of the processes during the
formation of a protective carbon layer, the selection of the
optimal ratio of the components of an intumescent fire
retardant coating is advisable to carry out experimentally,
followed by the construction of mathematical dependences
of the swelling ratio on the composition of the coating [7].
Therefore, experimental studies are aimed at developing
and optimizing the composition of an intumescent fire re-
tardant coating based on epoxy polymers is an urgent task.
The object of the research is intumescent fire retardant
coatings based on epoxy resins. The aim of research is to
develop mathematical models of the dependence of the swell-
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ing rate of intumescent fire retardant coatings on their
composition.

2. Methods of research

Let’s use compositions based on the ED-20 epoxy oligo-
mer, hardened with polyethylene polyamine (PEPA) hardener
and filled with the PFA:AI(OH)3TG system. Ammonium
polyphosphate (PFA) was used as a source of inorganic acid,
the film former was used as a carbon source, and a graphite
additive (TG) was additionally introduced, and aluminum
hydroxide (AI(OH)3) was used as a gas generator.

The studies were carried out according to the theory of
planning experiments with the construction of an orthogo-
nal compositional plan of the second order [8]. The linear
swelling coefficient C; was chosen as the response function;
it was determined according to the method described in [9].
The intervals of variation and the nominal values of the fac-
tors of the variables are presented in Table 1.

Tahle 1
The significance of the factors and their intervals of variation
Factors Levels of variation
Encoded values -1 0 +1
Ammonium polyphosphate content, m. p. (x1) 20 25 30
Aluminum hydroxide content, m. p. (x2) 15 20 25
Content of graphite additive, m. p. (x3) 2 4 B

The construction of response surfaces and optimiza-
tion were carried out using the Maple software package.

3. Research results and discussion

The expanded planning matrix and the results of the
experiment in the implementation of the orthogonal central
compositional plan of the second order are shown in Table 2.

Table 2

Extended planning matrix and experimental results for the implementation
of a second-order orthogonal central compositional plan

Eg;;:_ Xg X1 X2 X3 X1Xp | X1X3 | XoX3 L

Yu1 Yu2
1 1 1 1 1 1 1 1 495 | 47
2 1 1 1 -1 1 -1 | -1 | 57 | 545
3 1 1 -1 1 -1 1 -1 | 21 19
4 1 1 -1 -1 -1 | -1 1 195|175
3 1 -1 1 1 -1 | -1 1 30 | 31
B 1 -1 1 -1 -1 1 -1 | 525 | 51.5
7 1 -1 -1 1 1 -1 | -1 | 575|555
8 1 -1 -1 -1 1 1 1 62 | B3
9 1 0 0 1] 0 0 0 57 | 55.5
10 1 1215 ] 0 0 ] 0 [345]| 36
11 1 |[-1215| O 0 1] ] 0 56 | 56.5
12 1 0 1.215 0 0 0 0 65 | B62.5
13 1 0 ([-1215] O 1] 0 0 52 | 515
14 1 0 ] 1215| 0O ] 0 42 | 40.5
15 1 0 0 |-1215] O 0 0 53 | 55

Note: y,;, y.2 — linear swelling coefficient (dimensionless gquantity)

According to the results of processing the experimen-
tal results, the regression coefficients were obtained and
their significance was determined according to the Stu-
dent’s criterion. The reproducibility of the experiments
was checked by the Cochran test. Checking the adequacy
of the model — by Fisher’s criterion. After eliminating
insignificant coefficients and switching to the usual form
of writing, the regression equation looks like:

C,=58.09-7.72x,+398x, —4.47 x5 +12.75x,x, +

+2.69x,x5 —3.06x,x5 —8.25x7 —6.98x3. @)

The analysis of the regression equation showed that
the model is adequate at a significance level of 0.05. The
obtained mathematical model adequately describes the de-
pendence of the linear swelling coefficient of C; to the
epoxy polymer within the range of varying factors: the
content of ammonium polyphosphate is 20—30 mass parts by
weight, aluminum hydroxide is 15-25 mass parts by weight,
and the graphite additive is 2—6 mass parts by weight
and under test conditions are determined by the me-
thod described in [9] (test temperature in a muffle furnace
340+5 °C, temperature exposure time — 20 min.).

The response surfaces (Fig. 1) were constructed using the
regression equation (1), which describe the dependence of the
linear swelling coefficient Cs of an intumescent composition
based on an epoxy oligomer on the content of ammonium
polyphosphate, aluminum hydroxide, and graphite additive.

The response surfaces are shown in Fig. 1 show a com-
plex relationship between the content of components in
the epoxy polymer filled with the PFA:AI(OH)3:. TG system
and the linear swelling coefficient Cy at different ratios of
the components.

/flll

I
I

Fig. 1. Dependence of the expansion rate [; of the intumescent composition
of the PFA: Al(OH)s: TG system based on the epoxy oligomer on the content
of ammonium polyphosphate x; and graphite additive x5 with the amount
of aluminum hydroxide x;: a — x2=-1; b — =0, c — xp=1

The study of the regression equation (1) and the de-
termination of the optimal content of the components
was carried out using the Maple software package. It was
found that the extremum of the function is on the verge
of varying x; and xy with a minimum content of these
components. And also for x3 equal to —0.51, or when
recalculating from the coded values of the variables to
normal values: ammonium polyphosphate (x{) — 20 mass
parts, aluminum hydroxide (x2) — 15 mass parts, graphite
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additive (x3) — 3 mass parts. With such a ratio of the
components, the Cs function reaches a value of 68.1.

Studies [10] have shown that the low content of am-
monium polyphosphate and aluminum hydroxide in epoxy
polymers (20 and 15 mass parts, respectively) does not
provide the requirements for the incombustibility of the
coating. The limiting oxygen index with such a ratio of
components is only 27 %, whereas in order for the con-
dition of «self-extinguishing» to be fulfilled — that is,
the coating does not support combustion — The limiting
oxygen index must have a value of at least 29 %.

As can be seen from Fig. 1, when filling the composi-
tion of the PFA:AI(OH)3 TG system within the PFA —
25-29 mass parts including, AI(OH)3 — 25 mass parts, TG —
3.2—4.2 mass parts there is an extremum with a slightly lower
value of the Cs function, reaches 63. Therefore, a study was
carried out of the function to determine the local extremum
for values of the content of ammonium polyphosphate more
than 25 mass parts (the range of variation x4 from 0 to 1)
at values of the graphite additive x3 and aluminum hydroxide
x9 within the range of variation from —1 to 1. The local
extremum of function (1) for the given limits of variation
is at the values of the factors of the variables x;=0.26,
x3=—0.27 and x»=1. This in terms of the coded values of
the variables in the normal is 26.3 mass parts including
ammonium polyphosphate, 25 mass parts including alu-
minum hydroxide and 3.5 mass parts including graphite
additives. In this case, the value of the C, function reaches
63.3, which is quite enough for the formation of a reliable
heat-insulating barrier. The limiting oxygen index at this
ratio of ammonium polyphosphate and aluminum hydroxide,
according to studies [10], is 31 %.

Further studies will be aimed at determining the depen-
dence of the performance characteristics of IPPs based on
epoxy polymers filled with the PFA:AI(OH)3:TG system.

4. Conclusions

Thus, on the basis of the experiment carried out, the
effect of ammonium polyphosphate, aluminum hydroxide and
graphite additive on the swelling rate of an intumescent
fire retardant coating based on an epoxy oligomer was
investigated. A mathematical model has been obtained
that adequately describes the dependence of the linear
swelling coefficient of an epoxy polymer filled with ammo-
nium polyphosphate (within 20—30 mass parts by weight),
aluminum hydroxide (15-25 mass parts by weight) and
a graphite additive (2—6 mass parts by weight) at test
temperature 340 °C and allows to purposefully regulate
the expansion rate of the PPI filled with the system under

study. The content of PFA, AI(OH)3 and TG components
in the epoxy polymer, which is optimal in terms of the
linear swelling coefficient, has been determined, which
makes it possible to obtain an intumescent fire retardant
coating with a high swelling factor (C; more than 63)
and a reduced flammability level (C;=31 %).

The research results can be used in the future to de-
velop new and improve existing fire retardant coatings
and materials based on epoxy resins.
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