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Abstract. At present, polymer composite materials are widely used in the
construction and automotive industries, products for which must meet not
only operational, but also aesthetic requirements. Since color is one of the
most important design elements, much attention is paid to the coloring of
structural composites. There is a fairly wide range of different methods for
coloring polymer composites, but each method has both advantages and
disadvantages. This article discusses two methods for coloring a hot
amine-cured epoxy composition, which is used for the manufacture of
composite fiberglass reinforcement: by adding pigment and organic dyes to
the epoxy composition. It has been found that organic dyes dissolve in all
components of the epoxy composition, but become colorless upon heat
treatment. When adding an insoluble dispersed pigment, the color remains
unchanged even after the thermal curing of the epoxy matrix. The addition
of up to 0.5 mass parts of iron oxide pigment (“red FEPREN TP-303”) to
the epoxy binder slightly reduces the mechanical strength of the composite
and significantly increases its thermal stability.

1 Introduction

Reinforced polymer composite materials (PCM) have become widely known due to their
outstanding characteristics of strength and elastic modulus per unit weight compared to
traditional metal products [1-3]. Since reinforced composite materials are widely used in
our daily life, for example, in automobiles, building facades and interiors, household
appliances, etc., the aesthetic appearance of composite products becomes another important
requirement for commercial composite products [4—6]. As you know, color is the main
aesthetic element that can give unique features to traditional forms of products [7, 8].
However, in most cases, the colors of composite materials are achromatic, they are devoid
of saturation and color tone, that is, they differ from each other only according to the
“lighter-darker” principle, which is determined by the color of the reinforcing material and /
or haze that occurs due to light scattering in the filled polymer matrix [9, 10].

Surface painting is still widely used for coloring reinforced composite products, since
this is the easiest way to add color to exteriors and interiors [11, 12]. Despite the simplicity
of this technology, there is always a concern that layers of paint can peel off from the
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composite due to mechanical stresses caused by temperature differences, weathering, or
friction [13—15]. Treatment of the surfaces of reinforced composites with paint primer can
improve the adhesion of paint to composite surfaces, but in the end, paint layers can be
damaged and worn out, in addition, this additional technological operation leads to an
increase in the cost of products made of reinforced composite materials [16, 17].

As an alternative to PCM surface coloring, it is proposed to color reinforcing fibrous
materials, such as glass fiber or polymer fiber, with organic dyes [18, 19]. With this
approach, dyes must have a strong bond with the surface of the fibers and good adhesion to
the polymer matrix, since otherwise weak adhesion may occur at the interface between the
reinforcing fibers and the polymer matrix, which will lead to fiber delamination from the
matrix [20].

Another method of coloring PCM, for example, based on curable polymer matrices, is
the use of special colored gelcoats, which already have pigment in their composition.
Gelcoats are applied to the equipment before laying the main reinforcing layers and
subsequent impregnation (infusion) with binders. After demolding, the surface of the
composite product will have a color. However, this method is far from being suitable for all
technologies for obtaining products from reinforced composite materials.

Another common method of dyeing is the addition of dyes or pigments to the binder
(matrix), which, when stirred, either dissolve in the binder or create a suspension with a
uniform distribution of particles over the volume [21, 22]. To implement this method, a
significant range of dyes and pigments are available on the market. Moreover, experiments
are constantly being carried out with the search and testing of new options for
implementing this method of coloring PCM.

For example, there are reports on the preparation of black-colored nano-modified
composites using multi-walled carbon nanotubes or graphene oxide as a black pigment in a
polymer matrix [23-25].

Resistant paint and varnish compositions based on epoxy resins and iron oxide powders
are known, which are successfully used for painting various surfaces [26]. Successful
experiments with the coloring of epoxy resins and reinforced PCM stimulate the use of
colorants based on organic dyes and dispersed insoluble pigments to impart aesthetic
properties to composite products.

2 Purpose of the study

The aim of our work was to study the sedimentation resistance of a hot-cured colored epoxy
composition used to obtain glass-composite reinforcement by pultrusion, as well as to study
the effect of coloring a polymer matrix on its mechanical properties, thermal and chemical
resistance.

3 Research results

3.1 Materials

The following organic dyes and pigments were used in the work: methylene blue,
rhodamine C, pigment "red FEPREN TP-303", which were introduced into the epoxy
composition based on ED-20 resin, Amikrost amine hardener and Agidol curing
accelerator.

To assess the effect of coloring the polymer matrix on its properties, standard blades
were manufactured by casting an epoxy binder into silicone molds (Fig. 1).
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Fig. 1. Silicone molds for obtaining samples in the form of a "blade" for testing

4 The discussion of the results.

Selection of matching conditions

To evaluate the matching conditions, the solubility of dyes and the sedimentation
resistance of the pigment over time, the following epoxy compositions were prepared,
which were subsequently used for pouring into molds:

1. Epoxy binder based on ED-20, mixed with "methylene blue" in a ratio of 10/1 m.h.

2. Epoxy binder based on ED-20, mixed with "rhodamine C" in a ratio of 10/1 m.h.

3. Epoxy binder based on ED-20, mixed with the pigment "red FEPREN TP-303" in the
ratio of 10/1 m.h.

4. Accelerator "Agidol", mixed with the pigment "red FEPREN TP-303" in the ratio of 2/1
m.h., and introduced into the epoxy binder.

5. Amine hardener "Amicrost", mixed with the pigment "red FEPREN TP-303" in the ratio
of 2/1 m.h., and introduced into the epoxy binder.

According to the results of the batches, it was found that the organic dyes "methylene
blue" and "rhodamine C" were well dissolved in all compositions while maintaining a
stable color of the composition, the intensity of which did not change over time.

The pigment "red FEPREN TP-303" is best combined with the accelerator "Agidol"
when mixed, in comparison with other components of the epoxy composition, without the
formation of clots, and after three days of exposure at room temperature, no separation of
the mixture was observed.

The resulting liquid colored compositions were placed in an oven for a day at a
temperature of 600C in order to determine the sedimentation stability of the pigment and
the thermochemical resistance of dyes, which simulated the process of preparing a binder
during the impregnation of glass roving in the process of obtaining composite
reinforcement by pultrusion. Compositions with organic dyes showed color fastness. The
compositions with red pigment did not show sedimentation stability, except for the
composition with the Agidol accelerator, which showed good stability when heated.

Thermochemical resistance of colored compounds
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Epoxy compositions of compositions No. 1, 2 and 4 were selected for pouring into molds
and obtaining "blades". The initial binder for the production of composite reinforcement
has the composition: ED-20 // amine hardener "Amikrost" // accelerator "Agidol" with
ratios of components in mass parts 100 // 21 // 2. Below are the compositions of colored
compositions (OC):

1. Binder OK-1: ED-20 with "methylene blue" // amine hardener "Amikrost" // accelerator
"Agidol" with a ratio of components 110 // 21 // 2 m.h.

2. Binder OK-2: ED-20 with "rhodamine C" // amine hardener "Amikrost" // accelerator
"Agidol" with a ratio of components 110/21/2 m.h.

3. Binder OK-3 composition: ED-20 // amine hardener "Amikrost" // accelerator "Agidol"
with pigment "red FEPREN TP-303" with a ratio of components 100 // 21 // 3 m.h.

After kneading, the colored epoxy compositions were poured into molds and cured at a
temperature of 1400C for 4 hours, followed by slow cooling to 400C.

It was found that relative to the original unpainted blades (Fig. 2), the blades from the
OK-1 and OK-2 compositions with organic dyes retained a slight staining, apparently due
to insufficient thermal stability of the dyes or chemical reactions with their participation
(Fig. 3 and 4).

Fig. 3. Cured blades from OK-1 with methylene blue dye
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Fig. 4. Cured blades from OK-2 with the dye "rhodamine C"

The blades based on the epoxy composition OK-3 dyed with pigment “red FEPREN
TP-303” showed good thermal stability of the color (Fig. 5).

L

Fig. 5. Blades from OK-3 with the pigment "red FEPREN TP-303".

In order to clarify the effect of the pigment on the mechanical properties of the epoxy
binder, tensile tests of the blades were carried out on a tensile testing machine to obtain the
values of the tensile strength, modulus of elasticity and relative elongation of the samples
according to GOST 11262-2017. We compared the mechanical properties of the blades
from the epoxy composition without the addition of pigment and the blades from the
colored composition OK-3. Both batches of samples included 6 blades.

The shape and geometric dimensions of polished samples of blades made of epoxy
binders, obtained by free casting into silicone molds, are shown in (Fig. 6).
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blade width b - 16mm, blade thickness h - 2mm and total length - 86mm.
Fig. 6. Blade sample according to GOST 11262-2017.

According to the results obtained during the tests (tables 2 and 3), it was shown that the
pigment, made in an amount of up to 0.5 mass parts, has no or little adverse effect on the
cured epoxy composition.

Table 2. Mechanical properties of blades based on unpainted epoxy composition

Ne blade sample cp, MPa E, GPa €p, %
1 83,47 3,29 1,53

2 83,22 3,36 2,00

3 83,07 3,30 1,86

4 81,98 3,30 1,40

5 81,97 3,36 1,70

6 80,66 3,38 1,39
Average value 82,39 3,33 1,65

Table 3. Mechanical properties of blades based on pigmented epoxy composition OK-3

Ne blade sample op, MPa E, GPa €p, %0
1 82,17 3,32 1,73

2 80,68 3,28 1,67

3 84,33 3,31 1,75

4 80,88 3,27 1,68

5 79,87 3,33 1,62

6 81,21 3,33 1,63
Average value 81,86 3,31 1,68

Thermal-oxidative resistance of cured compounds

To assess the effect of the pigment on the thermal and oxidative stability of the epoxy
composition, a thermogravimetric analysis was carried out in air for unpainted and dyed
samples, from the results of which it can be seen that the loss of 5% of the weight of the
dyed composition occurred at 354.10C, while in the original composition such a weight loss
is observed at 327.20C (Fig. 7).
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Fig. 7. Thermogravimetric curves for cured painted and unpainted epoxy compositions

From a practical point of view, this advantage in terms of the thermal and oxidative
resistance of the painted samples is important, since during the pultrusion process, the
polymerizers through which the rod of the future composite reinforcement passes are
heated to high temperatures (300 °C), and in the event of an abnormal stop of the line,
overheating of the composite is possible.

Alkali resistance of painted composites.

The study of the effect of red pigment on the alkali resistance of cured epoxy materials
was continued on glass-composite reinforcing bars with a diameter of 10 mm obtained by
pultrusion (Fig. 8). Painted and unpainted reinforcing bars were kept in a 40% aqueous
solution of alkali (NaOH) at 60°C for 30 days, and then their mechanical tensile properties
were determined. The test results are shown in tables 4 and 5, which show that the painted
composite rods, compared to unpainted rods, have slightly, by 3.5-4%, higher tensile
strength and tensile modulus. Obviously, this is due to the strengthening role of the finely
dispersed iron oxide pigment.
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A f
Fig. 8. Samples of glass-composite reinforcing bars obtained on the basis of colored and uncolored

epoxy binder
Table 4. Mechanical properties of unpainted reinforcing bars
Saglpl Nominal N;I(I)lslg_al Worzll?tn Tensile Tensile Relative
numbe diameter, sectional linp h strength, | modulus, | extension
mm ) gth, MPa GPa , %

r area, mm mm

1 9,44 69,99 380 1251,50 58,51 4,4

2 9,44 69,99 375 1204,50 58,13 4,6
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3 9,44 69,99 377 1234,49 58,27 4,4
4 9,44 69,99 377 1212,70 58,17 4,5
5 9,44 69,99 375 1312,51 59,01 472
6 9,44 69,99 380 1257,58 58,61 4,3
Average value: 1245,55 58,46 4.4
Table 5. Mechanical properties of painted reinforcing bars
Nominal . Working Tensile Tensile Relative
Sample . Nominal part .
number diameter, area. mm? i strength, modulus, extension
mm ’ v MPa GPa %
1 9,44 69,99 380 1324,52 60,95 43
2 9,44 69,99 375 1312,85 60,83 4,1
3 9,44 69,99 377 1266,15 60,48 4.3
4 9,44 69,99 377 1254,01 60,39 4,7
5 9,44 69,99 375 1359,55 60,98 4,2
6 9,44 69,99 380 1287,97 60,52 4,2
Average value: 1300,86 60,60 43

The obtained results indicate that the developed method of painting is promising for the
production of painted reinforcing bars intended for design or domestic purposes, as well as
for marking branded building composite reinforcement, the color of which will indicate an
increased alkali resistance of the reinforcement.

5 Conclusions

Thus, the study showed that the coloring of hot-curing epoxy binders with a finely
dispersed iron oxide red pigment leads to an increase by 7.5% in the thermal and oxidative
stability of the material and a slight increase, by 3.5-4%, in the strength and tensile modulus
of tensile strength of glass composite reinforcement based on the same binder.
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