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Abstract. The results of the use of chemically precipitated chalk as an active
highly dispersed filler in compositions based on epoxy oligomers are presented.
Used chemically precipitated chalk (original and hydrophobized), obtained by
precipitation, dehydration, drying and classification of sludge from the chemical
water treatment plant. To achieve the homogeneity of composites, two methods
of preparing the reaction mixture for curing are considered: the introduction of
the filler initially into the epoxy oligomer and the introduction of the filler into
the amine hardener. Depending on the method of filler introduction and its
concentration in the binder (0.5–5.0% of the mass of the epoxy oligomer), the
developed formulations can be recommended for obtaining adhesives and
coatings, as well as as structural composites. To study the mechanical properties,
the method of determining the microhardness was used, which made it possible
to evaluate the effect of the size of the filler particles and to carry out a com-
parative assessment of their effectiveness with small amounts of carbon-
containing nanofillers (0.005–0.5%).
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chemical water treatment of thermal power plants � Active filler �Microhardness

1 Introduction

Epoxy oligomers are the most common and effective thermosetting binders for creating
a wide range of composite materials, and, by their functional purpose, composites
based on them are almost the most numerous and diverse [1–4]. The production of
epoxy polymers from oligomers is combined simultaneously with the production of
composite materials based on them using a large number of different modifiers,
including fillers [5–7]. The method of modification by filling, that is, the so-called
prescription method of modification, at first glance, seems very simple, but from the
point of view of reasonable and purposeful implementation of such modification, it is
quite complex, sometimes not predictable. The fact is that the processes of formation of
filled epoxy polymers depend on many factors. The most important of them [8] are:
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– adsorption of oligomers by the surface of fillers and therefore the occurrence of
blocking of some functional groups involved in the curing reaction;

– selective adsorption of the oligomer and hardener is possible, which can lead to
changes in the stoichiometry of the components during the curing process;

– finally, the chemical nature of the filler itself can also affect the kinetics and
direction of the curing reaction in different ways.

All these factors can be ambiguous depending on the size of the filler particles, their
concentration, and, finally, on the degree of uniformity of the distribution of filler
particles in the oligomer matrix and subsequently in the polymer composite matrix.

Most often, epoxy polymers are modified with fine mineral and organic fillers, and
mineral fillers have a predominant application. Of course, fillers from technogenic
waste are always attractive [9, 10] because of their low cost and energy saturation. One
of the areas of interest in this regard is the sludge of chemical water treatment of
thermal power plants, the volume of which is tens of thousands of tons. After certain
processing, they can be effective in the production of various types of construction
products of inorganic and organic nature [11]. It is obvious that the processed fine
sludge of chemical water treatment can be used as a dispersed filler in the composition
of epoxy building composites.

2 Methods and Materials

In this paper, we studied samples of epoxy composites with the use of chemical water
treatment sludge of thermal power plants as fillers. Epoxy-bisphenol resin brand ED-
20, amine hardener polyethylene polyamine (PEPA) in the ratio 100 m. p. of the resin
and 15 m. p. of hardener are taken as the starting components. A two-stage mode of
distraction was adopted: 24 h at a temperature of 20 ± 2 °C and 8 h at a temperature of
80 °C. Samples of different geometric sizes and shapes were prepared for the following
test methods: Vickers microhardness (according to GOST R ISO 6507-1-2007; adhe-
sive joint strength on separation (rbreakage) according to GOST 14760-69. The amount
of gel fraction of cured epoxy polymers was determined by extraction method
according to GOST R 56782-2015. Changes in the deformation behavior of the
samples were evaluated using thermomechanical compression curves (TMC) obtained
on the device with the Masterscada software. Measurements were performed on
samples in the form of cylinders 3 mm thick and 8 mm in diameter at a constant
compressive load of 3 N and a temperature increase rate of 3 °C/min. The glass
transition temperature (Tg) was estimated from the transition point on the curve from
the glassy to the highly elastic state. The high-elasticity modulus (H) and the mesh
density parameters (t) were calculated based on the data of the relative deformation of
samples in the high-elastic area (from TMC).

Two grades of chemically precipitated chalk (CPC) “Poly-filler” corresponding to
TC 2169-001-06961628-2017, obtained by precipitation, dewatering, drying and
classification of chemical water treatment sludge were used as fillers: without treatment
and hydrophobized with stearic acid. In terms of mineral composition, they contain
about 98% calcite. By chemical composition, the most significant oxides are CaO
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(more than 46%), MgO (3.56%) and Fe2O3 (almost 5%). The average size of the filler
particles is 15.05–15.80 microns.

In this work, two types of mixing sequences of components were used for the
preparation of samples:

1. ED-20 epoxy resin + filler + PEPA hardener;
2. PEPA hardener + filler + ED-20 epoxy resin.

The amount of filler in the composition varied from 0.5 to 5% by weight of the
epoxy oligomer.

3 Results and Discussion

At the first stage, the technological properties of epoxy binders were evaluated when
the filler was introduced. Fillers were introduced into the binder components using two
different mixing methods and mixed until they were evenly distributed in a viscous
oligomeric medium. The gelation time (in hours) was estimated. As an example, in
Table 1 data for the epoxy binder filled with CPC and CPChydro, combined with two
options of mixing are given.

From these data, it follows that the gelation time during the introduction of the filler
is significantly reduced, that is, the formation of the polymer mesh structure is faster.
However, the conversion rate remains almost at the level of the control samples with a
slight tendency towards lower values for samples with hydrophobized chalk obtained
by the second combination option. It is obvious that there is a predominant adsorption
of hardener molecules on the filler surface, rather than molecules of the epoxy oligo-
mer. At the same time, the orienting influence of the filler helps to accelerate the

Table 1. The gelation time and the degree of conversion of the epoxy binder filled with CPC
and CPChydro.

Filler content,% Gelation time, hour Content of the gel
fraction, %

1 variant 2 variant 1 variant 2 variant

Control 1:32 98.7
CPC
0.5%
1.5%
3%
5%

00:27
00:30
00:27
00:21

00:26
00:29
00:22
00:19

98.96
98.52
99.81
98.99

99.72
99.25
98.04
93.40

CPChydro

0.5%
1.5%
3%
5%

00:35
00:29
00:28
00:25

00:30
00:29
00:28
00:25

99.18
98.93
98.14
96.59

93.51
91.92
94.84
94.76
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interaction of functional groups. However, the presence of a hydrophobizer probably
leads to the formation of a structure with a lower cross-linking density.

It should also be noted that the initial viscosity of the composition after combining
all the components is lower in the second variant of the binder preparation.

The main method for evaluating mechanical properties was to determine the
microhardness of samples, which allowed evaluating simultaneously the uniformity of
the distribution of filler particles in the matrix of the curing epoxy polymer. In Table 2
the main mechanical and thermomechanical properties of samples with an optimal
concentration (3% by weight) are given according to the set of main indicators obtained
for the first variant of combining components.

From the data in Table 2 it follows that the presence of the filler is accompanied by
a decrease in the value of highly elastic deformation and, accordingly, an increase in
the density of the nodes of the mesh structure of the samples. The highest values of
mechanical properties of filled samples are also observed.

4 Conclusion

Thus, comparing the overall results of changes in technological properties and per-
formance indicators, we can say that in the presence of chemically precipitated chalk
and hydrophobized chemically precipitated chalk from chemical water treatment
sludge, the properties of epoxy composites are at the level of control samples, and
higher in a number of indicators. In the previous works of the authors [12, 13], a fairly
high efficiency of using small amounts of carbon nanostructures in similar basic for-
mulations of epoxy polymers obtained under the same temperature-time curing con-
ditions was shown. However, taking into account the high cost of nanoadditives, as
well as their tendency to aggregate in a viscous oligomer medium, it can be concluded
that both from the point of view of technological modes of combining and curing the
polymer, and from the point of view of ecology and economy, it is preferable to use
fine chemically precipitated fillers from the sludge of chemical water treatment from
thermal power stations.

Table 2. Indicators of optimal formulation of epoxy composites.

Type of filler rbreakage, kPa Microhardness,
kg/mm2

Tg, °C H, MPa t, mol/g

Control 12 15.5 97 34 2.6ˑ10−5

CPC 20 19.3 94 47 3.3ˑ10−5

CPChydro 23 21.9 124 65 6.2ˑ10−5
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