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COMPOSITES BASED ON FLY ASH WITH DIFFERENT

POLYMER MATRIXES

Burshtyn TPP generates electricity through coal combustion, which produces significant volumes of

ash, which are accumulated and amount to approximately 40 million tonnes. One of the promising areas of
utilisation of this ash is its use in the production of polymer composite materials (PCM). The key aspect in this
process is the choice of a polymer binder as a matrix, which determines the main characteristics of PCMs,
such as strength, stiffness, thermal and chemical resistance, etc.

The combination of fly ash and a polymer matrix results in a material with improved mechanical and
thermal properties compared to traditional materials. The ash component provides heat resistance to the
composite, while the polymer matrix adds flexibility and durability.

The use of traditional plastics in the creation of composites leads to an increase in the energy intensity of
PCM production due to the significant consumption of thermal energy to convert the polymer into a melt to
optimise the mixing process. Therefore, we propose to use a polymer matrix in the form of aqueous polymer
dispersions in the development of composite materials. This simplifies and reduces the cost of production of
polymer composite materials.

A technology for the production of polymeric composite materials (PCM) is proposed, which includes
several stages: mechanical activation of the filler and polymer matrix, forming of blanks and their drying, heat
treatment of blanks with subsequent cold pressing.

The process of forming the composite structure and the peculiarities of interaction in the ash-polymer
matrix system were studied. The influence of different types of polymer binder on the formation of the porous
structure and physical and mechanical characteristics of composites at high filler concentration was evaluated.
The possibility of adjusting the properties of composites in a wide range was demonstrated: water absorption
Sfrom 4.2% to 10.9%, open porosity from 6.03% to 18.40%, Young's modulus from 1.6 MPa to 60.6 MPa.
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Introduction. Polymeric composite materials
(PCMs) are aunique class of composites that consist of
a polymer matrix and fillers. These materials acquire
a set of properties by combining the advantages of
both the matrix and the filler. They are widely used
in various industries such as aerospace, mechanical
engineering, construction, electronics, sports goods
and others.

The choice of starting materials for the production
of composites for various purposes is the subject of
many studies [1-2]. In particular, an important aspect
of consideration is the possibility of using secondary
products and waste from various industries as fillers [3—4].

Among the large amount of waste from the thermal
power industry, a special place is occupied by ash and
fly ash [5].
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Coal combustion at thermal power plants in
Ukraine produces 7-9 million tonnes of ash and
slag annually (50 to 200 grams of ash per 1 kWh of
electricity produced) [6], including about 40 million
tonnes of ash accumulated at Burshtynska TPP [7].

A promising area of utilisation of TPP fly ash is
its use for the manufacture of polymer composite
materials. In this case, the choice of a polymeric
binder as a matrix is of great importance, as it plays
a key role in determining the properties of PCM and
determines such characteristics as strength, stiffness,
resistance to temperature, chemical resistance, etc.

Fly ash and polymer matrix composites have
attracted considerable attention due to their unique
properties [8—10]. The combination of ash and
polymer matrix results in a material that has improved
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mechanical and thermal properties compared to
traditional materials. The fly ash component provides
the composite with inherent heat resistance, while the
polymer matrix provides flexibility and durability.

There are studies [ 11] on the creation ofa composite
using up to 40 wt.% of fly ash and household waste
PVC as a matrix. It is indicated that the mechanism
of surface phenomena at the interface in the fly
ash — PVC system is adhesion. Similar results were
obtained when creating a composite with up to
40 wt.% fly ash when using LDPE as a matrix [12].

However, the use of polymeric binders in the form
of plastic masses (PM) in these works increases the
energy intensity of the manufactured composites,
since a significant amount of thermal energy is
consumed to convert the PM into a melt.

In this regard, studies on the creation of
composites using polymeric binders in the form of
aqueous dispersions, which simplify and reduce
the cost of manufacturing PCM, are of particular
interest [13]. In this direction, the present work was
carried out, the purpose of which was to identify the
features of the structure and properties of polymeric
composites based on fly ash during the differentiation
of polymeric binders.

Objects and methods of research. A set of
physicochemical methods for analysing and testing
properties was used in the study.

The mineralogical composition of ash
microspheres and the quantitative ratio between
phases were determined by X-ray structural analysis
using a DRON-3M diffractometer (CuKa radiation,
voltage 40 kV, current 20 mA, speed 2 degrees/min).
The surface of the samples was examined using an
optical microscope with an H5D digital camera. IR
spectra in the range of 4000-400 cm-1 were recorded
on a Specord IR-75 spectrophotometer (manufactured
by Carl Zeis, Germany).

The parameters of the porous structure were
determined on evacuated samples by the low-temperature
N, adsorption-desorption = method (T=-196°C)
(Quantachrome NOVA-2200¢ Surface Area and Pore
Size Analyzer, USA). The results were processed using
the ASiQwin™ V 3.0 software. The specific surface area
(Sggr » m? /g) was measured by multipoint BET method
(Brunauer-Emmett-Teller) [14]. The total pore volume
(V,, cm?®/g) was calculated using the maximum adsorbed
volume of nitrogen at a relative pressure P/P ; of 0.99.

The volume of micropores (V,,, cm’ /g) was determined
by the t-plot method, and their percentage was calculated
using the following formula:

Vi, % = (Vi /VY )*100% (1)

The mechanical properties of ’deformation-
loading” diagrams under uniaxial compression were
studied at room temperature using an automated
arrangement consisting of IMAIII-20-78, analog-
digital converter (ADC), personal computer (PC),
and connecting cables. The measurements were
performed in a vacuum of 10-5 Torr [15].

The technology of manufacturing a composite
based on the polymer-filler water dispersion system
consisted of the following operations:

— mechanical activation of the filler and polymer
matrix in a ball mill (20 minutes);

— forming of blanks (by mould volume) and their
maturation (48 hours at room temperature);

— heat treatment of the workpieces (gradual
increase in temperature and holding for 1 hour at 80°C);

— cold pressing of cylindrical samples with a
diameter of 10 mm. The object of study was composite
materials based on water polymer dispersion — filler
systems. The fly ash from Burshtynska TPP (Ash)
(Ukraine) was chosen as a filler.

Aqueous dispersions of Latex 2012 copolymer
and Policril 590 polymer were used as a matrix for
the composite (Table 1).

Table 1
Characteristics of binders
Featur Indicators.
catures. Latex 2012 | Policril 590
. - Styrene- .
Chemical composition butadiene Acrylic

Styrene content, %.

30 -

Physical condition

White aqueous

White aqueous

dispersion dispersion
Dry matter content, %. 51,0 53,5-55,0
Particle size, nm 140 200
Viscosity, MPa-s 200 <1000
pH 5.5 5575
Temperature (MTU), °C <5 0

According to the chemical composition (Table 2),
the ash is acidic and is characterised by a quantitative
ratio of SiO oxides :, Al O,; = 2.6, and a content of
alkaline earth and alkaline oxides of 22.2 %.

Table 2
Chemical composition of raw materials
Sample of fly ash i Of&ide content, wt.%.
SiO2 Al 023 Fe 023 TiO2 | CaO MgO SO3 K02 n.p.
Burshtynskaska 46,12 18,00 22,17 1,78 4,03 1,46 0,21 2,10 1,49
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Fig. 1. Diffractogram of fly ash from Burshtynska TPP: v-quartz, +-mullite, x-haematite

Table 3
Characteristics of the pore structure of composite materials of the waterdispersion — ash system
Indicators
Dispersion | Ash concentration, Water ab " A densit
mark C, wt. % ater absorption o o veragedensity,
o after 24 h, % Open porosity, % Total porosity, % o/cm’
65 42 6,03 18,04 1,44
. 75 4,6 7,07 21,19 1,54
Polieril 590 85 7.8 12,50 21,74 1,56
90 10,3 16,23 22,06 1,57
65 72 9.17 13,74 1,28
75 7,3 11,61 17,17 1,52
L 2 12 b bl b b
atex 20 85 8.5 12,90 18,21 1,59
90 10,9 18,40 22,62 1,68

The analysis of the mineralogical composition of
the studied ash showed that the sample of fly ash from
Burshtynska TPP is characterised by the presence
of glassy phase and crystalline phases of quartz,
hematite, and mullite (Fig. 1).

Experimental part. The studied compositions
provided for a high concentration of fly ash as a filler
from 65 to 90 wt. % (Table 3).

It has been established that the obtained
compositions differ in the characteristics of the pore
structure, evaluated by physical and mechanical
parameters, with obvious differences related to the
type of polymeric binder used.

Thus, the indicators of water absorption and open
porosity reach a minimum at an ash concentration
of 65 wt. %, but differ quantitatively depending on
the type of polymer binder. These indicators for
the system with Latex 2012 are 7.2 % and 9.17 %,
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respectively, and for the system with Policril 590,
4.2 % and 6.03 %, respectively.

In the same range of changes in filler concentrations
C = 6590 wt. % when using Latex 2012 in
comparison with Policril 590, the total porosity values
are 13.74-22.62 % vs. 18.04-22.06 %.

The results of optical microscopy were a clear
confirmation of these features of the pore structure
of composites based on the studied systems (Fig. 2).

An important stage of the work was the analysis
of the energy state of the surface of the filler particles
as a factor in the degree of interaction with different
types of polymer binder.

When studying the structure of composites
according to the modified de Boer classification, the
nitrogen sorption isotherms (Fig. 3) on the materials
under study belong to type II (b) isotherms [16].
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Ash 65 % + Policril 590

Ash 65 % + Latex 2012

Ash 85 % + Latex 2012

Fig. 2. Optical analysis of the pore structure of composites

1-Fly AshB
94 2 - Policril 590 + Fly Ash B
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Fig. 3. Adsorption-desorption isotherms of N2
of 1 — Fly Ash B, 2 — Policril 590 + Fly Ash B,
3 — Latex 2012+Fly Ash B

The narrow hysteresis loop on the isotherms is caused
by capillary condensation in the ash structural elements.
In addition, the narrow hysteresis indicates the presence
of micropores. The calculated parameters of the porous
structure of the samples are given in Table 4.

Thus, the particles of the filler — fly ash with a
developed surface intensively interact with the matrix —
Policril 590. This is confirmed by a 5-fold decrease in the
specific surface area of the particles of the composition
of ash + Policril 590 compared to the original ash.

When using the copolymer Latex 2012, the specific
surface area of the composite particles decreased by
1.2 times.

The results of infrared spectroscopy correlate
with the above data. When analysing the interaction
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Characteristics of the porous structure

Table 4

Samples BET Total porevolume Micropore volume Average pore size;im
specific surface, m/g? | at P/P,=up to 1, cm /g3 see/g’
Ash 3,10 13,6%10° 1,56*10* 8,79
Ash + Policril 590 0,80 1,76%103 4,52*%10* 4,39
Ash + Latex 2012 2,64 1,61%103 3,54*10* 1,21

Transmittance, |, %

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber, v, cml

Fig. 4. a. Infrared spectroscopyof samples:
1 — Policril 590, 2 — Ash, 3 — Ash + Policril 590

between the filler and the binder (Fig. 4. a, curve 1),
it was found that the acrylic dispersion of
Policril 590 has an absorption band at 1670 cm™ ,
which corresponds to the monomeric links of
acrylate [17]. This band is the result of asymmetric
and symmetric valence vibrations of C=0O in the
carboxyl group. The absorption band at 1435 cm™!
reflects the vibrational vibration of the C=C bond,
and the bands at 1100 cm™ indicate the presence of
the CH bond [18].

In the Policril 590-Ash system (Fig. 4. a, curve 3),
changes in the curve are observed, indicating the
interaction between the components. The formation of
a small absorption band at 2250 cm™ , corresponding
to the C=C bond, and at 1720 cm™ , characteristic
of the C=0 bond of the polymer, in addition to their
slight displacement, indicates the interaction of the
Policril 590-Ash system.

Regarding the IR spectrum of the styrene-
butadiene dispersion Latex 2012 (Fig. 4. b, curve 1),
the saturation band at 2980 cm™ corresponds to the
CH bond in the aromatic ring, and the saturation
band at 1525 cm™ indicates the presence of the
ring itself. The absorption bands at 2852 cm™ and
1500 cm™ indicate the presence of the CH, group and
the styrene double bond [19].

For the composite material based on the Latex
2012-Ash system (Fig. 4. b, curve 3), a decrease in
the intensity of the peak at 2980 cm™! with its shift to
2910 cm™ and the disappearance of the peak at 1720 cm'!
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Fig. 4. b. Infrared spectroscopyof the samples:
1 - Latex 2012, 2 — Ash; 3 — Ash + Latex 2012

was detected. These changes indicate an intermolecular
interaction between the styrene-butadiene dispersion
and the ash from Burshtynska TPP.

The revealed structural features of the studied
composites result in significant changes in their
mechanical properties. Thus, in particular, when
determining the Young’s modulus associated with
the elasticity characteristics of the material (Fig. 5),
a significant effect of the polymer matrix on the
properties of PCM can be observed.
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Fig. 5. Dependence of Young’s Modulus on ash
concentration for the systems: Ash + Policril 590 (1),
Ash + Latex 2012 (2)

As can be seen, PCMs based on styrene-butadiene
aqueous dispersion are characterised by significantly
higher strength values. Their Young’s modulus ranges
from 29.3-60.6 MPa compared to 1.6—-10.2 MPa for
acrylic dispersion.
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The analysis of the obtained characteristics of the
mechanical properties of the experimental composites
determines their possible scope of practical use.

Conclusions:

1. The use of thermal power waste as a filler is a
promising area for expanding the raw material base
for the production of polymer composites.

2. In the development of new composites with a
high content of fly ash from thermal power plants, it
is important to take into account the peculiarities of

their composition and the energy state of the surface
as a factor of interaction with different types of
polymer matrix.

3. The test results indicate the possibility of
adjusting the properties of polymer composites by
varying the types and concentration of the polymer
matrix. It is noted that the range of changes in property
indicators includes: water absorption from 4.2 %
to 10.9 %, open porosity 6.03—18.40 %, Young’s
modulus from 1.6 MPa to 60.6 MPa.
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Menbnuk JLIL., Yepusk JLIL, €snak B.B. KOMIIO3UTHU HA OCHOBI 30JIU1 BUHOCY
3 PI3BHOBUJAMM IMOJIMEPHOI MATPHUIII

11i0 wac seupobnuymea enexkmpoenepeii na bBypumuncoxiti TEC, 6 pesynomami cnanio8anus Gyeinis,
VMBOPIOIOMbCA 3HAUHI 00CA2U 307U, WO HAKONUYYIOMbCA Md CMAHO8IAMb Npuonuzno 40 minvlioHie mom.
O0HuM 3 nepcnekmusHUX HANPAMKI8 Ymunizayii yici 301u € il 6UKOPUCMAHHS Y 8UPOOHUYMBT NOTLIMEPHUX
Komno3zuyitinux mamepianie (IIKM). Knrovoeum acnexmom y ybomy npoyeci € 8ubip noiimeprHoco 36 s3y104020
AK mampuyi, wo euzHadae ocHoeHi xapakmepucmuxu [IKM, maxi ax miynicmo, sHcopcmkicms, mepmiuHa ma
XimMiuHa cmiukicms ma iHui.

THoeonanna 3onu ma nonimeproi mampuyi npu3go0ums 00 CMEOPEHHA Mamepiany, wo GIOpI3HAEMbCA
NOKpAueHUMU MEXAHIUHUMU MA MEePMIYHUMU XAPAKMEPUCIMUKAMU NOPIBHAHO 3 MPAOUYIIHUMU MAMepPIaidmu.
3onbHuli Komnonenm 3abesneuye mMepmMoCcmiluKicms KOMNO3UMY, 6 MOl 4ac AK NONIMePHA Mampuys 000de
SHYUKICMb | 008208I4UHICb.

Buxopucmanna mpaouyiiiHux niacmuyHux mMac npu CmeopeHHi KOMNO3Umis npuzeoo0ums 00 30i1bueHHs
enepeoemnocmi supoonuymaea [IKM uepes 3naune cnodxcusants meniogoi enepeii 0Jis nepesedents noiimepy
6 posnjias 0jis onmumizayii npoyecy smiutysanus. Tomy Hamu 3anpoNOHOBAHO BUKOPUCTIOBYEAMU NOTIMEPHY
mampuyio y eu2isioi 600HUX OUCNePCill noaimepie npu po3podyi komnosuyitinux mamepianis. Lle cnpowye ma
30eesnoe MmexHoN02i10 UPOOHUYMBA NOTIMEPHUX KOMNOUYIIHUX MAmepiais.

3anpononosano mexnonozito 8upobHUYmMEa norimeprux Komnosuyitnux mamepianie (I1IKM), wo exirouae
KiIbKA emanie: MexaHoakmusayilo Hano8HI8ayd ma noiimMepHoi mampuyi, popmyeanHs 3a20Mmo8oK ma ix
BUCYULYBAHHS, MEPMOOOPODKY 3a20MOBOK 3 HACHYNHUM XOLOOHUM NPECy8aAHHAM.

Busueno npoyec opmyeanns cmpykmypu KoMRosumy ma o0coOnugocmi 83aemodii 6 cucmemi 301d-
nonimeprna mampuys. I[IposedenHo oyiHKy 6naugy pizHUX Munié NoiiMepHo20 38 A3V104020 HA (opmyeaHHs
nOpucmoi cmpykmypu ma Qi3uko-mexanHiyHux Xapakxmepucmux KOMRO3UMI8 npu GUCOKIll KOHYeHmpayii
Hanoguioeaud. J{emMOHCMPOBAHO MOJICIUBICIb PE2YIIOGAHHS  GIACINUBOCMEN KOMNO3UMIE 6 WUPOKOMY
dianaszoni: sodonoanunants 8io 4,2% oo 10,9%, siokpuma nopucmicms 6io 6,03% 0o 18,40%, moodyae Onea
6io 1,6 MIla oo 60,6 Mlla.

Knwuosi cnoea: xomnosum, HanogH08ay, 301a 6UHOCY, NAMEKC, CKIA0, CMPYKMYpd, Qi3uKko-mexaniyHi
61aCMU8oCmi.
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