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The purpose of the investigation was to study the behavior of mechanically activated fly ash
filler containing carbon in a polymer matrix of polyethylene terephthalate (PET). By means of the
methods of optical and electron microscopy the change of physical and chemical properties of
fly ash after intensive grinding in planetary mills of centrifugal type was considered. The research
showed that mechanically activated filler, in contrast to its non-activated analog, structures the
polymer matrix and provides improving the characteristics of the composite material.
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3epTTey MakcaTbl — MOAUITUAEHTepedTanaTTbl MOAUMEPAI MaTPULLACbIHAA KemipTeri
6ap, MexaHWKanblK bGenceHAipinreH ywna Kyn TOATbIPFbIWbIHLIH, KacueTiH 3epTTey.
ONTUKaNbIK aHe 3N1eKTPOHAbl MUKPOCKOMWUA 3AicTepi KemerimeH UeHTpAeH Tenkiw KyLw
TUNTeC NAaHeTapnbl AWipMeHAepAe KapKblHAbl ycakTayAaH KeWliHri ywna KynaiH ¢usuka-
XUMUANBIK KacueTTepi 3epTTeniHai. COHbIMEH KaTap, YLWKbIW KYAAIH OCbIHAAN MeXaHWUKanbIK,
eHAeyAeH KeliH nonnmatuneHtepedTanaTTbl NOAMMEPIi ManTepuangapfa TONTbIPFbIW peTiHAe
KONAaHbIly MYMKIHAIM KapacTbipblngbl. MexaHUKanblK ©HAENreH XoHe eHAeNMereH Kynai
TONTbIPFbIWTAPbl 6ap noaumepni matepuangapAblH MexaHUKanblK 6epikTiri, cyabl ciHipy
KabineTi KaHe KbIWKbIAFA TO3IMAINIr 3epTTeniHin, CcanbiCTbipManbl Tanzay KacanblHAbl.
3epTTeynep  HITUXKECIHO4E MeXaHWKANbIK benceHpipinreH TONTbipFbiw 6GenceHgipinmereH
aHaNorbIMeH canbICTbipFaHAa NOMMeEPi MaTPULLAHbIHbIH, KYPbI/IbIMbIH TY3iM, KOMNO3ULMOHAbI
maTepuanAbliH cunaTTamanapbiH }KaKkCapTKaHbIH KOPCEeTTi.
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Llenblo nccnefoBaHUA 6bl10 M3yYeHMe NOBEAEHUA MEeXaHUYeCKM aKTUBUPOBAHHOTO
Hanmo/sHUTENA  30/bl-yHOCa, COAep)Kallero yriepoa, B MNOJUMEPHOW  maTpuue w13
nonuatuneHtepedtanata (NITP). C nomowbild MeTOAOB ONTUYECKON W 3INEKTPOHHOMN
MUKPOCKOMUM PaccMaTpMBaNOCh U3MeHeHWe (UINKO-XMMUYECKUX CBOMCTB 30Jbl-yHOCA
nocsie WMHTEHCMBHOTO MW3MesbYeHWA Ha MAaHeTapHbIX MesibHULAX LeHTpobexkHoro Tuna,
a TaKXXe BO3MOMHOCTb WCMONb30BAaHUA JeTydyel 30/bl NOCAEe TaKOM MexaHU4YecKomn
06paboTkM B KauyecTBe HAMOAHWUTENA AAA NOAMMEPHOro MaTepuasna, npefCcTaBAeHHOro
nonvaTuneHtTepedTanaTom. bbiAu M3yyeHbl U COMOCTABAEHbl MexaHU4Yeckas MPOYHOCTb,
BOZOMNOMIOLWEHNE U KUCAOTOCTOMKOCTb NOAMMEPHbIX MaTePManoB, HaMoJHEHHbIX MeXaHUYeCKu
06paboTaHHbIM M HeobpaboTaHHbIM 30/IbHbIMU HAMOAHUTENAMU. MccnenoBaHUA NMOKasanw,
YTO MEeXaHW4YeCKW aKTUBMPOBAHHbIM HaMONHUTENb, B OTWYME OT €ro HeakTUBMPOBAHHOTO
aHasnora, CTPYKTypupyeT NMoAvMepHyo mMatpuuy v obecneymBaeT yaydlleHWe XapakTepucTuk
KOMMO3MLMOHHOro MaTepuana.

Kniouesble €/10Ba: 30/1a YHOCA; MeXaHWYECKasn akTUBALMA; HANONHUTENb; NONMMEPHbIe
maTtepuans.
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1. Introduction

In recent years, polymer-based compositions have found
wide application in various branches of industrial and civil
construction; it makes high demands on both the performance
characteristics and the decorative properties of the polymer
material. Generally, the properties of polymers depend not only
on the properties of the polymer matrix but also on the
properties of the filler. Nowadays, there are lots of fillers that
provide the required properties of the composite. In addition to
well-known various minerals such as gypsum, talc and
carbonates [1, 2] for a long time the household waste, such as
eggshells [3-6], rice husks [7], coconut husks [8]) and as well the
industrial wastes, ash and slag of energy enterprises [9-13],
sawdust and wastes from pulp mills [14, 15, 16], etc. are used as
fillers. In this case application of fly ash as filler is beneficial not
only from the economic site but also from the environmental
perspective due to the
environmental load [17].

However, the amount of the utilized ash is much less than
the number of its producers, which is associated with high
content of harmful compounds including unburned carbonin fly
ash composition. This fact limits the applications of fly ash in a
high-capacity production of building materials, including
cement, concrete, bricks, etc. Due to this reason there is a

reduction of the man-caused

necessity to develop alternative research technologies where
can fly ash will be also used. The purpose of this work is studying

the applicability of ash and slag wastes of Kazakhstan thermal
power plants as filler for polymer matrix based on polyethylene
terephthalate (PET).

2. Experiment

Coal energy is predominating in the Republic of Kazakhstan
with the share of about 70% in the general energy balance of
the country [18]. Power plants in Kazakhstan work with the
coals of different deposits but one of the most common is the
coal from the Ekibastuz deposit [18]. It was noted that the
technological scheme of coal combustion at thermal power
plants in Kazakhstan is based on the traditional scheme of joint
slag removal when combustion products, ash and slag,
discharged by water through common channels and stored in
one slag dump.

The description of fly ash from Ekibastuz coals are given in
monographs [19, 20] but the absence of references to later
literature sources was served as the basis for further carrying
out chemical and grain size analysis of the ash composition. The
results of the analysis are presented in Table 1 [21].

The fly ash (up to 95%) consists of oxides of silicon,
aluminum, and iron (Table 1) represented by quartz, mullite,
and hematite. The content of oxides of alkali and alkaline earth
metals in total is 2,3%, and the amount of carbon is more than
3%. In accordance with the standard [22], the ash material with
low carbon content (less than 1%) is classified in class F and

Table 1 — Data of the phase composition of fly ash from Ekibastuz deposit coal

sio, ALO, Fe,0, cao Mgo TiO,

K,0 Na,0 P,O, MnO so Lol

2 3

61,5 27,4 5,65 1,17 0,49 1,49

0,42 0,32 0,52 0,17 0,57 51
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recommended as filler for concretes which are resistant to the
impact of sulfate solutions and groundwater [23]. From the
results of the grain sizes’ analysis of the initial material, it
follows that the largest number of particles (more than 60%)
belongs to the class 0.25-0.1 mm. The total amount of other
particle sizes is about 40% or about 10% of each class
(Figure 1), which indicates the possibility of direct ash
processing in the mills-activators without the stage of
preliminary crushing.
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Figure 1 — The diagram of granulometric composition of ash
from Ekibastuz deposit coal

Mechanical treatment of ash was carried out in centrifugal
mill “Activator 2SL” (Russia) with the closest modes of obtaining
the fillers at industrial conditions (in contrast to [24]): the
activation time were 5, 10 and 15 min; the ratio of the material
mass to the grinding bodies mass was 1:2 and 1:4; rotated
speed of the drums mill was 400 rpm. Measurement of the
specific surface area before and after mechanical activation
was performed by BET method at the analyzer Sorbtometr-M
(Russia). The scanning electron microscopy (SEM) was carried
out in order to investigate the morphology of the samples
surface before and after mechanical treatment using the
scanning  electron microscope Quanta 3D 200i
Dual system, FEI.

Determination of carbon in fly ash material was carried
out by means of Raman spectroscopy using Solver Spectrum
device with 473 nm wavelength. Differential thermal analysis of
samples was carried out in order to study the phase
transformations using analyzer NEITZSCH STA 449 F3Jupiter, in
the temperature intervals up 20 to 1000°C, with a heating rate
of 20°C per a min. Polarizing microscopy was carried out in
order to study the behavior of fly ash filler in the polymer matrix
using the microscope Axio VERT1 with optical magnification
x100 and x200. In addition, a series of tests for obtaining the
composite material of the following composition were
conducted: PET, hardener (Butanox) and fly ash filler. The mass
ratio of mixture M (PET): M (fly ash) was 1:1. The polymer

material was poured into special forms of 2x2x2 c¢m size, with
subsequent vibratory compaction of the mixture. The drying
process of the samples was implemented at room temperature
for 10-12 h.

3. Results and Discussion

Nowadays, targeted improvement of the tribological
properties of polymers that combine excellent mechanical and
chemical resistant properties remains a major problem.
Effective management of these properties is achieved by
introducing into a polymer matrix of micro- and nanometer
sized fillers. However, expensive methods of synthesis of nano-
disperse-sizedfillers require asearch of alternative technological
solutions. The most acceptable from a technical and economic
point of view is the technology of mechanical activation.
Therefore, for averaging of particle size and increasing their
reaction activity, mechanical treatment of the fly-ash in a ball
mill of planetary type was conducted, which allows providing
uniform distribution of filler particles in the volume of the
binding agent.

After mechanical fly ash processing a large part of the
studied samples had the particle size of 5-15 microns. Larger
particles have almost never occurred. The decrease in particle
size accompanied by an increase in the specific surface area
from 1.3 m?/g to 3.6 m?/g.

The sizes of particles first influence the bulk density of fly
ash, and, therefore, the bulk density of mixture which contains
the ash. After mechanical treatment with different mass ratios
of the milled materials to the grinding bodies, the dispersity of
the particles increases and bulk density decreases for 15%. The
values of the bulk density of the fly-ash before and after
mechanical activation are shown in Table 2.

Table 2 — Specific bulk density of fly ash

Fly ash Bulk density g/cm?

Activated (1:2, 5 min) 0.593
Activated (1:2, 10 min) 0.581
Activated (1:2, 15 min) 0.573
Activated (1:4, 5 min) 0.568
Activated (1:4, 10 min) 0.561
Activated (1:4, 15 min) 0.557

Non-activated 0.657

It was found that the best characteristics
demonstrated by the samples of polymers with filler obtained
at the 15-minute mode of mechanical treatment when the mass
ratio of ash to the mass of balls was equal to 1:4. We used this
activation mode in our subsequent experiments.

The studied fly ash contained a large number of the
microspheres’ inclusions (Figure 2). However, after grinding the

were
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(b)

Figure 2 — SEM-analysis of fly ash: a) before mechanical activation; b) after mechanical activation
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Figure 3 — Raman spectroscopy of fly ash before (a) and after mechanical activation (b)

particles of microspheres got a fragmentary rough particle form
with a loose structure of surface due to covering the surface
with carbon in the mechanical activation process.

The structure of pointed duplet peaks of the Raman
spectra is shown at Figure 3 (a, b). It demonstrates the
characteristic peaks of crystalline carbon at D 1360 cm® and G
1583 cm™ wavelengths that correspond to graphite. However,
in a greater degree the peak at 1360 cm™ can be associated with
a defect of the carbon structure resulting from temperature
drop during ash cooling. The results of Raman spectroscopy of
crushed filler demonstrated the shift of peaks G and D carbon in
the low-frequency area with broadening the peaks indicating
uniform distribution of carbon. Sloping peaks D 1372.8 cm* and
for G 1581.8 cm™ (Figure 3 b) indicate the distribution of carbon
across the surface of the sample.

The carbon presence on the sample surfaces after
mechanical treatment was proved by the change of the contact
angle of wetting in aqueous solutions; the definition of which
was carried out by the method described in [24]. It is seen from

ISSN 1563-0331
elSSN 2312-7554

the results of measurements that before mechanical activation
the contact angle was ©=41°, and after mechanical treatment it
became ©=29°. The change in contact angle downward indicates
increase in hydrophilicity of the powder material, which can be
explained only by the presence of carbon on the surface of the
particles.

The view of curves of differential thermal analysis for non-
activated and activated samples (Figure 4 a, and b) has a
complex form characterized by the occurrence of parallel
processes. In the low-temperature area up to 200°C competing
reactions are taking place: the losses of adsorbed water from
the ash particles, and the start of carbon oxidation. For
non-activated fly ash sample, the mass loss was about 2.2%. At
the same time for the samples subjected to mechanical impact
mass loss in this temperature interval was negligible. It was due
to the fact that the process of mechanical reduction of particle
size was accompanied by increase of temperature of
particles over than 100°C that led to the loss of
adsorbed water.

Chemical Bulletin of Kazakh National University 2019, Issue 1(92)



32

The study of fly ash filler behaviour in the polymer matrix...

TG %

(@) o T

100.00
98.00
96.00

94.00

DTA /(uVimg)

T exo

0.100

0.000

100.0 2000 300.0 400.0

Temperature /°C

TG %

(b)

500.0 600.0 700.0 800.0

DTA /(pV/img)

1 exo

0.000
-0.020
, 1-0.040
-0.060
-0.080
-0.100

-0.120

-0.140

200.0

300.0

400.0

Temperature /°C

500.0 600.0 700.0 800.0 900.0

Figure 4 — DTA analysis of fly-ash: a) before mechanical activation; b) after mechanical activation

On the DTA curve of the mechanically activated samples
Figure 4 b is noted intensive process of oxidation of the coal
part of fly ash from 400°C, while for non-activated sample the
peak was shifted to 430°C with the end of the process of
oxidation for both simples at temperatures above 500°C.
Exothermic effects in the temperature interval 735-750°C can
be associated with the transformation of quartzite into
tridymite and the inevitable changes that occur in the glass
phase of the ash under the heat. In addition, the sintering
process can result to additional broadening the lines of the
curve of differential thermal analysis.

Generally, the use of fly ash as filler for composite materials
based on cement is limited by the presence of unburned carbon
in the composition of the fly ash. However, for polymer
compositions carbon presence is not a critical feature. It is
known that under mechanical mixing the polymer with the filler
(carbon black) polymer radicals interact with the active sites of
the filler particles forming the chemical bond ‘polymer-filler’.
When elastomers are mixed with carbon black there is formed
a gel-like structure where the elastomer is chemically associated
with the filler [25-29]. The phenomena of hardening the
elastomers by carbon black were discovered as far back as 1912
and are actively explored to this day. In general, the mechanism
of the phenomenon of strengthening the polymer durability is

determined by a set of geometrical, physical and chemical
properties of carbon [27, 28]. In fact, it occurs as a result of
ordering the macromolecules that related to each other.

Therefore, with the aim of establishing the interaction
between the fly ash filler and binding agent polarizing
microscopy at optical magnification x100 and x200 was carried
out. As it is seen from Figure 5 (a and b), the sample from the
non-activated material presents a heterogeneous system of
solid and liquid phases with an accurately defined interface. The
samples filled with a mechanical activated fly ash material
(Figure 5 ¢, d) with carbon on its surface represents a
homogeneous system, indicating the interaction between the
polymer matrix and carbon.

Measurement of properties of the polymer composition
was carried out in accordance with the standards [30-33] and
the results are presented in Table 3.

According to the obtained data (Table 3) it was found that
the strength of polymer compositions was collected within 14
days and then remained almost unchanged. For samples with
mechanically activated filler the maximum value of the strength
in compression was 1.1 MPa; for non-activated ash powders the
strength value was 0.4 MPa.

Thus, polymer materials based on mechanically activated
fillers demonstrated better strength values that can be

BecTHuK KasHY. Cepua xummyeckasn. —2019. — Ne1(92)
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(b)

(d)

Figure 5 — Polarizing microscopy of polymer composite material filled with ash material: a) non-activated (x100); b) non-activated
(x200); c) activated (x100); d) activated (x200)

Table 3 — Measured properties of the polymer composition

Strength characteristics

Non-activated filler

Mechanical activated filler

Strength in compression at 14" day, MPa"
Water absorption, %™

Acid resistance, %"

0.4 1.1
0.5 0.1
96 97

*The strength in compression of the samples was determined on a hydraulic press Cyber-Plus Evolution Mod YIMC109NC.

**When determining the water absorption of the samples, the exposition time was conventionally equal to 24 h.

*** When determining the acid resistance of the samples, the exposition time was conventionally equal to 24 h. Two acids were used: sulfuric and

nitric acid, with concentration of 34%.

associated not only with the better distribution of the filler in
the polymer matrix but with the additional interaction of the
components of the composite mixture.

Water absorption of all samples regardless of the type of
filler was almost always equal to zero. The reason was because
most polyesters are resistant to water.

Acid resistance of all samples was 96-97%, which
corresponds to the established norms of standards.

Conclusions

During this research the effect of preliminary mechanical

ISSN 1563-0331
elSSN 2312-7554

activation on fly ash properties of Almaty Thermal power
plant-2, as well as the possibility of its use as fillers for polymers,
was studied.

The role of carbon in the formation of the ordered
structure of a polymer composite material was shown, and it
resulted to the greater mechanical strength of samples with
mechanically activated fly ash filler.
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