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Abstract. The main goal of this work is to analyze the effect of wood waste on the
physico-mechanical and microstructural properties of highly plastic and low admixture clay
from the Astana deposit. Analysis of the primary components was carried out using scanning
electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS). It was found
that the clay contains a significant amount of silicon and aluminum elements, which ensure
the formation of a dense structure after firing, as well as a moderate amount of flux oxides
(CaO, MgO, K>O, Na:0O), which facilitate sintering at firing temperatures of 950—1000°C.
Wood waste is characterized by a fibrous and porous structure. It contributes to the formation
of a fine-pored microstructure during firing and a decrease in the density of products. It was
found that the addition of wood waste has a complex effect on the physico-mechanical
properties of ceramics. When replacing 20% of the total mass of clay with wood waste, the
compressive strength decreased from 15 to 8.9 MPa due to increased porosity, but frost
resistance increased to 38 cycles with the addition of 15% wood particles. The most optimal
results were obtained with a sawdust content of 10—15%, which achieved a balance between
strength (11-14 MPa) and frost resistance (up to 38 cycles), ensuring a balance between
density, strength and operational durability of the products. The proposed composition can
be recommended for industrial implementation in the production of lightweight and energy-
efficient ceramic wall products. The results obtained confirm the possibility of recycling
wood waste as a secondary raw material and prove that it contributes to the development of
environmentally sustainable technologies for building ceramics.
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Angatna. byn owcymvicmouly Hez2izel maxcamvl - AcmaHa KeH OpPHbIHAH ANIbIHEAH
HCORAPBL NIACMUKATILIK HCIHE KOCNANAPbI A3 KEPAMUKANBIK CA30bIH (DUUKA-MEXAHUKATbIK
JHCoHe MUKDOKYDBLILIMObIK —Kacuemmepine agaui KalOblIKMAPbIHbIY JCcepin  manoay.
bacmankwi komnonenmmepoi manoay ckanepaeyuti 21ekmporovl Mukpockonus (SEM) scaone
SHepeusiHbl OUCNepCUsIbIK penmeeHOIiK cnekmpockonus (EDS) xemezimen oacypeizinoi.
Ca3zovly Kypamvinoa KyuoipyoeH Keliin mvlebl3 KYPblLIbIMHbIY natioa OONYbIH KaMmMamacsls
ememin KpemHUll MeH QUIOMUHUL dleMeHmmepIiHiy aumapiviKmai mejuepi, COHOal-axK
950—-1000°C kytidipy memnepamypacvlHoa Kyuoipyoi sdceyiidememin opmauia moauiepoezi
@noc oxcuomepi (CaO, MgO, K>O, Na:0) 6ap exeni anvikmanovl. A2aul KaniovblKmapul
MAanuUbIKmyl HcaHe KeyeKmi KypbliviMmer cunammanaovl. On Kyuoipy Ke3inoe ycak Keyekmi
MUKDOKYDBLILIMHBIY, NAtioa OONYbIHA JiCIHe OHIMOepOiH mblebl30bleblHblY MOMeHOeYiHe
viknan —emeodi. Azaw  KanOblIKmapulH —KOCYy — KepamMuKaumwly — Qu3uKa-mexaHukaiblk
Kacuemmepine KeuieHOi acep ememini anvikmanowvl. Cazoviy scannvt maccacvinviy 20%-vin
azawl KanoblKmapvlMeH ayblCIMbIp2an Ke30e, KeyeKmiliKmily H#o2apuliayblHa OaulaHblcmbl
Koicy Oepikmiei 15-men 8,9 Mlla-2a Oeiiin moemenoedi, Oipax 15% azaw Oenwexmepin
KocKanoa aszea mesimoinix 38 yuknee oetiin ecmi. Ey oymatinet nomuoicenep 10-15% yeinoi
Menuepimer anviHobl, 6yn bepixmik (11-14 Mlla) men aazea mesimoinix (38 yuxnee Oeiiin)
apacvlHoazvl mene-meHOoiKKe Kol #CemKizol, Oy oHiMOepOiy mulabl30bl2bl, Oepikmici HcoHe
natioanamy Oepikmici apacelHOagbl mene-meHOIKmi Kammamacvlz emmi. ¥YCbIHbLI2AH
KYPamowl HCeHil HcaHe dHepausi YHeMOeUmin KepamMuKaiblk Kadvblpea OybiMoapvlt 6HOIpyoe
OHEPKICINMIK eH2i3y YWiH YCbiHy2a 00N1aobl. AnviHean Hamuoicenep aaul KaioblKmapbiH
eKiHWi pemmik wuKizam peminde Kauma 6HOey MYMKIHOICIH pacmatiovl HCoHe OHbIH
KYPObLIbIC KEPAMUKACLIHA APHANRAH IKOJIOLUSAIBIK MYPAKMbL MEeXHON02ULNAPObL 0aMbImY2a
bIKNAL ememinin 0anenoetio.

Tyiiin ce3nep: xepamuxanviy mamepuandap, azaui Kanrovikmap, caz, SEM, EDS,
XUMUATBIK KYPAMbL
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AHHOTanus1. [[envio OanHol pabomol A6IAEMCA AHAIU3 GIUSHUSL OPEBECHBIX OMX0008
Ha ¢usuKo-mexanuveckue U MUKPOCHMPYKMYPHbIE CBOUCMBA  8bICOKONIACMUYHOU U
MANONPUMECHOU KepaMU4eckou 2NUHbl MecmopodicoeHusi Acmana. AHANU3 OCHOBHbBIX
KOMNOHEHMO8 NPOBOOUIICS. C NOMOWBIO CKAHUpylowell d1ekmpoHHou mukpockonuu (COM) u
9HEep2ooUcnepcuorHHou permeenosckou cnekmpockonuu (IC). Ycemanosneno, umo enuna
cooeporcum 3HaAUUMeNbHOe KOAUYECHB0 IeMEHMO8 KPeMHUSL U ATIOMUHUS, 00ecneuusaoujux
Gopmuposarue nNiIOMHOU CMPYKMYPbl NOCIe 00%cuU2d, a MakKice yMepeHHoe KONUUeCEo
oxcudos-gniocos  (CaO, MgO, K20, Na20), cnocobcmeyrowux CHeKanuio npu
memnepamypax ooxcuza 950—1000 °C. /[pesecHvle omxo0bl Xxapaxmepuszyromcs 6010KHUCTO-
nopucmotl  cmpykmypou.  Omo  cnocobcmeyem — POpMUPOBAHUIO  METKONOPUCMOT
MUKPOCMPYKIMYPbL NpU 00JicUce U CHUNCEHUN) NIOMHOCMU U30eiuu. Ycmanosneno, 4mo
o0obasieHue OpeBecHblX OMX0008 OKA3bleaem KOMNJIEKCHOe GIusHue Ha U3UKo-
Mmexanuyeckue ceovicmea kepamuku. Ilpu 3amene 20% om obweli maccul enunsl OpesecHblMU
omxooamu npeoes NPOYHOCmu npu cocamuu chusuncs ¢ 15 0o 8,9 Mlla 3a cuem nosviuienus
NOpUCMOCMU, HO MOPO30CMOUKOCMb yeeaudunacy 00 38 yuxnoe npu oodasnenuu 15%
opesecnvlx wacmuy. Haubonee onmumanvhvle pesynrbmamvl ROLYYEHbL NPU COOEPHCAHUU
onunox 10—-15%, umo nozeonuno docmuus b6ananca medxcoy npounocmoio (11-14 Mlla) u
MOPO30CmOoUKocmyvio (00 38 Yuk108), obecneuus 6AIAHC MeHCOY NIOMHOCMbIO, NPOUYHOCBIO
U 9KCNIYamayuoHHol 0oneogeunocmovio uzdenuti. Ilpednosicennvlii cocmas modcem Ovims
PeKoMeHO008an Ol  NPOMBLULIEHHO20  GHEOpPeHUsi 6  NPOU3BOOCMBO  JNe2KUX U
9HepeoIPPexmusHvlX CmMeHosvIX Kepamuyeckux uzlenuti. Ilonyuennvie pesynrbmamol
NOOMEEPHCOAIOM B03MOHNCHOCIb NEPEPAdOOMKU OPEBECHBIX OMX0008 8 Kauecmee 6MmopuiHo2o
Cblpbs U O0KA3bIGAIOM, YMO 3MO CHOCOOCMEYem pa3eumuio 3KOJI02UYeCKU YCMOUYUBHIX
MexXHON02Ull NPOU3800CMBA CIPOUMETILHOU KEPAMUKU.

KiroueBble ci10Ba: xepamuueckue mamepuansi, opegecHvie omxoowl, eiuna, COM,
EJIC, xumuuecxuii cocmas
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1 INTRODUCTION

The construction industry places high demands on energy efficiency, environmental safety and
material economy. Traditional clay materials, despite their widespread use, consume a large amount
of natural resources and require high energy costs during production. Therefore, special attention is
paid to the development of new compositions based on local mineral raw materials and recycled
resources (Solonina, 2022).

One of the developments in ceramic production technology is the use of wood waste (Karasal
et al., 2012). The works of authors (Cultrone et al., 2020; Takirova et al., 2025; Alabduljabbar et
al., 2021; Phonphuak et al., 2020; Kizinievic et al., 2016; Santos et al., 2022; Seitkassymuly et
al., 2025; Kultayeva, 2025) have shown that the introduction of wood particles into clay mixtures
can reduce the density of products and improve their thermal insulation properties. However,
increasing the proportion of organic additives can negatively affect strength, so it is necessary to
experimentally determine the optimal ratio of components. Despite some studies on the use of
sawdust, ash and other biogenic waste, the effect of wood additives on the microstructure and physical
and mechanical properties of ceramic materials has not yet been sufficiently studied (Fadil-Djenabou
et al., 2023).

Research efforts are focused on the modification of clay bodies through the incorporation of
industrial waste materials and functional modifiers into the raw material composition. These additives
provide a multifunctional improvement in the forming behavior of the clay body, the drying
performance of the green body, and the service properties of ceramic materials after firing
(Ibrambayeva et al., 2023).

Of particular interest are clays from the Astana deposit, which are characterized by high
plasticity and the balance of flux oxides (CaO, MgO, K20, Na>O). However, the possibility of
obtaining modified ceramic composites with organic additives from them has not been previously
studied. Given that wood waste is an affordable and renewable resource, its use in clay mixtures will
not only reduce the cost of production, but also help solve environmental problems associated with
the use of biomass (Cultrone et al., 2020).

Therefore, the aim of this study was to assess the influence of wood waste on the microstructural
and physico-mechanical properties of ceramic materials. The following tasks were solved:

1. Study of the surface morphology and structural changes caused by the addition of wood
particles by SEM investigation.

2. Determination of the chemical and elemental composition of clay and wood waste by EDS
analysis.

3. Determination of the optimal composition of wood waste (10-20%) and understanding their
influence on material microstructure and properties, such as the compressive strength and frost
resistance of products.

4. Assessment of the possibility of applying the new composites in industry and development
of recommendations for the further implementation of this technology.

Taking into consideration the preliminary literature research, the following hypothesis was
formulated: the introduction of a limited amount of wood waste (up to 15%) contributes to the
formation of a porous microstructure, improves thermal insulation properties of products without
significantly reducing their strength (Zhalykova et al., 2023).

The results of the study are aimed at providing a scientific justification for the rational use of
wood waste in the production of ceramic materials, which will increase the efficiency of using local
natural resources.

The growing interest in energy-efficient building materials has led to the need to study the
possibility of reusing woodworking industry waste. One of the directions of such utilization is the
introduction of sawdust into the composition of the ceramic mass (Karasal et al., 2012). Using wood
waste in ceramic production allows you to change the structure of ceramic products, improve their
thermal insulation properties and reduce the mass of the product (Takirova et al., 2025). Similar
results were obtained in the work of (Rahman et al., 2019), that is, the use of wood ash as an additive
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allowed to reduce the density and increase the porosity of clay bricks without significantly losing
strength.

The authors' work (Alabduljabbar et al., 2021) studies the effect of adding wood sawdust to
the clay mass on the firing process, physical and mechanical characteristics and structure of ceramic
bricks. The authors added sawdust in an amount of 5-20% and fired at a temperature of 800-1000 °
C. As a result, the porosity of the material increases, and the bulk density of the brick decreases.
Optimal strength and thermal conductivity are achieved by adding 5% sawdust, while adding 10—
20% significantly reduces the strength, but improves thermal insulation properties.

According to the work of (Phonphuak et al., 2020), it was found that the introduction of wood
waste into the raw material mass at a rate of up to 10% and firing in the range of 900-1100 °C leads
to the formation of a porous structure. The total porosity of the brick increased by more than 15-20%
compared to the control samples, which was accompanied by a decrease in its bulk density (average
values decreased from 1.9 g/cm3 to 1.5 g/cm3) and a decrease in the thermal conductivity coefticient
(from 0.65 W/m-K to 0.35-0.40 W/m-K). The results showed that such products can be classified as
energy-efficient lightweight ceramic bricks. (Srisuwan et al., 2020) also noted an increase in thermal
insulation properties and a decrease in thermal conductivity with a moderate amount of wood
particles.

One of the studies, (Kizinievic et al., 2016), showed that the addition of sawdust contributes to
a decrease in bulk density, an increase in total porosity, and a decrease in the thermal conductivity
coefficient of the brick, which makes it an energy-efficient and environmentally friendly building
material. The article showed that the content of sawdust more than 4% of the total composition, the
products can be classified as lightweight bricks, and this has a positive effect on reducing the load on
building structures and facilitating transportation.

In the work of (Santos et al., 2022), it was proven that the introduction of wood sawdust up to
10% leads to a significant increase in the porosity of the brick (from 38% to 60%), a decrease in
density and mass. The decrease in the acid resistance of the brick, the appearance of large pores made
the products unsuitable for widespread use. (Al-Qodah et al., 2025) substantiated the potential of
using wood waste and agricultural bioproducts in building ceramic technology, where it was noted
that it would increase the energy efficiency of the product and its compliance with environmental
safety requirements. According to the author's work (Benjeddou, 2025), the introduction of wood
chips into the clay mass structure not only in a certain amount, but also in what size plays an important
role. Using small fractions (<0.4 mm), a uniform and finely porous structure is formed, which allows
maintaining the strength at the level of 10-11 MPa. However, the introduction of large particles (0.8—
1.2 mm) leads to the appearance of defects and large pores, which reduces the strength to 7-8 MPa,
but also significantly reduces thermal conductivity. Thus, the results obtained in our work confirm
and supplement existing studies, which show that the introduction of 10-15% wood waste is optimal
regardless of the type of clay raw material used, however, due to the high content of the clay
aluminosilicate phase in the Astana deposit, a dense structure and stable physical and mechanical
properties are achieved.

2 MATERIALS AND METHODS

The work was carried out using highly plastic and low-admixture clay from the Astana deposit.
Wood waste (sawdust) obtained from mechanical processing was used as an organic additive.

The microstructural properties of the ceramic material were studied using Hitachi scanning
electron microscopy (TM4000Plus model) SEM analysis. Chemical analysis of wood waste and clay
was carried out using an EDS X-ray spectrometer.

The additives were added in amounts of 0, 5, 10, 15 and 20% of the total clay mass. Before use,
the wood waste was pre-dried to a moisture content of not more than 7%. The samples were formed
by semi-dry pressing at an optimum moisture content of 20%. Ceramic samples were molded into
cylindrical shapes with a diameter of 5 cm and a height of 10 cm. After molding, the products were
dried at a temperature of 100 ° C to constant weight. Firing was carried out in a muffle furnace at a
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temperature of 950-1000 °C. To determine the compressive strength, Controls pressing equipment
was used. Frost resistance was determined by the standard method of cyclic freezing and thawing
until visible signs of damage appeared.

3 RESULTS AND DISCUSSION
Figure 1 shows scanning electron microscopy (SEM) micrographs of the initial clay at various

magnifications of x25, x50, x100, and x200. The study was conducted to determine the
morphological features and distribution of the particles before incorporation into the ceramic mass.

|
...... 4

of 250x

A 12/10

¢)Magnification of 200x d) Magnification

TM4000 15kV 11.1 A1z

Figure 1 — Micrographs of clay surface at different magnifications (author’s material)

Figure 1 shows a loose, heterogeneous structure with a uniform particle distribution at 25x
magnification. There are tiny pores and intergranular gaps observable between the particle size of 1.5
and 2.0 mm. The microstructure is clearly visible at 100x magnification, with the size and degree of
compaction allowing for particle differentiation. Each grain has a diameter between 400 and 800 um.
The picture at 200x magnification demonstrates the intersection of variously shaped particles; the
finely distributed clay mass includes large agglomerates. Dense particles range in size from 200 to
400 um. It is possible to see spherical structures at a maximum magnification of 250x. These
structures range in size from 150 to 250 pm.

Table 1
Elemental composition of clay, %
Elements o Si Al Ca Fe Mg K Na
% 41.69 23.19 10.84 6.71 6.39 2.53 2.37 0.76
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As shown in Table 1, the clay material is characterized by a high content of silicon and
aluminum, which determines the silicate-clay basis, and a moderate amount of flux elements (Ca,
Mg, K, Na), which facilitate optimal sintering at temperatures of 900—1050°C. This composition
ensures the formation of a dense, strong microstructure and reduced water absorption after firing,
which makes it a promising raw material for the production of ceramic wall materials. Increasing the
nano-SiC content and sintering temperature enhanced the partial compaction of the framework due
to silica binding (Kultayeva, 2025).

Table 2
Oxide content of clay, %
Oxides SiO: ALOs CaO FeO MgO K20 Na:0
% 49.61 18.88 9.34 7.58 3.08 2.26 0.94

Table 2 shows that the main components are silicon oxide (Si0O2) and aluminum oxide (Al.Os),
which determine the clay mineral composition of the material. According to the analysis results, the
content of SiO2 is 49.61%, the content of AlOs is 18.88%, which indicates the predominance of
kaolinite and montmorillonite phases in the clay structure. They are components that determine the
heat resistance and chemical inertness of the material. Increasing its content contributes to the
formation of a dense structure during firing and increases the strength of the products (9). CaO, MgO,
K>0, NaxO are fluxing components that reduce the melting point, contribute to the agglomeration of
particles and the formation of a glassy phase.

The chemical composition of the clay by element is shown in spectral form in Figure 2.

spafel

K‘.ﬁ _!Mgﬂ‘l 3 s Fr

=

Figure 2 — Energy dispersive spectrum (EDS) of clay by element
(author’s material)

Figure 3 shows micrographs of wood material at different magnifications, which were analyzed
by SEM.

The structure of the material is characterized by a fibrous and porous structure typical of
cellulose-lignin organic materials. Long longitudinal fibers and cell wall fragments are visible, which
are intersected by capillary pores of various shapes and sizes. This microstructure provides the
material with high porosity and low density, which explains its light weight and thermal insulation
properties. The fiber sizes range from 40 um to 240 pm.
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.

TM4000 15kV 10.3mm X60 BSE M 12/11/2024 S500um TM4000 15kV 10.5mm X25 BSE M 12

a)Magnification 60x b)Magnification 25x

Figure 3 — Micrographs of wood surface at magnifications x25 and x60
(author’s material)

According to the energy-dispersive X-ray analysis (EDS) data presented in Tables 3 and 4, the
studied raw material sample consists mainly of oxygen and aluminum.

Table 3
Elemental composition of wood, %

Elements C 0] N S Mg K Ca

% 46.5 41.68 0.7 0.3 1.91 1.44 1.47

Table 4
Oxide composition of wood ash, %

Oxides CaO K20 SiO2 P05 MgO Na2O ALO3 Fe203 MnO

% 34.8 18.2 14.7 7.08 6.3 1.73 3 2 0.5

The high carbon content (46.5%) confirms the organic nature of the wood ash. Carbon burns
out during heat treatment, contributing to the formation of the material's porous structure. Oxygen
(41.68%) is part of the organic compounds and is associated with oxidation processes (Santos et al.,
2022). Hydrogen (6%) is also part of the organic compounds of wood and is removed as water vapor
during heating. Nitrogen (0.7%) and sulfur (0.3%) are present in trace amounts and transform into a
gaseous phase during firing, having virtually no effect on the mineral structure of the ceramic. The
elements magnesium (1.91%), potassium (1.44%), and calcium (1.47%) form an oxide phase after
the organics burn out and influence the sintering process (Kizinievic et al., 2016).

The oxide composition of wood ash is characterized by a high content of CaO and K2O. These
act as fluxes and help lower the melting point. SiO: increases the chemical resistance of the material.
P05 affects the microstructure of the sintered material. MgO improves thermal stability and promotes
structural stabilization (Seitkassymuly et al., 2016).

Figures 4 shows the chemical composition of wood waste by elements in the form of a map
and a graph. The EDS mapping shows that the carbon which is indicated in green color forms the
basis of the wood structure. Oxygen, indicated in red, is distributed almost uniformly, which is typical
of cellulose fibers. Aluminum, indicated in blue, is found in scattered patterns, indicating inorganic
contaminants.
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Figure 4 — Distribution map of dominant elements in wood (EDS)
(author’s material)

Table 5 shows the proportions of clay and wood chips for obtaining ceramic materials, with
results of compressive strength for wood waste additions of 10-20%.

Table 5
Properties of ceramic material based on wood waste
. Frost
Wood waste content, Compressive .
Ne % Clay, g Waste, g Water, g strength, MPa resistance,
cycles
1 0 680 - 136 15 25
2 10 612 68 136 13.8 35
3 15 578 102 136 11.5 38
4 20 544 136 136 8.9 28

Figure 5 shows a ceramic material based on wood waste and testing its compressive strength.

The results of the study show that the addition of wood waste to the composition of ceramic
bricks negatively affects their physical and mechanical properties, including compressive strength.
With an increase in the amount of sawdust, the compressive strength decreases from 15 MPa (0%
wood waste) to 8.9 MPa (sawdust content of 20%). Frost resistance (freeze-thaw cycles) increases to
an optimal value at 15% sawdust (38 cycles), which is explained by an increase in porosity, which
allows to compensate for the volumetric expansion of water during freezing (Solonina, 2022). With
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a further increase in the sawdust content (20%), frost resistance decreases again to 28 cycles due to
excessive porosity and structural degradation.

Figure 5 — ceramic material based on wood waste and testing its compressive strength
(author’s material)

15 + - 38
14 4 36
g _
= F34 @
—= 131 v
S g
= )
5 - A} [ib}
= —e— Compressive Strength (MPa) [ 32 ¥
L;j ,z' —M- Frost Resistance (cy&les) g
% , A g
4 4 L30 &
. 4 L
a 11 4 7 7
= Fa o
[=] ’ ey
u] // s
10 - J
s
’I
il - 26
94 ./

0 10 15 20
Wood Waste Content (%)

Figure 6 — Effect of wood waste content on compressive strength and frost resistance of ceramic materials
(author’s material)

The graph demonstrates the relationship between wood waste content, compressive strength,
and frost resistance of ceramic materials. As the wood waste content increases, strength decreases
due to increased porosity, which reduces the material's density and compressive strength. At the same
time, moderate wood waste content (10—15%) promotes the formation of compensating pores, which
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reduce internal stresses during freezing, increasing frost resistance. With further increases in wood
waste content, the material structure becomes excessively loose, with large, interconnected pores,
leading to decreased frost resistance.

5 CONCLUSIONS

This study investigated the effect of wood waste to produce ceramic materials. SEM and EDS
analysis were used to study microstructure and elemental composition. Strength testing and frost-
resistance tests were carried out to determine the physical and mechanical properties of the material.

Based on the experimental results, the following conclusions can be drawn:

1. The incorporation of wood waste (0—20%) into ceramic compositions increases porosity, as
confirmed by SEM analysis, leading to a reduction in compressive strength from 15 MPa (0%) to 8.9
MPa (20%).

2. A moderate wood waste content (10—15%) improves frost resistance from 25 cycles (0%) to
38 cycles (15%), due to the formation of compensating pores that reduce internal stresses during
water freezing.

3. An excessive wood waste content (20%) results in structural degradation and a decrease in
frost resistance to 28 cycles.

4. The optimal wood waste content for producing ceramic materials with balanced mechanical
strength and enhanced frost resistance is 10—15%.

5. The developed composition can be recommended for the production of lightweight wall
ceramic materials.

6. The partial replacement of clay with wood waste contributes to the conservation of natural
raw materials and promotes sustainable waste recycling.

7. The proposed composition can be implemented in conventional ceramic manufacturing
without modification of the firing temperature (950-1000 °C).

8. Further research should focus on long-term durability under real operating conditions and
on the influence of wood waste particle size on microstructure and performance characteristics.
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