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ABSTRACT
Conversion of waste into innovative materials that contribute to the sustainable development of

infrastructure and the construction industry is an important task in today's society. Wood-cement
composites which are building materials that combine wood components and a cement matrix are
studied herein. These composites have a number of such advantages as high strength, excellent
thermal insulation properties, durability and environmental friendliness. The manufactured
composite material is a lightweight concrete based on secondary resources, binders and mineral
components. Standardized measuring equipment and methods intended to analyze the chemical
composition and physical and chemical properties of wood-cement composites (arbolite) were
used in laboratory experimental tests. All samples studied were 40 mm x 40 mm x 160 mm
lightweight concrete. Four options to obtain a wood-cement composite in various combinations
of binders, minerals and other additives were proposed in the research work. All samples were
tested to determine the physical and mechanical characteristics and the optimal composition with
improved properties. Secondary resources in the form of wood waste and ash from combined heat
and power plants (CHPP) were obtained from industrial structures of the Republic of Kazakhstan.
An X-ray diffraction analysis of the CHPP ash was performed to determine the chemical mineral
composition that showed a high content of silicon. According to the test results, the CH-4 sample
demonstrated high physical and mechanical characteristics. The compression strength of the
wood-cement composite sample reached 37.1 MPa, and the bending strength was 7.4 MPa on the
28th day, which proves the high performance properties of this composite.

Keywords: wood waste, CHP ashes, wood-cement composites, building materials, secondary
resources, arbolite.
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Introduction

The United Nations (UN) Sustainable
Development Goals (SDGs), established on
September 15, 2015, under the title “Transforming
our world: The 2030 Agenda for Sustainable
Development” are crucial in context. Some of these
UN Sustainable Development Goals, such as building
resilient infrastructure, promoting inclusive and
sustainable industrialization and innovation (Goal

11), sustainable cities and human settlements (Goal
11) and ensuring sustainable consumption and
production patterns (Goal 12), are closely linked in
improving the preparation of composite materials
with the use of industrial waste for infrastructure
development and construction in cities and
communities’ points of the world [1].

Global environmental challenges and the need
for sustainable development of infrastructure and
the construction industry have prompted scientists
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and engineers to look for innovative solutions to
create efficient materials using secondary resources
in recent decades. One of the promising areas is the
development of wood-cement composites (DCC)
with the use of wood waste. Wood-cement
composites combine the properties of organic and
inorganic materials, which provides them with high

mechanical characteristics, durability,
environmental friendliness and resistance to
adverse environmental influences. Researchers

have found that it is possible to improve the
characteristics of arbolite concrete composites by
purposefully changing their properties and structure
with the use of various additives from industrial and
vegetable waste [2].

Wood waste is a significant economic and
environmental problem. Recent studies found that
more than fifty million cubic meters of wood waste
are generated annually in the European Union [3].
Given the current technological capabilities, the
potential for recycling wood waste is still relatively
low. It is due to the lack of sustainable methods and
technologies for the reuse and recycling of
secondary resources [4]. To date, the possibility to
recycle wood waste can be either production of
energy in the form of a renewable energy source, or
use as an additive for building materials [5]. A study
demonstrated that a structural arbolite with a
strength of 1.5 to 6.0 MPa and a density in the range
of 600-950 kg/m3 can be produced using organic
cellulose aggregates in the form of wood waste [6].
These materials not only improve the mechanical
properties of arbolite but also contribute to its
environmental sustainability and energy efficiency.
Arbolite has strength, biostability, fire resistance,
frost resistance and other characteristics due to the
mineral binder in the composition that not only
make it more durable but also increases its
performance in various conditions [7].

Research on wood sawdust and cement
composites has been conducted by many scientists.
In the works of Chowdhury S. and others [8], it was
found that replacing part of the cement with wood
ash leads to an increase in the flexural strength of
the composite. The use of wood ash can improve the
material's resistance to moisture and aggressive
chemicals, as well as reduce its cost and
environmental impact due to waste recycling. Furtos
and colleagues investigated the properties of
geopolymer composites reinforced with wood fiber
and found that the inclusion of wood fiber helps to
reduce the density and thermal conductivity of these
new materials [9]. Coatanlem P. and colleagues

conducted a study of lightweight concrete to which
wood chips were added and confirmed that such
concrete can be produced using wood chips as an
additive [10]. They also found that the adhesion
between wood chips and cement matrix could be
improved by pre-soaking the chips in a liquid glass
solution. Xiao Song and co-workers [11]
demonstrated that cement-based wood composites
made by the hydrostatic method with the addition
of wood chips exhibited maximum flexural strength
at a wood content of 30% and a particle size of 5.0—
10.0 mm, while modification of wood with NaOH
and silane binder improved their performance. Kasai
et al. [12] used wood particles from construction
waste to produce wood chip concrete, which had a
density of 0.92 to 1.25 g/cm3?® and demonstrated
flexural strength in the range of 4-7 MPa and
compressive strength from 5 to 8 MPa; The ratio
between flexural strength and compressive strength
was 0.5-0.9, which was higher than that of ordinary
concrete, indicating the reinforcing effect of wood
particles, and the addition of synthetic lightweight
aggregates reduced the density to about 0.78 g/cm3
and resulted in lower flexural and compressive
strength values, which were 2.05 and 2.2 MPa,
respectively. In a study by Alireza Ashori et al. [13],
the feasibility of using waste wooden railway
sleepers as a filler for wood cement composites was
investigated and the effects of pressing temperature
(25 and 60 °C) and calcium chloride content (3%, 5%
and 7% by weight of cement) on the physical and
mechanical properties of the boards were assessed,
finding that the addition of calcium chloride
improved the properties of the boards and the
maximum strength properties were achieved at
pressing temperature of 25 °C and calcium chloride
content of 7%, making WTRS suitable for use in
lightweight concrete structures such as paneling,
ceilings and partitions. A. Quiroga and colleagues
investigated the effects of different wood treatment
methods such as water extraction, alkaline
hydrolysis and inhibitor retention on the mechanical
properties of wood fibre and wood-cement
composites, finding that alkaline hydrolysis was the
most effective method to suppress inhibitors and
improve the properties of the composites, and
presented empirical relationships describing the
effects of treatment on the compressive modulus
and compressive strength [14]. Insulation materials
with outstanding thermal insulation properties can
be produced using corn cob particles. Shao and
colleagues investigated the addition of these
particles to solutions by varying their concentration
(2.25%, 4.5% and 6.75%) and size (200 um and 500
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pum) [15]. Their work showed that this approach was
effective in preventing self-shrinkage cracking. At
the same time, Owczarek studied the effect of 1 mm
corn cob particles on the mechanical properties of
materials [16], finding that the addition of these
particles reduced thermal conductivity and
increased flexural strength. Kun Zhang and
colleagues investigated eco-concrete with corn cob
granules [17], shavings and wood chips, assessing
the effect of replacing corn cob particles on the
physical and mechanical properties of concrete.
Using NMR and MRI, they found that the addition of
biomass increased the content of harmful pores,
which reduced the compressive strength. However,
with the addition of wood chips up to 50%, the
uniaxial compressive strength increased by 18.9% to
2.565 MPa, meeting the requirements for self-
supporting wall blocks.

The purpose of this study is to develop an
effective technology for the production of wood-
cement composites with improved performance
characteristics, such as mechanical, thermophysical
properties, as well as to reduce the cost of building
material due to the use of secondary natural and
industrial resources.

Experimental part

2.1 Materials

This study used wood waste in the form of
poplar sawdust from a wood processing plant in
Karaganda, the Republic of Kazakhstan. The sawdust
was crushed and sieved to produce a homogeneous
fraction that is about 5mm in size for use in wood-
cement composite. Ash from the Ekibastuz CHPP,

Ekibastuz town, the Republic of Kazakhstan, and
Portland cement of the M 400 brand were also used
as a binder. Talcchlorite, calcium chloride,
aluminum sulfate, hydrated lime and liquid glass of
grade A were used in different combinations and
ratios as an additive. Some samples of wood-cement
composites were reinforced with polypropylene
fibers of the Polyfiber PM54 brand with a fiber
length of 18 mm.

2.2 Preparation of wood-cement composites

Wood-cement composites were manufactured
in various combinations and ratios of mineral binder,
reinforcing substances and additives with the use of
wood sawdust. The preliminary test of composites
was performed for four combinations (Table 1).

The sequence of introduction of components

into the mixer was as follows. 50% of the consumed
water was added to the mass of wood sawdust
during the preparation process. It was stirred during
5 minutes to ensure its even distribution in the
cement matrix. Then mineral and other additives, a
reinforcing substance and a binder in the form of
Portland cement and the CHPP ash according to the
formulation and the rest of the water were
introduced into the mass. The mixture was stirred
for 1.5-2 hours. The finished cement paste was
transferred into pre-prepared molds and formwork.

The formwork was a collapsible hollow cylinder
with blind ends with a steel working pipe placed
inside. The blocks were formed on a vibrating table,
and the mixture was laid in layers.

Table 1 — Data on the quantitative contents of the preliminary test for wood-cement composite samples.

Name CH-1 CH-2 CH-3 CH-4
m, kg m, kg m, kg m, kg
Organic filler Wood sawdust 3.65 3.65 3.50 3.50
Binder Port'a&iggme”t 3.17 3.17 3.00 3.00
CHPP ash - - 0.12 0.05
Hydrated lime 0.16 0.16 0.45 0.45
Grade A liquid glass 0.43 0.43 0.45 0.45
Supplements Aluminum sulfate 0.20 0.20 0.15 -
Calcium chloride - - - 0.15
Talcchlorite 0.45 0.45 0.45 0.45
Reinforcement Poryop:\r/gs;;:zﬂlfiier 0.01 - 0.01 -
Moistening Water 2.5 2.5 3.3 3.3
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The formwork was a collapsible hollow cylinder
with blind ends with a steel working pipe placed
inside. The blocks were formed on a vibrating table,
and the mixture was laid in layers. The specimens
were 40 mm x 40 mm x 160 mm as specified in JTG
3420-2020 (Test Methods for Cement and Concrete
for Road Construction) [18]. In 24 hours after
demolding, the samples were placed in a curing
chamber with a temperature of 20 + 2 °C and a
relative humidity of more than 95%. Bending and
compression strength tests were performed in 5 and
28 days, respectively. These conditions provided
optimal parameters for the assessment of the
mechanical properties of the composite material.
The finished wood-cement composites were stacked
and stored for further tests (Figure 1).

Figure 1 — Ready-made wood-cement composite blocks

2.3 Methods of analysis and testing.

2.3.1 Determination of the
composition of the CHPP ash.

Phase identification of the fly ash sample was
performed with the powder X-ray diffraction
method using the Rigaku Mini Flex Il Desktop X-ray
diffractometer manufactured by Rigaku Corporation
(Tokyo, Japan) [19].

chemical

2.3.2 Compression and bending tests

The compression and bending tests of wood-
cement composites were performed under the
requirements of the JTG3420-2020 (ISO)
specifications. For this purpose, three samples of 40
mm x 40 mm x 160 mm were prepared and kept
under standard curing conditions for 5 and 28 days.
After that, the samples were subjected to bending
and compression tests [20]. Bending and
compression strength tests were performed on the
AGS-X series universal testing machine (Shimadzu,
Japan).

The bending strength was determined by the
equation (1). The average of the test results of three

specimens was chosen as a representative bending
strength. If the difference between the mean values
was greater than +10%, the test data were
considered heterogeneous and the average of the
remained data was taken as the final bending test
results.

__ 1.5F¢L
=13

R¢ (1)

Where Rs is the ultimate bending strength; Fs is
the breaking load, N; L — a span of supports (100),
mm; b is the cross-section width of the specimen
(40), mm.

The compression strength was determined by
equation (2), and the results were rounded to the
nearest maximum and minimum values obtained
during the tests. The average of the remained data
was then calculated and taken as the final
compression strength of the specimen.

]

Re =% (2)

Where R. is the ultimate compressive on
strength; F. is the breaking load, N; A is the
compressed area of the specimen, 40 mm x 40 mm.

Discussion of the results

3.1 X-ray diffraction analysis (XRD)

X-ray diffraction analysis was performed to
determine the mineral composition of the CHPP ash.
An X-ray of the sample is shown in Figure 2. X-ray
diffraction analysis confirmed the presence of the
minerals specified in Table 2.

2000 | b
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Figure 2 - X-ray diffraction pattern of the CHPP ash




Complex Use of Mineral Resources. 2025; 335(4):34-41

ISSN-L 2616-6445, ISSN 2224-5243

Table 2 — X-ray diffraction analysis of the composition of
the CHPP ash

Name Formula Content, %
Sillimanite AlLSiOs 325
Mullite, syn A Al(Alo.g3 Si1.08 272
Oa.85)
Hedenbergite CaFe+2Si20s 12.4
Quartz low, syn SiO2 8.7
Hematite, syn Fe203 6.7

XRD analysis confirmed the presence of the
minerals - Sillimanite (Al2SiO5), Mullite, syn A
(AI(Al0.83 Si1.08 04.85), Hedenbergite
(CaFe+2Si206), Quartz low, syn (Si02) and Hematite,
syn (Fe203) in the CHPP ash sample. The XRD result
showed that the silicon mineral content in the
sample was higher than other existing minerals in
the CHPP ash sample.

3.2 Compression and bending strength

Samples of the wood-cement composite were
prepared in different combinations of components
(Table 1) and tested for compression and bending
strength on a universal testing machine AGS-X series
(Shimadzu, Japan) to determine the optimal
formulation. The test parameters were calculated
according to equations (1) and (2). The following
samples were tested: CH-1, CH-2, CH-3 and CH-4.
The results obtained at the end of the tests are
shown in Figure 3-4.

=3 days 28 days

284

Compressive strengh, MPa

CH-1 CH2 CH-3 CH-4

Types of specimens

Figure 3 — Compression strength

Figure 3 shows that the wood-cement
composite samples showed the same trend in
compression strength on Day 5 and Day 28. The CH-
4 sample had the highest compression strength, and
the CH-2 sample had the least one of the prepared
samples. The other two wood-cement composite
samples showed relatively similar compression
strength.

=35 days 28 days

&8

Flexural strengh, MPa
=

Types of specimens
Figure 4 — Bending strength

As shown in Figure 4, the bending strength
had a similar change tendency for the bending
strength on Day 5 and Day 28 of the physical-
mechanical measurement when it was tested with
the testing machine. On the 28th day, the CH-4
sample showed the highest bending strength. Thus,
the addition of CHPP ash and the use of calcium
chloride as a mineral additive, as specified in Table
1, significantly improved the compression and
bending strength of the CH-4 sample. So, we prove
that the use of secondary resources such as CHPP
ash and sawdust, in combination with mineral
additives, can be an effective way to improve the
performance of wood-cement composites,
contributing to the creation of more sustainable and
durable building materials.

Conclusions

A scientific study on the development of wood-
cement composite blocks for use as building
materials was carried out herein. Various mineral
additives and secondary resources, such as wood
sawdust and ash from the thermal power plant,
were combined to achieve this goal, and several
options for arbolite blocks were proposed. These
components have shown high potential for the
creation of wood-cement composites with improved
physical and mechanical properties. Secondary
resources in the form of wood waste and ash from
combined heat and power plants (CHPP) were
obtained from industrial structures of the Republic
of Kazakhstan. An X-ray diffraction analysis of the
CHPP ash was performed to determine the chemical
mineral composition that showed a high content of
silicon.

The CH-4 sample stood out among the proposed
samples after the tests demonstrating high strength
characteristics. The compression strength of the CH-
4 sample reached up to 37.1 MPa, and the bending
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strength increased up to 7.4 MPa on Day 20. It
proves the efficiency of use of secondary resources
in the development and production of wood-cement
composites for construction purposes. Recycling
secondary resources into new materials that
contribute to the sustainable development of
infrastructure and the construction industry is an
urgent task in the modern world.

This article can serve as an important reference
and theoretical resource for the integration of wood
waste into the composition of cement composites. It
is planned in the future to continue research aimed
at optimization of the proportion of wood chips in
composites to improve their mechanical properties.
Besides, future research will focus on the durability
of these composites, their resistance to various
external influences and operating conditions, as well
as on identification of additional advantages and

possible limitations on the use of wood waste in
building materials.
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KaiTa eHAaenreH pecypcrapra HerisgeareH TypaKTbl KYpblibiC MaTepuangapbl
peTiHAe afall LeMeHT KOMMNO3UTTIK MaTepuangapbiH 3epTTey XKaHe AamMbiTy
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TYWIHAEME

Makana kengi: 11 winde 2024
CapanTtamagaH eTTi: 26 mameiz 2024
Kabbinganapl: 6 Kbipkyliek 2024

Kanabiktapabl MHPPaKypbIibIM MeH KYpPblIbIC MHAYCTPUACBIHBIH, TYPaKTbl AaMyblHa biKnaa eTeTiH
MHHOBAUMANLIK MaTepuangapfa awWHangplpy Kasipri Kofamaafbl MaHbI3abl macene 6onbin
Tabblnagbl. Byn }KyMbICTa afall KOMMNOHEHTTEPi MeH LLeMEeHT MaTpULACbIH BipiKTipeTiH Kypbiibic
MaTepuangapbl 601bIN TabblNaTbIH afall-LLEMEHT KOMNO3UTTEPI 3epTTenesi. byn Komno3utrepain,
JKOFapbl GepiKTir, Tamalla Xblay OKLWaynafbiw KacuetTepi, BepiKTiri }KaHe KopllafaH opTafa
3UAHCI3AbIFbI CUAKTbI BipKaTap apTbiKWbIAbIKTapbl 6ap. OHAipiNeTiH KOMMNo3WUTTIK maTepuan
KaWiTa eHAenreH pecypcrapfa, 6alNaHbICTbIPFbILITAPFA KIHE MUHepansbl KOMMOHeHTTepre
HerisgenreH keHin 6eToH 6Gonbin Tabblnagpl. 3epTxaHanblk, TaXKipUbEnik cbiHaKTap KesiHge
CTAHAAPTTaNfaH e/ley Kypangapbl MeH afall-LeMeHT KOMMO3UTTEPiHIH, (apbonT) XMMUANDBIK,
Kypambl MeH GU3MKa-XMMUANDBIK KacueTTepiH Tangay afictepi KondaHblaabl. bapabiK cbiHanfaH
yarinepgid enwempaepi 40 mm x 40 mm x 160 mm 60naTbiH KeHin 6eToH 6onabl. 3epTTey
JKYMbICbIHAA 6aliNaHbICTbIPFbILITaPAbIH, MUHEPaNAapAblH, KaHe backa Aa KocnanapAablH apTypAi
KOMBMHALMANAPbIHAA aFall-LeMEHT KOMMO3ULMACBIH anyablH TOPT HYCKACb! YCbIHbIAAbI. Bapabik
yarinep ©GuU3MKanbiK-MeXaHUKaNbIK CUNATTaManapbliH KHE KaKcapTbliFaH Kacuettepi 6ap
OHTalNbl Kypamabl aHblKTay YWiH CbIHAKTaH ©TTi. Afall KangplKTapbl MEH Kby 31eKTp
CTAHUMANAPbIHbIH,  KyAi
OHEPKICINTIK KypblbiIMAApbIHAH anblHAbl. XUMUANBIK MUHEPANAbIK KYPaMblH aHbIKTay ywiH XK3C
Ky/liHe peHTreHAiK AMbPaKUMANbIK Tangay Xyprisingi, oHblH HITUXKECIHAE KPEMHUIAIH, KofFapbl
menwepi aHbikTanabl. CbiHaK Hatuxkenepi 6oibiHwa CH-4 yarici Kofapbl GU3UKaNbIK KaHe
MeXaHWKablK cunaTramanapabl KepceTTi. Afall-LeMEeHTTi KOMMO3ULUMANBIK YATiHIH KbiCyFa
6epikTiri 37,1 MMa-fa eTTi, an niny 6epikTiri 28-wi KyHi 7,4 MMNa 60nabl, 6yN 0Cbl KOMNO3UTTIH,
JKOFapbl OHIMAINIK KacueTTepiH ganengenai.

TypiHgeri KaWTanama pecypctap KasakctaH Pecny6avKacbiHbiH,

TYPI).

Tyiiin ce30ep: afaw afaw KangblkTapbl, MIC Kyni, afaw-uemeHT KOMMO3UTTEPi, KypblabIC
MaTepuanzapsl, Kaitanama pecypcrap, apboauT (aFaw YHTafbl KOCbIbIM }KacanaTblH XKeHin 6eToH
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AHHOTALUMA

MpeobpasoBaHne OTXOA0B B WMHHOBALMOHHbIE MaTepuanbl, CNocobCTByloWMe yCTOMYMBOMY
pasBUTUIO MHOPACTPYKTYPbI U CTPOUTENbHOM OTpacau, npeactasnset coboil BaxkHylO 3ajady B
coBpeMeHHOM obuiecTBe. B aaHHol paboTe nccnefoBaHbl ApeBECHO-LEMEHTHbIE KOMMO3UTHI,
KOTOpble MpeacTaBAAloT cobolt CTpouTesNbHble MaTepuanbl, ObbeguHAlOWME ApPEBECHble
KOMMOHEHTbI U LIEMEHTHYIO MaTpuLy. ITM KOMNO3UTbl 06134a0T PASOM NPEUMYLLLECTB, TAKUX KaK
BbICOKaA NPOYHOCTb, OT/INYHbIE TENJIOU30NALMOHHbIE CBOMCTBA, AONTOBEYHOCTb U SKONOMMYHOCTb.
M3roToBNEHHbI KOMMO3ULMOHHBIA MaTepuan npeactasnset coboi Nerkuini 6eToH Ha ocHose
BTOPUYHbIX PECYPCOB, CBA3YIOWMX BELLECTB U MUHEPA/IbHBIX KOMNOHEHTOB. Mpu NabopaTopHbIX
3KCMEPUMEHTANIbHBIX WUCMbITAHUAX WCMONb30BaZIUCL CTaHAAPTU3UPOBAHHbIE U3MEPUTENbHbIe
060pynoBaHMA U METOAMKM aHanu3a XMMUYECKOro COCTaBa M (U3MKO-XMMUYECKUX CBOMCTB
[APEeBEeCHO-LLeMEHTHbIX Komno3utos (apbonuta). Bce wuccneayemble o6pasubl 6bian nerkum
6eToHOM pazmepom 40 mm x 40 mm x 160 mm. B nccnesoBatenbckoit pabote 66110 NpeanoxKeHo
YyeTblpe BapuaHTa MONYYEHWUA APEBECHO-LEMEHTHOrO KOMMO3UTa B Pas/IUYHbIX KOMBUHaLMAX
CBA3YIOLLMX BELLECTB, MMHEPANbHbIX U APYruX A06aBOK. Bce 06pasLibl NoABeprasmch UCMbITAaHUAM
Ana  onpefeneHna  GU3MKO-MEXaHMYEeCKUX XapaKTepUCTUK W ONTUMAnbHOrO COCTaBa C
YAYYLEHHbIMK CBOMCTBaMU. BTopuuHble pecypcbl B BUAE APEBECHbIX 0TX0A0B U 30Abl TIL, 6bian
NosyYeHbl u3 NPOMbILLNEHHbIX CTPYKTYp Pecny6auKkun KasaxcraH. MNposepeH
PEHTTEHOCTPYKTYPHbIN aHanu3 3onbl TILL anA onpegeneHuMa XMMWUYECKOro MUHepasibHOro
COCTaBa, KOTOPbIV BbIABW/ BbICOKOE cofepKaHne KpeMHusA. Mo pesynbTaTam UCNbITaHWUIi obpasel,
CH-4 npoaeMOHCTPMpPOBan BbICOKME (GU3UKO-MEXaHUYECKME XapPaKTEPUCTUKU. MPOYHOCTb Ha
cKatne obpasua ApeBecHO-LEMEHTHOTO KoMno3suTa gocturaa 37,1 Mlla, a npoYyHOCTb Ha U3rnb
coctasuna 7,4 MMa Ha 28-i AeHb, YTO [0Ka3blBAeT BbICOKME 3KCMJyaTaUMOHHble CBOMCTBA
AaHHOro KomnoswuTa.

Kniouesble cnosa: ppesecHble o0TxoApl, 30abl TIL, ApeBecHO-LEeMeHTHble KOMMNO3WUTbl,
CTpOUTe/IbHble MaTepuasbl, BTOPUYHbIE pecypcbl, apboauT.
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