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Huceprartiitna poOoTa MpUCBSYEHA JOCIIIKEHHIO HOBUX MaTeplaiiB, sKi
MOEJIHYIOTh Y 001 BIACTUBOCTI JIGPEBUHU Ta MOJIMEPIB. Y POOOTI PO3TIISAIAI0THCS
OCHOBHI AaCNEKTHM CTBOPEHHs, MoJu(iKalli Ta 3acTOCYBaHHA JI€PEBUHHO-
nommMepHux kommno3utiB ([IIK), mo BigkpuBae HOBI MOMXIMBOCTI IS iX
BUKOPDUCTaHHA B PI3HUX Tally3iX IPOMHUCIOBOCTI. 30KpeMa, pO3IIsAaeTbes
MO>KJIUBICTh BUKOPUCTAHHS Y SIKOCTI MIHEPAJIBHOT'O HAIlOBHIOBAYa 30JbHOTO MUY
Ta (ocdorincy, a TakokK y SIKOCTI ampeTy ado KOMIaTHOLII3aTOpy CTEapUHOBOT
KHCJIOTHU Ta EIOKCUIOBAHOI COEBOI OI1i.

OcHoBHa MeTa JTOCIIJKEHHS TOJIATae B po3po0ill e(heKTUBHUX TEXHOJIOT1H
BUTOTOBJICHHS KOMITO3HUTIB, 5IK1 0 3a0e3MeuyBajii BUCOKY MIIHICTh, JIOBFOBIYHICTh
Ta CTIMKICTh /O 3O0BHIIIHIX BIUIUBIB. Y poOOTI aHANI3YIOThCS PI3HI METOIU
Moaudikaiii JAEepPeBUHHO-TIOTIMEPHUX KOMIIO3UTIB, a TaKOX OCOOJMBa yBara
NPUALIAETHCS BUBYUEHHIO BIUIMBY 100aBOK Ta MOU(DIKATOPIB HA (P13MKO-MEXAHIYHI,
TEXHOJIOTIYHI ~Ta EKCIUTyaTalliiHi  BJACTUBOCTI OTPUMAHUX  KOMIIO3UTIB.
JlociKeHHST TaKOXK BKITFOYA€E EKCIIEPUMEHTAIBHI BUTIPOOYBAHHS, K1 JJO3BOJISIIOTH
OLIIHUTH €(PEKTUBHICTh 3aMPONOHOBAHUX PIIIEHb Ta iX MPAKTHUYHY 3aCTOCOBHICTb.
Pesynbratu poOOTH MOXYTh OyTH BUKOPHCTAHI JJIsi CTBOPEHHSI HOBUX €KOJIOT1YHO
YUCTUX MaTepiajiB, IO BIAMOBIIaI0Th CYYaCHUM BUMOTaM CTaJIOTO PO3BUTKY.

Pesynpratu ekcmepuMEHTAIBHUX JOCHIIKEHb MPOJAESMOHCTPYBAIH, IO
BBEJICHHSI CTEAPUHOBOT KUCJIOTH B JIEPEBUHHO-TIONIMEPHUN KOMITO3UT y KiJTBKOCTI

noHan 1,1 mac. % TMO3UTUBHO BIUIMBAE HA TEXHOJOTIYHI MapamMeTpH EKCTPY3ii.



30KpemMa, CHOCTEPIraeThCsi 3MEHILIEHHS KPYTHOIO MOMEHTY T'OJIOBHOTO MPUBOLY
eKCTPY31HHOTO 00JIaHAHHS, 0 CBIIYMTH PO MOJINIICHHS MPOIECy eKCTPY3ii, a
TaKOXX 30UIBIIEHHS MPOAYKTUBHOCTI BUpOOHUIITBA. IIpm BMICTI cTeapuHOBOI
kucioTu B Mexax 0,8 — 1,25 mac. % Bim3HAYa€ThCS CYyTTEBE TTOKpAIeHHs (i3uKo-
MEXaHIYHUX XapaKTePUCTUK KOMIIO3UTY. 30KpeMa, MIIHICTh IPU BUTHUHI 3pOCTAE HA
20%, nocsratoun 3HavyeHHs 51,3 MIla. Kpim Toro, ynapHa B’SI3KICTh 32 METOJIOM
[Tapmi Ha 3pa3kax 3 Haapi3oMm 301IbIIyeThess HA 37%, mo 11,9 xJx/m? Takox
CIIOCTEPITa€eThCS 3MEHIIICHHS KoeillieHTa JIIHIMHOTO TEPMIYHOTO PO3IIMPECHHS Ta
BOJOTIOTJIMHAHHS, IO CBIYUTH PO MOJIIMIIEHHS CTaOIBHOCTI MaTepialy B YMOBaxX
3MIHU TeMmepaTypu Ta Bojiorocti. OnTuMiszailisi BMICTY CTE€apUHOBOI KHUCIIOTH B
JEPEBUHHO-TIOJIMEPHOMY  KOMIIO3UTI  MOXE  CYTTE€BO  IMIJBUIIUTA  HOTO
eKCILTyaTalliiHl XapaKTepUCTUKH, 110 pOOUTH el MaTepiai OUIbIl NpUBaOIUBUM
JUTSl BAKOPUCTAHHS B PI3HUX Taly3sX MPOMHUCIOBOCTI.

Brnepmie mnokazaHo, 10 BBEIEHHS EMOKCHAOBAHOI COEBOI ONii y CKiIan
JIEPEBUHHO-TIONIMEPHOTO0 KOMIIO3UTY Yy KiabkocTi 0,5 mac.% cyTTeBO mokpairye
Gb13MKO-MeXaHIuHI Ta eKCIUTyaTalliitHl BIaCTUBOCTI MaTepiany. Y gapHa B SI3KICTh 3a
[Tapmi Ha 3pa3kax 3 Hagpi3zoM 3pocTae 3 7,5 kx/m? no 20,0 xk/[x/M?, 110 CBITYUTH
PO 3HAYHE MIABUIIICHHS CTINKOCTI KOMIIO3UTY /10 YAAPHUX HaBAHTAXKEHb. MIIHICTh
IIPY BUTHHI TaKOXX JEMOHCTPY€E TMO3UTUBHY JIMHAMIKY, 3011bIrytounch 3 31,6 Mlla
10 50,8 MIla, mo Bka3zye Ha MOKpAIIEHHSI MEXAaHIYHUX XapaKTEPUCTHK MaTepiaiy.
Kpim TOro, BBEIECHHS EMOKCHJIOBAHOI CO€BOi OJIii NMPUBOIUTH 1O 3MCHIICHHS
Koe(ilieHTa JIHIMHOTO TEPMIYHOIO po3lupeHHss Ha 15%, Mo € BaXJIMBUM
(dakTopoM ISl CTaOUIBHOCTI PO3MIPIB KOMIIO3UTY MpH 3MiHI TemiepaTtypu. Lle
MOKpaIIye eKCIUTyaTalliiHl XapaKTEePUCTHKU Marepiamxy, poOisar HOoro OuTbIn
MPUIATHAM JIJII BUKOPUCTAHHS B YMOBax 3MiHHUX Temneparyp. [Ipu momanbmiomy
301IbIIEHH] BMICTY E€MNOKCHJIOBAaHOI CO€EBOi OJii B KOMIIO3UTI CIHOCTEPIra€ThCs
3MCHIIICHHS] BOJIOMOTJIMHAHHSA Ta TEXHOJIOTIYHOI yCaaKH, IO MOXe OyTu
MO3UTHUBHUM acCTeKTOM ISl ACSKUX 3acToCyBaHb. [IpoTe, BapTO 3a3HAYUTH, IO
(b13MKO-MEeXaHIuYHI BJIACTUBOCTI KOMIIO3UTY TIOYMHAIOTH moripmryBatucs. lle

CBIIUYUTH PO T€, 1[0 ONTUMAIBHUIN BMICT €ITOKCUIO0BAHO1 COEBOIT OJIii B IEPEBUHHO-



MoJiMepHOMY KoMmo3uTi cTaHoBuTh 0,5 mac.%. [lomanpiie 301bIIEHHS ITHOTO
MOKa3HWKA MOXKE MPHU3BECTU JO0 HETaTUBHUX HACHIAKIB, TaKUX SIK 3HUKCHHS
MEXaHIYHOI MIIHOCTI Ta YJapHOi B’SI3KOCTI, IO, B CBOIO 4Yepry, OOMExye
MOJKJIMBOCTI BHUKOPUCTaHHS KOMIIO3UTY B yMOBaX, J€ TOTPIOHI BHUCOKI
eKCIUTyaTalllitHl XapaKTePUCTHUKHU.

BcranoBiieHo, 10 TpU  3aMillleHHI KaJbIUTy 30JIbHUM TMHJIOM Y
KOMIO3UTHUX  MaTepiajiax  CIIOCTEPIraeThCs  CyTTEBE  MOKpAIIEHHS  iX
EKCIUTyaTalllfHUX Ta TEXHOJOTIYHUX BIJACTUBOCTEH. 30Kpema, BiJI3HAYAETHCS
3MEHILEHHS BOJIONOTJIMHAHHS, KOe(DIli€HTa JIHIMHOTO TEPMIYHOTO PO3IIUPEHHS Ta
TEXHOJIOT1YHO1 ycaaku. Lle CBITUUTh PO MiIBUILEHHS CTA0UTBHOCTI MaTepiaty i
yac eKCIUTyaTallii, 0 € BaXJIUBUM (PaKTOpPOM JUisi OaraThboX 3acTocyBaHb. Kpim
TOTO, BUKOPHCTAHHS 30JbHOTO MWy B SKOCTI HAOBHIOBada NPUBOAWUTH JO
30UTBIIIEHHST MIIIHOCTI KOMITO3UTY MPU BUTHHI. 30KpeMa, MIITHICTb 3pocTae Ha 9 %,
M1BUIIYI0YH TTOKa3HUK 3 51,3 MIla (rpu BicyTHOCTI 3016HOTO TTHITY) 110 55,8 MIla
(npu BIACYTHOCTI KaiblUTy). Lle CBITUUTH PO Te, M0 30JIbHUM MU MOXKE 3HAYHO
MOKPAIIUTH MEXaHIYHI XapaKTepUCTUKH KoMmo3uty. OJHaK, HEe3BaKaloyu Ha
MO3UTHBHI 3MIHU B MIITHOCTI, CITIOCTEPIra€ThCs TAKOXK 3HUKEHHS YAAPHOI B’ A3KOCTI
3a lllapm Ha 3pa3kax 3 HampizoM. el moKa3HUK 3MEHIIYETHCS OUIBII HIK Y JIBa
pasu — 3 11,9 xJlx/M? no 5,1 xJIx/m?2 Lle Bkasye Ha Te, IO Xo4ya 30JIbHUHN TTHII
MOKpAIIy€e JesKi BIACTUBOCTI KOMITO3UTY, BIH MOK€ HETaTHBHO BIUIMBATH HA MOTO
yIapHy B’S3KICTh, 110 BApTO BpPaxOBYBAaTU MPHU TMPOEKTYBAHHI MaTepialliB s
crienuiyHUX YMOB €KCILTyaTallii.

[lokazaHo, MO TpU 3aMmilIeHH] Y KOMIO3UTI KalbUUTy (ocdorincom
eKCIUTyaTariiiHi, (I3UKO-MEXaHIYHI Ta TEXHOJOTIYHI BJIACTHUBOCTI MaTepiary
3QIMIIAKOTHCS  CTaOUTbHUMU. [le BaxIMBUIL acCMeKT, OCKIUIbKM 3abe3nedye
30epeKCHHS SKOCTI BHUPOOIB, BUTOTOBIICHMX HAa OCHOBI TaKHX KOMIIO3HTIB.
docdoriric, Oyaydn ASHIEBUM MOOTYHUM TTPOYKTOM BUPOOHHIITBA €KCTPAKITIHHOT
dbochopHOT KUCITOTH, BIAKPUBAE HOBI MOKJIMBOCTI JJIsi 3HMKEHHS COOIBApTOCTI
BUpoOiB. Bukopucranns ¢docdorincy B IepEeBUHHO-TIONIMEPHUX KOMIIO3UTaX

BIJIKDUBAE HOBI MOXJIMBOCTI JJi PO3pOOKM MarepiajaiB 3 MOKpAIEHUMHU



xapaktepuctukamu. Lle Moxe OyTu 0COONIMBO aKkTyaldbHO B YMOBAaX 3pOCTAIOUYMX
BHMOT JI0 €KOJIOTIYHOCTI Ta CTAJIOT0 PO3BUTKY. Docdorirnc, sik moOIYHUI MPOAYKT,
MOX€ 3MEHIIWTA BUTPATH HA CHUPOBUHY Ta 3HU3UTH EKOJOTIYHUU CIiJ
BUPOOHUIITBA, 1[0 POOUTH HOTO MPUBAOIMBUM BUOOPOM IS TPOMHUCITOBOCTI.

[ToGynoBaHi  perpeciiiHi  Mojell €  CTaTUCTUYHO  aJICKBaTHUMHU,
MITBEPPKYIOUN 3HAYYITUN BIUIMB MOJU(IKATOPIB (EMOKCHUIOBAHOI COEBOI OJIIi Ta
30JIbHOTO TTHITY ). BayKITMBO BiA3HAYMTH, 1110 B3AEMOIisI MIXK €TTOKCHIOBAHOIO COEBOIO
OJII€I0 Ta 30JIbHUM IUJIOM BUSIBUJIACS CTATUCTMYHO HE3HAUYIIOKO SIK JJIi MII[HOCTI
IIpU BUTHHI, TaK 1 A yJApHOi B'S3KOCTI, IO BKAa3ye€ Ha MEPEBAXXHO aTUTUBHUN
XapakTep IXHbOIO CHIUIBHOTO BIUIMBY B JIOCHIKYBaHOMY Jiana3oHi. OTpumaHi
pe3yibTaTH HAJAI0Th MPAKTUYHY OCHOBY st ontumizaiii ckinany JAIIK 3 meroro
MOKPAIICHHS IXHIX MEXaHIYHUX BJIACTUBOCTEH, IO CIPHUITHME PO3IIUPEHHIO cdep
3aCTOCYBaHHS [IUX €KOJIOTIYHO MPUBAOIMBUX MaTepiaiB.

Po3pobiieHi  BHCOKOHAIMOBHEHI JACPEBUHHO-TIONIMEPHI  KOMIO3UTH 3
riOpUIHUM HAIOBHIOBAYEM IMOEIHYIOTh €KOJIOT1YHICTh Ta BUCOKY MPOAYKTHUBHICTb,
BUKOPHCTOBYIOUHM TEPEBAKHO BIAXOAM Ta BTOpWHHI Matepianu. [li marepiamm
JEMOHCTPYIOTh BHCOKY MILHICTh, CTIMKICTh JO TEpMIYHUX JAeopMmaniii Ta
BOJIOCTIMKICTb, 10 POOUTH iX 17€aTbHUMH JIJIi BUKOPUCTAHHS y OYyJIIBHUIITBI Ta
BupoOHunTBi MmeOmB. JIIIK xapakTepu3yroTbCs JTOBrOBIYHICTIO: BOHU HE
M1JJIaI0THCS BIUTUBY BOJIOTH, HE THUIOTH Ta CT1MKI 0 IIKITHUKIB, 1110 3HAYHO 3HIKYE
noTpedy B YacTUX PEMOHTAaX. ToMy iX MOJKHa 3aCTOCOBYBATH Yy 3O0BHIIIHIX
KOHCTPYKLIsAX (Tepacu, oropoxi, pacann), 1€ BaKIMBa CTIMKICTh 10 aTMOC(EpHUX
BILIUBIB.

KomMmo3utu 1nerko amanTyroThCcs IS PI3HUX 3aCTOCYBaHb 3aBIISKH
MO>KJIMBOCTI BapilOBaHHS CKJIaJy HaNoOBHIOBadiB. BUKOpPUCTaHHS BTOPUHHHUX
MaTepiaiiB Ta 3MEHIIIEHHS BUTPAT HAa 00OpOOKY pOOUTH X BUPOOHHUIITBO €EKOHOMIYHO
BUT1IHUM. Y KOHTEKCTI INI00AIBHUX €KOJIOTIYHMX BUKIHKIB, i JIIK € momiimsHuM
Ta HEOOX1THUM PIILICHHSIM.

Po3pobnena penentypa JIepeBHUHHO-TIOIMEPHOTO KOMIIO3UTY YCIIIIHO

anpoOoBaHa y BHUPOOHMYMX YMOBax. EkcrnepuMeHTanpbHa NapTis MPOIYKIIIL



OiATBEpAMIa CTAOUIBHICTh  (DI3MKO-MEXAHIYHMX BJIACTUBOCTEH, EKOHOMIUHY
¢eKTHBHICTh Ta E€KOJOTIYHY JOIUIHHICTH  3alPOIOHOBAHOTO  ITIXOY.
BropoBamkeHHss 3a0e3neunsio BiIUYTHUH EKOHOMIYHUN e]eKkT, 3yMOBJICHUU
3HIDKEHHSIM CO01BapTOCTi, €HEPrOCHOKMBAHHSA Ta MIHIMAJIbHUMM BUTpaTaMU Ha
aganTaiiro TexHosorii. Lle CBIIUMTH MpO TOTOBHICTH MaTepiady JIO CEpIMHOTO
3aCTOCYBaHHSA Ta HOro KOHKYPEHTOCIPOMOXHICTh Ha PHUHKY O03700TFOBATHHHUX
BUPOOIB.

Knouosi cnosa. nepeBUHHO-TIONIMEPHUNH KOMITO3UT, TOJIETHIICH BHUCOKOI
TYCTHUHH, CTEapWHOBA KHUCJIOTA, 30JbHWN IHJI, ETMOKCHJOBaHA COEBA  OJIif,
dbocdoriric, KambUUT, TEXHOJIOTIYHA ycaJKa, BOJONOTIMHAHHS, (PI3UKO-MEXaHIYHI

BJIACTUBOCTI.
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The dissertationis devoted to the study of new materials that combine the
properties of wood and polymers. The paper discusses the main aspects of the
creation, modification and application of wood-polymer composites, which opens
up new opportunities for their use in various industries. In particular, the possibility
of using fly ash and phosphogypsum as mineral fillers, as well as stearic acid and
epoxied soybean oil as apretes or compatibilizers is considered.

The main purpose of the study is to develop effective technologies for the
manufacture of composites that would provide high strength, durability and
resistance to external influences. The paper analyses various methods of modifying
wood-polymer composites, and pays special attention to the effect of additives and
modifiers on the physical, mechanical, technological and operational properties of
the resulting composites. The research also includes experimental tests to assess the
effectiveness of the proposed solutions and their practical applicability. The results
of the work can be used to create new environmentally friendly materials that meet
modern requirements for sustainable development.

The results of experimental studies have shown that the introduction of
stearic acid into a wood-polymer composite in an amount of more than 1.1 wt. %
has a positive effect on the technological parameters of extrusion. In particular, there
IS a decrease in the torque of the main drive of the extrusion equipment, which
indicates an improvement in the extrusion process and an increase in production
capacity. At a stearic acid content of 0.8-1.25 wt. %, there is a significant
improvement in the physical and mechanical characteristics of the composite. In

particular, the bending strength increases by 20%, reaching a value of 51.3 MPa. In



addition, the Charpy impact strength of the notched specimens increases by 37%, up
to 11.9 kJ/m?. There is also a decrease in the coefficient of linear thermal expansion
and water absorption, which indicates an improvement in the stability of the material
under conditions of temperature and humidity changes. Optimising the stearic acid
content in a wood-polymer composite can significantly improve its performance,
making this material more attractive for use in various industries.

For the first time, it was shown that the introduction of epoxidised soybean
oil in the amount of 0.5 wt.% in the wood-polymer composite significantly improves
the physical, mechanical, and operational properties of the material. The Charpy
impact strength of the notched specimens increases from 7.5 kJ/m? to 20.0 kJ/m?,
which indicates a significant increase in the composite's resistance to impact loads.
The bending strength also demonstrates positive dynamics, increasing from 31.6
MPa to 50.8 MPa, indicating an improvement in the mechanical characteristics of
the material. In addition, the introduction of epoxy soybean oil leads to a 15%
reduction in the coefficient of linear thermal expansion, which is an important factor
for the dimensional stability of the composite with temperature changes. This
improves the performance of the material, making it more suitable for use in variable
temperatures. With a further increase in the content of epoxied soybean oil in the
composite, a decrease in water absorption and process shrinkage is observed, which
can be a positive aspect for some applications. However, it is worth noting that the
physical and mechanical properties of the composite begin to deteriorate. This
indicates that the optimal content of epoxied soybean oil in a wood-polymer
composite is 0.5 wt%. A further increase in this indicator can lead to negative
consequences, such as a decrease in mechanical strength and impact strength, which,
in turn, limits the possibility of using the composite in conditions where high
performance is required.

It has been established that the replacement of calcite with fly ash in
composite materials leads to a significant improvement in their operational and
technological properties. In particular, there is a decrease in water absorption, the

coefficient of linear thermal expansion and technological shrinkage. This indicates



an increase in material stability during operation, which is an important factor for
many applications. In addition, the use of fly ash as a filler leads to an increase in
the bending strength of the composite. In particular, the strength increases by 9 %,
rising from 51.3 MPa (in the absence of fly ash) to 55.8 MPa (in the absence of
calcite). This indicates that fly ash can significantly improve the mechanical
properties of the composite. However, despite the positive changes in strength, there
is also a decrease in Charpy impact strength on the notched specimens. This indicator
decreases by more than half - from 11.9 kJ/m? to 5.1 kJ/m?. This indicates that
although fly ash improves some of the properties of the composite, it can negatively
affect its impact strength, which should be taken into account when designing
materials for specific operating conditions.

It has been shown that when calcite is replaced by phosphogypsum in the
composite, the operational, physical, mechanical, and technological properties of the
material remain stable. This is an important aspect as it ensures that the quality of
products made from such composites is maintained. As a cheap by-product of
phosphoric acid production, phosphogypsum opens up new opportunities to reduce
the cost of products. The use of phosphogypsum in wood-polymer composites opens
up new opportunities for the development of materials with improved
characteristics. This may be particularly relevant in the context of growing
environmental and sustainability requirements. As a by-product, phosphogypsum
can reduce raw material costs and lower the environmental footprint of production,
making it an attractive choice for industry.

The constructed regression models are statistically adequate, confirming the
significant influence of the modifiers (epoxidized soybean oil and fly ash). It is
important to note that the interaction between epoxidized soybean oil and fly ash
proved to be statistically insignificant for both flexural strength and impact
toughness, indicating a predominantly additive nature of their combined effect
within the investigated range. The obtained results provide a practical basis for

optimizing the composition of wood-plastic composites to enhance their mechanical



properties, which will support the expansion of application areas for these
environmentally attractive materials.

The developed highly filled wood-polymer composites with a hybrid filler
combine environmental sustainability and high performance, utilizing primarily
waste and recycled materials. These materials exhibit high strength, resistance to
thermal deformation, and water resistance, making them ideal for use in construction
and furniture manufacturing. WPCs are characterized by durability: they are
impervious to moisture, do not rot, and are resistant to pests, significantly reducing
the need for frequent repairs. Therefore, they can be applied in outdoor structures
(terraces, fences, facades), where resistance to weathering is essential.

The composites are easily adaptable for various applications due to the
ability to vary the composition of fillers. The use of recycled materials and reduced
processing costs make their production economically advantageous. In the context
of global environmental challenges, these WPCs represent a reasonable and
necessary solution.

The developed wood-polymer composite formulation was successfully
tested under industrial conditions. The experimental batch of products confirmed the
stability of physical and mechanical properties, economic efficiency, and
environmental viability of the proposed approach. Implementation resulted in a
tangible economic benefit due to reduced production costs, lower energy
consumption, and minimal expenses for technology adaptation. These outcomes
demonstrate the material’s readiness for large-scale application and its
competitiveness in the decorative building materials market.

Keywords: wood-polymer composite, high-density polyethylene, stearic
acid, ash dust, epoxidised soybean oil, phosphogypsum, calcite, technological

shrinkage, water absorption, physical and mechanical properties.



