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1. AktyanpHicTb TeMu. MoaudikyBaHHS KpOXMAJIIO [ HAJJAHHS [TOJIiIMEPHUM MaTepiasaM KOMILJIEKCY [I0TPi6HUX
TEXHOJIOTIYHUX i eKCIUIyaTaliliHMX XapaKTePUCTUK € aKTyaJIbHUM Yy 3B'3KY 3 PO3MINPEHHSIM cep iX 3aCTOCYBaHHSL.
Kpoxmarb ik IpUpOAHUIL [10JiMEep Y HATUBHOMY CTaHi Ma€ OOMEKEHY CYMICHICTb i3 TepMOIIIACTUYHUMU
MaTpULSIMU Yepe3 BUCOKY TifipodinbHICTb, CKIaAHY aMiJIO3HO-aMiJIONIEKTUHOBY CTPYKTYPY Ta CXUJIBbHICTb 1O
petporpazauii. Haykosa HoBu3HA. BcTaHOBIEHO (i3NKO-XiMiYHi 3aKOHOMIPHOCTI OTPUMAaHHS XiMiuHO
(aueTnmoBaHH) Ta Pi3uKO-xiMiYHO (M1acTU(IKALS ITTiLEPUHOM i eIOKCUI0BAHOIO0 COEBOIO OJIMBOIO)
MOAU(IKOBAHOTO KPOXMAJIIO, 110 JO3BOJISIE LIi/IECTIPSIMOBAHO PETYJIIOBATU MOTO CTPYKTYPY 1 IIOBEPXHEBI
BJIACTMBOCTI. JloBe/ieHO, 1110 BBE/IEHHS €I1I0KCUI0BAHOI COEBOI 0JIUBU crIpusie Trigpodobisaliii 1oBepxHi Ta 3MiHaM Y

KOH(QopMalii MaKpOMOJIEKYJI 3aBSIKY NIEPEPO3NOLITY MiXKMOJIEKYJIIPHUX B3a€MOJIil i 4aCTKOBOMY PYVHYBaHHIO



aMisI030-aMiJIONeKTUHOBUX 3B'13KiB. OOIPYHTOBAHO METOJ, alleTUIIOBAHHS KPOXMAJIIO 32 MEXaHi3MOM
HyKJleoinbHOrO 3aMileHHs, 3i cryneHem 3amimenss 0,12-0,31, i3 noganbuioo niactudikanie. le 3HMKye
rinpodinbHiCTh, NifiBUIIyE CEIMEHTAIbHY PYXJIUBICTD i CIIpUsie PO3PUXJIEHHIO HAIMOJIEKYJISIPHOI CTPYKTYPH.
Bicko3MMeTpU4Hi HOCIiIPKEHHSI CUCTEMU AL € TUIILOBAHUM KpoxMasb—Tiosisakrug, y IJMCO 3a mozesnnto
®nopi-Xarinca-Kpiréayma 103BOJINIIM OLiHUTY IaPAaMETPU CYMICHOCTI 11 IlepeBakaroui Mi>KMOJIEKYJISIPHI B3aeMOJIii
3aJI€KHO Bifj, CIiBBiJHOIIEHHSI KOMIIOHEHTIB. MakCMMaslbHa CyMICHICTb IOCSITa€ThCA 3a CIIiBBiHOMIEHH
[TJIA:kpoxmans 1:1 mac. 4. Briepiie Bu3HaueHO BIJIUB (i3MKO-XiMiYHUX i TEXHOJIOTIYHUX YNHHUKIB Ha
MOIM}iKyBaHHS KPOXMaJIEM MOJIIIAKTUAHUX KOMIIO3UTIB 3 €MTOKCUI0BAHOK COEBOIO 0JIMBOI0. 1le 103BomIo
OTPUMAaTH TEPMOIIACTUYHI MaTepianu 3 peryJabOBaHUMU TeIIOPi3NYHUMY, IPY>KHO-TIJIACTUYHUMU, MEXaHIYHUMU
BJIACTMBOCTSIMU 11 MiBUILIEHUM CTynleHeM Oiogerpanauii. [IpakTryHa HiHHICTb. JJOCTiI’)KEHO BIIJIMB BMICTY
MOoI1(piKOBaHOTO KpOXMaIIo 1 IyacTugikatopa Ha COpOLiHI BJaCTUBOCTI, BOJIOTOIIOTJIMHAHHS 1 6ioferpaganiio y
B32€MO3B'A3KY 3i 3MiHaMu CTPyKTypHu. [TokazaHo, o 6iogerpaaris BigOyBaeTbCs IISIXOM TiIpOJIi3y eCTepHUX
3B'SI3KiB i CyIIpOBOIKy€eThCS 3MiHOI0 KoedillieHTiB nudysaii, BOAONOrIMHAHHS, BUIKOCTI I IIMOMHU PyHHYBaHHSI.
CkanyBaJsibHa €JIEKTPOHHA MiKpOCKoIIig, [4-ClIeKTpOCKOis, pEHTI€HO- 11 TEPMOAHAaJli3 i TBEPAUIIN BILJIMB

MO (pIKOBAaHOTO KPOXMaJIIo Ha MOPQOJIOTilo, TENIO(DiI3NYHi 11 MeXaHiUHi BJIACTUBOCTI MOJIIJIAKTUIHUX KOMIIO3UTIB.
O6rpyHTOoBaHO e(eKTHBHI METOAU XiMiYHOTO (aLeTuIoBaHH) Ta (Pi3nKo-XiMiuHOro (ractudikariis)
MoaMpiKyBaHHS KPOXMaJIIO Il CTBOPEHHSI Ha 1loro ocHOBi Komno3uTiB 3 I1JIA i3 kepoBaHolo 6ioaerpazariero,
BOJOIOIJIMHAHHAM i IOTPIOHMMH eKCIUlyaTallitHMMU XapaKTepUCTUKAMU. 3aJI€5KHO BiJl IPUPOIHU IacTudikaTopa
1 yMOB 0OPOOKHU 3MiHIOIOTBCS IiIPOQPOOHICTD (3MEHIIEHHS BOJIOTONOIIMHAHHS Ha 5-10 %), peosoriuHi B1aCTUBOCTI
(3HM>KEeHHS AVMHAMIYHOI B'SI3KOCTI, 3MiHa iHJIeKCY Teuil, 3SMeHIIeHHs eHeprii akTuBaliii), cymicHicTs i3 I1JIA
(3pocTaHHs okas3HUKa cymicHocTi 3 -1,2 1o 1,5) Ta KpUcTaliyHicTb. [Y-CrIeKTPOCKOMis i1 peHTreHOaHai3
HiATBEPAWIN CTPYKTYPHI 3MiHU. PO3p006JI€HI KOMIIO3UTH BiJI3HAYAIOTHCS MiBUILIEHUM BOIOMOIJIMHAHHSM,
3HIDKEHHSIM KPUCTaIiYHOCTI, PEeryJIbOBaHOIO XIMIYHOIO CTIiMKICTIO, 1[0 BIJIMBA€E HA MIBUAKICTD i ePEeKTUBHICTh
6ioperpagauii. BogHodac rnoxkpameHo Monysb npykHocTi (Ha 10-20 %), monynb nedopmarii (Ha 20-30 %),
TEeMNJIOCTIiNKICTb 3a Bika (Ha 25 °C) i cTpyKTypHi XapaKTepucTUKU (Ha 15-25 %). 3anponoHOBaHO NIPUHIUIIOBY
TEXHOJIOTIYHY CXE€MY Ta PErJIaMeHT OTPUMAaHHS €KCIIepUMEHTaJIbHOI NapTii MOAN(IKOBAHOTO KPOXMAIIO.
Kom6iHOBaHe BUKOPUCTaHHS XiMidHO 1 (i3uKO-XiMiuHO Mo QikoBaHOTO Kpoxmaito y ckiagi [TJIA-komnosuuii
IiIBUILy€ TEXHOJIOTIYHY CYMICHICTb, 3HM)KY€E KPUCTaIiYHICTh i aKTUBYE TiJIPOJIi3 €CTEPHUX 3B'43KiB, 1[0 JO3BOJISIE
KEePyBaTH iHTEHCUBHICTIO NE€CTPYKLil. BUKkopucTaHHs Opi6HOANCIIEPCHUX MiHEPAJILHUX HAIlOBHIOBAUIB 1€
MOXKJIMBICTb perymoBaT fudysiiiHi, cCopOLiiiHi BacTUBOCTI Ta XiMiuHy cTifiKicTh. KoMInekcHuI minxiz, 30Kkpema
3acTocyBaHHs Mogeneil Propi-Xarinca-Kpiréayma, CTBOpIo€e HiArPyHTSI 111 pO3pOOJI€HHS HOBUX KOMITO3ULiMTHUX
CHCTEM 3 KOHTPOJIbOBAaHMMHU CTPYKTYPHUMMU ¥ (PYHKLIOHAJIbHUMU XapaKTE€PUCTUKAMU BiJlIOBIIHO 1O Cy4aCHUX

BHIMOT.

2. Relevance of the topic. The modification of starch to impart polymer materials with a set of required
technological and performance properties is relevant due to the expansion of their practical applications. Native
starch, as a natural polymer, has limited compatibility with thermoplastic matrices because of its high
hydrophilicity, complex amylose-amylopectin structure, and tendency to retrogradation. Scientific novelty. The
physico-chemical regularities of obtaining chemically (acetylation) and physico-chemically (plasticization with
glycerol and epoxidized soybean oil) modified starch have been established, enabling targeted control of its
structural and surface properties. It has been shown that introducing epoxidized soybean oil promotes surface
hydrophobization and conformational changes of starch macromolecules due to the redistribution of
intermolecular interactions and partial destruction of the amylose-amylopectin structure. A method for starch
acetylation via nucleophilic substitution, with a degree of substitution of 0.12-0.31, followed by plasticization, has
been justified. This reduces hydrophilicity, increases segmental mobility, and loosens the supramolecular
structure. Viscosimetric studies of the acetylated starch-polylactide system in DMSO using the
Flory-Huggins-Krigbaum model allowed for determining compatibility parameters and dominant intermolecular
interactions depending on the component ratio. Maximum compatibility is achieved at a PLA:starch ratio of 1:1 by
weight. For the first time, the influence of physico-chemical and technological factors on the starch modification



of polylactide composites in the presence of epoxidized soybean oil was determined. This made it possible to
obtain thermoplastic materials with adjustable thermophysical, elastic-plastic, mechanical properties and an
increased degree of biodegradation. Practical significance of the results. The effect of modified starch and
plasticizer content on the sorption properties, moisture absorption, and biodegradation was investigated in
relation to structural changes, primarily due to plasticization and the loosening of the amylose-amylopectin
framework under acetylation. It was found that biodegradation occurs via hydrolysis of ester bonds, accompanied
by changes in diffusion coefficients, water absorption, chemical resistance, and the rate and depth of degradation.
Scanning electron microscopy, FTIR spectroscopy, X-ray and thermal analysis confirmed the impact of modified
starch on morphology and on the thermophysical and mechanical properties of polylactide composites. Effective
methods of chemical (acetylation) and physico-chemical (plasticization) modification of starch were substantiated,
enabling the creation of starch-PLA composites with controlled biodegradability, water absorption, and required
performance characteristics. Depending on the plasticizer type and modification conditions, the materials show
improved hydrophobicity (moisture absorption reduced by 5-10%), rheological properties (lower dynamic
viscosity, adjusted flow index, reduced activation energy), enhanced compatibility with PLA (compatibility
parameter increased from -1.2 to 1.5), and reduced crystallinity. FTIR spectroscopy and X-ray analysis confirmed
these structural transformations. The developed composites have increased water absorption, reduced
crystallinity, and adjustable chemical resistance, which affect the rate and efficiency of biodegradation. At the
same time, they demonstrate improved modulus of elasticity (by 10-20%), deformation modulus (by 20-30%), Vicat
softening temperature (by 25 °C), and structural coefficient (by 15-25%). A process flow diagram and draft
production regulations for an experimental batch of starch modified with epoxidized soybean oil were proposed.
Combined use of chemically and physico-chemically modified starch in PLA-based compositions enhances
technological compatibility, reduces crystallinity, and activates hydrolysis of ester bonds in the polymer matrix,
enabling control over the intensity and depth of degradation processes. The use of fine mineral fillers allows for
targeted adjustment of diffusion characteristics, sorption properties, and chemical resistance. A comprehensive
approach, including the application of the Flory-Huggins-Krigbaum model, provides a foundation for the
development of new composite systems with controlled structural, physico-chemical, and functional
characteristics that meet modern requirements for production and application.
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1. MopaBcbkuii Bonogumup CrenaHoBud

2. Volodymyr S. Moravskyi

KBasigikamis: . r. u., gou., 05.17.06

InenTudikarop ORCHID ID: 0000-0001-8524-6269

JoparkoBa iHdpopmamist:

IToBHe HaﬁMeHYBaHHﬂ IOPUIUYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTTEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3Haxoa KeHHS: By Crenana Banpgepwu, 6y7. 12, Jbgis, 79013, Ykpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MinictepcTBo ocBiTH i Hayku YKpainu

InenTudikarop ROR:

CeKTop HayKH: YHIBEepCUTETCHKUI

BiacHe Ilpi3Buie Im'sa Ilo-6aTbKOBI:
1. I'punenko Osiekcanap MuKosmanoBmuy

2. Oleksandr M. Grytsenko

KBasigikamis: 1. 1. u., npodecop, 05.17.06

InenTudikarop ORCHID ID: 0000-0001-8578-4657

JoparkoBa indopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujonanbHuil yHiBepcuteT "JIbBiBCbKA MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micueanaxo,szeﬂﬂa: ByJs. CrenaHa banpepuy, 6yz. 12, JIbBis, 79013, YkpaiHa



dopma BiracHOCTI: JlepxasHa

Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETChKUI

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpi3Buine Im'sa I1o-6aTbKOBI

roJIOBH pagu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOrO Ha 3acigaHHi

BignoBigasibHuUI 3a HiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZasIbHUM 3a peecTpallilo HayKOBOIi

OisIIBHOCTI

Camapuk Bonogumup fpociaBoBud

Camapuk Bonopumup SIpociaBoBuy

Kymnim-Ilenenceka boxkena IropiBHa

VKpIHTEI

FOpuenko TetsiHa AHaToJiiBHA



