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Pedepar:

1. AktyanpHicTh Temu. MoaudikyBaHHS KpOXMAJIIO [ HATAHHS [TOJiMEPHUM MaTepiajaM KOMILJIEKCY [TOTPi6HUX
TEXHOJIOTIYHUX i eKCIIyaTalliiHUX XapaKTEePUCTUK € aKTyaJlbHUM Y 3B'SI3Ky 3 PO3LIMPEHHSIM cep ixX 3aCTOCYBaHHS.
Kpoxmassb Ik IpUpoAHUI OJIiMEp Y HAaTUBHOMY CTaHi Mae OOMEXEHY CYMICHICTD i3 TEPMOIJIACTUYHUMU
MaTpULSIMU Yepe3 BUCOKY TigpOoQinbHICTh, CKIaAHY aMiJIO3HO-aMiJIONEKTUHOBY CTPYKTYPY Ta CXUJIbHICTb IO
petporpazauii. Haykosa HoBu3HA. BcTaHOBIEHO i3UKO-XiMiyHi 3aKOHOMIPHOCTI OTpUMAaHHS XiMiYHO
(auerumoBanHs) Ta Pi3nKo-XiMiuHO (T1acTu@ikallis [iepruHOM i €lIOKCHUI0BAaHOIO COEBOIO OJINBOIO)
MOIM(}PiKOBAaHOTO KPOXMAJIIO, L0 AO3BOJISIE LIiJIECIIPSIMOBAHO PETYJIIOBATH IOTO CTPYKTYPY 1 IOBEPXHEBI
BJIACTMBOCTI. JloBeieHo, 110 BBeIEHHS €II0KCUI0BAHOI COEBOI 0/IMBH cripusie rizpodobisalii noBepxHi Ta 3MiHaM y
KoHQopMaliii MaKpoMoJIeKyJI 3aBASIKY NI€PEPO3NOLITY MiXKMOJIEKYJISIPHUX B3a€MOJIil i 4aCTKOBOMY PYIHYBaHHIO
aMiJIO30-aMiJIONIEKTUHOBUX 3B’43KiB. OOIPYHTOBAaHO METOJ, alleTUJIIOBAHHS KPOXMAJIIO 32 MEXaHI3MOM
HykseodinbHOrO 3aMimeHHs, 3i cryneHem 3amimenss 0,12-0,31, i3 nogansmolo niactudikanie. le 3HIKye

rinpodinbHiCTb, MifiBUIyE CErMEHTAIbHY PYXJIMBICTD i CIIpUsie PO3PUXJIEHHIO HATMOJIEKYJISIPHOI CTPYKTYPH.



BickO3MMeTpUYHi HOCIiIKEHHSI CUCTEMU AL € TUIILOBAHUM Kpoxmasb—Tiosinakrug y IMCO 3a monento
®rnopi-Xarinca-Kpir6ayma 103BonIx OLIHUTY [TapaMeTpU CyMICHOCTI 1 iepeBaskardi MDKMOJIEKYJISIpHI B3aeMOJi
3aJI€KHO Bifj, CIiBBiJHOIIEHHS KOMIIOHEHTIB. MakCMMaslbHa CYMICHICTb IOCSTa€ThCA 3a CIIiBBiHOMIEHHS
[TJIA:kpoxmans 1:1 mac. 4. Briepiie Bu3HaueHO BIJIMB (i3UKO-XiMiYHUX i TEXHOJIOTIYHUX YNHHUKIB Ha

Mo (iKyBaHHS KPOXMaseM MOJINIAKTUAHUX KOMIIO3UTIB 3 €IIOKCHI0BAHOIO COEBOIO OJIUBOIO. Lle mo3BoMIo
OTPUMAaTH TEPMOILIACTUYHI MaTepiany 3 peryjibOoBaHUMU TeIIOPi3UYHNMY, IPY>KHO-TIJIACTUYHUMU, MEXaHIYHUMU
BJIACTMBOCTSIMU 1 MiBUILIEHUM CTyeHeM Oiogerpanauii. [IpakrryHa niHHICTb. JJOCTiA’KEHO BIIJIMB BMICTY

Mo (IKOBAHOTO KPOXMAJIIO i1 IacTudikaTopa Ha COpOLiiHi BIACTUBOCTI, BOJIOTONOIJIMHAHHS I 6ioferpagalio y
B32€MO3B’3KY 3i 3MiHaMu CTPyKTypu. [TokazaHo, 1m0 6iogerpanaris BinOyBaeTbCs LJISIXOM TiIpOJIi3y eCTepHUX
3B'SI3KiB i CynIpOBOKY€EThCS 3MiHOM0 KoedillieHTiB nudysaii, BOAONOIIMHAHHS, IIBUIKOCTI 1 IIMOMHU PyHHYBaHHS.
CkanyBaJsibHa €JIEKTPOHHA MiKpOCKoIIig, [4-CEeKTPOCKOIis, PEHTI€HO- 11 TEPMOAHAaJIi3 MiITBEPAUIIN BILJIMB

MO (pIKOBAaHOTO KPOXMAJIIO Ha MOP(QOJIOTiIo, TENNOPI3NYHI 11 MEXaHIUHI BIACTUBOCTI MOJIIJIAKTUIHUX KOMIIO3UTIB.
O6rpyHTOBaHO e(eKTHBHI METOAU XiMiYHOTO (aLleTUI0BaHHs) Ta (PiznKo-XimiuHOro (ractudikaliis)
MoIMpiKyBaHHS KPOXMaJIIO I CTBOPEHHSI Ha oro ocHOBi KoMmno3uTis 3 I1JIA i3 kepoBaHolo 6ioaerpagatiero,
BOJIOMOIVIMHAHHSAM i IOTPIOHUMHU €KCILTyaTaliilHUMU XapaKTePUCTUKAMU. 3aJIe5KHO Bifi MpUpoau mniaactudikatopa
11 yMOB 0OpOOKM 3MIiHIOIOThCS IigpodOOHICTh (3MEHILEHHSI BOJIOTONOrIMHAHHSA Ha 5-10 %), peoJsioriyHi BJ1aCTUBOCTI
(3HM>KEHHS AVMHAMIYHOI B'SI3KOCTI, 3MiHa iHJIeKCY Teuii, 3SMeHIIeHHs eHeprii akTuBalii), cymicHicTs i3 I1JIA
(3pocTaHHSs OKa3HMUKa CyMiCHOCTI 3 -1,2 1o 1,5) Ta KpucTaniyHicThb. [Y-CIeKTPOCKOMis i1 peHTreHOaHali3
HiATBepAUIN CTPYKTYPHI 3MiHU. PO3p06IeHi KOMITIO3UTH Bifi3HAYAIOTHCS MiJBUIIEHUM BOOIOTIIMHAHHSIM,
3HIDKEHHSIM KPUCTAIIYHOCTI, peryJbOBaHOIO XiMIYHOIO CTIiHKICTIO, 1110 BIJIMBA€ HA MIBUAKICTD i ePEeKTUBHICTD
6ioperpaganii. BogHodac nokpameHo Monysb npykHocTi (Ha 10-20 %), monynb nedopmarii (Ha 20-30 %),
TEMJIOCTIiNKICTb 3a Bika (Ha 25 °C) i cTpyKTypHi XapaKTepucTUKHU (Ha 15-25 %). 3anponoHOBaHO NIPUHIUIIOBY
TEXHOJIOTIYHY CXEMY Ta PerjlaMeHT OTPUMAaHHS eKCIIEpUMEHTAJIbHOI NapTii MOIUPIKOBAHOTO KPOXMAJIIO.
Kom6iHOBaHe BUKOPUCTaHHS XiMiYHO 1 (i3MKO-XiMiuHO MOIHUQiKOBaHOTO KpoxMaio y ckiagi [1JIA-komnosuuii

I IBUIIY€ TEXHOJIOTIYHY CYMICHICTb, 3HMKY€E KPUCTaIiYHICTh i aKTUBYE TiJJPOJIi3 €ECTEPHUX 3B '43KiB, 10 JO3BOJISE
KepyBaTy iHTEHCUBHICTIO IeCTPYKLii. BUKOpuCTaHHS Ipi6bHOAMCIIEPCHUX MiHEpalIbHUX HAIlOBHIOBAUIB Jla€e
MOXUIMBICTD perysoBatu gudysifiHi, COpOLifHI BaCTUBOCTI Ta XiMiuHy cTilikicTs. KoMmiekcHuil minxin, 3okpema
3acTocyBaHHS Mogeineil Pnopi-Xarinca-Kpiréayma, CTBOpIO€ MiAIPyHTS! A1 pO3pO6JI€HHS HOBUX KOMITO3ULiIMTHMX
CHCTEM 3 KOHTPOJIbOBAHUMU CTPYKTYPHUMMU 1 QYHKIIOHATbHUMHU XapaKTEPUCTUKAMU BifJITOBIHO 10 Cy4YaCHUX

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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Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CrenaHa Bangepu, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa ITo-6aThKOBI:
1. I'punenko Osiekcanap MukonanoBmuy

2. Oleksandr M. Grytsenko

KBasigikanis: 1. 1. n., npodecop, 05.17.06

InenTudgikarop ORCID ID: 0000-0001-8578-4657

HoparkoBa indpopmamnist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0C00H: HanjionanbHuii yHiBepcuteT "JIbBiBCbKa MOJITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micueanaxo,zm(eﬂna: ByJ. CrenaHa banpepu, 6yz. 12, JIbBis, 79013, YkpaiHa

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZoMOCTi



Biacue IlpisBume Im'st [To-6aThKOBI Camapuk Bonopumnp SIpocasoBnd
TOJIOBH pajgu

BiacHe IIpizBuie Im's I1o-6aTbKOBI Camapuk Bonopumup fpociiaBoBuy
rOJIOBYIOYOrO Ha 3acCimaHHi

BigmoBizasnbHUI 32 IIi,Z;I‘OTOBKy Kymnim-Ilenenceka boxkena IropiBHa

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




