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The aim of the work was o study e morplology and stuctural features of biodegradable composites based on polylaciide, filled 
with comn st formed by extrusion melod. The cardcrertstis of the dbtaied miaterials were imvesngated by scanning electron micros- 
copy, X-ray diffvaction, IR spectroscopy. It was established that the presence of polyetlylene glycol PEG—4000 as a plasiicizer and sirfac- 
tani — glycerin monostearate n the iitial mixture leads to the formation of a nonporous heterogeneous system, in which starch particles are 
statistically distributed in the matrix. The starch conceniration i the conposite varied from 20 to 53 wi. % When the sarch concentration 
increases o the i values, agglomerdtion offler pariles oceurs and a sharp deteftoration in the mechanical propertes of he conpo- 
site. The XRD analysis of the samples showed that tlie initial PL4 does not actually have a crystalline phase, and when PEG and starch are 
iniraduced g te composie, intense reflexes are observed o ihe difiaciogram, which are most lkely a suparposiion of o reflections 
Jrom e sarch and e crysallne phase o the polvlactde. Tre effect of PEGand strcl o the compasitesiucture was analzed ising ihe 
‘IR spectroscopy method. No new bands were ’/f;pund in the spectrum of the composite compared o the IR spectrum of the original polylac- 
tide, which indicates the absgnce of chemical interaction benween the components. The most intense bands m both samples are located in 
i region of 1200-1750 cn ' and relate 1o the valence wibations of G-0 bonds (C-0-C and/or C-O(E9), as wellas 10 he valece vibra- 
tions of C-C bonds, i, only polyacide Is present on the sufuce ofthe sanple, and the sujace. The composite is  plastczed polyucide, 
interspersed with starch particlés coated with a polymer filn. In gddition, in the IR spectrim of the composite, the band corresponding 10 
the valence vibrations of bound hydroxyl groups' (3200-3500 cnr™) has a significandly higher iitensity and width, which indicates an addi- 
tional contribution of OH- groups préseitt in the PEG molecule. Biodegradability tests conducted in accordance with the mternational 
standard 150 10920:2013 showed that ihe obtained miaterials undergo complete cliemical and biological desruction n compost within 3-0 
‘months. 

Keywords: biodegradable composite, polylactide, corn starch 

CTPYKTYPHBIE OCOBEHHOCTH 1 MOP®OJIOTA 
BHOPA3JIATAEMBIX KOMIIO3UTOB HA OCHOBE 
ITOJIMJTAKTHJIA 1 KYKYPY3HOI'O KPAXMAJIA 
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2Benopyccxuii 20cyoapcmsennstii mexnonozuneckuii yuusepcumem, Benapycs 
'Hucmumym mexanuxu memannononumepnsix cucmem, Tomers, Benapycs 

Ifets#0 pacoms! Gs110 Uy Hetie MOPGOTOUL U CTIPYKIYPHSIY 0COGEHHOCMel GOpasTaZaebIY KOMNOSUNIOS Ha OCHOSE NOTIIK- 
MUOa, HANOTHEHHOZO KYKYPYSHBLM KPAXAATON, GOPMUPYENBIX IKCMPYSUOHHBIM MemOOON. Xapaxmepucmiuxy noTyeRHsIX Mamepuaios 
duin uccieoosay Craipoell S1EMpoON Aixpockoniel, pennzeospagsen, HE-cnesmpocroiiets Venanosieno, o npicin- 
CrmIGtie 6 UCXOOHOI CAeCH NAaCTUGURAMOpa noTusMUAEH KO [TOT-4000 U NOGEPXHOCHO-GKINIEHOZ0 GeUjeCIEa — 2TUYEPUH OHOCIE- 
apama sedem x opANPOBAHILIO GeCNOPUCTIOIT 2emepozenHoll CUCMEAH, 6 KOMOpOIL YaCHINs! KPAXMQTA CIIMUCTINECKU PACTPEOeTerb & 
suampuye nonuaaxmuoa, Kowyexmpayiuio xpaxvana 6 cocmase xoxmosuma eapeuposan om J0 00 55 ac. % TIpu yseiusentu xowyes- 
AN KPAXNATG 00 NpeDeTbHbIX SHANEHII NPOUCYOOUN GZTOMEPAYUA MACHINY_ HANOTHUMETA U DEsKoe YXVOUIEHIE  MEXHUNECKIN 
céolicms Koxmosuma. HcCredosariie 0Gpasyos Aiemooox PPA noxasaro, wmo ucxoowvill nOAGKMUO arxmuiecku e uieem pucmani- 
YecKoll Qpaswi, a_npu 66eOEHI 6 COCMAs KOMNOSUMA NOTUIMLICH2TUKOTA U KPAX A HA OUGPAKMOZPAINE HAOTIOOAIONICA UHIEHCUSHSIE 
egpIexch, Komopble, Ckopee 6Ce20, AETAIONICA CYNEPNOSel: O6YX OMPAXCEH1L - 01 KPAXWANA U KPUCTIATTUHECKOIl sl NOIAKIOA, 
Anaws enumus IIO1 u \paxiara #a cmpyxmypy KoAmosuma nposodll ¢ uCnoTb308aHueN Memooa JK-cnexmpocxkoniu. Hogsix notoc 6 
Cnexmpe KoAMO3MA 110 CPaSHEHIO CO CEKMPON UCXOOHO20 NOTUTAKMUOA He OGHADYIKCEHO, MO CEUOEMIETsCIIGYeN! 05 OMICYMCIIGHI 
XUMINeCKD20 3aUMOVeIICIIaIR 11€3CY KoAmosienmary. HauGo1ee UMeHCUsKble NTOCul 6 0GOLX 00PAsAX PaCHOT0ONeHs] 6 061acIL 
1200-1750 cai™ u omwocames x sarerimrt Koreoaruan canseti C-O (C-O-C w/u C-O(H)), @ MAxdice x 6Q1eHmHLL M KOIE0aHIAN Conselt 
C=C, m.e. #a no6EPYHOCIMII 0GPA3YA_ NPUCYMCNIGYeM MOTLKO NOTUAAKINUO, @ NOEEPYHOCHIL KOMNOSUNI NPeOCAsTALM COGOl, NAacugl- 
YUPOBAHHBIL NOTILNED, C GKPANTEHUANY HaCTIUY KPAXAATA, NOKPSIMEIY WTeHKol nonuraxmuoa, Kpowe mozp, 6 JIK-cnexmpe xomosuma 
nOT0CA, COOMGEMCIIGYIONIAR SQTEHMHBLN KOTEOAHIAN CASGHHEIX 2UOPOKCUTBHBIX 2pynn_ (3200 — 3500 CAT), utteem SHaumexsHo Gob- 
WY1 URMIEHCUSHOCTL U ULDUFY, 4O YKAZbISAENI HA OONOTHIUMe s B! 6K1a0 OH-cpyNN, NPUCYMCMEYIoULY & voexy.1e TI3I. Henvmaruz 
HQ GUOPA3ZIA2a€OCIID,  NPOSEOEHHHIE 6 COOMEENICEUIL C AeHOYHAPOOHBI cmandapmon 150 16929:2013 noxasanu, umo noxyuexisie 
MAMeEpUTII N006Ep2ATOMCA NOTHOMY XUAUNECKONY U GUOTOZUMECKONY PASPYUIEHUI0 6 KOAMOCHIE § MeeHte 5~0 AeCAes. 

KT09eBHIe 1082: GHOPA3TATa€MEIe KOMIIOSHTE!, TOTHTAKTHI, KYKYPY3HE Kpaxiat 
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Ishning magsadi_ekstruziya usulida hosil bollgan makkajo'xori kraxmal bilan_to'ldirilgan polilaktid asosidagi biologik par- 
chalanadigan kompoZitlarning morfologiyasi va strukturaviy xususiyatlarini o'rganishdan iborat. Olingan materiallarning Xarakreristikalari 
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lefron pikvoskopiya, rentgen nurlart diffakisasi 10 spefiraskopiyast orqalt 'ganilgan, Dastlabi aralashmada plastfkator va sir 
kol Jfaol modda - glitserin morostearat sifarida polietlen 1 PEG-4000 mavjudligi kraxmal zarralari matritsada statistik tagsimlangan 

glovak bo'lmagan heterojen tizimning shakdlanishiga olib kelishi aniglandi. Konpozitdagi kraxmal konsentratsiyasi 20 dan 35% niass 

komy 
gslida kristal fuzaga cga enias va fompozisy 
kramal va polila 

ziming mexanik xususiyatlarining keskin yononlashis] 

tatan O spekroskoprya sl yordanida talil qinds, A5 po 
chiziglar topilmadi, bii komponientlar o'rtasida kimyoviy 0'zaro ta'sir yo'g 
1750'snr” oraliqda joylashgan va C-O nfoqnh’n‘mmf (C-0-C va / yoki C-O'(H)) valentlik tebranishlari bilan bog'Tq 
ing valent tebranishlariga, ya'ni namina yizasida 
qoplangan kraxmal zarralart bilan bog'langan poli 

graligda o'zgarad, Krawnal konseniraigyast chegaravy qumatlaga kotariigands, 1o 
i sodir boladi. Namunalarning XRD tahlili shuni ko'rsaf 

iga PEG va kramal kiritilganda, diffrakiogrammada kuchii reflekslar kcatiladi, bu ikki- 
iding st fazasining Gl ettisining superpozisias ol munkin, PEG va kraynalning konpoat fziisiga 

ldnncli saachalaning aglomerdisyas va 
ik, dastlabki PLA 

g 10 spekr bilan sofishtrganda fompoziinng speknda ynr 
ligini ko'rsatadi. Ikkala namunadagi eng qizg'in chiziglar 1200- 

C bog lanishlarin- 
fagat polaknid majud va Fompozining sii plasulashtiigar polmer plyonka bian 
faktiddan ibora. undan tashgari, kompoztming IQ spekirida bog'langan gidroksil lan 

gurullaming (32003500 ) valenlk tebranishiariga mos keladigan tasma seavar dayajads yugort mienswik va kenghibka-ega, bu 
esa PEG molekulasida OH-guruhlariing qo'shimchahissasini ko'rsatad, 1SO 16929:201 xalgaro standartiga muvofiq o'kazilgan bi- 
ologik parchalanish sinoviart shni ko'rsdidik, olingan matertallar 5-6 oy ichida kompostda to'lig kimyoviy va biologik parchalanad. 

Kalit so'lar: biologik parchalanadigan komporitar, polilaktid, makkajo'xori kraxmal 

Introduction 

The problem of creation, production and 

application of biodegradable materials is becoming 

increasingly relevant in connection with the global 

pollution of the environment by plastic waste, the 

growth of which is becoming alarming [1-3]. Bio- 

degradable polymer composites cannot completely 

solve the problem of environmental pollution, but 

they can partially replace traditional plastics in con- 

sumer goods such as soft and hard packaging, vari- 

ous containers and tableware [4—6]. Many countries 

have adopted a number of legislative acts concern- 

ing the replacement of disposable plastic products - 

bags, cups, cutlery, etc. with those made of biode- 

gradable materials. In recent years, intensive re- 

search and development has been carried out con- 

cerning the creation and production of materials 

based on biodegradable polymers filled with natu- 

ral fibers and polysaccharides, including various 

types of starches [7-12]. The production of biode- 

gradable polyesters is developing quite rapidly, 

among which polylactide (polylactic acid, PLA) is 

one of the most important and widely used biopoly- 

mers with many excellent characteristics, which 

allows it to be used, including for packaging and in 

medicine [13-15]. Polylactide has quite good me- 

chanical properties, however, its brittleness, low 

softening temperature (about 60 °C) and high pro- 

duction cost prevent its widespread use in its pure 

form. It is also known that polylactide decomposes 

rather slowly in soil or compost [16]. Polylactide is 

a product of polymerization of lactic acid, which, in 

turn, is formed as a result of lactic acid fermenta- 

tion of glucose (from corn, wheat, etc.) [17]: 

Q CHy O] CHs 

o —— HO 0 

j‘)\cug O CHiJ, © 
o 

DOL: 10.59048/cce202444 

A significant point in the production tech- 

nology of PLA and products made from it is the 

presence of stereoisomers in the lactic acid mole- 

cule. The lactic acid polymer can exist in two ver- 

sions (L and D), which are mirror images of each 

other. One hundred percent L-PLA has a crystalline 

structure with a certain melting point, while a mix- 

ture of isomers has an amorphous glassy structure. 

By varying the ratio of isomers, it is possible to 

achieve a wide range of properties in products de- 

pending on their purpose [18]. Methods for obtain- 

ing and research results of composite materials 

based on polylactide with various fillers, including 

starch, are described in a number of reviews and 

original articles [19-22]. However, the issues of 

combining components and increasing the biodeg- 

radability of composites remain unresolved. 

This work is devoted to the study of the 

structural features and morphology of biodegrada- 

ble composites formed by extrusion using polylac- 

tide as a matrix and corn starch as an organic bio- 

degradable filler. 

Research methods 

To obtain experimental tape samples of 

biodegradable materials based on a mixture of pol- 

ylactide and starch by extrusion, the following 

starting materials were used: Ingeo Biopolymer 

4043D PLA (manufactured by Natureworks LLC, 

USA) in granules; polyethylene glycol PEG-4000, 

average molecular weight is in the range of 3500— 

4500; crystallization temperature is 5055 °C; mass 

fraction of water is no more than 1.0 %) 

(hereinafter designated as PEG), which served as a 

plasticizer and combining agent for the PLA-filler 

system. 

Corm starch, which is a white powder with 

a grain size of 10-15 microns, was chosen as a bio- 

degradable filler. Corn starch grains, unlike other 

42024 K I va kilyo (exnofiogl} asi 
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types of starches, are characterized by smaller sizes 

and a small spread of particle sizes, therefore, corn 

starch powder (hereinafter referred to as CS) is 

preferred as a filler. To improve the rheological 

characteristics of the mixture, surface active agents 

was used glycerol monostearate GMS (purity is 

98.1%, melting point is 64.5 °C). 

Titanium dioxide in the crystalline form of 

anatase TIONA AT-1 used in the composition as a 

photoactive agent that promotes the destruction of 

intramolecular bonds in polymers when exposed to 

the ultraviolet component of solar radiation [23]. In 

addition, TiO, is used in the composite as a white 

dye. Titanium dioxide is considered ecofriendly 

and is classified as a food additive E171. 
The crystal structure was investigated by X 

-ray diffraction (XRD) measurements using DRON 

-7 diffractometer. 
SEM measurements have been performed 

by Vega II LSH Tescan, Czech Republic scanning 

electron microscope. 

IR spectra were performed by using Ther- 

mo Nicolet Nexus FT-IR Fourier transform spec- 

trometer (USA) in the range of 4000—400 cm. 

Tape samples of composites with a thick- 

ness of 0.5 mm were drawn on a single-screw ex- 

truder HAAKE RHEOCORD-90. 

Biodegradability tests were carried out on 

disc samples cut from experimental tapes in ac- 

cordance with ISO 16929:2013. 

Results and Discussion 

Starch in corn grains is present in the form 

of granules, the size of which ranges from 2 to 10 

pm (Fig. 1, a). During storage, starch particles 

ol oy Duaay otnos 
75k Ou DSE Do B 

ool 
a 

stick together, forming agglomerates that are easily 

dispersed under mechanical forces. From a chemi- 

cal point of view, starch consists of a mixture of 

polysaccharides, which can be divided into two 

fractions - amylose and amylopectin, which differ 

in the structure of the carbohydrates they contain 

(Fig. 1, b) [24]. 
‘When preparing PLA-filler composites, the 

composition of the initial charge was varied as fol- 

lows: 35-60 wt.% granulated PLA, 20-55 wt.% 

CS, 5-15 wt.% PEG, 4-5 wt.% GMS and 1 wt.% 

TiONA. 

The biodegradable composite is made ac- 

cording to the following scheme. PLA granules are 

mixed with PEG in a high-speed heated turbo mix- 

er at a temperature of 80 °C, added to the CS mix- 

ture, and kept at a temperature of 100 °C for 30 

minutes; then add GMS, TiONA powder to the 

mixer, continue heating and rotating until a homo- 

geneous mixture is obtained, then cool the mixture 

to 25-30 °C and after that the mixture is loaded 
into a single-screw extruder for melting and ho- 

mogenization. The temperature of the melt at the 

exit from the slotted extruder head is 180-185 °C. 
The temperature of the melt at the exit from the 

slotted extruder head is 180-185 °C. The melt en- 
ters the calender, cooled and formed in the form of 

a tape (Fig. 2, a). 

From the analysis of electron microscopic 

images of the tape composite, we can conclude that 

the presence of a plasticizer (PEG) and surfactant 

in the initial mixture contributes to the formation of 
a fairly homogeneous structure in which starch par- 

ticles are statistically distributed in the matrix (Fig. 

2, b). In the absence of CS in the composition, the 

Structural components of starch 
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b 

Figure 1. SEM image of CS granules (a), chemical structure of starch (b). 
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a 
Figure 2. Sample of composite extrusion tape (a); SEM image of the tape surface (b). 

tape acquires a banded morphology, which indi- 

cates the heterogeneity of the composition in the 

direction of movement of the tape when exiting the 

slotted extruder head (Fig. 3, a), at the same time, 

the presence of crystalline particles of CS helps to 

improve the homogeneity when mixing the initial 

mixture in the extruder (Fig. 3, b). When the starch 

concentration increases to the limiting values (55 

wt.%), agglomeration of filler particles occurs 

(Fig. 3, ¢) and a sharp deterioration in the mechan- 

ical properties of the composite. 

X-ray diffraction analysis showed (Fig. 4) 

that the original PLA actually does not have a 

crystalline phase, showing nuclei (reflection at 20 

Figure 3. SEM — image of the composite (surface) at different CS contents: a—0%; b — 20%; ¢ — 55%. 

0 

au
. 

20,° 
Figure 4. XRD patterns for samples: 

1 pure Gnitial) PLA; 2 - composite PLA (59 wt.%), CS (20 wt.%), PEG (15 Wt.%), GMS (5 wt.%, TIONA (1 wt.%). 
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20,° 

Figure 5. XRD patterns for CS powder sample. 

equal to 16.7 °). When PEG and CS are introduced 

into the composite, intense reflections are observed 

in the diffraction pattern, which are most likely a 

superposition of two reflections: from crystalline 

starch (reflections 15.1; 17.6; 23.25 °) (Fig. 5) and 

PLA (16.7 and 19.1°), characteristic of the structure 

of the L-isomer [25]. Reflexes 18.7; 21.3; 23.1° 

corresponds to the crystalline form of PEG [26]. 

The degree of crystallinity of a sample of 

tape obtained from a charge of the original compo- 

sition: 59 wt.% PLA, 20 wt.% CS, 15 wt.% PEG, 5 

wt. % GMS and 1 wt.% TiONA, calculated from 

the ratio of the area of the amorphous halo to the 

entire area under the diffraction pattern of the com- 

posite, was 52%. Thus, it can be stated that the re- 

sulting composite has a semi-crystalline structure, 

the formation of which is facilitated by the addition 

of PEG to the composition. 

In
te
ns
it
y,
 

a.u
. 

20° 
Figure 6. XRD patterns for extrusion tape with the composition: 

PLA (60 wt.%), flaxseed (20 wt.%), PEG (15 Wt.%), GMS (5 Wt.%). 

To confirm the role of PEG in the crystal- 

lization of PLA, an experiment was carried out to 

obtain an extrusion tape with the replacement of 

CS with amorphous flaxseed powder (20 wt.%, 

average particle size is 40 um) and the absence of 

a crystalline phase of titanium oxide. In this case, 

the diffraction pattern (Fig. 6) also shows an in- 

tense reflection corresponding to the crystalline 

phase of PLA (16.7 °) [27]. Reflections corre- 

sponding to starch (15.1; 17.6; 23.25 °) is not 

available. 
The influence of PEG and CS on the struc- 

ture and chemical interaction between the compo- 

nents of the composites was also analyzed using 

the IR spectroscopy method. Figure 7 shows the 

IR spectrum of the original polylactide (1) and the 

composition of PLA (59 wt.%), CS (20 wt.%), 

PEG (15 wt.%), GMS (5 wt.%) and TiONA (1 
wt.%) (2). As seen in Figure 7, no new peaks were 

detected in the spectrum of the composite com- 

pared to the IR spectrum of the original PLA, 

which indicates the absence of chemical interac- 
tion between these components. The most intense 

bands in both samples are located in the region of 

1200-1750 cm™ and belong to the stretching vi- 

brations of C-O bonds (C—O-C and/or C-O(H)), 

as well as to the stretching vibrations of C-C 

bonds, i.e. only polylactide is present on the sur- 

face of the sample, and the composite is thus 

starch coated with a film of plasticized PLA [28]. 

The band cormresponding to the C=O stretching 

vibrations (1756 cm') broadens significantly 

when PEG is added to PLA, which may indicate a 

probable interaction between the hydroxyl groups 

of PEG and the carbonyl groups of the main chain 

of PLA [29]. The band corresponding to symmet- 

rical stretching vibrations in the CH; group at 

2952 cm™ also broadens noticeably. In addition, in 

the IR spectrum of the composite, the band corre- 

sponding to the stretching vibrations of bound hy- 

droxyl groups (3200 — 3500 cm™) has a signifi- 

cantly greater intensity and width, which indicates 

the contribution of OH groups present in the PEG 

molecule [30]. 

Based on the results of biological tests in 

accordance with the international standard 
1S016929:2013, it was found that biodegradable 

composites containing polylactide, starch and aux- 

iliary components decompose in compost much 

faster than pure polylactide [31, 32]. When sam- 

ples are placed in wet compost (relative humidity 

34 0 42024 va kilyo (exno!ogl)nu
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Figure 7. Comparative IR spectra of pure PLA (1) and a composite 
59 wt.% PLA, 20 wt.% CS, 15 wt.% PEG, 5 wt. % GMS and 1 

wt.% TiONA (2). 

60%, T = 60 °C), colonies of microorganisms 

(bacteria, fungi) are formed on the surface of the 

material and microcracks are formed, allowing 

moisture to penetrate deep into the sample. Swell- 

ing follows and dissolution of starch particles and 

hydrolysis of the biodegradable polymer - pol- 

ylactide, which leads to cracking of the composite 

material. Large and small fragments are exposed 

to intense microorganisms. In the process of foul- 

ing of composite fragments with soil bacteria and 

micromycetes, destruction of the material and a 

significant drop in its strength occur [33] (Fig. 8). 

Microbial enzymes and metabolites, together with 

water and chemical components of the soil, cause 

further biodegradation of the remaining material. 

Under the influence of enzymatic systems present 

in living organisms, polymer fragments are in- 

volved in hydrolytic and redox reactions, as a re- 

sult of which the formation of new free radicals 
continues. Thanks to them, the macromolecules of 

polylactide are intensively destroyed, as a result 

of which its molecular weight is significantly re- 

duced. Microfragments of polylactide with a mo- 

lecular weight of about 5000 and below are ab- 

sorbed by soil microorganisms with the release of 

CO,, H,0 and humus, which, in turn, are a nutrient 

medium for soil microflora. If the composite is on 

the surface of the compost and UV radiation hits 

TiO, particles, additional mobile radicals are 

formed, which interact with the polymer chains 

and cause their destruction to low molecular 
weight fragments. The products of complete de- 

composition of the composite material are carbon 

dioxide, water, humus and minor amount of titani- 

um dioxide. Thus, within 5-6 months, the compo- 

site material is completely destroyed, which is 

mixed with compost and does not emit environ- 

mentally harmful substances. 

Conclusion 

The morphology and structural features of 

biodegradable composites based on polylactide 

filled with corn starch, formed by the extrusion 

method, have been studied. It was found that the 

presence of the PEG-4000 plasticizer and surfac- 

tant glycerol monostearate in the initial mixture 

leads to the formation of a pore-free heterogeneous 

system in which starch particles are statistically 

distributed in the polylactide matrix. The concen- 

tration of starch in the composite varied from 20 to 

55 wt. %. When the starch concentration increases 
to the limiting values, agglomeration of filler parti- 

cles occurs and a sharp deterioration in the me- 

chanical properties of the composite occurs. An 

XRD study of the samples showed that the original 

PLA actually does not have a crystalline phase, 

and when PEG and starch are introduced into the 
composite, intense reflections are observed in the 

diffraction pattern, which, most likely, are a super- 

position of two reflections - from starch and the 

crystalline phase of PLA. The influence of PEG 

Figure 8. Stages of biodegradation of samples based on polylactide when kept in compost according to the ISO 16929:2013 standard: 
a— initial composite PLA (39 wt.%), CS (20 wt.%), PEG (15Wt.%), GMS (5 wt.%) and TIONA (1 Wt.%); b — after 2 months; s — after 4 

months; d — after 6 months; e — compost after the experiment. 
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and starch on the structure of the composite was 

analyzed using IR spectroscopy. No new bands 

were found in the spectrum of the composite com- 

pared to the IR spectrum of the original PLA, 

which indicates the absence of chemical interaction 
between the components. The most intense bands 

in both samples are located in the region of 1200— 

750 cm™ and belong to the stretching vibrations of 

C-O bonds (C-O-C and/or C-O(H)), as well as to 

the stretching vibrations of C-C bonds, ie. only 

polylactide is present on the surface of the sample, 

and the surface of the composite is plasticized PLA 

interspersed with starch particles coated with a 

PLA film. In addition, in the IR spectrum of the 

composite, the band corresponding to the stretch- 

ing vibrations of bound hydroxyl groups (3200 — 

3500 cm™) has a significantly greater intensity and 

width, which indicates an additional contribution 

of OH groups present in the PEG molecule. Bio- 

degradability tests carried out in accordance with 

the international standard ISO 16929:2013 showed 
that the resulting composite materials undergo 

complete chemical and biological degradation in 

compost within 5-6 months. 
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