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Abstract. The irrational disposal of plastic waste exposes both the environment
and human health to adverse consequences. This article aims to advance research in
the development of new biodegradable composites based on starch and lignocellulose
biomass from hemp. The objective was to develop an optimal formulation and
characterize the resulting biofilm through physicochemical analyses, including FTIR
to monitor changes of functional groups, TGA to assess thermal stability, and SEM to
investigate morphology and changes during the introduction of filler and its distribution.
Biomass filler was introduced into the polymer matrix at specified concentrations 0.1%,
0.3%, and 1%. The TGA results demonstrated comparable thermal degradation of
the samples, with the primary stage of decomposition occurring at a temperature of
approximately 283 °C, confirming the presence of a single basic structure of TPS in
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all samples. The total mass loss decreases from 93.552% to 88.552% with increasing
filler concentration, thereby improving the thermal stability of the sample. SEM mass
showed noticeable changes in the morphology of the samples, specifically a gradual
transition from a smooth surface to more heterogeneous, fibrous structures as the filler
concentration increased. The data obtained indicate that the introduction of hemp
fibers increases the rigidity of the polymer matrix and improves thermal performance;
however, the high filler content reduces the flexibility of the sample. In general, TPS/
hemp biocomposites demonstrate high potential as biodegradable materials, making
them suitable as environmentally friendly raw materials and contributing to the
development of sustainable polymer biocomposites.

Key words: thermoplastic starch, corn starch, biomass, biodegradable polymer,
hemp, biofilm
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AHHOTAIMS: TUTACTHKAJIBIK KaIIBIKTAPAbl YTHIMCBI3 KOAETe Kapary dKOJOTHSUIBIK
3apranrtapraia, ajaM JeHCay IbIFbIHA [1a )KaFbIMChI3 9Cep 9Kellyl MyMKiH. byl Makananbig
MakcaThl — Kapacopa OunomMaccachlHaH KpaxMal MEH JHMTHOLEJUIION03a Heri3iHuaeri
KaHa OMOJIOTHSAJIBIK BIOBIPAUTBHIH KOMITO3UTTEPAl 33ipiiey calachlHIAFbl 3epTTeyiaepai
inrepinety. Herisri MiHzmeT ajbplHFaH OMOMacCaHbIH OHTAWIbI KYPaMbIH 93ipJiey >KoHe
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(bU3HUKa-XUMUSIIBIK TaIayliap apKbUIbl Tajjay, COHBIH IlIiHAEC OMOKOMITO3UTTEpHCTi
(YHKIMOHAIABIK TONTAPIABIH ©3repyiH Oakpuiay yiliH MK-Dypbe crieKTpoMeTpHsChl,
TEPMUSUIBIK TYPaKTBUIBIKTHI Oaraiay yuriH TI'A jkoHe TONTBIPFBIITHI €HT13y JKOHE OHBI
eHTi3y Ke3iHJeri Mop(oJIOoTHsIIBIK e3repicTepai 3eprrey yirid COM onici KOMAaHbIIIBL.
[lonumep MarpuuacbiHa OHoMacca TONTBHIPFBIIBIH KOPCETIreH KOHIEHTpaluusiapaa
earizinai 0,1%, 0,3% xone 1%. TIA HoTwkenepi YATLIEPHiH CaJbICTHIPMAIIbI
TEPMUSUIBIK BIABIPAYBIH KOPCETTi, BIABIPAyAblH OacTamkbl Ke3eHi mamameH 283°C
Temneparypaga oonapl, oy Oapnbik yarinepae TIIK (TepmonacTUKanbIK Kpaxmal)
TypiHzae OipeiHFail 0a3aiblK KYpbUIBIMHBIH OONybIH pacTaiiabl. JKanmbl maccaHbIH
TOMEH/IEYl TONTBIPFBIII KOHLEHTPAIMSACHIHBIH KOFapbulaybl HOTIKeciHae 93,552% -
nan 88,552% - ra neifin TeMeHAeH 1, Oy ©3repic YATIHIH TEPMUSIIBIK TYPaKThIIBIFbIH
xaxcapragsl. COM Tangaysl yariiepain MopQoIorusChIHIA Al TapIbIKTal e3repicTepai
KOpPCeTTi, aran alTKaHAa TONTHIPFBIII KOHIEHTPALMSCHl >KOFapbUIaFaH CaibIH Teric
OeTiHeH OIpTEKTI eMec TalIIBIKThl KYpbUIBIMAAapFa OipTiHIen aybicybl OalKajbl.
Hotmxenep Herizinae kemeci TYXKbIpbIMIamalap aJbIHIBI: Kapacopa TajJIIbIKTapblH
€Hri3y TOJMMEp MaTPUIACHIHBIH KAaTTBUIBIFBIH apTThIPalbl JKOHE TeMIlepaTypara
TYPaKTBUIBIFBIH JKaKCAPTaJAbl; JETeHMEH, TONTBIPFBILITHIH KOFapbl MeJILepi YIATiHiH
WKEeMIUTIMH TOMEHAETETIHIH aran oTKeH »oH. Tyracrail anranna, TIIK/kapacopa
(hemp) OMOKOMIO3ZUTTEP] OMONOTHSUIBIK BIABIPAUTHIH MaTepuasap PeTiHAE JKOFaphl
oIIeyeTTi KepceTei, Oy oiapIbl KOJIOTHSIIBIK Ta3a IIHUKi3aT peTiHae KapaMIbl eTeli
YKOHE TYPAKThI OIUMEPITi OMOKOMITO3UTTEPAIH AaMybIHA BIKIAT €TeIi.

Tyiiin ce3mep: TepMOIUIACTHKAIBIK KpaxMal, >XYrepi Kpaxmaibl, Ouomacca,
OMONOTHSIIBIK BIABIPAUTHIH MOTUMED, Kapacopa, OMOIIIeHKa
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Annortamusi: HepanuoHanpHas yTHIM3alUsi TUIACTUKOBBIX OTXO/MOB UpeBaTa
KaK JKOJIOTMYECKHMHU TIOCIIEACTBUSIMU, TaK M HEONAronpusTHBIM BO3JCHCTBHEM Ha
3[0pOBbE uesioBeKa. Llenbio TaHHOM cTaThbu SIBISICTCS MPOJIBHKEHHE HCCIIEOBAHHMH
B 00jacTu pa3pabOTKH HOBBIX OHMOpa3jiaraeéMbIX KOMIIO3UTOB Ha OCHOBE Kpaxmasa
W JIUTHOLIGJUTIONO3bI U3 OroMacchl KOHOMTH. OCHOBHOH 3amadeil Obuio paspaborarb
ONTUMAJILHBIA COCTaB M OXapaKTepPH30BaTh MONYYECHHYIO OHMOIIIEHKY C TOMOIIBIO
(u3MKO-XUMHYECKMX  aHaiu3oB, Bkimodas  MK-Dypbe-ciekrpockonuio — Juis
MOHUTOPUHTa W3MEHEHHH (YHKIMOHAJIBHBIX TPYNI B OHOKommosuTax, TIA s
OLIEHKH TepMocTaOmiIbHOCTH 1 COM 11 M3yueHuss MOp(HOJIOTHH U U3MEHEHHH MpH
BBE/ICHUH HAIIOJHUTEIISl U €r0 paclpeieicHnu. B monuMepHyto Marpuily ObUT BBEIEH
HaIoJHUTEIb U3 Ouomacchl B KoHueHTpanusax 0,1%, 0,3% u 1%. Pesynprater TTA
MIPOJIEMOHCTPHPOBAJIH COMOCTABUMBIN XapaKTep TEPMHUYECKOM JIECTPYKIUU 00pa3IoB:
MepBUYHAS CTaIusl Pa3IOKEHHS MPOUCXOIWIIA NPU TeMIlepaType NpUOIH3UTEIBLHO
283 °C, uto moxaTBepkIaeT Hamuume enuHoi OazoBoil crpykrypel TIIK Bo Bcex
oOpa3siax. O01mas morepsi Macchl ymeHbInaercs ¢ 93,552% no 88,552% ¢ yBenuueHuem
KOHIIEHTPAIIMU HATIOJIHUTENS,, TEM CaMbIM IOBBIIIAS TEPMOCTAOMIBLHOCTH 0OPAa3IoB.
CDOM-ananu3 mokaszai 3aMeTHbIe U3MEHEHUsI B Mopdonoriuu oOpas3ioB, B YaCTHOCTH
MOCTENEHHBIN TIEPEXO0]] OT IVIaJIKOH IMOBEPXHOCTH K 00JIee HEOHOPOIHBIM BOJIOKHUCTBIM
CTPYKTYpam [0 Mepe YBEIMYCHHUS] KOHIIEHTPAH HarmonHuTeNs. [lomydeHHble TaHHbIe
CBHUJICTENILCTBYIOT O TOM, YTO BBEJCHUE BOJIOKOH KOHOIUIM ITOBBINIAET >KECTKOCTDH
MOJIMMEPHOM MaTPHIBI U YIydlnaeT e€ TEIUIoBble XapakTeprucTUKU. OJHAKO BBICOKOE
COZIepKaHHe HAITOHUTEINSI CHU)KaeT THOKocTh 00pasua. B nemom, 6nokommosuts TITK/
koHoIIs (hemp) IEMOHCTPUPYIOT BBICOKHH MOTEHIMAT B KauecTBE OMopasiiaraeMbIX
MaTepualioB, YTO JAejaeT WX NPUTOJHBIMH B KadeCTBE DKOJIOTHUECKH Oe30IM1aCHOTO
CBIPbS U CITIOCOOCTBYET pa3paboTKe YCTOMUMBBIX MOTUMEPHBIX OMOKOMITO3UTOB.

Ki1roueBble cjioBa: TepMOTIACTUYHBIN Kpaxmall, KyKypy3HbIi Kpaxmal, Onomacca,
OuopaszinaraeMplii TIOJIMMEp, KOHOTILJISI, OMOTIIICHKA

Introduction. The global accumulation of plastic pollution poses a serious threat to
the environment, characterized by "poor reversibility." Due to the slow pace of natural
mineralization and the limited availability of effective recovery methods, the adverse
effects of this pollution, including changes in biogeochemical cycles and damage to
ecosystems, are becoming almost irreversible.

Every year, an estimated 9 to 23 million tons of plastic waste are discharged into
the water environment (MacLeod, 2021). It is predicted that by 2025, these predicted
emission rates will have doubled. The variety of plastic sources and types, their
resistance to decomposition, and the potential harm they pose to living things have all
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been emphasized in numerous studies. Scientists have studied “microplastics” in detail,
specifically those categorized by size. Other plastics that have received less attention
include macroplastics (size > 5 mm) and nanoplastics (size < I um). Any plastic
released into the environment is considered plastic pollution (Li, 2021). In addition,
microplastics not only pollute the environment but also pose an invisible threat, as they
can penetrate the human body through professional activities and other sources. Recent
studies using Fourier-transform infrared spectroscopy (FTIR), gas chromatography, and
mass spectrometry have identified nano- and microplastics in the lungs (Jenner, 2022),
intestines (Santini, 2024), and even in the human placenta (Garcia, 2024). These particles
include polyethylene, rayon, polypropylene, polystyrene, polyethylene terephthalate, and
otherunclassified plastics. Vasse G.F. et al. (2024) focused on researching how micro- and
nanoplastics (MNP) pollution relate to specific lung cells and respiratory diseases such as
asthma, COPD, lung cancer, and interstitial lung diseases (ILDs). According to research
based on industrial and scientific data sources, a total of 10,000 substances have been
identified, with more than 2,400 classified as substances of potential danger. SciFinder
reports that 1327 of these substances are improperly regulated in some countries and are
even connected to food (901 substances), while 266 of these substances have not been
thoroughly studied (Wiesinger, 2021). In the face of increasing plastic pollution, there is
a growing demand for a more environmentally friendly alternative. Creating conditions
for the creation, processing, and composting of biodegradable plastic materials may be
the best solution to the above problems (Flury et al., 2021), since disposal of traditional
plastic (Alabi et al., 2019) (especially incineration (Nagyet al., 2016) is not the best
solution because of its negative impact on the environment. The use of lignocellulosic
biomass as a filler attracts the attention of researchers and has been successfully applied
in various fields, including additive manufacturing, environmental remediation, and
medicine. It can also be an alternative to traditional plastics (Mujtaba et al., 2023). This
research aims to develop formulations of biocomposites that can serve as a solution
to the aforementioned problems. The aim of the study is to study the effect of adding
hemp as a reinforcing material, as lignocellulose biomass to the basic polymer matrix
in the form of TPS. In the modern scientific environment, thermoplastic starch plays
a crucial role as a fundamental component in the polymer matrix for the manufacture
of biodegradable materials of various origins, including bioplastics (Jayarathna et al.,
2022). It should be noted that starch is not used in its native form to produce starch-
containing biocomposites on an industrial scale due to its disadvantages, such as poor
solubility, retrogradation, syneresis, thermal decomposition, and high viscosity after
gelatinization (Compart et al., 2023). To eliminate the disadvantages, starch undergoes
various modifications; in our case, plasticization was used as a method of chemical
modification. In granular form, starch mainly consists of linear amylose and highly
branched amylopectin. When mixed with a limited amount of water, plasticizers (such
as sorbitol and glycerin) are added, and starch is exposed to heat and shear forces. As
a result, it spontaneously decomposes, forming a thermoplastic starch (TPS) mixture
(Yu et al., 2021). Although it can be used as an environmentally friendly polymer, TPS
has a hydrophilic property that makes it difficult to use directly as a biofilm. During
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operation, sensitivity to water leads to swelling of the material. Moreover, poor barrier
and mechanical properties, such as low tensile strength and elongation at break, limit
its wide application and competition with traditional film representations (Rahardiyan
et al., 2023). One method to mitigate these disadvantages involves developing a biofilm
formulation that incorporates lignocellulose fibers into the TPS polymer matrix. In this
regard, it is crucial to consider the role of material compatibility, which is enhanced by
the presence of hydroxyl groups in both starch and lignocellulose fibers, thereby forming
strong interphase hydrogen bonds that improve mechanical properties (Nazrin et al.,
2025). Foret et al., (2023) successfully obtained bio-composites of thermoplastic wheat
starch reinforced with hemp. When studying the effect of fillers, changes in mechanical
properties were observed. It was noted that as the filler concentration increases, the
tensile strength and stiffness increase accordingly, which determined the threshold
concentration of cannabis to be no more than 40%. There was also a decrease in water
absorption as the concentration of cannabis increased. Thus, the use of cannabis as a
filler has prospects as an industrial production of biofilms, contributing to a reduction
in the cost of the target product. Consequently, these studies formed the basis for the
production and characterization of thermoplastic starch from corn, incorporating hemp
fibers into a new formulation.

Methods and materials. For this study, “Tre Mulini” corn starch (a brand from the
Eurospin supermarket chain in Italy) was used as a raw material. The hemp samples were
mechanically ground using a MM 400 vibratory mill (Retsch GmbH, Germany). The
grinding was performed at a frequency of 100 Hz for 15 minutes until a uniform powder
was achieved. Functional groups and their interactions were identified through Fourier
Transform Infrared (FTIR) analysis in the range of 4000-400 cm™ with a PerkinElmer,
USA FT-IR Spectrometer Spectrum Two. Before the SEM analysis, the Q150T ES
Plus system (Quorum Technologies, Great Britain), a device that combines spray
coating and carbon evaporation, was used to enhance conductivity and prevent
charging of the sample surface. The morphology and fiber-matrix interface of the
composites, as well as the surface of the sample, were studied using a scanning
electron microscope (SEM) with a ZEISS Sigma (FE-SEM, Carl Zeiss, Germany)
system. The thermal stability and decomposition patterns of the samples were studied
in an inert nitrogen atmosphere using a Discovery TGA 55 thermogravimetric
analyzer (TA Instruments, USA). Thermoplastic starch (TPS) has poor mechanical
and thermal properties due to its high hydrophilicity. To enhance performance, natural
fibers (biomass) were often used as reinforcement in the polymer matrix.
Lignocellulosic biomass from the hemp stem, obtained in Italy, was used as a
reinforcement agent to improve mechanical properties. Glycerol is used as a
plasticizer because of its compatibility with amylose, along with acetic acid, which
acts as a co-plasticizer and significantly enhances the water absorption of the films.
Staker J. et al. (2024) revealed that acetic acid possesses the property of cleaving
glycosidic bonds; moreover, as a co-plasticizer with glycerin, it exhibits a high tensile
strength (M = 2.04 £ 1.24 MPa). The synthesis of biodegradable plastic made from
starch, glycerol, and vinegar (acetic acid) was performed using the method by Abdel
Hamid E.M. et al. (2025), with the formulation shown in Table 1. Each sample
contains the same amount 46
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of starch, glycerol, and vinegar as indicated in Table 1 (S/G-V); however, different
concentrations of hemp fiber were added (0.1%, 0.3%, 1%). Pre-weighed 15 g of corn
starch was placed in a laboratory beaker and stirred with a magnetic stirrer heated to
100°C. 125 ml of distilled water was gradually added, stirring constantly with a glass
rod until a homogeneous suspension was formed.

To prevent lumps from forming, the mixture was continuously stirred. Plasticizers
were added sequentially, including 15 grams of glycerol and a 6% acetic acid solution.
Maintaining a consistent temperature is crucial, as raising the temperature of the
polymeric compound above 120°C can affect its structural integrity and textural
properties. The mixture was subjected to continuous agitation until a viscous mass was
established. Consequently, samples were prepared with varying concentrations of hemp
fiber, which had been previously dried and milled into a powdery state. The formation
of the thermoplastic film was carried out using the casting method onto a Teflon surface.
Each sample was assigned a name and numbered (A1, A2, etc.). The next day, the films
were pressed from above with a glass surface to keep their shape and ensure even drying.
After 5-6 days, the biofilms could be carefully removed using a laboratory spatula.

Table 1 — Comparative table of TPS/hemp sample compositions

Sample | The ratio of components, g Fiber (hemp powder) ratio g, %
A 15 g Corn starch No fiber

C 125 ml Demineralized water Hemp fiber 0,1% (0,16 g)

D 15 g Glycerol Hemp fiber 0,3% (0,45 g)

F 15 ml Vinegar (6% of acetic acid in water) Hemp fiber 1% (1,6 g)

Figure 1.1 Figure 1.2

Figure 1.3 Figure 1.4

Figure 1. Samples of TPS with different concentrations of hemp fiber. TPS with 0% of hemp fiber (1.1),
TPS with 0.1% of hemp fiber (1.2), TPS with 0.3% of hemp fiber (1.3), TPS with 1% of hemp fiber (1.4)
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Results. Four representative samples were selected from the obtained films, one
from each batch (A1, C12, D7, F11), to assess further the impact of the morphological
state of the lignocellulose filler on the properties of TPS.

FTIR Analysis

The FTIR spectra for all samples have characteristic absorption bands typical of
starch-containing thermoplastic materials (Figure 2). A broad and intense band is
observed in the region of 3300 cm™, indicating fl uctuations in the tension of the O-H
hydroxyl groups present, indicating the presence of hydroxyl groups commonly present
in cellulose, hemicellulose, and lignin, as well as in adsorbed water. This breadth
suggests the presence of extensive hydrogen bonding in the material. The peak value
of approximately 2920 cm™ corresponds to C-H stretching fl uctuations, usually
associated with aliphatic methyl and methylene groups present in organic
compounds. The band with an angle of 1640 cm™ can be explained as corresponding
to the vibrations of water molecules absorbed by cellulose.

In some cases, this may also indicate stretching of C=0O from carbonyl or carboxyl
groups, although its intensity and width often more strongly suggest the water content
in lignocellulosic materials. The band at 1420 cm™ is associated with fl uctuations of
C=C Groups in aromatic compounds, and this is often indicative of the crystalline
structure of cellulose. The bands at frequencies 1150 cm™ and 1030 cm™ of
asymmetric C-O-C stretching and C-O stretching vibrations are characteristic of the
intermolecular valence vibration of carbohydrates. These bands confi rm the matrix of
polysaccharide structures.
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Figure 2. Comparative FTIR spectra of samples A, C, D, and F

TGA Analysis. At a temperature of approximately 30.78°C, the initial mass loss of
sample A was 11.508%, which is attributed to the evaporation of moisture. The second
stage of degradation begins at a temperature of 143.30 °C, resulting in a further
23.871%
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mass loss. This is followed by a more significant mass loss (58.344%) at a temperature
of 283.90°C, which is associated with the primary thermal decomposition of TPS. The
total mass loss reaches 93.552%, which means almost complete decomposition at
temperatures closer to 700°C.

The initial mass loss of sample C was 17.380% at 35.01°C, followed by a slight
mass loss of 6.487% at 122.48°C. At the third stage, the mass loss was 69.574% at a
temperature of 284.65°C. The total mass loss was 93.246%.

Sample D exhibits an initial mass loss of 21.230% at 40.81°C, an intermediate
mass loss of 13.978% at 193.89°C, and a significant degradation stage, characterized
by a mass loss of 56.017% at 283.70°C. The total mass loss is 90.889%.

Sample F shows an initial mass loss of 8.402% at 46.88°C, followed by 27.568%
at 166.54°C and a significant mass loss of 52.440% at 282.54°C. The total mass loss
was 88,552%.
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Figure 3. TGA curves for TPS with samples. Sample A (3.1), Sample C (3.2),
Sample D (3.3), Sample F (3.4)

SEM Analysis. The TPS sample (A) without filler exhibits a homogeneous, wrinkled
surface. This complex folded structure suggests a large surface area, typical of a pure
TPS polymer matrix. Additionally, Sample C shows a more heterogeneous surface than
pure TPS, characterized by irregularities and distinct aggregates. These features likely
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result from the uneven distribution of hemp filler within the biofilm matrix. Figure 4
displays a noticeable round, textured formation, possibly an agglomerated filler particle
or a concentrated filler area. Other regions contain numerous uneven aggregates,
indicating different levels of dispersion. In sample D, a distinct structural protrusion
with layered features is visible, which may be a larger fiber material and has a smoother
surface compared to sample C, but with more prominent particles or particles at the
surface level. Sample F has complex topographic features, including highly layered,
porous, and fibrous structures, as well as a shaped surface with many small spherical
particles. At an increase of 29.23 KX, layered structures measuring 582.3 nm become
visible, indicating the fibrous nature of the filler and allowing for the quantification of
the size of individual fibrous elements.

Figure 4.1 _ Figure 4.2 Figure 4.3
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Figure 4. SEM images. Sample A (4.1, 4.2), Sample C (4.3, 4.4), Sample D (4.5, 4.6, 4.7), Sample F (4.8,
4.9,4.10,4.11)
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Discussion. The similarity ofthe leading bands in the TPS matrix and the lignocellulose
filler in the form of hemp does not reveal new peaks when compared. Although the
overall spectral characteristics are identical for all samples due to the slight difference
in the concentration of hemp fillers, minor differences in peak intensities may indicate
differences in composition or structural arrangement. A modification in the intensity
detected within the absorption bands at 3300 cm[]' indicates a differential extent of
hydrogen bonding, wherein an increase in these bands is associated with a heightened
concentration of the filler material. Nonetheless, it is noteworthy that the intensity of the
C sample surpasses that of the samples exhibiting a greater concentration of D and F.
Consequently, this variation can be elucidated by the utilization of a casting technique
during the film formation process, which may facilitate an uneven distribution of the
hemp fiber. The observed disparity in the band area (less than 1,500 cm[J') may signify
variations in the relative proportions of cellulose, hemicellulose, or lignin, as well as
alterations in their crystallinity or amorphous content.

All specimens exhibit the preliminary phase of weight reduction at comparatively
low thermal conditions (30-47 °C). These initial losses are commonly attributed to the
drying process of absorbed fluids or the release of volatile substances present in the
samples. The scale of these early losses depends on the exact sample, consequently
illustrating discrepancies in their hygroscopic traits or volatile substance levels. Each
specimen presents one or two intermediary phases of decomposition, occurring at
approximately 120 °C to 200 °C. These moments likely indicate the erosion of less
durable factors or minor structural components within the material. In all specimens,
the initial temperature consistently oscillates between 282 and 285 °C, at which point
a discernible stage of degradation is evident. This significant weight reduction, ranging
from 52% to 69% of the total mass, signifies the primary thermal decomposition of
polymeric constituents. The agreement of the primary temperature points to the
availability of a shared base material, a thermoplastic starch matrix, among all samples.
After the principal decomposition, the residual mass of all specimens at a temperature
of 700 °C varies between approximately 6.4% and 11.4%. This residual matter may
comprise inorganic fillers, carbonization, or thermally stable components that remain
intact under the prescribed experimental conditions.

SEM results reveal different surface morphologies among the samples. Some images
display a relatively smooth, continuous, film-like structure with some wrinkles and
creases, indicating plasticization of the material. Others show rougher, more uneven
surfaces with characteristic features such as round structures with granular textures and
areas containing visible pores or fibrous structures.

Conclusion. The SEM investigation skillfully highlights the singular morphological
characteristics of pure TPS, as well as those of the hemp filler. Figure 4 explains
the evolution from a smooth, uniform polymeric structure to increasingly complex
and assorted configurations as filler is added. Examining the microstructural traits is
essential for understanding the consequences of filler integration on the properties
of the composite, which encompass mechanical robustness, barrier capabilities, and
decomposition tendencies, all of which are intimately tied to the filler’s distribution,
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shape, and engagement within the polymer matrix. The FTIR analysis substantiates the
constancy of the chemical foundation of TPS across all samples, indicating that hemp
fiber predominantly functions as a filler without substantial alterations to the principal
functional groups. In every examined sample, an observable initial mass reduction
occurs, succeeded by a transitional phase linked to the degradation of hemp, leading to
a notable stage of destruction related to the TPS structure. A large quantity of hemp, as
showcased by sample F, could potentially improve hardness and strength; however, a
clear decrease in flexibility is apparent. Utilizing natural hemp fibers enhances the rate
at which TPS composites break down, thereby supporting the development of more
environmentally sustainable materials.
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