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Abstract. The main goal of the presented study is the
development of industrial hemp fibre reinforced biocomposites.
Matrix materials used are as follows: thermoplastic starch based
systems, blends of biodegradable polymers — poly(vinylalcohol)
and microbially produced polyester polyhydroxybutyrate. The
correlation among hemp fibre content, matrix composition and
characteristics of biocomposites has been demonstrated.
Hydrophobic finishing of reinforced biocomposites with Rucostar
DDD diminishes moisture absorption. Biodegradation of
biocomposites has been found to be composition dependent.
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|. INTRODUCTION

In recent years much attention has been focused on the
development and use of biodegradable composite materials
based on the renewable resources as an eco-friendly
alternative to traditional nondestructive synthetic plastic
materials. The use of natural fibres as reinforcement in
polymer composites has attracted special interest due to their
availability, low cost, light weight, renewability, acceptable
specific strength properties, ease of separation and
biodegradability [1-4].

The present study is focused on the development of specific
class of reinforced biocomposites denoted as “green
composites”, where bio-based polymers serve as a matrix for
natural fibre reinforcement and both of them are derived from
renewable resources and are fully biodegradable [1, 2-8].

The basic idea of our research is the selection, optimization
and comparison of distinct matrix materials and the
assessment of their suitability for designing of natural fibre
reinforced “green composites”.

Several potential biodegradable polymers have been
selected to reach the above-mentioned aim: microbially
produced polyester polyhydroxybutyrate (PHB), chemically
synthesized  polyvinyl alcohol (PVA), agropolymers
(thermoplastic starch — TPS); moreover, various their blends
have been developed as modified bio-based matrix material.

PHB as one of commercially available
polyhydroxyalkanoates has attracted interest as a promising
thermoplastic biopolymer due to its specific properties —
biodegradability, biocompatibility and hydrophobic nature [9,
10] and has been recognized as available raw material for a
biodegradable polymer matrix. One of possibilities to improve
inherent brittleness and thermal instability of hydrophobic
PHB and to reduce high production costs can be assured
through modification and blending with other types of
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biodegradable polymers [10-14]. The main goal of the present
study is based on such an approach — the elaboration of novel
waterborne polymer matrix systems — blends of hydrophobic
PHB (in the powder or latex form) with hydrophilic partner
components — TPS or/fand PVA — for the development of
hemp fibre reinforced biocomposites and the analysis of
mechanical, hygroscopic properties and biodegradability of
the obtained biocomposites.

Il. MATERIALS AND METHODS

Materials

Matrix materials used were as follows:

PHB powder from “Biomer®” (Germany) — M.w. 540 kDa,
Tm= 176 °C, Tgee= 200...220 °C, degree of crystallinity of
61%, density of 1.25g/cm?, 61=131...40 MPa, £,= 3%.

PHB latex — the aqueous suspension of colloidal PHB
native granules, prepared at the University of Latvia (LU
MBI) from microbially synthesized PHB (Azotobacter
croococuum 23) biomass (optimal concentration in the range
of 170-200g/l, T,,= 177 °C).

PVA — partially crystalline, water soluble, 98.0...99.2%
hydrolyzed, M.w. 131 kDa, T,,= 228 °C, Tqe= 230 °C, density
in the range of 1.2...1.3g/cm’.

Glycerin — used as PVA plasticizer; density of 1.26g/cm?,
TboiI: 290 °C.

Thermoplastic starch (TPS) — a commercial product from
“Biotec TPS” — water soluble, density in the range of
1.3...1.5g/cm®, moisture content in the range of 2.5...4.5%.

Native potato starch supplied by Aloja Starkelsen Ltd.
(Latvia); moisture content of 20%, pH = 7.

Reinforcement — industrial hemp fibre Bialobrezskie
(Poland brand, cultivated in Latvia); composition (%):
cellulose — 66.4; hemicellulose — 18.8; lignin — 5.7; pectin —
1.5; wax and grease — 0.5. Fibre was chopped by Retsch Ultra
Centrifugal Mill into lengths of 3 mm.

Rucostar DDD - fluor containing, cation active nano-
polymer for fibre finishing with a triple effect: hydrophobic
and oleophobic finish and lubrication. For use in the present
study, Rucostar DDD was diluted 1:1 with water.

The formation process of hemp fibre reinforced
biocomposites was performed by a solution casting technique
based on the so-called “wet process”, i.e., preparing water
solutions or dispersions of the selected biopolymers (PVA,
PHB, TPS) as a continuous matrix and incorporating hemp
fibre by blending in high-intensity mixer VITEK-VT1408
250W (15...20 min) in order to obtain homogenous material

(Fig. 1).
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Mixing of PHB powder in the matrix was assured by
grinding in a special glass pearl mill. After drying
biocomposites were compression moulded at 180...200 °C
into 0.2...0.5 mm plates.

Testing Methods

Mechanical characteristics were determined by Zwick Roell
Testing machine in accordance with LVS EN ISO 527-3 (v =
10 mm/min). Moisture absorption was measured according to
ASTM D585 (RH = 98%). Laboratory accelerated soil
degradation tests were carried out gravimetrically at 25 °C in
the microbially active garden soil (pH = 6.5; water content in

the range of 22...24%).
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Fig. 1. The formation process of hemp fibre reinforced biocomposites

I11. RESULTS AND DISCUSSION

The present study concerns the development of hemp fibre
reinforced “green composites” based on a biodegradable
matrix from renewable resources — mainly agro-polymers and
modified systems of their representative — TPS as low-cost,
annually renewable and biodegradable material. The chosen
strategy focuses specifically on the designing of several series
of modified TPS blends in order to obtain biodegradable
multiphase matrix materials with natural fibre (hemp) and to
analyse the effect of such systems on the mechanical
properties and biodegradability of biocomposites.

Preparation method of different matrix systems containing
mixtures of TPS with PVA, PHB powder or latex was
elaborated and the use of these matrix systems for the
development of reinforced biocomposites tested and compared
with a previously employed matrix — blends of biopolymers —
PVA/PHB [15].

The formation process of PHB latex films from colloidal
native granule suspension was developed earlier [16] and main
preconditions for ensuring film forming properties were
ascertained. Characterization of the used matrix systems and
biocomposites is explained below (Table I).

The effect of matrix compositions on the mechanical
characteristics of the obtained hemp reinforced biocomposites
was ascertained. Fig. 2 shows the mechanical characteristics
of the obtained hemp fibre reinforced biocomposites based on
the modified TPS matrix systems obtained by the above-
mentioned solvent casting technique with a subsequent
compression moulding process.

As seen in Fig. 2, tensile strength (oy) of TPS based
biocomposites with 30 wt.% fibre reinforcement shows ~2-
fold increase in the o, of pure TPS.
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Fig. 2. Tensile strength (o7) and elongation at break (g) of TPS based matrix

An increase in the fibre content up to 50 wt.% did not
improve o, and as it was clarified earlier [15] the optimal fibre
content by the applied mixing technology was found to be at
the level of 30 wt.% using 3 mm long fibre. Such fibre
characteristics were employed for all further biocomposites.
Fig. 2 shows the mechanical response from different types of
TPS based matrix compositions. It was revealed that the best
results in terms of mechanical strength were ensured for the
TPS/PVA matrix (~3-fold increase of o1), which could be
explained by the compatibility of PVA and starch [14] and the
interaction possibility of similar functional groups in the
structure of hemp and starch.

Incorporation of PHB in the TPS matrix resulted in
somewhat lower ot values likely due to insufficient
homogeneity of material and imperfect bonding between fibre
and matrix, which needs to be studied in further research.
Mechanical characteristics of different elaborated matrix
systems and such matrix based hemp fibre reinforced
biocomposites are summarized in Table I.

The obtained results testify that the best results in terms of
mechanical strength were ensured by the use of PVA
containing matrix for both types of matrix systems: ot ~ 23
MPa, E; > 500 MPa — TPS based matrix, o1~ 34 MPa, E¢ >
600 MPa — starch containing PVA/PHB matrix.

As all biocomposites are heat treated, mechanical strength
improvement of biocomposites containing PVA could be
explained by the presence of double bonds in the main chain
of PVA resulting in higher heat stability and promoting a more
ordered structure and increased crystallinity of PVA [17]; such
probability needs to be studied in detail.

Differential scanning calorimetry (DSC) measurements of
individual PVA and PHB powders (heating/ cooling rate —
10°C/min.) show that these biopolymers are thermo-
dynamically incompatible (Fig. 3). However, combined in a
film, they show a more complex behaviour, and the PHB and
PV A matrix interaction can be achieved.
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Fig. 3. DSC measurements of PVA and PHB powders

As natural fibres and TPS are hydrophilic materials, the
evaluation of moisture absorption of TPS based hemp
reinforced biocomposites is of special importance. The effect
of matrix composition on the moisture absorption of obtained
hemp fibre reinforced biocomposites has been verified (Fig. 4
and Fig. 5).

It has been ascertained that hemp reinforcement and
incorporation of hydrophobic PHB in the TPS based matrix
promotes diminishing of moisture absorption of biocomposites

(Fig. 4).
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TABLE 1
COMPOSITION AND MECHANICAL CHARACTERISTICS OF BIO-BASED MATRIX AND HEMP REINFORCED BIOCOMPOSITES
System or, MPa &b, % Er, MPa Composition, ratio
TPS matrix 8.6 46.2 92 15% of water solution
3TK-30 16.1 4.0 520 0.7T:0.3K
TV-1 matrix 13.2 52.6 125 1.0T:0.5V
3TVK-30 234 6.1 595 0.7(1.0T:0.5V):0.3K
TVH-1 matrix 9.2 4.9 242 1.0T:0.5V:0.5H
3TVHK-30 211 5.2 675 0.7(1.0T:0.5V:0.5H):0.3K
TVHal-1 matrix 7.9 26.2 88 1.0T:0.5V:0.5Hal
3TVHalK-30 16.9 37 695 0.7(1.0T:0.5V:0.5Hal):0.3K
TVGH-1 matrix 53 4.9 123 1.0T:0.5(1.0Vv:0.3G):0.5H
3TVGH-30 16.9 6.8 466 0.7TVGH1:0.3K
PVPH-50 matrix 15.0 25.2 - 1.0v:0.3G:0.5H
3PVHK-30 30.2 7.5 - 0.7PVPH-50:0.3K
PVPHal-50 matrix 19.9 268 - 1.0Vv:0.3G:0.5Hal
3PVHalK-30 34.2 7.8 688 0.7PVPHal-50:0.3K
PVC-50 matrix 18.7 7.4 - 1.0v:0.3G:0.5C
3PVCK-30 36.8 7.2 - 0.7PVC-50:0.3K
PVHC-50 matrix 10.3 13.1 253 1.0Vv:0.3G:0.5C:0.5H
3PVHC-30 38.9 7.9 - 0.7PVHC-50:0.3K
3PVHCK-40 33.1 6.0 1048 0.6PVHC-50:0.4K
Note: T—TPS; V —PVS; H - PHB; (Hal — PHB latex); C — potato starch;
Biocomposites: 3 — fibre length, mm; 20, 30, 40, 50 — fibre content, wt.%.
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Fig. 4. Moisture absorption of TPS based matrix

To further improve the moisture resistance of hemp
reinforced biocomposites, some attempts of hydrophobic
finishing with Rucostar DDD (with subsequent heat treatment
at 160 °C) were performed (Fig. 5). The first results have
testified the affirmative influence of the used finishing method
and, therefore, it is intended to continue research in such a
direction.
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Fig. 5. The influence of hydrophobic finishing on the moisture absorption of
hemp fibre reinforced biocomposites

Susceptibility to biodegradation in soil of the prepared
hemp  fibre reinforced biocomposites was  tested
gravimetrically, by monitoring the time-dependent weight loss
in garden soil. The biodegradation rate dependent on the
matrix composition was found. The use of TPS based matrix
and the addition of starch to the PHB/PVA matrix
significantly facilitated the biodegradation process — their
mass loss during 2...3 months reached 60...80 wt.% of the
initial weight (Fig. 6).
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Fig. 6. Biodegradation rate of hemp fibre reinforced biocomposites in soil

IV. CONCLUSIONS

The formation process of several novel biodegradable
polymer (TPS, PVA, PHB) based waterborne systems has
been elaborated and the use of these systems as a continuous
matrix for the development of hemp fibre reinforced
biocomposites by a suspension casting technique has been
assured.

The relation between polymer matrix compositions and
mechanical  characteristics and  biodegradability  of
biocomposites has been established. The best results in terms
of mechanical strength for TPS based hemp fibre reinforced
(30 wt.%) biocomposites have been achieved by the addition
of PVA (o1~ 23 MPa, E; > 500 MPa); for PVA/PHB blends

containing matrix — by the incorporation of native starch (o1~
39 MPa, E1 > 900 MPa). Such phenomena could be explained
by structure similarity of hemp and starch, and interaction of
functional groups.

DSC measurements of PVA/PHB blends express a complex
thermal behaviour as the evidence of variable interaction of
these polymers.

It has been found that the use of PHB containing matrix and
hydrophobic  finishing with Rucostar DDD promotes
diminishing of moisture absorption.

The biodegradation rate in soil of hemp fibre reinforced
biocomposites has been found to be matrix composition
dependent. The use of TPS based and starch containing matrix
facilitates the biodegradation process.

Summary of the obtained results testifies that a number of
designed waterborne matrix systems offer the scope for the
development of natural fibre reinforced “green” biocomposites
with  controllable =~ mechanical  characteristics  and
biodegradability.
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Aleksandra Voronova, Ance Ziemele, Anda Dzene, Velta Tupureina. Ar dabas Skiedram stiegroti dabai draudzigi biokompoziti
Biokompozitu veido$ana ar dabas Skiedru stiegrojumu, ka viens no $kiedru daudzpusigas izmanto$anas veidiem, piesaista arvien lielaku interesi,
pateicoties plasai Skiedru izplatibai, labveligiem augSanas apstakliem, atjaunoSanas un biosadaliSanas spg&jai, ka arT nelielam izmaksam un
atbilstoSam Ipasibu klastam konkr€tam pielietojumam. P&tijuma merkis ir izveidot ar dabas Skiedru — industrialiem kanepajiem stiegrotus
specifiskus daudzkomponentu biokompozitus, kuri klasificgjami ka ,,zalie ekokompoziti”, jo gan polimérmatrica, gan kanepaju stiegrojums
iegiiti no atjaunojamam izejvielam un ir biologiski noardami noteiktos apstaklos un vides péc izstradajumu ekspluatacijas laika beigam. Izveleti
divu veidu matricu materiali un novértéta to piemérotiba ar kanepajiem stiegrotu biokompozitu veidosanai: termoplastiskas cietes (TC)
sistémas un biosadalo$os polim&ru — polivinilspirta (PVS) un mikrobiologiski sintezéta poliestera (PHB) maisijumi. Aprob&ta stiegroto
biokompozitu iegusanas tehnologija, disperg€jot kanepajus izvéleta sastava polimérmatricu Gidens sisttémas ar sekojoSu ZavéSanu un
termoapstradi. Noskaidrota polimérmatricu sastava un kanepaju satura ietekme uz biokompozitu deformativajiem raksturojumiem, mitruma
absorbciju un biosadaliSanas kinétiku. Optimalu mehanisko stipribu nodrosina 30 mas.% Skiedras saturs. Konstatéts, ka PHB klatbiitne
polimérmatricas sastava un polimérmatricu p&capstrade ar hidrofobizatoru Rucostar DDD samazina mitruma absorbciju. Biokompozitu sastavs
biitiski ietekm€ to biosadaliSanas sp&ju augsné. Eksperimentu rezultati liecina par iesp&ju izmantot atSkiriga sastava polimérmatricas stiegrotu
biokompozitu veido$anai ar saméra plasu 1pasibu klastu un regulgjamu biosadalisanas spgju.

Aunexcanapa BoponoBa, Anue 3uemene, Auna /[3ene, Beara Tynypeiina. BuokoMmno3utsl apMupoBaHHbIe HATYPAJIbHBIM BOJOKHOM
Cpenyt TpaIUIMOHHBIX 00JACTEH NMPUMEHEHHs HATYpajJbHBIX BOJIOKOH 0CO0OE MECTO 3aHMMAaeT HX HCIOJb30BaHHE I apMUPOBAHUS
OGHMOKOMITO3UTOB, OJarofaps MIMPOKOMY PACHPOCTPAHEHHIO M BO3SMOXKHOCTSIM HATypajbHBIX BOJIOKOH, HX OMOpa3IaraeMOCTH M KOMILIEKCY
COOTBETCTBYIOIINX XapaKTePUCTUK Ul Pa3pabdOTKM KOHKPETHBIX MaTepHanoB n u3nenuid. llenpio mccnenoBaHus sBiseTcst pa3zpaboTka
creu(UUecKnX MHOTOKOMIIOHEHTHBIX OMOKOMIIO3UTOB, apMHUPOBAaHHBIX HATYPaJbHBIM BOJIOKHOM - HHAYCTPHAIBHOH KOHOIUIEH, KOTOpHIE
KIaCCH(HUIUPYIOTCS KaK 3KOKOMIIO3UTHL. DTO CBSI3aHO C TEM, YTO OCHOBHBIE KOMITOHEHTHI KOMIIO3HUIMOHHOTO MaTrepHana - HOJIMMepHas
MaTpula ¥ apMHpOBaHHE (KOHOIUI) - SIBJSIOTCS OMOpa3iaralollMUCsS MaTepHUaslaMH, IOJIydaeMbIMH H3 BO300HOBISIEMOTO CBIPBS U
OMOJIOTMYECKN pA3NararolUMUCS TIPH OIPEACNICHHBIX YCIOBUSIX OKpYXKAIOIIeH cpeibl B KOHIE AKCIUTYyaTal[MOHHOTO LHUKJIA H3JETHH.
Omnpo6oBaHa TMPHUrOJHOCTh HCIOJB30BAaHUS JBYX BHJOB IIOJMMEPHBIX MAaTpPHIl JUIi HM3TOTOBJICHUS OHMOKOMIIO3HTOB — CHCTEM
tepmoriactayHoro kpaxmana (TK) m mMomudumupoBaHHBIX cMecell OHWopa3ziaraeMblx MOJIMMEpoB — moimBuHIIOBOro cnmpta (IIBC) u
MHKPOOHaIbHO CHHTE3MPOBAHHOTO TepMoIuiacTa nomuruapokcudyrupara (IIIG). AnmpoGrpoBaHa TEXHOJIOTHS M3rOTOBJICHHS OHOKOMITO3UTOB
METO/IOM OTJIMBa M3 BOJHBIX CHCTEM pa3pabOTaHHBIX MOJMMEPHBIX MAaTpHI], aPMHPOBAHHBIX BOJIOKHOM, C MOCJICAYIOLICH CYLIIKOH M
TepMo0OpabOTKOM. BBISICHEHO BIMSHUE COCTaBa MOJMMEPHBIX MATPHUIL U COJEPKAHUS BOJIOKHA Ha M3MEHEHHSI MEXaHHYECKHX XapaKTEPHCTHUK,
abcopOILHMI0 BIard ¥ KUHETHKY GHOPAa3IokKEHHs MOMyYeHHBIX OMOKOMIIO3UTOB. Y CTaHOBJIEHO, YTO ONTUMAIIBHYIO IIPOYHOCTh OMOKOMITO3UTOB
obecnieunBaer conepkanne 30 Bec.% xoHomuu. [IpucyrctBue III'B B coctaBe Marpuisl u 006paboTka OnokoMnosuta ruapodobuzaTopoM
Rucostar DDD criocoGCcTByeT CHHXEHHIO TUAPO(GUIEHOCTH. BBIICHEHO, 4TO COCTaB MOJIMMEPHON MaTPHIIBI CYLIECTBEHHO BIIMSAET HA KHHETHKY
Pa3IOKCHUA OHMOKOMIIO3UTOB B IIOYBE. 3KCH6pI/IMeHTaﬂbeIe PE3yibTaThl CBUACTEJILCTBYIOT O BO3MOXXHOCTH HCIIOJIb30BaHUS ITOJUMEPHBIX
MaTpul pa3JIMIHOTrO CoCTaBa I NMOJYyUCHHS apMUPOBAaHHBIX OHMOKOMITO3UTOB C JO0CTAaTOYHO HIMPOKUM AHUAIIa30HOM CBOMCTB U perHI/IpyeMOI\/'l
CIOCOOHOCTBIO K OMOPa3II0KEHHIO.
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