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Abstract — The main goal of the presented study is the
development of two agrofibres — hemp/flax and hemp/hemp shive
reinforced hybrid biocomposites based on waterborne polymer
matrix system — blends of biodegradable polyhydroxybutyrate
(PHB) and poly(vinyl alcohol) (PVA). The correlation between
agrofibre ratio and mechanical characteristics of hybrid agrofibre
reinforced biocomposites has been established. The positive hybrid
effect and optimal results in terms of mechanical strength of
hemp/flax biocomposites have been found in 4:1 ratio. The
elaborated hybrid biocomposites are considered biodegradable in
s0il, their mass loss is found to be > 52 % ... 54 % from initial mass
during 5 months.
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|. INTRODUCTION

The growing environmental and economic pressure is the
reason to search for environmentally friendly materials from
renewable resources. Hence, the employment of natural
agrofibres as reinforcement for biocomposites seems to be a
good potential for use in waste management due to their
biodegradability, renewability and characteristics peculiar to
these systems [1]. The adaptation of biodegradable polymers as
a suitable matrix for agrofibre application can produce novel
biocomposites to replace glass fibre — reinforced composites
and the challenge is to design materials that exhibit structural
and functional stability during storage and use, yet are
susceptible to microbial and environmental degradation upon
disposal, with no adverse environmental impact [2].

Specific kinds of fibre reinforced composites are hybrid
composites containing two or more types of different fibres and
providing a favorable balance between the inherent properties
of components [3-6]. Such composites offer range of properties
that cannot be obtained with single kind of reinforcement.
Hybrid composites can be designed by the combination of
synthetic and natural fibres in a matrix or a combination of two
natural/bio-fibres in a matrix; however, hybrid composites
containing natural fibres are less studied [4].

The main goals of the present study are the development of
two agrofibres — hemp/flax — reinforced hybrid composites
based on waterborne biodegradable polymer matrix systems —
blends of polyhydroxybutyrate (PHB) and poly(vinyl alcohol)
(PVA) — and the assessment of their characteristics.
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II. MATERIALS AND METHODS

Matrix materials used were as follows:

PHB powder from “Biomer®” (Germany) — M.w. 540 kDa,
Tm= 176 °C, degree of crystallinity 61 %, density 1.25 g/cm?;
PHB latex — the aqueous suspension of colloidal PHB native
granules prepared at the University of Latvia (LU MBI) from
microbially synthesized PHB (Azotobacter chroococuum 23)
biomass (optimal concentration in the range of 170-200 g/,
Tm= 177 °C).

PVA — partially crystalline, water soluble, M.w. 131 kDa,
98.0 % ... 99.2 % hydrolyzed and plasticized with glycerol (G).

Reinforcement — two agrofibres: industrial hemp (K) and
hemp shive (Ks) - Bialobrezskie (Poland brand, cultivated in
Latvia); flax fibre (F) used was flax combing from factory
LareLini (Latvia). All fibres were chopped by Retsch Ultra
Centrifugal Mill into lengths of <3 mm.

The formation process of reinforced biocomposites was
performed by a solution casting technique based on the so-
called “wet process”, i.e., incorporating fibres by blending in a
high-intensity mixer with subsequent drying and compression
moulding [7].

Mechanical characteristics of biocomposites were determined
by ZwickRoell Testing machine in accordance with
LVS EN ISO 527-3. Laboratory accelerated soil degradation
tests were carried out gravimetrically at 25 °C in the microbially
active garden soil.

I11. RESULTS AND DISCUSSION

The corrected formation process of some reinforced hybrid
biocomposites was developed including a preliminary step of
mixing of two agrofibres (hemp/flax; hemp/hemp shive) in
comminutor (PT-1) before incorporating such a blend of the
fibres in the prepared matrix dispersion in accordance with [7].

The effect of agrofibre ratio and matrix composition on the
changes of mechanical characteristics of hybrid biocomposites
has been evaluated with reference to the relative volume
fraction of two fibres at a constant total loading of 0.3 volume
fraction (Fig. 1) which was optimized earlier [7].

It has been ascertained that the mechanical characteristics of
the obtained hybrid composites are dependent upon the
properties and reciprocal relations of the fibres used, the values
of tensile strength of hybrid composites increase at higher hemp
fibre content. Optimal results in terms of mechanical strength
of the hemp/flax hybrid composites were ensured in a ratio of
4:1.
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Fig. 1. Mechanical characteristics of hemp/flax reinforced biocomposites:
designations of biocomposites are decoded in Table 1.

As presented in [3, 4], the specific rule of mixtures offers the
possibility of evaluating the mechanical behavior of hybrid
systems, and such a rule has been widely used to predict the
strength and modulus, etc. of hybrid composites.

The rule of mixtures has been used as follows [3]:

Pu=P1V1+P.V;

where Py is the property to be investigated, P; — the
corresponding property of the first system and P, — the
corresponding property of the second system. V1 and V; are the
relative hybrid volume fractions of the first and second systems
and Vi + Vo= 1.

The adaptation of such a rule of mixtures for comparison of
the experimental and predicted results of mechanical
characteristics of the obtained agrofibre reinforced hybrid
biocomposites has been verified. Table 1 and Fig. 1 present
tensile strength (o), elongation (€) and modulus (Et) values of
various biocomposite formulations.

The obtained results testify that predicted ot results of hybrid
biocomposites are somewhat higher but very close to those
obtained experimentally. It has been ascertained that the
difference between predicted and experimental values of ot for
hemp/flax biocomposites is smaller at the higher hemp content
(Fig. 2).

TABLE 1
HYBRID EFFECTS OF AGROFIBRE REINFORCED BIOCOMPOSITES
or, MPa E+, Mpa er, %
Biocomposite
Exp. | Pred. | Exp. | Pred. | Exp. | Pred.

PHF-30 20.9 309 11.0
PHK-30 323 739 7.9
PHK-30 13.2 - 5.7
PHKF-55 24.4 26.6 550 524 8.3 9.5
PHKF-82 29.2 | 30.0 | 650 653 8.6 8.5
PHKK-82 288 | 285 | 772 7.1 75

Designations of biocomposites:

matrix weight ratio: 1.0 PVA:0.3 G:0.5 PHB (PH); fibre length <3 mm;
30 — common fibre content; F — flax; K — hemp; Ks—hemp-shives; fibres
ratio: 55 =1:1; 82 = 4:1.

The positive hybrid effect that is defined as positive deviation
of a certain mechanical property [3] has been found for Et and

€1 values of the hemp/flax and hemp/hemp shive hybrid
biocomposites in a ratio of 4:1.
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Fig.2. The comparison of experimental and predicted Gt and € values of various
compositions of biocomposites.

The summarized first results of some tested agrofibre
reinforced hybrid biocomposites confirm efficiency of using
such a simple rule of mixtures as a rapid means for evaluation
and prediction of the main deformative characteristics of the
obtained hybrid biocomposites, and such an approach needs to
be studied in detail for various agrofibre reinforced
biocomposites of increased variety.

e)
Fig. 3. Optical micrographs of the single agrofibres (a; b; c) and hybrid
agrofibres (d; e) reinforced biocomposites: a — PHK—30; b — PHK-30;
¢ — PHF-30; d — PHKF-82; e — PHKK-82. Magnification: a) 5 x;
b)...e) 10 x.
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The morphology of the hybrid agrofibre reinforced composites
has been estimated by optical microscope Leica DMRM showing
the state and quality of fibre dispersion (Fig. 3).

The comparison of micrographs of biocomposites containing
single fibre reinforcement (only flax, hemp, hemp shive) with
their combination in hybrid composites shows miscibility of
fibres to a certain extent and comperatively equable distribution
of hybrid fibres in the biocomposites. Some heterogeneity of
fibre distribution has been revealed indicating to the imperfect
bonding between fibres and matrix which needs to be further
optimized through the modification of matrix — reinforcement
interface.

The elaborated hybrid agrofibre reinforced biocomposites
could be considered biodegradable in soil because accelerated
soil degradation tests revealed > 52 % ... 54 % mass loss from
initial mass during 5 months.

IV. CONCLUSIONS

The corrected formation process of the hybrid agrofibre
(hemp, hemp shive, flax) reinforced biocomposites based on
aqueous systems of biodegradable polymers as a continuous
matrix has been developed.

The correlation between agrofibre ratio and mechanical
characteristics of the hybrid agrofibre reinforced biocomposites
has been established. The optimal results in terms of mechanical
strength of hemp/flax and hemp/hemp shive reinforced hybrid
composites have been obtained in a ratio of 4:1. The complete
use of all components of hemp plant has been ascertained with
partial substitution of the hemp fibre by hemp shive in the
composition of the reinforced hybrid composites ensuring
sufficiently high mechanical characteristics.

The adaptation of the rule of mixtures for prediction of the
mechanical characteristics of the elaborated hybrid agrofibre
reinforced biocomposites has been accepted and a positive
hybrid effect has been found for Et values of hemp/flax and
hemp/hemp shive hybrid biocomposites. All elaborated hybrid
biocomposites have been found as biodegradable in soil, their
mass loss achieved >52 % ... 54 % from initial mass.
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Anda Dzene, Velta Tupureina, Marcis Dzenis. Ar agroSkiedram stiegrotu hibrid-biokompozitu iegiiSana un izpéte

Attistoties pétijumiem par dabai draudzigiem materialiem, interesi piesaista ar agroSkiedram stiegrotu biokompozitu izstrade, akcentgjot
bionoardamu polimérmatricu izmantosanu, lai veidotu kompozitmaterialus, kuri spgj saglabat strukturalo un funkcionalo stabilitati kalpoSanas
laika, bet ir paklauti bionoardisanas procesiem péc nonaksanas atkritumos. P&tfjuma merkis ir specifisku hibridkompozitu veidoSana, izmantojot
divu agroskiedru — kanepaju/linu un kanepaju/kanepaju spalu — maisijumus ka stiegrojumu (ar kopgjo stiegrojuma saturu 30 %) bionoardamu
poliméru — polihidroksibutirata (PHB) un polivinilspirta (PVS) — sistému matricas. Precizéta ieprieks aprobéta hibridkompozitu izgatavosanas
tehnologija, disperggjot agroskiedru maisijumu izvél&to polimérmatricu tidens sistémas. Noskaidrota agroskiedru veida un savstarpgjo attiecibu
ietekme uz iegiito hibridkompozitu mehanisko stipribu. Optimalas stipribas vertibas nodrosina kanepaju/linu attieciba 4:1. Dal&ja kanepaju
Skiedras aizvietoSana ar spaliem maisjjuma paplaSina vispusigas auga komponentu izmantoSanas iespé&jas, biitiski neietekmé&jot biokompozitu
stipribas vertibas. Akceptéta maisfjumu likuma piemérotiba biokompozitu deformativo raksturojumu hibridefekta novérté$anai. Pozitivu
hibridefektu nodrosina elastibas modula un stiepes stipribas vertibas sistemas ar 80 % kanepaju saturu agroskiedru maisijuma. Konstatéts, ka
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izveidotie hibridkompoziti ir augsné bionoardami, jo 5 meénesu laika tie zaud€ vairak par 55 % no sakotngjas masas. Pasreizgja p&tijjumu stadija
iegitie rezultati liecina, ka izvéletais pétijumu virziens ir perspektivs un nepieciesams paplasinat hibridkompozitu klastu, ka ari pilnveidot
petijumu metodes.

Anpaa /I3ene, Beara Tymypeiina, Mapuuc [I3enuc. IlonyyeHue u mcciieioBaHue THOPUAHBIX OMOKOMIIO3MTOB, APMHPOBAHHBIX
HATYPAJILHBIMH BOJIOKHAMH

Braronmapst pa3BuTHIO MCCleJOBaHUH B 00JIACTH JIPYKECTBEHHBIX IPHPOJE MAaTepHAIOB, HHTEpEC NMPUBIIEKAeT pa3paboTka OMOKOMIIO3UTOB,
apMHUpPOBAHHBIX HATypaJbHBIMHA BOJIOKHAMH, AaKIEHTHPYS WCIIOJb30BaHHE OHOpA3Nararoluxcsl IOJIMMEPHBIX MATpHI[ JUIT CO3JaHUs
KOMITIO3UIIMOHHBIX MaTEpUalioB, CIIOCOOHBIX COXPAHATh CTPYKTYpPHYIO M (DYHKIMOHAIBHYIO CTaOMIBHOCTH BO BpeMs SKCIUIyaTallWd, HO
MO/IBEPTAIOIIMXCS IpolieccaM OMOpas3NoKeHUs IMOCie MOoNagaHus B OoTXoabl. Llenpro uccienoBaHUs SBIACTCS CO3JAaHME CIEHU(DUYSCKHX
THOPUIHBIX KOMIIO3UTOB C HCIIOJIBb30BAaHHEM CMECEH ABYX IPUPOAHBIX BOJIOKOH —KOHOIUIA/NICH M KOHOIUIA/KOCTpa KOHOIUIM B Ka4yecTBe
apMatypbl (¢ obmuM coxepxanueM BosokoH 30 %) MaTpull - cucTeM OHOpasiaraloIuxcsi HOJMMepoB - nonuruapokcubyrupara (II'B) u
nonuBuHMIoBOro cniupra (IIBC). YTouHeHa paHee onpoOHpOBaHHAS TEXHOIOTHUS W3TOTOBICHHS THOPHIHBIX KOMIIO3UTOB JUCIEPTUPOBAHUEM
CMeCH MPHUPOJHBIX BOJOKOH B BOJAHBIX CHCTEMaxX BBIOPAHHBIX MOJMMEPHBIX MaTpHL. BBIACHEHO BIMSHHE BUAA M B3aHMHBIX OTHOLICHHH
MIPUPOIHEIX BOJIOKOH Ha MEXaHUIECKYIO IPOYHOCTD TOIYICHHBIX THOPUIHBIX KOMIIO3UTOB. ONITHMasbHbIE 3HAYSHHUSI IPOYHOCTH 0OecieynBaeT
cooTHomeHne KoHomwui/meH 4:1. YacTWyHas 3aMeHa B CMECH BOJIOKOH KOHOIUIM KOCTPOH pacHIMpsSeT BO3MOXKHOCTH BCECTOPOHHETO
HCTIOb30BaHMs KOMIOHEHTOB PAacTEeHHMsI, CyIIECTBEHHO HE BIMSS Ha II0Ka3aTeIN IPOYHOCTH OMOKOMIIO3UTOB. AKIENITHPOBaHA IPUMEHIMOCTD
3aKOHAa CMeCceH ISl OIeHKH THOpHIHOro (dexTa nehopMaTUBHEIX XapaKTEePUCTHK OMOKOMITO3UTOB. I100XNTENbHBIH THOPHAHEIN 3¢ deKT
obecneynBaroT MOKa3aTes MOLYJIS SMACTHYHOCTH M MIPOYHOCTH NIPU PACTSHKEHUH B CHCTEMax € COAEpKaHMEM KOHOIUITHOTO BoiokHa 80 % B
CMECH NPUPOIHBIX BOJIOKOH. Y CTAHOBJIEHO, YTO CO3JAHHBIE THOPHHBIE KOMIIO3UTHI OMONOTHYECKH PA3/IarafoTcsi B IOYBE, TaK KaK B TCUCHHUE
5 MecseB TepsioT > 55 % HauambHOTO Beca. Pe3ynbTaThl, MOIydeHHBIE HA JAaHHOH CTaJUM M3YyYCHHUS, CBUAETENBCTBYIOT O MEPCIEeKTHBHOCTH
BBIOPAHHOTO HAIPABICHUS U HEOOXOIMMOCTH pacInpeHnst Habopa rHOPUIHBIX KOMIO3UTOB U YCOBEPIICHCTBOBAHUS METOJIOB HCCIIEIOBAHHUS.
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