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Abstract. Three types of hemp fibres that are grown under
different conditions were studied, as well as the exploitation
properties of linear low density polyethylene composites (tensile
strength, modulus, deformation ability, microhardness, water
resistance, and fluidity) were evaluated. Studies showed the
possibility of using the given hemp fibres as reinforcements of
LLDPE. Optimal content of fibres (length up to 1 mm) was 30
wt.%, and the obtained composites had good exploitation
properties.
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[. INTRODUCTION

Natural vegetable fibres and their textile waste are
perspective reinforcements for the modification of different
polymers [1,2]. These composites are environmentally
friendly innovative materials, and their application is defined
by a low cost and density. Moreover, they are unlimited
sources with the ability to reproduce quickly. Technological
properties of these composites allow processing materials with
traditional polymer processing methods. Thermal stability of
natural vegetable fibres is limited, and, when temperature
exceeds 200°C, irreversible changes begin in the structure of
fibres, which dramatically worsen their exploitation
properties. Therefore, the most useful polymer matrices for
natural fibre composites are polyolefins, which have relatively
low (under 200°C) processing temperatures. Our previous
research objects were composites based on linen yarn
production waste, virgin low density polyethylene [3-6], and
different types of recycled polyethylene [7-10]. Modification
of all these polymers with linen waste increases physical and
mechanical properties of polyolefins (optimal content of waste
was 40 wt.%, sometimes 50 wt.%), but low water resistance of
composites is improved by using interfacial modifier stearic
acid and diphenylmethane diisocyanate, which diminish water
absorption of composites 3—4 times [4,5,7,8]. Recently, due to
their excellent properties the linear low density polyethylene
(LLDPE) has become a very popular type of polyolefin. In
scientific literature, one can find data about LLDPE and
natural fibre containing composites [11-14]. The authors of
these studies found out that optimal content of natural fibres in
LLDPE composites is 30 wt.%. Due to considerable
improvement of strength properties and decrease in shrinkage,
the authors recommend materials for production of different

items, which can be used in the car industry. Our first studies,
where we modified the LLDPE matrix with natural textile
fibre waste (flax, cotton and hemp) were summarized in [15].
Results of these studies also showed perspectives of
composites based on linear low density polyethylene (LLDPE)
and flax, cotton or hemp fibres waste as reinforcements.
Optimal content of fibres was 30 wt.%. Based on the
evaluation of fibre length influence on composite mechanical
properties, it has been stated that the best properties are
possible to get if the used fibre length is not higher than 1 mm.

This paper presents the results of studies of exploitation
properties: tensile strength, modulus, elongation at break,
microhardness, water resistance and fluidity of LLDPE and
hemp fibre composites.

II. MATERIALS AND METHODS

LLDPE grade LL 6201 (MFI=50g/10min.) was used as a
polymer matrix. Modifiers were three types of hemp fibres
grown under different conditions in Poland (Bialobrzeskie-
BPL) and in Latvia (Bialobrzeskie-BLV and “Purini”-PLV).
Content of hemp fibres (length up to 1 mm) in composites was
1040 wt.%. Composites were prepared by mixing of
components on two rolls mills, then cooled, granulated and
pressed in 1 mm thick sheets, from which specimens were cut
off for tensile tests (standard ASTM D 638 M-93). Fluidity
was estimated by the method of melt flow index (MFI)
(T=190°C, P=2.16 kg) according to ASTM D 1238-90b
standard. Microhardness (MH) was examined by Vickers M41
under a load of 200g. Water exposure experiments (standard
ASTM D 570-98) were carried out at room temperature
(+23°C).

III. RESULTS AND DISCUSSION

For all types of hemp fibres, their chemical composition,
types and number of impurities were checked, as well as
physical and mechanical properties: tensile strength, length of
fibres, linear density etc. were evaluated. It has been found
that fibres BLV have the lowest level of impurities (4.5%) and
linear density (23.4 cN/tex), but BPL hemp fibres have the
highest level of impurities (6.3%), the longest fibres (medium
289 mm) and the greatest tensile strength (35.1 cN/tex).
Chemical composition of fibres differs. BPL hemp fibres have
the greatest level of cellulose fibres (70.5%), pectins (1.6%)
and moisture content (9.6%). On the contrary, PLV fibres
have the lowest level of cellulose (64.2%), pectins (1.4%) and
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moisture (9.2%), but the level of hemicellulose (23.8%) and
lignin (8%) is higher. BLV contains only 0.52% of fats and
waxes and 5.68 % of the lignin, which are the lowest levels
observed for the hemp fibres under consideration (see Fig. 1).
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Fig.1. Chemical composition of hemp fibres
PLV-Purini Latvia, BLV-Bialobrzeskic Latvia, BPL-Bialobrzeskie
Poland

The study of tensile properties of composites (Fig. 2-3)
showed that for all types of fibres optimal content was 30 wt.%.
Increase in fibre reinforcement in LLDPE matrix composites
increases their tensile strength (Fig. 2) 2-2.5 times and reaches
21.8-25.8 MPa. The highest increase in tensile modulus (up to
3-3.5 times) was observed for composites containing BPL
hemp fibres (E~=1485 MPa) (Fig. 3).
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Fig. 2. Dependence of tensile strength of LLDPE composites on the content of
hemp fibres. Notations as in Fig. 1

It could be explained by the highest content of cellulose
fibres (70.6%) and high content of lignin (6.2%) and pectins
(1.64%) in hemp BPL fibres, serving as the glue between the
cellulose fibres and improving the interaction on the surface of
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cellulose fibres. Relative elongation at break (g) dramatically (5
times) decreased from 60% (for LLDPE) up to 10.5-14% (filler
content of 10 wt.%), and then the change was less due to an
increase in the number of fibres. In the case of filler content of
40 wt.%, elongation at break was almost the same for all
composites (4.8-5.8%). This fact shows that the influence of
fibres on the mobility of LLDPE matrix macromolecules is
similar and, therefore, the deformation ability of composite
materials does not differ much.
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Fig. 3. Dependence of tensile modulus of LLDPE composites on the content of
hemp fibres. Notations as in Fig.1

The study of tensile properties showed that chemical
composition of hemp fibres did not significantly influence
mechanical (tensile) properties of composites, and these values
were compared with the results of our previous studies [15]. It
means that all types of used hemp fibres are useful for preparing
polyolefin composites.

Composite materials possess a very important property — they
can be processed by different methods. This property depends
on the fluidity of the molten material. To evaluate the fluidity,
the authors of the paper used capillary viscosimetry, the method
of melt flow index (MFI). The experiments showed that in spite
of the fact that MFI numerical values decreased along with the
increase in the filler content (see Table 1), almost all composites
maintained good technological properties. MFI measurements
gave values of 1g/10min for BPL and 1.8 g/10min for BLV,
which was sufficient to process these composites with
traditional polymer processing methods (extrusion, compression
moulding). It is necessary to note that composites containing
fibres with a high content of rough particles (such as shive) of
impurities (BPL, 6.3%, BLV, 4.8%) have lower fluidity and
composites with 40 wt.% fillers lose possibility to flow under
the MFI measured conditions. Composites based on PLV
(impurities 4.0 %) hemp fibres (40 wt.%) maintain sufficiently
good fluidity (MFI=0.4 g/10 min), which is useful for the
extrusion process. Better fluidity of PLV containing composites
can be explained by the highest (0.82%) content of waxes and
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fats in hemp fibres, which can serve as additional interfacial
lubricant improving the fluidity of polymer matrix.
TABLE 1

MELT FLOW INDEX (MFI) VALUES OF LLDPE COMPOSITES CONTAINING
DIFFERENT TYPES OF HEMP FIBRES

Type of hemp Fibre content, MFI, g/10min Absolute
fibre wt.% mistake,%
Purini PLV 10 20.45 2.2
20 6.62 0.3
30 1.38 0.3
40 0.40 0.1
Bialobrzeskie, 10 18.11 1.7
BLV 20 545 06
30 1.85 0.3
40 0 0.0
Bialobrzeskie, 10 15.68 2.4
BPL 20 236 0.4
30 1.02 1.4
40 0 0.0

Very important properties of composite materials are friction,
wear resistance and hardness. One of the methods, which
characterizes and evaluates these properties, is microhardness
(MH) experiments (see Table 2).

Microhardness results presented in Table 2 do not differ a lot.
Deviation of MH values from the mean value was 10—-12%. It is
evident that hardness of materials increases along with an
increase in the filler content. This phenomenon was observed
for all types of hemp fibres. Moreover, the system with BPL
fibres (40 wt.%) reached the largest MH values (76.4 MPa).
Here we can see correlation between the MH values and the
composition of hemp fibres. BPL hemp fibres contain more
cellulose fibres and rough particles of impurities, which can
promote an increase in MH of materials. On the contrary, the
composites based on LLDPE and 40 wt.% Purini (PLV) hemp
fibres have the lowest MH values (58.9 MPa).

These fibres contain the lowest level of cellulose fibres (64.2%)
and coarse impurities (4.0%) and the highest level (0.82%) of
waxes and fats that obviously decrease the surface hardness of
composites. Besides, the composites with the highest MH value
are filled with BPL hemp fibres, which have the best tensile
strength.

TABLE 2

MICROHARDNESS (MH) MEASUREMENT RESULTS OF LLDPE COMPOSITES
CONTAINING DIFFERENT TYPES OF HEMP FIBRES

Medium. .
Kind of hemp Fibre content, Diagonal, Medium
fibre wt.% MH, MPa
cond.units
Purini PLV 10 2423 37.7
20 209.3 49.2
30 200.3 53.6
40 191.2 58.9
Bialobrzeskie, 10 241.8 36.8
BLV 20 209.5 49.0
30 200.7 534
40 179.5 66.8
Bialobrzeskie, 10 234.1 39.3
BPL 20 2107 48.5
30 183.0 64.3
40 167.8 76.4

One of the main drawbacks of natural fibre composites is
their rather poor water resistance. Therefore, water resistance
measurements are very important and necessary. Results of
these experiments are presented in Table 3.

As expected, water resistance experiments gave results,
which are typical for the composites containing natural fibres.
Water absorption for composites containing all types of hemp
fibres increased along with an increase in the number of fibres.

TABLE 3
THE EXAMINATION RESULTS OF WATER ABSORPTION (% ) OF LLDPE COMPOSITES CONTAINING DIFFERENT TYPES OF HEMP FIBRES
Filler Water exposure time, h
Type of
filler content 1 2 5 24 48 72 96 120 240
wt.%
Purini 10 0.0 0.1 0.2 0.4 0.6 0.8 0.9 1.0 1.6
PLV 20 0.1 0.2 0.5 1.2 1.8 2.4 2.7 3.0 4.6
30 0.4 0.7 1.3 2.9 44 5.5 6.0 6.7 8.8
40 0.6 1.2 2.1 4.7 7.1 9.0 9.9 10.7 11.9
Bialobr- 10 0.0 0.1 0.2 0.4 0.6 1.0 1.0 1.1 1.8
zeskie 20 0.1 0.3 0.6 1.3 2.0 2.6 3.0 32 4.8
BLV 30 0.3 0.6 1.3 2.9 43 5.7 6.3 6.8 8.5
40 0.6 1.2 23 5.1 7.6 9.7 10.4 11.1 12.1
Bialobr- 10 0.0 0.1 0.2 0.4 0.6 0.8 1.0 1.1 1.6
zeskie 20 0.1 0.2 0.4 1.0 1.6 2.0 22 2.5 3.8
PLV 30 0.3 0.5 0.9 22 3.4 42 4.7 5.3 7.1
40 0.5 0.9 1.6 3.6 5.5 6.9 7.6 8.5 10.8
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Systems with 10 wt.% fillers absorbed almost the same
water amount (1.6-1.8%) for 240 h exposure to water, but
when the content of fibres increased up to 40 wt.%, the
absorbed water quantity differed more. The lowest values
were observed for the systems with BPL fibres of 10.8%, but
for PLV — 11.9% and BLV — 12.1%. These numerical values
are typical also for the composite materials containing flax
fibres [5,8,9,10].

It is important to note that in spite of the very fast water
absorption of the samples in the first 24 h of exposure to
water, the equilibrium value of water absorption for 240 h of
experiments could not be reached. It means that the
examination of exposure to water should be continued, but it
has not be implemented in the framework of this research. To
improve the water resistance, an interfacial modifier is usually
used, which will be the next step of our further research.

IV. CONCLUSION

The study of exploitation properties of the composites based
on LLDPE/hemp fibres with different chemical composition
showed that the changes in fibre chemical composition did not
significantly influence the properties of composites. The best
results were obtained for the composites with BPL fibres, but
the results of other composites did not differ a lot. Therefore,
all used hemp fibres can be successfully applied to prepare
polymer composite materials. Optimal content (30 wt.%) of
fibres in LLDPE matrix for all types of hemp fibres was
observed. These composites maintain sufficient fluidity, and
they can be processed by traditional polymer processing
methods.
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Rita Solizenko, Janis Kajaks, Olga Nestore, Silvija Kukle. Kanepju Skiedru saturoSu lineara zema blivuma polietiléena kompozitu
ekspluatacijas ipasibas

P&tijuma merkis bija noskaidrot, ka dazados apstaklos izaudz&tu kanepju Skiedru kimiska sastava un to sastavdalu kvantitativas atskiribas
ietekm@ uz atbilstogo $kiedru bazes veidotu termoplastisku poliméru kompozitu ekspluatacijas pasibas. Sim nolikam ka poliméra matrica
izvElets zema blivuma linearais polietiléns, bet ka modific&josas komponentes tris dazadas kanepju Skiedras, kas izaudzétas dazados apstaklos
Polija un Latvija. Skiedras atSkiras gan ar kimisko sastavu, gan ar to sastavdalu kvantitativo saturu, spalu piejaukuma daudzumu, $kiedras
garumu un mehaniskajam ipasibam. Tas aprobétas ka armé&josa komponente lineara zema blivuma polietiléna kompozitos ar dazadu skiedru
saturu (10, 20 30, 40 mas.%.) Noteikti kompozitu ekspluatacijas raditaji: stiepes stipriba, modulis, deform&3anas sp&ja sagrauSanas bridi,
virsmas mikrocietiba p&c Vikersa, idens izturiba istabas temperattira, ka arl noverteta kausgjumu tec&tsp€ja, nosakot kausgjuma indeksu.
Konstatéts, ka visu materialu tec€tsp&ja samazinas, pieaugot Skiedras daudzumam kompozita. Kompozitu kausgjumi, kas satur 40 mas. %
Skiedras izveleéta eksperimenta apstaklos praktiski zaudé tecétsp&ju, bet visam kompozicijam ar 30 mas.% skiedras saturu ta ir pietiekami
augsta ltmeni, lai kompozicijas varétu parstradat ar tradicionalajam polim@ru parstrades metodém: spiedlieSanu un ekstriiziju. Izvertgjot
materialu fizikali mehaniskas Ipasibas, visu veidu Skiedru gadfjumos (Skiedru garums kompozitos ir lidz 1 mm) optimalais Skiedru saturs
kompozita ir 30 mas.%, jo pie 40 mas.% Skiedras satura novéro stipribas samazina$anos. Skiedru kimiska sastava, to sastavdalu kvantitativa
satura un mehanisko raditaju atskiribas biitiski neietekmé kompozitu galvenas ekspluatacijas ipasibas un visas izpétitas skiedras var sekmigi
izmantot termoplastisku poliméru kompozitu ar labam Tpasibam izgatavoSanai.

Pura Conmxenko, SIunc Kasake, Oara Hecrope, CuiBus Kykiie. DkcmiiyaTanioHHble CBOMCTBA KOMIIO3MTOB HA OCHOBE JIHHEHHOIO
NOJIM3THIEHA HU3KOM NJIOTHOCTH, COEePKALIUX KOHOILISIHbIE BOJIOKHA.

]_ICJ'[I)}O JaHHOI'0 HCCJICNOBAHUSA SABJIAJIOCH BBIACHCHUE BJIIMAHHUA XUMHYCCKOI'O0 COCTaBa W COACPKAHWA KOMIIOHEHTOB BOJIOKOH KOHOILUIH, B
3aBUCHMOCTH OT YCJIOBHII BBIpAI[MBAHMs, HAa SKCIUTyaTallMOHHBIE CBOHCTBA KOMIIO3UTOB Ha OCHOBE TEPMOIIIACTHYHBIX MOIUMEPOB. Jlist 3Toi
LeTH B KauecTBE IMOIMMEPHONW MAaTpHIBl ObLT BBHIOpAH JIMHEHHBIM MONMATHICH HU3KOW IUIOTHOCTH, @ B KauyecTBE MOAM(MHUIUPYIOIMIETO
KOMITOHEHTA TP Pa3JIMYHBIX BOJIOKHA KOHOIUIM, BBIPAICHHBIX IPH Pa3IHYHBIX yciaoBuAX B [lonbme u JlarBum. Bomokna pasmuuarorcst mo
XHMHYECKOMY COCTaBY M COJICP)KaHUIO KOMIIOHEHTOB, CO/IEPKaHUEM KOCTPHI, IUTMHOI BOJIOKHA M MEXaHHUECKUMHU CBOMCTBAMH, KOTOPBIE ObLIH
anpoOMpOBaHbl B KAaueCTBE ApMUPYIOUIEr0 KOMIIOHEHTa, B KOMIIO3UTAaX JIMHEWHOrO TOJMATHIIEHA HU3KOH IUIOTHOCTH, C Pa3iIUYHBIM
conepxkanrem BosiokHa (10, 20 30, 40 mac.%). OnpeneseHbl SKCILTyaTallMOHHbIE XapaKTEPUCTUKH KOMIIO3UTOB: MPOYHOCTh HA PACTSDKEHUE,
MOAYyJb YyOPYyrocTu, NMpoOYHOCTh Ha I/I3FI/16, MHUKPOTBEPAOCTH 110 Bmcepcy, BOAOIIOITIOIEHUE TIPU KOMHATHOM TEMIIEPATYpE, a TAKKEC MHIACKC
paciuiaBa. bputo ycTaHOBIEHO, YTO TEKy4YecTh MaTepuaa YMEHBIIAETCs, C YBEIMUYCHHEM KOJMYECTBA BOJOKHA B Kommno3uTe. Komo3utHsie
paciutaBel copepxanie 40 mMac.% BOJIOKOH, B BBIOPAHHBIX HKCIIEPUMEHTAIbHBIC YCIOBUSAX MPAKTHYECKH TEPSIIOT CBOIO TEKydecTb. B cBoro
odepenb, B kommnosutax ¢ 30 macc.% cojaep>kaHMEM BOJIOKOH OHA COXpaHseTCs Ha JIOCTaTOYHO BBICOKOM YPOBHE, M OHHM MOTYT OBITh
nepepadoTaHbl ¢ TTOMOIIBIO OOBIYHBIX METOJOB MepepabOTKH MOMMMEPOB: JIUThS MOJ] JABIEHUEM U dKCTpy3uei. IIpoananusupoBas (Hu3HKO-
MEXaHUYECKHUE CBONMCTBA MaTEpPHalOB, KOHCTaTUPOBAIU, YTO ONTHMAIbHBIM COJEP>KaHHEM BOJIOKOH B KommosuTax ssisgercs 30 macc.%, He
3aBUCHMO OT BUJa BOJIOKHA (JUIMHA BOJOKOH 10 1 MM), T.K., mpu conepxkanuu 40 Mac.% BOJIOKOH HAOIIOJAeTCS YMEHBIICHHE CBOMCTB.
XUMHYECKUI COCTaB U COJCp)KaHME KOMIIOHCHTOB BOJIOKHA, a TAKXKE IOKa3aTeIM MEXaHHYECKUX CBOMCTB CYyLIECTBCHHO HE BIJIMSIOT Ha
OCHOBHBIE JKCILTyaTallMOHHBIE CBOWCTBA MOJyYSHHBIX KOMIIO3UTOB. Bce HMccienoBaHHbIe BOJIOKHA MOTYT OBITh YCIICIIHO HCIIOJIBb30BaHBI MU
MIPOU3BOJICTBE TEPMOILIACTUYHBIX MOTUMEPHBIX KOMIIO3HTOB.
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