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Abstract. the main two directives of the European Coission (EC) has been regulating the automotive indystThe
aforementioned directives and education of residenh environmental issues has created the neednfav materials that
have been produced from renewable resources and khbe recycled at the end of product life cycle.

The objective of this project is to develop a noneowmaterials (NWM) that would incorporate fibers gfants, which
could be grown in Latvia because of suitable locdéihwate conditions, for the use in automotive indugt Furthermore,
inclusion of polymer fibers in the NWM will expandhe areas of use of such material — the NWM can ensformed into
a composite material by means of a thermal press.

Manufacturing process of NWM consist of structureadelling and material samples manufacturing. NWM reples
production process to be carried out by fibers paegtion, fibers mixing, formation by airlaid methadpreparation of fiber
webs for fixation with a mechanical needle punchingethod, mechanical fixation of fiber webs, preparatiof fixed fiber
webs for NWM manufacturing and manufacturing of NWNMy mechanical needle punching method.

This article reflects the comparison of two comptimns NMW (Polylactid (PLA) (60 wt%) and long flaxdres (40
wt%), and PLA (60 wt%) and technical hemp fibres (4@)) with the same structure by visual appearangepmetrical
parameters and tensile strength. The average sugfdensity of hemp NWM varies in the range of 792t0958,71 g-17?,
thickness varies from 6.91 to 9.23 mm. Flax NWM aage surface density is higher than hemp NWM andies in range
of 1,064 to 1,260 g-m, thickness of the material varies from 12.62 t0.4% mm. For comparison, the surface density of
NWM currently used in automotive industry, dependion the use of the material, varies from 100 t4a0Q g-m?.
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I. INTRODUCTION automotive industry. Furthermore, inclusion of
The country, where people live, and the polymer fibres in the composition of NWM will
legislation of such country regulate the daily Ifé  expand the areas of use of such material — the NWM
its residents to a great extent. Not only nationalcan be transformed into a composite material by
legislation, but also the effective directives tlet means of a thermal press. The use of a polymer of
European Union (EU) are binding on the residents ofbiological origin and uniting it with plant fibres
the EU member states. Over the last years, twallows to obtain a material that conforms to the
directives of the European Commission (EC) haveconditions of sustainable environment management.
been regulated the automotive industry: 2000/53/EC
and 2005/64/EC. The first one regulates the . MATERIALS AND METHODS
proportional amount of details that must be made of Flax, hemp and PLA fibers have been used for the
recycled resources and the amount of details thatlevelopment of samples.
could be recycled at the end of product life cy@lee A. Flax fibers
second directive provides that the motor vehicle Common flax or linseed (Linum usitatissimum L.)
manufacturers must provide the EU institutions withis an ancient agrotechnical culture, which has been
information on the recycling methods of detailsduse cultivated in the territory of Latvia as well. Fléxan
in vehicles. Both directives are based on redused u annual plant that has been cultivated for two [piaic
of non-renewable resources and wider use ofcrops: fiber and seed (i.e. oil linseed). A stafkao
renewable resources. long-stalk flax contains 20 — 30% of fibers. The
The aforementioned directives and education ofcomposition of the fiber is significant for the pta
residents on environmental issues has created thikeecause the principal component of cell membranes
need for new materials that have been produced frons cellulose, which ensures the strength of therfib
renewable resources and should be recycled at th€ellulose is not water-soluble. Cellulose accotiots
end of product life cycle. The objective of thiojgct  an average of 60 — 80% of the total flax fiber mass
is to develop a NWM that would incorporate fibrés o the rest of the mass consists of lignins, pecpemnt
plants, which could be grown in Latvia as a restfilt waxes and fats, various water-soluble substances an
suitable local climate conditions, for the use in hygroscopic water. Cellulose, the chemical formula
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of which is (GH100s) n, is a natural polymer — a These properties are especially significant fotilex
macromolecular substance with high degree ofmaterials used in motor vehicle constructions.
polymerisation (300 — 3,000). Two types of NWM have been developed within
The geometrical parameters of the flax fibers usedthe framework of this research: PLA fibers (60 wt%)
for the research have been determined by laboratoryixed with long fibers of flax (40 wt%) and PLA
methods: fiber fineness is 3.87 dtex, average kengt fibers (60 wt%) mixed with technical fibers of hemp

139.23 mm. (40 wt%). The same principle of material structure
The average market price of long-fiber flax is development and manufacturing technology has been

approximately 1.39 EUR/kg [1]. used in both NMW. Mechanical manufacturing
B. Hemp fibers method has been used for the creation of both

Hemp (Cannabis sativa), like flax is an annual NMW — needle punching. NMW structure has been
plant and a traditional agrotechnical culture imdpe =~ demonstrated in Fig. 1, in accordance with which th
and all regions of Latvia. Similarities betweentbot total quantity of fibers is divided into five fiber
plant cultures are observed, the structure ofithers  layers. The three internal layers of fibers areilaim
of both plants is in principle similar. Depending o in terms of their constituent components, fiber
the sort of hemp, the content of fiber in its stalh  proportion and mass. Uniting these three layers int
reach 25 — 35%. Cellulose forms ~ 77% of the totalone would be more economically viable, however,
mass of hemp fibers. the solution of 3 fiber layers was chosen due t th

German company BaFa Badische technological characteristics of the available
Naturfaseraufbereitung GmbH, which is specialisingequipment in order to obtain a material with asatqu
in hemp fiber cultivation and processing, supptieel  punch distribution (more homogeneous connection of
hemp fibers used for the development of samplesfibers) as possible. The following operations have
Company classifies the fibers used for the been included into the production process:
development of samples as technical fiber with 1. preparation of fibers for work (weighing of the

product name Vliesfahige Faser VF6. required amount of fibers, loosening of fibers);
The average market price of technical hemp fibers 2. creation of fiber web layers;
is approximately 0.6 — 0.8 EUR/Kkg [2]. 3. punching of fiber web layers:
C. Polylactide fibers a. preparation of fiber web layers for
PLA is a natural biopolymer [3], consisting of fixation (in order to reduce the number of
linear macromolecules with chains containing astlea punches during the production process
85 wt% lactic acid esters that are obtained from and, to prepare three fiber web layers for
naturally occurring sugars. The melting temperature fixation from five fiber web layers, by
thereof is at least 135 °C [4; 5]. PLA is a placing layers on top of each other);
biodegradable and biologically compatible material b. fixation of fiber web layers by needle
that can be processed by wusing standard punching;
manufacturing devices. Depending on the serviee lif c. arranging of three fiber layers and
of a product with embedded polymer, the time of preparation thereof for the production of
polymer degradation can be controlled. NWM.

The PLA used in the samples has been supplied Production of NWM by means of needle punching
by the company Ingeo [6], which produces the method (needle punching of three fixed fiber web
polymer from corn starch. Sugars generate botHayers into a single material).
principal components of the PLA polymer obtained

from corn — carbon dioxide and water. Starch is e i
transformed into glucose by means of fermentative 2nd web layer: 1/5 g Matrix+ 1/3 g Natural fiber
hydrolysis. The glucose is fermented into lactidac

at almost neutral level of pH. The PLA polymer used 3rd web layer: 1/5 g Matrix + 1/3 g Natural fiber
in the samples has the shape of fibers. Their teahn

parameters are as follows - type: SLN 2660D' 4th web layer: 1/5 g Matrix + 1/3 g Natural fiber
specification: 6.0 dx 64 mm x FB, fiber fineness: et Ly 175 g Mt

6, 50, 5 den, fiber length: 64 + 4 mm. ' _
The average market price of PLA fibers is 2.12 —Fig- 1. Structure of nonwoven material.

3,5 EUR/kg, for comparison, the price of PP, _ )
frequently used for NWM is approximately 1.61 - The fibers were loosened, both types of fiber were
1.82 EUR/kg [7]. mixed (by using thairlaid method) and fiber layers

were created by using the same device -
NWM provides the possibility of reaching a TRUTZSCHLER CVT3 1200. In this device, the

textile material with wide functional propertieiet ~ Proportioned amounts of fibers were delivered from

porous structure of the material ensures thermal anthe fiber feed-in area via parallel horizontal eodl to
sound insulation, as well as absorbing propertiesth® vertical vacuum cylinder, which is connected to
the device. In the fiber layer, which was obtaimed

D. Nonwoven manufacturing
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the cylinder, the fibers were dispersed in various,see Fig. 2); The following sequence of operatices h
indefinite directions. During the NMW production been observed during the first needle punching
process, the needle punching was performed in twgrocedure:

phases. During the first of the phases the fibgerka 1. the Ftfiber web layer was punched (PLA fiber
were fixed and after the second punching phase the layer) together with the "2 fiber web layer
finished material was obtained. The same device has (the layer, where plant fibers were mixed
been used in both phases of punching: DILO LBM 6. together with PLA fibers);

This device has one needle board, which does the 2. the 39 fiber web layer was punched separately;
work by means of a downwards movement. In order 3. the 4" fiber web layer was punched (the layer,

to ensure the minimum number of punches during the where plant fibers and PLA fibers were
production process of NWM, three fiber layers must mixed) together with the"Sfiber web layer
be prepared for fixation from initially produced/di (PLA fiber layer).

fiber layers by placing one layer on top of another

2 ] 1st web layer
+
2nd web layer 1st web layer
+
1st needle-punching 2nd needle-punching
3rd web layer _> 2nd web layer _>
+
] 4thweb layer
ki 3rd web layer
5th web layer
Iﬂ Matrix

|XZ| Matrix + Natural fiber

Fig. 2. Needle punching in the manufacturing pssag nonwoven material process

The fiber web layers, where two fiber layers were values between both compositions of NWM differed
fixed together, were inserted into the needle-pingch by approximately 40%, hemp technical fiber
device with the layer of PLA fibers facing upwards, containing material is thinner and its thicknesses
closer to the needle board. Before the secondrom 6.91 to 9.23 mm. The thickness of flax fiber
punching phase, the three previously fixed fibercontaining material ranges from 12.62 to 15.54 mm.
layers were arranged and placed in accordance witfihe thickness of the produced material samples is
the production scheme of NWM (see Fig. 1 anddirectly linked with the quality of fibers binding.

Fig 2). The NWM spicemen strips containing flax fiber
are visually lighter - PLA fibers dominate on their
lll. RESULTSAND DISCUSSION surface and the fact that the thickness therecdeds

Different number of samples has been obtainedthat of hemp fiber containing NWM is visible withou
from the both NWM materials within the framework using technical metering equipment (Fig. 3). The
of the research: 5 samples of PLA and hemp NWMnatural colour of hemp fibers is visible in thefage
(samples labelled with Latin alphabet letters A, of hemp fiber containing strips, along with the tehi
D and E) and 3 samples of PLA and flax NWM colour of PLA fibers. Upon the analysis of the
(samples labelled with Latin alphabet letters Aa@l  obtained breaking strength results and visual
C). 6 stripes of NWM sized 50 x 300 mm have beenappearance of the materials, it can be concludad th
cut out of each sample, of which 3 stripes (Fig. 3)the surface density of the material is the fackat t
from each sample (in the event of Sample D - pestri mostly affects the durability parameters of the NWM
have been used for the research of NWM. Among thematerial, including the stretching of the materighe
researched samples, the stripes labelled with Latirsurface density of the hemp containing NWM varies
block capitals and numbers 1 and 3 have been ¢ut odrom 792 to 959 g-m, the surface density of the flax
along the direction of operation of the needle containing NWM is higher and varies from 1,064 to
punching device, or so called in the machine1,260 g- . For comparison, the surface density of
direction. The sheets that have been labelled wittNWM materials currently used in automotive
Latin block capitals and number 5 have been cut inindustry, depending on the use of the materialiegar
the cross-machine direction. Each of the stripes hafrom 100 to 1,400 g-TA[8].
the same length and width. The average thickness
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Fig. 3.NWM sample stripes, the lower stripe No. 1 andrtfeglium stripe No. 3 have been cut in the machirextion (0°), the upper stripe
No. 5 has been cut in the cross-machine direc86){ flax fiber containing NWM sample A is on tledt, hemp fiber containing NWM
sample A is on the right.

Fig. 4.NWM sample surface in the direction of needle impaptical magnification 16x: flax fiber containifgWM on the left, hemp
technical fiber containing NWM on the right.

Fig. 5.NWM sample surface that is opposite to the needfeact, optical magnification 16x: flax fiber conmtmig NWM on the left, hemp
technical fiber containing NWM on the right.

Upon using the optical microscope for the homogeneous binding of fibers (the fact must be
observation of the samples of NWM materials of bothlinked with the tighter binding between PLA fiber
compositions, the traces left by needle punchingweb layer and mixed fiber web layer (natural and
device are visible as holes of regular shape #airr PLA fibers)) has occurred in hemp fiber containing
over regular interval. They are better visualisethe =~ NWM samples. The colour of material isn't as
surface of the material that has been directlyexttbj pronouncedly white as in the NWM containing flax
to the impact of the needles (Fig. 4 and Fig 5jtetA  fibers. Poorer fiber binding in the flax containing
the punching process it can be concluded that mor&dWM is evidenced by poorly visible traces of needle
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punches in the surface of the material that is efpgpo  without technical aids and can be checked by trying
to the work direction of the needles. Poorer bigdin to separate the strips of samples in the external
of flax fibers containing NWM is visible even surface of fiber layer with hands — easily separabl

Table |
PLA and Hemp NWM, PLA and Flax NWM tensile testuis -
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mm | mm [ mm mm?2 g-m? MPa MPa % %
AAO3_A | A1 | 50 300 8,87 443,65 894,69 0,05 0,01 31,79 42,20 f;\:loetd
AAO3_A | A3 | 50 300 8,46 422,83 918,05 0,06 0,01 28,68 36,28 f;\illoetd
AAO3_A | A5 50 300 8,69 434,70 848,95 0,05 0,01 40,24 47,34 f;\ill(()etd
AAO3_B | Bl 50 300 9,23 461,25 891,19 0,05 0,01 35,88 45,39 f;\:l?etd
AA03_B | B3| 50 300 8,21 410,43 873,48 0,06 0,01 29,43 37,99 f;\:loetd
Q.
g AA03_B | B5| 50 300 7,63 381,45 792,09 0,05 0,01 41,64 50,67 f;\illoetd
T
?—s AAO3_C | C1 50 300 8,81 440,45] 958,71 0,07 0,02 37,08 46,19 f;\ill(()etd
<
| AA03_C | C3| 50 300 8,78 439,05 923,72 0,06 0,01 31,66 39,14 f;\:l(zetd
AAO03_C | C5| 50 300 8,70 434,95 892,47 0,05 0,01 45,63 51,56 f;\:loetd
AAO03_D | D5 50 300 8,30 415,00 796,67 0,04 0,01 30,89 42,39 f;\illoetd
AAO3_E | E1 50 300 7,02 350,90 891,31 0,10 0,02 35,63 46,24 f;\ill(()etd
AAO3_E | E3| 50 300 7,17 358,70 848,46 0,09 0,02 39,40 45,07 f;\:l(zetd
AAO3_E | E5| 50 300 6,91 345,55 858,93 0,08 0,02 35,69 47,10 f;\:loetd
AAO5_A | Al 50 300 | 14,58 728,78 1260,51L 0,03 0,01 286, 68,54 f;\illoetd
AAO5_A | A3 50 300 | 12,62 630,88 1232,58 0,04 0,01 585, 67,61 f;\ill(()etd
AAO5_A | A5 | 50 300| 13,53 434,70 1132,70 0,05 0,01 889, 47,02 f;\:l(zetd
E AAO5_B | B1| 50 300| 13,15 657,48 1221,27 0,03 0,01 566, 67,74 f;\:loetd
=]
S | AAO5 B | B3 50 300| 14,68 733,98 1222,01 0,03 0,01 968, 67,10 f;\illoetd
<
i AAO5_B | B5 50 300| 13,96 698,10 1065,74 0,03 0,01 4@2, 52,08 f;\ill(()etd
AAO03_C | C1| 50 300| 15,54 776,88 1180,717 0,04 0,01 9918, 59,55 f;\:l(zetd
AAO03_C | C3| 50 300| 14,35 717,48 1228,77 0,04 0,01 795, 66,59 f;\illoetd
AAO03_C | C5 50 300 14,77 736,15 1138,97 0,03 0,01 5916, 55,35 f;\illoetd

All tensile test results of NWM are presented ifNWM - tensile strength ranges from 0.03 to 0.05 MPa
Table 1. Ultimate tensile strength of hemp fibersnaterial elongation ranges from 40 to 59%.
NWM samples ranges from 0.04 to 0.10MPa and
material elongation ranges from 29 to 46%. Tensile IV. CONCLUSIONS
strength test results of hemp fibers NWM are higher As a result of the research a plant fiber and
and elongation amplitude is lower than flax fiberdiopolymer NWM structure has been created. A total
of two NWM using plant fibers of traditional foreh
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territory of the Republic of Latvia, but nowadaysreprocessing both NWM into composite materials, the
uncommon flax and hemp agriculture, have beeuse of PLA is not economically viable.
developed and mutually compared. V. ACKNOWLEGEMENTS
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