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of polypropylene filled by selected natural fibafsvegetable and animal origin
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(coconut, flax, cellulose and fleece fibres) frame tapplication point of view.
Tribological properties of injection parts are esbd through surface
roughness and friction coefficient. Physical preiger are evaluated in light
of melt flow behaviour, the strength charactersstiof injection parts,
flammability, and shape stability both under lowaad higher temperatures.

INTRODUCTION

Polymeric materials and their composites belonth&évery progressive kind
of research. They are part of every advanced téopp@nd these materials are
often irreplaceable. Truly very new trend restshi@ substitution of glass fibres
by natural fibres that are the subject of intel®sthe polymer processors for
environmental reasons. Natural fibre applicationais important material

alternation that is also traditionally focused be futomotive industry, which
continuously represents a pressure in improvingyfgroperties of plastics and
composites with polymeric matrixes. Compared tcepffibre materials, there
are many advantages in natural fibres used in ceitgsoproduction, as e.g. low
weight, low wear, low flammability, biodegradakylitand mainly low price,
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Fig. 1. Scanning electron microscope images showirgcoconut (a), flax (b), cellulose (c)
and a fleece fibre (d)

Rys. 1. Obraz mikroskopowy (SEM) z wtékien kokosatwya), Inianych (b), celulozowych (c)
i wetny (d)
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which is independent of the price of oil. Due te tklative movement of plastic
mechanical parts, there is constant friction andrwevhich strongly influence
their service life. Friction properties of polymexsd their wear are influenced
by quite a number of factors, e.g. choice of matecouple (polymer-on-
polymer contacts or non-polymer-on-polymer condagts 1], crystallinity
[L. 2], surface treatment of the part, surface roughfles8], sliding speed,
service temperaturd. 3], specific pressurfk. 4, 5], additives (in dependence
on their types and amourt). 5-7], the utilisation of regrindfL. 8, 9], and so
on. The tribological and physical properties ofsgitzs are, in many cases,
improved just by additives — mainly by mineral paes (e.g. talc), graphite,
metal powders and fibres, solid-state lubricamsl, o on. Natural fibres” (both
vegetable and animal origin) influence on polymteitsological properties has
not been widely published up to this time, becauwsteiral fibres are presently
used as a reinforcement of shaped parts in auteendtiteriors. However,
itis necessary to stress that such parts are igaligt produced just by
the moulding of biocomposites not by their injentioNatural composite
injection has not been a largely investigated dbeé&,it has huge possibilities
and potential in application.

PREPARATION AND INJECTION MOULDING OF COMPOSITE
SAMPLES

A choice of polymer was necessary to take into aetdhat the maximum
temperature under which is possible to procesgaldfibres is 210°GL. 10].
The composite material was prepared with PP mati(R® is the most common
polymer used for the production composites in aotuitas) added to natural
fibres of coconut, flax, cellulose and fleece fib(Eig. 1) within ratio 10% up
to 30% by weight on the extrusion line of cold griation at a temperature of
180°C to 200°C. We will refer to this as NF compesi These prepared
granulates were prepared with an injection mouldimachine as test samples
for the subsequent evaluation of tribological ahggical composite properties.

For the composite material preparation, it was s&me to remove fine
organic impurities and greases and to modify tlegigth by milling at the shear
mill (n = 3000 mirt) with trapezoidal holes of 0.75 mm (the optimaidth
of milled fibres is within 0.5 up to 2 mm) with nimal moisture content. For
composite production, it was necessary to providécgent adhesion between
the hydrophilous fibres and hydrophobic polypropglematrixes. Because
of this, in cooperation with company DOW Corningnewly developed and
patented additivé&martwas used (1.5% on the basis of silicon + 0.2%hen t
basis of dialkyl peroxideg).. 11], whose components were added in the liquid
form directly into the double-screw extruder togettvith the natural fibres and
PP matrixes (Thermofil EO20M).
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FRICTION COEFFICIENT OF NATURAL FIBRE COMPOSIT ES

Presently, there is no valid international standardetermine plastic parts the
friction coefficient of plastic plates with a thiokss over 1 mm. Therefore, the
measurement was carried out with deviations in ganensions and the value
of contact area normal force according to ISO 8295, the standard which
specifies the methodology for the determinationtlud friction coefficient
between sheeting and a thin plate (with thicknepstm 0.5 mm). For
experimental measurement, a device with a fixedzbotal test desk from
anodised aluminium (Ra = 0/8m) and a moveable jig for placing testing
samples (with dimensions 50 x 50 x 4 mm) and weigiite used, so that the
loading force gravity centre (F= 106.6 N) was always in the testing sample
centre ensuring uniform pressure between pléfigs. 2 and 3)

injection part

gating

Fig. 2. Friction testing equipment concept (leftand testing sample (right)
Rys. 2. Koncepcja ugelzenia do wyznaczania wspotczynnika tarcia (z Igwepwypraska
(z prawej)

The friction force was recorded during sliding manant of the solid at
constant velocity (v = 100 mm/mifl,. 3]) in relation to displacemefiEig. 4).
The measured values were used to determine the fsietion coefficient (from
the maximum friction force value after the start displacement) and the
dynamic friction coefficient (determined from theeaage friction force after
passing static friction at a displacement 60 mnm thetween displacements 10
p to 70 mm after the start of measurement). Staietion coefficient has
a great influence on the values of the eject folmes injection part quality.
High eject forces can result in the deformatiornthef injection part and high
residual stresses in the injection part, and soStatic and dynamic friction
coefficient values are presentedliables 1and2.
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Fig. 3. Device for friction measurement with the deil of the jig design
Rys. 3. Uradzenia do pomiaru sity tarcia
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Fig. 4. Friction force of NF composite with cocontfibres
Rys. 4. Sita tarcia kompozytu z wtdkien kokosowych

Table 1. NF composites and static friction coefficia
Tabela 1. Statyczny wspotczynnik tarcia kompozyrwtokien naturalnych

Material | Static friction coefficient "us"
PP (no fibre) 0.20+0.01
PP + Smart(no fibre) 0.11+0.01
, fFibre 10wt % | 20wt. % | 30 wt. %
® o § coconut 0.1040.01 0.06+0.01 0.06£0.01
% E g— flex 0.06+0.01 0.05+0.01 0.06+0.01
Z 3 cellulose 0.09+0.01 0.05+0.00 0.05+0.00
fleece 0.11+0.01 0.08+0.01 0.08+0.01
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Table 2. NF composites and dynamic friction coeffieint
Tabela 2. Dynamiczny wspétczynnik tarcia kompozywwiokien naturalnych

Material | Dynamic friction coefficient "uy"

PP (no fibre) 0.17+0.01

PP + Smart(no fibre) 0.06+0.00

, Fibre 0wt % | 20wt. % | 30 wt. %

® 5 E coconut 0.05+0.01 0.05+0.00 0.04+0.01

% _é CEL flex 0.04+0.01 0.04+0.00 0.04+0.00

Z 3 cellulose 0.04+0.01 0.04+0.00 0.04+0.00
fleece 0.08#0.01 0.04+0.01 0.06+0.01

SURFACE ROUGHNESS OF NF COMPOSITES

The composite material processed by injection moglén small plates with
the dimensions of 50 x 50 x 4 mm was subjected udase roughness
evaluation in relation to the type and amount ofura fibres in the
polypropylene matrix. Three basic parameters wdresen for evaluation,
which unambiguously determine surface parametersRia (arithmetical mean
roughness), Rz (ten-point mean roughness) and Bkifnum height of the
profile). Experimentally measured surface roughngssrameters using
a Mitutoyo Surfest SV-2000 are presented able 3.

Table 3. Surface roughness of NF composites
Tabela 3. Chropowagé powierzchni kompozytéw z witékien naturalnych

Material | Ra[pgm] | Rz[gm] | Rt[um]
PP (no fibre) 0.5+0.1 3.3+0.7 50+1.2
PP + Smart(no fibre) 0.8+0.2 6.8+1.9 9.9+2.7
Fibre | wt% Ra[um] Rz[um] Rt[zm]

10 1.4+0.3 10.8+£2.2 16.8#3.4

@ coconut 20 1.5+0.6 10.8+£2.5 17.2+5.3

'g 30 1.6+0.3 11.9+1.9 18.0+3.2

g 10 2.1+0.3 14.6+2.1 19.6+3.2

8 flax 20 1.5+0.3 11.4+2.5 17.8+4.9

g 30 2.0+0.9 14.1+2.3 19.4+2.2

; 10 1.620.4 11.5+2.6 16.4+3.3

5 cellulose 20 1.3+04 9.9£2.0 14.6+4.4

g 30 2.1+0.6 13.9+3.6 20.1+4.4

10 1.4+0.3 11.4+2.2 17.5+3.6

fleece 20 1.4+0.2 9.9+1.6 14.6+2.8

30 2.2+0.5 145+2.9 20.3+£4.3
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PHYSICAL PROPERTIES OF NF COMPOSITES

Physical (or more precisely physical-mechanicalll &&mperature properties
of NF composites Tables 5 and 6) were evaluated on parts produced
by injection moulding according to ISO 294-1 ancheinsionally corresponded
to relevant international standards under the d¢mmdi presented iffable 4.
There were also evaluated thermal properties attion parts for automotive
industry(Fig. 5) and these values are presented@iahle 7.

Table 4. Testing conditions
Tabela 4. Warunki badania

Properties | Symbol | Teststandard | Conditions
Yield tensile stress Oy ISO 527/1A/50 50 mm/min
Tensile elongation at break €8 ISO 527/1A/50 50 mm/min
Secant tensile modulus E ISO 527/1A/1 1 mm/min
Flexural stress Otm ISO 178 2 mm/min
Flexural modulus 1~ ISO 178 2 mm/min
Charpy notched impact strength cad ISO 179-1/1eA 2.9 m/s
Melt volume-flow rate MVR ISO 1133 18/10 kg
Temp. of deflection under load " ISO 75 1.8 MPa

Table 5. Physical properties of NF composites
Tabela 5. Fizyczne wdaiwosci kompozytéw z witdkien naturalnych

Material g, & E [MPa] O Eqm
[MPa] [%] [MPa] [MPa]
PP (no fibre) 27+0.1 39+6.6 1603+33 35+0.2 | 1287+49
PP + Smart(no fibre) 30+0.4 38+2.9 1419+89 39+0.3 | 1427+38
Fibre wit. g, & E [MPa] O Eqm
% [MPa] [%] [MPa] [MPa]

10 31+0.2 10+0.6 1763+29 44+0.2 | 1513+#152
coconut 20 31+0.4 10£1.2 1731+36 45+0.1 | 1630£26
30 32+0.5 7+0.7 1985+ 17 49+0.2 | 1884+33
10 35+#0.5 11+1.2 2304+ 33 48+0.1 | 1955%71
flax 20 36+0.3 9£0.5 2405+ 32 50#0.3 | 2219+46
30 44 +0.3 7+0.2 2944+ 38 60+0.3 | 2868+81
10 33£0.2 11+1.6 2073+29 47+0.3 | 1939+58
cellulose 20 34£0.3 11+0.9 2216+ 28 50+#0.1 | 2184+40
30 73+0.3 7+1.1 2863# 32 58+0.3 | 2676x45
10 33£0.3 12+0.7 1815+ 32 48+0.4 | 1704+73
fleece 20 32+0.3 12+1.2 1596+ 69 48+0.2 | 1665+50
30 37+0.3 8+0.2 1928+ 24 51+0.2 | 1710+42

Natural fibre composite
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Fig. 5. NF composites injection part (In-mould)

Rys. 5. Wypraska kompozytowa

Table 6. Physical properties of NF composites

Tabela 6. Fizyczne wdaiwosci kompozytow z widkien naturalnych

Material aca MVR T
[kJ/n?] [cm®/10 min] [°C]
PP (no fibre) 8.8+0.6 254.2+7.6 5842
PP + Smart(no fibre) 10.1#0.6 21.0+2.2 6312
Fibre wt. % | aca [kJ/mA] [cm3'\l/ll\6Rmi i [;I'g]
10 5.6+0.6 16.7+2.0 661
£ coconut 20 6.4+0.2 13.2+1.2 68+2
§ 30 5.4+0.5 9.4+0.8 72+1
£ 10 5.7+40.2 7.6+0.6 70+1
S flax 20 5.520.2 4.340.6 7242
5 30 6.2+0.2 3.2+0.3 80+#1
= 10 49203 5.320.3 69+2
5 cellulose 20 51+0,3 3.8+0.4 72+1
3 30 5.1+0.3 1.6+0.2 8242
10 5.6+0.2 8.5+0.5 70+1
fleece 20 55+0.2 75+0.4 72+1
30 5.6+0.3 3.6+0.4 7742
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Table 7. Thermal properties of NF composites
Tabela 7. Whciwosci termiczne kompozytéw z widkien naturalnych
Measured value of the NF composites
Test method coconut flax fleece cellulose
20 wt.% 20 wt.% 20 wt.% 20 wt. %
Thermal resistance Standard (desired state): without distortion
- 30°C/ 24 hod. all right all right all right all right
+9C¢°C / 16 hod. all right all right all right all right
Flammability Standard (desired stated100 mm/min
TL 1010 17.8 | 17.2 | 9.6 18.1

CONCLUSIONS

From the experimentally determination results comiog NF composites with
polypropylene matrix tribological properties, itp®ssible to state that natural
fibres of vegetable and animal origin have a pasitnfluence on the final value
of both the static and dynamic coefficients of tidn (Tables 1 and 2).
The strong decrease in the friction coefficient wasasured due to the addition
of an adhesive agent whose individual componentse wadded into
polypropylene in the liquid form during the prodoct of the granulates.
The lowering of the friction coefficient was alsoh#éeved by adding natural
fibres — mainly flax fibres. With an increasing pon of natural fibres, there
was a decrease in the friction coefficient. Thalfiecrease in the static friction
coefficient had a positive influence on the phafsmjection part removal from
mould cavity during injection moulding and also parts shape accuracy and
the residual stress value in the injection paris ppossible to state that natural
fibres increase surface roughng3able 3) but there is no clear relationship
to the percentage of natural fibres.

Natural fibres increase strength and stiffnessjafction parts and decrease
their ductility and melt flow ratgTables 5 and 6) The highest change
of strength properties, but also shape stabilitydeunhigher temperatures
(measuring deflection temperature at loadingTable 6), was achieved
for composite with cellulose fibres and flex fibres

Regarding NF composite application in the branchtred automotive
industry, it is possible to state that injectionrtpafulfilled the requirements
concerning shape stability under lower and higkerperatures and fire safety
according to VW requirements. However, for totadleation of NF composites
application in the automotive industry, it will lmecessary to carry out other
tests, e.g. environmental resistance, determinatigouncture impact behaviour
of rigid plastics, fogging test, emission test (T&)D outdoor tests, and so on.
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Initial results already predicate that the biggastblem will be just about the
odour of injection parts from NF composites.

This paperwas supported byrechnology Agencgf the Czech Republic
under theprojectTA01010946
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Streszczenie

Niniejszy artykut prezentuje wiasciwosci tribologiczne i fizyczne analizy
polipropylenu wypetnionego wtdknami pochodzenia natralnego, raslinne-

go i zwierzcego (gtownie kokosowe, widknina, len i widkna cdhrowe).
Wihasciwosci tribologiczne wtryskiwanego detalu § oceniane pod ktem

chropowatasci powierzchni oraz wspotczynnika tarcia. Wi&ciwosci fizycz-

ne @ oceniane pod Ktem zachowania przeptywu roztopionego materiatu,
cech wytrzymatasiciowych wtryskiwanej wypraski, palnosci i stabilnosci

ksztattu wypraski zaréwno przy niskich, jak i w wysokich temperaturach.



