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CARS FROM RENEWABLE MATERIALS

Biofiber and biopolymer based composites are enjoyg a renaissance for a variety of reasons and théyave developed
significantly over the past few years especially duto their renewable nature. The increased fuel affiency in automotive and
a growing awareness in environmental preservationra leading to further developments. Biobased fiberexhibit decent price
stability, being less dependent on the price of othan other materials and their use should be higlyl encouraged from an
economical point of view. Biocomposites are becongrattractive alternatives to glass fibre reinforcedpolymer composites
in automotive industries due to significant weightand cost savings. Many automotive components (inter and exterior) are
now made from biofibre reinforced composites mategls which are mainly based on polypropylene with riaforcing biofi-
bres jute, flax, hemp, kenaf and wood. However, fuher research is still required to overcome obstaek such as moisture
absorption and increased long-term stability for ug as exterior components. This paper has been arrgad in a way to illus-
trate the development of biocomposites use in autartive sector with further opportunities.
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SAMOCHODY Z SUROWCOW ODNAWIALNYCH

Kompozyty o osnowie polimerowej wzmocnione widknermpochodzenia naturalnego (,biokompozyty”) g coraz czsciej
stosowane réwni¢ jako materialy konstrukcyjne. Ich giéwne zalety toodnawialnosé surowca oraz wi&ciwosci materiatlowe
zblizone lub polepszone w stosunku do kompozytéw konwgoaalnych, otrzymywanych na bazie polimeréw syntetgznych
wzmocnionych wtéknem szklanym. Wyrobami z zastosowgéem surowcéw odnawialnych zainteresowanegsréine gakzie
przemystu, np. artykuty i sprzet AGD, przemyst meblowy i samochodowy. Ze wzgtlu na znacznie mniejszy ezar whasciwy
i wysokie parametry wytrzymatosciowe kompozyty te § czesto stosowane na elementy i ¢fci wyposazenia wretrza pojaz-
déw. Dodatkowg zalety tych materiatow i wyrobow jest znacznie niszy koszt w przeliczeniu na jednostkwagi oraz fakt, ze
cena wiékien naturalnych jest w duej mierze niezaleéna od wahai cen ropy naftowej. Czsci z biokompozytéw g obecnie
nieodtacznym elementem wyposgenia kazdego nowego pojazdu. Dotychczas najeiej stosowane g kompozyty na bazie PP
wzmocnione wtéknami Inu, juty, konopi, bananowca lb napetnione myczka drzewng. Obecne prace rozwojowe dotycg po-
prawy wybranych charakterystyk materialowych, jak chtonnosé wilgoci lub wtasciwosci dtugotrwate kompozytu (np. petza-
nie). Nowym trendem jest réwnie zastosowanie polimeréw na bazie surowcéw odnawialch (,biopolimery”).

Stowa kluczowe: samochody, wtokna naturalne, biopolimery, cgci wyposaenia pojazdéw

INTRODUCTION

The field of biofibre research has experienced ascceptance in North American automotive industry]3
explosion of interest, particularly with regardit® com- also.More thanl.5 millionvehicles substrate in théSA
parable properties to glass fibres within compesit@- are the choice of bio-fibres such as kenaf, jlde, hemp
terials since 1990s. The main area of increasimgels and sisal and thermoplastic polymers such as polypr
of these composites materials is the automotivesnd pylene and polyester [3]. Bio-fibres have benefiredn
try, predominantly in interior applications, becauke the perception that they are "green" or eco-frigndihat
need is the greatest here [The growth outlook for is proving more important is their ability to prdei stiff-
bio-fibres in automotive components is expectethto ness enhancement and sound damping at lower aibst an
crease by 54 percent per annum [2]. The increab®of density than glass fibres and mineral fillers.
composites use in automotive applications is dudbeo The automotive industries throughout the world are
legislation forcing to automotive manufacturersgase continuously optimizing cost versus quality in arde
and recycle materials. remain competitive in the market. Moreover, inceshs

Biofibre reinforced polymer composites have beeimportance of renewable resources for raw mategiads
embraced by European car makers for door panels, seecyclability or biodegradability of the producttae end
backs, headliners, package trays, dashboardsyamd t of its useful life is demanding a shift from petrom-
liners and nowadays biofibre composites gain widkegp -based synthetics to agro based bio-fibres andobjiep
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mer in automotive applications. To accelerate pihix- Properties

ess of switching to recyclable and biodegradabfe co  thg higfibre world is full of examples where cedis
stituents, the legislations in USA & Europe hawied g6, 5 of cells are ‘designed’ for strength antirstss.

a spe_cific dir_ective on_the end-of-life vehicle_s}. [bhe A sparing use of resources has resulted in optiioiza
directive, which came into effect at the turn astben- ot the cell functions. Cellulose is a natural poyrith
tury, predetermines the deposition fraction of hicle high strength and stiffness per weight, and ihéshuild-
t% 15% for the year 2005, and then gradually reduoe i, material of long fibrous cells. The principéffetences
5% for the year 2015. Furthermore, these fibre-8asg ey een the individual fibres are on their fibrelifies,
composites can contribute greatly to the automotifynin content and crystallinity etc. In betweebré qua-
manufacturer's final goal by constituting a 30% @i |jties the cellulose content and spiral angle ftered
reduction gnd a cost reduc‘uon k_)y 20% [6]. ) from fibre to fibre and also in a single fibre dgsiNatural
_ The mal_ndrlvers _for _use)f biofibre base(d:om_posnes_ and wood fibre is a composite of the three polynoets
in automotive applications are demand for lightk€ig |, j5se, hemicelluloses and lignin, in which thedirgic-
parts, which leads to a lowering in fuel consumptio;qna) cellulose microfibrils constitute the reinging
and also good recycling possibilities of the CONBSS  gements in the matrix blend of hemicellulose agui.
to reduce the waste disposal problem. The othen@ro  the strycture of such a fibre was built as muliqbn-
ing factors of biofibre composites applicationsatito- ¢\ tion with layers P, S1, S2 and S3 of cellutvgo-

motive sector are reduction of greenhouse emissiormr”S at different angles to the fibre axis (FI.
competitive pricing, technical advantages, soceids

fits and also growth opportunities for agricultyvg.
Biofibre composites application in automobiles is-c
rently limited to car interiors and exterior appliions
are occasional and limited.
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BIOFIBRE

Resources

The use of bio-fibre composites for automotive com-
ponents is a phenomenon that has appeared and deVérimary wan
oped. The principal fibres now being used for fhis- Fig. 1. Illustration of one single fibre cell [9]
pose belong to flax and hemp, grown in the temperatys. 1. Schemat budowy pojedynczego widkna nategalio]
climates of Western Europe, and the sub-tropitaés,
jute and kenaf, mainly imported from Bangladesh and according to single fibre cell layer, the different
India, banana fibre from the Philippines, sisahirthe gpira| angle of those layers will have a pronouniced
USA (Florida), South Africa and Brazil and woodr8b fiyence on the properties of the fibre. The elastid-
from all over the world. Table 1 shows the comn@fci ;jys dependency on the spiral angle of the fibreeis
ly important fibre sources of agricultural bio-fésrthat  termined (Fig. 2) with assuming that the fibres aver
could be utilized for composites [8]. The tradi@dn jignin-free with a cellulose content of 65 wt. %piyal
source of agro-based composites has been woodandshr natural fibres. The relative thickness of thiléedent
many countries, this will continue to be the majource.  |ayers were chosen ®= 8%,SL = 8%, = 76%, and
S3 = 8%. It is seen that the elastic modulus deeseas
with increasing spiral angle.

Ss

TABLE 1. Commercially important fibre sources [8]
TABELA 1. Komercyjnie dostepne wiékna naturalne [8]

100

Fibre World Production (1) a) | (m) Experimental data from holocellulose fibers |
Wood 1750000 80
Bamboo 30000 & E palluloge = 168 kKN/mm?
E 60 =
Jute 2861 :E
Kenaf 970 = 4
Flax 830 )
- 20 ECOE]H!USE = T4 kN/mm?
Sisal 378
e "

Hemp 214 0 10 20 20 40 50 60
Coir 931 Spiral angle - S, [
Ramie 249 Fig. 2. Correlation between spiral angle and efastddulus of a natural
Abaca 98 fibre [9] ) . o

Rys. 2. Korelacja poraéizy modutem Younga aatem nachylenia fibryl
Sugar cane bagasse 75000 celulozy we wiéknie naturalnym [9]
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The combination of interesting mechanical and ptajsi was 38% from 2003 to 2007. In the same period iEu

properties of different fibres is presented in Eabl pe, the annual growth rate was as high as 48%woHd-

The main reasons influencing the steady growthadf n wide capacity of bio-based plastics will increasent

ural fibres in this sector include: comparativegitire- 0.36 million metric tonnes in 2007 to 2.33 milliome-

duction (10+30%), better mechanical and manufaauri tric tonnes in 2013 and to 3.45 million metric tearin

properties, easy processability, relatively googhast 2020. The most important production in terms of-pro

performance, with high stability, occupational hkal duction volumes will be starch plastics, PLA andA°H

advantages in assembly and handling compared ¢s gl§l1].

fibre, noemissions of toxic fumeshen subjected theat, Based on biotechnical development, as opposed to

sustainable renewable raw material resource, emvirdhe conventional chemical conversion methods, high

mental balance during material and energetic @s®-r strength technical polymer polyamide (PA) produced

cling possibilities by incineration with energy oeery based on 100% renewable resources and exhibits a pa

or by regrinding and relative cost advantages coetpa ticularly robust and technically relevant performoan

to conventional constructions. [12]. Bio-based PA (6.10 and 5.10) materials regmes
Constraining factors which are preventing the morheir weight saving of about 6%, low water absanpti

widespread adoption of bio-fibre substrates incled®e- better dimensional stability and improved flow dmar

cerns over the consistency of quality of the béwmef teristics compared with conventional fossil-baséd&P

supply and the long term availability of fibre, pistent compounds.

technical problems, mostly connected with eithbrefi

quality from batch to batch, or grouped as emispian

blems (fogging and odour). PROCESS

In principle, the production techniques for natural
fibre composites can be similar to those for gfdmes.
BIOPOLYMER Exceptions to this are techniques used where canim

Public concern about the environment, climate chandjbres are used like pultrusion or where fibresdrepped
and limited fossil fuel resources are importanvehs like in spray-up or SMC-prepreg preparation. Eacimun
to find alternatives to crude oil. Bio-based plestinay facturing technology in the automotive industry fitas
offer important contributions by reducing the degesmce own possibilities and restrictions. The cost ofricdy
on fossil fuels and the related environmental inipac tion of a composites material part generally regmes
Biopolymers have experienced a renaissance ineghe a major portion of the total cost. The time-testeshu-
cent years. Many new polymers were developed frofacturing techniques for many applications are com-
renewable resources. Such as starch, i.e. a dgtacal pression moulding, sheet moulding compound (SMC),
curring polymer, were re-discovered as plastic nelte pultrusion, reaction injection moulding (RIM), and-
Others are polylactic acid (PLA) that can be prailic cuum-assisted resin transfer moulding (VARTM). Such
via lactic acid from fermentable sugar and polyleydr as automotive door-in liners uses natural fibre width
yalkanoate (PHAs), which can be produced from vegés just sprayed with resin, not moistened, and cesged
table oils next to other bio-based feed stocks. into its final contour in a hot tool. The comporenan

The developments in emerging bio-based plastid® covered easily by using the air permeabilita iva-
are spectacular from a technological point of vigWwe cuum covering process (Fig. 3).
market of emerging bio polymer has been experignciimable 3 represents an overview of the differentess-
rapid growth. The global average annual growth raiag possibilities in the automotive industry.

TABLE 2. Properties of glass and natural fibres [10]
TABELA 2. Whasciwosci wybranych wiékien naturalnych w odniesieniu do wokna szklanego [10]

Fibre
Property
E-glass flax hemp jute sisal abaca cotton
Density, g/crm 2.55 14 1.48 1.46 1.33 1.5 151
Tensile strength*, 10N/m? 2400 800-1500 556900 406-800 606700 980 400
E-modulus, GPa 73 60+80 70 10-30 38 - 12
Specific, E/density 29 26+46 47 721 29 - 8
Elongation at failure, % 3 1.2:1.6 1.6 1.8 23 - 3+10
Moisture absorption, % 7 8 12 11 - 8+25
Price/kg, $, raw (mat/fabric) (l.:;.lg.S) E;:; 0(2;2)8 150/3‘;_2 0.6-0.7 1525 1.52.2

* Tensile strength strongly depends on type ofefjliieing a bundle or a single filament

Kompozyty 10: 3 (2010) All rights reserved
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Natural fibre Sliding of the
EP resin
Cutting
-
Mixing pipe
V s
R

Mat with resin Compression moulding Substrate

Fig. 3. Mat compression process and ready compguaetitraw and covered by all functional and detbeeadetails [13]
Rys. 3. Schemat przetworstwa metqidasowania wiokien; elementy dme drzwi bocznych z biokompozytéw [13]

TABLE 3. Different processing techniques for automotive congnents
TABELA 3. Giéwne technologie przetworcze biokompozytéw stos@mych w przemyéle samochodowym

Process Polymer, % Fibres, %
Casting, Hot press Thermoset: Acrylate or Melamasén (5) \(I{\;/g:)g(l)():ellulose fibre (partly synthetic fibre)
Fibre mat with resin, Hot press Thermoset: Acrylate or Phenol resin {16) Wood fibre (partly synthetic fibre) (780)
Fibre mat, Gluing, Hot press Thermoset: Epoxy resin Polyurethane{38) | Flax, Jute, Sisal, Hemp, Kenaf {563)
gﬂrngat’ Gluing, Hot press, Profile (Extruda eI'hermoset: Phenol or polyester resin+(60) Flax, Jute, Sisal, Hemp, Kenaf {40)
Hot press Latex (50) Coir fibre (50)

Thermoplast; PP (Co-PES) - synthetic fibre,

Fibre mat, heating, cold pressing natural resin, cellulose acetate, lactate-68

Flax, Hemp, Kenaf (455)

Extrudate profile, heating, cold pressing Thermoplast, PP or Co-PES (%) Wood fibre (2535)
Long-Fibre-Injection-Moulding Thermosets (6675) Sisal fibre, Carden band (D)
Long-Fibre-Injection-Moulding or mat foamind  Polgtinane (2K) resin Sisal mat (2640)

Thermoplast, PP or Co-PES, natural resin,

Granules, Injection moulding, Extrusion cellulose acetate, Poly Lactic acid 4GD)

Flax, Hemp, Kenaf (2810)

Johnson controls automotive presented an overvidnterior components
of the state of the art of the use of plastic-redtfibre
composite materials for interior car parts andttdah-
nologies to produce such parts (injection mouldiag,
pressure injection moulding and co-injection mouodgj
with emphasis on the research lines performed werale
kinds of natural and wood fibres (jute, flax, keraica-
lyptus) to be applied to semi-fished products: glas
(short natural fibre) for injection moulding proses
and they are: (a) FIBRIT process, (b) Lignotockcpss,
(c) Polywood process, (d) natural fibre/PP (LoPmeFi
Fibroflax) process, (e) Fibropur process, and @IXIL
process [14].

Most of the composites currently used by the indus-
try are designed with long-term durability in mir@ur-
rent applications, together with typical weightsusid
natural fibres are: such as front door-liners{1.8 kg),
rear door-liners (0:8L.5 kg), and seat backs (220 kg),
boot-liners (1.52.5 kg), headrests (~2.5 kg) etc. The
automotivecomponentsvith biofibre reinforceccompo-
sites can be expected to increase steadily witleased
model penetration. All major vehicle manufacturers
around the world now use natural fibore composites i
various applications such as those listed in Tdble

The automotive company Ford (Germany) is using
kenaf fibres imported from Bangladesh in their mode
APPLICATIONS "Ford Mondeo” and the door pa_nels of the Ford M(nn(_je

are manufactured by kenaf reinforced PP composites.

The automotive industry requires composite materialhe BMW Group incorporates a considerable amount
that meet performance criteria as determined iridee w of renewable raw materials into its vehicles. Paeka
range of tests. Typical market specification inelsithe trays and door panel inserts for Saturn L200s amd-E
following criteria: ultimate breaking force and ega- pean-market Opel Vectras are made from mixture of
tion, flexural and impact properties, fogging, odand kenaf and flax fibre.

acoustic properties, suitability for processingnpera- Toyota Auto Body has developed body parts includ-
ture and dwell time, dimensional stability, watbsarp- ing the hood, pillers and roof using bio-plasticized
tion and crash behavior. from plants [15]. The spare tire cover made fro- bi

Kompozyty 10: 3 (2010) All rights reserved
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TABLE 4. Automotive models, manufacturers and components usiy bio-fibres

TABELA 4. Zestawienie cgsci i elementéw samochodow rinych

producentéw wzmocnionych wtéknem naturalnym

Y

Model Manufacturer Components
A2, A3, A4, A4 Avant, A6, A8, Roadstar, Coupe Audi Seat back, side and back door panel, boot liniagrdck, spare tire linin
C5 Citroen Interior door panelling
3. 5. 7 series BMW Egﬁ;lg?;ﬂzidheeda?;i;evrv gﬁtlrilsilhggot-lining, seakbpmoise insulation
Eco Elise Lotus Body panels, spoiler, seats, interior carpets
Punto, Brava, Marea, Alfa Romeo 146, 156 Fiat Duaovel
Astra, Vectra, Zafira Opel Instrumental panel, Hie&d panel, door panels, pillar cover panel
406 Peugeot Front and rear door panels
2000 and others Rover Insulation, rear storagé/phakl
Raum, Brevis, Harrier, Celsior Toyota Door pansést backs, floor mats, spare tire cover
Golf A4, Passat Variant, Bora Volkswagen Door paseft back, boot-lid finish panel, boot-liner
Space star, Colt Mitsubishi Cargo area floor, dqmmels, instrumental panels
Clio, Twingo Renault Rear parcel shelf
Door panels, windshield/dashboard, business tpille; cover panel,
Mercedes A, C, E, S class, Trucks, EvoBus . glove box, instrumental panel support, insulatimoulding rod/apertureg
(exterior) Daimler-Benz seat backrest panel, trunk panel, seat surfacefstcinternal engine
cover, engine insulation, sun visor, bumper, wheel roof cover
Pilot Honda Cargo area
C70, V70 Volvo Seat padding, natural foams, cargo floor tray
Cadillac Deville, Chevrolet TrailBlazer General Mg Seat backs, cargo area floor
L3000 Saturn Package trays and door panel
Mondeo CD 162, Focus, freestar Ford Floor traysy g@nels, B-piller, boot liner

plastic poly lactic acid (PLA) reinforced with kerfdore

Ford is also working with a biodegradable plastic
was employed in Toyota RAUM (Fig. 4). Toyota Motor{PLA) which is completely derived from the sugans i

Corp plans to replace 20% (in mass) of plasticel fise corn, sugarbeets, sugarcane, switch grass andpleimts.

its automobiles with bioplastics by 2015 [15]. Thew Corn-based PLA polymer materials are used in the in

Prius model that Toyota debuted, however, makeshimuterior roof fabric and floor matting; soy basedrfofor
more extensive use of eco-plastics, employing a-PPA seating, while soy and corn-derived resins reptackon
black in the tires. More immediate possibilitieslirde
-door scuff plates, the cowl side-trim board, ahd t using PLA for nondurable auto applications suclpras

alloy in seven components, including the front- aewt-

rear-deck trim cover.

tective wrappings used during vehicle manufacturing
and transit [4].

Mitsubishi Motor Corp. announced (February 2006)
the formulation of interior automotive componentf
plant-based polybutylene succinate (PBS) incorpayat
bamboo fibres [19]. The racing car body panelshef t
Ford Mustang (Fig. 6) are produced with naturateib

Fig. 4. Spare tire cover made from kenaf fibrefoezed PLA composites
for TOYOTA RAUM [16]

Rys. 4. Pokrywa muldy kota zapasowego z biokompoBftA z widkna
kenaf (Toyota Raum) [16]

In the automotive industry another development an-
nounced in 2008 related to the Mazda 5 car. Bitiplas

(namely PLA) is used in the interior consoles alwriidp
kenaf and PLA in the seat covers [17]. In the fast
years, Volvo has started to use bioplastic soyadék
lings in their seats along with natural fibres [18]

Kompozyty 10: 3 (2010) All rights reserved

reinforced bio resin by RTM process.

Fig. 5. Bioconcept Ford Mustang car body panelsenfeain natural fibre

reinforced bio resin [20]

Rys. 5. Karoseria samochodu seigowego "Bioconcept Ford Mustan
wykonana z biokompozytéw [20]

g’
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The new automobile cooler water boxes made @bnsiderably invested in research and developnment i
bio-based polyamide (PA 610) by Japanese motor veHax fibre reinforced polyester composite for eideror
cle supplier DENSO with Dupont (Germany) are theemi-exterior applications in recent years. A flidxe
first technical part in the engine compartment,ciis  based truck with exterior skirting panels is nowpno-
durable to long time high temperatures and aggressiduction. Other exterior parts (front bumper, uniigor
chemicals [21]. trim of bus) from flax fibre reinforced compositasould
Nowadays, 27 components of a car are manufacturbd available shortly [25].
from bio-fibre reinforced composites with a totaight
of 43 kg (73% more than the previous weight) far th
newest Mercedes S class [22] presented in Figure 6. CONCLUSIONS

Biofibre reinforced composites has developed and
employed significantly in automotive applicationgeo
the past few years. However, interfacial adhesiith w
a synthetic or bio matrix should be improved witlit-s
able surface treatment. Owing to significant weigihd
cost savings, renewable materials are becomingcattr
tive alternatives to glass and carbon fibre reioéal
petroleum-based polymer composites. However, furthe
research is still required to overcome obstaclet s1$
moisture absorption and increased long-term stgbili
for use as exterior components. Advances in cartiiru
of very large panels, structural design, and cffstive
manufacturing processes are still required. Neverizds
from renewable resources, stronger, cheaper and eco
Fig. 6. Mercedes S class automotive components rradedifferent  -friendly, should be achieved. Renewable matéaskd

bio fibre reinforced composites [21] products for the automotive industry are the subgéc
Rys. 6. Elementy wykonane z biokompozytéw, Mercesl¢a1] increasing attention.
Exterior Components
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