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ABSTRACT 

 

Biocomposites of PLA, PHBV and PP with two cellulose fibres: abaca and man-made 

cellulose were compounded by using of two-step extrusion coating process and successively 

processed to ‘dog-bone’ specimens by injection moulding. The fibres content was of 30 wt.-

%. Mechanical properties such as tensile and Charpy A-notched impact test (+23 °C and -30 

°C) were evaluated.  

With the addition of abaca fibres the stiffness for all composites increased significantly. The 

level is much higher for stiff PLA than for PHBV and PP. PHBV has similar stiffness to PP. It 

can also be seen that the fibres significantly increase the tensile strength. Especially by the use 

of man-made cellulose fibres a significant improvement can be achieved. The major 

improvement in mechanical properties is noticeable in the impact properties (Charpy A-notch 

impact strength) of man-made cellulose composites (by PHBV composites up to factor 6). 
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1 INTRODUCTION 
 

A new group of materials, consisting of bioplastic reinforced with natural fibres, offers a 

broad and very interesting field of application because of their highly promising properties. 

For years fibres, such as jute, hemp, sisal, kenaf or cotton have continuously gained more 

and more importance. Their excellent specific mechanical properties, as compared to glass 

fibres are the main reason for their popularity; also their relatively low price and the fact 

that this raw material source is not based on oil, that makes the fibre production 

environment friendly (ecobalance - CO2 balance). Today natural fibres (NF) are applied in 

most industries, besides the automobile (cars interior), main users are textile and 

construction industries. In spite of many advantages, natural fibres have also some 

drawbacks. Lack of reproduction consistency and insufficient impact strength limit their 

use. Thus these material properties will have to be further researched and improved.  

 

2 EXPERIMENTAL PART 

2.1 Materials and Methods 
 

Biocomposites at technical scale are mostly thermoplastics, what allows processing 

methods such as injection moulding or extrusion. For this reason research at the University 

Kassel in Germany (Institut für Werkstofftechnik, Polymer and Recycling Technology) is 

focused on thermoplastic biopolymers.  

The composites consist of biogenous matrix (70% by weight) and Abaca or man-made 

cellulose fibres (30 % by weight). PHBV were blended with Ecoflex® (biodegradable 

synthetic polyester from BASF SE) and additives. The blend properties were adopted to be 

similar to common PP. The content of PHBV in blend is approx. 70wt%.  
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Material Producer Composition Tg (DMA)  Tm (DSC) MFI M w 

Poly-(3-hydroxybutyrat-
co-3-hydroxyvalerat) 

(PHBV) 

Tianan Biological 
Material Co., Ltd., 
(Ningbo, China) 

97% 3HB / 3% 3HV 21 150,84/162,80 
MVR = 

61,3  
(170 °C / 2,16 kg) 

520.000 

Polylactid 4032D (PLA) 
NatureWorks LLC 

(USA) 
- 60,71 - MVR = 5,7  

(190 °C / 2,16 kg) 
166.000 

Polypropylen 575P (PP) Sabic Europe Homopolymer PP 16 ca. 165 °C MFR = 5,7 
(190 °C / 2,16 kg) 

509.000 

 

Fibres: 
 

- Abaca: from Manila Cordage (supported by Rieter Automotive); fibre diameter 
150+/-50 � m, tensile strength 100 kg, fibre quality S3 duo to FIDA (Fibre Industry 
Development Authority) 

  
 

- Man-made cellulose: from Cordenka GmbH, fibre type Cordenka® 700 Super3, 
dtex=2440, monofilaments 1350, tensile strength 128,6 N, fibre diameter 12 � m 

 

All compounds were pre-processed by extrusion, using a coating technique. In a first step 

the polymers together with the fibres were extruded via a coating nozzle (like cable-

coating), cooled to ambient temperature with water and cut into long pellets (15mm). In a 

second step these pellets were melted and homogenised on single-screw extruder and then 

injection moulded into ‘dog-bone’ specimens in line with DIN EN ISO 294-1 (specimens 

type’s 1A) (Figure 2). 

The processing temperatures during extrusion were in the range of 150-200 °C (in 

dependence on the biopolymer); during homogenization approx. 150-180 °C. The 

temperature profile in injection moulding was of approx. 170-190 °C. Virgin granulate and 

fibre-filled pellets were dried each time before further processing. The moisture content was 

about 0.02 % by the virgin polymers and about 0.20 % for the compounds. All tests were 

performed according to DIN standards. 
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Figure 2: Processing steps by manufacturing of biocomposites. 

The mechanical characteristics were established on universal mechanical testing machine 

(Zwick/Roell 1446), using a quasi-statically flexural and tensile test according to DIN EN 

ISO 178 and 527. Charpy A-notched impact test was executed on monitor impact-machine 

(Zwick/Roell) due to DIN EN ISO 179-II. All presented results are the average values of 10 

measurements.   

2.2 Results 

Figures 3 and 4 show the results of tensile tests for biocomposites in comparison with PP 

composites. PP composites were reinforced with the same fibres and produced by the same 

processing techniques. The main difference is the use of coupling agent (maleic anhydride; 

MAH-PP) for PP / natural fibres; for the biocomposites no coupling agent was used.  
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With the addition of abaca fibres the stiffness for all composites increased significantly. The 

level is much higher for stiff PLA than for PHBV and PP. PHBV has similar stiffness to PP. 

It can also be seen that the fibres significantly increase the tensile strength. Especially by 

the use of man-made cellulose fibres a significant improvement can be achieved.  

 

Figure 3: Tensile strength of tested composites. 

PBV blends and composites did not meet the researchers’ expectations. Probably, the 

polymer decomposed during processing, along the line of the fallowing formula: 
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This is due to poor thermal melt stability at higher temperatures. This effect can be avoided 

by using multifunctional polymers as chain extenders and compatibilisers. For example by 

the addition of reactive chain extender Joncryl® (BASF), a significant increase in strength 

and stiffness can be achieved. For instance addition of 1wt-% of Joncryl® 4368 S raises the 

strength from 27.3 to 34.6 MPa. Other properties can be similarly enhanced.  

Figure 4: Tensile E-Modulus of tested composites. 

Thanks to the use of a coupling agent by PP composites, a higher tensile strength could be 

achieved.   

The major improvement in mechanical properties is noticeable in the impact properties 

(Charpy A-notch impact strength, Figures 5 and 6) of man-made cellulose composites. 

Because of its special fibre structure, reinforcing with man-made cellulose leads to the best 

effect: an enhancement up to factor 6 (PHBV composites, Figure 5). This is due to 

favourable fibre geometry and roughness. A pull-out mechanism occurs more often with 

man-made cellulose composites then with abaca. The pull-out of fibres absorbs a high 

amount of fracture energy and therefore an improvement of impact strength can be 

observed.  
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Figure 5: Charpy A-notched impact strength of tested composites, +23 °C. 

 

 

 

 

 

 

 

 

Figure 6: Charpy A-notched impact strength of tested composites, -30 °C. 

3 CONCLUSION 
 

It is obvious that PHBV/cellulose composite shows the highest impact strength of all 

materials tested. Reinforcing with abaca improves the properties clearly, whereas using of 

man-made cellulose the overall results are much better compared to unreinforced polymers. 
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Probable it is due to fracture mechanic at the fibre/matrix interface, which has been 

mentioned.  

The abaca fibre that has been used is a low priced natural fibre with relatively good 

mechanical properties. Reinforcing with man-made cellulose showed a significant 

improvement of all tested values, but the fibre price is not competitive to abaca. This means 

the choice of fibres should be made with regard to the fibre cost and the requirements of the 

end-product properties. 

In the tests described here it was shown that some mechanical properties of analyzed 

biocomposites are very similar to ‘common’ PP composites. PP used here was a unmodified 

homopolymer. By modifying (blending) of biopolymers like PHBV it is possible to achieve 

comparable level of toughness to PP. Biocomposites based on PLA can be applied where 

the stiffness and strength are the ‘key factors’; however only below its glass transition 

temperatures (approx. 60 °C).  

4 APPLICATIONS 
 

In 2003 Daimler and RIETER Automotive together with the Phillipine company Manila 

Cordage started a project with the aim of developing a natural fibre reinforced plastic 

component for the automobile body and to introduce it into mass production. The 

motivation for this project was the potential for weight and cost reduction as compared to 

common glass fibres reinforced composites (GFC). Parts made of PP/abaca are now 

installed in Mercedes Class A automobiles as sub-floor coverings (Figure 7).  

Abaca (banana fibres ‘musa textilis’ or Manila hemp, see Figure 8a) was chosen as a 

suitable reinforcement fibre. The reason was the precise growth and preparation control of 

the fibres (cooperation with fibre manufacturer Manila Cordage) as well as very good 

mechanical properties as compared to other natural fibres. 
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Figure 7: Depiction of the cover rear in the Mercedes A & B series, part producer RIETER 

Automotive AG, Switzerland 

Cellulose is a base component of plants and thus is an almost inexhaustible source of raw 

material. The raw material for man-made cellulose fibres (Figure 8b) is mainly the cellulose 

that is obtained from wood. In recent years the possibilities for reinforcement with cellulose 

spun fibres (man-made cellulose, e.g. Cordenka, Lenzing) have been intensively researched 

especially with regard to injection moulding. Produced in a variance of the viscose process 

in a method geared to technical fibres of cellulose it becomes a filament yarn, similar to 

glass fibre roving. 

 

 

 

 

 

 

Figure 8: a) Abaca fibre cord as delivered from RIETER Automotive AG, Switzerland and 

b) man-made cellulose fibre ‘roving’.  

Also biocomposites, with both biogenous matrix and natural fibres, are slowly establishing 

themselves in market place. Parts made of biocomposites can be found predominantly on 

the Japanese market. Companies like Toyota, Mazda, NEC (Nippon Electric Company), 

a b 
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and Sony have already started production of some applications. For example a PLA/Kenaf 

spare tire cover (Toyota Raum and Prius), a PLA based walkman housing (Sony) and a 

PLA/Kenaf self-phone housing (NEC). Other applications are under examination.  
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