
In BIO4SELF we aim for PLA self-reinforced composite materials with high mechanical 
performance (impact strength and stiffness), superior to that of current self-reinforced 
polypropylene (PP) existing on the market.
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In BIO4SELF we aim for PLA self-reinforced composite materials with high mechanical 
performance (impact strength and sti�ness), superior to that of current self-reinforced 
polypropylene (PP) existing on the market.

                 Newsletter  03  Page  04 



Project overview

BIO4SELF aims at fully biobased self-reinforced 
polymer composites (SRPC) and the 
self-functionalization of the material, aiming to 
induce inherent self-cleaning, self-healing and 
self-sensing properties. 

PLA (polylactic acid) is a biobased and 
sustainable thermoplastic polymer with good 
technical performance (good sti�ness and 
strength). Currently, use of PLA is still rather 
limited, eg for packaging applications, for 
medical applications (e.g. tissue sca�olds, 
implants and sutures) and to a lesser extent in 
textile applications (mainly agro textiles). 

BIO4SELF aims at fully biobased self-reinforced 
polymer composites (SRPC). To produce the 
SRPCs two polylactic acid (PLA) grades are 
required: a low melting temperature (Tm) one 
to form the matrix and an ultra-high sti�ness 
and high Tm one to form the reinforcing �bres. 
To reach unprecedented sti�ness in the 
reinforcing PLA �bres, we will combine PLA 
with bio-LCP (liquid crystalline polymer) for 
nano�bril formation. Further, we will increase 
the temperature resistance of PLA and improve 
its durability. 

BIO4SELF will exploit recent progress in PLA 
�bre technology.Hybrid PLA preforms will be 
made consisting of high sti�ness reinforcement 
PLA �bres together with lower melting matrix 
PLA. These hybrid PLA preforms will be made 
with di�erent �bre architecture, e.g. chips with 
short �bres in random orientations, and fabrics 
with long �bres in controlled orientations. We 
will add inherent self-functionalization via 
photocatalytic �bres (self-cleaning properties), 
tailored microcapsules (self-healing properties) 
and deformation detecting �bres (self-sensing). 
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Figure 1:  SEM images of urea-formaldehyde microcapsules.

SELF-HEALING

BIO4SELF envisages the development of 
microcapsule-based self-healing systems to 
be integrated in the outer layers of 
PLA-based products in order to induce 
autonomous scratch-healing. 

In this context, urea-formaldehyde 
microcapsules containing DCPD 
(dicyclopentadiene) as healing agent and 
having an average diameter of 50 μm were 
successfully synthesized early in the project 
(Figure 1). Although this system is the one 
most widely studied in the literature, it has 
several drawbacks, such as the high cost of 
the Grubbs catalyst, required for the 
polymerization of DCPD, and the fact that 
DCPD is solid below 33°C and will, 
therefore, not �ow out of the capsules in 
case of damage at room temperature.

Accordingly, an alternative healing system 
based on epoxy-containing microcapsules 
was explored. In particular, 
urea-formaldehyde capsules containing 
DGEBA (diglycidyl ether of bisphenol A) as 
healing agent were synthesized by in-situ 
polymerization in oil-in-water emulsion. A 
su�cient amount of such microcapsules is 
currently being prepared to be processed 
via extrusion in order to verify if this healing 
system can survive the compounding step.
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SELF-CLEANING

The self-cleaning properties have been 
promoted by incorporating additives that 
induce organic contaminants’ decomposition
in PLA-based products. Previous studies have 
demonstrated e�cient free radical 
photogeneration by polyether ether ketone 
(PEEK) derivatives. This results from the 
benzophenone units in the polymer backbone 
which act as photosensitizers when combined 
with a suitable molecular (e.g. amine) or even 
polymeric (e.g. polypropylene) hydrogen 
donor. 
  
The synthesis of di�erent modi�ed 
polyetheretherketones (sulfonate and nitrate) 
has been optimized for providing material for 
compounding tests. Next, the compounded 
granules containing the additives have been 
further injection moulded or compression 
moulded into a plate geometry for the 
characterization of the self-cleaning properties.

Figure 2:  Self-cleaning tests’ apparatus.

There are many di�erent methods to determine 
the photocatalytic activity of surfaces. (Figure 2).
The most important techniques are based on 
degradation tests of organic components like 
methylene blue, resazurin and fatty acids. 

For the self-cleaning functionality, a moderate 
degradation e�ect has been observed for PLA 
plates containing nitrate PEEK using stearic acid 
and organic dyes. A fast degradation e�ect for 
organic dyes has been observed for the 
sulfonate PEEK compound but this is due to its 
acidic nature instead of the photocatalytic e�ect. 

Following the results, further tests on deposition of 
PEEK additives on the outer layer of the composites 
is under investigation. 
The goal is to increase the contact surface area 
between the photocatalytic compound and the 
target molecule to increase the degradation 
performance.



SELF-SENSING

A smart self-sensing PLA material is being 
developed in BIO4SELF by the combination of 
PLA with di�erent nano-sized carbon �ller 
materials, this to detect overstressing of 
materials. Therefore, electrical conductive 
compounds are developed at Fraunhofer ICT for 
subsequent compression moulding and �bre 
spinning applications.

Three di�erent conductive �ller materials 
(carbon nanotubes, carbon black and 
structured carbon nanotubes) have been 
combined with PLA, using a co-rotating twin 
screw extruder. For each �ller type several trials 
have been carried out with di�erent weight 
contents in the PLA matrix. Beyond this, an 
online-measurement setup for electrical 
resistance during extrusion was used to control 
the achieved electrical properties of the 
compound.

The compounds have been further processed 
into �laments at Centexbel and the electrical 
resistivity has been measured at ICT likewise. A 
comparison of the electrical volume resistivity 
of pressed samples and produced �bres of 
di�erent PLA-�ller combinations (and 
concentrations) can be seen in the Figure 3.

Figure 3:  Volume  resistivity measurement 
of compounds and �laments 

In general the results for the electrical resistivity 
of the PLA test specimens are considerably 
lower than for the PLA �laments, which means 
the conductivity of the PLA �laments is much 
lower in comparison to the compounds. In case 
of the PLA modi�ed with the carbon nanotubes, 
the �laments show a 4 to 6 magnitudes higher 
resistivity than the pressed samples. A good 
electrical conductivity of the compound and 
also of the �laments could be achieved with the 
third type of �ller (i.e. the structured carbon 
nanotubes). The results also show that the 
electrical conductivity of the PLA �laments is 
highly depending on the drawing ratio, 
meaning that a higher drawing ratio leads to a 
signi�cant decrease in conductivity of the 
�laments.
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LIQUID CRYSTALLINE POLYMER 
REINFORCED PLA COMPOUNDS

To boost the mechanical properties of the 
reinforcing PLA �bres, we want to combine PLA 
with LCPs (liquid crystalline polymer) for 
nano�bril formation.

A bio-based thermotropic liquid crystalline 
polymer (LCP) has been developed and its 
production was up-scaled to 250 g scale. The 
bio-LCP was compounded with PLA and 
processed into �laments and injection moulded 
samples. Additionally, one commercial LCP 
(Vectra VP) was purchased and tested as 
commercially available alternative. Via these 
melt processes desirable oriented �brillar 
morphology of the LCP in the PLA matrix could 
readily be obtained (Figure 4 – the scale bar 
represents 100µm). 

 

Surprisingly, it seems that the developed 
bio-LCP has a plasticising e�ect on the PLA 
material. This interesting result is being further 
investigated. Filaments consisting of PLA and 
the commercial LCP showed e�ective 
reinforcement, resulting in a strongly increased 
modulus and stress at break. However, this also 
resulted in an increased brittleness of the 
material, which is considered a drawback with 
respect to (most of) the potential applications. 

In addition to the work performed at �lament 
level, the LCPs were analysed as reinforcement 
in injection moulded parts.The resulting 
injection moulded parts exhibit strongly 
enhanced mechanical properties, for example a 
75% increase in modulus for an addition of 10% 
LCP. Important is also that this is achieved via 
an e�cient and relatively straightforward 
process. Follow up on this topic will consist of 
optimisation of both the process and the 
material composition, and upscaling of the 
process. 

Figure 4:  10 wt% Vectra VP PLA �laments 
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Upcoming work will focus on incorporating the 
Rolie-Poly model to Finite Element solvers in 
order to study in detail the evolution of 
molecular orientation during extrusion. In a 
subsequent step, the Rolie-Poly model will be 
modi�ed to include polymer crystallisation, 
occurring upon exit of the extruded polymer 
from the die. 

In summary, several factors like the 
temperature and the length of the polymer 
chains are anticipated to in�uence the �ow 
response and the solid state mechanical 
properties of the PLA materials. Determining 
the optimal set of parameters is therefore a 
di�cult task. In this respect, contrary to 
empiricism, multiscale modeling o�ers a less 
costly and environmentally friendly approach 
to optimise the processing and mechanical 
properties of such materials. 

REFERENCES

[1]E. van Ruymbeke, R. Keunings, and C. Bailly, “Prediction of 
linear viscoelastic properties for polydisperse mixtures of 
entangled star and linear polymers: Modi�ed tube-based model 
and comparison with experimental results,” J. Non-Newtonian 
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for linear polymer melts derived from molecular theory: Rolie-Poly 
equation,” J. Non-Newtonian Fluid Mech. 114, 1–12 (2003).
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Figure 5: Life cycle phases of low and high Tm PLA

THE MULTISCALE MODELING OF 
PLA FIBRES

Thorough understanding of the molecular 
physics/chain dynamics, all the way from the 
melt to the solid state, is expected to greatly 
facilitate the optimised development of 
reinforced PLA �bres. Our attention, so far, 
focuses on the melt state. In particular, we have 
characterised both theoretically and 
experimentally the linear �ow response of two 
commercial PLA grades. Figure 5 compares 
small amplitude oscillatory shear data (symbols) 
and theoretical predictions (lines) that 
correspond to the tube model of van Ruymbeke 
et al. [1]. Red colour corresponds to the high Tm 
grade while the blue colour to the low Tm 
grade. Weight average molecular weight (Mw) 
and polydispersity (PDI), as determined 
experimentally by gel permeation 
chromatography, were used as input for the 
model. Model outputs are the following 
molecular parameters: molecular weight 
between entanglements, Me=4.3k(g/mol), 
relaxation time of the chain section between 
entanglements, τe=10-8s, and entanglement 
plateau modulus GN0=1.5MPa. 

The characterisation of the two aforementioned 
grades in the non-linear �ow regime is in 
progress. From the modeling standpoint, a 
non-linear tube model (the so-called Rolie-Poly 
model [2]) is deployed. Apart from 
incorporating all known molecular relaxation 
mechanisms in the melt, another advantage of 
the Rolie-Poly model, relevant to �bre 
development, is that it tracks the evolution of 
the molecular orientation S. The model is 
applied to shear and uniaxial extensional �ows 
that dominate the �ow �eld during extrusion. 
Model predictions using the molecular 
parameters obtained by the linear tube model 
will be compared against transient shear data.  



Figure 6: Filament winding process        

When the optimal process parameters were set, 
the production of composites was used to 
analyse the material developed in the other 
work packages in BIO4SELF, such as di�erent 
types of matrix material and functionalised 
�laments. 

Currently, very promising results are obtained 
that show that the sti�ness of the PLA material 
can match the requirements of currently used 
commercial self-reinforced polypropylene as 
shown in Figure 8.

At the moment, the work is focused on 
selecting the best yarn spin�nish and 
processing parameters to optimise the 
composite properties. 

Figure 7: Consolidated plates
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■ PLA (BIO4SELF) ■ PP (Commercial)  

Figure 8:  Tensile modulus of self - reinforced PLA and PP

MANUFACTURING OF 
COMPOSITE PLATES

The BIO4SELF partners Centexbel, COMFIL, 
Fibrochem and ITA provide yarns and fabrics to 
the composite production. The partners DTU, 
COMFIL, ICT and ITA produce composite plates 
with the yarns and fabrics. The work started by 
establishing a characterisation procedure to 
assess the quality and the mechanical 
performance of the composites produced. This 
procedure takes into consideration the 
speci�cations and key properties which need to 
be achieved for the industrial applications. 

The �rst step was to determine the best 
manufacturing conditions for producing the 
composite with the di�erent techniques, which 
are injection moulding and press consolidation, 
including �lament winding. This step, Figure 6 
and 7, was crucial, as improper manufacturing 
conditions will damage the reinforcing �bres 
and lead to poor mechanical performance of 
the composites. ICT investigated the 
parameters for best manufacturing with 
injection moulding and DTU did a similar study 
with press consolidation. 
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UPCOMING ‘BIOBASED’ EVENTS

Dates                                    Events

Eco-Bio 2018

Dublin, Ireland

4-7

March 2018

https://www.elsevier.com/events/conferences/eco-bio

JEC World 2018

Paris, France

6-8

March 2018

http://www.jeccomposites.com/

World congress on Biopolymers and Polymer chemistry

Osaka, Japan

4-6

June 2018

https://biopolymerscongress.conferenceseries.com/

European biopolymer summit 

Dusseldorf, Germany

14-15

February 2018

http://www.wplgroup.com/aci/event/biopolymer-conference-europe/

ICBCM 20th International Conference on Biobased Chemicals and Materials

Paris, France

19-20

April 2018

https://www.waset.org/conference/2018/04/paris/ICBMC/home

Composites Europe

Stuttgart, Germany

6-8

November 2018

Biobased Materials and Sustainability

Berlin, Germany

5-6

March 2018

Bio Based Innovation Expo 2018

Birmingan, UK

11-12

July 2018

http://biobasedshow.com/

Fakuma 2018

Friedrichshafen, Germany

16-20

October 2018

http://www.fakuma-messe.de/en/

Composite Conference - with dedicated BIO4SELF session 
Liège, Belgium

2-3
October 2018

www.centexbel.be/nl/agenda/international-conference-on-composites 

8th World congress on Biopolymer

Berlin, Germany

28-30

June 2018

https://biopolymers.conferenceseries.com/

BiPoCo 2018 - 4th International Conference on Bio-based Polymers and Composites

Balatonfüred, Hungary

2-6

September 2018

http://bipoco2018.hu/



www.bio4self.eu 

Coordinator

CENTEXBEL (CTB) Belgium

www.centexbel.be

Contact person

Guy BUYLE 
CENTEXBEL
Technologiepark 7
BE-9052 ZWIJNAARDE

info@bio4self.eu

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 685614.

"This newsletter re�ects only the author's view and the Commission is not responsible for any use that may be made of the information it contains".


