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 stiffness), superior to that of current self-reinforced
polypropylene (PP) existing on the market.
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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 is a biobased and sustainable
thermoplastic polymer with good technical
performance (good stiffness and strength).
Currently, PLA use is limited, eg for packaging
applications, for medical applications (e.g.
tissue scaffolds, implants and sutures) and to a
lesser extent in textile applications (mainly agro
textiles).
Hybrid PLA preforms will be made to consist of
reinforcement PLA fibres (high melting
temperature and high mechanical properties)
together with matrix PLA (low melting
temperature). These hybrid PLA preforms will
be made with different fibre architecture, e.g.
chips with short fibres in random orientations,
and fabrics with long fibres in controlled
orientations. We will add inherent
self-functionalization via photocatalytic fibres
(self-cleaning properties), tailored
microcapsules (self-healing properties) and
deformation detecting fibres (self-sensing).
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 stiffness
and high Tm one to form the reinforcing fibres.
To reach unprecedented stiffness in the
reinforcing PLA fibres, we will combine PLA
with bio-LCP (liquid crystalline polymer) for
nanofibril formation. Further, we will increase
the temperature resistance of PLA and improve
its durability. This way, BIO4SELF will exploit
recent progress in PLA fibre technology.
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Concept and approach
The need
Recently, there is a worldwide demand for replacing fossil-based with biobased raw materials for
the production of polymers, leading to a significant growth of bioplastics in terms of technological developments. However, there are still some
drawbacks which prevent their wider commercialization in many applications. This is mainly due to
their low mechanical performance and durability
when compared to conventional polymers.
Enhancement of these properties remains a
significant challenge for biobased polymers.
Therefore, there is a need to develop biobased,
sustainable polymeric materials with high
stiffness, high impact and high durability
without impairing recyclability at a similar
price level of non-biobased solutions.

Proposed solution
The development of self-reinforced polymer
composites (SRPC) is proposed as a means to
enhance the mechanical performance of biobased
polymers. With respect to the performance of
SRPC the ease of recycling has to be emphasized,
since they represent likely the best recycling
option when reprocessing via remelting is
targeted. Among biobased polymers, PLA is an
ideal material for the preparation of SRPC, as it can
be produced with controlled molecular configuration (molecular weight, molecular alignment,
crystallinity, ratio between L- and D-lactic acid
etc.), resulting in a range of mechanical and
thermal properties, including different melting
points.
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Objectives
To produce such high performance selfreinforced polymer composites (SRPCs), we
need two levels of reinforcement: (i)
self-reinforcement by combining two PLA grades
with different melting temperatures and (ii)
reinforcement of the high Tm grade PLA fibre for
increased stiffness and temperature resistance.
Both reinforcement approaches are now
explained in detail.
(i) Self-reinforcement by combining two PLA
grades: a low melting temperature (Tm) grade
which will melt upon heating to form the matrix
phase and a high Tm grade to form the reinforcing
fibres, which must remain intact during processing. The objective is to realise the combination of
these two grades via various techniques for
making intermediates. The resulting intermediates
allow the production of components using
different manufacturing processes (i.e. compression moulding for yarns/fabrics and tapes and
injection moulding for pellets and tapes (via
overmoulding)).
(ii) Additional reinforcement of the high Tm
grade PLA fibre for stiffness and temperature
resistance: innovative approaches will be applied
for the development of these ultra-stiff high
temperature PLA reinforcing fibres. In particular,
we will mix PLA with bio-LCPs (liquid crystalline
polymer).
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Project Partnership
Fifteen partners participate in the
BIO4SELF project, representing academic,
applied research and industrial
development. The project consortium is
transnational, spanning the whole EU and
consists of 3 Universities, 3 RTD Centres, 5
SMEs and 4 Large Enterprises . Aiming to
ensure that the technologies developed in
BIO4SELF can be commercialized post
project, the consortium includes
organisations from all aspects of the supply
chain, from raw materials development to
component manufacturing. Each partner
brings selected expertise required for
realising the objectives of BIO4SELF.
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HYDROLYTIC STABILIZATION
OF PLA
The hydrolytic stability of PLA-based
polymers during processing, storage and
use is of critical importance for a successful
market penetration, especially for
applications with long lifetime.Accordingly,
already during the early stages of the
BIO4SELF project, emphasis was given on
the hydrolytic stabilization of the selected
PLA grades.
For this purpose, different additives were
selected and tested including an
epoxy-based chain extender, as well as
short and long chain, aliphatic and aromatic
carbodiimides. The reference materials and
the alternative compounds were subjected
to accelerated hydrolysis at 70°C and 80 %
RH. During the tests, the molecular weight,
carboxyl end groups and water uptake
were recorded.

This work resulted in the identification of
specific additives that effectively stabilize
the selected PLA grades against hydrolysis
when used in a concentration of 1 wt %.
The selected additives successfully
minimized the decrease of molecular
weight under accelerated hydrolysis by at
least 40 % compared to the non-stabilized
PLA compounds, which was the original
target set in the project.
Currently, this work is ongoing aiming to (1)
verify the possibility of further reducing the
concentration of the selected additives,
while retaining high hydrolytic stability, (2)
test the selected compounds even at higher
temperatures and relative humidity levels,
(3) assess the hydrolytic stability after
further processing of the materials (in
particular spinning).
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Fig: By choosing the right additives we can prevent hydrolisation of the PLA material, as illustrated here
by the prevention of the decrease of the molecular weight.
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Odour control
The application of optimized melt purification
technologies is an excellent approach to reduce
emissions from polymer materials particularly
for smell sensitive consumer products.
Fraunhofer ICT is the leading institute for this
technology in the project and has access to a
broad experience in this field.
In BIO4SELF the main target of the application
is the removal of odour intensive monomer
residuals from the virgin PLA materials. Key
focus was set on the development of a soft
stripping screw to avoid high shear rates and
heat input in order to ensure delicate
processing conditions. Besides the screw design
the wholestripping process configuration was
re-designed and relevant process parameters
adjusted. These measures lead to minimum
material degradation during processing and
utilize the full potential of the process.
In figure below a schematic view of the
stripping process is shown.

In the next step various environmental friendly
stripping agents, such as water, nitrogen and
carbon dioxide have been identified and
selected for the investigations. Within the
experimental work, samples treated with the
selected stripping agents in different
concentrations have been produced and tested
according VDA 270. Additionally the resulting
molecular weight of the samples was
investigated to analyze the influence of the
process conditions on the material.
The first results indicated that the odour level of
neat PLA is in the range of 3. After processing
the odour intensity is slightly increased to
odour mark 4. Using high vacuum levels and
the best stripping agent the odour level can be
reduced to 2.5, however a slight reduction in
molecular weightdistribution of the sample was
determined.
Based on the results it can be summarizedthat
the odour level of PLA can be further reduced
using the stripping process.However also the
neat PLA has already a low odour level so that
in practice the acceptance by the industry will
be most often without specific measures.

Fig: a schematic view of the
stripping process is shown.
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Extrusion of PLA filaments with
LOW melting point
Spinning of Polylactides (PLA) having a low
melting point of 125-135°C was carried out at
the Institute for Textile Engineering ITA at
RWTH Aachen University. The low melting PLA
was processed into multifilament fibers that will
melt in the composite for building the matrix.
In the last five months of 2016, various PLA
compounds with additives for hydrolysis
stabilization and processability were processed
and analyzed regarding their spinnability,
process reproduction and filament properties.
One compound (10wt.-% of hydrolysis stabilizer
and plasticizer) with good and reproducible
filament properties was selected for further
processing into a prototype. The filaments
made from that compound show a sufficient
tenacity for further processing into textile
intermediates, as well as low shrinkage below
15 % and a reproducible fineness of 200 dtex.
The values of tenacity are shown in the figure
below. The higher the draw ratio in the
spinning process, the higher the tenacity. A
maximum tenacity of 15.7 cN/tex was reached
when applying a draw ratio of 2.3.

The results show that spinning of PLA with low
melting temperatures is possible and that
hydrolysis stabilizers have a positive effect on
the processability of PLA which is very sensitive
to moisture during processing.
In order to produce filaments for further
processing, the spinning process will be carried
out on an industrial scale spinning machine
with an output of 35 kg/hour.

Tenacity
[cN/tex]

Fig: The tenacity of the filaments increases with increasing drawing ratio.
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Extrusion of PLA filaments with
HIGH melting point
The challenge for the high Tm filament
extrusion is to produce filaments with a
maximum stiffness. This will result in an optimal
reinforcing effect in the final composite part.
A first strategy how to maximize the mechanical
performance of the filaments is based on
optimizing the parameters during extrusion.
While for textile applications focus is mainly
given to tenacity, bio4self aims for conditions
which maximize the modulus (stiffness) of the
filaments.
It was found that spinnerets with a high
capillary length over diameter ratio (L/D ratio)
are beneficial for the modulus of the resulting
multifilaments.

L/D ratio spinneret
2
2,6
4

Modulus (GPa)
7,7
7,3
8,7

Also a high cold draw ratio results in a higher
modulus.

Cold draw ratio
1,8 x
3,2 x
6,1 x

Modulus (GPa)
7,2
7,8
8,7

Next to the 1 step extrusion process, a 2 step
process, including an extrusion at high speed
followed by a separate drawing step, was
studied. This proved to be favorable for a high
stiffness as well

In general, the multifilaments, with a titer of 5
dpf (dtex per filament), reached a stiffness of
approx. 9 GPa. This was also the optimal value
reached for the monofilaments, with atiter
ranging from 50 to 100 tex.
These optimal conditions which were found at
pilot scale at the research partner CTB, are
currently being shifted to industrial scale by the
project partner Fibrochem.
In the next months, additional strategies will be
studied to further maximize the stiffness of the
filaments. These will mainly focus on the
introduction of (bio)-Liquid Crystalline
Polymers as extra reinforcement inside the
reinforcing fibers. In addition, a radiation
treatment will be studied, on the one hand to
improve the temperature stability of the
filaments, but on the other hand also to
increase the stiffness.
First functionalized filaments have been
produced as well. High Tm PLA compounds
with a range of hydrolysis stabilisers were
successfully extruded into high quality
multifilaments. The presence of stabilisers did
not affect the processability during filament
spinning.
At the moment tests are running to check the
mechanical performance and hydrolysis
stability of the resulting filaments.
In February, the partners involved in the
filament extrusion processes met at the
premises of partners CTB and ITA. Thismeeting
includeda tour through the facilities of both
partners and a demonstration of their extrusion
and testing devices.

Fig: Visit to Centexbel premises.
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Preliminary Life Cycle
Assessment
The main objective of this task in the BIO4SELF
project is to analyze and advice from an
environmental and financial point of view the
development of biobased self-reinforced
polymer composites (SRPC) and compare the
environmental and financial performance with
current materials available in the market. The
results will provide detailed knowledge which
can be used to convince clients of the benefits
of the novel group of fibre-based materials. This
will enable a larger group of (industrial and
R&D&I) stakeholders to integrate this
knowledge and to increase their own
innovation capacity/benefit by taking
well-funded decisions on the benefits of using
the new biobased SRPC materials.
The environmental assessment within the
BIO4SELF project is carried out by applying the
internationally and recognized methodology
life cycle assessment (LCA) (ISO 14040:2006, ISO
14044:2006). LCA encompasses all processes,
environmental releases and resources
consumption. It begins with the extraction of
raw materials, manufacturing, use and final
deposition of the product. Additionally, Life
Cycle Costing (LCC) is performed as an
analytical methodology for calculating the total
cost of a product during its design, fabrication,
use, recycling and disposal phases.
By the end of the first year in the project,
Steinbeis R-Tech has provided the preliminary
assessment of LCA and LCC, considering the
high Tm polylactic acid (PLA) filament
production. The LCA boundary of 1 kg PLA
filament production includes the energy (fuel
and electricity) used for granule production,
drying and spinning machinery processes
(Figure 2). The impact related with the
production of the spinning machinery and of
related infrastructure has been considered
negligible considering that conventional
technologies will be applied and low
investments costs are foreseen.
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raw materials and
intermediates
2Manufacturing
final prototypes

4End of life,
recycling

3-Use

1. Fig: Life cycle phases

Preliminary Life Cycle
Assessment
SimaPro and GaBi software are used for the
evaluation of life cycle cumulative energy
demand on the basis of the used energy for
each phase of the high Tm PLA filament
production.The results show that PLA leads to a
25% decrease in required energyfor production
(Figure 3)and shows better performance in
relation to climate change and fossil depletion
compared to other bio plastics. PLA also shows
renewable and degradable characteristics
which is preferable.

Taking advantage of these facts, the composite
and product level analysis results will be
provided in the next phases of the BIO4SELF
project.

2. Fig: High Tm PLA filament production steps

3. Fig: Production energy consumption of PLA compared to biopolymers
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BIO4SELF at JEC World 2017
This year’s JEC World fair in Paris was a
record edition with over 40.000 visitors, a
10% increase compared to 2016.Also BIO4SELF
contributed to thissuccess as several
consortium partners attended. BIO4SELF flyers
were handed out to draw attention to our
project and to lay the seeds for future
exploitation. Moreover, latest results were
presented in an own booth by partners ICT and
ITA.In the next paragraphs more about the
latter.
PLA-PLA hybrid yarn demonstrators from
BIO4SELF were presented by ITA. The yarns
were extruded by partners CTB and UM and
comingled by ITA. The colouring of the yarns
helped with the optimisation of the production
process and also shows the potential of the
final product with regards to colouring visible
commercial products. The hybrid yarns received
great attention from the industry as they allow
the direct consolidation of a drapeable textile
instead of using more expensive
pre-consolidated composite sheets.

Fig: BIO4SELF PLA-PLA hybrid yarns (blue)attracted
attention from the industry because they allow the
direct consolidation of a drapeable textile,
eliminating the need for pre-consolidated sheets.
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Further, ITA demonstrated its expertise along
the entire process chain for composite
production by showcasing following
innovations: (i) Laser processing of preforms
for fastener integration, (ii) SSM Carbon cost
reduction through the fabrication of split-tows;
(iii) Innovative 3D tufting unit for
high-productive joining of textile preforms; (iv)
Car roof segment based on integral reinforced
fabrics; (v) Textile-reinforced concrete table
Remarkably, virtually nothing on recycling
or sustainability was seen at the JEC fair.
This is quite contrasting with our BIO4SELF
approach where these aspectsare at the core.
At JEC the ‘biobased’ aspect came from the use
of natural fibres (like flax, hemp, kenaf or
bamboo) and also from some biobased
resins.This shows the quite unique approach
of and potential for the BIO4SELF
developments and is a motivator to work
towards greater BIO4SELF visibility in the
next JEC fair.

BIO4SELF DISSEMINATION
CONTINUES!
BIO4SELF ongoing research and innovation
activities have been widely communicated
so far. The main goal is to inform a wide group
of stakeholdersas well as the general public
about the achievements and expected benefits.
Here we list the main activities.

BIO4SELF also spreads the word via scientific
and technical journals, technical magazines
and the like. A recent example is the
publication by partner R-TECH on ‘Ensuring
safety of modern fiber-nanomaterials’ in
Transfermagazin, Issue 4/16 (see below).

The project team produced a flyer that was
presented in many different events.The last
(and very relevant) of such events was the JEC
Fair in Paris, where some of the project partners
distributed the material and presented the
work progress to the audience.

Last but not least, the project team is also
proud to announce that a LinkedIn channel will
be available soon!

Upcoming events where BIO4SELF will be
presented:
European Textile Platform annual meetingof
March 30 and 31 March in Brussels.
Presentation by ITA and CENTEXBEL.

If you are interested in receiving further info
on PLA (self-reinforced) composites or on
the BIO4SELF project progress, please leave
your contact details and specific interests
via the ‘contact’ section on our website.
Stay tuned via our website www.bio4self.eu.

Plant Based Summit April 25-27, in Lille.
Presentation by ARCELIK and CENTEXBEL
Fiber Society’s Spring 2017 Conference, that
will take place in May in Aachen. Presented
by ITA.
Dornbirn Man-made fibres Conference next
September in Austria. Presentation by
CENTEXBEL.
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www.bio4self.eu

Coordinator
CENTEXBEL (CTB) Belgium
www.centexbel.be
Contact person
Guy BUYLE
CENTEXBEL
Technologiepark 7
BE-9052 ZWIJNAARDE
info@bio4self.eu

