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Comfil® From chips to Part

• Outline
• Comfil
• Thermoforming of Biobased thermoplastics



Comfil®
(Comfil®, Hybrid yarns, 

SR-Polymers yarns 
and Bio4M®)
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Comfil® From chips to Part

• COMFIL® is an innovation and production company, who develops for 
and supply materials to the thermoplastic fibre composite industry

• Started in 1991 within Trevira Neckelmann in Silkeborg (Belonged to 
Hoechst)

• MBO 1/10-2001
• Research, development and administration in Gjern, Denmark
• Production in Romania
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Denmark

Comfil Aps: Production and development

Romania

Comfil Ro Srl: Production facility

Comfil®  today  (incl.  Comfil®  Ro)
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Comfil® from chips to part
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Reinforcement fibres

• HT-PET (High tenacity polyester) Sr-PET
• Glass
• Aramid
• Carbon
• Basalt
• Other HT fibres
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Thermoplastic overview

+ PLA

+TPU

And others 
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• SR-PET sandwich is a MONO
material  made 100% of PET.

• This sandwich can also be formed

• The sandwich has very good impact 

properties>120J

SR-PET
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COMPOSITE SANDWICH (multiple options)

CAN BE SHAPED DIRECTLY AS SANDWICH

The sandwich has very good impact 
properties>120J
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Contact:

Sascha Kilian

Fraunhofer ICT

Sascha.Kilian
@ict.fraunhofer.de

SR-PET and sandwich can also be 
overmoulded
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SR-PET and sandwich can also be 
overmoulded with foils in PET

Examples of PET foils moulded 

direct on PET composites. 

Keeping the material 100% PET.

=>

Easy to recycle
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Construction made of SR-PET sandwich

• Plastiki

• A catamaran made from

SR-PET Sandwich 

and SR-PET and 12.500

PET-bottles

• Year: 2010

• Time: 4 Monate
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Construction made of SR-PET sandwich

Size:

Length: 18m

Width:    7,2m

Weight: 12 tonnes

Fully made of 

SR-PET material

and PET bottles
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SR-PET sandwich
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Outline

• Darcy’s law
• Manufacturing processes

• Vacuum consolidation
• Press consolidation

• Consolidated part. 

17
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Darcy’s law

• The purpose is to melt the matrix and force it to wet out the filaments in 
the reinforcement fibres 

• Use Darcy’s law as a guide line. This is one way of writing it

• T =  time
• C = constant for the system
• 𝜂 = 𝑝𝑒𝑟𝑚𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 𝑎𝑡 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒
• X = average flow distance for the polymer (low with commingled yarns)
• P= pressure 

18

T= 
𝑐∗𝜂∗𝑥2

𝑃
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Vacuum consolidation

• Also called vacuum bag consolidation. 
• Vacuum consolidation is a “simple”, flexible and “easy” process to 

consolidate a composite part in.
• Works with vacuum only and heat

19
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Vacuum consolidation

• Like baking a cake 
• Recipe with layup of materials
• Time at temperature(s)
• Temperature measurements

• Outer layers 
• In the middle of the laminate, very important (until correlation with system 

temperature is established)

• Drying.

20
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Process Overview

MOULD

COATING

FABRICS

VACUUMBAG RELEASE / DEMOULDING

CONSOLIDATION
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Vacuum consolidation  Recipe example

22
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Vacuum consolidation
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Vacuum consolidation
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Vacuum consolidation - drying

25

Here the materials are dried if necessary. 

Black curve is the vacuum level (*100)

Lower red curve is temperature in middle
of laminate

Top red curve is temperature on heating 
plate
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Vacuum consolidation
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Vacuum consolidation – wetting out fibre 

27

Melting the matrix for wetting out the fibres.

Black curve is the vacuum level (*100)

Lower red curve is temperature in middle of 
laminate

Top red curve is temperature on heating 
plate

Here the middle temperature is reached app. 
45 min after the outer layer temperature. 
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Vacuum consolidation
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Vacuum consolidation – cooling down

29

This is in many cases the overlooked part. 

a) crystallinity is determined by the time in the 
crystallisation zone- polymer dependent

b) When having thicker laminates, it’s a good 
idea to run slow over melting temperature.

Black curve is the vacuum level (*100)

Top red curve is temperature in middle of the 
laminate

lower red curve is temperature on heating plate
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Vacuum consolidation – System

30

System
has a
max 
tempera-
ture of 
350oC
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Vacuum consolidation – overview
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Pro:

Easy process

Flexible

Can be low cost

For lower numbers 
(<10.000)

Con:

Slow (but the process itself can be down 
to 5min for 2mm laminate)

Not easy to automize

The Plastiki boat was manufacture this way!
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Press consolidation

32

The purpose is to melt the matrix and force it to wet out the filaments 
in the reinforcement like in the vacuum consolidation. 

There are many different systems for this.
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Press consolidation

33

We have choosen a 4 step system

In all steps you can choose the time in the step freely.
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Press consolidation
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First step    is   the layup on the transport unit
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Press consolidation
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First step    is   the layup on the transport unit
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Press consolidation

36

Second step        is the heating/wetting out  

Here the parameters are:
a) temperature
b) pressure on layup
c) degree (percent) of vacuum
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Press consolidation

37

Heating up the 
laminate.

Here we are
talking seconds
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Press consolidation
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Third step        forming/cooling down the lay-up        

Here the parameters are:
a) pressure on layup
b) temperature on tooling
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Press consolidation
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Fourth step         remove part 
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Press consolidation
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Press consolidation

• This system only heats up the laminate => minimize energy
• Toolings have been made of:

• Wood 
• POM
• HM-PE 

41
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Press consolidation

• A flexible transport unit
• For pre-mounting of layup, can be automated
• Tensions to layup can be applied 
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Press consolidation

• After moulding:

43
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Press consolidation – overview

44

Pro:

Fast (down to 25 
seconds for 2 mm 
laminate)

Can be automized

Low on energy 
consumption

For higher numbers 
(>10.000)

Con:

Require more systems working together

More expensive system 

Require designed tools



The project is supported by the Circular Bio-based Europe Joint Undertaking and
its members. Funded by the European Union. Views and opinions expressed are
however those of the author(s) only and do not necessarily reflect those of the
European Union or CBE JU. Neither the European Union nor the CBE JU can be
held responsible for them.

Overview

• Objective: production of foot soles in SR-PLA
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Conclusion

• A process is established, which can manufacture foot soles in SR-PLA
• With holes for mounting of springs 
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Thank you  
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