Expanded role
for thermoplastic
composites

Andreas Erber and Simon Spitko of SGL Group describe how improved
thermoplastic composite systems can be achieved through customised
materials and process technologies.

n the future, lightweight design will

become increasingly important for eco-

friendly and sustainable mobility owing
to the shortage of resources, especially fossil
fuels. New lightweight design concepts and
high-performance materials like Carbon
Fibre Reinforced Polymers (CFRP) are there-
fore required. In addition to the ecological
challenges, the economic constraints of
global markets also have to be taken into
account. For serial production of CFRPs, in
particular, there is continuing high demand
for cost-efficient materials and process
technologies. Composite materials are
already used today in many high-perform-
ance applications such as aerospace, wind
energy or super sport cars. These materials
offer advantageous properties compared
to other material solutions, such as high
specific strength and stiffness together with
excellent crash and fatigue behaviour [1, 2].

In the past few years, composites have
penetrated the automotive industry on a
broader front but still in limited lot sizes.
This is due to a number of challenges
within the CFRP value chain.

Challenges along the value chain

Unlike metals, composite materials are
created during the actual production

process. Depending on the manufac-
turing technology used, the reinforcing
fibres may be pre-impregnated with

the polymer (prepreg) or placed as a
textile in a mould and impregnated with
the polymer via infusion, followed by a
curing process. It is therefore necessary

to harmonise material and semi-finished
product properties and behaviour with the
manufacturing process. This is also true for
the design of the component. The design
has to address the load and application
requirements of the structural component
but also the characteristics and constraints
of the manufacturing process. A ‘design

to manufacturing’ approach for CFRP
materials is required, when it comes to
cost-sensitive high-volume applications like
automotive.

Another challenge for today’s composite
technology is the material utilisation ratio.
With a high-performance reinforcing yarn
like a carbon fibre, a mechanical perform-
ance potential of 4000 MPa strength

and 240 GPa stiffness in the case of, for
example, a 50k heavy tow (Sigrafil® C30
T050) is offered. This potential can be
utilised by advanced material technology
involving fibre/matrix interaction and load
path-oriented fibre architecture within the
composite.

High-volume production processes, in
particular, require fast material systems

in order to reduce processing times and
therefore production costs. In this respect,
thermoset materials and their related
manufacturing technologies are limited
by polymer chemistry and the processes
required, such as infusion and injection.

Carbon fibre reinforced
thermoplastics - technological
and market potential

The challenges described confronting
today’s composite technology can be
addressed by thermoplastic materials. Due
to their ability to deliver fast manufac-
turing processes, Carbon Fibre Reinforced
Thermoplastics (CFRTP) can be a game
changer in terms of production costs for
high-volume industries in the future. This
article argues that the material utilisation
ratio can be improved by customised fibre/
matrix interfaces. Together with textile
technologies addressing load path-oriented
fibre architectures, the lightweight potential
of carbon fibres can be better utilised than
at present. The textile processing feasi-
bility of thermoplastic-based semi-finished
materials is shown in a separate section
within this article. Besides their potential
for cutting costs and increasing mechanical
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Figure 1: Carbon fibre with standard sizing in polyamide 6 matrix (top left); Carbon fibre with
thermoplastics-compatible TPC sizing (bottom left); performance of Sigrafil® C30 T0O50 carbon fibre with

different sizings [4] (right).

performance, CFRTP composites also offer
recycling possibilities that enable sustainable
lightweight products to be achieved.

Aimed at high-performance continuous
fibre-reinforced parts for optimised light-
weight constructions, most thermoplastic
composites are reinforced by low-tow aero-
space-grade carbon fibres (3k to 12k) that
are relatively costly. By using larger industrial-
grade carbon fibres (heavy-tow carbon fibres
like 50k SIGRAFIL C30 TO50) both the rein-
forcing fibre and the manufacturing proc-
esses for the thermoplastic component can
be optimised in terms of total material costs.

Consequently such material systems can be
the enabler for high-volume applications in,
for example, the automotive and consumer
goods industries. In this industrial segment,
carbon fibre demand is expected to show
sustained growth at higher rates than in the
aerospace and sports goods industries. SGL
Group currently estimates that global annual
demand for carbon fibres will increase

to approximately 100 thousand tons per
annum by 2020, with the industrial segment
having a share of 75%.

Continuous carbon fibre-reinforced ther-
moplastics will play a pivotal role in this
context and therefore will contribute to

the breakthrough of modern lightweight
constructions.

Customised sizing technologies
and their impact on mechanical
properties

SGL Group has implemented a comprehen-
sive research and development program
focused on customised sizing technologies in
order to achieve optimised fibre-matrix inter-
action for different matrix polymers. Within
the thermoplastic material class, SGL Group
has the matrix materials such as polyamide 6
(nylon 6) for moderate-temperature applica-
tions [3]. For higher temperatures, matrices
like PPS or PES are the materials of choice.
In March 2014 SGL Group introduced a ther-
moplastics-compatible carbon fibre to the
composites market. The sizing of this fibre is
designed for polyamide 6 matrix applications
but the fibre also showed very high compat-
ibility to other matrices, for example PPA.

Figure 1 shows a standard SGL carbon fibre
with an epoxy-compatible standard sizing
compared with the new thermoplastics-
compatible TPC sizing. Both fibres are
embedded in a polyamide 6 matrix.

In the top image (standard sizing), it can be
seen that there is poor fibre adhesion to the

matrix. In contrast, the carbon fibres with
thermoplastics-compatible sizing show very
good fibre-matrix interaction. After rupture
of the test specimen, matrix material adhe-
sion to the fibres can be seen (see image
bottom left).

This advanced fibre-matrix interaction is
evidenced in the mechanical properties of
unidirectional laminates (see Figure 1 right).
In a 90° bending test, a bending strength of
more than 100 MPa can be achieved by the
CFRP with thermoplastics-compatible carbon
fibre reinforcement. Compared with the CFRP
with standard carbon fibres, this represents
a performance increase of more than 100%.

Comparison of process
technologies to produce
semi-finished materials

Various process technologies — based on
different levels or grades of the raw mate-
rial (especially the polymer) — are known
and established nowadays for the industrial
production of fully impregnated unidirec-
tional tapes (UD tapes). This section will
make a qualitative comparison of four
different process technologies based on
different raw material systems.

Film impregnation
Powder impregnation
Solvent impregnation
Melt impregnation

Figure 2 shows a schematic diagram of
process flow in the ‘film impregnation’
method. The unidirectional textiles can be
provided on a creel pre-spread from an
upstream process (see Figure 2) or can be
spread inline during the UD tape impreg-
nation process. The polymer material is
provided as a film on a creel. Film is depos-
ited on both sides of the textile material in
order to reduce flow length through the
thickness of the textile. After the ‘marriage’
of the textile and polymer material, a
melting, impregnation, and consolidation
unit is used to produce a fully impregnated
UD tape. Edge trimming or slitting to final
width then takes place on an inline slitter
before the material is wound up onto one
or more creels.

REINFORCEDplastics  JULY/AUGUST 2014

www.reinforcedplastics.com



Download English Version:

https://daneshyari.com/en/article/1437575

Download Persian Version:

https://daneshyari.com/article/1437575

Daneshyari.com


https://daneshyari.com/en/article/1437575
https://daneshyari.com/article/1437575
https://daneshyari.com

