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Use of regranulate from thermoplastic sheet offcuts
in injection moulding

100 percent material utilisation

Thermoplastic composites are paving the way for lightweight automotive de-
sign into the circular economy and are therefore very popular with design en-
gineers. With component quantities in the high six-digit range per year, the
processing of organic sheets is currently the most important thermoplastic
composite technology. One focus of further development is the recycling of
production waste such as offcut residues. ENGEL has been able to demon-
strate that regranulates made from thermoplastic sheet offcuts can be pro-
cessed in injection moulding while retaining their material properties. This
makes it possible to keep the composite raw materials completely in the cycle.

Thermoplastic sheets are fibre-matrix preforms that are mostly offered as sheets. They con-
sist of continuous fibres embedded in a thermoplastic matrix. This thermoplastic-only ap-
proach allows for the efficient integration of the forming and functionalisation of the blanks,
which in turn reduces unit costs and makes the technology attractive to the automotive indus-
try. During processing, the thermoplastic sheets are heated, formed directly in the injection
mould and then immediately provided with the desired detailed geometries by injection
moulding. As a rule, materials from the matrix material group of the thermoplastic sheet are
used for injection moulding. The intent is to use regenerated materials from offcut residues of
thermoplastic sheets in the future. This would make it possible to produce components which
consist entirely of a single fibre-reinforced thermoplastics and which could be easily recycled
at the end of their service life with a view to the circular economy.

Both in the production of the sheet goods and during processing, waste material is produced
even with optimised nesting. The aim of nesting is to arrange the required geometries such
that as little waste as possible occurs and no raw material is wasted. Low levels of waste of
between 5 and 10 percent of the thermoplastic sheet area exist, but unfavourable nesting or
complex component structures can cause the amount of waste to rise to 35 percent or more.
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Recycling this production waste therefore not only contributes to greater sustainability, but
also saves costs.

To demonstrate feasibility, injection moulding machine manufacturer ENGEL (Schwertberg,
Austria) and PURE LOOP, a company of the EREMA Group based in Ansfelden, Austria,
which specialises in plastics recycling, have conducted a series of tests to investigate the
processing of thermoplastic sheet offcuts and downstream processing of the regenerate in a
manner appropriate to the material.

Keeping the length of the glass fibres

For the tests, pellets were produced from thermoplastic sheet offcuts based on unidirectional
(UD) tapes [1] (picture 1). For this purpose, the offcuts were shredded and the fibre content
reduced during melting by adding unreinforced matrix material. Thermoplastic sheets typical-
ly have a fibre content of up to 72 wt%, which would be too high for processing in injection
moulding. When the fibre content is reduced, the fibres need to be uniformly dispersed in the
matrix volume. The aim is for the regranulates to achieve a property level comparable to that
of virgin long glass fibre pellets.

In addition to stiffness, the key factor in lightweight engineering applications is the high me-
chanical load-bearing capacity of the material, which can only be ensured if the length of the
fibres is maintained and the fibres are evenly distributed in the matrix. Traditionally, long
glass fibre reinforced materials result in materials with shorter fibres when reprocessed. The
challenge in recycling the continuous fibre-reinforced thermoplastic sheet preforms was
therefore to establish a preparation and processing method in injection moulding that en-
sures the retention of the greatest possible fibre lengths.

For the tests, ENGEL used Progano brand thermoplastic sheets by Profol (Halfing, Germa-
ny), which are made up of UD tapes with 72 wt.% glass fibres in a polypropylene matrix (pic-
ture 2). Customer-specific cutting results in offcuts.

An ISEC evo 302 production unit by PURE LOOP was used to regranulate the offcut waste
(picture 3). The special feature of this production unit is that the shredder and extruder
screw are mounted on a shared shaft. The infeed material was thermoplastic sheet strips
with a length of approx. 1.5 metres. The aim was to reduce the fibre content to 40% by

weight.
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The offcut material was fed to the production unit with the help of a conveyor belt. It then
drops into a hopper, at the lower end of which the shaft begins. The cutting elements are
located in this area of the shaft. The shredded material passes through a compactor section
to an iris valve that controls the material flow. Unreinforced PP is fed in pellet form and the
material mixture is plasticised. Not using a filter in the extrusion section was a deliberate de-
cision; this would remove the long fibres. Finally, the material was hot pelletised off and dried
in a centrifuge.

For analysis, the resulting pellets were incinerated and optical glass fibre length evaluation
was performed. It was found that sufficiently long fibres were obtained with the treatment
chain under investigation. Glass fibres with a length of more than 4 mm were found in the
incineration residue. The adjustment of the fibre content can be optimised when cutting the
trim parts. The smaller the parts, the more uniformly they are ground and mixed with the ma-
trix material. Calculated back from the density, the recycled material has a fibre weight con-
tent of around 35% by weight.

This successful recycling of production waste shows the potential for automotive components
at the end of the vehicle's service life. After cleaning the components and removing any met-
al inserts used, they can be recycled into regranulate in the same way.

No difference to virgin material in injection moulding

Subsequently, injection moulding tests were carried out on the regranulate obtained in order
to assess both the processability and the component quality to be achieved. In ENGEL's
technology centre at the company's headquarters in Schwertberg, sample parts were pro-
duced on an e-victory 1640/300 injection moulding machine, a production unit that is predes-
tined for the production of medium-sized thermoplastic sheet components. Due to its tie-bar-
less clamping unit, the e-victory hybrid machine with electric injection unit enables fast hot
handling, which is crucial for the feasibility of the process when manufacturing products with
thin thermoplastic sheet.

The processing trials focused on the process behaviour of the regranulate compared to se-
ries production material. As a reference, a long glass fibre reinforced virgin material, a type
GB477HP PP GF40 by Borealis, was processed. Both materials were plasticised at three

different screw speeds in order to assess the process consistency. Impeccable plasticising
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behaviour can be induced from the more-or-less linear plasticising curves without dips. The
plasticising time fluctuations of the two materials were comparable.

The regranulate was premixed in a masterbatch mixer on a trial basis in order to simulate the
influence of an optional homogenisation step — for example in a silo by means of an agitator.
Weighing the components showed slightly higher standard deviations for the regranulate
compared to the virgin material. In absolute terms, however, the standard deviations were
very small for both materials. With a target shot weight of 400 grams, the standard deviation
when processing the regranulate was in the region of 0.7 grams, while it was about 0.15
grams when processing the virgin material.

Since the materials are well homogenised during injection moulding, no significant differ-
ences were expected between the regranulate and the virgin material when evaluating the
fibre lengths and proportions; this was confirmed by the tests. Additional homogenisation in
the masterbatch mixer did not bring about any further improvement of what were already
good values. In summary, it can be stated that the regranulate can be processed in injection
moulding just as well as the virgin material.

Sights set on automotive high-volume production

After the successful regranulation and injection moulding tests using tape-thermoplastic
sheets, the question arose as to their transferability to real components. ENGEL and PURE
LOOP collaborated with LIT Factory in Linz, Austria, to produce sample parts with near-
series maturity in an integrated process (picture 4). The continuous fibre-reinforced thermo-
plastic sheets were cut to size and fed to the handling robot via magazines. They were heat-
ed in the integrated IR oven, inserted by the articulated robot into the mould of the ENGEL
duo 350 injection moulding machine, formed there and overmoulded with offcut waste re-
granulate (picture 5 and lead image). The very good component quality achieved and the
high efficiency of the integrated manufacturing process demonstrate the huge potential of
processing thermoplastic sheet offcut waste for series production applications in lightweight
automotive engineering. ENGEL and PURE LOOP are continuing to work together to lever-
age this potential.
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<<Textbox>>
LIT Factory

The LIT Factory at the Johannes Kepler University's Linz Institute of Technology (LIT) is a
networked teaching, learning and research factory. With a focus on digitalisation and connec-
tivity in production processes, lightweight engineering technologies are developed and opti-
mised along the entire value chain — from product development and processing to recycling
with a view to a circular economy. EREMA and ENGEL are founding members and partners
of LIT Factory.
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Lead image: Tape-based thermoplastic sheet is overmoulded with a regranulate produced from offcuts
of the same thermoplastic sheets. This consistent monomaterial approach makes it possible to keep
the composite raw materials completely in the cycle. (Image: ENGEL)

Picture 1: For the tests, a regranulate (right) was produced from thermoplastic sheet offcuts based on
unidirectional (UD) tapes (left). (Pictures: PURE LOOP)
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Picture 2: The composite material used for the tests was produced by Profol in Germany from glass
fibres and polypropylene. (Picture: Profol)

Picture 3: An ISEC evo 302 production unit by PURE LOOP was used to regranulate the offcut waste.
The shredder and extruder screw of this system are mounted on a shared shaft. (Picture: PURE
LOOP)
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Picture 4: Sample parts with near-series maturity were produced in an integrated process at LIT Fac-
tory in Linz, Austria. (Image: ENGEL)

Picture 5: The very good quality of the sample parts produced, and the high efficiency of the integrated
manufacturing process demonstrate the huge potential of processing thermoplastic sheet offcut waste.
(Pictures: ENGEL)
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