Processing and Handling Biopolymers

What Really Matters When It
Comes to Biopolymers

Biopolymers have long been seen as a promising alternative for more sustainable polymer products. Many
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companies are reluctant to use these materials, though. This is not only due to the higher price, but also to

uncertainties regarding processing and additivation. With the right support, biopolymers can be used just as

well as polymers from fossil sources.

Bioplastics can be an
alternative to conven-
tional plastics in many

areas. However, there are
a few special factors to
consider when using
these polymers.
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Biopolymers are a good way to make
polymer applications more sustain-
able. Using them can reduce CO,
emissions, thereby convincing environ-
mentally conscious consumers and
helping processors to achieve their
sustainability goals. Nevertheless, many
small and medium-sized businesses are
hesitant. This is because biopolymers
have different additive requirements and
different processing parameters from
fossil polymers. If properly selected and
processed, however, they offer a sustain-
able material alternative and can provide
access to new markets and areas of use,
for example if fossil polymers are subject
to regulatory restrictions or more eco-
logical products are required.

Careful analysis at the start of devel-
opment is crucial for the use of bio-
polymers. The mechanical and visual
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properties that the end product needs to
fulfill, the requirements in terms of pro-
cessability and service life and whether
there are any regulatory requirements
need to be clarified. In connection with
biopolymers, it is also interesting to
know whether the ability to compost the
product offers advantages and is there-
fore being pursued. Based on this, a
decision can be made as to whether
biopolymers are suitable for the appli-
cation or whether recycled materials are
a more suitable option instead.

The term biopolymer covers both
bio-based and biodegradable polymers
(Fig. 1).To the industry, this distinction
plays an important role. Although bio-
based polymers are made entirely or
partially from renewable raw materials,
they are not necessarily biodegradable.
For example, bio-polyethylene (bio-PE)

and bio-polypropylene (bio-PP) are
bio-based, yet chemically identical to
their fossil counterparts and therefore
not biodegradable. Conversely, there are
fossil polymers that can break down
completely. Examples include polybutyl-
ene adipate terephthalate (PBAT) and
polycaprolactone (PCL), which are biode-
gradable despite being fossil-based.

Differences in Additivation
and Processing

Bio-based polymers particularly in de-
mand include bio-PET, polylactide (PLA)
and thermoplastic starch (TPS) (Fig. 2).
Bio-PET is chemically similar to fossil PET
and can therefore be processed on exist-
ing systems without any adjustments. PLA
and TPS, on the other hand, usually require
specific additivation, for example to im-
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Fig. 1. Not all bio-
plastics are biode-
gradable.
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prove thermal stability or moisture resis-
tance. Their rheological properties also
differ from those of fossil polymers. This
requires careful alteration of the process-
ing parameters, especially when it comes
to injection molding and extrusion.
Selecting and using additives in a
targeted way: additives can be used to
alter properties like flexibility, ultraviolet
resistance and heat resistance. They do
sometimes react differently with bio-
polymers than usual, however. The
concentration of UV and heat stabilizers
often has to be altered, as the degrada-
tion processes of fossil and bio-based
polymers differ. If this is not taken into
account, the material can become
brittle, turn yellow and lose strength.
Conventional plasticizers like phthalates
also lead to undesirable interactions in
some cases. While they lend elasticity to

Fig. 2. Thermoplastic
starch (TPS) is one of
the most sought-
after bioplastics.
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fossil PE and PP, for example, they can
destabilize biopolymers like PLA and TPS
and shorten their service life.

Particular attention needs to be paid
to the effects of UV radiation and mois-
ture as two of the most common rea-
sons for premature material aging in
biopolymers. These loads can be cush-
joned with suitable additives, however.
Blending can also contribute to stabiliz-
ation. For example, the addition of
moisture-resistant polybutylene succi-
nate (PBS) increases water resistance
and improves mechanical stability.
Biodegradability is not affected here.

Bio-Based Additives Are Available

A large number of biocompatible and
bio-based additives are available to
processors. Polyphenols and natural UV

absorbers, for example, which also have
an antioxidant effect, are suitable for UV
protection. Impact modifiers like modi-
fied graft copolymers increase the resis-
tance to breakage. Bio-based plasticizers
like glycerin and citric acid esters in-
crease flexibility without reducing stabil-
ity. If necessary, lignin-based flame retar-
dants can be used to impart flame-re-
tardant properties. It is crucial to not just
carry over additives from fossil to bio-
based polymers across the board, but
rather to coordinate them in a targeted
way. The selection of suitable additive
systems and their coordination with
processing and material behavior is a key
factor for success.

Differences in Shear Stress

Controlling manufacturing processes to
suit the material: the processing of bio-
polymers requires precise process con-
trol, as they react differently to mechan-
ical and thermal stresses than fossil
polymers. These influences have a direct
effect on the material structure. Bio-
polymers, for example, are often more
sensitive to shear forces than fossil
polymers. Shear stress occurs when
parallel forces act in opposite directions
during processing and deform the
polymer along a plane.

Suitable lubricants, such as metal
soaps and fatty acid esters, can be used
to reduce friction-related loads. These
lubricants are also available in bio-based
form. Lubricants improve molten mass
flow and reduce material stress. The
process parameters can also be altered
to reduce shear stress. A reduced screw
speed, a uniform temperature profile and
an altered conveyance rate stabilize the
material flow. The tool geometry — opti-
mized nozzle cross-sections, for example
— also helps to avoid pressure peaks and
guide the material gently. With the right
setup, stable production conditions can
usually be achieved without extensive
changes to the system technology.

The Processing Temperature Is Lower

Biopolymers also differ from fossil
polymers in terms of processing tem-
peratures. While fossil polymers can
withstand temperatures of up to 300 °C,
biopolymers are usually processed at
between 130 and 230 °C. For example,
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Fig. 3. In the Rehau Group’s laboratory, the right colorants and the necessary concentrations for

bioplastics are selected to achieve the desired color tone. © Meraxis

the processing temperature of TPS is
between 130 and 180 °C, depending on
the composition and additives. Lower
temperatures come along with signifi-
cant advantages, as less energy is
required in the production process.
With consistent process optimization,
the CO, footprint can also be improved
in this way.

Checking and securing storage
conditions: suitable storage is crucial
for ensuring that biopolymers retain
their desired properties during pro-
cessing. Many of these materials are
sensitive to UV radiation, moisture and
temperature. If they are stored improp-
erly, their capacity to be processed can
be impaired, for example due to
clumping, modified flow properties or
increased residual moisture in the
granules. Hygroscopic polymers in
particular, such as PLA and TPS, absorb
moisture from the ambient air. During
extrusion and injection molding, this
leads to bubble formation, fluctuating
viscosity and impairment of mechan-
ical properties.

Pre-Drying and Storage

To avoid effects like this, it is important
to store them in a cool and dry place.
Targeted pre-drying before processing
often helps to reduce the residual
moisture to a defined level as well.
Depending on the biopolymer, the use
of special packaging or storage in a
protective atmosphere may also be
advisable, especially if the material is to
remain stable and processable over a
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longer period of time. For biopolymers
to be convincing in practice, a perfect
combination of material, processing
method, storage and application is
crucial. This is why distributors like
Meraxis provide processors with com-
prehensive support: from material
selection and recipe development
through to series production. Together
with the processor and suppliers, the
distributor’s experts develop solutions
that are both technically and economi-
cally ideal. Among other things, they
support customers in achieving specific
color nuances (Fig. 3).

Biopolymers, Recycled Materials
or Both?

Bio-based materials are being developed
in ever shorter innovation cycles. Close
cooperation between research and indus-
try is important to ensure that these
developments also work in practice.
Meraxis is working together with the
Institute for Circular Economy of
Bio:Polymers at Hof University, Germany,
for example. Intensive research into bio-
polymers is being conducted at the
university. Meraxis supports this by con-
tributing its market and processing ex-
pertise. The company is also helping to
test newly developed compounds and
bio-based polymer variants from suppliers
for their practical suitability at an early
stage and to develop them further. This
means that they can be tailored to the
needs of the market in a targeted way.

If companies want to use more
sustainable materials, they often have
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to choose between recycled materials
and biopolymers. Bio-based materials
are an option in many cases, for
example, when recycled materials are
out of the question for regulatory rea-
sons, as is the case with packaging that
comes into direct contact with food.
The recently introduced EU packaging
regulation (Packaging and Packaging
Waste Regulation, PPWR) stipulates
greater use of recycled materials. This is
creating an increasing demand for
recycled materials. Under these circum-
stances, biopolymers can be a strategi-
cally important alternative to recycled
materials. Conversely, recycled materi-
als score highly in areas of use with
high mechanical loads, long-term
stability and price sensitivity. The two
material classes are not mutually ex-
clusive, though, as in practice they can
be combined in a targeted way to
utilize the best of both worlds.

Conclusion

In order for biopolymers to reach their
potential in practice, sound expertise is
required. With practical advice, labora-
tory support and close cooperation
along the supply chain, bio-based
materials can be reliably integrated into
existing processes. Today, they are a
real alternative to fossil polymers for
many areas of use. They are advanced
technically and offer ecological added
value as well. Biopolymers are not a
compromise, but rather a conscious
choice for processors who focus on
sustainability, innovation and future-
proof polymer solutions. m
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