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News

P&G and Cargill
collaborate on
bio-acrylic acid

RWDC - PHA start-up
attracts funding

An innovation developed in the
corporate labs at Procter & Gamble (P&G,
Cincinnati, Ohio, USA) that converts lactic
acid into biobased acrylic acid could be
a helpful step to shift everyday goods to
be made from annually renewable crops.
P&G has granted Cargill (Minneapolis,
Minnesota, USA) an exclusive license
that allows Cargill to further develop and
commercialize this technology, so that it
can ultimately be incorporated in a range
of applications from superabsorbent
polymers in absorbent hygiene products
to thickeners in household paints and
beyond. The use of biobased acrylic
acid is estimated to reduce greenhouse
gas (GHG) emissions and contribute to
greener products for years to come –
something that is important to a range of
stakeholders, including consumers and
business leaders.

Co-founded by CEO Daniel Carraway and Executive Chairman Roland Wee,
RWDC develops innovative and cost-effective biopolymer material solutions –
including PHAs. Earlier Carraway had founded Danimer Scientific, a company
also active in PHA, which he sold in 2014. In 2016 he partnered with Roland Wee
and embarked on a new PHA venture – RWDC Industries.

P&G
scientists
were
recently
announced as winners of the American
Chemical Society (ACS) 2020 Award
for Affordable Green Chemistry for this
groundbreaking proprietary technology.
While the conversion technology is
considered a breakthrough, it will take
several more years of development
before impacting consumer products in
the marketplace.
Cargill is also a co-owner of
Natureworks (Minnetonka, Minnesota,
USA), a company that produces lactide
and lactic acid as well as the bioplastic
Ingeo™ (polylactic acid, PLA). MT
www.cargill.com
www.pg.com

Picks & clicks
Most frequently clicked news

RWDC Industries Limited, a Singapore-based biotech start-up providing a
solution to the world’s single-use plastic crisis, has been awarded a US$133
million two-stage Series B funding round.

Primarily produced today from used cooking oil, RWDC’s PHA is certified by
TÜV AUSTRIA to be fully biodegradable in soil, water, and marine conditions. In
2018, RWDC’s proposal to use PHA to start replacing single-use plastics won the
inaugural Liveability Challenge, presented by Temasek Foundation.
“We are grateful and excited to have the support of world-class investors
who share our urgent mission of solving the global challenge of single-use
plastic,” said Carraway, who is based in Athens, GA. “This investment will help us
significantly increase our production capacity.”
“We have had a global view of the plastic crisis since our founding,” said Wee,
who is based in Singapore. “Consistent with that, we’ve planted a flag in both Asia
and the United States, and we look forward to expanding our manufacturing of
this innovative solution in Georgia. Right now, the COVID-19 pandemic presents
an unprecedented crisis, but we also recognize that, for many years, we’ve been
headed toward an existential threat to our individual health and our planet due to
pervasive and mounting plastic pollution. It must be addressed immediately and
with a solution at industrial scale. That’s what RWDC can do.”
The new investment was co-led by Vickers Venture Partners (a global venture
capital firm); Flint Hills Resources (a leading energy and resources company);
CPV/CAP Pensionskasse Coop (the pension fund of Switzerland’s largest retail
company); and International SA (a fund linked to Interogo Holding AG). Other
participating investors include existing investors Eversource Retirement Plan
Master Trust (the pension fund of Eversource Energy, a Fortune 500 company);
and WI Harper Group (a pioneer of US-Asia cross-border VC investing).
RWDC will use the funding to meet growing demand for PHA, including
by expanding the company’s production capacity with a new facility in Athens,
Georgia. Reflecting RWDC’s own mission of creating a sustainable, earth-friendly
solution to plastics pollution, RWDC is repurposing an idled factory originally
constructed in the late 1960s to use as its new production facility in Athens, which
will bring 200 new jobs to the community in northeastern Georgia. RWDC will also
use the new funds to conduct research and development efforts. MT
www.rwdc-industries.com

Here’s a look at our most popular online content of the past two months.
The story that got the most clicks from the visitors to bioplasticsmagazine.com was:
tinyurl.com/news-20200402

Shortlist of finalists “Bio-based Material of the Year 2020”
announced
(02 April 2020)

Nova-Institute has announced the names of the finalists competing for the
innovative “Bio-based Material of the Year 2020”.
Like every year, the innovation award (was) awarded to the most innovative
material and product on the market. Six new materials and products out of 17
applications have been nominated for the innovation award by the members
of the advisory board. The three winners (were) chosen by an online poll.
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Latest findings about
the plastic eating
wax moth
Recently, a few insects, including the caterpillar
larvae of the greater wax moth Galleria mellonella, have
been identified as avid ‘plastivores’. These caterpillars
are able to ingest and metabolize polyethylene at
unprecedented rates. While it appears that G. mellonella
plays an important role in the biodegradation process,
the contribution of its intestinal microbiome remains
poorly understood and contested.
Recently Dr. Christophe LeMoine and Dr. Bryan
Cassone of Brandon University – BU’s Department of
Biology (Brandon, Manitoba, Canada) have published
new findings in Proceedings of the Royal Society B, a
prestigious journal dedicated to biology. In a series of
experiments, the two scientists, along with BU students
Sachi Villanueva, Harald Grove and Oluwadara Elebute,
present strong evidence of an intricate relationship
between an intact microbiome, low-density polyethylene
(LDPE) biodegradation and the production of glycol as a
metabolic by-product.

Biodegradable in water
in less than 2 months
Kompuestos (Plásticos Compuestos S.A., Barcelona,
Spain) has launched Okean®, a range of bioplastics with a
clear objective: water biodegradability.
The Okean product range can be fully biodegraded
in sweet water under natural conditions, becoming
biomass, carbon dioxide and water, and without leaving
toxic residues. The three new bioplastics have been
certified by the independent entity TÜV Austria with the
OK biodegradable WATER certification, which follows the
European standard UNE EN 13432, and recognizes the
biodegradability of Okean products in 56 days in sweet
water to a temperature between 20°C and 25°C.
The products can be processed on standard
equipment, offering a reliable alternative to traditional
plastics. Similarly, thanks to its biobased composition
(base of maize, potato, and other renewable sources),
its production generates a smaller impact on the
environment and contributes to a significant reduction in
the carbon footprint. MT
www.kompuestos.com

First, the scientists biochemically confirmed that
G. mellonella larvae consume and metabolize LDPE,
as individual caterpillars fed on polyethylene excreted
glycol, but those excretions were reduced by antibiotic
treatment. “So it seems that there is a synergy between
the (gut) bacteria and their waxworm hosts that
accelerates plastic degradation,” as LeMoine pointed
out.

New grade of
Mater-Bi now
market ready

Further, while the gut bacterial communities
remained relatively stable regardless of diet, it could be
shown that during the early phases of feeding on LDPE
(24–72 h), caterpillars exhibited increased microbial
abundance relative to those starved or fed on their
natural honeycomb diet. Finally, by isolating and growing
gut bacteria with polyethylene as their exclusive carbon
source for over one year, microorganisms were identified
in the genus Acinetobacter that appeared to be involved
in this biodegradation process. Taken collectively, the
study indicates that during short-term exposure, the
intestinal microbiome of G. mellonella is intricately
associated with polyethylene biodegradation in vivo.

Novamont, Novara, Italy, announced that their new
grade of Mater-Bi for extrusion coating and extrusion
lamination on paper, board and other substrates is now
ready for the market. The material can be composted in
standard industrial plants in accordance with standard
UNI EN 13432 and can be recycled along with waste paper.

“Worms that eat our plastic waste and turn it into
alcohol sounds too good to be true. And in a way it is,”
said Dr. Cassone. “The problem of plastic pollution is
too large to simply throw worms at. But if we can better
understand how the bacteria works together with the
worm and what kind of conditions cause it to flourish,
perhaps this information can be used to design better
tools to eliminate plastics and microplastics from our
environment.” MT

From the point of view of environmental performance,
objects manufactured using the new grade – cups,
dishes for catering, thin boards for food use – are GMOfree, biodegradable and compostable. With excellent
toughness and resistance to perforation, such objects
are also suitable for contact with food and microwave
use and offer excellent resistance to oils and fats.

https://tinyurl.com/waxworm

Developed through work which has combined
various Novamont production technologies, in
comparison with previous versions, the new grade
offers an appreciable improvement in process
stability, coating thicknesses and processing speed
comparable with LDPE, and excellent adhesion to
different substrates (paper, board, plastic films).

With this new grade Mater-Bi for extrusion coating,
Novamont is in a position to satisfy the rise in demand for
disposable products that can be composted together with
paper and board, thus solving the problems associated
with the limited availability of some raw materials. AT
www.novamont.com
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25th Anniversary of OK compost
The first certificate of TÜV AUSTRIA group’s OK compost for resins turned 25 this May. Back in 1995 very few resin
manufacturers and film extruders were certified. Terms like "compostable" and "biodegradable" were far from well known.
At that time it was pioneer work, the standard EN 13432 would not be around for another 5 years and another 10 until these
products would finally make some waves in 2010.
Philippe Dewolfs, Manager Bioplastics Certification at TÜV Austria Belgium remembers it well, “It was at this time that the
original pioneers saw their perseverance rewarded, and we the number of certificates increased. From the first day, we have
identified our customers by the now well-known ‘SCode’. In January 2010, we assigned the S150 code, and 10 years later, we
are pleased to see that 96 of these companies are still on our certified product lists. Thus, pioneering does not always rhyme
with risky adventuring!”
Turning from history back to the here and now certification is more important than ever with the code S1500 only a few
months away. The team of specialists grew and changed till the 1990s, now 14 experts are putting all their energy into evaluating
and certifying products, monitoring the market to protect brands, improving their services and participating in numerous
standardization groups to prepare tomorrow.
Today the TÜV Austria group and their partners are represented in ten countries to facilitate
contacts with local customers, national authorities and ensure market monitoring. Numerous
laboratories are working to enable the TÜV group to decide whether products meet the criteria,
or not. With the increased importance of certificates comes the misuse of them, the groups
legal services in Vienna supported by the worldwide power of the TÜV network ensure that such
violations are systematically prosecuted.

5
25

However now is a time for celebration, so Dewolfs, “I would like to thank my staff, those of the
early days and those who joined us recently, our customers, for 25 years or a few days, the labs and
all those who have travelled a long way with us.“
The team from bioplastics MAGAZINE wishes happy anniversary. AT
www.okcompost.org

Biobased carbon fibres
Stora Enso and Cordenka have signed a joint development partners downstream in the value chain, such as carbon fibre
agreement to develop precursors for biobased carbon companies, to join the collaboration,” Mannström concludes.
fibre. The co-development is driven by the need for high
“Stora Enso and Cordenka are a natural fit. Stora Enso
performance carbon fibre in transportation, construction and
has developed important new technology and Cordenka has
power generation.
critical manufacturing expertise. Both companies have been
Stora Enso has been developing the technology for manufacturing products based on renewable resources for
manufacturing carbon fibre from wood-based raw materials, decades and both are market leaders in their respective fields.
i.e. dissolving pulp and lignin, at
Making carbon fibre precursors for
laboratory scale. The agreement
composite reinforcement from woodannounced today with Cordenka,
based feedstock is a major leap forward
a leading producer of premiumin material science,” says Kurt Uihlein,
quality industrial viscose fibres,
Chief Marketing Officer of Cordenka.
aims at upscaling the precursor
Carbon fibre demand is increasing
development process to pilotsteadily at an annual growth rate of
scale operation. The precursor
10 %. The target of the partnership
development is carried out
will be on developing carbon fibre
with specialised manufacturing
initially for industrial applications
spinning equipment at Cordenka’s
requiring low weight and high mechanical performance, such
Obernburg production site in Germany. The venture is
as pultruded laminates used in manufacturing wind energy
supported by BMC, owner of Cordenka, as part of their
rotor blades. Today, 20 % of the global carbon fibre supply is
strategy to extend the reach of Cordenka into new growth
used by the wind energy industry.
markets and Asia.
Traditionally, carbon fibre is made from PAN
“It is exciting to partner up with Cordenka to develop bio(polyacrylonitrile) which is an oil-based raw material. The raw
based carbon fibre that replaces oil-based raw materials,” says
materials for biobased carbon fibre are cellulose and lignin,
Markus Mannström, Executive Vice President of Stora Enso’s
which come from trees. In the biobased carbon fibre process,
Biomaterials division. “Our ambition is to provide industrial
cellulose is converted to viscose and mixed with lignin to form
composite producers with a sustainable, yet cost-competitive,
the spinning dope. The dope is spun into precursor fibre that
carbon fibre made from renewable and fossil-free materials.
is thermally converted to carbon fibre. MT
Thus, we continue to contribute to Stora Enso’s vision of a
www.storaenso.com
low-carbon society. We also look forward to attracting more
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www.pha-world-congress.com

This year, things may well be looking up for the family of biopolymers known as PHAs.
For a long time, PHAs were materials that were ‘promising’. They ‘had potential’. However,
constrained by challenges ranging from cost and availability to technology and production, up to
now, these polymers have struggled gain traction in the market.
Now, however, the situation is changing. Signs indicating that this year might very well be the
year that PHA-platform products graduate from the embryonic stage of the S-curve to enter the
stage of early growth, are palpable. Right now, product demand by far exceeds supply around the
globe and several PHA polymer manufacturers are building, starting up and expanding production
capacities.
In September 2018, bioplastics MAGAZINE and Jan Ravenstijn launched the inaugural edition of
the PHA-platform World Congress. The aim was to accelerate the production and industrialization
of PHA polymers by bringing together players from across the value chain. In addition, the event ,
which was to take place on a biannual basis, sought to create an awareness of the properties and
versatility of these materials.
The event drew participants from around the globe who were unanimously in agreeing that a
push to accelerate the industrialization of PHA polymers was long overdue. What was needed was
for the value chain to become more strongly aligned, a focus on the transition towards a circular
economy - and the formation of a global organization for the PHA-platform.
In June 2019, the GO!PHA initiative was established by four well-known experts in the world of
the PHAs. Information about this global organization can be found on the website: www.gopha.org.
The membership consists of about 50 small and large companies around the world, research
institutes, advisory companies and media partners, with new members joining on a regular basis.
Programmes and progress are discussed at the bimonthly member meetings. The main areas of
attention for GO!PHA include legislation, communication, market perception & proliferation and
technical & scientific knowledge advancement.
Disappointingly, the Coronavirus pandemic has forced us to revise our plans for the 2nd PHAplatform World Congress, scheduled for September 2020. The event will not be cancelled. Instead,
we have decided to postpone the Congress until 2021 - and meanwhile, for this year, to add a virtual
component. In September, we plan to host a webinar on the latest developments around PHA,
including capacity expansions, investment opportunities, application developments, legislation
and an update on GO!PHA’s programmes and progress.

So be sure to mark the following dates your calendar:
• September 2nd 2020, we invite you to join us online for a 4-6 hour webinar, for presentations and
updates on capacity expansions, legislation and application developments. More details will be
available at a later date.
• March 30th and 31st 2021 are the new dates for the 2nd PHA-platform World Congress. The venue
is the Maternus Haus in Cologne, Germany.
• The PHA-platform Workshop will be moved to March 29th 2021. The venue is the same as for
the congress.
Delegates of the 2nd PHA-platform World Congress (March 2021, Cologne) can participate at the
September 2020 webinar free of charge. Participation in the webinar only will be available to a
special reduced price.
Stay updated and visit the website frequently. In addition, we keep you updated via our newsletters.
www.pha-world-congress.com | www.gopha.org

8

bioplastics MAGAZINE [03/20] Vol. 15

me
New progranm
s:
arrangeme t
Webinar
Sep 02, 2020:
2021:
March 30-31,
, Germany
e
n
g
lo
o
C
in
s
s
Congre

organized by
and Jan Ravenstijn

www.pha-world-congress.com
Diamond Sponsor

Gold Sponsor

Platinum Sponsor

Silver Sponsor

Supported by

Media Partner

Bronze Sponsor

…from Embryonic to Early Growth
PHA (Poly-Hydroxy-Alkanoates or polyhydroxy fatty acids)
is a family of biobased polyesters. As in many mammals,
including humans, that hold energy reserves in the form
of body fat there are also bacteria that hold intracellular
reserves of polyhydroxy alkanoates. Here the microorganisms store a particularly high level of energy reserves
(up to 80% of their own body weight) for when their
sources of nutrition become scarce. Examples for such
Polyhydroxyalkanoates are PHB, PHV, PHBV, PHBH and
many more. That’s why we speak about the PHA platform.
This PHA-platform is made up of a large variety of
bioplastics raw materials made from many different
renewable resources. Depending on the type of PHA, they
can be used for applications in films and rigid packaging,
biomedical applications, automotive, consumer electronics,
appliances, toys, glues, adhesives, paints, coatings, fibers
for woven and non-woven andPHA products inks. So PHAs
cover a broad range of properties and applications.

That’s why bioplastics MAGAZINE and Jan Ravenstijn are
now organizing the 2nd PHA-platform World Congress
on 30-31 March 2021 (new date) in Cologne / Germany.
This congress continues the great success of the
1st PHA platform World Congress and the PHA-day at
the Bioplastics Business Breakfast @ K 2019. We will
again offer a special “Basics”-Workshop in the day before
(March 29) - if there are sufficient registrations...
To shorten the time until then, we’ll host a 4-6 hour webinar
on 2 Sept. 2020.
The congress will address the progress, challenges and
market opportunities for the formation of this new polymer
platform in the world. Every step in the value chain will
be addressed. Raw materials, polymer manufacturing,
compounding,
polymer
processing,
applications,
opportunities and end-of-life options will be discussed by
parties active in each of these areas. Progress in underlying
technology challenges will also be addressed.
bioplastics MAGAZINE [03/18] Vol. 13
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Events

bioplastics MAGAZINE presents:
6th PLA World Congress
19 – 20 MAY 2020 MUNICH › GERMANY
New: 07-08 October 2020

The PLA World Congress in Munich/Germany, organised by bioplastics MAGAZINE
now for the 6th time, is the must-attend conference for everyone interested in PLA,
its benefits, and challenges. The global conference offers high class presentations
from top individuals in the industry from Europe, Canada, Thailand, and Korea and
also offers excellent networking opportunities along with a table top exhibition.
Please find below the preliminary programme. More details, programme updates
and a registration form can be found at the conference website

6th PLA World Congress, programme

www.pla-world-congress.com

Wednesday 07 October 2020
08:30-08:45 Michael Thielen, Polymedia Publisher

Welcome Remarks

08:45-09:15 Michael Carus, nova-Instutit

PLA from Renewable Carbon

09:15-09:40 Amar K. Mohanty, University of Guelph

PLA-based blends and their Green Composites supporting
Circular Economy for Improved Sustainability

09:40-10:05 José Àngel Ramos, ADBioplastics

PLA-Premium: broadening the PLA applications

10:05-10:30 Jae Yeon Park, SK Innovation

Low pH Lactic acid production using novel acid-resistant Yeast

11:10-11:35 Gerald Schennink, Wageningen UR

Latest achievements in PLA processing

11:35-12:00 Zsolt Bodnár, Filamania

Composite PLA Filament für 3D Printing

Lien Van der Schueren, Bio4Self
12:00-12:25
(Centexbel, Tecnaro, Fraunhofe)

BIO4SELF - Biobased self-reinforced composites enabled by high stiffness PLA yarns

13:45-14:10 Udo Mühlbauer, Uhde Inventa-Fischer

Uhde Inventa-Fischer’s Technology for Recycling of PLA

14:10-14:35 Francois de Bie, Total-Corbion PLA

Advancing mechanical and chemical recycling of PLA - introducing a new concept!

14:35-15:00 Maarten van der Zee, Wageningen UR

The results and interpretation of a Dutch Composting Study;
the next step in Organic Recycling

15:00-15:25 Tanja Fell, Fraunhofer IVV

Design for recycling of PLA packaging materials Evaluation examples and recycling processes of packaging materials

16:00-16:25 Clementine Arnault , Carbiolice

Latest advances with EVANESTO® at industrial scale

16:25-16.50 Luana Ladu, TU Berlin

Integrated sustainability assessment framework for PLA

17:00-17:30 Panel Discussion ,

PLA - Global supply challenges

Thursday 08 October
09:00-09:25 Carsten Niermann, FKuR

Modifying PLA for two component injection molding applications

09:25-09:50 Manjusri Misra , University of Guelph

Recent Developments of PLA in Durable Applications

09:50-10:15

Nopadol Suanprasert, Global Biopolymers

PLA PROSPECT FOR GEOTEXTILES – THAILAND’s EXPERIENCE

10:15-10:40 Johannes Ganster, Fraunhofer IAP

Utilizing PLA's unique properties - new splints for bone fractures

11:20-11:45 Eli Lancry, Tipa

How does PLA contribute to compostable packaging?

11:45-12:10 Bill Horner, Single Use Solutions

Every Bottle Back

12:10-12:35 Daniel Ganz, Sukano

Blow Moulding of PLA

12:35-13:00 Miguel Angel Valera, AIMPLAS

New developments based on PLA for sustainable packaging
(BIOnTOP & PERCAL projects

14:15-14:40

Ramanai Narayan,
Michigan State University

Understanding the unique stereochemistry of PolyLactide (PLA) polymers
and its implications on performance properties

14:40-15:05

David Grewell,
North Dakota State University

Welding of PLA

15:05-15:30 Benjamin Rodriguez , Fraunhofer IAP Making PLA suitable for flexible film applications
15:30-15:55 Tom Bowden, Sidaplax

Latest development in PLA films

16:05-16:10 Michael Thielen, Polymedia Publisher

Closing remarks

Subject to changes, please visit the conference website
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6th PLA World Congress
19 + 20 MAY 2020 MUNICH › GERMANY
New: 07-08 October 2020

07-08 October 2020 in Munich / Germany

Gold Sponsor:

Bronze Sponsor:

organized by

Experts from all involved fields will share their knowledge
and contribute to a comprehensive overview of today‘s
opportunities and challenges and discuss the possibilities,
limitations and future prospects of PLA for all kind
of applications. Like the five previous congresses the
6th PLA World Congress will also offer excellent networking
opportunities for all delegates and speakers as well as
exhibitors of the table-top exhibition.

www.pla-world-congress.com
1st Media Partner

PLA is a versatile bioplastics raw material from renewable
resources. It is being used for films and rigid packaging, for
fibres in woven and non-woven applications. Automotive,
consumer electronics and other industries are thoroughly
investigating and even already applying PLA. New methods
of polymerizing, compounding or blending of PLA have
broadened the range of properties and thus the range of
possible applications. That‘s why bioplastics MAGAZINE is
now organizing the 6th PLA World Congress on:

Media Partner

Supported by:
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Biobased Super-glue
Plant-based particles and water form an “eco” super-glue

P

lant-based cellulose nanocrystals have remarkable
inherent properties, and when combined with water,
a powerful adhesive is formed that competes in
strength with Superglue, without the need for toxic solvents.
In a study published in Advanced Materials [1], researchers
at Aalto University, the University of Tokyo, Sichuan
University, and the University of British Columbia have
demonstrated that plant-derived cellulose nanocrystals
(CNCs) can form an adhesive that fully integrates the
concepts of sustainability, performance, and cost which are
generally extremely challenging to achieve simultaneously.
Unlike Superglue, the new eco glue develops its full
strength in a preferred direction, similar to “Peel and Stick”
adhesives. When trying to separate the glued components
along the principal plane of the bond, the strength is more
than 70 times higher when compared to the direction
perpendicular to that plane. All of this means that just a
single drop of the “eco” glue has enough strength to hold up
to 90 kg weight but can still be easily removed by the touch
of a finger, as needed. As Dr Blaise Tardy from the Aalto
Department of Bioproducts and Biosystems puts it, ‘The
ability to hold this amount of weight with just a few drops is
huge, especially from a natural plant-based solution’.
These kind of properties are useful in protecting fragile
components in machines that can undergo sudden physical
shock such as high-value components in microelectronics,
to increase the reusability of valuable structural and
decorative elements, in new solutions for packaging
applications, and – in general – for the development of
greener adhesive solutions.
Furthermore, compared to the current approach of
making high-strength glues that can involve complex and
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expensive routes, the team has demonstrated that their
solution is just taking biobased particles sources from
plants (with a comparatively negligible cost) and just adding
water. Since curing time is associated with evaporation of
the water phase (2 hours, currently), it can be controlled, for
instance, with heat.
Aalto Professor Orlando Rojas says, ‘Reaching a deep
understanding on how the cellulose nanoparticles, mixed
with water, to form such an outstanding adhesive is a result
of the work between myself, Blaise Tardy, Luiz Greca,
Hirotaka Ejima, Joseph J. Richardson and Junling Guo
and it highlights the fantastic collaboration and integration
of knowledge towards the development of an extremely
appealing, low-cost and safe application’.
Blaise Tardy:” Good, green packaging with bad glue
still renders the packaging bad”. Moreover, the prospects
for worldwide utilisation (in a EUR 40 bn industry) is quite
attractive given the ever-increasing production of cellulose
nanocrystals seen across the globe, as supported by
incentives in the framework of the circular bioeconomy.
Dr Tardy adds, ‘The truly exciting aspect of this is that
although our new adhesive can be sourced directly from
residual biomass, such as that from the agro-industry
or recycled paper; it outperforms currently available
commercial synthetic products by a great many measures’.
MT

[1] Tardy, B. et al: Exploiting Supramolecular Interactions from Polymeric
Colloids for Strong Anisotropic Adhesion between Solid Surfaces,
https://onlinelibrary.wiley.com/doi/abs/10.1002/adma.201906886
www.aalto.fi

Masterbatch News

Clariant to sell its masterbatches business
to PolyOne
Clariant (headquartered in Muttenz, Switzerland), a focused and innovative specialty chemical company, announced end of
last year that it has agreed to sell its entire Masterbatches business to PolyOne (headquartered in Avon Lake, Ohio, USA). The
transaction values the Masterbatches business at USD 1,560 million.
As previously communicated, the proceeds from the intended divestments of Clariant’s non-core businesses will be used to
invest in innovations and technological applications within the core Business Areas, to strengthen Clariant’s balance sheet and
to return capital to shareholders.
As a consequence of the divestment of the Masterbatches business, as well as the anticipated divestment of the Pigments
business by the end of 2020, Clariant’s Board of Directors is proposing an extraordinary cash distribution of CHF 3.00 per share
to the Clariant Annual General Meeting to be held on March 30, 2020. Subject to a positive vote of Clariant’s shareholders,
the extraordinary distribution of approx. CHF 1 billion will be paid out post the closing of the divestment of the Masterbatches
business.
The deal with PolyOne comprises two separate transactions. The global Masterbatches business is sold in a deal valued at USD
1,500 million. Separately, the sale of Clariant’s Masterbatches business in India has been approved by Clariant Chemicals (India)
Limited’s Board of Directors and is valued at INR 4,260 million or approx. USD 60 million. Clariant Chemicals (India) Limited
is listed on the stock exchanges in India with Clariant AG holding a 51 % controlling stake. The closing of both transactions is
subject to customary closing conditions and regulatory approvals.
Clariant’s Masterbatches business offers color and additive concentrates and performance solutions for plastics. Clariant’s
Masterbatches help to enhance the market appeal or end-use performance of plastic products, packaging or fibers. In the
financial year 2018, the total Masterbatches business generated sales of around CHF 1.181 billion. MT
www.clariant.com | www.polyone.com

BASF presents new colour masterbatches
In response to limited resource availability and greenhouse gas emissions, three approaches are currently being pursued
to make plastics sustainable: while compostable biopolymers are a biodegradable option, bioplastics based on renewable
resources provide a non-fossil alternative to conventional polymers and recyclates pursue the goal of multiple use of
valuable already produced plastics via the circular economy. Each of these three alternatives poses individual demands on
colourization and additivation.
With the introduction of the Sicolen® B biobased masterbatch, the comprehensive Colors & Effects® portfolio now includes a
solution for each of these three approaches. BASF Color Solutions GmbH (Cologne, Germany) complements its Sicoversal® B,
a certified biodegradable masterbatch for colouring compostable plastics, as well as Sicolen and Sicovinyl®, established
concentrates for colouring recycled polyethylene and PVC. With these four products, all three ecological alternatives
to conventional plastics can be coloured in an environmentally friendly manner, without the respective advantages –
compostability, renewable raw material or circular economy – being limited by the addition.

Biobased masterbatch Sicolen B
The polyethylene carrier system of Sicolen B is based on sugarcane. It therefore consists of renewable raw materials that
originate from a proven responsible cultivation that protects rainforest and biodiversity. This carbon-neutral polyethylene
base reduces greenhouse gas emissions compared to conventional products and saves scarce resources such as crude oil.
For customers, the colouration of fossil or biobased polyethylene with Sicolen B allows the polymer base of their products
to be upgraded by reducing their ecological footprint. The compliance with legal requirements as well as the acquisition of
certificates regarding the bio-value of plastic products are simplified and favoured. In this way, Sicolen B promotes the use
of renewable and recyclable biopolymers through the possibility of environmentally friendly and the same time economical
colouring for numerous polyethylene applications.
In addition to a range of six Sicolen B standard colours, the development of tailor-made organic-based Colours & Effects
masterbatches supports the exchange of currently used products with the biobased version. MT
tinyurl.com/basf-MB
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Colour and Additive Solutions for

W

hile the total market for bioplastics is still relatively
small compared to the overall plastic market but for
anyone working with bioplastics in any form, there
are a wide range of options when it comes to colourants
and additive masterbatches. These range from standard
pigments and additives, tested and certified pigments and
additives and wholly natural pigments and additives.

All have their advantages and disadvantages depending
on whether we are talking about bio-identical standard
resins (polymers that are made from renewable resources
but which have properties identical to fossil-derived
plastics, also referred to as drop-in bioplastics), true
biopolymers (made from biobased monomers and such
that are biodegradable or compostable) or fossil fuel based
biodegradable or compostable plastics.
With bio-identical resins, adding colour and additives is
straightforward. Because they are chemically identical to
fossil-derived materials, they are recyclable with and have
an afterlife similar to conventional plastics. Therefore,
conventional additives and pigments can be compounded
into a bio-identical carrier resin and used in exactly the
same way they would be with standard resins. Their
environmental impact is the same.
For degradable or compostable polymers like polylactic
acid (PLA), polyhydroxyalkanoate (PHA), polyhydroxybutyrate
(PHB), starch-based biopolymers (like Mater-bi® from
Novamont), and other less common biopolymers, the
situation gets a little more complicated because users have
a number of options available to them.

COLOR MASTERBATCHES
For coloring PLA, Clariant offers the RENOL®-bl range
of color masterbatches using conventional pigments in a
PLA carrier resin, so they are also biodegradable. Fifteen
standard colors are available and custom colors can be
formulated as well. They offer good light-fastness and
have heat resistance up to 240C, making them suitable for
processing with PLA.
A more limited range of colors is available for Materbi and PHA. These RENOL-ba masterbatches are also
formulated using conventional pigments and a biopolymer
carrier resin. The colors for Mater-bi were developed in
close collaboration with Novamont.
For biopolymer users who want a 100 % natural color
solution, Clariant offers the RENOL-natur family of
masterbatches made with pigments derived entirely from
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nature. RENOL-natur colours are very earthy and organiclooking, some with excellent clarity, and the variety of colours
available includes red, orange, yellow and green. Natural
carmine red colourants are derived from the cochineal
insect. Orange curcuma comes from the root of the spice
plant turmeric, and yellow urucum is found in flowers that
grow in tropical regions like Brazil. The greens come from
chlorophyll and other plant sources. These colours can be
combined to create additional shades and tones. Physical
properties, such as lightfastness, are not as high as would
be expected from non-renewable pigments or dye, so they
are not suitable for all projects.
Finished articles made with the Clariant RENOL-natur
are biodegradable according to the EN 13432 standard.
Some grades are also industrially and home compostable.
More about compostability see below.

Additive Masterbatches
For improving the properties of biopolymers, as well
as adding functionality, Clariant offers CESA®-brand
additive masterbatches that can add value to and improve
the performance and handling of biopolymers. As with
the pigments discussed above, these masterbatches
are formulated using standard active ingredients in an
appropriate biopolymer carrier resin. They include:
 Light stabilizers that protect the polymer by efficiently
absorbing UV-radiation, which is very important in
applications like agricultural film. They can also protect
the contents of packaged goods.
 Anti-blocking agents prevent adhesion between layers of
film to aid in unwinding and also make it easier de-nest
and handle thermoformed articles.
 Chemical foaming agents (endothermic) are used in the
production of foamed sheets used to form food trays.
 Melt stabilizers or chain extenders help prevent
degradation of intrinsic viscosity during processing of
PLA and are often used to improve the process stability
during extrusion of foamed sheets.
 Nucleating agents can be used to control the clarity of
the biopolymers and to increase stiffness and flexural
modulus. Nucleating agents are also used to control the
size and uniformity of the cells in foamed material.
 Impact modifiers reduce brittleness and anti-static
agents minimize the build-up of static electricity that
can result in handling difficulties and dust accumulation.

Additives/Masterbatches

Bioplastics
As with the colourants, there are natural alternatives to
the standard ingredients and these are offered in CESAnatur masterbatches. Beeswax, for instance, can be used
as a slip or anti-blocking agent. A molecule extracted
from fruit, when used in high concentrations can provide
UV protection, and plant-derived antistatic agents are also
available. Vitamin E is a naturally occurring antioxidant.

OK Compost certification
Most biopolymers can be composted in industrial facilities
and some also break down in home composting heaps, but
at a much slower rate. However the artificial pigments and
additives that may be used in bioplastics do not break down,
leading to concern about heavy-metal content and possible
plant toxicity. For this reason several standards (i.e.: EU
Packaging Directive (94/62/EEC) and EN 13432:2000) have
been put forward to regulate, among other things, the quality
of resulting compost. It is also the reason for the creation of
the OK compost certification program administered by the
TÜV AUSTRIA Belgium testing organization.

By:
Jan Sueltemeyer
Global Head of Innovation & Sustainability
Clariant
Muttenz, Switzerland

Products made at Clariant plants in Poliagno, Italy,
and Sant Andreu de la Barca, Spain, initially received OK
compost INDUSTRIAL certification in 2012 and the latest
testing adds the more challenging OK compost HOME label
to their products. In addition, plants in Ahrensburg and
Lahnstein, Germany, can now make masterbatches that
are compliant with both standards. The Clariant plant in
Phanthong, Thailand, can now supply OK-compost-labeled
masterbatches to Asian customers.
www.clariant.com

Recently,
Clariant
RENOL-compostable
colour
masterbatches
and
CESA-compostable
additive
masterbatches were awarded OK compost HOME and OK
compost INDUSTRIAL labels by TÜV AUSTRIA Belgium This
means compostability is guaranteed not only in industrial
composting plants, but also in home garden compost
heaps, where conditions are less controlled.
To comply with the applicable standards, the Clariant OK
compost masterbatches use only non-toxic and and the
amount of colourant or additive used in a given volume of
plastic is strictly limited. Available carrier resins include
PLA and Mater–bi.
A total of ten OK compost certified standard colours are
available and custom formulations are available. CESAcompostable additives include UV/light stabilizers, slip/antiblock agents, anti-static agents and optical brighteners,
among others.
Part of the certification process requires that plants
making certifiable masterbatches institute strict process
and quality control procedures and that an OK compost
Officer be named. He is responsible for conformity of
production and has the authority to deal with the corrective
actions in case of nonconformity. Five Clariant plants have
qualified.
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Renewable processing

Christian Lechner
Global Technical Segment Manager Plastics
BL Advanced Surface Solutions,
Clariant
Gersthofen, Germany

E

specially in bioplastics, the origin of processing aids although used in small concentrations - is more and
more considered by the processors and compounders
to be ideally also a sustainable and renewable one. However,
it is not all about sustainability. The technical demands
rise steadily towards lower volatility, higher efficiency
and higher thermal stability. New additive solutions help
achieve sustainability goals without compromising the
high-performance requirements in customer applications
With pigment and manufacturing costs continuing to
climb, the adoption of novel processing aids and lubricants
that improve dispersion – resulting in reduced loadings
of costly pigments and increased production rates – is
expected to grow. “There can also be seen an increasing
demand for solutions that provide excellent heat and colour
stability even when used in aggressive processing conditions
of high temperature engineering polymers,” says Christian
Lechner, Global Technical Segment Manager at Clariant.
He adds that improving pigment dispersion is the first
target of many Clariant customers. “When they can improve
an FPV (Filter Pressure Value) result of a difficult-todisperse pigment from, say, 6 to 2 (bars pressure rise/gram
pigment), it opens the door to film and fiber applications,
while also allowing a reduction in the dosage of costly
pigments needed to achieve the target colour and chroma,”
he explains. “An added benefit of the faster production is the
reduced need to change extruder screens, while enjoying
more consistent and reduced extruder pressure profiles.
These two effects reduce the overall cost of materials and
production, while delivering higher quality products, which
means better physical integrity of the finished articles,” he
says.

colour are also needed to allow quick colour matches that
stay consistent over long, aggressive extruder runs at the
masterbatcher or compounder, Lechner adds. “These
requirements are also needed at their clients’ facilities,
when they use high temperatures and elevated barrel
pressures to assure complete distribution of masterbatches
into their polymers and the fastest production rate possible.”
Performance is critical. “Lubricants and dispersants must
not discolour, degrade or volatilize during the production of
final articles that have to pass industry tests on such things
as volatility (for automotive interiors) and still maintain a
blemish-free surface with the desired gloss or finish,”
Lechner explains.

Biobased waxes

High heat stability – which in this case means resistance
to discolouration and volatilization – and a clean initial

With respect to the higher demand on technical
performance and to combine it with the megatrend
sustainability, Clariant developed the Licocare® RBW
Vita range based on a renewable feedstock, that are fully
competitive alternatives to e.g. montan waxes. Licocare
RBW Vita types are based on chemically modified crude
rice bran wax. Crude rice bran wax is a by-product from the
rice bran oil production. The feedstock of these products
is non-food-competing as well as available in nearly
unlimited quantities. Licocare RBW products typically carry
also Clariant’s Vita designator that identifies solutions that
are based on a renewable feedstock and have a renewable
carbon index (RCI) higher than 98 %. In addition, the
majority of Licocare RBW solutions have been assigned
Clariant’s highly demanding EcoTain® label for sustainability
excellence products showing best-in-class performance.
The excellent environmental profile of Licocare RBW Vita
was also confirmed by the Gold level Material Health
Certificate which was recently awarded from the Cradle to
Cradle Products Innovation Institute.

Filter pressure value (bar/g pigment)

Release force (N)

28

27
20

22

22

27

23

641
516
303

Without
dispersing
agent

Licocare
RBW 102
Vita

Montan E Montan OP

Licocare
RBW 300
Vita

PETS

Amide Wax

Figure 1: Filter pressure values while processing a PLA
masterbatch comprising 30 % PV Fast Blue BG pigment in
Natureworks Ingeo 3001 D PLA and 3 % addition of a variety of
different waxes. Test carried out to DIN EN 13900-5; PZ 14um /
ISO 9044.
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Neat PLA

Licocare
RBW 102

325

427

750

518

Licocare Montan OP Montan E
RBW 300

PETS

Amide Wax

Figure 2: Measured demoulding force during injection moulding of
Ingeo 3001 D PLA resin containing 3 % of various waxes. Tested to
Clariant`s release force test method (internal method).

Additives/Masterbatches

aids for bioplastics
Licocare rice
bran wax
Rice grain

Rice bran

Crude rice bran oil

Crude rice bran wax
Chemical and physical
upvalue process

Hull
White rice
Rice Bran

Edible rice bran oil
Rice Germ

Figure 3: Crude rice bran wax is a by-product from the production
of rice bran oil. Clariant chemically and physically upgrades this
renewable raw material and thus contributes to using the rice
grain’s full value.

The non-food-competing crude
rice bran wax is a by-product of the
edible rice bran oil production

As a further acknowledgement the Licocare RBW Vita
range has been granted the OK compost INDUSTRIAL as
well as the OK biodegradable SOIL labels by TÜV Austria
Cert GmbH. The certification means that the additives will
not compromise the biodegradability of the plastic products
and packaging in which they are used.

provides in addition to lubrication also nucleating effect to
partly crystalline polymers. This is especially important in
injection moulding, as the earlier crystallisation typically
leads to lower cycle times with at the same time higher
mechanical strength of the compounds due to the higher
crystallinity.

Improved technical performance

New enhanced grades based on PLA

Clariant’s rice bran wax products show good organic
pigment dispersion results, improved mould release
properties, and high heat stability in PLA as well as
engineering polymers such as polyamides, polyesters
TPU, polycarbonates, and urethanes, Clariant claims. The
company says they are a premium choice for masterbatching
and compounding of functional polymers.

Clariant has recently announced the collaboration
with Floreon-Transforming Packaging Limited to further
extend the performance properties and market potential
of biopolymers, whilst preserving their environmental
benefits.

In-house trials show that renewable lubricants are
not necessarily compromising the high-performance
requirements in PLA. The graph in Fig. 2 clearly
demonstrates, that Licocare RBW 102 VITA and Licocare
RBW 300 VITA provide lower release force compared to
the neat polymer and also to best-in-class lubricants like
montan waxes which were also used in PLA processing.
This lower release force leads to smooth and proper surface
and therefore to a better look of the finished article. As a
conclusion Licocare RBW as renewable and bio -based
additives can also easily convince with better technical
performance compared to best-in-class alternatives.
In addition, the development of further Licocare RBW
grades is ongoing. With Licocare RBW 360 VITA there is also
a fully saponified Licocare RBW VITA type available which

Floreon develops and markets proprietary compounds
based on PLA and containing 70-90 % renewable, plantbased raw materials, thus containing carbon sequestered
from the atmosphere by plants. They are typically
mechanically tougher than traditional PLA and can deliver
significant energy savings in processing.
By integrating the benefits of Clariant’s additives with
Floreon’s proprietary material solutions, the collaboration
aims to open up additional possibilities for plastic
manufacturers and brand owners to consider biopolymers
as a viable, low carbon footprint alternative to fossil-based
plastics for both single-use and durable applications.
Markets set to benefit from the new enhanced grades
include rigid and flexible Packaging, Electrical & Electronic
equipment (E&E), Hygiene products, Consumer goods and
Automotive
www.clariant.com/licocare

| www.clariant.com
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Masterbatch News

A colorful world of bioplastics,
tested on sustainability
Because of the fast-growing environmental awareness and the desire for sustainability, the need for bioplastics is rapidly
growing. A range of materials, which are partly or 100 % based upon renewable raw materials and/or biodegradable materials
has in the meantime established its market position. Bioplastics should be as easy to colour or to modify as conventional
plastics. Colour masterbatches improve the optical appearance of the end product, without further reducing the partly critical
raw material properties.
Granula (Merenschwand, Switzerland and
to this growing market demand for more
compounding
experts
have
developed
masterbatches, additives and compounds for

Rudolstadt, Germany) has been quick to respond
sustainable solutions. The masterbatch and
technology to create new biobased color
injection molding and extrusion applications.

“Our
biobased
masterbatches
are
have found application in products such as
coffee capsules”, say Barry de Groot, Sales
our technology allows us to formulate these new
customer, including, for example, bio-PE.”

currently based for the most part on PLA and
PLA 3D printing filaments, and compostable
& Marketing Manager of Granula. “However,
products based on any bioplastic specified by the

highest requirements of the EN 13432 standard regarding
The biobased Granula® masterbatches meet the
biodegradability or compostability. Granula’s colour concept (consisting of more than 20 tested colour and special effect
pigments) enables end customers to get their products certified according to EN 13432 (DIN CERTCO or OK compost by TÜV
Austria Belgium) quickly.
Examples of final applications in which Granula biobased masterbatches are already used include coffee capsules and coffee
to go cups. MT
www.granula.eu

New generation of CaCo3 masterbatches
Carbomax®bio is a new generation of patented masterbatch produced in pellet form and made of calcium carbonate and a
blend of biodegradable polymers. It has been developed by CABAMIX, an innovative French company, to meet with the needs of
bioplastics manufacturers and fulfilling the requirements of the established composting standards.
The masterbatch is suitable for film extrusion, blown or cast film production, injection moulding and thermoforming.
It is ideal for the use in finished products, such as plastic bags for fruits, vegetables, bakery, meat etc. It can be used for
organic waste bags, agricultural film such as mulching film. Single-use products include cutlery, dishes, cups etc or food
packaging, e.g. thermoformed trays or packaging films.
The quality of Carbomax bio has been specially developed for use in bioplastics in order to achieve different targets: In the
manufacturing process the goals are to avoid hydrolysis, to stabilize the process, increase flow, reduce consumption of energy
or to unmould more rapidly in the injection moulding process. On the finished product Carbomax bio can be used as opacifier
or to colour white (also to reduce the amount of TiO2 needed). Depending on the base bioplastics better mechanical properties
of film can be achieved as well as improved elongation or better tear resistance. Carbomax bio is unique on the global market.
Carbomax bio can be mixed up to 50 % in the formulation with
various biodegradable materials/compounds available on the market
today. These include Estabio®, MaterBi®, Ecovio®, Bioplast®, Biograde®,
Bioflex®, differerent PLA, PBS, PBAT materials and many more.
The materbatch’s biodegradability is certified by TÜV Austria Belgium
(OK compost Industrial, OK compost Home and OK biodegradable Soil).
It is also REACH compliant and it is able to be compliant for food contact.
The calcium carbonate used is renewable according to ISO 14021 and
meets the composting criteria according to EN 13432 (2000), NF T51-800
(2015), ASTM D6400 (2012) & ISO 17088 (2012). MT
www.cabamix.net
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New “NATURALS” colour
masterbatches launched

PolyOne OnColor Naturals Range

A

t PCD, the Packaging of Perfume, Cosmetics and
Design show, last January in Paris, France, PolyOne
(headquartered in Avon Lake, Ohio, USA) launched
OnColor™ Naturals, the latest addition to its sustainable
solutions portfolio. Fully customizable, OnColor Naturals
includes a range of colorants made with natural pigments
derived from plants, flowers, roots and minerals.
The collection of eleven earthy and elegant bioderived
colours can be used with recycled and bioderived resins,
and can also be formulated for use with fully biodegradable
and compostable resins.
Mineral and botanical pigments can be mixed together
to adjust colour tones, with plant-based pigments enabling
vivid colour and mineral pigments helping achieve calm and
earthy tones.
As with conventional colorants, OnColor Naturals can be
customized and combined with special effects formulated
with ingredients such as almond shells, natural fibers and
wood particles to increase design possibilities and deliver
natural aesthetics.
OnColor Naturals are complementing PolyOne’s rage
of additives that include OnColor BIO color concentrates,
specially designed to perform well with bioplastics such
as PLA, PHA, PHBV, PBS, PBAT and special blends of
those materials. Most importantly, these colorants don’t
compromise the organic recyclability of the resins they
enhance.
The ingredients in OnColor BIO color concentrates
were carefully chosen to meet industry requirements and

legislation, while offering a full pallet of color choices.
Custom shades are available upon request.
Combining OnColor BIO with biobased polymers helps to
reduce the risk and cost of post-process testing. This then
enables converters to take full advantage of the emerging
market for home-compostable bags and packaging.
OnColor BIO concentrates have received OK compost
HOME certification from TÜV AUSTRIA, a leading
independent testing firm. Using these concentrates in
biodegradable packaging can help avoid the significant
costs and time required to test products for at-home
compostability.
But PolyOne not only offers color masterbatches. The
OnCap BIO additives help deliver sustainable products that
don’t compromise on performance or manufacturability.
These additives are specially designed to enhance bioplastics
in a number of ways, including antiblock performance, slip
performance, impact modification, antistatic performance,
UV protection or Blue tone.
These concentrates are available to improve the
performance of a wide range of biobased resins including,
but not limited to PLA, PBAT, PBS, Starch and PHA.
The additive concentrates are not only suitable for most
manufacturing processes, they also meet relevant industry
and composting standards, and can be combined with
OnColor BIO color concentrates to deliver performance and
color in a single masterbatch. MT
www.polyone.com
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Masterbatches
of novel additives
for bioplastics
Biopolymers – together with polymers from CO2 and recycled
materials – are one of the future pillars of a sustainable chemical
and plastics industry. Replacing fossil raw materials such as
crude oil, natural gas and coal with renewable carbon will
help traditionally fossil carbon-focused industries transition to
sustainability [1]. The factor sustainability for biopolymers alone
is not sufficient – it has to be accompanied by performance,
regulatory and economic attributes. Masterbatching using
appropriate plastic additives and smart processing is one
approach to achieve this.

The Global Bioplastic market
As the demand for more environment-friendly and
sustainable biopolymers is rising, the market for bioplastics is
continuously growing and diversifying. The global bioplastics
production capacity is set to increase from around 2.15 million
tonnes in 2020 to 2.4 million tonnes in 2024. The bioplastic
market is categorized into rigid packaging, flexible packaging,
textiles, automotive, agriculture and horticulture, coating and
adhesives, consumer goods, and others. Packaging remains
the largest field of application for bioplastics with more than
53 % of the total bioplastics market in 2019 [2].

Plastic additives basics
An important part of the final properties and aspect of
polymers depends on the additives combined with the polymers
during processing. To develop bioplastics, any additives must be
also more sustainable [2]. The most common additives include
fillers, pigments, plasticizers, stabilizers, flame retardants, food
contact and medical additives, nucleating agents and colour/
pigments. Additives are generally introduced via concentrated
mixtures of pigments and/or additives in carrier resins in
normal polymer pellet shape known as masterbatches.

Masterbatches enable additives to be used during plastics
manufacturing without the issues of handling small amounts
of pure ingredients, including dust, accurate dosing, and the
shelf life of active substances.

Additives for bioplastics
Biopolymers are rarely used on their own to make products.
Different additives are generally blended with the virgin bioresin
to obtain similar performance properties to conventional
plastics. Depending on the application, the end of life plays
a major role in the choice of additives for biodegradable
bioplastics. The additives can be separated in three categories:
 Traditional additives, with no adverse effects on health and
environment.
 Renewable additives derived from natural sources, which
are not necessarily biodegradable.
 Renewable and biodegradable additives. They can be
used for single-use, short-lived products, or compostable
polymers.

Renewable and biodegradable additives
Scion’s work over the past 15 years has focused on
investigating renewable and biodegradable additives that
can be added to bioplastics to manufacture products with
tailored functionalities. The advantages of using renewable
and biodegradable additives include aiding the processability
of polymers such as polyhydroxyalkanoates (PHAs), changing
mechanical properties of materials, modifying in-use
disintegration rates of final products, adding nutrients to soil/
compost upon biodegradation and reducing the amounts of
bioplastics used. In addition, side-streams from the agri-food
sector can be recycled into useful additives to improve targeted
properties of bioplastics prior to eventual composting of the
end products.

The challenges of renewable and biodegradable
additives
The heat and moisture sensitivity of many renewable
and biodegradable additives, such as natural fibres, make
their processability technically challenging. Biobased fillers
are much more sensitive than commonly used additives.
Processing conditions, such as extruder screw design, filler
dispersion, temperature profiles and vacuum/venting position,
play a major role in the final properties of the bioplastic.
Nevertheless, developing new additives is an opportunity to
create totally new value chains using biomass side-streams.

Masterbatch added to main resin prior to processing
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A further challenge is transitioning from laboratory and pilot
scale to industrial scale processing. When masterbatching is
necessary to meet the scale for industrial processes, finding
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a compounder to process novel biomaterials can be difficult.
Often, traditional compounders or masterbatching companies
are reluctant to experiment with new materials and unwilling
or unable to change extruder screw design and/or introduce/
move vacuum venting to lines that traditionally process pigment
or other additives and are optimised for mixing and dispersion
of these additives.
When a brand owner and a converter are inclined to process
material with novel additives but no compounder is willing
to optimise their extruders to process these materials;
masterbatching at pilot scale extrusion facilities becomes an
option. Pilot scale extrusion facilities often offer more flexibility
as they are used to optimise a wide array of processes.
Masterbatching, as opposed to compounding, is a means to
meet the scale needed for industrial processes.
Examples of biomass side-streams that present challenges
for traditional processors include:
 Blood and bone meal; a by-product from the meat
processing industry that is rich in nitrogen and phosphorus
and can add fertiliser during biodegradation BUT has a very
strong smell, especially at slightly elevated temperatures
 Grape marc/pomace from wine production; mainly
composed of skins and seeds that can aide moisture and
microbial ingress into materials as they biodegrade BUT is
extremely high in moisture content and needs either predrying or vacuum venting during processing
 Wood fibres (not wood particulates) can be used for
mechanical improvement of materials without raising
density; however, traditional extrusion processes reduce
fibre length due to harsh screw designs, and vacuum
venting is required to deal with residual moisture in fibres.

handling masterbatch addition rates of up to 5 % masterbatch.
However, some addition rates for current industrial processes
can be up to 40 %. It is important to check the capability of
the converter when discussing utilisation of masterbatches at
higher addition rates.

Biomass-filled bioplastics enabled through
masterbatching
Along with other organisations worldwide, Scion has focused
on specialised extrusion equipment and capability to deliver
innovative, renewable materials from laboratory to pilot scale.
In the area of new biobased and biodegradable additives
originating from biomass side-streams, many sources remain
insufficiently exploited.
The demand of bioadditives is increasing worldwide. In the
context of a circular bioeconomy, using life-cycle methodology
to assess the environmental impacts associated with
bioplastics made using renewable and biodegradable additives
is a green marketing tool. The cradle to cradle cycle mimics
the natural system where organism waste becomes valuable
nutrients. It is a complex but very powerful business strategy to
promote the development of biomass-filled bioplastics. Using
biomass feedstock as a new source of additives is a challenging
but also terrific way to develop a circular bioeconomy around
bioplastics, and masterbatching is a means to enable the
utilisation of a wide array of additives.
References:
[1] https://www.european-bioplastics.org/nova-institute-explores-ways-toachieve-a-renewable-carbon-chemical-industry-in-the-european-union/.
[2] https://www.european-bioplastics.org/market/.

www.scionresearch.com

At Scion, experts have successfully produced masterbatches
using the above and other problematic biomasses, enabling
further plastics processing in injection moulding and sheet
extrusion.

Masterbatching to overcome challenges
Flexible pilot scale twin screw extruders equipped with
vacuum ports and vacuum crammers and the ability to modify
and optimise screw designs based on extrusion modelling
enable the production of masterbatches with at least 60 wt%
biomass. This enables direct addition of biomass fillers during
plastics processing/converting.

Extruded sheet with 10 % biomass filler
Masterbatches may need to be added at addition rates
higher than normal colour/additive masterbatches, depending
on desired filler concentrations. Converters are accustomed to

Extruded sheet with 10 % biomass filler
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PBS masterbatches
Functional, compostable, sustainable - helping to reinvent bioplastics

W

ith a look at the new Circular Economy Action Plan
as one of the main pillars of the European Green
Deal flexible package design is at the top of the list
for urgent improvements. And compostable bioplastics may
provide the answer because they help divert organic waste
from landfills besides keeping the high valuable materials
in the loop. The use of sustainably sourced, biobased virgin
material may play a crucial and decisive role in this effort,
especially when talking about the packaging required for
food contact approval.
With the 2023 deadline for bio-waste collection already
in mind, Sukano, (Schindellegi, Switzerland) is already
working closely with stakeholders across the chain to
find ways to avoid plastic contamination of soil. At Sukano
#wearepartofthesolution and proud to have embarked
on the journey toward sustainable bioplastics from the
beginning. After initially offering functional and coloured
PLA based masterbatches, the company recently increased
its portfolio to also include bio-PBS masterbatches. The
PBS-based masterbatches strengthen the revolutionary
bio-PBS resin and its blends, thanks to their two-fold bio
properties. This makes their end applications suitable
for food packaging and provides home and industrial
compostability end of life options to consumers – all while
retaining (and even upgrading) a brand’s environmental
credentials.
The best way to ensure the sustainability of food
packaging is to allow it to be composted together with
separately collected biowaste. Compost from separately
collected bio-waste is an extremely valuable soil improver
and nutrient supplier, and it plays an important role in a
circular economy by closing the organic cycle. Allowing
the packaging to be composted with the biowaste removes
several time and resource-consuming steps in the process.
PBS is seen as a highly desired biodegradable alternative
to other conventional plastics because it is naturally
compostable into water, carbon dioxide and biomass at 30 °C,
either in a composting facility or at home.

Core end market applications
Replacing PE coatings in paper cups is one of the main
targets of PBS resins or blends. The thin oil-based coating
negatively impacts the biodegradation process of the paper,
making it almost impossible to biodegrade, especially when
both sides of the cup are coated. Sukano’s masterbatches
have been designed to make applications for food contact
at up to 100 °C a reality. This high service temperature
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performance means it is suitable for hot beverages, boxes
and utensils for freshly cooked food and food containers.
Since typical flexible packaging is based on dry lamination
of many layers, where each layer has a predefined role
of its own, SUKANO PBS® masterbatches can be used in
combination with neat bio-PBS to create a blend of resins
that have a superior compostable sealing performance
compared to other bioplastics, provide a higher gas barrier
than low density PE, and retain the aroma of the packaged
product longer.
SUKANO PBS® based masterbatches are also specially
formulated not to interfere with transparency, allowing the
content of dry, baked and frozen foods, fruits and vegetables
to retain their natural and appealing look on the shelves and
attract consumers.
Other applications where the use of highly compatible
masterbatches enable bio-PBS and its blends to outperform
conventional plastics is in the injection molding process
such as coffee capsules.
Sukano’s PBS based masterbatches are designed to
enable manufacturers to produce creative and functional
products for the flexible packaging market that protect
food from wastage, are compostable, transparent and
use less plastic – and are able to be processed on existing
industrial manufacturing lines. Sukano’s goals is to
create masterbatches that help their customers produce
packaging that preserves natural resources while neither
hindering design nor compromising the quality of the
www.sukano.com
packaging or its contents.MT

Organic recycling can play a fundamental role, especially
for plastic packaging that cannot be mechanically
recycled. This is because compostable plastics are able
to drive higher volumes of separately collected organic
waste, while also helping to reduce conventional plastic
contamination in compost, and consequently in soil and
waterways. Compostable packaging is equivalent to
cellulose in terms of biodegradation behavior, (as outlined
in the compostability norm EN13432) , and compostable
plastics behave like cellulose in the composting process.
Sukano supports the EU commission position that
‘business as usual’ is no longer an option.
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Enhancing biopolymer
performance
Polycaprolactone technology offers tailored degradation

T

he demand for fully biobased, biodegradable materials
– in contrast to the traditional use of petroleum-based
feedstocks - represents a major challenge for the plastics industry. Renewable materials like polylactic acid (PLA)
and starch often cannot meet exacting performance or biodegradation criteria expected by customers. Polycaprolactone
(PCL) thermoplastic technology, which has been used commercially for over 40 years, has become increasingly valuable
due to the ability of these polyesters to offer tailored degradation at the end of the final product’s useful life. Using PCL allows for the production of durable, flexible materials that can
biodegrade rapidly under aerobic and anaerobic conditions
and has a minimal impact on formulation cost and renewable
material content. This means formulators can benefit from
performance characteristics previously achievable only with
the use of petroleum-based feedstocks.

common across the range of molecular weight. The low glasstransition temperature (Tg -60 °C) means that PCL remains
flexible even at low temperatures.

Enhancing biopolymer performance
Existing biopolymer materials can be made more environmentally friendly by combining different polymer types in order
to customize desired mechanical and biodegradation properties. This approach eliminates the long waiting process to
qualify a new polymer technology. And the tailored materials
still meet challenging performance specifications while also
being competitively priced when compared to conventional
plastics.
Many biopolymers are brittle and have lower mechanical strength when compared to PCL (Table 1). When blended
with such materials, PCL behaves as a polymeric plasticizer,
improving flexibility and giving the resulting material higher
impact toughness. The low melting point, relative to competitive materials such as polybutylene adipate-co-terephthalate
(PBAT), facilitates the dispersion of PCL in the blend but also
enables lower processing temperatures. This is critical for
many biopolymers that tend to be thermally sensitive and start
to degrade at temperatures close to the melting point. PCL
also acts as a lubricant, which is beneficial for biopolymers
that are sensitive to the effects of shear during processing.

PCL structure and properties
PCL is an aliphatic polyester consisting of five methylene
units separated by an ester group, a structure that imparts little steric hindrance and renders it semi-crystalline in nature.
Such polymers are typically manufactured via ring-opening
polymerization of ε-caprolactone. Because the manufacture
of PCL uses only small amounts of catalyst and yields products with remarkably low acid values, formulators can create
high-performance end-use products that better resist degradation during their functional lifetime.

PLA

In bioplastic applications, PCL is most effective when used
as the minority component (10-30 %) in compounded products, improving the properties of renewable components [1].
PCL itself has a low melting range (50-60 °C), making it easy
to use and shape while having a minimal impact on the melting point of compounded products. PCL-based products like
Ingevity’s Capa® offering are available in pellet form that can
be fed directly into extrusion equipment without predrying.

PLA is a rigid, brittle and transparent material based on
monomers that are manufactured from the fermentation of
carbohydrates, such as corn or sugar cane, and is a commonly
used biopolymer. PLA is typically used in bottles and packaging due to its transparency and suitability for food-contact applications. However, the brittleness and low impact strength of
PLA tend to limit its more widespread use. The combination of
PLA and PCL can impart improved mechanical properties to
materials (Fig. 1), creates materials that are home compostable, and has minimal impact on the overall renewable content
and formulation cost [2].

The mechanical properties of PCL are dependent upon
molecular weight, but high elongation and low modulus are

Table 1 – Comparison of mechanical properties of biopolymers. (tests performed on 250 µm films).
Property

Method

Capa 6500

Capa 6800

PBAT

Molecular Weight (g/mol)

GPC

50000

80000

> 100,000

-

-

Density (kg/m3)

ISO 1183

1.15

1.15

1.26

1.24

0.9

28

7.3

3.7

3.7

1.0

Melt Flow Index @ 190 °C, 2.16 kg (g/10 min)

LDPE

Melting Point (°C)

DSC

60-62

60-62

110-115

152

111

E Modulus*, Mpa

ISO 527-3

315

260

80

>1800

240

Tensile Strength* (MPa)

ISO 527-3

55

65

48

61

> 26

Ultimate Elongation* (%)

ISO 527-3

>1300

>1600

>1500

7

>300

*: Mechanical tests performed on 250 µm films

24

PLA
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well as improving mechanical performance and maintaining
its impressive biodegradability profile [6,7].

Fig. 1 – The mechanical properties of blends of PLA (Ingeo
2003D, NatureWorks) and Capa thermoplastic.
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The potential negative impacts associated with traditional
plastics on the environment continue to underscore the importance of more innovative, biodegradable options. PCL is
readily biodegradable in aerobic and anaerobic conditions,
which is a key requirement in many bioplastic applications,
and biodegrades rapidly under composting conditions in comparison to many other polymers. Combining PCL with other
biopolymers allows the biodegradation rate of materials to be
tailored precisely for the intended application [8].

Aerobic biodegradation
2000

100

Thermoplastic starch
Starch is a low-cost, renewable raw material, readily available as a byproduct of the food industry. However, starch presents several challenges when being considered for use as a
functional polymer: It is brittle, sensitive to moisture, difficult
to process, and has poor barrier properties. Many of the shortcomings of starch-based polymers can be improved by adding PCL, which has shown to improve hydrophobicity, increase
flexibility, and reduce the thermal sensitivity of starches during processing [3,4,5]. PCL also enhances barrier properties,
which allows starch-based polymers to be used in packaging
and paper coatings because of their ability to retard the penetration of water and other chemicals [1].

Polyhydroxyalkanoates (PHAs)
PHAs like polyhydroxybutyrate (PHB) have emerged as
promising biopolymers due to their high rate of biodegradation. Such materials can be produced by bacterial fermentation of biobased feedstocks, including industrial waste. PHB
is a linear aliphatic polyester capable of biodegrading rapidly
in composting conditions but is also thermally sensitive, brittle and rigid - which limits its usage. PCL acts as a polymeric
plasticizer in blends with PHB, enhancing its processability, as
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The rapid biodegradation of PCL is possible due to its semicrystalline nature and the low melting point of the crystalline
regions. Under home and industrial composting conditions
(Fig. 2 and 3), the polymer backbone is sufficient enough in the
amorphous phase that it can be digested by microorganisms
through process of enzymatic cleavage. In competing systems, such as polybutylene adipate-co-terephthalate (PBAT),
the rate of degradation is thought to be retarded by the presence of more crystalline aromatic regions. Due to the crystalline nature and higher melting point of PLA, biodegradation
is very slow (with chemical hydrolysis initially dominant over
enzymatic degradation) [9].
Ingevity’s PCL-based products are certified as OK Compost
Industrial” and OK Compost Home by TÜV Austria.

Anaerobic biodegradation
Recently, the industry has become increasingly interested in
anaerobic digestion because it provides the added benefit of
biogas production. PCL has been shown to be biodegradable
under anaerobic conditions, achieving complete biodegradation within 90 days (Fig. 4).

Stability
PCL is unique among biopolymers due to its ability to degrade under aerobic and anaerobic conditions, yet also to remain stable during its functional lifetime. PCL has been shown
to outperform both PLA and PBAT in hydrolytic stability tests
(Table 2).

The growing use of PCL
PCL-based compounds are becoming increasingly valued in
paper coatings because of their ability to enhance the flexibility
of rigid biopolymers and act as an effective barrier for moisture and grease. Particularly for extruded coatings, PCL can
increase the melt flow of materials like PLA, requiring the use
of less material to fully coat the substrate.
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In commercial bag and film applications, PCL is generally
used to enhance tear resistance and elongation properties [1].
Additionally, PCL has the potential to be used in agricultural
film applications to tune the degradation rate.
The U.S. Food and Drug Administration’s Environmental
Decision Memo and EA Revision Sheet for Food Contact Notification (FCN) 1761 allows the use of articles made from PLA
or starch that have been modified with PCL for food contact
applications, provided the composition of these articles falls
within the memo’s guidelines. Specifications like FCN 1761
demonstrate the increasing value of PCL in a variety of bioplastics applications.

100

Fig. 2 – Biodegradation of Capa 6800 under home composting
conditions (ISO 14855, 28 °C). Data generated by OWS. PBAT and
PLA are not believed to biodegrade at a significant rate under
such conditions.
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Rigid packaging and plasticware are also enhanced with the
use of PCL. The flexibility and crack resistance of biopolymer
formulations can be improved by incorporating PCL even in
very low amounts (1-5 %). End-use products can also be used
at low temperatures due to the low glass-transition imparted
by PCL.
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Table 2 - The hydrolytic stability of Capa 6500 and 6800 and other biopolymers,
evaluated according to the OECD guideline 111, “Hydrolysiws as a function of pH.”
Product

Degradation after 7 weeks at 50 °C
pH 2

26

pH 4

pH 7

pH 9

Capa 6500

10% degradation

No degradation

No degradation

No degradation

Capa 6800

10% degradation

No degradation

No degradation

No degradation

PLA

> 90% degradation

75% degradation

75% degradation

75% degradation

PBAT

50% degradation

45% degradation

45% degradation

45% degradation

bioplastics MAGAZINE [03/20] Vol. 15

40

Fig. 4 – Anaerobic biodegradation data for PCL performed at
Fraunhofer UMSICHT.
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PCL technology continues to be used in novel bioplastic applications that meet demanding biodegradability and performance characteristics that were once only achievable using
petroleum-based feedstocks. PCL’s ability to formulate well
with other compounds means customers can meet strict performance requirements and achieve tailored end-of-life product degradation with minimal impact on formulation cost or
renewable material content.
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Pest repellent masterbatches
now EU BPR approved

I

t may not occur to you immediately, but many biobased
plastics are vulnerable to pest attacks and can result in
huge damage and losses to the application (cf. bM 04/2016).

CTech Corporation, a pioneer company based in
Mumbai, India, manufactures non-toxic aversive repellent
masterbatches for a wide range of biobased plastic
applications.

The niche products manufactured by CTech include
RodrepelTM, an Anti-rodent and animal aversive repellent.
TermirepelTM is an anti-termite and insect aversive repellent
which has a broad spectrum in its action. It is effective
against more than 500 species of invasive pests like
bedbugs, termites, ants, cockroaches, beetles, etc. And
finally CombirepelTM combines the mechanisms of Rodrepel
and Termirepel. This type is an extremely low toxic, animal,
insect, and bird aversive repellent.
The products are based on plant-based chemistry. The
expansion of ancient knowledge from Vedas and modern
science of sustained release and encapsulation has resulted
in the formulation of these unique, extremely low toxic and
environment-friendly repellent products.
The repellents are available in masterbatch form based
on biodegradable plastics like PLA and are also offered as
liquid masterbatch solutions for other compostable plastics.
“Why kill when we can repel?” has been CTech’s ideology
behind the innovation of these products. The mechanism
works in a way so as to act as a deterrent disallowing the
rodents or insects to damage the treated application and
thus safeguarding the same; in the process also allowing for
the safety of human health, target and non-target species
and the environment.
All C Tech products are globally trademarked. Extensive
testing has been carried out for the products in real-life
environments in different parts of the world and excellent
results have been achieved. The biocidal repellent
masterbatches are thermally stable at polymeric processing
temperatures and do not leach out of the surface and are
effective in low dosages. They can be used with various

bioplastic applications to prevent pest attacks and increase
their longevity.
The masterbatches can be incorporated while
manufacturing wires and cables, automotive wirings,
bale wrap silage, packaging films, agricultural nets, soil
retention sheeting, etc. Many soy based applications, for
instance, have been attracting pests and the use of such
repellent masterbatches can prove beneficial.
CTech is committed to developing innovative, profitable,
and environmentally safe products for the past 25 years.
Recently, CTech received the European Union’s Biocidal
Product Regulation (EU BPR 528/2012) approval for their
biocidal product families and as such is the only company to
have received such approval in the field of repellence.
This regulation aims to improve the functioning of the
biocidal products market in the EU, and the biocides are
risk assessed for toxicity to humans and the environment
before they are permitted to be placed on the market. The
European Union adopted Guidelines in 2015 establishing that
masterbatch with biocidal function needed to be authorized
for use in the European Union. As such, masterbatch
products containing aversive or repellent substances are
considered as a biocidal product.
Mother earth is constantly suffering from human
originated problems like toxic products, industrial wastes,
etc. Having realized this right at the outset, CTech has
consistently evolved sustainable green practices in the
development of these products. The active substances of the
masterbatch products meet the regulatory guidelines and
are sufficiently effective.
Apart from the EU BPR, the repellent masterbatches are
approved by various regulations across different countries.
CTech Corporation can provide products to the exclusive
needs of the end-user and its use with bioplastic based
applications can prove as an efficient solution to the
environment. MT
www.ctechcorporation.com
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Natural resin meets bio-polyester
Impact resistant biobased polyesters modified with native resin systems

C

From tree to additive

hemically novel biobased polyesters, which include
polylactic acids and polyhydroxyalkanoates, account
for a not inconsiderable 15 % or so of the total
quantity of bioplastics produced annually [1]. Of this group
of biopolyesters, the most prominent is PLA, with a share of
some 14 %. PLA is primarily used as a packaging material,
for disposable solutions or mechanical components
that are not exposed to much mechanical stress. Due to
its brittleness, unmodified PLA is unsuitable for use in
numerous applications. Often petrochemical additives can
help here. However, while these are biodegradable, they
must be added to the polymer at high loadings. As a result,
the compound or blend has only a small proportion of
renewable raw materials.

As simple as the idea of modifying biobased polyesters
using the resin systems may seem, the practical realisation
is quite challenging. In addition to the large number of
possible raw materials, the reaction control during synthesis
is decisive for the macroscopic properties (e.g. rheology
or polarity) and the chemical properties (e.g. molecular
weight or functionality). In addition, the esterification of the
resin acid carboxyl groups with suitable alcohols to resin
esters determines the viscosity of the resin systems. The
range extends from solid to low-viscosity additives, which
plays a key role in process engineering for the subsequent
combination with the thermoplastic bio-polyesters.

Special resin as special solution

Rosin meets biobased thermoplastic

In the context of several research projects supported
by the German Federal Ministry for Economic Affairs and
Energy (BMWI, AiF) and the German Federal Ministry
of Food and Agriculture (BMEL, FNR), Robert Kraemer
GmbH & Co. KG, together with the Chemnitz University
of Technology, has developed innovative additives based
on native resins that enable a significant improvement in
the impact strength of biobased polyesters, in particular
PLA. The resin systems consist mainly of renewable raw
materials. The most important component is a rosin (Fig. 1).
These raw materials, originally used in the paint, adhesive
and printing ink industries, are boiled together with other
biobased basic chemicals such as fatty acids, oils, or other
resin acids. The result is a completely new special resin
system for the modification of biobased polyesters.

The biobased polyesters and resin systems were
combined in a compounding process on a Noris Plastics
ZSC 25/40D twin-screw extruder in the Technology Centre
of the Chair of Lightweight Structures and Polymer
Technology at the Chemnitz University of Technology.
Solid resin systems were added to the biobased polyester
by gravimetric dosing using a side-feeder. A heatable
gravimetric metering pump was used for the addition of
liquid resin systems (Fig. 2). The dosing unit, which works
on the principle of a gear pump, was connected to the
first atmospheric degassing of the compounder. Not only
could the feed and dosing rate be precisely adjusted, the
heated tank and hose of the pump allowed the viscosity of
the resin system to be varied during metering. In this case,
improving the flowability was of secondary importance to an
effective delivery. The temperature, and hence the viscosity
of the liquid resin system in contact with the polymer melt
mainly determines the homogeneity of the compound.
Together with the adjustable process parameters during
compounding (speed, temperature, etc.) and the screw
geometry, this affects the resulting mechanical properties
of the compound. The abundance of influencing factors in
compounding, the broad selection of raw materials in the
production of the resin systems as well as the choice of
biobased polyesters and the ratio of quantities led to an
enormous variety of compounds.

Figure 1: Rosin as the basic raw material:

liquid
resin

solid
resin

biobased
polyester

Figure 2: Addition points during compounding
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Figure 3: Change in
mechanical properties
by varying the dosing
temperature
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For each resin system, there were a number of settings
regarding the process parameters. Here, the specific
properties of the resin must be taken into account. With
regard to the dosing, for example, this meant that resin
systems that were viscoplastic at room temperature were
added at a higher temperature than those with a low viscosity
at RT. In order to find the optimum dosing temperature, the
viscosity curves of the resin systems were determined. Much
the same holds for other relevant process parameters. The
screw rotation speed, which influences the shearing in the
compounding process and consequently the viscosity of the
melt, is an example of this. This is also directly related to
the residence time of the material in the extruder, which
has an effect on the homogeneity of the compounds.

160 —
Change in mechanical properties (%)

Next to improving the properties of the various
commercially available biobased polyesters, another
important goal was to ensure that the resin systems
developed were compatible with these polyesters. Finally,
a marketable solution was to be developed that would
enable product realisation. To achieve this goal, different
PLA grades (Ingeo 3251D for injection moulding and Ingeo
2003D for extrusion) from NatureWorks are used. The
polyhydroxyalkanoates tests were conducted using a PHA
type from Metabolix (Mirel F1006) – unfortunately, no longer
commercially available.
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Natural resin systems and compound
properties
The research resulted in the development of new biobased
resin systems, such as Bremar RK 7103, which, with a low
loading in the compound, leads to a specific enhancement of
the impact strength. In the PLAs studied, the Charpy impact
strength (unnotched) was increased by up to 150 % to 40 kJ/m²
compared to the original material. Other mechanical
properties under consideration, such as tensile modulus or
tensile strength, were only marginally reduced, by 4 % and 16 %
respectively. These values were achieved by adding 5 wt. %
of the biobased additive, at a dosing temperature of 80 °C
and a screw speed of 400 rpm. At higher loadings, migration
effects occurred during injection moulding, meaning that
the additive was no longer completely bound in the polymer.
No further reduction in brittleness was seen. Lower
proportions led to correspondingly lower improvements in
Charpy impact strength. At less than 2 wt. %, no changes
in the mechanical properties were observed. Varying the
metering temperature and/or the screw speed during
compounding, also reduced the effect on the characteristic
values investigated (Fig. 3). To gain a better understanding
of the mixing and hence of the obtained results, the
compounds were examined under a scanning electron
microscope. The resin systems were clearly visible as
finely distributed droplets in the solidified PLA (Fig. 4). As
expected, there was no chemical bond between the polymer
and the additive.

Figure 4: SEM image of the compounds (left - 2 wt. % resin
system; right - 5 wt. % resin system)

In the PHA type studied, a 5 wt. % resin system produced
a lower percentage improvement in Charpy impact
strength of up to 75 % compared to the starting material.
In absolute terms, the value was 45 kJ/m². The reduction
in other mechanical properties was more significant than
for PLA, with -29 % in the tensile modulus and -19 % in the
tensile strength. The PHA series showed minor changes in
mechanical properties compared to PLA.

From research to the product: Resin systems as
additives
The theoretical effectiveness of the biobased resin
systems has been proven on the basis of the studies
conducted. To convert the developed resin systems into a
marketable product, further practical questions needed to
be solved. Only a few plastics manufacturers are able to
produce their own compounds, especially with the aid of
gravimetric dosing pumps. The use of liquid additives, with
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the exception of liquid paints, is also not state of the art
in injection moulding. However, the use of masterbatch is
conceivable, for example, based on the PLA grades studied.
In order to test this possibility in practice, higher-filled
compounds with a resin system content of 10 wt. % were
produced in the compounding process, which corresponds
to the technical limits of the equipment currently in use.
This masterbatch was then blended directly during injection
moulding with native PLA Ingeo 3251D during dosing in the
feed hopper. Testing of the samples produced showed that
the mechanical properties achieved were slightly poorer
than those of the pure compounds. Still, this method
represents an alternative for simpler application, which
requires targeted research.
Another important aspect for the practical application
of the resin systems or compounds is their suitability for
the production of plastic parts. The injection moulded test
specimens used to determine the mechanical properties
cannot be compared with the complex geometries of
many moulded parts. In order to create practice-relevant
conditions, PLA modified with the resin systems was
processed at a manufacturer of injection moulding
machines based in Germany. A drone body was selected
as the moulded part. The compounds were processed
compactly and by using the MuCell process (physical
foaming). As shown in Fig. 5, both variants can be used to
produce moulded parts in the required quality.

Summary and future prospects
The project yielded a range of rosin-based additives
for commercially available biobased polyesters, which,
when added in small proportions, resulted in a significant
improvement in Charpy impact strength. Due to the natural
basis of the chemical raw materials, the content of renewable
raw materials in the compounds and products remained
almost unchanged. Additives such as Bremar RK 7103 are
already available as a liquid system for the production of
compounds from the company Robert Kraemer GmbH, both
as samples and in larger quantities. For direct application
in the injection moulding process, there is also the option of
producing masterbatch.
In order to make it easier for the final user to handle
the products, trials are currently being conducted to fill
biobased carrier polymers (e.g. PLA) with a high proportion
of additives. Another promising idea that is currently being
investigated in a research project is the use of resin systems
for the functionalisation of bioplastics. It is conceivable that
barrier properties could be generated by resin systems
that, for example, enable specially treated polylactic acids
for the packaging industry and make additional surface
modifications or multi-layer composites superfluous.
References:
[1] www.european-bioplastics.org
www.strukturleichtbau.net

Figure 5: Drone body made of PLA with resin system (left - compact; right - physically foamed)
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Green antimicrobial additive
Guarding plastics sustainably

T

he concern towards ensuring healthy - microbe-free
environments have led in ever increasing awareness towards
hygiene. The special times, which we are witnessing,
have made this an essential requirement. Plastics have been
the material-of-choice due to the potential to offer multiple
functionalities and thus, reflected in impressive volumes. A risk
of cross-contamination during handling plastics has been
substantiated by numerous scientific reports indicating
that microbes can thrive and multiply on plastic surfaces.
Secondly, proliferating microbes also can deteriorate
the aesthetic of plastic material via
severe dust pick-up and imparting
foul odor to the plastic articles.
An antimicrobial additive can offer
dual benefits of protecting us and
preserving the properties of plastic
products.
The major types of antimicrobial
additives find basis in metal
ions, metal nanoparticles, metal
oxides and popularly used organic
compounds such as triclosan. Traditional antimicrobial additives
such as metal ions/nanoparticles based, metal oxides and
popularly used organic compounds (triclosan), exhibit effective
antimicrobial activity and suitability to plastic processing.
Nevertheless, multiple studies have pointed out concerns
associated with the use of conventional antimicrobial additives.
These are specially pertaining to the possible undesired effects
to human and/or other living organisms such as aquatic
life. Further, the concern of developing antimicrobial
resistant bacteria has been identified by global
health organizations.
A benign antimicrobial additive possessing
excellent antibacterial activity, adequate
stability for polymer processing and
absence of potentially toxic components
can be a promising solution. Fine Organics,
headquartered in Mumbai, India, has recognized
the concern and developed a green antimicrobial
additive for plastics – FinaGuard AM. FinaGuard
AM is a 100 % biobased, metal-free additive, which
migrates on polymer surface and offers effective
antibacterial activity in polyolefins as well as PVC. FinaGuard
AM is an internal additive, therefore, it is recommended to be used
by preparing a masterbatch or while additivating the polymer.
FinaGuard AM offers multiple impressive benefits –
 1. Metal, metal-oxide and nanoparticles free
 2. Green and safe
 3. Suitable for polymer processing
 4. Effective antibacterial activity
The spectrum of potential applications can be evidently wide
for FinaGuard AM such as – medical apparatus (non-woven
PP products, e.g. face masks and PPEs), domestic products,
kitchen ware, bath-mats, shower curtains, moulded furniture,
wallpapers and more.
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FinaGuard AM has been tested in plastics by well-accepted
standard - JIS Z 2801:2010, to evaluate the antibacterial
performance in polyolefin films and injection moulded
specimens. JIS Z 2801:2010 is described as the test for
antibacterial activity and efficacy in plastics. This test method
quantifies the antibacterial activity (R) as the “difference in
logarithmic value of the viable bacteria between control
(without additive) and the product containing antibacterial
additive”. The criterion to pass the test is antibacterial
activity, R>=2.0. FinaGuard AM exhibits R values
higher than 2.0 in the case of gram positive
as well as gram negative bacteria. It is
important to understand that the cell of gram
negative bacteria possesses an additional
external protective membrane, which can
offer superior protection to the cell.
Notwithstanding, the difference in
the structure of the major pathogenic
gram positive and gram negative
bacteria cell structures, FinaGuard
AM is found to render effective antibacterial
activity.
PVC applications, especially in the presence of plasticizers,
are seemingly vulnerable to bacterial and fungal attack
in warm temperatures and high humidity conditions. The
testing for determination of resistance to fungal growth was
conducted by following ref. ASTM G 21 standard, which is
described as – “determining resistance of synthetic polymeric
materials to fungi”. Interestingly, FinaGuard AM has displayed
effective antibacterial performance as well as
resistance to fungal growth in plasticized PVC
applications. We understand that the versatile
performance of FinaGuard AM may be
by virtue of its special functionalities to
interfere in various biological processes
of the microbe cell and thereby, remarkably
impede the cell multiplication.
Thus, FinaGuard AM can help to assure
safer plastic products without likely hazards
corresponding to the chemical nature of the
antimicrobial additives to the consumers or to the
environment. In addition to this, FinaGuard AM has
a potential to render value addition to the masterbatch
manufactures or plastics compounders with cost benefits
compared to products containing expensive components.
Although, FinaGuard AM has currently been tested in the
conventional polymers; it can also add value to bioplastics
by imparting the antimicrobial properties. Further, being
derived from natural vegetable oils, and – in addition – being
a completely biodegradable additive, FinaGuard AM is suitable
for the biodegradable polymers and may render safety to
bioplastic surfaces, which is the way forward for product
development and innovation team. Fine Organics specializes
in Oleochemicals, which offer wide range of products suitable
for multiple applications and further, offers benefits through
excellent quality and performance. – MT
www.fineorganics.com
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Bio Mineral Composites
The new BioMineralComposites created by Albrecht
Dinkelaker, Polymer- and Product Developement in Zell
im Wiesental, Germany are made with compostable and
waterproof polymer/wax blends marketed by the company
under the brand name CAPROWAX P™. The new compounds
contain the soil-related natural bio-mineral Calcite (CaCO3),
which is incorporated into the blends at different levels as
needed.
The Caprowax P 6006-C65-BM42xxx product line is
suitable for a range of processes and applications. On
degradation, these materials will enrich low-lime soil or
composting environments. The bio-mineral component
promotes their biogenic degradation in soil and water
bodies.

Caprowax P BioMineralComposites can be coloured with
appropriate CAPROWAX P- Masterbatches.
Caprowax P 6006-C65-BM4225, featuring higher biomineral calcite content levels, has been developed for
special applications. This grade can be compounded with
CAPROWAX P – Masterbatches to produce such products
as, for example, ornamental garden gravels, coloured
imitation stone or melting granules for handicraft art.
Albrecht Dinkelaker offers free samples in small
quantities. Order quantities of 100 – 500 kg are batchwise
available. MT
www.caprowax-p.eu

Processing:
 Injection moulding without predrying at 130°C, die
130°C, mould 15°C - wall thickness 0.5–3 mm
 Blow moulding without predrying at 130°C, parison die
70 -100°C, mould 15°C - wall thickness 1–2 mm
 Vacuumforming with sheets and foils
- Extrusion without predrying 160-130°C, melting
calender <100°C
- or slot die <130°C, cool-discharge roller 15°C
- Preheating sheets/foils 75-90°C, mould 15°C
- wall thickness 1–2 mm

Injection moulded part

Melting granules for handicraft art

Applications:
 Composites, support material, substrate, frisbee disk,
cans, sheets and foils, trays, plant plug signs, labels,
garden decor, soap dish, edge protection, wicker
ribbons, bark beetle traps, tree protection, stone
imitations, grave jewelry etc.
The organic part of CAPROWAX P - BioMineralComposites
is a mixture of a compostable polyester and modified,
GMO-free plant oils, tested and approved by MFPA
(Materialforschungs- und -prüfanstalt, University Weimar,
Germany) and complying with the criteria of DIN EN 13432.

Samples for coloured stone imitation compounds
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Best quality is key
Quality control and assurance for biopolymers

B

ioplastics have become indispensable nowadays, and
the areas of application are constantly broadened.
The level of the requirements has risen in equal
measure. The industry of bioplastics demands for high quality
biopolymers. Therefore appropriate analysing equipment for
physical, chemical and rheological analysing are necessary
to guarantee best properties for the fields of polymerisation,
processing and application.
Hence it is essential that the extrusion process is checked
for function and documented, as the biopolymer film should
be clear of contamination and gels. It is important to detect
inhomogeneties as soon as possible so that the cause can be
eliminated at an early stage of the process.
The quality of granules, e.g. the size and shape, has an
influence on the pneumatic conveyance and of course also on
the material flow in the feeding process and extruder during
high performance extrusion. For the further processing the
frequency and size of gels and black specks in the film must
be determined. These affect the optical appearance of the film
and reduce the mechanical stability and ability for treatment,
e.g. printing, laminating, etc. The surface quality is also an
important quality control criterion when producing glossy
and transparent films. Most bioplastics material contains
additives for processing and preservation, the ingredients of
which has to be analysed during quality inspection.
OCS Optical Control Systems (Witten, Germany) offer online and off-line equipment that are very well known in the
polymer & petrochemical industries worldwide. Therefore,
many raw material manufacturers and extrusion & film
processing companies trust in its ability to optimise the
production process, its reliability and efficiency as well as
the economical part impact. As one of the world’s leading
manufacturer of optical testing systems for quality control,
OCS supplies customised and complete solutions in the
field of digital image processing, even the smallest defects
in bioplastic products are detected, located and analysed in
detail. The application for OCS systems range from laboratory
use to complete integration into the production process.

The solutions for the measurement of biopolymer
properties in R&D environments
The independence of the laboratory equipment in particular
plays a decisive role in the development of biopolymers in R&D
environments. These OCS solutions ensure absolute quality
control and assurance. They control and influence the quality
characteristics of biopolymers such as additives, matrixes,
master batch compounds, or size and shape. Starting with
OCS pellet scanner up to film analysis systems OCS will offer
customised solutions for your research and development
requirements.

Benefits of production integrated on-line quality
control and assurance

Direct results, fast reaction and direct handling during
the production process of biopplastics becomes more and
more important. Therefore, not only the physical properties
of bioplastics are essential, but furthermore the extrusion
process has to be checked as well as the rheological behaviour
and also molecular structure and chemical composition of
the appropriate material are revealing quality indicators. The
continuous control of biological stabilizers, lubricants, antiblocking agents, antioxidants and other additives has become
an indispensable part of ongoing production processes.
By using OCS equipment, the polymer process capability is
highly increased, the quality growth, constancy and operation
costs for the plant are significantly improved.
When used as on-line system to optimise the process
control, they shorten the response- and product change time,
and provide quality assurance (QA). The OCS raw material
analysers are modular concepts and applicable on OCS
heavy duty industrial equipment for a fully automated testing
line that fulfils all needs of a complete quality control &
traceability as well as error detection. Furthermore the feeder
for the smooth pellet transportation facilitates the connection
between production lines & measurement systems and
their transportation itself. Many customers have established
a whole range of quality control predictions with a better
precision and a faster analysis time. Typically the investment
of one complete system is paid off in less than one year.
With these OCS instruments all quality control requirements
in modern bioplastic production and
bioplastic conversion are fulfilled,
offering tools for flawless history
tracking of all critical parameters,
for effective process control
and for root cause analysis,
creating a solid basis for
process improvement. MT
www.ocsgmbh.com

OCS Cast film line with Measuring Extruder (ME) and Modular Film
Analyser (MFA) for spectroscopical measurements (APLAIRS®), or
gloss (OGM), haze & transmission (OHM) measurements.
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OCS Pellet Analysing System
(PA66) measures various quality
characteristics

From Science & Research

Biodegradability of microcapsules

I

n many areas of life, petroleum-based plastics are
being replaced with biobased and biodegradable
plastics. This also applies to microcapsules, which
are used, for example, to encapsulate fragrances in
detergents or cosmetics. Although the bioplastics used
for microcapsules are per se supposed to be produced
from renewable raw materials and biodegradable, they
often have to be chemically modified in order to improve
materials’ properties, such as durability. A team of
researchers at the Fraunhofer Institute for Applied Polymer
Research IAP, Potsdam-Golm, Germany, is now testing to
what extent these modified biobased microcapsules are
still biodegradable.
Fraunhofer IAP have been developing microcapsules for
more than 25 years for a wide variety of applications - from
encapsulated lubricants for moving plastic components
such as gears or slide bearings, to fertilizers released in
the soil over a long period of time and pigments that control
the incidence of light in agricultural or greenhouse films.
Cosmetic and hygienic products such as shower baths,
shampoos or detergents also contain microcapsules
made of modified natural substances such as gelatine.
This biopolymer is often used as the wall material of
microcapsules, which contain a fragrance and ensure that
it is gradually released over a longer period of time.
Natural substances are inherently biodegradable.
They are undergoing a natural decomposition process
in which organic matter is broken down by enzymes of
microorganisms living in the soil. However, if natural
substances are chemically modified, this can have a
negative effect on their biodegradability.
According to Kathrin Geßner, engineer in the Department
of Microencapsulation and Polysaccharide Chemistry
at the Fraunhofer IAP, there is very little data available
in the scientific literature on the biodegradability of
microcapsules, or particles in the size range from about
one micrometer to several millimeters. Which is the
reason they want to investigate various modified natural
substances and establish a database with information on
their biodegradability. The research would benefit not just
microcapsules, but would also be interesting for a large
number of other applications in which release of bioplastics
into soil is possible.

within 28 days. We get the microorganisms fresh from the
sewage plant for each measurement,” says Geßner.
Another test method is available in the biopolymer
processing pilot plant at the Fraunhofer IAP’s Schwarzheide
site, in which the oxygen consumed is not only measured
but also can be replaced. In this way, aerobic degradation
conditions can always be maintained even with high oxygen
consumption. In addition, the formation of carbon dioxide,
which is produced during sample degradation, can be
measured too.
With the two measuring systems the samples can be
examined in different test media. Thus, the biodegradability
in freshwater, sea water or soil can be simulated and diverse
information can be collected for the database.
In their series of investigations, the researchers
determine the biodegradability of commercially available
biopolymers before and after their modification. Chemical
crosslinking of biopolymers is often used for the production
of microcapsules.
“By the end of 2020, we want to examine all biopolymers
routinely used in our company and their modifications.
Initial investigations with gelatine and gum arabic
suggest that many of the modifications routinely used in
microencapsulation processes have only a minor effect on
the biodegradability of polymers. The situation seems to
be different, however, with cellulose acetate: Depending on
the type of modification, the biodegradability might even be
completely lost,” explains Geßner.
Other biopolymers that the team of researchers will
examine are alginate, carrageenan and polylactide. In
addition to microcapsules and particles, the biodegradability
of other materials and products developed at the Fraunhofer
IAP is also being investigated, for example blends and
compounds made from commercially available or in-house
developed modified bioplastics such as PLA, PBS, PBSA,
PBAT and starch- and cellulose-based plastics. AT
www.iap.fraunhofer.de

In order to be able to make a statement about
biodegradability, the researchers carry out a manometric
respiration test in accordance with OECD 301 F based on
DIN EN ISO 14851. The researchers obtain the oxygen
demand of the sample directly as a measured value. If the
sum formula is known, the theoretical oxygen demand and
finally the biochemical oxygen demand, or BOD, can be
calculated. If a degradation value of 60 % of the theoretical
oxygen demand is achieved for the substance under
investigation, it is considered to be biodegradable according
to OECD 301 F.
“Among other things, we are developing microcapsule
materials that biodegrade in an aqueous medium at 20 °C

With the help of a test system, the oxygen demand during
biodegradation in fresh water, seawater or soil can be
determined for a wide variety of samples.
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What about recycling of

T

he polyhydroxyalkanoate (or PHA) platform consists
of products that meet the needs of all known end-oflife options. In this article we shall explain the details
behind this statement and its implications.
In numerous countries and geographic areas people are
rightfully fed-up with the plastic waste streams they see
everywhere, including on land and in rivers, lakes and oceans.
This plastic waste mountain is growing rapidly year after
year, but while the visible part of our plastic waste is readily
apparent, the non-visible part is even larger.
There are at least two main reasons driving the increased
rate of this invisible waste: first, more than 90% of the plastic
waste in our water streams sinks to the bottom due to fouling
of the plastic waste surfaces; and second, plastic microparticles from our clothes and a large variety of products we
use daily not only end up in water streams, but also show up
on land and in our food chain in unseen ways. Needless to say,
action is long overdue.
There are excellent initiatives in place to retrieve plastic
waste from oceans and rivers, but that retrieval can lead to a
simple recycling of those plastics to make articles that people
then throw back into the oceans again. We can subsequently
retrieve that waste again from the ocean, and while that is
technically a circular economy, it certainly is not one that we
should aspire to create.
Also, many legislative efforts around the globe aim to curb
undesired plastic waste streams. The approach often taken by
legislators has been to outright ban the use of large-volume
fossil-based polymers for many single-use plastic articles to
avoid the visible or environmental harm they can cause on
land or in water.
Some legislators aim to replace currently used polymers
with biodegradable polymers, but they are still in the process
of defining what that means. Others tend to only allow the use
of natural materials for single-use applications, since those
“are biodegradable in nature”. However, natural materials
like wood are not biodegradable in water. Wood consists of
cellulose and lignin, the latter of which is not biodegradable in
a marine environment because it needs fungi to biodegrade,
an organism that is not present in water. Consider the fact
that wooden shipwrecks lie on the bottom of the ocean for
centuries.

So the question is: “How can we remedy the challenge lying
before us?”
In the ideal situation we are looking for innovative, new
materials that can be used in a large variety of applications
and for which all known end-of-life options are a possibility.
After taking steps to reduce use and redesign plastic articles,
legislators, manufacturers, retailers and communities should
consider the end-of-life options as depictid in table 1.
One cannot be selective and use just a few of these end-oflife options; they are all important and critical to ensuring as
much material as possible is responsibly recycled, reused or
composted. If this can be accomplished with new, innovative
materials that account for all these options, then manufacturers
can ensure their products minimally impact the environment
regardless of whether people are disciplined enough to recycle
material the way it is supposed to be. If people instead are
purposely or accidentally wasting material by throwing it away
on land or in water streams, then full biodegradation is a musthave.
For further context, see additional remarks in the box on
each of the end-of-life options mentioned in table 1.
Polymeric materials that can fully meet a comprehensive
combination of end-of-life options include cellulose, a large
number of PHA-polymers, and starch or a combination of each
of these. All these materials already occur in nature as they are
made by biological synthesis through bacteria based on natural
nutrients or feedstock.
A large variety of micro-organisms are known to make several
different PHA-polymers in nature using different sources of
nutrients and depending on their environment. These polymers
serve as nutrients and energy sources and are known to be
part of the metabolism of living organisms including plants,
animals and humans.
PHA resins are a series of natural bio-benign materials that
have appeared in nature for millions of years, similar to other
natural materials like wood, other cellulose-based products,
proteins and starch. During the last 20-30 years, dozens of
initiatives from all over the world have started to make PHA
materials viable for durable and structural applications as
an alternative to chemically synthesized polymers. This is
accomplished by mimicking nature in a consistent way.

Table 1: Endf of life options
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1. Recycle articles to be used again

 re-use the article

2. Recycle articles back to the polymer

 use the polymer for new applications

3. Recycle articles for raw materials

 use renewable carbon as feedstock

4. Recycle to environment composting

 industrial or home composting

5. Recycle articles for incineration

 produce renewable energy

6. Recycle to nutrients for living organisms

 full biodegradation, denitrification
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Recycling
By:

PHA-polymers?
Today manufacturers have demonstrated the conversion of
many different feedstock sources, like gas, liquid or solid waste
streams, to PHA polymers. After-use value chains are also
being created for several waste streams to fuel PHA production,
resulting in a circular economy.
PHA materials can substitute petroleum plastics for onetime-use applications that often, whether by design or improper
waste management, end up in the environment. This could
include micro-beads in cosmetic products, drinking straws and
more. Biodegradation of PHA materials in all environments,
including compost, soil and water, is comparable to or faster
than cellulose (i.e. paper).
PHAs can partly substitute any of the traditional fossil-based
polymer families, so the accessible market for these materials
is vast. Depending on the type and grade, PHA materials can
be used for injection molding, extrusion, thermoforming, foam,
non-wovens, fibers, 3D-printing, paper and fertilizer coating,
glues and adhesives. It can additionally be used as an additive

Jan Ravenstijn
Consultant renewable materials & Co-founder of GO!PHA
Meerssen, The Netherlands
Phil Van Trump
CTO Danimer Scientific
Bainbridge, Georgia, USA

for reinforcement or plasticization or as a building block for
thermosets in paints and foams. Also, their use in medical
applications like sutures and wound closures is already
commercially viable because the material is bioresorbable.
A variety of PHA-polymers are currently made at industrial
scale and these polymers have been demonstrated in at least
24 product-market combinations. Although PHA polymers
cannot replace all existing fossil-based polymers, they
technically fit in a large number of applications as a first step.
The PHA-platform is an emerging new polymer platform
and the major world producers today are small to mid-size
enterprises. Industrialization of this new polymer platform
started in 1992 and currently moves from the embryonic
to the early-growth stage, while several companies around
the globe have built and are building new large-scale
manufacturing capacities.
www.gopha.org | www.danimerscientific.com

1. Recycle articles to be used again

4. Recycle to environment composting

Many plastic articles are already re-used on a regular basis, such as large
soft drink bottles, sturdy plastic shopping bags, beer crates and many others.
Although it is beneficial to re-use these articles many times, the wear on
these items all the time will generate primary micro-plastics that often end up
in the world’s oceans.

Composting may refer to industrial or home settings.

A good example of this can be found in the use of synthetic fibers for products
like T-shirts. T-shirts are used and re-used on a regular basis, but every time
they are washed in the laundry, they lose fibers to the waste water stream.
According to the International Union for Conservation of Nature, synthetic
fibers are responsible for 35% of the primary micro-plastics that end up in the
world’s oceans. This adds up to many thousands of metric tons of plastic every
year.
When products need to be re-used often, they should be made from a material
that is biodegradable in case the micro-plastics they produce end up in the
ocean.
2. Recycle articles back to the polymer
Recycling to polymer is common for polymer-based articles that are sold in
very large volumes, and the logistics to funnel these used articles back into a
polymer processing plant are worth organizing. In the recycling process, the
polymeric material is melted and put into a different form. An example of this
in action is how polyethylene terephthalate (PET) in bottles can be recycled
and then used for spinning synthetic fibers.
All thermoplastics can be recycled this way provided they are obtained in a
relatively pure form. The issue is that polymers become weaker and less pure
after they are re-melted and re-processed more than 2 or 3 times. Every time
they are recycled, the polymer molecular weight reduces, and their physical
properties will deteriorate. Eventually, the material will need to be disposed of
in another manner.
3. Recycle articles for raw materials
This form of recycling can be done for all carbon-containing materials,
including most thermoplastic and thermoset polymers. Even if a material
is “contaminated” with other organic waste streams, it can be used as
feedstock for manufacturing chemicals. This source of renewable carbon is
called “Renewable Carbon from the Techno-sphere” in a report from the nova
Institute, written by Michael Carus.
Several global companies have developed technology and built manufacturing
plants to produce renewable chemicals from these recycling streams.
Contaminated plastic waste pulled from oceans can be used as a source for
this process.

Industrial composting takes place at elevated temperatures and was
originally developed to manage agricultural, forestry and garden waste
streams by turning them into a useful product: compost. Standards
have been developed to demonstrate whether polymers are industrially
compostable, and they typically define a part thickness for the material that
is tested. It should be noted that thicker parts take much longer to fully
biodegrade.
Home composting is done at ambient temperatures, which means that
materials that biodegrade under industrial composting conditions may not
biodegrade under these milder conditions. To account for this there are
separate standards for home compostable material.
Polymers that qualify for composting are usually aliphatic polyesters,
cellulose and starch. However, some limited aromatic structure can be
allowed in the polyesters.
5. Recycle articles for incineration
If there is no option to recycle polymeric materials according to any of the
abovementioned methods, one can always use the energy captured in these
polymers for making electricity. A similar principle to recycling articles for
raw material applies here, albeit that in this case the results are not new
chemicals, but energy instead.
The downside to this method is that it can produce more carbon in the
atmosphere. If done in a controlled way, the generated CO2 from this
process can be used as raw material again. If not, non-carbon sources,
like sun, wind, tidal, white water or nuclear, are more preferred sources of
energy.
6. Recycle to nutrients for living organisms
Living organisms like bacteria and fungi feed on nutritious materials, so
when polymeric materials end up on land or in water streams, either by
design or accidental, they could serve as nutrients for these organisms.
There are several polymers that biodegrade on land, but the number
of polymers that also biodegrade in fresh and salt water is limited.
Polymers such as PHAs that are currently produced industrially meet this
requirement.
There is an additional functionality of PHA polymers that minimizes their
environmental impact: they can denitrify waste water streams, because
they act as a solid-state carbon source that converts nitrogen compounds,
like nitrates, nitrites and ammonia, into nitrogen gas (cf. article on p 38)
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PHAs in “The Circular Economy”:
Denitrification

I

n Part 1 of the White Paper Series “Preventing pollution
with PHA” the Global Organization for PHA - GO!PHA
touched upon the size and scope of Plastics Pollution and
how PHA plays a role in reducing it [1]. Part 2 outlined GHG
emissions, plastics’ share of that emission and how PHA plays
a major role in reducing them [2]. This third paper is about
excess and toxic nitrogen compounds, like nitrates, nitrites
and ammonia, that pollute our water and soil, and generate
nitrous oxide (N2O) gas and a little about GHG that significantly
affects global warming. PHAs play a role in mitigating these
types of pollution.

Sources of Nitrogen Compounds and resulting
Nitrous Oxide
Nitrogen is the most abundant element on our planet and
is a critical component of all life [3]. Plants require nitrogen to
grow, proteins and our DNA contains nitrogen. Most nitrogen
exists in the form of gas in our atmosphere and nitrogen
fixation in nature happens three in different ways:
a) Biological: Diffusing nitrogen gas into the soil is fixed by
microorganisms into ammonium ions, which can be used by
plants as nutrients,
b) Lightening: Conversion of nitrogen into ammonia and
nitrates, and
c) Humans and animals: Human and animal waste contain
high levels of nitrogen compounds which prior to the Industrial
Revolution was the only form of fertilizer used in agriculture.
Humans started to industrialize the conversion of nitrogen
gas into ammonia and other nitrogen rich fertilizers to
supplement the naturally available nitrogen compounds for
agriculture. Fertilizers being soluble in water, run off with
rainwater after application in fields and in order to ensure high
yields, farmers add excess fertilizers to offset the fertilizer run
off. Today it is estimated that the world uses over 50 % more
fertilizer, than is necessary for agriculture [4,5].
Excess fertilizer usage and burning fossil fuels for energy
and transportation are the major causes of N2O emission,
however, agriculture is by far the most important source of
N2O at 72 % [6,7]. 6 % of all GHG emissions are N2O, and N2O
is 265-298 times more potent in trapping heat over a 100-year
scale compared to CO2. Therefore, reducing N2O must also
be a priority to combat climate change. A large portion of this
N2O emission can be controlled if fertilizer usage is optimized
through controlled release methods and by denitrification of
the soil prior to these excess nitrogen compounds entering
our waterways.

Denitrification
Denitrification is the process of converting nitrogen
compounds into free nitrogen gas by chemical or biological
treatment, which then is released into the environment. This
process removes toxic nitrogen compounds which when
present in soil, freshwater and marine environments also
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adversely affect aquatic flora and fauna. Nitrogen containing
compounds, are restricted from release after wastewater
treatment in most countries [8]. Wastewater treatment plants
are the only place where nitrogen compounds along with
other toxic effluents are treated before the effluent water is
discharged. There are no organized methods for treating
agricultural field runoffs, including nitrogen compounds
even though they help create 72 % of all N2O gas, and are
primarily responsible for algae blooms and dead zones in
deltas. Therefore, reducing excess nitrogen fertilizer usage or
treating them in situ in soil to release N2 gas are the only ways
to eliminate these toxic and harmful nitrogen compounds.
Wastewater treatment facilities often use a carbon source,
chemicals such as methanol, ethanol or acetic acid to oxidize
the nitrogen compounds into nitrogen gas [9,10]. Addition of
these compounds are monitored closely using sophisticated
and expensive feedback control systems in order to ensure that
excess amounts of these chemical compounds themselves do
not leach out with the effluent water. Wastewater treatment
plants also use mixed microbial cultures (MMCs) to treat
accumulated waste and many of these microbes produce PHA
[11].

PHA’s role in denitrification
PHAs are known to denitrify in two different ways:
 Wastewater treatment plants couple nitrification/
denitrification reactions along with the enrichment of
activated sludge using mixed microbial cultures (MMCs),
and
 As a degradable polymer PHAs act as a solid-state carbon
source in converting nitrogen compounds into nitrogen gas.
Many of the microorganisms in the MMCs produce/
accumulate PHA as part of the denitrifying process. This is
feasible by implementing anoxic – aerobic conditions whereby
nitrate (NO3-) is used as the electron acceptor during PHA
accumulation enabling the removal of nitrate from various
types of wastewater via PHA-based denitrification, which also
accumulates PHA [12]. In this type of system denitrification
results in the accumulation of PHA, which could also act as
a means of large-scale industrial production of PHA. Efforts
in this direction are already underway [13]. This approach can
be integrated within the normal operation of a wastewater
treatment plant (WWTP). This strategy has been studied
recently for the treatment of condensate and wash water
originating from a sugar factory. According to the results,
carbon removal (in terms of chemical oxygen demand- COD)
reached 94-96 %, while soluble nitrogen removal was up to 80 %
with the PHA intracellular content being at 60 % g PHA/g of
dry biomass in terms of Volatile Suspended Solids (VSS) [14].
The action of PHA as a solid-state carbon source has
far reaching implications in reducing N2O. PHAs being
biodegradable via a wide variety of microorganisms,
clear metabolic and regulatory relationship between
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PHA degradation and denitrification have already been
established. In this case PHAs are used as a solid substrate,
replacing many of the volatile organic compounds which
themselves can be a problem when left in effluent water.
PHAs being completely benign and nontoxic do not require
expensive feedback controls in such processes. This type
of denitrification of water and wastewater is termed ‘solidphase denitrification’ [9,15].
Such an approach can have a major beneficial effect in
treating excess nitrogen compounds left in agricultural
fields. First off, a controlled release coating would
slow down the release of excess nitrogen compounds
in agricultural fields. Biodegradable coatings such as
with PHAs would eliminate microplastics, a growing
environmental epidemic. The biodegradable PHA coating
would release carbon during biodegradation, which in the
presence of excess nitrogen compounds and moisture in
the soil would help convert the nitrogen compounds into
nitrogen gas, thereby reducing nitrogen compound runoffs
with rain or irrigation water.

Closing the loop on Denitrification naturally
with PHA
PHAs or Polyhydroxyalkanoates are a versatile class
of natural materials, they are renewable, biodegradable
in soil, fresh water & marine environment and are home
compostable. They can also be recycled, incinerated to
generate energy when these materials become available
during waste collection. PHAs can be tailored for use as
controlled release fertilizer coatings, that would have the
added benefit of denitrifying agricultural fields and without
generating microplastics. PHAs are already used to denitrify
wastewater in treatment facilities, thereby reducing
nitrous oxide emission. In addition PHAs are being used
in small and large aquariums as degradable solid state
carbon source to mitigate nitrogen compounds. Studies
have already shown that they can be used successfully to
mitigate nitrogen compounds in large aquaculture farms
[9]. PHAs can be manufactured using all renewable carbon

sources, so also carbon dioxide and methane, and due to
its role in mitigating N2O, PHAs can help mitigate, all three
major GHGs – carbon dioxide, methane and nitrous oxide.

Case in point: PHA based denitrification of
municipal sewage systems, wetlands and
closed fisheries
PHBV, produced by Tianan Biologic Material, is used
as an insoluble denitrification agent in aquatic systems,
such as sewage systems, wetlands and closed fisheries.
Depending on the nitrogen content, the enzymatic activity
to biodegrade the PBHV increases, allowing the controlled
release of carbon sources, that enables the denitrification
process.
www.gopha.org
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Injection Moulding

PA5X - a sustainable
alternative solution

C

athay Biotech, Shanghai, China, is a high-tech enterprise specializing in synthetic biology, biomaterial research and biomanufacturing on a commercial
scale. Cathay manufactures polyamides that are based on
its 100% renewable 1,5-pentanediamine (DN5). The option
of using either fossil-based or renewable diacids enables
the bio-content level of PA5X to be as high as 100%. It offers a sustainable alternative way, from PA56 and PA510
to PA516, to replace traditional polyamides, such as PA66,
PA610, PA11 or PA12.
These biobased polyamide products for the textile branch,
marketed under the TERRYL® brand name, are currently
being used in light sports fashion clothing, industrial
clothing and other fields. Its ECOPENT® engineering
materials are being widely used in producing automobile
parts, electronics & electrical appliances, home appliance,
construction industries. This article mainly focuses on the
engineering plastic resin, Ecopent.
Cathay’s PA5X can be processed on existing equipment
and tools, avoiding the need for further investment, which
is beneficial for the end-users. Currently, Cathay offers
a family of polyamides over a very wide range of melting
points.

Middle Melting Point biobased polyamide
Ecopent 1273 and 2260
Ecopent 1273 (PA56) is synthesized by DN5 and adipic
acid and has good mechanical properties. The introduction
of an odd-numbered carbon chain from DN5 gives Ecopent
1273 outstanding properties, such as inherent flame
resistance, flowability and wear resistance. It is an excellent
engineering plastic for automobile parts, electrical
appliances, etc. Specifically, Ecopent 1273 is suitable for
laser welding due to its high transparency. Its glass-filled
counterpart possesses a highly desired surface quality
compared to traditional PA66 solutions.

Bio-based DN5
Bio-based
polyamide
PA5X
Dicarboxylic acids
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Biobased Ecopent 1273’s injection molding processability
is similar to that of PA66. This product is dehumidified with
maximum temperature of 110 °C for 5 hours and processed
at temperatures of 270 °C to 295 °C. Subsequently, mold
surface temperatures in the range of 60 °C ~ 90 °C are
optimal. Under low processing temperatures, biobased
polyamide resins may not flow well and lead to a defective
appearance or shrinkage of the molded part.
Ecopent 2260 (PA56T) is another renewable polyamide
polycondensated from DN5 and various diacids which has a
higher strength than Ecopent 1273. Its modulus and water
absorption rate is significantly lower than that of Ecopent
1273 and the melting point of Ecopent 2260 (270 °C) is
higher than that of Ecopent 1273. Consequently, processing
temperatures of 280 °C to 300 °C are required. Otherwise,
the injection conditions are similar to Ecopent 1273’s.

Low melting point biobased polyamide Ecopent
3100 and 3600
Ecopent 3100 (PA510) is a 100 % biobased polyamide,
linking DN5 with sebacic acid, which has low density,
low water absorption, excellent wear resistance, good
transparency, and dimension stability. It is suitable for
injection molding, extrusion, film for applications in
aerospace, automotive, textile, electrical, etc.
Ecopent 3100 injection molding process is close to that of
PA610. The dehumidification process requires a maximum
temperature of 100 °C for 5 hours and the processing
temperatures are between 230 °C to 250 °C. Subsequently,
maintaining mold surface temperatures in the range of
60 °C ~ 90 °C are optimal.
Ecopent 3600 (PA516) is the longest polyamide that
Cathay currently offers to the market. Its melting point
is lower than that of Ecopent 3100, which provides for
excellent processability.

Middle Melting point Ecopent1273‚
Ecopent 2260 Application in
transportation, electrical appliances,
cable ties, heat insulation strip, etc.

Low Melting point Ecopent3100
Ecopent 3600 Application in
automotive oil hose, filter, cable
protective material, military products.
etc.

Injection Moulding
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Ecopent 3600 injection molding process is
close to the PA1010 and PA1012. The product is
dehumidified at a maximum temperature of 90 °C
for 5 hours, and the processing temperature is
210 °C to 230 °C. Subsequently, maintaining mold
surface temperatures in the range of 60 °C ~ 90
°C are optimal.

Glass fiber reinforced biobased
polyamide and water absorption
properties
To counteract the high-water absorption
exhibited by polyamides, compounding with glass
fibers or mica is required to meet industrial
dimensional stability requirements.
30 % GF filled Ecopent 1273 and 2260 both
show a tensile and flexural strength similar to
reinforced PA66. The impact strength of reinforced
composites effectively increases from 12 KJ/m2
to 16 KJ/m2 with an Ecopent 3600 matrix.
Longer chain diacids reduce the lower water
absorption of the subsequent polyamide. The
water absorption rate of Ecopent 3600 can reach
0.24 % at 60 °C, 2 hours, which is far lower than
that of traditional PA66.

Application
Among the different types of biobased
polyamide, Ecopent 1273 and Ecopent 2000 are
high-performance engineering plastics, which
can replace PA66 in applications including
automotive, electrical, electronic, and cable
ties. Ecopent 3100 has low water absorption,
dimensional stability and cold resistance, so it
can replace PA610 or PA612 in electronic shells
and industrial consumer products. The practical
performance of Ecopent 3100 is relatively balanced
; it can be used to over-mold metal and electronic
components, transmission parts, connectors and
tubes. Ecopent 3600, which has a C16 chain,
is characterized by an extremely low water
absorption rate, ductility and chemical resistance
and can replace PA1010, PA1012 in applications
such as steam brake pipes, petroleum pipelines,
etc. Moreover, because of low amide density, the
Dielectric constant (Dk) and Dissipation factor
(Df) of Ecopent 3600 will play an important role in
5G applications worldwide.
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2020
The Bioplastics Award will be presented
during the 15th European Bioplastics Conference
December 01-02, 2020, Vienna, Austria

PR E S E N T S
THE FIFTEENTH ANNUAL GLOBAL AWARD FOR
DEVELOPERS, MANUFACTURERS AND USERS OF
BIOBASED AND/OR BIODEGRADABLE PLASTICS.

Call for proposals
Enter your own product, service or development,
or nominate your favourite example from
another organisation

Please let us know until August 31st
1. What the product, service or development is and does
2. Why you think this product, service or development should win an award
3. What your (or the proposed) company or organisation does
Your entry should not exceed 500 words (approx. 1 page) and may also be supported with photographs,
samples, marketing brochures and/or technical documentation (cannot be sent back). The 5 nominees
must be prepared to provide a 30 second videoclip and come to Vienna on Dec. 01.
More details and an entry form can be downloaded from

www.bioplasticsmagazine.de/award

supported by
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From Science & Research

Added-value biobased products
from municipal solid waste
Organic fraction of municipal solid waste: a potential source
of chemicals and biobased products

O

n 4 March 2020, AIMPLAS (Valencia, Spain) presented
the PERCAL project within the framework of the 7th
International Seminar on Biopolymers and Sustainable Composites held in Paterna (Valencia), Spain.
During the event, Miguel Ángel Valera (senior researcher
at AIMPLAS) explained how the organic fraction of municipal
solid waste (OFMSW) can be recovered in the form of high
added-value biobased chemicals and products of great
interest for different industrial sectors.
In Europe (EU-28), close to 250 million tonnes of MSW are
generated every year (490 kg per inhabitant per year) [1].
About 30 % of MSW is currently recycled, 23 % is landfilled,
17 % is composted and 28 % is incinerated. Considering
that the organic fraction accounts for 40-50 % of MSW by
weight, about 100 million tonnes of OFMSW is generated in
Europe per year. Therefore, in addition to composting as a
recovery approach (43 million tonnes/year), there is a good
opportunity for recovering high added-value chemicals
and bioproducts from the OFMSW, thus helping reduce
the impact of the MSW on the environment by reducing the
share of landfilling and incineration.
The OFMSW, which mainly consists of food, kitchen and
biodegradable garden and park waste, is a resource rich
in carbohydrates (e.g. cellulose, hemicellulose, starch,
pectins), proteins, lipids and other nutrients. In the PERCAL
project, the OFMSW is recovered using a cascade approach.
The carbohydrates are first converted into fermentable
sugars by means of enzymatic hydrolysis and then used
as feedstock for microbial conversion into intermediate
chemicals of great interest to industry, such as lactic acid,
succinic acid and ethanol. In subsequent stages, these
chemicals are converted into different bioproducts: bioethyl lactate for cleaning products and inks, lactide-based
hot-melt adhesives (HMAs) for cardboard, biopolyester
polyols for the polyurethane industry, and biosurfactants
for cleaning products by upgrading the lipid and protein
fraction from fermentation residues.
One of the PERCAL research lines AIMPLAS is working on
involves developing lactic-acid-based hot-melt adhesives
for closing the flaps on cardboard boxes in packaging
with the aim of providing the industry with completely
biodegradable solutions.
The first step in the value chain for HMA production is
waste pretreatment to eliminate inert materials and reduce
waste particle size to ensure that OFMSW recovery is
cost effective. The process is carried out by the company
IMECAL (Valencia, Spain) at pilot scale and is followed by
enzymatic hydrolysis of the carbohydrates present in the

OFMSW, with yields of 87 %, thus achieving concentrations
in the hydrolysate of up to 70-80 g/L glucose.
The glucose-rich OFMSW hydrolysate is then used as
feedstock for biological production of lactic acid. This
process, developed and optimized by ATB, achieves a
conversion rate of 89 % of sugars into L-lactic acid with
optical purity of the L-isomer above 90 %.
The lactic acid obtained is converted into lactide by
AIMPLAS via oligomerization and dimerization of lactic
acid, and is finally polymerized into low molecular weight
PLA and PLA copolymers by reactive extrusion.
The PLA and copolymers are finally modified to improve
their adhesive properties by using reactive extrusion to
graft them with maleic anhydride, a process developed
with YPAREX (Enschede/Geleen, The Netherlands), and/
or by adding tackifiers to obtain HMAs suitable for closing
cardboard boxes.
The adhesion of PERCAL HMAs to cardboard was
assessed in cooperation with HAYAT (Istanbul, Turkey) by
tensile lap-shear test (based on ISO 4587). Two carboard
pieces were glued together using a hot melt gun and
overlapped. After conditioning, the test specimens were
subject to a tensile test, as shown in the following pictures.
The PERCAL biobased HMAs showed good adhesion to
different carboard types, as reflected in the pictures, where
all test specimens broke out of the glued area during the
tests. The good adhesion performance of the PERCAL
HMAs was confirmed in the last formulations, which
showed tensile lap-shear strength values up to 35 % higher
compared with standard petrol-based EVA HMAs used in
carboard applications.
PERCAL is coordinated by IMECAL (Spain) and the
consortium members are AIMPLAS (Plastics Technology
Centre in Spain), CENER (Spain), AUA (Greece), ATB and
COVESTRO (Germany), CMET (Belgium), TBW (Austria), IRIS
(Spain), HAYAT (Turkey), YPAREX (Netherlands) and INEUVO
(United Kingdom).
PERCAL has been funded by the Bio-Based Industries
Joint Undertaking under the European Union’s Horizon
2020 research and innovation programme under grant
agreement No. 745828.
AIMPLAS is participating in this project and carrying
out research on this topic to meet its commitment to
environmental sustainability. As a result, companies in the
sector will be able to integrate circular economy criteria
into their business models and turn the legislative changes
that affect them into opportunities to improve
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From Science & Research
efficiency and profitability and reduce environmental
impact. AIMPLAS also does research in areas such as
recycling, biodegradable materials and products, and
the use of biomass and CO2 with the aim of developing
innovative solutions that help solve current environmental
challenges.

L

References:
[1] https://ec.europa.eu/eurostat/statistics-explained/index.php/Municipal_
waste_statistics
www.percal-project.eu

| www.aimplas.es
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COMPEO
Leading compounding technology
for heat- and shear-sensitive plastics

Determination of tensile lap-shear strength
of PERCAL HMA in carboard

Uniquely efficient. Incredibly versatile. Amazingly flexible.
With its new COMPEO Kneader series, BUSS continues
to offer continuous compounding solutions that set the
standard for heat- and shear-sensitive applications, in all
industries, including for biopolymers.
•
•
•
•
•

Moderate, uniform shear rates
Extremely low temperature profile
Efficient injection of liquid components
Precise temperature control
High filler loadings

www.busscorp.com

Test specimens of different carboard types glued
with PERCAL HMAs after tensile lap-shear test
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Application News

Corona and Bioplastics
The dramatic spread of the Corona virus has disrupted
lives, communities and businesses worldwide. One of the
biggest challenges communities face is the critical shortage
of personal protective equipment (PPE) for medical
workers confronting the COVID-19 crisis. Thankfully many
companies and institutions (also) in the bioplastics arena
put the needs of society before profit and are working
together in these challenging times. Of course there is a
magnitude of activities out there, we just want to present a
few examples. AT

Crisis breads innovation
In the battle against the the COVID-19 pandemic, a long-standing
partnership between NatureWorks based in Minnetonka, USA, and the
Nonwovens Institute (NWI) at North Carolina State University (NC State),
Raleigh, USA, has resulted in a new spunbond nonwoven technology
enabling the production of at least 10 million additional N95 surgical
masks. NWI has converted the use of its research and training pilot
production line to produce the face mask materials, and NatureWorks
has donated the Ingeo resin needed to produce the spunbond material.
“Donating the Ingeo needed for this application was an easy decision,”
said Rich Altice, president and CEO of NatureWorks. “We wanted to
support NWI, our long-time partner, as they create devices that will
protect the healthcare workers who will take care of us, our families,
our colleagues, and our communities in this crisis.”

New Spunbond Nonwoven Structure
Typical N95 respirators and surgical masks are a multi-layer structure
of one or two spunbond nonwoven layers that provide mask shape and
protect the inner filtration layer. Those layers are combined with an
electrostatically charged layer of meltblown nonwoven material which
serves as the filtration layer capturing microscopic unwanted particles
such as viruses and bacteria. The charge is what boosts the meltblown’s
filtering capabilities, but it also means that the masks cannot be reused
since the charge can be lost during the cleaning process.
The COVID-19 crisis led to the creation of a new generation of unique
filters that have excellent filtering capability without needing to be
charged, which makes them potentially reusable after cleaning with
peroxide, or an alcohol solution. Due to the strength of the materials
they can be cut and sewn by traditional techniques.
The new nonwoven fabric is a bicomponent fiber made of Ingeo
biopolymer (PLA) and polypropylene (PP), providing significant strength
and bulk with equal effectiveness in filtration. Additionally, Ingeo
improves the productivity of the spunbond process by at least 30%.
Leveraging these benefits, NWI’s pilot line can produce enough material
to make 2 million masks per week.
NWI currently has an agreement to provide large amounts of spunbond
nonwoven material to several key partners, which will make masks at
their manufacturing facilities. They plan to provide the new masks to
local communities in need. NC State has also ordered machines that will
allow NWI to make surgical masks in its Centennial Campus facilities. AT
www.natureworksllc.com | https://news.ncsu.edu

46

bioplastics MAGAZINE [02/20] Vol. 15

Research
institute helps
with PLA visors
The Institute of Plastics Technology (IKT)
at the University of Stuttgart, Germany, is
producing protective visors with both the film
and the filament made from PLA. The special
feature of this project is that the film used for
the visors and the filaments used for the 3D
printing of the mounts are produced on the
institute’s own extrusion lines and processed
in their 3D printing laboratory. The specifically
adjusted extrusion process enables the
production of particularly clear films tailored
to the visors.
Up to now, the University Hospital Tübingen,
the Tafel (food bank) Stuttgart and the
emergency practice of the Marienhospital in
Stuttgart have been supplied, among others,
with the Covid-19 protective equipment. In the
near future, other institutes of the University
of Stuttgart will also be supplied with the
highly transparent films as well as tailormade filaments in order to further increase
the production capacity of the visors and thus
enable comprehensive protection. AT
www.ikt.uni-stuttgart.de

Application
Automotive
News

Sharing knowledge to save lives beats making a profit
The breathing masks made of Arboblend bioplastic from the biopolymer manufacturer Tecnaro, Ilsfeld, Germany, can be
disinfected and are therefore reusable. According to the company, the filter can also be replaced depending on the location and
requirements. Moreover, according to Tecnaro’s managing director Jürgen Pfitzer, both the mask and the replaceable filters
can be disposed of in a CO2-neutral way.
To speed up and simplify production the construction manual for injection molding processes in the plastics industry as well
as for private 3D printers were posted as freeware on the Internet at castsolut.de/download/3D-Daten_Maske-Aufsatz.zip.
It all started when the German machine manufacturer Reifenhäuser (Troisdorf) converted its research and development
site into a pilot plant for the production of the desperately needed nonwovens. The company is the world market leader in
the construction of extrusion lines for the production of Reicofil FFP filter fleeces, which are used to produce the FFP masks,
have been are in high demand worldwide in the Corona crisis. However
its products and production plants were developed for the Asian market
with not a single production facility in Europe. The makeshift pilot plant
had also a limited production volume and the German Federal Minister of
Health Jens Spahn stopped export of the material before there was even a
manufacturer of the masks in Europe.
This and the quantity limit of the test facility kicked off the initiative of
Pfiltzer to use the fleece more economically. He pulled out all the stops
and contacted many industry contacts that Tecnaro was able to cultivate
over the years as a bioplastic producer. In the end Tecnaro, managed to
produce a prototype together with the mechanical engineering company
CastSolut, based in Ellwangen, Germany. The final product is a pliable
reusable mask that requires only about one-fifth of the usual non-woven Romy Pfitzer and Dennis Keller show reusable masks
made of Arboblend and silicone. (Photo: Tecnaro)
cloth. This is because the small rectangular filter cloth is clamped in a
holder at the front between two mask parts and can be replaced just as easily. A lot of technical tweaking ensures that the
inhalation and exhalation resistance is not too high given the size of the replaceable filter cloth. The dimensional stability
during disinfection, the tightness at the edges of the parts and more were also clarified with the help of Tecnaro’s contacts at
the Jülich Research Centre. This would now make it possible to produce five million high-quality FFP standard masks in one
go, where the cloth used in the pilot plant would have been sufficient for only about one million.
The mask can be made of silicone. Pfitzer: “This material is not our favorite, but it is already tested and approved. In the
current situation, human lives are at stake - neither sustainability nor profit matter now. Since the injection mold cannot be
produced before three weeks have elapsed, the freeware should be put online immediately to help immediately and as quickly
as possible.”
If Tecnaro has their way, the masks and the fleece will both be made of Arboblend, one of their many injection-mouldable
compounds based on PHA, PLA and other ingredients. AT
www.tecnaro.de

Making the crisis more bearable
Biopromotions, a company based in Amstelhoek, the Netherlands, is reacting to the current circumstances with an innovative
and supportive approach not only for the healthcare segment but also for anyone who uses a mask in their daily routine. The
innovation lies in the adding of a mask strap that supports the rubber band of
the mask, removing excess pressure from the ears, making the mask more
comfortable to wear. The environmental impact of the products was also of
high importance for Biopromotions, which led to a collaboration with Braskem
from Brazil. Braskem’s sugarcane based I’m greenTM polyethylene was the
most sustainable solution compared to other conventional alternatives.
“We have seen how our nurses in the Netherlands, but also worldwide,
are fighting hard to save the lives of thousands of people every day. Given the
increased use of masks and other vital protective equipment at this time, our
aim was to come up with a design that could help avoid irritation for medical
professionals – hence the mask strap which reduces the day-long strain around
a nurse’s ears. The material used to make the mask strap should reflect our
company’s ideals of quality and sustainability, which is why we chose to use this
particular soft bio-based material,” says Robert de Waal, Managing Director at
Biopromotions. AT
www.braskem.com | www.biopromotions.com
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Dutch PLA resins for
Spanish mask production
Total Corbion PLA, Gorinchem, the Netherlands, joined
the fight against the Corona virus by donating Luminy PLA
resins for the production of 3D printed medical devices
and protective equipment.
Smart Materials 3D in Spain launched the initiative and
they receive the PLA resin to produce PLA filaments. In
co-creation with companies like Fixit, 3D Printers, IMBIC
and Clone Wars VLL the PLA filaments will be used to
make medical masks and protective equipment using 3D
printing technology. All these companies contribute to
this initiative on a voluntary basis. The 5 tonnes of Luminy
PLA resins that Total Corbion has donated will allow the
production of over 125,000 masks for health centers and
hospitals all across Spain. AT
www.smartmaterials3d.com | www.total-corbion.com

Local fast solutions
The Lakes District Health Board (DHB) in Rotorua, New
Zealand was confronted with a shortage of protective face
shields for staff working at Rotorua hospital and in the wider
community where they could be exposed to the coronavirus.
As a response a group of Rotorua companies pooled their
talents to manufacture 215 face visors.
The Research Institute Scion was informed of the shortage
and teamed up with composite tubing design and Manufacture
Kilwell Fibretube, who had also been approached by the DHB.
Together they came up with a solution that would meet the
needs of the DHB, which provided clinical input and advice.
A Prusa face shield design consisting of a 3D printed
headband, Perspex shield and an elastic band at the back was
agreed upon and a prototype was produced for DHB approval.

High Duty Plastics cut the Perspex shields using their laser
cutter. The elastic bands were provided courtesy of AJ’s
Emporium and the DHB.
With some changes to maximise coverage, improve design
and reduce printing time, the final 3D design was agreed upon
and production began. The headbands were 3D printed using
industrially compostable bioplastic PLA at both Scion and
Kilwell Fibretube, with the team from Kilwell assembling the
components into complete face shields.
Dave Gower-Rudman, DHB Facilities Manager said the
visors were modified after infection control recommendations
and are now robust, fully reusable and fit for purpose.
“At the time of receipt there were very few options available
for eye protection. Even goggles and safety glasses could not
be sourced in sufficient quantities. The receipt of these locally
made visors was both well received and excellently timed”,
said Dave.
The 215 visors were delivered to Lakes DHB between 6 and
9 April, another 35 are in reserve.
All involved agree that this collaboration was highly
successful and demonstrates how ingenuity, science,
engineering and manufacturing capability can swiftly provide
real solutions that benefit our people and New Zealand.
The collaborative team is ready to fire up production for
more face shields if needed locally, and Scion is discussing
other equipment needs with Lakes DHB. AT
www.scionresearch.com
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Opinion

What’s the matter
with recycling
Reduce, Reuse, Recycle.

chemistries and have different properties which often
cannot be mixed or blended.

We’ve been hearing this phrase and teaching it to our
children for more than 40 years. It’s ingrained in our
collective consciousness: if you care about the planet, then
you recycle.

 Less than 10% of plastic is currently recycled in the
US. Capturing 100 to 200 billion pounds (~45-90 million
tonnes) of plastic (still less than half of the annual
plastic production) would require billions of dollars in
new collection infrastructure.

So why hasn’t plastic recycling delivered on the promise
to eliminate plastic waste?

 Contaminated plastics are extremely difficult to recycle.
Any plastic used in food service, food packaging, fast
food, institutional or commercial use, or restaurant
service is contaminated with food and human contact.
Outdoor applications like mulch film or lawn and garden
packaging are contaminated with soil.

Traditional petroleum-based plastics ideal lifecycle.
Source: GreenBlue Sustainable Packaging Coalition

Why is plastic recycling a failure?
Today we use five times more plastic than we did in 1980,
so clearly “reduce” hasn’t worked. “Reuse” hasn’t worked
either. Forty years later, there is still virtually no “reusable”
packaging for consumer goods.

 Recycling of traditional petrochemical plastics does
not address greenhouse gas emissions and associated
global warming. The recycle lifecycle loop continues to
pump fossil carbon into the atmosphere at every stage –
extraction, manufacturing, transportation, recovery, and
reprocessing.

So, why hasn’t the model worked in the past, and why is
it unlikely to work in the future? Here are the key issues:
 Plastics are not endlessly recyclable. Unlike glass and
aluminum, plastics lose much of their physical strength
with each heat exposure.

Are bioplastics a better option?
At the beginning of life, bioplastics made with plant-based
renewable raw materials have a reduced carbon footprint
and minimize concerns about greenhouse gas emissions.

 Plastic is not plastic. “Plastic” is a generic term for
hundreds, if not thousands, of different polymers.
These different polymers are produced from different

Bioplastics – closing the loop
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PRODUCTS
made from bioplastics can be
found in all applications in which
fossil-based plastics are used.

ENERGY RECOVERY
is an additional end-of-life option for bioplastic
materials where an alternative waste management
infrastructure does not exist.

Graph: Life cycle model of bioplastics.
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MECHANICAL
RECYCLING
is the best end-of-life
option for the majority
of bioplastics, e.g.
bio-based PET or
bio-based PE
.

Source: European Bioplastics

Opinion

By:
By Mark Remmert,
CEO, Green Dot Bioplastics
Emporia, Kansas, USA

110 pages full
color, paperback
ISBN 978-39814981-1-0:
Bioplastics
ISBN 978-39814981-2-7:
Biokunststoffe
2. überarbeitete
Auflage

Biobased raw materials are by definition renewable
since they are grown, not extracted.
Compostable plastics will play a huge role in
allowing better waste management alternatives
for food waste, garden waste, lawn debris, and
agricultural waste. Placing these organic wastes
in a bag or container specifically for compostables
enables a mechanism to easily collect the waste and
send it to a convenient composting facility without
having to separate plastic food service ware or other
products from the organic waste.
Of course, we all agree we should recycle all the
paper, glass, aluminum, and plastics that we can.
Improving the process for plastics collection and
recycling is one step but the next big leap is adoption
of biobased plastics with better beginning of life
derivatives, as well as compostable plastics that
offer organic recycling (composting) end of life to
return to nature.
A more comprehensive version of this opinion can
be found in the blogpost at [1]
References:
[1] https://www.greendotbioplastics.com/whats-the-matter-withrecycling/
www.greendotbioplastics.com

Traditional petroleum-based plastics ideal lifecycle.
Source: GreenBlue Sustainable Packaging Coalition
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‘Basics‘ book
on bioplastics
This book, created and published by Polymedia
MAGAZINE
is
Publisher,
maker
of
bioplastics
available
in
English
and
German
language
(German now in the second, revised edition).
The book is intended to offer a rapid and uncomplicated
introduction into the subject of bioplastics, and is aimed at all
interested readers, in particular those who have not yet had
the opportunity to dig deeply into the subject, such as students
or those just joining this industry, and lay readers. It gives
an introduction to plastics and bioplastics, explains which
renewable resources can be used to produce bioplastics,
what types of bioplastic exist, and which ones are already on
the market. Further aspects, such as market development,
the agricultural land required, and waste disposal, are also
examined.
An extensive index allows the reader to find specific aspects
quickly, and is complemented by a comprehensive literature
list and a guide to sources of additional information on the
Internet.
The author Michael Thielen is editor and publisher
bioplastics MAGAZINE. He is a qualified machinery design
engineer with a degree in plastics technology from the RWTH
University in Aachen. He has written several books on the
subject of blow-moulding technology and disseminated his
knowledge of plastics in numerous presentations, seminars,
guest lectures and teaching assignments.
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Market

A circular
bioeconomy
of plastics

H

ow can we tackle plastic pollution, greenhouse gas
emissions and maintain the societal benefits that
plastics offer for developed and emerging societies
at the same time? A general ban of plastics is obviously not
a realistic solution. The short answer is through a circular
economy of plastics.
VTT’s vision is to stop plastics pollution and to make the
plastics value chain climate neutral by establishing material
circularity, while maintaining material performance and
economic feasibility of plastics. Figure 1 depicts this vision
and roadmap to transform the current status. The tools
to transform the linear economy and decouple economic
growth from resource consumption are eco- design and
circular business models such as reuse. The technological
solutions to stop plastic pollution are intelligent plastic
waste collection and separation systems, repair and
refurbishment, and different recycling technologies to
accommodate the material and product requirements of
plastics. Renewable energy sources and renewable carbonbased feedstock (recyclates, biobased and CO2-based) as
well as alternatives to plastics will significantly reduce the
impact on climate change.
To realize VTT’s vision for a circular economy, Fig. 2 shows
several options to create circularity. The current status of
the plastics economy is displayed in blue colour. The green
cycles show how circularity can be achieved by different
cycles:
 Reuse cycle: product or article level
 Polymer cycle: macromolecular level
 Monomer cycle: building-block level
 Biological cycle: biodegradation to soil
 Biological carbon cycle: biodegradation to carbon dioxide
and methane
 Technical carbon cycle: capture of CO2
 Energy cycle: recovery of the energy

Making the Plastics Economy Carbon Neutral
Plastics have rather carbon-intensive life cycles which
accelerate climate change, especially due to the fact that
the vast majority of plastics are made from virgin fossil
raw materials. The manufacturing of plastics requires
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energy intensive processing and also contributes to direct
greenhouse gas emissions [1]. The production of fossilbased commodity plastics causes an average of 2.5 tonnes
of CO2 emissions for every tonne of plastic produced.
Furthermore, incinerating, landfilling, recycling and
composting processes also release CO2 [1]. The carbon
present in 1 tonne of plastic materials corresponds to
approximately 2.7 tonnes of carbon dioxide, which is
released when the material is incinerated or completely
degraded.
The industries need secure, affordable and functional
feedstock for their production, which makes it challenging to
decouple from virgin fossil resources. Yet the sustainability
megatrend and the environmental problems linked to
plastics and the plastics industry are driving change in
future feedstocks. The future circular plastics economy
will rely on sustainable raw materials: biobased feedstock,
carbon capture and utilization technology (CCU) based
polymers and recycled plastics.
The recycled plastics will mainly initially originate from
the fossil-based sources, but also eventually from recycled
biobased and CCU-based polymers.
In a circular economy, the recycling of existing plastic
materials is an important source for renewable carbon.
However, it is clear that only recycling the fossil-based
polymers will not be able to provide the lion’s share of
renewable carbon in a sustainable manner in the near
future [2]. It is evident that the growth of plastics production
cannot be met sustainably if the raw material base is not
widened. McKinsey has estimated that 50 % of plastics
worldwide could be reused or recycled by 2030. This means
that by 2030, up to almost one third of plastics demand could
be covered by production based on previously used plastics
rather than from virgin fossil feedstock. This estimate is
based on a high-adoption scenario, comprising a massive
increase in mechanical recycling volumes, a take-off in
pyrolysis, and oil prices at around USD 75 per barrel. If by
2030 the total production of plastics is doubled from today’s
value, taking into account McKinsey’s estimate of increased
recycling, the use of virgin fossil raw materials would
still grow by one third. This simple calculation shows that
even if the increased recycling of plastics does take place,
there will still be an enormous need to use alternative raw
materials, such as cellulose, starch, sugars, fats and oils,
and CO2 from the atmosphere.

Market

Current status

VTT’s vision

Plastics are beneficial, versatile
and affordable materials mostly
used in a make-use-dispose
economy

Ecodesign
Circular business models

Establish material circularity
while maintaining performance
and economic feasibility of
plastics

Plastic waste ending up in the
environment harms natural and
economical ecosystems

Collection & separation
Reuse
Recycling

Stopping plastics pollution

The plastics value chain is
based on virgin fossil feedstock
and contributes strongly to
climate change

Bio-based feedstock
Recycled feedstock
Carbon capture and utilization
Renewable energy sources

Stopping the plastics value
chain contributing to climate
change

Figure 1. VTT’s vision and roadmap for creating a circular economy for plastics
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Figure 2. Overview of VTT’s vision for circularity of plastics
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Market
Biobased Feedstock
Bioeconomy has an integral role in the future circular
plastics economy in decreasing feedstock dependence on
virgin fossil resources. Biomass (B in Fig 3) utilized for
biobased plastics and plastic replacing alternatives can
originate from several natural resources: biomass from
agriculture and forestry, algae and marine biomass, as
well as different agricultural and process side- and waste
streams such as food waste, biowaste, ashes and dusts,
rejects and recovered materials, etc. In some applications
the plastic can be replaced, for example by foamed cellulose
instead of polystyrene for package cushioning. Cellulose
is an integral structural component of green plants and
some algae as well, and it is the most abundant renewable
resource in the world. It is a multi-purpose material of
the future for example in composites, high-performance
plastics, membranes, filters and foams.

Renewable Materials in Finland
Cellulose fibre products are on the market and we all
know and use them. On top of that there are new innovative
materials under development. The innovation pipeline
includes materials such as thermoplastic cellulose and
nanocellulose.
One of the most significant properties of packaging
manufactured from wood fibre is its recyclability. The same
fibre may be recycled from one product to another four
to seven times until it becomes shorter and its technical
characteristics disappear. Eventually, the fibre becomes a
valuable biofuel. Carbon remains bound in the product for
as long as the fibre is in circulation.

CO2 as Feedstock
Turning CO2 from the cause of climate change into a
valuable raw material is an important part of the future
circular plastics economy. CO2 can also be a valuable
intermediate for monomer manufacturing (A in Fig 3). The
challenge is to capture CO2 from the atmosphere, industrial
processes, and degradation processes. Technologies for this
do exist but need further development to be economically
feasible [3]. We envision CO2 to be an essential building
block of the carbon reuse economy. Some polymers can
be directly synthesized from CO2, e.g. polyurethanes and

polycarbonates. Carbon Capture and Utilization (CCU) also
has many other applications. In the context of plastics,
CCU in combination with Fischer-Tropsch synthesis yields
synthetic naphtha. Synthetic naphtha can be further
converted to polymers, as is already now done with fossil
naphtha.
Furthermore, it is obvious that renewable carbon is the
feedstock for a sustainable plastics economy. Renewable
carbon covers recycled plastics feedstock, biobased
materials and carbon dioxide. However, it must be very
clear that the recycling industry’s high energy requirements
should also be fully covered by renewable energies in order
to prevent the release of additional fossil CO2. Carbon
Capture und Utilization (CCU) processes are in development
and will provide renewable feedstock-based products and
thereby mitigate climate change.
Novel circular business models and changes in regulations
are needed in order to support a sustainable transition
towards circularity. To accelerate the transformation of the
industry, and of both developed and developing societies,
we need new approaches with technologies and innovative
business models across the plastics value chain. Our vision
is to stop plastic pollution and make the plastics value chain
climate neutral by establishing material circularity, while
maintaining material performance and economic feasibility
of plastics. Our ambition is to see innovation and cuttingedge technologies as key elements in establishing this. We
wish to highlight that even though the challenges faced are
immense, they can be overcome. We at VTT will continue
our work in research, development and innovation in the
circular plastics field and call for collaboration to start
creating the much-needed sustainable circular economy
together today.
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U.S. Patent 10,611,903 (April 7, 2020), “Highly Filled
Polymer Systems”, Oliver P. Peoples, Johan van Welsem,
Allen R.Padwa, Mansoor Akhthar Basheer Ahmed, Yelena
Kann and David Boudreau (CJ Cheiljedang Corporation,
Korea)
Ref: WO2015/149029
This patent teaches a polyvinylchloride composition
where high filler levels are used to enhance properties and a
polyester additive is used to render improved processing and
performance properties in the highly filled PVC compounds.
The filler is talc, calcium carbonate or a combination of the
two where levels of 25 to 60 parts per hundred PVC resin are
used. Key teaching is the use of a polyester at levels of 1 to
10 parts per hundred PVC resin and the preferred polyester
is a polyhydroxyalkanoate (PHA) homopolymer, copolymer
or mixture of two polyhydroxyalkanoate polymers.
In PVC technology higher loadings of fillers have been
shown to significantly improve properties but it is key that
the processing of the higher loaded materials proceed
smoothly both for cost and final formed properties in film,
sheet, laminates and rigid materials for decking, fencing
and window profiles.
PHA polymers are taught to offer reduced die pressure,
lower fusion time and lower torque (ie reduced viscosity)
while also allowing for improved flexural modulus and
thermal performance via effective wetting and dispersion
of the high-level fillers. Other bio-based polyesters such
as polybutylene succinate (PBS), polybutylene adipate
terephthalate (PBAT) and polycaprolactone (PCL) are also
taught as effective in managing high loading levels of filler
in PVC.
The effect of the PHA polyester was wide ranging as
illustrated in the examples with filler levels of 27.2 – 61.2
parts per hundred PVC with good fusion time and peak
torque across the range of filler loading at constant PHA
polyester loading.
The PVC formulation also is modified with traditional heat
stabilizers, antioxidants, UV stabilizer, waxes/lubricants
and colorants.
The use of the biopolymer PHA in PVC offers the potential
for PHA to achieve high usage in a mainstay commodity
resin, PVC, and could be a pathway to high usage and
economy of scale for PHA.
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BIOPLASTIC
patents
This section highlights recent IP (patent)
activity that is relevant to the field of bioplastics.
The information offered is intended to acquaint
the reader with a sampling of know-how being
developed to enable growth of the bioplastics
and bioadditives markets.

U.S. Patent 10,519,275 (December 31, 2019), “Polyester
Comprising 2-Methylglutaric Acid, Process For Production
Of The Said Polyester and Products Obtained Therewith”,
Tiziana Milizia and Roberto Vallero (Novamont S.p.A., Italy)
Ref: WO2013/153147
This patent teaches the incorporation of 2-methylglutaric
acid in either of its enantiomeric forms or as a racemic
mixture, at levels of at least 20 mole % of the diacid
components in aliphatic polyesters or aromatic-aliphatic
polyesters that offer a good balance of physical properties
as well as biodegradability while offering improved thermal
performance and improved toughness and elongation.
2-Methylglutaric acid is a linear 5 carbon diacid main
structure with a singular methyl group in the 2 position
(total six carbon diacid, ie 2-methy-1,5 pentanedioc acid).
The incorporation of 2-methylglutaric acid allows for
tailoring of polyesters based aliphatic diacids (e.g. adipic
acid, suberic acid, sebacic acid and the like) and aliphatic
diols (e.g.1,3 propanediol, 1,4-butanediol and the like) and
aromatic diacid (, aliphatic diacid and aliphatic diols.
Use of 2-methylglutaric acid are taught to offer
good fabrication performance for films, fibers, sheets,
thermoforming and blow molding. The incorporation of
alternate monomers allow for tailoring of properties to
meet evolving customer requirements.
Illustration of the teaching was presented where a control
polymer terephthalic acid/adipic acid/sebacic acid//1,4butanediol was compared to a polymer having terephthalic
acid/2-methylglutaric acid/sebacic acid//1,4-butandiol
(2-methyl gluctaric acid was substituted in mole % for
adipic acid. The polyester containing the 2-methylglutaric
acid showed an 8 % improvement in tensile strength, a
fourfold increase in elongation to failure and a two fold
increase in energy to break.

Patents

U.S. Patent 10,508,176 (December 17. 2019), “Foamable
Resin Composition For Foam Sheet, Foam Sheet Process,
Process For Preparing Particulate Polylactic Acid and
Process For Preparing Foam Sheet”, Jun-Beom Shin, SungYong Kang, Min-Hee Lee, Hea-Won Kwon and Kyoung-Min
Kang (LG Hausys LTD, Seoul, Korea)
A process is taught for preparing a polylactic acid
particulate that is suitable for foaming and overcomes
common issues with foamed PLA rendering foamed cell
structure, impact resistance and surface appearance.

U.S. Patent Application 2020/095420 (March 26, 2020),
“Biodegradable Profile Extruded Articles”, Adam Johnson,
Eric McClanahan and Joe B. Grubbs III (Danimer Bioplastics
Inc (Bainbridge, Georgia)
This patent application teaches alternatives to traditional
disposable food service items made from polyethylene,
polypropylene and poly (ethylene terephthalate); a food
service item made from at least 25 % of a biodegradable
polymer. The resin containing at least 25 % of a biodegradable
polymer can be extrusion molded into utensils as well as
tubular items such as drinking straws as well as medical
tubing.
The teachings focus on profile extrusion of
polyhydroxyalkanoate biodegradable resins into tubular
structures with polyhydroxyalkanoate homo- or copolymers
as the main biodegradable resin with optionality to substitute
a portion of the PHA with other known biodegradable
polymers such as polylactic acid, polybutylene succinate,
polybutylene adipate terephthalate and polycaprolactone.
The biodegradable resin(s) can be further modified to
include fillers, nucleating agents and plasticizer.
This teaching offers the potential for environmentally
friendly food service items such as drinking straws amongst
others.

The process involves taking polylactic acid in the form of
pellets or powder into an extruder where a melt is formed
and then taken into a spray nozzle with heated air. The air
temperature is 300 to 500 C, injected at 100 to 1000 psi
with an injection speed of 10 to 50 m/s. The molten spray is
subjected to 2000 to 50,000 volts to enable melt electrostatic
spray deposition. The resultant PLA particle is taught to be
1 to 100 micrometers in size and exhibits molecular weight
of 100,000 to 200,000.
The melt electrostatic spray deposition process provides
a particle that in a sol-gel coating scheme renders an
improved PLA foam as demonstrated by the 0.5 mm foamed
prepared.
The PLA microparticles can also be dispersed in PVC and
polyurethane for foaming.

U.S. Patent 10,577,494 (March 3, 2020), “Compositions And
Films Comprising Polylactic Acid Polymer, Polyvinylacetate
Polymer And Plasticizer”, Ning Zhou, Robert S. Clough,
Derek J. Dehn, Jeffrey P. Kalish, William W. Merrill, Kevin
M. Lewandowski and Jayant Chakravarty (3M Innovative
Properties Company, St. Paul, Minnesota)
Ref: WO2016/105998
A composition is taught comprising >10 weight %
semicrystalline polylactic acid (PLA) polymer, 10 – 40
weight % polyvinyl acetate polymer based on the total
amount of PLA polymers present. The polyvinyl acetate
polymer exhibits a glass transition temperature (Tg) of > 25
C. In addition, 15 – 30 weight % polyester plasticizer and
optionally an amorphous PLA polymer. This composition is
targeted for backing of a pressure sensitive adhesive which
can be used in the making of a tape or sheet. The film has
a first heating scan endotherm of > 10 J/g but less than 40
J/g along with a glass transition temperature of 20 – 30 C.
The semi-crystalline polylactic acid taught can comprise
at least 90 weight % of L-lactide units and < 10 weight % of
the D-lactide unit
The film composition can be directly coated with the
pressure sensitive adhesive layer via traditional coating
methods such as roller coating, flow coating, spray coating
and the like.
The compositions tested showed good heat aging, peel
strength, tensile strength, tensile elongation and tensile
modulus.
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Patents

Patenting bioplastics

T

he push towards a circular economy promises huge
rewards for innovators able to develop commercially
viable bioplastic products. It is vital for innovators to
understand and engage with the patent system to safeguard their developments in order to realise those rewards.

Introduction
Patents are a powerful commercial tool. They represent
a bargain in which an innovator is granted a monopoly
over a technical invention for up to 20 years, in return for
publishing details of that invention for public scrutiny.
Patents are generally dealt with on a national basis,
with innovators obtaining and enforcing patents in their
countries of choice. However, in Europe the most common
route to a patent is a European patent application – a single
application leading in effect to individual patents in up to 44
countries, via a single centralised processing procedure at
the European Patent Office (EPO).
To qualify for patent protection at the EPO, it is necessary
to satisfy an examiner that the patent application describes
the invention with sufficient clarity and detail for others
to do the invention, and that the invention is new and not
obvious from what was known before: the prior art. Most
other national patent offices have similar requirements,
although interpretation and procedure vary greatly. With
this in mind, taking the EPO as a test case, what kind of
innovations can be protected in the bioplastics field?

The prior art
The prior art used to assess whether the claims
of a patent application are new and not obvious at
the EPO includes all of the information that was
publicly available before the patent application
was filed. This includes, for example, a written
document (published anywhere, in any language),
an academic talk, a product catalogue, or even a
product whose details can be reverse engineered.
Crucially, the prior art at the EPO includes
information released publicly by the patent
applicant themselves – take care! It means that
a pre-filing meeting, product launch, or press
release can permanently compromise obtaining
a valid patent. Try to speak to a patent attorney
before such events, to decide whether a patent
application should be put in place beforehand.
If you are already too late, all is not lost! Some
countries provide patent or patent-like protection
with a grace period for disclosures from the
applicant themselves, including the US, Japan and
Germany [1].
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What can be protected?
The most important part of a patent is the claims – the
statements which define the invention. Patent claims can
broadly be grouped into two types: products (e.g., polymers,
articles of manufacture) and activities (e.g. manufacturing
methods, specific uses of a polymer).
Protection for products generally provides the greatest
commercial advantage. Product protection is easier to police
– it is simpler to buy and analyse a competitor’s product
for infringement than to uncover details of the product’s
manufacture. However, obtaining product protection at the
EPO is often complicated, because they must be satisfied
that the product itself is new compared to all known earlier
products.
Obviously, instances where the bioplastic is a completely
new type of material don’t present these problems.
However, in the more routine scenario where protection is
sought for a bioplastic which is a new version of a known
plastic, thought is required.
In a simple scenario, the innovation is the first biobased
version of a compound/article traditionally derived from
petroleum sources. It is possible to argue that a patent claim
of the form “polymer X made from biobased monomer Y”
is new, due to the measurably different 12C/14C ratio, or the
presence of characteristic impurities [2]. However applicants
might face pushback when arguing on this basis alone, with
examiners doubting that these incidental differences are
worthy of a patent [3]. Nevertheless, these arguments can
succeed, and are certainly worth pursuing, since general
protection for the bioplastic can be hugely powerful.
More often, the innovation is a new bioplastic version
of a known bioplastic. In such instances it is necessary to
identify a new chemical or physical characteristic of the
plastic to persuade the EPO to allow a patent.
New plastics’ characteristics may be hard to define, but
will often arise from a new manufacturing method. Can
we simply protect “bioplastic X obtainable from starting
materials P and Q through process Y”? Often yes, although
there can be challenges with such product-by-process
claims. Firstly, the EPO is naturally suspicious that such
definitions are unclear for competitors, and prefer plastics
to be defined in concrete compositional terms [4]. Secondly,
the EPO must be satisfied that a product made by the
defined method is always going to be identifiably different
from known bioplastics. Finally, in some countries the
patent would only protect products actually formed by the
stated process, and not the same product arrived at through
other processes.
Another approach is to define the bioplastic using
new physical or chemical parameters; for example,
“bioplastic X having a molecular weight Mw of at least Y”.

Patents
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These characteristics do not necessarily need to provide
an advantage – it is enough to be a useful non-obvious
alternative to the already known bioplastic X. Such
parameter-based definitions are usually considered helpful
by EPO examiners. However, the EPO requires the patent
application to provide a clear protocol of how to determine
the parameter [5] (particularly for unusual parameters), and
deficiencies can be fatal. Later evidence may be required to
demonstrate a difference from earlier polymers for which
that parameter was not mentioned.
As well as protecting the bioplastic itself, it is also
important to consider protecting articles incorporating the
bioplastic. The commercial advantage of having a patent to
a new bioplastic X can quickly be stymied if a competitor
patents a killer product made from that bioplastic X.
Therefore, even for companies who do not intend to sell end
products themselves, it is worth protecting key products
and/or making a defensive publication related to such
products (a public disclosure made as prior art to block
others from obtaining a patent). Bioplastic manufacturers
should note that patents can be enforced not only against
those who directly infringe the patent, but also against
those who provide the means for others to infringe.
Finally, innovators should explore protecting relevant
activities connected to the bioplastics. Processes of
manufacture for bioplastics and end products are obvious
candidates. Innovators should also be aware that they can
protect uses of bioplastics for specific new purposes. For
example, if it is already known to use bioplastic X as an
additive to reduce UV transmission in packaging, it might
still be possible to protect use of bioplastic X as an additive
to reduce air permeability in packaging applications.

Conclusions
From all of this, it is clear that there are a multitude
of options for protecting innovations in the bioplastic
field, and that careful thought is needed to obtain the
fullest protection possible. Therefore, with every new
development, it is important to explore (ideally with a
patent attorney) whether there is a commercial advantage
worth protecting via a patent, in case the workbench curio
of today becomes the workhorse material of tomorrow.
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Speeding things along
The patenting process can be slow. The EPO
normally takes 3-4 years to reach a decision as
to whether to grant a patent. This is fairly typical
of patent offices in general. In most cases, this
timescale is beneficial – spreading costs, prolonging
uncertainty for third parties, and allowing flexibility to
adapt to product developments. However, on occasion
applicants will want a granted patent quickly – e.g., to
secure investment or to enforce the patent against a
fast-moving competitor.
Bioplastic innovators can be at an advantage over
others in such situations, since a number of patent
offices allow acceleration of patent applications for
green technologies.
The UK Intellectual Property Office were the first
to establish such a scheme. Their green channel
allows applicants to accelerate processing of patent
applications that are of ‘environmental benefit’. The
environmental benefit is loosely defined, and the bar
is set low (available statistics suggest a rejection rate
of only ~1%). The acceleration is significant, often
reducing the time to grant the patent to under a year
[6].
Other countries offer options for accelerating
environmentally-friendly
technology,
including
Japan, China, South Korea, Australia, Israel, Canada,
Brazil and Taiwan, although the specific details vary.
While not all countries provide fast-track protection
for green technologies, most major countries allow
processing to be accelerated based on a patent
granted in another country (via a scheme called
the Patent Prosecution Highway [7]). Therefore,
applicants wishing to quickly obtain patents in
several countries should consider patenting quickly
in a country offering fast-track protection for green
technologies (such as the UK) to use as the basis for
speeding up processing elsewhere.
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In May 2020
Kresimir Hagljan, CEO of FASAL WOOD GmbH,
Vienna, Austria commented:
After the first projects with HABA, Cuboro, Ravensburger
and others 10 and more years ago, the development did
not stand still. We still cooperate with some of them and
developed new products. New products on our raw material
side and new products on the side of the toy manufacturers.
And of course, business with new clients was established.
In many cases, when a customer comes with a new project, we develop the
appropriate compound for the individual application. Bioblo for example presented
their toy blocks during the first bio!TOY conference in Nuremberg last year. Another
new partner with interesting products is Vertex (Reutlingen, Germany) making
coat hangers with Fasal materials.
Wood (sawing waste from the wood industry, e.g. from furniture) is still the
basis for all compounds. But following the diversification in the demand from
the customer side, we use biobased, biodegradable or conventional matrix
resins such as fossil based PP, but also biobased PE, PLA or – if requested by a
customer- also recycled plastic material so that such reclaimed material gets a
second life.
Due to the rising demand the production capacities at Fasal were significantly
increased by approximately factor five in the last 10 years. A second plant in Croatia
was inaugurated in 2015. So all in all we are really satisfied with the development
and we are confident that this will go on.
Natural Fibres
A new game of skill from Ravensburger called ‘Kipp Kipp Ahoi!
(see photo left) uses Fasal material in an application that could
not be economically accomplished using conventional materials
based on renewables such as cardboard and solid wood. The
screws are produced in the appropriate colours using an 8-cavity
tool. The body of the ship combines the mating components for
the screws with a stable mounting for the printed cardboard
element.

Natural Fibres

Musical instruments
A special instance of resource conservation was introduced
by Herbert Neureiter in the Austrian Tyrol. Clarinets, which are
often made from endangered African Blackwood (ABW), can be
produced by injection moulding using Fasal material. The risk
of splitting and the absorption of moisture are virtually nil. “In
spite of the lower weight of about 10% the material shows a very
good sound behaviour and there are hardly any differences to
massive wood,” says Herbert Neureiter. Customers are given a
5-year warranty for dimensional stability. The high density of the
Fasal material results in similar sound characteristics to those
of solid wood.
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Herbert Neureiter makes clarinettes from WPC
as an alternative to of African Blackwood

Toys

ted
ple, was presen
e for two peo
Fair 2007
a strategy gam
rnational Toy
‘Babel Pico’,
AG at the Inte
pany Cuboro
by Swiss com
, Germany.
in Nuremberg
ngeable sliding
ed using intercha
parts
es are produc
volume of the
The 30 mm cub
the significant
pite
Des
ted a
ner.
run
feel. “We wan
parts and hot
face has a soft
s Matthias
occurs. The sur
say
ge
pe,“
inka
sha
shr
no
tively complex
rela
a
ction
inje
with
e
e
game. “Th
solid, large cub
the strategy
ls tested
Manager for
, but all materia
Etter, Project
cal.
seemed suitable
gy
logi
eco
nolo
or
d
tech
t-relate
moulding
technical, cos
wbacks, be it
es different
had some dra
erial compris
moulding mat
ionject
d-in
The woo
advantages“.

The direct moulding of internal and external screw threads
represents an interesting possibility for the furniture industry.
Overmoulding of metal threads is also a possibility. Both options
have already been used for toys and kid‘s furniture by ‘HABA - the
children‘s inventor‘. “The synthesis of a technical requirement
in combination with materials from renewable resources is
interesting for us,“ says Matthias Löhnert, Quality Management
at Habermaaß. An additional advantage of this Fasal material is
its surface feel, which is very close to natural wood.“ Also some
other Fasal connecting elements are fixed using PVA adhesive.

Biodegradable matrices
Because of the continuous development of the bioplastics
market a redevelopment of the Fasal compound was an obvious
step. At the IFA in Tulln studies and projects for the industry,
focussing on renewables and biodegradables, are routine. So
a new, upgraded compound, FASAL BIO 322/14, was on the
market after a very few months. Compared to conventional Fasal
the new injection moulding material based on renewable and
biodegradable raw materials features a high degree of flexibility
and impact strength. Thus resilient parts can be produced, such
as those required by the toy industry.

internal and external screw threads are
interesting applications for furniture

This new material is the first result of the ‘Wood COMET’
research project. As well as testing the compatibility of wood
and natural fibres in combination with bioplastics, various ‘bioadditives’ are tested. Requests from manufacturing companies
show the high level of demand for bioplastics, but prices and
process parameters have to be optimised for successful market
introduction.
www.ifa-tulln.ac.at
www.fasal.at
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Who is responsible for the
plastic soup in the ocean?

M

y family lives in Spain and winter
beach walks are one of our
favourite activities. But I’m not
really fun to go on a beach walk with as
I see every walk as an opportunity to do
some beach clean-up. It’s more bobbing
up and down to collect plastic bottles,
bottle caps and fragments than actual
walking.

Like many people, I am horrified by the
amount of plastic and other waste that
ends up on the beach. Some of it is left by careless people who had a
picnic, a beer or an ice cream on the beach and tossed the wrappers.
Cigarette butts are another real plague on Europe’s beaches. Other
bits come onto the beach from the sea, plastic bottles whittled down
to fragments by the tide and the rocks. Torn garbage bags, overturned
wheelie bins and overflowing public bins all seem to contribute to
waste getting onto the beach and into the sea.
Marine litter is a plastics problem but it’s also an infrastructure
problem. Plastics should not be getting into the ocean. While I’ve
spent much of my career advocating for bioplastics as a way to leave
oil in the ground, I don’t believe that today’s bioplastics are the Holy
Grail to solving plastic pollution in the ocean.
There is an assumption with the public which is repeated in the
mainstream media that ‘bioplastic’ means ‘marine degradable’. This
isn’t true. While marine degradable bioplastics like PHA are gaining
traction, the reality is that most bioplastics on the market today are
going to perform very similarly to petroleum-based plastics if they
end up in the marine environment. For ‘flyaway’ applications like
fishing nets, mulch films and greenhouses, we need a wholescale
shift to biodegradable and marine degradable solutions.
The European Parliament estimates that 4.8 to 12.7 million tonnes
of plastic go into the ocean every year (cf p. **). According to European
Commission figures, 82% of marine litter is plastics. Of this, 27%
comes from fishing gear and 49% from single-use plastics. So who is
responsible for this floating mess?
I don’t see much responsibility being taken. What I see is a lot
of blame flying around. Many industry people are quick to blame
consumers. Consumers blame industry. Everyone loves to blame
politicians yet very few people seem to blame poor infrastructure
in some developing countries for clogging up major rivers that lead
to the sea. Pointing the finger and blaming doesn’t help us make
change. We need to find ways to share responsibility. The plastics
industry, including the bioplastics sector, should contribute to cleanup and prevention.
Extended Producer Responsibility is an important principle
in European legislation. I like to think of Extended Producer
Responsibility as the dog owner who picks up after other people’s
dogs. This prevents all dog owners from getting a bad name and
means that no-one will think that you are the irresponsible dog
owner leaving mess on the street.
We need to take our share of the responsibility in the plastics
industry and find ways to step up and solve the problem.
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Plastic Marine Litter
Can bioplastics save the plankton?

P

ollution and climate change are two of the many environmental issues we face. These are mostly considered separately. Pollution, especially marine, is one
we can see with our eyes and exerts emotive feelings in
most people. However quite often it is the pollution we cannot see that has the potential to affect us the most. Since it
is estimated that more than a half of the total atmospheric
oxygen is produced (and corresponding carbon sequestered) in the oceans by phytoplankton [1], marine litter and
climate change are likely interlinked if the connection is
proven that phytoplankton are affected by significant concentrations of plastics in the ocean.
Plastic of all sizes, from nano- to macro-, and of all
different polymer types are found in oceans around the
world. They are present in all habitats from nearshore
coastal zones, to deep sea trenches, and from pole to pole.
It is estimated that in 2010 between 4.8 to 12.7 million
metric tons of plastic entered the oceans, and these levels
are expected to increase by an order of magnitude by 2025
[2]; newer studies estimate these levels are even higher.

Plastic marine litter
Plastic represents 84% of total marine litter [3], with
ca. 80% originating from land-based activities, and the
remaining 20% from sea-based activities. From land, food
packaging makes up the majority of macroplastic items
entering the oceans via rivers and streams. Microplastics
are introduced from wastewater treatment plant effluent
and stormwater runoff from roads, in the form of the
breakdown products resulting from the wear and tear of
items such as synthetic clothing (during laundering) and
tyres on roads.
The strong and light nature of plastics make it an ideal
material for sea-based activities and are commonly used
for fishing gear (buoys, lines, nets), as well as for the
storage and transportation (boxes, packaging, insulation).
Consequently, shipping, wild fisheries and aquaculture
contribute significantly to marine litter of both macroplastics
through accidental or intentional deposition and to microand nanoplastics through fragmentation of larger items
through general wear and tear. For example, dolly ropes
used to protect the trawl nets against wear and tear by
providing a buffer between the nets and hard substrate.
Plastics at all sizes present a range of threats to
the environment and they may enter the ecosystem at
different trophic levels. Impacts from ingestion range
from causing physical internal damage to causing a false
sense of satiation, resulting in subsequent implications for
animal health and fitness. Inherent or acquired chemicals
associated with the plastics, including microplastics, may
also pose a significant risk to the biota at different trophic
levels both following direct consumption of the plastics
and from bioaccumulation and biomagnification through
the food chain. Although microplastics have been found in
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the guts and tissues of marine species around the world
(including samples taken from commercial markets) that
humans consume as food, it is currently unclear whether
they present a threat to human health. In addition to
potential toxicological effects, plastic litter provides a new
substrate for the development of biofilms posing a threat
to ecosystems through their role in the translocation of
invasive species and pathogens in the oceans over greater
distances than previously possible [4].
The resilient nature which has made plastic so versatile
and successful also make it difficult or impossible to be
assimilated by nature. Therefore, plastics do not only
influence the oceans today but also for many decades to
come.
Although the term litter implies items intentionally
discarded in the environment, it is important to
acknowledge that marine plastic litter can enter the
environment unintentionally during use through accidental
loss and general wear and tear. While it is universally
agreed that plastic should not be littered into the oceans,
its presence there is inevitable. As a result, biodegradable
and compostable plastics are increasingly being discussed
to replace traditional plastics in terrestrial and marine
applications to reduce future marine litter.

Are biodegradable plastics the solution?
Even though a material is described as ‘biodegradable’,
this does not mean it will degrade in all receiving
environments. Some will biodegrade only under industrial
composting conditions, others biodegrade in both
composting and soil but not aquatic environments [5]. A
range of different standard tests are available to measure
biodegradation under different conditions including the ISO
18830 and ISO 19679 standards focussed on determining the
aerobic biodegradation of non-floating plastic materials in
a seawater/sediment interface. Of the commonly available
compostable and biodegradable polymers, polybutylene
succinate (PBS), polylactic acid (PLA), polybutyrate
adipate terephthalate (PBAT) and poly(butylene succinateco-butylene adipate) (PBSA) do not meet requirements
of biodegradability in marine environments.
A few
materials - certain grades of cellulose acetate and the
polyhydroxybutyrate (PHB) family of co-polymers - have
displayed marine biodegradability.
Currently, for land-based activities, we focus on materials
that are home or industrial compostable and possibly soil
biodegradable. If 80 % of marine plastic litter comes from
terrestrial sources and most compostable plastics are not
marine biodegradable, then biodegradable plastic litter is
still litter – likely contributing to the same problems coming
from traditional plastics [6].
One might then decide that only marine biodegradable
materials should be used for everything. There are two
main issues here: 1. Materials fit for purpose - functionality
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and lifetime of items; and 2. impacts of these biodegradable
plastics as they break down.
Firstly, marine biodegradable materials don’t provide
all the functionality necessary for their primary use (e.g
packaging or marine nets, dolly ropes, etc).
A more complicated concern is what happens as these
marine biodegradable materials break down; they still
undergo the transition from macro to micro to nanoplastics,
they are just biomineralized along the way. Quite a
number of studies have looked at effects of nanoplastics
on marine species.
With the highest concentration
reported in aquatic systems in the ng/L (nanogram per
litre) concentration; all the published studies should be
interpreted with caution since they generally use much
higher than 0.5 mg/L of nanoplastics [7]. Taking that into
account, a recent study indicated that despite being marine
biodegradable, secondary PHB-nanoplastics generated via
abiotic degradation of PHB-microplastics were harmful
for the tested organisms [8]. This suggests that marine
biodegradable plastic still does not mean safe for the
environment in the short term. On a more positive note,
these nanoplastics are still susceptible to biotic (enzymatic)
degradation meaning they do not accumulate over the long
term.
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The impacts of nano- and microplastics are not limited
to animals, with studies increasingly identifying effects
on primary producers, including plants, algae and
photosynthetic bacteria.
Studies are increasingly identifying their effect on
phytoplankton at the very base of the food chain with the
ability to harness the sun’s energy and sequester carbon
dioxide, whilst at the same time providing 50% of the Earth’s
oxygen.

Biodegradable is not the full solution
Marine biodegradable means that the materials will be
biomineralized at some point – depending on microbes
and temperatures. While marine biodegradable plastics
may influence the oceans in the shorter term, they may not
continue to have these impacts in decades to come. Other
biodegradable polymers, on the other hand, will have longer
term impact on marine life.

Fig. 1: A piece of braided synthetic rope amongst natural detritus
washed up on a beach

Biodegradable plastics are not the complete solution
to solving the marine litter problem. A challenge of this
magnitude requires layered solutions. We need to stop
plastics from entering aquatic systems by re-thinking
plastics and how we use it – this ranges from applying
circular design principals to our materials and products
to optimizing their (chemical) structure for the desired
purpose to ultimately phase out marine litter.
www.scionresearch.com

Fig 2: Biodegradable plastic pots showing degradation over time
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Marine biodegradable plastics
A solution option to the Marine Litter problem?

M

arine litter is an insidious form of environmental
pollution. Currently, more than 150 million tonnes
of plastic garbage pollute the oceans, with between
an estimated 4.8 to 12.7 million tonnes added each year [1].
15 % of marine trash floats on the surface, 70 % lands on
the sea bottom and another 15 % eventually reaches the
coast [2].

Marine litter has different sources. About half of all ocean
waste plastic consists of single-use plastic items such
as bottles, lids, cigarette filters, toiletries, plastic bags,
disposable tableware, cups, and food packaging. These
mainly originate from land-based sources. A study in Lower
Saxony, Germany concludes that 36 % of marine waste
comes from fishing and 7 % from shipping [3]. Coastal and
offshore aquaculture and fisheries also suffer material
losses due to, among others, storms. The lost materials
include net and rope balls, fish traps, net bags, fish boxes,
buoyancy aids and adhesive tapes.
The durability of conventional plastics, which offers such
advantages during the life of these products, becomes an
ecological disadvantage at the end of these same products’
useful life, as most plastics are not degradable and
therefore able to cause substantial ecological problems.
There are various different approaches which can be used
to reduce marine litter.
The potential countermeasures can be divided into
primary and secondary measures. Primary measures
include directly preventing plastic from entering the marine
environment through the further improvement of waste and
wastewater management, in combination with the creation
of knowledge and awareness of the need for the careful
handling of products and the resulting waste. However,
completely eliminating the input, especially from certain
product groups for which loss to the environment during
or after use is intrinsic or very likely to occur, is infeasible.
Therefore, in addition to primary measures, appropriate
secondary measures are also required to combat marine
litter.
In the research project MabiKu [4], the IfBB and partners
are working to identify critical products that have a high loss
rate or where loss is difficult to avoid. The primary goal is to
further develop bio-based plastics that degrade under marine
conditions and fulfil the required functionalities (Fig. 1).
These critical products include items from aquaculture
and fisheries, such as feeding pipes, fish boxes and other
fishing gear.
To assess the capability of substituting persistent plastics
with biodegradable ones, their marine degradability must be
investigated under standardised conditions. This presents
a number of challenges. Although the investigation and
certification of the industrial compostability of bioplastics is

state of the art, the methods applied are not transferrable
to marine degradation, since the environmental conditions
are completely different. First of all, the temperature is,
in general, lower (from below 0°C up to 32°C) than the
over 60°C in an industrial composting facility. This means
that plastics that are certified as industrial compostable
according to DIN EN 13432, such as PLA, are not implicitly
biodegradable under marine conditions. Furthermore, the
ocean is much more diverse in terms of light, sediment
contact and varying temperatures with season, depth and
latitude. Thus, depending on where the plastic item ends
up, the microorganism composition differs strongly from
one place to the other. Predicting the biodegradability of
materials in the marine environment is therefore difficult.
To approach these challenges, tests are conducted at
three different scales: at lab scale (in bottles), mesocosm
scale and in field tests (Fig. 2). The final degradation to
the end product - CO2 - can be analysed and verified only
in closed bottles. However, the volume of a bottle is small,
which means that only a small part of the environment can
be represented. Hence, mesocosms can be used to model
a more realistic but still controlled environment, in which
e.g. the mechanical changes during degradation can be
monitored. In the field the full spectrum of the environment
is present with the influence of hydrodynamics, UVradiation and all present organisms. Assessing degradation
quantitatively in the field remains a bottleneck. A reduction
in weight is difficult to assess due to the biofilm growing on
the plastic item, which falsifies the result. That’s the reason
why in the current project further measurement techniques
are being developed to quantify biodegradation in the field.
Furthermore, different environments should be tested such
as the benthic zone (contact with sediment) and the pelagic
zone (the open ocean). This is reflected in the two teststandards: ISO 18830 and ASTM D6691-17, respectively.
Whether or not toxic by-products emerge is dependent
on the composition of the utilized plastic and needs to be
considered when evaluating the marine degradability.
Previous studies have shown that polyhydroxyalkanoate
(PHA), some types of cellulose acetate and polycaprolactone
(PCL) are degradable under marine conditions. The
degradation rate is, besides the monomeric structure of
the polymer, influenced by factors such as temperature,
habitat and surface/volume ratio of the product and is
therefore difficult to generalise. However, Dilkes-Hoffman
et al. (2019) have determined a degradation rate of 0.04 0.05 mg/day and cm² for PHA in a meta-analysis [5]. A water
bottle, for example, would need 1.5 - 3.5 years to degrade
completely. Currently, further material development is
being conducted to improve the mechanical characteristics
and marine degradability of several plastic types to make
them suitable for sensible applications.
www.ifbb-hannover.de | www.sea-art.org
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Suppliers Guide
1. Raw Materials

AGRANA Starch
Bioplastics
Conrathstraße 7
A-3950 Gmuend, Austria
bioplastics.starch@agrana.com
www.agrana.com

BASF SE
Ludwigshafen, Germany
Tel: +49 621 60-99951
martin.bussmann@basf.com
www.ecovio.com

Simply contact:

Stay permanently listed in the
Suppliers Guide with your company
logo and contact information.
For only 6,– EUR per mm, per issue you
can be present among top suppliers in
the field of bioplastics.

Gianeco S.r.l.
Via Magenta 57 10128 Torino - Italy
Tel.+390119370420
info@gianeco.com
www.gianeco.com

39 mm

Sample Charge:
39mm x 6,00 €
= 234,00 € per entry/per issue

Sample Charge for one year:
6 issues x 234,00 EUR = 1,404.00 €
The entry in our Suppliers Guide is
bookable for one year (6 issues) and
extends automatically if it’s not canceled
three month before expiry.

www.facebook.com
www.issuu.com
www.twitter.com
www.youtube.com
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1.2 compounds

Cardia Bioplastics
Suite 6, 205-211 Forster Rd
Mt. Waverley, VIC, 3149 Australia
Tel. +61 3 85666800
info@cardiabioplastics.com
www.cardiabioplastics.com

For Example:

Polymedia Publisher GmbH
Dammer Str. 112
41066 Mönchengladbach
Germany
Tel.
+49 2161 664864
Fax
+49 2161 631045
info@bioplasticsmagazine.com
www.bioplasticsmagazine.com

Jincheng, Lin‘an, Hangzhou,
Zhejiang 311300, P.R. China
China contact: Grace Jin
mobile: 0086 135 7578 9843
Grace@xinfupharm.comEurope
contact(Belgium): Susan Zhang
mobile: 0032 478 991619
zxh0612@hotmail.com
www.xinfupharm.com
1.1 bio based monomers

Tel.: +49 2161 6884467
suppguide@bioplasticsmagazine.com

Xinjiang Blue Ridge Tunhe
Polyester Co., Ltd.
No. 316, South Beijing Rd. Changji,
Xinjiang, 831100, P.R.China
Tel.: +86 994 22 90 90 9
Mob: +86 187 99 283 100
chenjianhui@lanshantunhe.com
www.lanshantunhe.com
PBAT & PBS resin supplier

PTT MCC Biochem Co., Ltd.
info@pttmcc.com / www.pttmcc.com
Tel: +66(0) 2 140-3563
MCPP Germany GmbH
+49 (0) 211 520 54 662
Julian.Schmeling@mcpp-europe.com
MCPP France SAS
+33 (0)2 51 65 71 43
fabien.resweber@mcpp-europe.com API S.p.A.
Via Dante Alighieri, 27
36065 Mussolente (VI), Italy
Telephone +39 0424 579711
www.apiplastic.com
www.apinatbio.com
Microtec Srl
Via Po’, 53/55
30030, Mellaredo di Pianiga (VE),
Italy
Tel.: +39 041 5190621
Fax.: +39 041 5194765
info@microtecsrl.com
www.biocomp.it

Tel: +86 351-8689356
Fax: +86 351-8689718
www.jinhuizhaolong.com
ecoworldsales@jinhuigroup.com

BIO-FED
Branch of AKRO-PLASTIC GmbH
BioCampus Cologne
Nattermannallee 1
50829 Cologne, Germany
Tel.: +49 221 88 88 94-00
info@bio-fed.com
www.bio-fed.com

Global Biopolymers Co.,Ltd.
Bioplastics compounds
(PLA+starch;PLA+rubber)
194 Lardproa80 yak 14
Wangthonglang, Bangkok
Thailand 10310
info@globalbiopolymers.com
www.globalbiopolymers.com
Tel +66 81 9150446

Kingfa Sci. & Tech. Co., Ltd.
No.33 Kefeng Rd, Sc. City, Guangzhou
Hi-Tech Ind. Development Zone,
Guangdong, P.R. China. 510663
Tel: +86 (0)20 6622 1696
info@ecopond.com.cn
www.kingfa.com

FKuR Kunststoff GmbH
Siemensring 79
D - 47 877 Willich
Tel. +49 2154 9251-0
Tel.: +49 2154 9251-51
sales@fkur.com
www.fkur.com

GRAFE-Group
Waldecker Straße 21,
99444 Blankenhain, Germany
Tel. +49 36459 45 0
www.grafe.com

Green Dot Bioplastics
527 Commercial St Suite 310
Emporia, KS 66801
Tel.: +1 620-273-8919
info@greendotbioplastics.com
www.greendotbioplastics.com

Plásticos Compuestos S.A.
C/ Basters 15
08184 Palau Solità i Plegamans
Barcelona, Spain
Tel. +34 93 863 96 70
info@kompuestos.com
www.kompuestos.com

NUREL Engineering Polymers
Ctra. Barcelona, km 329
50016 Zaragoza, Spain
Tel: +34 976 465 579
inzea@samca.com
www.inzea-biopolymers.com

Sukano AG
Chaltenbodenstraße 23
CH-8834 Schindellegi
Tel. +41 44 787 57 77
Fax +41 44 787 57 78
www.sukano.com

Suppliers Guide
2. Additives/Secondary raw materials 6. Equipment
6.1 Machinery & Molds
Biofibre GmbH
Member of Steinl Group
Sonnenring 35
D-84032 Altdorf
Fon: +49 (0)871 308-0
Fax: +49 (0)871 308-183
info@biofibre.de
www.biofibre.de

Plásticos Compuestos S.A.
C/ Basters 15
08184 Palau Solità i Plegamans
Barcelona, Spain
Tel. +34 93 863 96 70
info@kompuestos.com
www.kompuestos.com
1.5 PHA

GRAFE-Group
Waldecker Straße 21,
99444 Blankenhain, Germany
Tel. +49 36459 45 0
www.grafe.com
3. Semi finished products

Buss AG
Hohenrainstrasse 10
4133 Pratteln / Switzerland
Tel.: +41 61 825 66 00
Fax: +41 61 825 68 58
info@busscorp.com
www.busscorp.com

3.1 films
Natureplast – Biopolynov
11 rue François Arago
14123 IFS
Tel: +33 (0)2 31 83 50 87
www.natureplast.eu

TECNARO GmbH
Bustadt 40
D-74360 Ilsfeld. Germany
Tel: +49 (0)7062/97687-0
www.tecnaro.de

P O L i M E R

GEMA POLIMER A.S.
Ege Serbest Bolgesi, Koru Sk.,
No.12, Gaziemir, Izmir 35410,
Turkey
+90 (232) 251 5041
info@gemapolimer.com
http://www.gemabio.com
1.3 PLA

Total Corbion PLA bv
Arkelsedijk 46, P.O. Box 21
4200 AA Gorinchem
The Netherlands
Tel.: +31 183 695 695
Fax.: +31 183 695 604
www.total-corbion.com
pla@total-corbion.com

4. Bioplastics products
Kaneka Belgium N.V.
Nijverheidsstraat 16
2260 Westerlo-Oevel, Belgium
Tel: +32 (0)14 25 78 36
Fax: +32 (0)14 25 78 81
info.biopolymer@kaneka.be

TianAn Biopolymer
No. 68 Dagang 6th Rd,
Beilun, Ningbo, China, 315800
Tel. +86-57 48 68 62 50 2
Fax +86-57 48 68 77 98 0
enquiry@tianan-enmat.com
www.tianan-enmat.com
1.6 masterbatches

Albrecht Dinkelaker
Polymer and Product Development
Blumenweg 2
79669 Zell im Wiesental, Germany
Tel.:+49 (0) 7625 91 84 58
info@polyfea2.de
www.caprowax-p.eu

Treffert S.A.S.
Rue de la Jontière
57255 Sainte-Marie-aux-Chênes,
France
+33 3 87 31 84 84
www.treffert.fr

www.granula.eu

MODA: Biodegradability Analyzer
SAIDA FDS INC.
143-10 Isshiki, Yaizu,
Shizuoka,Japan
Tel:+81-54-624-6155
Fax: +81-54-623-8623
info_fds@saidagroup.jp
www.saidagroup.jp/fds_en/
7. Plant engineering

INDOCHINE BIO PLASTIQUES
(ICBP) SDN BHD
12, Jalan i-Park SAC 3
Senai Airport City
81400 Senai, Johor, Malaysia
Tel. +60 7 5959 159
marketing@icbp.com.my
www.icbp.com.my
C, M, Y , K
45, 0,90, 0

C , M, Y, K
10, 0, 80,0

C, M, Y, K
50, 0 ,0, 0

C, M, Y, K
0, 0, 0, 0

EREMA Engineering Recycling
Maschinen und Anlagen GmbH
Unterfeldstrasse 3
4052 Ansfelden, AUSTRIA
Phone: +43 (0) 732 / 3190-0
Fax:
+43 (0) 732 / 3190-23
erema@erema.at
www.erema.at
9. Services

GRAFE-Group
Waldecker Straße 21,
99444 Blankenhain, Germany
Tel. +49 36459 45 0
www.grafe.com

Zhejiang Hisun Biomaterials Co.,Ltd.
No.97 Waisha Rd, Jiaojiang District,
Taizhou City, Zhejiang Province, China
Tel: +86-576-88827723
pla@hisunpharm.com
Treffert GmbH & Co. KG
www.hisunplas.com
In der Weide 17
1.4 starch-based bioplastics
55411 Bingen am Rhein; Germany
+49 6721 403 0
www.treffert.eu

BIOTEC
Biologische Naturverpackungen
Werner-Heisenberg-Strasse 32
46446 Emmerich/Germany
Tel.: +49 (0) 2822 – 92510
info@biotec.de
www.biotec.de

Bio4Pack GmbH
Marie-Curie-Straße 5
48529 Nordhorn, Germany
Tel. +49 (0)5921 818 37 00
info@bio4pack.com
www.bio4pack.com

6.2 Degradability Analyzer

Minima Technology Co., Ltd.
Esmy Huang, COO
No.33. Yichang E. Rd., Taipin City,
Taichung County
411, Taiwan (R.O.C.)
Tel. +886(4)2277 6888
Fax +883(4)2277 6989
Mobil +886(0)982-829988
esmy@minima-tech.com
Skype esmy325
www.minima.com

Osterfelder Str. 3
46047 Oberhausen
Tel.: +49 (0)208 8598 1227
thomas.wodke@umsicht.fhg.de
www.umsicht.fraunhofer.de

Innovation Consulting Harald Kaeb

narocon
Dr. Harald Kaeb
Tel.: +49 30-28096930
kaeb@narocon.de
www.narocon.de
9. Services (continued)

Natur-Tec® - Northern Technologies
4201 Woodland Road
Circle Pines, MN 55014 USA
Tel. +1 763.404.8700
Fax +1 763.225.6645
info@natur-tec.com
nova-Institut GmbH
www.natur-tec.com
Chemiepark Knapsack
Industriestrasse 300
50354 Huerth, Germany
Tel.: +49(0)2233-48-14 40
E-Mail: contact@nova-institut.de
NOVAMONT S.p.A.
www.biobased.eu
Via Fauser , 8
28100 Novara - ITALIA
Fax +39.0321.699.601
Tel. +39.0321.699.611
Bioplastics Consulting
www.novamont.com
Tel. +49 2161 664864
info@polymediaconsult.com
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Suppliers Guide
10. Institutions

10.2 Universities

10.1 Associations

BPI - The Biodegradable
Products Institute
331 West 57th Street, Suite 415
New York, NY 10019, USA
Tel. +1-888-274-5646
info@bpiworld.org

Institut für Kunststofftechnik
Universität Stuttgart
Böblinger Straße 70
70199 Stuttgart
Tel +49 711/685-62831
silvia.kliem@ikt.uni-stuttgart.de
www.ikt.uni-stuttgart.de

IfBB – Institute for Bioplastics
and Biocomposites
University of Applied Sciences
and Arts Hanover
Faculty II – Mechanical and
Bioprocess Engineering
Heisterbergallee 12
30453 Hannover, Germany
Tel.: +49 5 11 / 92 96 - 22 69
Fax: +49 5 11 / 92 96 - 99 - 22 69
lisa.mundzeck@hs-hannover.de
www.ifbb-hannover.de/

Green Serendipity
Caroli Buitenhuis
IJburglaan 836
1087 EM Amsterdam
The Netherlands
Tel.: +31 6-24216733
www.greenseredipity.nl

10.3 Other Institutions

European Bioplastics e.V.
Marienstr. 19/20
10117 Berlin, Germany
Tel. +49 30 284 82 350
Fax +49 30 284 84 359
info@european-bioplastics.org
www.european-bioplastics.org

Michigan State University
Dept. of Chem. Eng & Mat. Sc.
Professor Ramani Narayan
East Lansing MI 48824, USA
Tel. +1 517 719 7163
narayan@msu.edu
GO!PHA
Rick Passenier
Oudebrugsteeg 9
1012JN Amsterdam
The Netherlands
info@gopha.org
www.gopha.org
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Events

Event Calendar
You can meet us

Plastics in Automotive Engineering

New date: 28.07.2020 - 29.07.2020 - Mannheim, Germany
https://www.vdi-wissensforum.de/

10th World Congress on Biopolymers & Bioplastics

August 03-04, 2020 Webinar

https://biopolymers.insightconferences.com

the next six issues for €169.–1)

Circular Plastics-Sustainable/Recycled Materials
29.09.2020 - 30.09.2020 - Prague, Czech Republic
http://innoplastsolutions.com/conference-europe.html

Bioplastics Zone @ Plastpol

Special offer
for students and
young professionals1,2) € 99.-

New date: 06.10.2020 - 09.10.2020 - Kielce, Poland
https://www.targikielce.pl/plastpol

Plastics Recycling World Expo

New date: 07.10.2020 - 08.10.2020 - Essen, Germany
https://eu.plasticsrecyclingworldexpo.com

2) aged 35 and below.
end a scan of your
student card, your ID
or similar proof ...

6th PLA World Congress

New date: 07.10.2020 - 08.10.2020 - Munich, Germany
www.pla-world-congress.com

FAKUMA International trade fair

13.10.2020 - 17.10.2020 - Friedrichshafen, Germany
https://www.fakuma-messe.de
Mar / Apr

14th BioPlastics Market (new date not fixed yet)

02 | 2020
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May / Jun

ISSN 1862

-5258

ISSN 1862-5258

WWW.MATERBI.COM

03 | 2020

21.10.2020 - 22.10.2020 - Bangkok, Thailand
https://www.cmtevents.com

Forum biobasierte Kunststoffe
Land use

New date: 26.10.2020 - Berlin, Germany

Basics
(update) 50

https://veranstaltungen.fnr.de/biobasierte-kunststoffe-2020

World Bio Markets 2020

as kiwifruit peel

el

New date: 02.11. - 04.11.2020 - Amsterdam, The Netherlands
https://www.worldbiomarkets.com

Plastic Free World

1

0
r1_01.202

adv kiwi_bioplasticmagazine_05.2020_210x297.indd

24/01/20

+

bioplastics

r2_05.2020

EcoComunicazione.it

bioplastics
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MAGAZINE

Vol. 15

Vol. 15

New date: 09.11. - 10.11.2020 - Cologne, Germany
www.plasticfree-world.com

Highlights
Additives / Masterbatches | 13
Marine Littering | 61
... is read in 92 countries

ad in 92

... is re
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countri

Plastics beyond Petroleum-BioMass & Recycling

New date: 10.11.2020 - 12.11.2020 - New York City Area, USA
http://innoplastsolutions.com/conference.html

15th European Bioplastics Conference

08/05/20 14:31

01.12.2020 - 02.12.2020 - Vienna, Austria

10:26

https://www.european-bioplastics.org/events

2nd PHA platform World Congress

New date: 30.03.2020 - 31.03.2021 - Cologne, Germany
www.bioplasticsmagazine.com/en/event-calendar/termine/2nd-phaworld-congress-2020

or

Mention the promotion code ‘watch‘ or ‘book‘
and you will get our watch or the book3)
Bioplastics Basics. Applications. Markets. for free
(new subscribers only)
1) Offer valid until 31 July 2020
3) Sorry, Gratis-Buch in Deutschland nicht möglich (Buchpreisbindung)
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A COMPLETE RANGE
OF SOLUTIONS.

BIOPLAST®,
INNOVATIVE
SOLUTIONS FOR
EVERYDAY PRODUCTS.

100% biodegradable,
BIOPLAST® is particularly
suitable for ultra-light
films with a thickness of
approx. 10-15 μm.

TRANSPARENT

ODORLESS PLASTICIZER OK COMPOST
FREE
HOME

FOODCONTACT
GRADE

GMO FREE

w w w. b i o t e c . d e
S002

S002

member of the SPHERE
group of companies

LJ Corporate – © JB Mariou – BIOTEC HRA 1183

Made from potato starch,
BIOPLAST® resins are
designed to work on
existing standard
equipment for blown
film, flat film, cast
film, injection molded
and thermoformed
components.
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