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BASF: ‘PA6 is recyclable 
within PE waste stream’
Multi-layer film with up to 
30% polyamide 6 can be 
recycled in the polyethylene 
stream, according to 
research commissioned by 
BASF.

The tests were carried 
out by Institute Cyclos-HTP, 
which assesses and certifies 
the recyclability of packag-
ing. BASF says the result will 
form the basis of a review of 
the German Packaging Act 
– which lists PA6 as an 
‘incompatible’ component 
in the LDPE packaging 
waste stream.

“It is time to correct the 
categorisation of polyamide 

6 and the related PA6/6.6 
co-polyamides as ‘incompat-
ible’ contaminants and to put 
it on a solidly updated basis,” 
said Rolf-Egbert Grützner, 
senior manager technical 
support for Ultramid extru-
sion polyamides at BASF.

Cyclos-HTP has also 
classified PE/PA6 multi-layer 
films as fully recyclable 
when using compatibilisers 
in PA6-containing film 
structures – in addition to 
the PA6 content of up to 
30% in original packaging 
films. This allows homoge-
neous mixing of the 
polymers – which are 

typically incompatible in 
these concentrations, it said.

The compatibility of the 
PE/PA6 systems that were 
tested applies to both new 
injection moulding and 
blown film applications.

Roland Bothor, who is 
responsible for ecodesign 
and development projects 
at Cyclos-HTP, said: “For us, 
it was surprising what 
positive contribution the 
PA6 content made to the 
properties of the industrial 
polyethylene recyclate used 
as a reference.”

� www.basf.com

� www.cyclos-htp.de

German machinery sales rising in 2021

US-based Spectrum 
Plastics Group has added 
capacity in blown film 
extrusion by acquiring KCS 
Plastics of Canada. KCS 
makes polyethylene 
packaging that is food 
contact safe, for customers 
across North America. 
Thomas Sullivan, CEO of 
Spectrum, said: “The 
addition of KCS increases 
our geographic reach with 
a company that is strongly 
aligned to our position as 
a custom, scalable flexible 
packaging supplier.”
www.spectrumplastics.com

Canadian plastic film 
manufacturer Balcan is to 
begin production in the 
USA, at a new plant in 
Wisconsin. The company 
paid around US$13 million 
for the 215,000 sq ft facility 
in Pleasant Prarie, accord-
ing to a report in the 
Milwaukee Business 
Journal. It says the new 
facility will initially create 
60 jobs – which could later 
rise to 120. 
www.balcan.com

IN BRIEF...

German plastics machinery manufactur-
ers have seen a positive start to 2021, 
with orders almost doubling in the first 
four months of the year.

VDMA, which represents machinery 
manufacturers, says order intake rose 
by 92% in the period, while sales rose 
by around 8%. 

It forecasts a sales increase of at least 
10% in 2021.

“Economically, the industry is 
currently doing very well again,” said 
Thorsten Kühmann, managing director 
of VDMA’s plastics machinery segment.

However, he said that a shortage in 

plastic materials may affect the willing-
ness of manufacturers to invest.

“This could lead to the paradoxical 
situation of machine manufacturers 
having to curb production despite full 
order books,” he said.

Although machinery exports fell by 
11% in 2020, deliveries to the USA rose 
8%, making it the top export market for 
German machinery. China was next, 
despite a 3% decline in exports. China, 
and the remaining BRIC countries 
(Brazil, Russia and India) together 
accounted for 23% of export sales.

� www.vdma.org/plastics-rubber-machinery

Kühmann: “Material 

shortage could 

see machine 

manufacturers 

curbing 

production 

despite full 

order books”
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Pregis invests in $80m plant
US-based Pregis is investing 
US$80 million in a new 
blown film extrusion facility 
in South Carolina.

The 168,000 sq ft facility 
will feature a number of new 
lines to make packaging for 

food and medical device 
applications, as well as a film 
laboratory.

“We believe this will be 
the most technologically 
advanced extrusion facility 
in North America,” said 

Kevin Baudhuin, president 
and CEO of Pregis.

The facility will create 120 
new jobs for local workers 
and is expected to open in 
September.

� www.pregis.com

http://www.basf.com
http://www.cyclos-htp.de
http://www.spectrumplastics.com
http://www.balcan.com
http://www.vdma.org/plastics-rubber-machinery
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A new report from AMI 
maps the world polyethyl-
ene film market.

Resin supply is migrating 
to faster growing markets 
such as India. Asia and 
Australasia are now the 
largest production hub for 
PE film – with China 
remaining the single largest 
manufacturing nation.

Industrial films account 
for 38% of production, 
consumer films around 
31%, and other films 31%, 
said the report.

� www.ami.international

AMI study 
maps out 
PE market

KraussMaffei to focus extrusion 
systems production in Hanover
KraussMaffei is to merge all 
of its extrusion operations 
into a single location at 
Laatzen on the outskirts of 
Hanover in Germany.

Currently, its extrusion 
activities are spread across 
sites in Hanover and 
Munich. The division will 
begin relocation to the new 
site – where it is currently 
building a new R&D centre 
– in the first half of 2022. By 
Q3 of that year, around 700 
employees will be based at 
the 67,000 sq m facility.

The site will bring pipe 
and profile, film and sheet, 
and rubber and foam 
extrusion technologies 
together at a single location. 
The company will also adopt 
a new sales structure.

“Against the background 

of our growth plans, 
bundling the extrusion 
activities at one location is 
the right strategic response 
to current and future 
challenges in our industry,” 
said Volker Nilles, executive 
vice president for new 
machinery at KraussMaffei.

The move is part of the 
largest investment pro-
gramme in KraussMaffei’s 

180-year history, which 
includes a new 250,000 sq m 
facility for its injection 
moulding, automation and 
PU systems activities at 
Parsdorf near Munich. The 
extrusion R&D centre will 
occupy a floor area of 10,000 
sq m and have 26 extrusion 
lines available for trials. The 
lines will be installed in 
production scale and include 

all downstream equipment.
The company, which was 

acquired by ChemChina in 
2016, said that bundling its 
extrusion activities will result 
in “substantial product 
benefits for customers, 
valuable synergy effects for 
the company and new 
opportunities and fields of 
research for the future”.

� www.kraussmaffei.com

The new KraussMaffei extrusion location at Laatzen, near Hanover in Germany
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North American PVC recycling 
rose 7% from 2016 to 2019
PVC recycling in the USA 
and Canada increased by 
nearly 7% in the three years 
to 2019.

The Vinyl Institute, which 
represents the PVC industry 
in the USA and Canada, says 
the amount of PVC recycled 
between 2016 and 2019 rose 
by 70 million lbs (32,000 
tonnes), to reach 1.1 billion 
pounds (500,000 tonnes).

The survey, conducted by 
Tarnell Company, found that 
958m lbs (435,000 tonnes) 
of this material was pre-con-
sumer and 142m lbs (64,000 
tonnes) was post-consumer.

“The majority of PVC 
goes into durable products, 
like PVC pipe, which is in 
service for decades,” said 
Ned Monroe, president and 
CEO of the Vinyl Institute. 
“For this reason, there’s often 
less material readily avail-
able to be recycled, and less 
that goes to landfill.”

The Vinyl Sustainability 
Council (VSC) has set a goal 
of a 10% increase in 
post-consumer recycling by 
2025 (compared to 2016). 
This would mean recycling 
around 160m lbs (73,000 
tonnes) of post-consumer 

PVC – requiring US$20m-
30m in capital investments, 
said VSC.

Jay Thomas, executive 
director of VSC, said: “While 
challenging, we’re confident 
this is achievable through 
industry collaboration.”

He said VSC is working 
with the Vinyl Siding 
Institute and the Chemical 
Fabrics and Film Association 
on pilot recycling projects in 
their respective markets.

“Initiatives like these will 
put us on the right track to 
achieve our goal,” he said.

� www.vinylinfo.org

https://www.ami.international/cons/prod.aspx?catalog=Consulting&product=M302&_cldee=bG91QGZpbG1hbmRzaGVldC5jb20%3d&recipientid=lead-a9508c792ba1e811a965000d3a3882b6-1147563652854379864bb3d3841d23e8&utm_source=ClickDimensions&utm_medium=email&utm_campaign=210630_M302_Em_RpL_Cons_UK_Customer_Press_PEFilmsGl_PR&esid=c9e705fa-79d9-eb11-bacb-000d3abd0473
http://www.kraussmaffei.com
http://www.vinylinfo.org
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Sales dipped 
compared to 
Q4 2020, but 
rose compared 
to Q1 2020 

Source: 
Plastics Industry 
Association 2021

Primary plastics machinery sales, North America 2020-2021
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2020, and by 42% compared to Q4 
2020. For comparison, sales of 
injection moulding equipment rose 
nearly 40% compared to Q1 2020 but 
fell by 11% compared to Q4 2020.

Total exports in Q1 2021 rose by 
9% to US$395 (compared to Q4 
2020). Imports fell 3.5% to US$845m, 
resulting in a US$450m trade deficit, 
which was nearly 13% lower than in 
Q4 2020.

The organisation also runs a 
quarterly survey of its members. In the 
next quarter, almost 90% expect 
conditions to improve or hold steady 
compared to a year ago. This is lower 
than the 96% who felt this way in the 
previous quarter. For the next 12 
months, 93% expect market conditions 
to be steady-to-better – higher than the 
90% who voted this way in the Q4 
2020 survey.

“The equipment sector of the 
plastics industry came out of 2020 
strongly,” said Pineda. “The improved 
trade outlook will be a positive for 
plastics equipment suppliers, on top 
of what can be expected as another 
good year for plastics equipment 
demand.”

� www.plasticsindustry.org

Sales of primary plastics machinery in 
North America reached almost 
US$335 million in the first quarter of 
this year.

This was a 32% rise compared to 
the same period in 2020, but an 11% 
dip compared to the final quarter of 
the year.

“Plastics machinery shipments 
usually start slow every first quarter, so 
it was not surprising to see the data 
came in lower,” said Perc Pineda, chief 
economist of the Plastics Industry 
Association.

The rise was in step with overall 
economic activity, he said.

“Judging from a year-over-year 
comparison, plastics machinery 
shipments were actually off to a good 
start. With the economy staying in a 
recovery cycle, plastics machinery 
shipments can be expected to 
increase this year,” he added. “How-
ever, supply chain issues in plastics 
end-markets could slow growth in 
plastics equipment demand.

Q1 sales of single-screw extruders 
fell by 29% compared to Q1 2020, 
and by nearly 38% compared to Q4 
2020. Sales of twin-screw extruders, 
however, rose 18% compared to Q1 

North American 
machine sales make 
progress in Q1

Via della Natura, 13 
Trecate (NO) 28069 
Italy 
+39 0321 53479 

info@gapitaly.com  
www.gapitaly.com 
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STRETCHING
THE LIMITS

Plastics Europe added that 
European demand fell to 48m tonnes 
– a dip of 5%, and the lowest figure 
since 2014. The lower demand was 
driven by a decline in packaging and 
automotive production. The amount 
of plastic used in packaging fell by 
2.5% (around 0.5m tonnes), due 
mainly to the decline in commercial 
and industrial packaging. Consumer 
packaging remained stable in 2020.

Early estimates of the building and 
construction sector show that the 
plastic demand here remained stable.

� www.plasticseurope.org

pharmaceutical sectors.
With around 100 employees, 

Termoplast reported a revenue of 
around €50 million (US$59m) in 2020, 
and produced an average of 28,000 
tonnes of film per year. All waste from 
the company’s own production opera-
tions is recycled in line with its ‘zero 
waste’ strategy. Plastic waste from the 
local region is also prepared for 
further processing by Termoplast’s 
own recycling company.

� www.schurflexibles.com

Plastics production in Europe fell in 
2020 as a result of the pandemic.

Plastics Europe, which represents 
European resin producers, said its 
production fell to 55 million tonnes in 
2020 – a decline of around 5%. This 
took Europe’s overall market share 
from 16% to 15%. At the same time, 
China’s production rose (so that it 
now accounts for 32% of production), 
and North America’s remained stable 
at 19% of global production. World-
wide plastics production reached 
about 367m tonnes, a decrease of 
0.3% compared to 2019.

Schur Flexibles has further expanded 
by acquiring Italian film extruder 
Termoplast.

Schur buy 100% of the shares in 
Termoplast, though the current owners 
– Salvino and Sandro Barnini – will 
remain as managing directors to 
ensure continuity. The purchase price 
has not been revealed. The transaction 
was finalised at the end of June 2021.

“Termoplast is a perfect fit for us,” 
said Michael Schernthaner, CEO of 
Schur Flexibles. “Its entire production 
process is geared towards sustainabil-
ity. We look forward to growing 
together in Italy as well as in our 
existing markets.”

Termoplast’s facility in Gambassi 
Terme/Florence has a production 
area of 26,500 sq m. Its portfolio 
includes sealable, barrier and 
high-barrier films as well as peelable 
and re-closable films. Its MDO-PE 
films have a low material thickness 
and good barrier and processing 
qualities. The company has customers 
in the industrial, food, medical and 

Covid causes 5% dip in 
European plastics output

Schur Flexibles buys
Termoplast of Italy

IMAGE: SCHUR FLEXIBLES

Schernthaner: 

“Termoplast 

is a perfect 

fit for Schur 

Flexibles”
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Bioplastics continue to be the most hotly re-
searched area of polymers. Sustainable sources of 
monomers – including soy, wood and even mango 
peels – continue to be identified. And, while 
bioplastics still account for a fraction of total 
plastics production, output is growing due to 
demand in a range of applications – especially 
packaging and agriculture.

Researchers at Cambridge University have 
used their knowledge of ‘protein folding’ to create 
a bioplastic that could replace conventional 
plastics in many consumer products.

They used a new approach to assemble plant 
proteins into materials that mimic spider silk on a 
molecular level. This results in a plastic-like, free-
standing film that can be produced on an industrial 
scale. The polymer can be coloured, as well as 
being used to make water-resistant coatings.

The material is home compostable, while many 
bioplastics require industrial composting facilities 
to degrade. In addition, it requires no chemical 
modifications to its natural building blocks – so can 
safely degrade in most natural environments.

The product will be commercialised by Cam-
bridge University spin-out company Xampla. It will 
introduce a range of single-use sachets and 
capsules this year, which can replace the plastic 
used in products such as dishwasher tablets and 
laundry detergent capsules. The research was 
reported in Nature Communications.

“We normally investigate how functional protein 

interactions allow us to stay healthy and how 
irregular interactions are implicated in Alzheimer’s 
disease,” said Tuomas Knowles, professor of 
physical chemistry and biophysics, who led the 
research. “It was a surprise to find our research 
could also address a big problem in sustainability: 
that of plastic pollution.”

As part of their protein research, Knowles and 
his group became interested in why materials like 
spider silk are so strong when they have such weak 
molecular bonds.

“We found that one of the key features that gives 
spider silk its strength is the hydrogen bonds are 
arranged regularly in space and at a very high 
density,” he said.

Proteins are known to undergo molecular 
self-organisation and self-assembly. However, this 
process is not well understood for plant proteins.

“It’s exciting to know that by filling this knowledge 
gap we can find alternatives to single-use plastics,” 
said Ayaka Kamada, a co-author on the paper.

The researchers replicated the structure of spider 
silk using soy protein isolate (SPI) – a plant protein that 
is a by-product of soybean oil production. Plant 
proteins such as SPI are poorly soluble in water, 
making it hard to control their self-assembly into 
ordered structures. The new technique uses a mixture 
of acetic acid and water – combined with ultrasonica-
tion and high temperatures – to improve SPI solubility. 
This produces protein structures with enhanced 
inter-molecular interactions. In a second step, the 

Main image: 

Cambridge 

University 

researchers 

have identified 

a bioplastic 

modelled on 

spider silk

Research into new types of 
bioplastic continues – with 
everything from wood pulp 
to fish gelatin being 
considered as possible 
starting materials. 
Lou Reade reports

Banking on a 
green future
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solvent is removed – leaving a water-insoluble film.
It has a performance equivalent to plastics such 

as low-density polyethylene (LDPE). The regular 
molecular arrangement means there is no need for 
chemical cross-linking.

Soy source
Four Nordic companies have developed a process 
to make compostable bioplastic from food produc-
tion waste.

Finnfoam, Brightplus, VTT and Nordic Soya 
have spent four years exploring how to convert soy 
molasses – which is not suitable for consumption 
and is typically disposed of by incineration – into a 
bioplastic.

A pilot plant will now be built in Finland – and 
later scaled up to make bioplastics on an industrial 
scale.

“The process is the first in the world to produce 
lactic acid polymer from the side streams of soy 
production,” said Henri Nieminen, CEO of Finn-
foam. “This way, we can offer a sustainable alterna-
tive to sugar- and corn-based PLA.”

Nordic Soya processes soy at its plant in 
Uusikaupunki, Finland. Soy molasses left over from 
its processing was used as the raw material in the 
research. Globally, residues from soy production 
could produce around 22 million tonnes of 
bioplastic per year, say the partners. 
The companies are launching a pilot plant project 
in Uusikaupunki, which will be built during 2021-
2022. They plan to operate a full-scale plant by the 
end of 2023.

Finnfoam intends to use the material to make 
thermal insulation for buildings. Its ecological 
quality is enhanced by the fact that thermal 
insulation also serves as a carbon sink, helping to 
reduce the carbon footprint of buildings.

“Side streams that are unusable in food produc-
tion can now be used to make high value bio-
based products,” said Jarkko Leivo, technology 

director at Brightplus, which coordinated the 
project. “Depending on the application, we can 
modify the material’s properties – such as its 
transparency and thermoformability – or improve 
its chemical resistance and reusability.”

Out of the wood
US researchers have devised a new method to 
convert wood by-products into a biodegradable 
polymer.

The researchers – from Yale School of the 
Environment (YSE) and the University of Maryland 
– have deconstructed the porous matrix of natural 
wood into a slurry. The research was published in a 
recent issue of Nature Sustainability.

“Many people have tried to develop these kinds 
of polymers, but the mechanical strands are not 
good enough to replace the plastics we currently 
use,” said Yuan Yao, assistant professor of industrial 
ecology and sustainable systems at YSE, and 
co-author of the paper. “We’ve developed a 
simple, straightforward manufacturing process that 
generates biomass-based plastics from wood – that 
also delivers good mechanical properties.”

To create the slurry, the researchers used a wood 
powder – which is usually discarded as waste in 
lumber mills – and deconstructed the loose, porous 
structure of the powder using a deep eutectic 
solvent (DES). The resulting mixture, which features 
nanoscale entanglement and hydrogen bonding 
between the regenerated lignin and cellulose micro/
nanofibrils, has a high solid content and viscosity, 
which can be cast or rolled without breaking.

The was followed by life cycle assessment, to 
test the environmental impact of the bioplastic 
against typical plastics. Sheets of the bioplastic 
were buried in soil, and degraded completely after 
three months. The researchers say the bioplastic 
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can be broken back down into the slurry by 
mechanical stirring, allowing the DES solvent to be 
recovered and reused. 

The bioplastic has numerous applications, say 
the researchers, including plastic bags and 
packaging.

Lignin polymer 
Lignin Industries of Sweden – which was formerly 
RenCom – has begun production of a lignin-based 
polymer called Renol, at a 1,000 tonnes/year plant.

Its patented technology converts lignin – a 
by-product from the forestry industry – into a 
renewable material that can replace conventional 
plastics. It can be used in ratios up to 50 % in 
applications including films for products such as 
shopping bags, mulch film or retail bags.

The first commercial batches of Renol were 
delivered earlier this year. 

“We are excited to start our production and 
supply our customers with hundreds of tonnes of 
material,” said Johan Verendel, chief technical 
officer at RenCom.

The production relies in part on a twin screw 
extruder from machinery manufacturer Coperion 
– allowing production to be scaled up a later date.

“We see big potential for this lignin-based 
product helping to lower carbon footprint and are 
proud to support the company,” said Peter von 
Hoffmann, general manager for engineering 
plastics and special applications at Coperion.

Natural approach
Wheat straw and mango peels – which are normally 
disposed of in landfills or used as animal feed – 
could potentially be used to make renewable food 
packaging.

“We should consider using agricultural residues 
like wheat straw and mango peels – which are rich 
in natural polymers and antioxidants – as alternative 
raw materials to petroleum-based packaging 

materials,” said Lindleen Mugwagwa, a postdoc-
toral fellow in the department of process engineer-
ing at Stellenbosch University in South Africa.

In her doctoral study, Mugwagwa identified 
ways of extracting polymers and antioxidants from 
wheat straw and mango peels as a basis for making 
bio-based, active packaging film. She then com-
bined the polymers and antioxidants to make a 
food packaging material and tested the stability of 
the biocomposite films when in contact with food 
– and their potential to release antioxidants into 
packaged food over time. Low-density polyethyl-
ene (LDPE) film was used as a benchmark.

“These bio-based films were capable of releas-
ing more antioxidants into food over a short period 
of time compared to LDPE,” she said. “This sug-
gests they can be a replacement for packaging 
perishables.”

Packaging material that releases antioxidants 
into food – in response to storage conditions – can 
increase shelf life because they act on free radicals 
and microorganisms.

“These natural antioxidants have the potential to 
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replace artificial antioxidants in packaging material,” 
she said.

Waste into bioplastics
Spanish plastics research organisation Aimplas is 
currently involved in two bioplastics projects – 
linked with the fishing and agriculture sectors.

The Dafia project, coordinated by Aimplas, aims 
to convert waste – including that from the fishing 
industry – into bioplastics for a variety of applications, 
including barrier packaging and edible coatings. 

The 15 project partners have worked for four 
years on waste that appears to have no added 
value, including municipal solid waste (household 
rubbish) and by-products of the fishing industry.

Fishing industry waste has been used to obtain 
alternatives to petroleum-based ethylene vinyl 
alcohol (EVA) that have oxygen barrier properties. 
The formula, based on fish gelatin, can be incorpo-
rated into food packaging film. Alternatively, it can 
be used to coat food in the form of an edible 
coating that extends shelf life.

“This is a perfect example of circularity,” said 
Aimplas. “Fish waste is reincorporated into the 
production chain to package food, preventing the 
generation of waste by using it as a new resource.”

In the case of municipal solid waste, innovative 
fermentation processes have made it possible to 
extract building blocks from sugars, which can be 
used to synthesise biopolymers such as bio-based 
polyamides.

In addition, Dafia has developed flame retard-
ants from fishing industry waste. 

A separate project, called Agro+, aims to 
develop compostable mulch film to help manage 
waste in the agricultural sector – while providing 
quality compost.

The results will be validated on farms in Valencia 
using artichokes, organic tomatoes and citrus 
plants. At the same time, a new waste management 

and recovery protocol will be created.
Spain is responsible for manufacturing 14% of 

Europe’s agricultural plastics, says Aimplas. It also 
consumes more than 674,000 tonnes of mulch film 
per year. The film is difficult to recycle because it is 
highly contaminated – with soil, stones and crop 
residues. Compostable plastic would remove the 
need to collect and recycle it.

This project is developing a pilot methodology 
for using compostable films, and a waste manage-
ment protocol to convert them into compost – 
which can be reused by farmers for their own 
agricultural production. The project will help 
determine the impact of using this compost on 
different crops. 

In the project, compostable mulch films are 
being developed and optimised by improving 
degradation rates to ensure the quality of the 
compost produced.

Industrial drive
French bioplastics developer Lactips has teamed 
up with film extruder Plastiques Venthenat to 
develop a range of new product applications.

The companies have developed a number of 
new uses for Lactips’ water soluble polymers, 
including a film that is marketed as Biocyter – as a 
replacement for polyvinyl alcohol (PVA) films.

Plastiques Venthenat is addressing the single-
dose monolayer packaging and detergent markets 
and laundry services, particularly in the medical 
sector thanks to applications for water-soluble ties 
and bags.

“Our partnership with Lactips enables us to 
combine our areas of know-how to master the 
extrusion of our Biocyter film,” said Michel Rautu-
rier, CEO of Plastiques Venthenat.

In one application, Oopya – an ecological 
disinfectant manufacturer – is replacing conven-
tional plastic from the packaging for its single-dose 
salt sticks. The company has developed a cleaning 
solution that uses water, salt – contained in water-
soluble plastic packaging – and electricity. This 
aims to reduce the use of chemical products and 
plastic packaging. The ‘salt sticks’ now replace the 
previous generation of packaging.

“The partnership with Plastiques Venthenat will 
enable Lactips to position itself in the film sector 
with a model that will be duplicated across other 
technical platforms,” said Pascal Chabance, head of 
business development and sales at Lactips.

Because it is printable, Lactips material – trans-
formed into a film – can also be used to create 
soluble temporary labels. Configurations for 
manufacturers – and environmental tests – are still 
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being validated, and an application is expected to 
be launched this year.

Rice compound
India-based compounding specialist Steer 
Engineering says that its technology is being used 
to develop a new type of bioplastic based on rice.

It recently supplied three of its Omega 60 class 
extruders to Biomass Resin Holdings of Japan. The 
extruders will help to speed up development and 
commercialisation of new compounds of inedible 
rice with polyolefin resins – called ‘Rice Resin’.

The compounds will be used to make products 
such as trash bags and shopping bags.

“There is a broad consensus for using alterna-
tives to oil-based plastics,” said Subodh Jindal, 
CEO of Steer. “We have been pioneering technol-
ogy that can help transform compounds for 
biomass-based solutions.”

Omega extruders come with Steer’s ‘fractional 
lobe geometry’ special elements that are designed 
to enhance process efficiency and quality of output. 
They also help manufacturers to increase produc-
tion capacity – by up to 25% – due to the increased 
volume and higher torque capacity, says Steer.

Oxygen barrier
SP Group and Nurel Biopolymers have devel-
oped a multi-layer film structure with a high oxygen 
barrier, which is also compostable.

Many barrier film structures cannot be recycled 
because of their complexity, say the companies.

The new films have been used to package 
products such as salmon, and the partners are 
testing its effectiveness for other products such as 
energy bars, nuts and salt.

The films, which were made using Nurel’s Inzea 
biopolymers, can be processed in conventional 
facilities, are transparent and sealable, have a high 
bio-based content and are suitable for food 

contact. At the end of their life they can be man-
aged together with the organic waste.

“This film meets all the quality requirements for 
packaging foods such as smoked salmon,” said 
Maria de Guía Blanco, R&D project engineer at SP 
Group. “Processing has been very simple, and 
oxygen permeability results are comparable to 
EVOH high barrier structures.”

A challenge in the project was to achieve a 
compostable material that could be processed 
without difficulty on a conventional blown film 
extruder, while maintaining transparency and 
providing high oxygen barrier properties.

SP targets these films at packaging applications 
of fresh, dry or refrigerated products that require a 
high oxygen barrier. Nurel offers its Inzea F18C 
material for co-extrusion applications of films that 
require transparency, sealing properties, oxygen 
barrier and compostability.

PHA at home
US-based PSI has begun commercial production of 
a polyhydroxyalkanoate (PHA) packaging film that 
is home compostable.

While the PHA materials have been certified, the 
film will go through biodegradation and home 
compostability screening prior to full certification. 
Made from Danimer Scientific’s Nodax PHA, the 
new film is designed for applications across food, 
beverage, grocery retail, quick service restaurant, 
stadium foodservice, and many other consumer 
packaged goods (CPG) and industrial segments.

“This is the first in a line of new solutions in 
home compostable films we’ll launch in the next 12 
to 18 months,” said George Thomas, CEO of PSI. 
“We are excited to add PHA to our EarthFirst 
biopolymer films portfolio.”

Biodegradable mulch
Delegates at Agricultural Film – a virtual conference 
run recently by AMI – discovered that bioplastics 
are playing an increasing role in mulch film.

Ralf Dujardin, vice president of marketing and 
innovation at Imaflex, presented details of an 
innovation in metallised mulch film: biodegradable 
products that break down naturally in the soil.

“Natural microorganisms can break down 
natural materials and digest them for energy 
generation and biomass growth,” said Dujardin.

The company’s Can-Eco films are made from of 
PLA and PBAT – a combination of bio-based and 
petroleum-based products. Dujardin says this was 
because all-biobased mulches were too brittle to 
be laid quickly – and biodegraded into the soil too 
quickly during the crop season.
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The film itself is thinner than the standard LDPE 
used for mulch films – yet had the same toughness. 
This compensated for the higher cost of the material, 
he said. The longer life of the film helped to reduce 
water evaporation and nutrient leaching, control 
weeds and maintain soil structure. Degradation rates 
in loamy soil was faster than it was for sandy soil.

Metallised mulch helps crops in several ways. 
Reflecting UV and IR radiation helps to deter pests, 
accelerate plant growth and cool the plant’s 
surroundings. Depending on the crop, the time 
from planting to harvest can be reduced by 50 % 
compared to bare ground or black mulch, he said. 
Fully metallised mulches also cool the soil in an 
entire bed over the whole season in hot climates.

At the same event, Novamont of Italy – whose 
main product is the starch-derived bioplastic 
Mater-Bi – said that its biodegradable mulch films 
have been used to grow a number of crops that are 
not normally mulched with plastics. Some crops 
where it has been applied include tomatoes, rice, 
grapes, raspberries, sweetcorn and olives.

The company pointed out that agricultural film 
accounts for around 5% of all plastic waste – and 
that some films have high levels of impurity when 
they are collected. In addition, around half of all 
agricultural plastic used in Europe is landfilled. 
Biodegradable mulch film, on the other hand, can 
be worked into the soil at the end of the season. 
This reduces cost – by removing the need for 
collection – while also cutting plastic waste. The 
company said biodegradable mulch film offers a 
“tool for sustainability”.

Green expansion
Braskem is one of a number of companies that is 
boosting biopolymer production – in this case, by 
raising its capacity of ‘green ethylene’, which is 
made from sugarcane ethanol. The feedstock is 
used to make polyethylene (PE) that is bio-based, 
rather than being made from petrochemicals.

Capacity of the raw material, which is made at the 
company’s plant in Triunfo, Brazil, will be increased 
from 200,000 tonnes/year to 260,000 tonnes/year. 
The expansion project, budgeted at US$61 million, 
should be finished by the end of 2022.

“The increase in biopolymer capacity and 
production reflects healthy growth in demand for 
sustainable products,” said Marco Jansen, global 
biopolymers leader at Braskem. “Our expansion 
aims to consolidate our leadership in biopolymers.”

PLA plant approval
NatureWorks says it has passed two key mile-
stones in its plan to build a second production 

facility for its Ingeo PLA bioplastic – in Thailand.
In June, the company received approval for the 

project from the Thailand Board of Investment. At 
the same time, front-end engineering design work 
has also been completed.

When it opens by 2024, the plant – on Thailand’s 
Nakhon Sawan Biocomplex – will have a capacity of 
75,000 tonnes/year of PLA and produce the full 
portfolio of Ingeo grades. As well as making 
polymer it will produce lactic acid and lactide – 
making it the world’s first polylactide facility 
designed to be fully integrated, says NatureWorks.

NatureWorks, which is owned by Thailand-based 
PTT Global Chemical and US agriproducts giant 
Cargill, recently expanded its original facility at 
Blair in Nebraska, USA. This has a capacity of more 
than 150,000 tonnes/year and is claimed to be the 
largest PLA production facility in the world.

“The approval and support from the Thailand 
Board of Investment was a critical milestone on our 
path toward opening our new facility in Thailand,” 
said Rich Altice, president and CEO of Nature-
Works. “With the capacity expansion in Blair and 
this new manufacturing complex, we can further 
address the global market demand for sustainable 
materials.”

Indian bioplastics JV
SKYi FKuR Biopolymers, a new joint venture 
between Germany’s FKuR Kunststoff and India’s 
SKYi Innovations, has begun production of 
biodegradable, partially biobased plastics at 
Chakan in India.

The facility operates a three-shift compounding 
line, which will produce a significant part of FKuR’s 
Bio-Flex range for the Indian and regional markets. 
It is claimed to be the first dedicated manufacturer 
of compostable biopolymer compounds in India.
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The Bio-Flex family comprises fully biodegrad-
able and compostable (according to EN 13432) 
grades. They are based entirely or partly on natural 
raw materials and are suitable for production of 
flexible films, as well as thermoformed and injec-
tion moulded parts.

SKYi Innovations has distributed FKuR products 
in India for around 10 years. The company is well 
established in the Indian compounding industry 
and claims to operate the country’s largest LFT 
production facility.

Polish production
Poland’s Grupa Azoty has launched a 300 tonnes/
year pilot line for production of thermoplastic 
starch at its R&D centre at Tarnów. It is the com-
pany’s first biodegradable product, and the move 
is said to be a response to the impending EU ban 
on non-biodegradable plastics for single use 
applications.

“Production of biodegradable plastics, which 
can be decomposed in a completely natural and 
environmentally neutral process, is part of the 
European Green Deal and in line with our objec-
tives,” said Tomasz Hinc, president of Grupa Azoty. 
“The lack of manufacturers of thermoplastic starch 
on the Polish market and in Central and Eastern 
Europe makes us a pioneer of TPS production. It is 
a niche that needs to be filled.”

Grupa Azoty said it began working on its TPS 
production technology in 2019 and filed a Euro-
pean patent application this year. The process is 

said to be easily scalable.
“We can transfer the manufacture of thermoplas-

tic starch granulates to Grupa Azoty Compounding, 
where the production volume can be increased 
eight-fold,” said Grzegorz Kądzielawski, vice 
president at Grupa Azoty.

European PLA boost
Total Corbion PLA has entered the engineering 
stage of building a 100,000 tonnes/year polylactic 
acid (PLA) plant in France.

The company, a 50/50 joint venture between 
Total and Corbion, says the plant in Grandpuits will 
be “the first of its kind in Europe” when it comes 
onstream in 2024. It says the plant would make it 
the global market leader in PLA, with its Luminay 
resins.

The resins are bio-based and made from 
renewable resources, offering a reduced carbon 
footprint versus many traditional plastics, says the 
company. It has awarded the front-end engineering 
design contract to NextChem, a subsidiary of Maire 
Tecnimont

“This reinforces our commitment to the global 
bioplastic market as the first company to launch a 
commercial scale lactic acid to PLA capability in 
Europe,” said Thomas Philipon, CEO of Total 
Corbion PLA.

CLICK ON THE LINKS FOR MORE INFORMATION:

� www.cam.ac.uk

� www.finnfoam.com

� www.brightplus.com

� www.vttresearch.com/fi

� www.nordicsoya.com

� https://environment.yale.edu 

� www.cmi.umd.edu

� www.lignin.se

� www.coperion.com

� www.sun.ac.za

� www.aimplas.es

� www.lactips.com

� www.steerworld.com

� www.spg-pack.com

� www.nurelbiopolymers.com

� www.plasticsuppliers.com

� www.ami.international

� www.imaflex.com

� www.novamont.com

� www.braskem.com.br

� www.natureworksllc.com

� www.fkur.com

� www.skyi.in

� https://grupaazoty.com/en/

� www.total-corbion.com
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Plastic pouches have become more prevalent by 
replacing heavier packaging products such as jars 
and bottles. This has been seen everywhere – from 
pet food to fresh fruit.

Delegates at the recent Plastic Pouches online 
conference – organised by AMI – learnt more about 
some of the latest developments in pouches.

Tree Top is a US-based collective of around 900 
fruit growers. The fruit is sold in several forms, 
including ingredients, juice and packaged goods 
such as snack packs.

Andy Juarez, director of operations and engi-
neering at Tree Top, told delegates that the 
company has eight fruit processing facilities. It 
began using plastic pouches since 2009 – and this 
has continued to increase. In 2012, it began supply-
ing apple sauce in spouted pouches – and auto-
mated this one year later.

The company now has three fully automated 
form, fill, seal (FFS) pouch lines. It fills around 1.2 

million pouches per week, and more than 100m 
per year.

Tree Top has also invested in a fourth line, which 
is due to be installed in mid-2022, going into 
operation by September. The new line will move 
away from FFS, producing pouches in various sizes 
for apple sauce and other products including baby 
food.

“The new line needs greater flexibility, but must 
compete with FFS on cost,” said Juarez.

He added that spouted pouches are increasingly 
expected to be recyclable, but again in a way that 
does not “break the bank”.

Catching a Wave
Recycling is a key issue for pouches, and Willemijn 
Peeters – CEO of Searious Business – explained 
how the company has developed a recyclable 
drinks pouch. Critical aspects for the pouch include 
a suitable barrier – to maintain shelf life – as well as 
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strength, pack appeal, ease of use 
and recyclability.

The product – dubbed the Wave 
pouch – is not yet commercial, 
though the company has been 
performing test runs on packaging 
line in order to optimise speed and 
manufacturability.

The pouch is made completely 
from PET, including 80% recyclate. 
The advantages of PET include its 
recyclability – and the existence of a 
food-grade recycling system for it. 
The drinking nozzle is not a sepa-
rate part, but is shaped from the 
film. In addition, PET has high seal 
strength and a glossy appearance.

The company says that the pouch performs well 
in life cycle analysis (LCA) compared to convention-
al pouches – such as having 25% of the water 
consumption. Overall, the company estimates it has 
half the environmental impact of a conventional 
pouch.

Cleaning up
Mondi has developed a number of pouches for a 
number of consumer goods applications.

The company offers a range of pouch designs, 
including standard, shaped and spouted stand-up 
pouches, as well as Doystyle and retort pouches. 
These have barrier properties against water 
vapour, oxygen, grease and mineral oil, while 
standing out on the shelf due to high quality 
printing.

“All are designed for recycling, or made with 
recycled content,” said Thomas Kahl, EcoSolutions 
project manager at Mondi Consumer Packaging in 
Austria.

For instance, Mondi has worked with German 
cleaning products manufacturer Werner & Mertz to 
develop a recyclable stand-up pouch for its 

Frosch-branded laundry deter-
gent. The resulting product, called 
StripPouch, recently earned 
certification from two independent 
bodies for being 100% recyclable.

In the UK, Mondi worked with 
retailer Tesco on a mono-material 
pouch for dishwasher tablets. With 
BarrierPack Recyclable – an all-PE 
film – individual tablets can be 
wrapped in a water-soluble film 
instead of OPP, which helps to 
reduce waste.

And it’s not only cleaning 
products. In collaboration with 
Unilever, Mondi developed a PP 

mono-material pouch for the Knorr 
dry soup range. The solution replaces a multi-
material laminate and will be manufactured at 
Mondi’s Turkish flexible packaging plant in 
Kalenobel.

Recycling assessment
Fabrizio Di Gregorio, technical director at Plastics 
Recyclers Europe (PRE), explained the RecyClass 
project to delegates. 
RecyClass is an initiative that helps packaging 
manufacturers to improve the recyclability of their 
products. There are several elements – including a 
free online tool that assesses the recyclability of a 
packaging design from high to low. The tool 
includes specific recommendations on how 
packaging design can be improved in order to 
make it compatible with existing regulations.

It assesses multiple factors behind the packag-
ing, such as whether it is a mono-material, the use 
of inks, barriers and mineral fillers – and gives it a 
‘class’ rating from A to F. By transposing Design for 
Recycling guidelines into the tool, the overall 
recyclability of a package is assessed.

A combination of Design for Recycling guide-

Right: Mondi 

has developed 

a recyclable 

stand-up pouch 

for a German 

brand of 

laundry 

detergent
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lines and assessment via the RecyClass tool leads 
to a certification ‘score’ – which gives an indication 
of recyclability. For example, a clear PE pouch will 
be assessed on multiple factors including collec-
tion, sortability and recyclability – leading to an 
overall result.

Di Gregorio presented an example of a PE 
pouch with a PP cap. It was a multi-layer structure 
with a 5% EVOH layer, had direct printing with clear 
colour (4%) and had no labels or other attach-
ments. The presence of the PP and EVOH played a 
role in reducing the ‘recyclability’ to 52%, equiva-
lent to a Class C.

“Avoid mixing flexibles and rigid components 
– or reduce the rigid component weight as much as 
possible – as it jeopardises the sortability,” he said.

In addition, he recommended monomaterials, 
and transparent – or colourless – packaging, in 
order to improve recyclability.

Flexible printing
The market for stand-up pouches is growing faster 
than the flexible packaging sector as a whole, 
according to Josep Isart, flexible packaging 
business manager for EMEA at HP Indigo in Spain.

He told delegates that the global market for 
stand-up pouches is expected to grow by nearly 
8% each year to 2026, reaching a value of US$20 
billion.

In this time, he said, the market will begin to 
adopt ‘digital technologies’ – such as digital 
printing that allows short-run decoration of 
products.

He said the digital printing – such as that 
provided by HP Indigo – can help smaller packag-
ing companies to compete with their larger rivals.

Digital printing removes many steps from the 
printing process, including plate making and other 
processes. 

“This helps small to medium businesses disrupt 
their marketplace by bringing craft brands to life 
with greater creativity,” he said.

The company has created a ‘digital pouch 
factory’, which combines pre-press, digital printing, 
lamination, slitting and pouch-making equipment 
into a single line. This, he said, is an efficient way to 
produce on-demand flexible packaging.

In a recent example, Lithuanian flexible packag-
ing converter Printela used HP Indigo’s digital print-
ing press – with ‘Pack’N’Cycle’ film from Polysack 
– to create customised pouches.

Sealing the deal
Digitalisation can also extend to the sealing 
process, as Marcus Stein, CEO of Watttron in 
Germany, explained.

This involves using ceramic heaters that are 
segmented into “hundreds of closed loop circuits” 
rather than a conventional contact heating plate 
with a single circuit. This system, called Cera2Seal, 
allows far more accurate application of heat, he 
said.

One consequence of this is an increase in 
energy efficiency. During the ramp-up process, he 
said energy efficiency can be increased by 8,000%. 
This was evidenced by a graph showing the energy 
needed with a conventional system was around 
44kJ – while that with a Cera2Seal system was 
around 0.5kJ.

The heaters are incorporated into digital sealing 
jaws for both horizontal and vertical form-fill-seal 
machines. This can be used for mono-PP or PE, in 
widths of 4 to 15mm

The company has also developed a digital 
sealing tool for spouts, ports and other elements. It 
seals the spout and the two-layer area of the pouch 
in a single step – and has been retrofitted to a 
multi-station HFFS machine.

Mono-material challenge
Recyclability is a key attribute for pouches – but 
there are many challenges to making mono-materi-
al packaging including optics, shrinkage and 
temperature sensitivity. These are some of the 
reasons why pouches tend to be made from 
multiple materials.

Martin Hill, application technology leader in 
EMEA for food and speciality packaging at Dow, 
told delegates that pouches need to be designed 
for both recyclability and machinability. This means 
finding ways around the challenges of mono-mate-
rial packaging.

He said that Dow’s Affinity plastomers can help 
to do this, by improving properties such as sealabil-
ity. The resins have low seal initiation temperatures 
and lower blocking force – allowing film output to 
be increased by up to 25%, he said.
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It has been combined with oriented PE film in 
several projects, to package products such as 
dishwasher tablets. In addition, Dow has collabo-
rated with several partners to produce a high-barrier, 
VFFS Doypack with zipper.

PET project
Some suppliers are adamant that mono-material, 
polyolefin-based structures will find it hard to 
replace PET-based laminates. 

Steven Davies, chairman of BOPET Films 
Europe in the UK, told delegates that PET-based 
laminates account for around 25% of the flexible 
packaging market.

He said there were several flexpack ‘myths’ 
associated with the replacement of PET with 
polyolefin-based films. For instance, he said that 
PET is actually difficult to design out of flexible 
packaging.

“PET is the backbone of over a million tonnes of 
flexible packaging laminates,” he said. “Moving to 
mono polyolefin structures will have a significant 
financial and environmental cost, with more material 
usage and less efficient packing processes.”

He said some of the benefits of PET packaging 
– such as high mechanical strength and tempera-
ture stability, odour barrier – are difficult to repli-
cate using polyolefins.

He said another ‘myth’ was the ‘impossibility’ of 
making PET mono-material flexpack structures.

“Heat sealable PET films have been widely used 
in the market for over four decades and there are 
commercial examples of mono-PET structures,” he 
said. 

“Although there are some applications where 
the combination of PET and polyolefins is required, 
a significant part of the flexible packaging market 

could be moved to mono-PET.”
He pointed to the example of the all-PET 

structure being developed by Searious Business as 
an example.

“Mono-PET structures represent the optimum in 
terms of material usage and end of life outcomes,” 
he said. 

“A significant proportion of the flexible packag-
ing market could be 100% PET, whether as a 
mono-layer or PET/PET laminate.”

Chemical solution
The shift towards mono-material packaging – which 
is easier to recycle – could be sidestepped if 
techniques such as chemical recycling become 
more prevalent.

“Design is important, but are mono-materials the 
solution,” said Carlos Ludlow-Palafox, CEO of 
recycling specialist Enval in the UK. 

“If something is recyclable, this does not mean it 
will be recycled.”

He said that the aluminium foil layer of a pouch 
is vital for barrier properties – including a shield 
against UV radiation, which affects shelf life. In 
future, this layer would be easily identifiable by 
automatic segregation systems.

While the push for mono-materials is not 
“wrong”, he said mechanical recycling could be 
complemented by emerging technologies such as 
chemical recycling – which can handle multi-materi-
al packaging.

The company has a commercial plant that 
converts plastic aluminium laminates – such as 
pouches – into pyrolysis oil, which can then be used 
to make new virgin resin.

“This new plastic would comply with food 
contact legislation,” he said.
n AMI’s next Plastic Pouches conference takes 
place in Barcelona, Spain on 10-12 May 2022. For 
more details, contact Emily Timney on +44 117 314 
8111 (emily.timney@ami.international).

CLICK ON THE LINKS FOR MORE INFORMATION:

� www.ami.international

� www.treetop.com

� www.seariousbusiness.com

� www.mondigroup.com

� www.plasticsrecyclers.eu

� www.recyclass.eu

� www.hp.com

� www.polysack.com

� www.watttron.de

� www.dow.com

� www.bopetfilmseurope.com

� www.enval.com
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Stretch and shrink film help to secure packaging in 
place – such as when in transit on a pallet. Although 
it plays an important role in protecting goods from 
damage, there is an increasing need to ensure that 
film is produced in a more sustainable way – such 
as by incorporating more recyclate.

Colines of Italy has expanded the capacity of its 
AllRollex cast film lines to make stretch film.

The latest development relates to the use of 
special expanding shafts. These ensure high quality 
when winding machine rolls using 800g cardboard 
cores – which are 20% lighter than the 1kg card-
board cores used on the lines since 2013.

“For manual rolls, we set our new standard to 
220g for the cardboard cores, almost 25% less than 
the common 280g cores,” said Nicola Lombardini, 
R&D manager at Colines.

In addition, the company has improved perfor-
mance in term of flexibility.

“Our customers don’t need to stop or slow the 
line when they want to change roll width or 
diameter, thanks to the fully automatic core-loading 

system,” said Lombardini. “Finally, the ‘soft’ roll-
unloading system guarantees high-speed unload-
ing of each roll with no damage to the roll itself.”

Recently, Colines also tested its automatic 
stretch-wrapping machine – and found that its 
12-micron Nanolayer film – made on an AllRollex 
line – can perform a pre-stretch ratio of up to 380% 
without either breaking or speed reductions. This 
brought the film thickness down to 3 microns.

Corrosion resistance
Cortec of Croatia says it has developed a com-
postable, corrosion-inhibiting stretch film called 
EcoStretch.

The machine-grade stretch wrap combines 
compostable resins with its corrosion inhibitor 
technology, which protects multiple metal types 
including aluminium, various steels, copper, brass, 
and cast iron.

EcoStretch meets the ASTM D6400 standard for 
commercial composting and may avoid tariffs, 
fines, and tip fees in areas where polyethylene is 

Stretching performance 
for protective packaging
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Secondary packaging – such as stretch and 
shrink film – helps to protect goods in transit, 
which can have an enormous effect on both 
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prohibited or restricted. It is designed for stretch-
wrapping of metal equipment or components that 
need to be kept rust-free.

Workers can replace their existing stretch film 
with EcoStretch on existing stretch-wrapping 
equipment. The self-adhering film bonds each 
layer to itself for added strength. Once the metals 
are wrapped, EcoStretch will provide contact, 
barrier, and vapour-phase corrosion inhibition 
while also helping keep dust, dirt, and moisture off 
warehouse stock.

After use, EcoStretch can be sent to a commer-
cial composting facility to turn into a soil amend-
ment for future use rather than going to landfill.

In addition, the company has developed its 
Cor-Pak stretch hoods, which combine 
speciality polyethylene 
plastomer resins with 
the company’s corrosion 
inhibitor technology.

The UV-stable stretch 
hoods deliver high 
puncture resistance and 
load holding, allowing users 
to downgauge, contain 
aggressive loads and pro-
duce a better package at 
reduced cost, says Cortec. The 
stretch hoods are elastic (788% 
elongation at break), sealable and 
have high toughness.

Recyclate boost
KHS of Germany says that all of its shrink 
packers can now handle film made completely 
from recyclate.

With immediate effect, film made entirely of 
recyclate can be handled on all KHS shrink packers 
in the TSP, WSP, SP and PSP series. Thanks to their 
modular design, existing machines can be easily 
adapted. Fully recycled film is suitable for use with 
both PET and glass bottles, as well as beverage cans. 

“Consumers, retailers and the food and bever-
age industries are increasingly calling for environ-
mentally friendly packaging systems that aren’t 
merely recyclable but also made of recycled 
materials,” said Martin Thyssen, packaging expert 
for shrink film at KHS. “With the option of process-
ing shrink film made of 100% recyclate, we meet 
this demand.”

Using recycled film can reduce carbon footprint 
by up to 65%, says KHS. It could also help to meet 
legislation in some countries: in the UK, for 
instance, plastic packaging must be made up of at 
least 30% recyclate by April 2022. In France, plastic 

packaging must already contain at least 50% PCR.
Film made with recycled content is more 

expensive than conventional new film: a film made 
with 50% recycled PE incurs around 10% more in 
costs, while a 100% rPE film is around 15% more 
expensive. However, Thyssen believes that acting 
sustainably overrides the increased expenditure 
– especially when failing to meet legislation means 
paying environmental taxes in the future.

More for less
AMI recently ran its Stretch & Shrink Film event as a 
virtual conference – which had a focus on the 
increased demand for environmental performance.

Luke Venechuk and Kurt Riemenschneider – sen-
ior packaging engineer and president, 

respectively at US-based 
Highlight Industries 
– presented delegates 

with a dilemma.
“To reduce your carbon 

footprint, should you use 
10% less stretch film, or 10% 

more?” they asked.
They said that stretch film, 

when used properly, provides 
the best load containment 
and value – and lowest 

carbon footprint.
In their presentation, they cited a 

case study of a bottled water company 
that launched a new pack design – which 

experienced 5% product damage in the first 
90 days. Following this, it contacted Highlight to 

review problems and look for solutions.
The first step was to evaluate existing methods. 

They found that existing methods worked in the 
past – but were not appropriate for the new pack 
design. The company needed to find the best way 
to stabilise and test new products. For this, it used 
Highlight’s TS Revolution test stand, which allows 
automated stretch film testing.

The brand owner supplied film that Highlight 
tested in order to find the ‘sweet spot’. The original 
film had been stretched to 200% – but Highlight 
found that the sweet spot was at 270%. The sweet 
spot is typically 70% of the ultimate stretch level.

In addition, the brand owner delivered six loads 
of the new pack design to Highlight, so they could 
be evaluated on its Transportation Simulation 
System (TSS) – which established a baseline for 
improvement.

This models a range of attributes including 
containment force, cost to wrap and film thickness. 
This led to a recommendation to increase contain-
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ment force from 6.8 to 9kg across the product – and 
10kg at the pallet. This raised load stability by 78%. 
Additional testing was done at 11.7 and 15.8kg – 
leading to load stability decreasing by 21% and 
32% respectively, due to product crushing.

Overall, 0.3kg of CO2 was used to stretch wrap 
an average load, while the film used to wrap a 
truckload of water bottles creates around 8.84kg. 
However, while a successfully delivered truckload 
produced around 7,000kg of CO2, an unsuccessful 
one produced around 17,000 kg – due to the need 
for factors such as remanufacturing and redelivery.

They recommended using 10% more stretch 
film, rather than 10% less. This is because both the 
cost and carbon footprint are minimal compared to 
those of the product and the delivery.

Hand wrapping
Erich Steiner, CEO of DuoPlast, told delegates that 
hand stretched film can also deliver consistent load 
stability.

He said that hand film accounts for just over 40% 
of total tonnage in stretch film. Because it is used to 
wrap pallets by hand, loads are generally inconsist-
ent. However, DuoPlast worked with ProStretch in 
Gemany to initiate a recommendation for a 
consistent load unitisation with hand film. ProS-
tretch comprises 21 members, including polymer 
producers, stretch film producers and distributors.

It developed recommendations for hand 
stretching, including: making at least two or three 
top windings – and four or five bottom windings; 
cross-wrapping the entire load; using at least a 
50% overlap when wrapping; and covering at least 
half of the pallet base with film.

In a comparison of machine and hand film 
stretching, they found that the machine film tended 
to give higher load stability and process security, 
plus better reproducibility. However, it required a 
minimum number of pallets – while hand stretching 
was more flexible for smaller numbers of pallets.

DuoPlast has created a film called Duo Earth 4, 
made from 25% PCR. It was found to have compara-
ble strength and transparency to conventional films.

“The difference in safe load performance between 
machine- and hand film is obvious,” said Steiner. 
“Correct wrapping with hand film will improve and 
support a consistent, stable load unitisation.”

Recycled content
Spanish recycling specialist Saica has produced a 
number of polyolefin grades that help film convert-
ers to incorporate recyclate into their stretch and 
shrink films.

Luis Pellejer, director of Saica Natur Cycle Plus, 
said that the company produces around 25,000 
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tonnes/year of LDPE and LLDPE from recyclate. 
One source of this is natural, unprinted stretch and 
shrink film.

The technology needed to produce its recycled 
LDPE and LLDPE includes a two-step filtration 
process down to 50 microns. Fine filtration helps to 
improve performance during film extrusion, reduce 
contamination and improve film optics.

One example of a product made with this 
material is a 60-micron thick collation shrink film – 
with 50% recycled content – from Plastigaur. The 
film has good thickness stability, better printability 
than standard PCR-containing grades and consist-
ent line performance, he said.

The PCR materials were also used to make 
17-micron and 23-micron film with 30% recycled 
content. These cast stretch films showed good 
wrap consistency, good optical properties and no 
film breaks during production.

“Because these are fine-filtered recyclates, there 
is a lower filter pressure increase than with single-
step filtered PCRs,” said Pellejer.

He added that a collation shrink film with 50% 
PCR saves around 960kg CO2 for every tonne of film 
produced, while a 30% PCR film would save around 

575kg CO2 per tonne of film. Environmental metrics 
– such as soil acidification and ozone depletion – 
were as much as 50% lower when using 50% PCR 
film, and 20-30% lower for 30% PCR content.

Recycled content
Dow has developed a new product range for 
manufacturers of collation film – which incorporates 
70% post-consumer recycled (PCR) polyethylene (PE).

Right: Dow’s 

Reveloop 

materials 
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The material, called Reveloop XZ 89169, has 
been used to make collation shrink films with a 
50% PCR content. In the formulation, the new 
material is used in the core layer of a three-layer 
film. The outer layers – each 15% in total – are made 
from the company’s Dowlex PE resin. In total, the 
film is 50 microns thick.

The same material has been used to make a 
five-layer, 35-micron film. Again, it is used in the 
core layer (50%). Two sub-skin layers – each 
accounting for 15% – were made from the same 
material, mixed with Dow’s Elite PE resin, which 
adds stiffness/toughness and holding force. The 
outer skin layers, each 10% of the total weight, are 
made from a mixture of an LDPE grade and a 
second Reveloop grade – XZ 98608. This enhances 
optical appearance while adding stiffness/tough-
ness. Overall, the film has a 50% PCR content.

Material boost
Lucio Baccaro, market development and technical 
support for SABIC in Europe, told delegates that its 
Supeer VM006 metallocene LLDPE resin can be 
used to boost the performance of stretch films with 
a high PCR content.

It is a cast-stabilised, low gel grade for stretch 
film. Its attributes include improved mechanical 
properties, increased holding force and puncture 
resistance and potential cost reduction – through 
the use of thinner film.

For instance, in blown film production it can help 
to reduce gel formation during extrusion – while 
also boosting mechanical properties. This second 
property helps in the creation of thinner, stiffer films.
n AMI’s next Stretch and Shrink Film conference 
takes place in New Orleans, USA on 29 November 
to 1 December 2021. For more information, contact 
Alexandra Fish (alexandra.fish@ami.international) 
on +1 610 478 0800, or visit the homepage.

CLICK ON THE LINKS FOR MORE INFORMATION:

� www.www.colines.it

� www.cortecvci.com

� www.khs.com

� www.ami.international

� www.highlightindustries.com

� www.duoplast.ag

� www.saica.com

� www.dow.com

� www.sabic.com
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EXTRUSION COATING

Co-extrusion feedblock
cuts coat weight by 40%
Machinery manufacturer 
SAM North America has 
used an EDI feedblock 
from Nordson to boost 
speed – and reduce coat 
weight – on an extrusion 
coating line.

The combination of 
technologies has made it 
possible to cut coat weight 
by 40% while increasing 
throughput, thanks to 
‘edge encapsulation’.

Conventional co-extru-
sion yields two or more 
materials in horizontal 
layers. However, encapsu-
lating inserts developed by 
Nordson for its co-extrusion 
feedblock make it possible 

EXTRUSION

Agent for
Australia
and NZ
US-based Processing 
Technologies International 
(PTI) has appointed 
Plastics Machinery Works 
as the representative for 
its extrusion systems and 
aftermarket sales and 
support in Australia and 
New Zealand.

Plastic Machinery 
Works now represents PTI 
for its complete line of 
products, including the 
Super-G HighSpeed and 
HVTSE DryerLess extrud-
ers. In addition, it will act 
as the region’s dedicated 
supplier of PTI spare parts.
� www.ptiextruders.com
� www.pmwl.com.au

GAP of Italy has installed a 27-layer 
blown film line at its research and 
development centre in Trecate.

The 27-layer bubble film line 
uses microlayer technology to 
create structures with improved 
mechanical characteristics and 
reduced thickness – which helps to 
save material.

The line is made up of nine 
extruders and a 27-layer coextru-
sion die that has a diameter of 
400mm. The width of the machine 
is 1600mm. The line also has an 
automatic air-cooling ring control 
and software control systems. It 
can use multiple combinations of 
materials to create different 
coextruded film structures.

GAP has tested several struc-
tures on the new line, both with 
blocks and alternating layers. 

Thanks to the laminar flow structure, 
it has managed to raise mechanical 
performance and reduce thickness 
by up to 25%.

Microlayers allow thin layers of 
polymer to be oriented more easily. 
For instance, layers of PP can be 
inserted between layers of PE to 
increase rigidity and decrease pin 
holes. GAP has inserted EVOH 
layers to improve the barrier effect 
and recyclability.

GAP will also install a series of 
three-layer bag production lines 
– incorporating 100mm die and IBC 
– at its R&D centre. The lines have 
been designed for low-range and 
high-flow production. Some 
machines include in-line printing 
and welding to increase production 
yield. 
� www.gapitaly.com

Multiple layers save on material
BLOWN FILM

to extrude extra material 
along either edge of this 
horizontal structure. Using 
this, SAM found that encap-
sulating a PLA co-extrusion 
with edges of LDPE made it 
possible to offset PLA 
deficiencies – particularly its 
low melt strength – that have 
limited its melt curtain 
stability, draw-down ratio, 
line speed and coat weight.

“Using LDPE edge encap-
sulation on our pilot line, we 
have achieved line speeds 
in excess of 1200 ft/min 366 
m/min) with PLA, against 
less than 600 ft/min (183 m/
min) with PLA alone,” said 
Ed Lincoln, vice president of 

extrusion sales at SAM 
North America.

The high melt strength of 
LDPE has made it the most 
widely used polymer in 
extrusion coating.

“For processors wishing 
to replace some portion of 
their LDPE with biopoly-
mers, an obstacle has been 
that their lower melt 
strength causes extreme 
neck-in and edge instability 
at desirable line speeds,” 
said Sam Iuliano, chief 
technologist for Nordson’s 
EDI extrusion die and 
feedblock business. 
� www.sam-na.com
� www.nordson.com

http://www.gapitaly.com
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MIXING

Cooling mixer avoids 
degradation problems
Promix Solutions says that 
its P1 cooling mixer 
prevents typical product 
degradation that is caused 
by long residence times. At 
the same time, it avoids 
deposits or temperature 
peaks during the tempera-
ture control process.

Forced guidance and 
constant product mixing 
leads to short residence 
times combined with a 
narrow residence time 
distribution, it says.

Static mixers such as the 
Promix SMB Plus can 
homogenise melts and 
liquids – which minimises 
temperature differences or 
temperature peaks. Also, 
variations in the material 
composition – such as 
additive concentrations – 
can be equalised. This 

German packaging film manufacturer 
Oldenburg has retrofitted a Gneuss 
RSFgenius 175 melt filter, to help deal 
with its production waste.

Oldenburg makes polyethylene (PE) 
packaging such as bubble film, stretch and 
foam sheet. Film waste generated during 
production is collected and re-pelletised 
on a central recycling extruder. However, 
the conventional screen changer on the 
line was not able to filter very fine material. 
This meant that the recyclate could not be 
used in thinner film gauges.

This central recycling extruder was 
equipped with a conventional screen 
changer, which was not able to filter 
sufficiently finely. If the recycled material 

was not filtered finely enough, the 
simple, discontinuous screen changers 
on the blown film lines would block up 
quickly. Simple, discontinuous screen 
changers also tended to block up 
quickly.

After running several trials, the 
company installed a Gneuss RSFgenius 
with self-cleaning system. It can now filter 
sufficiently finely (to 75 microns) so that 
pellets made from the scrap can be fed 
back into the blown film extruder. Its 
efficient operation means that filter 
elements do not need frequent replace-
ment – and the amount of material lost to 
back-flushing is minimised.
� www.gneuss.de

Melt filter helps film maker recycle scrap
MELT FILTRATION

PRINTING

Making 
plates with 
no solvent
DuPont has installed a 
solvent-free thermal 
platemaking system at 
Comexi’s technical centre 
in Girona, Spain.

The Cyrel Fast 2000 TD 
system combines thermal 
processors and a variety of 
photopolymer printing 
plates for flexible packag-
ing and other applications. 
It offers high productivity 
and performance and can 
reduce processing costs 
and environmental impact 
compared to solvent-
based methods.

“It enables a workflow 
from file to plate in less 
than an hour,” said Jan 
Scharfenberg, business 
leader for DuPont Cyrel 
Solutions East.
� www.dupont.com
� www.comexi.com

leads to a uniform product 
in terms of composition and 
temperature distribution.

Based on the SMB mixer 
structure, the P1 cooling 
mixer combines the functions 
of a static mixer and a heat 
exchanger in one compo-
nent. A heat transfer fluid 
flows through both the 
mixing elements inside the 
P1 cooling mixer and the 
double jacket. This leads to a 

effective heat exchange in a 
small space. This uniform flow 
prevents deposits and 
product degradation. Even 
very high-viscosity liquids 
that lead to a high pressure 
drop in the cooler can be 
processed without problems.

P1 cooling mixers are 
appropriate for hourly 
throughputs ranging from a 
few kg to several tonnes.
� www.promix-solutions.com
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     The right way to
preserve food

& medical products   

Vacuum and map packaging

• The best products realized by coextrusion of special polymers,  
   raw materials and their combinations to satisfy the standards  
   required by the market in food, medical and pharma packaging.

• Raw materials: PE, PP, EVA, TL, EVOH, PA, PET, PS and others.

� CLICK HERE TO DOWNLOAD

� CLICK HERE TO DOWNLOAD

Download these new
product brochures

If you would like your brochure to be included on this page, please contact
Claire Bishop claire.bishop@ami.international. Tel: +44 (0)1732 682948

MACCHI: FILM EXTRUSION

This 28-page brochure 
from Macchi covers the 
company’s wide range of 
film extrusion technologies 
including coextrusion lines, 
wide webs, die heads, take 
offs, winders, trim recovery 
and control systems.

Film Extrusion
Technologies

Macchi S.p.A.
Corporate Profile & Product Range

� CLICK HERE TO DOWNLOAD

Simply click on the brochure cover or link to download a PDF to your PC or smartphone

NORDSON: FILTRATION SYSTEMS
The BKG range of 
filtration systems and 
screen changers from 
Nordson Polymer 
Processing Systems are 
detailed in this six-page 
brochure which also 
features products from 
BKG’s ranges in gear 
pump and valve 
technologies.

EXTRAORDINARY TECHNOLOGIES 
FOR TODAY‘S PLASTICS

BKG® Filtration, Gear Pump &
Valve Technology

Nordson
Polymer 
Processing
Systems

� CLICK HERE TO DOWNLOAD

PALSGAARD: PLANT-BASED ADDITIVES

Palsgaard produces an 
extensive range of 
sustainable, plant-based 
additives that can be used 
to enhance the 
performance and 
processing of many 
polymers. Find out more 
about its products and 
how to use them in this 
brochure.

FROM FOOD EMULSIFIERS TO POLYMER ADDITIVES:  
The renewable technology  
of Palsgaard’s plant-based 
additives for the plastics  
industry 
By Christina Normann Christensen,  
Product & Application Manager, Palsgaard A/S

WHITE PAPER

� CLICK HERE TO DOWNLOAD

GLOBAL COLORS GROUP
Find out about Global 
Colors Group in this 
brochure showcasing the 
group companies, their 
vision and focus on 
quality, R&D, technology 
and sustainability. Its 
portfolio includes colour, 
white and black 
masterbatches.

� CLICK HERE TO DOWNLOAD



Head office:  Cabo de Santo Agostinho, Brazil

President:  José Bosco Silveira

Founded:  1976

Ownership:  Private (Owned by Tredegar Group of USA)

Profile: Brazil-based Terphane, founded in 1976, produces a wide range of flexible 
packaging polyester films – including metallized BOPET film. Its products include 
barrier films in up to four layers, and are used in a variety of applications such as 
peelable lidding, pouches and packaging of various foods – from coffee to dairy 
products. In addition, industrial applications include self-adhesive labels, adhesive 
tape and release agents.

Product lines: Terphane offers a range of BOPET products. Its sealable polyester films are used in 
a variety of lidding applications – as either ‘easy open’, lock seal (permanent 
sealing) or resealable. They can be engineered to adhere to multiple resins, 
including PVC and PLA, and can be Corona-treated on one side for printing. Barrier 
film is typically metallized, but Terphane also offers transparent barrier film, which 
uses coated PVdC. Surfaces can be modified in several ways: to produce a matte 
finish, for superior appearance; or to reduce coefficient of friction, which is typically 
applied to pouches. The company recently released its EcoPhane line of films – 
which incorporate at least 35% recycled PET – including a biodegradable version. 

Factory locations: The company’s main plant in Cabo de Santo Agostinho has a capacity of around 
65,000 tonnes/year of film products, which includes metallised film. The plant 
recently ordered a fourth metallizer from Bobst, which will be installed in 2022. 
Terphane’s second plant – in Bloomfield, NY in the USA – began operations in 1988.

Terphane

The next issues of Film and Sheet Extrusion magazine will have
special reports on the following topics:

September 2021
Multi-layer packaging

PVC plasticisers
Laboratory extruders

PEWE Europe preview

October 2021
Materials recycling/granulators

Extruder developments
Biaxial film

Mineral fillers for film

Editorial submissions should be sent to Lou Reade: lou@filmandsheet.com 

For information on advertising in these issues, please contact:
Claire Bishop: claire.bishop@ami.international Tel: +44 (0)1732 682948

Levent Tounjer: levent.tounjer@ami.international Tel: +44 (0)117 314 8183

To be considered for ‘Extruder of the Month’, contact the editor on lou@filmandsheet.com

FORTHCOMING FEATURES

EXTRUDER OF THE MONTH



Top left: FSE June 2021
https://content.yudu.com/web/1rl19/0A1uuff/FSEJun21/index.html

CL: CW July 2021
https://content.yudu.com/web/1rl19/0A1rl2p/CWJuly21/html/index.html

BL PPE July August 2021
https://content.yudu.com/web/1rl19/0A1utvq/PPEJulAug21/index.html

Top right:  FSE May 2021
https://content.yudu.com/web/1rl19/0A1uuff/FSEMay21/index.html

CR: PRW May June 2021
https://content.yudu.com/web/1rl19/0A42x3p/PRWMayJun21/index.html

BR:  IW July August 2021
https://content.yudu.com/web/1rl19/0A1uufg/IWJulAug21/html/index.html

Take out your own FREE subscriptions to any of the magazines.
Click on the logos below to simply register on-line.

Keep informed: read
our latest editions
AMI publishes five process-specific FREE plastics industry magazines.
Simply click on the cover below to read each magazine. Or download
the issue in the relevant Apple or Android app

Plastics Recycling World
May/June 2021
The May/June edition of 
Plastics Recycling World looks 
at options for recycling 
in-house and post industrial 
waste plastics. It also explores 
developments in shredding 
technology and additives for 
improving polymer 
compatibility, as well as US 
recycling regulation.

� CLICK HERE TO VIEW 

Injection World
July-August 2021
The cover story in the July-
August issue of Injection World 
looks at how foams and 
recyclate are increasingly 
being used to mould 
sustainable packaging. Other 
features are about meeting the 
demands of complex optical 
parts and the latest in colour 
masterbatch.

� CLICK HERE TO VIEW 

Film and Sheet
May 2021
The Film and Sheet Extrusion 
May edition has features on 
waterproof membranes, 
materials handling, converting 
& bagmaking and screw and 
barrel technology. There is 
also a review of extrusion 
exhibitors at Chinaplas 2021.

� CLICK HERE TO VIEW 

Film and Sheet
June 2021
The June 2021 edition of Film 
and Sheet Extrusion magazine 
looks at the latest innovations 
in film printing technology. It 
also explores developments in 
blown film cooling rings, 
additive and functional 
masterbatches, and 
downstream equipment.

� CLICK HERE TO VIEW 

Pipe and Profile
July/August 2021
The July-August edition of 
Pipe and Profile Extrusion dives 
into PVC with a report on new 
recycling targets in Europe, 
plus the latest developments in 
PVC additives. Other features 
are on extruder investments 
and developments, and 
materials patents.

� CLICK HERE TO VIEW 

Compounding World
July 2021
The July edition of 
Compounding World explores 
how antimicrobial additives 
are being used to control 
bacterial growth on plastics 
surfaces. It also looks at the 
latest developments in digital 
colour measurement, laser 
marking and welding 
technology, and melt filters.

� CLICK HERE TO VIEW 

http://www.compoundingworld.com/Subscribe.aspx
http://www.filmandsheet.com/Subscribe.aspx
http://www.injectionworld.com/Subscribe.aspx
http://www.pipeandprofile.com/Subscribe.aspx
http://www.plasticsrecyclingworld.com/


GLOBAL EXHIBITION GUIDE

AMI CONFERENCES

For information on all
these events and other

conferences on film,
sheet, pipe and

packaging applications, see

www.ami.international

Brought to you by: Proudly supported by:

29 – 30 September, 2021 

ESSEN, GERMANY

3 – 4 November, 2021 

CLEVELAND, OHIO

17-19 August 2021 Agricultural Film VIRTUAL CONGRESS

27-28 Sep 2021  Chemical Recycling, Dusseldorf, Germany

27-29 Sep 2021  Biax Film Europe, Madrid, Spain

8-10 Nov 2021  Agricultural Film Europe, Barcelona, Spain

8-10 Nov 2021  Waterproof Membranes Europe, Cologne, Germany

23-25 Nov 2021  Multilayer Flexible Packaging Europe, Barcelona, Spain

29 Dec – 1 Dec 2021  Thin Wall Packaging, Nuremberg, Germany

14-17 September  Equiplast, Barcelona, Spain www.equiplast.com

21-23 September Plastics, Printing & Packaging, Dar-es-Salaam, Tanzania www.expogr.com/tanzania/pppexpo

29-30 September Plastics Extrusion World Expo Europe, Essen, Germany https://eu.extrusion-expo.com

12-16 October  Fakuma, Friedrichshafen, Germany www.fakuma-messe.de

25-27 October Plastic Print Pack Nigeria, Lagos, Nigeria www.ppp-nigeria.com

3-4 November  Plastics Extrusion World Expo North America, Cleveland, USA https://na.extrusion-expo.com

8-12 November Plastico Brasil, Sao Paolo, Brazil www.plasticobrasil.com.br

15-18 November Arabplast, Dubai, UAE www.arabplast.info

1-3 December Plast Print Pack West Africa, Accra, Ghana www.ppp-westafrica.com

25-28 January Interplastica, Russia, Moscow www.interplastica.de

17-21 February PlastIndia, New Delhi, India www.plastindia.org

8-11 March Plastimagen, Mexico City www.plastimagen.com.mx

5-8 April  FIP, Lyon, France  www.f-i-p.com

26-30 September Colombiaplast, Bogota, Colombia  www.colombiaplast.org

3-7 October  Plastex, Brno, Czech Republic  www.bvv.cz/en/plastex

1-3 December  Plastic Print Pack West Africa, Accra, Ghana  www.ppp-westafrica.com

20
21

20
22

DATES FOR YOUR DIARY

https://www.ami.international/events/upcoming
https://www.ami.international/events/upcoming
http://www.ami.international
http://www.compoundingworld.com/
http://www.filmandsheet.com/
http://www.pipeandprofile.com/
http://www.plasticsrecyclingworld.com/
www.ami.international/exhibitions?utm_source=Magazine&utm_medium=Advert&utm_campaign=E056_E057_E058_E059&utm_content=magazinegraphiceventslistingpage
www.ami.international/exhibitions?utm_source=Magazine&utm_medium=Advert&utm_campaign=E056_E057_E058_E059&utm_content=magazinegraphiceventslistingpage
www.ami.international/exhibitions?utm_source=Magazine&utm_medium=Advert&utm_campaign=E056_E057_E058_E059&utm_content=magazinegraphiceventslistingpage
www.ami.international/exhibitions?utm_source=Magazine&utm_medium=Advert&utm_campaign=E056_E057_E058_E059&utm_content=magazinegraphiceventslistingpage
www.ami.international/exhibitions?utm_source=Magazine&utm_medium=Advert&utm_campaign=E056_E057_E058_E059&utm_content=magazinegraphiceventslistingpage
www.ami.international/exhibitions?utm_source=Magazine&utm_medium=Advert&utm_campaign=E056_E057_E058_E059&utm_content=magazinegraphiceventslistingpage
www.ami.international/exhibitions?utm_source=Magazine&utm_medium=Advert&utm_campaign=E056_E057_E058_E059&utm_content=magazinegraphiceventslistingpage
http://www.plasticobrasil.co.br
http://www.interplastica.de
http://www.plastindia.org
http://www.plastimagen.com.mx
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