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ABSTRACT 
 
The packaging requirements for barrier properties are not even able to be achieved with polymers in 
monolayers based on crude oil. For both conventional and bioplastics a co-extrusion or the lamination of 
different polymers is the key to fulfill these requirements of today’s packaging applications. Of course, it is 
still questionable if such high barriers are necessary but achieving such levels is state of the art in 
packaging technology. In order to enter new markets and increase the range of applications for bioplastics 
these resins must follow this trend and need to be co-extruded or laminated. 

 

 
 
1. Bioplastics – both a new and old 
type of material 
 
As long ago as the 19th century, bioplastics 
were manufactured industrially and 
therefore were actually the first mass 
produced plastics. More recently new 
bioplastics, such as PLA and PHA as well as 
compounds, and blends of different 'bio' 
raw materials and natural additives have 
been brought to the market.  Compounds 
and blends have been developed in order to 
adapt and broaden the characteristics of 
the basic 'bio' raw materials. Basically, 
bioplastics are a class of material with 
special characteristics which differentiate 
them from standard petrochemical plastics. 
The compostability of many bioplastics is 
just one of these significant differences. 
 
 
 

2. Definitions for bioplastics  
 
Nowadays, bioplastics can be classified into 
two categories. The different categories are 
firstly bioplastics which are biodegradable (and 
maybe compostable) and secondly bioplastics 
which are produced from renewable resource 
materials.   
 
Bioplastics can be designated as compostable 
if they (independently of their base raw 
materials - renewable or petrochemical) 
comply with all of the criteria in the standards 
of EN 13432 or ASTM D 6400. The biochemical 
process of degradation of these bioplastics has 
to occur within a defined time frame under 
conditions typical of those found in an 
industrial composting facility.  
 
In contrast the term 'biodegradable' is not 
clearly defined as there is no time period 
specified for biodegradation to occur. Proof of 
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biodegradation is shown by the emission of 
CO2 during degradation. This emission of 
CO2 is the result of a biological conversion 
process and proves that the plastic has not 
just degraded into small particles which are 
not visible anymore. The definition of 
biodegradation - by measuring the CO2 - 
clearly differentiates it from a degradation 
process which is initiated by the addition of 
an additive which merely causes the 
fragmentation of the conventional plastics 
[1]. 
 
The second class of bioplastics is based on 
renewable resources. These can contain up 
to 100 % of renewable resources but are 
not necessarily biodegradable (see Bio-PE, 
Bio-PA). In this case the term “bio-based 
plastic“ is also common. A simple overview 
is shown in figure 1.  
 
3. Bioplastics in Packaging 
 
Plastics made from renewable resources 
offer new opportunities and possibilities for 
both flexible and durable packaging along 
with general injection moulding 
applications. Each day nature shows us well 
designed packaging solutions. These 
solutions can be used as a guideline and 
implemented in our industrial packaging 

world. Of course, we have different 
requirements for industrial packaging 
compared to nature. Most goods need to be 
transported, stored and protected against 
surrounding conditions and some need to 
withstand a long shelf life. Biopolymers, 
whether biodegradable or based on renewable 
resources, have a similar natural approach. 
But sometimes they do not fulfill all of the 
requirements necessary for industrial 
packaging, in particular the properties of high 
barrier and transparency. 
 
The packaging requirements for barrier 
properties are not even able to be achieved 
with polymers in monolayers based on crude 
oil. For both conventional and bioplastics a co-
extrusion or the lamination of different 
polymers is the key to fulfill these 
requirements of today’s packaging 
applications. Of course, it is still questionable 
if such high barriers are necessary but 
achieving such levels is state of the art in 
packaging technology. In order to enter new 
markets and increase the range of applications 
for bioplastics these resins must follow this 
trend and need to be co-extruded or 
laminated.  
 
 

 
 

 
Figure 1: Overview of definition of bioplastics. 
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4. Advantages of compostable 
multilayer systems for food packaging  
 
Plastics used for packaging represent 
around 39 % [Plastics Europe: Plastics – 
The Facts 2011] of the total plastic 
consumption and are by far the largest 
market segment of all plastics applications. 
The requirements for plastic films, 
especially for those used predominantly in 
food packaging, have been constantly rising 
over recent years and have now reached a 
level that can only be achieved by means of 
intelligent material combinations and well-
engineered process procedures. 
 
In the beginning, biopolymers were mainly 
designed for applications such as waste 
bags and shoppers. Transparency was not a 
requirement. The content of renewable 
resources of these resins has been around 
20 to 40 %. With the upgrading of 
properties, the range of applications made 
from biopolymers is constantly growing. In 
addition, the content of renewable 
resources in combination with 
compostability is gaining importance for all 
kinds of packaging applications.  
 
To enter new markets with biopolymers, 
new resins and compounds have to be 
created. The major requirements for such 
modern packaging include a high content of 
renewable resource materials (>50%) and 
compostability combined with good barrier 
properties and preferably transparency. On 
the one hand, barrier is a necessity for 
certain packaging, e. g. MAP and other 
applications where an oxygen barrier is 
required. On the other hand, there are 
applications where high permeation and 
breathability are required, which is what 
Bio-Flex® with its intelligent filler system 
allows up to perfection. Such applications 
include back sheet films for diapers along 
with fresh food packaging where 
transparency is often a key requirement. 
One of the largest advantages of 
compostable films is that whenever it is 

needed, packed goods and films can be 
disposed together or can be used in a 
fermentation plant without separating organic 
goods and films.  
 
In order to meet these challenges FKuR 
Kunststoff GmbH, Willich, Germany and its 
cooperation partner Fraunhofer UMSICHT, 
Oberhausen, have developed new Bio-Flex® 
resins which exhibit outstanding 
characteristics when combined in a multilayer 
structure. The latest developments are 
focused on flexibility, transparency and a high 
content of renewable resources, whether in a 
mono or multilayer film structure.   
 
By co-extrusion it is possible to combine the 
clear and stiff material Bio-Flex® A 4100 CL, 
used in the outer layers with the new 
transparent Bio-Flex® F 2201 CL or 
translucent Bio-Flex® S 1100 in the mid layer. 
As both resins are flexible and tough they are 
able to support Bio-Flex® A 4100 CL in a 
multilayer structure. One of the main 
advantages is that the properties of this film 
can be adjusted by the variation of each layer. 
By using respective layer combinations, e.g. 
greater stiffness or more elasticity of the film 
can be reached, depending on the final 
requirements. This is shown in charts 1 and 2. 
By combining Bio-Flex® A 4100 CL with F 
2201 CL, the tensile modulus of A 4100 CL can 
be significantly reduced, while the elongation 
at break is still at the level of a pure F 2201 
CL. The result of this is a 3-layer structure 
that not only offers superior toughness and 
flexibility, but at the same time high 
transparency. 
 
In addition to having high quality clarity, the 
content of renewable resource materials is 
outstanding for a blown film application. The 
content of renewable resource materials of a 
film made from Bio-Flex® A 4100 CL / S 1100 
/ A 4100 CL is 30 to 50%, depending on the 
structure, whereas with a film made from Bio-
Flex® A 4100 CL / F 2201 CL / A 4100 CL the 
content of renewable resources is between 60 
to 80% depending on the final film structure. 
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There are no transparent or flexible blown 
film types similar to the Bio-Flex® resins 

available today.  
 

 

 
Chart 1: Tensile Modulus of Bio-Flex® mono and multilayer films. 

 
 

 
2: Elongation at Break of Bio-Flex® mono and multilayer films. 

 

 
 
5. Opportunities through new Bio-
Flex® grades  
 
The combination of organically grown food 
with packaging made from sustainable 

bioplastics is a logical step and completes the 
overall sustainable message while providing 
consumers with the positive feeling of 
contributing to an eco-friendly environment.  
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Compared to conventional plastics, 
compostable bioplastics offer an alternative 
'end-of-life’ option. The ability to use 
bioplastics after their useful life in 
composting facilities or energy recovery 
systems is an important factor. In 
particular, renewable plastics can contribute 
to the efficient utilization and conservation 
of our resources. 
 
The following practical examples will prove 
the expansion of the range of applications 
for bioplastics by means of efficient 
utilisation in multilayer systems. For both 
examples, the high content of natural 
resources (provided by Bio-Flex® A 4100 
CL) as well as the excellent strength and 
flexibility (provided by Bio-Flex® F 2110) 
were the decisive factors for choosing a 
multilayer system made from Bio-Flex®.  
 
Mc Cain uses a three layer combination 
made from Bio-Flex® A 4100 CL / Bio-
Flex® F 2110 / Bio-Flex® A 4100 CL for 
packaging of their “Bio-Ernte” product line. 
This multilayer allows for the production of 
a very flexible and extensible film with a 
great stiffness also at low temperatures.  
A three layer system made from Bio-Flex® 
F 2110 / Bio-Flex® A 4100 CL / Bio-Flex® 

F 2110 was used by Umbra Olii for wrapping 
their “Ecolive” laundry soap, which is made 
from 100% natural olive. The film allows for a 
very appealing glossy surface along with a 
great toughness and chemical resistance as 
well as good barrier properties for a bioplastic. 
One of the leading producers of napkins uses a 
three layer film made from Bio-Flex® A 4100 
CL / Bio-Flex® F 2110 / Bio-Flex® A 4100 CL 
for their compostable product line. 
 
 
6. Metallization as a possible solution to 
increase barrier 
 
The lower barrier of bioplastics against water 
and oxygen, when compared to conventional 
plastics, can be improved by coating 
techniques such as metallization. Chart 3 
shows the improved barrier of a metallized 
Bio-Flex® co-ex structure. Most notably, the 
oxygen barrier is highly improved which 
makes these films suitable for new 
applications in food packaging. Usually the 
layer thickness in metallization processes is 
below 0.1 µm. Therefore 
compostability/biodegradability of the final 
film structure can still be achieved. 
 
 

 
Chart 3: Transmission rates of Bio-Flex® films in comparison to other plastics. 
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7. (In-House) Recycling of 
compostable multi-layer structures 
made from Bio-Flex® 
 
To achieve an overall sustainable and cost 
effective multilayer product it is also 
necessary to recycle the production scrap 
(e.g. edge trims) and to use the regrinds in 
the middle layer of the film.  
 
Analysis have been done using the 
multilayer structure Bio-Flex® A 4100 CL / 
Bio-Flex® F 2201 CL / Bio-Flex® A 4100 CL 
(with layer ratios 20 % / 60 % / 20 %) as 
this is the most commonly used structure 
containing multiple Bio-Flex® types. As the 
production scrap will be added into the 
middle layer all of the trials carried out are 
only reflected upon this middle layer. It is 
assumed that as a maximum 20 % of 

production scrap will be used in this middle 
layer.  
 
Degradation of the biopolymers during the 
different production steps normally implies a 
higher melt flow and softer end product. 
Comparing the results of these trials it is 
shown that the amount of Bio-Flex® A 4100 
CL in the regrind compensates the negative 
effects of possible degradation. The results of 
the tensile test indicate a shifting of the 
properties in transversal direction (TD) and 
machine direction (MD), the tensile test 
results increase by 5% measuring in TD but 
decrease by 10 % in MD. The optical 
appearance of the film is still the same, as a 
reduction of the transparency and a decrease 
of the haze is not visible.  
 

 

 
Chart 4: Tensile Modulus of Bio-Flex® mono layer, multilayer and recycled films. 
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Chart 5: Elongation at Break of Bio-Flex® mono layer, multilayer and recycled films. 

 
8. Outlook and further applications 
 
The latest development by FKuR Kunststoff 
GmbH, Willich, Germany and its 
cooperation partner Fraunhofer UMSICHT, 
Oberhausen, Germany is comprised of 
biodegradable resins that have a high 
percentage of renewable resource material 
along with excellent transparency. Polymers 
from the Bio-Flex® and Biograde® family 
provide outstanding properties of flexibility 
and transparency. 
 

 
 
Picture 1: Multilayer made from Bio-Flex® A 4100 CL / 

F 2201 CL / A 4100 CL. 
 

 

 
Picture 2: Multilayer made from Bio-Flex® F 2110 / A 

4100 CL / F 2110 
 
As a result of this common development work, 
FKuR presents a new tough and clear film for 
packaging applications. The new blend 
achieved a renewable resource content of 
around. 70% and a high toughness leading to 
an elongation at break of more than 250% in 
comparison to pure PLA films with elongation 
at break of less than 10%. The material can 
be produced on mono film lines and the films 
are relatively tough making it suitable for 
VFFS applications (Picture 3).  
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Picture 3: New transparent PLA-Compounds for high 

toughness films! Monofilm made from Bio-Flex®. 

 
In addition to FKuRs renewable resource 
strategy, FKuR is distributing Green PE from 
Braskem as their exclusive European Sales 
Partner. In contrast to PE made from crude oil, 
Green PE is made from Brazilian sugar cane 
and has the same properties as standard PE. 
To widen the range of Green PE application, 
FKuR is producing tailor made compounds 
under the brand name Terralene®.  
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