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Extended Abstract:

Application of barrier coatings online on paper machine or offline coating equipment is viable way to
produce alternative packaging materials to difficult-to-recycle plastics as well as to extrusion coated and
laminated products that may have reduced yield in paper recycling process. The domain of dispersion
coated papers has undergone rapid development in recent years thanks to the relatively thin layer which
is needed to attain desired performance. Furthermore, the diversity in the potential structure of barrier
coated papers often enables them to be easily recyclable and/or compostable, and in some case to
be considered as “plastic-free” under the definition of EU Single-use plastic directive. The strive for
recyclability and circularity demanded by consumers and brand owners along with certain legislative
incentives coming from national institutions or enforced via upcoming PPWR (Packaging and packaging
waste regulation) being the main driving factors behind rapid development of barrier papers in Europe.

Currently, there is a significant amount of work underway concerning dispersion barriers applied to fibre-
based substrates, which are developed to help replace single use plastics in packaging applications.
Dispersion coatings have the advantage over traditional PE (polyethylene) extrusion coating in that they
can be applied at a thinner layer and such papers can often be included in the paper recycling stream.
Selection of suitable coating is a key to obtain desired barrier properties, the choice shall be made
primarily based on polarity and crystallinity of polymer as well on its glass transition temperature. Non-
polar polymers would provide good water and water vapour barrier, while polar polymer will exhibit
good oxygen and grease barrier. Crystallinity is additional factor which can reinforce barrier both for
water vapour and oxygen, the higher the crystallinity the better, however, flexibility of coating layer
may be compromised in this case. Other properties of polymers and dispersions such as film forming
temperature, viscosity etc. shall be selected in accordance with the coating process, type of paper
substrate, and drying capacity. The key considerations in the coating selection are depicted in the Fig 1.
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Fig. 1. Key considerations in the selection of barrier coating and obtaining a uniform
barrier layer for paper

Barrier Coating

In general, key advantages of dispersion coating vs. lamination
and extrusion coating is the high versatility of available water
or solvent-based dispersion and solution coatings, ability to
apply layers as thin as 1 micron and opportunity to combine
polar and non-polar layers of polymer to obtain different
barrier properties and heat sealability. The general comparison
between “wet” dispersion coatings vs extrusion and lamination
is shown in the Table 1.

Apart from the selection of coating one also need to ensure
minimum number of defects which may occur due to uneven
distribution, penetration into base paper, poor wetting, fibre
protrusion and or/drying. Typically, defect-free coatings are
difficult to achieve in one layer on paper due to its relatively
rough topography and pre-coating is necessary to mitigate
these effects. Another strategy is to apply the same coating in
two layers; however, this option is related to the availability
of additional coating stations. Adequate drying which allows
rapid immobilization of coating on the surface, coalescence
of polymer particles and film formation and the same time
avoiding “skin” formation of the surface is also essential. Typical
drying defects occurring in polymer coated barrier paper can
be seen on the Figure 2.

Table 1. Comparison of the dispersion coating with other process to attain barrier properties on paper

Aspect "Wet" coating
Raw materials form Liquid

PVOH, EEA, SA & SB latexes,

Typical raw materials .
polyesters, biopolymers, waxes
Min. thickness, pm >0.8

Wetting, hydrogen and covalent
Adhesion mechanism & el

bonding
Drying requirement Yes
Online/Offline Both
. . Yes with curtain or multiple coating
Multilayering K
stations
Production costs Higher
Defects Plenty of sources
- Depends on coatings & their %-
Recyclability .
weight
Complexity High

LDPE, HDPE, lonomers, EVOH, PLA, PBS

Mechanical entaglement and wetting

Depends on PE adhesion and thickness

Fig. 2. Typical defects found in barrier coatings: pinholes, collapsed air bubbles, drying cratering

Extrusion coating Lamination

Resin pellets Pre-made films or paper
Mono or multilayer films or paper,
adhesives

>4, >8 (typical) >4, >8 (Typical)

Depends on type of the adhesive
No (cooling) Yes/No

Offline Offline

. Yes if laminated film has
Co-extrusion

multilayers
Lower Average
Mainly fibre protrusion Only curl

Depends on adhesive type and film
type & thickness

Low Low
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Barrier Coating Selection, application, troubleshooting and recyclability...

As mentioned before base substrate is a foundation that shall provide not only smooth surface for barrier coating application but
also should be capable of ensuring adequate mechanical properties such as tensile energy adsorption, tear strength, puncture
resistance and bending stiffness, in case of paperboard. In general, strength of paper and its smoothness are in compromised
relationship to each other, for instance calendaring is used to smoothen the paper but inevitably leads to the strength losses.
In general, there is no “perfect” paper or board for barrier coating application and ones skilled in art can always find a way to
provide relatively smooth and strong paper.

Recyclability of barrier coated paper is one of the main attributes that attracts potential end users to switch from difficult-
to-recycle materials to paper. However, adding barrier layers composed of polymers or other non-fibrous material may have
negative impact on recyclability. Yield of fibres, one of the sought of parameters in recycling would suffer from the addition
of polymer and in general it is recommended to keep the “non-paper” part of paper below 15% to ensure reasonable level
of fibre recovery. Furthermore, yield will depend on the level of adhesion of coating to paper and cohesion of coating itself.
Finally, depending on the glass transition temperature of coating and its fragmentation behaviour in recycling one may also
see negative impacts on the visual appearance of finished paper and high level of adhesion which may lead to the breaks on
paper machine. The generalization between negative impacts on recycling and type of the barrier treatment is shown in the
Fig. 3. 1t should be highlighted that it is possible to make recyclable barrier methods with any method of functionalization and
Fig. 3 illustrates only general tendencies.
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Fig. 3. Intercorrelation of the negative impacts in recycling of paper vs. type of the barrier treatment, a generalized overview
In summation, This abstract provided a technical and practical summary on key aspects in development, production and

implementation of the barrier paper based on the most recent industrial art. There is a still great potential for improvement of
barrier and economical performance of dispersion-coated papers.
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