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Abstract:

In the development of paper for packaging applications to become an equivalent to plastic packaging,
barrier coatings play an elemental role. The coatings are needed to provide the structural component
of the paper and board with the required barrier functionalities. The barrier materials can be applied
in different forms, e.q., as laminates, by extrusion or as liquid dispersions. This lecture focusses on
dispersions.

Multiple dispersion chemistries are offered to satisfy a variety of functional requirements. The dispersions
are used as is or in formulations by experience. However, the application experts in many cases lack
the fundamental understanding of dispersion chemistry, which would help them to achieve an easier
application.

Keywords: Emulsion polymer dispersions, Polyolefin dispersions, Dispersion stabilisation, Film
formation, Dispersion handling, Dispersion related coating defects, Foaming.

INTRODUCTION

Colloidal dispersions of polymers consist of high molecular weight polymer particles that are insoluble in liquids like
water. The particles are so small that they ideally do not float nor sink due to gravity.

Several approaches can be taken to get polymers dispersed in water. Polymer particles can be synthesised from monomers
that have been emulsified in water (emulsion polymerisation). Alternatively, polymers, that have been made in a previous
separate step, can be dissolved or dispersed in water. Dissolving polymers in water is typically related to polymers with
high hydrophilicity. Polymers that are not soluble in water require special methods and techniques to be converted into
a liquid form as dispersed particles.

The importance of polymer dispersions cannot be underrated. Very few high molecular weight polymers can actually be
dissolved in a suitable solvent like water and but at low concentrations only. Dispersions however decouple molecular
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weight and viscosity of a polymer, allowing much higher solids content of the polymer in a liquid. At the same time the
molecular properties of the polymers in the colloidal particle will be hidden and replaced by surface properties of the particles.
During film formation this aspect will be reversed, and characteristics of the individual polymers determine the main properties
of the formed film.

EMULSION POLYMERISATION

The fundamental concept of triggering the reaction of monomers with initiators in presence of surfactants in water to produce
emulsion polymers is already known since it was described in patent literature for the first time in 1927.

Surfactants provide the means for monomer droplets formation and stabilise the growing particles during the polymerisation
and in the finished latex.

Typically vinylic, acrylic, styrenic and functional monomers are used in the emulsion polymerisation process. The selection of
the monomers will determine the key properties of the polymers, such as Tg.

The heterogeneous nature of emulsion polymerization leads to additional complexities, e.g., monomer and free radicals may be
present in multiple phases. Depending on the process sequence during the polymerisation, dispersions of emulsion polymers
with different morphologies like core shell particles can result.

Dispersed particles require some stabilisation to stabilise the system'’s stage of higher energy. The most well-known theory
to describe the stabilisation mechanisms is the DLVO theory of Derjaguin, Landau, Verwey, Overbeek. 1t describes a balance
of attractive and repulsive forces that provides stability of a dispersion. The forces comprise primarily Van der Waals forces
as attractive, destabilising forces and repulsive forces that are electrostatic (Coulomb) and steric in nature. The force balance
can be destabilised, either intentionally or unintentionally, by different methods. Thus a fundamental understanding of key
influencing factors is relevant.

In polymer solutions, the macromolecules are present as independent individual chains. During the drying process the chains
gradually entangle more and more as the solvent evaporates and finally form an amorphous film.

Film formation of emulsion polymer dispersions follows a different route. Water evaporation leads to a closed packing of the
particles with still water filling the voids between the spheres. In the following steps the particles deform during elimination of
the last content of water to finally form a film.

AQUEOUS HIGH MOLECULAR WEIGHT POLYMER DISPERSIONS

A second approach to polymer dispersions starts from high molecular weight polymers, which were made in a separate
step, prior to be dispersed in water. Several paths exist to form dispersions, depending on the nature of the polymers. Highly
hydrophilic polymers may easily dissolve in water. Other polymers will require processing that comprise the use of processing
aids/techniques, such as the use of co-solvents or dispersing agents.

Conventional dispersion processes use simple shear during mixing of the ingredients in water at higher dilution. In many cases
dispersions with broad particle size distributions and low solids result.

Continuous mechanical dispersion processes enable the formation of high solid, monomodal dispersions of hydrophobic
thermoplastic polymers without use of co-solvents, which otherwise would not be possible. A typical example of hydrophobic
thermoplastic polymers, which can be converted into stable dispersions with such a process are polyolefins. Main advantage of
use of polyolefin dispersions is that they enable heat sealable barriers at very thin coating layers either by traditional coating
application methods or as spray or multiple layer coatings at low coat weights.

The film formation process of thermoplastic polymer dispersions such as polyolefins, differs from emulsion polymers. While for
emulsion polymers the Tg is the relevant parameter, it is the degree of crystallinity for the latter. Above the melting points of the
polymers the crystalline structure will break up and films form.

DISPERSIONS - SPECIAL TOPICS

Dispersions are typically sensitive to freezing and heating and thus should be keep at ambient temperatures, to avoid instabilities.
It is also generally good manufacturing practice to mix and filter prior to use.

The type of paper substrates and their surface structures will significantly impact the quality of the barrier coating that can be
achieved. Barriers on substrates with closed surfaces and with low porosities are easier to achieve at lower coat weights than
on open, porous substrates. However strategies exist to convert open and rough fibre-based substrates to barrier substrates.

Foam bubbles on liquids are energetically unstable. Bubbles formed from plain water break instantaneously. Dispersions are
fundamentally prone to foaming. Generation of foam on a dispersion is a combination of several factors: presence of air, energy
and surfactants in a dispersion. The surfactants can be present from preparation of emulsion polymers and / or stabilisation of
the dispersions in water. Mechanistically defoamers destabilise the metastable foam structure by introducing a perturbation.
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CONCLUSION

As the paper industry applies more and more aqueous polymeric dispersions in coating processes to enhance the functionality
of fibre-based packaging, a basic understanding on polymer dispersion methods, their fundamental properties and behaviour
becomes of high value for the coatings process. This lecture provides some insights to close this knowledge gap.
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