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Abstract:

The use of barrier coatings for fibre-based packaging is an area that’s gaining traction, as industries 
look for alternatives to single-use plastics. Dispersion coatings are particularly interesting because they 
can be applied at lower weights, providing functionality while often maintaining recyclability. This work 
focuses on the benefits and challenges of using minerals in these coatings and focuses on commonly 
used minerals like kaolin and talc, highlighting their key characteristics. The core of the research was 
to analyse the impact of minerals on the barrier layer, including particle alignment, base coverage, and 
optimal mineral loading in relation to critical pigment volume concentration. The study further addressed 
the important aspects of heat sealing and folding using minerals in barrier coating.
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INTRODUCTION

Currently there is a significant amount of work underway concerning dispersion barriers applied to fibre-based substrates, 
which are being developed to help replace single-use plastics in packaging applications. Dispersion coatings have the 
advantage over traditional PE coating in that they can be applied at thinner layers and can often be included in the paper 
recycling stream (Rissa et al. .2000). The study presented covered the use of minerals in barrier formulations, discussing 
both their benefits and challenges (Rissa et al. 2000).   There are a number of drivers for inclusion of minerals within a 
barrier layer, including performance and handling aspects. Minerals are reported to improve the barrier performance 
by increasing the path length through which moisture or grease has to pass.  This is especially beneficial for aligned 
platy minerals. They also raise the solids content allowing easier handling and less “stickiness” as well as giving a lower 
level of water to be removed in the drying stage. Minerals can also provide benefits in antiblocking, which is important 
to prevent reels sticking together after winding.  However, there are challenges which can require a compromise in the 
level of mineral being added.  If too much mineral is added to the barrier layer, porosity will be introduced, and this will 
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Fig. 1.  SEM images of platy minerals often used in barrier formulations

cause the barrier properties to break down.  Other key challenges are prevention of cracking after folding and the often-required 
ability to heat seal the final package. Both are compromised if too much mineral is incorporated into the layer.

In present study, common minerals used in barrier coatings, such as kaolin, talc, and mica were examined. The minerals were 
selected in the study on the basis of their platy structure.
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Figure 1.  SEM images of platy minerals often used in barrier formulations 
 
There are five key Mineral properties which are crucial in understanding their likely 
performance in paper or board coating or barrier formulations.  
 
*   Average particle size 
*   Distribution of particle sizes (measured using a Sedigraph TM, which applies Stokes' Law      
to relate sedimentation rate to particle size distribution) 
*   Brightness and shade 
*   Particle shape, especially aspect ratio 
*   Surface energy 

 
 
Figure 2: Measurement of key properties of minerals 
 
Using these five attributes, a solid understanding of how minerals perform in a coating layer 
can be gained. For example, a broad particle size distribution pigment will have many small 
particles which can give a tightly packed coating. This will have a lower brightness, due to 
reduced light scattering, but will not require so much polymer to form a sealed porosity free 
layer. 
 
The key properties and requirements for minerals in a barrier coating layer includes the Cobb 
water absorption and moisture vapour transmission rate MVTR (ASTM, 2010) Measurements 
of Cobb water absorption as well as moisture vapour transmission rate are impacted by: 
 
Critical Pigment Volume Concentration (CPVC): The CPVC, relates to the maximum 
amount of mineral that can be included in a barrier coating before performance is 
compromised when air is introduced into the dried layer (Preston et al., 2013). An optical 
measurement of the coating applied to a black substrate can be used to accurately determine 
the CPVC ratio for a particular barrier formulation.  If the reflectance decreases initially but 
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Using these five attributes, a solid understanding of how minerals perform in a coating layer can be gained. For example, a 
broad particle size distribution pigment will have many small particles which can give a tightly packed coating. This will have 
a lower brightness, due to reduced light scattering, but will not require so much polymer to form a sealed porosity free layer.

The  requirements for barrier coatings can include, oil and grease resistance, oxygen barrier, Cobb water absorption barrier and 
moisture vapour transmission rate barrier (MVTR, ASTM 2010).  Measurements of Cobb water absorption as well as MVTR are 
impacted by:

Critical Pigment Volume Concentration (CPVC): The CPVC, relates to the maximum amount of mineral that can be included 
in a barrier coating before performance is compromised when air is introduced into the dried layer (Preston et al., 2013). An 
optical measurement of the coating applied to a black substrate can be used to accurately determine the CPVC ratio for a 
particular barrier formulation.  If the reflectance decreases initially but then starts to increase during the drying process, this 
indicates that light is beginning to get scattered by pores in the coating as it dries.  This coating therefore is not fully bound 
and can be described as being above the critical pigment volume concentration. The proportion of binder should therefore be 
increased until the reflectance does not rise.  At this point the system is fully bound and should have significantly better barrier 
properties.
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Figure 3: Method of determination if a coating formulation is above or below the CPVC 
 
Particle Packing: This is a key performance characteristic in both standard and barrier 
coatings. Tightly packed particles reduce the binder required to form a cohesive layer.  This is 
related to the CPVC. 
 
Particle Alignment: This is particularly important for plate-like particles within the barrier 
layer.  Well aligned particles increase the length of the tortuous bath through which the vapour 
needs to pass. Examples of particle alignment are described for blade and rotogravure 
applicator systems, different mineral loadings and for clays with different size and particle platy 
shape on Bollstrom et al.2013 and Elton et al., 1999, Preston et al.,1999. 
 

 

 
Figure 4:  Section through a blade coating of platy particles in a barrier layer. The 
tortuosity of the packed and aligned particles makes the path length for migrating 
species much longer than without the particles 
 
Coverage of Rough Fiber Surfaces: Here, platy materials can be beneficial in bridging voids 
between fibers.  One specific use of platy minerals is as a functional precoat layer where it 
can be used to close the surface porosity and give good hold out of expensive barrier 
formulations, Hiorns 2017. 
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Particle Packing: This is a key performance characteristic in both standard and barrier coatings. Tightly packed particles 
reduce the binder required to form a cohesive layer.  This is related to the CPVC.

Particle Alignment: This is particularly important for plate-like particles within the barrier layer. Well-aligned particles increase 
the length of the tortuous bath through which the vapour needs to pass. Examples of particle alignment are described for blade 
and rotogravure applicator systems, different mineral loadings and for clays with different size and particle platy shape in 
(Bollstrom et al. 2013 and Elton et al. 1999, Preston et al. 1999).

Coverage of Rough Fibre Surfaces: Here, platy materials can 
be beneficial in bridging voids between fibres.  One specific use 
of platy minerals is as a functional precoat layer where it can 
be used to close the surface porosity and give good hold out of 
expensive barrier formulations, (Hiorns 2017).

Surface Energy: Having the correct surface energy is essential 
to prevent unwanted permeation. For water vapor barriers, a 
hydrophobic surface is preferable, while hydrophilic surfaces 
are better for oil barriers. Talc, naturally hydrophobic, is often 
used in water vapor barriers, whereas hydrophilic kaolin is used 
in grease or oil barriers. However, the binder surrounding the 
particles is always a critical performance factor.

A good barrier on a flat substrate can lose its effectiveness after 
folding due to cracking. Heat sealing is also crucial for forming 
joints in many packages, and preventing surfaces from blocking 
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is another important criterion. Since blocking, cracking, and heat sealing often require conflicting properties, compromises are 
necessary.  For example, a coating with well aligned very platy kaolin or talc can give excellent particle alignment and barrier 
properties if blade coated onto a relatively smooth base.  However, these ultra platy particles have a higher cracking tendency 
than a moderately platy kaolin, on folding and so the barrier performance for the moderately platy kaolin has proved superior 
after converting (Preston et al 2024). 

Another example of a multi-layer construction could involve a highly mineralised precoat layer with a binder rich barrier 
topcoat, suitable for heat-sealing.

CONCLUSION

In conclusion, the incorporation of mineral, especially platy morphology minerals such as kaolin or talc can be seen to improve 
the barrier properties of dispersion coatings applied to paperboard.  They also can make the system more cost effective as one 
of the lowest cost components of the barrier layer, and allowing a higher solids content.  They also help optimise the rheology 
and handling of the formulation, lowering the “stickiness”.  However, the amount of mineral added needs to be controlled to 
ensure that the formulation remains below the critical pigment volume concentration and that it is fully bound after drying.  This 
CPVC pigment / binder ratio is determined by the pigment particle size, particle size distribution, particle alignment and particle 
packing as well as other aspects for example the base porosity and method of coating colour application. In order to optimise 
the formulation on the board, it is sometimes better to adopt a layered approach where different functionalities are incorporated 
into the different layers. The final barrier properties of the article after folding and converting should also be considered during 
the formulation development stage.
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