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The target of this work was to make a thin barrier layer with blade or rod coating
method on food packaging board. In different food packages good barrier properties
are needed and one way to obtain these barrier properties is by coating of the
packaging material. The function of food packages is to protect the packed product
from the environment, allow easy transport and storing and provide the necessary
information about the product for the processers and consumers.

In theoretical part the focus was on barrier coating and different coating methods
and their requirements and properties. One task was to get familiar with different
barrier properties and find the challenges in achieving them. Based on the literature,
pinholes are one of the main problems when thin coating is required.

The experimental part was divided into two parts: laboratory tests and pilot run.
Laboratory tests were carried out before the pilot run in order to find the best coating
methods and recipes for the pilot run. Pilot run results turned out to be quite poor,
since there were no barrier properties, because the coat weight was too small.
Therefore, additional tests were carried out in a laboratory and more coating tests
were done in order to find out how sufficient amount of coating could be achieved.
Based on this work, the base board properties, particularly roughness, have a major
role in coating and the successful results could only be manufactured with complex
recipes and proper coating method.
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1. INTRODUCTION

Main purposes of packages are to make storing and transportation easier, not
forgetting protecting the packed content. Packages were invented to make product
transfer and storing easier. Packaging technology started to develop during the
industrial revolution and development has continued ever since. Recently, the
sustainable and ecological thinking has been the driving force for searching new
manufacturing methods. Wood fiber — based materials, such as paperboard, is one
example of renewable packaging material. Uncoated board, however, has typically
insufficient barrier properties. Therefore e.g. polymer coatings are required in most
cases in order to protect the content from outer substances. The main goal of this
work was to find out if foam coating could be one of the new methods to

manufacture thin barrier coatings.

Foam coating, which has been traditionally used in fabric industry, has not yet been
widely used for coating paperboard. Foams and foaming are familiar in food
industry and the methods for changing solutions to foams are studied from there. In
paper industry foaming is typically considered as a detrimental phenomenon from

the standpoint of paper manufacturing process.

Implementation foam coating in paper industry requires more knowledge about the
effects of foam properties, such as structure and density of foam, and process
development work. In the experiment part, one target was to clarify which kind of
foam is needed for applying coating layer with barrier properties on the surface of
food packaging board. In this thesis, the development work concentrated in forming

of PVA (Polyvinyl alcohol)-based foams and their ability to form a film.

The target of the foaming experiments was to find out how different types of PVA
grades create foam and also to compare additives that could be used together with
PVA without causing any damage to its barrier properties. Key properties for good
foam that could be used in foam coating applications were found to be high stability,

low density, high dry solid content (D.S.C) and sufficiently high viscosity.

Thus, the goal was to form stabile foam for enable high dry solid content coating.

Suitable chemicals were harvested before formulation development in laboratory



scale and after that most interesting solutions was tested in pilot scale. One goal
was to find surfactants that act as stabilization agents but without dentrimental

effects one barrier and create different recipes from didderent chemicals.



2. PACKAGING BOARD

Paperboard is used as a packaging material in case of several types of foodstuff,
such as dry food, frozen food, bakery goods, processed foods and liquids. There are
several types of packaging boards whose properties depend on the end use of the
packaging material. /1/

There have been packages ever since the food or goods have been stored and
transported. The biggest innovations for food packaging took place during the
industrial revolution and ever since a lot of development has been made and is still
made. Food- and liquid packaging has become more and more light structured and
more attention has been paid to barrier properties, printability and printing. /2/

2.1 Structure

The one structural similarity of paperboards is that they are made of several layers.
There are six different types of basic cartons: liner, chemical fluting paper, carrier
board, chip board, solid board and folding boxes. /3/ Liners are double layered
cartons, made from kraft pulp. Normally liners are used in surface layer of
corrugated boards. Liners can be coated or uncoated, depending on the end use. The
most used coating method for liners is extrusion coating. /3/ Fluting is made of
semi-chemical hardwood pulp and it is used for example in corrugated layer of
corrugated boards, being one of the cheapest boards in the market. Fluting is not
normally coated because it is mostly used in the middle layers of the board. /3/
Carrier board is a packaging board, which consists of a brown liner and white clay

coating. Carrier boards are usually coated with extrusion coating method. /3/

Chip board can be made of different kinds of recycled papers or paperboards. Chip
board is similar to brown cardboard, but it has significantly poorer properties e.g.
strength properties. /3/ Solid boards are the main component of the liquid packages
because of their excellent surface and printing characteristics. Solid boards can be

made of bleached or unbleached chemical pulp. Both single- and multi-layer grades



are manufactured. In Figure 1, the cross-sections of solid bleached board (SBB) and
solid unbleached board (SUB) are showed. SBB has usually a mineral pigment
coating and SUB can also be coated with a white mineral pigment coating if desired.
13, 41

SBB
Coating
SUB
Bleached chemical pulp

Unbleached
chemical pulp

Bleached chemical pulp Unbleached
chemical pulp

Bleached chemical pulp Unbl.eached
chemical pulp

. Unbleached

Bleached chemical pulp chemical pulp

Figure 1. Cross-sections of SBB and SUB. /4/

Folding boxboards (FBB) are well suited for printing and folding. Therefore, FBB
are mostly used in different kind of boxes. Folding boxboard consists of three
layers. Surface layers are typically bleached pulp and the middle layer is made from
mechanical ground wood pulp (PGW). The top layer of folding boxboard is coated
usually with two layers of clay or white mineral pigment and it can also have thin
pigment coating under the top layer. If the ground wood pulp in middle layer is
replaced with recycled fibres, the name is then changed into white lined chipboard
(WLC). The cross-sections of WLC and FBB are showed in Figure 2. In WLC, the
top layer is coated with mineral pigment or with polyethylene (PE). WLC is mostly
used in food- and household product packages. /3, 4/



WLC
Coating
Bleached chemical pulp Coating
Selected/bleached waste Bleached chemical pulp
Mixed waste Bleached mechanical

pulp muli layered

Selected/bleached waste Bleached chemical pulp

Figure 2. Cross-sections of FBB and WLC. /4/

2.2 Properties

The appearance of the packaging help to sell the content and the other properties
helps to protect the content. Normally packages are required for good strength,
printability, usefulness and barriers against light, grease, microbes, oxygen, water

and moisture. /1, 5/

Gronstrand, Karhuketo and Torn® have gathered together the most important

functions of packages:

- The packaging must protect the product and maintain it properties and

quality throughout the distribution chain to the consumer.

- Package must allow the products effective and economically transport and

storage as well as make the handling easier in every stages of the distribution.



- Package must give the necessary information about the distribution of term

processors and consumers.

- Package must improve the hygiene and improve consumer’s safety. /6/

2.2.1 Mechanical properties

Packages are needed to protect the packaged content from various mechanical
stresses. Wood fibers and hydrogen bonding between them provide good
mechanical properties, from which the most important property is characteristic

bending which is greatly affected by the anisotropy. /1, 7/

Depending on the type of board the moisture varies between 3—10%. Optimal
moisture content depends always on used materials. Too low moisture causes
absorbing of moisture and hence the paperboard starts to swell, perish and curve.
11,7/

2.2.2 Barrier coating

Uncoated paperboard itself has rather weak barrier properties and therefore
paperboards are usually coated with different materials in order to achieve better
barrier properties. /1/ To achieve barrier properties, surface can be coated with
polymers. Depending on the polymer dispersion formulation, nonporous film that
has barrier properties can be achieved. Usually wanted barriers are water-, vapour-

, grease-, light-, oxygen-, gas- and microbe-barrier. /8/

Extrusion coating is a common method that provides good barrier properties. Other
quite common methods are dispersion coating, waxing, hot-melt coating and
laminating. Low-density polyethylene (LD-PE) is one of the most used plastic in
coating or laminating and its proportion of all coating plastics is more than 80%. /1,
9/



2.2.3 Printing

The main advantage of paperboard compared to other packaging materials is its
printability. According to Suihkonen, Vesanto and Jarvela' the main printing
methods which are used for printing paperboard are traditional flexographic
printing, offset printing and gravure printing. /1/ One important thing to be aware
of when printing food packages are that the inks must be approved for food
packages. /10/ Good printing quality requires good optical properties for the

paperboard, such as gloss, brightness and opacity. /1, 7/

2.2.4 Sustainability

Wood is a renewable resource and therefore paperboard is an environmentally
friendly option compared to oil-based products. Paperboards are usually coated
with plastics, but plastic can be removed from paperboard and burned to energy,
allowing reusing of the board material. Recycling potential of paperboard is
growing all the time, they can be reused in many different ways e.g. as raw material
in packages and notebooks. Local legislation and company interests have effect on
the lifecycle of paperboard. One possible paperboard cycle is given in Figure 3. /1,
11/

Recycling Cellulose

Packaking Cardboard

Figure 3. Example of the lifecycle of paperboard. /11/



Packaging made from paperboard can be collected and reused as recycled pulp.
Recycled pulp can be added to virgin pulp (Figure 3) or it can be used alone in
several kinds of products. The structure of recycled board is similar to folding
boxboard but it has weaker mechanical properties, because the fibers are not
forming enough hydrogen bonds, due to shorter length, hornification and collapsed
lumen. /1, 12, 13, 14/

Packaging and packed product have interactions between each other. Due to these
interactions, purity and good barrier properties from packaging material is required
and in order to uphold product safety, virgin pulp is usually used in case of food

packages. /11/

3. DISPERSION COATING

Dispersion coating is one possible method to coat paper and board, being an
alternative to more widely used extrusion coating. In dispersion coating-,
polymerization happens in water phase, i.e. when making the emulsion. /9, 15/
Dispersion coating is used to provide a barrier against water vapor, water, grease,
various gases, etc. /16/ Dispersion coating can be made by using different types of
coaters, either on-line or off-line coaters. According to Kimpiméki and
Savolainen!’, there are two main methods. The coating method can either pick up
excess dispersion on the substrate or after that extract it, or a coater can transfer a
predetermined dispersion film to the substrate. The main goal of both methods is to

produce even film on the substrate. /17/

Film formation in dispersion coating is based on three different stages: water
evaporation, dense packing and coalescence (Figure 4). First, the emulsion
polymers are applied on the surface of the board, by using water as acarrier medium.
In the next stage, the water is dried out and the emulsion latex particles are
connecting with each others. When the curing is ended, the polymers have formed
a tight layer. The layer may have several kinds of barrier properties, e.g. it can be
water repellent. /8, 18/ The critical factor of dispersion coating is heat-sealability.
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However, there are also many advantages, such as that the dispersion coating can

be re-dispersed and connected directly to the paperboard machine. /19/

Secceees

Figure 4. Film forming mechanism of latexes used in dispersion coating. First,
latexpolymers are applied on the surface, next picture show how latex
particles pack and connect to each other and in last stage
latexpolymers have formed a typical hexagonal film./8/

3.1 Dispersion coating methods

In Table I, the most common dispersion coating methods are listed. In Table I, the
advantages and disadvantages of the methods are presented. Viscosity is one of the
problems, it should be low for good runnability, but low viscosity usually means
low D.S.C. One possible way to achieve higher coverage and thick coating layer is
to increase the D.S.C. Low D.S.C increases need of drying energy and too high
drying increase blistering. /8, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32/



11

Table | The most common dispersion barrier coating methods. /8, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32/

Amount
Coating of
method coating Speed
[g/m?] [m/min] Principle
Blade 5-15 1000 Dispersion is applied with e.g. a applicator
on the surface and then smoothed with
blade.

Rod 2-25 1000 Dispersion is applied with nip to the
surface and then the rod or bar is used to
wipe off the excess dispersion.

Spray <1-20 2500 Dispersion is fed as small droplets on the
surface through the nozzle using high
pressure.

Curtain 1-20 150-1850  Dispersion is pumped through parallel
slots on the angled slide. Then the coating
passes over a curved die lip and flows
freely to the base board.

Reverse  10—200 300-500 Dispersion is applied on the surface by
help of an applicator roller. The coating is
wiped of the application roller by the
substrate.

Gravure  3-20 700 Dispersion is applied to the surface with
rolling cylinder. Cylinders have engraved
dots or lines that are filled with the
dispersion. The roller is wiped off with a
doctor blade. Then the dispersion is
deposited on the substrate with engraved
roll and a backing roll.
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Advantages and Disadvantages of dispersion coating methods. /8,

20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32/

Coating method

Advantages

Disadvantages

Blade

Rod

Spray

Curtain

Reverse

Gravure

Simply and fast way to coat.
Modern blade coaters allow
effectively adjustable coating
weight. Blades are not so accurate
for substrate fails and they are less

sensitive to contamination.

Less susceptible to stripes. Fit
perfectly for special coating
methods. Give even film thickness
and do not need so much pressure.
Low cost, precise coat weight.

Can be done at high speed and on
the both sides at the same time.

Runnability and produces a

contour-like coating.

Very versatile in terms of coating
weight range and coating width.

Coating uniformity. Consumption
of dispersion is small. Wide
coating range. Reduced coating
weight. Flexible. Suitable for
shear-sensitive materials and high

coating speed.

Blade removes dispersion
very effectively.

Moderate quality of the
coating surface. Viscosity
limited.

Require low dry matter
content. Requires surface
sized substrate and
optimized coating liquid
composition. Hard to
manufacture even film, if
the drops are not
spreading enough.
Viscosity limited because
of runnability. D.S.C has
to be low so the coat
weight is low. High dry
energy needed.
Expensive. Generally
slower in-line speed
compared with e.g. basic
rod coater.
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3.2 Blade and rod geometry

When using blade or rod, it is important to choose right geometer. Right geometry
affects the quality of coatings, the runnability of machines and coat weight
adjustability. /33/ Coating effects only 20% of coated papers properties. The
important thing is to emphasize the properties of substrate. By choosing the right
coating method and geometry 5—30 g/m? coating color can be applied to the base

paper surface in 1 to 3 coating layers to improve the properties of base paper. /34/

Choosing the right blade geometry is not enough for ensuring that the quality,
runnability and control of process meet the targets. To achieve these targets such
blades properties as angle, stiffness, thickness and softness have to be optimal. In

case of rod coating, the thickness of the thread is a key variable. /35/

When comparing blade and rod, the main differences are in runnability and coating
quality. The advantages of rod coating are low streak formation, improved
runnability and quality of coating. Blade coating provides roughness of coating
layer and, higher control to coating amount. Also the dry solids content of a coating

color can be high. Blade coater is also easy to control. /34, 36/

4. DISPERSION BARRIER COATINGS

Dispersion barrier coatings can provide resistance against water, water vapor and —
grease. Also protection against detergents, light, hydrocarbon solvents, neutral
solutions, such gases as oxygen is obtainable. The meaning of most packages is to
protect the contents from the environment, but sometimes the package must also
protect environment from the contents. /16, 37/

In polymer dispersion coating, water-polymer mixture is poured on the paper or
board and after trying, tight non-porous film is formed. The goal is to give good
barrier layer which protect the product. Dispersion barrier coating can be widely
used in different packages products (for example single-use container, hygiene

packages, industrial wrappings, etc.), where polyethylene (PE) plays the main role.
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Dispersion coatings key thing against extrusion coating is that the product which
are coated with dispersion coating method can be more easily recycled, because

their pulping do not need any special stages. /38/

5. THEORETICAL CONSIDERATIONS OF FOAMS

Foam is one of the five dispersed systems. In foam, continuous medium is liquid
and dispersed phase is gas, making together the foam. The word dispersion means
that the system is containing one or more constituents distributed throughout a
homogenous medium. /39/ Foam is colloidal gas dispersion in the liquid or solid
medium. Foam may have large surface area with low amount of substance. Foam

can be divided in two groups: ball foam and lamella foam. /40, 41, 42/

The foam number (see Equation 1) predicts the behaviour of foam describing the
structure of foam. Bubbles usually have a diameter greater than 10 micrometer,
even up to >1000 micrometer. /40, 41, 42/

Foam number = Vioqm/m, Q)
where
Vioam = Volume of foam, [dm?]

m; = Mass, [kg]

5.1 Structure of foam

Foam structure depends on its gas content. In ball-type foams, gas bubbles are small
and they look like balls and there is a relatively thick layer of liquid between the
bubbles (Figure 5). The structure of ball foam is spherical, since spherical small gas
bubbles are distinguished from each other’s. The stability depends on the viscosity
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of the liquid. Ball foam is also known as pearl foam and its foam number is small,
usually under 5 um. /40, 41, 42/

When the foam number is large the bubbles are prism-like and there is a thin and
flat liquid film between the bubbles. This kind of foam is known as lamella foam,
typically referred to dry foam. In lamella foams, the gas share is high and therefore,
the structure of foam changes from spherical into polyhedral form. /40, 41, 42/The
bubble size of foam depends on external pressure and production method. /40/

A N
< [ X
\/ S /\ { /
\_/ 7 /O/ i /
O “

OyS. \V&
"/’/7 J Ji :
Ball foam Lamella foam

Figure 5. Illustration of foam types. /40, 41/

When the gas ration is high, the foam has polyhedral form. Polyhedral foam has an
ordinary structure which is showed in Figure 6. In lamella foams, three liquid films
forma 120° angle. This angle is known as plateau border (Figure 6) /41, 42/ Plateau
border forms when gas phase is separated from thin liquid film by a two-

dimensional interface./40/
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Plateau
Border
7
Gas Gas
Phase Phase
Liquid
Figure 6. Illustration of plateau border. /41, 42/

Solution components, production methods, percolation and disintegration of foam
have effect on the structure of gas bubbles. For example, the walls of spherical
bubble films are thick when foam percolation is relatively slow. Drier foams have
polyhedral structure, when over 26% of liquid is in foam phase and the bubbles
have spherical form. /42/

5.2 Foam forming

Different solutions can be foamed with two different ways: chemically and
physically. Chemical foaming is based on chemical nucleating agents. Foaming gas
is produced from decomposition of the nucleator at the exact temperature. In
physical foaming, the method is based on physical work. Solution which has small
amount of nucleating agents is saturated with gas. When foaming polymers, the
physical foaming method and chemical foaming method can be applied together.
143/
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Foam generators pump gas or air to the solution. The gas can be mixed to liquid or
the foam can be formed by condensation. There are three mixing methods:
mechanical stirring gas to liquid, blowing air through a nozzle or the foam can be
generated chemically. /42, 43/ Condensation is an easy method, but it is also
expensive. In condensation, supersaturated liquid is degassed by temperature rise
or pressure reduction. /42/ To get perfect result from foam manufacturing for foam
coating, it should be homogenous and the entire constituent has to be able to be
mixed up. According to Sievinen /42/ the best foam can be made with mechanical
mixing of gas to solution.

There are four stages when liquid is changed into foam. In first stage, gas is injected
to liquid and the bubbles are formed in liquid. After the gas is injected to liquid, the
liquid starts to transform from basic bubbles into spherical foam and from that it
starts to turn to polyhedral foam and the films separating bubbles become thinner.
There is a risk that formed bubbles turn back to liquid if the films become too thin

and have too large area. /42, 44/

5.2.1 Generators

There are different manners and techniques to form foam with mechanical mixing.
Normally, the generators consist of a cylindrical stator and a driven rotor./45/ One
of the simplest ways to make foam is to inject gas into a solution through a porous
medium. Porous medium could be sinter, filter, wood or rock. Next injection
method is called fennofoam foamer. It injects gas to solution through a nozzle
during high turbulence. Fennofoam foamer is based on turbulence induced mixing.
Foam is made on a chamber and transported to a paper web through a pipe and a
nozzle against gravity. Another effective method for foam forming is a stator-rotor
mixer, which is controlled with adjustable rotor speed, the flow of air and solution.
It mixes gas to liquid and forms highly homogeneous foam. With a stator-rotor
mixer, foam can be generated continuously and it works with solutions with high

or low viscosity. /42, 46/
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In case of paper- and board foam coating, a thin liquid layer with even coverage is
needed. In order to reach such goal, high foam homogenity and small bubbles are
needed. To achieve this kind of properties high shear forces should be used in the
mixing of gas and solution. The best way to achieve these demands is to use a rotor-
stator system (Figure 7). /42, 46/

Motor Shaft Stater

NS

Rotor

Figure 7. Stator rotor. /46/

5.3 Foam stability

Foaming is quite well-known phenomenon. Foams tend to disappear in the course
of time from liquids whose surface tension is low. /41, 43/ If foam is used in a
process, foam stability and good foam generation are required. /42/ For the foam
stability, it is important that lamella is elastic, break-proof and its surface has
suitable viscosity. Foam is most stabile when its surface viscosity is large and the
surface is stiff and stationary. To achieve this point, molecules must have cohesion
against each others in isoelectric point, point where the net charge is zero and
solubility is small. In this region, the molecules seek to air-liquid boundary layer.
/41/ The structure of foam also affects its stability. According to Schramm /40/, the

most stabile structure is polyhedron.
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According to Sten*!, following issues must be taken into account when a stabile

foam is targeted:

- Add small amount of long chain alcohol- or fatty acid to system which have

anion surfactants.

- Fatty acid foam has optimum pH somewhere between low and high pH. pH

must be somewhere near pH 6—8 so that the fatty acid partially protolyzed.

- Surfactants, example protein stability foam has optimum pH near isoelectric

point.

- If foam is stabilizing with particles, it is most stabile when liquids and

particles contact angle is near 90°. /41/

Different kind of foaming agents can be added to the solution. For example,
solutions of proteins, synthetic detergents, saponins, soaps, etc. can be used as
foaming agents. Metastable foam is formed by using these kinds of agents.
Metastable foam has higher surface forces which stops the percolating of films
while the liquid disappears, but it collapses easily because of external interference.

Also talc can be used in foam forming applications. /41, 42/

To make very stable foam, three things have to be taken in consideration: liquid
viscosity, surface elasticity and thickness of film. Foam stability can be controlled
by controlling the viscosity, elasticity and thickness of liquids for example by
adding talc, CMC or surfactants. /42/

The stability of foams can be tested by several different ways. It can be measured
from the lifetime of a single bubble, the rate of collapse of a column or from steady-
state foam volume, under some conditions like gas flow. There is also a dynamic
foam test and a static foam test for more stable and dynamic foams. /40/

Adding salts like NaCl to the foam may increase the foam stability due to changes
in electrostatic interactions. When salt is added, the bubbles get positive and
negative electron charge. It can form external walls between foam cells resulting in

collapsing of bubbles, but if the attraction forces between positive and negative ions
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are greater than repulsion forces, the bubble walls will become thinner and stability

will thus increase. /47/

5.4 Foaming agents

Sometimes special foaming agents are needed to make liquid to foam. Agents are
also known as dissolved surfactants or additionally agents. Agents concentrate and
absorbs onto surfaces of liquids, causing liquid to form a membrane around a gas
bubble and elasticity in lamellae. /48/ Effective substances to form foam are
surfactants, water-soluble polymers and small amphiphilic particles. Surfactants are
surface active agents, meaning that the agent has strong tendency to form
monomolecular layer between two difference phases. Foaming agents can be
anionic, cationic, non-ionic or ampholytic depending on the use. Surfactants can be
called as emulsifier, detergent, wetting agent and dispersants. /41, 42/

Surfactants and surface-active agents are molecules that have a hydrophilic part and
a hydrophobic part. When this kind of molecule is dissolved to water (Figure 8), it
tends to go to the surface, because it is thermodynamically the most favorable
situation. Due to the hydrophilic part, the surface concentration is balanced with the
solution. /41/
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Figure 8. Behavior of surfactants in liquid phase. /41/

When the concentration is changed, surface active chemicals have a special way to
behave. When the surfactants are gathered to the surface, the surface tension of the
liquid decreases strongly. After the surface is full of surfactants, then the surface
tension will not decrease anymore but stay same. While the concentration of
surfactants still grows, they start to form conglomerations that are also known as
micelles. The point where micelles starts to form and surface tension achieves its
standard value, the foaming reaches its maximum. This state is also known as
critical micelle concentration (cmc). Foaming thus depends on the concentration of
surfactants. Under the cmc, surfactants concentrate strongly to the surface and form
foam. /41, 42/

The length of hydrophobic chain affects foaming. When the chain is short, the
solubility in water is so insignificant that surface tension will not decrease and foam

is formed. If hydrophobic chain is too long, the solubility will be too big and the
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surface absorption will stay small. The best foaming stage is balanced between
hydrophilic and hydrophobic function. /41/

Surfactants can affect paper properties when they are added straight to the pulp.
Most surfactants have negative effect to the strength properties and they can weaken
the internal sizing. Such surfactant is, for example, sodium lauryl sulfate. Only
0.005% amount of surfactant may have impact on the pulp properties. However,
when surfactant is applied on dry paper, no significant effect on the strength of
paper can be detected. /42/

Some of the normal mineral coating colors can selffoam, but usually such foam
forming is not adequate for foam coating purposes. Therefore, using foaming- and
whipping agents is required. Foaming agents must be chosen carefully in order to
keep the other properties like for example viscosity of solution unchanged. There
are some results which point out that the surface active agents may affect

deleteriously the degree of sizing of papers. /49/

5.4.1 Whipping agents

Whipping agents are used in food industry to replace milk protein and fat. By help
of these agents products that are not normally whippable into light creams can be
whipped. /50/Whipping agents contain spray-dried substances, such as fats,
proteins and emulsifiers in suitable amounts. /51/ Whipping agent should contain
surface active particles in nanoscale, because it have been showed that surface
active particles increase foam stability. /52/ Whipping agents can be based on
different chemicals. Protein and protein hydrates are widely used in sugar
confectionary manufacturing or whenever high stability is required. Best results are
obtained when proteins are hydrolyzed to degree of hydrolysis in the range of 3—6%

and the peptide chain length is about 25—35 amino acids. /53/

The right whipping agent should be chosen according the liquid that should be
foamed and the end product. Whipping agents can be made from e.g. starch-based
carbohydrates /50/, blends of acacia gum and wheat proteins /54/ or soy
proteins./55/
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From the standpoint of paper industry, starch- or soy polymer-based whipping
agents might be the most suitable ones since similar polymers have been used in

papermaking for decades. /50, 54, 55/

5.4.2 Whipping agents use in food industry

In food industry, foam is usually wanted property like in whipped cream, ice cream
and marshmallow. Proteins are the most used foaming agents in food industry.
Proteins are good agents to provide Kinetic stability and therefore they are used to

prevent thermodynamically instability of foams. /56/

If protein do not suite for whipping agent, there is more products that can be used
for replacing gelatine or milk protein when aerating is needed for example in
candies or cakes. Whipping agents can be made from Acacia gum, wheat proteins
and starch based whipping agents. /50, 55/

5.5 Foam closers

Usually in forest industry foaming has been seen as a problem and therefore the
industry has focused on finding ways to prevent foaming and extinguish foam. /41/
Foams can be extinguishing either mechanically or with ultrasound or radiation. It

also can be extinguished with chemicals or temperature variation. /57/

One way to kill foam is to add hydrophobic molecules or particles to the liquid.
Hydrophobic molecules go to the surface and make the surface flexibility worse
and decrease surface viscosity. Another way is to use chemicals that push foaming
agent on the way from the surface without mixing up with them. Foam collapses
because molecules in surface films are not hard enough. Silicones and mineral oils
can be used in this way to extinguish the foam. Another way to extinguish foams is
to add for example alcohol or chemicals that change the water’s ability to moist
those particles that stabilize foam. /41/
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There are two leading principles to prevent foaming in pulp and paper industry.
Firstly, it is possible to decrease the air amount in pulps or circulation water.
Secondly, one should try to decrease the stability of foam bubbles. Air bubbles
disturb paper- or paperboard manufacturing process because the formed foam is full
of contaminants. Foams also decrease pumping- and sucking power. /41/

6. INDUSTRIAL FOAM COATING APPLICATIONS

Examples of industrial foam coating are coating of fabrics and tissue papers. Foam
can be applied straight to the product or it can be coated to the products surface. In
textile industry, conventional wet coating has been partly replaced with foam
coating because foam coating reduces dye migration problems in drying section and
it does not need as much energy for drying because it does not need so much water.
142, 49/

In papermaking, foam is usually added straight to wet web or pulp but it can also
be used in coating applications. When chemicals are added to the wet paper web,
the chemical recycling and effluent water treatment become easier. Chemicals can
also be added to the paper surface by assistance of foam coating. By using foam
coating, many benefits are obtained, such as drying energy savings, because wetting
of the paper sheet is obviated. In addition, chemical usage will become more

effective. Foam coating can also decrease curling. /42, 49/
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Following benefits of foam coating have been listed/58/
- non-contact application
-no side streams
-allows very thin coating
-if using nanomaterials, no binders are required
-occupationally safe method

-versatile process enabling higher concentrations

6.1 Methods in fabric industry

Fabric and textile industry use foam coating in order to obtain smoothness of the
surface of the fabric and to get the products breathable and water- and windproof
(soft-shell is a typical example of using foam in clothing). Hydrophobicity is
important for certain fabrics and foam coating is one way to add polymer latex and
hydrophobic chemicals to the fabrics. With foam coating, breathable, water-
repellent and waterproof clothes can be made at the same time. /59/ There are
different methods to apply foam to fabric. For example, knife over air, knife over
roller and screen coating are widely used techniques. Foam coating has many
advantages, such as sound deadening, shock-absorbing, insulation against
temperature and good embossing properties. It also reduces coating streak, weight

and economizes yarn consumption of the substrate. /59, 60/

In fabric industry, the foam coating rules of procedure are 1. making the foam and
applying a foamed material onto a textile substrate, 2. drying the composite material
of foam and substrate, 3. compacting the foam with the substrate and 4. heat-treating
the foam. /61, 62, 63/ To achieve a controlled void volume in press fabrics next
steps are required: applying a thin layer to surface of press fabric, drying and curing.
164/ The thickness of the applied polymer surface layer can be between 0.4 and 0.8
mm, preferably 0.5 to 0.6 mm. These kinds of layers are carried out with foam using
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a knife-over-roll coater, an air squeegee, variopress or preferably, a doctor blade

with a pressure template when for example leather furniture is coated. /65/

6.2 Methods in paper industry

Foam coating is not widely used in traditional paper industry, but it has been used
in tissue industry for improving the properties of base paper. For example, foam
coating can improve waterproofness. This has been experimented with very small

amounts of hydrolyzed protein. /49, 66, 67/

Z-directional structure of papers has effect on such important quality properties as
tear strength. To develop good z-directional structure in paper surface the fines
should be concentrated in the surface layer of paper webs. Usually this kind of
lamellar structure has been achieved with special head box solutions, but the results
have not been satisfactory. To get enough formation, the generated turbulence is
formed and because of that the machine clothing mix up to different layers. Because
of the problems in head box the foam coating have been seen as a good alternative

to make paper with lamellar structure. /57/

Foam coating in tissue production has not been trouble-free. The main problem has
been poor spreading of foam on the paper web. There are many different ways to
apply foam, but none of them apply enough foam on the paper web. This problem
can be compensated by adding vacuum slots that facilitate uniform application of

foam on the paper web (Figure 9). /67/
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Figure 9. Picture of vacuum system that could approve foam’s apply to the web.
167/

6.2.1 Advantages and disadvantages

Foaming has been seen as a problem in paper industry, but using foam in coating
operations may have several benefits. High energy consumption after coating could
be decreased and coating could be done without retention chemicals, but still some
surface agents would be needed. More advantages and disadvantages of foam
coating are showed in Table I11. /42, 44, 67/
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Table 11 Foam coating advantages and disadvantages. /42, 44, 67/
Advantages Disadvantages
Higher concentration Fines have problems in bonding
Foam have to be controlled to achieve
Prevents web breaks
stable foam
Foam is a good carrier Need for surface active agents
Drying needs less energy Cost of surface active agents
Machinery is cheaper Uneven coatings in high speeds
Several substances can be applied at the Low speed can lead to chemical
same time penetration

Easy to control

Small amount of chemical can be applied
to wide area

Low coat weight

Reduced water consumption

No need for retention chemicals

In Table IlI, all of the advantages become from the fact that there is very little
amount of water in foam. Small amount of water makes possible that the
concentration of other substances, such as polymers, is higher compared to other
methods, resulting in that paper web will not get too moisturized. Small amount of
solution can also be applied onto wide area and web will not need so much drying.
Foam generators are quite simple and easy to integrate with an old coating machine
and thus the investment is relatively cheap. Foam coating suits well for a large
variety of materials and multi-purpose coating is possible. Foam need to be
controlled so that the quality stays stable, but fortunately foam controlling is easy.
Foam generator can be placed in several locations of the coating machine, for
example foam can be applied still the web is mostly in liquid-base or it can be
applied on the dry web. /42, 66, 67, 68/

One of the main reasons to use foam is its capability to form thin film on the surface.
There are many different applications where thin film is desired. For instance, it can
be used in baking paper manufacturing where a thin silicone layer is applied on the
surface. The benefit in thin coating layer is its homogeneity. /69/ In addition when
applying thin layer of coating color to the surface, the negative properties of coating

color do not affect as much as in thicker layers. /70/
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Disadvantages depend on the fines and its properties. Sometimes fines could have
problems to bond to the surface and with each other’s. Therefore, surface active
chemicals may be required. The surface active chemicals should be chosen
carefully due to their price. It cannot be said beforehand how the fines and the
surface active chemical react together. There have also been some problems with
coating evenness when coating speed is too high or low. Another significant
problem can be pinhole formation. In papermaking, the interest towards foam
coating may decrease if another thin liquid layer application works better with
higher machine speed. /42, 71/

7. POTENTIAL CHEMICALS FOR COATING FIBER-BASED
MATERIALS

Chemicals are added to paper to get better properties to paper, but usually 80% of
properties depend on the base paper. It can be said that the chemicals only highlight
the properties of base paper. The most important properties for chemicals are to
make paper surface smooth and to improve barrier properties. Chemicals can be

added one at the time or also blending is possible in many cases. /72/

In dispersion coating the main goal is to get good oxygen and water barrier to paper.
Therefore papers are usually coated with different kinds of polymers such as latex,
PE and PVA. There are also several natural polymers that can be used like polymers
such as starch. /73, 74/

Coating color can be formed from many different chemicals, such as minerals,
pigments and polymers. The end use determines the best recipe for coating color.
Coating does not only improve the visual appearance of papers but also printability

and barrier properties. /42/
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7.1 PVA

Polyvinyl alcohol (PVA) is made by hydrolyzing polyvinyl acetate (Figure 10).
PVA is a vinyl acetate origin product which is first polymerized and then
hydrolyzed. There is many different species of PVA with different properties for
different applications. The most important variables which have effect on its
properties are the degree of hydrolysis and the residual acetyl group. These
variables can be controlled by the reaction temperature, time or concentration of the
sodium hydroxide. /42, 72/ PVA is typically water soluble and unstable in acidic or
basic aqueous systems. PVA is mainly used as thickening agent in suspension and

emulsion systems. /75/

OH

Figure 10. PVA./75/

Polyvinyl alcohol has large binding strength, but its high viscosity limits its use in
coating colors. High viscosity comes from high molecular weight and
concentration, but high temperature and low degree of hydrolysis results in a low
viscosity product. PVA is fully soluble to water and it is used for surface sizing,
because it produces good films with good adhesion and barrier properties like water
absorption. PVA improves dimensional stability and smoothness, surface strength,

tensile strength, extension and reduces linting. /42, 72/
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7.2 Cellulose derivatives

Carboxyl methyl cellulose (CMC) is made from cellulose and mono-chlorine-acetic
acid. First cellulose reacts with sodium hydroxide and then it reacts with
monochloroacetic acid or its sodium salt. This reaction results in CMC, which is a
sodium salt of chemically modified cellulose. In papermaking, CMC is used to
control the rheological properties of coating colors and to improve runnability and
water retention. CMC can be used for coating or sizing depending on its molecular
weight. /7, 42, 72/

Methyl ethyl hydroxyl-ethyl cellulose (MEHEC) can also be used in coatings for
providing better water retention. MEHEC is manufactured from cellulose, but
unlike CMC, cellulose is modified with methyl, ethyl and hydroxyethyl
substituents. MEHEC’s similar parallel chemical, ethyl hydroxyethyl cellulose
(EHEC), is manufactured otherwise same way as MEHEC but it is only modified
with ethyl and hydroxyethyl substituents. EHEC is also water soluble which act as
thickening agent, stabilizing agent, water retaining agent, dispersion agent, binding
agent, protective colloidal, emulsion and foam stabilizer and film forming agent.
/76, 77/

Hydroxypropylcellulose is non-ionic suspending agent which is known as excellent
film former, protective colloid or stabilizer, thickener, etc. There is
hydroxypropylcellulose on the markets and it is used for example film coating of
tablets, medical products and flexographic printing inks. /78, 79/

7.3 MFC

Microfibrillated cellulose and nanocellulose are fibrillated cellulose which can be
made from several different raw materials. Three most common fibrillated
celluloses are: Microfibrillated cellulose (MFC), nanofibrillated cellulose (NFC)

and bacterial nanocellulose. /80/
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Micro- and nanofibrillated celluloses can be used to replace plastics as rheology
additive, because of their unique properties like flexibility, rheology, activity at

particle surface, degree of orientation and film formation. /80/

There have been some researches about how nanocellulose and nanoparticle lignin
effect on solid polymer foams. Research was made because the interest to find a
way for replacing synthetic materials by biomaterials in light-weight products. It
has been shown that by using wood fibers for reinforcement, the mechanical
properties as well as pore size distribution and porosity of the foam are changed.
Nanosize lignin and nanocellulose increases the foaminess and stability of foam

mixture. /81/

7.4 Talc

Talc is natural mineral with chemical formula of MgsSizO10(OH) 2. The chemical
composition of talc varies locally, between deposits. Pure talc is a hydrous
magnesium silicate that has crystalline structure. Talc is formed from dolomite or

magnesite in the presence of silica. /82, 83, 84/

Talc is very versatile mineral and it has many end uses in several industrial
applications. The main reason why talc is so used is because it is so sui generis raw
material due to its properties: lamellar habit, softness, whiteness, fragrance
retention, luster and chemical purity, chemical inertness, low abrasion, high thermal
conductivity and stability, low electrical conductivity and high oil and grease
adsorption. Talc has been used widely in paper industry as a filler to improve
printing properties, as a coating pigment, in pitch controlling and for cost
reductions. /82, 85/_Talc is much cheaper than barrier polymers, but it provides
multi-barrier properties improving oil and grease resistance and decreasing water
vapor transmission rate and sensitiveness to water. /85/ One reason why talc or other
pigments are used in coating color are their feature (mineral platelets or flaky filler
particles) to increase the tortuosity path of the structure and tortuosity is seen to

improve the barrier properties. /86,87/ When comparing talc with other pigments,



33

the main difference is that talc is hydrophobic. To get the best advantage from talc

and its properties the suitable amount of talc is 20—25 % in packaging. /85/

8. FOAM APPLICATORS

In earlier studies, foam coating has worked in small pilot machine and laboratory
scale but scale-up to full-size machines has been problematic./88/ According to
earlier studies, the applicator should have profile control and the gaps of the foam
nozzle should be adjustable. In other words, the applicator should be ideally a small
pipeline applicator. There are also some requirements for foam. Foam should be

stable and it should flow evenly and easily also in large-scale coating. /42/

The requirement for coating applicator is that same results must be get from full
size that are got from small size coating applicator./88/ Another significant
requirement is the suitability for high machine speed. High machine speed provides
effective production and therefore air knife coating has been replaced with faster
blade coating. /89, 90/
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EXPERIMENTAL PART

9. EXPERIMENTAL PART

In the experimental part, targets were to study foam forming with PVA-based
chemical blends and to find out a way to apply thin dispersion layer to paperboard
by using foam. The experimental part was divided in two main categories: foaming-

and foam coating experiments.

The experiments were first made at laboratory scale in order to develop functional
coating recipes for pilot-scale coating trials. Different types of polymers and
foaming chemicals were tested, the target being to find the most promising
chemicals for producing stabile ball-type foam. Test program for pilot trials was
prepared based on the results obtained in laboratory-scale experiments. Answers for
the open questions emerged during the pilot trial were later investigated in

laboratory-scale tests.

Reference chemical was a PVA (Mowiol 1599, Kuraray) which was foamed with
and without other additives. After finding promising chemicals for foam forming,
foam coating experiments were started first with testing different types of blades

and later with a rod.

10. MATERIALS AND METHODS

10.1 Foam applicators in laboratory

The first foaming tests were done with a T25 Ultra Turrax mixer (Figure 11). With
T25 Ultra Turrax, the solutions can be mixed with 6 different speeds. In these
experiments mixing was started with the lowest speed (11 000 1/min) and continued

with 16 000 1/min in order to get properly aerated foam.
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Figure 11.  T25 Ultra Turrax.

T25 Ultra Turrax is an emulsifying device. The basic method in T25 Ultra Turrax
is the high rotation speed of the rotor which, draws the solution into the dispersion
head and forces it radially through the slots in the rotor arrangement. High
turbulence occurs in the solution and it provides optimal mixing. Dispersion
effectiveness depends from shear gradient and the time the solution particles spend

in the shear zone. Foaming could be improved by adding air to the solution. /91/

For larger foam batches, Diaf mixer was used (Figure 12). Diaf is a dispersion tool
which has several rotors. In this experiment, a mixing head (diameter 7 cm) was

used and the speed was 6800 1/min.
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Figure 12.  Diaf mixer and the used rotor.

10.2 Coating applicator

The laboratory scale experiments were done with a DT laboratory Coater (Figure
13).Several coating methods can be used in DT laboratory Coater. In these tests,
the blade- and rod unit was used with different blades and rods. There are two

different drying methods: IR- and air dryer, in which the IR-dryer was used./92/
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Figure 13. DT Laboratory Coater.

To determine the coat weights, coated sheets were weighed before and after coating.
After weighing, the sheets were taped on the backing roll from the upper edge. For
applying multiple coating layers, the sheets were dried after applying each layer.
192/

10.3 Pilot coater

The pilot coater (Figure 14) at RCI is designed for coating, pigmentation, surface
sizing and calendar trials. In this work three different coating methods were used:
blade and rod coating and nip press. The pilot coater has IR and hot air drying
systems, and in this study the IR dryers were used. /93/
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Figure 14.  Pilot coater. /93/

The machine speed depends on coating unit, base paper, coating color and targeted
coat weight and is usually between 100 to 1800 m/min, but in special case it can be
lower. In this study, the targeted coat weight was 4 g/m2. Several coating methods
were tried in order to make comparison about their advantages and disadvantages.

The machine speed was only 50 m/min in the test run. /93/

10.4 Experiments methods and materials

Several experimental methods and materials were used in different stages of
experiments. All the methods are listed in Table IV and the materials and their

intended purposes are listed in Table V.
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Experiment method Standard
Foam forming (LAB) See chapter 10.6
Foam density analysis See chapter 10.7

Foam stability analysis
Foam viscosity
Coating (DT)

Coat weight, basis weight
Pinhole test

Foam forming (pilot)
Coating (pilot)
Grammage

Bulk

Thickness

Bending resistance
Air permeance
Roughness
Greaseproofness

SEM

See chapter 10.7

See chapter 10.7

See chapter 10.2

See chapter 10.10, 12.4
Modified from EN 13676:2001
See chapter 10.3

See chapter 10.3
SCAN-P 6:75
SCAN-P 6:75
SCAN-P 7:75
SCAN-P 64:90
SCAN-P 60:87
SCAN-P 21:67
ISO-16532-1

See chapter 10.9
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Table V Tested chemicals.
Chemical Brand Manufacturer Purpose
PVA Mowiol 15-99  Kuraray Foaming agent, barrier
PVA Mowiol 28-99  Kuraray Foaming agent, barrier
PVA Poval PVA-235 Kuraray Foaming agent, barrier
Hydroxypropyl
cellulose Klucel J-Ind Ashland Foaming agent, barrier
Hydroxypropyl
cellulose Klucel E-Ind Ashland Foaming agent, barrier
Multipurpose barrier
Mondo pigment. Increases foam’s
Talc Finntalc C15B  Minerals dry matter content
Pure multipurpose barrier
Mondo pigment. Increases foam’s
Talc Microtalc DCX Minerals dry matter content
Polymer Pluronic PE Low-foaming nonionic
6800 Basf surfactant
Sodium dodecyl
sulfate SDS Sigma-Aldrich  Surfactant
Ethyl Bermocoll
Hydroxyethyl EHM 200 AkzoNobel Foaming agent
cellulose
PVA Excevall HR-  Kuraray Surface activity and film
3010 forming polymer
Poly(ethylene
oxide) PEO Sigma-Aldrich  Improved creepiness
Hydrophobic
resin(Poly NanoTope
Styrene 26S050WA50-
Maleimide) 30 Topchim Hydrophobic additive

10.5 Reference chemical and surfactants that were used to form foam

Different kinds of PVA materials and also different kind of chemicals that could
help PVA to form ball-type foam were tested. All the tested chemicals and their

concentrations are shown in table V1.
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Table VI Chemicals and concentrations.

Chemical D.S.C (%)
Mowiol 15-99 98.4
Poval PVA-235 99.0
Hydroxypropyl cellulose 97.7
Laponite 94.5
Pluronic 99.0
Bermocoll 96.7
Sodium dodecyl sulfate 97.3
Klucel E-IND 97.5
Klucel J-IND 97.7
HYPOD 42.9
Finntalc C15B 63.8
Finntalc Microtalc DCX 99.0
PEO 98.6
NanoTope 26S050WA50-30 58.6

10.5.1 Preparation of chemicals

PVAs were washed with deionised water until the conductivity was close to zero
prior to cooking and foaming. Conductivity was measured with a Norlab
konduktometer 703 device. After washing, PVA was dissolved under heating and

continuous stirring.

All the foaming chemicals were dispersed in water before preparing the blends. For
example hydroxypropyl celluloses were dissolved in water at 10 wt% concentration
using a Diaf mixer for several minutes until the hydroxypropyl cellulose was
dissolved and after that it was stored in a fridge in order to let the polymer swell. In
small scale experiments (100 ml), foaming chemicals were added directly to the
PVA solution. Following foaming chemical concentrations, calculated from the dry
solids content of PVA, were tested: 20 wt%, 50 wt% and 70 wt%. Talc was added

at 20 % concentration.

Foaming chemicals were added to PVA starting from the smallest concentration
and adding was continued until the result was good (the foam was ballstructured
and light). Testing was ended at 70 % concentration of PVA D.S.C concentration,

because the goal was to manage as small amount of surfactants and foaming
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chemicals as possible. High amount of surfactants or other foaming chemicals can

affect barrier properties negatively due to pinhole formation.

10.6 Foaming method

All foams were formed in a 300 ml beaker with Ultra Turrax mixer or Diaf mixer.
The batch size was 100 ml in case of Ultra Turrax mixer. Foaming was enhanced
by continuous air flow the mixing time being 15 minutes. Foam structure, color and

volume were monitored visually after the foaming.

Larger, 300 ml batches were foamed with a Diaf mixer using a 2 dm? metallic
container (Figure 15). The appearance of solution was compared with solutions

prepared with Ultra Turrax mixer.

Figure 15. 20 wt% PVA (Poval PVA-235) foam prepared with a Diaf mixer.



43

10.7 Foam experiments

After the solutions were mixed for 15 minutes with Ultra Turrax, the foam
experiments were made. Foam density was determined and after that its stability
and viscosity were measured. The results were compared to each other and also to
the goals related to stability and lightness mentioned in literature, (see Chapter 5).
The most promising solutions were experimented also in larger scale (300 ml) with
Diaf mixer. The coatability of these dispersions was tested by preparing coated

samples.

Stability was tested by following the volume of foams as a function of time. Foam
was poured into a 100 ml graduated cylinder (Figure 16) and the volume was
observed for 15 minutes in 5-minute periods. In literature /42/, it is mentioned that
foam should stay stable for 15 minutes in case of foam coating applications. /42,
94/

Figure 16. Foam poured into a graduated cylinder for stability testing.
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Density can be measured as follows: 100 ml foam was poured into 100 ml a
graduated cylinder and then its weight was measured. From the results foam density

was calculated as follows:

p=m/V (2)
where

p = density, [g/dm?3]

m = weight,[g]

V = volume, [dm?3]

Viscosity was measured from the foam with Brookfield Model DV-11+ viscometer.
Foam was poured into a 50 ml beaker and spindle #6 was applied. The revolution
was set to 10 rpm but certain foams required lower speed.

10.8 Pinhole test

Test solution used in the pinhole test was prepared following the standard EN
13676:2001. In this work, blue color (E131, Patent blue) was replaced with another
blue dye (E133, Brilliant blue). The test was carried out by first creasing the coated
paperboard and then folding it into a box-like shape (20cm x 12,5cm x 5¢cm, see
Figure 17).
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Figure 17.  Folded sheet.

Boxes were filled with the test solution. Test solution was leaved in the box for 5
minutes. After 5 minutes, the test solution was poured out from the box and the box
was carefully washed with tap water. After washing, the boxes were dried in a

constant climate room (Figure 18).

Figure 18.  Pinhole tested boxes.
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The number of possible pinholes was calculated from the bottom of the dried boxes
in a dark room by help of a flashlight. The results were reported as the unit of

pinholes/m?.

10.9 SEM

Microscopic images were taken from the coated samples that had a reasonable
number of pinholes in the coating. Images were taken with a Scanning Electron
Microscope (SEM) in Lappeenranta University of Technology and in Stora Enso
Research Centre Imatra. In Lappeenranta University of technology, the samples
were coated with Edwards Pirani 501 sputter coater and images were taken with
Jeol JSM-5800 scanning microscope. In Research Centre Imatra, SEM images were
obtained using a FEI Quanta 200 microscope and samples were coated with
BALZERS SCD 050 sputter coater. SEM was operated in secondary electron mode
with an emission current of 100 pA and an accelerating voltage of 5 kV or 15 kV
depending on the sample. The best (the most even surface without pinholes) 1cm x
1cm area was chosen from the board and then the test pieces were coated with gold.
From every sample images were taken with 150x magnification, and depending on

the sample, also with 200x or 400x magnification.

Cross-section images were taken in Stora Enso Research Centre Imatra with FEI
Quanta 200 microscope. Before cross-section imaging the test pieces were

embedded in a resin and gradually grounded prior to the SEM analyses.

The samples were coated with carbon using a BALZERS SCD 050 sputter coater
with a non-rotating base. SEM images were taken in back scattered electron mode
with an emission current of 100 um and an accelerating voltage of 15 kV. Used

magnification was 300x and resolution was 2048x1886.
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10.10 Paperboard properties

The standard methods that were used for testing the properties of coated samples
are given in Table VII. All tests except oil and grease resistance determination were
made in a constant climate room (23 C° RH 50%) where the samples were also

conditioned according to standard SCAN P-2:75. before testing.

Table VII  Board measurement standards.

Measurement Standard
Grammage SCAN-P 6:75
Bulk SCAN-P 6:75
Thickness SCAN-P 7:75
Bending resistance SCAN-P 64:90
Air permeance SCAN-P 60:87
Roughness SCAN-P 21:67
Greaseproofness 1ISO-16532-1

11. FOAM ANALYSES

All foaming results and foam properties are showed in Appendix I. Chemicals that
did not increase the foaming of PVA or did not cause lamella-type foam, were
dismissed from further trials. Chemicals that foamed well forming ball-type foam
with light density and long stability (see chapter 10.3) were: Pluronic PE 6800,
Sodium dodecyl sulfate, Klucel J-Ind, Klucel E-Ind and Poval PVA-235.

In Table V, the results of foam stability and foam density measurements are given.
The stability was rated at a scale 1-4 where 4 denotes that the foam collapsed
immediately and 1 that the foam was stabile > 15 minutes (Table VIII) Visual
observations showed that low density foams has spherical structure which is against
theory (see chapter 5.1), because spherical structure includes a thick liquid layer
between gas bubbles whereas polyhedral structure includes a thin liquid layer. The

reason for the observed behavior might be that the lamella-types foams did not foam
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as well as test points that resulted in ball-type foams. In addition major part of the
lamella foams was already in liquid form when density was measured, indicating

very low stability.

Table VIII  Stability and density (g/ml) of foams.

Concentration
of the foaming

Chemical chemical Density g/ml Stability
Mowiol 15—99 5% 0.92 4
Poval PVA-235 5% 0.35 1
Polyolefin dispersion

HYPOD 20 % 0.71 3
Laponite 50 % 0.54 1
Pluronic PE 6800 50 % 0.22 3
Pluronic PE 6800 20 % 0.24 3
Bermocoll EHM 200 50 % 0.80 1
Bermocoll EHM 200 20 % 0.31 3
Sodium dodecyl sulfate 50 % 0.21 3
Sodium dodecyl sulfate 70 % 0.22 1
Sodium dodecyl sulfate 20 % 0.19 3
Klucel E-IND 50 % 0.35 1
Klucel E-IND 70 % 0.42 2
Klucel E-IND 20 % 0.44 3
Klucel J-IND 50 % 0.44 1
Klucel J-IND 70 % 0.42 1
Klucel J-IND 20 % 0.38 3

Table IX Explanations for foam stability evaluation.

Explanations

1=Stabile for 15 minutes

2=Starts to collapse after 10 minutes
3=Starts to collapse after 5 minutes
4=Starts to collapse right away
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11.1 Polyvinyl alcohols

Pure PVA (Mowiol 15-99) did not foam sufficiently. The foaming tendency of
PVA (Mowiol 15—99) was tested at 5 wt% concentration. The structure of foam
was poor and there were always a liquid phase in the solution. Foaming was poor
and even addition of air through a pipe during the mixing did not improve the

foaming.

After foaming was started, the solution changed color from transparent to white and
plenty of foam was formed on the surface. The volume increased from 100 ml to
300 ml, but the foam structure was not proper for coating due to insufficient
thickness. Foam density was 0.92 g/ml. 50% of volume was in liquid phase and at

the end of the stability test almost 80% of foam had collapsed (Figure 19).

Mowiol 15-99 5%
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40 m Liquid
20
0
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o

Figure 19. PVA (Mowiol 15-99) foam stability measured at 5% concentrations.

The main difference of Poval PVA-235 compared to Mowiol 15-99 was its high
viscosity, which was even five times larger than in case of Mowiol 15-99. /95, 96/
The Poval PVA-235 is a partially hydrolysed PVA (88%) whereas the Mowiol
15-99 is a fully hydrolysed grade (99%). /97/ Foaming tendency was tested first at
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5% concentration and later also at 10%, 15% and 18%. Poval foamed extremely
well and the structure was spherical, which was considered as positive. In addition,
the density results varied depending on the concentration from 0.38 g/ml to 0.60

g/ml.

The PVA solution (Poval PVA-235) changed its color to white right after the
foaming was started and the volume started to increase right away after mixing was
started from 100 ml to 350 ml. At 5% and 18% concentrations volume did not
increase so much (100 ml to 300 ml), but at 10% and 15% concentrations volume

increased dreadfully.

Structure of PVA (Poval PVA-235) foams was spherical and their density was low.
Therefore, the foams were very stable. The stability of foams was very good with
all tested concentrations. Only in case of 5% concentration, some collapsing was

seen (Figure 20).
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120

100

80

60
B Foam

Volume ml

40
M Liquid

20

min min min minjmin min min min|min min min min/min min min min

Poval 5% Poval 10 % Poval 15 % Poval 18 %

Figure 20. PVA (Poval PVA-235) foam stability measured at different
concentrations (5, 10, 15 and 18%).
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11.2 Polymer (Pluronic PE 6800)

Addition of polymer (Pluronic PE 6800) improved the foaming of the fully
hydrolysed PVA (Mowiol 15-99) substantially. Tested polymer (Pluronic PE 6800)
additions were 20 wt% and 50 wt% calculated from the dry solids content of PVA.
The blends of Mowiol 15-99 and Pluronic PE 6800 foamed immediately after the
mixing was started and the structure of the blends changed from liquid to spherical
foam with big bubbles. Volume increased from 100 ml to 500 ml. The density of
foams was much lower (0.22g/ml; 0.24g/ml) than in cases of pure Mowiol or Poval,
because the bubbles were bigger. The stability results were instead slightly worse
(Figure 21).

Mowiol 15-99+Pluronic PE 6800
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Figure 21. PVA (Mowiol 15-99) and Pluronic PE 6800 foam stability measured
at different concentrations (80:20 and 50:50).

11.3 Sodium Dodecyl Sulphonate (SDS)

Addition of anionic surfactant (SDS) improved the foaming of fully hydrolysed
PVA (Mowiol 15-99) giving the lowest density values and one of the best
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stabilities. SDS was added to the Mowiol 15-99 in 20%, 50% and 70%
concentration of PVA’s dry solid content, because all the added chemicals were
added in same concentrations. With some chemicals the used amounts were large
compared to some surfactants theories. Results were good in case of 20% and 50%
concentration, but 70% concentration was also tested just to find out if the density

has reached it lowest point.

SDS started to react with air right away after the mixing was started. Color changed
straight to white and volume increased five times larger. Foam was very aerated
and its structure was spherical. The density results were around 0.20 g/ml and the

stability was also very high (Figure 22).
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Figure 22.  PVA (Mowiol 15-99) and SDS foam stability measured at different
SDS (20%, 50% and 70%) concentrations.

11.4 Hydroxypropyl celluloses

Klucel J-Ind is a hydroxypropylcellulose (HPC) whose main property was
considered to be a foam stabilizer in PVA-based foams. When adding HPC (Klucel
J-Ind) to PVA (Mowiol 15-99), foaming improved and the properties of foam also
improved when compared to pure PVA (Mowiol 15—99). However, such effect was
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not seen in case of HPC (Klucel J-Ind) and partially hydrolysed PVA (Poval
PVA-235) blends, which could be due to hydrophobic interactions between
polymers. The HPC (Klucel J-Ind) additions were 20, 50 and 70% calculated from
the dry matter content of PVA.

PVA (Mowiol 15-99) and —HPC (Klucel J-Ind) blends foamed straight away after
mixing and the structure changed from liquid to spherical foam, but the volume did
not increase as much as in case of SDS, Pluronic PE 6800 or Poval PVA-235. The
density remained only ca. 0.40 g/ml. Stability results were similar in case of all
tested different HPC (Klucel J-Ind) concentrations (Figure 23), being as good as the

stabilities in case of other blends.

Mowiol 15-99+Klucel J-Ind
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Figure 23. PVA (Mowiol 15-99) and HPC (Klucel J-Ind) foam stability
measured at different concentrations.

HPC (Klucel E-Ind) affected nearly same way as HPC (Klucel J-Ind) when it was
mixed to PVA (Mowiol 15—99). The main difference between J-Ind and E-Ind is
that E-Ind has bigger molecule size. HPC (Klucel E-Ind) was tested at 20%, 50%
and 70% concentrations calculated from the dry solid content of PVA. High and
low concentrations gave poor density and stability, whereas 50% concentration

worked quite well.
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PVA (Mowiol 15-99) and HPC (Klucel E-Ind) blends foamed immediately when
the mixer was switched on and their structure changed from liquid to spherical
foam, but the volume and density remained quite low. HPC (Klucel E-Ind) gave
worse results (stability, density, number of pinholes) than the other HPC (Klucel J-
Ind) and the stability results (Figure 24) were the worst results among the other
PVA (Mowiol 15-99) and foaming chemical blends, but the obtained values can

still be considered as very good.

Mowiol 15-99+Klucel E-Ind
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Figure 24. PVA (Mowiol 15-99) and HPC (Klucel E-Ind) foam stability
measured at different concentrations.

11.5 Talc

Talc (Finntalc Microtalc DCX) was added to blends which formed good ball type
foam with good stability and low density. The goal was to find out how talc effects
on foam stability and density. It was presumed that talc would increase stability and
increase the proportion of gas in the blend so that the density of foam would
decrease. Talc (DCX) was added in 20 wt% concentration calculated from the dry
solids content of applied polymer. Following blends were tested with 20 wt% talc
addition: 5% Poval PVA-235, 5% Mowiol 15—99 + 50% Pluronic PE 6800, 5%
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Mowiol 15-99 + 50% SDS, 5% Mowiol 15-99 + 50% Klucel E-Ind and 5%
Mowiol 15—99 + 50% Klucel J-Ind.

The density of foams increased in every test point where talc was added (Figure
25). The structure of foams was still spherical the only difference being that the air

bubbles were bigger.

Effect of talc on foam density
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m 20 % talc

Poval 5%  Pluronic PE SDS Klucel E Klucel J
50 %

Figure 25.  The effect of talc addition on foam density.

The effect of talc addition did not have clear affect to foam stability. According to
literature talc can decreased the stability of foams. One solution to affect foams
stability is to add hydrophobic filler or coatingpigments which form near 90°
contact angle with liquid. /81, 84/ Talc is hydrophobic filler and according to talcs
(C15B) particle distribution it includes small fraktions and its contact angle with
water is ca. 66-90°. /71, 98/ Against to literature in most of the test points talc affect
negatively to foams stability. The main reason to these results was in foam structure,
it was still spherical but some of the bubbles were bigger than the others, resulting

in faster collapsing of foam. (Figure 26.)
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Effect of talc on foam stability
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Figure 26.  The effect of talc addition on foam stability.

11.6 Conclusions of the foaming experiments

Fully hydrolysed PVA (Mowiol 15-99) did not foam much without additives, but
after adding carefully selected foaming chemicals to PVA (Mowiol 15—-99), good
foaming was achieved. Foaming chemicals changed the structure of solutions from
liquid to polyhedral surface foam or spherical structured ball foam. Foam density
decreased compared to pure PVA (Mowiol 15—-99) and stabilization results were
also much better than in case of pure PVA foams. The effect of different chemicals

on foaming and foam properties are showed in Table X
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Table X The effect of different chemicals foaming behavior of solutions.

: Effect on Effect on foam  Effect on foam
Chemical . . o
foaming density stability
Mowiol 15-99 Lamella-type High 4
Poval PVA-235 Ball-type Low 1
Lamella-type or .
Hypod Slime High 3
. Lamella-type or .
Laponite Slime High 1
Pluronic PE 6800 Ball-type Low 3
Bermocoll Lamella-type or Low 1
Slime
SDS Ball-type Low 1
Klucel E-Ind Ball-type Low 1
Klucel J-Ind Ball-type Low 1
Finntalc DCX No effect decrease increase
Table XI Explanations for foam stability evaluation.

Explanations

1=Stabile for 15 minutes

2=Starts to collapse after 10 minutes
3=Starts to collapse after 5 minutes
4=Starts to collapse right away

As showed in Table X pure partially hydrolysed PVA (Poval PVA-235) gave even
better results than any foaming chemical; therefore any foaming chemicals are not

needed if Poval PVA-235 can be used, i.e. from a foaming perspective.

Talc was added to the solutions and the results showed that by adding talc the
stability was not improved. By addition of talc, gas bubbles turned smaller and

liquid layer between bubbles grown even larger, causing increased density.
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12.FOAM COATING WITH BENCH COATER

12.1 Target

The target was to apply smooth and even coating layers on the baseboard. The
layers were expected to have good barrier properties. The goal was also to find out
which type of blade is the best for foam coating and whether blade coating or rod
coating would be the most functional coating method for foams. In addition, the

aim was to clarify an optimal coat weight that would provide high barrier properties.

12.2 Test plan

Coating experiments were started with a solution which contained pure PVA
(Mowiol 15-99) at 5% concentration. Next solution consisted of 5 wt% PVA
(Mowiol 15-99) and 20 wt% of talc calculated from the amount of dry PVA
(Mowiol 15-99) in the solution. A 30 wt% talc concentration was also tested. Both
foamed and unfoamed blends were used in the coating. The test program is shown

in table XII. The baseboard was coated once, five times and ten times.
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Table X1l Coating research plan.

Test point Chemicals Dry solids content,

[%0]
1 Mowiol 15—99 5.0
2 Mowiol 1599 5.0
3 Mowiol 15-99 + Finntalc DCX 6.0
4 Mowiol 15-99 + Klucel J-Ind 6.5
5 Mowiol 15-99 + Klucel J-Ind 6.5
6 Mowiol 15-99 + Klucel J-Ind + 8.0
Finntalc DCX '
7 Mowiol 15-99 + Klucel E-Ind 6.5
8 Mowiol 15-99 + Klucel E-Ind 6.5
9 Mowiol 15-99 + Klucel E-Ind + 8.0
Finntalc DCX '
10 Mowiol 15-99 + Pluronic PE 6800 6.5
11 Mowiol 15-99 + Pluronic PE 6800 6.5
12 Mowiol 15-99+ Pluronic PE 6800 + 8.0
Finntalc DCX '
13 Mowiol 15-99 + SDS 6.5
14 Mowiol 15-99 + SDS 6.5
15 Mowiol 15-99 + SDS + Finntalc DCX 8.0
16 Poval PVA-235 5.0
17 Poval PVA-235 5.0
18 Poval PVA-235+ Finntalc DCX 6.0

12.3 Coating procedure

Before coating, blade or rods were installed and couple test runs were done to check

out if all parameters are suitable for foam coating.
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The used coating parameters are given in Table XIII. The gap between the backing
roll and the applicator roll was adjusted suitable for the applied baseboard and blade
or rod angles were adjusted according to blade tip position. The used IR drying

capacity was 6kW.

Table X111 DT Laboratory Coater parameters in different coating methods.
Blade Main Timer Drying Blade Gap

Coating pressure, speed, automatic time, angle, between
method [bar] [m/min]  run, [s] [s] [°] rolls, [cm]
Normal
blade 0.8 15 16 8 30 4
Soft tip
blade 0.8 15 16 8 25 4
Carbide
blade 0.8 15 16 8 23 4
Rod 0.2 15 16 8 - 4

Coating experiments were done with a DT Laboratory Coater. Commercial SBS
Trayforma Natura (290 gsm, Stora Enso, Imatra) was used as a baseboard. Coating
experiments were done with normal, soft-tip and carbide blades in order to see if
there are any differences detectable from materials coated with a different type of
blade.

12.4 Testing of coated sheets

Before coating, board was weighted for defining the coat weight. In case of
multilayer coatings, the paperboard was dried after applying each layer. By help of
pinhole test conclusions about barrier properties can be made. Pinhole test was used
as an indicator for such barrier properties as oxygen transmission rate (OTR), water
vapor transmission rate (WVTR), and oil and grease resistance. The coated samples
were also imaged with SEM in order to evaluate the coverage of coating layer and

the setting of the foam components on the baseboard.



61

13.PROPERTIES OF FOAM COATED BOARDS

13.1 Coat weight

In order to find out which type of blade is the most usable in foam coating, a small
test run with 5% partially hydrolysed PVA (Poval PVA-235) dispersion was made
(Table XIV). The results showed that there were significant differences in coat
weights between the samples coated with different blades (Appendix I1). It was
observed that the largest coat weight can be reached with a carbide blade. Using
soft-tip blade resulted in substantially smaller coat weight compared to regular steel
blade and carbide blade. However, there was a difference in blade angles and blade
pressure which can affect the results.

Table XIV  Coat weights (g/m?) of blade coated samples (PVA, Poval PVA-235,

5%).
Blade Steel blade Soft tip Carbide
Coat weight, 0.58 0.41 0.75
[9/m7]

Based on these results, carbide blade was chosen for further trials. In these further
trials (Table XV), it was found that by using talc (materials density and viscosity
changes) in foams it resulted in larger coat weight although the dry solids content
did not increase substantially. It was also found that low foam density resulted in
larger coat weights. However the viscosity of foam could be the main reason which

increases the pick up on applicator.
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Table XV Coating amount obtained when using carbide blade.

. . Dry solid Density, Coat
Test point  Chemicals content. [%6] [o/ml] weight.[q]

1 Mowiol 15—99 5.0 1.00 0.61

2 Mowiol 15-99 5.0 0.92 0.84
Mowiol 15—99

3 + Finntalc 6.0 0.93 1.00
DCX
Mowiol 15-99

4 + Klucel I-Ind 7.2 1.00 0.53
Mowiol 15-99

5 + Klucel I-Ind 7.2 0.40 0.54
Mowiol 15-99
+ Klucel J-Ind

6 + Einntale 8.0 0.46 1.80
DCX
Mowiol +

7 Klucel E 6.5 1.00 0.40
Mowiol 15-99

8 + Klucel E-Ind 6.5 0.33 0.43
Mowiol +

9 Klucel E + 8.0 0.43 1.32
Finntalc DCX
Mowiol 15-99

10 + Pluronic PE 6.5 1.00 0.80
6800
Mowiol 15-99

11 + Pluronic PE 6.5 0.22 1.17
6800
Mowiol 15-99
+ Pluronic PE

12 6800 + 8.0 0.23 1.46
Finntalc DCX
Mowiol 15-99

13 +SDS 6.5 1.00 0.80
Mowiol

14 15-99+ SDS 6.5 0.20 0.67
Mowiol

15 15-99+ SDS + 8.0 0.23 1.45
Finntalc DCX
Poval PVA-

16 935 5.0 1.00 0.89
Poval PVA-

17 935 5.0 0.35 0.98
Poval PVA-

18 235 + Finntalc 6.0 0.40 1.53

DCX
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Although foams were stable, and the density was ca. 0.2 g/ml, the coat weights
remained quite small in many cases. HPC (Klucel J-Ind) and HPC (Klucel E-Ind)
foamed well, but coat weights remained small unless talc was not added. By adding

talc, the coat weights of HPC (Klucel) coatings increased up to 70 wt%.

Thus, talc addition was observed to be an excellent way for increasing dry solids
content and further coat weight, but to make any conclusions more test should be
done.

13.2 Pinhole results

The quality of single coated boards was obviously so poor that no barrier properties
were obtained based on the pinhole tests. Five and ten coating layers, however, were
enough to give some barrier properties with most chemical blends. The results are

shown in Figure 27. 2000 pinholes in m? means that the test solution came through.
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Pinholes vs. Coat weight
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Figure 27.  Pinholes and coat weight plotted for different formulations.

Although some chemicals (SDS, Pluronic PE 6800, and Klucel E-Ind) gave really
good foam density and structure, they did not give any barrier to the board based
on the pinhole tests. HPC (Klucel E-Ind) and Pluronic PE 6800 coatings did not
give any barrier, even if five and ten coating layers were aoolied. Blends with PVA
and SDS were not so poor, but the number of detected pinholes was still too high

from the viewpoint of making a barrier for food packaging.

Fully hydrolysed PVA (Mowiol 15-99), and partially hydrolysed PVA (Poval
PVA-235) with HPC (Klucel J-Ind) or talc provided barrier with relatively low
number of pinholes. When boards were coated five or ten times, there were only 41
(5 layers) or zero (10 layers) holes per m?.These results suggest that the coating
should be prepared from a solution that foams well. Based on these tests, 4 g/m? is
the lowest coat weight (pinholes/m? under 100) that may give barrier properties (see
Figure 27).
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13.3 Conclusion from foam coating made with bench coater

Good foam stability and optimization of a coating method is required when
paperboard is applied with a thin barrier layer. Different types of blades were tested,
but none of the blades were sufficient to provide high enough coat weights (or
enough good film) from the standpoint of barrier properties (Appendix II).
However, multilayer coating (5 and 10 layers) provided promising results in pinhole

tests.

Most of the tested additives reduced the barrier properties (pinhole test). Partially
hydrolysed PVA (Poval PVA-235) was found to be the best foam former, giving a
good barrier at relatively small coat weight (4—5 g/m?). If talc was blended with
partially hydroysed PVA (Poval PVA-235), the required coat weight for almost a
pinhole-free film was 4—7 g/m2. Adding ca. 10—-20% talc to PVVA coating color gave

good results from pinhole test (see Figure 28).
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Pinholes vs. Talc amount in coating color
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Figure 28.  Pinholes and amount of talc for different formulations.

14.PILOT TRIALS

Pilot trials were made at Stora Enso Research Center Imatra using nip, blade and
rod coating methods in the pilot coater. Foam was formed with an industrial foam
forming apparatus (Hansa Mixer ECO-MIX). The test program (Appendix I11) was
prepared based on the laboratory scale tests. The density, viscosity and stability of
foams were tested as described in Chapter 10. Used chemicals and their final dry
solid contents are given in Table XVI. Although polyethylene oxide (PEO) was not
used in the previous experiments, it was decided to test this additive because it was
assumed that it could make foam creepier and thus improve the runnability during
the coating process. To improve coating quality and barrier properties, a
hydrophobic microemulsion (NanoTope resin) was also tested. It was assumed that

this microemulsion would improve the foaming.
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Table XVI Used chemicals and their concentrations.

Chemicals D.S.C wt-%
Mowiol 15-99 20.0 %
Poval PVA-235 20.0 %
Klucel J-Ind 10.0 %
Finntalc C15B 40.0 %
SDS 97.3%
PEO (Mw=8 000 000) 98.6 %
NanoTope 26S050WA50-30 58.6 %

The fully hydrolysed PVA (Mowiol 15—99) was washed before cooking with nature
water (flood tide water) until the conductivity of washing water was unchanged. A
dry solids content of 20 wt% was too viscous solution and therefore the PVA
(Mowiol 15-99) was further diluted into 10 wt% solutions. The talc (Finntalc
C15B) was dispersed in water without any dispersion chemicals to dry solids
content of 40 wt%. HPC (Klucel J-Ind) and PEO were also dissolved in water. Small
amount of optical brightening agent (OBA, Blankophor PT) (75 ml/40 kg of coating
solution) was added to each blend in order to monitor the appearance of coating

layer with a UV light.

All dilutions of the dispersions were made with raw water. Unlike in pilot bench
coating tests, the chosen baseboard was Cupforma Natura (260 gsm, Stora Enso,
Imatra). The coatings were applied to the wire side of the board due to its lower

roughness. Lower roughness was presumed to improve coating layer evenness.

Water test point was (1) made for a general reference and test point 7a was a
reference for foam coated samples. Test point 7a was also used for adjusting the
coating parameters for foam coating since the blend of SDS and PVA was found in
the laboratory tests to provide stable and thick foam. In foam forming, following

parameters were used (Table XVII).
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Table XVII Parameters for foam generator.

Parameter

Foam density, [g/1] 200
Air flow, [ I/min] 6.7
Mixer revolution, [1/min] 400
Pumping, [L/h] 100

First foam coating test point was a blend of fully hydrolysed PVA (Mowiol 15—99)
and SDS (7a). Addition of SDS provided good foam stability which was required
for giving time to adjust the parameters suitable for foam coating. The test plan is
given in Table XVIII. Shadowed rows were the first priority test points and the
others were made if time allowed. Following test points were made 1, 2a, 2b, 5a,
5b, 7a, 9, 10. In Appendix X, additional information about coating parameters are

given.

Table XVIII Test plan for pilot trials.

1(2a |2b 5a |5b |7a 9| 10]|sum
Mowiol/kg 20| 20 20| 20| 20 20| 20| 160
Poval/kg 40
Klucel J/kg 8 8 16
Talc C15B/kg 2 2,4 2| 24 13
SDS/kg 0,2
PEO/kg 3 3
NanoTope/kg 14| 14
Water/kg 40| 20| 18 12| 96| 20 18| 16| 209
D.S.C wt-% 0 |10 |12 12 (14 |11 12 14

Nip press, blade coating and rod coating methods were all tested at the pilot coater
in order to see which method is the most suitable for foam coating. The target coat
weight was 4 g/m?, chosen based on the laboratory scale tests which showed that 4

g/m? is the minimum amount required for a pinhole-free film. At pilot scale,
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multilayer coating is laborious and difficult. Therefore, the target coat weight had
to be obtained with one coating layer whereas in laboratory tests multilayering was

used.

Table X1X Coating colors advantages and disadvantages.

Test
point Advantages Disadvantages
1 - -
Do not foam so well, absorb to
2a Good film paper/paperboard, low D.S.C
2b Good film Do not foam so well
3a Good film, foam easily Absorbs into paper/paperboard
3b Good film, foam easily Pinholes
4a Good film, foam easily Absorbs into paper/paperboard
4b Good film, high D.S.C Pinholes
5a Good film, foam easily Absorbs into paper/paperboard
5b Good film, high D.S.C Pinholes
6a Very good film Low D.S.C
6b Very good film Low D.S.C
7a Foam easily Poor film
7b Foam easily Poor film
8a  Verygood film, high D.S.C Absorbs into paper/paperboard
8b Very good film Low D.S.C
9 Good film Do not foam
10  Verygood film, High D.S.C Absorbs into paper/paperboard

14.1 Results from pilot run

Coating with a nip was found impossible in case of foams due to poor spreading of
foam on the paperboard. Several nip caps were tested but this method was
discovered unsuitable for foam. Blade coating for one recipe resulted in smooth
coating layer but the coat weight remained very small, <1 g/m2. Rod coating
provided higher coat weights and the coating layer was also relatively smooth.
Thus, the coatings were decided to be carried out with a rod (see Table XX).
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Table XX How different coating methods work with foam.

Coating  Angle[°]/  Observations during Suitability for foam
method Pressure[Pa] the pilot run coating
Nip - Even several nip caps Unsuitable.
(2.0—0.1) were tested,
still the spreading was

poor.
Steal 22/0,7 Only one blade was Normal blade is not good
blade tested. The foam enough, but some special
levelled well, but the blades could work.
coat weight was too
small.
Rod 30/1-1,4 Only one rod was Could be suitable with right
tested. Spreading was chemicals.

good, but the coat
weight was still small.

Since obtaining adequate coat weights at the pilot coater was observed to be
extremely difficult, additional rod coating tests at DT Laboratory coater were made
with partially hydrolysed PVA (Poval PVA-235). The target of these additional
tests was to study how much the coat weight increases if rod is used instead of
different types of blades. In these tests, a rod with thread number of 0.35 was used.

The results of these tests are given in Table XXI.

Table XXI  Coat weights (g/m?) obtained with different coating methods.

Coating method  Steel blade Soft tip Carbide Rod
Coat weight,[g/m?] 0.58 0.41 0.75 0.82

14.2 Foam properties

Density, stability and viscosity were tested from studied foams (Table XXII). The

results of stability tests are showed as numbers and the explanations for the numbers
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are showed in table XXI11. All the foams made with a Hansa mixer had much lighter
density and stability was higher in every test point than the foams that were made

with Ultra Turrax or Diaf mixer.

Table XXIlI Foam results.

Spindel  Dry

Density, # solids

Test Density, stdv, Stability, Viscosity, Viscosity, Speed, content,
point [g/ml]  [g/ml] [min] [cP] stdv,[cP] [rpm] [9%6]

1 - - - - - - 0
2a 0.26 0.006 1 6040 424 6/2 10
2b 0.23 0.010 1 6150 919 6/2 12
5a 0.55 0.006 2 820 71 6/2 10
5b 0.48 0.006 1 1110 14 6/2 12
7a 0.22 0.006 1 874 48 412 10
9 0.98 0.021  No foam 205 7 6/2 11
10 0.21 0.006 1 5150 495 6/2 13

Table XXIIl Explanations for stability results.

Explanations

1=Stabile for 15 minutes

2=Starts to collapse after 10 minutes
3=Starts to collapse after 5 minutes
4=Starts to collapse right away

Compared to laboratory scale tests, the fully hydrolysed PVA (Mowiol 15—99)
formed thick foam without any additives. The formed foam had low density and its
stability was very good. The formed foam had a ball-like structure. Similar effect

was seen in case of formulations containing talc.

HPC (Klucel J-Ind) or PEO behaved unexpectedly. Adding PEO to PVA resulted
in a situation where the solution did not foam at all. The air ratio in HPC (Klucel J-
Ind) -based foam remained quite low compared to PVA (Mowiol 15-99) and the
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density being 0.56 g/ml. The lowest density was obtained with test points 7a, 2b
and 10. However, there were also other test points whose foam density was close
to 0.20 g/ml. The stability results were much better when an industrial foam
generator was used. Talc did not have any effect on foam stability, meaning that the
dry solids content of foam can be increased by adding pigments without losing

stability.

It was found that the most promising foams had a viscosity of 5000—6000 cP. Based
on the foam properties, all PVA-based foams containing SDS, talc of Nanotope or

their blends are applicable in foam coating.

14.3 Properties of coated samples.

14.3.1 General properties

Coat weight was estimated gravimetrically by weighing sheets and calculating their
basis weights. It was found that the grammages remained low which indicates that
the coating method still needs optimization and the dry solids content of applied
foams should be maximized. In laboratory tests, the coat weights were larger,
probably due to differences in coating technique. For example, in rod coating the
gap between the coating unit and the paperboard was larger than in the case of blade
coating. The results are given in Table XXIV.
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Table XXIV Paperboard properties.

Coat

Thickness, Grammage, Density, Bulk, weight,

Test point [um] [9/m?] [kg/m?3] [cm3/g] [9/m?]
0 360 2615 726 1.38 0.0
1 363 257.0 708 1.41 0.0
2a 360 262.0 728 1.37 0.4
2b 1 363 264.0 727 1.38 2.9
2b 2 364 263.5 724 1.38 2.1
5a 362 263.0 727 1.38 1.7
5b 361 264.5 733 1.36 3.1
7a_1 363 263.0 725 1.38 1.8
Ta 2 364 263.5 724 1.38 1.9
92 364 266.0 731 1.37 4.7
10 1 362 265.0 732 1.37 3.6
10 2 364 265.0 728 1.37 3.6

Coat weight was calculated from the difference in basis weight between the
reference sheet and coated sheets. The results are shown in Figure 29. The highest
coat weight was 4.5 g/m? which was obtained with a blend of PVA, talc and PEO.
However, this test point did not form any foam, indicating that the high coat weight
was a result of air-freeness of coating dispersion. In other cases, the coat weights
were quite close to 2 g/m?.
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Coat weight results
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Figure 29. Coat weight results.

14.3.2 Air permeance and roughness

Air permeance (Figure 30) and roughness (Figure 31) varied significantly between
the test points. Higher coat weight resulted in smaller air permeance as expected.
The coatings which had talc had much smaller air permeance, even though the coat

weights were quite low, but the reason could be in tortuosity of the structure.



75

Air permeance vs. Coat weight

5,0
4,5
4,0
3,5
3,0
2,5
2,0
1,5

i 1,0

0,5

= W i I . B
5b

0 1 2a 2b1 2b2 5a 7a.1 7a2 92 101 102

Air permeance
o = N w H (6] )] ~ (o] Vo)
Coat weight

mmmm Air permeance Mean [um/Pa s] e Coat weight, [g/m”"2]

Figure 30.  Air permeance (um/Pas) and coat weight (g/m?) plotted for different

formulations.

Roughnesses were quite same in every test points. Coat weight did not effect on the
roughness, probably due to low coat weights.

Roughness vs. Coat weight
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Figure 31.  Roughness (ml/min) and coat weight (g/m?) plotted for different
formulations.
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14.3.3 Bending resistance

No major changes in bending resistance were detected between the test points.
Bending resistance was measured from the felt side (Figure 32) and from the wire
side (Figure 33). It was measured in both machine- (MD) and cross direction (CD).
Talc addition did not have any effect on the bending resistance.

Bending resistance
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Figure 32.  Bending resistance from top side.
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Figure 33.  Bending resistance from wire side.
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14.3.4 Barrier tests

Pinhole- and OGR experiments proofed that there was not enough dispersion
coating on the paperboard. Palm kernel oil went through all the samples in 10
minutes or faster. The pinhole test solution did also go through right away when the
test was started. All the details are shown in Appendix X.

14.3.5 SEM images

All the SEM images with magnifications of 200x and 400x are shown in Appendix
X. The SEM images were compared to the uncoated reference. SEM images
revealed that there was not enough coating because the fibers were visible in all

samples.

According to the SEM images, PVA filled the pores of the baseboard and talc stayed
on the surface. Blistering was found from some of the coatings, which indicates that
the drying was too intense for such dispersions with low dry solids content. When
board was coated only with PVA (Figure 34) the fibers were surrounded with PVA,

but the shape of the fibers is still visible. Also some air bubbles were formed onto

the surface which affected barrier properties negatively.

Figure 34. SEM images (magnification 150x) of uncoated reference (left) and
PV A-coated paperboard (right). The bar size is 200 pm.
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It was found that talc stayed on the surface (Figure 35), but addition of talc did not
solve the blistering problem. Actually, based on the SEM images, talc addition may
even increase the amount of bubbles or at least the bubbles are in bigger groups.
When comparing the bubble size, it can be said that talc also increase the bubble
sizes (Figure 34: bubble size is 3mm, Figure 35: bubble size is 5 mm). Talc is
hydrophobic pigment, which might be an explanation why it stabilizes air in the
formulations. The main reason why talc stays on the surface is likely because its

particle size and high aspect ration.

31 T 65535

1

Figure 35. SEM image (magnification 200x) taken from sample containing PVA
(Mowiol 15-99) and talc (C15B) coating. The bar size is 200 pm.

HPC (Klucel J-Ind) reduced the formation of holes in the coating (air bubbles) for
PVA/talc-base blends (Figure 36). This is an important finding since blistering
usually affects negatively to barrier properties. /99/ Although HPC (Klucel J-Ind)
has good film forming properties, it is not a relevant component in foam forming.
Hydroxypropyl cellulose amount in coating color should be optimized so that it
affects blistering positively and does not affect negatively to foam density or

stability.
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Figure 36. SEM images (magnification 200x) of samples coated with PVA/HPC
blend (right) and PVA/talc/HPC blend (left). The bar size is 200 pum.

14.4 Conclusions from the pilot run

It was noticed that in contradiction to results obtained in laboratory scale
experiments, the fully hydrolysed PVA (Mowiol 15-99) foamed without any
additives. Using foam generator facilitated the foaming of solutions and provided
spherical foam structure, low density and high stability. The viscosities of foams
varied significantly and viscosity was found to be a useful way to predict the
behavior of foam in the coating. (Figure 37.) However, aerated and light foam
resulted in the smallest coat weights so optimization of foam properties is needed

(see Appendix 1V).
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Viscosity vs. Coat weight
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Figure 37.  Viscosity and coat weight plotted for different formulations.

The pilot trial showed further that the main problem is to get enough coating onto
the surface. Several coating methods were tested but coat weights were in all cases
too low to provide any barrier properties. The fact that the chosen baseboard was
quite rough probably made this problem even more severe. Optimization of coating
method, higher dry solids content of foam or optimization of the viscosity of foam

are needed in order to obtain a coating layer that provides barrier properties.

15.EFFECT OF DRY SOLIDS CONTENT ON COAT WEIGHT

According to the results from pilot trials, more laboratory scale experiments were
needed. The main goal was to find out how the dry solids content of foam affects

coat weight surface and does foam viscosity have effect on blistering.

The experiments were made as described earlier with the DT Laboratory coater,
using rod (thread size 0.35). Foams were made with partially hydrolysed PVA
(Poval PVA-235) because it foamed better in laboratory scale mixers than the fully
hydrolysed PVA (Mowiol 15-99).
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16. RESULTS FROM DRY SOLIDS CONTENT EXPERIMENTS

16.1 Foaming tests

The dry solids content of PVA had substantial effect on foam properties (Table
XXV). Viscosity (2 rpm, spindle #6) increased in relation to dry solids content.
Foam density, on the other hand, seemed to be lowest at 10 wt% and 15 wt%

concentrations.

Table XXV Foam properties.

Test D.S.C,
point Chemical [9%0] Density, [g/ml] Viscosity, [cP]
1 Poval PVA-235 5 0.50 4000
2 Poval PVA-235 10 0.38 34500
3 Poval PVA-235 15 0.43 140000
4 Poval PVA-235 18 0.63 159500

16.2 Analys of foam coated paperboards

The linkage between the coat weight and number of detected pinholes were studied
in tandem with foam properties. In addition, SEM images were taken from the

coated sheets and compared with each others.

Coat weight increased when the dry solids content of foam increased. In case of 18
% concentration, foam structure changed, being still ball-type foam but not as
smooth as in case of lower concentrations. The structure of these foams affected the

coating and a lot more coating color remained on the surface (Table XXV1I).
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Table XXV Effect of dry solids content (%) on coat weight (g/m?).

Dry solids content,

Test point [%0] Coat weight, [g/m?]
1 5 1.3
2 10 2.5
3 15 3.9
4 18 9.9

Pinhole results were plotted as a function of the dry solids contents for foams
(Figure 38). Coat weights, densities and viscosities are given in Figure 39-41. The
main trends seemed to be that high dry matter content, coat weight and high

viscosity affected positively the number of detected pinholes.

Dry solid content vs. Pinholes
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Figure 38. Dry solids content (%) and the number of pinholes plotted for
different recipes.
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Coat weight vs. Pinholes

12,00 900
800 o
10,00 c
o 700 =
£ 500 600 2
oo —
n 500 2
@ 6,00 £
[ 400 2
Z 5
~ 4,00 300 o
g [}
S 200 ¢
2,00 5
0,00 0

Poval 5% Poval 10% Poval 15% Poval 18%

mmm Coat weight (g/m”2) == Pinholes (number of pinholes/ mA2)

Figure 39.  Coating color grammage (g/m?) and the number of pinholes plotted
for different recipes.
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In previous experiments, the density of foam had positive effect on coat weights.
Earlier, the density was close to 0.20 g/ml. When observing these results, it seems
that density is not the main problem when considering amount of pinholes (Figure
41).

Density vs. Pinholes
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Figure 41.  Density (g/ml) versus the number of pinholes.

16.2.1 Number of coating layers vs. number of pinholes

Single, douple and three times coated (Poval PVA-235, dry solids contents 5, 10,
15 and 18%) sheets were made with partially hydrolysed PVA (Poval PVA-235).
The number of pinholes was determined from each test point. It was found that the
number of coating layers had smaller effect on the number of pinholes than the coat
weight (see Figure 42). These results, however, confirmed that there is possibility
to get good barrier coating by applying only one layer on baseboard, but it is still
more probable to get pinhole-free surface when several layers are added to
baseboard.
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Coat weight vs. pinholes
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Figure42. Coat weight and amount of pinholes plotted for different

formulations.

When forming pinhole-free and smooth film the main things to be taken care of are
to have enough coating color on the surface (avoid penetration into sheet), wet and

dry film forming and get rid of air bubbles.

16.3 SEM images

Cross-section and surface images were taken from the samples in order to clarify
the effect of the dry solids content of PVA on the surface properties. Images were

taken from sheets which had two coating layers.

In test point 1, the sheet was coated with a 5 wt% PVA (Poval PVA-235) solution
and the coat weight was 1.3 g/m?. For the douple coated sheets, fibers were much
better covered than in the case of pilot coated samples (Figure 43). The total coat
weight was 2.6 g/m2. When analysing the cross-sectional image, it can be noticed

that there were holes in the surface due to poor coverage.
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11/1/2013 HV [N et| Tilt Spot 400.0um:
12:56:51 PM 15.0 kV|3 nm SSD 5.5 16841 42440 TP 1

Figure 43. SEM images from douple coated sample 5% PVA (Poval PVA-235).
Left image is from cross-section (magnification 300x) and right image
is from the surface (magnification 200x). The bar size is 200 pum.

In case of foam made from 10 wt% PVA (Poval PVA-235), the coat weight of
single coatings increased from 1.3 g/m? to 2.5 g/m2. With douple coated sheets, the
final coat weight was 5.0 g/m?2. There was enough coating according to earlier
results, but there were still some holes on the surface (Figure 44) and fibers can be

seen.

11/1/2013 HVY Mag WD Det Tilt Spot 400.0pm:
12:52:35 PM[15.0 kV 300x 9.5 mm SSD-0.4 ° 5.5 16841 42440 TP 2

Figure 44. SEM images from douple coated sample 10 wt% PVA (Poval PVA-
235). Left image is from cross-section (magnification 300x) and right
image is from the surface (magnification 200x). The bar size is 200

pm.
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When PVA concentration was increased from 10 wt% to 15 wt%, the final coat
weight increased from 1.3 g/m? to 3.9 g/m? and the surface became much smoother.
Sheets were douple coated and the final amount of coating was 7.8 g/m? (Figure
45). Only few holes were detected and the holes seem to occur at fibers branch
point.

117172013 HV 'Mag WD Det| Tilt Spot — -400.0pm-
12:48:58 PM 15.0 kV 300x 9.4 mm SSD-04 ° 5.5 1684142440 TP 3

Figure 45.  SEM images from douple coated 15 wt% PV A (Poval PVA-235). Left
image is from cross-section (magnification 300x) and right image is
from the surface (magnification 200x). The bar size is 200 pm.

In test point 4, the concentration of PVA (Poval PVA-235) increased to 18 wt% and
the foam was very viscous and its structure changed obviously compared to 15 wt%
concentration PVA. Sheets were douple coated and the final amount of coating was
19.8 g/m? (Figure 46). With one coating layer the coat weight was 9.9 g/m?. The
fibers could not been seen anymore (Figure 46) but instead some holes (caused by
bubbles or by blistering) was remained in the coating. Otherwise the coating layer

had relatively smooth appearance.
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Figure 46. SEM images from douple coated 18 wt% PVA (Poval PVA-235). Left
image is from cross-section (magnification 300x) and right image is
from the surface (magnification 200x). The bar size is 200 pm.

16.4 Talc

The partially hydrolysed PVA (Poval PVA-235) foams were also prepared with a
talc addition of ca. 20 wt%, depending on PVA’s dry solid content. Talc was added
until the blends concentration was 20 %. The main differences in talc-free and talc
containing foams were different density- and viscosity values (Table XXVII).
Viscosities were lower and densities were higher, but also the dry solid contents

were higher.
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Table XXVII. Foam properties.
Poval  Talc
PVA- CI15B
Dry 235dry dry Spindel#
solids solid solid /
Test Chemical content content content Density Viscosity Speed,
point s , [%0] %] [%] L [9/ml]  [cP]  [rpm]
1  Poval 5 5 0 0.50 4000 6/2
PVA-235
2  Poval 10 10 0 0.38 34500 6/2
PVA-235
3  Poval 15 15 0 0.43 140000 6/2
PVA-235
4  Poval 18 18 0 0.63 159500 6/2
PVA-235
Poval
5 PVA-235 20 2 18 0.47 1433 6/10
+ Finntalc
C15B
Poval
6 PVA-235 20 4 16 0.55 1866 6/10
+ Finntalc
C15B
Poval
7  PVA-235 20 6 14 0.66 5133 6/10
+ Finntalc
C15B
Poval
8 PVA-235 20 8 13 0.61 11800 6/10
+ Finntalc
C15B

Adding talc to PVA solution decreased the number of pinholes in the coating layer

(Figure 47). By adding talc, the dry sontent of solutions increased. This could also

be the reason why the amount of pinholes decreased in the surface. The amount of

talc were quite large comparing to PVA (Poval PVA-235). Talc stayed on the

surface because of its particle size and high aspect ration, that is likely why even

surface was formed and the number of pinholes decreased.
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Talc amount vs Pinholes
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Figure 47.  Effect of talc addition on the number of pinholes in case of PVA-
based foams.

Adding talc improved the smoothness and evenness of the coatings (Figure 48, see
also Appendix V). These images also confirm the earlier observation that talc

remains on the surface while PVA partly absorbs into baseboard.

13 HY Mag WD Det| Tilt |[Spot * 400.0pm
PM|15.0 kV 300x 9.3 mm SSD|-0.4 °| 5.5 16841 42440 TP 6

Figure 48. SEM images from douple coated 4 wt% PVA (Poval PVA-235) and
16 wt% talc (C15B) blend. Left image is from cross-section
(magnification 300x) and right image is from the surface
(magnification 200x). The bar size is 200 pm.
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16.5 Conclusions from dry solid content

It is obvious, that dry solids content affected foam properties and its ability to form
smooth film on the board. Increased dry solids content is thus beneficial in foam
coating applications. It seems that every solution had a maximal dry solid content
since increased dry solid content is needed if aiming good coverage and low
blistering tendency (Appendix V). Viscosity is a key parameter since foams with
high viscosity provided high coat weight. The results are shown in Table XXVIII.

Table XXVIII Viscosities of studied Poval PVA-235.
Viscosity, [cP] Number of Coat
Test Consistency, (Speed 2, pinholes [number  weight,
point [90] Spindel 6) of holes/ m?] [g/m?]
1 5 4000 833 2.6
2 10 34500 333 5.0
3 15 140000 291 7.8
4 18 159500 0 19.8

Higher viscosity and higher dry solids content improved the surface, but there
seemed to be a maximum viscosity region for partially hydrolysed PVA (Poval
PVA-235). For example, in test point 4, the viscosity was obviously is too high,
because the structure of foam was not even and there were different size of bubbles

in the foam. This resulted in bubbles left in the coating layer.
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17.SUMMARY

Sustainable manufacturing is important in modern package industry. Therefore,
new manufacturing methods must be developed. Main properties of packages are
to protect the content from environment and protect content from the environment

with a barrier.

One way to achieve good barrier properties is to use dispersion coating. In this
work, the foam coating was studied using different techniques to level out the
applied foam.Important properties for foams that are used in foam coating are high
stability and low density, also viscosity is important in order to achieve even and

smooth surface.

In laboratory tests, partially hydrolysed PVA produced most efficiently foam.
Before the chemical can be used in food packaging applications, one should check
whether or not is has an approval for to be used in food packages. Also the price
must be reasonable. However, in case of partially hydrolysed PVA, it needs to be
clarified what chemicals it includes and how much it cost, it also need to be sure if
it is suitable for food industry, before it can be used. The fully hydrolysed PVA,
foamed significantly less without foaming agents, but when using additives it

foamed efficiently.

Good foam did not necessarily provide even film. It was demonstrated that both
increased solid content (viscosity) and multiple coatings improves the coverage and
there by the barrier layer. This study shows that at least 4—5 g/m? of appropriate

coating is needed in order to obtain an effective barrier layer.

SEM images taken from the pilot coated samples revealed a large number of holes
in the coating, which might be ascribed to blistering occurring during drying or
bubbles in the wet coating. Adding hydroxypropylated cellulose to PVA, however,
reduced the number of holes and thus provided a smoother coating.
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17.1 Recommendations for further studies

It has been shown that high dry solid content enables higher coat weight and it
would be interesting to do more experiments with foams whose dry solid content
has been maximized with pigments. Foam rheology should be investigated more
carefully to be sure which properties affect foam properties and why they affect in

certain way.

New coating methods should also be tested. Some good methods could be blade
geometry optimization, different rod and air knife, which is used in fabric industry
for foam coating. The coating method should be chosen by comparing how the

method spreads the foam on the surface.

Baseboard properties have effect on the foam spreading on the surface. The most
important baseboard property is roughness. Different types of baseboards could be
tested, but it would be interest to test the effect of hydrophobicity, pre-calendaring

of baseboard.
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Laboratory-scale foaming results and foam properties

Table | Foaming results of different chemicals.

Chemical
concentration
compared to

PVAD.S.C 5% 20 % 30 % 50 % 70 %
Liquid
+
Lamella
Mowiol 15-99 foam - - - -
Ball
Poval PVA-235 foam - - - -
Hydroxypropyl Lamella Foam +
cellulose - foam - Slime Slime
Lamella
Laponite - foam - Slime -
Liquid
Liquid ball ball
Pluronic - foam foam Ball foam Ball foam
Lamella
Bermocoll - foam - Foam+Slime Slime
Excevall - - - Liquid Liquid
Sodium dodecyl Liquid ball ~ Ball
sulfate - foam foam Ball foam Ball foam
Liquid ball Ball
Klucel E-ind - foam foam Ball foam Ball foam
Liquid ball Ball
Klucel J-ind - foam foam Ball foam Ball foam
Lamella
Hypod - foam - - -
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Table | Coat weight results 4.8.2013.
Chemical Ba_seboard \?vg?ge tt1t &?gtring g)rrz/tzﬁltlgf \(A:/gi{gh t Grammage,
weight, [g] after_ weight, [g] co;%t [g/m™2] [g/m~2]
coating, [g] weight, [g]

J30% 21.79 22.25 0.46 0.03 0.53 349.90
J30% 21.77 22.18 0.41 0.03 0.47 349.52
J30% 21.83 22.21 0.38 0.03 0.44 350.45
J 30 % fm+tlc(DCX) 21.94 22.29 0.35 0.03 0.44 352.22
J 30 % fm+tlc(DCX) 21.85 22.10 0.25 0.02 0.32 350.65
J 30 % fm+tlc(DCX) 21.96 22.39 0.43 0.03 0.54 352.64
J30 % fm 22.09 22.48 0.39 0.03 0.45 354.63
J30 % fm 22.00 22.20 0.20 0.01 0.23 352.96
J30 % fm 22.10 22.38 0.28 0.02 0.32 354.66
E 30 % 21.74 22.02 0.28 0.02 0.32 348.89
E 30 % 21.59 21.77 0.18 0.01 0.21 346.37
E30% 2191 22.15 0.24 0.02 0.28 351.57
E 30 % fm+tlc(DCX) 21.86 22.23 0.37 0.03 0.47 350.96
E 30 % fm+tlc(DCX) 21.75 22.28 0.53 0.04 0.67 349.40
E 30 % fm+tlc(DCX) 21.89 22.18 0.29 0.02 0.37 351.34
E 30 % fm 21.86 22.04 0.18 0.01 0.21 350.70
E 30 % fm 21.87 22.13 0.26 0.02 0.30 350.95
E 30 % fm 21.78 22.04 0.26 0.02 0.30 349.51
E 50 % fm 21.49 22.32 0.83 0.08 1.33 345.89
E 50 % fm 21.88 22.23 0.35 0.04 0.56 351.37
E 50 % fm 22.63 22.19 -0.44 -0.04 -0.71 362.13
Pluronic 50 % 21.80 22.19 0.39 0.04 0.63 350.15
Pluronic 50 % 21.68 22.25 0.57 0.06 0.91 348.52
Pluronic 50 % 21.79 22.23 0.44 0.04 0.71 350.07
Pluronic 50 % fm 21.92 22.58 0.66 0.07 1.06 352.51
Pluronic 50 % fm 21.80 22.53 0.73 0.07 1.17 350.70
Pluronic 50 % fm 21.71 22.63 0.92 0.09 1.48 349.56
Pluronic 50 % fm+ tlc(DCX) 21.75 22.55 0.80 0.09 1.37 350.10
Pluronic 50 % fm+ tlc(DCX) 21.79 22.50 0.71 0.08 1.22 350.58
Pluronic 50 % fm+ tlc(DCX) 21.84 22.32 0.48 0.05 0.82 350.99
Pluro nic 30 % fm 21.45 21.76 0.31 0.02 0.36 344.27
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Table Il Coat weight results 4.8.2013.
weight, [g] [a] [a] ([:;J]at weight, [g/m~2] [a/m"2]
]f’r'#m nic 30 % 21.35 21.64 0.29 0.02 0.33 342.65
fr'T:”O nic 30 % 21.78 22.05 0.27 0.02 031 349,52
Pluronic 20 % fm 2163 22.33 0.70 0.04 0.70 34750
Pluronic 20 % fm 2172 22.34 0.62 0.04 0.62 348.86
Pluronic 20 % fm 21.65 22.35 0.70 0.04 0.70 347.82
SDS 30 % 2181 22.22 0.41 0.03 0.47 350.16
SDS 30 % 21.70 22.40 0.70 0.05 081 348.73
SDS 30 % 21.97 22,67 0.70 0.05 081 353.06
SDS 30 % fm 21.76 22.30 0.54 0.04 0.62 349,51
SDS 30 % fm 21.40 21.85 0.45 0.03 052 34363
SDS 30 % fm 21.78 2223 0.45 0.03 052 349.73
fr?ili%;/gx) 21.88 22.65 0.77 0.06 0.98 351.78
frﬁili%/éx) 21.69 22.44 0.75 0.06 0.95 34871
fSr'rl?JrStli%DO/f:X) 2178 2237 0.59 0.05 0.75 349.95
Mowiol 5% 21.47 21.86 0.39 0.02 031 344,55
Mowiol 5% 21.71 22.18 0.47 0.02 0.38 348.46
Mowiol 5% 21.92 22.26 0.34 0.02 0.27 351.72
Mowiol 5% fm 21.50 21.75 0.25 0.01 0.20 344.92
Mowiol 5% fm 2131 21.40 0.09 0.00 0.07 34174
Mowiol 5% fm 2137 2152 0.15 0.01 0.12 342.75
Mowiol 3% 21.70 21.97 0.27 0.01 0.13 348.05
Mowiol 3% 21.70 22.02 032 0.01 0.15 348.08
Mowiol 3% 21.80 22.20 0.40 0.01 0.19 349.72
Mowiol 3% fm 2118 21.40 0.22 0.01 0.11 330,69
Mowiol 3% fm 21.33 2157 0.24 0.01 0.12 342.11
Mowiol 3% fm 21.21 21.48 0.27 0.01 0.13 340.20
Mowiol 2% 2151 21.72 0.21 0.00 0.07 344.94
Mowiol 2% 21.77 21.90 0.13 0.00 0.04 349.09
Mowiol 2% 2181 22.15 0.34 0.01 0.11 349.80
Mowiol 2% fm 2122 21.40 0.18 0.00 0.06 340.29
Mowiol 2% fm 21.00 21.48 0.39 0.01 0.13 338.27
Mowiol 2% fm 2112 21.45 033 0.01 0.11 338.73
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DT Laboratory Coater coating results

Table 11 Coat weight results 11.8.2013.

Coating D.S.C weight of Coat

Chemical color coating color, E,i?gg?a[rg(]j weight, Gliglrpnrrl\g%e,
[g/sheet] [g/sheet2] ' [g/m~2]

Mowiol 5 % 3.85 0.19 21.62 3.09 349.73
Mowiol 5 % 7.83 0.39 21.68 6.28 353.88
Mowiol 5 % 5.72 0.29 21.39 459 347,54
Mowiol 5 % fm 5.22 0.26 21.20 418 344,00
Mowiol 5% fm 1112 0.56 20.90 8.91 344.01
MOWiO:i‘; %soft 590 0.11 2153 176 346.96
fmf“i‘()s/gx) 5.50 0.43 20.90 6.97 342.06
ferEtI?:((JDO/EZX) 10.65 0.84 21,59 13.49 350,65
fmili((’s/gx) 5.15 0.41 21.23 6.52 346.91
Poval 5% 552 0.28 21.34 443 346,58
Poval 5% 11.65 0.58 21.25 9.34 350,05
Poval 5% fm 6.10 031 21.22 489 345.12
Poval 5% fm 16.90 0.85 21.27 13.55 354,58
me-i(-)t\Il(?(IS?X) 8.00 0.46 21.22 7.31 347.54
fnfft\llg(llg?x) 16.80 0.96 21.11 15.35 353.82
o jti%g/"cx) 7.00 0.55 20.83 8.87 342.84
- jtf’c‘zg"cx) 1455 115 20.92 18.43 353.85
F;"nﬂg';'(ct)%o;;“ 5.70 0.45 2111 7.22 345,68
Ff’r'#ft’lr‘c'(cD%;/; 10.40 0.82 21.44 13.17 356.93
. n?ﬂfcfgé/g() 5.60 0.44 21.10 7.09 345.40
. nfﬂfcfgé/‘;() 10.40 0.82 21.39 13.17 356.13
. n?*l-)tlsc?DOCOZ/;() 6.93 0.55 21.76 8.78 357.66
Mowiol 28 5% 4.90 0.25 20.92 3.93 339.35

Mowiol 28 5% 9.60 0.48 20.88 7.70 342.47
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Consistence

Coating Resistance

layers

Number
of
pinholes
in m"™2

nothing

Mowiol5%+J-ind30%
Mowiol5%+J-ind30%/foam
Mowiol5%+J-ind30%-+talc(DCX)20%/foam
Mowiol5%-+E-ind30%
Mowiol5%+E-ind30%/foam
Mowiol5%+E-ind30%-+talc(DCX)20%/foam
Mowiol5%+E-ind50%
Mowiol5%+E-ind50%/foam
Mowiol5%+E-ind50%-+talc(DCX)20%/foam
Mowiol5%-+Pluronic50%
Mowiol5%-+Pluronic50%/foam
Mowiol5%-+Pluronic50%-+talc(DCX)20%/foam
Mowiol5%+Pluronic30%
Mowiol5%-+Pluronic30%/foam
Mowiol5%-+Pluronic30%-+talc(DCX)20%/foam
Mowiol5%+SDS30%
Mowiol5%+SDS30%/foam
Mowiol5%+SDS30%-+talc(DCX)20%/foam
Mowiol2%

Mowiol2%/foam

Mowiol3%

Mowiol3%/foam

Mowiol5%

Mowiol5%/foam

I e e e T = T S S S e S N S S N L = = T = i =)

no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no




APPENDIX 11 5(5)
DT Laboratory Coater coating results

Table V Pinhole results.

" Coating . N_umber 9f
Composition layers Resistance ﬁql/rlgoles in
Mowiol 5%+J-ind 30% 5 yes 41
Mowiol 5%-+J-ind 30%/foam 5 yes 80
Mowiol 5%-+J-ind 30%-+talc(DCX)20%/foam 5 yes 41
Mowiol5%+E-ind30% 5 no -
Mowiol5%+E-ind30%/foam 5 no -
Mowiol5%+E-ind30%-+talc(DCX)20%/foam 5 no -
Mowiol5%+SDS30% 5 something 451
Mowiol5%+SDS30%/foam 5 something 123
Mowiol5%+SDS30%+talc(DCX)20%/foam 5 something 164
Mowiol 5%+J-ind 30% 10 yes 41
Mowiol 5%-+J-ind 30%/foam 10 yes 41
Mowiol 5%+J-ind 30%-+talc(DCX)20%/foam 10 yes 41
Mowiol5%+E-ind30% 10 no -
Mowiol5%+E-ind30%/foam 10 no -
Mowiol5%+E-ind30%-+talc(DCX)20%/foam 10 no -
Mowiol5%+SDS30% 10 something 164
Mowiol5%+SDS30%/foam 10 something 41
Mowiol5%+SDS30%+talc(DCX)20%/foam 10 something 123
Mowiol5%-+pluronic30% 5 no -
Mowiol5%+pluronic30%/foam 5 no -
Mowiol5%+pluronic30%-+talc(DCX)20%/foam 5 no -
Mowiol5%-+pluronic30% 10 no -
Mowiol5%+pluronic30%/foam 10 no -
Mowiol5%+Pluronic30%-+talc(DCX)20%/foam 10 no -
Mowiol5% 5 yes 82
Mowiol5% 5 yes 164
Mowiol5%/foam 5 yes 41
Mowiol5% 10 yes 41
Mowiol5%/foam 10 yes 41
Poval5% 5 yes 123
Poval%/foam 5 yes 41
Poval5% 10 yes 0
Poval%/foam 10 yes 0

Poval5%-+talc(DCX)20%/foam 10 yes 0
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Pilot research plan

PILOT RUN 5.8.2013-9.8.2013/ FOAM COATING/ PART 1

Target: Find a good foam coating color, which provides
good oxygen barrier.

Date: 5.8.2013-9.8.2013

Dry solid content; See table

Moisture: 8-9 %

Speed: 50 m/min

Background: Trayforma Natura 290 or similar

Samples: 100X A4 LUT, 100 A4 Stora Enso RCI
Analysis: Temperature, foam stability, foam thickness, dry

solids content,viscosity

AOB: In this work, the main goal is to make good surface film whit oxygen
barrier from foamed PVA. That results in low air permeance or other
barrier properties

First goal is to make foam.

PV A must be washed first until the conductivity of wash water is near

Zero.

Chemicals:
Chemicals D.S.C wt-%
Mowiol 15-99 20%
Poval 20%
Klucel J-ind 10%
Finntalc C15B 40%
SDS 97.3%
PEO 98.6%
NanoTope 26S050WAS50-30 58.6%

1|2a|2b|3a|3b|d4a|4b |5a|5b |7a |7b |8a 9| 10
Mowiol/kg 20|20 20| 20|20| 20| 20| 20| 20| 20| 20
Poval/kg 20|20
Klucel J/kg 4 4| 8| 8
Talc C15B/kg 2 2 2,2 2,4 22| 22| 2| 24
SDS/kg 0,2| 0,2| 0,2
PEO/kg 3
NanoTope/kg 0,9 1,4
Water/kg 40|20(18|20(18(16|13,8|12|9,6/19,8(17,6|16,7|17,6| 16,2
D.S.C wt-% 0O [10(12(10(|12|11|23 |12(14 |11 |13 |15 |12 14
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Pilot research plan

PILOT RUN 5.8.2013-9.8.2013/ FOAM COATING/ PART 2

Target: Make a stabile surface

Date: 5.8.2013-9.8.2013

Dry solid content: table

Moisture: 8-9 %

Speed: 50 m/min

Background: Trayforma Natura 290 or similar

Samples: 100X A4 LUT, 100 A4 Stora Enso RCI

Analysis: OTR ?(SE), water vapor, grammage, thickness,
bulk, density, tearing strength, pinhole, SEM

Target coat weight: 5 g/m?

AOB: In these work the main goal is to make good surface whit oxygen

barrier from foamed PVA.

Chemicals:
Chemicals D.S.C wt-%
Mowiol 15-99 20%
Poval 20%
Klucel J-ind 10%
Finntalc C15B 40%
SDS 97.3%
PEO 98.6%
NanoTope 26S050WAS50-30 58.6%

1|2a|2b|3a|3b|d4a|4b |5a|5b |7a |7b |8a 9| 10
Mowiol/kg 2020 20| 20(20| 20| 20| 20| 20| ,9| 29
Poval/kg 20|20
Klucel J/kg 4 4| 8
Talc C15B/kg 2 2 2,2 2,4 2,2 2,2 20 24
SDS/kg 0,2| 02| 0,2
PEO/kg 3
NanoTope/kg 0,9 1,4
Water/kg 40(20(18|20(18(16|13,8|12|9,6/19,8(17,6|16,7|17,6]| 16,2
D.S.C wt-% 0O [10(12(10|12|11|23 (12|14 |11 |13 |15 |12 14
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Table | Coating parameters in different test points.
Mixing Counter-
Test Foam, Pump, head, pressure, Gap, Angle, Pressure, Moisture,
point  Recipes [0/1] [I/min] [1/min] [Pa] [mm] Blade [°] [Pa] [%0]

1 1 500 300 100 - 0.1 No 23
A 200 100 400 2 2.0->0.3 No 3
A 200 100 400 2 0.3 No 3

blade
7A 200 100 400 2 1 0305 22 0.7 3

blade
7A 200 100 400 2 1 0305 22 3
7A+0OBA 200 100 400 2 1 Rod 30 ? 3
7A+0OBA 200 100 400 2 1 Rod 30 3
2 7A+1/20BA 200 100 400 2 1 Rod 30 1 8
3 7A+1/20BA 200 100 400 2 1 Rod 30 14 7
7TA+1/20BA 200 100 400 2 1 Rod 30 14 7
4 2A 200 100 400 2 1 Rod 30 14 5
2A 200 100 400 2 1 Rod 30 14 5
2A 200 100 400 2 1 Rod 30 14 5
5 2B 200 100 400 2 1 Rod 30 14 5
6 2B 200 100 400 2 1 Rod 30 14 5
2B 200 100 400 2 1 Rod 30 14 5
7 5A 200 100 400 2 0.6 Rod 30 14 5
5A 200 100 400 2 0.6 Rod 30 14 5
8 5B 200 100 400 2 0.6 Rod 30 14 6
5B 200 100 400 2 0.6 Rod 30 14 6
9 10 200 100 400 2 1 Rod 30 14 6
10 10 200 100 400 2 0.6 Rod 30 14 5
10 200 100 400 2 0.6 Rod 30 14 5
11 9 200 100 400 2 0.6 Rod 30 14 8
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Table 11 Pilot coaters heating and speed parameters.
Speed,
[m/min] Observations

Temperature

2-infra, 1-fluidized 100 50

2-infra, 1-fluidized 80 50
2-infra, 1-fluidized 30 50
2-infra, 1-fluidized 70 50
2-infra, 1-fluidized 70 50
2-infra, 1-fluidized 70 50
2-infra, 1-fluidized 70 50
2-infra, 1-fluidized 70 50
2-infra, 1-fluidized 70 50
2-infra, 1-fluidized 70 50
2-infra, 1-fluidized 70 50
2-infra, 1-fluidized 70 50

testing, inclined bar

poor output

poor output

bigger back pressure

poor foam

coating color is not
foaming
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Pilot result
Table | Foam results.
Dry
solid
Density, Viscosity, Spindel content,
Test point  [g/ml] Stability, (max 15 min) [cP] # [9%6]
7a 0.23 max 908 4 10
7a 0.22 max 840 4 10
7a 0.22 max 10
2a 0.26 max 6340 6 10
2a 0.26 max 5740 6 10
2a 0.27 max 10
2b 0.22 max 6800 6 12
2b 0.24 max 5500 6 12
2b 0.23 max 12
In 15 min 10% has
5a 0.55  collapsed back to liquid 870 6 10
In 15 min 10% has
5a 0.56  collapsed back to liquid 770 6 10
In 15 min 10% has
5a 0.55  collapsed back to liquid 10
5b 0.49 max 1120 6 12
5b 0.48 max 1100 6 12
In 15 min 10% has
5b 0.48  collapsed back to liquid 12
10 0.21 max 5500 6 13
10 0.22 max 4800 6 13
10 0.21 max 13
0.97 no foam 210 6 11
1.00 no foam 200 6 11

0.96 no foam 11
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Pilot result
Table 11 Baseboard basic properties.
Coat
Thickness, Grammage, Density, Bulk, weight,
Test point  [pm] [g/m”"2] [kg/m3] [cm3/g] [9/m"2]
0 360 261.5 726 1.38 0.0
1 363 257.0 708 141 0.0
2a 360 262.0 728 1.37 04
2b 1 363 264.0 727 1.38 2.9
2b 2 364 263.5 724 1.38 21
5a 362 263.0 727 1.38 1.7
5b 361 264.5 733 1.36 31
7a_1 363 263.0 725 1.38 1.8
Ta_2 364 263.5 724 1.38 19
92 364 266.0 731 1.37 4.7
10 1 362 265.0 732 1.37 3.6
10 2 364 265.0 728 1.37 3.6
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Pilot result

Table 11 Air permeance results.

Coating
chemical 0 H20 2A 2B 1 2B2 5A 5B 7A 1 7A2 92 101 102

Approved

results 6

Mean

um/Pas 6.74 7.96 0.68 033 055 1.69 1.03 3,98 4,64 145 047 0.63
std.dev

(um/Pas) 03 04 04 02 02 03 02 04 02 01 04 03

var (%) 51 4.7 583 615 37.6 175 220 90 52 99 0931 470

max

(um/Pas) 7.12 8.44 1.12 0.71 0.81 2.02 1.23 458 496 1.60 1.04 0.99

min

(um/Pas) 6.23 7.49 0.27 0.18 0.23 130 0.69 364 430 119 0.09 0.19
Customary

bendtsen units

mean

(ml/min) 566 661 59 28 48 146 89 340 395 125 41 54

std.dev

(ml/min) 269 285 339 174 176 253 193 300 200 124 375 254

var (%) 48 43 577 610 373 174 217 88 51 93 925 46.7

max

(ml/min) 596 697 97 62 71 174 107 390 421 138 90 86

min

(ml/min) 526 625 23 16 20 112 60 311 366 103 8 17
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Coating chemical 0 H20 2A 2B1 2B2 5A 5B 7A1 7TA2 92 101 102
Approved results 20

Mean(ml/min) 548 699 592 543 535 669 637 616 558 642 519 644

STD.DEV(ml/min) 123.6 1024 111.7 1141 1143 983 103.2 953 1188 882 865 1176
VAR(%) 226 147 189 210 214 147 162 155 213 137 167 183
MAX(ml/min) 772 1008 783 769 759 791 858 852 769 806 655 805

MIN(ml/min) 319 579 400 352 381 462 467 443 353 463 384 413

Roughness bendtsen ACC. To
DIN 53 108

Mean(ml/min) 587 765 638 581 572 729 690 665 598 695 552 700

STD.DEV(ml/min) 142.6 129.0 1315 1309 132.0 117.7 1244 113.6 138.0 1054 98.0 139.7
VAR(%) 243 169 206 225 231 160 180 171 231 152 178 200
MAX(ml/min) 854 1163 969 850 837 877 965 956 850 897 710 896

MIN(ml/min) 332 620 419 368 399 487 493 466 369 488 403 433
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Pilot result
Table V Bending resistence.
Coating
chemical 0 H20 2A 2B1 2B2 5A 5B 7A1 7A2 92 101 102
Bending Tester
MD top 5
Angle 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5
xa(mNm) 157 1640 16,50 16.50 16.70 17.00 17.10 16.20 16.00 16.80 16.60 17.00
s(mNm) 080 070 050 060 070 070 030 090 070 040 0.40 0.40
CoV(%) 520 430 310 380 410 410 180 570 460 250 220 2.10
Max(mNm) 1700 1730 1730 1740 1770 1760 17.60 17.20 17.00 17.20 17.00 17.40
Min(mNm) 1510 1540 16.10 1580 1590 16.10 16.80 14.90 1540 16.10 16.10 16.50
MD wire
Angle 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5
xa(mNm) 147 159 155 1570 1580 1570 1580 15.00 1520 1590 1550 15.40
s(mNm) 070 040 050 070 060 030 08 070 070 030 0.70 0.60
CoV(%) 500 250 300 470 380 200 480 470 450 160 470 3.70
Max(mNm) 157 164 161 16.60 16.80 16.30 16.70 1580 16.00 16.20 16.40 16.00
Min(mNm) 138 153 149 1470 1520 1540 1480 1390 1430 1550 1480 14.50
CD top no. Of
test
Angle 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5
xa(mNm) 698 708 706 734 767 771 752 735 714 733 7.15 7.79
s(mNm) 027 031 038 022 030 037 041 044 040 026 025 0.37
CoV(%) 383 436 531 293 396 484 541 596 557 356 351 4.79
Max(mNm) 73 751 761 766 809 804 817 772 754 760 742 8.13
Min(mNm) 663 674 666 712 734 708 704 670 666 7.07 6.83 7.21
CD Wire no. Of
tests
Angle 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5 0-5
xa(mNm) 720 723 744 764 787 807 813 767 751 805 741 8.30
s(mNm) 026 020 032 029 041 038 027 042 038 023 013 0.48
CoV(%) 367 277 433 384 517 465 331 543 506 286 174 5.79
Max(mNm) 754 742 786 803 842 847 845 812 789 835 757 8.94
Min(mNm) 698 697 706 731 7.4 762 781 701 704 782 7.22 7.59
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Table | D.S.C Coat weight.
Poval Talc
PVA- Ci15B
Dry 235dry  dry
solids solid solid Spindel#/
Test content, content, content, Density, Viscosity, Speed,
point Chemicals [%0] [%0] [%0] [g/ml] [cP] [rpm]
1 Poval PVA-235 5 5 0 0.5 4000 6/2
2 Poval PVA-235 10 10 0 0.38 34500 6/2
3 Poval PVA-235 15 15 0 0.43 140000 6/2
4  Poval PVA-235 18 18 0 0.63 159500 6/2
Poval PVA-235
5 +Talc C15B 20 2 18 0.47 1433 6/10
Poval PVA-235
6 +Talc C15B 20 4 16 0.55 1866 6/10
Poval PVA-235
7 +Talc C15B 20 6 14 0.66 5133 6/10
Poval PVA-235
8 +Talc C15B 20 8 12 0.61 11800 6/10
Table Il D.S.C foam results.
D.S.C
weight
Coat  of Talc
Test D.S.C weight coating  coating color PVAD.S.C D.S.Cin
point (%) (9) color(g) grammage(g/m”™2) in C.C(%) C.C(%)
1 5 2.8 0.14 2.27 0.05 -
2 10 3.1 0.31 4.94 0.1 -
3 15 2.9 0.44 6.97 0.15 -
4 18 3.8 0.68 10.97 0.18 -
5 20 3.7 0.74 11.93 0.02 0.18
6 20 3.9 0.78 12.44 0.04 0.16
7 20 3.7 0.74 11.90 0.06 0.14
8 20 3.7 0.75 11.96 0.08 0.13
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Table 11 D.S.C pinhole results.
Amount of
pinholes
Test Coating (number of
point Consistence D.S.C layers Resistance holes/ m”"2)
1a Poval5% 5 1 no -
1b Poval5% 5 2 yes 1708
lc Poval5% 5 3 yes 833
2 a Poval10% 10 1 no -
2 b Poval10% 10 2 yes 499
2. C Poval10% 10 3 yes 333
3 a Poval15% 15 1 something -
3 b Poval15% 15 2 yes 833
3cC Poval15% 15 3 yes 291
4 a Poval18% 18 1 yes 41
4 b Poval18% 18 2 yes 0
4 c Poval18% 18 3 yes 0
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SEM images from different test points

Figure 1. SEM images (magnification 150x) of samples 0. The bar size is 200 pm.

28n150

31 M {65535

Figure 2. SEM images from 2A. First image is from cross-section (magnification
300x) and next image is from the surface (magnification 150x). The bar size is 200

fm.
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SEM images from different test points

01

Figure 3. SEM images from 2B_1. First image is from cross-section (magnification
300x) and next image is from the surface (magnification 150x). The bar size is 200

fm.

Figure 4. SEM images (magnification 150x) of samples 2B_2. The bar size is 200

um.
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SEM images from different test points

Figure 5. SEM images from 5a. First image is from cross-section (magnification

300x) and next image is from the surface (magnification 150x). The bar size is 200

um.
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Figure 6. SEM images from 5b. First image is from cross-section (magnification
300x) and next image is from the surface (magnification 150x). The bar size is 200

fm.
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SEM images from different test points

EIRET)

Figure 9. SEM images (magnification 150x) of samples 9_2. The bar size is 200

um.
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SEM images from different test points

e
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Figure 11. SEM images (magnification 150x) of samples 10_2. The bar size is 200

um.
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SEM images from different test points

g | 4 oy
114112013 HvV Mag WD Det Tilt |Spot -400.0pm: 1112 HvV Mag| WD Det| Tilt |Spot 500.0um
12:56:51 PM|15.0 kV 300x 9.6 mm SSD -0.4 °| 5.5 16841 42440 TP 1 :45:43 PM 5.0 kV 200x/9.5 mm ETD|-0.4 °| 6.0 16841 42440 TP 1 surface

Figure 12. SEM images from two time coated 5% Poval PVA-235. First image is
from cross-section (magnification 300x) and next image is from the surface

(magnification 200x). The bar size is 200 pm.

Figure 13. SEM images from two time coated 10% Poval PVA-235. First image is
from cross-section (magnification 300x) and next image is from the surface

(magnification 200x). The bar size is 200 pm.
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SEM images from different test points

11/1/2013 | HV |Mag WD |Det| Tilt Spot - 400.0pm /112013 ¥ 500.0pm -
12:48:58 PM|15.0 kV|300x 9.4 mm|SSD|-04 ° 5.5 16841 42440 TP 3 2:49 M5, 16841 42440 TP 3 surface

Figure 14. SEM images from two time coated 15% Poval PVA-235. First image is
from cross-section (magnification 300x) and next image is from the surface
(magnification 200x). The bar size is 200 pm.

VD Det Tilt Spot -400.0pm / HV |Mag| WD |Det Tilt Spul[ 500.0pm:
° 5.5 16841 42440 TP 4 PM|5.0 kV|200x9.1 mmETD -0.4 ° 6.0 16841 42440 TP 4 surface

Figure 15. SEM images from two time coated 18% Poval PVA-235. First image is
from cross-section (magnification 300x) and next image is from the surface

(magnification 200x). The bar size is 200 pm.
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SEM images from different test points

WD Det Tilt Spot 400.0pm 3 WD Det Tilt Spot
3mmSSD-0.4 ° 5.5 16841 42440 TP 5 9.7mmETD -0.4 © 6.0

Figure 16.SEM images from two time coated 2% Poval PVA-235 and 18% C15B
talc blend. First image is from cross-section (magnification 300x) and next image
is from the surface (magnification 200x). The bar size is 200 pm.

11/2013 HV |[Mag WD Det Tilt Spot 0.0pm A - 500.0pm .
PM 15.0 kV|300x 9.3 mm SSD -0.4 ° 5.5 6841 42440 TP 6 3 PM 5.0 6841 42440 TP 6 surface

Figure 17.SEM images from two time coated 4% Poval PVA-235 and 16% C15B
talc blend. First image is from cross-section (magnification 300x) and next image

is from the surface (magnification 200x). The bar size is 200 pm.
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SEM images from different test points

11/ 13 HV Mag WD Det Tilt Spot 400.0pm 1171/ HV A e Spo 500.0pm .
2:16:23 PM 15.0 kV/300x 9.2 mm SSD-0.4 ° 55 16841 42440 TP 7 3:11:12 PM 5.0 kV 200 6 - °| 6.0 16841 42440 TP 7 surface

Figure 18.SEM images from two time coated 6% Poval PVA-235 and 14% C15B
talc blend. First image is from cross-section (magnification 300x) and next image
is from the surface (magnification 200x). The bar size is 200 pm.

D Det Tilt Spot 400.0pm- / HV |[Mag WD Det Tilt Spot 500. Op‘m
mm SSD-04 ° 5.5 16841 42440 TP 8 3:1: 5.0 kV|200x9.1 mm ETD -0.4 ° 6.0 16841 42440 TP 8 surface

Figure 19.SEM images from two time coated 8% Poval PVA-235 and 13% C15B
talc blend. First image is from cross-section (magnification 300x) and next image

is from the surface (magnification 200x). The bar size is 200 pm.



