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Additives in Water-borne Coatings



Preface

This book derives from presentations made at an International one-day conference
organised by the Speciality Chemicals Sector of the Industrial Division of the Royal
Society of Chemistry, and by the Paint Research Association, on 4" September
2002 held at The Heath, Runcorn, Cheshire, UK. The conference follows on four
years after the previous RSC conference on this topic and updates on this advancing
field with the recent developments. It is the fourth conference in the series, the
previous conferences being published as

Advances in Additives for Water-based Coatings published in 1999 (RSC Special
Publication No 243, ISBN 0-85404-754-9)

Waterborne Coatings and Additives published in 1995 (RSC Special Publication No
165, ISBN 0-85404-740-9)

Additives for Water-based Coatings published in 1989 (RSC Special Publication No
76, ISBN 0-85186-607-7)

It would not be possible in a one-day conference to cover the whole field of
additives for water-borne coatings. The approach taken, both in the meeting
programme and in the edited papers in this publication, was to seek two plenary
lectures from world authorities to overview the field and its direction, and to select
key additives currently employed for in-depth treatment of their use, behaviour and
scope by expert practitioners in those additives. Particular emphasis throughout is
placed on the practical aspects of the subject, theoretical considerations only being
introduced where essential in order to more fully understand the topic. As the
meeting title implied, the programme was essentially a * look forward’ rather than a
‘review’ of existing practice. The developments discussed are considered, most
importantly, in the light of increasingly stringent environmental requirements and a
background of regularly changing legislation.

The plenary papers comprise Chapters 1 and 5. In Chapter 1, Roger Brown
[Akzo Nobel Decorative Coatings] describes how the use of certain additives,
which otherwise on cost and general property grounds one would like to avoid,
become essential to impart the desired properties to the coating system. In Chapter
5, Jon Graystone [Paint Research Association] presents a means of how, by
assessing the likely performance of an additive in a coating using a number of
‘Additive Rules’, optimisation of properties may achieved.

Specialist papers on particular additive types comprise the remainder of the
publication. Two chapters are devoted to Rheological additives, reflecting the
importance of rheology control in water-borne coatings. In Chapter 3, Dirk
Kruythoff [Hercules BV] reviews how the use of Cellulosic rheology additives has
developed in recent years to overcome shortcomings in these materials and to
enhance their performance. In Chapter 6, Isabelle Mussard [Rohm and Haas]
covers recent advances in the field of Associative Thickeners which attempt to
broaden the range of rheological control these polymers can impart.
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One chapter each is devoted to Biocides, Dispersants, Matting Agents,
Antifoams and Surface Active Additives. In Chapter 2, Scott Betts
[Thor Chemicals] considers how a wide range of ‘water-based coatings are
susceptible to attack, leading to, for example ‘In-Can’ and ‘Dry Film’ damage by a
number of different organisms, and explores the range of Biocides which can be
used to address these issues. Ian Maxwell [Avecia] in Chapter 4 addresses
Dispersants, and shows how improved additive design can help formulators address
difficult water-borne coatings formulation requirements in respect of increased
black jetness, transparent iron oxide formulations and flake alignment at higher
solids contents.

Chapter 7 from Hans-Dieter Christian [Degussa AG] emphasises that surface
appearance can be an important requirement in water-based coatings, for instance,
in the continuing trend, particularly in the automotive and furniture industries, for
matt surfaces. This has led to a new generation of untreated silicas to bring about
new standards in matting efficiency. In the penultimate Chapter 8, Hans-Guenther
Schulte [Cognis] considers the subject of Antifoams. He starts by describing the
mechanisms of foam generation and control in some detail and then goes on to
show how a range of de-foamers including mineral oils, emulsions, powders and
silicone-based types may be employed. The various methods of assessing the
performance of a de-foamer are described. Finally, in Chapter 9, Donna Perry [Dow
Corning] indicates how surface active agents, most particularly silicones, are used
to reduce the surface energy of a coating to which they are added, in order to
achieve certain surface properties including desired flow, levelling and wetting
performance.

The editors hope that this publication will prove to be a valuable addition to
current literature on this topic, suitable for both readers relatively new to the field as
well as experienced workers in the coatings industry.

Gerry Davison and Bruce Lane
March 2003
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ADDITIVES IN COATINGS - A NECESSARY EVIL?

Roger F G Brown

Pigment Dispersion Group, Technology Centre Decorative Coatings
Akzo Nobel Decorative Coatings

PO Box 37, Crown House

Hollins Road, Darwen, Lancashire, BB3 0BG, UK.

1 INTRODUCTION

It is generally accepted that surface coatings are applied to decorate and protect (paints and
lacquers) or to inform (paints and inks). Coatings in their simplest form as a dried film on
the substrate consist of binder (lacquers) or binder and pigment (lacquers, paints and inks).
Additionally, it is necessary for the paint to be applied to the substrate. With the exception
of some curable liquid formulations (e.g. radiation cured, liquid two pack paints, etc.) some
form of diluent is required to enable the coating to be applied. In the majority of cases, this
diluent is some kind of liquid volatile material (organic or aqueous) though in the case of
powder coatings the diluent enabling application is air. Hence, to generalise, liquid paint,
in its simplest form, will consist of pigment, binder and diluent. In this simplified
formulation, the only variables are pigment volume concentration (PVC) and solids content
(SC) and it is straightforward to record any given measurable property of the wet or dry
paint as a function of the composition.
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Figure 1 Paint in its Simplest Form



2 Additives in Water-borne Coatings

An optimised formulation with the best balance of properties can then be readily
determined. Unfortunately, in the vast majority of, if not all cases, this optimised balance
point is deficient in a number of key areas and, in some areas, the required level of
performance simply cannot be achieved in such a simplified formulation. This is where
additives play a part. By selective use of additives, it is possible to achieve better
properties in specific performance attributes that cannot be achieved with the simplified
tertiary formulation. Additionally, it becomes possible to achieve an enhanced balance of
properties, where some properties can be improved without the same degree of detrimental
effect on other properties. Additives are used in coatings for a great number of purposes to
improve specific properties throughout the life-cycle of a paint such as processing
properties in manufacture, in-can stability, application properties, drying properties and
final film performance. Unfortunately, each extra additive adds a degree of complexity to
the formulation and achieving the optimum balance point between varying (often opposed)
properties. Hence, from the paint developer’s point of view, a minimalist approach to
formulation is to be preferred. Nevertheless, because it is generally impossible to achieve
the desired properties without additives, this increase in formulation complexity is
justifiable and wholly necessary. With VOC legislation stimulating the development of
alternative technologies such as waterborne, high solids, radcure and powder, the need for
additives will not go away. If anything, with waterborne technologies supplanting
solventborne in a number of sectors, it can be argued that the importance of additives is
increasing due to the added complexity of formulating in water.

2 LEGISLATION

It is not intended to provide a comprehensive list of legislation relevant to the coatings
industry. However, within the European market, a number of legislative acts have been
passed with many subsequent amendments and adaptations to technical process which
have great significance for the Coatings industry. A number of important Directives are
presented in Table 1. These have profound implications for the formulator in terms of
labelling, inclusion of specific products and the levels at which specific products may be
used. Furthermore, there are a number of voluntary labelling initiatives within the Deco
sector such as Ecolabel, Blue Angel and the Globe. Additional to this, there are also sector
specific directives currently under consultation, such as the Deco Directive on VOC’s,
which will further add to the framework within which the formulator must work. In many
cases, it is this framework which drives product development but also the conversion from
one type of technology to another. Environmental issues, both legislative and voluntary,
will continue to drive additive development and paint development simultaneously for a
long time to come.

Table 1 Selected legislation of relevance to the coatings industry.

Dangerous Substances Directive (DSD)
Dangerous Preparations Directive (DPD)
Marketing and Use Directive (MUD)
Solvent Control Directive (SCD)
Biocidal Products Directive (BPD)
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3 THE NEED FOR ADDITIVES

As already discussed in the introduction, additives are frequently essential to obtain
properties that cannot be obtained from the simple combination of pigment, binder and
diluent. Additives are multifarious in nature and are used to control a number of different
properties. A list of properties that may be controlled by selective use of additives, by no
means exhaustive, is presented in Table 2, along with examples of the chemical nature of
such materials. Paint formulation is a balancing act. This is because paint is expected to
fulfil a number of key requirements, which will vary, dependent on the application. To
maximise profitability, paints should be cheap to manufacture both in terms of raw
material costs but also ease of production with high throughput, low energy processes
preferred. Technically, paints must have good in-can stability so that there is no separation
of ingredients or colour. Paints are required to have good application properties,
specifically associated with rheology, whether for brush application, spray application, dip
coating, coil coating, etc. dependent on the sector. The paint should dry well with respect
to coalescence or cure. Finally, the final paint should adhere well to the substrate, have the
correct colour and level of gloss, show good retention of colour and gloss and have the
desired protective properties, ideally for as long possible. Hence, there are a great number
of properties that a paint is expected to have, some of which are specifically opposed (e.g.
sag resistance vs. levelling) and there is no such thing as the perfect paint. It is obvious that
a balance must be struck between opposed properties. One of the key requirements when
formulating a paint is to establish what balance of properties should be achieved. Within
this, tacit acceptance must be made that the perfect paint does not exist and that the paint
may not be able to match all desired properties. In establishing the desired balance, the
most important properties for the specific application must be defined so that, where a
trade between properties is required, the relative weighting given to gains and losses
reflects their relative importance. Less obvious to non formulator’s, is that non opposed
properties also need to be balanced because each additive, as well as affecting desired
properties, coincidentally will usually have knock-on effects, often unexpected, on other
properties. For example, drying agents added to a paint to improve curing properties may
migrate to the surface of the film and have a detrimental effect on gloss and/or gloss
retention. However, this is where the skill of the formulator comes to the fore, and paint
companies are able to differentiate their own products in terms of the performance balance
achieved for a specified price. The type and quantity of each additive used must be
carefully selected, based on experience, and optimised, based on well designed
experiments, to achieve the best balance of properties, taking into account the relative
importance of each property. Hence, whilst formulation is easier with fewer components,
the increasing complexity of including multiple additives allows each paint manufacturer
the chance to make their products distinguishable in the market. However, when increasing
the number of additives used, care should be taken that particular combinations are not
antagonistic. The ideal situation, obviously, is where synergy is achieved within the
additive cocktail used.



Table 2

Additives in Water-borne Coatings

Typical functional modifiers used in the coatings industry.

Function

Typical chemical nature

Wetting, dispersing, stabilising

Numerous anionic, non-ionic,
amphoteric surfactants/dispersants

cationic and

Anti-foams Hydrocarbons, silica, silicones
Biocides, fungicides Thiazolinones, oxazolodimes
Rheology modification Clays, amide modified alkyds, hydrophobically

associating water soluble polymers, cellulosics,
titanium chelates

H adjustment

Amines, amino hydroxy compounds

Anti-skin Mekoximes

Open time/lapping Glycols, glycol ethers, thickeners
Adhesion promotion Silanes

Flash rust inhibition, anti-corrosion | Sodium nitrite, phosphates

Film formation Glycol ethers

Drying Metal soaps, benzophenones
Matting agents Silica, waxes

Slip agents, block resistance Silicone waxes

Durability Triazines, benztriazoles

4 WATERBORNE vs. SOLVENTBORNE — INCREASING THE NEED
FOR ADDITIVES

There are a number of fundamental differences between solventborne and waterborne
paints. When comparing, for example, a latex trim paint with its solventborne counterpart,
there are a number of features that have been taken into account when developing the two
formulations. Firstly, the high surface tension of water must be considered. This makes
pigments more difficult to wet and stabilise and makes substrate wetting more difficult and
generates a requirement for the use of surface active additives to help overcome this.
Secondly, the disperse nature of the binder should be considered. This has direct effects in
that surface active material is usually needed to stabilise the binder but also has indirect
effects such as rapid increase in viscosity with increasing solids content and the need for
phase inversion and colalescence during the film formation stage. There is a further
complication with increased crowding in a latex system but this is considered outside the
scope of this paper.

In a dispersion (waterborne) paint, viscosity is generally very low (reflecting the
viscosity of the medium) below a volume fraction of particles of 40% whilst it goes up
increasingly rapidly above this value. Additionally, because the binder is not soluble in the
medium, once the binder particles come into contact, the film cannot be spread further by
working in extra medium. This leads to a generalised phenomenon in waterborne paints
whereby open time is short. Because the viscosity can increase very rapidly with increase
in solids content due to evaporation of a small amount of water, becoming irreversible at a
certain point, it is necessary to formulate at sufficiently low volume solids to obtain
satisfactory open time. Formulating at low volume solids leads to paints of low viscosity
and thickening agents are required to give adequate in-can viscosity and film build (body)
to the paint.

By comparison, in a solution (solventborne) paint, the viscosity increases in a much
more controlled manner as the volume solids increases during solvent evaporation and it is
also possible to work extra solvent into the existing film to thin the paint back during
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application. Hence, it is possible to formulate with good in-can viscosity and film build,
whilst still retaining sufficient open time, levelling and flow, without the need for specific
thickening agents.

Also, when comparing dispersion and solution coatings, in the latter, the binder is
already part of the continuous phase in the wet paint whilst in the former, the binder is
dispersed in the continuous phase. Hence, for a solution coating, the continuous phase
becomes gradually more concentrated during drying until all of the solvent has evaporated.
Conversely, for a dispersion coating, there is a point of phase inversion where the binder
particles touch and deform and change from being part of the dispersed phase to being the
continuous phase. Following this phase inversion, to develop film integrity, it is important
that the binder particles deform and coalesce to fill the voids left by the still evaporating
medium and coalescing solvents are frequently needed to assist in this. Hence, it can be
seen that many properties that can be taken for granted with solventborne paints must be
specifically provided through use of additives in waterborne paints.

To summarise the comparison between alkyd trim paints and their waterborne
counterparts, a lot of properties are provided by solventborne alkyd technology for which
specific additives are required in waterborne dispersion paints. Frequently, the polar alkyd
resins are capable of wetting and stabilising the pigment for which dispersing agents are
needed in waterborne.

Additionally, during drying, solventborne alkyd paints have tendency to spontaneously
stratify to yield a thin resin rich layer at the air interface. This gives high gloss, further
reducing the need for specific wetting and dispersing additives to improve the degree of
dispersion of the pigment, necessary in waterborne paints to achieve high gloss. The
relationship between volume solids and viscosity is frequently such with alkyd paints that
good in-can viscosity and film build can be obtained at the same time as good open time,
levelling and flow, without the need for specific thickening agents, as needed in
waterborne. The fact that the resin is already present as a constituent in the continuous
phase in solventborne paints alleviates the need for coalescing solvents which are
frequently needed to promote development of film integrity in waterborne paints following
phase inversion. Finally, because of the aqueous environment, there is generally a need for
biocidal additives in waterborne paints, which are frequently not required in solventborne
paints. Therefore, it can be seen that changing from solventborne to waterborne technology
is likely to entail an increase in the requirement to include additives in the formulation.

5 SUMMARY

From a simplistic point of view, the formulator’s job is easiest with the minimum number
of paint ingredients. A response surface can be easily constructed for a four component
system by use of an equal dimensioned tetrahedron.
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Figure 2 Formulating in a Four Component System

This would allow for the ratio of pigment, binder, diluent and a single
additive/performance modifier to be easily optimised. Provided that the correct weighting
is assigned to each measurable property, commensurate with its importance, the best
balance of performance is readily achievable. However, because of the simplicity of
achieving this, it would be extremely difficult for individual paint manufacturers to
differentiate their products in the market unless they have proprietary materials available
with superior performance. Fortunately/unfortunately (dependent on the viewpoint) paint
formulation is not this simple and it is generally not possible to achieve a satisfactory
balance of properties without a multi-component formulation containing a range of
different additives. This is where the skill and experience of the paint formulator to
maximise synergy and minimise antagonism allows products to be differentiated in the
market. Hence, additives in coatings are an integral and necessary part of paint formulation
to give enhanced performance. With environmental concerns driving formulation
development and a gradual move from conventional solventborne technology to
technologies with reduced environmental impact, the need for additives in coatings is set to
increase. Although inclusion of a number of different additives increases the complexity of
the formulation, additives are fundamental in improving the balance of performance and
providing market opportunities — truly a necessary evil.



BIOCIDE REVIEW
Scott Betts

Thor Specialities (UK) Limited, Earl Road, Cheadle Hulme, Cheshire SK8 6QP, UK

1 INTRODUCTION

A wide range of water based products, including paints, polymer emulsions, building
products and the like are usually susceptible to attack by a number of different micro-
organisms. Such attacks can result in severe economic loss and it is, therefore vital to
institute measures that will prevent this from happening. The use of Biocides has been
extremely important to thwart economic damage caused to paints and other industrial
products. Microbial damage in coatings can be categorised into two types: In-can
Damage and Dry Film Damage.

2 IN-CAN DAMAGE: INFECTION OF INDUSTRIAL PRODUCTS IN THE
WET-STATE

If a coating is not protected with the right biocide, microbial damage could occur.
Damage to paints or other systems can manifest itself in a number of different ways.

Effects of Microbial Contamination

Visible surface
growth

Gassing
pH drift

Viscosity loss
or increase

Malodour

Discoloration

Figure 1 Effects of Microbial Contamination
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Firstly, there is the possibility that visible surface microbiological growth could occur.
Here the surface of the product is visibly fouled. Fungal growth can be seen as usually
green, black or off-white growths on the surface. Occasionally pools of bacterial
colonies are seen. These appear as off-coloured product spots on the surface.

Secondly, damage can been as product separation. Coatings contain varying
amounts of solids depending on its function. To keep these solids suspended in a water
medium, other additives such as cellulosic thickeners and LAS surfactants are used.
These components can be attacked by microorganisms and can be broken down. As
this happens, their ability to function properly diminishes and the solid matter of the
formulation settles to the bottom of the container.

Thirdly, depending on the type of microbial infection, gas production is known
to occur. Gases such as carbon dioxide are generated as the result of microbial activity.
As gas is produced, pressure can build up in the package causing swelling. In rare cases,
the pressure has been sufficient to cause the lids of the container to buckle and is forced
off the container. Other gases such as hydrogen sulphide can be given off if anaerobic
bacteria infect the product. In this case the odour of “rotten eggs” is perceptible.

Fourthly, microbial infections can produce unpleasant odours as microbial
by-products build up. Production of hydrogen sulphide (as described above) and various
organic acids can result providing the noticeable odours.

Other problems of product discoloration, pH drift, loss of viscosity, loss of
performance can also result from products contaminated with microorganisms. No
matter how the infection manifests itself, the consumer does not want to purchase a
product that has the above issues.

Polymer emulsion Emulsion paint

Figure 2 Unattractive Products
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bacteria on a polymer dispersion fungus on an adhesive

Figure 3 Further Unattractive Products

Many different species of microorganisms have been responsible for paints spoiling.
Recently, it has been observed that the most prevalent species are from the
Pseudomonas, Burkholderia, and Glucanacetobacter genera.

3 DRY FILM DAMAGE: COLONISATION OF FUNGAL/ALGAL
SPECIES ON THE DRIED PAINT FILM

The second category of microbiological spoilage is related fungal or algal growth on
surface coatings.

Fungi and Algae are distinctly different groups of organisms, but it is extremely
difficult to distinguish the type of organism growing on a surface without the aid of a
microscope. This has resulted in mis-identification of the causative organism in many
instances. However, a simple rule is that algae will only grow in the presence of light,
preferably sunlight, so are usually only found outdoors, while fungi may grow in both
exterior or interior locations, but generally prefer to grow on interior surfaces.

Inside the home moisture build-up may be due to poor ventilation allowing
condensation on cool surfaces, particularly in laundries, kitchens and bathrooms.
Moisture levels can also rise due to leaks in weatherproofing of windows, doors or
roofs, or from rising damp from faulty damp course in the foundations or exterior walls.
Moisture build-up on exterior walls and structures can be from rainfall, condensation,
broken gutters, overspray from garden watering systems or faulty ground drainage.
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The amount of direct sunlight a surface receives will effect the drying of the surface, so
in the Southern Hemisphere, south facing sides of buildings, fences, posts and other
structures stay damp much longer than surfaces facing other directions. The shady side
of a building or areas protected by overhangs, such as eaves, porches and carports, or
areas shaded by shrubs and trees will exhibit greater amounts of surface growth due to
the tendency to stay wet longer.

The texture of the surface is also important. Hard glossy surfaces will resist the
accumulation of dirt and other organic matter, while textured finishes will catch and
retain greater amounts of material. The accumulated material will assist to hold
moisture and provide minerals and basic nutrients that organisms need for growth.

Algae

Algae are simple plants that range in size from microscopic single celled organisms to
50 metre long seaweed. They are very adept at growing on a wide variety of surfaces as
they merely use them as an anchor point, needing virtually no nutrients from the surface
(carbon and energy sourced from photosynthesis). Algae are commonly found growing
on painted surfaces, masonry, concrete, paving, timber, and stone and in any pool of
water.

Algae do not attack or directly damage the surface they are located on, but the
growing algal colony will retain moisture making the surface unsightly and slippery,
and also assist fungi and other higher order plants to grow. The retained moisture may
also penetrate paint or other coatings, leading to their premature failing.

Typical algae found on surfaces include Chlorella, which looks green when the
surface is wet, but black or blue green when the surface dries out. The other most
common algae are Trentepohlia, which may show a variety of colours from dark blue-
green to yellow, red, brown, black or even orange.

Fungi

Fungi differ from Algae in many important aspects. The most significant is that fungi do
not produce their own food (unlike algae) and therefore have no need for sunlight. They
are able to grow in the presence or absence of light and obtain nutrients necessary for
growth by breaking down or decaying organic matter. These may be natural such as
plant matter, or items made from plants, or synthetic compounds such as cellulose or
surfactants from water based paints, or resins and oils in solvent based paints.

Fungi must take nutrients from the surface they are growing on or the
surrounding environment. Fungi are commonly found growing on plant surfaces, cut
timber, painted surfaces and almost anything else that contains sufficient moisture,
including glass if the humidity is high enough. They prefer to grow in damp dark places.
They are found on exterior paints, on eaves and ceilings of porches, carports and other
open buildings where leaks or condensation or humidity allow enough moisture to build
up and they are protected from direct sunlight.

Fungi are capable of penetrating paint films and breaking down some
components of the paint. This may result in failure of the paint film leaving the
underlying substrate open to moisture penetration and perhaps further degradation by
wood destroying fungi, or rusting of steel surfaces.



