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Wetting and Dispersing Agents
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Abstract: The incorporation of inorganic and organic particles into liquid resin media is an important process
step in the paint, graphic arts and plastics industries. Various classes of wetting and dispersing agents are used
for this purpose. The physical principles, chemistry and stabilisation mechanisms for both water- and solvent-
based applications are described. A focus is directed towards the molecular architecture of high molecular
weight dispersants, which exhibit superior and more universal characteristics than low molecular weight
wetting agents. A preview of future developments in this field completes this overview.
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1. Introduction

Wetting and dispersing agents belong to
the surfactant (surface active agent) fam-
ily. Their design and characteristics are
specially directed towards interactions at
the solid–liquid interface between solid
particles (such as pigments and extend-
ers) and the liquid media in which they
are to be stabilised. They should not be
considered a member of the substrate-
wetting group of surfactants which are
used to improve the levelling of a liquid
resin formulation or to prevent the forma-
tion of craters. The latter substances are
described under the heading ‘levelling
agents’.

2. The Dispersion Process

The quality of a dry paint or ink film
is strongly dependant on how finely and
uniformly distributed are the solid parti-

*Correspondence: Dr. F.O.H. Pirrunga

Tel.: + 31 513 65 75 00
Fax.: + 31 513 65 75 50
E-Mail: efka@efka.com
aEFKA Additives BV
Innovatielaan 11
NL–8466 SN Nijehaske
bCiba Specialty Chemicals Inc.
Schwarzwaldallee 215
CH–4002 Basel

cles in the resin matrix. Defects like poor
colour strength, insufficient covering
power, low gloss and decreased weather
resistance are typical examples known to
the technician. Furthermore, a poorly dis-
persed system results in inferior mechan-
ical properties of the dry film [1][2].

To obtain a finely dispersed system,
the solid–liquid interface has to be modi-
fied during the grinding step in the pro-
duction of paint or ink. During grinding,
the pigment agglomerates and aggregates
are crushed to primary particles and the
newly formed surfaces are wetted by the
liquid carrier (a solvent- or water-based
resin solution) [3]. The use of a wetting
agent can increase the speed at which the
liquid phase (organic or aqueous) wets
the pigment surface. This is important as
the grinding step is the most time- and
energy-consuming phase during the paint
and ink production process. Another im-
portant consideration is the consecutive

stabilisation of the fresh dispersion to
prevent flocculation of the particles
(Scheme 1). Flocculation can cause col-
our shift, sedimentation of the pigment
particles and changes in viscosity of the
dispersion.

The origin of flocculation is found in
the Brownian motion of particles [1].
Small particles (here typically 0.01–1 µm)
move randomly in the suspension, collide
with each other and form flocculates, re-
ducing their total surface energy. The
smaller the particles, the stronger the
Brownian motion. If, in addition to being
smaller, their concentration is also high,
the probability of encounter is increased
and the tendency to flocculation is in-
creased. In modern colour design, with
the use of organic pigments (very small
particles), this effect is more pronounced
than in traditional systems with mainly
inorganic pigments (large particles). This
makes the use of additives obligatory.

Scheme 1. Pigment grinding and flocculation
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3. Stabilisation Mechanisms

Scientifically, two main stabilisation
mechanisms can be distinguished: elec-
trostatic and steric stabilisation.

Electrostatic stabilisation takes place
when particles bear the same electrical
surface charge and as a result, repulsion
takes place. The principle is based upon
the DVLO theory [4]. The charge around
the particle is organised into a double lay-
er in which each layer possesses equal
charge. When two particles approach one
another their charged double layers over-
lap and repulsion takes place. At the
same time, London-van-der-Waals forc-
es lead to attraction of the particles. If the
attractive forces are stronger than the re-
pulsive forces, the dispersion will be un-
stable. However, if repulsive forces pre-
dominate, the system will be non-floccu-
lating (Fig. 1). As this mechanism relies
on the separation of ionic charges, it is
mainly relevant in systems of high polar-
ity like aqueous paints.

Steric stabilisation is brought about
by adsorbed polymers and applies to both
water- and solvent-based systems [5].
This stabilisation is dependant on the
structure and the dimensions of the ad-
sorbed polymer layer. The polymer can
adsorb onto a particle through the so-
called ‘anchoring groups’, or segments
that have strong affinity for the chemistry
of the surface. The remainder of the poly-
mer can be seen as ‘dissolved’ and can
extend into the resin medium. These ex-
tended parts of the stabilising polymer
become the first contacts between two
approaching particles. A certain degree
of inter-penetration between the polymer
layers from the adjacent pigment parti-
cles is possible. As the concentration of
solvated chains increases with decreasing
distance, the free energy of the system
increases. As a result of osmotic pres-
sure, the solvent molecules start to mi-
grate into the zone of the interpenetrating
polymer layers and re-separate the two
particles until a lower energy level is
reached. In this way equilibrium is at-
tained between penetration and repulsion
(Fig. 2). The diameter of the adsorbed
layer determines whether the distance be-
tween the particles is large enough to
overcome the van-der-Waals attraction
forces between them. In practice it is gen-
erally accepted that a molecular weight
of at least 5000 g/mol is required to
achieve sufficient distance (100 Å is con-
sidered to be optimal for most particles)
[1][6].

The statements above make it clear
that the non-adsorbed parts of the poly-
mer must be adequately soluble in the liq-
uid phase, otherwise the stabilising layer
will collapse with immediate flocculation
as a result. This is an important criterion

for the selection of a dispersing agent for
a given resin system; the solvent or carri-
er molecules must be able to migrate eas-
ily into the penetrating layers. Likewise
the compatibility of the dispersant with
the resin molecules will determine the ef-
fectiveness of the dispersant.

In general, effective steric stabilisa-
tion has to fulfil several conditions
[2][6]:
– the particle surface has to be totally

covered with dispersant,
– the layer has to be of sufficient diame-

ter,
– the polymer has to be strongly ad-

sorbed on the surface to avoid desorp-
tion upon collision or dilution of the
dispersion,

– the steric chains should be linear and
extend into the medium to build up a
protective layer.

4. Wetting and Dispersing Additives

In day-to-day practice, the paint and
ink industries employ low molecular
weight (<2000 g/mol) as well as high
molecular weight (5000–25000 g/mol)
wetting and dispersing agents.

4.1. Aqueous Systems
Low molecular weight structures are

called wetting agents and are mainly fo-
cused upon applications in water-based
systems. Their purpose is to wet the sur-
face of the particles that are being incor-
porated. This maintains the concentration
equilibrium in the system of other sur-
factants that are needed to stabilise the
resin emulsion. This prevents them from
orienting themselves towards the surface
of the pigment causing a reduction in the
solubility of the resin leading to unde-
sired viscosity increase. Classical pig-
ment wetting agents used for this purpose
are alkylphenol ethoxylates, which how-
ever have recently come under suspicion,
and are more and more substituted by
APE-free compounds (Fig. 3) [7].

The solid particle can be character-
ised by its zeta-potential, which shows
the degree to which electrostatic stabili-
sation is possible. The purpose of dis-
persing agents in aqueous media is main-
ly to shift the (net) zeta-potential at the
particle/liquid interface to a negative val-
ue in order to eliminate the attractive
forces. By increasing the charge on the
surface, approaching particles experience
a stronger repulsion. This form of elec-
trostatic stabilisation is very efficient for
systems consisting of only one type of
pigment with the same charge.

Fig. 1. Electrostatic stabilisation

Fig. 2. Steric stabilisation
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Examples of inexpensive compounds
that act on charge-repulsion are poly-
phosphates or polyacrylates (Fig. 4) [8].

Both systems are neutralised or partly
neutralised to achieve water-solubility,
and bear a negative charge that increases
the total surface charge of the particle.
Polyacrylates are considered to be more
modern systems as they are less environ-
mentally harmful.

Due to the fact that all pigments and
extenders carry a different charge it is
practically impossible to stabilise combi-
nations of different pigments by this
method. For combinations of pigments, it
is necessary to use polymers that can – in
addition to providing an electrostatic ef-
fect – also build up a steric stabilisation
around the pigment particles to avoid the
flocculation of the particles. Compounds
that can build up steric hindrance are
mainly based on polymers made through
radical polymerisation techniques, such
as dispersants with a styrene/maleic an-

hydride (SMA) backbone, or acrylic co-
polymers. Both can be made water-solu-
ble either by neutralisation or optional
carboxylic side groups. A drawback of
neutralised polymers is that they undergo
partial protonation of carboxylic groups
at pH values lower than 8. This causes the
polymer to lose some of its water solubil-
ity. Alternatively dispersant polymers
can be directly obtained as water-soluble
(or emulsifyable in aqueous media) by
the incorporation of sufficiently polar
side chains such as polyethylene glycol,
polypropylene glycol or other moieties.
The advantage of the latter approach is that
the dispersant polymers are usable over a
wide range of pH values, i.e. pH 4–11.
All polymers have in common that they
have hydrolysable ester-groups in their
structures, which saponify at very low
(<4) or very high (>11) pH values.

A special group of wetting agents for
aqueous systems are products to enhance
colour acceptance of universal tinters/

colorants in aqueous and solvent-based
base coats. Universal colorants are char-
acterised by their high polarity and high
loading of wetting agents for dispersion
of pigments. The carrier of universal col-
orants is water and/or polyglycols. Upon
addition of these pigment pastes to the
base coats, the concentration difference
of the surfactants in the system causes
migration of the wetting agents from the
colour paste into the bulk, leading to
seeding, loss of colour strength and floc-
culation of the pigments. The special
wetting agents for colorants are for ex-
ample surfactant-like molecules with
pigment affinic groups and can be used in
two ways: they can be added to the base
coat to compensate the concentration gra-
dient of wetting agents after addition of
the colorant, or can be used directly in the
colour paste if they are designed to have a
better pigment affinity and therefore less
tendency to migrate into the bulk.

4.2. Solvent-based Systems
Likewise in organic solvent-based

systems, both low and high molecular
weight dispersants are in use. In princi-
ple, the dielectric constant of most organ-
ic solvents – though not completely neg-
ligible – is low. This prevents efficient
electrostatic repulsion. Consequently sta-
bilisation mechanisms and the mode of
action of dispersants in organic media are
based on different principles.
a) Monofunctional wetting agents are

used to wet and disperse pigment par-
ticles, especially the inorganic types.
A hydrated layer surrounds the inor-
ganic pigment particles and – if faster
dispersion is to be achieved – this hy-
drophilic surface must be made com-
patible with the hydrophobic synthet-
ic binder solution. Here the low mo-
lecular wetting and dispersing agents
can act as a bridging agent and result
in a strong viscosity reduction allow-
ing higher pigment loads and a faster
grinding step (Scheme 2).

b) In primers and fillers multifunctional
wetting and dispersing agents help to
obtain a high loading grade of inor-
ganic particles. They are equipped
with several hydroxyl or carboxylic
acid groups and, after the grinding
step, are able to build up a lattice
structure with inorganic particles in
the liquid medium. This counteracts
the tendency of these inorganic parti-
cles – facilitated by their high density
– to sedimentation. Secondarily,
multifunctional wetting and dispers-
ing agents provide anti-sagging be-
haviour to the wet paint upon applica-

Fig. 3. Examples of low molecular weight wetting agents

Fig. 4. Polymers for electrostatic stabilisation



173ADDITIVES IN PLASTICS AND PAINTS
CHIMIA 2002, 56, No. 5

tion on vertical substrates. Similar
anti-sagging behaviour can be ob-
tained by use of rheological modifiers
– but without the primary pigment
wetting advantages offered by multi-
functional wetting and dispersing
agents (Scheme 3).

c) Intentional re-flocculation of the inor-
ganic pigments in co-grinding of or-
ganic and inorganic pigments is also
achieved with multifunctional wet-
ting agents. In such systems generally
the organic particles are less stabi-
lised and this leads to flooding and
floating effects of the inorganic pig-
ment. This intentional re-flocculation of
the inorganic pigments leads to a re-
duced mobility to avoid local floating
and flooding effects such as Bénard
cells during the drying process and
storage. Flooding is defined as a ho-
mogenous change of colour at the
whole surface of the wet film, and can
be easily detected by performing a
rub-out test [8].
The introduction of high molecular

wetting and dispersing agents (HMWD)
follows from the growth of modern top-
coats, in conjunction with an increasing
use of high-performance organic pig-
ments and mixtures thereof. This applies

to both industrial (e.g. automotive) and
decorative applications.

To understand the specific advantages
of HMWDs, it has to be explained that
organic pigments are more difficult to
wet and stabilise due firstly to their small
primary particle size, which gives a larg-
er total surface to be wetted. Secondly,
organic crystal structures do not, in gen-
eral, have uniform surfaces. On a single
crystal, faces of high and low polarities
can be distinguished. Thirdly, due to the
small particles, Brownian motion has
more influence on flocculation; as the
low molecular weight dispersant is con-
stantly wetting and de-wetting the pig-
ment surface, the Brownian contribution
to flocculation is more difficult to control
and additional steric stabilisation be-
comes necessary.

Lastly, the surfaces of organic pig-
ments have fewer (or no) ionic groups
compared to inorganic particles, so that
interactions with the resin molecules and
the low molecular weight polymers used
in the paint and ink industry are much
weaker. Organic pigments contain main-
ly chromophoric groups consisting of C,
H, O and N atoms that are usually conju-
gated and bear optional substituents [10].
The pigment producer tries to enhance

Scheme 2. Monofunctional wetting and dispersing agents

Scheme 3. Multifunctional wetting and dispersing agents

the wettability of his pigments by post-
treatment of the surface with polar pig-
ment derivatives or other organic mainly
poly-cyclic moieties carrying one or sev-
eral acid or amino groups. Aminic groups
combined with aromatic rings have prov-
en to be effective anchoring groups for
high molecular weight dispersants, as
these moieties can readily form hydrogen
bridges, dipole–dipole interactions and
van-der-Waals forces (listed in decreas-
ing strength) between the dispersant and
the organic pigment surface. Due to the
fact that these forces lead to a much
weaker adsorption than the ionic forces
that predominate on inorganic surfaces,
dispersants for organic particles must
contain a variety of anchoring groups (on
each molecule), which can be distributed
blockwise or statistically over the poly-
meric chain to ensure complete adsorp-
tion of the polymer. It has been proven
that these anchoring groups also function
on inorganic surfaces of pigments and
extenders, since these anchoring groups
can be polarised so that they also interact
with the charged surface.

Another important aspect of these dis-
persants is their high molecular weight.
High molecular weight molecules are im-
portant not only to accommodate all the
necessary anchoring groups, but also to
ensure sufficient distance in space be-
tween the particles in the dispersed stage.
However, there are practical limits on the
molecular weight of the dispersant since
paint and ink formulations are liquid me-
dia and all components of this solution
have to show sufficient solubility. Anoth-
er factor which limits molecular weight is
the formation of bridges between parti-
cles or with the resin molecules, leading
to undesired increase of viscosity and for-
mation of structure. From experience, the
best results are obtained with molecular
weights between 5000 and 25000 g/mol.
The minimum requirement for steric sta-
bilisation to occur lies around 5000 g/mol.

5. Chemical Architecture of High
Molecular Weight Dispersants

As previously mentioned, high mo-
lecular weight dispersants are gaining in
importance in modern pigment disper-
sion technology, due to the growing de-
mand for organic pigments with small
particle sizes and difficult-to-wet surfac-
es. For high molecular weight dispersants
the stabilisation of the finely dispersed
particles is quite a challenge. Conse-
quently efficient anchoring mechanisms
are required. The state of the art shows



ADDITIVES IN PLASTICS AND PAINTS 174
CHIMIA 2002, 56, No. 5

that a series of polymeric architectures
have proven to be suitable for this pur-
pose (Fig. 5):
– random copolymers: polyacrylates

and modified styrene-maleic anhy-
dride copolymers,

– block copolymers: polyurethanes,
polyesters and polyacrylates,

– tapered copolymers: polyacrylates,
– hybrid structures: polyurethanes and

polyesters.
These polymers can be linear, branched
or grafted.

All these architectures have the com-
mon feature that they are composed of
defined regions of functionality. These
can be identified as the backbone of the
polymer carrying a) pigment affinic
groups, b) steric side chains and c)
groups to improve the compatibility with

the resin system (Fig. 6). A further con-
formity is the molecular weight range of
these polymers, which is generally inbe-
tween 5000 to 25000 g/mol.

From the patent literature, a wide
range of anchoring moieties are men-
tioned, which can be classified into the
following categories [11]:
– Acidic anchoring groups: -CO2H,

-SO3H, -PO3H2, including their neu-
tralised forms.

– Electroneutral groups: polyether, aro-
matic rings (substituted phenyl and
naphtyl moieties) and heterocyclic
derivatives thereof.

– Aminic anchoring groups: aniline, in-
dole, imidazole, imide, morpholine,
oxazolines, piperazine, polyethylene-
imine, pyridine, trialkylamines, tria-
zole can be considered as typical ex-

amples. In special cases, the quater-
nised amine structures have given
good results in pigment adsorption.
All functional moieties mentioned

above are chemically connected through
spacers to the backbone of the polymeric
dispersant, where they are attached
through appropriate reactive groups, like
ethylenically unsaturated bonds, hydro-
xy, amino, epoxy, isocyanate or others.

In order to obtain dispersants with a
wide application range with regard to
pigment type, combinations of the previ-
ously mentioned anchoring categories
can be used. For best results practice has
shown that several anchoring groups per
polymer molecule should be incorporat-
ed to achieve stable adsorption on the
pigment surface.

For practical reasons, the steric side
chains and the compatibility enhancing
groups cannot be absolutely distin-
guished. For this purpose, polyesters
based on condensates of fatty acids and
fatty alcohols with hydroxy carboxylic
acids and lactones yielding monohy-
droxy- or monocarboxy-functional linear
chains can be attached to the polymer
backbone. Also polyethylene and poly-
propylene glycol containing esters are
used for build-up of steric hindrance.

In the case of polyacrylate disper-
sants, the non-functionalised part of the
acrylic copolymer chain can act as a ster-
ic barrier. With random and tapered co-
polymers this can be visualised in the
form of extending loops, while block co-
polymers can stretch a linear or branched
acrylic chain into the medium (Fig. 6).

Polar polymers play the dominant
role for aqueous based systems. The
number of polar side chains (i.e. poly-
ether chains) on the polymer backbone
determines whether the dispersant is
emulsifyable or totally soluble in water.
Additionally water compatibility can be
achieved by deprotonation of free car-
boxylic acid groups on the polymer back-
bone by amines or caustic solutions.

6. New Approaches and Future
Developments in Polymeric
Pigment Dispersants

In the coatings industry, environmen-
tal issues like the replacement of heavy-
metal based pigments and the trend to
high-solids coatings, as well as economic
aspects, continue to increase the demands
on modern pigment dispersants. Such
trends in coatings as well as demands
from other important application fields
like ink jet technology have stimulatedFig. 6. Polymeric dispersant design

Fig. 5. Polymeric architecture
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intensive research for new polymeric pig-
ment dispersants in recent years.

Research efforts have been directed
towards improved control on polymer ar-
chitecture by new techniques of ‘living
polymerisation’. A ‘living polymerisa-
tion’ is characterised by the fulfilment of
certain kinetic criteria of the polymerisa-
tion reaction and the absence of polymer
chain terminating side reactions [12].
This ‘living character’ allows precise
control on molecular weight and distribu-
tion and enables the synthesis of block
copolymers by sequential polymerisation
of different monomers. Block copoly-
mers are believed to belong to the most
efficient structures of pigment disper-
sants [13].

The pioneering work of Webster et al.
on group transfer polymerisation (GTP)
has opened the path for the living polym-
erisation of a range of vinylic monomers
[14]. This technique is used intensively
for the synthesis of methacrylic block co-
polymer dispersants for applications in

paints and ink jet applications [15]. De-
spite powerful control on polymer archi-
tecture, GTP has not found widespread
industrial use. Disadvantages of the
method are the stringent requirements on
the purity of the reactants and limited
availability and difficult handling of the
reactive silylketene acetal initiators. Also
the range of functional monomers that
can be used, is relatively limited to mon-
omers without acidic hydrogen or special
monomers with protected groups.

In recent years promising new tech-
niques for ‘controlled free radical polym-
erisation’ (CFRP) of vinylic monomers
have been developed. The most promi-
nent methods are ‘atom transfer radical
polymerisation’ (ATRP) [16] and ni-
troxyl-mediated controlled free radical
polymerisation (NOR) [17]. Both tech-
niques allow the ‘living’ polymerisation
of a broad range of acrylic monomers un-
der conditions that are attractive for in-
dustrial use. The basic working principle
of these techniques of CFRP is similar. A

growing polymer chain with its active
radical chain end is reversibly capped by
a terminating species. The very low con-
centration of active growing polymer
chains suppresses unwanted side reac-
tions and creates a ‘living’ polymer
chain, which can further grow by mono-
mer addition. In case of ATRP a halogen-
terminated polymer chain is reversibly
activated by a Cu(I) complex. In case of
NOR-mediated CFRP, a stable nitroxyl
radical reversibly caps the growing poly-
mer chain (Scheme 4).

ATRP has been used for the synthesis
of new block copolymer type and comb
copolymer type pigment dispersants
[18]. Scheme 5 shows an example of the
synthesis of an acrylic block copolymer
pigment dispersants with aminic anchor
groups by ATRP.

Only recently new NOR polymerisa-
tion regulators have been developed
which are able to affect controlled radical
polymerisation of a wide range of acrylic
monomers [19]. This broadens the basis

Scheme 4. Mechanism of controlled free radi-
cal polymerisation (X = halogen, L = ligand,
Pn = polymer chain with n repeat units)

Scheme 5. Synthesis of block copolymer dis-
persants P[Ba-b-DMAEA] by ATRP [18]
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for future developments of pigment
dispersants by CFRP. Fig 7 shows an
example of the superior application per-
formance of acrylic block copolymer dis-
persants made by controlled free radical
polymerisation.

This example demonstrates that the
viscosity of pigment concentrates can be
well controlled by properly selected
block copolymer dispersants. The per-
formance with respect to specific pig-
ments can be optimised by changing the
pigment affinic groups. Such tailor-made
dispersants allow for the use of higher
pigment loads in the grinding step and
offer improved flocculation stability in
paint formulations.

7. Conclusion

Various classes of wetting and dis-
persing agents are used industrially for
the colloidal stabilisation of pigments in
different applications. For most applica-
tions, properly selected high molecular
weight polymeric pigment dispersants
offer superior performance. Polymeric
pigment dispersants allow for the effi-
cient manufacture of pigment dispersions
and enable the formulator to make full
use of the colouristic properties of pig-
ments in their end use.

The main molecular design parame-
ters, which determine the performance in
a given application, are the chemistry and

architecture of polymeric backbone, pig-
ment affinic groups and steric stabiliser
chains as well as overall molecular
weight.

New innovative methods for control-
led free radical polymerisation have
paved the way to realise polymer archi-
tectures with a much higher degree of
structural control. These new synthetic
methods, combined with thorough under-
standing of the interactions of the func-
tional polymers with pigments and coat-
ing materials, form the basis for the
development of new dispersants with
tailor-made properties. Promising further
developments can be expected in the near
future based on these living polymerisa-
tion techniques and will help to meet the
increasing technical demands of modern
coating systems.
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