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Waterborne coatings systems differ from solventborne systems in a number of ways. One key difference is the fact that water displays a
high surface tension, which must be lowered to allow spreading over low-energy substrates. But solving this problem often leads to
another problem: the surfactants used to lower surface tension tend to stabilize foam. This foam, in turn, must be destabilized during
manufacture and application through the use of a defoamer.

Choosing the proper defoamer for any given system has always been a matter of empirical selection. But today, new methods of
analysis can help with that selection process. This article presents new and existing research in the areas of foam control and defoamer
selection that can help minimize the amount of empirical work needed.

FOAM CONTROL

I 1 oam problems in aqueous systems

can arise during production as well

as during application. Surface-ac-
tive agents, such as emulsifying agents,
wetting agents, and dispersants, are of-
ten formulated into coatings to achieve
specific effects. These surfactants mi-
grate to the coating’s interfaces (gas/
liquid, gas/solid, or liquid/solid) and
usually lower the surface tension of the
coating. However, an undesired side ef-
fect is the tendency of surfactant-bear-
ing liquids to stabilize foam, once suffi-
cient air is present.

Foam can be generated in a liquid
with or without the presence of surfac-
tants. Two kinds of foam may be pro-
duced: bubbles having a surface enve-
lope when surfactants are present; or
pure, uncoated air bubbles, in the case
of a surfactant-free liquid. Air-contain-
ing bubbles tend to move upward to the
surface of a liquid, where they behave
differently depending on whether or not
the liquid contains surfactant. Pure
bubbles burst at the air interface, allow-
ing the captured gas to escape and the
liquid that was contained in the bubbles
to flow together again. Bubbles that are
covered by a surface envelope, by con-
trast, force the surfactant-layered liquid /
air interface in front of them to the point
of protruding through the surface, thus
covering themselves with a double sur-
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factant-lined envelope, called a lamella.
This double layer of surfactant allows
the formed structure to be stabilized.

The lamella-coated bubbles gather at
the surface and form a foam-head, which
consists initially of individual spheres,
forced together in the most densely
packed hexagonal array. By draining off
liquid through the surfactant-rich lamel-
lae, the spherical foam is transformed
into polyhedral foam.

CAUSES OF FOAM

As described earlier, foam is created
when air is introduced into the paint
system, either during production or by
the given method of application. Air can
also be introduced into a paint through
the chemical reaction of curing, as in the
case of urethanes, or by application to
porous substrates.

The prevention of bubbles is most
difficult during application, as practi-
cally all of the captured air is transferred
to the coating. Some methods employed
to avoid this situation are film-casting
and airless spray-painting, but even air-
less spray application can cause foam
problems. Not only is air introduced into
the system during stirring, but also dur-
ing pressurization. As the coating is re-
leased from the orifice, it becomes fur-
ther saturated with air from the atmo-
sphere. Even more severe air entrapment
occurs during air-assisted airless spray
application. During drying, the air in

the coating often cannot escape quickly
enough, resulting in blisters and pin-
holes in the dried film.

DEFOAMER CHEMISTRY
FOR AQUEOUS SYSTEMS

Typical defoamers include three key
components: active substances, surface-
active agents, and carrier fluids.

Active Substances

Active substances are those which
prevent generation of foam, or break
down the existing foam. The type of ac-
tive substance to be used depends on
the medium to be defoamed. The com-
plexity of the paint system makes this
task even more difficult than with single-
component fluids. Selection is very im-
portant because the aesthetic look and
the substrate-protecting attributes of the
applied film should not be negatively
influenced.

Traditionally, the largest classes of
defoamers for aqueous systems are those
based on petroleum hydrocarbon and/
or silicone.

Aromatic and aliphatic petroleum
derivatives traditionally have been used
as active spreading substances in de-
foamer formulations. Aromatic oils were
widely used in the past, but have come
under fire recently for safety reasons.
Aliphatic oils are less toxic, but their
lack of compatibility in aqueous media
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Figure 1

Droplet size distribution in the alkyd system
using different incorporation methods
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causes serious gloss reduction in paints
having moderate- to high-gloss. The
relatively low hydrophobicity of min-
eral-oil based defoamers also means
that higher dosages have to be used
when compared to more hydrophobic
materials. All active substances used
in defoamer formulations conform to
the following mechanisms: spreading
by incompatibility and surfactant ad-
sorption.

In many industrial applications, pure
silicone oils are highly effective. How-
ever, their use in coatings often leads to
severe surface defects, such as cratering
and crawling. Much better compatibil-
ity can be obtained by modifying
polysiloxanes with hydrophobic
polyethers. This chemistry results in de-
foamers with very active spreading char-
acteristics, combined with compatibility
in many contemporary vehicle systems.
What is more, this class of defoamers
does not tend for have a negative effect
on gloss or gloss definition.

This type of chemistry involves the
synthesis of polysiloxane-polyether co-
polymers to contain either Si-O-C or Si-
C linkages between the polyether and
siloxane blocks. The siloxane block con-
tributes surface activity, while the
polyether block provides the degree of
compatibility. A variety of structural
possibilities exist, with the chemistry of
the medium to be defoamed the deter-
mining factor.

Surface-Active Agents

Proper selection of the surface-ac-
tive agent is critical to defoamer per-
formance, and also influences the ef-
fect of the additive on surface defects.
Surface-active agents focus defoamer
activity at the air interface, bringing
the active matter (e.g., hydrophobic
silica) into contact with the stabilized
foam structure. The surface-active
agent must not be a foam stabilizer in
its own right, as are some silicone-
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often have a lower

surface tension than
the medium to be defoamed, therefore
actively helping to wet the lamella. Ali-
phatic and aromatic mineral oils, sol-
vent blends, even water in the case of an
oil/water emulsion, can be used as car-
rier fluids.

FACTORS THAT INFLUENCE
DEFOAMER SELECTION

A defoamer must have a distinct degree
of incompatibility with a given paint,
otherwise it would not migrate to the air
interface, and would not be available to
break down stabilized foam. However,
incompatible substances often cause sur-
face defects such as fish-eyes, craters,
and crawling. To minimize these nega-
tive side effects, defoamer formulations
having a wide array of active ingredi-
ents and carrier fluids must be available
to the formulator.

The selection of active compounds is
determined by the anticipated applica-
tion range. A mineral oil-based de-
foamer, for example, would be very suit-
able for flat to medium-gloss acrylic, sty-
rene acrylic, and vi-
nyl copolymer emul-
sions. But for me-
dium- to high-gloss
paints, the presence of
mineral oil may cause
loss of gloss defini-

showing some compatibility with typi-
cal vehicles. This results in high defoam-
ing activity while minimizing de-
velopment of craters. Since polysiloxane-
polyether copolymers defoam very well
without hydrophobic solid matters, silica-
free defoamers can be formulated that
do not tend to affect the coating ad-
versely.

Synthetic hydrophobic silicas have an
essential impact on the efficiency of the
defoamer. Defoaming silicas have spe-
cific surfaces ranging between 50 and
400 m?/g. The average particle size
should be between 0.01-1.0u. The best
defoaming is achieved if the hydropho-
bic silicic acid (silica/carrier fluid com-
bination) approaches the viscosity of the
liquid lamella.

The presence of hydrophobic matter
in defoamers can cause various surface
defects, particularly de-wetting flaws.
Depending on the type of defoamer and
the respective requirements, the amount
of hydrophobic silicic acid should not
exceed 15% of the final mixture. (For ex-
ample, a flat or high pigment volume
concentration [PVC] coating would show
much less tendency toward surface de-
fect formation than a lower PVC coating,
allowing for a higher silica loading in the
defoamer.)

WHAT DETERMINES DEFOAMER
EFFICIENCY?

According to the literature,!”* defoaming
substances must be dispersed into fine
droplets, allowing the active matter to
get into the foam lamella and penetrate
the surfactant film. At this point, a high
spreading activity is essential for the de-
foamer. The resulting layer exhibits a
drastic reduction in the structure’s elas-
ticity, which causes the lamella to burst.

Figure 2

Crater occurrence caused by different incorporation
methods of active matter in the alkyd test system
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Incompatibility, high surface activity,
and low surface tension are all neces-
sary critical factors, but they are not the
determining conditions for defoamer ef-
ficiency. More important are a positive
entering (E) and spreading (S) coeffi-
cient*’ as defined in the following.

S=Yn-Ya~Yma >0
E=Yn-Ya+Yma >0

with v,, as the surface tension of the me-
dium, vy, the surface tension of the de-
foamer droplets, and 7,4 as the interfa-
cial tension between the medium and
the defoamer droplets.

The activity of defoaming substances
can be strengthened through the incor-
poration of fine particles such as hydro-
phobic silica® or the in situ produced
polyureas.” This process of foam destruc-
tion is called de-wetting. The surfactant
film which stabilizes the foam lamella
cannot wet the hydrophobic particles,
so it pulls away.

Despite the many theoretical models
for the function of defoamers, it is im-
possible to predict the ideal defoamer as
an answer to a specific defoaming prob-
lem. Painstaking trial and error experi-
ments can, in many cases, only be re-
duced by the formulation know-how of
the paint producer and the raw material
supplier. The wish for a highly active,
compatible, easy to use, universal (in-
cluding storage and shear stable) de-
foamer is far from attainable in practice.
Because the request for the perfect de-
foamer narrows down to the determin-
ing parameters superior activity and
minimum surface defects, a given de-
foamer is limited to a few systems, re-
sults are not transferable, and shear and
storage stability in the formulation often
will not be consistent.

DEFOAMER INCORPORATION

When using defoamers, it is readily ob-
served that the foam-breaking activity,
as well as the sensitivity to defects, de-
pends on the manner in which the de-
foamer is incorporated.

Although defoamer oils are normally
not soluble in paint systems, they are
soluble as finely dispersed droplets
throughout the matrix. The defoamer
oil droplet size can be influenced by the
intensity and time of shear forces. Higher
shear force incorporation will result in
finer droplet size (Figure 1).

Significant qualitative differences are
found between moderate mixing speeds
and actual grinding conditions. In the
space between the glass beads, the de-
foamer droplets are subjected beyond
laminar forces to severe turbulence, in-
cluding pounding against the grinding
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vessel, becoming very
effectively emulsified.

This situation con-
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Figure 3

Production of very fine droplets of the defoamer
emulsion during the grind process
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holds: [d = f (1/G)],

where f is the sum of the constants of all
components in a particular paint sys-
tem.

TEST METHODS

Recent studies conducted by Tego
Chemie Service, USA tested defoamer
efficiency at 0.2% active matter on total
formulation. Four types of defoamers
were tested:

(1) a polyether siloxane (ethylene ox-
ide/propylene oxide block-polyether)
with propylene oxide at the end of the
polymer chain;

(2) a polyether siloxane (ethylene ox-
ide/propylene oxide block-polyether)
with ethylene oxide at the end of the
polymer chain;

(3) a polyether siloxane (ethylene ox-
ide/propylene oxide block-polyether)
with polyether at the end of the polymer
chain; and

(4) a polyether siloxane (ethylene ox-
ide/propylene oxide block-polyether)
with a more-hydrophilic polyether at the
end of the polymer chain.

Each was added by stirring for one
minute at 2,500 rpm. The amount of air
entrapped was measured based on 45
gallons of paint.

All  defoamers
tested displayed
fewer film defects in
the paint when being

D,

DEFOAMER EMULSIONS VERSUS
COMPOUNDS

The addition of defoamer emulsions is
preferred in situations where only mild
stirring is possible, especially when sen-
sitive binders are used, when adding to
the let down, or when the defoamer is to
be added to the finished paint. In emul-
sions, the defoamer droplets are already
present in a finely dispersed form which
can be easily incorporated into the paint.
Defoamer emulsion addition to the grind
operation can result in a dramatic loss of
defoaming power, due to the reduction
of the droplets to a size too small to be
effective (Figure 3).

The emulsifiers in defoamer emul-
sions serve to degrade the interfacial ten-
sion 7,4 and thus lead to finer droplet
size. It holds overall that the defoamer
droplet size is directly proportional to
the interfacial tension between the de-
foamer droplet and the matrix [d = f
(Ymd)]'

A fundamental result often repeated
is that samples having a defoamer drop-
let size less than 1 um have hardly any
defoaming effect. Koczo, Lobo, and
Wasan!! as well as Prins'? have sug-
gested that drainage of the foam lamella,
which is essential for foam breakdown,

Figure 4

Droplet size distribution after grinding in a mill base
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Figure 5

Typical defoamer droplet size distribution —
initial and after storage & stir test
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different application
methods), however,
dramatic change to-

is sufficiently hindered if the diameter
of the droplets is less than 1 um.

To reduce foam formation during the
grinding process, 100% active matter
defoamers, or “compounds,” are better
employed because they can withstand
high shear forces (Figure 4). This holds
especially when the viscosity ratio be-
tween the droplets (1) and the matrix
(M) is large.

Higher-speed shear for a longer pe-
riod of time (G), lower interfacial ten-
sion (Y,q) between defoamer oil and
binder matrix, lower viscosity of the de-
foamer droplet (ny) and higher viscosity
of the system to be defoamed (11,,) deter-
mine the droplet size (d) of the defoamer
oil, as described in the following for-
mula:

d=fma Na/ GMp)

DEFOAMER PERSISTENCE
AND STORAGE STABILITY

The parameters during incorporation de-
termine the character of the system
shortly after production. The perfor-
mance after storage might be totally dif-
ferent. The choice of the right defoamer
is especially difficult for waterborne sys-
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ward very fine distri-

bution of the poly-
ether siloxane droplets occurs due to bet-
ter dispersion of the active matter (Fig-
ure 5). This is caused by surface active
substances in the system which, during
storage, merge to the droplet surface and
reduce the interfacial tension between
the active matter and the matrix, result-
ing in a loss of defoamer efficiency.

To achieve the greatest efficiency of
the defoamer on storage, it is recom-
mended to use products with high inter-
facial tension (Y4)-

CONCLUSIONS

In practice, defoaming activity is a com-
plicated process involving defoamer
droplet size and interfacial tension.

For the defoamer supplier and the
formulator, the discussed physical rela-
tionship suggests the recommendation
of defoamer compounds for use where
defoamers can be incorporated with high
to medium shear; defoamer emulsions
are for applications having minimal
shear requirements, including post-ad-
dition, to maintain their predetermined
optimized particle size distribution. Al-
ternatively modern compounds having
lower interfacial tension can be recom-
mended.

The defoamer droplet size distribu-
tions obtained by different methods of
incorporation determine the character of
the coating system shortly after produc-
tion. Defoamer oils with low interfacial
tension, in particular, show loss of effi-
ciency after storage due to finer droplet
sizes after exposure to new shear forces.
Defoamer oils with high interfacial ten-
sions promise better stability; on the
other hand, low interfacial tensions lead
to fewer surface defects.

For high performance, defoamer
droplet sizes between 2-10 um are ideal.
The suitable active matter depends on
the emulsifying character of the binder
system. By the variation of polyether si-
loxane structure, defoamers can be cus-
tomized for specific coatings.

Even though all of the various rela-
tionships are not completely understood
yet, enough data exists to limit the
amount of empirical work necessary for
defoamer development.
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