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102 ADDITIVES

NEW SPACER TECHNOLOGY
FOR STABILISING PARTICLES
A multi-functional nano-additive to simplify development and manufacturing. By Michael Steiner, Ralf Hohmann,
Christian Cavelius, and Hermann Schirra, nanoSaar
Research and development teams have a vast array of fillers,
pigments and dispersing and wetting additives to choose from
when developing new coatings. The authors aimed to simplify
this process by creating a novel nano-additive that can be used
as a universal stabilising component. The resulting additive
and process technology provides a way of reducing development time and undesirable side effects.

C

olour pigments or fillers are used in many paint and coating applications. These include coating systems such as automotive
and architectural coatings, as well as plastics and printing inks. The
main applications are shown in Figure 1.
Most filler applications can be found in the field of architectural coatings, especially in dispersion paints. This group of coating systems
also accounts for by far the largest proportion of produced paints and
coatings, at around 60 %.
The production volume of paints and coatings forecast for 2018 in
Europe is approx. 10 million tonnes, globally approx. 47 million tonnes
[2].
On average, fillers make up about 42 % of the total composition of
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paints and coatings in Europe. The rest consists of binders, pigments,
additives and solvents.
More than 3500 different dispersing and wetting additives are currently available on the market. Chemically speaking, these are polyacrylates, phosphates or phosphonates, non-ionic or ionic surfactants, various oligomers, polyfunctional polymers, etc. They differ
in their function as electrostatic, steric and electrosteric additives with
functional structures as shown in Figure 2.
IMPROVE PREDICTABILITY TO AID COATING DEVELOPMENT
Combining the variety of available pigments and fillers with the variety
of available dispersing and wetting additives results in an unmanageable variety of possible combinations. In addition, different additives
are used in different paint production steps, so that a modern paint
formulation can contain up to ten different surface-active compounds.
This leads to a lack of predictability with the consequence that coating
developments and adaptations must be carried out as trial-and-error.
Table 1 provides information on the complexity of the systems.
The challenge for paint and coating companies is to stabilise pigments
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Figure 1: Fields of pigment applications [1].
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 There are currently more than 3,500 dispersion and wetting
additives available to paint manufacturers, offering an unmanageable number of combinations
12,9%

 Research for new developments is a lengthy process the authors wanted to reduce
54,8%

 A novel nano-additive offers a single additive for all applications

22,4%

 Advantages include significantly fewer side effects and a
50 % shorter time to market
 New colour production process with considerable benefits:
much shorter process times, reduced process costs and better
product performance.

while drastically reducing the concentration of organic dispersion/
wetting additives and all negative side effects in these product groups.
The aim of modern additive development should be to produce additives that function as universal as possible, hence reduce the complexity of existing and new coating systems, and improve the possibilities of predictability.
SIMPLIFYING STABILISATION
An important step is the combination of electrostatic and steric stabilisation mechanisms into one electrosteric mechanism. The performance
profiles of the different stabilising additives are compared in table 1.
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We observe significant improvements with polymeric electrosterically active dispersants compared with conventional additives due to
a much lower water sensitivity and univeral absorption to pigments.
But this approach alone does not significantly simplify the coating approach. We therefore investigated to what extent the use of particulate additives can simplify the approach.
There are many particles already in most given paint formulation, specially many inorganic fillers (Figure 3)
We selected barium sulphate based on the criteria refractive index,
particle size, stability and diversity for our pariculate approach. To investigate any differences we also compared naturally occurring barium sulphate (barite) with precipitated barium sulphate.

Figure 2: Electrostatic, steric and electrosteric stabilisation.
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Figure 3: Percentage of fillers in Europe [2].
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Our approach was defined by the following conditions:
 Precipitation of barium sulphate in the presence of a surface modifier to control particle size
 Target particle size of 100 nm
 High particle conformity and homogeneity
 Precipitation and production in a patented, continuous process for
producing nanoparticles with tightly controlled particle size and
distribution
 Control of surface charge density (zeta potential)
The BaSO4 dispersions with particle sizes around 100 nm can be
produced in a continuous process with high homogeneity. Figure 4
shows the principle features of this innovative process called microjet-stabilizer (MJR).
The novel technology uses a bottom-up process in which nanoparticles and sub-µm-particles (< 1 µm) are produced from dissolved molecules by means of precipitation.
The 3 cm-long reactor has four openings and contains a central mixing chamber where the reaction occurs.
Step 1: The two fluid reactants are injected into the chamber from the
left and from the right, as jet streams. These streams are accelerated
to velocities of up to 300 metres per second when flowing through the
nozzles, resulting in a high level of kinetic energy.
Step 2: The collision of the jet streams in the mixing chamber leads
to highly turbulent processes whereby the reactants are completely
mixed in less than 1 millisecond. The high kinetic energy of this mixing
process creates a very homogeneous product with a high yield.
Step 3: A carrier gas (inert or reactive) flows in from above to regulate
the continuous mixing process and swiftly remove the product from
the mixing chamber.
Step 4: The product flows out through the reactor’s outlet in quantities of up to 600 litres per hour.
In a first stage process, the parameters were established under labo-

ratory-scale conditions with small flow rate dimensions below 200 ml/
min (12 l/h).
After having fulfilled the technical specifications, these parameters
were transferred to production scale, which was achieved using a
fast mathematical upscaling method. To increase production volumes

Percentage

 DEVELOPMENT OF NEW ADDITIVE

Figure 4: Production of nanoscale barium sulphate in a volume range of approx. 600 l/h.
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even further, a simple system of parallel reactor heads can be set up.
This can take output from 600 litres per hour using a single reactor to
multiples of 600 litres per hour using a series of reactor heads. This
allows output quantities to be flexibly adjusted according to current
production needs in a highly cost-effective manner.

This innovative approach improves the state of the art in paint and
coating production:
ąą Reduced milling time from 12–24 hours down to 2–4 hours
ąą More than 90 % reduction in milling additives
ąą More than 90 % reduction in dispersing additives
ąą More than 50 % reduction in wetting additives
ąą Sedimentation stability of pigment and filler dispersions is greater
than 6 months at 60 °C.
ąą Improved pigment stabilisation leads to increased optical density,
which results in either improved optical performance or reduced
pigment usage.
This innovative dispersing, stabilising and wetting additive is now commercially available.

REDUCES MILLING TIME AND OTHER ADDITIVES
Benchmarking shows key advantages of our approach. The graph in
Figure 5 shows the comparison of particle sizes of a barium sulphate
dispersion precipitated using the MRJ technology versus a barium sulphate dispersion produced in a conventional milling process.
The precipitated barium sulphate particles are much smaller and
more homogeneous which are important features for their application as dispersants in paint and coatings. The surface modifier controls and stabilises the particle size and equally serves as a dispersing
and wetting additive for the pigment to be dispersed.
The resulting pigment/filler-BaSO4 interactions are schematically
shown in Figure 6.
Positively charged pigments or fillers are dispersed directly with
the slightly negatively charged nano-additive. In case of negatively
charged pigment particles or fillers, the connection of nano-additive
and pigments or fillers must take place by using a positively charged
wetting additive.

STABLE, BINDER-FREE SYSTEM FOR MULTIPLE APPLICATIONS
Table 3 compares the improved coating properties of the novel nanoadditive with conventional dispersion additives.
We observe a clear advantage in the coating properties of the novel
nano-additive across all criteria.
In several applications, we can show the advantages of the innovative
particles based stabilisation over the conventional one. (Table 4)
Batch process times were reduced at least by a factor of five, the
colour strength was improved by a more homogeneous dispersion 

Table 1: Comparison of the performance of different electrostatically and sterically acting dispersing additives [3].
Dispersion

Absorption on pigments

Stabilisation

Viscosity

Water

Foaming

Binder

additives

inorganic

organic

efficiency

reduction

sensitivity

tendency

compatibility

Polyacrylates

good

no

good

good

very high

fair

very poor

low

Phosphonates

good

no

good

good

very high

fair

poor

low

Hydrophobic mod. polyacrylates

good

no

good

good

high

higher

poor

medium

not good

good

good

good

medium

very high

good

medium to low

Ionic "surfactants" (sulphates, phosphates)

good

fair

good

good

medium

high

fair

medium

Dream?

good

good

good

good

very low

very low

good

medium

Polymeric electrosteric active dispersants

good

good

good

good

low

high

depends

high

Costs

Non-ionic "surfactants"

Costs

Table 2: Electrosteric additives and their coating performance [3].

Dispersion

Absorption on pigments

Stabilisation

Viscosity

Water

Foaming

Binder

additives

inorganic

organic

efficiency

reduction

sensitivity

tendency

compatibility

Polyacrylates

good

no

good

good

very high

fair

very poor

low

Phosphonates

good

no

good

good

very high

fair

poor

low

Hydrophobic mod. polyacrylates

good

no

good

good

high

higher

poor

medium

not good

good

good

good

medium

very high

good

medium to low

Ionic "surfactants" (sulphates, phosphates)

good

fair

good

good

medium

high

fair

medium

Polymeric electrosteric active dispersants

good

good

good

good

low

high

depends

high

Novel additive

good

good

good

good

very low

very low

good

low

Non-ionic "surfactants"
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 (resulting in smaller particles) from 100 up to 130 %. The approach
was transferred from a resin-based to a binder-free process, which
shows a high versatility.
The dispersion of titandioxide using the novel nano-additive resulted in a
binder-free stable system, which might be usable in nearly all applications.
The novel nano-based dispersion process of different filler materials

Figure 5: Comparison of the normalised intensity distributions of
barium sulphate dispersions, measured by dynamic light scattering (DLS).
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such as talcum, barite, and calcium carbonate improved sedimentation stabilities to achieve even zero sedimentation as well as reducing
steric additives down to zero, precisely following the objective to simplify the resulting systems.
CUT DEVELOPMENT TIME IN HALF WITH NOVEL ADDITIVE
The substitution of electrostatic and steric stabilisation methods with
an electrosteric stabilisation process improved coating properties.
The paint and coating properties can be further improved by the application of electrosterically stabilising barium sulphate particles. The
solid modified and chemically inert barium sulphate particles function
as spacers between pigments and generate a stabilisation module
with high diversity.
The simple production of the novel particles in the 100 nm range is
achieved using a patented technology. This results in a highly homogeneous reproducible dispersion additive which is highly versatile in
many product applications.
The development and use of a novel additive as a physical stabilising
component creates a system which, as a ‘one-additive-fits-all’ system,
can replace the unmanageable abundance of 3500 dispersing and
wetting additives available on the market today. It is possible to dras-
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Figure 6: Barium sulphate pigment structure for pigments with positive surface charges (left) and negative surface charges (right).
a)
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“This is a significant
economical benefit.“
3 questions to Dr. Michael Steiner
Is it possible to use the additive and the process individually, eg. additive in normal dispersing aggregate? Yes, this new product can be used as an additive for colour pastes and as an
additive in normal dispersing aggregates. This is a significant economic benefit due to the substitution of organic dispersing and/or wetting additives. Our technology isn’t limited to the production
of the mentioned product. This production process can also be used individually to produce very
homogeneous (nano)particular, emulsified or encapsulated systems.
Can you calculate the necessary amount of the material per pigment, or how is the correct amount obtained? The necessary amount of this product is determined by a combination of
mathematical prework and a subsequent experimental work. In the mathematical prework, parameters such as surface area, surface charge density (zeta potential) will be considered. The subsequent
experimental work is a titration to reach the correct amounts.

Dr Michael Steiner
NanoSaar
m.steiner@nanosaar.com

How do you compare final formulation cost (incl. time and overhead) for an automotive
water-based base coat with your additive and the conventional way? We compare our innovative system with conventional approaches based on standard economic calculations including
COGS, technological costs, energy costs, maintenance, personal costs and depreciation. Direct comparisons are possible if we deal with the same properties of an automotive base coat. We can show
how we are able to improve the economics substantially compared to conventional approaches.

tically reduce undesirable side effects and enables R&D departments
to reduce development time by up to 50 %. As a result, the predictability, technical and economic product performance are significantly
increased.
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Table 3: Comparison of barium sulphate-stabilised coatings with conventionally stabilised systems (i.e. with organic additives) [3].

Car paints,
e.g. carbon black paste

Architectural paints, e.g. TiO2 slurries

Filler slurries, e.g. talcum, BaSO4,
CaCO3

Approach

Conventional

Novel additive

Process time

2 to batch > 40 hours

5 to batch 10-20 hours

Colour strength

100 %

110-130 %

Particle size

< 5 µm

< 1 µm

Resin

10-20 %

none

Versatility

Only for architectural paints

Flexible for all applications

Stabilisation

Polyacrylate stabilisation

No steric additive

Sedimentation

Fast

No sedimentation

Stabilisation

Steric additives

No steric additive

Result

One slurry per application

One additive fits all
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