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FIGURE 1. Powder characteristics, includ-
ing material strength and flow characteris-
tics, are very important in mixer selection
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mixer type available that
would do a suitable job for a
given application. However,
not all of these mixers are the best
mixer for your application. At the
onset of mixer selection, you must or-
ganize your process and production
conditions and requirements in such a
way that it is clear what you want to
achieve, and you must identify what is
important for your mixing process.
These selection criteria include:
*Powder characteristics
*Process setup
¢(Cleanability
eMixing accuracy
*Product temperature
*Operational cost

Powder characteristics
In solids mixing technology, two differ-
ent scales in the mixing process can be
determined: macro mixing and micro
mixing. The preference for either one is
dependent on the powder characteristics
of the material in question (Figure 1).
Macro mixing is also referred to as
convective mixing. By convective mix-
ing, the powder in the mixer is trans-
ported from one location to another.
This type of mixing process will lead
to a less-ordered state inside the
mixer — the components that have to
be mixed will be distributed over the
other components. As time progresses,
the mixture will become more and
more randomly ordered. After a cer-
tain time the ultimate random state is
reached, which signifies a well-mixed
product (Figure 2).

Usually this type of mixing is ap-
plied for free-flowing and coarse mate-

75 micrometers. Since such particles
are free flowing, with only little inter-
particle forces, these powder types are
considered to be relatively easy to
mix. Low energy input is necessary to
bring the product in motion on a parti-
cle level. And, an optimal state of mix-
ing can be reached quickly.

However, the end product that re-
sults from convective mixing is neither
consistent nor stabile. Differences in
particle size, shape and density, often
induce segregation, which can occur
during the mixing process or at the
discharge of the mixer. The three main
mechanisms for segregation of pow-
ders are vibration, percolation and
transportation (Figure 3).

Therefore, the pursuit of consis-

tency and stability in the state of final
mixtures, is driving the use of finer
and more cohesive powders in mixing
applications [I].
Micro mixing is a typical mixing
method used for mixing cohesive pow-
ders. These powders either have a
particle size smaller than 75 microme-
ters or contain a wet binder, which
produces interparticle liquid bound-
ing. Mixing of such powders is a more
complex and difficult operation, due to
strong interparticle forces that keep
particles together in a structured
manner during convective mixing, in-
hibiting that method from obtaining a
randomly ordered mixture. The inter-
particle forces result in the formation
of lumps, which cannot be broken up
by the mild transportation rendered
in a convective mixer (Figure 4).

The majority of the conventional in-
tensive mixers apply impact-force de-

FIGURE 2. In macro mixing, particles
are transported from one location to an-
other, until the random state is achieved
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vices (Figure 5), such as knife heads or
another type of sharp-edged mixing
rotors, to break up the agglomerated
particles. The impact forces usually
result in a fast and efficient distribu-
tion of fine, cohesive solids or liquids
in mixtures.

Another intensive mixing method,
based on the shear-force mechanism,
is being applied more frequently these
days. During this mixing process, all
agglomerated structures in the entire
shearing zone are subject to breakage,
which guarantees intensive mixing at
a relative low speed. High-shear mix-
ing applies to many diverse applica-
tions for mixing of cohesive powders
[2]. Fine cohesive-powder applications
that demand high mixing quality —
pigments, flow agents or active ingre-
dients, for example — are more suc-
cessful with high-shear mixing. Be-
sides breaking-up agglomerates, the
shear forces also lead to a more homo-
geneous coating of the particles. In
pigment mixing, for instance, this
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