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Colloidal Dynamics

leaders in colloid measurement

Using the ZetaProbe to control
particle aggregation

Some processes require flocculated suspensions while others require the
particles to be well dispersed. In this article we show how the ZetaProbe can
be used for controlling the state of aggregation in a colloid.

1 The properties of aggregated and dispersed suspensions

Colloidal particles are in a state of constant motion, and they collide with one another
many millions of times per second. If there is no repulsion between them, the
collisions will result in particles sticking together, forming doublets that quickly
develop into triplets and larger groups. Soon the entire suspension may become a
single large aggregate. Alternately the aggregates (or flocs as they are called) may
settle rapidly to form a loose deposit, entrapping a large amount of the suspension
medium.

When a suspension is highly disperse, with strong repulsive forces preventing
aggregation, it behaves in many ways like a simple liquid. It will, for example:

1. usually have a low viscosity that is independent of shear rate, so it will
flow easily and will not 'gel'.

2. It may be difficult to filter either because the particles are so small that
they pass straight through the filter, or because they enter the filter
and clog up the pores.

3. If the particles are not very dense it may take a long time for them to
settle. When they do settle they will tend to form a dense deposit
which may be very difficult to redisperse. [This is called ‘caking'.]

The opposite is true of an unstable (aggregated) suspension. Such a suspension
will:

1. almost always show unusual flow characteristics, with a much higher
viscosity than the solvent. This viscosity will depends on how fast the
suspension is sheared.

2. It will often behave like a solid if the shearing forces are too small to
break down the structure.

3. The aggregates will settle rapidly but they will form a very loose open
network structure that will entrap a lot of water. This structure can be
easily broken up by shaking the suspension.
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4. The same sort of process may occur in filtration. The solid is easily
separated from the bulk of the suspension medium but it may be
difficult to dewater the remaining filter cake.

In most of the critical operations involved in handling colloidal suspensions, it is the
state of aggregation or dispersion that determines how the system will respond. For
example, if the aim is to filter out the particles or to produce a slurry that is easily
redispersed by shaking the container, an aggregated state is required. But if the aim
is to produce a colloid that is easy to pump around, then a disperse state is needed.
And a stable colloid is also preferred in the colloidal processing of ceramics, for such
a slurry produces a stronger ceramic [1].

2 Controlling the state of aggregation

A suspension is stable if the repulsive force between the particles is strong enough to
overcome the Van der Waals attraction, so to control the aggregation it is necessary
to control the repulsive force.

There are a number of ways of increasing this force. One can use a non-ionic
surfactant or a neutral polymer that adsorbs onto the particles to create a steric
barrier to coagulation. Alternatively, one can use electric charge to provide the
repulsive force. Aggregation in this case is usually controlled by:

adjusting the solution pH
adding an ionic surfactant

adding a charged polymer or

A w0 NP

adding a highly adsorbable ion, like polyphosphate

Whenever there is a charge present on the particle surfaces it will contribute to, and
may be the dominant cause of the repulsion. In all such cases it is the zeta potential
which must be controlled in order to control the aggregation process.

Small changes in pH or in the concentration of highly adsorbable ions may influence
the effective surface charge and, hence, the state of aggregation. Thus a small
change in the level of impurities in a batch component or a change in the composition
of a recirculating water stream may cause a significant shift in zeta potential. In a
poorly controlled situation such changes can lead to different behaviour on different
days. In cases where a formulation must be made up fresh (as in the preparation of
agricultural sprays) there may be problems with the formulation when using water
supplies with varying salt composition.

Most process controllers are aware of the importance of maintaining control over the
pH in oxide systems or systems involving proteins or weak organic acids but many
do not realise that it is the zeta potential which must be controlled.

pH can be used as a substitute control if nothing better is offering but it can
sometimes be quite misleading, for the zeta usually depends on other parameters as
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well as the pH. The pH is also a troublesome quantity to measure in a colloidal
suspension, for the pH probes are rather delicate and are difficult to maintain.

In the case of electrostatically stabilised suspensions, the zeta potential provides a
measure of the repulsive force between the particles. A zeta potential of at least 25
mV (positive or negative) is normally required to achieve a reasonably stable
dispersion.

In figure 1 we show ZetaProbe measurements of zeta as a function of pH for
alumina, titania and silica particles. The suspension of silica particles will be stable
above pH4, the alumina will be stable below pH8, while the titania will be stable at
about 2 pH units away from the isoelectric point of 6. From these titration curves it is
easy to determine the required pH range to make either stable or aggregated
suspensions. Note that these curves depend on other factors such as the

Zeta Potential vs pH for 3 Metal Oxides
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Figure 1 Titration curves for three oxides

concentration and type of the suspending electrolyte. Thus there is no general rule
for the pH range required for stability; the zeta curve for each suspension must be
measured individually.

Another use of zeta is in monitoring required levels of dispersant. Usually the
dispersant is added until the particle surfaces are completely covered, and this
occurs when the zeta potential levels off as a function of added dose. This is
illustrated in figure 2 for the case of a polyelectrolyte dispersant, Darvan C added to
an alumina suspension. In this case the zeta potential has leveled off after about 2.5
ml of polyelectrolyte, so there would be no point in adding more Darvan C than this.
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Figure 2 Determining the optimum dispersant dose

Even in the case when nonionic components are used for controlling dispersion, the
zeta is usually reduced as these molecules adsorb and so zeta measurements can
be used to monitor the amount required for surface coverage. Reference [1] contains
a number of excellent examples of the use of zeta for controlling levels of both ionic
and nonionic dispersants.

3  Why use the ZetaProbe to control aggregation?

Since it is the zeta potential which actually determines the state of aggregation or
dispersion in many systems, it is obvious that a direct and continuous measure of
zeta potential would be the ideal way of controlling those industrial process streams.
The problem in the past has been the difficulty of obtaining reliable measurements of
the zeta potential of the particles in a suspension. Nearly all the other devices for
measuring zeta rely on the traditional optical methods for observing the particle
motion in an applied electric field to determine zeta. They can only be used
effectively on very dilute suspensions. The dilution process takes time and it often
changes the zeta potential.

This problem has been solved with the advent of the ZetaProbe. This device can be
inserted into a colloidal suspension and within a few seconds can give a reading of
the zeta potential that is both reproducible and reliable. No longer is it necessary to
dilute the sample before measurement. The ZetaProbe can measure zeta in
suspensions of almost any concentration greater than about 0.5% solids. Results
are routinely obtained on emulsions up to 60% by volume.

Since the particles or droplets in a concentrated suspension have a large surface
area, there is no problem with contamination and the resulting measurement is very
robust. With the optical procedures one makes measurements on a small number of
individual particles and seeks some sort of average value of zeta. Even with the light
scattering methods, the number of particles that are sampled is relatively small. In
the ZetaProbe the measurement averages the effects of many billions of particles.
Results on the same colloid are remarkably consistent from sample to sample, batch
to batch and day to day. Thus any variations in the measured zeta indicate a real
physical change in the colloid and not an instrument artefact.
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Unlike the other electroacoustic devices, there is no need to estimate the particle size
by some additional measurement and hope you have the right sort of particle size to
make a sensible zeta calculation. The instrument is able to make an adequate
estimate of the effective size and handles the entire calculation. This estimate is
made using our patented multi-frequency electroacoustic technique. The other
electroacoustic devices cannot make such measurements because it would violate
our patent and for this reason they cannot estimate particle size.

The metal electrodes through which the field is applied are resistant to chemicals and
abrasives and the only other materials that come in contact with the suspension are
highly chemically resistant polymers. Maintenance is minimal, the measurement time
is around thirty seconds and the results are extremely reliable.

The suspension can be stirred continuously and quite vigorously during the
measurement, or it can be pumped in a flow loop to allow on-line simulation studies.
The ZetaProbe comes with computer-controlled syringes to allow titration with
reagents like acids and bases, or a surfactant or dispersant solution. This is one of
the great strengths of the device. A reproducible and reliable plot of the zeta
potential as a function of pH or additive dose can readily be obtained in a matter of
minutes (limited essentially by the speed of equilibration of the particle surface with
the bulk solution).
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