APPLICATION NOTE

WET OR LIQUID DISPERSION METHOD
DEVELOPMENT FOR LASER DIFFRACTION
PARTICLE SIZE MEASUREMENTS

Wet or liquid dispersion is the most
common method of sample
dispersion for laser diffraction
particle size measurements, being
especially suitable for samples
containing fine particles below a
few microns in size. This is due to
the significant reduction in particle-
to-particle adhesion forces through
the process of surface wetting,
which enables agglomerated
particles to be dispersed with
relatively little energy input.
However not all samples will be
suitable for wet dispersion analysis
as it may not be possible or
desirable to use a suitable
dispersant.

In this application note we will
discuss some of the tests that can
be carried out to assess the effects
of sampling, dispersion and
measurement conditions. This
should provide you with the
information you need to set up a
robust method for laser diffraction
particle size measurements on wet
or liquid dispersed particulate
samples.
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Achieving reproducible results from any particle characterization technique depends
on three factors:

= Representative sampling
= A stable state of dispersion
=  Appropriate measurement conditions.

The importance of each of these factors depends on the size of the particles you are
measuring: dispersant and dispersion energy are more important for fine particles,
whereas sampling is more important for coarse materials. Figure 1 shows the risk
factors associated with measurements of fine or coarse particles in wet dispersion
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Figure 1: Risk factors for fine and coarse particles in wet dispersion

Dispersion

How you disperse a sample will depend on what you want to measure. If it is
important to quantify the size and extent of agglomeration in a material then you may
need to measure it in a partially dispersed state. If the primary particle size is
important, then the sample must be completely dispersed to remove any
agglomerates. The first step in this process is to choose an appropriate dispersant.
For a laser diffraction measurement the dispersant should:

Provide good wetting of the sample (enabling dispersion)

Not dissolve the sample

Not contain bubbles

Have a suitable viscosity

Be transparent to the laser beam

Have a different refractive index to the sample

Be chemically compatible with the materials used in the instrument.
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The most commonly used dispersant is water. However, water is not suitable for every sample, whether due to poor wetting or
dissolution of the sample. As a general rule of thumb solubility of the sample in the dispersant can be minimised by using a
dispersant of opposite polarity to the sample, however this is balanced by the need for particle wetting which becomes more
difficult without the aid of surfactants for large differences in polarity. A list of possible dispersants in decreasing order of
polarity is shown in Table 1.

Table 1: Dispersants in decreasing order of polarity

Dispersant Polarity

Water / Deionized water Very polar
Organic acids
Alcohols (methanol / ethanol / isopropyl alcohol
Simple alkanes (hexane / heptane / iso-octane / cyclohexane)

Long-chain alkanes and alkenes (dodecane / mineral oils / sunflower oil / palm oil) Very non-polar

Dispersing powders in liquids
There are three main steps to dispersing a powder in a liquid:

=  Wetting the sample
=  Adding energy to improve dispersion
= Stabilizing the dispersion.

Wetting the sample

When you test a new material it is worth carrying out a beaker test to check how well different dispersants wet the sample.
This visual check is quicker than carrying out measurements in a range of different dispersants. Good wetting between
particles and dispersant shows a uniform suspension of particles in the liquid, poor wetting may show droplets of liquid on top
of the powder, or significant agglomeration and sedimentation.

How well a powder is wetted by a dispersant depends on the surface tension between the particles and the liquid. Wetting can
therefore be improved by using a surfactant to reduce the surface tension. Examples of steric and electrosteric surfactants are
shown in Table 2.

Table 2: Surfactants to aid dispersion

Stabilization Mechanism Examples

Steric Adding a long chain molecule which Igepal CA-630, Tween 20/80, Span 20/80
can adsorb onto the particle surface

Electrosteric Adding a charged long chain molecule Anionic : SDS (sodium dodecylfulfate), AOT (sodium
bis-2-etheylhexylsulfosuccinate)

Cationic : CTAB (cetlytrimethylammonium bromide)

It is important to control the concentration at which surfactants are used. In general, one to two drops of a surfactant solution
(typically no more concentrated than a few percent w/v) is sufficient to improve particle wetting. Too much surfactant can
cause foaming, and bubbles which may be interpreted as large particles.
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Using energy to disperse the sample

Once you have found an appropriate dispersant to wet the sample, you then need to assess the state of dispersion of the
sample in the instrument. We call this process a dispersion titration, which generally involves three steps:

1. A set of repeat measurements to assess the effect of stirring the sample
2. A series of measurements to assess the effect of ultrasound on the sample
3. A setrepeat of measurements to assess the stability of the measurement after ultrasound.

An example of a dispersion titration (in water) is shown in Figure 2. Where stage 1 shows gradual dispersion due to the action
of the stirrer, stage 2 shows faster dispersion when the ultrasound is on and stage 3 shows that the results are stable once the
ultrasound has been turned off.
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Figure 2: Dispersion titration, showing the Dx10, Dx50 and Dx90 for repeat measurement before, during and after ultrasound.

The dispersion titration shows a change in the particle size distribution consistent with agglomerates being dispersed, as
shown in Figure 3. As the sample disperses there should also be an increase in the obscuration (related to the concentration
of particles in the system) as each agglomerate is broken up into multiple primary particles, as shown in Figure 4.
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Figure 3: Change in particle size distribution during a dispersion titration
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Figure 4: Increase in obscuration during a dispersion titration

If you are measuring in an organic solvent, then the ultrasound must be applied in steps. For example, apply ultrasound for
one minute, and then allow some time for the temperature of the dispersant to stabilize before measuring (otherwise false
peaks at large particle sizes may be observed due to temperature gradients in the dispersant). This process should be
repeated until no further decrease in size due to ultrasound is observed.

A dispersion titration enables you to determine the power and duration of ultrasound required to disperse the sample to its
primary particle size. If the whole dispersion titration is flat, and no reduction in particle size is observed during ultrasound
then the sample may be fully dispersed without the use of ultrasound. Conversely if a continual decrease in particle size is
observed during ultrasound, e.g. a stable particle size is not reached, then the primary particles may be being broken by the
ultrasound. If possible you should verify the state of dispersion of your sample using a microscope or static automated particle
imaging instrument by taking an aliquot from the dispersion accessory. Making observations before and after ultrasound
should be able to show you if agglomerates have been dispersed or if the particle shape has changed due to breakage.

Stabilising the dispersion

The particle size should remain stable in stage 3; the expected repeatability for a laser diffraction measurement is discussed in
the measurement precision section. If the particle size starts to increase, due to particle re-agglomeration, then an additive
may be required to stabilize the dispersion. Additives such as sodium hexametaphoshate, ammonium citrate and sodium
pyrophosphate can help to stabilize a suspension by adding charge to the particle surface. Typically additives are used in a
concentration of less than 1w/v%.

Dispersing emulsions

If you are measuring emulsions then there are two main factors which will aid dispersion. Firstly, the ideal dispersant would
contain the same surfactants and stabilisers present in the continuous phase of the product. Secondly, adding the product
directly to the tank may cause agglomeration due to dissolution shock so a pre-dispersion may be required to achieve a stable
dispersion.

Ultrasound should not be used on emulsions as this may cause further emulsification, and the results would not be
representative of the product. It is also important to control the speed of the stirrer in the dispersion unit, as too high a stir
speed can cause droplet break up (the effect of stir speed will also be discussed in the measurement conditions section).
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Measurement Precision

The precision of laser diffraction measurements can be assessed using the coefficient of variation, or relative standard
deviation, which is defined as:

standard deviation

%COV = ( ) % 100

mean

The ISO standard for laser diffraction [1] recommends that the %COV should be less than 3% for parameters such as
the Dv50, and less than 5% for parameters at the extremes of the distribution such as the Dv10 and Dv90. The
Mastersizer 3000 has a variability check in its data quality tab to allow you to check the variability of your measurements
against the limits set in the ISO standard.
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Sampling
Making sure that the sample you put into the instrument is representative of the bulk of your material is important for any

particle characterization technique. Sampling becomes the largest possible source of error in the measurement of coarse
particles or samples containing a broad range of sizes.

To get a representative result you need to measure a minimum number of particles. For example, to get the Dv90 to within a
5% standard error requires at least 400 particles to be measured. Therefore, for a material with a density of 1.5g/cm® and a
Dv90 of 500um you would need to measure about 0.5g to get the Dv90 to within a 5% standard error. Therefore, as the size of
the particles increases the mass containing sufficient particles increases, and the minimum mass required to achieve
reproducible results also increases.
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Figure 5: Minimum mass for a 5% standard error vs. particle size

Figure 5 shows the minimum mass required to achieve a 5% standard error as a function of particle size. You can test whether
your sample mass, or technique, is sufficient by measuring several separate sub samples and assessing the variability of the
results.
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Measurement conditions
Getting a robust result from a laser diffraction measurement also depends on setting appropriate measurement conditions.

These include:

=  Obscuration range
=  Measurement duration
= Stir speed.

How much sample to measure?

The appropriate sample concentration for a laser diffraction measurement is a balance between adding enough sample to get
a sufficient signal to noise ratio or a representative sample of the bulk material, and not adding too much sample so that the
measurement is affected by multiple scattering. The sample concentration in a laser diffraction system is measured by a
parameter called obscuration, the percentage loss of laser light through the sample.

There is a certain amount of noise in any measuring system, in the Mastersizer you can see this as the small but random
fluctuations in the data after the background signal has been subtracted, at the add sample stage (see Figure 6).
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Figure 6: Random scattering data after the background has been subtracted

Therefore, enough sample must be added to get a stable scattering signal data above the level of these random fluctuations.
The system doesn’t require a lot of scattering above the noise level, for example Figure 7 shows the scattering data from a
300nm sample which gives a stable reproducible result at 3% obscuration. Hence, for fine particles, the lower obscuration limit

is defined by the noise level in the system.
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Figure 7: Stable scattering signal from fine particles
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For coarse particles, the lower obscuration limit will be defined by sampling rather than signal to noise ratio. If measurements
of several sub samples of a coarse material show high variability try increasing the mass of the sub sample, and therefore the
obscuration at which the measurements are made.

The upper limit of obscuration for a laser diffraction measurement is defined by an effect called multiple scattering. The theory
used to interpret the scattering data in a diffraction system assumes that the laser light hitting the detector has been scattered
by one particle. If the concentration of particles in the cell is too high then there is a higher probability that the laser light has
been scattered by more than one particle before hitting the detector. This effect is illustrated in Figure 8
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Figure 8: Schematic of multiple scattering effects

These multiple scattering events cause the laser light to be scattered to higher angles. Higher angle scattering is associated
with finer particles so multiple scattering causes an underestimate of the particle size. Figure 9 shows the particle size
distributions measured for the same sample at obscurations between 5% and 18%. The size distributions measured at 5% and
7% obscuration are very similar, which indicates that there is no multiple scattering in this obscuration range. As the
obscuration increases (above 9%) the shape of the distribution changes and more fine particles appear. This suggests that the
measurements are affected by multiple scattering at obscurations above 9%, and an appropriate upper obscuration limit for
this sample would be 9%.
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Figure 9: Effect of multiple scattering on a 1um sample

The degree to which your measurements may be affected by multiple scattering or sampling will depend on the particle size of
the material that you are measuring. Measurements of fine particles are more likely to be affected by multiple scattering,
whereas measurements of coarse particles are more likely to be affected by sampling. Hence, recommended ranges of
obscuration, dependent on particle size, are shown in Table 3.

Malvern Material relationships Mastersizer application note - MRK1902-02 7



APPLICATION NOTE

Table 3: Recommended obscuration ranges dependent on particle size

Particle size Obscuration range

Fine particles ~ 510 10% (less than 5% may be required for <1um)
Coarse particles 510 12%

Polydisperse samples 15 to 20%

Measurement duration

The measurement duration in a wet laser diffraction measurement needs to be long enough to allow a representative sample
of the particles in the dispersion unit to circulate through the measurement cell. The required duration will depend on the
particle size and the polydispersity of the sample. A fine monodisperse sample only needs a short measurement, whereas
coarse particles or broader distributions require longer measurements. If you see high variability over repeat measurements of
the same sample (for large particles or broad distributions) then increasing the measurement duration may improve
repeatability.
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Figure 10: Example of a broad size distribution where measurement duration may affect the results

Figure 10 shows the particle size distribution of a sample containing material with a broad size range (from 1um to 700um).
Repeat measurements of this sample have been made using a range of measurement durations from 1 second up to 20
seconds. Figure 11 shows the decrease in relative standard deviation (over the five repeat measurements) for increasing
measurement durations. The variability is within the acceptable range, according to the ISO standard [1], for measurement
durations above 10s.
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Figure 11: Variability of result vs. measurement duration

Stirrer speed

The stirrer in a wet dispersion unit must ensure that the dispersion is homogenous and that the sample passing through the
measurement cell is representative. For larger or denser materials you need to carry out a stir speed titration to check that all
of the particles in the sample have been suspended. For emulsion samples a stir speed titration can tell you at what speed the
droplets begin to be broken by the action of the stirrer.
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Figure 12: Stir speed titration on a copper powder sample

Figure 12 shows the results of a stir speed titration on a copper powder sample. As the stir speed is increased, the measured
particle size increases as more of the large particles in the sample are suspended. For this sample a stir speed of above
2500rpm would be recommended as the particle size is stable in this region.
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Conclusions
Achieving reproducible results from wet laser diffraction measurements relies on three main factors: taking a representative
sample of the bulk material, achieving a stable state of dispersion and setting appropriate measurement conditions.

In this application note we have covered some tests that you can carry out to assess how your samples are affected by these
factors. By carrying out some, if not all, of the tests described you will be able to increase your understanding of the materials
that you measure, and improve the reproducibility of your particle size results. In addition, having developed a robust method
will provide greater assurance in maintenance and transfer of your methods in the future by ensuring that your particle result is
not sensitive to small changes in measurement conditions that you could experience over the lifetime of your instrument and
method.
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