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What Is important to you from a
particle sizing technique??

Many people talk about “High Resolution”
In relation to particle size technigues.
But what does that really mean?




Ultra High Resolution Capabilities?  — Detect, measure &
resolve peaks which differ in size by as little as 2%

PS Mixture



Resolve Aggregates & Agglomerates?  — Detect, measure and
guantify multiple particle peaks

Adenovirus



High Sensitivity? — Detect & measure extremely small and
subtle changes in size distributions e.g. small additional peaks

PS
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Characterise Coating of Nano-particles?  — Ability to
measure/monitor coating thickness
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Accurate, Reliable & Reproducible Results?  — Traceability &
Calibration to NIST particle size standards

PVC Mixture



Results that are Comparable to SEM / Microscopy Ana  lysis?

Silica



Differential Sedimentation
on a CPS Disc Centrifuge




History of CPS Disc Centrifuge

1974 Founders of CPS Instruments began development and
building of their first Disc Centrifuge.

Differential centrifugal sedimentation (DCS) is an established
technique that has become ‘reborn’ in recent years. Previous
limitations and difficulties with the technique of sedimentation
have been overcome using the latest advances in technology
and some smart thinking regards instrumentation and disc
design. DCS is now a powerful tool in measuring nano particle
size distributions down to around 2 nm and with unparalleled
resolution capabilities.



Sedimentation

Particles that are different in density from the fluid in which
they are suspended sediment at rates that depend on the

following factors:

Viscous Drag Up

Particles settle at

constant speed

where the forces

are in equilibrium Net Weight
G-force Down




Types of Sedimentation

Integral Sedimentation

Differential Sedimentation



Easy to Use :
Up & Running - 4 Simple Steps

1. Set the centrifuge to the correct
speed (based on particle size

and particle density).

2. Fill the centrifuge chamber with
density gradient fluid.

3. Calibrate the instrument with a

calibration standard.

4. Run samples.




Density Gradients

Why a density gradient?

« Allows stable sedimentation without streaming effects.

 Provides separated peaks for each narrow band of particle sizes
rather than broad overlapping peaks.

« Can be composed of nearly any combination of soluble materials:

a. Water based gradients are often based on differing sucrose
concentrations and could include salts, buffers, and different
pHs etc. to maintain compatibility with the sample.

b. Gradients based on organic liquids are used for samples
that dissolve in water or that are received as a dispersion in
organic liquid.



Density Gradients

Very easily constructed. For example using only two sucrose
solutions; low density 8% & high density 24%

e Using an Automatic Gradient Builder. Or
« Simply making a series of manual injections of gradually
decreasing density fluids (9 quick and easy injections)

DOES NOT HAVE TO BE DONE VERY ACCURATELY!




Calibration

Raw data is simply time vs absorption,;
Therefore, running a calibration standard

« Acalibration standard has a known particle size
and particle density and is NIST traceable.

e Calibration standard is run before the sample
and optionally in between samples during a run.
e.g. every 1 to 10 samples.

e Calibration before each analysis gives the
highest accuracy and repeatability.




Front View of the Disc
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Cross Section of the Disc
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Cross Section of the Disc




Cross Section of the Disc




Cross Section of the Disc

Light source — 405nm



Running Samples

Separated bands of
particles down to ~2%
difference in size



Measuring Low
Density Samples

Some samples are lower in density than the fluid in which
they are suspended.

These samples sediment toward the fluid surface (float)
Instead of sedimenting toward the bottom of the chamber.

The Disc Centrifuge uses a special disc for low density
samples that delivers the particles to the bottom of the fluid
iInstead of to the top surface. The particles sediment
according to Stokes’ Law, but in the negative (upward)
direction.



Low Density




Samples with
Broad Distributions

How would you measure samples with broad distribution
e.g. particle size from 0.02micron to 20micron?

The hollow disc can be equipped with special speed
ramping inserts that allows the disc speed to be changed
during an analysis without disrupting the density gradient.

Normally, changing disc speed during the course of an
analysis would cause disruption of the density gradient and
it would become unstable.

Using the special speed ramping inserts  allows disc
speed to be increased ("ramped”) during the analysis from a
low of 600 RPM to a high of 24,000 RPM. This increases
the practical dynamic range from ~70 to ~1,000.



Speed Ramping




Autosampler

Carousel holds up to 20 samples and calibration standards.

Hooks on to the front of the Disc Centrifuge.

Makes automatic injections under control of the Operating
Software — samples are vibrated prior to injection




Wide Range of
Applications

e Chemical

e Pharmaceutical

e Semiconductor

* Printing & Painting
* Nano Particle Development

 Many others




Application Examples
Chemical

* Polymer latexes and emulsions

* Fillers (CaCOg, clay, barites, etc.)

» Ceramic oxides (SIO,, TiO,, ZrO,, Zn0O,, etc.)
» Abrasives (of all types)

 Impact modifier particles

e Qil/Water and Water/Oil emulsions



Application Examples
Pharmaceutical

Gold and silver particles developed for drug delivery
eg. measure coating thickness and efficiency

Particles used in diagnostic tests eg. impregnated
polystyrene

Virus particles/virus-like particles eg. aggregation
and purity during production process

Cells (culture) and cell fragments eg. monitoring of
cell disruption

Protein clusters
Liposomes

Micro-encapsulated drugs



Application Examples
Semiconductor

e Micro-abrasives

« CMP abrasives for semiconductors



Application Examples
Printing & Painting

e Pigments - water and oil based

» Micro-fiber paint viscosity modifiers
* Printer/copier toner powders

e Inkjet inks

« Carbon black

« Magnetic iron oxide



Other
Application Examples

* Micro-spheres
* Agglomeration patterns

 Starch/flour particles



Feature & Benefit
Summary of Technigue

 Particle size analysis from5nmto 50 m

 Ultra High Resolution (~2% peak resolution)

» Accurate, reliable and reproducible measurements
e High sensitivity

« Dynamic range extension with speed ramping
 Measurement of low-density particles

e Easy to use technique



Developments

NEW
CPS Disc Centrifuge UHR
Belgium Introduction at Technology Days 2010



Developments

NEW
CPS Disc Centrifuge UHR
Belgium Introduction at Technology Days 2010
Key features:
e Higher Resolution
* Quiet Operation

e Improved Solvent Resistant Disc

» Added Operating Flexibility



Same Sample -
Different Results!

Which method shows the real distribution?



European Customers




Further Information

« Analytical Ultracentrifugation:
Technigues and Methods contains
contributions from experts in the
field, bringing together the
multitude of developments that
have taken place in
Instrumentation and analysis over
the past decade into a single
volume.

 Chapter 14 is an Introduction to
Differential Sedimentation and is
based on the CPS Disc Centrifuge
DC24000



Contacts at
CPS Instruments Europe

Sales: Marc Steinmetz
E-mall: steinmetz@cpsinstruments.eu

Service: Mark de Jong
E-mail: jong@cpsinstruments.eu

Administration: Carola Kroot
E-mall: kroot@cpsinstruments.eu



Questions?

Questions
are
guaranteed in
life;
Answers
arent.

But I'll do my best!



