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CPS Disc Centrifuge

Get realistic results with CPS Particle Size Analyzers.

CPS Instruments, Inc.

7349 SE Seagate Lane

Stuart, Florida 34997 (USA)

Tel: 772 221 7892 Fax: 772 221 7893

http://www.cpsinstruments.com

Email: stevefitzpatrick@cpsinstruments.com
ronellis@cpsinstruments.com



The CPS Disc Centrifuge can measure virtually
any material between <0.02 and 40 microns.

Some example applications:

Polymer latexes and emulsions

Microabrasives

Printer/copier toner powders
Microspheres
Agglomeration patterns

Impact modifier particles

Protein clusters

Fillers (CaCO,, clay, barites, etc.)
SiO, dispersions

Oil emulsions

Carbon black

Magnetic iron oxide

Liposomes

Pigments - water and oil
based

Inkjet inks
Particles in diagnostic tests
Microencapsulated drugs

Virus particles/virus-like
particles

Cells (culture) and cell
fragments

Abrasives (of all types)

CMP compounds for
integrated circuits

Micro-fiber paint viscosity
modifiers

Starch/flour particles

Disclaimer

The descriptions, tables, and illustrations in this document are supplied for general information only.
The content is presented in good faith and is believed to be completely accurate. However no warrantee
or guarantee as to its accuracy is made; the content of this document does not commit CPS or its representatives

to specific instrument performance guarantees.



Differential
Sedimentation Method

The CPS Disc Centrifuge measures
particle size distributions using
sedimentation, a well known and reliable
method of particle size analysis. Particles
settle in a fluid under a gravitational field
according to Stokes’ Law. Sedimentation
velocity increases as the square of the
particle diameter, so particles that differ in
size by only a few percent settle at
significantly different rates.

In differential sedimentation, all the
particles in a sample begin sedimentation
as a thin band. If all the particles are of
the same size, they settle at the same
speed and arrive at a detector beam as a
thin band. The time needed to reach the
detector is used to calculate the size of the
particles. A broad distribution of sizes
separates during sedimentation into a
broad band, while a mixture of narrow
sizes separates into separate and distinct
narrow bands, each of which arrives at the
detector at a different time.

Particles between <0.02u and >40u can be
measured. The actual size range that can
be measured depends on the difference in
density between the particles being
measured and the density of the fluid in
which the analysis is run.

The CPS Disc Centrifuge can routinely
separate particles that differ in size by less
than 5%, and separation of particles that
differ by as little as 2.5% is possible. This
resolution is much higher than available
from other particle sizing techniques.

Detector
]

Axis of
Rotation

—Fluid

Front View Cross Section

Hollow Disc Centrifuge Design

Three Bands of Particles During Sedimentation

Closeup of Disc and-Light Source



CPS Disc Centrifuge particle size analyzers provide high resolution,
accurate results, even with very non-ideal samples that completely mislead

other particle sizing methods.

Resolution

The size distribution graph below shows
typical resolving power of the CPS Disc
Centrifuge. This distribution is from a mixture
of narrow polystyrene calibration standards.
The 0.366u and 0.343u peaks differ in size
by only 6.5%, yet they are almost completely
resolved. Most of the width of these peaks is
real, not from the instrument. Very narrow
peaks that differ by as little as 3% can be
completely resolved, while narrow peaks that
differ by as little as 2% can be partly
resolved. No other particle sizing instrument
can match this resolving power.
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Accuracy and Precision

All analyses are run against a known
calibration standard, so high accuracy is
assured. Calibration can be either external
(calibration standard injected before the
unknown), or internal (calibration standard
mixed with the unknown). Typical precision of
reported sizes with an external standard is
about + 0.5% (95% confidence), and better
than £ 0.25% with an internal standard.
Replicate runs of the same sample produce
virtually duplicate results in all cases.

Sensitivity

Even at 10° gram active sample weight, the
CPS Disc Centrifuge reports an accurate
particle size distribution. The lower detection
limit for narrow samples is well below 107
gram, so even trace quantities of many kinds
of particles can be detected. This high
sensitivity allows accurate analysis of
microgram samples on a routine basis.

Dynamic Range

Dynamic size range is the ratio of largest to
smallest sizes that can be measured in one
analysis. The CPS Disc Centrifuge has a
practical dynamic range of up to 60 using a
fixed centrifuge speed, and up to ~1000 using
centrifuge speed ramping. The broad
dynamic size range with speed ramping allows
ultra high resolution analysis of very broad
size range samples, which in the past could
only be measured at lower resolution using
light scattering methods.

Want to Learn More About Performance?
Visit the CPS Instruments web page:

http://www.cpsinstruments.com



Compare Particle Sizing Methods

The table below shows how the CPS Disc Centrifuge compares in some important
characteristics with other particle sizing instruments. In cases where more than one
competitive instrument of the same basic type is available, typical values are used.

The CPS Disc Centrifuge offers an exceptional combination of resolution, operating
range, and measurement accuracy, at a far lower price than competitive instruments.

Sizing Method  Resolution' Medium Total Range’ Dynamic Range® Analysis Time* Precision Price®
Electrozone 15-20% Water 500u - 0.5 ~30 ~3 minutes +2.5% 14
Particle Counter

Low Angle Laser  15-20% Most Fluids 2,000p - 0.1 ~20,000 3 - 10 minutes +0.5% 1.7
Light Scattering

Photon Correlation ~70% Most Liquids  ~4pu - 0.004u ~1,000 ~3 minutes +1% 1.3
Spectroscopy

Capillary ~ 15%° Water’ 1.1y - 0.015p 73 ~10 minutes +1% 1.3
Hydrodynamic

Chromatography

Optical Particle ~20% Most Liquids 2,500u- 0.5 ~200 3 - 5 minutes 2% 1.3
Counter

Competitive ~4% Many Liquids 40 - 0.03p ~40 9 - 300 minutes® 1% 1.0

Disc Centrifuge

CPS ~2% Most Liquids 40u - 0.01p ~1000° 3 - 40 minutes™  +0.25%" 1.0
Disc Centrifuge

Notes

—_

Resolution is the minimum difference in size between two perfectly narrow peaks that allows
95% separation.

Total range is from the largest practical size to the smallest practical size.

Dynamic range is the ratio of largest to smallest sizes in a single analysis.

Analysis time is total time, sample to sample.

Relative purchase price.

15% resolution only after applying mathematical deconvolution; physical resolution is ~ 40%.
Only operates using a proprietary mixture of surfactants in water; solution must be purchased.
Maximum dynamic range for a 10 minute analysis is ~15.

With disc speed ramping; dynamic range is ~ 60 for fixed speed.

10 Maximum dynamic range for a 10 minute analysis is ~150.

11. £0.5% precision with external calibration.

©CENOOAWN



Designed for Reliability

The CPS Disc Centrifuge is designed for long life without maintenance. The instrument has
only a few moving parts: the drive motor, the disc, the cooling fan, and the door safety lock.

The system is mechanically robust and durable. The permanently lubricated, precision
bearings have a projected lifetime of >30,000 hours; that's 10 years of operation 8 hours per
day at maximum speed. If the centrifuge is used at less than maximum speed, the bearing
lifetime will be much longer.

All critical electronics are encased in epoxy potting compound, virtually eliminating the
possibility of damage from mechanical fatigue.

All electronic components operate at 10% to 80% of their rated capacity, to insure extra long
life.

There is absolutely no scheduled maintenance, except to clean the disc chamber after use
(normally with soap and water).

The CPS Disc Centrifuge comes with a 2 year free replacement warrantee on
any part that fails in normal use.

18,000 RPM, Solvent Resistant Disc - Reinforced with High Strength Alloy



Software

Operating software for the CPS Disc Centrifuge
is completely graphical (Windows native), and is
easy to learn and to use. The software handles
all data collection and analysis, and has the
following capabilities:

® Background data collection

e Publication quality graphs; full page or half
page, on any available printer

e Weight, surface, number, and absorption
distributions

® Log or linear scaling

® Graphical overlays of up to 20
distributions

® Averaging of multiple distributions

e Overlay of two averages

e Overlay average and individual distributions

® Notations can be added to graphs before
printing, 8 point to 24 point letters

® (Custom distribution summary tables

® Password protected file manager utilities

Main Menu

Help Wwhatis this?
2126100

10:11:56 AM

Active Procedure: PYA
Main Menu

Choose Procedure

Retrieve Distribution

File Manager

Import/Export Data Files

System Configuration

Procedure Definition ‘

End Program

Connect Serial Link

filtration.

On-screen centrifuge speed control
Import and export of distributions
Adjustable data functions, including noise

When there is a software function you need that
is not available, CPS can usually customize the
operating software to meet your needs.

The software also controls the CPS
Autosampler, which allows completely
unattended instrument operation, with automatic
injection of up to 20 samples and calibration
standards. The screen images below show a
few examples of the operating software. The
software functions under MS Windows 95, 98,

NT, 2000, and X

P.

Procedure Definition

Help  “what is this?

Current Procedure PVA

Maximum Diameter [ 2 microns

Minimum Diameter | 015

Particle Dengity W giml
Particle Refractive Index m
Particle Absorption ’T K
Mon-Sphericity Factar ’17

Sample Parameters

Peak Diameter [ 0585 microns

Half Height Peak Width [ 71

Particle Density W o/ml
Calibration Standard Parameters
Fluid Density ’W géml
Fluid Refractive Index m
Fluid Wiscosity ’T cps

Fluid Parameters

microng

mictons

Save and Exit ‘

New Name [Pua 2128/00

10:23:07 AM
Exit Without Saving |

™ Make this the default procedure

Maximum Recommended Disc Speed 14106 RPM

Estimated Runtime 3.0 Min

Display Mode

& Weight € Surface
" Mumber " Absorption

Y-Axis Scaling / Mormalization
& Height rea
" Fixed r

Peak Detection Sensitivity
[05 Height [05 Window

Distribution Table
= None
" Coarse

" Fine
" Custom

Display Curves

& Differential © Integral € Both

Shaw Grids
¥ Harizontal M Vertical

Display Operating Data

 Yes & Mo
Heaxis Scale
" Log " Linear

Presentation Parameters

Retrieve Distiibutions - Select Files
Help Whatis this?
2728100

Save Selected Files ‘ —

Recalculate Files ‘ |

View Exit

Add to Avy. #1 Add to Avg. #2 | Choose Procedure ‘

Procedure: PWA Total Files Selected: 2

Mo. Date Run Sample Description [ &pply Fittration Clear Average #1
44 22300 200 ol —7 Files in Average #1: 3
43 202300 150 :L —| [F¥=i00100040° 038 micron FVC

PAi00100038 038 micron PYC

2/23/00 100 uL PYAIDDT00038 0 38 micron PYC
2/2300 500l
2/23/00  0.38 micron PVC
2/23/00  0.38 micron PVC IV Apply Fitration
Clear Average #2
Files in Average #2: 4
P/ADD100044 200 ul
P 400100043 150 UL
et PvA00100042 100 UL
PA00100041 50 ul
Autosampl
Altosamp ¢2 e i
Clear Saved Files
9 20300 test Files in Saved List: 0
26 22300 test
27 272300 Test 4
26 22300 Test2
25 2722000 Std
24 2722000 #5
23 22200 #4 ¥ Include Saved Files on Graph T
22 222000 #3 i i i
51 S ‘Oﬁset Filenarme File Description
20 22200 # =l

Retrieve Distributions - View Files

Help ‘what is this?  Manual'r-#xis  #-ais Range  Custom Table  Noise Fiistion  Add Test  Adjust Offset  Peak Detection

Display Curve Display Mods Show Grid eamis Soale 22800
@ Dif.  Integial ¢ Both | | & Weight ¢ Sutace ¢ Number ¢ Absoption | | Hoiz @ Vert Clog & Lineat | oo0 0
Show Operating Data—| - Y-Asis Scaling ¢ Nomalization Distibution Table Exit Print
G ies I Ho G Height (" Aea ¢ Fized C Manual | | " None ¢ Coase & Fine © Custom
100
Pesk Difmeter Added Text - Anywhere on graph.
03704 Diarneter =1.538
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3
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o Sample: 038 micron PYC
2023000, 51003 PM
Data poinis: 981, Stel.Diam: 0585
Speed: 12000, Runtime: 4 63 min
o
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The Leading Differential Sedimentation Technology

Centrifuge Speed

The CPS Disc Centrifuge operates at up to
24,000 RPM. Analyses of very small particles
are completed three times faster than
competitive disc centrifuges. Analyses of
samples with very wide size ranges can be also
be completed rapidly, through the use of
centrifuge speed ramping. Many analyses that
are impractically long (many hours) on
competitive sedimentation instruments are
completed rapidly on the CPS Disc Centrifuge.

High Accuracy Calibration

The CPS Disc Centrifuge is always calibrated
against known particle size standards.
Internationally recognized size standards insure
that reported size distributions are both
consistent and accurate. You can add a trace
of calibration standard to an unknown so that
analyses are internally calibrated. Internal
calibration yields typical accuracies of better
than £0.25% for reported peak sizes.

Measure Low Density Particles
Differential sedimentation has historically been
limited to particles more dense than the fluid in
which they are suspended. CPS has developed
a new differential technique (US Patent
5,786,898), where the sample is delivered to the
bottom of the centrifuge chamber, rather than
to the fluid surface. This method allows
particles that are lower in density than the fluid
to float toward the fluid surface. Even neutral
buoyancy particles in water (density ~1.0 g/ml)
can be measured by conducting the analysis in
deuterium oxide (density 1.108 g/ml) instead of
water. Many materials that were difficult or
impossible to measure by differential
sedimentation can now be measured easily and
with high resolution.

Speed Ramping

CPS has developed a special disc design that
allows the centrifuge speed to be changed
during an analysis, without creating turbulence
in the sedimentation fluid. The centrifuge speed
can be ramped up and down over a 20 fold
range of speeds without disruption of the fluid.
A 20 fold range of speeds in a single analysis
expands the dynamic range for the analysis by
almost a factor of 20. Other disc centrifuges are
limited to a dynamic range of ~40, but the CPS
Disc Centrifuge has a dynamic range of up to
1000. Many kinds of samples that in the past
could only be measured by light scattering
methods can now be measured by differential
sedimentation, but at much higher resolution.

Low Noise Light Source/Detector

The light source and electronics in the CPS
Disc Centrifuge are carefully designed to
minimize noise in the signal. Typical signal to
noise ratio is in the range of +/- 1 part in 85,000.
Low noise in the signal gives very high
sensitivity: the detectible weight for a peak is
oftem less than 10® gram. High resolution
analysis of a few micrograms (active) weight is
routine.

Fast, High Resolution A/D Interface
The usable signal resolution (what the software
works with) is only as good as the analog to
digital (A/D) conversion process. The A/D
conversion in the CPS Disc Centrifuge is better
than 20 bits at 31 readings per second; a
conversion error of less than +1 part in 10°.
Most competitive instruments work with 12 bits
(1 part in 4,096) or 16 bits (1 part in 65,536).



Rapid Detector Response

The detector and electronics in the CPS Disc
Centrifuge operate with an effective response
time (to 95% accuracy) of ~0.1 second, while
competitive sedimentation instruments have a
response time of ~1 to 4 seconds. Rapidly
moving peaks, which pass the detector beam
during a period of only 1 to 2 seconds, are
accurately recorded by the CPS Disc
Centrifuge. The ability to accurately record
rapidly moving peaks expands dynamic range,
and allows much faster analyses of most
samples. For example, analysis of polyvinyl
chloride latex between 3y and 0.07u requires ~
20 minutes with the CPS Disc Centrifuge
(~8,000 RPM), but over an hour and 20 minutes
with competitive sedimentation instruments
(~4,000 RPM).

Resolution

No other particle size analyzer (using any
analysis method) matches the resolving power
of the CPS Disc Centrifuge. Clean separation
of peaks that differ by 5% is routine. The
particle size distribution is shown more clearly
than by any other instrument. When the
instrument is set up for maximum resolution, the
measured peak widths for NIST tracable
standards are nearly identical to those reported
for electron microscopy.

The resolution is so good that for most analyses
the instrument’s contribution to the measured
distribution is essentially zero... you see the true
sample distribution rather than a mixture of the
sample and the instrument.

Procedure: Exported Broad Mix of PVC Particles; 9 point noise filter
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System Configuration

Basic Systems
Model DC12000 - 12,000 RPM Maximum Speed
Model DC18000 - 18,000 RPM Maximum Speed
Model DC24000 - 24,000 RPM Maximum Speed
Operating Software'
Manual
Two NIST Traceable Calibration Standards
Starter set of sedimentation fluids and sample preparation fluids
Disc Options?
Solvent Resistant Disc - allows analyses in nearly all organic solvents
Disc for Low Density Particles
Disc for Speed Ramping
Other Options

Automatic Density Gradient Builder

Automatic Sample Injector

Notes:

1. A minimum computer is 233 MHz Pentium with several gigabytes available hard disc
space. A color printer is recommended.

2. All disc options may be combined in a single disc if desired.



For More Information

In the United Kingdom:

Analytik Ltd.

Unit 35 Byards Green

Potton

Sandy, Bedfordshire SG19 2SB
Tel: 44(0) 870 991 4044

Email: ian.laidlaw@analytik.co.uk

The rest of Europe:

Inventech Benelux BV
Beneluxweg 37

Postbus 161, 4900 AD Oosterhout
The Netherlands

Tel: 31 (0)16 2472478

Fax: 31 (0)16 2472460

Email: steinmetz@inventech.nl

USA:

Michael G. Brown & Associates, Inc.

14 Locust Lane

Newtown, PA 18940

Tel: 215 497 1060

Fax: 215 497 1059

Email: mgba@voicenet.com

Germany, Switzerland, Austria:

L.O.T. Oriel GmbH & Co. KG
Im Tiefen See 58

D-64293 Darmstadt

Tel: (0)61 51 8806 63

Fax: (0)61 51 8966 67

Email: Wittmer@LOT-Oriel.de

In Japan:

Nihon Rufuto Co. Ltd.
5-1-8 Higashiueno
Taitoh-ku, Tokyo 110- 0015
Japan

Tel: 81 3 3874 6880

Fax: 81 3 3847 6890

The rest of the World:

CPS Instruments, Inc.

7349 S.E. Seagate Lane

Stuart, Florida 34997

USA

Tel: 001 772 221 7892

Fax: 001 772 221 7893
stevefitzpatrick@cpsinstruments.com
ronellis@cpsinstrumetns.com
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