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Addendum to manual

Addendum number ADDO0070-2.0

Date 10/03/2010
Manual number MANO0384-1.0
Manual name Mastersizer 2000 User Manual

This addendum presents new information on the Mastersizer 2000/2000E from
Malvern Instruments.

Laser specification

The following information adds to the Light Sources information given on page
A-1:

Red light

®  CDRH and CE compliant (Class 1lla laser product (CDRH) / Class 3R laser
product (IEC60825-1(1993)+A1(1997)+A2(2001))

B Type: HeNe gas laser.

B Max. output power: 4mW.

B Beam diameter: 0.63mm (1/e?).
B Beam divergence: 1.5mrad.

B Beam wavelength: 633nm.

Blue Light
For the Mastersizer 2000 and Mastersizer 2000LF this is:
B Beam wavelength: 466nm.

®  Type: LED.
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INtroduction
to this manual

About this manual

This manual describes the operation of the Malvern Mastersizer 2000 and 2000E
particle size analysers. Information is also given on basic use of the Hydro 2000G
and Hydro 2000MU sample dispersion units:

Instrument Model number
Mastersizer 2000 APA2000
Mastersizer 2000E EPA2000

Hydro 2000G AWA2000

Hydro 2000MU AWM2001

For more detailed information on the operation of any sample dispersion unit, see
its individual manual.

This user manual is a companion to the Mastersizer 2000 Essentials Manual
which gives Health and Safety, maintenance and other vital information which all
users must read.

After reading this user manual, users should understand the basic measurement
technique and be able to perform a simple measurement, analyse the data and iden-
tify the main features of the system.

For users who have never operated a Malvern particle analyser before, we recom-
mend reading this manual fully before starting the first measurement.

Users who are more familiar with particle size analysers may wish to proceed
straight to Chapter 4 which gives details on making measurements. However, the
importance of sample preparation before measurement cannot be overstated. We
therefore recommend that these users read the chapter on sample preparation
(Chapter 8) soon.
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Chapter 1 INtroduction to this manual

Warning!

A The instrument and the samples to be measured may be hazardous if mis-
used. Users must read the Health and Safety information in the Essen-
tials Manual before operating the system.

Access to the instrument

Within this manual, reference is made to the various people who will have access to
the instrument. Below is a list of these people and their responsibility:

Malvern personnel

Malvern personnel (service engineers, representatives, etc.) have full access to the
instrument and are authorised to perform all service procedures that may require
the removal of the covers.

Supervisor

The supervisor is the person responsible for the management/safety of the instru-
ment and of its operation. The supervisor is responsible for the training of the
operators. The supervisor can perform all user maintenance routines identified in
the Essentials Manual, including changing the fuses.

Warning!
A Under no circumstances must the supervisor or operator remove the
covers of the instrument.

Operator

An operator is a person trained to use the instrument. The operator can perform all
user maintenance routines in the Essentials Manual except for changing the
fuses.

Warning!

A Failure to follow these guidelines could result in the emission of laser radi-
ation. Laser radiation can be harmful to the body and can cause permanent
eye damage.

Page 1-2 MANn 0384



INtroduction to this manual Chapter 1

Assumed information

General

The Mastersizer 2000/2000E can be used with a variety of sample dispersion units
that allow it to measure wet and dry samples. The function of these is identical: to
prepare and deliver the sample to the optical bench for measurement. For clarity,

this manual assumes that the primary dispersion unit for each system is as follows:

B For the Mastersizer 2000 the Hydro 2000G.
B For the Mastersizer 2000E the Hydro 2000MU.

For more details of any sample dispersion unit, refer to its manual.

Naming convention
Within this manual:

B The Mastersizer 2000/2000E optical bench is referred to as “the optical bench”
or “the instrument”. For simplicity, in general text the term “Mastersizer 2000”
refers to both the Mastersizer 2000 and 2000E. Where the Mastersizer 2000E is
different, this is always explained.

B The sample dispersion units are referred to in full (“the Hydro 2000G” or “the
Hydro 2000MU?), or as “the dispersion unit”.

B The combination of the optical bench, one or more dispersion units and the
computer is referred to as “the system”.

Menu commands

Menu commands from the Malvern software are referred to in the form main
menu-menu item. As an example, the command Configure-New SOP refers to
selecting the New SOP item in the Configure menu. The same rules apply for
sub-menus of sub-menus, so that Tools-Options-Instrument Port refers to the
Instrument Port item in the Options sub-menu, which itself is a sub-menu of
the Tools menu. Menu commands are always shown in bold text.
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Where to get help

Other manuals

Several manuals are supplied with the system, each giving information on a difter-
ent aspect of it. Below is a list of the typical manuals supplied with the system,
detailing the type of information in each one.

Quickstart Manual

This gives a simple introduction to the system and explains how to make a meas-
urement.

Essentials Manual

This manual covers:

B Site requirements — all the physical requirements for positioning the system.
Information is given on service requirements (air, water, number of power
sockets, etc.), environmental requirements (temperature, humidity, etc.) and
physical requirements (space needed, etc.).

Note
The system must be initially commissioned by a Malvern-trained repre-
sentative.

B Health and Safety — this must be read by all users of the system. It details all
safety issues for the optical bench and all dispersion units.

B Maintenance — for both the optical bench and dispersion units.

B Installation - this gives enough information to allow the user, for example, to
move the system from one laboratory to another. Instructions are also given on
how to install the Malvern software if the user upgrades the computer system.

Caution!
A If the system is covered by a Qspec validation contract, we strongly recom-
mend that it is only moved by Malvern representatives.

Autosampler 2000 manual

The Autosampler 2000 has its own manual giving details on its use.

Dispersion Unit manuals

Each dispersion unit has its own manual giving details on its use.
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Online help

The primary function of the online help is to give detailed information on the soft-
ware. Each dialogue has a Help button that, when pressed, gives help specific to
that dialogue. Many dialogues also have Advice buttons, giving more general
advice.

All help topics can be accessed through the standard help screen by selecting Help-
Help topics. From within this screen all help topics can be searched or accessed
through the contents list or index.

Help desk

All queries regarding the system should initially be directed to the local Malvern
representative. Be ready to quote:

B Model number of the optical bench and dispersion unit(s).
B Serial number of the optical bench and dispersion unit(s).

B Version of the Malvern software — this can be found by starting the software
and selecting Help-About.

The serial number of the optical bench can be found inside the sample area
(remove the cell first). The serial number of a dispersion unit is found on its rear
panel.

Contact the United Kingdom help desk if the local Malvern representative is not
available. Its direct line is +44 (0)1684 891800.

Note
o This help line is primarily English speaking.

Remote support

Malvern Instruments offers a remote support service, delivered by an Internet con-
nection. Benefits include fast and efficient fault diagnosis, reducing downtime and
costs.

Online user training is also available, plus software updates. A high speed Internet
connection is recommended for making use of this facility.
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Malvern website - www.malvern.com

The Malvern Instruments website offers a comprehensive range of material charac-
terisation resources for use by customers 24 hours a day, seven days a week.

Resources include Frequently Asked Questions, a knowledge base and application
notes, plus information on other material characterisation solutions that Malvern

can provide.
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Overview

Introduction

This chapter gives a complete overview of the system. It explains in very simple

terms:

B What the Mastersizer 2000 does.
B How the Mastersizer 2000 works.
B Making measurements.

B Viewing the results.

B Saving the results.

Most of these points are explained in more detail in later chapters of this manual.

What the Mastersizer 2000 does

Take a look around. At the paint on the walls, the chocolate on a biscuit, the
cement foundations of a building. The stability, chemical reactivity, opacity and
material strength of these and many other materials are affected by the size and
characteristics of the particles within them.

The Mastersizer has been designed to measure the size of these particles or, more
specifically, the distribution of different sizes within a sample.

Mastersizer 2000
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Chapter 2 Overview

How the Mastersizer 2000 works

Scientists have for centuries tried to predict the way particles scatter and absorb
light. There are many theories and models that the modern particle size analyst can
use.

One of the simplest theories used is the Fraunhofer model. This model can pre-
dict the scattering pattern that is created when a solid, opaque disc of a known size
is passed through a laser beam.

This model is satisfactory for some particles but it does not describe the scattering
exactly. Very few particles are disc shaped and most particles are transparent.

The accepted theory which accurately predicts the light scattering behaviour of all
materials under all conditions is known as the Mie theory.

Mie theory was developed to predict the way light is scattered by spherical particles
and deals with the way light passes through, or is adsorbed by, the particle. This
theory is more accurate, but it does assume the user knows some specific informa-
tion about the particle, such as its refractive index and its absorption.

The key point about these theories is that if the size of the particle and other details
about its structure are known, the way it will scatter light can be predicted accu-
rately. Each size of particle will have its own characteristic scattering pattern, like a
fingerprint, that is unlike any other size of particle.

So how does the Mastersizer measure the size of particles? It works backward from
the above theories by using the optical bench to capture the actual scattering pattern
from a field of particles. Then, using the theories, it calculates the size of particles
that created that pattern.

There are three distinct procedures in measuring a sample on the Mastersizer:

1. The sample is prepared and dispersed to the correct concentration and then
delivered to the optical bench. This is the purpose of the sample dispersion
units. Sample preparation is the most important stage of making a measure-
ment. Remember that, if the sample is poorly prepared (unrepresentative or
badly dispersed) then the basic data will be incorrect; no amount of analysis of
this data will give a correct answer.

2. The capturing of the scattering pattern from the prepared sample - this is
known as the “measurement”. This is the function of the optical bench.

The detector array within the optical bench is made up of many individual
detectors. Each detector collects the light scattering from a particular range of
angles. A typical light scattering pattern is shown below.
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Each bar in the histogram represents the light scattering from one of the detec-

tor elements (known as a channel).

The detector array takes a “snapshot” of the scattering pattern. Obviously this
snapshot only captures the scattering pattern from the particles that are passing
through the analyser beam at that particular time. Taking only one snapshot
may not give a representative reading of the scattering pattern. To overcome
this, the Mastersizer takes many snapshots (known as snaps) and averages the
result. Typically over 2000 snaps are made for each measurement, with each
snap taking 1ms.

Once the measurement is complete, the raw data from it is analysed by the
Malvern software using one of the theories mentioned above. Once the data
has been analysed the information can be displayed in various ways.

Note the following points regarding the measured data and the analysis:

Analysing the measurement data does not permanently alter the data. The
measurement data can be re-analysed using difterent methods over and over
again.

The software makes a measurement and then analyses the data automatically.

Mastersizer 2000
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Making measurements

There are two ways to make a measurement; making a manual measurement or
using a Standard Operating Procedure (SOP).

SOPs

SOPs are user-defined procedures that are easily programmed into the software to
allow the same type of sample to be measured in a consistent way. Here all the dif-
ficult decisions on measurement strategy have already been made.

When the SOP is run, it automatically runs through the defined measurement pro-
cedure, prompting the operator to perform tasks (such as adding the sample). The
SOP takes full control of the dispersion unit (except any manual unit), making all
adjustments and settings (such as pump speed and ultrasonic power). This is the
recommended method of operation and is suited to beginners or when routinely
measuring the same type of sample.

Creating an SOP is very easy. The operator selects Configure-New SOP and the
software runs the SOP Wizard. This wizard asks a series of questions, such as:

B what are the optical properties of the sample?

B what is it suspended in?

B how fast should the stirrer be?

B how much ultrasonic dispersion is required?

B should any additives be added to the sample to aid dispersion?
B how is the result to be calculated and displayed?

These all combine to define the measurement procedure.

Manual measurements

But how does a user know how to answer the questions? This information is found
by referring to the advice which is available at all stages of SOP creation, as well as
by experimentation; making a few preliminary measurements and observing the
results. This is the primary function of a manual measurement. Manual meas-
urements can be used to make “one-off” measurements or used to “get a feel” for a
sample prior to defining an SOP.

More details on making measurements can be found in Chapter 4.
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Viewing the results

Once the measurement information has been gathered and analysed, it can be dis-
played in many forms. The Malvern software is supplied with many standard
“reports” that each display the information in a specific way. For each report that is
displayed on the screen, there is an equivalent “hard copy” report for printing the
report information to a printer.

Remember that the different reports show the same data in different ways.

All data from a measurement and analysis is stored in a “record”. Records are stored
in 2 measurement file. A measurement file can contain one or more records (see
Chapter 7 for details on handling measurement files).

Before measurement data can be viewed a measurement file must be opened (by
selecting File-open and selecting a record). A typical measurement file is shown
below:

Result Statistics (k] 1 Result Difference [M] I Result Analysiz M) ] IE‘ Parameter report [M)] 1 Grade Efficiency [M] ] Fit [M] I Data (M) ]

B Records ] [&] Trendd) | Sieve BS 4101996 - 150565 1990 (M) | Sieve A5TH E11 61 (M) Rasin-Rammler (M) ].
Record number | Sample name | Source | Eulk lot | Measured on | Opetator
1 mode 102rm latex 11 Movember 1998 14:35:29
2 1 made 304nm latex 11 Movember 1998 14:40026
3 1 mode 600nm latex 16 October 1993 16:09:24
4 1 mode 1.0um late:x 11 Movember 1998 14:20:10
5 1 mode 2.0um lates 16 October 1998 14:47:04
] 1 mode 5. 2um latex 16 October 1955 14:41:54
d o 1 |
g 1 mode 25um latex 03 September 1993 15:15:45
9 1 mode S0um latex 03 September 1998 15:15:03
mn 2 mode 0.20 + 0.45um latices 16 October 1998 16:47:00
11 2 mode 0.49 + 0.9%um latices 16 October 1998 15:50:16
12 3mode 1.0 + 2,0 + 5.2um latices 19 October 1998 15:33:04
13 Smode 0.1+0.5+1.042 04520, 03 September 1998 15:40:04
14 7 mode 0, 1+0,5+1,042,045.2+... 03 September 1998 15:43:40
< »

The Records tab is shown initially. Selecting this tab shows all the records within
the opened measurement file. One or more records must be selected before a
report can be opened. The series of tabs at the top of the window shows the reports
that are available. To change between reports simply select another report tab.

If the standard reports do not satisfy the user’s specific requirements, custom
reports can be built using the Report Designer application. See Chapter 5 for
details on using the Report Designer.

It is possible to zoom into a graph report. Simply hold down the left button, then
slowly move the mouse to draw a “marquee” (from top left to bottom right) around
the area to be enlarged. To zoom back out, simply left mouse click on the graph.

Details on interpreting the reports and an explanation of the standard reports are
given in Chapters 5 and 6.

Mastersizer 2000
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Saving the results

After making a measurement the user can save the result in a measurement file by
selecting File-Save or Save as (an SOP can be configured to automatically save the
results to a measurement file). A measurement file has the extension .mea.
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Identifying the features

Introduction

This chapter describes all the physical features of the system. Users will probably
not use all of the features described as some are only used for specific dispersion
units or applications.

This chapter covers:
B Typical systems — identifies the main modules of typical systems.

B Optical bench components — examines the features of the optical bench in
more detail.

B Software — identifies the main features of the Malvern software.

Detailed information on the dispersion units can be found in their own manuals.

Mastersizer 2000
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Typical systems

These diagrams show typical systems with their key modules:

Mastersizer 2000

17917

Mastersizer 2000E

117918
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The features shown are:

Optical bench @

The optical bench is used to collect the raw data used to calculate the size of parti-
cles in a sample.

One or more sample dispersion units @

The sole purpose of a sample dispersion unit is to prepare the sample then deliver it
to the optical bench so that it can be measured. Malvern makes many sample dis-
persion units to handle many forms of sample, including dry powders and samples
dispersed in a liquid. A user may have one or more sample dispersion units,
depending on their particular requirements.

In the diagrams above:

B The Mastersizer 2000 is shown with two dispersion units, a Hydro 2000G on
the left and a Hydro 2000 S on the right.

B The Mastersizer 2000E is shown with a Hydro 2000MU.

The individual dispersion unit manuals identify the dispersion units’ features.

Computer system ®

The computer system is a stand-alone computer that runs the Malvern software.
The Malvern software controls the optical bench and dispersion units (apart from
the Hydro 2000MU and Scirocco 2000M which are manually controlled). It also
analyses the raw data from the optical bench to determine the size of the particles.
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Optical bench components

The main features of the optical bench are shown below:

e

AN

00

117919
The features are:
@ Cell area protection cover

The cell area protection cover can be swung into position when the cell is not in
place to prevent dust and dirt contaminating the cell area optics. It is moved by a
lifting action rather than a sliding action.

@ Protection window

The protection window stops dust and dirt entering and damaging the internal
detectors. Clean this window periodically (see the Essentials Manual).

® Drain

The drain allows any spillages within the cell area to exit onto the bench.

@ Cell

The cell is the interface between the sample dispersion unit and the optical bench.
The sample measured is passed between two windows that allow it to be analysed
by the laser beam.
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Three types of cell are available:
B Awet cell used on the Hydro 2000G/S/SM/MU, detailed later in this chapter.

B Aspecialised wet cell (the “micro cell”) used on the Hydro 2000uP, detailed in
its manual.

B A dry measurement cell used on the Scirocco 2000/2000M, detailed in their
manuals.

® Power indicator

This indicator illuminates when the optical bench is turned on.

® End panel

The end panel contains all communication connectors for the optical bench. It is
detailed below.

@ Cell holder

The cell holder is a “parking” area for the cell when it is not in use. This is supplied
when more than one dispersion unit is used on the system. It allows the cell to be
removed and stored without the need to disconnect it from the dispersion unit.

Window tool

The window tool is used to remove the windows from the cell if they need clean-
ing or replacing (see the Essentials Manual).

© Backscatter detectors

These are two detectors that collect some of the light scattering information from
the sample. Ensure that these are kept clean and undamaged; the Essentials Man-
ual has details.
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End panel

The features of the end panel are detailed below:

67
e | '3

‘\% | ©
o S~ {%’ o

i1 7920
® Power input socket
This is the power input socket to the optical bench from the external PSU.

@ Optical bench power switch
This is the on/oft power switch for the optical bench.

® COMPUTER connector

The RS232 cable from the computer is plugged in here. Data from the optical
bench and control commands from the computer are transmitted down it.

@ ACCESSORY connector

Dispersion unit communications connector. The first sample dispersion unit is
connected here. It allows the dispersion unit to be controlled by the software.

This connector is not used if only manually controlled dispersion units (Hydro
2000MU and Scirocco 2000M) are used.

® Air holes

These holes allow air to cool the unit. Do not obstruct them.
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Wet cell

The features of a wet cell are detailed below:

o———~

s

@ Light shroud

This shroud stops light entering the cell area during a measurement. More impor-
tantly, it protects the user from laser emissions. Never operate the system if any
of the covers is damaged.

@ Cell

The cell has a pair of windows that allow the laser to pass through the sample. The
windows can be removed for cleaning/replacement (see the Essentials Manual).

®@ “Cell in” and “Cell out” connectors

The sample is recirculated through the cell and back to the dispersion unit. These
connectors attach the cell to the dispersion unit. The tubing must be connected
correctly. The tube from the dispersion unit to the cell must be connected to the
Cell in connector. This allows any trapped air bubbles to rise through the cell. The
connectors are colour coded to aid correct connection.

@ Locking handle
The locking handle is rotated anti-clockwise to lock the cell in place.

Caution!
Never try to lift the optical bench by this handle.
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Software

The Malvern software controls the system during a measurement and processes the
measurement data to produce a size distribution. There are two software modules:

B The main application, described below. This main interface allows the user to
define an SOP, run a measurement, display the results and print reports.

B A secondary module, the Report Designer, allows the user to create custom
reports to display the results. The Report Designer is detailed in Chapter 5.

Features of the window

The features of the window are detailed below:

Fie Edt View Measure Configure Tools Security Window Help |

DS H SR ‘R ocBE a4 2 o Curent User:[ib{xbeem

Examples

T Resul Statistics (M) | [ Resul Difierence ) | [ Resul Anshsis M) | [&] Paramelor repon M) | [ Grade @iciency (M) | 0 Fit) | [ Dataihi) |
B Records | Tiend M) | Sieve BS 4101986 - 150565 1930 (M) || Sieve ASTMETT 61 M) | Rosin-Rammler (M)

Record number Sample name Source | Bulkpt Measured on Operator
1 made 102n0m latex 11 November 1996 14:35:29
1 mode 304nm latex 11 November 1955 14:40:26
1 mode 600nm latex 16 Ockober 1996 16:0%:24
1 mode 1,0um latex 11 Mavember 1998 14:22:10
1 mode 2.0um lates 16 Ockober 1998 14:47:04

1 made 5.2um latex 16 October 1996 14:41:54
1 mode 9.0um latex 11 November 1395 14:

1 mode S0um latex 03 September 1998 15:18:03
2mode 0,20 + 0,45um latices 16 Ockober 1998 16:47:00
2mode 0,49 + 0,99um latices 16 October 1996 15:50:16
Zmode 1.0+ 2.0+ 5.2um latices 19 Ockober 1995 15:35%:04
5 mode 0, 1+0,5+1,0+2,0+5.2um latices 03 September 1998 15:40:04
7 mode 0. 1+0.5+1.042,0+5.2+25+50um latices 03 September 1998 15:43:40

[For Help, press FL .

il 7752

® Menu bar

The menu bar contains the main menu headings for all software functions. There
are several ways to select an item from the menu bar:

B Using the mouse — to select an item from the menu bar, click the left mouse
button once on the menu. When the menu list drops down, select an item
from the menu list by clicking once on it.
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B Using the keyboard — to select an item from the menu bar, hold down the Alt
key and press the letter which is underlined in the command required. For
example to use the Measure menu hold down Alt and press m. When a key is
used in this way it does not matter if it is upper or lower case; M and m both
work, for example.

B Using keyboard accelerators — to the right of a menu item name there may also
be a note of the accelerator for this item. This is a key or combination of keys
which can be used to by-pass the menus. For example, users can press Ctrl and
O together to select File-Open... without having to use the main menu and
drop down menu.

Clicking an item which ends with a row of dots (...) opens a dialogue. Items shown
in grey are those which are not currently available.

@ Toolbar

The toolbar contains a selection of buttons for performing common operations.
Each button has an equivalent menu command. For example using the @ button
is equivalent to using the File-Open command.

To help users identify a button, a short tooltip description of its action is displayed
in the status bar when the cursor is moved over it.

As with the menu bar, if a button is not available it is shown “greyed out”.

® Measurement window

The Measurement window displays all the information for a measurement file.
Multiple measurement windows can be displayed at a time. The contents of the
display area change depending on which report tab is selected.

@ Report tabs

Selecting a report tab displays the data for the selected record(s) in that format.
Malvern supplies standard reports that allow the user, among other things, to view
the list of records within a measurement file, view the measurement data and view
the size distribution as a graph and table. Custom reports can be designed using the
Report Designer.

Details on interpreting reports can be found in Chapter 6.

® Title bar

The title bar displays the file name of the currently selected measurement file.
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[Making measurements
- a tutorial

Introduction

This chapter describes how to make a measurement. It describes:

General measurement advice — the importance of sample preparation and
cleanliness.

The basics of making a measurement — describes both manual and Standard
Operating Procedure (SOP) measurements. This section details the procedure
for each type of measurement in detail.

Making measurements on a Mastersizer 2000E.
Measuring new samples — what to do for a new material.

Measurement options — describes the series of dialogues which comprise the
SOP Wizard.

The best way to learn how to use the system is to make a measurement. To get the
most benefit from this chapter we advise reading it once, then reading it a second
time while following the instructions to make a measurement.

To do this, obtain a suitable sample to measure and a suitable dispersant to disperse
it in. Ordinary single dairy cream dispersed in water is readily available and should
give good predictable results.

Mastersizer 2000
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General measurement advice

Before making a measurement, note the important general advice given here.

Sample preparation

Good sample preparation is critical. A representative sample must be taken. Dry
powders, for example, tend to separate out if stored for some time or vibrated. The
larger particles tend to rise to the top and the smaller particles collect at the bottom
of the container. If the sample is taken from the top of the container it will not
contain the smaller particles, giving a biased measurement. The sample should be
correctly mixed before a measurement is taken.

Wet samples also have to be correctly dispersed in a liquid dispersant. Using the
wrong dispersant can cause the sample to stick together in clumps, float on the sur-
face, or even dissolve. Check the sample and dispersant to see if they are suitable
before a measurement is made. There are many ways to prepare the sample to
ensure a perfect measurement.

Details on sample preparation are given in Chapter 8.

Note

0 Opver half of the problems encountered in measuring a sample are caused
by bad sample preparation. If the user prepares badly for the measurement,
no amount of subsequent analysis will give a good result.

Adding the sample

The software reports exactly what level of signal the sample generates and whether
this is ideal, too low, too high, etc. The technique has a wide range of concentra-
tions that are ideal so concentrations do not have to be precise.

The sample concentration is controlled by monitoring the obscuration of the laser
beam caused by the sample. The obscuration is simply the fraction of light “lost”
from the main beam when the sample is introduced. For example, an obscuration
of 30% means that 30% of the incident laser beam (recorded during the Measure
Background step) has been lost through scattering or absorption.

The range of concentrations over which the instrument can be used can be
expressed in obscuration terms as the following table shows.
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Obscuration
range (%)

Obscuration
graph colour

Notes

<5 red Add more sample.

5-10 orange Low but usable with a good signal to back-
ground ratio.

10-20 green Ideal.

20-50 orange Usable but try to add more dispersant -
there’s a danger of multiple scattering.

>50 red Too high.

Cleanliness of the optical system

Laser scattering is a high resolution optical method in which the detectors and win-
dows are an integral part of the measurement zone. Dust or smears on the windows
will scatter light that will be measured with the sample scattering. In general the
process of measuring both a background and a sample and then subtracting the
background corrects for such contributions. However, this correction is first order
only and excessive dirt on the optics will degrade the instrument's sensitivity.

We recommend ensuring that detectors and windows are clean at all times. See the
Essentials Manual for advice on cleaning the system. If in doubt about the optical
cleanliness, the user can use the live display of the background measurement. By
viewing this screen they can judge whether the optics are clean or not.

The basics of making a measurement

There are two ways to make a measurement:

B Using a Standard Operating Procedure (SOP) — SOPs are user defined
procedures that are easily programmed into the software to allow the same type
of sample to be measured in a consistent way with all the difficult decisions on
measurement strategy already having been made.

When the SOP is run, it automatically runs through the defined measurement
procedure, prompting the operator to perform tasks such as adding the sample.
The SOP takes full control of the dispersion unit (unless it’s a manual unit),
making all adjustments and settings (such as pump speeds and ultrasonic
power). This is the recommended method of operation and is suited to begin-
ners or when routinely measuring the same type of sample.

B  Manual measurements — used either to make one-off measurements or to
try out a sample prior to defining an SOP for it.

Follow the section below for the instrument used.
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Measurements on a Mastersizer 2000

Instrument preparation

Before starting a measurement, ensure that the correct cell is installed in the cell
area then power up the system as outlined below. (If an SOP is run, the software
will check that the correct cell is connected, informing the user if it is not).

p To power up the system:
1. Switch on the dispersion unit(s).
2. Switch on the optical bench.

3. Switch on the computer and start the software by double-clicking on the Mas-
tersizer 2000 icon.

Making a basic SOP measurement

Start an SOP by selecting Measure-Start SOP. In the dialogue which appears
select an SOP. The Measurement Display dialogue will appear:

Measurement Display |’._||E|r$__<|
— =l fns F
O— 1w = 0 & B X
Cptions... Documen... Start Accessar.., Help Close
Measure Background | Add Sample | Measure Sample
|Z| |Z| Autoscale Display: (%) Data ) Result
50 Light Erergy
|
20 a0 40
D etectar Mumber
Laser Obscuration = 13.0 % [ Pause between stages
Obscuration is in range. Click 'Start', or press the space bar, to start measuring :]

il 7753
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The Status area at the bottom left of the dialogue reports what is going on and
what to do next. The information in the dialogue changes depending on the stage
of the measurement. The SOP measurement runs as automatically as possible. In a
typical SOP measurement there are only three things the user has to do:

1. Part way through a measurement the dialogue asks the user to add sample to
the dispersion unit’s tank. Depending on the SOP design, the user is either
asked to add a specific quantity to the tank or add sample to the tank until the
obscuration bar @ is in the green section.

2. Once the correct amount of sample has been added, press the Start button @
to start the actual measurement.

3. Depending on the SOP design, a dialogue may appear asking the user to docu-
ment the measurement (add comments and observations).

If specified, an SOP measurement will automatically clean and fill the dispersion
unit, measure the background, align the optics, calculate the size distribution, and
save the record to a measurement file. All the user has to do is wait for a prompt
from the SOP to perform the actions detailed above.

Try making an SOP measurement using single dairy cream. Make sure that the sys-
tem is connected and powered up, then:

1. Select Measure-Start SOP and browse for the SOP file.

2. Select Dairy cream using Hydro 2000G.SOP (or Dairy cream using
Hydro 2000S.SOP if using the Hydro 2000S) from the directory

C:\Program files\Malvern Instruments\Mastersizer 2000\SOP.
3. Select OK. The SOP measurement will start by cleaning the tank.

4. The SOP automatically measures an electrical background, aligns the optical
system and measures the optical background.

5. The Add Sample tab appears and the SOP asks the user to add the cream to
the tank. Add enough sample (one drop at a time) to make the Laser
Obscuration bar show green (try and achieve a mid value).

6. Once satisfied that enough sample has been added, press the Start button. The
sample is measured and the result (size distribution) calculated. The measure-
ment record is automatically saved to a measurement file.

The measurement is complete. Now select the record in the Measurement window
and view the results by selecting one of the report tabs.
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Making a basic manual measurement

To make a manual measurement select Measure-Manual. The Measurement
Display dialogue shown below will appear:

Measurement Display

- s 3
O B Q & B X
Options... Documen, .. Stop ACCEsSSOr, Help Close
9— .t gazure Background | Add Sample | Measure Sample

IZ| IZ| [#] Autozcale Display: (3 Data

Light Energy

1an,

a0

E0)

40

20

0

20 30 40
Detector Humber

Laser Intensity = 66.4 % [] Pause between stages

Meazuring background...
o
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The software will automatically make an electrical background measurement and

an optical background measurement then align the optics. The main features of this
display are:

@ The Status area at the bottom left of the dialogue reports what is going on.
The information in the dialogue changes as the measurement progresses.

@ The tabs show information on the four stages of making a measurement:

B Measure Background - the measurement data from a particle field is
contaminated by background electrical noise and also by scattering data
from dust on the optics and contaminants floating in the “clean” disper-
sant. The Measure Background facility automatically makes a measure-
ment of the system containing only clean dispersant when a manual
measurement is started, as well as a measurement of the electrical back-
ground. This background information is subtracted from the sample meas-
urement in order to “clean” the data.

B Add Sample - this tab shows how much sample has been added to the
tank for measurement. The system measures how much sample is added
by monitoring the “obscuration” of the beam caused by the sample being
added to the dispersant. The obscuration is simply the fraction of light
“lost” from the analyser beam when the sample is introduced. For example
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an obscuration of 30% means that 30% of the analyser beam has been lost
by either scattering or absorption.

The “obscuration bar” @ gives a visual indication of how much sample is
added. If the bar is in the green zone the concentration is in the correct
range. If it is in the red the concentration is out of range. The exact
obscuration is given at the bottom left of the dialogue. The instrument has
a wide range of concentrations that are acceptable so concentrations do not
have to be precise.

The target obscuration values can be set by the user; see Chapter 9.

Measure Sample — this tab displays the scattering information during the
actual measurement.

Result — this tab is shown as the software calculates the size distribution.

® The toolbar buttons — these allow the user to control the measurement process
and document the measurement, control the dispersion unit and set up all the
measurement parameters. The buttons are:

Options — this button gives access to the measurement options. For exam-
ple, the user can specify what sample and dispersant to measure, how the
size distribution is to be calculated, and where to save the results.

Document — pressing this button displays a dialogue where the user can
document the measurement i.e. make notes on the pre-dispersion tech-
niques, sample quantity, etc. This allows the measurement to be repeated
at a later date.

Start — starts a measurement process. For example, after adding the sample
and once satisfied with the quantity, the user can start the measurement
process by pressing Start.

Stop - this button stops the current measurement process.

Next — pressing Next automatically moves to the next logical stage of the
measurement. For example, if the user has just completed a background
measurement (and the Pause between stages check box is enabled),
pressing Next takes them to the Add Sample tab.

Accessory — pressing this displays a dialogue allowing the user to control
the dispersion unit (pump and stirrer speeds, etc.). The system automati-
cally detects which dispersion unit and cell are fitted and changes this dia-
logue to suit.

Help — pressing this button displays help information.

Close - pressing this button closes the measurement window.

Mastersizer 2000
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A manual measurement test
Try making a manual measurement using ordinary single dairy cream. Make sure

the system is connected and powered up, then:

1. Select Measure-Manual. The software will automatically make an electrical
and optical background measurement as well as aligning the optics.

2. Press the Options button to open the Measurement Options dialogue:

Measurement Options §|

Material | teasurement | Measurement Cycles

Optical Properties

Sampl terial e . Advice
SMmple MAlensal name Refractive index Abzorption
Drefault ¥ 182 01
Blue light:  1.52 01 M aterials...

Dispersant name Fefractive indesx

A ater w | 133 Dizpersants. .

Result calculation

todel  General purpose - namal sensitivity Advice

Maodels...

Dezcrption: Thiz model is appropriate for the majority of
milled and naturally occuring samples.

Advanced...

I ak. l[ Cancel ” Help ]

Select the Material tab to specify the materials measured. Select Dairy cream
from the Sample material name box. (When measuring their own samples,
the user would specify a new material by pressing the Materials button).

3. This sample is an aqueous emulsion so it should be dispersed in water. Select
Water in the Dispersant name box.

4. Select the Measurement tab (shown below). Change both the Sample meas-
urement time and Background measurement time boxes to 5 seconds.
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Measurement Options El
Material | Measurement | Measurement Cycles

Measurement times

4k

Sample meazurement time |5 : I8, Sample measurement snaps | G000

IECE. B ackground measurement shaps | 5000

4y

Backaround measurement time |5

Advanced options

Set up obzcuration limits, auto measurement start and data filtering
Set up cleanliness, alignment and diameter alarms

[ Always ask for sample documentation during the measurement

ak, H Cancel ][ Help ]

Select OK.

In the Measurement Display window press the Next button to add the sam-
ple. The display will change. Add one drop of the cream to the tank and wait
for it to diftuse through the system. Add enough drops to make the blue Laser
Obscuration bar move into the green area (try and achieve a mid value).

Once satisfied that enough sample has been added, press the Start button. The
sample is measured and the result (size distribution) calculated. The measure-
ment record is automatically saved to the records bufter.

At the end of the measurement a dialogue appears, asking if the user wants to
make another measurement. Select Finished measuring. The Measurement
Display disappears and the software returns to the main window.

The measurement is now complete. Click on the Records tab, select the
record and then select one of the report tabs to view the results in detail.

Mastersizer 2000
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Measurements on a Mastersizer 2000E

Instrument preparation

Before starting a measurement, ensure that the correct cell is installed in the cell
area then power up the system as outlined below. (If an SOP is run, the software
will check that the correct cell is connected, informing the user if it is not).

p To power up the system:

1. Switch on the dispersion unit(s).
2. Switch on the optical bench.

3. Switch on the computer and start the software by double-clicking on the Mas-
tersizer 2000E icon.

Making a basic SOP measurement

Start an SOP by selecting Measure-Start SOP. In the dialogue which appears,
select an SOP. The Measurement Display dialogue will appear:

Measurement Display

O 1w & 0 & 2 X

Options... Documen... Start Accessar... Help Close

Meazure Background | Add Sample | Meazure Sample

|Z| IZ| [¥] futoscale Dizplaw. (%) Data ) Result

Light Erergy

50,

A1)

Elll

-
20 a0 40

Detector Mumber

Laser Obscuration = 13.0 % [ Pause between stages

Obszcuration is in range. Click 'Start', or press the space bar, to start measuring :]

ill 7753
The status area at the bottom left of the dialogue always says what is going on in the
measurement. The information in the dialogue will change depending on the stage
of the measurement. The SOP measurement runs as automatically as possible. In a
typical SOP measurement there are only a few things the user has to do:
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Pump clean dispersant through the cell using the pump and stirrer controls on
the dispersion unit, before starting the measurement.

Part way through a measurement the dialogue asks the user to add sample to
the dispersion unit’s tank. Depending on the SOP design, the user is asked to
add a specific quantity to the tank or add sample to the tank until the obscura-
tion bar @ is in the green section. Depending on the SOP design, the user may
be asked to alter the dispersion unit controls.

Once the correct amount of sample has been added, press the Start button @
to start the actual measurement.

Depending on the SOP, a dialogue may appear asking the user to document
the measurement (add comments and observations).

If specified, an SOP measurement will automatically measure the background,
align the optics, calculate the size distribution, and save the record to a measure-
ment file. All the user has to do is wait for a prompt from the SOP to perform the
actions detailed above.

SOP summary

To summarise, an SOP measurement generally follows the steps indicated below.
Make sure that the system is connected and powered up before starting.

1.

2.

Select Measure-Start SOP.

A browse dialogue appears; select an appropriate SOP file from this directory:
C:\Program files\Malvern Instruments\Mastersizer 2000E\SOP

Select OK.

The SOP measurement asks the user to clean the cell and then pump in fresh
dispersant using the dispersion unit controls.

Press Start when the system is clean and ready to start a measurement.

The SOP automatically measures an electrical background, aligns the optical
system and measures the optical background.

The Add Sample tab appears and the SOP asks the user to add the sample to
the tank. Add enough sample (add one drop at a time) to make the blue Laser
Obscuration bar show green (try and achieve a mid value).

Once satistied that enough sample has been added, press the Start button. The
sample will be measured and the result (size distribution) will be calculated.
The measurement record will automatically be saved to a measurement file.

The measurement is now complete - the user can now select the record and
view the results by selecting one of the report tabs.

Mastersizer 2000
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Making a basic manual measurement

To make a manual measurement select Measure-Manual. First fill the beaker
with clean dispersant, then use the dispersion unit to pump the dispersant through
the cell - this will be prompted by the software. The Measurement Display now
appears and the software automatically makes an electrical background measure-
ment, followed by an optical background measurement and alignment of the
optics. It is worth spending some time to familiarise yourself with this display. The
display is shown below and its main features identified.

Measurement Display

{5 et ¥4
| & o & 2 X
Options... Documen. .. Skop Accessar,.. Help Close
9— 4 gisure Background | Add Sample | Measure Sample
|Z| IZ| [#] Autoscale Display: (2 Data
100 Light E rergy
a0
E0
40
20
0
20 30 40
Detector Numnber
Laser Intensity = 66.4 % [ Pause between stages
teazuring background...
o |

ill 7754
Its main features are:

@ The status area at the bottom left of the dialogue reports what is going on. The
information in the dialogue changes as the measurement progresses.

@ The tabbed displays show information on the four stages of making a measure-
ment:

B Measuring a background — the measurement data from a particle field is
contaminated by background electrical noise and also by scattering data
from dust on the optics and contaminants floating in the “clean” disper-
sant. The “measure background” facility makes a measurement of the sys-
tem with only clean dispersant in as well as a measurement of the electrical
background. This background information is subtracted from the sample
measurement in order to “clean” the data.
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A background measurement is automatically performed when a manual
measurement is started.

Add Sample - this tab shows how much sample has been added to the
tank for measurement. The system measures how much sample is added
by monitoring the “obscuration”of the beam caused by the sample being
added to the dispersant. The obscuration is simply the fraction of light
“lost” from the analyser beam when the sample is introduced. For example
an obscuration of 30% means that 30% of the analyser beam has been lost
by either scattering or absorption.

The “obscuration bar” @ gives a visual indication of how much sample is
added. If the bar is in the green zone then the concentration is in the cor-
rect range. If it is in the red then the concentration is out of range. The
exact obscuration is given at the bottom left of the dialogue. The instru-
ment has a wide range of concentrations that are acceptable and thus con-
centrations do not have to be precise.

The target obscuration values can be set by the user; see Chapter 9.

Measure Sample — this tab displays the scattering information during the
actual measurement.

Result — this tab is displayed when the software is calculating the size dis-
tribution.

® The measurement control buttons allow the measurement process to be con-
trolled and allow the user to document the measurement, control the disper-
sion unit and set up all the measurement parameters. The buttons are outlined
below.

Options — this button gives access to the measurement options. For exam-
ple, the user can specify what sample and dispersant to measure, how the
size distribution is to be calculated, and where to save the results.

Document — pressing this button displays a dialogue where the user can
document the measurement i.e. make notes on the pre-dispersion tech-
niques, sample quantity, etc. This allows the measurement to be repeated
at a later date.

Start — starts a measurement process. For example, after adding the sample
and once satisfied with the quantity, the user can start the measurement
process by pressing Start.

Stop - this button stops the current measurement process.

Next — pressing Next automatically moves to the next logical stage of the
measurement. For example, if the user has just completed a background
measurement (and the Pause between stages check box is enabled),
pressing Next takes them to the Add Sample tab.

Mastersizer 2000
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Accessory — pressing this displays a dialogue allowing the user to control
the dispersion unit (pump and stirrer speeds, etc.). The system automati-
cally detects which dispersion unit and cell are fitted and changes this dia-

logue to suit.
B Help - pressing this button displays help information.

B Close - pressing this button closes the measurement window.

A manual measurement test

Try making a manual measurement using ordinary single dairy cream.

1.

Make sure the system (optical bench and Hydro 2000MU) is connected and
powered up.

Fill the sample beaker with clean dispersant and, using the dispersion unit con-

trols, pump the dispersant through the cell.

Select Measure-Manual. The software will automatically make an electrical

and optical background measurement as well as aligning the optics.

Press the Options button to open the Measurement Options dialogue:

Measurement Options E|

Matenial | Meazurement

Optical Properties

Sampl terial Advice
amplE MatEnal nams Refractive index Abzarption
Default v | 152 o1

Bluelight  1.52 a1 Materials...

Dispersart name Refractive index

W ater | 133 Disperzants...

Result calculstion

Model  General purpose - nomal sensitivity (e

o ; ) ; o Madels...
Description;  This model is appropriate for the majority of
milled and naturally occuring samples.

Advanced...

I ak. l[ Cancel ” Help ]

Select its Material tab and specify the material measured. Select Dairy cream

from the Sample material name box. (For their own samples, the user
would specify a new material by pressing the Materials button).
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5. This sample is an aqueous emulsion so it should be dispersed in water. Select
Water from the Dispersant name box.

6. Select the Measurement tab (shown below). Change both the Sample meas-
urement time and Background measurement time boxes to 5 seconds.

Measurement Options §|

Material | Measurement

Measurement times

Sample meazurement time |5 : I8, Sample measurement snaps | G000

4k

Backaround measurement time |5 FECE. B ackground measurement shaps | 5000

4y

Advanced options

Set up obzcuration limits, auto measurement start and data filtering
Set up cleanliness, alignment and diameter alarms

[ Always ask for sample documentation during the measurement

l 0K, H Cancel ][ Help ]

7. Use the controls of the dispersion unit to set the pump, stirrer and ultrasonics
settings as appropriate (refer to the Hydro 2000MU manual).

8. Select OK. The status bar on the bottom left of the window always says what is
happening and what to do next.

9. Press the Next button to add the sample. The display will change. Add one
drop of the cream to the tank and wait for it to diffuse through the system. Add
enough drops to make the Laser Obscuration bar move into the green area
(try and achieve a mid value).

10. Once satisfied that enough sample has been added, press the Start button. The
sample is measured and the result (size distribution) calculated. The measure-
ment record is automatically saved to the records bufter.

11. At the end of the measurement a dialogue appears, asking if the user wants to
make another measurement. Select Finished measuring. The Measurement
Display disappears and the software returns to the main window.

12. The measurement is now complete. Click on the Records tab, select the
record and then select one of the report tabs to view the results in detail.
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Measuring new samples

The above procedures are fine if the SOP is set up or all the parameters for a man-
ual measurement specified. For a new material, either create or modify an SOP or
set up the options for a new manual measurement. This section outlines how to
measure a new sample.

Measuring new samples: manual measurement

The basic procedure is the same as the demonstration outlined above. When the
Options button in the Measurement Display is pressed, the Measurement
Options dialogue appears. This dialogue controls all aspects of the measurement:

B The Materials tab allows the user to select a different material and dispersant
or define the optical properties of new materials. It also allows the user to spec-
ity options regarding the result calculation.

Note

If a material is created or modified, the computer calculates a new scatter-
ing model. This usually takes one to 10 minutes, depending on the compu-
ter.

B  The Measurement tab allows the user to set up measurement times and set
measurement alarms, etc.

Press the Document button in the Measurement Display and use the Docu-
ment dialogue to add relevant details that will allow users to repeat the measure-
ment in future.

All the options available are basically the same as when setting up an SOP. For
more details of these options see Measurement options later in this chapter.

Measuring new samples: SOP measurements

Creating an SOP is easy. The operator selects Configure-New SOP and the soft-
ware runs through a SOP Wizard. The SOP Wizard asks a series of questions
that combine to define a measurement, such as:

B what are the optical properties of the sample?
B what is it suspended in?
B how fast should the stirrer be?

B how much ultrasonic dispersion is required?
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B do any additives need to be added to the sample to aid dispersion (and what
quantity)?
B how will the result be calculated and displayed?

Anyone can create an SOP but typically it is the responsibility of the supervisor. An
SOP can be created in one laboratory and then distributed to all Mastersizer 2000
users within an organisation. (All the sites must have the dispersion units the SOP
refers to.)

Remember that no instrument has to be connected to the computer to write an
SOP. The Malvern software can be installed on a remote computer and SOPs cre-
ated and edited before they are tried out on an instrument. See the Essentials
Manual for details on installing the software on another computer.

Editing an SOP

An existing SOP can be easily edited, either to correct that SOP or to create a new
SOP based on it.

» To edit an SOP:
1. Select Configure-Existing SOP.

2. A tabbed dialogue appears, each tab corresponding to a SOP Wizard dialogue.
3. Select a tab and change any of the entries as required.
4. Select OK — the changes will be saved.

To create a new SOP based on an existing one, the user must first modify the exist-
ing SOP using Configure-Edit SOP. Once all the changes have been made, the
Save-As dialogue will appear. Save the SOP under a different name

Deleting an SOP

An existing SOP can also be deleted using Configure-Existing SOP.

» To delete an SOP:
1. Select Configure-Existing SOP.

2. When the Open dialogue appears select the SOP to delete.
3. Right-click and select Delete.
4. When asked to confirm deletion of the file, select Yes.

Alternatively, use Windows Explorer to delete the SOP.
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Measurement options

This section shows each of the dialogues that appear when the SOP Wizard is run
and explains the basic options available. As stated above, the choices for the options
of both manual and SOP measurements are basically the same; most information
in this section applies equally to manual measurements.

More details on how to select these options can be found in the online help,
accessed by pressing the Help or Advice button in any dialogue.

A series of dialogues, listed below, is displayed in the SOP Wizard. Identical tab
versions of these dialogues are displayed during a manual measurement.

Sampler Selection dialogue

Use this dialogue to select a sample dispersion unit:

X

Sampler Selection

Sample Handling Linit

The following zample handling units are available.
Select the one for which thiz SOF iz being designed.

Sample handiing unit:

Hudro 20000G (&) -

[ < Back ” Mest » l’ Firish ][ Cancel ][ Help ]

Up to two samplers (designated A and B) of each type can be selected, allowing for
two different configurations. This may be appropriate, for example, if a specific
sampler is dedicated to one sample material or dispersant. Clicking on the Sample
handling unit list box displays a list of available samplers. Selecting one of these
closes the box. For advice on the choice of sampler, click the Advice button.
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All dispersion units are listed - even those that are not attached to the system. This
allows an SOP to be written remotely from the system.

Note
The versions of the following dialogues actually seen may difter slightly,
depending on the dispersion unit selected.

Material dialogue

This dialogue has two sections, Optical properties and Result calculation:

Material E|

Optical properties
Dptical properties depend on the dispersant chozen. Some materials have different
forms, each having different properties, o it is adwisable to check that the information

below is comect.

Material Name Refractive Index  Absarption
Polpstyrene latex W | 1549 0
Blue light:  1.53 1]
Dizperzant Mame Refractive Index

Result calculation

Model  General purpose - enhanced sensitivity Advanced...] [ Advice ]

Descrption;  Thiz model iz appropriate for the majority of milled and naturally

occuming samples, Models...

[ < Back ” MHest > l’ Finish ][ Cancel ][ Help ]

Optical properties

Use this section to define the optical properties of the material measured. The sys-
tem has a large database of commonly used materials, from which a Frequently
Used list may be created. The material and dispersant to be used in a measurement
are selected from the frequently used sample/dispersant list boxes. The Refractive
Index and Absorption of each item listed is displayed next to the list box.
Changes to the frequently used lists can be made by clicking on the Materials or
Dispersants buttons which open up the material/dispersant databases. This is also
the area where additional materials can be defined or existing ones modified.
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Materials and dispersants listed may have a small icon beside their entry in the lists:

B Ared star — these items cannot be deleted or modified. They have special sig-
nificance either because they are commonly used, such as water, or they have
been generated in a special way, such as the Fraunhofer particle type.

B Asmall Malvern logo — these items can be deleted or modified but a warning is
displayed first. Items marked in this way have been added by Malvern Instru-
ments and are thought to have universal application. Examples are Polystyrene
latex and Propan-2-ol.

The initial installation of the Mastersizer 2000 software includes other particle
materials and dispersants not marked with the icons described above. These are
examples used at Malvern Instruments; delete these if they are not appropriate.

Result calculation

The process of result calculation can be configured in a number of ways, depending
on what is known about the sample. Clicking on the Models button enables selec-
tion of one of three models, General purpose (default), Multiple narrow
modes or Single mode.

Clicking on the Advanced button allows the selection of reduced ranges or spe-
cific result transformations. Click on the relevant Advice button for advice.

Note (Mastersizer 2000 only)

o The Mastersizer 2000 uses red and blue light to measure samples. For cer-
tain materials (most notably certain inks and pigments) the sample has
substantially different refractive indices in red and blue light. This is nor-
mally due to the material being highly absorbing in one of the two wave
lengths. In these cases it is necessary to enter both refractive indices.

For most materials, there is no need to enter a blue refractive
index. If a blue refractive index is not given, the Mastersizer assumes that
it has the same value as the red refractive index. Blue refractive indices can
be found from papers and textbooks in the same way as red refractive index
information. When no information is available, determine the most appro-
priate choice of refractive index by looking at the fit and residual reports
and comparing the results obtained with other observations, e.g. micro-
scope images.
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Labels dialogue

This dialogue allows an identifier for the sample to be added, uniquely identifying

its source. This allows the sample to be traced in the future.

Labels
The labelling defined below will be recorded with all measurements performed using this SOP.
Sample identifier

often commaon to all samples they may be locked to save time.

Sample name | My Sampls

Source type + | Source name | Paris [ Lock source name

Operatar instructions and comments
Display instructions before measurement (e.0. sampling. zample preparation)

| Pre-measurement instructions entered in S0P
[ Allows operatar to enter comments befare measurement

Digplay instructions after measurement [e.g. sample dizposal. quality procedures)

[Postmeasuremert instructions entered in 50P

This comprizes the actual sampls name, the source of the sample and the lot humber. Since the last bwo ars

v koot 12348 ey

(X

[ < Back ” Mewt l’ Firish ][ Canicel ][

Help ]

This dialogue also allows messages to be displayed for the operator before and/or
after a measurement. For example, it may be necessary to give details on how to
prepare the sample before a measurement starts, or how to dispose of it after the

measurement.
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Report/Saving dialogue

The Report/Saving dialogue can be set to allow the results to be printed once a

measurement has been made.

Report/Saving

Feport

on their computer, Reports may be created using the Report Degigner (See Tools Menu),
[ Always print results Always Acrobat® POF results
Reports page | Data (M) pag w

MOTE: Measurements will ALWAYS be saved on completion.

creating the measurement.

Export

() Overwite target (%) Append ta target

Select the report page to be used for printed reports, All users of this SOF should have this report available

Creating an Acrobat® PDF file of a repart iz only available if the ER/ES optioh iz installed on the system

Select the export template which specifies the parameters and format for export. Specify the target file
name which will receive the exported information. This is uzeful for transferring information to third party

software.
Evport results (%) Use commas a3 separatars
Expart template v ) Usge tabs as separators

Target file w

X

[ < Back ” et l’ Firish ][ Canicel ][

Help ]

Use the Reports page list box to select the report to use. If distributing the SOP to

other users, ensure that they have the requested report installed.

This dialogue also allows results to be exported to a spreadsheet or other external

application. See Exporting results in Chapter 7 for more details.
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Measurement dialogue

Use the Measurement dialogue to set the measurement and background times.
Changing the measurement time automatically changes the Measurement snaps
box (there are 1000 measurement snaps per second).

Measurement E|

Sample measurement time:

Set the meazurement and background times required to assure good statistical reprezentation of data

Measuremert time |12 % | seconds Measurement snaps | 12000 5

Background time |12 % | zeconds Background snaps | 12000 5
Advanced options

To zet up obzcuration limits, auto measurement start and data filkering

To zet up cleanliness and diameter alarms

Guality Contral Calculation

A calculation performed at the end of a measurement. This calculation

allows a OC check on the measurement result,

There is no QC calculation set.

< Back ” MHest > l’ Finish ][ Cancel ][ Help ]

The optimum measurement time depends on the size of the sample, its particle size
distribution and the dispersion unit used.

If a material is monomodal, its essential particle size characteristics can be captured
in fewer snaps than a material with a broad particle size distribution which will
need to be measured for longer to ensure that the coarser particles have had time to
flow through the measurement beam.

This dialogue also gives access to some advanced features and alarms. See Chapter
9 for more details.
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Sampler Settings dialogue

The contents of this dialogue depend on which dispersion unit was selected in the

Sampler Selection dialogue:

Sampler Settings

Set the pump & stirer zpeed, ultrasonics & type of tank il bo zuit your sample.,
Purnp and Stirer

RPH 2500
Pump Speed J
0 RPH 1000
Stirrer Speed J
Ultrazonics
() None () Pre-measurement
() Continuous () Continuoug [from start]
[from gample
addition]

Pre-teazurement Delap
Delay period | 0:000 2| [mm:ss)

Tank Fil
() Automatic () Manual

X

| <Back ][ Mew> | [ Finish

] [ Cancel ] [ Help ]

Use the dialogue to set all dispersion unit control settings. See the appropriate

dispersion unit manual for more details.
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Measurement Cycles dialogue

Use the Measurement Cycles dialogue to set up repeat measurements and set up
tank cleaning and dispersant degassing. This diagram shows the features:

Measurement Cycles E|
Fepeats
Aliquats: |1 % | per SOP
Measurements, |1 % | per aliquot Dielay seconds

o Cleaning

Eefore each aliquat: [ Enable

After each aliquat: Enable Flush cycles |3 —
Clean mode: (%) Automatic () Full'wiazh
) Manual () Single Rinze

Dispersant degazzing [after each clean)
e e

< Back ” Mt > ][ Firizh ][ Cancel ] [ Help

ill 7760

@ Cleaning
It is possible to set up the SOP so that the tank and cell are cleaned together:

B Before each aliquot.

B After each aliquot.

B Before and after each aliquot (select both check boxes).

Selecting the relevant Enable box causes a clean sequence to be performed.

If the sample/dispersant used is not normally removed with a single flush, enter a
number in the Flush cycles box to run the flush sequence that number of times.

The user can set the Clean mode to cither Automatic or Manual. Manual ena-
bles the user to clean the system easily using a beaker and a bottle of clean solvent.
A series of prompts guides the user through the cleaning cycle.

@ Dispersant degassing

Selecting the Enable check box causes a degassing routine to be performed each
time the tank is cleaned. The degassing routine uses ultrasonic action to help
remove dissolved gases from the dispersant.
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Quantities dialogue

Use this dialogue to define the quantities of sample/additives to be add
measurement.

Quantities

In order to ensure repeatability of results, it is impartant to specify the quantity of sample to be taken
as well as the quantity of any sufactants or additives to be used. Where default values have been
given, they have been given for guidance only.

Sample Quantity
specify
Fredisperzant

[Some fine powders often need to be made inta a paste ar a zlury before they are added to the
zample handling unit.]

Surfactant ddditive

ed during a

X

< Back ” et l’ Firish ][ Canicel ][

Help

Page 4-26

MANn 0384



Viewing the results

Introduction

Once the result has been calculated, the data can be displayed in many forms. Each
way of displaying the data is known as a report. Each type of report has a tab in the
Measurement window; to view the data in another report simply select the
appropriate tab.

This chapter covers:

B Displaying the information — the reports provided and the use of the Records
tab.

B Using the Report Designer to create custom reports.

Note
All the tabs in 2 Measurement window display the same measurement
data but in different formats.

Malvern provides several default reports, identified by the “(M)” in their name, that
will be sufficient for most users. The user can also create their own custom reports
as required.

Generally a computer monitor displays information in a landscape format while a
printer prints in a portrait format. Therefore, each report is split into two formats-
one for displaying the report on the screen, and another configured for a printer. It
is possible for the screen and print formats to be configured to report different
information.

A report file has the extension .pag. The file holds both the screen and print varia-
tions.

Chapter 6 gives details on interpreting the information in a report.
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Displaying the information

Open a measurement file by selecting File-Open. Once a file has been selected, a
Measurement window will appear.

A typical Measurement window is shown below. The information displayed for a
measurement is controlled by the tabs. The first tab is always Records. This lists all
the measurement records (individual measurements) that are held in that measure-
ment file. The user must select a record before it can be displayed.

Fresult Statistics (M) | [ Resul Difference (M) | E Result Analysis M) | [&] Parameter report (M) | [ Grade Efficiency (W) | [ FitiM) | [ Data M) |

B Records | Trend M) | Sieve BS 4101986 4150565 1990 M) | Sieve ASTMETI 61 (M) | RosirRammier (M) |

Record number | sample name | sorce [ Bukot | Measured an | operator

1 1 mode 102nm latex 11 Movember 1995 14:35:29

2 1 mode 304nm latex 11 Movember 1993 14:40:26

3 1 mode 600nm lakex 16 October 1996 16:09:24

4 1 mode 1.0um lakex 11 Movember 1995 14:22:10

5 1 mode 2. 0um lakes: 16 October 1996 14:47:04

6 1 mode 5.2um latex 16 October 1995 14:41:54

7 1 mode 9.0um latesx 11 November 1995 14

5 1 me B

9 1 mode S0um latex 03 September 1995 15 ]

mn 2 mode 0,20 + 0,45um latices 16 October 1996 16:47:00

11 2 mode 0,49 + 0.9%um latices 16 Ockober 1996 15:50:16

1z 3mode 1.0+ 2.0+ 5.2um latices 19 October 1996 15:33:04

13 S mode 0.14+0.5+1.0+2.0+45.2u. .. 03 September 1995 15:40:04

14 7 mode 0,14+0,5+1.0+2.045.2+,,, 03 September 1995 15:43:40
< >

To view the record’s data in a report, select the record then select a report tab.

Some reports allow the user to compare or display more than one record. For

example, if the user selects more than one record in the Records tab and then
selects the Sample data report tab, a graph will show the sample data for all

selected records over-plotted on a single graph.

The format of the information in a report can often be changed by selecting an item
and right-clicking the mouse. For example, selecting the table in a Result Analysis
report and right-clicking lets the user change the report to a “Result-in %”, “Result-
over %” or “Result-under %”, format (see Chapter 6 for details of the reports).
Changes to the graph and table format will be reflected in any printouts of the
selected report.
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Default reports

The default reports supplied by the software are the following.

Result Analysis report

This report displays the calculated particle size distribution for the selected record.

Parameter report

This report displays the measurement parameters for a record. It contains items
such as sample details, measurement options, whether any alarms have been trig-
gered, etc.

Sample fit report

This report shows how well the analysis data was fitted to the measurement data. It
gives an indication of how well the optical properties for the material were
described. For example, if the user had to predict the absorption value for a sample,
a bad choice will result in large differences in the fit.

Sample data report

This report displays the basic measurement data. It shows the background signal
measured and the actual measurement data. This report can be used to identify
problems with measurement data. For example, dirty optics will result in a poor
background signal (i.e. one with high values).

Result Difference report

This report compares two records and displays the difference. The first record
must be set as the reference by selecting it, then right-clicking and selecting Set
reference result.

Sieve reports (British standard and ASTM)

These two reports convert the measurement data so that they can be directly com-
pared to the equivalent sieve standard.

Result Statistics report

This report displays various statistics comparing two or more measurements.

Fit report

This report shows how well the analysis data was fitted to the optical model.

Grade Efficiency report

This report shows grade efficiency data. The online help gives more information
on this.
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Changing the Records tab

By default the Records tab displays seven fields which include Record number,
Sample name, Source, Measured on, ctc.

The record tab can be customised by adding or removing any of the fields that are
stored with the measurement record. The order in which the fields are displayed
can also be rearranged.

Adding a field to the Records tab
There are two ways to add a field to the Records tab:

B Using the Show Fields dialogue — this is accessed by selecting View-Select
Fields (or right-clicking on the list header). The dialogue is split into two
sides. The list box on the left shows all fields available that can be added to the
records tab. The Show these fields in this order list shows all the fields that
are currently displayed in the Records tab. The order in which they are listed
is the order in which they appear in that tab.

Show Fields 3
Available fields: Show these figlds in this order:
01 Calculation A~ Record number oK
02 Calculation Sample Mame _
03 Calculation Source bpe
04 Caleuiation CRemove | e —
05 Calculation Measurement date and time
0E Calculation Operatar name
07 Calculation SOP Mame
03 Calculation Reset Defaults
09 Calculation
10 Calculation
11 Calculation
12 Calculation
13 Calculation
14 Calculation
15 Calculation
18 Calculation v ’ Move Up ] [Move Down]

R R ot PR

To add a field to the Records tab, select a field from the Awvailable fields list
box and press the Add button.

B Using Field Chooser — this is a drag and drop facility that allows the user to
select a field from a list and then drop it directly onto the records tab. The field
chooser can be accessed by selecting View-Field Chooser (or right clicking
on the list header).
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Removing a record from the Records tab

There are two ways to remove a record from the Records tab:

B Using the Show Fields dialogue, select the field to remove from the right-
hand list, then press the Remove button.

B Seclecting the header of the field, dragging the header off the page and then
releasing the mouse button.

Changing the order of records in the Records tab

There are two ways to rearrange the records in the Records tab:

B Using the Show Fields dialogue, select the field to move in the right-hand list,
then use the Move Up and Move Down buttons to change its order.

B Directly from within the Records tab by selecting the header of the field and
dragging it to a new position. A red arrow will show the insertion point. Be
careful to only release the header while a red arrow is displayed, otherwise the
field may be removed from the Records tab.
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Changing views - the Report Designer

Using the Report Designer, custom reports can be designed by the user. These
provide a standardised output for the result of a selected measurement record
which can be tailored to the user’s needs.

Two views must be edited due to the different aspect ratios of the printed page and
the computer screen. The Page Layout shows the printed version and the Screen
Layout shows the screen display. This allows addition of picture objects such as
company logos to printed reports while not showing them on the screen display.

To add items to a report, use this Tools box or Control Palette:

_ -

r AR
X fiw o,

ol A0 (A0
[od (hc o

Use the following buttons on the palette to add the listed elements to a report:

Button Use this to add:
A Text.

Picture — bitmaps, GlIFs, JPEGs, metafiles and icons.

[

X Parameter (any parameter used by the Mastersizer system).

fixg Conditional expression — can be used to make pass/fail decisions.
Oy Calculated quality parameter.

El Custom calculation.

& Grade efficiency parameter.

1 Sample pot barcode.

(il Graph — several types are available, as described below.

EE Table — several types are available, as described below.
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The toolbox can be moved anywhere on the screen. It can be switched on and oft
using View-Control Palette.

Opening a report

Select Tools-Report Designer to start the Report Designer application. Reports
can be saved and opened using the menu options File-Save and File-Open. The
default file extension is *.pag.

A report must be saved in the ../pages directory if the report is to be listed in the
report tabs of a measurement file.

Creating a report

To add an item, click on its button in the Control Palette. When a button is
selected an area can be dragged on the report which will then contain the selected
item.

Once objects are placed on the report screen they can be manoeuvred by selecting
and dragging. They can also be reduced or expanded in size using the cursor and
tag boxes on the selected object.

The Report Designer has many size and alignment tools, available from the tool-
bar or using the Layout option on the menu.

The following functions operate on two or more selected objects. The last object
selected becomes the reference object.

Align left

Align right

Align top

Align bottom
Make same width

Make same height

Make same size

The following two functions can be used when two or more objects are overlaid.
Using these functions, the selected object can be moved to the front or back of the
overlay:

B Send to front
B Send to back

Objects can be selected individually by a left click on the mouse button, cumula-
tively by holding down the Shift key while clicking the mouse button or in a group
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by “marquee selection”, dragging a box over a group of items. If an item has been
overlaid by another item and cannot be selected, use the tab key to step through all
the items one-by-one until it appears.

Changing an item’s properties

Set the properties of any added element by selecting it and double-clicking to open
the Properties dialogue(s). The online help in the dialogues details how to use
cach one.

Graphs and reports

The font type and size of text within a report can be altered using the Properties
Box for the selected item.

Graphs

Multiple data graphs can be added to a report. The following graph types can be
added:

B Data graph — shows the data produced by the measurement. The data can be
displayed in a number of ways which can be altered using the properties box.

B Result Difference graph — shows the difference in result between two or
more measurement records. A reference record must first be selected.

B Result graph — shows the particle size result of the measurement. It can be
displayed in different ways using its properties box.

B Statistics graph — shows statistics of the result. The parameters available are
mean, standard deviation, maximum and minimum.

B  Trend graph - allow the measurement data from multiple records to be com-
pared to investigate any trends in the information.

B Grade efficiency graph — grade efficiency curves created from particle sizing
results are used to establish the efficiency of separators such as hydrocyclones,
sedimenting centrifuges or gravitational clarifiers.

The properties of a graph can be altered using its Properties Box. The properties
are:

B Colour - the colour of the background and/or grid can be modified using the
colour sets available. A custom colour can also be created.

B Axes — the axes of the graph can be modified. The X and Y axes have optional
grid lines. The Y axis can be set to autoscale.

B Display — the display can be set to show combinations of data, background and
fit. The display can be shown as a histogram or curve.
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Selecting the graph tips check box allows the setting of pop up tips (flags
showing data points on the graph). These appear on the report itself (not on the
screen shown in the Report Designer).

Selecting the legend check box places a summary table, showing date and
name, at the foot of each graph.

Tables

A number of data tables can be added to the report. The data is taken from the cur-
rent selected record or, for the Difference and Statistics tables, group of selected
records.

The following data tables can be added:

Data — displays the raw data produced by the system.

Difference — shows the difference between the results in a reference measure-
ment record and the currently selected measurement record.

Data Fit — gives a table showing the fit. This shows the difference between the
actual light energy distribution measured for a sample and the theoretical pre-
diction of the light energy distribution according to the Mie or Fraunhofer
scattering model selected for that material.

The closeness of the fit is an indicator of the correctness of the light scattering
data used and the quality of the measurement (cleanliness of the system, etc.).

Result — shows the raw result data.

Statistics — shows the mean, standard deviation, maximum and minimum of a
group of selected measurement records. The statistic shown on the table can be
altered using the Properties box.

Sieve — presents the data from the current measurement record as it would be
displayed if a stack of sieves had been used for the measurement. A number of
standard sieves can be selected using the Properties box.

Phi - soil scientists often use this size classification to present size data. This
phi notation is based on a power of two series where the class boundaries are
labelled by the index.

Grade efficiency — grade efficiency curves created from particle sizing results
are used to establish the efficiency of separators such as hydrocyclones, sedi-
menting centrifuges or gravitational clarifiers.

The table’s colour, font and number of rows and columns can be altered using its
Properties box.

Mastersizer 2000
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LiINnderstanding
the views

Introduction

This chapter gives guidelines on the interpretation of the results from the Master-
sizer. It covers:

B Understanding the display — runs through some of the terms and expressions
used in the standard views.

B Report features — explains the statistics which reports show.

B Fundamental concepts — explains some important concepts the user should
understand before proceeding. These include:

How the concentration (Cv) is calculated.
Use of volume-based results.
How the result is expressed in terms of equivalent spheres.

How the distribution parameters are derived.

®  Optical models — contrasts the Fraunhofer approximation used in some instru-
ments with the Mie theory which underpins Mastersizer 2000 operation

Mastersizer 2000
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Understanding the display

The result from the analysis is the relative distribution of volume of particles in the
range of size classes. From this basic result the statistics of the distribution are cal-
culated. The result is also interpolated so that the result at points in between the
size class boundaries is available. The cumulative undersize and oversize, frequency
curves and histograms are obtained from the interpolated result.

Once the data has been analysed, the information can be displayed in various ways.
Usually the display shows a graph of the result or a table showing the same infor-
mation in a tabular form. This diagram shows four of the more common graph
types for displaying the result:

Volume %
20 100

170
| 60
4 50
1 40
130

120
o

10

-
o
+—+—+———t |+ttt |t

+

10.0

Particle Diameter (um.)

1114948

® Histogram — displays the result in the form of “in band” percentages. Each bar
in the graph represents a size band of particles (52 - 59 microns for example)
and the height of the bar represents the percentage of the sample that is within
that band. Read the percentage from the left-hand axis. Unless the size bands
are changed (see Chapter 9), the initial analysis uses the size bands that are set
by the physical design of the detector.

@ Result-under plot (also known as cumulative undersize or result less
than) — displays the result in the form of “% of sample below a certain size of
particle”. For example, by reading the values from the graph (right-hand axis)
the user may be able to determine that 10% of the sample is under 23 microns.

The exact value can be read from the table accompanying the graph or using a
graph tip (position the mouse pointer over the graph and a tooltip appears,
showing the size data). The result-under plot is calculated from the initial size
bands by fitting a curve to the analysis data so that values within a size band can
be read.
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® Result-over plot (also known as “cumulative oversize”) — similar to the

result-under plot except that the result is in the form “% of sample above a cer-
tain size of particle”. For example by reading the values from the graph (right-
hand axis), the user may be able to determine that 90% of the sample is above
23 microns.

Frequency curve — this is calculated by differentiating the result-under/
cumulative undersize curve. The frequency curve is particularly useful for dis-
playing the results to show the “modes” or peaks in the graph.

The peak of the frequency curve gives the modal diameter, the most com-
monly occurring particle diameter. Note that the frequency curve is scaled to
be approximately the same height as the analysis size band histogram.

Several peaks in the graph indicate that there are distinct sizes of particles
within the sample. This “at a glance” inspection of the results is difficult if the
result is shown as a cumulative plot.

Another use for frequency curves is to compare results from different measure-
ments. Other graph types can be over-plotted but the results may be confusing.

Mastersizer 2000
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Report features

A typical report is shown below, followed by a brief description of the key features:.

0P o o066 06 o ©

© O

Sample Name: SOP Hame: Measured:
Olass heads Glass heads (typical) 26 January 18[18 10:10:10
Sample Source { type: Measured by: Analysed:
Supplier = Malvern A, Operatar 09 September 999 10:00:20
Sample bulk lot | ef: Result Source:
1 Measurement
Particle Name: Accessory Hame: Analysis mo|lel: Sensitivity:
Glass heads (typicll) Hyeira 20003 () General purpale Enhanced
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@ The residual is an indication of how well the calculated data was fitted to the
measurement data. A good fit is indicated by a residual of under 1%. A residual
of over 1% may indicate use of incorrect refractive index and absorption values

for the sample and dispersant.

@ The statistics of the distribution are calculated from the results using the
derived diameters D[m,n] - an internationally agreed method of defining the
mean and other moments of particle size. See British standard BS2955:1993 for

more details.

1
m=3 |-,
ZVidi m-—n

Z Vid[n -3

D[m, n] =
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D(v, 0.5), D(v, 0.1) and D(v, 0.9) are standard percentile readings from the
analysis.

B D(v, 0.5) is the size in microns at which 50% of the sample is smaller and
50% is larger. This value is also known as the Mass Median Diameter
(MMD) or the median of the volume distribution. The v in the expression
D(v, 0.5) shows that this refers to the volume distribution. This can be
replaced by s for surface, 1 for length or n for number distributions.

B D(v, 0.1) is the size of particle below which 10% of the sample lies.
B D(v, 0.9) is the size of particle below which 90% of the sample lies.
D[4,3] is the Volume Weighted Mean or Mass Moment Mean Diameter.

D[3,2] is the Surface Weighted Mean, also known as the Surface Area
Moment Mean Diameter or Sauter mean.

The Span is the measurement of the width of the distribution. The narrower
the distribution, the smaller the span becomes. The span is calculated as:

_d(x,09)-d(x,0.1)

s
pan d(x, 0.5)

The x is replaced by any of the letters v, s, 1 or n that define the distribution
type.

Concentration — the volume concentration. This is calculated using Beer-
Lambert’s law. For full details see the following section.

Obscuration — this helps the user to set the concentration of the sample when
it is added to the dispersant. It is a measure of the amount of laser light lost due
to the introduction of the sample into the analyser beam.

The obscuration term can be expressed mathematically:

L is the light intensity measured in the central detector when a sample is
present in the cell, L, is the same but with clean dispersant (i.e. with no sam-
ple). Obscuration is usually expressed as a percentage: 100 x Ob.

An ideal range is between 3 and 20%, depending on the sample and dispersion
unit used.

Mastersizer 2000
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Distribution — shows the type of distribution the analysis has used. Options
include change from volume to surface area, length or number. Remember
that the Mastersizer measurement is fundamentally a measurement of the vol-
ume distribution - transforming the result into a surface, length or number dis-
tribution is a mathematical process that may amplify any error in the original
result, especially at the fine end of the size distribution.

Uniformity — a measure of the absolute deviation from the median.

ZXi|d(x, 0.5)-d}

Uniformity =
d(x, O'S)ZX:‘

Here d(x,0.5) is the median size of the distribution (where x is replaced by v, s,
lorn)and d;and x; are respectively the mean diameter of, and result in, size
class i.

Specific Surface Area (SSA) — the total area of the particles divided by the
total weight.

V.
6N
5S4 = Zd"f 6
, pDI3,2]
pz i

where I} is the relative volume in class i with mean class diameter of d; and p is
the particle density.

If the SSA is used, it is important that the density of the material is defined (on
the SOP Wizard’s Material dialogue). This figure is a mathematical calcula-
tion based on the assumption that the particles are both spherical and non-
porous.
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Fundamental concepts

To understand the meaning of the results from the Mastersizer, a number of fun-
damental concepts require explanation. These are:

B How the concentration is calculated.

B The results are volume-based.

B The result is expressed in terms of equivalent spheres.
|

How the distribution parameters are derived.

Calculating the Concentration (Cv)

Beer-Lambert law

The software uses the Beer-Lambert law to calculate the concentration of the sam-
ple. This may be expressed as:

1 —ab
L=y
10

Where:
B ] is the intensity of light at a distance b in the particle field of absorbance o.
B ], is the intensity of the light beam as it enters the particle field.

B /I, is the relative transmission T of the beam (measured directly by the
instrument). I is the intensity of the laser beam measured at the receiver when
no sample is present and I is the intensity with sample in the beam.

Expressing the Beer-Lambert law in terms of relative transmission and re-arranging

to solve for absorbance gives:

o = =Ln() )

Volume concentration

The term o contains information about the concentration and size of the particles.
From scattering theory the light attenuated by a particle i may be described by:

2
a; = Qmrin;
Where:

B Q;is the efficiency of light extinction (by scattering and absorption), calculated
from Mie theory for a particle of radius r;.
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B The second term is the cross-sectional area of the particle and the final term #;
is the number of particles of radius r;.

. 4 .
In terms of the volume of particles ¥, = gnr?ni , the equation above becomes, for

an ensemble of particles:
_ 3¢9
o 42 -

The size of the particles is expressed by the diameter d and the volume terms can be
separated into a relative volume distribution v and a total concentration Cv (total
volume of particles in a unit volume of dispersant). The equation then becomes:

Substituting the above into equation (1) and solving for the concentration gives:
c, = 72Lné Tz
3b2f
If d is measured in wm and b in mm, and v is the relative concentration of the size

distribution (such that Zvi = 1) then:
—2000Ln(T)
Q.v.
3pN =Y
e

This equation provides the concentration in parts per million (ppm). To calculate
the value as a percentage volume concentration, the final value is divided by 10,000.

C,(ppm) =

In the above equation:

B The Transmission (7)) is a value between 0 and 1 and is measured directly by
the instrument.

B The particle size distribution v; is the relative volume in size-class i with mean
diameter d;.

B (Q; - the mean extinction term for size-class i - is calculated from scattering the-

ory and is a function of the optical properties of the particle and dispersant
media.
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Concentration at different obscurations

This advice gives an approximate idea of the obscuration ranges to use during a
measurement.

It is possible to convert the obscuration limits into an equivalent volume concen-
tration but there is a strong size dependence that makes it difficult to use the data at
the time of measurement. The relative volume concentrations of monomodal (sin-
gle sized) particles that would give a certain obscuration is illustrated below. The
actual curves differ according to the presentation being used. It will be clear that
there is a size dependence; an obscuration of 30% means a widely varying volume
concentration dependent on size.

Concentration at different obscurations

Calculated for glass beads in water (n=1.54 +i0) in water

10 Obscuration
a0%
1
1T : 1
L1 T ] 5o,
= a1
5 =
= 0.5%
E 00 === LY EEEEMEEEEE ====z=x ?
5 A
c
S 000 hY -
0oao1
0.ooeq
001 0.1 1 10 100 1000

Diameter {pr

In the more realistic situation of a polydisperse (or multimodal) sample it is not
possible to provide simple graphical correlations of volume concentrations and
obscuration. The system calculates concentration, however, using the size distribu-
tion result and the obscuration.

For a polydispersed sample the curve of the above figure can be used if the
Surface Weighted Mean (D[3, 2]) of the material is taken as single size.
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Volume-based results

The first, and probably most important, point to remember in interpreting results
is that the fundamental size distribution derived by this technique is volume-based.
This means that when a result indicates, for example, that 11% of the distribution is
in the size category 6.97-7.75 microns, this means the total volume of all particles
with diameters in this range represents 11% of the total volume of all particles.

It is useful to consider a numerical example to illustrate this point. Suppose, for
simplicity, that a sample consists of only two sizes of particle, 50% by number hav-
ing a diameter of 1 micron and 50% by number a diameter of 10 microns. Assum-
ing that the particles are spherical, the volume of each of the larger particles is 1000
times the volume of one of the smaller ones. Thus, as a volume distribution, the
larger particles represent 99.9% of the total volume.

The graph below illustrates this for a more realistic distribution:

%

30
A |
20 y\
e
| | 7
10 /
, |
/
/
0 A
0.1 1.0 10.0 100.0 1000.0 10000.0

Particle Diameter (um.)

il 1874
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Equivalent spheres

Mie theory presumes that the particles measured are perfect spheres. In practice
they are very rarely so. This causes a problem in the definition of the term “meas-
ure the particle’s size”: if the particle is an irregular shape, which particular dimen-
sion should be measured?

As an example, imagine that I give somebody a matchbox and a ruler and ask them
to tell me the size of it. They may reply by saying that the matchbox is 50mm x
25mm x 10mm. They cannot say that “the matchbox is 25mm” as this is only one
aspect of its size. It is not possible to describe the three dimensional matchbox with
one unique dimension. Obviously the situation is even more complex for irregular
shaped particles such as grains of sand or the pigment particles in paint.

Most people want a single measurement to describe their sample, for example, they
wish to say that their sample is made up of 50 micron particles. What is required is
a unique number that describes the particle. There is only one shape that can be
described by one unique number and that is a sphere. If we say we have a sphere of
50 microns, this describes it exactly. We cannot do the same even for a cube as 50
microns can refer to its edge or to a diagonal.

One way to get a single unique number to describe an irregular shaped particle is to
compare some feature of the actual particle to an imaginary spherical particle.

Some typical methods of doing this are:

B Equivalent surface area — calculating the diameter of a theoretical sphere
that has the same surface area of the original particle.

B  Equivalent maximum length — this is where the diameter of a theoretical
sphere is the same as the maximum dimension of the original particle.

B  Equivalent minimum length — this is where the diameter of a theoretical
sphere is the same as the minimum dimension of the original particle.

There are many other methods available to do this. This technique is known as
“equivalent spheres”.

The Mastersizer uses the volume of the particle to measure its size. In the example

above, the matchbox has a volume of 50 x 25 x 10mm = 12500mm>. If the Master-
sizer was able to measure this size of “particle” it would take this volume and calcu-
late the diameter of an imaginary sphere that is equivalent in volume - in this case it
will be a sphere of about 30mm diameter.

Obviously the answer will be different if the surface area or maximum dimension
of the matchbox is used to calculate an equivalent sphere. All of these answers are
correct but each is measuring a different aspect of the matchbox. We can therefore
only seriously compare measurements that have been measured using the same
technique.
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Consider a cylindrical particle of diameter 20 microns and length 60 microns. The
volume of the cylinder is:

V = m(10um)*(60pm)

ill 7973
The sphere of equivalent volume would have a diameter centred on:

ﬂ = 33um
T

with a spread from 20 to 60mm.

It is interesting to compare this with other techniques. Sieving would pass the par-
ticles through a 20mm aperture and classify them as 20mm. Sedimentation would
give a result related to the total surface area, in this case reporting a diameter of
around 40mm.

If there’s a need to correlate laser diffraction results with values from some other
technique, consider applying a shape correction using the Result Modification
procedure built into the Malvern software.
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Derived distribution parameters

The third point is that the analysed distribution is expressed in a set of size classes
which are optimised to match the detector geometry and optical configuration giv-
ing the best resolution. All parameters are derived from this fundamental distribu-
tion.

Distribution parameters and derived diameters are calculated from the fundamen-
tal distribution using the summation of the contributions from each size band. In
performing this calculation the representative diameter for each band is taken to be
the geometric mean of the size band limits:

ld,_di

This number will be slightly different to the arithmetic mean:

For example, the size band 404.21 - 492.47 microns has a geometric mean of 446.16
microns and an arithmetic mean of 448.34 microns. In most cases the difference is
small but the geometric mean is chosen in these calculations as more appropriate to
the logarithmic spacing of the fundamental size classes.

The same principle of calculation applies to the distribution statistics standard devi-
ation, skewness and kurtosis, as shown below:

standard deviation

-2
ZXi(di*d) 2 2
&= "' DK +2K+ DK+ 1K]

G =
S
skewness
-3
X,(d;—d) 3 - -2 5
Skew = 2.t _ (DIK+3,K] ;d(d +367))
632Xi o
kurtosis
-4
X.(d.—d) . - s s,
Kurt = L_3 _ (DIK+4,K] —d(4D[K +3,K]" +3d +6dc"))

4

642)(1. c
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In the above formulae K and X depend on the distribution being calculated as
shown in this table:

Distribution K X;
Volume 3 Vi
Surface 2 V; /d;
Length 1 V, /d;?
Number 0 V, /d;3

The various derived diameters are related by:

m-n _ D[m, O]m
D[n, 01"

Dlm, n]

For “mono-size” distributions such as latex, the distribution mean is reported as
the geometric mean of the size class and standard deviation, skewness and kur-
tosis are reported as zero.

The procedure used for other parameters of the distribution is to create a spline fit
to the fundamental result. Intermediate values are then read from this curve allow-
ing interpolation of percentile points which do not coincide with the measurement
size band boundaries.

Optical models

This section contrasts the Fraunhofer approximation used in some instruments
with the Mie theory which underpins Mastersizer 2000 operation.

Fraunhofer approximation

Older instruments and some existing instruments rely on the Fraunhofer approxi-
mation only. This assumes that:

B The particle is much larger than the wavelength of light employed. ISO 13320
defines this as being greater than 40x wavelength (25um when a He-Ne laser is
used).

B All sizes of particle scatter with equal efficiencies.
B The particle is opaque and transmits no light.

These assumptions are incorrect for many materials and for small particles they can
give rise to errors approaching 30%, especially when the relative refractive index of
the material and medium is close to unity, or when the particles are transparent.
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When the particle size approaches the wavelength of light the scattering efficiency
becomes a complex function with maxima and minima present.

Mie theory

The Mastersizer 2000 uses the full Mie theory which completely solves the equa-
tions for interaction of light with matter. This allows completely accurate results
over a large size range.

Requirements for using Mie

The Mie theory assumes the particle is spherical, as opposed to Fraunhofer which
is a projected area prediction. The penalty for this complete accuracy is that the
refractive indices for the material and medium must be known and the absorption
part of the refractive index must be known or estimated. However, for the majority
of users this will present no problems as these values either will be known or can be
measured.

A standard set of particles is available for selection in the SOP (presented in the first
Analysis dialogue). More can be defined by a user, but the following parameters
must be specified accurately:

B Refractive Index (Real) — describes the amount of scattering that takes place
as a result of light interacting with the particle.

B Refractive Index (Imaginary) — the imaginary or complex refractive index.
This describes the amount of absorption that takes place as the light enters the
particle.

B Density — the density in g/cm®. This is used to calculate the Specific Surface
Area (SSA). Users who want to include the SSA as a derived parameter must
complete this field.

The residual shown in the Measurement Parameters view indicates how well
the calculated data fitted the measurement data.

Refractive index of medium

This value is needed by both the Fraunhofer approximation and the Mie theory.
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Handling
measurement files

Introduction

This chapter outlines the storage, sorting and exporting of measurement data. It

covers:

B Records and files.

B Searching and sorting records.

B Exporting results — how to export information to other applications.
B Extracting an SOP.

Mastersizer 2000
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Records and files

The fundamental unit of storage is the “record”. A record contains all the informa-
tion for an individual measurement, including the original measurement data and
all parameters that have been set to calculate the size distribution.

All records are stored in a measurement file which may contain one or more
records.

As a practical demonstration, consider a cement manufacturer who is asked to
measure a sample from the production line every hour for five hours. They may
wish to save the measurement data in a measurement file called Cement.mea
(measurement files always have the extension .mea). When they make the first
measurement they can save the result as a record (possibly called “Hour1”) in the
Cement.Mea measurement file.

Once all measurements are completed the user will have a measurement file with
the following structure:

Cement .Mea
Hour 1

Hour
Hour
Hour
Hour

oo W N

Alternatively they could have created five measurement files that each contain one
record.

A record can be deleted but it can never be altered. However, a record can be
re-analysed and the resultant record saved under a new record name.

For example, imagine a user who has a record called Record1 and has found out
that the refractive index they set for the dispersant is incorrect. They can select
Record1, edit the parameters and re-analyse the result. A new record will be cre-
ated (Record2) that is based on Record1. Record1 will still exist unaltered.

p To re-analyse a record:

1. Select the record to re-analyse.
2. Select Edit-Result (or right-click and select Edit result).
3. A dialogue appears allowing changes to the parameters.

4. Make the changes and select OK.
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Searching and sorting records

The software has powerful search capabilities that allow users to find records
within measurement files that match a search criterion.

Records in a measurement file can also be sorted into alphanumeric order by
selecting a field header in the Records tab.

Searching records

Users can search many measurement files to find records matching a set of search
criteria they define. Any parameter contained in the file can be a search clue. For
example, it is possible to search all measurement files for records measured after a
certain date that contain a D(v, 0.5) value of more that 50 microns.

p To search measurement files:

1. Select Tools-Find measurements to open this dialogue:

N Find Measurements

File Parameters
Look in files that match the following criteria; Find

Hamed [ e Close

Lack In: | C:\Documents and Settingshal Users\Documentsiha

[[] Search subfolders

MNew

Save

Help

2. Use the Files tab to specify which measurement files to search. Use the
Browse button to select a directory which contains the measurement files
(enabling the Search subfolders check box extends the search to all sub-
directories of this directory).

In the Named box specify the name of the measurement files to be searched.
By default this is set to *.mea, which will search for all measurement files in
the selected directory. Wild cards can be used to narrow down the search. For
example selecting “Titanium*.mea” will search for all measurement files
beginning with “Titanium”.

3. Select the Parameters tab to specity the search criteria.
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N Find Measurements

File | Parammeters
Find measurements that match these criteria [&]
@ .
Add...

il 7756

The main list box @ displays all the search criteria that have been set (when
starting a new search this will be blank). To add search criteria to the list, select
the Add button. More than one criterion can be specified. When the search is
initiated all records that match all search criteria are displayed.

Selecting the Add button displays this dialogue:

Search Criteria

Parameter: Condition:

|D‘I Calculation v| |contains vl

Walue 1: Walue 2

| || |
[ ak l ’ Cancel ] [ Help ]

The Parameter list box lists all parameters available in the measurement file.
Select one and use the Condition and Value list boxes to set the conditions of
the search. Select OK to add the search criterion to the list box in the previous
dialogue.

A single search criterion can be altered or deleted by selecting the Edit and
Delete buttons in the Find Measurements dialogue.

Start the search by pressing the Find button. Once the search is completed, all
records found will be displayed in a window similar to the normal Records
tab, except that all the headers for the fields of the records will change to reflect
the parameters set in the search criteria.

Note
If a large number of records are found in the search, it may take some time
to display the search results as all measurement files must first be loaded.
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The results of the search combination can be saved. Saving consolidates all the
records found into a single measurement file, effectively making a copy of each
record from its original measurement file.

Reusing search criteria

The search criteria can also be saved so that they can be opened and used at a later
date. This is governed by these search buttons:

B New search - clears all criteria currently set.
B Open search - opens a previously saved search.

B Save search - saves the current search criteria to a new file.

Sorting records

Records in a measurement file can be sorted into alphanumeric order. From a
measurement file window select the Records tab. Selecting any of the field headers
will rearrange all records into alpha-numeric order based on that field. For exam-
ple, selecting the Measured on header lists all records into numeric Measured on
date order.
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Exporting results

There are several ways to export information from the Malvern application to other
applications. These are:

One or more records can be selected in the Results tab and “Dragged and
dropped” directly into another application (provided that the application sup-
ports tab separated formats e.g. Excel).

A table or graph can be dragged and dropped into another application by select-
ing the item, then dragging while holding the Ctrl key.

A table or graph can also be copied by selecting the item then selecting Edit-
Copy Table or Edit-Copy Graph. The item can then be pasted into another
application.

Any of the parameters from one or more records can be exported as a text file.
This file can then be loaded into a word processor or spreadsheet. A template is
used to specify which parameters are exported. Use the Configure-Data
export templates command to create and modify templates.

A measurement file can be attached to an email. Use the command File-Send,
which opens the computer’s default mail program, and attach the file.

Exporting results

p To export a record:

1.

2

3.

Select one or more records from a measurement file.

Select File-Export data. This dialogue will appear:

Export Data

Export data uzing this Template: ok

X
ok ]
Result Analpsis (M) £V

Farrmat Optiohs Help

() Use tabs as separators [ Include header row
(%) Uge commas as separators

() Export data to the Cliphoard
(%) Export data ta this File:

Browse...

O Ovenwite file
() Append ta fils

Select a template from the Export data using this Template list box.
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4. Use the Format Options section to specify the separator character used
between fields. Different spreadsheet packages require different field separa-
tion characters to correctly parse the data output. Commas are the most usual
but these should not be used if they are numerical separators in the country
where the instrument is to be used. (e.g. France).

The data can be exported to a file or directly to the clipboard by selecting the
appropriate radio button. To use a file, Browse for it.

An alternative way to export data is to select one or more records and simply
drag the records to another application and then drop them onto a page. This
method uses the template specified in the Default Template list box in the
Data Export Templates dialogue. This dialogue can be accessed by selecting
Configure-Data export templates.

Creating an export template

New export templates can be created (or existing ones modified) by selecting Con-
figure-Data export templates to open this dialogue:

Data Export Templates g|

Awvailable Templates:

Result Analpsis [M] [Read Only)

Default Template:

Result Analysis (M) £V

I OF. l[ Cancel ][ Help ]

Selecting New Template adds a new template name in the Available Templates
list and then gives the user the option of changing the template’s name. (The tem-
plate name can be changed later by pressing the Rename button.)
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Having created it, set the template’s parameters by pressing the Edit.. button to
open this dialogue:

Export Template - Data Template1 g|

Usze the Add and Remave buttons below ta select the parameters
pou want ko export.

Parameters | Caloulations Selected
Additive & name ~ Align alarm
Additive & quantity Alighment date and time

Additive B acceszony guant Analysiz model
Additive B mode

Additive B name
Additive B quantity

Align alam level

Ailign alam triggered
Aillows operator comments

Ainalysie date and time
Ainalysie sengitivity

Ainalysis version
Auto dilute lower obzcuratio [ Maove Up ] ’ tove Down

[ QK ] [ Cancel ] [ Help ]

The Parameters list box displays all parameters available in a measurement record.
The Selected list box displays all parameters that are to be included in the tem-
plate. Add or remove parameters from this list by using the Add and Remove but-
tons.

To change the order in which the parameters are displayed in the Selected list,
select a parameter then press the Move up or Move Down buttons as appropriate.

A standard template Result Analysis(M) is supplied that exports all fields of the
standard report page Result Analysis(M).

Extracting an SOP

The SOP settings used to produce a measurement can be extracted for reuse.

p To extract an SOP:

1. Select a record in the measurement file.

2. Either right-click on the record and select Extract in the menu this displays, or
select Edit-Extract SOP.

3. The Extracted SOP editor dialogue opens, showing the SOP or manual
measurement parameters used to make the original measurement.

4. Make any required changes to the settings and then click OK.

5. Specify the SOP file to save the changes to as a new SOP.
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Introduction

Preparation of the sample before it is added to the system can be critical. Over half
the problems encountered when measuring a sample are caused by bad sample
preparation. If the sample is sticking together, dissolving or floating on the surface,
or if it is not a representative sample, the result will be incorrect.

There are many techniques available to ensure that the sample is prepared success-
tully. Once a suitable dispersion technique is found for the sample, standardise the
procedure (using an SOP) so that comparisons can be made between samples.

This chapter gives information on:

B Sample preparation flow chart — summarises the process.
B Representative sampling.

B Considerations for dry samples.

®  Considerations for wet samples.

B Symptoms of poor sample preparation.

Mastersizer 2000
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Sample preparation flow chart

This flow diagram shows the route taken to prepare an unknown sample:

SAMPLE
\

Take Representative Sample
(mix well or riffle if dry powder)

\/

Does it
disperse in
water?

No

Ultrasound if

necessary Does it
float?
v
Analyse

Try Surfactant No

Does
Ultrasound
work?

\/

Analyse

Does this
disperse it?

\/

Ultrasound if

Try Solvent
necessary

e.g. Ethanol

v Propan-2-ol (IPA)

Methanol

Analyse Acetone

Butanone (Methyl Ethyl

Ketone)
Hexane
Toluene
Dimethyl Digol

v

Ultrasound if
necessary

v

Analyse

i117825
Using liquid-borne particle suspensions, such as latex and emulsions, is usually

straight forward. Use the suspension phase as the dispersant, mix the sample well
and add directly to the Mastersizer beaker. Ultrasound is not usually necessary and
will almost certainly aftect the size of liquid particles.
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Representative sampling

When taking a sample for a measurement, it is vital to ensure that the sample used
is representative of the whole sample. This section gives guidelines.

If the sample is taken from a bottle or container, take care to ensure that it is thor-
oughly mixed. When the sample is a powder, large particles tend to rise to the top
of the container as smaller ones work their way to the bottom.

In most samples there are some large and some small particles, but the majority fall
between these extremes. If a sample is taken from the top of the container, mainly
large particles will be measured. If this is compared to a measurement with the
sample taken from the centre of the container the results will differ noticeably.

If the sample is stored in a container this should be mixed thoroughly before meas-
urement. Do not shake the container as this often increases the separation of the
particles. Instead, hold the container in both hands and gently roll the container,
continually changing its orientation for about 20 seconds. This method works bet-
ter if the container is only half full.

Spinning rifflers
If the distribution of particles within a sample is particularly broad, representative

sampling can be difficult. If problems continue, using a spinning riffler may help.
This is a vibrating hopper which vibrates the sample down a chute.

The act of vibrating the sample causes the larger particles to separate out and travel
down the chute first. At the end of the chute a set of rotating pans collects the sam-
ple evenly. When all of the sample has passed down the chute each collecting pan
will contain a representative sample.

Liquid samples

Liquid samples can also separate out if stored in containers, with larger particles
sinking to the bottom. Again, it’s necessary to mix the sample thoroughly to get a
representative sample. Sample splitters/riftlers are also available for liquid samples.
Beware of using a magnetic stirrer to mix a liquid sample. Large particles tend to
move to the outside of the container due to centrifugal separation, and this can lead
to sample biasing,.
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Considerations for dry samples

The first step when analysing a sample for the first time is to decide whether to ana-
lyse the sample in a wet or dry state. This is usually determined by the nature of the
end use of the sample. If the product is to be used and stored in a dry form, a dry
analysis may be preferred.

Some samples can only be measured in a dry state as they react with all wet disper-
sants, for example they may dissolve or the particles may swell when in contact
with a liquid.

Another consideration is whether the material in its dry state is free flowing. Good
pouring characteristics indicate a non-cohesive powder which will usually disperse
well in a dry powder feeder without any difficulties, whereas a highly cohesive
material tends to stick and clump together, giving biased measurements.

Sample clumping together can often be overcome by drying the sample in an oven.
Obviously care should be taken with delicate materials where drying in the oven
may damage the sample. To drive the moisture from the sample, set the oven to the
highest temperature possible, but not above its melting point!

If it is obvious that using an oven is going to damage the sample, use a desiccator.

A fresh sample that has not had time to absorb moisture from the atmosphere is
always preferable and usually gives better results. If hygroscopic samples need to be
conveyed to the system over some distances, they should be sealed into tubes as
soon as possible with a silica gel bag if this is practicable.

Note
Application Notes describing how to develop a method for dry sample
analysis are available at www.Malvern.com.
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Considerations for wet samples

This section covers sample preparation considerations for wet samples. When ana-
lysing a sample in a wet medium there are even more choices to be made than for
dry samples.

Choice and preparation of the dispersant

The majority of samples will allow water to be used as the dispersant. If the parti-
cles are soluble in water or react chemically an alternative must be used. For exam-
ple, flour added to water will float on the surface but it disperses well when added
to propan-2-ol (IPA).

The first choice to consider when measuring a wet sample is the choice of suspen-
sion medium (dispersant). When analysing a sample for the first time, it is always
best to check the dispersion beforehand. Add the selected dispersant (for an initial
measurement it is usual to use water) to a little of the sample in a beaker and visu-
ally note the result. The sample may dissolve; this can usually be seen visually. If
unsure, analyse the sample and observe the obscuration figure. If the obscuration
figure decreases the sample is probably dissolving.

The dispersant may itself contain impurities or particles that could be significant.
We recommend filtering the dispersant before use either with an in-line pipe filter
or, for small quantities, a syringe based disposable type. Filtration to 1 micron is
generally adequate with 0.22 microns being commonly available and an ideal size.

If the dispersant is stored under pressure or at low temperature it may be necessary
to consider degassing before use. A pressure release or a temperature rise will
reduce the solubility of gasses, resulting in the formation of bubbles in pipes and
cells, etc. Bubbles are a problem as they are measured with the sample and are
counted as particles, biasing the results. This is particularly a problem with some
mains water supplies. The simple answer is to store sufficient dispersant at room
temperature and pressure for several hours before use to allow the degassing to
occur. Also see the section on bubbles later in this chapter.

Note that the use of cold dispersant in a warmer environment can also give rise to
condensation on the outside surfaces of the cell windows. For systems plumbed
into the mains supplies a small header tank may overcome this problem. Filter this
water prior to use. Another solution is to warm the dispersant (for water typically to
60-80 °C) and then allow it to cool before use.

Warning!
A Do not warm a dispersant to allow re-gassing if the dispersant is volatile.
Never allow dispersants to reach their boiling points.
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If condensation is a problem in a water-based system, a quick remedy is the addi-
tion of warm water to the sample tank. The increase in obscuration caused by the
condensation will quickly disappear.

When analysing particles suspended in a liquid dispersant, one of the most impor-
tant decisions is which liquid to use. The dispersant can be any clear (at 633nm
wavelength), optically uniform liquid that does not interact with the sample caus-
ing it to change its size. Clearly users wish to use the safest, lowest cost liquids that
are effective. Particles that give problems, such as dissolution, in one medium may
be quite suitable in another.

Warning!
A If a volatile solvent has to be used as dispersant, leave the sample area door
open during use to aid ventilation.

Whenever difficulties in dispersion are experienced, consider using another disper-
sant. This list gives commonly used dispersants with their refractive indices:

Dispersant Refractive index
Water 1.33
Ethanol 1.36
Propan-2-ol (Isopropyl-alcohol) 1.39
Dimethyl Digol 1.41
Butanone 1.38
Hexane 1.38
Acetone 1.36

The Sample Dispersion and Refractive Index guide gives refractive index
information for many more dispersants.

The cost of some of the organic dispersants may limit their use to the Hydro 20008,
which typically only uses 150ml of dispersant. The problem of the safe disposal of
the sample after measurement must also be considered. Always adopt the correct
procedures for disposing of the sample and dispersant, following any local guide-
lines. Most local regulations forbid hazardous samples and dispersants to be tipped
down the drain, allowing them to enter the water system.

Note
Application Notes describing how to develop a method for wet sample
analysis are available at www.Malvern.com.
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Surfactants and admixtures

If experiencing problems such as the sample floating on the surface of the disper-
sant, addition of a surfactant or admixture may help.

Surfactants

Adding a surfactant may help in preparation of the sample by removing the surface
charge effects on the sample that cause it to float on the surface or clump together.

Surfactants have to be added in minute quantities, typically one drop per litre of
dispersant. If too much surfactant is added the action of stirring and pumping the
sample may cause it to froth, causing bubbles to be introduced into the system.
Bubbles are seen by the system as particles which can bias the measurement. Anti-
foaming agents may be added to prevent the formation of bubbles but, owing to the
fact that these may contain particulates, they should be added to the dispersant
before the background is measured.

Try adding a drop of surfactant to a quantity of sample and dispersant mixed in a
small beaker. If the sample sinks to the bottom of the beaker in large clumps, dis-
pose of the sample and start again. This time add the sample to a dry beaker, add a
drop of surfactant and mix thoroughly to a thick paste. Add the dispersant and mix
well. This usually avoids the agglomeration caused by adding the dispersant first.

A list of recommended surfactants in order of common use is given below:

Surfactant Nature
Igepal Non-ionic
Teepol L Non-ionic
Synperonic N Non-ionic
Aerosol OT Anionic (solid)
Sodium dodecyl sulphate Anionic
Hyamine 2389 Cationic
Admixtures

Admixtures aid dispersion by modifying the properties of the dispersant that are
responsible for the problem. Admixtures are added in larger quantities, typically 1g/
1. A list of commonly used admixtures is given below:

B Sodium Hexametaphosphate (e.g. Calgon)
Sodium Pyrophosphate

Trisodium Phosphate

Ammonia
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B Sodium Oxalate
B Calcium Chloride

As many of these are solid materials that are dissolved into the dispersant, the solu-
tion should be filtered after preparation to remove impurities.

Slurries

The act of mixing up a small quantity of concentrated sample, dispersant and addi-
tives before it is added to the dispersion unit tank is known as preparing a slurry.

Once the particles have been successfully dispersed into a slurry, the sample may be
added to the dispersion unit without any further additions of surfactants etc. The
problem of the sample settling out within the beaker can be solved by using a
pipette to continually stir the sample. While stirring, continually fill and empty the
pipette. Use the pipette to add the sample to the dispersion unit tank.

Use of ultrasonics

In addition to the processes described above, ultrasonics can be applied to help the
dispersion, whether or not it contains a surfactant.

When mixing the sample in the suspension medium, a visual inspection often
shows whether ultrasonics are necessary. If large agglomerates of particles sink to
the bottom of the beaker, try applying two minutes of ultrasonics by placing the
slurry and its beaker in an ultrasonic bath. It will be immediately apparent if this has
been effective. Further ultrasonics can be applied when the sample is added to the
tank, if necessary. This often prevents re-agglomeration, but is not always needed.

Note

Be wary of using ultrasonics with fragile particles; the ultrasonic action
may break up the particles themselves. If in any doubt, microscopic obser-
vation before and after the ultrasonics can establish whether it has helped.

Samples with unstable concentrations

When adding the sample to the dispersion unit tank using the software’s Add sam-
ple facility, users may experience obscurations that change during the dispersion
period. Most samples disperse very quickly so users will not notice the obscuration
value rising. With some samples the slow dispersion of the sample can be clearly
seen. Do not make a measurement until the obscuration has stabilised, indicating
that the sample has properly dispersed. When adding very fine material and relying
on the action of the ultrasonics to achieve a good dispersion, add less sample than
you would expect. The action of the ultrasonics will cause the obscuration to rise.
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The obscuration and its behaviour during the dispersion of the sample can also
warn of other potential problems.

If the obscuration decreases the size of the particles within the sample may be
increasing; either the sample is sticking together or the particles are actually swell-
ing due to the dispersant. Other causes could be the larger particles settling out due
to inadequate pumping and stirring or even the particles dissolving.

If obscuration increases rapidly, particles may be attaching themselves to the cell
windows due to surface charges. This means material is in the laser beam continu-
ously and the obscuration appears to increase. To solve this, use an admixture.

Bubbles

The Mastersizer sees bubbles as particles and measures them. Bubbles vary in size
but are typically around 100 microns in size. In many cases these bubbles can be
seen clearly as a second and separate peak when the measurement data is analysed.
Always be wary of bubbles in the system.

When the dispersant has been added to the dispersion unit and circulated, we
advise switching off the unit briefly to allow trapped air to escape the system. Dur-
ing installation, ensure there are no twists or loops in the connected sample tubing.

When adjusting the pump and stirrer speed for a particular sample, ensure the
speed is not so fast that it introduces air into the system.

When a surfactant is added to the sample, excessive speed of the stirrer/pump may
cause frothing. This will force bubbles into the system.

Degassing

If dispersant is stored under pressure or at low temperature, consider de-gassing
before use. The pressure release or temperature rise reduces the solubility of gases,
resulting in bubble formation in the pipes and tank etc. This is a problem with
some mains water supplies. The best answer is to store enough dispersant at room
temperature and pressure for several hours before use to allow de-gassing to occur.
For more information see Choice and preparation of the dispersant above.

With the Hydro 2000G/S the software can remove bubbles and dissolved gases
from the system using the degas facility. This pulses the ultrasonics for a period of
time after the tank is cleaned and filled with fresh dispersant. To use it, press the
De-Gas button in the Configure-Accessory dialogue or select the Dispersant
degassing check box in the SOP Wizard’s Cycles tab.

Note
Software degassing is a last resort in removing bubbles and dissolved gases.
Ensure that all dispersants are degassed before being added to the system.
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Symptoms of poor sample preparation

Use this table to identify sample dispersion problems:

Problem

Symptom

Action

Sample dissolving

Obscuration decreases.

Try another dispersant.

Dispersant contains
impurities

Poor background readings.

Filter the dispersant
before use.

Bubbles within the
dispersant

Bubbles typically show as a
secondary peak at 100
microns.

Degas the system.

Sample floating on
the surface of the
dispersant

Sample seen on the surface
of the dispersant in the tank.

Add surfactant or
admixture.

Sample clumps
together

Obscuration decreases.

Add surfactant or admix-
ture or use ultrasonic
action.

Sample sinks to the
bottom

Obscuration decreases as

the larger particles settle out.

Increase the pump/stirrer
speed.

Sample swells in
dispersant

Obscuration decreases.

Try another dispersant.

Particles sticks to
the windows

Rapidly increasing
obscuration.

Use an admixture.

Condensation on
the cell windows

Rapidly increasing
obscuration.

If (and only if) the disper-
sant is water, add a quan-
tity of hot (not boiling)
water to the tank. If the
obscuration falls, conden-
sation is the problem.

Bubbles sticking to
windows

Difficulty in obtaining low
background despite many
rinses.

Drain the sampling tank.
The bubbles will burst. Fill
the system carefully with
degassed dispersant. In a
new system, adding
Decon 90 to the tank
overnight and rinsing 7 or
8 times will wet out the
cell surface and reduce
bubble formation.
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Introduction

This chapter covers features experienced users can use to improve their analyses:

B Obscuration settings — limits can be set, enabling the system to detect poor
conditions and take action if a limit is exceeded.

B Advanced result processing — the result can be modified by performing a result
transformation or reducing the result range before displaying it in a graph or
table.

®  Editing results — data can be re-analysed using different parameters and the
result saved as a new record.

B Defining user size bands — customising the particles size ranges used for col-
umns in histograms and tables.

B Alarms — users can set three alarms that monitor various measurement states.
These are the cleanliness alarm, alignment alarm and diameter alarms.

B Averaging records — creates an average record from several records (usually
repeats of the same sample).

B Importing results from older instruments.

B Result emulation — a technique that allows a Mastersizer result to be modified
to emulate a result from an alternative particle sizing technique.
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Obscuration settings

The obscuration is a measure of how much sample is in the beam at any one time.
If this is too high multiple scattering may occur, if it’s too low insufficient signal
will be detected and precision lost. Setting limits enables the system to detect poor
conditions and take action either to ignore data, raise alarms or trigger the meas-
urement process once a limit has been exceeded. Values can be set manually or
default values for the selected sample handler can be enabled.

Obscuration settings can be used when measuring wet or dry samples. However,
obscuration settings are the preferred method for making dry measurements.

If using the SOP Wizard, click on the Measurement... button on the Measure-
ment dialogue, as described in the appropriate dispersion unit manual.
p To change the obscuration settings:

1. For a manual measurement, click the Options button then click on the Meas-
urement... button from the Measurement tab. This dialogue will appear:

Advanced - Measurement @

Obscuration limits and alamm

] Default Lower limit |10 % Upper limit | 20 b4

] Raise alarm if the final obscuration iz out of range

Autostart

[ Autostart meazurement when ohzcuration remaing within limits for the stabilizsing period

Obscuration filkering and alarm
] Only include measurements with values within obecuration limits

[meazurements stop if the required number of snaps has not been acquired within the time-out period)

Fed light only meazurement

[C] Enable red light only measurement

[ Manual align l QK ] [ Cancel ] [ Help ]

2. Set obscuration limits by typing the desired limits into the Lower limit and
Upper limit boxes. Selecting the Default check box will return the limits to
the system defaults.
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The lower limit is used mainly as a means of triggering measurements, particu-
larly dry powder measurements. The practical upper limit for wet dispersions
varies depending on the particle size of the sample.

3. Click on the Raise alarm if the final obscuration is out of range check box
to display an alarm if the measurement’s final obscuration is out of range.

Guidelines

Use a maximum obscuration of about 5% for dry measurements (or even lower for
fine dry material).

For other samples, typically add enough sample to give the following obscurations:

B 10% obscuration — for very fine material (up to 3 or 4 microns). Because the
material is fine, there will be little problem in obtaining good sample represen-
tation but there is some risk of multiple scattering.

B 15% obscuration — if the material has a median size of 50 microns or greater.

B 20% obscuration — if the material has a broad distribution or is coarse. Here
achieving good sample representation is the most important consideration.

The required obscuration can be determined experimentally by measuring the par-
ticle size at different obscurations. At low obscurations the result reproducibility
may be poor due to poor sampling or signal-to-noise issues. At very high obscura-
tions the calculated result may shift to smaller particle sizes due to the effects of
multiple scattering. Obtain the ideal obscuration by finding the range where the
result reproducibility is good and the results are independent of the obscuration
chosen.

In each case, the amount of sample which was required to achieve the recom-
mended levels of obscuration should be noted and specified in the SOP.

Autostart

Sometimes it is necessary to wait for the sample flow to stabilise before making a
measurement, particularly in dry measurements, to avoid errors due to incomplete
dispersion. Obscuration limits can be set up manually or using default values for
the chosen sampler. Once the sample obscuration has stabilised within these limits
for the specified time, the measurement is started.

Mastersizer 2000 Page 9-3



Chapter 9

Advanced features

Obscuration filtering

Obscuration filtering rejects data that does not fall within the set limits. To enable
it click on the Only include measurements.... check box and enter 2 Time-out
period. Measurement will stop if the required number of snaps has not been made
in this time-out period. The software records the number of snaps measured and
this figure can be used in reports to indicate the completeness of a measurement.
For example, a report can be configured to say “1750 of 2000 snaps measured”.

This facility is particularly useful where the sample concentration is liable to some
degree of fluctuation, as with some dry powder measurements. For dry powder
measurements practical limits would be between 0.5% and 6%.

In case a totally inappropriate feed rate is set, so that the obscuration seldom (if
ever) falls within the desired limits, a time-out is provided to allow the user to exit
the measurement. This should not be set so long as to give the measurement the
appearance of having “hung up”, but sufficiently long to allow a fair chance of sam-
ple of the required concentration passing through the measurement cell.

Clicking on the Raise alarm if titme out period expires check box will advise
how many good snaps were collected in the event of a time-out, and offers the
option of using them as the basis for the measurement

Autodilution

Autodilution allows the sample concentration to be automatically adjusted by add-
ing more dispersant. This feature is not available in manual measurements. Good
Laboratory Practice dictates that autodilution is an inferior procedure to the addi-
tion of a correctly predetermined sample quantity.

If operational requirements make the use of autodilution necessary, run a test to
ensure that no modification of the particle size distribution is caused by the proce-
dure.

A typical test is to perform a manual measurement of the sample at a higher
obscuration than required, say 20%, and then run the sample at the same starting
obscuration using autodilution with the target obscuration threshold set to a lower
value than the ideal, say 5%.

If the two sets of results show a high level of comparability, autodilution is an
acceptable procedure. Users who are required to conform to Good Laboratory
Practice should keep the results of this test on file.

As a general rule, emulsions and fine suspensions (0.1 to 10 microns) will be suita-
ble candidates for autodilution. Extreme caution must be exercised with materials

having particle size distributions broader than this as fines could be lost and results
biased.
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Advanced result processing

The result of an analysis can be modified by performing a result transformation or
reducing the result range before it is displayed in a graph or table.

Reducing the result range

The standard result range is:

B For the Mastersizer 2000 — 0.02 to 2000 microns.
B For the Mastersizer 2000E — 0.1 to 1000 microns.

By reducing the result range it may be possible to remove the effects of contami-
nants and bubbles. Contaminants form extra modes or peaks in the result after the
analysis. By reducing the result range, the characteristics of the expected result dis-
tribution are isolated.

An alternative use for reducing the result range is to isolate a mode of the distribu-
tion so that the characteristics of that mode can be obtained separately from the
complete distribution. This is particularly important for users who are also trans-
forming the result, where small modes in the volume distribution, caused by
errors, are magnified and can become dominant when transformed to a number
distribution.

» To reduce the result range in an SOP:

1. In the Material tab select the Advanced button in the Result calculation
section.

2. Change the size range by altering the entries in the Include result in size
range box.

P To reduce the result range in a manual measurement:
1. Select Measure-Manual.

2. Once the background measurements are complete press the Options button.
3. Seclect the Material tab.

4. Change the size range by altering the entries in the Include result in size
range box.

5. To remove any result range reduction press the Default button. This will
restore the box to the full range.
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Transforming results
The basic result produced by the analysis is a volume distribution which is the vol-
ume proportion within each size class of the total volume of the particles. It is pos-

sible to convert this volume distribution to a number, volume or length
distribution. After volume the next most useful distribution type is probably

number, which reports the number proportion of particles in each size class.
The transformation can be expressed mathematically as:
100v,/d;"
AXYi n
XV./d;

where Xi is the transformed percentage distribution, Vi is the volume distribution
result, di is the mean size of class i and # is the required distribution type (1 for sur-

face, 2 for length and 3 for number).

Note
o A small volume of particles of small sizes can be transformed to a signifi-
cant part of a number distribution. If this small volume is just due to noise

or other errors in the measurement, it may swamp the actual desired distri-
bution. These small errors in the measurement are, in effect, magnified by
the transformation. Consider using the Reduce result range facility to
isolate the significant part of the volume distribution before performing

the transformation.

The example below shows the result of transforming a skewed volume distribution
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p To transform a result in a manual measurement:
1. Select Measure-Manual.

2. Once the background measurements are complete, press the Options button.
3. Select the Material tab.
4. Select the Advanced button in the Result calculation section.

5. Select the Enable transformation check box and select the relevant Trans-
form Volume to radio button.

p To transform a result in an SOP measurement:
1. Select the Material tab.

2. Select the Advanced button in the Result calculation section.

3. Select the Enable transformation check box and select the relevant Trans-
form Volume to radio button.

p To transform a result in an existing record:

1. Open the relevant measurement file.

2. Select the record to transform.

3. Select Edit-Result and then click OK in the displayed dialogue.

4. Sclect the Material tab.

5. Select the Advanced button in the Specify new result calculation section.

6. Select the Enable transformation check box and select the relevant Trans-
form Volume to radio button. Click OK twice.
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Editing results

What happens if the user makes a measurement then at a later date wants to change
one of the parameters of the result? For example, suppose that days after a measure-
ment the Refractive Index specified as an optical property is found to be incorrect.
A user can change the properties of the record by selecting it then using Edit-
Result editor.

The Result Editor dialogue contains tabs similar to the SOP Wizard’s Material,
Labels and Report/Saving dialogues:

Result Editor g|
Matenial | Labels | Report/S aving

Specify new optical properties

Optical properties depend on the dispersant chosen. 5ome matenials have different
forms, each having different properties, so it is advisabls to check that the information
bielow iz comect.
Material Mame Refractive Index  Absarption
Palpstyrene latex W | 1.53 0
Blue light:  1.53 0
Digperzant Hame Refractive Index

Specify new result calculation
Model  Multiple narrow mades [spherical) Advanced.. ]

Advice

Description:  Thiz model iz only appropriate for zamples conzisting of one or mare wvery
narmow modes, such as polystyrene latices. Models...

[ kK H Cancel ” Help ]

Each section has a Specify new result calculation check box that, when selected,
lets the user change the settings. The Measurement Options section in Chapter
4 has details of these dialogues.

Remember that the original record cannot be changed. When a user alters a record
using the Result Editor the changes are saved as a new record. A modified record
can always be identified as its Source parameter shows whether the record has
come from a measurement or been recalculated using the Result Editor.

When the Result Editor is closed down, any changes specified are remembered so
that the next time Result Editor is opened the changes can be assigned to a new
record.
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Defining user size bands

Within a histogram graph or result table, each column of the histogram represents a
size band of particles, for example from 0.25 to 0.7 microns. The default settings
for these are set by the fundamental geometry of the optics within the system.
However, these size bands are fully customisable by the user. A practical use of this
is shown in the sieve reports. These reports use customised size bands so that they

match those required by the relevant standard for sieves.

Size bands are defined by selecting Edit-User sizes. The dialogue below will
appear. This dialogue allows the user to either manually set the size bands using the
Edit sizes tab or automatically generating the size classes between user defined

limits, using the Generate Sizes tab.

X

User sizes
Edit Sizes | Generate Sizes
Usger sizes are uzed for hiztogram graphs
and result tables
Size [pm) Ligt of Usger Sizes
0.0 noia A
0.0
005
0om7
0.0z
0023
0.026
0.030
0.040
0.046
o .
l Load sizes... l ’ Save sizes.. ]
[ 0K, ] [ Cancel ] [ Help

]

P To define a size band manually:

1. Select the Edit Sizes tab in the Edit-User sizes dialogue (shown above).

2. Type the particle size that will form a new size band boundary in the Size

(um) box.

3. Select ADD. The new size boundary will be added to the List of User Sizes

list box, creating a new size band.

Mastersizer 2000
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A size band can be removed using this dialogue by selecting a size from the List of
User Sizes list box and pressing the Remove button.

Pressing the Clear button removes all entries in the List of User Sizes list box.

Note
o The default size bands can be loaded by pressing the Clear button then
OK. The software asks if the user wants to load the default size bands.

User-defined size bands can be saved and loaded using this dialogue.

Generating size bands

Using the Generate facility ensures that the size classes are as evenly distributed as
possible. This approach is quicker than creating a range of sizes manually.

p To generate size bands:

1. Select the Generate Sizes tab in the User sizes dialogue (shown below).

User sizes E|

Edit Sizes | Generate Sizes

Usger sizes are uzed for hiztogram graphs
and result tables

Low gize omo pm

High size 10000.000 | prn

<

Murnber of size bands 100

Spacing
() Logarithmic

O Linear

’ Generate sizes now l

[ 0K, ][ Cancel ][ Help ]

2. Choose the upper and lower limits for the whole distribution using the Low

size and High size boxes.

3. Define the number of size bands by changing the Number of size bands

value.

Page 9S-10
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4. Decide if the size classes are to be spaced logarithmically or linearly by check-
ing the relevant radio button under Spacing.

5. Press the Generate sizes now button.

The size classes generated can be edited or saved by selecting the Edit Sizes tab.

Alarms

The user can set three alarms that monitor various states of the measurements.
These are the cleanliness alarm, alignment alarm and diameter alarms.

Cleanliness alarms

The software can monitor the cleanliness of the optics by measuring the back-
ground signal while clean dispersant is circulating. The measurement procedure
can be set up so that the user sets a threshold and an alarm is automatically triggered
if this threshold is passed. As an alternative, the background screen can be displayed
during the measurement for the user to make a judgment on the cleanliness of the
system.

p To set a Cleanliness alarm in a manual measurement:
1. Select Measure-Manual.

2. Once the background measurements are complete, press the Options button.
3. Select the Measurement tab.

4. Select Alarms.

5. Select the Enable check box to enable the cleanliness alarm.

6. Move the slider on the Cleanliness level to sct the sensitivity of the alarm.

p To set a Cleanliness alarm in an SOP measurement:
1. Select the Measurement dialogue.

2. Select the Alarms button in the Advanced options section. There are four
options for the actual alarm on the Cleanliness Alarms tab:

B  No cleanliness alarm — the alarm is disabled.

B Check cleanliness level — the threshold is automatically monitored and
an alarm is triggered if the threshold is exceeded. Select this and use the
Cleanliness level slider to set the threshold for the alarm trigger.

B Display background (exited by key press) — a display appears, showing
the background signal. This display disappears when any key is pressed.
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B Display background (exited by time-out) — a display appears, showing
the background signal. This display disappears when the time-out set in
the Time-out box is exceeded.

Alignment alarms

In normal operation the alignment of the system is monitored by the software and
an auto-alignment procedure is automatically performed if the system is out of
alignment. This will add a few seconds to the measurement time. Setting an align-
ment alarm will warn that the alignment threshold has been triggered but will not
stop the measurement.

P To set an Alignment alarm in a manual measurement:

1. Select Measure-Manual.

2. Once the background measurements are complete, press the Options button.
3. Select the Measurement tab.

4. Sclect Alarms.

5. Select the Enable (warns when alignment is poor) check box.

6. Adjust the Sensitivity slider if necessary.

Diameter alarms

It is possible to set alarm limits for the three percentiles (D[v,0.1], D[v,0.5],
D{[v,0.9]) that will trigger if the reported value of a percentile falls outside a prede-
fined size range. An upper and lower size limit can be set for each of the three per-
centiles.

The alarm can be set to stop the measurement if the alarm is triggered to allow
investigation of the source of the alarm.

p To set a Diameter alarm in a manual measurement:

1. Select Measure-Manual.

2. Once the background measurements are complete, press the Options button.
3. Select the Measurement tab.

4. Sclect Alarms.

5. From the Diameter alarms section, enable a percentile alarm by selecting the
relevant Enable check box.

6. Sct the upper and lower size limits for the alarm by changing the values within
the Lower limit and Upper limit boxes.

7. Click OK

Page 9S-12
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p To set a Diameter alarm in an SOP measurement:
1. Select the Measurement dialogue.

2. Select the Alarms button in the Advanced options section.

3. On the Diameter alarms tab, enable a percentile alarm by selecting the rele-
vant Enable check box.

4. Set the upper and lower size limits for the alarm by changing the values within
the Lower limit and Upper limit boxes.

5. Click OK

Averaging records

It is possible to create an average record from several records (usually repeats of the
same sample). Select multiple records by using the CTRL or Shift keys, then
select Edit-Create average result.

A dialogue will appear that will give the user the opportunity to enter a sample
name and the record numbers that were used to create the average. The average
will be created as a separate new measurement record capable of being saved and
recalled.
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Importing results from older instruments

Records created on Mastersizer S, Mastersizer X and Mastersizer Micro/Microplus
instruments running v2.15 or later software can be viewed using the current soft-
ware. This provides an ongoing means of viewing records without the need to
retain the original instrument.

To do this select File-Import S/X, choose the required data file and press Open.

BN Mastersizer, 2000 - [Example
GIEN Edit Wiew Measure  Confic
C [ Dmew  ctew |4

[ open.., CrH+O

Close
Import Mastersizer S/X files
B¢ Saveas
Laok in: | I Measurement Data v| Q ¥ 0 m-
5 30RF
{ :) 300
My Recent S00RF
Dacuments E] BESICA4
Print Setup... ?[ S00RF
Batch Print...
Desktop
#F4 Send... ’__/
1 Exarples My Documents
Exit 3‘1};
4y Computer
- File name: |TEST v | I Open ]
My Metwork - Files of type: | Mastersizer 57 Files [ sam) v| [ Cancel ]

The measurement records imported will now be displayed. The field view should
be changed to display the software version.

Sizer S data

Result Difference [M] | Result Analysis (M) | & F
B Recods ] Trend (M) | Sieve BS 4101985 - ISO5ES 19¢
Record number Software version Sample name Source
1 3.10 SQurn Latex 300
310 Sum Latex 300

Surn Lakes 300

Surm Latex 300
Sum Latex J00RF
Surm |-

(=]

2
3
.-*
5
&
7
g
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Note
Only the complete data file can be imported. It is not possible to import
individual data records.

Result emulation

Result emulation is a technique that allows a Mastersizer result to be modified to
emulate a result from an alternative particle sizing technique. As an example, a user
may have previously used sieve measurements to control a process and may now
want to replace the sieves with the Mastersizer. The Mastersizer results may well
differ from the sieve results owing to the particles being non-spherical but the user
may want the opportunity to produce a sieve-like measurement for comparison
purposes. Result emulation satisfies this requirement.

Result emulation requires a “result emulation factors file”. This file describes how

to translate the Mastersizer result into an external result (the particle size distribu-

tion measured by another instrument or technique) and is made up of a set of mul-
tiplying factors with its corresponding particle size.

The result emulation generator wizard calculates the factors from a Mastersizer
result and an external result. The factors may also be individually edited using the
factor editor dialogue box, but this should rarely be necessary.

Note

0 The success of this technique depends on having as large a number of
measurement points in the external result as possible. It should also be
remembered that a set of factors produced for one particular variant of a
material will not necessarily be suitable for all variants - changes in produc-
tion processes will often have a significant effect on the morphology of a
material.

When results to be emulated are variable as is frequently the case with sieve analy-
sis, it is good practice to use an average result as the basis of result emulation.

Consult the online help for details on how to use result emulation.
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Security

Introduction

This chapter describes:

B Security principles.

B Setting up the Administrator.

B Security guidelines.
B Setting up user groups.

B Sectting up individual users.

Mastersizer 2000
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Security principles

As instrument users may have varying skill levels, user access can be limited so that
certain functions such as editing SOPs, deleting records and editing results are
reserved for specific users only.

Administrators, users and permissions

One or more persons are set up as administrator. The administrator then controls
access to the instrument by defining User groups and Permissions:

B A User group consists of one or more users that have the same access rights.

B Permissions are the access rights that are allowed for each user group; these
range from the right to edit SOPs to the right to disable view selection.

The administrator:

B Creates users — normally they assign each user a password, although this is not
mandatory. If passwords are not set up, the user just has to type their username
to log in, otherwise they must provide the password too.

®  Creates user groups.

B Adds users to one or more user groups.

After installation

The first time the software is run the security system will be disabled and an
administrator user and administrators group will be created by the system. This is
so at least one user will have permission to configure the security system.

21 CFR Part 11

The security system can be upgraded to provide technical compliance with 21 CFR
Part 11 by installing a feature key. Once this is installed, 21 CFR Part 11 security
settings can be applied and audit trails can be viewed. If the feature key is installed
the grey 21 CFR icon on the status bar becomes coloured.

This manual does not detail the 21 CFR Part 11 option but concentrates on the
standard security software.
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Setting up the Administrator

The first time the system is run just one user (named Administrator) and one
user group (named Administrators) are created automatically. The Administra-
tors group is originally set only to allow configuration of the security system and to
deny access to all other features of the system.

The first task is to set up the Administrator account.

p To set up the administrator:

1. Select Security-Configure security to display this dialogue:

Security Configuration

X

User Options Help

Username Full Mame Description

Aﬁ.ﬁ.dministrator Adrinistrator Built in account for administering security
Groups Description

AGR A drministr ators Built in account for administering security

When the software is run for the first time, the security system defaults to a
member of the Administrators group with no password.

2. Select the Administrator name in the first row and then User-Properties.

Confirm the blank password for the Administrator account (that is, do not
type anything in) and click OK.

3. Click Options-Security settings... and in the Security Settings dialogue

shown below select the Enable security check box and click OK.

Mastersizer 2000
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Security Settings

[ Enable security E

[ 0K l [ Cancel ]

Security is now enabled on the system. This forces subsequent users to log in
to access the software.

Note
If the 21 CFR part 11 feature key is installed a different dialogue is dis-
played. Once 21 CFR part 11 security is enabled, it cannot be disabled.

Security guidelines

Once security is enabled each user must log in when the software starts. Once the
user is logged in, only functions matching their relevant permissions will be acces-
sible; all other functions will be greyed out.

To change from one user to another without closing down the software, the first
user must select Security-Logout and then the second user must select Security-
Login and enter the appropriate username/password.

Note

o It is preferable to assign at least two users to the Administrators group.
These users’ user names and passwords should be stored in a secure loca-
tion. This is to safeguard against accidental lockout or deletion of permis-
sions that may prevent the security settings being available.

Remember that after any changes to the security system — adding users, changing
permissions, etc. — the new changes must be saved (by selecting User-Save). A dia-
logue will appear on exit reminding the user to save changes.
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Setting up user groups

All users must be a member of at least one user group.

Note

Only users assigned to the Administrators group can add or edit the user
group properties. We recommend setting up at least two administrator
users, so the system can still be accessed if one user’s password is lost.

p To add a new group:

1. In the Security Configuration dialogue select User-New Group... or dou-
ble-click on an empty Groups row to display the Group Properties dialogue
shown below:

Group Properties

Group Mame: | Operatorg

IIIm

Description: Cancel
Help
Members:
Add...
Permizsions:
[ Administer user information ~

[J &lewy modification of ER/ES settings

[]Change the pat arder in the Autosampler schedule

[ Carfigure communications

[] Carfigure the alignment pad settings

[ Contral status bar display

[ Control toolbar display

[ Create and edit custam calculations "

2. Enter a Group name and a Description of the group’s purpose. Example
names might be:

B Operators — general users of the system.

B Supervisors — skilled users who can perform configuration and create
SOPs.

3. The Members list shows all the users currently assigned to the group. To add
a user click Add; a list of all users not currently allocated to that group is
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shown. Select one or more users (hold down the Ctrl key to select multiple
users) and press OK to add those users to the group.

If no users have been added yet, add these as described below, then add them to
the group.

Note

o To remove a member from the group, select them in the Members list
and click Remove. This removes them from the group but not from the
system.

4. Use the Permissions list to enable/disable functions of the software for the
group. Simply check the boxes for the permissions required. Scroll through the
Permissions list using its scroll bar. Click OK to save the group.

b To edit an existing group:

1. Double-click on an existing group in the Security Configuration dialogue to
display the Group Properties dialogue.

2. Proceed as described above for adding a group.

Setting up individual users

Each user is defined by their:

B Unique Username - this, along with the user Password, forms the unique
key required to identify each individual using the system. The Username is
commonly an abbreviated form of the individual name or a unique identifier
such as an employee code.

B Full Name - the full printed name of the individual. This can be used on
reports to identify the user if an employee code is used as a Username.

B Description field (optional) — this is used to add descriptive text for the user.

Note

0 Only Administrators group members can add or edit user properties.
We recommend setting up at least two administrator users, so the system
can still be accessed if one user’s password is lost.

p To add a user:

1. In the Security Configuration dialogue, select User-New User... or dou-
ble-click on an empty Username row to display the User Properties dia-
logue:

Page 10-6
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Password: | LI

User Properties E|
Username: |Fiay Nutbeem | 0K
Full Name: |Fiow Nutbeem | Cancel
Desciption: |Administiator |
|
|

Confirm password: | T

Uzer Must Change Pazsword at Mest Logon
] User Cannot Change Password

2. Type in the user information in the first three fields.

To set passwords, the recommended approach is for the administrator to spec-
ify a previously arranged password, such as the user’s name, and force the user
to change their password the next time they log on by selecting the User Must
Change Password at Next Logon check box.

3. Press the Groups button to display this Group Memberships dialogue:

Group Memberships

Uzer  Roy Mutbeem (]
Member of: Mot member of:
A pdrinistratars
[ QK ] [ Cancel ] [ Help ]

4. Use the Add button to allocate the user to appropriate group(s) by moving
each group to the Member of: list.

5. After adding the user to all required groups, click OK.
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p To edit a user:

1. To edit an existing user double-click their name in the Security Configura-
tion dialogue to display the User Properties dialogue.

2. Proceed as described above for adding a user.

When a user logs on

If security is configured users are prompted for a password when they try to log in:

User name
A Type pour uzer name ta log an.

User name: |Foy Nutbeem

Password: | ees

[ ak. ][ Cancel ][ Help ]

If the administrator selected the User Must Change Password at Next Logon
check box (see above), the user sees this dialogue when they log in:

Change your password,

Lzer name: |Roy Hutbeem
Current Password: | see
Mew Pazswaord: | eee

Confirm Mew Passward: | s

[ ok ) [ cancel |[ Hep |

To change the user password, the user has to enter the current password and spec-
ify a new password with confirmation. Pressing OK changes the security settings.

If the administrator used the User cannot change password option, this prevents
a user from changing their password. Otherwise, once they have logged in a user
can change their own password by using Security-Change password.

To keep the system secure, users should change their passwords regularly to pre-
vent unauthorised access. The only possible exception is the security administra-
tor’s account as forgetting the password to this account could prevent further
configuration of the security system.
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Specification

Optical bench

Size range (2000) 0.02 to 2000 microns, depending on material properties.
Size range (2000E) 0.1 to 1000 microns, depending on material properties.
Measurement Mie Scattering

principle

Detection systems

Red light: Forward scattering, side scattering and back
scattering.

Blue light: Wide angle forward and back scattering (Mas-
tersizer 2000 only)

Light sources

Red light: Helium neon laser.
Blue light: Solid state light source (Mastersizer 2000 only)

Optical alignment
system

Automatic rapid align system with dark field optical reticle
and multi-element alignment detector.

Sample dispersion
unit interchange
system.

Sample dispersion units automatically recognised, config-
ured and enabled on insertion of measurement cell cas-
settes into optical bench.

Power 110/240V, 50/60Hz, 60VA
Dimensions Length: 1293mm

Depth: 255mm

Height: 375mm
Weight 35kg

All specifications are subject to change without notice.

Mastersizer 2000
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Chemical compatibility

Introduction

The Mastersizer and its dispersion units have been manufactured from materials
that are considered to give the widest protection from chemical attack. However, it
is important to check that any sample or dispersant you may use is chemically com-
patible with the materials that they will come in contact with within the system.

In normal operation the sample and dispersant should not come into contact with
any component of the optical bench (the sample path is contained within the dis-
persion unit and the sample cell). However, if a sample pipe or sealing ring should
fail then sample and dispersant may drip into the cell area of the optical bench. A
drain is fitted in the base of the cell area to limit the spread of any leak.

Should a small leak occur the sample/dispersant may come into contact with the
following materials:

Component Materials

Detector lens Glass

Protection window Glass

Cell area walls Aluminium (hard anodised)
Cell area base Aluminium (hard anodised)
Drain assembly Stainless steel, Tygon™ tubing
Cell shroud Polyurethane

Caution!

A The paint finish of the external covers may be permanently damaged if
samples or dispersants are spilt on them. Clean up any spillage immedi-
ately.
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Remember to check the chemical compatibility of the sample dispersion units
before using a new sample and dispersant.
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LUiNnpacking
iINnstructions

Déballez I'instrument
Auspacken des Gerates
Desempaquetado del aparato

Desempacotamento do instrumento

If there is any sign of damage contact the freight
carrier immediately.

Si vous constatez des signes de dommages
quelconques, contactez immédiatement le transporteur.
Bei irgendwelchen Zeichen von Transportschéden den
Spediteur sofort benachrichtigen.

Si se advierte algun signo de deterioro, contactar
inmediatamente con el transportista.

Contacte imediatamente a empresa transportadora se
houver qualquer sinal de embalagem danificada.

ill 1708
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Cut through the plastic bonding straps.
Découpez les courroies d’attache en plastique.

Die Kunststoffbander durchschneiden.

Cortar las tiras de sujecion de plastico del embalaje.
Corte as tiras plasticas que prendem o conjunto.

ill 1721

3.
Carefully cut the plastic packing tape along the fold
lines.
Découpez avec précaution le ruban d’emballage en
plastique, le long des pliures.
Die Kunststoffverpackungsbander vorsichtig entlang den
Falzlinien durchschneiden.
Cortar con cuidado la cinta de embalaje de plastico por la
lineas de doblado.
Com cuidado, corte a fita de embalagem plastica ao
longo das dobras.

ill 1730
4,

Open the wings of the carton and remove the top
foam inserts.

Ouvrez les rabats du carton et retirez les blocs de
mousse du haut.

Die Klappen des Kartons 6ffnen und die oberen
Schaumeinlagen entfernen.

Abrir los costados de la caja y extraer las piezas
intercaladas de espuma de la parte superior.

Abra as abas da caixa e retire 0 enchimento de espuma
que esta em cima.

ill 4924
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Lift the instrument out of the carton and place on the
workbench.

Soulevez I'instrument pour le sortir du carton, et posez-le
sur le banc.

Das Gerat aus dem Karton heben und auf der Werkbank
aufstellen.

Levantar el aparato, sacarlo de la caja, y colocarlo sobre
el banco de trabajo.

Tire o instrumento da caixa e coloque-o na bancada.

ill 4925

Never try to lift the instrument without the help of
others.

X
* Ne tentez jamais de soulever I'instrument tout(e) seul(e).

Bitte versuchen Sie niemals, das Gerat ohne Hilfe einer
zweiten Person zu heben. Stets die korrekte Hubart
verwenden, um eine Rickenverletzung zu vermeiden

No se debe intentar nunca levantar el aparato sin ayuda
de otras personas.

Aplicar siempre las técnicas de elevacion adecuadas
para evitar dafios en la espalda.

4026 | Nao tente nunca levantar o instrumento da caixa sem o
auxilio de outros - use sempre técnicas de levantamento
adequadas, para evitar lesdes nas costas.

Never lift the instrument by its covers.

Pour soulever l'instrument, ne le tenez jamais par ses
couvercles.

Niemals das Gerat an den Abdeckungen anheben.
No levantar nunca el aparato por sus cubiertas.

Nunca levante o instrumento pegando pelas suas
tampas.

ill 4927
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x Always place the instrument on its feet. Placing it on
its side will damage the covers.

Posez toujours I'instrument sur ses pieds. Si vous le
posez sur le cété, vous endommagerez les couvercles.
Das Gerét stets auf seinen FiBen aufstellen. Ein seitliches
Aufliegen beschadigt die Abdeckungen.

Se debe colocar siempre el aparato sobre sus patas.
Depositarlo de costado dafaria las cubiertas.

Coloque sempre o instrumento na vertical, sobre os seus
pés. Se o colocar de lado ira danificar as tampas.

ill 4928

Remove all other packages from the carton and
unwrap.

Sortez tous les autres paquets du carton et déballez-les.

Samtliche andere Pakete aus dem Karton nehmen und
auspacken.

Retirar todos los demas paquetes de la cajay
desenvolverlos.

Retire todas as outras embalagens da caixa e abra-as.

ill 4929

10.

Retain all packaging in case the instrument requires
transporting in the future.

Conservez tous les emballages, au cas ou 'instrument
devrait étre transporté ultérieurement.

Das gesamte Verpackungsmaterial aufbewahren, falls in
Zukunft ein weiterer Transport des Geréts erforderlich
wird.

Conservar todo el material de embalaje por si el aparato
debiera ser transportado en el futuro.

Guarde todo o material de embalagem, caso seja

necessario no futuro transportar o instrumento.
il 1715
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Regulatory statements

This appendix shows the regulatory information for each product.
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CE Declaration of Conformity (APA2000)

The CE badge on this product signifies conformance to European Commission
Directives.

i

CE Declaration of Conformity

(in accordance with ISO/IEC 17050-1) Form:CE declaration of conformity for APA2000 (2007)

Supplier details

Document (NAME / NUMBER) Issuer’s Address

Enigma Business Park,

Grovewood Road,
Issuer's Name (NAME OF MANUFACTURER) Malvern,

|Malvern Instruments Limited ] Worcestershire, WR14 1XZ, UK

| CE declaration of conformity for APA2000 (2007) !

Product details

Product description — name and model number(s)
Name: Mastersizer 2000(LF)

Model(s): APA2000

Description: Particle Sizer

=

ive(s) and (s) to which ity is

EMC directive 89/336/EEC as amended by 92/31/EEC and 93/68/EEC
Low Voltage Directive 2006/95/EC

BS EN 61326-1: 2006 and part 2 as required
BS EN 61010-1: 2001 and part 2 as required

Additional Information

None.

Declaration

| hereby declare that the product g Date of issue
with the provisi of Council Di i ) and
standard(s) listed above. [

1\

Signed for and the behalf of Malvern Instruments
Limited.

Place of issue Name (Function)

Malvern Instruments Limited (UK) i IAIan Bragginton (Production Director)

i1l 7964
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CE Declaration of Conformity (EPA2000)

The CE badge on this product signifies conformance to European Commission
Directives.

it

CE Declaration of Conformity

(in accordance with ISO/IEC 17050-1) Form:CE declaration of conformity for EPA2000 (2007)

Supplier details

Document (NAME / NUMBER) Issuer’s Address

Enigma Business Park,

Grovewood Road,
Issuer’s Name (NAME OF MANUFACTURER) Malvern,

lMa!vern Instruments Limited | Worcestershire, WR14 1XZ, UK

[ CE declaration of conformity for EPA2000 (2007) |

Product details

Product description — name and model number(s)
Name: Mastersizer 2000(LFE)

Model(s): EPA2000

Description: Particle Sizer

=]

) and (s) to which ity is

EMC directive 89/336/EEC as amended by 92/31/EEC and 93/68/EEC
Low Voltage Directive 2006/95/EC

BS EN 61326-1: 2006 and part 2 as required
BS EN 61010-1: 2001 and part 2 as required

Additional Information

None.

Declaration

I hereby declare that the product specified conforms Signature Date of issue
with the provisi of Council Di ive(s) and
standard(s) listed above. |

Signed for and the behalf of Malvern Instruments
Limited.

Place of issue Name (Function)

Malvern Instruments Limited (UK) | |Alan Bragginton (Production Director) 1

i1l 7965
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FCC Notice (US only)

The Federal Communications Commission (FCC) mark on this product signifies
conformance to FCC regulations relating to Radio Frequency Devices. These have
been satisfied by testing the product against, and being found to be compliant with:

FCC CFR 47 Part 15:March 2003.Class A digital device.

The device complies with part 15 of the FCC Rules. Operation is subject to the
following two conditions:

1) This device may not cause harmful interference, and

2) this device must accept any interference received, including interference that
may cause undesired operation.

O

Note

This equipment has been tested and found to comply with the limits for a
Class A digital device, pursuant to part 15 of the FCC rules. These limits
are designed to provide reasonable protection against harmful interference
when the equipment is operated in a commercial environment. This
equipment generates, uses, and can radiate radio frequency energy and, if
not installed and used in accordance with the instruction manual, may
cause harmful interference to radio communications. Operation of this
equipment in a residential area is likely to cause harmful interference in
which case the user will be required to correct the interference at his own
expense.

Note
Changes or modifications not expressly approved by Malvern Instruments
Limited could void the user’s authority to operate the equipment.

Page D-4

MANn 0384



Regulatory statements Appendix O

Canadian Regulatory Information
(Canada Only)

This digital apparatus does not exceed the Class A limits for radio noise emissions
from digital apparatus set out in the Radio Interference Regulations of the
Canadian Department of Communications.

Note that Canadian Department of Communications (DOC) regulations provide,
that changes or modifications not expressly approved by Malvern Instruments
Limited could void your authority to operate this equipment.

This Class A digital apparatus complies with Canadian ICES-003.

Cet appareil numérique de la classe A est conforme 2 la norme NMB-003 du
Canada.

VCCI acceptance (Japan only)

The Voluntary Control Council for Interference (VCCI) mark on this product
signifies compliance to Japanese EMC regulations as specified by VCCI.

COEEIR. FHRLBEEFENETAIAGGES (VCC 1) OEHE
KESCI7AABERBEMEETY, COXBEZRERECHERT S LER
BEZFIZEITEYHVET, COBEICRERAEIrBY LN REET
BEOBKRENBEDNHUET,

ill 6793

Translation:

This is a Class A product based on the standard of the Voluntary Control Council

for Interference by Information Technology Equipment (VCCI). If this equipment
is used in a domestic environment, radio disturbance may occur, in which case the
user may be required to take corrective actions.
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21 CFR Part 11 10-2, 10-4
A

Absorption 4-2
ACCESSORY connector 3-6
Add Sample tab 4-5, 4-6
Adding the sample 4-2,4-5
Administrator

setting up 10-2, 10-3
Administrators, users and permissions 10-2
Admixtures 8-7
Advanced features 9-1
Alarms 9-11

alignment 9-12

cleanliness 9-11

diameter 9-12
Alignment alarm 9-12
Autodilution 9-4
Autostart 9-3
Averaging records 9-13

Background measurement 4-3, 4-6
Backscatter detectors 3-5
Beer-Lambert law 6-7
Blue refractive index 4-20
Bubbles

degassing 8-9

problems 8-9

sticking to windows 8-10

Cc

Cell 3-4
Cell holder 3-5
Cell in connector 3-7
Cell out connector 3-7
Cleaning
automatic 4-5
cycles 4-25
Cleanliness 4-3

Cleanliness alarm 9-11
COMPUTER

connector 3-6
Computer 3-3
Concentration

at different obscurations 6-9

calculating 6-7

definition 6-5

how calculated 6-7

volume calculation 6-7
Condensation on cell windows 8-10
Configure-Accessory dialogue 8-9
Configure-New SOP 2-4
Control Palette 5-6
Custom (user) reports 5-6

D

Data export templates 7-7
Data graph 5-8
Default reports 5-1, 5-3
Degassing 8-9
Degassing dispersant 4-25
Deleting an SOP 4-17
Detector array 2-2
Diameter alarms 9-12
Dispersant

autodilution 9-4

choice and preparation 8-5
Dispersant contains impurities 8-10
Dispersant degassing 8-9
Dispersion Unit manuals 1-4
Distribution 6-6
Drain 3-4
Dry cell 3-5
Dry samples 8-4

E

Edit Sizes tab 9-11
Editing an SOP 4-17
Editing results 9-8
Edit-User sizes 9-9
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Emulation 9-15

End panel 3-6

Equivalent spheres 6-11
Essentials Manual 1-1, 1-4
Export templates 7-7
Exporting results 7-6
Extracting SOP 7-8

F

Feature key 10-2

Field Chooser 5-4
File-Import S/X 9-14
File-open 2-5

File-Send 7-6

Flushes box 4-25
Fraunhofer model 2-2, 6-14

G

Generate Sizes tab 9-9
Generating size bands 9-10
Grade efficiency curves 5-9
Grade efficiency graph 5-8
Graphs in reports 5-8

Group Properties dialogue 10-6

H

Handle on cell 3-7

Health and safety 1-4

Help - obtaining 1-4

Help desk 1-5

Help-About 1-5

Help-Help topics 1-5

How Mastersizer 2000 works 2-2
Hygroscopic samples 8-4

Importing old results 9-14
Installation 1-4
Instrument feet C-4

K
Kurtosis 6-13
L

Labels dialogue 4-21
Landscape format 5-1
Laying out a report 5-7

Length distribution 9-6
Lifting the instrument C-3
Light shroud 3-7

Locking handle 3-7

Maintenance 1-4
Malvern website 1-6
Manual measurement

function of 2-4

procedure 4-6

reason to use 4-3

result range 9-5

test 4-8

transforming result 9-7
Mastersizer 2000E 4-4, 4-10
Material dialogue 4-19
Material tab 9-5
Materials button 4-8
Measure Background step 4-2
Measure Background tab 4-6
Measure Sample tab 4-7
Measurement

defined 2-2

procedure 4-1
Measurement Cycles dialogue 4-25
Measurement dialogue 4-23
Measurement file

extension 2-6

records 2-5

searching 7-3
Measurement files 7-1
Measurement Options dialogue 4-8
Measurement snaps 4-23
Measurement tab 9-2
Measurement window 3-9, 5-2
Measuring new samples 4-16
Menu bar 3-8
Menu commands 1-3
Micro cell 3-5
Mie theory 2-2, 6-11, 6-15
Model number 1-1, 1-5

N

Naming convention 1-3
New samples 4-16
Number distribution 9-6
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Index

(o)

Obscuration
changing settings 9-2
defined 4-2,9-2
filtering 9-4
graph colour 4-3
guidelines for levels 9-3
limits 9-2
mathematical expression 6-5
what to use 9-3
Old instruments
importing results from 9-14
Online help 1-5
Opening a report 5-7
Operator role 1-2
Optical bench
components 3-4
description 3-3
Optical model
Fraunhofer 6-14
Mie theory 6-15
Optical properties 4-19
Overview 2-1

P

Packaging C-4
Page Layout 5-6
Parameters report 5-3
Permissions

defined 10-2

user group list 10-6
Portrait format 5-1
Power indicator 3-5
Powering up 4-4, 4-10
Preparing for measurement 4-4
Properties Box (graphs) 5-8
Protection window 3-4

Q
Quantities dialogue 4-26
R

Re-analysing records 7-2
Records
averaging 9-13
defined 2-5
exporting 7-6

re-analysing 7-2

searching 7-3

transforming result 9-7
Records and files 7-2
Records tab

adding field 5-4

changing 5-4

changing record order 5-5

removing a record 5-5
Reducing result range 9-5
Refractive Index 9-8
Refractive index

common dispersants 8-6
Removing a record 5-5
Report Designer

Layout option 5-7

overview 5-6
Report tabs 3-9
Report/Saving dialogue 4-22
Reports

adding graphs 5-8

adding tables 5-9

default reports 5-1, 5-3

designed by user 5-6

designing 5-7

extension 5-1

screen and print formats 5-1

with M in name 5-1
Representative sampling 8-3
Result analysis report 5-3
Result calculation 4-20
Result Difference graph 5-8
Result difference report 5-3
Result Editor dialogue 9-8
Result emulation 9-15
Result Graph 5-8
Result processing 9-5
Result range 9-5
Result tab 4-7
Result viewing 5-1
Results

displaying 2-5

editing 9-8

saving 2-6

transforming 9-6

S
Sample
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adding 4-2

symptoms of poor preparation 8-10
Sample data report 5-3
Sample dispersion units 1-3, 3-3
Sample dissolving 8-10
Sample fit report 5-3
Sample tloating on dispersant 8-10
Sample preparation 4-2, 8-1
Sample preparation flow chart 8-2
Sample sinks to bottom 8-10
Sampler Selection dialogue 4-18
Sampler Settings dialogue 4-24
Sampling

representative 8-3

unstable concentrations 8-8
Saving results 2-6
Scattering pattern 2-2
Screen Layout 5-6
Searching records 7-3
Security

guidelines 10-4

principles 10-2
Security Configuration dialogue 10-6
Security Settings dialogue 10-3
Serial number 1-5
Show Fields dialogue 5-4
Sieve reports 5-3
Site requirements 1-4
Skewness 6-13
Slurries 8-8
Snaps and obscuration 9-4
Software

modules 3-8
SOpP

extracting 7-8

result range 9-5

Wizard dialogues 4-18
SOP measurement

procedure 4-4

transforming result 9-7
Sorting records 7-5
Span 6-5
Specification C-1
Spinning riftlers 8-3
SSA (Specific Surface Area) 6-6
Standard deviation 6-13
Standard Operating Procedure (SOP) 2-4,4-3
Statistics graph 5-8

Statistics report 5-3

Status area 4-5

Supervisor role 1-2

Surface Weighted Mean 6-5, 6-9
Surfactants 8-7

T

Table types 5-9
Tables in reports 5-9
Time-out period 9-4
Toolbar

buttons 3-9, 4-7
Transforming results 9-6
Transmission 6-8
Trend graph 5-8

U

Ultrasonics 8-8
Uniformity 6-6
Unpacking instructions C-1
Unstable concentrations 8-8
User

logging on 10-6, 10-8

setting up 10-6
User group

defined 10-2

setting up 10-5
User size bands 9-9

\"

Volume concentration
how calculated 6-7
Volume distribution
skewed 9-6
Volume Weighted Mean 6-5
Volume-based results 6-10

w

Website 1-6
Wet cell
defined 3-5
features 3-7
Wet samples 8-5
What Mastersizer 2000 does 2-1
Window
features 3-8
Window tool 3-5
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