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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 
through ISO  technical committees. Each member body interested in a subject for which a technical 
committee has been established has the right to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. 
ISO  collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www​.iso​.org/​directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www​.iso​.org/​patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO  specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to the 
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www​.iso​.org/​
iso/​foreword​.html.

This document was prepared by Technical Committee ISO/TC  24, Particle characterization including 
sieving, Subcommittee SC 4, Particle characterization.

This second edition cancels and replaces the first edition (ISO 13320:2009), which has been technically 
revised. The main changes compared to the previous edition are as follows:

a)	 protocols for evaluation of accuracy and qualification of instrument were newly developed;

b)	 new Annex H (normative) for usage of reference material has been added;

c)	 new descriptions for wider applications, such as off-line, online, in-line and at-line have been added;

d)	 some informative parts have been moved to new annexes;

e)	 minor revisions and updates have been made throughout the document.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www​.iso​.org/​members​.html.
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Introduction

The laser diffraction technique has evolved such that it is now a dominant method for determination 
of particle size distributions (PSDs). The success of the technique is based on the fact that it can be 
applied to a wide variety of particulate systems. The technique is fast and can be automated, and a 
variety of commercial instruments is available. Nevertheless, the proper use of the instrument and the 
interpretation of the results require the necessary caution.

Since ISO 13320-1:1999 was first published, the understanding of light scattering by different materials 
and the design of instruments have advanced considerably. This is especially marked in the ability 
to measure very fine particles. Therefore, it was replaced with the first edition of ISO 13320 in 2009, 
and since then the method has been developed for a wider application. Additionally, demands raised 
recently not only on establishment of accuracy of measurements but also on necessity of evaluation 
of the accuracy and of qualification of instrument by users. Therefore, this document incorporates the 
most recent advances in understanding.
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Particle size analysis — Laser diffraction methods

1	 Scope

This document provides guidance on instrument qualification and size distribution measurement of 
particles in many two-phase systems (e.g. powders, sprays, aerosols, suspensions, emulsions and gas 
bubbles in liquids) through the analysis of their light-scattering properties. It does not address the 
specific requirements of particle size measurement of specific materials.

This document is applicable to particle sizes ranging from approximately 0,1 µm to 3 mm. With special 
instrumentation and conditions, the applicable size range can be extended above 3 mm and below 0,1 µm.

For spherical and non-spherical particles, a size distribution is reported, where the predicted scattering 
pattern for the volumetric sum of spherical particles matches the measured scattering pattern. This 
is because the technique assumes a spherical particle shape in its optical model. For non-spherical 
particles the resulting particle size distribution is different from that obtained by methods based on 
other physical principles (e.g. sedimentation, sieving).

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 9276-1, Representation of results of particle size analysis — Part 1: Graphical representation

ISO  9276-2, Representation of results of particle size analysis — Part 2: Calculation of average particle 
sizes/diameters and moments from particle size distributions

3	 Terms, definitions and symbols

3.1	 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https://​www​.iso​.org/​obp

—	 IEC Electropedia: available at http://​www​.electropedia​.org/​

3.1.1
absorption
reduction of intensity of a light beam not due to scattering

3.1.2
accuracy
closeness of agreement between a test result or measurement result and the true value

Note 1 to entry: In practice, the accepted reference value is substituted for the true value.

Note 2 to entry: The term “accuracy”, when applied to a set of test or measurement results, involves a combination 
of random components and a common systematic error or bias component.

Note 3 to entry: Accuracy refers to a combination of trueness and precision.

INTERNATIONAL STANDARD� ISO 13320:2020(E)

© ISO 2020 – All rights reserved� 1

Full document details: ISO 13320-2020

http://www.avadocuments.com/doc/iso-13320-2020
http://www.avadocuments.com/doc/iso-13320-2020


﻿

ISO 13320:2020(E)

[SOURCE: ISO 3534-2:2006, 3.3.1]

3.1.3
aspect ratio
ratio of the minimum to the maximum Feret diameter

Note 1 to entry: For not very elongated particles.

[SOURCE: ISO 26824:2013, 4.5]

3.1.4
certified reference material
CRM
reference material (3.1.16) characterised by a metrologically valid procedure for one or more specified 
properties, accompanied by an RM certificate that provides the value of the specified property, its 
associated uncertainty, and a statement of metrological traceability

Note 1 to entry: The concept of value includes a nominal property or a qualitative attribute such as identity or 
sequence. Uncertainties for such attributes may be expressed as probabilities or levels of confidence.

Note 2 to entry: Metrologically valid procedures for the production and certification of RMs are given in, among 
others, ISO 17034 and ISO Guide 35.

Note 3 to entry: ISO Guide 31 gives guidance on the contents of RM certificates.

Note 4 to entry: ISO/IEC Guide 99:2007, 5.14 has an analogous definition.

[SOURCE: ISO Guide 35:2017, 3.2]

3.1.5
complex refractive index
np
refractive index of a particle, consisting of a real and an imaginary (absorption) part

Note 1 to entry: The complex refractive index of a particle can be expressed mathematically as

      np = np − ikp

where

i is the square root of −1;
kp is the positive imaginary (absorption) part of the refractive index of a particle;
np is the positive real part of the refractive index of a particle.

Note 2 to entry: In contrast to ISO 80000-7, this document follows the convention of adding a minus sign to the 
imaginary part of the refractive index.

3.1.6
deconvolution
<laser diffraction> mathematical procedure whereby the size distribution of an ensemble of particles is 
inferred from measurements of their scattering pattern

3.1.7
diffraction
<particle size analysis> scattering of light around the contour of a particle, observed at a substantial 
distance (in the ‘far field’)
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3.1.8
equivalent spherical diameter
<laser diffraction> particle size reported from a distribution of spherical particles that creates a 
scattering pattern that matches the light scattering distribution observed from the measurement

Note 1 to entry: The scattering pattern of the spherical particles is calculated according to an optical model.

3.1.9
extinction
<particle size analysis> attenuation of a light beam traversing a medium through absorption and 
scattering

3.1.10
intermediate precision
<laser diffraction> accuracy and precision under intermediate precision conditions (3.1.11)

[SOURCE: ISO 3534-2:2006, 3.3.15, modified — field of application <laser diffraction> has been added.]

3.1.11
intermediate precision conditions
<laser diffraction> conditions where test results or measurement results are obtained on different 
laser diffraction instruments and with different operators using the same prescribed method

Note 1 to entry: There are four elements to the operating condition: time, calibration, operator and equipment.

3.1.12
multiple scattering
consecutive scattering of light by more than one particle, causing a scattering pattern that is no longer 
the sum of the patterns from all individual particles

3.1.13
obscuration
fraction of incident light that is attenuated due to extinction (scattering and/or absorption) by particles

Note 1 to entry: Obscuration can be expressed as a percentage.

Note 2 to entry: When expressed as fractions, obscuration plus transmission (3.1.29) equal unity.

[SOURCE: ISO  8130-13:2019, 3.1, modified  — words “percentage” and “during a laser diffraction 
measurement” have been omitted because of context.]

3.1.14
optical model
theoretical model used for computing the model matrix for optically homogeneous and isotropic 
spheres with, if necessary, a specified complex refractive index

EXAMPLE	 Fraunhofer diffraction model, Mie scattering model.

3.1.15
precision
closeness of agreement between independent test/measurement results obtained under stipulated 
conditions

Note 1 to entry: Precision depends only on the distribution of random errors and does not relate to the true value 
or the specified value.

Note  2  to entry:  The measure of precision is usually expressed in terms of imprecision and computed as a 
standard deviation of the test results or measurement results. Less precision is reflected by a larger standard 
deviation.

Note 3 to entry: Quantitative measures of precision depend critically on the stipulated conditions. Repeatability 
conditions and reproducibility conditions are particular sets of extreme stipulated conditions.
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[SOURCE: ISO 3534-2:2006, 3.3.4]

3.1.16
reference material
RM
material, sufficiently homogeneous and stable with respect to one or more specified properties, which 
has been established to be fit for its intended use in a measurement process

Note 1 to entry: RM is a generic term.

Note 2 to entry: Properties can be quantitative or qualitative, e.g. identity of substances or species.

Note  3  to entry:  Uses may include the calibration of a measurement system, assessment of a measurement 
procedure, assigning values to other materials, and quality control.

Note  4  to entry:  ISO/IEC Guide 99:2007 has an analogous definition but restricts the term “measurement” to 
apply to quantitative values. However, ISO/IEC Guide 99:2007, 5.13, Note 3 (VIM), specifically includes qualitative 
properties, called “nominal properties”.

[SOURCE: ISO Guide 35:2017, 3.1]

3.1.17
reflection
<particle size analysis> change of direction of a light wave at a surface without a change in wavelength 
or frequency

3.1.18
refraction
process by which the direction of a radiation is changed as a result of changes in its velocity of 
propagation in passing through an optically non-homogeneous medium, or in crossing a surface 
separating different media

Note 1 to entry: The process occurs in accordance with Snell's law:

      nm sinθm = np sinθp

See 3.2 for symbol definitions.

3.1.19
relative refractive index
mrel
ratio of the complex refractive index of a particle to the real part of the dispersion medium

[SOURCE: ISO 24235:2007, 3.3, modified — “absolute refractive index” has been replaced by “complex 
refractive index” and “the sample” has been replaced by “a particle”.]

Note 1 to entry: In many applications, the medium is transparent and, thus, its refractive index has a negligible 
imaginary part.

Note 2 to entry: The relative refractive index can be expressed mathematically as

       mrel = np/nm

where

nm is the real part of the refractive index of the medium; 
np is the complex refractive index of a particle.

See single scattering (3.1.26).
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3.1.20
repeatability
precision under repeatability conditions (3.1.21)

Note 1 to entry: Repeatability can be expressed quantitatively in terms of the dispersion characteristics of the 
results.

[SOURCE: ISO 3534-2:2006, 3.3.5]

3.1.21
repeatability conditions
observation conditions where independent test/measurement results are obtained with the same 
method on identical test/measurement items in the same test or measuring facility by the same 
operator using the same equipment within short intervals of time

Note 1 to entry: Repeatability conditions include:

— the same measurement procedure or test procedure;
— the same operator;
— the same measuring or test equipment used under

— the same conditions;
— the same location;

— repetition over a short period of time.

[SOURCE: ISO 3534-2:2006, 3.3.6]

3.1.22
method repeatability
closeness of agreement between multiple measurement results of a given property in different aliquots 
of a sample, executed by the same operator using the same instrument under identical conditions 
within a short period of time

Note  1  to  entry:  The variability includes the variabilities of sub sampling technique, of the sampled material 
together and of the instrument.

3.1.23
scattering
change in propagation of light at the interface of two media having different optical properties

3.1.24
scattering angle
angle between the principal axis of the incident light beam and the scattered light

3.1.25
scattering pattern
angular pattern of light intensity, I(θ), or spatial pattern of light intensity, I(r), originating from 
scattering, or the related energy values taking into account the sensitivity and the geometry of the 
detector elements

3.1.26
single scattering
scattering whereby the contribution of a single member of a particle population to the total scattering 
pattern remains independent of the other members of the population

3.1.27
single shot
<sample> for an analysis, for which the entire content of a test sample container is used

﻿
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3.1.28
test sample
sample that is entirely used for a property characterization

[SOURCE: ISO 14488:2007, 3.12]

3.1.29
transmission
<particle size analysis> fraction of incident light that remains un-attenuated by the particles

Note 1 to entry: Transmission can be expressed as a percentage.

Note 2 to entry: When expressed as fractions, obscuration (3.1.13) plus transmission equal unity.

3.1.30
true value
quantity or quantitative characteristic supposed to be “true” as the target value of the measurement 
according to the definition of the measurement

Note 1 to entry: The true value is a theoretical concept and, in general, cannot be known exactly.

Note 2 to entry: For an explanation of the term “quantity”, refer to ISO 3534-2:2006.

3.1.31
trueness
closeness of agreement between the expectation of a test result or a measurement result and a true value

Note 1 to entry: The measure of trueness is usually expressed in terms of bias

Note 2 to entry: Trueness is sometimes referred to as “accuracy of the mean”. This usage is not recommended.

Note 3 to entry: In practice, the accepted reference value is substituted for the true value.

[SOURCE: ISO 3534-2:2006, 3.3.3]

3.2	 Symbols

Ai extinction efficiency of size class i

C particulate concentration, volume fraction

CF coverage factor

D particle diameter (x may also be used)

D10,3 particle diameter corresponding to the 10th percentile of the cumulative undersize 
distribution (here by volume)

D50,3 median particle diameter corresponding to the 50th percentile of the cumulative 
undersize distribution (here by volume)

D90,3 particle diameter corresponding to the 90th percentile of the cumulative undersize 
distribution (here by volume)

I(θ) angular intensity distribution of light scattered by particles (scattering pattern)

Ih intensity of horizontally polarized light at a given angle

I(r) spatial intensity distribution of light scattered by particles on the detector 
elements (measured scattering pattern by detector)
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Iv intensity of vertically polarized light at a given angle

J1 first order Bessel Function of the first kind

k wave number in medium: 2πnm/λ

ikp imaginary (absorption) part of the refractive index of a particle

la distance from scattering object to detector

lb illuminated path length containing particles

Ln vector of photocurrents (i1, i2, ... in)

mrel relative, complex refractive index of particle to medium

M model matrix, containing calculated detector signals per unit volume of particles in all 
size classes

nm real part of refractive index of medium

np real part of refractive index of particle

np complex refractive index of particle

O obscuration (1 − transmission);

r radial distance from focal point in focal plane

up standard uncertainty for the parameter and value specified

ucrm standard uncertainty of the certified value

uhouse standard uncertainty of in-house reference material value

Ucrm expanded uncertainty of the certified value

Uhouse expanded uncertainty of in-house reference material value

Ulim expanded tolerance limit defined by calculation

Vi volume content of size class i

v velocity of particles in dry disperser

x particle diameter (D may also be used)

xi geometric mean particle size of size class i

x10,3 particle diameter corresponding to 10th percentile of the cumulative undersize distribu-
tion (here by volume)

x50,3 median particle diameter corresponding to the 50th percentile of the cumulative under-
size distribution (here by volume)

x90,3 particle diameter corresponding to 90th percentile of the cumulative undersize distribu-
tion (here by volume)

x
1 3,

volume-weighted mean diameter

α dimensionless size parameter: πxnm/λ

﻿
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ΔQ3,i volume fraction within size class i

θ scattering angle with respect to forward direction

θm angle with respect to perpendicular at boundary for a light beam in medium 
(see definition 3.1.18)

θp angle with respect to perpendicular at boundary for a light beam in particle 
(see definition 3.1.18)

λ wavelength of illuminating light source in vacuum

σ standard deviation

ω angular velocity

4	 Principle

4.1	 General

The laser diffraction or scattering technique1) for the determination of particle size distributions, 
PSDs, is based upon the phenomenon that the angular distribution of the intensity of scattered light 
by a particle (scattering pattern) is dependent on the particle size. When the scattering is from a cloud 
or ensemble of particles the intensity of scattering for any given size class is related to the number of 
particles and their optical properties, present in that size class[5][20].

A test sample, dispersed at an adequate concentration in a suitable liquid or gas, is passed through the 
beam of a monochromatic light source, usually a laser. The light scattered by the particles, at various 
angles, is measured by an array of photo detectors. The numerical values from each detector are 
recorded for subsequent analysis. Within certain limits, such as of particle concentration in measuring 
zone, the scattering pattern of an ensemble of particles is identical to the sum of the individual 
scattering patterns of all particles. The theoretical scattering patterns of unit volumes of particles in 
selected size classes are used to build a matrix and together with a mathematical procedure are used to 
solve the inverse problem, providing a volumetric particle size distribution (PSD), iterated to provide a 
best fit to the measured scattering pattern[18].

4.2	 Theory

The theoretical scattering pattern of a single spherical homogeneous particle is given by Mie-theory 
in general[4]. If the particle size is relatively large (in terms of size parameter, α = π × nm/λ > 10) and 
is opaque, Fraunhofer diffraction theory is available only for small angle forward scattering[4][5]. The 
Fraunhofer approximation is an analytical method that does not require the optical properties of the 
material.

Some other theoretical approximations are available for numerical realization of the Mie-theory, and 
these are called optical models in general. Choosing a relevant optical model for the inverse problem to 
yield a proper PSD is important.

Laser diffraction records the scattering pattern from the particles presented. This composite pattern is 
converted to a size distribution of spherical particles that would provide the same composite scattering 
pattern using an appropriate optical model and data inversion routine. It therefore provides a size 
distribution of laser diffraction equivalent spheres. If the test sample is not spherical, the same basic 
procedure is used and the resulting size distribution is formed. Thus, PSD’s for non-spherical particles 

1)	    Early instruments had very limited computer capacity and were restricted to using a laser with Fraunhofer 
Diffraction. Often a model form of particle size distribution was iterated to fit the scattering data. The term Laser 
Diffraction rapidly became the dominant descriptor. This has continued despite the technique having advanced to 
use different light sources and more sophisticated optical theories and data analysis.
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are likely to be different from other particle sizing techniques measuring the same material. The details 
of the theory are given in Annex A.

4.3	 Typical instrument and optical arrangement

The system consists of a monochromatic light source, sample feeder, optical system, light detectors, 
and control-calculation device. To extend the applicable range of particle size and its analysis, multiple 
light sources, additional light detecting systems and related optical systems can be used.

The light source is typically a laser or other narrow-wavelength source to generate a monochromatic 
beam. This is followed by a beam-processing unit producing an extended and nearly ideal, Gaussian 
distributed beam to illuminate the dispersed particles. The illuminating light beam passes through the 
measuring zone of the optical system.

A computer is used to control the measurement, to store and to process the data, and to solve the 
inversion problem from the data of the detected signals to the particle size distribution. It may provide 
automated instrument operation.

Typical diagrams of the set-up of laser diffraction/scattering instruments are given in Figures 1 to 4.

Key
1 light source assembly [with one or more light 3 forward scattering multi-element detector
  source(s)] including beam expansion and   (with obscuration/transmission detector)
  collimation 4 wide angle scattering detector(s)
2 measurement zone (for details, see Figure 2) 5 back scattering detector

6 Fourier lens

Figure 1 — Fourier optical arrangement
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Key
1 forward scattering multi-element detector 5 focal distance
  (including obscuration/transmission detector) 6 incident light beam
2 Fourier lens 7 scattering light
3 ensemble of dispersed particles r radius of multi-element detector
4 working distance within measurement zone θ scattering angle

Figure 2 — Fourier optical arrangement — Scattering angle

Key
1 light source assembly [with one or more light 3 forward scattering multi-element detector
  source(s)] including beam expansion and   (with obscuration/transmission detector)
  collimation 4 wide angle scattering detector(s)
2 measurement zone (for details, see Figure 4) 5 back scattering detector

6 reverse Fourier lens

Figure 3 — Reverse Fourier optical arrangement
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Key
1 forward scattering multi-element detector 5 incident light
  (including obscuration/transmission detector) 6 scattering light
2 flow through cuvette for dispersed particles r radius of multi-element detector
3 particle(s) θ scattering angle
4 focal distance

Figure 4 — Reverse Fourier optical arrangement — Scattering angle

4.4	 Measurement zone

The locations of the two possible measurement zones, are illustrated in Figures 2 and 4. The Fourier 
optical arrangement allows, within certain limits, the particles to traverse the beam in a wide range 
of positions along the laser axis. By contrast, the presentation of particles within the reverse Fourier 
optical arrangement shall be confined to a short distance along the laser axis if errors in sizing are to 
be avoided. The measurement zone shall be located at a defined distance from the low angle detector.

A test sample of particles, dispersed as necessary, is introduced into the measuring zone at an adequate 
concentration. Scattering theories[20] show that the scattering from each particle can be combined if 
the concentration is low enough, thus providing single scattering. It also requires that the particles 
move freely relative to each other. It is also necessary that all particles traverse the laser beam at the 
same velocity if the effects of velocity bias are to be avoided. Ideally, the selected concentration should 
remain fairly constant during the measurement.

4.5	 Application and sample presentation

The laser diffraction/scattering method is applicable to both wet and dry systems, and also to off-line, 
online, at-line and in-line measurements. Sprays and gas bubbles in liquid can also be measured directly, 
provided that their concentration is at an adequate level (see 5.4.4).

a)	 Off-line; (Laboratory) a sample is removed from the process which may or may not require reducing 
to a test sample. The test sample is dispersed and manually introduced into the measurement zone, 
forming a discontinuous measurement sequence whose operational parameters are adapted to the 
product.
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b)	 At-line; (Laboratory) a test sample is automatically taken, at or close to the process, dispersed and 
introduced into the measurement zone forming a discontinuous measurement sequence whose 
operational parameters are most likely dedicated to the product.

c)	 Online; (Process) a test sample is automatically removed from the process and introduced into 
the measurement zone. A quasi-continuous real-time measurement, dedicated to close-to-process 
conditions is made.

d)	 In-line; (Process) a test sample remains in the process line during the measurement, a quasi-
continuous real-time measurement is made under process conditions.

During the introduction of any of the above methods, material inspection and preliminary investigation 
shall be performed to establish whether appropriate values for sample concentration, dispersion state, 
resistance to optical fouling and other parameters are being achieved to ensure the desired particle 
sizing result.

4.6	 Off-line measurements

In the case of off-line measurement of wet systems, a test sample is dispersed in an appropriate 
transparent liquid medium, and transported to an optical (sample) cell, in which the measuring zone 
is formed. (See Annex  B) In off-line measurement, dispersants (wetting agents; stabilizers) and/
or mechanical forces (agitation; sonication) are applied for de-agglomeration of the particles and for 
the stabilization of the dispersion. A recirculation system is often used, consisting of an optical cell, a 
sample bath (with agitation and/or sonication), a pump and tubing. A small volume cell with limited 
stirring is also available for particles with very slow sedimentation velocity. Small volume cells should 
be used with care as the very small test sample volume, required to provide single scattering, may fall 
below a minimum test sample requirement.

In the case of off-line measurement of dry powder systems, particles are converted into aerosols by a 
dry powder feeder and a disperser, before being introduced into the measuring zone. The aerosolised 
particle stream is either blown or sucked through the measurement zone. It is preferred that the 
concentration of aerosolised powder remains steady during the averaging of the scattered light.

Dispersed dry powders can also be measured online or in-line. Sprays are usually measured in-line. 
A representative PSD analysis requires that the powder stream is not segregated. Alternatively, the 
degree of segregation can be measured by analysis of different sections of the powder stream. At all 
times, the particulate concentration should remain within the concentration limits for single scattering, 
be fairly stable and all sizes of particles should pass through the measurement zone at the same speed 
to avoid velocity bias.

4.7	 In-line measurements

In the case of in-line measurement, the laser beam illuminates particles in a flowing stream within 
the process directly. In this case, the measured sample should be representative of the whole stream, 
the particle concentration should be in an adequate range, and any concentration fluctuation during 
a single measurement should be within acceptable limits. The particles are presented as produced 
and may or may not be aggregated. The measuring zone formed by either of the optical arrangements 
is finite. The influence of potential multiple scattering together with the scattering from particles 
illuminated by the laser beam but arising from outside of the measurement zone should be evaluated. It 
is important to remove any influences of outside lighting or laser reflection from the surfaces of optical 
parts, within the instruments. Such influences may be minimised by subtracting the background 
measured without particles from the measured scattering pattern when particles are present. In 
such subtracting procedures, it is always important to confirm the level of signal to noise ratio (S/N). 
(Routine background subtraction is not always possible in some in-line set ups).

4.8	 Online measurements

In the case of online measurement, a test sample is automatically taken from the process. This is often 
a dedicated arrangement matched to the process. The operational conditions are similar to in-line 
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methods but permit greater control of the measurement environment. Additional methods, to further 
disperse the particles may be applied. The measurement sequence may be interrupted to permit optical 
cleaning or other maintenance procedures.

4.9	 At-line measurements

In the case of at-line systems the optical measuring system is placed adjacent to a process. This permits 
the operational arrangements as in the off-line arrangement but carries some risk of contamination 
from the local environment. Steps should be taken to minimize this with more frequent checks to verify 
the apparatus remains fit for purpose. (see Annex D).

4.10	 Scattering and detectors

The interaction of the incident light beam with the ensemble of dispersed particles results in a 
scattering pattern with different light intensities scattered at various angles. The detection of the 
scattered pattern is carried out by a number of photodiodes and/or pixel array detectors. For the range 
of small angular forward scattering, a multi-element silicon detector is often used. These elements 
are located concentrically and often having a radius proportional to the distance from the centre. The 
number of detectors, their locations or optical (detecting) angles, should be set to satisfy the required 
particle size range and resolution of the measurements. The particles scattering angle is measured with 
respect to the incident monochromatic beam axis. For particles suspended in a liquid the effect of the 
measurement cell shall be included into the estimation of scattering angle. The scattering pattern is a 
continuous function of the light intensity with respect to angle. The intensity falling upon each detector 
is converted to an energy dependent upon the detector area and its quantum efficiency. The input to 
subsequent data processing comprises a discrete set of electrical signals whose angular and detection 
properties are known or have been calibrated[42].

Often a central detector is set to measure the intensity of the non-extinguished light. This provides a 
measure of optical concentration or obscuration, after a calculation. Some instruments provide special 
geometries of the central element in order to automatically re-centre or re-focus the detectors by 
moving the detectors or lens.

5	 Operational requirements and procedures

5.1	 Instrument location

The instrument should be located in a clean environment that is free from excessive electrical noise, 
mechanical vibration and temperature fluctuations, and out of direct sunlight and airflows. The 
operating area should conform to local health and safety requirements. The instrument should either 
contain a rigid internal optical bench or be installed on a rigid table or bench to avoid realignment of 
the optical system at frequent intervals.

WARNING — The radiation of instruments equipped with a laser can cause permanent eye 
damage. Never look into the direct path of the laser beam or its reflections. Avoid blocking the 
laser beam with reflecting surfaces. See IEC 60825-1 regarding laser radiation safety measures.

5.2	 Dispersion gases

For dry dispersion and spray applications, a compressed gas can be used. If used, it is essential that 
it is free from oil, water and particles and has been restored to room temperature. To achieve this, a 
dryer with a filter and warming system is required. In spray applications, evaporation of the liquid 
may cause artefacts in the particle size results. Any vacuum unit used to collect the particles should 
be located well away from the measurement zone, so that the output of the hot air does not disturb the 
measurement zone. Draughts should be avoided in order to prevent unstable particulate streams or 
thermal fluctuations within the measurement zone. (See C.1).
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5.3	 Dispersion liquids

Any suitable, optically transparent liquid of known refractive index may be used. Thus, a variety of 
liquids is available for the preparation of liquid dispersions of powders. Annex B provides information 
on the dispersion liquids.

Observe health and safety measures if an organic liquid is used for dispersion. Use a cover for the 
ultrasonic bath when using liquids with a high vapour pressure to prevent the formation of hazardous 
vapour concentrations. Evaporation of volatile organic liquids may cause sufficient cooling as to induce 
fluctuating refractive index values in the liquid medium, which in turn may induce artefacts in the 
particle size results.

5.4	 Sample inspection, preparation, dispersion and concentration

5.4.1	 Sample inspection

Inspect the material to be analysed, visually or with the aid of a microscope, in order to: a) estimate the 
size range and particle shape; and b) check whether the particles have been dispersed adequately or 
will require further treatment.

The size distribution measured in a test sample is only valid for a batch of material if the sample is 
representative for that batch and has been dispersed adequately. See Annex C.

The inspection of the fully dispersed state of a suspension of particles is difficult to achieve with the 
naked eye. Any inspection using a microscope should be conducted from a pool of suspension without 
using a cover slip. Such inspections are very subjective, not definitive but are helpful in many cases.

5.4.2	 Preparation

Prepare a representative test sample of suitable volume for the measurement by using an adequate 
sample splitting technique, e.g. a rotating riffler (see ISO 14488).

Very small test samples can be taken from a well-mixed paste of particles in liquid. The consistency 
of the paste then minimizes segregation errors. The pastes are formed by adding dispersant to the 
sample drop by drop while mixing it with a spatula. A good consistency for the paste is one like honey 
or toothpaste. If, by mistake, the paste becomes too fluid, it shall not be used, and a new preparation 
shall be initiated.

If the maximum size exceeds the measuring range, remove the material that is too coarse, e.g. by pre-
sieving. In this case, determine and report the amount/percentage removed.

Sprays, aerosols and gas bubbles in liquid are usually measured directly, provided that their 
concentration is at an adequate level (see D.1 to D.7), since sampling or dilution is generally very difficult 
without altering the PSD. If droplets are sprayed into still air, then the small droplets decelerate faster 
than the large ones, leading to a potential velocity bias. Therefore, it is preferable to spray into a suitable 
moving air stream matched to that of the spray. Consideration should also be given to the prospect of 
droplet evaporation, which may cause significant errors, especially for droplets in the sub-micrometer 
range. Rapid evaporation of such droplets reduces their size or even makes them disappear. Moreover, 
artefacts in the size distribution may appear due to a changing refractive index around the droplets, 
resulting from the evolving vapour and the temperature decrease during evaporation.

5.4.3	 Dispersion

Dry powders may be dispersed either in air or in a liquid. The dispersion procedure should be adjusted 
to the purpose of the measurement, e.g. it shall be decided whether agglomerates should be detected or 
dispersed to primary particles. See Annex C.

The transport conditions for the particles through the measurement zone should also be considered. 
Adequate flow should be applied to ensure that particles of all sizes pass the measurement zone at 
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