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The newly released revised standard 
for laser diffraction particle size 
analysis, ISO13320:2009, contains 

valuable advice for those seeking to opti
mize their use of the technique. This arti
cle examines each aspect of the measure
ment process, from instrument selection 
through results analysis.

A s  n o t e d  i n  t h e  i n t r o d u c t i o n  t o 
ISO13320:2009, laser diffraction is 
now the dominant method of particle 
size distribution analysis. Fast and non
destructive, the technique can be applied 
to an array of particulate systems, wet 
or dry, and lends itself to full automa
tion. For many, laser diffraction analy
sis is now simply a case of loading the 
sample and pressing a button. However, 
successfully reaching this point, for any 
specific application, requires understand
ing and considering a range of factors, 
such as instrument hardware, measure
ment methodology, results verification, 
and optical model selection.

The new version of ISO13320 replaces 
the standard version released in 1999, 
ISO133201, and has been completed 
following a comprehensive fiveyear 
review. Instrument users and manufac
turers alike were proactive in seeking a 
revision, following a decade of signifi
cant advances. Commercial technology 
leaders have been involved from the 
outset, helping to shape the standard as 
a superior source of information about 
all aspects of the technique. The result 
is a valuable resource that promotes 
more efficient, accurate, and reproduc
ible measurement. This article reviews 
important changes to the standard and 
their practical relevance in the optimal 
use of laser diffraction.

Instrument design
Understanding the principles of opera
tion that underpin all laser diffraction 
systems is a good starting point for an 
examination of hardware differences. A 

sample passing through a beam of col
limated light scatters it at an angle 
and intensity that are dependent on 
particle size. Smaller particles scat
ter light at relatively low intensity to 
wide angles, while large particles scat
ter more strongly at narrow angles. A 
laser diffraction analyzer detects the 
scattered light pattern from a sample 
and converts it to a particle size dis
tribution using an appropriate optical 
model of light behavior.

ISO133201 focused on the use of the 
forward Fourier optical setup (the clas
sic setup) in which the lens is placed 
after the measurement zone. This opti
cal arrangement was extremely com
mon in instruments developed during 
the 1980s and early 1990s. In contrast, 
ISO13320:2009 highlights advances in 
the technology, particularly with respect 
to the measurement of very fine particles, 
delivered by the reverse Fourier setup. It 
establishes reverse Fourier, in which the 
lens is positioned before the measure
ment (as shown above), as a standard 
design for laser diffraction systems, pre
senting the advantages and limitations 
of each alternative.

A conventional Fourier arrangement 
gives a wide working range, beneficial, for 
example, in spray analysis. Conversely, 
with a reverse Fourier setup, measure
ment pathlength is restricted, but scat
tered light is detectable over a wider 
range of angles, providing access to a 
broader dynamic range and better resolu
tion. Extending capabilities in the submi
cron range is especially valuable since the 
trend in most industries is toward increas
ingly fine products.

The new standard retains 0.1–3000 
µm as the overall size range for which 
laser diffraction systems are applica
ble. It also lists hardware features that 
improve analysis within this range, and 
in special cases extends it below 0.1 
µm, including:

•	 An	extra	 light	 source	of	 different	
wavelength

•	 One	or	more	off-axis	light	sources
•	 Scattered	light	detectors	at	less	than	

90° but larger than the conventional 
range (forward scattering)

•	 Scattered	 light	detectors	 at	 angles	
greater than 90° (backscattering).

Figure 1 is a schematic of the  Mastersizer 
2000 design (Malvern Instruments , 
Malvern, Worcestershire, U.K.), which 
includes some of these features—a supple
mentary blue light source, and offaxis and 
light detectors at angles up to 135°. These 
provide a wide dynamic range and very 
high resolution across all size fractions.

System verification
Laser diffraction is a firstprinciples tech
nique, and, as such, calibration by users 
is not required. Instead, the standard 
emphasizes the need to verify the correct 
performance of the system, typically by 
measuring an appropriate standard. Many 
manufacturers routinely supply these stan
dards with their instruments.

The requirements for reference materials 
remain unchanged. ISO13320:2009 indi
cates that “reference materials should pos
sess sufficient background data and a robust, 
written sample dispersion/ measurement pro
tocol suitable for laser diffraction analysis.” 
The use of nonspherical reference particles 
is allowed, although there is an aspect ratio 
limit of 1:3, and the use of certified refer

Figure 1 Hardware of a laser diffraction analyzer, 
which includes: light source(s), beam processing unit, 
Fourier lens, and multielement detector.

Reprinted from International Scientific Communications, Inc.



ence materials (CRMs) with a known poly
disperse distribution (x90/x10* in the range 
1.5–10) of spherical particles is preferred. 
CRMs with known optical properties are 
essential in either case.

Where the new ISO13320 does deviate 
from the original version is in the defi
nition of accuracy acceptance criteria. 
Because laser diffraction is a volumebased 
measurement technique, sampling errors 
for large particles will cause greater uncer
tainty in the x90 than in the x10. The revised 
acceptance criteria for reference materials 
reflect this, and are:

•	 ±3%	for	x10 (and all other values of 
cumulative undersize distribution 
between the 10th and 30th percentiles)

•	 ±2.5%	for	x50 (and all other values of 
cumulative undersize distribution 
between the 30th and 70th percentiles)

•	 ±4%	for	x90 (and all other values of cumu
lative undersize distribution between the 
70th and 90th percentiles).

If running an analysis of the CRM fails 
to produce results that meet these crite
ria, then the instrument is not performing 
acceptably. Although many manufacturers 
already meet this specification with exist
ing CRMs, others may need to develop 
new verification procedures, and these 
revised acceptance criteria will set the 
standard in the future.

Sample measurement
Laser diffraction instruments with good 
specification and verified performance can 
be used to accurately characterize many 
different materials. However, successful 
measurement depends on the development 
of an appropriate method. Sampling, sam
ple preparation, and measurement are all 
important. In these areas, the advice in 
the standard is greatly improved, reflecting 
marked growth in application knowledge 
over the last decade. There is now sub
stantial guidance to enable users to get the 
most from their investment in a laser dif
fraction analyzer.

With respect to sampling, ISO13320:2009 
reinforces the need to ensure that the 
sample is representative of the bulk. Sam
pling issues generate the largest errors in 

laser diffraction measurements, and 
are especially critical when measuring 
large particles or when a specification 
is based on size parameters close to 
the extremes of the distribution, such 
as x95. Specifications based on x100 are 
emphatically discouraged for precisely 
this reason.

For sample dispersion, ISO13320:2009 
stresses the importance of assessing 
whether it is preferable to measure a 
fully dispersed or an agglomerated sam
ple. This depends on the application. 
With a dry powder inhaler formula
tion, for example, dispersed particle 
size will determine in vivo deposition 
behavior. When assessing sedimenta
tion of a paint, agglomerated particle 
size may be far more relevant if the 
product tends to agglomerate during 
storage. Applicationappropriate dis
persion is the aim.

Where dispersion is required, monitor
ing particle size as a function of energy 
input establishes optimum conditions. 
For a dry powder dispersion, a pressure/
particle size titration is common, where 
pressure relates to the air used for dis
persion. According to the standard, in 
an ideal case, this approach will iden
tify a region where the particle size is 
nearly constant over a range of pres
sures, suggesting that agglomerate dis
persion has occurred without particle 
breakup. However, it makes clear that 
this is seldom observed, in which case it is 
important to reference dry results against 
measurements made using wet dispersion, 
to avoid breakup and/or milling of the pri
mary particles (Figures 2 and 3).

For wet dispersion, energy input is quan
tified in terms of sonication time. Here, 
reference	is	made	to	ISO14887,	which	
describes how to achieve fully controlled 
dispersion. The problem of excessive 
energy input remains, and the standard 
mentions microscopy as a useful tool for 
assessing the state of dispersion in wet sys
tems (see Figure 4).

Finally, with respect to this key area, 
ISO13320:2009 presents an extremely use
ful new appendix devoted specifically to 
the topic of achieving optimum measure

ment precision. The guidelines include a 
recommendation to test at least five inde
pendent samples to assess the precision of 
a new method and to compare achieved 
precision with requirements for product 
performance to confirm suitability.

Results analysis
The final step in laser diffraction analy
sis is converting the detected scattered 
light pattern, the raw data, into a particle 
size distribution. Successful deconvolu
tion relies on an appropriate description 
of light behavior: either Mie theory or the 
Fraunhofer approximation (of Mie the
ory). Historically, the use of Mie theory 
was constrained by computing power, a 
limitation that was eliminated in the last 
decade by dramatic increases in process

*Throughout the article, x followed by a numeric subscript is the notation used for the particle diameter corresponding to a certain percentage of the cumula
tive undersize distribution (on a volume basis). Thus, for example, x10	is	the	particle	diameter	below	which	10%	of	the	particle	population	lies.

Figure 2 Effect of disperser pressure on the particle 
size of a fragile material. In this case, dispersion was 
achieved at low pressures. The particle size reduction 
achieved at high pressures relates to particle milling.

Figure 3 Effect of disperser pressure on the particle 
size of a robust material. In this case, high dispersion pres-
sures were required to achieve robust dispersion, with the 
particle size being nearly constant between 3 and 4 bar.



ing capabilities. The original ISO13320, 
perhaps reflecting this issue, was arguably 
ambiguous with respect to model selec
tion, but model choice is now compre
hensively addressed.

ISO13320:2009 provides a detailed 
description of both models, including the 
underlying assumptions applied in each 
case. In particular, the assumptions relat
ing to Fraunhofer, especially with respect 

to particle shape, are described more 
fully. Readers are given a complete 
summary of application for each model 
to aid reasoned selection, and the stan
dard emphasizes the need to measure 
optical properties in every case. Factors 
relevant to this selection include:

•	 The	particle	imaginary	refractive	
index, i.e., whether the particle is 
transparent or absorbing

•	 The	 refractive	 index	difference	
between the particle and dispersant

•	 Particle	size.

Mie theory is confirmed as the pre
ferred model for wide dynamic range 
measurements, since it provides similar 
results to Fraunhofer at large particle 
sizes, and improved accuracy for small 
particles. Fraunhofer may be suitable 
for smaller (5–10 µm, for example) 
absorbing particles if the refractive 
index (RI) difference is high, but can 
cause problems, even for larger parti
cles (>50 µm) if they are transparent 
and the RI difference is low. It is vital 
to recognize the unpredictability of the 
errors introduced by the Fraunhofer 
approximation.	Particle	size	or	the	
amount of material in each size frac

tion, or both, may be inaccurate.

Figure 5 shows distributions for a refrac
tory material produced from the same 
data set using the two different models. 
The goal here was to detect the propor
tion of coarse and fine material within a 
sample. Using Mie theory, the amount of 
fine material in the sample is determined 
correctly	(78%	<80	µm),	but	the	Fraun
hofer approximation generates a particle 

size distribution that is clearly different. 
Fraunhofer overestimates the fine frac
tion in the sample because of its inability 
to properly account for refraction of light 
in the particle phase (the particles were 
transparent), and therefore fails to meet 
the needs of the application.

Conclusion
Because laser diffraction is now the pre
vailing particle sizing method, advice that 
helps to maximize the value of an invest
ment in this technology is warmly wel
comed. ISO13320:2009 is a good update to 
the laser diffraction analysis standard and 
an excellent resource for instrument man
ufacturers and users. Established systems 
such as the Mastersizer 2000 already per
mit full implementation of the guidance 
with respect to sampling, dispersion, and 
measurement, allowing users to take maxi
mum advantage of the latest advice. How
ever, the new standard, by emphasizing 
application and the need for welldefined 
procedures, is clearly pointing the way for 
future developments. The next challenge 
for manufacturers is to build systems that 
reduce the burden of applications develop
ment, making it easier for users to measure 
parameters of interest for their products. 
Such developments will further extend the 
use of this core analytical technique.

Dr. Rawle is Divisional Manager, Applications 
Support, and Dr. Kippax is Product Manager, 
Laser Diffraction, Malvern Instruments, 
Enigma Bus iness  Park,  Grovewood Rd., 
Malvern, Worcestershire WR14 1XZ, U.K.; 
tel.: +44 (0)1684 892456; fax: +44 (0)1684 
892789; e-mail: paul.kippax@malvern.com.

Figure 4 Effect of ultrasound on particle dispersion 
for a wet measurement. The microscopy images confirm 
the change in the state of dispersion.

Figure 5 Mie and Fraunhofer results obtained for a 
sample containing an unknown quantity of fine material.


