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The LA-300 Particle Size Distribution Analyzer

Yoshiaki  TOGAWA,  Takuji  KUROZUMI

Abstract
Horiba has developed the new LA-300, a compact particle size distribution analyzer for industrial
applications.  The instrument features the superior accuracy and reliability of the highly-regarded
LA series of analyzers.  This high-performance, versatile instrument can accurately measure
particle sizes in a range of 0.1 to 600 microns.  This paper describes the rationale for creating a
compact, cost-efficient analyzer and provides an example of the analyzer’s measurement
performance.
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1. Introduction

As the needs for particle-size distribution analysis
increase, there are various requests for sophisticated
particle-size distribution analyzers for measuring broader
range of particle size distribution, and for more useful
built-in functions.  In response to these demands, Horiba
has produced the Laser Scattering Particle-Size
Distribution Analyzer LA Series.  In addition there exists
the demand for smaller, inexpensive particle-size
distribution analyzers that retain the superior features of
the more sophisticated laser scattering particle-size
distribution analyzers.  These features include rapid
measurement capability; good, repeatable accuracy; and
ease of use to eliminate operator bias.  To meet these
requirements, Horiba introduced the LA-300; a compactly-
designed laser scattering particle-size distribution analyzer
that has a remarkably small footprint.

2. Measuring Principles

The LA-300 is based on the laser scattering measuring
principle, a principle which calculates particle-size
distribution from the scattered light intensity distribution
(scattering pattern) which has been created after laser
irradiation of the particles.  When the laser irradiates the
particles, if the particle size exceeds the wavelength of the
laser, most of the particles will scatter the light in the same
direction as the laser light (forward scattering).  On the
other hand, when the particle size is almost the same or
smaller than the wavelength of the light, the scattered light
increases in the perpendicular direction (lateral), and in the
direction towards the light source (backward) (Fig. 1).

The particle size can be calculated from the scattering
pattern by using Mie scattering theory.  When a sample
contains particles of various sizes, the scattering pattern
will represent the sum of each particle sizes.  This
measured composite scattering pattern can be used to
determine particle-size distribution by comparing it with
pre-calculated scattering patterns of particles in this size
range.

In order to measure particles in the size range from 0.1 to
600    m simultaneously, the LA-300 uses a ring shaped
silicon photo-diode array, to detect the forward scattered
light resolution, and 6 discrete-type silicon photo-diodes,
to measure scattered light at right angles and backward.

The LA-300, has the following features:
(1)It is able to measure moving particles in the light path,

so stable results can be achieved because the particles
are prevented from segregating.

(2)Capability to simultaneously measure the scattered light
from multiple particles, and to accumulate data from
repeat measurements on the same sample to give high
accuracy and good repeatability.

(3)Short measurement times.
(4)Samples which can be retrieved after the measurement.

3. Design Features

In the following sections, we will look at some of the
main design features that made it possible to produce a
small and inexpensive device while keeping the superior
functions of the more expensive particle-size distribution
analyzers.

The LA-300 can be divided into two systems: “sample
system, a system to mix the sample in a dispersing fluid to
deliver the particles to the measurement cell,” and “optical
system, a system to irradiate particles in the cell and detect
the scattered light. Fig. 2 shows the system configuration
of LA-300.

Fig.1  Relationship between particle size and scattered
light intensity distribution
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(1)The cabinet has been downsized to the point where the
footprint is the size of an A3 piece of paper.

(2)Reduced plumbing for the entire sample re-circulation
system greatly reduces the required volume of
dispersing fluid.

(3)Efficient circulation during the draining process reduces
the number of cleaning cycles and hence reduces the
cleaning fluid used and time required.

(4)Sedimentation of large particles is eliminated, producing
results with high repeatability and accuracy.

(5)The opening at the top of the dispersion bath is very
wide to provide ready access.  The liquid-level sensor is
mounted on the top of the dispersion bath, to prevent
any problems caused by the adhesion of the fine
particles to the sensor.

3.2 Optical System
The light emitted from the semiconductor laser is

scattered by the particles in the measurement cell, and
detected by the ring shaped silicon photo-diode array with
36 detector channels and by the 6 individual silicon photo-
diodes.  After the resulting scattering pattern has been
amplified and converted to a digital signal, the particle-size
distribution is calculated and displayed on the PC monitor.
The light source used is a 650nm-wavelenght
semiconductor laser.  We adopted the “inverse Fourier
optical system,” which collimates the light with a
condenser Fourier lens and detects scattered light directly
in the ring shaped silicon photo-diode array (Fig.4).  This
enabled us to reduce the size of the condenser lens and to
substantially downsize the optical system, giving more
room for the other optical components.

3.1 Sample Re-circulation System
The sample particles and dispersing fluid are first put

into the sample chamber.  The chamber is equipped with an
ultrasonic probe to aid in dispersing cohesive particles.
The re-circulation pump is used to continuously re-
circulate the particles from the sample chamber via the
sample flow cell (back to the sample chamber).  The sample
is discharge by switching the drain valve to the open
position after the measurement is complete.

Because the sample chamber prepares the sample for
analysis, it is a critical component.  The LA-300 is a unit
composed of “circulation pump,” “dispersion bath,”
“ultrasonic probe,” and “liquid level sensor” (Fig.3).
These components have been optimized to achieve the
following results:

Fig.2  Configulation of the LA-300 system

Fig.3  Dispersion Bath Unit
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4. Increased Reliability

The LA-300 features the following functions to produce
high quality measurement results:

(1)Correction with polystyrene latex standard
particles:

Like other LA series models, the LA-300 maintains
traceability to polystyrene latex standards between the
sizes of 0.5um and 100um, whose results can be traced to
National Institute of Standards and Technology (NIST).
Polystyrene latex standards are spherical particles
available in a variety of sizes.

(2)Autoalignment:
When the light axes of the laser and the detector do not

line up, the accuracy of the measurement deteriorates.  As
a result, the pattern is measured incorrectly or the blank
value (the intensity of light received less the scattered
light from the particles) will increase.  With the
autoalignment system, the LA-300 can control the light
axis with about 1um margin of error to maintain high
measurement accuracy.

(3)Real-time display of measurement status:
Transmissivity readings and the particle size distribution

are updated and displayed on the monitor every second.
This means that you can check the sample concentration,
the distribution results, and whether or not there are any
air bubbles continuously.  These check procedures
facilitate measurements with high accuracy and good
repeatability.

(4)Built-in powerful circulation pump:
Although the built-in centrifugal pump is small, it has a

capacity of 5.5  l/min (max) and can efficiently circulate a
particle as large as 600   m, thus preventing segregation of
the particles.  Also the system does not require tubing to
be replaced such as in a peristaltic pump, which simplifies
maintenance.

(5)Programming Function:
The operator presets the entire operation process.  The

pre-selected set of operations can be run by pressing a

single button.  This means that a process that requires as
many as 10 steps takes only 2 actions, thus preventing
operator errors.  Fig. 5 shows an example of the sequential
flow of an automatic measurement using the programming
function.  Each of these steps can also be selected
manually when new samples are to be measure.

Measurement principle Based on Mie scattering theory
Particle-size measurement range 0.1 – 600   m

Operating system: Windows 98TM(user selectable)
Size 296(W)x420(D)X320(H)mm

Measurement time Approx. 20 sec typical, normally from 
start of measurement to display data

Amount of sample required 
for measurement

10mg – 5g, with 300ml of dispersant 
fluid when using flow cell. 
This figure depend on the sample   

Optical system Light source 
650nm semiconductor laser

Detector
Ring shaped 36 silicon photo-diode 
array x 1
Silicon photo-diode x 6

Sample re-circulation system Ultrasonic bath 15W 28kHz
Circulation amount 5.5 l/m (water),
15-step flow cell, Tempax glass

Click the automatic operation button 1 after 
adding dispersing fluid

Click the automatic operation button 2 after 
adding sample

Circulation

Ventilation

Light axis adjustment
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Fig.4  Optical System of the LA-300 Analyzer

Fig.5  Sequential Flow of Automatic Measurement
Using the Programing  Function
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(6)Auto Fill Unit:
There is an option available to automatically supply

dispersing fluid and adjust its concentration, reducing the
workload of analyst.  Also, by keeping an established
concentration of the sample in every measurement, you
can greatly improve the repeatability of the measurement.

Table 1 shows the main specifications of LA-300:

Table 1  LA-300 Analyzer Specification
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Fig.6  Results From the Measuring Standard Latex
Particles
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5. Actual Measurement Example

Fig.6 shows an actual example of measuring polystyrene
latex samples of various particle sizes using LA-300.

The results confirm the high performance of the
instrument.

6. Conclusion

The LA-300, as we have discussed, achieved size
reduction and low-cost while keeping the same accuracy
and reliability as the higher–priced systems.  We hope that
along with the previous models in the LA series, it will
provide the user with a selection of models to meet your
needs to measure particle size of a wide variety of samples.
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