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<Abstract>

The new Horiba LA-920 particle size distribution analyzer was designed to meet the pres-
ent needs in particle measurement with significant advances in the hardware technology
and in the software - in both the algorithms employed and in the automation and operational
conveniences that were added Measurement performance, in terms of resolution, dynamic
range (0 02 to 2000 microns), repeatability and reproducibility, have all been improved
with a new 87-element detector system, auto-alignment and an advanced iterative algo-
rithm that optimizes the resolution A new circulation system features a centrifugal pump,
solvent-compatible surfaces, and an ultrasonic probe in the flow stream for maximum par-
ticle dispersing capability The operation of the analyzer is much simplified with automatic
features that minimize operator involvement, and data retrieval and manipulation capabili-

ty is enhanced with a new data base management system

1. Introduction

The new Horiba LA-920 particle size distribution analyzer was designed to
meet the present needs in particle measurement with significant advances in the
hardware technology and in software, in both the algorithms employed and in au-
tomation and conveniences
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11 Trends in User Needs in Particle Size Analysis

General user needs in particle size analysis have moved in the direction of im-
proved measurement performance, optimal particle dispersing ability, automa-
tion, and operational conveniences Measurement performance includes such
criteria as resolution, dynamic range, instrument repeatability and instrument-
to-instrument agreement

12 Trends in Light Scattering Technology

¥ Angular light scattering is based on the princi- Angular light scattering technology* has made advances in all these areas The
ple that particles scatter light at angles in- . i .
versely proportional to their size, the smaller need for measuring finer and finer sizes (increased dynamic range) was met by
the particle the larger the angle of scatter As ) ]
with all particle size measuring techniques, including Mie corrections in the deconvolution algorithms, which themselves
the method assumes that the particles are L . .
spherical. Factors affecting the measurement have advanced from the early matrix inversion approach to iterative routines
include shape, refractive index and sampling
and dispersing techniques ! » that maximize resolution Continuous advances in computers and software have

allowed more and more automation of the measuring process as well as data and
display manipulation conveniences for the operators

2 Measurement Performance Needs

2 1 Resolution
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Resolution in particle size distribution analysis refers to the ability of the ana-
lyzer to resolve multiple peaks (modes) in the distribution and the extent to
which separation occurs between adjacent peaks For example, two instruments
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may resolve a mix of two different narrow distributions, but one may go to base-
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line between peaks and the other only down to say 50% of the height of the peaks
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Fig 1 Measured result of mixed polystylen to have better resolution, even though both identified the two modes correctly
latex standard (02,0 3,05 um)
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The instrument that goes to baseline between the two peaks would be considered

A high degree of resolution is desired to be able to detect minor but important

differences in size distribution Often small amounts of a slightly coarser mode
than the main mode indicates unwanted agglomeration, or stray particles that
can damage surface finishes, by abrasives or in coating applications A small
amount of an additional fine mode may indicate the small amount of active ingre-
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dient added to a pharmaceutical preparation, and therefore it must be measur-
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Fig 2 Measured result of mixed polystylen : :
latex standard (0 7, 1 Om) Figures 1 and 2 show some results of measurements on the new Horiba

LA-920 particle size analyzer In Figure 1, a mixture of three NIST-traceable la-

tex standards, at 0 2, 0 3 and 0 5 microns, demonstrates excellent resolution to
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baseline between the peaks, which are separated by only 0 1 and 0 2 microns re-
spectively Figure 2 shows a mix of two latex standards at 0 7 and 1 0 microns
with the same degree of resolution Note also that each standard is reported at
exactly its specified size in both graphs

This superior resolution is accomplished with a combination of features that
work together to achieve the end result First, the number of wide angle detec-
tors which detect the fine size range have been increased from six to twelve, pro-
viding more measured points in the range Second, each of these detectors mea-
sures the scattered light from two different wavelengths, which doubles the
amount of information used in the calculation Third, the total number of detec-
tors has now been increased to 87, which improves the resolution capability by
afactor of more than three And fourth, an advanced algorithm that automatical-
ly determines the number of iterations to use to achieve the optimum resolution
has been incorporated into the size calculations

22 Range

A wider range capability gives the user more flexibility in that one instrument
can handle more applications, and that minimizes the amount of equipment the
user needs to have for particle size analysis

The range of the LA-920 is from 0 02 to 2000 microns, giving it adynamicrange
of 100,000; this is the largest dynamic range available with angular light scatter-
ing instruments It is made possible in the LA-920 by a combination of the 12
wide angle detectors, the 405-nm wavelength incident light source and the new
75-element forward detector array

The wide angle detector system senses scattered light up to 150 degrees from
the forward direction, which contributes more information to calculation of the
finest sizes (smaller particles scatter light at higher angles) The 405-nm wave-
length, in addition to providing more information to enhance resolution, allows
the LA-920 to sense the light from particles that are smaller than can be sensed
by the 633-nm laser light, by a factor of 405/633; in other words, it can sense par-
ticles that are 405/633, or 0 64 times the diameter of the smallest particles sensed
by the laser light This, combined with the wide angle detectors, is what gives the
LA-920 the smallest low-end range in angular light scattering instrumentation
Figure 3 is a diagram of the wide angle detector layout in the LA-920

The new 75-element silicon diode forward detector array, in addition to en-
hancing the resolution in the medium and upper size ranges, provides additional

24 BIRM

T HEFIZ, LA-9201328E 22 NISTOZE#AKR THKRIEL, EERDZE
RSD)#2/8—t v MUH L LTW3 4B NDLA-9201Z D\ T NISTAE#EH K358
EHIEUZKRERT(E5).

25 HEDML—HEY T4

KIE DB IR E DO BE N AN FDACKE & REES R ERIZESG L
BWE, LT O RIIKREIT S 20, HERFICNISTRE¥E R B CRIEL TV
BLA9203AZIZZDEKRE £-T 1,0003 70 U FEEXBUZ L DR LT
(1 6).

3 HYTIEFOHE

BV TR T—EORFNPEWVIZEEL TV, BELTWS &5 255,
HIZ& Y, AEIZEI > TENL 2 RIS B2 HENDH .

<—MkER3> Particle Size Distribution Analyzer: Model LA-920

69



Median Diameter/ zrr Median Diameter/ s

Median Diameter/ zrr

70

1059

1049

1039

1029

1019

1009

1024
1014
1004
994
984
974

1029 F
1018

1009

999

989

979

rear
detector @

He nelaser  beam expander

N
tungsten ~ filter
lamp

rear
detector

Fig 3 Wide angle detection system

PSL 1034 +/-002um

side
detectors

d 5% gge

con
dencer
lens

detectors

#First MES
% Second MES
4 Third MES
o Average
@ 8 2 ]
Unit 1 Unit 2 Unit 3 Unit 4
PSL 1000 +/-20um
+First MES
# Second MES
4 Third MES
o Average
. ¢
[
Unit1 Unit 2 Unit3 Unit 4
PSL 1005 +/-200m [yrmrves
# Second MES
& Third MES
o Average
&
3 [}
&
& % " o
#
Unit 1 Unit 2 Unit3 Unit 4
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detectors at very low angles to sense particles that range from 1000 to 2000 mi-
crons, effectively doubling the range of the new instrument See Figure 4 for a
schematic of the forward detector array
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Fig 4 Forward detector array

LA-920

2 3 Repeatability

The greater the instrument repeatability, the fewer the number of samples
that need to be measured to achieve the same level of tolerance in statistical qual-
ity control applications® The LA-920 has a new auto-alignment system that au-
tomatically assures that the light beams stay targeted dead center on the for-
ward detector array This allows the instrument to maintain a level of precision
for each measurement, and therefore a level of repeatability, that could never be
achieved manually

24 Reproducibility

Most companies have needs for more than one particle size analyzer, and most
are involved in supplier-customer relationships for powdered materials This
creates a very strong need for maximum reproducibility among instruments
Customers need to verify specifications of incoming materials from their suppli-
ers, and plants located around the world must get the same results from their
instruments to insure company-wide product uniformity

The complete detector system, both the wide angle and forward array, of every
LA-920, is factory-calibrated using NIST-traceable particle standards This stan-
dardized calibration assures a level of instrument-to-instrument reproducibility
which results in less than a 2% Relative Standard Deviation (RSD) among instru-
ments Figure 5 illustrates typical reproducibility on four production LA-920
analyzers Results are given for each analyzer on three different NIST standards
(1,100 and 1000 microns) in a series of three measurements each
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25 Accuracy Traceability

The pharmaceutical industry especially, among others, must be able to vali-

750 00.0
date the performance of their instrumentation Their validation has to meet % g
FDA requirements before any new process can be put on stream The LA-920 can g §
easily be validated by measuring NIST-traceable standards, since the instru- ‘é £
ments are calibrated to these specifications before they leave the factory The re- § ; §
sult of a 1000-micron standard is shown in Figure 6 °SorTos 150 1600 100 000
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Fig 6 Measured result of 1000 um standard

3. Dispersion Needs

Particulate systems occur in many different states of dispersion In some, each
particle is discrete and separate Others may be weakly “stuck” together (floccu-
lated or agglomerated) or strongly bonded (aggregated) And, depending on the
application, some need to be measured in their naturally occurring state whereas
others may need to be further dispersed, or separated from each other

31 Dispersing Energy

The LA-920 circulation system provides an in-stream 30-watt ultrasonic probe to
allow the user to disperse the particles to any degree desired The probe can be used
at a number of different power settings and for variable amounts of time The probe
is located in the circulation stream in such a way that all the particles impinge on
the probe tip, where the ultrasonic energy is at its maximum This means that par-
ticles can be completely dispersed in the minimum amount of time

32 Solvent Compatibility

All wetted surfaces of the circulation system are either stainless steel, tita-
nium glass or Teflon With these inert materials, any of the liquids needed for car-
rying particles for size analysis can be employed with no problem

3 3 Representative Presentation

The LA-920 uses a newly designed centrifugal circulation pump and flow path
to ensure that a representative sample of the size distribution appears in the
sensing zone at all times The pump is powerful enough to circulate 2000-micron
particles as heavy as steel, and the transition pieces from the circular Teflon tub-
ing to the rectangular sample cell create a continuous flow distribution, free of
any eddy currents, providing a representative sample across the entire sample
cell The complete layout of the circulation system components and actual flow
path are shown in Figure 7 Fig 7 Newly developed circulation system
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4. Automation

Automation in analyzers offers two major benefits to the user: 1) it saves
money by freeing up an operator’s time, and 2) it gives consistently correct re-
sults by eliminating operator error and variability

The LA-920 sample delivery software gives the operator freedom to interact
with the analyzer, perhaps when more in a research environment, or to set up
automatic routines for on-going quality control applications

The LA-920 software provides keyboard control of the: 1) circulation pump
and speed, 2) sample chamber fill pump, 3) sample drain actuation, 4) ultrasonic
power and time, 5) an automatic dilution control function, and 6) measurement
time The software also allows the operator to set up measure condition files
where the sequence of sample preparation (e g , ultrasonic treatment) and deliv-
ery events are automatically executed As many as 24 different files of this type
can be programmed for recall and use at any one time, but an unlimited number
of groups of 24 can be stored for recall and use

5. Operational Conveniences

51 Data Manipulation and Display

The Windows based operational software for the LA-920 provides many user con-
veniences Data can easily be manipulated after the measurement to examine how
the distribution would be reported with different optical parameters, or with a differ-
ent number of calculation iterations The data can also be reported in a wide variety
of graphical or tabular formats which cover all of the typical formats used in particle
size analysis Furthermore, both the screen and hard copy report layouts can be for-
matted, independently, in the full variety of selections One screen layout contains
numerous (depending on monitor type) separate sample reports displayed graphi-
cally for easy comparison purposes These data can then also be overlaid on one
graph An example of this particular screen is shown in Figure 8

52 Data Retrieval and Batch Operations

A data storage system allows easy flexible retrieval of data records Data can
be retrieved by various retrieval criteria The data, once retrieved, can be
printed, exported to spreadsheets or other computers, or recalculated, in a batch
operation, instead of individually, record by record
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Fig 8 Screen display of multiple sample Fig 9 Screen display for creating reports

53 Custom Report Formats

Another convenience feature of the LA-920 is the ability to create custom re-
port formats Figure 9 shows the screen for creating these reports Custom title
blocks, logos and other company-specific formats can be created along with the
specific report layout for the data

54 Security

A security function is also included in the LA-920 software This feature, re-
quired by most pharmaceutical companies and in an increasing number of other
applications allows the lab supervisors to set up different levels of security These
different levels prevent unauthorized personnel from changing such items as
measure condition files, report display and hard copy formats, and other parame-
ters that must be maintained All levels of access require passwords to be set up
and entered by each user

6. Summary

The LA-920 comes with all the functions and features to meet the user needs
in particle size measurement Performance is optimized; sample dispersion can
be optimally achieved; automation is available in the operation of the instru-
ment; and, finally, the analyzer software provides all the convenience features,

from custom reporting to security, that are in demand today
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All of these contribute to angular light scattering, and the LA-920 in particular,
to being the most versatile particle size measuring system available - one that can
meet almost any application
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