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INTRODUCTION

There exists a large variety of techniques and instruments for the sizing of particles and droplets in
fluid suspension. These instruments are based on a number of different physical phenomena and
interlaboratory comparisons of data on, for example, reference liquid sprays have shown significant
variability. This test method evolved in conjunction with efforts to explain the observed variability.
The effectiveness of this test method can be traced to the fact it circumvents difficulties associated with
producing, replicating, and maintaining a standard sample of liquid particles in a spray. This test
method uses a photomask reticle to provide a simulation of some of the optical properties of a
reference population of spherical particles. This test method is only applicable to optical particle sizing
instruments that are based on measurement and analysis of light scattered in the forward direction by
particles illuminated by a light beam. Since modern optical instruments generally use a laser to
produce a light beam, and since the light scattered in the forward direction by particles can often be
accurately described using diffraction theory approximations, the class of instruments for which this
test method applies have become generally known as laser diffraction particle sizing instruments.
Because it is specifically Fraunhofer diffraction theory2,3 that is used in the approximation, these
instruments are also known as Fraunhofer diffraction particle sizing instruments.

The diffraction approximation to the general problem of electromagnetic wave scattering by
particles is strictly valid only if three conditions are satisfied. The conditions are: particle sizes must
be significantly larger than the optical wavelength, particle refractive indices must be significantly
different than the surrounding medium, and only very small (near-forward) scattering angles are
considered. For the case of spherical particles with sizes on the order of the wavelength or for large
scattering angles, the complete Lorenz-Mie scattering theory2,3 rather than the Fraunhofer diffraction
approximation must be used. If the size and angle constraints are satisfied but the particle refractive
index is very close to that of the medium, the anomalous diffraction approximation3 may be used.

A complication is introduced by the fact that the optical systems of most laser diffraction particle
sizing instruments can be used, with only minor modifications such as changing a lens or translating
the sample, for measurement configurations outside the particle size or scattering angle range for
which the diffraction approximation is valid. In this situation the scattering inversion software in the
instrument would generally incorporate a scattering model other than Fraunhofer diffraction theory, in
which case the term “laser diffraction instrument” might be considered a misnomer. However, such an
instrument is still in essence a laser diffraction instrument, modified to decrease the lower particle size
limit. A calibration verification procedure as described by this test method would be applicable to all
instrument configurations (or operational modes) where the photomask reticle accurately simulates the
relevant optical properties of the particles.

The ideal calibration test samples for laser diffraction particle sizing instruments would be
comprised of the actual particle or droplet material of interest in the actual environment of interest
with size distributions closely approximating those encountered in practice. However, the use of such
calibration test samples is not currently feasible because multi-phase mixtures may undergo changes
during a test and because actual samples (for example, a spray) are not easily collected and stabilized
for long periods of time. The subject of this test method is an alternative calibration test sample
comprised of a two-dimensional array of thin, opaque circular discs (particle artifacts) deposited on
a transparent substrate (the photographic negative, that is, clear apertures in an opaque substrate, may
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