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a b s t r a c t

In order to confirm the reliability of particle size measurement technique and to prepare standard refer-
ence particles for calibrating particle size measurement devices, experimental and theoretical studies
have been conducted about the uncertainty region of particle size measurement for the general particle
size distribution. A new theoretical equation to calculate fundamental uncertainty region in the case that
the maximum and minimum particle sizes are known, is derived based on Tschebyscheff theory. The
uncertainty regions calculated based on the proposed method are applied to poly-disperse particles
and a picket-fence distribution composed of two kinds of nearly mono-disperse particles.

For the poly-disperse particles, the uncertainty region increases with the increase in particle diameter.
For the picket-fence distribution composed of two kinds of nearly mono-disperse particles, the uncer-
tainty region increases around the intermediate particle diameters between the two kinds of particles.

Numerical simulation of uncertainty region for the picket-fence distribution has also been carried out.
The uncertainty region decreases with the increase in sample size or the decrease in geometric standard
deviation.
� 2011 The Society of Powder Technology Japan. Published by Elsevier B.V. and The Society of Powder

Technology Japan. All rights reserved.

1. Introduction

Particle size distribution is measured by various methods such
as microscopic method, laser diffraction and scattering method,
dynamic light scattering method, electrical sensing zone method
and liquid sedimentation method. Though the laser diffraction
and scattering method, dynamic light scattering method and elec-
trical sensing zone method have the advantage of shorter measure-
ment time and good repeatability, they need complicated
calibration by direct method, because these methods are number
based measurements. In order to calibrate such particle size mea-
surement devices in mass basis, it is necessary to prepare standard
reference particles. As for the reference particles, spherical parti-
cles having a size range appropriate to the resolution of the mea-
surement technique are preferable. Yoshida et al. studied on the
particle size distributions of three kinds of poly-disperse spherical
glass beads (MBP1–10, MBP3–30, MBP10–100) based both on im-
proved type sedimentation balance method (mass base measure-
ment) and microscopic method (number base measurement)
with sample size larger than 10,000 particles [1,2]. These reference
particles are ranged from 1 lm to 10 lm, 3 lm to 30 lm, and

10 lm to 100 lm, respectively. Round robin tests are also carried
out on the two kinds of spherical particles (MBP1–10, MBP10–
100), and the results are reported by Mori et al. [3].

In order to represent particle size distribution obtained by
microscopic method, uncertainty region of the mass base distribu-
tion should be calculated. On this purpose, Masuda et al. derived
analytical equation to calculate the necessary sample size under
known fundamental uncertainty region and vice versa [4,5]. How-
ever, the original theory is thought to be applied only for the log-
normal distribution.

In the real microscopic counting process, the data of particle
size distribution with the maximum and minimum size for the
general particle size distribution is usually obtained. In such a
case, the uncertainty region of the general size distribution
should be considered, but this problem has not been clearly
solved.

This paper presents a new equation to estimate the uncertainty
region of the general size distribution in the case that the maxi-
mum and minimum particle sizes are known. And the equation
is applied to the two cases; (1) poly-disperse particles and (2) pick-
et-fence size distribution composed of two kinds of nearly mono-
disperse particles. The numerical simulation is also carried out to
examine the reliability of the proposed new model. The method
proposed may be applied to the uncertainty estimation of particle
size distribution for the reference particles.
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