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Abstract

The calibration of electrical sensing zone instruments is nor-
mally achieved by using spherical particles with a certified size.
An alternative and more fundamental procedure, known as
mass or self-calibration, is to use particles of the material under
test.

This work concerns the mass calibration technique, in par-
ticular the equations used to calculate the mass calibration con-

stant. It is demonstrated that some of the published expressions
are inconsistent. An expression particularly suitable for the
Coulter Counter Model ZM has been derived and validated.
Some experiments were also performed using irregular particles,
in order to compare both calibration methods.

1 Introduction

The electrical sensing zone technique, sometimes called the
Coulter Counter method, is widely used in particle size analysis,
and often as a reference method. The Coulter Counter deter-
mines both the number and size of particles suspended in an
clectrically conducting liquid. The operating principles of this
instrument have been extensively described in instrument in-
struction manuals, textbooks [1] and also in British Standard
BS 3406 [2].

The calibration of these instruments is usually achieved by
using spherical particles which have a known and certified size.
The most popular standards are polymer latex particles which
have a narrow particle size distribution. However, the instru-
ment can also be self-calibrated, that is, calibrated with the
material under analysis. This method, often known as the mass
integration method, is recommended in BS 3406 as a primary
calibration procedure. It is superior to latex calibration because
the particle response may be affected by the shape, porosity and
conductivity of the material. The procedure is therefore, more
direct and traceable. This method was formerly employed for
sizing BCR reference materials and polymer latex particles [3].
It is not a routine procedure, however, since it is time con-
suming.

The purpose of this paper is twofold ; first, to compare the two
calibration techniques for the Coulter Counter Model ZM, i.e.
latex calibration and mass calibration, and second, to correct
some misleading expressions which have been published for the
mass calibration method, especially for the Coulter ZM. A cor-
rected expression is given.
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2 Determination of the Mass Calibration Constant

Electrical sensing zone instruments require calibration in order
to assign a particle size to each of the threshold levels. The par-
ticle diameter is then calculated from the equation

d=K, 3T . )

Typically, a preliminary calibration of the instrument, fitted
with the appropriate orifice tube, is achieved by applying the
certified latex particles and using the “half-count” method to
identify the median value [4]. The calibration constant obtained
in this way is automatically computed by the instrument.

The alternative calibration technique is to use the powder under
analysis. In this case it is necessary to prepare a suspension of
a narrow size fraction of the material and of known concentra-
tion [2]. The volume of the particles in a metered volume of
suspension will be given by

V,=—-o —. @)

This volume can also be obtained by measuring the particle size
distribution, resulting in

n 53
V, =4 ZAnd 3)
or, substituting Eq. (1),

n —
Vo= < K ZAnT. @

Comparison of Egs. (2) and (4) gives
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This equation is often presented in the literature in the alter-
native form:

(6 Ve w1\ ©
¢ \n V., p, ZAnV ’
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Here, V is defined in BS 3406 as “the arithmetic mean volume
for a particular size interval”, whereas in the Coulter Counter
Model ZM instruction manual [3], it is defined as an “arbitrary
volume” . Both of these definitions, and also the notation ¥, can
be misinterpreted, since ¥ cannot be identified with the output
values of the ZM, nor is it mentioned how this variable can be
calculated. In fact, the threshold value, 7, for the Coulter
Counter Model ZM is given by [5]

T, -A
y R
7. G ¢))

It should be pointed out that the threshold values must be
calculated for each combination of the instrument settings and
therefore Eq. (5) is not the most suitable form for the Model
ZM. Instead of threshold values it would be more convenient to
work with volume values, which are directly available from this
instrument by pressing the volume key. However, these values
cannot be introduced into the equation without some
mathematical manipulation.

The threshold values can be converted to volumes, or diameters,
through the calibration constant. Select, for example, the latex
calibration constant which is probably the last value stored in
the instrument when performing a mass calibration. Then

- T —
EAn Vi = K ZAnT. ®
Here Vapp should be distinguished from the previous ¥ (Eq.

(6)) and is the apparent volume of the particles computed by the
Model ZM when using the initial estimate of the calibration
constant, Ky,. Substituting the value of ZAn T given by Eq.
(8) into Eq. (5), the self-calibration constant becomes

V, W 1 3
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This equation yields numerical values substantially different

from Eq. (6), because of the terms ¥ and V,_, and is the form
which should be used for mass calibration.

pp?

3 Experimental

The test material used was a powder of irregular glass particles.
For the mass integration method it is necessary to determine the
sample concentration as precisely as possible. This was achieved
by accurately weighing a small quantity (15-30 mg) of a narrow
sieved fraction of the glass powder and dispersing it in
300-400 ml of electrolyte in the usual manner. Two narrow
sieved fractions, obtained by wet sieving in order to remove the
fines better, were used, corresponding to size classes 37-44 and
88-105 um. The density of the glass (Schott Duran 50) was
measured and was equal to 2.23 g/cm3. The electrolyte
employed was Isoton II, which was passed through a filter of

0.2 pm pore size before use. Two different tubes were used with
orifice diameters of 140 and 280 pum. These tubes corresponded
to the two particle size fractions. The instrument was operated
in the manometer mode, with coincidence correction and using
a single threshold technique with 15 channels. Particular care
was taken in the analysis of the coarse fraction to provide effi-
cient stirring of the suspension and frequent flushing of the
orifice tube to prevent settling of particles at the bottom of the
tube. The latex calibration was performed using the “half-
count” method with a latex suspension of 19.3 um (Coulter
Electronics). It was decided to use the same latex to calibrate
both tubes to ensure a constant point of reference [3].

4 Results and Discussion

The self-calibration constant was first calculated using both
Eqs. (9) and (5), being the threshold values given by Eq. (7). As
expected, the results coincided. It was then decided to use Eq.
(9) since it is in a more appropriate form. The summation
ZAn Vapp was obtained by using as initial estimate of the
calibration constant (K,,) the latex calibration constant. It
should be noted that any other value could be used. The results
are summarized in Table 1. The values presented for the mass
calibration are the mean values of at least three separate ex-
periments. The standard deviations are given in parentheses.

Table 1: Comparison of calibration constants using the latex and the
mass calibration methods.

Sieve fraction Orifice tube K (latex) K, (mass) Difference
(um) (um) (%)
37- 44 140 23.24 23.78 (0.04) 2.3
88-105 280 49.77 50.85 (0.60) 2.2

Table 2 presents the results of the particle size distributions for
both fractions, listing the values of d,y, ds, and dy,, obtained
using the constants in Table 1. These values are in good agree-
ment with the sieve range.

Table 2: Results of particle size analysis using the latex and the mass
calibration constants.

. . . Latex calibration Mass calibration
Sieve fraction Orifice tube
dy dyy  dy dyy dsg  dy

(umj (umj (um) (um) (um) (umy (um) (um)
37- 44 140 36.72 42.24 48.10 37.61 43.20 49.20
88-105 280 80.00 92.10 101.6 81.11 94.44 105.0

Figure 1 shows the size distribution curves obtained, for one ex-
periment, when using both calibration constants.

It is clear from the results that the mass integration values of
the calibration constant agree well with the preliminary latex
half-count values for both fractions. This was to be expected for
non-porous particles with low aspect ratios, and has been
reported by others [3]. Despite the small deviations obtained for
K, (ca. 2%), the mass calibration method tends to yield
slightly higher values of the calibration constant and the
resulting particle size distribution curves are shifted correspon-
dingly. However, this could be due to the presence of fine par-
ticles outside the measuring range of the orifice tube.



296

Part. Part. Syst. Charact. 8 (1991) 294-296

Cumulative Volume Fracticn (X)

-
n Y ] @ o
o, o, S ©, 1)
]
=Y H
)
)
3
oW :
s o ;
- x X
e aa
= N
o 0 o
8 1Y
g 3
s L]
N
g BE
aal  NIt-aol Y
£ X7 I e T o &
-~ 1 TTT———TTTmeee
s | ==l
s TP Tm=Inmeea
]
°-
o
©

Fig. 1: Cumulative undersize distributions for a 37-44 um sieve frac-
tion using the latex and the mass calibration constants.

5 Conclusions

The difference between the particle size distributions obtained
by using the latex or the mass calibration constants was found
to be negligible for the material under test. Nevertheless, the
mass calibration method is more fundamental and should be
used to remove any doubt, especially when dealing with highly
irregular, porous or conductive particles. Appreciable dif-
ferences have been reported for fly ash particles [6]. This
method requires, however, great accuracy in determining the
particle concentration in the suspension and a counting effi-
ciency of 100%, i.e. it is necessary to ensure that all particles are
counted in order to obtain a precise value for the measured
volume.

The experiments were carried out in a Coulter Counter Model
ZM, which is claimed to be suitable for accurate analysis. The
time needed for the mass calibration of this instrument is con-
siderable. The main feature of this paper concerned the equa-
tions which are used to calculate the mass calibration constant.
Expressions that involve variables which are not well defined are
unreliable. An expression particularly suitable for use with
Coulter Counter Model ZM has been derived and validated.
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7 Symbols and Abbreviations

A attenuation setting

d particle diameter

d mean diameter (based on the mean volume) for a
particular size interval

G amplifier gain setting

7 aperture current

K, calibration constant (based on the diameter)
K4 initial estimate of the calibration constant
An number of particles in a size interval

T threshold value

T average threshold (corresponding to d)

T lower threshold level (Eq. (7))

14 arbitrary volume (Eq. (6))

V., apparent volume of particles (Eq. (8))

Va volume of suspension metered for each count
(manometer volume)

v, volume of particles in a metered volume of suspension
V, total volume of suspension

w total weight of particles

Pe density of particles
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