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The influence of the orientation of oblate particles on volume-weighted particle size distributions (PSD) is demonstrated with
an idealized model system. The overall estimate is based on partial "worst case" estimates found by an explicit calculation of
selected non-random orientations for disk-shaped particles with an aspect ratio of 10 and a wide-range PSD. According to
the simulation results the D,,, D, (median) and D,, values for particle orientations of 60°, 45°, 30° and 0° deviate by less than
17 % from those of the 90° orientation (corresponding to projections normal to the disk plane), whereby the maximum devi-
ation occurs for orientations close to 30°. For quasi-random orientation the deviation is even smaller (approx. 3-7 %). Thus
it is shown that, in contrast to widespread belief, the effect of particle orientation on the resulting volume-weighted PSD is
for oblate particles small enough to be completely smeared out for purely statistical reasons to within typical errors of meas-

urement of the usual sizing methods.

INTRODUCTION

It is generally assumed that the orientation of ani-
sometric particles has an influence on the particle size
distribution measured by optical methods [1]. This is in
principle true [2, 3, 4]. Actually, some recently devel-
oped methods try to exploit just this effect for particle
shape characterization [5]. However, a general answer
to the question how and to what extent the particle size
distribution (PSD) is influenced by particle orientation
in the case of anisometric particles can probably not be
given. Although there are exceptional cases where the
physical situation is very clear (e.g. in static microscop-
ic image analysis), in general a thorough analysis is
needed for each individual case, taking into account the
measurement principle used for sizing (including the
theory used for the evaluation of recorded data, e.g. Mie
theory or Fraunhofer theory in laser diffraction), specif-
ic instrumental conditions (e.g. the photodetector geom-
etry and the hydrodynamic situation - whether laminar
or turbulent - in the flow-through cell in laser diffraction
instruments, possibly in dependence of measurement
parameters such as pump speed), the material character-
istics (prolate or oblate shape, Brownian or non-Brown-
ian size) and possibly other parameters (e.g. enhanced
rotational diffusion of Brownian particles due to tem-
perature changes). Given only the relatively simple case
of a non-Brownian spheroid in isothermal laminar flow
the question of whether, and if yes in what direction and
after what time, the particle orients itself with respect to
the flow is highly nontrivial and needs careful analysis,
based on Jeffery's 1922 paper [6]. But also from a sta-
tistical point of view, the problem is far from trivial,

since for a strict analysis the effect of particle orienta-
tion on a PSD would have to be described by orienta-
tional distribution functions interacting with size distri-
bution functions.

The aim of the present contribution is a much more
modest one: Without strict limitation to a special sizing
method, but confining ourselves to those methods
where size information is inferred, directly or indirect-
ly, from a projectional view of the particles without
using a unique substitute diameter (e.g. the projected
area diameter in image analysis), we want to present a
rough estimate of how the measured PSD will be influ-
enced under the assumption of more or less extreme
particle orientations from a purely statistical point of
view. More than that, we confine the presentation to cer-
tain model particles (oblate disks with a prescribed
aspect ratio of 10) and an appropriately selected sym-
metric discrete model PSD (given in the so-called "q3"
representation, i.e. in the form of a volume-weighted
"frequency" histogram) for reasons of simplicity and
reference. This does not mean, however, that the results
are without concern for realistic systems. On the con-
trary, the simple argumentation presented in this paper
(which is based largely on intuitive arguments), is to
provide a kind of "worst case" estimate for the influence
of the orientation of disk-shaped particles on measured
PSD curves. The disk model should be an acceptable
approximation of platey particles for most practical pur-
poses. The aspect ratio of 10 used here is a pragmatic
choice of course. The model PSD investigated is chosen
sufficiently wide (comprising particles with equivalent
diameters ranging from 1 to 100 um) to be rather realis-
tic.
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The main question to be answered is: How large is
approximately, for the model system investigated, the
influence of particle orientation on a measured PSD? In
other words, and maybe more precisely: What is the
maximal difference of the PSD in terms of equivalent
disk diameters for extreme non-random particle orienta-
tions?

No attempt is made to solve the problem strictly,
neither to find the extreme aspect ratio for which this
difference (i.e. the orientational effect on the PSD) is
maximal, although it is clear that such a "critical" aspect
ratio must exist (since for an infinite aspect ratio, i.e.
infinitely thin disks, and for an aspect ratio of 1, i.e. for
isometric particles, the PSD is not influenced by parti-
cle orientation), nor to find the exterme intermediate
orientation for which this difference is maximal,
although also in this case it will turn out that such a
"critical" orientation must exist (since the PSD for
100 % frontal orientation is very close to that for 100 %
lateral orientation, as will be shown below).

Notwithstanding the great practical importance of
this problem, e.g. for the extraction of shape informa-
tion from particle size measurements [7,8,9,10], to the
authors' knowledge no general solution of the afore-
mentioned problem is available in the literature so far.
Therefore we present this rather clumpsy demonstration
of a special case to a wider audience of readers, hope-
fully as an impetus to a more stringent formulation and
more general solution of the problem in the future. It
will be shown that for the system investigated (and
probably for most realistic systems with oblate parti-
cles) the PSD (more precisely, the volume-weighted
PSD, since this is what is usually meant by the practi-
tioner) is substantially uninfluenced by particle orienta-
tion, in contrast to widespread belief. Thus it will be
shown that, to within typical errors of measurement
(naturally depending on the sizing method), the differ-
ences possibly caused by particle orientation are largely
smeared out for purely statistical reasons in a volume-
weighted PSD. For measuring principles and statistical
aspects of particle sizing the reader should refer to stan-
dard references, e.g. [1] and [11].

SIMULATION MODEL AND METHOD
Model particles and model PSD

Disk-shaped particles of expressedly oblate shape
with an aspect ratio (i.e. diameter-to-height ratio) of 10
have been chosen as model particles for this study. The
shape of the particles is assumed to be scale-invariant,
i.e. whatever the absolute size the particles are to
remain disk-shaped with an aspect ratio of 10.

The model PSD is given in the form of a volume-
weighted "frequency histogram" (i.e. a "q3" distribu-
tion) with relative volumes of 1, 3, 7, 15, 7, 3, 1 for par-
ticles with equivalent diameters of 1, 2, 5, 10, 20, 50,
100 um, respectively (see figure 1). For reasons of sim-
plicity this model PSD has been chosen symmetric and
discrete.
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Figure 1. Volume-weighted model PSD (,,q3“ histogram) cor-
responding to a relative volume of 1, 3, 7, 15, 7, 3, 1 for parti-

cles with equivalent diameters 1, 2, 5, 10, 20, 50 and 100 pm,
respectively.
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Figure 2. Number-weighted model PSD (,,q0“ histogram) cor-
responding to a relative volume of 1, 3, 7, 15, 7, 3, 1 for parti-
cles with equivalent diameters 1, 2, 5, 10, 20, 50 and 100 um,
respectively.

This PSD can be imagined as being measured in the
case of spherical particles or, equivalently, for the case
that all disk-shaped particles are oriented exactly with
their plane normals parallel to the direction of observa-
tion. Thus in the above setting the notion equivalent
diameter has to be understood as the disk diameter prop-
er.

When this volume-weighted PSD is transformed
into a number-weighted PSD (i.e. a discrete "q0" distri-
bution) one obtains the picture shown on figure 2, cf.
the values in table 1.
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Table 1. Model PSD ("q3", i.e. volume-weighted) and the same —
transformed into a number-weighted ("q0") PSD (equivalent -
diameter corresponding to the disk diameter proper). ) 9 % /
equivalent relative relative >
. —
diameter (um) volume number
1 1 1000000 0° 30° 45° 60° 90°
2 3 375000
5 7 56000 Figure 3. Schematic view of the disk-shaped model particles in
10 15 15000 five special orientations with respect to the direction of obser-
20 7 875 vation.
50 3 24
100 1 1

Note that for the above transformation no assump-
tion on particle shape is necessary. The transformation
is valid for spheres as well as for all types of oblate par-
ticles with circular projection (e.g. cylinders or sphe-
roids) as long as they are uniquely oriented with their
plane normals parallel to the direction of observation. It
should be kept in mind that in the original volume-
weighted PSD one particle of diameter 100 um has the
same statistical weight as one million particles with
diameter 1 um. That means that only a few particles
determine the course of the PSD in the large-size region,
compared to the large amount of particles in the small-
size region.

The simulation method

Figure 3 shows, for the model particles chosen, a
schematic view of five special particle orientations with
respect to the direction of observation (say, the laser
beam direction in a LALLS measurement): 0° (plane
normal perpendicular), 30°, 45°, 60° and 90° (plane
normal parallel).

In the 0° orientation the disk-shaped particle
appears to the observer simply as a rectangle with a side
ratio of 1:10. Thus an automatic detecting device in
which directional information is lost (say, a circular or
half-circular photodetector in a LALLS measurement)

would "see" (although not directly, but via Fourier
transformation encoding) ten times more small particles
(of diameter D/10) than large particles (of diameter D),
irrespective of the absolute particle size (diameter). In a
model calculation these erroneous additional counts of
ten small particles in connection with the one large par-
ticle can be accounted for in a straightforward way by
adding ten times the number of particles with diameter
D to those of diameter D/10 in the number-weighted
PSD, cf. the third column in table 2.

While the above assumptions for the case of 0° ori-
entation are quite plausible, and the case of 90° orienta-
tion is obviously trivial, intermediate orientations can-
not be treated in an elementary way without adopting
rough approximations. Considering the substitute mini-
mum diameters in table 3 (calculated by adding the pro-
jection of the diameter and that of the height in the
respective orientation) it is evident that the minimum
dimension for a particle with diameter D in 30° orienta-
tion is close to D/2, while that for a particle in 60° ori-
entation is close to D itself and the 45° case lies in
between. In order to preserve the original discrete
abscissa values of the model PSD we adopt the follow-
ing "worst case" estimate: For the 60° case we increase
the weight (in the "q0" PSD) of the maximum diameter,
i.e. instead of assigning e.g. one particle to 10 mm and
one to 9.160 um (which appears to be a better approxi-

Table 2. The model PSD transformed into number-weighted PSDs under the assumption that all particles are viewed under angles of

0°, 30°, 45°, 60° and 90°, respectively.

D/sin a Hlcos a relative relative relative relative relative
(um) (um) number number number number number
for 0° for 30° for 45° for 60° for 90°
0.1 0.01 10000000 -—- -—- -—- -
0.2 0.02 3750000 -—- -—- -—- -
0.5 0.05 560000 2000000 1000000 500000 -
1 0.1 1150000 1750000 1375000 1187500 1000000
2 0.2 383750 487000 431000 403000 375000
5 0.5 56240 86000 71000 63500 56000
10 1 15010 16750 15875 15437.5 15000
20 2 875 923 899 887 875
50 5 24 26 25 24.5 24
100 10 1 1 1 1 1
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Table 3. Substitute minimum diameters (um) for particles viewed in certain orientations with respect to the direction of observa-

tion.
D/sin a HJcos a 30° 45° 60°
(um) (um) (0.5D+0.866H) (0.7071D+0.0707H) (0.866D+0.5H)
1 0.1 0.5866 0.7778 0.9160
2 0.2 1.173 1.556 1.832
5 0.5 2.933 3.889 4.580
10 1 5.866 7.778 9.160
20 2 11.73 15.56 18.32
50 5 29.33 38.89 45.80
100 10 58.66 77.78 91.60
mation to reality, but causes problems with matching to RESULTS

the original abscissa values or size classes) we assign
two particles to 10 um and one particle to 5 pm (the
original size classes), cf. table 2. The latter leads
doubtlessly to a more serious distortion of the PSD than
the first and can thus be called a "worst case" estimate.
For the case of 30° orientation we increase the weight of
the substitute minimum diameter (by adding twice the
number of a certain size class to the next lower size
class, cf. table 2), and for the case of 45° orientation we
add the number of a certain size class to the next lower
size class, cf. table 2.

In order to facilitate the comparison of the results in
usual representation the number-weighted ("q0") PSDs
were retransformed to volume-weighted ("q3") PSDs
and finally integrated by summing up the individual
columns of the frequency histograms. After certain
averaging procedures (necessary to eliminate artefacts
resulting from the discrete nature of the model PSD) the
resulting volume-weighted cumulative ("Q3") undersize
PSDs were represented as smooth curves using spline
fitting. Characteristic values D,,, D,, (median) and D,,
were calculated from linear interpolation of the respec-
tive cumulative undersize values. All calculations were
performed on Microsoft Excel 97 spreadsheets.

Figure 4 shows the calculated PSDs (cumulative
undersize curves) for the case that all particles in the
system are uniquely oriented, viz. with the disk plane at
angles 90° (frontal view, i.e. with the plane normal par-
allel to the direction of observation), 60°, 45°, 30° and
0° (side view, i.e. with the plane normal perpendicular
to the direction of observation), respectively.

In order to eliminate coarse artefacts resulting from
the discrete nature of the model PSD (frequency his-
togram) chosen, the cumulative curves were corrected
using the arithmetic mean of the logarithms of two adja-
cent equivalent diameters and assigning the respective
cumulative percentage values to these corrected equiva-
lent diameters (logarithmic mean scale). From the view-
point of the cumulative PSD obtainable simply by sum-
ming up the relative volumes from the left (for such a
PSD the median value e.g. is totally in error) this new,
corrected PSD is shifted in the direction of increasing
equivalent diameters. Table 4 lists the three characteris-
tic values D,,, D,, (median) and D,, for the five PSD
curves obtained by interpolation in linear scale. For rea-
sons of comparison a "quasi-random" case has been
constructed by averaging the respective values for 90°,
60°, 30° and 0° orientation. This "quasi-random" case
can be considered as a rough approximation to the
(practically important) random case.

Since the frequency histogram for the case of 90°
orientation (i.e. observation of all disks in the direction
parallel to their normals) is identical with that of
spheres (note that disks observed frontally are indistin-

Table 4. Model PSD ("q3", i.e. volume-weighted) and the same
transformed into a number-weighted ("q0") PSD (equivalent
diameter corresponding to the disk diameter proper).

£ 100 -
(]
£
_ 80 L
g —o— 90° (frontal)
[0}
5 60 | —o— 60
[} —o0— 45°
2
> 40} —— 30°
% —— 0° (side view)
S 20t
£
2
(5]
0 o - - L L
T 0.1 1 10 100 1000

—» equivalent diameter (um)

Figure 4. Calculated PSD (cumulative undersize curves in log-
arithmic mean scale) for the case that all particles in the system
are oriented with the disk plane at angles 90° (squares), 60°
(diamonds), 45° (circles), 30° (triangles) and 0° (crosses),
respectively.

orientation D, (um) D, (median) (nm) D, (um)
90° 2.99 10.61 35.53
60° 2.85 10.32 33.69
45° 2.73 10.05 31.92
30° 2.59 9.28 30.73
0° 2.82 10.52 35.05
quasi-random 2.81 10.18 33.75
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guishable from spheres), it is clear that the deviation of
the calculated median value of 10.61 pum from the
expected value of 10 pm (i.e. a median equal to the
mode in our case of a symmetric frequency histogram)
is an artefact resulting from the averaging algorithm and
the interpolation method applied. The values D,, and D,,
exhibit similar errors. Unfortunately there is no straight-
forward way to avoid such artefacts without affecting
the discrete scale on the abscissa. One simple possibili-
ty to correct at least the median values is a rescaling of
all Ds, values with the factor 0.9425 = (10/10.61). The
correspondingly corrected values are listed in table 6.
Another possibility, which improves also the D,, and D,,
values, is to apply a (discrete) transformation scheme,
which is based on the arithmetic mean values between
adjacent equivalent diameters but modifies them in such
a way that the central region of the PSD is (artificially)
calibrated with respect to the expected median value
and all other equivalent diameters which are relevant in
the frequency histogram result exactly as arithmetic
means between the new intermediate values. Unfortu-
nately, this discrete transformation scheme (which has
been found by trial and error), although being a useful
tool for the case in question here, is not generally appli-
cable and cannot be replaced by any analytical averag-
ing algorithm. Table 5 compares the original scale, the
intermediate scale formed by the logarithmic averaging
algorithm described above (arithmetic means of loga-
rithms of adjacent equivalent diameters), arithmetic
mean values of the original scale (arithmetic means of
adjacent equivalent diameters) and the intermediate
scale formed by the discrete transformation scheme

Table 5. Original logarithmic scale, intermediate scale formed
by the logarithmic averaging algorithm (logarithmic mean
scale/LM scale), arithmetic mean values of the original scale
(arithmetic mean scale) and intermediate scale formed by the
discrete transformation scheme (DTS scale); all values in pm.

original LM arithmetic DTS
log scale scale mean scale scale
0.1 0.1414 0.15 0.1
0.2 0.316 0.35 0.3
0.5 0.707 0.75 0.7

1 1.414 1.5 1.3

2 3.16 3.5 2.7

5 7.07 7.5 7.3
10 14.14 15 12.7
20 31.6 35 27.3
50 70.7 75 72.7
100 141.4 150 127.3
200 316 350 272.7
500 707 750 727.3
1000 1414 1500 1272.7

(DTS) described above, which approximates the latter
and is exactly calibrated with respect to the median
value.

Figure 5 shows, for the orientation 90°, the original
PSD with its artificial shift to the left (this shift being an
artefact resulting from the simple summing up of the
discrete model PSD from the left, see above), the same
PSD shifted by one discrete step (i.e. from 1 to 2 um,
from 2 to 5 pm, from 5 to 10 pm etc.) to the right, the
logarithmic mean PSD (corrected according to the loga-
rithmic averaging algorithm) and the DTS-rescaled
PSD.

Both the LM-scaled PSD and the DTS-rescaled
PSD lie between the original PSD (dotted in figure 5)
and the shifted PSD (dashed in figure 5). The shape of
the LM-scaled PSD corresponds rather closely to that of
the original curves, while the DTS-rescaled PSD looks
slightly distorted. Only the DTS-rescaled PSD, howev-
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Figure 5. Cumulative undersize PSD curves for the case of 90°
orientation (frontal view) using the logarithmic mean scale
(hollow squares) and the DTS scale (full squares); both lie
between the original PSD (dotted) with its artifical shift to the
left, and the PSD shifted by one column in the model frequen-
cy histogram (dashed).
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Figure 6. Calculated PSD (cumulative undersize curves in DTS
scale) for the case that all particles in the system are oriented
with the disk plane at angles 90° (squares), 60° (diamonds), 45°
(circles), 30° (triangles) and 0° (crosses), respectively.
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Table 6. Characteristic values D,,, D, (median) and D,, of the DTS-rescaled PSD curves and corrected D;, values obtained by
rescaling the D;, values of table 4 by the correction factor 0.9425; all values in dependence of the particle orientation (disk plane

at angles 90°, 60°, 45°, 30°, 0°).

orientation D\, (um) D, median (pm) Dy, (um) Dy, median (um)
(DTS - rescaled PSD) (DTS - rescaled PSD) (DTS - rescaled PSD) (from table 4
rescaled by the factor 0.9425)

90° 2.56 10.00 31.84 10.00
60° 245 9.78 29.70 9.73
45° 2.36 9.57 27.64 9.47
30° 2.24 8.99 26.55 8.75
0° 243 9.94 31.28 9.92
quasi-random 242 9.68 29.84 9.60

er, ensures that cumulative undersize and oversize PSD
curves intersect exactly at an ordinate value of 50 %, as
required by elementary statistics [11].

Table 6 lists the values of D,,, D,, (median) and D,,
calculated by interpolation (in linear scale) from the
DTS-rescaled cumulative undersize PSD curves (see
figure 6) and, for reasons of comparison, the median
values obtained via simple rescaling by the correction
factor 0.9425 (see above). Note, however, that all the
above considerations concerning scaling serve only to
eliminate calculation artefacts resulting from the dis-
crete (and "coarse-grained") nature of our model PSD
(frequency histogram) and have nothing to do with the
physical content of the simulation results. Moreover,
they may well be without relevance for more realistic
PSD curves, where the histogram is sufficiently "fine-
grained" to be replaced by a continuous curve.

Irrespective of the rescaling procedure used, the
following can be said with reference to figures 4
through 6 and tables 4 and 6: The cumulative PSD
curves for different particle orientations are altogether
rather close. Tables 7 and 8 show the percentual devia-
tions of the calculated values D,,, D, and D,, for the
respective special orientations and the "quasi-random"
case (average of 90°, 60°, 30° and 0° values) from those
of the 90° case.

The calculated median (expected value 10.00 um)
differs by maximally 10.1-12.5 % for either of the spe-
cial orientations investigated, see tables 7 and 8. With
regard to the logarithmic scale this deviation of the
median value is relatively small. For D,, and D,, the

Table 7. Percentual deviation (%) of D,,, D,, (median) and D,,
values (calculated from LM-scaled PSD curves) from the 90°
orientation for special orientations (60°, 45°, 30°, 0°) and "quasi-
random" orientation.

deviations from their 90° counterparts are clearly larger
(12.5-16.6 %) but principally the same qualitative
assessment applies. For "quasi-random" orientation the
deviation of the median values is 3-4 % and for D,, and
D,, only slightly larger (5-7 %). With regard to possible
errors of measurement (including sampling errors) devi-
ations of such a magnitude can be considered as small.
Interestingly, the difference in the median (Ds,) is as
small as 0.6-0.8 %, i.e. practically zero, for the extreme
case of 0° orientation, which means that the median of
a PSD measured for the extreme case that all particles
are oriented with their disk planes parallel to the direc-
tion of observation is virtually indistinguishable from
that of the case where all particles are viewed frontally.
The same holds true for the D,, value. The results indi-
cate that the maximum deviation from the expected D,,,
D, and D,, values will occur for intermediate orienta-
tions (close to 30°). Concerning the indivual PSD
curves there is a maximum deviation at intermediate
sizes on the left from the median, but the exact position
of the maximum deviation is naturally a consequence of
the special shape of the model PSD.

DISCUSSION

The aforementioned results show the following:
For an idealized system of disk-shaped particles with an
aspect ratio of 10 our calculations assuming the select-
ed model PSD (given by a discrete "frequency" his-
togram, i.e. a volume-weighted PSD which appears

Table 8. Percentual deviation (%) of D,,, D,, (median) and D,,
values (calculated from DTS-rescaled PSD curves) from the 90°
orientation for special orientations (60°, 45°, 30°, 0°) and "quasi-
random" orientation.

orientation D, D, D, orientation D, D, D,
60° -4.7 -2.7 -5.2 60° -4.3 2.2 -6.7
45° -8.7 -5.3 -10.2 45° -7.8 -4.3 -13.2
30° -13.4 -12.5 -13.5 30° -12.5 -10.1 -16.6

0° -5.7 -0.8 -1.4 0° -5.1 -0.6 -1.8

quasi-random -6.0 -4.1 -5.0 quasi-random -5.5 -3.2 -6.3
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symmetric in the so-called "q3" representation)
described above demonstrate that the cumulative under-
size PSD curve is changed only rather insignificantly
even in the very special case of a particular orientation
of all particles in the system. Median values deviate by
maximally 10-12.5 %, D,, and D,, values by maximally
12.5-16.6 % for the cases investigated. It might deserve
special attention that the case of 0° orientation is closer
to the case of 90° orientation (which corresponds to the
equivalent sphere case) than any other intermediate ori-
entation. Consequently, for the median values e.g. a
maximum deviation from the expected value will occur
at intermediate orientations (in our case close to 30°).
To find the exact orientation for which this maximum
deviation occurs is a straightforward task in principle,
but clumpsy in practice and unnecessary for our pur-
pose, since it does not provide substantial general infor-
mation in addition to that already known. In particular it
is evident that the orientation for which maximum devi-
ation occurs depends critically on the special choice of
the aspect ratio.

Note that the special choice of the aspect ratio
(P=10) has been made in this paper for pragmatic rea-
sons. It should, however, not be too unrealistic. From
the viewpoint of practical applications it might serve as
a reasonable approximation e.g. for kaolins, some clays
or tabular alumina, for which aspect ratios of this order
of magnitude can well be expected (for these types of
materials values of 5 < Y <50 can be expected [7,8,9]).
It has also to be remembered that for isometric particles
(U — 1) orientation effects are negligible whereas, on
the other hand, for extremely anisometric disks () —
), although orientation effects might be more proba-
ble, the volume-weighted PSD is affected only negligi-
bly by the thickness of the disks. That means, also with
respect to the aspect ratio there is an extremum for
which the PSD is most critically influenced by possible
orientation effects.

Also the model PSD (frequency histogram) chosen
is idealized (e.g. symmetric). Its width (comprising two
orders of magnitude) corresponds, however, to a typical
PSD measured by LALLS for realistic particle systems.
The behavior of other model PSDs is currently being
investigated.

As mentioned before, throughout this study we
have assumed that all particles, without exception and
whatever be their size, are orientated in a particular way.
This assumption is far from realistic and unnecessarily
strong. In practice, only two cases of orientation are of
major relevance for particle sizing, viz. the case of 90°
orientation (corresponding to orientation of the particles
in the flow direction, say in the optical cell of a LALLS
sizer, with the plane parallel to the shear planes of flow,
i.e. perpendicular to the laser beam direction) and the
case of statistical (random) orientation. Tables 7 and 8
compare, for LM-scaled and DTS-rescaled PSD curves,
respectively, the percentual deviation from the expected
values (corresponding to the case of 90° orientation) for
the special orientations 60°, 45°, 30° and 0° and for the

case of "quasi-random" orientation obtained by taking
the average of the 90°, 60°, 30° and 0° orientations. The
median values are 10.61 pm (90°) and 10.18 um
("quasi-random") and 10.00 pm (90°) and 9.68 um
("quasi-random") for the LM-scaled and DTS-rescaled
PSD, respectively. Thus the D,, (median) values for
"quasi-random" orientation differ from those of the 90°
orientation by only approx. 3-4 %. For the D,, and D,,
values the deviation is slightly larger (approx. 5-7 %),
but still small enough to be negligible with respect to
the usual precision of measurement results. Since in
reality no system will exhibit absolute (100 %) particle
orientation the differences are further smeared out,
when realistic measurements are concerned.

For practical work in particle sizing the results of
this study can be summarized in the qualitative state-
ment that a volume weighted PSD is only insignificant-
ly affected by particle orientation when the particle are
disk-shaped with an aspect ratio around 10. The possi-
ble error in the median value does certainly not exceed
a few percent, which is practically negligible with
respect to the errors of measurement of most practical
sizing methods and commercial instruments exploiting
the aforementioned principles.

With some improvements of technical nature and
possible automatization the simulation method pro-
posed in this paper is applicable to arbitrary PSDs and
can be used to test the orientation dependence of con-
crete measuring results when reasonable a priori
assumptions can be made concerning particle shape. It
has only to be ensured that the real measurement is per-
formed in sufficiently dilute systems in order to effec-
tively exclude overlapping particle projections.

We like to stress, however, that neither the method
applied in this study, nor any of our results, can be gen-
eralized to particles of prolate shape (e.g. needles or
fibres). On the contrary, in this latter case it seems that
particle orientation effects caused under certain circum-
stances by shear flow in the measuring cell of a laser
diffractometer can be exploited to provide shape infor-
mation (the aspect ratio) directly from LALLS meas-
urements when an appropriate (wedge-shaped) photode-
tector is chosen and the scattering signal (diffracted
light intensity pattern) is recorded under two perpendi-
cular orientations of the photodetector [5]. This is not
possible for oblate particles.

CONCLUSION

It has been shown that the influence of particle ori-
entation on PSD measurements, although unquestion-
able in principle, may under certain circumstances be
without practical relevance.

Based on a straightforward stepwise simulation of
PSD measurements of uniquely oriented disks (ideal-
ized model particles with an aspect ratio of 10) distrib-
uted according to a symmetric discrete frequency his-
togram (an idealized model PSD) the resulting PSDs
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have been explicitly calculated for five different orien-
tations (90°, 60°, 45°, 30°, 0°) and expressed in the
form of cumulative undersize curves. Very similar pro-
cedures, possibly automized, could be used to test the
influence of the particle orientation effect on PSD meas-
urement for other types of oblate particles (e.g. sphe-
roids), for particles with another aspect ratio and for
other model PSDs.

A quantitative comparison of the three characteristic
values D,,, D,, (median) and D,, for the five cases exam-
ined reveals that the deviations are relatively small (less
than 17 % for all the cases with unique orientation,
highest for the 30° case).

Notwithstanding this "worst cases", viz. the
extreme cases of unique orientation of all particles in
the system (an unnecessarily strict and unrealistic
assumption) only two cases are of major practical
importance: the case of 90° orientation and the case of
random orientation. The "quasi-random" case construct-
ed in this paper (simply by averaging the results of the
90°, 60°, 30° and 0° orientation) might serve as a rough
approximation of the latter. It exhibits a deviation of
only approx. 3-7 %. The PSD is thus essentially insen-
sitive to orientational effects when oblate disk-shaped
particles with an aspect ratio of 10 are considered. Since
the same must be true for very low aspect ratio (i.e.
more or less isometric particles for which ¢ — 1) and
very high aspect ratio (i.e. ) — oo corresponding, say, to
thin sheets), where the difference between the PSDs
also vanishes, it can be conspected that this qualitative
conclusion is of rather general validity.

For practical applications this means that when no
directional information is recorded in particle size
measurements (e.g. in LALLS with a circular or half-
circular photodetector) the median value e.g. remains
almost invariant (at least with regard to the precision of
measurement), irrespective of the hydrodynamic situa-
tion during measurement.
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ODHAD VLIVU ORIENTACE CASTIC NA VYSLEDKY
MERENI ROZDELEN{ VELIKOSTI U CASTIC
DESTICKOVEHO TVARU

WILLI PABST, JAN MIKAC, EVA GREGOROVA, JIRI HAVRDA

Ustav skla a keramiky,
Vysoka Skola chemicko-technologicka v Praze,
Technicka 5, 166 28 Praha

Vliv orientace destickovych c¢astic na vysledky méfeni
objemoveé vazeného rozdéleni velikosti ¢astic je odhadovan na
zakladé pevné zvoleného (dostateéné Sirokého) diskrétniho
rozdéleni velikosti idealizovaného systému modelovych ¢astic
ve tvaru plochych valc (pomér pruméru k vysce 10:1). Toto
diskrétni rozdéleni lze povazovat za rozumnou aproximaci
mnoha vysledkli ziskanych na realnych soustavach. Celkovy
odhad je zalozen na parcialnich odhadech, které vychazeji z
kdy vSechny ¢astice maji stejnou specialni orientaci v uréitém
sméru. Pro vybrané orientace jsou provedeny explicitni vypoc-
ty rozdéleni, a tim simulovany vysledky, které by byly naméie-
ny v piipadé€ preferen¢ni orientace ¢astic. Podle vysledkt sim-
ulace kvantily D,,, D, (median) a D,, vykazuji pro orientace
¢astic 60°, 45°, 30° a 0° odchylku mensi nez 17 % od hodnoty
odpovidajici orientaci ¢astic 90° (tj. projekce ve sméru kolmém
k plose desti¢ek), pficemz maximalni odchylka vyplyva pro
orientaci okolo 30°. Tyto vysledky se vsak tykaji zbytecné piis-
né¢ omezujicich a pro praxi téméf bezvyznamnych ptipadi,
kdyby vSechny ¢astice vykazovaly jednozna¢né orientaci lisici
se od orientace kolmé. Daleko redlnéjsi pro bézna zatizeni k
méfeni rozdéleni velikosti ¢astic (napft. laserovou difrakei) je
situace, kdy ¢astice jsou bud’ orientovany kolmo, nebo viibec
ne (tj. vykazuji zcela nahodilou orientaci). V tomto piipadé
ukazuji simula¢ni vysledky, Ze zminéna odchylka je jeSté¢ mensi
(cca. 3-7 %). Z prace vyplyva, Ze - oproti roz$ifenému ndzoru -
vliv orientace Castic destickového tvaru na vysledky méfeni
objemové vazenych rozdéleni velikosti ¢astic béznymi metody
(napt. laserovou difrakei), ackoliv principialné vzdy ptitomny,
je ve vétsing realnych piipadl zanedbatelné maly.
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