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Automated determination of particle-size distributions of dispersions

by analytical ultracentrifugation®)
H. G. Miiller
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Abstract: The ultracentrifugation method for determining the particle-size distribution
of dispersions has been automated and its precision and capacity improved.

A mixture of seven monodisperse calibration latices can be analysed and two lattices
with a difference in diameter of 10% can be resolved by a base-line separation.
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1. Introduction

Dispersions play an important role in chemical
industry, as illustrated in Table 1.

The greater number of polymers is produced by
emulsion polymerization, that means by production
of polymer lattices. The particle size and particle-size
distribution (PSD) is fundamental in numerous areas
of great practical importance, e. g., for the viscosity of
such dispersions.

Pressure agglomeration used in the production of
foam lattices is used to produce a special type of PSD.
The degree to which viscosity depends on PSD is pro-
ven by the fact that latex with the same solid content
can show extreme differences in viscosity. This can be
clearly demonstrated by dispersion A and B, which
differ only in their PSDs. Dispersion A has a high vis-
cosity, whereas B has the same solid content, but a dif-
ferent PSD, and exhibits a low viscosity, compare
hig. 1.

The PSD of dispersions is not only important for
rheology, but also for gloss of films, for grafting reac-
tions onto lattices (ABS), and for the speed of resorp-
tion of pesticidal and pharmaceutical emulsions.

For the determination of PSD of such dispersions
the ultracentrifugation method of Cantow [1], Schol-

*) This paper was presented at the “VI. Symposium on Analyti-
cal Ultracentrifugation”, Marburg, FRG, February 16-17, 1989.
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tan and Lange [2] has been improved [3, 4] and auto-
mated, resulting in one of the best methods to deter-
mine PSD, compare Fig. 2.

2. Basic principle of the method

The specific feature of this method is that there is an
integral fractionation before measurement takes place.

This is shown in Fig. 3. The upper part of the figure
shows the cell of an analytical ultracentrifuge and the
sedimentation of particles during a run.

Table 1. Dispersions in chemical industry, characterized by ultra-
centrifugation

Poly (butadiene-co-styrene)-latex
Poly (butadiene-co-acrylonitrile)-latex
Polychloroprene-latex

Polybutadiene and polyacrylates, seed latex, and graftlatex (ABS,
ASA)

Polyurethane-dispersions, siliconoil-emulsions
Pesticidal and pharmaceutical emulsions
Pigments: Ironoxides, titaniumdioxide

Dispersed dyes
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It is well known that in a latex larger particles sedi-
ment faster than smaller ones. This means that at the
end of the run, only the smallest particles are sall
dispersed in the cell. The intensity of a laser beam pas-
sing through the middle of the cell increases stepwise,
when, att, the large-sized, at ¢, the medium-sized, and
at t; the small-sized particles leave the middle of the
cell. From this change of intensity the concentration in
the middle of the cell can be calculated, and from that
the PSD, if the Mie scattering theory is taken into
account.

3. Improvements of the methods and results

Figure 4 shows a cross-section of the automated
preparative ultracentrifuge, Beckmann L 5-75.

Fig. 2

Fig. 1. Particle-size distributions of two latti-
ces with identical solid content but different
viscosity. The high viscosity of latex A is of a
Bingham-type. Product A, high viscosity:
Narrow PSD, d: 0.04-0.10 pm; Product B,
low viscosity: Broad PSD, d: 0.08-1.7 ym

um 1.5

A multicell rotor constructed of titanium is the
heart of the improved apparatus, which makes it pos-
sible to investigate up to seven different dispersions in
one run. A He-Ne laser serves as light source, the
beam of which is detected by a fast semiconductive
receptor (with a resolution time of about 0.1 ps) when
it has passed through the middle of the analytical cell.
The seven signals are attributed to each cell by a light
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Fig. 3. Schematic presentation of the concentration and transmis-
sion profile in the ultracentrifugal cell during a sedimentation run
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barrier which produces one signal per revolution of
the rotor coupled with a computer. The excellent per-
formance of the improved method is demonstrated by
the separation of a mixture of seven calibration lattices.
The result of this measurement is given in Fig, 5.

In Fig. 5 the relative mass of particles is given as a
function of particle diameter. It can be seen that all
seven single components of the mixture have been
detected. In addition, the diameter and the mass frac-
tion of these components can be compared with the
actual values; this has been done in Table 2.

From table 2 it becomes obvious that the diameter
and mass fraction of the seven components have been
determined correctly.

Another advantage of this method is its high resolu-
tion. To elucidate the resolving power, two calibration
lattices have been mixed 1:1 with a difference in dia-
meter of only 10%. The result of this measurement is
given in Fig. 6.

In Fig. 6 the relative mass of particles is given as a
function of particle diameter in an expanded scale; the

14
%
121

101

differential mass distribution

T

0.5 1
particle diameter

100
%
L 80 -
—n o
S
8
- 60 @
5
[/}
/]
1]
.40 E
s
o]
[
€
L 20
L 0 . cle-size distributi £ 2 mi
5 pm 10 Fig. 5. Particle-size distribution of a mixture

of seven calibration lattices in differential and
integral representation



1116 Colloid and Polymer Science, Vol. 267 - No. 12 (1989)
5 = 100
I piae
% 70 %
c ‘ c
-g' 4 ’ l::D | 80 __°_
3 5
a 2
£ =
% 3 —— DOW Latex 0485um[- g( %
o | . Aty oAl S - DOW Latex 0.520 um e
g = == mixture DOW 3
E 2 i mass 1:1 L 40 E
© ®
5 g
_éf 1 - 20 E
o
0 f 0
] ) 0.40 0.44 0.48 0.52 0.56 pm 0.60
Fig. 6. Resolution power of the automated . .
ultracentrifuge: Result of a mixture in differ- particle diameter
ential and integral representation 10 %

Table 2. Comparison of known and experimentally determined
mass fractions and diameters in 2 mixture of seven calibration lat-
tices. The known diameters have been determined individually by
ultracentrifugation

Table 3. Advantages of the improved ultracentrifugation method in
the determination of particle-size distributions

— Distributions can be determined accurately
— High precision

Concentration Diameter — High resolution power
Known Experimental Known®) Experimental ~ — High statistical reliability
wt% wt% pm pm — High capacity by automation
40.4 36 0.115 0.115
17.0 15 0.165 0.167
8.3 8 0.215 0.215
8.0 7 0.520 0.530 Compared to laser correlation spectroscopy the
6.0 8 0.800 0.820 | . . . :
50 0 1380 L 160 ultracentrifugation method is far more precise and has
12.8 15 2990 3.100 a far better resolving power, but it cannot be car-

%) determined individually

figure shows that this mixture can be resolved by a
base-line separation.

These two examples show the high performance of
the automated method for determining PSD. The in-
crease in accuracy is due to cell centerpieces made
from titanium with a sector angle of 1.5°.

This method for determining PSD is absolute one, no
calibration is necessary, and its range is extremely wide
at 0.02-10 pm.

Compared to electron microscopy, the ultracentri-
fugation method has the advantage of counting statist-
cally relevant numbers of particles (in spite of dilution
108~10" particles in each experiment), however, elec-
tron microscopy can answer questions of morpho-

logy.

ried out on-line in a production process. The Table 3
shows the advantages of the improved and automated
ultracentrifugation method for the determination of
PSD.
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