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Abstract

In most work on agitated liquid-liquid dispersions. Rushton turbines have been used. Here. mean drop size and drop size
distributions are reported for six different impellers covering 3 generic types over a range of mean specific energy dissipation rates.
Both viscous and non-viscous dispersed phases have been used at concentrations by volume of t and 5%. It has been found that at the
same mean specific energy dissipation rate. low power number impellers (whether of the so-called “ultra-high shear™ or “high flow”
type) all produced similar sized drops at equilibrium which were much smaller than those found with two “high shear”, high power
number impellers. i.e.. the standard Rushton turbine and another six-blade disc impeller. By considering the energy dissipation rate to
be confined to the impeller swept volume. these equilibrium drop size could be approximately correlated. The low power number
impellers also achieved that equilibrium more rapidly and the drop size distributions in the dispersions produced by them were
narrower than those formed when agitated by the Rushton turbine and the other six-blade disc impeller. However. further analysis of
the flow in the impeller region and the inclusion of advanced coalescence models would appear to be required in order to enhance the
interpretation of these results. ¢ 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction and literature that Eq. (1) became

Hinze (1935) was the first to show. from a balance of dy: D= Ky We ™™ 2
the stabilising stress arising from interfacial tension. a.
against the break-up stress due to turbulence in the
continuous phase of density. p.. that the maximum stable
equilibrium drop size. dg,,. could be related to the max-
imum local energy dissipation rate. (£7)p,.. in & stirred
vessel by the relationship:

where We = (p N2D? 6). D is the impeller diameter and
K, and K, are dimensionless constants.

Davies (1985) modified Eq. (1} to allow for the impact
of dispersed phase viscosity as an additional stabilising
stress to give an equation of the type
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In Eq. (3), (d35),,.. is given by Eq. (1) for low-viscosity

Eq. (1) has been shown to apply to experimental data
by many workers, for example. Chen and Middleman
(1967) and Calabrese et al. (1986). Theyv assumed
that (er)m., Was proportional to the mean energy
dissipation rate. &r. so that Eq. (1) could be re-
arranged into the form of the impeller Weber number.
We. It was also assumed that at equilibrium. d,,,2d3,. O
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(inviscid) drops and therefore only accommodates the
effect of interfacial tension: and (dy,),, is the drop size for
a dispersed phase with the same interfacial tension but of
higher viscosity. g,. Davies (1985) also used the concept
of McManamey (1979) that (&p)y,, should be based on
the assumption that the rate of energy input or power, P,
given by

P = Po p.N*D* )

was dissipated in the volume swept out by the impeller,
Vimp 1€ (£7)max = (E7kimp = P/pVimp With all these
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with damping of the turbulence in the continuous phase
due to the presence of the dispersed phase (Godfrey et al.,
1989; Davies, 1992), so that Eq. (2) for inviscid dispersion
was empirically modified to give

ds>

D

= Kl + OK;)We °°, (3)

Here. as in Eq. (2). K. should depend on the impeller
type. especially its power number (as indicated by Eq. (4)
and K is a measure of the tendency to coalesce. Systems
which coalesce easily. have high values of K5 and those.
which coalesce slowly. have low ones; and regardless of
this tendency. as @ tends to zero. Eq. (3) reverts to Eq. (2).
Values for K 3 from about 3 (Godlrey et al.. 1989: Davies.
1992) to about 20 (Pacek et al., 1998) have been reported.

Some doubt on the theoretical validity of these equa-
tions has recently been mooted by the present workers
(Pacek et al. 1998), especially the assumption that
ds, was only dependent on. ie.. proportional to. dp.-
Nevertheless. the equations have been found to work
quite well by many workers as may be seen from the time
scale over which they have been developed and the recent
reviews of Davies (1992) and Peters (1997). Therefore.
these equations are used here in order to put the present
work into the general framework of the literature that is
currently available. However. this approach does mean
that certain small inconsistencies exist between this study
and the earlier one (Pacek et al.. 1998) with respect to the
data obtained when using Rushton turbines (see also
footnote 1).

In fact. most of the experimental work in the literature
on liquid-liquid systems has been undertaken with Rush-
ton turbines and whether they or. occasionally. other
impellers have been used, generally power data have not
been measured. Therefore K, values for use in Egs. (2)
and (5) for different impellers are not available. Thus. the
concept of (e7)imp as proposed by Davies to enable Eq. (3)
to be used for correlating data from different types of
dispersing systems has not been tested for different impel-
ler types (though McManamey (1979} used it for different
D/T ratio Rushton turbines).

Impeller types have traditionally been characterised
only by power numbers, Po and flow numbers, F!

valuable lor gas dispersion and for droplet> break-up
{Oldshue, 1981). Axial flow propellers and the recently
developed hydrofoils such as the Chemineer HE3 which
have replaced them have low values of Po ( ~ 0.3) and
similar values of FI ( ~ 0.6). They have been considered
“high flow impellers™ especially to be used for bulk blend-
ing (Oldshue, 1981), though recent work has suggested
that the difference in blending performance between
~high shear™ and “high flow™ impellers at the same mean
energy dissipation rate is much smalier than had pre-
viously been thought (Nienow. 1997).

In addition to these standard radial and axial flow
impellers, other special “ultra-high shear” mixers which
in practice typically run at very high rotational speeds,
have especially been developed for producing stable, fine
liquid-liquid dispersions or emulsions. generally with the
addition of surface-active agents. For these. Po and Fl
data are rarely available. These latter impellers are often
used with very low D T ratios and because they are
considered to be unable to produce adequate flow
{Oldshue. 1981). they may be used in conjunction with
another larger D T ratio impeller so that the latter en-
sures good bulk blending. The effectiveness of these
“ultra-high shear™ impellers as compared to other agita-
tors in terms of the equilibrium drop size as a function of
energy dissipation rate or the time to reach equilibrium
have rarely been reported.

In this study. two “high shear™ impellers, a standard
Rushton turbine. RT. and a disc turbine of six blades,
6DT. the latter with each blade deeper and wider than
those of the standard Rushton. were compared with the
two other impeller types discussed above. The “high
flow™ impellers were Chemineer High Efficiency HE3
axial flow hydrofoil impellers. HE3L and HE3S (L for
large. S for small): and the “ultra-high shear” impellers
were also made by Chemincer. These were Chem Shear
agitators. Style 2. CS2. and Style 4. CS4, each of the latter
being intended for emulsification processes (Fondy and
Bates. 1963). The Rushton turbine and three of the four
Chemineer impellers (the HE3S and the CS2 and CS4)
were of the same diameter ( ~ 60 mm): and~a special
feature of the work was that each of three 60 mm
Chemineer  agitaiors had essentially the same Po
value ( ~ 0.33). Thus. it was possible to compare the

































