Consideration of the Spielman—Honig Theory in the Quantitative Analysis of Coalescence

Kinetics in Dilute Qil-in-Water Emulsions

Recent investigations (1, 2) in this laboratory
have provided techniques for quantitatively deter-
mining particle concentration and particle size
distribution changes with time in oil-in-water
emulsions involving the Coulter counter. These ex-
perimental results permit for the first time a rather
critical examination of the theories which attempt
to describe coalescence and flocculation processes
in heterodispersed systems.
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Fic. 1. Comparison of experimental data with
the coalescence models with and without the cor-
rection for hydrodynamie interactions. O Experi-
mental, Wexp = 3.70; —— simulation of floceula-
simulation of coalescence with
hydrodynamic interaction (see Ref. 7, Eq. 15 and
Ref. 5, equation 17), (Wi = 3.69; ----- simulation
of coalescence without hydrodynamie interaction
(see Ref. 7, Eq. 16) (W) = 3.85.

Ezperimental Computer
stmulation
Oil: 2:1 mixture of dioctyl Surface potential
and dibutyl phthalates, = 18 mV
0.025%, by volume Kappa = 0.6115 X
Electrolyte: 0.29, NaCl 107 em™!
Surfactant: 1.25 X 10739, Hamaker con-
sodium lauryl sulfate stant = 1.01 X
Temperature: 25°C 1071 erg
Zeta potential: 181 mV: Dielectric = 78
Temperature =
298°K

The purpose of this report is to present some of
the results of comparisons made between experi-
ment and the coalescence theory based upon the
Derjaguin - Landau~ Verwey -~ Overbeek develop-
ment (3, 4) with and without the recently published
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Spielman-Honig (5, 6) hydrodynamic considera-
tions. The theoretical calculations were carried out
by numerical integration (7) of the Smoluchowski
kinetic equations with the Fuchs stability factor
(8).

Figures 1 and 2 compare the theoretical compu-
tations with the results of an experiment using a
2:1 mixture of dioetyl phthalate and dibutyl

Fra. 2. Experimental particle size distribution
and computer generated distributions for the floc-
culation model and for the coalescence model with
and without the hydrodynamic effect at 8.2 Tau.
——— Fixperimental initial distribution; [ experi-
mental distribution; @ flocculation model distri-
bution; % coalescence model with hydrodynamic
effect, (Wiho = 3.69; —-——- coalescence model with-
out hydrodynamic effect, (W;)o = 3.58.

phthalate as the oil phase dispersed in an aqueous
surfactant solution. The density of the oil mixture
was matched to within 0.3%; of the aqueous phase
in order to permit the examination of the changes
in the particle size distribution for long periods of
time without the significant effects of sedimenta-
tion.

Figure 1 is a dimensionless Smoluchowski
kinetic plot where ,is the initial total concentra-
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tion of droplets, N is the total concentration of
droplets at time ¢, and Tau is given by

Tau = 39/4kTN, , [1]

where 4 is the viseosity of the medium and k7 is
the thermal energy. It can be easily seen that the
theoretical calculations involving the mutual hy-
drodynamic interaction between particles (dotted
curve) is in relatively close agreement with the
experimental data while the theory which ignores
this effect (dashed eurve) is in poor agreement.

It is of interest to note that the theoretical
calculations based upon a pure flocculation model
gives the linear plot (solid line) which is also in
relatively good agreement with the experimental
results. However, the flocculation model should
not be applicable as microscopic examinations
showed that coalescence was the essential process.

In Fig. 2, the droplet size distribution at ¢ =
8.2 Tau is presented. The theoretical calculations
for the two cases were carried out using the same
initial experimentally determined particle size
distribution (solid curve). Again, it is seen that
the theory with the Spielman-Honig hydrodynamic
correction is in good agreement with the experi-
mental data. The theory without this correction
gives extremely poor agreement. Comparing these
results with those presented in Fig. 1, it can be
seen that the particle size distribution changes
with time provides a more sensitive evaluation of
the two situations.
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