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SUMMARY

Recently a versatile methodology for the evaluation of the
mixed flocculation-coalescence rate (kpc) of oil-in-water (o/w)
nanoemulsions was proposed (Rahn-Chique et al., 2012c). The
value of krc is obtained fitting a theoretical expression of the tur-
bidity of the emulsion (t,.,) to its observed behavior () over
a short period of time. The expression of t,, contains an addi-
tional parameter which was originally introduced to account for
the fraction of collisions between the drops that lead to their ag-

gregation (x,). Hence, under some approximations, the value of
(1-x,) should represent the fraction of collisions that leads to the
coalescence of the drops. Here, two sets of ionic nanoemulsions,
and two sets of latex particles are used to study the dependence
of x, with the average radius of the emulsion. The results suggest
that despite its original justification, (1-x,) is more likely to rep-
resent the contribution of the ‘spherical’ scattering of light to the
total optical cross section of the aggregates formed.

ecently, a theoretical ex-

fraction of collisions that only lead to

pression for the turbidity

of an emulsion (t) as a
function of time was deduced (Rahn-
Chique et al., 2012a, b, c). This general
expression assumes that T results from
the scattering of light by: the original
drops of the emulsion (primary drops),
aggregates of primary drops, larger
spherical drops (secondary drops) result-
ing from the coalescence of primary
drops, and mixed aggregates produced
by the flocculation of primary and sec-
ondary drops.

K
T=n,0,+x, ) n0,,+

k=2
klmlx kmax (1)
Xs 2 nkck,s + Xm z 1’lkcsk.m
k=2 k=2

where Gy,, Okxs and Oy, represent the op-
tical cross sections of an aggregate of
size k, the one of a spherical drop of the
same volume, and the cross section of a
mixed aggregate: a combination of clus-
ters and drops with a total volume
equivalent to k primary drops; X, is the

the flocculation of the drops; x, is the
fraction of collisions that results in their
coalescence; and x,, is the fraction of
mixed aggregates produced either by the
partial coalescence of an aggregate of
size k, or by the flocculation of a small-
er aggregate and a large drop resulting
from coalescence. Eq. 1 does not consid-
er the effect of Ostwald ripening in the
population balance of the drops, al-
though its influence on the aggregation
rate can be appraised (Cruz-Barrios
et al., 2014).
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If the last term of Eq. 1
is disregarded, a simplified expression
susceptible of direct experimental evalua-
tion results:

k
T =n,0,+X,

max k
nka’a + X
k=2 k=2

max

0,6y 2

and n, is the number density of aggre-
gates of size k existing in the dispersion
at time t (von Smoluchowski, 1917):

_n (kFcnot)k_1
KT T 3)
(1+kgenyt)

In Eq. 3 n, represents
the total number of aggregates at time
t=0 (no =2nk(t=0)) and kgc is an av-
erage aggregation-coalescence rate. Notice
that in the absence of mixed aggregates
x= (1-x,). However, if mixed aggregates
exist in the dispersion and Eq. 2 is used
to fit the experimental variation of the
turbidity, then x.tx, # 1. Moreover, the
value of the actual coefficients x, and X,
is altered (see Appendix B in Rahn-
Chique et al., 2012a). The values of kgc
and x, result from the fitting of Eq. 2 to
the experimental variation of the turbidity
as a function of time. For that purpose, the
emulsion must be suddenly destabilized
through the variation of a suitable formula-
tion variable. In the case of an ionic na-
noemulsion this is readily achieved inject-
ing a high concentration of salt into the
sample vessel. In the case of a non-ionic
nanoemulsion this can be attained by ris-
ing the temperature of the system.

Despite the sound theo-
retical justification of Eq. 2, the physical
meaning of x; and x, cannot be assured.
This is more evident if the number densi-
ty of the aggregates of size k is factored
out in the right hand side of the equation
to yield:

K
T=n,0,+ ) n,[x,0,,+x,0,,]
k=2
K “4)

=n0, + z 0,6y o
k=2

It is clear from Eq. 4
that the expression in brackets has the
form of an effective cross section of an
aggregate of size k: Oy ., Which depends
on two adjustable parameters (x, and X,).
In this case, the parameters can take any
real value. Moreover, there might be cas-
es in which the constraint x,+x,= lis
satisfied but xs|+ x,|> 1. In this scenar-
io, the connection between the stability of
the dispersion with the values of these
parameters can be much more complex.
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However, due to the analytical form of &
efr i Eq. 4, the parameters can still be
interpreted as weight factors, related to
the topology of the aggregates formed.
They measure the relative tendency of a
cluster to either show an extended struc-
ture characterized by oy, or to be essen-
tially globular, typified by the optical
cross section of a sphere: oy, In any
event, Oy characterizes the cross sec-
tions of the actual aggregates existing in
the dispersion, whatever their shape or or-
igin might be. Thus, the dependence of
Orerr With: k, the wavelength of the inci-
dent light (A), the average radius of the
primary particles (R), etc., should be use-
ful in order to portray the actual shape of
the aggregates, and therefore, the actual
evolution of the system.

It is important to remark
at this point that, regardless of the mean-
ing of x,, the significance of kgc is unique,
and its method of evaluation is robust
(Urbina-Villalba et al, 2015). However, X,
and x, provide a great deal of information
that should be extracted from the systemat-
ic variation of the formulation variables of
the system. In the cases in which Eq. 2
can be adjusted to the experimental data
under the premises of the original formula-
tion (Rahn-Chique et al, 2012a, b), at
least four scenarios are possible:

1) x, ~1 and 0<x,<l: aggregation of the
primary drops only occurs; drops do not
coalesce. This case is illustrated in
Figure 1 by a dodecane (C;,) in water
emulsion (R= 217.5nm) stabilized with
SDS (Mendoza et al., 2013).

2) x, ~1 and 0<x,<l: coalescence occurs
just after aggregation; only larger drops
are formed due to the rapid coalescence
of aggregated drops.

3) 0<x, <1 and 0<x, <l: both pure ag-
gregation and coalescence occur; the rel-
ative degree of coalescence with respect
to flocculation is simply given by the ra-
tio X¢/X,. This case is illustrated in
Figure 2 by a bromo-dodecane (Br-C,)
in water emulsion stabilized with Brij 30
(Cruz, 2014). At low temperature only
aggregation occurs. As the temperature
increases, the degree of coalescence aug-
ments (x, — 0).

4) xqx.= 1 but x; € R, x, € R mixed ag-
gregates are formed; these are produced
by the aggregation of primary drops with
larger drops (formed by coalescence), or
by the partial coalescence of primary
drops within a large aggregate. This case
is illustrated in Figure 1 by the behavior
of the emulsion of R= 72nm at low salt
concentration  (Rahn-Chique et al,

2012a), and in Figure 2 by the perfor-
mance of a dodecane (C;,) in water
emulsion stabilized with Brij 30 (poly-
oxyethylene (4) lauryl ether, C,E;) at
low temperatures (Cruz, 2014).

The alternative interpre-
tation of the parameters based on the to-
pology of the aggregates formed means
that x, and x, can take any real value.
However, in this case, the parameters do
not provide any direct information about
the coalescence process. The geometrical
characteristics of the aggregates could
probably be deduced from a systematic
study of Oy Only then a connection be-
tween the effective optical cross section
and the degree of coalescence of the orig-
inal drops can be established.

Figure 1 shows the vari-
ation of x, as a function of the salt con-
centration previously reported for a do-
decane-in-water emulsion stabilized with
SDS (Rahn-Chique et al, 2012a). It is
clear that this parameter changes as a
function of the ionic strength of the aque-
ous solution. According to the DLVO the-
ory (Derjaguin and Landau, 1941; Verwey
and Overbeek, 1948) the increase of the
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in-water nanoemulsions with average radius of
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of (A) dodecane (C,,) and (V) bromo-dodeca-
ne (Br-C),) stabilized with Brij30.
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ionic strength of the external phase is ex-
pected to screen the surface charges of
the drops inducing their flocculation.
Since flocculation is a previous necessary
step in the route to coalescence, it was
formerly expected that the value of x,
should decrease with the increase of the
ionic strength. However, according to the
possible evolution of the system specified
above (items 1-4), it was found that
mixed aggregates might be formed below
380mM NaCl (x,>1, x,<0), pure aggrega-
tion exclusively occurs around 390mM
NaCl (x, ~1), and the mixed process of
pure aggregation and coalescence occurs
above 400mM NaCl. These results corre-
spond to a nanoemulsion with an average
radius of 73nm (Figure 1). However,
when the same experiments are repeated
using a nanoemulsion with an average ra-
dius of 217.5nm, it 1is found that
0.91<x,<1.05 (x, =0); that is: only floccu-
lation occurs (Figure 1). It is clear, there-
fore, that either the process of coales-
cence depends on the radius of the drops,
or the parameters x, and x; do not neces-
sary represent the degree of aggregation
and coalescence.

In order to advance in
the comprehension of the physical mean-
ing of X, and x, we explore here the radi-
us dependence of x, for two sets of oil-
in-water nanoemulsions. For the experi-
mental conditions selected (ionic strength
1 =500mM NaCl, surfactant concentration
C, =8mM), the dodecane-in-water emul-
sions previously referred (73 and
217.5nm; Figure 1), show values x, equal
to 0.79 and 1.2, respectively. However, in
this work, the oil phase of the emulsion
is composed of a mixture of dodecane,
tetrachloroethylene and squalene, purpose-
ly prepared in order to minimize the ef-
fects of buoyancy and Ostwald ripening
in the emulsions. Additionally, Eq. 4 was
adjusted to two sets of suspensions of la-
tex particles with R =150 and 188nm.
These particles are solid and cannot co-
alesce. Therefore, any value of x, differ-
ent from zero obtained by the fitting of
Eq. 4 to the experimental data will neces-
sarily indicate that this parameter cannot
be exclusively understood as the fraction
of collisions leading to the coalescence of
the drops in an unstable emulsion.

Experimental Details
Materials

N-dodecane (Ci,, Merck
98%) was eluted twice through an alumi-
na column prior to use. NaCl (Merck
99.5%), Isopentanol (IP, Scharlau Chemie
99%), tetrachloroethylene (TCE, JT Baker
100%), and squalene (SQ, Aldrich 99%)
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were used as received. Millipore’s
Simplicity water was used in all cases
(conductivity <luS-cm™ at 25°C).

Lattices 1 and 2 were
obtained from Ikerlat Polymers S.L., and
correspond to polystyrene sulfate lattices
AJ30  (R= 150.5nm) and AJ40
(R= 188nm). Each latex was cleaned
during 15 days with Millipore’s water us-
ing a Serum Replacement device
(Advantec MFS), until the conductivity of
the discarded water was equal to
1.1uS-em!. Their surface charge mea-
sured in 10.5mM NaCl solution was -1.73
+ 0.03uCoul- cm? (latex 2), and -1.68 =+
0.09uCoul- cm? (latex 1).

Dispersion preparation and
characterization

All nanoemulsions were
prepared by the method of
phase transition by composi-

sonicated and their particle size distribu-
tion assessed previous to the measure-
ments, in order to avoid the presence of
clusters in the original sample. The ap-
propriate concentration of salt was added
in the final dilution of the suspension.

The average size of the
dispersions, their drop size distribution
(DSD) and the zeta potential ({) of the
particles were measured using a LS230
and a Delsa 440SX from Beckman-
Coulter (Table II).

Evaluation of krc

The change in the absor-
bance (Abs) as a function of time was

TABLE I

VOLUME FRACTION OF OIL ¢, AND NUMBER
OF PARTICLES PER UNIT VOLUME N, OF ALL
NANOEMULSIONS STUDIED IN THIS WORK

tion (Sole et al, 2006; D Tgwetical 0 X, n (e/spl)
Maestro et al, 2008; Wang radius (nm) (part/ml)
et al, 2008). The oil phase A 2?8 i %8: ggg 2% X %81;
: : 4 x 10 . 7 x
stas a mlxtureﬂff Cr, TCE rt?‘nd C 720  44x10* 076 3.9x 10"
Q in  the proportion 1040  44x104 071 86x 10"
56:23:21% wt. The initial g 179.0 4.4 x 104 097 1.7 x 109
weight fraction of oil was F 177.0 44 x10* 090 1.3 x10%
¢,= 0.5. The original mixture G 241.0 44 x 10* 099 53x10°
contained:  Cont 10% w S 43x10° 0os 20x 100
_ 0 0 - . 3 x 10 . 0 x
gg;‘f;lsiolnszgr’z’ Crg’ fres dA’b W; 12 720  86x10° 059  4x10°
> Were prepared by @ - p.3 76.0 13x 104 061  6x 10
sudden dilution and stirring of  j_j 143.0 41x104  0.76 2 x 101
the mixture following the pro-  j.2 147.8 82x 104 075  4x10°
tocol specified in Mendoza J-3 153.0 1.2x10°  0.80 6 x 10"
et al, (2013). In order to ob- K-l 162.5 5.6 x 10¢  0.73 2 x 10"
tain mother emulsions of dif- E‘% %ggg %% X igz 38(9) ‘6“‘ %8:?]
" . - ) 7 x 107 . X
ferent frad“’ the }f"“e of addi- 7 1805  68x10° 083  2x 109
tion of water to the (.:Oncentrat- L-2 191.0 14 x 103 0.96 4 x 100
ed system was varied. Water 1.3 217.5 20x 104 099  6x 10
was either added wusing a Latex | 150.5 3.6 x 104 Fig. 4 2 x 10
Dosimat (Metrohm) or a sy- Latex 2 188.0 7.0 x 10* Fig. 4 2 x 10
ringe. For emulsions A - H ap-
proximate fluxes of 150, 120, TABLE 11

100, 80, 18, 15, 5, and
0.5ml-min"' were used. The re-

LIGHT-SCATTERING DETERMINATION OF
THE AVERAGE RADIUS OF THE EMULSIONS*

sulting emulsions are labeled

in order of increasing average . Average Crap Zeta Standard
- Emulsion  radius potential P

radii from A to H (constant ¢), (nm) (A= 800nm) (mV) deviation

and from [ to L (variable 0).

Numbers 1, 2, 3 distinguish 4 210 0.10 aed 43
» L o ng B 54.0 0.10 -46.4 4.3
measurements .w1th different 66.0 0.12 _46.4 43
number of particles (Table 1). D 107.0 0.20 -47.0 2.8
All mother emulsions con- E 184.0 0.35 -62.6 0.7
tained: Cgps= 1.5% wt, Cp 1% F 201.0 0.38 -66.3 2.5
wt, and ¢= 0.068. They were G 270.0 0.51 -76.9 1.3
. J . H 316.0 0.60 -83.1 34
diluted with a suitable aqueous | 80.0 0.08 720 59
solution of SDS in order to ad- 170.0 0.17 82,0 41
just the final concentration of K 188.0 0.29 -88.4 2.0
the surfactant to 8mM, and the L 201.0 0.32 -93.8 6.1
volume fraction of oil between Latex 1 150.5 0.57 -72.0 33
Latex 2 188.0 0.71 -76.0 3.8

4.3x10° < @ < 4.4x10*.

In the case of the lat-

tices, the suspensions were

* Coefficient of application of the Raleigh-Gans-Debye
theory: Crgp, and Zeta potential of the drops.
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measured using a Turner spectrophotome-
ter (Fisher Scientific) at A= 800nm. For
each emulsion a fixed electrolyte concen-
tration of 500mM NaCl was employed,
following the procedure described in
Rahn-Chique (2012a, c). First, an approx-
imate value of the initial absorbance
(Absy) was evaluated by diluting 2.4ml of
emulsion with 0.6ml of pure water. The
initial time of aggregation (tye,) Was as-
sumed to be the time necessary to attain
an absorbance of Abs, during the actual
measurement. In all experiments, 2.4ml of
emulsion were diluted with 0.6ml of brine
to reach a specific salt concentration. The
concentration of SDS was kept fixed at
8mM, and the absorbance was recorded
for 60s (emulsions A - D, I - L, lattices),
and for 300s (emulsions E - H).

The analytical form of
the optical cross sections used in the
evaluation of Eq. 4, are given in Rahn-
Chique et al., 2012a, c). These are valid
whenever:

Crop =(4TR /L) (m—-1)<<1 ®)

where A: wavelength of light in the liquid
medium, and m: relative refractive index
between the particle and the solvent.
Table II shows that the values of Cggp
calculated for the present dispersions are
reasonably low.

Eq. 4 was fitted to the
experimental data of the turbidity
(t= 230Abs) using a symbolic algebra
package (Mathematica 8.0.1.0). The val-
ues of Krc, toeo and X, (X~ 1-x,) were di-
rectly obtained from this fitting. The av-
erage radius of the emulsion was system-
atically varied (Rieo= Reyp, £0) in order to
maximize the quality of the fitting and
guarantee a value of ty,, close to the ex-
periment. The errors were calculated us-
ing the procedure described in (Rahn-
Chique et al, 2012a, c).

1.2

100 150 200 250 300
R (nm)
o variable9 e constant¢

0 50

Figure 3. Change of x, vs radius for the na-
noemulsions prepared in this work (see
Tables I and II).
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Results and Discussion

The mayor problem for
the assessment of coalescence in a na-
noemulsion is that the drops cannot be
seen under the microscope. If the emul-
sion is left to evolve for a certain period
of time, until their drops can be appreci-
ated, it is then uncertain if bigger drops
are the result of coalescence or Ostwald
ripening. Besides, since emulsions are
polydisperse dispersions, this contribution
is assumed by the third term of Eq. 2,
which is the only one that accounts for
spherical drops bigger in size that the pri-
mary (original) drops.

Figure 3 shows that for
both Set I (variable @) and Set II (con-
stant @) evaluations, the value of x, in-
creases with the radius of the drops. For
217.5nm, x, ~1, while for 73nm it varies
between 0.59 and 0.76, as previously re-
ported (Rahn-Chique et al, 2012a;
Mendoza, 2013). Under the premises of
the original theory this suggests that
smaller drops are more likely to coalesce
under the present experimental conditions.
This might be connected with the fact
that the coalescence time between two
drops shows a maximum value ~2um
and, hence, it increases first and then de-
creases depending on the size of the drop
and the properties of the interface (Toro-
Mendoza et al, 2010). However, no
sound functional dependence was found,
and it was also observed that the fraction
X, also increases with the absolute value
of the zeta potential |C|, ¢, the quotient
¢/R proportional to the total interfacial
area Ar=(3¢/R)Vy (where Vris the total
volume of the emulsion), and @R?
(Table III). In all cases the regression co-
efficients are very poor, so a true mean-
ingful functional dependence cannot be
established. Interestingly, the data of Set
I shows that the value of { increases

4.0
3.2
2.4
1.6
< 0.8
0.0
-0.8-
-1.67 ge,
-2 41

200 400 600 800 1000

Cria(MM)
—O— Latex (R = 150 nm)
—O— Latex (R =188 nm)

Figure 4. Variation of x, vs Cy,c for two po-
lystyrene lattice with R= 150 and 188nm.

smoothly and monotonically from a mini-
mum value of -46.4mV (up to a maxi-
mum value of -83.1mV) as the interfacial
area of the emulsion decreases. This was
expected on the grounds of previous theo-
retical simulations carried out by our
group: as the interfacial area decreases,
more surfactant is available to saturate
the oil/water interfaces, which leads to an
increase in the surface charge of the
drops. However, a completely different
variation was observed for the systems of
Set I (in which { increases with @/R).

Figure 4 shows the de-
pendence of x, on the ionic strength of
the solutions for two latex dispersions of
different radii. The value of x, is negative
and fairly constant at very low salt con-
centrations (<250mM), then increases
abruptly until reaching a maximum
(~325mM), decreases until 375mM (sec-
ondary minimum), and finally increases
steadily, reaching an asymptotic value at
1000mM equal to 1.11 for R= 151nm and
1.65 for 188nm, respectively. An approxi-
mate homogeneity coefficient, in the same
spirit of the one proposed by Broide and
Cohen (1990), can be evaluated using
these values:

(Rz/Rl)Ah = Xa,Z/Xa,I (6)

A value of A, of ~7/4
(1.75) was obtained. A similar procedure
using the values of kgc instead of the
ones of x, gives: = 2.63. So, it is clear,
that even in the case of solid particles
there exists a dependence of x, and kg
on the particle size.

Due to the limit of de-
tection of the instrument, the slowness of
the aggregation process and the effect of
creaming, it is not possible to measure
the temporal evolution of the absorbance
of emulsions for salinities below 300mM.
However, previous measurements corre-
sponding to a set of hexadecane/water na-
noemulsions (R= 184nm) stabilized with
0.5mM SDS at different salt concentra-
tions (Garcia-Valera et al. 2014) showed
a maximum point at 325mM (x,= 1.54), a
pronounced minimum at 340mM (x,.=
0.15) followed by a progressive increase
until 525mM (secondary maximum, X,=
1.17), and a smooth decrease until 1M
(x,= 0.87). This behavior is similar to the
one observed in the case of latex particles
except for the final decrease (Cyac
>700mM), and the initial negative values
at low ionic strength. With respect to the
latter phenomenon it must be remarked
that the fittings of Figure 4 correspond to
a time lapse of 60s, and the half life time
of the emulsions at low ionic strength can
be hours or even days. When this hap-
pens, the variation of the turbidity as a

AUGUST 2015, VOL. 40 N° 8 JIWERCIENDA



TABLE III

APPROXIMATE (ROUGH) REGRESSIONS
OF X, vs DIFFERENT VARIABLES (P)

mixed contributions be-
tween the optical cross
section of an open (ex-

tended) structure, and the

Variable - _ Regresion
ID (P) Equationx, = x,(P) coegfﬁcient one of a sphere.
Set | R x, = 0.0026 R+ 0.4138 0.8266 .
Set I 4 X, = 0.0127 {+ 0.2654 0.6736  Conclusion
Set I ¢ X, = 188.5 @ + 0.6292 0.8555
Set 1 ¢/R x, = 4.0 x 105 /R + 0.6157 0.7847 The fact that the
SetI  @/R*  x,=0.0055 ¢/R>+ 0.6510 0.8991  temporal variation of the
Set II R x, = 0.0014 R+ 0.6794 0.7658 -1 :
Setll  {  x,= 00086 (+ 0.3811 08374  lurbidity of a suspension
Set 11 o/R Non linear - of sohd‘partlcles can be
Setll  @/R>  x,=0.0105 ¢/R>+ 0.7631 0.8252  fitted with Egs. 2 and 4

function of time is extremely slow. In
some dodecane-in-water emulsions we
had observed that the Eq. 2 is able to fit
very low salt concentrations with negative
coefficients, but this situation is reversed
if the time of measurement is extended
for a considerably longer period of time.
It is clear that the behav-
ior described above for the latex disper-
sions is not consistent with our former in-
terpretation of the parameters x, and X, (=
1-x,) since it will imply the occurrence of
coalescence between solid particles at least
between 400 and 600mM of NaCl
However, the experimental behavior is also
inconsistent with the simple geometrical
interpretation of the parameters x, and X
based on the form of the effective optical
cross section (Eq. 4). In this regard, it is
well established that at low salt concentra-
tions solid particles tend to form compact
aggregates (reaction limited cluster aggre-
gation, RCLA regime) with a fractal coef-
ficient (d) near 2.1, while at higher ionic
strength they tend to form open structures
with a fractal coefficient of 1.7 (diffusion
limited cluster aggregation, DLCA; Lin
et al. 1989). Hence, if x~= 1-x, measures
the ‘globularity’ of the aggregates, it is ex-
pected that the value of x, increases with
the ionic strength while x; decreases.
Instead, a rather complex pattern of evolu-
tion is found. Notwithstanding, the simula-
tions suggest that the fractal coefficient of
emulsions may evolve with time, showing
coefficients that increase from 2.1 to 2.8
(Urbina-Villalba er al, 2006, 2009).
Moreover, the aggregates formed can be a
mixture of open and globular structures. In
this regard, the fractal coefficient of an
Apollonian sphere (a cluster of polydis-
persed spheres embedded within a bigger
sphere) is 2.47 (Borkovec et al., 1994).
This value is similar to the one recently
found by Lozsén (2012) of d= 2.4 for a
set of oil-in-water nanoemulsions com-
posed of a mixture of hexadecane and do-
decane, under similar experimental condi-
tions than the ones studied in this report
(Cs= 8mM, @= 5.0 x 10, Cy,c= 600mM).
This sort of aggregates would justify
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employing a parameter X,
#0 (x&= 1-x,) is a strong
indication that this parameter does not
necessarily account for the fraction of
collisions leading to the coalescence of
the drops in an emulsion. However, the
alternative hypothesis regarding the di-
rect connection of this coefficient with
the globularity of the aggregates is also
inconsistent with the typical behavior of
the fractal coefficient exhibited by dis-
persions of solid particles. Hence, further
research is necessary. For this purpose,
the value of the effective optical cross
section as a function of size and ionic
strength, and the percentage contribution
of x, and x, to the effective cross section
can be very valuable.

Whatever the case may
be, our results show a clear dependence
of x, on the radius of the drops, which
explains the discrepancy between the
values of this parameter previously
found for two similar dodecane-in-
water with average radii of R= 73nm
(Rahn-Chique et al., 2012) and 217.5nm
(Mendoza, 2013).
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ACERCA DEL SIGNIFICADO FiSICO DE LOS PARAMETROS DE AJUSTE EN LA EVALUACION DE LA TASA
DE FLOCULACION DE UNA NANOEMULSION DE ACEITE EN AGUA

Yorlis Mendoza, Kareem Rahn-Chique, Neyda Garcia-Valera, Eliandreina Cruz-Barrios, Clara Rojas y German Urbina-Villalba

RESUMEN

Recientemente se propuso (Rahn-Chique et al, 2012) una
metodologia versatil para la evaluacion de una tasa mixta
de floculacion-coalescencia (kpc) en nanoemulsiones —aceite/
agua (o/w). El valor de kpc se obtiene mediante el ajuste de una
expresion teorica de la turbidez de la emulsion (t.,) al valor
observado (z..,) durante un periodo corto de tiempo. Sin embargo,
la expresion de t,, también contiene un parametro adicional
originalmente propuesto para tomar en cuenta la fraccion
de colisiones entre las gotas de la emulsion que llevan a su

agregacion (x,). Es por ello, que bajo ciertas aproximaciones, el
valor de (I-x,) representa la fraccion de colisiones que lleva a la
coalescencia de las gotas. Aqui, dos conjuntos de nanoemulsiones
ionicas y dos conjuntos de particulas de ldatex son empleados para
estudiar la variacion de los valores de x, con el radio promedio
de las particulas de la emulsion. Los resultados sugieren que
pese a su justificacion original, (1-x,) probablemente representa
la contribucion de la luz ‘esféricamente’ dispersada a la seccion
transversal optica total de los agregados formados.

SOBRE O SIGNIFICADO FiSICO DOS PARAMETROS DE AJUSTE E A AVALIACAO DA TAXA DE FLOCULACAO

DE UMA NANOEMULSAO DE OLEO NA AGUA

Yorlis Mendoza, Kareem Rahn-Chique, Neyda Garcia-Valera, Eliandreina Cruz-Barrios, Clara Rojas e German Urbina-Villalba

RESUMO

Recentemente foi proposta (Rahn-Chique et al., 2012) uma
metodologia versatil para a avaliagdo de uma taxa mista de
floculagdo e coalescéncia (kpc) e nanoemulsées oleo/agua
(o/w). O valor de krc se obtém mediante o ajuste de uma ex-
pressdo teorica da turbidez da emulsdo (t,,) ao valor obser-
vado (t,.,) durante um periodo curto de tempo. No entanto, a
expressao de t,, também contém um parametro adicional ori-
ginalmente proposto para tomar em conta a fra¢do de colisdes
entre as gotas da emulsdo que levam a sua agregacdo (x,). E

por isto que, em determinadas aproximagoes, o valor de (1-x,)
representa a fragdo de colisdes que leva a coalescéncia das
gotas. Aqui, dois conjuntos de nanoemulsoes ionicas e dois
conjuntos de particulas de latex sdo empregados para estudar
a variagdo dos valores de x, com o raio médio das particulas
da emulsdo. Os resultados sugerem que apesar da sua justifi-
cagdo original, (1-x,) provavelmente representa a contribui¢do
da luz ‘esfericamente’ dispersada a se¢do transversal optica
total dos agregados formados.
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