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Abstract—Critical comparison of dependences of elastic and plastic properties of highly concentrated emul- 
sions (so-called “compressed” emulsions) on the concentration and droplet sizes is performed. The studied 
emulsions of water-in-oil type are so-called “liquid explosives.” They are characterized by different mean sizes 
and different droplet size distributions of the dispersed phase. Different average values (Dav, D32, and D43) are 
used as characteristics of droplet sizes. Experiments are carried out with emulsions of two concentrations. 
Aqueous phase (dispersed droplets) is presented by supercooled solutions of inorganic salt in water in a meta- 
stable state. The concentration limit of the existence of highly concentrated emulsions is determined by the con- 
dition of the closest packing of liquid droplets, which lies in the * = 0.77–0.80 range. In addition, there is a 
limiting value of the maximal size of droplets. This limiting value depends on the concentration and meets the 
requirement that droplets should be small enough for the solution to exist in a supercooled state. The elastic 
modulus and the yield stress of emulsions studied are proportional to the square of the reciprocal linear size of 
droplets, which contradicts some theoretical models, according to which these parameter should be propor- 
tional to the reciprocal size of droplets. Using the obtained experimental data, we constructed generalized 
dependences of the elastic modulus and the yield stress on the concentration and size of droplets. These char- 
acteristics are in good agreement with the experimental data. 

DOI: 10.1134/S1061933X08030101 

 

INTRODUCTION 

Highly concentrated emulsions (HCEs) are rela- 
tively new class of materials proposed for using in cos- 
metic and pharmaceutical industries, as well as in other 
different fields. They are also a constituent part of so- 
called “liquid explosives” [1]. 

Fundamental specificity of HCEs consists of the fact 
that the concentration of dispersed droplets, , exceeds 
the concentration of the closest packing , which (as 
is well known) is equal to 0.74 for monodisperse 
droplets and is slightly larger for polydisperse droplets. 
The concentration of droplets in HCEs can be as high as 
96 wt % (in our case, this corresponds to 90 vol %). This 
means that droplets are not spherical, but rather repre- 
sent themselves as polyhedra, which are characterized 
by broad size distribution. Such emulsions are often 
called “compressed” emulsions [2]. 

The passage through concentration * (from dilute 
emulsions to HCEs) leads to dramatic changes in the 
rheological properties of a system such that material 

items [3–10] and model systems [11, 12]. A series of 
our earlier publications [3, 13–17] was devoted to 
HCEs of the type of liquid explosives. 

If we are dealing with dilute emulsions (with 
*), their rheological properties are described within 
the framework of the concentration dependence of vis- 
cosity. This path of studies was initiated by Taylor’s 
classical work [18] and, in recent years, was continued 
by Pal’s publications [19, 20]. 

At the same time, this approach is of no interest in 
the case of HCEs because, upon the modeling of their 
properties, main attention should be brought to the 
study of such parameters as the elastic modulus and the 
yield stress, which are responsible for the most signifi- 
cant features of these materials. 

Theoretical description of HCE elasticity was pro- 
posed for the fi time by Prinsen and Kiss [21–24]. They 
derived formulas for the elastic modulus G and the yield 
stress Y, which in the simplest form can be presented as 

1 3 É 

becomes (at *) a viscoplastic medium with the 
clearly pronounced yield stress and elasticity [3]. 

G =  A1  ----– , 
D 

1 3 É 

(1) 

Rheological properties of such HCEs are described 
in  several  publications  devoted  mainly  to  cosmetic 

Y   = A2  ----– , 
D 

(2) 
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where is the interfacial tension; * is the concentra- 
tion of droplets corresponding to their closest packing; 
and A1 and A2 are coefficients of the order of unity. The 
D value entering into these relations is the characteristic 
size of droplets calculated as the ratio of their volume 
to the surface area, i.e., D32. 

The concentration dependence of the HCE elastic 
modulus was studied also in [25], where it was revealed 
that the elastic modulus should be proportional to the 
(– *) value. This predicted expression is slightly 
different than formula (1). However, it is rather difficult 
to establish the difference between these two argu- 
ments, as experimental points are naturally obtained 
with some scatter and the region of discussed concen- 
trations is rather narrow. Indeed, in all cases, experi- 
mental data referred to the range of concentrations 
varying from * (close to 0.74) to 0.9. 

It was shown [3, 13, 15] that the Princen equation 
actually describes the role of concentration fairly well, 
although other arguments were not considered. How- 
ever, it was also demonstrated that the dependences of 
the elastic modulus and the yield stress on the droplet 
size are definitely not described by formulas (1) and 
(2); it turned out to be impossible to draw experimental 
points so that they passed the zero point. Better results 
are obtained if the square of the characteristic size of 
droplets is used rather than its first power. Then, the 
equation, which is based on experimental data [13, 15] 
and later supported by some theoretical considerations 
[3, 26], acquires the following form: 

É

tions in which the conclusion was drawn of the key role 
of the square of the reciprocal size of droplets [13], we 
stemmed from the median average value of their size 
(due to the logarithmically symmetric pattern of distri- 
bution curve, this value corresponded the distribution 
maximum). 

 
EXPERIMENTAL 

To study liquid-explosive type HCEs, we used the 
same samples as in our previous publications [3, 13, 
14], in which we described them in detail. These emul- 
sions belong to the water-in-oil type. The content of 
water in droplets did not exceed 20%. Inorganic 
nitrates, above all, ammonium nitrate containing small 
amounts of calcium and sodium nitrates, comprised the 
remainder of droplets. It is important to emphasize that 
aqueous phase represented supercooled solution in a 
metastable state. 

Emulsions were prepared at 80°C by adding aque- 
ous phase to the oil and stirring the system in a mixer at 
a high rate. The content of oil and aqueous solution was 
regulated so as to obtain the composition with needed 
ratio of aqueous and oil phases. The duration of homog- 
enization was the same in all experiments. The neces- 
sary value of the viscosity of composition was achie- 
ved by controlling the rate of sfirrer rotation, which can 
be varied from 1700 to 3900 rpm. The value of viscos- 
ity of viscosity of the final composition was estimated 
with a Brookfield viscometer (spindle no. 7) at a rate of 
50 rpm. 

G = K1 ------– , 
D

2 

(3) The rate of oil and aqueous phase supplied to a 
mixer was varied so as to obtain systems with identical 

where K1 is the empirical front-factor. 

This equation includes also the second (after the 
droplet size) characteristic parameter with the dimen- 
sion of length, i.e., the effective thickness of “active” 
surface layer, which is responsible for the elasticity and 
plasticity of HCEs. 

Note that we failed to find other publications, which 
would contain experimental data on the effect of 
dimension factor on rheological properties of HCEs. 
Moreover, the theory under consideration was devel- 
oped for monodisperse particles and the author of cor- 
responding publication [20] was absolutely right when 
he clamed that it is extremely difficult to extend theo- 
retical analysis to real emulsions. Meanwhile, precisely 
these emulsions are of main theoretical and applied 
interest. 

The goal of this work is to analyze different possible 
treatments of experimental data in our attempts to find 
the best method for constructing master curves describ- 
ing the influence of the concentration and particle 
(droplet) size on the elastic modulus and yield stress of 
HCEs. We attempted to use various averaging proce- 
dures for droplet size distributions in order to estimate 
the relative role of different distribution regions. This is 
particularly  important  because,  in  previous  publica- 

surfactant concentrations in the oil phase, albeit with a 
variable oil-aqueous dispersed phase ratio. 

We used two different surfactants, which are 
denoted below as surfactants 1 and 2. They presented 
organic derivatives of poly(isobutylenesuccinic anhy- 
dride). The molecular mass of surfactants fits the 900– 
1300 range. The content of surfactant in the oil phase 
did not exceed 15%. 

We prepared two HCE samples with concentrations 
of 82 and 86.5 vol %. 

Particle size distributions were determined with a 
Mastersize 2000 instrument (Malvern Instruments). To 
perform measurements, HCE samples were preliminar- 
ily diluted with oil. The measurements were controlled 
using special software. The essence of experiment con- 
sists of measuring the angular dependence of the inten- 
sity of the collimated He–Ne laser bean scattered by 
particles. Particle size distribution was calculated using 
the exact Mie theory. The instrument allows us to reli- 
ably determine particle size distribution within the 
range of characteristic sizes varied from 2 10–2 to 
2 103 m. 

Some examples of particle size distributions in real 
studied HCE samples are shown in Fig. 1. It can be seen 
with the naked eye that particle size distributions are 
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different for different HCE samples. This conclusion is 
supported by the data of quantitative analysis. It turned 
out that distributions obtained are satisfactorily 
described by the standard Gaussian function 

Fraction, vol % 

24 

20 3 
4 

2x – x0  16 
A 

f  =  ------------------e 
2 

–------------------------ 

2 

, 
 

12 2 
5 

where f is the density of distribution function, x is the 8
 1

 
argument (droplet size), x0 is the position of distribution 
maximum (on the logarithmic scale),  is the disper- 4 
sion characterizing the distribution width, and Ä is the 

normalizing parameter. 0
1 10 

This approximation method appeared to be quite 
successful for each of HCE samples except for sample 

100 
D, m 

no. 1 for which this method is not satisfactory enough. 
Nevertheless, the data shown below demonstrate the 
character of distribution for all of 5 curves presented in 
Fig. 1. 

 

Sample        1 2 3 4 5 

 0.54      0.42      0.259     0.264     0.396 
 

As is seen from these data, particle size distributions 
are indeed different. 

Mean particle sizes of the dispersed phase vary from 
13 to 25 m. It is significant that particle size distribu- 
tions in studied HCE samples are different, in contrast 
to the series of samples described in our previous pub- 
lication [13], where the distributions were identical for 
HCE samples with different mean sizes of droplets. 

Samples were identified by two mean values, D32 
and D43, which will be used further as characteristic 
dimension parameters upon the comparison of elastic 
and plastic properties of emulsions. 

The Dvalues are defined as 

v 

Fig. 1. Typical curves of droplet size distribution for five 
different samples of highly concentrated emulsions. 

 

 

The elastic modulus was determined by different 
methods, in particular, by the values of modulus on the 
plateau of the frequency dependence of storage modu- 
lus, by the value of elastic recovery in the creep exper- 
iment, and by the linear part of the amplitude depen- 
dence of the modulus at constant frequency. It should 
be emphasized that all three of these methods yield con- 
sistent results; divergence did not exceed 15. The 
latter value was taken as an estimate of measurement 
accuracy. 

The yield stress was found directly from the flow 
curves in experiment, in which the viscosity was mea- 
sured in the downward shear rate sweeping mode (for 
details, see our publications [3, 14, 15]). The error of 
estimating the yield stress as the value of stress corre- 
sponding to the vertical branch of flow curve was no 
higher than 10. 

 
RESULTS AND DISCUSSION 

= -------

------------

i
------- = 

V 

--- D32 

vi  
d i  S 

Concentration dependences of the elastic modulus 
G and yield stress Y were previously studied by us in 

where v is the volume of ith fraction with droplet detail elsewhere [3, 13, 15, 26]. The main result of these 

diameter di, V is the total volume, and S is the total sur- 
face area of all droplets; i.e., D32 is the mean linear size 
of droplets determined as “the volume that refers to the 
surface area.” 

The D43 values are defined as 

studies consists of the confirmation of the existence of 
minimal limiting concentration * below which “com- 
pressed” HCEs cannot be formed. This limit can be 
found upon the representation of G() and Y() exper- 
imental dependences in any coordinates, i.e., either as 
G/1/3 or G as function of , although the exact value 
changes slightly depending on the chosen procedure of 

D43   = 
v d 

-----------------  = 
v 

v d 
-----------------. 

V 

extrapolation. This is also true for the Y() depen- dence. 

 i 
In this work, we used the linear representation of the 

Inequality D43 D32 is true for any distributions; i.e., 
the D43 values account for the contribution of coarser 
fractions to a greater extent than D32 values. 

Characteristics of the sizes of dispersed particles 
(droplets) in all HCE samples studied in this work are 

summarized in the table. 

, 
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dependences of G on and Y on at D = const. 
The example is illustrated by Fig. 2. Although the 
number of experimental points (values of 
concentration) is small, the tendency is quite 
evident. It is interesting and important that the * 
value is different depending on which parameter is 
used for the consideration (for elas- 
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–1 –1 

 

Characteristics of the dispersed phase droplet sizes of studied HCEs (all D values are given in m) 
 

 

Surfactant 1 
 

= 0.82 = 0.865 

Dav D32 D43 S Dav D32 D43 S 

10.5 8.65 11.77 1.559 16.0 13.56 16.02 1.126 

14 12.04 14.57 1.203 16.3 15.80 17.15 0.763 

16 15.31 16.61 0.759 16.7 16.09 17.49 0.771 

18 17.60 19.12 0.774 19 18.49 20.15 0.798 

Surfactant 2 
 

= 0.82 = 0.865 

Dav D32 D43 S Dav D32 D43 S 

9 7.51 10.54 1.735 16 14.75 16.81 0.968 

14 13.77 15.91 1.040 17 16.56 18.01 0.776 

16 14.85 16.66 0.919 – – – – 
18 17.17 18.61 0.762 – – – – 

Note: S is the distribution width. 

 

 
tic HCE properties, * 0.77; for the plasticity, *  
0.80), although discrepancies between these * values 
are not too large. The obtained * values are of the 
same order of magnitude as those determined previ- 
ously in [3, 13, 15], as well as in works of other authors. 

The principal goal of this work is the consideration 
of the problem of the pattern of dependences of elastic 
and plastic HCE properties on the size of dispersed 
phase droplets. We consider two procedures of approx- 
imation, i.e., linear and quadratic. 

 

Linear Approximation 

The G(D32) and Y(D32) dependences are presented 
in Fig. 3 at two concentrations. The ratio of the volume 
of droplets to their surface area, i.e., D32, was used as a 

 
mental points so that they pass through the coordinate 
origin, as is shown by dotted lines. 

Nevertheless, experimental data can be linearized if 
one introduces the concept of “critical size” D. Indeed, 
supercooled droplets can exist, provided that their sizes 
are sufficiently small, i.e., they do not exceed a certain 
limiting value. With such an approach, straight lines 
can be drawn through the experimental points in Figs. 3 
and 4 and their extrapolation gives values of the critical 
size. 

As is seen from Figs. 3 and 4, the critical size 
depends on the droplet concentration. This fact can be 
understood, provided that the condition of the existence 
of HCEs is also determined by the droplet concentra- 
tion. Furthermore, the estimation of critical size 
depends on the type of the averaging of particle size 

characteristic of droplet size. distribution. As is seen from Fig. 3, D3
*

2 = 25 m at 

Data shown in Fig. 3 clearly demonstrate that it is = 0.82 and D3*2 = 37 m at = 0.865. These values 

impossible  to  represent  them  in  the  coordinates  of 
Eqs. (1) and (2) as G in function of D–1 and Y using 

are identical both for the G( D32 ) and Y( D32 ) depen- 

straight lines passing through the coordinate origin. dences. According to Fig. 4, D4*3 = 22 m at = 0.82 
This result is consistent with that was shown in previ- 
ous publications when using other measures of the 

and D4*3  = 31 m at = 0.865. These values are again 
–1 –1 

mean size of droplets [13, 15]. Dotted lines passing 
through the zero point cannot be linearized by any identical for both dependences, G( D43 ) and Y( D43 ). 

means. 

The same conclusion remains true for another mea- 

Naturally, critical D4*3 

D3*2  values. 

values are smaller compared to 

sure of the mean size, i.e., the D43 value, which is 
shown in Fig. 4. It is apparent once more that it is 
impossible to draw straight lines through the experi- 

Reasons for the observed concentration dependence 
of D* can be understood if we take into account the 
nature of aqueous dispersed phase. As was mentioned 
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Fig. 2. Determination of * by measuring (a) elastic and 
(b) plastic properties of highly concentrated emulsions. 

 

 

above, particles of the aqueous phase are nothing more 
than supercooled solution. The system in such a state 
can only exist in the form of small droplets. Larger 
droplets can be present in the supercooled state when 
droplet concentration increases (surface forces become 
stronger). Then, it seems reasonable to assume that 
there is such minimal limiting concentration at which 
only zero-valued droplets can exist. This is evident 
from Fig. 5a, from the extrapolation of D* values to 

Fig. 3. Linearized dependences of (a) elastic and (b) plastic 
properties of emulsions on the reciprocal size characterized 
by the D32 value for the concentrations of dispersed phase 
: (1) 82.0 and (2) 86.5 vol %. 

 
 

process. According to these data, there is a limiting con- 
centration close to * = 0.73, which is analogous to that 
obtained upon the consideration of the D*() depen- 
dence. 

An alternate explanation of the existence of a mini- 
mal HCE concentration can also be considered, 
although, in this case, we obtain critical * values that 

zero. As expected, for both mean sizes, D3*2 and D4*3 , are slightly different than those reported above. For 
this limiting concentration is the same and equal to 
* = 0.72–0.73. 

The fact that this result is directly explained by the 
existence of HCE droplets in a supercooled state is con- 
firmed by the data on the crystallization kinetics of the 
aqueous phase. The crystallization process was studied 
in detail in our publications [16, 17]. However, an 
important moment was not treated in these publica- 
tions. The dependence of the rate of crystallization on 
the concentration of dispersed phase can be plotted. 
This is done in Fig. 5b, where the half-period 1/2  of 
crystallization is used as a measure of the rate of this 

example, there is a minimal concentration that deter- 
mines the boundary of the HCE region. Its specific 
value depends to some extent on the measurement pro- 
cedure because real emulsions are polydisperse sys- 
tems, whose properties are more or less sensitive to dif- 
ferent parts of droplet size distribution. 

If we introduce the concept of limiting concentra- 
tion and limiting droplet size, it could be possible to 
plot the generalized linear dependences describing the 
entire body of obtained experimental data. This is 
achieved by the use of the following approximating 
equations: 

(b) 



(‡) 



(b) 2 1 

(‡) 1 

2 

0 





COLLOID JOURNAL Vol. 70 No. 3 2008 

332 MASALOVA, MALKIN 
 

 

43 


1  



É 

* 

 

G, Pa 
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and the slope is equal either to k1 or k2. 

It is seen that Eqs. (4) and (5) with argument Y, 
which is set by Eq. (6), fully describe all experimental 
data. 

 

 
1500 
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500 

Quadratic Approximation 

The model based partially on geometric and par- 
tially on dimension considerations was proposed in [3, 
26]. According to this model, the G(D) dependence 
should be presented in the form of Eq. (3). The 
Y(D) function can be approximated in analogous 
manner 

É
Y  = K2 ------– , 

D
2 

(7) 

0 

Y, 

Pa 
140 

120 
 

100 
 

80 
 

60 
 

40 
 

20 

 
 
 
 

 
(b) 

 
D– 1 m–1

 

 

 
2 

1 

where K2 is the empirical coefficient. This equation 
must be considered only as an expression proposed for 
the approximation of experimental data. 

As was shown in [3, 13, 15], both dependences, G  
D–2 for the elasticity and Y D–2  for the  
plasticity comply with experimental data,  provided  
that D  is understood as the median value of droplet 
size distribu- tion. 

However, now it is important to verify the correct- 
ness of both equations using another average measures, 
in particular, D32. This is shown in Fig. 7a for the elastic 
modulus and in Fig. 7b for the yield stress of HCEs. 

It is seen that, in fact, both equations (3) and (7) are 
suitable for the description of experimental data. As in 
the case of data obtained previously, Fig. 7 demon- 
strates that, in contrast to predictions of Eqs. (1) and 
(2), dependences of G and Y on the droplet size 
are 

0 2 4 6 8 
D43 

10 indeed inverse quadratic rather than linear. Thus, the 
linear dependence of elastic and plastic HCE properties 

–1 m–2
 

Fig. 4. Linearized dependences of (a) elastic and (b) plastic 

properties of emulsions on the reciprocal size characterized 

by the D43 value for the concentrations of dispersed phase 
: (1) 82.0 and (2) 86.5 vol %. 

on D–2  should be considered an established physical 
fact. 

If so, it is feasible to plot G(D32, ) and Y(D32, 
) master curves on the basis of Eqs. (3) and (7).  
The results are seen in Fig. 8; plotting these curves, we 
used the following critical values of concentration: * 
= 0.77 0.01 for G and * = 0.80 0.01 for Y. 

1 
= ------- 

-------– , In both cases, the argument is expressed as 

G k1 ÉD 
- – 

D 
- 

(4) 

32 3*2 

 1 1  
X  =  ------– , 

D
2 

(8) 
Y  = k2 É 

D 
- – 

D 
- – , (5) ------- ------- 

 
32 32 

 

where k1 and k2 are the empirical constants. 

Experimental data represented in accordance with 
these equations are shown in Fig. 6a for elastic, G(D32, 
), and in Fig. 6b for plastic, Y(D32, ), properties 
of 
HCEs. Abscissa  Y  on  these  figures  is  the  complex 

parameter 

(‡) 

1 

2 

2 4 6 8 10 
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-

------ 

and the slope of approximating straight lines is equal to 
(Ki). 

Fig. 8 clearly demonstrates that Eqs. (3) and (7) 
with the argument X set by Eq. (8) adequately 
describe all experimental data and can be considered 
an alternative to Eqs. (4) and (5), respectively. The 

slope of straight lines is equal to 4.8 10–4 m for the 
G(X) dependence and to 8.3 10–5 m for the Y(X) 
dependence. If it is assumed that the active thickness 
of the interfacial layer 
is close to 70–100 nm ((7–10) 10–8 m), the value of 

Y  =  É 1 

– 
D 

1
-– 

, 
D*

(6) front-factor is equal to 5 103 for the G(X) dependence 
and to 1 10 for the Y(X) dependence. 
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Fig. 5. Estimation of minimal HCE concentration by the ability to form supercooled solution: (a) by the maximal droplet sizes 

(1) D32 and (2) D34; (b) by the characteristic time of crystallization at 25 °C. 
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Fig. 6. Master curves for (a) elastic G(D32, ) and (b) plastic Y(D32, ) properties of HCEs based on the use of Eqs. (4) and 
(5), respectively. 
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Fig. 7. Dependences of (a) G and (b) Y on the square of reciprocal size D32 for HCEs with concentrations (1) 82.0 and (2) 86.5 vol %. 

 

 

Meanwhile, the choice of averaging procedure for droplet size distribution plays the critical role. Equa- 
tions (3) and (7) are valid, if the median of distribution 
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or D32 value are taken as average values. However, 
if D43 is taken as the average value  of  distribution, 
Eqs. (3) and (7) will not describe experimental data. 
As 
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Fig. 8. Master curves for (a) elastic G(D32, ) and (b) plastic Y(D32, ) properties of all studied HCEs based on the use of Eqs. 
(3) and (7), respectively. Full and empty dots denote the data obtained for HCEs based on surfactants I and II, respectively. 
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Fig. 9. The role of droplet size upon the consideration of the dependences of (a) the elastic modulus and (b) the yield stress of HCEs 
as functions of D43. Droplet concentration is equal to (1) 82.0 and (2) 86.5 vol %. 

 

is seen from Fig. 9, straight lines drawn in the coordi- 
nates of these equations do not pass the zero point. Sim- 
ilarly to the situation that took place in Fig. 3, it seems 
necessary to introduce some critical values of charac- 
teristic size. They are equal to D* = 33 m at = 0.865 
and to D* = 26 m at = 0.82; i.e., they are close to val- 
ues obtained upon the consideration of Fig. 3. 

Then, generalized approximating equations for 
G(D43, ) and Y(D, ) dependences acquire the 
fol- lowing forms: 

Critical values of size D4*3 depend on concentration 

in the same manner as for the linear approximation 
shown in Fig. 5. 

 
CONCLUSIONS 

Based on the obtained set of experimental data, it 
can be assumed that there are natural boundaries of the 
existence of highly concentrated emulsions. The lower 
concentration boundary is the limit of the closest pack- 
ing *; however, the droplet size cannot exceed a cer- 

G = 

Y  = 

k3 Z, 

k4 Z, 

(9) 
 

(10) 

tain maximal value D*. Highly concentrated emulsions 
are a certain specific type of viscoplastic media that 
exist when * and D D* conditions are fulfilled. 
Furthermore,  D*  depends  on  *,  as  follows  from 

where k3 and kare empirical coefficients. Argument Z 
in both equations is expressed as 

Fig. 5; this situation is illustrated by the diagram in 
Fig. 10. 

Z = É 1 
- – 

1   
-  – .  (11) The critical concentration limit can also be obtained 

------- 

(‡) 

(‡) 
1 

2 
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D43 
from the data on the kinetics of crystallization and 
turned out to be the same as that determined from the 
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procedure (method I) makes it possible to construct 
master curves for G(D32, ) and Y(D32, )  
depen- dences. 

Experimental points for both elastic and plastic 
properties of highly concentrated emulsions can also be 
approximated by straight lines if the D–2 value is used 
as a determining factor. However, this can only be done 
if D32, rather than D43, is used as a measure of the aver- 
age droplet size. In the latter case, it nonetheless 
becomes necessary to introduce the concept of the larg- 
est possible droplet size. 

This variant of the construction of G(D32, ) and 
Y(D32, ) master curves (method II) can easily be 
real- ized, provided that the inverse quadratic 
dependence of 

Fig. 10. Schematic representation of the region of HCE 
existence. 

 
 

dependence of maximal droplet size on concentration. 
This implies that the reason for the concentration 
dependence of the limiting size of droplets is associated 
with their maximal size at which a supercooled state 
can be achieved at some or other concentration. Super- 
cooled solution is only conserved in the metastable 
state for fairly small droplets. 

Region I in Fig. 10 corresponds to emulsions below 
the concentration limit for the most closely packed 
spherical droplets (*). All emulsions of such kind 
are viscous liquids and their viscosity depends on the 
ratio of viscosities of components (phases) forming 
emulsion. This region is not considered in this work. 

Region II in Fig. 10 corresponds to HCEs or “com- 
pressed” emulsions (*). Droplets in this concen- 
tration region do not retain their spherical shape, but 
rather form polyhedra with rather broad size distribu- 
tion. Highly concentrated emulsions that belong to this 
region are viscoplastic media that also possess elastic- 
ity. Quantitative characteristics of such media, i.e., the 
elastic modulus and yield stress, depend on the incre- 
ment of concentration (– *) and the reverse square 
of mean droplet size. 

The existence of the largest possible droplet size D* 
is determined by the nature of aqueous phase in HCE 
droplets. 

It is shown that the Princen–Kiss theory does not 
lead to adequate predictions for the dependences of the 
elastic modulus and yield stress on droplet size, irre- 
spective of how the procedure for the averaging of 
droplet size distribution is chosen, because, in this case, 
we failed to draw approximating straight lines through 
the coordinate origin. 

However, the linearization of the graphic represen- 
tation of experimental points can be achieved in the 
property – D–1 coordinates, provided that we introduce 
the concept of limiting (maximal) droplet size. This 

the rheological properties on the droplet size is consid- 
ered. 
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