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h i g h l i g h t s

� Xenon hydrate formation in water in oil emulsion was studied by radiographic method.
� Hydrate formation follows two stages.
� The first stage is the rapid growth of the hydrate crust at the gas – emulsion interface.
� The second stage is slow hydrate growth throughout the emulsion.
� Hydrate formation results in mechanical deformation of the emulsion sample.
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Formation of gas hydrate plugs can significantly complicate oil recovery. For this reason, investigating
hydrate formation in oil disperse systems is topical. This work presents the results of radiographic and
DSC investigations of xenon hydrate formation in a water-in-oil emulsion. The process proceeds in two
stages as follows. The hydrate proliferates near the emulsion–gas boundary in the first stage. The hydrate
particles in this region grow together, at least partially. The final hydrate content in this area is signifi-
cantly higher than in other parts of the sample. In the second stage, the hydrate’s slow growth occurs over
the sample’s entire volume distorting its shape, possibly due to the difference in water and hydrate molar
volumes. At this stage, a significant part of the hydrate (33%) forms with no detectable heat release. The
obtained results will improve the description of the kinetics of hydrate growth in static water-in-oil
emulsions.

� 2023 Elsevier Ltd. All rights reserved.
1. Introduction

Gas hydrates are widespread and are one of the promising non-
conventional sources of natural gas. Detailed information on the
natural gas hydrates and the physical chemistry of these com-
pounds may be found in (Hassanpouryouzband et al., 2020;
Manakov and Stoporev, 2021; Sloan and Koh, 2007). In the gas
and petroleum industry, the formation of technogenic gas hydrates
leads to the clogging of boreholes and industrial pipelines, which
may result in emergency accidents with various consequences
(Aman and Koh, 2016; Sloan et al., 2010). In the case of oil produc-
tion, hydrate formation proceeds on water droplets dispersed in
oil. The coalescence of the formed hydrate particles leads to the
hydrate plug formation (Aman and Koh, 2016; Hu and Koh,
2017). The peculiarities of hydrate formation in such systems dis-
covered in laboratory studies can help to explain the behavior of
real systems. Thus, investigating hydrate formation in oil disper-
sions is relivent, which drives the interest in conducting a more
detailed study in this area.

The essential features of gas hydrate formation fromwater in oil
emulsions have been studied in (Turner et al., 2009a,2009b). It was
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Fig. 1. Photo of the emulsion used. The droplet size distribution is shown in the
inset.
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demonstrated that hydrate first occurs at the water – oil boundary,
forming a spherical shell around a water drop. The size of the
majority of water drops in the emulsion does not change, though
a small admixture of particles 2–3 times larger than the initial ones
appears. Hydrate is formed from the gas dissolved in oil. The for-
mation of hydrates at the water – oil boundary differs from the
processes occurring at the interface between water and hydrate-
forming gas (see a recent review (Zhang et al., 2022)). Simplifying
the situation, we can say that paraffins and asphaltenes can form
shells on liquid droplets. This decreases the physical surface of
the liquid available for hydrate formation and slows down the
interphase mass transfer. All these factors retards the hydrate for-
mation oil dispersions. On the other hand, solid particles (predom-
inantly asphaltenes) can serve as centers of hydrate nucleation
facilitating hydrate formation.

Further growth of hydrate proceeds from water present under
the hydrate shell, due to gas diffusion through the hydrate layer.
Two mechanisms of hydrate formation from the drops in an emul-
sion have been proposed: (a) according to the independent
microreactor model and (b) relay crystallization. In the indepen-
dent microreactor model, hydrate nucleation and growth proceed
singly for each water drop in the emulsion. Both mechanisms are
applied for static and mixing conditions (Turner et al.,
2009a,2009b; Avendaño-Gómez et al., 2006; Dalmazzone et al.,
2009). The relay mechanism involves the transfer of hydrate for-
mation over the dispersion volume due to secondary nucleation
upon contact of a water drop with a particle on which the hydrate
shell already has been formed. In this case, the drop and the parti-
cle do not necessarily merge. A model implying rapid hydrate for-
mation according to the relay mechanism in a part of the emulsion,
followed by slower hydrate formation in the sample’s other sec-
tions, is based on calorimetric data on hydrate formation in static
emulsions (Semenov et al., 2015; Stoporev et al., 2019). Experi-
mental studies and modeling of hydrate growth in stirred water
in oil emulsions are described in Lv et al. (2016). A conceptual
model providing two-stage hydrate formation in emulsions is pro-
posed: (a) formation of the spherical hydrate shells on the drops in
emulsion, (b) junction of the drops and destruction of shells pro-
ceeding due to the collisions between particles. As a result, a com-
plicated mixture of water and hydrate is formed with a part of
water encapsulating inside hydrate shells. Experiments have
shown that particle size increases by a factor of about two during
the reaction, and particle size changes rapidly only at the start of
the hydrate formation process. In Lv et al. (2020), a universal
kinetic model describing hydrate formation in water-in-oil emul-
sions for multiphase flows was proposed. The primary hydrate
nucleation is assumed to occur only on a few water drops. Then
nucleation propagates according to the relay mechanism over a
definite number of neighboring drops (up to 20% of the total).
Finally, it was demonstrated that the content of coarse particles
in the emulsion increases during hydrate formation while the part
of small particles decreases (Wu et al., 2020). Thus, the average
particle size increases. The water to hydrate transformation degree
decreases with an increase in water content, which may be due to
the capture of water drops into the agglomerates of particles. With
water content up to 40%, hydrate suspension forms, while at 50%
the particles stick together. It may be stressed that almost all the
models considered above are speculative to a substantial extent
because direct visualization of hydrate formation in oil suspen-
sions is presently impossible. For this reason, there is still no dis-
tinctness in understanding the mechanism of hydrate formation
in the emulsion. This is especially true for the static conditions,
when there are no mutual collisions of drops/particles in the
emulsion/suspension.

It is well known that xenon is used in many high-tech areas of
industry and science (Pyae et al., 2015; Uhm et al., 2008), as well as
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in medicine (Xia et al., 2018). Currently, xenon is extracted from
the distillation of liquefied air, which causes its high price. In this
regard, at present, an urgent task is to obtain it from natural gas
(Smetannikov et al., 2010; Petukhov et al., 2022). The combined
methods proposed for this include the use of gas hydrates for the
enrichment of gas mixtures with xenon (Sergeeva et al., 2021).
Xenon forms a gas hydrate of the same structural type as methane
(Manakov and Stoporev, 2021), but xenon hydrate is more stable.
Thus, at a temperature of about 0 �C, the equilibrium pressure of
methane over methane hydrate is 2.51 MPa, and that of xenon over
xenon hydrate is 0.15 MPa; at a xenon pressure of 0.1 MPa, the
equilibrium temperature of xenon hydrate is �10 �C (Istomin
and Yakushev, 1992). The heat of decomposition of xenon hydrate
with the composition Xe�5.9H2O to water and xenon gas is 62 kJ/-
mol (Handa, 1986).

X-ray tomography and radiography have been successfully
implemented to investigate gas hydrate formation in ice –
hydrate-former disperse systems. These methods were applied to
observe the nucleation and growth of xenon hydrate on the ice
spheres (Zhao et al., 2020) and water drops (Liang et al., 2021).
The formation of cyclopentane hydrate in cesium salt solution
was visualized with the help of radiography and tomography, as
described in (Pillers and Heindel, 2021). The authors of (Le et al.,
2020) studied the formation of methane hydrate in sand from
the potassium iodide solution, which was taken as a contrast. In
the present work, we describe the first results of visualization of
the xenon hydrate formation in a water-in-oil emulsion, employing
the radiographic method.
2. Materials and methods

99.95% pure xenon, distilled water, and oil from a West Siberian
oil field were used in the work. Oil’s composition and characteris-
tics were as following: asphaltenes, 5.7 wt%; resins, 12.1 wt%;
paraffins, 3.4 wt% and balance saturates + aromatic, density
0.876 kg/m3, viscosity 37.1 mPa/s, pour point �15.5 �C. Density
and viscosity were determined at 20 �C. The experiments were car-
ried out with a 50 wt% water-in-oil emulsion. The emulsion was
prepared with the help of a manual mixer (800 rpm, 20 min).
The procedure for preparing the emulsion was chosen by trial
and error in such a way as to ensure the preparation of the most
stable emulsion. The resulting emulsions were stable for at least
six months. According to optical microscopy data, the average size
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of drops in the emulsion was 7.7 lm, size range was 1.6 – 24.7 lm
(Fig. 1).

Experiments were carried out at the Microscopy and Tomogra-
phy Synchrotron Radiation Station at VEPP-3 (Institute of Nuclear
Physics SB RAS, Novosibirsk). The radiographic recording was car-
ried out using Ni-filtered (100 lm) polychromatic synchrotron
radiation (below referred to as SR). The energy spectrum of SR
expanded from 25 to 60 keV with the maximum around 45 keV.
The electron orbit stability in the VEPP-3 storage ring (50 lm),
the small size of the SR source (0.5x1.5 mm2) and a large distance
from the radiation source point to the sample (16.5 m) allowed the
acceptable spatial resolution of radiography to be achieved. The X-
ray detector was a system composed of a high-sensitive videocam-
era for the visible range and a scintillator, mounted at a distance of
5 cm from the sample. The videocamera used was Hamamatsu
ORCA-Flah3.0 with a 2048x2048 matrix, pixel size 6.5x6.5 lm2,
with the dynamic range of 16 bit. The magnification factor of the
optical objective mounted on the detector was 4.17, which allowed
us to obtain digital images with pixel size 1.56 � 1.56 lm2. To
decrease the noise in the recorded images, the camera was
equipped with Peltier element, maintaining the working tempera-
ture of the matrix at a level of �20 �C. Gadolinium-aluminum-
gallium garnet doped with cerium was used as the scintillator to
transform X-ray radiation into the visible range. 10 lm thick gar-
net single crystal allowed us to obtain X-ray images with the spa-
tial resolution at a level of 3 lm, which was determined using the
method described in (Kozyrev et al., 2016). The processing of radio-
graphic images, including the integration of color intensities, was
carried out using the ImageJ software (Schneider et al., 2021).

The experimental cell is shown schematically in Fig. 2. The cell
is symmetrical with respect to the rotation axis. Sample (1) is
loaded in the Caprolon cup (2) with an inner diameter of 7 mm,
4 mm in height, and a wall thickness of less than 0.4 mm. The
cup is glued to the sample holder (3). The sample holder is placed
in the cell (4) made of PEEK plastic. The outer diameter of the cell is
20 mm, and the inner one is 11 mm. The cell is closed at the ends
with caps. Rubber ring sealers provide the tightness of cap contact
with the cell. The calculated limiting pressure in the experimental
cell is 15 MPa. The cell is thermostated with cold air supplied into
the jacket (5). Temperature is controlled with a thermistor (6),
placed in the sample holder (3). Gas is supplied using the admis-
sion system (7) through a flexible PEEK capillary connected to
the gas channel at the top cap of the experimental cell. The pres-
sure is measured with a transducer with the measurement scale
of 2.5 MPa.

During experiment preparation, 200 lL of the emulsion was
loaded into the cup (1). Then the cell was blown with xenon, and
Fig. 2. (A) Scheme of the experimental cell. (1) Sample, (2) caprolon cup, (3) aluminium
pressure sensor. p.b. – primary X-ray beam. (B) The areas from which radiological image
figure legend, the reader is referred to the web version of this article.)
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gas pressure was elevated to 1.4 MPa. The emulsion was saturated
with xenon for 8 h at +25 �C. The experiment was carried out as fol-
lows. The cell was cooled to �4�C at about 0.5 �C/min. The hydrate
formation started at �1�C, which caused a temperature rise
to +5 �C in the experimental cell. After 40 min, the temperature
was stabilized at �4�C. The radiographic recording was carried
out with a frame frequency of 1 Hz during the whole experiment.

The Xe hydrate formation was also assessed by high-pressure
lDSC7 Evo (Setaram Instrumentation, France). The experimental
procedure was the same as for the radiographic measurements.
PMHP 56-1000V2 gas panel maintained the constant pressure in
the DSC cell.
3. Results and discussion

Typical radiographic images obtained in the experiment are in
Fig. 3. All images shown are 2D projections of 3D space (Fig. 2B).
In radiographic images taken before hydrate formation (Fig. 3A),
oil, water, and gaseous xenon have approximately the same X-
ray densities. Due to X-ray refraction, only the meniscus line sep-
arating the liquid phase from the gas is clearly detected.

Xenon concentration in the hydrate is about an order of magni-
tude higher than in the gas phase present in the apparatus. Indeed,
it is easy to calculate that 1 cm3 of gaseous xenon at 1.4 MPa
weighs approximately 0.08 g. At the same time, it can be deter-
mined from the data of (Hassanpouryouzband et al., 2020;
Manakov and Stoporev, 2021; Sloan and Koh, 2007) that 1 cm3 of
hydrate contains 0.88 g of xenon. Since xenon has a much higher
electron density than oxygen, carbon, nitrogen and hydrogen, the
degree of X-ray absorption by oil, gas and hydrate in our work is
primarily determined by xenon content in these phases. In this
way, the hydrate formation appears on X-ray images as the shad-
owed regions so that the intensity of black coloring is proportional
to the total hydrate content in this region. It should be emphasized
that it is impossible to determine the absolute hydrate content in
the sample in our experiments. At the same time, the depth of
the black color on the radiographic image is proportional to the
hydrate content in the sample. This allows one to determine the
relative hydrate content and compare the hydrate spatial distribu-
tion in the sample at different times. In this sense, the expression
‘‘hydrate content” is used in this work. One should note, that in
the field of vision on radiographic images shown in Fig. 3A are vis-
ible superimposed bulk oil + hydrate, meniscus slopes, and par-
tially gas phase (marked zone in Fig. 2B), which makes it
impossible to determine precisely the hydrate position in the
direction parallel to the X-ray beam.
sample holder, (4) PEEK cell body, (5) cooling jacket, (6) temperature sensor, (7)
s were taken are marked in red. (For interpretation of the references to color in this



Fig. 3. Radiographic images taken at different stages of the experiment. The time elapsed since the start of hydrate formation is indicated. (A) Before hydrate formation,
t = 0 h, the vertical line corresponds to the place where the intensity profiles presented in Fig. 3 were taken; (B) formation of the hydrate at the gas – emulsion boundary,
t = 0.18 h; (C) and (D) formation of hydrate and cavity in the bulk of the emulsion, t = 0.40 and 0.65 h, respectively; (E) and (F) further formation of hydrate in the emulsion
volume and fracturing on the meniscus, t = 0.79 and 1.65 h, respectively; (G) and (H) decomposition of the hydrate, t = 2.98 and 3.15 h, respectively. For more comments, see
the text.
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Before the hydrate nucleation, radiographic images corre-
sponded to Fig. 3A. The onset of hydrate formation manifested
itself as a small (about 0.1 mm) shift of the emulsion – gas inter-
face and the appearance of a dark strip along this surface
(Fig. 3B). The shift of the emulsion – gas interface is caused by
the deformation of the sample during the hydrate formation. This
will be discussed in more detail below. It is evident that the dark
strip corresponds to the zone in which hydrate has been formed,
and the intensity of black coloring of this zone is proportional to
the amount of hydrate in it. Hereinafter, this zone will be referred
to as the hydrate crust. Further, this crust became thicker, and its
color became more intense. These processes are well illustrated
by the calculated profiles of black color intensity for radiographic
images taken at different moments (Fig. 4A). It has already been
mentioned that a small peak, which is present on the initial profile
at 0 h, corresponds to a narrow dark strip along the meniscus in
Fig. 3A, and is caused by X-ray refraction. After the hydrate onset,
the width of the peak increases, and the intensity of black coloring
at the minimum point increases.

This corresponds to an increase in the hydrate crust thickness
and a rise of hydrate (and hence Xe) content in this crust. It should
be stressed that a decrease in the numerical values at the vertical
axes in Fig. 4 corresponds to an increase in the intensity of the
black coloring. The processes took place somewhat differently in
different regions of radiographic images. Still, in all cases, an
increase in the thickness of the hydrate-saturated layer and
increase in color intensity may be divided into two stages – a rapid
one, followed by a slow one (Fig. 4B). The duration of the rapid
stage was about 190 s (0.053 h). The rate at which the thickness
4

of darkened zone was increasing (thus the rate of the hydrate for-
mation zone propagation) was about 1 lm/s while the slow stage
rate was two orders less (about 0.01 lm/s). It should be empha-
sized that deformation of the emulsion – gas contact surface was
observed at this stage, with the formation of a funnel-like defect
(indicated with a red arrow in Fig. 3B). Blackening of the zone
above the meniscus in Fig. 3B is due to the formation of a layer
of subsurface hydrate at the meniscus regions that are sloping con-
cerning the X-ray beam. In general, the rapid hydrate crust growth
along the meniscus line may be considered the first stage of
hydrate formation when it occurs strictly adjacent to the sample’s
meniscus region. The slow stage of hydrate crust growth proceeded
in parallel with the processes described below. They took place
over the whole sample volume, so all these processes together
may be assigned to the second stage of the process.

The second stage manifests itself in the central and left parts of
the radiographic images by propagating the hydrate formation
zone from the meniscus to the lower part of the sample. Hydrate
formation proceeded with different intensities at different regions
of the pictures, so it is possible to distinguish lighter and darker
areas. In all cases, dark spots occurred in light regions (Fig. 3C–
F). The characteristic size of these spots was 10–30 lm, so it may
be assumed that these spots correspond to coarse emulsion drops
on which hydrate crust has been formed. Smaller drops on the
images are either invisible, or hydrate formation on them is less
probable than on the large ones. The presence of light gaps points
to the non-uniformity of hydrate distribution in this area; it seems
that the number of coarse drops with the formed hydrates is smal-
ler here. In Fig. 4A, hydrate growth of this kind manifests itself as a



Fig. 4. (a) Vertical intensity profile taken in the position marked in Fig. 3a by red line. 780 lm corresponds to the top of the images presented in Fig. 3. Decrease in the
intensity on the vertical axis corresponds to the increase of black colour intensity. (b) Time dependencies of the black colour depth at the profile peak minimum and widths of
the peaks. The measuring method for the peak widths is illustrated in the curve 1.67 h of the section (a). The red dashed line corresponds to the boundary between the rapid
and slow stages. For more comments see the text. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 5. DSC curve for Xe hydrate formation and decomposition in the water-in-oil
emulsion; thermal effects are given per gram of emulsion. The inset shows an
enlarged part of the exothermic effect. Red arrows show the boundaries of the
exothermic and endothermic effects. (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)
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gradual increase in the extent of black coloring at the background
regions of sections.

A light spot appeared in the right part of the radiographic
images after approximately 10 min from the hydrate onset. This
spot grow within �15 min (marked with the arrow in Fig. 3C). This
is most probably due to a cavity formed in the emulsion because a
portion of the emulsion has flowed to a neighboring region or the
wall. The appearance of a kind of visor (indicated with the arrow in
Fig. 3E) in the same image part, having occurred after the light spot
ceased its growth, favors our assumption because this visor may be
interpreted as a fragment of the surface hydrate crust forced
upward from the meniscus. It may be assumed that the dense
hydrate layer located at the position along a slope to the X-ray
beam was seen as a uniform darkening prior to the formation of
the visor. When the surface layer was fractured, the hydrate crust
emerged to the plane parallel to the X-ray beam, which made it
visible like the crust on the meniscus discussed above (see insert
in Fig. 3E). It seems likely that the fracture of the hydrate crust
and sample surface displacement were caused by an increase in
the volume of water droplets during hydrate formation. Indeed,
it can be readily seen that hydrate volume is larger than the vol-
ume of initial water by about 25% (Hassanpouryouzband et al.,
2020; Manakov and Stoporev, 2021; Sloan and Koh, 2007). An
increase in the volume of hydrate particles compared to the origi-
nal water drops leads to the appearance of mechanical stresses in
the emulsion sample. As a result, deformations and mechanical
movement of individual fragments of the emulsion occur. Some
transfer of water to the zone of intense hydrate formation also can-
not be excluded.

All the above-described events happened about an hour after
the start of hydrate formation. During the next two hours, till the
end of the experiment, uniform darkening of the whole visible field
took place; i.e. the hydrate was formed evenly throughout the
entire volume of the sample. In the region of liquid oil emulsion
this darkening was dispersed, and light and dark zones were
observed, with the characteristic size of dark zones up to 30 lm,
as discussed above. During sample heating, hydrate decomposition
started in the lower part of the sample. One can see the traces of
gas bubbles formed during this process (Fig. 3G,H). These bubbles
have driven the solid hydrate crust at the meniscus upward, which
may have been partially crushed. The hydrate stayed somewhat
monolithic for 10–15 min. This points to the fact that hydrate par-
ticles in the crust have grown together, at least partially.

To independently verify the model proposed in this paper, we
performed a calorimetric experiment to obtain xenon hydrate from
the same emulsion (Fig. 5). The experiment conditions were almost
5

identical to the radiographic study. The emulsion was preliminarily
saturated with xenon for 12 h; this stage is not shown in Fig. 5. Fur-
ther, the temperature was dropped to 3.6 �C, and the sample was
kept at this temperature for up to 2 days. Hydrate nucleation man-
ifested as an exothermic effect, with a rapidly growing leading
edge and a slowly falling trailing edge. At the leading edge of the
exothermic effect, the heat flux continued to grow for 0.048 h,
which satisfactorily corresponds to the fast stage of the hydrate
formation observed in the X-ray experiment. We assume that the
stage of heat flux increase corresponds to the rapid stage of
hydrate formation, which corresponds to the growth of the hydrate
crust over the sample surface. Next, there is a slow decrease in the
heat flux, most likely associated with the transition to a slow stage
of hydrate formation (thickening of the hydrate crust, an increase
in the hydrate content in the crust, and the formation of hydrate
in the bulk of the sample). It should be noted that the trailing edge
of the exothermic thermal effect is wide; heat release was recorded
for 3 h (Fig. 5). The total amount of heat released was 181.0 J per
gram of the sample. After the end of the exothermic effect, the
sample was kept at a temperature of �3.6 �C for a day (Fig. 5). At
the same time, no thermal effects were observed; the zero line
did not demonstrate significant features. Next, the sample was lin-
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early heated to a temperature of 30 �C. The decomposition of xenon
hydrate manifested itself as a single endothermic thermal effect
(Fig. 5) with a value of 268.6 J per gram of the sample. Thus, about
a third of the decomposed hydrate was formed during 24 h of sam-
ple exposure. On the thermal curve, the formation of this hydrate
was not clearly manifested. This is in good agreement with the
slow formation of hydrate in the sample volume observed on X-
ray photographs. Thus, the stages of xenon hydrate formation in
the water-in-oil emulsion sample identified in calorimetric exper-
iment are in reasonable agreement with the conclusions drawn
from the analysis of X-ray images. Note that the shape of the gas
absorption curves reported in the literature (dependence of the
amount of gas absorbed into the hydrate on time) also qualitatively
corresponds to the presented model (Turner et al., 2009b). The
maximum gas absorption rate is observed at the initial stage of
the process; further, the gas absorption rate continuously
decreases.
4. Conclusions

Thus, our radiographic studies of xenon hydrate formation in
water in oil emulsions show that this process follows several
stages. The first one is the appearance and rapid growth of the
hydrate crust at the gas – emulsion interface. Hydrate content in
this crust is the highest over the whole sample. The slow growth
of this crust proceeded during the entire experiment. Then, at
the second stage of the process, hydrate growth proceeds through-
out the emulsion. This growth is non-uniform over the volume, and
sometimes accompanied by mechanical deformations of the sam-
ple. The growing hydrate is most likely formed as separate grains
within the emulsion. In parallel, gradual hydrate growth proceeded
within the sample volume. Most probably, that hydrate grains
grow together at least partially in the crust formed at the surface
of emulsion – gas contact. It may be assumed that differences in
hydrate formation in the zone close to the gas – emulsion contact
surface and deep in the emulsion are caused by the limited amount
of xenon dissolved in oil. Deep in the emulsion, the consumption of
xenon dissolved in oil makes hydrate formation stop soon. Its lack
is replenished slowly, due to diffusion from the gas phase. Hydrate
formation may proceed in this situation either according to the
mechanism of the isolated microreactors or according to the relay
mechanism, with rapid termination of hydrate formation chains
passing between the particles. The process is much faster at the
boundary, and the degree of water-to-hydrate transformation is
higher due to the rapid recovery of the concentration of gas dis-
solved in oil. This creates favorable conditions for implementing
the relay mechanism of hydrate formation. In general, the features
of hydrate formation in quiescent emulsions observed in the cur-
rent work have some common features with the conceptual mod-
els discussed in (Semenov et al., 2015; Stoporev et al., 2019). At the
same time, the obtained results provide the possibility of a new
look at the localization of hydrate formation areas in emulsions.
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