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Abstract

Results are reported on an experimental study of the rheology of hydrate forming water-

in-oil emulsions. Density matched concentrated emulsions were quenched by reducing the

temperature and an irreversible transition was observed where the viscosity increased dramat-

ically. The hydrate forming emulsions have characteristic times for abrupt viscosity change

dependent only on the temperature, reflecting the importance of the effect of sub-cooling.

Mechanical transition of hydrate-free water-in-oil emulsions may require longer times, and

depends on the shear rate, occurring more rapidly at higher rates but with significant scatter

which is characterized through a probabilistic analysis. This rate dependence together with

dependence on sub-cooling reflects the importance of hydrodynamic forces to bring drops or

particles together.

Introduction

The formation of clathrate hydrates in water-in-oil (w/o) emulsions is a problem which may be en-

countered in subsea pipelines. Hydrates (gas hydrates or clathrate hydrates, among other terms ap-
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plied to these materials) are crystalline water-based solids physically resembling ice, but differing

from ice in having small molecules trapped inside “cages” of hydrogen-bonded water molecules.

Without the support of the trapped molecules, the lattice structure would collapse. Hydrates are

thus compounds in which the host molecule is water and the guest molecule is a small molecule.

The hydrate formation reaction leads to solidification of a fraction of the emulsion – with parts of

the solid coming from both the aqueous and organic phases – and thus poses a problem because

the change in properties of the flowing mixture may ultimately lead to flow stoppage or plugging.

The formation and decomposition mechanisms are still not well understood, but the thermo-

dynamics for hydrate formation are well known.1 Typically, hydrates are formed at temperatures

below about 4◦C in combination with elevated pressure in the range of 1-10 MPa. However, not all

hydrate forming systems require elevated pressures and both cyclopentane (CP) and tetrahydrofu-

ran (THF) form hydrates at atmospheric pressure at readily accessible temperatures. For example,

the melting temperature of CP hydrate is approximately 7◦C at atmospheric pressure.2 This allows

the study of hydrate formation processes without the added experimental difficulties of dealing

with elevated pressure. Since THF is nearly fully miscible with water, the essential issue of mass

transfer of the hydrate former (guest species) from the external organic phase to the water drops is

not present in a THF-water system, whereas CP-water systems retain this feature seen in gas hy-

drate systems involving natural gas components, e.g. methane or propane. Note that when natural

gas components are the guest molecules in a hydrate-forming emulsion, they are dissolved in the

organic phase and undergo transport to the water drops.

Our study follows recent experimental studies which exploited the CP hydrate system3–5 to

develop understanding of hydrate formation processes without elevated pressure. Here we conduct

cooling-controlled experiments, with the goal of revealing aspects of how the rheological proper-

ties of these mixtures change as the hydrate formation takes place. The background of this work

thus involves both emulsion rheology as well as the thermodynamics and kinetics of the transfor-

mation to solid hydrate. Prior study of emulsions is extensive with some of the work reviewed by

Mason.6 Non-Newtonian rheology is expected because the deformable drop interactions depend
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on the shear rate of the flow. Here, we focus on 40% concentrations of the internal phase as we

seek to understand how aggregation may lead to bulk solidification of a hydrate-forming emul-

sion; similar behavior has been seen in our experiments at solid fractions as low as 20% water by

volume.

Note that aggregation may be driven by inter-particle forces, settling, or by shearing flow.

Guery et al.7 investigated the shear activated aggregation of diluted double emulsion of water

droplets dispersed in larger globules of crystallisable oil. Their double emulsion was prepared at

65◦C and induction time for crystallization was observed to depend exponentially on the shear

rate and the volume fraction. The dependence they observed was due to the hydrodynamic effects

which control the particle aggregation. In another system, a suspension of polyvinyl chloride

particles in plastisol (a resin) undergoing cooling and crystallization, Boudhani et al.8 measured

temperature dependence of the fluid and particle radii against time and concluded that these data

could be the main inputs of a phenomenological model based on percolation laws. In the present

investigation, temperature dependence of the fluid and time scales for the change in the physical

properties of the materials are also measured for various temperature and flow conditions in order

to extract further information about the irreversible transition.

At the drop scale, a puzzling question is: does the drop convert into ice or hydrates? The

problem of converting a water drop into ice has been the subject of numerous works because of its

implication in climatology. In an early series of experiments, Carte9 found that individual droplets

have freezing temperature depending on their size (diameter) and the cooling rate. In the case of

water drops suspended within crude oil, Clausse et al.10 also performed cooling experiments using

differential scanning calorimetry (DSC) and proposed an empirical correlation between the size

of droplets and their freezing temperature for a cooling rate of 1◦/min. Both these studies found

that the temperature required to convert an O(1− 10) µm diameter water drop into ice is in the

range -30 to -40◦C. Such surprisingly low temperatures are also found in nucleation experiments

by Heneghan and Haymet11 and Shaw et al.12 whose findings also indicate that the time required

to convert liquid water into ice increases with the cooling rate.
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The observations noted above highlight issues of interest here, as we will consider cooling

of emulsions containing water drops. Essential issues are whether the droplets convert into ice,

hydrates, or a mixture of these, and how shear affects the conversion in CP-hydrate forming emul-

sions. This work will address these questions by investigating the rheology of water-in-oil emul-

sions with and without CP hydrate. The materials used in the study and the temperature dependence

of their properties are presented in §2. In §3, rheological results over a wide range of shear and

temperature conditions are given and compared for two systems before the conclusions in §4.

Experimental Section

Materials – The system studied here is a density-matched water-in-oil (w/o) emulsion. Matching

of the oil and water phase densities at all temperatures studied is not possible in the experimental

protocol followed, but by matching at room temperature very similar densities are maintained at

all working temperatures to minimize segregation due to droplet sedimentation or rising.

The oil phase is a mixture of light mineral oil (from Fisher; density 850 kg/m3 at 25◦C) and

a polychlorotrifluoroethylene oil (Halocarbon 27; density 1,963 kg/m3 at 25◦C). The temperature

dependence of the viscosity of each liquid is given in Figure 1. The oil data were obtained from

ramps of increasing and decreasing shear rate using a cone and plane or a Couette geometry; water

viscosity results are from the International Organization for Standardization13 and from the review

by Debenedetti,14 while the CP viscosity data are from Ma et al.15 The viscosity for each material

can be fitted by an Arrhenius form: µ (T ) = Aexp(E/RT ) where the temperature is in Kelvin, and

R = 8.314 J.K−1.mol−1 is the gas constant. The values of the coefficients A and E for the different

materials are given in Table 1. Large values of E indicate the oil viscosities are more sensitive to

temperature than water or CP. In the case of the light mineral oil at T <−15◦C, it is observed that

the scatter of viscosity increases associated with the formation of wax crystals. Note that that all

the experiments analyzed in this study are in the range -10 to 25◦C, hence well above -15◦C. So

the oils will remain liquid although very viscous as quantified in Figure 1. For the Halocarbon oil,

the pour point is -40◦C.
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Figure 1: Shear viscosity versus temperature for the Halocarbon oil, the light mineral oil, the
density matched CP-oil mixture, the standard and sub-cooled water, and the CP. Water data from13

and Debenedetti;14 CP data from Ma et al.15 The lines represent fits in the working range, i.e. -10
to 25◦C (263.15 to 298.15 K), and the coefficients are given in Table 1.

A non-ionic surfactant, sorbitan monooleate, commercially known as Span 80 (Fluka), is used.

Its chemical formula is C12H44O6, with molar mass of 428.62 g/mol and density is 986 kg/m3.

The hydrophilic-lipophilic balance16 is 4.3±1.0 at 25◦C (according to the distributor).

Cyclopentane, C5H10, (Acros Organics) is used as a hydrate former. Its density is 751 kg/m3.

All the materials in this study are used as received without further purification. De-ionized water

is used as the internal phase and it is obtained from a Millipore QTM water purification system.

The viscosity ratio between the oil phase and the water ranges between 50 to 3,000 in this work,

depending on temperature and the system studied.

Table 1: A and E values from the viscosity fits µ (T )= Aexp(E/RT ) in Figure 1 for the Halocarbon
oil, light mineral oil, water and CP in the working range -10 to 25◦C (263.15 to 298.15 K).

A (Pa.s) E (J.mol−1)
Halocarbon Oil 1.67×1011 11.4

Light Mineral Oil 1.12×108 8.81
Water 4.64 3.46

CP 0.015 1.46
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Preparation – The oil mixture is prepared first. Then Span 80 surfactant is added at a concen-

tration of 0.05% in volume. Our pendant water drop tests in light mineral oil indicate the critical

micelle concentration is around 0.01%, which agrees satisfactorily with data from previous experi-

ments by Opawale and Burgess.17 The surface tension at this condition is slightly below 5 mN/m.

The two phases are mixed and mechanically stirred in a 45 mm diameter beaker with a three blade

agitator at 500 rotations per minute for 5 minutes. The emulsions are stable against coalescence

under quiescent conditions for several hours. However, at small shear rates, i.e. O(0.1) s−1, and

long times (few hours), some shear induced flocculation is observed.

Two systems, both with 40% water volume fraction, are studied. The first system is a “simple”

w/o emulsion which is only the mixture of oils, the Span 80 surfactant and the deionized water.

The second one is a CP emulsion in which the oil phase contains 50% by volume of CP. Both the

systems have a fixed fraction of surfactant, 0.05% by volume of the oil phase. The stoichiometric

CP to water molar ratio for complete conversion to hydrate is about 1:17 according to Zhang et

al.,5 so CP is in excess for the hydrate formation reaction.

Protocol – A rapid temperature quench is performed. The emulsion is prepared at room tem-

perature and gently transferred to the rheometer where the temperature was previously set to the

low working temperature. The stainless steel outer walls of the Couette cup are in contact with

the cooling re-circulating fluid. During the runs, the rheometer tool is covered and is within an

insulating foam enclosure in order to minimize heat transfer from the surroundings. Owing to the

laminar Couette flow, the temperature distribution in the flow is determined primarily by thermal

diffusion. The diffusion time for transfer across the rheometer gap of 2 mm (see below for the full

geometry) is estimated to be approximately 20 s; for longer time the temperature is expected to be

equilibrated within the Couette gap.

Drop size distribution – The drop size distribution is obtained by optical microscopy. A fresh

sample of an emulsion was transferred into a rectangular glass tube (0.1×1 mm). In the case of CP

emulsion, the transfer induced drop-drop coalescence. An alternative approach18 to this problem,
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presumably due to the nature of the microscope glass slides, consists in transferring the prepared

emulsion in a 0.1% Span 80 solution, without additional stirring to avoid drop size change. The

sample of the stabilized emulsion was used for the analysis.
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Figure 2: Photomicrograph and histograms of the drop diameter. The bars on the photomicrographs
represent 100 micrometers. Left: simple w/o; right: CP w/o.

Photomicrographs and drop size distribution histograms are presented in Figure 2. For each

system, 700 drops are analyzed. For the simple system, the average drop size is 34.5 µm and the

standard deviation is 30.3 µm. For the system containing CP, the average drop size is 30.5 µm and

the standard deviation is 25.3 µm.

Rheology – The rheological data were obtained using an ARES controlled strain rheometer

equipped with a Couette geometry having cup diameter of 34 mm, cylinder diameter of 32 mm,

and cylinder length of 33.5 mm. The temperature is set using a cooling bath and monitored with a

thermocouple placed at the bottom of the cup. Note that tests are conducted with approximately 15

milliliter samples. Additional tests were conducted using a vane geometry consisting of 6 blades

corresponding to an inner diameter of 18 mm. When using the vane, the sample volume is about

40 ml.
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Shear viscosity – Figure 3 presents the shear viscosity of the emulsions for different temper-

atures. As expected from the results of Figure 1, the viscosity increases with a lowering of the

temperature. Each shear ramp curve is the result of an average of 2-4 ramps and the error bars rep-

resent the scatter of the results. For the CP emulsion, the errors bars are very large. The viscosity

measured seems to be very sensitive to initial conditions of the experiments. The simple emulsion

is more viscous than the CP emulsion reflecting the effect of the lower viscosity of the oil phase.

The emulsions exhibit a shear thinning behavior, with viscosity of form η ∼ γ̇n−1, where the shear

thinning index is n = 0.9 for the simple w/o system, and n = 0.7 for the CP emulsion.

Figure 3: Viscosity versus shear rate of the w/o emulsion at different temperature. Filled symbols
are for simple w/o emulsions and open symbols are for the CP emulsions.

Results and Discussion

The results are mainly presented as functions of time. In a first part, the statistics of the time-

varying material property changes for the simple emulsion at different temperatures and shear

rates are described and analyzed. In a second part, the results for the CP emulsion are presented

and analyzed. In a third part, linear visco-elastic results are presented, which confirm the shear

experiments. Finally, features of the final material and tests conducted using a vane geometry are
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discussed.

Simple w/o emulsions

Critical time – The emulsion is prepared at room temperature, inserted in the Couette device at

working temperature and set into motion. The viscosity first increases slightly due to temperature

effects, then stays constant until a critical time tc, whereupon it rapidly increases typically by al-

most a factor 10. This dramatic measured viscosity change is qualitatively reproducible, but not at

the same tc value. However, for a set of ten runs, we obtained the range of critical times. When

inspecting the results at different shear rates and different temperatures, available in the supple-

mentary information, the dramatic increase is again about one order of magnitude in viscosity over

a large range of shear rates and temperatures.

It is not possible to account for the change in viscosity due only to a change from liquid to

solid of the dispersed phase. Such a change for moderate internal phase fractions results in an

O(1) change in viscosity, and we observe an increase by about one order of magnitude. While

the expressions do not apply to the 40% emulsions studied here, the point can be appreciated by

comparing the dilute system expression for a suspension, Einstein expression µe = µ̂ (1+2.5φ)

for rigid spheres to the expression by Taylor19 for the emulsion, µe = µ̂
(

1+φ 5λ+2
2λ+2

)
which gives

the effective viscosity of a dilute emulsion with large interfacial tension such that the droplets

remain nearly spherical. Here, φ is the internal phase volume fraction and λ = µ ′/µ̂ , where µ ′

and µ̂ are the viscosities of the droplets and the matrix respectively. When the internal phase is of

very low viscosity as in our work, the viscosity increment is a factor of 2.5φ for the suspension as

opposed to φ for the emulsion. Clearly, the transition from emulsion of spheres to a suspension

of rigid spheres cannot explain the large increase observed. Some other physical phenomenon is

responsible of the dramatic increase.

Experimental data at three different temperatures and three different shear rates have been

performed so the cumulative critical time probability P(tc) can be measured. A value of P = 0

means that the large viscosity increase did not occur in any cases at this time, and P = 1 means
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the irreversible transformation occurred in all cases by this time. A figure of P(tc) is shown in the

supplementary information. Another measure which can be extracted from the probability is the

time required for half the experiments to exhibit the abrupt viscosity increase, t1/2. Hence t1/2 is

presented as a function of the shear rate for different temperature in Figure 4(a). The error bar

indicates the scatter. It is observed that for high shear rate, the critical time is short and tends to

be independent of temperature. There is a rapid decrease of the critical time when the shear rate

increases from γ̇ = 1 to 100 s−1. For small shear rate, the error bars are very large; it is possible

that wall slip occurs and is responsible for the scatter in the measurements.

At high shear rate, the drop capillary number, Ca, i.e. the ratio between the capillary forces and

the viscosity forces, can be estimated to be at most Ca = µγ̇d/σ = O(10−1), whereas for low shear

rate Ca = O(10−3). In this range of Ca, there are studies20–23 on collision of pairs of drops, which

indicate flow-induced drop deformations and coalescence. Specifically, Baldessari and Leal22

indicate that the non-dimensional drainage time scales roughly as Ca3/2 and this exponent varies

slightly with λ . Moreover, the surfactant molecules at the interface inhibit coalescence in the sense

that the time required for film drainage up to rupture is increased. This drainage time could be

related to the transition time to the dramatic transition tc. In Figure 4(b), the non-dimensional time

tcγ̇ is represented as a function of Ca and the lines are power law fit with exponent of 0.4 to 0.7.

The discrepancy between the observed exponent (0.4 to 0.7) and the exponent found in coalescence

of drop in theoretical and numerical studies20–23 suggests that drainage and coalescence are not

the primary mechanism here to explain the formation of the ice slurry.

Moreover, sampling and low temperature microscopy of the ice slurry shown in the inset of Fig-

ure 4(b) indicate that the transition is associated with the existence of clusters of ramified particles.

The clusters are very reminiscent of those observed in previous studies on aggregation phenomena

in similar w/o emulsions24 and their size is of O(100) µm, whereas the drop are initially around

30 µm. Hence the temperature decrease leads to aggregation. However, the formation of a solid

material apparently plays a role as well.

The product following the transition is an ice slurry material. When the temperature is raised
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above 0◦C, the ice slurry melts into a destabilized emulsion with a few very large water drops.

CP w/o emulsions

Now we consider the results for the emulsion in which the oil phase contains CP. There are several

evidences of hydrate growth. The most clear signature of hydrate formation is that the solidified

rigid material did not melt at a temperature of 0◦ C but at a higher temperature between 4 and 5◦C

in agreement with our and other micro-DSC studies of the hydrate equilibrium temperature in this

system.2,4,5

Critical time – Again quench experiments of sheared emulsions show a large viscosity increase.

Results for three sub-cooling temperature and four shear rates are available in the supplementary

information. In all the CP emulsion runs, the transition manifests by a systematic increase of the

viscosity by several orders of magnitude. This suggests that the interactions within the material

are much stronger than in the simple emulsion case. It is interesting to notice the large scatter

is observed at the beginning of the test, possibly due to slip at the wall, heat transfer effects, or

sensitivity to the initial conditions. Also, the large scatter observed at the final state seems to be

associated with slip and therefore the actual value of the viscosity is probably not meaningful,

except to indicate the material has become dramatically more efficient in stress transmission.

Figure 5 presents P(tc) at several shear rates for the CP-hydrate forming emulsion. Again,

there is a definite range of times which can be extracted from these probability measurements.

The location for the large viscosity increase is controlled by the temperature, i.e. the level of

sub-cooling relative to the equilibrium temperature for the CP hydrate.

As expected, the half-life critical time, t1/2 increases with the temperature. The figure is avail-

able in the supplementary information. More importantly, there seems to be no dependence on

the shear rate: unlike the simple ice-forming emulsion, the shear rate has little effect on tc in

the hydrate-forming emulsion for the range of parameters studied. Here the Ca is in the range

O
(
10−6−10−2) because of the lower viscosity of the matrix. The critical times are of a smaller
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magnitude than in the case of the first system and also the error bars on the critical times are

smaller. This better reproducibility is due to the large subcooling experienced by the CP hydrate

emulsion.

Linear visco-elasticity

The previous results on the critical time from shear viscosity of the CP emulsions seem to indicate

that shear has no effect on the rapid transformation of these hydrate-forming emulsion properties.

In order to confirm that the critical time is independent of shear rate, linear visco-elastic measure-

ments are performed. These tests applied a very small strain γ = 0.05% at a constant frequency

of 1 Hz and observed the mechanical response as a function of time. Figure 6(a) represents the

dynamic elastic modulus, G′, as a function of time for different temperature steps. As expected,

the CP w/o emulsion experiences the dramatic change in the material properties at time of about

600 seconds for a the temperature of −8.6◦C, whereas a simple w/o requires typically over 104

seconds (or 3 hours) before the material transition is observed. A comparison between the simple

emulsion and the CP emulsion is available in the supplementary information. Then at t = 1500

s, the temperature is raised to a constant value T = 1◦C, where ice melts. This temperature is

maintained for 30 minutes, so that all the ice is expected to melt but hydrate can grow. Initially, G′

increases and then stays constant during the 1◦C plateau indicating that the sample is rigid and can

only be an hydrate block within the geometry gap. From t = 4100 s, T increases to 20◦C. Hydrate

dissociation is observed at a temperature of 5◦C in agreement with literature values.2,4,5 Prior to

the dissociation, a reproducible G′ increase is observed. After the dissociation, G′ has small values

corresponding to a destabilized emulsion.

Additional linear visco-elastic measurements were conducted using a vane geometry (described

earlier). When using the vane, the sample volume is almost tripled to about 40 ml. However, no

significant change in the critical time was observed. Figure 6(b) is a photograph after the transition

at the end of a typical test. It shows a rigid hydrate block. Whereas the simple emulsion undergoing

similar temperature evolution forms a non-Newtonian ice slurry.25,26
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Conclusions

Temperature quench experiments on the rheometric Couette flow of emulsions have been carried

out. A simple 40% internal phase density-matched w/o emulsion was designed and used together

with a w/o emulsion containing CP, an atmospheric pressure hydrate former, at the same internal

phase fraction. The main conclusion of our measurements is related to the effect of critical time

on the dramatic shear viscosity and visco-elasticity increase occurring during this dynamic phase

change. The CP loaded w/o emulsion is more sensitive to the sub-cooling temperature than to

the shear rate. The onset of a mechanical transition in a hydrate-free water-in-oil emulsions may

take longer times, and depends on the shear rate as well as sub-cooling. We conclude that a flow

process, involving hydrodynamic forces driving the drops together as well as aggregation, are at

play in the transition for this system.

For the simple w/o emulsion, our results indicate the ice is absent prior to the sudden change in

the material properties. There is evidence indicating an aggregation process leading to the dramatic

material properties change. The emulsions containing CP hydrates in the oil phase have an abrupt

viscosity change dependent on the temperature only reflecting the importance of the chemical

kinetics and the degree of subcooling of the hydrates.
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Figure 4: (a) Time for the most probable tc or t1/2 for the simple emulsion as a function of shear
rate, γ̇ , and for several T . (b) Non-dimensional time, γ̇t1/2, versus Ca. The lines represent power
law fit described in the text. The inset in (b) is a photomicrograph of the ice slurry aggregates
observed under low temperature microscope. The scale bar represents 0.5 mm.

16



Figure 5: Critical time probability for the CP emulsion as a function of time for T =−6.3±0.5◦C
(266.85 K) and for 4 different shear rate values γ̇ = 0.1, 1, 10 and 100 s−1.

Figure 6: (a) G′ versus time for a CP emulsion undergoing the quench and temperature steps at
1◦C and 20◦C in the Couette geometry. (b) Hydrate block or end product from a thermal quench to
-10◦C (263.15 K) for the CP hydrate-forming emulsion in the vane geometry. The outside diameter
is 34 mm.
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The figures S1 to S6 below show the evolution of the mixture rheology in a Couette geometry with a 
narrow gap for a non-hydrate forming water-in-oil emulsion (termed a simple w/o emulsion) as well 
as a CP-hydrate forming w/o emulsion, as described in the manuscript. 
These are shown for different temperatures, all below the ice melting or hydrate dissociation 
equilibrium temperature, and different shear rates. The different curves for each condition simply 
represent the variability of the process, as each mixture is prepared by the same protocol, as 
described in the manuscript. 
 
The figure S7 shows P(tc) for the simple emulsion at a working temperature T = -10.6oC. Each curve 
represents the results of 10 runs at the stated shear rate. For high shear rate, i.e. 100 s-1, the 
conversion of the emulsion into ice slurry occurs faster; tc is typically less than 300 seconds. Then, 
decreasing the shear induces an increase of tc. 
 
The figure S8 shows the evolution of t1/2 of the CP emulsion as a function of shear rate and the 
temperature. 
 
The figure S9 is linear visco-elasticity measurements for both the simple emulsion and the CP 
emulsion. It confirms the CP-hydrate forming emulsion is sensitive to sub-cooling temperature only, 
whereas the simple emulsion requires much longer times for transition.  
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Figure S1: T = -10.6≤0.6oC. μ versus time of the simple emulsion for shear rates of 1, 10 and 100 s-1. 
 

 

Figure S2: T = -7.3≤0.6oC. μ versus time of the simple emulsion for shear rates 10 and 100 s-1. 
 

 
Figure S3: T = -5.4≤0.6oC. μ versus time of the simple emulsion for shear rates 1, 10 and 100 s-1. 



 

Figure S4: T = -9.8≤0.6oC. μ versus time of the CP emulsion for shear rates 0.1, 1, 10 and 100 s-1. 
 

 

 

 

 

 

 



 

Figure S5: T = -6.3≤0.6oC. μ versus time of the CP emulsion for shear rates 0.1, 1, 10 and 100 s-1. 



 

Figure S6: T = -5.3≤0.6oC. μ versus time of the CP emulsion for shear rates 0.1, 1, 10 and 100 s-1. 



 
Figure S7: Critical time probability for the simple emulsion as a function of time for T = 
-10.6≤0.6oC (262.55 K). (a) P(t) with time on a linear scale and (b) P(t) with time on a log scale. 
 

 

Figure S8: (a) t1/2 for the CP emulsion versus shear rate. (b) t1/2 versus T and the line represent a fit 
with indicates a rapid increase of the critical time with increasing working temperature, suggesting 
the expected divergence as the equilibrium temperature is approached. The line is a fit of the form 
t1/2 ∂ ( T* - T )α, where T* is the CP melting temperature and α is the exponent. 
 



 

Figure S9: Linear visco-elastic measurements at a strain of 0.05% and frequency 1 Hz in the Couette 
geometry: G’ versus time for both the 40% simple emulsion and the CP emulsion at T = - 6.3oC. 
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