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1 Abstract

Solidification is a heterogeneous transformation from liquid-to-solid which

usually combines transport, phase transition and mechanical strain: predict-

ing the shapes resulting from such a complex problem is fascinating and has

a wide range of implications from morphogenesis in biological tissues to in-

dustrial processes. For soft solids initially at equilibrium, elastic stresses,

whether tensile or compressive, can be induced by heterogeneous volumetric

deformations of the material and trigger instabilities and shape changes. In

this article we study the shape evolution of elongated droplets of polymer
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and particles suspensions undergoing a solidification process caused by the

inward diffusion of a gelling agent from the surface. We show experimen-

tally and numerically that there appears a layer of gelled material growing

at the surface. Due to volume contraction, this layer induces tensile stresses

and drives a flow in the ungelled liquid core, resulting in the relaxation of

the droplets toward spherical shapes. Over time the thickness of this elastic

membrane grows hence the bending stiffness required to change its shape

eventually balances the surface stresses, which arrests the relaxation process.

These results provide general rules to understand the shape of solidifying

materials combining both tension and bending driven deformations.

2 Introduction

Droplet solidification is an out of equilibrium process encountered in many

practical situations such as encapsulation [1], freeze casting [2] or inkjet print-

ing [3] that can be triggered by solvent evaporation, a chemical reaction or

temperature variation. Yet predicting the final shape of solidifying structures

is difficult because of the multiple phenomena involved including surface en-

ergy, mass, momentum and heat transport, phase changes and mechanical

deformation [4, 5, 6, 7]. From a numerical and experimental point of view

the difficulty arises from the fact that mass and momentum transport, con-

trolled respectively by diffusivity and viscosity, usually occur over different

times scales hence sophisticated numerical or experimental techniques are

required to obtain a full picture of the processes at play [8]. In this article we

focus on the shape control of droplets of suspensions composed of a charged
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biopolymer – alginate – and inorganic particles in water as they undergo a

physical gelation. The solidification is triggered by the diffusion of a divalent

ion – calcium – through the droplets that binds the polymer chains together

to form hydrogel beads. Due to the bridging of the polymer chains by the

divalent ion, a phase separation is observed [9, 10, 11, 12], called syneresis, in

which the polymer chains form a dense hydrogel phase while a large fraction

of the water is expelled out of the hydrogel.

For hydrogels initially at equilibrium, solvent absorption or rejection can

trigger tensile and compressive stresses leading to curvature variations [12].

A typical example is the bimorph in which a volume variation of a hydrogel

attached to a thin and elastic substrate results in a compressive stress if

the hydrogel is swelling [13, 14, 15, 16] or a tensile stress for a negative

volume contraction [17]. Both stresses result in a curvature variation. Even

more complex variations of shape and curvature [18] can be obtained using

various instabilities [19] such as creasing [20], wrinkling [13] or buckling based

mechanisms [17, 18]. One can also observe a curvature variation by inducing

a gradient in cross linking density across the material [14, 16, 21].

In the above examples curvature control was obtained for soft and thin

solids initially at equilibrium. In this article we show that curvature con-

trol can be achieved in an out of equilibrium situation where droplets turn

into a solid by a gelation reaction that triggers water expulsion. We use a

simple experimental system. Aqueous droplets containing a polymer as well

as particles are dripped into a water bath containing a gelling agent: as it

diffuses into the droplets, they are turned into a solid. However, upon impact

with the bath, the droplets elongate as their kinetic energy is transformed
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into interfacial energy. Once they reach the bottom of the bath, we observe

their shape evolution during the gelation process. Over time the elongated

gelling droplets relax toward a spherical shape. We also evidence a volume

contraction causing water expulsion from the growing gelled layer. We sug-

gest that this volume contraction induces tensile stresses in the gelled layer

and drives the relaxation of the elongated droplets toward spherical shapes.

However in some situations this relaxation process remains incomplete. To

better understand the mechanisms driving the relaxation or its arrest, we

also performed numerical simulations to indentify the minimal ingredients

that enable to reproduce qualitatively the experimental observations. Our

simulations take into account the diffusion of ions into the droplets and the

subsequent solidification near the surface as well as the volume contraction

of these gelled layers.

Our results show that tensile stresses in this gelled membrane induce pres-

sure gradients in the ungelled liquid core and drives a viscous flow from the

highly curved regions to the less curved regions wherefrom shape relaxation

ensues. A systematic exploration of the physical parameter space reproduces

well the experimental phenomenology. Finally, for a more explicit picture,

we propose a simple analytical approximation based on the analogy with

standard capillary relaxation of elongated droplets. The model provides ex-

pressions for the relaxation and arrest times as a function of the diffusion

coefficient of the gelling agent and the droplet viscosity. In particular, we

show that it is the bending stiffness of the growing shell which slows down

the relaxation and may leave it incomplete. The characteristic timescales for

these phenomena are determined and discussed.
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3 Materials and methods

The suspensions are mixtures of sodium alginate and zirconia particles. The

sodium alginates are purchased from AGI with a molar mass of 250 kg/mol

and a polydispersity index of 1.7. The zirconia particles, with a radius of

150 nm (dynamic light scattering) are obtained from Saint-Gobain Zirpro

(HanDan, China). We use zirconia particles to obtain a better contrast for

imaging and to increase the density of the droplets so that they sediment

to the bottom of the liquid reservoir quickly after impacting the bath. In

all the experiments described here the samples are composed of 8 vol % of

zirconia and 0.8 vol % of alginate. The flow curve of the resulting suspension

is shown in Section 1 of the SI. To produce the suspension droplets we use

a 100 mL syringe equiped with a 400 µm diameter needle. Using a syringe-

pump, we produce droplets of diameter 2.5 mm, which are dripped into a

calcium bath (calcium chloride hexahydrate - Sigma-Aldrich) from heights

ranging between 2 and 20 cm. The impact and relaxation of the droplets are

monitored using a high-speed camera (Photron Fastcam mini) equiped with

a 105 mm macro and a focal doubler from Sigma. A LED back light (50000

cd/m2 SLLUB White from Phlox) is placed behind the calcium bath.

For the numerical calculations, we use the finite element software Abaqus [22]

with the implicit solver and a large strain formulation. The viscous newto-

nian material is modelled as viscoelastic (a one-term Prony series) with a

negligible long time modulus. The calcium concentration is mapped to the

temperature field. Williams Landel Ferry (WLF) scaling of the viscoelastic

relaxation time is usually applied to model the glass transition in polymers:
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here we use it (in reverse) to implement the Ca mediated solidification. Fi-

nally, the contraction of the solid is emulated by a negative thermal expan-

sion. The exact implementation is detailed in Section 5 of the SI and example

source files are included.

4 Results

4.1 Elongated droplets become spherical upon gelation

We drip millimetric droplets of suspensions of alginate and zirconia into an

aqueous bath containing varying concentrations of calcium ions. The diva-

lent calcium ions bind the anionic alginate chains together by electrostatic

interactions leading to the formation of a hydrogel. Such type of alginate

calcium system is widely used to produce gel beads for drug and cell encap-

sulation purposes [23, 24, 25] or water decontamination [26, 27]. Figure 1a

presents high speed camera images of the evolution of the droplets while Fig-

ure 1c is a schematic drawing of the dripping process. As the droplets hit the

surface of the bath, they elongate because their kinetic energy is converted

into interfacial energy with the creation of droplet/air interface. The elon-

gated droplets subsequently cross the interface and sink into the bath. The

calcium ions diffuse into the alginate droplets and induce the gelation of the

alginate: a gelled elastic layer forms at the interface between the droplet and

the calcium bath and grows radially inwards.

Looking closely at the droplets reaching the bottom of the bath under

schlieren observation conditions, we observe a bright aureola around the
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gelling droplet (Figure 1b). It is due to the expulsion of water from the

gelled layer. It is clearly visible because the expelled water is less salty than

the surrounding calcium bath, with a lower refractive index, and rises to

the top of the bath because of its lower density (1.1 g/cm3 for the 158 g/L

calcium bath versus 1 g/cm3 for pure water).

Figure 1: Alginate-zirconia droplets impacting and relaxing in a bath. a)
high speed camera images of the dripping and gelling process and b) image
of the droplet expelling pure water c) shematic drawing of the dripping and
gelling process and d) diffusion of calcium into the droplets, water expelled
from the gelling droplets and pressure difference between the highly curved
apex and zones of lower curvature.

To determine how the calcium concentration affects the thickness evolu-

tion of the gelled layer we collect the droplets at various gelation times and

calcium concentrations, cut them with a knife and measure the thickness

of the gelled shell with a microscope (Figure 2 b). Fitting the data with a

diffusion model in spherical geometry enables us to estimate the diffusion

coefficient of the calcium ions, which is our fitting parameter. We find that

it is of the order of κ = 3 × 10−10 m2/s consistently with previous studies
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[28, 29]. As expected for a diffusion controlled process the shell growth rate

increases with calcium concentration. As an example the time needed to

obtain gelation across the whole droplets decreases from 2000 to 500 seconds

when the calcium concentration increases from 5 g/L to 158 g/L.

We follow the shape relaxation kinetics by measuring the aspect ratio of

the gelling droplets: it is defined as the ratio of the longest to the smallest

dimension. For a calcium concentration of 1.58 g/L the aspect ratio of the

droplets barely decreases and the droplets remain strongly elongated with a

final aspect ratio close to 3. For calcium concentrations between 5 and 158

g/L, the droplets relax toward spherical shapes with final aspect ratios closer

to unity.

Figure 2: Influence of calcium concentration on the relaxation process and
thickness growth of the gelled layer for an impact height of 10 cm. a) Evo-
lution of the aspect ratio of the beads upon gelation for different calcium
concentrations between 1.58 g/L and 158 g/L b) thickness of the gelled layer
as a function of time for calcium concentrations 5 g/L, 15.8 g/L and 158 g/L-
The continuous lines are obtained by fitting the data with a diffusion model
in spherical coordinates with a diffusion coefficient κ = 3× 10−10 m2/s

The results presented so far show that the relaxation kinetics and the

growth of the gelled layer are influenced by calcium concentration. The

relaxation process of the droplets is therefore correlated with the existence
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of a gelation reaction at the interface between the droplet and the aqueous

bath, which leads to the expulsion of water from the gelling membrane. These

observations can be rationalized as shown in Figure 1 d. As calcium diffuses

into the droplet, an elastic membrane forms at the droplet surface and grows

inwards. Syneresis drives the expulsion of water from the membrane and

results in a volume contraction of the gelled membrane. The gelled membrane

can contract freely in the direction normal to the surface but contraction is

constrained in the direction parallel to the surface because the ungelled liquid

core is incompressible. This constrained contraction results in tensile stresses

within the gelled layer, which acts as a membrane and drives the relaxation

of the droplet. We note that the difference of osmotic pressure between the

droplet and the calcium bath may also induce an outward flow from the

droplet toward the bath through the gelling membrane. However this flow

causes a volume reduction of the liquid core and hence a compressive stress

inside the membrane that cannot account for the relaxation of the gelling

droplets. We therefore emphasize that it is the volume contraction of the

thin gelling membrane that causes a tensile stress in the membrane and the

subsequent relaxation of the beads toward more spherical shapes.

4.2 Numerical simulation of the relaxation of gelling

droplets

To confirm qualitatively the mechanism proposed above, we have also carried

out numerical simulations including a minimal number of ingredients. We

present below the three key ingredients that enable to reproduce the exper-
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imental observations. Simulating droplets, which undergo a liquid-to-solid

transition is a difficult task as most numerical methods available are either

adapted to describe the relaxation of liquids droplets [30, 31, 32] or the

deformation of solids e.g. with surface tension [33, 34, 35] but not the trans-

formation from liquid-to-solid. For the numerical calculations, we use finite

element modeling (FEM) within a lagrangian description in which elasticity

and free surfaces are readily included. The three main elements that we take

into account are the following i. the diffusion of the calcium ions into the

droplets ii. the resulting material tranformation from liquid to solid iii. the

simultaneous contraction of the solid layer. We describe qualitatively below

the method we use to include these three ingredients (more technical details

can be found in Section 5 of the SI) and then analyze the relaxation as a

function of calcium concentration and initial aspect ratio of the droplets.

Diffusion of the calcium ions into the droplets. At the surface of the

elongated droplet we keep the calcium concentration C constant equal to the

concentration of the bath Cbath while inside the droplet, C is initially zero

and then increases over time with a Fickian law. The diffusion coefficient

(typically κ = 0.001) is chosen such that the diffusion time scale is long

compared to the relaxation time of the liquid.

Transformation of the liquid core into a solid. For the sake of simplicity

we choose to neglect the complex rheological properties of the liquid core.

We model it as a linear viscoelastic solid with a negligible long time elastic

modulus µ∞ and a relaxation time τ = η/µ0 where η is the viscosity and

µ0 the short time elastic modulus. To simulate the gelation process induced

by the calcium we impose a sharp increase of the relaxation time with the
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C=0.5

a)

b)
C=1.5

c)

d)

Figure 3: Representative snapshots of the simulation results for the relaxation
of gelling droplets for two calcium concentrations. a) pressure distribution
for three successive times for C = 0, 5 < Csat - b) calcium concentration
distribution for C = 0.5 - c) pressure distribution for a calcium concentration
C = 1, 5 > Csat - d) calcium concentration distribution for C=1.5
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Figure 4: Relaxation of a gelling droplet: impact of the bath concentra-
tion on relaxation (initial aspect ratio 2 - standard values of the numerical
parameters). The relaxation is much more efficient when the bath concen-
tration exceeds the material saturation concentration Csat = 1. When the
bath concentration is lower, the relaxation stalls.

calcium concentration C, while keeping the short time elastic modulus µ0

constant. In the regions where the calcium diffuses, the material relaxation

time becomes much larger than the typical diffusion time, i.e. the liquid

effectively turns into an elastic solid with a an elastic modulus given by the

short time modulus µ0.

Contraction of the elastic layer due to syneresis. Finally, the material’s

contraction under the action of calcium is accounted for by applying an

isotropic material strain εC proportional to the calcium concentration. We

take

εC = α C for C < Csat or εC = α Csat for C ≥ Csat (1)

In Equation 1, we have introduced a saturation concentration Csat above

which no more contraction is incurred. We have found that this threshold

concentration Csat is a necessary ingredient that enables to reproduce the

experimental observations. The physical meaning of Csat will be discussed
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later. In the following we use this saturation concentration to normalize the

concentrations (Csat = 1). Furthermore we set the contraction α = −0.1

which is qualitatively consistent with the macroscopic volume loss δV/V0 ≈

15% measured at long times (see Section 3 of the SI). One expects δV/V0 =

3α.

Because the physics is similar but the model is simpler, the calculations

are performed in plain strain. The standard initial geometry is an ellipse

with radii RX =
√

3 and RY = 1/
√

3 i.e. an aspect ratio AR = 3. We

calculate the evolution of the droplet shape as well as the pressure fields and

distribution of calcium concentration. Full relaxation would result in a circle

of radius R = 1. We first consider the influence of the calcium concentration

in the bath, then the influence of different initial aspect ratios.

In Figures 3a and 3b we show distributions of pressure and calcium con-

centration at different times for calcium bath concentrations Cbath=0.5 and

Cbath=1.5 ie below and above Csat . For both cases we observe a relaxation

process where the aspect ratio decreases. The relaxation is faster and more

complete for Cbath=1.5 than for Cbath=0.5. Turning to the pressure field, we

find that the highest pressures are located at the apex of the ellipsoids, where

the curvature is the highest. The pressure gradient between areas of high and

low curvature induces a flow inside the liquid core from the apexes towards

the center of the drop, leading to the shape relaxation toward a lower aspect

ratio. This pressure field is very similar to the one expected in the case of

the capillary relaxation an elongated droplet of Newtonian fluid in an immis-

cible and non gelling liquid whose simulation results are provided in Section

5.3 of the SI. We note that the experimental result obtained for a droplet
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of suspension impacting a non gelling bath containing an immiscible organic

oil is presented in Section 4 of the SI. While for capillary relaxation it is the

interfacial tension, which drives the relaxation process, in our gelling droplets

it is the contraction of the gelled membrane, which induces a tensile stress

parallel to the surface of the droplet. Thus, at the early stages of calcium

diffusion, the gelled layer forms an elastic and contracting membrane around

the incompressible viscous core (Fig. 1 d). The tensile stress in this mem-

brane acts as an effective interfacial tension, generating a pressure gradient

and a flow.

Fig. 4 presents the evolution of the aspect ratio for several Cbath values.

Clearly the main experimental trends obtained in Fig. 2 a are accounted for

by the numerical model. Indeed in both experiments and simulations the

relaxation leads to lower final aspect ratios when the calcium concentration

increases. When Cbath is below the threshold Csat, relaxation stops while the

droplet is still elongated (Fig. 3a and Fig. 4). In the experiments a critical

calcium concentration is also found (Fig. 2). Indeed below 5 gl−1 the droplets

relaxation is largely incomplete and the aspect ratio remains of the order of

three over the whole experiment while above 5 gl−1 the droplets relax toward

spherical shapes and aspect ratios close to 1. We note that this critical

calcium concentration of 5 gl−1 corresponds to 0.05 M, half the concentration

of the carboxylic acid groups of the alginate (0.1 M). We suggest that this

critical calcium concentration corresponds to the concentration required for a

saturation of the carboxylic groups by the calcium ions and hence a saturation

of the cross-linking process and contraction.

To further check the relevance of our numerical model, we consider exper-
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imental results for different initial aspect ratios. The initial aspect ratio of

the droplet is varied between 1.3 and 3 by changing the dripping height. The

data (Fig. 5 a) show that the initial aspect ratio plays a significant role on the

final droplet shape: with a lower initial aspect ratio, the droplet reaches full

relaxation, while more elongated droplets do not evolve beyond a partially

relaxed state.

a) b)

Figure 5: Shape evolution with different initial aspect ratios a) experimental
results for a calcium concentration of 158 g/L b) numerical simulations for
different initial aspect ratios, from 1.5 to 3. The effect of the initial aspect
ratio is clearly non linear.

Numerical simulations are carried out with a similar range of initial aspect

ratios. They reproduce the major features of the measurements very well

(Fig. 5 b): similar relaxation times are found for all the investigated cases.

However the final shapes are more elongated when the initial aspect ratio

increases. To explain this effect of initial elongation, we note that the pressure

gradient is mainly localized near the apexes (Fig. 3) and the flow is mostly

located in these high curvature areas. For more elongated droplets, the flow

does not reach the central part of the droplets and the relaxation is much

less effective. This is clearly a non linear effect due to geometry, and is quite

similar to the end-pinching effect in the relaxation of liquid droplets [36].
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5 Mechanisms driving and arresting the droplet

shape evolution

5.1 Syneresis as a driving force for relaxation

For more insight into the relaxation process, its driving force and its limiting

mechanism, we have developed a simple model based on scaling arguments.

As shown by the numerical simulations, a growing surface layer solidifies and

contracts. The ensuing tensile stresses induce pressure gradients, which drive

a viscous flow and the relaxation of the gelling droplet. This process presents

some similarity with the capillary relaxation of elongated liquid droplets un-

der the action of interfacial energy γ (Laplace pressure) [32]. Considering

the spherical surface of a liquid droplet of radius R (Fig. 1 a) and applying

a first order perturbation of amplitude u, the evolution equation reads :

η
du

Rdt
' −γ u

R2
(2)

where the left hand side is the viscous stress and the right hand side is

the Laplace pressure gradient [30, 31]. We directly obtain an exponential

relaxation with the usual characteristic time tr ' ηR/γ (see Section 5.3 of

the SI).

For the solidifying droplet, we use the same framework replacing the inter-

facial energy γ by the membrane tensile stresses resulting from the syneresis

γ(t) ' µ0εh(t) (3)
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The biaxial in-plane stress generated by the layer contraction is of order

µ0ε and is integrated over the gelled layer thickness h(t). This thickness is

controlled by the calcium diffusion so that

h(t) '
√
κt (4)

Combining Equations 2, 3 and 4 yields

du

d (t/tc)
3/2
' −u (5)

Solutions are compressed exponentials with an exponent 3/2

u(t) ∝ exp(−(t/tc)
3
2 ) (6)

with the characteristic time

tc =

(
ηR

3µ0ε
√
κ

) 2
3

(7)

This relaxation time rewrites

tc =

(
τR

3ε
√
κ

) 2
3

(8)

With our standard parameter values τ ' 0.01, R ' 1, ε ' 0.1 and κ ' 0.001,

we find that tc is of the order of unity as expected. Moreover, when plotted

as a function of tc (Fig. 6), the numerical results calculated for various values

of τ collapse, confirming the simple scaling relations Eqs. 6 and 7 in the first
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stage of the relaxation.

Turning now to the experimental data, the rheology of the suspension is

complex, but a reasonable value for the viscosity is η ' 1 Pa.s (see Sections

1 and 4 of the SI that takes into account the viscosity of the suspension at

the impact shear rate γ̇ ≈ U/D ≈ 100 s-1, with U ≈ 1 m/s the impact

velocity and D ≈ 1 mm the diameter of the drop). Using a Young’s modulus

3µ0 of approximately 10 kPa (see Section 2 of the SI), κ ' 3× 10−10 m2s−1,

R0 = 1 × 10−3m, we obtain a rough estimate tc ' 0.2 s, which is consistent

with the data (Fig. 2 a).

Expressions Eqs. 7 or 8 for the characteristic time of the droplet relaxation

highlight the competition between the build-up of surface stress through

diffusion, solidification and contraction and the viscous resistance due to

the flow. This simple description matches the data in the early stages of

relaxation. However, Eq. 6 predicts that an elongated droplet should always

relax towards a sphere which is not what we observe in our experiments and

simulations.

5.2 Arresting mechanism for the relaxation

To identify the relaxation limiting mechanism, we note that the driving force,

the surface stress, results from the combination of contraction and elasticity

of the gelled layer. However, the formation of an elastic shell around the drops

also implies an increasing bending stiffness which resists further deformation

as the surface layer is gradually turning from a thin membrane to a shell.

The bending stiffness scales as 3µ0h
3 so that the bending energy per unit
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Figure 6: Simulated shape evolution for different material relaxation times
τ for an initial aspect ratio 1.5 (insert). The relaxation curves collapse when
time is rescaled according to Eq. 7 except for the final stage.

area, evaluated from the curvature variation u/R2 of the gelled layer, scales

as Ebend ≈ 3µ0h
3( u

R2 )2 and the pressure required for a variation u of the

curvature radius is

Pbend ≈ 3µ0

(
h

R

)3
u

R
(9)

With this additional mechanism, the equation of evolution now reads

η
du

Rdt
' 3µ0

(
−ε
√
κt

R2
+

(κt)3/2

R4

)
u (10)

This relation shows that bending stiffness tends to counteract the effective

surface tension and that they balance each other for a characteristic time

ts '
R2ε

κ
(11)
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at which the relaxation arrests. Therefore, the condition for complete relax-

ation is ts � tc. For example, complete relaxation ensues when the material

contraction exceeds a threshold strain εt given by

εt =

(√
τκ

R

) 4
5

(12)

This expression highlights the equivalent roles played by the material re-

laxation time and the diffusion coefficient : while a smaller relaxation time

speeds up the viscous flow, a smaller diffusion coefficient delays the thicken-

ing process of the layer, giving more time for relaxation. With our standard

parameter values R = 1 and κ = 0.001, and with τ = 0.01 which is seen to

be the crossover value between the full and the partial relaxation regimes in

fig. 6), we find εt = 0.01 which is indeed small compared to our reference

material contraction ε = 0.1.

Our results also enable to understand the existance of a threshold cal-

cium concentration necessary for complete relaxation (Figs 2 a). Below the

saturation value, the contraction ε grows with calcium concentration so the

lowest calcium concentrations fail to meet the requirement (Eq. 12) for full

relaxation.

This simple model captures the incomplete relaxation found in both ex-

periments and simulations. It is important to note that the transformation

of the surface layer into a solid drives two opposite mechanisms. While so-

lidification and contraction induce tensile stresses in the gelled layer which

initially act as a tensile membrane driving the relaxation, the same transfor-

mation also sets up a bending moment which increasingly resists the defor-
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mation of the gelled shell eventually leading to the arrest of the relaxation

process.

At this stage, we find it interesting to compare non equilibrium gelling

droplets to more complex non equilibrium systems such as living cells where

the contraction of the actomyosin cortex controls tensile stresses and hence

the morphogenesis of living cells and tissues [37, 38, 39, 40]. In particular one

of the virtues of this active process is to maintain the thickness of the cortex

constant while developping tension, thus avoiding the deformation limiting

bending stiffness. Because of this dynamic reorganisation, the cortex can act

dynamically like the surface tension of a simple liquid.

6 Conclusion

We have studied the shape evolution of solidifying droplets during gelation.

After initial elongation, the cross-linking agent, calcium ions, diffuses into the

droplets resulting in the inward growth of a gelling layer. Combining experi-

mental observations and numerical simulations we showed that the resulting

volume contraction and developping elasticity of the gelling layer result in

tensile stresses which induce pressure gradients between the areas of high

and low curvatures trigering a flow of ungelled liquid inside the droplet and

relaxion towards a spherical shape. By analogy with the capillary relaxation

of viscous elongated droplets under the action of surface tension, we have

developped an simple analytical model based on the balance between the

mechanical stress in this tensile membrane and the viscous stress in the liq-

uid core. With this model we are able to express the characteristic time of
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the relaxation as a function of the calcium diffusion coefficient, the viscosity

of the liquid core and the droplet radius. The tensile stress grows over time

as the membrane thickness increases, however bending stiffness of the shell

resisting the change of shape also increases over time. The resulting resis-

tance to curvature variations may eventually balance the tensile stress and

result in an incomplete relaxation. We have proposed a criterion to deter-

mine the parameter region where this does not occur and full relaxation is

attained. These results help in understanding the complex phenomenology of

the deformation of non-equilibrium bodies undergoing phase transformation.
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