
A B S T R A C T : As a first approach to modeling the crystalliza-
tion behavior of cocoa butter, the binary system of its two major
components, 1-palmitoyl-2-oleoyl-3-stearoyl-s n-glycerol (POS)
and 1,3-distearoyl-2-oleoyl-s n-glycerol (SOS), was studied. Dif-
ferential scanning calorimetry, coupled with polarized light mi-
croscopy, was used to determine the phase diagrams of the var-
ious polymorphic forms (the most metastable sub-! and !, in-
termediate " and # $, and stable #). Associated theoretical phase
diagrams were also built. The presence of a solid solution for #
and the ideal behavior of ! were confirmed. Kinetics of isother-
mal solidification as a function of temperature were studied for
three compositions of the POS–SOS system. Results were dis-
played as time–temperature–transformation (TTT) diagrams and
crystal morphology maps. Dependence of the crystallization ki-
netics on composition of the binary system was interpreted in
terms of nucleation and growth mechanisms. The asymmetry of
the POS molecule induces a slower growth rate of the mixture
when the concentration of this triacylglycerol is increased. So-
lidification kinetics during continuous cooling were studied at
various cooling rates for the system POS–SOS 25:75. Experi-
mental results were compared with numerical predictions of a
solidification model based upon TTT data and an additivity
principle. The calculated and measured volume fractions of the
different phases formed and times of onset and finish of the so-
lidification were in good agreement.
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1 - P a l m i t o y l - 2 - o l e o y l - 3 - s t e a r o y l -s n-glycerol (POS) and 1,3-
distearoyl-2-oleoyl-sn-glycerol (SOS) are the two major com-
ponents of cocoa butter. These products exhibit several poly-
morphic forms. Characteristics of the various crystalline
forms of these pure triacylglycerols (TAG) (1–6), as well as
their kinetic behavior (7–10), have been intensively studied.
The extension of these studies to more complex mixtures is
of particular interest for understanding the crystallization of a
natural fat, such as cocoa butter. The binary system POS–SOS
is a first step in this direction. A comprehensive review of the
phase diagrams of TAG has been made by Rossel (11). Inves-

tigations done on the POS–SOS system by Wille and Lutton
(12) showed a solid solution for the three phases observed,
but there is some controversy about the existence of a eutec-
tic for the # phase (13). Despite this, the most relevant dia-
gram for this system, e.g., this measured by Wesdorp (6), con-
firmed the complete mixing behavior in the # phase. On the
other hand, the less-stable phases of the POS–SOS system
have not been completely identified and the kinetics of solidi-
fication were not characterized.

In the present study, differential scanning calorimetry
(DSC) coupled with polarized light microscopy experiments
was used to determine the phase diagrams of the various poly-
morphic forms in the POS–SOS system. The kinetics of
isothermal crystallization are presented in the form of
time–temperature–transformation (TTT) diagrams and mi-
crostructure maps. Evolution with composition of the mix-
tures POS–SOS was interpreted. Moreover continuous cool-
ing experiments were compared with results from a solidifi-
cation model.

MATERIALS AND METHODS

E x p e r i m e n t s. POS and SOS (purity at least 99%) were pur-
chased from Larodan Fine Chemicals AB (Malmö, Sweden).
Seven different compositions of the POS–SOS alloy were
studied: 10:90, 25:75, 33:67, 50:50, 67:33, 75:25, and 90:10.
They were prepared by accurately weighing the pure compo-
nents and then mixing them thoroughly in a small glass pan
at 100˚C for several hours. The homogeneity of the binary
mixtures was checked by gas chromatography. 

The behavior of the binary system POS–SOS was investi-
gated in a DSC Mettler FP900 instrument (Greifensee,
Switzerland), which allows simultaneous calorimetric mea-
surements and in situ microscopic observations under polar-
ized light. For that purpose, the samples were placed in small
glass pans, and formation of the solid phases was directly ob-
served by transmission with a polarized-light microscope.
Another instrument, a Perkin-Elmer (Norwalk, CT) DSC7,
also was used for thermal measurements in classical alu-
minum pans. The mass of the DSC samples analyzed was be-
tween 1 and 2.5 mg. All isothermal solidification experiments
were operated according to the following thermal path: first,
the sample was kept at 100°C for 3 min to ensure a com-

Copyright © 1998 by AOCS Press 857 JAOCS, Vol. 75, no. 7 (1998)

*To whom correspondence should be addressed.
E-mail: Philippe.ROUSSET@chlsnr.nestrd.ch

Polymorphism and Solidification Kinetics
of the Binary System POS–SOS

Ph. Roussetb,*, M. Rappaza, and E. Minnerb

aDépartement des Matériaux, Ecole Polytechnique Fédérale de Lausanne, MX-G, CH-1015 Lausanne, Switzerland,
and bNestec S.A., Nestlé Research Center, 1000 Lausanne 26, Switzerland



pletely liquid state; then, it was rapidly cooled (50°C/min for
the DSC7, 10°C/min for the FP900) to the desired tempera-
ture Ti s o, at which crystallization was allowed to proceed.
After complete solidification, the sample was heated at 2 or
5°C/min to measure the melting range (MR) and the latent
heat of fusion for each solid phase formed. The MR was usu-
ally wide, and two superimposed melting peaks were ob-
served. After deconvolution, the onset temperatures of these
two peaks were interpreted as the solidus and liquidus tem-
peratures. These measurements allowed identification of the
phases by comparison with the values of the pure components
(1–3,8). Unambiguous determination of phases on TAG bi-
nary mixtures can be accomplished by synchrotron radiation
X-ray diffraction (14,15). Characteristics of the most stable
phases were also determined after storing the solidified sam-
ples for several weeks at room temperature and then record-
ing a DSC fusion curve at 2 or 5°C/min. 

Phase diagrams. Thermodynamic models were used to an-
alyze the experimental phase diagrams of the POS–SOS sys-
tem. According to previous investigations (6), the liquid
phase of the binary alloy can be approximated by an ideal so-
lution. The free energy of the system is then simply given by
the free energies of the two pure components, A and B, plus
the configurational entropy:

Gl(T,Xl
A ) = Xl

AGl
A + (1 − Xl

A)Gl
B + RT [Xl

A lnXl
A + (1 −Xl

A )ln(1 − Xl
A )]

[1]

where Gl is the molar free energy of the liquid mixture, Gl
A,

Gl
B the molar free energies of pure elements A and B, respec-

t i v e l y, Xl
A the mole fraction of element A in the liquid, T t h e

temperature of the system, and R the universal gas constant.
Two models were considered for the solid phases: the

phase was supposed to be either an ideal solution like the liq-
uid state, or a subregular solution (16). In the first case, an
equation identical to Equation 1 was used with superscript “l”
replaced by “s”. In the second case, the free energy of the
solid had an additional term, an excess free energy:

∆Gs
e = [ΩBA Xs

A + ΩAB(1 − Xs
A )]Xs

A (1 − Xs
A ) [2]

where ΩB A and ΩA B are interaction coefficients of the sub-
regular model. If ΩB A = ΩA B, the model reduces to the regu-
lar solution approximation.

Setting the reference points Gl
B = Gl

A = 0, the free energ i e s
of the solid become:

[3]

with ∆HA/B
f and TA/B

f being the enthalpies and temperatures of
fusion of the pure component phases A and B, respectively.

The expressions of Gl and Gs then become:

[4]

[5]

where ∆Gs
e = 0 for an ideal solid solution, and ∆Gs

e is given
by Equation 2 for a subregular solution.

The temperatures and heats of fusion of the pure compo-
nents are known (1,2,8). The interaction parameters ΩA B a n d
ΩB A that appear in the subregular solution have to be deter-
mined. A calculation at each temperature T of the common
tangent of the curves Gs(T,XA) and Gl(T,XA) (i.e., same chem-
ical potential in the two phases for each component) gives the
equilibrium composition of the two phases (liquidus and
solidus), and thus the composition domain where liquid and
solid are present together in equilibrium (16). To obtain the
theoretical solid–liquid phase diagrams, this process was re-
peated for all temperatures with a unique set of ΩAB, ΩBA val-
ues. ΩA B and ΩB A were used as adjustable parameters to fit
the theoretical phase diagrams to the experimental points.

C rystallization kinetics. To study solidification kinetics, a
series of DSC isothermal experiments (as described above)
were performed for three compositions of the POS–SOS sys-
tem: 25:75, 50:50, and 75:25. For each composition and Ti s o
the evolution of the volume fraction of solid, fs(t), was ob-
tained by numerical integration of the DSC exothermal peaks
of solidification, after correction for the baseline. From the
evolution of fs(t), two parameters were calculated for further
analysis: the time of onset, to n s e t, and the time of finish, tf , of
the transformation, which correspond to fs(to n s e t) = 1% and
fs(tf) = 99%, respectively. TTT diagrams, which represent the
phase transformation kinetics under isothermal conditions,
were also constructed, as previously described (8): for each
isothermal solidification plateau, to n s e t and tf of the phase
transformation were reported on the diagram, thus delimiting
the time domain when liquid and solid coexist. For each ex-
periment on the FP900 apparatus, the morphology and evolu-
tion of the crystals that formed on the isothermal plateau also
were  observed. Maps of crystal morphology as a function of
the temperature of solidification were then constructed for the
three compositions. When the crystals were sufficiently larg e
spherulites (>10–20 µm), growth rate of the solid–liquid in-
terface, v, was estimated from the slope of the evolution of
the spherulite radius with time, averaged over at least 20 dif-
ferent grains. v was then displayed as a function of undercool-
ing, ∆T (i.e., the departure of temperature from equilibrium). 

As for pure TAG (8), a model, based on the data from the
isothermal experiments and simulating the crystallization ki-
netics during continuous cooling, was applied to the binary
system POS–SOS 25:75. A finite element code was used to
calculate the evolution of temperature in the DSC sample,
knowing the physical properties of the material and the initial
and boundary conditions. This calculation was coupled with
a microscopic model of crystallization, which uses an addi-
tivity principle and the isothermal data to simulate the solidi-
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fication path at any node of the finite element mesh (17). For
this purpose, the corresponding cooling curve was decom-
posed into small steps, during which the temperature was held
constant and isothermal solidification data could be used to
estimate the evolution of the solid fraction. As a result, evo-
lution of the fraction of each phase in the sample can be cal-
culated. Predictions of the model were compared with experi-
mental results obtained on the DSC7 apparatus. Starting from
a completely liquid state at 100°C, the sample was quickly
cooled at 50°C/min to 35°C. Then, from 35°C, the cooling
rate was changed to the desired value, between 0.5 and
5°C/min, and the sample was cooled until it reached 15°C.
During this stage, the sample solidified, and from the integra-
tion of the DSC peaks of the phase transformations, the evo-
lution of the global latent heat was obtained. Finally, as for
the isothermal experiments, the sample was reheated at
5°C/min for identification and determination of the propor-
tion of the phases formed.

RESULTS AND DISCUSSION

Thermodynamic pro p e rt i e s — b i n a ry diagram. Thermody-
namic characteristics of the various solid structures observed
in the POS–SOS system are reported as binary phase dia-
grams in Figure 1. The ∆Hf of the phases are plotted as a
function of composition in Figure 2. For the sake of clarity,
the stable (#1) and metastable (#2, #$ and ", ! and sub-!)
phase diagrams are shown separately (Figs. 1A–1D). For each
composition, two points are represented in the diagrams, the
filled one is the solidus temperature, i.e., the temperature at
which some liquid starts to appear on remelting, the open one
is the liquidus, i.e., the temperature at which the last solid
melts. As explained in the Materials and Methods section, the
various phases observed were identified with the help of the
∆Hf , shown in Figure 2, and of the melting ranges. These val-
ues were compared with those of the pure TAG. The value of
the ∆Hf was particularly useful because it follows quite accu-
rately a linear rule of mixture. As in our preceding study (8),
the denomination of Sato et al. (1,2) was used for the phases
of the TAG with the possible addition of the chainlength
structure after the symbol of the phase (i.e., #-3 is phase #
with a triple chainlength structure).

The stable phase # was found as one form in POS, #-3, and
two forms in SOS, #1-3 and #2-3. Compared with the values
of other authors (1–3,6,7), the Tf and the ∆Hf of these phases
found in the present work were similar (18). For the system
POS–SOS, the # phase seems to be a solid solution with com-
plete miscibility at all temperatures. However, the most-sta-
ble form of SOS, #1-3, was not obtained on the SOS-rich side
of the diagram. The values reported in Figure 1A are those of
Wesdorp (6): they indicate a solid solution between #-3(POS)
and #1-3(SOS). In the present experiments, a solid solution
between #-3(POS) and #2-3(SOS) was observed (Fig. 1B). In
both Figures 1A and 1B, the theoretical subregular solution
curve was fitted to the experimental points (parameters of the
models shown in Table 1). For [#-3 (POS),#2-3(SOS)] (Fig.
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FIG. 1. Phase diagram of: (A) #- 3 [ 1 - p a l m i t o y l - 2 - o l e o y l - 3 - s t e a r o y l -s n-
glycerol(POS)] and #1- 3 [ 1 , 3 - d i s t e a r o y l - 2 - o l e o y l -s n-glycerol(SOS)]; (B)
#-3(POS) and #2-3(SOS); (C) # $-3(POS) and # $-3(SOS), "-3(POS) and "-
2(SOS); (D) !-2(POS) and !-2(SOS) and sub-!. Markers represent ex-
perimental points [from Wesdorp (6) in A]. In A and B, the continuous
curves are the theoretical equilibrium liquidus and solidus for ideal liq-
uid and subregular solid solutions. In D, the continuous curves corre-
spond to the theoretical curves for ideal solutions of the liquid and !.



1B), the fitted liquidus and solidus curves seem to indicate an
azeotrope at about 25% SOS. In the domain 0–25% SOS, the
zone of solid–liquid equilibrium (solidification interval) is
n a r r o w. Unfortunately, a stable form of SOS–POS 10:90 was
never observed to support this. The full miscibility and com-
patibility of POS and SOS in a # structure are supported by
X-ray diffraction, Fourier transform infrared spectroscopy,
and solid nuclear magnetic resonance experiments (4,5),
which indicate that the crystalline structures of the # p h a s e s
of the two species are almost identical. 

Results for the intermediate phases were more difficult to
interpret because several phases with close melting ranges
could be present simultaneously. Nevertheless, it appears that
two different phases, " and # $, whose data points are shown
in Figure 1C, could be identified from the experiments. They
could be separated because the first phase, identified as ", had
a∆Hf of about 100–110 J/g, while the second one, presum-
ably #$, had a ∆Hf between 120 and 140 J/g. The second was
assumed not to be ) because it was not observed for POS.
"(SOS), denominated #$2-2 by Culot (19), has a double-layer
structure, while "-3(POS) has a triple-layer structure. For
compositions higher than 50% in SOS, " was not observed,
and # $ formed directly. This shows a noncompatibility of the

two phases "-3(POS) and "-2(SOS), reason why the diagram
of "-3(POS) was not extended on the SOS side. Furthermore,
no theoretical curve could be fitted to the " and #$ experimen-
tal points. This is probably due to the fact that, unlike the sta-
ble phase #, " and #$ were formed transitorily over short peri-
ods of time; thus a complete state of equilibrium of the solid
is not guaranteed, and thus the exactitude of the liquidus line.
Yet, # $ seems to be a solid solution with a minimum around
30–40 wt% SOS.

Figure 1D shows the phase diagram of the least-stable
phases. For pure POS and SOS, ! i s t h e least-stable phase to
form (triangles). Its ∆Hf could be measured with good accu-
r a c y, due to its presence alone. The values, between 80 and
85 J/g (see Table 1), are in agreement with earlier data (6,7).
The seven compositions studied between pure POS and pure
SOS all exhibited an ! phase. Figure 1D shows that the ex-
perimental points can be approximated quite well by the ideal
!-solution curve (see Table 1 for the parameters used in the
model). This confirms the results of Wesdorp (6), which show
an ideal behavior for the ! phase of binary systems of TA G
with similar fatty acid chainlengths. With the DSC7 appara-
tus, another less-stable phase (filled squares), with a lower
melting temperature and ∆Hf than those of !, was found for
the mixtures. According to the literature (7,19), this phase,
which we never observed for pure POS and SOS, would be
s u b -!. The peak on remelting is narrow, and therefore, only
one point is shown in Figure 1D for sub-!.

TTT diagrams and morphologies of the grains. K i n e t i c s
studies were performed for three compositions of POS–SOS,
25:75, 50:50 and 75:25. As previously done for the three pure
TAG POP, POS and SOS (8,20), results are presented as TTT
diagrams and morphology maps. Figures 3 and 4 show the
three TTT diagrams, measured with the FP900 and DSC7, re-
s p e c t i v e l y. The gray zones in these figures outline the
solidus–liquidus regions, i.e., the MR, of the various phases.
Figure 5 gives the grain morphologies and phases observed
for the three mixtures with the FP900 apparatus as a function
of the temperature of the isothermal solidification. Results ob-
tained with the two instruments did not differ significantly,
except for slightly faster kinetics in the glass pans of the
FP900. This behavior, already observed with the pure TA G
(8), was more pronounced for the most-stable phases. Due to
its slow rate of crystallization, the stable #-phase was not ob-
served in these kinetics studies. Moreover, the most
metastable phase sub-! was not observed with the FP900 be-
cause, in its temperature range of formation, the kinetics of
solidification were too fast to be observed correctly.

POS–SOS 75:25 (Figs. 3A, 4A, 5A). Three phases were iden-
t i fied: sub-! was the least stable and appeared quickly at the
lowest temperatures with the DSC7. It retransformed almost im-
mediately into !. The ! phase formed over a fairly large tem-
perature range. Just below the MR of !, another phase, ", ap-
peared together with !, whereas above it, " formed alone. The
crystals appeared like a fine mass uniformly in the volume, ex-
cept at the highest temperatures, where the structure of " b e-
came coarser and the spherulites became visible.
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FIG. 2. Latent heat of fusion of the phases observed for different com-
positions of the binary system POS–SOS. Continuous curves correspond
to the theoretical values of the ! ideal solution and # subregular solu-
tions. See Figure 1 for abbreviations.

TABLE 1
Parameters Used for Theoretical Calculations of the Phase Diagrams

Phases Parametera POS SOS

!(POS)–!(SOS) Tf 18.9°C 22.4°C
∆Hf 83 J/g 84 J/g

#(POS)–#2(SOS) Tf 35.6°C 40.4°C
∆Hf 173 J/g 168 J/g

ΩAB, ΩBA 1.2 2
#(POS)–#1(SOS) Tf 35.6°C 44.4°C

∆Hf 173 J/g 187 J/g
ΩAB, ΩBA 1.1 1.5

aTf and ∆Hf are the temperature and the heat of fusion, respectively. ΩAB and
ΩB A are the parameters of the subregular model for the solid phase, deter-
mined from fitting the theoretical equilibrium curves to the experimental
points. POS, 1-palmitoyl-2-oleoyl-3-stearoyl-s n-glycerol; SOS, 1,3-di-
stearoyl-2-oleoyl-sn-glycerol.



POS–SOS 50:50 (Figs. 3B, 4B, 5B). The observations are
similar to those made for the POS–SOS 75:25 system. At low
temperatures, sub-!, observed only with the DSC7, retrans-
formed almost immediately into !. In the upper part of the
domain of ! , a small quantity of " formed, whereas above,
only " formed. The ! form was only present as a very dis-
persed phase. The structure of " was also a dispersed phase
of small crystals, which became coarser with an increasing
solidification temperature, and above 21.5°C, spherulites
were visible under the microscope.

POS–SOS 25:75 (Figs. 3C, 4C, 5C). For this composition,
three domains delimit the presence of three single phases,
sub-!, ! and #$. Below 19.5°C, sub-! formed with the DSC7
and then retransformed into !. Contrary to the other compo-
sitions, " was not observed. At about 20°C, ! started to form,
but then the solidification of # $ occurred, and no more ! w a s
found at the end of the plateau (Fig. 4C). Above 20°C, only
# $ crystallized. ! appeared as small dispersed crystals form-
ing a fine mass. #$ also formed as a fine dispersed mass below
22.5°C, but it had a coarser structure with visible spherulites
above this temperature. Beyond 24°C, a directional mass of
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FIG. 3. Time–temperature–transformation (TTT) diagrams constructed
from the FP900 experiments: (A) POS–SOS 75:25; (B) POS–SOS 50:50;
(C) POS–SOS 25:75. Filled and open symbols correspond to the onset
time and the finish time of the transformation, respectively. Hatched
areas correspond to melting ranges (MR) of the various phases observed.
See Figure 1 for other abbreviations.

FIG. 4. TTT diagrams constructed from the DSC7 experiments: (A)
POS–SOS 75:25; (B) POS–SOS 50:50; (C) POS–SOS 25:75. Abbrevia-
tions as in Figures 1 and 3.



# $ growing from the outer sample appeared, as in the case of
pure SOS (8).

Evolution of crystallization kinetics with composition.
From the TTT diagrams obtained with the DSC7 apparatus
for the three binary systems and for POS and SOS [from Ref.
(8)], the change in crystallization kinetics with SOS composi-
tion of the equivalent phases was investigated. Figures 6 and
7 show, for each composition and for each group of phases,
s u b -!, ! and "/)/# $, the temperature of solidification as a
function of the onset time (i.e., induction time) and the fin i s h
time of crystallization, respectively. No points are reported in
Figs. 6A and 7A for pure POS and SOS because sub-! w a s

not observed in these products. Moreover, no finish time cor-
responding to the liquid*! transformation of the 25:75 mix-
ture is reported in Figure 7B because the transformation was
overcome by liquid * " and ! * " before the end. For a
given temperature, an increasing percentage of POS in gen-
eral delayed the start (Fig. 6) and finish (Fig. 7) of crystalliza-
tion and increased the solidification duration, i.e., tf − to n s e t.
!-SOS is an exception: it exhibited a surprisingly high induc-
tion time (Fig. 6B) but a fairly fast kinetics once nucleation
had occurred (Fig. 7B). The induction time of SOS " and )
phases was close to that of POS–SOS 25:75 (Fig. 6C), but the
crystallization was again faster (Fig. 7C). The delayed onset
of !-crystallization of pure SOS, compared to the mixtures,
is yet unexplained. However, for all phases, once nucleation
had started, the overall solidification of SOS was faster, com-
pared to that of the mixtures. To confirm these observations,
the growth rate of the solid–liquid interface of suff i c i e n t l y
l a rge spherulites was measured as a function of the under-
cooling for the "/)/#$ phases of the three mixtures and of pure
POS and SOS (see Fig. 8). Undercooling ∆T is defined as the
d i fference between the liquidus temperature of the phase dia-
gram and the isothermal temperature at which crystallization
occurs. At a given undercooling, "-SOS has a growth rate that
is nearly one order of magnitude higher than that of the bi-
nary mixtures or POS. POS seems to act as a “brake” to crys-
tallization, probably due to asymmetry of its molecule. In-
deed, asymmetric molecules need more time to attach in the
right position to the solid phase, thus slowing down the at-
tachment kinetics. 

Modeling of continuous cooling. In the DSC7 apparatus, a
sample of the binary composition POS–SOS 25:75 was
cooled from 35 to 15°C at four different rates: 0.5, 1, 2, and
5°C/min. Crystallization kinetics were then compared with
predictions from the model described in the Materials and
Methods section. The sample, at first completely liquid, so-
lidified into different solid phases depending on the cooling
conditions. From the model, it appears that, even at 5°C/min,
the temperature in the DSC pan is almost homogeneous, and
so are the phase fraction distributions. The experimental and
simulation results were compared as a function of the cooling
rate: the times of onset and finish of phase transformation are
reported in Figure 9, and the final proportions of the different
solid phases formed are shown in Figure 10. The times of
onset and finish decreased with increasing cooling rate, be-
cause the undercooling (i.e., the driving force of the transfor-
mation) increased more rapidly, and also more metastable
phases formed. The model gives a fairly good estimation of
these two times. Phase proportions are also well predicted. At
0.5°C/min, # $ had enough time to nucleate and grow before
the other metastable phases appeared. At higher cooling rates,
#$ was less and less present at the expense of ! and sub-!. At
1°C/min, ! and sub-! were present in equivalent proportions,
but at 2 or 5°C/min, almost only the most metastable phase
s u b -! formed. The high sensitivity of phase formation to the
cooling conditions is well-reproduced by the model based on
TTT diagrams and an additivity principle.
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FIG. 5. Approximate volume fractions of the various grain morpholo-
gies and crystalline phases for: (A) POS–SOS 75:25; (B) POS–SOS
50:50; (C) POS–SOS 25:75. See Figure 1 for abbreviations.
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FIG. 6. Temperature of solidification as a function of the onset time (i.e.,
induction time) of the transformation for the binary POS–SOS mixtures
solidifying as: (A) sub-!; (B) !; (C) "/)/#$. See Figure 1 for abbreviations.

FIG. 7. Temperature of solidification as a function of the finish time of
the transformation for the binary POS–SOS mixtures solidifying as: (A)
sub-!; (B) !; (C) "/)/#$. See Figure 1 for abbreviations.
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FIG. 10. Simulated and experimental fractions of phases formed as a
function of the cooling rate for the POS–SOS 25:75 mixture. See Figure
1 for abbreviations.

FIG. 9. Simulated (continuous lines, triangles) and experimental (dashed
lines, squares) onset (empty symbols), and finish (filled symbols) times
as a function of the cooling rate for the POS–SOS 25:75 mixture. See
Figure 1 for abbreviations.

FIG. 8. Growth rate of spherulites of the most-stable phase observed as
a function of the undercooling, for five compositions of the binary sys-
tem POS–SOS. See Figure 1 for abbreviations.


