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The temperature of crystallization and of melting of water in poly(vinyl alcohol) (PVA) membranes with
various degrees of acetylation have been measured at different cooling and heating rates, and compared
to the glass transition temperature (T,) of the swollen materials. Above a certain critical concentration of
water, ¢*, when water begins to crystallize upon cooling, the T, does not decrease according to the Fox
equation, but remains constant. This phenomenon of regulation of the T, and the origin of ¢* are explained
by the phenomenon of segregation of water in the amorphous phase during the process of crystallization.
Finally, the effects of melting temperature depression and of broadening of the melting peak of ice in
PVA-water systems, very similar to those observed in saccharose-water and alcohol-water mixtures, are
explained by the phenomenon of dissolution, and not by the confinement effect.
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INTRODUCTION

In hydrophilic polymers such as poly(vinyl alcohol)
(PVA) and cellulose derivatives it has been postulated
that absorbed water presents different states called bound
and unbound!~'®, Water in these systems is known to
be affected by specific interaction (hydrogen bonding)
with the polymer hydroxyl groups. D.s.c. studies have
led to the conclusion that the amount of bound and
unbound water is equal, respectively, to the amount of
uncrystallizable and crystallizable water when the swollen
polymer is cooled below 0°C. The aim of this paper is
to show that in PVA the equivalence between bound
water and uncrystallizable water is irrelevant and that
the amount of uncrystallized water is governed by the
phenomenon of regulation of the glass transition
temperature (T;) appearing during crystallization of
water. Similar effects have been reported recently in
sugar—water systems?°~22, It is therefore important to
compare, by d.s.c., the properties of swollen PVA with
those of simple binary mixtures presenting the same type
ofinteraction, and where confinement effects are absent.

EXPERIMENTAL

PVA 100%, 95% and 88% hydrolysed were supplied by
Janssen chimica; the molecular weights are, respectively,
115000, 95000 and 96 000. N.m.r. analysis indicates that

*To whom correspondence should be addressed

the chains have, respectively, <0.2%, 2% and 12% acetyl
residues.

PVA membranes, 100 mm thick, with crystallinity
25%, have been prepared by solvent evaporation of a
solution of 7% PVA in water. The membranes were dried
at 80°C for 4 h in an oven under vacuum and then swollen
in water to equilibrium at 40°C. The water was then
evaporated slowly to obtain homogeneous films having
different water content ¢ (mass concentration). The
crystallinity of the dried membranes was determined by
density measurements according to the method of
Pritchard?3. The crystallinity of the swollen membranes
was deduced from the integrated intensity of the (1 10)
reflection observed by X-ray and also from the amplitude
of the 1142 cm ™! peak observed by i.r. spectroscopy?3-26.
The crystallization temperature (7.} of water and the
melting temperature (7;,) of ice in these membranes were
measured by d.s.c. (Mettler) at various cooling rates (2.5,
5 and 10°C min~!) and then extrapolated to zero cooling
rate. The T, was measured by dynamic mechanical
thermal analysis®”°?8 (d.m.t.a.; Polymer Laboratories) at
3 Hz in tension mode at a heating rate of 4°C min~ 1.
The materials were previously cooled to —140°C at a
rate of 30°C min~!. Figures la and b show typical d.s.c.
and d.m.t.a. curves of swolien PVA (totally hydrolysed)
membranes. The same types of curves were obtained for
other PVA materials. One can distinguish two regimes
in the swollen samples: a low concentration regime (¢ < c*)
where the water does not _crystallize; and a high
concentration regime (¢>c*) where crystallization is
observed.
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Figure 1 Typical dss.c. (a) and d.m.t.a. (b) curves of swollen PVA
membrane as a function of the water concentration (PVA is 100%
hydrolysed). Heating rate: (a) 10°C min~!; (b) 4°C min !

RESULTS

Glassy transition

D.s.c. measurements showed clearly that T, varied with
water concentration only in the range 0 < ¢ <30%. Above
the critical concentration ¢*=30% this transition is not
seen by d.s.c. and this suggests that the glass transition
is hidden by the melting peak of ice. The jump in the
heat capacity (AC,) at the melting transition, represented
by a dashed line in Figure I, is due to the difference in
the heat capacity of ice and water at the ice melting
temperature and to the glassy transition of the amorphous
PVA phase. The d.m.t.a. tan é versus temperature plots
at various heating rates showed the same results: the
absence of a glass transition below — 30°C for membranes
in the second regime and a T, decreasing with water
concentration in the first regime. The small peak observed
at —100°C is the well-known f secondary transition®®.
For concentrated membranes, the large d.m.t.a. peak
observed between —30°C and 0°C is consistent with the
glassy transition of the amorphous PVA phase and
appears at the same temperature (or more exactly in the
same temperature range) as the melting of ice. In the first
domain (¢ < c*) the amplitude of the glass transition peak
tan J increases from 0.1 for the dried sample to 0.4 for
the swollen sample at c¢* and then decreases slowly. The
value of tan ¢ at the maximum is of the same order of
magnitude as for hydrophilic copolymers polyamide 6
(PA 6)—poly(ethylene glycol) (PEG), and polyacrylamide
(PAM). In all these systems T, and tand vary in an
opposite manner with the water content. In polyamide
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the increase of tan 6 and the decrease of T, with the water
content has also been noted?®. The T, value at c* is called
T;*. In Table 1 the T, c* and tan* J values are compared
for different polymer-water systems.

Finally, it is to be noted that in dried PVA with some
acetyl residues (up to 12%), the T, is somewhat lowered.
As plastication of PVA by acetyl residues is less
important than by water, the variation of T, with water
concentration ¢ (by weight) for all the PVA materials is
shown in Figures 2 and 3. Below 40%, the experimental
T, curve follows the Fox-Flory3!:32 equation:

1 1—¢ ¢
- = +7
T, T

Tg

where Ty and T," are the glass transition temperatures
of pure PVA (80°C)?® and pure water (— 135°C according
to Angell**?* and Razmussen and MacKenzie®®).
This relationship, verified by various polymer-solvent
systems?3%, indicates that water in PVA behaves like a
typical classical plasticizer. In cellulose systems’ and in
PA 6 and PA 6.6°° the variation of T, with the
concentration of water is greater than that predicted by
the Fox law. The origin of this difference between PVA
and PA and cellulose systems is not understood.

(1)

Melting transition of ice

As reported by many workers!™'8 d.s.c. curves for
c>c* present two melting peaks, the temperatures T,

Table 1 Critical parameters of polymer-water and sucrose-water
systems”

c* Tk
(%) n* °C) Tan* §
PVA
100% 22 0.8 -30 04
88% 25 1.2 —-30 0.4
PAM? 25 0.6 —25
Sucrose® 18 0, 26 —32

“n* is the number of water molecules per monomer or sucrose molecule
at the concentration c* where ice formation begins. T} and tan* § are
the glass temperature and the loss angle of the swollen membrane of
concentration ¢*

bRef. 30

‘Data from refs 20-22
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Figure 2 Glass transition temperature in swollen PVA membranes as
a function of the water concentration, and as a function of the degree of
acetylation of the polymer chains. The solid line represents the
Fox-Flory relation. (@) PVA 100; ( x) PVA 95; (O) PVA 88
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Figure 3 Glass transition melting and crystallization temperatures
of swollen PVA membranes 100% hydrolysed. (O) T, (dsc);
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Figure 4 Number of crystallizable (squares) and uncrystallizable
(circles) water molecules per hydroxyl group in PVA swollen
membranes. (Open symbols) PVA 100; (solid symbols) PVA 88§

and T, corresponding to the maximum of intensity and
the widths of the peaks decrease with decreasing heating
rate. The first peak T, near 0°C, has been attributed to
the free water present in pores created during the
formation and/or swelling of the membrane. The exact
origin of the T/, peak in PVA and also in swollen cellulose
acetate!” and starch derivatives'? is still unclear. The
ratio AH/AH’ of the enthalpies corresponding to the two
melting peaks depends weakly on the hydrolysis ratio
and the cooling rate. The value of this ratio (~9) is greater
than the value reported by others® !5,

The T,, peak is located between —30°C and 0°C and
depends on the concentration of water present. Figure 3
shows the variation of T, and T, of the swollen
membranes of 100% hydrolysed PVA. The same trends
are observed for the membranes that are 98 and 88%
hydrolysed. Two different regimes are clearly seen. The
critical concentration c*, above which crystallization of
water is observed, is not dependent on the concentration
of acetyl residues. Figure 4 shows the number of
crystallizable (n) and uncrystallizable (n*) water molecules
per hydroxyl group in the amorphous phase as a function
of concentration. The number of crystallizable water
molecules is deduced from the total enthalpy of melting
(AH + AH') over the whole range of temperature, and the
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change of crystallinity of the PVA chains as a function
of ¢ has been taken into account?®. In our membranes
it has been verified that the melting and crystallization
enthalpies of water are equal. This is different to the result
reported by Higuchi and Lijima'®. It is assumed that the
melting enthalpy of ice is temperature independent and
equal to 334J g™

It is important to note that »* and n for the PVA
membranes with different acetyl rates show the same
variations with c. A small difference is however noted for
the value of ¢* and n*. This is related to the fact that all
the PVA materials have the same T, curve as shown in
Figure 2. This suggests that ¢* in these membranes is
determined by the properties of crystallization of water
and of the glassy state of the swollen polymer. In any
binary liquid system (organic, inorganic, metallic) the
crystallization of one component is possible only if the
glass temperature of the liquid mixture is lower than the
temperature of crystallization of that component.

Finally, the similarity of PV A—water and sucrose-water
systems*®22 should be emphasized. The T;s of pure
PVA and sucrose are, respectively, 80 and 70°C, the
concentration ¢* of unfrozen water in these swollen
materials is, respectively, 22 and 18% and the T, at this
critical concentration is the same [T(c*)= —30°C]. The
similarity in c¢* and T(c*) values is explained by the fact
that the curves T(c) and the liquidus T (c) for the two
systems are not very different.

DISCUSSION

T, regulation effect

Figure 3 shows that when ¢ > c¢* water crystallizes and
the T, of the material becomes equal to the T,, of ice.
This phenomenon obviously must be quite general in a
polymer—solvent system when the solvent crystallizes.
The phenomenon of regulation of the T, in these systems
by crystallization of the solvent is described in Figure 5.
In the swollen state, the T, of the polymer—solvent system
decreases with concentration according to the Fox-Flory

Temperature (°C)

-100 [ ! L
0 20 .~ 40 60 30

Water concentration (wt%)

Figure 5 Phenomenon of T, regulation by solvent crystallization in
polymer systems. The intersection of the T, curve with the T curve
defines the critical concentration c¢* below which the solvent cannot
crystallize. T;, is assumed to vary with ¢ according to the Raoult law.
During crystallization the concentration of solvent in the amorphous
phase decreases; therefore the T, of the system increases and follows
the dashed Fox—Flory curve. The process of crystallization stops when
the figurative point reaches C. A similar effect occurs during the melting
process
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relation. Let us assume that the T, of the solvent varies
with concentration as shown in Figure 5. The exact form
of the curve T, (c) has no importance here and will be
explained in the next section. For simplicity it is assumed
that there is no supercooling effect (T,=T,) and the
concentration at the intersection (point C) of the
two curves is called c¢*. In the low concentration
domain (¢ <c*) the solvent does not crystallize for the
simple reason that when lowering the temperature,
the glass transition is passed through before the
temperature of crystallization is reached. Hence, the
system has been frozen before crystailization could occur.
In the high concentration domain (¢>c*), during
cooling, the material passes the T, transition before
reaching the glass transition. For example, a swollen
polymer of concentration ¢, is cooled from the liquid
amorphous phase; when the temperature becomes
equal to T,, crystallization of the solvent in the
liquid amorphous phase begins. After formation of
some crystallites the concentration ¢ of the remaining
amorphous phase is ¢=c, —Ac, the new equilibrium
temperature of crystallization T (c) is then lower than
T,, and crystallization is stopped and can continue only
if the temperature of the system is lowered again. One
must ask now if there is another phenomenon which
stops at a certain temperature the crystallization of the
solvent and therefore limits the total amount of solvent
crystallites.

At the beginning of the process of crystallization the
glass temperature of the amorphous phase (PVA plus
solvent) of water concentration ¢, is Ty (point B). As
crystallization continues isothermally (at a very slow
cooling rate) the solvent concentration in the amorphous
phase decreases, and during this segregation the T, of the
material increases. (The figurative point of the liquid
amorphous phase follows the dashed line representing
the extrapolated Fox-Flory T, curve.) The process of
crystallization stops when the figurative point of the
amorphous phase reaches point C, that is to say when
the glass transition of the amorphous liquid phase
becomes equal to the crystallization temperature of the
solvent or, in other words, when at the temperature of
crystallization the amorphous phase has been frozen. In
this case the concentration of uncrystallizable solvent in
the remaining amorphous phase is c¢*. This effect explains
why in PVA-water systems, the T, does not follow the
Fox-Flory equation when c>c*, and why the T,
observed by d.m.t.a,, is nearly constant and equal to the
T,, of ice. This effect also explains the ¢* value, and
therefore the number »* of uncrystallizable water
molecules per hydroxyl group which is not an integer:
0.8 and 1.2 for the 100% and 88% hydrolysed PVA (in
the PAM-water system we have found that n* is of the
order of 0.63%). The PYA- and PAM-water membranes
have the same characteristics (c*, T;* and tan*¢;
Table I) because these systems have similar T,(c) and
liquidus T, (c) curves.

Origin of the variation of T,, with ¢

Most authors have explained qualitatively the melting
temperature depression of ice in a polymer matrix in
terms of confinement, that is to say by a capillary
effect’~17-36743, These effects in solid porous materials
have been studied in detail**™*!. According to Brun
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et al.*® the pore size, r, (in nm), is given by:
r,=0.57+65/AT 2)

where AT is the melting temperature depression of the
ice crystallized in the pore. The thermoporometry method
gives the pore size distribution in inorganic glass in
accordance with other techniques.

The Brun et al. relation must be compared to the well
known Thomson relation relating the T, of a crystallite
of finite size D*®37. The melting temperature of crystals
growing in its supercooled liquid (no mixing entropy and
no mixing enthalpy) is:

ol G d) o

which gives the melting temperature depression AT=
273 B/D. Here ¢ and AH are the surface energy and the
melting enthalpy of an infinitely thick crystal per unit
volume. It has been shown?*” that for all metals, f=206/AH
is constant and of the order of 1 nm, except for Li (0.4 nm)
and Ge (3.3 nm). The same order of magnitude is observed
for polymer monocrystals®®. If one assumes that the f
value of ice is of the same order of magnitude, the above
two relations predict a melting depression temperature
of 1 and 5°C for a crystal thickness of 50 nm and 10 nm.

The mean size of an ice crystal at —40°C in a PVA
membrane (¢c=40%) has been measured by wide-angle
X-ray scattering at the synchrotron source of LURE. The
100, 002 and 101 reflections of hexagonal ice give,
according to the Debye and Scherer relation, a crystallite
size of 50 nm**#°, One concludes that confinement alone
cannot explain the high value of the melting temperature
depression observed in PVA and PAM membranes
(10-20°C).

Some authors claim that the above thermo-
porometry relation also applies for solvent (water) in
polymer, but they have not discussed the origin of this
confinement of the water molecules in the polymer
membrane (in the liquid state as opposed to inorganic
membranes in the solid state). Finally, it should be
recalled that Boonstra et al.*® showed that the size of
solvent crystallites in crosslinked rubber could not
explain the important freezing point depression. These
authors were the first, to our knowledge, to have
suggested that ‘the crystal size of the solvent may be
limited not for mechanical reasons, but because at the
boundary of the crystallites the solvent—-polymer must be
considered as a binary mixture with a well-defined
temperature—composition diagram’.

In our polymer-solvent system as in binary liquid
mixtures the endotherm peak observed by d.s.c. is not
due to the melting process of the solvent, but rather
to the dissolution of the solvent crystallites in a
solution of polymer whose concentration varies during
the process of dissolution. The variation of the ice
melting temperature with concentration is given by the
Flory—Huggins theory for polymer-water systems and
by the Raoult law in binary mixtures of liquids. It is then
important to compare the experimental results with the
prediction of both theories.

38-43

Dissolution effect: Flory—Huggins approach
In the mean field approximation®?, the free energy of



mixing of polymer and solvent per site is:
Fy/kT= % log % + ¢, log o+ xPpo, 4

where @p=1—¢, is the fraction of sites occupied by
monomers and y is the interaction coefficient between
monomer and solvent. For simplification one has to
assume that the molar volumes of both species are equal.
The first term, which represents the translational entropy
of a chain of N monomers, disappears in gels and
semicrystalline polymers. If the solvent crystallizes, the
solvent T, is a function of concentration. The equality
of the chemical potential of the solvent in solution (uf)
and in the crystalline state (uf) can be written as:

e
:us=(pP— — |=
0pp \@p

T
u§=AH<T—“0‘—1> 5)

where T is the melting temperature of the pure solvent,
and AH the enthalpy of crystallization per solvent
molecule.
At equilibrium, the T,, of solvent crystallites is then

given by:

1 1 R

————=——[—log(l — @p) — @p— xPE 6

T. 10 AHm[ gl —pp)—@p—108]  (6)
where AH_ is the enthalpy of crystallization per mole,
and R is the gas constant. For a large concentration of
solvent (pp«1):

1 1 _ R .
T TO AH. oG (M
Equation (6), reported by Orwoll*’, has not been applied
to a polymer-solvent system to our knowledge. This
expression implies that the mean field approximation is
valid and that the chains have no translational entropy
and no configurational entropy.
It is interesting to compare the Flory—Huggins
prediction to the Raoult law valid for simple binary
mixtures:

1 1 R

T. T° AH,

where a is the activity which is reduced to the molar
concentration of the species which crystallizes in the case
of an ideal solution.

If one assumes that the polymer-water system is
comparable to a simple binary mixture the above
expression becomes:

loga 8)

1 1 R
———=—-logx 9
T, T2 AH_ & ©)
where x is the molar fraction of monomers of molecular

weight =42

To compare the experimental data with the theoretical
prediction of equations (6)(8), T,, values of ice in PVA
have been measured as a function of the heating rate and
concentration. All the samples (Figure 6a) show a linear
relation between T, and the heating rate ¥V in the
case of PVA membrane 100% hydrolysed having a
concentration ¢=33% and 43% water. Similar linear
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Figure 6 (a) Dependence of the melting temperature T,, of ice
crystallites in PVA with 33 and 43 wt% water as a function of the d.s.c.
heating rate V. The T,, of ice in water—saccharose solutions (c=50%)
and in water—ethanol solutions (c=20%) are also shown. (b) Width of
the ice melting peaks AT(1/2) observed by d.s.c. as a function of the
heating rate V¢ water—saccharose system (c=50%), ethanol-water
system (c=20%) and PVA-water system (c=33%)

plots were obtained for different concentrations and for
the different PVAs. One recalls here that T;, corresponds
to the maximum of the endothermic peak (and not to
the onset of the peak as it is known for melting
transitions). From Figure 6 it can be concluded that the
variation of the ice melting depression with the heating
rate in the PVA system and in simple binary mixtures
of equivalent molar concentration are of the same order
of magnitude.

Figure 7a shows the variation of the ice melting
temperature with the concentration of water in PVA
(curves A and B) and in ethanol (curve D). Raoult plots
(curve C) and the experimental curve B extrapolated at
zero heating rate show the same trend and a finite slope
at high concentration of water (c~1).

In Figure 7b a comparison is made of the predictions
of the Flory-Huggins approach and that of the Raoult
law. The Flory—Huggins plots have been drawn for three
different values of the interaction parameter y. The
experimental value of y for the PVA-water system,
measured by Sakurada et al.' and Hamada et gl.'®48,
respectively, by vapour pressure measurement and by the
melting point depression of the polymer, is y=0.49. It
must be stressed that these measurements were done
in semi-dilute solution (1>c¢>0.85), whereas for our
experimental data 0.7 <c¢<0.25, and that the properties
measured by these authors probably depend on the
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Figure 7 (a) Melting temperature curves (A—C) of ice crystallites in
PVA 100% hydrolysed (c=33%) and in ethanol solution (D) as a
function of concentration: (A) experimental data, d.s.c. at 10°C min~1;
(B) extrapolated d.s.c. values at a very slow cooling rate, see Figure 6a,
(C) theoretical prediction from the Raoult law; (D) water—ethanol
solution (¢ =20%), d.s.c. at 5°C min "~ !. (b) Melting temperatures of ice in
polymer—water systems predicted by the Flory—Huggins relation for
three values of the interaction parameter y. (A) Experimental data
extrapolated for heating rate V=0 (deduced from Figure 6a). The
prediction of the Raoult law is also reported

crystallinity of the polymer and therefore on the
preparation of the membrane. It should be emphasized
that low molecular weight PVA is completely dissolved
by water??; water is a good solvent and not a theta
solvent.

From Figure 7b it can be concluded that the
experimental curve (extrapolated to zero cooling rate)
lies between the theoretical Flory—Huggins curve (y ~ —0.5)
and the Raoult curve (ideal solution). The discrepancy
between the Flory—Huggins and experimental curves
could be due to a variation of y with concentration but
no variation has been reported for a dilute solution.
We believe that this discrepancy arises for a more
fundamental reason; the configurational entropy is not
taken into account by the Flory theory, and the mixing
entropy is overestimated by the Raoult law.

Origin of the broadening of the melting peak

The greater width of the ice melting peak in PVA and
other polymer—water systems has been noted by many
authors!™1¢#1™#% and interpreted as being due to the
distribution of size of the crystals of ice, which in turn
would be due to the distribution of pores. In ail the
reported studies, the d.s.c. heating rates were 10 or
20°C min~!. The variation of the width of the melting
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peak T, with the heating rate has not been studied to
our knowledge.

In fact, this effect is also observed in binary simple
mixtures. In Figure 6b a comparison is made of the width
AT(1/2) at half height of the melting peak of ice in PVA,
saccharose and ethanol solutions of similar molar
concentration (x = 10%) as a function of the heating rate.
The AT(1/2) value decreases with the heating rate V for
the different types of materials but is not extrapolated to
0°C as it is observed for pure water. The extrapolated
values at V=0 are 5, 6.2 and 5.3°C for, respectively,
saccharose, ethanol and PVA systems of similar molar
concentration (respectively, of mass concentration 50, 20
and 33%). This indicates that the origin of the broadening
is not due to kinetic effects. The broadening of the ice
melting peak is obviously related to the fact that the
temperature of ice melting is a function of concentration;
the T,, melting peak is in fact a dissolution peak as shown
in Figure 5.

A PVA-water system with a water concentration c4
higher than the critical concentration c¢* has been
crystallized and its melting transition studied during a
d.s.c. scan. For sake of clarity it is assumed that the water
crystallization occurred at 7, (no supercooling), and
after crystallization, as explained above, the remaining
concentration of water in the amorphous phase is ¢* and
not c,. When this material is heated up melting begins
at T* (point C) and the concentration of water in the
amorphous phase increases during melting. Melting
can carry on only if the temperature is increased. During
a d.s.c. scan, the process of melting is continuous (even
at a very low heating rate) and stops (point A) when the
concentration of water in the amorphous phase becomes
equal to C,. Figure 5 shows that the width of the d.s.c.
peak is equal to T, — T* and therefore increases with the
gap concentration ¢—c*, even if the heating rate is
infinitely small as observed experimentally.

The comparison between PVA-water systems and a
binary simple mixture shows that the broadening of the
ice melting (and crystallization) peaks is not due to
confinement of ice crystals but to dissolution effects.

CONCLUSIONS

Crystallization of water or any solvent in a binary
system involves segregation and therefore a decrease in
the concentration of these species in the remaining
liquid phase. The important consequence is that the
characteristics (in particular the T,) of the liquid
phase change during the crystallization process. The
phenomenon of regulation of the T, of the polymer—
water system by crystallization of the solvent explains
the critical concentration c¢* at which water begins
to crystallize; ¢* is given by the intersection of
the melting temperature curve T (c) with the glass
transition temperature curve Ty(c). Below c*, water cannot
crystallize, not because water is bound, but because the
glassy state of the polymer—water system is reached
before the temperature of water crystallization. The
concentration ¢* can be modified by the presence of salts
and organic compounds which change the temperature
of crystallization of water and the T, of the ternary system
as observed by Zhang et al.®>. In PVA-PVP blends T,
increases with the concentration of PVP. In the swollen
blend the T(c) curve is then shifted towards high



temperatures; the intersection of the T, curve with the
ice solidus T, (c) is also shifted. In that case the
critical concentration c* and temperature T;* increase
continuously with the concentration of PVP in the
blend>°.

Finally, it has been shown that the melting temperature
curve T, (c) of ice above c* lies between the Raoult
theoretical curve giving the dissolution temperature of
crystallizable species in a binary system and the
theoretical curve deduced from the Flory—Huggins theory
(good solvent). The broadening of the ice melting peak
observed by d.s.c. even at low heating rate is explained
by the progressive increase in concentration of water in
the amorphous phase during the melting process. These
two effects are qualitatively and quantitatively similar to
those observed in simple binary systems like water—ethanol
and water—saccharose. The described phenomenon of
regulation should apply to any homogeneous organic,
inorganic or metallic system. We must note that the
supercooling effect and the presence of heterogeneities in
polymer—solvent systems (pores, fluctuation of chains and
crosslinks, segregation>®) would complicate our analysis.
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