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Studies on Salt Hydrate for Latent Heat Storage, II. Eutectic
Mixture of Pseudo-binary System CH;CO.,Na-3H,0-CO(NH,),
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With a view of developing latent heat storage materials, mixtures of pseudo-binary system, CH;CO,Na.
3H,0-CO(NH,), (sodium acetate trihydrate—urea) were subjected to differentital scanning calorimetry, and the
partial phase diagram for ternary system CH;CO,Na-CO(NH,),~-H,O at ambient pressure was constructed.
The eutectic mixture, containing 0.6 mass fraction of CH;CO,Na.3H,0 and 0.4 mass fraction of CO(NH,),, melts
congruently at 31.5 °C with a heat of fusion of 226 J/g, which is larger than the heat of fusion of CaCl,-6H,0, 180

Jlg.

Recently, some mixtures containing salt hydrate have
been studied in order to develop latent heat storage
materials. Boer et al.l) used a eutectic mixture of system
Na,SO,-10H,0-NH,Cl-NaCl as a heat storage material
for a solar house “solar one.” Yoneda and Takanashi?
studied on mixtures of system Mg(NOj),-6H,0-MgCl,-
6H,0 and found that the eutectic mixture of this
system melts at 59.1 °C and that its heat of fusion is
144 J/g.

In contrast, no mixtures of salt hydrate and organic
compound have yet been studied. In this study, mixtures
of pseudo-binary system CH,CO,Na-3H,0-CO(NH,),
were subjected to measurements using differential
scanning calorimetry (DSC). From these measurements,
the partial phase diagram for ternary system
CH,;CO,Na-CO(NH,),-H,O at ambient pressure was
constructed and the heat of fusion of the eutectic
mixture was determined. The linear velocity of the
crystallization from pseudo-binary molten mixtures of
system CH;CO,Na-3H,0-CO(NH,), was measured
and the microstructure of the mixtures was observed
and photographed. From the experimental results,
we conclude that the CH;CO,Na-3H,0-CO(NH,),
mixture is suitable for solar energy storage.

Experimental

Materials. CH,;CO,Na-3H,0, CH;CO,Na, CO(NH,),,
and Na,P,0,. 10H,O were obtained commercially. Na,P,O,.
10H,O was ground and passed through a 100 mesh sieve before
use.

Differential Scanning Calorimetry. Differential scanning
calorimetry (DSC) was performed with an SSC 560U DSC
(Dainiseikosha Co.), a heat flux DSC. Weighed quantities of
CH,;CO,Na.3H,0, CO(NH,),, etc. were heated and mixed to
a homogeneous melt. One drop of this melt was placed in a
15 pl silver crucible and was solidified. After the crucible was
closed, the sample was heated at the rate of 0.5 °C/min from
10 °C to 90 °C. The melting temperature of the sample was
obtained from the endothermic peak on the sample temper-
ature curve. The heat of fusion was obtained from the
endothermic peak area. This DSC system was calibrated by
using ice (f,: 0.0 °C; AH,: 335 ]/g), sodium sulfate deca-
hydrate (¢,: 32.4 °C), and sodium acetate trihydrate (¢,,: 58.4
°C) as standards.

Microscopic and Microphotographic Studies. For micro-
scopic and microphotographic studies, slides were prepared
and examined under a microscope. A very small drop of
melt was placed on a slide and covered with a cover glass.
Nucleation was started from one side.

Thus, mixtures of system CH;CO,Na.3H,0-CO(NH,), are promising for solar energy storage.

Linear Velocity of Crystallization. The experimental
technique for determining the linear velocity of crystallization
was similar to that adopted by Dietz et al.? Measurement was
made in a Pyrex glass tube, 500 mm in length, 1 mm in wall
thickness, and 8 mm in inner diameter, provided with two
right-angled bends. The tube was placed in a water bath
thermostated to +0.1 °C. The melt was seeded at one end
and the time required for the crystal boundary to move a
definite distance was measured by a stopwatch. The linear
velocity of crystallization was determined for various degrees
of supercooling in this manner.

Results and Discussion

The phase diagram for binary system CH,;CO,Na=
H,;0 based on Greem’s data® is shown in Fig. 1. In
this figure, W, shows the mass fraction of CH;CO,Na
and W, the mass fraction of HyO. Therefore, the
quantity on the abscissa, 100X W, /(W ,+ W,), is the
weight per cent of CH;CO,Na in the system. We see
that CH;CO,Na-3H,O melts incongruently to an
aqueous solution containing 589, CH;CO,Na by weight
in equilibrium with the balance of CH;CO,Na as solid
anhydrate, and that the balance of CH;CO,Na as solid
anhydrate dissolves entirely in its water of crystallization
at 78 °C.

DSC curves for some mixtures of pseudo-binary system
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CH;CO,Na-CO(NH,),-H,0O at ambient pressure.
@ : Melting point of CH,CO,Na.3H,0, (: melting
point of CO(NH,),, []: melting point of CH;CO,Na,
Il : cutectic point.

CH;CO,Na-3H,0-CO(NH,), are illustrated in Fig. 2.
Considering the phase diagram of the system
CH;CO,Na-H,O shownin Fig. 1, we understand
that the peak at 58.4°C on the DSC curve for
CH,CO;Na-3H,0 corresponds to the melting of
CH;CO,Na-3H,0 and that the change at 77.8 °C in
the DSC curve for CH;CO,Na-3H,O corresponds to
the entire dissolution of the CH,CO,Na as solid
anhydrate in the water of crystallization.

The pseudo-binary section in ternary system
CH3;CO,Na-CO(NH,),-H,O at ambient pressure which
is constructed from such DSC curves is shown in Fig. 3.
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Fig. 4. Melting-point diagram of the ternary system,
CH,;CO,Na-CO(NH,),-H,0, at ambient pressure
without CO(NH;); content. @: Melting point of
CH,;CO,Na-3H,0, []: melting point of CH;CO,Na.

This pseudo-binary section is confirmed by the cooling
method adopted by Carlson et al.9 In this figure, W,
shows the mass fraction of CO(NH,),, so the quantity
on the abscissa 100 X W, indicates the weight per cent
of CO(NH,), in the system. From this figure, it is
clear that pseudo-binary system CH,CO,Na-3H,0O-
CO(NH,), forms a eutectic mixture without forming any
new addition compounds. The eutectic mixture of this
system, containing 0.6 mass fraction of CH;CO,Na-
3H,O and 0.4 mass fraction of CO(NH,),, melts
congruently at 31.5 °C.

Melting-point diagrams at ambient pressure for
system CH3CO,Na—CO(NH,),-H,O, in which the mass
fraction of CO(NHj), is kept constant, are plotted in
Fig. 4. In this figure, W, shows the mass fraction of
CH;CO,Na and W, the mass fraction of H;O. There-
fore, the quantity on the abscissa, 100 x W,/(W,+ W),
is the weight per cent of CH;CO,Na in the system with
no CO(NH,), content. The melting-point diagram for
system CH;CO,Na-H,O, which does not contain
CO(NH,),, is in good agreement with previous data.®
It is apparent that as the mass fraction of CO(NH,),,
W ., increases, the liquidus lines on the CH,CO,Na-
3H,O side shift to lower temperatures and that the
liquidus lines on the CH3;CO,Na side shift to higher
concentrations of CH;CO,Na.

A partial phase diagram of ternary system
CH3CO,Na-CO(NH,),-H,;O at ambient pressure is
constructed by using the results of Figs. 1, 3, and 4
and shown in Fig. 5. From this figure, it is
understandable that CH;CO,Na:3H,0 comes to melt
congruently when a sufficient quantity of CO(NH,), or
H,O is added to it. Moreover, the liquidus line on
the CH3;CO,Na-3H,0 side is lowered by addition of
CO(NH,); or H,O. Thus, the effect of addition of
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Fig. 5. Partial phase diagram of the ternary system
CH;CO,Na-CO(NH,),~H,O at ambient pressure.

CO(NH,), to CHz;CO,Na-3H,O is similar to that of
addition of H,O. But, the eutectic point of pseudo-binary
system CH;CO,Na-3H,0-CO(NH,), is 31.5 °C, which
is suitable for solar energy storage, whereas the eutectic
point of system CHZCO,Na-3H,0-H,O is —18 °C,
which is too low. The reason why CH,CO,Na-3H,O is
brought to the point of melting congruently by the
addition of a sufficient quantity of CO(NH,), is that
CO(NH,), acts not only as a solute in CH,CO,Na-
3H,0 melt but also as a solvent for CH,CO,Na like
H,O. That is to say, as an aqueous solution of
CO(NH,), acts as a mixed solvent for CH;CO,Na, the
solubility of CH;CO,Na for unit mass of H,O is higher
in the mixture of system CH;CO,Na-3H,0-CO(NH,),
melt than in the melt of CH;CO,Na-3H,0O without
any other substances.

The heat of fusion of the eutectic mixture of this
pseudo-binary system is found to be 226 J/g by DSC.
This value is larger than the heat of fusion of another
latent heat storage material, CaCl,-6H,O (¢,: 29.5 °C),
180 J/g. The heat of fusion of a binary eutectic mixture
AHE is calculated from the equation.®

A B

o -l (45) (350
where W* and W* are the mass fractions of components
A and B, respectively, T&, T3, and T2 are the
melting points (in absolute temperature) of component
A, component B, and eutectic mixture, respectively,
and AH} and AHZ are the heats of fusion of com-
ponents A and B per unit mass, respectively. This
equation is applicable to the eutectic mixture of pseudo-
binary system CH;CO,Na3H,0-CO(NH,),, by letting,
A and B correspond to CH,CO,Na:-3H,0 and
CO(NH,),, respectively. CH;CO,Na-3H,O melts incon-
gruently at 58.4°C with a heat of fusion of 264 J/g,”
and CO(NH,), melts at 133 °C with a heat of fusion of
251 J/g.®" Accordingly we take TA=332 K, TZ=406
K, T2*=305K, AH,=264 J/g, AH2=251]J/g, W*=
0.60, and W*®=0.40. Consequently, AH2" is 221 J/g.
This value is in good agreement with the experimental
result, 226 J/g.

Microphotographs of mixtures of CH;CO,Na-3H,O
and CO(NH,), are given in Figs. 6—8. The study with
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Fig. 6. Microstructure of mixture containing 0.2 mass
fraction of CO(NH,),.

Fig. 7. Microstructure of mixture containing 0.6 mass
fraction of CO(NH,),.

Fig. 8. Microstructure of eutectic mixture containing
0.4 mass fraction of CO(NH,),.

a microscope clearly proves that the solid immediately

separating out from a eutectic melt is entirely different
in appearance from other solids. Large prisms of
CH,;CO,Na-3H,0 in the eutectic matrix are shown in
Fig. 6. White needles of CO(NH,), in the eutectic
matrix are shown in Fig. 7. An extremely regular
pattern microphotographed for the solid eutectic matrix
is shown in Fig. 8.
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Linear velocities of crystallization of various melts
are plotted against the supercooling At in Fig. 9. The
linear velocity of crystallization of CH;CO,Na-3H,0O
(W,=0) is in good agreement with the value deter-
mined by Dietz et al.3 It is clear that the linear velocity
of crystallization of the melt containing 0.04 mass
fraction of CO(NH,), at A¢t=20 °C falls to less than
half the linear velocity of crystallization of CH,CO,Na-
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3HO, at At=20 °C. The linear velocity of crystalliza-
tion of this eutectic melt at At=20 °C, 0.002 cm/s, is
about 1/300 of the linear velocity of crystallization of
CH,CO,Na-3H,0 melt at At=20 °C.

To make sure that the mixture of system CH;CO,Na-
3H,0-CO(NH,), continuously repeats stable freezing,
30 g of the eutectic mixture of pseudo-binary system
CH,CO,Na-3H,0-CO(NH,),, in the presence of 0.3 g
of Na,P,0,-10H,0O as the nucleation catalyst for
CH,;CO,Na-3H,0, was subjected to cycles of linearly
programmed consequtive heating and coolings between
5 and 45 °C in a manner similar to the one adopted
previously.? Melting points ¢,’s and temperatures
at which the supercooling is broken, ¢;’s as determined
by 1000 continuous heating and cooling cycles, are
shown in Fig. 10. The supercooling At;(=t,—t;) is
calculated by using the results in Fig. 10 and plotted
in Fig. 11. From these figures, it is apparent that the
supercooling of this eutectic mixture At¢; is almost 6 °C
for all the cycles.

CH,CO,Na-3H,O starts to crystallize from the eutec-
tic melt with the aid of Na,P,0,:-10H,O crystals and
soon CO(NH,), starts to crystallize. This eutectic
mixture was observed not to separate into the com-
ponents CH;CO,Na-3H,0 and CO(NH,),. After
1000 continuous heating and cooling cycles, the heat
of fusion.of this sample was measured by DSC. The
value obtained is 222 J/g, which is in good agreement
with the initial heat of fusion of this eutectic mixture,
226 J/g. Consequently, the mixtures of system
CH,CO,Na-3H,0-CO(NH,), are promising for solar
energy storage.
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