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The invention relates to salt mixtures composed
of Mg(NO,), - 6 H,0 and LiNO, in a mass ratio of 86-81 :
14-19 for storing and utilizing thermal energy in the
form of heat of phase transformation. They are eminently
suitable as latent heat storage media for heat reservoirs

for storing and utilizing the waste heat of motor vehicle

engines.
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Salt mixtures for storing thermal enerqy in the

form of heaf_pf'phase transformation

The 1nvention relates to salt mixtures for
storing thermal energy in the form of heat of phase -
transformation. The invention further relates to the use
of said salt mixtures as latent heat storage media for
storing and utilizing the waste heat of motor vehicle
engines and to corresponding heat reservoirs for use in
motor wvehicles.

Thermal energy originating from any enerqgy system
is utilizable if it can be stored and, when required, can
again be retrieved from the reservoir. This type of heat
supplier includes, for example, solar radiation energy,
the waste heat of any machines, e.g. of motor vehicle
engines, process heat, or the electrical energy often
supplied at lower cost during the hours of the night, for
reasons of energy management and tariffs (off-peak
electricity).

Thus, in particular, it is advantageous to equip
motor vehicles with a heat reservoir, for example by

means of integration into the o0il and/or coolant circuit,
in that after a prolonged standstill the cooled-down

engine can be rapidly brought back up to its operating
temperature by the heat stored from previous running. As
a result, the warm-up period of the engine is consider-
ably reduced. As 1s well known, the warm-up period of

motor vehicle engines involves increased fuel consumption

and less favorable exhaust gas data and increased engine
wear.

It is known that, as a substance melts, i.e.
during the transition fromi the solid to the liquid phase,
heat is consumed, i.e. absorbed, which, as long as the
liquid state persists, is stored in latent form, and that
sald latent heat is released again during solidification,
i.e. during the transition from the liguid to the solid
phase. It 1s then important to find materials whose
melting temperature is in a range which corresponds to
the temperature level of the supplied heat and which have



10

15

20

25

30

35

2125687

-2 -

a high heat of phase transformation. For the purpose of
storing the engine waste heat of motor vehicles it 1is
thus desirable, e.qg., for the melting temperature of the
material to be in the range of 70-80 °C, preferably at
approximately 75 °C. Furthermore, such materials must be
stable to beyond the range of the maximum operating
temperature of motor vehicles (approximately 125 °C) and
must not have a corrosive effect on the motor wvehicle
units in question.

It is furthermore a requirement for such latent
heat storage materials to remain stable over any number
of melting and solidification cycles and not to exhibit
any changes in the phase transformation point and the

heat of transformation.

DE-A-39 29 900 proposes phase change materials
which are based on mixtures of magnesium nitrate with
nitrates of the alkali metals or alkaline earth metals.
For storing the engine waste heat of motor vehicles 1in
particular, mixtures of magnesium nitrate hexahydrate
(Mg(NO,), - 6 H,0) and litium nitrate [sic] (LiNO,;) in a
mass ratio of approximately 9 : 1 are recommended. For a
mixture defined as comprising 92-87 g of Mg(NO;), - 6 H,0
and 8-13 g of LiNO, there is gquoted there, for example, a
melting temperature of 70 * 2 °C and a heat of fusion of
54.32 Wh/kg (corresponding to 195.6 J/g).

It was found, however, that +the known phase
change material has a tendency to phase separation even
after a few melting and solidification cycles. It is then
no longer melted completely, owing to which its heat of
transformation and the storage capacity are drastically
reduced.

More detailed studies on these mixtures have
shown, in addition, that the heat of phase transformation
is only about 158 J/g and is thus not optimal. Another
unfavorable factor is that the melting temperature 1is
just at the bottom end of the desirable range.

The object of the invention 1s therefore to
provide a salt mixture for use as a latent heat storage

medium for storing heat, especially of the cooling water
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of motor vehicles, which medium after an unlimited numbex
of melting and solidification cycles exhibits an unchang-
ingly high heat of transformation and which is optimal in
terms of melting temperature and heat of phase trans-
formation.

We have found that salt mixtures of Mg(NO;), - 6
H,0 and LiNO, in a mass ratio of 86-81 : 14-19 and es-
pecially the eutectic mixture of these two salts in the
mass ratio of 83.7 : 16.3 are considerably superior to
the previously known mixtures. Thus, the melting tempera-
tures of the salt mixtures having said mass ratios are
distinctly above 72 °C, in particular above 75 °C. A
higher melting temperature, which is thus closer to the
operating temperature of motor vehicle engines, is
particularly desirable for motor vehicle heat reservoirs.
Furthermore, the salt mixtures according to the invention
have a distinctly higher enthalpy of crystallization ox
fusion than corresponding salt mixtures having different
mass ratios. In practice this means that, for example,
for a given amount of salt containing the salt mixtures
according to the invention a greater amount of heat is
absorbed at the phase transformation point or is made
available again. Conversely, for a given quantity of heat
demanded a smaller amount of salt mixture is required, so

that appropriate heat reservoirs can be made smaller and
lighter.

Particular advantages are provided by the eutec-
tic mixture of Mg(NO,), - 6 H,0 and LiNO,. In this mixture,
the components are present in a mass ratio of 83.7 :
16.3. This mixture, with a melting temperature of 75.6 °C
and a heat of phase transformation of 171.5 J/ g,
exhibits optimal properties.

Figure 1 shows the DSC (Differential Scanning
Calorimetry) diagram of a salt mixture composed of
Mg(NO;), - 6 H,0 and LiNO, in a weight ratio of 9 : 1 cor-
responding to DE-A-39 29 900 and Figure 2 shows the DSC
diagram of a salt mixture according to the invention

composed of 83.7 parts by weight of Mg(NO,), - 6 H,0 and
16.3 parts by weight of LiNO,. It can be seen that
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according to Figure 1 two maxima occur in a broad melting

range of from approximately 70 °C to 88 °C, whereas
according to Figure 2 only a single sharp maximum in the
range of from approximately 71 to 78 °C occurs with a
centre at 75.6 °C. The heat of fusion, which was cal-
culated by integration of the maxima, was 159.2 J/g in
the material according to DE-A-39 29 900, and 171.5 J/g

in the salt mixture according to the invention.

It 1s particularly surprising to find that the
salt mixtures according to the invention are extremely
stable and show virtually no changes, over an unlimited
number of melting and solidification cycles, in the phase
transformation point and the heat of transformation.

In this context it was found to be important that
the preparation of the latent heat storage material
according to .the invention is carried out by the mixture
of magnesium nitrate hexahydrate and lithium nitrate
being fused in a sealed vessel having a small free
volume. That means that after fusion of the mixture more
than 70 % of the vessel should be filled with the melt.
This is because too large a free volume of the sealed
vessel results in slight dehydration of the mixture, for
example by water droplets condensing on the free surface
of the inner wall of the vessel, as a result of which
significant changes occur in the heat of transformation
of the salt mixture. So as not to encounter significant
drops in the amounts of heat exchanged even after rela-
tively large numbers of cycles, the latent heat storage
medium according to the invention should therefore be
employed in completely sealed systems.

In order to obtain the latent healt storage medium
according to the invention with a heat of fusion of at
least 170 J/g which remains as high as ever even after
any number of melting and solidification cycles, it was
further found to be essential for the magnesium nitrate
hexahydrate used to form the mixture to have a heat of

fusion of preferably from 110 J/g to 135 J/g and more. It

was found, namely, that the commercially available

magnesium nitrate hexahydrate, in terms of its heat of
fusion
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shows considerable fluctuations from batch to batch,
which have a corresponding effect on the enthalpy of
fusion of the salt mixture.

The cause of these fluctuations have {sic] not
yvet been amenable to definitive clarification. The cause
is fluctuations, due to origin and preparation, in the
content of water of crystallization. In all cases, the
specified range of the heat of fusion is a reliable
indicator for suitability of the material.

It was further possible to ascexrtain that -~ and
this too is surprising - Mg(NO,}), - 6 H,0 is dimorphous,
the transformation temperature between the two crystal
modifications being approximately 72 °C and the heat of:
transformation being around 12 J/g. In the latent heat
storage material according to the invention, said heat of
transformation between the two crystal modifications of
the magnesium nitrate hexahydrate is obviously integrated

into the total heat of transformation.

bs X-ray crystallographic studies have shown, the
lattice constants of Mg(NO;), - 6 H,0 in a mixture, ob-
tained by fusion, of Mg(NO,), + & H,0 and LiNO, are sig-
nificantly reduced. This is probably due to a partial
formation of mixed <crystals in the sense of
Mg, Li, .. (NO,), - 6 H,0 and at the same time explains the
observation that in the mixture after fusion, free LiNO,
can be identified only in a very small amount with the
ald of X-ray powder diffraction patterns.

' In the salt mixtures according to the invention,
in which the magnesium nitrate hexahydrate is present
with respect to the lithium nitrate in a mass ratio of
from 86 : 14 to 81 : 19, especially of 83.7 : 16.3
(corresponding to a ratio of from approximately 3.5 [sic]
to approximately 45 mol % LiNO, to from approximately 55
to approximately 65 mol % Mg(NO,), - 6 H,0, in particular
of approximately 40 mol % LiNO, to approximately 60 mol %
Mg(NO,;), - 6 H,0), the mixed crystals composed of
Mg,Li, ,, (NO,), + 6 H,0 virtually represent the main com-
ponent. Apart from the X-ray crystallographic data, said
mixed crystals are characterized by a radiate/acicular
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habit. The formation of these mixed crystals was not
previously known. The invention is therefore also based
on this novel effect.

The salt mixtures according to the invention are
thus particularly suitable as latent heat storage media
for storing and utilizing the waste heat of motor vehicle

engines and thus for use in corresponding latent heat
reservolrs for use in motor vehicles.

Example

In order to prepare the mixture, the components
Mg (NO,), -+ 6 H,0 and LiNO, in a mass ratio of 83.7 : 16.3
are heated in a hermetically sealed vessel in a water
bath at a temperature of approximately 90 °C until a
clear melt has formed. The free volume in the reaction
vessel after fusion was approximately 15 %. After a
homogeneous, clear melt is obtained, the system is cooled

or quenched to room temperature. The crystal growth of
the main component of the mixture Mg,/ Li, , (NO,), - 6 H,0 is
characterized by a radiate/acicular habit.
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Patent Claims

1. Salt mixtures on the basis of magnesium nitrate
and lithium nitrate for storing and utilizing thermal
energy in the form of heat of phase transformation
characterized in that they comprise mixtures of
Mg(NO,), - 6 H,O and ©LiNO, 1in a mass ratio of
86-81 : 14-19. '

2. Salt mixture according to Claim 1, characterised
an that it comprises the eutectic mixture of
Mg/NO;), + 6 H,0 and LiNO, in a mass ratio 83.7 : 16.3.

3. Process for preparing salt mixtures according to
Claims 1 or 2, characterised in that the mixture of
magnesium nltrate hexahydrate and lithium nitrate is
fused in a sealed vessel; the filling ratio being more
than 70 %.

4. Process according to Claim 3, characterised in
that the magnesium nitrate hexahydrate used to form the
mixture has a heat of fusion of from 100 J/g to 135 J/qg.
5. The use of salt mixtures according to Claims 1 or
2 as latent heat storage media in heat reservoirs for
storing and utilizing the waste heat of motor wvehicle
engines,

6. Heat reservoir for storing and utilizing the
waste heat of motor vehicle engines, containing a salt
mixture according to Claims 1 or 2 as a latent heat
storage medium.
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