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material and a heat-exchange device containing this material. The present
invention is concerned with         Subsystems for the Heating and Cooling
of thermal energy storage materials and heat-        Buildings,
Charlottesville, Virginia, U.S.A., April exchange devices containing such
materials.       16-18, 1975, pages 56-59) and alginates Thermal energy
storage materials may store      (see  U.S. Patent 3 986 969  and  British
thermal energy as specific heat and/or as latent    5    Specification 1
298 674 heat. It is often desirable to use materials which  Examples of
proposed synthetic polymer store thermal energy as latent heat; since this
thickening agents are polyvinyl alcohol, poly- enables the volume occupied
by the storage        acrylic acid or polyethylene oxide (see the Day
material to be minimised. This is advantageous,   Chahroudi paper already
referred to). for example, in materials operating in the   10     Examples
of proposed inorganic thickening temperature range 100C to 1 000C for the
agents are clays or diatomaceous earth (for the storage of solar energy or
of heat extracted      first see U.S. Patent 3 986 969 and for both, during
refrigeration.                             see the Day Chahroudi paper), or
fibrous Materials which are useful for the storage of   materials, such as
fibrous silicon oxide or mag- thermal energy  as  latent heat undergo    15
nesium   oxide  (see  British  Specification reversible transition from one
form to another    1 298 674)  or zeolites (see  U.S. Patent on heating to
a characteristic transition temper-  3 720 198). ature. This transition may
be from solid phase to   Of the above-mentioned proposed thick- liquid
phase (fusion) or from one crystal form to  ening agents, the natural
polymers are unstable another (this latter transition also being re-   20
to hydrolysis and biodegradable, and these ferred to as fusion).
effects will considerably shorten the life of a A number of hydrated
compounds, such as.        material containing such a polymer. The above-
inorganic salts, are known which undergo trans-   mentioned synthetic
polymers and inorganic ition to the anhydrous or a less hydrated form at
thickening agents are more stable, but it a characteristic temperature on
heating and re-   25   appears that prior thermal energy storage vert to
the more hydrated form on cooling.        materials containing such
thickening agents can A potential drawback in the use of many of      only
be used in shallow depths (for example, these hydrated compounds is
incongruency of       about one inch) so that this dimensional limita- the
phase transition, that is, the transformation  tion is imposed on heat
exchange devices con- of the low-temperature solid phase to a two-   30
taining such storage materials'and the device phase condition where a solid
and liquid coexist.  must be disposed with its major dimensions In the
two-phase condition, the difference in     horizontal. densities of the two
phases causes segregation      We have proposed in our European Patent
thereof, which limits their ability to recombine    Specification No. 99,
date of filing 9.6.78, a and form  the low-temperature single solid   35
thermal energy storage material in which a phase. Consequently the amount
of heat re-          hydrated  compound  having  a  transition coverable on
cooling is reduced.                  temperature to the anhydrous or a less
hydrated Attempts can be made to avoid th formation      form In the range
[err] to [err] is dispersed of two phases above the transition p int by
con-  and suspended in a hydrogel formed from a trolling the initial
composition of t e material,   40   water-soluble synthetic polymer having
pen- but even for materials with a congruent phase      dant carboxylic or
sulphonic acid groups cross- transition, there remains the probl m that the
linked with cations of a polyvalent metal. solid phase tends to settle out
in time. This        Such a material need only contain a rela- limits both
the kinetics of transfor ation and    tively minor amount of the polymer,
preferably the uniformity of energy storage density within   45   from 0.5
to 10% based on the weight of the a container, and results in deterior tion
of the  material. material on repeated heating/cooli g cycles.        We
have now  developed an improved Thermal energy storage material have been
thermal energy storage material which is more proposed which consist of a
susp nsion of a       stable and/or can be used in greater thick- hydrated
inorganic salt in an aqueous gel or   50   nesses than the proposed storage
materials re- thickened aqueous medium, the gelling or          ferred to
above and which, in comparison with thickening agent being a natural o
ganic poly-    the storage material described in our European mer (or
derivative thereof), a synth tic polymer  Patent 99, is more stable at the
upper end of or an inorganic thickening agent.                 the
operating temperature range, [err]  to Examples of proposed  natur I
polymer   55   [err], can be prepared in a more controlled thickening
agents are gelatine  see British       manner and does not necessarily
involve the Specification 1543336), starch,  ross-linked      use of heavy
metal compounds in its prepara- starch or cellulose polymers (for fi t and
third,  tion. see U.S. Patent 3 986 969  and for second and       According
to the invention, there is provided third, see the paper entitled "Suspe
sion Media   60   a thermal energy storage material comprising at for Heat
Storage Materials" by Day hahroudi in    least one hydrated compound which
has a tran- Proceedings of the Workshop on  olar Energy       sition
temperature to the anhydrous or a less 2 



3                   0011411                        4 hydrated form in the
range [err] to [err] and a       Yet a further advantage of the material
minor amount, such as 0.5 to 10% (based on        according to the
invention is that the propor- the weight of the material), of a hydrogel
tion of polymer is low, such as 0.1 to 10% more throughout which the
compound is dispersed,       preferably from 2 to 8% (for example, about
the hydrogel comprising a water-swollen cross-   5    5%), based on the
weight of the material so that linked polymer formed by cross-linking a
water-   the material may have an advantageously high soluble or
water-dispersible synthetic hydro-     heat capacity per unit volume.
philic polymer by a covalent, cross-linking          The  water-soluble  or
water-dispersible mechanism.
hydrophilic polymer used to form the hydrogel is In one embodiment of the
invention, the   10    preferably thermoplastic and preferably an polymer
may be cross-linked by an ionic cross-    addition polymer containing a
carbon-carbon linking mechanism in addition to the covalent     backbone.
The polymer is preferably sub- cross-linking mechanism. In this embodiment,
ionic  stantially linear, but it may be slightly branched cross-linking is
preferably effected by means of  provided that the polymer remains at least
cations of a polyvalent metal, as described in   15    water-dispersible,
preferably water-soluble. our European Patent 99, as mentioned above.
The polymer preferably has active hydrogen There is disclosed in U.S.
Patent 4 003 426 a   atoms (as determined by the Zerewitinoff thermal
energy  storage  material  which         method), such hydrogen atoms being
present  in, comprises a cross-linked polymeric resinous       for example,
hydroxy, carboxy or amide func- matrix (such as a matrix of a resinous
polyester or   20   tional groups, as such groups help to make the "vinyl
ester" polymer or an epoxy resin) having   polymer hydrophilic as well as
providing sites a plurality of substantially unconnected small    for
cross-linking. However, it-is also possible for closed cavities disposed
therein and a hydrated   the hydrophilic groups and the cross-linking salt
encapsulated therein. The amount of poly-.   sites to be different (for
example, the polymer mer included in such materials is disadvan-   25
may have hydrophilic functional groups as listed tageously high (that is,
at least 25% by weight,  above and cross-linking sites, such as carbonyl
usually at least 35% by weight). The presence of  groups). such a large
amount of resinous polymer in the      In some cases, the polymer may have
a material means that the material has a dis-       cross-linking agent
built into its structure (for advantageously low  heat capacity per unit
30   example, when the polymer is poly-N-methylol volume.
acrylamide  or poly-N-methylol  methacryl- The material according to the
invention,        amide). However, it is generally preferred, so which has
a structure similar to that of the      that the commencement of
cross-linking can be material according to the above-mentioned.
controlled, that a separate cross-linking agent European Patent (this
structure being totally   35   be used, the cross-linking agent reac ting
with different to that of the material described in the,  the appropriate
functional groups in the polymer above-mentioned  U.S. Patent 4003462  iS
to effect cross-linking. generally formed in situ (that is, in an aqueous
The temperature conditions may be chosen medium containing the hydrated
compound) by       such that the cross-linking reaction proceeds at
reaction between the appropriate ingredients,   40   an acceptable rate.
For example, where access generally  the  hydrophilic polymer and a
to the receptacle in which the material is dis- separate  cross-linking
agent therefor, as       posed in use is restricted it is possible (and
indicated below.                                  preferable) to premix the
polymer, the cross- One advantage of the material according to      linking
agent, the hydrated compound and any the invention is that there is minimal
segrega-   45   other desired materials (such as nucleating tion in use
(segregation would be expected        agents) in an aqueous medium in a
convenient after solidification of the hydrate phase by solid  place, the
premixed materials then being trans- sinking to the bottom of the
receptacle in which  ferred to the receptacle by pumping or- pouring, the
material is disposed in use). There is no     for example, before the
cross-linking reaction need to use the material according to the   50   has
been completed. The temperature of the invention in flat horizontal trays;
the material  aqueous medium during this premixing stage is can be arranged
in vertical columns of substan-   preferably in the range of 40 to [err].
tial height (for example, exceeding 50 cm).         When  the  polymer
contains  hydroxy A further advantage of the material accord-    functional
groups, the cross-linking agent is ing to the invention is that the
cross-linked poly-   55   preferably an aldehyde, a polyfunctional iso- mer
forming the hydrogel can be prepared in       cyanate (such as toluene
diisocyanate) or a situ by reaction between the appropriate ingre-
polyfunctional carboxylic acid (such as poly- dients as mentioned above.
acrylic acid). Examples of suitable polymers A still further advantage of
the material      containing hydroxy groups include polyvinyl according to
the invention is that, because the    60   alcohol, a hydroxyalkyl acrylate
or methacrylate rate of cross-linking is temperature-dependent,   copolymer
or homopolymer (such as a polymer 



it is possible to control the cross-linking reaction  of  hydroxyethyl
acrylate  or  hydroxethyl by the selection of appropriate ingredients for
methacrylate) or an ethylene oxide polymer. cross-linking and the use of
appropriate temper-    When the polymer contains amide functional ature
conditions during cross-linking.       65  groups, it is preferably an
acrylamide or 3    5                 0011411                       6
methacrylamide polymer, such as a copolymer    range [err] to [err] and is
preferably non-toxic, of acrylic or methacrylic acid with acrylamide or
non-corrosive and readily available at low cost. methacrylamide, partially
hydrolysed  poly-    Preferred hydrated compounds meeting some acrylamide
or polymethacrylamide, or an alkali  or all of the above requirements are
certain metal or ammonium salt thereof. An example of   5   hydrated
inorganic salts, such as sodium a'suitable cross-linking agent for such a
poly-  sulphate decahydrate, disodium hydrogen phos- mer is an aldehyde.
phate  dodecahydrate, sodium  thiosulphate Other suitable polymers
containing amide     pentahydrate, sodium carbonate decahydrate groups are
N-vinyl pyrrolidone polymers; such   and calcium chloride hexahydrate.
polymers can be cross-linked (via the carbonyl  to  Some of the
above-mentioned hydrated group) using cross-linking agents such as
compounds, when cooled below the fusion amines, hydroxyamines or hydrazine
derivatives.  point thereof, tend to undergo supercooling When the
cross-linking agent is an alde-     (that is, they do not transform back to
the hyde, it is preferably a lower aldehyde contain-  hydrated form until
the temperature is below ing up to six carbon atoms, such as glutaralde-
15  the theoretical fusion point). This may result in hyde or, most
preferably, formaldehyde.         less hydrated forms of the compound being
When the polymer contains carboxy func-      formed, with consequent
reduction in the tional groups, it may be, for example, an acrylic  amount
of energy released. In order to avoid acid, methacrylic acid, or itaconic
acid polymer  supercooling, the material may be nucleated, for or a polymer
of an itaconic acid half ester. Pre-  20   example, by a heat-transfer
method as dis- ferred polymers containing. carboxy groups are  closed in
U.S. Patent 2677243, by careful copolymers of acrylic or methacrylic acid
with  control of the proportions of the ingredients of acrylamide or
methacrylamide, or partially     the composition, or by addition of an
insoluble hydrolysed polyacrylamide or polymethacryl-     nucleating agent.
Sometimes the polymer form- amide, or an alkali metal or ammonium salt  25
ing the hydrogel may act as the nucleating thereof, as mentioned above with
reference to   agent. A preferred nucleating agent for sodium acrylamide
and methacrylamide polymers.         sulphate decahydrate is borax, as
proposed in Other suitable polymers containing carboxy   U.S. Patent
2677664. Other suitable nucleating groups are produced by solubilizing. a
maleic an-  agents are disclosed in British Specifications hydride
copolymer, such as a styrene-maleic an-   3    1500245,  1543336  and
2001096  and hydride copolymer.                              German
Offenlegungsschrift 2550106. In  some  embodiments,  the  polymer
When a nucleating agent is present, this preferably contains 5 to 50% (for
example 10 to  agent, like the hydrated compound, is dispersed 40%) carboxy
groups, the percentage being       and suspended in the hydrogel and
efectively based on the number of repeating units in the   35  immobilized
therein. This wide dispersion of polymer backbone. In other embodiments,
the     immobilized nucleating agent ensures efficient polymer preferably
contains 50 to 80% carboxy   nucleation of the hydrate phase during cooling
groups on the same basis in order that the      cycles, thereby inhibiting
supercooling. polymer should be highly water-soluble.           The
thermal  energy  storage  material When such a polymer containing carboxy
40   according to the invention preferably contains a groups is
cross-linked via the carboxy groups,  hydrated compound in an amount of
from 66 to the cross-linking agent may be an amino resin   95% by weight
and, optionally, a nucleating (such as a ureaformaldehyde resin), a poly-
agent in an amount of from 1 to 10% based on hydroxy compound (such  as
polyethylene         the weight of the hydrated compound. glycol) or a
polyamine.                           Substantially all the balance of the
thermal Suitable hydrated compounds for use in the    energy storage
material according to the inven- material according to the present
invention     tion is preferably water and, optionally, a include, for
example, calcium chloride hexa-    dispersant which facilitates uniform and
rapid hydrate (the fusion point of which is 290C);    solution of the
polymer. Examples of such dis- sodium sulphate decahydrate (the fusion
point of  50    persants include certain organic liquids which which is
320C); disodium hydrogen phosphate     are miscible with water.
Particularly preferred dodecahydrate (the fusion point of which is     such
organic liquids are lower aliphatic alcohols, [err]): sodium  thiosulphate
pentahydrate      such as methanol or ethanol (for example, when (the
fusion point of which is [err]); sodium     the hydrated compound is sodium
sulphate acetate trihydrate (the fusion point of which   55   decahydrate).
The water is preferably present in is [err]); barium hydroxide octahydrate
(the     an  amount sufficient to  hydrate all the 



fusion point of which is [err]; zinc nitrate     anhydrous form  of the
compound, and is hexahydrate (the fusion point of which is 35C);
preferably present in a small excess. The potassium fluoride tetrahydrate
(the fusion point  material may contain water in an amount of, for of which
is [err]); sodium carbonate deca-   60   example, from 25 to 75% by weight.
When a hydrate (the fusion point of which is [err]) and  water-miscible
organic liquid is included (for eutectic mixtures of inorganic salts.
example when the polymer is not highly water- For the storage of solar
energy, the hydrated  soluble, but only sparingly water-soluble or compound
preferably has a fusion point in the   water-dispersible), it is preferably
present in a 65 4    7                  0011411                       8
relatively minor amount, compared with water,   cycles of heating and
cooling. for example from 5 to 25% based on the weight      Another sample
of the solid was held at of water.
450C for a prolonged period; no segregation The material according to the
invention is    was detectable after over 500 hours at this preferably used
in a method of heat exchange in    5   temperature. which the material is
first heated to a temper- ature above the transition temperature of the
-Example 2. hydrated compound, and the heat is extracted       Example 1
was repeated, except that the from  the material by passing a fluid at a
polymer was replaced by the same amount of temperature  below  the
above-mentioned    10    non-ionic water-soluble acrylamide polymer
transition  temperature  in  heat-exchange       which had an average
molecular weight of 13 relationship therewith. The alternate heating
million was commercially available from Allied and cooling of the material
can be repeated for  Colloids Ltd. as W25. many cycles. In use, the
material is preferably    In the thermal cycling test, reproducible
retained in a receptacle of a gas- or vapour-   15  thermal arrests were
obtained for more than barrier material.                                500
cycles of heating and cooling. In the test in The present invention also
comprises a heat-   which the material was stored for a prolonged exchange
device, which comprises a receptacle    period at [err], no segregation was
detected of a gas- or vapour-barrier material containing  after over 500
hours. the thermal energy storage material according   20 to the invention
and means for supplying a cooling fluid in heat-exchange relationship with
Example 3. the thermal energy storage material.               80 g of
anhydrous sodium sulphate [err], In order that the invention may be more
fully  8 g of borax [err], 1.5 g of understood, the following Examples are
given   25   aluminium sulphate [err] and 100 by way of illustration only.
cm3 of water were thoroughly mixed at above 400C to ensure that all
undissolved sodium sul- Example 1.                        phate remained in
the anhydrous state. 80 g. of anhydrous sodium sulphate [err],        To
the mixture were added 10 g of the same 8g. of borax [err] and 100 [err] of
30    polymer as used in Example 1. water were thoroughly mixed at above
400C to       To the resulting mixture were added 5cm3 of ensure that all
undissolved sodium sulphate      formalin, with stirring, followed by 17.5
[err] of remained in the anhydrous state.                 methanol, with
rapid stirring. To the mixture were added 1 Og of the            The
resulting mixture, on cooling, fully trans- sodium  salt of a water-soluble
acrylamide   35   formed to a solid. A sample of the solid was polymer
containing acrylic acid units. The       sealed in a tube as in Example 1
and subjected polymer, which had an average molecular          to a thermal
cycling test as in Example 1. weight of about 7.5 million and had a ratio
of      Reproducible thermal arrests were obtained carboxyl: amide radicals
of about 1:9, was a     for more than 500 cycles of heating and cool-
material commercially available from  Allied   40   ing. Colloids Ltd. as
WN23.                             Another sample of the solid was held at
To the resulting mixture were added 5[err] of    [err] for a prolonged
period; no segregation formalin  (an  aqueous solution containing       was
detectable after over 500 hours at this approximately 40%  by weight
formaldehyde        temperature. and 14% by weight methanol), with
stirring,    45 followed by 15cm3 of methanol, with rapid
Example 4. stirring.                                          300 g of
anhydrous disodium  hydrogen The viscosity of the mixture increased
phosphate [err] were dissolved in 500 ml progressively to a uniformly thick
but smooth    of water at a temperature of about 500C. The consistency, and
finally to a firm dry gel having   50   solution was vigorously stirred
while 50 g of an a density of about 1.14 [err]. The mixture
acrylamide polymer, available from  Allied 



contained no excess of water over that required  Colloids Ltd. as WN 33 was
added. Stirring was to completely hydrate all the sodium sulphate;
continued as the mixture thickened. on cooling it fully transformed to a
solid.        After about 5 minutes, 50 ml of warm A sample of the solid
was sealed in a circular   55   formalin were added to the mixture. The
mixture polyethylene tube of [err]cm diameter and 10 cm     gelled to a
uniformly thick consistency and then in length. The ends of the tube were
sealed.    transformed to a solid on cooling. The tube was disposed
vertically and alter-      The polymerWN 33 differs from WN 23 used nately
heated to about [err] (the heating time    in Example 1 in that it has a
higher ratio of being about one hour) and cooled to about   60   carboxyl
amide radicals (the ratio is about 7:3 [err] by heat-exchanging with water
circulat-     for WN 33) and a lower molecular weight ing outside the tube
(the cooling time being     (about 4.5 million). three to four hours).
Reproducible thermal         The resulting gel, when used in the test
arrests with no detectable segregation of the    described in Example 1,
gave reproducible constituents, were obtained for more than 500   65
thermal arrests for many cycles. 5    9                  0011 411
10 Example 5.                          (i) an acrylic or methacrylic acid
polymer Example  4  was  repeated  except that          (such as those
available from Allied Colloids Ltd. disodium hydrogen phosphate was
replaced by       as Versicol E or K), an itaconic acid (or half- 292 g of
anhydrous sodium carbonate.              ester) polymer, a methyl vinyl
ether-maleic Similar results were obtained.             5    anhydride
co-polymer or a styrene-maleic an- hydride copolymer (these polymers being
cross- Example 6.                        linked using, for example, an
amino resin, a Example 4 was repeated, except that the         polyhydroxy
compound, or a polyamine); polymer WN 33 was replaced by 60 g of poly-
(ii) a vinyl pyrrolidone polymer (cross-linked vinyl alcohol, available
from Monsanto under   10   using, for example, amines, hydroxy amines or
the Trade Mark Gelvatol 1-90 G.                    hydrazines); or Similar
results were obtained.                    (iii) a polymer of N-methylol
acrylamide or N- Gelvatol 1-90 G contains less than 4%           methylol
methacrylamide (the latter being self- acetate groups and has a molecular
weight of       cross linking via the methylol groups). about 1 15,000.
15 Example 7.                         Claims. 11.76 kg. of anhydrous sodium
sulphate were dissolved in 24.0 kg. of water at 700C in a     1. A  thermal
energy  storage  material PVC container, and then 0.47 litre of formalin
comprising at least one hydrated compound was added to the solution. A
pre-mixed powder   20    which has a transition temperature to the
containing 7.06 kg. of anhydrous sodium sulphate,  anhydrous or a less
hydrated form in the range 2.35. kg. borax and 4.17 kg. of the polymer
10 to [err] and a minor amount of a hydrogel identified in Example 4 as WN
33 were added       throughout which the compound is dispersed, gradually
to the hot solution with rapid stirring  characterised in that the hydrogel
comprises a using  a motor-driven  two-bladed  impeller   25
water-swollen cross-linked polymer formed by rotating at 100 r.p.m.
Stirring was continued for  cross-linking a water-soluble or water-dispers-
60 seconds until the viscosity of the slurry      ible synthetic
hydrophilic polymer by a covalent tncreased insufficiently to prevent
settling of   cross-linking mechanism. suspended solids.
2. A  thermal energy  storage  material The resulting material was
transferred to a   30    according to claim 1, characterised in that the
strengthened tank, lined with welded poly-         synthetic hydrophilic
polymer has hydroxy, propylene sheet, in which was located a parallel
carboxy or amide functional groups which are plate heat exchanger. The top
of the tank was      reacted with a cross-linking agent to form the closed
with a gasket/lid assembly fitted with a    cross-linked polymer. tube
connected to the space above the storage    35  3. A  thermal energy
storage  material material, to allow for expansion and contraction
according to claim 2, characterised in that the of the material while
maintaining ambient          functional groups are hydroxy groups and the
pressure in the tank.                              cross-linking agent is
an aldehyde, a poly- Reproducible thermal arrests were obtained
functional isocyanate  or a  polyfunctional for over 1000 cycles.
40   carboxylic acid. 4. A thermal energy storage material Example 8.
according to claim 3, characterised in that the 350 g of calcium chloride,
5 g of barium car-   synthetic  hydrophilic polymer is polyvinyl bonate and
30 g of a linear polymer of             alcohol or a hydroxy-alkyl acrylate
or meth- molecular weight about 100,000 (prepared by   45    acrylate
polymer. polymerisation of hydroxyethyl methacrylate in       5. A  thermal
energy storage  material 



an aqueous medium  using ammonium  per-            according to claim 2,
characterised in that the sulphate  as polymerisation  initiator) were
functional groups are amide groups and the thoroughly mixed while adding 70
ml. of            cross-linking agent is an aldehyde. ethanol.
50      6. A  thermal energy  storage  material 500 ml. of water (at 400C)
were then added      according to claim 5, characterised in that the with
vigorous agitation, followed by 50 ml. of     synthetic hydrophilic polymer
is an acrylamide formalin.                                          or
methacrylamide polymer. The resulting gel, when used in the thermal
7. A thermal energy storage material accord- cycling test described in
Example 1, gave repro-   55   ing to any of claims 3 to 6, characterised in
that ducible thermal arrests for many cycles.           the aldehyde is a
formaldehyde. 8. A thermal energy storage material accord- Examples 9 and
10.                    ing to any of claims 1 to 7, characterised in
Examples 1 and 6 were repeated, except          that the cross-linking is
carried out in an that, in each case, the formalin was replaced by   60
aqueous medium  containing  the hydrated a corresponding amount of
glutaraldehyde.          compound. Similar results were obtained.
9. A  thermal energy  storage  material Similar results to those described
in the       according to any of claims 1 to 8, characterised above
Examples can be obtained using as the       in that the synthetic
hydrophilic polymer has polymer:                                     65
pendant acidic groups, the cross-linked polymer 6    9
0011 411                      10 Example 5.                           (i)
an acrylic or methacrylic acid polymer Example  4  was  repeated  except
that          (such as those available from Allied Colloids Ltd. disodium
hydrogen phosphate was replaced by        as Versicol E or K), an itaconic
acid (or half- 292 g of anhydrous sodium carbonate.               ester)
polymer, a methyl vinyl ether-maleic Similar results were obtained.
5    anhydride co-polymer or a styrene-maleic an- hydride copolymer (these
polymers being cross- Example 6.                         linked using, for
example, an amino resin, a Example 4 was repeated, except that the
polyhydroxy compound, or a polyamine); polymer WN 33 was replaced by 60 g
of poly-          (ii) a vinyl pyrrolidone polymer (cross-linked vinyl
alcohol, available from Monsanto under   to   using, for example, amines,
hydroxy amines or the Trade Mark Gelvatol 1-90 G.
hydrazines); or Similar results were obtained.                     (iii) a
polymer of N-methylol acrylamide or N- Gelvatol 1-90 G contains less than
4%            methylol methacrylamide (the latter being self- acetate
groups and has a molecular weight of       cross linking via the methylol
groups). about 115,000.                                15 Example 7.
Claims. 11.76 kg. of anhydrous sodium sulphate were dissolved in 24.0 kg.
of water at [err] in a      1. A  thermal energy  storage  material PVC
container, and then 0.47 litre of formalin     comprising at least one
hydrated compound was added to the solution. A pre-mixed powder   20
which has a transition temperature to the containing 7.06 kg. of anhydrous
sodium sulphate,  anhydrous or a less hydrated form in the range 2.35 kg.
borax and 4.17 kg. of the polymer         10 to [err] and a minor amount of
a hydrogel identified in Example 4 as WN 33 were added        throughout
which the compound is dispersed, gradually to the hot solution with rapid
stirring  characterised in that the hydrogel comprises a using  a
motor-driven  two-bladed  impeller   25    water-swollen cross-linked
polymer formed by rotating at 100 r.p.m. Stirring was continued for
cross-linking a water-soluble or water-dispers- 60 seconds until the
viscosity of the slurry       ible synthetic hydrophilic polymer by a
covalent increased insufficiently to prevent settling of     cross-linking
mechanism. suspended solids.                                     2. A
thermal energy  storage  material The resulting material was transferred to
a    30    according to claim 1, characterised in that the strengthened
tank, lined with welded poly-         synthetic hydrophilic polymer has
hydroxy, propylene sheet, in which was located a parallel   carboxy or
amide functional groups which are plate heat exchanger. The top of the tank
was      reacted with a cross-linking agent to form the closed with a
gasket/lid assembly fitted with a    cross-linked polymer. tube connected
to the space above the storage    35   3. A  thermal energy  storage
material material, to allow for expansion and contraction   according to
claim 2, characterised in that the of the material while maintaining
ambient          functional groups are hydroxy groups and the pressure in
the tank.                              cross-linking agent is an aldehyde,
a poly- Reproducible thermal arrests were obtained       functional
isocyanate  or a  polyfunctional for over 1000 cycles.
40    carboxylic acid. 4. A thermal energy storage material 



Example 8.                         according to claim 3, characterised in
that the 350 g of calcium chloride, 5 g of barium car-    synthetic
hydrophilic  polymer is polyvinyl bonate and 30 g of a linear polymer of
alcohol or a hydroxy-alkyl acrylate or meth- molecular weight about 100,000
(prepared by    45    acrylate polymer. polymerisation of hydroxyethyl
methacrylate in        5. A  thermal energy  storage  material an aqueous
medium  using ammonium  per-            according to claim 2. characterised
in that the sulphate  as polymerisation  initiator) were       functional
groups are amide groups and the thoroughly mixed while adding 70 ml. of
cross-linking agent is an aldehyde. ethanol.
so       6. A  thermal energy  storage  material 500 ml. of water (at
[err]) were then added       according to claim 5, characterised in that
the with vigorous agitation, followed by 50 ml. of     synthetic
hydrophilic polymer is an acrylamide formalin.
or methacrylamide polymer. The resulting gel, when used in the thermal
7. A thermal energy storage material accord- cycling test described in
Example 1, gave repro-   55   ing to any of claims 3 to 6, characterised in
that ducible thermal arrests for many cycles.           the aldehyde is a
formaldehyde. 8. A thermal energy storage material accord- Examples 9 and
10.                     ing to any of claims 1 to 7, characterised in
Examples 1 and 6 were repeated, except           that the cross-linking is
carried out in an that, in each case, the formalin was replaced by    60
aqueous medium  containing  the hydrated a corresponding amount of
glutaraldehyde.          compound. Similar results were obtained.
9. A  thermal energy  storage  material Similar results to those described
in the        according to any of claims 1 to 8, characterised above
Examples can be obtained using as the        in that the synthetic
hydrophilic polymer has' polymer:                                     65
pendant acidic groups, the cross-linked polymer 6    11
0011411                       12 formed therefrom being cross-linked both
by the   polymere hydrophile synthetique a des groupes covalent mechanism
and by means of cations of     acides lateraux, le polymdre reticule en
derivant a polyvalent metal.                               6tant reticule a
la fois selon le m6canisme par 10.  A   heat-exchange  device,  which
covalence et par des cations d'un m6tal poly- comprises a receptacle of a
gas- or vapour-    5    valent. barrier material containing a thermal
energy         10. Dispositif d'echange de chaleur qui storage material,
and means for supplying a       comprend un recipient en une matiere
6tanche cooling fluid in heat-exchange relationship with  aux gaz ou aux
vapeurs contenant une matiere the thermal energy storage material, charac-
de stockage de l'6nergie thermique.et un dis- terised in that the thermal
energy storage   10   positif pour apporter un fluide de refroidisse-
material is as defined in any of claims 1 to 9.   ment en 6change de
chaleur avec la matire de stockage de l'energie thermique caracteris6e en
Revendications                                    ce que la matiere de
stockage de I'Anergie thermique est comme defini dans l'une quel- 1.
Mati&re de stockage de I'6nergie thermi-  ,5   conque des revendications 1
A 9. quo comprenant au moins un compose hydrats qui a une temperature de
transition vers la       Patontanspriche forme anhydre ou une forme moins
hydratee comprise dans la gamme de 10 a 1 00C et une         1. Ein
Warmeenergie-Speichermaterial, ont- petite quantite d'un hydrogel dans
lequel le   20   haltend mindestens eine wasserhAltige Verbin- composd est
dispersA, caracteris6e en ce quo l'hydogelcompend   n  poym~r  r~tcul6dung,
die  oine  Obergangstemperatur zur. I'hydrogel comprend un polym6re
reticuld           wasserfreien oder weniger wasserhiltigen Form ::mfiS pr
1'ea  frsyparhrticultsolul dauns   5    Vebdudiejyrtidaucgeo- in Bereich
von 10 bis 1000C hat, sowie eine pleau ou dispersible dans y'eau solon un
mdcan-   geringe Menge eines Hydrogels, in welchem die im I'ea
oudsersibulet pans cvl'en e.o  nmcn    25    Verbindung dispergiert ist,
dadurch gekenn- isme dereticulationpar covalence.  zeichnet, dal das
Hydrogen a us einem wasser- 2. MatiereB de  stockage  de  l'energie
gequollenem, vernetzem Polymer besteht, das ;thermique salon I
revendication 1, carac-        durch Vernetzen eines wasserloslichen oder
terisee en ce que le polymbre hydrophile syn-     wasserdispergierbaren,
synthetischen, hydro- thetique a des groupes fonctionnels hydroxy,  30
philen  Polymers gemaB  einem  kovalenton *carboxy ou amides qui ont r6agi
avec un agent    Vernetzungsmechanismus gebildet ist. de reticulation pour
former Is polymere reticule.   2. Ein Wirmeenergie-Speichermaterial nach 3.
Matiere  de  stockage  de  l'energie        Anspruch 1, dadurch
gekennzeichnet, daB das thermique selon la revendication 2, caract6r-
synthetische, hydrophile Polymer Hydroxy-, 



is~e en ce quo les groupes fonctionnels sont des   35    Carboxy-oder
Amid-Funktionsgruppen enthilt, groupes hydroxy et o'agent de reticulation
est un  die mit einem Vernetzungsmittel zur Bildung aldehyde, un isocyanate
polyfonctlonnel ou un-     des vemetzten Polymers umgesetzt sind. acide
carboxylique polyfonctionnel.                 3. Ein WI
rmeenergie-Speichermaterial nach 4. Matiere  de  stockage  de  I'energie
Anspruch 2, dadurch gekennzeichnet, daB die thermique selon la
revendication 3, carac-  40    Funktionsgr ppen Hydroxygruppen sind und das
terisee en ce quo le polymere hydrophile syn-     Vemetzungs nittel ein
Aldehyd, ein polyfunk- thetique est un polymere d'alcool polyvinylique:
tionelles Isc yanat oder eine polyfunktionelle ou d'acrylate ou
m6thacrylate d'hydroxyalkyle.    Carbonsiure ist. 5. Matiere  de  stockage
de  l'bnergie           4. Ein W  rmeenergie-Speichermaterial nach
thermique solon la revendication 2, carac-   4    Anspruch 3, dadurch
gekennzeichnet, dal3 das terisbe en ce quo les groupes fonctionnels sont'
synthetische  hydrophile Polymer Polyvinyl- des groupes amides et l'agent
de reticulation     alkohol ode  ein Hydroxyalkylacrylat- oder - est un
ald6hyde.                                  methacrylat olymer ist. 6.
Matiere  de  stockage  de  l'dnergie           5; Ein W
rmeenergie-Speichermaterial nach thermique solon la revendication 5, carac-
50    Anspruch 2, dadurch gekennzeichnet, daB die t~risde en ce quo le
polymere hydrophile syn-     Funktionsgr pen Amidgruppen sind und das
thetique est un polymbre d'acrylamide ou de       Vernetzungs ittel eine
Aldehyd ist. methacylamide.                                      6. Ein W
meenergie-Speichermaterial nach 7. Matiere  de  stockage  de  l'nergie
Anspruch 5, dadurch gekennzeichnet, daB das thermique selon lune quelconque
des revendi-  55   synthetische,   hydrophile   Polymer   ein cations 3 a
6, caract6ris6e en ce que l'ald6hyde  Acrylamid-o er Methacrylamid-Polymer
ist. est le formaldehyde.                                7. Ein W3
meenergie-Speichermaterial nach 8. Matiere  de  stockage  de  l'energie
einem der A sprOche 3 bis 6, dadurch gekenn- thermique selon l'une
quelconque des revendi-     zeichnet, da der Aldehyd Formaldehyd ist.
.cations 1 a 7, caracteris6e en ce qu-on effectue   60  8. Ein WA
meenergie-Speichermaterial nach Ia reticulation dans un milieu aqueux
contenant   einem der A sprulche 1 bis 7, dadurch gekenn- le compose
hydrate.                               zeichnet, da  die Vernetzung in
einem wiss- 9. Matiere  de  stockage  de  le'nergie        rigen Mediu ,
welches die wasserhiltige Ver- thermique selon l'une quelconque des
revendi-     bindung ent Ilt, ausgefOhrt wird. cations 1 a 8. caracterisea
en ce quo le   65      9. Ein WA meenergie-Speichermaterial nach 7 I I!I
111 1151 11111 111 11 I Pt o__.    13                  0011411
14 einem der Anspruche 1 bis 8, dadurch gekenn-       Dampf absperrenden
Material aufweist, der ein zeichnet, daB  das synthetische, hydrophile
Warmeenergie-Speichermaterial enthalt, sowie Polymer daran haftende
Sauregruppen besitzt        Einrichtungen  zur Zufihrung  einer  Kuhl- und
des vernetzte Polymer daraus sowohl durch     flussigkeit in
wirmeaustauschender Beziehung kovalenten Mechanismus als auch durch die Ka-
5    mit dem Warmeenergie-Speichermaterial be- tionen eines mehrwertigen
Metalles vemetzt         sitzt, dadurch gekennzeichnet, daB das Warme-
wurde.   i                                         energie-Speichermaterial
ein solches ist, wie 10.   Eine   Wirmeaustauschvorrichtung,         es in
einem der Anspruche 1 bis 9 gekenn- welche einen Behihalter aus einem Gas
oder         zeichnet ist. 10 o~~~~~~~~~~~~~~~~~~~~~~~~ c  L 20 25 30 35 45
50 55 60 65 8    


