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Description 

[0001]  The  present  invention  relates  to  a  method  for 
preventing  supercooling  of  a  latent  heat  storage  com- 
position  used  in  a  heating  system  for  e.g.  a  building,  and 
also  relates  to  a  latent  heat  storage  equipment  utilizing 
the  method. 
[0002]  A  heat  storage  material  is  required  to  have  var- 
ious  properties  including  a  large  amount  of  heat  storage, 
functioning  at  a  desired  temperature  level,  long  term  sta- 
bility,  low  cost,  non-toxicity  and  non-corrosiveness. 
[0003]  For  example,  phase  changeable  peritectic  salt 
hydrates  such  as  disodium  hydrogenphosphate  dodec- 
ahydrate  and  sodium  acetate  trihydrate  have  large  la- 
tent  heat,  and  hence  various  attempts  have  been  made 
to  use  such  compounds  as  a  heat  storage  material.  The 
peritectic  salt  hydrates  are,  however,  disadvantageous 
because  a  lower  hydrate  is  produced  and  supercooling 
is  likely  to  occur  while  they  are  repeatedly  fused  and 
f  reezed.  Therefore,  it  is  necessary  to  prevent  supercool- 
ing  of  these  materials,  but  effective  supercooling  pre- 
venting  agent(s)  has  not  been  found.  As  a  result,  it  has 
been  difficult  to  put  these  materials  into  practice. 
[0004]  For  example,  disodium  hydrogenphosphate 
dodecahydrate  (having  a  melting  point  of  35  °C  and 
amount  of  the  heat  of  fusion  of  67  cal/g  ("Gmelins  Hand- 
buch  der  anorganischen  Chemie",  vol.  21  ,  pp.  902-903)) 
has  been  studied  for  possibility  of  its  utilization  in  a  heat- 
ing  system.  An  example  of  such  study  is  disclosed  in 
"Refrigeration  Engineering",  vol.  60,  pp.  719-721  and  p. 
794  (1  952),  wherein  its  ability  as  a  heat  storage  material 
for  a  heat  pump  was  examined. 
[0005]  Disodium  hydrogenphosphate  dodecahydrate 
is,  however,  incongruently  melted  to  generate  disodium 
hydrogenphosphate  heptahydrate,  which  is  precipitated 
at  the  bottom  of  the  solution.  When  this  solution  is 
cooled,  crystals  of  disodium  hydrogenphosphate  hep- 
tahydrate  grow  because  of  secondary  nucleation  (which 
means  herein  generation  of  new  nuclear  crystals  in  a 
supersaturated  solution  including  seed  crystals)  .  This 
makes  it  impossible  to  obtain  objective  disodium  hydro- 
genphosphate  dodecahydrate.  In  order  to  avoid  the  sec- 
ondary  nucleation,  it  is  necessary  to  heat  the  solution 
until  disodium  hydrogenphosphate  heptahydrate  is  dis- 
solved.  However,  the  solution  is  required  to  be  cooled 
down  to  a  temperature  of  approximately  22  °C  to  gen- 
erate  disodium  hydrogenphosphate  dodecahydrate 
crystals  in  the  solution.  In  this  manner,  there  arises  a 
problem  of  large  supercooling  (approximately  13°C).  In 
order  to  achieve  comfortableness  in  the  heating  system 
for  e.g.  a  building,  the  heat  storage  material  having  such 
large  supercooling  lacks  practicability.  Thus,  it  is  re- 
quired  to  suppress  the  supercooling  to  be  approximately 
5°C  or  less. 
[0006]  Various  methods  have  been  examined  for  pre- 
venting  the  supercooling  of  a  solution  of  disodium  hy- 
drogenphosphate  dodecahydrate.  For  example, 
[0007]  JP-A-58-2251  81  discloses  that  sodium  tetrab- 

orate  and  borax  can  effectively  suppress  the  supercool- 
ing  to  be  7  °C.  In  an  experiment,  however,  under  a  mild 
condition  wherein  the  solution  including  sodium  tetrab- 
orate  or  borax  was  cooled  down  to  a  temperature  of  25 

5  °C  no  nucleation  was  observed. 
[0008]  JP-A-50-90585  discloses  nucleating  agents 
such  as  alumina  and  diatomaceous  earth.  Also  these 
compounds  were  examined  by  cooling  the  solution 
down  to  a  temperature  of  25  °C  but  no  nucleation  was 

10  observed.  Thus,  it  was  found  that  none  of  known  nucle- 
ating  agents  could  nucleate  at  a  temperature  of  25°C  or 
more. 
[0009]  Furthermore,  JP-A-54-83691  discloses  a  heat 
storage  material  prepared  by  adding  a  small  amount  (up 

is  to  approximately  3  wt%)  of  water  to  disodium  hydrogen- 
phosphate  dodecahydrate.  This  heat  storage  material, 
however,  has  large  supercooling  and  is  not  sufficient  for 
practical  use. 
[0010]  It  is  an  object  of  the  invention  to  provide  a 

20  method  of  preventing  supercooling  of  a  latent  heat  stor- 
age  composition  free  from  the  above-described  prob- 
lems.  This  object  could  be  achieved  on  the  basis  of  the 
finding  that,  in  a  latent  heat  storage  composition  com- 
prising  a  peritectic  salt  hydrate,  water  and  a  water- 

25  swellable  crosslinking  polymer,  it  is  possible  to  prevent 
supercooling  that  can  be  obstacle  to  the  practical  appli- 
cation  of  the  latent  heat  storage  composition  by  select- 
ing  a  constitution  such  that  a  temperature  of  secondary 
nucleation  of  the  peritectic  salt  hydrate  is  higher  than  a 

30  temperature  of  secondary  nucleation  of  a  lower  hydrate 
and  by  keeping  a  part  of  the  latent  heat  storage  compo- 
sition  at  a  temperature  lower  than  the  melting  point  of 
the  peritectic  salt  hydrate. 
[0011]  The  present  invention  provides  a  method  for 

35  preventing  supercooling  of  a  latent  heat  storage  com- 
position  comprising  water,  a  water-swellable  crosslink- 
ing  polymer  and  one  peritectic  salt  hydrate  selected 
from  disodium  hydrogenphosphate  dodecahydrate,  so- 
dium  thiosulfate  pentahydrate,  sodium  carbonate  dec- 

40  ahydrate  and  sodium  acetate  trihydrate,  wherein  the  la- 
tent  heat  storage  composition  has  a  constitution  such 
that  a  temperature  of  secondary  nucleation  of  the  peri- 
tectic  salt  hydrate  is  higher  than  a  temperature  of  sec- 
ondary  nucleation  of  a  lower  hydrate  and  a  part  of  the 

45  latent  heat  storage  composition  is  always  kept  at  a  tem- 
perature  the  same  as  or  lower  than  the  melting  point  of 
the  peritectic  salt  hydrate. 
[0012]  Figure  1  is  a  solubility  equilibrium  diagram  of 
a  mixture  of  disodium  hydrogenphosphate,  water  and  3 

so  wt%  of  a  water-swellable  crosslinking  polymer. 
[0013]  The  present  invention  is  described  in  detail. 
[001  4]  A  latent  heat  storage  composition  of  the  inven- 
tion  comprises  one  peritectic  salt  hydrate  selected  from 
disodium  hydrogenphosphate  dodecahydrate,  sodium 

55  thiosulfate  pentahydrate,  sodium  carbonate  decahy- 
drate  and  sodium  acetate  trihydrate,  water  and  a  water- 
swellable  crosslinking  polymer. 
[0015]  The  molar  ratio  between  the  peritectic  salt  hy- 
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drate  and  water  is  within  the  following  desirable  range: 
disodium  hydrogenphosphate  dodecahydrate  is  used 
with  from  1  3.5  to  20  mole  of  water  per  one  mole  of  salt, 
and  preferably  from  15.0  to  18.5  mole;  sodium  thiosul- 
fate  pentahydrate  is  used  with  from  5.5  to  8.0  mole  of  s 
water  per  one  mole  of  salt;  sodium  carbonate  decahy- 
drate  is  used  with  from  13  to  16  mole  of  water  per  one 
mole  of  salt;  and  sodium  acetate  trihydrate  is  used  with 
from  3.3  to  5.0  mole  of  water  per  one  mole  of  salt. 
[0016]  According  to  the  present  invention,  a  water-  10 
swellable  crosslinking  polymer  having  an  function  as  a 
precipitation  inhibitor  is  required  in  order  to  retain  con- 
centration  homogeneity  in  the  vertical  direction  of  a  so- 
lution  while  the  peritectic  salt  hydrate  is  repeatedly  fused 
and  freezed  in  the  solution.  15 
[0017]  The  water-swellable  crosslinking  polymer  is  a 
polymer  having  a  three-dimensional  network  structure, 
which  is  swelled  due  to  the  interaction  with  water  to  form 
a  so-called  hydrogel.  Among  known  hydrogels,  a  poly- 
mer  made  from  a  polymeric  electrolyte  has  a  water-ab-  20 
sorbing  ability  of  several  tens  to  several  hundreds  times 
as  high  as  its  own  weight  and  is  designated  as  a  water- 
absorbing  polymer.  Such  a  water-absorbing  polymer  is 
preferably  used  as  the  water-swellable  crosslinking  pol- 
ymer  of  the  present  invention.  25 
[0018]  Examples  of  the  water-swellable  crosslinking 
polymer  include  starch  type  polymers,  cellulose  type 
polymers,  and  synthetic  polymers  such  as  poly(acrylic 
acid)  type  polymers,  starch/poly  (aery  lie  acid)  type  poly- 
mers,  polyvinyl  alcohol)/poly(acrylic  acid)  type  poly-  30 
mers,  polyvinyl  alcohol)  type  polymers,  polyacrylamide 
type  polymers  and  polyoxyethylene  type  polymers. 
These  polymers  are  water-absorbing  polymers  and  are 
described  in  detail  in  "Ko-Kyushusei  Polymer"  (Water- 
absorbing  polymers)  (chapter  1  ;  written  by  Fusayoshi  35 
Masuda,  published  by  Kyoritsu  Shuppan  Co.,  Ltd., 
1987). 
[0019]  In  the  present  invention,  a  powder  of  any  of  the 
aforementioned  water-absorbing  polymers  can  be  used 
as  the  water-swellable  crosslinking  polymer.  Since  the  40 
water-swellable  crosslinking  polymer  is  used  in  a  solu- 
tion  of  the  peritectic  salt  hydrate  with  a  high  concentra- 
tion,  it  is  preferable  to  select  a  polymer  that  is  less  af- 
fected  by  an  electrolyte. 
[0020]  As  to  the  amount  of  the  water-swellable  45 
crosslinking  polymer,  for  example,  in  a  mixture  of  diso- 
dium  hydrogenphosphate  dodecahydrate  and  water,  1 
to  15  parts  by  weight  of  the  polymer  is  used  per  100 
parts  by  weight  of  the  mixture,  and  more  preferably  2  to 
1  0  parts  by  weight  of  the  polymer  is  used.  When  the  con-  so 
tent  of  the  water-swellable  crosslinking  polymer  is  less 
than  1  wt%,  the  resultant  mixture  may  have  such  a  low 
viscosity  that  the  precipitation  of  crystal  is  not  sufficiently 
prevented.  When  the  content  exceeds  15  wt%,  the 
amount  of  heat  storage  in  the  resultant  heat  storage  ma-  55 
terial  is  likely  to  decrease.  Also  in  any  of  the  mixtures  of 
sodium  thiosulfate  pentahydrate  and  water,  sodium  car- 
bonate  decahydrate  and  water,  and  sodium  acetate  tri- 

hydrate  and  water,  the  water-swellable  crosslinking  pol- 
ymer  is  preferably  used  from  1  to  1  5  parts  by  weight  per 
100  parts  by  weight  of  the  mixture. 
[0021]  The  water-swellable  crosslinking  polymer  can 
be  prepared  by  polymerizing  at  least  one  monomer  se- 
lected  from  unsaturated  carboxylic  acids  and  their  salts 
with  a  polyfunctional  monomer  in  a  mixture  of  a  peritec- 
tic  salt  hydrate  and  water  by  using  a  polymerization  in- 
itiator. 
[0022]  Examples  of  the  unsaturated  carboxylic  acids 
include  acrylic  acid,  methacrylic  acid,  hydroxyethyl 
acrylic  acid  and  itaconic  acid. 
[0023]  The  salts  of  the  unsaturated  carboxylic  acids 
are  preferably  water-soluble  salts  such  as  alkaline  metal 
salts  and  ammonium  salts,  more  preferably  sodium 
salts,  and  most  preferably  sodium  acrylate  or  sodium 
methacrylate. 
[0024]  A  part  of  the  unsaturated  carboxylic  acid  or  the 
salt  can  be  substituted  with  acrylamide.  The  substituting 
ratio  in  this  case  is  0  to  80  mole%. 
[0025]  The  polyfunctional  monomer  used  for 
crosslinking  the  polymer  is  preferably  water-soluble.  Ex- 
amples  of  such  a  polyfunctional  monomer  include  N,N'- 
methylenebisacrylamide,  N,N'-methylenebismethacry- 
lamide,  N,N'-dimeth  ylenebisacrylamide  and  N,N'- 
dimethylenebismethacrylamide,  among  which  N,N'- 
methylenebisacrylamide  and  N,N'-methylenebismeth- 
acrylamide  are  preferred.  The  amount  of  such  a  mono- 
mer  is  preferably  0.005  to  2  mole  per  one  mole  of  the 
unsaturated  carboxylic  acid  or  its  salt,  and  more  prefer- 
ably  0.01  to  0.1  mole.  When  the  content  is  less  than 
0.005  mole,  there  may  be  no  crosslinking  effect.  When 
it  exceeds  0.2  mole,  the  effect  according  to  the  addition 
of  such  a  monomer  may  not  be  exhibited. 
[0026]  Examples  of  the  polymerization  initiator  used 
in  the  polymerization  include  diacyl  peroxides  such  as 
acetyl  peroxide,  lauroyl  peroxide  and  benzoyl  peroxide; 
hydroperoxides  such  as  cumene  hydroperoxide;  alkylp- 
eroxides  such  as  di-tert-butylperoxide;  and  known  rad- 
ical  polymerization  initiators  such  as  ammonium  perox- 
odisulfate,  potassium  peroxodisulfate,  hydrogen  perox- 
ide  and  2,2-azobisisobutyronitrile.  Redox  polymeriza- 
tion  initiators  are  preferred  because  of  having  their  ac- 
tivity  at  a  comparatively  low  temperature. 
[0027]  The  redox  polymerization  initiators  preferably 
used  in  the  present  invention  are  those  having  water- 
solubility  among  known  redox  initiators.  Examples  of  an 
oxidant  include  ammonium  peroxodisulfate,  potassium 
peroxodisulfate  and  hydrogen  peroxide,  and  examples 
of  a  reductant  include  sodium  thiosulfate,  sodium  sulfite 
and  ferrous  sulfate.  A  temperature  at  which  the 
crosslinkage  is  performed  is  the  same  as  or  higher  than 
a  temperature  at  which  crystal  is  not  precipitated,  and 
is  not  herein  specified  but  20°C  to  60°C  in  general. 
[0028]  A  redox  polymerization  initiator  exhibits  its  po- 
lymerization  activity  in  a  comparatively  short  time  after 
mixing  the  oxidant  and  the  reductant  contained  therein. 
After  the  polymerization  activity  is  exhibited,  the  activity 

3 
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can  be  lost  through  contact  with  oxygen  in  the  air.  There- 
fore,  after  mixing  the  oxidant  and  the  reductant,  the  mix- 
ture  is  required  to  be  rapidly  transferred  to  a  vessel  for 
the  polymerization  so  as  not  to  expose  the  mixture  to 
the  air. 
[0029]  The  manner  in  which  the  present  method  is 
performed  is  not  herein  specified.  For  example,  the  po- 
lymerization  is  performed  in  a  comparatively  large  ves- 
sel,  and  then,  a  heat  storage  material  prepared  is  divid- 
ed  into  portions  to  be  charged  in  smaller  vessels  where 
the  heat  storage  material  is  constituent  of  heat  storage 
part  for  a  heating  system.  In  this  case,  it  is  preferred  that 
the  internal  atmosphere  of  the  comparatively  large  ves- 
sel  is  previously  substituted  with  nitrogen,  wherein  the 
materials  are  mixed  to  perform  the  polymerization. 
[0030]  In  this  case,  the  mixing  process  can  be  easily 
performed  because  the  used  starting  materials  are  the 
monomers. 
[0031]  In  contrast,  it  is  possible  to  perform  the  polym- 
erization  in  a  vessel  where  a  heat  storage  material  is 
charged,  in  which  the  present  invention  is  particularly 
characterized. 
[0032]  The  materials  before  the  polymerization  are  in 
the  form  of  a  liquid  composition  with  a  low  viscosity  in 
case  of  using  the  monomers.  Therefore,  even  if  the  used 
vessel  has  a  complicated  shape,  the  materials  can  be 
easily  charged  therein.  Thus,  by  performing  the  polym- 
erization  in  the  vessel  for  preparing  a  heat  storage  ma- 
terial,  the  heat  storage  material  in  the  form  of  a  liquid 
with  high  viscosity  or  a  jelly-like  solid  can  be  easily 
charged  in  the  vessel  with  a  complicated  shape.  When 
the  polymerization  is  performed  in  such  a  vessel,  it  is 
not  necessary  to  substitute  the  internal  atmosphere  with 
nitrogen. 
[0033]  The  liquid  composition  before  the  polymeriza- 
tion  is  charged  in  the  vessel  for  preparing  the  heat  stor- 
age  material  by  any  of  the  following  methods:  While  a 
mixture  of  disodium  hydrogenphosphate  dodecahy- 
drate  and  water  and  the  liquid  composition  of  the  mon- 
omers  are  poured  into  the  vessel,  the  oxidant  and  the 
reductant  are  separately  added  thereto;  one  of  the  oxi- 
dant  and  the  reductant  is  previously  dissolved  in  the  liq- 
uid  composition,  and  the  other  is  added  thereto  while 
pouring  into  the  vessel;  the  liquid  composition  is  previ- 
ously  divided  into  two  portions,  in  one  of  which  the  oxi- 
dant  is  dissolved  and  in  the  other  the  reductant  is  dis- 
solved,  and  the  two  portions  are  mixed  in  a  conduit  to 
the  vessel. 
[0034]  In  order  to  mix  the  starting  materials  sufficient- 
ly,  it  is  possible  to  provide  an  inline  mixer  in  the  conduit. 
When  a  redox  initiator  is  used  as  the  polymerization  in- 
itiator,  it  is  preferable  that  the  oxidant  and  the  reductant 
are  continuously  mixed  in  the  conduit  while  pouring  into 
the  vessel. 
[0035]  The  most  significant  characteristic  of  the  latent 
heat  storage  composition  of  the  present  invention  is  that 
its  constitution  is  determined  so  that  a  temperature  of 
the  secondary  nucleation  of  the  peritectic  salt  hydrate  is 

higher  than  a  temperature  of  the  secondary  nucleation 
of  a  lower  hydrate;  and  that  a  part  of  the  latent  heat  stor- 
age  composition  is  always  kept  at  a  temperature  lower 
than  the  melting  point  of  the  peritectic  salt  hydrate. 

5  [0036]  The  temperature  of  the  secondary  nucleation 
of  the  peritectic  salt  hydrate  is  higher  than  the  temper- 
ature  of  the  secondary  nucleation  of  a  lower  hydrate.  It 
means  that  the  secondary  nucleation  of  the  objective 
peritectic  salt  hydrate  is  formed  preferentially.  In  addi- 

10  tion,  since  a  part  of  the  latent  heat  storage  composition 
is  always  kept  at  a  temperature  lower  than  the  melting 
point  of  the  peritectic  salt  hydrate,  seed  crystal  of  the 
objective  peritectic  salt  hydrate  can  be  preserved. 
[0037]  Accordingly,  the  secondary  nuclear  of  the  ob- 

15  jective  peritectic  salt  hydrate  is  preferentially  formed 
from  the  preserved  seed  crystal  and  the  formation  of  the 
secondary  nuclear  of  a  lower  hydrate  can  be  avoided 
according  to  this  invention. 
[0038]  A  lower  hydrate  herein  means,  for  example, 

20  with  regard  to  disodium  hydrogenphosphate  dodecahy- 
drate,  its  heptahydrate,  dihydrate  and  anhydrate. 
[0039]  Crystallization  of  disodium  hydrogenphos- 
phate  dodecahydrate  and  disodium  hydrogenphos- 
phate  heptahydrate  in  a  mixture  of  disodium  hydrogen- 

25  phosphate  and  water  will  be  exemplified.  It  is  noted  that, 
as  described  above,  the  present  invention  can  be  ap- 
plied  not  only  to  the  mixture  of  disodium  hydrogenphos- 
phate  and  water  but  also  to  any  latent  heat  storage  com- 
position  including  a  peritectic  salt  hydrate  such  as  sodi- 

30  urn  thiosulfate  pentahydrate,  sodium  carbonate  decahy- 
drate  and  sodium  acetate  trihydrate. 
[0040]  Figure  1  is  a  solubility  equilibrium  diagram  of 
the  mixture  of  disodium  hydrogenphosphate,  water  and 
3  wt%  of  a  water-swellable  crosslinking  polymer,  where- 

35  in  NP12  indicates  disodium  hydrogenphosphate  dodec- 
ahydrate;  NP7  indicates  disodium  hydrogenphosphate 
heptahydrate;  NP2  indicates  disodium  hydrogenphos- 
phate  dihydrate;  and  L  indicates  a  liquid  solution. 
[0041]  In  Figure  1  ,  a  line  AC  indicates  a  melting  point 

40  of  disodium  hydrogenphosphate  dodecahydrate.  An  ar- 
ea  defined  by  points  A,  C,  D  and  E  indicates  an  area 
where  disodium  hydrogenphosphate  heptahydrate,  that 
is,  a  lower  hydrate  generated  through  the  melting  of  dis- 
odium  hydrogenphosphate  dodecahydrate,  and  a  satu- 

45  rated  liquid  solution  are  both  present.  A  line  AE  indicates 
a  saturated  solubility  curve,  above  which  the  mixture 
takes  the  form  of  a  complete  liquid  solution. 
[0042]  The  present  inventors  performed  the  following 
experiment:  A  constitution  between  A  to  B  was  heated 

so  to  a  temperature  of  50°C  to  make  it  a  complete  liquid 
solution  (i.e.,  a  constitution  corresponding  to  the  upper 
side  of  the  line  AE),  and  then  the  solution  was  cooled  to 
40°C.  Then,  a  seed  crystal  of  disodium  hydrogenphos- 
phate  heptahydrate  was  added  to  the  liquid  solution. 

55  While  cooling  the  obtained  mixture  at  a  rate  of  1  °C/hr., 
the  temperature  of  the  mixture  was  measured  so  as  to 
find  a  temperature  of  the  secondary  nucleation  of  diso- 
dium  hydrogenphosphate  heptahydrate.  The  results  are 

4 
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shown  with  •  in  Figure  1  . 
[0043]  Furthermore,  the  liquid  solution  obtained  by 
heating  to  a  temperature  of  50  °C  was  cooled  to  a  tem- 
perature  of  34°C,  and  a  seed  crystal  of  disodium  hydro- 
genphosphate  dodecahydrate  was  added  thereto.  The 
resultant  mixture  was  cooled  at  a  rate  of  1  °C/hr.  ,  thereby 
measuring  a  temperature  of  the  secondary  nucleation 
of  disodium  hydrogenphosphate  dodecahydrate.  The 
results  are  shown  with  O  in  Figure  1  . 
[0044]  As  is  shown  in  Figure  1,  there  exists  an  area 
where  the  temperature  of  the  secondary  nucleation  of 
disodium  hydrogenphosphate  dodecahydrate  is  higher 
than  that  of  disodium  hydrogenphosphate  heptahy- 
drate.  A  constitution  corresponding  to  this  area  was  de- 
termined  to  have  a  molar  ratio  of  water  to  disodium  hy- 
drogenphosphate  of  13.5  or  more.  Disodium  hydrogen- 
phosphate  dodecahydrate  having  a  higher  temperature 
of  secondary  nucleation  means  that,  while  cooling  the 
solution,  the  secondary  nuclear  of  disodium  hydrogen- 
phosphate  dodecahydrate  is  preferentially  formed. 
Therefore,  when  a  seed  crystal  of  disodium  hydrogen- 
phosphate  dodecahydrate  is  added  to  the  composition, 
the  secondary  nucleus  of  disodium  hydrogenphosphate 
dodecahydrate  is  formed,  and  the  crystal  nucleation  and 
growth  of  disodium  hydrogenphosphate  dodecahydrate 
is  propagated  in  the  entire  liquid  solution. 
[0045]  By  combining  a  latent  heat  storage  composi- 
tion  having  a  specific  constitution  with  preserved  seed 
crystals  in  this  manner,  the  objective  secondary  nucleus 
can  be  selectively  generated. 
[0046]  When  a  latent  heat  storage  composition  pre- 
pared  from  a  mixture  of  disodium  hydrogenphosphate 
and  water  is  used  in  the  present  invention,  it  is  preferred 
that  a  part  of  the  latent  heat  storage  composition  is  al- 
ways  kept  at  a  temperature  of  35  °C  or  less  and  that 
crystals  in  the  remaining  part  are  completely  dissolved 
in  a  heat  storage  process. 
[0047]  By  keeping  a  part  of  the  latent  heat  storage 
composition  at  a  temperature  of  35  °C  or  less  at  all 
times,  i.e.,  atemperature  lowerthan  the  melting  point  of 
the  used  peritectic  salt  hydrate,  seed  crystals  of  diso- 
dium  hydrogenphosphate  dodecahydrate  can  be  pre- 
served.  The  temperature  of  35°C  or  less  can  be 
achieved,  for  example,  by  protecting  a  heater  used  in  a 
heat  storage  process  from  coming  in  contact  with  a  part 
of  the  heat  storage  composition;  by  providing  a  heat  in- 
sulated  portion;  or  by  performing  forced  cooling.  The 
part  kept  at  said  temperature  may  have  a  sufficient 
length  for  preserving  the  seed  crystals,  that  is,  for  ex- 
ample,  the  length  is  approximately  5  to  1  0  cm.  It  is  noted 
that  the  part  should  be  continuous  with  the  remaining 
part  of  the  heat  storage  composition.  If  it  is  separated 
from  the  remaining  part,  the  effect  of  preserving  the 
seed  crystal  cannot  be  exhibited.  The  remaining  part  ex- 
cluding  the  part  for  preserving  the  seed  crystal  is  re- 
quired  to  be  heated  until  the  mixture  becomes  a  com- 
plete  liquid  solution  (i.e.,  the  constitution  corresponding 
to  the  upper  side  of  the  line  AE  in  Figure  1  ).  In  this  man- 

ner  the  crystals  of  disodium  hydrogenphosphate  hep- 
tahydrate  are  dissolved  and  prevented  from  forming  the 
secondary  nucleus  thereof. 
[0048]  The  molar  ratio  between  disodium  hydrogen- 

5  phosphate  and  water  is  within  the  specific  range  as  de- 
scribed  above.  1  3.5  to  20  mole  of  water  is  used  per  one 
mole  of  disodium  hydrogenphosphate,  and  preferably 
15.0  to  18.5  mole  of  water  is  used.  By  adding  water  at 
a  proportion  within  this  range,  the  propagation  of  the 

10  crystals  of  disodium  hydrogenphosphate  dodecahy- 
drate  becomes  quicker  than  that  of  disodium  hydrogen- 
phosphate  heptahydrate,  thereby  stabilizing  the  crystal- 
lization  of  disodium  hydrogenphosphate  dodecahy- 
drate.  When  the  content  of  water  exceeds  20  mole,  dis- 

15  odium  hydrogenphosphate  is  diluted  so  that  the  amount 
of  heat  storage  is  likely  to  decrease. 
[0049]  According  to  the  present  invention,  a  starting 
material  for  disodium  hydrogenphosphate  can  be  any  of 
its  anhydrate,  dihydrate,  heptahydrate  and  dodecahy- 

20  drate.  It  is  possible  to  use  an  aqueous  solution  obtained 
by  neutralizing  phosphoric  acid  with  sodium  hydroxide 
(the  molar  ratio  of  1  :2). 
[0050]  When  the  mixture  of  disodium  hydrogenphos- 
phate  and  water  is  used  for  the  heat  storage  composi- 

25  tion,  the  water-swellable  crosslinking  polymer  is  added 
thereto  as  described  above. 
[0051]  In  the  mixture  of  disodium  hydrogenphosphate 
and  water,  dodecahydrate  is  melted  at  the  melting  point 
to  form  crystals  of  heptahydrate  and  a  saturated  solu- 

30  tion.  The  crystals  of  heptahydrate  are  precipitated  at  the 
bottom  of  the  solution.  When  this  solution  is  further  heat- 
ed  in  a  static  system,  heptahydrate  is  dissolved  to  pro- 
vide  a  clear  solution.  This  solution  is  apparently  homo- 
geneous,  but  as  will  be  understood  when  the  solution  is 

35  shaken,  there  is  a  difference  in  the  concentration  of  dis- 
odium  hydrogenphosphate  in  the  vertical  direction,  the 
concentration  at  the  bottom  being  the  highest.  Such  a 
high  concentration  of  disodium  hydrogenphosphate  is 
unpreferable  because  heptahydrate  tends  to  be  formed 

40  in  cooling  the  solution.  Therefore,  it  is  necessary  to  add 
a  precipitation  inhibitor  to  prevent  the  precipitation  of  the 
crystals  and  to  retain  the  homogeneity  in  the  concentra- 
tion  of  the  solution.  This  is  why  the  water-swellable 
crosslinking  polymer  is  added  to  the  solution  as  the  pre- 

45  cipitation  inhibitor  in  this  invention.  Specific  examples  of 
the  usable  water-swellable  crosslinking  polymer  have 
already  been  described  above.  The  amount  of  the  wa- 
ter-swellable  crosslinking  polymer  is  preferably  1  to  15 
parts  by  weight  per  100  parts  by  weight  of  the  mixture 

so  of  disodium  hydrogenphosphate  and  water.  When  the 
content  is  smaller  than  1  part  by  weight,  the  thickening 
effect  may  be  too  small.  When  it  exceeds  15  parts  by 
weight,  the  resultant  solution  may  become  too  viscous 
to  handle  with  ease. 

55  [0052]  According  to  the  present  invention,  it  is  possi- 
ble  to  prevent  a  lower  hydrate  from  being  formed  while 
a  heat  storage  composition  comprising  a  peritectic  salt 
hydrate  is  repeatedly  fused  and  freezed.  It  is  also  pos- 

5 
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sible  to  suppress  the  supercooling  of  the  objective  hy- 
drate  to  be  approximately  5°C  or  less.  Such  a  heat  stor- 
age  composition  can  realize  comfortableness  when  it  is 
used  in  a  heating  system  for  a  building  such  as  a  floor 
heating  system. 
[0053]  The  present  invention  will  be  described  by  way 
of  examples,  but  the  present  invention  is  not  limited  by 
these  examples. 

Example  1 

[0054]  A  200  ml  beaker  was  charged  with  1  08.61  g  of 
disodium  hydrogenphosphate  dodecahydrate  and 
16.39  g  of  water,  and  the  resultant  mixture  was  heated 
in  a  water  bath  at  a  temperature  of  50  °C  to  give  a  clear 
solution.  (At  this  point,  the  molar  ratio  of  water  to  diso- 
dium  hydrogenphosphate  dodecahydrate  was  15;  this 
molar  ratio  is  hereinafter  referred  to  as  the  water  ratio.) 
[0055]  To  the  clear  solution  was  added  3.75  g  of  poly 
(vinyl  alcohol)  -  poly(acrylic  acid)  type  crosslinking  pol- 
ymer  (manufactured  by  Sumitomo  Chemical  Co.,  Ltd; 
brand  name:  Sumikagel),  that  is,  powder  of  a  water-ab- 
sorbing  polymer,  with  stirring  to  prepare  a  heat  storage 
composition.  The  thus  obtained  composition  was  imme- 
diately  injected  into  a  soft  vinyl  chloride  tube  having  a 
diameter  of  15  mm  and  a  length  of  500  mm,  one  end  of 
which  was  sealed  and  into  which  five  thermocouples 
were  previously  inserted  for  measuring  a  temperature. 
Two  minutes  after  the  injection,  the  composition  became 
a  hydrogel  with  no  flowability.  The  tube  was  cooled  to  a 
temperature  of  15°C  to  freeze  the  entire  hydrogel. 
[0056]  The  tube  was  then  inserted  into  a  constant  low 
temperature  chamber  through  an  insertion  hole  (with  a 
diameter  of  40  mm)  provided  on  a  wall  of  the  chamber, 
with  a  part  of  the  tube  having  a  length  of  1  50  mm  being 
exposed  outside. 
[0057]  The  temperature  in  the  chamber  was  set  at 
45°C,  and  the  temperature  in  the  heat  storage  compo- 
sition  in  the  tube  was  measured  with  the  thermocouples. 
After  4  hours,  the  temperature  in  the  heat  storage  com- 
position  within  the  chamber  rose  to  45°C,  while  that  of 
the  exposed  heat  storage  composition  outside  was  25 
°C,  that  is,  approximately  room  temperature.  Then,  the 
temperature  in  the  chamber  was  lowered  at  a  rate  of  1 
°C/hr.  to  25°C,  and  the  change  of  the  temperature  in  the 
heat  storage  composition  was  measured  during  the 
temperature  fall.  The  temperature  in  the  heat  storage 
composition  within  the  chamber  fall  to  30.0°C  at  a  rate 
of  1  °C/hr.,  then  abruptly  increased  to  34.5  °C,  and  grad- 
ually  fell  again  to  be  equal  to  the  temperature  in  the 
chamber.  The  temperature  of  the  exposed  heat  storage 
composition  outside  was  changed  as  room  temperature 
varied  within  a  range  between  22  °C  and  26  °C.  After 
the  temperature  in  the  heat  storage  composition  within 
the  chamber  became  25°C,  the  temperature  in  the 
chamber  was  set  at  45°C.  The  temperature  in  the  heat 
storage  composition  within  the  chamber  exhibited  a  pla- 
teau  at  a  temperature  of  35  °C  to  36°C,  and  then  rose 

to  45  °C. 
[0058]  The  result  of  this  experiment  demonstrates 
that  the  abrupt  temperature  rise  of  the  heat  storage  com- 
position  within  the  chamber  from  30.0  °C  to  34.5°C  re- 

5  suited  from  generation  of  crystals  of  disodium  hydrogen- 
phosphate  dodecahydrate,  and  that  crystals  were  prop- 
agated  from  seed  crystals  of  disodium  hydrogenphos- 
phate  dodecahydrate  preserved  in  the  exposed  portion. 
The  magnitude  of  supercooling  (AT)  was  5.0°C. 

10 
Example  2 

[0059]  A  heat  storage  composition  was  prepared  in  a 
soft  vinyl  chloride  tube  in  the  same  manner  as  in  Exam- 

's  pie  1  except  that  99.88  g  of  disodium  hydrogenphos- 
phate  dodecahydrate  and  25.1  g  of  water  (the  water  ra- 
tio  of  17  mole)  were  used.  The  temperature  change  in 
the  heat  storage  composition  was  examined  by  lowering 
the  temperature  in  the  chamber  from  45  °C  to  25°C  (at 

20  a  rate  of  1°C/hr.).  The  temperature  in  the  heat  storage 
composition  within  the  chamber  fell  to  30.5  °C  at  a  rate 
of  1  °C/hr.,  and  then  abruptly  rose  to  34.0°C.  This  re- 
veals  that  crystals  were  propagated  from  seed  crystals 
of  disodium  hydrogenphosphate  dodecahydrate  in  the 

25  exposed  portion.  The  magnitude  of  supercooling  (AT) 
was  4.5°C. 

Example  3 

30  [0060]  A  mixture  including  37.50  g  of  an  aqueous  so- 
lution  of  10  wt%  sodium  acrylate,  which  was  obtained 
by  neutralizing  acrylic  acid  with  an  aqueous  solution  of 
sodium  hydroxide  to  adjust  pH  of  7.0,  44.20  g  of  water, 
and  43.05  g  of  disodium  hydrogenphosphate  anhydrate 

35  was  heated  in  a  water  bath  at  a  temperature  of  40  °C  to 
give  a  clear  solution.  After  0.31  g  of  N,N'-methylenebi- 
sacrylamide  has  dissolved  in  this  clear  solution,  0.03  g 
of  potassium  peroxodisulfate  and  0.03  g  of  sodium 
sulfite,  dissolved  in  2.00  g  of  water  respectively,  were 

40  added  thereto  to  prepare  a  heat  storage  composition. 
The  heat  storage  composition  was  immediately  injected 
into  a  soft  vinyl  chloride  tube  having  a  diameter  of  15 
mm  and  a  length  of  500  mm,  one  end  of  which  was 
sealed  and  into  which  five  thermocouples  were  previ- 

45  ously  inserted  for  measuring  temperatures.  Thirty  sec- 
onds  after  the  injection,  the  heat  storage  composition 
became  hydrogel  with  no  flowability.  At  this  point,  the 
water  ratio  was  15  mole. 
[0061]  The  obtained  heat  storage  composition  was 

so  examined  for  the  temperature  change  caused  by  the 
temperature  fall  in  the  chamber  from  45  °C  to  25°C  (at 
a  rate  of  1  °C/hr.)  in  the  same  manner  as  in  Example  1  . 
The  temperature  in  the  heat  storage  composition  within 
the  chamber  fell  to  30.0°C,  and  then  abruptly  rose  to 

55  34.5°C.  The  magnitude  of  supercooling  (AT)  was  5.0°C. 

35 

40 

45 

50 

6 



11 EP  0  693  542  B1 12 

Comparative  Example  1 Claims 

[0062]  A  heat  storage  composition  was  prepared  in  a  1  . 
soft  vinyl  chloride  tube  in  the  same  manner  as  in  Exam- 
ple  1.  The  tube  was  cooled  to  a  temperature  of  15  °C  s 
so  as  to  freeze  the  entire  heat  storage  composition.  The 
entire  tube  was  then  inserted  into  a  chamber  with  no 
portion  thereof  exposed  outside.  The  temperature  in  the 
chamber  was  set  at  45°C,  and  the  temperature  in  the 
heat  storage  composition  was  measured  with  the  ther-  10 
mocouples.  After  4  hours,  the  temperature  of  the  heat 
storage  composition  rose  to  45  °C  at  any  portion  thereof. 
The  temperature  in  the  chamber  was  lowered  to  15°C 
at  a  rate  of  1  °C/hr.,  and  the  temperature  change  in  the 
heat  storage  composition  was  measured.  After  the  tern-  15 
perature  of  the  heat  storage  composition  fell  to  20°C  at 
a  rate  of  1  °C/hr.,  it  abruptly  rose  to  33.0°C,  and  then 
gradually  fell  to  be  equal  to  the  temperature  in  the  cham- 
ber.  When  the  temperature  of  the  heat  storage  compo- 
sition  fell  to  15°C,  the  temperature  in  the  chamber  was  20 
set  at  45°C.  The  temperature  in  the  heat  storage  com- 
position  exhibited  a  plateau  at  a  temperature  of  35°C  to 
36°C  and  then  rose  to  45°C. 
[0063]  The  result  of  the  experiment  demonstrates  that 
the  abrupt  temperature  rise  in  the  heat  storage  compo-  25 
sition  from  20°C  to  33°C  resulted  from  generation  of 
crystals  of  disodium  hydrogenphosphate  dodecahy-  2. 
drate.  The  magnitude  of  supercooling  (AT)  was  as  large 
as  15  °C,  which  is  unsuitable  for  practical  application. 

30 
Comparative  Example  2 

[0064]  A  heat  storage  composition  was  prepared  in  a 
soft  vinyl  chloride  tube  in  the  same  manner  as  in  Exam- 
ple  1  except  that  119.01  g  of  disodium  hydrogenphos-  35 
phate  dodecahydrate  and  5.99  g  of  water  (the  water  ra- 
tio  of  1  3  mole)  were  used.  The  heat  storage  composition  3. 
was  examined  for  the  temperature  change  caused  by 
the  temperature  fall  in  the  chamber  from  50  °C  to  25°C 
(at  a  rate  of  1°C/hr.).  After  the  temperature  in  the  heat  40 
storage  composition  within  the  chamber  fell  to  35.3  °C  4. 
at  a  rate  of  1  °C/hr.,  it  gradually  rose  and  then  gradually 
fell.  Then,  after  reaching  a  temperature  of  29.  3°C,  it 
abruptly  rose  to  32.2°C,  and  then  gradually  fell  again  to 
be  equal  to  the  temperature  in  the  chamber.  After  the  45 
temperature  in  the  heat  storage  composition  within  the 
chamber  fell  to  25°C,  the  temperature  in  the  chamber  5. 
was  set  at  50°C.  The  temperature  in  the  heat  storage 
composition  within  the  chamber  exhibited  two  plateaus 
at  temperatures  of  35°C  to  36°C  and  44  °C  to  45°C.  The  so 
former  plateau  corresponds  to  generation  of  dodecahy-  6. 
drate  and  the  latter  plateau  corresponds  to  generation 
of  heptahydrate. 
[0065]  The  result  of  the  experiment  demonstrates  that 
crystal  of  heptahydrate  was  propagated  prior  to  the  55 
propagation  of  crystals  of  dodecahydrate  in  the  compo-  7. 
sition  of  this  comparative  example.  It  was  obviously  im- 
possible  to  stably  generate  dodecahydrate  alone. 

A  method  for  preventing  supercooling  of  a  latent 
heat  storage  composition  comprising  one  peritectic 
salt  hydrate  selected  from  disodium  hydrogenphos- 
phate  dodecahydrate,  sodium  thiosulfate  pentahy- 
drate,  sodium  carbonate  decahydrate  and  sodium 
acetate  trihydrate,  water  and  a  water-swellable 
crosslinking  polymer, 

comprising  the  steps  of  selecting  the  molar  ratio 
of  water  to  anhydrous  salt  from  the  region  in 
which  the  ratio  is  from  13.5  to  20  for  disodium 
hydrogenphosphate  dodecahydrate,  from  5.5 
to  8.0  for  sodium  thiosulfate  pentahydrate,  from 
13  to  16  for  sodium  carbonate  decahydrate, 
from  3.3  to  5.0  for  sodium  acetate  trihydrate 
and  the  temperature  of  secondary  nucleation  of 
the  peritectic  salt  hydrate  is  higher  than  the 
temperature  of  secondary  nucleation  of  a  lower 
hydrate  of  the  same  salt,  and 
maintaining  a  part  of  the  latent  heat  storage 
composition  always  at  a  temperature  the  same 
as  or  lower  than  the  melting  point  of  the  peri- 
tectic  salt  hydrate. 

A  method  for  preventing  supercooling  of  a  latent 
heat  storage  composition  comprising  100  parts  by 
weight  of  a  mixture  including  one  mole  of  disodium 
hydrogenphosphate  dodecahydrate  and  1  3.5  to  20 
mole  of  water,  and  1  to  1  5  parts  by  weight  of  a  water- 
swellable  crosslinking  polymer, 

wherein  a  part  of  the  latent  heat  storage  com- 
position  is  always  kept  at  a  temperature  of  35  °C  or 
less. 

The  method  according  to  any  of  claims  1  and  2, 
wherein  the  water-swellable  crosslinking  pol- 

ymer  is  a  water-absorbing  polymer. 

The  method  according  to  any  of  claims  1  and  2, 
wherein  the  water-swellable  crosslinking  pol- 

ymer  is  a  crosslinking  polymer  obtained  by  the  po- 
lymerization  of  unsaturated  carboxylate  with  a  wa- 
ter-soluble  polyfunctional  monomer. 

The  method  according  to  claim  4, 
wherein  the  unsaturated  carboxylate  is  an 

acrylate  and/or  methacrylate. 

The  method  according  to  claim  4, 
wherein  the  water-soluble  polyfunctional 

monomer  is  N,N'-methylenebisacrylamide  and/or 
N,N'-methylenebismethacrylamide. 

The  method  according  to  claim  4, 
wherein  the  unsaturated  carboxylate  is  sodi- 

um  acrylate  and  the  water-soluble  polyfunctional 
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monomer  is  N,N'-methylenebisacrylamide. 

8.  A  latent  heat  storage  equipment  applying  the  meth- 
od  for  preventing  supercooling  of  a  latent  heat  stor- 
age  composition  of  any  of  claims  1  and  2. 

Patentanspriiche 

1  .  Verfahren  zur  Verhinderung  der  Unterkuhlung  einer 
Latentwarmespeicherzusammensetzung,  die  ein 
peritektisches  Hydratsalz,  ausgewahlt  aus  Dinatri- 
umhydrogenphosphat-dodecahydrat,  Natriumthio- 
sulfat-pentahydrat,  Natriumcarbonat-decahydrat 
und  Natriumacetat-trihydrat,  Wasser  und  ein  in 
Wasser  quellbares  Vernetzungspolymer  umfaBt, 
umfassend  die  Schritte:  Wahlen  des  Molverhaltnis- 
ses  von  Wasser  zu  wasserfreiem  Salz  in  einem  Be- 
reich,  in  dem  das  Verhaltnis  fur  Dinatriumhydrogen- 
phosphat-dodecahydrat  1  3,5  bis  20  betragt,  fur  Na- 
triumthiosulfat-pentahydrat  5,5  bis  8,0  betragt,  fur 
Natriumcarbonat-decahydrat  13  bis  16  betragt,  fur 
Natriumacetat-trihydrat  3,3  bis  5,0  betragt,  und  die 
Temperatur  der  sekundaren  Keimbildung  des  peri- 
tektischen  Hydratsalzes  hoher  als  die  Temperatur 
der  sekundaren  Keimbildung  eines  niederen  Hy- 
drats  des  gleichen  Salzes  liegt;  und  standiges  Hal- 
ten  eines  Teils  der  Latentwarmespeicherzusam- 
mensetzung  bei  einer  Temperatur,  die  dem 
Schmelzpunkt  des  peritektischen  Hydratsalzes  ent- 
spricht  oder  niedriger  liegt. 

2.  Verfahren  zur  Verhinderung  der  Unterkuhlung  einer 
Latentwarmespeicherzusammensetzung,  die  100 
Gewichtsteile  eines  Gemischs,  das  1  mol  Dinatri- 
umhydrogenphosphat-dodecahydrat  und  13,5  bis 
20  mol  Wasser  einschlieBt,  sowie  1  bis  15  Ge- 
wichtsteile  eines  in  Wasser  quellbaren  Vernet- 
zungspolymers  umfaBt,  wobei  ein  Teil  der  Latent- 
warmespeicherzusammensetzung  standig  bei  ei- 
ner  Temperatur  von  35°C  oder  weniger  gehalten 
wird. 

3.  Verfahren  nach  einem  der  Anspruche  1  und  2,  wo- 
bei  das  in  Wasser  quellbare  Vernetzungspolymer 
ein  Wasser  absorbierendes  Polymer  ist. 

4.  Verfahren  nach  einem  der  Anspruche  1  und  2,  wo- 
bei  das  in  Wasser  quellbare  Vernetzungspolymer 
ein  Vernetzungspolymer  ist,  das  durch  die  Polyme- 
risation  eines  ungesattigten  Carboxylats  mit  einem 
wasserloslichen  polyfunktionellen  Monomer  erhal- 
ten  wird. 

5.  Verfahren  nach  Anspruch  4,  wobei  das  ungesattigte 
Carboxylat  ein  Acrylat  und/oder  Methacrylat  ist. 

6.  Verfahren  nach  Anspruch  4,  wobei  das  wasserlos- 

liche  polyfunktionelle  Monomer  N,N'-Methylenbi- 
sacrylamid  und/oder  N,N'-Methylenbismethacryl- 
amid  ist. 

5  7.  Verfahren  nach  Anspruch  4,  wobei  das  ungesattigte 
Carboxylat  Natriumacrylat  ist  und  das  wasserlosli- 
che  polyfunktionelle  Monomer  N,N'-Methylenbi- 
sacrylamid  ist. 

10  8.  Vorrichtung  zur  Latentwarmespeicherung,  in  wel- 
cher  das  Verfahren  zur  Verhinderung  der  Unterkuh- 
lung  einer  Latentwarmespeicherzusammen- 
setzung  nach  einem  der  Anspruche  1  und  2  ange- 
wandt  wird. 

15 

Revendications 

1  .  Procede  pour  eviter  la  surfusion  d'une  composition 
20  a  accumulation  de  chaleur  latente  comprenant  un 

sel  peritectique  hydrate  choisi  parmi  I'hydrogeno- 
phosphate  disodique  dodecahydrate,  le  thiosulfate 
de  sodium  pentahydrate,  le  carbonate  de  sodium 
decahydrate  et  I'acetate  de  sodium  trihydrate,  de 

25  I'eau  et  un  polymere  reticulable  gonflant  dans  I'eau, 
ledit  procede  comprenant  les  etapes  consis- 

tant  a  selectionner  le  rapport  molaire  de  I'eau  sur  le 
selanhydrea  partirde  la  plage  dans  laquelle  le  ratio 
est  de  13,5  a  20  pour  I'hydrogenophosphate  diso- 

30  dique  dodecahydrate,  de  5,5  a  8,0  pour  le  thiosul- 
fate  de  sodium  pentahydrate,  de  13  a  16  pour  le 
carbonate  de  sodium  decahydrate,  de  3,3  a  5,0 
pour  I'acetate  de  sodium  trihydrate,  la  temperature 
de  nucleation  secondaire  du  sel  peritectique  hydra- 

35  te  etant  superieure  a  la  temperature  de  nucleation 
secondaire  d'un  hydrate  inferieur  du  meme  sel,  et 
a  maintenir  une  partie  de  la  composition  a  accumu- 
lation  de  chaleur  latente  a  une  temperature  egale 
ou  inferieure  au  point  de  fusion  du  sel  peritectique 

40  hydrate. 

2.  Procede  pour  eviter  la  surfusion  d'une  composition 
a  accumulation  de  chaleur  latente  comprenant  1  00 
parties  en  poids  d'un  melange  contenant  1  mole 

45  d'hydrogenophosphate  disodique  dodecahydrate 
et  1  3,5  a  20  moles  d'eau  ainsi  que  1  a  1  5  parties  en 
poids  d'un  polymere  reticulable  gonflant  dans  I'eau, 
dans  lequel  une  partie  de  la  composition  a  accumu- 
lation  de  chaleur  latente  est  toujours  maintenue  a 

so  une  temperature  de  35  °C  ou  moins. 

3.  Procede  selon  I'une  quelconque  des  revendications 
1  et  2,  dans  laquelle  le  polymere  reticulable  gonflant 
dans  I'eau  est  un  polymere  absorbant  I'eau. 

55 
4.  Procede  selon  I'une  quelconque  des  revendications 

1  et  2,  dans  laquelle  le  polymere  reticulable  gonflant 
dans  I'eau  est  un  polymere  reticulable  obtenu  par 
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polymerisation  d'un  carboxylate  insature  avec  un 
monomere  polyfonctionnel  soluble  dans  I'eau. 

5.  Procede  selon  la  revendication  4,  dans  lequel  le 
carboxylate  insature  est  un  acrylate  et/ou  metha-  s 
crylate. 

6.  Procede  selon  la  revendication  4,  dans  lequel  le 
monomere  polyfonctionnel  soluble  dans  I'eau  est  le 
bisacrylamide  de  N,N'-methylene  ou  le  bismetha-  10 
crylamide  de  N,N'-methylene. 

7.  Procede  selon  la  revendication  4,  dans  lequel  le 
carboxylate  insature  est  I'acrylate  de  sodium  et  le 
monomere  polyfonctionnel  soluble  dans  I'eau  est  le  15 
bisacrylamide  de  N,N'-methylene. 

8.  Equipement  a  accumulation  de  chaleur  latente  ap- 
pliquant  le  procede  pour  eviter  la  surfusion  d'une 
composition  a  accumulation  de  chaleur  latente  se-  20 
Ion  I'une  quelconque  des  revendications  1  et  2. 

25 
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