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Description 

The  present  invention  relates  to  a  process  for 
preparing  pre-expanded  particles  of  a  thermo- 
plastic  resin  and  apparatuses  used  in  the  process. 
More  particularly,  the  present  invention  relates  to 
a  process  for  preparing  pre-expanded  particles  of 
a  thermoplastic  resin  which  comprises;  heating 
under  an  elevated  pressure  an  aqueous  disper- 
sion  comprising  thermoplastic  resin  particles  con- 
taining  a  volatile  foaming  agent  and  an  aqueous 
medium  in  a  pressure  vessel;  releasing  the  dis- 
persion  from  the  pressure  vessel  into  a  space 
within  a  low-pressure  vessel  wherein  the 
pressure  is  substantially  a  constant  pressure  and 
is  lower  than  that  in  the  pressure  vessel,  whereby 
expanding  the  thermoplastic  resin  particles  to 
give  pre-expanded  particles;  and  simultaneously 
recovering  the  foaming  agent  volatilized  from  the 
thermoplastic  resin  particles  by  discharging  the 
foaming  agent  out  of  the  space  in  the  low- 
pressure  vessel. 

Up  to  now  a  process  for  preparing  pre- 
expanded  particles  of  a  thermoplastic  resin  where 
foaming  agent  containing  particles  are  released 
into  a  low-pressure  area  after  they  are  dispersed 
in  water  in  a  pressure  vessel,  for  example,  auto- 
clave,  and  stirred  under  high  pressure  and  high 
temperature  is  known  as  described  in  DE  —  A 
(Offenlegungsschrift)  2,107,683,  Japanese  Patent 
Examined  Publication  No.  56-1344  and  so  on. 

DE  —  A  —  2  107  683  discloses  a  process  for  pre- 
paring  pre-expanded  particles  of  a  thermoplastic 
resin  which  comprises;  heating  under  an  elevated 
pressure  an  aqueous  dispersion  comprising 
thermoplastic  resin  particles  containing  a  volatile 
foaming  agent  and  an  aqueous  medium  in  a 
pressure  vessel;  releasing  the  dispersion  from  the 
pressure  vessel  into  a  space  within  a  low- 
pressure  vessel  wherein  the  pressure  is  lower 
than  that  in  the  pressure  vessel,  whereby  expand- 
ing  the  thermoplastic  resin  particles  to  give  pre- 
expanded  particles;  and  simultaneously 
recovering  the  foaming  agent  volatilised  from  the 
thermoplastic  resin  particles  by  discharging  the 
foaming  agent  out  of  the  space  in  the  low- 
pressure  vessel  with  leaving  the  pressure  in  the 
low-pressure  vessel  to  substantially  a  given  con- 
stant  pressure.  However,  foaming  agent  genera- 
ted  in  preparing  pre-expanded  particles  is 
released  into  the  air  without  recovery.  As  a  result, 
that  causes  problems  such  as  air  pollution  and  the 
worsening  of  working  environment,  and  econom- 
ical  problems  such  as  increase  in  the  material 
cost. 

It  is  an  object  of  the  present  invention  to 
provide  a  process  for  taking  pre-expanded  par- 
ticles  out  of  the  system  simultaneously  with 
recovering  the  volatile  foaming  agent  in  prepar- 
ing  pre-expanded  particles  of  a  thermoplastic 
resin. 

Another  object  of  the  present  invention  is  to 
provide  an  apparatus  for  taking  pre-expanded 
particles  out  of  the  system  simultaneously  with 
recovering  the  volatile  foaming  agent. 

These  and  other  objects  of  the  present  inven- 
tion  will  become  apparent  from  the  description 
hereinafter. 

The  present  invention  provides  a  process  for 
5  preparing  pre-expanded  particles  of  a  thermo- 

plastic  resin  which  comprises;  heating  under  an 
elevated  pressure  an  aqueous  dispersion  com- 
prising  thermoplastic  resin  particles  containing  a 
volatile  foaming  agent  and  an  aqueous  medium 

10  in  a  pressure  vessel;  releasing  the  dispersion 
from  the  pressure  vessel  into  a  space  within  a 
low-pressure  vessel  wherein  the  pressure  is  sub- 
stantially  a  constant  pressure  and  is  lower  than 
that  in  the  pressure  vessel,  whereby  expanding 

15  the  thermoplastic  resin  particles  to  give  pre- 
expanded  particles;  and  simultaneously 
recovering  the  foaming  agent  volatilized  from  the 
thermoplastic  resin  particles  by  discharging  the 
foaming  agent  out  of  the  space  in  the  low- 

20  pressure  vessel,  characterised  in  that,  the  space  in 
the  low-pressure  vessel  is  sealed  with  an  aqueous 
medium  which  exists  in  the  lower  portion  of  the 
vessel  and  communicates  with  the  outside  of  the 
vessel,  and  the  pre-expanded  particles  are  sunk 

25  under  the  aqueous  medium  and  taken  out  of  the 
vessel  through  the  aqueous  medium  which  com- 
municates  with  the  outside  of  the  vessel. 

The  above-mentioned  process  of  the  present 
invention  has  a  noticeable  effect  to  prevent 

30  releasing  the  foaming  agent  into  the  air  which 
causes  air  pollution,  the  worsening  of  working 
environment  and  increase  in  the  material  cost, 
because  the  foaming  agent  volatilized  from  the 
thermoplastic  resin  particles  which  are  released 

35  into  the  space  within  the  sealed  low-pressure 
vessel  where  the  pressure  is  kept  to  a  given 
pressure  is  discharged  from  the  space  within  the 
low-pressure  vessel  and  recovered. 

Moreover  the  present  invention  provides  an 
40  apparatus  for  preparing  pre-expanded  particles  of 

a  thermoplastic  resin  which  comprises:  a 
pressure  vessel  (1)  for  heating  under  an  elevated 
pressure  an  aqueous  dispersion  comprising 
thermoplastic  resin  particles  containing  a  volatile 

45  foaming  agent  and  an  aqueous  medium;  a 
release  line  (14)  the  one  end  of  which  com- 
municates  with  the  pressure  vessel  and  which  is 
provided  with  a  release  outlet  (16)  at  the  other 
end  thereof;  a  low-pressure  vessel  (7)  in  which 

50  the  thermoplastic  resin  particles  containing  the 
volatile  foaming  agent  in  the  aqueous  dispersion 
released  thereinto  through  the  release  outlet  (6)  is 
pre-expanded  and  the  volatile  foaming  agent 
contained  in  the  particles  is  volatilized,  a  means 

55  (1  1  )  for  discharging  the  volatilized  foaming  agent 
from  the  low-pressure  vessel  and  recovering  it 
with  controlling  the  inner  pressure  of  the  low- 
pressure  vessel  to  substantially  a  constant 
pressure,  characterised  in  that  the  space  in  the 

60  low-pressure  vessel  is  sealed  with  an  aqueous 
medium  which  exists  in  the  lower  portion  of  the 
vessel  (7)  and  communicates  with  the  outside  of 
the  vessel  and  that  a  means  is  provided  for 
sinking  the  pre-expanded  particles  under  the 

65  aqueous  medium  in  the  low-pressure  vessel  (7)  to 
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take  them  out  of  the  vessel  through  the  aqueous 
medium  which  communicates  with  the  outside  of 
the  vessel. 

The  above-mentioned  process  and  apparatus  in 
accordance  with  the  present  invention  have 
noticeable  effects  that  releasing  foaming  agent  in 
the  air  which  causes  air  pollution,  the  worsening 
of  working  environment  and  increase  in  material 
cost  can  be  prevented  by  discharging  the  foaming 
agent  volatilized  from  the  thermoplastic  resin 
particles  which  are  released  into  the  space  in  the 
low-pressure  vessel  where  the  pressure  is  kept  to 
a  given  pressure  through  a  part  of  the  space  in  the 
vessel  and  recovering  it,  and  that  the  low- 
pressure  vessel  can  be  made  smaller  by  sealing 
the  low-pressure  vessel  with  the  aqueous 
medium  which  communicates  with  the  outside  of 
the  vessel,  sinking  the  pre-expanded  particles 
under  the  aqueous  medium  to  take  them  out  of 
the  vessel  successively,  which  results  in  decrease 
in  the  equipment  cost  and  increase  in  recovery 
rate  of  foaming  agent,  and  that  extraneous  mat- 
ters  on  the  surface  of  the  pre-expanded  particles 
can  be  removed  because  the  particles  are  sunk 
under  the  aqueous  medium  before  taking  out 
them. 

Fig.  1  is  a  schematic  view  showing  an  embodi- 
ment  of  an  apparatus  in  accordance  with  the 
present  invention. 

Fig.  2  is  a  schematic  view  showing  another 
example  of  the  low-pressure  vessel  section  in  the 
apparatus  of  Fig.  1. 

Fig.  3  is  a  schematic  view  showing  another 
example  of  the  section  of  recovering  the  foaming 
agent  in  the  apparatus  of  Fig.  1. 

Fig.  4  is  a  schematic  view  showing  another 
embodiment  of  an  apparatus  in  accordance  with 
the  present  invention. 

Fig.  5  is  a  schematic  view  showing  another 
example  of  the  low-pressure  vessel  section  in  the 
apparatus  of  Fig.  4. 

Fig.  6  is  a  schematic  view  showing  still  another 
embodiment  of  an  apparatus  in  accordance  with 
the  present  invention. 

Fig.  7  is  a  schematic  view  showing  another 
example  of  the  low-pressure  vessel  section  in  the 
apparatus  of  Fig.  6. 

Fig.  8  is  a  section  view  of  Fig.  7  along  the  line 
A—  A'. 

Thermoplastic  resins  used  in  the  present  inven- 
tion  are  not  limited,  if  they  can  contain  a  volatile 
foaming  agent  and  obtain  a  visco-elasticity  suit- 
able  to  expand  when  they  are  heated.  Examples 
of  the  thermoplastic  resin  are  styrene  polymers 
such  as  polystyrene,  high  impact  polystyrene, 
poly-a-methylstyrene,  styrene-maleic  anhydride 
copolymer,  blend  polymer  of  polyphenylene 
oxide  and  polystyrene,  styrene-grafting 
polyphenylene  oxide,  styrene-acrylonitrile 
copolymer,  acrylonitrile-butadiene-styrene  ter- 
polymer  and  styrene-butadiene  copolymer;  olefin 
polymers  such  as  low  density  polyethylene,  linear 
low  density  polyethylene,  medium  density  poly- 
ethylene,  high  density  polyethylene,  polypropy- 
lene,  ethylene-propylene  copolymer,  ethylene- 

vinyl  acetate  copolymer  and  ethylene-methyl 
methacrylate  copolymer;  vinyl  chloride  poly- 
mers;  and  methyl  methacrylate  polymers.  Those 
thermoplastic  resins  can  be  used  alone  or  as 

5  blends  of  two  or  more  kinds  thereof.  Olefin 
polymers  can  be  used  as  they  are  and  those 
cross-linked  with  peroxide  or  by  radiation  can  be 
also  used. 

In  the  present  invention,  the  above-mentioned 
10  thermoplastic  resins  are  used  in  the  form  of 

particle.  The  particles  are  prepared  by  usual 
manners  such  as  suspension  polymerization,  and 
pulverization  or  cutting  of  pellet  sheets  or  sticks 
made  by  means  of  extruder,  calender  roll  or  the 

15  like.  The  particles  can  be  used  in  any  forms,  e.g., 
sphere,  ellipsoid,  cylinder,  cube  and  rectangular 
prism.  However,  it  is  preferred  that  the  particles 
are  uniform  in  size  in  order  to  obtain  uniform  pre- 
expanded  particles.  The  particles  used  for  prepar- 

20  ing  pre-expanded  particles  for  foaming  within  a 
mold  are  preferably  in  the  form  of  sphere  having 
a  diameter  of  about  0.5  mm  to  about  6  mm. 

The  volatile  foaming  agent  (hereinafter  simply 
referred  to  as  "foaming  agent")  used  in  the 

25  present  invention  includes  hydrocarbons,  haloge- 
nated  hydrocarbons,  and  the  like,  which  have  a 
boiling  point  of  from  -50°C  to  100°C.  Examples  of 
the  foaming  agent  are  propane,  butane,  pentane, 
hexane,  heptane,  cyclopentane,  cyclohexane, 

30  monochloromethane,  dichloromethane,  mono- 
chloroethane,  trichloromonofluoromethane,  di- 
chlorodifluoromethane,  dichloromonofluoro- 
methane,  trichlorotrifluoroethane  and  dichloro- 
tetrafluoroethane.  Those  foaming  agents  can  be 

35  used  alone  or  as  admixtures  of  two  or  more  kinds 
thereof. 

In  the  present  invention,  particles  of  a  thermo- 
plastic  resin  are  impregnated  with  the  foaming 
agent.  The  method  for  impregnating  thermo- 

40  plastic  resin  particles  with  a  foaming  agent 
includes  a  method  where  a  foaming  agent  and 
thermoplastic  resin  particles  are  dispersed  into 
water  in  a  pressure  vessel  and  heated  under  an 
elevated  pressure,  and  the  like.  In  that  case,  the 

45  foaming  agent  is  used  in  an  amount  of  2  to  50 
parts  (parts  by  weight,  hereinafter  the  same), 
preferably  5  to  40  parts,  per  100  parts  of  the 
particles  used.  When  the  amount  of  the  foaming 
agent  is  less  than  2  parts,  the  recovery  has  no 

so  economical  importance.  When  the  amount  of  the 
foaming  agent  is  more  than  50  parts,  the  pressure 
is  over  the  limit  sufficient  to  impregnate  the  resin 
particles  with  the  foaming  agent,  which  results  in 
waste  of  the  foaming  agent. 

55  The  thermoplastic  resin  particles  impregnated 
with  the  foaming  agent  (hereinafter  simply 
referred  to  as  "foaming  agent  containing  par- 
ticles")  obtained  in  the  above  manner  are  dis- 
persed  into  water.  It  is  preferable  that  the  dispers- 

60  ing  of  the  foaming  agent  containing  particles  in 
water  is  carried  out  in  a  pressure  vessel,  because 
the  particles  are  prepared  usually  in  the  manner 
mentioned  above.  In  that  case,  it  is  preferable  that 
a  small  amount  of  dispersing  agent  is  used  to 

65  prevent  adhesion  between  the  particles  during 
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heating.  Examples  of  the  dispersing  agent  used 
for  the  purpose  are  water-soluble  polymers  such 
as  polyvinyl  alcohol,  methyl  cellulose  and  N- 
polyvinyl  pyrrolidone,  inorganic  substances 
being  slightly  soluble  in  water  such  as  calcium 
phosphate,  magnesium  pyrophosphate  and  zinc 
carbonate,  combinations  of  the  foregoing  inor- 
ganic  substances  and  a  small  amount  of  anionic 
surface  active  agents  such  as  sodium  dodecyl- 
benzenesulfonate  and  sodium  a-olefinsulfonate, 
and  the  like. 

The  foaming  agent  containing  particles  are 
used  in  an  amount  of  15  to  100  parts,  preferably 
25  to  70  parts,  per  100  parts  of  water.  When  the 
amount  of  the  particles  is  less  than  15  parts,  the 
productivity  is  lowered  and  the  energy  cost  is 
increased.  When  the  amount  of  the  particles  is 
more  than  100  parts,  adhesion  between  the  par- 
ticles  is  invited  easily. 

A  pressure  is  applied  to  the  aqueous  dispersion 
thus  obtained  in  the  pressure  vessel  so  that  the 
pressure  becomes  5  to  50  kg/cm2  G,  preferably  10 
to  40  kg/cm2  G  after  heating,  and  the  dispersion  is 
heated  with  agitating.  The  pressure  under  5  kg/ 
cm2  G  needs  long  time  for  releasing  the  disper- 
sion  and  that  over  50  kg/cm2  G  invites  increase  of 
the  cost  of  the  pressure  vessel.  The  heating  level 
varies  depending  on  the  melt  index  (Ml)  of  the 
resin  used,  etc.  Usually  the  aqueous  dispersion  is 
heated  until  the  temperature  overpasses  the  sof- 
tening  point  of  the  resin  and  thereafter  is  kept  at 
the  same  temperature. 

The  aqueous  dispersion  heated  under  an  ele- 
vated  pressure  is  released  into  a  low  pressure 
vessel,  with  introducing  nitrogen  gas,  foaming 
agent,  or  the  like  into  the  pressure  vessel  in  order 
to  keep  a  given  high  pressure  in  the  pressure 
vessel  during  releasing  the  dispersion.  The  aque- 
ous  dispersion  is  released  into  a  space  in  the  low- 
pressure  vessel  which  is  sealed  under  a  given 
pressure  lower  than  that  in  the  pressure  vessel 
through  a  release  outlet  such  as  orifice  plate  or 
nozzle  which  is  provided  at  the  other  end  of  a 
release  line  communicating  with  the  inside  of  the 
pressure  vessel.  The  foaming  agent  containing 
partices  released  into  the  low-pressure  vessel  are 
expanded  because  the  foaming  agent  contained 
in  the  particles  is  volatilized  due  to  decrease  in 
pressure. 

In  the  present  invention,  the  volatilized  foaming 
agent  is  discharged  from  the  space  in  the  low- 
pressure  vessel  with  controlling  the  pressure  in 
the  low-pressure  vessel  to  a  given  pressure,  and 
recovered  through  a  recovery  line.  The  foaming 
agent  may  be  discharged  by  means  of,  for 
example,  the  increase  in  pressure  in  the  low- 
pressure  vessel  due  to  the  release  of  the  aqueous 
dispersion,  suctioning  with  a  pump,  or  the  like. 
Usually,  in  that  case,  the  pressure  in  the  low- 
pressure  vessel  is  controlled  so  that  it  is  sub- 
stantially  constant  during  the  pre-expansion  oper- 
ation  in  order  to  obtain  pre-expanded  particles 
having  a  given  constant  pre-expansion  ratio.  The 
term  "constant  pressure"  used  in  the  invention  is 
intended  to  mean  that  some  deviation  from  an 

exact  constant  value  is  allowable.  However,  the 
pressure  in  the  low-pressure  vessel  may  be  con- 
trolled  so  that  it  is  increased  or  decreased  with  the 
lapse  of  time,  when  it  is  desired  that  the  pre- 

5  expansion  ratio  varies  during  the  pre-expansion 
operation. 

The  manner  for  controlling  the  pressure  in  the 
low-pressure  vessel  to  a  given  pressure  includes 
a  manner  wherein  the  pressure  in  the  low- 

w  pressure  vessel  sealed  with  water  is  automatically 
regulated  by  using  a  pressure  sensor,  a  pump  and 
a  microcomputer,  a  manner  wherein  a  valve 
means  which  opens  automatically  when  the 
pressure  in  the  low-pressure  vessel  overpasses  a 

15  given  pressure  is  provided  in  a  foaming  agent 
recovery  line,  and  the  like. 

Most  of  the  water  or  aqueous  solution  released 
with  the  foaming  agent  containing  particles  is 
accumulated  in  liquid  phase  in  the  lower  part  of 

20  the  low-pressure  vessel.  The  liquid  can  be  dis- 
charged  out  of  the  vessel  by  operating  a  valve 
provided  at  the  lower  part  of  the  low-pressure 
vessel  or  through  an  overflow  outlet  which  is 
provided  near  the  surface  of  water  in  the  outside 

25  of  the  vessel  which  communicates  with  the  inside 
of  the  vessel.  Furthermore  fresh  water  can  be 
supplied  into  the  low-pressure  vessel  to  wash 
extraneous  matter  away  from  the  surface  of  the 
pre-expanded  particles.  The  pre-expanded  par- 

30  tides  are  accumulated  on  the  liquid  in  the  low- 
pressure  vessel. 

The  foaming  agent  discharged  from  the  low- 
pressure  vessel  is  usually  led  to  equipments  used 
for  refining,  separating  or  collecting  gases.  The 

35  foaming  agent  thus  recovered  in  a  gaseous  state 
may  be  used  as  a  starting  material  for  next  pre- 
expansion  procedure  or  stored  after  liquefied  by 
means  of  a  compressor,  a  condenser,  or  the  like. 

Now  referring  to  Fig.  1,  the  present  invention  is 
40  described  regarding  a  process  and  an  apparatus 

for  recovering  foaming  agent. 
In  Fig.  1,  1  shows  a  pressure  vessel  such  as 

autoclave.  The  vessel  1  is  provided  with  a  gas  line 
4  with  a  valve  for  keeping  the  inner  pressure  of 

45  the  vessel  1  to  a  high  pressure;  a  stirrer  for 
stirring  an  aqueous  dispersion  comprising  foam- 
ing  agent  containing  particles  2  and  an  aqueous 
solution  3;  a  heater  H  for  heating  the  aqueous 
dispersion;  and  a  valve  5  for  releasing  the  aque- 

50  ous  dispersion. 
An  aqueous  dispersion  is  prepared  by  mixing 

foaming  agent  containing  particles  2  and  an 
aqueous  solution  3  in  the  pressure  vessel  1.  After 
pressurized  through  the  gas  line  4,  if  necessary, 

55  the  aqueous  dispersion  is  heated  while  stirred,  so 
that  it  could  be  under  a  given  condition  in 
pressure  and  temperature.  The  aqueous  disper- 
sion  under  the  given  condition  in  pressure  and 
temperature  is  led  from  the  pressure  vessel  1  to  a 

60  release  outlet  6  which  is  provided  at  the  one  end 
of  a  release  line  14  connected  to  the  lower  part  of 

.  the  pressure  vessel,  through  the  release  line  14  by 
opening  the  valve  5. 

The  release  outlet  6  communicates  with  the 
65  inside  of  a  sealed  low-pressure  vessel  7  through  a 

4 
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trumpet-shaped  coupling  which  widens  toward 
the  end.  The  aqueous  dispersion  led  to  the  outlet 
6  is  released  into  the  low-pressure  vessel  7 
through  the  coupling. 

The  foaming  agent  contained  in  the  particles  2 
in  the  aqueous  dispersion  released  into  the  low- 
pressure  vessel  7  volatilizes  due  to  change  in 
pressure,  whereby  the  particles  2  which  are 
heated  over  the  softening  point  are  expanded. 
The  pre-expanded  particles  8  thus  formed  fall  in 
the  low-pressure  vessel  7,  while  the  volatilized 
foaming  agent  is  discharged  from  a  line  11 
through  a  valve  12  so  that  the  pressure  in  the  low- 
pressure  vessel  7  is  kept  to  a  given  pressure.  In 
that  case,  a  Nash  Hytor  pump  or  the  like  can  be 
used  for  suction.  After  water  vapour  contained  in 
the  discharged  foaming  agent  is  absorbed  in 
water,  the  discharged  foaming  agent  is  collected 
in  a  collector  13. 

The  collector  13  shown  in  Fig.  1  has  a  shape  like 
an  inverted  bowl  and  is  full  of  water  W.  The  water 
is  replaced  with  the  foaming  agent,  whereby  the 
foaming  agent  is  collected  in  the  collector  13. 
Such  a  collector  is  merely  an  example.  Collectors 
which  are  usually  employed  to  collect  gas  can  be 
also  used.  In  the  case  of  the  collector  13  shown  in 
Fig.  1,  the  pressure  in  the  collector  13  can  be 
regulated  by  changing  the  water  level  in  it.  When 
the  pressure  in  the  collector  13  is  regulated  in 
such  a  manner,  the  amount  of  the  foaming  agent 
discharged  from  the  vessel  7  can  be  controlled 
without  using  a  pump  or  other  means  to  dis- 
charge  the  foaming  agent  from  the  vessel  7. 

When  the  vessel  7  is  filled  with  the  pre- 
expanded  particles  and  the  aqueous  solution  to 
such  an  extent  that  the  release  of  the  aqueous 
dispersion  and  expansion  of  the  particles  are 
hindered,  water  level  9  in  the  vessel  7  can  be 
lowered  by  discharging  the  aqueous  solution 
through  a  valve  10.  It  is  preferable  that  the  space 
of  the  vessel  7  is  as  small  as  possible  from  the 
viewpoints  of  recovery  of  foaming  agent  and  the 
cost  of  equipment. 

Fig.  2  shows  another  embodiment  of  the  vessel 
7.  The  vessel  7  shown  in  Fig.  2  is  provided  with  a 
pressure  sensor  S  which  is  connected  with  a 
microcomputer  M  and  the  microcomputer  M  con- 
trols  a  pump  P  so  that  the  pressure  in  the  vessel  7 
might  be  kept  to  a  set  constant  pressure.  The 
foaming  agent  is  led  to  the  collector  13  through 
the  line  11  and  the  valve  12  by  the  pump  P. 

Various  types  of  collectors  can  be  used  for 
collecting  the  foaming  agent.  For  example,  a 
collector  having  such  a  structure  that  the  water 
level  therein  is  moved  up  and  down  by  force  Ffor 
regulating  the  inner  pressure  as  shown  in  Fig.  1 
can  be  employed.  Another  example  of  the  collec- 
tor  is  shown  in  Fig.  3.  The  collector  shown  in  Fig.  3 
comprises  a  fixed  vessel  13  and  a  water  tank  14. 
The  inner  pressure  of  the  vessel  13  is  regulated  by 
means  of  the  difference  in  water  pressure 
between  the  vessel  13  and  the  water  tank  14 
which  is  caused  by  leading  a  foaming  agent  to  the 
vessel  13,  whereby  discharging  the  water  in  the 
vessel  13  to  the  water  tank  14.  In  that  case,  the 

foaming  agent  can  be  compressed  by  a  com- 
pressor  C  and  recovered  in  order  to  regulate  the 
inner  pressure  in  the  vessel  13. 

By  the  above-mentioned  manner,  about  80%  to 
5  about  95%  by  weight  of  the  foaming  agent  used 

to  prepare  foaming  agent  containing  particles  can 
be  recovered.  Therefore  release  of  the  foaming 
agent  into  the  air  which  causes  air  pollution,  the 
worsening  of  working  environment  and  increase 

10  of  material  cost  can  be  almost  prevented. 
In  accordance  with  the  present  invention,  it  is 

preferable  that,  as  a  low-pressure  vessel,  there  is 
employed  a  vessel  sealed  with  water  which  com- 
municates  with  the  inside  and  the  outside  of  the 

is  vessel,  and  pre-expanded  particles  accumulated 
in  the  low-pressure  vessel  are  sunk  under  the 
water  and  taken  out  of  the  low-pressure  vessel 
through  the  water  which  communicates  with  the 
outside  of  the  vessel,  while  the  foaming  agent  is 

20  being  recovered. 
In  such  a  manner,  a  small  low-pressure  vessel  . 

in  volume  is  available  to  store  pre-expanded 
particles,  since  the  pre-expanded  particles  are 
taken  out  of  the  vessel  successively.  That  leads  to 

25  the  low  equipment  cost  and  increase  of  the 
amount  of  the  foaming  agent  recovered.  Further- 
more  extraneous  matters  attached  to  the  surface 
of  the  pre-expanded  particles,  for  example,  dis- 
persants,  can  be  washed  away,  since  the  pre- 

30  expanded  particles  are  sunk  under  the  water  for 
sealing  the  low-pressure  vessel  before  taken  out 
of  the  vessel.  When  the  sealing  water  is  replaced 
with  fresh  water,  the  extraneous  matters  can  be 
removed  more  effectively. 

35  Next,  a  manner  of  taking  the  pre-expanded 
particles  accumulated  in  the  low-pressure  vessel 
out  of  it  is  described. 

In  an  embodiment  of  the  manner,  the  pre- 
expanded  particles  accumulated  in  the  low- 

40  pressure  vessel  are  sunk  under  water  by  a  push- 
ing  plate  which  is  provided  in  the  low-pressure 
vessel  and  moves  up  and  down  along  the  separa- 
tion  wall  of  the  low-pressure  vessel  which 
separates  the  water  surface  of  the  sealing  water 

45  into  two  portions,  the  one  exists  in  the  low- 
pressure  vessel  and  the  other  exists  in  the  outside 
of  the  vessel,  and  the  sunk  particles  are  taken  out 
of  the  vessel  through  the  water  which  com- 
municates  with  the  outside. 

50  Referring  to  Fig.  4,  the  above-mentioned  pro- 
cess  for  taking  the  pre-expanded  particles  out  of 
the  low-pressure  vessel  and  an  apparatus  applied 
to  it  are  described. 

In  Fig.  4,  the  same  elements  and  parts  as  in  Fig. 
55  1  are  indicated  in  the  same  way  as  in  Fig.  1. 

An  aqueous  dispersion  comprising  foaming 
agent  containing  particles  2  and  an  aqueous 
solution  3  which  is  prepared  in  a  pressure  vessel  1 
is  led  to  a  release  outlet  6. 

60  Through  a  trumpet-shaped  coupling  which 
widens  toward  the  end  of  the  outlet  6,  the  outlet  6 
communicates  with  a  sealed  low-pressure  vessel 
20  which  is  sealed  with  water  existing  in  the  lower 
part  of  the  vessel.  The  low-pressure  vessel  20  is 

55  provided  with  a  recovery  line  11  so  that  the 

5 
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foaming  agent  which  is  generated  when  foaming 
agent  containing  particles  are  expanded  might  be 
recovered,  and  the  pressure  in  the  low-pressure 
vessel  20  could  be  kept  to  a  given  pressure.  The 
inside  of  the  low-pressure  vessel  20  is  communi- 
cated  with  its  outside  through  the  water.  The  low- 
pressure  vessel  20  is  also  provided  with  a  valve  21 
for  discharging  the  accumulated  solution  there- 
from  or  replacing  the  solution  with  fresh  water. 

The  aqueous  dispersion  under  high  tempera- 
ture  and  high  pressure  led  to  the  release  outlet  6 
is  released  through  the  outlet  6  into  the  space  in 
the  low-pressure  vessel  20. 

The  foaming  agent  which  is  contained  in  the 
particles  2  in  the  aqueous  dispersion  released  into 
the  low-pressure  vessel  20  volatilizes  due  to 
change  in  pressure,  whereby  the  particles  2 
heated  over  the  softening  point  are  expanded. 
Pre-expanded  particles  8  fall  in  the  low-pressure 
vessel  20,  while  the  volatilized  foaming  agent  is 
discharged  from  the  recovery  line  1  1  so  that  the 
pressure  in  the  low-pressure  vessel  20  could  be 
kept  to  a  given  pressure.  In  that  case,  a  Nash 
Hytor  pump  or  the  like  can  be  used  for  suction.  It 
may  be  also  discharged  by  making  difference  in 
pressure  between  a  collector  for  foaming  agent 
and  the  low-pressure  vessel  20.  As  the  collector 
any  usual  collectors  can  be  employed.  The  collec- 
tors  shown  in  Figs.  1  and  3  are  examples. 

The  low-pressure  vessel  20  is  filled  more  and 
more  with  pre-expanded  particles  8  and  the  sol- 
ution  3.  The  amount  of  the  solution  accumulated 
in  the  vessel  20  can  be  regulated  by  operating  a 
valve  21  and  the  solution  can  be  also  replaced 
with  fresh  water.  An  overflow  outlet  24  provided 
near  the  water  surface  23  of  the  outside  of  the 
low-pressure  vessel  can  be  also  used  to  discharge 
the  solution. 

Pre-expanded  particles  8  are  taken  out  of  the 
low-pressure  vessel  20  by  the  means  mentioned 
below,  while  the  low-pressure  vessel  20  is  kept 
sealed  and  the  foaming  agent  is  recovered. 

The  water  in  the  low-pressure  vessel  20  seals 
the  vessel  and  communicates  the  inside  with  the 
outside  of  the  vessel.  The  vessel  20  is  provided 
with  a  pushing  plate  which  is  provided  in  the 
vessel  20  and  moves  up  and  down  along  the 
separation  wall  25  of  the  vessel  20  in  order  to  sink 
pre-expanded  particles  8  under  the  water  and  take 
them  out  of  the  vessel  through  the  water  which 
communicates  with  the  outside. 

In  order  to  seal  the  low-pressure  vessel  20  with 
water,  the  water  levels  22  and  23  of  the  inside  and 
outside  of  the  low-pressure  vessel  respectively 
must  be  above  the  lower  end  26  of  the  separation 
wall  25.  However,  too  high  water  level  22  causes 
decrease  in  efficiency,  since  the  volume  of  the 
space  of  the  vessel  where  pre-expanded  particles 
are  accumulated  becomes  smaller  and  the  depth 
of  water  which  the  particles  should  be  sunk 
becomes  deeper.  Therefore,  the  preferable  dis- 
tance  between  the  water  level  22  and  the  lower 
end  26  of  the  separation  wall  is  about  10  cm  to 
about  50  cm. 

A  plate  having  many  through-holes,  e.g.  steel 

plate,  which  passes  water  but  no  pre-expanded 
particles  is  employed  preferably  as  the  pushing 
plate  27.  For  example,  the  pushing  plate  27  is  set 
at  an  acute  fixed  angle  (3  with  the  separation  wall 

5  25  downward  as  shown  in  Fig.  4.  In  that  case,  it  is 
necessary  that  the  pushing  plate  is  moved  along 
the  separation  wall  25  from  the  upper  part  to  the 
lower  end  26  of  the  wall  by  means  of  a  cylinder  or 
other  analogous  means  29  so  that  the  pre- 

10  expanded  particles  do  not  pass  through  the  clear- 
ance  between  the  upper  end  28  of  the  pushing 
plate  27  and  the  separation  wall  25  and  the  pre- 
expanded  particles  accumulated  on  the  water 
surface  22  are  sunk  under  the  water  and  taken 

15  out.  The  angle  (3  of  the  pushing  plate  with  the 
separation  wall  and  the  size  of  the  pushing  plate 
are  not  limited,  if  the  pushing  plate  fits  the 
purpose  to  sink  pre-expanded  particles  under 
water  and  take  them  out.  However,  an  angle  |3  of 

20  15°  to  80°  is  preferable.  It  is  uneconomical  to  set 
the  plate  at  an  angle  8  under  15°  with  the 
separation  wall,  since  a  big  pushing  plate  is 
needed  to  sink  most  of  pre-expanded  particles 
and  the  distance  between  the  lower  end  26  of  the 

25  separation  wall  25  and  the  bottom  of  the  vessel  20 
must  be  lengthened.  And  in  the  case  of  the  angle 
8  over  80°,  it  is  inefficient  to  take  the  sunk  pre- 
expanded  particles  out  of  the  vessel  by  means  of 
the  pushing  plate.  When  the  pre-expanded  par- 

30  tides  rise  to  the  water  surface  22  from  the  both 
sides  of  the  pushing  plate  because  of  the  smaller 
width  of  the  pushing  plate  than  that  of  the 

.  separation  wall,  it  is  preferable  to  set  up  a  fence 
on  the  both  sides  of  the  pushing  plate  in  order  to 

35  take  out  the  pre-expanded  particles  more 
effectively. 

Pre-expanded  particles  8  on  the  water  surface 
22  are  sunk  under  the  water  by  the  pushing  plate 
27  and  rise  to  the  water  surface  23  of  the  outside 

40  by  buoyancy  through  the  water  which  com- 
municates  the  inside  of  the  low-pressure  vessel 
20  with  its  outside  which  is  usually  under  atmos- 
pheric  pressure.  The  pre-expanded  particles  rise 
to  the  water  surface  23  are  taken  out,  for  instance, 

45  by  a  suction  pump  30  or  the  like. 
Fig.  5  shows  an  outline  of  another  embodiment 

of  a  means  for  taking  out  the  pre-expanded 
particles  using  a  pushing  plate  in  accordance  with 
the  present  invention.  In  this  embodiment,  the 

so  pushing  plate  27  is  arranged  so  that  the  angle  of  it 
with  the  separation  wall  is  variable. 

In  Fig.  5,  27-1  ,  27-2,  27-3,  27-4  and  27-5  show  the 
respective  states  of  the  pushing  plate  27  which  is 
moved  downwards  by  means  of  a  cylinder  29  or 

55  the  like  with  lapse  of  time. 
As  shown  in  Fig.  5,  a  pushing  plate  27  is 

constructed  such  that  it  rotates  at  the  lower  end  of 
the  cylinder  about  a  supporting  axis  31  of  the 
cylinder  29  which  moves  up  and  down. 

60  Going  down  from  the  state  27-1,  the  pushing 
plate  27  is  horizontal  in  the  state  27-3  where  it 
touches  pre-expanded  particles.  Then,  after  the 
pushing  plate  sinks  the  pre-expanded  particles  up 
to  the  lower  end  26  of  the  separation  wall  25  of 

65  the  low-pressure  vessel  20  sealed  with  water,  the 

6 
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lushing  plate  rotates  from  the  state  27-4  to  the 
itate  27-5  to  let  most  of  the  sunk  pre-expanded 
jarticles  8  come  to  the  water  surface  23  of  the 
>utside  of  the  low-pressure  vessel. 

In  another  embodiment  of  the  process  for 
aking  out  pre-expanded  particles,  pre-expanded 
)articles  accumulated  in  a  low-pressure  vessel 
ire  sunk  under  the  water  and  taken  out  of  the 
vessel  through  the  water  which  communicates 
vith  the  outside  of  the  vessel  by  means  of  a  rotary 
mpeller  provided  in  the  vessel. 

Referring  to  Fig.  6,  the  above-mentioned  pro- 
:essfortaking  out  the  pre-expanded  particles  and 
m  apparatus  applied  to  it  are  described. 

In  Fig.  6,  the  same  elements  and  parts  as  in  Fig. 
I  are  indicated  in  the  same  way  as  in  Fig.  1. 

An  aqueous  dispersion  comprising  foaming 
agent  containing  particles  2  and  an  aqueous 
solution  3  which  are  prepared  in  a  pressure  vessel 
I  is  led  to  a  release  outlet  6. 

Through  a  trumpet-shaped  coupling  which 
widens  toward  the  end  of  the  outlet  6,  the  outlet  6 
communicates  with  a  low-pressure  vessel  40 
which  is  sealed  with  water  existing  in  the  lower 
Dart  of  the  vessel.  The  low-pressure  vessel  40  is 
arovided  with  a  recovery  line  11  so  that  the 
foaming  agent  which  is  generated  when  foaming 
agent  containing  particles  are  expanded  might  be 
recovered,  and  the  pressure  in  the  low-pressure 
vessel  40  could  be  kept  to  a  given  pressure.  The 
inside  of  the  low-pressure  vessel  40  com- 
municates  with  its  outside  through  the  sealing 
water.  The  low-pressure  vessel  40  is  also  pro- 
vided  with  a  pipe  with  a  valve  41  for  discharging 
the  accumulated  solution  therefrom  or  replacing 
the  solution  with  fresh  water. 

The  aqueous  dispersion  under  high  tempera- 
ture  and  high  pressure  led  to  a  release  outlet  6  is 
released  through  the  outlet  6  into  the  space  in  the 
low-pressure  vessel  40. 

The  foaming  agent  which  is  contained  in  the 
particles  2  in  the  aqueous  dispersion  released  into 
the  low-pressure  vessel  40  volatilizes  due  to 
change  in  pressure,  whereby  the  particles  heated 
over  the  softening  point  are  expanded.  Pre- 
expanded  particles  8  fall  in  the  low-pressure 
vessel  40,  while  the  volatilized  foaming  agent  is 
discharged  from  the  recovery  line  11  so  that  the 
pressure  in  the  low-pressure  vessel  40  could  be 
kept  to  a  given  pressure.  In  that  case,  a  Nash 
Hytor  pump  or  the  like  can  be  used  for  suction.  It 
may  be  also  discharged  by  making  difference  in 
pressure  between  a  collector  for  foaming  agent 
and  the  low-pressure  vessel  40.  As  the  collector 
any  usual  collectors  can  be  employed.  The  collec- 
tors  shown  in  Figs.  1  and  3  are  examples. 

The  low-pressure  vessel  40  is  filled  more  and 
more  with  pre-expanded  particles  8  and  the  sol- 
ution  3.  The  amount  of  the  solution  accumulated 
in  the  low-pressure  vessel  40  can  be  regulated  by 
operating  a  valve  41  and  the  solution  can  be  also 
replaced  with  fresh  water.  An  overflow  outlet  44 
provided  near  the  water  surface  43  of  the  outside 
of  the  low-pressure  vessel  can  be  also  used  to 
discharge  the  solution. 

Pre-expanded  particles  a  are  taKen  oui  ot  xne 
low-pressure  vessel  40  by  the  means  mentioned 
below,  while  the  low-pressure  vessel  is  kept 
sealed  and  the  foaming  agent  is  recovered. 

5  The  water  in  the  low-pressure  vessel  40  seals 
the  vessel  and  communicates  the  inside  with  the 
outside  of  the  vessel.  The  vessel  40  is  provided 
with  a  rotary  impeller  therein  in  order  to  sink  pre- 
expanded  particles  8  under  the  water  and  take 

o  them  out  of  the  vessel  through  the  water  which 
communicates  with  the  outside. 

In  order  to  seal  the  low-pressure  vessel  40  with 
water,  the  water  levels  42  and  43  of  the  inside  and 
outside  of  the  low-pressure  vessel  respectively 

'S  must  be  above  the  lower  end  47  of  a  separation 
wall  46.  However,  too  high  water  level  42  causes 
decrease  in  efficiency,  since  the  volume  of  the 
space  of  the  vessel  where  pre-expanded  particles 
are  accumulated  becomes  smaller  and  the  depth 

?o  of  water  which  the  particles  should  be  sunk 
becomes  deeper.  Therefore  the  preferable  dis- 
tance  between  the  water  level  42  and  the  lower 
end  47  of  the  separation  wall  46  is  about  10  cm  to 
about  50  cm. 

?5  A  plate  having  many  throughholes  such  as  steel 
plate  which  passes  water  but  no  pre-expanded 
particles  is  employed  preferably  as  the  blades  45a 
of  the  rotary  impeller  45.  For  example,  the  rotary 

.  impeller  45  rotates  about  the  rotation  axis  P 
so  thereof  so  that  the  outermost  portions  of  the 

rotary  impeller  45  are  moved  along  the  inner 
surface  of  the  separation  wall  46,  as  shown  in  Fig. 
6.  The  separation  wall  46  forms,  in  section,  a  part 
of  the  circumference  of  the  circle  with  its  center  at 

35  the  rotation  axis  P.  Therefore  it  is  preferable  that 
the  rotary  impeller  45  is  constructed  such  that  the 
amount  of  pre-expanded  particles  8  to  be  sunk  by 
the  rotary  impeller  is  as  large  as  possible  and  the 
sunk  pre-expanded  particles  rise  to  the  water 

40  surface  43  beyond  the  lower  end  47  of  the 
separation  wall  46  in  taking  them  out  of  the  low- 
pressure  vessel.  Namely,  it  is  preferably  con- 
structed  such  that  the  clearance  between  the 
outermost  portions  of  the  rotary  impeller  45  and 

45  the  lower  end  47  of  the  separation  wall  46  is  made 
small  and  the  pre-expanded  particles  do  not  rise 
to  the  water  surface  42  of  the  inside  of  the  low- 
pressure  vessel.  However,  the  number  of  blade 
and  the  like  is  not  limited.  Almost  all  of  pre- 

50  expanded  particles  8  sunk  by  the  rotary  impeller 
45  come  to  the  water  surface  43  of  the  outside, 
when  angle  9  that  the  blade  45a  of  the  rotary 
impeller  makes  with  horizontal  plane  becomes 
about  30°  or  more. 

55  Pre-expanded  particles  8  floating  on  the  water 
surface  42  are  sunk  under  the  water  by  the  rotary 
impeller  45  and  come  to  the  water  surface  43  of 
the  outside  by  buoyancy  through  the  water  which 
communicates  the  inside  of  the  low-pressure 

60  vessel  40  with  its  outside.  The  pre-expanded 
particles  come  to  the  water  surface  43  is  taken  out 
by  overflow  but  can  be  taken  out  by  means  of  a 
suction  pump  48  or  the  like. 

Fig.  7  shows  an  outline  of  another  embodiment 
65  of  the  means  for  taking  out  the  pre-expanded 

7 
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particles  using  the  rotary  impeller  in  accordance 
with  the  present  invention  and  Fig.  8  is  a  section 
view  of  Fig.  7  along  the  line  A  —  A'. 

Pre-expanded  particles  8  scattering  in  the  low 
pressure  vessel  40  and  floating  on  the  water 
surface  42  are  caught  and  sunk  by  the  rotary 
impeller  45.  The  axle  portion  45b  of  the  rotary 
impeller  45  to  the  outer  surface  of  which  blades 
45a  are  attached  takes  the  shape  of  truncated 
cone  where  the  diameter  of  this  side  of  the  figure 
is  different  from  that  of  the  opposite  side.  A 
shown  in  Fig.  8,  pre-expanded  particles  8  are 
caught  by  the  blades  45a  of  the  rotary  impeller  45 
and  sunk  under  the  water  surface  42.  When  the 
sunk  pre-expanded  particles  8  are  moved  under 
the  axle  portion  45b  of  the  rotary  impeller  45  by 
rotation  thereof,  they  are  moved  towards  the  one 
end  of  the  axle  portion  45  having  the  smaller 
diameter  by  the  buoyancy  of  the  particles  due  to 
its  shape  of  truncated  cone  and  rise  to  the  water 
surface  43  of  the  outside  of  the  low-pressure 
vessel.  Thus,  in  this  embodiment,  the  pre- 
expanded  particles  are  taken  out  in  the  direction 
along  the  rotation  axis  P  of  the  rotary  impeller. 
Angle  a  that  the  side  of  the  truncated  cone- 
shaped  axle  portion  45b  makes  with  water  surface 
varies  depending  on  the  capacity  and  the  number 
of  revolution  of  the  rotary  impeller.  However,  it  is 
preferable  that  the  angle  a  is  from  20°  to  60°  and  is 
more  preferably  from  35°  to  50°.  When  the  angle  a 
is  less  than  20°,  it  often  happens  that  all  the  pre- 
expanded  particles  do  not  rise  to  the  water  sur- 
face  43  sufficiently.  When  the  angle  a  is  more 
than  60°,  the  transfer  capacity  of  pre-expanded 
particles  per  hour  decreases  due  to  the  smaller 
capacity  of  the  rotary  impeller. 

By  the  above-described  process  where  the 
apparatus  shown  in  Figs.  4  and  5  and  Figs.  6,  7 
and  8  are  used,  65  to  80%  of  the  foaming  agent 
used  for  preparing  the  foaming  agent  containing 
particles  can  be  recovered.  Accordingly  release  of 
foaming  agent  into  the  air  which  causes  air 
pollution,  the  worsening  of  working  environment 
and  increase  in  the  material  cost  can  be  reduced. 
Furthermore,  the  pre-expanded  particles  can  be 
taken  out  of  the  low-pressure  vessel  under  the 
condition  that  the  vessel  is  sealed.  Therefore,  the 
low-pressure  vessel  is  made  small  and  the  pre- 
expanded  particles  can  be  prepared  continuously, 
which  results  in  increase  in  the  productivity.  And 
extraneous  matters  on  the  surface  of  the  pre- 
expanded  particles  can  be  washed  away,  since 
the  pre-expanded  particles  are  sunk  under  water 
before  taking  out  them. 

In  addition  to  the  elements  and  parts  used  in 
the  Embodiments,  other  elements  and  parts  can 
be  used  in  the  Embodiments  as  set  forth  in  the 
specification  to  obtain  substantially  the  same 
results. 

The  present  invention  is  more  particularly 
described  and  explained  by  means  of  the  follow- 
ing  Examples.  These  Examples  are  intended  to 
illustrate  the  invention  and  not  be  construed  to 
limit  the  scope  of  the  invention,  which  is  defined 
in  the  claims.  It  is  to  be  understood  that  various 

changes  and  modifications  may  be  made  in  the 
invention  without  departing  from  the  scope 
thereof. 

5  Example  1 
This  example  was  carried  out  using  the 

apparatus  shown  in  Fig.  1. 
A  150  I  pressure  vessel  equipped  with  a  stirrer 

was  charged  eith  300  parts  (75  kg)  of  water,  100 
10  parts  (25  kg)  of  pellets  (ellipsoidal  form)  of 

ethylenepropylene  random  copolymer  having  a 
density  of  0.9  g/cm3,  Ml  of  9  and  an  ethylene 
content  of  4.5%  by  weight,  and  0.5  part  of  pow- 
dered  basic  calcium  tertiary  phosphate  and  0.025 

15  part  of  sodium  dodecylbenzenesulfonate  as  dis- 
persing  agent.  The  mixture  was  stirred  to  give  an 
aqueous  dispersion.  After  introducing  30  parts 
(7.5  kg)  of  dichlorodifluoromethane  into  the 
pressure  vessel  under  pressure  with  stirring  the 

20  dispersion,  the  temperature  was  raised  to  136°C. 
The  pressure  in  the  pressure  vessel  at  that  time 
was  26  kg/cm2  G. 

By  opening  the  valve  5  in  the  release  line  14,  the 
aqueous  dispersion  was  released  from  the 

25  pressure  vessel  into  a  1000  I  sealed  low-pressure 
vessel  through  orifices  of  3  mm  in  diameter  bored 
in  an  orifice  plate  with  keeping  the  pressure  in  the 
pressure  vessel  to  30  kg/cm2  G  by  feeding  nitro- 
gen  gas,  whereby  the  pellets  were  expanded  to 

30  give  pre-expanded  particles. 
Since  dichlorodifluoromethane  and  the  like  vol- 

atilized  from  the  pellets  increased  the  pressure  in 
the  low-pressure  vessel  during  pre-expanding, 
the  valve  12  was  opened  to  keep  the  pressure  in 

35  the  low-pressure  vessel  to  around  atmospheric 
pressure  (0.98  to  1.04  kg/cm2  absolute).  The  foam- 
ing  agent  was  sent  from  the  low-pressure  vessel 
to  a  collector  due  to  the  difference  of  inner 
pressure  between  the  collector  and  the  low- 

40  pressure  vessel. 
When  pre-expanding  was  finished,  about  70  I  of 

the  aqueous  solution  and  about  800  I  of  pre- 
expanded  particles  existed  in  the  low-pressure 
vessel  and  the  inner  temperature  of  the  vessel 

45  was  25°C.  And  4.1  kg  of  dichlorodifluoromethane 
was  recovered  in  the  collector.  Then  the  dich- 
lorodifluoromethane  was  liquefied  by  condenser 
C  to  be  recovered.  In  the  pressure  vessel  2.5  kg  of 
dichlorodifluoromethane  remained.  It  was  also 

so  recovered  by  liquefying  using  a  condenser.  The 
amount  of  dichlorodifluoromethane  recovered 
was  totally  6.6  kg.  About  0.65  kg  of  dichlorodif- 
luoromethane  remaining  in  the  low-pressure 
vessel  was  also  recovered.  The  amount  of  dich- 

55  lorodifluoromethane  released  into  the  air  was 
actually  about  0.25  kg. 

Example  2 
This  example  was  carried  out  using  the 

60  apparatus  shown  in  Fig.  1. 
A  125  I  pressure  vessel  equipped  with  a  stirrer 

was  charged  with  300  parts  (75  kg)  of  water,  100 
parts  (25  kg)  of  pellets  (ellipsoidal  form)  of  linear 
low  density  polyethylene  having  a  density  of  0.92 

65  g/cm3  and  Ml  of  0.8,  and  0.5  part  of  powdered 
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basic  calcium  tertiary  phosphate  and  0.025  part  of 
sodium  dodecylbenzenesulfonate  as  dispersing 
agent.  The  mixture  was  stirred  to  give  an  aqueous 
dispersion.  After  introducing  40  parts  (10  kg)  of 
dichlorodifluoromethane  into  the  pressure  vessel 
under  pressure  with  stirring  the  dispersion,  the 
temperature  was  raised  to  113°C.  The  pressure  in 
the  pressure  vessel  at  that  time  was  27.8  kg/cm2 
G. 

By  opening  the  valve  5  in  the  release  line  14,  the 
aqueous  dispersion  was  released  from  the 
pressure  vessel  into  a  1000  I  sealed  low-pressure 
vessel  through  orifices  of  3  mm  in  diameter  bored 
in  an  orifice  plate  with  keeping  the  pressure  in  the 
pressure  vessel  to  30  kg/cm2  G  by  feeding  nitro- 
gen  gas,  whereby  the  pellets  were  expanded  to 
give  pre-expanded  particles. 

Since  dichlorodifluoromethane  and  the  like  vol- 
atilized  from  the  pellets  increased  the  pressure  in 
the  low-pressure  vessel  during  pre-expanding, 
the  valve  12  was  opened  to  keep  the  pressure  in 
the  low-pressure  vessel  to  around  atmospheric 
pressure  (0.98  to  1.04  kg/cm2  absolute).  The  foam- 
ing  agent  was  sent  from  the  low-pressure  vessel 
to  a  collector  due  to  the  difference  of  inner 
pressure  between  the  collector  and  the  low- 
pressure  vessel. 

When  pre-expanding  was  finished,  a'bout  70  I  of 
the  aqueous  solution  and  about  800  I  of  pre- 
expanded  particles  existed  in  the  low-pressure 
vessel  and  the  inner  temperature  of  the  vessel 
was  25°C.  And  5.6  kg  of  dichlorodifluoromethane 
was  recovered  in  the  collector.  Then  the  dich- 
lorodifluoromethane  was  liquefied  by  condenser 
C  to  be  recovered.  In  the  pressure  vessel  3.25  kg 
of  dichlorodifluoromethane  remained.  It  was  also 
recovered  by  liquefying  using  a  condenser.  The 
amount  of  dichlorodifluoromethane  recovered 
was  totally  8.85  kg.  About  0.65  kg  of  dichlorodif- 
luoromethane  remaining  in  the  low-pressure 
vessel  was  also  recovered.  The  amount  of  dich- 
lorodifluoromethane  released  into  the  air  was 
actually  about  0.5  kg. 

Example  3 
This  example  was  carried  out  using,  the 

apparatus  shown  in  Fig.  4. 
A  150  I  pressure  vessel  equipped  with  a  stirrer 

was  charged  with  300  parts  (75  kg)  of  water,  100 
parts  (25  kg)  of  pellets  (cylindrical  form)  of 
ethylenepropylene  random  copolymer  having  a 
density  of  0.90  g/cm3,  Ml  of  9  and  an  ethylene 
content  of  4.5%  by  weight,  and  0.5  part  of  pow- 
dered  basic  calcium  tertiary  phosphate  and  0.025 
part  of  sodium  dodecylbenzenesulfonate  as  dis- 
persing  agent.  The  mixture  was  stirred  to  give  an 
aqueous  dispersion.  After  introducing  30  parts 
(7.5  kg)  of  dichlorodifluoromethane  into  the 
pressure  vessel  under  pressure  with  stirring  the 
dispersion,  the  temperature  was  raised  to  136°C. 
Fhe  pressure  in  the  pressure  vessel  at  that  time 
was  26  kg/cm2  G. 

By  opening  the  valve  5  in  the  release  line  14,  the 
aqueous  dispersion  was  released  from  the 
pressure  vessel  into  a  low-pressure  vessel  sealed 

with  water  and  having  a  space  volume  of  200  I 
through  orifices  of  3  mm  in  diameter  bored  in  an 
orifice  plate  with  keeping  the  pressure  in  the 
pressure  vessel  to  30  kg/cm2  G  by  feeding  nitro- 

5  gen  gas,  whereby  the  pellets  were  expanded  to 
give  pre-expanded  particles. 

Since  dichlorodifluoromethane  and  the  like  vol- 
atilized  from  the  pellets  increased  the  pressure  in 
the  low-pressure  vessel  during  pre-expanding, 

10  the  valve  12  provided  in  the  recovery  line  11  was 
opened  to  keep  the  pressure  in  the  low-pressure 
vessel  to  around  atmospheric  pressure  (0.96  to 
1.06  kg/cm2  absolute). 

The  generated  foaming  agent  was  discharged 
15  through  the  recovery  line  and  collected  in  a 

collector  like  an  inversed  bowl.  The  formed  pre- 
expanded  particles  were  sunk  under  water  and 
taken  out  of  the  low-pressure  vessel  by  means  of 
a  pushing  plate  which  was  set  at  an  angle  (3  of  45°. 

20  When  pre-expanding  was  finished,  1.0  kg  and 
2.5  kg  of  dichlorodifluoromethane  in  the  low- 
pressure  vessel  and  the  pressure  vessel  was 
respectively  left.  And  2.5  kg  of  dichlorodif- 
luoromethane  in  a  gaseous  state  was  collected  in 

25  the  collector.  Then  the  dichlorodifluoromethane 
in  the  pressure  vessel,  the  low-pressure  vessel 
and  the  collector  was  liquefied  and  recovered. 
The  amount  of  dichlorodifluoromethane  released 
into  the  air  was  actually  1  .5  kg.  And  the  amount  of 

30  the  pre-expanded  particles  obtained  was  about 
800  I. 

In  the  case  of  this  example,  fresh  water  was  not 
used  to  wash  the  pre-expanded  particles.  How- 
ever,  since  the  pre-expanded  particles  were  sunk 

35  under  water  before  taking  out  them,  that  brought 
good  effect  to  wash  away  extraneous  matters  on 
the  particles.  The  amount  of  extraneous  matters 
(mainly  calcium  tertiary  phosphate)  on  the  pre- 
expanded  particles  obtained  was  1000  ppm. 

40 
Example  4 

This  example  was  carried  out  using  the 
apparatus  shown  in  Fig.  4. 

A  1000  I  pressure  vessel  equipped  with  a  stirrer 
45  was  charged  with  300  parts  (500  kg)  of  water,  1  00 

parts  (167  kg)  of  pellets  (cylindrical  form)  of 
ethylenepropylene  random  copolymer  having  a 
density  of  0.90  g/cm3.  Ml  of  9  and  an  ethylene 
content  of  4.5%  by  weight,  and  0.5  part  of  pow- 

50  dered  basic  calcium  tertiary  phosphate  and  0.025 
part  of  sodium  dodecylbenzenesulfonate  as  dis- 
persing  agent.  The  mixture  was  stirred  to  give  an 
aqueous  dispersion.  After  introducing  30  parts  (50 
kg)  of  dichlorodifluoromethane  into  the  pressure 

55  vessel  under  pressure  with  stirring  the  dispersion, 
the  temperature  was  raised  to  136°C.  The 
pressure  in  the  pressure  vessel  at  that  time  was 
26  kg/cm2  G. 

By  opening  the  valve  5  in  the  release  line  14,  the 
so  aqueous  dispersion  was  released  from  the 

pressure  vessel  into  a  low-pressure  vessel  sealed 
with  water  and  having  a  space  volume  of  200  I 
through  orifices  of  3  mm  in  diameter  bored  in  an 
orifice  plate  with  keeping  the  pressure  in  the 

55  pressure  vessel  to  30  kg/cm2  G  by  feeding  nitro- 
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gen  gas,  whereby  the  pellets  were  expanded  to 
give  pre-expanded  particles. 

Since  dichlorodifluoromethane  and  the  like  vol- 
atilized  from  the  pellets  increased  the  pressure  in 
the  low-pressure  vessel  during  pre-expanding, 
the  valve  12  provided  in  the  recovery  line  11  was 
opened  to  keep  the  pressure  in  the  low-pressure 
vessel  to  around  atmospheric  pressure  (0.96  to 
1.06  kg/cm2  absolute). 

The  generated  foaming  agent  was  discharged 
through  the  recovery  line  and  collected  in  a 
collector  like  an  inversed  bowl.  The  formed  pre- 
expanded  particles  were  sunk  under  water  and 
taken  out  of  the  low-pressure  vessel  by  means  of 
a  pushing  plate  which  was  set  at  an  angle  (3  of  45°. 

When  pre-expanding  was  finished,  1.0  kg  and 
15  kg  of  dichlorodifluoromethane  in  the  low- 
pressure  vessel  and  the  pressure  vessel  was 
respectively  left.  And  24  kg  of  dichlorodif- 
luoromethane  in  a  gaseous  state  was  collected  in 
the  collector.  Then  the  dichlorodifluoromethane 
in  the  pressure  vessel,  the  low-pressure  vessel 
and  the  collector  was  liquefied  and  recovered. 
The  amount  of  dichlorodifluoromethane  released 
into  the  air  was  actually  10  kg.  And  the  amount  of 
the  pre-expanded  particles  obtained  was  about 
5,344  I. 

Comparative  Example  1 
The  same  procedures  as  in  Example  3  except 

that  an  opened  vessel  was  used  as  a  low  pressure 
vessel,  the  generated  foaming  agent  was  not 
recovered  and  released  into  the  air,  and  the  pre- 
expanded  particles  were  taken  out  of  the  vessel 
without  sinking  them  under  water  were  repeated 
to  obtain  pre-expanded  particles. 

The  amount  of  extraneous  matters  (mainly 
calcium  tertiary  phosphate)  attached  to  the  pre- 
expanded  particles  obtained  was  1,500  ppm. 

Example  5 
This  example  was  carried  out  using  the 

apparatus  shown  in  Fig.  6. 
A  150  I  pressure  vessel  equipped  with  a  stirrer 

was  charged  with  300  parts  (75  kg)  of  water,  100 
parts  (25  kg)  of  pellets  (cylindrical  form)  of 
ethylenepropylene  random  copolymer  having  a 
density  of  0.90  g/cm3,  Ml  of  9  and  an  ethylene 
content  of  4.5%  by  weight,  and  0.5  part  of  pow- 
dered  basic  calcium  tertiary  phosphate  and  0.025 
part  of  sodium  dodecylbenzenesulfonate  as  dis- 
persing  agent.  The  mixture  was  stirred  to  give  an 
aqueous  dispersion.  After  introducing  30  parts 
(7.5  kg)  of  dichlorodifluoromethane  into  the 
pressure  vessel  under  pressure  with  stirring  the 
dispersion,  the  temperature  was  raised  to  136°C. 
The  pressure  in  the  pressure  vessel  at  that  time 
was  26  kg/cm2  G. 

By  opening  the  valve  5  in  the  release  line  14,  the 
aqueous  dispersion  was  released  from  the 
pressure  vessel  into  a  low-pressure  vessel  sealed 
with  water  and  having  a  space  volume  of  32  I 
through  orifices  of  3  mm  in  diameter  bored  in  an 
orifice  plate  with  keeping  the  pressure  in  the 
pressure  vessel  to  30  kg/cm2  G  by  feeding  nitro- 

gen  gas,  whereby  the  pellets  were  expanded  to 
give  pre-expanded  particles. 

Since  dichlorodifluoromethane  and  the  like  vol- 
atilized  from  the  pellets  increased  the  pressure  in 

5  the  low-pressure  vessel  during  pre-expanding, 
the  valve  12  provided  in  the  recovery  line  11  was 
opened  to  keep  the  pressure  in  the  low-pressure 
vessel  to  around  atmospheric  pressure  (0.97  to 
1.05  kg/cm2  absolute). 

10  The  generated  foaming  agent  was  discharged 
through  the  recovery  line  and  collected  in  a 
collector  like  an  inversed  bowl.  The  formed  pre- 
expanded  particles  were  sunk  under  water  and 
taken  out  of  the  low-pressure  vessel  by  means  of 

15  a  rotary  impeller.  The  rotary  impeller  and  the 
separation  wall  46  were  arranged  such  that  most 
of  the  pre-expanded  particles  rose  to  the  water 
surface  43  of  the  outside  when  the  angle  6 
become  45°. 

20  When  pre-expanding  was  finished,  0.16  kg  and 
2.5  kg  of  dichlorodifluoromethane  in  the  low- 
pressure  vessel  and  the  pressure  vessel  was 
respectively  left.  And  3.34  kg  of  dichlorodif- 
luoromethane  in  a  gaseous  state  was  collected  in 

25  the  collector.  Then  the  dichlorodifluoromethane 
in  the  pressure  vessel,  the  low-pressure  vessel 
and  the  collector  was  liquefied  and  recovered. 
The  amount  of  dichlorodifluoromethane  released 
into  the  air  was  actually  1.66  kg.  And  the  amount 

30  of  the  pre-expanded  particles  obtained  was  about 
800  I.  The  amount  of  the  pre-expanded  particles 
taken  out  per  hour  was  about  90  kg. 

In  the  case  of  this  example,  fresh  water  was  not 
used  to  wash  the  pre-expanded  particles.  How- 

35  ever,  since  the  pre-expanded  particles  were  sunk 
under  water  before  taking  out  them,  that  brought 
good  effect  to  wash  away  extraneous  matters  on 
the  particles.  The  amount  of  extraneous  matters 
(mainly'calcium  tertiary  phosphate)  on  the  pre- 

40  expanded  particles  obtained  was  1000  ppm. 

Example  6 
This  example  was  carried  out  using  the 

apparatus  shown  in  Fig.  6. 
45  A  1  ,000  I  pressure  vessel  equipped  with  a  stirrer 

was  charged  with  300  parts  (500  kg)  of  water,  100 
parts  (167  kg)  of  pellets  (cylindrical  form)  of 
ethylene-propylene  random  copolymer  having  a 
density  of  0.90  g/cm3,  Ml  of  9  and  an  ethylene 

so  content  of  4.5%  by  weight,  and  0.5  part  of  pow- 
dered  basic  calcium  tertiary  phosphate  and  0.025 
part  of  sodium  dodecylbenzenesulfonate  as  dis- 
persing  agent.  The  mixture  was  stirred  to  give  an 
aqueous  dispersion.  After  introducing  30  parts  (50 

55  kg)  of  dichlorodifluoromethane  into  the  pressure 
vessel  under  pressure  with  stirring  the  dispersion, 
the  temperature  was  raised  to  136°C.  The 
pressure  in  the  pressure  vessel  at  that  time  was 
26  kg/cm2  G. 

60  By  opening  the  valve  5  in  the  release  line  14,  the 
aqueous  dispersion  was  released  from  the 
pressure  vessel  into  a  low-pressure  vessel  sealed 
with  water  and  having  a  space  volume  of  42  I 
through  orifices  of  3  mm  in  diameter  bored  in  an 

65  orifice  plate  with  keeping  the  pressure  in  the 
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pressure  vessel  to  30  kg/cm2  G  by  feeding  nitro- 
gen  gas,  whereby  the  pellets  were  expanded  to 
give  pre-expanded  particles. 

Since  dichlorodifluoromethane  and  the  like  vol- 
atilized  from  the  pellets  increased  the  pressure  in 
the  low-pressure  vessel  during  pre-expanding, 
the  valve  12  provided  in  the  recovery  line  11  was 
opened  to  keep  the  pressure  in  the  low-pressure 
vessel  to  around  atmospheric  pressure  (0.97  to 
1.05  kg/cm2  absolute). 

The  generated  foaming  agent  was  discharged 
through  the  recovery  line  and  collected  in  a 
collector  like  an  inversed  bowl.  The  formed  pre- 
expanded  particles  were  sunk  under  water  and 
taken  out  of  the  low-pressure  vessel  by  means  of 
a  rotary  impeller.  The  rotary  impeller  and  the 
separation  wall  46  were  arranged  such  that  most 
of  the  pre-expanded  particles  rose  to  the  water 
surface  43  of  the  outside  when  the  angle  9 
become  45°. 

When  pre-expanding  was  finished,  0.21  kg  and 
16.7  kg  of  dichlorodifluoromethane  in  the  low- 
pressure  vessel  and  the  pressure  vessel  was 
respectively  left.  And  23.36  kg  of  dichlorodif- 
luoromethane  in  a  gaseous  state  was  collected  in 
the  collector.  Then  the  dichlorodifluoromethane 
in  the  pressure  vessel,  the  low-pressure  vessel 
and  the  collector  was  liquefied  and  recovered. 
The  amount  of  dichlorodifluoromethane  released 
into  the  air  was  actually  9.94  kg.  And  the  amount 
of  the  pre-expanded  particles  obtained  was  about 
5,300  I.  The  amount  of  the  pre-expanded  particles 
taken  out  per  hour  was  about  130  kg. 

Comparative  Example  2 
The  same  procedures  as  in  Example  5  except 

that  an  opened  vessel  was  used  as  a  low  pressure 
vessel,  the  generated  foaming  agent  was  not 
recovered  and  released  into  the  air,  and  the  pre- 
expanded  particles  were  taken  out  of  the  vessel 
without  sinking  them  under  water  were  repeated 
to  obtain  pre-expanded  particles. 

The  amount  of  extraneous  matters  (mainly 
calcium  tertiary  phosphate)  attached  to  the  pre- 
expanded  particles  obtained  was  1,500  ppm. 

Claims 

1.  A  process  for  preparing  pre-expanded  par- 
ticles  of  a  thermoplastic  resin  which  comprises; 
heating  under  an  elevated  pressure  an  aqueous 
dispersion  comprising  thermoplastic  resin  par- 
ticles  containing  a  volatile  foaming  agent  and  an 
aqueous  medium  in  a  pressure  vessel;  releasing 
the  dispersion  from  the  pressure  vessel  into  a 
space  within  a  low-pressure  vessel  wherein  the 
pressure  is  substantially  a  constant  pressure  and 
is  lower  than  that  in  the  pressure  vessel,  whereby 
expanding  the  thermoplastic  resin  particles  to 
give  pre-expanded  particles;  and  simultaneously 
recovering  the  foaming  agent  volatilized  from  the 
thermoplastic  resin  particles  by  discharging  the 
foaming  agent  out  of  the  space  in  the  low- 
pressure  vessel,  characterized  in  that  the  space  in 
the  low  pressure  vessel  is  sealed  with  an  aqueous 

medium  which  exists  in  the  lower  portion  of  the 
vessel  and  communicates  with  the  outside  of  the 
vessel,  and  the  pre-expanded  particles  are  sunk 
under  the  aqueous  medium  and  taken  out  of  the 

5  vessel  through  the  aqueous  medium  which  com- 
municates  with  the  outside  of  the  vessel. 

2.  The  process  of  Claim  1  wherein  the  pre- 
expanded  particles  are  sunk  under  the  aqueous 
medium  by  a  pushing  plate  which  moves  up  and 

10  down  along  the  inner  surface  of  the  separation 
wall  of  the  low-pressure  vessel  so  that  the  pre- 
expanded  particles  are  taken  out  of  the  vessel 
through  the  aqueous  medium  which  com- 
municates  with  the  outside  of  the  vessel. 

15  3.  The  process  of  Claim  1  wherein  the  pre- 
expanded  particles  are  sunk  under  the  aqueous 
medium  by  a  rotary  impeller  provided  in  the  low- 
pressure  vessel  so  that  the  pre-expanded  par- 
ticles  are  taken  out  of  the  vessel  through  the 

20  aqueous  medium  which  communicates  with  the 
outside  of  the  vessel. 

4.  An  apparatus"  for  preparing  pre-expanded 
particles  of  a  thermoplastic  resin  which  com- 
prises:  a  pressure  vessel  (1)  for  heating  under  an 

25  elevated  pressure  an  aqueous  dispersion  com- 
prising  thermoplastic  resin  particles  containing  a 
volatile  foaming  agent  and  an  aqueous  medium; 
a  release  line  (14)  the  one  end  of  which  com- 
municates  with  the  pressure  vessel  and  which  is 

30  provided  with  a  release  outlet  (6)  at  the  other  end 
thereof;  a  low-pressure  vessel  (7)  in  which  the 
thermoplastic  resin  particles  containing  the  vol- 
atile  foaming  agent  in  the  aqueous  dispersion 
released  thereinto  through  the  release  outlet  (6)  is 

35  pre-expanded  and  the  volatile  foaming  agent 
contained  in  the  particles  is  volatilized,  a  means 
(11)  for  discharging  the  volatilized  foaming  agent 
from  the  low-pressure  vessel  and  recovering  it 
with  controlling  the  inner  pressure  of  the  low- 

40  pressure  vessel  to  substantially  a  constant 
pressure,  characterised  in  that  the  space  in  the 
low-pressure  vessel  is  sealed  with  an  aqueous 
medium  which  exists  in  the  lower  portion  of  the 
vessel  (7)  and  communicates  with  the  outside  of 

45  the  vessel  and  that  a  means  is  provide  for  sinking 
the  pre-expanded  particles  under  the  aqueous 
medium  in  the  low-pressure  vessel  (7)  to  take 
them  out  of  the  vessel  through  the  aqueous 
medium  which  communicates  with  the  outside  of 

so  the  vessel. 
5.  The  apparatus  of  Claim  4,  wherein  the  means 

for  sinking  and  taking  out  the  pre-expanded  par- 
ticles  is  a  pushing  plate  (27)  which  moves  up  and 
down  along  the  inner  surface  of  the  separation 

55  wall  (25)  of  the  low  pressure  vessel  (7). 
6.  The  apparatus  of  Claim  4,  wherein  the  means 

for  sinking  and  taking  out  the  pre-expanded  par- 
ticles  is  a  rotary  impeller  (45)  provided  in  the  low- 
pressure  vessel  (7). 

60 
Patentanspriiche 

1.  Verfahren  zur  Herstellung  vorexpandierter 
Teilchen  eines  thermoplastischen  Harzes,  das 

65  umfalSt:  Erhitzen  einer  walSrigen  Dispersion,  die 
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sin  fliichtiges  Schaumungsmittel  enthaltende 
hermoplastische  Harzteilchen  und  ein  waBriges 
Medium  enthalt,  unter  erhohtem  Druck  in  einem 
DruckgefaB;  Freisetzung  der  Dispersion  aus  dem 
JruckgefaB  in  einen  Raum  innerhalb  eines  Nie- 
derdruckgefaBes,  worin  der  Druck  im  wesent- 
ichen  ein  konstanter  Druck  und  niedriger  als  in 
dem  DruckgefaB  ist,  wobei  die  thermopiastischen 
Harzteilchen  expandieren,  um  vorexpandierte 
["eilchen  zu  ergeben;  und  gleichzeitigem  Wieder- 
jewinnen  des  Schaumungsmittels,  das  aus  den 
tiermoplastischen  Harzteilchen  entwichen  ist, 
durch  Hinausleiten  des  Schaumungsmittels  aus 
dem  Raum  in  dem  NiederdruckgefaB,  dadurch 
gekennzeichnet,  daft  der  Raum  in  dem  Nieder- 
druckgefaB  mit  einem  waBrigen  Medium  abge- 
schlossen  ist,  das  im  unteren  Teil  des  GefaBes 
/orliegt  und  mit  der  AuBenseite  des  GefaBes  in 
Verbindung  steht,  und  daB  die  vorexpandierten 
feilchen  in  das  waBriges  Medium  versenkt  und 
aus  dem  GefaB  durch  das  waBrige  Medium  ent- 
nommen  werden,  das  mit  der  AuBenseite  des 
GefaBes  in  Verbindung  steht. 

2.  Verfahren  nach  Anspruch  1,  worin  die  vorex- 
pandierten  Teiichen  in  das  waBrige  Medium 
durch  eine  Druckplatte  versenkt  werden,  die  sich 
entlang  der  inneren  Oberflache  der  Trennwand 
des  NiederdruckgefaBes  auf  und  nieder  bewegt, 
so  daB  die  vorexpandierten  Teiichen  aus  dem 
GefaB  durch  das  waBrige  Medium  entnommen 
werden,  das  mit  der  AuBenseite  des  GefaBes  in 
Verbindung  steht. 

3.  Verfahren  nach  Anspruch  1,  worin  die  vorex- 
pandierten  Teiichen  durch  ein  kreisendes  Flugel- 
rad,  das  in  dem  NiederdruckgefaB  angebracht  ist, 
in  das  waBrige  Medium  versenkt  werden,  so  daB 
die  vorexpandierten  Teiichen  aus  dem  GefaB 
durch  das  waBrige  Medium  entnommen  werden, 
das  mit  der  AuBenseite  des  GefaBes  in  Verbin- 
dung  steht. 

4.  Vorrichtung  zur  Herstellung  vorexpandierter 
Teiichen  eines  thermopiastischen  Harzes,  die 
umfaBt:  ein  DruckgefaB  (1)  zum  Erhitzen  einer 
waBrigen  Dispersion,  die  ein  fliichtiges  Schau- 
mungsmittel  enthaltende  thermoplastische  Harz- 
teilchen  und  ein  waBriges  Medium  enthalt,  unter 
erhohtem  Druck;  eine  Freisetzungsleitung  (14), 
von  der  das  eine  Ende  mit  dem  DruckgefaB  in 
Verbindung  steht  und  die  mit  einem  Freisetzungs- 
auslaB  (6)  am  anderen  Ende  davon  versehen  ist; 
ein  NiederdruckgefaB  (7),  in  das  hinein  die  ein 
fliichtiges  Schaumungsmittel  enthaltenden  ther- 
mopiastischen  Harzteilchen  in  der  waBrigen 
Dispersion  durch  den  FreisetzungsauslaB  (6)  frei- 
gesetzt  vorexpandiert  werden  und  das  fluchtige 
Schaumungsmittel,  das  in  den  Teiichen  enthalten 
ist,  verfliichtigt  wird,  eine  Vorrichtung  (11)  zur 
Entfernung  des  fluchtigen  Schaumungsmittels 
aus  dem  NiederdruckgefaB  und  Wiedergewin- 
nung  desselben,  wobei  der  Innendruck  des  Nie- 
derdruckgefaBes  auf  einem  im  wesentlichen  kon- 
stanten  Druck  gehalten  wird,  dadurch  gekenn- 
zeichnet,  daB  der  Raum  in  dem  NiederdruckgefaB 
mit  einem  waBrigen  Medium  abgeschlossen  ist, 
das  im  unteren  Teil  des  GefaBes  (7)  vorliegt,  und 

mit  der  AuBenseite  des  uetaises  in  veminaung 
steht,  und  daB  eine  Vorrichtung  zum  Absenken 
der  vorexpandierten  Teiichen  in  das  waBrige 
Medium  in  dem  NiederdruckgefaB  (7)  vorgesehen 

5  ist,  um  diese  aus  dem  GefaB  durch  das  waBrige 
Medium  zu  entnehmen,  das  mit  der  AuBenseite 
des  GefaBes  in  Verbindung  steht. 

5.  Vorrichtung  nach  Anspruch  4,  worin  die 
Vorrichtung  zum  Absenken  und  zur  Entnahme  der 

10  vorexpandierten  Teiichen  eine  Druckplatte  (27) 
ist,  die  sich  auf  und  nieder  entlang  der  inneren 
Oberflache  der  Trennwand  (25)  des  Niederdruck- 
gefaBes  (7)  bewegt. 

6.  Vorrichtung  nach  Anspruch  4,  worin  die 
is  Vorrichtung  zum  Absenken  und  zur  Entnahme  der 

vorexpandierten  Teiichen  ein  kreisendes  Fliigel- 
rad  (45)  ist,  das  in  dem  NiederdruckgefaB  (7) 
angebracht  ist. 

20  Revendications 

1.  Un  procede  pour  preparer  des  particules 
preexpansees  d'une  resine  thermoplastique  qui 
comprend:  le  chauffage  a  une  pression  elevee 

25  d'une  dispersion  aqueuse  comprenant  des  parti- 
cules  de  resine  thermoplastique  contenant  un 
agent  gonf  lant  volatil  et  un  milieu  aqueux  dans  un 
recipient  sous  pression;  le  degagement  de  la 
dispersion  du  recipient  sous  pression  dans  un 

30  espace  d'un  recipient  basse  pression,  dans  lequel 
la  pression  est  une  pression  essentiellement 
constante  et  est  inferieure  a  celle  dans  le  recipient 
sous  pression,  afin  d'expanser  les  particules  de 
resine  thermoplastique  pour  former  des  parti- 

35  cules  preexpansees;  et  simultanement  la  recupe- 
ration  de  I'agent  gonflant  volatilise  a  partir  des 
particules  de  resine  thermoplastique  par  dechar- 
gement  de  I'agent  gonflant  hors  de  I'espace  dans 
le  recipient  basse  pression,  caracterise  en  ce  que 

40  I'espace  dans  le  recipient  basse  pression  est 
scelle  avec  un  milieu  aqueux  qui  est  situe  dans  la 
portion  inferieure  du  recipient  et  communique 
avec  I'exterieur  du  recipient,  et  les  particules 
preexpansees  sont  immergees  sous  le  milieu 

45  aqueux  et  evacuees  du  recipient  a  travers  le 
milieu  aqueux  qui  communique  avec  I'exterieur 
du  recipient. 

2.  Le  procede  de  la  revendication  1,  dans  lequel 
les  particules  preexpansees  sont  immergees  dans 

50  le  milieu  aqueux  par  une  plaque-poussoir  qui 
monte  et  descend  le  long  de  la  surface  interieure 
de  la  paroi  de  separation  du  recipient  basse 
pression,  si  bien  que  les  particules  preexpansees 
sont  evacuees  du  recipient  a  travers  le  milieu 

55  aqueux  qui  communique  avec  I'exterieur  du  reci- 
pient. 

3.  Le  procede  de  la  revendication  1,  dans  lequel 
les  particules  preexpansees  sont  immergees  dans 
le  milieu  aqueux  par  une  roue  tournante  a  ailettes 

60  disposee  dans  le  recipient  basse  pression,  si  bien 
que  les  particules  preexpansees  sont  evacuees  du 
recipient  a  travers  le  milieu  aqueux  qui  communi- 
que  avec  I'exterieur  du  recipient. 

4.  Un  appareil  pour  preparer  des  particules 
65  preexpansees  d'une  resine  thermoplastique  qui 
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comprend:  un  recipient  sous  pression  (1)  pour  le 
chauffage  a  pression  elevee  d'une  dispersion 
aqueuse  comprenant  des  particules  de  resine 
thermoplastique  contenant  un  agent  gonflant 
volatil  et  un  milieu  aqueux;  une  canalisation  de 
degagement  (14)  dont  un  extremite  communique 
avec  le  recipient  sous  pression  et  qui  est  munie 
d'une  sortie  de  degagement  (6)  a  son  autre 
extremite;  un  recipient  basse  pression  (7)  dans 
lequel  les  particules  de  resine  thermoplastique 
contenant  I'agent  gonflant  volatil  dans  la  disper- 
sion  aqueuse  qui  y  est  degagee  par  la  sortie  de 
degagement  (6)  sont  preexpansees  et  I'agent 
gonflant  volatil  contenu  dans  les  particules  est 
volatilise,  et  un  dispositif  (11)  pour  decharger 
I'agent  gonflant  volatilise  du  recipient  basse  pres- 
sion  et  le  recuperer  en  ajustant  la  pression  inte- 
rieure  du  recipient  basse  pression  a  une  pression 
pratiquement  constante,  caracterise  en  ce  que 
I'espace  dans  le  recipient  basse  pression  est 

scelle  avec  un  milieu  aqueux  qui  est  situe  dans  la 
portion  inferieure  du  recipient  (7)  et  communique 
avec  I'exterieur  du  recipient,  et  en  ce  qu'un 
dispositif  est  dispose  pour  immerger  les  parti- 

5  cules  preexpansees  dans  le  milieu  aqueux  dans  le 
recipient  basse  pression  (7)  pour  les  evacuer  du 
recipient  a  travers  le  milieu  aqueux  qui  communi- 
que  avec  I'exterieur  du  recipient. 

5.  L'appareil  de  la  revendication  4,  dans  lequel 
w  le  dispositif  d'immersion  et  d'evacuation  des 

particules  preexpansees  est  une  plaque-poussoir 
(27)  qui  monte  et  descend  le  long  de  la  surface 
interne  de  la  paroi  de  separation  (25)  du  recipient 
basse  pression  (7). 

15  6.  L'appareil  de  la  revendication  4,  dans  lequel 
le  dispositif  d'immersion  et  d'evacuation  des 
particules  preexpansees  est  une  roue  tournante  a 
ailettes  (45)  disposee  dans  le  recipient  basse 
pression  (7). 
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