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Description 

The  present  invention  relates  to  a  process  for  preparing  a  foamed  article  of  a  vinyl  chloride  resin 
containing  particles  of  an  inorganic  material.  According  to  the  process  of  the  present  invention,  a  foamed 

5  article  generates  little  heat  and  produces  little  smoke  and  little  poison  gas  at  burning  can  be  obtained  with 
ease  and  inexpensively. 

Heretofore,  a  foamed  article  of  a  vinyl  chloride  resin  (hereinafter  referred  to  as  "PVC")  are  prepared  by 
the  following  processes. 

10  (1)  High-pressured  two-expansion  step  process 
A  foamable  composition  of  the  PVC,  a  blowing  agent  and  a  stabilizer  is  packed  into  a  closable  mold 

directly  or  in  a  form  of  a  pre-formed  material  such  as  a  rolled  sheet,  heated  under  pressure,  and  then  cooled 
to  a  temperature  near  normal  temperature  while  keeping  the  inner  pressure  high  to  prepare  a  primary  » 
foamed  article.  The  primary  foamed  article  is  then  taken  out  from  the  mold,  and  heated  again  with  hot  air  or 

is  hot  water  to  carry  out  secondary  expansion. 

(2)  Crosslinking  process 
A  foamable  composition  of  the  PVC,  a  chemical  blowing  agent,  an  isocyanate  and  an  acid  anhydride  is 

subjected  to  the  same  procedures  as  in  the  process  (1)  to  produce  a  primary  foamed  article.  The  primary 
20  foamed  article  is  secondarily  expanded  by  heating  again  with  hot  water  or  steam  to  occur  crosslinking 

reaction  among  the  isocyanate,  the  acid  anhydride  and  water. 

(3)  Extrusion  process 
A  composition  of  the  PVC,  an  acrylic  processing  aids  and  a  nucler  agent  is  introduced  to  an  extruder 

25  and  is  melted  by  heating.  To  the  molten  composition  in  the  extruder  is  added  a  physical  blowing  agent  to 
give  expandability,  and  then  the  foamable  composition  is  extruded  to  carry  out  expansion. 

(4)  Elastomer  process 
A  gas-containing  PVC  plastisol  is  prepared  by  mechanically  absorbing  an  inert  gas  such  as  carbon 

30  _  dioxide  gas  into  a  PVC  plastisol  with  agitation  under  prssure  at  a  low  temperature.  The  gas-containing  PVC 
plastisol  is  expanded  by  high  frequency  heating  method  or  the  like. 

According  to  the  conventional  processes,  a  good  foamed  article  containing  a  large  amount  of  particles 
of  an  inorganic  material  cannot  be  economically  obtained  because  processability  of  the  composition  and 
the  primary  foamed  article  is  remarkably  lowered. 

35  For  instance,  in  Japanese  Examined  Patent  Publication  (Tokkyo  Kokoku)  Nos.  26776/1977  and  7944/ 
1978,  there  are  disclosed  processes  for  preparing  a  foamed  article  of  the  PVC  containing  a  large  amount  of 
the  inorganic  material  according  to  a  modified  process  of  the  high  pressured  two-expansion-step  process 
(1).  In  those  processes,  however,  since  there  are  employed  the  fundamental  procedure  of  the  process  (1) 
where  a  primary  foamed  article  is  taken  out  from  a  cooled  mold  and  then  is  secondarily  expanded  by  re- 

40  heating,  temperature  inclination,  i.e.  a  temperature  near  the  surface  area  being  high  and  a  temperature 
being  low  to  the  center,  occurs  in  the  foamed  article  at  the  secondary  expansion  step,  which  results  in 
difference  of  expansion  speed  between  the  surface  area  and  the  center  area.  As  a  result,  the  obtained 
foamed  article  shrinks  and  deforms  and,  in  an  extreme  case,  the  surface  portion  is  peeled  off  of  itself. 
Further,  a  large  amount  of  the  cooling  medium  is  required  since  the  primary  foamed  article  must  be  cooled 

45  to  normal  temperature.  In  addition,  the  mold  and  a  press  plate  used  for  heating  are  also  cooled  as  a  result 
of  the  cooling  procedure.  Accordingly  energy  consumption  for  re-heating  the  mold  and  the  press  plate  is  *" 
increased.  Furthermore,  this  cooling  and  re-heating  cycle  takes  longer  time,  which  results  in  prolongation 
of  production  time  and  in  decrease  of  productivity.  Moreover,  considerable  calorie  is  additionally  required 

_  for  the  secondary  expansion  procedure.  » 
so  As  mentioned  above,  the  conventional  processes  such  as  the  processes  described  in  Japanese 

Examined  Patent  Publication  (Tokkyo  Kokoku)  Nos.  26776/1977  and  7944/1978  are  insufficient  and  disad- 
vantageous  in  productivity,  economy  and  quality  of  the  product. 

Also,  in  the  conventional  processes  mentioned  above,  the  foamable  composition  or  plastisol  are 
prepared  by  complicated  procedures  such  that  two  separated  kneading  procedures  are  required  or 

55  kneading  procedure  must  be  carried  out  at  an  elevated  temperature. 
An  object  of  the  present  invention  is  to  provide  a  process  for  preparing  a  high  quality  foamed  article  of 

PVC  containing  a  large  amount  of  particles  of  an  inorganic  material  economically  and  with  high 
productivity. 

According  to  the  present  invention,  there  is  provided  a  process  for  preparing  a  foamed  article  of  a  vinyl 
60  chloride  resin  containing  particles  of  an  inorganic  material  in  a  weight  ratio  of  the  vinyl  chloride  resin  to  the 

particles  of  an  inorganic  material  of  70/30  to  5/95,  which  comprises  the  steps  of 
(1)  preparing  a  foamable  composition  by  kneading  a  mixture  comprising  the  vinyl  chloride  resin,  the 

particles  of  the  inorganic  material,  a  chemical  and/or  physical  blowing  agent,  and  a  solvent  at  normal 
temperature  under  normal  pressure, 

65  (2)  filling  a  closable  mold  with  the  foamable  composition. 
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(3)  heating  the  foamable  composition  and  the  mold  under  pressure  to  such  a  temperature  to  melt  the 
vinyl  chloride  resin  in  the  foamable  composition, 

(4)  maintaining  that  temperature  until  the  decomposition  of  the  chemical  blowing  agent,  when  present, 
is  completed, 

5  (5)  reducing  the  temperature  to  a  foaming  temperature  which  is  less  than  the  heating  temperature  of 
step  3  but  higher  than  the  softening  temperature  of  the  vinyl  chloride  resin  in  the  foamable  composition 
and  higher  than  the  boiling  point  of  an  optionally  present  physical  blowing  agent,  and 

(6)  opening  the  mold  at  a  temperature  of  not  less  than  a  softening  temperature  of  the  vinyl  chloride 
resin  in  the  foamable  composition  to  expand  the  foamable  composition. 

'0  According  to  the  process,  the  secondary  expansion  procedure  is  not  required  because  when  the  mold 
is  opened  at  a  temperature  of  not  less  than  the  softening  temperature  of  the  PVC  the  foamable  composition 
can  be  expanded  from  the  center  by  utilizing  the  expansion  force  of  the  blowing  agent.  Furthermore,  since 
the  mold  and  the  press  plate  are  not  too  cooled,  heat  energy  and  time  requirements  for  re-heating  the 
equipments  in  the  next  production  can  be  reduced.  The  foamed  article  obtained  by  the  process  of  the 

is  present  invention  has  good  mechanical  properties  and  has  a  reduced  heat  generation,  reduced  amount  of 
smoke  and  reduced  poison  gas  yield  at  burning  because  of  a  large  content  of  the  inorganic  particles. 
Moreover  according  to  the  present  invention,  particular  techniques  are  not  required  for  the  preparation  of 
the  foamable  composition,  but  the  composition  can  be  prepared  by  kneading  all  components  in  the  same 
time  by  using  ordinary  equipments  under  normal  pressure  at  normal  temperature. 

20  The  PVC  used  in  the  present  invention  is  polyvinyl  chloride  or  a  mixed  resin  composition  containing 
polyvinyl  chloride  at  a  content  of  not  less  than  50%  (%  by  weight,  hereinafter  the  same).  Examples  of  the 
resin  which  is  mixed  with  polyvinyl  chloride  are,  for  instance,  chlorinated  polyvinyl  chloride,  vinyl  chloride- 
vinyl  acetate  copolymer,  thermoplastic  polyurethane,  nitrile  butadiene  rubber  (NBR),  chlorinated  poly- 
ethylene,  methacrylate-acrylate  copolymer,  ethylene-vinyl  acetate  copolymer,  vinylchloride-vinylidene 

25  chloride  copolymer,  a  resin  which  is  compatible  with  polyvinyl  chloride  or  an  admixture  thereof. 
Available  polyvinyl  chloride  is  a  so-called  paste  resin  having  an  average  particle  size  of  0.2  to  5  urn, 

preferably  0.5  to  2.0  urn.  When  admixing  the  paste  resin  with  the  other  resin,  the  amount  of  the  paste  resin 
in  the  mixed  resin  composition  should  be  not  less  than  50%. 

The  inorganic  particles  used  in  the  present  invention  is  not  particularly  limited  and  preferably  has  an 
30  average  particle  size  of  about  0.01  to  300  urn.  particularly  0.01  to  150  urn.  In  views  of  cost  and  commercial 

availability,  preferable  inorganic  materials  are,  for  instance,  calcium  carbonate,  talc,  aluminium  hydroxide, 
magnesium  hydroxide,  asbestos,  rock  wool,  hollow  shirasu  balloon  or  an  admixture  thereof.  The  inorganic 
particles  are  preferably  treated  with  a  coupling  agent  such  as  a  silane  compound,  a  titanate  compound  or 
an  aliphatic  acid  compound,  because  the  surface  treated  particles  are  improved  in  compatibility  with  the 

35  PVC.  The  weight  ratio  of  PVC/inorganic  particles  is  70/30  to  5/95,  preferably  50/50  to  10/90,  most  preferably 
40/60  to  20/80. 

The  blowing  agent  used  in  the  present  invention  is  a  physical  blowing  agent  or  a  chemical  blowing 
agent.  As  the  physical  blowing  agent,  there  can  be  employed  a  compound  having  a  boiling  point  of  less 
than  the  softening  temperature  of  the  PVC  in  the  foamable  composition.  Examples  of  such  a  compound 

40  are,  for  instance,  an  aliphatic  hydrocarbon  such  as  propane,  n-butane,  iso-butane,  n-pentane,  iso-pentane 
or  neo-pentane;  a  halogenated  aliphatic  hydrocarbon  such  as  methyl  chloride,  methylene  chloride,  tri- 
chloroethylene,  trichlorofluoromethane  or  dichlorodifluoromethane.  As  the  chemical  blowing  agent,  there 
can  be  employed,  for  instance,  azodicarbonamide,  azobisisobutyronitrile,  diazoaminobenzene,  N,N'-di- 
nitrosopentamethylenetetramine,  p-toluenesulfonylhydrazide  or  an  admixture  thereof. 

45  An  amount  of  the  blowing  agent  depends  on  the  desired  expansion  ratio  and  the  kind  of  the  blowing 
agent.  In  case  of  the  physical  blowing  agent,  there  is  employed  in  general  2  to  60  parts  (parts  by  weight, 
hereinafter  the  same),  preferably  5  to  40  parts  on  the  basis  of  1  00  parts  of  the  total  amount  of  the  PVC  and 
the  inorganic  particles.  In  case  of  the  chemical  blowing  agent,  there  is  employed  in  general  0.1  to  50  parts, 
preferably  1  to  30  parts  on  the  basis  of  100  parts  of  the  total  amount  of  the  PVC  and  the  inorganic  particles. 

so  In  case  of  using  both  of  the  physical  blowing  agent  and  the  chemical  blowing  agent,  there  is  employed  in 
general  2  to  50  parts,  preferably  5  to  30  parts  of  the  physical  blowing  agent  and  0.1  to  30  parts,  preferably 
0.1  to  10  parts  of  the  chemical  blowing  agent.  When  using  the  chemical  blowing  agent,  a  foaming  assistant 
may  be  used.  For  producing  a  foamed  article  having  a  high  expansion  ratio,  the  chemical  blowing  agent  is 
preferably  employed  because  of  low  gas  permeability  coefficient.  Particularly,  a  chemical  blowing  agent 

55  which  produces  nitrogen  gas  as  a  decomposition  gas  is  preferable,  because  nitrogen  gas  has  an  extremely 
low  gas  permeability  coefficient. 

In  the  present  invention,  it  is  preferable  to  use  a  solvent  which  dissolves  or  swells  the  PVC.  Examples  of 
the  solvents  are,  for  instance,  an  ester  such  as  isoamyl  formate  or  n-butyl  acetate;  an  polyhydric  alcohol 
derivative  such  as  ethyl  cellosolve  or  ethyl  cellosolve  acetate;  a  ketone  such  as  di-iso-butyl  ketone  or 

60  methyl  iso-butyl  ketone;  an  aromatic  hydrocarbon  such  as  benzene,  toluene,  xylene  or  ethylbenzene;  a 
halogenated  hydrocarbon  such  as  chlorobenzene  or  carbon  tetrachloride;  a  carbonate  such  as  diethyl 
carbonate;  a  phosphate  such  as  tricresyl  phosphate;  an  admixture  thereof,  and  the  like.  The  solvent  may  be 
used  in  an  amount  of  not  more  than  about  100  parts,  preferably  10  to  70  parts,  based  on  100  parts  of  the 
total  amount  of  the  PVC  and  the  inorganic  particles. 

65  Further,  if  necessary,  additions  such  as  a  plasticizer  and  a  pigment  may  be  added. 
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The  process  of  the  present  invention  is  more  specifically  explained  hereinbelow. 
First,  given  amounts  of  the  above-mentioned  components  are  admixed  at  the  same  time  and  kneaded 

under  normal  pressure  at  normal  temperature  to  prepare  the  foamable  composition.  The  admixing  and 
kneading  procedure  can  be  carried  out  by  using  an  ordinary  machine  such  as  a  ribbon  blender,  a  double 

s  arm  kneader,  an  intensive  kneader  or  a  Banbury  mixer. 
With  the  foamable  composition  a  closable  mold  made  of  an  aluminium  alloy  or  the  like  is  filled,  and 

then  the  foamable  composition  and  the  mold  are  heated  under  pressure  with  an  ordinary  machine  such  as 
a  hydraulic  hot  press  machine. 

The  condition  of  pressure  and  temperature  at  heating  depends  on  kinds  of  the  components  of  the 
10  composition  and  the  optimum  period  of  time,  temperature  and  pressure  are  practically  determined.  As  a 

result  of  the  heating,  however,  it  is  necessary  that  the  PVC  must  be  melted  and,  in  case  of  using  the 
chemical  blowing  agent,  the  decomposition  of  the  blowing  agent  has  been  substantially  completed.  The 
heating  temperature  is  higher  than  the  softening  temperature  and  moreover  a  foaming  temperature 
explained  below,  and  is  generally  130°  to  210°C,  preferably  170°  to  190°C. 

is  After  the  heating,  the  mold  is  cooled  under  pressure  to  a  foaming  temperature  by  cooling  the  heated 
press  plate  of  the  press  machine  with  a  cooling  medium  such  as  water. 

The  foaming  temperature  depends  on  kinds  of  the  blowing  agents,  and  is  lower  than  the  heating 
temperature  and  is  higher  than  the  softening  temperature  of  the  PVC  in  the  foamable  composition.  At  the 
foaming  temperature,  the  PVC  has  a  melt  viscosity  such  that  a  cell  membrane  of  the  foamed  article  is  not 

20  broken  and  the  produced  gas  from  the  blowing  agent  does  not  escape.  In  general,  the  foaming  temperature 
is  selected  from  a  temperature  range  of  50°  to  170°C.  When  using  the  physical  blowing  agent,  the  foaming 
temperature  must  be  higher  than  the  boiling  point  of  the  blowing  agent. 

The  term  "softening  temperature"  used  in  the  specification  and  claims  means  a  temperature  at  which 
the  PVC  can  be  elongated  by  expansion  force  produced  from  the  blowing  agent  to  an  extent  where  a 

25  foamed  article  having  a  practically  usable  expansion  ratio  can  be  obtained.  The  practically  usable 
expansion  ratio  depends  on  kind  of  the  PVC  and  use  of  the  foamed  article.  For  instance,  when  the  foamed 
article  is  used  as  a  heat  insulating  material  for  an  architectural  material,  the  practically  usable  expansion 
ratio  means  an  expansion  ratio  where  the  foamed  article  have  an  apparent  density  of  not  more  than  about 
0.15  g/cm3.  The  softening  temperature  of  the  PVC  in  the  foamable  composition  is  higher  than  normal 

30  temperature,  and  generally  30°  to  150°C,  preferably  40°  to  120°C. 
When  the  mold  is  cooled  to  the  foaming  temperature,  the  mold  is  opened  to  release  the  content  to  an 

atmospheric  pressure.  At  this  time,  since  the  content  has  an  expansion  force  produced  from  the  blowing 
agent  and  the  PVC  is  maintained  at  a  temperature  of  not  less  than  the  softening  temperature,  the  content  is 
rapidly  expanded,  and  the  expansion  is  completed  in  a  short  period  of  time  to  give  the  desired  foamed 

35  article. 
As  mentioned  above,  according  to  the  present  invention,  the  desired  foamed  article  can  be  easily 

prepared  at  one  expansion  step.  If  desired,  the  obtained  foamed  article  may  be  re-heated. 
The  foamed  article  prepared  according  to  the  present  invention  has  an  expansion  ratio  of  about  5  to  50 

times,  particularly,  in  case  of  using  the  chemical  blowing  agent,  20  to  50  times,  and  has  an  apparent  density 
40  of  0.5  to  0.04  g/cm3,  which  depends  on  the  amount  of  the  inorganic  particles. 

The  present  invention  is  more  particularly  described  and  explained  by  means  of  the  following 
Examples.  It  is  to  be  understood  that  the  present  invention  as  claimed  is  not  limited  to  the  Examples. 

Examples  1  to  3 
45  Five  hundred  grams  of  a  foamable  composition  was  prepared  by  using  the  materials  shown  in  Table  1 

in  the  mixing  ratio  shown  in  the  same  Table.-The  kneading  procedure  was  carried  out  for  45  min  under 
normal  pressure  with  a  closed  double  arm  kneader  having  an  effective  volume  of  1  I.  During  the  kneading  a 
temperature  of  the  foamable  composition  was  kept  at  a  temperature  of  15  to  20°C  by  passing  a  cold  water 
through  the  jacket  of  the  kneader. 

so  After  the  kneading  the  foamable  composition  was  poured  into  a  mold  of  an  aluminium  alloy  (cavity 
size:  170  x  90  x  15  mm).  The  mold  was  covered  with  an  aluminium  plate  and  set  in  a  hydraulic  hot  press 
machine.  The  temperature  of  the  mold  was  raised  from  room  temperature  to  175°C  over  5  min  while 
keeping  the  pressure  of  the  machine  at  about  250  kg  per  1  cm2  of  the  surface  area  of  the  mold.  After  keeping 
the  mold  at  175°C  for  40  min,  the  mold  was  cooled  to  100°C  over  6  min  by  passing  a  cold  water  through  a 

55  cooling  plate  of  the  press  machine.  After  keeping  the  mold  at  100°C  for  10  min,  the  pressure  applied  to  the 
mold  was  released  to  expand  the  foamable  composition.  The  expansion  was  completed  within  4  sec. 

The  obtained  foamed  article  was  evaluated  by  means  of  appearance,  uniformity  of  cell  size  and  cell 
distribution,  and  apparent  density.  The  appearance  and  the  uniformity  of  cell  were  judged  by  observing 
with  naked  eyes,  and  the  apparent  density  was  measured  according  to  the  following  method.  The  results 

6o  are  shown  in  Table  1. 

55 
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Apparent  density) 
A  test  piece  of  20  mm3  was  cut  off  from  the  foamed  article  and  its  volume  and  weight  were  measured 

weight  (g) 
(apparent  density  =  ). 

volume  (cm3) 

Comparative  Example  1 
A  foamable  composition  was  prepared  and  heated  in  the  same  manner  as  in  Example  1.  After  heating 

it  175°C  for  40  min,  the  mold  was  cooled  to  25°C  over  30  min,  and  then  the  mold  was  opened  to  take  out  the 
:ontent  (primary  foamed  article).  The  primary  foamed  article  was  heated  again  in  an  oven  at  110°C  for 
ibout  30  min  with  hot  air  to  obtain  a  secondary  foamed  article. 

The  secondary  foamed  article  was  foamed  ununiformly  and  then  shrinked  to  deform.  Thus,  an 
jpparent  density  of  the  deformed  article  could  not  be  measured.  The  results  are  shown  in  Table  1. 

Comparative  Example  2 
A  primary  foamed  article  was  prepared  in  the  same  manner  as  in  Comparative  Example  1  ,  and  heated 

again  at  97°C  in  hot  water  for  about  10  min.  The  foamed  article  was  drastically  expanded  ununiformly,  and 
:hen  immediately  shrinked.  As  a  result,  the  surface  layer  of  the  foamed  article  was  peeled  off  which  causes 
ts  commercial  value  to  be  lost.  The  results  are  shown  in  Table  1. 

The  materials  shown  in  Table  1  and  other  Tables  are  as  follows: 

Resin 
(Kane  vinyl  paste)®  PHS—  660:  Paste  resin  of  polyvinyl  chloride  (average  polymerization 

degree  =  2400,  average  particle  size  =  1  urn)  available  from  Kanegafuchi  Kagaku  Kogyo  Kabushiki  Kaisha. 
(Kane  vinyl  paste)®  PHS—  20:  Paste  resin  of  polyvinyl  chloride  (average  polymerization  degree  =  1700, 

average  particle  size  =  1  urn)  available  from  Kanegafuchi  Kagaku  Kogyo  Kabushiki  Kaisha. 
(Kane  vinyl  paste)®  ES—  300:  Polyvinyl  chloride  (average  polymerization  degree  =  3600,  trial  product) 

available  from  Kanegafuchi  Kagaku  Kogyo  Kabushiki  Kaisha. 
CPVC:  Chlorinated  polyvinyl  chloride  (average  polymerization  degree  =  700,  chlorine  content  =  66%) 

available  from  Kanegafuchi  Kagaku  Kogyo  Kabushiki  Kaisha. 
(Kane  vinyl  paste)®  PCM—  12:  Vinyl  chloride-vinyl  acetate  copolymer  (average  polymerization 

degree  =  1000,  vinyl  acetate  content  =  7%)  available  from  Kanegafuchi  Kagaku  Kogyo  Kabushiki  Kaisha. 
Thermoplastic  polyurethane:  Available  from  Dainippon  Ink  &  Chemicals,  Inc. 
NBR:  Acrylonitrilebutadiene  rubber  (acrylonitrile  content  =  41%)  available  from  JSR  Kabushiki  Kaisha. 

Inorganic  particle 
Calcium  carbonate:  Particle  size  =  70  mesh  pass  available  from  Nitto  Funka  Kogyo  Kabushiki  Kaisha. 
Talc  PK:  Talc  (average  particle  size  =  5.5  urn)  available  from  Fuji  Talc  Kogyo  Kabushiki  Kaisha. 
Asbestos:  Yielded  from  Musori  in  South  Africa  available  from  C.  Itoh  &  Co.,  Ltd. 
Aluminium  hydroxide:  Available  from  Showa  Keikinzoku  Kabushiki  Kaisha. 
Antimony  oxide:  Available  from  Mikuni  Seiren  Kabushiki  Kaisha. 
Super  SSS:  Heavy  calcium  carbonate  (average  particle  size  =  3.5  urn)  available  from  Maruo  Calcium 

Co.,  Ltd. 

Physical  blowing  agent 
Fleon®  1  1  :  Trichlorofluoromethane  available  from  Mitsui  Fluorochemical  Co.,  Ltd. 
Butane:  Available  from  Sumisho  Ekikagasu  Kabushiki  Kaisha. 

Chemical  blowing  agent 
AZCA:  Azodicarbonamide  available  from  Otsuka  Chemical  Co.,  Ltd. 
AIBN:  Azobisisobutyronitrile  available  from  Otsuka  Chemical  Co.,  Ltd. 
DPT:  Dinitrosopentamethylenetetramine  available  from  Eiwa  Kasei  Kogyo  Kabushiki  Kaisha. 
Cell  paste®:  Foaming  assistant  available  from  Eiwa  Kasei  Kogyo  Kabushiki  Kaisha. 

Solvent 
Toluene:  Available  from  Wako  Junyaku  Kogyo  Kabushiki  Kaisha. 
n-Butyl  acetate:  Available  from  Wako  Junyaku  Kogyo  Kabushiki  Kaisha. 
Ethyl  cellosolve:  Available  from  Wako  Junyaku  Kogyo  Kabushiki  Kaisha. 
Diisobutyl  ketone:  Available  from  Wako  Junyaku  Kogyo  Kabushiki  Kaisha. 
Ethylbenzene:  Available  from  Wako  Junyaku  Kogyo  Kabushiki  Kaisha. 
Diethyl  carbonate:  Available  from  Wako  Junyaku  Kogyo  Kabushiki  Kaisha. 
CRP:  Plasticizer  (trisdichloropropylphosphate)  available  from  Kabushiki  Kaisha  Daihachi  Kagaku 

Kogyosho. 
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Stabilizer 
DBL:  Dibasic  lead  stearate  available  from  Katsuta  Kako  Kabushiki  Kaisha. 

Coupling  agent 
TTS:  Isopropyltrisstearoyl  titanate  available  from  Nippon  Soda  Co.,  Ltd. 
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Examples  4  to  21 
Five  hundred  grams  of  a  foamable  composition  was  prepared  by  using  the  materials  shown  in  Table  2 

in  the  mixing  ratio  shown  in  the  same  Table.  The  kneading  procedure  was  carried  out  for  45  min  under 
normal  pressure  with  a  closed  double  arm  kneader  having  an  effective  volume  of  1  I.  During  the  kneading  a 

5  temperature  of  the  foamable  composition  was  kept  at  a  temperature  of  15  to  20°C  by  passing  a  cold  water 
through  the  jacket  of  the  kneader. 

After  the  kneading,  the  foamable  composition  was  poured  into  a  mold  of  an  aluminium  alloy  (cavity 
size:  170  x  90  x  15  mm).  The  mold  was  covered  with  an  aluminium  plate  and  set  in  a  hydraulic  hot  press 
machine.  The  temperature  of  the  mold  was  raised  from  room  temperature  to  175°C  over  10  min  while 

10  keeping  the  pressure  of  the  machine  at  about  250  kg  perl  cm2  of  the  surface  area  of  the  mold.  After  keeping 
the  mold  at  175°C  for  35  min,  the  mold  was  cooled  to  a  foaming  temperature  shown  in  Table  2  over  about 
10  min  by  passing  a  cold  water  through  a  cooling  plate  of  the  press  machine.  After  keeping  the  mold  at  the 
foaming  temperature  for  10  min,  the  pressure  applied  to  the  mold  was  released  to  expand  the  foamable 
composition.  The  expansion  was  completed  within  about  1  sec. 

is  The  obtained  foamed  article  was  evaluated  by  means  of  appearance,  uniformity  of  cell  size  and  cell 
distribution,  apparent  density,  expansion  ratio,  percentage  of  closed  cell  and  efficiency  of  blowing  agent. 
The  appearance  and  the  uniformity  of  cell  were  judged  by  observing  with  naked  eyes,  and  the  apparent 
density  was  measured  in  the  same  manner  as  in  Example  1  .  The  expansion  ratio,  the  percentage  of  closed 
cell  and  the  efficiency  of  blowing  agent  were  measured  according  to  the  following  methods. 

20  The  results  are  shown  in  Table  3. 

(Expansion  ratio) 
Calculated  by  dividing  a  density  of  the  solid  content  (PVC  and  inorganic  particle)  in  the  foamable 

composition  by  the  apparent  density  of  the  foamed  article. 
25 

(Percentage  of  closed  cell) 
Measured  according  to  ASTM  D  2856  C  with  an  air  comparison  type  aerometer  manufactured  by 

Toshiba  Beckmann  Kabushiki  Kaisha. 

30  (Efficiency  of  blowing  agent) 
Calculated  according  to  the  following  equations. 

Theoretical  density  of  foamed  article  (T)  =  x/(X  +  Y  +  Zt) 
Apparent  density  of  foamed  article  (A)  =  x/(X  +  Y  +  Za) 

X  X 
35  Efficiency  of  blowing  agent  (%)  =  Za/Zt  x  100  ={  X  -  Y)/(  X  -  Y)  x  100 

A  T 

wherein  x  and  X  are  weight  (g)  and  volume  (ml)  of  the  solid  content  of  the  foamed  article,  respectively,  Y  is 
a  volume  (ml)  of  the  solvent  in  the  foamed  article,  Zt  is  a  theoretical  volume  (ml)  of  the  produced  gas,  and 

40  Za  is  an  effective  volume  (ml)  for  the  practical  expansion. 

Comparative  Example  3 
A  foamable  composition  was  prepared  and  heated  in  the  same  manner  as  in  Example  21  .  After  heating 

at  175°C  for  35  min,  the  mold  was  cooled  to  25°C  over  30  min,  and  then  the  mold  was  opened  to  take  out  the 
45  content  (primary  foamed  article).  The  primary  foamed  article  was  heated  again  in  an  oven  at  90°C  for  about 

60  min  with  hot  air.  The  primary  foamed  article  was  slowly  expanded  at  a  low  rate,  and  the  obtained 
foamed  article  had  a  large  apparent  density  and  the  efficiency  of  foaming  agent  was  low. 

The  appearance,  uniformity  of  cell,  apparent  density,  expansion  ratio,  percentage  of  closed  cell  and 
efficiency  of  blowing  agent  were  measured  in  the  same  manner  as  in  Example  4.  The  results  are  shown  in 

so  Table  3. 
Comparative  Example  4 

The  procedures  in  Example  4  were  repeated  except  that  butane  was  employed  as  a  foaming  agent. After  heating  at  175°C  for  35  min  in  the  press  machine,  the  mold  was  cooled  to  20°C  over  45  min,  and  then 
mold  was  opened  to  take  out  the  content  (primary  foamed  article).  The  primary  foamed  article  was  heated 

55  again  in  an  oven  at  100°C  for  about  30  min  with  hot  air.  The  obtained  foamed  article  had  a  large  hollow  at 
the  center  of  the  article. 

The  appearance,  uniformity  of  cell,  apparent  density,  expansion  ratio,  percentage  of  closed  cell  and 
efficiency  of  blowing  agent  were  measured  in  the  same  manner  in  Example  4.  The  results  are  shown  in 
Table  3. 

60  Comparative  Example  5 
The  same  procedures  in  Example  4  were  repeated  except  that  the  mold  was  opened  at  20°C.  The 

obtained  foamed  article  had  a  good  appearance,  but  had  a  low  expansion  ratio,  i.e.  twice. 
The  appearance,  uniformity  of  cell,  apparent  density,  expansion  ratio,  percentage  of  closed  cell  and 

efficiency  of  blowing  agent  were  measured  in  the  same  manner  as  in  Example  4.  The  results  are  shown  in 
65  Table  3. 
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Claims 
1.  A  process  for  preparing  a  foamed  article  of  a  vinyl  chloride  resin  containing  particles  of  an  inorganic 

material  in  a  weight  ratio  of  the  vinyl  chloride  resin  to  the  particles  of  an  inorganic  material  of  70/30  to  5/95, 
which  comprises  the  steps  of 

(1)  preparing  a  foamable  composition  by  kneading  a  mixture  comprising  the  vinyl  chloride  resin,  the 
particles  of  the  inorganic  material,  a  chemical  and/or  physical  blowing  agent,  and  a  solvent  at  normal 
temperature  under  normal  pressure, 

(2)  filling  a  closable  mold  with  the  foamable  composition, 
(3)  heating  the  foamable  composition  and  the  mold  under  pressure  to  such  a  temperature  to  melt  the 

vinyl  chloride  resin  in  the  foamable  composition, 
(4)  maintaining  that  temperature  until  the  decomposition  of  the  chemical  blowing  agent,  when  present, 

is  completed, 
(5)  reducing  the  temperature  to  a  foaming  temperature  which  is  less  than  the  heating  temperature  of 

step  3  but  higher  than  the  softening  temperature  of  the  vinyl  chloride  resin  in  the  foamable  composition 
and  higher  than  the  boiling  point  of  an  optionally  present  physical  blowing  agent,  and 

(6)  opening  the  mold  at  a  temperature  of  not  less  than  a  softening  temperature  of  the  vinyl  chloride 
resin  in  the  foamable  composition  to  expand  the  foamable  composition. 

2.  The  process  of  Claim  1,  wherein  the  vinyl  chloride  resin  is  polyvinyl  chloride  or  a  mixed  resin 
composition  which  contains  polyvinyl  chloride  at  an  amount  of  not  less  than  50%  by  weight. 

3.  The  process  of  Claim  2,  wherein  the  mixed  resin  contains  vinyl  chloride-vinyl  acetate  copolymer, 
chlorinated  polyvinyl  chloride,  thermoplastic  polyurethane,  acrylonitrile-butadiene  copolymer,  chlorinated 
polyethylene,  methacrylate-acrylate  copolymer,  ethylene-vinyl  acetate  copolymer,  vinyl  chloride-vinyl- 
idene  chloride  copolymer  or  an  admixture  thereof. 

4.  The  process  of  Claim  1,  wherein  the  inorganic  particles  are  treated  with  a  titanate  coupling  agent,  a 
silan  coupling  agent  or  an  aliphatic  acid. 

5.  The  process  of  Claim  1,  wherein  the  blowing  agent  is  a  chemical  blowing  agent. 
6.  The  process  of  Claim  5,  wherein  the  chemical  blowing  agent  produces  nitrogen  gas  at  thermal 

decomposition. 
7.  The  process  of  Claim  1,  wherin  the  solvent  is  an  ester,  a  polyhydric  alcohol  derivative,  a  ketone,  an 

aromatic  hydrocarbon,  a  halogenated  hydrocarbon,  a  carbonate,  a  phosphate  or  an  admixture  thereof. 

Patentanspriiche 

1.  Verfahren  zur  Herstellung  eines  geschaumten  Gegenstandes  aus  einem  Vinylchloridharz  enthaltend 
Teilchen  eines  anorganischen  Materials  in  einem  Gewichtsverhaltnis  des  Vinylchloridharzes  zu  den 
Teilchen  eines  anorganischen  Materials  von  70/30  bis  5/95,  welches  die  Schritte  umfalSt 

(1)  Herstellen  einer  schaumbaren  Zusammensetzung  durch  Kneten  eines  Gemisches  umfassend  das 
Vinylchloridharz,  die  Teilchen  des  anorganischen  Materials,  ein  chemisches  und/oder  physikalisches 
Schaummittel  und  ein  Losungsmittel  bei  Normaltemperatur  unter  Normaldruck, 

(2)  Fullen  einer  verschlielSbaren  Form  mit  der  schaumbaren  Zusammensetzung, 
(3)  Erwarmen  der  schaumbaren  Zusammensetzung  und  der  Form  unter  Druck  auf  solch  eine  Tempera- 

tur,  um  das  Vinylchloridharz  in  der  schaumbaren  Zusammensetzung  zu  schmelzen, 
(4)  Halten  dieser  Temperatur  bis  die  Zersetzung  des  chemischen  Schaummittels,  wenn  vorhanden, 

abgeschlossen  ist, 
(5)  Reduzieren  der  Temperatur  zu  einer  Schaumtemperatur,  die  geringer  als  die  Erwarmungstempera- 

tur  von  Schritt  3  ist,  aber  hoher  als  die  Erweichungstemperatur  des  Vinylchloridharzes  in  der  schaumbaren 
Zusammensetzung  und  hoher  als  der  Siedepunkt  eines  wahlweise  vorliegenden  physikalischen  Schau- 
mungsmittels,  und 

(6)  Offnen  der  Form  bei  einer  Temperatur  nicht  niedriger  als  eine  Erweichungstemperatur  des  Vinyl- 
chloridharzes  in  der  schaumbaren  Zusammensetzung,  um  die  schaumbare  Zusammensetzung  zu  expan- 
dieren. 

2.  Verfahren  nach  Anspruch  1,  worin  das  Vinylchloridharz  Polyvinylchlorid  ist  oder  eine  gemischte 
Harzzusammensetzung,  die  Polyvinylchlorid  in  einer  Menge  von  nicht  weniger  als  50  Gew.-%  enthalt. 

3.  Verfahren  nach  Anspruch  2,  worin  das  gemischte  Harz  Vinylchlorid-Vinylacetatcopolymer,  chlorier- 
tes  Polyvinylchlorid,  thermoplastisches  Polyurethan,  Acrylnitril-Butadiencopolymer,  chloriertes  Poly- 
ethylen,  Methacrylat-Acrylatcopolymer,  Ethylen-Vinylacetatcopolymer,  Vinylchlorid-Vinylidenchloridco- 
polymer  oder  ein  Gemisch  davon  enthalt. 

4.  Verfahren  nach  Anspruch  1,  worin  die  anorganischen  Teilchen  mit  einem  Titanatkupplungsmittei,. 
einem  Silankupplungsmittel  oder  einer  aliphatischen  Saure  behandelt  sind. 

5.  Verfahren  nach  Anspruch  1,  worin  das  Schaumungsmittel  ein  chemisches  Schaumungsmittel  ist. 
6.  Verfahren  nach  Anspruch  5,  worin  das  chemische  Schaumungsmittel  Stickstoffgas  durch 

thermische  Zersetzung  erzeugt. 
7.  Verfahren  nach  Anspruch  1,  worin  das  Losungsmittel  ein  Ester,  ein  Derivat  eines  mehrwertigen 

Alkohols,  ein  Keton,  ein  aromatischer  Kohlenwasserstoff,  ein  halogenierter  Kohlenwasserstoff,  ein 
Carbonat,  ein  Phosphat  oder  ein  Gemisch  daraus  ist. 

15 
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Revendications 

1.  Procede  de  preparation  d'un  article  en  mousse  de  resine  de  chlorure  de  vinyle  contenant  des 
particules  de  matiere  inorganique  dans  un  rapport  ponderal  de  la  resine  de  chlorure  de  vinyle  aux 

5  particules  de  matiere  inorganique  de  70/30  a  5/95,  comprenant  les  etapes  de 
(1)  Preparation  d'une  composition  pouvant  former  de  la  mousse  par  petrissage  d'un  melange 

comprenant  la  resine  de  chlorure  de  vinyle,  les  particules  de  la  matiere  inorganique,  un  agent  de  soufflage 
chimique  et/ou  physique  et  un  solvant,  a  temperature  normale  sous  pression  normale, 

(2)  Remplissage  d'un  moule  pouvant  se  fermer  avec  la  composition  pouvant  former  de  la  mousse, 
10  (3)  Chauffage  de  la  composition  pouvant  former  de  la  mousse  et  du  moule  sous  pression  a  une 

temperature  permettant  de  faire  fondre  la  resine  de  chlorure  de  vinyle  dans  la  composition  pouvant  former 
de  la  mousse, 

(4)  Maintien  de  cette  temperature  jusqu'a  la  decomposition  de  I'agent  de  soufflage  chimique,  lorsqu'il 
y  en  a, 

is  (5)  Reduction  de  la  temperature  a  une  temperature  de  moussage  qui  est  inferieure  a  la  temperature  de 
chauffage  de  I'etape  (3)  mais  superieure  a  la  temperature  de  ramollissement  de  la  resine  de  chlorure  de 
vinyle  dans  la  composition  pouvant  former  de  la  mousse  et  superieure  au  point  d'ebullition  de  I'agent  de 
soufflage  physique  eventuellement  present  et 

(6)  Ouverture  du  moule  a  une  temperature  qui  n'est  pas  inferieure  a  la  temperature  de  ramollissement 
20  de  la  resine  de  chlorure  de  vinyle  dans  la  composition  pouvant  former  de  la  mousse  pour  dilater  la 

composition  pouvant  former  de  la  mousse. 
2.  Procede  de  la  revendication  1,  dans  lequel  la  resine  de  chlorure  de  vinyle  est  le  chlorure  de 

polyvinyle  ou  une  composition  de  resine  mixte  qui  contient  du  chlorure  de  polyvinyle  en  une  quantite  qui 
n'est  pas  inferieure  a  50%  en  poids. 

25  3.  Procede  de  la  revendication  2,  dans  lequel  la  resine  mixte  contient  un  copolymere  chlorure  de  vinyle- 
acetate  de  vinyle,  du  chlorure  de  polyvinyle  chlore,  du  polyurethane  thermoplastique,  un  copolymere 
acrylonitrile-butadiene,  du  polyethylene  chlore,  un  copolymere  methacrylate-acrylate,  un  copolymere 
ethylene-acetate  de  vinyle,  un  copolymere  chlorure  de  vinyle-chlorure  de  vinylidene  ou  un  de  leurs 
melanges. 

30  4.  Procede  de  la  revendication  1,  dans  lequel  on  traite  les  particules  inorganiques  avec  un  agent  de 
couplage  de  titanate,  un  agent  de  couplage  de  silane  ou  un  acide  aliphatique. 

5.  Procede  de  la  revendication  1,  dans  lequel  I'agent  de  soufflage  est  un  agent  de  soufflage  chimique. 
6.  Procede  de  la  revendication  5,  dans  lequel  I'agent  de  soufflage  chimique  produit  de  I'azote  gazeux 

lors  de  la  decomposition  thermique. 
35  7.  Procede  de  la  revendication  1,  dans  lequel  le  solvant  est  un  ester,  un  derive  d'alcool  polyhydrique, 

une  cetone,  un  hydrocarbure  aromatique,  un  hydrocarbure  halogene,  un  carbonate,  un  phosphate  ou  un  de 
leurs  melanges. 
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