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a  two  part  metathesis-catalyst  system.  One  part 
contains  a  tungsten  containing  catalyst,  such  as  a 
tungsten  halide  or  tungsten  oxyhalide,  preferably 
WCOI6  or  W0CI4.  The  other  part  contains  an 

5  activator,  such  as  an  alkylaluminum  compound  as 
activator.  Preferred  alkylaluminum  compounds 
include  trialkylaluminums,.  alkylaluminum  dich- 
lorides  and  dialkylaluminum  chlorides,  where  the 
alkyl  group  contains  one  to  ten  carbon  atoms.  In 

10  the  most  preferred  activators  the  alkyl  group  is 
ethyl. 

One  part  of  the  catalyst  comprises  the  tungsten 
containing  catalyst,  as  described  above,  prefer- 
ably  in  solution  with  monomer.  The  tungsten 

15  compound  if  not  stabilized,  will  rapidly 
polymerize  the  monomer.  In  a  preferred  method 
of  stabilizing  the  tungsten  compound  to  prevent 
premature  polymerization,  a  suspension  is  first 
made  by  adding  the  tungsten  compound  to  a 

20  small  amount  of  a  suitable  solvent.  The  solvent 
must  not  be  susceptible  to  reacting  with  tungsten 
compound.  Examples  of  preferred  solvents  are 
benzene,  xylene,  toluene,  chlorbenzene,  dich- 
lorobenzene,  trichlorobenzene  and  hexane.  Suffi- 

25  cient  solvent  should  be  added  so  that  the 
tungsten  compound  concentration  is  between 
about  0.1  and  0.7  mole  per  liter  of  solvent. 

The  tungsten  compound  is  then  made  soluble 
in  the  suspension  by  the  addition  to  the  suspen- 

30  sion  of  a  small  amount  of  an  alcoholic  or  a 
phenolic  compound.  Phenolic  compounds  are 
preferred.  Suitable  phenolic  compounds  include 
phenol,  aklyl-phenols,  and  halogen  containing 
phenols,  with  tert-butyl  phenol,  tert-octyl  phenol 

35  and  nonyl  phenol  being  most  preferred.  The 
preferred  molar  ration  of  tungsten  compound/ 
phenolic  compound  is  from  about  1:1  to  about 
1  :3.  The  tungsten  compound/phenolic  compound 
solution  can  be  made  by  adding  the  phenolic 

40  compound  to  the  tungsent  compound  suspen- 
sion,  stirring  the  resulting  solution  and  then 
blowing  a  reactant  stream  of  a  dry  inert  gas 
through  the  solution  to  remove  the  hydrogen 
chloride  which  is  formed.  Alternatively,  a 

45  phenolic  salt,  such  as  a  lithium  or  sodium 
phenoxide,  can  be  added  to  the  tungsten  com- 
pound  suspension,  the  mixture  stirred  until 
essentilaly  all  the  tungsten  compound  is  dis- 
solved,  and  the  precipitated  inorganic  salt 

50  removed  by  filtration  or  centrifugation.  All  of 
these  steps  should  be  carried  out  in  the  absence 
of  moisture  and  air  to  prevent  deactiviation  of  the 
catalyst. 

Finally,  to  increase  the  shelf-life  of  the  catalyst 
55  solution  from  about  1  to  about  5  moles  of  a 

complexing  agent  such  as  a  Lewis  base  or  a 
chelating  agent  per  mole  of  tungsten  compound 
is  added  to  the  tungsten  compound  solution. 
Preferred  Lewis  bases  include  nitriles  and  ethers 

60  such  as  benzonitriie  and  tetrahyroduran.  Pre- 
ferred  chelants  include  acetylacetones  and  alkyl 
acetoacetates,  where  the  alkyl  group  contains 
from  one  to  ten  carbon  atoms. 

The  improvement  in  the  stability  and  shelf-life 
65  of  the  tungsten  compound/monomer  solution  is 

Description 

Among  the  desirable  physical  properties  for 
many  cellular  thermoset  polymers  is  that  the 
polymers  have  densities  of  from  about  0.2  to 
about  0.85  g/ml.  Cellular  thermoset  polymers 
having  densities  in  this  range  find  useful  applica- 
tions  in  electrical  appliances,  electronic  cabinetry, 
furniture,  sports  equipment,  and  building  and 
construction  materials. 

U.S.  Patent  4,400,340  discloses  a  thermoset 
poly(dicyclopentadiene)  having  a  high  modulus 
and  a  high  impact  strength.  The  thermoset 
polymer  it  discloses  does  not  disclose  a  ther- 
moset  polymer  which  has  a  cellular  structure. 

EP—  A—  84  888  discloses  a  dicyclopentadiene 
thermoset  polymer  and  a  catalyst  and  a  method 
for  its  preparation  according  to  the  RIM  tech- 
nique. 

FR—  A—  2265  774  relates  to  a  process  for  manu- 
facturing  finely  divided,  expanded  polymers  of 
bicyclo[2.2.1]heptene-2. 

The  present  invention  provides  a  process  for 
making  a  cellular  thermoset  polymer  having  a 
density  of  0.2  to  0.85  g/ml  and  comprised  of  90  to 
100  per  cent  by  weight  polymerized  units  of 
dicyclopendadiene  monomer  and  Oto  10  per  cent 
by  weight  polymerized  units  of  norbornene  or 
norbomadiene,  whereby  the  polymerization  is 
carried  out  in  the  presence  of  a  metathesiscatalyst 
system  containing  a  tungsten  halide  or  tungsten 
oxyhalide  catalyst  and  an  alkylaluminum  com- 
pound  as  an  activator  to  produce  a  thermoset 
polymer,  and  the  polymerization  is  performed  in  a 
vessel  that  is  preheated  to  a  temperature  of  60°C 
to  150°C,  the  blowing  agent  being  incorporated 
into  either  or  both  parts  of  the  catalyst  system  or 
into  the  monomer  separately  in  an  amount  of  2  to 
30  percent  by  weight,  based  on  the  combined 
weight  of  catalyst  and  monomer,  and  comprising 
low  boiling  organic  compounds  which  are  liquids 
under  ambient  conditions  but  which  are  vol- 
atilized  when  introduced  into  the  preheated 
vessel. 

In  the  process  of  this  invention  the  dicyclopen- 
tadiene  monomer  is  catalyzed  with  a  two-part 
catalyst,  the  first  part  containing  a  catalyst,  the 
second  part  containing  an  activator  and  at  least 
one  part  containing  a  blowing  agent. 

This  two  part  catalyst  incorporates  a  blowing 
agent  and  is  employed  to  polymerize  dicylopen- 
tadiene  monomer  in  such  a  manner  that  the 
resulting  product  is  a  cellular  thermoset  polymer 
having  a  density  of  from  about  0.2  to  about  0.85  g/ 
ml.  The  preferred  monomer  is  dicyclopentadiene 
(3a,  4,  7,  7a-tetra-hydro-4,7-methano-1H-indene). 

In  the  preferred  embodiment  the  cellular  ther- 
moset  polymer  is  formed  entirely  from  dicyclo- 
pentadiene  (hereinafter  referred  to  as  DCPD) 
monomer.  In  other  embodiments  the  cellular 
thermoset  polymer  is  formed  from  DCPD  mono- 
mer  and  from  put  to  about  10%  based  on  the 
weight  of  DCPD,  of  another  bicyclic  olefin  mono- 
mer  such  as  norbornene  or  norbomadiene. 

The  polymerization  of  the  DCPD  is  catalyzed  by 
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obtained  whether  the  complexing  agent  is  added 
before  or  after  the  phenolic  compound  is  added. 

The  other  part  of  the  catalyst  comprises  the 
activator,  as  described  above,  preferably  in  DCPD 
monomer.  If  an  unmodified  alkylaluminum 
activator/monomer  solution  is  mixed  with  the 
catalyst/monomer  solution,  the  polymerization 
would  initiate  instantaneously  and  the  polymer 
would  set  up  too  rapidly.  The  onset  of  polymeriza- 
tion  can  be  delayed  by  adding  a  moderator  to  the 
activator/monomer  solution.  Ethers,  esters, 
ketones  and  nitrites  are  representative  mod- 
erators  for  the  alkylaluminum  compounds.  Isop- 
ropyl  ether,  tetrahydrofuran  and  benzonitrile  are 
typical  examples  of  preferred  moderators.  Ethyl 
benzoate  and  butyl  ether  are  most  preferrred.  The 
preferred  ratio  of  the  alkylaluminum  to  moderator 
is  from  about  1:1.5  to  about  1:5  on  a  molar  basis. 

When  the  catalyst's  components  are  combined, 
the  resulting  DCPD  to  tungsten  compound  ratio, 
on  a  molar  basis,  is  from  about  1,000:1  to  about 
10,000:1,  preferably  about  2,000:1.  Also,  when 
the  catalyst  system's  components  are  combined, 
the  resulting  activator  to  a  tungsten  ratio  will  be 
from  about  2:1  to  about  20:1,  preferably  about  5:1 
to  about  10:1. 

A  blowing  agent  is  incorporated  into  the  cata- 
lyst.  Any  of  the  conventional  blowing  agents  used 
in  reaction  injection  molding  (hereinafter  referred 
to  as  RIM)  processes  may  be  employed  provided 
that  the  blowing  agent  does  not.poison  or  other- 
wise  adversely  effect  the  metathesis-catalyst 
system.  Preferred  blowing  agent  include  low  boil- 
ing  organic  compounds,  i.e.  compounds  which 
are  liquids  under  ambient  conditions  but  which 
are  volatilized  when  introduced  into  a  preheated 
reaction  vessel.  Representative  low  boiling 
organic  compounds  include  hydrocarbs,  such  as 
pentane  and  hexane,  and  halogenated  hydro- 
carbons,  such  as  methylene  chloride  and'  tri- 
chlorofluoromethane. 

The  blowing  agent  is  incorporated  into  either  or 
both  parts  of  the  catalyst,  or  it  may  be  added  to 
the  monomer  separately.  The  amount  of  blowing 
agent  to  be  incorporated  is  from  about  2  to  about 
30,  preferably  from  about  5  to  about  20  percent  by 
weight,  based  on  the  combined  weight  of  the 
catalyst  and  monomer.  The  greater  the  amount  of 
blowing  agent  used,  the  less  dense  the  final 
cellular  thermoset  polymer. 

The  exact  amounts  of  catalyst,  activator  and 
blowing  agent  to  be  incorporated  into  a  given 
catalyst  system  will  depend  on  the  particular 
catalyst,  activator  and  blowing  agent  chosen  as 
well  as  the  desired  final  product.  The  amounts 
will  be  readily  determinable  by  one  skilled  in  the 
art  without  undue  experimentation  following  the 
teachings  of  this  specification. 

The  vessel  in  which  the  polymerization  occurs 
is  preheated  to  a  temperature  of  from  about  60°C. 
to  about  150°C,  preferably  from  about  100°C  to 
about  125°C.  It  has  been  found  that  the  greater  the 
temperature  the  less  dense  the  final  cellular 
thermoset  polymer. 

In  a  preferred  embodiment,  the  polymer  is 

made  and  moulded  with  the  RIM  process.  The 
two  parts  of  the  metathesis-catalyst  system  are 
each  mixed  with  monomer  and  blowing  agent  to 
form  two  stable  solutions  which  are  placed  in 

5  separate  vessels.  These  vessels  provide  the 
source  for  separate  reactant  streams.  The  two 
reactant  streams  are  combined  in  a  RIM 
machine's  mixing  head  and  then  injected  into  a 
preheated  mold  where  they  quickly  polymerize 

w  into  a  cellular  structure.  It  will  be  obvious  to  one 
skilled  in  the  art  that  there  may  be  situations 
where  it  is  desirable  to  have  monomer  incor- 
porated  in  just  one  reactant  stream  or  to  employ  a 
plurality  of  reactant  streams  where  the  additional 

w  reactant  streams  contain  monomer  or  additives 
or  both. 

These  reactant  streams  are  combined  in  the 
mixing  head  of  a  RIM  machine.  Turbulent  mixing 
is  easy  to  achieve  because  the  process  involves 

20  low  molecular  weight,  rapidly  diffusing  com- 
ponents.  Typically  the  mixing  heads  have  orifices 
about  0,08  cm  in  diameter  and  a  jet  velocity  of 
about  122  m/sec.  After  being  combined,  the  mix- 
ture  is  injected  into  a  mold  maintained  from  about 

25  60°C  to  about  150°C,  preferably  from  about  100° 
to  about  125°C.  The  mold  pressure  is  in  the  range 
of  about  10  —  15  psi.  A  rapid  exothermic  reaction 
occurs  as  the  polymer  sets  up  into  a  cellular 
structure  having  a  density  of  from  about  0.2  to 

30  about  0.85  g/ml. 
In  some  embodiments,  a  nucleating  agent, 

such  as  calcium  carbonate,  is  added  to  at  least 
one  of  the  reactant  streams.  The  nucleating  agent 
effects  the  structure  of  the  cellular  structure  by 

35  helping  to  make  the  cells  small  and  uniform. 
Other  suitable  nucleating  agents  include  talc, 
magnesium  carbonate,  barium  carbonate,  zinc 
carbonate,  lead  carbonate,  magnesium  oxide, 
calcium  oxide,  barium  oxide,  zinc  oxide,  lead 

40  oxide  and  silica. 
In  some  embodiments,  a  preformed  elastomer 

which  is  soluble  in  the  reactant  streams  is  added 
to  the  catalyst.  The  addition  of  an  elastomer 
serves  to  increase  the  viscosity  of  the  reactant 

45  streams  and  improve  the  impact  resistance  of  the 
final  product.  The  elastomer  is  dissolved  in  either 
or  both  of  the  reactant  streams  in  an  amount  of 
from  3  to  about  15  weight  percent,  based  on  the 
weight  of  the  monomer,  without  causing  an 

so  excessive  increase  in  the  solution  viscosity.  Use- 
ful  elastomers  include  natural  rubber,  butyl  rub- 
ber,  poiyisoprene,  polybutadiene,  polyisobuty- 
lene,  ethylene-propylene  copolymer,  styrene- 
butadiene-styrene  triblock  rubber,  styrene-iso- 

55  prene-styrene  triblock  rubber  and  ethylene-prop- 
ylene  diene  terpolymers.  The  amount  of  elas- 
tomer  used  is  determined  by  its  molecular  weight 
and  is  limited  by  the  viscosity  of  the  reactant 
streams.  The  reactant  streams  cannot  be  so 

60  viscous  that  adequate  mixing  is  not  possible.  The 
Brookfield  viscosity  of  DCPD  is  about  6  cps  at 
35°C.  Increasing  the  viscosity  to  between  0,3  Pas 
and  1  Pas  alters  the  mold  filling  characteristics  of 
the  combined  reactant  streams.  An  example  of 

65  preferred  elastomer  is  styrene-butadiene  tri- 
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remaining  6  ml  is  rapidly  injected  into  a 
25  x  150  mm  test  tube.  In  Example  2  the  test  tube 
is  preheated  to  60°C.  In  Example  3  the  test  tube  is 
heated  to  100°C.  The  reaction  mixtures  set  up  into 
cellular  thermoset  polymers  in  approximately  10 
seconds.  The  polymers  are  removed  from  the  test 
tubes  and  their  density  measured  as  in  Example 
1.  The  density  of  the  polymers  formed  in  Example 
2  is  found  to  be  about  0.5  g/ml  and  the  density  of 
the  foam  product  formed  in  Example  3  is  found  to 
be  about  0.2  g/ml. 

Example  4 
Example  4  illustrates  a  preferred  embodiment 

of  preparing  cellular  thermoset  poly(dicyclopen- 
tadiene)  with  a  catalyst  which  incorporates  pen- 
tane  as  a  blowing  agent  and  calcium  carbonate  as 
a  nucleating  agent. 

In  Example  4,  the  procedure  of  Examples  2  and 
3  is  repeated  using  the  same  materials  in  the 
same  proportions  except  1)  0.16  grams  calcium 
carbonate  is  added  to  the  10  ml  syringe  before  the 
syringe  is  capped  and  sparged  and  2)  the  dicyclo- 
pentadiene  does  not  have  a  preformed  elastomer 
dissolved  therein.  The  test  tube  is  preheated  to  a 
temperature  of  100°C.  and  the  resulting  foam 
product  has  a  density  of  0.33  g/ml. 

Examples  5  and  6 
Examples  5  and  6  illustrate  preferred  embodi- 

ments  of  preparing  cellular  thermoset  poly(DCPD) 
with  a  catalyst  which  incorporates  pentane  as  a 
blowing  agent,  random  styrene  butadiene  rubber 
as  a  preformed  elastomer  and  calcium  carbonate 
as  a  nucleating  agent. 

In  each  example,  5  and  6,  the  procedure  of 
Example  4  is  repeated  using  the  same  materials 
and  the  same  proportions  except  that  the  dicylo- 
pentadiene  has  15%  by  weight  of  a  styrene 
butadiene  random  rubber  dissolved  therein.  In 
Example  5  the  test  tube  was  preheated  to  60°C. 
and  the  density  of  the  final  foam  product  is  0.67  g/ 
ml.  In  Example  6  the  test  tube  is  preheated  to 
100cC  and  the  final  foam  product  has  a  density  of 
0.36  g/ml. 

Claim 

Process  for  making  a  cellular  thermoset 
polymer  having  a  density  of  0.2  to  0.85  g/ml  and 
comprised  of  90  to  100  percent  by  weight 
polymerized  units  of  dicylopentadiene  monomer 
and  0  to  10  percent  by  weight  polymerized  units 
of  norbornene  or  norbornadiene,  whereby  the 
polymerization  is  carried  out  in  the  presence  of  a 
methathesis-catalyst  system  containing  a 
tungsten  halide  or  tungsten  oxyhalide  catalyst 
and  an  alkyaluminum  compound  as  an  activator 
to  produce  a  thermosest  polymer,  and  the 
polymerization  is  performed  in  a  vesel  that  is 
preheated  to  a  temperature  of  60°C  to  150°C,  the 
blowing  agent  being  incorporated  into  either  or 
both  parts  of  the  catalyst  system  or  into  the 
monomer  separately  in  an  amount  of  2  to  30 
percent  by  weight,  based  on  the  combined  weight 

block.  Where  10  wt.  percent  of  this  additive  is 
incorporated  into  the  streams  not  only  is  the 
viscosity  increased  to  about  0.3  Pas  but  the 
impact  strength  of  the  final  product  also 
increases.  Although  the  elastomer  can  be  dis-  5 
solved  in  either  one  or  both  of  the  reactant 
streams  it  is  desirable  that  it  be  dissolved  in  both. 
When  the  two  reactant  streams  have  similar 
viscosities  more  uniform  mixing  is  obtained. 

In  some  embodiments  the  reactant  streams  and  io 
consequently  the  final  polymer  may  also  contain 
other  additives,  such  as  fillers  and  plasticizers. 

The  best  mode  now  contemplated  of  carrying 
out  this  invention  is  exemplified  by  the  following 
working  examples  of  preferred  specific  embodi-  15 
ments.  All  percentages  are  by  weight,  based  on 
the  weight  of  monomer,  unless  otherwise  clearly 
indicated. 

Example  1  20 
Example  1  illustrates  a  preferred  embodiment 

of  preparing  cellular  thermoset  poly(DCPD)  with  a 
catalyst  which  incorporates  hexane  as  a  blowing 
agent. 

In  Example  1,  a  10  ml  syringe  is  capped  with  a  25 
rubber  septum  and  sparged  with  nitrogen. 
0.85  ml  hexane  is  injected  into  the  syringe.  Then 
2.0  ml  of  a  .035  molar  ethylaluminum  ethoxy 
chloride  solution  in  DCPD  is  injected  into  the 
syringe.  Next,  2.0  ml  of  a  .0035  molar  solution  of  30 
WCIe/nonylphenol/acetylacetone,  having  a  molar 
ration  of  1:1:2,  in  DCPD  is  added.  The  contents 
are  mixed.  Then  the  rubber  septum  is  removed 
and  replaced  by  a  syringe  plunger.  The  first  1  ml 
of  the  mixture  is  discarded  and  the  remaining  35 
4  ml  are  rapidly  injected  into  a  25  x  150  mm  test 
tube  that  is  preheated  to  75°C.  The  reaction 
mixture  sets  up  into  a  cellular  structure  in 
approximately  10  seconds.  The  foam  is  removed 
from  the  test  tube  and  its  denisty,  measured  as  40 
set  out  in  ASTM  D-1612,  is  found  to  be  0.83  g/ml. 

Examples  2  and  3 
Examples  2  and  3  illustrate  preferred  embodi- 

ments  of  preparing  cellular  thermoset  poly(DCPD)  45 
with  a  catalyst  which  incorporates  pentane  as  a 
blowing  agent  and  a  random  styrene  butadiene 
rubber  as  a  preformed  elastomer. 

In  each  example,  2  and  3,  a  10  ml  syringe  is 
capped  with  a  rubber  septum  and  sparged  with  so 
nitrogen.  8.0  ml  dicyclopentadiene,  having  dis- 
solved  therein  10%  by  weight  styrene  butadiene 
random  rubber,  is  introduced  into  the  syringe  and 
the  syringe  is  again  sparged.  Then  0.8  ml  pentane 
is  added  and  the  components  are  mixed.  A  0.5  55 
molar  solution  of  diethylaluminum  chloride  and 
n-butyl  ether  having  a  1:0.75  molar  ratio,  in 
0.28  ml  toluene  is  then  added.  Next  an  additional 
0.2  ml  of  n-butyl  ether  is  added  and  the  contents 
are  again  mixed.  Finally,  a  0.1  molar  solution  of  60 
WCIe/nonylphenol/acetylacetone,  having  a  molar 
ratio  of  1  :1  :2,  in  0.28  ml  toluene  is  added  and  the 
contents  again  mixed.  The  rubber  septum  is  then 
removed  and  replaced  by  a  syringe  plunger.  The 
first  2  ml  of  the  mixture  is  discarded  and  the  65 
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bei  Einfiihrung  in  das  vorgewarmte  GefafS  sind, 
die  aber  bei  Einfuhrung  in  das  vorgewarmte 
GefalS  verfluchtigt  werden. 

Revendication 

Procede  de  preparation  d'un  polymere  thermo- 
durci  cellulaire  ayant  un  densite  de  0,2  a  0,85  g/mi 
et  constitue  de  90  a  100%  en  poids  d'unites 
polymerisees  de  monomere  de  dicyclopenta- 
diene  et  de  0  a  10%  en  poids  d'unites  polymeri- 
sees  de  norbornene  ou  de  norbomadiene,  dans 
lequel  al  polymerisation  est  conduite  en  presence 
d'un  systeme  de  catalyseur  de  double  decompsi- 
tion  contenant  un  catalyseur  d'halogenure  de 
tungstene  ou  d'oxyhalogenure  de  tungstene  et  un 
compose  d'alkylaluminium  comme  activateur 
pour  produire  un  polymere  thermodurci,  et  la 
polymerisation  est  effectuee  dans  un  recipient  qui 
est  prechauffe  a  une  temperature  de  60°  a  150°C, 
I'agent  gonflant  etant  incorpore  dans  I'une  ou 
I'autre  partie,  ou  les  deux,  du  systeme  de  cataly- 
seur,  ou  dans  le  monomere  separement,  en  une 
quantite  de  2  a  30%  en  poids,  sur  la  base  du  poids 
combine  de  catalyseur  et  de  monomere,  et  com- 
prenant  des  composes  organiques  a  bas  point 
d'ebullition,  qui  sont  des  liquides  dans  les  condi- 
tions  ambiantes,  mais  qui  se  volatilisent  lors- 
qu'on  les  introduit  dans  la  recipient  prechauffe. 

of  catalyst  and  monomer,  and  comprising  low 
boiling  organic  compounds  which  are  liquids 
under  ambient  conditions  but  which  are  vol- 
atilized  when  introduced  into  the  preheated 
vessel.  5 

Patentanspruch 

Verfahren  zur  Herstellung  eines  zellularen, 
duroplastischen  Polymers  mit  einer  Dichte  von  w 
0,2  bis  0,85  g/m  I  und  umfassend  90  bis  100 
Gew.  —  %  polymerisierte  Einheiten  von  Dicyclo- 
pentadienenmonomer  und  0  bis  10  Gew.-%  poly- 
merisierte  Einheiten  von  Norbornen  oder  Norbor- 
nadien,  wobei  die  Polymerisation  durchgefuhrt  15 
wird  in  Gegenwart  eines  Metathese-Katalysator- 
Systems,  enthaltend  eine  Wolfram-Halogenid- 
oder  Wolfram-Oxyhalogenid-Katalysator  und 
eine  Alkylaluminiumverbindung  als  einen  Aktiva- 
tor,  um  ein  duroplastisches  Polymer  herzustellen  20 
un  die  Polymerisation  ein  einem  GefaS  durchge- 
fuhrt  wird,  das  auf  eine  Temperatur  von  60°C  bis 
150°C  vorgewarmt  ist,  wobei  da  Blahmittel 
enthalten  ist  in  einem  oder  beiden  Teilen  des 
Katalysator-Systems  oder  in  dem  Monomer  25 
getrennt  in  einer  Menge  von  2  bis  30  Gew.-%, 
bezogen  auf  das  combinierte  Gewicht  von  Kataly- 
sator  und  Monomer  und  umfassend  niedrig  sie- 
dende  organische  Verbindungen,  die  unter 
Umgebungsbedingungen  flussig  sind,  die  aber  30 
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