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Description 

The  assignee  of  this  invention  pioneered  the  de- 
velopment  and  application  of  methods  and  appara- 
tus  for  foaming  hot  melt  thermoplastic  adhesives  or 
so-called  "hot  melts"  widely  used  throughout  the  in- 
dustry  for  adhering  many  diverse  products,  as  well 
as  polymeric  coatings  and  paints. 

With  respect  to  hot  melt  adhesives,  for  example, 
the  assignee  of  this  invention  discovered  that  the 
adhesive  strength  of  a  bond  achieved  with  a  given 
quantity  of  a  selected  hot  melt  adhesive  could  be  ap- 
preciably  improved  and  in  most  instances  at  least 
doubled  if  the  adhesive  were  applied  as  a  foam  rath- 
er  than  as  a  conventional  non-foamed  adhesive.  A 
hot  melt  thermoplastic  adhesive  foam  system  is  dis- 
closed  in  U.S.  Patent  No.  4  059  466  of  Scholl  et  al 
wherein  a  solid  mixture  of  hot  melt  thermoplastic  ad- 
hesive  and  blowing  agent  is  heated  and  melted  in  a 
heated  reservoir  at  a  temperature  above  the  melt- 
ing  temperature  of  the  adhesive  but  below  the  de- 
composition  temperature  of  the  blowing  agent.  The 
molten  adhesive  and  solid  blowing  agent  mixture  is 
then  pressurized  by  a  gear  pump  and  supplied  un- 
der  pressure  as,  for  example,  300  pounds  per 
square  inch,  to  a  hot  melt  dispenser.  Between  the 
pump  and  the  outlet  of  the  hot  melt  dispenser,  the 
molten  adhesive  and  solid  blowing  agent  mixture  is 
further  heated  to  a  higher  temperature  at  which  the 
blowing  agent  decomposes  and  evolves  a  gas  as, 
for  example,  nitrogen,  which,  at  that  pressure  goes 
into  solution  with  the  liquid  adhesive.  The  pressu- 
rized  liquid/gas  adhesive  solution  is  then  supplied  to 
a  valved  type  outlet  at  the  adhesive  dispenser  from 
which  the  adhesive  is  dispensed  at  atmospheric 
pressure.  Upon  emerging  from  the  outlet  nozzle  of 
the  dispenser,  the  gas  evolves  from  the  solution  in 
the  form  of  small  bubbles  causing  the  adhesive  to 
expand  volumetrically.  The  resultant  adhesive  in  an 
uncompressed  state  sets  up  as  a  homogeneous  sol- 
id  foam  having  gas  cells  substantially  evenly  distrib- 
uted  throughout  the  adhesive. 

In  U.S.  Patent  No.  4  059  714  of  Scholl  et  al,  there 
is  disclosed  another  hot  melt  thermoplastic  adhe- 
sive  foam  system  wherein  the  molten  adhesive  is 
mixed  with  a  gas  and  pressurized  by  either  a  one- 
step  or  two-step  geared  pump.  Within  the  geared 
pump,  the  gas  and  molten  adhesive  are  thoroughly 
mixed  and  the  gas  is  forced  under  pump  outlet  pres- 
sure  into  solution  with  the  liquid  adhesive.  The  pres- 
surized  liquid/gas  adhesive  solution  is  then  supplied 
to  a  valved  type  dispensing  gun  from  which  the  ad- 
hesive  is  dispensed  at  atmospheric  pressure. 
Again,  upon  emerging  from  the  outlet  nozzle  of  the 
dispenser,  the  gas  evolves  from  the  solution  in  the 
form  of  small  bubbles  causing  the  adhesive  to  ex- 
pand  volumetrically  and  forming  in  an  noncom- 
pressed  state,  a  homogeneous  solid  foam  having 
gas  cells  evenly  distributed  throughout  the  adhe- 
sive.  Applicant's  assignee  further  disclosed  in  U.S. 
Patent  No.  4  156  754  of  Cobbs,  Jr.  et  al  the  incorpo- 
ration  of  soluble  or  solid  phase  surfactant  materials 
to  stabilize  the  dispersions  of  gas  in  the  molten  ther- 
moplastic  material  for  significant  periods  of  time  to 
allow  for  subsequent  pressurization  by  simple  me- 

chanical  means  including  pumps  for  pressurized  dis- 
solution,  flow  transfer,  dispensing  and  foaming  with 
ease  and  simplicity. 

In  the  development  of  a  related  technology,  appli- 
5  cant's  assignee  disclosed  in  U.S.  Patent  No.  4  247 

581  of  Cobbs,  Jr.  et  al  surface  coating  methods  and 
apparatus  employing  polymeric  materials  to  be  coat- 
ed  on  a  surface  by  first  foaming  liquid  compositions 
containing  film-forming  solids,  then  conveying  the 

10  foam  toward  the  surface  and,  upon  foam  disintegra- 
tion,  forming  a  film  of  solids  on  the  surface.  That  in- 
vention  enabled  the  use  of  polymeric  film-forming 
compositions  having  viscosities  in  exess  of  300 
centipoises,  in  the  range  of  300  to  30,000  centipois- 

15  es  or  higher. 
In  U.S.  Patent  Nos.  4  301  1  1  9  and  4  423  1  61  ,  both 

of  Cobbs,  Jr.  et  al,  there  are  disclosed  methods  and 
apparatus  for  dispensing  of  foam  of  substantially 
constant  foam-volume  ratio.  According  to  those  in- 

20  ventions,  a  vessel  is  provided  for  containing  a 
foamable  mixture  of  liquid  and  blowing  agent  under 
pressure.  The  vessel  has  a  vapor  space  above  the 
liquid  and  a  dispensing  outlet  and  means  are  provid- 
ed  for  maintaining  a  substantially  constant  composi- 

25  tion  of  blowing  agent  in  the  vapor  state,  under  a  va- 
por  pressure  at  least  equal  to  the  vapor  pressure 
of  the  foamable  mixture,  for  dispensing  of  foam  of 
constant  foam-volume  ratio.  Those  patents  disclose 
foaming  a  variety  of  liquid  compositions  including 

30  coating  and  adhesive  compositions  which  comprise 
liquid  film-forming  or  polymeric  components,  includ- 
ing  both  thermoplastic  and  thermosetting  resinous 
compositions. 

In  U.S.  Patent  No.  4  405  063  of  Wydro  et  al,  a 
35  system  is  disclosed  for  controlling  the  density  of 

dispensed  hot  melt  thermoplastic  adhesive  foams  to 
assure  uniform  foam  characteristics.  This  patent  in- 
cludes  the  use  of  a  two-stage  geared  pump  to  mix 
molten  adhesive  with  gas  from  a  gas  supply  con- 

40  nected  to  the  pump  when  adhesive  foam  is  being  dis- 
pensed. 

U.S.  Patent  Nos.  4  505  406  and  4  505  957,  both 
to  Cobbs,  Jr.  et  al,  disclose  a  circulating  loop  en- 
abling  hot  foamable  compositions  to  be  processed 

45  continuously  without  degradation,  curing  or  loss  of 
volatile  constituents  and  uniformly  applied  as  a 
coating. 

U.S.-Patent  2  987  774,  to  which  the  pre-charac- 
terizing  portions  of  independent  claims  1  and  6  re- 

50  fer,  discloses  a  method  and  apparatus  for  mixing 
gas  with  a  fluid  polymer  material  by  means  of  a 
screw  pump.  The  screw  projections  from  two  paral- 
lel  shafts  accordingly  each  form  a  screw  helix.  Such 
a  device  is  not  suitable  for  processing  the  high  vis- 

55  cosity  polymer  materials  used  as  hot  melt  thermo- 
plastic  adhesives,  due  to  the  extreme  amount  of 
shearing  and  heat  input  to  the  material  being  pro- 
cessed.  Such  a  heat  input  causes  premature  cross 
linking  or  other  kinds  of  degradation  of  the  materi- 

60  als  used  in  the  context  of  the  present  invention. 
DE-B  2  120  359  discloses  a  mixer  with  a  housing 

surrounding  it  to  permit  supply  or  removal  of  heat. 
In  this  prior  art  device,  there  is  no  possibility  of 
adding  a  gas  to  the  mixture,  to  force  it  into  solution 

65  with  the  polymer  material. 
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terial  using  a  conventional  geared  pump  to  be  com- 
mercially  impracticable. 

This  invention  in  one  of  its  main  aspects  is  predi- 
cated  upon  the  discovery  that  solutions  of  gas  in  a 

5  polymeric  material  having  high  viscosities  on  the  or- 
der  of  30,000  to  above  1,000,000  mPa-s  can  be 
achieved  with  commercially  acceptable  throughput 
rates  and  with  minimal  and  acceptable  temperature 
rise  of  the  polymer  material  by  mixing  the  foam  pro- 

10  ducing  gas  with  the  polymer  material  by  means  of  a 
set  of  intermeshing,  counter-rotating  series  of 
discs.  It  has  been  found  that  by  mixing  the  gas  and 
polymer  in  such  a  disc  mixer  that  a  solution  of  gas 
bubbles  in  the  polymeric  material  under  pressure 

15  can  be  achieved  such  that  when  the  solution  is  dis- 
pensed,  with  release  of  pressure,  there  is  pro- 
duced  continuous  and  immediate  foaming  of  the  poly- 
mer  material  with  the  gas  being  released  from  solu- 
tion  and  becoming  entrapped  in  the  polymer  to  form 

20  a  homogeneous  foam. 
The  disc  mixing  apparatus  employed  in  the 

present  invention  includes  a  tubular  housing,  a  pair 
of  substantially  parallel,  oppositely  driven  shafts 
extending  along  the  length  of  the  housing,  a  series 

25  of  spaced,  solid,  flat  discs  fixedly  mounted  on  each 
shaft  substantially  perpendicularly  to  the  axis 
thereof  with  the  discs  of  one  shaft  intermeshing 
with  the  discs  on  the  other  shaft,  and  a  stator  within 
the  housing  extending  along  the  length  of  the 

30  housing  and  having  a  surface  contour  correspond- 
ing  closely  to  the  contour  of  a  portion  of  the  in- 
termeshing  discs.  The  intermeshing  discs  serve  to 
divide  the  housing  into  a  series  of  compartments 
along  its  length.  The  polymer  to  be  foamed  is  in- 

35  traduced  in  liquid  form  at  one  end  of  the  housing.  A 
polymer/gas  solution  outlet  extends  from  the  other 
end  of  the  housing.  The  foaming  gas  is  introduced 
into  the  polymer  either  upstream  of  the  disc  mixer  as 
gas  bubbles  or  in  the  mixer  itself  where  it  fills  a  head 

40  space  above  the  polymer.  The  parallel  shafts  are 
driven  in  opposite  directions  causing  the  inter- 
meshing  discs  to  rotate  with  respect  to  one  another. 
Rotation  of  the  discs  causes  laminar  flow  of  the 
polymer  material  with  respect  to  the  faces  of  the 

45  discs  and  stretches  the  added  gas  bubbles 
generating  the  necessary  surface  area  for  dis- 
solution  of  the  gas  in  the  polymer  to  occur.  When 
the  gas  is  added  to  the  head  space  above  the  poly- 
mer  in  the  mixer,  rotation  of  the  discs  causes  rela- 

50  tive  motion  of  the  polymer  material  between  shafts, 
the  polymer  material  entraining  the  gas  in  the  head 
space  and  forcing  the  gas  into  solution  in  the  poly- 
mer.  The  mixer  breaks  up  large  bubbles  of  gas  in  the 
polymer  and  entrains  very  small  bubbles  at  the  nip 

55  formed  between  the  discs  and  the  wall  of  the  hous- 
ing.  Rotation  of  the  discs  also  causes  the 
gas/polymer  solution  to  be  conveyed  along  the 
length  of  the  housing  through  the  series  of  indivi- 
dual  compartments. 

60  The  result  of  the  mixing  operation  is  that  a  poly- 
meric  material  such  as  a  polymeric  material  suitable 
for  use  as  a  coating,  adhesive,  sealant,  gasketing 
material  and  many  other  areas  is  produced  having  a 
dispersion  and  solution  of  gas  bubbles  therein.  The 

65  polymer/gas  solution  is  then  transferred  out  the 

As  set  forth  in  some  of  the  patents  recited 
above,  one  of  the  methods  for  mixing  the  gaseous 
foaming  agent  with  the  molten  adhesive  and  pressu- 
rizing  the  gas  into  solution  in  the  adhesive  is  the  use 
of  a  one  or  two-step  geared  pump.  In  this  applica- 
tion,  a  molten  adhesive  and  foaming  gas  flow  into 
the  interior  of  the  gear  pump  where  the  meshing 
teeth  of  a  pair  of  gears  causes  the  gas  and  molten 
adhesive  to  be  thoroughly  mixed  and  the  gas  to  be 
forced  under  pressure  into  solution  to  form  a  molten 
adhesive/gas  solution.  The  gear  pump  is  operable  to 
increase  the  pressure  of  the  gas  and  molten  adhe- 
sive  mixture  to  a  pressure  of  approximately  2.07-1  06 
N/m2  (300  pounds  per  square  inch)  at  which  pres- 
sure  the  gas  contained  within  the  molten  polymer  is 
maintained  in  solution  with  the  molten  polymer,  a  con- 
dition  in  which  it  remains  until  dispensed  at  atmos- 
pheric  pressure  to  form  the  foam.  The  intermeshing 
gear  teeth  of  the  pump  operate  as  multiple  small  pis- 
tons  to  pull  incoming  liquid  into  the  pump,  pressurize 
it,  and  dispense  it  from  the  pump  outlet.  Hot  melt 
adhesive  compositions  which  have  been  foamed  em- 
ploying  a  gear  pump  as  disclosed,  for  example,  in 
U.S.  Patent  No.  4  059  714  include  conventional 
polyethylene-based  hot  melt  adhesive  composi- 
tions,  such  as  Eastabond  A-3  through  A-32  manu- 
factured  by  Eastman  Chemical  Company.  These  ma- 
terials  range  in  viscosity  from  about  2200  mPa-s  to 
35,000  to  40,000  mPa-s  at  melt  temperatures  of 
about  180°C  (350°F).  Although  these  materials  can 
be  successfully  foamed  using  a  one  or  two  stage 
geared  pump,  as  the  viscosity  increases,  the 
throughput  of  material  dramatically  decreases.  That 
is,  at  the  higher  viscosity  levels  on  the  order  of 
30,000  mPa-s,  throughput  drops  to  about  one-third 
to  one-quarter  of  the  throughput  using  lower  vis- 
cosity  materials. 

Moreover,  it  has  been  found  that  when  it  is  at- 
tempted  to  foam  relatively  high  viscosity  polymeric 
materials  such  as  thermoset  sealant  materials  hav- 
ing  viscosities  in  the  range  of  300,000  to  above 
1  ,000,000  mPa-s  using  a  gear  pump  system  that  the 
resultant  process  has  both  unacceptably  low 
throughput  rates  and  high  rise  in  temperature  of  the 
polymer  material.  Some  temperature  rise  is  tolerable 
with  some  thermoplastic  resins,  for  example,  when 
foaming  thermoplastics  such  as  polyisobutylene- 
based  materials  and  polyethylene-based  hot  melts 
but  for  thermosetting  materials  such  as  silicone 
RTV  (room  temperature  vulcanizing)  rubbers  such 
temperature  rise  results  in  premature  curing  of  the 
material  giving  it  very  short  "open  time"  or  even 
causing  its  setting  up  in  the  foaming  equipment  caus- 
ing  equipment  stoppage.  Likewise,  such  tempera- 
ture  rise  can  cause  degradation  of  the  polymer  de- 
pending  on  its  chemical  structure.  Investigation  of 
the  cause  of  the  unacceptable  throughput  rates  and 
temperature  rise  when  attempting  to  foam  high 
viscosity  polymer  materials  using  a  geared  pump 
has  revealed  that  the  action  or  mechanical  work  of 
the  pump  on  the  polymer  material  is  converted  to 
heat  which  raises  the  temperature  of  the  polymer 
material. 

As  stated,  a  temperature  rise  as  observed 
makes  foaming  of  such  relatively  high  viscosity  ma- 
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polymer/gas  outlet  under  pressure  to  a  dispensing 
device  such  as  a  valved  nozzle  from  which  the  ma- 
terial  is  dispensed  at  atmospheric  pressure. 

Throughout  this  specification  and  claims  the  term 
"solution"  is  used  to  describe  the  liquid  polymer/gas 
dispersion  supplied  under  high  pressure  to  the  dis- 
pensing  device,  which  dispersion  when  dispensed 
at  atmospheric  pressure  cools  and  creates  a 
foamed  polymer  structure.  The  applicants  are  of  the 
view  that  this  mixture  is  a  true  solution  in  which  the 
molecules  of  the  dissolved  gas  are  dispersed 
among  those  of  the  liquid  polymer.  The  term  though 
as  used  in  the  specification  and  the  claims  of  the  ap- 
plication  is  intended  to  define  and  encompass  the 
broader  generic  definition  of  solution  which  is  a  gas 
homogeneously  mixed  with  the  molten  or  liquid  poly- 
mer,  whether  or  not  the  molecules  of  the  dissolved 
gas  are  in  fact  dispersed  among  those  of  the  sol- 
vent. 

Upon  emerging  from  the  outlet  nozzle  of  the  dis- 
penser,  the  gas  evolves  from  the  solution  in  the 
form  of  small  bubbles,  which  enlarge  causing  the 
polymer  material  to  expand  volumetrically,  and  be- 
come  entrapped  within  the  material  as  it  solidifies  or 
cures.  The  resultant  product  in  an  uncompressed 
state  sets  up  as  a  homogeneous  solid  foam  having 
gas  pores  or  cells,  which  may  be  of  various  forms 
including  both  open  and  closed  cells,  substantially 
evenly  distributed  throughout  the  polymer.  As  the 
polymer  material  cools  or  cures  a  permanent  homo- 
geneous  foam  is  created. 

As  noted,  this  invention  achieves  continuous 
foaming  of  a  variety  of  polymeric  materials  having  a 
wide  range  of  viscosities  extending  above 
1,000,000  mPa-s.  That  is,  a  significant  feature  of 
this  invention  is  its  applicability  to  a  wide  range  of 
classes  of  thermoplastic  and  thermosetting  materi- 
als  which  may  not  be  suitable  for  foaming  otherwise 
because  of  their  relatively  high  viscosity  and  sensi- 
tivity  to  temperature  rise.  The  present  invention  is 
capable  of  mixing  a  foaming  gas  with  relatively  high 
viscosity  polymer  materials  and  placing  that  gas  in 
solution  at  commercially  practicable  throughput 
rates  with  minimal  and  acceptable  temperature  rise 
of  the  material  to  provide  a  continuous  output  of 
foamed  polymer  material.  Thus,  by  the  method  and 
apparatus  of  this  invention,  diverse  thermoplastic 
and  thermosetting  materials  may  be  reliably  foamed 
with  uniform  quality  output  of  low  density  foam  mate- 
rial  at  commercially  practicable  throughput  rates 
and  in  a  continuous  manner. 

Brief  Description  of  the  Drawings 

Fig.  1  is  a  schematic  of  the  system  for  performing 
the  foaming  method  of  this  invention; 

Fig.  2  is  a  cross-sectional  view  of  the  disc  mixer 
used  in  the  practice  of  the  method  of  this  invention 
taken  along  the  line  transverse  to  the  longitudinal 
axes  of  the  shafts  on  which  the  discs  are  mounted; 

Fig.  3  is  a  cross-sectional  view  taken  along  line 
3-3  of  Fig.  2; 

Fig.  4  is  a  cross-sectional  view  taken  along  line 
4-4  of  Fig.  2. 

Detailed  Description  of  the  Invention 

As  stated  above,  the  present  invention  is  useful 
for  foaming  both  thermoplastic  and  thermosetting 

5  polymeric  materials. 
A  "thermoplastic  material",  as  that  term  is  used 

and  understood  to  those  skilled  in  the  art,  includes 
any  natural  or  synthetic  thermoplastic  polymer  or 
polymeric  compositions.  A  thermoplastic  material  is 

10  a  normally  solid  or  semi-solid  material  at  use  temper- 
atures  and  it  melts  or  liquifies  upon  heating  to  a  high- 
er  temperature.  Upon  cooling  the  material  solidifies 
or  returns  to  a  solid  or  semi-solid  state.  As  also 
used  in  this  description,  the  term  "thermoplastic  hot 

15  melt  adhesive"  or  "hot  melt  adhesive"  is  a  term 
which  is  well  known  in  the  art  and  this  material  has 
the  same  characteristics  of  liquification  upon  heat- 
ing  and,  upon  cooling,  solidification  to  a  solid,  semi- 
solid  or  tacky  state. 

20  A  "thermosetting  material",  as  that  term  is  used 
and  understood  to  those  skilled  in  the  art,  includes 
any  natural  or  synthetic  thermosetting  polymer  or 
polymeric  compositions.  Thermosetting  resins  are 
often  liquids  at  some  stage  of  their  processing, 

25  which  are  cured  by  heat,  catalyst  or  other  chemical 
means.  After  being  fully  cured,  thermosets  are  sub- 
stantially  infusible  and  insoluble  and  cannot  be 
resoftened  by  heat. 

Examples  of  thermoplastic  materials  include  poly- 
30  mers  of  ethylenically  unsaturated  monomers,  such 

as  polyethylene,  polypropylene,  polybutylenes, 
polystyrenes,  poly(<x-methyl  styrene),  polyvinyl 
chloride,  polyvinyl  acetate,  polymethyl  methacr- 
ylate,  polyethyl  acrylate,  polyacrylonitrile  and  the 

35  like;  copolymers  of  ethylenically  unsaturated  mono- 
mers  such  as  copolymers  of  ethyiene  and  propyl- 
ene,  ethyiene  and  styrene,  and  polyvinyl  acetate, 
styrene  and  maleic  anhydride;  styrene  and  methyl 
methacrylate;  styrene  and  ethyl  acrylate;  styrene 

40  and  acrylonitrile;  methyl  methacrylate  and  ethyl 
acrylate  and  the  like;  and  polymers  and  copolymers 
of  conjugated  dienes  such  as  polybutadiene,  poly- 
isoprene,  polychloroprene.  Examples  of  thermoset- 
ting  materials  useful  in  this  invention  include  syn- 

45  thetic  butyl  rubbers,  synthetic  isoprene  rubbers, 
silicone  RTV  (room  temperature  vulcanizing)  rub- 
bers,  styrenebutadiene  rubber,  ethylene-propyl- 
ene-diene  rubber,  acrylonitrile-styrene  butadiene 
rubber  and  the  like;  saturated  and  unsaturated  poly- 

50  esters  including  alkyds  and  other  polyesters;  ny- 
lons  and  other  polyamides;  polyesteramides  and 
polyurethanes;  chlorinated  polyethers,  epoxy  poly- 
mers,  cellulose  esters  such  as  cellulose  acetate 
butyrate,  and  the  like.  These  materials  can  have 

55  viscosities  extending  above  1  ,000,000  mPa-s. 
The  term  "thermoplastic  material"  is  sometimes 

used  herein  interchangeably  with  "hot  melt",  "melt", 
"hot  melt  thermoplastic"  or  "hot  melt  adhesive".  It  is, 
of  course,  to  be  appreciated  that  all  these  composi- 

60  tions  are  characterized  by  their  thermoplastic  na- 
ture  as  above  defined.  Two  thermoplastic  or  hot 
melt  adhesive  compositions  having  markedly  differ- 
ent  viscosities  are  employed  in  the  operating  exam- 
ples  which  follow.  Both  are  conventional  polyethy- 

65  lene-based  adhesive  compositions  manufactured 



EP  0  220  450  B1 

polymer,  and  into  the  polymer.  Any  of  these  alterna- 
tive  methods  may  be  used  depending  upon  applica- 
tion;  however,  for  purposes  of  illustration,  supply- 
ing  the  foaming  gas  to  the  head  space  in  the  mixer  14 

5  through  line  16  is  illustrated  as  one  embodiment. 
Referring  now  to  Figs.  2-4,  the  construction  of 

the  disc  mixer  1  4  is  shown  in  detail.  The  mixer  1  4  com- 
prises  a  tubular  housing  22  which  is  supported  on  a 
base  23  (shown  in  dotted  in  Fig.  2)  in  a  substantially 

10  horizontal  position  and  may  be  secured  thereto  by 
means  of  straps  25.  Extending  along  the  long  axis  of 
the  housing  22  are  a  pair  of  substantially  parallel 
shafts  24,  26.  Upstream  and  downstream  end  caps 
28  and  30,  respectively,  are  secured  to  the  respec- 

15  tive  opposite  ends  of  the  housing  22  by  suitable 
means  such  as  bolts  32.  The  end  caps  28  and  30 
close  the  housing  22  ends  and  include  suitable 
thrust  bearings  34  and  journals  36  for  supporting 
the  shafts  in  the  end  caps  28,  30  for  rotation.  Since 

20  some  applications  such  as  the  foaming  of  hot  melt 
adhesives  takes  place  at  elevated  temperatures, 
e.g.,  180°C  (350°F),  the  bearings  and  journals  must 
be  able  to  withstand  these  elevated  temperatures. 

As  shown  in  Fig.1,  one  of  the  shafts  24  is  driven 
25  by  an  electric  motor  38.  A  constant  rpm  controller 

40  can  be  used  to  control  motor  speed.  A  torque 
sensor  42  is  used  to  sense  and  to  control  the  level 
of  material  in  the  mixer  since  under  constant 
processing  conditions  the  torque  to  drive  the 

30  shafts  is  directly  related  to  the  amount  of  material 
being  processed.  The  drive  shaft  24  includes  a 
gear  44  which  meshes  with  a  like  gear  46  on  the  ad- 
jacent  driven  shaft  26  such  that  on  rotation  of  driv- 
en  shaft  24  in  one  direction  the  drive  shaft  26  ro- 

35  tates  in  the  opposite  direction. 
Each  shaft  24,  26  has  fixedly  mounted  thereon  a 

series  of  spaced,  solid,  flat  discs  48  which  are  sub- 
stantially  perpendicular  to  the  axis  of  the  shafts  24, 
26.  As  best  seen  in  Figs.  2  and  3,  the  discs  48  in- 

40  termesh  or  overlap  one  with  another  in  the  space 
between  the  two  shafts  24,  26.  Moreover,  the 
discs  extend  substantially  to  the  inner  circumfer- 
ence  50  of  the  housing  22  creating  a  nip  51  therebe- 
tween.  Operation  of  the  drive  motor  38  causes  rota- 

45  tion  of  the  shafts  24,  26  in  opposite  directions 
(shown  by  arrows  in  Fig.  2)  which  causes  the  over- 
lapping  faces  of  the  intermeshing  discs  48  to  move 
with  respect  to  one  another  and  the  circumference 
of  the  discs  48  to  move  with  respect  to  the  fixed 

50  housing  interior  50. 
The  polymer  material  enters  the  housing  22 

through  a  port  52  in  the  upstream  end  cap  28  of  the 
housing  22.  Line  16  is  connected  to  port  52  by  a  suit- 
able  fitting  (not  shown).  The  foaming  gas  delivered 

55  to  the  housing  through  line  16  enters  through  an 
opening  54  in  the  housing  wall  22.  Line  16  is  connect- 
ed  to  opening  54  by  a  suitable  pressurized  hose  fit- 
ting  55.  As  stated,  alternatively  the  opening  54 
could  be  placed  in  the  material  line  12  or  end  cap  28 

60  or  the  roaming  gas  could  be  injected  through  a  po- 
rous  end  plate  into  the  material  in  the  housing.  As 
best  seen  in  Figs.  3  and  4,  the  upstream  discs  48 
(i.e.,  those  disposed  toward  the  end  cap  28)  are 
more  closely  spaced  to  one  another  than  the  down- 

65  stream  discs.  This  progressively  increasing  spac- 

by  Eastman  Chemical  Company.  One  is  "Eastabond 
A-3"  having  a  viscosity  of  2200  mPa-s  at  180°C 
(350°F).  The  other  is  "Eastabond  A-32"  having  a 
viscosity  of  35,000-40,000  mPa-s  at  180°C  (350°F). 

Another  one  of  the  operative  examples  which  fol- 
lows  shows  the  foaming  of  a  polyisobutylene-based 
thermoplastic  sealing  and  caulking  material  sold  by 
Tremco  Company  under  the  name  Tremco  Butyl  Seal- 
ant  JS-792. 

In  addition  to  the  variability  in  polymer  formula- 
tions,  different  types  of  gases  may  be  employed  in 
the  practice  of  this  invention  including  air,  nitrogen, 
oxygen,  carbon  dioxide,  methane,  ethane,  butane, 
propane,  helium,  argon,  neon,  fluorocarbons  such 
as  dichlorodifluoroethane,  monochlorotrifluoro- 
methane,  or  other  gases,  or  mixtures  of  any  of 
these  gases.  Such  gases  can  be  varied  again  ac- 
cording  to  the  types  of  polymers  materials  em- 
ployed,  conditions  and  availability  of  materials. 

Referring  now  to  Fig.  1  of  the  drawings,  a  sche- 
matic  illustration  of  the  system  for  performing  the 
method  of  this  invention  is  shown.  The  apparatus 
employs  a  bulk  source  of  polymeric  material  such  as 
a  bulk  melter  10  containing  heating  means  for  liquify- 
ing  a  solid  or  semi-solid  polymer  material  and  pump- 
ing  it  from  the  tank.  An  example  of  a  bulk  melter  is 
shown  in  U.S.  Patent  No.  4  073  409  also  assigned 
to  the  assignee  of  this  invention  and  that  descrip- 
tion  is  incorporated  herein  by  reference.  The  pump 
is  a  cartridge-type  gear  pump,  however,  any  pump 
capable  of  providing  sufficient  pressure  to  pump 
the  material  from  the  bulk  container  is  suitable.  This 
could  include  a  dual  axis  screw  pump  integrated  with 
the  disc  mixer.  Alternatively,  hot  melt  could  be  pro- 
vided  from  conventional,  commercially  available  hot 
melt  dispensers.  When  employing  heat-sensitive  or 
curable  material,  the  source  of  polymer  material  is 
of  course  not  heated. 

The  material  to  be  foamed  is  conveyed  through 
line  12,  which  may  be  a  hose  capable  of  conveying 
heated  material  under  pressure,  to  the  upstream 
end  of  a  disc  mixer  14  where  it  is  injected  into  the  mix- 
er. 

The  foaming  gas  is  supplied  to  the  disc  mixer  from 
a  pressurized  gas  supply  15  through  a  gas  line  16.  A 
pressure  regulator  18  and  flow  meter  20  in  line  16 
permit  control  of  gas  pressure  and  flow  rate  to  the 
mixer  14.  As  shown  in  Fig.  1,  the  gas  may  be  supplied 
to  the  system  through  several  alternative  paths. 
One  is  to  fill  the  mixer  only  partially  full  with  polymer 
material  and  to  fill  the  head  space  in  the  disc  mixer 
over  the  polymer  material  with  gas  from  line  16 
(shown  in  solid)  to  a  desired  pressure  whereupon  in 
the  mixer  the  polymeric  material  to  be  foamed  en- 
trains  the  gas  from  the  head  space  on  operation  of 
the  mixer  to  form  the  polymer/gas  solution.  An  alter- 
native  gas  flow  path  16a  (shown  in  dotted)  is  to  me- 
ter  gas  bubbles  into  the  line  12  supplying  the  poly- 
meric  material  to  the  mixer  14  such  that  the  gas  and 
polymer  enter  the  mixer  together  and  completely  fill 
it  for  placing  the  gas  into  solution  in  the  polymer  in 
the  mixer.  Another  alternative  16b  (also  shown  in 
dotted)  is  to  have  a  porous  end  plate  in  the  mixer 
and  to  supply  gas  bubbles  through  the  porous  end 
plate  to  the  mixer  14,  which  is  completely  filled  with 
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ing  of  the  intermeshing  discs  with  respect  to  one  an- 
other  from  upstream  end  to  downstream  end  may 
provide  some  advantage  in  conveying  material 
along  the  housing,  particularly  the  more  highly  vis- 
cous  materials.  However,  it  is  not  believed  that  the 
disc  spacing  is  critical,  and  this  invention  equally 
contemplates  uniform  spacing  of  the  discs  one  with 
another. 

A  material  outlet  in  the  form  of  a  dip  tube  56  ex- 
tends  through  the  housing  wall  22  at  the  downstream 
end  of  the  housing  to  a  level  of  at  least  the  center 
line  of  the  shafts  24,  26.  The  dip  tube  56  permits  the 
polymer  material  having  gas  mixed  in  solution  there- 
with  and  being  under  pressure  in  the  housing  to  exit 
up  the  dip  tube  56  and  be  conveyed  to  a  dispensing 
nozzle.  That  is,  in  the  embodiment  shown  in  the  draw- 
ings,  the  interior  of  the  housing  is  filled  to  a  level  on- 
ly  to  the  top  of  the  shafts  with  the  space  or  head 
above  the  material  being  filled  with  foaming  gas 
pressurized,  e.g.,  to  2.07-2.41-106  N/m2  (300-350 
psi).  This  pressure  forces  the  material  up  the  dip 
tube  56  and  to  the  dispensing  nozzle.  Since  the  dip 
tube  56  extends  down  to  the  centerline  of  the 
shafts,  it  is  assured  that  gas  in  the  head  space 
does  not  inadvertently  enter  the  dip  tube  which 
otherwise  would  interrupt  the  flow  of  material  and 
cause  sputtering.  A  sight  glass  58  extending 
through  the  housing  wail  22  can  be  used  to  visually 
observe  the  material  to  control  the  material  level. 
Likewise,  the  torque  sensor  42  can  be  used  to 
sense  and  thus  control  the  level  of  material  in  the 
housing. 

Alternatively,  the  housing  can  be  completely 
filled  with  material  as  when  gas  is  injected  through 
lines  16a  or  16b.  In  this  case,  the  delivery  pressure 
of  the  material  to  the  mixer  can  be  used  to  force  the 
material/gas  solution  out  of  the  mixer  and  to  the  dis- 
pensing  nozzle. 

The  housing  22  may  be  heated  if  desired,  for  ex- 
ample,  in  a  temperature  range  of  20°C  to  320°C 
(70°F  to  600°F)  by  means  of  a  band  heater  60. 
Ports  62  may  be  provided  along  the  length  of  the 
housing  for  insertion  of  thermocouples  to  measure 
the  temperature  of  material  within  the  housing. 

The  rotating  action  of  the  intermeshing  discs  48 
is  believed  to  apply  a  positive  pressure  to  the  vis- 
cous  polymer  which  continuously  pumps  or  forces 
the  polymer  from  one  end  of  the  housing  from  the 
inlet  52  along  the  length  of  the  housing  22  to  the 
downstream  end  of  the  housing  where  it  is  dis- 
charged  through  the  dip  tube  56.  The  pumping 
pressure  exerted  on  the  viscous  polymer  by  the 
intermeshing  discs  is  greatest  at  the  lower  nip  of  the 
discs.  A  stator  64  in  the  bottom  of  the  housing  22 
having  a  cross  section  closely  conforming  to  the 
radius  of  the  discs  at  the  lower  nip  of  the  discs 
prevents  substantial  bypassing  of  the  material 
through  the  lower  nip  of  the  discs.  Rather,  on  rota- 
tion  of  the  disc,  the  polymer  tends  to  adhere  to  the 
surface  of  the  disc  and  thus  is  picked  up  from  the 
bottom  of  the  housing  and  brought  to  the  upper 
surface.  When  gas  is  injected  into  a  head  space 
above  the  disc,  the  polymer  brought  to  the  surface 
is  exposed  to  the  gas  creating  fresh  contacting 
surface  for  entraining  the  gas  in  the  polymer.  Thus, 

a  "finger"  of  gas  is  drawn  below  the  static  fluid  level 
following  the  flow  of  the  fluid  and  with  proper  disc 
geometry  mixes  and  dissolves  in  the  polymer.  The 
disc  mixer  both  breaks  up  large  bubbles  of  gas  in 

5  the  polymer  and  also  entrains  very  small  gas 
bubbles  at  the  nip  51.  Where  gas  bubbles  are  added 
to  the  polymer  either  as  the  polymer  is  metered  into 
the  disc  mixer  or  through  the  upstream  end  of  the 
mixer,  rotation  of  the  discs  causes  stretching  of  the 

10  gas  bubbles  generating  surface  area  for  dissolu- 
tion  to  occur.  Thus,  with  a  high  viscosity,  high  mo- 
lecular  weight  polymer,  rotation  of  the  discs  main- 
tains  laminar  flow  of  the  polymer  material  creating 
surface  by  separating  the  fluid  along  its  flow  lines. 

15  This  generates  maximum  surface  area  with  a  mini- 
mum  amount  of  work  and  thus  minimum  power  con- 
sumption  in  the  mixing  operation. 

Although  the  Figures  show  the  orientation  of  the 
disc  mixer  to  be  one  where  the  shafts  on  which  the 

20  discs  are  mounted  are  substantially  horizontally  dis- 
posed,  that  particular  orientation  is  not  critical.  It  is 
of  course  necessary  to  have  the  shafts  horizontal 
when  a  gas  head  space  is  created  above  the  poly- 
mer  material.  However,  where  the  foaming  gas  is 

25  mixed  with  the  polymer  either  before  or  at  the  time  of 
its  injection  into  the  disc  mixer,  the  mixer  can  be  on  a 
vertical  axis  with  either  the  upstream  or  downstream 
end  at  the  higher  elevation  or  in  any  orientation 
therebetween  since  the  polymer  material  fills  the  in- 

30  terior  in  the  housing.  Moreover,  the  number  of 
discs  used  and  their  diameter,  thickness  and  spac- 
ing  can  be  altered  depending  on  the  viscosity  of  the 
material  being  handled  and  desired  throughput 
rates.  Thus,  it  is  believed  that  with  relatively  low 

35  viscosity  materials  on  the  order  of  500  to  5,000 
mPa-s  a  large  number  of  relatively  small  thin  discs 
in  a  smal  volume  unit  operated  at  a  high  shaft  rpm 
would  be  suitable.  With  higher  viscosity  materials 
on  the  order  of  5000  to  3,000,000  mPa-s,  fewer 

40  large  diameter  discs  spaced  further  apart  and  oper- 
ated  at  lower  speeds  could  be  used. 

Still  further,  the  disc  mixer  is  subject  to  a  number 
of  variations.  For  example,  it  is  not  necessary  that 
both  shafts  be  rotated.  Rather,  mixing  has  been  suc- 

45  cessfully  carried  out  by  rotating  only  one  of  the 
shafts  24,  26  such  that  the  discs  on  the  rotating 
shaft  intermesh  with  the  fixed,  non-rotating  discs  on 
the  other  shaft.  This  demonstrates  that  successful 
mixing  can  be  accomplished  by  intermeshing  discs, 

50  one  set  being  on  a  rotor  and  the  other  on  a  stator. 
Also,  the  present  invention  contemplates  a  number 
of  shafts  (greater  than  the  two  shown  in  the  Fig- 
ures)  carrying  discs  which  intermesh  with  the  discs 
on  adjacent  shafts.  In  accordance  with  the  princi- 

55  pies  stated,  some  of  these  shafts  may  be  operated 
as  rotors  and  some  as  stators  or  all  as  rotors. 

In  the  embodiment  of  the  invention  wherein  the 
housing  22  is  adapted  to  be  filled  completely  with  po- 
lymer,  it  is  contemplated  that  a  second  stator  be  lo- 

60  cated  within  the  housing  22  having  a  contour  similar 
to  that  of  stator  64  and  opposite  thereto.  These  sta- 
tors  are  believed  to  reduce  the  presence  of  eddies 
and  stagnant  material  areas  that  otherwise  de- 
crease  the  efficiency  of  the  mixing  unit.  Thus  al- 

65  though  desirable  in  this  regard,  they  are  not  abso- 
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intermediate  molecular  weight  branch  polyethylene 
based  adhesive,  Eastabond  A-32,  again  manufac- 
tured  by  Eastman  Chemical  Company.  This  material, 
which  is  a  hot  melt  adhesive,  had  a  viscosity  on  the 

5  order  of  35,000  to  40,000  mPa-s  as  measured  by  a 
Brookfield  Viscometer  at  180°C  (350°F).  It  was  in- 
jected  into  the  disc  mixer  at  a  temperature  of  1  80°C 
(350°F)  and  a  pressure  of  2.07  to  3.79-1  06N/m2 
(300  to  550  psig).  The  flow  rate  into  the  mixture  was 

1  0  between  6.75  and  1  8  kg  (1  5  and  40  pounds)  per  hour. 
Carbon  dioxide  at  21  °C  (70°F)  and  9.65  to  10.0-106 
N/m2  (1400  to  1450  psig)  was  metered  into  the  poly- 
mer  stream  at  a  rate  of  0.12  to  0.26  kg  (0.26  to  0.58 
pounds)  per  hour  upstream  of  the  mixer.  This  was 

15  accomplished  by  inserting  a  porous  steel  tube  in  the 
polymer  material  flow  line  to  the  mixer.  The  porous 
tube  communicated  with  the  source  of  gas  under 
pressure.  The  polymer  material  stripped  the  gas 
bubbles  off  the  surface  of  the  porous  tube  as  it 

20  flowed  by. 
The  material  with  foaming  gas  added  then  entered 

the  mixer  and  passed  therethrough  with  a  flow  rate 
from  the  mixer  of  6.3  to  18  kg  (14  to  40  pounds)  per 
hour.  The  mixer  was  operated  at  1  80°C  (350°F)  and 

25  the  material  was  dispensed  from  the  top  of  the  mixer 
to  a  0.1  6  cm  (1/1  6  inch)  nozzle.  The  mixer  was  operat- 
ed  full  so  that  there  was  no  gas  head  in  the  mixer. 
The  shafts  were  rotated  at  about  96  rpm.  The  result- 
ing  foam  had  a  foam  ratio  by  volume  of  between  3:1 

30  and  7:1  .  The  foam  was  homogeneous  although  it  con- 
tained  larger  bubbles  than  in  Example  I.  This  example 
demonstrates  the  continuous  production  of  polymer- 
ic  foams  from  higher  viscosity  hot  melt  adhesives  at 
good  flow  rates  and  good  foam  ratios. 

35 
Example  III 

Ah  apparatus  similar  to  that  illustrated  in  the 
drawing  and  used  in  the  previous  examples  was  also 

40  employed  in  this  example.  Eastabond  A-32  as  used 
in  Example  II  was  mixed  with  Freon  1  14  as  the  foam- 
ing  agent.  The  Freon  was  at  temperature  of  21  °C 
(70°F)  and  9.65  to  10.34*106  N/m2  (1400  to  1500 
psig).  It  was  passed  through  a  porous  steel  tube  as 

45  in  the  previous  example  which  was  contained  within 
the  flow  tube  to  the  mixer  containing  the  hot  melt  ad- 
hesive  such  that  bubbles  were  pulled  off  the  sur- 
face  of  the  porous  tube  by  the  hot  melt  flowing 
thereby.  The  flow  rate  of  the  Freon  was  0.6  kg  (1  .3 

50  pounds)  per  hour  or  abour  3.3%  by  weight  of  poly- 
mer.  Again  the  mixer  was  operated  full  at  about  95 
rpm  shaft  rotation.  A  view  through  the  sight  glass  in 
the  middle  of  the  mixer  indicated  that  essentially  all 
of  the  gas  bubbles  diffused  into  the  polymer  materi- 

55  al  since  there  were  no  visible  bubbles.  The  poly- 
mer/gas  solution  was  again  dispensed  through  the 
top  of  the  mixer  to  a  0.16  cm  (1/16  inch)  dispensing 
nozzle.  The  material  flow  rate  from  the  mixer  was  6.3 
to  18  kg  (14  to  40  pounds)  per  hour.  The  foam  ratio 

60  of  the  material  was  about  5:1  to  8:1  by  volume.  Again 
the  resulting  product  was  a  continuous  homogene- 
ous  foam. 

lutely  necessary  for  mixing. 
The  specific  disc  mixer  used  in  performing  the 

specific  examples  recited  below  was  formed  of 
forged  steel  4140  tubing  33.5  cm  (13.19  inches)  in 
length  and  1  1  .9  cm  (4.685  inches)  in  diameter.  The 
tubing  had  an  external  Watlow  electric  band  tape 
heater  permitting  it  to  be  heated  in  the  range  of 
20°C  to  320°C  (70°F  to  600°F).  Two  shafts  extend- 
ed  through  the  housing  as  shown  in  Fig.  3  of  the 
drawings.  Each  shaft  carried  11  solid  steel  discs 
6.67  cm  (2.625  inches)  in  diameter  and  0.64  cm  (0.25 
inches)  in  thickness.  The  discs  were  spaced  on  the 
shafts  to  form  three  stages.  In  the  first  stage,  the 
discs  were  1.27  cm  (0.5  inches)  apart;  in  the  second 
stage,  they  were  1.91  cm  (0.75  inches)  apart;  and  in 
the  third  stage,  they  were  2.54  cm  (1  inch)  apart. 
The  discs  were  driven  by  an  electric  motor  manufac- 
tured  by  Hampton  Products  Company,  Inc.  having  a 
variable  horsepower  from  0  to  3.  It  was  typically  op- 
erated  at  less  than  0.5  horsepower.  The  rpm's  of 
the  shaft  could  be  varied  from  0  to  175  rpm  but  were 
typically  operated  at  100  rpm  area.  The  material  was 
delivered  to  a  nozzle  for  dispensing  which  varied 
between  0.16  cm  and  0.48  cm  (1/16  and  3/16  inch)  in 
internal  diameter  and  1  .91  cm  and  3.81  cm  (3/4  and  1 
1/2  inch)  in  length  depending  on  the  material  and 
pressures  involved. 

Example  I 

The  apparatus  of  the  drawings  having  the  physi- 
cal  parameters  described  above  was  operated  for 
foaming  Eastabond  A-3.  Eastabond  A-3  is  a  low  mo- 
lecular  weight  branched  polyethylene-based  hot 
melt  adhesive  composition  manufactured  by  East- 
man  Chemical  Company.  Its  viscosity,  as  measured 
by  a  Brookfield  Viscometer,  was  2200  mPa-s  at 
180°C  (350°F).  The  material  was  supplied  to  the  mix- 
er  at  a  pressure  of  4.83  to  5.1-106  N/m2  (700  to  740 
psi)  at  an  average  flow  rate  into  the  mixer  of  36  kg 
(80  pounds)  per  hour.  Nitrogen  gas  at  a  tempera- 
ture  of  21  °C  (70°F  and  a  pressure  of  5.48-106  N/m2 
(800  psig)  was  added  to  the  polymer  stream  up- 
stream  of  the  mixer  (line  16a  of  Fig.  1)  so  that  both 
polymer  and  gas  entered  the  mixer  through  the  poly- 
mer  inlet  52.  The  mixer  was  operated  at  about  160 
rpm  shaft  rotation.  The  material  passed  through  the 
mixer  and  was  dispensed  through  the  dip  tube  to  a 
dispensing  nozzle.  The  temperature  of  the 
gas/polymer  solution  exiting  the  mixer  was  180°C 
(350-F).  The  overall  flow  rate  of  material  from  the 
mixer  was  on  the  order  of  36  kg  (80  pounds)  per 
hour.  The  resulting  product  was  a  continuous, 
creamy,  very  homogeneous  foam  with  small  bubbles 
contained  therein.  The  foam  ratio  by  volume  (ratio 
of  volume  of  material  occupied  after  foaming  to  vol- 
ume  occupied  before  foaming)  was  2.26:1  .  This  ex- 
ample  thus  illustrates  the  foaming  of  a  lower  viscosi- 
ty  hot  melt  adhesive  at  180°C  (350°F)  to  form  a  ho- 
mogeneous  adhesive  foam. 

Example  II 

The  apparatus  essentially  like  that  of  the  drawing 
and  used  in  Example  I  was  operated  for  foaming  an 65 
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Example  IV 

An  apparatus  similar  to  that  illustrated  in  the 
drawing  and  used  in  the  previous  examples  was  also 
employed  in  this  example  to  foam  a  polyisobutylene 
sealant  manufactured  by  Tremco  Company,  JS-792. 
This  material  had  a  viscosity  of  500,000  to  700,000 
mPa*s  as  measured  by  a  Brookfield  Viscometer  at  a 
temperature  of  190°C  (375°F).  The  material  was  in- 
troduced  into  the  mixer  through  the  material  inlet  at 
the  upstream  end  of  the  mixer  at  a  rate  of  4.5  to  13.5 
kg  (10  to  30  pounds)  per  hour.  Three  different  gas- 
es  were  used  for  foaming:  CO2,  N2  and  He.  That  is, 
a  different  gas  was  used  in  three  separate  experi- 
ments.  Each  was  supplied  into  the  head  space 
above  the  material  in  the  mixer.  The  CO2  and  He  gas 
was  supplied  at  a  pressure  of  1.72*1  06  N/m2  (250 
psig)  and  the  N2  gas  at  3.45*106  N/m2  (500  psig). 
The  flow  rates  for  CO2,  N2  and  He  gas  were  on  the 
order  of  1%,  0.5%  and  1%  by  weight  of  polymer,  re- 
spectively.  The  polymer/gas  solution  was  dispensed 
at  a  temperature  of  213°C  (415°F)  through  the  bot- 
tom  of  the  mixer  for  CO2  and  N2  gas  and  through 
the  top  for  He.  The  foam  ratios  for  CO2,  N2  and  He 
gas  used  were  2.5:1  to  4:1,  2:1  and  1.5:1,  respective- 
ly.  The  resulting  mixture  in  each  case  was  an  elastic 
foam  which  collapsed  with  time.  The  half  life  of  the 
foam  (time  to  be  reduced  in  volume  by  50%)  was  on 
the  order  of  15  to  30  minutes. 

Example  V 

An  apparatus  similar  to  that  illustrated  in  the 
drawing  was  also  employed  in  this  example  to  demon- 
strate  the  foaming  of  a  relatively  highly  viscous  po- 
lymer  material.  Dow  Corning  734  Silastic  RTV  manu- 
factured  by  Dow  Corning  Company  was  foamed  in 
this  example.  This  material  is  a  thermosetting  RTV 
silicone  rubber.  Its  viscosity  was  greater  than 
1,000,000  mPa-s.  The  material  was  supplied  to  the 
mixer  at  a  pressure  of  1.72*1  06N/m2  (250  psig)  and  a 
flow  rate  of  about  2.25  kg  (5  pounds)  per  hour  at  a 
maximum  temperature  of  10°C  (50°F).  Nitrogen  gas 
at  a  temperature  of  21  °C  (70°F)  and  a  pressure  of 
1.72*106  N/m2  (250  psig)  was  introduced  into  the 
head  space  above  the  polymer  in  the  mixer.  The  ma- 
terial  exited  the  top  of  the  mixer  at  a  temperature  of 
less  than  27°C  (80°F).  It  was  dispensed  through  a 
0.1  6  cm  (1/1  6  inch)  nozzle.  The  flow  rate  from  the  mix- 
er  was  on  the  order  of  2.25  kg  (5  pounds)  per  hour 
and  the  foam  produced  had  a  foam  ratio  of  2.2:1  . The  resulting  product  was  a  tough,  resilient  foam 
rubber  having  gas  cells  up  to  0.1  6  cm  (1/1  6  inch)  in  di- 
ameter.  This  example  demonstrates  the  efficacy  of 
the  present  apparatus  and  method  of  this  invention 
in  forming  acceptable  foams  of  relatively  high  vis- 
cosity  polymer  materials,  i.e.,  those  exceeding 
1,000,000  mPa*s  at  acceptable  throughputs  with  min- 
imal  and  acceptable  temperature  rise  of  the  polymer 
material. 

Experimental  work  has  shown  that  polymeric  mate- 
rials  can  be  foamed  with  relatively  low  horsepower 
requirements  and  minimal  and  therefore  acceptable 
temperature  rise  of  the  material.  For  example,  East- 
abond  A-3  was  foamed  at  a  horsepower  require- 

ment  of  0.02.  Based  on  this  measured  energy  input 
and  the  heat  capacity  of  the  material,  this  translates 
to  a  temperature  rise  of  only  0.55°C  (1.4°F)  at  a 
throughput  rate  of  27  kg  (60  pounds)  per  hour.  A 

5  thermoplastic  butyl  sealant  such  as  Tremco  JS-792 
required  only  0.07  horsepower  and  would  result  in  a 
temperature  rise  at  a  flow  rate  of  27  kg  (60  pounds) 
per  hour  of  only  2.83°C  (5.1  °F).  The  high  viscosity 
silicone  materials  such  as  Dow  Corning  732  Silicone 

10  RTV  was  foamed  at  a  horsepower  requirement  of 
only  0.12  and  would  result  in  a  temperature  rise  of 
only  4.83°C  (8.7°F)  at  a  throughput  rate  of  27  kg 
(60  pounds)  per  hour.  It  has  been  calculated  by  con- 
trast  that  a  paddle  driven  by  a  one  horsepower  mo- 

15  tor  would  raise  the  temperature  of  the  silicone  RTV 
sealant  well  in  excess  of  37.8°C  (100°F).  Thus,  the 
present  invention  provides  a  method  and  apparatus 
for  efficiently  foaming  relatively  high  viscosity 
polymeric  materials  with  minimal  horsepower  require- 

20  ments  and  in  turn  minimal  and  acceptable  tempera- 
ture  rise  of  the  material. 

The  foams  produced  by  this  invention  have  a 
wide  variety  of  uses.  They  may  be  injected  and  mold- 
ed,  used  for  adhesive  applications,  foamed  in  situ 

25  to  seal  openings,  seams  and  cracks,  or  foamed  in 
situ  as  part  of  a  manufacturing  process  such  as 
forming  gaskets  and  seals  in  place. 

The  advantages  of  the  present  invention  can  be 
additionally  appreciated  by  recognizing  that  cur- 

30  rently  silicone  RTV  rubbers  are  foamed  only  by  us- 
ing  expensive  specialty  ingredients  and  a  platinum 
catalyst.  The  high  cost  of  the  material  makes  its  us- 
es  extremely  limited.  The  present  invention  on  the 
other  hand  provides  highly  efficient  and  low  cost 

35  foaming  of  polymeric  material  for  a  wide  variety  of 
applications  extending  from  hot  melt  adhesives 
through  the  high  viscosity  thermosetting  sealants 
and  caulkings.  Moreover,  many  of  these  polymeric 
materials  contain  fillers  which  cause  wear  when 

40  pumped  through  a  gear  pump.  For  example,  Tremco 
JS-792  butyl  sealant  is  35%  filled.  Similar  wear  is 
not  a  problem  with  the  disc  mixing  apparatus  of  this 
invention. 

It  will  be  recognized  that  a  wide  variety  of  multiple 
45  shaft  and  disc  configurations  may  be  adopted  de- 

pending  on  the  polymer  material  being  foamed  and 
on  the  throughout  rates  desired.  It  will  also  be  rec- 
ognized  that  there  may  be  a  number  of  variations  of 
a  flat  disc  which  also  achieve  laminar  flow  of  the 

50  polymer  as  opposed  to  turbulent  mixing  including  a 
spoked-wheel  configuration.  However,  those  varia- 
tions  which  nevertheless  produce  laminar  flow  are 
intended  to  be  encompassed  by  the  term  "disc"  used 
herein.  It  will  be  further  recognized  that  the  present 

55  invention  can  foam  materials  having  viscosities 
from  several  thousand  up  to  3,000,000  mPa*s.  How- 
ever,  below  about  10,000  mPa*s,  it  is  usually  more 
efficient  to  use  a  gear  pump  for  foaming.  Thus,  the 
present  invention  finds  particular  applicability  in 

60  foaming  materials  above  10,000  mPa*s  and  typically 
above  30,000  mPa*s  where  throughput  rates  using 
a  gear  pump  drop  off  dramatically. 

65 
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polymer  in  directions  parallel  to  said  flat  surface. 
9.  The  method  as  claimed  in  claim  8  wherein  two 

said  elements  (48)  are  moved  relative  to  each  other 
and  in  directions  parallel  to  their  flat  surfaces. 

5  10.  The  method  as  claimed  in  claim  9  wherein  the 
motion  of  said  elements  is  provided  by  a  series  of 
flat  discs  (48)  fixed  on  a  pair  of  rotatable  parallel 
spaced  axes  (24,  26),  said  discs  on  one  axis  in- 
termeshing  with  the  discs  on  the  other  axis. 

10  11.  The  method  as  claimed  in  claim  8  wherein  said 
material  flows  through  said  chamber  (22)  and  the  di- 
rection  of  flow  of  said  material  is  substantially  per- 
pendicular  to  the  direction  of  movement  of  said  flat 
surface  through  said  polymer. 

15  12.  The  method  of  claim  6  wherein  said  gas  is  intro- 
duced  into  a  head  space  above  said  polymer  materi- 
al  and  wherein  said  material  entrains  said  gas  from 
said  head  space. 

13.  The  method  of  claim  6  wherein  said  gas  is  intro- 
20  duced  into  said  polymer  material  as  gas  bubbles. 

14.  The  method  of  claim  6  wherein  said  polymer 
material  is  a  thermoplastic  adhesive  and  wherein 
said  method  includes  the  step  of  heating  solid  ther- 
moplastic  adhesive  to  convert  it  to  a  fluid  state. 

25 

Patentanspriiche 

1.  Vorrichtung  zur  Vermischung  eines  Gases  mit 
30  einer  fluiden  Polymersubstanz  zur  Bildung  einer  Po- 

Iymer/Gas-L6sung  bei  einem  Druck,  der  uber  dem 
atmospharischen  Druck  liegt,  mit  zwei  im  wesentli- 
chen  parallelen,  gegensatzlich  angetriebenen  Wel- 
len  (24,  26),  mit  einem  die  Wellen  (24,  26)  umgeben- 

35  den  Gehause,  mit  EinlaBmitteln  (16,  28,  52)  fur  die 
Polymersubstanz  an  einem  Ende  des  Gehauses 
(22),  mit  AuslaBmitteln  (56)  fur  die  Polymer/Gas-L6- 
sung  an  dem  anderen  Ende  des  Gehauses  (22),  mit 
Mitteln  (54)  zum  Einfuhren  eines  Gases  in  das  Ge- 

40  hause  (22),  und  mit  Mitteln  (38,  44,  46)  zum  Antrieb 
der  Wellen  (24,  26)  zur  Vermischung  des  Gases  mit 
dem  Polymer  zur  Erzeugung  der  Polymer/Gas-L6- 
sung  stromaufwarts  der  AuslaBmittel  (56)  fur  die 
Polymer/Gas-L6sung,  dadurch  gekennzeichnet, 

45  daB  die  Vorrichtung  ferner  eine  Reihe  voneinander 
beabstandeter,  fest  auf  jeder  Welle  und  im  wesentli- 
chen  senkrecht  zu  deren  Achse  befestigte  Schei- 
ben  (48)  aufweist,  wobei  die  Scheiben  der  einen 
Welle  (24)  zwischen  die  Scheiben  der  anderen  Wel- 

50  le  (26)  greifen,  und  wobei  die  Scheiben  der  Langs- 
aufteilung  des  Gehauses  (22)  in  eine  Reihe  von  Ab- 
teilungen  dienen. 

2.  Vorrichtung  nach  Anspruch  1,  in  der  der 
Abstand  zwischen  den  Scheiben  (48)  von  den  Ein- 

55  laBmitteln  (52)  fur  die  Polymersubstanz  zu  den  Aus- 
laBmitteln  (56)  fur  die  Polymer/Gas-L6sung  hin  zu- 
nimmt. 

3.  Vorrichtung  nach  Anspruch  1  ,  in  der  die  Wel- 
len  (24,  26)  im  wesentlichen  horizontal  angeordnet 

60  sind,  das  Gehause  (22)  ein  Innenprofil  besitzt,  das 
eng  an  das  Profil  eines  unteren  bogenformigen  Ab- 
schnitts  der  ineinandergreifenden  Scheiben  (48) 
angepaBt  ist,  und  in  der  die  Mittel  zum  Einfuhren  ei- 
nes  Gases  eine  Offnung  (54)  in  der  Wand  des  Ge- 

65  hauses  (22)  oberhalb  der  Mittellinie  der  Wellen  auf- 

Claims 

1.  Apparatus  for  mixing  gas  with  a  fluid  polymer 
material  to  form  a  polymer/gas  solution  at  a  pres- 
sure  above  atmospheric  pressure,  comprising  a 
pair  of  substantially  parallel,  oppositely  driven 
shafts  (24,  26),  a  housing  (22)  surrounding  said 
shafts  (24,  26),  polymer  material  inlet  means  (16,  28, 
52)  at  one  end  of  said  housing  (22),  polymer/gas  so- 
lution  outlet  means  (56)  at  the  other  end  of  said 
housing  (22),  means  (54)  for  introducing  a  gas  into 
said  housing  (22)  and  means  (38,  44,  46)  for  driving 
said  shafts  (24,  26)  to  cause  mixing  of  said  gas  with 
said  polymer  to  form  said  polymer/gas  solution  up- 
stream  of  said  polymer/gas  solution  outlet  means 
(56),  characterized  by  the  apparatus  further  com- 
prising  a  series  of  spaced  discs  (48)  fixedly  mount- 
ed  on  each  shaft  substantially  perpendicularly  to 
the  axis  thereof,  the  discs  on  one  shaft  (24)  in- 
termeshing  with  the  discs  on  the  other  shaft  (26), 
said  discs  serving  to  divide  said  housing  (22)  into  a 
series  of  compartments  along  its  length. 

2.  The  apparatus  of  claim  1  wherein  the  spacing 
between  said  discs  (48)  increases  from  said  poly- 
mer  material  inlet  means  (52)  to  said  polymer/gas  so- 
lution  outlet  means  (56). 

3.  The  apparatus  of  claims  1  wherein  said  shafts 
(24,  26)  are  substantially  horizontally  disposed, 
said  housing  (22)  has  an  interior  contour  corre- 
sponding  closely  to  the  contour  of  a  lower  arcuate 
portion  of  said  intermeshing  discs  (48),  and  said 
means  for  introducing  a  gas  comprises  an  opening 
(54)  in  the  wall  of  said  housing  (22)  above  the  cent- 
er-line  of  said  shafts  whereby  said  gas  fills  a  head 
space  above  the  polymer  material  contained  in  said 
mixer. 

4.  The  apparatus  of  claim  1  wherein  said  means 
for  introducing  a  gas  comprises  a  gas  inlet  (1  6)  con- 
nectable  to  a  source  of  gas  for  introducing  gas  into 
said  polymer  material  upstream  of  said  polymer  inlet 
means  (52). 

5.  The  apparatus  of  claim  1  wherein  said  housing 
(22)  includes  an  interior  contour  (64)  corresponding 
closely  to  the  contour  of  at  least  an  arcuate  portion 
of  said  intermeshing  discs  (48). 

6.  A  method  of  forming  foam  from  polymer  materi- 
als  comprising  the  steps  of:  introducing  polymer  ma- 
terial  into  a  chamber  (22)  in  a  fluid  state,  said  poly- 
mer  having  a  viscosity  greater  than  about  10,000 
mPa»s,  introducing  gas  into  said  chamber  (22),  pres- 
surizing  said  chamber  (22),  mixing  said  polymer  ma- 
terial  in  said  gas  while  under  pressure  substantially 
solely  by  causing  a  laminar  flow  shearing  action  in 
said  material  to  force  said  gas  into  solution  in  said 
polymer  material,  and  dispensing  the  material  and 
gas  solution  at  atmospheric  pressure  to  cause  said 
gas  to  be  released  from  solution  and  form  a  polymer 
foam. 

7.  The  method  as  claimed  in  claim  6  wherein  said 
shearing  action  is  caused  by  moving  a  substantially 
flat  element  (48)  having  a  substantially  flat  surface 
through  said  material  in  directions  parallel  to  said 
flat  surface. 

8.  The  method  as  claimed  in  claim  7  wherein  a  plu- 
rality  of  said  elements  (48)  are  moved  through  said 
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weist,  wodurch  das  Gas  einen  oberen  Raum  uber 
der  in  dem  Mischer  enthaltenen  Polymersubstanz 
fullt. 

4.  Vorrichtung  nach  Anspruch  1  ,  in  der  die  Mittel 
zum  Einfuhren  eines  Gases  einen  GaseinlaB  (16)  5 
aufweist,  der  an  eine  Gasqueile  anschlieBbar  ist,  um 
stromaufwarts  von  den  EinlaBmitteln  fur  die  Poly- 
mersubstanz  Gas  in  die  Polymersubstanz  einzufuh- 
ren. 

5.  Vorrichtung  nach  Anspruch  1,  in  der  das  Ge-  10 
hause  (52)  ein  Innenprofil  (64)  beinhaltet,  welches 
eng  an  das  Profil  wenigstens  eines  bogenformigen 
Abschnitts  der  ineinandergreifenden  Scheiben  (48) 
angepaBt  ist. 

6.  Verfahren  zur  Bildung  von  Schaum  aus  Poly-  15 
mersubstanzen  mit  den  folgenden  Verfahrens- 
schritten:  Einfuhren  einer  Polymersubstanz  in  ei- 
nem  fluiden  Zustand  in  eine  Kammer  (22),  wobei  das 
Polymer  eine  Viskositat  groBer  als  etwa  10.000 
mPa*s  besitzt,  Einfuhren  eines  Gases  in  die  Kam-  20 
mer  (22),  Beaufschlagen  der  Kammer  (22)  mit 
Druck,  Vermischung  der  Polymersubstanz  in  dem 
Gas  wahrend  der  Druckbeaufschlagung,  im  wesent- 
lichen  allein  durch  Erzeugen  eines  Laminarstro- 
mungs-Abschervorgangs  in  der  Substanz,  und  25 
Verteilen  der  Substanz/Gas-L6sung  unter  atmo- 
spharischem  Druck,  um  ein  Freiwerden  des  Gases 
aus  der  Losung  zu  verursachen  und  Polymer- 
schaum  zu  bilden. 

7.  Verfahren  nach  Anspruch  6,  in  dem  der  Ab-  30 
schervorgang  durch  Bewegung  eines  im  wesentli- 
chen  ebenen  Elements  (48)  verursacht  wird,  wel- 
ches  eine  im  wesentlichen  ebene  Oberflache  durch 
die  Substanz  hindurch  besitzt,  in  zu  der  ebenen 
Oberflache  parailelen  Richtungen.  35 

8.  Verfahren  nach  Anspruch  7,  in  dem  eine  Viei- 
zahl  der  Elemente  (48)  in  zu  der  ebenen  Oberflache 
parailelen  Richtungen  durch  das  Polymer  bewegt 
werden. 

9.  Verfahren  nach  Anspruch  8,  in  dem  zwei  Ele-  40 
mente  (48)  relativ  zueinander  und  in  zu  ihren  ebe- 
nen  Oberflachen  parailelen  Richtungen  bewegt  wer- 
den. 

10.  Verfahren  nach  Anspruch  9,  in  dem  die  Bewe- 
gung  der  Elemente  durch  eine  Reihe  von  ebenen  45 
Scheiben  (48)  erreicht  wird,  die  auf  zwei  drehbaren 
und  parallel  voneinander  beabstandeten  Wellen 
(24,  26)  befestigt  sind,  wobei  die  Scheiben  einer 
Welle  zwischen  die  Scheiben  der  anderen  Weile 
greifen.  50 

11.  Verfahren  nach  Anspruch  8,  in  dem  die  Sub- 
stanz  durch  die  Kammer  (22)  flieBt  und  die  FlieBrich- 
tung  der  Substanz  im  wesentlichen  senkrecht  zu 
der  Bewegungsrichtung  der  ebenen  Oberflache 
durch  das  Polymer  verlauft.  55 

12.  Verfahren  nach  Anspruch  6,  in  dem  das  Gas 
in  einen  oberen  Raum  oberhalb  der  Polymersub- 
stanz  eingefuhrt  wird  und  in  dem  die  Substanz  das 
Gas  aus  dem  oberen  Raum  mitreiBt. 

13.  Verfahren  nach  Anspruch  6,  in  dem  das  Gas  60 
in  die  Polymersubstanz  in  Form  von  Gasblasen  ein- 
gefuhrt  wird. 

14.  Verfahren  nach  Anspruch  6,  in  dem  die  Poly- 
mersubstanz  aus  einem  thermoplastischen  Kleber 
besteht  und  in  dem  das  Verfahren  den  Verfahrens-  65 

schritt  der  Erwarmung  eines  festen  thermoplasti- 
schen  Klebers  enthalt,  um  ihn  in  einen  fluiden  Zu- 
stand  uberzufuhren. 

Revendications 

1  .  Appareil  pour  meianger  un  gaz  avec  un  mate- 
riau  polymere  fluide  pour  former  une  solution  poly- 
mere/gaz  a  une  pression  superieure  a  la  pression 
atmospherique,  comportant  deux  arbres  sensible- 
ment  paralleles  (24,  26)  entrames  en  sens  inverse, 
un  carter  (22)  entourant  lesdits  arbres  (24,  26),  des 
moyens  d'entree  de  materiau  polymere  (16,  28,  52)  a 
une  extr§mite  dudit  carter  (22),  des  moyens  de  sor- 
tie  de  la  solution  polymere/gaz  (56)  a  I'autre  extremi- 
te  dudit  carter  (22),  des  moyens  (54)  pour  introduire 
un  gaz  dans  ledit  carter  (22)  et  des  moyens  (38,  44, 
46)  pour  entraTner  lesdits  arbres  (24,  26)  et  provo- 
quer  le  melange  dudit  gaz  avec  ledit  polymere  en 
formant  ladite  solution  polymere/gaz  en  amont  des- 
dits  moyens  de  sortie  de  la  solution  polymere/gaz 
(56),  caracterise'  en  ce  que  I'appareil  comporte  en 
outre  une  serie  de  disques  espaces  (48)  montes 
fixes  sur  chaque  arbre  de  facon  sensiblement  per- 
pendiculaire  a  leur  axe,  les  disques  d'un  arbre  (24) 
§tant  engages  entre  les  disques  de  I'autre  arbre 
(26),  lesdits  disques  servant  a  diviser  ledit  carter 
(22)  en  une  serie  de  compartiments  suivant  sa  lon- 
gueur. 

2.  Appareil  selon  la  revendication  1,  dans  lequel 
I'espacement  entre  lesdits  disques  (48)  crott  depuis 
lesdits  moyens  d'entree  de  materiau  polymere  (52) 
vers  lesdits  moyens  de  sortie  de  solution  polyme- 
re/gaz  (56). 

3.  Appareil  selon  la  revendication  1,  dans  lequel 
lesdits  arbres  (24,  26)  sont  disposes  de  facon  sen- 
siblement  horizontale,  ledit  carter  (22)  ayant  un  con- 
tour  interieur  correspondant  etroitement  au  contour 
d'une  partie  inferieure  incurvee  desdits  disques  en- 
gages  entre  eux  (48),  et  lesdits  moyens  pour  intro- 
duire  un  gaz  comportant  un  orifice  (54)  dans  la  pa- roi  dudit  carter  (22)  au-dessus  de  I'axe  desdits  ar- 
bres,  ce  qui  fait  que  ledit  gaz  remplit  un  espace  de 
tete  au-dessus  du  materiau  polymere  contenu  dans 
ledit  melangeur. 

4.  Appareil  selon  la  revendication  1,  dans  lequel 
lesdits  moyens  pour  introduire  un  gaz  comportent 
une  entree  de  gaz  (16)  pouvant  etre  raccordee  a 
une  source  de  gaz  pour  introduire  un  gaz  dans  ledit 
materiau  polymere  en  amont  desdits  moyens  d'en- 
tree  de  polymere  (52). 

5.  Appareil  selon  la  revendication  1,  dans  lequel 
ledit  carter  (22)  comprend  un  contour  interieur  (64) 
correspondant  §troitement  au  contour  d'au  moins 
une  partie  incurvee  desdits  disques  engages  entre 
eux  (48). 

6.  Procede  pour  former  une  mousse  a  partir  de 
materiaux  polymeres,  comportant  les  §tapes:  d'intro- 
duction  d'un  materiau  polymere  a  I'etat  fluide  dans 
une  chambre  (22),  ledit  polymere  ayant  une  viscosi- 
te  superieure  a  10.000  mPa«s,  d'introduction  d'un 
gaz  dans  ladite  chambre  (22),  de  mise  sous  pression 
de  ladite  chambre  (22),  de  melange  dudit  materiau 
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polymere  dans  ledit  gaz  tandis  qu'il  est  sous  pres- 
sion,  essentiellement  en  provoquant  uniquement 
une  action  de  cisaillement  par  ecoulement  laminaire 
dans  ledit  materiau  pour  forcer  ledit  gaz  en  solution 
dans  ledit  materiau  polymere,  et  de  distribution  de  la  5 
solution  de  materiau  et  de  gaz  a  la  pression  atmo- 
spherique  pour  provoquer  le  degagement  dudit  gaz 
a  partir  de  la  solution  et  former  une  mousse  de  poly- 
mere. 

7.  Procede  selon  la  revendication  6,  dans  lequel  10 
ladite  action  de  cisaillement  est  provoquee  en  depla- 
cant  un  element  sensiblement  plat  (48),  presentant 
une  surface  sensiblement  plane,  a  travers  ledit  ma- 
teriau,  dans  des  directions  paralleles  a  ladite  surfa- 
ce  plane.  15 

8.  Procede  selon  la  revendication  7,  dans  lequel 
une  pluralite  desdits  elements  (48)  sont  deplaces  a 
travers  ledit  polymere  et  dans  des  directions  paral- 
leles  a  leurs  surfaces  planes. 

9.  Procede  selon  la  revendication  8,  dans  lequel  20 
deux  dits  elements  (48)  sont  deplaces  I'un  par  rap- 
port  a  I'autre  et  dans  des  directions  paralleles  a 
leurs  surfaces  planes. 

10.  Procede  selon  la  revendication  9,  dans  lequel 
le  mouvement  desdits  elements  est  obtenu  par  une  25 
serie  de  disques  plat  (48)  fixes  sur  deux  arbres  ro- 
tatifs  paralleles  espaces  (24,  26),  lesdits  disques 
d'un  arbre  etant  engages  entre  les  disques  de 
I'autre  arbre. 

1  1  .  Procede  selon  la  revendication  8,  dans  lequel  30 
ledit  materiau  s'ecoule  a  travers  ladite  chambre  (22) 
et  la  direction  d'ecoulement  dudit  materiau  est  sensi- 
blement  perpendiculaire  a  la  direction  du  mouvement 
de  ladite  surface  plane  a  travers  ledit  polymere. 

12.  Procede  selon  la  revendication  6,  dans  lequel  35 
ledit  gaz  est  introduit  dans  un  espace  de  tete  au- 
dessus  dudit  materiau  polymere  et  dans  lequel  ledit 
materiau  entraine  ledit  gaz  a  partir  dudit  espace  de 
tete. 

13.  Procede  selon  la  revendication  6,  dans  lequel  40 
ledit  gaz  est  introduit  dans  ledit  materiau  polymere 
sous  forme  de  bulles  de  gaz. 

1  4.  Procede  selon  la  revendication  6,  dans  lequel 
ledit  materiau  polymere  est  un  adhesif  thermoplasti- 
que  et  dans  lequel  ledit  procede  comprend  I'etape  de  45 
chauffage  de  Padhesif  thermoplastique  solide  pour 
le  faire  passer  dans  un  etat  fluide. 
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