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Description 

Background  of  the  Invention 

5  This  invention  relates  to  the  peptization  of  polymers,  and  more  specifically  to  the  design  of  dies  for 
underwater  peptization  of  high  melt  flow  rate  polymers. 

High  melt  flow  rate  polymers  are  very  fluid  during  extrusion  and  are  frequently  extruded  and  pelletized 
under  water.  Underwater  peptization  provides  for  sufficient  surface  cooling  of  the  individual  pellets  to 
prevent  agglomeration. 

io  Underwater  peptization  is  typically  used  for  polyethylenes  having  a  melt  index  (Ml)  from  0.1  to  500 
(ASTM  D1238,  Condition  E)  and  for  polypropylenes  having  a  melt  flow  rate  (MFR)  from  0.5  to  100  (ASTM 
D1238,  Condition  L).  Dies  for  underwater  peptization  of  polymers  have  a  plurality  of  orifices  arranged  on  an 
annular  cutting  surface  such  that  rotating  knife  blades  can  cut  the  polymer  strands  shortly  after  the  polymer 
is  extruded  from  the  orifices.  The  shape  of  the  orifices  in  a  conventional  die  generally  consists  of  a  circular 

75  hole  with  an  initial  large  diameter  preland  and  a  narrower  diameter  final  hole.  A  gradual  transition  from  the 
preland  to  final  hole  is  typically  incorporated  to  prevent  buildup  of  hardened  polymer  in  the  orifice. 

The  production  of  ultra  high  melt  flow  rate  (UHMFR)  grade  polymers  is  difficult  because  of  peptizing 
problems.  A  UHMFR  polymer  has  a  MFR  of  about  50  or  greater.  The  MFR  of  a  UHMFR  polymer  can  be  as 
high  as  2000  or  greater.  The  UHMFR  polymers  are  particularly  useful  for  the  production  of  non-woven 

20  fabrics  by  melt  blown  fiber  processes.  To  be  usefully  employed  in  commercial  processing  equipment  the 
UHMFR  polymer  must  first  be  prepared  as  a  pellet  feed  stock.  Polypropylenes  having  a  MFR  above  about 
40  are  particularly  difficult  to  peptize. 

Attempts  to  peptize  UHMFR  polypropylenes  with  conventional  underwater  peptization  systems  result 
in  an  excess  amount  of  non-uniform  pellets,  malformed  pellets  including  tailed  pellets,  long  pellets,  elbows, 

25  dog  bones,  and  pellet  trash.  Malformed  and  non-uniform  pellets  are  undesirable  since  they  tend  to  bridge  in 
pellet  feed  hoppers  and  to  block  pellet  conveying  systems.  Further,  significant  amounts  of  malformed 
pellets  alter  the  bulk  density  of  the  pellet  stock  which  causes  feeding  problems  in  the  extrusion  line  and 
which  may  result  in  voids  in  the  final  product.  In  addition  to  malformed  pellets,  trashouts  occur  frequently 
during  production  of  ultra  high  MFR  polypropylene.  Trashouts  are  extruder  shutdowns  resulting  from 

30  polymer  buildup  on  the  rotating  knives. 
JP-A-59-1  52808  a  die  having  nozzles  with  a  land,  the  forward  end  of  which  is  provided  with  a 

diametrically  enlarged  buffer  section  to  prevent  shark  skin. 
Ultra  high  melt  flow  rate  polypropylene  pellets  have  been  produced  with  fewer  malformed  pellets  by  a 

process  known  as  strand  chopping.  For  strand  chopping,  the  molten  polymer  strands  are  extruded  into  a 
35  water  trough  having  little  or  no  currents  and  eddies.  The  cooled  strands  are  then  passed  through  a  strand 

chopper  which  cuts  the  strands  into  cylindrical  pellets.  Although  spherical  pellets  would  be  more  uniform, 
the  cylindrical  pellets  are  known  to  have  fewer  malformed  pellets,  and  thus  fewer  problems  with  plugging  of 
pellet  conveying  equipment  and  with  measuring  polymer  feed  by  volume.  Strand  chopping  peptization 
units  are  limited  to  low  throughputs  because  it  is  difficult  to  keep  the  strands  separated.  Therefore,  it  is 

40  desirable  to  develop  technology  for  underwater  peptizing  of  high  MFR  polymers. 

Summary  of  the  invention 

The  formation  of  malformed  pellets  from  an  ultra  high  MFR  polymer  by  underwater  peptization 
45  procedures  is  believed  to  be  caused  in  part  by  the  underwater  pellet  cutting  operation.  When  high  melt 

index  polymers  are  pelletized  underwater,  the  polymer  strands  exiting  the  extruder  are  cut  by  rotating 
knives  before  solidifying  so  that  the  pellets  can  assume  a  near  spherical  shape.  The  rotating  knives  are 
believed  to  create  water  currents  and  eddies  that  impinge  on  and  deform  the  polymer  melt  strands  as  they 
exit  from  the  die  orifices  before  being  cut.  High  MFR  polymer  deforms  easily  because  it  has  a  very  low 

50  viscosity.  In  addition  to  deforming,  the  high  MFR  polymer  tends  to  form  fibres  which  results  in  tails  and 
incomplete  pellet  cuts. 

The  present  invention  provides  in  a  first  aspect  a  method  for  extruding  a  high  melt  flow  rate  polymer 
underwater,  comprising  the  steps  of  :  feeding  the  polymer  to  an  extruder;  melting  the  polymer  in  the 
extruder;  discharging  the  polymer  into  water  through  a  die  having  a  plurality  of  orifices,  each  orifice  having 

55  an  cross-sectional  flow  area  which  increases  stepwise  in  a  downstream  direction  at  least  in  a  final  part 
thereof;  and  cutting  the  polymer  strands  into  pellets  as  the  strands  exit  the  die. 

In  a  second  aspect,  the  invention  provides  an  apparatus  for  extruding  a  high  melt  flow  rate  polymer 
underwater,  comprising  means  for  feeding  the  polymer  to  an  extruder;  means  for  melting  the  polymer  in  the 
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extruder;  means  for  discharging  the  polymer  into  liquid  containing  means  through  a  die  having  a  plurality  of 
orifices,  each  orifice  having  a  narrow  preland  followed  by  a  wider  final  hole,  the  preland  expanding  stepwise 
through  a  non-tapered  step  to  the  wider  final  hole  ;  and  means  for  cutting  the  polymer  strands  into  pellets 
as  the  strands  exit  the  die. 

5  In  a  third  aspect  the  invention  provides  a  die  for  underwater  peptization  of  polymers,  the  die  having  a 
plurality  of  orifices  arranged  on  an  annular  cutting  surface  such  that  rotating  knife  blades  can  cut  polymer 
strands  exiting  the  orifices,  the  orifices  being  configured  to  have  narrow  prelands  followed  by  wider  final 
holes,  the  preland  expanding  stepwise  through  a  non-tapered  step  to  the  wider  final  hole. 

In  the  die  design  of  the  invention,  die  orifices  are  provided  which  have  an  increasing  cross-sectional 
io  flow  area  in  a  downstream  direction  at  least  in  a  final  part  thereof.  Preferably  there  is  provided  a  narrow 

diameter  preland  suitably  of  constant  diameter  that  expands  to  a  wider  diameter  final  hole  in  the  direction  of 
flow  of  the  molten  polymer  stepwise.  The  mechanism  for  the  improvement  is  not  well  understood.  One 
theory  is  that  the  wider  diameter  final  holes  produce  large  diameter  polymer  strands  that  have  greater 
resistance  to  deformation  by  water  currents,  the  narrow  diameter  prelands  of  the  die  orifice  provide  uniform 

is  flow  of  polymer  to  the  wide  diameter  final  holes  of  the  die  orifice.  For  the  high  melt  flow  rate  polymers,  the 
final  holes  of  the  die  orifices  are  3.2  millimeters  in  diameter  and  the  prelands  of  the  die  orifices  are 
preferably  1.7  millimeters  in  diameter  and  15  to  21  millimeters  in  length.  The  preland  may  be  preceded,  in 
an  upsteam  direction,  by  an  orifice  portion  having  cross-sectional  flow  area  decreasing  to  that  of  the 
preland. 

20 
Description  of  the  Drawings 

Figure  1  is  an  illustration  of  an  underwater  peptization  extrusion  process  having  a  die  12  of  the  present 
invention; 

25  Figure  2  illustrates  in  cross-sectional  view  a  die  of  the  present  invention  wherein  the  die  orifices  have  a 
narrow  diameter  product  adjacent  the  compression  side  of  the  die  that  expands  to  a  wider  diameter  final 
hole  adjacent  the  discharge  side  of  the  die  in  the  direction  of  flow  of  the  molten  polymer; 
Figure  3  illustrates  an  alternate  embodiment  for  the  die  orifice  having  an  initial  large  diameter  opening 
adjacent  the  compression  side  of  the  die  in  accordance  with  the  present  invention;  and 

30  Figure  4  illustrates  a  typical  pattern  of  orifices  in  a  die  in  accordance  with  the  present  invention. 

Detailed  Description  of  a  Preferred  Embodiment 

High  melt  flow  rate  or  high  melt  index  polymers  can  be  produced  directly  in  a  polymerization  reactor. 
35  High  melt  index  or  melt  flow  rate  polymers  are  also  sometimes  prepared  from  lower  melt  index  polymers  by 

the  addition  of  peroxide  to  the  polymer  in  an  extruder.  The  conversion  of  a  lower  melt  index  polymer  to  a 
high  or  ultra  high  MFR  material  is  accomplished  as  a  part  of  the  peptizing  procedure  by  adding  peroxide  to 
the  polymer  in  the  extruder  which  feeds  the  peptizing  die.  The  desired  MFR  value  for  the 
extruded/pelletized  product  polymer  is  determined  and  controlled  by  selection  of  appropriate  extrusion 

40  temperatures,  residence  time  in  the  extruder,  and  quantity  of  peroxide  added.  By  appropriate  control  of 
such  parameters  the  desired  MFR  for  the  polymer  is  attained  while  it  is  in  the  melt  state  within  the  extruder 
barrel  such  that  the  material  supplied  to  the  peptizing  die  is  at  the  desired  MFR  value  when  extruded  from 
the  die  to  be  pelletized  by  the  rotating  knives. 

The  melt  index  of  a  polymer  is  determined  by  ASTM  D1238,  Condition  E  (190°C,  2.16  kg  load).  The 
45  melt  flow  rate  of  a  polymer  is  determined  by  ASTM  D1238,  condition  L  (230  °C,  2.16  kg  load).  The 

determination  of  melt  flow  rate  is  less  accurate  for  polymers  having  a  high  melt  flow  rate.  The  determination 
of  melt  flow  rate  is  improved  for  high  melt  flow  rate  polymers  by  decreasing  the  size  of  the  orifice  in  the 
standard  melt  flow  rate  test  apparatus.  The  under  water  peptization  die  of  this  invention  is  useful  for  the 
peptization  of  a  reactor  produced  high  MFR  polymer  as  well  as  for  a  high  MFR  polymer  made  by 

50  conversion  of  a  low  melt  index  material  during  the  course  of  a  peptization  process. 
The  high  melt  flow  polymers  are  preferably  prepared  by  extrusion  as  part  of  an  underwater  peptization 

process  as  illustrated  in  Figure  1.  A  conventional  extruder  10  having  internal  means  for  melting  and  mixing 
the  polymer  and  an  exit  12  die  is  mounted  adjacent  to  and  for  communication  with  a  water  quenching 
chamber  13.  The  die  12  has  an  outer  face  or  discharge  side  12a  which  is  exposed  to  water  that  is  flowed 

55  through  the  quenching  chamber  13.  A  rotating  knife  14  for  cutting  polymer  strands  discharged  through  the 
die  12  is  connected  by  a  shaft  15  to  a  drive  motor  16.  The  discharging  polymer  strands  are  cut  into  pellets 
which  are  carried  away  from  the  die  face  12a  by  the  water  flowing  through  the  quenching  chamber  13.  Hot 
water,  on  the  order  of  from  about  30  °C  to  about  80  °C,  is  preferred  for  the  quenching  system.  Pellet  size 
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and  shape  are  related  to  the  properties  of  the  polymer,  the  temperature  of  the  melt  and  the  die,  the  size  of 
the  orifices  exiting  the  die  12,  the  velocity  of  the  strand,  and  the  number  and  speed  of  rotating  knives  14. 

Polymer  stock  from  a  feed  hopper  20  is  conveyed  by  conveying  means  22  to  a  polymer  inlet  24  on 
extruder  10.  The  polymer  feed  stock  can  have  the  desired  MFR  or  it  can  be  converted  in  the  extruder  to  a 

5  high  MFR  polymer  by  the  addition  of  peroxide  from  peroxide  tank  30.  A  pump  32  conveys  the  peroxide 
from  tank  30  to  a  peroxide  inlet  34  on  the  extruder.  Alternately,  the  peroxide  may  be  mixed  with  the  resin 
feed.  The  melt  flow  rate  of  the  polymer  is  controlled  to  the  desired  value  by  controlling  the  temperature  of 
the  extruder,  the  amount  of  peroxide  added  to  the  extruder  10,  and  the  retention  time  of  the  polymer  and 
peroxide  within  the  extruder  10. 

io  Figure  2  illustrates  in  cross-section  a  design  of  the  die  orifices  of  die  12.  In  accordance  with  the  present 
invention  each  die  orifice  is  formed  with  a  narrow  diameter  preland  40  which  precedes  a  wider  diameter 
final  hole  42  which  communicates  with  the  discharge  side  12a  of  die  12.  An  alternate  embodiment  in  Figure 
3  provides  an  initial  large  diameter  opening  44  to  communicate  thecompression  side  of  die  12  to  the 
preland  40  and  then  to  the  final  die  orifice  42.  A  tapered  surface  46,  preferably  having  an  angle  of  30  °  with 

is  respect  to  the  axis  of  the  die  orifice,  joins  the  initial  opening  44  to  the  preland  40  of  a  die  orifice  to  prevent 
accumulation  of  hardened  polymer  at  the  entrance  to  the  preland  40  of  the  die  orifice  and  to  improve  the 
polymer  distribution.  A  transition  surface  47  from  the  preland  hole  40  to  the  final  hole  42  can  be  sharp  as 
shown  in  Figures  2  and  3.  In  the  alternative,  the  transition  surface  47  may  be  tapered  to  eliminate  dead 
space  which  may  accumulate  hardened  polymer. 

20  The  narrow  diameter  preland  40  of  the  die  orifice  in  the  die  12  has  a  diameter  and  length  sufficient  to 
provide  substantially  even  flow  of  high  melt  flow  rate  polymers  to  all  the  die  orifices  in  the  die  12.  The  final 
holes  42  of  the  die  orifices  have  a  diameter  sufficient  to  form  polymer  melt  strands  that  are  resistant  to 
deformation  by  the  water  currents  created  by  the  rotating  knives  14.  The  polymer  melt  strands  typically 
expand  to  a  larger  diameter  as  they  discharge  from  a  die  orifice,  therefore  the  final  hole  42  of  a  die  orifice 

25  can  be  smaller  than  the  desired  final  diameter  of  the  polymer  strand  prior  to  cutting. 
The  range  of  diameters  and  lengths  of  the  preland  40  and  the  final  hole  42  which  provide  satisfactory 

pellets  of  high  melt  flow  rate  polymer  varies  depending  on  the  temperature  and  viscosity  of  polymer  exiting 
the  die  12.  However,  for  any  given  condition  of  temperature  and  viscosity,  the  die  design  of  the  present 
invention  produces  better  pellets  then  conventional  dies. 

30  Ultra  high  melt  flow  rate  pellets  were  produced  on  lab  and  commercial  scale  extruders  using  dies 
having  orifices  in  accordance  with  the  present  invention.  The  following  examples  illustrate  the  operation  of 
lab  and  commercial  extruders  and  are  not  intended  to  limit  the  invention  to  specific  equipment  or  methods 
of  operation. 

35  Examples 

Examples  1  through  7  were  conducted  on  a  lab  scale  Werner  Pfleiderer  ZSK  57  extruder  with  a  Gala 
Model  6  underwater  pelletizer.  Examples  1  and  2  were  conducted  with  12  orifices  of  a  conventional  die  of 
the  Gala  Model  6  pelletizer,  each  orifice  having  a  6.4  mm  diameter  preland  and  a  2.4  mm  diameter  final 

40  hole.  Examples  3  and  4  were  conducted  with  12  orifices  of  a  conventional  Gala  6  die  having  a  6.4  mm 
diameter  preland  and  a  3.2  millimeter  diameter  final  hole.  Examples  5  and  6  were  conducted  with  12 
orifices  of  a  modified  Gala  6  die  having  metal  inserts  placed  in  the  prelands  resulting  in  initial  openings  44 
of  6.4  mm  diameter,  preholes  40  of  1.7  mm  diameter  and  20.6  mm  long,  and  final  holes  42  of  2.4  mm 
diameter.  For  Examples  5  and  6,  the  transition  46  between  the  initial  opening  44  and  the  preland  40  was 

45  flat.  Example  7  was  conducted  with  orifices  similar  to  orifices  of  Examples  5  and  6  except  that  the  transition 
46  between  the  initial  opening  and  the  preland  was  tapered  at  approximately  30  °  with  respect  to  the  axis  of 
the  orifice  such  that  the  total  length  of  the  transition  46  and  the  preland  40  was  20.6  mm  with  the  preland  40 
being  about  15.2  mm  long.  Experiments  were  conducted  with  two  different  polypropylene  feeds,  one  having 
a  melt  flow  rate  of  10  and  the  other  having  a  melt  flow  rate  of  40.  Peroxide  was  fed  to  the  extruder  in  the 

50  form  of  a  polymer/peroxide  mix  having  2%  peroxide  in  the  form  of  Lupersol  1  01  1  .  Variations  in  polymer  and 
peroxide  feed  and  in  the  pellet  products  are  described  in  Table  I. 

55 

'  Lupersol  101  is  a  registered  trademark  of  Pennwalt  for  2,5-Dimethyl-2,5-bis(t-Butylperoxy)hexane. 
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TABLE  I 

LAB  SCALE  EXAMPLES  OF  UNDERWATER  PELLETIZATION 

5  Example  No.  Orifice  Diameters,  mm  Polymer  Feed  Polymer/  Product  Pellets 
Peroxide 
Mix  Ib/hr 

Initial  Opening  Preland  Final  Hole  MFR  Ib/hr  MFR  Quality3 

70  1.*  6.4  6.4  2.4  10  130  16  444  Fair 
2.  *  6.4  6.4  2.4  40  130  15  533  Poor 
3.  *  6.4  6.4  3.2  10  130  10  262  Very  poor 
4.  *  6.4  6.4  3.2  40  130  10  307  Poor 
5.  *  6.4b  1.7  3.2  10  130  20  533  Good 

75  6.  6.4b  1.7  3.2  40  130  25  799  Average 
7.  6.4C  1.7  3.2  40  147  53  1332  Good 

*  Comparison  examples  illustrating  conventional  dies 
a  Pellet  Quality  Visual  Scale: 
GOOD  -  some  tails  possible 
AVERAGE  -  A  few  misshapen  pellets 
FAIR  -  Some  elongation,  elbows 
POOR  -  Elbows,  dog  bones,  elongation,  etc.  VERY  POOR  -  deformed,  non-uniform  size,  agglomerated 
b  Flat  entry  from  initial  opening  diameter  to  preland 
c  Tapered  entry  from  initial  opening  diameter  to  preland 

Examples  1  through  7  are  conducted  with  an  extruder  speed  of  194  rpm.  The  temperature  of  the 
extruder  10  could  be  controlled  at  ten  separate  zones.  Zones  1  through  4  are  maintained  at  about  200  °C. 
Zones  5  through  7  at  about  170°C,  zones  8  through  9  at  about  200  °C,  and  zone  10  at  about  235  °C.  The 

30  molten  polymer  passed  through  a  screen  changer  having  a  20  mesh  screen  pack  prior  to  exiting  through 
the  die  12.  The  polymer  strands  exiting  the  die  12  were  cut  by  two  knife  blades  14  rotating  at  3600  rpm  and 
were  discharged  into  a  hot  water  stream  that  was  maintained  at  a  temperature  of  from  about  32  °  C  to  about 
35  °C. 

Air  was  added  to  the  extruder  for  both  the  commercial  and  lab  examples.  The  injection  of  air  into  the 
35  extruder  is  believed  to  assist  the  peroxide  in  breaking  down  the  polymer  such  that  lower  amounts  of 

peroxide  are  required  to  achieve  the  desired  melt  flow  rate  when  air  is  injected  into  the  extruder. 
The  standard  die  having  3.2  mm  diameter  final  holes  (Examples  3  and  4)  performed  poorly.  The 

standard  die  having  2.4  mm  diameter  final  holes  (Examples  1  and  2)  produced  poorly  shaped  pellets  at 
higher  melt  flow  rates.  The  die  orifices  having  1.7  mm  diameter  by  15.2  mm  long  preland  40  and  a  tapered 

40  transition  46  to  the  preland  40  (Example  7)  produced  good  pellets  having  melt  flow  rates  of  about  1332. 
Comparing  Examples  5  and  6  to  example  7,  the  tapered  transitions  46  to  the  prehole  40  permitted  higher 
polymer  flow  rates  and  peroxide  flow  rates  than  the  1  .7  mm  prelands  40  with  flat  transmissions  from  the 
initial  openings  44. 

Examples  8-10  were  conducted  on  a  commercial  scale  extruder  10  to  determine  if  ultra  high  melt  flow 
45  rate  pellets  could  be  obtained  on  commercial  equipment.  The  extruder  was  a  12  inch  diameter,  35:1  L/D 

single  screw  extruder.  The  highest  MFR  polypropylene  previously  produced  using  a  conventional  die  was 
325  MFR  and  in  all  cases  pellet  quality  was  poor  or  very  poor  (see  note  a  in  Table  I).  Large  commercial 
single  screw  extruders  equipped  for  underwater  peptization  typically  operate  with  screw  speeds  of  between 
about  50  and  120  rpm.  Peptizers  typically  contain  from  4  to  12  knives  which  can  rotate  from  between  600 

50  to  2000  rpm.  Production  capacities  for  commercial  single  screw  extruders  typically  range  from  4000  lbs  per 
hour  to  about  15000  lbs  per  hour.  Twin  screw  extruders  with  underwater  peptizers  operate  up  to  50,000 
Ib/hr. 

The  temperature  of  the  commercial  scale  extruder  was  controlled  by  eight  separate  zones  for  Examples 
8-10  with  zones  1-5  maintained  between  about  220  to  about  240  °C,  zones  6  and  7  between  about  120  to 

55  105°C,  and  zone  8  at  about  150°C.  The  extruder  screw  speed  was  about  60  rpm  for  Examples  8  and  9 
and  about  92  rpm  for  Example  10.  The  polymer  passed  through  a  screen  changer  having  a  100  mesh 
screen  pack  before  exiting  through  the  die  12.  The  die  was  heated  by  600  psig  steam.  The  polymer  strands 
exiting  the  die  were  cut  by  four  knives  14  rotating  at  about  1700  rpm.  The  pellets  were  discharged  in  hot 
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water  having  a  temperature  from  about  35  to  about  40  °  C. 
A  conventional  heat  exchange  die  having  468  holes  with  2.4  mm  diameter  final  holes  was  modified  for 

Examples  8-10  to  have  prelands  of  1.7  mm  diameter  by  18.3  mm  long  and  final  holes  of  3.2  mm  diameter. 
For  Examples  8  and  9,  polypropylene  having  a  melt  flow  rate  of  70  was  fed  to  the  extruder  10  at  the  rate  of 

5  5600  lbs/hour  with  the  addition  of  peroxide  in  the  amount  shown  in  Table  II.  Good  quality  pellets  having 
melt  flow  rates  of  about  900  and  about  1250  were  obtained  with  little  waste  material.  For  Example  10,  the 
feed  rate  of  the  polypropylene  was  increased  to  7750  lbs/hour.  At  the  higher  polymer  feed  rate,  a  peroxide 
feed  rate  of  11.1  Ibs/hr  produced  good  quality  pellets  having  a  melt  flow  rate  of  about  750. 

w  TABLE  II 

COMMERCIAL  SCALE  EXAMPLES  OF  UNDERWATER  PELLETIZATION 

Example  No.  Die  Orifice  Diameters,  mm  Polymer  Feed  Peroxide  Feed  Product  Pellets 

Initial  Opening  Preland  Final  Hole  MFR  Ib/hr  lb/hra  MFR  Quality13 

8.  4.77  1.7  3.2  70  5600  13.4  1249  Good 
9.  4.77  1.7  3.2  70  5600  9.8  906  Good 
10.  4.77  1.7  3.2  70  7750  11.1  753  Good 

a  Peroxide  feed  estimated  from  rpm  of  feed  pump 
b  See  Note  a  to  Table  I 

The  die  design  of  the  present  invention  successfully  produces  uniform,  spherical  pellets  by  evenly 
25  distributing  the  polymer  to  the  die  orifices  of  die  12  and  by  extruding  larger,  lower  velocity  polymer  strands. 

Such  uniform  spherical  pellets  have  the  advantage  of  smooth  pellet  handling  and  uniform  bulk  density  which 
heretofore  has  not  been  attainable  with  high  melt  flow  polymers  subjected  to  underwater  peptization  with 
peptization  dies  of  conventional  design. 

The  foregoing  description  of  the  present  invention  is  explanatory  and  illustrative  of  a  preferred 
30  embodiment  and  is  not  intended  to  limit  the  invention  to  specific  sizes,  shapes,  or  material  of  construction. 

Persons  skilled  in  the  art  could  readily  devise  alternate  embodiments  as  well  as  variations  in  sizes,  shapes 
and  materials  of  construction  without  undue  experimentation,  and  all  such  variations  are  considered  to  be 
within  the  scope  of  the  invention  which  is  limited  only  by  the  following  claims. 

35  Claims 

1.  Method  for  extruding  a  high  melt  flow  rate  polymer  underwater,  comprising  the  steps  of  : 
feeding  the  polymer  to  an  extruder  (10); 
melting  the  polymer  in  the  extruder  (10); 

40  discharging  the  polymer  into  water  through  a  die  (12)  having  a  plurality  of  orifices  (40,42),  each 
orifice  having  a  cross-sectional  flow  area  which  increases  stepwise  in  a  downstream  direction  at  least  in 
a  final  part  thereof;  and 

cutting  the  polymer  strands  into  pellets  as  the  strands  exit  the  die. 

45  2.  Method  according  to  claim  1  ,  wherein  the  polymer  extruded  has  a  melt  flow  rate  or  a  melt  index  greater 
than  1  . 

3.  Method  according  to  claim  1  ,  further  comprising  the  step  of  increasing  the  melt  flow  rate  of  the  polymer 
in  the  extruder  by  feeding  peroxide  to  the  extruder,  with  the  polymer  exiting  the  extruder  preferably 

50  having  a  melt  flow  rate  greater  than  about  30. 

4.  Method  according  to  any  of  the  preceding  claims  wherein  the  narrow  preland  (40)  of  each  orifice  in  the 
die  has  a  diameter  of  1.7  millimeters  and  a  length  of  15  to  21  millimeters;  and/or  the  wider  final  hole 
(42)  of  each  orifice  in  the  die  has  a  diameter  of  3.2  millimeters;  and/or  wherein  each  orifice  in  the  die 

55  has  an  initial  large  diameter  opening  (44)  that  radually  decreases  (at  (46))  to  the  diameter  of  the  narrow 
preland  (40)  of  the  orifice. 
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5.  Apparatus  for  extruding  a  high  melt  flow  rate  polymer  underwater,  comprising  : 
means  for  feeding  the  polymer  (20,22,24)  to  an  extruder  (10); 
means  for  melting  the  polymer  in  the  extruder  (10);  means  for  discharging  the  polymer  into  liquid 

containing  means  through  a  die  (12)  having  a  plurality  of  orifices  (40,42),  each  orifice  having  a  narrow 
5  preland  (40)  followed  by  a  wider  final  hole  (42),  the  preland  (40)  expanding  stepwise  through  a  non- 

tapered  step  to  the  wider  final  hole  (42);  and 
means  (14,15,16)  for  cutting  the  polymer  strands  into  pellets  as  the  strands  exit  the  die  (12). 

6.  Apparatus  according  to  claim  5  in  which  the  narrow  preland  (40)  of  each  orifice  in  the  die  (12)  has  a 
io  diameter  of  1.7  millimeters  and  a  length  of  15  to  21  millimeters;  and/or  the  wider  final  hole  (42)  of  each 

orifice  in  the  die  (12)  has  a  diameter  of  3.2  millimeters. 

7.  The  apparatus  according  to  claim  6  wherein  each  orifice  (40,42)  in  the  die  has  an  initial  large  diameter 
opening  (44)  that  gradually  decreases  (at  (46))  to  the  diameter  of  the  narrow  preland  (40)  of  the  orifice 

15  (40,42). 

8.  The  apparatus  according  to  claim  5  or  6,  further  comprising  means  (30,32,34)  for  increasing  the  melt 
flow  rate  of  the  polymer  in  the  extruder  (10)  by  feeding  peroxide  to  the  extruder  (10). 

20  9.  Die  (12)  for  underwater  peptization  of  polymers,  the  die  (12)  having  a  plurality  of  orifices  (40,42) 
arranged  on  an  annular  cutting  surface  such  that  rotating  knife  blades  (14)  can  cut  polymer  strands 
exiting  the  orifices  (40,42),  the  orifices  being  configured  to  have  narrow  prelands  (40)  followed  by  wider 
final  holes  (42),  the  preland  (40)  expanding  stepwise  through  a  non-tapered  step  to  the  wider  final  hole 
(42). 

25 
10.  Die  (12)  according  to  claim  9  in  which  the  narrow  preland  (40)  of  each  orifice  in  the  die  (12)  has  a 

diameter  of  1.7  millimeters  and  a  length  of  15  to  21  millimeters;  and/or  the  wider  final  hole  (42)  of  each 
orifice  in  the  die  (12)  has  a  diameter  of  3.2  millimeters. 

30  11.  Die  (12)  according  to  claim  10  wherein  each  orifice  (40,  42)  in  the  die  has  an  initial  large  diameter 
opening  (44)  that  gradually  decreases  (at  (46))  to  the  diameter  of  the  narrow  preland  (40)  of  the  orifice 
(40,42). 

Patentanspruche 
35 

1.  Verfahren  zum  Extrudieren  eines  Polymers,  das  eine  hohe  SchmelzflieBgeschwindigkeit  zeigt,  unter 
Wasser,  bei  dem  das  Polymer  in  einen  Extruder  (10)  eingespeist  wird; 
das  Polymer  in  dem  Extruder  (10)  geschmolzen  wird; 
das  Polymer  durch  eine  Duse  (12)  mit  mehreren  Austrittsoffnungen  (40,  42)  in  Wasser  ausgestoBen 

40  wird,  wobei  jede  Austrittsoffnung  eine  Querschnittsstromungsflache  hat,  die  mindestens  in  ihrem 
Endstuck  schrittweise  in  Stromungsrichtung  zunimmt,  und 
die  Polymerstrange  in  Pellets  geschnitten  werden,  wenn  die  Strange  die  Duse  verlassen. 

2.  Verfahren  nach  Anspruch  1,  bei  dem  das  extrudierte  Polymer  eine  SchmelzflieBgeschwindigkeit  oder 
45  einen  Schmelzindex  groBer  als  1  aufweist. 

3.  Verfahren  nach  Anspruch  1  ,  bei  dem  auBerdem  die  SchmelzflieBgeschwindigkeit  des  Polymers  in  dem 
Extruder  erhoht  wird,  indem  dem  Extruder  Peroxid  zugefuhrt  wird,  wobei  das  Polymer,  das  den 
Extruder  verlaBt,  vorzugsweise  eine  SchmelzflieBgeschwindigkeit  groBer  als  etwa  30  aufweist. 

50 
4.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  bei  dem  der  enge  Vorkanal  (40)  von  jeder 

Austrittsoffnung  in  der  Duse  einen  Durchmesser  von  1,7  mm  und  eine  Lange  von  15  bis  21  mm 
aufweist  und/oder  das  geraumigere  Endloch  (42)  von  jeder  Austrittsoffnung  in  der  Duse  einen 
Durchmesser  von  3,2  mm  aufweist  und/oder  jede  Austrittsoffnung  der  Duse  eine  Anfangsoffnung  mit 

55  groBem  Durchmesser  (44)  aufweist,  die  allmahlich  (bei  (46))  auf  den  Durchmesser  des  engen  Vorkanals 
(40)  der  Austrittsoffnung  abnimmt. 
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5.  Apparatur  zum  Extrudieren  eines  Polymers,  das  eine  hohe  SchmelzflieBgeschwindigkeit  zeigt,  unter 
Wasser,  die  Einrichtungen  zum  Einspeisen  des  Polymers  (20,  22,  24)  in  einen  Extruder  (10); 
Einrichtungen  zum  Schmelzen  des  Polymers  in  dem  Extruder  (10); 
Einrichtungen  zum  AusstoBen  des  Polymers  in  eine  Flussigkeit  enthaltende  Einrichtung  durch  eine 

5  Duse  (12)  mit  mehreren  Austrittsoffnungen  (40,  42),  wobei  jede  Austrittsoffnung  einen  engen  Vorkanal 
(40),  gefolgt  von  einem  geraumigeren  Endloch  (42)  aufweist,  wobei  der  Vorkanal  (40)  sich  schrittweise 
durch  einen  nicht  in  Stufen  verlaufenden  Schritt  zu  dem  geraumigeren  Endloch  (42)  erweitert  und 
Einrichtungen  (14,  15,  16)  zum  Schneiden  der  Polymerstrange  in  Pellets  umfaBt,  wenn  die  Strange  die 
Duse  (12)  verlassen. 

10 
6.  Apparatur  nach  Anspruch  5,  bei  der  der  enge  Vorkanal  (40)  von  jeder  Austrittsoffnung  in  der  Duse  (12) 

einen  Durchmesser  von  1,7  mm  und  eine  Lange  von  15  bis  21  mm  aufweist  und/oder  das  geraumigere 
Endloch  (42)  von  jeder  Austrittsoffnung  in  der  Duse  (12)  einen  Durchmesser  von  3,2  mm  aufweist. 

is  7.  Apparatur  nach  Anspruch  6,  bei  der  jede  Austrittsoffnung  (40,  42)  in  der  Duse  eine  Anfangsoffnung  mit 
groBem  Durchmesser  (44)  hat,  die  allmahlich  (bei  (46))  auf  den  Durchmesser  des  engen  Vorkanals  (40) 
der  Austrittsoffnung  (40,  42)  abnimmt. 

8.  Apparatur  nach  Anspruch  5  oder  6,  die  auBerdem  Einrichtungen  (30,  32,  34)  zum  Erhohen  der 
20  SchmelzflieBgeschwindigkeit  des  Polymers  in  dem  Extruder  (10)  aufweist,  indem  dem  Extruder  (10) 

Peroxid  zugefuhrt  wird. 

9.  Duse  (12)  zum  Unterwasserpelletieren  von  Polymeren,  wobei  die  Duse  (12)  mehrere  Austrittsoffnungen 
(40,  42)  aufweist,  die  an  einer  ringformigen  Schneidoberflache  so  angeordnet  sind,  daB  rotierende 

25  Messerklingen  (14)  Polymerstrange,  die  die  Austrittsoffnungen  (40,  42)  verlassen,  schneiden  konnen, 
wobei  die  Austrittsoffnungen  so  geformt  sind,  daB  sie  enge  Vorkanale  (40),  gefolgt  von  geraumigeren 
Endlochern  (42)  aufweisen,  wobei  der  Vorkanal  (40)  sich  schrittweise  durch  einen  nicht  in  Stufen 
verlaufenden  Schritt  zu  dem  geraumigeren  Endloch  (42)  erweitert. 

30  10.  Duse  (12)  nach  Anspruch  9,  bei  der  der  enge  Vorkanal  (40)  von  jeder  Austrittsoffnung  in  der  Duse  (12) 
einen  Durchmesser  von  1,7  mm  und  eine  Lange  von  15  bis  21  mm  aufweist  und/oder  das  geraumigere 
Endloch  (42)  von  jeder  Austrittsoffnung  in  der  Duse  (12)  einen  Durchmesser  von  3,2  mm  aufweist. 

11.  Duse  (12)  nach  Anspruch  10,  bei  der  jede  Austrittsoffnung  (40,  42)  in  der  Duse  eine  Anfangsoffnung 
35  mit  groBem  Durchmesser  (44)  aufweist,  die  allmahlich  (bei  (46))  auf  den  Durchmesser  des  engen 

Vorkanals  (40)  der  Austrittsoffnung  (40,  42)  abnimmt. 

Revendicatlons 

40  1.  Procede  pour  extruder  sous  I'eau  un  polymere  a  haut  rapport  ecoulement-fluidite,  comprenant  les 
etapes  qui  consistent  : 

a  amener  le  polymere  a  une  extrudeuse  (10)  ; 
a  faire  fondre  le  polymere 
dans  I'extrudeuse  (10)  ; 

45  a  decharger  le  polymere  dans  de  I'eau  a  travers  une  filiere  (12)  ayant  plusieurs  orifices  (40,42), 
chaque  orifice  ayant  une  section  transversale  d'ecoulement  qui  augmente  de  maniere  etagee  vers  I'aval 
au  moins  dans  une  partie  finale  de  cet  orifice  ;  et 

a  couper  les  joncs  de  polymere  en  pastilles  lorsque  les  joncs  sortent  de  la  filiere. 

50  2.  Procede  selon  la  revendication  1,  dans  lequel  le  polymere  extrude  possede  un  rapport  ecoulement- 
fluidite  ou  un  indice  de  fluidite  superieur  a  1. 

3.  Procede  selon  la  revendication  1,  comprenant  en  outre  I'etape  qui  consiste  a  augmenter  le  rapport 
ecoulement-fluidite  du  polymere  dans  I'extrudeuse  en  amenant  du  peroxyde  a  I'extrudeuse,  le  polyme- 

55  re  sortant  de  I'extrudeuse  ayant  avantageusement  un  rapport  ecoulement-fluidite  superieur  a  environ 
30. 
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4.  Procede  selon  I'une  quelconque  des  revendications  precedentes,  dans  leqeul  la  prelevre  etroite  (40)  de 
chaque  orifice  dans  la  filiere  presente  un  diametre  de  1,7  mm  et  une  longueur  de  15  a  21  mm  ;  et/ou  le 
trou  final  plus  large  (42)  de  chaque  orifice  de  la  filiere  presente  un  diametre  de  3,2  mm  ;  et/ou  chaque 
orifice  de  la  filiere  presente  une  ouverture  initiale  (44)  de  grand  diametre  qui  decrolt  progressivement 

5  (46)  jusqu'au  diametre  de  la  prelevre  etroite  (40)  de  I'orifice. 

5.  Appareil  pour  extruder  sous  I'eau  un  polymere  a  haut  rapport  ecoulement-fluidite,  comportant  : 
des  moyens  pour  amener  le  polymere  (20,22,24)  a  une  extrudeuse  (10)  ; 
des  moyens  pour  faire  fondre  le  polymere  dans  I'extrudeuse  (10)  ; 

io  des  moyens  pour  decharger  le  polymere  dans  des  moyens  contenant  un  liquide  a  travers  une 
filiere  (12)  ayant  plusieurs  orifices  (40,42),  chaque  orifice  ayant  une  prelevre  etroite  (40)  suivie  d'un  trou 
final  plus  large  (42),  la  prelevre  (40)  s'expansant  de  fagon  etagee  par  I'intermediaire  d'un  gradin  non 
conique  jusqu'au  trou  final  plus  large  (42)  ;  et 

des  moyens  (14,15,16)  pour  couper  les  joncs  de  polymere  en  pastilles  lorsque  les  joncs  sortent  de 
15  la  filiere  (12). 

6.  Appareil  selon  la  revendication  5,  dans  lequel  la  prelevre  etroite  (40)  de  chaque  orifice  de  la  filiere  (12) 
presente  un  diametre  de  1,7  mm  et  une  longueur  de  15  a  21  mm  ;  et/ou  le  trou  final  plus  large  de 
chaque  orifice  de  la  filiere  (12)  presente  un  diametre  de  3,2  mm. 

20 
7.  Appareil  selon  la  revendication  6,  dans  lequel  chaque  orifice  (40,42)  de  la  filiere  presente  une  ouverture 

initiale  (44)  de  grand  diametre  qui  diminue  progressivement  (en  46)  jusqu'au  diametre  de  la  prelevre 
etroite  (40)  de  I'orifice  (40,42). 

25  8.  Appareil  selon  la  revendication  5  ou  6,  comportant  en  outre  des  moyens  (30,32,34)  pour  augmenter  le 
rapport  ecoulement-fluidite  du  polymere  dans  I'extrudeuse  (10)  en  amenant  du  peroxyde  a  I'extrudeuse 
(10). 

9.  Filiere  (12)  pour  le  pastillage  sous  I'eau  de  polymeres,  la  filiere  (12)  ayant  plusieurs  orifices  (40,42) 
30  agences  sur  une  surface  annulaire  de  coupe  de  maniere  que  des  lames  de  couteaux  rotatifs  (14) 

puissent  couper  des  joncs  de  polymere  sortant  des  orifices  (40,42),  les  orifices  etant  configures  de 
fagon  a  avoir  des  prelevres  etroites  (40)  suivies  de  trous  finals  plus  larges  (42),  la  prelevre  (40) 
s'expansant  de  fagon  etagee  par  I'intermediaire  d'un  gradin  non  conique  jusqu'au  trou  final  plus  large 
(42). 

35 
10.  Filiere  (12)  selon  la  revendication  9,  dans  laquelle  la  prelevre  etroite  (40)  de  chaque  orifice  de  la  filiere 

(12)  presente  un  diametre  de  1,7  mm  et  une  longeur  de  15  a  21  mm  ;  et/ou  le  trou  final  plus  large  (42) 
de  chaque  orifice  de  la  filiere  (12)  presente  un  diametre  de  3,2  mm. 

40  11.  Filiere  (12)  selon  la  revendication  10,  dans  laquelle  chaque  orifice  (40,42)  de  la  filiere  presente  une 
ouverture  initiale  (44)  de  grand  diametre  qui  decrolt  progressivement  (en  46)  jusqu'au  diametre  de  la 
prelevre  etroite  (40)  de  I'orifice  (40,42). 
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