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Description 

The  present  invention  relates  to  a  process  for  producing  a  microporous  membrane  of  ultra-high- 
molecular-weight  polyolefin,  especially  ultra-high-molecular-weight  polyethylene.  More  particularly,  it  is 

5  concerned  with  a  process  for  efficiently  producing  a  uniform  and  relatively  thick  microporous  membrane  of 
an  ultra-high-molecular-weight  polyolefin. 

Microporous  membranes  are  widely  used  in  various  applications  such  as  battery  separators,  electrolytic 
capacitor  separators,  various  filters,  moisture-permeable,  waterproof  clothes,  reverse  osmosis  membranes, 
ultrafilters  and  microfilters. 

io  Microporous  polyolefin  membranes  are  conventionally  produced  by  various  processes.  One  example  of 
such  processes  is  an  extraction  process  comprising  the  steps  of  mixing  a  polyolefin  with  a  pore-forming 
agent  such  as  a  fine  powder  or  a  different  polymer  in  such  a  manner  as  to  achieve  micro-dispersion  and 
subsequently  extracting  the  dispersed  pore-forming  agent.  Another  process  is  a  phase  separation  process 
by  which  polyolefin  is  divided  into  fine  phases  by  a  solvent,  thereby  forming  a  porous  structure.  Further, 

75  there  is  a  stretching  process  comprising  the  steps  of  forming  a  polyolefin  article  containing  different  solid 
finely  dispersed  therein  and  imparting  a  strain  to  the  article  by  stretching  to  break  the  interfaces  between 
the  polymer  phase  and  the  different  solids,  thereby  forming  pores  in  the  article.  In  these  processes, 
however,  polyolefins  having  a  molecular  weight  lower  than  500,000  are  usually  used,  so  that  the  thinning 
and  strengthening  of  membranes  by  stretching  are  limited. 

20  Recently,  there  has  been  developed  an  ultra-high-molecular-weight  polyolefin  which  can  be  formed  into 
a  high-strength,  high-modulus  fiber  or  film.  With  this  development,  there  have  been  proposed  various 
processes  for  producing  high-strength  and  high-modulus  fibers  or  films  from  it. 

One  of  such  processes  is  disclosed  in,  for  examples  Japanese  Patent  Laid-Open  No.  58-5228. 
According  to  this  process,  an  ultra-high-molecular-weight  polyolefin  is  dissolved  in  a  nonvolatile  solvent  and 

25  the  resulting  solution  is  made  into  a  gel  in  the  form  of  fiber  or  sheet.  The  solvent-containing  gel  or  dry  gel 
from  which  the  solvent  has  been  extracted  with  a  volatile  solvent  is  stretched  while  heating.  This  process  is, 
however,  disadvantageous  in  that  the  solvent  containing  gel  cannot  be  biaxially  stretched  at  a  high  draw 
ratio  because  it  has  a  porous  structure  highly  swollen  with  a  nonvolatile  solvent.  The  resulting  membrane 
has  a  low  strength  and  a  large  pore  diameter  on  account  of  its  reticulate  structure  which  easily  expands  and 

30  breaks.  Another  disadvantage  of  this  process  is  that  the  gel  extracted  with  a  volatile  solvent  in  the  form  of  a 
sheet  is  liable  to  warpage  because  of  uneven  evaporation  of  the  volatile  solvent.  Further,  it  cannot  be 
subjected  to  stretching  at  a  high  draw  ratio  because  of  the  shrinkage  and  compaction  of  the  reticulate 
structure  of  the  gel  which  take  place  after  the  extraction  of  the  nonvolatile  solvent  by  a  volatile  solvent. 

Japanese  Patent  Laid-Open  No.  60-242035  and  EP-A-1  60551  discloses  a  process  for  producing  a 
35  microporous  ultra-high-molecular-weight  polyethylene  membrane  having  a  thickness  of  10  urn  or  less,  a 

breaking  strength  of  19.6  MPa  (200  kg/cm2)  or  more,  and  a  void  volume  of  30%  or  more  by  dissolving  ultra- 
high-molecular-weight  polyethylene  having  a  weight-average  molecular  weight  of  5  x  105  or  more  in  a 
solvent  while  heating,  forming  a  gel-like  sheet  from  the  resulting  solution,  removing  a  solvent  from  the  gel- 
like  sheet  until  the  solvent  content  decreases  to  10-80  wt  %,  and  then  stretching  the  sheet  while  heating, 

40  thereby  removing  a  residual  solvent. 
According  to  this  process,  the  gel-like  sheet  is  usually  about  0.1-5  mm  thick,  and  it  is  produced  from  a 

solution  containing  1-10  wt  %  of  polyethylene.  After  the  removal  of  solvent,  the  gel-like  sheet  is  biaxially 
stretched  such  that  the  linear  draw  ratio  is  twofold  or  more  and  the  areal  draw  ratio  is  tenfold  or  more. 

Unfortunately,  being  as  thin  as  10  urn  or  less,  the  microporous  ultra-high-molecular-weight  polyethylene 
45  membrane  thus  produced  is  not  suitable  for  use  in  applications  where  high  strength  and  high  pressure 

resistance  are  required.  Any  attempt  to  produce  a  thicker  membrane  by  increasing  an  amount  of  a  polymer 
solution  cast  on  a  substrate,  however,  inevitably  leads  to  a  reduced  cooling  rate  which  promotes 
crystallization  of  the  polymer  to  such  an  extent  that  stretching  is  not  easily  achieved.  Further,  in  the  case 
where  the  gel-like  sheet  is  formed  by  extrusion  of  an  ultra-high-molecular-weight  polyethylene  solution  from 

50  a  die,  any  attempt  to  increase  a  thickness  of  the  extruded  sheet  fails  to  provide  a  uniform  sheet  because  of 
excessive  swelling  and  neck-in.  In  addition,  the  thicker  a  sheet,  the  more  slowly  it  is  cooled.  Accordingly, 
excessive  crystallization  takes  place,  resulting  in  a  difficult-to-orient  molecular  structure. 

EP-A-1  9331  8  describes  the  production  of  microporous  sheets  having  a  thickness  of  0.1  to  10  urn.  The 
process  disclosed  in  EP-A-1  9331  8  cannot  be  used  to  obtain  uniform  sheets  of  thickness  greater  than  10 

55  urn. 
Accordingly,  it  is  an  object  of  the  present  invention  to  provide  a  process  for  efficiently  producing  a 

uniform,  thick,  microporous  membrane  from  an  ultra-high-molecular-weight  polyolefin. 
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To  achieve  the  above-mentioned  object,  the  present  inventors  have  carried  out  intense  research,  which 
has  led  to  the  finding  that  it  is  possible  to  form  a  thick  gel-like  sheet  capable  of  being  made  microporous  by 
cooling  a  solution  of  an  ultra-high-molecular-weight  polyolefin  in  advance  to  a  certain  extent  in  a  die.  The 
present  invention  has  been  completed  on  the  basis  of  this  finding. 

5  Thus,  the  present  invention  provides  a  process  for  producing  a  microporous  ultra-high-molecular-weight 
polyolefin  membrane  having  a  thickness  of  at  least  10  urn,  a  void  volume  of  at  least  30%  and  a  pore 
diameter  of  0.001  to  0.5  urn,  and  said  polyolefin  having  a  weight-average  molecular  weight  of  5x1  05  or 
more,  said  process  comprising  the  steps  of: 

a)  forming  a  gel-like  sheet  from  a  solution  of  said  polyolefin; 
io  b)  removing  at  least  10  wt.%  of  solvent  from  said  gel-like  sheet  so  that  said  gel-like  sheet  contains  10  to 

90  wt.%  of  said  polyolefin; 
c)  stretching  said  gel-like  sheet  at  a  temperature  equal  to  or  lower  than  that  which  is  10  °C  above  the 
melting  point  of  said  polyolefin  so  as  to  produce  an  areal  draw  ratio  of  greater  than  tenfold;  and 
d)  removing  the  residual  solvent  from  the  stretched  product, 

is  characterised  in  that  said  gel-like  sheet  is  formed  in  step  (a)  by  extruding  said  solution  of  said 
polyolefin  from  a  die,  said  solution  being  rapidly  cooled  at  a  rate  of  at  least  50°C/min  to  its  gelation 
temperature  or  below  before  extrusion  from  said  die. 

The  ultra-high-molecular-weight  polyolefin  that  can  be  used  in  the  present  invention  is  one  which  has  a 
weight-average  molecular  weight  of  5x1  05  or  more,  preferably  in  the  range  of  1x1  0G  to  15x10G.  With  a 

20  weight-average  molecular  weight  lower  than  5x1  05,  the  resulting  membrane  does  not  have  high  modulus 
and  high  strength  which  are  characteristic  of  ultra-high-molecular-weight  polyolefin.  Although  there  is  no 
upper  limit  in  molecular  weight,  polyolefins  having  a  molecular  weight  in  excess  of  15x10G  are  poor  in 
formability  of  their  gel-like  sheets. 

Examples  of  such  ultra-high-molecular-weight  polyolefins  include  crystalline  homopolymers  or 
25  copolymers  of  ethylene,  propylene,  1-butene,  4-methyl-1-pentene  or  1-hexene.  Preferably  among  them  is 

ultra-high-molecular-weight  polyethylene  composed  mainly  of  ethylene.  Incidentally,  the  above-mentioned 
ultra-high-molecular-weight  polyolefins  may  be  incorporated  with  various  additives  such  as  antioxidants, 
ultraviolet  absorbers,  slip  agents,  antiblocking  agents,  pigments,  dyes  and  inorganic  fillers,  if  required  within 
limits  not  harmful  to  the  object  of  the  invention. 

30  The  solution  of  an  ultra-high-molecular-weight  polyolefin  used  in  the  present  invention  is  prepared  by 
dissolving  the  above-mentioned  polyolefin  having  a  weight-average  molecular  weight  of  5  x  105  or  more  in  a 
solvent  while  heating.  The  solvent  is  not  specifically  limited  so  long  as  it  is  capable  of  dissolving  the  ultra- 
high-molecular-weight  polyolefin.  Examples  of  the  solvents  include  aliphatic  or  cyclic  hydrocarbons  such  as 
nonane,  decane,  undecane,  dodecane,  decalin,  paraffin  oils,  etc.  and  fractions  of  mineral  oils  having  boiling 

35  points  substantially  equal  to  those  of  these  hydrocarbons.  Nonvolatile  solvents  such  as  paraffin  oils  are 
desirable  to  obtain  the  gel-like  sheets  in  which  the  solvent  content  is  stable. 

Dissolution  of  the  ultra-high-molecular-weight  polyolefin  while  heating  should  be  carried  out  by  stirring 
its  solution  at  a  temperature  at  which  it  is  completely  dissolved  in  a  solvent.  The  dissolving  temperature 
varies  depending  on  the  types  of  polymer  and  solvent  used.  It  is  generally  in  the  range  of  1  40-250  °C  for 

40  ultra-high-molecular-weight  polyethylene.  The  concentration  of  the  solution  of  ultra-high-molecular-weight 
polyolefin  is  preferably  1-10  wt  %.  A  solution  of  excessively  high  concentration  tends  to  lack  uniformity.  It  is 
desirable  to  add  an  antioxidant  to  the  solution  to  protect  the  polyolefin  from  degradation  by  oxidation. 

The  heated  solution  of  an  ultra-high-molecular-weight  polyolefin  is  extruded  from  a  die  while  being 
rapidly  cooled.  The  rapid  cooling  is  performed  preferably  at  a  rate  of  50  °C  /min  or  more  until  the  extrudate 

45  is  cooled  to  the  gelation  temperature  or  below.  The  cooling  temperature  (equal  to  or  lower  than  gelation 
temperature)  is,  for  example,  90  °  C  or  below,  preferably  50-60  °  C,  in  the  case  of  ultra-high-molecular-weight 
polyethylene.  The  rapid  cooling  is  achieved  by  circulating  water  in  the  die  or  immersing  the  die  in  water. 
However,  if  different  coolants  are  used,  other  cooling  methods  can  be  used. 

It  has  been  expected  that  the  solution  of  an  ultra-high-molecular-weight  polyolefin  cannot  easily  be 
50  extruded  from  a  die  when  gelation  takes  place.  However,  the  present  inventors  have  unexpectedly  found 

that  the  ultra-high-molecular-weight  polyolefin  gel  can  be  extruded  relatively  easily.  The  reason  for  this  is 
not  yet  fully  clarified,  but  it  is  considered  that  the  die  with  a  relatively  wide  slit  exerts  a  low  resistance  to  the 
gel  of  ultra-high-molecular-weight  polyolefin  which  has  been  swollen  by  a  nonvolatile  solvent  such  as 
paraffin  oil.  For  this  reason,  it  is  possible  to  obtain  an  article  such  as  a  sheet  of  the  ultra-high-molecular- 

55  weight  polyolefin  gel,  which  is  as  thick  as  5-20  mm,  more  particularly  5-10  mm.  This  gel-like  article  is 
usually  in  a  sheet  form.  Incidentally,  the  extrusion  speed  is  usually  a  few  centimeters  to  a  few  meters  per 
minute,  particularly  2-3  cm/min  to  2-3  m/min  depending  on  the  temperature  of  the  solution  and  solvent  and 
the  length  of  a  cooling  zone. 
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The  gel-like  sheet  is  subsequently  stripped  of  the  nonvolatile  solvent.  The  removal  of  the  solvent  may 
be  accomplished  by  dipping  the  gel-like  sheet  in  a  highly  volatile  solvent  for  extraction,  followed  by  drying, 
compressing  or  heating  the  gel-like  sheet.  These  steps  may  be  conducted  in  combination.  The  extraction  of 
a  nonvolatile  solvent  with  a  highly  volatile  solvent  is  desirable  because  of  its  ability  to  remove  the 

5  nonvolatile  solvent  without  considerably  changing  the  structure  of  the  gel-like  sheet.  The  extraction  can  be 
conducted  quickly  when  it  is  combined  with  compression.  Examples  of  highly  volatile  solvents  include 
hydrocarbons  such  as  pentane,  hexane  and  heptane;  chlorinated  hydrocarbons  such  as  methylene  chloride 
and  carbon  tetrachloride;  fluorinated  hydrocarbons  such  as  trifluoroethane;  and  ethers  such  as  diethyl  ether 
and  dioxane.  These  volatile  solvents  may  be  used  individually  or  in  combination,  and  their  selection 

io  depends  on  the  types  of  the  nonvolatile  solvents  used  to  dissolve  the  ultra-high-molecular-weight  polyolefin. 
The  amount  of  the  nonvolatile  solvent  to  be  removed  from  the  gel-like  sheet  should  be  at  least  10  wt  % 

of  the  nonvolatile  solvent  contained  therein.  In  other  words,  it  is  necessary  that  the  solvent  be  removed  so 
that  the  gel-like  sheet  contains  10-90  wt  %  preferably  10-60  %  of  ultra-high-molecular-weight  polyolefin.  If 
the  amount  of  the  solvent  removed  is  less  than  10  wt  %  and  the  amount  of  the  polyolefin  contained  in  the 

is  gel-like  sheet  is  less  than  10  wt  %,  the  gel  is  liable  to  become  a  solution  at  the  time  of  stretching  process 
while  heating,  because  the  gel-like  sheet  is  highly  swollen  with  the  solvent.  Moreover,  such  a  gel-like  sheet 
is  not  readily  made  into  an  stretched  product  of  uniform  thickness  on  account  of  the  partially  uneven 
stretching.  It  is  also  inconvenient  to  handle  because  the  solvent  oozes  out  during  stretching.  On  the  other 
hand,  if  the  solvent  is  removed  to  such  an  extent  that  the  amount  of  the  polyolefin  in  the  gel-like  sheet 

20  exceeds  90  wt  %,  the  network  structure  of  the  gel-like  sheet  becomes  so  compact  that  the  gel-like  sheet 
cannot  be  stretched  at  a  high  draw  ratio,  with  the  result  that  the  resulting  microporous  membrane  lacks  high 
modulus  and  high  strength.  The  amount  of  nonvolatile  solvent  to  be  removed  from  the  gel-like  sheet  can  be 
controlled  by  adjusting  the  amount  of  the  highly  volatile  solvent  for  extraction,  by  adjusting  the  extraction 
time,  or  by  adjusting  the  degree  of  compressing  the  gel-like  sheet. 

25  In  the  extraction  process  of  the  gel-like  sheet,  it  tends  to  shrink  or  warp  in  three-dimensional  directions 
as  a  highly  volatile  solvent  absorbed  in  place  of  a  nonvolatile  solvent  in  the  gel-like  sheet  evaporates.  To 
avoid  this  phenomenon,  the  gel-like  sheet  should  preferably  shrink  selectively  in  the  thickness  direction  so 
that  it  can  be  made  into  a  smooth,  uniform  sheet  that  hardly  shrinks  in  two  horizontal  directions  (longitudinal 
and  transverse  directions)  and  that  can  be  uniformly  stretched  at  a  high  draw  ratio.  The  shrinkage  of  the 

30  gel-like  sheet  should  be  50%  or  more,  preferably  70%  or  more  in  the  thickness  direction  and  20%  or  less 
in  the  longitudinal  and  transverse  directions.  The  selective  shrinking  of  the  gel-like  sheet  in  the  thickness 
direction  may  be  accomplished  by  evaporating  the  highly  volatile  solvent  while  keeping  the  gel-like  sheet  in 
close  contact  with  a  flat  support,  or  by  gripping  it  on  both  sides,  or  by  holding  it  between  two  porous  plates. 

After  the  removal  of  a  solvent,  the  gel-like  sheet  is  subjected  to  stretching  at  a  predetermined  draw  ratio 
35  while  heating.  Stretching  is  accomplished  by  an  ordinary  method  such  as  a  tenter  method,  a  roll  method,  an 

inflation  method,  a  calendering  method,  or  a  combination  thereof.  Biaxial  stretching  is  desirable.  It  may  be 
carried  out  by  stretching  the  sheet  in  longitudinal  and  transverse  directions  simultaneously  or  sequentially. 

The  stretching  temperature  should  be  equal  to  or  lower  than  a  temperature  which  is  10  °C  above  the 
melting  point  of  the  ultra-high-molecular-weight  polyolefin,  preferably  in  the  range  from  the  crystal  disper- 

40  sion  temperature  to  the  crystal  melting  point.  In  the  case  of  ultra-high-molecular-weight  polyethylene,  it  is 
90-1  40  °C,  preferably  110-130°C.  If  the  stretching  temperature  is  higher  than  the  melting  point  plus  10  °C, 
the  molecular  stretching  does  not  take  place  because  the  resin  melts.  If  the  stretching  temperature  is  lower 
than  the  crystal  dispersion  temperature,  the  membrane  tends  to  break  on  account  of  the  insufficient 
softening  of  the  resin,  and  the  membrane  cannot  be  stretched  at  a  high  draw  ratio. 

45  The  draw  ratio  varies  depending  on  the  thickness  of  the  original  sheet.  The  linear  draw  ratio  in  one 
horizontal  (longitudinal  or  transverse)  direction  should  be  greater  than  twofold,  preferably  5-  to  20-fold,  and 
the  areal  draw  ratio  should  be  greater  than  tenfold,  preferably  25-  to  400-fold.  With  an  areal  draw  ratio 
smaller  than  10-fold,  the  resulting  microporous  membrane  lacks  high  modulus  and  high  strength  on  account 
of  insufficient  stretching.  On  the  other  hand,  with  an  areal  draw  ratio  in  excess  of  400-fold,  difficulties  exist 

50  in  the  stretching  operation. 
The  thus  stretched  product  is  further  dipped  in  the  above-mentioned  highly  volatile  solvent  for  the 

extraction  and  removal  of  a  residual  solvent,  and  it  is  stripped  of  the  volatile  solvent  by  evaporation  and 
drying  steps.  The  extraction  of  the  solvent  should  be  performed  to  such  an  extent  that  the  content  of  the 
residual  solvent  in  the  stretched  product  is  less  than  1  wt  %. 

55  The  microporous  ultra-high-molecular-weight  polyolefin  membrane  produced  as  mentioned  above  has  a 
void  volume  of  30%  or  more  and  a  pore  diameter  of  0.001  to  0.5  urn.  In  addition,  it  has  a  relatively  large 
thickness  of  10  urn  or  more,  preferably  10-50  urn.  The  microporous  membrane  obtained  according  to  the 
process  of  this  invention  is  useful  in  applications  in  which  high  strength  and  high  pressure  resistance  are 
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required,  because  it  has  a  sufficient  thickness. 
The  present  invention  will  be  explained  in  further  detail  by  following  Examples.  The  test  methods  used 

in  Examples  are  as  follows: 
(1)  Membrane  thickness:  Measured  by  observing  the  cross  section  of  a  microporous  membrane  by  a 

5  scanning  electron  microscope. 
(2)  Tensile  breaking  strength:  Measured  according  to  ASTM  D882,  and  expressed  in  term  of  load  at  a 
break  point  for  a  15-mm-wide  specimen. 
(3)  Resistance  to  passage  of  air:  Measured  according  to  JIS  P8117. 
(4)  Pure  water  flow  rate:  Expressed  in  terms  of  the  amount  of  filtrate  which  passed  through  the 

io  hydrophilicized  microporous  membrane  under  a  hydraulic  pressure  of  380mmHg  (5.066x1  0+  Pa).  The 
hydrophilicization  was  accomplished  by  passing  a  50/50  (by  volume)  mixture  of  distilled  water  and 
ethanol  through  the  microporous  membrane  set  in  a  flat  module,  followed  by  thorough  washing  with 
distilled  water. 
(5)  Rejection  of  solutes:  Expressed  in  terms  of  the  concentration  of  pullulan*  contained  in  a  filtrate  which 

is  passed  through  the  microporous  membrane  under  the  differential  pressure  of  380  mmHg  (5.066x1  0+  Pa) 
when  a  0.05-wt  aqueous  solution  of  pullulan  was  circulated  in  the  module  mentioned  in  (4)  above.  The 
concentration  of  pullulan  was  determined  by  differential  refractometry.  The  rejection  of  solutes  was 
calculated  by  the  following  formula: 

20  Rejection  (%)  =  (1  -  A/B)  x  100 

where  A  is  the  concentration  of  pullulan  in  the  filtrate  and  B  is  the  concentration  of  pullulan  in  the  original 
solution. 

25  Example  1 

An  autoclave  equipped  with  a  stirrer  was  charged  with  100  parts  by  weight  of  a  mixture  composed  of 
4.0  wt  %  of  ultra-high-molecular-weight  polyethylene  having  a  weight-average  molecular  weight  (Mw)  of  2  x 
10G  and  96.0  wt  %  of  liquid  paraffin  (64  cSt  (6.4x1  0_5m2/s)  at  40  °C),  and  an  antioxidant  composed  of  0.125 

30  parts  by  weight  of  2,  6-di-t-butyl-p-cresol  ("BHT",  manufactured  by  Sumitomo  Chemical  Industries  Co.,  Ltd.) 
and  0.25  parts  by  weight  of  tetrakis  [methylene-3-(3,  5-di-t-butyl-4-hydroxylphenyl)-propionate]  methane 
("Irganox®  1010",  manufactured  by  Ciba  Geigy  Co.,  Ltd.).  The  mixture  was  stirred  at  200  °C  for  90  minutes 
to  give  a  uniform  solution. 

The  solution  was  fed  to  an  extruder  of  45  mm  in  diameter  and  extruded  from  a  long-lip  T-die  (die  lip 
35  opening  =  6  mm),  a  tip  end  of  which  was  cooled  with  water.  Thus  there  was  obtained  a  6-mm-thick  gel-like 

sheet.  The  sheet  emerging  from  the  T-die  was  at  60  °  C  in  a  completely  gel  state. 
This  sheet  was  dipped  in  250  ml  of  methylene  chloride  for  60  minutes.  The  wet  sheet  was  attached  to  a 

flat  plate  and  dried  on  it.  Thus,  there  was  obtained  an  original  sheet  containing  84.0  wt  %  of  liquid  paraffin. 
The  original  sheet  was  cut  into  a  piece  of  9  cm  by  9  cm.  The  cut  piece  underwent  simultaneous  biaxial 

40  stretching  by  a  biaxial  stretching  machine  at  125  °  C  ,  at  a  draw  speed  of  30  cm/min,  and  at  a  draw  ratio  of  7 
x  7.  The  resulting  stretched  membrane  was  washed  with  methylene  chloride  to  remove  residual  liquid 
paraffin  and  then  dried.  Thus,  there  was  obtained  a  microporous  membrane  of  ultra-high-molecular-weight 
polyethylene.  The  properties  of  the  microporous  membrane  are  shown  in  Table  1  . 

45  Example  2 

A  22-u.m-thick,  microporous  membrane  of  ultra-high-molecular-weight  polyethylene  was  prepared  in  the 
same  manner  as  in  Example  1  except  that  a  6-mm-thick,  gel-like  sheet  was  extruded  from  a  die  having  a 
die  lip  opening  of  6  mm,  that  the  gel-like  sheet  was  converted  into  an  original  sheet  containing  80.1  wt  %  of 

50  liquid  paraffin  by  removing  the  solvent,  and  that  the  original  sheet  underwent  simultaneous  biaxial  stretching 
at  116°C  and  at  a  draw  ratio  of  5x5.  The  properties  of  the  microporous  membrane  are  shown  in  Table  1. 

55 

*  Pullulan  used  here  was  polysaccharides  having  a  molecular  weight  of  100,000  and  200,000,  respectively, 
manufactured  by  Showa  Denko  K.K. 
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Example  3 

A  38-u.m-thick,  microporous  membrane  of  ultra-high-molecular-weight  polyethylene  was  prepared  in  the 
same  manner  as  in  Example  1  except  that  a  8-mm-thick,  gel-like  sheet  was  extruded  from  a  die  having  a 

5  die  lip  opening  of  8  mm,  that  the  gel-like  sheet  was  converted  into  an  original  sheet  containing  78.8  wt  %  of 
liquid  paraffin  by  removing  the  solvent,  and  that  the  original  sheet  underwent  simultaneous  biaxial  stretching 
at  118°C  and  at  a  draw  ratio  of  6x6.  The  properties  of  the  microporous  membrane  are  shown  in  Table  1. 

Example  4 
10 

A  16-u.m-thick,  microporous  membrane  of  ultra-high-molecular-weight  polyethylene  was  prepared  in  the 
same  manner  as  in  Example  1  except  that  a  10-mm-thick,  gel-like  sheet  was  extruded  from  a  die  having  a 
die  lip  opening  of  10  mm,  that  the  gel-like  sheet  was  converted  into  an  original  sheet  containing  85.0  wt  % 
of  liquid  paraffin  by  removing  the  solvent,  and  that  the  original  sheet  underwent  simultaneous  biaxial 

is  stretching  at  122°C  and  at  a  draw  ratio  of  7x7.  The  properties  of  the  microporous  membrane  are  shown  in 
Table  1  . 
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extrudate  was  rapidly  cooled  with  an  ordinary  chill  roll.  However,  it  was  impossible  to  obtain  a  gel-like  sheet 
of  uniform  thickness  because  the  extrudate  suffered  from  swelling  and  neck-in  immediately  after  emergence 
from  the  die  lip.  The  rapid  cooling  was  performed  by  dipping  the  extrudate  in  water  instead  of  using  a  chill 
roll,  but  the  result  was  similarly  poor. 

5  It  is  noted  from  the  foregoing  Examples  and  Comparative  Example  that  the  microporous  membrane  of 
ultra-high-molecular-weight  polyethylene  produced  according  to  the  process  of  the  present  invention  has 
low  resistance  passage  of  air  and  high  pure  water  flow  rate,  while  it  can  reject  fine  solutes  such  as  sugars.  It 
is  also  noted  that  the  microporous  membrane  has  high  mechanical  strength  on  account  of  its  large 
thickness. 

io  According  to  the  present  invention,  a  heated  solution  of  ultra-high-molecular-weight  polyethylene  is 
rapidly  cooled  for  gelation  before  extrusion  from  a  die.  Therefore,  the  gel-like  extrudate  has  a  uniform 
thickness  without  suffering  from  swelling  and  neck-in.  The  resulting  microporous  membrane  has  a  sufficient 
thickness  to  provide  high  strength  and  high  pressure  resistance.  It  is  not  only  easy  to  handle  but  also  it  can 
easily  be  laminated  with  a  nonwoven  fabric.  The  microporous  membrane  of  the  present  invention  will  find 

is  wide  varieties  of  applications  as  battery  separators,  electrolytic  capacitor  separators,  microfilters,  ultrafilters, 
and  moisture-permeable  waterproof  clothes. 

The  present  invention  has  been  described  by  the  above  Examples,  but  it  should  be  noted  that  any 
modifications  can  be  made  unless  they  deviate  from  the  scope  of  the  present  invention  defined  by  the 
claims  attached  hereto. 

20 
Claims 

1.  A  process  for  producing  a  microporous  ultra-high-molecular-weight  polyolefin  membrane  having  a 
thickness  of  at  least  10  u,m,  a  void  volume  of  at  least  30%  and  a  pore  diameter  of  0.001  to  0.5  u,m,  and 

25  said  polyolefin  having  a  weight-average  molecular  weight  of  5x1  05  or  more,  said  process  comprising 
the  steps  of: 

a)  forming  a  gel-like  sheet  from  a  solution  of  said  polyolefin; 
b)  removing  at  least  10  wt.%  of  solvent  from  said  gel-like  sheet  so  that  said  gel-like  sheet  contains 
10  to  90  wt.%  of  said  polyolefin; 

30  c)  stretching  said  gel-like  sheet  at  a  temperature  equal  to  or  lower  than  that  which  is  10  °  C  above  the 
melting  point  of  said  polyolefin  so  as  to  produce  an  areal  draw  ratio  of  greater  than  tenfold;  and 
d)  removing  the  residual  solvent  from  the  stretched  product, 

characterised  in  that  said  gel-like  sheet  is  formed  in  step  (a)  by  extruding  said  solution  of  said 
polyolefin  from  a  die;  said  solution  being  rapidly  cooled  at  a  rate  of  at  least  50°C/min  to  its  gelation 

35  temperature  or  below  before  extrusion  from  said  die. 

2.  A  process  a  claimed  in  claim  1,  wherein  said  ultra-high-molecular-weight  polyolefin  solution  is  rapidly 
cooled  by  the  die  which  is  being  cooled. 

40  3.  A  process  as  claimed  in  claim  1  or  claim  2,  wherein  the  cooling  temperature  in  said  step  (a)  is  90  °  C  or 
less. 

4.  A  process  as  claimed  in  any  one  of  the  preceding  claims,  wherein  the  gel-like  sheet  is  stretched  at  a 
temperature  between  the  crystal  dispersion  temperature  and  the  crystal  melting  point  of  said  ultra-high- 

45  molecular-weight  polyolefin. 

5.  A  process  as  claimed  in  any  one  of  the  preceding  claims,  wherein  said  ultra-high-molecular-weight 
polyolefin  is  dissolved  in  a  nonvolatile  solvent. 

50  6.  A  process  as  claimed  in  claim  5,  wherein  said  nonvolatile  solvent  is  paraffin  oil. 

7.  A  process  as  claimed  in  any  one  of  the  preceding  claims,  wherein  said  residual  solvent  is  removed  by 
extraction  with  a  volatile  solvent. 

55  8.  A  process  as  claimed  in  any  one  of  the  preceding  claims,  wherein  said  ultra-high-molecular-weight 
polyolefin  is  ultra-high-molecular-weight  polyethylene. 
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Patentanspruche 

1.  Verfahren  zur  Herstellung  einer  mikroporosen  Membran  aus  einem  Polyolefin  mit  sehr  hohem  Moleku- 
largewicht,  die  eine  Dicke  von  mindestens  10  u,m,  ein  Porenvolumen  von  mindestens  30  %,  und  einen 

5  Porendurchmesser  von  0,001  bis  0,5  u,m  aufweist,  und  das  Polyolefin  ein  gewichtsmittleres  Molekular- 
gewicht  von  5  x  105  oder  mehr  aufweist,  wobei  das  Verfahren  die  Schritte  umfaBt: 

a)  Herstellen  einer  gelartigen  Folie  aus  einer  Losung  des  Polyolefins; 
b)  Entfernen  von  mindestens  10  Gew.-%  Losungsmittel  aus  der  gelartigen  Folie,  so  dal3  die  gelartige 
Folie  10  bis  90  Gew.-%  des  Polyolefins  enthalt; 

io  c)  Verstrecken  der  gelartigen  Folie  bei  einer  Temperatur  gleich  oder  geringer  als  jene,  die  10  °C 
oberhalb  des  Schmelzpunkts  des  Polyolefins  liegt,  so  dal3  ein  Flachenverstreckungsverhaltnis  von 
mehr  als  dem  10-fachen  hergestellt  wird;  und 
d)  Entfernen  des  restlichen  Losungsmittels  aus  dem  verstreckten  Produkt,  dadurch  gekennzeichnet, 
dal3  die  gelartige  Folie  in  Schritt  (a)  durch  Extrudieren  der  Losung  des  Polyolefins  aus  einer  Duse 

is  hergestellt  wird;  und  wobei  die  Losung  rasch  mit  einer  Geschwindigkeit  von  mindestens  50°C/min 
bis  zu  ihrer  Geliertemperatur  oder  darunter  vor  der  Extrusion  aus  der  Duse  abgekuhlt  wird. 

2.  Verfahren  nach  Anspruch  1  ,  wobei  die  Losung  des  Polyolefins  mit  sehr  hohem  Molekulargewicht  rasch 
durch  die  gekuhlte  Duse  abgekuhlt  wird. 

20 
3.  Verfahren  nach  Anspruch  1  oder  2,  wobei  die  Kuhltemperatur  in  Schritt  (a)  90  °C  oder  weniger  betragt. 

4.  Verfahren  nach  einem  der  vorangehenden  Anspruche,  wobei  die  gelartige  Folie  bei  einer  Temperatur 
zwischen  der  Kristalldispersionstemperatur  und  dem  Kristallschmelzpunkt  des  Polyolefins  mit  sehr 

25  hohem  Molekulargewicht  verstreckt  wird. 

5.  Verfahren  nach  einem  der  vorangehenden  Anspruche,  wobei  das  Polyolefin  mit  sehr  hohem  Molekular- 
gewicht  in  einem  nichtfluchtigen  Losungsmittel  gelost  wird. 

30  6.  Verfahren  nach  Anspruch  5,  wobei  das  nichtfluchtige  Losungsmittel  Paraffinol  ist. 

7.  Verfahren  nach  einem  der  vorangehenden  Anspruche,  wobei  das  restliche  Losungsmittel  durch  Extrak- 
tion  mit  einem  fluchtigen  Losungsmittel  entfernt  wird. 

35  8.  Verfahren  nach  einem  der  vorangehenden  Anspruche,  wobei  das  Polyolefin  mit  sehr  hohem  Molekular- 
gewicht  ein  Polyethylen  mit  sehr  hohem  Molekulargewicht  ist. 

Revendicatlons 

40  1.  Procede  pour  la  production  d'une  membrane  microporeuse,  en  polyolefine  de  tres  haut  poids  mole- 
culaire,  ayant  une  epaisseur  d'au  moins  10  u,m,  un  volume  de  vide  d'au  moins  30%  et  un  diametre  de 
pore  de  0,001  a  0,5  u,m,  ladite  polyolefine  ayant  un  poids  moleculaire  moyen  en  poids  de  5  X  105  ou 
plus,  ledit  procede  comprenant  les  etapes  de  : 

a)  formation  d'une  feuille  de  consistance  gelatineuse  a  partir  d'une  solution  de  ladite  polyolefine; 
45  b)  elimination  d'au  moins  10%  en  poids  du  solvant  contenu  dans  ladite  feuille  de  consistance 

gelatineuse  de  sorte  que  ladite  feuille  renferme  de  10  a  90%  en  poids  de  ladite  polyolefine. 
c)  etirage  de  ladite  feuille  de  consistance  gelatineuse  a  une  temperature  inferieure  ou  egale  a  celle 
situee  10  °C  au-dessus  de  la  temperature  de  fusion  de  ladite  polyolefine  de  maniere  a  avoir  un 
rapport  d'etirage  en  surface  dix  fois  plus  grand;  et 

50  d)  elimination  du  solvant  residuel  present  dans  le  produit  etire, 
procede  caracterise  en  ce  que  la  feuille  de  consistance  gelatineuse  est  formee  lors  de  I'etape  (a) 

par  extrusion  de  ladite  solution  de  ladite  polyolefine  a  travers  une  filiere,  ladite  solution  etant  refroidie 
rapidement  a  une  vitesse  au  moins  egale  a  50°C/minute  jusqu'a  atteindre  la  temperature  de 
gelification  ou  une  temperature  inferieure  avant  extrusion  a  travers  ladite  filiere. 

55 
2.  Procede  selon  la  revendication  1,  dans  lequel  ladite  solution  de  polyolefine  de  tres  haut  poids 

moleculaire  est  refroidie  rapidement  par  la  filiere  qui  est  elle-meme  refroidie,  a  son  tour. 

9 



EP  0  355  214  B1 

Procede  selon  la  revendication  1  ou  la  revendication  2,  dans  lequel  la  temperature  atteinte  par 
refroidissement  au  cours  de  ladite  etape  (a)  est  de  90  °  C  ou  moins. 

Procede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  la  feuille  de  consistance 
gelatineuse  est  etiree  a  une  temperature  situee  entre  la  temperature  de  dispersion  cristalline  et  la 
temperature  de  fusion  cristalline  de  ladite  polyolefine  de  tres  haut  poids  moleculaire. 

Procede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  ladite  polyolefine  de  tres 
haut  poids  moleculaire  est  dissoute  dans  un  solvant  non  volatile. 

Procede  selon  la  revendication  5,  dans  lequel  ledit  solvant  non  volatile  est  de  I'huile  de  paraffine. 

Procede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  ledit  solvant  residuel  est 
elimine  par  extraction  avec  un  solvant  volatile. 

Procede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  ladite  polyolefine  de  tres 
haut  poids  moleculaire  est  un  polyethylene  de  tres  haut  poids  moleculaire. 
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