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Description 

Field  of  the  Invention 

5  This  invention  relates  to  fibers  made  from  sulfonated  poly(p-phenyleneterephthalamide)(PPD-T)with  high 
inherent  viscosity  and  to  a  process  for  making  such  fibers.  The  fibers  of  this  invention  exhibit  unexpectedly 
high  tenacity,  both  before  and  after  heat  treatment  at  elevated  temperatures.  The  process  of  this  invention 
yields  PPD-T  having  a  very  high  strength  retention  after  heat  aging  and  an  unexpectedly  high  inherent  viscosity 
in  view  of  the  conditions  of  sulfonation. 

10 
Description  of  the  Prior  Art 

United  States  Patents  Number  4,075,269  and  4,162,346,  issued  February  21,  1978  and  July  24,  1979  on 
the  applications  of  R.  S.  Jones  et  al.,  disclose  the  spinning  of  fibers  using  sulfonated  PPD-T  of  low  inherent 

15  viscosity  and  low  tenacity.  The  PPD-T  is  disclosed  to  be  sulfonated  using  either  concentrated  sulfuric  acid  or 
fuming  sulfuric  acid  and  using  specifically  defined  time  and  temperature  conditions.  The  as-spun  fibers  of  that 
invention  exhibit  single  filament  tenacities  of  only  about  8.8-13.2  dN/tex  (10-15  grams  per  denier)  and,  after 
optimum  heat  treatment,  of  about  13.2-22.0  dN/tex  (15-25  grams  per  denier). 

United  States  Patent  Number  3,767,756,  issued  October  23,  1973  on  the  application  of  H.  Blades,  disclo- 
20  ses  that  fuming  sulfuric  acid  can  be  used  as  a  dope  solvent  with  PPD-T;  but  contains  caution  that  the  temper- 

ature  must  be  kept  low  and  the  time  of  exposure  must  be  kept  at  a  minimum  because  fuming  sulfuric  acid  is 
known  to  degrade  the  polymer  and  result  in  a  reduction  in  inherent  viscosity  and  in  fibers  of  reduced  tenacity. 
Sulfonation  of  the  PPD-T  is  not  mentioned. 

United  States  Patent  Number  3,671  ,542,  issued  June  20,  1  972  on  the  application  of  Kwolek,  discloses  that 
25  sulfuric  acid  having  a  concentration  slightly  higher  than  100%  can  be  used  for  a  spinning  solution  solvent  with 

PPD-T  but  the  temperature  of  solution  is  about  room  temperature  and  the  time  for  affecting  solution  is  several 
days.  Sulfonation  of  the  PPD-T  is  not  mentioned. 

Japanese  Patent  Application  Publication  (Kokai)  No.  50-16762  (1975)  published  February  21,  1975  dis- 
closes  dissolving  PPD-T  in  99.1%  sulfuric  acid  for  17-20  hours  at  75-80°C  and  for  14  hours  at  90-100°C.  The 

30  polymerwas  degraded  and  fibers  made  from  the  polymer  are  disclosed  to  have  a  tenacity  of  about  13.2  dN/tex 
(15  grams  per  denier).  Sulfonation  of  the  PPD-T  is  not  mentioned. 

Summary  of  the  Invention 

35  The  present  invention  provides  a  fiber  made  from  sulfonated  PPD-T  wherein  the  polymer  has  a  high  in- 
herent  viscosity  and  includes  0.5  to  3.0%,  by  weight,  sulfur  as  bound  sulfonic  acid  or  sulfonate  groups,  wherein 
the  fiber  exhibits  a  yarn  tenacity  of  greater  than  17.6  dN/tex  (20  grams  per  denier),  dipped  cord  strength  of 
greater  than  15.8  dN/tex  (18  grams  per  denier),  heat  aged  strength  retention  of  greater  than  90%,  and  yarn 
inherent  viscosity  of  greater  than  4.5. 

40  The  present  invention  also  provides  a  process  for  making  a  fiber  from  sulfonated  PPD-T  by:  agitating  sub- 
stantially  unsulfonated  PPD-T  in  sulfuric  acid  having  a  concentration  of  100.5  to  102.5%  for  a  duration  of  1  to 
3  hours  at  70  to  80°C  to  dissolve  and  sulfonate  the  PPD-T;  extruding  the  resulting  solution  from  an  orifice 
through  a  layer  of  inert  non-coagulating  fluid  into  a  coagulating  bath  to  coagulate  the  resulting  fiber;  and  drying 
the  fiber  to  yield  a  fiber  of  sulfonated  PPD-T,  with  high  inherent  viscosity,  high  tenacity,  and  good  heat-aged 

45  strength  retention. 

Brief  Description  of  the  Drawings 

The  Fig.  is  a  three-axis  graphical  representation  of  the  conditions  of  this  invention  for  sulfonating  PPD-T 
50  compared  with  conditions  which  have  been  disclosed  in  the  prior  art. 

Detailed  Description  of  the  Invention 

Fibers  made  from  PPD-T  are  well  known  for  their  extremely  high  strength  and  high  modulus.  There  is,  of 
55  course,  a  desire  for  fibers  which  are  stronger,  still,  and  there  has  been  expressed  a  need  for  fibers  which  will 

exhibit  a  high  strength  before  exposure  to  high  temperatures  and  will  retain  more  of  the  initial  high  strength 
characteristics  after  exposure  to  high  temperatures. 

In  uses  wherein  the  fibers  are  exposed  to  high  temperatures  during  later  processing,  such  as  in  the  rubber 
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curing  steps  of  tire  manufacture,  it  is  important  to  have  cords  which  do  not  lose  substantial  strength  during  the 
curing  step.  It  has  now  been  discovered  that  fibers  made  from  sulfonated  PPD-T  have  the  desired  high  initial 
strength  and  also  exhibit  high  retained  strength  after  exposure  to  high  temperatures.  The  process  of  the  present 

5  invention  provides  a  surprisingly  high  degree  of  sulfonation  balanced  against  relatively  low  degree  of  degra- 
dation. 

By  PPD-T  is  meant  the  homopolymer  resulting  from  mole-for-mole  polymerization  of  p-phenylene  diamine 
and  terephthaloyl  chloride  and,  also,  copolymers  resulting  from  incorporation  of  small  amounts  of  other  dia- 
mines  with  the  p-phenylene  diamine  and  of  small  amounts  of  other  diacid  chlorides  with  the  terephthaloyl  chlor- 

10  ide.  As  a  general  rule,  other  diamines  and  other  diacid  chlorides  can  be  used  in  amounts  up  to  as  much  as 
about  10  mole  percent  of  the  p-phenylene  diamine  or  the  terephthaloyl  chloride,  or  perhaps  slightly  higher, 
provided  only  that  the  other  diamines  and  diacid  chlorides  have  no  reactive  groups  which  interfere  with  the 
polymerization  reaction.  PPD-T,  also,  means  copolymers  resulting  from  incorporation  of  other  aromatic  dia- 
mines  and  other  aromatic  diacid  chlorides  such  as,  for  example,  2,6-naphthaloyl  chloride  or  choro-  or  dichlor- 

15  oterephthaloyl  chloride;  provided,  only,  that  the  other  aromatic  diamines  and  aromatic  diacid  chlorides  be  pres- 
ent  in  amounts  which  permit  preparation  of  anisotropic  spin  dopes.  Preparation  of  PPD-T  is  described  in  United 
States  Patents  No.  3,869,429;  4,308,374;  and  4,698,414. 

In  the  practice  of  this  invention,  PPD-T  is  treated  with  fuming  sulfuric  acid  of  a  particular  concentration  to 
cause  sulfonation  of  the  PPD-T  molecules,  conditions  are  carefully  controlled  such  that  the  PPD-T  is  degraded 

20  much  less  than  would  be  expected  while,  at  the  same  time,  achieving  the  desired  degree  of  sulfonation.  The 
PPD-T  to  be  sulfonated  has  a  high  inherent  viscosity  before  sulfonation  and  retains  a  high  inherent  viscosity 
after  sulfonation. 

The  sulfuric  acid  used  for  sulfonation  in  practice  of  this  invention  must  be  more  than  100%  sulfuric  acid; 
but  cannot  be  so  high  that  it  will  cause  undue  degradation  of  the  PPD-T.  It  has  been  found  that  the  degree  of 

25  sulfonation  and  the  degree  of  degradation  form  a  balance  which  is  controlled  by  the  sulfuric  acid  concentration, 
the  time  of  exposure  of  PPD-T  to  that  acid,  and  the  temperature  of  the  acid  during  exposure.  It  has  been  found 
that  sulfuric  acid  of  concentrations  from  about  100  up  to  about  100.5%  yield  very  little  sulfonation  compared 
with  the  degree  or  severity  or  polymer  degradation;  and  that  has  been  found  to  be  true  over  even  long  periods 
of  time  at  relatively  high  temperatures;  and,  at  temperatures  below  about  60°C,  there  is  virtually  no  sulfonation. 

30  Sulfuric  acid  of  concentrations  above  about  1  03%  cause  unacceptably  severe  degradation  of  PPD-T  compared 
with  the  degree  of  sulfonation  at  any  reasonable  temperature  for  any  time.  A  surprising  element  of  the  present 
invention,  and  what  is  believed  to  represent  patentable  discovery,  is  that,  despite  what  is  taught  in  the  prior 
art  on  each  side  of  these  conditions,  PPD-T  is  sulfonated  and  is  not  unacceptably  degraded  by  exposure  to 
sulfuric  acid  of  concentrations  from  1  00.5  to  1  02.5%  at  temperatures  of  70  to  80°C  for  periods  of  1  to  3  hours. 

35  The  inherent  viscosity  of  PPD-T  is  a  measure  of  the  molecular  weight  of  the  polymer  and  can  be  used  as 
an  indication  of  the  strength  to  be  expected  for  fibers  made  from  the  polymer  as  well  as  a  measure  of  the  sev- 
erity  of  degradation  which  the  polymer  may  have  undergone  in  the  sulfonation  process. 

The  process  of  the  present  invention  is  generally  started  using  PPD-T  having  an  inherent  viscosity  of  about 
6.3  to  6.5.  Fibers  made  in  accordance  with  the  sulfonation  process  of  this  invention  exhibit  an  inherent  viscosity 

40  of  greater  than  about  4.5. 
It  has  been  determined  that  such  a  degradation  -  from  about  6.3  or  6.5  to  about  4.5  ~  as  is  experienced 

during  the  practice  of  the  present  invention,  is  much  less  severe  than  the  degradation  experienced  by  proc- 
esses  of  the  prior  art.  For  example,  when  PPD-T  having  an  inherent  viscosity  of  about  6.5  is  dissolved  and 
spun  using  the  conditions  for  fuming  sulfuric  acid  sulfonation  from  U.S.  4,162,346  (The  volume  identified  as 

45  "Prior  A"  in  the  Figure),  the  polymer  in  the  resulting  fibers  has  an  inherent  viscosity  of  about  2.9.  The  polymer 
in  the  fibers  made  using  the  conditions  for  concentrated  sulfuric  acid  sulfonation  from  U.S.  4,162,346  (The  vol- 
ume  identified  as  "Prior  B"  in  the  Figure),  has  an  inherent  viscosity  of  about  3.2.  As  stated,  the  process  of  this 
invention  yields  PPD-T  fibers  having  an  inherent  viscosity  of  more  than  4.5;--  clearly  an  unexpectedly  high 
inherent  viscosity  representing  an  unexpectedly  low  degree  of  degradation. 

so  in  preparation  of  fibers  by  spinning  from  solutions  of  PPD-T,  the  solvent  for  the  PPD-T  is  sulfuric  acid.  The 
spinning  solution  of  PPD-T  is  made  by  dissolving  the  PPD-T  at  the  desired  concentration  in  sulfuric  acid  of  a 
concentration  of  at  least  98%.  The  PPD-T  must  be  in  such  a  concentration  that  an  anisotropic  solution  is  formed 
of  PPD-T  in  the  sulfuric  acid.  The  concentration  of  PPD-T  for  practice  of  this  invention  is,  generally,  17  to  about 
20  weight  percent.  The  PPD-T  which  is  dissolved  in  the  sulfuric  acid  can  be  previously  sulfonated  or  it  can  be 

55  dissolved  with  the  intention  of  sulfonating  it  at  the  same  time  as  it  is  dissolved.  In  either  event,  the  conditions 
for  sulfonation  must  be  as  have  been  set  out  above  to  practice  the  present  invention.  Spinning  solutions  can 
be  made  using  sulfuric  acid  of  the  concentration  necessary  for  the  sulfonation  of  this  invention;  and  the  sul- 
fonation  temperature  and  time  ranges  for  sulfonation  are,  also,  compatible  with  preparation  and  use  of  spinning 
solutions. 

3 
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Referring  to  the  Figure,  there  are  shown  the  limits  for  sulfonation  of  PPD-T  which  have  been  taught  by 
some  prior  art  references.  The  volume  identified  as  "Prior  A"  represents  the  conditions  taught  in  United  States 
Patent  No.  4,162,346  as  permitting  the  use  of  fuming  sulfuric  acid.  The  volume  identified  as  "Prior  B"  represents 

5  the  conditions  taught  in  that  same  patent  and,  also,  in  Japanese  Pat.  Appln.  Publn.  (Kokai)  No.  50-16762  as 
permitting  preparation  of  PPD-T  fibers  by  use  of  concentrated  sulfuric  acid.  The  volume  identified  as  "This  In- 
vention"  represents  the  conditions  of  the  present  invention  yielding  sulfonated  PPD-T  with  comparatively  little 
degradation. 

The  sulfonation  conditions  of  the  present  invention  result  in  sulfur  levels  of  0.5  to  3%,  by  weight,  as  bound 
10  sulfonic  acid  or  sulfonate  groups  on  the  PPD-T.  It  has  been  concluded  that  a  sulfur  level  of  less  than  0.5% 

may  give  rise  to  the  improvement  of  this  invention;  but  that  the  improvement  is  not  great  and,  from  a  practical 
matter,  not  worth  the  effort.  A  practical  upper  limit  for  sulfur  content  in  PPD-T  fibers  has  been  set  at  about  3%. 
Accurate  determination  of  the  sulfur  level  is  difficult.  The  aforementioned  U.S.  Patent  No.  4,162,346  discloses 
that  the  PPD-T  of  that  procedure  is  sulfonated  in  the  range  of  about  0.5  to  3%  of  sulfur,  while,  as  will  be  shown 

15  in  the  Examples  to  follow,  the  actual  level  of  sulfonation  in  the  products  of  that  patent  appears  to  be  more  on 
the  order  of  0  to  0.9%. 

Fibers  of  the  present  invention  can  be  spun  using  the  spinning  conditions  specifically  set  out  in  U.S.  Patent 
3,767,756.  Once  the  anisotropic  spinning  dope  has  been  made  and  the  conditions  have  been  met  for  sulfon- 
ation  of  the  PPD-T,  the  PPD-T  solution  can  be  extruded  through  spinnerets  with  orifices  ranging  from  about 

20  0.025  to  0.25  mm  in  diameter,  or  perhaps  slightly  larger  or  smaller.  The  number,  size,  shape,  and  configuration 
of  the  orifices  are  not  critical.  The  extruded  dope  is  conducted  into  a  coagulation  bath  through  a  noncoagulating 
fluid  layer.  While  in  the  fluid  layer,  the  extruded  dope  is  stretched  from  as  little  as  1  to  as  much  as  15  times 
its  initial  length  (spin  stretch  factor).  The  fluid  layer  is  generally  air  but  can  be  any  other  inert  gas  or  even  liquid 
which  is  a  noncoagulant  for  the  dope.  The  noncoagulating  fluid  layer  is  generally  from  0.1  to  10  centimeters 

25  in  thickness. 
The  coagulation  bath  is  aqueous  and  ranges  from  pure  water,  or  brine,  to  as  much  as  70%  sulfuric  acid. 

Bath  temperatures  can  range  from  below  freezing  to  about  28°C  or,  perhaps,  slightly  higher.  It  is  preferred  that 
the  temperature  of  the  coagulation  bath  be  kept  below  about  10°C,  and  more  preferably,  below  5°C,  to  obtain 
fibers  with  the  highest  initial  strength. 

30  After  the  extruded  dope  has  been  conducted  through  the  coagulation  bath,  the  dope  has  coagulated  into 
a  water-swollen  fiber.  At  this  point  in  fiber  manufacture,  the  fiber  includes  about  50  to  100  percent  aqueous 
coagulation  medium,  based  on  dry  fiber  material,  and  must  be  thoroughly  washed  to  remove  the  salt  and  acid 
and  free  sulfate  from  the  interior  of  the  swollen  fiber.  The  fiber-washing  solutions  can  be  water  or  they  can  be 
slightly  alkaline.  The  wet  and  swollen  fiber  is  conducted  from  washing  and  neutralization  to  a  fiber  drying  step. 

35  The  fiber  can  be  dried  at  temperatures  of  up  to  as  much  as  1  50°C  or  slightly  higher,  under  tension  or  not,  as 
desired  for  final  fiber  qualities.  Drying  the  fibers  under  tension  generally  causes  a  decrease  in  elongation  to 
break  and  an  increase  in  modulus  and  tenacity. 

The  sulfonated  fibers  of  this  invention  can  be  heat  treated  before  use  or,  in  some  cases,  the  heat  treatment 
can  be  conducted  as  a  step  in  the  final  use  of  the  fibers.  If  the  fibers  are  to  be  heat  treated,  the  heat  treatment 

40  can  be  accomplished,  for  example,  at  temperatures  ranging  from  about  1  50  to  550°C,  or  perhaps  slightly  higher; 
at  tensions  of  from  about  0.176  to  10.6  dN/tex  (0.2  to  12  grams  per  denier)  and  for  times  of  about  1  to  60  seconds 
or,  perhaps,  slightly  more.  At  lower  heat  treating  temperatures,  longer  times  can  be  used  and,  for  higher  tem- 
peratures  -  shorter  times.  As  a  general  rule,  heat  treatment  significantly  reduces  the  tenacity  of  a  fiber;  but 
the  tenacity  of  the  sulfonated  PPD-T  fibers  of  this  invention  does  not  appear  to  be  significantly  altered  by  most 

45  heat  treatment  conditions.  Fibers  which  have  not  yet  been  dried  can  be  dried  and  heat  treated  at  the  same 
time  by  merely  increasing  the  time  of  exposure  during  the  heat  treatment  operations  as  applied  to  never-dried 
fibers. 

In  the  manufacture  of  tires  and  in  the  use  of  fibers  as  reinforcement  in  tire  construction,  the  final  step  of 
curing  tire  cord  after  it  has  been  dipped  in  curable  subcoating  material,  involves  heating  at  temperatures  of  at 

so  least  240°C  for  a  time  of  about  60  seconds.  Heating  at  such  a  temperature  for  such  a  time  amounts  to  heat 
treating  conditions  forthe  reinforcing  fibers.  The  sulfonated  fibers  of  this  invention,  having  improved  properties 
as  a  result  of  heat  treating,  can  be  used  in  tire  manufacture  and  can  be  improved  as  a  result  of  the  tire  curing 
process. 

It  has  been  discovered  that  the  sulfonated  PPD-T  fibers  of  this  invention  exhibit  greatly  improved  tenacity, 
55  dipped  cord  strength,  and  Heat  Aged  Strength  Retention  over  PPD-T  fibers  of  the  past. 
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Test  Methods 

Inherent  Viscosity 
5 

Inherent  Viscosity  (IV)  is  defined  by  the  equation: 
IV  =  ln(11rel)/c 

where  c  is  the  concentration  (0.5  gram  of  polymer  in  100  ml  of  solvent)  of  the  polymer  solution  and  r|rei  (relative 
viscosity)  is  the  ratio  between  the  flow  times  of  the  polymer  solution  and  the  solvent  as  measured  at  30°C  in 

10  a  capillary  viscometer.  The  inherent  viscosity  values  reported  and  specified  herein  are  determined  using  con- 
centrated  sulfuric  acid  (96%  H2S04). 

Tensile  Properties 

15  Tenacity  is  reported  as  breaking  strength  divided  by  linear  density.  Modulus  is  reported  as  the  slope  of 
the  initial  stress/strain  curve  converted  to  the  same  units  as  tenacity.  Elongation  is  the  percent  increase  in 
length  at  break.  Both  tenacity  and  modulus  are  first  computed  in  g/denier  units  which,  when  multiplied  by 
0.8838,  yield  dN/tex  units.  Each  reported  measurement  is  the  average  of  10  breaks. 

Tensile  properties  for  yarns  are  measured  at  24°C  and  55%  relative  humidity  after  conditioning  under  the 
20  test  conditions  for  a  minimum  of  14  hours.  Before  testing,  each  yarn  is  twisted  to  a  1  .1  twist  multiplier  (for  ex- 

ample,  nominal  1500  denier  yarn  is  twisted  about  0.8  turns/cm).  Each  twisted  specimen  has  a  test  length  of 
25.4  cm  and  is  elongated  50%  per  minute  (based  on  the  original  unstretched  length)  using  a  typical  recording 
stress/strain  device. 

The  twist  multiplier  (TM)  of  a  yarn  is  defined  as: 
25  

_..  tpi  VDenier  tpcVdtex 
TM  =  —  =  — 73  30.3 

Wherein 
tpi  =  turns  per  inch  and 
tpc  =  turns  per  centimeter. 

30 
Heat  Aged  Strength  Retention  (HASR) 

HASR  is  a  test  to  determine  how  much  of  its  initial  strength  a  fiber  retains  after  heat  aging.  HASR  is  re- 
ported  in  percent  of  the  breaking  strength  retained  after  exposure  to  controlled  heat. 

35 To  conduct  the  test,  a  fresh  fiber  sample  is  conditioned  at  55%  relative  humidity  and  24°C  for  14  hours.  A 
portion  of  the  sample  is  subjected  todry  heat  at  a  temperature  of  240°Cfor3  hours  and  is  then  tested  for  tensile 
strength  (BreakingStrengthHeat  Aged)-  As  a  control,  a  portion  of  the  sample  without  heat  treatment  is,  also,  tested 
for  tensile  strength  (BreakingStrengthUnaged). 

40  HASR  =  BreakingStrengthneatAsed^QQ 
BreakingStrengthUnaged 

35 

Dipped  Cord  Tenacity 

To  prepare  samples  for  this  test,  yarns  are  twisted  to  a  twist  multiplier  of  6.5  in  one  direction  and  then  they 
are  2-  or  3-plied  at  a  twist  multiplier  of  6.5  in  the  opposite  direction  to  form  1500/1/2  or  1500/1/3  cords.  The 
resulting  cords  are  dipped  in  an  epoxy  subcoat  at  0.88  dN/tex  (1  .0  gpd)  tension  and  cured  at  245°C  for  about 
1  minute;  followed  by  dipping  in  a  standard  RFL  latex  formulation  at  0.26  dN/tex  (0.3  gpd)  and  dried  at  about 
235°C  for  about  1  minute.  The  cords  are  then  tested  for  tensile  strength. 

Sulfur  Content 

A  yarn  sample  of  small  quantity  (about  0.5  gram)  is  dissolved  in  about  96%  sulfuric  acid  and  water  is  then 
added  to  precipitate  the  polymer.  Water  is  continuously  added,  thereafter,  to  thoroughly  wash  the  polymer  to 
remove  any  free  sulfate,  such  as  sodium  sulfate,  from  the  polymer.  The  resulting  polymer  sample  is  further 
dried  and  carefully  weighed  before  being  placed  in  a  Schoniger  flask  for  combustion  with  pure  oxygen.  S02 
and  S03  generated  by  the  combustion  are  absorbed  in  water  to  form  sulfuric  acid.  The  acid  is  titrated  using 
barium  chloride  to  determine  the  sulfur  content,  as  bound  sulfonic  acid  or  sulfonate  group,  of  the  original  yarn 
sample. 
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Description  of  the  Preferred  Embodiments 

EXAMPLE  1 

PPD-T  having  6.3  dl/g  inherent  viscosity  was  dissolved  in  101%  sulfuric  acid  to  a  polymer  .concentration 
of  19.4%,  by  weight,  and  held  in  a  continuous  mixer  with  a  residence  time  of  about  30  minutes  at  a  temperature 
of  80°C.  The  resultant  solution  was  used  directly  as  spinning  dope  and  was  maintained  at  about  75°C  in  an 
dope  holding  cell  with  a  residence  time  of  about  3  hours. 

The  dope  was  extruded  through  a  spinneret  of  1  000  holes  and  at  a  spin  stretch  factor  of  6.3,  through  an 
air  gap  of  0.6  cm  and  then  into  the  coagulating  bath  with  about  8%  dilute  sulfuric  acid  concentration.  The  tem- 
perature  of  the  coagulating  bath  was  maintained  at  about  3°C.  The  fiber  produced  was  washed  with  water  and 
neutralized  with  a  dilute  caustic  solution,  while  held  at  a  tension  of  about  0.53  dN/tex  (0.6  gpd).  The  fiber  was 
then  dried  on  the  heated  rolls  at  a  temperature  of  about  150°C  while  under  a  tension  of  about  0.53  dN/tex  (0.6 
gpd).  The  yarn  was  forwarded  at  a  speed  of  594  m/min  (650  ypm). 

The  sulfur  content  of  the  yarn  was  analyzed  by  the  above-mentioned  method.  The  yarn  was  also  heat  aged 
and  processed  into  a  2-ply  dipped  cord  according  to  the  above-mentioned  method.  The  yarn  and  cord  prop- 
erties  are  reported  in  Table  1. 

Comparison  Example  A 

In  this  example,  the  spin  dope  was  prepared  in  the  same  manner  as  described  in  EXAMPLE  1,  except 
that  100.1%  sulfuric  acid  was  used  and  a  temperature  of  about  105°C  was  used  in  the  continuous  mixer  and 
about  80°C  was  used  in  the  dope  holding  cell.  The  yarn  was  spun  and  tested  in  the  same  manner  as  described 
in  EXAMPLE  1;  and  the  resulting  fiber  properties  are  reported  in  Table  A. 

T a b l e   1 

Yarn  i n h e r e n t   v i s c o s i t y  

Dtex  ( D e n i e r )  

T e n a c i t y ,   dN/tex  (gpd)  

B r e a k i n g   S t r e n g t h ,   N  ( l b s )  

H e a t - a g e d   B reak   S t r . N   ( l b s )  

HASR,  % 

D i p p e d   Cord  T e n a c i t y ,   dN/tex  (gpd)  

S u l f u r   c o n t e n t ,   wt  % 

4 .9   d l / g  

1709  (1540)  

21.4  ( 2 4 . 3 )  

366.5  ( 8 2 . 4 )  

344.3  ( 7 7 . 4 )  
94 

17.7  ( 2 0 . 1 )  

0 . 9 3  

T a b l e   A 

Yarn  i n h e r e n t   v i s c o s i t y  

Dtex  ( d e n i e r )  
T e n a c i t y ,   dN/tex  (gpd) 

B r e a k i n g   S t r e n g t h ,   N  ( l b s )  

H e a t - a g e d   Break   S t r . N   ( l b s )  

HASR,  % 

D i p p e d   Cord  T e n a c i t y   ,  dN/tex  (gpd)  

S u l f u r   c o n t e n t ,   wt  % 

16.3  ( 1 8 . 5 )  

0 . 2 4  

5.3  d l / g  

1645  (1482)  

21.6  ( 2 4 . 5 )  

355.4  ( 7 9 . 9 )  

283.8  ( 6 3 . 8 )  
80  

The  sulfur  content  of  the  material  treated  by  the  process  of  this  invention  was  very  high  compared  with 
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the  sulfur  content  of  the  material  from  the  comparative  example.  It  is,  also,  evident  that  the  heat-aged  strength 
retention  and  the  dipped  cord  tenacity  of  the  material  of  this  invention  are  much  higher  than  those  of  the  ma- 
terial  of  the  comparative  example,  even  though  the  yarn  tenacities  are  about  the  same.. 

EXAMPLE  2  and  Comparison  Examples  B-E 

In  Example  2  and  Comparison  Examples  B-E,  the  spin  dopes  were  prepared  by  a  batch  process  in  a  single 
mixer.  PPD-T  polymer  with  6.3  dl/g  inherent  viscosity  was  dissolved  in  various  sulfuric  acid  concentrations  and 

10  under  various  time,  temperature  and  polymer  concentrations  as  described  in  Table  2.  The  dope  was  extruded 
through  a  spinneret  of  267  holes  and  through  an  air  gap  of  0.6  cm  and  then  into  the  coagulating  bath  with 
water.  The  temperature  of  the  coagulating  bath  was  maintained  at  about  3°C.  The  fiber  produced  was  washed 
with  soft  water  and  neutralized  with  a  caustic  solution,  while  held  at  tensions  of  about  0.53  dN/tex  (0.6  gpd). 
It  was  then  dried  on  heated  rolls  at  a  temperature  of  about  1  50°C  while  held  under  a  tension  of  about  0.53  dN/tex 

15  (0.6  gpd).  The  yarn  was  forwarded  at  a  speed  of  777  m/min  (850  ypm).  The  resulting  yarn  properties  are  re- 
ported  in  Table  2. 

T a b l e   2 

20 

25 

30 

35 

EX.  2  EX.  B  EX.  C  EX.  D  EX.  E 
S u l f u r i c   a c i d   c o n c . , %   1 0 1 . 0 0   1 0 0 . 0 7   1 0 0 . 0 7   9 9 . 6 0   9 9 . 6 0  
P o l y m e r   c o n e ,   wt  %  19 .4   19 .4   20 .0   2 0 . 0   2 0 . 0  
S o l u t i o n i n g   c o n d i t i o n s :  

-  Temp(  °C)  75  80  *  90  90 
-  Time  ( h r )   2  2  *  2 8 . 5   2 2 . 5  

Yarn  P r o p e r t i e s   : 
-  inh  v i s c o s i t y ,   d l / g   4.7  5.9  2.4  3.2  3 . 6  

-  dtex  (denier )   466  438  475  440  447 
(420)  (395)  (428)  (396)  (403) 

-  Tenac i ty ,   dN/tex  (gpd)  D9.3  20.7  10.2  12.6  12.3  
(21.9)  (23.5)  (11.6)  (14.3)  ( 1 4 . 0 )  

-  S u l f u r   c o n t e n t ,   wt%  0 .85   0 .22   0 .87   0 .03   0 . 0 U  

• P o l y m e r   was  s u b j e c t e d   to  two  d i f f e r e n t   c o n d i t i o n s   —  

10 .5   h o u r s   at  90°C  f o l l o w e d   by  5 .25   h o u r s   at   9 5 ° C .  

The  fiber  of  Example  2  exhibits  a  high  degree  of  sulfonation  and  a  comparatively  low  degree  of  degradation 
40  while  the  fibers  of  the  Comparative  Examples  exhibit  either  inadequate  sulfonation  or  excessive  degradation, 

or  both. 

Claims 
45 

1.  Afiber  made  from  sulfonated  poly(p-phenylene  terephthalamide  (PPD-T)  wherein  the  PPD-T  of  the  fiber 
has  an  inherent  viscosity  of  greater  than  4.5  and  includes  0.5  to  3%,  by  weight,  sulfur,  as  bound  sulfonic 
acid  or  sulfonate  groups,  and  wherein  the  f  iberexhibits  yarn  tenacity  of  greater  than  1  7.6  dN/tex  (20  grams 
per  denier)  and  heat  aged  strength  retention  of  greater  than  90%. 

50 
2.  A  cord  made  from  the  fibers  of  Claim  1  wherein  the  cord  exhibits  a  dipped  cord  strength  of  greater  than 

15.8  dN/tex  (18  grams  per  denier). 

3.  A  process  for  making  a  fiber  from  sulfonated  PPD-T  comprising  the  steps  of: 
55  a)  agitating  substantially  unsulfonated  PPD-T  having  an  inherent  viscosity  greater  than  6  in  sulfuric  acid 

having  a  concentration  of  100.5  to  102.5%  in  an  amount  such  that  there  is  17  to  20  weight  percent  of 
PPD-T  in  the  sulfuric  acid,  for  a  duration  of  1  to  3  hours  at  a  temperature  of  70  to  80°C  to  dissolve  and 
sulfonate  the  PPD-T; 
b)  extruding  the  resulting  solution  from  an  orifice  through  a  layer  of  inert  non-coagulating  fluid  into  a 
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coagulating  bath  to  coagulate  the  resulting  fiber; 
c)  drying  the  fiber  to  yield  a  dry  as-spun  fiber  of  PPD-T  having  an  inherent  viscosity  greater  than  4.5 
and  a  sulfonation  of  0.5  to  3.0%  sulfur,  as  bound  sulfonic  acid  or  sulfonate  groups. 

5 

Patentanspruche 

1.  Faser,  hergestellt  aus  sulfoniertem  Poly(P-Phenylenterephthalamid  (PPD-T),  bei  der  das  PPD-T  der  Fa- 
ro  ser  eine  inharente  Viskositat  von  grosser  als  4,5  hat  und  0,5  bis  3  Gew.%  Schwefel,  als  gebundene  Sul- 

fonsaure  oder  Sulfonatgruppen,  umfalit,  und  bei  der  die  Faser  eine  Garnzahigkeit  von  grolier  als  17,6 
dN/tex  (20  Gramm  pro  Denier)  hat  und  eine  warmegealterte  Festigkeitsretention  von  grosser  als  90  % 
hat. 

15  2.  Kord  aus  Fasern  nach  Anspruch  1  ,  bei  dem  der  Kord  eine  getauchte  Strangfestigkeit  von  grosser  als  15,8 
dN/tex  (18  Gramm  pro  Denier)  hat. 

3.  Verfahren  zum  Herstellen  einer  Faser  aus  sulfoniertem  PPD-T,  welches  die  folgenden  Schritte  aufweist: 
a)  Rtihren  von  im  wesentlichen  unsulfoniertem  PPD-T,  welches  eine  inharente  Viskositat  von  grosser 

20  als  6  hat,  in  Schwefelsaure,  welche  eine  Konzentration  von  1  00,5  bis  1  02,5  %  in  einer  solchen  Menge 
hat,  dass  17  bis  20  Gew.%  PPD-T  in  der  Schwefelsaure  sind,  und  das  Rtihren  fur  einen  Zeitraum  von 
1  bis  3  Stunden  bei  einer  Temperatur  von  70  bis  80°C  erfolgt,  urn  das  PPD-T  zu  losen  und  zu  sulfonie- 
ren; 
b)  Extrudieren  der  erhaltenen  Losung  aus  einer  Offnung  durch  eine  Schicht  aus  einem  inerten,  nicht 

25  koagulierenden  Fluid  in  ein  Koagulierungsbad,  urn  die  erhaltene  Faser  zu  koagulieren; 
c)  Trocknen  der  Faser  zur  Erzielung  einer  trockenen,  frisch  gesponnenen  Faser  aus  PPD-T,  welche 
eine  inharente  Viskositat  von  grosser  als  4,5  und  eine  Sulfonierung  von  0,5  bis  3,0  %  Schwefel  als  ge- 
bundene  Sulfonsaure  oder  Sulfonatgruppen  hat. 

Revendications 

1.  Une  fibre  preparee  a  partir  de  poly-(p-phenylene  terephtalamide)  sulfone  (PPD-T)  dans  laquelle  le  PPD- 
T  de  la  fibre  a  une  viscosite  inherente  superieure  a  4,5  et  comprend  de  0,5  a  3%  en  poids  de  soufre  sous 
forme  de  groupes  sulfonates  ou  de  groupes  acide  sulfonique  lies,  et  dans  laquelle  la  fibre  presente  une 
tenacite  de  fil  superieure  a  17,6  dN/tex  (20  g/denier)  et  conserve,  apres  vieillissement  a  la  chaleur,  une 
resistance  superieure  a  90%. 

2.  Une  corde  fabriquee  a  partir  des  fibres  selon  la  revendication  1  ,  caracterisee  en  ce  que  la  corde  presente 
une  resistance  de  corde  impregnee  superieure  a  15,8  dN/tex  (18  g/denier). 

3.  Un  procede  de  fabrication  d'une  fibre  a  partir  de  PPD-T  sulfone  comprenant  les  etapes  suivantes: 
a)  on  agite  du  PPD-T  sensiblement  non  sulfone  dont  la  viscosite  inherente  est  superieure  a  6  dans  de 
I'acide  sulfurique  a  une  concentration  de  100,5  a  102,5%  en  quantite  telle  qu'il  y  ait  de  17  a  20%  en 
poids  de  PPD-T  dans  I'acide  sulfurique  pendant  une  duree  de  1  a  3  heures  a  une  temperature  de  70 
a  80°C  pour  dissoudre  et  sulfoner  le  PPD-T; 
b)  on  extrude  la  solution  obtenue  par  un  orifice  a  travers  une  couche  de  fluide  inerte  non-coagulant 
dans  un  bain  de  coagulation  pour  coaguler  la  fibre  obtenue; 
c)  on  seche  la  fibre  pour  obtenir  une  fibre  en  PPD-T  seche  telle  que  filee  dont  la  viscosite  inherente 
est  superieure  a  4,5  et  la  sulfonation  est  egale  a  0,5  a  3,0%  de  soufre,  sous  forme  de  groupes  sulfonates 
ou  de  groupes  d'acide  sulfonique  lies. 

55 
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