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40)  and/or  if  titanium  dioxide  particles  are  not 
present  in  the  polyethylene  terephthalate  polymer 
at  the  time  of  melt  spinning. 

The  present  invention  provides  an  improved 
5  high  speed  process  for  forming  a  fully  drawn 

polyethylene  terephthalate  yarn. 
It  has  been  found,  in  a  process  for  the  formation 

of  a  highly  spin  oriented  polyethylene  terephtha- 
late  yarn  comprising  (a)  extruding  molten  fibre- 

w  forming  polyethylene  terephthalate  through  a 
plurality  of  orifices  to  form  a  molten  multifilamen- 
tary  material,  (b)  passing  the  molten  multifilamen- 
tary  material  in  the  direction  of  its  length  through  a 
solidification  zone  provided  with  a  gaseous  atmos- 

15  phere  at  a  temperature  below  the  glass  transition 
temperature  thereof  wherein  the  multifilamentary 
material  is  quenched  and  is  transformed  to  a  solid 
multifilamentary  material,  (c)  passing  the  resulting 
multifilamentary  material  in  the  direction  of  its 

20  length  through  a  conditioning  zone  provided  with 
a  gaseous  atmosphere  at  a  temperature  above  the 
glass  transition  temperature  thereof  and  below  the 
melting  temperature  thereof  wherein  substantial 
crystallisation  of  the  previously  solidified  mul- 

25  tifilamentary  material  takes  place,  and  (d)  with- 
drawing  the  resulting  multifilamentary  material 
from  the  conditioning  zone  at  a  speed  in  excess  of 
8000  feet  (2438  metres)  per  minute;  that  improved 
results  are  achieved  by  substantially  uniformly 

30  dispersing  within  the  fibre-forming  polyethylene 
terephthalate  prior  to  step  (a)  0.05  to  1  .5  percent  by 
weight  of  particulate  silicon  dioxide  having  a 
weight  average  particle  size  of  less  than  1  micron 
which  serves  to  enhance  the  uniformity  of  the 

35  filaments  which  compose  the  resulting  multi- 
filamentary  material. 

A  particularly  preferred  embodiment  of  the 
present  invention  comprises: 

(a)  polymerising  monomers  capable  of  forming 
40  polyethylene  terephthalate  while  in  admixture 

with  particulate  fumed  silica  having  a  nominal 
particle  size  of  less  than  0.1  micron  as  determined 
by  the  BET  method  to  form  a  fibre-forming 
polymer  having  an  intrinsic  viscosity  of  0.5  to  0.8 

45  determined  with  a  solution  of  0.1  gram  of  the 
polymer  dissolved  in  100  ml.  of  ortho- 
chlorophenol  at  25°C, 

(b)  extruding  the  resulting  polyethylene  tereph- 
thalate  while  in  molten  form  and  containing  0.1  to 

50  1.0  percent  by  weight  of  the  particulate  fumed 
silica  introduced  in  step  (a)  substantially  uniformly 
dispersed  therein  through  the  plurality  of  orifices 
to  form  the  molten  multifilamentary  material,  and 

(c)  wherein  after  passing  through  the  solidifica- 
55  tion  and  conditioning  zones  the  resulting  multi- 

filamentary  material  is  withdrawn  at  a  speed  in 
excess  of  8,000  feet  (2438  metres)  per  minute  up  to 
16,000  feet  (4877  metres)  per  minute,  with  the 
presence  of  the  particulate  fumed  silica  serving  to 

60  enhance  the  uniformity  of  the  filaments  which 
compose  the  resulting  multifilamentary  material. 

The  present  invention  provides  a  number  of 
surprising  advantages,  among  which  are  the 
following: 

65  The  present  invention  provides  an  improved 

Description 

The  invention  relates  to  a  process  for  the 
production  of  a  highly  spin  oriented  polyethylene 
terephthalate  yarn. 

Polyethylene  terephthalate  multifilamentary 
yarns  have  been  produced  in  the  prior  art  under  a 
variety  of  conditions.  For  instance,  in  much  of  the 
prior  art  polyester  filaments  have  been  melt 
extruded,  quenched,  and  taken  up  at  relatively  low 
speeds  under  relatively  low  stress  conditions. 
Such  filaments  must  be  subsequently  drawn  in  a 
separate  processing  step  at  an  elevated  tempera- 
ture  in  order  to  produce  a  fully  drawn  yarn  which 
possesses  tensile  properties  satisfactory  for  com- 
mercial  use  (e.g.  as  textile  fibres).  In  some 
instances  particulate  materials  including  titanium 
dioxide  and  silicon  dioxide  have  been  included  in 
polyethylene  terephthalate  fibers  and  films  of  the 
prior  art. 

More  recently  it  has  been  disclosed  that  poly- 
ethylene  terephthalate  fibers  possessing  fully 
drawn  properties  may  be  prepared  in  the  absence 
of  a  conventional  drawing  step  by  passing  the 
filaments  immediately  following  quenching 
through  a  conditioning  zone  provided  with  a 
gaseous  atmosphere  at  a  temperature  above  the 
glass  transition  temperature  and  below  the  melt- 
ing  temperature  thereof  and  withdrawing  the 
same  at  a  relatively  high  speed.  While  passing 
through  the  conditioning  zone  substantial  crys- 
tallisation  of  the  previously  solidified  filamentary 
material  takes  place.  Such  processing  conditions 
offer  the  significant  advantage  of  eliminating  the 
time  and  equipment  requirements  associated  with 
a  subsequent  conventional  drawing  step.  See 
particularly  United  States  Patents  3,946,100, 
4,195,161  and  4,246,747.  See  also  Swiss  Patent 
530,479,  DE—  A—  2,117,659  and  NL—  A—  7204536. 
In  some  instances  in  the  prior  art,  particulate 
material  such  as  titanium  dioxide  has  been 
included  in  fibres  formed  by  such  high  speed 
spinning.  As  is  known  in  the  prior  art,  such 
titanium  dioxide  particles  impart  a  semi-dull  or 
dull  appearance  to  the  resulting  filaments. 

When  forming  a  fully  drawn  polyethylene 
terephthalate  multifilamentary  yarn  product  by  a 
high  speed  spinning  process  which  utilises  a 
conditioning  tube,  some  non-uniformity  may  be 
observed  upon  a  careful  inspection  of  the  resulting 
multifilamentary  product.  Such  non-uniformity 
may  manifest  itself  by  random  thick  filament 
sections  wherein  a  filament  (or  filaments)  within 
the  multifilamentary  yarn  has  undergone  a  lesser 
level  of  drawing.  Upon  subsequent  dyeing  such 
filaments  of  increased  thickness  will  tend  to 
absorb  a  greater  quantity  of  dye  and  this  greater 
dye  absorption  may  be  visually  apparent  as  darker 
streak  areas  in  fabric  which  includes  such  fila- 
ments.  Also,  the  overall  dye  uptake  variability  as 
measured  by  the  standard  deviation  from  the 
mean  may  be  greater  than  desired.  In  the  prior  art 
it  has  been  observed  that  such  non-uniformity  is 
more  apt  to  occur  if  the  multifilamentary  material 
is  ofagreatertotal  denier  (e.g.  a  total  denier  above 
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viscosity,  i.e.  I.V.,  of  0.35  to  1.0,  and  most  prefer- 
ably  0.5  to  0.8  (e.g.  approximately  0.7)  determined 
with  a  solution  of  0.1  gram  of  the  polymer 
dissolved  in  100  ml.  of  ortho-chlorophenol  at 
25°C.  The  I.V.  of  the  melt-spinnable  polyethylene 
terephthalate  may  be  conveniently  determined  by 
the  equation 

high  speed  process  for  forming  a  fully  drawn 
polyethylene  terephthalate  yam  in  which  the  uni- 
formity  of  the  filaments  therein  is  enhanced. 

The  present  invention  provides  an  improved 
high  speed  process  for  forming  a  fully  drawn 
polyethylene  terephthalate  yarn  wherein  each 
filaments  present  within  the  yarn  possesses  a 
more  constant  thickness  along  its  length  and  is 
capable  of  exhibiting  less  dye  uptake  variability 
than  commonly  observed  in  the  prior  art. 

The  present  invention  provides  an  improved 
high  speed  process  for  forming  a  fully  drawn 
polyethylene  terephthalate  multifilamentary  yarn 
of  enhanced  uniformity  which  is  suitable  for  use 
in  forming  yarns  having  either  high  or  low  total 
denier  and  with  or  without  the  presence  of  a 
titanium  dioxide  delust. 

The  present  invention  provides  an  improved 
high  speed  process  for  forming  a  lustrous  mul- 
tifilamentary  polyethylene  terephthalate  yarn  of 
enhanced  uniformity  having  a  total  denier  of 
approximately  40  and  which  lacks  the  presence  of 
paniculate  titanium  dioxide  dispersed  therein. 

The  present  invention  provides  an  improved 
high  speed  process  for  forming  a  multifilamen- 
tary  polyethylene  terephthalate  yarn  in  which  the 
susceptibility  of  the  polymer  to  thermal  and 
oxidative  degradation  is  diminished. 

These  and  other  advantages  of  this  invention 
will  be  further  apparent  from  the  following 
additional  description  of  the  process  of  the  inven- 
tion. 

The  starting  material 
The  starting  material  selected  for  use  in  the 

process  of  the  present  invention  is  principally 
fibre-forming  polyethylene  terephthalate  which 
has  substantially  uniformly  dispersed  therein  a 
minor  concentration  of  finely  divided  particulate 
silicon  dioxide  which  surprisingly  has  been  found 
to  enhance  the  uniformity  of  the  multifilamentary 
yarn  which  is  formed  under  the  conditions 
described  herein. 

The  polymer  which  is  selected  for  use  in  the 
process  contains  at  least  85  mole  percent  of 
polyethylene  terephthalate  and  preferably  at  least 
90  mole  percent  polyethylene  terephthalate. 
Accordingly,  the  term  "polyethylene  terephtha- 
late"  as  used  in  the  present  description  may 
optionally  include  minor  amounts  of  other  ester- 
forming  ingredients  which  may  be  copolymerised 
with  the  dominant  polyethylene  terephthalate 
units.  Illustrative  examples  of  other  ester-forming 
ingredients  which  may  be  copolymerised  with  the 
polyethylene  terephthalate  units  include  glycols 
(such  as  diethylene  glycol,  tetramethylene  glycol 
and  hexamethylene  glycol)  and  dicarboxylic  acids 
(such  as  hexahydroterephthalic  acid,  bibenzoic 
acid,  adipic  acid,  sebacic  acid  and  azelaic  acid).  In 
a  particularly  preferred  embodiment  of  the  pro- 
cess  the  polymer  employed  is  substantially  all 
polyethylene  terephthalate. 

The  polyethylene  terephthalate  which  is 
selected  for  use  in  the  improved  process  of  the 
present  invention  preferably  exhibits  an  intrinsic 

Inn/ 
10 

where  n.r  is  the  "relative  viscosity"  obtained  by 
dividing  the  viscosity  of  a  dilute  solution  of  the 

15  polymer  by  the  viscosity  of  the  solvent  employed 
(measured  at  the  same  temperature),  and  c  is  the 
polymer  concentration  of  the  solution  expressed 
in  grams/100  ml.  The  polyethylene  terephthalate 
when  spun  into  fibres  commonly  exhibits  a  glass 

20  transition  temperature  of  75  to  80°C,  and  a 
melting  point  of  250  to  265°C.  (e.g.  approximately 
260°C.)  As  will  be  apparent  to  those  skilled  in  the 
art,  the  polymer  melting  point  will  be  influenced 
by  factors  such  as  polymer  modifications,  the 

25  degree  of  orientation  achieved  and  so  on. 
The  finely  divided  silicon  dioxide  is  sub- 

stantially  uniformly  dispersed  in  the  polyethylene 
terephthalate  prior  to  extrusion  in  a  concentration 
of  0.05  to  1.5  (e.g.  0.1  to  1.0)  percent  by  weight.  In 

30  a  particularly  preferred  embodiment  silicon 
dioxide  is  substantially  uniformly  dispersed  in  the 
polyethylene  terephthalate  in  a  concentration  of 
0.1  to  0.4  (e.g.  0.2  to  0.4)  percent  by  weight.  Such 
finely  divided  silicon  dioxide  exhibits  a  weight 

35  average  particle  size  of  less  than  1  micron.  Suit- 
able  particle  size  analysers  for  use  when  making 
such  particle  size  determination  are  available 
from  Micrometrics  Instrument  Corporation  of 
Norcross,  Georgia,  and  the  Leeds  and  Northrup 

40  Corporation  of  Saint  Petersburg,  Florida 
(Microtrac  particle  size  analyser). 

The  silicon  dioxide  particles  may  be  obtained 
from  a  variety  of  sources  and  may  be  termed 
fumed  silica,  colloidal  silica,  precipitated  silica, 

45  etc.  In  a  preferred  embodiment  silicon  dioxide 
particles  are  selected  which  have  a  substantial 
concentration  of  available  silanol  groups  present 
upon  their  surfaces.  A  preferred  silicon  dioxide 
for  use  in  the  process  of  the  present  invention  is 

so  fumed  silica  having  a  nominal  particle  size  of  less 
than  0.02  micron  as  determined  by  the  BET 
method  while  assuming  that  the  silicon  dioxide 
particles  are  spherical  in  configuration.  A  repre- 
sentative  particularly  preferred  example  of  such 

55  material  is  Cab-O-Sil  fumed  silica,  Grade  M-5, 
which  is  commercially  available  from  the  Cabot 
Corporation  of  Boston,  Massachusetts.  (Cab-O-Sil 
is  a  Trade  Mark).  Such  particles  possess  an 
enormous  surface  area  (e.g.  200±25  m2/gram), 

eo  are  covered  with  a  substantial  concentration  of 
silanol  groups  and  tend  to  assume  a  chain-like 
structure  which  may  be  broken  up  to  some 
degree  by  shearing  prior  to  use. 

The  particulate  silicon  dioxide  may  be  sub- 
65  stantially  uniformly  dispersed  within  the  poly- 
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substantially  uniform  filaments  having  different 
cross-sectional  shapes.  For  instance,  the  orifices 
may  be  round,  trilobal,  etc.  The  spinneret  selected 
will  commonly  have  from  6  to  200  holes.  Such 

5  holes  when  round  commonly  are  9  to  60  mils 
(0.229  to  1.52  mm)  in  diameter  (e.g.  9  to  40  mils 
(0.229  or  1  .02  mm)  or  the  equivalent  thereof  if  not 
round.  Spinnerets  preferably  are  selected  having 
20  to  48  holes. 

10  The  molten  polyethylene  terephthalate  having 
the  particulate  silicon  dioxide  substantially  uni- 
formly  dispersed  therein  is  supplied  to  the  extru- 
sion  orifices  at  a  temperature  above  the  melting 
point  of  the  polyethylene  terephthalate.  For 

15  instance,  such  polymeric  material  will  commonly 
be  supplied  to  the  extrusion  orifices  at  a  tempera- 
ture  of  270  to  310°C,  and  most  preferably  at  a 
temperature  of  280  to  300°C.  (e.g.  282°C).  As  the 
polyethylene  terephthalate  is  extruded  through 

20  the  extrusion  orifices,  a  molten  multifi  I  amenta  ry 
material  is  formed. 

The  solidification  step 
Subsequent  to  extrusion  through  the  extrusion 

25  orifices  the  resulting  molten  multifilamentary 
material  is  passed  in  the  direction  of  its  length 
through  a  solidification  or  quench  zone  provided 
with  a  gaseous  atmosphere  at  a  temperature 
below  the  glass  transition  temperature  thereof 

30  wherein  the  molten  filamentary  material  is  trans- 
formed  to  a  solid  multifilamentary  material.  The 
gaseous  atmosphere  commonly  is  provided  at.  a 
temperature  below  75  to  80°C.  Within  the  solidifi- 
cation  zonethe  molten  material  passes  from  a  melt 

35  to  a  semi-solid  consistency,  and  from  the  semi- 
solid  consistency  to  a  solid  consistency.  While 
present  in  the  solidification  zone,  the  multifilamen- 
tary  material  undergoes  substantial  orientation 
while  present  as  a  semi-solid.  The  gaseous  atmos- 

40  phere  present  within  the  solidification  zone  prefer- 
ably  circulates  so  as  to  bring  about  more  efficient 
heat  transfer.  In  a  preferred  embodiment  of  the 
process  the  gaseous  atmosphere  of  the  solidica- 
tion  zone  is  provided  at  a  temperature  of  10  to 

45  40°C,  and  most  preferably  at  a  temperature  of  25 
to  30°C.  The  chemical  composition  of  the  gaseous 
atmosphere  is  not  critical  to  the  operation  of  the 
process  provided  the  gaseous  atmosphere  is  not 
unduly  reactive  with  the  polyethylene  terephtha- 

50  late.  In  a  particularly  preferred  embodiment  of  the 
process  the  gaseous  atmosphere  of  the  solidica- 
tion  zone  is  air.  Other  representative  gaseous 
atmospheres  which  may  be  selected  for  use  in  the 
solidication  zone  include  inert  gases  such  as 

55  helium,  argon,  nitrogen,  etc. 
The  gaseous  atmosphere  of  the  solidification 

zone  preferably  impinges  upon  the  extruded  poly- 
ethylene  terephthalate  so  as  to  produce  a  sub- 
stantially  uniform  quench.  The  uniformity  of  the 

so  quench  may  be  demonstrated  through  the  ability 
of  the  multifilamentary  product  to  exhibit  no 
substanlial  tendency  to  undergo  self-crimping 
upon  the  application  of  heat.  A  flat  multifilamen- 
tary  yarn  accordingly  is  produced  in  a  preferred 

65  embodiment  of  the  process. 

ethylene  terephthalate  prior  to  the  melt  spinning 
thereof  by  any  suitable  blending  technique 
commonly  employed  to  introduce  particulate 
materials  into  a  melt-processable  polymer.  For 
instance,  known  melt  compounding  techniques 
using  single  screw  extruders,  co-rotating  twin 
screw  extruders,  counter-rotating  twin  screw 
extruders  or  kneaders  may  be  employed,  provided 
the  required  substantially  uniform  dispersal  is 
achieved.  If  additional  particulate  material  such  as 
titanium  dioxide  is  present,  it  too  may  be  intro- 
duced  by  the  same  technique. 

In  a  preferred  embodiment  the  paniculate  sili- 
con  dioxide  is  intimately  admixed  with  the  reac- 
tants  or  monomers  capable  of  forming  polyethy- 
lene  terephthalate  prior  to  polymerisation  and  is 
present  with  such  reactants  while  they  are 
polymerised  in  accordance  with  conventional 
techniques.  For  instance,  dimethylterephthalate 
and  ethylene  glycol  may  be  reacted  to  form  the 
polyethylene  terephthalate.  Alternatively,  tereph- 
thalic  acid  and  ethylene  glycol  may  be  the 
monomers  employed  during  the  polymerisation 
reaction. 

Regardless  of  the  manner  in  which  the  silicon 
dioxide  particles  become  blended  with  the  poly- 
ethylene  terephthalate,  it  is  believed  that  inter- 
action  inherently  takes  place  between  the  silicon 
dioxide  particles  and  the  polymer  which  is  benefi- 
cial  during  the  course  of  the  present  process.  The 
nature  of  this  interaction  is  not  fully  understood 
and  is  considered  to  be  complex  and  incapable  of 
simple  explanation.  For  instance,  such  interaction 
is  believed  to  be  more  than  simple  hydrogen 
bonding,  and  beneficially  alters  the  structural  and 
spinning  behaviour  of  the  polymer  when  pro- 
cessed  as  described  hereinafter. 

It  should  be  understood  that  the  polyethylene 
terephthalate  additionally  may  contain  various 
chemical  and  physical  modifiers  which  are 
routinely  provided  in  such  polymer.  For  instance, 
small  amounts  of  monomers  may  be  included 
which  serve  as  cationic  dyeable  polymer  modifiers 
and/or  other  modifiers  such  as  isophthalic  acid  or 
5-sulphoisophthalic  acid  may  be  present.  Polymer 
meeting  the  specified  requirements  may 
additionally  or  alternatively  contain  minor 
amounts  of  materials  used  in  conventional  yarns 
such  as  stabilisers  (e.g.  phosphorus-containing 
stabilisers),  delustrants,  optical  brighteners, 
polymer  modifiers  and  the  like.  In  a  preferred 
embodiment,  when  forming  a  semi-dull  or  dull 
multifilamentary  product,  0.05  to  1.5  percent  by 
weight  of  particulate  titanium  dioxide  having  a 
weight  average  particle  size  of  less  than  2  microns 
additionally  are  uniformly  dispersed  in  the  poly- 
ethylene  terephthalate  as  an  additional  ingredient. 

The  melt  extrusion  step 
The  extrusion  orifices  may  be  selected  from 

among  those  commonly  utilised  during  the  melt 
extrusion  of  polyethylene  terephthalate  by  a  high 
speed  process  to  form  a  fully  drawn  multifilamen- 
tary  yarn.  The  orifices  may  be  provided  in  a  variety 
of  cross-sectional  configurations  so  as  to  form 
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is  primarily  influenced  by  the  rate  of  withdrawal 
from  the  conditioning  zone.  No  stress  isolation 
results  along  the  multifilamentary  material  inter- 
mediate  the  extrusion  orifices  and  the  point  of 
withdrawal  from  the  conditioning  zone  (e.g.,  the 
multifilamentary  material  is  axially  suspended  in 
absence  of  extrenal  stress  isolating  devices  inter- 
mediate  the  spinneret  and  the  point  of  withdrawal 
from  the  conditioning  zone).  Should  one  omit  the 
passage  of  the  multifilamentary  material  through 
the  conditioning  zone,  the  denier  of  the  product 
commonly  is  found  to  be  identical  to  that 
obtained  while  employing  a  conditioning  zone. 

As  discussed  in  United  States  Patent  3,946,100 
and  4,195,101,  the  passage  of  multifilamentary 
material  through  the  conditioning  zone  modifies 
the  internal  morphology  of  the  filaments  and 
renders  a  subsequent  conventional  hot  drawing 
step  unnecessary.  Accordingly,  the  multifilamen- 
tary  product  exhibits  properties  generally  analog- 
ous  to  those  of  a  fully  drawn  yarn. 

The  withdrawal  step 
The  resulting  multfilamentary  material  is  with- 

drawn  from  the  conditioning  zone  at  a  relatively 
high  speed  in  excess  of  8,000  feet  (2438  m)  per 
minute.  Commonly,  withdrawal  speeds  in  excess 
of  8,000  feet  (2438  m)  per  minute  up  to  16,000  feet 
(4877  m)  per  minute  are  selected  (e.g.,  11,000  to 
13,000  feet  (3353  to  3962  m)  per  minute).  A 
representative  technique  for  accomplishing  the 
high  speed  withdrawal  is  to  pass  the  mul- 
tifilamentary  material  to  pairs  of  godet  rolls  situ- 
ated  at  the  exit  end  of  the  conditioning  zone  prior 
to  packaging.  As  will  be  apparent  to  those  skilled 
in  the  art,  a  substantial  drawdown  will  occur 
along  the  spinline  while  operating  under  such 
conditions. 

The  improved  multifilamentary  product 
It  surprisingly  has  been  found  that  the  presence 

of  the  particulate  silicon  dioxide  substantially 
uniformly  dispersed  within  the  polyethylene 
terephthalate  prior  to  melt  extrusion  beneficially 
enhances  the  uniformity  of  the  multifilamentary 
product  formed  in  accordance  with  the  overall 
process  described  herein.  Such  uniformity 
enhancement  is  possible  regardless  of  whether 
particulate  material  other  than  silicon  dioxide 
(e.g.  a  conventional  titanium  dioxide  delustrant) 
is  present  therein. 

The  multifilamentary  product  of  the  present 
invention  is  particularly  suited  for  use  in  textile 
applications  and  may  be  readily  woven  or  knitted. 
Such  multifilamentary  polyethylene  terephthalate 
product  will  commonly  consist  of  6  to  200  con- 
tinuous  filaments  each  having  a  substantially 
constant  denier  of  1  to  5. 

The  enhanced  uniformity  of  the  multifilamen- 
tary  product  is  evidenced  by  an  inspection  of  the 
individual  filaments  present  therein  under  mag- 
nification.  It  is  found  that  a  more  constant  thick- 
ness  or  diameter  along  the  length  of  individual 
filaments  is  observed.  Accordingly,  there  is  a 
lesser  incidence  of  undesirable  thick  filament 

The  solidification  zone  is  preferably  disposed 
immediately  below  the  extrusion  orifices  and  the 
extruded  polyethylene  terephthalate  is  present 
while  axially  suspended  therein  for  a  residence 
time  of  0.0008  to  0.4  second,  and  most  preferably  5 
for  a  residence  time  of  0.033  to  0.14  second. 
Commonly  the  solidification  zone  possesses  a 
length  of  1  to  7  feet  (0.30  to  2.13  m).  A  standard 
crossflow  quench  may  be  employed.  Alterna- 
tively,  a  centre  flow  quench  or  any  other  tech-  10 
nique  capable  of  bringing  about  the  desired 
quenching  may  be  utilised. 

The  conditioning  step 
Immediately  following  passage  through  the  15 

solidification  zone  the  resulting  multifilamentary 
material  is  passed  in  the  direction  of  its  length 
through  a  conditioning  zone  provided  with  a 
gaseous  atmosphere  at  a  temperature  above  the 
glass  transition  temperature  thereof  and  below  20 
the  melting  temperature  thereof  wherein  substan- 
tial  crystallisation  of  the  multifilamentary  material 
takes  place.  As  previously  indicated,  the  glass 
transition  temperature  of  the  filaments  will 
typically  be  75  to  80°C.  and  the  melting  point  of  25 
the  polyethylene  terephthalate  commonly  will  be 
250  to  265°C.  (e.g.,  approximately  260°C). 

The  gaseous  atmosphere  within  the  condition- 
ing  zone  commonly  is  provided  at  a  temperature 
within  the  range  90  to  200°C.  (e.g.  135  to  220°C),  30 
and  the  previously  solidified  multifilamentary 
material  commonly  is  present  therein  for  a  resi- 
dence  time  of  0.0001  to  0.8  second  (e.g.,  0.001  to 
0.8  second).  The  optimum  residence  time 
required  to  produce  substantial  crystallisation  35 
may  vary  with  exact  composition  of  the  polyethy- 
lene  terephthalate  involved.  Longer  residence 
times  may  commonly  be  used  without  commen- 
surate  advantage. 

The  chemical  composition  of  the  gaseous  40 
atmosphere  provided  within  the  conditioning 
zone  is  not  critical  to  the  operation  of  the  process 
provided  the  gaseous  atmosphere  is  not  unduly 
reactive  with  the  multifilamentary  material.  Static 
air  conveniently  may  be  selected.  Other  repre-  45 
sentative  gaseous  atmospheres  which  may  be 
employed  in  the  conditioning  zone  include  helium 
argon,  nitrogen,  etc.  Band  heaters  or  any  other 
heating  means  may  be  provided  which  will  main- 
tain  the  conditioning  zone  at  the  required  50 
temperature.  The  conditioning  zone  commonly 
will  have  a  length  of  0.5  to  1  2  feet  (0.1  52  to  3.66  m) 
and  preferably  a  length  of  3  to  12  feet  (0.914  to 
3.66  m). 

As  discussed  in  United  States  Patent  3,946,100,  55 
while  present  in  the  conditioning  zone,  the  mul- 
tifilamentary  material  is  heat  treated  under  con- 
stant  tension.  During  this  heat  treatment,  small 
amounts  of  thermally  induced  elongation  may 
occur,  but  this  process  is  to  be  differentiated  from  60 
a  conventional  draw  process  because  of  the 
constant  tension  rather  than  the  constant  strain 
criterion.  The  level  of  tension  on  the  multifilamen- 
tary  material  in  the  conditioning  zone  is  important 
to  the  development  of  the  desired  properties  and  65 
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The  molten  filamentary  material  passes  down- 
ward  in  the  direction  of  its  length  through  a  cross- 
flow  quench  zone  having  a  length  of  approxi- 
mately  3  feet  (0.914  m)  which  is  provided  with 

5  flowing  air  at  a  temperature  of  approximately 
30°C.  While  present  in  such  quench  zone,  the 
molten  multifilamentary  material  is  uniformly 
quenched  and  is  transformed  to  a  solid  mul- 
tifilamentary  material. 

10  Situated  immediately  below  the  solidification 
zone  is  a  conditioning  zone  having  a  length  of 
approximately  3  feet  (0.914  m)  through  which  the 
multifilamentary  material  next  passes  in  the 
direction  of  its  length.  The  conditioning  zone  is  a 

is  cylindrical  tube  into  which  heated  air  is  intro- 
duced  at  the  bottom.  The  air  is  present  in  the 
conditioning  zone  at  a  temperature  above  the 
glass  transition  temperature  of  the  polyethylene 
terephthalate  and  below  the  melting  temperature 

20  thereof.  At  the  midpoint  of  the  conditioning  zone 
the  temperature  is  approximately  155°C.  Upon 
being  withdrawn  from  the  solidification  zone  the 
multifilamentary  material  is  immediately  passed 
through  such  conditioning  zone  where  it  is  struc- 

25  turally  modified  as  described  in  United  States 
Patents  3,946,100  and  4,195,161  and  substantial 
crystallisation  takes  place. 

The  resulting  multifilamentary  material  is  next 
withdrawn  from  the  conditioning  zone  at  a  rate  of 

30  approximately  11,500  feet  (3505  m)  per  minute 
with  the  aid  of  godet  rolls,  has  a  finish  applied 
thereto,  is  passed  through  a  pneumatic  inter- 
mingling  jet  to  improve  handleabiltiy  and  is  pack- 
aged. 

35  The  resulting  30  filament  multifilamentary  yarn 
has  a  total  denier  of  approximately  40,  possesses 
a  lustrous  appearance  and  exhibits  a  tenacity  of 
approximately  4.4  grams  per  denier  at  room 
temperature,  an  elongation  of  55  to  60  percent  at 

40  room  temperature  and  a  boiling  water  shrinkage 
of  approximately  4.5  percent. 

It  further  will  be  observed  that  the  multifilamen- 
tary  product  exhibits  enhanced  uniformity  when 
compared  to  a  similarly  prepared  multifilamen- 

45  tary  yarn  wherein  no  silicon  dioxide  is  added  to 
the  polyethylene  terephthalate  prior  to  melt  extru- 
sion.  More  specifically,  the  yarn  prepared  as 
described  above  as  well  as  a  control  yarn  may  be 
knitted  in  a  warp  knit  configuration  and  dyed  with 

so  Eastman  Blue  210  dye  using  jet  dyeing  in  accord- 
ance  with  standard  dyeing  conditions  and  the 
uniformity  of  the  dye  uptake  observed.  Over  a  100 
foot  (30.48  m)  section  of  the  dyed  knitted  fabric 
composed  of  the  multifilamentary  yarn  formed  in 

55  accordance  with  the  present  invention  no  streak 
areas  will  be  observed  where  non-uniform  fila- 
ments  of  increased  thickness  have  adsorbed  a 
greater  quantity  of  the  dye.  On  the  contrary,  a 
similarly  prepared  knitted  fabric  which  lacks  sili- 

60  con  dioxide  particles  dispersed  therein  will 
exhibit  approximately  50  darkened  streak  areas 
where  non-uniform  filaments  of  increased  thick- 
ness  have  absorbed  a  greater  quantity  of  the  dye. 

Additionally,  when  fabrics  are  subjected  to  a 
65  load  extension  test,  similar  to  the  Dynafil  test,  in 

areas  which  were  drawn  to  a  lesser  degree.  Such 
thick  areas  are  detrimental  since  they  often  tend 
to  absorb  dye  more  readily  and  can  lead  to  darker 
streaks  in  a  dyed  textile  product  where  they  occur. 
Additionally,  the  mean  deviation  in  overall  dye 
uptake  variability  is  lessened  as  a  result  of  the 
improved  process  of  the  present  invention.  If 
further  has  been  observed  that  the  susceptibility 
of  the  polymer  to  thermal  and  oxidative  degrada- 
tion  is  diminished  because  of  the  presence  of  the 
silicon  dioxide  particles. 

In  a  particularly  preferred  embodiment  of  the 
process  of  the  present  invention  there  is  formed  a 
lustrous  multifilamentary  yarn  of  enhanced  uni- 
formity  having  a  total  denier  of  approximately  40 
and  without  having  particulate  titanium  dioxide 
dispersed  therein.  In  further  preferred  embodi- 
ments  a  semi-dull  multifilamentary  yarn  of 
enhanced  uniformity  having  a  total  denier  of  20  to 
200  (e.g.,  40  to  150)  is  formed  which  also  includes 
titanium  dioxide  particles  dispersed  therein. 

The  following  Examples  are  presented  as 
specific  illustrations  of  the  claimed  invention.  The 
invention  is  not,  of  course,  limited  to  the  specific 
details  set  forth  in  the  Examples. 

Example  I 
To  a  standard  polymerisation  charge  used  to 

form  polyethylene  terephthalate  comprising 
dimethylterephthalate  and  ethylene  glycol  is 
added  with  mixing  a  quantity  of  Cab-O-Sil  fumed 
silica,  Grade  M-5,  commercially  available  from 
the  Cabot  Corporation  of  Boston,  Massachusetts. 
No  other  solid  particles  such  as  titanium  dioxide 
are  introduced  into  the  polymerisation  vessel. 
The  silicon  dioxide  particles  as  purchased 
possess  a  nominal  particle  size  of  0.014  micron 
assuming  a  spherical  configuration  as  deter- 
mined  by  the  BET  method,  and  a  surface  area  of 
200+25  m2/gram,  and  are  presheared  by  milling 
prior  to  introduction  into  the  polymerisation 
vessel.  The  weight  average  particle  size  accord- 
ingly  is  well  below  1  micron.  The  resulting  poly- 
ethylene  terephthalate  exhibits  an  intrinsic 
viscosity  of  approximately  0.675  determined  with 
a  solution  of  0.1  gram  of  polymer  dissolved  in  100 
ml.  of  ortho-chlorophenol  at  25°C  and  the  silicon 
dioxide  particles  are  substantially  uniformly  dis- 
persed  therein  in  a  concentration  0.2  percent  by 
weight. 

The  spinneret  selected  for  melt  extrusion 
possesses  30  trilobal  orifices,  each  lobe  having  a 
maximum  width  of  0.005  inch  (0.127  mm),  a 
length  of  0.009  inch  (0.229  mm)  measured  from 
the  centre  point,  and  a  depth  of  0.018  inch  (0.457 
mm).  Such  trilobal  orifices  are  equivalent  in  size 
to  a  0.013  inch  (0.330  mm)  round  extrusion  hole. 
At  a  rate  of  2.06  lbs./hr.,  (0.935  kg/hr.),  the  molten 
polyethylene  terephthalate  containing  the  silicon 
dioxide  particles  dispersed  therein  while  at  a 
temperature  of  282°C.  is  extruded  through  the 
extrusion  orifices  to  form  a  molten  multifilamen- 
tary  material.  The  apparatus  arrangement 
selected  generally  corresponds  to  that  illustrated 
in  United  States  Patent  3,946,100. 
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centration  of  approximately  0.3  percent  by 
weight. 

The  spinneret  selected  for  the  melt  extrusion 
possesses  30  round  orifices  each  having  a  dia- 
meter  of  0.013  inch  (0.330  mm)  and  a  length  of 
0.018  inch  (0.457  mm).  The  molten  polyethylene 
terephthalate  containing  the  silicon  dioxide  par- 
ticles  dispersed  therein  is  supplied  to  the 
spinneret  at  a  rate  of  6.43  lbs./hr.  (2.92  kg/hr.)  It 
will  be  noted  that  this  extrusion  rate  is  greater 
than  that  employed  in  Example  II.  The  resulting 
multifilamentary  product  exhibits  a  total  denier  of 
approximately  125  and  a  semi-dull  appearance. 

Over  a  100  foot  (30.48  m)  section  of  the  dyed 
knitted  fabric  composed  of  the  multifilamentary 
yarn  formed  in  accordance  with  the  present 
invention  approximately  5  darkened  streak  areas 
will  be  observed.  On  the  contrary,  a  similarly 
prepared  knitted  fabric  which  lacks  silicon  dioxide 
particles  dispersed  therein  will  exhibit  approxi- 
mately  1000  darkened  streak  areas  where  non- 
uniform  filaments  of  increased  thickness  have 
absorbed  a  greater  quantity  of  dye. 

Additionally,  when  fabrics  are  subjected  to  a 
load  extension  test  in  order  to  measure  short  term 
dye  uptake,  the  fabric  containing  filaments 
formed  in  accordance  with  the  present  invention 
will  exhibit  a  reduced  signal  variability  in  grams 
of  standard  deviation  from  the  mean  of  approxi- 
mately  12.8,  while  the  control  which  lacks  silicon 
dioxide  will  exhibit  a  value  of  approximately  15.0. 

Claims 

1.  A  process  for  the  formation  of  a  highly  spin 
oriented  polyethylene  terephthalate  yarn  com- 
prising  (a)  extruding  molten  fibre-forming  poly- 
ethylene  terephthalate  through  a  plurality  of 
orifices  to  form  a  molten  multifilamentary 
material,  (b)  passing  said  molten  multifilamentary 
material  in  the  direction  of  its  length  through  a 
solidification  zone  provided  with  a  gaseous 
atmosphere  at  a  temperature  below  the  glass 
transition  temperature  thereof  wherein  said  mul- 
tifilamentary  material  is  quenched  and  is  trans- 
formed  to  a  solid  multifilamentary  material,  (c) 
passing  said  resulting  multifilamentary  material 
in  the  direction  of  its  length  through  a  condition- 
ing  zone  provided  with  a  gaseous  atmosphere  at 
a  temperature  above  the  glass  transition  tempera- 
ture  thereof  and  below  the  melting  temperature 
thereof  wherein  substantial  crystallisation  of  said 
previously  solidified  multifilamentary  material 
takes  place,  and  (d)  withdrawing  said  resulting 
multifilamentary  material  from  the  conditioning 
zone  at  a  speed  in  excess  of  8000  feet  (2438  m)  per 
minute;  characterised  in  that  there  is  substantially 
uniformly  dispersed  within  said  fibre-forming 
polyethylene  terephthalate  prior  to  step  (a)  0.05  to 
1.5  percent  by  weight  of  particulate  silicon 
dioxide  having  a  weight  average  particle  size  of 
less  than  1  micron. 

2.  A  process  according  to  claim  1  wherein  the 
polyethylene  terephthalate  prior  to  step  (a)  has  an 
intrinsic  viscosity  of  0.35  to  1.0  determined  with  a 

order  to  measure  short  term  uptake,  the  fabric 
containing  filaments  formed  in  accordance  with 
the  present  invention  will  exhibit  reduced  signal 
variability  in  grams  of  standard  deviation  from 
the  mean.  More  specifically,  the  fabric  of  the  5 
present  invention  will  exhibit  a  value  of  approxi- 
mately  3.3,  while  the  control  which  lacks  silicon 
dioxide  will  exhibit  a  greater  standard  deviation 
from  the  mean  of  approximately  4. 

It  further  is  observed,  when  the  multifilamen-  w 
tary  yarn  of  the  present  invention  is  subjected  to 
electronic  spin  resonance  or  differential  scanning 
calorimetry  analysis,  that  the  polyethylene 
terephthalate  of  the  yarn  will  have  undergone  a 
lesser  degree  of  thermal  degradation  during  melt  is 
processing  when  compared  to  the  control  which 
lacks  silicon  dioxide. 

Example  II 
Eample  I  is  substantially  repeated  with  the  20 

exceptions  indicated. 
To  the  standard  polymerisation  charge 

additionally  is  added  finely  divided  titanium 
dioxide  having  a  weight  average  particle  size  of 
approximately  1.06  micron.  The  titanium  dioxide  25 
particles  are  substantially  uniformly  dispersed  in 
the  resulting  polyethylene  terephthalate  in  a  con- 
centration  of  0.3  percent  by  weight. 

The  spinneret  selected  for  the  melt  extrusion 
possesses  30  round  orifices  each  having  a  dia-  30 
meter  of  0.013  inch  (0.330  mm)  and  a  length  of 
0.018  inch  (0.457  mm).  The  molten  polymer  con- 
taining  the  silicon  dioxide  particles  dispersed 
therein  is  supplied  to  the  spinneret  at  a  rate  of  3.6 
IbsVhr.  (1.63  kg/hr.).  The  resulting  multifilamen-  35 
tary  yarn  product  exhibits  a  total  denier  of 
approximately  70  and  a  semi-dull  appearance. 

Over  a  100  foot  (30.48  m)  section  of  the  dyed 
knitted  fabric  composed  of  the  multifilamentary 
yarn  formed  in  accordance  with  the  present  40 
invention  no  streak  areas  will  be  observed.  On  the 
contrary  a  similarly  prepared  knitted  fabric  which 
lacks  silicon  dioxide  particles  dispersed  therein 
will  exhibit  approximately  150  darkened  streak 
areas  where  non-uniform  filaments  of  increased  45 
thicknesses  have  absorbed  a  greater  quantity  of 
dye. 

Additionally,  when  fabrics  are  subjected  to  a 
load  extension  test  in  order  to  measure  short  term 
dye  uptake,  the  fabric  containing  filaments  50 
formed  in  accordance  with  the  present  invention 
will  exhibit  a  reduced  signal  variability  in  grams 
of  standard  deviation  from  the  mean  of  approxi- 
mately  5.0,  while  the  control  which  lacks  silicon 
dioxide  will  exhibit  a  value  of  approximately  6.2.  55 

Example  III 
Example  I  is  substantially  repeated  with  the 

exceptions  indicated. 
To  the  standard  polymerisation  charge  so 

additionally  is  added  finely  divided  titanium 
dioxide  having  a  weight  average  particle  size  of 
approximately  1.06  micron.  The  titanium  dioxide 
particles  are  substantially  uniformly  dispersed  in 
the  resulting  polyethylene  terephthalate  in  a  con-  65 
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wherein  the  polyethylene  terephthalate  is  made 
by  polymerising  dimethylterephthalate  and 
ethylene  glycol. 

18.  A  process  according  to  any  of  claims  1  —  16 
5  wherein  the  polyethylene  terephthalate  is  made 

by  polymerising  terephthalic  acid  and  ethylene 
glycol. 

19.  A  process  according  to  any  of  the  previous 
claims  comprising: 

w  (1)  polymerising  monomers  capable  of  forming 
polyethylene  terephthalate  while  in  admixture 
with  particulate  fumed  silica  having  a  nominal 
particle  size  of  less  than  0.1  micron  as  determined 
by  the  BET  method  to  form  a  fibre-forming 

15  polymer  having  an  intrinsic  viscosity  of  0.5  to  0.8 
determined  with  a  solution  of  0.1  gram  of  the 
polymer  dissolved  in  100  ml.  of  orthoch- 
lorophenol  at  25°C, 

(2)  extruding  the  resulting  polyethylene  tereph- 
20  thalate  while  in  molten  form  and  containing  0.1  to 

1.0  percent  by  weight  of  the  particulate  fumed 
silica  introduced  in  step  (1)  substantially  uni- 
formly  dispersed  therein  through  the  plurality  of 
orifices  to  form  the  molten  multifilamentary 

25  material,  and 
(3)  wherein  after  passing  through  the  solidifica- 

tion  and  conditioning  zones  the  resulting  mul- 
tifilamentary  material  is  withdrawn  at  a  speed  of 

■  8,000  to  16,000  feet  (2438  to  4877  m)  per  minute. 
30  20.  A  process  according  to  claim  19  wherein  the 

particulate  fumed  silica  is  substantially  uniformly 
dispersed  in  the  polyethylene  terephthalate  in  a 
concentration  of  0.10  to  0.40  percent  by  weight. 

21.  A  process  according  to  claim  19  or  20 
35  wherein  the  pariculate  fumed  silica  has  a  nominal 

particle  size  of  less  than  0.02  micron  as  deter- 
mined  by  the  BET  method. 

Patentanspriiche 
40 

1.  Verfahren  zur  Herstellung  eines  stark  spinno- 
rientierten  Polyethylenterephthalat-Garns,  umfas- 
send 

(a)  das  Extrudieren  von  geschmolzenem  faser- 
45  bildenden  Polyethylenterephthalat  durch  eine 

Mehrzahl  von  Offnungen  unter  Bildung  eines 
geschmolzenen  Multifilament-Materials, 

(b)  das  Hindurchfiihren  des  geschmolzenen 
Multifilament-Materials  in  Richtung  seiner  Lange 

so  durch  eine  Erstarrungszone,  die  mit  einer  gasfor- 
migen  Atmosphare  mit  einer  Temperatur  unter- 
halb  der  Glasubergangstemperatur  desselben 
beaufschlagt  ist,  worin  das  Multifilament-Material 
abgeschreckt  und  in  ein  festes  Multifiiament- 

55  Material  uberfuhrt  wird, 
(c)  das  Hindurchfiihren  des  resultierenden  Mul- 

tifilament-Materials  in  Richtung  seiner  Lange 
durch  eine  Konditionierungszone,  die  mit  einer 
gasformigen  Atmosphare  mit  einer  Temperatur 

so  oberhalb  der  Glasubergangstemperatur  dessel- 
ben  und  unterhalb  der  Schmeiztemperatur  des- 
selben  beaufschlagt  ist,  worin  eine  wesentliche 
Kristallisation  des  vorher  erstarrten  Multifila- 
ment-Materials  stattfindet,  und 

65  (d)  das  Abziehen  des  resultierenden  Multifila- 

solution  of  0.1  gram  of  the  polymer  dissolved  in 
100  ml.  of  ortho-chlorophenol  at  25°C. 

3.  A  process  according  to  claim  2  wherein  the 
polyethylene  terephthalate  exhibits  an  intrinsic 
viscosity  of  approximately  0.7  determined  with  a 
solution  of  0.1  gram  of  polymer  dissolved  in  100 
ml.  of  ortho-chlorophenol  at  25°C. 

4.  A  process  according  to  any  of  claims  1  —  3 
wherein  the  gaseous  atmosphere  of  step  (b)  is 
provided  at  a  temperature  of  10  to  40°C. 

5.  A  process  according  to  any  of  claims  1  —  4 
wherein  the  gaseous  atmosphere  of  step  (b)  is  air. 

6.  A  process  according  to  any  of  claims  1  —  5 
wherein  the  gaseous  atmosphere  of  step  (c)  is 
provided  at  a  temperature  of  90  to  220cC. 

7.  A  process  according  to  any  of  claims  1  —  6 
wherein  the  gaseous  atmosphere  of  step  (c)  is  air. 

8.  A  process  according  to  any  of  claims  1  —  7 
wherein  in  step  (d)  the  resulting  multifilamentary 
material  is  withdrawn  at  a  speed  of  8,000  to 
16,000  feet  (2438  to  4877  m)  per  minute. 

9.  A  process  according  to  claim  8  wherein  in 
step  (d)  the  resulting  multifilamentary  material  is 
withdrawn  at  a  speed  of  11,000  to  13,000  feet 
(3353  to  3962  m)  per  minute. 

10.  A  process  according  to  any  of  claims  1  —  9 
wherein  the  multifilamentary  material  which  is 
withdrawn  from  step  (d)  consists  of  6  to  200 
continuous  filaments  each  having  a  substantially 
constant  denier  within  the  range  of  1  to  5. 

11.  A  process  according  to  any  of  claims  1  —  10 
wherein  the  particulate  silicon  dioxide  is  sub- 
stantially  uniformly  dispersed  in  the  polyethylene, 
terephthalate  in  a  concentration  of  0.1  to  1.0 
percent  by  weight. 

12.  A  process  according  to  any  of  claims  1—11 
wherein  the  particulate  silicon  dioxide  is  sub- 
stantially  uniformly  dispersed  within  the  fibre- 
forming  polyethylene  terephthalate  prior  to  step 
(a)  as  a  result  of  its  prior  admixture  with  the 
reactants  which  were  polymerised  to  form  the 
polyethylene  terephthalate. 

13.  A  process  according  to  any  of  claims  1  —  12 
wherein  the  polyethylene  terephthalate  from 
which  the  multifilamentary  material  is  extruded  is 
free  of  solid  particulate  material  other  than  the 
silicon  dioxide  and  the  resulting  filamentary  pro- 
duct  possesses  a  lustrous  appearance. 

14.  A  process  according  to  any  of  claims  1  —  12 
wherein  the  polyethylene  terephthalate  from 
which  the  multifilamentary  material  is  extruded 
additionally  contains  substantially  uniformly  dis- 
persed  therein  0.05  to  1.5  percent  by  weight  of 
particulate  titanium  dioxide  having  a  weight  aver- 
age  particle  size  of  less  than  2  microns  and  the 
resulting  filamentary  product  possesses  a  semi- 
dull  or  dull  appearance. 

15.  A  process  according  to  any  of  claims  1  —  14 
wherein  the  particulate  silicon  dioxide  possesses 
a  nominal  particle  size  of  less  than  0.1  micron  as 
determined  by  the  BET  method. 

16.  A  process  according  to  any  of  claims  1  —  15 
wherein  the  particulate  silicon  dioxide  is  fumed 
silica. 

17.  A  process  according  to  any  of  claims  1  —  16 
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Material  als  dem  Siliciumdioxid  frei  ist  und  das 
resultierende  fadenformige  Produkt  ein  glanzen- 
des  Aussehen  besitzt. 

14.  Verfahren  nach  irgendeinem  der  AnsprCi- 
5  che  1  bis  12,  worin  das  Polyethylenterephthalat, 

aus  dem  das  Multifilament-Material  extrudiert 
wird,  zusatzlich  im  wesentlichen  gleichmalSig 
darin  dispergiert  0,05  bis  1,5  Gew.-%  teilchenfor- 
miges  Titandioxid  mit  einem  Gewichtsmittel  der 

w  TeilchengrolSe  von  weniger  als  2  <m  enthalt  und 
das  resultierende  fadenformige  Produkt  ein  halb- 
mattes  oder  mattes  Aussehen  besitzt. 

15.  Verfahren  nach  irgendeinem  der  Ansprii- 
che  1  bis  14,  worin  das  teilchenformige  Silicium- 

15  dioxid  eine  nominale  TeilchengrolSe  von  weniger 
als  0,1  <m,  bestimmt  nach  der  BET-Methode, 
besitzt. 

16.  Verfahren  nach  irgendeinem  der  Anspru- 
che  1  bis  15,  worin  das  teilkhenformige  Silicium- 

20  dioxid  hochdisperses  (pyrogenes)  Siliciumdioxid 
ist. 

17.  Verfahren  nach  irgendeinem  der  Ansprii- 
che  1  bis  16,  worin  das  Polyethylenterephthalat 
durch  Polymerisieren  von  Dimethylterephthalat 

25  und  Ethylenglycol  hergestellt  wird. 
18.  Verfahren  nach  irgendeinem  der  Ansprii- 

che  1  bis  16,  worin  das  Polyethylenterephthalat 
durch  Polymerisieren  von  Terephthalsaure  und 
Ethylenglycol  hergestellt  wird. 

30  19.  Verfahren  nach  irgendeinem  der  vorherge- 
henden  Anspriiche,  umfassend 

(1)  das  Polymerisieren  von  Monomeren,  die 
zur  Bildung  von  Polyethylenterephthalat  befahigt 
sind,  wahrend  sie  im  Gemisch  mit  teilchenformi- 

35  gem  hochdispersen  Siliciumdioxid  mit  einer 
nominalen  TeilchengrolSe  von  weniger  als  0,1 
<m,  gemessen  nach  der  BET-Methode,  vorlie- 
gen,  zur  Bildung  eines  faserbildenden  Polymers 
mit  einer  Grenzviskositat  von  0,5  bis  0,8, 

40  bestimmt  mit  einer  Losung  von  0,1  g  des  Poly- 
mers  gelost  in  100  ml  o-Chlorophenol  bei  25°C, 

(2)  das  Extrudieren  des  resultierenden  Polye- 
thylenterephthalats,  wahrend  es  in  geschmolze- 
ner  Form  vorliegt  und  0,1  bis  1,0  Gew.-%  des  in 

45  Schritt  (1)  eingefuhrten  teilchenfdrmigen  hochdi- 
spersen  Siliciumdioxids  im  wesentlichen  gleich- 
malSig  darin  dispergiert  enthalt,  durch  die  Viel- 
zahl  von  Offnungen  zur  Bildung  des  geschmolze- 
nen  Multifilament-Materials,  und 

so  (3)  worin  nach  dem  Durchgang  durch  die 
Erstarrungszone  und  die  Konditierungszone  das 
resultierende  Multifiiament-Material  mit  einer 
Geschwindigkeit  von  8  000  bis  16  000  feet  (2438 
bis  4877  m)  pro  Minute  abgezogen  wird. 

55  20.  Verfahren  nach  Anspruch  19,  worin  das 
teilchenformige  hochdisperse  Siliciumdioxid  in 
dem  Polyethylenterephthalat  im  wesentlichen 
gleichmalSig  in  einer  Konzentration  von  0,10  bis 
0,40  Gew.-%  dispergiert  wird. 

so  21.  Verfahren  nach  Anspruch  19  oder  20,  worin 
das  teilchenformige  hochdisperse  Siliciumdioxid 
eine  nominale  TeilchengrolSe  von  weniger  als 
0,02  <m,  bestimmt  nach  der  BET-Methode, 
besitzt. 

65 

ment-Materials  aus  der  Konditionierungszone 
mit  einer  Geschwindigkeit  von  mehr  als  8  000 
feet  (2438  m)  pro  Minute,  dadurch  gekennzeich- 
net,  dalS  in  dem  faserbildenden  Polyethylente- 
rephthalat  vor  dem  Schritt  (a)  0,05  bis  1,5  Gew.- 
%  teilchenformiges  Siliciumdioxid  mit  einer  mitt- 
leren  TeilchengrolSe  von  weniger  als  1  urn  im 
wesentlichen  gleichma'ISig  dispergiert  wird. 

2.  Verfahren  nach  Anspruch  1,  worin  das 
Polyethylenterephthalat  vor  dem  Schritt  (a)  eine 
Grenzviskositat  von  0,35  bis  1;0,  bestimmt  mit 
einer  Losung  von  0,1  g  des  Polymers  gelost  in 
100  ml  o-Chlorophenol  bei  25°C,  besitzt. 

3.  Verfahren  nach  Anspruch  2,  worin  das 
Polyethylenterephthalat  eine  Grenzviskositat  von 
annahernd  0,7,  bestimmt  mit  einer  Losung  von 
0,1  g  des  Polymers  gelost  in  100  ml  o-Chlorophe- 
nol  bei  25°C,  aufweist. 

4.  Verfahren  nach  irgendeinem  der  Anspriiche 
1  bis  3,  worin  die  gasformige  Atmosphare  von 
Schritt  (b)  mit  einer  Temperatur  von  10°C  bis 
40°C  bereitgestellt  wird. 

5.  Verfahren  nach  irgendeinem  der  Anspriiche 
1  bis  4,  worin  die  gasformige  Atmosphare  von 
Schritt  (b)  Luft  ist. 

6.  Verfahren  nach  irgendeinem  der  Anspruche 
1  bis  5,  worin  die  gasformige  Atmosphare  von 
Schritt  (c)  mit  einer  Temperatur  von  90°C  bis 
220°C  bereitgestellt  wird. 

7.  Verfahren  nach  irgendeinem  der  Anspruche 
1  bis  6,  worin  die  gasformige  Atmosphare  von 
Schritt  (c)  Luft  ist. 

8.  Verfahren  nach  irgendeinem  der  Anspruche 
1  bis  7,  worin  in  Schritt  (d)  das  resultierende 
Multifilament-Material  mit  einer  Geschwindigkeit 
von  8  000  bis  16  000  feet  (2438  bis  4877  m)  pro 
Minute  abgezogen  wird. 

9.  Verfahren  nach  Anspruch  8,  worin  in  Schritt 
(d)  das  resultierende  Multifilament-Material  mit 
einer  Geschwindigkeit  von  11  000  bis  13  000 
feet  (3353  bis  3962  m)  pro  Minute  abgezogen 
wird. 

10.  Verfahren  nach  irgendeinem  der  Ansprii- 
che  1  bis  9,  worin  das  Multifilament-Material,  das 
in  Schritt  (d)  abgezogen  wird,  aus  6  bis  200 
Endlosfaden  mit  jeweils  einem  im  wesentlichen 
konstanten  Titer  (Denier)  im  Bereich  von  1  bis  5 
besteht. 

11.  Verfahren  nach  irgendeinem  der  Anspru- 
che  1  bis  10,  worin  das  teilchenformige  Silicium- 
dioxid  in  dem  Polyethylenterephthalat  im 
wesentlichen  gleichmalSig  in  einer  Konzentration 
von  0,1  bis  1,0  Gew.-%  dispergiert  wird. 

12.  Verfahren  nach  irgendeinem  der  Anspru- 
che  1  bis  11,  worin  das  teilichenformige  Silicium- 
dioxid  in  dem  faserbildenden  Polyethylentereph- 
thalat  vor  dem  Schritt  (a)  aufgrunddessen,  dalS 
es  vorher  mit  den  Ausgangsstoffen  vermischt 
wurde,  die  zur  Bildung  des  Polyethylenterephtha- 
lats  polymerisiert  wurden,  im  wesentlichen 
gleichmalSig  dispergiert  wird. 

13.  Verfahren  nach  irgendeinem  der  Anspru- 
che  1  bis  12,  worin  das  Polyethylenterephthalat, 
aus  dem  das  Multifilament-Material  extrudiert 
wird,  von  anderem  festen  teilchenformigen 

10 
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filaments  continus  ayant  chacun  un  denier  sensi- 
blement  constant  dans  le  domaine  de  1  a  5. 

11.  Procede  selon  Tune  des  revendications  1  a 
10,  dans  lequel  le  dioxyde  de  silcium  particulaire 

5  est  disperse  de  fagon  sensiblement  uniforme 
dans  le  terephtalate  de  polyethylene  en  une 
concentration  de  0,1  a  1  %  en  poids. 

12.  Procede  selon  I'une  des  revendications  1  a 
11,  dans  lequel  le  dioxyde  de  silicium  particulaire 

10  est  disperse  de  fagon  sensiblement  uniforme  a 
I'interieur  du  terephtalate  de  polyethylene  forma- 
teur  fe  fibres  avant  I'etape  (a)  par  suite  de  son 
melange  anterieur  avec  les  reactifs  qui  ont  ete 
polymerises  pour  former  le  terephtalate  de  polye- 

15  thylene. 
13.  Procede  selon  I'une  des  revendications  1  a 

12,  dans  lequel  le  terephtalate  de  polyethylene 
duquel  est  extrude  le  materiau  multifilamentaire 
est  depourvu  de  materiau  particulaire  solide  autre 

20  que  le  dioxyde  de  silicium  et  le  produit  filamen- 
taire  resultant  possede  une  apparence  lustree. 

14.  Procede  selon  I'une  des  revendications  1  a 
12,  dans  lequel  le  terephtalate  de  polyethylene 
duquel  est  extrude  le  materiau  multifilamentaire 

25  contient  en  outre  0,05  a  1,5%  en  poids  de  dioxyde 
de  titane  particulaire  disperse  de  fagon  sensible- 
ment  uniforme  et  ayant  une  taille  de  particule 
moyenne  en  poids  inferieure  a  2  microns  et  le 
produit  filamentaire  resultant  possede  une  appa- 

30  rence  semi  mate  ou  mate. 
15.  Procede  selon  I'une  des  revendications  1  a 

14,  dans  lequel  le  dioxyde  de  silicium  particulaire 
possede  une  taille  de  particule  nominale  infe- 
rieure  a  0,1  micron  telle  que  determinee  par  la 

35  methode  BET. 
16.  Procede  selon  I'une  des  revendications  1  a 

15,  dans  lequel  le  dioxyde  de  silicium  particulaire 
est  la  silice  fumee. 

17.  Procede  selon  I'une  quelconque  des  reven- 
40  dications  1  a  16,  dans  lequel  le  terephtalate  de 

polyethylene  est  obtenu  en  polymerisant  du 
terephtalate  de  dimethyle  et  de  I'ethylene  glycoL 

18.  Procede  selon  I'une  des  revendications  1  a 
16,  dans  lequel  le  terephtalate  de  polyethylene  est 

45  obtenu  en  polymerisant  de  I'acide  terephtalique 
et  de  I'ethylene  glycol. 

19.  Procede  selon  I'une  des  revendications  pre- 
cedentes  comprenant: 

(1)  La  polymerisation  de  monomeres  capables 
so  de  former  du  terephtalate  de  polyethlene  tandis 

qu'ils  sont  en  melange  avec  de  la  silice  fumee 
particulaire,  ayant  une  taille  de  particule  nominale 
inferieure  a  0,1  micron  telle  que  determinee  par  la 
methode  BET  pour  former  un  polymere  formateur 

55  de  fibres  ayant  une  viscosite  intrinsique  de  0,5  a 
0,8  determinee  avec  une  solution  de  0,1  gramme 
du  polymere  dissout  dans  100  ml  d'ortho-chloro- 
phenol  a  25°C, 

(2)  I'extrusion  du  terephtalate  de  polyethylene 
60  resultant  alors  qu'il  est  sous  forme  fondue  et 

contenant  0,1  a  1%  en  poids  de  la  silice  fumee 
particulaire  introduite  a  I'etape  (1)  dispersee  de 
fagon  sensiblement  uniforme  a  I'interieur,  a  tra- 
vers  la  pluralite  d'orifices  pour  former  le  materiau 

65  multifilamentaire  fondu,  et 

Revendications 

1.  Procede  pour  la  formation  d'un  fil  de  tereph- 
talate  de  polyethylene  hautement  oriente  par 
filage  comprenant  (a)  I'extrusion  de  terephtalate 
de  polyethylene  fondu  formateur  de  fibres  a 
travers  une  pluralite  d'orifices  pour  former  un 
materiau  multifilamentaire  fondu,  (b)  le  passage 
dudit  materiau  multifilamentaire  fondu  dans  la 
direction  de  sa  longueur  a  travers  une  zone  de 
solidification  pourvue  d'une  atmosphere  gazeuse 
a  une  temperature  au  dessous  de  sa  temperature 
de  transition  vitreuse  dans  laquelle  ledit  materiau 
multifilamentaire  est  trempe  et  est  transforme  en 
un  materiau  multifilamentaire  solide,  (c)  le  pas- 
sage  dudit  materiau  multifilamentaire  resultant 
dans  la  direction  de  sa  longueur  a  travers  une 
zone  de  conditionnement  pourvue  d'une  atmos- 
phere  gazeuse  a  une  temperature  au-dessus  de  sa 
temperature  de  transition  vitreuse  et  au  dessous 
de  sa  temperature  de  fusion  dans  laquelle  une 
cristallisation  sensible  dudit  materiau  multifila- 
mentaire  solidifie  auparavant  a  lieu,  et  (d)  le 
retrait  dudit  materiau  multifilamentaire  obtenu  de 
la  zone  de  conditionnement  a  une  vitesse  supe- 
rieure  a  8000  pieds  (2438  m)  par  minute;  caracte- 
rise  en  ce  que  sont  disperses  de  fagon  sensible- 
ment  uniforme  a  I'interieur  dudit  terephtalate  de 
polyethylene  formateur  de  fibres  avant  I'etape  (a) 
0,05  a  1,5%  en  poids  de  dioxyde  de  silicium 
particulaire  ayant  une  taille  de  particule  moyenne 
en  poids  inferieure  a  un  micron. 

2.  Procede  selon  la  revendication  1,  dans  lequel 
le  terephtalate  de  polyethylene  avant  I'etape  (a)  a 
une  viscosite  intrinseque  de  0,35  a  1  determinee 
avec  une  solution  de  0,1  gramme  du  polymere 
dissout  dans  100  ml  d'ortho-chlorophenol  a  25CC. 

3.  Procede  selon  la  revendication  2,  dans  lequel 
le  terephtalate  de  polyethylene  presente  une  vis- 
cosite  intrinseque  d'environ  0,7  determinee  avec 
une  solution  de  0,1  gramme  de  polymere  dissout 
dans  100  ml  d'ortho-chlorophenol  a  25°C. 

4.  Procede  selon  I'une  des  revendications  1  a  3, 
dans  lequel  I'atmosphere  gazeuse  de  I'etape  (b) 
est  fournie  a  une  temperature  de  10  a  40°C. 

5.  Procede  selon  I'une  des  revendications  1  a  4, 
dans  lequel  I'atmosphere  gazeuse  de  I'etape  (b) 
est  I'air. 

6.  Procede  selon  I'une  des  revendications  1  a  5, 
dans  lequel  I'atmosphere  gazeuse  de  I'etape  (c) 
est  fournie  a  une  temperature  de  90  a  220°C. 

7.  Procede  selon  I'une  des  revendications  1  a  6, 
dans  lequel  I'atmosphere  gazeuse  de  I'etape  (c) 
est  I'air. 

8.  Procede  selon  I'une  des  revendications  1  a  7, 
dans  lequel  dans  I'etape  (d)  le  materiau  multifila- 
mentaire  resultant  est  retire  a  une  vitesse  de  8000 
a  16  000  pieds  (2438  a  4877  m)  par  minute. 

9.  Procede  selon  la  revendication  8,  dans  lequel 
dans  I'etape  (d)  le  materiau  multifilamentaire 
resultant  est  retire  a  une  vitesse  de  11  000  a 
13  000  pieds  (3353  a  3962  m)  par  minute. 

10.  Procede  selon  I'une  des  revendications  1  a 
9,  dans  lequel  le  materiau  multifilamentaire  qui 
est  retire  de  I'etape  (d)  consiste  en  6  a  200 
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facon  sensiblement  uniforme  dans  le  terephtalate 
de  polyethylene  en  une  concentration  de  0,10  a 
0,40%  en  poids. 

21.  Procede  selon  la  revendications  19  ou  20, 
dans  lequel  la  silice  fumee  particulaire  a  une  taille 
de  particule  nominale  inferieure  a  0,02  micron 
telle  que  determinee  par  la  methode  BET. 

(3)  dans  lequel  apres  passage  a  travers  les 
zones  de  solidification  et  de  conditionnement  le 
materiau  multifilamentaire  resultant  est  retire  a 
une  Vitesse  de  8000  a  16000  pieds  (2438  a  4877  m) 
par  minute. 

20.  Procede  selon  la  revendication  19,  dans 
lequel  la  silice  fumee  particulaire  estdispersee  de 
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