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Multifilament  type  plastic  optical  fiber. 

(£)  A  multifilament  type  plastic  optical  fiber  having  a 
substantially  uniform  cross-section  and  an  islands-in- 
sea  structure,  in  which  10  to  10,000  islands  are 
arranged  in  the  sea,  the  respective  islands  have  a 
substantially  uniform  cross-section  having  a  diameter 
of  10  to  200  u  and  the  sea  occupancy  ratio  in  the 
cross-section  of  the  optical  fiber  is  5  to  40%,  said 

^optical  fiber  being  prepared  by  constructing  a  true 
^•conjugate  spinning  spinneret  by  (a)  an  orifice  piate 
^(21)  having  10  to  10,000  core-forming  holes  (21a) 
^(b)  an  orifice  plate  (22)  having  10  to  10,000  sheath- 
3   forming  holes  (22a)  and  (c)  an  orifice  plate  (23) 
P  having  10  to  10,000  sea-forming  holes  (23a)  having 
®an  opening  expanded  downward,  the  lower  ends  of 

every  two  adjacent  sea-forming  holes  having  con- 
t a c t e d   with  each  other  on  the  lower  encfface  of  said 
j^orifice  plate,  so  that  a  fiber  comprising  the  sea  and 
JJ  islands  having  a  core-sheath  structure  is  formed  by 

true  conjugate  spinning  without  using  a  filament- 
gathering  orifice  plate,  supplying  a  core-forming 

polymer,  a  sheath-forming  polymer  and  a  sea-for- 
ming  polymer  to  respective  spinning  holes,  melt- 
spinning  the  polymers  under  such  conditions  that  the 
spinning  draft  D  defined  by  the  following  formula  [I]: 

D  =  (hole  diameter  of  core-forming  orifice  plate)- 
2/(core  diameter  of  multifilament  optical  fiber)2 
[I] 
is  20  to  5,000,  fusion-bonding  the  spun  filaments  on 
the  lower  end  face  of  the  spinneret,  and  taking  up 
the  formed  fiber. 
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MULTIFILAMENT  TYPE  PLASTIC  OPTICAL  FIBER 

The  present  invention  relates  to  a  multifilament 
type  plastic  optical  fiber  having  in  the  cross-section 
thereof  10  to  10,000  islands  having  light-transmit- 
ting  characteristics,  which  is  valuable  as  an  image- 
transmitting  optical  fiber  or  a  light  guide. 

A  multifilament  type  plastic  optical  fiber  is  ad- 
vantageous  over  a  multifilament  type  optical  fiber 
comprising  glass  type  filaments  in  that  the  flexibil- 
ity  is  high,  the  handling  property  is  good  and 
individual  filaments  constituting  .  the  multifilament 
type  optical  fiber  are  not  broken  by  bending.  Ac- 
cordingly,  development  and  utilization  of  multifila- 
ment  type  plastic  optical  fibers  have  been  attempt- 
ed.  For  example,  the  processes  disclosed  in  U.S. 
Patent  No.  3,556,635  and  Japanese  Unexamined 
Patent  Publication  No.  56-39505  are  known. 

The  multifilament  type  plastic  optical  fiber  dis- 
closed  in  U.S.  Patent  No.  3,556,635  is  prepared 
according  to  a  process  in  which  spinning  is  carried 
out  in  a  spinning  apparatus  as  shown  in  Fig.  1  of 
this  U.S.  patent,  to  which  a  spinning  nozzle  having 
a  structure  as  shown  in  Fig.  2  of  this  U.S.  patent  is 
attached.  Accordingly,  this  multifilament  type  plas- 
tic  optical  fiber  has  -  an  angular  cross-section  in 
which  light-transmitting  islands  having  a  substan- 
tially  rectangular  cross-section  are  arranged,  as 
shown  in  Fig.  3  of  the  U.S.  patent. 

This  multifilament  type  plastic  optical  fiber  is 
defective  in  that  since  the  cross-section  of  the 
light-transmitting  islands  exerting  the  light-transmit- 
ting  function  is  rectangular,  the  light  transmission 
characteristics  are  insufficient. 

Japanese  Unexamined  Patent  Publication  No. 
56-39505  discloses  a  process  for  the  preparation  of 
a  multifilament  type  plastic  optical  fiber,  and  it  is 
taught  that  a  spinneret  disclosed  in  Japanese  Un- 
examined  Patent  Publication  No.  54-116417  is 
used  for  the  production  of  this  multifilament  type 
plastic  optical  fiber.  The  sectional  structure  of  this 
spinneret  is  as  shown  in  Fig.  3  of  the  accompany- 
ing  drawings.  Referring  to  Fig.  3,  according  to  this 
known  process,  a  core-forming  polymer  is  supplied 
from  31  ,  a  sheath-forming  polymer  is  supplied  from 
32  and  a  sea-forming  polymer  is  supplied  from  33, 
a  three-layer  true  conjugate  yarn  Is  spun  out  from 
34  and  gathered  and  integrated  in  a  gathering  hole 
36  of  a  gathering  orifice  plate  34  to  obtain  a  mul- 
tifilament  type  plastic  optical  fiber.  According  to 
this  process,  if  the  occupancy  ratio  of  the  sea  in 
the  cross-section  of  the  multifilament  type  plastic 
optical  fiber  is  at  least  40%,  that  is,  the  number  of 
the  light-transmitting  islands  is  small,  the  islands 
are  relatively  uniform  in  the  cross-sectional  shape, 
but  the  element  density  of  the  image  transmitted 
by  this  optical  fiber  is  low  and  no  practically  good 

result  can  be  obtained.  If  a  multifilament  type  plas- 
tic  optical  fiber  in  which  the  occupancy  ratio  of  the 

•  seal  is  lower  than  10%  is  prepared  according  to 
this  process,  the  cross-section  of  the  islands 

5  present  in  the  peripheral  portion  of  the  cross-sec- 
tion  of  the  optical  fiber  is  tetrasonal  or  heptagonal, 
as  shown  in  Fig.  4  of  the  accompany  drawings,  but 
islands  present  in  the  interior  of  the  cross-section 
of  the  optical  fiber  have  heptagonal  to  nonagonal 

70  cross-sections.  Transmission  of  an  image  is  sub- 
stantially  impossible  by  this  optical  fiber,  and  the 
respective  islands  constituting  the  multifilament 
type  plastic  optical  fiber  are  different  from  one 
another  in  the  light-transmitting  characteristics  and 

75  the  light  quantity  unevenness  over  the  entire  sec- 
tion  is  inevitably  large. 

We  made  research  with  a  view  to  developing  a 
multifilament  type  plastic  optical  fiber  free  of  the 
foregoing  defects,  and  as  a  result,  it  was  found  that 

20  this  object  can  be  attained  by  using  a  spinneret,  as 
shown  in  Fig.  2,  not  equipped  with  a  gathering 
orifice  plate,  and  fusion-bonding  a  three-layer  true 
conjugate  yarn  "spun  from  the  spinneret  just  below 
the  spinneret.  We  have  now  completed  the  present 

25  invention  based  on  this  finding. 
More  specifically,  in  accordance  with  the 

present  invention,  there  is  provided  a  multifilament 
type  plastic  optical  fiber  having  a  substantially  uni- 
form  cross-section  and  an  islands-in-sea  structure, 

30  in  which  10  to  10,000  islands  are  arranged  in  the 
sea,  the  respective  islands  have  a  substantially 
uniform  cross-section  having  a  diameter  of  10  to 
200  u.  and  the  sea  occupancy  ratio  in  the  cross- 
section  of  the  optical  fiber  is  5  to  40%,  said  optical 

35  fiber  being  prepared  by  constructing  a  true  con- 
jugate  spinning  spinneret  by  (a)  an  orifice  plate 
having  10  to  10,000  core-forming  holes,  (b)  an 
orifice  plate  having  10  to  10,000  sheath-forming 
holes  and  (c)  an  orifice  plate  having  10  to  10,000 

40  sea-forming  holes  having  an  opening  expanded 
downward,  the  lower  ends  of  every  two  adjacent 
sea-forming  holes  being  contacted  with  each  other 
on  the  lower  end  face  of  said  orifice  plate,  so  that  a 
fiber  comprising  the  sea  and  islands  having  a  core- 

45  sheath  structure  is  formed  by  true  conjugate  spin- 
ning  without  using  a  filament-gathering  orifice  plate, 
supplying  a  core-forming  polymer,  a  sheath-for- 
ming  polymer  and  a  sea-forming  polymer  to  re- 
spective  spinning  holes,  melt-spinning  the  poly- 

50  mers  under  conditions  such  that  the  spinning  draft 
D  defined  by  the  following  formula  [I]: 
D  =  (hole  diameter  of  core-forming  orifice  plate)- 
2/(core  diameter  multifilament  optical  fiber)2 

2 
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is  20  to  5,000,  fusion-bonding  the  spun  filaments 
on  the  lower  end  face  of  the  spinneret,  and  taking 
up  the  formed  fiber. 

Figure  1  is  a  diagram  illustrating  a  spinning 
apparatus  used  in  the  present  invention  for  produc- 
ing  a  multifilament  type  plastic  optical  fiber; 

Fig.  2  is  a  diagram  illustrating  the.  cross- 
section  of  a  spinneret  of  the  spinning  apparatus 
shown  in  Fig.  1  ; 

Fig.  3  is  a  sectional  view  showing  the  con- 
ventional  spinning  apparatus; 

Fig.  4  is  a  sectional  view  of  the  conventional 
multifilament  type  plastic  optical  fiber; 

Figs.  5  and  6  are  sectional  views  showing 
examples  of  the  multifilament  type  plastic  optical 
fiber  of  the  present  invention; 

Fig.  7  is  a  diagram  illustrating  an  example  of 
the  apparatus  for  heat-treating  a  multifilament  type 
plastic  optical  fiber; 

Fig.  8  is  a  diagram  illustrating  the  repeated 
bending  test. 

Preferably,  the  multifilament  type  plastic  optical 
fiber  of  the  present  invention  has  a  uniform  cross- 
section  and  an  islands-in-sea  structure,  in  which  10 
to  10,000  islands  are  arranged  in  the  sea,  the 
respective  islands  have  a  substantially  uniform 
cross-section  having  a  diameter  of  10  to  200  u.  and 
the  sea  occupancy  ratio  in  the  cross-section  of  the 
optical  fiber  is  5  to  20%.  More  preferably,  in  the 
multifilament  type  plastic  optical  fiber  of  the  inven- 
tion,  the  cross-sections  of  the  islands  having  a 
core-sheath  structure,  which  are  arranged  in  the 
cross-section  of  the  optical  fiber,  have  a  substan- 
tially  circular  or  hexagonal  shape,  and  the  islands 
are  arranged  in  a  zigzag-stacked  structure. 

Figure  1  is  a  diagram  illustrating  the  steps  of 
areparing  the  multifilament  type  plastic  optical  fiber 
according  to  the  present  invention,  and  in  Fig.  1, 
symbols  A,  B,  C,  D,  E,  F,  G  and  H  represent  a 
:ore-forming  polymer-supplying  extruder,  a  sheath- 
:orming  polymer-supplying  extruder,  a  sea-forming 
DOlymer-supplying  extruder,  a  spinneret,  a  cooler,  a 
guide  roll,  take-up  roll  and  a  spun  multifilament 
ype  plastic  optical  fiber,  respectively. 

Figure  2  is  a  diagram  illustrating  the  cross- 
section  of  the  spinneret  D,  and  reference  numeral 
24  represents  a  distributing  plate  for  distributing 
:he  core-forming  polymer,  sheath-forming  polymer 
and  sea-forming  polymer  constituting  the  multifila- 
nent  type  plastic  optical  fiber,  reference  numeral 
25  represents  a  core-forming  polymer-supplying 
lole,  reference  numeral  26  represents  a  sheath- 
orming  polymer-supplying  hole,  reference  numeral 
27  represents  a  sea-forming  polymer-supplying 
lole,  reference  numeral  21  represents  a  core-for- 
ning  orifice  plate,  reference  numeral  21a  repre- 
sents  a  core-forming  nozzle  hole,  reference  nu-. 

meral  22  represents  a  sheath-forming  orifice  plate, 
reference  numeral  22a  represents  a  sheath-forming 
nozzle  hole,  reference  numeral  23  represents  a 
sea-forming  orifice  plate,  and  a  reference  numeral 

5  23a  represents  a  sea-forming  nozzle  hole.  The 
core-forming  polymer  supplied  from  21a  forms  a 
molten  polymer  stream  having  a  substantially  cir- 
cular  section  and  is  spun  out  from  22a  through  23a. 
The  sheath-forming  polymer  supplied  from  26 

70  overflows  a  circular  projection  22b  circularly  sur- 
rounding  the  lower  end  of  the  core-forming  nozzle 
hole  and  is  bonded  in  a  uniform  thickness  to  the 
periphery  of  the  core-forming  polymer  stream  while 
forming  an  island,  and  the  so-formed  island  is 

75  delivered  to  the  sea-forming  nozzle  hole  23a.  The 
sea-forming  polymer  supplied  from  27  overflows  a 
circular  projection  surrounding  the  lower  end  of  the 
sheath-forming  nozzle  hole,  flows  downward  while 
adhering  to  the  periphery  of  the  sheath-forming 

20  polymer,  further  flows  down  along  a  downwardly 
expanded  oblique  side  wall  formed  on  the  lower 
end  face  of  the  sea-forming  orifice  plate,  and 
fusion-bonds  the  islands,  that  is,  sheath-core  fila- 
ments,  to  one  another  while  filling  the  spaces 

25  among  the  islands,  whereby  a  prototype  of  the 
multifilament  type  plastic  optical  fiber  of  the 
present  invention  is  formed. 

In  the  present  invention,  a  plurality  of 
core/sheath/sea  three-component  true  conjugate 

30  structures  are  formed  within  the  spinneret,  and 
then,  these  structures  are  fusion-bonded  to  one 
another  on  the  lower  end  face  of  the  sea-forming 
orifice  plate  and  taken  up.  Thus,  a  multifilament 
type  plastic  optical  fiber  in  which  the  islands 

35  present  in  the  cross-section  of  the  fiber  have  a 
uniform  cross-sectional  shape,  as  shown  in  Fig.  5 
or  6,  is  obtained.  In  order  to  prepare  this  mul- 
tifilament  type  plastic  optical  fiber,  it  is  necessary 

.  that  the  shape  of  the  spinneret,  especially  the 
to  shape  of  the  lower  end  face  of  the  sea-forming 

orifice  plate,  should  be  specified  so  that  the  spin- 
ning  draft  D  defined  by  the  above-mentioned  for- 
mula  [I]  is  20  to  5,000. 

By  thus  setting  the  spinning  draft  to  20  or 
ts  more,  fusion-bonding  and  integration  of  the  true 

conjugate  yarns  on  the  lower  end  face  of  the  spin- 
neret  can  be  performed  very  smoothly.  In  the  pro- 
cess  for  preparing  a  multifilament  type  plastic  op- 
tical  fiber  by  using  the  conventional  composite 

io  spinneret  as  shown  in  Fig.  3,  an  island  of  the  core- 
sheath  structure  is  formed  by  a  core  supplied  from 
31  and  a  sheath  supplied  from  32,  and  then,  a 
polymer  supplied  from  33  forms  the  sea  surround- 
ing  the  island.  Thus,  individual  true  conjugate  yarns 

;5  are  spun  out  from  the  lower  ends  34a,  34b  and  34c 
of  the  spinneret  and  are  gathered  and  integrated 
by  a  gathering  hole  36  of  a  gathering  orifice  plate 
35.  Accordingly,  the  multifilament  type  piastic  op- 
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tical  fiber  having  a  plasticity  undergoes  a  strong 
force  acting  toward  the  interior  from  the  outside, 
and  therefore,  the  cross-sectional  shapes  of  the 
islands  inevitably  become  irregular  and  polygonal, 
as  shown  in  Fig.  4.  In  contrast,  in  the  present 
invention,  by  using  a  spinneret  having  a  cross- 
sectional  structure  as  shown  in  Fig.  2  and  setting 
the  spinning  draft  at  20  to  5,000,  many  extrudates 
having  a  true  conjugate  structure  comprising  an 
island  of  the  core-sheath  structure  and  the  sea 
surrounding  the  island  flow  down  along  downwardly 
expanded  inclined  faces  23c  and  23d  on  the  lower 
end  of  the  orifice  plate  23  while  the  sectional  areas 
of  the  extrudates  are  being  increased,  and  these 
extrudates  are  fusion-bonded  to  one  another  to 
form  a  multifilament  type  plastic  optical  fiber,  in 
which  the  cross-sectional  shapes  of  the  islands 
present  in  the  interior  are  uniform,  as  shown  in  Fig. 
5  or  6. 

If  the  spinning  draft  is  too  high,  a  strain  im- 
posed  on  the  formed  optical  fiber  is  drastically 
increased,  and  a  multifilament  type  plastic  optical 
fiber  having  good  light-transmitting  characteristics 
cannot  be  obtained.  In  order  to  eliminate  this  dis- 
advantage,  in  the  present  invention,  preferably  the 
spinning  draft  is  set  at  up  to  5,000. 

In  order  to  improve  the  light-transmitting  char- 
acteristics  and  toughness  of  the  so-prepared  mul- 
tifilament  type  plastic  optical  fiber,  preferably  the 
optical  fiber  is  heat-treated  at  a  temperature  of  1  00 
to  300  °C.  In  view  of  the  relation  to  the  spinning 
draft,  this  heat  treatment  can  be  carried  out  while 
drawing  the  multifilament  type  plastic  optical  fiber 
at  a  draw  ratio  of  about  1  to  about  3  or  under  a 
shrinking  relaxation  of  up  to  40%. 

Figure  7  illustrates  an  apparatus  to  be  used  for 
heat-treating  the  multifilament  type  plastic  optical 
fiber  in  the  present  invention.  In  Fig.  7,  reference 
numerals  71  ,  72,  73  and  74  represent  a  feed  roller, 
a  take-up  roller,  a  heat-treating  machine  and  a 
winder,  respectively.  The  heat-treating  machine 
may  be  directly  connected  to  the  spinning  appara- 
tus  shown  in  Fig.  1  .  In  this  case,  in  view  of  the 
operation  efficiency,  preferably  one  roller  is  used 
either  as  the  take-up  roll  G  shown  in  Fig.  1  or  the 
feed  roller  71  shown  in  Fig.  7. 

The  cross-section  of  the  multifilament  type 
plastic  optical  fiber  of  the  present  invention  can 
have  a  substantially  rectangular  shape  as  shown  in 
Fig.  5  or  6  or  a  circular,  star-like  or  other  polygonal 
shape.  The  spinning  holes  of  the  spinneret  are 
arranged  so  that  the  intended  cross-sectional 
shape  is  obtained. 

As  examples  of  the  plastics  for  forming  the 
core  and  sheath  components  of  islands  of  the 
multifilament  type  plastic  optical  fiber  of  the 
present  invention,  there  can  be  -mentioned  poly- 
methyl  methacrylate  (n  =  1  .49),  a  copolymer  (n  = 

1.47  to  1.50)  composed  mainly  of  methyl 
methacrylate,  polystyrene  (n  =  1.58),  a  copolymer 
(n  =  1.50  to  1.58)  composed  mainly  of  styrene,  a 
styrene/acrylonitrile  copolymer  (n  =  1.56),  poly-4- 

5  methylpentene-1  (n  =  1.46),  an  ethylene/vinyl  ace- 
tate  copolymer  (n  =  1  .46  to  1  .50),  a  polycarbonate 
(n  =  1.50  to  1.57),  polychlorostyrene  (n  =  1.61), 
polyvinylidene  chloride  (n  =  1.63),  polyvinyl  ace- 
tate  (n  =  1.47),  a  methyl  methacrylate/styrene, 

70  vinyltoluene  or  a-methylstyrene/maleic  anhydride 
terpolymer  or  quadripolymer  (n  =  1.50  to  1.58), 
polydimethylsiloxane  (n  =  1.40),  polyacetal  (n  = 
1.48),  polytetrafluoroethylene  (n  =  1.35),  poly- 
vinylidene  fluoride  (n  =  1  .42),  polytrifluoroethylene 

75  (n  =  1.40),  polyp.erfluoropropylene  (n  =  1.34), 
fluoroethyiene  copolymers  or  terpolymers  {n  = 
1.35  to  1.40),  a  polyvinylidene  fluoride/polymethyl 
methacrylate  blend  (n  =  1  .42  to  1  .46),  copolymers 
composed  mainly  of  a  fluoromethacrylate  repre- 

20  sented  by  the  general  formula  CH2  =  C(CH3)- 
COORf  in  which  Rf  stands  for  (CH2)n(CF2)nH  (n  = 
1.37  to  1.42),  (CH2)m(CF2)nF  (n  =  1.37  to  1.40),  CH- 
(CF3)2  (n  =  1.38),  C(CF3)3  (n  =  1.36), 
CH2CF2CHFCF3  (n  =  1.40)  or  CH2CF(CF3)2  (n  = 

25  1.37),  copolymers  of  these  fluoromethacrylates  (n 
=  1.36  to  1.40),  copolymers  of  such  a 
fluoromethacrylate  with  methyl  methacrylate  (n  = 
1.37  to  1.43),  polymers  composed,  mainly  of  a 
fluoroacrylate  represented  by  the  general  formula 

30  CH2  =  CH»COOR'f  in  which  R'f  stands  for  (CH2)- 
m(CF2)„F  (n  =  1.37  to  1.40),  (CH2)m(CF2)„H  (n  = 
1.37  to  1.41),  CH2CF2CHF-CF3  (n  =  1.41)  or  CH-  - 
(CH3)2  (n  =  1.38),  copolymers  of  these 
fluoroacrylate  (n  =  1.36  to  1.41),  copolymers  of 

35  such  a  fluoroacrylate  and  a  fluoromethacrylate  as 
described  above  (n  =  1  .36  to  1  .41  ),  copolymers  of 
these  fluoroacrylate  and  fluoromethacrylate  with 
methyl  methacrylate  (n  =  1  .37  to  1  .43),  and  homo- 
polymers  and  copolymers  (n  =  1  .37  to  1  .42)  com- 

40  posed  mainly  of  a  2-fluoroacrylate  represented  by 
the  general  formula  GH2  =  CF«COOR"f  in  which 
R'f  stands  for  CH3  ,  (CH2)m(CF2)nF,  (CH2)m(CF2)nH, 
CH2CF2CHFCF3  or  C(CF3)2. 

As  examples  of  the  plastics  used  as  the  sea 
45  component,  there  can  be  mentioned  polyamides, 

polyester  elastomers,  poiyamide  elastomers,  poly- 
styrene  elastomers,  polyolefin  elastomers,  poly-4- 
methylpentene-1  ,  polyvinylidene  fluoride,  ionomers, 
ethylene/ethyl  acrylate  copolymers,  ethylene/vinyl 

50  acetate  copolymers,  ,  vinylidene  fluoride 
copolymers,  polymethyl  methacrylate,  polystyrene, 
ABS,  polybutylene  terephthalate  and  polyethylene. 
In  order  to  obtain  a  multifilament  type  plastic  op- 
tical  fiber  capable__Qf  transferring  a  sharp  and  bright 

55  image,  preferably  a  polymer  having  a  flowability 
larger  than  that  of  the  sheath-forming  polymer  for 
forming  islands  at  the  spinning  step  is  selected  as 
the  sea-forming  polymer. 

4 
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i  ne  present  invention  win  now  De  described  in 
detail  with  reference  to  the  following  examples. 

In  the  following  examples,  the  softness  were 
measured  according  to  the  following  methods. 
Namely,  the  softness  was  evaluated  by  measuring  5 
the  resistance  against  repeated  bending  with  an 
apparatus  shown  in  Fig.  8.  Referring  to  Fig.  8,  the 
multifilament  type  plastic  optical  fiber  62  was  re- 
peatedly  bent  around  bending  rods  61  at  a  bending 
radius  of  25  mm  and  a  bending  angle  of  180°,  and  70 
when  the  retention  ratio  of  the  quantity  of  transmit- 
ted  light  based  on  the  initial  value  was  lower  than 
80%,  the  number  of  bending  repetitions  was  count- 
ed. 

example  j_ 

A  conjugate  spinning  spinneret  having  a  sec- 
tional  structure  as  shown  in  Fig.  2  was  attached  at  20 
the  part  D  of  the  spinning  apparatus  shown  in  Fig. 
1,  and  spinning  was  carried  out  under  conditions 
shown  in  Fig.  1  by  using  polymethyl  methacrylate 
as  the  core-forming  polymer,  a  fluoroalkyl 
methacrylate  polymer  as  the  sheath-forming  poly-  25 
mer  and  a  vinylidene  fluoride  copolymer  as  the 
sea-forming  polymer.  The  spinning  operation  was 
controlled  so  that  the  sea  portions  of  true  conjugate 
type  extrudates  were  fusion-bonded  to  one  another 
on  the  lower  end  face  of  the  spinneret,  whereby  a  30 
multifilament  type  plastic  optical  fiber  having  a 
cross-sectional  shape  as  shown  in  Fig.  5.  The 
characteristics  of  the  obtained  multifilament  type 
plastic  optical  fiber  are  shown  in  Table  1  . 

Multifilament  type  plastic  optical  fibers  of  sam-  35 
pies  1  through  9  in  Table  1  according  to  the 
oresent  invention  had  good  image-transmitting 
characteristics.  However,  the  multifilament  type 
Diastic  optical  fiber  of  sample  10  was  inferior  in  the 
mage-transmitting  characteristics,  and  the  uneven-  40 
less  of  the  quantity  of  transmitted  light  in  the 
:ross-section  of  the  optical  fiber  was  very  large. 

(5 
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Example  2 

A  multifilament  type  plastic  optical  fiber  having 
a  cross-sectional  shape  as  shown  in  Fig.  6  was 
prepared  by  performing  drafting  at  a  draft  ratio  of 
600  and  spinning  by  using  a  spinneret  having  210 
holes  and  a  cross-sectional  shape  as  shown  in  Fig. 
2  and  using  polymethyl  methacrylate  as  the  core- 
forming  polymer,  a  fluoroalkyl  methacrylate  poly- 
mer  as  the  sheath-forming  polymer  and  polymethyl 
methacrylate  as  the  sea-forming  polymer.  The  light 
transmission  loss  was  950  dB/km,  the  maximum 
island  diameter  was  20  u,  the  sea  occupancy  ratio 
was  13%,  the  resistance  against  repeated  bending 
was  700  times. 

Claims 

1.  A  multifilament  type  plastic  optical  fiber  hav- 
ing  a  substantially  uniform  cross-section  and  an 
islands-in-sea  structure,  in  which  10  to  10,000  is- 
lands  are  arranged  in  the  sea,  the  respective  is- 
lands  have  a  substantially  uniform  cross-section 
having  a  diameter  of  TO  to  200  u  and  the  sea 
occupancy  ratio  in  the  cross-section  of  the  optical 
fiber  is  5  to  40%,  said  optical  fiber  being  prepared 
by  constructing  a  true  conjugate  spinning  spinneret 
by  (a)  an  orifice  plate  having  10  to  10,000  core- 
forming  holes,  (b)  an  orifice  plate  having  10  to 
1  0,000  sheath-forming  holes  and  (c)  an  orifice  plate 
having  10  to  10,000  sea-forming  holes  having  an 
opening  expanded  downward,  the  lower  ends  of 
every  two  adjacent  sea-forming  holes  being  placed 
in  contact  with  each  other  on  the  lower  end  face  of 
said  orifice  plate,  so  that  a  fiber  comprising  the  sea 
and  islands  having  a  core-sheath  structure  is 
formed  by  true  conjugate  spinning  without  using  a 
filament-gathering  orifice  plate,  supplying  a  core- 
forming  polymer,  a  sheath-forming  polymer  and  a 
sea-forming  polymer  to  respective  spinning  holes, 
melt-spinning  the  polymers  under  conditions  such 
that  the  spinning  draft  D  defined  by  the  following 
formula  [I]: 
D  =  (hole  diameter  of  core-forming  orifice  plate)- 
2/(core  diameter  of  multifilament  optical  fiber)2 
...  [I] 
is  20  to  5,000,  fusion-bonding  the  spun  filaments 
on  the  lower  end  face  of  the  spinneret,  and  taking 
up  the  formed  fiber. 

2.  A  multifilament  type  plastic  optical  fiber  hav- 
ing  a  substantially  uniform  cross-section  and  an 
islands-in-sea  structure,  in  which  10  to  10,000  is- 
lands  are  arranged  in  the  sea,  the  respective  is- 
lands  have  a  substantially  uniform  cross-section 

having  a  diameter  of  10  to  200  a  and  the  sea 
occupancy  ratio  in  the  cross-section  of  the  optical 
fiber  is  5  to  40%,  said  optical  fiber  being  prepared 
by  constructing  a  true  conjugate  spinning  spinneret 

5  by  (a)  an  orifice  plate  having  10  to  10,000  core- 
forming  holes,  (b)  an  orifice  plate  having  10  to 
1  0,000  sheath-forming  holes  and  (c)  an  orifice  plate 
having  10  to  10,000  sea-forming  holes  having  an 
opening  expanded  downward,  the  lower  ends  of 

70  every  two  adjacent  sea-forming  holes  being  placed 
in  contact  with  each  other  on  the  lower  end  face  of 
said  orifice  plate,  so  that  a  fiber  comprising  the  sea 
and  islands  having  a  core-sheath  structure  is 
formed  by  true  conjugate  spinning  without  using  a 

75  filament-gathering  orifice  plate,  supplying  a  core- 
forming  polymer,  a  sheath-forming  polymer  and  a 
sea-forming  polymer  to  respective  spinning  holes, 
melt-spinning  the  polymers  under  such  conditions 
that  the  spinning  draft  defined  by  the  following 

20  formula  [I]: 
D  =  (hole  diameter  of  core-forming  orifice  plate)- 
2/(core  diameter  of  multifilament  optical  fiber)2 
...  [I] 
is  20  to  5,000,  fusion-bonding  the  spun  filaments 

25  on  the  lower  end  face  of  the  spinneret,  and  heat- 
treating  the  formed  fiber  at  a  temperature  of  100  to 
300  °C. 

3.  A  multifilament  type  plastic  optical  fiber  as 
set  forth  in  claim  1  or  2,  wherein  the  sea  occu- 

30  pancy  ratio  in  the  cross-section  of  the  optical  fiber 
is  10  to  20%. 

4.  A  multifilament  type  plastic  optical  fiber  as 
set  forth  in  claim  1  or  2,  wherein  the  cross-section 
of  the  optical  fiber  has  a  substantially  rectangular 

35  shape,  and  the  cross-section  of  the  islands  having 
a  core-sheath  structure,  which  are  arranged  in  the 
cross-section  of  the  optical  fiber,  has  a  substan- 
tially  circular  or  hexagonal  shape  and  the  islands 
are  arranged  in  a  zigzag-stacked  structure. 

@w  5.  A  multifilament  type  plastic  optical  fiber  hav- 
ing  a  uniform  cross-section  and  an  isiands-in-sea 
structure,  in  which  10  to  10,000  islands  are  ar- 
ranged  in  the  sea,  the  respective  islands  have  a 
substantially  uniform  cross-section  having  a  diam- 

45  eter  of  10  to  200  u  and  the  sea  occupancy  ratio  in 
the  cross-section  of  the  optical  fiber  is  5  to  20%. 

6.  A  multifilament  type  plastic  optical  fiber  as 
set  forth  in  claim  5,  wherein  the  cross-sections  of 
the  islands  having  a  core-seath  structure,  which  are 

50  arranged  in  the  cross-section  of  the  optical  fiber, 
have  a  substantially  circular  or  hexagonal  shape, 
and  the  islands  are  arranged  in  a  zigzag-stacked 
structure. 

55 
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