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©  Preformed  yarn  useful  for  forming  composite  articles  and  process  of  producing  same. 

©  A  preformed  yarn  useful  for  forming  composite  articles  is 
disclosed  which  includes  a  core  of  a  multiplicity  of  fibers  (20), 
fine  powder  (30)  provided  in  the  interstices  between  the  fibers, 
and  a  flexible  sleeve  (40)  formed  of  a  thermoplastic  resin  and 
surrounding  the  core.  The  fine  powder  (30)  is  formed  of  a  2 0  
material  which  neither  melts  nor  reacts  with  the  thermoplastic  TnN, 
resin  at  a  temperature  up  to  450  °C  and  at  a  temperature  up  to  Ljy 
the  melting  point  of  the  thermoplastic  resin.  The  incorporation  JjQS  . 
of  the  fine  powder  (30)  between  the  fibers  (20)  is  effected  by  Lf̂   ©@ 
injecting  fine  powder-containing  air  from  a  jet  nozzle  and  fjm®3 
blowing  the  air  against  a  bundle  of  the  fibers. 
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Description 

PREFORMED  YARN  USEFUL  FOR  FORMING  COMPOSITE  ARTICLES  AND  PROCESS  OF  PRODUCING  SAME 

Background  of  the  Invention 

This  invention  relates  to  a  preformed  yarn  useful 
for  the  formation  of  thermoplastic,  shaped,  compo- 
site  articles  and  to  a  method  of  producing  same. 

Well  known  composite  materials  include  prepregs 
formed  by  coating  a  tow  or  a  woven  cloth  of 
reinforcing  fibers  with  a  solution  or  a  low-viscosity 
melt  of  a  thermosetting  resin.  The  prepreg,  however, 
is  extremely  high  in  adhesiveness  and  poor  in 
flexibility  so  that  it  has  problems  in  handling  and  post 
processing.  Also  known  is  a  tape  of  a  reinforcing 
fiber-containing  thermoplastic  resin  prepared  by 
extruding  a  reinforcing  fiber  tape  in  which  a 
thermoplastic  resin  having  a  high  melting  point  is 
impregnated.  This  tape  is,  however,  in  the  state  of  an 
extremely  rigid  board  so  that  it  causes  difficulties  in 
the  formation  of  woven  clothes  and  moreover  it 
cannot  be  subjected  to  drape  forming  using  molds 
with  complex  shapes. 

In  order  to  overcome  these  drawbacks,  there  has 
been  proposed  a  flexible  composite  material  (US- 
A-4,61  4,678  issued  to  Ganga)  which  is  formed  by 
covering  coarse  fiber  filaments,  impregnated  by  a 
thermoplastic  resin  powder,  with  a  flexible  covering 
material.  While  this  composite  material  is  suitable  for 
draping  through  molds  with  complex  shapes  in 
terms  of  flexibility  as  compared  to  known  reinforcing 
fiber-containing  thermoplastic  resin  tapes,  it  still 
suffers  from  the  following  drawbacks.  Firstly,  the 
composite  material  presents  a  difficulty  in  providing 
a  uniform  blend  ratio  of  the  reinforcing  filaments  and 
the  thermoplastic  resin  powder,  since  the  impregna- 
tion  of  the  filaments  with  the  powder  is  effected  by 
contact  of  the  filaments  with  a  fluidized  layer  of  the 
powder.  As  a  result,  the  material  properties  of  the 
resulting  molded  products  obtained  with  such  a 
composite  material  are  not  uniform.  Secondly,  in  the 
production  of  the  composite  material,  it  is  necessary 
to  use  thermoplastic  resin  powder  whose  average 
particle  sizes  distribute  within  a  narrow  range  in 
order  to  maintain  a  stable  fluidized  state  of  the  resin 
powder.  This  will  increase  the  cost  of  production. 
Thirdly,  since  thermoplastic  resin  powder  having  a 
particle  size  greater  than  the  diameter  of  the 
reinforcing  filaments  is  used  in  relatively  a  large 
amount,  the  composite  material  becomes  volume- 
some.  This  will  cause  a  difficulty  in  handling  during 
the  drape  forming  of  the  material. 

summary  of  the  Invention 

It  is,  therefore,  the  prime  object  of  the  present 
nvention  to  provide  a  preformed  yarn  which  is  useful 
for  forming  shaped  articles  by  draping. 

It  is  a  special  of  object  of  the  present  invention  to 

provide  a  preformed  yarn  which  is  useful  for  forming 
fiber-reinforced,  composite  articles  having  improved 

5  mechanical  properties  such  as  tensile  strength  and 
bending  strength. 

It  is  a  further  object  of  the  present  invention  to 
provide  a  method  for  the  fabriction  of  a  preformed 
yarn  of  the  above-mentioned  type. 

10  In  accomplishing  the  foregoing  objects,  there  is 
provided  in  accordance  with  the  present  invention  a 
preformed  yarn  consisting  essentially  of: 
a  core  of  a  multiplicity  of  fibers; 
a  fine  powder  provided  in  the  interstices  between 

15  said  fibers;  and 
a  flexible  sleeve  formed  of  a  thermoplastic  resin  and 
surrounding  said  core, 
said  fine  powder  being  formed  of  a  material  which 
neither  melts  nor  reacts  with  said  thermoplastic 

20  resin  at  a  temperature  up  to  450  °C  and  at  a 
temperature  up  to  the  melting  point  of  said  thermo- 
plastic  resin. 

In  another  aspect,  the  present  invention  provides 
a  process  for  the  preparation  of  a  preformed  yarn 

25  comprising  the  steps  of: 
continuously  passing  a  bandle  of  a  multiplicity  of 
fibers  through  a  jet  flow  of  a  gas  containing  fine 
powder  to  loosen  the  bandle  with  the  powder  being 
taken  in  the  interstices  between  the  loosened  fibers; 

30  assembling  said  powder-carrying  fibers  to  form  a 
core;  and 
extruding  a  thermoplastic  resin  over  said  core  to 
form  a  sleeve  surrounding  said  core, 
said  fine  powder  being  formed  of  a  material  which 

35  neither  melts  nor  reacts  with  said  thermoplastic 
resin  when  heated  to  a  temperature  at  which  said 
thermoplastic  resin  melts. 

The  preformed  yarn  according  to  the  present 
invention  allows  a  free  and  quantitative  determina- 

te  tion  of  blending  ratios  for  the  fiber  and  the  fine 
powder,  since  the  fine  powder  having  an  extremely 
small  particle  size  is  used  in  a  small  amount.  As  a 
result,  the  preformed  yarn  is  superior  in  flexibility, 
uniformity  and  processability  in  comparison  with  the 

45  known  flexible  composite  material.  Especially  when 
the  fibers  constituting  the  core  are  reinforcing  fibers 
such  as  carbon  fibers,  the  preformed  yarn  can  give 
composite  articles  having  excellent  mechanical 
strengths  such  as  tensile  strength  and  bending 

50  strength,  because  the  fibers  of  the  yarn  are 
separated  from  each  other  by  the  fine  powder 
interposed  between  them,  thereby  to  permit  the 
thermoplastic  material  forming  the  sleeve  to  enter 
the  interstices  between  the  fibers  during  the 

55  formation  of  the  composite  article  and  because  the 
fibers  are  not  curled  at  all. 

Also  the  preformed  yarn  according  to  the  present 
invention  is  provided  with  a  flexible,  thermoplastic 
resin  sleeve  around  the  core  so  that  it  can  prevent 

60  air  or  moisture  from  permeating  into  the  yarn, 
thereby  providing  a  remarkable  improvement  in  the 
mechanical  properties  of  the  molded  articles  pro- 
duced  therefrom.  The  preformed  yarn  does  not  form 



3 EP  0  303  499  A1 4 

fuzz  on  its  surface  and  permits  easy  woving  or 
winding. 

Brief  Description  of  the  Drawings 

Other  objects,  features  and  advantages  of  the 
present  invention  will  become  apparent  from  the 
detailed  description  of  the  invention  which  follows, 
when  considered  in  light  of  the  accompanying 
drawings,  in  which: 

Fig.  1  is  a  cross  section  of  a  preformed  yarn 
according  to  the  present  invention  ;  and 

Fig.  2  is  a  diagrammatic  illustration  of  an 
apparatus  suitable  for  the  preparation  of  the 
preformed  yarn  according  to  the  present  inven- 
tion. 

Detailed  Description  of  the  Invention 

Referring  first  to  Fig.  1,  the  reference  numeral  20 
designates  fibers,  generally  continuous  fibers,  con- 
stituting  a  core.  The  reinforcing  fibers  20  are 
preferably  infusible,  reinforcing  fibers  such  as 
carbon  fibers,  glass  fibers,  aramide  fibers  (aromatic 
polyamide  fibers),  boron  fibers,  ceramic  fibers,  metal 
fibers  and  mixtures  thereof.  The  carbon  fibers  may 
be  pitch-derived  carbon  fibers  obtained  from  petro- 
leum  or  coal  tar  pitch  or  PAN-type  carbon  fibers 
obtained  from  acrylic  fibers.  The  glass  fibers  may  be 
of  a  strand-type  or  non-strand-type.  The  ceramic 
fibers  may  be  CSi  fibers,  SiN  fibers,  BN  fibers  or 
alumina  fibers.  The  reinforcing  fibers  20  preferably 
have  a  filament  denier  number  ranging  from  about 
0.05  to  about  600  and  filament  counts  ranging  from 
about  50  to  about  300,000,  more  preferably  a 
filament  denier  number  ranging  from  about  0.25  to 
about  16  and  filament  counts  ranging  from  about  100 
to  about  48,000. 

The  amount  of  the  reinforcing  fibers  is  preferably 
about  30-70  %  based  on  the  total  volume  of  the 
preformed  yarn.  When  the  content  of  the  reinforcing 
fibers  is  below  30  %  by  volume,  the  composite 
articles  obtained  therefrom  tends  to  be  unsatisfac- 
tory  in  mechanical  strength.  On  the  other  hand  when 
the  amount  of  the  reinforcing  fibers  exceeds  70  % 
by  volume,  the  fibers  in  the  composite  articles  tend 
to  be  degraded  because  of  the  lack  of  uniformity. 

Referring  continuously  to  Fig.  1,  in  the  interstices 
between  the  fibers  20  are  provided  finely  divided 
powder  30.  The  fine  powder  serves  to  provide  the 
reinforcing  fibers  20  with  slippage  and  to  maintain 
them  in  a  slightly  loosened  state  so  that,  during  the 
molding  stage,  the  molten  thermoplastic  resin 
surrounding  the  core  (the  resin  of  a  sleeve  which  will 
be  described  hereinafter)  can  well  enter  into  the 
interstices  between  the  fibers  20,  thereby  to  permit 
the  formation  of  a  uniform  matrix  of  the  resin  when 
the  resin  is  resolidified. 

It  is  important  that  the  fine  powder  should  neither 
melt  nor  react  with  the  thermoplastic  resin  surround- 
ing  the  core  at  a  temperature  of  up  to  450  °  C  or  at  a 

temperature  below  the  melting  point  of  the  thermo- 
plastic  resin  surrounding  the  core.  As  long  as  this 
criterion  is  met,  the  material  of  the  fine  powder  30  is 
not  specifically  limited.  Examples  of  suitable  materi- 

5  als  for  the  fine  powder  include  carbon  such  as 
graphite,  carbon  black  or  activated  carbon;  a  metal 
or  metal  compound  such  as  AI2O3,  Si02,  AI2O3- 
Si02,  CaC03,  Ca2Si04,  M0O2,  M0S2,  quartz  or 
glass;  or  an  organic  polymer  such  as  tetrafluo- 

10  roethylene. 
It  is  preferred  that  the  fine  powder  30  have  an 

average  specific  surface  area  diameter  of  1/3  (one 
third)  of  the  diameter  of  the  fiber  20.  More 
particularly,  the  average  specific  surface  area 

15  diameter  of  the  fine  powder  30  is  preferably  1  5  urn  or 
less,  more  preferably  about  0.01-5  urn,  most  prefer- 
ably  about  0.02-2  urn.  The  term  "average  specific 
surface  area  diameter"  used  herein  is  intended  to 
refer  to  an  average  diameter  measured  by  the 

20  porosiometry  method  using  the  Lea-Nurse  device 
and  calculated  according  to  the  Konzeny-Carman 
equation  as  disclosed  in  "Powder  Engineering 
(Basic)"  (published:  Maki  Shoten,  authors:  Kawa- 
kita,  Koishi  and  Tanetani),  p.81  (1981). 

25  The  fine  powder  30  is  preferably  present  in  an 
amount  of  about  0.01-10%  by  volume,  more 
preferably  about  0.2-5  0/0  by  volume  of  the  reinforc- 
ing  fibers  20.  An  amount  of  the  powder  30  in  excess 
of  about  10  0/0  by  volume  causes  reduction  of  the 

30  tensile  and  bending  strength  of  the  molded  articles 
obtained  from  the  preformed  yarn.  On  the  other 
hand,  when  the  amount  is  below  about  0.01  0/0  by 
volume,  the  fibers  20  fail  to  be  separated  by  the 
powder  30,  thereby  resulting  in  lack  of  uniformity. 

35  As  shown  in  Fig.  1  ,  the  core  of  a  multiplicity  of  the 
fibers  20  holding  therebetween  the  powder  30  is 
covered  with  a  flexible  sleeve  or  sheath  40  formed  of 
a  thermoplastic  resin.  The  sleeve  40  melts  during  the 
formation  of  molded  articles  and  forms  a  matrix 

40  when  resolidified. 
The  sleeve  40  is  preferably  formed  of  a  polyamide, 

a  polyester,  a  polyolefin,  a  polystyrene,  a  polyviny- 
lidene  fluoride,  a  polyamideimide,  a  polyimide,  a 
polyetherimide,  a  polyethersulfone,  a  polyether 

'45  ketone,  a  polyphenylene  sulfide.  Examples  of  the 
polyolefin  include  polyethylene  and  polypropylene. 
Examples  of  the  polyamide  include  nylon  66,  nylon  6, 
nylon  12  and  nylon  6/66/12  terpolymer.  Illustrative  of 
suitable  polyesters  are  polyethylene  terephthalate, 

50  polybutylene  terephthalate,  polyethylene-2,6,-naph- 
thalate,  polyoxyethoxy  benzoate  and  other  aromatic 
polyesters.  The  thermoplastc  resin  sleeve  40  prefer- 
ably  has  a  melting  point  of  about  120-500  °C. 

The  sleeve  40  preferably  has  a  thickness  of  about 
55  5-1000  urn,  more  preferably  about  10-300  urn.  it  is 

difficult  to  prepare  a  sleeve  40  with  a  thickness  of 
below  5  urn.  A  thickness  of  the  sleeve  40  above  1000 
urn  tends  to  reduce  the  flexibility  of  the  preformed 
yarn.  It  is  preferred  that  the  sleeve  40  be  in  close 

60  contact  or  shrunk  fit  with  the  core  so  as  to  minimize 
the  void  space  between  the  core  and  sleeve  and 
within  the  core.  Such  a  close  contact  is  desirable  for 
minimizing  the  inclusion  of  air  in  the  preformed  yarn 
and,  therefore,  minimizing  the  occurrence  of  pores 

65  within  the  final  composite  articles. 

3 
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me  prerormea  yarn  in  which  the  fibers  20 
constituting  the  core  are  formed  of  a  thermoplastic 
resin  which  may  be  the  same  as  or  different  from  the 
material  forming  the  sleeve  40  is  within  the  scope  of 
the  present  invention.  In  this  case,  the  the  core  of 
thermoplastic  resin  fibers  20  and  tne  thermoplastic 
resin  sleeve  40  are  melted  during  a  molding  step  and 
the  melted  mass  is  resolidified  to  give  a  moled  article 
formed  of  the  resin  and  having  dispersed  therein  the 
fine  powder  30.  In  this  case,  the  fine  powder  30 
serves  to  impart  to  the  molded  article  an  electric 
conductivity,  an  abrasion  resistance,  an  impact 
strength,  a  rigidity,  an  anti-friction  property  or  the 
like  property.  Thus,  the  fine  powder  30  is  selected 
according  to  the  end  use  of  the  molded  articles.  For 
instance,  carbon  powder  is  used  to  obtain  an 
electrically  conducting  molded  article.  The  amount 
and  the  particle  size  of  the  fine  powder  are  not  of  a 
great  importance  since  the  mechanical  strength  of 
the  molded  articles  is  no  longer  important.  Thus,  the 
amount  of  the  fine  powder  30  is  generally  0.1-90  %, 
preferably  1-80  %  by  volume  based  on  the  volume  of 
the  preformed  yarn  and  the  average  specific  surface 
area  diameter  is  generally  100  urn  or  less. 

The  process  for  the  fabrication  of  the  above-de- 
scribed  preformed  yarn  will  now  be  described  below 
with  reference  to  Fig.  2.  A  bundle  of  continuous 
fibers  20  wound  on  a  bobbin  (not  shown)  is 
continuously  fed  through  an  unwinding  equipment  1 
to  a  powder  impregnation  device  generally  desig- 
nated  as  2.  The  powder  impregnation  device  2 
includes  a  housing  21,  and  an  air  jet  nozzle 
member  3  disposed  within  the  housing  21.  An  air 
feed  pipe  6  leading  from  a  compressor  22  is 
connected  to  the  nozzle  member  3.  A  powder 
feeder  5  is  connected  to  the  feed  pipe  6  to 
continuously  feed  a  quantity  of  fine  powder  30  to  the 
compressed  air  flowing  through  the  feed  pipe  6.  The 
nozzle  member  3  has  a  central  bore  23  through 
which  the  fibers  20  are  passed.  A  plurality  of  orifices 
24  are  provided  in  the  nozzle  member  3  so  that  the 
compressed  air  carrying  fine  powder  30  is  injected 
from  each  orifice  24  toward  the  fibers  20  running 
through  the  bore  23.  As  a  result,  the  bundle  of  the 
fibers  20  is  loosened  and  inflated  by  the  jet  blows 
and  at  the  same  time  the  fine  powder  30  is  intruded 
into  the  bundle  and  caught  between  the  fibers  20. 

The  inflated  bundle  of  the  fibers  20  holding  the 
powder  therebetween  is  then  assembled  into  a  core 
af  a  desired  diameter  by  means  of  assembling 
rollers  4  and  4a  disposed  in  the  housing  21.  The 
powder  30  which  has  not  been  caught  by  the  fibers 
20  is  withdrawn  from  the  housing  21  through  a 
discharge  pipe  7  by  the  action  of  a  suction  pump  9 
connected  to  the  pipe  7.  A  recoverying  means  8 
such  as  a  bag  filter  is  provided  in  the  pipe  7  for 
collecting  the  powder  30.  The  fine  powder  thus 
collected  in  the  filter  8  may  be  recycled  into  the 
Dowder  feeder  5.  Designated  as  25  is  an  air  feed 
conduit  for  supplying  air  to  the  housing  2  and  for 
creating  a  gas  stream  in  the  vicinity  of  inlet  and  outlet 
16  and  27  of  the  housing  21  to  prevent  the  powder 
torn  escaping  through  the  inlet  and  outlet  26  and  27. 

The  core  of  the  fibers  20  into  which  the  fine 
cowder  30  have  been  incorporated  is  then  covered 

with  a  sleeve  40  in  a  sleeve  forming  device 
composed  of  a  cross  head  11  and  an  extruder  10. 
Designated  as  15  is  a  vacuum  pump  connected  to 
the  cross  head  11  for  shrinkingly  fitting  the  sleeve 

5  over  the  core  and  for  providing  tight  bonding 
between  the  sleeve  and  the  core. 

The  resulting  preformed  yarn  is  then  cooled  in  a 
cooling  zone  12  and  wound  on  a  take-up  roller  14. 
Designated  as  13  is  a  Nelson-type  feed  roller  for 

10  drawing  the  preformed  yarn  at  a  constant  speed. 
If  desired,  the  core  provided  with  the  sleeve 

therearound  may  be  processed,  before  cooling,  by 
means  of  a  stamping  or  knot  forming  device  to  form 
a  plurality  of  axially  spaced  apart,  thin,  annular, 

15  depressed  portions  on  the  outer  periphery  of  the 
sleeve  by  radially  inwardly  pressing,  with  heating,  the 
preformed  yarn  so  as  to  tighten  the  sleeve  and  the 
core  together.  The  provision  of  the  knots  is  desirable 
in  an  instance  where  the  preformed  yarn  is  cut  into 

20  desired  lengths,  since  escape  of  the  powder  from 
the  cut  yarn  can  be  minimized. 

The  preformed  yarn  according  to  the  present 
invention  may  be  used  as  a  raw  material  for  the 
production  of  molded  articles  by,  for  example, 

25  filament  winding  or  hot  pressing  techniques.  In  the 
case  of  filament  winding,  the  preformed  yarn  is 
wound  on  a  mandrel  or  a  former  and  heated  under 
pressure  at  a  temperature  sufficient  to  melt  or  fuse 
the  thermoplastic  resin  sleeve  and,  as  the  case  may 

30  be,  the  thermoplastic  fibers.  The  molten  resin  is  then 
resolidified  and  the  mandrel  or  former  is  removed  to 
give  a  desired  molded  article.  The  mandrel  is  not 
removed  when  it  is  to  constitute  a  part  of  the  article. 
In  the  case  of  press  molding,  the  preformed  yarn  is 

35  placed  in  a  mold  cavity,  heated  at  a  temperature 
higher  than  the  melting  point  of  the  resin  and  then 
resolidified.  The  preformed  yarn  is  very  suited  for  the 
production  of  composite  articles  having  complex 
shapes  and  small  radii  of  curvature,  such  as 

40  structural  parts  for  automobiles,  tennis  racket 
frames,  hokey  sticks,  skiing  stocks,  fishing  rods  and 
golf  club  shafts.  The  preformed  yarn  may  be  formed 
into  woven  clothes  or  mats  before  molding. 

The  following  examples  will  further  illustrate  the 
45  present  invention. 

Example  1 

A  preformed  yarn  was  prepared  using  the  appara- 
50  tus  shown  in  Fig.  2.  A  bundle  of  carbon  fibers 

obtained  from  an  acrylonitrile  copolymer  and  wound 
around  a  bobbin  was  mounted  on  an  unwinding 
equipment  2.  The  carbon  fibers  had  a  filament  count 
of  6000,  a  density  of  1  .76  g/cm3,  a  tensile  strength  of 

55  360  kg/mm2,  a  modulus  of  23.5x103  kg/mm2  and  an 
elongation  of  1.5%  .  The  bundle  was  continuously 
drawn  by  a  Nelson  type  feed  roller  13  at  a  constant 
speed  and  was  passed  through  a  powder  impregna- 
tion  device  3.  Carbon  black  having  a  density  of  1.83 

50  g/cm3  and  an  average  specific  surface  area  diameter 
of  0.07  (xm  was  used  as  the  fine  powder  and  was 
charged  in  a  hopper  feeder  5  which  was  connected 
to  a  gas  feed  pipe  6.  During  its  passage  through  the 
impregnation  device  2,  the  bundle  of  carbon  fibers 

35  was  subjected  to  a  jet  flow  of  air  containing  the  fine 

L 
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powder  so  that  the  fiber  bundle  was  loosened  and 
inflated  with  the  fine  powder  being  taken  in  the 
interstices  between  the  fibers.  The  resulting  fibers 
were  passed  through  assembling  rolls  4  and  4a  to 
form  a  core  with  a  predetermined  diameter.  A 
controlled  tension  of  about  30  g  was  applied  to  the 
fibers  throughout  the  impregnation  step.  Excess  fine 
powder  in  a  housing  21  was  continuously  withdrawn 
therefrom  by  a  suction  device  9  and  collected  in  a 
bag  filter  8. 

The  core  formed  of  the  carbon  fibers  carrying  the 
carbon  black  powder  was  then  fed  to  a  sleeve 
forming  cross-head  11  where  a  thermoplastic  resin 
(polyphenylene  sulfide  having  a  density  of  1.37 
g/cm3,  a  bending  strength  of  12.7  kg/mm2  and  a 
bending  modulus  of  350  kg/mm2)  was  extruded  over 
the  core  to  form  a  sleeve  over  the  surface  of  the 
core.  The  sleeve  had  an  outer  diameter  of  2  mm  and 
a  thickness  of  37  urn.  The  resulting  yarn  was  cooled 
with  a  cooling  device  12  and  wound  by  a  winding 
device  14.  The  extruder  18  had  a  screw  diameter  of 
25  mm  and  an  extruding  velocity  of  1.36  liter/hour, 
and  the  temperature  of  the  cross  head  die  was  set  at 
281  °C.  The  drawing  velocity  was  TOO  m/min.  The 
volume  ratio  of  the  carbon  fibers,  the  sleeve  and  the 
carbon  black  of  the  preformed  yarn  was  50.0  :  49.9  : 
0.1. 

The  thus  obtained  preformed  yarn  was  tightly 
wound  around  an  aluminum  alloy  plate,  having  a 
width  of  50  mm,  a  length  of  200  mm  and  a  thickness 
of  5  mm,  to  a  thickness  of  about  3  mm.  The  resultant 
plate  was  inserted  into  a  mold  cavity  of  a  press  mold 
apparatus.  The  mold  was  heated  to  325  °C  and 
maintained  at  that  temperature  for  10  minutes.  After 
applying  a  pressure  of  40  Kg/cm2,  the  mold  was 
allowed  to  be  spontaneously  cooled  to  ambient 
temperature,  thereby  to  obtain  a  molded  product. 
The  resin  layer  of  the  molded  product  had  a  tensile 
strength  of  151.2  kg/mm'2  and  a  bending  strength  of 
176.4  kg/mm2.  Analysis  of  the  cross  section  of  the 
molded  product  revealed  that  the  carbon  fibers  were 
uniformly  distributed  in  the  resin  matrix. 

Example  2 

A  preformed  yarn  was  prepared  using  the  appara- 
tus  shown  in  Fig.  2  in  a  manner  similar  to  that  of 
Example  1.  As  the  reinforcing  fibers,  a  bundle  of 
glass  fibers  having  a  filament  count  of  2000,  a 
density  of  2.57  g/cm3,  a  tensile  strength  of  160 
kg/mm2,  a  modulus  of  6.4x1  03  kg/mm2  and  an 
elongation  of  2.9  °/o  was  used.  As  a  thermoplastic 
resin  for  the  formation  of  th  sleeve,  a  high  molecular 
weigh  polyethylene  having  a  density  of  0.94  g/cm3,  a 
bending  strength  of  4.1  kg/mm2  and  a  bending 
modulus  of  95  kg/mm2)  was  used.  As  the  fine 
poweder,  an  alumina  powder  having  a  density  of  3.99 
g/cm3  and  an  average  specific  surface  area  diameter 
of  1.0  urn  was  used.  The  sleeve  had  an  outer 
diameter  of  2.5  mm  and  a  thickness  of  40  urn.  The 
extruder  18  had  a  screw  diameter  of  25  mm  and  an 
extruding  velocity  of  1.87  liter/hour,  and  the  tem- 
perature  of  the  cross  head  die  was  set  at  210  °C.  The 
drawing  velocity  was  100  m/min.  The  volume  ratio  of 
the  glass  fibers,  the  sleeve  and  the  alumina  powder 

of  the  preformed  yarn  was  50.0  :  49.9  :  0.1. 
The  resulting  preformed  yarn  was  subjected  to 

press  molding  in  the  same  manner  as  that  in 
Example  1  at  a  molding  temperature  of  215  °C.  The 

5  molded  product  had  a  tensile  strength  of  118.8 
kg/mm2  and  a  bending  strength  of  138.6  kg/mm2. 
Analysis  of  the  cross  section  of  the  molded  product 
revealed  that  the  glass  fibers  were  uniformly  dis- 
tributed  in  the  resin  matrix. 

10 
Comparative  Example  1 

Example  1  was  repeated  in  the  same  manner  as 
described  except  that  the  carbon  black  was  not 

15  used.  Thus,  a  bundle  of  carbon  fibers  was  directly 
fed  to  the  sleeve  forming  step  without  passing 
through  the  powder  impregnation  device.  The  extru- 
sion  speed  of  1.38  liter/hour,  the  cross  head  die 
temperature  was  320  °C  and  the  drawing  velosity  of 

20  TOO  m/min  were  used.  The  sleeve  had  an  outer 
diameter  of  2  mm  and  a  thickness  of  37  u.m.  The 
volume  ratio  of  the  fibers  to  the  sleeve  was  50:50. 
The  molded  product  had  a  tensile  strength  of  100.5 
kg/mm2  and  a  bending  strength  of  117.0  kg/mm2. 

25  An  analysis  of  the  cross  section  of  the  molded 
product  revealed  that  the  thermoplastic  resin  was 
failed  to  be  sufficiently  intruded  between  the  fibers. 

Comparative  Example  2 
30 

Example  1  was  repeated  in  the  same  manner  as 
described  except  that  the  carbon  black  was  re- 
placed  by  polyphenylene  sulfide  powder  with  an 
average  specific  surface  area  diameter  of  20  urn  and 

35  that  the  impregnation  of  the  powder  was  effected  by 
passing  the  fibers,  which  had  been  spread  and 
separated,  through  a  fluidized  layer  of  the  powder. 
The  extrusion  speed  of  0.69  liter/hour,  the  cross 
head  die  temperature  was  320  °C  and  the  drawing 

40  velosity  of  100  m/min  were  used.  The  sleeve  had  an 
outer  diameter  of  3  mm  and  a  thickness  of  12  urn. 
The  volume  ratio  of  fibers:  sleeve:  powder  was 
50:25:25.  Because  the  preformed  yarn  was  thick,  it 
was  difficult  to  smoothly  wind  the  yarn  around  the 

45  aluminum  alloy  plate.  The  molded  product  had  a 
tensile  strength  of  125.2  kg/mm2  and  a  bending 
strength  of  146.7  kg/mm2.  However,  the  mechanical 
strengths  varied  with  test  samples  indicating  the 
lack  of  uniformity. 

50 
Example  3 

A  preformed  yarn  was  prepared  using  the  appara- 
tus  shown  in  Fig.  2  in  a  manner  similar  to  that  of 

55  Example  1  .  As  the  fibers,  a  bundle  of  polyphenylene 
sulfide  fibers  having  a  filament  denier  number  of  9,  a 
filament  count  of  400,  a  tensile  strength  of  7.1 
kg/mm2  and  an  elongation  of  30  %  was  used.  As  a 
thermoplastic  resin  for  the  formation  of  th  sleeve, 

60  the  same  kind  of  polyphenylene  sulfide  as  used  in 
Example  1  was  used.  As  the  fine  poweder,  a  mixed 
powder  composed  of  an  equivalent  volume  of 
molybdenum  disulfide  and  graphite  was  used.  The 
molybdenum  disulfide  powder  had  a  density  of  4.80 

65  g/cm3  and  an  average  specific  surface  area  diameter 

5 
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ui  iim  ana  ine  grapnite  naa  a  aensity  or  ZA  u 
g/cm3  and  an  average  specific  surface  area  diameter 
of  5  urn.  The  volume  ratio  of  the  fibers,  the  mixed 
powder  and  the  sleeve  of  the  resultant  yarn  was  30  : 
50  :  20.  The  preformed  yarn  thus  obtained  was  cut 
into  short  lengths  (3  mm)  and  the  cut  yarn  was  used 
as  a  raw  material  for  the  production  of  a  molded 
article  by  injection  molding.  The  molded  article 
exhibited  excellent  slippage. 

The  invention  may  be  embodied  in  other  specific 
forms  without  departing  from  the  spirit  or  essential 
characteristics  thereof.  The  present  embodiments 
are  therefore  to  be  considered  in  all  respects  as 
illustrative  and  not  restrictive,  the  scope  of  the 
invention  being  indicated  by  the  appended  claims 
rather  than  by  the  foregoing  description,  and  all  the 
changes  which  come  within  the  meaning  and  range 
of  equivalency  of  the  claims  are  therefore  intended 
to  be  embraced  therein. 

oiaims 

1  .  a  prerormea  yarn  consisting  essentially  ot: 
a  core  of  a  multiplicity  of  fibers  ; 
a  fine  powder  provided  in  the  interstices 
oetween  said  fibers;  and 
a  flexible  sleeve  formed  of  a  thermoplastic  resin 
and  surrounding  said  core, 
said  fine  powder  being  formed  of  a  material 
which  neither  melts  nor  reacts  with  said 
tiermoplastic  resin  at  a  temperature  up  to  450 
C  and  at  a  temperature  up  to  the  melting  point 

Df  said  thermoplastic  resin. 
2.  A  preformed  yarn  according  to  claim  1, 

wherein  said  flexible  sleeve  has  a  thickness  of 
about  5  to  1000  urn. 

3.  A  preformed  yarn  according  to  claim  1, 
vherein  said  powder  is  carbon  powder,  metal 
:owder,  metal  compound  powder  or  organic 
jolymer  powder. 

4.  A  preformed  yarn  according  to  claim  3, 
vherein  said  powder  is  graphite  powder,  car- 
son  black  powder,  alumina  powder,  silica 
jowder,  calcium  carbonate  powder,  calcium 
silicate  powder,  molybdenum  dioxide  powder, 
nolybdenum  disulfide  powder,  quartz  powder, 
jlass  powder,  hollow  glass  powder  or  tetrafluo- 
oethylene  powder. 

5.  A  preformed  yarn  according  to  claim  1, 
vherein  said  fibers  are  formed  of  a  material 
vhich  does  not  melt  at  a  temperature  up  to  the 
nelting  point  of  said  thermoplastic  resin. 

6.  A  preformed  yarn  according  to  claim  5, 
vherein  said  fibers  are  reinforcing  fibers  se- 
scted  from  cabon  fibers,  glass  fibers,  aramide 
ibers,  boron  fibers,  ceramic  fibers  and  metal 
ibers. 

7.  A  preformed  yarn  according  to  claim  5, 
vherein  the  amount  of  said  fine  powder  is  in  the 
ange  of  about  0.01  to  about  10  <Vb  based  on  the 
olumeofsaid  fibers. 

8.  A  preformed  yarn  according  to  claim  5, 

wherein  said  powder  has  an  average  specific 
surface  area  diameter  of  not  greater  than  one 
third  of  the  diameter  of  said  fibers. 

9.  A  preformed  yarn  according  to  claim  8, 
5  wherein  said  powder  has  an  average  specific 

surface  area  diameter  of  15  urn  or  less. 
10.  A  preformed  yarn  according  to  claim  1, 

wherein  said  fiebers  are  formed  of  a  polymeric 
material  having  a  melting  point  not  greater  than 

10  that  of  said  thermoplastic  resin. 
11.  A  preformed  yarn  according  to  claim  10, 

wherein  said  fibers  are  formed  of  a  polyamide,  a 
polyester,  a  polyolefin,  a  polystyrene,  a  plyviny- 
lidene  fluoride,  a  polyamideimide,  a  polyamide, 

15  a  polyetherimide,  a  polyethersulfone,  a 
polyether  ketone  or  a  polyphenylene  sulfide. 

12.  A  preformed  yarn  according  to  claim  10, 
wherein  the  amount  of  said  fine  powder  is  in  the 
range  of  about  0.1-90  %  based  on  the  volume 

20  of  said  preformed  yarn. 
13.  A  preformed  yarn  according  to  claim  10, 

wherein  said  powder  has  an  average  specific 
surface  area  diameter  of  100  u.m  or  less. 

14.  A  process  for  the  preparation  of  a 
25  preformed  yarn  comprising  the  steps  of: 

continuously  passing  a  bandle  of  a  multiplicity 
of  fibers  through  a  jet  flow  of  a  gas  containing 
fine  powder  to  loosen  the  bandle  with  the 
powder  being  taken  in  the  interstices  between 

30  the  loosened  fibers  ; 
assembling  said  powder-carrying  fibers  to  form 
a  core;  and 
extruding  a  thermoplastic  resin  over  said  core 
to  form  a  sleeve  surrounding  said  core, 

35  said  fine  powder  being  formed  of  a  material 
which  neither  melts  nor  reacts  with  said 
thermoplastic  resin  when  heated  to  a  tempera- 
ture  at  which  said  thermoplastic  resin  melts. 

iO 
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