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Description 

The  invention  relates  to  a  method  of  manu- 
facturing  an  optical  fibre  comprising  a  coating  of 
a  metal,  in  which  method  an  optical  glass  fibre 
which  carries  a  layer  of  a  synthetic  resin  at  its 
auter  circumference,  is  provided  with  an  electric- 
ally  conductive  layer,  after  which  a  metal  coating 
is  electroplated  on  it. 

Optical  fibres  comprising  a  primary  coating  of  a 
synthetic  resin  and  a  coating  of  a  metal  contigu- 
ous  with  said  primary  coating  are  known  per  se. 
Such  metal  coatings  are  provided  on  optical  glass 
fibres  so  as  to  protect  the  optical  fibre  from  water 
and  water  vapour. 

It  has  already  been  suggested  to  coat  an  optical 
glass  fibre  comprising  a  primary  coating  of  a 
synthetic  resin  with  a  mixture  of  a  powder  of  an 
electrically  conductive  material  and  a  polymer 
and  to  provide  thereon  a  coating  of  a  metal  by 
electro-plating.  In  this  method,  the  conductive 
layer  must  be  dried  before  the  metal  layer  is 
provided  (see  abstract  of  JP  Kokai  57-124308).  A 
layer  of  a  mixture  of  an  electrically  conductive 
material  and  a  polymer  by  nature  has  a  compara- 
tively  high  electrical  resistance.  This  has  for  its 
result  that  during  electro-plating,  the  current  den- 
sity  must  be  chosen  to  be  comparatively  low 
because  otherwise  too  much  thermal  energy  is 
generated  in  the  conductive  layer.  The  known 
method  hence  is  not  so  suitable  for  a  continuous 
process,  because  a  high  speed  during  electroplat- 
ing  is  not  very  well  possible.  Another  dis- 
advantage  is  that  the  process  is  carried  out  in  two 
steps  which  can  hardly  be  linked  to  a  single 
continuous  process.  Another  problem  is  that  a 
comparatively  thick  conductive  layer  is  difficult  to 
provide  concentrically. 

In  EP—  A—  0078749  a  process  is  described  in 
which  on  an  optical  glass  fibre  directly  after 
drawing  a  layer  of  a  metal  oxide  is  applied  which 
layer  provides  a  better  resistance  to  chemical 
attack  by  water  and  other  corrosive  chemicals  and 
to  mechanical  attack.  According  to  this  publica- 
tion  an  optional  metal  film  may  be  applied  f.  ex. 
by  electrodeposition.  A  layer  of  tin  dioxide  can  be 
applied  by  contacting  the  fibre  surface  f.  ex.  in 
moist  air  with  tintetrachloride.  It  is  not  well 
possible  to  couple  this  process  with  an  elec- 
trodeposition  process  in  a  continuous  way 
because  such  a  deposition  process  has  to  be 
carried  out  in  a  space  scaled  from  the  atmos- 
phere. 

In  another  known  process  (GB  —  A  —  1585899)  a 
resinate  of  a  precious  metal  is  coated  on  a  fibre 
and  the  organics  burned  away.  DE—  A—  2904893 
describes  a  method  in  which  an  end  part  of  a  fibre 
is  coated  with  metal  after  the  layer  of  synthetic 
resin  has  been  removed  from  the  fibre. 

It  is  the  object  of  the  invention  to  provide  a 
method  of  the  kind  mentioned  in  the  opening 
paragraph  in  which  the  disadvantage  of  known 
methods  are  avoided  as  much  as  possible  and 
which  can  be  carried  out  in  a  continuous  process. 

According  to  the  invention  this  object  is 

achieved  by  means  of  a  method  which  is  charac- 
terized  in  that,  in  a  continuous  process,  an  elec- 
trically  conductive  layer  consisting  solely  of  metal 
is  provided  on  the  outer  circumference  of  the  fibre 

5  by  passing  the  fibre  through  an  aqueous  electro- 
less  metallization  bath  and  thereafter  passing  the 
fibre  through  an  aqueous  electroplating  bath  to 
coat  the  fibre  with  a  layer  of  a  metal  continuously 
on  top  of  the  electrically  conductive  layer. 

10  The  advantages  of  the  method  according  to  the 
invention  consist  in  that  the  metal  coating  can  be 
provided  without  a  rise  in  temperature  which  is 
detrimental  to  the  optical  properties  of  the  optical 
fibre  and  that  a  concentric  metal  coating  can  be 

15  obtained  by  means  of  the  method  according  to 
the  invention  continuously  and  much  easier  than 
by  means  of  the  known  methods. 

The  method  according  to  the  invention  can  be 
realized  as  follows: 

20  A  thin  layer  of  an  electrically  conductive  metal 
is  provided  on  the  primary  coating  of  a  synthetic 
resin.  An  example  of  a  suitable  method  is  the 
electroless  metallization  in  which  a  metal  coating 
is  deposited  on  the  fibre  by  reduction  of  the  metal 

25  salt  in  question.  Suitable  metals  which  can  be 
provided  in  this  manner  are,  for  example,  silver, 
copper,  nickel,  cobalt,  gold  and  tin. 

The  electroless  metallization  process  has  the 
advantage  that  it  presents  no  or  hardly  any 

30  problems  to  provide  a  concentric  homogeneous 
conductive  layer  with  a  comparatively  high 
conductivity. 

In  a  subsequent  step  in  the  method  the  fibre  is 
electroplated  with  a  coating  of  a  metal.  In  prin- 

35  ciple,  said  coating  may  be  any  metal  which  can  be 
electroplated.  Coatings  of  several  metals  may 
also  be  provided  one  over  the  other.  Instead  of 
the  pure  metals,  alloys  suitable  for  this  purpose 
may  also  be  provided.  It  is  advantageous  when 

40  the  coating  consists  of  a  ductile  metal  or  a  ductile 
alloy;  as  such  may  be  mentioned,  for  example, 
lead,  tin,  and  alloys  thereof. 

In  a  particularly  favourable  embodiment  of  the 
method  in  accordance  with  the  invention  the  fibre 

45  with  the  primary  coating  of  a  synthetic  resin  is 
electroless  plated  continuously  in  a  first  step  and 
is  electroplated  continuously  with  a  metal  layer  in 
a  second  step.  For  this  purpose,  the  fibre  is 
passed  successively  through  a  number  of  deposi- 

50  tion  baths  alternated  by  rinsing  baths.  If 
necessary,  the  fibre  is  passed  through  the  same 
deposition  baths  several  times  to  build  up  a 
sufficiently  thick  layer. 

In  a  particularly  advantageous  embodiment  of 
55  the  method  according  to  the  invention  a  layer  of 

metal  is  provided  continuously  by  electroplating 
on  the  electrically  conductive  layer  in  at  least  two 
successive  steps,  in  which  between  the  succes- 
sive  steps  the  current  density  is  increased  and  the 

60  metal-coated  fibre  is  electrically  contacted.  This 
enables  initially  a  metallization  at  such  a  low 
current  density  that  there  is  no  danger  for  the 
temperature  of  the  fibre  rising  inadmissibly  high. 
As  the  metal  layer  becomes  thicker  in  the  succes- 

65  sive  steps,  the  current  density  in  each  step  may  be 
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icreased  in  accordance  with  the  increased  con- 
usance.  The  temperature  can  thus  be  controlled 
i  each  step.  The  current  density  can  also  be 
ontrolled  in  each  step  separately.  The  result  of 
lis  embodiment  is  that  a  comparatively  thick 
letal  layer  can  rapidly  be  constructed  with  a 
linimum  of  steps. 
in  experiments  which  have  led  to  the  invention 
has  been  found  that  the  residence  time  in  the 

arious  baths  may  be  so  short  that  water  cannot 
enetrate  into  the  synthetic  resin  layer  on  the 
bre;  when  depositing  metal  layers  an  impervi- 
us  metal  layer  is  already  formed  in  a  layer 
lickness  of  approximately  0.05  um.  With  this 
ayer  thickness  a  sufficient  barrier  against  a  short- 
jsting  contact  with  water  in  the  various  baths  is 
armed.  Further  growth  of  the  metal  layer  inter 
Via  serves  to  fill  pin  holes,  if  any. 
The  invention  will  now  be  described  in  greater 

letail  with  reference  to  the  accompanying  draw- 
ng  of  which  Fig.  1  shows  diagrammatically  an 
imbodiment  of  a  method  according  to  the  inven- 
ion  and  Fig.  2  is  a  sectional  view  of  a  fibre 
ibtained  by  this  embodiment  of  the  method. 

An  optical  fibre  which  after  drawing  from  the 
(reform  has  been  provided  with  a  primary  coat- 
ng  of  a  synthetic  resin,  for  example  consisting  of 
i  UV-cured  acrylate  resin  in  a  thickness  of  60  um, 
s  guided  from  a  storage  reel  through  a  bath  T 
:onsisting  of  a  solution  of  1  g  of  tannin  per  litre  of 
ieionized  water.  However,  the  quantity  of  tannin 
nay  be  chosen  between  the  limits  0.001  to  10  g 
jer  litre.  Solution  dragged  along  from  bath  T  is 
insed  in  bath  H1  consisting  of  deionized  water.  As 
]  result  of  the  action  of  tannin  on  the"  synthetic 
esin  surface,  a  better  bonding  to  the  metal  layers 
:o  be  provided  is  obtained.  The  pretreatment  may 
also  be  the  exposure  of  the  synthetic  resin  surface 
:o  a  corona  discharge,  optionally  succeeded  by 
:he  treatment  with  tannin. 

The  synthetic  resin  surface  treated  in  this 
nanner  is  then  treated  with  a  tin  chloride  solution 
ay  guiding  the  fibre  through  bath  S  which  con- 
sists  of  a  solution  of  0.1  g  of 

SnCI2  .  2Aq+0.1  Ml  HCI  (37%) 

per  litre  of  water.  In  this  bath  S  the  synthetic  resin 
surface  is  provided  with  Sn2+  nuclei.  Such  a  layer 
may  also  be  obtained  by  spraying  with  the  said 
solution.  In  bath  H2  consisting  of  deionized  water 
excessive  SnCI2  solution  is  rinsed  off. 

The  surface  of  the  optical  fibre  is  then  provided 
in  the  conventional  manner  with  a  silver  layer, 
preferably  according  to  the  aerosol  (atomisation) 
process,  in  which  an  aqueous  silver  salt  solution, 
for  example  a  solution  of  AgN03  and  NH40H  in 
water,  and  an  aqueous  reduction  agent  solution, 
for  example  a  solution  of  formalin  and,  if  desired, 
sodium  gluconate  in  water,  are  atomized  simul- 
taneously  on  the  surface  (bath  A).  This  process,  as 
well  as  the  metallization  solutions  and  reduction 
agent  solutions  used,  are  described,  for  example, 
in  "The  technology  of  aerosol  plating",  Donald  J. 
Levy,  Technical  Proceedings  51st  Annual  Conven- 

tion  American  ciectropiaiers  ouuieiy  it  —  io 
June,  St.  Louis  1964,  pp.  -139—149.  Various 
metallisation  chemicals  are  marketed,  for 
example,  by  Ermax  and  London  Laboratories  Ltd. 

r  or  Merck. 
The  contact  time  is  at  most  1  minute.  A  silver 

layer  in  a  thickness  of  0.1  um  to  1  um  is  deposited 
on  the  fibre  in  this  manner.  The  fibre  is  then 
guided  through  a  rinsing  bath  H3  in  which  liquid 

o  dragged  along  from  space  A  is  rinsed.  A  nickel 
layer  in  a  thickness  of  2  um  is  then  electroplated 
on  the  silver-plated  optical  fibre  in  bath  N.  The 
bath  consists  of  a  solution  of  nickel  sulphamate  in 
water  which  contains  80  g  per  litre  of  nickel,  the 

5  pH  of  the  bath  is  brought  at  4.5  by  means  of  boric 
acid.  A  nickel  anode  is  present  in  the  bath.  The 
silver  layer  on  the  fibre  forms  the  cathode.  Depen- 
dent  on  the  dimensions  of  the  space  in  which  the 
electroplating  is  carried  out,  the  fibre  may  be 

o  passed  through  the  bath  one  or  several  times 
until  the  desired  thickness  of  the  nickel  layer  has 
been  obtained.  After  the  desired  thickness  of  the 
nickel  layer  has  been  obtained  the  fibre  is  guided 
through  a  rinsing  bath  H4  in  which  the  liquid 

■5  dragged  along  from  bath  N  is  rinsed  with 
deionized  water.  A  lead-tin  alloy  having  the  com- 
position  40  Pb  remainder  Sn  is  then  electroplated 
on  the  nickel  layer  in  bath  P.  The  bath  consists  of  a 
solution  of  Sn(BF4)  and  Pb(BF4)2  in  water.  The 

io  solution  is  brought  at  a  pH=Sl  by  means  of  boric 
acid.  The  bath  comprises  approximately  100  g/l  of 
Sn  and  50  g/l  of  Pb  in  water.  The  fibre  is  passed 
through  the  bath  until  a  layer  of  lead-tin  alloy  of  a 
sufficient  thickness  has  been  deposited.  The  fibre 

15  with  metal  layers  is  then  rinsed  with  water  in  bath 
H5  and  guided  through  the  drying  space  D  in 
which  the  fibre  is  dried  by  means  of  warm  air.  The 
fibre  is  then  reeled  on  a  storage  reel.  The  fibre  is 
preferably  passed  through  bath  N  for  at  least  two 

to  times  and  the  current  density  between  the  two 
steps  is  increased  by  a  factor  2. 

Fig.  2  is  a  cross-sectional  view  of  the  finished 
fibre  which  consists  of  a  core  1  having  a  diameter 
of  50  um  of  Ge02-doped  quartz  glass,  the  doping 

is  being  distributed  in  the  core  in  such  manner  that 
the  refractive  index  increases  from  the  circumfer- 
ence  of  the  core  to  the  axis  according  to  a 
parabolic  curve.  The  cladding  2  of  the  fibre  con- 
sists  of  undoped  quartz  glass  in  a  thickness  of 

so  37.5  um. 
The  composition  and  build-up  of  the  fibre  in 

itself  is  of  no  significance  for  the  method  accord- 
ing  to  the  invention.  It  may  equally  well  be  carried 
out  with  monomode  fibres  and  graded  index 

55  fibres  and  fibres  of  different  dimensions  and  of 
different  types  of  glass  or  synthetic  resins. 

A  synthetic  resin  coating  3  in  a  thickness  of  60 
um  is  provided  on  the  fibre  after  drawing  from  the 
preform.  Synthetic  resins  suitable  for  this  pur- 

60  pose  which  can  also  be  metallized  suitable  are,  for 
example,  UV  or  E.  B.  cured  acrylate  resins,  for 
example,  based  on  polyurethane,  acrylates, 
epoxy  acrylates  or  polyester  acrylates.  Thermally 
cured  silicone  rubbers  or  epoxy  resins  may  also 

65  be  used. 

6 
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A  layer  4  of  silver  in  a  thickness  of  0.2  urn,  a  layer 
>  of  nickel  in  a  thickness  of  2  um,  and  a  layer  6  of  a 
ead-tin  alloy  (40  Pb  remainder  Sn)  are  succes- 
sively  provided  on  the  synthetic  resin  coating  3. 
rhe  overall  metal  layer  thickness  is  approximately 
10—20  um. 

Afibre  coated  with  a  metal  layer  by  means  of  the 
nethod  according  to  the  invention  can  withstand 
water  and  water  vapour.  The  metal-coated  fibres 
:annot  take  up  any  static  charge,  so  that  the 
Drocessability  is  promoted. 

Claims 

1.  A  method  of  manufacturing  an  optical  fibre, 
;omprising  a  coating  of  a  metal,  in  which  method 
an  optical  glass  fibre  which  carries  a  layer  of  a 
synthetic  resin  at  its  outer  circumference,  is  pro- 
/ided  with  an  electrically  conductive  layer,  after 
/vhich  a  metal  coating  is  electro-plated  on  it, 
characterized  in  that,  in  a  continuous  process,  an 
alectrically  conductive  layer  consisting  solely  of 
metal  is  provided  on  the  outer  circumference  of 
the  fibre  by  passing  the  fibre  through  an  aqueous 
electroless  metallization  bath  and  thereafter  pass- 
ing  the  fibre  through  an  aqueous  electroplating 
bath  to  coat  the  fibre  with  a  layer  of  a  metal 
continuously  on  top  of  the  electrically  conductive 
layer. 

2.  A  method  as  claimed  in  Claim  1  ,  characterized 
in  that  silver,  copper,  cobalt,  nickel,  gold  or  tin  is 
provided  on  the  outer  circumference  of  the  fibre  by 
electroless  metallization. 

3.  A  method  as  claimed  in  Claim  1  ,  characterized 
in  that  a  layer  of  a  metal  is  provided  continuously 
by  electroplating  on  the  electrically  conductive 
layer  in  at  least  two  successive  steps,  in  which  the 
current  density  is  increased  and  the  metal-coated 
fibre  is  electrically  contacted  between  the  succes- 
sive  steps. 

4.  A  method  of  manufacturing  an  optical  fibre 
comprising  a  coating  of  a  metal,  in  which  method 
an  optical  glass  fibre  which  carries  a  layer  of  a 
synthetic  resin  at  its  outer  circumference,  is  pro- 
vided  with  an  electrically  conductive  layer,  after 
which  a  metal  coating  is  electroplated  on  it, 
characterized  in  that,  in  a  continuous  process,  an 
electrically  conductive  layer  consisting  solely  of  an 
electrically  conductive  metal  oxide  is  provided  on 
the  outer  circumference  of  the  fibre  and  thereafter 
passing  the  fibre  through  an  aqueous  electroplat- 
ing  bath  to  coat  the  fibre  with  a  layer  of  a  metal  on 
top  of  the  electrically  conductive  layer. 

Patentanspruche 

1.  Verfahren  zum  Herstellen  einer  optischen 
Faser  mit  einer  Metallverkleidung,  wobei  eine 
Faser,  die  am  Aussenumfang  eine  Kunststoffr 
schicht  aufweist,  mit  einer  elektrisch  leitenden 
Schicht  versehen  wird,  wonach  diese  Schicht 
galvanish  mit  einer  Metallverkleidung  versehen 
wird,  dadurch  gekennzeichnet,  dass  in  einem 
kontinuierlichen  Verfahren  eine  nur  aus  Metall 
bestehende  elektrisch  leitende  Schicht  auf  dem 

Aussenumfang  der  Faser  dadurch  angeDracnt 
wird,  dass  die  Faser  durch  ein  stromloses  Metalli- 
sierungsbad  hindurchgefuhrt  wird  und  dass  die 
Faser  danach  zum  Bedecken  der  elektrisch  leiten- 

5  den  Schicht  der  Faser  mit  einer  Metallschicht  in 
einem  kontinuierlichen  Verfahren  durch  ein  Galva- 
nisierungsbad  hindurchgefuhrt  wird. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dass  auf  dem  Aussenumfang  der  Faser 

<o  durch  stromlose  Metallisierung  Silber,  Kupfer, 
Kobalt,  Nickel,  Gold  oder  Zinn  angebracht  wird. 

3.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dass  in  wenigstens  zwei  aufeinanderfol- 
genden  Schritten  in  einem  kontinuierlichen  Metal- 

w  lisierungsverfahren  auf  der  elektrisch  leitenden 
Schicht  eine  Metallschicht  angebracht  wird,  wobei 
die  Stromdichte  in  den  Schritten  erhohtwird  und 
die  metallbedeckte  Faser  zwischen  den  aufeinan- 
derfolgenden  Schritten  elektrisch  kontaktiertwird. 

>o  4.  Verfahren  zum  Herstellen  einer  optischen 
Faser  mit  einer  Metallverkleidung,  wobei  eine 
optische  Glasfaser  mit  einer  Kunststoffschicht  am 
Aussenumfang,  mit  einer  elektrisch  leitenden 
Schicht  versehen  wird,  wonach  darauf  galvanisch 

25  eine  Metallverkleidung  angebracht  wird,  dadurch 
gekennzeichnet,  dass  in  einem  kontinuierlichen 
Verfahren  eine  elektrisch  leitende  Schicht  die  nur 
aus  einem  elektrisch  leitenden  Metalloxid  besteht 
auf  dem  Aussenumfang  der  Faser  ange-  bracht 

30  wird,  wonach  die  Faser  durch  ein  Galvanisierungs- 
bad  hindurchgefuhrt  wird  zum  Bedecken  der  Faser 
mit  einer  Metallschicht  auf  der  elektrisch  leitenden 
Schicht. 

35  Revendications 

1.  Procede  pour  la  fabrication  dline  fibre  opti- 
que  munie  d'un  revetement  metallique,  selon 
lequel  une  fibre  en  verre  optique  presentant  une 

40  couche  en  matiere  synthetique  appliquee  a  sa 
circonference  exterieure  est  munie  d'une  couche 
electroconductrice,  apres  quoi  un  revetement 
metallique  est  applique  par  depot  electrolytique, 
caracterise  en  ce  que  dans  un  procede  connu,  une 

45  couche  electroconductrice  uniquement  constitute 
par  du  metal  est  appliquee  sur  la  circonference 
exterieure  de  la  fibre  par  passage  de  la  fibre  par  un 

•  bain  de  metallisation  sans  courant  aqueux  suivi 
d'un  passage  de  la  fibre  par  un  bain  de  depot 

so  electrolytique  auqueux  pour  revetir  la  fibre  d'une 
couche  en  regime  continu  sur  la  face  superieure  de 
la  couche  electroconductrice. 

2.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  de  I'argent,  du  cuivre,  du  cobalt,  du 

55  nickle,  de  I'or  ou  de  l'etain  est  applique  sur  la 
circonference  exterieure  de  la  fibre  par  metallisa- 
tion  sans  courant. 

3.  Procede  selon  la  revendication  1,  caracterise 
en  ce  qu'une  couche  metallique  est  applique  en 

60  regime  continu  par  depot  electrolytique  sur  la 
couche  electroconductrice  dans  au  moins  deux 
etapes  successives,  processus  lors  duquel  la  den- 
site  de  courant  est  augmentee  et  la  fibre  revetue  de 
metal  est  electriquement  contactee  entre  les 

65  etapes  successives. 
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4.  Procede  pour  la  realisation  d  une  tmre  opti- 
je  comportant  un  revetement  metallique,  selon 
quel  une  fibre  en  verre  optique  presentant  une 
>uche  en  matiere  synthetique  appliquee  sur  sa 
rconference  exterieure  est  munie  d'une  couche  5 
ectroconductrice,  apres  quoi  un  revetement 
letallique  est  depose  par  voie  electrolytique  sur 
5tte  derniere,  caracterise  en  ce  que  dans  un 
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ice  constitute  uniquement  par  un  oxyde  d'un 
letal  electroconducteur  est  appliquee  sur  la  cir- 
jnference  exterieure  de  la  fibre,  apres  quoi  la 
□re  passe  par  un  bain  de  depot  electrolytique 
queux  afin  d'appliquer  une  couche  metallique 
jr  la  surface  exterieure  de  la  couche  electrocon- 
uctrice  de  la  fibre. 



P  U  156  432  B l  

(]  (S  (H2 

^ 4   (N  (H3  (A 

P  %   -  lD 

F I G . 1  

F l b . Z  


	bibliography
	description
	claims
	drawings

