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Process  for  sintering  porous  optical  fibre  preforms. 

FIG.  2 @  In  a  method  for  making  optical  fiber  preforms, 
the  time  taken  for  sintering  and  annealing  the  clad  or 
jacket  layer  is  significantly  reduced  by  only  partially 
sintering  the  jacket  soot  boule  in  an  atmosphere  of 
helium.  For  example,  instead  of  using  one  hundred 
forty-three  minutes  to  sinter  completely  the  soot 
boule,  the  boule  is  only  partially  sintered  by  heating 
in  a  helium  atmosphere  for  fifty-nine  minutes.  At  this 
stage  of  course,  the  soot  boule  is  still  partially  po- 
rous  and  is  generally  opaque.  The  completion  of  the 
sintering  and  the  annealing  is  then  done  in  a  single 
step  in  an  atmosphere  of  nitrogen.  Surprisingly,  we 
have  found  that  this  process  does  not  entrap  nitro- 
gen  in  the  soot  jacket  layer  to  any  noticeable  or 
harmful  extent,  and  the  total  time  for  sintering  and 
annealing  is  significantly  reduced. 
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only  fifty-nine  minutes.  At  this  stage,  of  course,  the 
soot  boule  is  still  partially  porous  and  is  generally 
opaque.  The  completion  of  the  sintering  and  the 
annealing  is  then  done  in  a  single  step  in  an 

5  atmosphere  of  nitrogen.  Surprisingly,  we  have 
found  that  this  process  does  not  entrap  nitrogen  in 
the  soot  jacket  layer  to  any  noticeable  or  harmful 
extent,  and  the  total  time  for  sintering  and  anneal- 
ing  is  significantly  reduced. 

w  These  and  other  objects,  features  and  advan- 
tages  of  the  invention  will  be  better  understood 
from  a  consideration  of  the  following  detailed  de- 
scription  taken  in  conjunction  with  the  accompany- 
ing  drawing. 

75 
Brief  Description  of  the  Drawing 

FIG.  1  is  a  flow  chart  diagram  of  a  method  for 
making  optical  fiber  in  accordance  with  the  prior 

20  art;  and 
FIG.  2  is  a  schematic  diagram  of  a  method  for 
sintering  and  annealing  a  jacket  soot  boule  in 
accordance  with  an  illustrative  embodiment  of 
the  invention. 

25 
Detailed  Description 

Referring  now  to  FIG.  1,  the  first  step  in  mak- 
ing  drawn  optical  fiber  in  accordance  with  the  prior 

30  art  vapor  axial  deposition  (VAD)  process  is  the  step 
11  of  depositing  glass  core  soot  on  a  glass  seed 
element.  This  is  done  by  the  flame  hydrolysis 
method  in  which  a  pair  of  burners  or  torches  react 
vaporized  raw  material  to  cause  glass  particles  to 

35  collect  on  the  seed  element.  In  step  12,  the  core 
glass  is  consolidated  or  sintered  in  a  furnace  to 
make  a  solid  glass  core  element.  In  step  13,  the 
core  is  stretched  to  be  in  the  shape  of  a  cylindrical 
glass  rod.  In  step  14,  jacket  soot  is  deposited  on 

40  the  core  rod  by  the  flame  hydrolysis  method.  This 
is  typically  accomplished  by  a  single  burner  or 
torch  directing  glass  raw  material  within  a  flame 
toward  the  glass  rod  to  create  a  deposited  jacket 
soot  boule. 

45  In  step  15,  the  jacket  soot  boule  is  sintered  in  a 
furnace  by  heating  it  above  the  glass  transition 
temperature,  typically  to  a  temperature  of  1500- 
1600  degrees  Centigrade,  to  convert  the  deposited 
porous  soot  boule  to  solid  clear  glass.  Sintering  is 

50  normally  done  in  a  helium  atmosphere,  and  an 
annealing  step  16  is  required  to  drive  out  helium 
molecules  that  may  have  been  trapped  in  the  glass 
during  the  sintering  process.  In  the  absence  of 
annealing,  the  trapped  helium  may  result  in  a  bub- 

55  ble  formation  at  high  temperatures  in  step  18. 
Normally  the  annealing  step  is  done  at  a  tempera- 
ture  above  700  degrees  Centigrade  and  below  the 
glass  transition  temperature,  as,  for  example,  900- 

Technlcal  Field 

This  invention  relates  to  methods  for  making 
optical  fiber  and,  more  particularly,  to  methods  for 
sintering  and  annealing  deposited  jacket  soot  on  a 
glass  rod  as  part  of  the  process  for  making  optical 
fiber. 

Background  of  the  Invention 

One  of  the  steps  in  making  glass  optical  fiber 
by  the  vapor  axial  deposition  (VAD)  method  is  the 
step  of  sintering  or  consolidating  glass  particles  or 
"jacket  soot"  on  a  glass  core  rod.  The  glass  jacket 
soot  is  deposited  on  a  glass  core  rod  by  flame 
hydrolysis  to  form  a  porous  body  known  as  a  soot 
boule.  The  soot  boule  is  then  sintered  typically  in 
an  atmosphere  of  helium  to  form  a  solid  glass  clad 
layer  over  the  glass  core  rod.  After  sintering,  the 
clad  layer  typically  contains  imperfections  due  to 
trapped  helium  which  are  removed  by  annealing 
the  structure  in  an  inert  atmosphere  of  a  gas  hav- 
ing  a  greater  molecular  weight  than  helium,  typi- 
cally  nitrogen.  As  is  pointed  out,  for  example,  in  the 
patent  of  Ito  et  al.,  No.  4,978,378,  granted  Decem- 
ber  18,  1990,  annealing  in  an  inert  heavier  gas  is 
necessary  for  driving  helium  out  of  the  glass  clad 
layer,  and  nitrogen  is  the  least  expensive  inert  gas 
available  for  that  purpose.  (In  this  context,  nitrogen 
is  customarily  treated  as  an  inert  gas.) 

In  our  experience,  it  takes  typically  about  one 
hundred  forty-three  minutes  to  sinter  completely 
the  glass  soot  boule  in  the  helium  atmosphere. 
Complete  sintering  results  in  a  jacket  layer  of  clear 
glass  that  has  shrunk  in  volume  about  fifteen  to 
twenty-five  percent  from  the  original  glass  boule 
volume.  Annealing  is  then  done  typically  for  one 
hundred  twenty  minutes  in  a  nitrogen  atmosphere 
at  a  temperature  that  is  typically  kept  below  the 
glass  transition  temperature,  which  is  about  1400 
degrees  Centigrade. 

Optical  fiber  is  very  widely  used,  and  as  a 
consequence  significant  efforts  have  been  made  to 
reduce  production  costs.  Any  measure  that  would 
reduce  significantly  the  time  taken  for  sintering  and 
annealing  would  therefore  be  regarded  as  a  signifi- 
cant  advance  in  the  art. 

Summary  of  the  Invention 

In  a  method  for  making  optical  fiber  preforms 
as  generally  described  above,  the  time  taken  for 
sintering  and  annealing  is  significantly  reduced  by 
only  partially  sintering  the  jacket  soot  boule  in  an 
atmosphere  of  helium.  For  example,  instead  of 
using  one  hundred  forty-three  minutes  to  sinter 
completely  the  soot  boule,  the  boule  is  partially 
sintered  by  heating  it  in  a  helium  atmosphere  for 
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1100  degrees  Centigrade.  In  step  17,  the  jacketed 
or  clad  preform  is  elongated  to  form  the  preform 
from  which  glass  optical  fiber  having  core  and  clad 
layers  is  drawn,  as  designated  by  step  18.  The 
clad  layer  corresponds  to  the  deposited  jacket  soot 
and  normally  has  a  different  refractive  index  from 
that  of  the  core  as  is  required  for  light  transmission 
by  the  optical  fiber. 

It  is  to  be  understood  that  FIG.  1  merely  sum- 
marizes  the  process  for  making  glass  optical  fiber. 
For  conciseness,  and  because  the  process  is 
known  in  the  art,  various  other  steps  such  as  pro- 
filing  the  glass  at  various  stages,  dehydrating  the 
glass,  and  applying  and  removing  various  glass 
handle  portions  have  not  been  described. 

The  invention  is  an  improvement  of  steps  15 
and  16,  that  of  sintering  and  annealing  the  jacket 
soot.  Certain  steps,  such  as  dehydration,  that  are 
necessary  for  sintering  the  core  glass,  are  not 
required  for  the  jacket  or  clad  layer  because  the 
light  transmitted  by  the  optical  fiber  is  contained 
primarily  in  the  core.  Nevertheless,  considerable 
care  must  be  taken  to  sinter  and  anneal  appro- 
priately  the  jacket  soot  to  form  a  dependable  solid 
glass  clad  layer  for  the  optical  fiber. 

Sintering  is  normally  done  in  an  atmosphere  of 
helium,  which  is  the  inert  gas  ambient  having  the 
least  molecular  weight.  The  gas  in  which  sintering 
takes  place  is  preferably  an  inert  gas  to  prevent 
molecules  in  the  atmosphere  from  reacting  with  the 
heated  glass  as  it  is  being  sintered  to  form  a  solid 
glass  body.  However,  the  gas  could  contain  oxygen 
because  glass  (silica)  contains  oxygen.  The  inert 
gas  should  have  a  low  molecular  weight,  as  is  true 
of  helium,  because  gas  molecules  normally  be- 
come  trapped  within  the  jacket  layer  during  sinter- 
ing,  and  annealing  in  a  heavier  gas  ambient  is 
required  to  remove  them.  Nitrogen  is  the  favored 
annealing  atmosphere  because  of  its  availability 
and  low  cost.  In  an  atmosphere  of  nitrogen,  anneal- 
ing  allows  lighter  helium  molecules  to  escape  from 
the  sintered  jacket  or  clad  glass  without  allowing 
the  absorption  of  heavier  nitrogen  molecules. 

Sintering  is  typically  done  at  a  temperature  of 
1500-1600  degrees  Centigrade  to  allow  the  porous 
glass  soot  boule  to  flow  as  is  required  for  its 
consolidation  into  solid  glass.  Complete  sintering, 
that  is,  complete  conversion  from  a  porous  opaque 
boule  to  a  clear  solid  glass  layer,  typically  requires 
sintering  for  one  hundred  forty-three  minutes  for  a 
soot  boule  of  five  hundred  to  one  thousand  millime- 
ters  in  length.  The  annealing  in  a  nitrogen  at- 
mosphere  is  typically  done  at  a  temperature  of 
1100°C  and  typically  requires  one  hundred  twenty 
minutes  for  complete  annealing.  The  total  time  for 
sintering  and  annealing  is  therefore  typically  two 
hundred  sixty-three  minutes.  The  cost  of  optical 
fiber  is  reflected  generally  in  the  process  time  it 

takes  to  make  it,  and  with  the  invention  this  pro- 
cess  time  is  significantly  reduced. 

Referring  now  to  FIG.  2,  there  is  shown  an 
illustrative  embodiment  of  the  invention  in  which  a 

5  glass  core  rod  20  has  been  coated  with  a  jacket 
soot  boule  21  in  accordance  with  step  14  of  FIG.  1. 
The  soot  boule  is  sintered  by  locating  it  within  a 
furnace  22  comprising  a  heating  coil  23.  The  vol- 
ume  surrounded  by  heating  coil  23  defines  a  hot 

w  zone  having  a  temperature  of  1500-1600  degrees 
Centigrade.  The  furnace  is  capable  of  being  filled 
with  helium  from  a  helium  source  24  or  with  nitro- 
gen  from  a  nitrogen  source  26.  Valves  27  and  28 
control  the  flow  of  helium  and  nitrogen,  respec- 

75  tively,  into  the  furnace.  The  soot  boule  21  is  heated 
by  lowering  it  through  the  hot  zone  while  simulta- 
neously  rotating  it.  During  the  initial  sintering  step, 
only  helium  from  source  24  is  admitted,  by  way  of 
valve  27,  which  flows  through  the  furnace  22  at  a 

20  flow  rate  of  typically  thirty  liters  per  minute. 
Complete  sintering  of  the  soot  boule  21  under 

the  conditions  described  would  normally  take  one 
hundred  forty-three  minutes.  In  accordance  with  the 
invention,  rather  than  completely  sintering  the  soot 

25  boule,  it  is  only  partially  sintered  in  the  helium 
atmosphere  by  heating  it,  for  example,  for  fifty-nine 
minutes.  Thus,  the  partial  sintering  only  takes 
59/143  of  the  amount  of  time  that  would  be  re- 
quired  for  complete  sintering.  Complete  sintering 

30  results  in  a  clear  glass  jacket  that  has  shrunk 
fifteen  to  twenty-five  percent  from  the  size  of  the 
original  soot  boule.  Partial  sintering  after  fifty-nine 
minutes  results  in  only  about  five  to  fifteen  percent 
shrinkage,  and  leaves  an  opaque  and  partially  po- 

35  rous  soot  boule  21  . 
After  the  partial  sintering,  valve  27  is  turned  off 

and  valve  28  is  turned  on  to  replace  the  atmo- 
sphere  in  the  furnace  with  one  entirely  of  nitrogen. 
The  nitrogen  may  have  a  flow  rate  of  typically 

40  twenty  liters  per  minute.  In  the  nitrogen  atmo- 
sphere,  the  sintering  is  completed,  as  is  the  entire 
annealing  step.  Sintering  and  annealing  are  typi- 
cally  accomplished  at  a  temperature  of  1500-1600 
degrees  Centigrade,  rather  than  the  900-1100  de- 

45  grees  Centigrade  that  is  normally  used  for  anneal- 
ing.  We  have  found  that  completing  the  sintering 
step  as  well  as  annealing  in  an  atmosphere  of 
nitrogen  results  in  a  glass  clad  layer  that  has  in  it 
neither  helium  molecules  nor  nitrogen  molecules  to 

50  any  detrimental  extent.  It  is  believed  that  the  rea- 
son  for  this  is  that  partial  sintering  consolidates  the 
glass  boule  sufficiently  to  prevent  the  introduction 
of  the  heavier  nitrogen  molecules  as  the  sintering 
is  completed.  On  the  other  hand,  the  lower  molecu- 

55  lar  weight  helium  molecules  are  forced  out  of  the 
glass  according  to  the  conventional  annealing 
mechanism.  The  step  of  completing  the  sintering 
and  the  annealing  typically  takes  one  hundred  for- 
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ty-one  minutes  which  is  not  much  longer  than 
annealing  by  itself  in  the  prior  art  process  (one 
hundred  twenty  minutes).  The  overall  sintering  and 
annealing  process  time  for  the  invention  is  two 
hundred  minutes,  as  compared  with  two  hundred 
sixty-three  minutes  for  the  prior  art  method. 

In  an  illustrative  embodiment,  the  initial  soot 
boule  was  nine  hundred  millimeters  long  and  the 
hot  zone  had  an  axial  length  of  five  hundred  fifty 
millimeters.  During  initial  sintering,  the  boule  was 
moved  through  the  hot  zone,  in  an  atmosphere  of 
helium,  at  an  axial  rate  of  twenty  millimeters  per 
minute.  After  initial  sintering,  the  boule  had  an  axial 
length  of  eight  hundred  fifty  millimeters  due  to 
shrinking.  During  final  sintering  and  annealing,  it 
was  moved  through  the  hot  zone,  in  an  atmosphere 
of  nitrogen,  at  a  axial  rate  of  eight  millimeters  per 
minute. 

While  the  sintering  and  annealing  processes 
have  been  described  in  the  context  of  a  soot  boule 
moving  through  a  hot  zone,  this  merely  constitutes 
the  preferred  mode  which  is  presently  used  at 
Litespec,  Corporation  for  making  optical  fiber 
preforms.  The  sintering  and  annealing  could  take 
place  in  a  furnace  in  which  the  soot  boule  is 
stationary,  the  entire  soot  boule  being  in  a  "hot 
zone."  In  the  VAD  process,  it  is  normally  not  nec- 
essary  to  anneal  the  core  glass  after  it  has  been 
sintered.  This  is  because  of  its  geometry,  its  lack 
of  a  interface  with  a  solid  substrate,  with  less 
consequent  contamination,  ad  its  density  profile,  all 
of  which  result  in  less  trapping  of  the  helium  mol- 
ecules  during  sintering.  The  conventional  jacket 
soot  deposit  of  step  14  of  FIG.  1,  on  the  other 
hand,  is  done  at  a  higher  deposition  rate  to  save 
time,  has  an  annular  geometry,  and  a  different 
density  profile,  all  of  which  make  the  jacket  soot 
susceptible  to  helium  trapping  during  sintering; 
this,  in  turn,  requires  the  annealing  step.  Thus,  the 
invention  is  not  normally  needed  in  the  sintering 
step  12  of  FIG.  1. 

Wherever  there  is  glass  soot  deposition  on  a 
solid  substrate,  particularly  at  a  relatively  high  rate, 
the  invention  may  be  useful  to  reduce  the  sintering 
and  annealing  time  required  for  its  conversion  to 
clear  glass.  For  example,  the  invention  may  be 
useful  with  the  outside  vapor  deposition  (OVD)  pro- 
cess,  which  also  includes  the  step  of  depositing 
glass  soot  on  a  glass  rod  by  flame  hydrolysis  at  a 
relatively  high  rate,  thus  requiring  annealing  after 
sintering. 

While  helium  has  been  described  for  the  partial 
sintering  process,  and  nitrogen  for  the  annealing 
process,  other  inert  gases  or  oxygen  could  be  used 
as  is  known  in  the  art.  As  mentioned  before,  it  is 
generally  preferable  that  the  gas  ambient  during 
annealing  be  of  a  higher  molecular  weight  than  that 
used  during  at  least  the  initial  partial  sintering  step. 

If  desired,  longer  sintering  in  the  helium  can  be 
done,  but  of  course  this  would  tend  to  make  the 
overall  process  longer.  In  the  example  described, 
partial  sintering  takes  less  than  half  the  time  and 

5  results  in  less  than  half  the  total  sintering  to  be 
done  on  the  soot  boule.  The  invention  significantly 
reduces  overall  process  time,  but  at  this  juncture 
we  have  not  determined  the  maximum  amount  of 
time  that  can  be  saved  by  using  the  invention.  If 

w  there  is  too  little  partial  sintering  in  helium,  nitrogen 
will  be  trapped  in  the  glass  as  sintering  is  com- 
pleted. 

Various  other  embodiments  and  modifications 
may  be  made  by  those  skilled  in  the  art  without 

75  departing  from  the  spirit  and  scope  of  the  inven- 
tion. 

Claims 

20  1.  A  method  for  making  optical  fiber  comprising 
the  steps  of:  depositing  jacket  soot  on  a  glass 
rod  by  the  flame  hydrolysis  method  to  form  a 
soot  boule;  sintering  and  annealing  the  jacket 
soot,  thereby  to  form  an  optical  fiber  preform; 

25  and  drawing  glass  optical  fiber  from  the  glass 
preform;  characterized  by: 

partially  sintering  the  jacket  soot  by  heat- 
ing  it  in  an  atmosphere  of  a  first  gas  having  a 
relatively  low  molecular  weight,  a  significant 

30  portion  of  said  jacket  soot  being  unsintered  at 
the  termination  of  said  partial  sintering  step; 

and  thereafter  completing  the  sintering  of 
said  jacket  soot  and  annealing  the  sintered 
jacket  soot  by  heating  the  jacket  soot  in  an 

35  atmosphere  of  a  second  gas  having  a  higher 
molecular  weight  than  the  first  gas. 

2.  The  method  of  claim  1  wherein: 
the  first  gas  is  helium  and/or  the  second 

40  gas  is  nitrogen. 

3.  The  method  of  claim  2  wherein: 
during  the  partial  sintering  step,  axially 

moving  the  soot  boule  through  a  hot  zone 
45  having  a  temperature  of  1500-1600  degrees 

Centigrade; 
and  during  the  step  of  completing  the  sin- 

tering  and  the  annealing  step,  axially  moving 
the  soot  boule  through  a  hot  zone  having  a 

50  temperature  of  1500-1600  degrees  Centigrade. 

4.  The  method  of  claim  2  or  3  wherein: 
the  duration  of  the  partial  sintering  step  is 

less  than  half  the  duration  that  would  be  re- 
55  quired  for  complete  sintering,  but  is  sufficient 

to  substantially  prevent  entrapment  of  nitrogen 
in  the  sintered  glass. 
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5.  The  method  of  claim  4  wherein: 
the  duration  of  the  partial  sintering  is  ap- 

proximately  59/143  of  the  duration  that,  under 
the  same  conditions,  would  be  required  for 
complete  sintering.  5 

6.  The  method  of  claim  1  wherein: 
the  first  gas  and  the  second  gas  are  both 

inert  gases. 
w 

7.  The  method  of  claim  1  wherein: 
the  first  gas  and  the  second  gas  are  both 

selected  from  the  group  consisting  of  inert 
gases  including  nitrogen  and  oxygen,  and  mix- 
tures  thereof.  75 

8.  The  method  of  claim  1  wherein: 
the  second  gas  is  heavier  than  the  first 

gas. 
20 

9.  The  method  of  claim  3  wherein: 
the  heat  zone  is  approximately  five  hun- 

dred  to  one  thousand  millimeters  in  axial 
length; 

and  during  the  step  of  axially  moving  the  25 
boule,  the  boule  is  rotated  on  its  axis. 
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