ot

1 2161474 A METHOD FOR PRODUCI NG A GLASS PREFORM FOR AN
OPYMCAL FI BRE The present invention relates.to a nethod for produc- ing a
glass preformfor an optical fibre, and in particular 5 a nethod which
uses at |least two burners. One*known nethod for producing a glass preform
for an optical fibre is a vapour phase nethod in which a mcgg‘tﬁin 741 fuel
gas, a glass raw material and optionallylan additive for ' %
refractive index of the glass preformpro- 10 duced are jetted froma
burner. The glass raw material is hydrolyzed in an oxyhydrogen flame to -
synt hesi ze fine glass particles. The fine glass particles are deposited on’

a rotating starting mengeuerfobOFBRAPROPOEINEOR! cRASEOPREFRMM hen t he

porous soot preformis ﬁ§5T@a"‘U_§“‘rETEU‘TU‘I5‘UUTETH‘E?TTﬁmsparent gl ass

preform Usually, the fuel gas igof RNXbprecak Eydrggen and oxygen, the
glass raw material is SiCl4, and the additive 15 e.g. GeCl4, POCl4 BBr 3,

etc. To increase the production rate and the size of the porous soot
preform two or nore burners nay be used in the vapour 20 phase nethod.
Hitherto, when two or nore burners are used in the conventional vapour
phase nethod, it is rather difficult to control the bulk density of the
mass of fine glass pﬁh?lEF€§e&§pé§VF§81Pﬁ Fréaesi SRepy meithode tPERd¥cT

and to 25 increase t e
Eng a Easg preform for an optical fibre, and in particular

5 a method which uses at least two burners.
One known method for producing a glass preform for an

optical fibre is a vapour phase method in which a mixture of

3

a fuel gas, a glass raw material and optionally an additive
for adjusting a refracti&e index of the glass preform pro-
10 duced are.fetted'from a burner. The glass raw material is
hydrolyzed in an oxyhydrogen flame to synthesize fine glass
particles. The fine glass particles are deposited on a
rotating starting member to form a poroqe soot preform and
then the porous soot preform is heated and sintered to
15 obtain a transparent glass preferm. Usually, the fuel gas
is a mixture of hydrogen and oxygen, the glass raw material
f} is SiCly, and the addiﬁive is e.g. GeCly, POCly Bﬁr3, etc.
To increase the production rate and the size of the porous
soot preform, two or more burners may be used in the wvapour
20 phase method.
Hitherto, when two or more burners are used in the
conventional vaéour phase method, it is rather difficult to
control the bulk density of the mass of fine glass particles

deposited in the periphery of the soot preform and to

25 increase the yield.

m
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2 Usually, the first centre burner forns a flane which encl oses a central ,
part ‘of a surface of the soot preformon which the fine glass particles are Y
bei ng deposited (herein- after referred to as "depositing surface").
However, the 5 second burrer or burners can heat only a part of the
depositing surface sirice its flame cannot encl ose the whol e depositing
surface. This is shown in Fig. 1 of the agcom panying draw ngs: in which
two burners 11 and 12 are used, the burner 11 formng a centre portion of
t he porgus soot 10 preform and burner 12 form ng a peripheral portion of

t he soot preform Regions 13 and 14 are heated by the burners 11 and 12,
respectively.  Since t preform s rali .ot S| e ,
there is a delay in h2§¥§ﬁg&§o#&EpggFE%ngh%ggrg?gﬁggsggﬁﬁgthpgggﬂgp§§? ¥ng
surface is not che iR YtiralCBalrt oENUS suklfcBUbl €aBSkbYLObrbEs Al 83
particle mass deposited i n the peripheral portion becones |ow, mﬁlc t ends
to cause cracksyhidherheh&iwedighaek PaetiibaeB hvel Beingsadpbsitlar eR&Lelhe
bul k density of the glass particles deposited on the 20 periphery of the
soot preform tafteromefiegaede tof ash®dkbasgrtingdaar€aset )andHbkweveeppehat ure
of the centre of the flanme is reduced, causing a deterioration in the rate
of produc- &i osegondhduginess ogaburoess. cant bea&t ondlyat parteafetheur e of

the fine glassgxﬂticLes may not be raised sufficiently,
epositing surface since its flame cannot enclose the whole

depositing surface. This is shown in Fig. 1 of the accom-
panying dréwings: in which two burners 11 and 12 are used,
thé burner 11 forming a centre portion of the porous soot
10 preform and burne; 12 forming a peripheral portion of the
soot preform. Regions 13 and 14 are heated by the burners
il and 12, respectively. Since the soot preform is raised
and rotated simultaneously, there is a delay in heating some
peripheral pottions so that the depositing surface is not
15 heated sufficiently. Thus, the bulk density of the glass
particle mass deposited in the'peripherai portion becomes
low, which tends to cause cracks. _
When the width of the flame is increased to increase
L the bulk density of the glass particles deposited on the
26 periphery'of the soot preform, the convergence of the flame
is decreased and the temperature of the centre of the flame
is reduced, causing a deterioration in the rate of produc-
tion of the giass particles. Alternatively the temperature
of the fine glass particles may not be raised sufficiently,
25 which results in a decrease in the yield. When the rate of
flow of the hydrogen is increased so as to raise the

temperature of the flame_and hence the temperature of the



>~Whi ch results in a decrease in the yield. Wen the rate of flow of the
dy*ogen is increased so as to raise the tenperature of the flane and hence
Z:tenperature of the 3 depositing surface, interference between the
burners induces a minimumpoint in a bulk dersity distribution as shown in
Fig. 2 of the acconpanying draw ngs, which causes cracks'in the porous soot
preform 5 Thus, when two or nbre burners are used for synthe-
sizing the fine glass particles in the production of the porous soot
preform the shape and flow rate of the flame produced by the second ;

. burner(s) 12 are selected so that the reaction rate of the glass raw ~

mat eri al nmedepgws i tiove amarfack), tinterfigoemte ke fedhaHd Murdledss inauded es
may be raised, and the yield of the fine glass particles may be inproved.

Si mul t aneo(ds M R ARUE |REAG )in & rhul b \densd i distsibutsiaoas tshavwredmso as
to obtain a stable distribution of the bulk density of the porous soot
preform 1Fig. 2 ofthe gccpmpanying davwings awhisheqansest anasky dos, the
fine gIasse*uticles are syntq§sized according to the followi ng equation
[err] e porous soot @reIQtMy,,gh this reaction is exothermic, it

?223{ idolr%e . promot edfh%os ,b *hré%attw%v C%:lrUtn?odreb%l}rhn%rosX %%d ruo [ Jraré%n%hréc-e ‘s

sizing the fine Qlass particles in the production of the
porous soot preform, the shape and flow rate of the flame
produced by the second burner(s) 12 are selected so that the
reaction rate.of the glass raw material may be increased,

10 the temperature of the fine glass particles may be raised, Q;
and the yield of the fine glass particles may be improvead.
Simultaneously the flame(s) formed by the burner(s) is con-
trolled so as to obtain a stable distribution of the bulk
density of the porous soot preform. |

15 When SiCly is used as the raw material of the glass,
the fine glass particles are synthesized éccordiﬁg to the
following equation: |

SiCly + 2H50-—) Si0y + 4 HC1 _ (1)
Although this re#ction_is exothermic, it should be promoted . -

20 by heat evoluted by the oxyhydrogen flame since its reaction ~
heat is only 24 kcal/mol. Thus, the rate of synthesis of
the fine glass particles depends on the amount of heat con-
ducted from the flame and, cohsequently, the temperature
distribution in the stream of the fine glass particles

25 depends on the heat of the flame. When SiCl, is used alone
as the glass raw material, the flame formed by the burner

contributes to the synthesis of the fine glass particles,



heat is only 24-kcal/nol. Thus, the rate of synthesis of the fine glass -3

particles depends on the anmount of heat con- ducted fromthe flane and,
consequently; ¢ he tenperature distribution in the streamof the fine gl3
particles 25 depends on the heat of the flane, Wien [err] is used al one as
the glass raw material, the flame fornmed by the burner contributes to the

synthesis of the fine gl | ; 4. heat | f_the - ' fd

gl ass particl es.%fr?a: ﬁai ;ttg%ar%ﬂnngeggsdbzselq ifr‘i" gr?eglﬁll{‘]%%sg poafrh?elhc?%éo?%ﬁds 'Zhgegaof#n%e
prefori, Theref , e Lk ULGle [ leé? t
prefor%i S prod(&;cfgdt\i/’\ngt h&ég)%‘g%itlegéd andfg%l gér:feag?‘te?h 85815\%; e%gﬁrbe crif.

drawbacks i s’ notpHRICOEHEEET €Ly Cc¥RBY tiSHy | GhAdr TWeidhesensthBYBN! iXdkge,
seeks to overcone, or at |east aneliorate, these problens, and thereby make

possi bl e the prediusdait pldeficiin is PrIuded Guist!s oP Eiardn ad dnhashe
bul k density which can be controlled easily. The invention achieves this

by providi ng a ret hthef ambgwenddesogibedl absawbadis misomain eptouakerelr are
having a core part and a cladding part by neans of separate burners,
conprising jettiverya astaiqfieds raw material containing SiC4 froma first
burner and a second glass raw material containing [err] and/or [err] froma
second bur ner, he present invention seeks to overcome, or at least
ameliorate, these problems, and thereby make possible the
production of a large, stable, porous soot preform which
has a bulk density which can be controlled easily. The.
invention achieves this by providing a method for producing
a glass preform for an optical fibre having a core part and
a cladding part' by means of separate burners, comprising
jetting a first glass raw material containing SiCl; from a
first burner and a second glass raw material containing
SiHCl,, SiH,Cl,, SiH,Cl1 and/or SiH, from a second burner,
flame hydrolyzing the glass raw material to synthesizing
" fine glass particles, depositing thé fine glass particles
on a starting member to form a porous soot preform and
heating and sintering the soot preform to obtain a
tranSparent glass preform, wherein the first burner is used
to form the core part and the second burner is used to form
the cladding part, and the particles are deposited in the
direction of the axis of the starting member. In this way
the deposition yield. of the glass raw material may be

improved.

Embodiments of the invention will now be described in



fle hydrol yzing the glass raw material to synthesizing fine glass ‘
;@cl es, depositing the fine glass particles on a starting nenber to form
a ous soot preform and heating and sintering the soot preformto obtain-
a {ransparent gl ass preform wherein the first burner  is used to form.the
core part and the second burner is used t#aformthe cladding part, and the
particles are deposited in the direction of the axis of the starting

menber. | n t@p¥adkd.t heydepaddi t Pén PRAMP b2, t Hei§hassefpFenceri kP ntihebe

i nproved. Enbodi nents of the invention w,l] now be described in da .

detail, by REGFOMBRNYIRG PFEWIngS, hin, ¥PLFBACe. to the acconpanying -
drawi ngs, in which, Fiqg. 1.sch tically, shows a thod _for s hesi zin
and depositing fi E%ggl g‘sss%?qﬁr?ce%ﬁfa% éﬂ?‘gﬁ And" rﬁ}%‘grgoﬁr gl’i{?%%'&m‘gﬁ'&gﬁas

al ready bee”?nth]@%%es%tiﬁ 'ffnéhg\.’l\.’%s%h Mﬁdﬁ%é%i vg'lisé}{ i @H&i %Qujn'%rr@

radial direction of a porous soot “pretorm pro conven- tiona
vapour phasepgt jgda, 2BdaNRasabieaddyPs88ndsceassda; ©

Fig. 2 shows the bulk density distribution in a radial

¥

direction of a porous soot preform produced by a conven-

tional vapour phase method, and has already been discussed;



Fig. 3 shows thé relationship between an anount of a glass raw material and :
a deposition yield; and Figs. 4 and 5 show-bul k density distributions ina
radi al direction of the porous soot preforms produced in 5 Exanple 1 and a " .
Conpar,ati've Exanpl e, respéctively. Specific exanples of a

hydr ogen-cont ai ning silicon conpound with larger reaction heat than

~are SIHC13, [err] and [err] These conpoungds nmay be used as may a m xture of
two or npre of them Further, the 10 hydrogen-containing silicon conpound

may bexused when mixed with [err]. For exanple, hydrolysis or conbustion of
[err] and [err] may proceed as follows: [err] 15 The reaction heat of

reactions Il and 111 ﬁte 1&8 hcal/ I ang 339 kcal /ppl, respectively, and
are both far larger thaf-héaf BVSthFoF? ?EIBPSPéPrPEEﬂﬁeP R cAmORRG PF A
th -t b LD ) . W h -
Containing i1 3a88scEaRoRRLEFENT ad8CkCaghSs; KSR FHETaT TP 1

synthesis of the finng%ﬁzs?pgﬁaiF;gﬁogogalﬁo&eﬁggE§Lgi%gg¥gge%§gzhggtafron1

the fuel gas and hence i ne glass particles can

sufficiently hkaaiagrraﬁecewﬁeofTEﬁeCﬁa?aﬁéi 8800epte fPMP pHS@Gced in
predom nantly to heat the surface of the deposited glass particles and thus

25 the bul k5 dersamplef 1t ARAPar Qumpapat ipé cERafple, Ca8specEDVel ! Ol | ed
i rrespective of the reaction of tﬁe_glass raw mater- ial. As the result,
the rate of depositi oSpetifhe éxamples of a hydrogen-containing silicon
compound with larger reaction heat than SiCly are SiHClj,
SiHyCl,, SiH3Cl and SiH;. These compounds may be used as
may a mixture of two or more of them. Further, the
10 hydrogen-containing silicon compound may be used when mixed
with 8iCly. For example, hydrolysis or combustion of SiHClj3
and SiH; may proceed as follows:
SiHCl3 +'H20-——-) Sio; + HC1 (1I)
SiH4 + 03— Si0y + Hy : (IID)
15 fThe reaction heat of reactions II and III are 118 kcal/mol
and 339 kcal/mol, respectively, and are both far larger than
heat of hydrolysis of SiCl4 and large enough for the reac-
“tions to be continuous. Therefore, when such a hydrogen-
k“,' containing silicon compound is used as the glass raw
20 material, the synthesis of the fine glass particles does not
require combustion heat from the fuel gas and hence the fine
glass particles can be.heated to a sufficieﬁtly high temper-
ature. The combustion heat can be used predominantly to
heat the surface of the deposited glass particles and thus
25 the bulk density of the porous soot preform is easily con-
trolled irrespective of the reaction of the glass raw mater-

ial. As the result, the rate of deposition of the fine



Géé_gkass raw material may be increased. According to the nethod.of the

‘esent invention, the first (centre) burner may be used to forma core
part having a higher refractive index, and the second burner(s) may be 5
used to forma cladding part having | ower reffact.ive index. In the present
invention, the jetting rates of the fuel gas, the glass raw material and
the (optional) additive are substantiagly the sanme as in a conventional
vapour phase nethod, such as a vapour phase axial deposition nethod. 10
The heating and sintering of the porous soot preformis carried out in?g
conventi.onal manner, for exanple, at a tenperature of at |east 1,600[efr]
I n an atnosphere of an %ner heliu In the sintering step, an

additive (e9t25FeF?Y B2 ?5¥%¥3£%%(§%g%ﬁcf%aﬁ%aédjust the refractive index
of the transparent,glasg; Prefg Mo TrE%fﬁ&gi ot V@h%ggeﬁftfr?\?eééf e!%lgeer

the first or second burner~or from burners: € present 1| nventi wi ||
o 1 e(g e LEAE0 ALARE L pLoALLD £6ETSTGSed BRI o0
1, a porousa SRPGhEF F Of Fadesve’ DlER) AR@MDENsdcdh® HEFAEF 6s)l ImPthd 2 Were
i dentical coaxial multi-nozzle burners. The flow rates of the burners 11
and 12 vereuséd to form a cladding part having lower refractive index.
In the present invention, the jetting rates of the
fuel gas, the glaés raw material and the (optional) additive
are substantially: the shme as in a conventional vapour phase
method, sﬁch as a vapour phase axial deposition method.
10 a The heating and sintering of the porous soot preform
is carried out in a conventional manner, for example, at a
temperature of at least 1,600°C in an atmosphere of an inert
gas (e.g. helium). 1In the sintering step, an additive (e.gq.
SFg, CF4, CClyF,, SiF4, BFs, BClj, etc.) may be added to
15 adjust the refractive index of the transparent glass preform.
The additive may be jetted from either the first or second
burner or from both burners.
The present invention will hereinafter be explained

further in detail with reference to some examples. . \“)

20 : Comparative Example

Using the burners 1l and 12 as shown in Fig. 1, a
porous soot preform was produced from SiClé. The burners 11
and 12 were identical coaxial multi-noizle burners.
The flow rates of the burners 1l and 12 were as
25 follows:
Burner 11

(for the centre part of the preform)



s B . .
25 follows: Burner 11 (for the centre part of the preform 7 SiCl4a

600 - m/mn. GeC14 105 m / mn.- Hydr ogen 10 1/ mn. :
Okygen . 12 1/mn. 5 Ar gon 2.7 1/ mn. Burner

12 (fior the peripheral part of the preform Hydrogen 20 1/ mn.

Oxygen 20 1/ mn. 10 Argon 4 1/mn. SiCl4

340, 600, 820 or 1,100 mM/mn. The deposttion yields (amount of gl ass
particles actually deposited/theoretical anmount to be deposited based on
the j etyed anount of the glass raw material) of the 15 porous soot pref or ms
are shown in Fig. -3 by open circles. In Flg 3 the flowrate of [err] is
cal cul ated as [err] L5 seen frongds 0. _deposition yields scat- ter
bet ween 50 and 60% v%en the flow rate of [er “fromthe second burner was
1,100 m/mn., the sgacipreform 20 rgsickegh Anfhvas not produced in a stable
way. In this case,

Hydrogen 10 1/min.
Oxygen 12 1/min.

S Argon 2.7 1/min.
Burner 12

(for the peripheral part of the preform)

Rydrogen 20 . 1/min.

: Oxygen 20 l/ﬁin.

- 10 Argon 4 1/min.
| SiCly - 340, 600, 820 or 1,100 ml/min.

The deposition yields (amount of glass particles
actually deposited/theoretical amount to be deposited based
on the jetted amount of the glass raw material) of the

15 porous soot preforms are shown in Fig. 3 ?y open circles.
In Fig. 3, the flow rate of SiCly is calculated as SiOj.
As is seen from Fig; 3, the deposition yields scat-
ter between 50 and 60%. When the flow rate of SiCly from
_ the second burner was 1,100 ml/min., the soot preform
20 cracked and was not produced in a stable'way. In this case,
the bulk density distribution was unstable as shown in Fig.
4 and had a minimum point.
- Example 1
A soot glaés preform was produced in the same manner
25 as in Comparative Example but jetting SiHCl3 from the second
burner 12 at the following flow rates:

Hydrogen 12 1/min.



tfiexNul k density distribution was:unstable as shown in Fig. 4 and had a

°L m point. Exanple 1 A soot gl ass preformwas produced in the sane -
manner 25 as in Conparative Exanple but jetting [err] fromthe second
-bukner 12 at the following flow rates: Hydrogen . - 12 1/ mn. 8
- Oxygen 20 1/ mn. Argon 4 1/mn. [err]
340, 970, 820, 1,100 or 1,120 mM/mng The deposition yields are shown in
Fig. 3 as solid 5 circles, and it can be seen that the yields are about 10%
| arger than those in the Conparative Exanple and scatter between 56 to_Eg@b
In this exanple, when [err] was jetted at 1,100 m/ mn or higher, the-~

porous soot prefo were stabl e. 5fhe Byl k density distribution is
snoot h and stableb§§géhomm in Fig. 5. éggnple 2 A porous soot preform was

produced in the sawgomanner as in ghe @gprarati ve Exanple but with flow ng
the gases at 15 the following rates: Burner 11 . _
SiHClj3 340, 970, 820, 1,100 or 1,120 ml/min.

The deposition_yields are shown in Fig. 3 as solid
5 circles, and it can be seen that the yields are about 10%
iarger than those in the Comparative Example and scatter
between 56 to 68%. |
| In this example, when SiHCl3 was jetted at 1,100 ml/
min or higher, the porous soot preforms were stable. The
10 bulk density distribution is smooth and stable as shown in Q./
Fig. 5. |
‘Example 2
A porous soot preform was produced in the same manner
as in the Comparative Example but with flowing the gasés at
15 the following rates:

Burner 1l

SiClg 600 ml/min.
GeCl, 105 ml/min.
Hydrogen 10  1/min. :
o/
20 Oxygen 12 1/min.

Argon : 2.7 1/min.



Ferr] L. © 600 m/mn. [err] 105 m /mn. Hydrogen

10 - | /m'n. 20 Oxygen 12 1/mn. Argon 2.
%/ mn. 9 -Burner 12 Hydrogen 16 1/mn. Oxygen : 20
1/mpn. Argon >4 - 1/mn. .5 Si C14 600
n1/n%n Si HC13 ' 340 m/mn. The deposition yield was 61% 10

CLAI V5. 1. A met hod for producing a glgass preformfor an optical fibre
having a core part and a cladding part by neans of separate burners,
conprh\Jng jetting a first glass raw material containing [err] fronla first
burner and a second glass raw material containing [err] and/or [err] froma
second burner, fl am=13 he/dr ollylm ng the

Hydrogen 16 1/min.
Oxygen | 20 1/min.
Argon | 4 1/min.
5 SiCly 600 ml/min.
SiHClj 340 ml/min.

The deposition yield was 61%.
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glass particles on a starting nenber to forma porous soot preformand
ng and sintering the soot preformto obtain a transparent glass 3
pre@orm wherein the first burner.is used to formthe core part and the
secdnd burner is used to formthe claddi ndOpart, and the particles are
deposited in the direction of the axis of the starting nenber. 2. A
met hod accor &IAEMS: cl ai m 1, wherein the core part of the porous preform
has a higher refractive index than _the cladding part. A met hod. f Ggy
produci ng a gt-ass »raptheds EPTaRTERLFLRS B Ellés§uﬁ§le§ﬁ’tr|“hlﬁ"f An epkieat

descri bed w tpibreé eﬁavge to Eé(cc;ir Iga%tor gx

g@ raw material to synthesizinng fine glass particles, ;depos'rting t he
{
heat i

clatgd:.ng part by means of
separate burners, comprising jetting a first glass raw
material containing SiCl, from a first burner and a second
glass raw material containing SiHCl,, SiH2C12, SiH; C1
énd/or SiH, from a second burner, flame hydrolyzing the
glass raw material to synthesizing fine glass particles,
depositing the fine glass particles on a starting member to
form a porous soot preform and heating and sintering the
soot preform to obtain a transparent glass preform, wherein
the first burner is used to form the core part and the
second burner is used to form the cladding part, and the
particles are deposited in the direction of the axis of the
starting member.

2. A method according to claim 1, wherein the core part
of the porous preform has a higher refractive index than
the cladding part.

3. A method for producing a glass preform for an opticai
fibre substantially as herein described with reference to

Example 1 or Example 2. W/
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