2245553 | MPROVED VI TREQUS SI LI CA PRODUCTS Techni cal” Fiel d The present . ‘-
i nvention relates to the fornmation of a pure or doped synthe

vitreous silica product iby the 5 vapour phase regctlon of 6122ﬁ2£ﬁ¢2§;f5:3
conmpound of silicon. The fi'nal product may be in tHié form of an

aggl onerated nmass. of porous silica soot adapted for subsequent den- -
sification or a fully denS|f|ed body made frontV|treous silica. In sone
applications, the silica n& I TRES DYG whi ch may

itself be made fromsilica. - The depOS|ted S|I|ca may. be doped with other

el ements during or after deposition. The use of volatile silicon corrpoundst'fit
inthis typeX Fieldye| | known. US-A-4038370 discloses that silane

15 ([err]) may bert%'ﬂﬂ-é@dnto Shbeﬁeawrr&,ewveé hecd ugBe MY rhatdepowt e
on a substrate %ﬁkﬁ reous . .silica proﬁuct Silane_ i

however exp& |%M? ddaﬁﬁBFBﬁ ¢ pyrdraasi &1 t°a|s°Fﬂﬁ§°wor§-c6ﬁhnn
to use a Bahwﬂnaur\@ﬁaﬁeleréﬁcnﬁeadsfoch wnﬁhﬁiﬂe usempobfindsblfi ednicon.
tetrachlorid | Wi d r oyghqut e ptj.C

silica i ndust%rhlees% r}%ﬁ [ cgﬁé{?&??a@ POI‘IE eqrvt‘ay tltr{téu e ox?ﬁ é}e‘daggql':)}%tr q‘%%s
thermal pl asm@sso @ve pbrowva famdicandsoleits fadap ey mrdepbsﬁpeentomemr

substrate Q4 f3loidir EoMl AT €PUS1 9O dePlsiirGRd CHUR) Mhddle af rbWW ikp¥llus
of  hydroxyl (C}D as 1s described_in our GB-A-1061042. The reaction

proceeds as FolliGa&: [eFR]SIRPsaPRAIEASAONSs Sf & t bIER IRREr BRaPRPOS task

nmanuf act woe Bﬁh aofsatttetra\eéerwﬁﬁeﬁ"mayntﬂte@t@ Bétntaiﬁlsfﬁcbﬁ@&h&a' d byrnes

under the ist.re Trade "W Spectr05|l {ch t Qlca

cont ai ns Ies? aﬁf%? pﬂt ?c%}pay e dope ith othér elemen durinhg or
after deposition.

The use of volatile silicon compounds in this type cof
nrocess is well known. US-A-4038370 discloses that silane

n

(SiH4) may be oxidised to silica fume, and the fume may be
.deposteed on a substrate to yield a vitreous silica
product.

Silane 1is ' however expensive, and dangercusly pyro-

choric. It 1is thus more common to use a halide as vclatile

20 Teedstock, and the use of siliicon tetrachlorids is now

w;despread throughout the fibre optic and vitreous silica
industries. Silicon tetrachloricde may thus be oxidised. {

e.g. in a thermal plasma to give silica fume, and this fume

may be deposited on a substrate tc give pure vitreous

258 silica containing a low tlevel of hydroxyl (OH). as is
described in our GB-A-1061042. The reaction procseds as
Tollows:

SiCl, + 0, —_— $i0, + 2C1,

This reaction is exploited commercially in the manufacture

30 c<f the  "water-free” synthetic vitreous silica sold by us
under the Registered Trade Mark "WF Spectrosil”™, which
typically contains less than 2 ppm of OH.

As an alternative, silicon tetrachloride may be fed



As ah altef i'licon tetrachloride may be fed W 90

PCT/ GB90. w@gogﬂ?sr%?o an oxyhydrogen flanme. Under these ci rcumsééﬂ’z‘gé” 7t 184
reaction is described as fl ame-hydrolysis, i.e. [err] The silica may be
generated as a funme which can be col- 5 Iecbfd as a porous soot body to be
sintered to a PoLe ous praqaduct in | at er. process and this'is
described in US'AS 9273 2§y% §§°ﬂe%86 B -and "% A Y MITCYPSEARGeS . the
tively the funersagthenddpodiesed ideds ash 4 amererdrtalesidatiié. sinters
dlrectLy to a pore-free vitreous product. In 10 this case the
vitreoas product is normally found to have a higher |evel of hydroxyl, but
ot herwi se exhibits v8i§ ki gh2Hulit TP, i+ 4HGk basis of the

manuf acture of the optical quality synthetlc Vitreous silica sold by us
under the .Regiibered Trade Ngh "Spectrosil" ‘which typically 15
contains about 1080°PpAt8: BRY Qhen 98NC5RTAY &t chiTume “whighican B cql-
pr oduct of fSanﬁechpdraByalsprous so®t GaUYDIto [Weacdiroreriad COd | e£tpbhé~Ffree
silica fume as dy,;..and Sl 0] t hat _bod N a
dehydrating at 91%%9&@0@&8&”%% N, r; S‘%‘S&q% orché/nse ad{]aeﬁrb%yTs ﬁ?%?fb%ea
before 5|nter|ngnf55'éx3#ﬁ2§42n aUﬁeﬁH}ﬁQ%ﬁﬁbphuieUS1ﬁ1K224ﬁ¢5a pbieefnae

vi treous produc S DaalyS vaf depdMe
and VAD (Vapourzéﬁggg X;?arhﬁe ﬁsﬁtf&h) roces}i&%@%ﬂﬁﬁ1%?Hﬁ%§39$%9§+% ERac

manuf act ure of eﬁdPﬁErFoF’SEFtééthS QWHﬂﬁﬁsfﬁqe s¥1ﬁﬁ§99§ﬂﬂ%9¢¥F¥hese~”
processes t ooackhegecaskar gaeparitireloas’ produt 8indmnd BTy BSink cto andl&ha

density. soot higher level of hydroxyl, but otherwise exhibits very high
1«‘ purity. This is ~the basis ' of the manufacture of the
-~ optical guality synthetic vitrequsisilica sold by us unager
the Registered Trade Mark fSpectrosi]" which typically

15 contains about 1000 ppm of OH.

when a low OH:cbﬁtent is sought from a product of
flame hydrOTysis,' it 1is common practice to collect the
silica fume as a porous soot body, and subsequently to heat
that body in a dehydrating atmosphere containing, e.g.
20 chlorine, or thionyl chloride, before sintering for example
~in a helium atmosphere,_ to achieve a pore-free vitreous
- product. "This is the basis of the O0OVD (Outside Vapour
Deposition) and VAD (Vapour-phase Axial Deposition) proces-
ses widely used for the manufacture:of breforms for optical

25 fibres. |

It is desirable in these processes to ach1eve a large
particle fume and thus to manufacture a high dens1ty soot
with large pore size. The use of silicon tetrachloride as
feedstock y1e1ds s111ca fume particles whose size depends

30 on the ccncentrat1on of vapour spec1es, upon fiame tempera-
ture and upon the retent1on time, 1. e._the time that the
growing part1c1es spend in the' flame of the synthesis
torch. A convent1ona1 co-annuIar torch as used in the VAD
process will give silica particles typ1cally around 0.08
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One of  the maaor drawbacks of‘ us1ng silicon tetra-

‘chloride, or any ch‘lor1ne-conta1mng s111con compound. as a

20 precursor for the manufacture of synthet1c silica, is the _

release of. ch‘Ior1ne dur1ng ox1dat1on, or hydroge_n. chloride

dur1ng hydrons1s as a by-product. Both these chemicals
are poisonous and corroswe,

tetrachl or1 de, or - other

and any DI"OCSSS us1ng s111con-_

ch'lorosﬂane compounds, reguires
- 25 extenswe gas-extract'lon and -scrubb'lng facilities to make
St env1ronmenta1'|y acoeptab‘le., o L N -

Despite the difficulties and cost of such scrubb1ng o
processes, s111con tetrachlor1de and certain other chioro-
silanes are a1most un1versa11y used as feedstocks to the

30 above-ment1oned processes for the_ manufacture of silica
fume and’ synthet1c vitreous s111ca. The . -use of silane -
_(S1H ) is unusua1, cost]y and hazardous._ There is 1imited
ment1on of the use of a]ternat1ve silicon -.Gompounds, but .
methy1 and ethy1 orthos111cates have been proposed fcr the
'35 manufacture of s111ca powders in DE-A-3500080 and for the
o manufacture of v1treous products . in Japanese ‘unexamined wf_

RS



are p0|son0us dnd corrosive, and any process using silicon tetrachloride,
or other *chlorosilane compounds, requires 25 extensive gas-extraction
and -scrubbing facilities to make it environnmentally acceptable. Despite
the difficulties and cost of such scrubbing processes, silicon:
tetrachloride and certain other chloro-_sjlanes are. al nost universally
used as feedstocks to the 30 above-mentioned processes for the
manuf act ure applschittan/ 8% 168888synthetic vitreous silica. The use of
silane~([err]) is unusual, costly and hazardous. There is |imted nmention
of the use of-alternative silicon conpounds, but nethyl and et hyl
orthosilicates ha¥hebeenlm@stposuvd anrsahe 8B6e nefuf ashipEispe- ogqnta;janing

powders in %&%6&@&2@%@%&%&@%@&3&%@1@ Qupftha\/ttiﬁoh‘.% Rgei 516N
Japanese unexan1ned lication 85 108338. The .al nost_ "universa
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I's i TTDOSSI$)|©oﬁ’ﬁ&mﬁlbﬁth©rﬁdiye‘(ﬁxlfbﬁidé Cawhietuats wbbeh soenéd rp&rbbbfsr@é an
cont am nat i c Line is for sone purposes an undesirable

i mpurity. Sdﬁw§¥§?5F %ﬁe HRHSﬁF%ﬁ\The present invention relates to a
process for the manufacture of a transparent synthetic vitreous silica 10
pr oduct - by W&B&Hé ?hﬁie%ﬁ§‘¥¥0éﬁk na Silica precursor material in a flane
and col l ecti'on o e Ica iromthe flow of conbustion products by
deposition as oneTBe aPF%@@PBrreirfh‘f%‘Hti%s§91@FtespoF6usa process ser the

adapt ed- forméiﬂ?ﬁ&@‘ﬁﬁ&b de#si ki cerhaBpareént f eiyntnéany fvaddeslys Idhilica

0,
charact eri‘§e ro ucgatbymvalﬁaoslfrtp aansé30 é)xojfdég]ieofl IclfcaalI nsitlhieca precursor
' v

material in a flame and collection of the silica from the

flow of combustion products by deposition as one of an -
agglomerated mass of porous silica soot adapted - for
subsequent densification and a fully densified body,

15 characterised in that not less than 60% of the silica in the
deposited prbdth is derived by oxidation of

(A) One or more straight chain'volatile silicon compounds
of the general formula

R3 si - O(SiRz_O)n « 51 33

20 where n is any integer ihcluding'zéro, and R is one or more
of the following:

(i) - one- or moré'alkyl group(é) qf the general formula
| _ Cm * Hom+1 - |
where m is any integer greater than zero, or a
25 . substituted derivative.
'(ii) one or more aromatic phenyl group(s)
| CeHg-
- Qor a sﬁbstitﬁted aromatic group. -
(iii) the hydroxyl group
30 - HO-

(iv) the vinyl _group.



deposi wexiogmosdect i s derived by oxidation of (A) bﬁe or hD@Qn§é§gdg$B&§héjn’
volatile silicon conpounds of the general formula [err] 20 where n I'sS any

i nteger including zero, and Ris one or_nore of the following: (i) one
or nore al kyl group(s) of the general f%r mul a [err] where mis any integer
greater than zero, or a 25 H,C sufist+tuted derivative. (ii) one
or nore aromatic p | group(s) [®err] or a substituted aronmatic group.
(rii) t he hydroxyl group 30 ' HO - (iv) ~the

vinyl ‘group WO 90/ 10596 - _ . o
PCT/ GB90/ 0@Q$84 :H CtheCliydrartié (@Houg he hydride group 5 and/or of (B) ﬁéone
or nore cyclic volatile silicon conmpounds of the general forrmula [err]

" where n is an integer greater thaﬁ'Zj:and Ris one or nore 10 of the

chem cal groups defined at (i) to (v) above, or a mixture thereof. Mre
than oge LuR crogfsubstitUEnt.group may be present in the sane nol ecul e.
Cyclic nolecules covered. by the invention have the '

(B) one or more cyclic volatile silicon compounas of the
general formula o '

SThOn(R) g,
where n is an'integeﬁ_gféatér than 2, and R is one or more
10 of the chemical groups defined at (i) to (v) above,

or a mixture thereof.

More than one"t?ﬁe' of substituent-gkbup.may be present in
the same molecule.’

Cyclﬁc molecules covered bj the _1nvehtionl have the
18 general formula
. : gSih,on-(R)2n
where n is'grgater than 2, preferably greater than 23, and R
is a substituent group as defined above or a mixture of ™
such groups. | | o ” e
20 The inventiqn includes the use of mixtures of straight
chain molecules as defined above, mixtures of such cyclic
molecules, and mixtures of straight chain and cyclic mole-
'cuIes,-and'a}so feedstocks containing other species, but of
which not less than 60% of the contained oxidisable silicon
25 species arise from the above-defined molecules.

As noted above, the final size of the particles of
silica fume 1is determined by both nucleation and growth
processes. It is preferable for. the achievement of large



15fgéneral “fornmula [err] mhere nis greater than 2, preferably greater than
3, and Ris a substituent group as defined above or a mxture of such
groups. 20 The invention includes the use of m xtures of straight
chain nol ecul es as defined above, m xtures -of such cyclic nolecules, and
m xtures of straight chain and cyclit nole- cules, and al so feedstocks
cont ai ni ng other species, but of which nof Iess than 60% of the contai ned
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t he vaporis g ecur sor and | ar advantage
the preferr@@gr@cekebetennpdu Nééir@loutsnéﬂm%ti%naiﬁéﬁdﬁfhénbé&&,c%kea@@on

of V'tre@USﬁﬁé'§§et§e§|@%%86dj1é&ﬁ@@inaﬂﬁe5pdﬂ¥héiﬁﬁ'?Qlébre@®é£3"$f'”
t he pol yneric err%ﬁﬁﬁgln or. rjing. strgcture I S thus ﬁﬁ le to

achi eve a sii%%rS P&+ pritetS F EFelp"Sz?rH’]a? | &9 gBFRABYR §"i A3blefhe
ul timate fumumises i ofeprimamssaveled| band sa ubdegetramean NnsLagb iy othe
reactions 10Q .t.q. | e u L L since, if conbustion is not conplete,
car bon or si%é%ﬁ?ﬁ%u%ﬁ%% #gﬁéééiggfned For this reason, the preferred

al kyl group is the nethyl group [err]. For the sane reason, higher

mol ecul ar wei ght ﬂéé§§f€?s@§ﬂb@§ Pé‘%n@éh#aﬂ@é efd“c%?aﬂi?é‘tﬂ?xb&fé’é&wﬁ’s as
these also 15 contain a | ower proportion carbon at cour se,
10 to achieve pure s1llca, since, if combustion is not

L, complete, carbon or silicon carbide may be formed. For this
reason, the preferred alkyl group is the methyl group CH3.
For the same reason, higher molecular weight silicone
species and cyclic molecules may be preferred as these also
15 contain a lower propbrtibn"of carbon atoms. Of course,
availability, cost, and purity are other factors which may

affect the choice of preferred species. |

It is a feature of all precursor compounds encompassed

by the present invention that in the presence of excess

20 oxygen they burn to form carbon dioxide, water and synthetic

silica fume. This fume may be deposited either as pore-free

material or as a porous soot on a substrate, which may

include any suitably refractory and non-contaminating

material, including carbon/graphite, alumina, or vitreous

25 silica which again may be either a pore-free material, or a
porous soot body.

" The precursor or feedstock compound(s) may be fed to a
suitable synthesis burner, the energy input of which may be
supplemented by additional combustible gas, for _example

30 hydrogen, or methane, together with sufficient oxygen to
effect combustion of the contained species. Unlike the
commonly used feedstock, silicon tetrachloride, the feed- .

- stock compounds of this invention -themselves exhibit a

~ substantial heaf of combustion. This permits both enhanced

3$f“temperatures within the reactlng core - of the burner and



avail ability, cost, and purity are other factors which may affect the.
choice of preferred species. It is a-feature of all precursor conpounds
enconpassed by the present invention that in the presence of excess 20
oxygen they burn to form carbon dioxide, water and synthetic silica fune.
This funme may be deposited either as,pore-free material or as a porous soot
on a substrate, which may include an @ suitably refractory and

non- OBl 3KLBAIddide IFE £8 L Rbng! 041 8L | 95pabibe. al¢Hbaa e Vitreous

a which agarn ma re- nmaterial, or a porous:3oot
body baghpréesizspler #’E%é?@@ﬁn@énpﬁéﬁélflg) ﬁ%@ebe $Rd & o SHidwhlapl ¢

synt heaeglgheaersydﬁliesqrsen:ﬁymékputt@flméb fﬁﬁebgaeeaelle@rﬂhech s

addi ti onal %gnbustlble %3. for %ﬂg %d g%é met hane, together~
Wi th sBPFFLPIR UBit Fihienn R tERRBISFL g 8 8%k ned spoci e
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suitab eési gned synt heSi's: burner articles than'is _
pOSSi b‘P§lG§Pﬁg (9T @FANRL? OKYBPRYe ARG esétEHJ(ﬁﬂken 1 hydrpgemoioows from

the hlﬁéthaate Ofawqr?ﬁlﬂngﬂirdhanw @‘r%?lﬂeaéﬁl%dﬁéﬁkﬁhaﬁ hhefi weention
b b kB cBipblidhibe SRkl o i AVHEESRLS EERRE mRvaPen ortyeh or
nethanfroatcbmbawtadnﬂdﬁjthejpreﬂurs&ry an@eedaﬂthﬂsprESible to [
design synthesis burners in which substantially all (e.qg:
90% or more) of the .combustion energy of the  burner is
provided by combustion of the precursor compound and . these
15 novel features of the synthesis of silica represent further
aspects of this invention

Suitably at least one half of the energy liberated in
the combustion process is derived from combustion of the
silica precursor-material,'and the silica is collected as a

20 porous mass of synthetic silica.r

‘Suitably at least one third of the energy liberated in B
the combustion process is derived from . combustion of the
silica precursor material, and the silica is collected as a
substantially pore-free vitreous product. .

25 The plume of silica fume is projected on to a substrate
as described above. . The collection efficiency is an
important factor in the ‘economics of fsynthetic silica
production, ‘and it is recognised that one of the principal-
mechanisms of collection of hot fume on a substrate is the

30 process of thermophoreSis, i.e. the tendency of ultra- fine
particles in a. hot ~gas ‘stream which, exhibits a ‘thermal
gradient to be propelled toward the region of lower temper-
ature. " It is thus advantageous to generate the. fume in a

,hot concentrated plume, and pro;ect this fume onto a ceoler



10:“tbe_bodbqstjon energy of the synthesis flanme may be derived from
conbustion of the precursor. Indeed it is possible to design synthesis
burners in which substantially all (e.g. 90% or nore) of the conbustion
energy of the burner is provided by conbustion of the precursor conpound
and these 15 novel features of the synthesis of silica represent further
aspects of this invention. Suitably at I|-e@st- one half of the energy

| i berated in the conbustion process is derived from conbustion of the
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as descrdb abgve. he cqQllectign efficiency is an inportant
factor i ngt%ro%cigﬁé%n?gg‘%?: °§y%{bﬁ§1ﬂ°§%°§ﬁﬁ’t%ﬂproduct ion, and it is
recogni sed that -one of the principal nechanisns of collection of hot fune

on a substrate isyt pr. hQLE681 Stal - fhal f
ultra-fine partic _e?eqp:ﬂég hgf‘i%}?&g{ r;engﬁ;r \:\?;ig_ph exhi Elot S’éléet h%%ﬁggﬁs"%?gm
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burn, ine sttdnplooessting oF dhesisidm neltahdul) Wororesdnd fplorine.
tenpgrature plune of silica fume, gaining maxi mum benefit
The invention also extends to synthetic silica products
made by the process of the invention ;e.g} soot-coated

substrates, sintered articles and fully densified products).

Examples of the Invention

15 | The invention will now be further described with
reference to the following_illustrative Examples:

Bxample 1

A heated coannular synthesis burner,' comprising a

central feed orifice surrounded by a first and second

20 annular channel, was supplied with flows of vapour and gases
as follows:

Central orifice: octamethylcyclotetrasiloxane vapour,
0.086 m>/h, plus nitrogen, 0.03 m>/h.

First annular channel: hydrogen
25 Second annular channel: oxygen
After ignition, the burner provided a steady flame the
central part of which comprised a brightly luminous plume of

silica fume, which was - directed on to -the side of a-



5 from WWpegfibsgs Of thernophoresis. A -doping addition may § g@ﬁ;& 31g“he
vapour - phase oxidation to nodify the properties of the synthetic Silica
product. Suitably the doping addition includes the vapour of an oxidi sable
or hydrol ysabl e conpound sel ect ed fromthe 10 group consisting of
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t het | duct f th t
<ot - coat eq ' Qucht 41889 BpRRIFeq” JAtFelod e BT e At | meLnret e

Exanpl es of caheiageemoveh1€s para11§ﬁetc|nmmunastmldf tiosy Oel i ddir i @Y

descri bed Wé}pr.?E&rEﬂﬁﬁtﬁrﬁtbhecfaﬁklﬂw e 51%%‘# Vﬁv@agpéiﬁe%g ‘fa%’é

A heat ed_coannul ar s¥ esi s burner, conpri centt
surround®d 8ydarepeatrediy $ac8FaN2Ghanienwthc mﬁﬂe suhstnppe i ctead thg -

5

flows of vapeuragndigageswish Eﬂ'hﬂ%ssuG%Q?%%b @W‘Hﬁ*hgglomerated wh1t% 03

| us nltrogen

t t hyl | ot | 086
?gr???h Y C C?Oﬁﬁth Lsgﬁgﬁﬁépp quéeﬁ°§§ Se%gﬁﬁ] ArWahHahheterand gen -

Af t er ignitsoﬁf1cmenbmvham pmbpléed acst eady f lpass tte avintaimad tcer~-
whi ch conpr b Voo U al.ung, ;Qf. silica f o Wi ch o was,

whi ch conpr {568 8aDbLRBEL cbUELBRF 2Ry o8 Bradled o2 @ tend fdburESin
PCT/ GBOb? oogisq 9de99$h§ﬁpaa| zgngphwas smedntaicest dtaran apaodkimately

rotating Incoastahaseawakwngmhafthe _ ran-EQeﬂ@Wdersd’@?c ounggg | @51-—
carriage novabl e he cyllndrlcay gr-aphi

substrate EA99 Hﬁgt Rangf UHﬁdof"f'uﬁeprd(j’rde?gl Fohpr

on coo11ng and after removal from the graphite sub-‘“l_

o strate; the soot body wetghed approx1mate1y 5 Kg, end had a

18 mean dens1ty of . 0.4 g/cm The body was sintered under
vacuum, to.igjye:a. transparent tube ' of synthetic vitreous
silica glass, of high purity, free from chlorine and with a
hydroxyl (OH) content of less than 1 ppm.

Example 2
20 " A heated coannu1ar synthesis bufner, comprising a
:_centra1 feed or1f1ca and four successive annular channels,;;J

was suppl1ed w1th flows of vapour and gases as fo11ows

Central orifice: dacamethchyclopent3511oxane' vapour
o 054 m3/h plus hydrogen, 0.12 m3/h

25 First annular channel: hydrogen
Second annular channel: oxygen
Third annular channel: hydrogen

Fourth énnu1ar_channef: cxygen; _ o -



5, and rep scan“the length of the substrate, |eading §Qacfadi.al
grow h on ‘%ﬁée’gﬂﬁ%ﬁgate of an aggl omerated white deposit of syn#ﬁg}t’c?@o?wz'u
silica soot. The burner was withdrawn sufficiently at the end of each

pass to nmamintain a con- trolled burner-tot1gubstrate distance. The
tenperature in--10 the deposition zone was nmaintained at an
approxi mately constant value within the range [err]. The deposi- tion

was continued for a PeeiaxisfoB therburtarcealsi g regtedafaterthe damvidpHenim
the graphite syl Sté@@&a t@ﬁasoe# badycwahwc%npr%u%%@% 5 &9y Ab

a 15 Mlean densit [err dy was sinter under vacuum
to give a trdﬁhbﬁ?%ntdiim@536f1%9n@ﬁetﬂb°§?tF@6G§°§|Ma@amﬁkﬂiﬁ’ﬂﬂdtﬁﬁﬂﬁ”
purity, free frmﬁ&&ﬂﬁaﬂm pncométant hydmpeylatiPd) waamiient tWe Irefitgd hesod-
ppm Exaan; c A heated coannular synthesis burner,

conpri sing ce %Qﬁ feed orifice and four successive annular channels,
was supplied with fl ows of vapour and gases as follows: Central orifice:
decanet hyl cycl opent a 'y _ ] Walg! r&gﬁgy
0.12 [err] 25 Flrstéannu?g§ C a ne?ggYaﬁggEg%dggégk ghnushﬁuﬁﬁanne ned.
oxygen Third ar¢emrrighagnal : ch}/@IFbQEH‘FFBGrt BYAHRGLtAC civdtr@ousxRiehica of
WO 90/10596  high pur1ty and hi h optical REPENBANHEB4 and) Wixh a

axi s of the burner was e at t h heri-. cal domed end of a
cylindrical sub¥¥$% ?éybfkéH r%BﬁEEQFIPg ggbl%ﬁ@ler 150 mm whose surface

was mai ntai ned at an approxi mately const ant tenperature wi thin the range

1500- 10 Example 3
\\gﬁ{.’
A coannular synthesis burner of similar desigh to that
used in Example 1 was supplied with flows of vapour and
gases as follows: R
‘Central orifice: octamethylcyclotetrasiloxane vapour,
15 0.086 m3/h, plus aluminium 2,4-pentane-
dionate vapour, 0.014 m3/h, plus
nitrogen, 0.03 m3/h '
First annular channel: hydrogen
Second annular channel: oxygen
Nt

20 The flame was directed onto the hemispherical domed
end of a cylindrical silica substrate which was rqtating
about 1its axis while supported from the other end in a
glass-working lathe. A white deposit of alumina-doped
silica soot built up on the end of the substrate, which was

25 continuously withdrawn to maintain a constant burner-to-
substrate distance. The temperature of the deposition zone
was typically 1140°C. ' '

After a period of 6 -hours the deposiiipn was sus-
pended, and the agglomerated soot body was sintered under



S -

Pgﬂpble free aggl onerated deposit was thus obt (ggﬁ 9ﬁ 'sing'
a éhlorlne ree synthetic vitreous silica of high purity an I"gh opt1 cal
transparency and with a hydroxyl (OH) content of 830 ppm 10 Exanple 3 A

coannul ar synthesis burner of simlantdesign to that used in Exanple 1 was

supplied with flows oug a ases S f | I.ows; Central orlilce
octanetth%?%?%tet?a§EF¥ﬁ Bgdg ur Te=free "alumina doﬁ 836

n8/ h, plsxnaheﬁﬂnlunﬂzreopsntané1cahonan¢h ‘alapina contedtdappfexrrt/h,
pl us nltrﬂgggqy010§ &gﬁgk/h First annul ar channel: hydrogen Second anqgiar

channel : - oxygen. 20 The flame was directed onto the heni spheri®al
domed end of a cylindrical silica substrate which was rotating about its
axi s whilgxaspperaed fromthe other end in a'glass-working |athe. A

white deposit of al unina-doped silica soot built. up on the end of the
substrate, which was 25 contihuously withdrawmn to maintain a constant
burnersto- subTheatendiisiansesfTEsampigeBawere cfeddmteadposktepn zoat was

typically r ft er oyr nded,
and the aohforonbe Bt 3a8E0 N6, JanBurdel et SR DB TBecHP oRE
PCT/ GB90/ ogsemwereaédﬁm suypépuﬁngeda byodthe ofaddimipe- feBel.0052

al umi na- daded s¥nthebnGum'icbteatsobbitdxGdle Widdurdl UG §66% 6Pt odet oxi -
mately 1.5 nol e%
was thus doped with both -alumina . ‘and titania, “and after
10 s}pter1ng the glass product was found to contain approxi-

mately 1.5 molex alumina and 1.5 moleX titania.
Example 5

' The conditions of Example 3 were repeated, except that
the flow of a1um1n1um 2,4-pentanedionate was replaced by a
15 flow of 0. 0104 m /h .of - titanium ' tetraisobutoxide vapour.
The soot prqduct_was thus singly doped with titania, and
after sintering, the=glaSS pfoduct was found to contain
approximately 3.0'Molex't1tania}

Example &

20 A coannular sYnthesjs_bUrher of similar deSigﬁ“to that 1/
used in Example t was supplied with flows of vapour and
gases as follows: '

Central orifice: octamethyIcyc]otetrasi1oxane “Vapour,

_ . . 0.088 m/h "plus - boron trifluoride
25 I diethyletherate vapour, 0.005 m>/h plus

nitrogen, 0.03 m°/h.
First annular channel: hydrogen

Second annular channel: oxygen.



Exanple 4 5 ° * The conditions of Exanple 3 were repeated, except: that
the flows "~ of gas and vapour to the central orifice of the burner were --
al so supplenmented by the addition of 0.0052 [err] of titanium

t etrai sobut oxi de vapour. The soot product was thus doped with both

alumna and titania, and after 10 sinyering the glass product was
found to contain approxi- mately 1.5 nol e% al unina and 1.5 nol e% titania.
Exanpl e 5 The conditions of Exanple 3 were repeated, except that the flow
of al w{p ni um 2 4- pem=Aaned et ena@s aepbaced bynac3the sfilbewoaf aocﬁﬂr%nal#h
of t#Fani um tralsobwtOX|q? our. The_so groduct was t hus ﬁlgg%y
doped wi th t|F§ i1 RArAGR laf t'eR si At er PRGS tﬁé”gpﬁ 3Cpr $ATELMNEs 0

contain approdnﬁmbﬂer1315rmhm@btwéﬁmtaanxanphquaQ@ ~-working& deaermal arThe
synt hesi s bur f SI [ deS| h [ | i
with flows Egva%our andgﬁﬁses as" %g?é Sérg %grg ori gpa§1 W%ﬁ-%ﬂ&?_rég
oct amet hyl 8yckatetingsitirexareiume cf Qatpeursv 01086 fTuer proleressiively bmdn
trifluoride 25gpe te"]v to scan th&"?é.li'é({letgﬁr%s sMEBg%te s 1%%’61']'4&'
pl us nitrogen, 8 63 31 I rst annul ar anne rogen Secon

annul ar channéP: raﬁy@én aroq§h1q@ thé afBbsSHA edeeétEb‘t6n9§QH§§§ﬂQﬁe%ﬁ

a circul ar cyhgpadbhedatddtnadd eptlcﬁ@oecsygmehéemvwtee@&s SigliilGéa Hoot .

di anet er 75 rotatin in | ass-wor ki ng .l ath The
The temoera re %19 ghe deoos1%1on zone was approximately

10 1080°C. The depcsition was ccocntinued for a persiod cof 2
hours. o
\_/ _

On ccolina, the vitreous silica rod and adhering doped
soot laver were subjectaed tc a zcocne-sintering operation
which vitrified the soot leading to a step-index cptical

15 fTibre preform with a core of pure synthetic vitreocus silica
and a claddina of synthétic vitreous silica doped with
boron and fluorine. The product was drawn t2 step-index
fibre of diamet=ar 200 microns, which had a numerical
aperture cf 0.16, and an attenuation at 820 nm of 7 d8/km.

20 Tne following summary cemonstrates the use of the
present invention.

\_}
Proguct
Scct Body - ¢ollectzd on a substrate (which
neec not be silica)
2t ~ collected on a vitreous silica
rod. or tube {(e.g. on a fibre
optic preform).
-~ collected oh a crucible (inner
and/cr outer surface)
2 Vitreous Body - collected on a substrate (which

need not be s111ca) .
—-_co]1ected on a v1treous sa11ca
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burner carriage was noved parallel to the axis of the rod.5- causi ng‘.th'e* R
plume of doped silica fune progressively and repeatedly to scah the '

| ength of the substrate rod, leading to radial growth on the substrate of

a white deposit of an aggl onerated nmass of doped synthetic vitreous silica
soot. The tenperature in the depositiort3one was approximately 10 [err].

The deposition was continued for a p & d of 2 hours. On cooling, the
vitreous silica rod and adhering doped soot’ fﬁye#qﬂﬁwiesmbje@med ftdred
zone-sintering operation which vitrifie@ptticensedtrnlieading to a P
step-index oDtical 15 fibre preformw thﬁ‘}‘éBE?dOf pure srynt.het_i c vitregsh
silica and a cladding of synthetic vitreous siTica dofef MaiPboronaed:
fluorine. - The product was drawn to:28€épriadbarf shreaek di ameter 200

m crons. which had a nunerical aDerture of 0.16, and an attenuation at 820
nm of 7°dB/ knbop@8 Produbite fol l owing - {J'rrma'r_y demonstrates the use  of
the present invention. Product: Soot Bod§'2°3=.'9602; P,0gokheqted P&
substrate (which need-not be. silica) 2%ynthetic product. i« -
collected on 'a vitreous silica rod, oranth})oef ( eqﬁ'%" on -a-1f-‘i bf & offf f@ted.

preform). - collected on a crucible (inner and/GPBUterd suf Facegx¥mpneous

Body ~ - - collected on-a substr &e navtseciref mead yiot ; hgegil i ca) -

collected on a vitreous silica 13 8.6 F o DA .
- 10 | L ~ T2¥3r " 1ncluded as synthetic .

P ct. i |
Sproduct . .is Created 'and/cr

.deposited (for example to lower



| rod, or- t;{gﬁoéa‘g?éson a fibre opt.i c preform. collected on [Zﬁﬁmd&b&m-

(|nner and urface) 5 Doped Product

synthetic product s created and/or deposited (for exanple to raise
refractive index) [err] included as synthé#ic 10

product is created and/ or deposited (for ;€ ot r WO

90/ 10596 14 refractive index). Preferred Feeg??%%&g@e_th%%Pude
hexanet hyl di si | oxane and the st rai ght chain or cyclic tetrameric or
pentaneric 5 Preferred Féedstocks - Ifidiuganes. hexSﬁﬂtlffy‘ktaid'Moxadﬂe

si | oxghes COct amet hyI cyclotetra- siloxane and Dec rret hyl .0 ent Xa
and their mix- ture$ have been found to3F8 1% SEHiGnd O R X

especially suitable. - 15 - CLAIMS 1. A mywddss tedrames ica@rf nentamefiq
transparent Syn- thetic vitreous silica produgt ,@ﬁe\éapou-rs-pgtasgé)aqgati Ofhe
° | siloxanes Octamethy1cyc1otetra-
siloxane and Decamethylcyclo-
pentasiloxane and their mix-
_ tures have been found to be

10 especially suitable.
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a silica precursor material in a flame and collection of thé 5.sili,ca from”
the fl ow of conbustion products by deposition as one of an aggl onerated
mass of porous silica soot adapted for subsequent densification and a fully
densified body, characterised in that not | ess than 60% of the silica in

t he deposited product is derived by oxitat+ion of 10 (A) One or nore
straight chain volatile silicon conpounds of the general fornula [err]
where n is any integer including zero, and Ris one or nore of the
foll ow ng 15 (1) one or nore al kyagmoup(s) of the general fornulgﬁ
[err] where mis any integer greater Than zero or a substituted
derivative. (ii) one or nore aromatic phenyl group(s) 20

[err] or a subsultmtpdoaéssafbe gheumanhwbmkukbeoﬁydrQ&ﬁnsyéhah&{éy&4v)

Lre o™t h8fBc P craoys siyica prodkll by A blk opblls MASRAIP T |
SI|ICOn coap@yhUQaerehnrgenematetpahuia_a flame and collection of the
5 silica from the: flow of combustion products by dep051t10n as
one of an agglpmerated mass of porous silica soot adapted
for subsequentadensification and a fuily densified body,-
characterised 1n that not less than 60% of the 5111ca in the
deposited product is derived by ox1dat10n of

| J
10 (A) One or more straight chain volatile silicon compounds
of the general formula
R3 Sl.O(SiRZO)n SlR3
where n is any integer including zéro, and R is one or more
of the following |
15 (i) one or more alkyl group(s) of the general formula
. Cm ' H2m+1 _
where m is any integer greater than zero or a
substituted derivative. -
(ii) one or mdre aromatic phenyl group(s) W

20 ‘CgHs-
or a substituted aromatic group.

(iii) the hydroxyl group
_ HO -
{iv) the wvinyl group
25 ' HZC = CH -
and

(v) the hydride group
H -
and/or of

e
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[err] where ni's an integer greater than 2, and Ris one or nore 5 of the
chem cal groups defined at (i) to (V) above or a mixture thereof. 2. A
process according to claiml, characterised in that the vaporised silica
precursor material contains a polyneric [err] chain and/or ring structure.
10 . 3. A process as clained in clai-ml6l-or claim2, characterised in
that at | east one half of the energy liberated in the conmbustion process is
derived fromconbus- tion of the silica precursor material, and the silica
i's col l.ected as a pa@ pumerass nimfresyzlyt:u&tcl vodiltide. §i%icon coﬁpoud&qomcfcm
as clabmed in 4 %‘1%0?&1 characterised in that at |east one third
of the energy | Herat ed e conbustlon process is derived from conbus-
tion of the silica precursor mat8tjaf, éRdié hhe silica is collected as a
Q

substantially p{&rd r:?elé” HGQHEeEEQdEQEat than 25, andA‘ l?r9§e§ﬁea§r more

claimed in any precedi ng cl ai aracterised in I'Tca precursor
material is % @l ¢169<‘&h%abfg’f'ﬂ‘épﬁeﬁéfaﬂefio?ﬁuKa)[éPr](V\Rhé‘rb@"r? sequal s 4

or 5. 6. A prygess mbxehpdNBRet@ofily of clainms 2 to 5, 25 characterised
in that the silica precursor-material is hexanethyldisiloxane. 7. A

process as -claimed in any preceding claim characterised in that a doping
addition is madga tOIZhe hapowcesisa s anadiiatg oto' tdadmdilf,y gm;_ggqgg;agégj_gf
the 30 synt hetgr& 'ltg%?‘ ViP8Eied si1ith “pPechrBbPCenstdSift alBiftdths a
claim7, chara sed in -

polymeric (SiO)n chain and/or ring structure.

-/ 10 3. A process as claimed in claim 1 or claim 2,
. characterised in that at least one half of the energy
liberated in the combustion process is_ derived from combus-
tion of the silica precursor material, and the silica is

collected as a porous mass of synthetic silica.

15 4, A process as claimed in c¢laim 1 or c¢laim 2,
characterised in that at least one third of the energy
liberated in the combustion- process is derived from combus-
tion of the éilica precursor material, and the silica is
collected as a substantially pore-free vitreous product.

20 5. A process as claimed in any preceding claim,

" characterised in that the Silica precursor material is a

cyclo-siloxane of the general formula Si O (CH3)2n where n
equals 4 or 3.

6. A process as claimed in any of claims 2 to 5,
25 characterised in that the silica precursor material is
hexamethyldisiloxane.

7. A process as claimed in any preceding claim,
characterised in that a doping addition is made to the
vapour-phase oxidation to modify the properties of the

30 synthetic silica product.’ -

o mmm




that the doping addition i'ncludes the vapour of an OXIdIS- able or.
hydr ol ysabl e conpound sel ected fromthe group consisting of al um nium

titanium boron and fluorine. 5 9. A process as.clained in any one
of the preceding clainms characterised |n t hat the vapour-phase oxidation is
carried out using a synthesis burner” . A synthetic silica product nade

by the processg of gn G 1 otding to
clai m 10, char act eril ?etgice se%jhﬁP ﬁﬁglgépoglnt gdapro?u t":Ahé)i:g'gyéﬁ.:L G258 g
mass of pcnams thiel idopigwtaddicpienl inecludesedhentvapays f¢€aamoﬁxeﬂ1§—f Iy
densifiedaBady Hp tﬂ;déewggmene e&pauﬁw . agibe%dbowoma £HBul aEolgdy

cruci bl e ang an optical bre pre?ornl A roduct accordlng to
cl ai m 10, C@ﬁ&#&@ﬂ@ﬁi§€d%¥¥qﬂﬁiumtfﬁ}t%ﬁkkErtBﬁroglPP@af ueré‘t?bstantlally'
~free fromchlorine.

5 - 9. - A process as clalmed in any one of the precedlng .
clalms characterlsed 1n that the wvapour-phase oxidation is
carried out using a synthe51s burner. '

10. A synthetlc 5111ca product made by the process of
any precedlng clalm._

10 11. A product accordlng to claim 10, characterised in
that the dep051ted product is an agglomerated mass of porous
silica soot adapted for subsequent. den51f1cat10n or a fully

densified. body 1n the form of one of a cyllndrlcal body, a
tubular body, a cruc1b1e and an optical flbre preform

15 12. A produCt according to claim 10, characterised.in-
' that the deposited silica is substantially free from

chlorine.

I
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