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1. PField of the Ianvention '

5 This invention relates to an improved heat treatment-
furnace and facility for the manufacture of large synthetic
vitreous silica bodies. '

w,

2. Description of the Related Art

The manufacture of high purity vitreous silica bodies
10 is of growing commercial importance due, in particular, to
the needs of the optical fibre and semiconductor
industries. Initially the requirements of these industries
could be met with fused quartz glasses, made by melting
‘highly refined quartz crystal powders by using electrical
15 or flame fusion techniques. As purity requirements have
advanced, however, it has been increasingly difficult,
using naturally occurring crystal feedstocks, to achieve the
purities sought and attention has turned to alternative
synthetic sources of vitreous silica. Much work has been
20 published concerning such alternative routes, the most
fimportant of which have been vapour deposition and sol-gel

or related techniques. |

For example, large bodies of porous éynthetic vitreous,

silica can now be made by”depositicn of silica soot from a

25 flame, in which silicon tetrachloride or an alternative
volatile silicon-containing compound is hydrolysed or
oxidised in a hydrogen-oxygen, or methane-oxygen flame.
The flux of silica micro?particles is -typically directed at

a rotating cylindrical substrate, where it deposits as a

30 porous body of pure vitreous silica, frequently known as a
silica soot body. This soot body is sﬁbsequently converted
to glass by a process of sintering, (also referred to as
consolidation or wvitrification). = By adding appropriate
dopant feagents to the flame, the soot body may be doped

35 with either metallic or non-metallic species. Thus
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reagents to the flame, the soot body may be doped 35 with either
metallic or nonSuwehapbrousspitresus silliws bodies may be alternatively

5 made by casting shapes made using slurries of ultra-fine
synthetic vitreous silica powders (e.g. P. K. Bachmann et
o . al, Shape Forming of Synthetic Silica Tubes by Layerwise
~ _ Centrifugal Particle Deposition, Ceramic Bulletin, 68(10),
! 1989), or by dry-pressing such powders (e.g. US Patent
10 4,620,862), or even by casting, from precipitated silica
sols, though this last method presents problems for making

large bodies.

r -
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In this specification it should be understood that

where reference is made to a soot body, should the context

15 allow, a body of porous synthetic silica derived from any
alternative process is alternatively possible.

The above methods commonly give rise to solid or hollow
cylindrical bodies of porous silica glass, typically of
density 0.4 to 1.0 g/ml, which may' subsequently be

20 purified, for example by heating in a chlorine-containing
gas. This treatment converts undesirable impurities in the
glass into volatile chlorides which may thus be removed.
Typical chlorine compounds_include Cly, SiCl,, SOCl,, COCl,
and CCly. Removal of transition metals, e.g., irom, is

25 illustrated in the following equation:

§10, (5) *Fe303(5) +3Cly(q) —> 5103 (g)+2FeCl3(q)+1102 1
Removal of OH (hydroxyl) from the glass is by formation of
HCl gas, thus:

2 =8i-OH + Cl9 —> =8i-0-Si= + 2HC1 + { Oy 2
30 Another gas-phase process commonly undertaken to

produce doped glass products for the optical fibre industry
is treatment of the porous body in a fluorine-containing
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The above gaseous treatment processes are undertaken

5 typically at temperatures of between 800 and 1200°C.

Following any such purification or doping treatment,

~ the porous vitreous silica body is sintered, generally in

. an atmosphere of helium, or optionally helium plus some

chlorine- or fluorine-containing gas. Helium comprises the

10 bulk of the atmosphere since it is somewhat soluble in

vitreous silica, and diffuses rapidly through the glass.

Thus if, as sintering proceeds, some gas is trapped in a

closed pore or bubble, provided that gas is comprised

substantially of helium, it may escape by diffusion through

15 the glass, and a transparent bubble-free product. may
thereby be achieved.

The above prccessés are now commonplace in the'optical
fibre industry, and operate satisfactorily on a small
scale, however the products are expensive, and there is an

20 urgent need to operate at larger scale and lower cost, while
maintaining quality and purity.

Methods are being developed for making larger porous
synthetic vitreous silica. bodies, most importantly via
soot-deposition techniques, notably by OVD, (Outside Vapour

25 Deposition, the deposition of silica soot on the surfaée of
a rotating cylindrical mandrel), and VAD, (Vapour-phase
Axial Deposition, deposition of silica soot on the lower
end of a cylindrical body rotating about a vertical axis).
Such processes are adaptable to the large scale manufacture

30 of cylindrical soot bodies, but purifying, doping and
sintering of these bodies on large scalé at low cost
Presents new problems.

Early furnaces for sintering porous silica soot bodies
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/ 5 silicon carbide, or graphite,the muffle tube serving to
! contain the selected sintering gas atmosphere (e.g. helium)
‘ and to isolate the silica soot body from contaminants
emanating from the heating elements, or the external
. environment. ';'he soot body could thus be heat-treated in
10 chlorine- or fluorine-containing gas within the muffle tube
by raising or lowering through the central hot zone.
Subsequently the body could be sintered progressively in
the same manner, by passing slowly at a few millimetres
per minute through the hét-zone at a higher temperature
15 than used for the earlier heat-treatment. In some cases
the dehydration and sintering processes were undertaken
simultaneously in a single zone-sintering step, at
relatively high temperature. EP-A-170,249 describes such
a muffle furnace and suggests alumina as a suitable material
20 for the muffle tube..

This type of furnace operates successfully for small
bodies, but has certain disadvantages. The alumina muffle
tube contains impurities, e.g., alkali ions which may
migrate -as volatile species into the high purity silica

25 product and 1lead to undesirable contamination. Again
alumina is difficult to fébricate in long lengths, tubes
are difficult to join, and the fitting of flanges for high
temperature operation presents problems.

In this specification the term "muffle tube” should be

30 taken to mean the innermost wall of a furnace, which is

heated by conduction and radiation from one or more heaters

which surround it, and within which the silica body is heat

treated. The heat-treatment process may be a zone-heating

process as described above, or may alternatively be such as

35 to maintain the whole body at substantially the same
temperature.
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Onprlsedtube still retains certain intrinsic disadvantages. At

5 temperatures above about 1300°'C a fused quartz tube will

exhibit viscous flow, and will sag or deform. For this

reason the pressure within the muffle may not be allowed to

differ significantly from that outside, or the tube will

- deform. Above about 1150°C fused quartz has a tendency to

10 devitrify, and if a partially devitrified tube is allowed

to cool, the mismatch of expansion coefficient betwéen glass’

and crystalline phases leads to stresses which may cause

the tube to break. Finally, at high temperature and in

atmospherés containing fluorine, a fused quartz muffle tube

15 is subjécted to an etching process, particularly when any

moisture is present. This both shortens the life of the

tube, and gives rise to gas-borne contamination, as

impurities released from the fused quartz tube may migrate

into the synthetic silica body, causing contamination

20 thereof. ' '

Despite these difficulties, vitreous silica and fused
quartz muffle tubes are in wide usage, especially in the
optical fibre industry, either in zone-sintering furnaces
where the Dbody moves through the hot-zone, or in an

25 alternative type of zone sintering furnace where the
hot-zone is moved along thé‘body. EP-A-170, 249, mentioned
above, describes the use of a fused quartz muffle tube
within a graphite furnace with relatively short hot-zomne,
and in an extension of +the principle, US-A-4,741,748

30 describes a furnace in which a muffle tube is surrounded by
an elongated susceptor, made from graphite, 'thermally
insulated, and contained within a fused quartz tube filled
with inert gas. A graphite or alumina muffle tube is
mentioned but a muffle tube of silica is preferred. The

35 effect of zone-sintering is provided by moving a short
induction coil which surrounds the outer silica tube up or
down the assembly. This generates a short moving hot-zone
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body The more conventional approach, with stationary hot-
'zone and moving body requires a building height of at least
(4L + 2H), where L is again the length of the body, and H is
..-' o the length of the zone-sintering section of the furnace.

10 Despite this advantage, the furnace described in Us-A-
4741748 exhibits a number of serious disadvantages. The
design described necessitates elaborate precautions to
permit expansion and contraction of components. It is
necessary to maintain the internal silica muffle tube at a

15 temperature above 1050°C to avoid the breakage which would
occur following the inevitable devitrification of the
muffle tube'in use. Whereas temperature is an important
variable governing the processes in question, the fact that
the -hot-zone is moving renders temperature measurement

20 difficult. At the temperature used for sintering the
body, 1450°C, the vitreous silica muffle tube is in a
softened state and liable to distort, necessitating care in
use, and the maintenance of a raised internal pressure, to
avoid ‘collapse of the muffle tube. This type of furnace

25 may thus be used only at prgssures'near to atmospheric, and
thus the technology described necessitates the use of helium
as sintering gas. However, helium is a rare gas, the cost
of which represents a sigﬁificant proportion of the total
cost of the sintered silica product, and scarcity of which ..

30 could present serious problems for future expansion of the
technology.

Since helium contributes nothing to the process, apart

frbm permitting processing at pressures near to

+ atmospheric, it might appear obvious to attempt to
35 heat-treat and sinter the porous silica body under vacuum,
or at the appropriate (low) pressure of reagent gas (e.g.,
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ca%se it has proved dlfflcult in the past to construct, at-

an acceptable cost, a large and practical vacuum furnace
capable of operating under the exceptional conditions of

ultra-high purity required for these applications.

One form of vacuum furnace that lacks a muffle tube has
been proposed in GB-A-2,203,737, in which a synthetic
silica soot body is sintered in vacuum or low pressure
helium, while contained within an inductively-heated
graphite tube which is rotating about a horizontal axis. It
is claimed that this method has the advantage of yielding
a cylindrical_sintered product, even if the precursor soot
body is not a perfect cylinder, i.e. in the softened state
geometrical irregularities in the glass body may be removed
because of the rolling action of the furnace.

However, if used on a large scale this technigque would
present a number of serious disadvantages, including
problems of mechanical damage to the fragile soot body, for
example on loading into the horizontal furnace, and would be
expected to result in undesirable surface or even bulk
contamination due to the constant rolling contact of the
silica body with the graphite susceptor tube. Operation
with reactive gases would present considerable difficulties
due to the need to maintain moving parts at high temperature
in a reactive gas medium, but at the same time avoiding
corrosion of the equipment and contamination of the high
purity glass. The concept is complex to engineer, and
requires a large vacuum chamber to enclose a rotating
furnace. The complexity and moving parts mean that clean,
dust-free operation is impractical, yet the products are
intended for customers who themselves insist on clean-room
operation, and would prefer that their feedstocks had been
prepared under clean-room conditions. |
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hot zone. The key feature of this design is that the
carbon muffle tube must be rendered impervious, so that
reactive gases within the muffle tube cannot escape into
the outer regions and react with the components of the
10 heater, liberating potential contaminants and shortening the
life of the heater. Silicon carbide is proposed as such an
impervious outer layer. Alternatively the carbon may be in
the form of a thin pyrolytic deposit on the inner surface
of a fused quartz tube. This complexity is Dbecause in
15 the furnaces described it is essential to separate the

heating means from the reactive gases within the muffle
tube.

US-A-4969941 incorporates further features of interest.
In one embodiment a first and upper chamber is provided, in
20 which the silica body is held in inert gas or under vacuum,
to permit removal of any adsorbed moisture or oxygen. This
has the effect of reducing the degree of contamination, and
prolonging the life of the high purity carbon lining the
muffle tube. In a further embodiment the actual sintering
25 process was undertaken at reduced pressure, thoui;h by
"whole-body" sintering, noi: zone sintering as would be
preferred for the maintenance of good dimensions of the
cylindrical soot body. '

Although the detailed construction of the furnace is

30 not . explained in US-A-4969941, vacuum sintering is
apparently achieved by placing the entire assembly,
including furnace elements, power leads etc., in a vacuum
chamber, a difficult and extremely costly approach for
treating large soot bodiés, requiring a vacuum chamber of
35 excessive proportions. The design also involves top-loading
through the first or upper chamber, and this limits the
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US-A-4969941 describes the employment of two separately
5 heated chambers in an attempt to prevent the ingress of air
or oxygen to the high temperature graphite sintering
furnace. US-A 5,032,079 describes an upper (preheating)
furnace lined with fused quartz, and separated from a lower
graphite-lined (sintering) furnace by a sliding valve.
10 During sintering, upward leakage of helium past the valve
ensures that the partial pressure of oxygen in the sintering
chamber is minimised, and prolonged life of the graphite
muffle tube is claimed. This approach still requires large
volumes of helium, whose use would be minimised, or even
15 eliminated if it were possible to evacuate the furnace.
The construction has the added disadvantage that the body
must be loaded through the top of the furnace. The total
height of the facility must therefore be at least (4L + 2H)
where L is the length of the body, H is the length of the
20 zone sintering region of the furnace.

Tt is desirable to be able to load a hot soot body into
a preheated furnace but, with a top-loading furnace of this
typej_convective rise of thé furnace gases would mean that
the upper furnace will immediately fill with air, which must
25 be eliminated by purging before the process can proceed, in
order to avoid oxidation of the heated graphite parts,
reducing their lifetime and giving rise to associated
contamination. Purging of this type of furnace, operating
at pressures near to atmospheric, 1is a slow process
30 dependent on diffusion of inert gas through the furnace, and
' more particularly through the pores of the silica.soot body,
to replace the oxygen, water vapour etc., contained within
the system. The operating temperature of the upper furnace
is also limited to 800°C by design considerations, in

35 particular use of a quartz muffle tube.
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risk of mechanical damage to, or contamination of, the
product glass body. These requirements are inadequately
addressed in any of the above mentioned prior art, and this
~ invention seeks to meet these requirements in a unique way.

10 A preferred method of manufacturing the porous-
synthetic silica body is by flame hydrolysis or oxidation
of a silicon compound, usually SiCl,, to deposit the porous
soot body on the side of a mandrel (OVD), or on the end of
a rotating cylindrical member (VAD) . Immediately after

15 deposition, the hot (e.g., 1000°C) porous synthetic silica
body is fragile, and readily contaminated, for example by
gas-borne impurities or dust in the atmosphere. These may
give rise to superficial contamination, and typically
surface devitrification, or possibly to bulk contamination

20 if the impurities are capable of penetrating the pores or
diffusing through the glass. If subjected to thermal
cycling, apart from the evident thermal and process
inefficiencies, there is also a risk of cracking due to
stresses set up in the porous.synthetic silica body, or

25 between the body and any supporting means (bait-piece,
handle, mandrel etc.). Nevertheless, prior art processes
generally require cooling of the soot body, prior to loading
into the top of the heat-treatment/sintering furnace. Hot
transfer of the soot body would avoid the above problems,

30 and would give the additional advantage of reducing
processing times, since it is evident that re-heating a
large body of porous silica to a uniform temperature will

take a long time, owing to the low thermal conductivity of
the low density body.

35 Clearly it is desirable on conclusion of the
deposition process to maintain the body at high temperature
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The present invention provides a furnace capable of
overcoming all the problems inherent in the above-noted
10 prior art processes in a cost-effective manner, and permits
the manufacture of pure and doped synthetic silica bodies
of very large size and with high productivity, without thé_
use of large quantities of helium. While a furnace
according to the invention ﬁay'be used to heat treat porous
15 silica bodies made by any process, including sol gel,
soot bodies made on a horizontal deposition lathe, it is
particularly well adapted to receiving a porous synthetic
silica body made on a vertically oriented deposition lathe,
i.e., a soot deposition facility in which silica soot is
20 deposited to form a cylinder whose long axis is vertical,
and which rotates about a vertical axis. The conventional
VAD process is an example of such a process. '

and

Summary of the Invention
Acéording to one aspect of the present invention there
25 is provided a furnace suitable for the heat treatment and/or
sintering of ©porous sYnthetic silica Dbodies,
conditions of high purity, under atmospheric or reduced
pressure,'comprising a tubular susceptor disposed with its
axis vertical and a liquid cooled induction coil for raising
30 the temperature of the susceptor, the susceptor being made
from graphite and/or silicon carbide, and being enclosed
within a vacuum envelope made from vitreous silica or fused
quartz, and the envelope being surrounded by the liquid-
cooled induction coil, the design being such that the vacuum
35 envelope operates at temperatures below those at which
either devitrification or sagging of the envelope might

under

\
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5 support the body to be heated.

Preferably the tubular susceptor is surrounded by
graphite felt, or a comparable refractory thermal insulating
medium, forming an annular layer between the tubular
susceptor and the cooled vacuum envelope.

10 Suitably the vacuum envelope is terminated below by a
closure means and is supported from above by a carriage or
the like movable support which permits the furnace to be
moved horizontally smoothly from one processing station to
another and, by actuating the closure means, to couple the

15 vacuum envelope to a furfher, axially aligned, heat
treatment chamber.

A furnace of this type may be used for whole-body heat
treatment, or with a short hot-zone, for zone sintering.
Indeed a furnace of this design could be used with a short

20 but movable induction coil to provide a vacuum heat
treatment and zomne sintering furnace analogous to that
described in US-A-4,741,748 but offering significant
advantages over that desigq. However, as noted éﬁove, one

. of the objectives of the present invention is to improve the

25 handling procedures of these bodies, i.e. to avoid
unnecessary thermal cycling, to avoid undesirable mechanical
stresses, and to ensure minimal exposure to the environment.

Thus, according to a further aspect of the invention

there is provided an assembly for heat treatment and/or

30 sintering of synthetic silica soot bodies comprising at
least two furnace chambers, the upper one being a furnace of
the type described above, which can be moved to a position-
over a facility used for the deposition of a silica soot
body, there permitting the loading of the soot body into the
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cess, apart
An assembly according to this further aspect of the
invention facilitates the conventional processes of
annealing, dehydration (i.e. removal of OH groups) by
treatment with chlorine-containing gas, doping by treatment
10 with fluorine-containing gas, and sintering of synthetic
silica soot bodies, and also permits the unusual process of
dehydration of a silica soot body by simple vacuum
dehydration, or vacuum dehydration coupled by intermittent
/' - or continuous introduction of inert purge gas. Furthermore
15 it is possible to effect dehydration of the soot body, by
heating in a reducing gas, e.g. in the presence of hydrogen
or by exchange with a deuterium-containing gas, i.e.
introducing OD groups at the expense of OH groups.

Brief Description of the Drawings
20 These constraints are fulfilled by the furnace assembly

shown, by way of example, in the accompanying drawings, in
- which:

Figure 1 is a sectional side view of a furnace assembly
- according to the invention, '

25 Figure 2 is a view of the upper furnace part receiving
a soot body at a charging location,

Figure 3 is a view of the assembly shown in Figure 1
with the soot body passing from the upper furnace part to
the intermediate and lowermost furnace parts, and

30 Figure 4 is a view of the upper furnace part of Figure
2, ready for unloading.

"This Sheet Has Been Reﬂ
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coupled to a second furnace B. Beneath the second furnace
5 B is attached a receiving chamber C for treated product.

The upper furnace A may be moved by a swinging arm,
carriage, hoist, crane or other means to one or 'more
- different sites within a building, three of these sites

being shown in Figures 2, 3 and 4. Thus furnace A may be
10 loaded at site I (Figure 2), vertically over a deposition

furnace shown in chain lines 28, moved to site II (Figure

3), where it may be attached to a second furnace B and a

chamber C, and after completion of the heat-treatment

process in furnace B the furnace A may be moved to an
1S unloading site III (shown in Figure 4).

A préferred design of furnace assembly will now be
described in greater detail, with reference to Figure 1.

The furnace A comprises an induction furnace, with a

holiow cylindrical susceptor 1, made from high purity

20 graphite (ash content preferably less than 10ppm), silicon
carbide or a combination of graphite and silicon carbidé,
contained within a substantial air-cooled fused silica tube

2, which serves also as a vacuum enclosure. The susceptor

is heated by induction from a water-céoled coil 3 external

25 to the cooled tube 2. Susceptor 1, and silica tube 2 are
separated by thermal insulation 4, for example high purity
graphite felt. The upper end of furnace A is sealed
(e.g.via a water-cooled metal flange 5 and a water-cooled
metal dome 6), through which projects a water-cooled metal

30 shaft 7. This shaft enters via a vacuum feed-through 8,
which permits vertical movements of the shaft up and down
and rotation about a vertical axis in either direction. A
synthetic silica soot body 9 is suspended demountably from
the lower end of the shaft. Drive mechanisms for the
35 vertical and rotational movements of the shaft are not shown
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I ntai ny ieV L PAS t Sl i\ HE B ' appropriate closure means,
for example a sliding valve 11, which is designed to
maintain a chosen gas atmosphere, or even to withstand a
vacuum within the furnace A, when that furnace is used
independently of furnace B. |

10 The whole of furnace A as described above should be
movable in a horizontal plane. One means of achieving this
movement is by constructing furnace A such that it is
suspendéd from a carriage 12 which supports the upper
flange, dome, and shaft drive mechanisms. This carriage may

15 be driven along a rail system between alternative furnace
sites I,-II and III. Swinging arm and other transport means
may alternatively be used. Dome 6 and the lower flange 10
may .incorporate means to introduce inert and/or process
gases, and/or connection to a vacuum pumping system. These

20 possibilities are represented schematically in Figure 1 by
a single inlet/exit pipe 13, fitied with a valve 14, but
alternative pipework arrangements, not shown, are clearly
possible. Appropriate water-cooling of metal parts is
provided, for example by a ;ooling pipe 15.

25 Furnace B is desirably of similar construction but with
a short hot-zone as required for zone-sintering of the soot
body, when lowered, preferably with rotation, through the
furnace. Thus furnace B comprises a susceptor 16 of high
purity graphite (ash content preferably less than 10ppm).

30 silicon carbide or a combination, contained within a
substantial air-cooled fused silica tube 17, which again
serves as a vacuum enclosure. The susceptor 16 is desirably
heated by induction from a further external water-cooled
coil '18, and thermal  insulation 19 is again ptovided .

35 between susceptor and silica tube (e.g. by graphite felt).
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fused quartz windows welded to silica tubes 2 and 17, or

- 5 attached elsewhere on the furnace assembly, or via

fibre-optic pyrometers entering e.g. via the water-cooled

flanges 5 and 21, or through fittings welded to the silica
~ tubes 2 and 17. '

Reception chamber C can be of simple design, comprising

10 for example a water-cooled metal chamber 22, which may

optionally contain an inner chamber 23, made from high

purity graphite, and again-_thermal idsulation 24 may be

‘provided via graphite felt. Alternatively <for some

applications it may be desirable to omit the graphite inner

15 chamber 23, and/or the thermal insulation 24, and thus to
achieve more rapid cooling of the heat-treated product.

Means may be provided to introduce inert and/or process
gas into furnace B, and/or to chamber C, or alternatively to
connect these components to the vacuum system. These

20 possibilities are represented schematically in Figure 1'by
a single inlet/exit pipe 25, fitted with a valve 26, but
‘alternative pipework arrangements, not shown, are clearly
possible. Appropriate water-cooling of chamber C is
provided, for example by a céoling pipe 27.

25 The assembly is designed to permit operation of furnace
A independently, or of the assembly ABC coupled together,
under inert gas, e.g., argon, helium, or nitrogen, or with
controlled pressure of reactive gas, or under vacuum. AS
reactive gases the following are examples of possible

30 chlorinating/dehydrating gases, Cl,;, 8iCl,, SOCl,, COCl,,
CCly, and other chlorinating species. Alternatively in
the manufacture of fluorine-doped silica bodies the furnace
gases may include SiF,, SFg, CFy4, or any of a range of
other fluorocarbons, and chlorofluorocarbons. In the
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t ofs rethaspherie gegssarel, chilwiedatiforcequired by one of the
above-noted  inert gases, or alternatively and
adnjantageously, at controlled low pressure and in the
absence of any inert gas.

Depending on the reactive gases to be used in the

10 desired process sequence, the internal high temperature

‘components may be selected from the group consistizig of

graphite, silicon carbide, and silica, the selection being

’ such that there is no :.deleterious reaction. of the

/' components of furnaces A and B over the temperature range

15 of normal operation of these components within the furnace.

'However':, high purity graphite is generally the preferred

material for both susceptors and thermal iansulation for
most applicationms.

It is important to note that the fused silica tubes 2

20 and 17, which serve as containment vessels for furnaces A
and B respectively, being air-cooled, and heated only
indirectly by conduction from the inner susceptors, never
rise - to a temperature at which gaseous 'attack,
devitrification or slumping might be a problem even when

25 the susceptors are at 1700°C or above, and herein lies one
of the major advantages of the invention, since the pressure
within the muffle may be controlled, and does not have to be
maintained near ambient pressure. Thus the use of vacuum
prior to treatment with inert gas permits reduced process

30 times, since gases may be driven through the pores under
pressure, instead of relying on diffusion as in the prior
art. This is particularly advantageous Wwhen low doping
levels are required. The ability to sinter a silica soot
body to a bubble-free glass without the need for helium

il iii‘“‘\\T i \‘iﬁ““’
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5 cooling etec. The most critical component is the
-water-cooled shaft, the surface of which may experience
elevated temperatures during parts of the operation.
Precautions must also be taken to ensure that all traces of

reactive gases have been purged from the system before '
10 exposure to ambient atmosphere, otherwise ingress of
moisture may give rise to undesirable corrosion of metal"
parts. Again the ability to evacuate the furnace greatly
facilitates the removal of such reactive gases.

The pump system must_also withstand corrosive gases (at

15 least in - the absence of moisture), and vacuum pump systems

designed for use in the semiconductor industry may be used,

for examble appropriate oil-pumps, filled with unreactive

oil, or preferably oil-free vacuum pumps, designed to handle
these gases.

20 Where operation at a controlled partial pressure of
reactive gas is required during operation of furnace A
separately, or of the furnace assembly ABC, this can be
achieved by admitting the appropriate gas, or gas mixture
via one or more mass-flow controlled valves, and

25 simultaneously exhausting the system via the above vacuum
pump assembly.

An exhaust system for attachment to <the <furnace
assembly is not shown, but can comprise for example a heat
exchanger, a dust filter, the vacuum pumping system, and a

30 wet scrubber system. Alternatively an appropriate cold
trap system may be used to collect unused = reagent and
by-product gases.

It will be evident that, because furnace A is loaded
and unloaded through the lower end, the height required is
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; of the size of soot bodies which must be handled in a

: commercially viable process.

/ It will be further evident that bottom-loading of a hot

10 body into preheated furnace A, does not result in filling of

the furnace with air, with consequent risk of oxidation of

the graphite parts, as in the case of top loading as in

prior art furnaces. The transfer of a hot body is thus

greatly facilitatéed, avoiding any undesirable cooling of the

15'body after completion of the deposition process, and leading

to a significant reduction in cycle time relative to earlier
techniques.'

A complete production unit may comprise one or more

A-type furnace units, which may feed one or more BC units,

20 being moved by an appropriate tramsport system. In this

way a production facility may be designed to maximise the

productivity of the units of each stage of the prdcess,

while minimising exposure of intermediate products to
contamination or thermal stress.

25 If desired, the shaft 7 of furnace A may be extended
downward through that furnace, and may then be used as the
support shaft of the vertical soot deposition lathe. Under
these circumstances it becomes unnecessary to remove the
soot body from its supporting system on the lathe, and

30 remount it on 'shaft 7. This might appear convenient,
however there is a penalty, in that one <furnace of type A
is tied up for the duration of each soot deposition
operation, and for maximum productivity this is not an
ideal situation. The system has therefore been designed so

35 that furnaces of type A may be operated independently of the
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30 dependent on diffusion of inert gas through the furnace, and nore
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§ coil, is not new, however the development of the concept to

permit treatment of porous silica bodies of ultra-pure

synthetic silica, on an industrial scale, and with minimal

'l H - contamination, is unique and novel, as is the coupling of

such furnaces to permit operation of an integrated process.

10 GB-A-772,826 describes a furnace in which a graphite
crucible heated by a graphite susceptor was used for the
fusion of quartz grain, and again for the remelting of a
fused quartz ingot, and its redraw into fused quartz tubing.
Such a furnace was never used with inert or reactive gases,

15 but only under vacuum. Thus 'the present invention
incorporates several significant improvements over the
technology represented by GB-A-772,826.

The present invention alloﬁs heat treatment and
. sintering operations to be undertaken under controlled gas
20 environments, and even in the presence of reactive gases, to
permit dehydration, purification or doping of the product,
' which possibilities were not conceived in GB-A-772,826.
Again the present invention makes it possible to couple
in a single piece of equipment the two successive operations
25 of vacuum heat treatment of a stationary porous silica body
supported without contact with any container walls, and zone
sintering of such a body while in motion, neither of which
operations were possible in a furnace according to GB-A-
772,826.

30 The furnace assembly described may be used for a
~ variety of heat treatments under vacuum, under inert gas,
or under controlled pressure of reactive gas. The
following examples are illustrative, but do not represent
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or on the end of a rotatlng cyllndrlcal menber (VAD) .

¢ vitreous si 1ca ﬁhdy can ‘be made by the
following multi-step process.

Step 1. A synthetic silica soot body is built up on a
vertical axis soot deposition lathe, adapted for
vertical withdrawal of the product body. During the
final stages of the deposition process, furnace A is
moved into position over the lathe, flushed with inert

gas (nitrogen or argoﬂ) and heated to a temperature of
1000°C.

Step 2. On completion of the deposition process,
sliding valve 11 of furnace A is opened, and shaft 7
lowered into contact with a handle supporting the soot
body. The two are coupled, and the hot socot body
raised into the preheated furnace. Valve 11 is then
closed and furnace A moved slowly into position over

furnace B, which can be at room temperature, and filled
with nitrogen.

Step 3. Furnace A is then lowered onto furnace B, the
two are coupled, and the sliding valve 11 opened. The
whole assembly can then be evacuated to a pressure of
< 0.5 torr, and the temperature raised to 1100°C to
permit partial dehydration. These conditions can be
maintained for a period of for example 2 hoursQ

Step 4. When the assembly has achieved a pressure of

less than 0.2 torr, the temperature of furnace B may be
raised to 1600°C.

Step 5. The soot body can then be lowered through fur- '

nace B at a pressure of 0.2 torr, and temperature of
1600°C, at a rate of Smm/minute. After the entire

[err]). porous synthetic :
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‘conta . typically surface devitrification, or possibly to
bul k ¢ “ H‘“ﬂﬂ“%m\? if the inmpurities are capable of penetrating the
por es hr ough t he gl asg2 ~If subjected to thermal cycling,
-apart fromthe evident thermal and process inefficiencies, there is also

a risk of crackeal hndy thashessse soeaypdi nthrefpsrags aghemblyc £51ica

body, or 25 betyesighfe P9UyatndspR¥rsEPPRrbkaaraeany (Milreceayifand e,
mandrel etc.). Nevertheless, priQr art processes genera Ié reggl re Sool I ng
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heat - t r eat ment / 1 héwéd ngtd uepere. Hot transfer of the soot body woul d
avoi d the above problens, 30 and woul d gi ve the additional advantage of
reduci ng processing tines, since it is evident that re-heating a | arge body
of porous silicétép 6.unTher treartpdr dodye iwi lthen raised into furnace

A, which can then be uncoupled from the assembly, moved

to the unloading site, and the product glass ingot

~ lowered from the furnace, removed from the shaft, and
i taken away for further processing.

10 A product glass that is transparent and bhubble-free,
and with a hydroxyl content of around 120ppm OH can be
expected.

It will be apparent that if the sliding valve 11,
fitted to furnmace A, is designed to withstand a vacuum
15 within this furnace, it is possible to achieve a similar
result, but by a slight adjustment of process steps. Thus
- after loading the soot body into furnace A (Step 2), furnace
A may be evacuated, and dehydration and related gaseous heat
treatment processes may be effected while furnace A is
20 detached from furnace B. This arrangement gives greater
versatility to the facility, and, for example, in a multi-
furnace system permits the use of several furnaces A,
serving a smaller number of furnaces B.

In the above process steps, helium or argon may be
25 used as inert gas in place of nitrogen.

Example 2. Dehydration Purge/Vacuum Sintering

The conditions of Example 1 can be followed, but
between Steps 3 and 4, the heat-treatment/dehydration
with inert gas, is repeated. Then, after 2 hours at
30 1100°C under vacuum, the furnace is filled with a dry
inert gas (e.g. nitrogen or helium), and again evacuat-
ed. The temperature is maintained for a further 4



take a ng time, owmng to the |ow thermal conductivity i
body. g Clearly it is desirable on conclusi OWM gSrllvfﬂnﬂ 9>8 3
deposi tion process to maintain the body at high tenperature - 11 - and
progress it through subsequent stages in the operation wthout delay, and

w t hout exposure to the environnent. -Ogy -when  the soot body has been
converted to a fully vitrified glass body and cooled to room tenperature,
shoul d 5 the bdRuBR @&tpHhott@0i®, abefone skhef aywiieanbfatBxamplei 3 iikeal

node of operatiﬁggﬁﬁe@ptaﬂ@sgééb ;Q%agghégée gart heat treatment or
sintering furnace we are aware of. e present invention provi-des a furnace

capabl e of overcom ng all the probl ens i nherent in the above-noted
' A product glass that 1is again transparent and
5 bubble-free, and has a hydroxyl content of 80ppm,
significantly lower than that of Example 1, can be expected.

This approach for dehydration may be extended with

...i' repeated cycles of back-filling/re-evacgation, or
] . alternatively dehydration may be achieved ﬁ; prolonged
10 vacuum heat treatment, with a controlled and continuous
purge of dry inert gas, e.g. argon, helium, or

_nitrogen. '

Example 3. Hydrogen Tteatmentlvacuum Sintering
The conditions of Example 2 can be repeated, but
15 instead of using purely inert gas (e.g. nitrogen) for
the second £fill (Step 3), the furnace can be filled
with a dry inert gas containing 3% hydrogen. The
furnace can be maintained for a further 4 hours at
1150°C with this atmosphere, and then the cycle of
20 Example 1, Steps 4-6, can be repeated. Alternatively
in place of a mixture of inert gas and hydrogen used

above a suitable low partial pressure of pure hydrogen
may be used.

The product glass should again be transparent and
25 bubble-free, and should have a hydroxyl content of less
the 5 ppm OH, demonstrating substantial removal of OH
by the presence of hydrogen in the heat-treatment gas.
The wuse of hydrogen to promote OH removal is
- unexpected, and while the mechanism of this dehydration
30 process is uncertain, it is suggested that, during
hydrogen pre-treatment there is some reduction of OH
groups to give silane groups;

Hy + =5i-OH - =S8i-H +H,0 " This Sheet Has Been Replaced
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10 p?"!.léLLﬂ t+f—a cost-effective manner, and pernits the
manuf acture of pure and doped synthetic silica bodies cﬁﬂfﬁﬁﬂgaﬁgﬁ 80983

and wi t hTHi§ Sheet ‘Fy, wi thout the use of large quantities of
hel i um " nace according to the invention may be used to heat
treat por il | odi es nade by $€y_process, I ncl udi ng sol gel, and

soot bodi es made on a horizontal deposftion lathe, it is particularly well

adapted to recgyy %%ﬂg{%ﬁfX%&%%%? ShbhaR Hggiﬁ-@gﬁt?i%nﬁ:ﬁV%EIéC%al ly

oriented depositio deposition faci

silica soot is SiGaRpoginoa@st oTraft awé ki nEesidpdbe PHNPFEOURS | iy ti cal |
and whi ch rot ateas rdlbRiIti h 6 tyedoged S- The conventional VAD process is an
exanpl e of such a process. Sumrary of the Invention According to one aspect
of the present invention there 25 is provided a furnace suitable for the
heat treatment and/ orsisimterdSigof -porpilo-Smthatjc silica bodies,

under _ :
5 This technigque permits dehydration of a soot body
without recourse to using a chlorine-containing gas,
...l' and the associated need for equipment for handiing of
: toxic gas and for treating the effluent gases.
Considerable savings are thus possible in Dboth
10 equipment and operating costs.

It is possible that the above reduction of =Si-0OH to
=Si-H is promoted by the strongly reducing conditions
which prevail within a furnace according to the present
invention. Indeed it is probable that a similar
15 dehydration.process can be undertaken using alternative
chlorine-free reductant gases. Examples of such gases
include ammonia, methane and other hydrocarbon gases
(though care must be exercised to avoid precipitation
of unacceptable amounts of carbon within the pores of
20 the soot body), or alternatively monosilane (SiH4) or
other silanes. In either case the reductant gas may

conveniently be diluted in helium as an inert carrier
gas.

It should be noted that this process,. while

25 advantageously effected within a furnace according to the
present invention, with consequent saving on the volume of
expensive helium required, may equally be practised using
helium as inert gas. 1Indeed by use of helium the process
may be practised in conventional piior art or other designs

30 of heat treatment <furnace. Thus the process may be
undertaken at total pressures near to atmespheric pressure
by treating a soot or other porous synthetic silica body at

a temperature of for example 1100°C in a flow of helium
‘containing a small proportion of hydrogen (e.g. 3%),



cool ed 1ndu rai sing 30 the tenperature of the susceptor, the
susceptor graphite.-and/or silicon carbide, and being

encl osed mnthln a vacuum envel ope nadgg romvitreous silica or fused
quartz, and the envel ope being surrounded by the |iquid- cooled induction

coil, t hefdbkogedbhyngintehin@eat tfior \exantiple336€0V€E 2peanpetRbephéte
tenperatur Fggoﬂéigﬁ e at which either devitrification or sagging of the
envel ope ﬂ1gﬁ CEMENT SHEET - 12 - occur even when .the tubular
susceptor is heated to a tenperature of [err], the furnace further

i ncl udi nggRa#®pabl 4. Dehydration/Deuterium Exchange/Vacuum Sintering.
- The conditions of Example 2 can again be repeated, but
5 instead of using purely inert gas (e.g. nitrogen) for
the second fill (Step 3), the furnace is filled with
inert gas containing 3% deuterium. The furnace can be
~ maintained for a further 4 hours at 1100°C with this
7 atmosphere, and then the cycle of Example 1, Steps
10 '4-6, can be repeated. Alternatively in place of the
‘mixture of inert gas and deuterium a suitable low

partial pressure of pure deuterium may be used.

wbondlt under at nospheric or reduce '
corrpr ﬂjﬁéﬁk cep‘)itor di sposed with its axis ﬁmuég‘d ﬂﬂaLBcS

The product glass would again be transparent and
bubble-free, but should now have a hydroxyl content of
15 less than 1 ppm OH, because of the substantial removal
of all OH by exéhange with deuterium in the purge gas.

Again it should be noted that this process may
alternatively be practised using helium as inert gas
both in a furnace according to the present invention

20 and in conventional prior art or other designs of heat
treatment furnace. Thus it may be undertaken at a
total pressure near to atmospheric pressure by treating
a 8So0ot or other porous synthetic silica body at a
temperature of for example 1100°C in a flow of helium

25 containing a small proportion of deuterium (e.g. 3%),
followed by sintering at for example 1600°C in an
atmosphere of pure helium.

The above examples of dehydration of soot bodies
without the use of chlorine or other halogen-containing
30 gases represent important developments of synthetic
vitreous silica technology. Chlorine and chlorine-
containing gases are noxious, and give rise to effluent
gases which are undesirable pollutants. Furthermore,
for some applications, e.g. high transparency in the




Wcapabl L rot—arron—abvcrt*arrd—tmverrent al ong said vertical %TES& gtse, ﬂﬂ 9

a conparabl e - re insulating medium formng an annul ar
| ayer between usceptor ag% t he cool ed vacuum envel ope. 10
Sui tably the vacuum envelope is term nated bel ow by a closure neans and is

supported from am\&a%ﬂé@rﬂé G0 YE i |sged tERMADIh 19HIHY tmaWild an
permts the furnace to be nove horrzontally smoot hl frontone pr ocessi ng

station to anot h&RAGRETARLS, FREIRENIME dRoLRSe ctiglagspl L4HRNS

vacuum envel ope ) ge fiy idefectiXiol |irfdidteibn heat treatnent chanber. A
furnace of this type may be used for whol e-body heat treatnent, or with a
short hot-zone, for zone sintering. Indeed a furnace of this design coul d
be used with a sid¥darly, the chlorine-free dehydration techniques made

5 possible by the processes of the present invention may
be advantageously associated with chlorine-free soot
deposition processes, as for example those described in

tubular usce aft bei ng adapted to 5 support the body to be
heat ed. Prefer @Sm susceptor i s surrounded by graphite felt, or
tI

~ our co-pending application, GB-A-2,245,553. This

.-\\-

aspect of the invention makes it possible to establish

10 a complete manufacturing route for a low-OH synthetic
silica glass without ﬁhe use of any halogen-containing
gases, and without releasing gaseous halogen-containing
effluents into the environment.

- Example 5. Dehydration by Chlorine Treatment.

15 The conditions of Example 1 can be repeated, but Steps
3 and 4 can be modified as follows.

Furnace A is lowered onto furnace B, the two are
coupled and the sliding valve opened. The whole
assembly is then evacuated to a pressure of 0.5 torr,

20 the temperature of furnace A raised to 1100°C and
.chlorine admitted to the furnace assembly at a
controlled rate via a mass- -flow controlled valve,

while evacuation is continued, to maintain a pressure

of 100 torr. This treatment should be continued for 2

25 hours, after which the chlorine flow is interrupted
and the furnace is evacuated to a pressure of 0.2
torzr.

Steps 5-6 of Example 1 can then be repeated.

A product glass which is transparent and bubble-free,

30 and with a hydroxyl content of less than O0.1lppm OH
should result, demonstrating the dehydration effect of
treatment with a chlorine-containing gas.



201ﬁﬂ‘!hvable I nduction coil to provide a vacuum heat ' 1
sinterfng furnace anal ogous to that described in US A- 4%?t§3wmsnsa v
of fering significant advantages over that design. However, as noted above,

one of the objectives of the present invention is to inprove the 25
handl i ng procedures of these bodies, 4.2 40 avoid unnecessary thernal
cycling, to avoid undesirabl e nechanical stresses, and to ensure m ni nmal
exposur e tBxamplenéi.r BAnomineTRapingscording to a further aspect of the
invention there is provided an assenbly for heat treatnent and/or 30
sintering of synthetic silica soot bodies conprising at |east two furnace
chambers, the upper 13d&igdi fenaitdrnsc OHEXMPLe) fe 3RS cFeRRALBoVBUt WL ch

can be noved toagtpesi tbaplongr &ff amidddoes'sed beg tBe da@oschioping a
silica soot bOd)éreg%ggt?ersnﬂfféor{? ‘:Q%rlagigloggdgf fsheaSBEEtBdet& nERet he
' 5 furnace assembly at a controlled rate via a mass-flow
conttolled valve, and evacuation is continued to
maintain a pressure of 150 torr. The soot bhody is

...' treated thus for 2 hours, and furnace B then heated to
1450°C. The soot body is then sintered by passing
10 -through furnace B, while the atmosphere of SiFy is

maintained as above.

The furnace assembly is then evacuated, and refilled
with argon, and then both furnaces are switched off
and allowed to cool.

15 Step 6 is then undertaken as in Example 1. The
product glass would have a hydroxyl content of less
than O.1ppm OH, and have a fluorine content of

typically 0.225 % Atomic corresponding to a refractive
index of 1.4573. '

20 If the sliding valve 11 permits operation with a vacuum
inside furnace A while this furnace is detached from
furnace B (or while furnace B is filled with gas at,
for example, atmospheric pressure), then the above pre-
treatments of the soot body prior to sintering may be

25 conveniently effected with process gas in furnace A
only. This reduces both the time required for

evacuation etc., and also the quantities of process gas
required. '

Summary of the novel features disclosed:
30 A. A furnace design suitable for large scale treatment of

synthetic silica soot bodies, under conditions of very high
purity — '

This Sheet Has Been Replace
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13- fur ce c:narmer ard |ts transfer under controll ed ga?%ﬁo?n}n} @mga
tenperat reto gisecond furnace chanber in ' one
’t as een
sintering may b ain under a controlled gas environnment and
under 5 controII f tenperature and pressure. An assenbly
according to thi t of the~-ipgention facilitates the

conventi onal processes of annealing, dehydration (i.e. renoval of OH
groups) by treat mundes tvaqyvmr i ne- containing gas, doping by treatnment 10

wi th fluorine:cont t
bodi es, and al so p‘gédr#{gl e unusuaeﬁ% Q%P?%ﬁ%éna f‘e§§{2 |eca

soot body by sinpﬂﬁn#ﬁédﬂ%ﬂ@@%&ﬁ*%lp%ﬁﬁlé$ Dﬁ%ﬁﬁ“¥§eﬁ§dPB@PGHnéGGﬁHed by

intermttent or C(HﬁdwuﬁlmaiiﬂdﬁfﬁgoPa%Esl neyd PehdSpBasicFort heddidey 15
tis pOSSI§)| eto ;?ffsescéréiec:h éiiroaxgal y mixe?f v?f& Pndf{t 3? s,
- ‘under controlled partial pressure of reducing gas e.g. -
hydrogen, deuterium, or other hydrogen-containing gas,

optionally mixed with inert gas.

~ .  B. The provision of one or more induction-heated furnaces,
10 each with a susceptoi made from graphite, silicon carbide,

or a combination, and enclosed within a cylindrical vacuum

envelope made from vitreous silica or fused quartz, with

external water-cooled induction coil, designed for

whole-body heat-treatment,' or for zone-sintering, of

15 synthetic silica socot bodies under controlled partial

pressure of a range of different inert or reactive gases, or
under vacuum.

C. A design which allows a large furnace to be made, and
reactive, inert, or low pressure gas/vacuum to be contained
20 therein, but unlike certain prior art furnaces which employ.
vitreous silica/fused quartz muffle tubes used at high
temperature, a design in which the vitreous silica/fused
qua;tz components of the furnace in accordance with the
present invention operate well below temperatures at which
25 either devitrification® or sagging of the vitreous
silica/fused quartz might dccur, leading to long cbmponent
life, minimum downtime, and convenience and economy in use.

D. A possibility for an assembly of two or more furnaces,
designed for use independently, or coupled together, for

30 the beat treatment or sintering of porous synthetic silica
bodies. |

E. An assembly for heat treatment and/or sintering
synthetic silica soot bodies comprising at least two
furnaces, at least one of which has a hot zone at least as



'h.eét i wn a reducing gas, e.g. in the presence of hydro pa
with a feuterium dbnﬁmetrﬂamae &eplackd €. I ntroduci ng OD gromﬁnajx gs 3

of OH groups. Brief f the Draw ngs 20 These constraints
are fulfilled by t nbly shown, by way of exanple, in the
acconpanyi ng draw ngs, In I'Ch” Figure 2B is a sectional side view of a
furnace assenbly according to the invention, 25 Figure 2 is a view of

the upper f&PREc@spdhe r RS ity he dnatasy and Wik ghay Pecaeved, tei gure

3 is a viewp@hxk! 4¢ tas¢aebl faémweyl AsEa0862 4 Prbhibhis éﬁ@&aEQdM pas§ing
fromthe upper f rnace art fo the internedi ate and | owernosg lejlrnace

parts, and §@°t y %rnoP"?ﬁ'ew therfe PeFRHC ARG, e B9 FPlure

2, ready fothenbodw ngnd its transfer under controlled gas environment

5 and temperature to a second furnace in which zone sintering

may be undertaken under controlled gas enviromment and
temperature, such that large fragile socot bodies may be |

handled in an integrated plant with minimal mechanical or

thermal stresses, and with minimum exposure to the

w 10 eanvironment, which might otherwise cause contamination of

the ultrapure product. '

F. Dehydration of a porous synthetic silica body by vacuum
dehydration, or by vacuum dehydration coupled with
intermittent or continuous introduction of inert purge gas,
15 in the apparatus featured in-  the following claim 1 or in

/ : other suitable equipment.

G. Dehydration of a porous synthetic silica body by vacuum

heat treatment, coupled with intermittent or continuous

introduction of a reactive, e.g. chlorine or fluorine-
20 containing, gas. |

H. Dehydration of a porous synthetic silica bedy, by vacuum
dehydration coupled with heat-treatment with a hydrogen-
cont;ining chlorine-free reducing gas, prior to sintering in
a hydrogen-free atmosphere, or under vacuum.

25 I. Dehydration of a silica soot body, (i.e. removai of OH
groups), - by a process involving exchange with a
deuterium-containing gas, introducing OD Groups at the
expense of OH. (In use in an optical fibre at conventional
wavelengths OD is harmless, whereas OH leads to

30 unacceptable absorption of infrared radiation being
transmitted).

J .' Sintering of a porous preform of amorphous synthetic
silica (e.g. of predetermined shape) to achieve fully dense



s 14“?_ 'scription of Preferred Enbodi ments Referring to gyg h

furnaceg assenbly conprises an upper furnace A, which may P&pmgrgtgofnugs
i ndependently or coupled to a second furnace B. Beneath the second furnace
5 Bis attached a receiving chanber C for treated product. The upper

furnace A may be noved by a swnging argg carriage, hoist, crane or

other means to one or nore different sites within a building, three of
these sitesiddicy glaas i atFi joves Ztexspmtlﬂreé'hust}fwcwbHA tﬁﬁﬂbe 4 oaded

at te | 2 rt o] o] r %'tyﬁé% ghain
Ilnzts 28, %dved c'e’o )Sllfegfl Ill@éé& \i:g.)sl@ Qﬁp %letal o raﬁ]ltg}'teac e dg&a selcond
furnace B dfntRmiRaion dy éﬁépﬁﬂﬁéﬂgcﬁhﬁl E@F@%S 01P°¢Y|eilheﬂa‘¥$ &k e mo
process in daHEReE Bithe eli'theaC GulcEptole dPVesntLineA materials thus

5 achieving product purities several orders of magnitude
better than has earlier been possible.

S
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5 uh[‘i ng site Il (shown in Figure 4). A preferred '
assenmblly wi || now be described in greater detail, wt hpﬁm%g %Eﬁgar&s
1. The furnace-A-conprises—an induction furnace, with a hollow cylindrical
susceptor 1, rrade from hi gh purity 10 graphite (ash-content nreferably less

t han 10ppr’r)'”us pegd or a combdhati on of gr ite and sil
car bi de, con a subst anti al air-cool ed M Hﬁu HE IH
whi ch serves uum encl osure. The suscep

i nduction froma water-cool ed coil 3cextmgnal 25 to the cool ed t ube 2.
Susceptor 1, and silica tube 2 are separated by thermal insulation 4, for
exanpl e high purity graphite felt. The upper end of furnace Ais

seal ed (e.g.vid.a wahrrindoctdonehebtelanfiertaced asuwidadlecobdrdheatal done

throuq{}mt@h@rgfeg&?tﬁe%{%e ﬁ‘l%e%&t@é 3&;;&@@1‘ Eoﬁdltl-gbé Sl t

enters Vi a vacuum permts ver noveme of the
shaft up dHERoPwELtY, compr:.s:.ng a tubular susceptor disposed with

5 its axis vertical and a liquid-cooled induction coil for
raising the temperature of the susceptor, the susceptor -
being made from graphite and/or silicon carbide, and being

q enclosed within a vacuum envelope made from vitreous silica
or fused quartz, and the envelope being surrounded by the

10 liquid-coocled induction coil, wherein the design is such
that the wvacuum envelope operates at temperatures below
those at which either devitrification or sagging of the
envelope might occur even ~whe'n the tubular susceptor is
heated to a temperature of 1700°C, whereby heat treatment

15 and/or sintering of a porous synthetic silica body can be
carried out under atmospheric or reduced pressure, and
wherein the furnace further includes a shaft capable of
rotation about and movement along said vertical axis of the
tubular susceptor, said shaft being adapted to support the

20 body to be heated.

2. A furnace according to claim 1, wherein the

induction coil is substantially shorter than the tubular

" susceptor, and in which the induction coil is mounted to be

moved over the envelope to provide a hot zone movable

25 axially along said susceptor permitting progressive heat

treatment or zone-sintering of a porous synthetic silica
body contained therein.

3. A furnace according to claim 1 or claim 2, wherein

the vacuum envelope is terminated below by a closure means
30 and is supported from above by a carriage or the like
movable support which permits the furnace to be moved
horizontally smoothly from one processing station to another
and, by actuating the closure means, to couple the vacuum
envelope to a further, axially aligned, heat treatment:




" and“Mtation about a vertical axis in either direction. t ge
Biaion PET/GBLOCT £ 00 %8 3

soot ‘bady 9 i§iSHSPERBeM régraNt ably fromthe | ower en

Drive mechani s vertical and rotational novenents of the shaft
are not shown ﬂgﬂ“lﬂﬂﬂlﬂlue of conventional design. Sustepter—i-is
preferably at g as the32seot body- . d.: The
| ower end of furnace-A conprises a water-cooled 5 ﬁmﬂﬂ#mimuiﬁyilv

i alve

[ ncorporat@balaheﬁpproprl ate cl osure neans, for exanpl eca ]
11, which is designed to maintain a chosen gas atnosphere, or even to
withstand a vacuum within the f rnace A, when that_furnace is, used

i ndependent |y of-f MRaRESEDLY) £0F haat’ tFRAERSAL 1ARG/RE FDESFARG (9Fed

above shoupdrbes synthetic silica bodies comprising at least two

furnace chambers, the upper one being a furnace according to

5 claim 1, which can be moved to a position over a facility

used - for the deposition of a silica socot body, there

permitting the locading of the soot body from below into the

~ _furnace chamber and its transfer under controlled gas

environment and temperature to a position over a second

10 furnace chamber in which 2zone sintering may be undertaken

again under a controlled gas environment and under
controlled conditions of temperature and pressure.

S. A process for the c:'leliydration of porous synthetic

silica bodies which involves heat treatment in a furnace
1S according to any one of claims 1 to 3 or an assembly
according to claim 4, in one or more of the following
environments, vacuum; é non-reactive chlorine-free gas;
hydrogen; a hydrogen-containing, chlorine-£free reducing gas; -

a deuterium-containing gas; and a chlorine- or fluorine-
20 containing gas. '

6. A process for the manufacture of a fluorine-doped
synthetic silica glass body which involves heat treatment
and/or sintering in a furnace according to any one of claims
1 to 3, or an assembly according to claim 4 in a gaseous

25 atmosphere of a fluorine-containing gas.

7. A process for the manufacture of a synthetic silica

glass containing less than 10 ppm OH by heat treatment of a
porous synthetic silica body containing a'higher OH level in

a furnace according to any one of claims 1 tb 3, or an
30 assembly according to claim 4, and in an atmosphere
containihg hydrogen, or a hydrogen-containing, chlorine-free
reducing gas selected from ammonia, methane or other
hydrocarbon, monosilane, or a polysilane, or mixtures of
these compounds, followed by sintering under vacuum, or in

s e s v



anabIeLTﬁ“éfﬁﬁTTzonfa+~ﬁ#ane. One neans of achieving thi Bg3 | .
construcyj ch that it is suspended froma J§$E?§ge 51£S§3¥5k8
supports,_"nmmma%@ ,—jdoma, and shaft drive nechanisns. This carriage
may 15 be*dr¢ven o rail system between alternative furnace sites |

Il and I11. Swinging armand other tramsgdrt~ neans may alternatively be

used. Donme 6 and the | ower flange 10 nay. i ncorporate nmeans to iIntroduce

i nert and/oraBroé§§§s§§‘§§§, : W%ﬁ%&loﬁr ? afFeBuuARLIMRFREegeRem
These 20 possobhtaihing gasesepresented schematically in Figure 1 by a
single inlet/exit pipe 13, fitted with a valve 14, but alternative pipework

arrangenments, not showr, are clearly possible. Appropriate water-cooling
of nmetal parts is8prokipkagesorfoaxdne manpufactucie of pi ppntBetls silica

on et o SSAEe! EbbkaShiBUTLORE AU 4 BRA'OR Y A1k Rl R0 R B
rotation, PhPeGERsSt fgnthetic silica body containing a higher OH level i/n '
a furnace according to any one of claims 1 to 3, or an
assembly according to claim 4, and in an atmosphere
” containing deuterium, or a deuterium-éontaining, chlorine-
' free reducing gas followed by sintering under vacuum, or in
10 an atmosphere substantially free from any hydrogen-

containing or deuterium-containing gases.
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furna¥®e. Thus furnace B conprises a susceptor 16 of hi ' aphy s
(ash tontent preferably | egg t han 10ppm, I030 silicon cgmﬁgggs ’mwgs *
conbi nation, contained within a substantial air-cooled fused silica tube

17, which again serves as a vacuum encl osure. The susceptor 16 is

desirably heated by induction froma Yuw4her external water-cool ed coi

18, and thermal insulation 19 i | rovi ded 35 between susceptor
and silica tube (e.g. by graphite fW- 16 - - End-closures are via
wat er-cool ed netal flanges 21. Tenperature nonitoring and control of

fused quar by windous bl e R hOE TR O s TR e hagat ua”
‘el sewhere tHfatment 1off ns¥ethetiensijicagbodies, under conditions of
~high purity, includes a tubular susceptor (1) disposed with
5 its axis vertical and an induction coil (3) for raising the
temperature of the susceptor. The susceptor is made from
graphite and/or silicon carbide, and is enclosed within a
vacuum envelope (2) made from vitreous silica or fused
w quartz, the envelope being surrocunded by the induction coil
10 which is liquid-cooled. The désign is such that the vacuum
envelope (2) operates at temperatures below those at which
either devitrification or sagging of the envelope 'mighﬁ
occur even when the tubular susceptor (1) is heated to a
temperature of 1700°C. Thus:sihtering of a porous synthetic
15 silica body (9) can be carried out under atmospheric or
reduced pressure, the furnace including a shaft (7) adapted
to suppert the body to he heated and capable of rotation
about and movement along said vertical axis of the tubular
susceptor (1).
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fibre-Bptic pyroneters entering e.g. via the water-cool e‘cPBTéﬁBes 5 Anﬂlﬂzﬂﬂ
or thriough fittings welded to the silica tubes 2 and 17. Reception chanber

C can be of sinple design, conprising 10 for exanple a watef-cooled netal
chanber 22, which may optionally contain an inner chanber 2{ made from
high purity graphite, and again l{ thermal insul ation 24 may provi ded

via graphite felt. Al ternatiffvely for sone applicationS it may be
desirable to omt the graphite ijner 15 chanber -dnd/ or "t he thernal

i nsul-ation 24, and thus to achiel_e nore rapj of the heat-treated
product. Means nmay be provided tig i ant/ or process gas into
furnace B, and/or to chanber C, j gonnect these
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operation of furnace A independently, or of the assenbly, ABC coupled
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[err], or any of a rpnge of other |l uorocarbons, and
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ert gas Dependi ng on the reactive gases to be sed in the 10 desh&ﬁd
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S C ng of graphite, silicon carbide, and
sifl i ca, gCifi h——t-rat——t-et-e—i-s—mo—detetert ous
r:adﬁaqmqn e conponents of furnaces A and B over the tenperature range
1% of nor ma s %?W M thin the-furnace. However,
high p y te |s ener Iy the pre erred material for both
susceptors  and fiher Fei®ithQf oINS HSR appl i cati ons.
5 —'This invention relates to an improved heat treatment

furnace and facility for the manufacture of large synthetic
vitreous silica bodies.

2. Description of the Related Art
The manufacture of high purity vitreous silica bodies
10 is of growing commercial importance due, in particular, to
the needs of the optical fibre and semiconductor
industries. Initially the requirements of these industries
could be met with fused quartz glasses, made by melting
highly refined quartz crystal powders by using electrical
15 or flame fusion techniques. As purity requirements have
advanced, however, it has been increasingly difficult,
using naturally occurring crystal feedstocks, to achieve the
purities sought and attention has turned to alternative
synthetic sources of vitreous silica. Much work has been
20 published concerning such alternative routes, the most
important of which have been vapour deposition and sol-gel
or related techniques. '

Por example, large bodies of porous synthetic vitreous

silica can now be made by deposition of silica soot from a

25 flame, in which silicon tetrachloride or an altermative
volatile silicon-containing compound is hydrolysed or
oxidised in a hydrogen-oxygen, or methane-oxygen flame.
The flux of silica micro-particles is typically directed at

a rotating cylindrical substrate, where it deposits as a

30 porous body of pure vitreous silica, frequently known as a
silica soot body. This soot body is subsequently converted

to glass by a process of sintering, (also referred to as
consolidation or vitrification). By adding appropriate
dopant reagents to the flame, the soot body may be doped

35 with either 'metallic or non-metallic species. Thus

A
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doping levels are required. The ability to sinter a silica soot body to a
Ddvantage. - 9 89°steh"B8kob B e ol s 11 dd' Bodl J° RS B 21 802HAELVETYO"
5 made by casting shapes made using slurries of ultra-fine
synthetic vitreous silica powders (e.g. P. K. Bachmann et
al, Shape Forming of Synthetic Silica Tubes by Layerwise
Centrifugal Particle Deposition, Ceramic Bulletin, 68(10),
1989), or by dry-pressing such powders (e.g. US Patent
10 4,620,862), or even by casting, from precipitated silica
sols, though this last method presents problems for making
large bodies. .

In this specification it should be understood that

where referencé is made to a soot body, should the context

15 allow, a body of porous synthetic silica derived from any
alternative process is alternatively possible.

The above methods commonly give rise to solid or hollow
cylindrical bodies of porous silica glass, typically of
density 0.4 to 1.0 g/ml, which may . subsequently be

20 purified, for example by heating in a chlorine-containing
gas. This treatment converts undesirable impurities in the
glass into volatile chlorides which may thus be removed.
Typical chlorine compounds include Clj, ' SiCl4, SOClp, COClj
and CCl,. Removal of transition metals, e.g., irom, is

25 illustrated in the following equation:

S10; () *Fe303 (5) +3Clp (g) —> Si0z(g)+2FeCly(q)+1i102 1
Removal of OH (hydroxyl) from the glass is by formation of
HCl1 gas, thus:

2 =8i-OH + Clg —> =85i-0-Si= + 2HCl + § Oy 2
30 Another gas phase process commonly“ undertaken to

produce doped glass products for the optical fibre industry
is treatment of the porous bedy in a fluorine-containing
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reactive gages;nd other fluorocarbons, or chlorofluocrocarbons.

The above gaseous treatment processes.are undertaken
5 typically at temperatures of between 800 and 1200°C.

Following any such purification or doping treatment,
the porous vitreous silica body is sintered, generally in
an atmosphere of helium, or optionally helium plus some
chlorine- or fluorine-containing gas. Helium comprises the

10 bulk of the atmosphere since it is somewhat soluble in
' vitreous silica, and diffuses rapidly through the glass.
Thus if, as sintering proceeds, some gas is trapped in a
closed pore or bubble, provided that gas is comprised
substantially of helium, it may escape by diffusion through
15 the glass, and a transparent bubble-free product may
'~ thereby be achieved.

The above processes are now commonplace in the optical
fibre industry, and operate satisfactorily on a small
scale, however the products are expensive, and there is an

20 urgent need to operate at larger scale and lower cost,-wbile
maintaining quality-and purity. '

Methods are being developed -for making larger porous
synthetic vitreous silica bodies, most importantly via
soot-deposition techniques, notably by OVD, (Outside Vépour

25 Deposition, the deposition of silica soot on the surface of_
a rotating cylindrical mandrel), and VAD, (Vapour-phase
Axial Deposition, deposition of silica soot on the lower
end of a cylindrical body rotating about a vertical axis).
Such processes are adaptable to the large scale manufacture

30 of cylindrical soot bodies, but putifying, doping and
Sintering of these bodies on large scale at low cost
presents new problems.

Early furnaces for sintering porous silica soot bodies
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A'ter“a“\ée'shicéﬂ Wﬁ’iﬁié,at Src%&phite,the muff_le tube serving to
contain the selected sintering gas atmosphere (e.g. helium)

and to isolate the silica soot body from contaminants
emanating from the heating elements, or the external
environment. The soot body could thus be heat-treated in
0 chlorine- or fluorine-containing gas within the muffle tube
by raising or lowering through the central hot zone.
Subsequently the body could be sintered progressively in
the same manner, by passing slowly at a few millimetres
per minute through the hot -zone at a higher temperature
!S5 than used for the earlier heat-treatment. In some cases
the dehydration and sintering processes were undertaken
simultaneously in a single zone-sintering step, at
relatively high temperature. EP-A-170,249 describes such
a muffle furnace and éuggests alumina as a suitable material
10 for the muffle tube.

This type of furnace operates siuccessfully for small
bodies, but has certain disadvantages. The alumina muffle
tube contains impurities, e.g., élkali ions .which may
migrate.-as volatile species into the high purity silica

25 product and lead to undesirable contamination. Again
alumina is difficult to fabricate in long lengths, tubes
are difficult to join, and the fitting of £flanges for high
temperature operation presents problems.

In this specification the term "muffle tube® should be

30 taken to mean the innermost wall of a furnace, which is
heated by conduction and radiation from one or more heaters
which surround it, and within which the silica body is heat
treated. The heat-treatment process may be a zone-heating
process as described above, or may alternatively be such as

35 to maintain the whole body at substantially the same

temperature.
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tube still retains certain intrinsic disadvantages. At
temperatures above about 1300°C a fused quartz tube will
exhibit viscous flow, and will sag or deform. For this
reason the pressure within the muffle may not be allowed to
differ significantly from that outside, or the tube will
deform. Above about 1150°C fused gquartz has a tendency to
devitrify, and if a partially devitrified tube is allowed
to cool, the mismatch of expansion coefficient between glass
and crystalline phases leads to stresses which may cause
the tube to break. Finally, at high temperature and in
atmospheres containing fluorine, a fused quartz muffle tube
is subjected to an gtéhing process, particularly when any
moisture is present. This both shortens the life of the
tubé, and gives rise to gas-borne contamination, as
impurities released from the fused quartz tube may migrate
into the synthetic silica body, causing contamination
thereof.

Despite these difficulties, vitreous silica and fused
quartz muffle tubes are in wide usage, especially in the
optical fibre industry, either in zone-sintering furnaces
where " 'the body moves through the hot-zone, or in an
alternative type of zone sinterlng furnace where the
hot-zone is moved along the body. EP-A-170,249, mentioned
above, describes the use of a fused quartz muffle tube

within a graphite furnace with relatively short hot-zone,

and in an extension of the principle, US-A-4,741,748
describes a furnace in which a muffle tube is surrounded by
an elongated susceptor, made from graphite, thermally
insulated, and contained within a fused quartz tube filled
with inert gas. A graphite or alumina muffle tube is
mentioned but a muffle tube of silica is preferred. The
effect of zone-sintering is provided by moving a short
induction coil which surrounds the outer silica tube up or
down the assembly. This generates a short moving hot-zone

r hage assenbly
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body. The more conventional approach, with stationary hot-
zone and moving body requires a building height of at least
(4L + 2H), where L is again the length of the body, and H is
the length of the zone-sintering section of the furnace.

Despite this advantage, the furnace described in US-A-
4741748 exhibits a number of serious disadvantages. The
design described necessitates elaborate precautions to
permit expansion and contraction of components. - It is
necessary to maintain the internal silica muffle tube at a
temperature above 1050°C to avoid the breakage which would
occur following the inevitable devitrification of the
muffle tube in use. Whereas temperature is an important
variable governing the processes in question, the fact that
the hot-zone is moving renders temperature measurement
difficult. At the temperature used for sintering the
body, 1450°C, the vitreous silica muffle tube is in a
softened state and liable to distort, necessitating care in
use, and the maintenance of a raised intermal pressure, to
avoid ‘collapse of the muffle tube. This type of furnace
may thus be used only at pressures near to atmospheric, and
thus the technology described necessitates the use of helium
as sintering gas. However, helium is a rare gas, the cost
of which represents a significant proportion of the total
cost of the sintered silica product, and scarcity of which
could present serious problems for future expansion of the
technology.

Since helium contributes nothing to the process, apart
from permitting processing at pressures near to
atmospheric, it might appear obvious to attempt to
heat-treat and sinter the porous silica body under vacuum,
or at the appropriate (low) pressure of reagent gas (e.9..

t he furnace
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because it has proved difficult in the past to comstruct, at-

5 an acceptable cost, a large and practical vacuum furnace
capable of operating under the exceptional conditions of
ultra-high purity required for these applicatioms.

One form of vacuum furnace that lacks a muffle tube has

been proposed in GB-A-2,203,737, in which a synthetic

10-$ilica soot body is sintered in vacuum or low pressure

helium, while «contained within an inductively-heated

graphite tube which is rotating about a horizontal axis. It

is claimed that this method has the advantage of yielding

a cylindrical sintered product, even if the precursor scot

15 body is not a perfect cylinder, i.e. in the softened state

geometrical irreqularities in the glass body may be ;emoved
because of the rolling action of the furnace.

However, if used on a large scale this technique would
present a number of serious disadvantages, including
20 problems of mechanical damage to the fragile soot body, for
example on loading into the horizoatal furnace, and would be
expected to result in undesirable surface or even bulk
contamination due to the constant rolling contact of the
silica body with the graphite susceptor tube. Operation
25 with reactive gases would present considerable difficulties
due to the need to maintain moving parts at high temperature
in a reactive gas medium, but at the same time avoiding
corrosion of the equipment and contamination of the high
purity glass. The concept is complex to engineer, and
30 requires a large vacuum chamber to enclose .a rotating
furnace. The complexity and moving parts mean that clean,
dust-free operation is impractical, yet the products are
intended for customers who themselves insist on clean-room
operation} and would prefer that their feedstocks had been

35 prepared under clean-room conditions.

o&e furnace of
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dehydr ati onpo@UkbhieGat | @Re OkeJOPEdilife t NPT LSt ‘design is that the
carhon muffle tube must be rendered impervious, so that
reactive gases within the muffle tube cannot escape into
the outer regions and react with the components of the
10 heater, liberating potential contaminants and shortening the
life of the heater. Silicon carbide is proposed as such an
impervious outer layer. Alternatively the carbon may be in
the form of a thin pyrolytic deposit on the inner surface
of a fused quartz tube. This complexity is because in
15 the furnaces described it is essential to separate the
heating means from the reactive gases within the muffle
tube.

US-A-4969941 incorporates further features of interest.
In one embodiment a first and upper chamber is provided, in
20 which the silica body is held in inert gas or under vacuum,
to permit removal of any adsorbed moisture or oxygen. This
has the effect of reducing the degree of contamination, and
prolonging the life of the high purity carbon iining the
muffle .tube. In a further embodiment the actual sintering
25 process was undertaken at reduced pressure, though by
"whole-body" sintering, not zone sintering as would be
preferred for the maintenance of good dimensions of the
cylindrical soot body.

Although the detailed construction of the furnace is

30 not explained in US-A-4969941, vacuum sintering is
apparently achieved by placing the entire assembly,
including furnace elements, power leads etc., in a vacuum
chamber, a difficult and extremely costly ‘approach for
treating large soot bodies, requiring a vacuum chamber of

35 excessive proportions. The design also involves top-lcading
through the first or upper chamber, and this limits the



whi ch possibilities were not conceived in GB-A-772,826. Again the present
i nvention nmakes it possible to couple in a single piece of equipnent the
two successive operations 25 of vacuum heat WEN@CS%E“ tionary

porous silica body supported w thout contac 4W3W$ guxxﬂwaxn r walls, and
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assenbl y descppBEdPiditBe Aked nfregratiqnt gf ofthieatotadat gitinmrr and
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21 - the onlylﬁﬁﬁg b nUSing this type of faciTity.

US-A-4969941 describes the employment of two separately
5 heated chambers in an attempt to prevent the ingress of air
or oxygen to the high temperature graphite sintering
furnace. US-A 5,032,079 describes an upper (preheating)
furnace lined with fused quartz, and separated from a lower
graphite-lined (sintering) furnace by a sliding valve.
10 During sintering, upward leakage of helium past the valve
- ensures that the partial pressure of oxygen in the sintering
chamber is minimised, and prolonged life of the graphite
muffle tube is claimed. This approach still requires large
volumes of helium, whose use would be minimised, or even
15 eliminated if it were possible to evacuate the furnace.
The construction has the added disadvantage that the body
must be loaded through the top of the furnace. The total
height of the facility must therefore be at least (4L + 2H)
where L is the length of the body, H is the length of the
20 zone sintering region of the furnace.

It is desirable to be able to load a hot soot body into
a preheated furnace but, with a top-loading furnace of this
type, convective rise of the furmace gases would mean that
the upper furnace will immediately f£ill with air, which must
25 be eliminated by purging before the process can proceed, in
order to avoid oxidation of the heated graphite parts,
reducing their lifetime and giving rise to associated
contamination. Purging of this type of furnace, operating
at pressures near to atmospheric, is a slow process
30 dependent on diffusion of inert gas through the furnace, and
more particularly through the pores of the silica soot body,
to replace the oxygen, water vapour etc., contained within
the system. The operating temperature of the upper furnace
is also limited to B800°C by design considerations, in

35 particular use of a quartz muffle tube.
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step in this integrated process be such as to minimise the
risk of mechanical damage to, or ,céntamination of, the
product glass body. These requirements are inadequately
addressed in any of the above mentioned prior art, and this
invention seeks to meet these requirements in a unique way.

A preferred method of manufacturing the porous-
synthetic silica Dbody is by flame hydrolysis or oxidation
of a silicon compound, usually SiCl,, to deposit the porous
soot body on the side of a mandrel (OVD), or on the end of
a rotating cylindrical member (VAD) . Immediately after
deposition, the hot (e.g., 1000°C) -porous synthetic silica
body is fragile, and readily contaminated, for example by
gas-borne impurities or dust in the atmosphere. These may
give rise to superficial contamination, and typically
surface devitrification, or possibly to bulk contaminatiocn
if the impurities are capable of penetrating the pores or
diffusing through the glass. If subjected to thermal
cycling, apart from the evident.  thermal and process
inefficiencies, there is also a risk of cracking due to
stresses set up in the porous synthetic silica body, or
between the body and any supporting means (bait-piece,
handle, mandrel etc.). Nevertheless, prior art processes

generally require cooling of the soot body, prior to loading

into the top of the heat-treatment/sintering furnace.  Hot
transfer of the soot body would avoid the above problems,
and would give the additional advantage of reducing
processing times, since it is evident that re-heating a
large body of porous silica to a uniform temperature will
take a long time, owing to the low thermal conductivity of
the low density body. '

Clearly it is desirable on conclusion of the
deposition process to maintain the body at high temperature
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can then be evacuated to a pressure of < 0.5t , GBUANMEIenbet at ure
raised to [err] to pernmt partial dehydrafjon. {These conditions can be 25
mai ntai ned for a period of for exanple 2 hours. Bp Z. VWhen the:assenbly

has achlevedaﬁdpr§§EE§soﬁt|%%%dd@ﬂ1§%ﬁ%é én t gg:&gisﬂce B
may be ralsed gg Lgr;{ The soot b%@% e | ower rough
fur- 8 elerﬁibr e§§8r RN ) S“é'ﬁd F@nﬁéxﬁat gPEiZPRRERE}  at
a rate of Snohlynuiteen  Afeersédie ®obdiyr chas b2én converted to a fully
vitrified glass body and cooled to room temperature, should
5 the body be exposed to any risk of contamination. This
ideal mode of operation is not possible in any prior art

heat treatment or sintering furnace we are aware of.

The present invention provides a furnace capaﬁle of

overcoming all the problems inherent in the above-noted

10 prior art processes'in a cost-effective manner, and permits

the manufacture of pure and doped synthetic silica bodies

of very large size and with high productivity, without the

use of large quantities of helium. While a furnace

according to the invention may be used to heat treat porous

15 silica bodies made by'any process, including sol gel, and

soot bodies made on a horizontal deposition lathe, it is

_ partictlarly well adapted to receiving a porous synthetic

silica body made on a vertically oriented deposition lathe,

i.e., a soot deposition facility in which silica soot is

20 deposited to form a cylinder whose long axis is vertical,

and which rotates about a vertical axis. The conventional
VAD process is an example of such a process.

Summary of the Invention
According to one aspect of the present invention there
25 is provided a furnace suitable for the heat treatment and/or
sintering of porous synthetic silica Dbodies, under
conditions of high purity, under atmospheric or reduced
pressure,'comprising a tubular susceptor disposed with its
. axis vertical and a liquid cooled induction coil for raising
30 the temperature of the susceptor, the susceptor being made
from graphite and/or silicon carbide, and being enclosed
within a vacuum envelope made from vitreous silica or fused
quartz, and the envelope being surrounded by the liquid-
cooled induction coil, the design being such that the vacuum
35 envelope operates at temperatures below those at which
either devitrification or sagging of the envelope might
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soot body has been so treated, the furnace ass
at nospheric pressure by f||||ng wi th nitrogen,

switched off and allowed to cool. 5 Step
rai sed into furnace A which can then be uncoupl ¢d (o} sgepbly, noved
to the unloading site, and the product ggﬁs [ déw&igﬁ‘?f

furnace, renoved fromthe shaft, and tak

A product ghagard habehs &%%ESP@H nttu%q.ali‘"'bgh?

content of around

e}
ZHEPLWJEMENWSFEE?S are
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+he—treat-eeh bpdy is

ot he
flor _further prpcpssing.

bpesr 208 Wddeda W

can be expected

the sliding t&mafprer Pt 4d0PoCt uthﬁcfélﬂla‘F% M%GQ@%#%@aﬁéﬁt

vacuum 15 wh lamrehlos: fry#eeifon idbdit p@&@lﬁ&@eﬁanecmsug §a§amv|e%rtirc%§.‘“t
but by a sI| ment of rocess steps. Thus after | oad |gg soot
§c€ l% pte

body into f@&

5

10

15

20

spylay sysgeptor,. said shaft being a to

support the body to be heated.

Preferably the tubular susceptor is surrounded by
graphite felt, or a comparable refractory thermal insulating
medium, forming an annular layer between the tubular
susceptor and the cooled vacuum envelope.

Suitably the vacuum envelope is terminated below by a
closure means and is supported from above by a carriage or
the like movable support which permits the furnace to be
moved horizontally smoothly from one processing station to
another and, by actuating the closure means, to couple the
vacuum envelope to a furfher, axially aligned, heat
treatment chamber.

A furnace of this type may be used for whole-body heat
treatment, or with a short hot-zone, for zone. sintering.
Indeed a furnace of this design could be used with a short
but movable induction coil +to provide a vacuum heat

" treatment and zone sintering furnace analogous to that

25

30

described in US-A-4,741,748 but offering significant
advantages over that design. However, as noted above, omne
of the objectives of the present invention is to improve the
handling procedures of these bodies, i.e. to avoid
unnecessary thermal cycling, to. avoid undesirable mechanical
stresses, and to ensure minimal exposure to the environment.

Thus, according to a further aspect of the invention
there is provided an assembly for heat treatment and/or

t hen

éyl

| f

sintering of synthetic silica soot bodies comprising at .

least two furnace chambers, the upper one being a furnace of
the type described above, which can be moved to a position
over a facility used for the deposition of a silica soot
body, there permitting the loading of the soot body into the
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A may be evacuated, and dehydration and rel ated gﬁgﬁﬁﬁﬁmﬁﬂﬁénﬁﬁﬁa ment
processes may be effected while furnace Ais 20§detached from furpace B.
This arrangenent gives greater versatility to thelf &8 IJAN ¥%nd or
exanple, in a nulti- furnace systempermts thefuge of several furnaces A,
serving a smaller nunber of furnaces B. |In the pbove process Steps, helium
or argon may be 25 used as inert gas im pRace obl_nitrogen. FExanplle 2.
Dehydrati on %Bg§/V30%§?IS|nterlng ,The condi tions .of Exanple, 1l can be

fol i owed, b anky 4TS nETABAESEr cHPABKL / BERYAPALPEN FREh

i Eer} gas, |envipemhent a;]ﬂhenf:aexqﬁéﬁt@rémltros &t pddition [6ver wd@écdﬁéugm
t he furnace e a.dry.i.nert ni trogen .or i u an
agai n evacua’lf-‘fmludéé g)}%‘%ﬁ?g é‘r g‘h% %fe'ﬁgﬁﬁﬂngof“%g R tpRgestaken

again wunder a controlled gas environment and under
5 controlled conditions Qf temperature and pressure.

An assembly according to this further aspect of the
invention facilitates the conventional processes of
annealing, dehydration (i.e. removal of OH groups) by
treatment with chlorine-containing gas, doping by treatment

10 with fluorine-containing gas, and sintering of synthetic
silica soot bodies, and also permits the unusual process of
dehydration’ of a silica soot body by simple vacuum
dehydration, or vacuum dehydration coupled by intermittent
or continuous introduction of inert purge gas. Furthermore

15 it is possible to effect dehydration of the soot body, by
heating in a reducing gas, e.g. in the presence of hydrogen
or by exchange with a deuterium-containing gas, i.e.
introducing OD groups at the expense of OH groups. - '

Brief Description of the Drawings
20 These constraints are fulfilled by the furnace assembly
shown, by way of example, in the accompanylng drawings, in
which:
FPigure 1 is a sectional side view of a furnace assembly
according to the invention,

25 Pigure 2 is a view of the upper furnace part receiving
a soot body at a charging location,

Figure 3 is a view of the assembly shown in Figure 1
with the soot body passing from the upper furnace part to
the intermediate and lowermost furnace parts, and

30 Figure 4 is a view of the upper furnace part of Fzgure
2, ready for unloading.



- 23 - hours at [err], before the cycle of Exanp
Steps 4-6 conpl et ed. A product glass that is
bubbl e-free, and has a hydroxyl content of
| ower than that of Exanple 1, can be expected. Th
dehydrati on may be extended mnth repeal edd4cycl es bf

bl
back-fillin vacuati o aIt t.i V. ehyfr bt-+en—ay—be--achi eved by
pr ol onged 1855&:&%% ﬂ e#rﬁ'f‘b %‘%‘F cpntroll ed and conti nuous
purge of dry inerRefpasimg gtanggu.r.eheI ity mrmcm@r ises
Hydrogen Treg Y te n! di
" repeated, but 1§t EtC% g ?Jhﬂ% ngu%a’lcj(r%%l oane%gie ??ggﬁndﬁrnt%&é'ggﬁ) for
the second fG94PY %&(ﬁ?:ﬁ se¢rnd yFpaRece ah - beBaneaGU the second furnace
5 B is attached a receiving chamber C for treated product.

The upper furnace A may be moved by a swinging arm,
carriage, hoist, crane or other means to one or more
different sites within a building, three of these sites
being shown in Figures 2, 3 and 4. Thus furnace A may be

.0 loaded at site I (Figure 2), vertically over a deposition
furnace shown in chain lines 28, moved to site II (Figure
3), where it may be attached to a second furnace B and a

- chamber C, and after completion of the heat-treatment
process in furnace B the furnace A may be moved to an

.5 unloading site III (shown in Figure 4).

A preferred design of furnace assembly will now be
described in greater detail, with reference to Figure 1.

The furnace A comprises an induction furnace, with a

hollow cylindrical susceptor 1, made from high purity

!0 graphite (ash content preferably less than 10ppm), silicon
carbide or a combination of graphite and silicon carbidé,
contained within a substantial air-cooled fused silica tube

2, which serves also as a vacuum enclosure. The susceptor
is heated by induction from a water-cooled coil 3 external

!5 to the cooled tube 2. Susceptor 1, and silica tube 2 are
separated by thermal insulation 4, for example high purity
graphite f_elt. The upper end of furnace A is sealed
(e.g.via a water-cooled metal flangé 5 and a water-cooled
metal dome 6), through which projects-a water-cooled metal

30 shaft 7. This shaft enters via a vacuum feed-through 8,
which permits vertical movements of the shaft up and down
"and rotation about a vertical axis in either direction. A
synthetic silica soot body 9 is suspended demountably from
the lower end of the shaft. Drive mechanisms for the

35 vertical and rotational movements of the shaft are not shown



with a dry inert gas containing 3% hydrogen. The furnace can be
mai ntai ned for a further 4 hours at [err] with t
the cycle of 20 Exanple 1, Steps 4-6, can
in place of a mxture of inert gas and hydrogen ju e
partial pressure of pure hydrogen may be_used.,
agai n be transparent and 25 bubbl e-free,
' Cﬁntent of |esbuthedm ppa Obe d@tﬂ@@§ﬁtﬂéh&ﬂ ée’a‘r OH hys
t he presence o nin the eat t rea nent en to
promote OH ren% éa?lg#% e ottt S BnfhhitPTh "t’?ﬁ%'g Fethg
dehydration 30heat-tpeateds is uncertaln, It Is suggested that, during
hydrogen pre-treatnent there is sonme reduction of OH groups to give silane
groups; [err]

hydroxyl

The lower end of furnace A comprises a water-cooled

5 flange 10 which incorporates an appropriate closure means,

for example a sliding valve 11, which is designed to

maintain a chosen gas atmosphere, or even to withstand a

vacuum within the furnace A, when that furnace is used
independently of furnace B.

10 The whole of furnace A as described above should be
movable in a horizontal plane. One means of achieving this
movement is by constructing furnace A such that it is
suspended from a carriage 12 which supports the upper
flange, dome, and shaft drive mechanisms. This carriage may

15 be driven along a rail system between alternative furnace
sites I, II and III. Swinging arm and other transport means
may alternatively be used. Dome 6 and the lower £flange 10
may incorporate means to introduce inert and/or process
gases, and/or connection to a vacuum pumping system. These

20 possibilities are represented schematically in Figure 1 by
a single inlet/exit pipe 13, fitted with a valve 14, but
alternative pipework arrangements, not shown, are cléarly
possible. Appropriate water-cooling of metal parts is
provided, for example by a cooling pipe 1S5.

25 Furnace B is desirably of similar comstruction but with
a short hot-zone as required for zone-sintering of the soot
body, when lowered, preferably with rotation, through the
furnace. Thus furnace B comprises a susceptor 16 of high
purity graphite (ash content preferably less than 10ppm),

30 silicon carbide or a combination, contained within a
substantial air-coocled fused silica tube 17, which again
serves as a vacuum enclosure. The susceptor 16 is desirably
heated by induction from a further external water-cooled
coil 18, and thermal insulation 19 is again provided

35 between susceptor and silica tube (e.g. by graphiée felt).



- 24 - and subsequently, during vacuum heat-tre tﬂm__hcd}kﬁﬁesﬁfé'[ag groups
react with residual OH groups wth elimnatipn rr] 5

Thi s technlque permts dehydration of a soot bofdy{ without recourse to using
a chl orine-containing gas, and the associ ated nkef P& JAYBS ent for
handl i ng of toxic gas and for treating 3h§ ef fluept gases. Considerable
savings are thus possible in both 10 %qU|p nt and operatlng costs I t
is possible %ﬁaLcuB%u%%%V%r%e&EﬁthQ%e?fcb%&%h #. sR-opeLdd by,the
strongly reduci ng conditions I ch prevall aPRACE accor |ng to

t he present :

n a

Temperature monitoring and control of furnaces A and B

-may be via thermocouples, by pyrometers viewing through

fused quartz windows welded to silica tubes 2 and 17, or

5 attached elsewhere on the furnace assembly, or via

fibre- optlc pyrometers entering e.g. via the water-cooled

flanges S and 21, or through fittings welded to the silica
tubes 2 and 17.

Reception chamber C can be of simple design, comprising

10 for example a water-cooled metal chamber 22, which may

optionally contain an inner chamber 23, made from high

purity graphite, and again . thermal insulation 24 may be

provided via graphite felt. Alternatively for some

applications it may be desirable to omit the graphite inner

15 chamber 23, and/or the thermal insulation 24, and thus to
achieve more rapid cooling of the heat-treated product.

Means may be provided to introduce inert and/or process
gas into furnace B, and/or to chamber C, or alternatively to
connect these components to the vacuum system. These

20 possibilities are represented schematically im Figure 1 by
a single inlet/exit pipe 25, fitted with a valve 26, but
alternative pipework arrangements, not shown, are clearly
possible. Appropriate water-cooling of chamber C is
provided, for example by a cooling pipe 27.

25 The assembly is designed to permit operation of furnace
A independently, or of the assembly ABC coupled together,
under inert gas, e.g., argon, helium, or nitrogen, or with
controlled pressure of reactive gas, or under vacuum. AsS
reactive gases the following are examples of possible

30 chlorinating/dehydrating gases, Cl,, §SiCl,, sOCl,, COCly,
CCly, and other chlorinating species.  Alternatively in
the manufacture of fluorine-doped silica bodies the furnmace
gases may include SiF4, SPg, CF4, or any of a range oOf
other fluorocarbons, and chlorofluorocarbons. In the
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I nventi on. Indeed it is probable that a si
process can be undertaken using alternative

4 qgnydratlon
éﬁ;ﬁﬁﬂﬁgﬂég—ﬁqductant gases.

Exanpl es of such gases include amoni a, methané and ot her _hydrocarbon gases
(though care nust be exercised to avoid precip teﬂ&@lA ﬂ”]na‘ccept abl e
anounts of carbon within the pores of 20 he soot _body) . or

alternati vel 4-ypone! L BORRLEOE] Ruaghpeh B Wtmed A LdN, Sapfedlitag

gas. It shoo¢ducheg msanlaytihhso henesnp#nmb%ﬁ regd tive syasiy akn M| y

eff ect ed Wt@b“eﬁf&&&”%%@%@ J@x/ﬁﬁ@f‘dﬁ nPEMEQEkO“ ™ Mabove
expenS| hel 1u

consequent saving._on the VOl ufe o required, nay equally
be practi sed*eRFHEVPeclgAFRSasTRiePe 328 | Afect Kptade Eﬁem’(%nf‘f-PrE pFocess

may be pragtatedspe D8V QHiesendle, prdfiuted QF c&drtgﬁﬁasl S e Obfhette

‘treatment fu£ SV E- noteghuslnerg pro&?éé ey b ~alternatively and
advantageously, at controlled low pressure and in the
absence of any inert gas.

Depending on the reactive gases to be used in the

10 desired process sequence, the internal high temperature

components may be selected from the group consisting of

graphite, silicon carbide, and silica, the selection being

such that there is no -deletericus reaction of the

components of furnaces A and B over the temperature range

15 of normal_opefation of these components within the furnace.

However, high purity graphite is generally the preferred

material for both susceptors and thermal insulation for
most applications. -

It is important to note that the fused silica tubes 2
20 and 17, which serve as containment vessels for furnaces A
~and B respectively, being air-cooled, and heated only
indirectly by conduction from the inner susceptors, never
rise.- to a temperature at which gaseous attack,
devitrification or slumping might be a problem even when
25 the susceptors are at 1700°C or above, and herein lies ome
of the major advantages of the invention, since the pressure
within the muffle may be controlled, and does not have to be
maintained near ambient pressure. Thus the use of vacuum
prior to treatment with inert gas permits reduced process
30 times, since gases may be driven through the pores under
pressure, instead of relying on diffusion as in the prior
art. This is particularly advantageous when low doping
levels are required. The ability to sinter a silica soot
body to a bubble-free glass without the need for helium
35 represents another major advantage.



undertaken at total pressures near to atnospheric pressure by treating a
soot or other porous synthetic silica body atj &gpe $ﬁqﬁf1for exanpl e
[err] in & flow of heliumcontaining a snall |preperiion--o dgogen (e.g.
3%, -25- followed by sintering at for ex le &err i n_af gphere of
pure helium Exanple 4. Dehydration/Deuterju V@%%urh Sintering.
The conditions of Exanple 2 can again be ﬁ'ated but 5 i'nstead of

using purely | ner hgag de 0. caulegpee) Lo bl Losheie e adela,

furnace is filled con ai ni ng
be mai nt ai ne§*PBr élﬂ-awﬁhe&hwhhm %deqzwoeky Werrosicn atevighent, audl

then the cyckaeet BeaPelckile FetiPoratures appropriately controlled by
means of thermal insulation, radiation shielding, water
5 cooling etc. The most critical component is the
water-cooled shaft, the surface of which may experience
elevated temperatures during parts of the operation.
Precautions must also be taken to ensure that all traces of
} reactive gases have been purged from the system before
10 exposure to ambient atmosphere, otherwise ingress of
moisture may give rise to undesirable corrosion of metal
parts. Again the ability to evacuate the furnace greatly
facilitates the removal of such reactive gases.

The pump system must also . withstand corrosive gases (at

15 least in the absence of moisture), and vacuum pump systems

designed for use in the semiconductor industry may be used,

for example appropriate oil-pumps, filled with unreactive

0il, or preferably oil-free vacuum pumps, designed to handle
these gases.

20 Where operation at a controlled partial pressure of
reactive gas is required during operation of furnace A
separately, or of the furnace assembly ABC, this can be
achieved by admitting the appropriate gas,. or gas mixture
via one or more -mass-flow controlled valves, and

25 simultaneously exhausting the system via the above vacuum
punmp assembly.

An exhaust system for attachment to +the furnace
assembly is not shown, but can comprise for example a heat
exchanger, a dust filter, the vacuum pumping system, and a

30 wet scrubber system. Alternatively an appropriate cold
trap system may be used to collect unused reagent and
by-product gases.

It will be evident that, because furnace A is loaded
and unloaded through the lower end, the height required is



10 4-6, can be repeated. Alternatively in place of the mxture of
inert gas and deuteriuma suitable |ow partial p{ hSeENP SHEET QU er i um
may be uséd. The product gl ass would again be trhn: - 1 e-free,
but shoul d now have a hydroxyl content of 15 ess than 1 _ppm IOH,
because of the substantial renmoval of a % OH by exth&BJAN ®97delteri umin
the purge gas. Again it should be noted*fhat thi$ process may alternatively
be practis i ' 08T th J f ) 16cQrdi ngi to the
present i n\?.%ﬁ(%}%@ﬂa@oﬁga%ﬁ.fgﬁ@#%#a Q’B’% Olrﬁ@r Jg‘%g'? = %’rf--%e’sglqgns of
heat treat MSTAfntELQ79. ThBust andpanaamdassemisly a2Caording oeshe e
near to at EyENEHE G dVESSIEE NS 'é‘gb?if?fﬁ Ohe2HE! oBOLRYY U NELl C
silica body at a .tenperature of for exanple er?] In“a flow of "hel' it um 25
cont ai ni ng & )gniihess dpdst £BA %?nﬂ*éht'éfingh?(%‘?%t bpdy and (il Bengith eri ng

at for expgd eheckzbhe-Biaftering region of the furnace, i.e. furnace B.
Such considerations are of considerable'importance_in view

of the size of soot bodies which must be handled in a
commercially viable process.

It will be further evident that bottom-loading of a hot

10 body into preheated furnace A, does not result in filling of

the furnace with air, with consequent risk of oxidation of

the graphite parts, as in the case of top loading as in

prior art furnaces. The transfer of a hot body is thus

greatly facilitated, avoiding any undesirable cooling of the

15 body after completion of the deposition process, and leading

to a significant reduction in cycle time relative to earlier
techniques.

A complete production unit may comprise one or more

A-type furnace units, which may feed one or more BC units,

20 being moved by an appropriate transport system. In this

way a production facility may be designed to maximise the

productivity of the wunits of-each stage of the process,

while - minimising exposure of intermediate products to
contamination or thermal stress.

25 If desired, the shaft 7 of furnace A may be extended
downward through that furnace, and may then be used as the
support shaft of the vertical soot deposition lathe. quer
these circumstances it becomes unnecessary to remove the
soot body from its supporting system on the lathe, and

30 remount it on shaft 7. This might appear convenient,
however there is a penalty, in that one furnace of type A
is tied up for the duration of eéch soot deposition
operation, and for maximum productivity this is not an
ideal situation. The system has therefore been designed so

35 that furnaces of type A may be operated independently of the
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at nosphere of pure helium The above exanpl e
wi t hout the use of chlorine or other hal ogen-
represent “i nportant devel opnents of syntheticjvitr,
Chl orine and chl orine- containing gases are n¢xio
ef fl uent gases which are undesirabl e poll utants. het-moTE, for sone

applications, e.g. high transparency in-tR&® - -26 ul traviol et.:region of
t he spectrum be an_undesjrabl e contam nant in the ElUUUCI glass gi vi ng

soot bodi es
gases

N g97ca technology
and give:rise to

rise to def ecd@PFLEoRdlathen wiich makeiup anpseduetirrelachydityti on
t echni ques made 5 possi bl e by the processes of the present invention
nmay

The concept' of a vacuum furnace with cylindrical
graphite susceptor contained within an evacuated ‘fused
silica tube, energised by an extermal water-cooled induction

5 coil, is not new, however the development of the concept to
permit treatment of porous silica bodies of ultra-pure
synthetic silica, on an industrial scale, and with minimal
contamination, is unique and novel, as is the coupling of
such furnaces to permit operation of an integrated process.

10 GB-A-772,826 describes é furnace in which a graphite
crucible heated by a graphite susceptor was used for the
fusion of quartz grain, and again for the remelting of a
.fused quartz ingot, and its redraw into fused quartz tubing.
Such a furnace was never used with inert or reactive gases,

15 but only under vacuum. Thus the present ianvention
incorporates several significant improvements over the
technology represented by GB-A-772,826.

The present invention allows heat treatment and

- sintering operations to be undertaken under controlled gas

20 environments, and even in the presence of reactive gases, to

permit dehydration, purification or doping of the product,
whicq possibilities were not conceived in GB-A-772,826.

Again the present invention makes it possible to couple

in a single piece of equipment the two successive operations

25 of vacuun heat treatment of a stationary porous silica body

supported without contact with any container walls, and zone

sintering of such a body while in motion, neither of which

operations were possible in a furnace according to GB-A-
772,826.

30 The furnace assembly described may be used for a
variety of heat treatments under vacuum, under inert gas,
or under controlled pressure of reactive gas. The
following examples are illustrative, but do not represent
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be advant ageously associated with chlorine-free soot deposition processes,

as for exanple those described in our co-pending applica
GB- A- 2, 245, 553. This aspect of the invention makes it p@s RUACEMENT SHEET |
establish 10 a conpl ete manufacturing route for a | owjOH synthetiC

silica glass without the use of any hal ogen-containing gases| @8l JAN I;gy;t
rel easi ng gaseous hal ogen- containing ef Aluents into the enyionnent.
The Nar troms—o#

Exanpl e 5. y i on._by orine _JIreatnent.

Exanpl e 1 cgﬁgﬁgﬁgtn%%¥§d° bﬂf1§5e5§l§ ﬁﬁBe °ga§aﬁélﬁ53|fl as_fol | ows.
Furnace A is |lowered onto furnace B, the two are coupled and the slradaing— -
val ve openaﬂxam%T e mhole b%u pressure of 0.5
torr, t %gt%nper u?§5%§ alsedk?Qth?r *and chl orine
adnitted to the furnace assenbly at a controlled rate via a mass-fl ow
controlled val vep synthetic vitreous silica body can be made by the

following multi-step process.

5 Step 1. A synthetic silica soot body is built up on a
vertical axis soot deposition lathe, adapted for
vertical withdrawal of the product body. .During the
final stages of the deposition process, furnace A is
moved into position over the lathe, flushed with inert

10 gas (nitrogen or argon) and heated to a temperature of
1000°C.

Step 2. On completion of the deposition process,
sliding valve 11 of furnace A is opened, and shaft 7
lowered into contact with a handle supporting the soot

15 body. The two are coupled, and the hot soot body
raised into the preheated furnacs. Valve 11 is then
closed and furnace A moved slowly into position over
furnace B, which can be at room temperature, and filled
with nitrogen.

20 Step 3. Furnace A is then lowered onto furnace B, the
- two are coupled, and the sliding valve 11 opened. The
whole assembly can then be evacuated to a pressure of
< 0.5 torr, and the temperature raised to 1100°C to
permit partial dehydration. These conditions can be

25 maintained for a period of for example 2 hours.

Step 4. When the assembly has achieved a pressure of
less than 0.2 torr, the temperature of furnace B may be
raised to 1600°C.

Step S. The soot body can then be lowered through fur-
30 nace B at a pressure of 0.2 torr, and temperature of
1600°C, at a rate of Smm/minute. After the entire
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whi | e evacuation is continued, to maintain a pres
treatment shoul d be continued for 2 25 hour g
chlorine flowis interrupted and the furnace is ¢
0.2 torr. Steps 5-6 of Exanple 1 can then be repsg
which is transparent and bubbl e-free, 3 . andg
of less than 0. 1lppm CH should result, denonstrat

Vv
at
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SRERLAGEMEND SHEET. | Thi s

g gl

he
plegsure of
t gl ass

| { cont ent

I ng the dehydrati)n ef fect

of treatment “ﬂtboétcﬂégf'ﬁﬁg(ﬁégﬁﬂéa'E%éi%%d thestur Uog gne
Dopi ng. The |n|t$ tions of Exanple 5 are repeated ef{ aftér
coupling of FaReRt Atgngatmospderdf opugssure by filling with
nitrogen, and both furnaces are switched off and
allowed to cool.
5 Step 6. The treated body is then raised into furnace

A, which can then be uncoupled from the assembly, moved
to the unldading site, and the product glass ingot
lowered from the furnace, removed from the shaft, and
taken away for further processing.

10 A product glass that is.transparent and bubble-free,
and with a hydroxyl content of around 120ppm OH can be

expected.

It will be apparent that if the sliding valve 11,

fitted to furnace A, is designed to withstand a vacuum
15 within this furnace, it is possible to achieve a similar
result, but by a slight adjustment of process steps. Thus
after loading the socot body into furnace A (Step 2), furnace

A may be evacuated, and dehydration and related gaseous heat
treatment processes may be effected while furnace A is
20 detached from furnace B. This arrangement gives greater
versatility to the facility, and, for example, in a multi-
furnace system permits the use of several furnaces A,
serving a smaller number of furnaces B.

In the abhove process steps, helium

25 used as inert gas in place of nitrogen.

Example 2. Dehydration Purge/Vacuum Sintering

or argon may be

The conditions of Example 1 can be followed, but
between Steps 3 and 4, the heat-treatment/dehydration

with inert gas, is repeated. Then,

after 2 hours at

30 1100°C under vacuum, the furnace is filled with a dry
inert gas (e.g. nitrogen or helium), and again evacuat-
ed. The temperature is maintained for a further 4



treatnment, silicon tetrafluoride is admtted to %MCEMEM §F‘F|§c
assenbly at a controlled rate via a mass-flow conjrplled val ve;
evacuation is continued to nmaintain a pressure of { 1p0g®JAN WIThel spot body
is treated thus for 2 hours, and furnace B then hgeated to [err]. JThe soot
body is then sintered by passing 10 t hrough{ f ; { he

at nosphere of [err] is maintained as abdde” The fyrnace assenbly is]then
evacuat ed, and nefild ed.w rgon th bat h.sf.urnac ,t ched of f
and allowed to clf(;%#é.g 1gt Hb(gtcg'p Ee?sgq‘teheﬁﬂ%n yrétlaeke ?as m%ez\r,w\%l e& 1.
The product gl a&eswnad, and Stepsirdx@|ceonpleted of | ess than 0. 1ppm OH, "and
have a fluorine content of typically 0.225 % Atom c corresponding to a

refractive index of 1.4573. 20 |f the sliding valve 11 permts
operation with & vaRER@WCt glass that is again transparent and

5 bubble-free, and has a hydroxyl content of 80ppm,
significant_:_ly lower than that of Example' 1, can be expected.

This approach for dehydration may be extended with
repeated cycles of Dback-filling/re-evacuation, or
alternatively dehydration may be ‘achieved by prolonged

10 vacuum heat treatment, with a controlled and continuous
purge of dry inert gas, e.g. argon, helium, or
‘nitrogen. '

Example 3. Hydrogen Treatment/Vacuum Sintering _
The conditions of Example 2 can be repeated, but
15 instead of using purely inert gas (e.g. nitrogen) for
the second f£ill (Step 3), the furnace can be filled
with a dry inert gas containing 3% hydrogen. The
furnace can be maintained for a further 4 hours at
1150°C with this atmosphere, and then the cycle of
20 Example 1, Steps 4-6, can be repeated. Alternatively
in place of - a mixture of inert gas and hydrogen used
above a suitable low partial pressure of pure hydrogen

may be used.

The product glass should again be transparent and

25 bubble-free, and should have a hydroxyl content of less
the S5 ppm OH, demonstrating substantial removal of OH
by the presence of hydrogen in the heat-treatment gas.
The wuse of hydrogen to promote OH removal is
unexpected, and while the mechanism of this dehydration

30 process is uncertain, it is suggested that, during
hydrogen pre-treatment there is some reduction of OH
groups to give silane groups;

Hy + =S1-OH = =8i-H +H,0



inside furnace A while this furnace is det aph
furnace Bis filled with gas at, for exanpl

t he above- pre- treatnents of the soot body
conveniently effected with process gas in f

B (or while
ssure), then
.may be 25
This reduces
guantities of

both the time required for evacuatlgg e
process gas required. Summary of the novel

furnace desi on siid abhesLgteherge o kﬁgws

bodi es, under
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t1ons -—Under vacuum
silane groups reac Wlth reszdual OH groups with

elimination of hydrogen.
aSi-H + =Si-OH - aS8i-0-Sis + Hy

This technique permits dehydration of a soot body

without recourse to using a chlorine-containing gas,

and the associated need for equipment for handling of

toxic gas and for treating the effluent gases.

Considerable savings are thus possible in Dboth
. equipment and operating costs.

It is possible that the above reduction of =Si-OH to
=Si-H is promoted by the strongly reducing conditions
which prevail within a furnace according to the present
invention. Indeed it is probable that a similar
dehydration process can be undertaken using alternative
chlorine-free reductant gases. Examples of such gases
include ammonia, methane and other hydrocarbon gases
(though care must be exercised to avoid precipitation
of unacceptable émounts of carbon within the pores of
the soot bedy), or alternatively monosilane (SiHg) or
other silanes. In either case the reductant gas may
conveniently be diluted in helium as an inert carrier
gas. ‘

It should be noted that this process, while
advantageously effected within a furnace according to the
present invention, with consequent saving on the volume of
expensive helium required, may equally be practised using
helium as inert gas. Indeed by use of helium the process
may be practised in conventional prior art or other designs
of heat treatment furnace. Thus the process may be
undertaken at total pressures near to atmospheric pressure
by treating a soot or other porous synthetic silica body at
a temperature of for example 1100°C in a flow of helium
containing a small proportion of hydrogen (e.g. 3%),

mgﬂégésoot



under inert gas,

parti al

parti al

at atnospheric or reduced pressie—rder—eortnol | ed

pressure of chlorinating and/or fluor} r&EPLA@EMﬂHeSHEEit fat nospheri c
or réduced pressure optionally m xed with ineytfygas, UNJUET ntjir ol | ed

pressure of reducing gas e.g. hydrogeh,
hydr ogen- contai ni ng gas, optionally m x mnt1

qt her

BA %k%é”

THe provi si on

of one or nore induction-heated furnace b al et or nade
from graphi Sdd I 0 Eo P ] cé éigbwg lp a
cylindri caléc\?/lalcuum (esr}c ﬁfigl'féeﬁf}gz e%ftr g%%\,?? -Ts g é £o-adl qLél’rt%éle W th
external vef AUEDH um-|nduct|on coil, designed for whole-body '
heat-treatnent, or for zone-sintering, of 15 synthetic silica soot
bodi es undey_contro ti essure of a ran f different inert or
reactive g r%? hgg?ho%ﬂﬁ @euterinm ggi‘%ﬂ&F 3 Sinkeriagy nace

to be made,
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anclThe conditions of Example 2 can again be repeated, but

instead of using purely inert gas'(e.g. nitrogen) for

~the second fill (Step 3), the furnace is filled with

inert gas containing 3% deuterium. The furnace can be

maintained for a further 4 hours at 1100°C with this

atmosphere, and then the cycle of Example 1, Steps
4-6, can be repeated. Alternatively in place of the
mixture of inert gas and deuterium a suitable low
partial pressure of pure deuterium may be used.

The product glass would again be transparent and
bubble-free, but should now have a hydroxyl content of

'less than 1 ppm OH, because of the substantial removal

of all OH by exchange with deuterium in the purge gas.

Again it should be noted that this process may
alternatively be practised using helium as inert gas
both in a furnace according to the present invention
and in conventional prior art or other designs of heat
treatment furnace. Thus it may be undertaken at a
total pressure near to atmospheric pressure by treating
a soot or other porous synthetic silica body at a
temperature of for example 1100°C in a flow of helium
containing a small proportion of deuterium (e.g. 3%),
followed by sintering at for example 1600°C in an
atmosphere of pure helium.

The above examples of 'dehydration of soot bodies
without the use of chlorine or other halogen-containing
gases represent important developments of'synthetic
vitreous silica technology. Chlorine and chlorine-
containing gases are noxious, and give rise to effluent
gases which are undesirable pollutants. Furthermore,
for some applications, e.g. high transparency ia the



reactive, inert, or |ow pressure gas/vacuumto G Eﬂ‘?dSI?ﬁ therein, but
unlike certain prior art furnaces which enpl oy {vi fysed quartz
nuf f1 e tubes used at hi gh tenperature, a design ijn which the viit teous
silical/fused quartz conponents of the furnace il COGrdANdB9%Ath§the
present invention operate well beIOM/tenp? turfes| at which 25 |ther
devitrification or sagging of the eous| sTTTcartused quantz m ght

occur, leading to hDﬂﬁaGQ&D@ﬁeﬁé?iéﬁ f”iﬂé”yéé bENEE
and econony in us or se

0
f ur naces, de5|gnedu?%%stSbfﬁdEBBﬁGEhPP?t(inck%$lBH°FB§§tﬂéas?ww9%XF¥$e
heat treatment or siseetongedécporonsisyagbatiensilica bodies. E An
assenbly for heat treatnment and/or sintering synthetic silica soot
bodies conprising at |least two furnaces, at |east one of which has a hot
zone at | east as Clearly, the chlorine- free dehydration techniques made

5 possible by the processes of the present invention may
be advantageously associated with chlorine-free soot
deposition processes, as for example those described in
‘our co-pending application, GB-A-2,245,553. This
‘aspect of the invention makes it possible to establish

1Q a complete manufacturing route for.a low-0OH synthetic
silica glass without the use of any halogen-containing

gases, and without releasing gaseous halogen-containing
effluents into the environment. '

Example 5. Dehydration by Chlorine Treatment.

15 The conditions of Example 1 can be repeated, but Steps
3 and 4 can be modified as follows.

Furnace A is lowered onto furmace B, the two are
coupled and the sliding valve opened. The whole
assembly is then evacuated to a pressure of 0.5 torr,

20 the temperature of furnace A raised to 1100°C and
~.chlorine admitted to the furnace assembly at a
controlled rate via a mass-flow controlled valve,

while evacuation is continued, to maintain a pressure

of 100 torr. This treatment should be continued for 2

25 hours, after which the chlorine flow is interrupted
and the furnace is evacuated to a pressure of 0.2
torr.

Steps 5-6 of Example 1 can then be repeated.

A product glass which is transparent and bubble-free,

30 and with a hydroxyl content of less than 0.1ppm OH
should result, demonstrating the dehydration effect of
treatment with a chlorine-containing gas.



-29- long as the body to be treated, and which may be noved to link with
the facility used for a previous operation, e.g. soot deposition furnace,
there perimitting the |oading of the body, andf controlled
gas environnment 5 and tenperature to a second
sintering my be under t aken under cong% IIe
t enperat ure, such that large fragile
integrated g kgﬁ? h i al or t
m ni num exposur tokthgi g@%ﬁlr% i) Hﬁ, whi ch
contam nation of the ultrapure product. F. Depnydration of a porjous

synthetic silicapB@dy nB%143C doRdaiAld O exantlle Y ar VfﬁgH?EeaehﬁgEat'on

coupled wth |nt%rn1ttent or continuous |ntr uctlon 0 fge
ter’ coupling of furnaces and B and ¢ lorlne
treatment, silicon tetrafluorlde is 'admitted to the
5 furnace assembly at a controlled rate via a mass-flow

controlled wvalve, and evacuation is continued to
maintain a pressure of 150 torr. The soot body is
treated thus for 2 hours, and furnace B then heated to
1450°C. The soot body is then sintered by passing

10 through furnace B, while the. atmosphere of SiF, is
maintained as above.

The, furnace assembly is then evacuated, and refilled
with argon, and then. both .furnaces are switched off
and allowed to cool.

15 Step 6 is then undertaken as in Example 1. The
' product glass would have a hydroxyl content of less
than O.ippm OH, and have a fluorine content of
typically 0.225 % Atomic corresponding to a refractive

index of 1.4573.

20 If the sliding valve 11 permits.operation with a vacuum
inside furnace A while this furnace is detached from
furnace B (or while furnace B is filled with gas at,
for example, atmospheric pressure), then the above pre-
treatments of the soot body prior to sintering may be

25 conveniently effected with process gas in furnace A
only. This reduces both the time required for
- evacuation etc., and also the quantities of process gas
required. ' -

Summary of the novel features disclosed:

30 A.. A furnace design suitable for large scale treatment of
synthetic silica soot bodies, under conditions of very high
purity
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15 in the apparatus featured in the follow nge.claim.1 or..in other suitable
equi prent. G Dehydration of a porous synthet| cRERLUACEREND@HERY }acuum heat
treatment, coupled with intermttent or conti . pn{ of a
reactive, e.g. chlorine or fluorine- 20 contain nq, %ﬂgsagv Cehlydrati on of
a porous synthetic silica body, by vacuum q§h df at 8 ediwth
heat-treatnent with a hydrogen- contalnln z _ tihg gas,
prior to sintering en-free atnosphgre, or under vacupm 25
Dehydration of a SIP?S% ségﬁﬁgody, i.e. reno by a
process invofvi ngundRchingst gRsSh ag d§mpephaniconrarndngega@rasmmm@duc|ng

D Goups at the eﬁﬁ&@ﬁeceﬁtgbhled(bﬁr%iﬁl'?r@%é@@é‘ﬁ? éﬂfﬁfaﬁﬁtzn?O

conventi onal wavel en | eads
unaccept abl e absoﬁﬁafﬁﬁ f&ﬂ°rinﬁﬁFH&%£P59%d|%Fléﬁm°ﬁﬁhi§¥96REnFFFEG?d

5 pressure optionally mixed with inert gas,
- under controlled partial pressuré of reducing gas e.qg.
hydroéen, deuterium;'or other hydrogen-containing gas,
optionally mixed with inert gas.

B. The provision of one or more induction-heated furnaces,

10 each with a susceptor made from graphite, silicon carbide,
or a combination, and enclosed within a cylindrical vacuum
envelope made from vitreous silica or fused quartz, with
external water-cooled "induction  coil, designed for
whole-body heat-treatment,. or for zone-sintering, of

15 Synthetic silica soot bodies under controlled partial
pressure of a range of different inert or reactive gases, or
under vacuum. '

C. A design which allows a large furnace to be made, and
reactive, inert, or low pressure gas/vacuum to be contained
20 therein, but unlike certain prior art furnaces which employ
vitreous silica/fused quartz muffle tubes used at high
temperature, a design in which the vitreous silica/fused
quartz components of the furmace in accordance with the
preéent invention operate well below temperatures at which
25 either devitrification or sagging of the vitreous
silica/fused quartz might occur, leading to long component
life, minimum downtime, and convenience and economy in use.

D. A possibility for an assembly of two or more furnaces,
designed for use independently, or coupled together, for

30 the heat treatment or sintering of porous synthetic silica
bodies.

E. An assembly for heat treatment and/or sintering
synthetic silica soot bodies comprising at least two
furnaces, at least one of which has a hot zone at least as
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J. Sintering of a porous preform of anorphous
predet ermi ned shape) to achjeve fully dense 30 - silica gllass at

| ower tenperatures (typically 1550' 1650'C) i tjh G 8duaR 997 sk ¢f
reacti on and consequent contam nation by suspendirng the porous bogly in
space with no contact with either susceptyy -or Tarner—matertal g thus 5
achi eving product purities several orders of madqnitude better thap has
earlier beenlengsabl #he bOHA B be tréatedjuadndrwiicz athy beraoavyed to

suitable for;bERtyitn the facility used for a previous operation, e.g.
soot deposition furnace, there permitting -the loading'of
the body, and its transfer under controlled gas environment

5 and temperature to a second furnace in which zone sintering
may be qndertaken under controlled- gas enviroament and
temperature, such that large fragile soot bodies may be
handled in an integrated plant with minimal mechanical or
'thermal stresses, and with minimum exposure to the

10 environment, which might'otherwise cause contamination of
the ultrapure product. '

'F. Dehydration of a porous synthetic silica body by vacuum
dehydration, or by vacuum dehydration coupled with
intermittent or continuous introduction of inert purge gas,

15 in the apparatus featured in the following claim 1 or in
other suitable equipment. '

G. Dehydration of a porous synthetic-silica body by vacuum

heat treatment, coupled with intermittent or coantinuous

introduction of a reactive, e.g. chlorine or fluorine-
20 containing, gas.

H. Dehydration of a porous synthetic silica body, by vacuum
dehydration coupled with heat-treatment with a hydrogen-
cont;ining chlorine-free reducing gas, prior to sintering in
a hydrogen-free atmosphere, or under vacuumn.

25 I. Dehydration of a silica soot body, (i.e. removal of OH
groups), by a process involving exchange with a
deuterium-containing gas, introducing OD Groups at the
expense of OH. (In use in an optical fibre at conventional
wavelengths 0D is harmless, whereas OH leads to

30 unacceptable absorption of infrared radiation being
transmitted).

J. Sintering of a porous preform of amorphous synthetic
silica (e.g. of predetermined shape) to achieve fully dense



treatment of synthetic silica bodies, under conditions of high purity,
conprising a tubul ar susceptor dlsposed wth 5 its axis vertical and a

| i qui'd- cool ed induction coil for raising the tenperature of the susceptor

t he susceptor being made from graphite and/or silicon carbide, and being
encl osed within a vacuum envel ope made fromvitreous silica or fused
quartz, and the envel ope being surroundegigby the 10 |iqui d-cool ed i nduction
coil, wherein the design is such that the vacuum envel ope operates at

t enper at ur esiidicav glass aatwhloweri ttmnpeifarturééi cetypicallyaggsa’ of- t he

envel ope m ar, ¢S to S t

terrperatureglrog;s% @ei% ngacﬁ?éh:t Eiilr%elﬂat ot |%’Jﬁ'(‘i’/“or Q\%rjmlt g’%"ﬁ%"@fe“

por ous synt mnta@nammm swpendma'r thedponousnbedy st mspaes iwltly no

reduced pr s tHCRELBet NSulioptns dif UGk A NLHIRALRIATE! diRRad! ©

of rotatlon about and novenent al vertical axis o

suscept or ,5 S OHRAT BEOIRAdaprEStigssuppverat heorders of magm.tude
better than has earlier been possible.

REPLACEMENT e,



20 body to be heated. 2. A furnace according to
i nduction coil is substantially shorter than the t

claim 1, wherein the
ubul ar susceptor and in
e+—t-he _envel gpe {

whi ch the induction coil is nDunted to be noved o\
provi de a hot ally along said g

progressive he ne sinte |ng of a
body cont ai ned mg‘m’my!}”m nace ac 1’d| ng to
wherein the vacul erm nated bel ow b

is supported fromabove by a carriage or the |ike
permits the furnace to be noved hori z GEAING snoo

UBEWMENWSHE‘E?' g
C Pl lica
c ai mp,
g%s‘ﬁ%’ﬁ?:n B0 and
[ vhi ch
hly from one procgssing

vl

station to another and, by actuating the closure MEamsS™—to—tetpte~the
vacuum envel ope to a furt her, axially aligned, heat treatnent

10
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1. An induction-heated” furnace, suitable for heat
treatmegt of synthetic s:.l;ca bodies, under conditions of
high purity, comprising a tubular suséeptor disposed with
its axis vertical and a liquid-cooled induction coil for
raising the temperature of the susceptor, the susceptor
being made from graphite and/or silicon carbide, and being
enclosed within a vacuum envelope made from vitreous silica

or fused quartz, and the envelope being surrounded by the

ligquid-cooled induction coil, wherein the design is such
that the vacuum envelope .operates at temperatures below
those at which either devitrification or sagging of the
envelope might occur even -when the tubular susceptor is
heated to a temperature of 1700°C, whereby heat treatment
and/or sintering of a porous synthetic silica body can be
carried out under atmospher:.c oz reduced—-'i)'ressure, and
wherein the furnace further. includes a shaft capable of
rotation about and movement along said vertical axis of the
tubular susceptor, sa:.d shaft being adapted to support the

body to be heated.

2. A furnace according to claim 1, wherein the
induction coil is substantially shorter than the tubular

" susceptor, and in which the induction coil is mounted to be

25

30

moved over the envelope to provide a hot zone movable
axially along said susceptor permitting progressive heat
treatment or zone-sintering of a porous synthetic silica
body contained therein.

3. A furnace according to claim 1 or claim 2, wherein
the vacuum envelope is terminated below by a closure means
and 1is supported from above by a carriage or the like
movable support which permits the furnace to be moved
horizontally smoothly from one processing station to another
and, by actuating the closure means, to couple the vacuum
envelope to a further, axially aligned, heat treatment



32 chanber. 4. for heat treatment and

synthetic silic es conprising at |east two f
one being a furlm ’WWMH 5 claim 1, which
position over a+ ymﬁor t he deposition
there permitting the loadirfg ¢f the soo;agody frg
chanmber and its transfer under controlT gas en\
to a positiqp.gyer a second 10 furnace chamber if

be undertaken again under a controlled gas environ
conditions of tenperature and pressure. 5. A proce

ur nace
rature
whi ch zone sintefing may
nmen ntrol | ed
ss for the dehydration of

porous synt hetl ¢ 41 1 hnd J3adhes yozh Hedltolntea digd %E??b&eﬁknkﬁrinEub%ace
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orous ~synthetic silica bhodies comprising at least two
furnace chambers, the upper one being a furnace according to
claim 1, which can be moved to a posifion over a facility

‘'used for the deposition of a silica soot body, there

permitting the loading of the soot body from below into the
furnace chamber and its transfer under controlled gas
environment and temperature to a position over a second
furnace chamber in which zone sintering may be undertaken
again under a controlled gas environment and under
controlled conditions of temperature and pressure.

5. A process for the &ehydration of porous synthetic
silica bodies which involves heat treatment in a furnace
according to any one of claims 1 to 3 or an assembly
according to claim 4, in one or more of the following
environments, vacuum; a non-reactive chlorine-free gas;
hydrogen; a hydrogen-containing, chlorine-free reducing gas;
a deuterium-containing gas; and a chlorine- or fluorine-
containing gas.

6. A process for the manufacture of a fluorine-doped
synthetic silica glass body which involves heat treatment
and/or sintering in a furnace according to any one of claims
1 to 3, or an assembly according to claim 4 in a gaseous
atmosphere of a fluorine-containing gas.

7. A process for the manufacture of a synthetic silica
glass containing less than 10 ppm OH by heat treatment of a

. porous synthetic silica body containing a higher OH level in

a furnace according to any one of claims 1 to 3, or an

.assembly according to claim 4, and in an atmosphere

containing hydrogen, or a hydrogen-containing, chlorine-free
reducing gas selected from ammonia, methane or other
hydrocarbon, monosilane, or a polysilane, or mixtures of
these compounds, followed by sintering under vacuum, or in
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according to claim4, in one or nore of the follow ng environnents, vacuum
a non-reactive chlorine-free gas; hydrogen; a hydrogen-containing,

oot ne- 20 cont arni g ass. o A procese tor tne naIANMMEIEINERN > >

fluori ne-doped synthetic silica gl ass qu§3inch invdl vés hedt t’reatnent
and/or sintering in a furnace according td0~any one of clains 1 to 3, or an

assenbl y accogdli NgthBsphdicd 4 subskaAsanly 25 Ag0SER8RC dny® hydrogen-
fluorine-contalnin ga . (. A process for “the manufacture of a synthetic
silica gl ass €PREALIR{RG FRBE8Sthan 10 ppm OH by heat treatment of a porous

synthetic silica body containing a higher OH level in a furnace according
2n atmosphere cont A nihPIRRRTLERE SPeaRATHEBESRESoRE af AR e AP ce
reduci ng gas gkésstedntabmingnbess, then ht®cppm @F ey heat treatment of a
5 porous synthetic silica bedy containing a higher OH level in
a furnace according to any one of claims 1 to 3, or an
assembly according to claim 4, and in an atmosphere
containing deuterium, or a deuterium-containing, chlorine-
free reducing gas followed by sintering under vacuum, or in
10 an atmosphere substantially free from any hydrogen-
containing or deuterium-containing gases.




hydr ocar bon, nonosilane, or a polysilane, or mxtures of these conpounds,
followed by sintering under vacuum or in - 33 - an atnosphere

~ substantially free from any hydrogen- containing gases. 8. A process

for the manufacture of a synthetic silica glass containing | ess than 10 ppm

OH by heat treatnent of a 5 porous synthetic silica body containing a

hi gher OH level in a furnace according to any one of clains 1 to 3, or an

assenbly according to claim4, and in an atnosphere containing deuterium

~or a deuteriumcontaining, chlorine- free3geducing gas followed by -

sintering under vacuum or in 10 an atnosphere substantially free from any

hydrogen- containing orydeularlunContAliy "EoRASATHETIC VITREOUS

SILICA BODIES
ABSTRACT

An induction-heated furnace, suitable for heat
treatment of synthetic silica bodies, under conditions of
high purity, includes a tubular susceptor (1) disposed with

S its axis vertical and an induction coil (3) for raising the
temperature of the susceptor. The susceptor is made from
graphite and/or silicon carbide, and is enclosed within a
vacuum envelope (2) made from vitreous silica or fused
quartz, the envelope being surrounded by the induction coil

10 which is liquid-cooled. The design is such that the vacuum
envelope (2) operates at temﬁeratures below those at which
either devitrification or éagging of the envelope mnmight
occur even when the tubular susceptor (1) is heated to a
temperature of 1700°C. Thqs:sihte:ing of a porous synthetic

15 silica body (9) can be carried out under atmospheric or
reduced pressure, the furnace including a shaft (7) adapted
to support the body to be heated and capable of rotation
about and movement along said vertical axis of the tubular
susceptor (1).
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