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(57) Abrége/Abstract:

A process for producing silicon carbide fibers, comprising the steps of spinning an organosilicon high-molecular compound to
obtalin precursory fibers, rendering Iinfusible the precursory fibers to obtain infusible fibers, and baking the infusible fibers thereby
to obtain silicon carbide fibers, characterized In that the baking Is performed In an atmosphere selected from the group
consisting of a hydrogen gas atmosphere, a dilute hydrogen gas atmosphere and an inert gas atmosphere, with the proviso that

the baking at any temperature in at least a part of a temperature range from 500 to 950 °C Is carried out in a hydrogen gas or
dilute hydrogen gas atmosphere.
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ABSTRACT OF THE DISCLOSURE

A process for producing silicon carbide
fibers, comprising the steps of spinning an
organosilicon high-molecular compound to obtailn
precursory fibers, rendering infusible the precursory
fibers to obtain infusible fibers, and baking the
infusible fibers thereby to obtain silicon carbide
fibers, characterized in that the baking 1is performed
in an atmosphere selected from the group consisting of
a hydrogen gas atmosphere, a dilute hydrogen gas
atmosphere and an inert gas atmosphere, with the
proviso that the.baking at any temperature in at least
a part of a temperature range from 500 to 950 °C is
carried out in a hydrogen gas or dilute hydrogen gas

atmosphere.
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PROCESS FOR PRODUCING SILICON CARBIDE FIBERS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a process
for producing silicon carbide fibers and more
particularly to a process for producing silicon
carbide fibers having excellent resistance to
oxidation, high strength and high elastic modulus as
well as desirable wettability with various metallic -
base materials, in which a hydrogen gas oOr dilute
hydrogen gas atmosphere is employed as the baking
atmosphere within at least a part ef the temperature
range in the baking step.

2. Prior Art (

Silicon carblde fibers have conventionally
been produced by spinning polycarbosilane or the like'
to obtain precursory fibers, rendering infusible the
precursory filbers under given conditions, and theh

baking the infusible precursory fibers in the
‘ atmosphere oflen 1nef£'éae such.as nitrogen gas by L
raising the temperature of the atmosphere.

Although the silicon carbide fibers produeed-'
by the above conventlonal process have a certailn

measure of high strength and elastic modulus, they are

" low particularly in modulus as compared with a silicon
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carbide having a stoichiometric composition. Further,
they are unsatisfactory in resistance to oxidation
because of their relatively high content of free
carbon besides silicon carbide. Thus, the above
conventional silicon carbide fibers have a drawback
that their uses at high temperatures are restricted.
Further, they have another drawback that their
wettability with various metallic base materials are
poor bécause of their relatively high content of free
carbon, thereby to raise a problem that a composite
material made of said fibers and metallic materials
will be poor in adhesion therebetween.

In recent years, silicon carbide fibers are
expected as a material for use in forming various
members of a high-temperature gas turbine. However,
1t 1s true at presént that the conventional sillcon
carblde fibers still cannot be brought into practical
use because of the above drawbacks.

Summary of the Invention

An object of the present invention is to
eliminate the above drawbacks of the prior art and
‘profidé & pro;gésjfor producing silicon carbide fibers
having not only high strength and elastic modulus but
also excellent resistance to oxidation at high

temperatures and wettabllity with various metallic

base materials.
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The inventors made extensive and intensive
studies with a view to attaining the above object. As
a result, they have found that the above object can be
attained by employing a hydrogen gas or dilute
hydrogen gas atmosphere as the baking atmosphere
during at least a part of the temperature range in the
baking step. The present invention 1is based on the
above finding.

The present invention resides in a process
for producing silicon carbide fibers, comprising the _
steps of spinning an organosilicon high-molecular
compound to obtailn precursory fibers, rendering
infusible the precursory fibers to obtain infusible
fibers., and then baking (firing) the infusible fibers
thereby to obtain silicon carbide fibers, the process
being characterized in that the baking 1is performed in
the atmosphere of a gas selected from the group
consisting of hydrogen gas, a dilute hydrogen gas and
ah 1nert gas, wlth the proviso that the baking within
at least a part of the temperature range from 500 to
950 °C 1s carried out 1n a hydrogen gaé or dilute
hydfbgéh oas éﬁﬁoéphéﬁég'i '

The process of the present Ilnvention will now
be described below in greater detall.

In the process of the present invention,

precursory flbers obtained by spinning an

organosilicon high-molecular compound are used. The
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organosilicon high-molecular compounds used as the
starting materials include polycarbosilane,
polysilazane and polysiloxane. Further, the above
organosilicon high-molecular compounds may be those
comprising carbon, silicon, oxygen and nitrogen
together with a metallic element such as boron,
titanium, zirconium and/or aluminum. Polycarbosilane
fibers are generally employed as the precursory fibers
for the silicon carbide fibers.

The above organosilicon high-molecular
compound is formed into fibers according to a spinning
technique, such as a melt or dry spinning technique to
obtain precursory fibers which are subsequently
rendered infusible. Methods for rendering the
precursory fibers infusible may be conventional ones
such as one in which a chemical reaction with oxygen,
an oxlde, an unsaturated hydrocarbon compound or the
1ike 18 utilized, or one in which a crosslinking
reaction is effected by the use of radiation such as
electron beams or ultraviolet rays. Conditions for

rendering the fibers infusible, such as atmosphere,

témperﬁture, tfme'and'ééthal proéedure} may i
approprlately be selected depending on the employed
'method of rendering the fibers infusible.

The fibers thus rendered infusible are then

baked by ralsing the temperature of the atmosphere
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under the following conditions, thereby to obtain
silicon carbide fibers accoring to this invention.

In the process of the present invention, the
above baking under the rising temperature condition 1is
performed in the atmosphere of a gas selected from the
group consisting of hydrogen gas, a dilute hydrogen
gas and an inert gas, with the proviso that the baking
within at least a part of the temperature range of
from 500 to 950 °C, preferably from 650 to 850 0C
should be carried out in a hydrogen gas Or dilute
hydrogen gas atmosphere. The employment of a reduciﬁg
atmosphere of hydrogen gas Or dilute hydrogen gas as
the.baking atmosphere at any temperature.within at
least a part of the specified temperature range in the
baking step advances the pyrolysis and decarbonization
of the precursory fibers and ensures control of the
chemical composition of the resultant silicon carbide
fibers, l.e., restriction of the amount of free carbon
generated.

Although a hydrogen gas Or dilute hydrogen
gas atmosphere may be used in the process of the
preéen% 1nVen%fon: fhéﬂéthospheré'of purified hydrogen
gas is preferred. The term "dilute hydrogen gas
atmosphere" used herein means an atmosphere of
hydrogen gas diluted with an inert gas such as
niltrogen, argon or helium, and a hydrogen gas content

of the dilute hydrogen gas atmosphere 1is at least 10%
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by volume. Although the use of ammonia gas also
induces a decarbonization reaction simultaneously with
causing nitridation of the precursory fibers

with the result that the resultant silicon carbide
fibers will have insufficient mechanical properties
and heat resistance.

In the process of the present invention,
although an inert gas atmosphere as well as the above-
mentioned hydrogen gas or dilute hydrogen gas
atmosphere may be used as the baking atmosphere, the
baking may be performed entirely in a hvydrogen gas of
dilute hydrogen gas_atmosphere. The inert gases
suitable for use in the present invention include
nitrogen, argon and helium gases.

In the present invention, there 1s no
particular limitation as long as a hYdrogen'gas or
dilute hydrogen gas atmosphere at any temperature
within at least a part of a temperature range of 2500 -
950 °C, preferably 650 - 850 °C, 1is uséd as one of the
baking atmospheres 1in the step of baking the infusible
fibers.
e In dfﬁeriwéfhé: émong tﬁe use of each of
gaseous atmospheres which are a hydrogen gas
atmosphefe, a dilute hydrogen gas atmbsphere and an
inert gas atmosphere, in which atmospheres the

infusible fibers are baked, the use of the hydrogen

gas or dilute hydrogen gas atmosphere at any
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temperature in at least a part of a temperature range
of 500 - 950 °C, preferably 650 - 850 °C, should be
included in the baking step. Thus, the baking within
the temperature range from 500 to 950 0C should not be
carried out entirely in an inert gas atmosphere in the
process of the present invention. This is because,
when the baking within the above-specified temperature
range is carried out entirely in an 1lnert gas
atmosphere, decarbonization reaction does not occur
thereby to cause a large amount of free carbon to
remain in the resultant silicon carbide fibers.

The baking atmosphere used between a
temperature at which the baking starts and a
temperature of 1owér than 500 °C as well as between a
temperature of higher than 950 °C and a temperature at
which the baking ends, may be any one selected from
the group consisting of a hydrogen gas atmosphere, a
dilute hydrogen gas atmosphere and an inert gas
atmosphere, and, however, the inert gas atmosphere 1is
preferred for use at temperatures outside the range of
500 to 950 °C because decarbonization occurs only to a
slight“extent'dhd:bebéuée'of economic¢ reasons. g

In the baking step of the process of the
present invention, particular conditions such as the
time and temperature range for holding the infusible
fibers in a hydrogen gas or dilute hydrogen gas

atmosphere may be appropriately selected soO that the
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C/Si molar ratio of the resultant silicon carbide

fibers is preferably 1.35 or less, more preferably
1.10 or less and most preferably 1.05 or 1less,
depending on the amount of infusible fibers fed, the
concentration of hydrogen gas used and other factors.

Although there is no particular limitation
on the actual atmosphere-changing over operation
conducted in the baking step of the process of the
present invention only if the above requirements are
met, a preferred mode of the above operation will now
be described in detaill.

First, the baking of the above-mentioned
infusible fibers is started in a hydrogen gas,'dilute
hydrogen gas or inert gas atmosphere under the'rising
temperature condition. When the baking is Started in
an inert gas atmosphere, the baking atmoSphere is
changed over from the inert gas to hydrogen gas or a
dilute hydrogen gas at a temperature of not higher
than 950 °C. In a case where this changeover 13
carried out at a temperature of higher than'9SO °C,
the decarbonization reaction occurs only to a very
limitéd exteﬂf“thbréBQHEd causezﬁ'large amount' of free
carbon to remain in the resultant silicon carbide
fibers. The above changeover to hydrogen gas or a
dilute hydrogen gas 1s conducted at a temperature of
preferably 450 to 650 °c. more preferably 450 to 550

oC.
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Although the above baking in a hydrogen gas
or dilute hydrogen gas atmosphere may be continued
under the rising temperature condition until it is
completed, it is preferred that the baking atmosphere
be changed over from the hydrogen gas or dilute
hydrogen gas to an inert gas. It is requisite to
conduct the changeover to the inert gas atmosphere at
a temperature of not lower than 500 °C. This
changeover is conducted preferably at a temperature
from 650 to 1200 °C, more preferably at 700 to 950 °C.
In a case where thilis changeover is carried out at a '
temperature of lower than 500 °C, the decarbonization
reaction occurs only to a very limited extent thereby
to cause a large amount'of free carbon to remain in
the resultant silicon carbide fibers.

In the above inert gas, hydrogen gas or
dilute hydrogen gas atmosphere, the baking temperature
1s ralsed to the highest temperature of preferably
1200 to 2000 °C, which is further maintained as
required to complete the baking. Baking conditions
such as baking time and temperature-faising rate in
the'baﬁing Stéﬁ'afe nétfpérticulérly 1imited and f
sultably selected from among the conventional
condltions. The temperature-raising rate 1is
preferably in the range of 10 to 1000 °C/hr.

Silicon carbide fibers having not only high

strength and elastic modulus but also excellent
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resistance to oxidation at high temperatures and
wettability with various metallic base materials can
be obtained by the employment of a hydrogen gas Or
dilute hydrogen gas atmosphere as the baking
atmosphere at temperatures within at least a part of
the specified temperature range 1in the baking step.
In the baking step of the process of the present
invention, boron may be added to the baklng
atmosphere. The added boron 1is converted to boron
carbide, so that the resultant silicon carbide fibers
have more improved resistance to oxidation. .
Brief Descrigtion of‘the Drawing

Fig. 1 is a graph showing the relationship
between the C/Si molar ratio of the fibers baked and
the temperature at which the baking atmosphere 1is
changed over from H2 gas to Ar gas, as well as the
relationship between AC/S1 which means decarbonization
reactivity and the above temperature.

Description of the Preferred Embodiments

The present invention will be described below
in greater detail with reference to the following
Exampiés. o - o ' *
Examples 1 to 11 and Comparative Examples 1 to 4

Fach of the organosilicon high-molecular

compounds specified in Table 1 was melt spun to

obtain precursory fibers having a diameter of 20 um.
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The organosilicon high-molecular compounds used were

indicated below.
(Polycarbosilane)
Average molecular weight: about 2000

Basic skeleton:

g
?L~C}h
H - 0

(Polytitanocarbosilane)

Average molecular weight: about 3000

Basic skeleton:

[ T
?I_CHz S‘I"“‘CHz
H OTi (0 C4H9)3 n

In the above basic skeletons, 2, m and n

represent integers, respectively.

The above precursory fibers were rendered

infuéiﬁie by fﬂé ﬁesbééfi§e7meth6ds specified in Table

1 to obtain Infusible fibers. The condlitions under

which the precursory fibers were rendered infusible

were as follows:

(Rendering the fibers infusible by electron beams)

Atmosphere: He
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Electron beam acceleration voltage: 2 MeV

Electron beam current: 3 mA

Irradiation time: 10 hr
(Rendering the fibers infusible by acetylene-
ultraviolet rays)

Atmosphere: 50% N2 + 50% CZHZ

Wavelength of ultraviolet rays:

365 nm and 435 nm

Irradiation time: 8 hr
(Rendering the fibers infusible by 02)

Atmosphere: air

Temperature-raising rate: 10 °C/hr

Highest temperature: 200 °C

The above infusible fibers were baked by
ralsing the temperature thereof to 1300 °C under'the
respective conditions specified in Table 1 thefeby to
obtain silicon carbide fibers. The baking temperature
was ralsed at a rate of 100 °C/hr.

The C/S1 molar ratio, tensile strength and
tensile elastic modulus of thé obtained silicon

carbide fibers are shown 1n Table 2.

{

The ;éiaélohgﬁib bétweeﬁ'the C/Si and the
temperature at which the baking atmosphere was changed
over from Hz gas to Ar gas, as wéll as the
relationship between AC/S1 and the above temperature,

was determined from the results of Examples 1 to 5 and

Comparative Example 1, as shown in Fig. 1.
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Table 1
Example- Starting Spinning Method for Baking
Comp . EX. material manner rendering temperature
fibers and baking
~__infusible atmosphere
Comp.Ex. 1 Polycarbosilane Melt Electron Room temp.- 1300°C
spinning beam Ar gas
Example 1 Polycarbosilane Melt Electron Room temp.- 500°C
spinning beam N2 gas
500 - 700°C H, gas
700 - 1300°C Ar gas
Example 2 Polycarbosllane Melt Electron Room temp.- 500°C
spinning beam Nz gas
500 - 800°C H, gas

2
| 800 - 1300°C Ar gas

Example 3 Polycarbosilane Melt Electron Room temp. - 500°C
spinning beam N2 gas

500 - 900°C H, gas

- 900 - 1300°C Ar gas

Example 4 Polycarbosilane Melt Electron Room temp.- 500°C
spinning beam Nz gas

500 - 1150°C H, gas

1150 - 1300°C Ar gas

WMMMW

| :

v

R }

Example 5 Polycarbosilane Melt " Electron Room temp.- 500°C
spinning beam Nz gas
500 - 1300°C H, gas
Example 8 Polycarbosilane Melt Electron Room temp.- 800°C
spinning beam H2 gas

800 - 1300°C Ar gas
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Table 1 (continued)

el - e o Al - S il P e i—

Example- Starting Spinning Method for Baking
Comp.EX. material manner rendering temperature
fibers and baking
L - infusible atmosphere
Example 7 Polycarbosilane Melt Electron Room temp.- 500°C
spinning beam N2 gas
500 - 800°C H, gas
800 - 1300°C N, gas
Example 8 Polycarbosilane Melt | Electron Room temp.- 800°C
spinning beam H2 gas 50% + Ar
gas 50%
L 800 - 1300°C Ar gas
Example 9 Polycarbosllane Melt Acetylene- Room temp.- 500°C
spinning ultraviolet N2 £as
ray

500 - 800°C'H2 gas

800 - 1300°C Ar gas

Comp.Ex. 2 Polycarbosilane Melt Acetylene- Room temp.- 1300°C
spinning ultraviolet Ar gas
ra
Example 10 Polycarbosilane Melt Room temp.- 500°C
spinning 02 N2 £as

500 - 800°c»H2 gas

800 - 1300°C Ar gas

Comp.Ex. 3 Polycarbosilane Melt Room temp;— 1300°C
spinning 02 Ar gas

Example 11 Polytitano-  Melt  Electron Room temp.- 500°C
carbosilane spinning beam N2 gas

500 - 700°C H. gas

2.
700 - 1300°C Ar gas

Comp.Ex. 4 Polytitano- Melt Electron Room temp.- 1300°C
carbosilane spinning beam Ar gas
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Table 2
Cxample - o Tensile - T;;;ilg ei;st;;-
Comp.EX. C/S1i strength modulus
(Kgf/mmz) (tonf/mmz)
Comp.Ex. 1 1.56 321 24 .5 -
_Example 1 1.34 362 29.0 B
Example 2 1.00 415 37.4 L
Example 3 0.80 343 33.6 |
Example 4 0.78 285 30.3 -
Example 5 0.77 . 265 28.4
Example 6 1.02 413 37.1
Example 7 1.05 320 26.5 -
Example 8 1.08 360 32.4
Example 9 1.12 360 31.2
Comp . EX. 2 _ 1.85 326 . 2.7
Example 10 0.95 ' 283 18.5 f
_Comp.Ex. 3 1.38 274 1.7.9
Example 11 1.13 365 - 30.1

Comp.Ex. 4 1.60 330 ~ 16.8 _
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As is apparent from the results indicated in
Table 2, the C/Si values of the silicon carbide fibers
of Examples 1 to 11 produced according to the process
of the present invention are low as compared with
those of the silicon carbide fibers of Comparative
Examples 1 to 4 according to the process of the prior
art, and, therefore, the silicon carbide fibers
according to the present invention are composed mainly
of R-SiC and contain only a small amount or none of
free carbon. Therefore, the silicon carbide fibers
according to the present invention exhibit high
oxidation resistance and excellent wettability
with various metalllc base materials. By contrast,
the silicon carbide fibers of Comparative Examples'l
to 4 are each composed of R-SiC plus C, thus having a
high content of free carbon, whereby not only are
their resistance to oxidation unsatisfactory but also
thelr wettabllity with various metallic base materials
are poor. .

Further, it has been found from the results

shown in Flg. 1 that the temperature range in which

d;
j |

the degarboniigtién fééétidn procéeds in ﬁ hydrogen
gas atmosphere 1s pfincipally a range of 500 to 950
oc. and that the temperature range in which the
decarboﬁization reaction especially vigorously

advances is a range of 850 to 850 °C.
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The silicon carbide fibers of Examples 1 to 8
had the same high tensile strength as that of the
slilicon carbide fibers of Comparative Example 1
according to the process of the prior art. 1In
particular, the tensile strengths of the silicon
carbide fibers of Examples 1 to 3, 6 and 8 were
higher, and especially the tensile strengths of the
silicon carbide fibers of Examples 2 and 6 were much
higher, than that of the silicon carbide fibers of
Comparative Example 1. Moreover, the tensile elastic
modull of the silicon carbide fibers of Examples 1 td.
8 were all higher, and especially the tensile elastic
moduli of the silicon carbide fibers of Examples 2 and
8 were much higher, than that of the silicon carbide
fibers of Comparative Example 1.

' The silicon carbide fibers of Examples 9 to
11 which are different from those of Examples 1 to 8
in respect of the employed method for rendering the
fibers I1nfusible and the starting material used, also
exhibited tensile strength and tensile elastic modulus
higher than those of the silicon carblde fibers of
Comparatlve Examples 2 to 4 whlch were produced in the
same manner as 1n EXamples 9 to 11 except that only an

inert gas atmosphere was employed as the baking

atmosphere.

Experimental Test 1 (heat resistance test)
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The silicon carbide fibers obtained 1in
Examples 1 to 3, 6 and 7 and Comparative Example 1
were individually kept at 1500 °C in an argon gas
atmosphere for 10 hr to evaluate the heat resistance
properties thereof. The tensile strength and tensile
elastic modulus of the tested silicon carbide fibers
of each Example after the above heat resistance test
are shown in Table 3.

Experimental Test 2 (oxidation resistance test)

The silicon carbide fibers obtained 1n
Examples 1 to 38, 6 and 7 and Comparative Example 1
were individually exposed to air at 1300 °C for 10 hr
to evaluate the oxidation resistance properties
thereof. The tensile strength and tensile elastic
modﬁlus of the tested silicon carbide fibers of each
Example after the above oxidation resistance test are

shown in Table 3.
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Table 3
Example- After heat resistance After oxidation
Comp .EX. test resistance test

P i s e

Tensile Tensile elastic Tensile Tensile elastic

strength modulus strength modulus
(Kgf/mm?) (tonf/mm?) (Kef/mm?) (tonf/mm“)
Comp.Ex. 1 2;;“ B ;é.z - “““13;“ 22.4
Example 1 320 28.3 192 25.3-“
Example 2 392 37:;w .;;5 ) '36.1"
Example 3 240 3¥TS - 261 29.1 B
Example 6 380 37.5 291 35.2

Wwwmw —— — it et

Example 7 302 26 .1 270 24 .3

Wﬂm__—ﬁm
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In the heat resistance test, the silicon
carbide fibers obtained in each of Examples 1 to 3, 6
and 7 and Comparative Example 1 were no change 1in
appearance and flexible even after having been heated
at 1500 °C. As is apparent from the results indicated
in Table 3, the silicon carbide fibers of Examples 1

to 3, 6 and 7, especially those of Examﬁles 1, 2, ©
and 7 according to the process of the present
invention. even after having been heated at 1500 °C,
maintained high tensile strength and tenslile elastic
modulus which were comparable or superior to those of
the silicon carbide fibers Qf Comparative Example 1.
In particular, the silicon carbide fibers of Examples
9 and 6 exhibited extremely high tensile strength and
tenslile elastic modulus even after having been heated
at 1500 °C.

Therefore, it has been demonstrated that the
silicon carbide fibers produced according to the
process of the present invention can be practically
used even at about 1500 °C. .

;n the oxldation resilistance test, as 1s

! i‘ : i ;( '!:. f

app&rént from the results indicated in Tdble 3; the

! i

silicon carbide fibers of Examples 1 to 3, 6 and 7,
especially those of Examples 2, 3, 6 and 7 according
to the process of the present inventlon, even after
‘having been heated at 1300 °C in air, maintained high

tensile strength and tensile elastic modulus which



2135468

were superior to those of the silicon carbide fibers
of Comparative Example 1. Therefore, it has been
demonstrated that the silicon carbide fibers produced
according to the process of the present invention can
satisfactorily be endurable for use even in air at
temperatures as high as about 1300 °C.

As described above, silicon carbide fibers
having high strength and elastic modulus and excellent
resistance to oxidation at high temperatures can be
obtained by the process of the present invention.
Moreover, the process of the present invention permits
regulating the C/Si molar ratio of to-be-obtained
silicon carbide fibers so as to fall in the range_of
1.34 to 0.77, thereby rendering it possible to produce
silicon carbide fibers having excellent wettability

with various metallic base materials.
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A process for producing silicon carbide fibers
having a C/Si ratio of from 0.80 to 1.35, comprising the
steps of spinning an organosilicon compound having a
high-molecular weight to obtain precursory fibers,
rendering infusible the precursory fibers to obtain
infusible fibers and baking the infusible fibers to
thereby obtain the silicon carbide fibers, characterized
in that:

- when the baking is performed at a temperature no higher
than 950°C, the baking is carried out in an atmosphere
selected from the group consisting of a hydrogen gas
atmosphere, a dilute hydrogen gas atmosphere and an inert
gas atmosphere, with the proviso that the baking at a
temperature within at least a part of a temperature range
from 500 to 950°C i1s carried out 1n a hydrogen gas or
dilute hydrogen gas atmosphere, and

- when the baking is performed at a temperature higher
than 950°C, the baking is carried out in an 1inert gas

atmosphere.

2. A process according to claim 1, wherein the baking
is carried out at a temperature of from 650 to 850°C, 1in

a hydrogen gas or dilute hydrogen gas atmosphere.

3. A process according to claim 1 or 2, wherein said
dilute hydrogen gas atmosphere contains at least 10% by

volume of hydrogen gas.
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polytitanocarbosilane having an average molecular welght
of about 3000.

5. A process according to any one ot claims 1 to 4,

wherein the baking is started at room temperature.

6. A process according to claim l, 4 or 5, wherein the

baking is terminated at a temperature of 1200 to 2000°C.

from 10 to 1000°C/hr.
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