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Summary of Facts and Submissions

II.

III.

0790.D

European patent No. 0 268 721 based on application
No. 86 810 540.4 was granted on the basis of 14 claims.

The Appellant (Opponent) filed a notice of opposition
requesting revocation of the patent on the grounds of
lack of novelty and lack of inventive step. In support
of these grounds, the Appellant relied, inter alia, upon

the following documents:

(1) Abstract CA 99, 180 494 g (JP-A-83/104 069)

(3) Ceramic Bulletin, Vol. 65, No. 11, 1986,‘
pages 1476, 1477

(4) Ceramic Engineering and Science Proceedings,
Vol. 7, 1986, No. 7 to 8, pages 945 to 946

(10) Am. Ceram. Soc. Bull. 65(2), 1986, pages 351 to 356

(12) *Property Improvements in various ceramics through
whisker reinforcement®, condensed paper of the
contribution to the technical program of PM'86,
July 7 to 11, 1986

The Opposition Division rejected the Opposition. In the
decision novelty of Claim 1 as granted was acknowledged.
In this context it was assumed that the expression
“superficially oxidized or peroxidized SiC-whiskers" as
mentioned in Claim 1 was to be understood in combination
with a heat treatment in oxidising atmosphere to obtain
a SiO,-coating. As regards inventive step, document (10)
was regarded as the closest prior art. The Opposition
Division pointed out that the starting composition of
(10) contained chemically pure SiC and no oxidation
layér on the SiC whiskers contrary to the composition of
the granted Claim 1. This difference resulted in high
flexural strength values at 1200°C and 1400°C and high
reliability as demonstrated in the examples. The

Opposition Division took the view that these properties
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were not disclosed in the cited documents and therefore
a surprising effect had to be accepted sﬁpporting

adequately an inventive step. It was further indicated
that the results discussed in (10) as regards the high
temperature strength would have dissuaded a skilled man

from using oxidised whiskers (coated with SiO,).

The Appellaht lodged an appeal against this decision.
Oral proceedings were held on 13 July 1993. At these
proceedings the Respondent (Patentee) submitted an
amended set of 13 claims as sole request. Claim 1

thereof reads as follows:

“A silicon nitride pulverulent composition for making
fiber reinforced sintered articles by high temperature
sintering and/or hot isostatic pressing, this

composition containing in admixture:

a) Si,;N, powder;
b) from 2 to 15 % by volume of SiC whiskers;
c) a metal oxide densifying aid;

characterized in that, the SiC whiskers used are coated

with a S8i0Q, film of about 2 to 20 nm"

In the Statement of Grounds of Appeal the Appellant
relied for the first time upon three additional
documents, i.e. (13) Advanced Materials & Processes

No. 9, 1986, pages 26 and 32; (14) Yogyo-Xyokai-Shi, 11,
1983, pages 491 and 496; and (15) Ceramic Bulletin,

vVol. 65, No. 2, 1986, pages 297 to 298. The Appellant
also submitted a copy of TEM photographs of SiC whiskers
supplied by the firm Tokai Carbon. In a subsequent
letgér dated 2 September 1991, three additional
documents were further cited. At the oral proceedings,
the Appellant handed over an additional document, namely
(19) Gmelins Handbuch der anorganiscﬁen Chemie, 1959,

pages 850 to 853, as well as a TEM micrograph of sic
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whiskers supplied by Tokai Carbon on 1 June 1987 and a

diffraction photograph of their superficial layers.

The Appellant's arguments insofar as they relate to the
amended Claim 1 submitted at the oral proceedings can be

summarised as follows:

Document (10) discloses a silicon nitride composition
having all the features recited in the preamble of

Claim 1. As SiC whiskers or SiC powders are
automatically coated with a layer of SiO, in air at room
temperature (cf. document (19) page 848), it must be
assumed that the compositions of (10) also contain SicC
whiskers with a SiO, layer since this document does not
mention that the whiskers were maintained in an inert
atmosphere. Furthermore, the TEM micrographs of Tokai
Carbon SiC whiskers and the diffraction photograph of
their superficial layers show that the whiskers supplied
in 1987 were coated with a layer of silica, the
thickness of which is between 5 and 10 nm. Although the
examined whiskers were available on the market after the
filing date of the patent in suit, the Tokai Carbon
whiskers sold before this date were also coated with a
Si0, layer. Before said date, the manufacture of the
Tokai Carbon SiC whiskers ‘already involved a final heat
treatment at 700°C in air. This final treatment which is
carried out in order to remove the rest of carbon, leads
to the formation of cristobalite as confirmed in

document (19), page 849, in connection with SiC powder.

Cristobalite is also present in the investigated Tokai

Carbon whiskers. Moreover, not only this firm but also
all the other producers of SiC whiskers perform a final
heaf treatment in air to remove the remaining carbon. In
this context it is noted that the Los Alamos VLS
whiskers referred to in document (3) which may be coated
with a graphite layer are not the whiskers usually

available on the market but experimental whiskers.
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Therefore, the claimed pulverulent composition lacks
novelty. The guestion of novelty also arises with

respect to document (1).

As regards inventive step, either document (10) or
document (1) represents the closest prior art and
discloses a composition according to the preamble of
Claim 1. It is further known from document (4) to
incorporate SiC whiskers into an alumina matrix which
whiskers have been heat treated in air to form a Sio,
layer thereon. In view of (4) the skilled person would
be encouraged to use the silica-coated SiC whiskers in
the silicon nitride composition of (10) or (1) since, as
shown by document (12) alumina and silicon nitride
matrices are closely related. Document (10) does not
contain any information which would deter the skilled
person from doing so, it only states what is shown in
Table 1 of the patent, namely that the strength of the
composite decreases at 1400°C. The combination of (10)
and (3) was not opposed any more to Claim 1 at the oral

proceedings.

As régards the inherent presence of an oxidation layer
on the SiC whiskers, the Respondent argued that it could
not be excluded that some whiskers available on the
market were partially oxidised on their surface, however
layers other than a silica layer could be present
depending on the manufacturing process of the whiskers.
Some manufacturers treated the whiskers in such a way as
to form a carbon layer at their surface in order to
control the interactions between the whiskers and the
matrix. Document (3), for example, mentioned the
preéénce of a graphite layér. When using SiC whiskers in
Si,N, matrices, it was usually tried to remove all kinds
of impurities from the whiskers. The Respondent further
contended that even if the SiC whiskers were

superficially oxidised at room temperature in air, the
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degree of oxidation would have not reached the thickness

stated in Claim 1.

The Respondent pointed out that the coating of silica
could be obtained by other processes than the heat
treatment defined in Claim 7 and that the presence of a
2 to 20 nm thick silica layer would certainly lead to
the improvement in flexural strength whatever the method
of forming this layer. The Respondent contested that it
was obvious to transfer the teaching of (4) concerning
an alumina matrix to a Si,N, matrix. Further, the author
of (4) analysed the'resistance to oxidation of a SiC
whisker/AlJ% composite but did not mention any effect or
improvement resulting from the presence of a $i0, layer
on the whiskers. The teaching of the prior art was that
the presence of impurities and of oxygen should be
avoided in order to improve the mechanical properties of

a SiC whisker/Si,N, composite.

The Appellant requested that the decision under appeal
be set aside and that the patent be revoked. The
Respondent requested that the decision appealed from be
set aside and the patent be maintained on the basis of
the set of claims submitted during the oral proceedings.

Reasons for the Decision

1.

0790.D

The appeal is admissible

There are no formal objections under Article 123(2) and
(3) EPC to the amended set of claims. Thus, Claim 1 is
based upon the combination of features recited in

Claims 1 and 12 of the application as originally filed.
Claims 2 to 13 are supported by the original Claims 2 to
11, 13 and 14. The amended claims do not broaden the
scope of the granted patent.
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As regards the additional documents submitted for the
first time by the Appellant at the appeal stage, the

Board has come to the following conclusions:

Documents (13), (14) and (15) were cited for the first
time in the Statement of Grounds of Appeal, however this
was in fact in reply to the arguments put forward in
point 3.3 of the decision under appeal. The Appellant
does not seem to have had an opportunity to comment upon
these arguments before. Under these circumstances, the
Board has decided to take documents (13), (14) and (15)
into consideration. In view of the fact that document
(19) clearly répresents common general knowledge, there
is no reason to disregard it. The TEM micrographs and
the diffraction photograph are considered to be relevant
to the claimed subject—matterAsince they show SiC
whiskers coated with an at least 2 nm thick layer
comprising SiO,. Accordingly, the Respondent has been
given the opportunity to comment thereupon at the oral
proceedings.'The'three additional documents mentioned in
the.Appellant's letter of 2 September 1991 neither

illustrate géneral knowledge nor would their disclosure

have

2
v Kia

infl
decision. Consequently, they are disregarded under
Article 114(2). '

The Appellant has disputed the novelty of the
composition according to Claim 1 over those of document
(10) or (1).

Document (1) discloses a mixture containing Si,N,, MgO as
densifying agent and 10% SiC whiskers for making whisker
reiﬂ%orced sheets by hot pressing. It is not mentioned
in this short abstract that the SiC whiskers have a
coating of silica, nor where they come from or how they
were prepared. The Appellant has conﬁended that SicC

whiskers are automatically oxidised in air at room

RS
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temperature as shown by document (19). This document,
which is a textbook representing common general
knowledge, indeed states at page 848 that SiC crystals
are often coated with a Si0O, layer and that the oxide
layer is formed practically instantaneously by contact
with air or oxygen already at room temperature. However,
it should be pointed out that at page 849, first
paragraph, it is said that the superficial layer of SiO,
on the SiC powder is extremely thin, probably thinner
than 1 nm. It can certainly not be deduced therefrom
that the SiC whiskers used in the composition of
document (1) are necessarily coated with a SiO, film
having a thickness of 2 to 20 nm as a result of their

contact with air at room temperature.

It can be derived from the TEM photograph and the
diffraction analysis submitted by the aAppellant during
the oral proceedings that the ihvestigated 8iC whiskers
are coated with a layer of at least 2 nm, said layer
comprising silica. However the investigated SiC Whiskers
were not those used in the composition 6f (1) but sicC
whiskers supplied by the firm Tokai Carbon in June 1987,
i.e. about six years after the filing date of the
Japanese application from which document (1) is an

abstract.

The Appellant's allegation that a SiO, coating was
formed on all SiC whiskers commercially available before
the filing date of the patent in suit was contested by
the Respondent. The latter alleged that some
manufacturers produced SiC whiskers with a carbon
coating in order to better control the interaction with
the matrix. Under these circumstances, taking into
consideration that, on the one hand, the thickness of
the SiO, layer (if present) obviously depends upon the
operating conditions used during the manufacturing
process of the SiC whiskers and, on the other hand,
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there is no evidence showing that not only the Tokai
Carbon whiskers but also other whiskers available before
the filing date of the Japanese application had a 2 to
20 nm thick silica coating on their surface, the Board
cannot conclude that the composition of document (1)
includes SiC whiskers as defined in Claim 1. Therefore,
the claimed composition is considered to be novel over
(1).

The silicon nitride pulverulent composition described in
document (10) contains 95 wt% Si,N,, 5 wt% Mgo as
densifying aid and 10 to 40% by volume of SiC whiskers
(cf. page 351). According to this document the SiC
whiskers incorporated into the silicon nitride matrix
were Los Alamos whiskers prepared by a Vapor-Liquid-
Solid (VLS) process (cf. page 351, left-hand column,
first paragraph). It is not mentioned in (10) that these

whiskers are coated with a SiO, layer.

The Appellant has provided no evidence showing that the
Los Alamos VLS SiC whiskers have a silica coating of 2
to 20 nm. The TEM photographs and diffraction analysis
are not relevant in this respect since the investigated
SiC whiskers were not Los Alamos VLS whiskers but those
supplied by Tokai Carbon. It was also not shown that
these two kinds of SiC whiskers are comparable as
regards their surface structure. Furthermore it is
disclosed in document (3), which was published in 1986
like document (10), that the as-grown surface structures
of Los'Alamos VLS SiC whiskers range from thick (10 nm)
adherent. graphite layers through nearly stoichiometric
SiC to thick silica layers (cf. page 1477, 31-C-87 C).
It fgllows therefrom that the Los Alamos VLS whiskers
are not necessarily coated with a layer of SiO,. Under
these circumstances, the Board cannot follow the

Appellant's arguments that the disclosure of document
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(10) is novelty destroying of the subject-matter of
Claim 1.

In agreement with the parties and the Opposition
Division, the Board considers that document (10)

represents the closest prior art.

The silicon nitride compositions of document (10) were
hot-pressed at 1600 to 1850°C. The SiC whisker/Si;N,
matrix composites hot-pressed at 1750°C and 1850°C
exhibit a high toughness. They show a small decrease in
flexural strength from that of the matrix alone (cf.
page 351, right hand column, summary, page 352,
*mechanical testing"; Figures 4 and 6; page 356,

conclusions).

Starting from (10) as closest prior art, the technical
problem underlying the patent in suit can be seen in

providing a pulverulent composition which leads to SicC

"whisker reinforced Si,N, ceramics having improved

properties as regards their flexural strength at high
temperature (1200 to 1400°C) and their reliability. It
is proposed to solve this problem by the silicon nitride
composition as defined in Claim 1, which is
characterised by the presence of SiC whiskers coated
with a Si0, film of about 2 to 20 nm.

The results reported in Tables I and II of the patent in
suit, which were obtained with whisker reinforced
composites containing SiC whiskers treated such as to
form a 5 to 6 nm SiO, layer on their surface (examples
accgrding to the invention) and with composites
containing untreated whiskers (comparative examples),
show that the whiskers coated with a 5 to 6 nm SiO,
layer bring about an improvement of the flexural
strength at 1200°C and 1400°C and of.the Weibull modulus

compared to the untreated whiskers. It follows from the
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statement at page 3, lines 11 to 22, of the description
that the desirable improved properties are achieved when
the SiC whiskers are treated under conditions which
provide a thin layer of SiO,, i.e. 2 to 20 nm.
Therefore, in the absence of evidence showing the
contrary, it is credible that the technical problem has

been really solved.

Document (10) provides an indication as to the reasons
for the lower flexural strength of composites hot-
pressed at 1850°C. It teaches that fabrication - related
defects were responsible for the lower strengths of the
SiC whisker composites, in particular whisker/powder
blending-related defects as well as defects associated
with the harvesting of the SiC whiskers prior to mixing
with the Si,N, powder (cf. page 354, right-hand column;
page 356, conclusions). According to (10) refinements in
composite and whisker processing will lead to increased
strength of the composites, possible refinements '
including wet blending of powders/whiskers and imprdved'

harvesting/sizing procedures for whiskers to eliminate

extraneous debris (cf. page 356, right-hand column, last
paragraph). In view of this document, the skilled person

is aware of the criticality of eliminating the
extraneous detritus from the components used in the
whisker growth reactor, however this recommendation

clearly does not point towards the claimed solution.

Document (4) is a scientific study concerning the
thermochemical characterisation of SiC whiskers in
alumina matrices. The whiskers alone, and mixtures of
50 wF% SiC - 50 wt% Al,0, were heated in vacuum, argon
and.dry air atmospheres to temperature of 1600°C. It is
disclosed that the as-received whiskers have a surface
comprising primarily Si-C bonding characteristic of SicC,
but with substantial amounts of Si-O bonding

characteristic of Si0, and C-C bonding. After heat

&



0790.D

- 11 - T 0164/91

treatment in air, the surface bonding is primarily Si-O
with some C-C and a very small amount of Si-C bonding
(see page 945, the two first paragraphs). This document
neither discloses nor suggests that the incorporation of
such partially oxidised SiC whiskers into Al,0, matrices
would lead to an improvement of any property of the
final composite, let alone that it would lead to an
improvement if it were incorporated into a composite

comprising a Si;N, matrix.

According to the third paragraph of page 945, which
describes the regults of the heat treatment in air of
the SiC/Al,0, mixtures, the oxidation of the SiC whiskers
in the mixture involves a three-step process. Firstly,
the SiC partially oxidises to form a SiO, layer which
kinetically protects the whiskers from further
oxidation, secondly the Al,0, reacts with the SiO, layer
to form mullite and finally the formation of mullite
breaks up the Si0, layer to allow further oxidation of
the SiC whiskers. Here again document (4) is absolutely
silent about the influence of this oxidation process on
the mechanical properties of the final whisker/Al,O,
matrix cqmposite. In view of this teaching the skilled
person faced with the problem stated above would not be
encouraged to replace the SiC whiskers of the Si,N,
composition of (10) by those disclosed in'(4)‘since, in
the absence of any information in (4) about the effect
of the whiskers oxidation on the mechanical properties
of the final composite, he could not expect that said
substitution would lead to an improvement of the
flexural strength at high temperature or to a better
reliability (cf. decision T 2/83, 0J EPO 1984, 265).

The Appellant has referred to document (12), which deals
with the reinforcement of both Al,0, - and Si;N, - based
ceramics, to show that these two kinds of matrices are

closely related. However, it follows from the reasoning
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in point 5.2 that even if these two matrices were
assumed to be closely related, this would have no
influence upon the Board's findings since the relevant
information about the favourable or detrimental effect
of an oxidation of the whiskers on the mechanical
properties of the sintered composite are missing in (4).
Moreover, document (12) itself does not mention any
treatment of the SiC whiskers leading to whiskers with a
Si0, film on their surface. Under these circumstances,
this document, even taken in combination with documents
(10) and (4), could not give the skilled person an
incentive to_replace the SiC whiskers used in the
composition of (10) by SiC whiskers coated with a SiO,

film of 2 to 20 nm in order to solve the said problem.

In the Statement of Grounds'of Appeal the Appellant
relied upon the combination of documents (10) and (3) to
support its argumentation in coﬁnection with the absence
of inventive step. In reply to a question of the Boérd
in this reépect, the Appellant indicated at the oral
proceedings that the objection based on this combination
was not maintained. The Board is also of the opinion
that on in (3), in particu
33-C~-87 C which concerns the oxidation of SiC fibres but
neither discioses any kind of matrix nor teaches the
effect of a silica coating on the fleXurai strength ét
high temperature or on the reliability of a composite,
would not suggest the claimed solution. Under these
circumstances, there is no need to consider this matter

in detail.

The §hort abstract of document (i) illustrates a silicon
nitfide based composition as described in the preamble
of Claim 1. If further discloses hot pressing of this
composition at 1800°C and 400 kg/cm? to give a plate
having a density of 3.18 g/cm® and a relative density of

100 %. Neither the mechanical properties of the plate
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nor the surface structure of the SiC whiskers are
indicated in this document which, therefore, would not
be of any help to the skilled person confronted with the

problem stated above.

As regards the remaining documents, namely documents
(13), (14) and (15), they were cited by the Appellant
only to show that SiC whisker - reinforced SiN,
composites having a higher flexural strength and a
higher Weibull modulus than those reported in the
examples of the patent in suit were known before the
filing date. Firstly, the Board observes that the
flexural strength mentioned in (15) is not the strength
at 1200 or 1400°C but at room temperature (see foot note
below Table II). Secondly, these documents do not
contain information from which it could be inferred that
the presence of a Si0O, film on the whiskers is
responsible for the high strength value at room
temperature or for the high Weibull modulus. Therefore
they do not hint at the claimed solution even when
considering their teaching in combination with that of

the other documents.

It follows from the preceding that it was not obvious to
arrive at the claimed composition in view of the cited
prior art. Therefore, the subject-matter of Claim 1 is
considered to meet the requirements of inventive step

set out in Articles 52(1) and 56 EPC.

The method for the preparation of the composition of
Claim 1 and the process for manufacturing a sintered
art%ple using the composition of Claim 1, as defined in
Claims 2 and 3 derive their patentability from that of
the composition. Claims 1, 2 and 3 being allowable, the
same applies to the dependent Claims 4 to 13 whose
patentability is supported by that of the Claims 1, 2 or
3 to which they are appended.
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Order

For these reasons, it is decided that:

1. The decision appealed from is set aside.

2. The case is remitted to the first instance with the
order that the patent be maintained as modified with the
set of claims submitted during the oral proceedings, and

a description to be adapted.

The Registrar: The Chairman:

P. Martorana ’ P.A.M. Langon
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