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Summary of Facts and Submn ssions

2881.D

Eur opean patent No. 366 443 based on application
No. 89 310 997.0 was granted on the basis of fourteen
cl ai ns.

The respondent (opponent) filed a notice of opposition
requesting revocati on of the patent on the grounds that
the subject-matter of the patent extended beyond the
content of the application as filed and | acked an

i nventive step. In support of his argunents, the
respondent relied inter alia on the follow ng
docunent s:

D1: "Inclusion Effects on the Strength of Hot Pressed
Si ;N,", Fracture Mechanics of Ceramcs, vol. 1
1974, pages 367-385

D2: EP-A-0 231 130

D3: Kirk-O hner, Encycl opedia of Chem cal Technol ogy,
3rd edition, vol. 5, page 254, 1979

D9: 26th Autonotive Technol ogy Devel opnent
Contractors' Coordination Meeting, Cctober 24 to
27, 1988, Di spersion-Toughened Silicon Ntride
Conposites

The opposition division revoked the patent. The
deci si on was based on three sets of anended cl ai ns al
submtted on 8 Novenber 1996 as a nmin request and two
auxiliary requests. The opposition division held that
anended claim 1 according to each of these requests did
not neet the requirenents of Articles 123(2) and (3)
EPC.
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The appel | ant | odged an appeal against this decision
and submtted new sets of anended clains together with
the statenent of grounds of appeal. The respondent
relied at the appeal stage on an additional docunent,
namely an English translation (16 pages) of NIN
Techni cal Review, No. 54, May 1988, pages 31 to 39,
herei nafter D14.

In a comruni cation dated 22 May 2000, the parties were
i nformed of the provisional opinion of the board as
regards clarity, allowability of the anmendnents and

i nventive step in connection wth the anended cl ai ns
filed with the statenent of grounds of appeal. In reply
thereto, the appellant filed six sets of anended cl ai ns
on 9 Cctober 2000, as a nmain request and five auxiliary
requests. Oral proceedings were held on 7 Novenber

2000. In the course of the proceedi ngs the appell ant
abandoned t hese requests and submtted four sets of
anended clains as a main request and three auxiliary
requests. Claim1l of the main request reads as foll ows:

"1l. A bearing conponent formed of ceramc material and
having a netallic constituent in an anount of 3,500 ppm
or less, characterised in that it is a rolling bearing
wherein said netallic constituent conprises nore than
one of the followng elenents: Fe, Ni, & and W the
content of iron being restricted to | ess than

2000 ppm "

Caim1l according to the first auxiliary request
differs fromclaiml of the main request in that the
phrase "nore than one of the follow ng elenents:"” has
been del et ed.
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Claim1 of the second auxiliary request has the
foll ow ng wordi ng:

"1. A nmethod for making a ceramc rolling bearing
component conprising: converting raw material ceramc
powder into slurry form then granulating the slurry,
formng the slurry to a desired shape, and baking, to
obtain the rolling bearing conponent, the nethod

i ncluding a renoval step whereby netallic constituent
conprising at |least one of Fe, Ni, G and Wis renoved
to a level of 3,500 ppmor less remaining in the
beari ng conponent, Fe being renoved to a | evel of |ess
t han 2000 ppm "

Caiml of the third auxiliary request differs from
claim1 of the second auxiliary request by the om ssion
of the words "at |east one of" before the list of

metallic el enents.

The appellant's argunents in connection with the issue
of inventive step can be sumari sed as foll ows:

The respondent's statenent that the Japanese patent
application corresponding to the patent in suit was
revoked on the basis of D14 was not correct. The
Japanese application was finally granted on

Sept enber 24, 1998. D14 nerely showed that netallic

i nclusions were considered to be causative of stress
concentration upon repeated |oading. It was silent on
the level of the netallic constituents for unexpectedly
improving the stability of a bearing. The conparative
exanples in the appellant's letter dated 15 May 1997
showed that the total content of inpurities was
critical. As shown in Table 1 of the patent in suit,
the difference between the maxi num and m ni num val ues
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of rolling fatigue life, ie the statistica

"di spersion” of rolling fatigue life, was unexpectedly
reduced in the present invention. The statistica

di spersion had to be m nimzed as nuch as possible
because the entire bearing apparatus did not work even
if only one of the bearing balls assenbled in a bearing
apparatus had a low fatigue |ife. Therefore, reduction
of the statistical dispersion of rolling fatigue life
was critically inmportant. This inportant feature
concerning the problemto be sol ved was not taught or
suggested in D14. The latter failed to disclose to what
| evel the metallic constituent had to be limted in
order to achieve the said advant ageous effects.
Furthernore, D14 did not focus only on the problem of
netallic inclusions as the origin of flaking. A nunber
of other factors were also discussed which had an

i nfl uence on flaking. The authors of D14 had not
planted their flag where the critical factor was. The
teaching was mssing in D14 that the level of netallic
i nclusions was the critical factor. The respondent had
cited 14 docunents to attack the patent in suit and the
selection of two or three of themto conbine with D14
was based on an ex post facto anal ysis.

Concerning the first auxiliary request, D14 just
specifically disclosed Fe and O as netallic
inclusions. D2 failed to nention Ni and W D9 was

sil ent about Wand was not concerned with bearing
conmponents. As regards the nethod clains according to
the second and third auxiliary requests, D14 neither
di scl osed the clained conbinati on of steps nor the
specific level of inpurities necessary to get the best
statistical dispersion of rolling fatigue life. It had
not been shown that the conbination of process steps,
nanmely converting the raw material into a slurry,
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granulating the slurry and formng to a desired shape,
was a conventional conbination of steps in the ceramc
production. D3 did not disclose that spray drying
produced granul es.

The respondent submtted, inter alia, the follow ng
argunents in connection wth the issue of inventive
st ep:

D14 correlated the rolling fatigue life of ceramc
bearings to netallic inclusions, in particular iron, in
the ceramc material. This docunent clearly suggested
renoval of these inclusions and taught that acceptable
| evel s of inclusions should be determ ned. Determ ning
the acceptable level of netallic inclusions was well
within the technical skill of the person skilled in the
art. The problemof netallic inclusions was extensively
di scussed in D14 and these inclusions were said to be
causative of stress concentration. The solution to this
probl em was al so given in D14 since the |atter taught
to reduce the content of netallic inclusions, in
particular iron, as nuch as possible. The skilled
person woul d have | ooked for materials which fulfilled
this requirenent. D2 and D9 disclosed silicon nitride
powders having a very small anount of netallic
inmpurities. The skilled person would have arrived at
the low level of netallic inpurities by using the
starting material disclosed in D9. The content of
tungsten was not given in D9 but it was normally very

| ow. Furthernore, D1 disclosed in the chapter "Results
of Cbservations” that the iron was usually found in
conjunction with one or nore of the common stee
alloying elements C, M1, and Ni and that Wwas found
to be associated with Co or occurred concurrently with
Fe in the sane inclusion. Regarding the nethod of



VI .

- 6 - T 0340/ 97

preparati on of the bearing conponent, the process steps
indicated in claiml1l of the second and third auxiliary
requests were conventional steps for manufacturing
ceramc articles as shown by D3 and D14 taught to
renove as much netallic inclusions as possible.

The appel | ant requested that the decision under appea
be set aside and that the patent be maintained with the
clainms according to the nmain request subnmtted at the
oral proceedings before the board. As auxiliary
requests 1 to 3 the appellant requested that the patent
be maintained with the clains of any of the auxiliary
requests 1 to 3 submtted at the oral proceedings,
taken in their consecutive order. The respondent
requested that the appeal be di sm ssed.

Reasons for the Decision

1

The appeal is adm ssible.

The board is satisfied that the anmended cl ai ns
according to all four requests neet the requirenents of
Articles 123(2) and (3) EPC. Taking into account that
the subject-matter of claim1 of each of these requests
| acks an inventive step (see the reasons given

herei nafter), further considerations regarding the
allowability of the amendnents are not necessary.

The subject-matter of claim1l of each of the four
requests is new with respect to the disclosure of the
cited docunents. No reasons need be given since novelty
was not di sputed.

Mai n request

2881.D
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Concerning the issue of inventive step, the board
considers in agreenent with the parties that D14
represents the closest prior art.

D14 relates to bearing conmponents nmainly fornmed of
silicon nitride, such as silicon nitride balls and
rollers. This docunent deals with the probl em of
spal i ng and di scl oses various factors of manufacturing
processes, which affect the rolling contact fatigue
life of silicon nitride bearing conponents. It teaches
in particular that netallic inclusions such as Fe, Cr,
Wand Co inclusions are often found in silicon nitride
bal Il s having a short rolling fatigue life and that
metallic inclusions are considered to be causative of
stress concentrati on upon repeated |oading. Fe
inclusions are cited as an exanple of netallic
inclusion initiating flaking. According to D14 the
nmetallic inclusions are included during the production
of a powder, during blending of a sintering aid, or
during other steps and renoval of these inclusions by
nore careful screening is necessary to avoid short
rolling fatigue life (see page 1, abstract; page 2,
poi nt 2; page 5, point 2.3; whole page 6; page 11,
poi nt 3; Photographs 1-2, 1-3, 2-2, 2-3, 3-1to 3-3
showing Fe, G, W Co inclusions).

Starting fromthis prior art, the technical problem
underlying the clai med product can be seen in the

provi sion of bearing conponents which have a stable
quality mnimsing potential defects such as spalling
(see page 2, lines 23 to 26, of the patent in suit), or
expressed in other words, which have a reduced
statistical dispersion of rolling fatigue life.

It is proposed that this problem be solved by the
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beari ng conponent as defined in claim1l1l, which differs
fromthe silicon nitride ball bearings or roller
bearings of D14 by the specific anounts of netallic

i nclusions and iron. According to the exanples of the
patent in suit a reduction in variation of the rolling
fatigue |ife was achi eved, which neans an i nprovenent
in quality, and spalling could be effectively
prevent ed, thereby obtaining an inproved stability of
product quality (see page 3, |lines 33 to35 and page 4,
lines 14 to 16). These results were obtained with 10
tests for each exanples. The conparative exanples in
the applicant's letter dated 15 May 1997 further
illustrate the reduction of the statistical dispersion
of the rolling fatigue |life when the total anount of
metallic inclusions is decreased to | ess than

3,500 ppm It is credible in view of these results and
in the absence of evidence to the contrary that the
techni cal problem has actually been solved by the

cl ai med bearing conponent. This was not disputed by the
respondent .

As pointed out by the appellant, D14 does not focus
only on the problemof netallic inclusions as the
origin of flaking. A nunber of other factors having an
i nfluence on flaking, and thus, on the rolling fatigue
life of the ball or roller bearings are al so discussed.
D14 discloses that flaking occurs in an early stage
with silicon nitride balls which had been subjected to
a normal sintering while products prepared by hot
pressi ng and hot isostatic pressing (H P) have a
service |ife equivalent or superior to that of stee
bearings. H P is considered necessary for achieving a
| ong service life. Heterogeneous bl ending of the
silicon nitride powder with sintering aids and

I nappropriate sintering conditions are said to result
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in the creation of vacancies which remain even after
H P and which also initiate flaking. Segregation of the
sintering aid due to unsatisfactory blending or a
surface defect such as a crack on the surface of the
ball are al so disclosed as inducing flaking. As already
i ndi cat ed above in point 3.1 the presence of netallic
inclusions is an additional factor causing fl aking,
metallic inclusions being causative of stress
concentration upon repeated | oading. D14 teaches that
these inclusions are introduced during the production
of a powder, during blending of a sintering aid or
during other steps and that it is necessary to renove

t hese inclusions by nore careful screening. According
to D14, although netallic inclusions cannot be fully
renoved, the acceptable |evel thereof should be

determ ned taking into consideration the bal ance
between the rolling fatigue life and the cost. As a
concl usi on, D14 teaches that the factors which
adversely affect the rolling contact fatigue life of
ceramcs are classified roughly into factors associ at ed
with the production of materials for the ceram cs and
factors associated wth finishing and that the quality
control in each step is inportant for avoi di ng harnful
defects attributable to these factors (see page 4,
first paragraph; pages 5 to 8; page 15, first

par agr aph; concl usi on on page 16).

It can be inferred fromthis teaching that the defects
di scl osed in D14 as inducing flaking have an influence
on the stability of the product quality since they |ead
to bearing balls or rollers having a short rolling
fatigue |ife conpared to those containing no (or |ess)
defects. The skilled person would have realised that
the defects such as vacancies, netallic inclusions or
cracks nentioned in D14, should be avoided (or their
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frequency reduced) in order to reduce the statistica

di spersion of rolling fatigue life, since those ceramc
balls or rollers which contain these defects would be
expected to have a short rolling fatigue life.
Therefore, he would have contenpl ated follow ng the
recomendati ons given in D14 for avoiding these
defects, such as honobgeneously blending the silicon
nitride powder with the sintering aids, using hot-
pressing or H P, and/or renoving the netallic

i ncl usions included during the production of the powder
or during further steps by careful screening. As
according to D14 renoval of the netallic inclusions,
such as Fe, O, Wand Co, is necessary for avoiding
flaking, the skilled person faced with the problem
stated above woul d have renoved as nuch of the netallic
impurities as possible in order to avoid that some of
the ceramic balls or rollers have a short rolling
fatigue life. The fact that, according to D14, the
acceptabl e | evel of inclusions should be determ ned by
taking into consideration the bal ance between the
service life and the cost, would have not deterred the
skill ed person fromrenoving as nuch of the netallic
impurities as possible since the problemhe had to
solve was to achieve a stable quality (see point 3.2
above) and the econom cal aspect was not deci sive.

Thus, by applying the recommendati ons of D14 and
carrying out routine experinentation the skilled person
woul d have arrived in an obvious manner at the clained
beari ng conponent.

For these reasons the subject-matter of claiml is
consi dered not to involve an inventive step over the

di scl osure of D14. As claim 1l does not neet the

requi rement of inventive step set out in Articles 52(1)
and 56, the main request cannot be granted.
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First auxiliary request

2881.D

The subject-matter of claim1 of this request differs
fromthat of claim1l according to the main request by
the presence of all four netallic elenents Fe, N, C
and W This additional feature taken in conbination
with the remaining features of claim1 is also
considered to | ack an inventive step over the cited
prior art for the foll ow ng reasons:

The techni cal problem underlying the subject-nmatter of
this claimwith respect to the closest prior art D14 is
identical to that indicated in point 3.2 above. It is
al so credible in view of the exanples of the patent in
suit and in the absence of evidence to the contrary
that this problem has actually been solved by the

cl ai med beari ng conponent.

The considerations in point 3.3 above apply likewise to
the subject-matter of claim1 according to this
request. D14 discloses Fe, G, Wand Co as exanpl es of
nmetallic inclusions. Al though D14 does not specifically
mention N inclusions, the teaching of this docunent
that nmetallic inclusions are causative of stress upon
repeated loading is not [imted to the four netallic

el ements stated above. Furthernore, as pointed out by

t he respondent, it was known from D1 that the nost
common general type of inclusion found in hot-pressed
silicon nitride consists of large silicon rich grains
whi ch are associated with additional netallic el enents,
t he nost predom nant of which is iron. According to DI,
the iron is usually found in conjunction with one or
nore comon steel alloying elenents: chrom um
manganese and nickel. D1 al so di scloses the presence of
W associated with a small amount of Co or the presence
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of Fe and Win the sane inclusion (see page 370

par agr aph headed "Results of Cbservations"; page 373,
first and second paragraphs). Dl concerns hot pressed
silicon nitride for such applications as gas turbine
engi ne conponents, bearings and a variety of high
tenperature structural conponents (see page 367, first
par agraph). Therefore the skilled person was al so aware
of the fact that Fe, Ni, C, Co, M and/or Wcoul d be
present as netallic inclusions in hot-pressed silicon
nitride material for bearings. Under these

ci rcunstances, the skilled person faced with the
probl em st ated above woul d have contenpl ated renovi ng
not only the netallic elenents specifically indicated
in D14 but also Ni which is usually found in
conjunction with iron since according to D14 netallic
i ncl usi ons should be renoved for avoiding a short
rolling fatigue life.

It follows fromthe above that the subject-matter of
claim1 according to the first auxiliary request does
not nmeet the requirenent of inventive step. Therefore,
this request nust also fail.

auxi | iary request

D14 is also considered to represent the closest prior
art with respect to the method as defined in claim1l of
this request. The technical problemto be solved by the
cl ai med process can be seen in the provision of a
process for manufacturing bearing conponents having a
reduced statistical dispersion of rolling fatigue life.

It is proposed that this problem be solved by the
process conprising the conbination of steps defined in
claiml1l. This process differs fromthe process of D14
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by (i) the anmounts of Fe and netallic constituent

remai ning in the bearing conponent and (ii) the
follow ng steps: converting the raw material ceramc
powder into slurry form granulating the slurry and
formng the resulting granules to a desired shape. In
view of Exanples 1 and 2 of the patent in suit, it is
pl ausi bl e that this problem has actually been sol ved by
the cl ai ned process.

For the reasons indicated above in connection with the
mai N request, no inventive step can be seen in feature
(i) in view of the teaching of D14. Concerning feature
(ii), the respondent has argued that the three steps

i ndi cat ed above are wel |l -known manufacturing steps in
the ceramc industry. This was contested by the
appel | ant at the oral proceedings; however, in view of
D3 which illustrates the common general know edge in
ceram cs, the board cannot accept the appellant's
argunents. D3 discloses a process for manufacturing
ceramc articles, which conprises grinding the raw
materials, mxing the ingredients in water and thereby
formng a slip, renoving water on filter presses or
drumfilters or spray drying the slip, optionally
renoving iron contamnants, formng to a desired shape
and firing (see page 254, second and third paragraphs).
The appel lant's argunents that D3 did not disclose the
granulating step as it was not taught therein that
spray drying produced granul es are not convincing for
the followi ng reasons. It is well-known that spray
dryi ng produces powders, the dinensions of which depend
on different paraneters of the spray drying process.
According to the patent in suit the slurry is

granul ated by the spray drying nethod, but no di nension
is given for the resulting granules. Caim1l al so
contains no indication as to the size of the granul ated
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product. Under these circunstances, it cannot be

consi dered that the "granul es" forned by spray drying
of the slurry are different fromthe "powder" produced
by spay-drying of a slip. Therefore, the board

consi ders that the conbination of process steps
indicated in claiml1l of the second auxiliary request
was wel | -known for the manufacture of ceramc articles
before the priority date of the patent in suit. Using
t hese steps for the manufacture of the bearing
conponents in conbination with the step of renoving the
metallic inclusions disclosed in D14 was, therefore,
obvious to the skilled person confronted with the
probl em st at ed above.

It follows fromthe above that the process as defined
inclaiml of the second auxiliary request does not
i nvol ve an inventive step.

Third auxiliary request

2881.D

The technical problemto be solved with respect to D14
is the sane as for the second auxiliary request (see
point 5). The solution proposed in claiml1l to solve
this problemdiffers fromthe process of D14 by (i) the
anounts of Fe and netallic constituent remaining in the
bearing conponent, (ii) the follow ng steps: converting
the raw ceramc material into slurry form granul ating
the slurry and formng the resulting granules to a
desired shape, and (iii) the fact that the netallic
constituent conprises Fe, Ni, & and W In the absence
of evidence to the contrary, it is credible in view of
the exanples of the patent in suit that this problem
has actually been sol ved by the cl ai ned process.

Regarding features (i) and (iii), the reasons indicated
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above in connection with claim1 of the first auxiliary
request apply likewise to claim1 of the present
request (see point 4 above). Therefore, renoving Fe

i nclusions and the netallic constituent conprising Fe,
Ni, & and N to the levels defined in claim1l is not
considered to involve an inventive step in view of the
teaching of D14 and Dl1. Furthernore, the conbination of
process steps stated in claim1l was well-known for the
manuf acture of ceramc articles (see point 5.1 above).
Therefore, it would have been obvious to the skilled
person confronted with the probl em stated above to use
these steps in conbination with the step of renoving
the nmetallic inclusions recommended in D14.

It follows fromthe above that the process according to
claiml of this request also |acks an inventive step.
Therefore the third request nust also fail.

O der

For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

S. Hue R Spangenber g
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