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Summary of Facts and Submn ssions

1850.D

Eur opean patent No. 0 670 916 (application
No. 94 900 026.9) was revoked by decision of the
opposi tion division.

The reasons for the revocation were that the European
patent did not disclose the invention defined in

I ndependent clains 1, 19 and 20 in a manner sufficently
clear and conplete for it to be carried out by a person
skilled in the art and that the subject-matter of

I ndependent claim 18 was not novel within the neaning
of Article 54 EPC in view of the disclosure in docunent

D13: A. M El-Sherik et al., Deviations from Hall -
Pet ch Behavi our in As-prepared Nanocrystalline
Ni ckel, Scripta Metallurgica et Materialia,
Vol . 27, pages 1185 to 1188, 1992.

The appel |l ant (patentee) | odged an appeal against the
deci si on revoki ng the patent.

Oral proceedings were held before the board on 19 June
2002.

The foll owi ng docunents and pi eces of evidence were
referred to by the parties at the oral proceedings, in
addition to docunent D13:

D1: W Kl ei nekathofer et al., Die Eigenschaften von
mt pul sierendem @ ei chstrom (Pul se Pl ating)
abgeschi edenem Ni ckel, Metall COberfl ache,
9-1982, pages 411 to 420,

D3: T.-P. Sun et al., Plating with Pul sed and
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Peri odi c- Reverse Current, Metal Finishing,
May 1979, pages 33 to 38;

D4. W Kimet al., Pulse Plating Effects in Ni ckel
El ect rodeposition, Surface and Coati ngs
Technol ogy, 38 (1989), pages 289 to 298;

D5: N. R K Vilanbi et al., Selective Pulse Plating
froman Acid Copper Sulfate Bath, Plating and
Surface Finishing, January 1988, pages 67 to 72;

D6: D. S. Lashnore et al., Electrodeposition of
Ni ckel - Chrom um Al l oys, Plating and Surface
Fi ni shing, March 1986, pages 48 to 55;

D7 W Kl ei nekat hofer, Der Einflul3 von
St ronmodul ati onen auf die Ei genschaften von
gal vani sch abgeschi edenem Ni ckel, D ssertation,
1980, Fakultat fur Bergbau und Hittenwesen der
Rhei ni sch-West fal i schen Techni schen Hochschul e
Aachen;

D10: K. Boyan et al., An In-situ TEM Study of the
Thermal Stability of Nanocrystalline N -P,
Scripta Metallurgica et Materialia, Vol. 25,
No. 12, 1991, pages 2711 to 2716;

D11: A. M El-Sherik et al., Gain Gowth Behaviour
of Nanocrystalline N ckel, Mterials Research
Soci ety Synposium Proceedi ngs, Vol. 238, 1992,
pages 727 to 732;

D12: D. Gsnola et al., Mcrostructural Evolution at

Large Driving Forces during Gain Gowth of
Utrafine-Gained N -1.2wt %°, Phys. Stat. Sol.

1850.D Y A
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D17:

D18:

D19:

D20:

D21:

D22:

D25a:
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(a) 131, 1992, pages 569 to 575;

G Palunbo et al, Intercrystalline Hydrogen
Transport in Nanocrystalline Nickel, Scripta
Metal lurgica et Materialia, Vol. 25, No. 3,
1991, pages 679 to 684,

Experimental Report filed by the appellant with
its letter dated 31 Oct ober 2000;

K. J. Bryden et al., Pulsed Electrodeposition
Synt hesi s and Hydrogen Absorption Properties of
Nanostructured Pall adiumlron A loy Filns,

J. Electrochem Soc., Vol. 145, No. 10, October
1998, pages 3339 to 3346;

H Natter et al., Nanocrystalline Palladi um by
Pul sed El ectrodeposition, Phys. Chem 100, 1996,
pages 55 to 64,

H Natter et al., Nanocrystalline Copper by

Pul sed El ectrodeposition: The Effects of Organic
Addi tives, Bath Tenperature, and pH, J. Phys.
Chem 1996, pages 19525 to 19532;

H Natter et al., Nanocrystalline N ckel and
Ni ckel - Copper Alloys: Synthesis,
Characterization, and Thermal Stability,

J. Mater. Res., Vol. 13, No. 5, My 1998;

Theory and Practice of Pulse Plating, edited by
Jean- C aude Pui ppe and Frank Leaman, published
by the Anmerican El ectroplaters and Surface

Fi ni shers Society, Ol ando, USA, 1986;
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D27-32 Experinental reports filed by the appellant with
its letter dated 31 Cctober 2000;

D34 Experimental reports filed by the appellant with
its letter dated 31 Oct ober 2000;

D37: Experinental report filed by the respondent with
its letter dated 27 April 2001

D40: Affidavit by Dr W Kl einekathofer filed by the
appellant with its letter dated 16 May 2002;

D41: G MMahon et al., Structural Transitions in
El ectroplated NN -P Al oys, Journal of Materials
Science Letters 8, 1989, pages 865 to 868 as
filed by the appellant with its letter of
28 April 2000 and nunbered D41 by the board.

The appel | ant requested that the decision under appea
be set aside and that the patent be maintained on the
basi s of an anended set of clains filed at the ora
proceedi ngs of which independent clains 1 and 18, the
only independent clains, read as foll ows:

"1. A process for electrodepositing a selected
nmetallic material in nanocrystalline formon a
substrate in which an aqueous, electrolyte
containing ions of said selected netallic materi al
Is introduced into an electrolytic cell having an
anode and a cathode, while nmaintaining said
el ectrolyte at a tenperature in the range between
about 15° and about 75°C, characterised by passing
a D.C. current, having a peak current density in
t he range between about 0.1 and about 3.0 A/cnt, at
pul sed intervals during which said current passes
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for atine period in the range of about 0.1 to
about 50 mlliseconds and does not pass for a tine
period in the range of about 1 to about 500
m|liseconds, between said anode and said cat hode
so as to deposit said selected netallic materi al

i n nanocrystalline formand having a grain size of
| ess than 100 nm on said cat hode."

"18. A nanocrystalline nickel material produced by a
process according to claim1l characterised by an
average grain size of |ess than 11 nanonetres and
by a hardness which is at a maximumin a size
range of 8 - 10 nm and by saturation
magneti zation properties substantially equal to
those of said nickel material in norma
crystalline form"

The respondent requested that the appeal be dism ssed.

The board announced its decision at the end of the ora
proceedi ngs.

In support of its request the appellant first submtted
that the clainmed process was sufficiently disclosed in
the patent specification. Due account should in this
respect be taken of the fact that the skilled person
concerned here was a highly qualified scientist wwth a
superior university degree in Chem cal Physics, basic
know edge in electroplating as sunmari zed for instance
i n docunent D25a, and a specialization in
nanostructured materials. Although the specification of
the patent only describes few specific enbodi nents of
the process in relation to the el ectrodeposition of
nanocrystalline nickel material, it also provides
general instructions and recomendations in respect of
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the proper selection of paraneters set out in claiml
on the basis of which such highly qualified scientist
could w thout undue difficulty and by way of sinple
enpirical experinents as usual in this field, easily
det ermi ne adequate el ectrodi sposition conditions al so
for materials other than nickel.

Concerning novelty and inventive step the appell ant
submtted that the process of claim1l was novel. In
particular, the prior art docunents D1 to D7 failed to
di scl ose the essential feature that the pulse plating
paraneters set out in the claimare those which
actual ly prevail between the anode and the cat hode,
rather than at the output of the current supply. The
processes disclosed in these docunents did not achieve
nanocrystalline materi al s.

The subject-matter of independent product claim 18 was
al so novel in view of the cited prior art. In
particul ar, docunent D13 was silent as to the
saturation magnetisation properties of the
nanocrystalline material disclosed there.

Concerning inventive step, although the ranges of the
pul se plating conditions set out in claiml were known
I n substance from docunent D1 to D7, there was no

obvi ous reason for the skilled person to expect that
adequately sel ected conditions in the known ranges
coul d achi eve the deposition of nanocrystalline
material having a grain size of |less than 100 nm

The inventive character of the invention was confirmnmed
by a nunber of circunstantial indications sunmarized in
the table "Indicia of Non-Cbviousness" handed over at

the oral proceedings of 19 June 2002, anobngst which the

1850.D Y A
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qui ck acceptance of the clainmed technology and it's
comerci al success as evidenced by its practical use
and its licensing in the repair of nuclear reactors, or
t he unani nous recognition of the inventors' nerits by
peer experts, as evidenced by the about 50 invited
presentations given by Prof. Erb, one of the inventors,
around the world over the past 8 years and the three
scientific awards he obtained for his contributions to
the field of nanostructured materi al s.

The respondent's argunents in support of its request
can be sunmarized as foll ows.

The skilled person concerned here was not a highly
qualified scientist, but rather a graduated chem ca
engi neer with basic know edge and practical experience
in the art of electrodeposition. The clainmed

conbi nation of el ectrodeposition paraneters was well -
known fromthe prior art as illustrated for instance by
docunents D1 to D7, and there was no doubt that the
skill ed person woul d have understood fromthese
docunents that the current conditions defined in the
claimare those which actually prevail between the

el ectrodes, as is evidenced for instance by the
affidavit D40 by the author of docunments D1 and D7
filed by the appellant hinself. Therefore, claiml1 did
not define any contribution to the state of the art
and, if it was admitted that the prior art did not

achi eve nanocrystalline structures, then obtaining such
structures could only result fromtechnica

ci rcunst ances which were not set out in the clains and
were not available to the skilled person at the filing
date of the patent, such as for instance particul ar
conpositions of the deposition baths or specific

choi ces of grain refining agents. Experinental
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report D37 in this respect showed that the
el ectrodeposition conditions stated in claim1 did not
yield a nanocrystalline structure.

The specification of the patent al so showed t hat
different techniques were available to determ ne grain
size of the deposited product, which provide different
grain size values (see colum 7, lines 43 to 47).
Caim1l failing to specify which techni que should be
enpl oyed for determ ning whet her the deposited materi al
exhibits the clained grain size of |less than 100 nm
the skilled person could not use this criterion to
experinental ly determ ne adequat e deposition

par anet ers.

Thus, fromthe specification of the patent which only

di scl oses the deposition of nanocrystalline nickel from
a single bath conposition, the skilled person could not
practise the clainmed process which is not restricted to
any particular material.

Concerning the patentability of the cl ai ned subject-
matter, docunents D1 to D7 not only disclosed the

cl ai med ranges of el ectrodeposition paraneters, but
they al so expressly pointed at the grain refining
effect of short current pulses. Accordingly, if it was
admtted that the processes disclosed in these
docunents did not yet achieve nanocrystalline
structures, these would result from an obvi ous
extrapol ati on of the process conditions disclosed there
in conjunction with the manufacturing of

m crostructures.

In addition, nanocrystalline materials, and in
particul ar the nanocrystalline material defined in



-9 - T 0915/ 00

I ndependent claim18, were known from docunents D10 to
D13 and said there to be obtainabl e by

el ectrodeposition. Accordingly, the material of

i ndependent claim18 was not novel over docunent D13
and the process of independent claim1l also resulted
fromthe obvious inplenmentation of the processes of
docunents D1 to D7 for manufacturing the products

prai sed in docunents D10 to D13.

Reasons for the Decision

1

1850.D

The appeal is adm ssible.

Amendnent s

The alternative (b) set out in dependent claim?2 as
granted was del eted, and so were independent clains 19
and 20 as granted and dependent clains 21 to 24 as
appended t hereto.

| ndependent cl ai m 18 was suppl enented by an indication
that the nanocrystalline nickel material it defines is

"produced by a process according to claim1".

Dependent clains 25 to 26 were re-nunbered clains 19 to
20.

The specification was nerely adapted to the anended
version of the clains and Figure 5 was del et ed.

These anendnents undi sputedly neet the requirenents of
Article 123(2) and (3) EPC

Sufficiency of the disclosure
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Claim1 defines a process for electrodepositing a non-
specified netallic material in nanocrystalline formon
a substrate in an electrolytic cell having an anode and
a cat hode between which a direct current is passed at
pul sed intervals. The claimdefines ranges for the
tenperature of the electrolyte, the peak current
density and the tinme periods for which current passes
or not, and it specifies that the process shall be so
conducted as to deposit the netallic material in
nanocrystalline formand having a grain size of |ess
than 100 nm on the cathode. Since such nanocrystalline
material is not obtained for each arbitrary conbi nation
of paraneter values in the ranges set out in the claim
as is admtted by both parties and is evident fromthe
prior art docunents D1 to D7 which disclose several
enbodi nments in which process conditions within the
ranges of claim1l do not achieve nanocrystalline
material, claiml1 shall be construed as neani ng that,
within the ranges it defines, conbinations of paraneter
val ues have still to be selected so as to achi eve the
desi red nanocrystalline material.

To assist the skilled person in selecting an
appropriate conbi nati on of paraneter values for a given
material the specification of the patent on the one
hand conprises four exanples, which all describe the
deposition of nanocrystalline nickel froma sane

el ectrolyte bath and under the same el ectropl ating
conditions and which differ only by the anpunt of
stress reliever and grain refining agent (see columm 5,
lines 2 to 57). The specification on the other hand
provi des a series of recomendati ons as to the proper
sel ection of the el ectrodeposition conditions: the
gquality of the deposit and the nanocrystalline
structure thereof are functions of the peak current
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density in the cell and the rate of pulsing the
current, the tinme off is generally longer than the tine
on, if the peak current density is too high, there is a
risk that the deposited material will burn and, if too
low, the grain size wll increase (see the paragraph
bri dging colum 4 and 5).

Thus, the issue to be decided in respect of the
sufficiency of the disclosure is whether the skilled
person could on the basis of his general know edge and
of the above indications and without undue burden
det er mi ne adequat e conbi nati ons of paraneter val ues

al l owi ng the obtaining of nanocrystalline structures
al so of materials other than nickel.

The board in this respect first notes that according to
the jurisprudence of the boards of appeal, an objection
for lack of sufficient disclosure shall only be raised
if there are serious doubts, substantiated by
verifiable facts. The nere fact that the claimis broad
is not initself a ground for considering the
application as not conplying with the requirenent of
sufficient disclosure under Article 83 EPC (see T 19/90
Q) 1990, 476). In the present case, however, the
respondent in substance only relied upon experinmental
report D37 to show that applying paraneter values in
the clained ranges in three experinents failed to

achi eve nanocrystalline copper deposits. There is
however no doubt that any arbitrary conbi nati on of
paraneter values wll not necessarily in the obtaining
of nanocrystalline material. The nere failing of three
such arbitrary conbi nati ons cannot establish that the
skill ed person could not possibly have devi sed
successful el ectrodeposition conditions within the

cl ai med paraneter ranges, fromhis normal know edge and
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capacity.

The board can in this respect agree to the appellant's
definition of the skilled person as a highly qualified
scientist well aware of the |atest devel opnments in
nanocrystalline materials and el ectrodeposition. This
view is indeed consistent with the observation that
nost of the nunerous relevant prior art citations in
the file consist of articles fromscientific
publ i cati ons, disclosing fundanental research work
rather than for instance practical devel opnents in

i ndustrial equi pnent.

The credibility of the numerous experinental reports
filed by the appellant to denonstrate that various
materials can be deposited in a nanocrystalline form
under conditions neeting the paraneter ranges of
claiml (see D18, D27 to D32 and D34) is supported by
docunents D19 to D22 published after the filing date of
the patent in suit. These scientific publications do
not in any way suggest the existence of particular
difficulties in the selection of proper deposition
condi tions or bath conpositions.

The respondent al so questioned the sufficiency of the
di sclosure in the patent in suit on the ground that the
specification did not unanbi guously specify how t he
grain size of less than 100 nmreferred to in claim1l
was to be neasured, but disclosed instead two distinct
procedures which gave different results, nanely
scanni ng el ectrom croscopy and x-ray diffraction. In
the board's view, however, the specification clearly

i ndicates that the 100 nmvalue was referred to nerely
as a generally recognised grain size |imt bel ow which
the material was defined as being nanocrystalline (see

1850.D Y A
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colum 1, lines 29 to 33). In addition, the results of
the two grain size neasurenent procedures referred to
in the specification are fully consistent, scanning

el ectrom croscopy indicating a grain size |ess than
100 nmwhile x-ray diffraction gave grain size val ues
of about 10 to 15 nmw th sone grain sizes up to about
37 nm (see colum 7, lines 43 to 47).

For the above reasons, the board is satisfied that the
process of independent claim1 is disclosed in the

patent in a manner sufficiently clear and conplete for
it to be carried out by the person skilled in the art.

The sane conclusion holds true for the nanocrystalline
ni ckel material defined in i ndependent claim 18, the
preparation of which is described in details in lines 2
to 57 of colum 2 of the specification, with reference
to Exanples 1 to 4.

| ndependent clainms 19 and 20 as granted, the subject-
matter of which had al so been considered insufficiently
di scl osed by the opposition division in the decision
under appeal have not been nmaintai ned by the appellant.

Novel ty

| ndependent process claiml

Docunents D1 to D7 disclose processes for

el ectrodepositing various netallic materials by passing
a direct current between el ectrodes under electrol yte
tenperature, peak current density and pul se tine
conditions which fall within the ranges set out in
claim1. These docunents do not however disclose that
the process is so conducted as to deposit said netallic
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materials in nanocrystalline form

Docunent D17 di scl oses nanocrystalline nickel materi al
obt ai ned by continuous, rather than pul sed,

el ectrodeposition. Docunents D10 to D13 al so discl ose
nanocrystalline materials, but fail to descri be how

t hese can be obtai ned.

The remai ni ng docunents in the file do not cone cl oser
to the subject-matter of claim1, which accordingly is
novel within the neaning of Article 54 EPC

| ndependent product claim18

Docunent D13 is the only citation in the file to

di scl ose a nanocrystalline nickel material with an
average grain size of less than 11 nm and a hardness
which is at a maximumin a size range of 8 to 10 nm
(see the simlarity between Figure 3 of docunent D13
and Figure 3 of the patent). The docunent does not
speci fy whether the saturation magnetisati on properties
of this material are substantially equal to those of
nickel material in normal crystalline formas is set
out at the end of claim18. In any case, docunent D13
conpletely fails to disclose howthe material it

descri bes was or could be obtained. Neither is there
any indication that the material as such was avail abl e
to the public. This docunent therefore does not provide
an enabling disclosure which mght anticipate the
product defined in claim18 (see decision T 206/83, QJ
1987, 5 and G 1/92, Q) 1993, 277).

The remai ni ng docunents in the file do not cone cl oser
to the above product. Docunents D10 to D12 in
particul ar descri be nanocrystalline materials having an
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average grain size of less than 11 nmas set out in
claim 18, but these materials are constituted by nicke
al l oys instead of nickel, and the docunents do not

di scl ose their hardness and saturation nmagnetization
properties. Mreover, they were obtained by continuous
rat her than by pul sed el ectrodeposition, which
certainly inplies structural differences as conpared to
mat eri al s suscepti bl e of being produced by the pul sed
el ectrodeposition process of claiml as referred to in
claim 18. Docunent D17 describes nanocrystalline nicke
material which is al so obtained by continuous

el ectrodeposition and has an average grain size above
11 nm

For these reasons, the subject-matter of independent
claim18 is novel within the neaning of Article 54 EPC

5. I nventive step

5.1 The patent in suit generally relates to the
manuf acturing of nanocrystalline materials by
el ectrodeposition and to naterials so obtained.

Such a manufacturing process is disclosed in

docunent D41 (see page 865, the third and the fourth
par agraphs) and nanocrystalline materials obtained
thereby are disclosed in docunents D10, D11 and D12
(docunent D41 is bibliographic reference 4 in
docunent D10, reference 1 in docunent D11 and
reference 7 in docunent D12). The process of

docunent D41, in which current is passed continuously
bet ween the el ectrodes, in the board' s view cones
closer to the process set out in claim1 of the patent
in suit than the processes described in any of

1850.D Y A
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docunents D1 to D7, because the latter do not achieve
nanocrystalline materi al s.

The nethod of present claim1 is distinguished fromthe
conti nuous el ectroplating nmethod of docunent D41
essentially in that it conprises passing direct current
at pulsed intervals and under peak current density and
timng conditions selected in the ranges set out in the
claimso as to deposit nanocrystalline material having
a grain size of |less than 100 nm on sai d cat hode,

i nstead of passing direct current in a continuous
manner .

The nanocrystalline materials obtained by the process
of D41 exhibit grain sizes conparable to those

di sclosed in the patent in suit (see D10, pages 2711,
the penul ti mate paragraph: between 5 and 10 nm D11,
page 728, Table 1 and Figure 1: between 5 and 10 nm
D12, page 573, Figure 5. nostly between 4 and 10 nm as
conpared to the 6 nmor the 11 nmgrain size of
Exanples 3 and 4 of the patent in suit).

Thus, the technical problens solved by the process of
claim1 can be seen in proposing an alternative to the
known manufacturing process.

Al t hough, as established under point 2 above in
relation to the question of the sufficiency of the

di scl osure, once the skilled person has contenpl at ed
usi ng pul se el ectrodeposition for the manufacturing of
nanocrystalline material there would be no undue
difficulty for himto sel ect adequate deposition
conditions so as to obtain the desired material, the
prior art in the board's viewis devoid of any
encouragenent for himto do so.
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Docunments D1 to D7 indeed expressly point at the grain
refining effect of current pulsing, but only in the
context of mcrocrystalline structures and the skilled
person had no obvi ous reason to foresee that this could
still be extrapolated to structures snaller by at |east
two orders of magnitudes, if not with the benefit of

hi ndsi ght .

The practical application of the clainmed process in the
nucl ear reactor maintenance technology, its |licensing
in the electrical power generation industry and the
recognition of the inventors' contribution by the
scientific conmmunity as evidenced by the |ist of
invited presentations given by Prof. Erb and of awards
he received, as filed by the appellant at the ora
proceedi ngs, in the board' s view al so constitute
convincing further circunstantial indications of the
presence of an inventive step.

For the above reasons, the board cane to the concl usion
that the process set out in claiml of the patent in
suit involves an inventive step within the neaning of
Article 56 EPC

The sanme concl usion applies to the subject-matter of

I ndependent product claim 18, the structure and
properties of which could only result fromthe
performance of the inventive process of claiml and to
the subject-matter of the remaining dependent clains by
virtue of their appendence to independent claim1.
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6. For the above reasons, the patent as anended in
accordance with the appellant's request and the
i nvention to which it relates neet the conditions of
t he conventi on.

Or der

For these reasons it is decided that:

1. The deci si on under appeal is set aside.
2. The case is remtted to the first instance with the
order to maintain the patent in anmended form as

foll ows:

- claims 1 to 20 and description pages 2 to 6,
presented at the oral proceedings of 19 June 2002;

- drawi ngs as in the patent specification w thout
Fi gure 5.

The Regi strar: The Chai r man:

P. Muartorana E. Turrini
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