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Summary of Facts and Submn ssions
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Eur opean patent No. 738 235 based on application
No. 94 917 197.9 was granted on the basis of 14 clains.
Caim1l reads as foll ows:

"1. A process for endotherm c catal ytic conversion of
gaseous hydrocarbons with steamto form a gaseous

m xture which contains hydrogen, utilizing a reform
catal yst based on nickel which is provided on a

t her nost abl e support, wherein at |east 90% of the

ni ckel particles (based on the nunber) are snaller than
10 nmand at |least a part of the thermal energy
required for the endotherm c conversion is generated in
the reaction m xture through a controlled catalytic
reaction of a part of the hydrocarbon w th oxygen.

The appel |l ant (opponent) filed a notice of opposition
requesting revocati on of the patent on the grounds of
| ack of novelty and |l ack of inventive step. The
foll ow ng docunents were relied upon during the
opposi tion proceedi ngs:

D1: GB-A-2 247 465

D2: Ind. Eng. Chem Res., 1988, vol. 27, 790-795

D3: EP-A-0 112 613 (cited by the opposition division)
D4: Journal of Catalysis, 54, 1978, 207-218

The opposition division decided to reject the
opposition. It pointed out in its decision that

according to the patent in suit and to D3, commercially
avai |l abl e nickel steamreform ng catal ysts could not be
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used in the autothernmal reform ng processes of D3 or D1
because of carbon deposits on the catalyst. The clai ned
process had surprisingly overcone the carbon deposit
probl em by using a N based catal yst having at | east
90% of the NI particles smaller than 10 nm It could be
inferred fromD4 that the "Van Dillen" catalyst used in
D2 had the clained particle-size distribution. The
opposi tion division took the view that the skilled
person woul d not have conbi ned the teachings of D1 and
D2 because D1 or D3 taught away from using a nickel
reform ng catal yst and D2 did not disclose that the

ni ckel reform ng catal ysts were good catal ysts as
regards stability and activity or were better catal ysts
than the Pt reform ng catal ysts of D1.

The appel | ant | odged an appeal against this decision
and cited a new docunent D5 in the grounds of appeal,
nanmely Applied Catalysis, 10 (1984) 273-239. O al
proceedi ngs took place on 24 Cctober 2001.

The appellant's argunments can be summari sed as foll ows:

D1 as well as D2 could be considered as representing
the closest prior art. D1 disclosed all the features of
claim1 except the particle-size distribution of the N
particles. Starting fromDl as the cl osest prior art,
it was obvious to the skilled person to use the

catal yst of D2 in the autothermal reform ng process of
D1. The catalyst of D2 had a Ni particle-size
distribution falling within the definition of claiml.
This could be inferred fromD2 itself which disclosed a
Ni crystallite-size of 1-2 nmand a narrow crystallite-
size distribution and further stated that no carbon
overl ayer was forned. This was confirned by the
particle-size distribution shown in D4 for catal ysts
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whi ch were prepared by exactly the sane type of
preparation as in D2. Figure 4 of D4 showed that
particle sizes of up to 14 nmcould be determ ned by
magneti ¢ neasurenents. D2 taught that no deposition of
carbon occurred with the catal yst disclosed therein and
both D1 and D2 concerned steamreform ng. Thus, D2 gave
the skilled person all the characteristics necessary to
reduce the carbon deposition in the steamreform ng
reaction. Starting fromD2 as the closest prior art,
the only mssing feature wth respect to the clained
process was that the energy required for the

endot herm c reaction was produced internally. As
according to D2 no carbon deposition occurred with the
catal yst described therein, it would have been obvi ous
to the skilled person to use this catalyst in the two-
step process of D1 to reduce carbon deposition. D2

di scl osed that the catal yst showed an irreversible
deactivation at a steanminethane ratio of 5.7; however
such a high ratio was not usually applied. D2 taught
that, at a lower ratio, the catalyst activity could not
be regai ned once the reaction was stopped. However,
this would not have deterred the skilled person from
using the catalyst of D2 in a technical process since
the process was nornally not stopped and, thus, the
risks were not high. N ckel catalysts being in genera

| ess expensive than catal ysts containing a netal of the
pl ati num group, the skilled person would have used the
ni ckel catalysts of D2 in the process of Dl1. It was
further known from D5 that the deposition of carbon on
the reform ng catal yst could be avoi ded at steani carbon
ratios of 1.5 to 3 with a N catal yst having a nean
size of the nickel crystallites of less than 10 nm On
the contrary carbon deposition occurred with catal ysts
having a higher Ni particle nean size, and the carbon
deposition was nore inportant the greater the nean
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size. Therefore, D5 confirnmed that it was obvious to
the skilled person to use nickel catalysts having a

ni ckel crystallite size < 10nmas the reformng
catalyst in a steamreform ng reaction, and thus, also
in the process of D1, in order to avoid the deposition
of carbon on the catalyst.

Furthernore there were serious doubts that the exanples
of the patent in suit supported claim1l and the alleged
i nventiveness thereof. In all the exanples no steam was
added al t hough according to colum 6 of the patent in
suit the nmethane should react with steam Wth 2

vol unmes of CH, and 1 volune of oxygen as used in all the
exanpl es the oxidation process did not give steam The
exanpl es al so did not support or illustrate the cl ai ned
particle-size distribution and in particular the
preferred particle size of snmaller than 5 nm

The respondent (proprietor of the patent) presented
inter alia the follow ng argunents:

Regardi ng the questi on whether or not steam was
produced in the exanples of the patent in suit, it was
cl ear that steam was generated in the oxidation step as
taught for exanple in D1. Al though a nethane/ oxygen
ratio of 2:1 was used in the said exanples, it was
indicated in colum 6 of the patent in suit that oxygen
was al so incorporated in the oxidation catalyst and
that at high tenperature reduction of the netal oxide
by the nethane occurred readily.

D5 was not nore relevant than the docunents al ready on
file. It gave no indication about the particle-size
di stribution of the nickel crystallites. D5 disclosed
conflicting data in Figures 2 and 3 as regards the
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rel ati on between the nean N particle size and the
coking rate. Furthernore it taught that the resistance
to coking of the nickel catal yst was determ ned by the
quantitative ratio of the nickel phase and the N O+MgO
m xture as well as the chem cal conposition of the

Ni O+MgO m xture. Therefore, D5 woul d have rat her

poi nted the skilled person in another direction. D2 was
not the closest prior art since it did not relate to

i nternal heat generation. Starting fromDl or D3 as the
cl osest prior art, the present invention dealt with the
probl em of formation of filanentary coal growi ng from
the N particles, which caused disintegration of the
catal yst. D1 and D3 showed that both precious netal and
ni ckel catal ysts were known and that a precious netal
catal yst should be used for the steamreformng
process. The teaching of D2 was rather conflicting.
Furthernore, the appellant did not provide evidence
that the catal yst prepared in accordance with D2 i ndeed
nmet the criteria of the particle-size distribution. D4
showed a narrow particle-size distribution; however it
was wel | -known that the magnetic neasurenents were
unsuitable to determ ne small anobunts of |arge
particles. D2 taught that the catal yst as prepared by
the authors of D2 tended to deactivate and seened to be
deacti vated by the presence of a nickel hydrosilicate
filmon the particles when used at hi gh steant net hane
ratios. Furthernore in the case of a | ow steam net hane
ratio D2 taught that the catalyst activity could not be
regai ned once the reaction was stopped. Although one
woul d normally not intend to stop the industria
process, the latter had, however, to be stopped for

mai nt enance or for replacing a part of the catal yst or
for other unschedul ed reasons, and then the whol e

catal yst had to be changed which resulted in increased
costs. Therefore, the skilled person | ooking for a
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solution to the problemof formation of filamentary
carbon woul d not have considered using the Ni catal yst
described in D2. D2 woul d not have led the skilled
person to go away fromthe precious netal catalysts of
D1/ D3.

VII. The appel | ant requested that the decision under appeal
be set aside and that the patent be revoked. The
respondent requested that the appeal be di sm ssed.

Reasons for the Deci sion

1. The appeal is adm ssible.

2. The process according to claim1 is new over the
di scl osure of the cited docunents. This was not
di sputed by the appellant.

3. The question arises which of docunents D1, D2 and D3
represents the closest prior art. D2, contrary to the
cl ai med process, does not relate to an autotherm
reform ng process, ie a process in which at |east a
part of the thermal energy required for the steam
reform ng reaction is generated in the reaction system
by the exotherm c oxidation of a part of the
hydrocarbon wi th oxygen. Furthernore, D2 does not dea
with the probl em of carbon deposition on the nickel
catal yst, which is addressed in the patent in suit and
in D3. It nerely nentions that the pernmanent
deactivation of the catalyst used at a high
steani net hane ratio was due to the formation of a
ni ckel hydrosilicate |ayer and not to a carbon
over | ayer (see abstract and page 794, right-hand
colum, 4th paragraph). In contrast thereto, D1 and D3

2821.D Y A
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concern an autothermal reform ng process, |like claiml.
Furthernore, D3 discloses an exanple using a
comercially avail abl e nickel steamreform ng catal yst
and addresses, like the patent in suit, the problem of
carbon or soot accunul ation on the nickel catalyst.

Al t hough D1 al so concerns an autothermal reform ng
process, it uses exclusively catalysts containing one
or nore netals of the platinumgroup in this process
and does not deal with the problem of soot formation or
carbon deposition on the catal yst. For the preceding
reasons, the board cannot accept the appellant's
argunment that D2 represents the closest prior art and
considers this argunment to be based on an hindsi ght
analysis. It follows fromthe precedi ng consi derations
that D3 is closer to the clained process than D2 or D1.

In the autothermal reform ng process of D3 a part of

t he hydrocarbonaceous feed is subjected to a catalytic
oxidation with oxygen in a first catalyst zone (24a) to
produce a heated effluent suitable for steamreformng
in the presence of a catalyst contained in a second
catal yst zone (24b). The tenperature attained within
the first zone is high enough to catalytically steam
ref orm gaseous hydrocarbons remaining in the first
catal yst zone effluent w thout supplying external heat
thereto (see Abstract; page 5, lines 4 to 27; page 6,
lines 1 to 20; pages 38 to 44, Exanples 3 and 4). In
Exanple 3 a Pt-Rh reformng catalyst is used for the
steamreform ng reaction taking place in the second
catal yst zone whereas in Exanple 4 the steamreformng
catalyst is a commercially avail abl e ni ckel steam
reform ng catal yst (&O0C from United Catal ysts, Inc.).
According to page 43 of D3 a rapid increase in the
reactor pressure drop was observed with the nicke
catal yst of Exanple 4 and this could have been due to
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soot accunul ation on the nickel steamreformng
cat al yst.

4.1 Starting fromthis prior art, the technical problem
underlying the clai med process can be seen in the
provi sion of a process for the production of a gaseous
m xt ure containi ng hydrogen, which avoids or at | east
reduces the soot formation on the nickel catalyst, in
particular the growth of nechanically strong coa
filaments, which causes the catal yst disintegration
(see patent in suit, colum 3 lines 30 to 50).

4.2 It is proposed to solve this problemby a process as
defined in claiml1, which differs fromthe process of
D3 in that it nmakes use of a nickel steamreformng
catal yst in which at |east 90% of the nickel particles
(based on the nunber) are smaller than 10 nm In view
of the statenent in colum 3, lines 51 to 54, of the
patent in suit and of the exanples, in particular
Exanples 4 and 5 and conparative Exanple 5, it is
credi ble that the problem stated above has actually
been sol ved by the clainmed process.

At the oral proceedings the appellant expressed doubts
that the exanples of the patent in suit supported
claim1l and the inventiveness thereof (see point V
above). The appellant argued in this context that with
a gas mxture containing 2 volunes of nethane and one
vol ume of oxygen as used in all the exanples, no steam
was produced in the oxidation step and thus, steam had
to be added for the steamreform ng reaction. This
proposition is not convincing for the follow ng
reasons. According to the patent in suit, colum 6,
lines 9 to 23, oxygen incorporated by the oxidation
catal yst can be used for carrying out the oxidation

2821.D Y A
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reaction that provides the necessary reaction heat. At
a sufficiently high tenperature, reduction of the netal
oxi de by the nethane occurred rapidly. Thus, it can be
inferred fromthe patent in suit that additional oxygen
can be provided by the oxygen incorporated in the

oxi dation catalyst. Therefore, it appears that steam
can be produced by the exotherm c oxidation reaction
even when the gas m xture contains 2 vol unes of nethane
and one vol une of oxygen. Concerning the appellant's
second argunent that the patent in suit contains no
exanple with a catal yst having a nickel particle size
within the preferred range, the board observes the
following. It is disclosed in colum 3, lines 51 to 58,
that with a catalyst in which at | east 90% of the

ni ckel particles are smaller than 10 nm carbon growth
and disintegration of the catalyst do not occur.
Therefore, use is nmade of a nickel catalyst whose N
particles are <10 nm preferably <5 nm and nore
particularly <3 nm In the exanples of the patent in
suit the catalyst has a nickel particle size falling
within the definition of claim1 (average size of

7.1 nmwith no particles greater than 9 nm or average
size of 6.5 nmwith no particles greater than about

8 nm. Although the exenplified catal ysts do not have a
particle size falling wwthin the preferred range of

<5 nmor <3 nm it is credible in view of the said
statenment in colum 3, lines 51 to 58, and in the
absence of evidence to the contrary, that the problem
stated above has been solved by the clainmed process on
the whole range defined in claim1 for the nicke
particle size.

Nei ther D1 nor D3 contains information suggesting that
the probl em of carbon deposition on the nickel catalyst
coul d be solved by using a steamreform ng catal yst
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havi ng the claimed nickel particle-size characteristics
in the autothernmal reform ng process. From page 43 of
D3 it can be inferred that the use of a steamreformng
catal yst containing a platinumgroup netal instead of

ni ckel reduces the soot deposition. Therefore D3 would
have pointed towards a different solution. In the

autot hermal reform ng process of D1 a catal yst system
conpri sing one or nore conpounds of netals of the

plati numgroup is used (see pages 3 to 4, clains 1, 6).
In the paragraph bridging pages 1 and 2 it is indicated
that the catal ysts comonly used for the conventiona
steamreform ng processes are based on Ni supported on
Al, My and Si oxides with high thermal stability;
however the Ni particle size of these catalysts is not
di scl osed. Furthernore D1 does not deal with the
probl em of carbon deposition on the steamreform ng

cat al yst.

D2 is a scientific article investigating the activity
and stability of Ni/Si O catalysts for steamreform ng
of nethane at 565°C. The nickel catalysts were prepared
by the Van Dillen's nethod. The starting materials and
catal yst preparation are described on page 791 (see
"Catal yst Preparation"). The nickel particle-size

di stribution of the resulting catalyst is not reported
in D2. In the review of the prior art on page 791
(left-hand columm), it is disclosed that the catal yst
previously prepared by the Van Dillen's nethod (Van
Dillen et al., 1976) has very small crystallites

(1-2 nmparticle size) and a narrow crystallite-size
di stribution. The latter is disclosed in D4. The
questi on whether or not the catal ysts prepared as
described in D2 have a nickel crystallite-size
distribution falling wwthin the definition of claiml
can remain open, since even if it were assuned to the
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appel lant's benefit that their nickel crystallite-size
di stribution nmeets the definition of claim1, this
woul d not change the outcone of the present decision.

The catal ysts of D2 were tested in the steamreformng
of methane at 565°C at a very high steam nethane ratio
(hereinafter R) of 5.7 and at a lower ratio of 2.3. At
R=5.7 the catal yst deactivated very rapidly and
permanently. As pointed out by the appellant, such a R
value of 5.7 is normally not used in an industria
steam reform ng process. However, the skilled person
woul d have inferred fromthe overall teaching of D2
that the catal yst deactivates not only at R=5.7 but is
also likely to at high R values (see page 790, sunmary;
page 795, right-hand colum, lines 8 to 21). Concerning
the steamreform ng reaction perforned at a R val ue of
2.3, D2 teaches that the catalysts were stable and no
deactivation occurred during a reaction period of 5
hours. Once the reaction was stopped, however, the
catal yst activity could not be regai ned (see page 792,
| eft-hand col um, paragraph headed "Activity and
Stability"; right-hand colum, lines 1 to 3, Figure 3;
page 794, paragraph bridging the two colums). As

poi nted out by the respondent, the fact that the

catal yst activity cannot be regai ned once the reaction
Is stopped represents a drawback in an industria
process since the |atter has to be stopped for

mai nt enance, or for replacing part of the catalyst or
for unschedul ed reasons, and then the whol e catal yst
has to be replaced. Furthernore D2 is silent as to
whet her or not carbon deposition occurred on the
surface of the catalyst at this |ower R value. The
probl em of carbon deposition on the surface of the
catal yst and solutions for reducing carbon deposition
are in fact not discussed in D2. It is nerely stated in
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connection with the catal yst deactivated at a high R
val ue that the deactivation was not the result of a
carbon overl ayer: see the comments on the XPS results
(X-ray photoel ectron spectroscopy) on page 794, right-
hand col um, 4th paragraph). It is clear from D2 that
this teaching concerns the deactivated catal yst and not
the catal yst used at a R value of 2.3 for which no
deactivation occurred within the 5 hour period of
testing. Furthernore the catalyst of D2 was tested in a
conventi onal nethane-steamreform ng process and not in
an autot hermal reform ng process invol ving conbustion
of a part of the nethane with oxygen. According to the
patent in suit, the prevention of soot formation is
cunbersone in such a process (see colum 3, lines 8 to
16). In addition, the steamreform ng reacti on was
carried out for a relatively short period of only 5
hours at R=2.3 and D2 does not suggest that carbon
deposition m ght be avoided or reduced at this low R
val ue by using a catalyst having a small nicke
crystallite size and a narrow size distribution. For
all the preceding reasons the teaching of D2 woul d not
have given the skilled person an incentive to try the
catalyst of D2 in the autothermal reform ng process of
D3 (or D1) in order to solve the problem stated above.
In view of the teaching of D2 he could not have
expected that the catal yst disclosed therein m ght
solve this problem In the board' s judgenent, the
appel l ant' s concl usi ons concerning the |ack of

i nventive step are therefore based on an hindsi ght

anal ysi s of D2.

D4 was cited by the appellant only to show that the
catal ysts of D2 have a nickel particle-size
distribution falling within the definition of claiml.
Thi s docunent does not deal with the probl em of carbon
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deposition on the surface of this nickel catalyst in an
aut ot hermal steamreform ng process and contain no
information as to how this problem m ght be sol ved.

D5 was cited by the appellant in the grounds of appea
as a direct reply to the reasons given in the appeal ed
decision. It discloses no additional information which,
in conbination with the teaching of D1 to D4, would
poi nt towards the clained process to solve the

techni cal problem stated above. This docunent deals
with the problem of resistance to coking of nicke

catal ysts for the steamreform ng of hydrocarbons, in
particular with their resistance to carbon deposition
in the steamreform ng of n-butane. According to D5 the
resi stance to coking of the exam ned nickel catalysts
in the steamreformng reaction is determ ned by two
paraneters, nanely (a) the quantitative ratio of the Ni
phase and the N O+MgO m xture and (b) the chem ca
conposition of the Ni O+MgyO m xture. D5 does not

di scl ose the Ni particle-size distribution but only the
mean size of the N crystallites. In the appellant's
view, it was known from D5 that the deposition of
carbon on the reform ng catal yst coul d be avoi ded by
using a N catalyst having a nean size d, of the nicke
crystallites of |less than 10 nm and that the carbon
deposition was nore inportant, the greater the nean

si ze. These argunents cannot be accepted by the board
for the follow ng reasons. They are based on the data
reported on Figure 3 and in Table 1; however they are
not confirnmed by the data of Figure 2 which relates to
the catal ysts reduced at 973K and shows that the

catal ysts having |l ower dy |l ead to higher coking rates.
Comparison of catalyst B reduced at 973K with catal yst
E (see Table 1 and Figure 9) further shows that the
catal yst having the higher dy has a better coking
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resi stance. The appellant's concl usion drawn from
Figure 3 and Table 1 is neither in agreenent with
Figures 2 and 9 nor with the whol e teaching of D5
according to which the resistance to coking of the
anal ysed catal ysts in the hydrocarbon steam reformnm ng
reaction is determned by the two paraneters (a) and
(b) indicated above. Therefore, D5 would rather point
towards another direction as regards the factors

i nfl uencing the carbon deposition and it woul d not have
gi ven suggestion towards the clained solution even in
conbi nation with the other cited docunents.

It follows fromthe above that the subject-matter of
claim1l neets the requirenents of inventive step set
out in Articles 52(1) and 56 EPC

Claim1 being allowable, the sane applies to dependent
clains 2 to 14 whose patentability is supported by that
of claim 1.

For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

U. Bul t mann R Spangenberg
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