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Summary of Facts and Subm ssi ons

2668. D

This appeal is froman interlocutory decision of the
OQpposition Division to maintain European patent

No. O 305 720 relating to the production of gaseous
ol efins by catal ytic conversion of hydrocarbons in
amended form

In the notice of opposition, based on | ack of inventive
step, the foll ow ng docunents had, inter alia been
subm tted

(2) USs-A-3 835 029 and

(3) US-A-3 849 291,

During the opposition proceedi ngs, the Appell ant
(Opponent) further cited

(5 L.J. MPherson and MF. dive, Cracking and
Ref orm ng, in Mddern Petrol eum Technol ogy, 5"
Edition, Part |, Ed. G D. Hobson et al., John
Wley & Sons 1984, chapter 14, pages 395 to 435;

(6) F.G Dwyer et al., COctane enhancenent in FCC via
ZSM 5, NPRA Annual Meeting San Antonio 1987
pages 1 to 4; and

(7) GT. Austin, Shreve's Chem cal Process Industries,
Mc Graw Hi || Book Conpany, 1984, 5'" Edition
pages 736 to 740.

In its decision, the Qpposition Division held that,
starting fromdocunent (2) as the closest prior art,
none of the other prior art docunents hinted at the
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cl ai med conbi nation of features in order to attain the
desired high yields in propyl ene and butyl ene from high
boi | i ng hydrocarbon feedstock by a catal ytic cracking
oper ati on.

In its statement of grounds of appeal, the Appellant
objected to the amended Claim 1 under Article 123(3)
EPC and nmai ntained that the subject-matter of this
claimlacked an inventive step in view of, inter alia,
the follow ng further docunents

(8 H H Voge, Chapter 5, Catalytic Cracking,
Catalysis, Vol. VI (P.H Emet ed.), Reinhold, New
York (1958), pages 407 to 411,

(9) Advances in Catalysis, Volune VI, Acadenic press
(1954), pages 360 to 365 and 402 to 417,

(10) J.H Gary and G E. Handwerk, Petrol eum Refining:
Technol ogy and Econom cs, Second Edition, Revised

and Expanded (1984), pages 114 to 116;

(11) E. V. Murphree, Advances in Chem stry No. 5, 30,
(1951) pages 30 to 38;

(12) US-A-3 758 403;

(13) E.G Wllaston et al., Hydrocarbon Processing,
Sept enber 1975, pages 93 to 100; and

(14) GWG M Donald, Gl and Gas Journal, April 1,
1985, pages 111 to 115.

Wth its letter of reply dated 5 March 1998, the
Respondents (Proprietors) filed an anmended Claim1l in
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order to overcone any deficiencies under Article 123(3)
EPC.

VI . In a comuni cati on dated 26 Septenber 2000, the Board
informed the parties that one issue to be deci ded was
whet her the amendnents made to Claim1 conplied with
the requirements of Article 123 EPC since it did not
correspond to Claim1l either as granted or as
originally filed.

VI, Oral proceedings were held before the Appeal Board on
20 Cct ober 2000, in the absence of the Appellant as
announced by a letter of 26 Septenber 2000. During
t hese proceedi ngs, the Respondents wi thdrew their
previous requests that late filed docunents (8) to (14)
be excluded and for apportionnent of costs. They al so
filed a re-anmended i ndependent Claim 1l together with
four dependent clains as their sole request, Claiml
readi ng:

"1. A process for preparing gaseous ol efins by
catal yti c conversion which conprises contacting
petrol eum hydrocarbon feedstock under cracking
conditions with a solid acidic catalyst in the presence
of steam
characterized in that said feedstock conprises
- vacuum gas oil,
- residual oil and
- m xtures thereof, or
- crude oil; and
is contacted with a mcrospherical acidic zeolite
cat al yst conpri sing
pentasi| shape sel ective nol ecul ar sieves and/or
USY (ultra stable hydrogen Y) zeolites as active
conmponent s and

2668. D Y A
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matrix material selected fromsynthetic inorganic
oxi des, mneral clays and m xtures thereof
in a fluidised or noving bed or transfer line
react or
at a tenperature of from500°C to 650°C and
at a pressure between 1.5 x 10° Pa and 3.0 x 10° Pa
with a weight space velocity of 0.2 to 20 hr-1,
a catalyst-to-oil ratio of 2 to 12, and
a steamto-feed ratio of 0.05 to 1:1 by weight,

to carry out the cracking reaction.”

The Appellant in witing submtted four different
approaches for the assessnent of inventive step. In
summary it argued as foll ows:

- Starting fromdocunent (2), a person skilled in
the art wishing to increase the yield of gaseous
olefins, would try to decrease space velocity,
since it was known from docunments (9) and (14)

t hat hi gh conversi on gave high yields of olefins,
and from docunent (10) that conversion was

i ncreased by a decreased space velocity. Moreover,
a space velocity of below 20 h'! was within the
scope of the teaching of docunment (2).

- The subject-matter of Claim1 consisted in a
cracki ng process which had been optim zed to
achieve a high yield in G/C, olefins. The way to
optimse for this purpose the various paraneters
of the process was, however, part of the comon
general know edge as represented in docunents (5),
(6) and (8) to (10).

- Docunent (3) was al so concerned with the
production of propyl ene and butyl ene, since these
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were the olefins used for alkylation as taught in
docunents (6) and (14). However, no inventive

di fference exi sted between the clainmed process and
t hat di sclosed in docunent (3).

- The process of docunent (12) differed fromthe
clainmed one only in a slightly | ower tenperature,
and a particular pressure and steamto feed ratio.
These features were, however, obvious fromthe
teachi ng of docunents (5), (7) and (9).

The Respondents rejected the Appellant's argunments and
submtted in essence:

- t hat docunent (2) disclosed a dilute phase
cracki ng process which could not be operated at
space velocities corresponding to the dense phase
system defined in present Caiml,

- that it was not perm ssible for the assessnent of
inventive step to select unrelated paraneters from
several references in order to piece together the
cl ai med subject-matter

- t hat docunent (3) primarily concerned the
production of gasoline where high yield of
aromatics was inportant and - |ike docunent (2) -
al so operated at dilute phase conditions;

- t hat docunent (12) was irrelevant since it
suggested different operating paraneters and
nmenti oned a consi derably | ower maxi numyield of
G/ C, ol efins than docunent (2).

The Appellant requested in witing that the decision
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under appeal be set aside and that the European patent
No. 0 305 720 be revoked.

The Respondents requested that the appeal be di sm ssed
and that the patent be maintained according to the
request submtted during oral proceedings.

Reasons for the Decision

2668. D

Arendnent s

Wth the exception of the term"m crospherical” which
is not explicitly nmentioned in the application as
originally filed, amended Claim1l is based on Cains 1
to 3, 5 and 8 of the application as originally filed.
The Appel |l ant never objected to the introduction of the
term"mcrospherical", and the Board is of the opinion
that it is credible fromdocunent (5) that, at the
priority date of the patent in suit, a person skilled
in the art woul d have expected a zeolite catal yst to be
in the formof mcrospheres, in particular when it is
used in a fluid cracking process (page 416, third ful
par agraph). The introduction of this term does not,
therefore, add subject-nmatter extendi ng beyond the
content of the application as filed. The conditions of
Article 123(2) EPC are therefore net.

Al'l anmendnments nade to Claim1 during the oral
proceedi ngs before the Appeal Board are based on
Claim1l1l as granted. They do not, therefore, extend the
protection conferred by the claim (Article 123(3) EPC)

The ot her amendnent which was introduced during the
opposi tion proceedings consists in a restriction of the
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process of Claim1l with respect to the feedstock to be
treated and is supported by granted C ai m 4.

Dependent Clainms 2 to 5 correspond to Clains 4, 7, 9
and 10 as originally filed and to Clains 2, 5 6 and 7
as grant ed.

Further, the anmendnents do not give rise to objections
under Article 84 EPC.

In summary, the Board concludes that the clains as
anmended fulfill the requirenents of Articles 123(2)(3)
and 84 EPC.

According to decision G 4/92 (QJ EPO 1994, 149) of the
Enl arged Board of Appeal, a decision should not be nade
against a party failing to attend oral proceedings if
such a decision would be based on new facts first
submtted at those oral proceedings. Being based on
Claim1l as granted, the anendnents to Claim1l nmade in
the present case by the Respondents during the oral
proceedings in the el ected absence of the Appellant are
not new facts within the neaning of G 4/92. Moreover,

t he amendnments are all intended to overcone
deficiencies under Article 123(3) EPC, a ground of
appeal which had been raised by the Appellant inits
statenent of grounds of appeal. Consequently, the
Appel l ant had to expect that the Respondents would try
to overcone this objection by suitable amendnents (see
also T 133/92, not published in the QJ EPO, reasons for
the decision No. 7). Therefore, the Appellant's right
to be heard was not violated by rendering this decision
in the Appellant's absence.

| nventive step
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Novelty was not contested either in the opposition or
appeal proceedings. The only point at issue is,

t herefore, whether or not the clainmed subject-matter is
based on an inventive step.

Techni cal background

The patent in suit relates to the production of gaseous
olefins, in particular to the production of propyl ene
(C,2) and butylene (C,.) from heavy petrol eum hydrocar bon
f eedst ock such as vacuumgas oil, residual oil and
crude oil, by a catalytic conversion using a solid
acidic catalyst (page 2, lines 3 to 11, page 3, lines 6
to 8).

According to the patent in suit, several processes for
t he manufacture of C,-to-GC,-olefins from gasoline or
vacuum gas oil have been proposed in the state of the
art, inter alia one using ZSM5 as the catal yst. These
processes are, however, all said to be di sadvant ageous
in so far as they require high cracking tenperatures of
600 to 800°C and are not sufficiently selective so that
the yields of C,. and C,. are poor (page 2, lines 17 to
25).

Therefore, the technical problemto be solved by the

cl aimed subject-matter could be seen in providing a
process which gives a higher yield of C. and C,. in
conparison to conventional catalytic cracking
processes, even at a |lower reaction tenperature which
ensures that expensive steel material for the apparatus
is not necessary (page 3, lines 33 to 40).

Cl osest prior art
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As already indicated, a nunber of docunents relate to

t he production of C,. and C,. from petrol eum hydrocar bons
utilizing solid acidic conversion catal ysts. According
to docunent (2), amounts of 10 to 40% by vol une of
propyl ene and butyl ene can be obtained. These val ues
unar guably correspond to about 6 to 24% by wei ght due
to the specific gravity of propylene and butyl ene of
about 0.6 g/cnf. These yields are nentioned for a
process carried out at a reaction tenperature in the
range of 538 to 613°C (1000 to 1135°F) under dilute
phase conditions, with contact tinmes of about 0.2 to 5
seconds (colum 2, lines 37 to 55), at a differential
pressure of about 1.3 to 2.1 x 10° Pa (5 to 15 p.s.i.gQ.)
(colum 2, lines 20 to 26), at a catalyst to oil ratio
(GO of 5to 25 by weight (colum 2, lines 12 to 14)
and in the presence of steam (colum 2, lines 4 to 12).
The catalyst is a cormercially avail able zeolite or

nol ecul ar sieve (colum 1, lines 63 to 64). The applied
feedst ock and apparatus used were said not to be
critical (colum 1, lines 67 to 72), but virgin gas oi
having a boiling range of between 316 to 593°C (600 to
1100°F) and a specific gravity of 28 APl is nentioned
as an exanple (colum 2, lines 63 to 66), indicating a
rat her heavy hydrocarbon feed. The apparatus is a
downf |l ow reactor (Figure). The weight hourly space

vel ocity VWHSV can be obtai ned by the well-known
correlation (see document (10), m ddle of page 115)

VWHSV (h') = 3600 / contact tinme (sec) x T QO

As agreed by the parties, the above values given in
docunent (2) for contact tinmes between 0.2 and 5
seconds and G Oranging fromb5 to 25, result in a WHSV
ranging from28.8 to 3600 h'' (see al so decision of the
OQpposition Division, page 6, |ast paragraph). These



- 10 - T 0609/ 97

val ues as well as the downstream fl ow conditions in the
reactor vessel (columm 1, lines 54 to 57 and colum 2,
line 63 to colum 3, line 5) indicate that the

di scl osed process is carried out under the dilute phase
condi tions nmentioned above.

Therefore the Board considers docunent (2) as the nost
prom sing starting point for soneone seeking a

catal ytic cracking process suitable for producing a
gaseous product streamrich in propylene and butyl ene
froma heavy petrol eum hydrocarbon feedstock, in
particular since - of all the docunents on file - it
mentions the highest yield of C. and C,..

2.3 Techni cal problemand its sol ution

Consi dering that the range of the process tenperature
according to Caim1 is not |ower than but enconpassed
within that of the process of docunent (2), the

techni cal problemto be solved as against this docunent
(2) amounts sinply to a further inprovenent of the
Cy-+Cy--yi el ds.

The solution to this problem suggested by Caim1 of
the patent in suit is the conbination of the follow ng
features within a catal ytic cracking process:

1. a particular feedstock (conprising vacuumgas oil,
residual oil or crude oil);

2. a particular catalyst (conprising pentasil shape
sel ective nol ecul ar sieves or ultra stable
hydrogen Y (USY) and inorganic oxides or clay as a
matri x material);

2668. D Y A
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3. a particular reactor (fluidised, noving bed or
transfer line);

4. a particular process tenperature (500 to 650°C)

5. a particular process pressure (1.5 x 10° Pa and 3.0
X 10° Pa);

6. a particular WHSV (0.2 to 20 hr-Y); and

7. a particular steamto-feed ratio (0.05 to 1:1 by
wei ght) .

As is shown in the exanples, under these conditions the
process of the patent in suit gives C._+C,-yields
rangi ng from about 30 to about 43% by wei ght. The Board
concl udes, therefore, that the above nentioned
techni cal probl em has pl ausi bly been sol ved by the

cl ai med process.

It remains to be decided whether, in view of the

avai l abl e prior art docunents, it was obvious for
soneone skilled in the art to solve this technica
probl em by the nmeans cl ai ned.

The Appellant submtted that the values for the contact
time and the C/ O disclosed in docunent (2) were not
strictly defined values but merely vague val ues of e.g.
about 5 seconds contact tinme and about 25 C/ O
Therefore, the resulting | ower WHSV val ue was al so not
limted to 28.8 h't. A person skilled in the art woul d,
t herefore, understand docunent (2) as al so teaching a
VWHSV of bel ow 20 ht,

Moreover, if a person skilled in the art was to change
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anything in the process of docunment (2) in order to
obtain a product rich in gaseous ol efins, he or she
would try to increase the conversion as suggested in
docunent (9) (see page 362, paragraph surroundi ng

Table VII1), in docunent (14) (see page 112, right-hand
colum, lines 1 to 11) and in docunent (10) (see m ddle
of page 115) by applying a | ow space vel ocity (docunent
(10), loc. cit.). Al other features of Claim1l were
usual in catalytic cracking processes.

The Board is not convinced by this line of argunent for
the follow ng reasons:

Concerning the argument that document (2) covered WHSV
val ues of below 20 h'!, the Board agrees with the
Respondent s’ subm ssion that the term "about"” cannot be
given the nmeaning of a deviation of "+ 40% . In the
Board's opinion, "about" nerely neans that deviations
within the normal margin of error of neasurenent are
covered. The Appellant did not provide evidence that a
margin of error of £ 40% would apply to the measuring
of contact tinme, C/ O or WHSV, nor does the Board see
any reasons why that should be. The upper Iimt for the
WHSV of the clainmed process is, in the Board's
judgnment, therefore, clearly |Iower than the | ownest

val ue proposed in document (2).

Concerni ng the Respondent's second argunent, the Board
considers that it may be accepted that the feedstock
menti oned in docunent (2) is conparable with that
clainmed, and that the tenperature and pressure
conditions as well as the GO are within or overl apping
t hose defined in present Claiml. Also it may be
accepted that the steamto feed ratio (3 to 45 pounds
of steam per barrel of feed) nentioned in docunent (2)
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(see colum 2, lines 10 to 12) overlaps with the

cl ai mred range. Docunent (2) does not, however, contain
any suggestion how nodifications of the process
conditions could yield a product still nmore rich in

CytC,e.

In particular, docunent (2), by merely nentioning
zeolites in general as the catal yst and using a WHSV
consi derably higher than that of the process of
Claim 1, does not suggest that a specific zeolite
catalyst in conbination with a substantially reduced
VWHSV coul d be suitable for this purpose.

The Board accepts the Appellant's subm ssion that the
state of the art, in particular docunents (9), (10) and
(14), contained several suggestions that a decrease in
space velocity could enhance the |ow olefin yield of
the respective processes disclosed in these citations.
However, in the Board's opinion, none of these
docunents offers appropriate gui dance how further to

i nprove the C,.+C,.-yield of docunent (2), if only for
the reason that the latter is already considerably

hi gher than the anmounts of propyl ene and butyl ene
mentioned (if at all) in citations (9), (10) and (14).

Thus docunent (9), a general review article from 1954,
menti ons on page 362 that "olefin contents of the C and
C, fractions vary over a w de range dependi ng upon the
catal yst, feed stock, and operating conditions". It

goes on to say that normally a "high degree of
unsaturation is favoured by the use of high-boiling
feed, high tenperature, |ow pressure and | ow
conversion". However, high conversion - up to a certain
poi nt - gives increased yields of olefins, because "gas
yield i s enough higher to outweigh the decreased degree
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of unsaturation"” (page 362, first conplete sentence
after the table). Being silent about any definitions of
the ternms "low' and "high", this statenent is, in the
Board' s opi nion, rather vague and inprecise since it

| eaves a skilled reader in doubt as to the exact point
to which conversion m ght be increased and whet her such
increase would actually increase the C,. and C,.
fractions or nerely produce nore ethylene. Further, he
is left in doubt about the other paraneters influencing
high olefin yield, in particular the feed stock and the
cat al yst.

Docunent (14) nore clearly indicates that the yield of
propyl ene and butyl ene increases with increasing
reactor tenperature and conversion (page 112, right-
hand colum, lines 1 to 11). However, Figure 4 on

page 113, to which this statenent refers, shows that a
maxi mum anmount of C,. and C,. can be obtained at 566°C
(1050°F) and 90% conversion, the total yield being,
however, about only 14% wt. Docunent (14) does not
suggest that this yield could be considerably further

i ncreased, but indicates that at severe cracking
conditions the ultimate result depends on two conpeting
reactions, the one producing and the other consum ng

ol efins (page 113, left-hand colum, first ful

par agr aph). Moreover, document (14) also realises that
the results are further influenced by other paraneters,
such as reactor design, feedstock quality and catal yst
type, w thout however giving any details of these
(page 113, l|eft-hand colum, second full paragraph).

Docunent (10), a handbook on the subject of petrol eum
refining, also gives on page 115 a general overvi ew of
how conversion is interrelated with other operating
variables. It is stated that high conversion results
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from high reaction tenperature, high C O high catalyst
activity, high contact tine, and | ow space velocity.
Typi cal operating conditions for a fluidized bed
reactor are given on page 116 in Table 7.2 with

t enperatures, pressures, WHSV and C/ O overl appi ng the
respective clainmed ranges. It is however not indicated
what ki nd of feedstock and catal yst have been used
therein. Mreover, the Board accepts the Respondents’
argunent that footnote e below the table clearly shows
that the total amount of the C, and C, fractions,

i ncluding both saturated and unsaturated conmponents,
amounts to 30% by vol unme, or only 18% by wei ght.

Mor eover, docunent (2) relates to a process carried out
under dilute phase conditions in a downstreamtype
reactor. As submitted by the Respondents, any
substantial reduction of the space velocity in such a
system woul d additionally require at |east either
procedural or constructional anmendnents which would

i nfluence the overall product quality and distribution
of fractions in an unforeseen manner. This was not
contested by the Appellant.

The Board, therefore, concludes that a skilled person
woul d not find any hint in docunents (9), (10) and (14)
t hat decreasing the WHSV in the process of docunent (2)
by a factor of at |east 40% coul d considerably increase
t he propyl ene and butyl ene yi el d.

The Board al so agrees with the Appellant that there
exists prior art, i.e. docunents (3), (6) and (12),

whi ch uses in a catalytic cracking process a catal yst

of the clainmed type. However, the total anount of the C;
and C, fractions, where nentioned at all, is again nuch
| ower than that of the process of document (2), nanely
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about 9% by wei ght according to Tables 5 and 6 of
docunent (6) and up to about 15% by wei ght according to
t he exanpl es given in docunent (12) (see Exanple 3).

Docunent (3) is silent on such yields. It is in the
first place concerned with gasoline production at |ow
coke formation (colum 2, lines 49 to 59) and teaches
short contact tinmes of up to 15 seconds, e.g. 2 to 15
seconds, and CJ O of 6 to 25 for recycle and coker feed
material for this purpose. It is said that operating
space velocities are relatively high. A range for the
VWHSV of 10 to 300 h' can be cal cul ated fromthese

figures (colum 2, line 60 to colum 3, line 2 and
colum 7, lines 48 to 60). Still |ower WHSV are
indicated in Figures | and Il, which illustrate coke

formation in relation to different catal ysts, however
at tenperatures bel ow 500°C and at nospheric pressure.
It is also nentioned that operating conditions are
enpl oyed whi ch generally nmaxi m ze the gasoline yield.
Under some conditions production of high anobunts of

ol efins for use in al kylation may, however, be
desirable. The conditions to be selected for olefin
production are not indicated. It is only nentioned that
in this case no ZSM5 type catal yst should be used
(colum 20, lines 10 to 18). Since ZSM5 falls within
the group of pentasil shape sel ective nol ecul ar sieves
used in the clained process, docunment (3) rather
suggests using other types of catalyst for the
production of olefins, thereby teaching away fromthe
cl ai med subject-matter

Docunent (6) is silent on any conditions of
tenperature, pressure, WHSV, C/ O and steam and,

t herefore, would not have been considered by the
skilled person | ooking for a solution to the technical
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probl emin question.

Docunent (12) in all its exanples discloses process

t enper at ures bel ow 500°C wi t hout indication of a
particul ar pressure. According to the general teaching
of document (12), cracking tenperatures of between 200
and 700°C (400 to 1300°F) may be enpl oyed under reduced
at nospheri c or superatnospheric pressure (colum 10,
lines 16 to 19). It is, however, stated that vacuum
nmust be enpl oyed above 400°C (750°F) in order to avoid
thermal cracking (colum 10, lines 38 to 41) which is
contrary to the corresponding requirenent in Claim1l of
the patent in suit.

Therefore, the Board concl udes that none of docunents
(3), (6) and (12) indicates how to inprove the C_+GC,--
yield over that of docunent (2).

As citations (5), (7), (8), (11) and (13) do not
mention the present technical problem these citations
woul d not have been considered by a skilled person
seeking a solution to this problem

The Board concludes therefore that, while the various
paraneters of the clainmed process were known from
different catalytic cracking processes, their
particul ar conmbination as in the process of CCaim1l to
obtain a product with enhanced C,.+C,.-yi el d was not
hinted at in the prior art docunents, either

i ndividually or in conbination.

No other result is obtained if one starts either from
docunent (3) or fromdocunent (12) as the closest prior
art as suggested by the Appellant.
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The problemto be solved as agai nst these docunents

al so consists in providing products with increased
yields of C,. and C,.. As indicated above, docunents (3)
and (12) do not give any hint as to the solution of
this problem The only docunent on file which proposes
a solution is docunent (2). This docunent, however, by
wor ki ng at dilute phase conditions, including high
space velocities WHSV ranging from 28.8 to 3600 hr-1,

| eads one away fromthe clai med process.

Al'l the other docunents on file are less relevant to
the issue of inventive step than those di scussed above
and do not provide any incentive for the clainmed
solution either.

The Board holds, therefore, that the cited prior art
docunents either alone or in conbination do not render
obvi ous the cl aimed solution of the present technical
probl em and concludes that the process of Claimlis
based on an inventive step within the neaning of
Article 56 EPC.

Dependent Clains 2 to 5, which refer to preferred
enbodi mrents of Claim1l, are based on the sane inventive
concept and derive their patentability fromthat of
Claim1.
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Or der

For these reasons it is decided that:

1. The deci sion under appeal is set aside.

2. The case is remtted to the first instance with the
order to maintain the patent with Clains 1 to 5 of the
request as submitted during the oral proceedings and a
description to be adapted thereto.

The Regi strar: The Chai r man:

G Rauh P. Krasa
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