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Summary of Facts and Submn ssions

1264. D

The appeal is fromthe decision of the Qpposition
Division to revoke European patent No. 0 453 202, which
was granted in response to European patent application
No. 91 303 287.6.

It was held that the process according to claiml

| acked an inventive step within the neaning of

Article 56 EPC. Reference was nmade, inter alia, to the
follow ng prior art docunent:

D2: EP-A-0 232 840.

In reply to the statenment of the grounds of appeal, the
respondent cited the followng prior art docunent:

D6: JP-A-63 107720.

The respondent al so provided an English translation of
D6. References in this decision to D6 refer to the
Engl i sh transl ati on.

Wth a letter dated 30 May 2000 the appellant submtted
three anended sets of clains as nain request and first
and second auxiliary request, and provi ded four
conparative exanples. Reference was nade to the
foll owi ng textbook publication:

D7: "Heatless fractionation of gases over solid
adsorbents”, by C W Skarstrom in Recent
Devel opnents in Separation Science, Vol Il, edited
by N.N. Li, CRC Press (1972), pages 95-106.
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Wth a letter dated 23 March 2001 a new mai n request
was submtted together with anendnents to the

description to adapt the description to the anended

cl ai nms.

Caiml of the main request reads as foll ows:

"A pressure swi ng adsorption process for the renoval

fromair of water vapour and carbon dioxide inpurities

conprising, in cyclic sequence:

(a)

(b)

(c)

(d)

i ntroducing air under pressure into a first
adsorptive bed thereby to renove said inpurities

t her ef rom

at the conclusion of the renoval step, ceasing

I ntroduction of air and venting said bed;
introducing into said bed a purge gas free of said
inmpurities to renove adsorbed inpurities
therefrom and

repressurising said bed, wherein said bed operates
out of phase with a second bed so that one of them
i's produci ng product gas by step (a) while the
other is being regenerated by steps (b) and (c)
and said beds contain an initial |ayer of
activated alum na with any remai nder conprising a
| ayer of a suitable zeolite to adsorb any residua
wat er vapour and/or any residual carbon dioxide,
wherein the | ayer of activated alum na conprises
from70%to 100% of the total bed vol une, whereby
the activated alum na acts as the sole or

predom nant adsorbent of carbon di oxi de,
characterised in that all the adsorbent particles
in the beds are between 0.4 nmand 1.8 nmmin size,
and said bed is repressurised by backfilling with
product gas containing less than 1.0 ppm (by

vol une) of carbon dioxide and 0.1 ppm (by vol une)
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of water vapour."

Claiml of the first auxiliary request differed
therefromin that the |ayer of activated alum na forns
100% of the total bed vol une.

Caiml of the second auxiliary request differed from
claim1 of the first auxiliary request in that the
purge gas referred to in feature c) is nitrogen-

enri ched waste or product gas froma cryogenic air
separation unit.

During oral proceedings, which took place on 25 Apri

2001, novelty of the clains on file was not disputed.
The only issue discussed during oral proceedi ngs was
i nventive step

The appellant's argunents with respect to inventive
step of the process according to claim1 of the main
request can be summarized as fol |l ows:

The cl osest prior art was D6 disclosing the use of

al um na as sol e adsorbent in a pressure sw ng

adsor ption process (PSA) for renoving carbon di oxide
and water vapour fromair before cryogenic separation
thereof. It was, however, evident to the skilled person
that the reduction of carbon di oxi de and water vapour
indicated in the only exanple of D6 could not be
obtained with the anmount of purge gas used therein. In
this respect reference was made to D7. The unworkabl e
exanpl e made the technol ogi cal teaching of D6 not

credi ble so that a skilled person would not take D6 as
a starting point for further devel opnent. Thus,

al t hough repressurisation by product gas was in itself
known from D2, it was not obvious to conbine it with
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the teaching of D6. The use of an adsorbent with a
particle size as now cl ai ned was not disclosed in the
art. The skilled person woul d not have expected a
substanti al inprovenent of the adsorption properties by
using smaller particles than those indicated in D6.
Since the use of smaller particles had clearly al so
sone di sadvant ages, the skilled person would not have
consi dered the use of adsorbent particles of the size
as now clainmed. As testified by the conparative

exanpl es, under the clained operation conditions, the
adsor bent productivity and adsorbent specific product,
turned out to be surprisingly higher than the skilled
person coul d have expected. No additional argunents
were submtted in respect of the auxiliary requests.

The respondent's argunments can be summari zed as
fol | ows.

The cl ear general teaching of D6 was not invalidated by
the presence of a possibly non-realistic exanple. D6
was silent about repressurisation, but it was obvi ous
to repressurise wth product gas as disclosed in D2.
The skilled person knew about the advantages and

di sadvant ages of using smaller particles. The size of 2
to 4 mmnentioned in D6 was generally used in PSA
processes but a smaller size as now cl ai ned was not
unusual in the art. Depending on the |oca

ci rcunst ances of the whole cryogenic air separation
process, of which the clainmed process forns a part, the
skilled person was free to nmake nore effective use of

t he adsorbent by taking smaller particles at the cost

of a higher pressure drop over the absorption bed. This
option did not require any inventive skill.

The appel | ant requested that the decision under appea



- 5 - T 0113/97

be set aside and that the patent be maintained with the
clains according to the main request filed with the

|l etter dated 23 March 2001 and a description to be
anended as proposed in the sane letter, or
alternatively with the clains according to the first or
second auxiliary requests filed with the |etter dated
30 May 2000 and correspondi ngly anended descriptions as
proposed in the letter dated 23 March 2001.

The respondent requested that the appeal be dism ssed.

Reasons for the Deci sion

1264. D

The only issue to be decided is inventive step. It is
undi sputed that D6 represents the closest prior art and
that the process according to claiml1 of the main
request differs therefromonly in that the adsorption
bed is repressurised with the product gas containing
1.0 ppm carbon dioxide and 0.1 ppm water vapour, and in
that the size of the adsorption particles in the beds
is between 0.4 and 1.8 mm

According to the patent in suit nmeans are provided for
effectively renoving water vapour and carbon di oxi de
fromair in terns of power consunption and vent gas

|l oss (page 3, lines 20 to 1). There is, however, no
evi dence on file that power consunption and vent gas

| oss are reduced wth respect to the process according
to D6. Fromthe conparative exanples filed during the
appeal proceedings it can be derived that the
performance of the adsorption beds in terns of

adsor bent specific product and adsorbent productivity
(F/'W is inproved. This was not contested by the
respondent. On that basis the Board accepts that the
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probl em underlying the invention was to provide a PSA
process with inproved adsorbent productivity (feed

vol unme divided by the adsorbent weight required for a
car bon di oxi de concentration of 1 ppm. This problemis
sol ved by repressurising the adsorption bed with
product gas and using an adsorption particle size
between 0.4 and 1.8 nmas indicated in claim1. It is
thus to be decided whether it was obvious to the
skilled person to solve this problemby the said
features.

Inits general teaching D6 is silent about
repressurisation. In the exanple illustrated by the
figure, feed air seens to have been used for
repressurisation. Repressurisation by the product gas
in a PSA process is, however, known in the art (D2,
claim1, feature (d)). D2 does not explicitly mention
the purpose of this feature, but it is evident to the
skill ed person that starting the adsorption cycle with
a clean bed as the result of filling it first with a
cl ean gas, allows nore feed gas to pass the bed before
the off gas reaches the contam nation [evel of 1 ppm
carbon di oxi de. Repressurisation by the product gas is
t hus an obvious way for inproving the adsorbent
productivity.

The Board cannot accept the appellant's argunent that
the skilled person would not consider any nodification
of D6 because its teaching is not credible. The Board
does not dispute that the operating conditions
nmentioned in the exanple of D6 are not suitable to
produce air with the indicated | ow anmounts of carbon
di oxi de and water vapour on a steady state basis. This
does, however, not nean that a skilled person woul d
reject its general teaching. Based on his genera
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know edge that for continuous separation of inpurities
in a gas stream by PSA the purge backwash vol une should
exceed the feed volune (D7, page 96, |eft hand col um,
principle 3) the skilled person would i medi ately
recogni ze that for obtaining the results nmentioned in
the exanple on a steady state basis the anobunt of purge
gas shoul d be substantially increased. The genera
teaching of D6, ie to use activated alum na as the sole
adsorbent in a PSA process for renoving carbon dioxide
and water vapour fromair to a | evel of 2 ppm or bel ow,
remai ns, however, unaffected by the obvious m stake in
the exanple. Starting fromthis general teaching the
skilled person would not hesitate to apply additiona
nmeasures known in the art for inproving the adsorbent
productivity such as repressurising the bed by the
product gas with the aimof further inproving the
process.

According to D6 activated alum na wdely commercially
avai |l abl e in numerous grades can be used (page 4, right
hand colum). A specific particle size is not required.
In the exanple activated alumna with a particle size
from2 to 4 nmm has been used. As acknow edged in the
patent in suit it is well known to a person skilled in
the art that smaller particles of adsorbent have
smal l er mass transfer zones which result in a nore
effective use of the bed in terns of its equilibrium
capacity (page 4, lines 42 to 43). Thus, the skilled
person expects that by reducing the particle size of

t he adsorbent the productivity of the adsorbent can be
i nproved. The skilled person faced with the above-

menti oned problem therefore, would consider a particle
size reduction. Since he is also aware of the

di sadvant ages of particle size reduction, such as

I ncreased pressure drop, he will first try a relatively
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smal | size reduction. The small size reduction as now
claimed, from2 nmmto 1.8 mm is thus an obvi ous choice
for a person skilled in the art trying to solve the
above nentioned problem

The appel lant's argunent that the general know edge of
t he advantages of reduced particle size, referred to in
the patent in suit, only related to zeolites, is not
convincing. In the patent in suit the effect of reduced
particle size is clearly presented as a general effect
for both zeolites and al um na adsorbents (page 4,

line 42 to page 5, line 1). The effect of smaller mass
transfer zones results fromthe interaction between the
surface of the adsorbent and the surroundi ng gasses.

Al t hough the effects may be larger for one type of
adsorbent than for others, the skilled person wll
expect that the direction of these effects is the sane
for all adsorbents.

The appellant's argunent that the increase in adsorbent
productivity by using smaller adsorbent particles is
surprisingly higher than the skilled person woul d have
expected and that, w thout know ng this surprising

i ncrease in performance, the skilled person woul d not
have considered the clainmed particle size, is also not
convi nci ng. According to the conparative exanpl es
(experinments 2 and 4) submtted during the appea
proceedi ngs the adsorbent productivity F/ Wincreases
from6.9 to 8.5 (23% when the average adsorbent size
is reduced from3.0 to 1.5 mMm (50% . It is questionable
whet her such an increase is substantially |larger than a
skill ed person woul d have expected. Mreover, the
appel l ant's argunent only nmakes sense if the

i nprovenent in performance of the adsorbent does not
result in the expected deterioration of other rel evant



O der

1264. D

-9 - T 0113/97

process conditions, otherw se the appellant sinply
confirnms the skilled person's expectation. Since the
appel l ant has neither shown that the inprovenent in
performance is surprisingly higher than could be
expected, nor that di sadvantages, such as increased
pressure drop, are smaller than coul d be expected, the
said argunent nust fail.

D6 does not disclose that the product gas contains |ess
than 1.0 ppm of carbon dioxide and 0.1 ppm of water
vapour. As expl ai ned above, the anpbunt of 0.2 ppm of
carbon di oxi de nentioned in the exanple is unrealistic
for a steady state situation under the indicated

condi tions. The anount of less than 2 ppm for both
inmpurities nmentioned in D6 is realistic and the skilled
person knows how to reduce the inpurity levels. It

bel ongs to the common general know edge in the art that
the purity of air treated by a PSA process depends on

t he hei ght of the absorption bed, the swi ng period and
the purge ratio (see D7, page 99). Virtually any purity
can be obtained if the absorption bed is high enough,
the purge ratio is |large enough and the swing period is
short enough. Thus no inventive step can be seen in
producing air with the clainmed inpurity |evels.

For these reasons, the subject-matter of claiml
according to the main request does not involve an

i nventive step wthin the neaning of Article 56 EPC.
The additional features nentioned in clains 1 of the
auxiliary requests are all disclosed in D6 (see the
exanple). This is not in dispute. Consequently the
auxiliary requests nust fail for the sane reasons.
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For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

G Rau R Spangenberg

1264. D



