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Summary of Facts and Subm ssi ons

2091.D

Eur opean patent No. 0 454 327 was granted on 7 Decenber
1994 on the basis of European patent application
No. 91 303 237. 1.

A notice of opposition was filed by the Appellant who
requested revocation of the patent on the ground of

| ack of inventive step (Article 100(a) EPC). The state
of the art cited by the Appellant is reflected inter

alia by the foll ow ng docunents:

(D2)  US-A-4 705 548

(D9)  EP-A-0 321 163

Docunent (D9) was cited after expiry of the opposition
peri od.

In the decision given at the oral proceedi ngs on

12 Decenber 1996 and issued in witing on 20 January
1997 the Opposition Division held that the patent was
to be maintained in anended formon the basis of the
amended set of clainms submtted with the letter of

19 February 1996 (nmain request).

Caiml according to this request reads as foll ows:

"1l. A nethod of separating an oxygen product and a
gaseous product nitrogen streamfromair, including
reduci ng the tenperature of a conpressed air stream by
heat exchange in heat exchange neans to a val ue
suitable for its separation by rectification,
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i ntroduci ng the thus cooled air streaminto the higher
pressure stage of a double rectification columm for the
separation of air, said double rectification colum
conprising a | ower pressure stage and a hi gher pressure
stage, enploying the higher pressure stage of the
columm to provide liquid nitrogen reflux and an oxygen
enriched air feed for the | ower pressure stage, and

Wi t hdr awi ng oxygen product and a gaseous nitrogen
streamfromthe | ower pressure stage, wherein at |east
the | ower pressure stage includes a | ow pressure drop

| i qui d-vapour contact means, that is a |iquid-vapour
contact neans having a pressure drop of |ess than 400
Pa per theoretical stage of separation, for effecting
intimte contact and hence nmass transfer between liquid
and vapour, the higher pressure stage of the double
rectification columm operates at a pressure (half way
up the higher pressure stage) in the range of 450 to
550 kPa (4.5 to 5.5 bar) and refrigeration for the
nmethod is created by carrying out a first expansion of
fluid with the performnce of external work, such
expansi on producing fluid at a | owernost tenperature at
or below that at which the said conpressed air stream

| eaves the cold end of the heat exchange neans,
characterised in that

nore than 90% of the oxygen product and all the
nitrogen product are taken as gas fromthe double
rectification colum, and that a second expansi on of
fluid with the performance of external work is carried
out separately fromsaid first expansion, said second
expansi on taking fluid fromthe heat exchange neans at
a higher internediate tenperature and returning the
fluid thereto at a |l ower internedi ate tenperature, both
said internedi ate tenperatures bei ng between the
tenperature of the air streamat the cold end and that
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at the warmend of the heat exchange neans.”

The Opposition Division was of the opinion that the
subj ect-matter of independent Claim1 according to the
mai n request was inventive over the cited prior art, in
particul ar since none of the prior art docunents even
addr esses the underlying problem

An appeal was filed against this decision by the

Appel  ant on 20 March 1997, the appeal fee being paid
on the sane day. The Statenment of G ounds of Appeal was
filed on 20 May 1997, citing two further docunents:

(D11) CS-A-185 550

(D12) GB-A-1 325 881

In a comruni cation dated 3 July 1998 issued in
preparati on of oral proceedings the Board expressed the
provi sional opinion that (D2) appeared to teach neither
enpl oyi ng |i qui d-vapour contact neans having a | ow
pressure drop in the | ow pressure colum nor producing
a substantial part of the oxygen product and all of the
nitrogen product in the gaseous state. The Board
further questioned whether (D11) and (D12) were so
relevant as to justify their admttance to the

proceedi ngs.

The Appel |l ant requested that the decision under appea
be set aside and that the patent be revoked. In support
of its request, the Appellant relied essentially on the
foll ow ng subm ssi ons:

The sole figure of (D11) shows that in this known
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nmet hod of cryogenic air separation only gaseous
products are produced. The nethod makes use of a first
(3) and a second (2) expansion turbine, the second
expansi on turbine taking fluid fromthe heat exchange
means at a higher internediate tenperature and
returning the fluid thereto at a | ower internedi ate

t enper at ure.

The lower rectification colum is under an input
pressure of 6 bar whereby the pressure at the m ddl e of
the |l ower colum is below this val ue.

The expansi on turbines enable a reduction of pressure
from12 bar to 8 to 9 bar. In order to further reduce
the pressure of the air, the skilled person wll
replace the distillation trays provided in (D11) by
structured packing which in the contested patent has
been indicated to be well known.

The reference to products in the liquid state serves
just the purpose of illustrating the advantages to be
obt ai ned by the nethod of (D11).

Havi ng regard to the nethod disclosed in (D2) the
producti on of argon as the only product is one of the
possi bl e choi ces. Besides the arrangenent of a second
expansi on as according to the patent, a pressure of
approximately 4.5 bar in the higher pressure colum is
taught. Assuming that distillation trays are used in
the | ow pressure colum it would be obvious to
substitute structured packing for the distillation
trays. The skilled person would thereby arrive at the
subject-matter of Caiml wthout the exercise of any
i nventive activity.
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As regards the description of the patent, colum 11,
lines 26 to 28, specify that the maximumdelta T of the
pl ant according to curve Bin Figure 4 rises to al nost
5.5°K. According to the correspondi ng passage of the
publ i shed application in colum 12, lines 3 to 5,
however, it is the maxinumdelta T of the plant
according to curve Ain Figure 4 which rises to al nost
5.5°K. The cited passage of the patent is not,
therefore, supported by the original disclosure which
Is an additional aspect for justifying revocation of

t he patent.

The Respondent requested that the appeal be di sm ssed
and that the patent be maintained in the formof the
mai n request as set out in the decision under appeal,

or subsidiarily, in the formof the first or the second
auxiliary request, respectively, according to the

I mpugned deci sion. The Respondent's argunents can be
sunmmari sed as foll ows:

The nearest prior art as disclosed by (D9) enploys in
the separation process a single expansion turbine and
as |iquid-vapour contact neans structured packing
havi ng a pressure drop of |ess than 400 Pa per
theoretical stage of separation. It was found that in
this type of gas separation the problemof a rising
tenperature difference in the heat exchanger between
the streans warned and the streans cool ed existed with
a correspondi ng reduction of the thernodynam c
efficiency of the process. It was discovered that this
probl em coul d be solved by providing in the process a
second expansi on turbine.

(D11) relates to a rectification systemspecifically
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desi gned and di nensioned to use distillation trays. The
operating pressure of 6 bar in the higher pressure
colum is higher than that indicated in Caim1. The
citation deals with the problem of replacing

reci procating machi nery used for conpression and
expansi on of gas which probl em havi ng been sol ved a

l ong tine ago does not interest any nore the person
skilled in the art. It deals essentially with the
production of liquid products and for this purpose
makes use of two expansi on processes. The probl em
underlying the patent is not addressed in the citation.

(D2) is essentially concerned with the production of
liquid nitrogen as for exanple indicated in the
introductory part and in colum 8, lines 2 to 13 of the
description. The conditions of a process for producing
just argon have not been described. This citation

nor eover does not di sclose |iquid-vapour contact neans
having a | ow pressure drop of |ess than 400 Pa per
theoretical stage of separation in the |ow pressure
colum. The low purity of the oxygen is rather

i ndicative of the use of conventional distillation
trays where the underlying problem does not exist.

(D12) relates to a process for the | ow tenperature
separation of air into one or nore |iquid products and
optionally one or nore gaseous products. According to
Figure 1, all the oxygen and a quarter of the total
nitrogen product is produced as liquid. According to
Figure 2, a process is shown for the cryogenic
separation of air to provide "maxi num|liquid oxygen"
In the exanple given in the context of Figure 2,
approxi mately 40% of the oxygen product is produced as
liquid. Further, (D12) discloses neither an operating
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pressure in the mddle of the higher pressure colum in
the range of 4.5 to 5.5 bar, nor |iquid-vapour contact
means of | ow pressure drop in the |ower pressure colum
so that the inherent problemof the invention is not

t ackl ed.

None of the citations (D2), (Dll1) and (D12) can | ead
the skilled person in an obvious manner to Caim1l.
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Reasons for the Deci sion

1

2.1

2.1.1

2.1.2

2091.D

The appeal is adm ssible.

Mai n request

Articles 123, 100(c) EPC

Besi des the replacenent in Claiml of the wording "and
a gaseous nitrogen stream..." by "... and a gaseous

ni trogen product streant which is supported by page 1,
par agraph 2 of the original description, Claiml
differs fromCaiml as granted in that after "... nore
than 90% of the oxygen product” the wording "and al

the nitrogen product are" has been inserted. The
feature that all the nitrogen product is taken as gas
fromthe double rectification colum derives from

page 10, first paragraph and page 11, second paragraph,
of the original description in conbination with
Figures 1 and 2 of the original drawings where it is

i ndicated that all the nitrogen streans are w thdrawn
in the gaseous phase (see outlets 18, 38 and 40). The
additional features restrict the scope of granted
Caiml, sothat laiml on file conplies with

Article 123(2) and (3) EPC

Clains 2 to 8 correspond with Clains 2 to 8 as granted
so that these clains are al so not objectionabl e under
Article 123(2) and (3) EPC

The appel | ant has objected that the description of the
patent in colum 11, lines 26 to 28 specifies that the
maxi mum delta T of the plant according to curve B in
Figure 4 rises to alnost 5.5°K  According to the



-9 - T 0328/ 97

correspondi ng passage of the published application in
colum 12, lines 3 to 5 (page 14, lines 5 and 6 of the
second paragraph of the original description), it is
the maximumdelta T of the plant according to curve A
that rises to alnost 5.5°K

This objection relates to the ground of opposition
under Article 100(c) EPC which in the present case
constitutes a fresh ground not raised in the
proceedi ngs before the Qpposition Division. In
accordance with the Decision G 9/91 and the Opi ni on

G 10/91 of the Enlarged Board of Appeal, fresh grounds
of opposition may not be introduced at the appeal stage
save that the patentee agrees that such ground may be
considered. In the present case, there is, however, no
such declaration fromthe patentee so that this ground
may not be dealt with in substance by the Board of

Appeal .

2.2 I nventive step

2.2.1 It is not in dispute between the parties that the
closest prior art with regard to Caim1l is described
by (D9) which discloses the features according to the
preanbl e of Claiml.

Claim1 is distinguished fromthis prior art by the
features that nore than 90% of the oxygen product and
all the nitrogen product are taken as gas fromthe
doubl e rectification colum, and that a second
expansion of fluid with the performance of externa
work is carried out separately fromsaid first
expansi on, said second expansion taking fluid fromthe
heat exchange neans at a higher internediate

2091.D Y A
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tenperature and returning the fluid thereto at a | ower
i nternmedi ate tenperature, both said internedi ate
tenperatures being between the tenperature of the air
stream at the cold end and that at the warmend of the
heat exchange neans.

According to (D9), a | ow pressure drop |iquid-vapour
contact neans having a pressure drop of |ess than 400
Pa per theoretical stage of separation in the formof a
structured packing is used. In order to provide the
necessary refrigeration in the separati on process a

si ngl e-turbi ne expansi on (116) expandi ng a gaseous side
stream (114) withdrawn fromthe high pressure colum is

enpl oyed.

In such a process in which the pressure in the high
pressure columm hal fway up this stage can be reduced to
the range of 450 to 550 KPa, it was found that this
pressure drop caused by the arrangenent of |ow pressure
drop liquid-vapour contact neans resulted unexpectedly
in a reduction of the thernodynamc efficiency in the
heat exchange (see colum 2, |ast paragraph, to

colum 4, paragraph 1 of the patent.) The problemto be
solved is therefore to be seen in increasing the

t hernodynam c efficiency in the heat exchange of the
process according to the preanble of Caim1l.

This problemis solved by the steps of taking nore than
90% of the oxygen product as gas fromthe double
rectification columm and of providing a second
expansi on turbine separately fromthe first expansion
turbine according to the features of the characterising
portion of Claim1l.
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The Respondent has provi ded evi dence of the | owering of
the tenperature difference delta T between the streans
bei ng warned and the streans bei ng cool ed agai nst the
heat | oad in a heat exchanger having | ow pressure drop
| i qui d-vapour contact mnmeans and two expansi on turbines
(see Figures 4 and 5 of the patent) whereby the reduced
tenperature difference (see curve C of Figure 5 of the
patent) reflects an increased efficiency in the heat
exchange.

Moreover, the fact that this problemis solved by the
subject-matter of claim1 has not been chall enged by
t he Appellant and the Board al so sees no reason to cal
this in question.

At the oral proceedings before the Board, the Appell ant
based its argunentation as to |ack of inventive step
primarily on (D11) which was cited for the first tine
in the Statenment of G ounds of Appeal (see the English
translation filed by the Appellant with the letter
dated 29 July 1997 referred to in the foll ow ng).

(D11) relates to a nethod of separation of air under

| ow tenperatures and deals with the probl em of avoiding
t he use of machines with pistons for conpression and
expansi on due to the high investnent costs and

oper ati onal and nai ntenance problens arising with this
type of nmachine. The solution proposed by (Dl1l) to this
problemis a two-phase expansi on of conpressed air by
nmeans of a series arrangenent of two turbines as a
source of refrigeration.

Wil st the Appellant's statenent that the only figure
of (D11) does not illustrate the production of liquid
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products is true, the description of the citation

di scl oses that a considerable part of the production
may be produced in a liquid state (see page 2, |ast

par agraph) and, respectively, that it is possible to
manuf acture even in small quantities liquid products of
the separation of air (see page 4, second paragraph).
The skilled person will conclude fromthese passages
that (D11) discloses a process for producing
substantial amounts of |iquid products. The production
of such amounts of |iquid products in conbination with
the use of two expansion turbines is in agreenent with
the concept given in (D2) that the required
refrigeration necessary for recovery of |iquid products
Is achieved by utilizing a double recycle and,
respectively, expansion step (see (D2), colum 4,

lines 4 to 18 and colum 8, lines 2 to 13). (D11)
teaches the skilled person therefore that in order to
produce substantial anpunts of liquid products a
process having two expansion turbines is required.

Furthernore, (Dl1) does not describe what the pressure
drop per theoretical stage of the |iquid-vapour contact
means is in the |l ower pressure columm so that the
probl em connected with the use of |ow pressure drop

| i qui d-vapour contact mneans inherent to the patent is
not addressed. The above-said teaching of (Dl1l), nanely
to use two expansion turbines in an air separation
process aimng at the production of substantial anounts
of liquid products, for the purpose of avoiding piston
machi nes for conpression and expansion of air, leads in
a different direction as conpared to that of Caim1l of
the patent according to which two expansi on turbines
are used in a process of producing nore than 90% of its
oxygen product and all its nitrogen product in the
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gaseous state for the purpose of increasing the
t hernmodynam c efficiency in the heat exchange.

Thus, the Appellant's contention that the skilled
person will replace the distillation trays used
according to (D11) by structured packing and arrive
thereby in an obvious manner at Claim1l of the patent,
does not take account of the actual teaching of (D11)
and in particular of the different technical problens
underlying (D11) on the one hand and the patent on the
ot her hand. It nust therefore be concluded that this
contention is based on an inadm ssible ex-post facto

anal ysi s.

(D2) relates to a process for the cryogenic
distillative separation of air by fractionation in a
distillation colum to produce at |east one liquid
product stream sel ected fromthe group consisting of
liquid nitrogen, liquid oxygen and/or |iquid argon.
Refrigeration required for the recovery of liquid
product(s) is provided by enploying a first (38) and a
second (116) turbine for expanding fluid (see

Figure 1).

There is no disclosure in (D2) of the feature that the
pressure drop per theoretical stage of the |iquid-
vapour contact neans in the |ow pressure colum is |ess
than 400 Pa. As the Respondent argues convincingly and
undi sputed by the Appellant, if the objective of the
separation is to obtain a pure nitrogen product at the
top of the |ow pressure columm and there is no demand
for an oxygen product of high purity, then there is no
need to separate oxygen fromargon in the | ow pressure
columm and typically approximately 20 theoretica
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stages may be used. This situation applies to (D2) in
that the oxygen-enriched streamw thdrawn fromthe | ow
pressure colum is discarded as waste stream

(line 108). It follows therefromthat with such a | ow
nunber of theoretical stages a pressure drop per
theoretical stage in the order of 700 Pa has to be
expected in the | ow pressure colum which is a val ue
typical for distillation trays. The Board is therefore
convi nced that (D2) does not describe |iquid-vapour
contact neans having a pressure drop of |ess than 400
Pa per theoretical stage. At the oral proceedings, this
fact was al so no | onger disputed by the Appellant.

Due to the absence of |ow pressure drop |iquid-vapour
contact neans the problem of a decreased thernodynanm c
efficiency of the heat exchange according to the patent
does not arise in the process of (D2). The teaching of
this citation, that is to enploy two expansi on turbines
for obtaining sufficient refrigeration required to
produce liquid products(s), |eads therefore away from
Claim1 of the patent in which such expansion steps are
enpl oyed for the production of essentially gaseous
products for the purpose of inproving the efficiency of
heat exchange.

(D12) which was cited together with (D11) for the first
time in the Statenent of G ounds of Appeal, concerns an
air separation process capable of producing one or nore
l'iquid products and, optionally, one or nore gaseous
products. In the enbodi nent according to Figure 1, al

t he oxygen and approxi mately a quarter of the total
nitrogen are produced as |iquid products.

According to Figure 2, a process is shown for the
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cryogeni c separation of air to provide "maximumliquid
oxygen". In this exanple approximtely 40% of the
oxygen product is produced in the liquid state.

Furthernore, the process of (Dl2) does not conprise
enpl oyi ng | i quid-vapour contact neans in the | ower
pressure columm in which the pressure drop is |ess than
400 Pa per theoretical stage. Thus, in analogy to the
conditions existing in the processes of (Dl1) and (D2),
the problem of inproving the thernodynam c efficiency
of the heat exchange does not arise so that (D12) also
does not notivate the person skilled in the art to nmake
enquiries in view of the solution to this problem

At the tinme of the oral proceedings, (D12) was not

di scussed so that al so the Appellant did not consider
it to be relevant. The sane applies to the remaining
citations (D1), (D3) to (D8) and (D10) discussed in the
proceedi ngs before the Opposition Division which were
no | onger taken up by the parties in the ora
proceedi ngs before the Board.

To sumari se, the Board considers that the solution to
the techni cal problemunderlying the invention as
defined in independent Claim1l involves an inventive
step and that therefore this claimas well as dependent
Clains 2 to 8 relating to particul ar enbodi nents of the
i nvention in accordance with Rule 29(3) EPC are to be
mai nt ai ned.

The description and the drawings are in agreenent with
the actual wording of the clains (Article 84 EPC). The
description also conplies with Rule 27(1)(c) and (d)
EPC.
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3. The grounds of opposition do not prejudi ce naintenance
of the patent in anended formin accordance with the
Respondent's main request and it is therefore not
necessary to consider the Respondent's auxiliary
requests.

O der

For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

N. Maslin C T. WIson

2091.D



