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Summary of Facts and Submn ssions

0880.D

Eur opean patent No. 0 343 012 was granted on
13 Septenber 1995 on the basis of European patent
application No. 89 305 122.7.

The granted patent was opposed by the present appell ant
(Pechiney) on the grounds that its subject matter

| acked an inventive step with respect to the state of
the art (100(a) EPC).

Wth its decision posted 18 Decenber 1998 the
Qpposition Division held that the patent coul d be
mai nt ai ned as granted and rejected the opposition. In
the opposition proceedings, inter alia the follow ng
docunents were cited:

El: US-A-2 129 445

E2: Transactions Al ME-Journal of Metals, March 1956,
Davey, T.R A., "Debisnuthizing of Lead", pages 341
to 350

An appeal was | odged agai nst this decision on
9 February 1999.

In an official comrunication, the Board referred to the
docunent s

E3: D. Evers: "Die Entw snuthisierung nach dem Krol | -
Betterton-Verfahren", Erznmetall, Zeitschrift fur
Er zbergbau und Metal | hittenwesen, Band 11, (1949),
Seiten 129 bis 133

E4: U | manns Encycl opadi e der technischen Chem e,
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volume 8, Verlag Chem e, Weinheim (1974),
page 570

In its response to this conmunication, the patentee
referred to docunent

E6: FR-A-2 514 786

and subm tted Declarations of Dr WD. MacDonal d and
M Philip Mor, respectively.

Oral proceedings were held before the Board on 13 March
2002.

The appel | ant (opponent) requested that the decision
under appeal be set aside and the patent be revoked.

The respondent (proprietor of the patent) requested
that the patent be maintained in amended formon the
basis of the follow ng docunents:

d ai ns: 1to 7 as submtted at the ora
proceedi ngs

Descri ption: pages 3, 7 and 8 according to the patent
speci fication;
pages 4 to 6 appended to the decision
under appeal as auxiliary request;

Fi gures: as granted.

| ndependent clains 1 and 4 of the main request read as
fol | ows:

"1l. The use of an alloy for the renoval of bisnmuth and
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other inpurities fromlead, characterized in that the
al l oy consists essentially of magnesi um and cal ci um

t he magnesi um bei ng present in the proportion of from
65% to 75% on a weight basis, the alloy being added to
the lead bath at a tenperature in the range of from 415
to 500°C. "

"4. A nethod for renoving bisnuth and other inpurities
froman inpurity containing | ead bath, which nethod
conprises the steps of: providing an alloy consisting
essentially of magnesi um and cal ci um havi ng a
proportion of magnesium from65%to 75% on a wei ght
basis; adding said alloy to a lead bath at a
tenperature of approximately 415°C to 500°C so that
solid alloy remains in the |lead bath, and permtting
the solid alloy to dissolve in the |lead, said alloy
contai ning the only cal cium being added to the bath;
cooling said |ead bath to a tenperature just above its
| i qui dus tenperature; and recovering the magnesi um and
calciumin association with inpurities fromthe |ead
bat h. "

The appel | ant argued as fol | ows:

The techni cal background describing the Kroll-Betterton
process for debisnmuthizing |ead is described by
docunment E3 which recommends the sinultaneous addition
of magnesium and calciumto a | ead bath containing

bi smuth. For a typical initial content of about 0.1% Bi
in the Pb-bath, the anbunts of My and Ca which are
necessary to precipitate bismuth in the formthe
internetal lic conpound Bi ,CaMy, can be cal cul at ed
according to the formula given on page 133, first

par agraph, right hand colum of docunent E3. This

cal cul ation always | eads to a My-Ca conposition havi ng
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a ratio of about 2/3 My and 1/3 Ca, or - put the other
way - of a chemcally nost effective m xture conpri sing
about 65% Mg and 35% Ca. Docunent E3 further proposes
the addition of this conposition in the formof pure
magnesi umin conbi nation with a Pb-Ca4.5% al | oy rat her
than to supply both conponents in the formof a My-Ca
alloy to the bath as clained in the opposed patent.
However, the sane ratio and quantities of My and Ca are
needed, irrespective of how they are added to the |ead
bat h. Moreover, replacing a m xture of two conponents
by an all oy conprising these elenents nerely represents
common netal lurgi cal practise which is always resorted
to if one or both conponents in the pure formare

hi ghly reactive, exhibit a high nelting point or high
vapour pressure or if they are even explosive at the
process tenperature. For exanple CaSi alloys are used
in ferrous netallurgy whereby the high reactivity and
vapour pressure of pure calciumis significantly
reduced by alloying it with silicon so that this all oy
can be safely stored and added to liquid steel. A
simlar effect can be expected when alloying My with
Ca. The wi dely known Ca- My phase bi nary di agram
(Figure 1 in the patent) shows a Ca-rich and a My-rich
eutecticumand a stable internetallic conpound My,Ca at
about 45% Ca/ 55% My. Since the conpositions on the Ca-
rich side of the phase di agram al ways conpri se Mj),Ca
plus highly reactive el enental calciumand given that -
according to the teaching in docunent E3 - a 65%W-
35%Ca conposition is nost effective for debisnuthizing
| ead, the netallurgist is pronpted to work on the
magnesiumrich side of the phase diagram In doing so,
the presence of highly reactive pure calciumin the M-
Ca alloy is avoided and the favourable 65% My- 35% Ca
conposition can be sel ected which exactly corresponds
to preferred alloy conpositions clained in claim2 of
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the patent. Mreover, the use of Ca-My alloys for
debi smut hi zing | ead was al ready known in the art, for

i nstance from docunent E1 which discloses the addition
of Ca and My in the formof an 20.6Ca-My alloy. Also
docunent E6 proposes to add both elenents in the form
of granul es consisting of an Ca-My all oy (see E6,
claim1l). Consequently, the use of the Ca-My all oy
according to claim1 of the opposed patent is obvious
for the netallurgist by conbining the technica
teachi ng of docunents E3 and E6 or E1, respectively.

This statenent al so applies to i ndependent claim 4,

whi ch nmerely conprises trivial technical features such
as dissolving the MJ-Ca alloy in the | ead bath held at
the tenperature of 415 to 500°C that is typical for the
Krol | -Betterton process, cooling the bath and
recovering the magnesi um and cal ciumin association
Wth inpurities fromthe | ead. Hence, the subject
matter of process claim4 does not involve an inventive
step either.

The respondent argued as foll ows:

The Kroll-Betterton process for debisnmuthizing lead is
anply described by docunents E2 (Davey) and E3 (Evers).
In spite of the persisting requirenent of avoiding the
enpl oyees' exposure to | ead vapours and reducing the
costs of the reagents, the basic principle of the

debi snut hi zi ng process has renai ned unchanged over the
| ast 60 years. The reagents have been added in the form
of essentially pure My as sticks and Ca as an alloy in
| ead conprising 2 to 5% Ca (see E2, page 346, |eft hand
colum, 2nd paragraph and E3, page 130, right hand

col umm, paragraph 1). However, using Ever's formul a

gi ven on page 133 of E3 would inply preparing a
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different conposition of My and Ca for each batch of

| ead. Moreover, given that the preparation of a My-Ca
alloy is associated with an increase of cost, a genera
prejudi ce existed to do so, the nore so since nothing
is mentioned in E2 or E3 pointing to a significant
benefit that could cone fromusing these alloys. It

al so could not be expected or predicted that a MyCa
all oy woul d be |l ess reactive than the pure conponents.

Docunent E1 nentions the debisnuthizing of |ead by
floating a 79. 4%W- 20. 6%Ca all oy on the surface of a
mechanically stirred | ead bath but this process
necessitates operation at 593°C (1100°F) conpared to
about 380-500°C used in the Betterton-Kroll process.
Therefore, this process has never been applied on an
I ndustrial scale.

Anot her attenpt at using Ca-Mj al |l oys for
debi smut hi zing | ead was nmade by docunent E6 ( Extranet)
whi ch however proposes two types of granules, one
conprising a CaMy alloy near the calciumrich eutectic
poi nt and the second all oy conprising a conposition
near the nmagnesiumrich eutectic point.

Nei t her E1 nor E6 envi sage the use of the MyCa all oy
conposition clained in the patent or nake it appear
obvious to do so. On the contrary, inventive research
and experinmental work was necessary to determ ne the
conmposi tional range of CaMy alloys which effectively
avoid flaring, which are stable in the ordinary

at nosphere and whi ch di ssolve sufficiently readily and
chemcally effectively in the |lead bath at nornal

Krol | -Betterton tenperatures. Hence, the clainmed use
and process involved an inventive step.

0880.D Y A
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Reasons for the Deci sion

1

0880.D

The appeal is adm ssible.

Anmendnent s

According to anended claiml1 the use of the MgCa al | oy
has been restricted to a |l ead bath held at between
415°C and 500°C. This tenperature range is typical for
the Kroll-Betterton process and finds anple support in
the patent specification, e.g. in nmethod claim4 or on
page 5, lines 17, 18. The anendnents to the description
pages 4 to 6 are a restriction of the My to Ca ratio to
the preferred range of 1.0 to 3.0. Hence the anmendnents
satisfy the requirenents of Article 123 EPC

Novel ty

None of the cited docunents discloses the use of a MjCa
all oy conprising 65 wt%to 75 w% My for the renoval of
bi sruth froma | ead bath held between 415 to 500°C. In
particul ar, the 20.6Ca-79.4My all oy nentioned in
docunent E1 and the individual CaMgl6 and MyCal8
eutectic conpositions referred to on page 3, paragraph
1 of docunent E6 fall outside the clained range. A
further difference between the prior art and the use of
the clainmed MgCa alloys resides in that the alloys
known from docunments E1 and E6 are added to the | ead
bath at a significantly higher tenperature (El: 1100°F
= 593°C;, E6, page 3, second paragraph: 520 to 600°C).
The remai ni ng docunents E2, E3 nention that nmagnesi um
and calcium (generally in the formof a PbCa alloy) are
added separately to the | ead bath.
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Consequently, the use according to claim1 and the
process according to claim4 is novel. Since the
novelty of the clained subject matter was not disputed
at the oral proceedings, there is no need to deal with
this issue in nore detail

The cl osest prior art

The patent at issue relates to the use of cal cium
magnesi um al | oys for renoving bisnmuth fromlead by the
Krol | -Betterton process which is generally operated

bet ween 380 and 500°C (cf. the patent specification
page 3, lines 3 to 16; page 4, lines 5 to 7; page 6,
lines 29 to 33). This process which is described in
detail in docunent E3 takes advantage of the extrenely
| ow solubility of the internetallic conpound CaMy,Bi,
that is allowed to precipitate upon cooling the |ead
bath to about 380°C. To this end, a heterogeneous

m xture of nagnesium (pure) and cal cium (as Pb-Ca
alloy) is added to the bath whereby -according to the
formul a given on page 133 right hand col unmm of docunent
E3 - the additive should have the integral conposition
of about 65w % My- 35wt Ca for optinmum cheni ca
effectiveness (cf. also E3, page 131, colum 2,

lines 15 to 12 fromthe bottom page 132, first colum,
first and second full paragraph; page 132: Bener kungen
zu den G undl agen des Verfahrens). The technica
information relating to the Kroll-Betterton process
which is given in docunent E2, page 347, |eft hand

col umm does not go beyond that disclosed in docunent
E3. Therefore, docunment E3 represents the closest prior
art.

Pr obl em and sol uti on
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G ven that the reactive al kaline earth netals are prone
to excessive atnospheric oxidation, the addition of
magnesi um and calciumto the | ead bath according to the
Krol |l -Betterton process entails the drawbacks of bright
flaring, excessive funme generation and the overall |oss
of reagent. This |leads to | ower reagent recoveries,

hi gher processing cost, unpredictable final bisnmuth

| evel s and to serious environnmental concerns.

Starting fromthis prior art represented by docunent
E3, the probl emunderlying the opposed patent,
therefore, resides in providing a process which

m ni m zes or even avoids the above nentioned

di sadvant ages. Moreover, the reagents should be in a
form whi ch does not require special packaging or a
protective atnosphere to prevent oxidation, is
sufficiently strong to enable casting and shi ppi ng,
di ssolves rapidly in a |l ead bath at conventi ona
tenperatures and allows m ni num sation of the anmounts
of reagents required for renoving bismuth.

According to claim1 of the patent at issue, this
problemis solved by using a (65-75% My-Ca al |l oy rat her
than the heterogeneous m xture of two separate
conponents as proposed by the prior art. The | aboratory
test results summarized in Table 1 of the patent
specification and the Exanples 1 to 4 confirmthat by
usi ng the cl ai med nagnesi um cal ci um al | oys at

t enper atures between 415 and 500°C for debi snut hi zi ng

| ead, excessive atnospheric oxidation of the additives,
flaring or fume generation is effectively avoi ded.

I nventive step

It has been agreed by the all parties that the
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chem cally nost effective Mj-Ca conposition for

debi smuthizing lead is already known in the art, e.g.
fromdocunent E3. Crucial to the question of inventive
step is, therefore, to exam ne whether the addition of
the reagents in the formof the clainmed MCa alloy was

obvious fromthe prior art.

As set out above, docunent E3 does not given any hint
to the expert that - conpared to the conventiona
practice of adding My and Ca separately - any
beneficial effect upon the recovery and perfornmance of
magnesi um and cal ci um coul d be expected by using these
reagents in the formof a MyCa all oy and neither does
docunent E2. Like E3, this docunent al so teaches to add
separately (pure) magnesium as sticks and cal cium as an
alloy in lead containing 2 to 5% Ca (cf. page 347,

first colum, second paragraph).

It is only in docunents E1 and E6 that a MgCa pre-all oy
actual ly has been envisaged to be used for the renoval
of bismuth fromlead. To this end, docunment E1 proposes
one singular alloy conposition consisting of 20.6%Ca-
79. 4%y which can be floated on the |lead bath but this
all oy conposition falls outside the el enental ranges
stipulated in the patent at issue (cf. El, page 5,
second columm, lines 29 to 59). Having regard to the

hi gh |iquidus tenperature of the 20.6Ca/79.4M all oy
which is - according to the known binary phase di agram
- about 580°C, it is indispensable to raise the
tenperature of the lead bath to 1100°F (593°C) so that
the al kaline earth netal alloy dissolves quickly and
effectively in the bath (cf. El1, page 6, first colum,
lines 3 to 18). The tenperature of 593°C is, however,
far above any realistic operation regi ne. Mreover, the
final bismuth content in the lead after purification
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appears to remain at an unacceptabl e high | evel
(according to Exanple 6 the final bisnuth content is
0.45% . For these reasons, there was agreenent between
the parties at the oral proceedings that the process

di scl osed in docunent E1 has not been applied
comercially. In view of these considerations, the
teaching given in docunent E1 is pointing away from
putting into practise this process, either from using
the 79.4%W- 20. 6%Ca all oy at | ow tenperatures of 500°C
or below, or nore inportantly, fromusing in the Kroll -
Betterton process other MgCa al |l oys exhi biting even

hi gher |iquidus tenperatures than the alloy selected in
El.

According to the teaching of the remai ning docunent EB6,
the | ow recovery of cal cium and nmagnesi um when
supplied separately to the | ead bath, can be inproved
by adding the alkaline earth netals in the formof a

m xture of granules which (in the overall conposition)
consi st of 50-80%wW/ Ca alloy, or nore preferably, of a
55-75%wy/ Ca alloy (cf. E6, page 2, second and fourth
par agraph). However, in order to cope with the
relatively high liquidus tenperatures of these alloys
and in order to increase the dissolving rate in the

| ead bath, docunment E6 proposes the use of two separate
types of granules conprised of different alloys: for
the first type of granules, the high magnesi umeutectic
conmposition (My-16.2%Ca; T,=517°C) is selected, and the
second type of granules consists of the calciumrich
eutectic conposition (M-82%a; T,=445°C) which both
fall outside the conpositional ranges clained in the
patent at issue (cf. E6, page 2, |ast paragraph to
page 3, first paragraph). As is further disclosed in
docunent E6, page 3, second paragraph, this m xture of
granules is added to a |lead bath held at a tenperature
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bet ween 520 to 600°C in order to guarantee satisfactory
di ssolving rates. Thus, as in El, also the process
descri bed in docunent E6 needs to be operated at
tenperatures far above those which are used in the
conventional Kroll-Betterton process. Although docunent
E6 takes advantage of adding Ca and My to nolten | ead
in the formof MyCa-alloys to safeguard agai nst a | ow
recovery, it represents a technical approach to the
probl em of debisnmuthizing lead that is different and
contrary to that stipulated in the patent at issue
since E6 advocates to use a m xture of granul es
conposed of two different lownelting MgCa al |l oys
rather than a single alloy. Nothing can be found in
docunent E6 inciting a skilled person to use only one
single high nelting MgCa alloy instead of two eutectic
MyCa-al | oys and thus to act against the teaching given
in this docunent. Mreover, it cannot be deduced from
docunent E6 that a quick and effective renoval of

bi smuth fromthe nolten | ead can be achi eved sinply by
floating and dissolving the clained high nelting MyCa-
alloy in a lead bath held at conventional tenperatures
bet ween 415 and 500°C, ie. without significantly

i ncreasing the tenperature of the | ead bath.

It is true that the binary My-Ca phase di agram i ncl udes
the stable internetallic conpound My,Ca which appears
appropriate to reduce the high reactivity of pure

cal cium However, the physical and chemi cal properties
of such internmetallic conmpounds are not predictable
sinmply by I ooking at the phase diagram According to
the patentee, tests have shown that Mj,Ca per se is
still highly reactive with oxygen, disintegrates at

i ncreasi ng tenperatures and cannot be stored w thout
protection. In view of these findings, the acceptable
anount of calcium (and therefore the anmount of My,Ca) in
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the alloy used in the patent is restricted to 35% at
maxi mumto provide an excellent match in the desired
physi cal and chem cal properties of the alloy nentioned
above.

Consequently, the subject matter of use claim1l and
al so of nethod claim4 involves an inventive step vis-
a-vis the cited prior art.

The dependent clains 2 and 3 as well 5 to 7 relate to
preferred enbodi nents of clains 1 and 4, respectively,
and are, therefore, equally allowable.

For these reasons it is decided that:

1

0880.D

The deci sion under appeal is set aside.

The case is remtted to the first instance with the
order maintain the patent in anmended formon the basis
of the foll ow ng docunents:

Cl ai ns: 1to 7 as submtted at the ora
proceedi ngs;

Descri ption: pages 3, 7 and 8 according to the patent
speci fication
pages 4, 5 and 6 as appended to the
deci si on under appeal as auxiliary
request;

Fi gur es: as grant ed.
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The Regi strar: The Chai r man:

V. Conmmmar e W D. Wi ld

0880.D Y A



