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Summary of Facts and Subm ssi ons

Thi s appeal is against the decision of the exam ning
di vi sion dated 16 Decenber 1999 to refuse European
pat ent application No. 94 120 574. 2.

The grounds of refusal were that the subject-matters of
claims 1 and 7 were not novel. The decision went on to
note that there was no invention within the neani ng of
Article 56 EPC since the product of claim11 did not
provide a feature which causally effected the val ue of
Young's nodul us given in the claim

The foll ow ng docunments were cited:

D1: Jungling et al, New Hardnetal s Based on Ti By, 13th
I nternational Plansee Sem nar, 24 to 28 May 1993,
Pl ansee Procs., Volune 2, War Resistant
Mat erial s, pages 43 to 46

D2: US-A-4 419 130
D3: EP-A-0 433 856

1. On 17 February 2000 the appellant (applicant) |odged an
appeal against the decision and paid the prescribed fee
on the same date. On 25 April 2000 a statenent of
grounds of appeal was fil ed.

L1l The appel | ant requests that the decision under appeal

be set aside and that a patent be granted with clains 1
to 10 as filed at the oral proceedings before the Board.
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The i ndependent clains 1, 6, 7, 8, and 9 read as
foll ows:

"1. A high-nodulus iron-based alloy consisting of a
matrix formed of ferritic, austenitic, or martensitic
steel or iron and unavoi dable inmpurities, and at | east
one boride selected fromthe group consisting of
borides of Goup |IVa elenments and conpl ex borides of
Group Va elenents and iron, said at | east one boride
being uniformy dispersed in said matri x, the boride
bei ng thernodynam cally stable in and in thernodynam c
equilibriumwith the matrix, said at |east one boride
bei ng conposed of fine particles having a di aneter of
not nore than 100 uym and the content of said at |east
one boride being from10 to 50 % by vol une, and said

i ron-based all oy having a Young's nodul us of

23,120 kgf/mt or nore.

6. A process for manufacturing a high-nodul us iron-
based al |l oy, said process conprising the steps of

m xing iron or steel powders and powders of at | east
one boride of Goup IVa elenents to prepare m xed
powder s, conpacting said m xed powders into a shaped
body, and sintering said shaped body, thereby uniformy
di spersing particles of said at | east one boride of
said Goup IVa elenents in a matrix forned of ferritic,
austenitic, or martensitic steel or iron and

unavoi dabl e inpurities, whereby an iron-based all oy
according to one of clains 1 to 5 is obtained.

7. A process for manufacturing a high-nodul us iron-
based al |l oy, said process conprising the steps of

m xing iron or steel powders, ferroboron powders and
ferroall oy powders containing at |east one Goup |IVa
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el enent to prepare m xed powders, conpacting said m xed
powders into a shaped body, and sintering said shaped
body, thereby causing reaction of said ferroboron
powders and said ferroall oy powders to form at | east
one boride of said Goup |IVa elenents and to uniformy
di sperse particles thereof in a matrix formed of
ferritic, austenitic, or martensitic steel or iron and
unavoi dabl e inpurities, whereby an iron-based all oy
according to one of clains 1 to 5 is obtained.

8. A process for manufacturing a hi gh-nodul us iron-
based al | oy, said process conprising the steps of

m xing iron or steel powders and powders of at | east
one boride of Goup Va elenents to prepare m xed
powder s, conpacting said m xed powders into a shaped
body, and sintering said shaped body, thereby uniformy
di spersing particles of at |east one conpl ex boride of
at | east one Goup Va elenent and iron in a matrix
formed of ferritic, austenitic, or martensitic steel or
iron and unavoi dable inpurities, whereby an iron-based
all oy according to one of clainms 1 or 2 or 4 or 5is
obt ai ned.

9. A process for manufacturing a high-nodul us iron-
based al l oy, said process conprising the steps of

m xing iron or steel powders, ferroboron powders and
ferroal |l oy powders containing at |east one boride of
Group Va elenent to prepare m xed powders, conpacting
said m xed powders into a shaped body, and sintering
sai d shaped body, thereby causing reaction of said
ferroboron powders and said ferroalloy powlers to form
at | east one conplex boride of at |east one Goup Va
element and iron and to uniformy disperse particles
thereof in a matrix formed of ferritic, austenitic, or
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martensitic steel or iron and unavoidable inpurities,
whereby an iron-based alloy according to one of clains
1 or 2 or 40or 5is obtained.”

Clainms 2 to 5 are dependent on claim1l and claim10 is
dependent on one of clainms 6 to 9.

Reasons for the Decision

1

2260.D

The appeal is adm ssible.

Amrendnent s

New claim 1l defines an alloy consisting of a matrix
formed of ferritic, austenitic, or martensitic steel or
iron and unavoi dable inpurities. These features are
supported by the application as originally filed, see
page 5, lines 56 and 57 of EP-A2-0 659 894.

The cl ai mdefines the borides as being

t hermodynam cally stable in and in thernodynam c
equilibriumw th the matrix, which feature is supported
by page 4, lines 1 and 2 and 35 and 36 of the A2
publication, and this, noreover, is an essenti al
feature of the invention, as explained in point 4.2

bel ow.

The claimal so defines the borides as being uniformy
di spersed in the matri x, and conposed of fine particles
having a diameter of not nore than 100 pum and the
content of the boride being from10 to 50% by vol une.
These anmendnents are supported by original clains 5

and 6.
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The feature that the alloy has a Young's nodul us of
23,120 kgf/mt or nore is supported by the results
reported in Tables 1 to 3. Although taken fromthe
Exanpl es only, these amendnents are considered to
fairly support the clainmed invention since the Exanpl es
di scl ose a variety of conpositions for alloys having
the desired high Young' s nodul us of at | east

23, 120 kgf / mf.

The anmendnments to claim 1 neet the requirenment of
Article 123(2) EPC, accordingly. The independent
process clainms 6 to 9 have been simlarly anmended and
are equal ly all owabl e.

Novel ty

The objection of |ack of novelty of the alloy of
claiml1 over D2, set out in the inmpugned decision, is
no |l onger valid, at |east since the claimnow defines a
range of boron content of 10 to 50% by volune, that is
clearly outside the ranges described in D2. Al though D2
mentions an amount of TiB, of up to 10 weight %

(colum 2, lines 36 and 37) the Exanpl es discl ose the
use of nuch | ower ampounts of titaniumand boron, the
maxi mum bei ng 2. 94 weight % in Exanple 3.

The process of Exanple 4 of D3 does not anticipate the
process of claim6 (corresponding to claim?7 of the
clainms rejected in the inpugned decision) since the

cl ai med process nust produce the alloy according to
claim1, which excludes the presence of nitrides, and
Exanpl e 4 of D3 includes a significant anount

(5 volune %9 of titaniumnitride. Also, this prior art
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process does not initially mx iron or steel powder
with a boride powder as required by claim6. Instead,
in D3 titaniumnitride and titanium boride are
initially m xed and conpacted, after which the conpact
is placed in a cruci ble and surrounded by a powder

m xture of carbonyl iron and nelted, which is a quite
different nmethod to that of claim®6. Mreover, this
nmet hod of introducing iron will not produce a uniform
di spersion of boron particles in an iron or steel
matrix, and is, furthernmore, not likely to result in a
bori de particle size below 100 m crons.

The sane argunents apply to i ndependent clainms 7 to 9.
For these reasons the subject-matter of the independent

clains i s novel.

| nventive step

Prior art methods of manufacturing high nodul us iron-
based al l oys are reviewed on page 2 of the application
(EP-A2-0 659 894). A significant prior art nethod

i nvol ves di spersing borides of chrom um or nol ybdenum
inan iron-alloy matrix, which yields alloys having a
Young' s modul us of about 25, 000 kgf/mf, but conpl ex
bori des having a high specific gravity are forned so
that the specific Young's nmodulus is |low. O her nethods
i nvol ve enbedding particles of reinforcing materi al
havi ng a hi gh nodul us, for exanple carbides and
nitrides of transition elements, in an iron-based
matri x by mechani cal alloying, but the transition

el enents are partly substituted by iron atons in the
matrix, |leading to | ow val ues of Young's nodul us.
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The present inventors have discovered that, in order to
provide an alloy with the required Young's nodul us, the
reinforcing material nmust not only itself have a high
Young's nodul us, but it nust also be in thernodynam c
equilibriumw th the matrix material, so that the
particles can keep their ordered crystal structure
rather than result in the transformation to a conpl ex

i ron conpound which leads to a | owering of the val ue of
Young' s nodul us.

Furthernore, they have found that borides of a G oup
| Va el ement or conplex borides of a Goup Va el enent
have an orderly crystal structure and are

t hermrodynam cally stable in and in thernodynam c
equilibriumwith a matrix formed of ferritic,
austenitic, or martensitic steel or iron and

unavoi dabl e inmpurities, so that a high-nodul us iron-
based all oy containing boride particles uniformy

di spersed therein is attainable.

The hi gh-nodul us iron-based all oy can be manufactured
by a process which conprises the steps of m xing an
iron or iron-alloy powder and a powder of at |east one
boride of a Goup IVa elenent or a conplex boride of a
Group Va elenent to prepare a m xed powder, conpacting
the m xed powder into a shaped body, and sintering. The
bori des of the Group IVa el enent or a conplex boride of
a Goup Va element are uniformy dispersed in the iron
with a particle size of up to several mcrons. |In other
aspects of the invention ferroboron powders, and
ferroall oy powders nmay be used to cause reaction of the
ferroboron powders and the ferroall oy powders to form
at | east one conplex boride of at |east one Goup Va
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el enent. The alloy can be manufactured at a | ow cost
since routine PMtechnol ogy is used.

4.3 These teachings were not available in the prior art, so
that the clainms also neet the inventive step
requi rement of Article 52(1) EPC. In particular, the
docunents D1, D2, and D3 do not provide such teachings.

D1 describes hardnetal s based on Ti B, and conprising a
maj or portion of a hard phase and a m nor anount of
iron as a netallic binder. D3 also relates to
hardnmetal s conprising borides, nitrides, and oxi des of
titaniumand zirconium Here too a major portion of
hard phase and a m nor portion of the binder netal are
enpl oyed. The only Exanpl e having a boride content of

| ess than 50 volunme %is Exanple 4, but this also

i ncludes titaniumnitride.

The hardnetal s described in D1 and D3 are, therefore,
not iron or steel based alloys, but relate to a
different class of netals than the ones clainmed in the
application. The person skilled in the art wishing to
develop iron and conventional steels to inprove their
Young's nodul us (see page 3, lines 24 to 27 of the
application) would not consult these docunents.

D2 descri bes nethods of dispersion-strengthening iron
mat eri al by devel oping a uniformdistribution of inert
particles which strengthen the all oy by inpeding

di sl ocation notion (D2, colum 1, lines 26 to 31 and
colum 2, lines 46 to 48). It is desired to precipitate
ultrafine particles of TiBy, in order to obtain a
reinforced ferrous alloy having a high strength. Very
fine particles, typically less than 0.1 in dianeter

2260.D
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(colum 2, lines 35 to 39), of TiB, are produced by
rapidly cooling and solidifying a nolten ferrous all oy
containing titaniumand boron. The fineness of the

di spersion is critical to obtaining good properties of
the alloy (colum 3, lines 64 to 67) in order to avoid
di sl ocati on novenent during plastic deformation. This
docunent is silent as regards Young's nodul us.

This is to be contrasted with the present application,
where the boride particles are conplexed with the iron
or steel matrix in order to suppress strains which
occur during elastic deformation, thereby realising a
hi gh val ue of Young's nodulus. For this a uniform

di stribution of coarser TiB, particles, typically of one
to several mcrons in size, is necessary (see the
Exanpl es of the application, for exanple on page 7,
lines 36 to 38). The person skilled in the art w shing
to inprove the Young's nodulus of iron and conventi onal
steel s would not consult docunent D2 either.

Workability of the invention

The Board is satisfied that the invention is capabl e of
bei ng worked over the entire scope of the clains, and
in particular that conventional ferritic, austenitic,
or martensitic steel conpositions nmay be used to
prepare the clainmed high-nodul us iron-based all oys.
Such steels may include the usual conponents such as
carbon, silicon, manganese, and even G oup VI elenents
such as nol ybdenum However, these conponents wl|
react with the iron rather than with the boron and
there will be no exchange thereof with the Goup IVa
el enent such as titaniumso as to inpair the val ue of
Young' s nodul us.
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Simlarly, a small addition of carbon is permtted by

t he application (sanples 7 and 10 include 0.4 W%
carbon), the inportant point being that the anmount
shoul d be such as not to allow the formation of any
car bi de or boro-carbide (see the paragraph |inking
pages 6 and 7 of the A2 publication). The anount of
carbon perm ssible depends on the other constituents of
the steel, particularly boron, there being a direct
correl ati on between the boron content and Young's

nodul us, see Tables 1 to 3 of the application, so that
the nore boron there is the nore the carbon content may
be increased before the Young's nodulus is degraded to
val ue below that defined in the clains (see Exanple 3).
I n any given case the perm ssible amunt of carbon can
be easily determ ned by experinentation.

Al t hough the clains define an upper limt for the size
of the boride particles in the alloy, no lower limt
thereof is defined, despite the fact that the Exanpl es
illustrate the case of the boride size only being

bet ween one to several mcrons in dianeter. Again this
depends on the boron content which may be so high as to
permt the boride size to be below 1 micron w thout the
Young's modul us falling bel ow 23,120 kgf/ mf.

In all these cases a limted anbunt of experinentation
is necessary to determ ne the perm ssible amunts of

t he ot her conponents for a given anount of boron, for
whi ch thernodynam c stability of the borides is assured
and the Young's nodulus is at |east 23,120 kgf/mf.
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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 grant a patent on the basis of clains 1 to 10
as filed at the oral proceedings, Figures as originally

filed, and a description still to be adapted.
The Regi strar: The Chai r man:
V. Commar e W D. Wil
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