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Summary of Facts and Subm ssi ons

3087.D

The present appeal is against the decision of the
Exam ning Division to refuse European patent
application 94 306 633.2 (EP-A-0 648 852) for |ack of
i nventive step. Reference was nmade in the decision
inter alia to the follow ng docunents:

D1: Met al s Handbook, Tenth Edition, volume 1, March
1990, pages 780 to 792

D3: US-A-3 598 567

In the decision under appeal, the Exam ning Division
hel d that docunent D1 di scl oses the production of

resul furized grades of P/ M high speed tool steels but
does not expressly nention a sulfur content of 0.05

to 0.30%in P/Mhot-work tool steels. Nevertheless, it
was found that docunent D1 teaches the well-known
concept of addi ng sul phur in nmuch higher than
conventional levels to PPMtool steels in general (ie.
hi gh speed steels, cold work tool steels and hot-work
steel s produced by the powder netallurgical route) to
i nprove their machinability w thout sacrificing

t oughness or cutting performance. Since in the P/ M
process, the rapid solidification of the atom zed
powders elimnates in the particles the segregations of
sul phur whi ch deteriorate toughness and the fatigue
properties, the PPMtool steel conpacts exhibit a very
fine mcrostructure with a uniformdistribution of
carbide and non-netallic inclusions (such as sulfide
particles). Based on the technical background reflected
by docunent D1, the skilled person is nade aware that
sul phur can be added to tool steels in general wthout
i mpai ring toughness, and, consequently, it was obvious
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to add sul phur also to P/Mhot work steel to solve the
probl em of increasing the machinability of these
gr ades.

1. In its notice of appeal, the appellant (patent
applicant) referred to

D5: The Effects of Sul phur content on the Performance
of H13 Steel”, Du et al., published in 1983, The
Di e Casting Research Foundati on, paper
No. 01-83-01D, Anerican Die Casting Institute
I nc.,

D6: E-mail fromM Pia Bjork, dated 15 January 1999

D7: Declaration of Dr Pinnow (D/a) plus curricul um
vitae (Dr7b)

D8: "Thermal Fatigue Test Results for Conmercial Hot
Work Tool Steels”, Crucible Research Internal
Report dated Novenber 1988

and requested that the decision under appeal be set
aside and that a patent be granted on the basis of the
unanended docunents. No subsidiary requests were
submtted. On an auxiliary basis, the appellant
requested oral proceedings.

L1, The Board issued a sunmons to oral proceedi ngs
expressi ng doubts on the appellant's view that the
techni cal teaching given in docunent D1 woul d have
prevented a person skilled in the art from adding
sul phur also to P/Mhot-work tool steels. In this
context the Board additionally referred to the
docunent s
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D9: EP-A-0 249 855

D10: US-A-3 723 094.

show ng that resul phurized grades of hot work steel
(such as H 13S) had al ready been produced by the ingot
metal lurgy (I/M and powder netallurgy (P/M route.

In its letter dated 11 Septenber 2002 in response to

t he sunmons to oral proceedings, the appellant inforned
the Board that no further subm ssions in the case would
be made and that the request for oral proceedi ngs was
wi t hdrawn. Mreover, the Appeal Board was requested to
make a decision on the basis of file as it stood.

| ndependent claim1 underlying the appeal ed deci sion
reads as foll ows:

" 1. A martensitic hot work tool steel nold and die

bl ock article adapted for use in the manufacture of

nol ds for plastic injection nolding, die casting die
conponents, and other hot work tooling conponents, said
article having a hardness within the range of 35 to

50 HRC, a m ni num Charpy V-notch inpact toughness of

4 J (3 foot-pounds) when heat treated to a hardness

of 44 to 46 HRC and when tested at both 22°C (72°F) and
at 316°C (600°F), said article conprising an as hot -

i sostatically-conpacted, fully dense, heat treated nass
of prealloyed particles, which contains sulfur within
the range of 0.05 to 0.30 weight percent.”

| ndependent product clains 2 to 4 include all the
features of claim1l and further define the conposition
of the prealloyed particles (in bold letters):
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" 2. A martensitic hot work tool steel nold and die

bl ock article ...... mass of preall oyed particles
conprising, in weight percent, 0.32 to 0.45 carbon,
0.20 to 2.00 manganese, 0.05 to 0.30 sulfur, up to 0.03
phosphorus, 0.80 to 1.20 silicon, 4.7 to 5.70 chrom um
1.10 to 1.75 nol ybdenum 0.80 to 1.20 vanadium up to
2.00 niobium balance iron and incidental inmpurities”

"3. A hot-isostatically-conpacted martensitic hot work
tool steel mold and die block article ...... mass of
preal | oyed particles conprising a chem cal conposition
of any of AI'SI hot work tool steel to which sulfur has
been added within the range of 0.05 to 0.30 weight
percent."

".4. A hot-isostatically-conpacted martensitic hot
work tool steel nold and die block article...... mass
of prealloyed particles conprising a chem cal
conposition of a maragi ng or precipitation-hardening
steel which is suitable for use as molds for plastic

i njection nolding, die casting die conmponents, and

ot her hot work tooling conponents and to which sul fur
has been added within the range of 0.05 to 0.30 wei ght
percent."

| ndependent nethod cl aim 8 reads:

"8. A nethod for manufacturing a martensitic hot work
tool steel die block article adapted for use in the
manuf acture of die casting die conponents and ot her hot
wor k tooling conponents, the article having a hardness
within the range of 35 to 50 HRC and a mi ni mum
transverse Charpy V-notch inpact toughness of 4 J

(3 foot-pounds) when heat treated to a hardness of 44
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to 46 HRC and when tested at both 22°C (72°F) and
at 316°C (600°F), said article conprising an as hot -
i sostatically-conpacted, heat treated and fully dense
consol i dated mass of prealloyed particles conprising,
in weight percent, 0.32 to 0.45 carbon, 0.20 to 2.00
manganese, 0.05 to 0.30 sulfur, up to 0.03 phosphorus,
0.80 to 1.20 silicon, 4.75 to 5.70 chromum 1.10
to 1.75 nol ybdenum 0.80 to 1.20 vanadi um bal ance iron
and incidental inpurities;

sai d nmet hod conprising producing said prealloyed
particles by gas atom zation, hot isostatically
conpacting the prealloyed particles to full density to
forma conpact and absent of thernonmechani cal treatnent
of said conpact, annealing said conpact, hardening said
conpact by heating and cooling to produce a martensitic
structure, and tenpering said conpact, which tenpering
i ncludes at |east a double tenpering treatnent with
i nternedi ate cooling to anbient tenperature.”

| ndependent clainms 9 and 10 differ fromclaim8 in that
the preall oyed particles

- "conprise a chem cal conposition of wought AlSI
hot work tool steel to which sulfur has been added
within the range of 0.05 to 0.30 wei ght percent”
(claim9) or

- " conprise a chem cal conposition of a maraging or
preci pitation-hardening steel suitable for... to
whi ch sul fur has been added within the range
of 0.05 to 0.30 weight percent... and age
hardening said article to working hardness by heat
treating and cooling"” (claim10).

In the witten proceedi ngs, the appellant argued as
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foll ows:

The probl em underlying the present application was to
provi de a hot work P/ Mtool steel which exhibited (a)
an inproved nmachinability in conbination with (b) a
good thermal fatigue resistance and (c) w thout

i mpairing the toughness of the steel.

The application solved this problemby hot isostatic
pressing (H Pping) the resul phurized P/ M hot work tool
steel article to full density and heat treating the
article. The inproved nmechani cal perfornmance and
properties of the hot work steel article are shown in
Figures 4, 5, 6b and 6c.

As disclosed in document D1, it was known to

manuf acture hot work tool steels using the P/ M

techni que before the priority date of the application.
However, docunent Dl does not provide any notivation to
add sul phur to P/Mhot work tool steels as alleged by
the exam ning division. On the contrary, all references
in DI to the addition of sul phur are exclusively nmade
in the context of P/Mhigh speed tool steels, and the
only category of steel to which sul phur is not added is
that of P/Mhot work tool steels. The skilled reader's
per cepti on of docunent D1 woul d, therefore, prevent

him in the light of his technical know edge, from
addi ng sul phur to hot work tool steels since doing this
woul d markedly inmpair the nechanical properties rather
than inprove them This evaluation of the contents of
docunent D1 is corroborated by the Declaration of

Dr Pinnow (document D7a) who was one of the authors of
docunent Dl1. According to Dr Pinnow, Dl nakes a cl ear
and correct distinction between hot work tool steels
(to which sul phur is not added) and cold work tool
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steels (to which sul phur can be added) and, therefore,

t his docunent does not conprise any exanple of a

resul phurized hot work tool steel. According to

Dr Pinnow (cf. D7), it was believed that in hot-work
tool steels increased sul phur contents adversely affect
t he toughness and the thermal fatigue life of articles
made fromthese steels. This is confirnmed by docunent
D5 which deals with the effect of the sulfur content on
t he performance of H13 steel. It is found that
S-contents up to 0.028% have little influence on the
thermal fatigue resistance, but a sulfur content up

to 0.075%results in a marked decrease of therm
fatigue resistance. Larger anounts of sulfide
inclusions are found to be brittle second phases which
reduce the hot yield strength and fracture toughness by
i ncreasing the concentration of thermal stress (see D5,
page 14).

It is therefore concluded that, although the skilled
man knew about the beneficial effect of sul phur
additions on the machinability of P/ M high speed
steels, the addition of sul phur to hot work tool steels
was not envi saged since increased contents of sul phur
wer e expected to degrade toughness and the resistance
to thermal fatigue, in particular, if the steels were
subj ect to regular thermal cycling as occurs in die
casting applications (cf. docunent D8).

The technical teaching given in docunents D2 (no

di scl osure of hot work tool steels) and D3 is
irrelevant, in particular since docunment D3 only
relates to the conposition of powders and not to a P/ M
article as clained in the present application.

Moreover, a fair chance was not given to the applicant
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to comment on the ground of refusal. Gven that the
Exam ning Division's sutmmons to oral proceedi ngs dated
23 March 1999 did not comment on the primary exam ner's
positive reasoning given in an earlier comunication
(D6: e-mail dated 15 January 1999) and i ndicating
likely allowability of the application, the applicant
assuned that the comments in the e-mail continued to
apply. The applicant was, therefore, detracted fromits
ability to concentrate on the points nentioned in the
conmuni cation of the Exam ning Division dated 23 March
1999. The Examining Division, therefore, did not
satisfy the common provisions governing procedures
pursuant to Article 113(1) EPC.

Reasons for the Decision

1

3087.D

The appeal is adm ssible.

Techni cal background, the closest prior art

The techni cal background to the present application is
anply reflected by the chapter "P/ M Tool Steels" given
in docunent D1 which is a Standard text book in the
field of nmetallurgy and represents the closest prior
art. As set out in the introductory part of D1 on

page 780, first columm, the P/Mtool steels (in
general) offer several distinct advantages over
conventional tool steels produced by I/M including a
very fine mcrostructure wwth a uniformdistribution of
car bi des and non-netallic inclusions and the absence of
segregations. Wth particular respect to "hot-work tool
steels”", the PPMroute is said to offer a greater

t oughness and a better thermal fatigue life. Mire
specifically, the section "P/M Hot-Wrk Tool Steels”
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starting on page 789 discloses the PPMroute to be an
alternative nethod of producing segregation-free hot-
work tool steels of both standard and i nproved
conpositions and offering the ability to produce near-
net shape die cavities directly during H Pping which
mnimzes material input and subsequent machi ni ng

(cf. D1, page 789, |ast paragraph of colums 1, 2

and 3). Since a fully dense porous free structure
(100% density) of the article is achieved after

Hl Pping, there is no need for an additi onal

t her ronechani cal treatnent such as hot forging, hot
rolling or hot extrusion (cf. D1, page 780, colum 2,
lines 4 to 8). As confirmed by docunent D1, page 790,
colum 3, lines 1 to 7, the die is after H Pping ready
for heat treatnent and finish machining, which neans
that no further thernonechanical treatnent changing the
m crostructure after HIPping is envisaged in this
process. As an exanple, the nechanical properties of
the martensitic steel type P/MHL3 after a standard
heat treatnent (1010°C/1h - air cool - 593°C 2+2h;

cf. D1, page 789, colum 3, 2nd full paragraph) are
given in D1, Tables 8 and 10 (hardness: 47.5-48.1 HRC
and toughness: Charpy V-notch inpact strength:

10 ft-1bf). However, Table 1 on page 781 and the
section "Hot-Wrk Tool Steels" of docunent D1 do not
explicitly nmention the powder netallurgy processing of
hot-work tool steels to which increased anmounts of

sul phur were added in order to inprove their

machi nability.

| nventive step
Before this technical background, it is, therefore,

necessary to consider whether it was obvious to a
skilled person to use the P/Mroute for produci ng hot
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wor k tooling conponents consisting of resul phurized
grades of hot work tool steel exhibiting an inproved
machi nabi ity wi thout sacrificing the notch toughness,
fatigue |ife and degrading the polishability.

As set out in the application (Al publication) on

page 2, lines 20 to 28, prehardened nold and di e bl ocks
made froman I/Mresulfurized H 13 steel are known in
the art. Whilst inproving the nmachinability, the

i ncreased sul phur content entails the drawback of
reduci ng the notch toughness and degradi ng the
polishability of the I/Msteel which are required for
plastic injection nolding applications. This
degradation of the nechanical properties in the ingot
metal lurgy is caused by the segregations of sul phur

whi ch forma non-uniformdistribution of numerous

sul fides of different norphol ogy. One approach to
control these segregations of sul phur within reasonabl e
l[imts is disclosed in docunent D10 whi ch suggests the
production of a hot-work die steel of resul phurized
grade H 13S by electroslag renelting to provide a nore
uni form sul phur distribution fromthe bottomto the top
in the final ingot (cf. D10, colum 1, lines 23 to 27,
Example 2, S = 0.121% . Another hot-work tool (die)
steel produced by the I/Mroute and havi ng physi cal
properties (hardness, strength and toughness) at | east
conparable to those of standard type H13 is disclosed
in docunent D9, page 2, Summary of the invention and
page 5, lines 1 to 35. If desired, this hot-work tool
steel conposition can further include free machining
addi tives such as up to 0.10% sul phur (cf. D9, page 2,

| ast paragraph; page 5, first paragraph).

As an alternative nethod to ingot netall urgy,
docunent D3 proposes the atom zation of steel alloys
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cont ai ni ng substantial anmounts of phase formng
constituents (especially sul phur, which in I/Mform
segregat abl e phases) and hot consolidating the powder
mass (cf. D3, colum 1, lines 33 to 39; colum 2,
lines 8 to 55; colum 4, lines 53 to 55; Exanple 6).
More specifically, docunent D3 nentions in colum 8,
lines 62 to 69 the production of alloys capable of
bei ng made free-nmachining including tool steels and
hot-work die steels such as those referred to in the
trade as 4130, 52100, and Cr-M steels conprising 5%
Cr, 1% M, 0.55%V, 0.5%C and the bal ance being iron.
Consequently, the production of resul phurized grades of
hot work tool steels either by the I/Mor by the P/M
route was known in the art.

Even after taking into account the Declaration of Dr

Pi nnow, the Board cannot follow the appellant's

eval uation of the contents of docunent Dl. Despite the
possi bl e negative side effects, resul phurized hot-work
tool steels for the clainmed purpose have al ready been
produced in the art and there is nothing in the
standard textbook D1 which in the skilled reader's
perception could be interpreted as a serious prejudice
whi ch had to be overcone when addi ng sul phur to the
steel grades under consideration. On the contrary, the
chapter "P/M Hot-Wrk Tool Steels" on page 789 of
docunent D1 clearly states that a frequent cause of
premature failure of large die casting dies is thernal
fatigue which is attributed to segregations and a

het er ogeneous m crostructure. Dl goes on to say that

P/ M processing offers an alternative nethod of
produci ng segregation-free hot-work tool steels of both
standard and i nproved conpositions and further offers
near net shape capability (cf. D1, page 789, second
colum). It is therefore the powder netallurgy route
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whi ch provides the nmetal |l urgi st an encouragi ng prospect
to overcone the drawbacks associated with segregation
phenonmena i n general and sul phur segregation in
particular (cf. also docunent D3). Also the superior

i npact toughness and polishability of the nold and die
bl ock clainmed in the present application originate from
a segregation-free mcrostructure and the snal

spherical shape and nore uniformdistribution of the

sul fides by taking advantage of the P/ Mtechnol ogy.

Thi s evaluation of the contents of docunent D1 cannot
be changed by the technical results presented in
docunent D5. Al tests in this document were perforned
on speci nens which were produced by nelting the alloy
in a high frequency induction furnace and casting an
ingot. This represents the typical I/Mroute and the
products suffer fromthe drawbacks associ at ed
therewith. The sane statement is true for docunent D8
whi ch di scloses thermal fatigue test results for
commercial (1/M hot work tool steels conprising sulfur
in the range of 0.001 to 0.021%

In view of these considerations, the subject matter of
claim1l1l does not involve an inventive step.

3.4 The sane reasoning is true for independent clains 2, 3
and 4 which are directed to PPMnold and die articles
produced fromdifferent compositions of well known hot
wor k tool steels.

3.5 Conmpared with the product clainms 1 to 4, independent
nmethod clains 8 to 10 additionally conprise the typica
standard heat treatnent and processing steps which are
di scl osed for exanple in docunent D1, page 789,
colum 3, second full paragraph. Hence, also the

3087.D Y A
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claims 8 to 10 do not conprise technical features
justifying an inventive step.

Procedural nmatters

In the course of the proceedi ngs before the Exam ning
Di vision, the appellant (applicant) was informed via a
t el ephone conversation with the formalities officer on
22 February 1999 that the first exam ner entrusted with
t he substantive exam nation of the file had departed
and, therefore, the nenbers form ng the Exam ning

Di vi sion needed to be changed. In order to neet the
applicant's request submtted on 1 March 1999 for
expediting the prosecution of the application, the
menbers form ng the new Exam ning Division i mediately
prepared for oral proceedings which took place on

22 April 1999. In the official comunication
acconpanyi ng the summon for oral proceedings, the
Examining Division referred explicitly to the nost

rel evant prior art, ie. the technical teaching given in
standard textbook D1, and expressed serious doubts as
to the inventive step of the subject matter of claim1.
It should, therefore, have been clear to the applicant
that the nmenbers of the new Exam ning Division were

di sinclined to accept the positive view expressed by
the former primary exam ner. In response and encl osed
with its letter dated 20 April 1999, the applicant
subm tted general comments and technical observations
concerning the cited prior art. Gven this situation

t he applicant could not have been surprised by the
Division's position and the discussion at the oral
proceedi ngs which essentially concerned the issue of

i nventive step of the clainmed subject matter vis-a-vis
t he disclosure of docunent D1 and, at a | ater stage,

t he reasoni ng which formed the basis for refusing the
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application. A procedural violation under
Article 113(1) EPC as all eged by the appellant is,
therefore, not discernable to the Board.

Or der

For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

V. Conmar e W D. Wi ld
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