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modification and is thermodynamically unstable at lower

temperatures, an austenitic steel must be stabilized to
conversion into other modifications so that it retains its

30 desired austenitic properties at normal temperature too. This can
be effected, for example, by adding alloy elements which are
known as stabilizers of the zustenite structure. The alloy
element most frequently used for this purpose is nickel,
typically in an amount of from 8 to 10% by weight.

35
Other alloy components are used for influencing other properties
of the steel (for example corrosion stability and stability to
wear, hardness, strength or cductility) in a desired manner,
However, the use of specific alloy components also freguently

40 leads - generally as a function of the amount - to certain
disadvantages, which can be counteracted to a certain extent by
adapting the alloy composition. For example, carbon and manganese
generally help to stabilize the austenite structure but, in
excessive amounts, reduce the corrosion stability. Silicon is

45 frequently an unavoidable impurity and is sometimes also
deliberately added as an oxygen scavenger but promotes the
formation of &-ferrite. Chromium, molybdenum and tungsten make a




formation of 6-ferrite- Chrom um nolybdenum and tungsten make a 1 9 DEC
2003 2 decisive contribution toward corrosion stability but |ikew 4 DEC 2003
pronote the formation of 6-ferrite. Nitrogen in turn stabilizes the
austenite structure and increases the corrosion stability but excessively
hi gh nitrogen contents reduce the ducgility of the 5 steel. One difficulty
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medlcal instruments made of such steels. In many countries,

limits are therefore being specified, or are already in force for

the nickel content, of materials or for their nickel release on

30 contact with a human or animal body. It is also for this reason

that it is becoming increasingly important to have very many

low-nickel austenitic steels available for very many

applications. '

35 A number of low-nickel austenitic steels, including nickel-free
ones, are known. As a rule, the austenitic structure in such
steels is stabilized by the element nitrogen.

Thus, AT-B-266 900 discloses the use of austenitic, nonmagnetic

40 steels for the production of moving machine parts, in particular
those subjected to vibrational stresses, the steels to be used
merely being defined in extremely wide ranges of possible
compositions: from 0 to 20% by weight of Mn, from 0 to 30% by
weight of Cr, from 0 to 5% by weight of Mo and/or Vv, at least

45 0.5, preferably at least 1.4, % by weight of N, from 0.02 to
0.55% by weight of C, from 0 to 2% by weight of Si and from 0 to
25% by weight of Ni, the remainder being iron. Said wide ranges



0.55% by weight of C, fromO to 2% by weight of Si and fromO to 25% by
wei ght of Ni, the remainder being iron. Said wide ranges 1 9 DEC 2943 [C( 2003
cover different steels having conpletely different properties, criteria
for choosing specific steels are not given, and there is just as little

i nformation regarding neasures for the production of such steels. 5

Us- A- 2, 764 481 | oses _varjouys austenitic e ncl udi n st eel
referred £3°%5 %%C en%dsfi%%jp%l savﬁ goc%}glt%}: \SA% éﬁff%’fe% prﬁpgg/gﬁﬁ'vml ght of
Si, 8.0% Sﬁlﬁﬁb‘ht BF WROSHNI FRBcH lﬁe?*'gﬁﬁlsoﬁredlo‘érﬂ‘@%4%‘ﬁytmqgﬁts of N,
the renmai dyer &®ikigtileoanipxinahsonoreddrdirgdiiepswes g hiorftheaprodsction

I mpuritiesf SeEentidegdson the after treatnent, these steels are used either
as fixed structural conponents, for exanple in turbines, or as thermal

shock- an onhe nt parts, for exa Ie |n al ves EP- A- 875
591 descrlgges '?1726411%1 lgégoosrersosaléﬁb?sésaus?‘t entrlrg ete\aliLnt'l aflf:lugmcﬂ(& free

austeniti@ %’f’ee’TefseEEﬂjaﬁ?l af 1§ 24d oAPY | S9TRY 15108 %63/% Ry \'ﬂ@llgh{ of Gvh, 11-
24% by wePgbt kit WGighe. 6f-SBYSPinby ghidit N6, MO, 21.9530%ybye iiglet of N,
0.1 - 0.9k bynd vieidght bef w&l gran@fup, t thd .rFreliyideei gdingfirbin, ahdeiy awai nder
bei ng 1801 Fy @ﬁv@l@meefa&aﬁ%st he Mﬂﬁlé%tlﬁe ehadld idnl g@aewnich are in
cont act Wil 4\ gcRE, Itgf;;@ 208 A0 LLKRM SE daser bes,cthg,use of

a corrosion-resistan i ckel-free

material FOPPYIRD roaaﬁt%adﬂp 3Pt Vet o 98, dgnTado APSEE- vith T vi ng
bei ngs. Tﬁ%a%wre%s%@%m%tﬁy Sor eHAFPLeedn2val iy by wei ght of M, 11 -
24% by weight of Cr, 2.5 - 10% by wei ght of Md, 0.55 -- 1.2% by vvelght of
N, | esssttm-oaﬁ%%yd&\&hgilﬁesofthé: @bl dIp al @0Or&Adn~resiigbanof N, the
rl ggall gggg 4um£&|1l5§1 Jﬁ’lAeqlllf%éQZQJ (éﬁlec%cakeé@sg}fb%cttﬁuébtﬁrgct No.

Ses )S -
2506 by wer gt i3 S8 Sty 5%8%@9 @f% MSI %*We% Eﬂp of 5 3t
0.05 - 0.5% )PYV\EI gﬁf’t f@ 4N YGnd'rof : V\f‘r% é(mal nder
bei ng Fe, veih seald “.%FHOpBug’F d?ihg"ﬂQEtAQi%lfO?hSZBeEi%‘s’é,‘?qu@?lagst eel
conposéel Eﬁr &s aw%byiqri!eifgm thé pmdukd ionl18% atisdieghwhdéh Gre An5 - 6% by
wei ght 35ceftadt, wAtb5livingl Yebygsei IEHA-AB5N13 W01 A ikelYsbydewirgesof C and
up to 0. 5%dyseebght @érﬂws,lohheeé@gwdweﬁbbeaﬂgldiq,y andkéiseiise for
various cAmenRLs, st@epaar &n%'ﬂle?{aﬂef‘cﬁf% er £EMy i soflgrémescaﬁgcpf the

steel s di scl ose | AN cat hons e corr05| on
resi st ancer i s achr'e Q d V\ﬁq'h 1'{91 asuceepl Gugsga o]T1 m)l deenum

4
by far2? P Rgdee8x %nsﬁﬁe% 5‘?’ f’ﬁégh*ccﬂfvgﬁt'l i?’laT r%‘I%‘I EF%‘% t&f cr,

- 10% by welght of Mo, (.55 - 1.2% by weight of N, less than 0.3%
by weight of C and up to 0.5% by weight of Ni, the remainder
being Fe. JP-A-07/150297 (Chemical Abstracts: Abstract No.
123:175994) discloses a steel composed of 10 - 25% by weight of

30 Mn, 10 - 25% by weight of Cr, 5 - 10% by weight of Mo, 0.2 - 1%
by weight of N, 0.05 - 0.5% by weight of C and up to 0.5% by
weight of Si, the remainder being Fe, and its use in
shipbuilding. DE-A-196 07 828 describes a steel composed of 8 -
15% by weight of Mn, 13 - 18% by weight of Cr, 2.5 - 6% by weight

35 of Mo, 0.55 - 1.1% by weight of N, up to 0.1% by weight of C and
up to 0.5% by weight of Ni, the remaindex being Fe, and its use
for various components, in particular generator cap rings. In the
case of the steels disclosed in said publications, the required
high corrosion resistance is achieved with a comparatively large

40 amount of molybdenum, by far the most expensive of the
conventional alloy elements.

DE-A-42 42 757 proposes the use of a steel substantially
comprising 21 = 35% by weight of Mn, 9 - 20% by weight of Cr, 0 -
45 7% by weight of Mo, 0.3 ~ 0.7% by weight of N, up to 0.015% by
weight of ¢, up to 0.1% by weight of Ni, up to 0.5% by weight of
Si, up to 0.02% by weight of P, up to 0.02% by weight of S and up
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and it being necessary for the alloy composition to fulfill
30 further specific conditions. Alternatively, the alloy may be free
of Cu and Ni if a comparatively high manganese content of at
least 21% by weight is used. In this steel, too it is therefore
only possible to dispense with nickel if a comparatively high
molybdenum or manganese content is accepted, and/or at least 1%
35 by weight of copper is present.

EP-A-640 695 discloses a steel composed of 11 - 25% by weight of
Mn, 10 - 20% by weight of Cr, up to 1% by weight of Mo, 0.05 -
0.55% by weight of N, up to 0.01% by weight of C, up to 0.5% by
40 weight of Ni and up to 1% by weight of Si, the remainder being
Fe, and its use for the production of commodities, which come
into contact with the skin of living beings. JP-A-07/157847
describes a steel comprising 9 - 20% by weight of Mn, 12 - 20% by
weight of Cr, 1 - 5% by weight of Mo, 0.1 - 0.5% by weight of N,
45 0.01 - 0.6% by weight of ¢, 0.05 - 2.0% by weight of 8i, 0.05 -
4% by weight of Cu, the remainder being Fe, and its use for the
production of watch cases. JP-A-06/116 683 (Chemical Abstracts: -
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its use for the production of commodities, which cone into contact ﬂ]g 003
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processable. Particularly noteworthy,
Manganese: less than 9.0% by weight;

Chromium: at least 16 and not more than 22% by weight;
Nitrogen: more than 0,30 and not more than 0.70% by
25 weight;
Carbon: more than 0.08 and not more than 0.30% by
weight; and
Silicon: less than 2.0% by weight.

30 We have furthermore found processes for the production of
moldings from steel.

Data in % by weight relate to the composition of the prepared
steel.
35
The novel steel has a low nickel content and is preferably
nickel-free, austenitic, a corrosion-resistant material which is
readily producible and processable. Particularly noteworthy,
however, are its high strength and ductility, which, together
40 with its high corrosion resistance, make it usable in particular
for applications in building construction and civil engineering,
and very particularly for load-bearing components

The novel steel has a low nickel content, i.e. nickel is added to
45 it, if at all, only in comparatively small amounts or in general

not more than 2, far example not more than 1, % by weight. The

novel steel is preferably nickel-free, i.e. is free of -
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particul & ar ctn ﬁ‘é‘? BEhEgST &BpEErPer t;%s 53% by weight. These alloy

elements are present substantially in solid solution, i.e. finely
divided in atomic form in the austenitic lattice, and not as
carbides, nitrides or intermetallic phases.

30
The addition of a small amount of further alloy elements which
are frequently used for improving specific properties for
specific applications or as & conventional additive in steel
production does not generally impair the material properties of

35 the novel steel. In particular, it may contain copper in an
amount of less than 2.0, for example less than 1.0, preferably
less than 0.5, % by weight. It may also contain, for example,
tungsten in an amount of less than 2.0 and preferably not more
than 1.0% by weight, and silicon in an amount of less than 2.0,

40 for example 0.2, % by weight. If molybdenum is contained in the
novel steel not only as an unavoidable impurity but is
intentionally added, the novel steel contains in general less
than 2.0, preferably less than 1.0, % by weight of molybdenum.

45 In a preferred embodiment, the novel steel consists of iron,
unavoidable impurities and the following components:




amount of less than 2.0, for exanple less than 1.0, preferably |ess than
0.5, %by weight. Tt may al so contain, for exanple, tungsten in an 1ahBn 00
of less than 2.0 and preferably not nore than 1.0% by weight, and sil:.con
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t han 0. 70% by Car bo 08 and n no n 0. 30% by
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by wei ght. Insalficenher plefertkah entdddbyemeighthe novel steel consists of

i ron, unavoi dﬂbh?b&iéﬂ)ﬂﬁi t nessapgart heo&obqumgqtqorrponents 15 Manganese:

|l ess than 9. 0%, y\el ght; 1gggogp‘ ;aggqnot nmore than 22% by
meight; Ni ck ess: tha 0% ogen nore than 0.30 and not

nore than O. 7%6}’1%?/1: o vvel ﬁf t V\ﬁ%gg% ejtgﬁ‘an 0.12 and not nore than

0.30% by Silicon: Mol ybdenum 25 Copper: Tungsten: i ht we g 2.0%y
wei ght ; In a further preferred embodiment, the novel steel consists of
iron, unavoidable impurities and the following components:
15
Manganese: less than 9.0% by weight;
Chromium:  at least 20 and not more than 22% by weight;
Nickel: less than 1.0% by weight;
Nitrogen: more than 0.30 and not more than 0.70% by
20 weight;
Carbon: more than 0.12 and not more than 0.30% by
. weight;
Silicon: less than 2.0% by weight;
Molybdenum: 1less than 1.0% by weight;
25 Copper: less than 1.0% by weight; and
Tungsten: less than 1.0% by weight.

The novel steel is extremely corrosion-resistant. The corrosion
resistance, expressed as critical crevice corrosion temperature
30 increases with the following effective sum of alloy elements:

Effective sum = Cr + 3.3 Mo + 20 C + 20N - 0.5 Mn - 0.2 Ni,

where the element symbol is the content of this element in % by

35 weight in the steel. In applications where the corrosion
resistance of the steel is important, the composition of the
steel is therefore optimized to obtain a very high effective sum
within the limits prescribed by its other required material
properties (strength, ductility, etc.). In these cases, a low

40 manganese and nickel content and a high carbon and nitrogen
content are preferred.

Workpieces comprising the novel steel have a wide range of uses.

{Since the novel steel is an object and therefore always has a
45 geometric shape, the terms “the steel” and “a workpiece or

article comprising this steel” generally have the same meaning.)
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preStress{ﬁEJﬁ?dﬁ%btiBQrOPXﬁﬁaﬁgﬁrigﬁtJH%aratuses, for example apparatuses
or pipelines in oil and natural gas exploration and production,
25 and the associated ocean engineering as well as in shipbuilding,
or in the petrochemical industry. Furthermore, it is used as
material in transport technology, for example for components or
installations and means of transport for water, land and air
transport. Furthermore, it is used in mechanical engineering and
30 plant construction, for example for energy and power station
technology or for electrical and electronic equipment. The novel
steel is moreover used as a metallic binder phase for hard
substances in hard sintered moldings.

35 For some of said applications, in particular where ferromagnetism
presents no problems, it may be sufficient to apply or produce
the novel steel only as a surface layer. Processes for this
purpose are known, for example the plating of a workpiece with a
thin coating of the novel steel, or only partial nitriding of a

40 workpiece comprising a nitrogen~free or relatively low-nitrogen
master alloy.

The novel steel is produced and/or shaped into the desired
workpiece by known steel production methods, for example by

45 pressureless smelting, electroslaqg resmelting, pressure
electroslag resmelting, pouring of the melt, forging, hot and/or
cold forming, powder metallurgy, for example pressing and
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A preferr%d 1f)r‘*"bcess For*t 6?‘83 t rﬁ??rf ﬂaéisegoﬁ K i §f%% he novel

steel is powder netallurgy. For thi s purpose, a powder conprising the
novel 8Bekt v ratnpbsobuielit essentfiel &0 wepythe steel or its

nitrogen-free or relatively low-nitrogen precursor in the form of
a uniform alloy. The components of the steel or of its precursor
may also be present in the form of a pulverulent mixture of the
alloy elements or as a mixture of different alloys and/or pure

30 elements, from which an allov of the desired gross composition
form by the master allcy technique during the sinter process as a
result of diffusion. For exanmple, a mixture of pure iron powder
and an alloy powder which contains the other alloy elements and,
if desired, also iron may be used.

35
A substantial disadvantage of simple powder metallurgical shaping
processes, for example pressing in a mold, is that only moldings
having a comparatively simple external shape can be produced
thereby. &nother known powder metallurgical process which is

40 suitable in particular for the production of moldings having a
complex geometry is powder injection molding. For this purpose,
the steel powder, a nitrogen-free or relatively low-nitrogen
precursor, is mixed with a thermoplastic, which is usually
referred to as a binder in powder injection molding technalogy.

45 and, if required, further assistants, so that overall a
thermoplastic injection molding material (feedstock) forms.
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t he t her mepimstBihreGr 8ckd. Uggowitzer and M. O. Speidel: ,Competitive
Advantages by Near-Net-Shape-Manufacturing” (Editor H.-D. Kunze),
Deutsche Gesellschaft fiir Metallurgie, Frankfurt, 1997 (ISBN
3-88355-246-1), and H. Wohlfromm, M. Bldémacher, D. Weinand,
30 E.-M. Langer and M. Schwarz: ,Novel Materials in Metal Injection
Molding*, Proceedings of PIM-97 - 1lst European Symposium on
Powder Injection Moulding, Munich Trade Fair Centre, Munich,
Germany, October 15-16, 1997, European Powder Metallurgy
Association 1997, (ISBN 1-892072-05-5) describe powder injection
35 molding processes for the production of nickel-free
nitrogen-containing steels with nitriding during the sintering
process. International Patent Application PCT/EP/99/09136 (date
of international filing November 25, 1999 Priority Application
DE 19855422.2 of December 1, 1998) describes a process for the
40 production of hard sintered moldings comprising nickel-free
austenitic steel as a metallic binder phase of the hard

substances.

The powder injection molding process differs in procedure from
45 conventional powder metallurgical processes, such as pressing and

sintering, in the method of shaping the consequent additional

step for removal of the thermoplastic powder injection molding
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improving the processing properties of the injection molding

material are also mixed with the latter, for example dispersants.

Comparable thermoplastic materials and processes for their

preparation and processing by injection molding and catalytic

30 binder removal are known and are described, for example, in

EP-A 413 231, EP-2 446 708, EP-A 444 475 and EP-A B(00 882 and in

particular EP-A 465 940 and its US eguivalent US 5,362,791 which

are hereby expressly incorporated by reference.

35 A preferred novel injection molding material consists of:

a) from 40 to 70% by volume of the steel defined in claim 1, 2
or 3, of a nitrogen-free or relatively low-nitrogen
precursor of this steel or of a mixture as components of

40 the steel or of its precursor, in powder form having a mean
particle size of 0.1 micrometer and not more than 100,
preferably not more than 50, particularly preferably not
more than 20, micrometers;

45 b) from 30 to 60% by volume of a mixture of




15 thernoplastic, nonnetallic material as a powder injection noldi ngi

bi nder, and the powder injection nolding material is thus produced. 3 BEC 2003
Sui tabl e thernopl astics for the production of injection nolding materials
are known. In general, thernoplastics are used, for exanple polyolefins,
such as pol yethyl ene or polypropylene 20 or polyethers such as
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processing by injecti oalymgxi.ng and catal ytic 30 binder renoval are known
and are described, for exanple, in EP-A 413 231, EP-A 446 708, EP-A 444
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The honD Sﬁ ;gii%é¥3§lgggfﬁhgﬁnp 1tst§équence of (-OCHz) units is

interrupted by units in which more than one carbon atom is

25 arranged between two oxygen atoms. Examples of cyclic ethers
suitable as comonomers are ethylene oxide, 1,2-propylene oxide,
1,2-butylene oxide, 1,3-dioxane, 1,3-dioxclane, dioxepan, linear
oligo- and polyformals, such as polydioxolane or polydioxepan,
and oxymethylene terpolymers.

30
Suitable components b2) are in principle polymers which are
immiscible with the polyoxymesthylene homo- or copolymer bl). Such
polymers and their preparation are known to a person skilled in
the art and are described in the literature.

35
Preferred polymers of this type are polyolefins, vinylaromatic
polymers, polymers of vinyl esters of aliphatic C;-Cg-carboxylic
acids, polymers of vinyl alkyl ethers having 1 to 8 carbon atoms
in the alkyl group or polymers of methacrylates having at least

40 70% by weight of units which are derived from methacrylates or
mixtures thereof.

Suitable polyolefins are, for example, polymers of olefins of 2
to 8, in particular 2, 3 or 4, carbon atoms and copolymers

45 thereof. Polyethylene and polypropylene and copolymers thereof
are particularly preferred. Such polymers are mass-produced
products, or widely used commercial produgte and therefore known



pol ymeri zation (generally catalyzed polynerization) of formaldehyde or
trioxane. For the preparation of polyoxynethylene 20 copol ymers, a dyacB £ (c2003
ether or a plurality of cyclic ether is or are conveniently used as a
comononer together with the formal dehyde and/or trioxane in the
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dispersing properties may also be used as dispersants.

The metal powder - in the powder injection molding process after
prior mixing with the thermoplastic binder and, if required, with

30 the assistants - is brought by means of a shaping tool, for
example a press, into a form which very closely approaches its
desired final geometric shape, in order to avoid any expensive
subsequent processing of the finished sintered molding. It is
known that shrinkage of the workpieces, which is usually

35 compensated by correspondingly larger dimensioning of the
moldings prior to sintering, occurs during the sintering.

The molding of the powder injection molding feedstocks is
effected in a conventional manner using customary injection

40 molding machines. The moldings are freed from the thermoplastic
powder injection molding binder in a conventional manner, for
example by pyrolysis. The binder is preferably removed
catalytically from the preferred novel injection molding material
by heat-treating of the green compact in a known manner with an

45 atmosphere ceentaining a gaseous acid. This atmosphere is produced
py vaporizing an acid with sufficient vapor pressure,
conveniently by passing a carrier gas, in particular nitrogen,




derived from nethacryl ates. For exanple, 0-30, preferably 0-20, % 15 by

wei ght of acrylates, preferably methyl acrylate and/or ethyl acryl &t$®)b@ag

be used as ot her conononers. Conponent c) is a dispersant. Dispersants are

wi dely used and are known to a person skilled in the art. In general, it

I's possible 20 to use any dispersan 4V\/nich | nproves the honogeneity of the

I njection polding material. Preferred, dispersants are oligonerijc
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pressure, conveniently by passing a carrier gas, in particular nitrogen, 1
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removed. ipe temperature results not only in a slowing down of the
sintering process itself but also in a reduction in the diffusion
30 rate of the nitrogen in the steel the sintering and/or nitriding
process takes correspondingly longer at lower temperature. That
combination of furnace temperature, in particular the nitrogen
partial pressure, temperature and duration of sintering and/or
nitriding, which is optimum for achieving a specific desired
35 nitrogen content in a homogeneous, dense sintered molding can
readily be determined from case t¢ ¢ase on the basis of a few
routine experiments. Such sintering processes are described, for
example, in the publications by Bihre et al. and Wohlfromm et al.
These two publications were hereby expressly incorporated by
40 reference.

Usually, nitrogen partial pressures in the furnace atmosphere of
at least 0.1, preferably 0.25, bar are used. This nitrogen
partial pressure is in general not more than 2, preferably not

4% more than 1, bar. The furnace atmosphere may consist of pure
nitrogen or of inert gases, such as argon, and/or reactive gases,
such as nitrogen. In general, it is advantageous to use a mixture



After the shaping - and, in the injection nolding process, subsequent
renoval of the binder - the nolding is sintered in a 15 sinter furnac®0EDH2003
give the sintered nolding and, if a nitrogen-free or |ow nitrogen
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f ur nac@d atBRPHEMEeshoul d preferably be substantially dry and in general a
dew poi nt of -4000 is sufficient for this purpose.
The optimum heating rates are readily determined by a few routine

experiments and are usually at least 1°C: preferably at least 2°C,
particularly preferably at least 3°9C per minute. For economic

30 reasons, a very high heating rate is generally desirable in order
to avoid an adverse effect on the quality of the sintering and/or
nitriding, but a heating rate below 20°C per minute is generally
established. Under certain circumstances, it is advantageous,
during the heating to the sintering and/or nitriding temperature,

35 to maintain a waiting time at a temperature which is below the
sintering and/or nitriding temperature, for example maintain a
temperature of from 500 to 700°C, for example 600°C, over a period
of from 30 minutes to two hours, for example one hour.

40 The duration of sintering and/or nitriding, i.e. the hold time at
sintering and/or nitriding temperature, is generally established
so that the sintering moldings are both sufficiently
dense-sintered and sufficiently homogenecusly nitrided. In the
case of conventiconal sintering and/or nitriding temperatures,

45 nitrogen partial pressures and molding sizes the duration of
sintering and/or nitriding is generally at least 30, preferably
at least 60, minutes. This duration of the sintering and/or -



10 The (absolute) pressure in the sinter and/or nitriding furnace is
usual |y at |east 100, preferably at |least 250, nbar. It is furtherrdBEG 103
general not nore than 2.5, preferably not nore than 2, bar. Particularly
preferably, atnospheric pressure is 15 enployed. The sintering and/or
nitriding tenperature is in general % | east 1000C, preferably 1050C
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fromthe chell(z_onom c point of view, the sintering and/or nitriding process 5
does not take an unsatisfactorily long tine. In general, the sintering and
nitridin rocess (W thout the heating and cooling phases) can be
ternin%%gﬂg§gtépnﬁgglqﬁ”ng{ﬁgnnigrhbgﬁggny desired aftertreatment, for

example solution heat-treatment and quenching in water or oil or
hot isostatic pressing of the sintered moldings, may be carried
out. Preferably, the sintered moldings are subjected to a
solution heat-treatment by heat-treating them for at least 5,

30 preferably at least 10, minutes and not more than 2 hours,
preferably not more than one hour, at a temperature of at least
1000°C, preferably at least 1100°C, and not more than 1250°C,
preferably not more than 1200°C, under inert gas, for example
under nitrogen and/or argon, and then quenching them, for example

35 in cold water.

Examples

Example 1

40
An austenitic steel, consisting of 20% by weight of chromium,
4.9% by weight of manganese, 0.4% by weight of nitrogen, 0.15% by
weight of carbon and 0.2% by weight of silicon, the remainder
comprising iron and unavoidable impurities, was produced by

45 smelting in a vacuum induction furnace, pouring into ingot molds,
homogenization, forging, solution heat treatment and gquenching
from 1100°C. Its yield point was 509 MPa, its notched impact



The sintering and/or nitriding process is termnated by cooling 10 the
sintered nol di ngs. Dependi ng on the conposition of the steel, a spedidDEC 2003
cool ing procedure may be necessary, for exanple very rapid cooling, in
order to obtain high-tenperature phases or to prevent separation of the

conponents of the steel. In general, jht is also desirable for econonic
reasons totcool tver%/ rnaapi dlg (i%n.,15 order to achi,eve atshi h.production rate.
The upper SFFPEEBI"The YU 80P Thg FafE®) $°F HHET AR LT M éred™ nbf Hi ngs

havi ng deff@8ism chlpiidgs sprubkan atr 48K& wae déPBrMation, due to excessively
rapid cooling occur in an anmount which is econom cally unsatisfactory.

Accor di nglegamplie »pti mum cooling is readily determned in a few 20 routine
experimgnts. In general, it is advisable to use cooling rates of at |east

100, preferably, at. least 200, C per .m nu The sinter | di ngs can be
quenched, PofSkENHE Frefor FubariBp ohi1t 78 wft B b g, or
nitriding8AY BesysisthtaptePereierent 0- P2t Prevgdphe ebhinitirgdehReal -Y3%at nent
and quenchiyngeightwatfercagboni éndrd. 2Roby i woigthat iof pibdmimg tof rémawiderer ed
nol di ngs, coRprbeimhririoad an@uinavidiakBlablinpurtirees| ey gdaiakdangs are

subj ect;d she1 815! 4 1200 aBEEh - i RRLTBAT £bdh Sreat pl’sﬁﬁfﬂi NGtbheaydomalysl, east

5, 30 pret y_.at. | ea m 0 h 2 N

pr ef er abl goﬁésgljrlr%z}fgut nén%fl%g!?durs ?’Hg?f%ﬁp] ceéaqetrtggﬁrge of %gltd f’.{e}gﬁ{ﬁ”‘foooc,
preferabl yTaF 1EUSE- 110D 18AMdPREYT Mit%e SlRaliPa250¢ MOpFRFr HHIA tnot nore

t han 1200€trenget Waserf0gdsand gitsegbpplee aprdesipn tpugdYiahdinriZd gon, and
t hen guenehdingm tdtdmr ifler sekeanjane at353 i wae| Hi2é@tmtr.. Exanpl es Exanple 1 40
An austignitic steel, consisting of 20% by wei ght of chromum 4.9% by

vei ght of plBNgaNnRSes Anbdo BYatin@hhotd) NddeQ98hrpleskr?ochl c¥Bi&torof carbon
and 0.2% by el Qe GhaSLLLGO, Lhe LEIml Nder COIPTdelAd LEAN 21, £ar
unavoi dabFe FHpUrI L €s, was ':]’pr oQucetE by 45 -Siert nng n_a vaclium i nduction
furnace, Bﬂ)ﬂlli“’rr'?d:qrﬁl‘)&lf’ﬂg{)‘?s’r?ﬁ‘laﬂg?f %%%b@é‘ﬁipfaf?%n‘f & SEgPABEP <M uti on heat
t r eat nent lavcR bissh@dngna i yaiad s08trlegs sgeeld- poi nt was 509 MPa, its

not che@0i npact 1 9 0 E C 2003 17 strength was 240 J and its crevice
corrosion potential in 22% sodium chloride solution at 23C was 1250 nw.
Exanple 2 5 An austenitic steel, consisting of 21% by wei ght of chrom um
8.5% by wei ght of manganese, 0.55% by wei ght of nitrogen, 0.15%

25
30
35

40

45



by wei ght of carbon and 0.2% by wei ght of silicon, the remnai nder

conprising iron and unavoi dable inpurities, was produced by 10 snel tHihgE( 103
a vacuum i nduction furnace, pouring into ingot nolds, honogenization,
forging, solution heat treatnent and quenching from 1100C. Its yield point
was 610 MPa, its notched inpact strength was 250 J and its crevice
corrosion potential in 22% sodium chloride solution at 23C was 1260 nV. 15
The exanpl es show that the novel steell8surpasses the corrosion resistance
and strength of typical stainless steels and, with far higher corrosion
resi stance, al so surpasses the strergthiMf |ow -alloy and unal |l oyed -
stainless steels. 20 25 30 35 40 45 1 9 DEC 2003 18 CLAIMS 1 A powder
injection nmolding material containing a steel which consists of iron,

unavoi dable inmpurities and the follow ng conponents: M nese:. |.ess .than
9.0% by wei ht ; &mhosydaidniestion aa%@m@mtﬁaah%%)ntaww @ﬁéﬁﬁqg‘%ﬁwoﬂfﬁﬁrﬂf;'m”'
Ni ckel: less th 0 el - N e .30 and not nore

t han 0. 70% by V\&”@%{&g{&@éﬂ?@@\dﬂﬁ%?@'ﬂ ?Iﬁ]%ﬁﬁ@wdﬁgﬁ@bﬁﬁt@n%m e than 0. 30% by
wei ght;  Siliconymahgasetddns? it ®Yomby gheighthbl ybdenum | ess than 2. 0% by

wei ght; Copper: |ess than 2.0% by wei ght; and sten; | ess than 2. 0% by

wei ght, a ni trogehrarpisen g leastahg WOFW%&%%%%%PWEMW of this steel

or a mxture of &h .or of its precursor, in powder
NEXERIEE 03 0%y }Ieﬁh

form and a thernop I nder’. wher injection nolding material as
clainmed in clai NNitrogeenshereithgn @ 30 and hobmoto than 00Whpywetignk of the st eel

pr ecur sor of £ hi GaRELIMeIE BERUAGPBISR! fize IBaRBoHEnY BFiohe o cel or its
M crometer and neycesr SoP KR! 208 BYGRAHNE ere: by Trom 30 fo 609 by vol ume
of a m xture of: Malybdernum:S6sd thah0D9&bhy wedigitit of a pol yoxynet hyl one hono-
or copolyrmer Copper: less than 2.0% by weight; and

Tungsten: less than 2.0% by weight,

a nitrogen-free or relatively low-nitrogen precursor of this steel or a mixture of

components of the steel or of its precursor, in powder form, and a thermoplas

binder.
2. A powder injection moldirg material as claimed in ¢claim 1, consisting of:

a) from 40 to 70% by volume of the steel defined in claim 1, of a nitrogen-
free or relatively low-nitrogen precursor of this steel or a mixture of the
components of the steel or its precursor, in powder form having a meal
particle size of at least 0.1 micrometer and not more than 100
micrometers;

b) from 30 to 60% by volume of a mixture of:
b1) from 50 to 100% by weight of a polyoxymethylene homo- or

copolymer
and

b2)  from 0 to 50% by weight of a polymer which is immiscible with b1) and
be thermally removed without leaving a residue, or a mixture of such
polymers,

as a thermoplastic binder of the powder a), and

c) from 0 1o 5% hy volume of a dispersant.

3. A process for the production of moldings from the steel defined in claim 1,



and b2) fromO to 50% by wei ght of a polynmer which is immscible with bl)
and be thermally renoved without |eaving a residue, or a mxture of 3B 2003
polymers, as a thernoplastic binder of the powder a), and c¢) fromO to 5%
by vol une of a dispersant. 3. A process for the production of noldings from
the steel defined in claim1, 19DEC2003 19 conprising the process steps
injection nolding of the injection nolding materi defined in claim1,

bi nder renoval and sintering. 4. A pro@ess as claimed in claim3, wherein
the binder is renoved catalytically. 5. A process as clainmed in claim 3,
wherein a nitrogen-free or relatively low nitrogen precursor of the steel
defined in clai oA M f ; [ i I - d,
and the nitrogencaBArRe BF ArpEe kP eI RpluRL ot BeTRieRetrRge ne B
after the sinteridhedin daiacastinbier ravoidliang sintekiah. al | ergy caused by
contact of netallic articles with human or animal body, conprising using
the steel d&fined PHCESaian claimeddin taifedi wherelh the bingeels rpmavedgadalyticalyast
occasionally in gp ith,. : i, ol L Lnjection
mol di ng rrat%’ri al %agntoic]%tgls‘% l"i‘"n gq'gll{rr@% B\mlég@elurhQ?ﬁtﬁo%e{rggﬁ‘?%?w%?lg%lgr@gr or

their conpounds hinogemqﬁécmr@bﬂbhm\east@elrwmeﬂantcia:rlne1 ot aeniafura@f thereompohan
50 mcroneters. 8. powder injection nolding material as clained in claim

3, wherein the s®klis piecupiasdeipged, id theaitrogempeniedd of hepeirakis gsiallishedé a
mean particle sige;ffqWlng B ahet BsitbrRCr OmeLers.

6. Process for avoiding nickel ailergy caused by contact of metallic articles with
human or animal body, ccmprising using the steel defined in claim 1 as a
material for articles which are at least occasionally in contact with the human
animal body.

7. A powder injection molding material as claimed in claim 2, wherein the steel, i
precursor or their compounds in powder form have a mean parlicle size of nof
more than 50 micrometers.

8. A powder injection molding material as claimed in claim 3, wherein the steel, |
precursor or their compounds in powder form have a mean particle size of nol

rnore than 20 micrometers.



