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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention concerns a method of making sintered components made from
an iron-based powder composition and the sintered component per se. The method is
especially suited for producing components which will be subjected to wear at elevated
temperatures, consequently the components consists of a heat resistant stainless steel with
hard phases. Examples of such components are parts in turbochargers for internal combustion
engines.

BACKGROUND OF THE INVENTION

[0002] In industries the use of metal products manufacturing by compaction and sintering of
metal powder compositions is becoming increasingly widespread. A number of different
products of varying shape and thickness are being produced, and the quality requirements are
continuously raised. At the same time it is desired to reduce the costs. Since net shape
components, or near net shape components requiring a minimum of machining in order to
reach finished shape, are obtained by pressing and sintering of iron powder compositions,
which implies a high degree of material utilisation, this technique has a great advantage over
conventional techniques such as casting, moulding or machining from bar stock or forgings, for
forming metal parts.

[0003] However, for some applications a drawback for the press- and sintering method may be
that the sintered component contains a certain amount of pores, decreasing the strength of the
component. Basically there are two ways to overcome the negative effect on mechanical
properties caused by the component porosity:

1. 1) The strength of the sintered component may be increased by introducing alloying
elements such as carbon, copper, nickel molybdenum etc.

2.2) The porosity of the sintered component may be reduced by increasing the
compressibility of the powder composition, and/or increasing the compaction pressure
for a higher green density, or increasing the shrinkage of the component during
sintering.

[0004] In practise a combination of strengthening the component by addition of alloying
elements and minimising the porosity is applied.

For iron-based sintered components which are subjected to wear and corrosion at elevated
temperature a prerequisite in order to withstand such conditions is that the components are
made of stainless steel and also containing hard phases. High sintered density, i.e. low porosity
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is also necessary. Examples of such components are components in turbochargers, such as
unison or nozzle rings and sliding nozzles. In these cases closed porosity is desired, which

means a sintered density above about 7.3 g/cm3, preferably above 7.4 g/cm3, most preferably

above 7.5 g/cm3. The powder metallurgical production route is very suitable for producing such
components as they are often produced in large quantities and the components have a
suitable size.

[0005] Metal Injection Moulding, MIM, is a technique where very fine metal powders are used
which typically have a value Xsg below 10 pm, (X50; 50 % by weight of the particles have a

diameter less than Xsp, 50 % by weight have a diameter above Xsg). The powder is mixed with

high amounts of organic binders and lubricants in order to form a paste suitable to be injected
in a die. The injected component is released from the die and is subsequently subjected to a
debinding process for removing the organic material followed by a sintering process. Small
complex shaped components having low porosity can be produced by this method. The patent
application DE10 2009 004 881 A1 describes the production of a turbocharger component by
this method. By using finer particle size of the iron-based powder in the composition the green
component will shrink more during sintering as such powders have higher specific surface,
more active surface, thus yielding a higher sintered density and less porosity.

[0006] In the uniaxially pressing technique, coarser iron-based powders are normally used,
typically the particle size of the iron-based powder is below 200 ym with about less than 25 %
below 45 pm. By using finer iron-based powders in the powder composition, components
having higher sintered density may be produced. Such compositions, however, normally suffer
from poor flowability i.e. the ability of uniformly fill different portions of the die with the powder
and with uniform apparent density, AD. The ability of uniformly fill with as small variation as
possible of AD of the powder in different portions of the die is essential in order to obtain a
sintered component having small variations of the sintered density in different portions.
Further, a uniform and consistent filling ensures that the weight and dimensional variations of
the pressed and sintered components can be minimized.

[0007] The composition must also flow fast enough during the filling stage in order to obtain an
economical production speed. Apparent density, flowability and flow rate are commonly
referred to as powder properties. Various methods for agglomeration of fine powders to
coarser agglomerates having sufficient powder properties and still enhancing shrinkage during
sintering have been suggested in order to overcome the above mentioned problems.

[0008] JP3527337B2 describes a method for producing agglomerated spray dried powder
from fine metal powder or pre alloyed powder.

[0009] EP 2 511 031 A1 discloses a method for producing compacted and sintered parts from
an austenitic stainless steel powder composition.

[0010] Components for turbocharger, such as unison or nozzle rings and sliding nozzles,
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usually contain hard phases in order to withstand wear at elevated temperature. Such hard
phases may be carbides or nitrides. Such components may also contain various alloying
elements in order to provide enough strength at elevated temperatures above 700°C. The
presence of hard phases in combination with alloying elements has however normally a
negative influence of compressibility of the iron-based powder composition and of the
machinability of the sintered components. In addition, the presence of hard phases in the
powder to be consolidated has also a negative influence of the shrinkage, densification, during
sintering. The present invention provides a solution to inter alia the above mentioned
problems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Figure 1 shows solubility of nitrogen in a 20Cr13Ni0.5C stainless steel powder at various
temperatures in nitrogen atmosphere(pn2=0.9 atm.) .

Figure 2 shows the thermodynamic stable carbo-nitrides at various temperatures in a
20Cr13Ni0.5C stainless steel material in nitrogen atmosphere (pn2=0.9 atm.).

Figure 3 shows the thermodynamic stable carbides at various temperatures in a 20Cr13Ni0.5C
stainless steel material in hydrogen atmosphere (pq2=1 atm.).. Figure 4 shows void inside

sintered specimen from trial #1.
Figure 5 shows the microstructure of specimen from trial #2
Figure 6 shows the microstructure in surface region of specimen from trial #3.

Figure 7 shows a Scanning Electron Microscopy (SEM) image of the material shown in figure
6, Mo(C,N) carbo- nitrides appears as lighter sharp edged particles. Darker particles are MnS.

DETAILED DESCRIPTION

[0012] The present invention provides a cost effective method for producing high density heat
resistant sintered stainless steel components, containing an effective amount of defined metal-
carbo- nitrides without deplete the matrix from chromium and deteriorate the corrosion
resistance.

The invention is based on the finding that the solubility of nitrogen in the applicable stainless
steel material is strongly dependent on the temperature and decreases rapidly up to a
temperature of about 1180°C according to figure 1. When heating a stainless steel component
in a nitrogen containing atmosphere, nitrogen will be dissolved in the structure. When the
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sintering temperature is reached the solubility is much lower which will lead to nitrogen gas

formation and if closed porosity is obtained, i.e. at densities of 7.3g/cm® and above, nitrogen
gas will be entrapped in the component causing cracks and large pores. The presence of
nitrogen gas within the component will also counteract shrinkage and densification.

[0013] The inventors have surprisingly found that by a careful control of the sintering
atmosphere during the sintering process which comprises heating, sintering and cooling
phases, high density, heat and corrosion resistant stainless steel components can cost-
effectively be manufactured. Furthermore, the invented process enables the formation of an
effective amount of the desired M(C-N) metal-carbo-nitrides, instead of the less desired M(C-

N) metal-carbo-nitrides. Formation of the latter metal-carbo-nitrides in excessive amount may
deplete the steel matrix from chromium and thus having an adverse effect on the corrosion
resistance.

Water-atomized pre-alloyed powder with fine particle size, i.e.Xgg < 30 pym, preferably X5o < 20

pm, more preferably Xgg <10 pm is used to obtain sufficiently high sintering activity for
densification during sintering. (Xgg as defined in ISO 13320-1 1999(E). The chemical

composition of the pre-alloyed powder is within the defined composition ranges of the sintered
material, except that the nitrogen content is lower (maximum 0.3% by weight of N). The carbon
content of the powder can also be lower than the specified lower limit of the sintered material
(0.001% by weight of C), in which case graphite is added to the powder before compaction.
The fine particle size pre-alloyed powder is preferably granulated into agglomerates in order to
get efficient powder flowability in the compaction process. The granulation may be done by a
spray drying or freeze drying process. Prior to granulation the powder is mixed with a suitable
binder (e.g. 0.5-1% polyvinyl alcohol, PVOH). Mean patrticle size of the agglomerated powder
should be in the range of 50-500 pm.

[0014] The granulated powder may be mixed with a suitable lubricant before compaction (e.g.
0.1-1% Amide wax). Other additives can also be admixed to the granulated powder, such as
graphite and machinability additives (e.g. MnS).

[0015] Compaction is done by conventional uniaxial pressing with 400-800 MPa compaction

pressure to reach a density in the range of 5.0-6.5 g/cm?3.

Alternatively, the powder may be consolidated into the green component by any other known
consolidation processes such as Metal Injection Moulding (MIM), in which case granulation of
the stainless steel powder is not needed. In this case the metal powder is in form of a paste.

[0016] After consolidation the green component is subjected to the sintering process
encompassing heating, sintering and cooling phases.

Heating is performed in an atmosphere of dry hydrogen or in vacuum. The atmosphere shall
also have a low oxygen partial pressure to ensure a reducing atmosphere; therefore the dew-
point shall be at most-40°C.

[0017] When a sufficiently high temperature is reached, i.e. not before 1100°C, the
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atmosphere is shifted to the sintering atmosphere.

[0018] Sintering is done at high temperature, 1150-1350°C for 15-120 min, in nitrogen
containing atmosphere such as pure nitrogen, mixtures of nitrogen and hydrogen, mixtures of
nitrogen and inert gases such as argon, or mixtures of nitrogen and hydrogen and inert gas.
The content of nitrogen shall be at least 20% by volume. The sintering atmosphere shall also
have a low oxygen partial pressure to ensure a reducing atmosphere; therefore the dew- point
shall be at most-40°C.

[0019] Preferable sintering parameters are 1200-1300°C for 15-45 minutes in nitrogen with up
to 10% hydrogen. A small amount of Hy in the sintering atmosphere ensures that surface
oxides are sufficiently reduced during sintering for efficient bonding between powder particles.
Nitrogen is transferred from the atmosphere to the steel during sintering. Slow cooling
(preferably <30°C/min) after sintering must be applied through the temperature range of 1100-
1200°C to allow time for formation of finely dispersed carbonitrides of type M2(C,N) (where M
= Cr, Fe) in the material. Figure 2 shows that such carbo-nitrides will be formed in the
austenitic stainless steel in this temperature range in a No-containing atmosphere. Faster
cooling, >30°C/min, should be applied at lower temperatures,<1100°C, to prevent the
formation of large amounts of M(C,N) type carbo-nitrides, which would decrease the corrosion
resistance of the steel due to sensitization effects. The thermodynamic stability of this carbo-
nitrides type M(C,N) at lower temperatures is also demonstrated in Figure 2.

[0020] The sintering atmosphere shall be maintained during the cooling phase at least to a
temperature of 1100°C.

[0021] Accordingly, the process according to the present invention is defined in claim 1.

[0022] In another embodiment of the method according to the present invention the stainless
steel powder has the following composition, expressed in weight%:

Cr 17-25%

Ni 5-20%

Si 0.5-2.5%
Mn 0-1.5%

S 0-0.6%

C 0.001-0.8%
N <0.3%

) <0.5%

optionally up to 3% of each of the elements Mo, Cu, Nb, V, Ti and inevitable impurities up to 1
%

Fe balance.
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[0023] In an alternative embodiment of the present invention the stainless steel powder has
the following composition, expressed in weight%:

Cr 19-21%
Ni 12-14%
Si 1.5-2.5%
Mn 0.7-1.1%
S 0.2-0.4%
C 0.4-0.6%
N <0.3%

O <0.5%
optionally up to 3% of each of the elements Mo, Cu, Nb, V, Ti and inevitable impurities up to
1%

Fe balance.

[0024] In another embodiment of the method according to the present invention consolidation
is performed by uniaxial compaction at a compaction pressure of about 400-800MPa to a

green density of about 5.0-6.5 g/cm®.

[0025] In still another embodiment of the present invention consolidation is performed by Metal

Injection Molding (MIM).

[0026] The sintered material according to the present invention is distinguished by having

sintered density of at least 7.3 g/cm?3, preferably at least 7.4 g/cm® and most preferably at least

7.5 g/lcm3. The chemical composition of the sintered material, expressed in weight%, is

according to below;

Cr 15-30%
Ni 5-25%
Si 0.5-3.5%
Mn 0-2%

S 0-0.6%
C 0.1-0.8%
N 0.1-1.5%
O <0.3%
optionally up to 3% of each of the elements Mo, Cu, Nb, V, Ti and inevitable impurities up to
1%,

Fe balance.
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[0027] In another embodiment of the sintered material according to the present invention has
a chemical composition, expressed in weight%, according to below;

Cr 17-25%
Ni 5-20%
Si 0.5-2.5%
Mn 0-1.5%
S 0-0.6%
C 0.1-0.8%
N 0.1-1.0%
O <0.3%
optionally up to 3% of each of the elements Mo, Cu, Nb, V, Ti and inevitable impurities up to 1
%

Fe balance.

[0028] In an alternative embodiment of the present invention the sintered material has a
chemical composition, expressed in weight%, according to below;

Cr 19-21%
Ni 12-14%
Si 1.5-2.5%
Mn 0.7-1.1%
S 0.2-0.4%
C 0.4-0.6%
N 0.1-1.0%
O <0.3%

optionally up to 3% of each of the elements Mo, Cu, Nb, V, Ti and inevitable impurities up to 1
%

Fe balance.

[0029] The sintered material has an austenitic microstructure which is strengthened in the
surface region, the region from the surface to a depth of between about 20 pym to about 500pm
perpendicular from the surface, by 5-15vol%, of finely dispersed Mo(C,N) type carbo-nitrides,
as shown by the thermodynamic equilibrium phase composition of the material at a
temperature just above 1100°C, as illustrated in Figure 2.

The size of the carbo-nitrides is below 20um, preferably below 10um and most preferably
below 5um. A preferred size of the carbo-nitrides is 1-3um. The carbo-nitrides are evenly
distributed throughout the austenitic matrix with a typical distance between adjacent
precipitates of 1-5um.



DK/EP 3084029 T3

The austenitic matrix contains at least 12% by weight of chromium, needed for corrosion
resistance, and the austenite grains are very fine typically below 20pm, preferably below 10um,
finer grain size is beneficial for the mechanical strength and oxidation resistance of the
material.

Besides the precipitated hard metal- carbide- nitride phases the sintered material may also
contain fine manganese sulfide (MnS) phases, such phases is preferably below 10um in order
to obtain sufficient machinability properties.

The sizes of the carbo-nitrides and MnS phase is determined by measuring its longest
extension through light optical microscopy. The size of the austenite grains being determined
according to ASTM E112-96.

[0030] The characteristics of this microstructure provide excellent high temperature properties
to the sintered material, such as resistance to corrosion, oxidation and wear. Suitable
application is turbocharger and other components subjected to hot gases in combustion
engines for operating temperatures of up to 1000-1100°C.

Examples

[0031] Water-atomized stainless steel powder A according to table 1 with fine particle size,
median particle diameter according to $S-1S013320-1, X5¢ < 10um, was used as test material.
The powder was mixed with a binder solution and granulated using spray drying technique into
larger particles with mean particle size of around 180um. The granulated powder was mixed
with lubricant (0.5% Amide wax) and pressed by uniaxial compaction with 600 MPa compaction
pressure into cylindrical test specimens (¢ = 25mm, h = 15 mm). Green density of the

compacted specimens was 5.90 g/cm3.

[0032] Three sintering trials were performed and different protective gas atmospheres were
used in each trial according to table 2. The pressure during sintering was one atmosphere.
Heating rate up to sintering temperature (T) was about 5°C/min and cooling rate after sintering
was 10°C/min from T to 1100°C and 50°C/min from 1100°C to room temperature in all three

trials.
Table 1. Chemical composition (in weight-%) of powder A.
Fe Cr Ni Si Mn S C
Base 19 13 2.1 0.9 0.3 0.5
Table 2. Sintering trial parameters.
Trial # T [°C] Time at T [min] Atmosphere
1 1250 30 N2/H2 (90/10)
2 1250 30 H2
Part 1*: H2
3 1250 30
Part 2**: N2/H2 (95/5)
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*) Heating stage (until T was reached)
**) Isothermal + cooling stage

[0033] Examination of sintered specimens from trial #1 showed excessive swelling and crack
formation due to large void formation inside the specimens during sintering, as illustrated in
Figure 4 which is a picture from Light Optical Microscopy (LOM). This void formation is caused
by No gas formation at high temperature. Specimens from the other two sintering trials (#2 and
#3) were sintered to high density (7.50-7.52 g/cm3, corresponding to >96% of theoretical
density) and had no signs of cracks.

[0034] The microstructure (LOM) of the material that were sintered in pure H2 (trial #2)
consists of small Cr-carbide precipitates in an austenitic matrix (see Figure 5) throughout the
specimens. Similar microstructure (LOM) is found in the centre of the specimens from trial #3.
However, in the specimen surface regions (up to ~300 pm from the surface) after sintering trial
#3, there are many Cr-carbonitride precipitates evenly distributed in the austenitic matrix (see
Figure 6). These carbo-nitride precipitates gave significantly higher specimen surface
hardness after trial #3 (HV10 = 252) compared to the specimen surface hardness after trial #2
(HV10 = 179). The surface hardness HV10, was measured according to SS-EN-ISO 6507.
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PATENTKRAV

1. Fremgangsmade til fremstilling af en rustfri stdlkomponent omfattende
trinene:

- tilvejebringelse af et rustfrit stalpulver med den fglgende
sammenseetning efter vaegt:

Cr  15-30 veaegt-%

Ni  5-25 vaegt-%

Si 0,5-3,5 vaegt-%

Mn 0-2 veegt-%

S  0-0,6 vaegt-%

C 0,001-0,8 vaegt-%

N <0,3vaegt-%

O <£0,5veegt-%

eventuelt op til 3 vaegt-% af hvert af grundstofferne Mo, Cu, Nb, V, Ti og
uundgaelige urenheder op til 1 vaegt-%,

Fe rest,

- agglomerering af det rustfri stalpulver eller omdannelse af det rustfri
stalpulver, eventuelt blandet med smoaremidler, hardfasematerialer,
bearbejdelighedsforbedrende midler og grafit, til en egnet pasta eller ramateriale,

- eventuelt blanding af det agglomererede rustfri stalpulver med
smaremidler, hardfasematerialer, bearbejdelighedsforbedrende midler og grafit,

- konsolidering af den opnédede pasta, ramateriale eller granuleret pulver til
en gron komponent,

- opvarmning af den opnédede granne komponent i vakuum eller i en
atmosfaere af hydrogengas til en temperatur pa mindst 1100°C,

- sintring af den gronne komponent ved en temperatur mellem 1150 og
1350°C i en atmosfeere af mindst 20% nitrogengas,

- afkeling af den sintrede komponent med en afkelingshastighed pa hgjst
30°C /min fra sintringstemperaturen til en temperatur p4 = 1100°C i en atmosfeere
af mindst 20% nitrogengas til dannelse af en tilstraekkelig maengde af M2 (C, N)-
carbonitrider,

- afkeling af den sintrede komponent fra 1100°C til omgivelsernes
temperatur ved en afkglingshastighed pa mindst 30 °C /min og tilstreekkeligt hgj til
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2

at undgé excessiv dannelse af M (C,N)-carbonitrider til opnaelse af en komponent
med mindst 12 vaegt-% Cr i matrixen.

2. Fremgangsmade ifglge krav 1, ved hvilken det rustfri stalpulver har den
falgende kemiske sammensaetning efter veegt:

Cr  17-25 veegt-%

Ni  5-20 veegt-%

Si 0,5-2,5 vaegt-%

Mn 0-1,5 veegt-%

S  0-0,6 vaegt-%

C 0,001-0,8 vaegt-%

N <0,3vaegt-%

O <£0,5veegt-%

eventuelt op til 3 vaegt-% af hvert af grundstofferne Mo, Cu, Nb, V, Ti og
uundgaelige urenheder op til 1 veegt-%

Fe rest.

3. Fremgangsmade ifolge krav 1, ved hvilken det rustfri stalpulver har den
falgende kemiske sammenseetning efter vaegt;

Cr  19-21 veegt-%

Ni  12-14 veegt-%

Si 1,5-2,5 vaegt-%

Mn 0,7-1,1 vaegt-%

S 0,2-0,4 vaegt-%

C 0,4-0,6 vaegt-%

N <0,3vaegt-%

O <£0,5veegt-%

eventuelt op til 3 vaegt-% af hvert af grundstofferne Mo, Cu, Nb, V, Ti og
uundgaelige urenheder op til 1 vaegt-%,

Fe rest.

4. Fremgangsmaéde ifglge ethvert af krav 1-3, ved hvilken atmosfeeren under
sintring er en ren nitrogenatmosfaere, blandinger af nitrogen og hydrogen,
blandinger af nitrogen og inerte gasser sdsom argon, eller blandinger af nitrogen

og hydrogen og inert gas.
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5. Sintret komponent fremstillet ved fremgangsmaden ifglge krav 1, 2 eller 3
og indeholdende:

Cr  15-30 veaegt-%

Ni  5-25 vaegt-%

Si 0,5-3,5 vaegt-%

Mn 0-2 veegt-%

S  0-0,6 vaegt-%

C 0,1-0,8 veegt-%

N  0,1-1,5 veegt-%

O <0,3vagt-%

eventuelt op til 3 vaegt-% af hvert af grundstofferne Mo, Cu, Nb, V, Ti og
uundgaelige urenheder op til 1 vaegt-%,

Fe rest, og

en austenitisk mikrostruktur, der er forsteerket i overfladeregionen, og
regionen fra overfladen til en dybde pa 20-500 um vinkelret fra overfladen, med 5-
15 rumfangs-%, af fint dispergerede M, (C,N)-type-carbonitrider.

6. Sintret komponent ifglge krav 5, hvori starrelsen af carbonitriderne er
under 20 um, fortrinsvis under 10 um og mest foretrukket under 5 um og jeevnt
fordelt i hele den austenitiske matrix.

7. Sintret komponent ifglge krav 5, hvori starrelsen af carbonitriderne er

mellem 1 og 3 um med en typisk afstand mellem tilstedende carbonitrider pa 1-5

pm.

8. Sintret komponent ifglge krav 5, hvori de austenitiske korn er fine og har

en kornstgrrelse under 20 um, fortrinsvis under 10 um.

9. Sintret komponent ifglge ethvert af krav 5-8 med en sintret massefylde pa
mindst 7,3 g/cm?®, fortrinsvis mindst 7,4 g/cm® og mest foretrukket mindst 7,5

g/cm®.
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Figure 4. Void inside sintered specimen from trial #1.
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Figure 6. Microstructure in surface region of specimen from trial #3.

PIMV SAV SEI 100KV X8000 Tpm WD 7mm

Figure 7



