Office de la Proprieté Canadian CA 2572130 C 2011/01/18

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 572 130
Un organisme An agency of 12y BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de dépbt PCT/PCT Filing Date: 2005/07/01 (51) Cl.Int./Int.Cl. B22F 1/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2006/01/12 Bzzr 3/10(2000.01), C22C 33/02(2000.01),

C22C 38/02(2006.01), C22C 38/24 (2006.01)

(45) Date de délivrance/lssue Date: 2011/01/18
(72) Inventeu rs/lnventors
(85) Entree phase nationale/National Entry: 2006/12/22 MARS, OWE, SE
(86) N° demande PCT/PCT Application No.: SE 2005/001086 CANTO LEYTON, RICARDO, SE;
o o BERGMAN, OLA, SE
(87) N° publication PCT/PCT Publication No.: 2006/004529
L (73) Proprietaire/Owner:
(30) Priorité/Priority: 2004/07/02 (SE0401/707-5) HOEGANAES AB. SE

(74) Agent: FETHERSTONHAUGH & CO.

(54) Titre : POUDRE D'ACIER INOXYDABLE PRE-ALLIEE ET PROCEDE DE FRITTAGE DE PIECES CONSTITUEES
DE CELLE-CI
54) Title: STAINLESS STEEL POWDER

(57) Abregé/Abstract:

The invention concerns a stainless steel powder and composition comprising at least 10w-t% chromium. Vanadium is present in an
amount of at least 4 times the amount of carbon and nitrogen. The steel powder comprises 10-30% chromium, 0.1-1.0 vanadium,
0.5-1.5% silicon, less than 0.1% carbon and less than 0.07% nitrogen. A process for preparing a sintered part and a sintered part
are also claimed.

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




wO 2006/004529 A1 I DU 0 AL AN Y00 AT O 00 0 0L 0

CA 02572130 2006-12-22

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
12 January 2006 (12.01.2006)

(51) International Patent Classification : B22F 1/00,
C22C 33/02
(21) International Application Number:
PCT/SE2005/001086

(22) International Filing Date: 1 July 2005 (01.07.2005)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

0401707-5 2 July 2004 (02.07.2004) SE

(71) Applicant (for all designated States except US): HO-
GANAS AB [SE/SE]; S-263 83 Hogands (SE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): MARS, Owe
[SE/SE]; Lovstigen 1, S-263 51 Hogands (SE). CANTO
LEYTON, Ricardo [SE/SE]; Lyckevdgen 8, S-372 51
Kallinge (SE). BERGMAN, Ola [SE/SE]; Aragatan 12,
S-254 52 Helsingeborg (SE).

(74) Agent: AWAPATENT AB; Box 5117, S-200 71 Malmé

(SE).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,

GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KL,

KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,

MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,

OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,

(54) Title: STAINLESS STEEL POWDER

(10) International Publication Number

WO 2006/004529 A1l

SM, SY, T], TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,

VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, 1,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the following designations AE,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN,
IS, JP, KE, KG, KM, KP, KR, KZ, L.C, LK, LR, LS, LT LU,
LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, V(,
VN, YU, ZA, ZM, ZW, ARIPO patent (BW, GH, GM, KE,
LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR,
GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA,
GN, GO, GW, ML, MR, NE, SN, TD, TG)

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(57) Abstract: The invention concerns a stainless steel powder and composition comprising at least 10w-t% chromium. Vanadium
is present in an amount of at least 4 times the amount of carbon and nitrogen. The steel powder comprises 10-30% chromium,
0.1-1.0 vanadium, 0.5-1.5% silicon, less than 0.1% carbon and less than 0.07% nitrogen. A process for preparing a sintered part and

a sintered part are also claimed.



CA 02572130 2006-12-22

WO 2006/004529 PCT/SE2005/001086

10

15

20

29

30

35

STAINLESS ST

EL POWDER

L™

FIELD OF TH:

L4

INVENTION

The present invention concerns a new stalnless steel

powder and stainless steel powder compositions including

this new powder. Specifically the invention concerns
stainless steel powder compositions for manufacturing
sintered powder metallurgical parts having high

densities.

BACKGROUND OF THE INVENTION

A primary goal in powder metallurgy is to achieve high

density of compacted and sintered bodies. There are

several methods of improving density, one of those

methods is warm compaction which improves the

compressibility of the powder giving a green body with

higher green density. By applying die wall lubrication,
which makes it possible to minimise the amount of
internal lubricants used, the green density may also be

F

increased. The use of high compaction pressures 1in

combination with low amounts of lubricants also results
in elevated green densities. Soft annealing of a
stainless steel powder, where the material 1s strailn

relieved and recrystalllzed, also imprbves the

compressibility. After compaction the green body is
subjected to a sintering operation in order to achieve a
sintered body. High temperatures at sintering, 1.e. above
about 1180-1200°C lead to increased shrinkage during

_

sintering and higher density of the body. However, high

temperature sintering requires specially equipped

sintering furnaces. Additionally the energy consumption

will be i1ncreased.

Special problems are encountered when high density,

stainless steel PM parts are manufactured due to the
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presence of chromium, which makes the steel resistant to

corrosion.

Stainless steels have approximately above 10% chromium.

Most often carbon is present in steels and will cause

formation of chromium carbides. The formation of chromium

carbides lowers the chromium content in the matrix, which

in turn causes lower corrosion resistance. In order to

avoid that the chromium content in the matrix is reduced,

carbide forming stabilizers, such as niobium, are often

used. In this way the formation of chromium carbides can

be avoided and instead niobium carbides are formed, a

result of which is that the corrosion resistance can be

maintained. However, a problem with the use of niobium 1is
that high sintering temperatures are necessary for

obtaining high sintered densities and the energy

consumption is considerable.

Tt has now been found that, by using the new powder

according to the present invention, the energy costs for

producing sintered stainless steel PM parts can be

reduced. Another significant advantage of using the new
powder is that a comparatively higher sintered density

can be obtailned.

The sintered parts manufactured by using the new powder

are of particularly interest within the automotive

industry where the demands on both costs and performance

of the parts are high. The new powder can also be used

for sintered parts in exhaust systems, and especially for

flanges 1in exhaust systems.

The present invention concerns stainless steel powder,

stainless steel powder compositions as well as the

compacted and sintered parts obtained thereof having high

densities. Specifically the invention concerns stainless
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steel powder compositions for manufacturing powder

metallurgical parts.

SUMMARY OF THE INVENTION

It has now surprisingly been found that, by adding
vanadium as a stabiliser to a stainless steel powder, the

sintering temperature and accordingly the energy consumption

can be reduced, while the sintered density is similar or even

increased in comparison with the presently used niobium
stabiliser. Furthermore it has been found that the vanadium
should be present in an amount of at least 4 times the
combined amounts of carbon and nitrogen, whereby the amount
of nitrogen should be less than 0.07% by weight and the
amount of carbon should be less than 0.1% by weight. The
amount of vanadium should be in the range of 0.1-1% by

weight.

According to another aspect of the present
invention, there is provided a pre-alloyed stainless steel
powder comprising at least 10% by weight of chromium, less
than 1% by weight of nickel, less than 0.1% by weight of
carbon and less than 0.07% by weight of nitrogen, the powder
further comprising vanadium in an amount of at least 4 times

the combined amounts of carbon and nitrogen, wherein the

amount of vanadium is 0.1-1% by weight.

WE U e T o ST s N IO T VAT T A Y 2 -
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Stainless steel compositions including vanadium are
disclosed in WO 03/106077 publication and in the US
patent 5 856 625. In WO 03/106077 there is not disclosed
any effect or any actual examples of powders including
vanadium, According to the US patent 5 856 625 the
stainless steel powder preferébly qomprises 1.5-2.5%
vanadium. This known stainless Steel powder is intended
for materials with high wear resistance and a high carbon
content 1s necessary to achieve a proper amount of hard
carbides in the matrix formed mainly from.strong carbide
forming elements such as Mo, V and W. Also the patent
publication JP 59-47358 discloses a steel powder is
comprising chromium, silicon, carbon and nitrogen. This
powder may further contain nickel and/or copper and
vanadium. The purpose of the the steel powder accordiﬁg
to JP 59-47358 is to mapufacture e.g. a sliding surface.

-
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DETAILED DESCRIPTION OF THE INVENTION

Specifically, the stainless steel powder according to the
invention comprises 10-30% chromium, 0.1-1% vanadium,

5 0.5-1.5% silicon, less than 0.1% carbon and less than

0.07% nitrogen. Preferably the stainless steel powder

comprises 10-20% chromium, 0.15-0.8% wvanadium, 0.7-1.2%

silicon, less than 0.05% carbon and less than 0.05%

nitrogen.
10

As the corrosion resistance in stainless steels is of

great i1nterest the wvanadium content should be chosen so

"

that vanadium carbides and nitrides are formed instead of

chromium carbides and nitrides. Preferably the vanadium

15 content will be chosen in relation to the actual carbon

and nitrogen content in the sintered component to be able

to form vanadium carbides and nitrides. It is believed

that the wvanadium carbides and nitrides formed are of

type VC and NC and according to our present knowledge the

20 vanadium content should preferably be minimum 4 times the
carbon and nitrogen content of the powder. The actual

carbon and nitrogen content in the sintered component may

be higher than the content of the elements in the powder

due to pick up during delubrication.

25

Bl

The amount of silicon should be between 0.5% to 1.5%.

Silicon is an important element as it creates a thin

coherent oxide layer during atomisation of the stainless
steel melt, 1.e. the silicon content should be 0.5% by
30 weight or above. The oxide layer prevents further
oxldation. A too high silicon level will lead to a
decrease 1in compressibility, hence the silicon content

should be 1.5% by weight or lower.

35 The amount of nitrogen should be as low as possible as

nitrogen can have the same influence as carbon, i.e.

sensitising the material through formation of chromium
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nitrides or chromium carbonitrides. Nitrogen has also a

preclpitation hardening effect which will decrease the

compressibility. Therefore the nitrogen content should

not exceed 0.07%, preferably not 0.05% by weight. In

S practice 1t is difficult to obtain nitrogen contents
lower than 0.001%.

Other alloying elements are added to enhance certain

properties, such as strength, hardness etc. The alloying

10 elements are selected from the group consisting of

molybdenum, copper, manganese and nickel.

According to the present invention ferritic stainless

steels are preferred. Ferritic stainless steels are less
15 expensive than austenitic stainless steels which are

alloyed with nickel. Compared with an austenitic matrix a

ferritic matrix has a lower coefficient of thermal

expansion, which is beneficial for example in flanges in

a stainless steel exhaust system. Therefore a preferred

20 embodiment of the stainless steel according to the

invention is essentially free from nickel. Specifically

the ferritic stainless steel may comprise 10-20% by

-t

welght of chromium, 0-5% by weight of molybdenum, less

‘)

than 1% by weight of nickel, less than 0.2% by weight of

25 manganese.

Other possible additives are flow agents, machinability

improving agents such as calcium fluoride, manganese

sulfide, boron nitride or combinations thereof.

30
The stainless steel powder may be a gas or water
atomised, pre-alloyed powder having an average particle
size above about 20 um, depending on the method of
consolldation of the powder. Normally the average

359 particle size is above about 50 um.
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Most often a lubricant 1s added prior to compaction in

order to enhance the compressibility of the powder and to

facilitate the ejection of the green component. The

F

amount of lubricant is typically between 0.1% and 2%,

5 preferably between 0.3% and 1.5%. The lubricants may be

g

chosen from the group consisting of metal sterates, such

as zink or lithium stearate, Kenolube®, amide polymers or

amide oligomers, ethylene bisstearamide, fatty acid

derivatives or other suitable substances with a

F
d

10 lubricating effect. Die wall lubrication alone or in

combination with internal lubricants may also be used.

After an optional annealing the stainless steel powder 1is
mixed with lubricant and other optional additives. The

15 powder mixture is compacted at 400-1200 MPa and sintered
at 1150-1350°C for 5 minutes to 1 hour to obtain a

—

density of at least 7.20 g/cm?..However, the powder

according to the invention can be used for produclng

parts having lower sintered density in order to reduce

20 processing costs. The compaction step could be performed

as cold compaction or warm compaction.

The high sintered density is obtained by increased

shrinkage during the sintering and without belng bound to

25 any specific theory, it is believed that this shrinkage

is a consequence of promoted volume diffusion. Vanadium

carbides which are formed in presence of carbon will be
dissolved at elevated temperatures, especially at
sintering temperatures, but also at lower temperatures

pr—

30 such as at annealing of the metal powder. Normally the

sintering temperature for stainless steel powders 1is
about 1150-1300°C.

Example 1

39

Three different melts having a chemical composition

according to table 1 and containing niobium and vanadium
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as carbide forming elements were produded. Several
mixtures were prepared for cold or warm compaction
according to table 2 and 3. For cold compaction and warm

compaction purposes lubricants were used. As a flow agent
T™

5 in warm compaction Aerosil A—ZOO'from.Degussa@was used.

Table 1. Chemical analysis of unannealed powders

Batch | Cr3 |Nb2| V% | Si% | Mn$ | Nis | P% | c3 | Ns | os | s%
A |11.85 --- 0.29 o0.68 0.23] 0.053 0.008] 0.024] 0.014 0.144] 0.0033
B |11.94| 0.39] ---| o0.68] 0.23] 0.051] 0.010] o0.025 o.ouJ 0.152| 0.0027
C  {11.79) 0.58] ---

0.73] 0.23] 0.056] 0.009 0.026] 0.011] 0.143] 0.0030

Np—

Table 2. Mixtures for cold compaction

Mixture Composition |
no |

4+ IA + 1% lubricant

i
5 B + 1% lubricant
6 C + 1% lubricant }
10 * = composition according to the invention

Table 3. Mixtures for warm compaction
Mixture ~ Composition ]

no

} 10* |An + 1% lubricant + 0.1% A-200
11 IB + 1% lubricant + 0.1% A-200

| 12 |c + 1% lubricant + 0.1% A-200

* = composition according to the invention

B ——— S .

15 The powder mixtures according to table 2 and 3 were
compacted and green properties were determined for

various compaction pressures. The results are presented

in table 4. The compacted bodies were sintered at 1250°C

in an atmosphere of hydrogen for 45 minutes and the
20 sintered densities and mechanical properties were

determined. The results are shown in table 5.
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Table 4.
Mixture |[Compaction Green Green
no pressure | strength | density
(Mpa ) (g/cm’)
4 * 600 15.3 6.57
700 18.0 6.69
800 19.3 6.79
5 600 15.4 6.55
700 18.1 6.08
800 19.5 6.80
6 600 15.3 6.55
700 18.1 6.68
800 19.4 6.78
10%* 600 31.3 6.73
700 37.5 6.87
800 39.9 6.96
11 600 30.1 6.71
700 36.7 6.86
800 40.4 6.96
12 600 29.4 6.71
700 34.9 6.86
800 39.4 6.96
*o= composifion according to the Invention
> Table o. -
Mixture|Compaction| Sintered |Dimensional| Yield Tensile
no pressure | density change strength | strength
I (MPa) (g/cm?) (%) (MPa) | (MPa)
4* 600 7.36 -3.87 222 390
700 7.42 -3.29 216 409
800 7.45 -2.71 215 405
5 600 7.24 -3.48 204 366
700 7.31 -3.09 208 375
800 7.38 -2 .82 228 384
6 600 7.10 -2.85 202 356
700 7.20 -2.55 208 366
800 7.26 -2.30 213 376
10%* 600 7.42 -3.38 221 - 420
700 7.47 -2 .67 230 434
800 7.49 -2.20 234 431
11 600 71.28 -2.93 206 371
700 7.36 -2 .52 210 386
300 7.43 ~-2.20 216 400
12 600 7.16 -2.36 203 - 361
700 7.27 -2.05 212 377
800 7.33 -1.79 | 214 389

composition according to the invention
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From table 4 and table 5 it can clearly be identified

F

that the sintered densities of the samples produced from

the material according to the invention are improved,

while the green densities of the material according to
the invention are similar to the comparative materilals.
The mechanical properties of the sintered components are
also improved with material according to the invention

compared with known materilals.

Example 2

In order to evaluate the influence of sintering
temperatures and sintering times, powder mixtures 4, O

and © were compacted into tensile test samples according

to ISO 2740 in a uniaxially compaction movement at

ambient temperature at 600 MPa. The obtained green
samples were sintered at 1200°C, 1250°C and 1300°C in an

atmosphere of hydrogen for 20 minutes and 45 minutes,

respectively.

After sintering the sintered density of the sintered

samples were measured according to ISO 3369. The results
are shown in table 6. From table 6 it can be concluded

that sintered densities above 7.2 g/tmﬁ can be obtailned

for a ferritic stainless steel powder provided vanadium

is added, even at a sintering temperature as low as

p—

1200°C. A sintering time of 20 minutes at a sintering

gr— ]

temperature of 1250°C yields a sintered density of 7.3°

g/cm’>, whereas the corresponding density for the niobium

stabilized ferritic stainless steel powder 1s 7.105 g/cm3
and 7.03 g/cm’ respectively, depending on the amount of
niobium added.

The example reveals a surprisingly great impact on the

shrinkage during sintering of a green body produced from

ferritic stainless steel powder according to the

invention.
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Table 6.
Mixture|Sintering Sintered densities (g/cm§)+at
no time (min) |different sintering temperatures
1200°C 1250°C 1300°C
4 * 45 7.29 7.36 7.46
D 45 7.03 7.24 7.477
l 0 45 0.92 7.1 7.38
4 * 20 = 7.35 I
5 20 - 7.16 =
6 20 = 7.03 -

10

15

20

*
{

Example 3

Ih order to evaluate the influence o3

composition according to the invention

content o:

atomised and powder samples having dif:

content were prepared

" the nitrogen
- the stainless steel powder one melt was
‘erent nitrogen

from the atomised powder by

annealing in a nitrogen-containing atmosphere. AS

reference material powder annealed i1n an atmosphere of

100 % of hydrogen was used. The powder samples were mixed

with 1% lubricant and the obtained compositions were cold

compacted

specimens

at different pressures into specimens.

The

were sintered at 1250°C in an atmosphere of

- the

hydrogen

for 45 minutes. The chemical analysis O:

different powder samples 1s presented in table 7 except

the nitrogen content, which was determined after

annealing

sintered density 1s presented for di

as presented in table 8. In table 8 the

=

"erent specimens.
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Table 7/
Ratch | Cr% | Nb% | V% | S1% | Mn% | N1% P

o\@
@,
o
N
o\©

D 12.14f 0.01} 0.29 0.83 0.13 0.05] 0.001 0.017 0.012
Table 8
Compaction Sintered
pressure Density
Batch (MPa ) %N (g/cm’
D1 000 7.18
D1 700 0.05606 7.28
D1 300 7.36
DZ 600 7.13
D2 700 0.072 7.24
D2 800 7.31
D(ref) 600 7.23
D(ref) 700 0.019 7.34
D(ref) 800 7.39

5 It can be seen from example 3 that a nitrogen content

above 0.07% will result in undesired sintered density.
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CLAIMS:
1. A pre-alloyed stainless steel powder comprising at

least 10% by weight of chromium, less than 1% by weight of
nickel, less than 0.1% by weight of carbon and less

than 0.07% by weight of nitrogen, the powder further
comprising vanadium in an amount of at least 4 times the
combined amounts of carbon and nitrogen, wherein the amount

of vanadium 1s 0.1-1% by weight.

2. The stainless steel powder according to claim 1,
wherein the steel powder further comprises 10-30% chromium

and 0.5-1.5% silicon.

3. The stalnless steel powder according to claim 1
or 2, wherein the steel powder comprises 10-20% chromium,
0.15-0.8% vanadium, 0.7-1.2% silicon, less than 0.05% carbon

and less than 0.05% nitrogen.

4, The stalnless steel powder according to claim 1, 2

or 3, wherein the steel powder is essentially free of nickel.

5. A powder metallurgical composition comprising a
stainless steel powder according to any one of claims 1 to 4,
which includes at least one additive selected from the group

consisting of lubricants, flow agents, machinability

improving agents and alloying elements.

6. A process of preparing sintered compacted parts of

stainless steel powder comprising the steps of:

- subjecting the steel powder according to any one

of claims 1 to 4 to compaction, and

- sintering the compacted part at a temperature

of 1150-1350°C.
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7. The process according to claim 6 wherein the

stainless steel powder 1is mixed with a lubricant.

8 . The process according to claim 6 or 7, wherein the

sintering is made to a density of at least 7.20 g/cm’.

5 9. A sintered part of the stainless steel powder

according to any one of claims 1 to 4, having a sintered

density of at least 7.20 g/cm’.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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