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NEW POWDER METAL PROCESS FOR PRODUCTION OF COMPONENTS
FOR HIGH TEMPERATURE USEAGE

Technical field

[0001] The present invention relates generally to a method for manufacturing

metal parts with improved high temperature properties.

Background
[0002]lt is well known that fully dense PM (powder metal) products made from gas
atomized steels exhibit in many cases an excellent behavior in demanding

environments also at high temperatures.

[0003]lt is also well known that, due to the so called “Zener Brake” phenomena
which is an effect of fine dispersed particles, for example oxides, fully dense
PM parts produced from gas atomized powders and consolidated for example
through Hot Isostatic Pressing, HIP exhibits good creep properties especially at
lower temperatures in the creep range compared with conventionally wrought
steel. However at higher creep temperatures they usually exhibit worse
properties. This is due to the effect of the above Zener brake effect which gives
good creep stability but also gives usually a finer grain size on the component.
It is well known that at higher creep temperatures a bigger grain size is

required to give an optimal high creep rupture strength of the component.

[0004]There are techniques to control the grain size with above PM steels for
example through wet milling of powders combined with pre-annealing at
different temperatures before consolidation or for example by Hot Isostatic
Pressing. All these techniques are shown to be very costly and time
consuming. It has also shown that it is extremely difficult to control the final

grain size efficiently.
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Summary
[O005]lt is an object of the present invention to obviate at least some of the
disadvantages in the prior art and to provide an improved method to

manufacture metal parts as well as metal parts.

[0006]In a first aspect there is provided a method for the manufacture of a metal
part from powder comprising the steps: a) providing a spherical metal powder,
b) mixing the powder with a hydrocolloid in water to obtain an agglomerated
metal powder, ¢) compacting the agglomerated metal powder to obtain a part
of compacted agglomerated metal powder, wherein the structure of the part is
open, d) debinding the part to remove the hydrocolloid, e) compacting the part
using high velocity compaction (HVC) preferably to a density of more than 95%
of the full theoretical density, f) further compacting the part using hot isostatic
pressing (HIP) preferably to more than 99 % of the full theoretical density to
obtain a finished metal part, wherein at least one oxide is added to the metal
powder before step c), which oxide has a melting point higher than the melting

point of the metal powder.

[0007]In a second aspect there is provided a metal part comprising an oxide and
which is manufactured according to any embodiment of the method described

above.

[0008]Further aspects and embodiments are defined in the appended claims,

which are specifically incorporated herein by reference.

[O009]lt is disclosed that it is possible to combine the ZenerBrake effect with a
controlled addition of small oxides and this gives new options and applications

for the PM produced fully dense products made from gas atomized powders.

[0010]There is described a new process where a process is combined with special
control of ingoing powder sizes and addition of fine particles of oxides such as
for instance Alumina (Al2O3) and/or Zirconium oxide and it gives precise final

grain sizes in the final component. The components exhibit also, due to the
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ZenerBrake effect, high resistance against grain growth at for example welding

but also better erosion properties.

[0011]Grain boundaries disrupt the motion of dislocations through a material.
Dislocation propagation is impeded because of the stress field of the grain
boundary defect region and the lack of slip planes and slip directions and
overall alignment across the boundaries. Reducing grain size is therefore a
common way to improve strength, often without any sacrifice in toughness
because the smaller grains create more obstacles per unit area of slip plane.

This crystallite size-strength relationship is given by the Hall-Petch relationship.

[0012]Grain boundary migration plays an important role in many of the
mechanisms of creep. Grain boundary migration occurs when a shear stress
acts on the grain boundary plane and causes the grains to slide. This means
that fine-grained materials actually have a poor resistance to creep relative to
coarser grains, especially at high temperatures, because smaller grains contain
more atoms in grain boundary sites. Grain boundaries also cause deformation
in that they are sources and sinks of point defects. Voids in a material tend to
gather in a grain boundary, and if this happens to a critical extent, the material

could fracture.

[0013]During grain boundary migration, the rate determining step depends on the
angle between two adjacent grains. In a small angle dislocation boundary, the
migration rate depends on vacancy diffusion between dislocations. In a high
angle dislocation boundary, this depends on the atom transport by single atom

jumps from the shrinking to the growing grains.

[0014]lt is known that for stainless steel the creep properties depends very much
of the grain size. At low temperature a fine grain size gives improved creep
properties while at higher temperatures a more coarse grain size is desired to
give optimum creep properties. In many cases it is a prerequisite that the

material used at a certain creep range has a specified min. grain size.
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[0015]There is described a way to overcome the difficulty with control of grain size
in PM fully dense steel and alloys by using a process where metal powder is

agglomerated with a binder in water.

[0016]The final grain size can be determined by using fine particles of stable
oxides which are added during agglomeration. By using a determined starting

grain size or fraction size very determined final grain sizes can be achieved.

[0017]By this effect more cost efficient alloys and steels could be produced for
high temperature usage. Candidates are ferritic chromium steels which have
an excellent oxidation resistance but in normal conditions suffer from very low

creep resistance.

[0018] The addition of oxides as above can lead to improvements in the following

areas:
o Limited grain growth also at high temperatures
o Improved creep properties when using components at high temperatures

especially when subjected to stresses.

o Better erosion resistance in operation, for example in sliding contacts or
when fluids or gases with aggressive particles are exposed to components,

especially at higher temperatures.

Brief description of the drawings

[0019] The invention is now described, by way of example, with reference to the

accompanying drawings, in which:

[0020] Fig. 1 shows grain size vs temperature for different materials,
[0021] Fig. 2 shows different routes to obtain a steel part from powder,
[0022] Fig. 3 shows the structure of a sample, and

[0023] Fig. 4 shows the results of a creep test for a sample.
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Detailed description

[0024]Before the invention is disclosed and described in detall, it is to be
understood that this invention is not limited to particular compounds,
configurations, method steps, substrates, and materials disclosed herein as
such compounds, configurations, method steps, substrates, and materials may
vary somewhat. It is also to be understood that the terminology employed
herein is used for the purpose of describing particular embodiments only and is
not intended to be limiting since the scope of the present invention is limited

only by the appended claims and equivalents thereof.

[0025]It must be noted that, as used in this specification and the appended claims,

the singular forms “a”, “an” and “the” include plural referents unless the context

clearly dictates otherwise.

[0026]If nothing else is defined, any terms and scientific terminology used herein
are intended to have the meanings commonly understood by those of skill in

the art to which this invention pertains.

[0027]In a first aspect there is provided a method for the manufacture of a metal
part from powder comprising the steps: a) providing a spherical metal powder,
b) mixing the powder with a hydrocolloid in water to obtain an agglomerated
metal powder, ¢) compacting the agglomerated metal powder to obtain a part
of compacted agglomerated metal powder, wherein the structure of the part is
open, d) debinding the part to remove the hydrocolloid, e) compacting the part
using high velocity compaction (HVC) preferably to a density of more than 95%
of the full theoretical density, f) further compacting the part using hot isostatic
pressing (HIP) preferably to more than 99 % of the full theoretical density to
obtain a finished metal part, wherein at least one oxide is added to the metal
powder before step c), which oxide has a melting point higher than the melting

point of the metal powder.

[0028]Spherical metal powder means that almost all of the metal particles in the

powder are essentially shaped as spheres. Although the process can be
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carried out also with non-spherical metal powders the result is better with

spherical metal powders.

[0029]In one embodiment the oxide has a melting point at least 100°C higher than
the metal powder. In one embodiment the oxide has a melting point at least
200°C higher than the metal powder. In one embodiment the oxide has a

melting point at least 300°C higher than the metal powder.

[0030]In one embodiment the metal is steel. In one embodiment the metal is

stainless steel.

[0031]In one embodiment the oxide is a metal oxide. In one embodiment the oxide
is at least one selected from the group consisting of aluminum oxide and

zirconium oxide.

[0032]In one embodiment the oxide is the form of a powder with an average grain
size smaller than 0.2 um. In one embodiment the oxide is the form of a powder
with an average grain size smaller than 0.3 um. In one embodiment the oxide
is the form of a powder with an average grain size smaller than 0.5 pm. In one
embodiment the oxide is the form of a powder with an average grain size
smaller than 0.7 um. In one embodiment the oxide is the form of a powder with
an average grain size smaller than 1.0 um. The grain size is measured as the
largest size in any dimension for a particle of random shape. The average size
is calculated as the number average for all particles. Thus in one embodiment
with an average grain size smaller than 0.3 um, a few particles could have a
size exceeding 0.3 um while the remaining particles have sizes below 0.3 um

so that the average is below 0.3 um.

[0033]In one embodiment the oxide is mixed together with the powder and the

hydrocolloid in water in step b) to obtain the agglomerated metal powder.

[0034]In step c) the first compacting can be performed by any method giving an
open structure so that the binder can be removed in a subsequent

debinding/delubricating step. After such a first compacting step the density
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should normally be below 90 % of the full theoretical density to give an open
structure permitting transport of the hydrocolloid out of the part when the part is
heated.

[0035]In one embodiment the finished metal part obtains a density exceeding 99.5
% of the full theoretical density after step f). In one embodiment the finished
metal part obtains a density exceeding 99.0 % of the full theoretical density
after step f). The HIP in step f) is in one embodiment performed without any

capsule and in an alternative embodiment with a capsule.

[0036]In one embodiment the part is treated in at least one step between steps e)
and f), examples of such treatment include but is not limited to heating,
sintering, and re-striking with HVC. In one embodiment the treatment is

heating.

[0037]Polycrystalline materials are solids that are composed of many crystallites of
varying size and orientation. Crystallites are also referred to as grains. They
are small or even microscopic crystals and form during the cooling of the
material. In one embodiment the grain size in the spherical metal powder
provided in step a) is selected in order to control the grain size in the finished
product. For instance a desired coarse grain size can be obtained in the
finished product by starting with a coarse grain size in the spherical metal
powder. This is particularly desirable for materials to be used at high

temperatures.

[0038]In a second aspect there is provided a metal part comprising an oxide and
which is manufactured according to any embodiment of the method described

above.

[0039]A compulsory step in the process is the use of the HVC compaction step in
order to reach a density high enough to permit capsule free HIP for final
consolidation. It seems also clear that due to the fine dispersion of the fine
added particles on the spherical grains the structure is ductile enough to be

able to subject the deformations in the HVC step.
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[0040]lt is known generally, for example for stainless steel that the creep
properties are improved at lower temperatures in the creep range with finer
grain size while at higher creep temperatures a more coarse grain size gives

better creep properties than a fine grain size.

[0041]The test material selected was stainless steel 316 L. This alloy is also used
in creep applications and often it is required that the material has a minimum

grain size to exhibit best creep properties.

[0042]The analysis shows oxygen content of approximately 125 PPM. Even at this
low level of oxides, mostly Manganese-, Aluminium- and other alloys with high
melting point, the levels AND morphology is enough to influence strongly the
grain growth at high temperatures. Normal wrought steel has an oxygen
content correctly processed of say 30 — 70 PPM. In the present process the
oxygen content is preferably reduced (if correct low dew point is used!) and the

difference is really marginal regarding the oxygen content.

[0043]We subjected a piece of 316 L manufactured according to the present
invention as well as a conventional wrought steel part with same analysis to a
heat treatment, see fig 1. It is remarkable to see the difference. The material

according to the present invention had still at 1300°C a grain size of around

ASTM 4-5 while the conventional part showed strong grain growth. The oxygen

content of the conventional material was 45 PPM.

[0044]The reason for this difference is the number of and different sizes of the

oxides. The Zener Brake formula says that the finer the oxides, the more stable

is the Zener Brake structure. In the formula below f = number of parts i.e.

fraction size.
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L=4/3xrff

L = Stable grain

[0045]If you compare the oxides, the PM oxides (i.e. the oxides already present in
the metal powder) are very small, generally under 1 micron in size. The fact
that they in numbers also at same oxygen content are more gives also

according to the formula this effect.

[0046]The normal route for 316 L is shown in fig 2. Observe that we talk about
“normal grain size” in the agglomerated spherical powder, typically 150-300 um
initial grain size compared to the MIM process where the grain size is usually -
22um. The key element is the compaction step HVC where you drive the
density before final densification to min. 95 % of T.D. usually for 316 L as high
as 97 % T.D.

[0047]The final sintering in hydrogen is usually done at 1360-1385°C in pure
hydrogen. The density is then well over 99 % of T.D. As an alternative to final
sintering capsule free HIP can be made as at say 1150°C resulting in

principally full density.

[0048]316 L material according to the present invention has been tested regarding
creep properties at 600°C which is the under limit for the creep range. Here the
creep properties are usually better than conventional material, probably due to
a combined effect of fine grain size and the dispersing effect of the fine oxides.
However at higher creep temperatures the conventional 316 L has better creep

properties because it is relatively easy to get a bigger grain size which gives
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this effect. The material according to the invention is as shown in fig 1. If you

manage to increase the grain size it is very uneven and unpredictable.

[0049]The present way to improve high temperature properties is to add fine oxide
particles of high temperature stable oxides such as aluminum oxide and/or

zirconium oxide.

[0050]It was decided to add fine Al203 powder with a grain size of < 0.3 um. The
present process, which uses a water soluble binder is ideal when mixing in

these fine oxides.

[0051]The following grain sizes were used for the metal powder;

0-150 um

o 0-22 um

o 0-75um

e 150-250 um
e 250-500 pm.

[0052]The grain size is measured before agglomeration of the metal powder.

[0053]To each of these grain sizes an addition of fine Al203 powder (<0.3 um) was
added during agglomeration. Two amounts of aluminium oxide were added, 0.5
weight % and 1 weight % for each grain size. Due to the technique at
agglomeration the present agglomeration technique makes it easy to add this
type of fine particulates. Due to the fineness of the oxides, the fine particles are

wetting the surfaces of the powder particles, even the finest.

[0054]Compacts of each mixture set up were produced according to fig 2. The
final densification was done with sintering at high temperature, 1385°C.
Normally you get a complete densification for 316 L going from approximately
96 % density after High Velocity Compaction, HVC, to + 99,5 % T.D. by

sintering at this high temperature.
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[0055]However in this case no effect of sintering was detected. The components
were in practice unchanged in spite of the high sintering temperature. This
effect is of course a result of the blocking effect of the fine oxide particles. As
the particles were even distributed on the surfaces of the original powder

particles, in principle the original powder grains were seen and detectable.

[0056]It was therefore decided to make a new approach. In each step the
parameters were optimized inclusive that at final HVC compaction step the part
was preheated to 200°C. The resulting part after HVC was measured to 97.2 %
T.D.

[0057]At this density level the components show closed porosity. However a fast

sintering was made at 1385°C to assure full closure of the structure.

[0058]After this the parts were subjected to a capsule free HIP cycle at 1150°C.
The density after this operation was in principle 100 % density measured by

Archimedes and microscope.

[0059]When the grain sizes and structures were measured it was found that for
each of above fraction size the grain sizes reflected the starting size of the

original powder fractions, see table below.

[0060]
TYPE OF POWDER GRAIN | FINAL REMARKS
FRACTION SIZE COMPONENT
GRAIN SIZE
all ASTM
a) 0-150 <5 Very big variation
b) 0-22 9 Very even grain

size

C) 0-75 5 Even grain size
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d) 150-250 3 ¢

e) 250-500 1-2 ¢

[0061]The structure of fraction a) after the present process is shown in fig 3.

[0062]The above components were subjected to an annealing test at 1385°C. In
principle the structures were unchanged regarding grain size. At same time
conventional material treated same showed excessive grain growth with
measured grain sizes of ASTM 0 and even ASTM 00.

[0063]It seems clear that with additions of stable oxides like aluminum oxide
and/or zirconium oxide the final grain size can be controlled very detailed with

above described process.

[0064]If comparing the present 316L and conventional produced 316 L at same
grain size you can measure a better performance for the present components
at low creep temperatures, see fig 4. This is due to the effect of existing normal
volumes of oxides which, contrary to conventional material, always are present

in small sizes, many under 1 um in diameter. In other words gives the Zener

Brake also this effect mentioned above. Due to this effect it was also difficult to

anneal in a controlled way this type of material to a coarser grain size which is

wanted at high creep temperatures.

[0065]A hydrocolloid is defined as a colloid system wherein the colloid particles

are hydrophilic polymers dispersed in water. In one embodiment the colloid is a

thermo-reversible hydrocolloid. An example of a hydrophilic polymers in the
present invention includes but is not limited to gelatine. In one embodiment the
amount of binder in the agglomerated metal powder does not exceed 1.5% by

weight.



WO 2015/174915 13 PCT/SE2015/050541

[0066]0ther features and uses of the invention and their associated advantages
will be evident to a person skilled in the art upon reading the description and

the examples.

[0067]lt is to be understood that this invention is not limited to the particular
embodiments shown here. The embodiments are provided for illustrative
purposes and are not intended to limit the scope of the invention since the
scope of the present invention is limited only by the appended claims and

equivalents thereof.
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CLAIMS

1. A method for the manufacture of a metal part from spherical metal

powder comprising the steps:
a. providing a spherical metal powder,

b. mixing the spherical powder with a hydrocolloid in water to obtain

an agglomerated spherical metal powder,

c. compacting the agglomerated spherical metal to obtain a part of
compacted agglomerated metal powder, wherein the structure of

the part is open,
d. debinding the part to remove the hydrocolloid,

e. compacting the part using high velocity compaction (HVC)
preferably to a density of more than 95% of the full theoretical

density,

f. further compacting the part using HIP, preferably to more than

99% of the full theoretical density, to obtain a finished metal part,

characterized in that at least one oxide is added to the metal powder before step
c¢), which oxide has a melting point higher than the melting point of the metal

powder.

2. The method according to claim 1, wherein the oxide has a melting point
at least 100°C higher than the metal powder, wherein the oxide is stable at the
melting point of the metal powder, and wherein the oxide does not react with the

metal powder at the melting point of the metal powder.

3. The method according to any one of claims 1-2, wherein the metal is
steel.
4. The method according to any one of claims 1-3, wherein the metal is

stainless steel.
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. The method according to any one of claims 1-4, wherein the oxide is a
metal oxide.
6. The method according to any one of claims 1-5, wherein the oxide is at

least one selected from the group consisting of aluminium oxide and zirconium

oxide.

7. The method according to any one of claims 1-6, wherein the oxide is the

form of a powder with an average grain size smaller than 1 um.

8. The method according to any one of claims 1-7, wherein the oxide is
mixed together with the powder and the hydrocolloid in water in step b) to obtain

the agglomerated metal powder.

9. The method according to any one of claims 1-8, wherein the part is

treated in at least one additional step between steps e€) and f).

10. The method according to any one of claims 1-9, wherein the grain size
in the spherical metal powder provided in step a) is selected in order to control the

grain size in the finished product.

11. A metal part comprising an oxide and which is manufactured according

to any one of claims 1-10.



WO 2015/174915 PCT/SE2015/050541

1/3

Fig.1
Grain size ym
A
300
/ WEIGHT
200 /// 316 L
V. i
100 mw N SCANPAC
f SN NI 316 1

1000 1050 1100 1150 1200 1250 Anngehcng

SUBSTITUTE SHEET (Rule 26)



WO 2015/174915 PCT/SE2015/050541

2/3

Fig.2

(Spherical powder from supplier

........................................................................ |......---..-......-......-..--u-u.-.a..“....,................,.......

Agglomeration
(Scannpac™)

Raw powder ]
)

: R HVC press
Conventionell press (Hydropulsor machin e)] CIP press ]

Sintering low temp. | |[Sintering high temp.
All grades Some grades
(S1) (S1)
I

|
HVC
Blue route = MMS Re-striking
)

(Hydropulsor machine

Sintering high temp. HIP
Some grades All grades
(82) )

Finished part / blank Finished part / blank
Al grades Some grades
( ) (

Full density, tight tolrances Full density, low tolrances)

SUBSTITUTE SHEET (Rule 26)



WO 2015/174915 PCT/SE2015/050541

Fig.4
-—-1SO 316L
Creep test @ 600deg C | 4 316LPM
P @ 9 A 316L PM Test running
350
300 P~<3—
\\~\k_ A
o 250 < '
s y
= 200 L
150 I
100 ,
10 100 1000 10000 100000
h

SUBSTITUTE SHEET (Rule 26)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2015/050541

A.

CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: B22F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

SE, DK, FI, NO classes as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, PAJ, WPI data, COMPENDEX, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

2002 (2002-12-19); whole document

WO 02100581 A1 (HOEGANAES AB ET AL), 19 December

JP 2004315950 A (NIPPON STEEL CORP ET AL), 11
November 2004 (2004-11-11); whole document

|:| Further documents are listed in the continuation of Box C.

& See patent family annex.

£
N

“p

“p

“O”

«p»

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of another citation or other
special reason (as specified)

e

ey

wy

document referring to an oral disclosure, use, exhibition or other
means
document published prior to the international filing date but later than

the priority date claimed &

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

14-07-2015

Date of mailing of the international search report

15-07-2015

Name and mailing address of the ISA/SE
Patent- och registreringsverket

Box 5055

S-102 42 STOCKHOLM

Facsimile No. + 46 8 666 02 86

Authorized officer
Kristina Nordén

Telephone No. + 46 8 782 28 00

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2015/050541

Continuation of: second sheet
International Patent Classification (IPC)

B22F 3/16 (2006.01)
B22F 3/11 (2006.01)
B22F 3/12 (2006.01)
B22F 3/14 (2006.01)
B22F 3/15 (2006.01)
B22F 3/17 (2006.01)

Form PCT/ISA/210 (extra sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/SE2015/050541

WO 02100581 A1 19/12/2002 BR 0210346 A 10/08/2004
CA 2446225 At 19/12/2002
CN 1330444 C 08/08/2007
CN 1512926 A 14/07/2004
DE 60216756 D1 25/01/2007
EP 1395383 A1 10/03/2004
ES 2274040 T3  16/05/2007
JP 2008248389 A 16/10/2008
JP 2004528482 A 16/09/2004
KR 100923604 B1  23/10/2009
KR 20040003062 A 07/01/2004
MX PA03011533 A 09/03/2004
TW 570850 B 11/01/2004
us 7311875 B2  25/12/2007
us 20040062674 A1 01/04/2004

e us ... 20030033903 A1 20/02/2003

JP 2004315950 A 11/11/2004 NONE

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report

