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Method for manufacturing a powder based article

TECHNICAL FIELD
The present invention relates to a method for manufacturing a powder based
article. In particular the present invention relates to the field of hot isostatic

pressing manufacturing, HIP.

BACKGROUND ART

Hot isostatic pressing of metallic or ceramic powders, so called HIP or
HIPPING is a commonly used manufacturing process for various articles. In
the HIP manufacturing process a capsule which defines the shape of the
article is filled with a metal or ceramic powder of desired composition. The
capsule is evacuated, sealed and thereafter subjected to Increased

temperature and pressure whereby the powder is densified into a compact
body.

Powder based articles may in certain applications be subjected to conditions
that varies along the article. Alternatively, may the design and geometry of
the article be such that different parts or portions are more exposed to the
surrounding environment than others. For example, the load or the pressure
may be larger on one portion of the article than on another portion of the
article. The wear, for example abrasive wear, that an article is subjected to,
may also be larger on one portion than on another portion of the article. Due
to increased wear, for example, on certain portions of the article, the article
may wear out or break earlier than expected from the overall wear. The non-
limiting terms “varying physical influence” and “increased physical influence”
are used hereinafter to include all types of effects from the surrounding
environment on the article, and that the effect may be more pronounced on

one portion of the article than another, respectively.

Attempts have been made to reinforce powder based articles by increasing

the dimensions of the article in the portions where it is subjected to increased
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physical load. However, due to dimension requirements this is not always

possible.

Other attempts to reinforce powder based articles include flame coating as
described In EP 0543353 A1 and JP 3125076 A1. However, these methods
have had limited success. The microstructure of the article degrades due to
the heat from the coating process. It has further proven difficult to reach
certain portions of the articles with the flame coating tools. The thickness of
the applied layer, as well as the choice of materials that can be used, is also

limited in the known methods.

SUMMARY OF THE INVENTION
Thus, it is an object of the present invention to provide an improved method

for manufacturing a powder based article which has reinforced portions.

This object is achieved by the method for manufacturing a powder based
article comprising one portion of a first material and at least one portion of a
second material comprising the steps of:

- arranging at least a first body comprising a powder of the second
material and a gasifiable material in a selected portion or selected
portions in a capsule defining the shape of the article, wherein the
powder of the second material is held by the gasifiable material;

- filling the capsule with a powder of the first material;

- removing the gasifiable material;

- sealing the capsule;

- heating the capsule under increased pressure to a temperature at
which the powders of the first and second materials densifies to a

compact article.

Since the powder of the second material is held by the gasifiable material it
may easily be arranged at any position in the capsule. By “held” is meant that

the gasifiable material holds the powder material together in a body of such
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strength that the body can be handled without breaking. The second material
may therefore be integrated into the article during manufacturing of the same.
When the gasifiable material has been removed from the capsule, the
powder of the second material is held together and retained in the desired
position by the surrounding powder of the first material and, if present the,

walls of the capsule.

The above process allows for fast Near Net Shape or Net Shape
manufacturing of an article which comprises portions with different materials.
Portions of the article which are subjected to increased physical influence
may thereby be reinforced. A further advantage is that the second material
can be applied at positions which previously not have been possible to
access and therefore also not been possible to reinforce. Since the second
material is integrated in the body of the article, a wide variety of materials
having different properties can be applied without interfering with the form
and shape of the article. By the integration of a coherent body of a powder of
the second material in the main body of the article before densifying of the
article a very high adhesion between the second body and the main body of
the article is achieved. The above process allows for the manufacturing of a
reinforced powder based article which has excellent mechanical properties

since the material of the article is of high purity with a fine microstructure.

The body may be arranged at the inner surface of a wall of the capsule so
that the body Is partially enclosed in powder material. Thereby Is achieved an
effective method for manufacturing an article which has a surface which is

resistant against physical influence such as abrasion or corrosion.

Alternatively, the body may be arranged at a distance from the inner surface
of a wall of the capsule so that the body is enclosed in powder material.
Thereby is achieved an effective method for manufacturing an article which is

reinforced against physical influence, such as heavy loads or impacts.



CA 02757116 2011-09-29

WO 2010/114474 PCT/SE2010/050361

10

15

20

25

30

Preferably, the capsule forms a hollow cylinder wherein the body is arranged
in contact with the mantle surface of an inner wall of the cylinder, partially

enclosing the mantle surface.

Preterably, the capsule forms a hollow cylinder with a curved section wherein
the body is arranged in contact with the mantle surface of an inner wall of the

cylinder, partially enclosing the mantle surface.

Preferably, the body is arranged in a curved section of the capsule.

According to one alternative, the body comprises one or more shells of
gasifiable polymer material, wherein the shell or shells are filled or pre-filled
with a powder of at least the second material. Such shells are easy to
manufacture at low cost and is further easy to handle and position or attach

In the capsule.

According to one alternative, the body comprises one or more shells of
polymer material and a powder of at least the first material and/or at least the
second material; wherein the shell or shells are filled or pre-filled with at least
the powder of the second material. The shell integrates well with the
surrounding first material whereby strong adherence between the first and

second materials is achieved after removal of the polymer and densifying.

The use of a shell comprising polymer material and a powder of the first and
the second material minimizes the amount of polymer material that should be

gasified in a subsequent process step.

According to one alternative, the capsule is partially filled with a powder of
the first material, wherein the shell is arranged in the capsule, wherein the
shell subsequently is filled with at least a powder of the second material,
where after the capsule is completely filled with the powder of the first

material. By executing the filling steps in this sequence, the shell is supported
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by the powder of the first material in the capsule. The shell is thereby
secured during filling. A further advantage is that the shell may be positioned

at any position in the capsule without the use of fastening means.

According to one alternative, the body comprises one or more solid bodies of
a gasifiable polymer material and a powder of the second material. The solid
body may be pre-tabricated in large numbers and provides the advantage of
a fast production of the article since no filling of the body is necessary. A
further advantage is that bodies of very complicated geometries may readily
be manufactured and integrated into the article. The solid body further

iIntegrates well with the surrounding material.

Preterably is the amount of polymer powder in the mixture that makes up the
body adjusted such that the volume of the polymer powder is essentially
equal to the volume of the voids between the particles of the powders of the
first or second materials. The polymer material is then only present in the
voids between the powder material and distortion due to volume changes

when the polymer material is removed by gasification is thereby minimized

The prefabricated solid body may comprise layers or portions of different
powder materials. Thereby is achieved an effective method of producing an
article into which different types of reinforcements are integrated. For
example, one portion of the prefabricated body may comprise protection
against diffusion of alloy elements and another portion of the body may

provide abrasion resistance.

Several bodies may be arranged in the capsule. Thereby is achieved an
effective method for producing an article which is reinforced in different

portions.

The bodies may comprise different powder materials such that one portion of

the article may be reinforced against one type of physical influence, for
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example abrasion and another portion of the article may be reinforced

against a different type physical influence, for example corrosion.

The bodies may be arranged adjacent each other such that a gradient is

formed.

The first material may preferably be any among Ni-alloys, Co-alloys, tool
steels, carbon steels, Hadfield-type steels, stainless steels such as
martensitic stainless steels, chromium steels, austenitic stainless steels,

duplex stainless steels or mixtures thereof.

The second, third or further materials may preferably be any among Ni-
alloys, Co-alloys, tool steels, carbon steels, Hadfield type steels, stainless
steels such as martensitic stainless steels, chromium steels, austenitic
stainless steels, duplex stainless steels or mixtures of the aforementioned
materials or ceramics such as TiN, TiC, WC, TiB,, metal matrix composites
or mixtures thereof. These types of materials provide good reinforcement

against abrasion, shocks, corrosion, etc.

The gasifiable material may be a thermal gasifiable polymer material, such as
polypropylene or polyethylene wherein step of removing the polymer material
from the capsule comprises the sub-steps of:

- applying vacuum in the capsule;

- heating the capsule to a temperature at which the polymer material is

gasified;

The aforementioned polymer materials are easy to shape and evaporate

when heated without essentially leaving residues in the capsule.

Alternatively, the gasifiable material may be a chemically gasifiable polymer
material, such as polyoxymethylene, POM wherein the step of removing the

polymer material from the capsule comprises the sub steps of:
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- applying vacuum in the capsule;
- Injecting In the capsule a gas which chemically reacts with the

polymer such that the polymer material is gasified;

The aforementioned polymer materials are easy to shape and can easily be
removed by gasification due to chemical reaction with the gas without

essentially leaving residues in the capsule.

The method may preferably be used to manufacture an article, such as a
pump housing, a pipe, a pipe bend, an impeller, a manifold or a centrifugal
separator which comprises one portion of a first material and at least one

portion of a second material.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a cross-section of a powder based article comprising a
first portion of a first material and a second portion of a second material.
Figure 2a — 2c¢ illustrates capsules that used in the method for forming a
powder based article.

Figure 3 is a flowchart showing the steps of the inventive method for forming
a powder based article.

Figure 4a — 4e illustrates steps of embodiments of the inventive method for
forming a powder based article.

Figure 5a — 5t illustrates shells that are used in a first preferred embodiment
of the inventive method.

Figure 6a — 6c¢ Illustrates pre-fabricated bodies that are used in a second
preferred embodiment of the inventive method.

Figure 7a and 7b illustrates the arrangement of prefabricated bodies in the

capsule.

DETAILED DESCRIPTION OF EMBODIMENTS

Definition of terms which are used in the following:
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By “first material” is intended the material of a first portion of the
manufactured article. The first portion is normally the main body of the article.
The first material could be any type of metal or metal alloy that may be
densified into a solid compact article having the necessary structural strength
for its field of application. For example, Ni-alloys, Co-alloys, tool steels,
carbon steels, Hadfield-type steels, stainless steels such as martensitic
stainless steels, chromium steels, austenitic stainless steels, duplex stainless

steels or mixtures of the aforementioned materials.

By “second material” is intended the material of a second portion of the
article, thus a portion different from the first portion. The second material
could be any type of metal, metal alloy or ceramic or metal-ceramic
composite that may be densified into a solid compact article having the
necessary structural strength and reinforcing properties for its field of
application. For example, Ni-alloys, Co-alloys, tool steels, carbon steels,
Hadfield-type steels, stainless steels such as martensitic stainless steels,
chromium steels, austenitic stainless steels, duplex stainless steels, or
ceramics such as TiN, TiC, WC, TiB,, metal matrix composites or mixtures of
the aforementioned materials. The second material may also be a mixture of

the first material and the aforementioned materials.

By “third material” or “further material” is intended the material of a third
portion or further portions of the article. The third material etc may be any

type of the materials listed above or mixtures thereof.

Typically, the materials of the first, second and third etc portions are of
different chemical composition. However, the materials of the different
portions could also be of the same chemical composition but having different

microstructures, for example include different phases or varying grain size.

In the inventive method for manufacturing the article the “first material”,

‘second material”, “third material” etc described above are provided as
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powder materials of a particle size of 1 — 500 um. By “powder of the first
material” is intended the powder material that is provided for the first region
of the article. By “powder of the second material” or “powder of the third
material” etc. is intended the powder materials that are provided for the

second, third and further regions of the article.

The material of a portion in the finished article, is normally of the same
chemical composition or microstructure, e.g. phase, grain size, etc as the

powder material that has been provided for the portion.

However, the material of a portion in the finished article may also differ from
the powder material that has been provided for the portion, e.g. be of
different chemical composition or microstructure. The differences are caused
by the influence of process parameters on the materials during the
manufacturing process, For example, diffusion of elements may occur due to

the increased temperature and pressure during the manufacturing process.

Figure 1 describes schematically a cross-section of a powder based article 1
which 1s produced by the method according to the invention. The article
shown in figure 1 is a pipe of the type which may be used in off-shore oil
drilling applications. However, the article could be any type of article, for
example, a pump housing, a piston, a pipe, a pipe bend, an impeller, a
manifold or a centrifugal separator. As can be seen from figure 1 the main
body 2 of the pipe is made of a first material, for example a stainless steel.
The pipe further comprises a portion 3, which extends three-dimensionally at
the inner surface of the pipe 1. The portion 3 comprises a second material,
which is resistant to corrosion and/or erosion, for example a Ni-alloy or a
Metal Matrix Composite. The pipe is thereby reinforced in a position where
the pipe is subjected to wear. The portion 3 may also be located at any other
position on the main body 2 of the article 1, for example incorporated in the
main body 2 of the article or located at the outer surface of the article or at

the ends of the article. Any material may be used in the main body 2 and in
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the portion 3 as long as the materials could be densified into a solid compact

article having the necessary structural strength for its field of application.

Figure 2a illustrates an example of a capsule 10 that is used in the inventive
method for manufacturing a powder based article. The capsule 10 defines
the form of the article and may be of any configuration depending on form of
the article that is manufactured. Figure 2b illustrates a cross-section of the
capsule 10 along the line A-A. The capsule 10 comprises an outer wall 10.1
and an inner wall 10.2 which are arranged concentrically such that a space is
formed between the outer and the inner walls. At the bottom of the capsule
10 the space is closed by a bottom wall 10.3. The outer and inner walls 10.1
and 10.2 may for example be manufactured by welding together metal
sheets, such as sheets of mild steel. The bottom wall 10.3 may also be a
sheet of metal which is welded to the edges of the inner and outer walls 10.1,
10.2.

According to one alternative, the outer wall 10.1 and the inner wall 10.2 may
be cylindrical I.e. tube shaped. The capsule thereby defines the shape of a

hollow cylinder, 1.e. a pipe.

According to a second alternative, see figure 2c, the outer wall 10.1 and the
inner wall 10.2 may be cylindrical and including a curved section. The
capsule thereby defines the shape of a hollow cylinder with a curved section,

l.e. a pipe bend.

Following are described the steps of the inventive method for manufacturing
a powder based article 1 comprising one portion 2 of a first material and a
portion 3 of a second material. The steps of the method can be followed In

the flowchart of figure 3.

In a first step 100, at least one body 11 that comprises a powder of the

second material and a gasifiable material is arranged in a capsule that

10
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defines the shape of the article. The powder of the second material is held by
the gasifiable material. Thereby, the body 11 can be handled without
breaking.

The body 11 may have any configuration suitable for the portion of the article
that shall be reinforced and may be arranged at any suitable position in the
capsule 10. Figure 4a illustrates a body 11 that has the configuration of a ring
segment. The body may also be ring-shaped, rectangular, disc-shaped or
curved. The body 11 is arranged in the space between the outer and inner
walls 10.1, 10. 2 of the capsule 10. The body 11 may be attached to the inner
surface of the inner or outer wall 10.2, 10.2 by gluing, welding, riveting,
screwing or press fitting, for example. The body may also be arranged at a

distance from the walls. Several bodies may be arranged in the capsule.

According to a first alternative, the gasifiable material of the body is a
polymer material of a type which evaporates without essentially leaving
residues when it Is heated above a certain temperature. For example
polypropylene or polyethylene, which both completely evaporate at the
temperatures of 450 C°— 500 C°-.

According to a second alternative, the gasifiable material of the body is a
polymer material of a type which is gasified when it reacts chemically with a
gas. For example polyoxymethylene, POM, that is gasified by reaction with
HNO3 gas.

In a second step 200, the capsule 10 is filled with a powder of the first
material. Figure 4b illustrates the filling of the capsule 10. After filling, the
capsule 10 may be covered by a top wall 10.4 which comprises an opening

10.5, see figure 4c¢. An evacuation pipe may be attached to opening 10.5.

According to an alternative, the second step 200 may be partially performed

before the first step 100. So that, the capsule first is partially filled, thereafter

11
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IS the body arranged in the capsule and then is the capsule completely filled.
The body 11 may thereby be supported on the powder material in the

capsule.

In a third step 300, the gasifiable material is removed from the filled capsule
10.

As described, the gasifiable material may be a thermal gasitiable polymer. In
this case the step 300 of removing the gasifiable material comprises the sub-
step of applying a vacuum in the capsule and the sub-step of heating the

capsule to a temperature at which the polymer material is gasified.

First, see figure 4d, the capsule 10 is placed in an oven, alternatively may
heating elements 15 be arranged around the capsule. A vacuum is applied in
the capsule by a vacuum pump 20 which is attached to the opening 10.5 in
the capsule 10. The capsule 10 is then heated to a temperature at which the
polymer material in the body 11 is gasified. To achieve a complete
gasification of the polymer material, the capsule may be heated to
approximately 550°C and held at this temperature for a predetermined time
period, for example 60 min, depending on capsule size, geometry and
number of evacuating pipes. The gasified polymer material is drawn from the

capsule 10 as a gas 16 by the vacuum pump 20.

As also described, the gasifiable material may be a polymer material which is
gasified by chemical reaction with a gas. In this case the step of removing the
gasifiable material comprises the sub-step of applying a vacuum in the
capsule and the sub-step of injecting in the capsule a gas which chemically

reacts with the polymer such that the polymer is gasified.
First, a vacuum is first drawn in the capsule by a vacuum pump 20 which is

attached to an evacuation pipe In the opening 10.5 In the capsule. The

vacuum pump 20 is thereatfter stopped and a gas, for example HNOs-gas is

12
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Injected into the capsule. The gas reacts chemically with the polymer material
which gasifies. The vacuum pump 20 is then started again to evacuate the
gasified polymer material from the capsule, whereupon a vacuum again is
applied in the capsule. The pump is thereafter stopped and the HNOs-gas is
Injected again. The process Is repeated until the polymer material Is

completely gasified.

In a fourth step 400, the capsule is sealed such that the vacuum that is drawn
in the capsule during removal of the polymer material is maintained. Before
sealing of the capsule a gas, e.g. No may be injected into the capsule. The N»
gas ensures that no argon, oxygen or gasified carbon is present in the
capsule. The sealing of the capsule is achieved by clamping of the
evacuating pipe in opening 10.5 using a suitable tool and welding the

opening shut.

In a fifth step 500, the capsule 10 heated under increased pressure to a
temperature at which the powders of the first and second materials densifies

{o a compact article.

The capsule is placed in a heatable pressure chamber 17, see figure 4e. The
chamber 17, normally referred to as a HIP-chamber can be pressurized to a
pressure of at least 100 bars and heated to a temperature of at least 1000°C
by heating elements 18 arranged in the chamber 17. Pressurizing of the
chamber 17 may be achieved In that a pump 19 pumps air or gas, such as
argon into the chamber 17. The capsule 10 is heated to a temperature below
the melting point of the powder materials in the capsule, e.g. 100-500°C
below the melting point and the pressure is increased in the chamber 17. The

capsule is thereby subjected to heat and isostatic pressure.
Due to the elevated pressure and temperature the particles of the powders in

the capsule deform plastically and bond together through various diffusion

processes. The combination of these processes causes pores to shrink and

13
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close, thereby achieving a fully dense body without any residual porosity after
HIP. After a predetermined time, for example 1-2 hours the heating elements
In the capsule are turned off and the pressure is decreased to atmospheric
pressure. The capsule 10 1s then allowed to cool and Is subseqguently

stripped from the sintered article.

The manufactured article may be subjected to further treatment such as

grinding, boring, painting or coating.

According to a first preferred embodiment of the method, the body 11
comprises a shell 12 that comprises the gasifiable material wherein the shell

is filled with a powder of the second material.

Figure 5a through 5e illustrates shells of various configurations. The shell 12
comprises an outer wall 12.1, a bottom wall 12.3 and a top wall 12.4. The
walls may be of any thickness dimension and define a volume which can be
filled with powder material. The top wall 12.4 may be provided with an
opening 12.5 through which powder material may be poured. The shell may
be of ring-shaped configuration (figure 5a), in which case the shell also

includes an inner wall 12.2.

According to a first alternative, the shell 12 is a polymer shell 12 of a type of
polymer described above, for example polypropylene, polyethylene or
polyoxymethylene. The shell 12 may be formed by various manufacturing
techniques for example, blow moulding, injection moulding, casting, free form
fabrication, or by mechanically working of tube or sheet material of polymer

material.

According to a second alternative, the shell 12 comprises a mixture of
polymer material and a powder of the first material and/or a powder of the
second material. Alternatively, the mixture comprises a third powder material

different from the powders of the first and second materials.
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The polymer material in the shell 12 is of a type described above, for
example polypropylene, polyethylene or polyoxymethylene. The shell 12 is
manufactured by mixing polymer powder and powders of the first material
and/or the second material etc. A wetting agent may be added for improving
the bond strength between powder particles during manufacturing of the
shell. The shell 12 is then formed by any suitable manufacturing technique,
for example by extrusion or 3D-printing. The shell 12 is thereafter heated to a
temperature slightly above the melting point of the polymer powder. As the
shell 12 cools the polymer material solidifies and adhere thereby the powder

of the first and/or second material.

The amount of polymer powder in the mixture may be adjusted such that the
volume of the polymer powder is essentially equal to the volume of the voids
between the particles of the powder material. In the shell the polymer is then
essentially only present in the voids between the particles of the powder
material and distortion due to volume changes when the polymer material is

removed by gasification is thereby minimized.

The shell 12 may also comprise an outer layer of a third material, for example
nickel which protects against diffusion of elements such as carbon between
the shell and the content of the shell, or diffusion between the shell and the

powder material surrounding the shell.

The layer may be achieved by applying a thin metal sheet on the shell 12.
When the shell 12 is manufactured from powder material a diffusion
protection layer which comprises polymer material and a third powder
material, for example nickel, may be applied on the surface of the shell 12.
Figure 5f shows a shell 12 which comprises an outer layer 14.1 of a third

material.
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The shell 12 is filled with at least a powder of the second material and

arranged in the capsule as described in the first step 100 of the method.

According to a first alternative, the shell 12 is pre-filled, thus filled in advance
with a powder of the second material. The shell is then arranged in the
capsule 10. Thereafter is the capsule 10 filled with a powder of the first

material as described in the second step 200 of the method.

According to a second alternative, the shell 12 is first arranged in the capsule
10. The shell is then filled with a powder of the second material. In this case,
the step of arranging the shell 12 in the capsule comprises the sub-step of
arranging the shell in the capsule and the sub-step of filling the shell 12.
Thereafter is the capsule 10 filled with a powder of the first material as
described Iin the second step 200 of the method. The shell 12 and the

capsule 10 may also be filled simultaneously

According to a third alternative, the capsule 10 is first partially filled with the
powder of the first material. The shell 12 is then arranged in the capsule 10.
The shell 12 is then filled with a powder of the second material. In this case,
the step of arranging the shell 12 in the capsule comprises the sub-step of
arranging the shell in the capsule and the sub-step of filling the shell 12.
Thereafter is the capsule 10 filled with the powder of the first material as
described in the second step 200 of the method. The shell 12 may also be

pre-filled with a powder of the second material.

The capsule is thereafter subjected to the described steps 300, 400 and 500
of the method.

According to a second embodiment of the method, the body 11 comprises a
solid body 13, which comprises a mixture of a polymer material and at least a

powder of the second material.
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The body 13 is pre-fabricated thus, manufactured in advance by mixing
polymer powder and powder of the second material and a wetting agent. The
polymer powder is the type described above, for example polypropylene,
polyethylene or polyoxymethylene A wetting agent may be added to the
mixture. The mixture is then formed, for example by injection moulding,
extrusion, 3D-printing or any other suitable manufacturing method into a body

13 of a specified geometry.

The body 13 is then heated, normally to a temperature slightly above the
melting point of the polymer powder. As the body 13 cools the molten
polymer material solidifies and adhere thereby the powder of the second
material into a solid body. The pre-tfabricated bodies may be stored for long

times until needed.

The body 13 may comprise portions of different powder materials.

According to a first alternative, the body 13 exhibits a concentration gradient
from one side to another. Figure 6a illustrates a body 13 comprising three
layers of different concentrations. A first layer 13.1 comprises one part
polymer material and nine parts of a powder of the second material. A
second layer 13.2 comprises one part polymer material, six parts of a powder
of the second material and three parts of a powder of the first material. A
third layer 13.3 comprises one part polymer material, one part of a powder of

the second material and eight parts of a powder of the first material.
According to a second alternative, see figure 6b, the body 13 may comprise
one portion 13.1 of a powder of the second material and one portion of a

powder of a material 13.2.

According to a further alternative, see figure 6c¢ the body 13 comprises an

outer layer 14.1 of polymer material and a powder of a third material, such as
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nickel. The layer 14.1 provides protection against diffusion of elements

between from the body 13 and the surrounding powder material.

The body 13 is arranged in the capsule 10 as described in first step 100 of
the methoaq.

Several bodies, that have different concentration ratios between the powders
of the first and the second materials, may be arranged next to each other in
the capsule 10. A gradient of the concentration of the second material is
thereby achieved from the surface of the article towards the centre of the

article.

Figure 7a illustrates an example in which several bodies 13.1, 13.2, 13.3 are
arranged so that a concentration gradient is achieved in a direction from the
inner cylindrical wall 10.2 of the capsule 10 towards the outer cylindrical wall
10.1. The first pre-tabricated body 13.1 comprises one part polymer material
and nine parts of a powder of the second material. The second pre-fabricated
body 11.2 comprises one part polymer material, six parts of a powder of the
second material and three parts of a powder of the first material. The third
pre-fabricated body 13.3 comprises one part polymer material, three parts of
a powder of the second material and six parts of a powder of the first

material.

According to a further alternative, see figure 7b, a first body 13.1 comprising
polymer material and a powder of the second material is arranged in the
capsule 10. One or several further bodies 13.2, 13.3 that each comprises
polymer material and a powder of a third material, for example Ni may be
arranged next to the first body 13.1, in contact with the surfaces of body 13.1.
Thereby is achieved that diffusion of elements between body 11 and the

surrounding powder of the first material of the article is prevented.
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The capsule 10 is then filled with the powder of the first material as described
In the second step 200 of the method. The capsule 10 is thereatter subjected
to the steps 300, 400 and 500 of the method.

Although particular embodiments have been disclosed herein In detall, this
has been done for purposes of illustration only, and is not intended to be
limiting with respect to the appended claims. The disclosed embodiments
and alternatives can also be combined. In particular, it is contemplated by the
inventor that various substitutions, alterations, and modifications may be
made to the invention without departing from the scope of the invention as
defined by the claims. For example could the method be used to manufacture
articles into which are integrated bodies which serve other purposes than to
reinforce the article. For example, bodies which comprises magnetic material

which are wused as a detection marker for detecting equipment.
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1. A method for manufacturing a powder based article (1) comprising one
portion (2) of a first material and at least one portion (3) of a second
5 material characterized by the steps of:
- arranging (100) at least a first body (11, 12, 13) comprising a
powder of the second material and a gasifiable material in a
selected portion or selected portions in a capsule (10) defining the
shape of the article (1), wherein the powder of the second material
10 IS held by the gasifiable material;
- filling (200) the capsule (10) with a powder of the first material;
- removing (300) the gasifiable material,
- sealing (400) the capsule;
- heating (500) the capsule under Increased pressure to a
15 temperature at which the powders of the first and second materials

densifies to a compact article.

2. The method according to claim 1, wherein the body (11, 12, 13) is
arranged at the inner surface of a wall (10.1, 10.2) of the capsule (10)

20 so that the body (11, 12, 13) is partially enclosed in powder material.

3. The method according to claim 1, wherein the body (11, 12, 13) is
arranged at a distance from the inner surface of a wall (10.1, 10.2) of
the capsule (10) so that the body (11, 12, 13) is enclosed in powder

25 material.

4. The method according to any of claims 1 — 3 wherein the capsule (10)
forms a hollow cylinder wherein the body (11, 12, 13) is arranged In
contact with the mantle surface of an inner wall 10.2 of the cylinder 10,

30 partially enclosing the mantle surface.
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. The method according to any of claim 1 — 3 wherein the capsule 10

forms a hollow cylinder with a curved section wherein the body (11,
12, 13) is arranged in contact with the mantle surface of an inner wall

10.2 of the cylinder 10, partially enclosing the mantle surface.

. The method according to any of claims 1 — 5, wherein the body (11)

comprises one or more shells (12) of gasifiable polymer material,
wherein the shell or shells (12) are filled or prefilled with at least the a

powder of the second material.

. The method according to any of claims 1 — 5 wherein the body (11)

comprises one or more shells (12) of gasitiable polymer material and a
powder of at least the first material or at least the second material,
wherein the shell or shells (12) are filled or prefilled with at least a

powder of the second material.

. The method according to any of claims 6 or 7 wherein the capsule is

partially filled with a powder of the first material; wherein the shell (12)
IS arranged in the capsule (10), wherein the shell (12) is subsequently
filled with at least a powder of the second material, where after the

capsule (10) is completely filled with the powder of the first material.

. The method according to any of claims 1 — 5 wherein the body (11)

comprises one or more solid bodies (13) of gasifiable polymer material

and at least a powder of the second material.

10. The method according to claim 9 wherein the body (13) comprise

layers (13.1, 13.2) or portions (13.1, 13.2) of powders of different

materials.

11. The method according to claim 9 or 10 wherein the capsule (10) is

partially filled with a powder of the first material, wherein the solid body
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(13) subsequently is arranged in the capsule (10) where after the

capsule (10) is completely filled with the powder of the first material.

12. The method according to claim 1 - 11 wherein several bodies (11, 12,

13) are arranged in the capsule (10).

13. The method according to claim 12 wherein the bodies (11, 12, 13)

comprises powders of different materials.

14.The method according to any of claims 1 — 13 wherein the first
material is any among Ni-alloys, Co-alloys, tool steels, carbon steels,
Hadfield-type steels, stainless steels such as martensitic stainless
steels, chromium steels, austenitic stainless steels, duplex stainless

steels or mixtures thereof.

15.The method according to any of claims 1 — 14 wherein the second,
third or further materials is any among Ni-alloys, Co-alloys, tool steels,
carbon steels, Hadfield type steels, stainless steels such as
martensitic stainless steels, chromium steels, austenitic stainless
steels, duplex stainless steels or mixtures of the aforementioned
materials or ceramics such as TiN, TiC, WC, TiB,, metal matrix

composites or mixtures thereof.

16. The method according to any of claims 1 — 15 wherein the gasifiable
material is thermal gasifiable polymer material, such as polypropylene
or polyethylene wherein the step (300) of removing the polymer
material from the capsule (10) comprises the sub-steps of:

- applying a vacuum in the capsule (10);
- heating the capsule (10) to a temperature at which the polymer

material is gasified;
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17.The method according to claims 1 — 15, wherein the gasifiable
material is a chemically gasifiable polymer material, such as
polyoxymethylene, POM wherein the step (300) of removing the
polymer material from the capsule (10) comprises the sub-steps of:
- applying a vacuum in the capsule (10);
- Injecting In the capsule a gas which chemically reacts with the

polymer such that the polymer material is gasified;

18.An article, such as a pump housing, a pipe, a pipe bend, an impeller, a
manifold or a centrifugal separator which comprises one portion (2) of
a first material and at least one portion (3) of a second material,

manufactured by the method of any of claims 1 - 17.
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100
Arranging at least a first body comprising
a powder of a second material and a
gasifiable material in a selected portion or
selected portions in a capsule defining
the shape of the article, wherein the
powder of the second material is held by

i the gasifiable material;

200
Filling the capsule with a powder of the

I first material;

l

300
Removing the gasifiable material;

| 400
Sealing the capsule;

4

500
Heating the capsule under increased
pressure to a temperature at which the
powders of the first and second materials
densifies to a compact article.
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