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DESCRIPTION

TECHNICAL FIELD

[0001] 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

[0002] 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.

[0003] 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 nonlimiting 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.

[0004] 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 physical load. However, due to dimension requirements this is not always possible.

[0005] 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.

[0006] GB-A-2 304 619 discloses a method by which a layered and/or graded structure is generated by permitting a pre-form of
powder to be bound by suitable organic binder and moulded in a suitable mould to create a pre-form which fits against a press
tool, leaving a gap between the pre-form and a second press tool. A second powder mix is inserted in said gasp, followed by a
press operation during which the powders are pressed between said press tools

SUMMARY OF THE INVENTION

[0007] Thus, it is an object of the present invention to provide an improved method for manufacturing a powder based article
which has reinforce portions.

[0008] 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:

e 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;

e removing the gasifiable material,

e sealing the capsule;

e heating the capsule under increased pressure to a temperature at which the powders of the first and second materials
densifies to a compact article, and characterized in that 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.
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[0009] 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 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.

[0010] 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.

[0011] 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.

[0012] 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.

[0013] Preferably, 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.

[0014] Preferably, the body is arranged in a curved section of the capsule.

[0015] According to the invention, 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.

[0016] 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.

[0017] 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 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.

[0018] 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-fabricated 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 integrates well with the surrounding material.

[0019] Preferably 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.
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[0020] Several bodies may be arranged in the capsule. Thereby is achieved an effective method for producing an article which is
reinforced in different portions.

[0021] The bodies may comprise different powder materials such that one portion of the article may be reinforced against one
type of physical influence, for example abrasion and another portion of the article may be reinforced against a different type
physical influence, for example corrosion.

[0022] The bodies may be arranged adjacent each other such that a gradient is formed.

[0023] 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.

[0024] 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 2, metal matrix composites or

mixtures thereof. These types of materials provide good reinforcement against abrasion, shocks, corrosion, etc.

[0025] 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:

e applying vacuum in the capsule;
¢ heating the capsule to a temperature at which the polymer material is gasified;

[0026] The aforementioned polymer materials are easy to shape and evaporate when heated without essentially leaving
residues in the capsule.

[0027] 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:

e applying vacuum in the capsule;
¢ injecting in the capsule a gas which chemically reacts with the polymer such that the polymer material is gasified;

[0028] 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.

[0029] 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

[0030]

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 - 5f illustrates shells that are used in a first preferred embodiment of the inventive method.
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Figure 6a - 6¢ 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

[0031] Definition of terms which are used in the following:

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.

[0032] 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 2, 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.

[0033] 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.

[0034] 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.

[0035] In the inventive method for manufacturing the article the "first material”, "second material", "third material" etc described
above are provided as 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.

[0036] 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.

[0037] 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 is 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 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.
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[0038] 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.

[0039] 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, i.e. a pipe.

[0040] 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, i.e. a pipe bend.

[0041] 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.

[0042] 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 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.

[0043] 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
wallls. Several bodies may be arranged in the capsule.

[0044] 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°.

[0045] 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.

[0046] 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.

[0047] 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 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.

[0048] In a third step 300, the gasifiable material is removed from the filled capsule 10.

[0049] As described, the gasifiable material may be a thermal gasifiable 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.

[0050] 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.
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[0051] 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.

[0052] 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 thereafter stopped and a gas, for example HNO3-gas is 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 HNO3-gas is injected again. The process is repeated until the polymer material is completely gasified.

[0053] 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 Ny 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.

[0054] 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 to a compact article.

[0055] 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.

[0056] 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 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 is then
allowed to cool and is subsequently stripped from the sintered article.

[0057] The manufactured article may be subjected to further treatment such as grinding, boring, painting or coating.

[0058] 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.

[0059] 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.

[0060] 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.

[0061] 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.

[0062] 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.
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[0063] 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.

[0064] 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.

[0065] 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.

[0066] 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.

[0067] 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.

[0068] 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 in the second step 200 of the method. The shell 12 and the capsule 10 may also be filled simultaneously

[0069] 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 filing 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.

[0070] The capsule is thereafter subjected to the described steps 300, 400 and 500 of the method.

[0071] 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.

[0072] 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.

[0073] 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-fabricated bodies may be stored for long times until needed.

[0074] The body 13 may comprise portions of different powder materials.

[0075] 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.

[0076] 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.

[0077] According to a further alternative, see figure 6c the body 13 comprises an outer layer 14.1 of polymer material and a
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powder of a third material, such as nickel. The layer 14.1 provides protection against diffusion of elements between from the body
13 and the surrounding powder material.

[0078] The body 13 is arranged in the capsule 10 as described in first step 100 of the method.

[0079] 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.

[0080] 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-
fabricated 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.

[0081] 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.

[0082] 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 thereafter subjected to the steps 300, 400 and 500 of the method.

[0083] Although particular embodiments have been disclosed herein in detail, 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 used as a detection marker for detecting equipment.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not form part of the European patent
document. Even though great care has been taken in compiling the references, errors or omissions cannot be excluded and the
EPO disclaims all liability in this regard.

Patent documents cited in the description




10

15

20

25

30

35

DK/EP 2236229 T3

Patentkrav

1. Fremgangsmade til fremstilling af en pulverbaseret artikel (1), omfattende
et afsnit (2) af et forste materiale og mindst ét afsnit (3) af et andet materiale,
hvor fremgangsmaden omfatter falgende trin:

- anbringe (100) mindst ét forste legeme (11) omfattende et pulver af
det andet materiale og et materiale, som kan omdannes til gas, i et
udvalgt afsnit eller udvalgte afsnit i en kapsel (10), som definerer for-
men af artiklen (1), hvor pulveret af det andet materiale holdes af det
materiale, som kan omdannes til gas;

- fylde (200) kapslen (10) med et pulver af det forste materiale;

- fjerne (300) det materiale, som kan omdannes til gas;

- forsegle (400) kapslen;

- opvarme (500) kapslen under forhgjet tryk til en temperatur, ved hvil-
ket pulverne af de forste og andre materialer fortaettes til en kompakt
artikel, og kendetegnet ved, at legemet (11) omfatter en eller flere
kapper (12) af polymermateriale, som kan omdannes til gas, og et pul-
ver af i det mindste det forste materiale eller i det mindste det andet
materiale, hvor kappen eller kapperne (12) fyldes eller forfyldes med
mindst ét pulver af det andet materiale.

2. Fremgangsmade ifoelge krav 1, hvor legemet (11) er anbragt ved den ind-
vendige overflade af en veeg (10.1, 10.2) af kapslen (10), séledes at legemet
(11) lukkes delvis inde i pulvermaterialet.

3. Fremgangsmade ifglge krav 1, hvor legemet (11) er anbragt i en afstand
fra den indvendige overflade af en vaeg (10.1, 10.2) af kapslen (10), saledes
at legemet (11) lukkes delvis inde i pulvermaterialet.

4. Fremgangsmade ifalge et af kravene 1 - 3, hvor kapslen (10) danner en
hul cylinder, hvor legemet (11) er anbragt i kontakt med beklaedningsoverfla-
den af en indvendig veeg 10.2 af cylinderen 10, delvis omsluttende beklzed-
ningsoverfladen.

5. Fremgangsmade ifolge et af kravene 1 - 3, hvor kapslen (10) danner en
hul cylinder med et buet tveersnit, hvor legemet (11) er anbragt i kontakt med
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beklaedningsoverfladen af en indvendig vaeg 10.2 af cylinderen 10, delvis
omsluttende beklaedningsoverfladen.

6. Fremgangsmade ifolge et af kravene 1-5, hvor kapslen fyldes delvis med
et pulver af det forste materiale; hvor kappen (12) er anbragt i kapslen (10),
hvor kappen (12) derefter fyldes med mindst ét pulver af det andet materiale,
hvorefter kapslen (10) fyldes helt med pulveret af det forste materiale.

7. Fremgangsmade ifolge et af kravene 1 - 6, hvor flere legemer (11) er an-
bragt i kapslen (10).

8. Fremgangsmade ifelge krav 7, hvor legemerne (11) omfatter pulvere af
forskellige materialer.

9. Fremgangsmade ifolge et af kravene 1 - 8, hvor det forste materiale er
udvalgt blandt Ni-legeringer, Co-legeringer, veerktojsstal, kulstofstal, Had-
field-stal, rustfrit stdl s& som martensitisk rustfrit stal, kromstal, austenitisk
rustfrit stal, duplex rustfrit stal eller blandinger deraf.

10. Fremgangsmaéade ifolge et af kravene 1 - 9, hvor det andet, tredje eller
yderligere materiale er udvalgt blandt Ni-legeringer, Co-legeringer, veerktojs-
stél, kulstofstal, Hadfield-stal, rustfrit stadl s& som martensitisk rustfrit stal,
kromstal, austenitisk rustfrit stal, duplex rustfrit stal eller blandinger af de far-
neevnte materialer eller keramik s& som Tin, TiC, WC, TiB,, metalmatrix-
sammenseaetninger eller blandinger deraf.

11. Fremgangsmade ifelge et af kravene 1 - 10, hvor det materiale, som kan
omdannes til gas, er termisk polymermateriale, som kan omdannes til gas,
hvor trinnet (300) med at fijerne polymermaterialet fra kapslen (10) omfatter
folgende undertrin:
- anvende et vakuum i kapslen (10);
- opvarme kapslen (10) til en temperatur, ved hvilken polymermaterialet
omdannes til gas.

12. Fremgangsmaéade ifglge et af kravene 1 - 11, hvor det materiale, som kan
omdannes til gas, er et polymermateriale, som kemisk kan omdannes til gas,
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hvor trinnet (300) med at fierne polymermaterialet fra kapslen (10) omfatter
falgende undertrin:
- anvende et vakuum i kapslen (10);
- indsprgjte en gas i kapslen, som reagerer kemisk med polymeren, sa-
ledes at polymermaterialet omdannes til gas.
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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
the gasifiable material;

:

200
Filling the capsule with a powder of the
first material; -

!

300
Removing the gasifiable material;

}

400
Sealing the capsule;

!

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

Figure 3
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