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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates in general to metal multiphase materials and
manufacturing methods therefore and in particular to such materials having carbides in a metal
matrix.

BACKGROUND

[0002] Hard and multiphase materials such as cemented carbide, high speed steel, stellite or
similar are used in a large number of applications such as wear parts and tools. The properties
of such materials are typically defined by a high hardness and high content of hard phase and
thus a high wear resistance. The hard phase is typically represented in these materials by a
high content of carbides and this hard phase is surrounded by a matrix material such as Fe,
Co, Ni, etc, and alloys and phases thereof. The matrix material is also typically hard, but is
typically produced to achieve a desired balance to other important properties such as corrosion
resistance and fracture toughness.

[0003] In these kinds of materials, the properties are settled by the constituent elements, the
microstructure and the sizes and level of carbides. In addition, some properties are also
determined by the content of foreign matter, by the so called non-metallic inclusions. The level
of non-metallic inclusions is typically low, but still the brittle nature of these hard materials leads
to the fact that some properties (especially fracture toughness, impact toughness and fatigue
resistance) of these materials are very sensitive for these non-metallic inclusions. Typically, a
component could have very high yield strength and hardness, but in practical use, the largest
inclusion sets the limit for the impact toughness and fatigue. That is; high quality materials of
today see their limit in the amount of the small, but still existing, inclusions by foreign matter.
The inclusions act as stress concentrations due to different binding nature of inclusions and
surrounding microstructure material, especially if they have a size that is larger than other
microstructure variations.

[0004] The carbides in these multiphase materials are, as mentioned above, very important for
the wear resistance, and the size of the carbides in the microstructure is determining the wear
resistance level. Firstly, a high level of carbides in the material gives a high wear resistance.
Secondly, the coarser carbides in the material, the higher the wear resistance achieved.
However, a high level of big (coarse) carbides in the composition is also detrimental for the
fracture toughness of the material. This is due to the fact that the maximum fracture toughness
of a material is obtained when the microstructure is fully homogenous, and that coarse
carbides in such structure will act as a stress concentration and thus also an initiation point for
fracture. This is exactly the same stress concentration effect as mentioned above, where the
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inclusions where the problem. Therefore, it is desired to produce a material with high carbide
content but with fine carbide size, to achieve a wear resistant material that also has enough
high fracture toughness. It is both important with fine carbides, but even more important with a
small size of the largest carbide found in the whole structure of the component.

[0005] These hard and multiphased materials described above could mainly be manufactured
by a conventional route, by a powder manufacturing (PM) route or by a sintering technique.

[0006] In short, the conventional way of producing metal materials is to melt compositions of
elements together and fill them in ingots, where they solidify. The ingots are then forged and
rolled to the desired geometrically form such as rods, bars, sheets etc. The PM route (Powder
Manufacturing route) is a development of the old conventional route for producing materials. In
the PM route, the molten metal of desired composition is first "atomised” into a metal powder.
This metal powder is then filled into containers, which in turn are being consolidated by high
pressure and temperature. The consolidated containers are afterwards forged and rolled to the
desired form in the same way as a conventional ingot. Since a PM material is a result of small
powder-sized ingots which have been consolidated into a new material, the microstructure of
the PM material is finer, with also a finer carbide size. This results in a material with better
properties in general, due to the homogeneity, finer carbides and grains and it is also possible
to produce materials with the PM route which cannot be produced the conventional way.

[0007] Sintering techniques have been used for a long time, where the goal is to manufacture
components in hard materials. At ordinary sintering, a material powder (and often a binder) is
pressed together to form a "green body". This green body is then placed in a furnace and a
heat treatment (with a temperature lower than the melting temperature of the material, the
solidus temperature) is performed.

[0008] A very common material produced by sintering technique is cemented carbide
(hartmetalle, hardmetall), where a mix of WC and Co powder is milled together with the binder
polyethylene glycol (PEG). After this milling, the mix is spray dried into a powder of
agglomerates. This powder is pressed into green bodies and are then sintered (heat treated)
into the final material. The result is a material with hard WC grains bounded together in a
matrix of Co. The advantage with this WC/Co material type is that is has a unique combination
of hardness and toughness, but the disadvantages are also obvious: a very complicated
manufacturing process is necessary and very large production series is needed to achieve a
low component price. In addition, this process does not allow advanced geometries without
extensive after-treatment, and despite the quite high toughness, the toughness is still too low
for a large number of applications.

[0009] Inclusions in a material are results from the production process, conventional route, PM
route or sintering. Typically, the inclusions could be small residuals of unwanted elements from
the scrap used in the raw material melting, particles from furnace walls that are released
during the melting process, or in particular the always existing oxidation of molten or hot
material during processing, or from other parts of the production process.
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[0010] The typical sintering techniques according to prior art all have in common that they
result in bad material properties such as low purity, high porosity, solidification patterns
(segregations), coarse carbides and nitrides, and coarse microstructure. This sintering process
results typically in a porous material with uncontrolled carbon content, and also often residuals
of the binder. It is also possible to perform sintering at temperatures above the solidus
temperature to achieve a material with lower porosity, but instead a coarser micro structure is
achieved, due to the long solidification time, and thus also coarse carbides and/or nitrides.

[0011] In addition, to produce components in these hard multiphase materials, the machining
methods of today are very time-consuming and energy-consuming, and the methods results in
great wear on the tools used. In addition, these operations also have a major drawback, which
is the need for removing a lot of full quality material by machining, before achieving the final
component shape. That is, it is difficult to produce a component in these materials, and the
more complicated geometry needed, the harder it is.

[0012] The only way according to prior art of producing components with the desired
properties mentioned here (high carbon content, low oxygen levels, high purity, no porosity) is
to use a PM material bar which have been HIPed (Hot Isostatic Pressure), forged and rolled,
and to machine this bar to the desired form. However, even if using forged and rolled PM
materials, the components will still have some inclusions, and not the extremely low oxygen
level that is needed.

[0013] In the published international patent application WO 03/069004 A1, a high chromium
and carbide rich tool steel is disclosed, The teel comprises at least 0.3 weight-% of carbon, an
oxygen content of down to 37 ppm and pm-sized carbides. The products are manufactured by
powder technology, preferable HIP compaction.

[0014] There exist a handful number of successful techniques for cleaning the PM materials
further by improving powder production processes, but there exists only one technique for
reducing the devastating oxygen content to the extremely low levels, a technique called
VIM/VAR. VIM/VAR stands for Vacuum Inducted Melting/Vacuum Arc Remelted. In VIM/VAR, a
large piece of high purity material is remelted by electrical eddy current in vacuum, and the
process can refine an already pure material to very clean levels. However, the technique is not
possible to use for materials with high carbide contents, where the aim is to have a small
carbide size, since the large melt pool used lead to long solidification time and thus to too
coarse carbides in the microstructure and/or carbide stringers.

[0015] In the published international patent application WO 00/63455, an engineering steel
and rolling bearing component is disclosed. By presence of molybdenum and a special heat
treatment, an ultra fine bainitic structure is achieved. The engineering steel comprises 0.9-1.0
% by weight of carbon and as carbide size lengths of 250 nm, where the small carbide sizes
are a result of the Si content. No oxygen content of the final engineering steel is given.
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[0016] In the published US patent application 2002/0139454 A1, a rolling bearing and method
of making the same is disclosed. In presented comparative samples, steel with 0.62 and 0.68
% by weight, oxygen content of 4 and 9 ppm and carbide lengths of 1.13 and 2.15 um,
respectively, are presented. It is also concluded that when the C content is too high, the
amount of coarse carbides increase, so that the quiet, machinability and corrosion resistance
thereof are deteriorated The C content of the steel according to the invention is therefore not
more than 0.6 % buy weight,

[0017] In the published US patent application 2002/0160223 A1, an anti-friction bering is
disclosed. The bearine is manufactured by a steel composed of 0.6-0.75 % of C by weight, less
than 10 ppm oxygen and eutectic carbide particles of 10 um or less.

[0018] In the US patent 5,156,697, selective laser sintering of parts by compound formation of
precursor powders is disclosed. The method selectively sinters a layer of powder to produce a
part comprising a plurality of sintered layers. The laser beam is scanned over a layer of
powder and the beam is switched on to sinter only the powder within boundaries of a desired
cross-section of a part to be produced. Preferably, the powder comprises a plurality of
materials having different dissociation or bonding temperatures.

SUMMARY

[0019] A general object of the present invention is to enable production of a clean metal matrix
material with high hardness and high carbide content of fine carbides which also is extremely
clean from non metallic inclusions and gases. A further object of the present invention is to
provide efficient methods for forming of objects in such material.

[0020] The above mentioned objects are achieved by materials and manufacturing methods
according to the enclosed patent claims. The general object is achieved by the independent
claims. Useful embodiments of the invention are specified by the independent claims. In
general words, in a first aspect, a metallic multiphase material comprises a metal matrix,
carbides embedded in the metal matrix. A maximum size of the carbides is less than 20 ym.
The metallic multiphase material has carbon content in the range of 0.8 % by weight to 3.5 %
by weight and oxygen content less than 30 ppm by weight.

[0021] In a second aspect, a method for manufacturing of a metallic multiphase material
comprises provision of a powder of an initial metallic multiphase material. The initial metallic
multiphase material comprises a metal matrix in which carbides are embedded. The initial
metallic multiphase material has carbon content in the range of 0.8 % by weight to 3.5 % by
weight.

[0022] The powder of the initial metallic multiphase material is placed in an oxygen-free
environment. The powder of the initial metallic multiphase material is melted locally in a first
portion by exposing the first portion of the powder of the initial metallic multiphase material to
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an energy beam during a first time period. The local melting allows at least a part of an oxygen
content of the melted initial metallic multiphase material to react with carbon of the melted
initial metallic multiphase material into oxides of carbon, giving a final metallic multiphase
material in the first portion having oxygen content less than 30 ppm by weight and having a
maximum size of said carbides less than 20 um. The final metallic multiphase material is then
solidified.

[0023] In a third aspect, a method for manufacturing of an object of a metallic multiphase
material manufactured according to the second aspect comprises that when the powder of the
initial metallic multiphase material is placed in an oxygen-free environment, a thin layer of the
initial metallic multiphase material is provided. The repetition of the melting and the solidifying
comprises moving of the energy beam over an area of the thin layer melting and solidifying the
initial metallic multiphase material in the area into a common body.

[0024] One advantage with the present invention is that it allows production of a clean low
oxygen material with fine carbide structure direct from a material powder with specified
composition. Furthermore, the technique also allows free form production direct from metal
powder in hard multiphase materials, which especially could be used for production of very
complex geometries.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The invention, together with further objects and advantages thereof, may best be
understood by making reference to the following description taken together with the
accompanying drawings, in which:

FIG. 1A illustrates a flow diagram of steps of an embodiment of a method according to the
present invention;

FIG. 1B illustrates a flow diagram of steps of another embodiment of a method according to
the present invention;

FIG. 2 shows a schematic cross section of an embodiment of an arrangement which could be
used to produce products according to the present invention;

FIG. 3 shows a schematic cross section of another embodiment of an arrangement which
could be used to produce products according to the present invention, where the new material
is added on top of already pre-produced details; and

FIG. 4A-D shows schematically objects having negative surfaces and/or channels.

DETAILED DESCRIPTION
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[0026] Throughout the drawings, the same reference numbers are used for similar or
corresponding elements.

[0027] The growth of carbides takes place during solidification of the molten metal material. In
order to limit the carbide growth, the time spent for solidification has to be limited. The time for
heating a volume of material can easily be made short by exposing the volume for a high-
energy source. The rate of cooling is, however, to a large part determined by the simple heat
conduction to volumes of a colder temperature and of course by the temperature of such
colder volume. A small object is easier to cool than a large object, due to that the heat
conduction has to be performed over longer distances in a large body. By locally melting one
portion of a body at a time will thus typically result in that the time spent for solidification is
decreased. The local melting can then be provided to the all parts of the object, separated in
time. Since there are heating principles that operates with very concentrated energy flows,
there are no problems to manage to achieve local melting of small size volumes.

[0028] The initial material of the volume intended to be melted has to be easily available for
the heating operation and this is facilitated if the initial material is provided in a powder or sheet
form. In the present invention, powder is utilized as a start material. By remelting an atomised
powder of a multiphase material portion by portion, the time each portion spends at diffusion-
promoting temperatures is limited. The locally melted portion is then allowed to solidify very
quickly and to be cooled down to a temperature where diffusion is negligible or at least slow.
This means that e.g. the carbides will have very limited possibilities to grow. At the same time,
the melted portion can be attached to other already solidified portion of the final body, creating
a solid possibly three-dimensional body.

[0029] Furthermore, by remelting atomized metal powder in a vacuum chamber or other
oxygen-free environment, further oxidizing is mitigated. Such oxygen-free environment could
also e.g. be an inert gas such as Ar or No. At the contrary, by remelting atomized metal

powder, having a relatively high C content, in a vacuum chamber, a chemical reaction is
achieved between metal bonded carbon and oxygen, which is used to further refine the
material from oxygen. The typical main reaction gives carbon monoxide, (Chetal + Ometal —

COgas), however, also other oxides of carbon may be produced. The oxygen content is thereby

reduced even compared to the oxygen content of the powder. The exact position of this
chemical reaction depends on the exact composition and the C content. A synergetic effect is
thereby achieved upon the local melting of the powder.

[0030] The present disclosure relates in general to metallic multiphase material having a metal
matrix. Preferably, the metal matrix is based on Fe, Co and/or Ni. Most common is Fe, on
which a series of experiments has been performed. Co is used as a matrix for e.g. different
stellites, which if they contain relatively large amounts of carbon will behave in a similar way as
Fematrix materials. Ni matrix materials, in particular in combination with Cr are also of potential
interest to be produced according to the principles of the present invention.
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[0031] In all cases, carbides are embedded in the matrix. In order to achieve a high fracture
toughness of the material, a maximum size of the carbides should be less than 20 ym. The
size measure is defined as a maximum distance between two arbitrary points in the respective
carbide grain. The amount of carbides should also be high enough to ensure a very high yield
strength and hardness, and therefore, the metallic multiphase material should have carbon
content in the range of 0.8 % by weight to 3.5 % by weight and most preferably in the range of
0.9 % by weight to 2.5 % by weight. This carbon content will also to a minor part be used for
reducing the oxygen content during the manufacturing. By the presented ideas of
manufacturing by local melting, the metallic multiphase material can obtain oxygen content less
than 30 ppm by weight.

[0032] As mentioned above, different tests have been performed on various high speed steel
metal powders. A typical example will be presented here below. However, the scope of the
present invention should not be limited to this embodiment, which is only presented as a typical
example of a material that can be produced. In this particular embodiment, a high speed steel
metal power, containing approximately 2.2 - 2.4 % of weight of C and other alloying elements
and Fe as a base matrix, has been used in a vacuum electro beam melting additive
manufacturing machine ARCAM A2. Such methods will be discussed more in detail further
below. This production machine was used in a series of tests to manufacture a number of
different shapes and geometries of components. In a particular test, a large number of test
bars with the dimension of 8 x 11 x 55 mm where simultaneously produced. The tests were
repeated with different individual settings on the machine, depending on which type of powder
layer that was molten and the present heat exchange with the chamber and the building plate.
In particular, some of the processes took place at elevated temperature in the components to
minimize thermal induced residual stress during building. A temperature of around 800°C was
found to be low enough to prohibit too much carbide growth in the tested materials. The result
was a material with well distributed carbides with a maximum size less than 20 ym in a metal
matrix structure. The oxygen content of these bars was less than 30 ppm.

[0033] Fig. 1A illustrates a flow diagram of steps of an embodiment of a method according to
the present invention. The method for manufacturing of a metallic multiphase material starts in
step 200. In step 210, a powder material of an initial metallic multiphase material is provided.
The initial metallic multiphase material comprises a metal matrix in which carbides are
embedded. The initial metallic multiphase material has furthermore carbon content over 0.6 %
by weight. The powder of the initial metallic multiphase material is in step 220 placed in an
oxygen-free environment. The powder of the initial metallic multiphase material is locally
melted in a first portion in step 230. This is performed by exposing the first portion of the
powder of the initial metallic multiphase material to an energy beam during a first time period.
The local melting allows at least a part of an oxygen content of the melted initial metallic
multiphase material to react with carbon of the melted initial metallic multiphase material. The
reaction produces oxides of carbon, typically carbon monoxide. The reaction results in a final
metallic multiphase material in the first portion that has oxygen content less than 50 ppm by
weight. In step 240, the final metallic multiphase material is solidified. The method ends in step
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299.

[0034] The manufacturing technique described above have also the advantage that it can be
directly utilized in the forming process of a final object. An embodiment of a manufacturing
technique presented here below is based on free forming or additive manufacturing, which are
common names for a production technique where you produce a component direct from free
flowing material powder or a material wire, instead of machining a forged and rolled bar, as
described above. The free forming could be performed in a number of different ways,
depending mainly on which material that is needed, but also on the shape and size of the
component to be built.

[0035] Free forming is today often associated to prototype manufacturing, since the
components produced mostly has been for prototypes in low material quality. The free forming
techniques have developed highly in the last years and today there exists both free forming of
polymeric and metallic materials in larger series of enough quality in a row of specific
applications.

[0036] One type of free forming of metallic materials is where a laser beam is used as heat
source to melt powder layers in a controlled atmosphere. Typical companies doing this are
EOSINT and Concept Laser. Another type of free forming of metallic materials is performed by
an electron beam as the heat source, melting layers of metallic powder in vacuum (EBM). This
technique is developed and patented by Arcam AB [Ref 1.]. For example, the EBM technique
has also been patented to build amorphous materials [Ref 2]. In this patent, the EBM
technology is used for the very quick solidification time on special element combinations,
leading to an amorphous (or very small grained) microstructure.

[0037] The idea to test the EBM technique for free forming of high carbon content materials in
vacuum was not obvious and a number of possible problems were seen.

[0038] Firstly, it is important to realize that a long process time at high temperature typically
leads to a grain growth and a carbide growth in a material. In the EBM technique, the
solidification time is very short, but the technique also requires a high temperature of the whole
component during the process. It was expected that this high process temperature during a
long build time would lead to a coarse microstructure with coarse carbides.

[0039] Secondly, it was expected that using EBM technique on these types of metal powder
which always contain nitrogen (residuals from the gas atomization process of powder), would
lead to nitrogen gas bubbling when the electron beam melts the powder, and that this gas
bubbling would lead to porosity in the material after solidification.

[0040] To avoid these difficult expected problems, the EBM technique has been adjusted and
the process has been developed to suit the high C content powders. This technique is
described in the following claims in this patent.
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[0041] This patent describes a material produced by a method, in which free flowing powders
is used in an EBM free forming machine, where three dimensional details fully or partly could
be produced in hard and multiphase materials.

[0042] As an alternative to EBM, methods utilizing laser heating can also be employed.

[0043] Fig. 1B illustrates a flow diagram of steps of another embodiment of a method
according to the present invention. The method for manufacturing of an object of a metallic
multiphase material starts in step 201. This method comprises all the steps 210, 220, 230 and
240 of the method for manufacturing of a metallic multiphase material of Fig. 1A. The step 220
comprises in this embodiment a step 221 in which a thin layer of the initial metallic multiphase
material is provided in the oxygen-free environment. Furthermore, an additional step 250 of
repeating the melting 230 and solidifying 240 steps for additional portions of the initial metallic
multiphase material is provided. The step 250 also comprises a substep 251 in which the
energy beam is moved over an area of the thin layer. This results in that the initial metallic
multiphase material is melted and solidified in that area into a common solid body. Preferably,
the process is repeated from step 220 as indicated by the broken arrow 260 until a complete
object is achieved. The method is ended in step 298.

[0044] Figure 2 describes an embodiment of a configuration of a machine arrangement 99
possible to use to produce components or objects in this new material. The machine
arrangement 99 comprises an adjustable working table 1, vertically movable and placed inside
a bin 2. The vertical position of the working table 1 could be any and is typically controlled by a
screw 3 and a screw-nut 4. A powder containing container 18 is arranged to add powder to the
top of the present building. A powder rake 5 is arranged to be movable, as indicated by the
arrow 14, forward and back in a chute 6 over the working table 1. The powder containing
container 18 comprises powder of an initial metallic multiphase material. During the motion of
the powder rake 5, the powder rake 5 distributes the metal powder layers 7 on top of any
structures being present on the working table 1.

[0045] An energy beam canon 9, that e.g. could be a laser or an electron gun, generates an
energy beam 8 of a high energy density. The energy beam 8 can therefore e.g. be a laser
beam or an electron beam or a combination thereof. A beam controlling unit 10 focuses and
positions the energy beam 8 to a particular spot 15 on the top of the powder layers 7. A
controlling computer (not shown in Figure) controls the working table 1, the motion and
distribution by the powder rake 5, the energy beam 8, and the beam controlling unit 10. The
controlling computer can thereby move, as indicated by the arrow 16, the spot 15 over the
surface of the metal powder layers 7. The melting and the following solidifying are thereby
repeated for additional portions of the initial metallic multiphase material of the powder layer 7.
At the same time, the energy density and focus of the energy beam 8 can be varied almost
arbitrarily. The energy beam 8 is intended to cause a local melting of the metal powder 7 at the
spot 15, and when the energy beam 8 is moved over the surface, a solid component 11 of the
metallic multiphase material is successively built up. The controlling computer has information
about the measures and geometries of the component 11 under construction, and for each
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powder layer it controls the heating/melting of the energy beam based on this information.
When all parts of the metal powder 7 surface that should be integrated into the object to be
manufactured are melted and solidified and thereby joined to a common body of the produced
component 11, the powder containing container 18 releases new initial metallic multiphase
material and the powder rake 5 is again moved over the working table 1, distributing a new
layer of metal powder. The local melting and solidifying is reiterated on the layer of initial
metallic multiphase material placed over the common body. This reiteration gives successively
rise to a forming of a three-dimensional object or component 11.

[0046] All parts of this machine arrangement 99 are placed inside a chamber 12, where an
oxygen-free environment 17, e.g. vacuum, could be maintained during the production process
by use of the valve 13. The degree of vacuum has to be good enough to ensure that there is
no substantial additional oxidation of the object to be manufactured. Alternatively, the chamber
12 could be filled with an atmosphere of an inert gas.

[0047] In an alternative embodiment, the motion of the energy beam could be caused by
mechanical means, preferably controlled by the controlling computer.

[0048] The temperature of the component is, as indicated above, of importance. During the
main time of the manufacturing, each portion of the component should be kept at a
temperature low enough to limit the diffusion and thereby limit the growth of carbides.
However, in order to get a good adhesion of melted material to the common three-dimensional
body, the temperature should not be too cold. The temperature of the body under construction
can be kept at a slightly elevated temperature. Such temperatures should, however, not give
rise to any severe carbide growth during the manufacturing period. Such parameters for an
optimized temperature are strongly dependent on a lot of factors, such as total manufacturing
time, beam energy, beam size, material composition, size of the body, shape of the body etc. A
higher substrate temperature, at least in the surface, can be obtained by scanning the energy
beam over the surface of the powder layers for pre-heating of the powder, before the actual
local melting takes place. An alternative method is to provide e.g. electrical heating of the
working table. A lower substrate temperature can in a similar way be achieved by cooling the
working table. Thereby, the final metallic multiphase material can be cooled in-situ at least
during the solidification after the local melting. Furthermore, since it is to prefer that the
complete manufactured component is kept in oxygen-free atmosphere until it has cooled down
to temperatures significantly lower than the production temperature, it is also of benefit to be
able to cool the final metallic multiphase material in situ after the entire manufacturing process
has ended.

[0049] Figure 3 shows another embodiment of a machine arrangement 99 possible to use for
manufacturing according to the present invention. In this embodiment pre-produced details
11A are placed on the working table 1. The pre-produced details 11A could be a base material
of any kind made in another process, it can be a base material with another composition, or it
can also be e.g. worn tools that should be rebuilt. In this embodiment, the pre-produced details
11A are thus positioned on the working table before the process starts and the volume up to
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the level of the first spot to add new material is filled with material, typically the metal powder.
The new material 11B is then added on top of already existing substrate. In other words, the
powder is placed on top of a solid support object, wherein the produced common body
becomes attached to the support object. This support object could then be e.g. an object to be
repaired. In such an embodiment, the controlling computer might also know position and
material parameters of the pre-produced detail 11 a.

[0050] The embodiments of Fig. 2 and 3 can also utilize the same techniques to form
components with negative surfaces. An example of negative surface is shown in Figure 4A.
The working table 1 is shown, with a component 11 under construction on top. This component
11 has a negative surface 21. A negative surface is characterized in that a surface normal is
directed downwards into a volume beneath the surface not comprising the same material as
built in the component 11, i.e. typically unmelted metal powder. The method for creating such
negative surfaces includes a procedure where the area over which the energy beam is moved
for one iteration covers horizontal positions that are not covered by a corresponding area for a
previous iteration. In this manner, any shape of an outer surface can be created. The
possibility to create negative surface allows manufacturing of details having shaped surfaces
with surface normal directions differing by more than 180 degrees.

[0051] Therefore, also holes and channels can be successfully formed by this technique, as
illustrated in Fig. 4B. The component 11 of this embodiment comprises an internal channel 22.
The channelis, as illustrated in cross-section in Fig. 4C, formed by successively adapt the area
where the powder is melted to first build a curved positive surface 23. The channel 22 is then
covered by a curved negative surface 24. Such channels are advantageously used e.g. for
transporting cooling or heating media in the object during final use. Fig. 4D Iillustrates
schematically different layers 25 together building the surface of the channel.

[0052] When using the technique described to build the new material, it is also obvious that the
technique allows the building of several components (of the same type, or of different types) in
the same chamber during the same run. It is only a work for the controlling computer to
determine where to build, and it is obvious that it can be of one or several different
components.

[0053] The new material produced with this technique could be used for any type of detail or
component. It is also obvious that the components produced can also, in a later process step,
be coated with any kind of suitable PVD or CVD coating.

[0054] The embodiments described above are to be understood as a few illustrative examples
of the present invention. It will be understood by those skilled in the art that various
modifications, combinations and changes may be made to the embodiments without departing
from the scope of the present invention. In particular, different part solutions in the different
embodiments can be combined in other configurations, where technically possible. The scope
of the present invention is, however, defined by the appended claims.
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PATENTKRAV

Metalmultifasemateriale omfattende:

en metalmatrice; hvilken metalmatrice er baseret pa Co;

hvor karbider indlejret i metalmatricen har en storste storrelse af
karbiderne pa mindre end 20 um;

og metalmultifasematerialet har et karbonindhold i intervallet 0,8 vaegt-%
til 3,5 vaegt-%,

kendetegnet ved, at metalmultifasematerialet har et oxygenindhold pa mindre

end 30 ppm efter veegt.

2.

Metalmultifasemateriale omfattende:

en metalmatrice; hvilken metalmatrice er baseret pa Ni;

hvor karbider indlejret i metalmatricen har en storste storrelse af
karbiderne pa mindre end 20 um;

og metalmultifasematerialet har et karbonindhold i intervallet 0,8

vaegt-% til 3,5 veegt-%,

kendetegnet ved, at metalmultifasematerialet har et oxygenindhold p& mindre

end 30 ppm efter veegt.

3.

Metalmultifasemateriale ifglge krav 1 eller 2, kendetegnet ved et

karbonindhold i intervallet 0,9 vaegt-% til 2,5 vaegt-%.

4.

Fremgangsmade til fremstilling af et metalmultifasemateriale, omfattende

felgende trin:

tilvejebringelse (210) af et pulver af et initialt metalmultifasemateriale;
hvilket initiale metalmultifasemateriale omfatter en metalmatrice baseret
pa mindst én af Fe, Co og Ni, hvori karbider er indlejret;

anbringelse (220) af pulveret af det initiale metalmultifasemateriale i et
oxygenfrit milja;

smeltning (230) af pulveret af det initiale metalmultifasemateriale lokalt i
en forste portion ved at eksponere den forste portion af pulveret af det
naevnte initiale metalmultifasemateriale for en energistrale under en farste

tidsperiode; og
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starkning (240) af et endeligt metalmultifasemateriale for at bibringe det
endelige metalmultifasemateriale en maksimumsstorrelse af karbiderne pa
mindre end 20 um,

kendetegnet ved, at:
det initiale metalmultifasemateriale har et karbonindhold i intervallet fra 0,8
vaegt-% til 3,5 veegt-%;
den lokale smeltning dernaest omfatter trinnet til reduktion af et
oxygenindhold i det endelige metalmultifasemateriale i den forste portion
til mindre end 30 ppm efter vaegt ved at tillade, at mindst en del af et
oxygenindhold i det smeltede initiale metalmultifasemateriale reagerer
med karbon i det smeltede, initiale metalmultifasemateriale til

karbonoxider.

5. Fremgangsmade ifalge krav 4, kendetegnet ved, at energistralen er

mindst én af en elektronstrale og en laserstrale.

6. Fremgangsmade ifalge krav 4 eller 5, kendetegnet ved det yderligere trin
til gentagelse (250) af trinnet til smeltning (230) og trinnet til starkning (240) af

yderligere portioner af det initiale metalmultifasemateriale.

7. Fremgangsmade til fremstilling af en genstand af et
metalmultifasemateriale fremstillet ifalge krav 6, kendetegnet ved, at

trinnet til anbringelse (220) af pulveret af det initiale
metalmultifasemateriale i et oxygenfrit miljg omfatter tilvejebringelse (221) af et
tyndt lag af det initiale metalmultifasemateriale; og

trinnet til gentagelse (250) af trinnet til smeltning og trinnet til starkning
omfatter faring (251) af energistralen over et omrade af det tynde lag til smeltning
og starkning af det initiale metalmultifasemateriale i naevnte omrade til et faelles

legeme.

8. Fremgangsmade ifglge krav 7, kendetegnet ved gentagelse af trinnet til
anbringelse (220) af pulveret og trinnet til gentagelse (250), hvor pulveret af det
initiale metalmultifasemateriale anbringes over det flles legeme og derved

danner en tredimensional genstand.
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9. Fremgangsmade ifalge krav 8, kendetegnet ved, at et fgrste trin til
anbringelse (220) af pulveret omfatter anbringelse af pulveret pa toppen af en fast
stottegenstand, hvorved det feelles legeme bliver fastgjort til stattegenstanden.

10. Fremgangsmade ifalge krav 8, kendetegnet ved, at omradet, hvorover
energistralen fores, til en iteration deekker vandrette positioner, der ikke bliver
daekket af et tilsvarende omrade for en tidligere iteration.

11. Fremgangsmade ifalge krav 10, kendetegnet ved dannelse af kanaler til

transport af kale- eller varmemedier i genstanden.
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