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PLASMA ATOMIZATION METAL POWDER MANUFACTURING PROCESSES AND
SYSTEMS THEREFOR
CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present application claims priority to US provisional application
No 62/193,622, filed on July 17, 2015 and to US provisional application No
62/251,476, filed on November 5, 2015. These documents are incorporated by

reference in their entirety.

FIELD OF THE DISCLOSURE
[0002] The present disclosure relates to the field of production of spheroidal
powders such as metal spheroidal powders. More particularly, it relates to methods
and apparatuses for preparing metal powders by means of a plasma atomization

process.

BACKGROUND OF THE DISCLOSURE
[0003] Typically, the desired features of high quality reactive metal powders

will be a combination of high sphericity, density, purity, flowability and low amount
of gas entrapped porosities. Fine powders are useful for applications such as 3D
printing, powder injection molding, hot isostatic pressing and coatings. Such fine

powders are used in aerospace, biomedical and industrial fields of applications.

[0004] Various solutions have been proposed so far concerning methods
and apparatuses for preparing metal powders via a plasma atomization process.
However, several problems have been encountered with those proposed solutions.
For example, some of the proposed methods and apparatuses are not capable of

obtaining spheroidal powders having a sufficient fine particle size distribution.

[0005] Moreover certain proposed solutions still involve high production

costs and low production rates.

[0006] Some other issues have been encountered regarding the percentage
of 0-106 um particle in raw metal powder produced. In fact, so far, not so many
technologies have allowed to produce raw metal powder having a high 0-106 um
particle size distribution yield. In fact, some technologies only produce a very low
amount of particles having a size of 0-106 um. For example, some technologies
produce only 20-40 % of grade 0-106 um powder while other technologies do not

go above about 60 or 70 %. Thus, those prior art technologies do not allow for
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preparing raw metal powder having high 0-106 um particle size distribution yields.
Low yields significantly increases production costs and generates a lot of waste
material. Moreover, typical process, such as EIGA process, may require a very
large quantity of atomizing gas in order to achieve the yield of 70% of particles
having a size between 0-106 um. For example, the Gas to Metal ratio in EIGA

process can be as high as about 33. This may further increase production costs.
SUMMARY

[0007] It would thus be highly desirable to be provided with a device, system
or method that would at least partially address the disadvantages of the existing

technologies.

[0008] The embodiments described herein provide in one aspect a plasma
atomization metal powder manufacturing process comprising:

providing a heated metal source; and

contacting said heated metal source with the plasma of at least one
plasma source under conditions effective for causing atomization of said heated
metal source.
[0009] The embodiments described herein provide in another aspect a

plasma atomization metal powder manufacturing process comprising:
providing a heated metal source; and

contacting said heated metal source with the plasma of at least one
plasma source under conditions effective for causing atomization of said heated
metal source, thereby obtaining a raw metal powder having a 0-106 um particle
size distribution yield of at least 80%, measured according to ASTM B214.
[0010] The embodiments described herein provide in another aspect a
plasma atomization metal powder manufacturing process comprising providing a
heated metal source, contacting said heated metal source with the plasma of at
least one plasma source under conditions effective for causing atomization of said
heated metal source, wherein said atomization is carried out by using a gas to
metal ratio of less than about 20, thereby obtaining a raw metal powder having a 0-
106 um particle size distribution yield of at least 80%, measured according to

ASTM B214.
-2.
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[0011] The embodiments described herein provide in another aspect a
plasma atomization metal powder manufacturing process comprising providing a
heated metal source, contacting said heated metal source with the plasma of at
least one plasma source under conditions effective for causing atomization of said
heated metal source, wherein said atomization is carried out by using a gas to
metal ratio of less than about 20, thereby obtaining a metal powder having a 0-106

pm distribution of at least 80%.

[0012] The embodiments described herein provide in another aspect a
plasma atomization manufacturing process comprising providing a heated metal
source, aligning the heated metal source with the plasma of at least one plasma
source, and contacting the heated metal source with the plasma of the least one
plasma source under conditions effective for causing atomization of said heated

metal source.

[0013] The embodiments described herein provide in yet another aspects A
atomizing system comprising a feeder for feeding a metal source, at least one
heating system for heating the metal source, at least one plasma source
configured for contacting the metal source after heating with plasma under
conditions effective for causing atomization of the heated metal source, and an
alignment system positioned upstream of the at least one plasma source, the
alignment system being adapted to adjust an orientation of the metal source

relative to the at least one plasma source.

DRAWINGS
[0014] The following drawings represent non-limitative examples in which:
[0015] Fig. 1 is a cross-sectional view of an atomizing system according to a

first exemplary embodiment of the present disclosure;

[0016] Figure 2 is a schematic diagram of an aligning system of an
atomizing system according to one exemplary embodiment of the present

disclosure;

[0017] Figure 3 is a cross-sectional view of a guide of a guided atomizing

system according to one exemplary embodiment of the present disclosure;
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[0018] Figure 4 is a cross-sectional view of a guide having an induction
heating element according to one exemplary embodiment of the present

disclosure;

[0019] Figure 5 is a cross-sectional view of a guide having at an electrode
heating element according to another exemplary embodiment of the present

disclosure;

[0020] Figure 6 is a cross-sectional view of a guided atomizing system

according to a first exemplary embodiment of the present disclosure;

[0021] Figure 7 is a cross-sectional view of a guided atomizing system

according to a second exemplary embodiment of the present disclosure;

[0022] Figure 8 is a cross-sectional view of a guided atomizing system

according to a third exemplary embodiment of the present disclosure;

[0023] Figure 9 is a SEM image at 250 times magnification of metal particles
(Ti-6AI-4V) according to one example atomization process of the present
disclosure;

[0024] Figure 10 is a SEM image at 500 times magnification of metal

particles (Ti-6Al-4V) according to one example atomization process of the present

disclosure; and

[0025] Figure 11 is a SEM image at 2000 times magnification of metal
particles (Ti-6Al-4V) according to one example atomization process of the present

disclosure.

DESCRIPTION OF VARIOUS EMBODIMENTS

[0026] The following examples are presented in a non-limiting manner.

[0027] The word "a" or "an" when used in conjunction with the term
"comprising" in the claims and/or the specification may mean "one", but it is also
consistent with the meaning of "one or more", "at least one", and "one or more than
one" unless the content clearly dictates otherwise. Similarly, the word "another"

may mean at least a second or more unless the content clearly dictates otherwise.

[0028] As used in this specification and claim(s), the words "comprising"
(and any form of comprising, such as "comprise" and "comprises"), "having" (and

any form of having, such as "have" and "has"), "including" (and any form of
-4 -
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including, such as "include" and "includes") or "containing" (and any form of
containing, such as "contain" and "contains"), are inclusive or open-ended and do

not exclude additional, unrecited elements or process steps.

[0029] The expression "atomization zone" as used herein, when referring to
a method, apparatus or system for preparing a metal powder, refers to a zone in
which the material is atomized into droplets of the material. The person skilled in
the art would understand that the dimensions of the atomization zone will vary
according to various parameters such as temperature of the atomizing means,
velocity of the atomizing means, material in the atomizing means, power of the
atomizing means, temperature of the material before entering in the atomization
zone, nature of the material, dimensions of the material, electrical resistivity of the

material etc.

[0030] The expression “metal powder has a X-Y um particle size distribution
yield of at least T %, measured according to ASTM B214” refers to a metal powder
in which at least T % of the obtained powder has a particle size distribution of
about X to about Y um. The value is measured according to ASTM B214 standard.

[0031] The expression “metal powder having a 0-106 um particle size
distribution yield of at least 80%, measured according to ASTM B214” refers to a
metal powder in which at least 80 % of the obtained powder has a particle size
distribution of about 0 to about 106 um. The value is measured according to ASTM
B214 standard

[0032] The expression “Gas to Metal ratio” as used herein refers to the
mass per unit of time (Kg/s) of gas injected for the mass rate (Kg/s) of metal

source to the atomization zone.

[0033] The expression “reactive metal powder” as used herein refers to a
metal powder that cannot be efficiently prepared via the classical gas atomization
process in which close-coupled nozzle is used. For example, such a reactive metal
powder can be a powder comprising at least one member chosen from one of
titanium, titanium alloys, zirconium, zirconium alloys, magnesium, magnesium
alloys, niobium, niobium alloys, aluminum, aluminum alloys, molybdenum,
molybdenum alloys, tungsten, tungsten alloys, oxygen-reactive metals, and

nitrogen-reactive metals.
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[0034] The term “raw metal powder” as used herein refers to a metal powder
obtained directly from an atomization process without any post processing steps

such as sieving or classification techniques.

[0035] Various exemplary embodiments described herein provide a high
yield of raw metal powder of a given distribution while keeping low production
costs. Production costs are kept low by minimizing the waste and by reducing the
gas flow (i.e. amount of gas) that is used in the atomization process. For example,
the gas to metal ratio according to methods and systems described herein is less
than 30.

[0036] According to various exemplary embodiments, a metal source is
provided. The raw metal powder is to be formed from the atomization of this metal

source. The metal source is preheated prior to entering in the atomization zone.

[0037] In some exemplary embodiments, the metal source has already been
heated prior to being fed into an atomization zone. However, the metal source is
further heated immediately upstream of the atomization zone so that the metal
source reaches a sufficient temperature prior to being atomized. Having reached
the sufficient temperature, the metal source is atomized by being contacted by
plasma from at least one plasma source under conditions that are effective for

causing atomization of the heated metal source.

[0038] For example, the raw material can be melted in a water-cooled
crucible (skull melting). The metal source is then a melt stream that can be further
heated and fed to the atomization zone to be contacted by the plasma from the at

least one plasma source to be atomized.

[0039] For example, the metal source may be initially fed as a metal wire or
metal rod. Prior to atomization, the metal wire or metal rod may be further heated
by resistive heating, arc discharge, induction heating or any combination thereof.
After being heated, the metal wire or metal rod is fed into the atomization zone to

be contacted by the plasma from the at least one plasma source to be atomized.

[0040] By sufficiently heating the metal source prior to atomization and a
proper alignment, a high yield of atomized raw metal powder can be achieved. This
higher yield can be achieved without a significant increase in production costs in

comparison to plasma torch energy costs. For example, the temperature of the
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metal source prior to atomization can be close to the melting point of the material.
For example, the temperature can be about 75 % to about 110 % of the melting

point temperature or about 85 % to about 95 % of the melting point temperature.

[0041] For example, the high yield of fine powder is achieved for a low
amount of very hot gas flow injected within the atomization zone. It will be
appreciated that the injected gas will often be an inert gas. Reducing the amount of
injected gas can significantly decrease production costs, especially the recycling

gas costs.

[0042] According to various exemplary embodiments, to achieve the yields
provided herein, the plasma from the at least one plasma source must provide
sufficient heating energy and momentum to the metal source during atomization.
The plasma gas flow is typically more than 100 slm per torch, more preferably
more than 150 sim for 3 convergent plasma torches for a mass feed rate of
titanium of about 10 kg/h. The electrical power per torch is about 25 kW and more

preferably about 30 kW and more.

[0043] It will be appreciated that an increased amount of power and energy
is required in order to provide the amount of heat required from the at least one
plasma source. It has been observed that according to various exemplary
embodiments, the cost savings (yield) obtained from lowering the amount of gas
injected during atomization significantly outweigh the cost increases from higher

electrical power consumption by the at least one plasma source.

[0044] According to various exemplary embodiments, raw metal powder
may be formed from atomizing the metal source while using a gas-to-metal ratio of

less than about 20.

[0045] According to various exemplary embodiments, raw metal powder
may be formed from atomizing the metal source while using a gas-to-metal ratio of
about 5 to about 15.

[0046] According to various exemplary embodiments, raw metal powder
may be formed from atomizing the metal source while using a gas-to-metal ratio of
about 2 to about 10.
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[0047] According to various exemplary embodiments, raw metal powder
may be formed from atomizing the metal source while using a gas-to-metal ratio of
about 5 to about 10.

[0048] According to various exemplary embodiments, raw metal powder
may be formed from atomizing the metal source while using a gas-to-metal ratio of
about 10 to about 20.

[0049] According to various exemplary embodiments, raw metal powder
may be formed from atomizing the metal source while using a gas-to-metal ratio of
about 10 to about 15.

[0050] According to various exemplary embodiments, the raw metal powder
obtained from atomization has a 0-106 um particle size distribution yield of at least
80%.

[0051] According to various exemplary embodiments, the raw metal powder
obtained from atomization has 0-106 um particle size distribution yield of at least
85%.

[0052] According to various exemplary embodiments, the raw metal powder
obtained from atomization has a of 0-106 um particle size distribution yield of at
least 90%.

[0053] According to various exemplary embodiments, the raw metal powder
obtained from atomization has a 0-75 ym particle size distribution yield of at least
85%.

[0054] According to various exemplary embodiments, the raw metal powder
obtained from atomization has a 0-45 ym particle size distribution yield of at least
50%.

[0055] According to various exemplary embodiments, the raw metal powder
obtained from atomization has a 0-45 ym particle size distribution yield of at least
60%.

[0056] According to various exemplary plasma atomization metal powder
manufacturing processes, the metal source fed into the atomization zone is

appropriately positioned relative to the plasma and the at least one plasma source.
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[0057] For example, the metal source fed into the atomization zone and the
at least one plasma source is positioned relative to one another so that metal
source contacts the plasma at an apex of the plasma source. This may be the
geometric apex of the plasma source. It was observed that the apex of the plasma
source corresponds to the region where the atomizing shearing forces of the

plasma are the greatest.

[0058] The proper relative positioning of the metal source within the
atomization zone and the at least one plasma source may require the nozzle outlet
of the plasma source to be placed in close proximity of the metal source in the

atomization zone.

[0059] For example, the plasma source is positioned so that its nozzle outlet

is within at most about 5 centimeters of the metal source.

[0060] For example, the plasma source is positioned so that its nozzle outlet

is within at most about 3 centimeters of the metal source.

[0061] For example, the plasma source is positioned so that its nozzle outlet
is within at most about 2.5 centimeters of the metal source.

[0062] For example, the plasma source is positioned so that its nozzle outlet

is within at most about 2 centimeters of the metal source.

[0063] For example, the plasma source is positioned so that its nozzle outlet

is within at most about 1.9 centimeters of the metal source.

[0064] For example, the plasma source is positioned so that its nozzle outlet

is within at most about 1.75 centimeters of the metal source.

[0065] For example, the plasma source is positioned so that its nozzle outlet

is within at most about 1.5 centimeters of the metal source.

[0066] According to various exemplary embodiments, the metal source is
fed into the atomization zone as a vertical feed. This feed may be a melt stream,
metal rod or metal wire.

[0067] The at least one plasma source may be at least one plasma torch
having at least one discrete nozzle. Where a plurality of discrete nozzles is
provided, these nozzles may be positioned angularly about the metal source
vertical feed.

-9-
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[0068] Alternatively, the at least one plasma source may include an annular

nozzle extending around the metal source vertical feed.

[0069] According to various exemplary embodiments, the at least one
nozzle of the at least one plasma source may be angled downwardly. For example,
the at least one plasma source may emit plasma jets that are oriented at about 10°
to about 60° relative to the vertical axis.

[0070] For example, the at least one plasma source may emit plasma jets

that are oriented at about 20° to about 60° relative to the vertical axis.

[0071] For example, the at least one plasma source may emit plasma jets

that are oriented at about 20° to about 50° relative to the vertical axis.

[0072] For example, the at least one plasma source may emit plasma jets

that are oriented at about 20° to about 30° relative to the vertical axis.

[0073] For example, the at least one plasma source may emit plasma jets

that are oriented at about 25° to about 35° relative to the vertical axis.

[0074] According to various exemplary plasma atomization metal powder
manufacturing processes, the metal source fed into the atomization zone is aligned
with the plasma of the at least one plasma source. The aligning may include
adjusting the orientation of the metal source as it is being fed into the atomization
zone. This adjustment seeks to maintain a desired positioning of the metal source
relative to the at least one plasma source and/or the plasma from the at least one

plasma source over time.

[0075] It has been observed that the position of the metal source being fed
into the atomization zone can spatially fluctuate over time. This spatial fluctuate
may occur between separate atomization runs or within a single atomization run.
Accordingly, the orientation of the metal source as it is being fed into the
atomization zone may be adjusted prior to beginning an atomization run. The melt
stream falling from a melted rod can move and not always contact the exact
plasma jet apex (atomization point). The hot wire and small rod can bend and

move away from the optimal atomization point.

[0076] Additionally or alternatively, the orientation of the metal source as it is

being fed into the atomization zone may be adjusted repeatedly during an ongoing
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atomization process. The adjustment of the orientation of the metal source may be
carried out continuously or intermittently in order to maintain a desired alignment of
the metal source with the plasma source and/or the plasma from the at least one

plasma source.

[0077] For example, during an atomization process, the orientation of the
metal source being fed into the atomization zone may be visually monitored by a
human operator. When the operator perceives that the metal source has spatially
fluctuated so as to no longer be in its desired alignment, the operator may operate
(manually or via inputting of a computerized command) an alignment-correcting
mechanism so as to adjust orientation of the metal source back to the desired

alignment.

[0078] Additionally or alternatively, during the atomization process, the
orientation of the metal source being fed into the atomization zone may be
monitored by a computerized monitoring system. The computerized system may
capture images of the metal source relative to the plasma and/or the at least one
plasma source. By applying image analysis and/or processing techniques, the
system identifies when the metal source has spatially fluctuated so as to no longer
being in its desired alignment. The computerized system can further determine an
amount of the deviation and the correction required. The computer system can
then issue a command to an alignment-correcting mechanism so as to adjust

orientation of the metal source back to the desired alignment.

[0079] For example, the desired alignment may be alignment of the metal
source fed into the atomization zone with an apex of the plasma jet from the at

least one plasma source.

[0080] For example, the process can comprise aligning the heated metal
source with the plasma of at least one plasma source comprises positioning the
heated metal source within at most 5 centimeters from an outlet nozzle of the at

least one plasma source.

[0081] For example, the process can comprise aligning the heated metal
source with the plasma of at least one plasma source comprises positioning the
heated metal source within at most 2.5 centimeters from an outlet nozzle of the at

least one plasma source.
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[0082] For example, the process can comprise aligning the heated metal
source with the plasma of at least one plasma source comprises positioning the
heated metal source within at most 1.9 centimeters from an outlet nozzle of the at

least one plasma source.

[0083] Referring now to Figure 1, therein illustrated is a cross-sectional view
of an atomizing system 2 according to a first exemplary embodiment. The first
atomizing system 2 includes a receptacle 8 that receives a feed of metal source 16
from an upstream system. The receptacle 8 may be a crucible. The metal source
16 within the receptacle 8 may be heated using various techniques known in the

art, such as cooled-crucible technology (skull melting).

[0084] It will be appreciated that heating of the metal source 16 within the
receptacle 8 corresponds to heating of the metal source 16 prior to atomization.
After being heated within the receptacle 8, the metal source 16 is fed through an
outlet 24 of the receptacle into the atomization zone 32. For example, the heated

metal source 16 exits through the outlet 24 under the forces of gravity.

[0085] The heated metal source 16 exited from the receptacle 8 and fed into
the atomization zone 32 is immediately contacted with plasma from at least one
plasma source 40 that is also used to heat the high pressure cold gas that will

produce a secondary atomization.

[0086] According to the illustrated example, the plasma source 40 includes
at least one plasma torch. At least one angular nozzle 48 of the at least one
plasma torch 40 is centered upon the metal source feed. For example, the cross-
section of the nozzle 48 may be tapered towards the metal source feed so as to
focus the plasma that contacts the metal source feed. As described elsewhere
herein, the nozzle 48 may be positioned so that the apex of the plasma contacts
the metal source fed from the receptacle 8. The contacting of the metal source
feed by the plasma from the at least one plasma source 40 causes the metal

source to be atomized.

[0087] Where a plurality of plasma torches are provided, the nozzles of the
torches are discrete nozzles 48 of the plasma torches that are oriented towards the

metal source from the receptacle 8. For example, the discrete nozzles 48 are
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positioned so that the apexes of the plasma outputted therefrom contacts the metal

source from the receptacle 8.

[0088] The atomizing system 2 further includes a gas source that feeds a
secondary high pressure gas towards the atomization zone. The secondary gas
flow contacts the pre-atomized metal source feed immediately after they have
been formed from the plasma atomization. For example, the gas source 56 can

feed a high-pressure cold gas. For example, the gas fed from the gas source 56 is

an inert gas.
[0089] Formed raw metal powder 64 is exited from the atomization zone 32.
[0090] Referring now to Figure 2, therein illustrated is a schematic diagram

of an adjustable guiding system 100 of an atomizing system according to various
exemplary embodiments. The guiding system includes a guide 108 that defines a
through channel. The guide 108 is positioned upstream of the atomization zone 32.
The metal source that is received from an upstream system is fed into an inlet 116
of the guide 108. The metal source is then displaced through the channel of the
guide 108. The metal source exits the guide 108 at an outlet 124 that is located in

proximity of an atomization zone 32.

[0091] For example, the metal source 16 fed into the inlet 116 is in the form

of a metal wire of a metal rod.

[0092] The orientation of the guide 108 is adjustable. By adjusting the
orientation of the guide 108, the orientation of the metal source 16 exited from the
guide 108 and fed into the atomization zone 32 is also adjusted. Accordingly, the
alignment of the metal source 16 fed into the atomization zone relative to the
plasma source (not shown in Figure 2) may be adjusted via adjustments made to
the guide 108.

[0093] According to one exemplary embodiment, and as illustrated, the
guide 108 is pivotally coupled about a pivot point 132. The guide 108 may be
coupled to a fixed portion of the atomizing system. By displacing an upper portion
140 of the gquide 108, a lower portion 148 of guide 108 is displaced in a

corresponding manner about the pivot point 132.
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[0094] The guiding system 100 further includes an alignment-correcting
mechanism that is operable to displace the guide 108. Displacement of the guide

108 in turn displaces the metal source 16.

[0095] According to one exemplary embodiment, and as illustrated, the
alignment-correcting mechanism comprises a displaceable member 156 that is
coupled to an upper portion 140 of the guide 108. The displaceable member 156 is
further coupled to at least one adjustor 164 that can cause displacement of the
displaceable member 156. For example, the adjustor 16 is an adjustment screw
that is coupled to the displaceable member 156 via a threaded member 172.
Turning of the adjustment screw 164 causes displacement of the threaded member
172, which further cause displacement of the displaceable member 156 and the
guide 108. For example, a plurality of differently oriented adjustors 16 may be
provided to displace displaceable member 156 and the guide 108 in different

directions.

[0096] Arrows 174 denote possible directions of displacement of the guide
member 108 within a plane. Arrows 176 denote possible displacement of the
displaceable member 156 for causing displacement of the guide member 108
within a plane. It will be understood that the guide may be displaced in multiple

directions.

[0097] Referring now to Figure 3, therein illustrated is a cross-sectional view
of a guide 108 according to one exemplary embodiment. As already described, the
guide 108 defines a through channel 180 extending between its inlet 116 and
outlet 124. An inner surface 188 of the through channel 180 may be lined with a
material that does not contaminate the metal source 16 being displaced through
the channel 180.

[0098] It has been observed that the risk of contamination of the metal
source 16 increases when the inner surface 188 has an increasing temperature
and/or is formed of a reactive material. For example, the inner surface 188 of the
through channel 180 may be formed of a heat-resistant material. For example, the
inner surface 188 of the through channel 180 may be formed of an electrically
insulating material. For example, the inner surface 188 is formed of a ceramic
material. The ceramic material can be chosen from alumina oxyde, macor,

zirconia, yttria, SIAION, silicium oxide and mixture thereof.
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[0099] According to various exemplary embodiments, the guide 108 may be

formed of a heat-resistant material.

[00100] According to various exemplary embodiments, the guide 108 may be

formed of an electrically insulating material.

[00101] According to various exemplary embodiments, the guide 108 may be

formed of a ceramic material.

[00102] According to various exemplary embodiments, and as illustrated, the
guide 108 includes cooling so as to cool the guide and restrict contamination of the
metal source 16 being displaced through it. For example, and as illustrated in
Figure 3, the guide 108 may have a cooling inlet 196 for receiving a cooling
medium, such as a cooling gas or cooling liquid. The guide 108 is also double
walled, wherein a cooling channel 204 is defined between an inner wall 212 and an
outer wall 218. The cooling channel 204 is in fluid communication with the cooling
inlet 196. For example, the cooling channel 204 extends angularly about an axis of
the guide 108 and also extends over a substantial portion of the length of the guide
108. Cooling medium exits via a cooling outlet 220 after having flowed through the
cooling channel 204. The cooling of the guide 108 may be important according to
exemplary embodiments wherein the metal source is already heated prior to
entering the guide 108 and/or wherein the metal source is heated as it is displaced
through the guide 108.

[00103] For example, and as illustrated, the cooling inlet 196 is located
downstream of the cooling outlet 220 along the path of displacement of the metal
source 16 through the guide 108. Where the metal source 16 is heated, the metal
source 16 at a downstream location, such as closer to the outlet 124, may be at a
higher temperature than at an upstream location, such as the inlet 116. By
positioning the inlet 196 downstream of the cooling outlet 220, cooling at a portion

closer to the inlet 196 is prioritized.

[00104] According to various exemplary embodiments, a lower end 228 of the
guide 108 may be removable and replaceable. It will be appreciated that the lower
end 228 is position within or in proximity of the atomization zone. Accordingly, the
lower end 228 may be exposed to higher temperatures than other portions of the

guide 108. This higher temperature may result in faster wear and tear of the lower
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end 228 than other portions of the guide 108, which can cause the lower end 228

to be replaced more often than the guide 108 itself.

[00105] According to various exemplary embodiments, the metal source 16

may be heated as it is displaced through the guide 108.

[00106] Referring now to Figure 4, therein illustrated is a cross-sectional view
of a guide having at least one heating element. As illustrated, the heating element
is a conductive coil 236 wound about a portion of the through channel 180. A
current flowing through the conductive coil 236 produces a magnetic field, which
further induces a current through the metal source 16 flowing through the channel
180. Due to electrical properties of the metal source 16, the induced current
through the metal source 16 causes the metal source 16 to be heated. It will be
appreciated that the metal source is heated via a form of inductive heating. It will
be further appreciated that by providing an inner surface 188 and/or guide 108 that
is electrically insulating, the magnetic field produced by the conductive coil 236
does not induce a current through the inner surface 188 and/or guide 108 that can

cause heating.

[00107] Referring now to Figure 5, therein illustrated is a cross-sectional view
of a guide having an electrode 244 for arc discharge heating. It will be appreciated
that the guide 108 illustrated in Figure 5 does not have a cooling mechanism
(cooling inlet 196, cooling channel 204 and cooling outlet 220). However, in other
exemplary embodiments, a cooling mechanism may also be included in the guide
108. According to the illustrated example, the electrode 244 is placed in proximity
of the metal source 16 as the source is exited from the outlet 124 of the guide 108.
An electric arc 252 may be formed between the electrode 244 and the metal

source 16, which causes heating of the metal source 16 by electric arc discharge.

[00108] According to other exemplary embodiments, the metal source 16
may be further heated by resistive heating prior to be exited. A first probe may
contact the metal source 16 upstream of the guide 108 or within the guide 108. A
second probe may contact the metal source 16 downstream of the guide 108 as
the electrode 244. An electrical power source connects the two probes, thereby
forming an electrical circuit through the portion of the metal source 16 extending

between the two probes. The current flowing through this portion of the metal
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source 16 causes it to be heated. It will be appreciated that the metal source is

heated via resistive and arc discharge heating.

[00109] Referring now to Figure 6, therein illustrated is a guided atomizing
system 300 according to one exemplary embodiment. The metal source 16
extends through and is retained within a guide 108. The guide 108 is oriented so
that the metal source 16 that is fed into the atomization zone 32 is appropriately
aligned with the plasma jets 49 discharged from the nozzles 48 from the plasma

sources 40.

[00110] Arrows 174 denote exemplary freedom of movement of the guide 108
and metal source 16. However, it will be understood that the metal source 16 and
guide 108 may also be displaced in other directions. The orientation of the guide
108 may be adjusted to maintain proper alignment of the metal source 16 fed into
the atomization zone with the plasma from the plasma source 40 and/or the nozzle

48 of the plasma source.

[00111] The illustrated example shows the plasma source 40 as being
plasma torches with discrete nozzles. However, in other exemplary embodiments,

the plasma source 40 may emit plasma from an annular nozzle.

[00112] According to the illustrated example, the atomizing system 300
includes a conductive coil 236 for induction heating of the metal source 16 as it is

displaced through the guide 108.

[00113] Continuing with Figure 6, the atomizing system 300 may further
include a gas recovering system 316 which recovers the gas present within a
collection chamber 324 downstream of the atomization zone 32. The recovered
gas may be fed back into the atomization zone 32 as atomizing gas for the formed
raw metal powders. Raw metal powders produced by the atomizing system 300

may be further collected within the atomizing system 300.

[00114] Referring now to Figure 7, therein illustrated is a guided atomizing
system 300 according to a variant exemplary embodiment. According to this
variant example, gquided atomizing system 300 includes an electrode 244
positioned in proximity of the atomization zone 300. The electrode 244 forms an

electric arc with the metal source 16, which causes a current to flow through the
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metal source 16 to heat it. For example, an electrical power source 324 is provided

to provide the current flow and create the electric arc.

[00115] Referring now to Figure 8, therein illustrated is a guided atomizing
system 300 according to another variant exemplary embodiment. According to this
variant example, the guided atomizing system 300 includes both a conductive coil
236 for causing induction heating of the metal source 16 and an electrode 244 for

causing arc discharging heating of the metal source.

[00116] According to various exemplary processes and systems described
herein, the heated melt source can comprise at least one member chosen from
titanium, titanium alloys, zirconium, zirconium alloys, cobalt superalloys, nickel
superalloys, magnesium, magnesium alloys, niobium, niobium alloys, aluminum,
aluminum alloys, molybdenum, molybdenum alloys, tungsten, tungsten alloys,

oxygen-reactive metals, and nitrogen-reactive metals.

[00117] According to various exemplary processes and systems described
herein, the melt source can be chosen from titanium, titanium alloys, zirconium,
zirconium alloys, cobalt superalloys, nickel superalloys, magnesium, magnesium
alloys, niobium, niobium alloys, aluminum, aluminum alloys, molybdenum,
molybdenum alloys, tungsten, tungsten alloys, oxygen-reactive metals, and

nitrogen-reactive metals.

[00118] According to various exemplary processes and systems described
herein, the melt source can be chosen from titanium, titanium alloys, zirconium,

zirconium alloys, aluminum and aluminum alloys.

[00119] According to various exemplary processes and systems described

herein, the melt source can be chosen from titanium alloys.
[00120] For example, the melt source can be a titanium alloy.

[00121] For example, the titanium alloy can be chosen from Ti-6A-4V, Ti-6Al-
2Sn-4Zr-2Mo, Ti-5Al-5V-5Mo-3Cr, and titanium aluminides.

[00122] For example, the melt source can be chosen from unalloyed Ti
Grades (for example grade 1, 2, 3 or 4); Ti alloys modified with Pd or Ru (for
example grade 7, 11, 16, 17, 26 or 27); alpha and near-alpha Ti alloys (for
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example grade 6, 9, 12, 18, 28; alpha-beta Ti alloys (for example grade 5, 23 or

29); near-beta and beta Ti alloys (for example grade 19 or 20).

[00123] For example, plasma atomization can be carried out with various
types of plasma torches such as DC plasma torches, AC plasma torches, RF

plasma torches, microwave plasma torches or 3 phases plasma arc torches.
EXAMPLE 1: Ti-6Al-4V atomization

[00124] A plasma atomization run is achieved using a 0.125” diameter wire of
Ti-6AI-4V (gr. 23) as raw material and 3 converging plasma jets oriented at about
30° with respect to the vertical axis. The plasma contacts the metal wire at a
location that is within less than 2.5 centimeters of the plasma torch nozzle outlet.
Each plasma torch is operated at a power of 30 kW with a 150 SLM argon gas

flow.

[00125] A background sheath gas is also used to ensure proper transport of
metal droplets. The sheath gas flow is at 550 SLM.

[00126] A dc electric current varying from 150 A to 180 A at an electric
potential of 45 V is used to preheat the wire at elevated temperature prior to the
atomization with the plasma jets and it results in a wire feed rate varying from 8 to
13 kg/h.

[00127] The wire is fed through a gas cooled and adjustable guide to enable
a continuous metal feeding right to the apex of the plasma torch jets. The batch

size is typically of 100 kg for each run.

[00128] The gas to metal ratio in these production runs is thus varying from
8.71t012.9.

[00129] The particle size distribution obtained is determined according to
ASTM B214.

[00130] A first batch (batch 1) was produced using a gas-to-metal ration of
8.7 and a plasma outlet to atomization zone (location of contact between plasma

and metal source) of about 2.5 centimeters.

[00131] A second batch (batch 2) was produced using a gas-to-metal ratio of
12.9 and a plasma outlet to atomization zone (location of contact between plasma
and metal source) of about 1.9 centimeters.
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[00132] The yield results for the batch 1 and 2 are:

Table 1.
Sieve (Um) Batch 1 (% wt.) | Batch 2 (% wt.)
>180 pm 9.1 3.8
<180>125 pm 3.8 1.6
<125>106 pm 3.0 1.1
<106>75 um 13.7 6.6
<75>53 pm 18.8 14.0
<53>45 pm 11.7 13.3
<45>25 pm 23.1 31.7
<25 um 16.8 27.9
0-106 um 84.1 935
0-180 pm 90.9 96.2
45-106pm 44.2 33.9
0-45 um 39.9 59.6
[00133] It was observed that the low gas-to-metal ratios produced a good

yield of fine raw metal powder. For example, in batch 2, a yield of over 90% of O-
106 um was obtained and a yield of almost 60% of 0-45 um was obtained, while

using a gas-to-metal ratio of 12.9.

[00134] It was observed that the distance between the atomization zone and
the nozzle outlet is an important factor because gas velocity changes rapidly over

distance.

[00135] Similar conditions to batch 2 were also tried but with higher
throughput (i.e. lower gas to metal ratio of 9-10). The particle size distributions

from these were very similar to the results for batch 2.

[00136] It will be appreciated that high yield of fine raw metal powders from
atomization is significant for being able to supply large amount of powder at

reasonable costs.

[00137] It was further observed that the chemical composition of the raw
metal powder produced with plasma atomization process is very clean and does
not have contamination. Without being tied to any particular theory, this may be
due to the melting and atomizing of the metal source without contact with a

contaminating surface.

[00138] The typical chemical composition obtain for a Ti-6AlI-4V grade 23
powder is:
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Table 2.
POWDER COMPOSITION (weight percent)
Element Measured Testing method
Oxygen (O) 0.084 ASTM E1409 - Inert gas fusion
Aluminum (Al 6.35 ASTM E 2371- Direct current plasma emission spectroscopy
Iron (Fe) 0.21 ASTM E 2371- Direct current plasma emission spectroscopy
Vanadium (V) 3.97 ASTM E 2371- Direct current plasma emission spectroscopy
Nitrogen (N) 0.02 ASTM E1409 - Inert gas fusion
Carbon (C) 0.01 ASTM E1941 — Combustion infrared detection
Hydrogen (H) 0.001 ASTM E 1447 - Inert gas fusion
Tin (Sn) 0.01 ASTM E 2371- Direct current plasma emission spectroscopy
Molybdenum (Mo) < 0.01 ASTM E 2371- Direct current plasma emission spectroscopy
Copper (Cu) < 0.01 ASTM E 2371- Direct current plasma emission spectroscopy
Manganese (Mn) 0.01 ASTM E 2371- Direct current plasma emission spectroscopy
Zirconium (Zr) < 0.01 ASTM E 2371- Direct current plasma emission spectroscopy
Yitrium (Y) < 0.001 ASTM E 2371- Direct current plasma emission spectroscopy
Zinc (Zn) < 0.001 ASTM E 2371- Direct current plasma emission spectroscopy
Others, each <0.08 ASTM E 2371- Direct current plasma emission spectroscopy
Others, total <0.30 ASTM E 2371- Direct current plasma emission spectroscopy
Titanium (Ti) Balance ASTM E 2371- Direct current plasma emission spectroscopy
Sn+ Mo+ Cu + Mn <0.15

[00139] The powder produced is very pure and spherical and contains a large
fraction of fine powder that can be used in applications such laser additive
manufacturing and powder injection molding.

[00140] Figure 9 is a scanning electron microscopy (SEM) image at 250

times magnification of the as-is raw metal powders formed (without sieving) within
the example process.

[00141] Figure 10 is a SEM image at 500 times magnification of the as-is raw
metal powders formed (without sieving) within the example process.

[00142] Figure 11 is a SEM image at 2000 times magnification of as-is raw
metal powders formed (without sieving) within the example process.

[00143] The presence of very fine particles (few um in diameter) in Figures 9-
11 is characteristic of a production of powder with more than 80% of yield of

particle size ranging between 0 and 106 um. These very fine particles possess
weak physical bounds with the larger one.
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EXAMPLE 2 - Ti-6Al-2Sn-4Zr-2Mo-0.08Si atomization

[00144] A plasma atomization run is achieved using a 0.125” diameter wire of
Ti-6AlI-2Sn-4Zr-2Mo-0.08Si as raw material and 3 converging plasma jets oriented
at about 30° with respect to the vertical axis. The plasma contacts the metal wire at
a location that is within less than 2.0 centimeters of the plasma torch nozzle outlet.
Each plasma torch is operated at a power of 30 kW with a 150 SLM argon gas

flow.

[00145] A background sheath gas is also used to ensure proper transport of

metal droplets. The sheath gas flow is at 550 SLM.

[00146] A dc electric current of 150A at an electric potential of 45 V is used to
preheat the wire at elevated temperature prior to the atomization with the plasma

jets and it results in a wire feed rate of 8.5 kg/h.

[00147] The wire is fed through a gas cooled and adjustable guide to enable
a continuous metal feeding right to the apex of the plasma torch jets. The batch

size is typically of 100 kg for the run.

[00148] The gas to metal ratio in these production runs is thus about 12.6.
[00149] The particle size distribution obtained is determined according to
ASTM B214.

[00150] The yield results is:

Table 3.
Sieve (um) % wt.
>180 0.8
<£180>125 4.3
<£125>106 3.9
<106>75 14.8
<75>53 211
<53>45 11.5
<45>25 27.3
<25 16.3
Total 100
0-106 91.0
0-180 99.2
45-106 47.4
0-45 43.6
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[00151] The typical chemical composition obtain for a Ti-6Al-2Sn-4Zr-2Mo-
0.08Si powder is:

Table 4.
POWDER COMPOSITION (weight percent)
Element Measured Testing method
Aluminum, range 6.18 ASTM E 2371- Direct current plasma emission spectroscopy
Zirconium, range 3.98 ASTM E 2371- Direct current plasma emission spectroscopy
Molybdenum, range 1.93 ASTM E 2371- Direct current plasma emission spectroscopy
Tin, range 2.07 ASTM E 2371- Direct current plasma emission spectroscopy
Silicon, range 0.08 ASTM E 2371- Direct current plasma emission spectroscopy
Iron, max. 0.22 ASTM E 2371- Direct current plasma emission spectroscopy
Oxygen, max. 0.1 ASTM E1409 - Inert gas fusion
Carbon, max. 0.02 ASTM E1941 — Combustion infrared detection
Nitrogen, max. 0.01 ASTM E1409 - Inert gas fusion
Hydrogen, max. 0.0013 ASTM E 1447 - Inert gas fusion
Yttrium, max. < 0.001 ASTM E 2371- Direct current plasma emission spectroscopy
Residual each, max. <0.10 ASTM E 2371- Direct current plasma emission spectroscopy
Residual total, max. <0.30 ASTM E 2371- Direct current plasma emission spectroscopy
Titanium Remainder ASTM E 2371- Direct current plasma emission spectroscopy

EXAMPLE 3 - Zr atomization

[00152] A plasma atomization run is achieved using a 0.080” diameter wire of
zirconium as raw material and 3 converging plasma jets oriented at about 30° with
respect to the vertical axis. The plasma contacts the metal wire at a location that is
within less than 2.0 centimeters of the plasma torch nozzle outlet. Each plasma

torch is operated at a power of 30 kW with a 150 SLM argon gas flow.

[00153] A background sheath gas is also used to ensure proper transport of

metal droplets. The sheath gas flow is at 550 SLM.

[00154] A dc electric current of 115 A at an electric potential of 45 V is used
to preheat the wire at elevated temperature prior to the atomization with the
plasma jets and it results in a wire feed rate of 6.0 kg/h. The wire is fed through a
gas cooled and adjustable guide to enable a continuous metal feeding right to the

apex of the plasma torch jets. The batch size is typically of 50 kg for the run.

[00155] The gas to metal ratio in these production runs is thus about 17.8.
[00156] The particle size distribution obtained is determined according to
ASTM B214.
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[00157] The yield results is:
Table 5.
Sieves (um) % wt.
>180 1.8
<180>125 21
£125>106 1.8
<106>75 9.9
<75>53 19.7
<53>45 12.3
<45>25 30.9
<25 21.5
Total 100.0
0-106 94.3
0-180 98.2
45-106 41.9
0-45 52.4
[00158] The typical chemical composition obtain for a zirconium powder is:
Table 6.
POWDER COMPOSITION (weight percent)
Element Measured Testing method
Tin, range 1.61 ASTM E1097
Iron, range 0.19 ASTM E1097
Chromium, range 0.1 ASTM E1097
Oxygen 0.151 ASTM E1019
Iron + chromium 0.30 ASTM E1097
Aluminum, max 0.0043 ASTM E 1097
Carbon, max 0.009 ASTM E1019
Hafnium, max < 0.002 ASTM E1097
Hydrogen, max 0.0011 ASTM E 1447
Niobium, max. < 0.002 ASTM E1097
Nitrogen, max < 0.005 ASTM E1019
Silicon, max 0.0044 ASTM E1097
Tungsten, max < 0.002 ASTM E1097
Titanium, max < 0.0005 ASTM E1097
Zirconium Remainder
[00159] It will be appreciated that, for simplicity and clarity of illustration,

where considered appropriate, reference numerals may be repeated among the

figures to indicate corresponding or analogous elements or steps. In addition,

numerous specific details are set forth in order to provide a thorough

understanding of the exemplary embodiments described herein. However, it will be

understood by those of ordinary skill in the art that the embodiments described

-24-



WO 2017/011900 PCT/CA2016/050786

herein may be practiced without these specific details. In other instances, well-
known methods, procedures and components have not been described in detail so
as not to obscure the embodiments described herein. Furthermore, this description
is not to be considered as limiting the scope of the embodiments described herein
in any way but rather as merely describing the implementation of the various

embodiments described herein.

-25.



WO 2017/011900 PCT/CA2016/050786

CLAIMS:
1. A plasma atomization metal powder manufacturing process comprising:
providing a heated metal source; and

contacting said heated metal source with the plasma of at least one plasma
source under conditions effective for causing atomization of said heated metal source,
wherein said atomization is carried out by using a gas to metal ratio of less than about 20,
thereby obtaining a raw metal powder having a 0-106 um particle size distribution yield of at
least 80%, measured according to ASTM B214.

2. The manufacturing process of claim 1, wherein the gas to metal ratio is of less than
about 17.

3. The manufacturing process of claim 1, wherein the gas to metal ratio is of about 5 to
about 15.

4. The manufacturing process of claim 1, wherein the gas to metal ratio is of about 2 to
about 10.

5. The manufacturing process of claim 1, wherein the gas to metal ratio is of about 5 to
about 10.

6. The manufacturing process of claim 1, wherein the gas to metal ratio is of about 10
to about 20.

7. The manufacturing process of claim 1, wherein the gas to metal ratio is of about 10
to about 15.

8. The manufacturing process of any one of claims 1 to 7, wherein the raw metal

powder has a 0-106 um particle size distribution yield of at least 90%, measured according
to ASTM B214.
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9. The manufacturing process of any one of claims 1 to 7, wherein the raw metal
powder has a 0-75 um particle size distribution yield of at least 85%, measured according
to ASTM B214.

10.  The manufacturing process of any one of claims 1 to 7, wherein the raw metal
powder has a 0-45 um particle size distribution yield of at least 50%, measured according
to ASTM B214.

11.  The manufacturing process of any one of claims 1 to 7, wherein the raw metal
powder has a 0-45 um particle size distribution yield of at least 60%, measured according
to ASTM B214.

12. The manufacturing process of any one of claims 1 to 11, wherein the heated metal

source contacts the plasma at an apex of the at least one plasma source.

13.  The manufacturing process of any one of claims 1 to 11, wherein the plasma is

emitted from at least one discrete nozzle of the at least one plasma source.

14. The manufacturing process of any one of claims 1 to 11, wherein the plasma is
emitted from a plurality of discrete nozzles of the at least one plasma source, the discrete

nozzles being positioned angularly about the heated metal source.

15. The manufacturing process of any one of claims 1 to 11, wherein the plasma is

emitted from an annular nozzle of the at least one plasma source.

16.  The manufacturing process of any one of claims 1 to 15, wherein the heated metal

source is chosen from a wire, a rod and a melt stream.

17.  The manufacturing process of any one of claims 1 to 16, wherein the heated metal
source is a wire heated by at least one of resistive heating, arc discharge, and induction

heating.

18.  The manufacturing process of any one of claims 1 to 16, wherein the heated metal
source is a rod heated by at least one of resistive heating, arc discharge, and induction

heating.
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19.  The manufacturing process of any one of claims 1 to 16, wherein the heated metal

source is a heated melt stream obtained from skull melting or water-cooled crucible.

20.  The manufacturing process of any one of claims 1 to 19, wherein the heated melt
source comprises at least one member chosen from one of titanium, titanium alloys,
zirconium, zirconium alloys, cobalt superalloys, nickel superalloys, magnesium, magnesium
alloys, niobium, niobium alloys, aluminum, aluminum alloys, molybdenum, molybdenum

alloys, tungsten, tungsten alloys, oxygen-reactive metals, and nitrogen-reactive metals.

21.  The manufacturing process of any one of claims 1 to 19, wherein the heated melt
source is chosen titanium, titanium alloys, zirconium, zirconium alloys, aluminum and

aluminum alloys.

22.  The manufacturing process of any one of claims 1 to 19, wherein the heated melt

source is chosen from titanium alloys.

23.  The manufacturing process of any one of claims 1 to 19, wherein the heated melt
source is Ti-6Al-4V.

24.  The manufacturing process of any one of claims 1 to 19, wherein the heated melt
source is chosen from Ti-6Al-4V, Ti-6Al-2Sn-4Zr-2Mo, Ti-5Al-5V-5M0-3Cr, and titanium

aluminides.

25.  The manufacturing process of any one of claims 1 to 19, wherein the heated melt
source is chosen from unalloyed Ti Grades (for example grade 1, 2, 3 or 4); Ti alloys
modified with Pd or Ru (for example grade 7, 11, 16, 17, 26 or 27); alpha and near-alpha Ti
alloys (for example grade 6, 9, 12, 18, 28; alpha-beta Ti alloys (for example grade 5, 23 or

29); and near-beta and beta Ti alloys (for example grade 19 or 20).

26. The manufacturing process of any one of claims 1 to 19, wherein the metal powder

is a reactive metal powder.
27. A plasma atomization metal powder manufacturing process comprising:

providing a heated metal source;
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aligning the heated metal source with the plasma of at least one plasma

source; and

contacting the heated metal source with the plasma of the least one plasma

source under conditions effective for causing atomization of said heated metal source.

28.  The manufacturing process of claim 27, wherein the heated metal source is one of a

metal wire or metal rod.

29. The manufacturing process of claims 27 or 28, wherein the heated metal source is

aligned with an apex of the plasma of the at least one plasma source.

30. The manufacturing process of any one of claims 27 to 29, wherein aligning the
heated metal source with the plasma of at least one plasma source comprises positioning
the heated metal source within at most 5 centimeters from an outlet nozzle of the at least

one plasma source.

31.  The manufacturing process of any one of claims 27 to 29, wherein aligning the
heated metal source with the plasma of at least one plasma source comprises positioning
the heated metal source within at most 2.5 centimeters from an outlet nozzle of the at least

one plasma source.

32. The manufacturing process of any one of claims 27 to 29, wherein aligning the
heated metal source with the plasma of at least one plasma source comprises positioning
the heated metal source within at most 1.9 centimeters from an outlet nozzle of the at least

one plasma source.

33. The manufacturing process of any one of claims 27 to 32, wherein the aligning
comprises:
intermittently adjusting an orientation of the heated metal source to maintain

alignment of the heated metal source with the plasma of the at least one plasma source.

34. The manufacturing process of claim 33, wherein the intermittent adjusting of the

orientation of the heated metal source comprises pivoting the heated metal source about a
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pivot point positioned upstream and remote of the plasma of the at least one plasma

source.

35.  The manufacturing process of any one of claims 27 to 34, wherein the aligning
comprises:
positioning a guide member defining a channel upstream of the plasma; and

displacing the heated metal source through the channel of the guide member.

36. The manufacturing process of claim 33, further comprising cooling the guide

member by at least one of a gas source and liquid source.

37. The manufacturing process of claims 35 or 36, wherein the intermittent adjusting of
the orientation of the heated metal source comprises pivoting the heated metal source
about a pivot point positioned upstream and remote of the plasma of the at least one

plasma source.

38. The manufacturing process of any one of claims 33 to 36, wherein an exit of the

channel is positioned in proximity of the plasma.

39. The manufacturing process of any one of claims 33 to 36, wherein the guide

member restricts contamination of the heated metal source.

40. The manufacturing process of claim 39, wherein an inner surface of the guide

member that defines the channel is formed of a non-contaminating material.

41.  The manufacturing process of claims 39 or 40, wherein an inner surface of the guide

member that defines the channel is formed of an electrically insulating material.

42.  The manufacturing process of any one of claims 27 to 41, further comprising heating
the heated metal source by at least one of resistive heating, arc discharge, and induction

heating.

43. The manufacturing process of any one of claims 27 to 41, wherein said atomization
is carried out by using a gas to metal ratio of less than about 20, thereby obtaining a metal

powder having a 0-106 um distribution yield of at least 80%.
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44, The manufacturing process of claim 43, wherein the gas to metal ratio is of less than
about 17.

45.  The manufacturing process of claim 43, wherein the gas to metal ratio is of about 5
to about 15.

46. The manufacturing process of claim 43, wherein the gas to metal ratio is of about 5
to about 10.

47.  The manufacturing process of claim 43, wherein the gas to metal ratio is of about 2
to about 10.

48.  The manufacturing process of claim 43, wherein the gas to metal ratio is of about 10
to about 20.

49.  The manufacturing process of claim 43, wherein the gas to metal ratio is of about 10
to about 15.

50.  The manufacturing process of any one of claims 43 to 49, wherein the obtained raw
metal powder has a 0-106 um particle size distribution yield of at least 90%, measured
according to ASTM B214.

51.  The manufacturing process of any one of claims 43 to 49, wherein the obtained raw
metal powder has a 0-75 um particle size distribution yield of at least 30%, measured
according to ASTM B214.

52.  The manufacturing process of any one of claims 43 to 49, wherein the obtained raw
metal powder has a 0-45 um distribution yield of at least 50%, measured according to
ASTM B214.

53.  The manufacturing process of any one of claims 43 to 49, wherein the obtained raw
metal powder has a 0-45 um distribution yield of at least 60%, measured according to
ASTM B214.

54.  The manufacturing process of any one of claims 43 to 53, wherein the plasma is

emitted from at least one discrete nozzle of the at least one plasma source.
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55. The manufacturing process of any one of claims 43 to 53, wherein the plasma is
emitted from a plurality of discrete nozzles of the at least one plasma source, the discrete

nozzles being positioned angularly about the heated metal source.

56. The manufacturing process of any one of claims 43 to 53, wherein the plasma is

emitted from an annular nozzle of the at least one plasma source.

57.  The manufacturing process of any one of claims 27 to 56, wherein the heated melt
source comprises at least one member chosen from one of titanium, titanium alloys,
zirconium, zirconium alloys, cobalt superalloys, nickel superalloys, magnesium, magnesium
alloys, niobium, niobium alloys, aluminum, aluminum alloys, molybdenum, molybdenum

alloys, tungsten, tungsten alloys, oxygen-reactive metals, and nitrogen-reactive metals.

58.  The manufacturing process of any one of claims 27 to 56, wherein the heated melt
source is chosen titanium, titanium alloys, zirconium, zirconium alloys, aluminum and

aluminum alloys.

59. The manufacturing process of any one of claims 26 to 56, wherein the heated melt

source is chosen from titanium alloys.

60. The manufacturing process of any one of claims 27 to 56, wherein the heated melt
source is Ti-6Al-4V.

61. The manufacturing process of any one of claims 27 to 56, wherein the heated melt
source is chosen from Ti-6Al-4V, Ti-6Al-2Sn-4Zr-2Mo, Ti-5Al-5V-5M0-3Cr, and titanium

aluminides.

62. The manufacturing process of any one of claims 27 to 56, wherein the heated melt
source is chosen from unalloyed Ti Grades (for example grade 1, 2, 3 or 4); Ti alloys
modified with Pd or Ru (for example grade 7, 11, 16, 17, 26 or 27); alpha and near-alpha Ti
alloys (for example grade 6, 9, 12, 18, 28; alpha-beta Ti alloys (for example grade 5, 23 or

29); and near-beta and beta Ti alloys (for example grade 19 or 20).

63. The manufacturing process of any one of claims 27 to 56, wherein the metal powder

is a reactive metal powder.
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64. An atomizing system comprising:

at least one heating system for heating a metal source;

at least one plasma source configured for contacting the metal source after
heating with plasma under conditions effective for causing atomization of the heated metal
source; and

an alignment system positioned upstream of the at least one plasma source,
the alignment system being adapted to adjust an orientation of the metal source relative to

the at least one plasma source.

65. The atomizing system of claim 64, wherein the alignment system comprises a guide
member defining a channel upstream of the plasma, the channel further defining a

displacement path of the metal source.

66. The atomizing system of claim 65, wherein the alignment system further comprises
an inlet for receiving at least one of a gas source and liquid source for cooling the guide

member.

67. The atomizing system of claims 65 or 66, wherein an exit of the channel is

positioned in proximity of the plasma.

68. The atomizing system of any one of claims 65 to 67, wherein the guide member

restricts contamination of the heated metal source.

69. The atomizing system of any one of claims 65 to 68, wherein an inner surface of the

guide member that defines the channel is formed of an electrically insulating material.

70.  The atomizing system of any one of claims 65 to 69, wherein an inner surface of the

guide member is formed of ceramic.

71.  The atomizing system of any one claims 65 to 70, wherein the guide member

extends substantially between a feeder for feeding the metal source and the plasma.

72.  The atomizing system of any one of claims 64 to 71, wherein the alignment system

comprises a displaceable member coupled to the metal source, a displacement of the
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displaceable member causing a change in orientation of the metal source relative to the

plasma.

73.  The atomizing system of claim 72, wherein the alignment system further comprises a
pivot coupled to the metal source, the displacement of the displaceable causing the metal
source to rotate about the pivot, thereby causing the change orientation of the metal

source.

74.  The atomizing system of any one of claims 64 to 73, wherein the at least one

heating system is chosen from resistive heating, arc discharge, and induction heating.

75.  The atomizing system of claim 71, wherein the at least one heating system is
chosen from resistive heating, arc discharge, and induction heating positioned about or

within the guide member.

76.  The atomizing system of any one of claims 64 to 75, wherein the plasma is emitted

from at least one discrete nozzle of the at least one plasma source.

77. The atomizing system of any one of claims 64 to 75, wherein the plasma is emitted
from a plurality of discrete nozzles of the at least one plasma source, the discrete nozzles

being positioned angularly about the heated metal source.

78.  The atomizing system of any one of claims 64 to 75, wherein the plasma is emitted

from an annular nozzle of the at least one plasma source.
79. A plasma atomization metal powder manufacturing process comprising:
providing a heated metal source; and

contacting said heated metal source with the plasma of at least one plasma
source under conditions effective for causing atomization of said heated metal source,
thereby obtaining a raw metal powder having a 0-106 um particle size distribution yield of at
least 80%, measured according to ASTM B214.

80. The manufacturing process of claim 79, wherein the gas to metal ratio is of less than

about 20.
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81.  The manufacturing process of claim 79, wherein the gas to metal ratio is of less than
about 17.

82. The manufacturing process of claim 79, wherein the gas to metal ratio is of about 5
to about 15.

83.  The manufacturing process of claim 79, wherein the gas to metal ratio is of about 2
to about 10.

84. The manufacturing process of claim 79, wherein the gas to metal ratio is of about 5
to about 10.

85. The manufacturing process of claim 79, wherein the gas to metal ratio is of about 10
to about 20.

86. The manufacturing process of claim 79, wherein the gas to metal ratio is of about 10
to about 15.

87. The manufacturing process of any one of claims 79 to 86, wherein the raw metal
powder has a 0-106 um particle size distribution yield of at least 90%, measured according
to ASTM B214.

88. The manufacturing process of any one of claims 79 to 86, wherein the raw metal
powder has a 0-75 um particle size distribution yield of at least 85%, measured according
to ASTM B214.

89. The manufacturing process of any one of claims 79 to 86, wherein the raw metal
powder has a 0-45 um particle size distribution yield of at least 50%, measured according
to ASTM B214.

90. The manufacturing process of any one of claims 79 to 86, wherein the raw metal
powder has a 0-45 um particle size distribution yield of at least 60%, measured according
to ASTM B214.

91. The manufacturing process of any one of claims 79 to 86, wherein the heated metal

source contacts the plasma at an apex of the at least one plasma source.
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92. The manufacturing process of any one of claims 79 to 86, wherein the plasma is

emitted from at least one discrete nozzle of the at least one plasma source.

93. The manufacturing process of any one of claims 79 to 86, wherein the plasma is
emitted from a plurality of discrete nozzles of the at least one plasma source, the discrete

nozzles being positioned angularly about the heated metal source.

94. The manufacturing process of any one of claims 79 to 86, wherein the plasma is

emitted from an annular nozzle of the at least one plasma source.

95.  The manufacturing process of any one of claims 79 to 86, wherein the heated metal

source is chosen from a wire, a rod and a melt stream.

96. The manufacturing process of any one of claims 79 to 95, wherein the heated metal
source is a wire heated by at least one of resistive heating, arc discharge, and induction

heating.

97.  The manufacturing process of any one of claims 79 to 95, wherein the heated metal
source is a rod heated by at least one of resistive heating, arc discharge, and induction

heating.

98. The manufacturing process of any one of claims 79 to 95, wherein the heated metal

source is a heated melt stream obtained from skull melting or water-cooled crucible.

99. The manufacturing process of any one of claims 79 to 95, wherein the heated melt
source comprises at least one member chosen from one of titanium, titanium alloys,
zirconium, zirconium alloys, cobalt superalloys, nickel superalloys, magnesium, magnesium
alloys, niobium, niobium alloys, aluminum, aluminum alloys, molybdenum, molybdenum

alloys, tungsten, tungsten alloys, oxygen-reactive metals, and nitrogen-reactive metals.

100. The manufacturing process of any one of claims 79 to 95, wherein the heated melt
source is chosen titanium, titanium alloys, zirconium, zirconium alloys, aluminum and

aluminum alloys.
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101. The manufacturing process of any one of claims 79 to 95, wherein the heated melt

source is chosen from titanium alloys.

102. The manufacturing process of any one of claims 79 to 95, wherein the heated melt
source is Ti-6Al-4V.

103. The manufacturing process of any one of claims 79 to 95, wherein the heated melt
source is chosen from Ti-6Al-4V, Ti-6Al-2Sn-4Zr-2Mo, Ti-5Al-5V-5M0-3Cr, and titanium

aluminides.

104. The manufacturing process of any one of claims 79 to 95, wherein the heated melt
source is chosen from unalloyed Ti Grades (for example grade 1, 2, 3 or 4); Ti alloys
modified with Pd or Ru (for example grade 7, 11, 16, 17, 26 or 27); alpha and near-alpha Ti
alloys (for example grade 6, 9, 12, 18, 28; alpha-beta Ti alloys (for example grade 5, 23 or

29); and near-beta and beta Ti alloys (for example grade 19 or 20).

105. The manufacturing process of any one of claims 79 to 95, wherein the metal powder

is a reactive metal powder.
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