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(57) ABSTRACT

A method for manufacturing a spherical metallic powder
blend using a metallic starting material, the method includ-
ing steps of grinding the metallic starting material to yield an
intermediate powder, spheroidizing the intermediate powder
to yield a first spherical powder component, and mixing the
first spherical powder component with a second spherical
powder component, wherein the first spherical powder com-
ponent and the second spherical powder component have
substantially the same chemical composition.
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SPHERICAL METALLIC POWDER BLENDS
AND METHODS FOR MANUFACTURING
THE SAME

FIELD

[0001] This application relates to spherical metallic pow-
der blends and, more particularly, to blends of spherical
metallic powders having target oxygen concentrations.

BACKGROUND

[0002] Titanium-based alloys typically exhibit high
strength-to-weight ratios, excellent corrosion resistance, and
high-temperature properties. Therefore, titanium-based
alloys, such as Ti-6Al-4V, are commonly used in the aero-
space industry, such as to manufacture various aircraft
components and the like.

[0003] Titanium-based alloys are relatively expensive and
can be difficult to machine into complex parts that meet
aerospace specifications. This has led the aerospace industry
to the development of net-shape (or near net-shape) tech-
nologies, including additive manufacturing processes which
reduce the amount of machining required.

[0004] While additive manufacturing may consume less
materials per component, as compared to traditional sub-
tractive manufacturing processes, the particular feedstock
requirements for additive manufacturing tend to increase
costs, which can offset cost savings associated with additive
manufacturing. For example, due to flowability require-
ments, as well as the need for uniformity and high-density
packing, spherical metallic powders are often used for
additive manufacturing. In the case of titanium-based alloys,
some oxygen can beneficially improve mechanical proper-
ties, but excess oxygen can have a detrimental effect, such
as a reduction in ductility (embrittlement) and lower tough-
ness at a given strength. Therefore, industry specifications
generally require spherical titanium powders having a
threshold/maximum oxygen concentration, such as at most
2000 ppm (0.2 percent by weight) oxygen for Ti-6Al-4V. As
of 2017, the unit cost for high quality, spherical Ti-6Al-4V
powder having approximately 2000 ppm oxygen can exceed
$100 per pound.

[0005] Accordingly, those skilled in the art continue with
research and development efforts in the field of spherical
metallic powders, including spherical metallic powders suit-
able for use in additive manufacturing processes.

SUMMARY

[0006] In one aspect, the disclosed method for manufac-
turing a spherical metallic powder includes (1) grinding a
metallic starting material to yield an intermediate powder,
(2) spheroidizing the intermediate powder to yield a first
spherical powder component, and (3) mixing the first spheri-
cal powder component with a second spherical powder
component, wherein the first spherical powder component
and the second spherical powder component have substan-
tially the same chemical composition.

[0007] In another aspect, the disclosed method for manu-
facturing a spherical metallic powder includes mixing a first
spherical powder component with a second spherical pow-
der component, wherein the first spherical powder compo-
nent comprises titanium and has an oxygen concentration
ranging from about 2100 ppm to about 4000 ppm, and
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wherein the second spherical powder component comprises
titanium and has an oxygen concentration of at most about
1800 ppm.

[0008] In one aspect, the disclosed spherical metallic
powder blend is the product of a method that includes (1)
grinding a metallic starting material to yield an intermediate
powder, (2) spheroidizing the intermediate powder to yield
a first spherical powder component, and (3) mixing the first
spherical powder component with a second spherical pow-
der component, wherein the first spherical powder compo-
nent and the second spherical powder component have
substantially the same chemical composition.

[0009] In another aspect, the disclosed spherical metallic
powder blend includes a mixture of a first spherical powder
component and a second spherical powder component,
wherein the first spherical powder component comprises
titanium and has an oxygen concentration ranging from
about 2100 ppm to about 4000 ppm, and wherein the second
spherical powder component comprises titanium and has an
oxygen concentration of at most about 1800 ppm.

[0010] Other aspects of the disclosed spherical metallic
powder blends and methods for manufacturing the same will
become apparent from the following detailed description,
the accompanying drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 11is a flow diagram depicting one aspect of the
disclosed method for manufacturing a spherical metallic
powder blend;

[0012] FIG. 2 is a flow diagram of an aircraft manufac-
turing and service methodology; and

[0013] FIG. 3 is a block diagram of an aircraft.
DETAILED DESCRIPTION
[0014] Disclosed are spherical metallic powder blends and

methods for manufacturing the same. The spherical metallic
powder blends produced by the disclosed methods can have
oxygen concentrations at or below threshold values (e.g., at
most 2000 ppm for Ti-6Al-4V), yet can be less expensive
than comparable low-oxygen spherical metallic powders
that are commercially available.

[0015] FIG. 1 depicts one aspect of the disclosed method
10 for manufacturing a spherical metallic powder blend. In
general, the method 10 includes processing 12 a metallic
starting material 14 to yield a first spherical powder com-
ponent 16 and then mixing 18 the first spherical powder
component 16 with a second spherical powder component
20 to yield a spherical metallic powder blend 22. The
chemical composition of the second spherical powder com-
ponent 20 can be substantially the same as the chemical
composition of the first spherical powder component 16.
However, the oxygen concentration of the second spherical
powder component 20 can be substantially different from
(e.g., less than) the oxygen concentration of the first spheri-
cal powder component 16. Therefore, the first spherical
powder component 16 can be mixed 18 with the second
spherical powder component 20 at an appropriate ratio to
yield the spherical metallic powder blend 22 having an
oxygen concentration at or below a threshold value. With
appropriate selection of the oxygen concentration threshold
value, the spherical metallic powder blend 22 can be used to
manufacture parts, such as by way of additive manufactur-
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ing or other powder metallurgy techniques, without sacri-
ficing ductility and toughness/strength.

[0016] Compositionally, the metallic starting material
14—and thus the second spherical powder component 20
and the resulting spherical metallic powder blend—can be
titanium or a titanium alloy. As one specific, non-limiting
example, the metallic starting material 14 can be Ti-6Al1-4V.
While the present disclosure focuses on titanium alloys,
specifically Ti-6 Al-4V, those skilled in the art will appreciate
that other metals or metal alloys, such as zirconium alloys,
magnesium alloys, nickel alloys and the like, can be used as
the metallic starting material 14 of the disclosed method 10
without departing from the scope of the present disclosure.
[0017] The metallic starting material 14 can have a rela-
tively high oxygen concentration (high relative to the oxy-
gen concentration of the second spherical powder compo-
nent 20), such as an oxygen concentration that exceeds the
maximum oxygen concentration threshold for the particular
chemical composition, as specified/established by industry
standards (e.g., AMS 4911 and AMS 4998). For example, in
the case of Ti-6Al-4V, the metallic starting material 14 can
have an oxygen concentration greater than 2000 ppm, which
is in excess of acceptable/threshold levels when mechanical
properties (ductility and toughness/strength) of resulting
manufactured parts/articles are a concern. In one expression,
the oxygen concentration of the metallic starting material 14
can be within the range spanning from about 2100 ppm to
about 4000 ppm. In another expression, the oxygen concen-
tration of the metallic starting material 14 can be within the
range spanning from about 2100 ppm to about 2300 ppm.
[0018] Various techniques can be used to measure oxygen
concentration, such as the oxygen concentration of the
metallic starting material 14, the first spherical powder
component 16, the second spherical powder component 20
and/or the spherical metallic powder blend 22, without
departing from the scope of the present disclosure. As one
specific, non-limiting example, oxygen concentration can be
measured in accordance with ASTM E1409-13 (“Standard
Test Method for Determination of Oxygen and Nitrogen in
Titanium and Titanium Alloys by Inert Gas Fusion™).
[0019] In one particular implementation, the metallic start-
ing material 14 can be swarf. As such, the process that
produced the swarf (e.g., machining, turning, grinding or the
like) may have resulted in the relatively high oxygen con-
centration, though the reason for the relatively high oxygen
concentration of the metallic starting material 14 is not
limiting. Those skilled in the art will appreciate that recy-
cling swarf as the metallic starting material 14 of the
disclosed method 10 can offset demand for more expensive
virgin material that has low oxygen concentrations, thereby
providing an opportunity for significant cost savings, par-
ticularly when the swarf is generated in-house or obtained at
low (or no) cost.

[0020] Still referring to FIG. 1, processing 12 of the
metallic starting material 14 can include grinding 24 the
metallic starting material 14 to yield an intermediate powder
26. The grinding 24 can convert the metallic starting mate-
rial 14 into a powder (the intermediate powder 26) having
the desired physical properties (e.g., desired average particle
size and distribution), which can depend on numerous
factors, such as the intended use of the spherical metallic
powder blend 22.

[0021] Various techniques for grinding 24 can be used
without departing from the scope of the present disclosure.

Jul. 18,2019

As one non-limiting example, the grinding 24 can be per-
formed in a planetary mill. As another non-limiting example,
the grinding 24 can be performed in a roller mill. As yet
another non-limiting example, the grinding 24 can be per-
formed in a ball mill. Planetary mills, roller mills and ball
mills are capable of producing an intermediate powder 26
having a particle size distribution suitable for, among other
things, additive manufacturing.

[0022] When the spherical metallic powder blend 22 is
intended for use in an additive manufacturing process, the
grinding 24 can be performed such that the intermediate
powder 26 has a particle size distribution that facilitates tight
packing. In one expression, the grinding 24 can be per-
formed such that the intermediate powder 26 has an average
particle size between about 5 pm and about 500 um. In
another expression, the grinding 24 can be performed such
that the intermediate powder 26 has an average particle size
between about 10 um and about 100 um.

[0023] Optionally, the powder produced by the grinding
24 can be sieved 28 to obtain a desired particle size
distribution. For example, sieving 28 can yield an interme-
diate powder 26 having a narrower particle size distribution,
which can increase the density of, and improve the surface
quality and mechanical properties of, resulting additively
manufactured parts/articles. In one expression, sieving 28
can yield an intermediate powder 26 having a particle size
distribution wherein at least 40 percent of the particles of the
intermediate powder 26 have a particle size within (+/-) 20
percent of the average particle size. In another expression,
sieving 28 can yield an intermediate powder 26 having a
particle size distribution wherein at least 60 percent of the
particles of the intermediate powder 26 have a particle size
within (+/-) 20 percent of the average particle size. In yet
another expression, sieving 28 can yield an intermediate
powder 26 having a particle size distribution wherein at least
80 percent of the particles of the intermediate powder 26
have a particle size within (+/-) 20 percent of the average
particle size.

[0024] Optionally, such as in the case of titanium alloys
(e.g., Ti-6Al-4V), the metallic starting material 14 can be
hydrided in a hydriding step 30 prior to grinding 24, thereby
rendering the metallic starting material 14 more brittle and
susceptible to grinding 24. For example, the metallic starting
material 14 can be hydrided in a hydriding step 30 by
heating the metallic starting material 14 in the presence of
hydrogen gas (e.g., in a tube furnace) to an elevated tem-
perature (e.g., 600-700° C.) for a period of time (e.g., 24
hours).

[0025] When a hydriding step 30 is performed, then a
corresponding dehydriding step 32 can also be performed.
The dehydriding 32 can be performed after grinding 24, and
either before or after the optional sieving 28, thereby yield-
ing the intermediate powder 26. For example, dehydriding
32 can be performed under vacuum at an elevated tempera-
ture (e.g., 550-700° C.) for a period of time (e.g., 72 hours).
[0026] Still referring to FIG. 1, processing 12 of the
metallic starting material 14 can further include spheroidiz-
ing 34 the intermediate powder 26 to yield the first spherical
powder component 16. Therefore, the particles of the first
spherical powder component 16 can be substantially spheri-
cal. As used herein, “spherical” does not require perfect
sphericity, but rather means “substantially spherical.”
[0027] Various techniques can be used for spheroidizing
34 the intermediate powder 26 without departing from the
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scope of the present disclosure. In one particular implemen-
tation, spheroidizing 34 can include introducing the particles
of the intermediate powder 26 to a plasma, such as an
induction plasma, to quickly heat and melt the particles,
followed by cooling. For example, a TEKSPHERO 200™,
which is commercially available from Tekna Plasma Sys-
tems Inc. of Quebec, Canada, can be used for spheroidizing
34 the intermediate powder 26 using an induction plasma.
[0028] The first spherical powder component 16 produced
by processing 12 of the metallic starting material 14 will
retain the chemical composition of the metallic starting
material 14 or can have an even higher oxygen concentration
(e.g., due to the grinding 24). Furthermore, like the metallic
starting material 14, the first spherical powder component 16
can have a relatively high oxygen concentration. Therefore,
the first spherical powder component 16 is mixed 18 with the
second spherical powder component 20 to yield the spheri-
cal metallic powder blend 22.

[0029] The second spherical powder component 20 can be
compositionally the same as the first spherical powder
component 16, and can include particles that are substan-
tially spherical, like the first spherical powder component
16. However, the second spherical powder component 20
can have a relatively low oxygen concentration (low relative
to the oxygen concentration of the first spherical powder
component 16), such as an oxygen concentration that is at or
below the maximum oxygen concentration threshold for the
particular chemical composition, as specified/established by
industry standards (e.g., AMS 4911 and AMS 4998). For
example, in the case of Ti-6Al-4V, the second spherical
powder component 20 can have an oxygen concentration
less than 2000 ppm, which can contribute to increased
ductility and greater toughness at a given strength. In one
expression, the oxygen concentration of the second spherical
powder component 20 can be at most about 1900 ppm. In
one expression, the oxygen concentration of the second
spherical powder component 20 can be at most about 1800
ppm. In another expression, the oxygen concentration of the
second spherical powder component 20 can be within the
range spanning from about 800 ppm to about 1800 ppm. In
yet another expression, the oxygen concentration of the
second spherical powder component 20 can be within the
range spanning from about 900 ppm to about 1100 ppm.
[0030] The second spherical powder component 20 can be
obtained from various sources. As one example, the second
spherical powder component 20 can be purchased from a
supplier or commercial source as virgin material. As another
example, the second spherical powder component 20 can be
manufactured using a traditional gas atomization technique.
As yet another example, the second spherical powder com-
ponent 20 can be manufactured using a traditional plasma
rotating electrode process.

[0031] The mixing 18 can be performed at a first spherical
powder component-to-second spherical powder component
ratio (e.g., 1:1, 2:1, etc.) that yields a spherical metallic
powder blend 22 having the desired oxygen concentration.
In other words, the spherical metallic powder blend 22 can
include a first quantity of the first spherical powder compo-
nent 16 and a second quantity of the second spherical
powder component 20, and the first quantity and the second
quantity can be the same or different. In the case of Ti-6Al-
4V, the first quantity and the second quantity can be selected
such that the resulting spherical metallic powder blend 22
has an oxygen concentration of at most about 2000 ppm.
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THEORETICAL EXAMPLES

[0032] Two “first spherical powder components” (Com-
ponent 1A and Component 1B) can be prepared from
Ti-6A1-4V swarf by processing 12 in accordance with the
disclosed method 10. For example, Component 1A will have
an oxygen concentration of about 4000 ppm and cost about
$48 per pound to produce, while Component 1B will have
an oxygen concentration of about 2200 ppm and cost about
$50 per pound to produce.

[0033] Two “second spherical powder components”
(Component 2A and Component 2B) can be obtained from
various commercial sources. For example, Component 2A
can be virgin Ti-6A1-4V having an oxygen concentration of
about 1800 ppm and costing about $100 per pound, while
Component 2B can be virgin Ti-6Al-4V having an oxygen
concentration of about 1000 ppm and costing about $105 per
pound.

[0034] Various mixtures can be prepared, including (1)
various mixtures of Component 1 A with Component 2A (see
Table 1); (2) various mixtures of Component 1B with
Component 2A (see Table 2); various mixtures of Compo-
nent 1A with Component 2B (see Table 3); and (4) various
mixtures of Component 1B with Component 2B (see Table
4). The calculations presented in the tables below followed
a rule-of-mixtures methodology.

TABLE 1

Blend of 1A and 2A

Cost Oxygen Cost Reduction
% 1A ®) (ppm) (%)
0 100 1800 0
9 95.32 1998 5
50 74 2900 26
75 61 3450 39
100 48 4000 52

TABLE 2

Blend of 1B and 2A

Cost Oxygen Cost Reduction
% 1B ® (ppm) (%)
0 100 1800 0
16 92 1864 8
50 75 2000 25
75 62.5 2100 38
100 50 2200 50

TABLE 3

Blend of 1A and 2B

Cost Oxygen Cost Reduction
% 1A ®) (ppm) (%)
0 105 1000 0
33 86.19 1990 18
50 76.5 2500 27
75 62.25 3250 41
100 48 4000 54
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TABLE 4

Blend of 1B and 2B

Cost Oxygen Cost Reduction
% 1B ® (ppm) (%)
0 105 1000 0
25 91.25 1300 13
50 71.5 1600 26
75 63.75 1900 39
33 59.35 1996 43
100 50 2200 52

[0035] Accordingly, these theoretical examples show that
various mixtures can yield a Ti-6Al-4V spherical metallic
powder blend having an oxygen concentration of at most
about 2000 ppm, which can yield parts/articles exhibiting
increased ductility and greater toughness at a given strength,
as compared to similar parts/articles manufactured using
Ti-6A1-4V spherical metallic powder having an oxygen
concentration substantially higher than 2000 ppm. Further-
more, these theoretical examples show that various mixtures
offer a cost reduction as compared to using only virgin
powder.

[0036] Examples of the disclosure may be described in the
context of an aircraft manufacturing and service method
100, as shown in FIG. 2, and an aircraft 102, as shown in
FIG. 3. During pre-production, the aircraft manufacturing
and service method 100 may include specification and
design 104 of the aircraft 102 and material procurement 106.
During production, component/subassembly manufacturing
108 and system integration 110 of the aircraft 102 takes
place. Thereafter, the aircraft 102 may go through certifica-
tion and delivery 112 in order to be placed in service 114.
While in service by a customer, the aircraft 102 is scheduled
for routine maintenance and service 116, which may also
include modification, reconfiguration, refurbishment and the
like.

[0037] Each of the processes of method 100 may be
performed or carried out by a system integrator, a third party,
and/or an operator (e.g., a customer). For the purposes of this
description, a system integrator may include without limi-
tation any number of aircraft manufacturers and major-
system subcontractors; a third party may include without
limitation any number of venders, subcontractors, and sup-
pliers; and an operator may be an airline, leasing company,
military entity, service organization, and so on.

[0038] As shown in FIG. 3, the aircraft 102 produced by
example method 100 may include an airframe 118 with a
plurality of systems 120 and an interior 122. Examples of the
plurality of systems 120 may include one or more of a
propulsion system 124, an electrical system 126, a hydraulic
system 128, and an environmental system 130. Any number
of other systems may be included.

[0039] The disclosed spherical metallic powder blends
and methods for manufacturing the same may be employed
during any one or more of the stages of the aircraft manu-
facturing and service method 100. As one example, com-
ponents or subassemblies corresponding to component/sub-
assembly manufacturing 108, system integration 110, and or
maintenance and service 116 may be fabricated or manu-
factured using the disclosed spherical metallic powder
blends. As another example, the airframe 118 may be
constructed using the disclosed spherical metallic powder
blends. Also, one or more apparatus examples, method
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examples, or a combination thereof may be utilized during
component/subassembly manufacturing 108 and/or system
integration 110, for example, by substantially expediting
assembly of or reducing the cost of an aircraft 102, such as
the airframe 118 and/or the interior 122. Similarly, one or
more of system examples, method examples, or a combina-
tion thereof may be utilized while the aircraft 102 is in
service, for example and without limitation, to maintenance
and service 116.

[0040] The disclosed spherical metallic powder blends
and methods for manufacturing the same are described in the
context of an aircraft; however, one of ordinary skill in the
art will readily recognize that the disclosed spherical metal-
lic powder blends and methods for manufacturing the same
may be utilized for a variety of applications. For example,
the disclosed spherical metallic powder blends may be
implemented in various types of vehicle including, for
example, helicopters, passenger ships, automobiles, marine
products (boat, motors, etc.) and the like. Various non-
vehicle applications, such as medical applications, are also
contemplated.

[0041] Although various aspects of the disclosed spherical
metallic powder blends and methods for manufacturing the
same have been shown and described, modifications may
occur to those skilled in the art upon reading the specifica-
tion. The present application includes such modifications
and is limited only by the scope of the claims.

What is claimed is:

1. A method for manufacturing a spherical metallic pow-
der blend using a metallic starting material, the method
comprising:

grinding the metallic starting material to yield an inter-

mediate powder;

spheroidizing the intermediate powder to yield a first

spherical powder component; and

mixing the first spherical powder component with a

second spherical powder component, wherein the first
spherical powder component and the second spherical
powder component have substantially the same chemi-
cal composition.

2. The method of claim 1 wherein the metallic starting
material comprises titanium.

3. The method of claim 2 wherein the metallic starting
material has an oxygen concentration ranging from about
2100 ppm to about 4000 ppm.

4. The method of claim 2 wherein the metallic starting
material comprises swarf.

5. The method of claim 1 wherein the metallic starting
material comprises Ti-6Al-4V.

6. The method of claim 1 wherein the grinding the
metallic starting material to yield the intermediate powder
comprises grinding to achieve an average particle size
between about 10 um and about 100 um.

7. The method of claim 6 wherein at least 80 percent of
powder particles of the intermediate powder have a particle
size within 20 percent of the average particle size.

8. The method of claim 1 wherein the grinding is per-
formed in a planetary mill, a ball mill or a roller mill.

9. The method of claim 1 further comprising hydriding the
metallic starting material prior to the grinding.

10. The method of claim 9 further comprising dehydriding
the intermediate powder prior to the spheroidizing.
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11. The method of claim 1 wherein the spheroidizing the
intermediate powder comprises introducing the intermediate
powder to an induction plasma.

12. The method of claim 1 wherein the second spherical
powder component comprises titanium, and wherein the
second spherical powder component has an oxygen concen-
tration of at most about 1800 ppm.

13. The method of claim 1 wherein the mixing the first
spherical powder component with the second spherical
powder component comprises mixing at a first spherical
powder component-to-second spherical powder component
ratio of at least 1:1.

14. The method of claim 13 wherein the first spherical
powder component-to-second spherical powder component
ratio is at least 2:1.

15. The method of claim 1 wherein the metallic starting
material and the second spherical powder component com-
prise Ti-6A1-4V, and wherein the mixing the first spherical
powder component with the second spherical powder com-
ponent comprises mixing at a first spherical powder com-
ponent-to-second spherical powder component ratio that
yields a mixture having an oxygen concentration of at most
about 2000 ppm.

16. The spherical metallic powder blend manufactured
according to the method of claim 1.
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17. A method for manufacturing a spherical metallic
powder blend comprising:

mixing a first spherical powder component with a second

spherical powder component,

wherein the first spherical powder component comprises

titanium and has an oxygen concentration ranging from
about 2100 ppm to about 4000 ppm, and

wherein the second spherical powder component com-

prises titanium and has an oxygen concentration of at
most about 1800 ppm.

18. The method of claim 17 wherein the oxygen concen-
tration of the second spherical powder component ranges
from about 800 ppm to about 1800 ppm.

19. The method of claim 17 wherein:

the oxygen concentration of the first spherical powder
component ranges from about 2100 ppm to about 2300
ppm, and

the oxygen concentration of the second spherical powder
component ranges from about 900 ppm to about 1100
ppm.

20. The spherical metallic powder blend manufactured

according to the method of claim 17.
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