008/144199 A 1 |00 000 0 00T O O 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization | ‘1”1‘

International Bureau

(43) International Publication Date
27 November 2008 (27.11.2008)

) /IO O T OO 00 OO

(10) International Publication Number

WO 2008/144199 Al

(51) International Patent Classification:
B22F 3/10 (2006.01) GO3F 7/004 (2006.01)
B22F 3/105 (2006.01)

(21) International Application Number:
PCT/US2008/062375

(22) International Filing Date: 2 May 2008 (02.05.2008)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

11/749,864 17 May 2007 (17.05.2007) US

(71) Applicant (for all designated States except US): THE
BOEING COMPANY [US/US]; 100 North Riverside
Plaza, Chicago, Illinois 60606-2016 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): LOW, Steven C
[US/US]; 3903 E. Holmes Avenue, Mesa, Arizona 85206
(US). CLARK, Jerry G. [US/US]; 7204 W. Sun Dance
Dr., Queen Creek, AZ 85242 (US). MUYLAERT, Neal
W. [US/US]; 1729 S Valvista, Apache Junction, Arizona
85219-9398 (US). NORD, Richard J. [US/US]; 11115 N.

110th P1., Scottsdale, Arizona 85259 (US). THOMPSON,
Blair E. [US/US]; 8438 E. Sheridan, Scottsdale, Arizona
85257 (US). AKE, Bryan E. [US/US]; 863 E. Ivanhoe,
Gilbert, Arizona 85296 (US). WILLIAMS, Reid W.
[US/US]; 10421 E. Los Lagos Vista Ave, Mesa, Arizona
85209 (US).

Agents: TSUDA, Diane M. et al.; The Boeing Company,
P.O. Box 2515, MC 110-SD54, Seal Beach, California
90740-1515 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7M, 7ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

(74)

(81)

(34)

[Continued on next page]

(54) Title: DIRECT TO METAL SINTERING OF 17-4PH STEEL

24

10\‘

22

Computer

25
Processor

14

FIG. 1

(Prior Art)

o (57) Abstract: A method of sintering a 17-4PH alloy powder and a sintered 17-4PH sintered part are disclosed. The part is formed
by selective laser sintering a 17-4PH alloy powder and binder mixture to form a green part that is sintered to form a part having
a substantially pure martensitic structure. The metal powder includes boron. The sintered part may be further processed by shot
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DIRECT TO METAL SINTERING
OF 17-4PH STEEL

FIELD OF THE INVENTION

This invention relates generally to selective laser sintering and, more particularly, to

methods and articles formed by selective laser sintering of a corrosion resistant steel.

BACKGROUND OF THE INVENTION

Rapid prototyping technology provides designers of complex parts a fast and flexible
means by which to fabricate parts, often prototypes or test parts of low quantity, for which it
would not be practical to form by a cast mold production method. Selective laser sintering (SLS)
is among the most common commercial available rapid prototyping technologies that fabricates a

part by layer-by-layer powder deposition.

SLS can be performed on a variety of materials including, but not limited to metals,
cermets, ceramics and many polymers. A powder of the part material is mixed with a binder
material and distributed on a surface. Thereafter, a laser is applied to the powder layer so as to
melt the binder material. As the laser moves in a pattern over the layer, the melted binder
solidifies and fuses together with the powder. The laser pattern is controlled to form a layer
having a desired shape of the part. Additional layers of powder and binder are treated in the
same manner to form the desired part in a layer-by-layer fabrication. At this stage, the part

containing the binder is referred to as a green part.

After the green part is formed by the SLS process, the part is transferred to a furnace
where the binder is removed and the powder is lightly sintered together. The part is then referred
to as a brown part. The brown part is further heated to further sinter the powder together until

the final part is formed. The final part may be further treated to improve part characteristics.

The properties of the final part are determined by the selection of the powder composition

and fabrication parameters. Up to this time, no fabrication technique has been developed to form
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a corrosion resistant part from a ferrous material that can be treated to develop a wide range of

properties.

SUMMARY OF THE INVENTION

A high strength, corrosion resistant ferrous based part and method of fabricating the part
by a free form fabrication process are disclosed herein. The process includes selective laser
sintering of a metal powder and binder mixture to form a green part using computer aided design
(CAD) data. The green part is then sintered to form the final part, which may be further

processed.

A first embodiment of the invention for sintering a powder includes mixing binder
powder and metal powder to form a powder mixture, selectively sintering the powder mixture to
form a green part comprising a binder constituent, heating the green part to remove the binder
constituent and form a brown part, cooling the brown part to ambient temperature, and sintering
the brown part to form a sintered metal part, wherein the metal powder comprises 17-4PH alloy
powder. The first embodiment further includes selective laser sintering using a laser having a

power in the range of about 10W and about 35W.

The first embodiment also includes using a metal powder having between approximately
0.1% and 0.3% boron, and more specifically wherein the metal powder includes approximately
0.1% boron. The first embodiment also includes having a powder mixture containing
approximately 1.0% binder powder. The first embodiment additionally includes the metal
powder having a composition of approximately 15.5-17.5% Cr, 3.5-4.5% Ni, 3.5-4.5% Cu, 0.15-
0.45% Cb+Ta, 0-0.5% Mn, 0-0.04 P, 0.07% max C, and balance Fe.

Another embodiment of the invention includes a sintered part having a composition of
approximately 15.5-17.5% Cr, 3.5-4.5% Ni, 3.5-4.5% Cu, 0.15-0.45% Cb+Ta, 0.1%-0.3% B, 0-
0.5% Mn, 0-0.04 P, 0.07% max C, and balance Fe. This embodiment further includes a boron
amount of approximately 0.1%. The embodiment further discloses that the sintered part is a steel
part having a substantially pure martensitic structure. The embodiment additionally includes

wherein the steel part is formed having a density of greater than 7.5 g/cm’.
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In yet another embodiment of the invention, a sintered part is formed by the method
including mixing binder powder and metal powder to form a powder mixture, selectively
sintering the powder mixture to form a green part including a binder constituent, heating the
green part to remove the binder constituent and form a brown part, cooling the green part to
ambient temperature, and sintering the brown part to form a sintered metal part, wherein the

metal powder comprises 17-4PH alloy powder.

This embodiment further includes a metal powder having between approximately 0.1%
and 0.3% boron, and more particularly, wherein the metal powder includes approximately 0.1%
boron. This embodiment additionally includes wherein the metal powder is formed into a
sintered part having a density of greater than 7.5 g/cm’, and wherein the sintered part has a
substantially pure martensitic structure. This embodiment further includes the powder mixture
having approximately 1.0% binder powder, and wherein metal powder has a composition
including approximately 15.5-17.5% Cr, 3.5-4.5% Ni, 3.5-4.5% Cu, 0.15-0.45% Cb+Ta, 0-0.5%
Mn, 0-0.04 P, 0.07% max C, and balance Fe. This embodiment also includes selective laser

sintering by a laser having a power in the range of about 10W to about 35W.

Further aspects of the method and apparatus are disclosed herein. Other features and
advantages of the present invention will be apparent from the following more detailed
description of the preferred embodiment, taken in conjunction with the accompanying drawings

that illustrate, by way of example, the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a side sectional view of a prior art SLS apparatus

FIG. 2 illustrates an exemplary temperature and pressure profile for a single cycle

process.
FIG. 3 illustrates an exemplary temperature and pressure profile for a browning process.
FIG. 4 illustrates an exemplary temperature and pressure profile for a sintering process.

FIG. 5 shows characteristics of a sintered 17-4PH part.
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FIG. 6 shows a comparison of effect of boron concentration
FIG. 7 shows a further comparison of the effect of boron concentration.

FIG. 8 shows a the effect of boron concentration on cycle life.

DETAILED DESCRIPTION OF THE INVENTION

The present invention now will be described more fully hereinafter with reference to the
accompanying drawing, in which a preferred embodiment of the invention is shown. This
invention may, however, be embodied in many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these embodiments are provided so that this
disclosure will be thorough and complete and will fully convey the scope of the invention to
those skilled in the art. All composition percents are given as weight percents, unless otherwise

specified.

The present invention is directed to a method of free form fabrication of a metallic
component from a powder by selective laser sintering followed by furnace sintering to form a
desired net shaped or near net shaped part. The method, which may use computer aided design
(CAD) data, has utility for rapid production of complex shaped metal prototypes and for
complete small batch production runs of high cost components or dies without the need for

special tooling or machining operations.

The initial powder mixture includes a metal powder and a binder. The metal powder may
be a single powder that substantially forms the composition of the sintered part, or the metal
powder may be a blend of powders that collectively substantially form the final composition of
the sintered part. The metal powder size is generally in the range of about 1-55 microns, and
preferably in the range of 25-55 microns. The metal powder may be a single powder size
distribution, or may be formed of a combination of powder size distributions. For example, the
metal powder may be formed of two metal powders having different compositions but both
having the same average particle size. For example, the metal powder may be formed of a first
metal powder and a second metal powder, both having an average powder size of 44 microns.
Alternatively, the metal powder may be formed of a first metal powder and a second metal

powder having different average powder size.
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The metal powder may be a stainless steel alloy powder composition, and particularly,
may be a 17-4PH alloy steel powder. The 17-4PH alloy composition includes the following
approximate weight percents: Cr=15.5-17.5%, Ni=3.5-4.5%, Cu=3.5-4.5%, Nb+Ta=0.15-0.45%,
Si=0-0.5, Mn=0-0.5, P=0-0.04, C=0.07% max, and Fe balance. The 17-4PH alloy delivers the
corrosion resistance of a 304 austenitic stainless steel, yet is as strong as 420 martensitic
stainless. The metal powders may be formed by any known conventional method in the art, for

example, molten spraying.

The metal powder includes a sintering aid. Rapidly diffusing boron is added to the metal
powder in an amount of about 0.1% to less than 0.3% total metal powder weight to improve pore
structure by forming more spherical pore shapes within the sintered body. In one example,
boron in an amount of approximately 0.15% provided improved spherical pore shape in the
resultant sintered body. If more than one powder is used to form the alloy, the boron may be
added to only one metal powder, or the boron may be added to more than one or all of the
powders forming the alloy. For example, a first metal powder having a 17-4PH composition
may be mixed with a second metal powder having a 17-4PHB. The 17-4PHB composition is a
17-4PH composition alloyed with boron to form a total powder alloy mixture having a total

boron amount from about 0.1% to less than 0.3% total metal powder weight.

The binder may be a thermoplastic polymer powder, more particularly a plyamide nylon,
and most particularly may be a polyamide powder of nylon 12 such as OGRASOL® Nylon 12
by Arkema of Paris, France. The binder is provided in an amount of between about 1% and
about 3% by weight of the total powder mixture. A binder amount of about 1% is preferred.
The binder has an average powder size of about 4 microns. The binder may be added as a
separate powder to the alloy powder mixture, or the binder may be coated on the metal powder.
In one example, the binder is coated upon a 17-4PH powder and mixed with a non-coated 17-

4PHB powder to form the total powder mixture.

A SLS process as is known in the art is shown in Fig. 1. Fig. 1 shows a side cross-
sectional view of an SLS apparatus 10 and a part 15 undergoing fabrication. The SLS apparatus
10 includes side walls 12 and a platform or table 14. The table 14 may be constructed to descend
incrementally within walls 12 to form a cavity for containing a powder mixture 18 to be sintered.
A powder spreader 20 may be positioned on apparatus for speading measured layers of powder

mixture 18 atop table 14 within the sintering cavity.
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Powder mixture 18 is used in the present process to build up a preform shape of the
desired part 15. The powder mixture 18 contains a metal powder for forming the final alloy
composition of the part 15 and a binder powder. The powder spreader 20 is used to spread a thin
layer of approximately 0.001 inch to 0.020 inch of powder mixture 18 atop table 14, which is
initially positioned just below the top of walls 12. Table 14 may be heated with coils 16 to bring
the temperature of the powder mixture 18 to a desired level below the melting point of the
polymer binder constituent. A beam 22 from a laser 24 is scanned over the layer of powder
mixture 18. The beam 22 may be directed by a computer processor 25 having a computer aided
design (CAD) data file for part 15 so as to perform selective laser sintering of powder mixture
18. The function of the beam 22, as directed by the processor 25, is to provide precise, localized
heating of powder mixture 18. Preferrably, beam 22 is provided by a laser in the infrared or near
infrared region, although any focused beam of energy that is sufficiently intense to generate
precise, localized heating may be used. A beam 22 having a power in the range of about 10W to

about 35W may be used, and a beam having a power of 15W being preferred.

The SLS process causes localized melting of the polymer constituent of a layer of powder
mixture 18 as it is scanned by laser beam 22. The melted polymer rapidly resolidifies to bind the
metal powder of the powder mixture 18 with connecting necks or bridges between metal
powders. After laser beam 22 has completed scanning a layer of powder mixture 18, the table 14
is lowered a predetermined increment, a new layer of power mixture 18 is spread atop the
previous layer, and the SLS process is repeated to build up part 15 layer-by-layer according to
the design plan provided by computer processor 25. Part 15 is known in the art as a green part.

The part 15 may be formed by alternative SLS processes.

After the green part 15 is formed by SLS, the green part 15 is removed from the SLS
apparatus 10 and placed in a sintering furnace. The sintering furnace is preferably a vacuum
furnace, and the source of heat may be resistance, microwave, ultrasonic or other conventional
heating method as is known in the art. The sintering furnace is heated to first remove the binder
and then to sinter the metal powder to form a net shape or near net shape part. The heating may
be performed as a single or dual cycle heating process. The sintered part may then be subjected

to secondary operations.

An exemplary single cycle sintering process is shown in Fig. 2. The process may be

performed on parts that are supported by support media. The support media may be casting
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sand, boron-nitride or other ceramic or known media in the art. Alternatively, the process may

be performed on parts that are not supported by support media.

As shown in Fig. 2, the first step of the sintering process includes evacuating the furnace
and back-filling with argon to approximately 700 torr. The second step includes heating the
furnace to about 200°C at a rate of about 5°C/min. The third step includes heating from about
200°C to about 900°C at a rate of about 2°C/min. The furnace is then maintained at about 900°C
for about 15 minutes. The furnace is then evacuated to approximately 300 torr and the
temperature is increased to about 1350°C at a rate of about 2°C/min. The furnace is maintained

at about 1350°C for about 10 minutes under vacuum.

The furnace is then allowed to cool from about 1350°C to about 750°C with the heaters
off while running chilled water through the furnace shell. The cooling rate is between about
10°C to about 20°C. The furnace is then back-filled with argon to approximately 700 torr and
cooled from about 750°C to room temperature with the furnace shell cooling on and with
additional cooling by an internal heat exchanger that cools the argon. The cooling rate is

between about 10°C to about 20°C.

An exemplary dual cycle sintering process is shown in Figs. 3 and 4. The dual cycle
process includes an initial browning process as shown in Fig. 3. The browning process is used to
remove the binder from the part 15 to form a brown part. The brown part is then subjected to a
sintering process as shown in Fig. 4. The sintering process further sinters and densifies the

brown part to form a final part.

The browning process is performed on green parts that may be supported by a support
media. The support media may be casting sand, boron-nitride or other ceramic or known media
in the art. The support media may be necessary if the binder strength and metal powder
characteristics for a given part geometry is not sufficient to prevent the part from slumping

during the initial binder removal.

As shown in Fig. 3, the first step includes evacuating the furnace and back-filling with
argon to approximately 700 torr. The second step includes heating the furnace to about 200°C at
a rate of about 5°C/min. The third step includes heating from about 200°C to about 900°C at a
rate of about 2°C/min. The furnace is then maintained at about 900°C for about 15 minutes.

The furnace is then evacuated to approximately 300 torr and the temperature is increased to
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about 1150°C at a rate of about 2°C/min. The furnace is maintained at about 1150°C for about
10 minutes. The furnace temperature is decreased from about 1150°C to about 750°C with the
heaters off and with the furnace shell heat exchanger running. The cooling rate is between about
10°C to about 20°C. The furnace is then back-filled with argon to approximately 700 torr and
decreased from about 750°C to room temperature with the furnace shell heat exchanger running,
and with additional cooling by an internal heat exchanger that cools the argon. The cooling rate

is between about 10°C to about 20°C.

The brown part may be removed from the furnace at this time to perform secondary
operations, or the brown part may be subject to the sintering process in the same furnace used for
the browning process. Additionally, the brown part may be removed and processed at a later

time.

The formed brown part may be modified prior to the sintering process. The brown part
may be machined, drilled or otherwise modified at this brown stage more easily then after the

sintering process. After any modification, the brown part is then ready for the sintering process.

The sintering process may be performed on a brown part without the need for support
media since the brown part should have sufficient strength not to slump during sintering. In
most cases, the presence of a support media at sintering temperatures will contaminate or
negatively affect the part characteristics, but there may be cases when the presence of a support

media is not harmful to the sintered part.

As shown in Fig. 4, the first step during the sintering step includes evacuating the furnace
and back-filling with argon to approximately 700 torr. The second step includes heating the
furnace to about 200°C at a rate of about 5°C/min. The third step includes heating from about
200°C to about 900°C at a rage of about 2°C/min. The furnace is then maintained at about
900°C for about 15 minutes. The furnace is then evacuated to approximately 300 torr and the
temperature is increased to about 1350°C at a rate of 2°C/min. The furnace is maintained at

about 1350°C for about 10 minutes under vacuum.

The furnace is then allowed to cool from about 1350°C to about 750°C with the furnace
shell heat exchanger on. The cooling rate is between about 10°C to about 20°C. The furnace is
then back-filled with argon to approximately 700 torr and decreased from about 750°C to room

temperature with the furnace shell heat exchanger running, and with additional cooling from an
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internal heat exchanger cooling the argon. The cooling rate is between about 10°C to about

20°C. The sintered part is removed from the furnace.

The sintered part may have mechanical secondary operations including machining,
drilling, polishing, and surface densification performed thereupon. Additionally, the sintered

part may have heat treatments including hot isostatic pressing performed thereupon.

The results of trials performed on parts processed by the single cycle process and the dual
cycle process are now discussed. The trials were performed on a powder mixture containing
1.0% ORGASOL® Nylon 12 having an about 4 micron average powder size and a mixture of
17-4PH powder and 17-4PHB powder that provide an overall boron percent in the metal powder
of about 1.0%. The 17-4PH powder had a composition including about Cr=17.2%, about
Ni=4.1%, about Cu=4.2%, about Nb+Ta=0.37%, about Si=0.4, about Mn=0.3, about C=0.01%,
and Fe balance. A variety of part forms including simple flat shapes and shapes exhibiting
double support bending, cantilever bending, double shear and tension were produced by SLS and

subject to the following processes.

A series of trials were performed using the single cycle process. Furnace trials were
performed on both supported and non-supported parts to initially burn-off the binder and
complete final sintering. A first group of trials were performed on un-supported shapes. The
process was suitable for flat parts, but for more complex shapes, the initial profiles resulted in

structural failure during binder burn-off and prior to metal powder bonding.

A second group of single cycle trials were performed on supported shapes. Parts
supported in casting sand, ceramic media and boron nitride were found dimensionally
unacceptable because of bulging caused by the inability of support media to evacuate cavities
that diminish as shrinkage occurs. Parts supported in sand and ceramic media were undesirable
also due to deposits from products of reaction at sintering temperature, vitrification of the media,
and particles of the media sticking to the sintered part. Reductions in tensile strength and fatigue
resistance were noted for parts sintered in sand and boron nitride support media. Chemical
analysis of the surface of parts sintered in boron nitride support media revealed that the part
surface was enriched in boron from exposure to the boron nitride at the maximum sintering

temperatures and is most likely the factor contributing to the reduced fatigue resistance.
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A second series of trials were performed using the dual cycle process. Furnace trials were
performed only on parts supported during the binder removal brown process. This decision was
based on the necessity of support media during the first series of trials to prevent slumping.
Different part shapes were processed with the dual cycle process to determine if binder burn-off

could be accomplished without slump or deformation during the browning process.

The parts were initially heated in a furnace using the browning process. The binder was
removed from the parts and the parts became stable through particle bonding after exposure to
temperatures between about 900°C and about 1150°C. Boron nitride media was used to support
the parts in an alumina crucible during the browning cycle. Ceramic and sand media were not
used after initial tests showed they produce discoloration from products of reaction at lower
temperatures. Test trials showed that browning for 17-4PH alloy is initially considered the
material state resulting from exposure to about 1150°C for about 10 minutes. This point is
primarily chosen at the temperature prior to particle phase change, and where small particle

bonding is definitely established, but before significant shrinkage begins.

The brown parts in the support media were removed from the furnace and separated from
the support media. The brown parts were then placed back in the furnace and heated using the
sintering process. The sintered parts were formed without cracking, deformation or slumping.
The sintered parts were formed with a substantially pure martensitic structure. The sintered parts
were formed with properties as shown in Fig. 5. Fig. 5 also includes the properties of an
example sintered part according to the invention. It should be appreciated by one of skill in the
art, that instead of the cooling rate being controlled to result in a substantially pure martensitic
structure, a part of a mixed martensitic and austenitic structure could initially be formed and then

heat treated to form a desired martensitic structure.

Surface shot peening and hot isostatic pressing (HIPping ) were performed to determine
the effect these post sintering processes have on fatigue resistance and porosity. The residual
compressive stress in the surface of shot-peened samples increased the fatigue resistance of the
dual cycle processed parts by 180%. The unexpected magnitude of this improvement is thought

to be the result of the overlapping material deformation in the part surface.

HIPping resulted in a 74% reduction in fatigue resistance. This was most probably due to
a deterioration of the surface as evidenced by discoloration of the surface. HIPping did reduce

pore size and the number of recognizable pores by 50% and 25% respectively. However,

10
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HIPping will not be a viable post sintering process until advances are made that preclude surface

finish deterioration as the primary contributor to crack initiation.

Additional dual cycle trials were performed with varying amount of binder between about
0.5% and about 3.0% at about 0.25% intervals while varying the laser power between about
10Wand about 35 W at about 5W intervals. These trials determined that about 1.0% binder and
about 15W laser power resulted in optimum characteristics of green strength, detail definition,

and final shrinkage after sintering.

Additional trials were performed with about 0%, about 0.2%, about 0.3% boron and
about 1.0% binder. Physical characteristics were measured to determine the effect of boron on
clongation, tensile strength and fatigue resistance. The results of these trials for elongation and
tensile strength are presented in Fig. 6. The characteristics of elongation percent and ultimate
tensile stress as measured are graphically presented in Fig. 7. These results indicate an
unexpected benefit at about 0.1% boron and about 1% binder concentration. At these amounts,
parts with greater than a 6% improvement in elongation and having a greater than 140 ksi

ultimate tensile strength were achieved.

Furthermore, these parts were subjected to three levels of alternating stress with a load
reversal factor of 0.1 to determine fatigue resistance. The results of these trials are shown in Fig.
8. As can be seen in Fig. 8, an about 0.1% boron addition resulted in improved cycle

performance.

While the invention has been described with reference to a preferred embodiment, it will
be understood by those skilled in the art that various changes may be made and equivalents may
be substituted for elements thereof without departing from the scope of the invention. In
addition, many modifications may be made to adapt a particular situation or material to the
teachings of the invention without departing from the essential scope thercof. Therefore, it is
intended that the invention not be limited to the particular embodiment disclosed as the best
mode contemplated for carrying out this invention, but that the invention will include all

embodiments falling within the scope of the appended claims.

11
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CLAIMS.

1. A method of sintering a powder, comprising:

10

15

20

25

mixing binder powder and metal powder to form a powder mixture;

selective laser sintering the powder mixture to form a green part comprising a binder

constituent;

heating the green part to remove the binder constituent and form a brown part;
cooling the green part to ambient temperature; and

sintering the brown part to form a sintered metal part;

wherein the metal powder comprises 17-4PH alloy powder.

. The method of claim 1 wherein the metal powder comprises between about 0.1% and about

0.3% boron.

. The method of claim 2, wherein the metal powder comprises approximately about 0.1%

boron.

. The method of claim 1, wherein the selective laser sintering is performed by a laser having a

power in the range of about 10W to about 35W.

The method of claim 3, wherein powder mixture comprises about 1.0% binder powder.

. The method of claim 3, wherein metal powder has a composition comprising;:

15.5-17.5% Cr;
3.5-4.5% Ni;
3.5-4.5% Cu;
0.15-0.45% Cb+Ta;
0-0.5% Mn;

0-0.04 P;

0.07% max C; and

balance Fe.

. The method of claim 4, wherein the selective laser sintering is performed by a laser having a

power of about 15W.
12
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8. A sintered part, comprising:
15.5-17.5% Cr;
3.5-4.5% Ni;
3.5-4.5% Cu;
0.15-0.45% Cb+Ta;
0.1-0.3% B;
0-0.5% Mn;
0-0.04 P;
0.07% max C; and
balance Fe.
9. The sintered part of claim 8, wherein the B is about 0.1%.

10. The sintered steel part of claim 9, wherein the steel part has a substantially pure matensitic

structure.

11. The sintered steel part of claim 9, wherein the steel part has a density of greater than 7.5

g/em’.
12. A sintered part formed by the method comprising:
mixing binder powder and metal powder to form a powder mixture;

selective laser sintering the powder mixture to form a green part comprising a binder

constituent;

heating the green part to remove the binder constituent and form a brown part;
cooling the green part to ambient temperature; and

sintering the brown part to form a sintered metal part;

wherein the metal powder comprises 17-4PH alloy powder.

13. The method of claim 12 wherein the metal powder comprises between about 0.1% and about

0.3% boron.
14. The method of claim 13, wherein the metal powder comprises about 0.1% boron.

15. The method of claim 13, wherein the sintered part has a density of greater than 7.5 g/cm”.

13
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16. The method of claim 15, wherein the sintered part has a substantially pure martensitic
structure.

17. The method of claim 12, wherein the powder mixture comprises about 1.0% binder powder.

18. The method of claim 12, wherein powder mixture comprises about 1.0% binder powder

5 19. The method of claim 12, wherein metal powder has a composition comprising:
15.5-17.5% Cr;
3.5-4.5% Ni;
3.5-4.5% Cu;
0.15-0.45% Cb+Ta;
10 0-0.5% Mn;

0-0.04 P;
0.07% max C; and
balance Fe.

20. The method of claim 12, wherein the selective laser sintering is performed by a laser having

15 a power in the range of about 10W to about 35W.

14
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