wo 20187186845 A1 | I0E 00000 O

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
11 October 2018 (11.10.2018)

(10) International Publication Number

WO 2018/186845 Al

WIPO I PCT

(51) International Patent Classification:
B29C 64/165 (2017.01) B33Y 70/00 (2015.01)
B29C 64/295 (2017.01) B33Y 80/00 (2015.01)
B33Y 10/00 (2015.01)

(21) International Application Number:
PCT/US2017/026054

(22) International Filing Date:
05 April 2017 (05.04.2017)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant: HEWLETT-PACKARD DEVELOPMENT
COMPANY, L.P. [US/US]; 11445 Compaq Center Drive
W., Houston, TX 77070 (US).

(72) Imventors: NAUKA, Krzysztof; 1501 Page Mill Road, Pa-
lo Alto, CA 94304 (US). SCHODIN, Chris, Paul; 16399
W. Bernardo Dr., San Diego, CA 92127 (US).

(74) Agent: BURROWS, Sarah etal.; HP Inc., 3390 E. Harmo-
ny Road, Mail Stop 35, Fort Collins, CO 80528 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
KW,KZ, LA,LC,LK,LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to the identity of the inventor (Rule 4.17(i))

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:
—  with international search report (Art. 21(3))

(54) Title: REDUCING STRESSES IN METAL LAYERS

(57) Abstract: A system may include a printhead for gjecting a first fluid
including a polymer, the ejected first fluid forming a substrate with a ther-
mal conductivity of less than 0.5 W/(m-K); a spreader to spread a layer
of metal particulate on the substrate, wherein the printhead further ejects
a second fluid, the ejected second fluid masking a portion of the layer of
metal particulate on the substrate; and a pulse irradiation light source to
fuse an unmasked portion of the layer of metal particulate.

l 120 Layer of Metal Particulate

140 Substrate

! i
s 150 :
: Puise 1
! lrradiation :
§ Light Source |

i
| i
! 140 !
t Printhead :
| [ 350First | 155 Second [
| Fluid Fluid :
;

i
! |
' i
| o o 1
! r j '
¢ 130 Mask 130 Mask |
i
| i
! i
! i
! i
! I
! i
I

Fig. 1



WO 2018/186845 PCT/US2017/026054

REDUCING STRESSES IN METAL LAYERS

BACKGROUND

[6001]  Forming small metal components has traditionally been the domain of
rmachining, with casting and other technologies, e.4., liquid injection moiding
(LIM) providing other options. Metlals provide desirable properties including:
mechanical strength, resistance to creep, conductivity, tunable coldwork, etc.
While machining has long been the domain of technical specialists, the rise of
Computer Numerical Conirol (CNC) and automated machining has allowed
fewer skilled machinisis to support an increasing number of machines
producing parts. Nevertheless, producing small runs of customized metal parts

continues {o be a high touch operation with a corresponding high cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[6002]  The accompanying drawings illustrate varicus examples of the
principles described herein and are a part of the specification. The illustrated
examples do not limit the scope of the claims.

[0003] FiG. 1is a block diagram of a system according to an example
consistent with the present specification.

[0004] FIG. 2 shows a flow chart for a method of forming a metal object
consistent with the present disclosure.

[0005] FiG. 3 shows a flow chart for a method of forming a metal object
consistent with the present disclosure.

[B008]  Throughout the drawings, identical reference numbers designate
similar, but not necessarily identical, elements. The figures are not necessarily

to scale, and the size of some paris may be exaggerated to more clearly
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iltustrate the example shown. Moreover, the drawings provide examples and/or
implementations consistent with the description; however, the descripiion is not

limited to the examples and/or implementations provided in the drawings.

DETAILED DESCRIPTION

[G007] Forming metal components has long been the domain of machining
and casting. The development of three-dimensional printing of objects allows
the “printing” of polymer componentis that may be lost wax cast to form metal
paris. However, printed polymer components still iack some of the desirable
properiies of metals, especially creep resistance, conductivity, and ductility.
The present specification describes, among other subject matter, a method of
three dimensional forming a metal component.

[6008] By way of example, a layer of metal particulate is formed on a
surface. A mask is selectively applied to the layer of metal particulate. The
mask decreases absorption of radiation from a pulse irradiation source. The
pulse irradiation light source provides radiation that is converted {o heat in the
layer of metal particulate: the unmasked portions of the layer meit and
consclidate, while the masked portions of the layer do not absorb as much heat
and remain particulate. The layer cools and the melted portion of the layer
solidifies into a solid metal. Another layer of particulatas is formed on top of the
previous layer and another mask is applied. The process is repeated, buiiding
up a metal object layer by laver until the desired thickness is achieved. The
obiect is then removed from the forming bed. In some cases, additional
processes may then be applied to the object, for exampie: buffing, shot
peening, sandblasting, vibratory finishing, eleciro polishing, coating, annealing,
mechanical cold working, etc. Additional processes may also include traditional
machining operations.

[G008] The use of a pulse irradiation light source that treats the entire metal
layer simultaneously provides an advantage in throughput. A pulse irradiation
light source may be used in this manner. Unlike, for example, using a laser to

raster over the part, which is impacied by the puise rate and puise size of the
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laser, applying a large heating effect allows the {arget areas of the layer o be
melted simulianeousiy. As throughput is a notable driver for the cost
gffectivenass of forming methods, the use of a fiood type heating increases
throughput and reduces time o form a part. Lasers and similar local heating
also have the chalienge of creating local siress and heat affected zones during
heating and cooling.

[6010] When the melied consolidated metal solidifies, cracking and bending
have been observed. The melted areas are in contact with the adjacent metal
particulate laterally, with the substrate below, and with gas, €.q. air, above. The
dissipation of the heat from the melted part is dependent on the thermal
conductivity of the adjacent materials as well as the thermal temperature
difference. The cooling rate and the order in which varicus portions of the
melted metal solidify are a function of the shape and the relative thermal
conductivity of the substrate, gas, and metal particulate.

[6011] Metals generally have relatively high thermal conductivities, due in
part to the ability of electrons to move through the metal atom lattice. Even
when accounting for the reduced contact area between metal pariicles,
relatively high thermal conductivity may be observed. However, the thermal
conductivity for the metal particle layer may be less than 10% and perhaps as
low as 1% of the thermal conductivity of the consolidated metal. Instead of
electron migration providing most of the thermal fransfer, other mechanisms
including radiation transfer appear to be responsible for energy transfer. The
result is that the lateral heat transfer appears {0 be lower than heat transfer into
the substrate for metal and/or quartz substrates. This appears {0 produce the
cracking and bending of the initial metal layer(s) and inhibits part formation.
[6012] The present specification describes the use of a subsirate with a
thermal conductivity closer to the thermal conductivity of the metal particle layer
in order to produce parts without the warpage and cracking described herein.
The use of a substiraie that softens/melts slightly under the application of heat
also tacks down the initial metal layer thereby reducing warping of the metal
pari. As a printhead is used to provide the mask layer, the addition of a second

printing fiuid containing a latex allows deposition of a suitable polymer substrate
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with the desired thermmal conductivity and softening/tackiness to secure the
metal part without adding additional mechanisms (other than those o expand
from a single fiuid printhead to muitiple fiuid printhead).

[6013] The use of a subsirate with an appropriate thermal conductivity
reduces the instances of cracking and warping in the initial metal layer of a
three dimensional printed metal part. Once several layers are built up, the
issues of warping go away as the metal part supports the new layers and resisis
warping. The use of a polymer layer as the substrate, where the polymer layer
softens and/or becomes “lacky” when heated as part of the consolidation
process, also helps hold the initial metal layer in place and prevent warping.
Controlling and/or preventing warping of the developing part facilitates
automation, especially the process of forming the layers of metal particulate and
not leaving gaps and/or cracks in the formed part.

[6014] Among other examples, the present specification describes a system
including: a printhead for gjecting a first fluid including a polymer, the gjected
first fluid forming a substrate with a thermal conductivity of less than 6.5 W/(m-
K); a spreader to spread a layer of metal particulate on the substrate, wherein
the printhead further giects a second fluid, the ejected second fluid masking a
portion of the layer of metal parliculate on the substrate; and a pulse irradiation
light scurce to fuse an unmasked portion of the layer of metal particulate.
[G0158]  Among other examples, this specification also describes a method of
forming a metal object, the method including: applving a layer of latex {0 a plate,
the latex having a lower thermal conductivity than the plate; spreading a layer of
metal particles over the layer of latex; masking a portion of the layer of metal
pariicles; and melling an unmasked portion of the layer of metal pariicies using
a puise irradiation light source.

[G018]  This specification also describes a method of forming a metal object,
the method including: forming a mixed layer of latex and metal particulate; and
forming successive layers of consolidated metal particulate on top of the mixed
layer.

[0017] Tuming now to the figures, FIG. 1 shows a system (100} according to

one example consistent with the present specification. The system (100)
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includes: a printhead (140) for ejecting a first fluid (150) including a polymer, the
giected first fluid (150) forming a substrate (110} with a thermal conductivity of
less than 0.5 W/(m-K), a spreader (170) to form a layer of metal particuiate
(120} on the substrate (110} , wherein the printhead (140} further gjects a
second fluid (155), the ejected second fluid forming a maslk (130) on a portion
of the layer of metal particulate (120) on the subsirate (110); and a puise
iradiation light source (160) to fuse an unmasked portion of the layer of metal
particulate (120).

[6018] The system (100} is a system for forming a metal article. The system
(100} forms the metal article layer by layer. A layer of metal particulate (120} is
formed by the spreader (170). The printhead {140) then deposits the second
fluid (155) on a portion of the layer of metal particulate (120). The deposited
second fluid (155) formse a mask {(130). The mask (130) reduces the absorption
of heat from the pulse irradiation light source (160) by the portions of the layer
of metal particulate (120) covered by the mask (130). So, when the pulse
irradiation light source (160) irradiates the layer of metal particulates (120), the
unmasked portions melt, consoclidate, and cool to form a solid metal layer and
the masked portions do not melt. This process is then repeated, layer by layer,
untif the metal article is finished forming. The metal article is then separated
from the metal particulate. The metal particulate may be reused.

[6019] The system (100} creates a substrate (110) prior to forming the first
layer of metal particulate (120). The substrate (110} is formed by depositing a
first fluid (150) using the printhead (140). The subsirate {110) has a thermal
conductivity no greater than 1.0 W/im-K). The substrate (110) may be a single
layer. The substrate (110) may include muiltiple layers. The substrate (110)
includes a polymer. in one example, the substrate (110} includes a latex that is
deposiied and crosslinked to form the substrate (110). A latex is a colloidal
dispersion of polymer particles in a liguid.

[G028] Inone example, the substrate (110) formed from the ejected first fluid
(150} has a thermal conductivity of less than 0.3 W/(m-K}. The substirate (110}
formed from the ejected first fluid (150) may have a thermal conductivity of less

than 0.1 W/(m-K). The substrate (110) may include additional materials to
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modify the thermal conductivity. For example, the substrate (110) may include
a thermally insulating material selected from: a nanofiber, an aerated gel,
polymer beads, polymer fibers, glass filaments, ceramic particles, nanopariicle
polymer powder, and combinations thereof. The substrate (110) may include a
thermally conductive maierial selected from: metal particulate, metalize polymer
fibers, particulate, and combinations thergof.

[G021] The substrate (110) may include a thermoplastic and/or a thermoset
plastic. The subsirate (110) may be polymerized before, during, and/or after
deposition of the first solution (150). Some example thermoplastics include:
high density polyethylene (HDPE), poly-methyl-methacrylate (PMMA, acrylic),
acrylonitrile butadiene styrene (ABS), polyamides (nylons), polylactic acid
(FLA), polyglycolic acid (PGA), polypropylene (PP), polystyrene (PS), and/or
polyvinylchioride (PVC). Exemplary thermoset polymers include: epoxies,
acrylics, polyesters, polyurethanes, polyphenols, and polyamino resins. The
substrate (110) may be formulated such that a first thermal conductivity through
the subsirate is equal to a second thermal conductivity through the layer of
metal particulate (120). The first thermal conductivity may be 80% to 120% of
the second thermal conductivity. The first thermal conductivity may be 50% to
200% of the second thermal conductivity.

[6022] The layer of metal particulate (120) is formed by the spreader (170}
The layer of metal particulate (120) may include a single material. The layer of
metal particulate (120) may include multiple types of materials. In one example,
the multiple types of materials are patterned in the layer in a manner
corresponding o the shape of the object being formed. The layer of metal
(120} particulate may be a fixed depth. The layer of metal particulate (120} may
be of non-uniform depth. The layer of metal particulate (120) may be sloped
from one side {0 the other. A top surface of the layer of metal particulate (120)
may be flat and/or paraliel to the ground. In one example, the distance pbetwesen
the printhead (140) and the {op surface of the layer of metal pariiculate (120} is
uniform across the working area of the layer of metal particulate (120), where

the working area is the area that used to produce the consolidated metal part.
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[6023] The mask {130)is formed by selectively depositing the second fluid
(155} onto the layer of metal particulate {120) using the printhead (140). The
mask (130) reduces absorption from the pulse irradiation light source (180) so
that the masked areas do not melt while the unmasked areas of the layer of
metal particulate melt. This selective melting allows for the patterning and
shaping of the component during the layer by layer assembly of the metal part.
[6024] The mask {130) may include a variety of materials. In one example,
the mask is scluble in a solution while the metal particles are not soluble in the
solution. For example, the mask may be water soluble and a water rinse is
usad as part of reprocessing the metal particles. The mask may be alcohol
soluble and an alcohol rinse used in reprocessing the metal particles.

[G0258] The mask {130) may use a pigment to reduce absorption of radiation
from the pulse irradiation light source (160}, In one example, the mask {130}
contains titanium dioxide o reduce absorption of energy from the puise
irradiation light source (160). The mask {130) may contain other white
pigments, for example: antimony white (5b20s), lithopone, zinc suifide, zinc
oxide, barium sulfate, white leads and/or combinations thereof. The mask (130)
may include metalized particles which reduce absorption. The mask (130) may
include aluminum, silver, and/or other metal coated particles.

[3026] The printhead (140) may include a reservoir for the first fluid (150)
and a reservoir for the second fluid (155). The printhead (140) may receive the
fluids (150, 155) in an on-demand basis, for example, from a supply line. The
printhead includes jets for ejecting the first fluid (150) and the second fluid
{155). In one example, the jets are thermal ink jets (T1J). The jets may be
pigzoelectric ink jets (PLJ).

[G027] The jeis of the printhead may all be similar in size and properties.
The jets for ejecting the first fluid (150) may be a first size and the jets for
gjecting the second fluid {155) may be a second size. The jels for the second
fluid (155) may include mullipie sizes. For example, the printhead (140) may
include a larger size jet for covering large areas of the layer of metal particles
(120} to be covered with the mask (130} and the printhead (140) may also

include a smalier size jet for outlining the boundary at the edge of the mask
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{130}, In one example, the material for the mask (130) is applied uniformly on
all masked areas. The materiai may be applied non-uniformly, for exampile, the
boundaries of the masked areas may be given a higher and/or lower density of
masking material.

[6028] Inone example, the printhead (140) makes mulliple passes when
applying the mask {130). The printhead (140} may apply the mask {130} in a
single pass. The pulse iradiation light source (180) may be integrated into the
printhead. In one example, the pulse iradiation light source (160) is traversed
laterally while heating the unmasked layer of metal particulate (120}, The
optimum maslk application parameters, density of masking components, and
heating cycle(s) may vary somewhat depending on the dimensions of the
system, the particulate composition and size, and the mask used.

[G028] The first fluid (150} contains a polymer and/or a polymer precursor.

In one example, the first fluid (150) containg a latex. The first fluid {150) may
contain an epoxy and/or other reactive monomer and/or oligomer. The first fluid
{150} may include a silicone oil. The first fluid (150) may contain a polymer with
an amorphous phase and a crystaliine phase. For example, a block polymer
may contain polyether segments and polystyrens segmenis where the poly
styrene segments for crystaliine domains in the material.

(6038  In some examples, the first fluid includes a colorant to make
visualization of the layer easy and/or determine when the layer has been
removed. The colorant may be a dye and/or a pigment. The first fluid (150)
may include two fluids, both containing compatible polymers but having different
colorants. The two fluids may be used 1o include labeling information and/or
other information as part of the printed subsirate (110). Similarly, the two fluids
may be used io label the formed metal part after the metal part is completed but
before removing the meal part from the bed.

(60311  In another example, the second fiuid (155) is used to apply a pattern
to the formed metal part. The patiem is then coated with a dear first fluid (150)
to protect the patiern from damage.

[0032] The second fluid (155) contains the masking agent. Suitable masking

agenis are discussed above. Depending on the jet used, the second fluid may
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include a solvent and/or a humectant. Solvents and/or humectants may include
water, low molecular weight alcohols (Cs and smaller), and/or low molecular
weight polvols, etc. In one example, water is the solvent.

[6033] The pulse irradiation light source (180) provides energy to melt and/or
sinter unmasked portions of the layer of metal particles (120) together while not
melting and/or sintering the masked portions of the layer of metal particles
(120}). The puise irradiation light source {160) may be siatic. The puise
irradiation light source (1680} may move, for example, the pulse irradiation light
source (160} may move from oneg side of the bed (o the other side of the bed.
The energy cutput from the pulse irradiation light source (160} may be pulsed
and/or steady state. The energy oulput from the pulse irradiation light source
{160} may be uniform across the layer of metal particulate (120}, In other
examples, the energy output is non uniform across the layer of metal particulate
(120}, The position of the pulse irradiation light source (180) relative to the
layer of metal particulate (120) may be adjusted based on the non uniformity of
the oulput and a shape of the unmasked portions of the layer of unmasked
particuiate (120). Similarly, the exposure time and/or energy level of the pulse
iradiation light source (160) may be adjusted between layers depending on the
size, shape, and location of the unmasked portions of the laver of metal
particulate (120). The exposure time and/or energy level of the pulse irradiation
light scurce (160) may be adjusted between the first layers, the first few layers,
and/or layers after a substantial number of lavers have been processed, e.q.
eight layers.

[6034] The pulse irradiation light source (180) may provide radiation, the
radiation being preferentially absorbed to create heat in the unmasked portions
of the layer of metal particulate (120). The pulse irradiation light source (180}
may be used o modify the properties of the substrate (110). In one example,
the pulse irradiation light source (160) may be used to drive off water and/or
promote chemical reactions such as crosslinking in the substrate (110). The
pulse irradiation light source (160) may be used o soften and/or melt the
substrate {o increase the adhesion of metal particulate and /or the consolidated

metal part.
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[G035] The pulse irradiation light source (160) may emit radiation primarily in
the visible, ultraviclet (UR), and/or near-infrared (near-iR) range. The pulse
irradiation light source (160) may be a gas discharge lamp. Such lamps
produce a wide range emission spectrum. The pulse irradiation light source
(160} may be a monochromatic source, such as a laser and/or light emitting
diode (LED), or an assembly of lasers and/or LEDs capable of producing a
flood-like irradiation of the target swrface. The puilse irradiation light source
(160} may have an exposure time of less than 1 millisecond (ms). The
exposure time of the pulse irradiation light source (180) may range between 10s
of microseconds (us) and 100s of ms, depending on the particular pulse
irradiation light source (160) used, the mask (130) material, the geomelry of the
bed, the thickness of layer of metal particulate (120), the composition and size
of the metal particulate, the ratio of masked o unmasked portions of the layer
of metal particulate (120), and/or other factors.

[6038] The spreader (170) forms a layer of metal particulate {(120) on the
substrate and on previous layers once the unmasked portions have been
consclidated. The spreader (170) may include a leveling blade. The spreader
(170} may include a feed for additional particulate to form the layer of metal
particulate (120). The spreader (170} may include a vibrating component to
distribute and/or compact the layer of metal particulate (120). The spreader
(170} may make a single pass to form the laver of metal particulate (120). The
spreader may make multiple passes to form the {ayer of metal particulate (120).
in one example, the subseguent passes increase the density of the layer of
metal particulate (120). The spreader (170) may be automatic. The spreader
(170} may be semi-automatic. The spreader (170) may be manually operated
by a user.

[6037] The spreader (170) may form layers of melal particulate (120) that
are of a uniform depth. The spreader may vary the depth of the formed layer of
metal particulate (120} as a function of location in the metal part, location in the
bed, and/or feature resolution. In one example, the spreader (170) uses a first
thickness for the initial layer and/or the initial few layers and then changes to a

second thickness for the remainder of the part.
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[0038] FIG. 2 shows a flow chart for a method (200) of forming a metal
obiect consistent with the present disclosure. The method (200) is a method
(200} of forming a metal object. The method (200} includes: applying a layer of
latex to a plate, the latex having a lower thermal conductivity than the plate
(280}, spreading a layer of metal particles (120) over the layer of latex (282);
masking a portion of the layer of metal particles (284); and melling an
unmasked portion of the layer of metal particles using a pulse irradiation light
source (286).

[G039] The method (200) is a method (200) of forming a metal object. The
method (2C0) includes applying a layer of latex 10 a plate, the latex having a
lower thermal conductivity than the plate (280). The layer of latex may be
applied using a printhead. The layer of latex may be applied by spreading the
layer onto the plate and then curing the latex. The layer of latex may be formed
and then applied o the plate. The layer of latex may include numbers, lelters,
patterns, etc. to convey information about the associated metal object. For
example, the layer of latex may include the serial number of the metal object.
[6048] The method (200) includes spreading a laver of metal particles (120)
over the layer of latex (282). The layer of latex may be heated to soften and/or
meli the layer of latex before spreading the layer of metal particles (120). The
layer of metal particles (120) may be spread by hand. The layer of metal
particles (120) may be spread by a machine. The layer of metal pariicies (120)
may include multiple materials. The layer of metal particles {(120) may include
metal particles of multiple size disftributions.

[0041] Spreading a layer of metal particles (120} may further include
compacting the layer of metal particles (120). Spreading the layer of metal
particles (120) may include making multiple passes from multiple directions to
achieve a more uniform layer of metal particles (120). Spreading the layer of
meal pariicles (120) may include patterning the metal particles depending on
the planned masked and unmasked areas.

[6042] The method (200) includes masking a portion of the layer of metal
particles (120) (284). The masking may be performed by applying a mask with

a printhead {140). The masking may be accomplished by placing a template
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between a pulse irradiation light source (160} and the laver of metal pariicies
(120}, The mask (130) may be preformed and applied to the layer of metal
particles {120) as a sheet of maierial. The mask (130) may be designed o
gvaporate and/or sublimate away after exposure {0 8 pulse irradiation light
source (160}, In one example, the mask (130) material funclions as an ablative
protection and the heat application to melt the unmasked portions of the layer of
metal particle (120) removes most of the mask {130), for example, by
sublimation.

[6043] The method (200) includes melling an unmasked portion of the layer
of metal particles using a puise irradiation light source (288). The use of a
puise irradiation light source (180} allows the metal particulate toc be melied in a
relatively short time frame. A pulse irradiation light socurce (160) may also allow
heating of the whole unmasked poriion of the layer of metal particles (120)
simultansously, reducing the time o form a layer and the total time o form the
metal object. In some example, the pulse irradiation light source {(16C) may
apply multiple pulses. The pulse irradiation light source (160} may use a fixed
puise, Le. fixed energy and fixed time. The pulse irradiation light source (260)
may use a variable pulse where the energy and/or pulse length is varied
depending on inputs.

[0044] FiG. 3 shows a flow chart for a method (300) of forming a metal
object consistent with the present disclosure. The method (300) is a method
{300} of forming a metal object. The method (300} includes: forming a mixad
layer of latex and metal particulate (390); and forming successive layers of
consolidated metal particulate on top of the mixed layer (392).

[6045] The method (300} is a method (300) of forming a metal object. More
specifically, the method (300) is a method (300) of reducing cracking and
warping in the initial layers of a metal object being formed using layer-by-layer
construction.

[6048] The method (300) includes forming a mixed layer of latex and metal
pariiculate (300). This mixed layer may include mulliple layers of latex. The
use of a polymer base provides two advaniages 1o reduce cracking and

warping. First, the base has a lower heat transfer coefficient so that the transfer
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of heat laterally to the other metal particulate and the transfer down into the
base are closer. This reduces non-uniformities that may induce cracking and/or
warping. The base also acts to tack the metal layer in place, providing
mechanical resistance 1o warping and/or cracking. This tackiness is especially
useful for the first layer(s) of the developing structure.

[6047] The method (300) also includes forming successive layers of
consolidated metal particulate on op of the mixed laver (382). Once the base
is in place, additional metal layers may be buili up. The mixed layer still
provides the insulation and the accumulating layers providing increasing
mechanical sirength o resist deformation and warping.

(048] In some examples, a first set of processing conditions is used for the
first laver(s) of the meial object and a second, higher energy set of processing
conditions is used for lavers once a solid base in in place. The energy density
used 1o consoclidate the mixed layer may be less than the energy density used
to consolidate the successive lavers. The strength of the previous layers may
stabilize the form against warping. The previcus layers may reduce the thermal
shocks of heating and/or cooling.

[G048] The preceding description has been presented to illustrate and
describe examples of the principles described. This description is not intended
to be exhaustive or to limit these principles to any precise form disclosed. Many

modifications and variations are possible in light of the above teaching.
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CLAIMS

WHAT [S CLAIMED [S:

1. A system comprising:

a printhead for gjecting a first fiuid comprising a polvmer, the gjected first
fluid forming a substrate with a thermal conductivity of less than 1.0 W/{m-K};

a spreader to form a layer of metal particulate on the substraie, wherein
the printhead further ejects a second fluid, the gjected second fluid forming a
mask on a portion of the layer of metal particulate on the substrate; and

a puise iradiation light source io fuse an unmasked portion of the layer

of metal particulate.

2. The system of claim 1, wherein the subsiraie formed from the ejected

first fluid has a thermal conductivity of less than 0.3 W/(m-K).

3. The system of claim 1, wherein the substrate formed from the ejected

first fluid has a thermal conductivity of less than 0.1 W/{m-K).

4, The system of claim 1, wherein the substrate further comprises a
thermally insulating material selected from: a nanofiber, an asrated gel, polymer
beads, polymer fibers, glass filaments, ceramic particles, and combinations

thereof.

5. The system of claim 1, wherein the puise irradiation light source is

applied forless than 1 ms.

8. The system of claim 1, wherein the polymer is a laiex

7. The system of claim 1, wherein the first fluid comprises a colorant.

14
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8. A method of forming a metal object, the method comprising:

applying a layer of latex 10 a plate, the latex having a lower thermal
conductivity than the plate;

spreading a layer of metal pariicles over the layer of latex;

masking a portion of the laver of meial particles; and

melting an unmasked portion of the layer of metal particles using a puise

iradiation light source.

9. The method of claim 8, further comprising: repeating spreading,

masking, and melting to build up a mulliple layer solid metal object.

10, The method of claim 8, wherein masking a portion of the layer of metal
particles is performed with an inkjet.

11.  The method of claim 8, wherein applying the laver of latex to the
substrate is performed with an inkjel.

12. The method of claim 8, wherein appiying the layer of latex {o the
substrate is performed by mechanically spreading a layer of a latex containing

compound on the substraie.

13.  The method of claim 8, wherein the metal object is a stainless siesl

metal object.

14. A method of forming a metal object, the method comprising:
forming a mixed layer of latex and metal particulate; and
forming successive layers of consolidated metal particulate on top of the

mixed layer.

15.  The method of claim 14, wherein the energy density used {o consolidate
the mixed layer is less than the energy density used {0 consolidate the

successive layers.
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Applying a layer of latex o a plate, the latex having
a lower thermal conductivity than the plate
280
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Spreading a layer of metal particles over the layer
of latex
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Masking a portion of the layer of metal particles
284

L

Melting an unmasked portion of the layer of metal
particles using a pulse irradiation light source
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Forming a mixed layer of latex and metal
particulate
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Forming successive layers of consolidated metal
particulate on top of the mixed layer
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