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FIG. 1

(57) Abstract: A shaping composition for controlling deformation of a green body object can include from about 10 wt% to about 80

wt% liquid vehicle, and from about 10 wt% to about 90 wt% metal particulates. The metal particulates can include from about 35 wt%
to about 90 wt% high melting point metal particles, from about 10 wt% to about 65 wt% aluminum alloy particles, and from about 0.1
wt% to about 10 wt% metal complex selected from an inorganic metal salt, an organic metal salt, or a metal oxide. The metal of the
metal complex can include copper, iron, aluminum, chromium, titanium, cobalt, silver, gold, nickel, tin, or zinc.
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CONTROLLING STAINLESS STEEL GREEN BODY OBJECT DEFORMATION

BACKGROUND

{0001} Three-dimensional (30) printing may be an additive printing process used
to maka three-dimensional solid parts from a digital model. Thres-dimensional printing
is ofien used in rapid product prototyping, mold generation, mold master generation,
and short run manufacturing. Some three-dimensional printing techniques are
considered additive processes because they involve the application of successive
lavers of material. This is unlike other machining processes, which often rely upon the
remaoval of material to create the final part. Some thres-dimensional printing methods
use chemical binders or adhesives to bind build materials together. Other three-
dimensional printing methods involve partial sintering, melling, etc. of the build material.
For some materials, partial melting may be accomplished using heat-assisted extrusion,
and for some other matenials curing or fusing may be accomplished using, for exampls,

ultra-~violet light or infrared hght.

BRIEF DESCRIPTION OF THE DRAWINGS

[CO021FIG. 1 illusirates an example shaping compaosition in accordance with the
present disclosure;

[OD03TFIG. 2 dlustrates an example three-dimansional printing kit in accordance
with the present disclosure;

[O0D4]FIG. 3 llustrates an exampls three-dimensional printing kit associated with
an additive manufacturing three-dimensional printer in accordance with the present

disciosure;
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[OO0DSIFIG. 4 fllustrates green body objects preparad using the example shaping
compositions of the present disclosure compared 0 green body objects prepared
without using the shaping compaositions of the present disclosure;

[O00B FIG. 5is a flow diagram of an example method of controlling green body

ohject deformation in accordance with the present disclosure.

DETAILED DESCRIPTION

{0007] Three-dimensional (30) printing can be an additive process that can
involve the application of successive layars of stainless stesl build material with build
binders or adhesives printed thereon to bind the successive layers of the stainless steel
build materials together. In some processes, application of build binder can be utilized
to form a green body object and then a fused three-dimensional physical object can be
formed therefrom. More specifically, binding agent can be selectively applied {0 a layer
of a stainless stee! build material on a support bed {o pattern a selected region of the
layer and then ancther layer of the stainiess steel build material is applied thereon. The
binding agent can be applied o another layer of the stainless steel build material and
these processes can be repeated 1o form a green part or object. The green body object
can be sintered or otherwise heat-fused to form a fused metal object. However, during
the heat-fusing process, with many green body objects prepared or printed with metal
build particles and a build binder, the build binder may not be fully available while
ramping the temperature of the fusing oven up {o sintering or other fusing temperatures,
as the build binder may bum off or otherwise may not be effective at binding at
temperatures before stainlass stee! builld material begins {0 become fused in earnest.
Stainless steel can become highly fused at temperatures well above about 1300 °C, and
thus, somea binders used {0 hold the green body object together are not effective at
controliing sagging of cantilevered or spanned regions of the green body object as the
temperature approaches thesea temperature. For example, as the temperature of the
fusing oven exceeds about 800°C, stainless steel particle-to-particle necking

{metalurigic inter-particle spans) can be observed {0 begin (o increase, which staris to
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impart some addad strength to the sintering part. Thus, at temperatures above about
S00 C, it has been observed that the green body object typically has enough strength {o
start o become self-supportive, depending on the length of a given span or
cantelevered struciure that may be present. However, until this necking of particle-to-
particle strength begins or becomes established, there is a temperature range where
the green body object is subject {0 sagging. This sagging can be alleviated using
support structures placed at locations where there may be an expeciation of sagging.
However, in accordance with examples of the prasent disclosure, shaping compositions
can be applied to green body objects at sirategic locations, coating thickness, and/or
compositional makeup to provide for sag resistance, even when support structures may
not be present.

{0008} In accordance with examples of the present disclosure, a shaping
compaosition can include from about 10 wi% to about 80 wit% liquid vehicle and from
about 20 wi% to about 30 wi% metal particulates. These weight percentages are based
on the shaping composition as a whole. The metal particulates can inciude from about
35 wit% to about 80 wi% high melting point metal particles, from about 10 wit% to about
85 wi% aluminum alloy particles, and from about 0.1 wi% o about 10 wi% metal
complex selected from an inorganic metal sall, an organic metal sall, or a metal oxide.
The metal of the metal complex includes copper, ron, aluminum, chromium, titanium,
cobait, silver, goid, nickel, tin, or zinc. The weight percentages of the various particles of
the metal particulates is based on the total concentration of the metal particulates per
se, excluding the liquid vehicle componert, for example. In several speacific examples,
the high melting point metal particles can be stainless steel particles, cast iron particles,
Ti-BAl-4V particles, andf/or nickel particles. The aluminum alloy particies can be
atluminum-silicon particles or aluminum-silicon-magnesium particies. In one specific
axample, the metal complex can include aluminum oxida.

{0009} In another example, a three-dimensional printing kit can include a
stainless stesl build material including about 80 wi% to 100 wi% stainiess steel build
particles having a D50 particle size distribution value from about 1 ym to about 150 um,

and can further include a binding agent including a bulld binder 1o apply to stainless
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steel build material layers {o form a grean body object. The three-dimensional printing
kit can also include a shaping composition {0 apply to a suwrface of the green body object
and to control green body object deformation. The shaping composition can include
from about 10 wit% to about 80 wi% liquid vehicle and from about 20 wit% to about 80
wi% metal particulates, based on a total weight of the shaping composition. Regarding
the metal particulates in the shaping composition specifically, the metal particulates
inciude about 35 wi% o 100 wi% high melting point metal particles that are interactive
with a surface of the green body object to ameliorate deformation of the green body
ohject within an intermediale temperature range where the build binder is not effective
at retaining the green body object shape prior (o the stainless stes! build particies
becoming heat-fused. In one example, the high melting point metal particles are metal
atloy particles, and whereain the shaping composition further includes from about 10 wi%
to about 65 wit% aluminum alloy particles. In another example, the shaping composition
can include from about 0.1 wi% to about 10 wi% metal complex selected from an
norganic metal salt, an organic metal salt, or a metal oxide, and wherein the metal of
the metal complex includes copper, iron, aluminum, chromium, titanium, cobalt, silver,
gold, nickel, tin, or zinc. The high melling point metal particles can be selected from
stainless steal particles, Ti-6Al-4Y particles, aluminum-silicon-magnesium particles, cast
iron particles, nickel particles, or a combination thareof,

{0010} In ancther example, a method of controlling green body object
deformation can include applying a coating of shaping composition to a surface of a
green body obiect at a surface location to counteract temperature induced deformation
of the green body object. The green body object can include stainless steel build
particles bound together with build binder, and the shaping compaosition can include
metal particulates including from about 35 wi% to 100 wi% of high melting point metal
particles. The methad can further include ramping-up a temperature appliad to the
green body object through an intermediate temperature range where the high melling
point metal particles interact with stainiess steel build particles of the green body object.
The shaping composition can counteract temperature induced deformation of the green

body object that may occur while the green body object is within the intermediate
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temperature range. The meathod can further include fusing the green body object at a
fusing temperature above the intermediate temperature range to form a fused metal
abject. In one example, the method can further include forming the green body object by
iteratively appiving individual stainless steel builld material layers of a stainless stesl
build matenial including the stainless steel build particles, and based on the three-
dimensional object model, selectively applying a binding agent to individual stainless
stesl build material layers o define individually patterned layers that are built up and
bound togsther {o form tha green body object. In ancthar example, the shaping
composition can also include from about 10 wi% to about 85 wi% aluminum alloy
particles and/or from about 0.1 wit% to about 10 wi% metal complex selacted from an
inorganic metal salt, an organic metal salt, or a metal oxide, wherein the metal of the
metal complex includes copper, iron, aluminum, chromium, titanium, cobalt, silver, gold,
rickel, tin, or zinc. In some instances, the method can include removing residual
components of the shaping composition from the fused metal object. However, in other
examples, the high melting point metal particles (or a portion thereof) can become
integrated onto a surface of the fused metal object.

{00111 1t is noted that when discussing the shaping compaositions, the three-
dimensional printing Kits, andfor the methods herein, these discussions can be
considered applicable to one another whether or not they are explicitly discussed in the
context of that example. Thus, for example, when discussing high melling point metal
particles of the shaping composition, such disclosure is also relevant to and directly
supported in the context of the three-dimensional printing kits and methods, and vice
versa, regardless of any scope of description differences.

100121 it is also understood that terms used herein will take on their ordinary
meaning in the relevant technical field unless specified otherwise. In some instances,
thaere are terms defined mora specifically throughout the spacification or includead at the
end of the present specification, and thus, these terms can have a meaning as

dascribed herein.
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Shaping Compositions

10013} In accordance with examples of the present disclosure, a shaping
compaosition 100 for threa-dimensional metal object formation is shown by way of
example in FIG. 1. The shaping composition can include a liquid vehicle 102 and metal
particles 110. The metal particles can include high melting point metal particles 104,
aluminum alloy particles 108, and a metal complex 108 selected from an inorganic
metal salt, an organic metal salt, or a metal oxide. Notably, in some examples, the metal
particles can be all high melting point particles {(excluding trace componeants), or the
metal particles can be a mixture of the high meiling point particles and one of the
aluminum alloy particles of thae metal complex. The term "high melting point metal
particles” is defined herein {0 include elemenial metal particles or metal alloy particies
including a major component {more than a trace amount, .4, 5 wi% or more) having a
melting point from about 1000 °C 1o 4000 °C. In the case of elemental metal particies,
the melting point of the elemental metal can be from about 1000 °C to 4000 °C. For
example, nickel particles can be considered {o be high melting point metal particles
because nickel has a melting point of about 1452 °C. In the case of metal alloys, & high
melting point metal particle includes any metal alloy with an alioyed component (at
greater than about 5 wit%) with a melting temperature from about 1000 °C 1o 4000 °C.
For example, stainless stesl and cast ron are considered 1o be high meilting point metal
particles because iron has a melting point of about 1538 °C. TiBAI4Y is considered as
high melting point metal particles because titanium has a melling point of about 1668
°C. Likewise, alloys of aluminum and silicon (AISIMg or AlSH) are considered to be high
meling point metal particles because silicon has a melting point of about 1414 °C.
Table 1 below provides a list of metals that can be present as or included as alloys in
the high meiting point metal particles in accordance with examples of the present
disclosure.

Table 1 ~ Example Components of High Melting Point Metal Particles

Metal or Metalioid Components Melting Temperature {°C)
(old 1083
Copper 1083
*Silicon 1414
Nickel 1452
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Cobalt 1495
fron 1838
Titanium 1668
Vanadium 1910
Chromium 1830
Molybdenum 2623
Tantalum 3020
Tungsten 3422

*Silicon is & metalloid that can be used {o form high melting point metal particles.

[0014] Several different formulations can be prepared using one or more of these
meatals or metalloids as the component for the high melting point metal particles. One
example may include the following by way of exampie: Metal Particles Formulation 1 - a
mixture of metal particles of stainless steal, aluminum-silicon {or aluminume-silicon-
magnesium) alloy, and aluminum oxide; Metal Particles Formulation 2 — a mixture of
metal particles of TIBAIY, aluminum-silicon {or aluminum-silicon-magnesium) alloy, and
alurminum oxide; Metal Particles Formulation 3 — aluminume-silicon-magnesium ailoy;
Metal Particles Formulation 4 — cast iron; or Metal Particles Formulation 5 — nickal.
There are othear examples and combinations of metal particles that can be used, but
these are provided by way of example.

{0015} In some exampiles, the shaping composition can include a shaping binder
(not shown), such as a reducible-metal compound shaping binder or a polymeric or
polymerizable shaping binder. The term "shaping binder” is used {o distinguish the
binder used in the shaping composition from the binder that may be used in the binding
agent used {o form the green body object during a three-dimensional object build. Thus,
the latter binder mentioned can be refarred to as a "buiid binder,” as # is used to build
the green body object. As the shaping binder and the build binder can be selected from
a common list of compounds, e.g., polymer, reducible-metal compounds, etc.,
sometimes the simple term “binder” is used herein, but it is understocod to be one or the
other type of binder based on context. If the context allows for it to mean both types of
binder, than the term can be applicable to both types of binder. As mentioned, in
accordance with examples of the present disciosure, shaping compositions described

harein can bea applied {0 green body objects formed of metal particles on surfaces
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thereof at strategic locations and coating thickness, considering compositional makesup
fusing temperature profiles, e.¢., heat ramp-up timing to sintering temperatures, to
counteract unwanted part sagging or othar unwanted deformation. Thus, it can be said
that undesirable deformations that can occur dueg to the heat-fusing process, e.¢., due
to gravity, can be counteracted by positive shaping composition-induced surface
support provided by appropriate application of the shaping compaositions described
herein.

[0018] The high melting point metal particles 104, the aluminum alloy particlas
106 (if present) and/or metal complex 108 (if present) can be thermally stable in the
shaping composition to a temperature from about 250 °C to about 500 °C, up to about
800 °C, or up to about 700 °C, for example, but can also be interactive at a temperature
from about 500 °C to about 1000 °C, from about 800 °C to about 1000 “C, or from about
700 °C to about 1000 °C. The term “interactive” when referring to the metal particles of
any type described herein refers {0 various chemical or physical reactions that can
occur between multiple metals or alioys when exposed o heat, such as at shaping
temperatures, Tsnape, described herain. For example, multiple metals of a shaping
compaosition, or maore specifically metal particles of the shaping composition, in some
instances, can be excthermically reactive with one ancther when exposed to heat.
Alternatively, one metal or muitiple metals of the shaping compaosition can be interactive
with metal build particies of the green body object, &.g., aluminum and/or other metals
can alioy at a surface of the green body object with metal build particles thereof.
Vihether excthermically reactive, physically reactive, or some other interaction occurs
between metals or alioys of different particles at a surface of the green body object, the
heat (of the furnace and/or exothermic heat of the reaction, etc.) at the surface of the
green body object during ramp-up to fusing temperaiure, Tuse, can provide stability to
the green body object.

{0017] To provide a few mechanisms of reaction or interaction with the green
body object when ramping up temperatures through an intermediate temperature ©
sirtering temperatures, Metal Particles Formulation 1 described above can be

considerad. In this exampile, the aluminum of the aluminum-silicon-magnesium alloy in
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the shaping compositions starts {o sinter at a relatively lower temperature (compared o
other metals) and metallurgically bonds o the surrounding stainless steel particles of
the shaping compaosition and the stainless stesl at the surface of the green body obiact.
Assuming the use of a polymeric build binder 1o form the green body object, a debinding
stage where build binder begins 1o burn off of the green body object, e.g., at 400 C, a
weak green body object remains. The green body object may hoid its shape by particle
interiocking and Vander wall forces. However, at slightly higher temperatures, the
alurminum alloy particles may begin o densify and increase bonding strength betwean
the stainless steel and AbQO3 powder particles that are also present. The sintered
aluminum-silicon-magnesium alloy on the green body obiact firmly holds the otherwise
fragile green body object intact, supporting the part from sag or distortion up o about
800 °C, for example. At a temperature around ~800 °C (or slightly lower due to the
presence of the silicon), the aluminum-silicon-magneasium may react with the iron in the
stainless steel and Torm a network of a Fe-Al intermetallic, connecting the stainless stesl
particles. As temperatures are ramped up through infermediate temperatures to
sintering temperatures, the reaction of the Fe-Al intermetallic may continue and
consume the aluminum-sticon-magnesium alloy. For example, at a temperatura higher
than about 577 °C, the aluminum-silicon-magnesium alloy melts, and liquid aluminum
may occupy the spaces batwaen the Fe-Al intermetallic network and coat the siainiess
stesl particle of the shaping composition and/for the stainless steel particles at the
surface of the green body object. This Fe-Al intermetallic network of metal can hold on
to the stainless steel green body object during sintering stages. For example, at
temperatures above about 800 °C, the stainless steel particles start to form micro
necks. As sintering progresses, these micro necks grow in size and impart strength to
the now solidifying green body object. Based on observations, there appears (o be a
symbiotic relationship between the intermetaliic network and the sintering gresen body
ohiject (now becoming a fused metal object) in providing support and avoiding sag or
distortion of the grean body object while the temperature is ramping up. After cooling
and removal of the fused metal abject, the shaping composition can be removed easily

by brushing, scraping, sand blasting, eic., away the residual material.
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{0018} In ancther example, Metal Particles Formulation 2 described above canbe
considered. In this example, the aluminum of the aluminum-silicon-magnesium alloy In
the shaping compaositions starts to sinter at a relatively lower temperature (compared to
other metals) and metallurgically bonds to the surrounding stainless steel particles of
the shaping composition and the stainless steel at the surface of the green body obiect.
Assuming the use of a polymeric build binder to form the green body object, a debinding
stage where build binder begins to burn off of the green body obiject, e.g., at 400 C, 3
weak green body object remains. The green body object may hold s shape by particle
interlocking and Vander wall forces. However, at slightly higher temperatures, the
aluminum alloy particles may begin o densify and increase bonding strength between
the stainless steel and Al03 powder particles that are also present. The sintered
aluminume-silicon-magnesium alloy on the green body obiect firmly holds the otherwise
fragile green body objact intact, supporting the part from sag or distortion up to about
600 577°C, for example. At a temperature around ~600 °C (or slightly lower due to the
presence of the silicon), the aluminum-silicon-magnesium may react with the TIBAY
particles of the shaping compaosition and form a connecting channel of an AlsTi
intermetallic. As the tempaerature increases, the interdiffusion of aluminum and titanium
through AlzTi channels allows the formation of AlTi and TizAl intermetaliics in the
shaping composition. At higher temperatures above about 650 °C, unreactad aluminum-
silicon~-magnesium alloy melts, and liquid phase sintering occurs. Moiten aluminum-
silicon-magneasium now coats the TiIBANY particles and continues the reacting o form
intermetallic TAVTIAVALTI on the top surface of the green body object. Along with Al-Ti
intermetallics, the aluminum-silicon-magnesium and TiIBAV, which is in contact with
the stainiess steel surface, can react at the interface forming Fe-Al intermetallics as
well. Unlike the porous network of Fe-Al intermetallic coating, Al-Ti intermetaliic forms a
solid shell on top of the part to provide support 1o the green body object, which assists
in avoiding sagging. At temperatures above about 800 °C, the stainless stesl particles
start to form micro necks. As sintering progressas, thesa micro necks grow in size and
impart strength {o the now solidifying green body object. Based on observations, there

appears to be a symbiotic relationship between the intermetaliic coaling and the
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sintering green body abject (now becoming a fusad metal object) in providing support
and avoiding sag or distortion of the green body object while the temperature is ramping
up. After cooling and removal of the fused metal object, the shaping composition can be
removed sasily by brushing and/or scraping away the residual material.

{00191 As another example, an alloy of aluminum and silicon ¢an be useful, such
as the aluminum-silicon-magnesium shown as Metal Particles Formulation 3. The
silicon, which is the high melting point component that makes aluminum-silicon alioys
high melting point metal particles, can reduce the melting temperature of the aluminum
to about 577 °C instead of about 860 °C. When the aluminum melts, it becomes
available 1o react with the ron or titanium) that can be prasent in the stainless steel
build material, forming inter metallic FeAl and/or TIAL Thus, the aluminum can act {o
stabilize the green body object at a lower temperature than may otherwise be available
as it is ramped up in temperature 10 a temperature where the green body object
becomes more stable, e.g., the temperature where inter-particulate bridges begin to
form andfor particles begin to swell prior to sintering temperatures. Other aluminum
atloys that can be used, other than the aluminum-silicon-magnesium alloy of this
particular example, include other alloys with a second component having a temperaturg
ranging from about 1000 °C to about 3500 °C, e.g., aluminum-silicon alloy, aluminum-
manganase alloy, aluminum-zinc-magnasium, stc.

100201 As ancther example, a cast iron alioy can also be useful for use as the
metal particles of the shaping compaosition, such as the cast iron shown as Metal
Particles Formulation 4. Cast iron has a lower melting temperature at about 1147 °C-
1290 °C than stainless steel, e.g., stainiess steel 316 (1390 °C to 1440°C). Therefore,
cast ron metal particles can start sintering earlier and to a greater extent than stainless
steel at a lower temperature. As the cast iron powder particles sinter together, they also
bond with the part on the surface and hold the part in shape. The cast iron coating may
have a wider particle-to-particle bond length and can form a solid crust on iop of the
green body object through the intermediate tempaeratures during ramp up {0 sintering
temperatures for the stainlass stee! builld material particles. This solid crust can help o

minimize distortion after debinding the stainless steel green body object. For exampls,
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as tha tamperature rises above 800°C, the stainless stesl particle-to-particle bond
length can increase, leading 1o an increase in strength of the object, and thus, it can
support iiself during later stages of sintering. During sintering, cast iron may start to melt
at about 1147 °C and resides in a molten siate on top of the stainless steel sintering
obhject. Since cast iron metallurgically bonds 1o the green body object or sintering object,
it can impart wear resistance to the stainless steel part surfaces, minimizing part
distortion during sintering.

{00211 As another example, nickel particles can aiso be useful for use as the
metal particles of the shaping composition, such as the nickel particies shown as Metal
Particles Formulation 5. With nickel particies, they can form a bonded coating thereon
that provides strength to the green body object before it is sintered, thus coniributing to
amehoration of sagging and other distortion that may otherwise occur while ramping the
temperature of the sintering oven up through intermediate temperatures (prior to
sintering temperatures). Interestingly, nickel has a higher melting temperature (1455 °C)
than the sintering temperature of the stainless sieel particles. As a result, the nickel
particles may be solid throughout the sintering process. Nickel is metallurgically
compatible with stainless steesl, and thus, may remain as a coating on the heat fused
metal object.

{0022] The metal particles of the shaping composition, regardiess of their
category, €.¢., high melting point metal particles, aluminum alloy, metal complex, etc.,
can have a D50 particle size from about 1 wm to about 150 um, from about 1 um o
about 100 um, from about 2 um to about 75 um, or from about 5 um {o about 50 um, for
egxample.

10023} In further detail, the shaping composition 100 can be in the form of a
siurry, with the metal particles 110 admixed with g liguid vehicle 102. in addition to the
fiquid vehicle, the shaping composition can also include a shaping binder (not shown).
For example, a blend of the metal particies and the shaping binder can be added to a
Hauid vehicle, or the liquid vehicle can be included with the metal particles/shaping
binder blend as a fluid composition, e.q., paste, slurry, eic. The liquid vehicle and the

shaping binder can be similar to that which is used in fluids that are applied to stainless



10

15

20

25

30

WO 2022/119555 PCT/US2020/062668

13

steel build material for printing three-dimensional green objects, which s described in
greater detail hereinafter. Thus, the description of liquid vehicle and builld binder as it
relates to printing three-dimensional objects prasented herginafter is relevant to the
shaping compositions, and that description is incorporated hearein by reference. in short,
however, liquid vehicle and build binder can be used to form a binding agent.

10024] The liquid vehicle 102 can be water or an agueous liguid vehicle with other
componants, e.g., organic co-solvent, surfactant, biocide or fungicide, etc. The liguid
vahicle can ikewise be organic or non-agqueous, including from no water o de minimis
concentrations of water, e.g., up to 5 wit%. The builld binder can be a polymeric binder
such as a latex binder, a polyurethane binder, or can be a reducible-metal compound
binder, such as copper nitrate or other metal compound as described in grealer detail
hereinafter. The shaping binder can likewise be any of these types of binders, and can
be present in the shaping composition at from about 2 wi% to about 30 wi%, from about
3 wit% to about 25 wit%, from about 3 wi% to about 20 wit¥%, from about 4 wi% (o about
15 wi%, from about 2 wi% to about 10 wi%, or from about 2 wi% o about 8 wi®, for
axampie. In further detail, the liquid vehicle can be present in the shaping composition
at from about 10 wi% (o about 80 wit%, from about 15 wi% 10 about 80 wi%%, from about
20 wi% to about 50 wib%, or from about 25 wit% to about 50 wi%.

{0025] The shaping composition 100 can be self-supporting and/or self-adhesive
to a green body object, and in some instances, seif-adhesive 1o a green body object
when oriented in any direction, counteracting or holding to green body object surfaces
with gravitational pull working against the shaping composition location relative to a
surface of the green body object. In one example, the shaping composition can have a
viscosity from about 500 to about 800 cps, from about 800 cps to about 2000 cps, or
from about 2000 cps to about 5000 cps. These more viscous shaping compositions can
be applied by a mechanical applicator, such as a roller, a hard ool such as a spackie
applicator or a blade, a blade coater, a Meyer rod cosater, etc. With less viscous
compositions, sprayers, jetting architecture, dip coaters, curtain coaters, or brushes, or
the like can be used to apply the shaping compositions. Example viscosities for these

types of shaping compositions can be from about 50 ¢cps to about 250 ¢ps, from about
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50 ¢ps to about 100 cps, or from about 100 cps {0 about 500 ¢ps, for example.
Viscosilies outside these ranges can be used as well, Example coating thickness for the
shaping compositions can be from about 1/2 mm to about 10 mm, from about 1 mmto
about 8 mm, or from about 2 mm to about 5 mm.

{0026] Thus, with these properties and in accordance with the present disclosurs,
when the shaping composition has the correct formuiation, thickness, andfor the like,
andfor is applied at an appropriate location, the metal particulate mixiure in the shaping
compaosition, applied as a coating o a surface of the gresen body object, can provide an
interaction, e.q., exothermic or other reactive or alloying interaction, with the surface to
provide chemical, alloying, and/or exothermic reactive 1o the surface 1o counterbalance
gravitational forces that lead 1o sagging, .¢., thal may occur during heal-fusing while
ramping the temperature up through intermediate temperatures. This chemical,
chysical, andfor exothermic reaction that occurs at a surface of the green body object
can pe referrad {0 as "shaping composition-induced surface support,” as it is applied o
the surface and supports the original structure during heat fusing. That stated, in one
specific example, it is noted that the shaping composition can be used to control green
body object deformation by introducing new shapes o the green body object, e.g. 40
printing. This can be done by varying the compositional makeup of the shaping
composition, including thicker coatings, and/or by placing the shaping composition at
locations not intended to reduce deformation, ete., to introduce a new formation or
shape beyond the green body object configuration as printad or otherwise formed.
Thus, the shaping compositions can be used to “control” the green body object by
introducing new shapes to the green body object beyond that which could be used for
shape retention while at intermediate and fusing temperatures. For clarity, when
referring to “controlling green body object deformation” or “controlling deformation,” itis
understood that controlling deformation may include retaining the intended shape of a
green body object, but may aiso include using the shaping compositions to introduce a
shape that is aitered from the shape of the green body object, e.g. introducs a bulge or
a recess or an angle to a green body object that is different than the green body object

as printed.
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Three-Dimensional Printing Kits and Systems

{00271 In accordance with examples of the present disclosure, a three-
dimensional printing kit 200 is shown in FIG. 2. The three-dimensional printing kit can
nclude a stainless steel build material 205 including about 80 wi% to 100 wi% metal
build particles having a D50 particle size distribution vaiue from about 1 um to about
150 um, a binding agent 210 to apply {0 stainless steal build matenial lavers foform a
grean body object, and a shaping composition 100, The shaping composition can be as
described with respect {o FIG. 1 and elsewhere herein. For example, the shaping
composition can include metal particles {0 apply {0 a surface of the green body object to
introduce a shaping composition-induced surface support {0 the green body ohiect
when multiple metals of the metal particles interact upon application of heat, and/or as
metal particles diffuse into ong another or into or onto a surface of the metal build
particles of the green body object. The shaping composition can, in some examples,
include a hguid vehicle, e.g., from about 10 wt% to about 80 wit% liquid vehicle. The
metal particles can be present at from about 20 wi% to about 90 wi%% (collectively). In
further detail, the shaping composition can aiso include a polymer shaping binder, a
polymerizable shaping binder, andfor a reducible-metal compound shaping binder.

[0028]In FIG. 3, the three-dimensional printing kit is shown with tha stainless
stesl build material 205 and the binding agent 210 loaded in a three-dimensional
printing apparatus 300. In this example the shaping composition 100 is shown next to
the three-dimensional printing apparatus in preparation for applying 1o a green body
ohject 220, once formed and removed from the build platform 302 and from within the
stainless steel build material that is not used to form the green body object. In this
axample, the stainless steel build material can be deposited from a build material
applicator 304 onto the build platform where it can be flatiened or smocthed on a layer
by layer basis, such as by a mechanical roller or other flattening technique. A layer of
the stainiess stee! builld material, which typically includes from mostly {0 all metal build
particles, can be deposited and spread out evenly at the top surface. The layer of

powder bed material can be from 25 um to about 400 um, from 75 um to about 400 um,
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from about 100 um to about 400 um, from about 150 um to about 350 um, or from about
200 um to about 350 um, for example. The binding agent can be used {o generate the
grean body object on a layer-by-layer basis, for example. Individual layers of stainless
steel build material and previously formed green body obiect layers are shown, but are
not to scale. In this example, the binding agent may include water and a build binder,
such as a reducible-metal compound build binder, e.¢., copper nitrate or a polymeric or
polymerizable build binder, &.¢., latex particle binder or polyurethane binder, for
axample, and can be giected onto the stainless steel builld material from a fluid sjecior
310, for example, to provide for selectively pattering the stainless steel build material.
The location of the selective printing of the binding agent can be o a layer
corresponding (o a layer of a three-dimensional printed object, with information provided
to print the respective layer provided by a three-dimensional obhject model or computer
model, for exampie. A building temperature {Teue) OF heat can be applied for building
the green body object in some exampies, &.g., from 50 °C 10 200 °C, but other examples
may ot use heat when building the green body object. If heat is used, heat can be
provided from a heat source 312, at the various layers {or group of layers, or after the
grean body object is formed) to (i) facilitate the build binder curing process, and/or (i)
remove solvent from the binding agent, which can assist with more rapid solidification of
individual layers. Removing solvent from the binding agent can also reduce the wicking
period of the binding agent outside of the printed object boundary and ailow for a more
precise printad green pari. In one example, heat can be applied from overhead, e.g.,
prior to application of the next layer of stainiess steel build material, or after multiple
layers are formed, etc., and/or can be provided by the build platform from beneath the
stainless steel build material and/or from the stainless stes! build material source
{preheating slainiess steel build material prior {0 dispensing on the build platform or
previously appliad three-dimansional object layer). As metal can bea very good
conductors of heat, when applying heat from below, care can be taken {0 heat (o levels
that do not decompose the build binder, in some examples. After individual layers are
printed with binding agent, the build platform can be dropped a distance corresponding

to a thickness of the applied laver of stainless steel build material, e.g., about 50 um to



10

15

20

25

30

WO 2022/119555 PCT/US2020/062668

17

about 200 um, so that ancther layer of the stainless steel build material can be added
thereon and printed with the binding agent, elc. The process can be repeated on a layer
by layer basis until a green body object is formead that is stable enough to move to an
oven suitable for fusing, &.¢., sintering, annealing, melting, or the like. In this example,
in addition {o the green body object formed, there are also green body object supporis
222 that are also printed, which are used in this example for example purposeas in
testing the shaping characteristics of the green body object prepared in accordance with

the present disclosure.

Fusing Green Body Objects with Shaping Composition-induced Surface Support

[0029] Green body objects, such as those prepared using three-dimensional
printing or other additive manufacturing, can be heat-fused o form fused metal objects.
However, after forming the green body object, there is an opportunity for additional
shaping to take place prior {o heat-fusing the green body object into the fused metal
object. As used herein “green body object” (as a complete object mass, plurality of
object layers, or even an individual layer) refers {o additive components including
unfused metal particles and typically a build bindear of some type held together in the
form of a three-dimensional shape, but which has not yet been heat-fused, .q., not
heat sintered or annaaled to fuse the metal particles together. As a green body, the
stainless steel build malerial can be {(weakiy) bound together by a binding agent.
Typically, a mechanical strength of the green body is such that the green body can be
handled or extracted from a build platform to place in a fusing oven. ltis to be
understood that any stainless steel build material that is not patterned with the binding
agert is not considered to be part of the green body, even if the stainless steel build
material is adjacent {o or surrounds the green body. For example, unprinted stainless
sigel build material can act (o support the green body while containgd therein, but the
stainless steel build material is not part of the green body unless the stainless steel
build material is printed with binding agent, or somae other fluid that is used to generate
a solidified part prior to fusing, .¢., sintering, annealing, melting, etc. Furthermore,

green body objects tend (o be somewhat fragile with rigidity lower than the metal part
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that is {o be ultimately formed upon heal-fusing the green body object. Once the green
part or green body object is fused, the part or body object can be referred to as a “fused
metal object.”

{0030] The terms “fuse,” "fused,” "fusing,” or the like refers to stainless stesl
metal build particles of a green body objact that have become heat-joined at high
temperatures, depending on a variety of variablas, e.g., particle size, type of stainless
steel, metal purity, weight percent of metal content, etc. Fusing may be in the form of
melting, sintering, anneaaling, etc., of the metal particles, and can include a complete
fusing of adjacent particles into a common structure, e.g., melting together, or can
nclude surface fusing where particles are not fully melted {0 a point of liquefaction, but
which allow for individual particles of the stainiess steel build material to become bound
to one another, e.q., forming material bridges between particles at or near a point of
contact. Fusing can include particles becoming melted together as a unitary solid mass,
or can include surfaces of metal build particies becoming softened or melted {0 join
together at particle interfaces. In either case, the metal build particles become joined
and the fused metal object can be handled and/or used as a rigid part or object without
the fragility of the graen body object.

{0031] Sintering of metal build particles is one form of metal particle fusing.
Annealing is another form of metal particle fusing. A third type of fusing includes melting
metal build particles together {o form a unitary mass. The terms “sinter,” “sintered”
“sintering,” or the like refers {o the consolidation and physical bonding of the metal build
particles together (after temporary binding using the binding agent) by solid state
diffusion bonding, partial meiting of metal build particles, or a combination of solid state
diffusion bonding and partial melting. The term "anneal” refers 1o a heating and cooling
seguence thal controls the heating process, and the cooling process, €.9., slowing
cooling in some instances, 10 remove internal stresses and/or oughen the fused metal
ohject.

{0032] When sintering or annealing, for example, an acceptable sintering
temperature range for stainless steel may be from about 1300 °C to about 1520 °C,

depending on the grade of stainless stesl used, considering slemental metal ratios,
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impurities, particle size, time of heat soak, ste. In further detall, if sintering or annaaling,
the temperature range can vary, depending on the material, bul in one example, the
sintering temperature can range from about 10 °C below the mealling temperature of the
siainless steel build particles {o about 60 °C or 80 °C below the melling temperature of
the stainiess stesl build material (with time sintering or soaking, material purity, etc.,
being considerad). In one example, a temperature can be used during a heat soak
period to sinter and/or otherwise fuse the metal build particles o form the fused metal
abject. Heat soaking time frames for sintering can be from about 5 minutes to about 2
hours, from about 10 minutes o about an hour, or from about 15 minutes to about 45
minutes, for example.

10033} When heating green body objects, the iemperature within the fusing oven
can be raised from an initial temperature, To, 10 an intermediate temperature, Ty, during
heat ramp-up, to a fusing temperature, Tuse, 10 heat-fuse the metal build particles. While
ramping-up the temperature, and even in some cases while at fusing temperatures,
green body obiects that include cantilevered portions or portions that span multiple
supports can sag with temperature increase. To show this effect, FIG. 4 depicts three
grean body objects 220 that are three-dimeansionally printaed using stainless steel. The
spans 222 of these objects may be about 33 mm with a vertical thickness of about 5.7
mm, and are supported by legs 228 positioned at opposing distal ends of the span. The
green body objects are placed in a fusing oven 250 and ramped up in temperature to
fuse the green body to form a fused metal object 2208, The samples are heatled
through an intermediate temperature, T, short of a target fusing temperature, Thse, and
then heat-fused at a sintering temperature. As shown at (A} where no shaping
composition is applied, the object becomes deformed as the span sags, as there is not
enough support to retain the shape of the green body object. The angle of deflection
250 is shown, which can vary, depending on the matenals and dimension of the obisct.
As shown at (B), a shaping composition 100, such as that shown at Metal Particle
Formulations 1 or 2, is applied as a slurry 10 a top surface 224 of the green body objact.
After passing through intermediate temperatures and then to sintering temperatures, the

fused metal object 220B retains iis shape. The residual shaping composition 110A In
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this exampla can be esasily removed by brushing powder from the surface of the fused
metal object. As shown at (C), a shaping composition 100, such as that shown al Metal
Particle Formulations 3-5, is applied as a slurry {0 a top surface 224 of the green body
object. After passing through intermediate temperatures and then {o sintering
temperatures, the fused metal object 2208 refains its shape. As shown in this particular
example, assuming the shaping composition used was a slurry of nickel particles, the
residual shaping composition 110B in this example can remain on the surface of the
fused metal object as a nickel metallurgical-bound coating on a surface of the stainless
steel fused metal object. Notably, even though the shaping composition is shown in this
example as being applied to a top surface of tha span, the shaping composition could
be applied anywhere, depending on the effect that is 1o be achieved by the shaping

composition.

Methods of Shaping and Heal-fusing Green Body Cbjects

10034} In an example of the present disclosure, and as shown in a flow diagram
in FIG. 5, a method 400 of controlling green body object deformation can include
applying 410 a coating of shaping compaosition 10 a surface of a green body object at a
surface location to counieract temperature induced deformation of the green body
ohiject. The green body object can include stainiess steel build particles bound together
with build binder, and the shaping composition can include metal particuiates including
from about 35 wit% to 100 wi% of high melting point metal particles. The method can
further include ramping-up 420 a temperature applied to the green body objact though
an intermediate temperature range where the high melting point metal particies interact
with stainless stee! build particles of the green body object. The shaping compaosition
can counteract temperature induced deformation of the green body object that may
oceur while the graen body object is within the intermediate temperature range. The
method can further include fusing 430 the green body object at a fusing temperature
above the intermediate temperature range o form a fused metal object. In one example,
the method can further include forming the green body object by iteratively applying

individual stainless stesl build material layers of a stainless steal build material including
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the stainiess steel build particies, and based on the three-dimensional object model,
selectively applving a binding agent to individual stainiess steel build material layers to
define individually patterned layers that are built up and bound together to form the
green body object. In another example, the shaping composition can also include from
about 10 wi% to about 65 wi% aluminum alloy particles and/or from about 0.1 wi% to
about 10 wt% metal complex selected from an inorganic metal salt, an organic metal
salt, or a metal oxide, wherein the metal of the metal complex includes copper, iron,
alurminum, chromium, titanium, cobalt, sitver, gold, nickel, tin, or zinc. In some
instances, the method can include removing residual components of the shaping
composition from the fused metal object. However, in other examplas, the high melling
point metal particles {or a portion thereof) can become integrated onto a surface of the

fused metal object.

Binders

{0035] There are two compositions described herein that can utilize a binder in
accordance with the present disciosure, e.q., the build binder in the binding agent used
for the three-dimensional printing kit and/or thres-dimensional printing processas
described herein and the shaping binder that may be present in the shaping composition.
With respect to build binder, a binding agent can include a liquid vehicle and a build
binder. The build binder can be carried by a liguid vehicle for jetling from jetting
architecture, for example. The build binder can be present in the binding agent at from
about 1 wi% to about 30 wi%, for exampie. With shaping compaosition, the shaping
binder can be co-dispersed with metal particles and may also include a liquid vehicle to
form a slurry, for example. The shaping binder can be present in the shaping
composition at from about 2 wi% o about 30 wi%, or at the other weight ranges
previously described, for example. Thus, the description of the “binder” {or binder

compound) herein is relevant to both build binder found in binding agents as well as
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shaping binder found in shaping compositions. When describing “binder)” it is understood
to include a description of both types of binder.

[0036] Regarding the binder, any of a number of binders can be used, including
metal binders or polymeric binders. In other words, the term “binder” or "binder
compound” can include any material used o physically bind metal particles together
initially, but often for a period of time during heating in a fusing oven or furnace. With
specific reference o metal binder, the metal can be in the form of a reducible-metal
compound binder. To tlustrate, If stainless steel is used as metal build particles in the
stainless steel build material, or as the secondary metal alioy in the shaping
composition, the reducible-metal compound binder may be an iron oxide or salt, a
chromium oxide or salt, or a copper oxide, for example. The reducible-metal compound
binder can be reduced by hydrogen released from a thermally activated reducing agent
in some examples. More general examples of reducible-metal compound binders can
nclude metal oxides (from one or mulliple oxidation states), such as a copper oxide,
e.g., copper {I) oxide or copper (H) oxide; an iron oxide, e.g., ron{il} oxide or iron(ii)
oxide; an aluminum oxide, a chromium oxide, e.¢., chromium(iV) oxide; titanium oxide,
a silver oxide, zinc oxide, stc. As a note, due to variable oxidation states of transition
metals, they can form various oxides in different oxidation states, e.g., transition metals
can form oxides of different oxidation states. Other examples can include organic or
inorganic metal salts. In particular, inorganic metal salls that can be used include metal
bromidas, metal chiorides, metal nitrates, metal sulfates, metal nitrites, metal
carbonates, or a combinagtion thereof. Organic metal salls can include chromic acid,
chrome sulfate, cobalt sulfate, potassium gold cyanide, potassium silver cyanide,
copper cyanide, copper sulfate, nickel carbonate, nickeal chioride, nickel! fluoride, nickel
nitrate, nickel sulfate, potassium hexahydroxy stannate, sodium hexahydroxy stannate,
silvar cyanide, silver ethansulfonate, silver nitrate, sodium zincate, stannous chioride (or
tin{i) chioride), stannous suifate {or tin(ll) sulfate, zinc chioride, zinc cyanide, tin
methansulfonate, for example. In some instancas, the reducibie-metal compound binder
can be in the form of a nancparticle, and in other instances, the reducible-metal

compound binder can be disassociated or dissolved in the agueous liguid vehicle. As
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particles, the reducibie-metal compound binder can have a D50 particle size from about
10 nm to about 10 um, from about 10 nm to about 5 um, from about 10 nm to about 1
um, from about 15 nm {0 about 750 nm, or from about 20 nm to about 400 nm.

{00371 Metal binder can be reducible as a result of introduced atmosphere with a
reducing agent, and/or can be thermally aclivated, for example. Thermally activated
reducing agent that can be used may be sensitive {0 slevated temperatures. Example
thermally activated reducing agents can include hydrogen {Hy), lithium aluminum
hiydride, sodium borohydride, a borane (e.4., diborane, catecholborane, et} sodium
hyvdrosulfite, hydrazine, a hindered aming, Z-pyrrolidoneg, ascorbic acid, a reducing
sugar (e.¢., a monosaccharide), discbutylaluminium hydride, formic acid, formaldehyde,
or mixtures thereof. The choice of reducing agent can be such that it is thermally
activated at a temperature, or can be introduced at a temperature where reduction of
the metal binder may be desired. By way of exampie, if considering using a metal oxide
nanoparticie as the reducible-metal compound binder, there may be metal oxides that
are stable (or relatively unreactive) at room temperature, but upon application of heat,
a.g., 200 °C to 1000 °C or 250 °C to 1000 °C or from 300 °C to 700 °C, & redox-reaction
can result in the production of the pure metal or metal alloy. As an example, mercury
oxide or silver oxide can be reduced to their respective elemental metal by heating to
about 300 °C, but the presence of a reducing agent may allow the reaction {o ocecur at a
lower temperature, e.g., about 180 °C to about 200 °C. Oxides of more reactive metals
fike zing, iron, copper, nickel, tin, or lead may likewise be reduced simply in the
presence of a reducing agent, so the reducing agent can be introduced into the fusing
oven or furnace at a time where binding properties may be beneficial. Reducing agents,
whether thermally activated or reactive without added temperature can be capable of
providing hydrogen moieties compieting the redox-reaction at elevated temperatures in
accordance with examples of the present disclosure. An example of one reaction is

shown in Formula 1, as follows:
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{0038} In other examples, the binder or binder compound can be a polymeric
binder, such as latex particles, for example. The polymer binder or polymerizable binder
can be a polymer that can have different morphiologies. In one example, the polymer
binder or polymerizable binder can inciude a uniform composition, .4, a single
monomer mixture, or can include two different compositions, .¢. multiple monomer
compositions, copolymer compasitions, or a combination thereof, which may be fully
separated core-shell polymers, partially occluded mixtures, or intimately comingled as a
polymer soiution. In another example, the polymer binder or polymerizable binder can
be individual spherical particles containing polymer compositions of hydrophilic (hard)
component(s) and/or hydrophobic (soft) component(s). For example, a core-shell
polymer can include a more hydrophilic shell with a more hydrophic core or a more
hydropobic shell with a more hydrophillic core. With respect to "more hydrophiliic” and
“more hydrophobid” the term more 18 a relative term that indicates a hydrophillic or
hydrophobic property when considering the core composition and the shell composition
in respect to one ancther.

{0039] In some examples, the polymer binder or polymerizable bindear can include
latex particles. The latex particles can include 2, 3, or 4 or more relatively large polymer
particles that can be altached to one another or can surround a smaller polymer core. In
a further exampie, the latex particlas can have a single phase morphology that can be
partiaily occluded, can be multiple-lobed, or can include any combination of any of the
morphologies disclosed hearein. In some examples, the latex particles can be produced
by emulsion polymerization. The latex particles in the binding agent can include
polymerized monomaers of vinyl, viny! chionde, vinylidene chioride, vinyl ester, functional
vinyl monomers, acrylate, acrylic, acrylic acid, hydroxyethyl acrviate, methacrylate,
methacrylic acid, styrene, substituted methyl styrenes, sthylene, maleate esters,

fumarate esters, itaconate esters, g-methyi styrene, p-methyl styrene, methyl



10

15

20

25

30

WO 2022/119555 PCT/US2020/062668

25

{meth)acrylate, hexyl acryiate, haxyl (meth)acrylate, butyl acrylate, butyl {meth)acrylate,
ethyl acrylaie, sethyl (meth)acrviate, propyl acryiate, propyl {meth)acrylate, Z2-ethylhexyl
acrylate, 2-asthylhexyl {meth)acryiate, isodecyl (math) acryiate, ocladecy! acryiate,
octadecyl (methlacrylate, stearyl (meth)acrylate, vinylibenzy! chioride, isoborny! acrylate,
isobornyl (meth)acryiate, tetrahydrofurfuryl acrylate, tetrahydrofurfuryl (meth)acrylate, 2-
phenoxyethyl {meth)acrylate, benzy! {(meth)acrylate, benzyl acrylate, sthoxylated nonyl
phenol {meth)acrylate, ischomyl (meth)acrviate, cycliohexyl {meth)acrylate, trimethyl
cyclohexyl {meth)acrylate, t-butyl (meth)acrviate, n-octyl {(meth)acrylate, lauryl
{methjacrylate, tridecyl {meth)acryiate, alkoxylated tetrahvdrofurfury! acrylale,
atkoxylated tetrahydrofurfuryl {methjacrylate, isodecyl acrylate, isobornyi methacrylate,
ischornyi acryiate, dimethyl maleate, diociyl maleate, acetoacetoxyethyi (meth)acrylalg,
diacetone acrylamide, diacetoneg {methjacrylamide, N-vinyl imidazole, N-vinyicarbazole,
N-vinyl-caprolactam, combinations thereof, derivatives thereof, or mixtures thereof.
These monomers include low glass transition temperature {Tg) monomaers that can be
used to form the hydrophobic component of a heteropolymer.

{00401 In other examples, the latex particles can include acidic monomers that
can be usead o form the hydrophilic component of a heteropolymer. Example acidic
monomers that can be polymerized in forming the latex particies can include acrylic
acid, methacryiic acid, ethacrylic acid, dimethyiacrylic acid, maleic anhydride, malaic
acid, vinvisulfonate, cyanoacrylic acid, vinylacetic acid, aliviacelic acid, ethylidineacetic
acid, propylidineacetic acid, crotonocic acid, fumaric acid, itaconic acid, sorbic acid,
angelic acid, cinnamic acid, styrylacrylic acid, citraconic acid, glutaconic acid, aconitic
acid, phenyiacryiic acid, acryloxypropionic acid, aconitic acid, phenyiacrylic acid,
acryloxypropionic acid, vinyibenzoic acid, N-vinylsuccinamidic acid, mesaconic acid,
methacrovialaning, acrvicylhydroxyglycine, sulfosthyl methacrylic acid, sulfopropyl
acrylic acid, styrene sulfonic acid, sulfeethylacrylic acid, 2-meathacrylovioxymethane-1-
suifonic acid, 3-methacryovioxypropane-~1-sulfonic acid, 3-{vinvioxylpropane-1-sulfonic
acid, ethylenesuifonic acid, vinyt sulfuric acid, 4-vinyiphenyl sulfuric acid, ethylene
phosphonic acid, viny! phosphoric acid, vinyl benzoic acid, Z2-acrylamido-2-methyl-1-

propanesulfonic acid, sodium 1-aliyloxy-2-hydroxypropane sulfonate, combinations
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thereof, dervatives thereof, or mixtures thereof. In some examples, the acidic monomer
content can range from about 0.1 wi%% to about 15 wi%, from about 0.5 wit% to about 12
wt%, or from about 1 wi% 1o about 10 wi% of the latex particles with the remainder of
the latex particles being composed of non-acidic monomers. In some examples the acid
monomer can be concentrated towards an outer surface of a latex particle.

{0041] The latex particles can have various molecular weights, sizes, glass
fransition temperatures, etc. In one example, the polymer in the latex particles can have
a weight average molecular weight ranging from about 18,000 Mw to about 500,000
Mw, from about 100,000 Mw to about 500,000 Mw, or from about 150,000 Mw (o about
300,000 Mw. The latex particles can have a particle size that can be jetlad via thermal
gjection or printing, piezoelectric ejection or printing, drop-on-demand gjection or
printing, continuous ejection or printing, etc. In an example, the particle size of particles
of the polymer binder or polymerizable binder can range from about 10 nm o about 400
nm. In vet other examples, a particle size of polymer binder or polymerizable binder can
range from about 10 nm to about 300 nm, from about 50 nm to about 250 nm, from
about 100 nm to about 300 nm, or from about 25 nm to about 250 nm. In some
axamples, the latex particle can have a glass transition temperature that can range from
about -20 °C to about 130 °C, from about 60 °C o about 105 °C, or from about 10 °C {o
about 110 °C.

Liquid Vehicles

100421 Liquid vehicles described herein can refer o the liquid vehicle used for the
jettable binding agent of the hguid component of the liquid used in the shaping
composition. As an initial matter, the shaping composition can be a liquid vehicle of
water. in other examples, there can be other components along with the water, such as
arganic co-solvent, surfactant, biocide, etc. The liquid vaehicle in the shaping
composition can be included at from about 10 wi% to about 80 wi%, from about 15 wi%
ta about 60 wit%, from about 20 wi% to about 50 wit%, or from about 25 wi% o about 50
wi%, for example. Other percentages of the liquid vehicle, such as water or water and

other hguid components, can be used, depending on how the shaping composition is {o
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be applied, e.q., dipping, spraying, etc., and may include more liguid vehicie
component, whereas spreading of a more viscous composition may include less liguid
vahicle component. In further detail, many of the componants described below with
respect to the binding agent can likewise be used in formulating the liquid vehicle of the
shaping compaosition, and those components are incorporated herein by reference.
10043] Regarding the jeftable binding agent, there can be some care taken with
respeact to formulating a binding agent that is jettable, particularily if it is {0 be thermally
jettable. In this examplea, the binding agent can include a build binder dispersed in an
aqueous vehicle, such as a vehicle including water as a major solvent, e.q., the solvert
prasent at the highest concentration compared to other co-solvents. Apart from water,
the aquecus vehicle can include organic co-solveni(s), such as high-boiling solvents
andfor humectants, &.¢., aliphatic alcohols, aromatic alcohols, alkyl diols, glycol ethers,
polyghycol ethers, Z-pyrrolidinones, caprolactams, formamides, acetamides, and long
chain alcohols. Some other more specific example organic co-solvents that can be
ncluded in the binding agent can include aliphatic alcchols, 1,2-alcohols, 1,3-alcohols,
1,5-alcohols, ethylene glycol alkyl ethers, propylene glycol alkyl ethears, higher homologs
(CB-C12) of polysthyiene glycol alkyl ethers, N-alkyl caprolactams, unsubstituted
caprolactams, substituted formamides, unsubstifuted formamides, substituted
acetamides, unsubstituted acetamides, and combinations thereof. Some water-soluble
high-boiling solvents can act as coalescing aids for latex particles. Example water-
soluble high-boiling solvents can include propylenegiycol ethers, dipropyleneglycol
monomethyl ether, dipropyleneglycol monopropyl ether, dipropylenegiycol monobutyt
gther, tripropyieneglycol monomethyi ether, tripropylenegiveol monobutyl ether,
dipropyleneglycol monopheny! ether, Z-pyrrolidinone and 2-methyl-1, 3-propanedicl. The
organic co-solvent(s) in aggregate can include from 0 wi% o about 50 wit% of the
binding agent. In some examplas, co-solvents can be present at from about 5 wits {o
about 25 wit%, from about 2 wit% to about 20 wi%, or from about 10 wi% to about 30
wi% of the binding agent. In some examples, the binding agent can further include from
about 0.1 wit% {o about 30 wit% of other liguid vehicle components. These liquid vehicle

componants can include other organic co-solvents, additives that inhibit growth of
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harmful microorganisms, viscosity modifiers, pH adjusters, sequestering agents,
surfactants, preservatives, etc. Regardiess of the formuiation, the agueous vehicle can
be presant in the binding agent at from about 20 wi% to about 88 wi%, from about 70
wit% to about 88 wi%, from about 50 witSh to about 90 wi%, or from about 25 wi% to
about 75 wt.

[0044] Some example liguid vehicle components that can inhibit the growth of
harmful microorganisms that can be present can include biocides, fungicides, and other
microbial agents, which are routinaly used in ink formulations. Commercially available
exampies can include ACTICIDE® (Thor GmbH), NUOSEPT® (Troy, Corp.),
UCARCIDE™ (Dow), VANCIDE® (R.T. Vanderbilt Co.), PROXEL® {Arch Biocides), and

combinations thereof.

Stainless Steef Build Materials

{0045] The stainiess stee! builld material can include metal build particies of any
type that can be fused together at a fusing temperature {above the temperature at which
the green body is formed). Fusing can be carried out by sintering, annealing, melting, or
the like, metal build particles together within the stainless steel build material. In one
gxample, the stainless steel build maierial can include from about 80 wi% to 100 wi% of
the stainiess steel build particies based on a total weight of the stainless steel build
material.

{00481 In an example, the stainless steel build particles can be a single phase
metallic material composed of one alloy, e.g., stainless steeal as a single phase metallic
alloy. Thus, there may be various particles as alloys, or a mulliple phase metallic alloy,
e.g. different particles can include different metals, in the form of composites, e.g., core-
shell metal particles. In these examples, fusing generally can occur over a range of
temperatures. With respect {0 stainless stesl and other alioys or slemental metals that
may be present, malerials with a metal alloved {0 a non-metal (such as a metal-
metallod alloy) can be usad as well. In some examples, the stainless stges! build
particlas can include other particles, e.g., up 1o 20 wt%, of slemental metals or alloys of

copper, titanium, cobalt, chromium, nickel, vanadium, tungsten, tantalum, molybdenum,
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iron, stainless steel, steel, or an admixiure thereof In one example, the metal build
particles can be copper or a copper alloy, for example.

{00471 The DSQ particle size of the various build particles can range from about 1
um to about 150 um. In some examples, the particles can have a D50 particle size
distribution value that can range from about 10 um to about 100 um, from about 20 um
to about 150 pum, from about 15 um to about 80 um, or from about 30 um to about 150
um. Individual particle sizes can be outside of these ranges, as the "D50 particle size’ is
defined as the particle size at which half of the particles are larger than the D50 particle
size and about half of the other particles are smaller than the D50 particle size {by
weight based on the metal particle content of the stainless stesl build matenial).

10048} As used herein, particle size can refer to a value of the diameter of
spherical particles or in particles that are not spherical can refer to a longest dimension
of that particle. The particle size can be presented as a Gaussian distribution or g
Gaussian-like distribution {(or normal or normal-like distribution). Gaussian-iike
distributions are distribution curves that can appear Gaussian in their distribution curve
shape, but which can be slightly skewed in one direction or the other (foward the
smaller end or toward the larger end of the particle size distribution range). That being
stated, an example Gaussian-like distribution of the metal build particles can be
characterized generally using "D10,” "D50,” and "DO0” particle size distribution values,
where D10 refers to the particle size at the 10V percentile, D50 refers to the particle size
at the 50" percentile, and D90 refers to the particle size at the 80 percentile. For
example, a D50 value of 25 um means that 50% of the particles (by number) have a
particle size greater than 25 um and 50% of the particles have a particle size less than
25 um. Particle size distribution values may not be related to Gaussian distribution
curves, but in one example of the present disclosure, the metal build particles can have
a Gaussian distribution, or more typically a Gaussian-like distribution with offset peaks
at about D50, In practice, true Gaussian distributions are not typically present, as some

skewing can be present, but stili, the Gaussian-like distribution can be considered to be
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‘Gaussian” as used in practice. The shape of the particles of the stainiess stee! build

material can be spherical, non-spherical, random shapes, or a combination thereof.

Definifions
{0049 It is noted that, as used in this specification and the appended claims, the

singular forms "g,” "an,” and "the" include plural referents unless the content clearly
dictates otherwise.

{0050 The term "about” as usad herein, when referring 1o a numerical value or
range, allows for a degree of variability in the value or range, for example, within 109%,
or, inn ong aspect within 5%, of a stated value or of a stated limit of a range. The term
“about” when modifying a numerical range is also understood to include as one
numerical subrange a range defined by the exact numerical vaiue indicated, e.¢., the
range of about 1 wi% to about & wi% includes 1 wi% to 5 wi% as an explicitly supported
sub-range.

{00511 As used herein, “kit” can be synonymous with and understood {0 include a
plurality of compositions including muttiple components where the different
compositions can be separately contained in the same or multipie containers prior to
and during use, €.9., building a three-dimensional object, but these components can be
combined together during a build and/or shaping process. The containers can be any
type of a vessel, box, or receptacle made of any material. Allernatively, a kit may be
generated during the process of three-dimensional bullding a portion at a time. For
example, the stainless stesl build material can be decontaminated a layer at a fime to
form a "kit” of a decontaminated (portion) or a stainless stesl build material that, when
combined with the binding agent {o be ejected thereon, completes the ki, e.g., alaver of
decontaminated build material formed on a build platform or support bed is considered
to be a kit whan combined with a binding agent loaded in a three-dimensional printing
system for ejection thereon.

{0052] As used herein, a plurality of dems, structural elements, compositional
elements, and/or materials may be presented in a common list for convenience.

However, these lists should be construed as though the individual member of the list is
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identified as a separate and unique member. Thus, no individual membear of such list
should be construed as a de facto equivalent of any other member of the same list
based on their presentation in a common group without indications to the contrary.
[0053] Concentrations, dimensions, amounts, and other numerical data may be
presented herain in a range format. i is {0 be understood that such range format is used
merely for convenience and brevity and should be interpreted flexibly to include the
numerical values explicitly recited as the limits of the range, as well as to include all the
individual numerical valuas or sub-ranges encompassed within that range as the
individual numerical value and/or sub-range is explicitly reciied. For example, a weight
ratio range of about 1 wi% to about 20 wits should be interpreted to include the
explicitly recited limits of 1 wi% and 20 wi% and to include individual weights such as
about Z wi%, about 11 wi%, about 14 wit%, and sub-ranges such as about 10 wi¥% {o

about 20 wit%, about 5 wit% to about 15 wi%, stc.

EXAMPLES

{00541 The following illustrates examples of the present disclosure. However, it is
io be understood that the following is lustrative of the application of the principles of the
prasent disclosure. Numerous modifications and alternative compaositions, methods, and
systemns may be devised without departing from the spiril and scope of the present
disclosure. The appended claims are intended {0 cover such modifications and

arrangements.

Example 1 - Green Body Object Sample Preparation

{0055] Multiple green body objects of various sizes are prepared using a three-
dimansional printing process similar {o that shown in FIG. 3 to form graen body objects
similar to that shown in FIG. 4. The shapes prepared included supports on two opposite
sides with a spanned portion therebetweaen o evaluate the effect of gravity-induced
deformation or sagging during heating, and the amelicrating of sagging during heating

using shaping compositions in accordance with the present disclosure. The two types of
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struciures prepared included a 33 mm span with a vertical thickness of the span being
either 5.7 mm or 2.8 mm. The green body objects formed were prepared using siainiess
sigel particles having a purity of about 100 wit% and a D50 particle size of about 22 um.
The binding agent used to form the green body object was a latex polymer binder
gjected from a thermal jetting apparatus as a binding agent. The green body objects

were cured using a temperature, Tcure, of about 120-180°C.

Example 2 - Preparation of Shaping Composition with Polymer Shaping Binder
{0056] Five different shaping compositions were prepared, as sei forth in Table 2
below:

Table 2 — Example Metal Particle Formulations

Metal Particles | High Melting Point Metal | Aluminum Alloy | Metal Complex
Formulation ID Particles {wi%]) Particles {wi%;} {wit%}

1 'Stainless Steel (70) *AISIMg (28) AlOs(2)

2 *TIBAI4V (83) SAISIMg (35) A3 (2)

3 SAISIMg (100) - -

4 *Cast ron (100} - -

5 Nickel (100) - -

Yiron (batance}; Chromium 18-18 wi%h; Nicke! 10-14 wi%; Molybdenum 2-3 wi%: Manganese 2 wi%
{max); Silicon 1 wi% {max); Fhosphorus 0.045 wi% {max}; Carbon 0.03 wi¥% (max); and Sulfur 0.03
wit% (max]).

2Titanium 90 wi%; Aluminum 8 wid%; and Vanadium 4 wi%.

3 Aluminum (balance); Silicon 8-11 wi%, Iron 0.55 wit% {(max); Manganese 0.45 wi% {(max); Magnesium
0.2-0.45 wi%, Titanium 0.15 wi% (max}; Zinc 0.1 wi% {(maxg; Copper 0.05 wi% {max}, Lead 0.05
wit% (max); Nickel .05 wi% (max); and Tin 0.05 wi% (mad).

* tron {balance); Carbon 3 wi% (max}; Silicon 5 wi% (max); Phosphorus 5 wi% (max); and Manganese 1
wit% (max].

5 Nickel (balance); Carbon 0.01 wi%; Oxygen 0.33 wiS; lron 0.12 wi%; Suifur 0.003 wi%.

{00571 The metal particles set forth in Table 2 ware shaped using water for this
experiment, but in some examples, could be shaped or printed using a binding agent of
about 25 wit% of a latex dispersion to provide about & wi% latex binder particle content,

for exampie. The shaping composition is thus in the form of a thickened slurry. Notably,
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other lavels of shaping binder content and/or metal particles can be used that may also

be sufficient to generaie a slurry.

Example 3 - Green Body Object Gravity-induced Deformation During Sintering

{0058 A green body object was prepared and sintered without the use of any
shaping composition to determine how much deformation would occur. in this study,
both stainless steel green body objects were evaluated, including the one that was 5.7
mm thick and the one that was 2.8 mm thick. Once the green body objects were printed,
the green body objects were placed in a fusing oven, ramped up through intermediate
temperatures o arrive at a sintering temperature of about 1380 °C, where the object
was heat soaked for 2 hours. More specifically, the heating profile was as follows:
heating at 2 “C/min room temperature 10 400 °C - 4 hours hold (heat soaking) —»
heating at 2 *C/min to 750 °C/min - 4 hours hold (heat soaking) ~» heating at 2 °C/min
1o 1000°C/min - 1 hour hold (heat soaking) = heating at 2°C/min to 1380°Cimin = 2
hours hold (heal soaking) ~» cooled in furnace (o room temperature. The atmosphers of
the sintering oven was ArHa. The fused metal object formed that was from the green
body object with a 5.7 mm thick span exhibited a deflection of about 13°, and the
sampie that was 2.8 mm thick along the span exhibiied a deflection of about 16°. The
angle of deflection is shown by way of example at 250 in FIG. 4. The Archimedes

density of the fused melal objects was about 7.4 gice (82-94% relative density).

Example 4 - Reduction of Green Body Object Gravity-induced Deformation Using
Shaping Compaosition with Mefal Particles Formulation 1

100591 In this example, the same procedure set forth in Example 3 was carried
out, except that from about 0.2 10 0.8 g of the siurry of containing Metal Particles
Formulation 1 (stainless steel as high melling point metal particles) was applied svenly
along a top surface of the 5.7 mm thick span of the green body object and then baked at
100 °C for 10-15 minutes {o dry the shaping composition prior to placing the green body
object in the sintering oven. After heat fusing in accordance with that described in

Example 3, the stainless steel part refained its shape with just a slight upward bow
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along the span. The bottom surface of the fused meatal object showed no cracking or
irregularities, and the residual components of the shaping composition were easily

removed with some sand blasting.

Example & - Reduction of Green Body Object Gravify-induced Deformation Using
Shaping Composition with Mefal Partficles Formulation 2

{00601 In this example, the same procedure set forth in Example 3 was carried
out, except that from about 0.2 1o 0.6 g of the siurry of containing Metal Particles
Formulation 2 {TiIBAl4Y as the high melting point metal particles) was apphied evenly
along a top surface of both the 5.7 mm thick span and the 2.8 mm thick span of the
green body object and then baked at 100 °C for 10-15 minutes to dry the shaping
composition prior o placing the green body object in the sintering oven. After heat
fusing in accordance with that described in Example 3, the effect of application of the
shaping composition on 5.7 mm and 2.8 mm thick spans significantly reduced sagging
or in some instances, no sagging occurred. The intermetallic coating was observed in
one instance (with a 5.7 mm thick span) 1o have expanded laterally (o leave a short
cantileverad region extending beyond one end of the fused metal object. The residual
components from the shaping composition were peeled from the top surface of the

fused metal object.

Example 6 - Reduction of Green Body Object Gravity-induced Deformation Using
Shaping Composition with Metal Particles Formulation 3

{0061} In this example, the same procedure sef forth in Example 3 was carried
out, except that from about 0.05 0 0.3 g of the slurry of containing Metal Particles
Formulation 3 (aluminum-silicon-magnesium as high melling point metal particles) was
applied avenly aiong a top surface of the 5.7 mm thick span of the grean body objact
and then baked at 100 °C for 10-15 minutes to dry the shaping composition prior {o
placing the green body object in the sintering oven. After heat fusing in accordance with
that described in Example 3, the stainless stesl part retained its shape with no

significant distortion. The botiom surface of the fused metal object showed no cracking
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or irreguiarities, and the residual components of the shaping composition were easily

removed with some sand blasting.

Example 7 - Reduction of Green Body Object Gravity-induced Deformalion Using
Shaping Compaosition with Mefal Farticles Formulation 4

100821 In this example, the same procedure set forth in Example 3 was carried
out, except that from about 0.2 10 0.8 g of the siurry of containing Metal Particles
Formulation 4 (cast iron as high melting point metal particles) was applied evenly along
a top surface of the 5.7 mm thick span of the green body object and then baked at 100
*C for 10-15 minutes to dry the shaping composition prior to placing the green body
object in the sintering oven. After heat fusing in accordance with that described in
Example 3, the stainiess steel part only slightly sagged along the span, but was
significantly less than the 5.7 mm thick span of Example 3. The botfom surface of the
fused metal object showed no cracking or irregularities, and the residual components of

the shaping composition were easily removed with some sand blasting.

Example 8 - Reduction of Green Body Object Gravity-induced Deformalion Using
Shaping Composifion with Mefal Particles Formulation 5

{0063} In this example, the same procadure set forth in Example 3 was carned
out, except that from about 0.1 1o 0.6 g of the siurry of containing Metal Particles
Formulation 5 (nickel as high melting point metal particles) was applied evenly along a
top surface of the 5.7 mm thick span of the green body object and then baked at 100 °C
for 10-15 minutes to dry the shaping composition prior 1o placing the green body object
i the sintering oven. After heat fusing in accordance with that described in Example 3,
the stainiess steel pari relained iis shape with just a very slight upward bow along the
span. The bottom surface of the fused meatal object showed no cracking or irregularities,
and the residual components of the shaping composition were easily removed with
some sand blasting. Nicka! has a higher melling temperature (1455 °C) than the

sirtering temperature of stainless steel, thus, in this example, the nickel remained solid
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during the sinfering process and became integrated as a coating on a surface of the
fused metal object.

(00641 While the present technology has been described with reference 1o certain
examples, various modifications, changes, omissions, and substitutions can be made

without departing from the disclosure.
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CLAIMS

What is Claimed is:

1. A shaping composition comprising:

from about 10 wit% to about 80 wi% liquid vehicle; and

from about 20 wi% 10 about 90 wi% metal particulates, the metal particulates
nciuding from about 35 wi% to about 90 wi% high melting point metal particles, from
about 10 wit% to about 65 wi% aluminum alloy particles, and from about 0.1 wi% i¢
about 10 wi% maeatal complex selacted from an inorganic metal salt, an organic metal
salt, or a metal oxide, wherein the metal of the metal complex includes copper, iron,

aluminum, chromium, titanium, cobalt, sitver, gold, nickel, tin, or zinc.

2. The shaping composition of claim 1, wherain the high melting point metal

particles are stainless stesl particles or cast iron particles.

3. Thea shaping composition of claim 1, wherein the high melting point matal

particles are Ti-6Al-4Y particles.

4. The shaping composition of claim 1, wherein the high melting point metal

particles are nickel particles.

5. The shaping composition of claim 1, wherein the aluminum alloy particles are

aluminum-silicon particles or aluminum-silicon-magneasium particles.

8. The shaping compaosition of claim 1, wherein the metal complex includes

aiuminum oxide.
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7. A thres-dimensional printing kit comprising:

a stainless steel build material comprising about 80 wi% to 100 wit% stainless
steel build particies having a D50 particle size distribution value from about 1 um io
about 150 um; and

a binding agent including a build binder {0 apply (o stainiess steel build material
tavers to form a green body object; and

a shaping composition o apply 1o a surface of the green body object and o
control green body object deformation, the shaping composition including from about 10
wi% to about 80 wi% liguid vehicle, and from about 20 wi% to about 90 wt% metal
particulatas, the metal particuiates including from about 35 wi% to 100 wi% of high
melting point metal particles that are interactive with a surface of the green body object
to ameliorate deformation of the green body object within an intermeadiate temperature
range where the build binder is not effective at retaining the green body cobject shape

prior to the stainless steel build particles becoming heat-fused.

8. The three-dimensional printing kit of claim 7, wherein the high melting point
metal particles are metal alloy particles, and wherein the shaping composition further

includes from about 10 wit% to about 85 wi% aluminum alloy particles.

9. The three-dimensional printing kit of claim 7, wherein the shaping composition
further comprises from about 0.1 wit% 1o sbout 10 wi% metal complex selected from an
norganic metal sall, an organic metal sall, or a metal oxide, and wherein the metal of
the metal complex includes copper, ron, aluminum, chromium, titanium, cobalt, silver,

gold, nickel, tin, or zine.

13, The three-dimensional printing kit of claim 7, wherain the high melting point
metal pariicles are selected from siainless steel particles, TI-GAI-4V particles, aluminum-
siicon-magnesium particles, cast ron particles, nickel particles, or a combination

thereof.
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11. A method of controlling green body object deformation comprising:

applying a coating of shaping composition 10 a surface of a green body object at
a surface location {0 counteract temperature inducad deformation of the gresn body
object, wherein the green body object includes stainless steesl build particles bound
together with build binder, and wherein the shaping composition includes metal
particulates including from about 35 wit% to 100 wi% of high melting point metal
particles,

ramping-up temperature applied to the green body objact though an intermeadiate
temperature range where the high melting point metal particles interact with stainless
steel build particies of the green body object, wherein the shaping composition
counieracts temperature induced deformation of the green body object while the green
body object is within the intermediate temperature range; and

fusing the green body object at a fusing temperature above the intermediate

temperature range to form a fused metal object.

12. The method of claim 11, further comprising forming the green body objact by:

iteratively applying individual build matenal layers of a stainless steel build
material including the stainless sigel build particles; and

based on the threse-dimensional object model, seleclively applving a binding
agent to individual build material lavers {o define individually paiterned layers that are

built up and bound together to form the green body object.

13. The method of claim 11, wherein the shaping compaosition further includes:

from about 10 wit% to about 65 wi% aluminum alloy particles;

from about 0.1 wt% to about 10 wit% metal complex selected from an inorganic
metal salt, an organic metal sal, or a metal oxide, wharein the metal of the metal
complex includes copper, iron, aluminum, chromium, titanium, coball, siiver, gold,
nickel tin, or zing;, or

both.
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14. The method of claim 11, further comprising removing residual components of

the shaping composition from the fused metal object.

15, The method of claim 11, wherein the high melting point metal particles

bacome integrated onto a swrface of the fused metal object.
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applying a coating of shaping composition to a surface of a green body
obiect al a surface location to counteract temperature induced
deformation of the green body object, wherein the green body object
includes stainless steal build particles bound together with builld binder,
and wherein the shaping composition includes metal particulates
including from about 35 wi% to 100 wi% of high melting point metal
particles
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particlas interact with stainless steel build particles of the green body
object, wherein the shaping composition counteracts temperature
induced deformation of the green body object while the green body
abiect is within the intermediate temperature rangs

e ~

410
/

420
Ve

fusing the green body object at a fusing temperature above the
intermediate temperature range to form a fused metal object

FIG. 5
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