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THREE-DIMENSIONAL PRINTING

BACKGROUND

[0001]  Three-dimensional (3D) printing may be an additive printing process used to
make three-dimensional solid parts from a digital model. 3D printing is often used in
rapid product prototyping, mold generation, and mold master generation. Some 3D
printing techniques are considered additive processes because they involve the
application of successive layers of material. This is unlike traditional machining
procasses, which often rely upon the removal of material to create the final part.
Materials used in 3D printing often include curing or fusing, which for some materials
may be accomplished using heat-assisted extrusion or sintering, and for other

materials may be accomplished using digital light projection technology.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Features of examples of the present disclosure will become apparent by
reference o the following detailed description and drawings, in which like reference
numerals correspond to similar, though perhaps not identical, components. For the
sake of brevity, reference numerals or features having a previously described function
may or may not be described in connection with other drawings in which they appear.
[0003] Fig 1 is flow diagram illustrating an example of a 3D printing methods
according to the present disclosure.

[0004] Fig 2 is a simpiified isometric view of an exampie of a 3D printing system
according to the present disclosure.

[00058] Fig. 3 is a photograph showing a 3D printed part according to an example.
1
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DETAILED DESCRIPTION

[0006] The present disclosure refers herein to multi-fluid kits for 3D printing, 3D
printing Kits, 3D printing compositions, 3D printing systems, and 3D printing methods.
(00071  In some examples, disclosed herein is a multi-fluid kit for three-dimensional
printing comprising: @ marking agent comprising a marking component which is a
fluorescent color agent that is activated by ultraviolet radiation to emit light in the
visible range of from about 400 nm to about 780 nm; a first fusing agent, a second
fusing agent different from the first fusing agent; a detailing agent; and a marking
agent.

[0008] in some examples, the fluorescent color agent is substantially invisible in
ambient light.

[0009] In some examples, the flucrescent color agent comprises distyrylbenzenes,
distyryibiphenyls, divinyistilbenes, triazinylaminostilbenes, stilbenyl-Z2H-triazoles,
benzoxazoles, furans, benzo[bifurans, benzimidazoles, 1,3-diphenyl-2-pirazolines,
coumaring, naphthalimides, organic europium () complexes, fluorescein,
rhodamines, or mixtures thereof.

[0010]  In some examples, the Tluorescent color agent is activated by ultraviolet
radiation in the range of from about 200 nm to about 400 nm.

00111  In some examples, the fluorescent color agent comprises hexasodium-2,2’-
vinylenebis|3-sulfonaio-4, 1-phenylenelimino[6-(diethylaminoc)-1,3,5-triazine4, 2-
divijimino]ibis(benzene-1 4-disulphonate).

[0012] The marking agent can be used to form 3D printed parts for the purpose of
part tracking, security marking, and/or other several applications that can require
uniquely identifying 30 printed parts.

00131  The first fusing agent comprises at least one nanoparticle, wherein the
nanoparticle comprises at least one metal oxide, which absorbs infrared light in a
range of from about 780 nm to about 2300 nm and is shown in formula (1) Me O (1)
wherein M is an alkali metal, m is greater than 0 and less than 1, M is any metal, and
i is greater than 0 and less than or equal {0 4; and wherein the nanoparticie has a
diameter of from about 0.1 nm to about 500 nm.

[0014] The multi-fluid Kit further comprises: at least one color agent.
2
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[0015]  The second fusing agent comprises a near infrared absorbing compound.
[0016]  The near infrared absorbing compound is selected from the group consisting
of carbon black, oxonol, squarylium, chalcogenopyrylarylidene,
bis(chaicogenopyryloipolymethine, bis(aminocaryiipolymethine, merocyanine, trinuclear
cyaning, indene-crosslinked polymethine, oxyindolidine, iron compiexes, guinocids,
nickel-dithiolene complex, cyanine dyes, and combinations thereof.

00171 The detailing agent comprises at least 70 wit% water based on the total
weight of the detailing agent.

[0018] The color agent comprises: a cyan ink agent; a yellow ink agent; a magenta
ink agent; and a black ink agent.

[0018] In some examples, disclosed herein is a three-dimensional printing kit
comprising. a powder build material, wherein the powder build material is selected
from the group consisting of polymeric powder, polymeric-ceramic composite powder,
and combinations thereof, a marking agent comprising a marking component which s
a fluorescent color agent that is activated by ultraviolet radiation to emit light in the
visible range of from about 400 nm to about 780 nm; a first fusing agent;, and a second
fusing agent different from the first fusing agent.

[0020] The three-dimensional printing kit further comprises: a detailing agent; and
at least one color agent.

[0021]  In some examples, the fluorescent color agent is activated by ultraviolet
radiation in the range of from about 200 nm o about 400 nm.

[0022] In some examples, the fluorescent color agent comprises hexasodium-2,2'-
[vinylenabis3-sulfonato-4, 1-phenylenelimino[6-(diethylamino)-1,3, 5-triazined  2-
diviliminollbis(benzene-1 4-disulphonate).

[00231 In some examples, disclosed herein is a method of using the three-
dimensional printing kit, the method comprising: adding the powder build material, the
marking agent, the first fusing agent, and the second fusing agent of claim 101to a
three-dimensional printer; and printing a three-dimensional part.

[0024] In some examples, disclosed herein is a method for three-dimensional
printing comprising: (i) depositing a layer of a polymeric powder build material on a
build platform; (it) based on a 3D object model, selectively applying a first fusing agent,

3
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a second fusing agent different from the first fusing agent, a marking agent, a detailing
agent, and at least one coloring agent, o at least a portion of the layer of the polymaeric
powder buiid material; (ill) repeating (i) and {ii) at least one time {o form an
intermediate part, and (iv) heating the intermediate part to a temperature of up to
about 180°C to form a three-dimensional printed part, wherein the marking agent
comprises a marking component which is a flucrescent color agent that is aclivated by
ultraviolet radiation to emit light in the visible range of from about 400 nm to about 780
nim.

[0025] The method of three-dimensional printing further comprises: decaking the
three-dimensional printed part.

[0026] Examples of the multi-fluid kits for 3D printing, 3D printing kits, 3D printing
compaositions, 3D printing systems, and 3D printing methods disclosed herein can
include exposing an entire layer of a buiid material {also referred to as build material
particles) to radiation and fusing/hardening a selected region (in some instances less
than the entire layer) of the build material to become a layer of a 3D part {or 3D object
or article). A fusing agent can selectively be deposited in contact with the selected
region of the build material. The fusing ageni can be capable of penetrating into the
layer of the build material and spreading onto the exterior surface of the build material.
This fusing agent can be capable of absorbing radiation and converting the absorbed
radiation to thermal energy, which in turn melis or sinters the build matenal that is in
contact with the second fusing agent. This causes the build material to fuse, bind,
cure, etc. to form the layer of the 3D part (or 3D object or article). The fusing agents
used in muiti jet fusion tend to have significant absorption {&.g., 80%) in the visible
region (400 nm - 780 nm).

(00271  The multi-fluid Kits for 3D printing, 3D printing kits, 3D printing compositions,
3D printing systems, and 3D printing methods disclosed herein can use two different
fusing agents: a low tint fusing agent (first fusing agent) and a core fusing agent
{second fusing agent). In some examples, the absorption of the second fusing agent
generates heat suitable for fusing during 3D printing, which leads to 3D parts having
mechanical integrity and relatively uniform mechanical properties (e.¢., strength,

elongation at break, etc.). This absorption, however, also results in strongly colored,
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e.g., black, 3D parts. In some other examples, the absorption of a first fusing agent is
used instead of the second fusing agent {o build the entire 3D part. This example of
the first fusing agent includes metal oxide nanoparticies. The first fusing agent are a
plasmonic resonance absorber, having absorption at wavelengths ranging from 800
nm to 4000 nm and transparency at wavelengths ranging from 400 nm to 780 nm.
[0028] As used herein "absorption” means that at least 80% of radiation having
wavelengths ranging from 800 nim to 4000 nm is absorbed. Also used herein,
“transparency” means that 20% or less of radiation having wavelengths ranging from
400 nm to 780 nm is absorbed. This absorption and transparency aliows the first
fusing agent to absorb enough radiation to fuse the build material in contact therewith
while causing the 3D part to be white or slightly colorad.

[0029] Other examples of the compositions, methods, and systems disclosed
herein utilize a combination of different fusing agents {(e.g., the second fusing agent
and the first fusing agent) to build a part having a core {innermost layers or region)
with mechanical integrity and having an exterior {outermost layers or region) with color

(i.e., white or some color other than black).

3D Printing Method

(00307 In some examples, as illustrated in Fig. 1, disclosed is a method for three-
dimensional printing (100} comprising: (i} depositing a layer of a polymeric powder
build material on a build platform (110); (i) based on a 3D object model, seleciively
applying a first fusing agent, a second fusing agent different from the first fusing agent,
a marking agent, and a detailing agent, to at least a portion of the layer of the
polymeric powder build material (120); (i) repeating (i) and (ii) at least one time to
form an intermediate part (130); and {(iv) heating the intermediate part {0 a temperature
of up to about 180°C to form a three-dimensional printed part {140}, wherein the
marking agent comprises a marking component which is a fluorescent color agent that
is activated by ultraviolet radiation to emit light in the visible range of from about 400
nm {o about 780 nm.

[0031]  Within such three-dimensional {3D) printing methods, the first fusing agent

and the second fusing agent enhance the absorption of the radiation, convert the
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absorbed radiation to thermal energy, and promote the transfer ¢f the thermal heat to
the build material particles in contact therewith.

[0032] In an example, the first fusing agent and the second fusing agent sufficiently
glevate the temperature of the build material particles above the melting or softening
point of the particies, allowing fusing (e.g., sintering, binding, curing, etc.) of the build
material particles {0 take place. Exposure to electromagnetic radiation forms a layer of
the 3D part/object. Such a layer could be a colored layer when a colored ink
compaosition is further applied, either simultaneously with the first fusing agent and/or
second fusing agent, or subsequently. It is to be understood that portions of the build
material that do not have the first fusing agent or the second fusing agent applied

thereto do not absorb enough energy to fuse.

3D Printing System

[0033] The three-dimensional printing compositions, described herein, are printed
and methods, described herein, carried out using a three-dimensional printing system
described herein. An exampie of a 3D printing system 200 is depicted inFig. 2. itisto
be understood that the 3D printing sysiem 200 may include additional componenis and
that some of the components described herein may be removed and/or maodified.
Furthermore, components of the 3D printing system 200 depicted in Fig. 2 may not be
drawn to scale and thus, the 3D printing system 200 may have a different size and/or

configuration other than as shown therein.

[0034] The printing system 200 includes a build area platform 202, a build material
supply 204 containing build material particles 206, and a build material distributor 208.
The build area platform 202 receives the build material particles 206 from the build
material supply 204. The build area platform 202 may be integrated with the printing
system 200 or may be a component that is separately insertable into the printing
systemn 200. For example, the build area platform 202 may be a module that is
available separately from the printing system 200, The build material platform 202 that
is showrn is also one example, and could be replaced with another support member,

such as a platen, a fabrication/print bed, a glass plate, or another build surface.
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[0035]  The build area platform 202 may be moved in a direction as dencted by the
arrow 210, e.g., along the z-axis, so that build material particles 206 may be delivered
to the platform 202 or to a previously formed part layer. In an example, when the build
material particles 206 are {0 be deliverad, the build area platform 202 may be
programmed to advance {(e.g., downward) enough so that the build material distributor
208 can push the build material particles 206 onto the platform 202 to form a
substantially uniform layer of the build material particles 206 thereon. The build area
platform 202 may also be returned to its original position, for example, when a new
part is to be buill. The build material supply 204 may be a container, bed, or other
surface that is to position the build material pariicles 206 between the build material
distributor 208 and the build area platform 202. In some examples, the build material
supply 204 may include a surface upon which the build material particles 206 may be
supplied, for instance, from a build material source (not shown) located above the
build material supply 204. Examples of the buiid material scurce may include a
hopper, an auger conveyer, or the like. Additionally, or alternatively, the build material
supply 204 may include a mechanism (e.g., a delivery piston) to provide, e.¢., move,
the build matenal particles 206 from a storage location to a position to be spread onto
the build area platform 202 or onto a praeviously formed part layer.

[0036] The build material distributor 208 may be moved in a direction as denoted
by the arrow 211, e.g., along the y-axis, over the build material supply 204 and across
the build area platform 202 to spread a layer of the build material particles 206 over
the build area platform 202. The build material distributor 208 may also be retumed to
a position adjacent {o the build material supply 204 following the spreading of the build
material particles 206. The build material distributor 208 may be a blade (e.g., a
doctor biade), a roller, a combination of a roller and a blade, and/or any other device
capabie of spreading the build material particles 206 over the buiid area platform 202,
For instance, the build material distributor 18 may be a counter-rotating roller.

[0037] As shown in Fig. 2, the printing system 200 also includes an inkjet applicator
214A, which may contain examples of the first fusing agent 218, As depicted in Fig. 2,
some examples of the printing system 200 may include at least one additional

applicator 2148 and/or 214C and/or 214D, In one example, the printing system 200
7
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includes applicator 2148, which may contain a second fusing agent 218, in addition to
the inkjet applicator 214A. In another example, the printing system 200 includes inkjet
applicator 2140, which may contain a color agent 230, in addition o the inkjet
applicator 214A and/or 214B. In another example, the printing system 200 includes
inkjet applicator 214D, which may contain a detailing agent 220, in addition to the
inkjet applicator 214A and/or 214B and 214C.

[0038] In some examples, the printing system 200 includes another inkjet applicator
214k, which may contain a marking agent.

[0039] In some examples, the printing system 200 includes inkjet applicators 214A,
2148, 214C, 214D, andior 214E.

(00401 The inkjet applicator(s) 2144, 2148, 214C, 214D, and 214E may be
scanned across the build area platform 202 in the direction indicated by the arrow 212,
e.g., along the y-axis. The inkjet applicator{s) 214A, 2148, 214C, 214D, and 214E may
be, for instance, a thermal inkjet printhead and/or a piezoelectric printhead, and may
extend a width of the build area platform 202. While each of the inkjet applicator(s)
2144, 2148, 214C, 214D, and 214E is shown in Fig. 2 as a single applicator, itis to be
understood that each of the inkjet applicator(s) 214A, 2148, 214C, 214D, and 214k
may include multiple inkjet applicators that span the width of the build area platform
202. Additionally, the inkjet applicator(s) 214A, 214B, 214C, 214D, and 214E may be
positionad in multiple printbars. The inkjet applicator(s} 214A, 2148, 214C, 214D, and
214E may also be scanned along the x-axis, for instance, in configurations in which
the inkjet applicator(s) 214A, 2148, 214C, 214D, and 214E does/do not span the width
of the build area platform 202 to enable the inkjet applicator(s) 214A, 2148, 214C,
2140, and 214E to respectively deposit the first fusing agent 216, the second fusing
agent 218, the color agent 230, the detailing agent 220, and the marking agent 222,
over a large area of a layer of build material particles 206. The inkjet applicator(s)
2144 2148, 214C, 214D, and 214E may thus be attached to a moving XY stage or a
franslational carriage {neither of which is shown) that moves the inkjet applicator(s)
2144, 2148, 214C, 214D, and 214E adjacent to the build area platform 202 in order to
deposit the respective fluids 216, 218, 230, 220, and 222 in predetermined areas of a

tayer of the build material particles 206 that has been formed on the build area
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platform 202 in accordance with the method(s) disclosed herein. The inkjet
applicator(s) 214A, 214B, 214C, 214D, and 214E may include a plurality of nozzles
{not shown) through which the compositions 216, 218, 230, 220, and 222 are {o be
respactively ejected.

[0041] The inkjet applicators 214A, 2148, 214C, 214D, and 214E may respectively
deliver drops of the first fusing agent 216, the second fusing agent 218, the color agent
{cyan ink composition, yellow ink composition, magenta ink composition, and black in
compaosition) 230, the detailing agent 220, and the marking agent 222, at a resclution
ranging from about 300 dots per inch (DP) to about 1200 DPL In other examples, the
applicator(s) 214A, 2148, 214C, 214D, and 214E may deliver drops of the respective
fluids 216, 218, 230, 220, and 222 at a higher or lower resolution. The drop velocity
may range from about 5 m/s to about 24 m/s and the firing frequency may range from
about 1 kHz to about 100 kHz. In one example, each drop may be in the order of about
10 picoliters (pl) per drop, although it is contemplated that a higher or lower drop size
may be used. In some examples, inkjet applicators 214A, 2148, 214C, 214D, and
214E are able to deliver variable size drops of the fluids 216, 218, 230, 220, and 222,
respeactively.

[0042] Each of the previously described physical elements may be operatively
connected to a controller 240 of the printing system 200. The controller 240 may
control the operations of the build area platform 202, the builld material supply 204, the
build material distributor 208, and the inkjet applicator(s) 214A, 214B, 214C, 214D,
and 214E. As an example, the controller 240 may control actuators {(not shown) to
control various operations of the 3D printing system 200 components. The controller
240 may be a computing device, a semiconductor-based microprocessor, a central
processing unit {CPU), an application specific integrated circuit (ASIC), and/or another
hardware device. Although not shown, the controller 240 may be connected to the 3D
printing system 200 components via communication lines.

[0043] The controller 240 manipulates and transforms data, which may be
represenied as physical (slectronic) quantities within the printer's registers and
memories, in order to control the physical elements to create the 3D part. As such, the

controller 240 is depicted as being in communication with a data store 242. The data
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store 242 may include data pertaining to a 3D part to be printed by the 3D printing
system 200. The data for the selective delivery of the build material particles 2086, the
first fusing agent 216, the second fusing agent 218, the color agent 230, the detailing
agent 220, and the marking agent 222, may be derived from a model of the 3D part to
be formed. For instance, the data may include the locations on each layer of build
material particles 206 that the inkjet applicator{s} 214A, 2148, 214C, 2140, and 214k
are to deposit the first fusing agent 218, the second fusing agent 218, the color agent
230, the detailing agent 220, and the marking agent 222.

[0044]  After the first fusing agent 2186 and/or the second fusing agent 218 are
selectively applied in the specific portion(s) of the build maiterial 206, the entire layer of
the build material is exposed to electromagnetic radiation. The electromagnetic
radiation is emitied from the radiation source 244, 244, The length of time the
glectromagnetic radiation 1s applied for, or energy exposure time, may be dapendent,
for example, on one or more of characteristics of the radiation source 244, 244,
characteristics of the build material particles 206, and/or characteristics of the first
fusing agent 216 and/or second fusing agent 218.

[0045] As shown in Fig. 2, the printing system 200 may also include a radiation
source 244 244’ In some examples, the radiation source 244, 244" may be in a fixed
position with respect to the buiid material platform 202. In other examples, the
radiation source 244, 244’ may be positioned to expose the layer of build material
particles 206 to radiation immediately after the first fusing agent 216 and/or the second
fusing agent 218 has been applied therato.

[0046] In the example shown in Fig. 2, the radiation source 244, 244’ is aitached to
the side of the inkjet applicator(s) 214A, 2148, 214C, 214D, and 214k which allows for
patterning and heating in a single pass. The radiation source 244, 244" may emit
electromagnetic radiation having wavelengths ranging from about 400 nm to about 1
mm. As one example, the slectromagnetic radiation may range from about 400 nm to
about 2 um. In some examples, any electromagnetic radiation source emitting in the
foregoing wavelength range can be used. As another example, the electromagnetic
radiation may be blackbody radiation with @ maximum intensity at a wavelength of

about 1100 nm. The radiation source 244, 244 may be infrared {IR) or near-infrared
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light sources, such as IR or near-IR curing lamps, IR or near-iR hight emitting diodes
(LED), or lasers with the desirable IR or near-IR electromagnetic wavelengths. The
radiation source 244, 244" may be operatively connected to a lamp/laser driver, an
input/output temperature controller, and temperature sensors, which are coliectively
shown as radiation system components 246.

[0047]  The radiation system components 246 may operate together (o control the
radiation source 244, 244, The temperature recipe {e.q., radiation exposure rate) may
be submitted to the input/output temperature controller. During heating, the
temperature sensors may sense the temperature of the build material particles 206,
and the temperature measurements may be transmitted to the input/output
temperature controller. For example, a thermometer associated with the heated area
can provide temperature feedback. The input/output temperature controller may
adjust the radiation source 244, 244 power set points based on any difference
between the recipe and the real-time measurements. These power set points are sent
to the lamp/iaser drivers, which transmit appropriate lamp/laser voltages to the
radiation source 244, 244’. This is one example of the radiation system components
246, and it is to be understood that other radiation source control systems may be
used. For exampie, the controller 240 may be configured to control the radiation
source 244 244

[0048] A layer of the build material particles 206 is applied on the build area
platform 202. As previously described, the build material supply 204 may supply the
build material particles into a position so that they are ready to be spread onto the
build area platform 202, and the build material distributor 208 may spread the supplied
build material particles 206 onto the build area platform 202. The coniroller 240 may
execute control build material supply instructions to control the build material supply to
appropriately position the builld material particles 206, and may execute control
spreader instructions {o control the build material distributor 208 {0 spread the supplied
build material particles over the build area platform to form a layer of build material
particlas 206. After the layer is applied, the first fusing agent 216, the second fusing
agent 218, the color agent 230, and the detailing agent 220 are selectively applied on

portion(s} of the build material particles 206 which is then exposed {0 electromagnetic
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radiation. in some examples, electromagnetic radiation can be applied on a layer-by-
layer basis.

[0049] In some examples, the Tirst fusing agent 216 and the second fusing agent
218 can enhance the absorption of the radiation in portion(s), converting the absorbed
radiation o thermal energy, and promoting the fransfer of the thermal heat to the build
material particles 206 in contact therewith. In an exampie, the first fusing agent 216
and/or the second fusing agent 218 can sufficiently elevate the temperature of the
build material particles in applied portions above the melting or softening point of the
build material particles 206, allowing fusing (e.q., sintering, binding, curing, etc.) of the
build material particles to take place. Exposure to eleciromagnetic radiation forms
parts of one or more layers of the final 3D object or article. it is to be understood that
portions of the build material that do not have any fusing agent applied thereio do not
absorb enough energy to fuse. Additional layer(s) may be formed to create an
example of the 3D part.

(00507  In some examples, to form additional layers, additional polymeric build
material may be applied on the formedifused layer or the layer of build material with
selectively applied first and second fusing agents. The first and second fusing agents
can then be selectively applied on at least a portion of the additional buiid material
particles, according to a pattern of a cross-section for the layer which is being formed.
The application of additional polymeric builld material particles, the selective
application of the first fusing agent and/or second fusing agent, and the
glectromagnetic radiation exposure may be repeatad a predetermined number of
cycles to form the layers that will create the final 3D object or article. In some
examples, after a first layer is formed, the first fusing agent 216, the second fusing
agent 218, the color agent 230, and the detailing agent 220 are selectively applied on
some portions of the build material particles 206. After repetition of these building and

application steps, a three-dimensional printed part or object is formed.
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First Fusing Agent
[00581] In some examples, described harein is a first fusing agent comprising at
least one nanoparticle comprising: at least one metal oxide, which absorbs infrared
fight in a range of from about 780 nm to about 2300 nm and is shown in formula (1)
MM On {1)
wherein M is an alkali metal, m is greater than G and less than 1, M’ is any metal, and
rn is greater than 0 and less than or equal to 4; and wherein the nanoparticle has a
diameter of from about 0.1 nm to about 500 nm.
(00521 The metal oxide can be an IR absorbing inorganic nanoparticle. in some
gxamples, the metal oxide can absorb infrared light in a range of from about 780 nm fo
about 2300 nm, or from about 780 nm to about 1800 nm, or from about 800 nm to
about 1500 nm, or from about 810 nm to about 1200 nm, or from about 820 nm to
about 1100 nm, or from about 830 nm to about 1600 nm.
[0053] In some examples, the metal oxide can be defined as shown in formula (1)
below:
MmbA' On {1).
[0054] M informula (1) above can be an alkali metal. In some examples, M can be
lithium (L1}, sodium (Na), potassium (K}, rubidium (Rb), cesium (Cs), or mixiures
thereof. In some examples, M can be cesium (Cs).
(00851 m informula (1) above can be greater than O and less than 1. In some
examples, m can be 0.33.
[0058] M informula (1) above can be any metal. In some examples, M’ can be
tungsten (W), molybdenum (Mb), tantalum (Ta), hafnium (H), cerium (Ce), lanthanum
(La), or mixtures thereof. In some exampies, M’ can be tungsten (W),
00571 ninformula (1) above can be greater than 0 and less than orequal to 4. In
some examples, n in formula (1) above can be greater than 0 and less than or egual to
3
[0058] In some examples, the nanoparticle can have a diameter of from about 0.1
nm to about 500 nm, or from about 0.5 nm to about 400 nm, or from about 0.6 nm to
about 300 nm, or from about 0.7 nm to about 250 nm, or from about 0.8 nm to abouwt

200 nm, or from about 0.9 nm to about 150 nm, or from about 1 nm to about 100 nm,
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or from about 1 nm to about 80 nm, or from about 1 nm to about 80 nm, or from about
1 nm to about 70 nm, or from about 1 nm to about 80 nm, or from about 2 nm to about
50 nm, or from about 3 nm to about 40 nm, or from about 4 nm to about 40 nm.
(00591 In some examples, the metal oxide particles can have a diameter of from
about 0.01 nm to about 400 nm, or from about 0.1 nm {o about 350 nm, or from about
0.5 nm to about 300 nm, or from about 0.7 nm o about 250 nm, or from about 0.8 nm
to about 200 nm, or from about 0.9 nm to about 150 nm, or from about 1 nm to about
100 nm, or from about 1 nm to about 90 nm, or from about 1 nm to about 80 nm, or
from about 1 nm to about 70 nm, or from about 1 nm o about 60 nm, or from about 2
nm to about 50 nm, or from about 3 nm to about 40 nm, or from about 3 nm to about
30 nm, or from about 3 to about 20 nm, or from about 3 to about 10 nm.
100607 In some examples, a first fusing agent used in three-dimensional printing
can comprise: (A) water; (B) at least one co-solvent; and (C) at least one nanoparticle
comprising: at least one metal oxide, which absorbs infrared light in a range of from
about 780 nm to about 2300 nm and is shown in formula (1)

MmM On {1)
wherein M is an alkali metal, m is greater than 0 and less than 1, M’ is any metal, and
ris greater than 0 and less than or equal to 4; and the nanoparticle has a diameter of
from about 0.1 nm to about 500 nm.
0061 In some examples, the first fusing agent can further include other additives
including at least one buffer solution, at least one surfactant, at least one dispersant, at
least one biocide, at least one stabilizer, at least one anti-kogation agent, at least one
complexing agent, and/or combinations thereof.
[0062] In some examples, the at least one nanoparticle is present in an amount of
from about 1 wit% to about 20 wt% based on the total weight of the first fusing agent.
[0063] In some examples, the first fusing agent is added in the three-dimensional
printing composition in an amount of from about 1 wi% to about 30 wi% based on the
total weight of the three-dimensional printing composition, or from about 5 wt% to
about 25 wi%, or from about 8 wi% to about 20 wi%, or less than about 35 wit%, or
less than aboui 25 wit%, or less than about 20 wi%, or less than about 15 wt%, or less

than about 10 wt%, or at least about 1 wit%, or at least about 3 wi%, or at least about 5
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wi%, or at least about 8 wt%, or at least about 10 wi%, or at least about 15 wit%, or at
least about 20 wit%, or at least about 30 wit%, or at least about 35 wi%.

[0064] In some examples, the nanoparticles in the first fusing agent are present in
an amount of at least about 1 wit% based on the total weight of first fusing agent, or at
least about 3 wi%, or at least about 5 wi%, or at least about 7 wi%, or at least about
10 wi%, or at least 15 wi%, or less than about 20 wit%, or less than about 15 wi%, or
less than about 12 wi%, or less than about 10 wit%, or less than about 8 wi%, or less
than about 7 wit%, or less than about 6 wit%, or less than about 5 wi%.

[0065] In some examples, in formula (1) shown above, M is cesium (Cs), m is 0.33,
M is tungsten (W), and n is greater than 0 and less than or equal to 3.

[0068] In some examples, the metal oxide nanoparticles are plasmonic resonance
absorbers, having absorption at wavelengths ranging from 800 nm to 4000 nm and
transparency at wavelengths ranging from 400 nm {0 780 nm. As used herain
“absorption” means that at least 80% of radiation having wavelengths ranging from
800 nm 10 4000 nm is absorbed. Also used herein, “transparency” means that 40% or
less of radiation having wavelengths ranging from 400 nm o 780 nm is absorbed.
This absorption and transparency allows the first fusing agent {0 absorb encugh
radiation {o fuse the builld material in contact therewith while causing the 3D partto be
white or slightly colored. The metal oxide nanoparticles can be considered as the first
fusing agent per seg, i.e., the specific compound that provides the specific properties {o
the first fusing agent composition 216.

(00671 In some examples, the metal oxide nanoparticles that are part of the first
fusing agent composition, have the formula (1) ManM On wherein M is an alkali metal, m
is greater than 0 and less than 1, M’ is any metal, and n is greater than 0 and less than
or equal to 4. The metal oxide nanoparticles are a dispersion in the first fusing agent
composition. As used herein, the term “dispersion” can refer to a two-phase system
where one phase consists of finely divided metal oxide particle distributed throughout
a bulk substance, i.e., liguid vehicle. The metal oxide nanoparticies are the dispersed
or internal phase and the bulk substance is the continuous or external phase (liquid
vehicie). As disclosed herein, the liguid medium is an agueous liguid medium, i.e.,

comprising water and in some examples water and at least one co-solvent.
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[0068] In some examples, the metal oxide nanoparticles have formula (1) MM Cn
(1) wherein M is an alkali metal, m is greater than 0 and less than 1, M is any metal,
and n is greater than 0 and less than or equal o 4. As per formula (1), M is an alkali
metal, and can be lithium (L1}, sodium (Na), potassium (K), rubidium (Rb), cesium {Cs},
or mixtures thereof. Indeed, without being linked by any theory, it is believed that such
compound possesses a satisfactory absorption of NIR light (having a wavelength
between about 750 nm to about 1400 nm) while retaining a high transmittance of
visible light (having a wavelength between about 380 nm to about 750 nm).

(00691 In some examples, the nanoparticles absorb infrared light in a range of from
about 750 nm to about 2300 nm. In some other examples, the nanoparticles absorb
infrared light in a range of from about 780 nm to about 1400 nm. In yet some other
examples, the nanoparticles absorb infrared light in a range of from about 780 nm to
about 2300 nm. The metal oxide nanoparticles can also absorb infrared light in a
range of from about 780 nm to about 2300 nm, or from about 790 nm to about 1800
nm, or from about 800 nm to about 1500 nm, or from about 810 nm {o about 1200 nm,
or from about 820 nm 1o about 1100 nm, or from about 830 nm to about 1000 nm. The
metal oxide can be an IR absorbing inorganic nanoparticle.

[0070] The metal oxide nanoparticles present in the first fusing agent, have the
formula (1) MM On. In the formula (1), M is an alkali metal. In some examples, M is
lithium (L1}, sodium (Na), potassium (K}, rubidium (Rb), cesium (Cs), or mixtures
thereof. In some other examples, M is cesium (Cs). In the formula (1), M’ is any metal.
in some examples, M s tungsten (W), molvbdenum (MDb), tantalum (Ta), hafnium (Hf),
cerium (Ce), lanthanum (La), or mixtures thereof. In some other examples, M is
tungsten (W), Inthe formula (1), m is greater than 0 and less than 1. In some
examples, m can be 0.33. In the formula (1), n is greater than 0 and less than or equal
to 4. In some examples, n can be greater than 0 and less than or equal 10 3. In some
examplas, the nanoparticles of the present disclosure have the formula (1) MmM On,
wherein M is tungsten (W), nis 3 and M is lithium (LI}, sodium (Na), potassium (K},
rubidium {(Rb}, cesium (Cs), or mixtures thersof. The nanoparticles are thus tungsten

bronze nanoparticles having the formula MmWOs.

16



10

15

20

25

30

WO 2020/190304 PCT/US2019/023427

[0071]  In some other examples, the metal oxide nanoparticles are cesium tungsten
nanoparticles having the formula (1) MmM On, wherein M is cesium (Cs), mis 0.33, M
is tungsten (W), and n is greater than 0 and less than or equal to 3. In an example,
the metal oxide nanoparticle is a cesium tungsten oxide nanoparticles having a
general formula of CsxWO0s, where O<x<1. The cesium tungsten oxide nanoparticles
may give the dispersion a light blue color. The strength of the color may depend, at
teast in part, on the amount of the cesium tungsten oxide nanoparticles in the
dispersion.

[0072] In some examples, the metal oxide particles can have a diameter of from
about 0.01 nm to about 400 nm, or from about 0.1 nm {o about 350 nm, or from about
0.5 nm to about 300 nm, or from about 0.7 nm to about 250 nm, or from about 0.8 nm
to about 200 nm, or from about 0.9 nm to about 150 nm, or from about 1 nm to about
100 nm, or from about 1 nm to about 80 nm, or from about 1 nm to about 8C nm, or
from about 1 nm to about 70 nm, or from about 1 nm o about 60 nm, or from about 2
nm to about 50 nm, or from about 3 nm to about 40 nm, or from about 3 nm to about
30 nm, or from about 3 to about 20 nm, or from about 3 to about 10 nm. In a more
specific example, the average particle size {(e.¢., volume-weighied mean diameter) of
the metal oxide nanoparticles may range from about 1 nm to about 40 nm. In some
gxamples, the average particle size of the metal oxide nanoparticles may range from
about 1 nm to about 15 nm or from about 1 nm 1o about 10 nm. The upper end of the
particle size range (e.g., from aboui 30 nm to about 40 nm) may be less desirable, as
these particles may be more difficult to stabilize. In some examples, the metal oxide
nanoparticles may be present in first fusing agent composition in an amount ranging
from about 1 wit% to about 20 wi% (based on the total wi% of the first fusing agent
composition).

(00731  The first fusing agent composition comprising metal oxide nanoparticies,
also inciudes the zwitterionic stabilizer. The zwitterionic stabilizer may improve the
stabilization of the dispersion. While the zwitierionic stabilizer has an overall neutral
charge, at least one area of the molecule has a positive charge {e.g., amino groups)
and at least one other area of the molecule has a negative charge. The metal oxide

nanoparticies may have a slight negative charge. The zwitterionic stabilizer molecules
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may orient around the shightly negative metal oxide nanoparticles with the positive
area of the zwitterionic stabilizer molecules closest to the metal oxide nanoparticles
and the negative area of the zwitterionic stabilizer molecules furthest away from the
metal oxide nanoparticles. Then the negative charge of the negative area of the
zwitterionic stabilizer molecules may repel metal oxide nanoparticles from each other.
The zwitterionic stabilizer molecules may form a protective layer around the metal
oxide nanoparticles, and prevent them from coming into direct contact with each other
and/or increase the distance between the particle surfaces (e.g., by a distance ranging
from about 1 nm to about 2 nm). Thus, the zwitterionic stabilizer may prevent the
metal oxide nanoparticles from agglomerating and/or settling in the dispersion.
Examples of suitable zwitterionic stabilizers include C2 to Cs betaines, C2 to Cs amino-
carboxylic acids having a solubility of at least 10 g in 100 ¢ of waier, faurine, and
combinations thereof. Examples of the C2 to Cs amino-carboxylic acids include beta-
alanine, gamma-aminobutyric acid, glycine, and combinations thereof.

[0074] The zwitlerionic stabilizer may be prasent, in the first fusing agent
compaosition, in an amount ranging from about 2 wt % {o about 35 wt % {(based on the
total wt % of the first fusing agent compaosition). When the zwitterionic stabilizer is the
Cz to Cs betaing, the C:z to Cs betaine may be present in an amount ranging from about
4 wt % to about 35 wit % of a total wit % of the first fusing agent composition. When
the zwitterionic stabilizer is the C2 to Cs amino-carboxylic acid, the C2 to Cs amino-
carboxylic acid may be present in an amount ranging from about 2 wi % to about 20 wi
% of a total wt % of the first fusing agent composition. Whean the zwitterionic stabilizer
is taurine, taurine may be present in an amount ranging from about 2 wt % 1o about 35
wt % of a total wt % of the first fusing agent compaosition. The zwilterionic stabilizer
may be added to the metal oxide nanoparticles and water before, during, or after
milling of the nanoparticies in the water to form the dispersion that would be part of the
first fusing agent composition.

(0075  In an example, the first fusing agent composition disclosed herein includes
the metal oxide nanoparticles, the zwilterionic stabilizer, a surfactant, and a hguid
vehicie. In ancther example, the first fusing agent composition includes the metal

oxide nanoparticles, the zwitterionic stabilizer, a co-solvent, a surfactant, and a
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balance of water. In yet other examples, the first fusing agent compaosition may
include additional components, such as an additive. As used herein, the terms “liquid
vehicie” and “vehicle” may refer to the liquid fluid in which the metal oxide
nanoparticies and the zwitterionic stabilizer are placed to form the first fusing agent
composition. A wide variety of liquid vehicles may be used with the first fusing agent
composition set of the present disclosure. The vehicle may include water alone or in
combination with a variety of additional components. Examples of these additional
components may include co-solveni, surfactant, antimicrobial agent, anti-kogation

agent, and/or a chelating agent.

[0076] The liguid vehicle of the first fusing agent composition may also include
surfactants. The surfactant may be present in an amount ranging from about 0.1 wi %
to about 4 wt % {based on the total wt % of the first fusing agent compaosition).
Examples of suitable surfactants are non-ionic surfactants. Some specific examples
include a self-emulsifiable, nonionic wetling agent based on acetylenic diol chaemistry
{e.g., Surfynol® SEF from Air Products and Chemicals, Inc.), a nonionic
fluorosurfactant (e.g., Capstone® fluorosurfactants from DuPont, previously known as
Zonyl FS0), and combinations thereof. In other examples, the surfactant is an
ethoxylated low-foam wetting agent (e.g., Surfynol® 440 or Surfynol® CT-111 from Air
Products and Chemical Inc.) or an ethoxylated wetting agent and molecular defoamer
{e.g., Surfynol® 420 from Air Products and Chemical Inc.). Still other suitable
surfactants include non-ionic wetting agents and molecular defoamers (e.g., Surfynol®
104E from Air Products and Chemical Inc.), or water-soluble, non-ionic surfactants
(e.g., Tergitol® TMN-8, Tergitol® 1587, and Tergitol® 1589 from The Dow Chemical
Company). In some examples, an anionic surfactant may be used in combination with
the non-ionic surfactant. One suitable anionic surfactant is an alkyldiphenyloxide
disulfonate (e.q., Dowfax® 8380 and Dowfax® 2A1 from The Dow Chemical Company).
in some examples, it may be desirable to utilize a surfactant having a hydrophilic-
ipophilic balance (HLB) less than 10.

[0077] The vehicle may include co-solvent(s). Some examples of the co-solvent
that may be added to the vehicle include 1-(2-hydroxyethyl-2-pyrollidinone, 2-

pyrrolidinone, 2-methyl-1,3-propanediol, 1,5-pentanediol, triethylene glycol,
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tetraethylene glycol, 1,6-hexanediol, tripropyiene glycol methyl ether, ethoxylated
glycerol-1 (LEG-1), and combinations thereof. Whether a single co-solvent is used or
a combination of co-solvents is used, the total amount of co-solvent(s) in the first
fusing agent compaosition may range from about 2 wt % to about 80 wt % with respect
o the total wt % of the first fusing agent composition.

[0078]  In some examples, the liquid vehicle may also include one or more
additives. The additive may be an anti-kogation agert, a chelating agent, an
antimicrobial agent, or a combination thereof. While the amount of the additive may
vary depending upon the type of additive, generally the additive may be present in the
first fusing agent composition in an amount ranging from about 0.001 wt % to about 20
wt % (based on the total wt % of the first fusing agent composition).

[0079] An anti-kogation agent may be included in the first fusing agent composition.
Kogation refers to the deposit of dried first fusing agent composition componentis on a
heating element of a thermal inkjet printhead. Anti-kogation agent(s) is/are included to
assist in preventing the buildup of kogation. Examples of suitable anti-kogation agents
include oleth-3-phosphate (e.g., commercially available as Crodafos®0O3A or
Crodafos®N-3 acid from Croda), or a combination of oleth-3-phosphate and a low
molecular weight (e.q., < 5,000) polyacrylic acid polymer. Whether a single anti-
kogation agent is used or a combination of anti-kogation agents is used, the {olal
amount of anti-kogation agent(s} in the first fusing agent compaosition may range from
about 0.1 wt % to about 0.2 wt % (based on the total wt % of the first fusing agent
compaosition).

(00801 The liguid vehicle may also include a chelating agent. The chelating agent
may be included in the first fusing agent composition to eliminate the deleterious
effects of heavy metal impurities. Examples of suitable chelating agents include
disodium ethylene-diaminetetraacetic acid (EDTA-Na), ethylene diamine tetra acetic
acid (EDTA), and methyl-glycinediacetic acid (e.g., Trilon® M from BASF Corp.).
Whether a single chelating agent is used or a combination of chelating agents is used,
the total amount of chelating agent(s) in the first fusing agent compaosition may range
from O wt % to about 2 wt % based on the total wt % of the first fusing agent

composition.
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[0081] The liquid vehicle may aiso include antimicrobial agents. Suitable
antimicrobial agents include biocides and fungicides. Example antimicrobial agents
may include the Nuocsept® (Ashland Inc.), Vancide® (R.T. Vanderbilt Co.), Acticide®
B20 and Acticide® M20 (Thor Chemicals), and combinations thereof. In an example,
the first fusing agent composition may include a total amount of antimicrobial agents
that ranges from about 0.1 wt % 1o about 1 wt % (based on the iotal wt % of the first
fusing agent composition). In some exampies disclosed herein, the vehicle of the first
fusing agent compaosition may also include additional dispersants (e.g., a low
molecuiar weight (e.g., < 5,000) polyacrylic acid polymer, such as Carbosperse®K-
7028 Polyacrylate from Lubrizol), preservatives, jettability additives, and the like.
[0082] The first fusing agent {or first fusing agent (LTFA)) 216 can be an aqueous
jetiable composition that can include metal oxide nanoparticles; a zwitterionic
stabilizer; a surfactant; and an aqueous vehicle. The first fusing agent composition
comprises metal oxide nanoparticle that might give the fusing agent a transparent or
franslucent or a light blue color. The first fusing agent is different from the second
fusing agent due to its chemical composition and also due to its final color. The first
fusing agent compaosition 216 comprises metal oxide nanoparticies that act as a
plasmonic resonance absorber. The metal oxide nanoparticles (plasmonic resonance
absorber) allows the first fusing agent composition to absorb radiation at wavelengths
ranging from 800 nm to 4000 nm, which enables the first fusing agent compaosition to
convert enough radiation to thermal energy so that the build material particles fuse.
The plasmonic resonance absorber also allows the first fusing agent composition to
have transparency at wavelengths ranging from 400 nm to 780 nm, which enables the
3D part or layer form with agent {o be white or slightly colored. The term “low tint" is
used herein to define the fusing agent by opposition to the “core” fusing agent. The
“low tint” will provide to the parts containing it, a “low tint” color in relation with its
absorption range (nearly transparency at wavelengths ranging from 400 nm o 780
nm). On the opposite, the second fusing agent since its contains a radiation absorbing
agent, will provide to the parts containing #, a dark color in relation with the absorption
of the colorant contained in it. The colorant can be any infrared light absorbing

colorant (and can be black reflecting thus a black color).
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Second Fusing Agent

(00831 In some examples, the second fusing agent comprises a near infrared
absorbing compound.

[0084] In some examples, the near infrared absorbing compound is selected from
the group consisting of carbon black, oxonol, squarylium, chalcogenopyrylarylidene,
bis{chailcogenopyrylojpolymethine, bis(aminoaryhpolymethine, merocyanine, trinuclear
cyanine, indene-crosslinked polymethine, oxyindoliding, iron complexes, quinoids,
nickel-dithiolene complex, cyanine dyes, and combinations thereof.

[0085] The cyanine dyes can be selected from the group consisting of
carbocyanine, azacarbocyanine, hemicyanine, styryil, diazacarbocyanine,
triazacarbocyanine, diazahemicyanine, polymethinacyanine, azapolymethinecyanine,
holopolar, indocyanine, diazahemicyanine dyes, and combinations thereof.

[0088] In some examples, the near infrared absorbing compound is carbon black.
[0087] In some examples, the second fusing agent further comprises: at least one
co-solvent; at least one surfactant; at least one anti-kogation agent; at least one
chelating agent; at least one buffer solution; at least one biccide; and water.

[0088] In some examples, the second fusing agent is added in the three-
dimensional printing composition in an amount of from about 1 wt% to about 30 wt%
based on the total weight of the three-dimensional printing composition, or from about
5 wit% to about 25 wi%, or from about 8 wit% to about 20 wi%, or less than about 35
wi%, or less than about 25 wit%, or less than about 20 wt%, or less than about 15 wi%,
or less than about 10 wi%, or at least about 1 wi%, or at least about 3 wi%, or at least
about & wi%, or at least about 8 wit%, or at least about 10 wit%, or at least about 15
wi%, or at least about 20 wi%, or at least about 30 wit%, or at least about 35 wit%.
(00891 In some examples, the near infrared absorbing compound in the second
fusing agent is present in an amount of at least about 1 wit% based on the tolal weight
of second fusing agent, or at least about 3 wit%, or at least about 5 wi%, or at least
about 7 wi%, or at least about 10 wit%%, or at least 15 wit%%, or less than about 20 wi%,
or less than about 15 wit%, or less than about 12 wit%, or less than about 10 wi%, or
less than aboui 8 wit%, or less than about 7 wi%, or less than about 6 wi%, or less

than about 5 wib%.
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(00907 The second fusing agent 218 is a jettable composition. The second fusing
agent compaosition is an aqueous jettable composition that includes radiation
absorbing agent (i.e., an active material) and an agueous vehicle. Examples of the
second fusing agent 218 are water-based dispersions including a radiation absorbing
agent (i.e., an active material). The amount of the active material in the second fusing
agent may depend upon how absorbing the active material is. In an example, the
second fusing agent may include the active material and may be applied in an amount
sufficient to include at least 0.01 wt% of the active material in the 3D part layer that is
formed with the second fusing agent. Even this low amount can produce a black
colored part layer. The second fusing agents tend to have significant absorption {e.g.,
80%) in the visible region (400 nm - 780 nm). This absorption generates haat suitable
for fusing during 3D printing, which leads o 3D parts having mechanical integrity and
relatively uniform mechanical properties (e.q., strength, elongation at break, etc.). The
radiation absorbing agent is a dispersion of material in the agueocus vehicle. As used
herein, the term "dispersion’ refers {0 a two-phases system where one phase consists
of finely divided radiation absorbing agent distributed throughout a bulk substance, i.e.
iguid vehicle. The radiation absorbing agent is the dispersed or internal phase and
the bulk substance is the continuous or external phase (liquid vehicle). As disclosed

herein the liguid medium is an agueous liguid medium, L.e. comprising water.

[0091] The active material, or radiation absorbing agent, may be any infrared light
absorbing colorant that is black. In an example, the active material, or radiation
absorbing agent is a near infrared absorbing compound. Any near infrared black
colorants may be used. In some examplas, the second fusing agent includes near
infrared absorbing compound and an agueous vehicle.

(00921 In some examples, the active material, or radiation absorbing agent, is a
carbon back pigment or near infrared absorbing dyes. In some other examples, the
active material, or radiation absorbing agent, is a carbon back pigment; and the
second fusing agent composition may be an ink formulation including carbon black as
the active material. Examples of this ink formulation are commercially known as
CMOGT7 A, 5206458, 18928, C83848, C93808, or the like, all of which are available
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from HP Inc. In yvet some other examples, the second fusing agent may be an ink
formulation including near infrared absorbing dyes as the active matenal.

[0093] The second fusing agent composition is an agueous formulation (i.e.,
includes a balance of water) that may also include any of the previously listed co-
solvents, non-ionic surfactants, biocides, and/or anti-kogation agents. The second
fusing agent composition includes an aqueous vehicle as defined above. In an
example of the second fusing agent composition, the co-sclvents are present in an
amount ranging from about 1 wi% 1o about 60 wt % of the total wt % of the second
fusing agent composition, the non-ionic surfactants are present in an amount ranging
from about 0.5 wt.% to about 1.5 wt.% based on the total wl. % of the second fusing
agent compaosition, the biocides are present in an amount ranging from about 0.1 wt.%
to about 5 wt. % based on the total wi. % of the second fusing agent composition,
and/or the anti-kogation agents are present in an amount ranging from about 0.1 wt.%
to about 5 wil.% based on the total wt. % of the second fusing agent composition.
Some examples of the second fusing agent composition may also include a pH
adjuster, which is used to control the pH of the agent. From O wt % to about 2 wt % (of

the total wi% of the second fusing agent) of the pH adjusier, for example, can be used.

Color Agent

[0094] The color agent 230 (also referred o herein as the colored ink composition)
can include a colorant, a dispersant/dispersing additive, a co-solvent, and water. The
colored ink composition 230 is a water-based inkjet composition. In some instances,
the colored ink composition includes these components and no other components. In
other instances, the colored ink composition may further include an anti-kogation
agent, a biocide, a binder, and combinations thareof.

10095] The colorant of the colored ink composition is a pigment and/or dye having
a color other than white. Examples of the other colors include cyan, magenia, yellow,
black, etc. In some instances, the colorant of the colored ink may also be transparent
to infrared wavelengths. Examples of IR transparent colorants include acid yellow 23
(AY 23), AY 17, acid red 52 (AR 52}, AR 289, and reactive red 180 (RR 180). In other

instances, the colorant of the colored ink composition may not be completely
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fransparent (o infrared wavelengths, but does not absorb enough radiation to
sufficiently heat the build material particles in contact therewith. For example, the
colorant of the colored ink composition may absorb some visible wavelengths and
some IR wavelengths. Some exampiles of these colorants include cyan colorants, such
as direct blue 199 (DB 199) and pigment blue 15:3 (PB 15:3).

[0096] The colored ink composition also includes the dispersing additive, which
helps to uniformly distribute the colorant throughout the colored ink compaosition and
aid in the wetling of the ink 230 onto the build material particles. Any of the dispersing
additives discussed herein for the fusing agent may be used in the colored ink
composition. The dispersing additive may be present in the colored ink composition in
a similar amount as the colorant.

[0097] In addition to the non-white colorant and the dispersing additives, the
colored ink compaosition may include similar components as the fusing agent (e.g., co-
solveni(s), anti-kogation agent(s), biocide(s), water, etc.). The colored ink composition
may also include a binder, such as an acrylic latex binder, which may be a copolymer
of any two or more of styreneg, acrylic acid, methacrylic acid, methyl methacrylate, ethyl
methacrylate, and butyl methacrylate. Some examples of the colored ink composition
may also include other additives, such as a humectant and lubricant {(e.g., Liponic®
EG-1 (LEG-1) from Lipo Chemicals), a chelating agent {(e.g., disodium ethylene
diamine-tetraacetic acid (EDTA-Na)), and/or a buffer.

[0098] An example of the pigment based colored ink composition may include from
about 1 wi% to about 10 wi% of pigment(s), from about 10 wit% to about 30 wi% of co-
solveni(s), from about 1 wi% to about 10 wt% of dispersing additive(s), from 0.1 wt%
to about 1 wi% of anti-kogation agent{s), from about 0.1 wt% to about 5 wit% of
binder(s), from about 0.05 wit% to about 0.1 wit% biccide(s), and a balance of water.
An example of the dye based colored ink composition may include from about 1 wt%
to about 7 wi% of dye(s), from about 10 wi% to about 30 wi% of co-solvent(s), from
about 1 wi% {0 about 7 wi% of dispersing additive(s), from 0.05 wt% to about 0.1 wt%
of chelating agent(s), from about 0.005 wi% to about 0.2 wt% of buffer(s), from about

0.05 wi% to about 0.1 wi% biocide(s), and a balance of water.
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(0088 In some examples, the colored ink composition includes cyan ink agent
(C), vellow ink agent (YY), magenta ink agent (M), and black ink agent (K). In some
examples, additional ink compositions may be used in addition to the CYMK
colored ink composition. The color agents are also referred herein as color
compositions — e.g., cyan ink composition.

(0100} The colorant(s) in the colored ink composition(s) described herein can
include inorganic pigments, organic pigments, dyes, and combinations thereof.
(31011 The pigment may be any color, including, as examples, a cyan pigment,
a magenta pigment, a yellow pigment, a black pigment, a violet pigment, a green
pigment, a brown pigment, an crange pigment, a purple pigment, a white pigment,
a metallic pigment (e.g., a gold pigment, a bronze pigment, a silver pigment, or a
bronze pigment), a peariescent pigment, or combinations thereof.

[0102] In some examples, the colored ink composition includes cyan ink, yellow
ink, magenta ink, and black ink.

(0103} Examples of suitable vellow organic pigments include C.1. Pigment
Yellow 1, C1. Pigment Yellow 2, C.I. Pigment Yellow 3, C.1. Pigment Yellow 4, C1.
Pigment Yellow 5, C.1. Pigment Yellow 6, C.1. Pigment Yeliow 7, C.1. Pigment
Yellow 10, C.1. Pigment Yellow 11, C.1. Pigment Yellow 12, C.1. Pigment Yeliow
13, C.1. Pigment Yellow 14, C.1. Pigment Yellow 16, C.I. Pigment Yellow 17, C.I.
Pigment Yellow 24, C.1. Pigment Yellow 34, C.1. Pigment Yellow 35, C.1. Pigment
Yellow 37, C.1. Pigment Yellow 53, C.1. Pigment Yellow 55, C.1. Pigment Yellow
85, C.I. Pigment Yellow 73, C.I. Pigment Yellow 74, C.1. Pigment Yellow 75, C 1.
Pigment Yellow 77, C.1. Pigment Yellow 81, C.I. Pigment Yellow 83, C.1. Pigment
Yellow 93, C.1. Pigment Yellow 94, C.1. Pigment Yellow 85, C.1. Pigment Yellow
97, C.1. Pigment Yellow 98, C.I. Pigment Yellow 99, C.I. Pigment Yellow 108, C.1.
Pigment Yellow 109, C.1. Pigment Yellow 110, C.I. Pigment Yeliow 113, C.1.
Pigment Yellow 114, C.1. Pigment Yellow 117, C.I. Pigment Yellow 120, C.1.
Pigment Yellow 122, C.1. Pigment Yellow 124, C.I. Pigment Yeliow 128, C.1.
Pigment Yellow 129, C.1. Pigment Yellow 133, C.I. Pigment Yeliow 138, C.1.
Pigment Yellow 139, C.1. Pigment Yellow 147, C.I. Pigment Yeliow 151, C.1.
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Pigment Yellow 153, C.1. Pigment Yellow 154, C.I. Pigment Yeliow 167, C.1.
Pigment Yellow 172, C.1. Pigment Yellow 180, and C.I. Pigment Yellow 185.
10104] Examples of suitable blue or cyan organic pigments include C.I. Pigment
Biue 1, C.1. Pigment Blue 2, C.I. Pigment Blue 3, C.1. Pigment Blue 15, Pigment
Blue 15:3, C.I. Pigment Blue 15:34, C.I. Pigment Blue 15:4, C.1. Pigment Blue 16,
C.l Pigment Blue 18, C.I. Pigment Blue 22, C.1. Pigment Blue 25, C.1. Pigment
Blue 60, C.I. Pigment Blue 65, C.1. Pigment Blue 66, C.1. Vai Blue 4 and C.1. Vat
Blue 60.

[0108] Examples of suitable magenta, red, or violet organic pigments include
C.l Pigment Red 1, C.1. Pigment Red 2, CI. Pigment Red 3, C.1. Pigment Red 4,
C.1. Pigment Red 5, C.1. Pigment Red 6, C.l. Pigment Red 7, C.I. Pigment Red 8,
C.1. Pigment Red 8, C.1. Pigment Red 10, C.I. Pigment Red 11, C.1. Pigment Red
12, C.1. Pigment Red 14, C.1. Pigment Red 15, C.I. Pigment Rad 16, C.1. Pigment
Red 17, C.I. Pigment Red 18, C.l. Pigment Red 18, C.l. Pigment Red 21, C.1.
Pigment Red 22, C.I. Pigment Red 23, C.1. Pigment Red 30, C.I. Pigment Red 31,
C.1. Pigment Red 32, C.1. Pigment Red 37, C.I. Pigment Red 38, C.i. Pigment Red
40, C.i1. Pigment Red 41, C.1. Pigment Red 42, C.I. Pigment Red 48(Ca), C.I.
Pigment Red 48(Mn), C.1. Pigment Red 57(Ca), C.1. Pigment Red 57:1, C.1.
Pigment Red 88, C.I. Pigment Red 112, C.1. Pigment Red 114, C.I. Pigment Red
122, C1. Pigment Red 123, C.I. Pigment Red 144, C1. Pigment Red 146, C.1.
Pigment Red 149, C.1. Pigment Red 150, C.1. Pigment Red 166, C.i. Pigment Red
168, C.1. Pigment Red 170, C.I. Pigment Red 171, C.I. Pigment Red 175, C.L.
Pigment Red 176, C.1. Pigment Red 177, C.I. Pigment Red 178, C.1. Pigment Red
179, C.1. Pigment Red 184, C.I. Pigment Red 185, C.1. Pigment Red 187, C.L.
Pigment Red 202, C1. Pigment Red 208, C.I. Pigment Red 219, C.1. Pigment Red
224 C1 Pigment Red 245, C.l. Pigment Red 286, C.I. Pigment Violet 19, C.L.
Pigment Violet 23, C.1. Pigment Violet 32, C.1. Pigment Violet 33, C.1. Pigment
Violet 36, C.1. Pigment Violet 38, C.1. Pigment Violet 43, and C.1. Pigment Violet
50.

10108} Examples of carbon black pigments include those manufactured by

Mitsubishi Chemical Corporation, Japan (such as, e.g., carbon black No. 2300,
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No. 800, MCF88, No. 33, No. 40, No. 45 No. 52, MA7, MAS, MA100, and No.
2200B); various carbon black pigments of the RAVEN® series manufactured by
Columbian Chemicals Company, Marietia, Ga., (such as, e.g., RAVEN® 5750,
RAVEN® 5250, RAVEN® 5000, RAVEN® 3500, RAVEN® 1255, and RAVEN®
700); various carbon black pigments of the BLACK PEARLS® series, REGAL®
series, the MOGUL® series, or the MONARCH® series manufactured by Cabot
Corporation, Boston, Mass., (such as, e.g., BLACK PEARLS® 880 Carbon Black,
REGAL® 400R, REGAL® 330R, and REGAL® 660R); and various black pigments
manufactured by Evonik Degussa Corporation, Parsippany, N.J., (such as, e.g.,
Color Black FW1, Color Black FW2, Color Black FW2V, Color Black FwW18, Color
Black FW200, Color Black §150, Color Black S160, Color Black S$170, PRINTEX®
35, PRINTEX® U, PRINTEX® V, PRINTEX® 140U, Special Black 5, Special
Black 4A, and Special Black 4). An example of an organic black pigment includes
aniline black, such as C.1. Pigment Black 1.

[0107] Some examples of green organic pigments include C.I. Pigment Green
1, C.1 Pigment Green 2, C.1. Pigment Green 4, C.1. Pigment Green 7, C.1. Pigment
Green 8, C.1. Pigment Green 10, C.1. Pigment Green 36, and C.1. Pigment Green
45.

0108} Examples of brown organic pigments include C.1. Pigment Brown 1, C.1.
Pigment Brown 5, C.1. Pigment Brown 22, C.I. Pigment Brown 23, C.1. Pigment
Brown 25, C.I. Pigment Brown 41, and C.I. Pigment Brown 42.

[0108] Some examples of orange organic pigments include C.I. Pigment
Orange 1, C.I. Pigment Orange 2, C.I. Pigment Orange 5, C.I. Pigment Orange 7,
C.1. Pigment Orange 13, C.1. Pigment Orange 15, C.1. Pigment Orange 16, C .1
Pigment Orange 17, C.1. Pigment Orange 19, C.1. Pigment Orange 24, C.1.
Pigment Orange 34, C.1. Pigment Orange 36, C.1. Pigment Orange 38, C.L.
Pigment Crange 40, C.1. Pigment Orange 43, and C.I. Pigment Orange 66.

0110} A suifable metallic pigment includes a metal chosen from gold, silver,
platinum, nickel, chromium, tin, zinc, indium, tanium, copper, aluminum, and
alloys of any of these metals. These melals may be used alone or in combination

with two or more metals or metal alioys. Some examples of metailic pigmenis
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include STANDART® RO100, STANDART® R0O200, and DORADO® gold-bronze
pigments (available from Eckart Effect Pigments, Wesel, Germany).

01111 In some examples, the above pigments can be used alone or in any
combination with one another.

01121 The total amount of the colorant(s) in the colored ink composition(s)
ranges from about 0.1 wi % to about 15 wi % based on the total weight of the
colored ink composition(s). In some examples, the total amount of the colorant(s)
in the colored ink composition(s) ranges from about 1 wt % to about 8 wt % based
on the total weight of the colored ink compaosition(s).

0113} In some examples, the average particle size of these colorant(s) may
range from about 80 nm to about 400 nm.

[0114]  In some examples, the above-described colorant(s) can be dispersed into a
polymeric dispersion. In some examples, the colorant(s) (e g., pigment(s)) can be
dispersed in a dispersion comprising a styrene acrylic polymer. The polymeric
dispersion comprising a styrene acrylic polymer can assist in dispersing the pigment in
a solvent system.

[0145] A variely of styrene acryviic polymers can be used for the pigment
dispersion. Some non-limiting commercial examples of useful styrene acrylic
polymers are sold under the frade names JONCRYL® (5.C. Johnson Co.), UCAR™
(Dow Chemical Co.), JONREZ® (MeadWestvaco Corp.), and VANCRYL® (Air
Products and Chemicals, Inc.}.

[0118]  In further detall, the styrene acrylic polymer can be formulated with a variety
of monomers, such as hydrophilic monomers, hydrophobic monomers, or
combinations thereof. Non-limiting examples of hydrophilic monomers that can be co-
polymerized {ogether to form the styrene acrylic polymer include acrylic acid,
methacrylic acid, ethacrylic acid, dimsthyiacrylic acid, maleic anhydride, maleic acid,
vinylsulfonate, cyanocacrylic acid, vinylacetic acid, allylacetic acid, ethylidineacetic
acid, propylidineacstic acid, crotonoic acid, fumaric acid, itaconic acid, sorbic acid,
angelic acid, cinnamic acid, styrylacrylic acid, citraconic acid, glutaconic acid, aconitic
acid, phenylacrviic acid, acryloxypropionic acid, aconitic acid, phenylacrylic acid,
acryloxypropionic acid, vinyibenzoic acid, N- vinyisuccinamidic acid, mesaconic acid,
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methacroyialanine, acryloythydroxyglycine, sulfoethyl methacrylic acid, sulfopropyl
acrylic acid, styrene sulfonic acid, sulfoethylacrylic acid, 2-methacryloyioxymethane-1-
sulfonic acid, 3-methacryoyloxypropane-1-sulfonic acid, 3-(vinyloxyjpropane-1-sulfonic
acid, ethylenasuifonic acid, vinyl sulfuric acid, 4-vinylpheny! sulfuric acid, ethylene
phosphonic acid, vinyl phosphoric acid, vinyl benzoic acid, Z-acrylamido-2-methyi-1-
propanesuifonic acid, the like, or combinations thereof.

01171  Non-limiting examples of hydrophobic monomers that can be used include
styrene, p-methyl styrene, methyl methacrylate, hexyl acryiate, hexyl methacrylate,
butyl acrylate, butyl methacrylate, ethyl acrylate, ethyl methacrylate, propyl acrylate,
propyi methacrylate, octadecyl acrylate, octadecyl methacrylate, stearyl methacrylate,
vinylbenzy! chioride, isobornyl acrylate, tetrahydrofurfuryl acrylate, 2-phenoxyethyi
methacrylate, ethoxyiated nonyl phenol methacrylate, isobornyl methacrylate,
cyclohexyl methacrylate, t-butyl methacrylate, n-octyl methacrylate, lauryl
methacrylate, trydecyl methacrylate, alkoxylated tetrahydrofurfury! acrylate, isodecy!
acrylate, isocbornyimethacrylate, the like, or combinations thereof.

01181 The styrene acrylic polymer can have a weight average molecular weight
{(Mw) from about 3,000 g/mol to about 30,000 g/mol. In yet other exampiles, the
styrene acrylic polymer can have an Mw from about 4,000 g/mol to about 25,000
g/mol, or from about 4,500 g/mol to about 22,000 g/mol.

[0118] In each instance where molecular weight is referred to, tis o be
understood that this refers 1o weight average molecular weight in g/mol.

(01201 Further, in some exampiles, the styrene acrylic polymer can have an acid
number or acid value from about 120 mg KOH/g to about 300 mg KOH/g. In yet other
egxamples, the styrene acryviic polymer can have an acid number from about 140 mg
KOH/g to about 260 mg KOH/g, from about 160 mg KOH/g to about 240 mg KOH/g, or
from about 180 mg KOH/g to about 230 mg KOH/g. An acid number can be defined
as the number of milligrams of potassium hydroxide to neutralize 1 gram of the
substance.

[0121] In some examples, the amount of styrene acrylic polymer in the colored ink
composition{s) can be from about 0.1 wi% to about 20 wt% based on the total weight

of the colored ink composition{(s), or from about 0.5 wit% to about 10 wit% based on
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the total weight of the colored ink composition(s), or from about 1 wi% to about 5
wt% based on the {otal weight of the colored ink composition(s).

10122] In some examples, the amount of styrene acrvlic polymer in the colored ink
composition(s) can be based on the amount of the colorant(s) in the colored ink
composition(s). Thus, in some examples, the colorani{s) and the styrene acrylic
polymer can be present in the colored ink compaosition(s) at a particular weight ratio.
in some specific examples, the pigment and styrene acrylic polymer can be present at
a weight ratio of from 1:1 {6 10:1. In other examples, the pigment and the styrene
acrylic polymer can be present at a weaight ratio of from about 2:1 to about 10:1. Inyet
other examples, the pigment and the styrene acrylic polymer can be present at a

weight ratio of from about 3.1 o about 6:1.

Detailing Agent

[0123] In some examples, the three-dimensional printing methods and
compositions described herein include a detailing agent. The detailing agent
comprises. at least one co-solvent; at least one surfactant; at least one anti-kogation
agent; at least one chelating agent; at least one biocide; and water.

[0124] In some examples, the detailing agent can further include other additives
including at least one buffer solution, at least one dispersant, at least one stabilizer,
and/or combinations thereof.

[0125] In some examples, the detailing agent is added in the three-dimensional
printing composition in an amount of from about 1 wi% to about 30 wi% based on the
total weight of the three-dimensional printing composition, or from about 5 wi% {0
about 25 wit%, or from about 8 wi% to about 20 wit%, or less than about 35 wit%, or
less than about 25 wi%, or less than about 20 wi%, or less than about 15 wit%, or less
than about 10 wt%, or at least about 1 wit%, or at least about 3 wi%, or at least about 5
wit%, or at least about 8 wit®%, or at least about 10 wi%, or at least about 15 wit%, or at

least about 20 wtb%, or at least about 30 wi%, or at least about 35 wt%.
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Marking Agent

[0126] In some examples, the three-dimensional printing Kits, methods, and
compositions described herein include a marking agent. The marking agent
comprises: at least one marking componant which is a fluorescent color agent that is
activated by uliraviolet radiation to emit light in the visible range of from about 400 nm
to about 780 nm, at least one co-solvent: at least one surfactant, at least one anti-
kogation agent; at least one chelating agent; at least one biocide; and water.

[0127] In some examples, the marking agent can further include other additives
including at least one buffer solution, at least one dispersant, at least one stabilizer,
and/or combinations thereof.

[0128] "Marking agent,” as used herein, can be defined as a compound that can
fluoresce or phosphor. "Phosphor” is a term generally used io refer to inorganic
photoluminescent materials (fluorescent or phosphorescent) that are generally used as
small crystalline particles that appear like a powder before mixing. The use of
‘phosphor” is generalized o encompass all particle-based photoluminescent materials,
which includes quantum dots, other spectrum-converting nanoparticles and their
conjugates, and other flucrescent or phosphorescent materials other than organic
fluorescent or phosphorescent dyes. “Dye,” as used herein, refers o fluorescent or
phosphorescent materials that are mostly distributed at a molecular level in solutions
(e.q., polymers, sol gels, low temperature glasses, liquids or gels, and other
transiucent materials in a wide variety of shapes). Dyes here primarily include organic
dyes that are dissolved in polymers or other media and then formed into particles,
gven though they may be used for similar purposes as phosphors or QDs.

[0129]  In some examples, the marking agent includes at least one marking
component, water, and at least one co-solvent.

(01301  The marking agent can be used to form 3D printed parts for the purpose of
part tracking, security marking, and/or other several applications that can require
uniquely identifying 30 printed parts.

[0131]  In some examples, the marking agent can be preparad by mixing all marking

agent components first and then adding the marking component in last. All
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components are mixed together until fully dissclved. Then the agent is filtered and
then ready for use.

10132] In some examples, the making agent comprises the marking component is a
fluorescent color agent that can be activated by UV radiation but otherwise is
substantially not clearly visible in the visible light spectrum. However, under excitation
by ultraviolet light, the fluorescent color agent can emit light in the visible range (i.e.,
about 400 — about 780 nm), which can be for exampile, blue, red, or green in color.
The fluorescent color agent can be excited by ultraviolet radiation (i.e., about 200 ~
about 400 nm range, or about 300 — about 400 nm, or about 350 — about 400 nm).
The fluorescent color agent can be a dye or a pigment, which can be one or more of
any of the below marking component options.

[0133] As used herein, "fluorescent color agent” and “marking component” are
interchangeable.

[0134] In some examples, the fluorescent color agent or marking component is
substantially invisible in ambient light. Ambient light, as used herein, is visible light in
the range of from about 380 nm to about 740 nm.

[0135] In some examples, the fluorescent color agent / marking component can be
distyrylbenzenes, distyryibiphenyls, divinylstilbenes, triazinylaminostilbenes, stilbenyl-
ZH-iriazoles, benzoxazoles, furans, benzolblfurans, benzimidazoles, 1,3-diphenyl-2-
pirazolines, coumaring, naphthalimides, organic suropium (HI) complexes, flucrescein,
rhodamines, or mixtures thereof.

[0138] The rhodamines, as used herein, flucresce in visible range of from about
400 nm to about 780 nm.

0137  In some examples, the fluorescent color agent / the marking component is
activated by ultraviolet radiation in the range of from about 200 nm to about 400 nm.
This activation causes the otherwise substantially invisible fluorescent color agent to
‘fluoresce” and become visible to the naked eye.

[0138] In some examples, the fluorescent color agent / marking component can be
hexasodium-2, 2’ -{vinylenebis[3-sulfonato-4, 1-phenyienaiimino{6-(diethyiamino)-1,3,5-

triazined 2-diylliminolibis(benzene-1,4-disulphonate).
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[0139]  In some examples, flucrescent color agent / the marking component can
comprise Tinopal® SFF, Tinopal® CBS SP, Tinopal® CBS-CL, Tinopal® CBS-X,
Tinopal® DMA-X, Tinopal® NFWLIQ, or combinations thereof — all available from
BASF Corp.

01407 In some examples, the fluorescent color agent / marking componernt in the
marking agent can be optical brighteners. In some examples, optical brighteners can
include compounds with fluorescence or phosphorescence between 370 and 1100 nm.
The optical brighteners can include Uvitex® OB, Uvitex® OB-C, Uvitex® OB-P,
Uvitex® NFW, Uvitex® FP, Uvitex® FP-C, Tinopal® SFP, Tinopal® MSP, or
combinations thereof, all of which are commercially available from BASF Corp.

[0141] Other examples of optical brighteners can be found in Kirk-Othmer
Encyclopedia of Chemical Technology, 4, “Fluorescent Brighteners”, pp. 213-225
(1978), and can include stilbene derivatives such as 4,4'-bis{triazin-2-ylamino)stilbene-
2. 2'-disulfonic acid derivatives wherein the triazinyl groups are substituted with suitable
substituents, including substituents such as anilino, sulfanilic acid, metanilic acid,
methylamino, N-methyi-N-hydroxyethylamino, bis (hydroxyethylamino), morpholing,
diethylamino, and the like; mono{azol-2-yhistilbenes such as 2-(stilben-4-
yhnaphthotriazoles and 2-(4-phenyistilber-4-ylibenzoxazoles; bis{azol-2-yl)stilbenes
such as 4 4'-bis(lriazol-2-yl)stilbene-2, 2'-disulfonic acids; styryl derivatives of benzene
and biphenyl such as 1,4-bis(styryl}benzenes and 4,4 bis(styrylibiphenyls; pyrazolines
such as 1,3-diphenyl-2-pyrazolines; bis(benzazol-2-yh) derivatives having as phenyi
ring substituents alkyl, COO-alkyl, and SO.sub.2-alkyl, bis{benzoxazol-2-y!)
derivatives; bis{(benzimidazol-2-yl) derivatives such as 2-{benzofuran-2-
yhbenzimidazoles; coumarins such as 7-hydroxy and 7-{substituted amino) coumaring,
4-methyl-7-amino-coumarin derivatives, esculetin, .beta.-methylumbelliferone, 3-
phenyl-7-(triazin-2-ylamino)coumaring, 3-phenyl-7-aminocoumarin, 3-phenyl-7-{azol-2-
yheoumaring, and 3,7-bis(azolyviicoumaring; carbostyrils, naphthalimides,
altkoxynaphthalimides, derivatives of dibenzothiophene-5 5-dioxide, pyreneg derivatives,
and pyridotriazoles.

10142] In some examples, the Tluorescent color agent / the marking component can

aiso include organic metal complexes. The preferred organic metal complexes can be
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derived from europium, zinc, inidium, aluminum, gallium and terbium. Examples of
such materials can include: tris(benzoyiacetonatoymono{phenanthroline)europium (i),
tris(dibenzoylimethane)mono(phenanthroline)europium (i),
tris{dibenzoyimethane)mono(5-aminophenanthroline)europium (1),
iris(dinaphthoyimethane)mono(phenanthroline)europium (i),
tfris{dibiphenoyimethaneimono(phenanthroline)europium (1),
tris(dibenzoyimethane)mono{4,7-dimethyiphenanthrolineeuropium (HI),
tris(dibenzoyimethane)mono(4, 7-diphenyiphenanthrolinejeuropium (H), bis(8-
hydroxyguinolato)zine bis(Z-methyl-8-hydroxyquinolato)zine, iridium (1) tris(2-
phenyipyridinato-N,C.sup . 2"picolate, Iridium (H) tris(2-(4-tolyl)pyridinato-
N,C.sup.2"picolinate, iridium (1) bis(2-(4,6-difluorophenylipyridinato-N,C.sup.2'},
iridium (1) bis{2-(2'-benzothienylpyridinato-N, G . sup. 3'){acetylacetonate), tris(8-
hydroxyguinolatoaluminum (), tris{(Z-methyl-8-hydroxyquinoiato}aluminum (Hi),
fris(8-hydroxyquinolato)gallium (H), tris(Z-methyl-8-hydroxyquinolatoigallium (1),
tris(3-methyi-1-phenyl-4-trimethyl-acetyi-5-pyrazolineterbium (1), or mixtures thereof.
(01431 In some examples, examples of flucrescent dyes that can comprise the
fluorescent color agent / the marking component can be fluorescent brighteners
containing sulfo groups, in particular stilbene fluorescent brighteners, especially those
of the type of the bis-triazinylaminostilbenedisulfonic acids, the bis-styryibiphenyls, the
bis-styrylbenzenes and the bis-triazolyistibbenedisulfonic acids. The fluorescent
brighteners containing sulfonic acid groups can be in the form of their metal salts, for
example, lithium, potassium, magnesium or sodium salts, and alse ammonium, amine
or alkanolamine salts. Fluorescent brightener compounds which have been partially
acidified or fluorescent brighteners in the form of the free acid can be used.

[0144] Other examples of fluorescent dyes which can be used o prepare the
marking agent are fluorescent naphthalimide dyes for example, Morton Fluorescent
Yeallow G (Color Index 75), Fluorol 7GA (Color Index-Fluorescent brightening agent
75), Calcofluor Yellow (Color Index-Fluorescent brightening agent No. 4) and Azosol
Brilliant Yellow 8 GF (Color Index-Solvent Yellow 44}, and the fluorescent cuomarin
dyes, for example, Calcofluor White RW (Color Index-Fluorescent brightening agent

88) and Blancophor White AW (Color index-Fluorescent brightening agent 68). Other
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useful flucrescent dyes include Rhodanine B, Rhodanine 6 GDN, Auramine, Eosine G,
Calcofluor White ST, Pontamine White RT, Pontaming White BTS, Rhodamine Bx,
Phthalocyamine, Alkali Blue G, Phthalocyamine, Rhoamine 7G, Rhodamine FB,
Rhodamine S, Rhodamine 5G, Bright Yellow 3G, Teteramethyl Rhodamine,
Rhodamine FG, Rhodamine F4G, Fanal Pink B, Fanal Violet D, Flexo Yellow 110,
Lumogen Yellow D, Fluorol Green Gold, Fluorol Yellow, Thermoplast F-Orange, or
combinations thereof.

[0145] In some examples, the Tlucrescent color agent / the marking component can
be added to the marking agent in an amount of from about 0.1 wt% to about 10 wit%
based on the total weight of the marking agent, or less than about 10 wi%, or less than
about @ wi%, or less than about 8 wit%, or less than about 7 wit%, or less than about 6
wi%, or less than about 5 wi%, or less than about 4 wi%.

[0148] In some examples, the marking agent is added in the three-dimensional
printing part in an amount of from about 0.1 wi% to about 30 wi% based on the total
weight of the three-dimensional part, or from about (.5 wi% to about 20 wi%, or from
about 1.5 wi% to about 15 wt%, or from about 2 wi® {o about 10 wit%, or less than
about 35 wt%, or less than about 25 wit%, or less than about 20 wi%, or less than
about 15 wit%, or less than about 10 wi%, or less than about 8 wi%, or less than about
5 wt%.

Co-soivent(s)

(01471 In some examples, sach of the agent(sycomposition(s) described herein
can include at least one co-solvent. The co-solvent can be present in an amourt
ranging from about 0.1 wi% io about 50 wit% based on the total weight of each of the
agent{sYcompaosition(s), or less than about 60 wit%, or less than about 50 wit%, or less
than about 45 wt%, or less than about 40 wi%, or less than about 35 wit%, or less than
about 30 wit%, or less than about 25 wi%, or less than about 20 wi%, or less than
about 15 wit%, or less than about 10 wi%, or less than about 5 wit%%, or at least about
10 wi%, or at least about 15 wit%, or at least about 20 wit%, or at least about 25 wit%,
or at least about 30 wit%, or at least about 35 witb%, or at least about 40 wi%, or af least

about 45 wi%, or at least about 50 wt%.
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[0148] Some examples of co-solvents can include 2-pyrrolidinone, hydroxyethyl-2-
pyrrolidone, diethylene glycol, 2-methyi-1,3-propanediol, tetrasthylene glycol,
tripropylene glycol methyl ether, dipropylene glycol methyl ether, tripropylene glycol
butyl ether, dipropylene glycol butyl ether, triethylene glycol butyl ether, 1,2-
hexanediol, 2-hydroxyethyl pyrrolidinone, 2-hydroxyethyl-2-pyrrolidinone, 1,6-

hexanediol, and combinations thereof.

Addifive(s)

(01491 In some examples, the agent(s)/composition{s) may further include a buffer
solution, a surfactant, a dispersant, an anti-kogation agent, a dispersing additive, a
biocide, a chelaling agent, at lsast one chelating agent, and combinations thereof.
101507  In some examples, the ageni(s)/composition(s) may further include buffer
solution(s). In some examples, the buffer solution(s) can withstand small changes
(e.g., less than 1) in pH when small quantities of a water-soluble acid or a water-
soluble base are added to a composition containing the buffer solution(s). The buffer
solution(s) can have pH ranges from about 5 to about 9.5, or from about 7 1o about 9,
or from about 7.5 to about 8.5,

[0151]  In some examples, the buffer solution(s) can be added to the
agent{sycomposition(s) in amounts ranging from about 0.01 wi% io about 20 wt%, or
from 0.1 wit% to about 15 wt%, or from about 0.1 wi% to about 10 wt% based on the
total weight of the ageni(s)/composition{(s).

[0152] In some examples, the buffer solution(s) can include at least one poly-
hydroxy functional amine.

[0153]  In some examples, the buffer solution(s) can be 2-[4-(2-hydroxysthyl)
piperazin-1-yl] ethane sulfonic acid, Z-amino-2-(hydroxymethyli-1, 3-propanediol
(TRIZMA® sold by Sigma-Aldrich), 3-morpholinopropanesuifonic acid, triethanolamineg,
2-bis-(Z2-hydroxyethyh-aminol-2-hydroxymethyl propane-1,3-dic! (bis tris methane), N-
methyl-D-glucamine, N,N N'N'-tetrakis-(2-hydroxyethyl-ethylenediamine and

NN, NN -tetrakis-(2-hydroxypropyl)-ethylenediamine, beta-alanine, betaine, or

mixiures thereof.
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[0154] In some examples, the buffer solution(s) can be Z-amino-2-(hydroxymethyl)-
1,3-propanediol (TRIZMA® sold by Sigma-Aldrich), beta-alanine, betaine, or mixiures
thereof.

[01588] The agent{s)/composition(s} in some exampies can be dispersed with a
dispersing additive. The dispersing additive can help to uniformiy distribute colorant(s)
throughout the agent{sy/composition(s). The dispersing additive may also aid in the
wetting of the agent(s)/composition{s) onto any other applied agent{s)/composition(s)
and/or the layer(s) of the build material.

[0156] The dispersing additive may be present in the agent{sycomposition(s) in an
amount ranging from about 0.01 wi% to about 2 wi% based on the total weight of the
agent{sycomposition(s), or less than about 1.5 wi%, or less than about 1 wi%, or at
least 0.01 wit%, or at least about 0.1 wi%, or at least about 0.5 wi%.

[0187] Some examples of the dispersing additive can include a water soluble
acrylic acid polymer (e.g., CARBOSPERSE® K7028 available from Lubrizol), a high
molecular weight block copolymer with pigment affinic groups (e.g., DISPERBYK®-
190 available BYK Additives and instruments), and combinations thereof.

[0158] The agent{s)composition(s) can further include the dispersant o provide
particular wetting propertias when applied o the layer(s) of the build material. The
dispersant can help uniformly distribute the ink{s) on the laver(s) of the build material.
[01588] The dispersant may be presant in the agent{s)/composition(s) in an amount
ranging from about 0.01 wi% o about 2 wi% based on the total weight of the
agent(sycompaosition(s), or less than about 1.5 wi%, or less than about 1 wi%, or at
least 0.01 wit%, or at least about 0.1 wi%, or at least about 0.5 wi%.

(01607  The dispersant may be non-ionic, cationic, anionic, or combinations theregof.
Some examples of the dispersant include a self-emuisifiable, non-ionic welting agent
based on acetylenic diol chemistry (e.g., SURFYNOL® SEF from Air Products and
Chemicals, Inc.}), an ethoxylated low-foam wetting agent (e.¢., SURFYNOL® 440 and
SURFYNOL® 465 from Air Products and Chemicals, Inc.), a non-ionic acetylenic diol
surface active agent {(e.g., SURFYNOL® 104 from Air Products and Chemicals, Inc.),
a non-ionic, alkylphenylethoxylate and sclvent free surfactant blend {(e.g.,

SURFYNOL® CT-211 from Air Products and Chemicals, Inc.}, @ non-ionic organic

38



10

15

20

25

30

WO 2020/190304 PCT/US2019/023427

surfactant {e.g., TEGO® Wet 510 from Evonik Industries AG), a non-ionic
fluorosurfactant (e.g., CAPSTONE® fluorosurfactants from DuPont, previously known
as ZONYL FSO, POLYFOX™ PF-154N from Omnova Solutions Inc.), non-ionic a
sacondary alcoho!l ethoxylate (e.g., TERGITOL® 15-5-5 TERGITOL® 15-8-7,
TERGITOL® 15-8-9, and TERGITOL® 15-5-30 all from Dow Chemical Company), a
water-soluble non-ionic surfactant {e.g., TERGITOL® TMN-8}, and combinations
thereof. Examples of anionic dispersants include those in the DOWFAX™ family (from
Dow Chemical Company), and examples of cationic dispersants include
dodecyltrimethylammonium chioride and hexadecyldimethylammonium chioride.
Combinations of any of the previously listed dispersants may also be used.

[0161] Examples of anti-kogation agents include oleth-3-phosphate or
polyoxysthyene (3) oleyl mono/di-phosphate (e.g., CRODAFOS® N-3A from Croda,
now CRODAFOS® O3A), agueous dispersion of fumed alumina or fumed silica (e.g.,
CAB-O-SPERSE® from Cabot Corp.), a metal chelator/chelating agent, such as
methyiglycinediacetic acid (e.g., TRILON® M from BASF Corp.), and combinations
thereof.

[0162] The anti-kogation agents may be present in the agent{s)y/composition(s) in
an amount ranging from about 0.01 wi% to about 2 wt% based on the {otal weight of
the agent(s)/composition(s), or less than about 1.5 wt%, or less than about 1 wt%, or
at least 0.01 wit%, or at least about 0.1 wi%, or at least about 0.5 wt%.

[0163] Examples of biocides include 1,2-benzisothigzolin-3-one as the active
ingredient in ACTICIDE® B-20 (available from Thor GmbH), 2-methyl-4-isothiazolin-3-
one as the active ingredient in ACTICIDE® M-20 {(available from Thor GmbH), an
aqueocus solution of 1,2-benziscthiazolin-3-one (e.g., PROXEL® GXL from Arch
Chemicals, Inc.), quaternary ammonium compounds (e.g., BARDAC® 2250 and 2280,
BARQUAT® 50-658, and CARBOQUAT® 250-T, all from Lonza Lid. Corp.), an
aqueocus solution of methylisothiazolone (e.g., KORDEK® MLX from The Dow
Chemical Co.), and combinations thereof,

[0164] The biocides may be present in the agent{s)/composition{s) in an amount

ranging from about 0.01 wi% o about 2 wi% based on the total weight of the
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agent{sycomposition(s), or less than about 1.5 wi%, or less than about 1 wi%, or at
least 0.01 wit%, or at least about 0.1 wi%, or at least about 0.5 wi%.

[0165] The agent{s)composition(s) may aiso include a binder or other additives,
such as a humectant and lubricant (e.g., LIPONIC® EG-1 (LEG-1) from Lipo
Chemicals) or a chelating agent {e.g., disodium ethylenediaminetetraacetic acid
(EDTA-Na)).

(01661 The amounts of the above additives in the first fusing agent, the second
fusing agent, the color ink compaosition, and the detailing agent can total up {o about
20 wi% based on the total weight of one of the agent{s)/composition(s).

Water

[0167] The balance of the agent(s) and composition(s) is water. As such, the
amount of waler may vary depending upon the amounts of the nanoparticle(s), near
infrared absorbing compound(s), and colorant(s).

[0168] In some examples, water can be present in the agent(sYcomposition(s) in
amounts greater than about 50 wt% based on the total weight of the
agent{sYcomposition(s). in some examples, the water can be present in the
agent{sycomposition(s) in amounts from about 50 wt% to about 90 wi% based on the
total weight of the agent(s)/composition(s). In other examples, the
agent{sycomposition(s) can include water in an amount of from about 60 wi% to about
90 wi% based on the total weight of the agent(s)/compaosition(s). In further examples,

the agent{s)y/composition(s) can include from about 70 wi% o about 85 wi% water.

Ageni(s)/Composition{s) Preparation

[0169]  In some examples, the first fusing agent may be prepared by mixing the
nancparticles described above, a co-solvent, water.

01701  In some examples, the second fusing agent may be prepared by mixing the
near infrared absorbing compound described above, a co-solvent, water.

0171]  In some examples, the color agent may be prepared by mixing water, a co-
solvent, and one or more colorant(s) dispersed in a binder solution.

10172]  In some examples, the detailing agent may be prepared by mixing the a co-

solvent and water.
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[0173]  In some examples, the marking agent may be prepared by mixing at least
one marking component with water, at least one co-solvent, and at least one
surfactant. Other components, such as, buffering agents, biocides, can be mixed in as
well.

[0174] In some examples, the first fusing agent, the second fusing agent, the color
ink composition, and the detailing agent can further be mixed with one or more of the
additives described above.

[0175] In some examples, the first fusing agent may be filtered to obtain the
nanoparticle agueous ink composition used in the 3D printing methods described
herein.

[0176]  In some examples, the colored ink(s) may be prepared by first miliing any
colorant{s) in water and a dispersant additive until a pariicle size of from about 0.01
rim to about 1000 nm of the colorant is obtained. Milling forms a colorant concentrate.
01771 A balance of water may be added to the agent(sYcompaosition(s) in a
suitable amount, taking into account the weight percent of colorant concentrate that is
to be added.

Build Material

[0178] In some examples, the powder build material 206 can be selected from the
group consisting of polymeric powder, polymeric-ceramic composite powder, and
combinations thereof.

01791 In some examples, the build matenial may be a polymeric builld material. As
used herein, the term “polymeric build material” may refer to crystaliine or semi-
crystailine polymer particles or composite particles made up of polymer and ceramic.
Any of the particles may be in powder form. Examples of semi-crystalline polymers
include semi-crystalline thermoplastic materials with a wide processing window of
greater than 5°C (i.e., the temperature range between the melting point and the re-
crystallization temperature). Some specific examples of the semi-crystailine
thermoplastic materials include polyamides (PAs) (e.g., PA 11/ nylon 11, PA 12/
nylon 12, PAG / nylon 6, PA 8/ nylon 8, PA D/ nvion 9, PA GG / nvion 66, PAG12 /
nylon 612, PA 812/ nylon 812, PA 812 / nyion 812, eic.).
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[0180] Other examples of crystalline or semi-crystaliine polymers suitable for use
as the build material particles include polyethylene, polyethylene oxide, polypropyiene,
polyoxomethylene {i.e., polyacetals), and combinations thereof. Still other examples of
suitable build material particles include polystyrene, polycarbonate, polyester,
polyurethanes, other engineering plastics, and combinations thergof. It should be
noted that the “‘combinations” of the polymers described herein can include blends,
mixtures, block copolymers, random copolymers, alternating copolymers, periodic
polymers, and mixtures thereof.

[0181] In some examples, the build material may be a polymeric-ceramic
composite powder. The “polymeric-ceramic composite” powder can include one or
more of the polymers described above in combination with one or maore caramic
materials in the form of a composite. The polymeric-ceramic composite can include
any weight combination of polymeric material and ceramic material. For example, the
polymeric material can be present in an amount of up o 899 wt% with the balance
being ceramic material or the ceramic material can be present in an amount of up to
99 wi% with the balance being polymeric material.

[0182] In some examples, the ceramic material can be selected from the group
consisting of silica, fused silica, quartz, alumina silicates, magnesia silicates, boria
silicates, and mixtures thereof. Examples of ceramic materials can include metal
oxides, inorganic glasses, carbides, nitrides, and borides. Some specific examples
can include alumina (Al203), Naz20/Cal/Si02glass (soda-lime glass), silicon nitride
(Si3N4), silicon dioxide (Si02), zirconia (Zr02), titanium dioxide {T102), glass frit
materials, or combinations thereof. As an example of one suitable combination, 30
wit% glass may be mixed with 70 wit% alumina.

(01831 The polymeric material or the polymeric-ceramic composite material may be
made up of similarly sized particles or differently sized particles. The term "size" or
"particle size," as used herein, refers to the diameter of a substantially spherical
particle, or the average diameter of a non-spherical particle (i.e., the average of
multiple diameters across the particle), or the effective diameter of a non-spherical
particle (i.e., the diameter of a sphere with the same mass and density as the non-

spherical particle). A substantially spherical particle (i.e., sphernical or near-spherical}
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has a sphericity of >0.84. Thus, any individual particles having a sphericity of <0.84
are considered non-spherical (irregularly shaped).

[0184] In some examples, the particle size of the polymeric material or the
polymeric-ceramic composite matarial particles can be from about 10 um {o about 300
um, or less than about 450 um, or less than about 400 um, or less than about 350 um,
or less than about 300 um, or less than about 250 um, or less than about 200 um, or
less than about 150 um, or less than about 150 um, or less than about 80 um, or less
than about 80 um, or at least about 10 um, or at least about 20 um, or at least about
30 um, or at least about 40 um, or at least about 50 um, or at least about 60 um, or at
least about 70 um, or at least about 80 um, or at least about 80 um, or at least about
100 um, or at least about 110 um, or at least about 120 um, or at least about 130 um,
or at least about 140 um, or at least about 150 um, or at least about 160 um, or at
tleast about 170 pm, or at least about 180 um, or at least about 180 um.

[0185] The build material particles may have a melting peint or softening point
ranging from about 50°C to about 400°C. As an example, the build material particles
may be a polyamide having a melting point of 180°C. The build material particles may
be made up of similarly sized particles or differently sized particles. The term “size”,
as used herein with regard to the build matenial particles, refers to the diameter of a
spherical particle, or the average diameter of a non-spherical particle {i.e., the average
of muiltiple diameters across the particle), or the volume-weighted mean diameter of 8
particle distribution.

[0188]  In some examples, the build material can include one or more fillers. The
fillers can be selected from glass beads, fumed silica, natural or synthetic fibers, glass
fibers, carbon fibers, boron fibers, Keviar® fiber, PTFE fiber, ceramic fibers, silicon
carbide fibers, alumina fiber, and combinations thereof. In some examples, the filler
can include inorganic oxides, carbides, borides and nitrides having a Knoop hardness
of at least 1200, In some examples, the filler are inorganic oxides, nitrides, borides
and carbides of zirconium, tantalum, titanium, tungsten, boron, aluminum and

baryilium. In some examples, the filler is stlicon carbide and aluminum oxide.
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(0487  The fillers can be added to the build material in an amount of up to about 30
wi% basead on the total amount of the build material, or less than about 25 wit%, or lass

than about 20 wit%, or less than about 15 wit%, or less than about 10 wi%.

30D Printed Part/Object

[0188] The present disclosure refers also to an ariicle, or final 3D object, that has
baen obtained according to three-dimensional printing methods describad herain.
[0189] The 3D printed article can comprise a core substrate made of a polymeric
build material that has been fused with a second fusing agent composition; a first layer
applied on the surface of the core substrate, comprising a polymeric build material
fused with a first fusing agent composition including metal oxide nanoparticles
dispersed in a liquid vehicle or fused with second fusing agent; and a second layer
comprising a polymeric build material fused with a colored ink composition and with a
first fusing agent.

01907 In some examples, the 3D printed article can further comprise additional
layers of a detailing agent.

[0191]  In some examples, the 3D printed article can further comprise additional
tayers of a marking agent. The marking agent comprisas a marking component which
is a substantially invisible (in ambient light) fluorescent color agent that is activated by
absorption of ultraviolet radiation to emit light in the visible range of from about 400 nm
to about 780 nm.

[0192] In some examples, the 3D printed article can further comprise additional
tayers of a colored agent.

[0193] In some examples, once the core and the first layer is formed, layers of the
detailing agent, marking agent, and/or color agent can be present in any order. ftisto
be understood that the core and any other layers can have one or multiple layers to
form a strong consolidated part. 1t is further {6 be understood that the marking agent
can be applied separately or mixed together with the first fusing agent, the second
fusing agent, the detailing agent, and/or the color agent to form the core and/or any of

the 3D printed part lavers.
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[0194] The core layer might be considered as providing the mechanical integrity of
the final 3D object. Due {o the chemical nature of the second fusing agent it contains,
the core layer might have a black color. The first layer could be defined as a transition
tayer that would match lightness of the target color. The first layer can provide the
ohject with a white {or slightly tinted) exterior surface. The first laver can also have the
gffect 1o optically isclate the core layer that it covers. The second layer and the third
tayer (when present) would provide color {o the final object and can also be thus
referred {o as the “colored layer”. The color would be provided by the colorant
contained in the ink compaosition.

[0195] Ut is to be understood that the final 3D object is made layer by layer, the
layers are stacked over each other i.e., by depositing one layer over the other. This
means thus that the core layer (or substraie) is not necessarily built first, but the
axternal layer or second layers might be built first. The layer that is formed with the
second fusing agent compaosition may be a first or primer layer (upon which other
layers are formed) or may be an outer layer (or one of several layers forming an ocuter
region) of the part that is formed.

[0196] The article of final 3D object is made several layers and each layer is made
of several parts. Each layer is sequentially formed by selectively patlerning respective
build material layers with the first fusing agent and first fusing agent, depending of the
nature of the part wanted, and exposing each patternad layer (o electromagnetic
radiation. In some examples, each layer can have a different but substantially uniform
thickness. In an example, the thickness of each layer in the part can range from about
10 um to about 500 um, although thinner or thicker layers may also be used. In some
other examples, the thickness of the core laver can range from about 500 um to about

1 cm, although thinner or thicker layers may also be used.

101971  Uniess otherwise stated, any feature described hereinabove can be

combined with any example or any other feature described herein.
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[0198] In describing and claiming the examples disclosed herein, the singular
forms "a,” "an,” and "the” include plural referents unless the context clearly dictatas
otherwise.

(01991 i is to be understood that concentrations, amounts, and other numerical
data may be expressed or presenied herein in range formats. It is to be undersicod
that such range formats are used merely for convenience and brevity and thus should
be interpreted flexibly to include not just the numerical values explicitly recited as the
end points of the range, but also o include all the individual numerical vaiues or sub-
ranges encompassed within that range as if each numerical value and sub-range is
explicitly recited. As an illustration, a numerical range of “about 1 wt% to about 5 wi%’
should be interpreted to include not just the explicitly recited values of about 1 wit% to
about 5 wit%, but also include individual values and subranges within the indicated
range. Thus, included in this numerical range are individual values such as 2, 3.5,
and 4 and sub-ranges such as from 1-3, from 2-4, and from 3-5, efc. This same
applies to ranges reciting a single numerical value.

102001 Reference throughout the specification to “one example,” "some examples,”
“another example,” "an example,” and so forth, means that a particular element (e.g.,
feature, structure, and/or characteristic) described in connection with the example is
included in at least one example described hergin, and may or may not be present in
other examples. In addition, it is {0 be understood that the described elements for any
example may be combined in any suitable manner in the various examples unless the
context clearly dictates otherwise.

[0201] Unless ctherwise stated, references herein to “wit%” of a component are {o
the weight of that component as a percentage of the whole composition comprising
that component. For example, references herein to “wit%” of, for example, a solid
material such as polyurethane(s) or colorant(s) dispersed in a liquid compaosition are {o
the weight percentage of those solids in the compaosition, and not to the amount of that
solid as a percentage of the total non-volatile solids of the composition.

[0202] If a standard test is mentioned herain, unless otherwise stated, the version
of the test to be referred o is the most recent at the time of filing this patent

application.
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[0203]  All amounts disclosed herein and in the examples below are in wi% unless

indicated otherwise.
10204]  To further illusirate the present disclosure, examples are given herein. i is
{0 be understood that these examples are provided for illustrative reasons and are not

io be construed as limiting the scope of the present disclosure.
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EXAMPLES

Exampie 1

[0208] The following Table 1 shows an example first fusing agent composition.

5 Table 1
Component Comp. A {wit%)
Near Infrared Absorber 5-12
Organic Solvent 15.25
Surfactant 01-5
Biocide 0.01-01
Complexing Agent 0.001 - 0.01
water Balance
Example 2

(02061 The following Table 2 shows an exampile second fusing agent composition.

10 Table 2
Component Comp. B {(wit%)
{Organic Solvent 20~ 35
Surfactant 18
Anti-kogation agent and chelating agent 0.1-1
Biocide 0.1-1
Near IR Absorbing Agent 3-8
Water Balance
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Example 3

[0207] The following Table 3 shows an example detailing agent compaosition.

JTable 3
Component Comp. C {wit%)
Crganic Solvert 10— 20
Surfactant 0.5-1
Anti-kogation agent and chelating agent 0.1 -1
Biocide 0.1-1
Colorant(s) 0-10
Water Balance

Example 4

[0208] The following Tables 4-7 show examples of cyan ink, yellow ink, magenta
ink, and black ink compaositions.
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Example 5

[0209] The following Table 8 shows an example marking agent composition.

Table 8
Component Comp. C {wi%)

Marking Component 1-8

{Organic Solvent 10 - 20

Surfactant 05-2

Anti-kogation agent and chelating agent 0.1-1
Buffering Agent 0.1~1

Biocide 0.1-1

Water Balance

Example 8

(02101 A 3D printed part was produced using example compositions in Tables 1-8.
A photograph of the 3D printed part is shown in Fig. 3. The barcode (or mark) visible
in Fig. 3 was printed on the 3D printed part by using a marking agent composition from
Table 8 while using Tinopal® SFP as the marking component. The 3D printed part
was produced by first forming a core using the second fusing agent, then layers of the

first fusing agent, and then layers of the marking agent {o form the barcode.
[0241]  The marking agent can be used to form 3D printed parts for the purpose of

part tracking, security marking, and/or other several applications that can require

unigquely identifying 3D printed parts.
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[0212]  Although described specifically throughout the entirety of the instant
disclosure, representative examples of the present disclosure have utility over a wide
range of applications, and the above discussion is not intended and should not be
construed to be limiting, but is offered as an illustrative discussion of examples of the

disciosure.
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CLAIMS

VWhat is claimed is:

1. A multi-flund Kit for three-dimensional printing comprising:

a marking agent comprising a marking component which is a flucrescent color
agent that is activated by ultraviolet radiation {o emit light in the visible range of from
about 400 nm to about 780 nm;

a first fusing agent;

a second fusing agent different from the first fusing agent, and

a detailing agent.

2. The multi-fluid kit of claim 1, wherein:

the fluorescent color agent is substantially invisible in ambient light; and

the fluorescent color agent comprises distyrylbenzenes, distyryibiphenyls,
divinylstilbenes, triazinylaminostilbenes, stilbenyl-ZH-triazoles, benzoxazoles, furans,
benzo[blfurans, benzimidazoles, 1,3-diphenyl-2-pirazolines, coumarins,
naphthalimides, organic europium (I} complexes, fluorascein, rhodamines, or

mixtures thersof.

3. The multi-fluid kit of claim 1, wherein:

the fluorescent color agent is activated by ultraviolet radiation in the range of
from about 200 nm to about 400 nm; and

the fluorescent color agent comprises hexasodium-2,2’-vinvienebis[3-sulfonato-
4 1-phenylene)imino[8-(diethylamino)-1,3,5-triazined, 2-divllimino}jbis{benzene-1 4-

disulphonate).

4. The multi-fluid kit of claim 1, wherein the first fusing agent comprises at least

one nanoparticle, wherein the nanoparticle comprises at least one metal oxide, which
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absorbs infrared light in a range of from about 780 nm to about 2300 nm and is shown
in formuta (1)
MM On (1)
wherein M is an alkali metal, m is greater than 0 and less than 1, M' is any
metal, and n is greater than 0 and less than or equal 1o 4; and

wherein the nanoparticle has a diameter of from about 8.1 nm to about 500 nm.

5. The multi-fluid kit of claim 1 further comprising:

at least one color agent.

6. The multi-fluid kit of claim 1, wherein the second fusing agent comprises a

near infrared absorbing compound.

7. The multi-fluid kit of claim 8, wherein the near infrared absorbing compound
is selected from the group consisting of carbon black, oxonol, squarylium,
chalcogenopyrylarylidene, bis{chalcogenopyrylo)polymethine,
bis{aminocaryhpolymethineg, merocyanine, trinuclear cyanine, indene-crosslinked
polymething, oxyindolidine, ron complexes, guincids, nickel-dithiclene complex,

cyaning dyes, and combinations thereof.

8. The multi-fluid kit of claim 1, wherein the detailing agent comprises at least

70 wi% water based on the total weight of the detailing agent.

9. The multi-fluid kit of claim 5, wherein the color ageni comprises:
a cyan ink agent;

a yellow ink agent;

a magenta ink agent; and

a black ink agent.

10. A three-dimensional printing kit comprising:
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a powder build material, wherein the powder build material is selected from the
group consisting of polymeric powder, polymeric-ceramic composite powder, and
combinations thereof;

a marking agent comprising a marking component which is a fluorescent color
agent that is activated by ultraviolet radiation to emit light in the visible range of from
about 400 nm to about 780 nm;

a first fusing agent; and

a second fusing agent different from the first fusing agent.

11. The three-dimensional printing kit of claim 10 further comprising:
a detailing agent; and

at least one color agent.

12. The three-dimensional printing kit of claim 10, wherein:

the fluorescent color agent is activated by ultraviolet radiation in the range of
from about 200 nm to about 400 nm; and

the fluorescent color agent comprises hexasodium-2,2' -[vinylenebis[3-sulfonato-
4 1-phenylenalimino[o-(disthylamino}-1,3,5-triazine4 2-diyllimino}jbis{benzene-1,4-

disulphonate).

13. A method of using the three-dimensional printing kit of claim 10 comprising:
adding the powder build material, the marking agent, the first fusing agent, and
the second fusing agent of claim 10 to a three-dimensional printer; and

printing a three-dimensional part.

14. A method for three-dimensional printing comprising:

(i} depositing a layer of a polymeric powder build material on a build platform;

{ii) based on a 3D object model, selectively applying a first fusing agent, a
second fusing agent different from the first fusing agent, a marking agent, a detailing
agernt, and at least one coloring agent, o at least a portion of the layer of the polymeric

powder build material;
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{1ii) repeating (i) and (i) at least one time {o form an intermediate part, and

{iv) heating the intermediate part to a temperature of up to about 180°C to form

a three-dimensional printed part,

wherein the marking agent comprises a marking component which is a
fluorescent color agent that is activated by ultraviolet radiation to emit light in the

visible range of from about 400 nm to about 780 nm.

15. The method of claim 14 further comprising:

decaking the three-dimensional printad part.
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113

100
\

Depositing a layer of a polymeric powder
build material on a build platform

;

Based on a 3D object model, selectively
applying a first fusing agent, a second
fusing agent different from the first fusing
agent, a marking agent, and a detailing
agent, to at least a portion of the layer of
the polymeric powder build material

;

Repeating 110 and 120 at least one
time to form an intermediate part

'

Heating the intermediate partto a
temperature of up to about 1680°Cto -—140
form a three-dimensional printed part

——110

——~120

—~130




PCT/US2019/023427

WO 2020/190304

2/3

474 707

ok V0T

X 2z 022 062 812 :

S

\‘,

!
7 4

Caniz tane
WL oviz i

5

80¢

80¢

N

Ve

e

174

&ve

00¢



PCT/US2019/023427

WO 2020/190304

3/3




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2019/023427

A. CLASSIFICATION OF SUBJECT MATTER

B29C 64/165 (2017.01)
B33Y 10/00 (2015.01)
B33Y 70/00 (2015.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B29C, B33Y

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSearch (RUPTO Internal), USPTO, PAJ, Espacenet, Information Retrieval System of FIPS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
WO 2018/080456 A1 (HEWLETT-PACKARD DEVELOPMENT COMPANY,
Y L.P.) 03.05.2018, abstract, paragraphs [0018], [0056], [0065], [0070], [0071], 1-2,4-11, 13-15
[0083], [0084], [0088]
A 3,12
Y WO 2009/149391 A1 (PERFORMANCE INDICATOR LLC et al.) 10.12.2009, p. 1-2,4-11, 13-15
13, table 1
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “1” later document published after the international filing date or priority

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E”  earlier document but published on or after the international filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other
means
“P”  document published prior to the international filing date but later than

the priority date claimed

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

26 November 2019 (26.11.2019)

Date of mailing of the international search report

12 December 2019 (12.12.2019)

Name and mailing address of the [SA/RU:

Federal Institute of Industrial Property,
Berezhkovskaya nab., 30-1, Moscow, G-59,

GSP-3, Russia, 125993

Facsimile No: (8-495) 531-63-18, (8-499) 243-33-37

Authorized officer
1. Eliseeva

Telephone No. 8(495) 531-65-15

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - claims
	Page 58 - claims
	Page 59 - claims
	Page 60 - claims
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - wo-search-report

