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THREE DIMENSIONAL (3D) PRINTING

BACKGROUND

[001] The description is reiated to a three dimensional (3D) printing method
and sysiem. Three-dimensional (3D) printing is an additive printing process
used to make three-dimensional solid cbiects from a digital model More
particularly, the description is related to a powder based 3D priniing method and

system.

BRIEF DESCRIPTION OF THE DRAWINGS

[002] Features of examples will be described, by way of example only, in the
following detailed description with reference o the accompanying 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.

[003] Figures 1A and 1B are flow diagrams illustrating examples of 3D printing

methods disclosed herein;

[004] Figures 2A through 2F are cross-sectional views of the forming of layer(s)

of a 3D object using an example of a 3D printing method disclosed herein;

100857 Figure 3 is a schematic top view of an example of the builld material in the

fabrication bed of Fig. 2D, indicating portions on which a fusing agentis {o
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be applied, an edge zone on which a modifying agent is t© be applied and

portions on which a detailing agent is to be applied thereon; and

[006] Figure 4 is a simplified isometric view of an example of a 30D printing
system that may be used in an example of a 3D printing method disclosed

herein.

DETAILED DESCRIPTION

(0071 In general, 3D printing technigues are considered additive processes
because they involve the combined application of successive layers of material.
This is unlike machining processes, which rely upon the removal of material to
create the fingl object. Materials used in 3D printing are often subject to fusing,
which for some materials may be accomplished using, for example, heal-
assisted exirusion, sintering or fusing, and for other materials may be

accomplished using digital light projection technology.

10887 An example 3D printing method 100 is depicted in Fig. 1A lt is {0 be
understood that the method 100 shown in Fig. 1A will be discussed in detall
herein, and in some insiances, Figs. 2 through 4 will be discussed in

conjunction with Fig. 1A,

(0081 As shown at reference numeral 102, the method 100 includes receiving
prirt data. In some examples, print data may be data which can be used o
control print heads of a 3D printing system. in some examples, the print data
may be based on a 3D model of an object {0 be generated. In some examples,

the print data may comprise the 3D model.

[00101In some examples, the print data defines palterns of at least one print
agent {o be applied o g layer of build material. In some examples, the print
agent may be a fusing agent. In some examples, a number of fusing agents are

o be applied to the layer of build material. In some examples, the prini agenis
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may comprise a number of different agents, such as fusing agents, modifying

agents and the like.

[00111In some examples, the palterns of the at least one print agent o be
applied to a layer of build material may correspond to cross sections of at least

one 3D object io be generated.

[0012]As shown at reference numeral 104, the method 100 includes processing
the print data. In some examples, processing the print data may include parsing
the print data. In some examples, processing the print data is o determine
regions which are distant from the patierns of the print agent(s) to be applied to
the layer of build material. in some examples, “distant” is {0 be undersiood such
that the regions are not affected by the patterns of the print agent(s) {o be

applied to the layer of build material.

160131 In some examples, the distant regions may be dstermined in 3D space in
the 3D model data. In some examples, the distant regions may be determined in

2D space in slice data.

[0014]As shown at reference numeral 106, the method 100 further includes
modifying the print data to add a further patlern of a detailing agent o be
selectively applied 10 the layer of build material. In some examples, the further

pattern may correspond to the distant regions which have been determined.

[0015]in some examples, selectively applying a detalling agent is 1o generale
fracture regions in a processed volume of build material. In some exampiles, the
processed volume of build material may be the completed platform after the
object{s) have been printed. In some examples, fracture regions may be regions

in which fractures occur in the completed plaiform.

[0016]in some examples, the modified print data is to control print heads of a

3D printing system.

(001 71A further example of a 2D printing method 110 is depicted in Fig. 1B. Itis

to be understood that the method 110 shown in Fig. 18 will be discussed in
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detail herein, and in some instances, Figs. 2 through 4 will be discussed in

conjunction with Fig. 1B.

[0018]As shown at reference numeral 112, the method 110 includes applying a
build material. An example of this is shown in cross seclion at Fig. 2A. In the
example shown in Fig. 2A, one layer 10 of the build material 16 has been

deposited, as will be discussed in more detail below.

[0018]1 The build material 18 may be a powder, a paste, a gel or a composition
thereof. Some examples of build material 16 may include semi-crystalline
thermoplastic materials. Some specific examples of the build material 16 may
include polyamides (e.g., nylon). Other specific examples of the build material
16 may include polysthylene, polyethylene terephthalate (PET), and amorphous
varigtions of these materials. Still other examples of suitable build materials 16
may include polymers, such as polystyrene, polyacetals, polypropyiene,
polycarbonate, and blends of any two or more of these polymers listed herein.

Core shell polymer particles of these materials may also be used.

188201 In an example, the bulld material 18 is a polymeric powder composition.
In some examples, the build material 16 may include similarly sized polymer
pariicles {e.g. particles of all the same size). In other examples, the buiid
material 16 may include differently sized polymer particles. For example, the
build material 16 may include particles having two or more different sizes, such
as three different sizes or a range of sizes. The ferm "size", as used herein,
refers {o the diameter of a spherical particle, or the average diameter of 3 non-
spherical particle (i.e. the average of multiple diameters across the particle). In
general, the average size of each particle ranges from about 5 micrometers 1o

about 100 micrometars.

[00211In the exampie shown in Fig. 2ZA, a three-dimension printing or additive
manufacturing system 12 which may be used to form three-dimensional (3D)
objects includes a supply bed 14 {including a supply of the build material 18}, a
delivery piston 18, a roller 20, a build platform 25 and a3 fabrication piston 24.

Each of these physical elements may be operatively connected 1o a central
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processing unit, such as, e.g., a processor (not shown), of the printing system
12.

(00221 The central processing unit (e.g. running computer-readable instructions
stored on @ non-transitory, tangible computer-readable storage medium) may
manipulate and transform data represented as physical (electronic) quantities
within the printer's registers and memories in order to conirel the physical
glements to create the 3D objects. The dala for the selective delivery of the
build material 18, and a number of printing agenis may be derived from a model

of the 3D objects to be formed.

[0023] The delivery pision 18 and the fabrication piston 24 may be the same
type of piston, but programmed to move in opposite directions. In an example,
when a first layer of the 3D objects is to be formed, the delivery piston 18 may
be programmed to push a predetermined amount of the build material 16 out of
the opening in the supply bed 14, and the fabrication piston 24 may be
programmed o move in the opposite direction of the delivery pisten 18 in order
to increase the depth of the fabrication bed 22. The delivery piston 18 may
advance enough so that when the roller 20 pushes the build material 18 into the
fabrication bed 22 and onto the contact surface 25, the depth of the fabrication
bed 22 is sufficient so that a layer 10 of the build maiterial 18 may be formed in
the fabrication bed 22. The roller 20 may be capable of spreading the build
material 16 into the fabrication bed 22 o form the layer 10, which is relatively
uniform in thickness. In an example, the thickness of the layer 10 ranges from
about 80 micrometers to about 110 micrometers, although thinner or thicker

fayers may also be used.

[0024]11 is to be understood that the roller 20 may be replaced by other {ools,
such as, e.¢. a blade or the like that may be used for, e.¢g. spreading different

types of powders, or a combination of a roller and a blade.

I00251In some examples, after the layer 10 of the build material 16 has been
deposited in the fabrication bed 22, the layer 10 may be exposed to heating (as

shown in Fig. 2B). Heating may be performed to preheat the build material 16,
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for example at a2 heating temperature that is below the melting point of the build

material 18.

[0026] Preheating the layer 10 of the build material 16 may be accomplished
using any suilable heat source that exposes all of the build material 18 in the
fabrication bed 22 or the supply bed 14 to the heat Examples of the heat

source may include a thermal heat source or a light radiation source.

[00271In some examples, preheating of the build material 16 may cause the
build material 18 to become sticky or more cohesive. In some examples,
preheating may cause the build material 16 in the fabrication bed 22 to form a
semi-hard cake. That is, in some examples the build material 16 may not be free

flowing due to the effects of being preheated.

[00281In some examples, the ceniral processing unit of the system 12, e.g. the
processor, may receive print data. In some examples, the print data may include
at least one 3D model, i.e. & 3D representation of objects to be printed. In some
examples, the print data may include pre-processed slice data, i.e. data that

defines each slice 1o be printed.

[00281In some examples, one 30 object is 1o be printed and the print data may
include a 3D representation of the object o be printed. In some examples,
multiple objects are o be printed and the print data may include a 3D

representation of the objects 1o be printed.

[0030]1n some examples, the 3D model data is parsed {¢ evaluate the objecis o
be printed in the 3D model data. In some examples, at least one cross section
of the object(s} {0 be printed in the 3D model data is generated for at least one
faver 10. In some examples, the cross section(s) are generaied for a number of
tayers 10 or for each layer 10. The cross section(s) correspond to solidification
portions 44 for the layer(s) 10. Here, a solidification portion 44 is a portion of

build material 18 on which a fusing agent is {o be applied.
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[00311In some examples, a solidification portion 44 of the layer 10 may be 3
portion in which the build material 16 is to be sclidified, e.g. by fusing, to form a

layer of a 3D object.

[00321In some examples, the processor of the system 12 may modify the print
data to include the print portions 44 of the objects (o be printed. In some
examples, the print data is sent o print heads of the system 12. In some
examples, the print data may cause the print heads to apply a fusing agent to

the solidification portions 44.

[0033]1In some examples, at least one print head may be conirolled 1o receive
commands from the processor and to deposit the fusing agent 28 according to a
patiern of a cross section for the laver of the 2D object that is to be formed. As
used herein, the cross saction of the layer of the object to be formed refers {o
the cross section that is paraliel to the confact surface 25. in some examples,
the print head may be controlled to receive modified print data. In some
examples, the modified print data may include commands o deposit the fusing
agent 28 1o solidification portions 44, which correspond to cross sections of the

3D object io be printed for the layer(s) 10.

[0034]In some examples, a fusing agent 28 may be selectively applied on at
least one solidification portion 44 of the build material 16 in the layer 10 in the
fabrication bed 22, as shown in Fig. 20, The solidification porticns 44 of the
build material may correspond to the cross sections of the objects 1o be printed
in the layer 10. For example, the solidification portion 44 may have a circular or
rectangular shape, respectively, corresponding to the cross section of a circular

cylinder or a rectangular prism, respectively (cf. Fig. 3).

[0035] The print head may be conirolled to selectively apply, In accordance with
print data, the fusing agent 28 on those portions 44 of the layer 10 that are to be
fused to become the first layer of the 3D objecis. When the {erm fused is used

herein, it may mean curing, sintering, fusing, binding or the like.
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{0036} As illustrated in Fig. 2C, the fusing agent 28 may be dispensed from a
fusing agent distributor 26, such as a print head, e.¢. an ink jet print head. While
a single print head is shown in Fig. 2C, it is to be understood that multiple print
heads may be used that spend a width of the fabrication bed 22. The print head
26 may be attached to a moving XY stage or a transiational carriage (neither of
which is shown) that moves the print head adjacent to the fabrication bed 22 in

order {0 deposit the fusing agent 28 on the desired solidification portions 44.

[00371As an example, if the first layer is {0 be shaped like a cube and/or
cylinder, the fusing agent 28 may be deposited in a square paitern or circular
pattern (from a top view), respectively, on at least a solidification portion 44 of
the layer 10 of the build material 16 in the fabrication bed 22.

I0838]In some examples, the method 110 further includes determining how o
selectively apply a detailing agent 29 on a delailing portion 42 of the layer 10 of
the build material 16, as shown at reference numeral 114 in Fig. 1B. This
determination may occur pricr {o actually selectively applying the detailling agent
29. Here, a detlailing portion 42 is a portion of build material 16 on which a

detailing agent 29 is to be applied.

[0038]In some examples, a detailing portion 42 of the layer 10 may be a portion
in which the build material 18 should not fuse or coalesce. That is, the complete
platform comprising fused and unfused build material 16 after printing of the 3D

objecls may be easier to break up along the detailing portion(s) 42.

[G040]1In some exampiles, a delailing agent 29 may be a print agent which
serves to reduce or prevent fusing of the portion of the build material 16 on

which the detailing agent 29 has been applied.

[0041] The determination as to how to selectively apply the detailing agent 29
may include determining where 1o apply the detailing agent 28 andfor
determining how much of the detailing agent 29 to apply. These determinations
may be made utilizing the 30 model data, which includes the information io print
the 3D objects.
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(00421 In some exampies, the processor of the system 12 may parse the 3D
mode! data and evaluate an open space around and/or between the objects o
be printed in the 3D model data to find vacant volumes in the 3D model data. In
some examples, fracture volumes away from the objects in the vacant volume of
the 3D model data are generated. In some examples, defailing portions 42
correspond to cross sections of the fracture volumes for the layer(sy 10. Here,
“detailing portion” corresponds to the digital representation of the part in the
fayer 10 onto which the detailing agent is to be deposited. By actually depositing
a detailing agent 1o these portions in the layer 10 of build material 16 in the

fabrication bed 22, a detailing portion is generated.

[00431In some examples, one object is o be prinded. The processor may
evaluate an open space around the object and generate a fraclure volume
spaced apart from and at least partially surrounding the object {o be printed. In
some examples, multiple objects are o be printed. The processor may evaluale
an open space around and generate al least one fracture volume away from
and around the obiects and/or between the objects 1o be printed. The at least
one fracture volume may not go through any of the objects 1o be printed. The

fracture volume(s) may be spaced apart from the objeci{s) to be printed.

[G044]in some examples, at least one fraciure volume within the vacant
volumes in the 3D model data, which is spaced apart from the objecis o be
printed, may be generated. The cross sections of said at least one fracture
volume are o contain the detalling agent. Thereby, at least one delailing portion
42 of the build material 18 is generated. In some examples, the detailing agent
29 may be applied selectively on the cross sections of the generated fracture

volume.

[0045]1In some examples, the processor may modify the print data such that the
print data includes a representation of at least one fracture volume or at least
one detailing portion 42 for at least one layer 10. For example, the print data
may include a representation of at least one fracture volume or at least one

detailing portion 42 for one layer 10 or for a number of layer(s) 10. In some
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examples, the print data may include a represeniation of at least one fracture

volume or at least one detailing portion 42 for each layer 10.

[0046]1In some examples, at least one print head may be controlled {0 receive
commands from the processor and to deposit the detailing agent 29 between
the cross seclions of the 3D objects that are o be formed for the laver, fe.
between the solidification portions 44. The print head may selectively apply the
detailing agent 29 to generate those detailing portions 42 of the layer 10 that are
to be prevenied from fusing. In some examples, the print head may be
conitroiled o receive the modified print data including the detailing portions 42,
such that the modified print data causes the print head 1o deposit the detailing

agent 29 to generate the detailing portions 42.

108471 In some examples, a detailing agent 292 may be selectively applied o
generate at least one detailing portion 42 of the build maierial 18 in the layer 10
in the fabrication bed 22 (cf. reference 116 in Fig. 1B), as illustrated in Fig. 2D.
The at least one detailing portion 42 may be spaced apart from the solidification

portions 44 in the layer 10.

100481 As used herein, the term “spaced apart” means that there is a sufficiently
large distance between each solidification portion 44 and the at least one
detailing portion 42, such that the build material in the at least one detailing
portion 42 may not be affected by processes within the solidification portions 44,
such as thermal diffusion and the resuliing coalescence bleed, while the objects

are printed.

[C048]1Similar to the application of the fusing agent 28 explained above, the
detailing agent may be dispensed from a detailing agent distributor 26°) such as
a print head, &.¢g. an ink jet print head or from mulliple print heads. In some
examples, the detailing agent is dispensed from the same print head 26 or
muitiple print heads as the fusing agent 28. In some other examples, a different
prirt head 28 or multiple different print heads are provided from which the
detailing agent may be dispensed. The print head 28 may also be attached o a

moving XY stage or a transiational carriage (neither of which is shown) that
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moves the print head adjacent to the fabrication bed 22 in order to deposit the
detailing agent 29 on the desired dsetailing portions 42. In some examples, the

detailing agent 29 is applied prior to or concurrently with the fusing agent 28.

[00501In some examples, a plurality of objects is 1o be printed and the at [east
one detailing portion 42 onio which the detailing agent 29 is applied lies
between the solidification portions 44 of the build material 16 in the fabrication
bed 22, which correspond 1o cross sections of the plurality of objects o be

printed in the layer 10.

[0051]1In some examples, the amount and/or positioning of the detalling agent
29 that is applied to the build material 16 in the fabrication bed 22 may be
controlled. The detailing agent 28 may act as a coolant which effectively
removes energy and keeps the build material 16 at a temperature that prevents

fusing of the build material 16.

[00521In some examples, a modifying agent may be selectively applied on edge
zones 43 of the build material along the contours of the solidification poriions 44
of the build material in the laver 10, as shown in Fig. 3. In some examples, the
modifying agent may reduce or prevent fusing of the build material within the

edge zones when it is exposed to a radiation.

[00531Here, an example of a modifying agent may serve o reduce the degree
of coalescence, or prevent coalescence, of a portion of the build material on
which the modifying agent has been applied or which the meodifving agent has
penetrated. In some examples, the modifying agent may evaporate and, thus,

remove energy from the build material when the build material has been heated.

(0054 In some examples, the modifying agent may comprise at least one of an
inorganic salt, a surfactant, a co-solvent, a humectant, a biocide, and water. In
some examples, the modifying agent may reduce or prevent fusing of the

portion of the build material which is in contact with the modifying agent.

[0055]In some examples, edge zones are narrow portions of bulld material 16 in

the layer 10 in the fabrication bed 22, which follow along the contours of the
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solidification portions 44. Here, “narrow” may mean that the width of the edge
zone is generally smaller than {or ai most egqual 10) the width of the

corresponding solidification portion.

[0056]In some instances, it has been found that while the layer 10 of build
material 16 is exposed to radiation, thermal energy may propagate from the
solidification portions into the surrounding material. This may result in the
subsequent solidification of area(s) of the build material that were not intended
to be solidified. This effect is referred to herein as coalescence bleed.
Coalescence bleed may result in, for example, a reduction in the overall
dimensional accuracy of the printed 3D objects and/or dimensional growth. For
example, the edge of the objecls may be rough or undefined. The effected of
coalescence bleed may be prevented or diminished by applying a modifying
agent along the edge of the objects to be printed, thereby preventing the buiid

material along this edge, i.e. in the edge zone, to fuse.

[008T7 I That is, in some examples, the modifying agent prevents fusing of the
build material 16 In narrow edge zones 43 along the contours of the
solidification portions 44, i.e. around the periphery of the objeci(s) to be printed.
in some examples, this may enhance the edge detaills of the objecl{s) to be

printed.

[0058]In the example shown in Fig. 3, two different objects are to be printed.
Here, one object is shaped like a circular cylinder, whereas the other object is
shaped like a rectangular prism. Fig. 3 schematically shows a fop view of the
layer 10 of the build material 16 in the fabrication bed 22. The cross sections
48a and 46h of the two objecis to be printed have a circular and a rectangular

shape, respectively.

(00581 In some examples, the cross sections 46a and 46b may comrespond {o
patierns of, e.g. a fusing agent to applied to the layer 10 of the build material 18.
in some examples, these patierns may be defined in print data which has been
received, in some examples, these palterns are based on a 3D model of the

ohiects to be printed (cf. Fig. 1A}
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(00601 In some examples, these cross sections of the 3D objects 1o be printed in
the layer 10 correspond 1o solidification portions 44 for the layer 10 onto which a
fusing agent 28 may be deposited. As indicated in Fig. 3, a detailing portion 42
is determined in the open space between the solidification portions or cross
sections 46a and 46D, |.e. belween the objects {0 be printed. In some examples,

a detailing agent 29 may be applied to the detailing portion 42.

88611 In some examples, the detailing portion 42 may correspond o g region
which is distant from the patterns corresponding to cross sections 46a and 46b.
in some examples, a further pattern corresponding o the detailing portion 42
has been added to modified pint data. In some examples, the modified print
data is to control print heads to selectively apply a detailing agent on the

detailing portion 42.

[0062]In some examples, the detailing portion(s) 42 of the layer(s) 10 of buiid
material 16 may generate fracture regions in the processed volume of build

rmaterial.

10863 Further, in Fig. 3 an edge zone 43 follows the contour of the reclangular
shaped cross section 48b. In some examples, a modifying agent may be

applied to the edge zone 43.

[O064] After the detailing agent 28 is applied to the detlailing portion and, in some
examples, the fusing agent 28 is applied to the solidification portions,
respectively, the entire layer 10 of the build material 16 in the fabrication bed 22
or at least a portion thereof is exposed to radiation R, such as, e.g. infrared or

near infrared radiation. This is shown at reference 118 in Fig. 18 and in Fig. ZE.

[0065] The infrared or near infrared radiation R may be emitied from a sintering
source 30, such as an IR or near IR fusing lamp, IR or near IR light emitting
diodes (LED), or lasers with IR wavelengths. The sintering source 30 may be
aitached, for example, to a carriage that also holds the print head 26, 26'. The
carriage may move the sintering source 30 into a position that is adjacent {o the

fabrication bed 22. The sintering source 30 may be controlled to receive



WO 2017/196353 PCT/US2016/032193

14

commands from the central processing unit, &.g. the processor, and o expose
the layer 10 and, in some examples, the fusing agent 28 0 IR or near IR

radiation R.

[0066]In some examples, the radiation source 30 may be {o expose the

solidification portions 44 of the layer 10 of the build maierial 18 to radiation R.

[G087]In some examples, the radiation R emitted by the sintering source 30
may have a shorler wavelength than IR or near IR light. For example, the
radiation R emitted from radiation source 30 may be visible light, or UV or near
UV light. The radiation source 30 used will depend, at least in part, on the type
of build material 16 and, in some examples, on the type of fusing agent 28 that
is used. The length of time the radiation R is applied for, or energy exposure
time, may be dependent, for example, on a number of. characteristics of the
radiation source 30, characteristics of the buld materigl 18, and/or

characteristics of the fusing agent 28.

[0068]In some examples, the exposure {0 the radiation R may result in fusing of
the build material in the fabrication bad within the solidification portions, thereby
hardening the appropriate layer of the three-dimensional object to be printed. In
some examples, the fusing agent 28 enhances the absorption of the radiation R,
converts the absorbed radiation R to thermal energy, and promotes the transfer
of the thermal energy o the build material 18 in proximity thereof (i.e., the build
material 16 within thermal contact of the fusing agent 28). In an example, the
fusing agent 28 sufficiently elevates the temperature of the build material 18 in
the portion 44 above the meling point, allowing fusing of the particles of the

build material 18, e.q. the polymeric powder composition, 1o iake place.

100691 In some examples, the radiation R emitled by the radiation source 30
itseif may sufficiently elevale the temperature of the build material 16 in the
solidification portions above the melting point, thereby allowing fusing of the
build material 16 in the fabrication bed 22 o take place. Thus, exposure {o

radiation R forms one layer of the three-dimensional object to be formed.



WO 2017/196353 PCT/US2016/032193

15

(00701 In some examples, the completed platform may comprise the 3D objects
to be printed, which are formed from the fused material 18 within the
solidification portions 44 of the layers 10, and the unfused fracture volumes
formed from the material 18 within the detailing portions 42 of the layers 10 onto
which the detailing agent 29 has been deposited. The compieted platform may
further comprise the remaining unfused, but also untreated material 18 within
the remaining portions of the layers 10. The unfused bul untreated build material
may be more cohesive than the unfused material onto which the detailing agent
has been deposited. For example, the unfused but untreated build material may
be in the form of a sticky chunk or sticky chunks of build material which, in some

cases, are referred to as powder cake.

[00711in some exampies, the build material 16 in the at least one detailing
portion 42 in the layer 10, that has the detailing agent 29 applied thersto, does
not absorb sufficient energy from the radiation R to elevale the temperature of
the build material 16 above the melling poinl. In some examples, the build
material 16 in the at least one detailing portion 42 doss not absorb sufficient
energy during preheating o form a powder cake. For example, the detailing
agent 29 may diffuse the absorbed energy 1o the adjacent build material 16 in
the fabrication bed 22 more slowly, and evaporation of the detailing agent 29
removes energy. As such, in these instances, the particles of the build material
16 within the al least one detailing portion 42 generally do not exceed the

meiiing point of the build material 18 and do not fuse or form a powder cake.

(0072 Thereby, in some examples the detailing agent 28 may at least partially
prevent fusing or caking of the build material 16 in the fabrication bed 22 within
the at least one detailing portion 42. Thereby, spaces between the printed
objects in the completed platform may be created, in which the build material
may be less cohesive than the untreated build material 16 within the remaining
gther parts of the complsted platform. This way, the breakability of the build

material 18 along the detailing portions may be enhanced.
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(007311t is to be understood that, in some examples, the completed platform of
fused and unfused bulld material may be too warm 10 be immediately further
processed afler the 3D objects have been printed. Thus, in some examples, the
completed platform may have {0 cool down before it can be further processed,

in particular, before the printed 30 object(s) can be removed from the platform.

[00741In some examples, the spaces between the printed objects in the
completed platform, in which the build material treated with detailling agent is
less cohesive than the untreated build material within the remaining other parts
of the completed piaiform, may define fracture volumes. Thus, fractures within
these fracture volumes may be formed, which enable the passage of cool air
through or on the completed platform. Such a fractured platform may have a
larger surface area io volume ratio than an unfractured platform. In some

examples, this may enable faster cooling of the completed platform.

[00751Fig. 2F illustrates one example of a three-dimensional obiect 40 in the
fabricgtion bed 22. I is {0 be understood, however, that the subsequently
formed lavers 34, 38, 38 may have any shape and/or thickness and may be the
same as or different from any other layer 32, 34, 36, 38 depending upon the

size, shape, etc. of the 3D object 40 that is to be formed.

[00761As illustrated in Fig. 2F, as subsequent layers 34, 36, 38 have been
formed, the delivery piston 18 is pushed closer to the opening of the delivery
hed 14, and the supply of the build material 18 in the delivery bed 14 is
diminished (compared, for example, {0 Fig. 2A at the cutset of the method). The
fabrication piston 24 is pushed further away from the opening of the fabrication
bed 22 in order to accommodate the subsequent layers of build material 18 in
the fabrication bed 22, the selectively applied fusing agent 28, and the
selectively applied detailing agent 28. Since at least some of the build material
16 in the fabrication bed 22 remains unfused after each layer 32, 34, 36, 38 is
formed, the three-dimensional object 40 is at least partially surrounded by the

unfused build material 16 and detailing agent 29 in the fabrication bed 22.
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(00771 In some examples, references 112 through 118 of Fig. 1B {shown and
described in reference to Figs. 2A through 2F) may be repeated a number of
fimes to create subsequent layers 34, 36, 38 (Fig. 2F) and to ultimately form the
three-dimensional object 40. it is to be understood that the heat absorbed
during the application of radiation R from the sdlidification portions 44 of the
build material 16 in the fabrication bed 22, on which, in some examples, fusing
agent 28 has been delivered, may propagate to a previously solidified layer,
such as layer 32, causing al least some of that laver to heat up above its
melting point. This effect helps creale strong interlayer bonding between

adjacent lavers of the three-dimensional object 40.

[00781When the 3D object 40 is complete, it may be removed from the
fabrication bed 22, and the unfused buiid material 16 and detailing agent 28

may be separated from one ancther.

[007381In some examples, when a plurality of 3D objects 46a and 46b are to be
printed, these objects may be separaled from one ancther after completion by
breaking up the platform of build material 18 along the detailing portions. As
explained above, the detailing agent 29, which is deposited onto the detailing
portions, prevents the builld material 16 in the detailing portions from fusing and
renders the build material 16 in the detsiling portions less cohesive than
untreaied build material, thereby enhancing the breakability of the buiid material

16 along the detailing portions.

[00801In some sexamples, a plurality of 3D objects may be printed on top of
each other. For example, a spherical object may be printed on top of a cubical
object within one platform of build material 16 in the fabrication bed 22. Thus, in
a first number of layers 10a, 10b, 10c, etc. the solidification portions will have a
circular shape, corresponding to the creoss sections of the spherical three-
dimensional object 1o be printed. However, in a subsegquent number of layers
10k, 101, 10m, eic. the solidification portions will have a rectangular or square

shape, corresponding to the cross sections of the cubical object to be printed.
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[00811In these examples, the detailing portion may be determined by evaluating
the open space between the two objecis o be printed, e, the open space
between the first number of layers 10a, 10b, 10c, elc. and the subsequent
number of layers 10k, 10i, 10m, etc. The detailing agent 29 may then be applied
on an entire layer 10f or a number of entire layers 10f, 10g, 10h, etc. which lies
hetween the first number of layers 10a, 10k, 10c¢, etc. and the second number of
favers 10k, 101, 10m, efc.

[0082] The two objects to be printed, i.e., the spherical object and the cubical
object, may then be separated after completion by breaking up the platform of
build material 16 along the layer 10f or the layers 10f, 10g, 10h, eic. onto which
the detailing agent 29 has selectively been applied which correspond to the

detailing portions.

[0083]Referring now to Fig. 4, anciher example of the printing system 127 is
depicted. The system 12" may include a central processing unit 446 that controls
the general operation of the additive printing system 12, As an example, the
central processing unit 448 may be a microcentral processing unii-based
controifer that is coupled 10 @ memory 450, for example via a communicaiions
bus (not shown). As ancther example, the central processing unit 448 may be
any kind of computer processor. The memory 450 may store the computer
readable instructions 448. The central processing unit 446 may execuie the
instructions 448, and thus may control operation of the system 12 in

accordance with the instructions 448.

100841 In this example, the printing system 12" may include a fusing agent
distributor 26 to selectively deliver fusing agent 28 to solidification portion{s) 44
of the laver {not shown in this figure) of build material 16 provided on a support
member 458 In some examples, the printing system 12° also includes a
detailing agent distributor 26’ 1o selectively deliver detailing agent 29 to detailing
portion{s) 42 of the layer (not shown in this figure) of build material 16 provided

on a support member 458,
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(00851 The ceniral processing unit 448 controls the sslective delivery of the
fusing agent 28 and the delailing agent 29 to the layer of the build material 16 in

accordance with delivery control data 452.

[0086]As shown in Fig. 4, each of the distributors 28, 26’ may have a length that
enables it to span the whole width of the support member 458 in a page-wide
array configuration. In an example, the page-wide array configuration is
achieved through a suitable arrangement of multiple print heads. In ancther
example, the page-wide array configuration is achieved through a single print
head with an array of nozzies having a length to enable them o span the width
of the support member 458, In other examples of the printing system 12, the
distributors 26, 28" may have a shorier length that does not enable them to span

the whole widih of the support member 458.

[0087]While not shown in Fig. 4, it is to be undersiocod that the disiribuiors 28,
26" may be mounted on a moveable carriage to enable them {0 move bi-
directionally across the length of the support member 458 along the llustrated
y-axis. This enables seleclive delivery of the fusing agent 28 and detailing agent
29 across the whole width and length of the support member 458 in a single
pass. In other examples, the distributors 28, 26" may be fixed while the support

member 458 is 10 move relative thersto.

[00881As used herein, the term 'widih’ generally denctes the shortest dimension
in the plane parallel to the X and Y axes shown in Fig. 4, and the term ‘length’
denctes the longest dimension in this plane. However, it is {0 be understood that
in other examples the ferm ‘widthy may be interchangeable with the term
length’. As an exampile, the distributors 28, 26" may have a length that enables
it to span the whole length of the support member 458 while the moveable

carriage may move bi-directionally across the width of the support member 458,

[008%1In examples in which the distributors 26, 26 have a shorter length that
does not enable them {0 span the whole width of the support member 458, the
distributors 26, 26" may also be movable bi-directionally across the width of the

support member 458 in the lllustrated x-axis. This configuration enables
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selective delivery of the fusing agent 28 and detailing agent 29 across the whole
width and length of the support member 458 using multiple passes. The
distributors 28, 26’ may respeciively include therein a supply of the fusing agent
28 and detailing agent 29, or may be respectively operatively connected o a

separate supply of the fusing agent 28 and detailing agent 29.

(00801 As shown in Fig. 4, the printing system 12’ also includes a build material
distributor 456. This distributor 456 is used 1o provide the layer (e.q., layer 10) of
the bulld material 18 on the support member 458, Suitable build material
disiributors 456 may include, for example, a wiper blade, a rolier, or
combinations thereof.

(00911 The builld material 16 may be supplied to the build material distributor 456
from a hopper or other suitable delivery system. In the example shown, the build
material distributor 456 moves across the length (y-axis) of the support member
458 to deposit a layer of the build material 18. As previously described, a first
laver of build material 16 will be deposited on the support member 458, whereas
subsequent layers of the build material 16 will be deposited on a previously

deposited {and solidified) layer.

[0092]1t is to be further understood that the support member 458 may also be
moveabie along the z-axis. In an example, the support member 458 is moved in
the z-direction such that as new layers of build material 16 are deposited, a
predetermined gap is maintained between the surface of the most recently
formed laver and the lower surface of the distributors 26, 26°. In other examples,
however, the support member 458 may be fixed along the z-axis and the

distributor 28 may be movabile along the z-axis.

[00931Similar to the system 12, the system 12 also includes the radiation
source 30 10 apply radiation K io the deposited laver of build material 16 to
cause the solidification of solidification portion(s) 44 of the build material 18, on
which, in some examples, the fusing agent 28 has been applied. Any of the
previously described radiation sources 30 may be used. In an example, the

radiation source 30 is a single radiation source that is able to uniformly apply
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radiation to the deposited materials, and in another example, radiation source
30 includes an array of radiation sources to uniformly apply radiation o the

deposited materials.

[0094]In the examples disclosed herein, the radiation source 30 is to apply
radiaiion in a substantially uniform manner to the whole surface of the deposiied
build material 16. This type of radiation source 30 may be referred o as an
unfocused radiation source. Exposing the entire layer {0 energy simultansously

may help increase the speed at which a 3D object may be generated.

[0095TWhile not shown, it is 10 be understood that the radiation source 30 may

be mounted on the moveable carriage or may be in a fixed position.

[0096] The central processing unit 446 may conirol the radiation source 30. The

amount of energy applied may be in accordance with delivery control data 452,

(0087 The systemn 12" may also include a pre-heater 680 that is used {o pre-heat
the deposited build material 16 (as shown and described in reference to Fig.
2B}. The use of the pre-heater 60 may help reduce the amount of energy that

has to be applied by the radiation source 30.

[0098]1t is fo be understood that the examples disclosed herein are provided for
Hlustrative purposes and are not {o be construed as limiting the scope of the

present disclosure.
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CLAIMS

WHAT IS CLAIMED I5:

1. A three-dimensional (3D) printing method, comprising:

receiving print data defining patterns of al least one agent to be applied {o
a layer of build material, wherein the patierns are at least partially based on a

3D model of at least one object to be generated,

processing the print data to determine regions which are distant from said

patterns;

modifying the print data to add a further pattern of a detailing agent {0 be
selectively applied o the laver of build material to generate fracture regions in a

processed volume of build material;

2. The method of claim 1, further comprising
forming a layer of a build material;

selectively applying a fusing agent on at least one pattern defined in the
print data to generate at least one solidification portion of the builld material
corresponding to at least one cross section of the at least one object 1o be
printed;

selectively applying the delailing agent on said further pattern, wherein

said further patiern comprises ail ieast one detailing portion of the build material;

exposing the build maierial to radiation, wherein the fusing agent absorbs
the radiation and converis the absorbed radiation 1o thermal energy, thereby at
teast partially fusing the at least one solidification portion of the build material in

proximity of the fusing agent when exposed to the radiation;

wherein the detailing agent at ieast partially prevents the build material in

the at least one detailing portion to coalesce, thereby crealing spaces in the
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completed platform where the build material is less cohesive than untreated
build material, such that the breakability of the build material along the atl least

one detailing portion is enhanced.

3. The method of claim 1 or 2, further comprising:

selectively applving a modifying agent on at least one edge zone of the

build material,

wherein said al least one edge zone is along the contours of the at least

one solidification portion of the build material,

whereby the modifying agent reduces or prevents fusing of the at least

one edge zone of the bulld material when exposed to the radiation.

4. The method of any of the previous claims, wherein the determining how to
selectively apply the detailing agent on the at least one detailing portion of the

build material includes

evaluating an open space around the at least one object to be prinied 0

find vacant volumes in the 3D model data; and

generating at least one fracture volume within the vacant volumes in the
3D modei dala, which is spaced apart from the at least one object to be printed,
wherein the cross sections of the fracture volume are {0 contain the detailing

agent, thereby generating the at least one detailing portion of the build material.

5. The method of claim 4, wherein the determining how to selectively apply the

detailing agent on the at least one detailing portion of the build material includes

maodifying the 3D model data to include the at least one fracture volume

and the at least one delailing portion of the build material.
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5. The method of claim 4 or 5, wherein the seleclively applying the detailing

agent on the at least one detailing portion of the build material includes

seleclively applying the detailing agent on the cross seciions of the

generated at least one fracture volume.

7. The method of any of the previous claims, wherein the build material is one of

a powder, a liquid, a paste or a gel or a composition thereof.

8. The method of claim 7, wherein the build malerial is a powder or powder

composition comprising powder particles of multiple different sizes.

9. The method of any of the previous claims, wherein the fusing agent
comprises a water-based dispersion including a radiation absorbing binding

agent.

10. The method of claim 9, wharein the fusing agent further includes at least
one of a surfactant, a biocide, a gloss enhancing agent, a pigment, and/or

combinations thereof.

11. The method of any of the previous claims, wherein a plurality of objecis is {0
be printed and the detailing agent is applied on at least one detailing portion of
the build material, which lies between the solidification portions corresponding

to the cross sections of the objects o be printed.

12. The method of claim 11, wherein the piurality of objecis io be prinied is

printed on top of each other.
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13. The method of any of the previous claims, wherein the build material is

applied on a contact surface.

14. A three-dimensional (3D) printing system, comprising
a processor,
wherein the processor is to control the

receiving of print data defining patierns of at least one agent o be applied
to a layer of build material, wherein the patterns are at least partially based on a

3D model of at least one object to be generated;

processing of the print dala o determine regions which are distant from

said patiemns;

modifying of the print data 1o add a further pattern of a detailing agent to
he selectively applied to the layer of build material to generate fracture regions

in a processed volume of buiid material.

15. A non-transitory computer readable medium for storing a program causing a

processor o perform a method of three-dimensional {3D) printing, comprising:

receiving print data defining patterns of at least one agent o be applied to
a layer of build material, wherein the patlerns are at least partially based on a

3D model of at least one object to be generated,

processing the print data to determine regions which are distant from said

patterns;

modifying the print data (o add a further patiern of a detailing agent {0 be
selectively applied 1o the laver of build material to generate fracture regions in a

processed volume of build material.
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