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(57) ABSTRACT

A composition suitable for forming a support using a three-
dimensional (3D) deposition method is presented. The com-
position includes a wax including at least one functional
group capable of reacting with a build material used in the 3D
deposition method, when exposed to an actinic radiation,
wherein the functional group is itself substantially non-reac-
tive to the actinic radiation. A method of forming a three
dimensional (3D) article is also presented.
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COMPOSITION AND METHOD FOR USE IN
THREE DIMENSIONAL PRINTING

BACKGROUND OF THE INVENTION

[0001] The invention relates generally to support composi-
tions and methods of forming three-dimensional (3D) articles
using these support compositions. More particularly, the
invention relates to support compositions for ink-jet printing
and ink-jet printing of 3D articles using these support com-
positions.

[0002] Typical ink-jettable 3D printing materials and meth-
ods result in rough surfaces due to intermixing of support
material with build material at the interface. The support
material that is mixed with the build material at the interface
is typically extracted when the support is removed, resulting
in a rough surface. Surface roughness may not be desirable as
it could lead to a matte finish. Further, surface roughness may
diminish the average thickness of printed articles having thin
walls, and may contribute to the formation of open porosity.
The open porosity in turn may necessitate the use of addi-
tional processing steps, which may complicate the fabrication
process and contribute to poor yields.

[0003] Thus there is a need for improved support compo-
sitions for ink-jet printing of 3D articles. Further, there is a
need for improved 3D ink-jet printing methods.

BRIEF DESCRIPTION OF THE INVENTION

[0004] One embodiment is directed to a composition suit-
able for forming a support using a three-dimensional (3D)
deposition method. The composition includes a wax includ-
ing at least one functional group capable of reacting with a
build material used in the 3D deposition method, when
exposed to an actinic radiation, wherein the functional group
is itself substantially non-reactive to the actinic radiation.
[0005] Another embodiment of the invention is directed to
a composition suitable for forming a support using a three-
dimensional (3D) deposition method. The composition
includes a wax including at least one functional group com-
prising vinyl ether, maleate, fumarate, cinnamate, cinnamide,
or combinations thereof, wherein the composition is substan-
tially free of a photoinitiator.

[0006] Another embodiment of the invention is directed to
a method of forming a three dimensional (3D) article. The
method includes: (i) selectively depositing a build material on
a substrate to form a plurality of build layers; (ii) selectively
depositing a support composition on the substrate to form a
plurality of support layers, wherein the support composition
comprises a wax comprising at least one functional group;
(iii) exposing the plurality of support layers and the plurality
of build layers to an actinic radiation; and (iv) reacting a
portion of the functional group in the support composition
with a portion of the build material at an interface of the
plurality of build layers and the plurality of support layers,
wherein a portion of the support composition is substantially
unreacted after exposure to the actinic radiation.

DRAWINGS

[0007] These and other features, aspects, and advantages of
the present invention will become better understood when the
following detailed description is read with reference to the
accompanying drawings, in which like characters represent
like parts throughout the drawings, wherein:
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[0008] FIG. 1 illustrates the chemical structures of some
example functional groups, according to an embodiment of
the invention;

[0009] FIG. 2 illustrates proton NMR spectrum of extracts
from a UV-cured support composition, according to an
embodiment of the invention;

[0010] FIG. 3 illustrates a pictorial representation of a
small-scale procedure to evaluate the effectiveness of the
support composition in reducing roughness and porosity,
according to an embodiment of the invention;

[0011] FIG. 4 shows the surface roughness profiles of build
material films that were cured on top of a commercial-avail-
able support composition; and

[0012] FIG. 5 shows the surface roughness profiles of build
material films that were cured on top of a support composi-
tion, according to an embodiment of the invention.

DETAILED DESCRIPTION

[0013] As discussed in detail below, some of the embodi-
ments of the invention include support compositions and
methods of forming 3D articles using these support compo-
sitions. More particularly, the invention relates to support
compositions for ink-jet printing and ink-jet printing of 3D
articles using these support compositions.

[0014] Approximating language, as used herein throughout
the specification and claims, may be applied to modify any
quantitative representation that could permissibly vary with-
out resulting in a change in the basic function to which it is
related. Accordingly, a value modified by a term or terms,
such as “about”, and “substantially” is not to be limited to the
precise value specified. In some instances, the approximating
language may correspond to the precision of an instrument
for measuring the value. Here and throughout the specifica-
tion and claims, range limitations may be combined and/or
interchanged, such ranges are identified and include all the
sub-ranges contained therein unless context or language indi-
cates otherwise.

[0015] In the following specification and the claims, the
singular forms “a”, “an” and “the” include plural referents
unless the context clearly dictates otherwise. As used herein,
the term “or” is not meant to be exclusive and refers to at least
one of the referenced components being present and includes
instances in which a combination of the referenced compo-
nents may be present, unless the context clearly dictates oth-
erwise.

[0016] As used herein, the terms “may” and “may be”
indicate a possibility of an occurrence within a set of circum-
stances; a possession of a specified property, characteristic or
function; and/or qualify another verb by expressing one or
more of an ability, capability, or possibility associated with
the qualified verb. Accordingly, usage of “may” and “may be”
indicates that a modified term is apparently appropriate,
capable, or suitable for an indicated capacity, function, or
usage, while taking into account that in some circumstances,
the modified term may sometimes not be appropriate,
capable, or suitable.

[0017] As mentioned earlier, typical 3-D inkjet printing
methods may result in rough surfaces, which may not be
desirable. The surface roughness may be caused by the inter-
mixing of the build and support materials in the interface
region. In some 3D-printing methods, both the build and
support materials are deposited in the molten state in which
they are highly miscible, thus mixing at the interface. Further
mixing may occur during the planarization step, after each
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layer is printed with the ink-jetting system, and before the
UV-curing step. Thus, once a region of mixed support wax
and build material is formed and the part is UV cured, sub-
sequent thermal dewaxing and cleaning with solvents may
remove the support wax domains in this intermix region,
leaving behind a rough, porous surface. Since support wax is
typically used on both sides of the build material, the die walls
may be affected considerably.

[0018] Embodiments of the invention described herein
address the noted shortcomings of the state of the art. Some
embodiments present a support composition including a wax
material having at least one functional group that is reactive
with the build material, while itself being substantially non-
reactive to the ultra violet (UV) radiation. Without being
bound by any theory, it is believed that the use of a reactive
functional wax may result in the formation of a cross-linked,
non-extractable region at the interface between the build and
support materials, thereby avoiding removal of the support
material at the interface and the formation of a rough, porous
surface. Further, by using a functional group that is itself
substantially non-reactive to the UV radiation, the bulk of the
support material may remain substantially non-crosslinked,
and may be easily removed.

[0019] In one embodiment, a composition suitable for
forming a support using a three-dimensional (3D) deposition
method is presented. The composition includes a wax includ-
ing at least one functional group capable of reacting with a
build material used in the 3D deposition method, when
exposed to an actinic radiation.

[0020] The term “3D deposition method” as used herein
refers to a process for the building of a 3D object from a
digital model by successive deposition of layers. The terms
“3D deposition method” and “additive manufacturing” are
sometimes used in the art interchangeably. The 3D deposition
method as described herein may be used anywhere through-
out a product life cycle, for example, in pre-production
(sometimes referred to as rapid prototyping), in full-scale
production (sometimes referred to as rapid manufacturing), in
tooling applications, in post-production customization, or in
combinations thereof. In certain embodiments, a composition
suitable for forming a support using a 3D ink-jet printing
method is presented. In 3D ink-jet printing, a build material
(in liquid or powder form), which is curable by actinic radia-
tion, is deposited layer by layer using a 3D ink-jet printer to
form a 3D article.

[0021] The term “actinic radiation” as used herein refers to
electromagnetic radiation that can produce photochemical
reactions. In certain embodiments, actinic radiation includes
ultra-violet (UV) radiation having a wavelength in a range
from about 10 nanometers to about 400 nanometers.

[0022] The term “build material” as used herein refers to
the material used to form the structure of the 3D article. The
build material includes a material that may be partially or
substantially cured or cross-linked on exposure to actinic
radiation. In some embodiments, any suitable curable mate-
rial known to one of ordinary skill in the art and not incon-
sistent with the objectives of the present invention may be
included in a build material as described herein.

[0023] In some embodiments, the build material may
include one or more reactive groups capable of undergoing a
partial or substantial cross-linking reaction on exposure to
actinic radiation. In some embodiments, the build material
may include one or more UV cross-linkable reactive groups.
In some embodiments, the build material may include one or
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more olefins. In certain embodiments, the build material
includes at least one reactive group including an acrylate
moiety, a methacrylate moiety, or combinations thereof.
[0024] In some embodiments, the build material may
include a mixture of monomers, oligomers, and polymers
functionalized with acrylate moieties, methacrylate moieties,
or combinations thereof. In some embodiments, the build
material may include one or more urethane acrylate materials.
Non-limiting example of a suitable build material includes
Visilet® MX build material commercially available from 3D
Systems.

[0025] The composition used to build the 3D article further
includes at least one suitable photoinitiator. The build mate-
rial can polymerize and/or cross-link in the presence of the
photoinitiator when exposed to the actinic radiation. Further,
as noted earlier, the functional group in the wax can react with
the build material in the presence of the photoinitiator, when
exposed to the actinic radiation. In some embodiments, the
composition used to build the 3D article may further include
additional components, such as, for example, diluents, adher-
ing agents, waxes, photo initiators, and the like.

[0026] The term “support” as used herein refers to one or
more layers of a support material used to provide structural
support to the plurality of layers of build material, during the
fabrication of the 3D article. As alluded to previously, the
support material includes a wax including at least one func-
tional group capable of reacting with the build material, when
exposed to the actinic radiation used for curing of the build
material. In some embodiments, the functional group in the
wax is capable of reacting with the build material in the
presence of a photoinitiator typically used for curing of the
build material, and subsequent formation of the 3D article.
[0027] The term “wax” as used herein refers to an organic
compound or a mixture of organic compounds having a melt-
ing temperature greater than 40° C. The organic compound
may be naturally occurring or synthetic. Non-limiting
examples of a suitable wax include a hydrocarbon wax, a fatty
ester wax, a fatty amide wax, a hydrogenated wax, a micro-
crystalline wax, a paraffin wax, or combinations thereof.
[0028] In some embodiments, a suitable wax includes a
fatty ester wax derived from an alcohol and a fatty acid or its
derivative (for example, anhydride, acid chloride etc.). In
some embodiments, suitable fatty acids and their derivatives
may include aliphatic chains having greater than 6 carbon
atoms. In some embodiments, suitable fatty acids and their
derivatives may include aliphatic chains having greater than
13 carbon atoms. Further, the functional group (as described
later) may be present in the fatty acid, in the alcohol, or
combinations thereof. In some embodiments the alcohol may
include the suitable functional group (for example, vinyl
ether). Non-limiting examples of suitable fatty acids include
octadecanoic acid, octadecandioic acid, eicosanedioic acid,
or combinations thereof. Non-limiting examples of a suitable
alcohol include hydroxybutylvinyl ether, cyclohex-
anedimethanol monovinyl ether, or combinations thereof.
[0029] In some embodiments, a suitable wax includes a
fatty ester wax derived from a fatty alcohol and an acid or its
derivative (for example, anhydride, acid chloride etc.). In
some embodiments, suitable fatty alcohols may include ali-
phatic chains having greater than 6 carbon atoms. In some
embodiments, suitable fatty alcohols may include aliphatic
chains having greater than 13 carbon atoms. Non-limiting
examples of suitable fatty alcohols include hexadecanol,
octadecanol, or combinations thereof. In some embodiments
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the acid may include the suitable functional group (for
example, maleic acid or fumaric acid). Non-limiting
examples of suitable acid derivatives include maleic anhy-
dride, fumaryl chloride, or combinations thereof.

[0030] In some embodiments, a suitable wax includes a
fatty amide wax derived from a long chain amine and an acid
chloride. Non-limiting examples of suitable amines include
octadecylamine, hexadecylamine, dodecylamine, or combi-
nations thereof. In some embodiments, a fatty amine wax may
include a cinnamide wax. In certain embodiments, the wax
includes a cinnamide, such as, for example, dodecyl cinna-
mide, octadecyl cinnamide, or combinations thereof. In cer-
tain embodiments, the wax includes a fatty ester derived from
a hydroxybutyl vinyl ether.

[0031] Asnoted earlier, the wax includes a functional group
capable of reacting with a build material used in the 3D
deposition method, when exposed to an actinic radiation. The
term “capable of reacting” as used in this context means that
the functional group in the wax undergoes one or both of a
polymerization reaction and a cross-linking reaction, when
the wax is exposed to the actinic radiation in the presence of
the build material and a photoinitiator. In some embodiments,
the wax includes a functional group capable of reacting with
the build material when exposed to ultra violet radiation. In
some embodiments, the wax includes a functional group
capable of reacting with the build material under free radical
polymerization conditions.

[0032] As mentioned previously, the functional group is
itself substantially non-reactive to the actinic radiation. The
term “substantially non-reactive” as used in this context
means that less than 5 mole percent of the functional group in
the wax undergoes one or both of a polymerization reaction
and cross-linking reaction, when the wax is exposed to the
actinic radiation by itself, in the absence of a photoinitiator. In
some embodiments, the wax includes a functional group that
is substantially non-reactive when exposed to ultra violet
radiation. In some embodiments, the wax includes a func-
tional group that is substantially non-reactive under free radi-
cal polymerization conditions.

[0033] Thus, the functional group is substantially non-re-
active when exposed to the actinic radiation, but when
exposed to the actinic radiation in the present of the build
material and the photoinitiator, the functional group reacts
with one or more reactive groups in the build material to form
a cross-linked material. Some embodiments present a support
composition including a wax material having at least one
functional group that does not substantially homopolymerize
under free-radical initiated polymerization conditions (par-
ticularly, in the absence of a photoinitiator), but is capable of
co-polymerizing with acrylates and methacrylates (for
example, present in the build material) in the presence of a
photoinitiator.

[0034] In some embodiments, the functional group
includes vinyl ether. In some embodiments, the functional
group includes maleate, fumarate, cinnamate, cinnamide, or
combinations thereof. FIG. 1 depicts the chemical structures
of some example functional groups. In some embodiments,
the wax may include a plurality of functional group types.
Thus by way of example, in some embodiments the wax may
include both vinyl ether and cinnamide functional groups. In
some embodiments, the wax may include both maleate and
cinnamide functional groups.

[0035] The number of functional groups present in the wax
may depend on one or more of the functional group type, the
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build material, the reaction conditions, the level of cross-
linking desired, and the solvent used for support structure
removal. In some embodiments, the wax may include a func-
tional group present in an amount sufficient to provide the
desired cross-linking in the interface region between the sup-
port and build materials, such that the cross-linked interface
region is substantially resistant to the solvent used for remov-
ing the support. Further, it is desirable that the wax includes a
functional group present in an amount such that the desired
melting/resolidification characteristics (as described in detail
below) are not affected significantly.

[0036] In some embodiments, the number of functional
groups in the wax is in a range from about 1 to about 6. In
some embodiments, the number of functional groups in the
wax 1s in a range from about 2 to about 4. In some embodi-
ments, the number of functional groups in the wax is in a
range from about 2 to about 3.

[0037] Insome embodiments, a monomer may be added to
the support composition, in addition to the functionalized
wax, to provide the desired cross-linking density at the inter-
face between the build and support materials. As noted pre-
viously, with respect to the functional group, the monomer is
desirably capable of reacting with a build material but is itself
substantially non-reactive, when exposed to an actinic radia-
tion. The term “capable of reacting” as used in this context
means that the monomer undergoes one or both of a polymer-
ization reaction and a cross-linking reaction when the mono-
mer is exposed to the actinic radiation in the presence of the
build material and a photoinitiator. The term “substantially
non-reactive” as used in this context means that less than 5
mole percent of the monomer undergoes a polymerization or
cross-linking reaction when the monomer is exposed to the
actinic radiation by itself, in the absence of a photoinitiator. In
some embodiments, a suitable monomer may include an acry-
late moiety, a methacrylate moiety, a vinyl ether moiety, a
maleate moiety, a fumarate moiety, a cinnamide moiety, a
cinnamate moiety, or combinations thereof.

[0038] As noted earlier, the support composition, as
described herein, is substantially non-curable or does not
polymerize or polymerize substantially when exposed to
actinic radiation. In some embodiments, the support compo-
sition is substantially free of a photoinitiator. The term “sub-
stantially free” as used in this context means that the support
composition includes less than 0.5 weight percent of the
photoinitiator based on the total weight of the support com-
position. In some embodiments, the support composition is
completely free of the photoinitiator.

[0039] As the support composition itself does not include a
photoinitiator, the bulk of the support composition remains
substantially un-reacted, after exposure to the actinic radia-
tion used for formation of the 3D article. However, the sup-
port composition at the interface between the build layers and
the support layers reacts with the build material in the pres-
ence of the photoinitiator present in the build composition, to
form a cross-linked material. Without being bound by any
theory, it is believed that the use of support composition
including a reactive functional wax may result in the forma-
tion of a cross-linked, non-extractable region at the interface
between the build and support materials, thereby avoiding
removal of the support material at the interface and the for-
mation of a rough, porous surface. Further, by using a support
composition that is itself substantially non-reactive to the UV
radiation, the bulk of the support material remains non-
crosslinked and may be easily removed.
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[0040] The amount of wax in the support composition
described herein may depend on one or more of: the jetting
temperatures of the 3D printing system, the desired viscosity
of'the support composition, the required mechanical integrity
of the support material for printing applications, and the
deposition rates of the build material and the support material.
In some embodiments, the amount of wax in the support
composition is in range from about 50 weight percent to about
99 weight percent. In some embodiments, the amount of wax
in the support composition is in range from about 60 weight
percent to about 98 weight percent. In some embodiments,
the amount of wax in the support composition is in range from
about 70 weight percent to about 95 weight percent.

[0041] As noted earlier, in some embodiments the compo-
sition is suitable for forming a support using ink-jet 3D print-
ing. A composition suitable for forming the support using
ink-jet 3D printing may further have one or more of the
following characteristics: a melting temperature in a range
from about 40 degrees Celsius to about 110 degrees Celsius,
a resolidification temperature in a range from about 30
degrees Celsius to about 100 degrees Celsius, rapid solidifi-
cation rate on cooling, reproducible melt/resolidification
behavior, thermal stability in the melt, and mechanical integ-
rity as a film.

[0042] In some embodiments, a support composition
described herein has melting and resolidification tempera-
tures over a broad range of temperatures applicable to 3D
printing systems. In some embodiments, the support compo-
sition has a melting temperature in a range from about 40
degrees Celsius to about 110 degrees Celsius. In some
embodiments, the support composition has a melting tem-
perature in a range from about 50 degrees Celsius to about 95
degrees Celsius. In some embodiments, the support compo-
sition has a resolidification temperature in a range from about
30 degrees Celsius to about 100 degrees Celsius. In some
embodiments, the support composition has a resolidification
temperature in a range from about 40 degrees Celsius to about
80 degrees Celsius.

[0043] Insome embodiments, the support composition has
a viscosity consistent with the requirements and parameters
of one or more 3D printing systems. In some embodiments,
the support composition described herein has a viscosity in a
range from about 9 centipoise to about 16 centipoise at a
temperature of about 80° C. In some embodiments, the sup-
port composition described herein has a viscosity in a range
from about 12 centipoise to about 15 centipoise at a tempera-
ture of about 80° C.

[0044] A method of forming a three dimensional (3D)
article is also presented. The method includes selectively
depositing a build material on a substrate to form a plurality of
build layers. In some embodiments, the layers of the build
material may be deposited according to an image of the three
dimensional article in a computer readable format. In some
embodiments, a preselected amount of a build material
described herein is heated to the appropriate temperature, and
may be jetted through the print head or a plurality of print
heads of a suitable inkjet printer to form a layer on the sub-
strate. In some embodiments, each layer of the build material
may be deposited according to the preselected CAD param-
eters.

[0045] In some embodiments, the build material solidifies
upon deposition. In some embodiments, the build material
remains substantially fluid upon deposition. In some embodi-
ments, the temperature of the build environment may be
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controlled such that the jetted droplets of the build material
solidify on contact with the receiving surface. In other
embodiments, the jetted droplets of build material may not
solidity on contact with the receiving surface, remaining in a
substantially fluid state.

[0046] Insome embodiments, a method of printing a three
dimensional article includes supporting at least one of the
layers of the build material with a support composition.
Accordingly, the method further includes selectively depos-
iting a support composition on the substrate to form a plural-
ity of support layers. As described in the detail earlier, the
support composition includes a wax including at least one
functional group.

[0047] The support composition, in some embodiments,
may be deposited in a manner consistent with that described
herein for the build material. The support composition, for
example, may be deposited according to the preselected CAD
parameters such that the support material is adjacent or con-
tinuous with one or more layers of the build material. Jetted
droplets of the support composition, in some embodiments,
may solidify or freeze on contact with the receiving surface.
In other embodiments, the jetted droplets of support material
may not solidify on contact with the receiving surface,
remaining in a substantially fluid state. Layered deposition of
the build material and support material may be repeated until
the three dimensional article shape has been formed.

[0048] In some embodiments, the method of forming a
three dimensional (3D) article further includes exposing the
plurality of support layers and the plurality of build layers to
an actinic radiation. In some embodiments, the method fur-
ther includes subjecting the build material to actinic radiation
(for example, UV radiation) of sufficient wavelength and
intensity to cure the build material. In some embodiments, the
plurality of build and support layers may be deposited in the
shape ofa 3D article and then exposed to the actinic radiation.
In some other embodiments, the layers of deposited build and
support materials may be exposed to actinic radiation and
cured, prior to the deposition of adjacent layers.

[0049] Insome embodiments, the deposited build and sup-
port layers may be further subjected to one or more planariza-
tion steps. Planarization may correct the thickness of one or
more layers, prior to curing the material by flattening the
dispensed material to remove excess material, and create a
substantially uniformly smooth exposed surface. In some
embodiments, the method further includes subjecting the plu-
rality of build layers and the plurality of support layers to a
planarization step after the step of depositing the layers. In
some embodiments, after each layer is deposited, the depos-
ited material (build and support material) is planarized and
cured with actinic (for example, UV) radiation prior to the
deposition of the next layer. In some other embodiments,
several layers may be deposited before planarization and
curing, or multiple layers may be deposited and cured fol-
lowed by one or more layers being deposited and then pla-
narized without curing.

[0050] As mentioned earlier, the support composition
includes a wax including a functional group capable of react-
ing with the build material when exposed to an actinic radia-
tion. In some instances, a portion of the support composition
and the build material may intermix at the interface of the
support layers and the build layers, for example, during one or
both of the deposition and planarization steps. Thus, in some
such instances, an interface region may be formed including
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at least a portion of the build composition (including the build
material and photoinitiator) and the support composition.
[0051] The method further includes reacting a portion of
the functional group in the support composition with a por-
tion of the build material at an interface of the plurality of
build layers and the plurality of support layers. Further, as the
functional group and the support composition are themselves
substantially non-reactive to the actinic radiation, a portion of
the support composition is substantially unreacted after expo-
sure to the actinic radiation. The term “substantially unre-
acted” as used in this context means that less than 5 weight
percent of the total amount of support composition (present in
the one or more support layers) undergoes a polymerization
or cross-linking reaction, when the build and support layers
are exposed to the actinic radiation.

[0052] Thus, the method includes forming a substantially
non-removable cross-linked region at the interface between
the build and support layers, while the bulk of the support
layers is substantially un-crosslinked and easily removable.
In some embodiments, the method further includes removing
a portion of the support composition that is substantially
unreacted after exposure to the actinic radiation. The support
composition may be removed by any means known to one of
ordinary skill in the art and not inconsistent with the objec-
tives of the present invention. In some embodiments, the
support composition may be removed by melting, dissolution
in a solvent, or combinations thereof.

[0053] In some embodiments, a portion of the unreacted
composition may be removed by melting, followed by dis-
solving the residual unreacted support composition in a suit-
able solvent. In some embodiments, the method further
includes contacting at least a portion of plurality of support
layers with a solvent. In some such instances, a portion of the
support composition that is unreacted is substantially
removed, and the portion of the support composition that has
reacted with the build material is substantially retained in the
3D article. The term “substantially removed” as used in this
context means that greater than 90 weight percent of the
unreacted support composition is removed (for example, by
melting or solubilizing). The term “substantially retained” as
used in this context means that greater than 90 weight percent
of the reacted support composition is retained after the sup-
port removal step (for example, melting or solubilizing step).
As mentioned earlier, the compositions and methods
described herein may avoid formation of a rough, porous
surface in a 3D ink-jet printed article.

EXPERIMENTAL
Example 1

Synthesis of Functional Waxes

[0054] All reactions were carried out under nitrogen unless
otherwise specified. Reagents were used as received from the
suppliers. Yields were not optimized.

[0055] Synthesis of 4-vinyloxybutyl octadecanoate
(Sample 1): 1.9 mL of dicyclohexylcarbodiimide in 2 mL.
methylene chloride was added dropwise to a solutionof 1.0 g
stearic acid, 0.41 g hydroxybutyl vinyl ether, and 0.14 g
dimethylaminopyridine in 7 mL. methylene chloride. After
reacting overnight at room temperature, the mixture was fil-
tered to remove solids. The resulting solution was then
stripped on a rotary evaporator. The crude product was recrys-
tallized twice from ethanol. The result was 0.93 g of product
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as a white solid. 'HNMR (CDCl,) 8 6.45 (dd, J=14.4, 6.8 Hz,
1H), 4.15 (dd, J=14.4, 2.0 Hz, 1H), 4.09 (m, 2H), 3.97 (dd,
J=6.8, 2.0 Hz, 1H), 3.69 (m, 2H), 2.28 (t,J=7.4 Hz, 2H), 1.72
(m, 4H), 1.60 (m, 2H), 1.21-1.34 (m, 28H), 0.87 (t, J=7.0 Hz,
3H). >C NMR 173.92, 151.78, 86.40, 67.27, 63.84, 34.36,
31.93,29.70,29.66,29.61,29.48,29.37,29.27, 29.17, 25.66,
25.37, 25.00, 22.70, 14.12.

[0056] Synthesis of di(4-vinyloxybutyl) octadecanedioate
(Sample 2): 1.3 mL of diisopropylcarbodiimide was added
dropwise to a solution of 0.50 g octadecandioic acid, 0.37 g
hydroxybutyl vinyl ether, and 0.39 g dimethylaminopyridine
in 12 mL. methylene chloride. The result was then allowed to
stir overnight at room temperature. The reaction mixture was
then filtered to remove solids, washed 2x with 5% HCI, once
with saturated sodium bicarbonate, and dried over anhydrous
potassium carbonate. The solvent was removed on a rotary
evaporator to yield 0.8 g of crude product as a white solid.
Purification was accomplished by recrystallization from
methanol. After drying in a vacuum oven at room tempera-
ture, 0.45 g pure solid was obtained. "HNMR (CDCl,) d 6.45
(dd, J=14.4, 6.8 Hz, 2H), 4.15 (dd, I=14.4, 1.9 Hz, 2H), 4.09
(m, 4H), 3.97 (dd, J=6.8, 1.9 Hz, 2H), 3.69 (m, 4H), 2.28 (t,
J=7.5 Hz, 4H), 1.72 (m, 8H), 1.60 (m, 4H), 1.21-1.32 (m,
24H). >C NMR 173.92, 151.78, 86.40, 67.27, 63.84, 34.35,
29.67,29.64,29.60,29.47,29.27,29.16, 25.65, 25.37, 25.00.
[0057] Synthesis of di(4-vinyloxybutyl) eicosanedioate
(Sample 3): 1.4 mL of diisopropylcarbodiimide mixed with 2
ml, CH,Cl, was added drop-wise to a solution of 1.0 g
eicosandioic acid, 0.75 g hydroxybutyl vinyl ether, and 0.7 g
dimethylaminopyridine in 10 m[L methylene chloride. The
result was then allowed to stir for 4.5 hours at room tempera-
ture. The reaction mixture was then filtered to remove solids,
washed 2x with 5% HCI, once with 5% NaOH, once with
saturated NaCl and dried over anhydrous potassium carbon-
ate. After stripping of the solvent on a rotary evaporator, 1.15
g of crude product was obtained. The material was then
recrystallized from ethanol yielding 0.90 g of pure product
after drying. "H NMR (CDCl,) § 6.46 (dd, I=14.4, 6.8 Hz,
2H), 4.16 (dd, J=14.4, 2.0 Hz, 2H), 4.10 (m, 4H), 3.98 (dd,
J=6.8, 2.0 Hz, 2H), 3.70 (m, 4H), 2.29 (t,J=7.6 Hz, 4H), 1.73
(m, 8H), 1.61 (m, 4H), 1.21-1.32 (m, 28H). > CNMR 173.94,
151.79, 86.42, 67.29, 63.85, 34.37, 29.69, 29.66, 29.61,
29.48,29.27, 29.17, 25.66, 25.37, 25.00.

[0058] Synthesis of di(vinyloxymethylcyclohexylmethyl)
eicosanedioate (Sample 4): 7 mL of diisopropylcarbodiimide
mixed with 10 mLL CH,Cl, was added drop wise to a solution
of 5.0 g eicosandioic acid, 5.1 mL cyclohexanedimethanol
monovinyl ether, and 3.5 g dimethylaminopyridine in 75 mL
methylene chloride. After stirring overnight the mixture was
filtered into a separatory funnel and washed with water, dilute
HCl, and saturated NaHCO,;. After drying over K,COj; the
solvent was removed on a rotary evaporator. The result was
crystallized with ethanol and then recrystallized from etha-
nol/CH,Cl,. After drying, 3.5 g of product was obtained. 'H
NMR (CDCl,) 8 6.43 (dd, J=14.4, 6.8 Hz, 2H), 4.12 (dd,
J=14.4, 2.0 Hz, 2H), 3.92 (dd, J=6.8, 2.0 Hz, 2H), 3.86 (d,
J=6.5Hz, 4H),3.46 (d, J=6.4 Hz, 4H), 2.27 (t, I=7.4 Hz, 4H),
1.80 (m, 8H), 1.58 (m, 10H), 1.2-1.3 (m, XH), 0.98 (m, YH).
13CNMR 173.92, 152.07, 86.07, 73.29, 69.18, 37.49, 37.16,
34.34,29.67,29.64,29.59,29.46,29.25,29.15, 28.98, 28.25,
25.02.

[0059] Synthesis of octadecyl cinnamide (Sample 5): 6.2 g
cinnamoyl chloride in 20 mL. methylene chloride was added
to an ice cold solution of 10.0 g octadecylamine and 5.4 mL
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triethylamine in 70 mL, methylene chloride over a period of
about 30 minutes. An additional 40 mL. CH,Cl, was added
during this time in order to maintain adequate stirring. Once
addition was complete, the addition funnel was rinsed with a
few mLs of solvent. Then the reaction was allowed to warm to
room temperature where it was kept overnight. At this point
the mixture was filtered to remove solids and then washed
with ~2% HCI, water and saturated sodium bicarbonate. After
drying over K,CO;, the solvent was stripped on a rotary
evaporator. The result was 12.65 g of crude product as a white
solid. This was recrystallized from ethanol and then dried at
room temperature to form 11.43 g of pure product. '"H NMR
(CDCl,) 8 7.62 (d, I=15.6 Hz, 1H), 7.49 (m, 2H), 7.35 (m,
3H), 6.40 (d, J=15.6 Hz, 1H), 5.74 (br t, J=5.2 Hz, 1H), 3.38
(9, 7=6.8 Hz, 2H), 1.56 (quintet, J=7.2 Hz, 2H), 1.23-1.33 (m,
30H), 0.88 (t, J=6.6 Hz, 3H). >*C NMR 165.84, 140.29,
134.92,129.58, 128.79, 127.75,120.84,39.84,31.94,29.71,
29.67,29.62, 29.57, 29.38, 29.35, 27.00, 22.71, 14.14.

[0060] Synthesis of hexadecyl cinnamide (Sample 6): 4.8 g
cinnamoyl chloride in 15 mL. methylene chloride was added
to an ice cold solution of 7.0 g hexadecylamine, 4.3 mL
triethylamine and 75 mI methylene chloride over a period of
about 30 minutes. Once the addition was complete, the addi-
tion funnel was rinsed with a few mLs of solvent. Then the
reaction was allowed to warm to room temperature where it
was kept overnight. At this point the mixture was filtered to
remove solids and then washed with ~2% HCI, water and
saturated sodium bicarbonate. After drying over K,CO,;, the
solvent was stripped on a rotary evaporator to form 10.87 gof
crude product as a white solid. This was recrystallized from
ethanol and then dried in a vacuum oven at 40-45° C. to obtain
9.16 g of pure product. "H NMR (CDCl,) 8 7.62 (d, J=15.6
Hz, 1H), 7.48 (m, 2H), 7.33 (m, 3H), 6.43 (d, J=15.6 Hz, 1H),
5.93 (brt, J=5.2 Hz, 1H), 3.37 (q, J=6.8 Hz, 2H), 1.56 (quin-
tet,J=7.2 Hz, 2H), 1.22-1.36 (m, 26H), 0.87 (t,J=7.0 Hz, 3H).
13C NMR 165.92, 140.72, 134.93, 129.55, 128.78, 127.75,
120.93, 39.85, 31.94, 29.72, 29.67, 29.62, 29.58, 29.38,
29.37,27.02,22.71, 14.14.

[0061] Synthesis of dodecyl cinnamide (Sample 7): A solu-
tion of 5.0 g cinnamoy] chloride in 20 mI. methylene chloride
was added to an ice cold solution of 5.7 g dodecylamine over
a period of about 30 minutes. Once the addition was com-
plete, the addition funnel was rinsed with a few mLs of
solvent. Then the reaction was allowed to warm to room
temperature where it was kept overnight. At this point, the
mixture was filtered to remove solids and then washed with
~2% HCI, water and saturated sodium bicarbonate. After
drying over K,CO;, the solvent was stripped on a rotary
evaporator. The material was recrystallized from ethanol and
then dried in a vaccum oven at 40-45° C. There were thus
obtained 5.69 g of pure product. "H NMR (CDCl,) 8 7.61 (d,
J=15.6 Hz, 1H), 7.46 (m, 2H), 7.30 (m, 3H), 6.49 (d, J=15.6
Hz, 1H), 6.35 (br t, J=5.6 Hz, 1H), 3.36 (q, J=6.8 Hz, 2H),
1.56 (quintet, J=7.2 Hz, 2H), 1.20-1.37 (m, 18H), 0.87 (1,
J=6.8 Hz, 3H). 1*C NMR 166.12, 140.60, 134.94, 129.52,
128.76, 127.74, 121.07, 39.89, 31.93, 29.70, 29.67, 29.62,
29.59, 29.38, 29.37, 27.06, 22.70, 14.14.

[0062] Synthesis of di(hexadecyl) maleate (Sample 8): A
mixture of 10.0 g hexadecanol, 2.0 g maleic anhydride, and
0.20 g toluenesulfonic acid monohydrate was heated to 105°
C. under vacuum where it was kept for 20 hours. The mixture
was then cooled and dissolved in chloroform. After washing
with saturated sodium bicarbonate, the solution was dried
over K,COj; and stripped on a rotary evaporator. The solid
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product was then recrystallized twice from ethanol and dried
in a vacuum oven. The final yield was 9.67 g of a light tan
solid. "HNMR (CDCl,) 8 6.22 (s, 2H), 4.17 (t, J=6.8 Hz, 41),
1.66 (quintet, J=6.8 Hz, 4H), 1.22-1.38 (m, 52H), 0.87 (1,
J=6.8 Hz, 6H). 13C NMR 165.35, 129.76, 65.48, 31.94,
29.71,29.69,29.67,29.59,29.54,29.38,29.26, 28.44, 25 .88,
22.70, 14.11.

[0063] Synthesis of di(octadecyl) maleate (Sample 9): A
mixture of 10.0 g octadecanol, 1.8 g maleic anhydride, and
0.20 g toluenesulfonic acid monohydrate was heated to 120°
C. under vacuum where it was kept for 2.5 hours. The mixture
was then cooled and dissolved in a mix of hexanes and chlo-
roform. After washing with saturated sodium bicarbonate, the
solution was dried over K,CO, and stripped on a rotary
evaporator. The solid product was then crystallized twice
from ethanol and dried in a vacuum oven. The final yield was
8.83 g of a light tan solid. 'H NMR (CDCl,) § 6.22 (s, 2H),
4.17 (t,J=6.8 Hz, 4H), 1.66 (quintet, J=7.0 Hz, 4H), 1.20-1.38
(m, 60H), 0.87 (t, J=6.8 Hz, 6H). *C NMR 165.36, 129.76,
65.48,31.94,29.72,29.67,29.60, 29.54,29.38,29.27, 28 .44,
25.88,22.71, 14.13.

[0064] Synthesis of a difunctional wax (Sample 10): 2.0 g
octadecylamine and 0.72 g maleic anhydride were heated to a
melt and stirred for about 20 minutes. The result was cooled,
and mixed with 10 m[. CH,Cl,, 0.86 g hydroxybutyl vinyl
ether, and 0.72 g dimethylaminopyridine. To the heteroge-
neous mix was added 1.7 mL of diisopropylcarbodiimide.
The resulting mixture was then allowed to stir for 3 days at
room temperature. At this point, the mixture was filtered into
a separatory funnel and washed with dilute HCI, water, and
saturated sodium bicarbonate. After drying over anhydrous
K,CO;, the solvent was stripped on a rotary evaporator. The
sample was then recrystallized from ethanol. NMR at this
time showed it to still be somewhat impure and furthermore
that the maleate olefin had isomerized to a fumarate (a cou-
pling constant of 15.6 Hz was observed for this olefin which
is consistent with a trans rather than cis isomer). A sample for
DSC testing was purified by column chromatography using
hexane:ethyl acetate as eluent. '"H NMR (CDCl,) d 6.90 (d,
J=15.6Hz, 1H), 6.80(d,J=15.6 Hz, 1H), 6.45(dd, J=14.4,6.8
Hz, 1H), 6.08 (brt, J=5.4 Hz, 1H),4.21 (t,]J=6.4 Hz, 2H), 4.16
(dd, I=14.4,2.0Hz, 1H),3.98 (dd, J=6.8, 2.0 Hz, 1H), 3.70 (t,
J=6.0 Hz, 1H), 3.34 (q, J=6.8 Hz, 2H), 1.77 (m, 4H), 1.53
(quintet, J=7.2 Hz, 2H), 1.21-1.34 (m, 30H), 0.87 (t, J=6.6
Hz, 3H). *C NMR 165.71, 163.51, 151.74, 136.63, 130.06,
86.51, 67.16, 64.82,39.99,31.93, 29.70,29.67, 29.59, 29.54,
29.40, 29.37, 29.27, 26.92, 25.59, 25.29, 22.69, 14.13.
[0065] Synthesis of di(octadecyl) fumarate (Sample 11):
2.7 mL of fumaryl chloride was added to a mixture of 13.5 g
octadecanol, 7.0 mL triethylamine, and 100 mL hexanes with
stirring. Once the addition was complete, the reaction was
heated to reflux for an hour. This was followed by cooling the
mixture slightly and then filtering while still warm. The hex-
anes were stripped on a rotary evaporator yielding 11.42 g of
crude product as a brown solid. The material was recrystal-
lized from ethyl acetate to obtain 8.35 g of product as a tan
solid. 'HNMR (CDCl,)$ 6.84 (s, 2H), 4.19 (t, ]=6.8 Hz, 4H),
1.67 (quintet, J=7.6 Hz, 4H), 1.2-1.4 (m, 60H), 0.88 (t, ]=6.4
Hz, 6H). '*C NMR 165.12, 133.63, 65.53, 31.94, 29.71,
29.67,29.64,29.58,29.51,29.38,29.23,28.51, 25.88,22.71,
14.13.

[0066] Synthesis of di(hexadecyl) fumarate (Sample 12):
2.7 mL of fumaryl chloride was added to a mixture of 12.1 g
hexadecanol, 7.0 mL triethylamine, and 100 mL. hexanes with
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stirring. Once the addition was complete, the reaction was
heated to reflux for an hour. This was followed by cooling the
mixture slightly and then filtering while still warm. On stand-
ing, the product was observed to crystallize from the hexanes.
Therefore, the mix was placed on ice, and then the solid
collected by vacuum filtration followed by washing with
fresh, ice-cold hexanes. After drying in a vacuum oven, 10.0
g of product was obtained as an off-white solid. The material
was further purified by recrystallization from ethyl acetate.
The final yield was 8.9 g. "H NMR (CDCl,) d 6.84 (s, 2H),
4.19 (t,J=6.8 Hz, 4H), 1.67 (quintet, J=6.8 Hz,4H), 1.22-1.38
(m, 52H), 0.88 (t, J=6.6 Hz, 6H). '>*C NMR 165.12, 133.63,
65.53,31.94,29.70,29.67,29.64,29.57,29.51,29.38, 29.23,
28.51, 25.88,22.71, 14.13.

[0067] Synthesis of a bifunctional wax oleyl cinnamide
(Sample 13): A solution of 6.2 g cinnamoyl chloride in 25 mL.
chloroform was added drop-wise to an ice cold solution of
10.0 g oleylamine (tech, 70%), 5.4 mL triethylamine and 75
mL chloroform over a period of' 30 minutes. Once the addition
was complete, the reaction mixture was allowed to warm to
room temperature where it was allowed to remain overnight.
At this point, the mixture was washed 2x with dilute HCl,
once with water and then with saturated sodium bicarbonate.
It was then dried over K,COj; and stripped on a rotary evapo-
rator. 11.95 g of waxy solid was obtained on cooling. This
material was then recrystallized from 70 mL ethanol to obtain
1.63 g of solid. NMR showed this to contain the right peaks
but the oleyl olefin integration was only half of what it should
be. Therefore, the resulting product was probably a mix of
materials (as the starting oleylamine was only 70% pure). At
this point, the liquid from the recrystallization was stripped
under vacuum and the residue was recrystallized from 30 mL
ethanol to obtain 1.89 g of the final product. 'H NMR
(CDCl,) 87.61 (d, 15.8 Hz, 1H), 7.46 (m, 2H), 7.31 (m, 3H),
6.45 (d, J=15.8 Hz, 1H), 6.17 (br t, J=5.2 Hz, 1H), 5.33 (m,
2H),3.36 (q,J=7.2 Hz, 2H), 2.00 (m, 4H), 1.55 (quintet, J=6.8
Hz, 2H), 1.20-1.38 (m, 22H), 0.87 (t, I=6.8 Hz, 3H). 13C
NMR 166.34, 140.38, 134.98, 129.92, 129.78, 129.44, 128.
72,127.73,121.34,39.94,31.93,29.79, 29.73, 29.64, 29.56,
29.54,29.42,29.35,29.29, 27.23, 27.14,22.71, 14.14.

Example 2

Melt/Resolidification Behavior Using DSC

[0068] Differential scanning calorimetry (DSC) studies
were conducted on a Perkin Elmer DSC7. Samples were
heated under nitrogen at 10° C./min from 20-30° C. up to
100-120° C. and then they were cooled back down to the
original temperature at the same rate. Table 1 shows the
results from the DSC study. In Table 1, the column labeled
“melting peak” corresponds to the temperature at which the
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melt endotherm peaked on heating and the column labeled
“resolidification peak™ corresponds to the temperature at
which the resolidification exotherm peaked on subsequent
cooling. The “Delta” column shows the difference in tem-
perature between the melting and resolidification peaks.

Example 3

Cure Screening Test

[0069] An acrylate masterbatch was prepared by mixing
17.52 g triethylene glycol dimethacrylate, 4.60 g SR349
(ethoxylated BPA diacrylate), 15.40 g Ebecryl 284N (acry-
lated aliphatic urethane), 2.52 g tripropylene glycol diacry-
late, and 1.60 g of 1-hydroxycyclohexyl phenyl ketone (pho-
toinitiator).

[0070] Test formulations were prepared by combining 0.95
g of masterbatch with 0.050 g of the test wax. After heating
and stirring until homogeneous, the formulations were
poured into disposable aluminum pans and the material
(about 0.7-0.8 g) was spread into a thin film covering most of
the bottom of the pan. An OmniCure® 52000 system manu-
factured by Lumen Dynamics (Ontario, Canada) was used as
a UV light source for photo-curing. The 52000 was equipped
with liquid light guides and a collimating adaptor at the end
for uniform illumination of samples. The distance between
the sample and end of the collimator was set to 4 inch. The
cured films were broken up into small pieces and weighed
into 8 dram vials. 10 mL of' hexanes were added along with a
magnetic stirbar and the vials were capped. They were then
placed on a hotplate/stirrer and heated to ~45° C. with vigor-
ous stirring for 2 hours. The solids were then filtered out using
vacuum filtration, and washed with fresh hexanes. The com-
bined hexanes solution was stripped on a rotary evaporator up
to about 55-60° C./full house vacuum. The weight of the
residue was then measured and then the residue was analyzed
using proton NMR. The extractables values were calculated
using the following formula:

% Extractables=(residue weight/initial sample
weight)x100

[0071] Table 1 shows the % extractable data for Samples
1-13. The extracted material for samples 1-13 was also char-
acterized by proton NMR, and usually contained a mixture of
unreacted wax, photoinitiator related peaks, and unreacted
acrylates/methacrylates. FIG. 2 shows an example spectrum
of the extracts from a formulation containing Sample 1. The
peaks marked with arrows correspond to the wax, while the
rest of the peaks correspond to ingredients from the acrylate
formulation.

TABLE 1

Melting, resolidification and curing data for different waxes (Samples 1-13)

Sample Melting  Resolidification
No. Formula Peak (° C.) Peak (°C.)  Delta % Extr.
1 CH;—(CH,),,—CO,—(CH,),—O0—CH—CH, 44 <20 NA 0.92
2  CH,—CH—0O—(CH,),—0,C—CH,),—CO,—(CH,),—O—CH—CH, 58 40 18 0.12
3  CH,—CH—0O—(CH,),—0,C—(CH,),—CO,—(CH,),—O—CH—CH, 60 43 17 0.26
4  [CH,—CH—O—CH,—C4H,—CH,—0,C—(CH,)o—1]» 45 24 21 1.2
5  Ph—CH—CH—CONH—(CH,),,CH; 89 77 12 0.78
6  Ph—CH—CH—CONH—(CH,),sCH; 88 75 13 1.1
7  Ph—CH—CH—CONH—(CH,),,CH, 76 51 25 0.48



US 2015/0240084 Al

TABLE 1-continued
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Melting, resolidification and curing data for different waxes (Samples 1-13)

Sample Melting  Resolidification
No. Formula Peak (° C.) Peak (°C.)  Delta % Extr.

8  ¢is-CH;—(CH,),5—0,C—CH—CH—CO,—(CH,),sCH; 33 22 11 0.82
9  cls-CH;—(CH,),—0,C—CH—CH—CO,—(CH,),,CH; 45 36 9 0.18

10 trans-CH,—CH—O—(CH,),—0,C—CH—CH—CONH—(CH,),,CH; 97 86 11 NT

11 trans-CH,—(CH,),,—0O,C—CH—CH—CO,—(CH,),,CH; 72 62 10 1.7

12 trans-CH;—(CH,),5—0,C—CH—CH—CO,—(CH,),sCH; 65 55 10 1.8

13 Ph—CH—CH—CONH—(CH,)¢—CH—CH—(CH,)—CH, 43 <20 NA 0.79

[0072] Samples 1-3 correspond to wax formulations func-
tionalized with vinyl ethers prepared via esterification of fatty
acids with hydroxybutyl vinyl ether (HBVE). Sample 1 (de-
rived from stearic acid) had a low melting point (44° C.), but
exhibited the desired extractable levels. Samples 2 and 3 had
higher reactive olefin concentrations and provided better cure
characteristics, as evidenced by their lower extractables lev-
els. Further samples 2 and 3 exhibited melting/resolidifica-
tion temperatures within the desired target ranges.

[0073] Sample 4 was prepared using cyclohexane dimetha-
nol monovinyl ether (CHDMVE) instead of HBVE. DSC
analysis of this material showed a multi-modal melting endot-
herm. This was likely due to the presence of cis and trans
isomers from the CHDMVE. The melt and resolidification
data in Table 1 reflects the properties of the main peak. As
shown in Table 1, Sample 4 showed higher % extractable
value when compared to Samples-13 and the melting tem-
perature was lower.

[0074] As noted earlier, one of the desirable characteristics
of the functionalized wax materials is that the wax itself
should not be crosslinked by UV light. In order to evaluate
this characteristic, each of the vinyl ether-functionalized
materials (Samples 1-4) were cast into thin films and irradi-
ated with UV light. The vinyl-ether functionalized waxes
appeared to be largely unaffected by UV light, subsequent
heating caused them to melt and flow like non cross-linked
wax.

[0075] Samples 5-7 are cinnamide derivatives, prepared via
the reaction of the requisite long chain primary amine with
cinnamoyl chloride in the presence of triethylamine (Ex-
ample 1). DSC analysis indicated that the melting points of
Samples 5-7 were well within the desired range (as indicated
in Table 1). Extractables testing indicated that these com-
pounds reacted to a reasonable degree with the acrylate/meth-
acrylate blend, although the results for hexadecyl cinnamide
(Sample 6) were surprisingly high at 1.1%.

[0076] In order to determine whether a photodimerization
reaction via a [2+2] cycloaddition is effected in cinnamide-
functionalized waxes, a thin film was prepared from a mixture
of'Samples 4 and 5. This was irradiated with UV and then the
film was dissolved in CDCl;. Proton NMR analysis showed
only the starting cinnamides, and [2+2] cycloaddition prod-
ucts were not identified. Thus, it appears that these materials
do react during photolysis, and may be useful in support
formulations.

[0077] Two long chain maleates, dihexadecyl maleate
(Sample 8) and dioctadecyl maleate (Sample 9) were pre-
pared by reacting maleic anhydride with two equivalents of
either hexadecanol or octadecanol in the melt, under vacuum,
with a catalytic amount of toluenesulfonic acid. The melting
points for these materials were lower than desired. Further,

the melting behavior of these materials changed after the first
heat cycle. During the first heat-up, two melting endotherms
were observed. However, on cooling only one resolidification
exotherm was observed. During the second run, only single
peaks for melting and resolidification were observed as the
higher temperature melting peak seen in the first run had
disappeared. Table 1 includes data from the second heating
run for Samples 8 and 9. Table 1 further shows that the
extractable levels were low, indicating desired curing charac-
teristics.

[0078] Fumarates corresponding to the maleates (Samples
11 and 12) were prepared via a known procedure where
hexadecanol and octadecanol were reacted with fumaryl
chloride and triethylamine in hexanes. These two com-
pounds, Samples 11 and 12 had melting points within the
desired range. Further, the DSCs peaks were sharp and mono-
modal. Cure experiments however showed that the fumarates
had higher extractable values than maleates.

[0079] Difunctional waxes (Samples 10 and 13) were pre-
pared by using two different the olefin functional groups. The
first compound, Sample 10 was prepared by first reacting
maleic anhydride with one equivalent of octadecyl amine to
form an amic acid. This was then reacted with HBVE in the
same reaction vessel, cis maleate olefin isomerized to the
trans fumarate olefin. This material exhibited sharp DSC
peaks, and may be used as a blend with other functionalized
waxes/monomers.

[0080] Sample 13 was prepared by reacting oleyl amine
(tech grade only 70% pure) with cinnamoyl chloride. The
melting point of this material was lower than desired, and
addition of the extra olefin from the oleyl group did not
improve the cure performance beyond what was observed for
the monofunctional cinnamides.

Example 4

Mixture of Functionalized Wax with Monomer

[0081] As noted earlier, one of the desirable characteristics
for a support wax formulation may be that they include suf-
ficient functionality to provide a solvent resistant cross-
linked network when co-reacted with the build material.
However, waxes by their very nature (mostly straight chain
hydrocarbons) may not contain sufficient functionality by
themselves to provide the required level of cross-linking.
Accordingly, one or more monomers may be added to the wax
formulation increase the functionality. However, it is desir-
able that the monomer added does not have an overly large
negative effect on the melting/resolidification temperatures
of the waxes. In order to explore the impact of monomer
addition, a series of blends were prepared and their melt and
resolidification peaks measured. Table 2 shows the DSC peak
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temperature data for octadecyl cinnamide (Sample 5) with
different amounts of cyclohexanedimethanol divinyl ether
(CHDMDVE, a liquid), and octadecyl fumarate (Sample 11)
with 20% bisphenol A dimethacrylate (BPADM, a solid with
a melting point of 72-74° C.).
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TABLE 2

DSC Data for Wax/Monomer Blends

Melting  Resolidification % Increase in
Sample Peak (° C.) Peak (°C.)  Delta Functionality
Sample 5 89 77 12 NA
Sample 5 + 20% 84 72 12 62
CHDMDVE
Sample 5 + 30% 79 69 10 92
CHDMDVE
Sample 11 72 62 10 NA
Sample 11 +20% 70 58 12 48
BPADM
Sample 11 +20% 68 55 13 207
CHDMDVE
[0082] As shown in Table 2, by using 20-30% monomer

amount, the impact on melting and resolidification peak val-
ues was not significant. However, the level of olefin function-
ality present increased substantially. The % increase in func-
tionality were calculated from the equivalent weights of the
various compounds, and refers to the % molar increase in
olefin functionality relative to those found in the neat waxes.

Example 5

Support Wax Evaluation

[0083] FIG. 3 shows a pictorial representation of a small-
scale procedure to evaluate the effectiveness of the support
waxes in reducing roughness and porosity when used with
Visilet® MX build material. The support wax formulations
were cast as molten liquids into one inch diameter rings with
one side covered by Lexan film. On cooling, the plastic film
was removed leaving a smooth wax surface (Step 1). VisiJet®
MX build material was applied on top of the wax followed by
a glass slide and a 125 um spacer (to control the thickness).
Some samples were heated to 55° C. for 10 minutes in order
to facilitate interaction between the built material and the
support wax. Other samples were maintained at room tem-
perature. The samples were then UV-cured through the glass
slide for 20 seconds (Step 2). The fixture was then placed in a
100° C. oven to remove most of the wax. The rest was cleaned
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off by immersing the sample in hexane at 40° C. for 2 hours.
The roughness of the cleaned surfaces was then measured
using chromatic white light profilometry (Step 3). VisiJet®
S-300 support wax formulation was used as a control and a
support wax formulation containing Sample 3 was used as a
test formulation.

[0084] FIG. 4 shows the results from control experiments
conducted using VisiJet® S-300 support wax with the Visi-
Jet® MX build formulation. As shown in FIG. 4, the sample
maintained at room temperature (25° C.) before UV cure was
fairly smooth as the two materials were only in contact with
each other as “solids” (although VisiJet® MX is more like a
gel). The curvature in the sample was the result of the cured
Visilet® MX delaminating from the glass slide (due to cure
shrinkage). When the sample was heated to 55° C. for 10
minutes before UV curing to enhance their intermixing, a
much rougher surface was obtained, as shown in FIG. 4.
[0085] FIG. 5 shows the results obtained with di(4-viny-
loxybutyl) eicosanedioate (Sample 3) as the support wax with
the Visilet® MX build formulation. As shown in FIG. 5, the
surface was rougher in the sample that had been heated to 55°
C. when compared to the sample at room temperature. How-
ever, the difference between the 25° C. and 55° C. test results
was smaller when compared to the control, indicating that the
functionalized wax helps in reducing the surface roughness of
the cured build material.

[0086] The presentinvention has been described in terms of
some specific embodiments. They are intended for illustra-
tion only, and should notbe construed as being limiting in any
way. Thus, it should be understood that modifications can be
made thereto, which are within the scope of the invention and
the appended claims. Furthermore, all of the patents, patent
applications, articles, and texts which are mentioned above
are incorporated herein by reference.

1. A composition suitable for forming a support using a
three-dimensional (3D) deposition method, comprising:

a wax comprising at least one functional group capable of
reacting with a build material used in the 3D deposition
method, when exposed to an actinic radiation,

wherein the functional group is itself substantially non-
reactive to the actinic radiation.

2. The composition of claim 1, wherein the composition is
itself substantially non-curable upon exposure to the actinic
radiation.

3. The composition of claim 1, wherein the composition is
substantially free of a photoinitiator.

4. The composition of claim 1, wherein the functional
group comprises vinyl ether.

5. The composition of claim 1, wherein the functional
group comprises maleate, fumarate, cinnamate, cinnamide,
or combinations thereof.

6. The composition of claim 1, wherein the wax comprises
a hydrocarbon wax, a fatty ester wax, a fatty amide wax, a
hydrogenated wax, a microcrystalline wax, a paraffin wax, or
combinations thereof.

7. The composition of claim 1, wherein the number of
functional groups in the wax is in a range from about 1 to
about 6.

8. The composition of claim 1, wherein the wax comprises
dodecyl cinnamide, octadecyl cinnamide, a fatty ester derived
from a hydroxybutyl vinyl ether, or combinations thereof.

9. The composition of claim 1, wherein the functional
group is capable of reacting with the build material under free
radical polymerization conditions.
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10. The composition of claim 1, wherein the build material
comprises at least one reactive group comprising an acrylate
moiety, a methacrylate moiety, or both, and the functional
group is capable of reacting with the reactive group when
exposed to the actinic radiation.

11. The composition of claim 1, wherein the composition
further comprises a monomer comprising an acrylate moiety,
amethacrylate moiety, a vinyl ether moiety, a maleate moiety,
a fumarate moiety, a cinnamide moiety, a cinnamate moiety,
or combinations thereof.

12. The composition of claim 1, wherein the actinic radia-
tion comprises ultra violet (UV) radiation.

13. The composition of claim 1, wherein the composition
has a melting temperature in a range from about 40 degrees
Celsius to about 110 degrees Celsius.

14. The composition of claim 1, wherein the composition
has a re-solidification temperature in a range from about 30
degrees Celsius to about 100 degrees Celsius.

15. The composition of claim 1, wherein the composition is
suitable for forming a support using ink-jet 3D printing.

16. A composition suitable for forming a support using a
three-dimensional (3D) deposition method, comprising:

awax comprising at least one functional group comprising
vinyl ether, maleate, fumarate, cinnamate, cinnamide, or
combinations thereof, wherein the composition is sub-
stantially free of a photoinitiator.

17. The composition of claim 16, wherein the wax com-
prises a hydrocarbon wax, a fatty ester wax, a fatty amide
wax, a hydrogenated wax, a microcrystalline wax, a paraffin
wax, or combinations thereof.

18. The composition of claim 16, wherein the number of
functional groups in the wax is in a range from about 1 to
about 6.

19. The composition of claim 16, further comprising a
monomer comprising an acrylate moiety, a methacrylate moi-
ety, a vinyl ether moiety, a maleate moiety, a fumarate moiety,
a cinnamide moiety, a cinnamate moiety, or combinations
thereof.

20. A method of forming a three dimensional (3D) article,
comprising:

(1) selectively depositing a build material on a substrate to

form a plurality of build layers;

(ii) selectively depositing a support composition on the
substrate to form a plurality of support layers, wherein
the support composition comprises a wax comprising at
least one functional group;
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(ii1) exposing the plurality of support layers and the plural-

ity of build layers to an actinic radiation; and

(iv) reacting a portion of the functional group in the support

composition with a portion of the build material at an
interface of the plurality of build layers and the plurality
of support layers,

wherein a portion of the support composition is substan-

tially unreacted after exposure to the actinic radiation.

21. The method of claim 20, further comprising subjecting
the plurality of build layers and the plurality of support layers
to a planarization step after step (ii).

22. The method of claim 20, further comprising contacting
at least a portion of plurality of support layers with a solvent
such that a portion of the support composition that is unre-
acted is substantially removed, and the portion of the support
composition that has reacted with the build material is sub-
stantially retained in the 3D article.

23. The method of claim 20, wherein the functional group
comprises vinyl ether.

24. The method of claim 20, wherein the functional group
comprises maleate, fumarate, cinnamate, cinnamide, or com-
binations thereof.

25. The method of claim 20, wherein the wax comprises a
hydrocarbon wax, a fatty ester wax, a fatty amide wax, a
hydrogenated wax, a microcrystalline wax, a paraffin wax, or
combinations thereof.

26. The method of claim 20, wherein the number of func-
tional groups in the wax is in a range from about 1 to about 6.

27. The method of claim 20, wherein the wax comprises
dodecyl cinnamide, octadecyl cinnamide, a fatty ester derived
from a hydroxybutyl vinyl ether, or combinations thereof.

28. The method of claim 20, wherein the build material
comprises at least one reactive group comprising an acrylate
moiety, a methacrylate moiety, or both, and the functional
group is capable of reacting with the reactive group when
exposed to the actinic radiation.

29. The method of claim 20, wherein the support compo-
sition is substantially free of a photoinitiator.

30. The method of claim 20, wherein the support compo-
sition further comprises a monomer comprising an acrylate
moiety, a methacrylate moiety, a vinyl ether moiety, a maleate
moiety, a fumarate moiety, a cinnamide moiety, a cinnamate
moiety, or combinations thereof.

31. The method of claim 20, wherein the actinic radiation
comprises ultra violet (UV) radiation.
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