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ADDITIVE PROCESSING OF FLUOROELASTOMERS

Field
The present disclosure relates to additive processing of Tlioroslastomers, to fluorosiastomey
articles obtained by additive processing, and o fluordelastonter compositions useful for additive

processing.

Sackground

Fluorppolvmers are widely used as raw muaterials for their chemical inertness, in particular for
articles requiring low friction properties and /of inertness to chemical reactivity, heat, or both.

Fluaropolymers are typically classified into thermoplastics, non-melt processable fluoropolymers
and elastomers (somethmes alse reforred 1o a8 tlucrormbbers),

Flaorothermoplastics can be processed by conventional melt shaping methods, such as injéction
molding and extrusion, Fluorothermioplastios typically are copolymers of wiratluotoethylene (TFE) with
one or move other perfluorinated, partially fluorinated or non-fluorinated comenomers. Copolymers of
TFE and perfluoringted alkyl or allyl ethers are ksiown i the artas PRA’S (pesfluotinated atkoxy
polvmers). Copolvmers of TFE and hexafluoropropylens (HFF) with or without other perfluorinated
comonomers are known in the art as FEP’s (Huorinated ethylens propylene). Copotymers of TFE, HFP
and vinvlidenefuoride (VDIF) are Knows i theart as THY. Other types of melt-processable
fluorapolymers are based va vinylidenefluoride homos or copolymers, known in the art as PVDE.
Copolymets of TFE and ethylene are known as ETFE.

Non-melt processable fluoropalyniers inchude homopalymers of TEE oreopolymers of TRE with
other cwpiﬁymerizahk- perfluorinated monamers, wherein the amount of comonomers is timited to less
thait 1 %wt. Such TFE homo-and copolymers are referred to in the artas PIFE, PTEE has such a high
mielt viscosity that it cansot be processed by conventional melt processing technigues such as extrusion,
injection molding or blow molding. nstead PTFE articles typically ave produced by paste extrusion, or by
sinteting to produce blocks or billets which are then shaped info articles. For sxample by skivisg, turning,
machining {i.e., substractive methods where material is removed to shape articles).

Flnoroelastomers, typically are copolymers of TFE and at lgast one other Thiorinated comonemer,
typically an alpha-olefin and have a glass transition tesperature below 25°C, Most commonly used
comonomers-include HFP and VDF or perfluorinated atkyl vinyt ethers (PAVE's). Fluoroelastomers are
curable inte & three-dimensional network 1o produce rubber-like materials {also called Haororubbérs).
Fluoroetastomer articles are typically shaped by die cutting or injection molding,

In WO2007/133912 A2 an additive manifacturing pricess for special thermoplastic
fluoropolymets {PVDF and PCTF) are deseribed but examples are not provided. In CH103709737 A and
CN 103711104 A methods for 3D printing are described swhere the use of PTFE is mentioned. The

materials are processed by irradiating a polysuer powder with infrared or lasers and melting the povvder in
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selected arcas exposed (0 the IR~ or Jaser irradiation, These methods are known inthe art of AD-printing
as laser meling or laser sinferiug, In 1S 7,869,273 B2 a different method is described that is reported to
be suitable for PYDF, Exaniples are also not provided. The method described in US 7,369,273 B2
involves adding a Buid (rough a nozzle 1o 4 solid emﬁ'pss"iti(}ﬂ comprising the polvmer snd an adhesive
particulate material. The articulote material becomes adhesive upon contact with the flaid and thusis
veported 1o create an article by distributing the fluid on selected arcas:

There is a need to provide Nuoroclastomer articles by add ftive mansfachuring, in particular for

curable or cured flusropolvmers,

Sumymary

In ohe aspect there is provided a sthiod of produsing a fuoropolymer articks TOMPIsing
subjecting a soniposition to additive processing in an additive 'precessi’ngdevice containing at least one
energy souree, wherein the composition comprises fluoropelymer particles and a binder material capable
af binding the fuoropolysmer particles to form a layerin a part of the composition that has been expossd
to the energy source of the additive procsssing device and the method comprises subjecting s part of the
composition 1o exposiire of the energy souree to form a layer and wherein the fluoropolymer is a
fluoroclastomer.

fn another aspect thets is provided a composition for producing an articls by additive processing
in an additive processing device, said -c-eutxpas'itii;m comprising Tuoropelymer patticles, optionally one or
indres filler, and a binder material capable of binding the fluoropolymer particles upon exposure of the
Binder material to energy from an energy source of the additive prosessing device; wherein the
flucropolimer v a uoreelastomer.

Iva further aspect thers is provided & composition comprising a 3D-printed {luoroslastomes.

I yet another aspect there is provided an articke comprising a 3D-printed {hioroelastorey, the

article being selected from friction bearings, piston bearings, gaskets, shafl seals, ving Hp geals, washsr

SNV E

seals, O-rings, valve seats, counectors and lids.

Petailed Deseription

The presest Applicants have observed that it is difficult to ereate thropolymer articles, in
putticutar flueroelastomers, having a complex design with the trad itional methods. Shaping articles by
removing excess fluoropolymer (for example through skiving of dig cutting) WasEs.oxpensive
fluoropolymer material. Articles produced by inj:etltrixjn molding are less wasteful, however the
construction of roolds can be expensive and time consuming. Rapid prototyping to identify optimized
article designs by traditional rethiods, therefore, can be economically impractival.

Therefore, there s a need t& grovide altemative production methods for producing flusropolymer
articles.

Before any embodiments of this disclosure are explained in detail, i i3 to be understond that the

disclosure is not Hmited in its application to the details of construction and the arrangement of
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components set forth in the following description, Alsoy itis o be understond that the phraseology and
terminology used herein 1S for the purpose of description. Contrary 10 the use of “consisting”, the use.of
“including,” “containing”, “comprising,” or “having™ and variations thereof is meant to encompass the
fterns Histed shereafter and equivalents thereof as well as additional items, The use of 8™ or “an™ is meant
to encompass “oie or o™, Any tumerical faitge recited bersin is intended to include all values from

the tawes value to the upper valug of that range. Far example. & concentration range of from 136t 50% is

-~

example, 2%, 40%, 0%, 0%, 1.5 Y6, 3.9"% dnd so forth.

Al references cited berein are incorporated by reference unless stated otherwise.

{inless specified othervise, cited sorms (g DIN, ASTM, 150 et) are the versions in force in
Jantary 1, 2016, In case & novm had expired before January 1, 2016 the most recent active version i
meant,

The present Applicants have found that fluordelastomer articles can be prepared by additive
processing. The flucroelastomers ave provided as a composition that is suitable for additive processing

and can then be processed into a three dimensional article by additive processing, typically, in an additive

progessing device. Various knowi additive provessing techuiques may be used and also various known
additive processing devices or 31 pristers may b used. Such 3D printable compositions contain the
fluosactastomer and additional material that is capable of binding fluoroelastomer particles into a volume
elemient or a layer either by (1) melting or liquefying or (i) by polymerizing or solidifying upon the
material being exposed to an energy source, typieally the enesgy source of the additive processing devise.
Fluoroelastomer containing layers may be created successively to form a three-dimensional object. After
sthe creation of the article in the additive processing device the additional material may be removed,
typicatly by heat treatment which may include degradation or combustion. This step may be followed by
other work-up steps, which may include; for sxample, curing of the articl.

An advantage of the methods provided herein is that not only protutypes of flecroetastomer
articles o be produced at fow costs but alse fluoroelastomer articles of complex shape and design may
be created that may not be available through Conventional fluoropolymer prodessing or vuly at highes
COsds,

The methods provided herein are also fess wastefud because unreacted 300 printable conpositions
may be reused jna next 3D print run.

Additive processing

Additive processing, alss Knowt as 73 Dy printing”, or “additive manufacturing (AM)7, rafers to a
process to ereate a thres-dimensional object by sequential deposition of materials in defined areas,
typicatly by generating suceessive layers o material. The object is typically produced under computer
comtrol frama 3D model or other electronic data source by an additive printing device typically referred
to as a 303 printer. The term “3D printer” and “additive processing device” are used tisrein

interchangeably and gencrally refer to a device by which additive processing can be carried out. The
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terms “300-printing” and “3D-printable™ are wied likewise and mean additive processing and suitable for
additive processing,
Additive processing devices are devices by which sequential deposition of inaterial in defined

aveas can be achievad, typically by deposi

buik ap, fayer-on-layer to create a three-dimensional object:

Typically an additive processing device is computer-controlled and creates the desired object
hased on an electronic image of the obiect to be created. The 3D printer contains an engrgy source that
applies energy to a localised afea in 8 3D-printable composition. The energy applied may be, for example,
heat of irradiation or both, The energy sourcs may include a Hght source, a laser, e-beam genbrators,
generators and other sourcing capable of fovussing energy to defined arcas of the 3D-printable
composition. The energy source may be moved to defined areas over the surface of the 3D printable
composition, typically undércomputer control.
printable composition or out'of it, typisally, by the distanice of the layers to be formed on the platfor.
Typically this is also done under computer control. The device may furthier contain a device such aya
wipar blade or an thjection tozzie by which new printable material can be applied over the layer formed
For successive layer-on-layee building, Support stractures mmay be used and later removed in case the
alifect to be created s complex of requires struchural support during its creation.
compositions or solid 3D-printable compositions depending on the additive processing method and
device used,

The 3D printable compositions provided hersin contain fluorppolymers and one or more
additional materials, Depending on the additive processing technigue, upon exposure to the energy source
of the additive processing device, the additional material either (i) meits or lquefies, or (i) solidifies or
polyinerizes and bi-n‘ds_.‘ﬂuom;n:fiyntaer_g;j.ar-ﬁcfl‘es; into a-volume element or a layer. Such one of more
additiomal materials are therefore also referred herein as “binder material™,

In one embodiment of the present disclosure the lavers are created From a selid composition, The
31 printable composition is typically provided in the form of particles, for example i the form ot g
powder, or in case of the filament deposition process, in the form of extruded filaments, The
flucropolymer and the binder material may be present as particles or the fluoropolymer particles may b
conted with the binder material. The flooropolymer particles are fused selectively by bringing the binder
material to the melt {or Hquetving it) using an energy source, typically a heat soures. Depending on the
fuelting temperature of the binder material & high or low heat source may bewsed. A faser may be used in
case of selestive fayer sintering (SLSY of selective fayer melting (SLM), oran elsctron beamn in case of
electron beanvmelting (EBM). If toswer temperatures are sufficient for the formation of volume elements
throvigh melting or liquetving, heated wires and theymal print heads may be used {also referred ta as
“thermal printing™), Processes may inolude one or more thermal sources for inducing fusion between

powder particles, a method for controtling powder fusion to a preseribed region of each laver, and a
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reechanisms for adding.and smoothing powder lavers, Fusion mechanisms can be based on solid-stite
sintering, chemically wnduced binding, liquid-phase sintering and full melting of vomhinations thereof.

These methods use an energy source to fuse particles into a mass that has a desired three-
dimensional shape, The focused energy source selectively fuses powdersd material by scanning cross-
sections generated from a 3-D) digital description of the part (for example from a CAD fide or scan'data}
on the surface of a powder bed. After sach crossssection is scamied, the powder bed is lowered (or raised
depending or the design of the 317 printer) by one layer thickniess, a new laver of material is applied on
top, and the process is repeated until the part is complute. In selective laser sintering (SLE) or wiglting
{SLM). typically a pulsed laser is nsed and in EBM an eleciron beam is used. In 3D thermat printing a
heated wire or a thermal print head or other heat sources may be used. The heat may be gensrated for
example, by electricity or irradiation or other appropriate means of generating increased temperatures, in
the process of the present disclosure the binder material mielts or iqueties or otherwise significantly
reduces ity viscosity upon gxposure to the ensrgy source thus binding the fuorapelymer particles into a
volume element,

The processing device may preheat the butk powder material in the powder bed somewhat below
its melting point, 1o make it easier for the energy sourcs to raise the temperature of the selected regions
the rest of the way to the melting point.

Directed snergy deposition (DED) processes deposit a material {usually a powder) snd provide
energy to process that material through a single deposition devive. DED processes enable the creation of
parts by melting material as it is being deposited, not by melting material that is preslaid in a powder bed.
As a focused heat sourcs; a laser ot electvon baam may be used. If less snergy is required to melt the
material also another heat source, for example one or more thermal prigt heads may be used. In
extrasion-layered deposition systems {e.g. fused fitament fabrication systems and other melt-extrusion
additive manufacturing processes) articles are produced laver-hy-layer by extruding a the 30-printable
composition through an extrusion head. Movement o the extrusion head with respect to the substrate
it which the substrate is extruded is performed under computer costrol, in ascordance with the build
data that répresents the article, for example a CAD file. The vomposition can be extruded trough a
noerle cartied by an extrusion head and deposited as a sequence of roads on a substrate in an x-y plane.
The roads can b in the form of continuous heads.or in the form of a series of droplets (e.g. as deseribed,
for example in US Patent Application No 2013/0081599). The extruded composition tuses to previously
deposited composition as it solidifies upon a drop in temperature, This can provide at least 3 portion of
the firsg la\f{:r of the three-dimensional article. By changing the position of the. extrugion head relative o
she first laver additional rows can he repeatedly build, This 3D-printing methad is also known under the
ferm “fused deposition modelling or “FDM™, The compositions provided berein may also be ysed n
FDM, in which case they are formulated such that they can beextruded, for example as extrudably solid
compositions or a3 extrudable pastes. The bindsr material typically melts during the extrusion process and
the composition is deposited on selected locations where the molten binder material may solidify and thus

bimds the fluoreleastomer particles.

1943
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In another embodiment of the present disclosure the layers are formed by selidifyving of
polymerizing a binder material, typically fom a liguid composition or an exirudable paste in controlled
areas, for example through polimerization initiated by appropriate ircadiation,

This type of additive manufacturing technique is generatly referred 10'as stereolithography (5L}
or vat polymerization (VF). Sterealithography is an additive manufiicturing process that works by
focusing electromagoetic irradiation (incleding, for exaniple, irradistion with ultravieles light (UV ) on to
& vat of composition containing polymerizable material, With the belp of computer aided manufactunng
or computer aided design software (CAMICADY), the frradiation is used todraw a pre-programaed design
or shape on to the surface of the 3D-printable composition. Bevause the 3D-printable compasition is
reactive to the irradistion, the composition is soliditicd or gels and fornis a single layer of the desired 3D
objeet on the areas exposed 1o the irradiation. This process is repeated for cach fayer of the design under
the 30 object is vomplete. Typically, the 3D printer used for stereolithography contains an elevatar
platform that descends a distance equial to the thickness of a single layer of the design (typically 8.05 mm
to 015 mim) inte the photapolymer vat. Then, a resin-filled blade muy swaep across a cross seetion of the
faver, re-coating it with fresh matecial, The subsequent layer is traced, joining the previous layer. A
coniplete 313 object can be formed using this process.

Dlepending on the desi guoof the additive processing device another typical method raises ot
lowers the build platform fuithir than one layer or volumme element so that the material is able to-easily
flow aver the previous fayer/volume element. Upon tetusning to the<desired step height the previous layer
is uniformly covered, The subsequent laver is traced joining the previous layer. & complete 3D object can
be formed using this process.

fristead of irradiation with UV, irradiation with other wavelengths say be used, for example from
the visible or invisible light¢e.g. IR) and including X-rays and e-beams if a polymerizible materisl is
chosen that is reactive to such irradiation or to polymerization initiators that are reactive to such
ireadiation. Conditions for effctive rradiation may vary-on the type of irradiation and the type of
polymerizable materials chosen, Polymerizable materials and polymerization initiators may be selected
that ave responsive to various types of irradiation for example to irradiation with visible or invisible
lights, For example irradiation with fight of wave lengths from 10t0.1,008 nm may be used. The
irradiation may be monochromatis or pulychromatic depending on the reactivity of the polymerizable
svstem chosen.

LV drvadigtion typically meludes irradiation with a wave length between 10 s 4 H e, LIV
irradiation may be generated from a UV source, Hike a faser, a mertury lamp or UY LEDs. UV LEDs
{Hght emitting diodes; LED) are commercially available that produce monochromatis irvadiation at wave
lenigth of 365 nim, 385 niw and 405 nm within an error margin of i 10am. Infrared jevadiation typically
includes irradiation with slectromagnetic waves of a waye Ieagth from 1 mm to 736 v, lrradiation with
visible light typically includes inadiation with 2 wave fength between 410 and 760 nnt,

The printable composition comprises a binder material that isreactive to such ivadiation with

clectromagnetic waves by polymerization {or reactive to pelymerization initiators that are reactive to such

&
SUBSTITUTE SHEET (RULE 26)



k&%

n

il

WO 2017/127569 PCT/US2017/014174

irtadiationd. The printable compositions roay thus contain one ormore p{}f,vmer-imbie binder material and,
optionally, one or mure polvmerization inifiators. The polymerization initistors used are gctivated by
exposure to the irradiation from the exergy source of the printing device and initiate polymerization of the
hinder material, which they ihcreases it viscosity, gelsof solidifiss,

Tnn a variant of this method the 3D-printable composition containing a polymerizable binder is
applied as extrudable composition, typically a paste, through a nozale at an-extrusion head to g selected
location. Polymerization is caitied vut as deseribed abuve for the steredlithography process at thy selested
tocation but nyay already initiated or completed during the extrusion omo the selested location, Thiz
nwithod is referred to-as “paste extrusion™. The contdiner contdining the 3D printable composition may be
heated to improve the surface q‘ﬂaiit_y of the extruded material.

Depending on the complexity of the article design supporling structures may be attached to the
elevator platform to prevent deflection or delarination dus to gravity and to hold crass sections | inplage
in-order fo resist lateral pressure from the tesin-filed blade.

The methods provided herein can be carried out In knowa and commercially available additive
printing devices, “[‘;;{;ﬁv:;a‘l' Knowa methods and their 3D printer have been described, for example, i
“Additive Processing of Polvmers” by B. Wendel et al in Mavromol, Meter. Eng. 2008, 293, 799-809,
Examples of convmercially available 3D printers include, but ave not limited to 3D pristers from ASIGA,
Anuaheim, California, USA for vat polymerization printing and from BLUEPRINTER, Copenhagen,

Disnmark for powdered bed prinsing with thermal heads. Printers for paste extrusions are commercially

available from Hyrel 3D, Norcross, GA 30071, for example model Hyrel System 30M printer with a

VOL2S extruder head. Printers for filament extrusion (FDM) ave available from Stratasys Direct foe.,

Valeneia, CA 913 358, forexample model Makerbot Replicator 2.

Fluoropolyiers

The flucropolymers for use in the present disclosure contain repeating units derived from
fluorinated or perfluorinated monomers. Saitable fuoropolymers g farase i the additive Processing
methods proyvided herein include curable fuoropolymets; .. 1] poraelastomers. Fluoroelastomers are
conveniently prepared by aquesus emalsion ;miymerizmi{m s known in the art, Alternatively,
fhsoroelastomers may be prepared by solvent polymerization int! ading organic solvents and inorganic
solventy like liguid COxor by suspension polverization. Suspension polymerization may be carried out
in agqueous media without Using emulsifiers, Thesy methods sre also known in the art of making
flnoropolymers,

The fluoroelastomers are typigally prepam‘& by agqueous emulsion polymerization and are

obtained as aqueous dispsisions although methods have been deseribed where the elastomners dan be

‘prepared without fuorinated smulsifiers. Typical emulsifiers include those that correspond 1o the formula

Q-RE-Z-M
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wherein € represents hydrogen, Clor F, whereby G may be présent in o terminal position or not, Rf
represents a linear or eyclic or branched perfluorinated or partially Hluorinated alkylene having 4 1o 15
parbon atoms, Z presents an acid anion, such as COO or SOy and M represents 4 cation including an
atkali metal anion or an ammeniun ion. Examples fuorinated ennilsifiers include thoss deseribed in EP 1
(59342, ER 712 882, EP 752432, EP- 85 397, US 6,025,307, US 6,103,843, US 6,126,849, US
§,229.480, US 5,763,552, I8 5,688:884, US 5,700,859, US 5,895,799, WOO22002 and WOBH/T 1390,

The flyorinated emulsifices may be removed in the work up procedure, forexample as described in
WOO3A51988.

Fluoroelastomers are curable fluoropolymers: They can be cured (gross-linked} into a three-
dimensionsal netwark by reaction with curing agents, They typically contain at 1east 30% by weight of
flusving, move preferably at least 50% by weight of fluoring, most preferably at least 60% by weight of
fluoring, and typically between 58 and 75% by weight of fluorine (based on the total weight of the
potymer). The fluosine contént may be achieved by selecting the co-monomers and their aaounts
acoordingly, Typically, the curable fluotopolymers are -am‘a*rpl‘mu& Generally, they have g glags transition
temperature {Tg) of less than Z5°C, preferably tess thas -103°C and more preferably less thas S20° angd
most preferably less than -35°C. The curable fusrdpolymers dasoribed herein may typically have a
Mooney viscosity (ML 1+10 at 12170y of from about 2 1o about 130, preferably about Hi to about 106,
more preferably from aboot 20w abiout 70,

The fluoroelastomers may contaiy cre sites detived from cure site monowers. Typleal core site
nionemers include copolymerizable, preferably perfluorinated, co-monomars containing one or more
inding ar bromine groups. Other cure shexinchude todine or bromine sad groups in terminal polymer
positions, They can be creéated by using jodine or bromine containing chais transfer agents. Such groups
cure upon reaction with a peroxide cure system. Examples of such fluproslastomers are deseribed, for
example, in WOR012/018683 Al or EP 1 097 948 B1, The flucroelastomers may contain cuss sites
susceptible to bisphenol curing, or curs site groups susceptible to amymonium genstating compounds, for
example by formation of Wiazings. Such cure-sites typieaily include nitrile (-CN) groups, Examples of
such curing agents and susceptible elastomers are described, for example, in WO 00/09603 Al Exanmples
of suitable fuoroelistomers include those deseribed, for example, in WO2012/018603 AL or EP 1 087
048 B1.

[n one embodinvent the fluorostastomers are peefluorociastomers, such as polymers of TFE and
perfluorovinylsthers that may contain optional oxygen atoms in the perfluorcalkyl chain (PAVE) and
polymers of TFE, HFP and one or more PAVE, Typical exaniples of PAVEs inchide but ase not Himited
to perflucromethy ! vinyd ether (PMVYE), perfluoroprapyl vinyl ethers {ZPPV Esyand alkoxy vinyl ethers

ncluding those of the general formula:

CFaCPO (RN RaO)aRE
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wherg Ry and Ry are diffevent lingar or branched perfluotoaikylene groups of 2-6 carbion atoms; myand n

arg independently 0-10, and Rf ts‘a perflacroalkyl groug of 1-6 carbon atoms. Another tlass of

perfluora(atkyt vinyl) ethers includes compositions of the formula
CR=CROCHCFERT

where X is F or CFyonis 0:5, and RE is a perfluorcalky! group of 16 carbon atoms. Another class of
perfluoro (alkyl vinyl) ethers includes those ethers wherein wis O or | and Rf containg 1-3 carbow atoms.

Additional perfluoro {atkvl vinyl) ether monomess include compounds of the Kormula
CF = CFO[{CFCFCR 0 CRC RO R0 (CF i s

where m and o independently are 1«10, p represents 03, and x represents -3, Other examples include
those of the formula CF=CFOUROR, wherein R is a G-y linear or branched or eyclic perflusroatiyt
groups that may optionally contain one of more catenary oxygen stoms as deserthed, for example, in BP 1

-

148 072, Also the aibd analogues may be used, Le. polymers with CFy»UFCF»O- unit instead of the

vipylimit CFER0-,
Particular examples of perfluorovinyl ethers include:

FrO=CE-0-(CF ) +-0CFs,
FoOsCFOACF ) -0CF:
FaC=0F-O-CFay - OCFy,
Fil=CEAO-{CF) «{OCE) -F,
Pal=CF OO (OCF) #-CFs,
FAC=CF-O-CRa (00 P CFs
FrCsCR-O-(CROR-0CEs,
FLC=CR-O-(CFO:-0CF;,
FiOU=CF-O«CF:05-0CF>

Specific examples of suitable perfluorinated allyl ether comonomers include:

FyCFCF e O-CFy
FAC=0FCF-0O-CaFs
FaO=CFOF - O-Cals

Pl sUF LR OCF O OF 3 F,
s C=CF-CF - OO O OF ) -,
FysOsCF-CF - 0-C RO (R ) +-F,
FiOnCEOF wO-CF 5O-(CPRybaF,

8
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Pl CR-CFw=OHCTE) »-OCF:,

P CRCR 00 F) - OCF;,
FaC=CF-CR-0-0F)4-0CF:,
EC=CF-CFOQACE) 3 OCF) o-F,

5 F=CUF-CRAO-CFOCE:) +CFs
Pl =CF-CFy-O-CE{OCF ) a-CFs,
FyUsCR-CFpO-(CEOR-0CT:,
Fy0sCRCRO-(CF0-0CT;,
F5OSCFCR- O CRO-0CTs,

Particular examples of perfluorinated alkyd ally! sther (PAAEs) include whsaturated ethers aocoiding 1o

the general formula:

CF=CF-CF-ORY

i

wherein R represents a Huear or banched, ¢yilic or acvelie perfluorinated aliyl vesidue. R may contain

up to 16 carbon atoros, e, 1,2, 304, 8, 6,7, 8.9 or 10 carbon atoins. Preferably R conaing up to 8,

more preferably up to & carbon atoms and most preferably 3 or 4 carbon atonis, REmay be lingar,

branched and it may contain or not contaira cvelic anit, Specific exaniples of RYinthude perfiuorometiiyl
2 (CFy) perfluorcethy] (CaF ), perfluorapropyl (Caly) anid perfluorobutyl (CaFo), preferably CiFs, GiFr or

C4Fa. In a particular embodiment RY is linear-and i selested from CaFy or CaFs.

Perfluotinated alkyl allyl ethers and alkylvinyd ethers as. described aboye ave sither commercially
avaitable, for example from Anles Lad. St Peterburg, Russia or can be prepaved according to methods

described in 1.5, Pat, No. 4,348,650 ¢ K;\espan} or international patent application no, WO 0146107

£
(5

{Waorm 6t al) or in Modern Fluoropnl yhiers, 1. Scheirs, Wii‘ﬂ}f 1997 and the references ciled therein or by
modifications thereof as known to the skilled person.

Mixtites .zsfpﬁfrﬂ‘umoi{aiky‘i viny ) sthees and pertluoro (alkoxy vinyl) ethers may alse be used; as
well sy mixturss of the sinyl and allyl sthers described above.

I ohe embodinent perﬂﬁt;-r@eiiagtmfners,a;?‘e composed of tetratiuoroethylene and at feast one
30 perfleors {alkyd vinyl) ether as principal monomer wnits, b such copolyiters, the copolymerized
perflsorinated ether units may constitute from about 15-60 mle percent of total wonomer.

In general, the amaowits of comonomers are seledted 10 give s polviner with a Tg of fess than
255C, and, preferably a fully amorphous polymer as s known in the art.

Preferably, the perfluoroelastomers contain UN-cure sites, for sxample by CN-group bearing co-

ti
2y

menomers {eure site monossers), In one embadiment the perfluoroslastomer contains copolymenzed
units of at least one cute site monomer, generally in anounts of from 0.1-5 mole percent. The range is

preferably between 0.3-1.5 mole percent, Although more than ong type of cure site monamer may be

present, most commonly one cure site monomer is wsed and it contains at teastone pitrile substituent

10
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graup. Suitable cure site monomers include nitrile-containing fluorinated olefins and nitrile-containing
fluorinated vinyl ethers. Useful nitrile-containing cute site monomers inclide those of the Tormulas
showi below,

CF ORGSO O where now 2-12, preferably 2-6;

CRyCR-OCF-CROFO)-CPy-CFIUF)-CN; where = 0-4, preferably §-2;

CE=CROCFCHCTE O 1-O-{CR O where X = L2, and v = 141 and
CFssUR-O-CFO-CROCFON whers = 24,

The 3D-printable compositions may contain turatives for turing the fluercelastomer. Suitable
curativis for elastomers with nitrile-cure sites ncluds, but are not timited 1o, nitroges containing
Suitable compoundy include hexamethylene tetraming, amidoximes, amidrazones, carboxamides,
phthataniides, anidines avd cornbinations thérefore. Adso ammonium sahs of organic asids may be used,

The curativies miay bie seledted for the 30 printing method used. Typically, the article is created in
the 30 printer without sctivating the varing reaction, i.e. without activating the curative. Curing agents
that becotie redctive span thermal Weatment are suitable for methods asing polymerizable binders tha
are gétivated by UV curing,

For 3D printing methods using a binder material that melts o liquefies eurative are used that get
activated at greater teruperatures than the temperature applied to welt or fiquety the binder material,
Curing of the article {8 typically carried out after the artiels has been formed, fov example when removing
the binder matevial or dispersing media, ke water, in case the 3D-printable compositions are used s
dispersions,

Amount and type of curatives cau be optimized, depending on binder, polysers and energy
sourcs, Amounts of curatives and type of curative will influence the cusing speed and properties and can

be optimized upon demand.

Commercially available fuorcelastomer and curing agents may be used.

Preparation of faoropolvmer articles

For preparing a fluornpolymer article, the fluoropolymer is provided as a 31 printable
composition. The compositions are subjected to additive processing jn an additive processing device.
Various types of additive processing and sdditive processing devices may be used. The ID-printable

compositions may be optimized for different types of 3D printers and 3D-printing methods.

Additive processing using a polymerizable binder material,
In this wmbodiment the article is formed by using & binder material that increnses its viscosity
upen exposurs 1o the energy source of the additive processing device, This can be achieved by using a

polymerizable binder, which polymerizes upen exposurg to the energy sowrve, It may cither create a solid

T
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or it may gel or it simply increases i viscosity. The binder is present in an effective amount to bind the
fluoropolymer particles when polymerized: This keeps the particles in the selected location 1o credte a
volume slement

In one embodiment the fluoropolymer is provided in g coniposition comprising one ot inore
binder matertals that are polymerizable. The composition may further comprise ong or mote
polvimerization initiater. The polymerization inftiator may be sctivated by exposire o the epergy sourge
and zauses the polymetizable matetial to polymerize, Alternatively (or ts addition), the end groups of the
polymerizable binder material may be resctive enough that no polymerization initiator ather than the
engrgy source of the additive processing device is needed to initiate the polymierization, The 3D printable
composition may be a solution but preferably is a dispersion containing fluarapolymer particles. The
particles may be dispersed in an inert organic medium, Preferably the fluoropalymer particles.ate
dispersed in an aqieous mediwm and the 31 printable composition coniprises an aguecus dispersim of
flnoropolymer particles, The fluoropolynter content of the compositions is preferabiy as high as possible
but may by Hinvited by stability of thedispersion (congulation or precipitation of flworopolymersy ov the
dispersions may convert into pastes and polymerization miight proceed too stowly to create solidified
tavers by vat palvinerization. Pastes, however, may be preferred in other msthods, for example in the
paste exirusion methods. Generally, concentrations of ﬂum‘r}pﬂlymers_ma‘y’ include bot are not Himited to
contcentrations from about 20 10 70 % wi. based on the total weight of the composition, or from 25 to
60%. from about 30 to 50% or from about 3110 45 % wi, based op the total weight of the composition.

The polymerizable binder material s matched to theeenergy source of 1o the polymerization
initiator, which i matched to the energy source of the additive processing devies (3D printer), such that
exposure of the 3D printable composition 1o the ensrgy source allows polymerization to proceed and at
appropriate speed in the part.of the coniposition that has been exposed to the energy source of the 3D
printer.
The polymerizable bioder niatseial may be dissolved or dispersed in the 3D printable composition, or it
may be a liquid and may be used as dispersing medium for the fluoropolymer particles: Preferably the
polymerizable binder niaterial is dissolved in the 3D-printable composition, To dissalveor disperse the
binder material organic solvenis or dispersants may be used or an agueous medivm tike water may be
used. The organic solvents or dispersants are preferably inert and do ot polymerize or react with the
binder or polymerization inittator.

The optimum amount and type of polymerizable binder material may be determined taking into
account the following the amount of binder matetial pr*e'fésr‘azbii,? is hi QI}} -ane’ugﬁ such-that it allows:to
to allow the formation of solidified fayers of the desired dimensions, E»t,(‘nndi\« the amount of
polvmerized binder may bg minimissd with raspect to the flueropolymer content to-minimise or avoid
shiinking ofthearticle during the working up provess. Adso the formation of voids In the fnished articles
created during the removal of the pﬂi‘gmef‘meai.bmder material may be minimised or even avoided. Al

the stability of the fluoropolymer dispersion has to be considered and too high amoaunts of binder msterial

{2
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may fead to premature coagolation of the flucropolymer dispersion or selution. The binder foaterfal is
capable to polymerize to form a solid or gel of sufficient strength to retain dimiensional stablity
throughout the creation of the created object, However, the polymerized bindes material is not responsible
for the dimensional stability of the Gnished article and can be removed thermally during the work up
provedure without the article becoming diménsionally tnstable. The polymerizable binder atetial
desirably polymerizes fast onder the conditions in'the additive processing machine:

Preferably, the polvinerized binder thermally degrades at teinperatures below the decomposition
ofthe elastomer or stractural faitere. Preferably, the binder can be combuysted at such conditions.

The polvmerization showld be eontrofled to the aréas exposed to the energy souree of the 3D printer. I
cessary and depending oo the energy source used, polymerization inhibitors may be added that help
prs:venting the polymerization from proceeding outside the parts of the compasitions that were exposed to

the energy soirce.

A suitable polymerizable binder material ineludes monomers, thﬁ'mers orpolymers with
polyvinetizable groups, preferably end groups. Suck polymerizable end groups include groups reactive
slectromagnetic wradiation by polvmerization or that polymerize upon activation by polymerization
initiators or 4 combination thereof, Suitable polymertzation initiators Inglude those that are activated by
slectromagnetic irradiation and inchude organic or tnorganic initiators.

Suitable polymerizable binder materials wictade compounds with polymerizable groups
corprising one or mere olefinic unsaturation. Examples include compounds with end or side groups

comprising one o more (‘m\l snic anit, f.e. o carbon-carbon unsaturation (s.g., a carbonsearbon double
b{ynd:}_ XA P]QS include end groups COMPrizing one or more ofthe groups seizects.d foom \-:in}’l gli)llps
(&1, FaC=CX- groups), ally! groups (2.g. FeC=CXACXIXN), vinyt ether groups (., HC=CX-0-),

&

X0} and

allyl sther groupse.g., (HCs CXACKTKA0Y), and serylate groups (e:g.. Ha
combinations thereof, X7 reprasents H, methyl, halogen (F, C, Br, D or nitrile and ¥ and X? cach
independently represents H, methyd, | halogen (F, CY, Br, 1) or aitrile. In one embodiment one of X 28
is methyl and one is H and alse X7 is ML In & preferred embodiment X and XP are all H. X represents
Hoor CHs,

Suitable polymerizable groups include but are not limited to end and side groups cOmprising ong

ar-mere units corrasponding to the general formuda (IHIV):

HiCC{X ) {4
=00 an
HL OO0 H- 0 (n
HICSC(X)-C(=01 or HiCsEXC0)-
HiC=CEO-0C{O)- (v,

wherein X represents ahydvogen ormethyl group.,

i3
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Examples of polymerizable binder materials include mone acrvlates and riono methacrylates, Le.
compounds with one end or side group comprising an acrylate group or methacrylate proup {e.g. an
HzC=CX-COx group whese X is M or CH5Y and poly acrvlates or poly methyl aceviates, ie; compounds
having more than one endand/or side groups comprising an dorylate or methacrviate group. Examples
include monomerie, oligomeric and polymeric seryvlates (e, comprising one repeating monomer unit, in
case of monomeric compounds, from nore than 1 up 25 repeating monomeric uoits in cass of oligomerie:
compounds and from more than 23 repeating unity in case of polymerie eompounds, Further, these
cornpounds comprises at feast one aceylate end or side group toqualify as scrylates. Examples for
repeating onits include but ae not Himited o sthoxy (-CHCHp-Ox) units and propoxy (-UiHO-) units and
acrytate units and combinations thersof, Acrylates comprising an ethoxy unit are refected to'also as
“othoxylated acrylates”, Specific examples inglade ethoxylated or polyethoxylated acvylates, for example
compounds having one, two or three serylic end or side groups. Other examples inchade acrylates having

e or nore than one serylate group linked to an atkyl or alkylene chain that may be interrupted once or

fore than once by oxveen atoms, Acryltates include but ave not Himited to monoacrylates, dicrylates and
triacrylates and combinations thereofincluding their methaorylic equivalents, Specific examples include
but are not linvited to exthoxylated triscrylates and diacrylates and the corresponding methacrylates.
Specific examples inclade ethoxylated trimethylol propane triacrylates; (3R415); potvethylene glyeol
dimethacrylate {BR252), ethoxylated bisphsuyl A dimethacrylate ( SR90364), sthoxylated bisphenyl A
diethacrylate (SRO038) all commercially available from Sariower Americas, Exton, PA, USA.

fn oire embodiment of the present disclosure the binder material comprises a polyethylese glysol
di~or trigcrylate or a combination of polyethlyene elveol di- and wiacrylates,

The overall compasition of the polyinerizable material may be selected so that the polymerizable
material i Hquid, o is sohsble in a solvent or dispsrsing medinm ssed in the JD-printable composition,
sy water. Further, the overall composition of the polymerizable material can be selected to adjust
compatibility with the other ingredients of the 3D-printable composition or toadjust the strength, Rexibility:
snd uniformity of the polvinerized material, Still further, the overall composition of the polymerizable
miaterial can be selested 1o adjust the burnout characteristics of the polymerized material prior o sintering:
Yarious combinations of binder materials may be possible and are available {o the person'skilled in the art.
Mixtures of different polymerizable binder materials may be used. For example bi- or polyfunctional
nolymerizable binder materials may be included that generate a crogs-linked nstwork. A successful haild
tvpically requires a ceriain level of green body gel strength as well as shape resolution. A ¢riveslinked
approach often times allows for greater green body gel strength (o be realized ata lower energy dose sinee
the polymerization creates a stronger nebwork. The presente of monomers having a plusality of
polymerizably proups tends to enhance the strength of the gel composition formed when the printing sol is
polymerized. The amount of the monomer with a plurality of the polymerizable groups can be used to adjust
the fexibility and the strength of the green body, and indirectly optimize the green body resolution and

final dartiele resolution,

14
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I the following, exemplary binder materials are contemplated as being usefid as an alterative 1o
the materials described above or tn combination with ther.
Examples include but are not limited to acrylic acid, miethacrylic avid, betascarboxyethyt acrylute,

and mone-2-{methacryioxyethylsuceinate. Exemplary polymerization hydroxylcontaining monomers

L

for use as binder or for preparing binder compositions inchude hydroxyethyl aceylate, Jvdroxyethyd
methacrylate, hydroxypropyl acrylate, hydroxypropyl methaerylate, hydroxyl butyl acrylate, and
hydroxybutyl methacryvlate:, Aeryloxy and methacryloxy funstional pofysthylengoxide, and
polypropylene oxide may also be wsed as the gmi}viﬁieri:zﬁ-‘tﬂe.-h‘;\_-'drfaxy§~.¢mxtaining-mmomﬁr&

An sxemplary radically polymerizable binder material comprises mono-
1 (methacrvloxypolysthyleneglycol) suceinate.

Another example of a radically polymerizablz binder material (activitated by a photoinitiator) is a
polymerizahle silave, Exemplary polymerizable silanes inctude methacryloxvalkylivialkoxysilanes, or
acryloxyalkylivialkoxysilanes (2.5, 3-i:ﬂ',ethacr}{iox_;gfpmpyRri-nlsi:i‘hﬁxygi131‘1@._,- J-acrvioxypropyitrimethoxys

sitane, and 3-{riethacryloxy )propyhriethoxysilane; as 3-(methaceyloxy)propylmethyld methoxysilane,

i}m

sad 3_(:&m«}-»}o::;yp-;fmgyi}meth}fiﬁimt:'thﬂ;\i;\.«fsi'§'§me‘}; methacrvioxvatkyldialkylalkoxysilanes or
acyrmxyaik}:i.di;alkyiaiko's{ys‘i tanes {e:g, 3-(methacryvloxy)propyidimethylethoxysilane);
lﬂemapi'c:ﬂikyil'iﬁfie’.ﬂk&X}_"iSiian’{:g (e, 3~.‘me1*£apmg}mpy§tfijmt:tthﬁxysi}zi;xe}; arylirialkoxysilangs {g.4.
styrylethylivimethoxysitane): vinylsilanes (e.g., vinylmethyidiacetoxysilane, vinyldimethylethoxysilane,
vinylmethyldiethoxysilane, visylirismethoxysilane, vinyltriethoxysilane, vinyliriacetoxysilane,
23 vinyltriisopropoxysilane, vinyvhrimethoxysilane, and vieylteis{2~ methoxyethoxy)silane).

Exemplary monomers with two {methcryloyl groups include 1. 2-cthanediol diacrylate, 1,3+
propanediol diacrylate, | S-nonanediol diaerylate, 1,12-dodecanediof discrylate, 1,4-butanediol
dizerylate; 1,6-hexanediol diacrylate, butylene glycol dincrylate, hisphenol A diacrylate, dicthylene glycol

diserylate, triethylene ghyeol diaerylate, tetragthylens glycol dincrylate, wripropylens glvéol diaervlate,

3

propylene copolymss

25 polysthylene glyeol diacrylate, polypropylene glyenl diaceylate, polyethylensy
disceviate, polvbutadiens diimeth)acrviate, propoxyhted glydetin tri(methyacrylate, and neopestvlghyenl
hydroxypivalate di acrylate modified caprolacione.

Exemplary monomers with three or four (metiaceyloyt groups inchsde, but are not Hnited 1o,
trimethylolpropane trigerylate (e.g., commers ially available ander the trade designation TMPTA-N from
3¢ Cyteo Indusiries. Ine. (Smivraa, GA, USA) and under the trade designation SR-351 from Sartomer {Exton,
Pa USAY, pentaerythritol friacrylate (e.¢., coramercially available wnder the trade designation SR-444
from Sartomer), sthoxylated (3) trimethylolpropane triacrylate {e.g. commereially availible under the
trade designation SR-434 from Sartomer), sthoxylated {43 §}::11rtﬁ¢f},—rthr-i-te:si tetrascrylate fe.g.,

commercially available wider the trade desigration SR-494 from Sartomer), tris(2-

Cad
Ly

wydroxyethylisocyvanurate) trincrylate (e, commercially available under the trade designation SR-368
from Sartomer), a mixture of pentasrytheitol triaorylate and pentaerythritel tetraaciylae {e.g,
commercially available from Cytee Industries, Inc., under the trade designation PETIA wth an

approximately 21 ratio of tetraaerviate to triacrylate and under the frade designation PETA-K with an

!
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approximately 3:1 ratio of tetraaerviate to triagrylate), pentaerythritol tetraacrytate (o4, comntercially
available under the trade designation SR-295 from Sastomier), and di-trimethylolpropane tetraactylate
(e.g., commercially available under the trade designation SR-388 from Sartomer}.

Exemplaty monomers with five or six {meth)acrvioyl groups include, but dre not limited to,
dipentaerythritol pentaacrylate (¢.g., commercially available ander the trade designation SR-399 from
Sartomer) and a hexa-functional urethane acrylste (e g, commercially available under the trade
designation CN975 from Sattomer).

Exemplary monomers for use as polymerizable binders include alkyl {methjacryldtes that have an
alky] group with a linear, branched, or evelic structure, Examples of suitable alkyl {methjacrylates
include, but are not limited to, methyl (methjacrylate, ethyl (meth)aceylate, ipropyl (methcrylate,
isoprapy! (methjacrylate, n-butyl (methaceylste, isobutyd (methjacrylate, n—pemy]--{‘n*-\eth.}ﬂcry ate, -
methyibuiyi (meth)acrylate, nehexyt (methacrylate, r;s-*citi)hexy} {nmeth)acrylate, $-methyl-2-pentyl
{methacrylate, 2-ethylhexvt {methjacrylate, 2-methylhexyl (z‘nsﬁh}ac'rv‘iate; n-oetyl {meth)acryiate,
isooctyl {methacryiate, 2-octyl (methjacrylate, isononyl {metiacrylate, isoamy! (methjacrylate, 3,35+
trimethyleyelohexyl {methjacrylate, n-deeyl (methjacrylate, isodecyt (inethjacrylate, isobornyl
(meth)acrylate, 2-propyihepty! (meth)acrylate, isotridecy! (metiacrylate, isostearyl {methjacrylate,
actadecyl (ntivacrylate, 2-octylderyd (meth)acrylate; dodecyl (methlacrylate, fanry! (methlacrylate, and
heptadecanyl (meth)acrylate:

Cptiniusy amosnts of binder material may be adapted (o the specific system used. Generally,
suitable amounts of polyinerizable binder are from 1t $0%, o from 2 10 25%, or from 18 1o 20% Gweight
per cents based-on the total weight of the cmnpﬁsiiims}., The polymerized binder may have to be removed
during the work-up procedure so the binder material should not be used in a great excess over the
fluorapolymer particles as this may casse & structural failure of the article, Optinnan ratios of
fluorapolymer to polymerizable binder material depend on the type and nature of the binder material but
roay typically include, but are not limited to, weight ratos of fluoropolymer to polymerizable binder
msterial of from 511 to 1:2, preforably from 4: b0 L1

It some applications, it can be advastageous to minimize the weight ratic of polymerizable binder
material to fleoropolvmer particles in the reaction mixture. This tends to reduee the amownt of
decomposition produsts of organic material that nreds to-be burned out prior W formation of the sintered
article. The amount of binder may also depend on the speed at which the fluoropolywer particles sintee. i
the sintering proceeds fast the combustion gases from the bindet material get trapped inside the article,
which can lead to a reduced density and/or fo suyrface defects. In this case oxidation catalysts may be nsed
or the amount binder may be reduced.

Preferably, the hinder material cor mmm pal\ metizable nonomers or oligomers having a
molecutar weight from 100 to 5,000 g/mole. This may facil itate the formation of & 3D-printable
composition o a favourably low viscosity. In one embodiment the polymerizable hindes material is a

Hguid,
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Ctber exemplary polymerizable binder materials contenyplated herein include butare not Himited
to epoxides and reactive components that can polymerize tix Form polytrethanes.
The binder material Iy preferably selected such that the resalting polymer easily degrades at the

temperatures applied to work uy the article.
Ctheradditives:

Polymerization initiators

One of more polvmerization initiators that fsitiate polvmstization of the polymerizable binder
material way be present i the 3D-printable composition. The polymerization initigtor gets activated upon
exposure to the energy source, for example, upoh exposure to UV irradiation o g-heans trradiation, or hsat.
Initiators that aré activated by irradiation with visible or invisible light are referred to as photoinitiators.
Polymerization initiators may be organic o inorgaie. Polymerization Tniators are known in the art and
are cormercially available. Preferably, the following classes of photoinitiator(s) can be used: 8) two-
comporent system whete  radical is generated through abstraction of a hydrogen atom form a donor
compound; b) one component systeny where two radicals are geperated by cleavage.

Examples of photoinitiators acearding to type {a) typically contain a moiety selected from

berzophenone, Xanthone or quinione in combination with an aliphatic amine.

Examplés of photoinitiators according to type (B) typically contain a meisty selected form
benzoin ether, acetophenon, benzoyl oxime or acyl pjhesph-ina

Exemplary UV initiators include Lhydroxyeyelobexy! benzophenane {available, for example,
under the trade designation “IRCACURE 184" from Ciba Specialty Chemicals Corp., Tarytown, NY), 4-
(2-hiydeoxysthoxyiphenyii(2-hydroxy-2-propyl) ketons (available, for example, under the trade
designation “IRGACURE 2529 from Ciba Specialty Chemicals Corp.), 2-hydroxy~2-
mathyipropiophenone (available, for example, under the trade designation “DAROQCURE DH ™ from
{iba Specialty Chemicals {,'_fmr_p.. and bis(2.4,6-trimsthyibenzoviy-phenyiposphineoxide {available, for
example, inder the trade designation “IRGACURE 8197 from Ciba Specialty Chemicals Corp.).

In one embodiment of the present disclosare a polymerization Initator is used with a
pedymerizable binder material selected fron acrylates, Typically the polymerization initiator is a
photoinitiator, which is activated by irradiation with visible or invisible light, preterably by UV
irradiation. The opliouim amdunts of initiator depend on the gystem used. Typicat amounts includs but
are not limited to amounts of 1 to 0.005 of from 0.1 to 0.0001 times the weight of the polyierizable
binder used:

The photoinitiator should be able Yo start o inltigte the polymerization of the polymerizable binder
material. Typical amounts _gzifpiu:@eiﬂiitiatox{s} include but are not limited to the following amounts: Lower
armounts at least 4,01 or at Teast .1 wr at feast 0.5 wi,-%; Upper amount; at most 0.5 or at most LS or at
mast 3 wi-%: Range: from 0.01 to 3 or from 0.5 to 1§ wi-%: wi-%0 with respect to theweight of the 30

printable composition. {ther mnounts may include, for example, from at feast G001, orat feast G01 orat
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feast 0,05 wi.-%; Upper amount; at most 0.5 or at mest 1.5 of at inost 3 wi-%; Range: from 0,001 103
from .05 to 1.5 wit-%; wi-% with respect to the weight of the 3D-printable composition.

instead of polymerization initiators that are activated by visible or invisible Hebt, like UV
irradiation, it is also possible to use initiators that are activated theopally ov by actinic irvadiation, In such
case, the energy source of the additive manufacturing device is appropriately selected to allow aclivation

af the initiators.

Polymerization inhibitors

The 3D-printable compositions may also contain ong or more polvmerization inhibitors, 1o belp
keep the polymerization reaction focalized to the areas that have been exposed 1o the energy sowrce ol the
additive processing machine: Ruch polymerization inhibitors stow down the pelymerization reaetion or
terminate i, for example by acting as radical scavangers, Inhibitors for polymerization with irradiation
throagh hght, inchding UV Hight are known in the anb as phetoinfibitors” and neclude comniercially
available materialy such as 2.6-distert-butvl-4-methylphenod, avastable from Sigma-Aldeich, St Louis, MO,
USA. Optimus amobnts of inhibitors depend on the system of polymerizable binder material, initiators
and energy source used. Typical amounts of inhibitors inctude butare not timited to amounts of from 6.9
10 0.001 times the amount of polymerization initiator (by weighty,

Fillers; pigments, UV enhanvers and oxidation catalysts

The 3D-printable compositions may further comprise Hillers, plgments or dyes if compatible with
the 30 printer used and the thermal work wp trdaunent, Fillers may include butare not limited to silicon
carbide, boron nutride, m@ivi}demam sulfide, sluminum oxides, carbon particles, such as graphite or carbon
black; carbon fibers, carhon nanotibes. The filler content can be optimized to the system used and may
typically be betwesn .01 to 10 % or up to 30 % or even up o 50 %5 by weight based on the total weight of
the vomposition depending on the ﬁum@pa!ymer amd binder materizls wsed. The fillers should be in
particulate fornm and have sufficiently small particle size to allow for a bomogeneous dispersion in the 3D-
printable composition. To be C;:«‘:iﬂpﬁlﬁbki with the 3D-printable composition the filler particles
advantageousty have a particle size of less than 300 gm, preferably tess than SO prm or even less than 3 um,

Pigments have to be heat- tabl;, at the temperatures applied in the thermal work up procedures, i,
at least the melting temperature of the non-melt processable fluoropolymer.

Ingredients that increase the fradiation energy from the energy may also be included in the 3D
printable composition, For exareple, by activation through UV irradiation UV eshancers: (Coptical
brightsners™) may be intiuded in the composition, These are chemical compounds that absorh fight in the
ltraviolet and violet region {usuaily 340-370 nm) of the clectromagnetic speetrum, and re-enut light fnthe
bloe fegion (typieally 420-470'am) by fluorescence A useful optical brightener is Benetex OR-MI.
Lakefgld ot Stwdhee, GA 30024, Ths uv briglteners may also help ti Hmit the penetration of the
srraciation fron the eneegy source throagh the 3D-printable commposition and te controf the polymerization

o localized arsas,
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Oxidation catalysts may also be included in the 3D-printable. composition to sceelerate the
combustion of binder during the thermal work up procedure. This may help 1o create 3 smoother surface
and 1o avoid the formation of surface defbets and/or intarnal voids, It is believed that when the combustion
of the binder material is not’ completed when the surface purticles fuse during a sintering step trapped
combustion guses may lead to formtation of misrobubbles of micro cracks on the surface andlor interior of
the sintered article, The oxidation catalvst may aceeleratis the contbastion such that thy combustion gases
have evaposated before the Suoropolymer particles on the surfave fuse, Oxidation catalysts are described
for example in US Pat. No. 4,120,608 and include cerhum oxides or other mietal oxides. Cerium oxide s
commsrcially available from Nyacol Nano Technofogies Ine. This alse might reduse scattering effects from
the UV source.

Optiniuni awounts of binder material have o be adapted the specific system wsed. Generally,

siitable amounts of palymerizable binderare from 1 to 25%, or from 1040 20% (weight per cenis based
Pty : &

One or more polymerization mitators may be present in the composition that initiate
palymerizaticn of the polymerizable binder material. The polymerization initiator gets activated upon
expostire 1o the energy source, for examp lo upon exposnr UV irradiation ore-beam irradiation. Initiators
that are activated by ireadiation with visible or invisible lght are referred to as photoinitiators.
Polymetization initiators may be organic or inorganic. Polymerization initiators are knows in the ait and
are commercially available. Typically such compounds include organic and inorganic peroxides,
peroxosulfates and peroxosulfonates. Commercially available photolnitiators in particular suitable for use
with acrylates include those available under the trade designation IRGACURE, for example bis-(2.4,6-
tsimethylbenzoyl phenyiphosphine oxide) available as IRGACURE 819DW from BASF, Charlotte, NC,
USAS. none embodiment of the present disclosure a polymerization inifiator iy used with a polymerizable
binder material selected from acrylates. Typically the polymerization initiator s as a photoinitiator, which
is sctivated by irradiation with visible or invisible light. preferably by UV itradiation, The optimum
amounts of initiator depend on the system used, Typical amounts include but are not mited toamounts of
! o 0,003 times the weight of the potymerizable binder used.

The compositions may also contain polymerization inhibitors, to help localizing the polymerization
to the arens exposed o the energy source of the additive processing maching. Such polymerization
inhibitors slow down the polymerization reaction or terminate it, for example by acting as radical
scavengers: Inkibitors for polymerization with irradiation through ight, including UV Hght are known in

the art as “photoinhibitors™ and nelade conunercially available materials such as 2.6-di-tert-butyl-4-

‘methylphenol available from Sigma-Aldrich, St Louis, MO, USA. Optimum amounts of inhibitors depend
on the system of polymerizable binder material, inifiators and ensrgy source used. Typical amounts of
inhibitors nclude but are not Hmited to amounts of from 0.9 to B.001 times the amount of polymerization
fnitiator (by welghty,

The compositions may further comprise fillers, pigments or dyes if compatible with the 31 prister

used. Fillers maay include but are not limited to silicon carbide, boron nitride, molybdenum suffide,
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alminum oxides, and carbeon particles such as graphite or carbon black, carbon fibers, carbon nanotubes;
The filler content can be optinized 10 the system vsed and may typically be between 0.01 to H) % arup to
30 % weight based on the tofal weight of the composition depending oty the flaoropolyiner and binder

matorials used.

3 Ingredients that increase the irradiation energy from the energy may also be inchided in the 313
printable composition. For example, by activation through UV irtadiation UV enhancers may be included
in the composition,

Other optional additives inchade, but are not limited to viscosity niodifiers.
f@ The fluoropolymer used in the compositions is preferably present in the form of dispersed

particies, for example a8 a dispersion, Typical particle sizes of the fluoropolymer particles include from
50 t0 500 nwm o from 70 1o 350 nm{average particle size, Dsy desermined as Z-average). In ooe
enbodiment, the compositions are agueous dispersions. The amount of water can be adjusted to modity
the cunsistency of the composition. However, it is alse contemplated that water can be replaced by the
15 polymerizable binder material. In one embodiment, the compositions are pastes, for example
compositions containing less than 10% by weight of water of even less than § % by weight of water. Such
pastes are suitable from the paste extrsion process.
The 3D-printable compasitions may additionally containt one or mere curative which cures the
flsotoclastomer. The initiator, polymerizable binder material and curative for the elastomer are chosen
200 such that the curative is substantially ot activated when the polymerization initiator is initiated.
Substantially not activated measts the curing reaction injtiated and/orcontrolled by the curing reaction
does not procesd at albovonly o an insignificant extent, for example, because the curing reaction
proceeds nuch slower than the p'@iynﬁw;ﬁzﬂﬁ@ri- of the binder material, The curative i3 then activated afler
the object has been created, for example before the polvaerized binder material has been removed or
25 during the renoval of the polymerized binder material, or after the removal of the binder material, The
finder material and curing agents are chosen such that they are aptivated at differens conditions.
T one enshadiment a hend of two or more fluoropolymers ix used. Such blends include a blend
of two or more fluoropolvnrers of the same type, for example @ blend 1o two or more fluoroslastomers ot

a blend of elastomers and non-clastomsric flucropolymers. The fluoropolymers may differ in their

10 chemical composition, hy their particle sizes ot by eombinations thereof. Also blenids of
flacrothermeplastiosand fluorselastorsers way be used,
In one embadinent, a 30 printable composition suitable for vat palymerization or sterectithography
Comprises

3% Fom20-70% wi of oneor mors fluorociastoniers]

froim 1 to 50%, or from 2 t0:23% or from 10 10 20% of polvinerizable binder
#1010 % of curing agents for curing the fluoroelastomer,

00 30% by welght of filer,
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{1 to 10-% of other additives,
and from 10 fo 80% of water, (All percentages are percent by weight and are based v the total mnount of
the composition which is 100% by weight),

Water is uned in amounts to provide a stable dispersion and the desired viscosity for the printing
method. In case of vat polymerization the compositions are desirably ot Jow vis vosity, in other processes
a higher viscosity may be desired and no water may be necessary at all, Dispersions or solutions are

prefereed for 3D printing methods like vat-polymerization.

I another embodiment 8 3D-printable coinposition suitable for use in paste extrusion methods comprises
framy 20-700% wi of tieior mare: uoroelastinmets:

from 1 fo S0%, or fromt 2 66 25% or from 10 to 20% of polymesizable binder

010 10 % of curing dgents for curing the fluoroelastomer,

0 to 30%6 by weightof Titler,

0o 10 % of other additives,

and from 0 to 80% of water, (All percentages are percent by weight and ate based on the total amount of
the composition which & 100% by weight).

For creating asvarticle the3D-printable composition is entered into the additive processing
machine (3D printer), for example thase deseribed for stergolithography or paste extrusion and subjected
1o additive processing to create & thregsdimensional phject. The resulting object, also referred to as “green
body,” may be obtained i thie form of an hvdroge! and may besubjected to deying. [t may be removed
from the 31 prinser for that purpose and is sepacated from the unreacted composition. The unreacted
compaosition may be discarded or reused. Drying to rernove solvent or dispersion mediunt i present s
preferably carried out in & way that avoids the formalion of cracks or tilts in the object. Drying should be
carried out in a manser that the eatirety of the green budy-dries as ndiform as possible to avoid the
formation of cracks or tilts in the object, This can be done ina multitude of ways: For exumple, but not
lmited thevet,the drving can be carried out at room temperature or 12 or 24 howrs, In cases where the
extevior of the srticle dries quicker than the interior quick uniform drying i vacuum oven may he
preferred, for-example but not limited to deying at 760 to 1 ¥ 107 Torr ata teraperature between 40 ~
70°C, nease of larger articles where there is a fot of water present, drying in @ humid enviromment of 50
to- 90 9% humidity over the course of at least 48 hours may be preferred.

The polymerized binder niaterial may be reioved from the green body, preferably in a separate
heating regime: Conveniently thisis ¢arried out by heat treatment to degrade (for example by oxidization
or combustion} and/or evaporate the polymerized material. The temperatures are chosen such that the
fluoropolyviner article dogs not meltor gets destroyed.  The resulting object may then be subjested o
anothor beat treatinent at higher temperatures, The temperansres are chosen such that the fuoropolymer
article does nit melt or gets destraved,

The final avticle typically has the same shape as the green body; although some shrinking

compared to the green body nay be observed, By doing.contre! runs the shrinking can be taken into
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scoount when programming the additive processing machine: Shrinking can be minimised by maximizing
the flaosopolymer content of the 3D printable composition,

Thearticle may be subjecied to c-ﬂrfn-g-. C‘u-t‘ing.ﬁmsy b cartied out privr, after or during the

removal of the liquid phase, or the removal or degradation of the binder material.

Additive processing by melting or Houafving a binder inaterial

Iy another embodiment the fluoropolymer article can be created by subjecting delined arcas of a

3D printable fluoropelynier compositions containing a binder that melts or liquelies tpon exposure to the

%

snergy source of the additive provessing device to melting or liquefying. In this embodiment the
flucropolymer typically is provided as a solid ,c;i'(z"xripasit'i@n i form of granules ot as a powder or a3
sxtruded filaments comprising the binder material and other additives. The 3D printable composition here
comprises at least one binder material that redudes fis viscosity upon exposure to the enargy sourcs of the
sdditive processing devies, for exanple it meltsor ] fquefics upon SXPOSUre (0 theenergy sourge of the
additive processing .macll'ine,.whié:h miay be o laser; for exanple @ laser of a selective laser melting
mrachine, orif lower tempetatgres can be used the thisrmal print head of a thermal printer, or the heated
extrusion head i case of filument depﬁsi\:im‘a' printing. Suitable binder materials include nrganic materials,
preferably polymers that have melting points above room temperatare, preficably above 40°C (bt below
the degradation temperature of the fluorvelastomers). However, polymers that in a strict sclentific sense
do not melt but soften or beeome less viscous may also.be used. T\»;:ncaliv the meltable binder has g
melting point or miglting range within 8 temperatire fromabout 40 to about 140°C. Organic materials are
materials that have carbon-carbon and carbon-hydrogen bonds and the materials may oplionally be
flyorinated, 1.8, o of more hydrogens may be replaged by fluorine atoms. Suitable materials include
hydrocarbon or hydrocarbon mixtares and long ¢ shain ydrocarbon esters, hydroearbon aleebols and
comibinations theveof and including their fuovinated derivatives. An examples of suitable material
includes waxes, sugars, dextrins, thermoplasties having a melting point as des seribed above, polymerized
ov'eross-linked acvylates, methacryiates, and combinations. thergof, The waxes may be naturalwaxes or
synthetic waxes. Waxes arg-organic compounds containing long atkyl chaing, for exanple long chais
hvdrocarbons, esters Gi"ca.r‘tmxyi_i;; acids and fong chain alcohals and esters of fong ¢hais fatty acids and
sleohiols, sterols and mixtures and combinations thereof. Waxes alio ineluds mixwres of long chain
hydrocarhons. The term “long chain™ as wsed herein means a minimum pumber of 12 ¢arbon atoans.

Watural waxes include beeswar. A major component of the begswax is myricy! palmitate which is
an ester of triacontanol and palssitic seid. Spevmaceti occurs in farge amounts in the head oif of the sperm
whate. One of its main constituents is cetyl patmitate. Lanolin iva wax obtained from wool, consisting of
esters of sterols, Carnauba wax is o hard wax containing myricy! cerotate.

Synthetic waxes include paraffin waxes. Theseare hydrovathons, mixtores of alkanes usually in &
homologous serfesof chain lengths, They may include saturated n- and iso- alkanes, naphtiwlenes, and
alkyl- and waphthylene-substituted aromatic rompounds. Also fluorinated waxes may be used in which

case some hydrbgen atoms are replaved by fluorine atoms.
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Other suitable waxes can be obtained by eracking pe)]'}*e’th}flerne of propylens (“polvethviens wax™ or
“polypropylene wax™). The products have the formala (CHa)sHz, where nranges between about $0 and
100, Otherexamples of suftabls waxes include but are not limited to candelifla wax, oxidized Fischer-
Propsch wax, microcrystalline wax, lanolin, bayberry wax, palm kernel wax, mutton tatlow wax,
petrolenm derived waxes, montan wak detivatives, oxidized polyethylens wak, and combinations thereof,

Sultable sugars include for example and without Himitation, lactose, ti’:el‘laiﬁse, ghicose, sucrose,
levaloss, dextrase, dnd combingtions thereof,

Suitable dextrins include for example and without imitation, gamma-syelodestrin, alpbas

eyclodextrin, beta-cyslodextrin, pluensylalpha-cyslodextrin, maltosvi-alpha-cyclodextrin, glucosyl-beta-
cyclodextrin, mattosyl-beta-evelodextrin, 2-hydroxy-betaseyclodextrin, 2-hydroxypropyi-betas

cyclodextrin, 2—'E‘tyd,r'@_x}{p'rm}yl.ngan11?rla*c__\;ic-§@de:xtri:n, hydroxyethyl-beta-eyelodexiria, methyl-beta-
¢yclodextrin, sulfobutylether-alphascyelodextrin, sulfobutvisther-betasovelodentrin, sulfobutylether-
gamma-cyclodextrin, and combinations thereof.

Suitable thevmoplastios include for exunple and without linvtation, thermoplastics havinga
raelting point of no greater thay 260°C, preferably no greater than 100°C such as
polyethylencterephthalate (PET), polviactic acid (PLA), polyvinyl chloride (PVC), polymethyd
methacrylate (PMMA), polvpropylenc (PP}, bisphenol-A polycarbonate {BPA-PC), polysulfone (PSF),
polvether imide {PEDL and combinations thereof.

Suitable acrylates and methacrylates incluade for example cross-linked or polymerized acrlyates
inclnding urethane acrylates, spoxy acrylates, polyester acrylates, acrylated {methaerylics, polyether
acrylates, acrylated polyvolefing, and combinations thersof, or their methacrylate analogs.

Other example ol suitable binders include but are net limited to hinders comprising polymers and
polymerized materials selected from, gelatines, celluloses, sthyl celludose, hydroxyt ethyl cellulose,
hydroxyl propyl cellulose, methyl cellulose, hydroxy propyl celluloss, cellulose avetate,

hivdroxybutyimethyl cellulose, hydrocyethyi cellulose, hydroxyethvimethyl celinlose, glycoses, frucioses,

gvicogens, sollagens, starches, partially fluorinated thermoplastic fluotopolymers and combinations
thergof,

Preferably, the materials are of low molecular weight such that they eastly degrade &t clevated
temperatures for example at temperatures below and factuding 200°C and ¢an be easily removed.

The binder material may be present, for examuple, ay particles or may be present; for example, as
coating on the fluoropolymwer particles. Particle sizes of the binder particles include, for example, from 1
to 150 jom (Dap), preforably about S pm 1o about 30 pm, and most preferabiy about 10 pm to-about 30
fm. Generally, the averags particle size of the binder particles preferably is larger thar that of the
fluoropoiyvaier particles, for example by a factor between 2 and 100, preferably 2 and 10, The average
particle size of the binder may be the number average and can be obtained by photographs-and particle
counting and measuring solftware,

The optimum ameunt of binder material say be determined by mainly two factors: frst the

amount of binder material should be high enough such that it alfows the formation of layers of the desired
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dimensions, te. it has to-be present in an effective aniount. Secondly; the amount should be mininiised
with respeet to the Huoropelymer content to minimise shrinking of the article during the working up
process, to minimise the voids in the finished aticles created during the removal siep of the polymerized
material. Since solid composilions are used, higher fluoropoiynier concentrations may be used than in the
Hguid 3D printable compositions, for example a fluoropolyvimer contest of up to 90% by welght ot even
tjp 10 95 Y% by weight (based on the weight of the composition), Typical amourits of * binder material

welude but are not limited to amounts from about 3 10 about 26%, from about S toabout 18% ot
example from about 10 to about 15% by weight based on the weight of the total composition.

The compositions may further comprise solid fillers or pigments, Fillers may inchude but are not
limited to silicon carbide, boron nitride; melybdenum sulfids; alaminum oxides, and carbon particles,
such as graphite ot carbon black, carbon fibers, carbon nauotuhes. The filler content can be optimized to
the systen tised and may typically be benween .01 16 10 % or up to 30 % weight based on the total
weight of the composition depending on the fluoropedymer and binder materials wsed.

The fluctopolymer wsed in the 3D-printable compositions'of this embodiment are preferably
solids and in the form of particles. Typical particle size include particles of fromabout 1 toy 130 pum (D).
Particle size of solid particies can be determined by microscopy and particle counting software.
Compositions of such particles size can be obtained by suspension polymerization of fluoropolymers, or
by milting of peliets or bitlers, or by agglomeration of fluoropolymer patticles obtained from emulsion
polymenzation. I ove embodiment, the 3D pristably composition i i the form of an extrudate, for
examply o filament, Such compositions are suitable f for the filament deposition methods.

The contposition ay additionally contain curatives for curing the fuoreclastomer. The same
curatives may be used as described above with respect to the polyvmaerizable binder. They are preferably
seleeted such that the surative is not activated during the additive processing, The same elastomers and
curatives may beused as deseribed for the liguid 3D-printably compositions above.

iy ong smbodiment a blend of two or more {luoropolymers is used. The same blends can be used
as deseribed wish respect to the polymerizable binders binders above.

in one embaodiment the 3D printable compuosition comprises
from 2010 95 % wi. or from 78 to 90 % wt. of 8 flucroclastomer particles, preforably at a size between 1
and 150w
from § to 70% or from 5 o 20% of & binder malerial that mels of lighefies al s temiperature between 40
and 18090, preferably between 50°C and 100°C, preferably iy the form of particles having a particle size
of Trom 2um to 300pm, or from Ty to 1530 gmy
from 0 to 10 % wt, of curatives for curing the flucropolymer,
frown 0 1o 50 9% wi. of fillers,
from 0 to 15% wi of other ingredients wherein the total weight of the composition is 100% Y.

The solid composition of particles or the filament composition is eatered nto the additive
processing machine (3D printer) pr aviding ihe appropriate heat soutes, for example a 3D thermiat prister

{having & heat source, such a thermal print headshor a selective laser sintering or melting printer Baving 4
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Jaser as o heat source, as describid above for selective laser melting, or the extrusion heat in case of FIIM,
to ereats o these-dimensional object. The resulting object, also referred to as “greon body”™ may be removed
from the unreacted powder or filament and sabjected to a heat treatment 1o remove the meliable material.
Conveniently thix is carried out by heat treatment to degrade-and/or evaporate the binder material. The
temperaties ave chosen such that the fludropolymer article does not melt of gets destroyed. Such
ﬂtmmpolvnms articles will retain theiy shape. The heating und sub%quc,m w@]mg\ regime way be
to curing, preferably after the-am‘tle?has been created. Coring may be ca#ri.ﬁd outprivror duri{ag the removal
of the binder material,

The resulting object say then be subjested to another heat treatment at higher temperatures. The
temperatures are chosen such that the fluoropalymer article dogs siot melt or gets destroyed.

The fial grticle may have shiunk 1o some extentcompared 1o the green body. By doing control
vuns the shrinking can b taken into account when programsming the additive processing machine.

Shninking cen be minhmised by maximizing the fhuoropelymer content,

Asticles

Articley of different shapes, designs and functions may by obtained by the additive provessing
methods described herein, Such shaped articles include but are not limited to bearings, for example
friction bearings or piston bearings, gaskets, shafl seals, ring lip seals, washer seals, O-vings, grooved
seals, valves and valve seats, connectors, {ids, tubing and contatners. The atticles obtained by the
deseribed processes miay be components of cther articles. In particular articles of small dimensions may
be conveniently produced by them ethods deseribed herain, In one embodiments fluoropolyier articles
having attheir ko ngest axis or diameter of from about 9.1 to about 200 mnvmay be prodouced.
Flaoropolymer articles of bigrand small dimensions can be produced. The size ol the additive processing
device may set a Hinitation to the size of the articles that can be produced. Articles of small dimensions
may also be conveniently produced by the methods described herein, An article comprising & ID-printed
fluoroelastomer can be prepared having & longest axis (as the cage may be this may also be a diameter)

PN
4
i

that is smaller than 1.0 em or even smaller than 6.7 mom. In one embodiment small fluoroelastomer
articles may be produced having a longest axis or diamster of from about 0.01 0 about 1.0 may, or from
0.7 1o 1.5 emy. In-another embodiment agticles may be produced, forexample articles having a sroalless
axis or digmeter of at Ieast 1.1 mm,

The fluoropolymers can be 3D-printed nvte srticles that bave at least one element or part of &
defined goometrical shape. Defined geamstrioal sihapes.i_rml:ude ‘butare not limited to civeles, semicircles,
ellipses, half-spheres, squares, rectangles, cubes, polygons (including but not limsted 1o triangles hexagons,
pentagony, and octaging) and ;::o.iyh@drmﬁs. The shapes may be three-dimensional and include pyramids,
cuboids, cubes, eylinders, balf-oytinders, spheres, hal f-spheres). The shapes also include shapes composed
of different shapes ke diamonds (combination of two triangles). For example, a honeycomb structure

containg several hexagons #s geometrical elements. [n one embodiment the geometrical shape hasanaxis
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o dlameter of at least 0.5 millimetres; orat Reast one millimetre of at least 2 millimetres or at feast one
centimeter,

Tn cne enabodiment of the present disclosure s fuoropolymer article is produced containing a 3D-
printed flusropolymer that 153 “green body™. i such embodiment, the article comprises from 3 to 80% by
weight of a polymerized binder material, for example a binder material obtained by the polymerization of
the polvmerizable binder material described beretn.

in another embodinent of the present disclosure a fluoropolymer article is produted contabining a
shaped Huoropalysier that is 2 “green body™ In such embadiment, the antivle comprises from | 1028 %
by weight of a reaction product of a combustion reaction of polymierized binder material, for example a
binder material obtained by the pobyerization of the ;mi}tmm‘iza-blé- binder material deacribed herein,

Fluoropoltyuier artidles of different shapes, designs and functions may be obiained. Also articles
comprising the ficropolymer articles of different designs and functions may be ohtained, Examples of
articles and Buordpolymer articles tnchude but are not tmited 1o bearings, for example friction bearings ov
piston bearings, gaskets, shaft seals, ring lip seals, washer seals, O-rings, grooved seals, valves and valve
Seats, connectors, [ids and containers.. The article may be mudical implants, chemical reactors, sorews,
cogwheels, joints, bolts, pumps, electrodes, heat exchangers, mixers, turbines, electrical transformers,
elentrical nsulators, static mixers, extruders or the articles may be components of other articles including
thiabiove articles, The articles may be used a‘pp'i ication where resistance to scids, bases, fuels,
hydrocarbons is required, where non-stick properties are required. whers heat resistance Is required and
cinmbinations thereol

Preferably; the articles or components thereof contain the 3D-printed flucropsiymer wherein the

fluaropolymer has been 2Dsprinted into structures that contain one or more than one chanaels,

perforations, honeveomb structures, essentially hollow structures and corabinations therent, Such

structures may be flat, curved or spherical.
Listof particular embodiments

The following lists of exeniplary embediment is provided to farther iltustrate the present

disclosure without intending to limit the disclosure to the specific embodiments Jisted.

1. Mdethod of producing & fusropolymer article comprising subjecting a composition comprising

fludropalynier particles to-additive processing in an additive processing device containing at least

ORE ehergy source,

3. The method of embodiment 1 wherein the composition comprises at least one binder nwterial

capable of binding the Sucropolymer particles to form a Jayer in a part of the compasition that
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has been exposed fo the enrgy soures of the additive processing devics and the method

comprises subjcting & part of the.compaosition to exposare of the snergy sourde 1o form a layer,

The method of any one of the preceding embodiments wherein the composition comprises at least
one binder material vapable of binding the fluoropalymer pasticles to form a layer i a part of the
camposition that has besn exposed o the ensrgy source of the additive processing device and
whergin the binder material is polymerizable and solidifies through pelymerization upon
exposure of the composition to the energy source of the additive pi‘i}cé;SS‘iilg device and whereln
the method comprises subjecting a past of the composition o expustrs of the energy source to

formia laver,

The method of any one of the preceding embodiments wherein the composition comprises at least
one binder material capable of binding the ﬂmmpdi_.ymer particles to fornya laver fu a part of the
compasition that has heen exposed to the energy souscs of the additive processing device and
wherein the binder material is polymerizable and solidifies through polymerization upon
éxposiire of the compoaition tithe ensrgy souroe of the additive procsssing device and wherein
the methad comptises subjecting a part of the composition W-exposure of the energy source to

form a laver and wherein the energy soures is selected from electromagnetic irradiation,

The methicd of any sne of the preceding embodiments wherein the composition comprises at least
one binder material capable of binding the fluoropolymer particles to form & fayer v a part of the
composition that has been exposed o the energy source of the additive processing device and
whereiit the binder material is polvierizable and solidifies through polymerization upon
exposure of the composition o the energy sourse of the additive processing device and wherein
the methud comprises-subjecting a part of the composition to exposure of the energy: source 1o
form @ layer and wherein the energy souree is electromagnetic irradiation having single or

multiple wavelengths between 10 am and 1080 nm.

The method of any ong of the preceding esabodiments wherein the composition comprises at least
ovig binder mraterial capable of binding the fluotopolymer particles to form a layer in a part of the
composition that has been exposed to the energy source of the additive processing devies and
wherein the binder matetial is polymorizable and solidifies through polymerization upon
exposure of the composition 10 the energy source of the additive processing device and wherein
the method comprises subjecting a part of the composition toexposure of the energy suutee 1o

form a fayer and wherein the energy source comprises LV irradiation.

The method of any one of the preceding erabodiments wherein the compusition comprises at least

arte binder material capable of binding the fluoropolymer particles to form a layerin a partof the

7
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composition that has been exposed to the energy source of the additive processing device and
wherein the binder material is polvmierizable snd solidifies through polymerization upou
exposure of the composition to the energy source of the additive processing device and wherein
the method comprises subjecting a part of the composition 10 exposure of the energy source fo
form a tayer and wherin the composition further comprises at least oug polymerization initiator
that is inttiated by exposure to the energy source of the additive processing deviee.

The method of any one of the preceding embodiments whetein the binder material comprises

polymerizable unsaturated bonds.

The method of any one of the preceding embodiments wherein the binider material Comprises

polymerizable groups selecied from asnalates and methacrvlates.

The method of any one of the precedingembodiments wherein the binder material comprises
putymerizable acrylates and methaerylates selected from dicrylate, dimethacrylates, triacrylates,
srimethacryiates, servlates having fowr or more acrylats groups, methacrylates having four or

more methaaceyliste groups and combinations thereof.

. The methad ofany on¢ of the preceding smbodiments whersin the composition comprises an

agueoss dispersion of ueropolymer particles.

. The method of any one of the preceding embodiments wheretn the composition comprises

fluorapolymer particles having a diameter from about 30 to 500 nm,

The method of any one of the preceding embodiments wherein the composition comprises
fluoropalvmer particles having an average particle size (Z-average) of from about 50 to about

500 ns.

The method of any oneof the preceding embodiments whereis the composition comprises at least
oive binder material capable of binding fuoropolvmer particles to form a layer in a past of the
composition that has beenexposed to the energy source by melting upon exposure of the
composition to the snergy saurce of the additive processing devise, and wherein the smethod

comprises subjeeting a part of the composition to exposure of the energy sotree to form a layer,

. The method of any ong of the preceding embodiments wherein thie compasition comprises af least

one binder material capable of binding Hucrapdlymer particles w form a layer iy a part of the
compasition that has been exposed to the energy soutce of the additive provessing device by

...... ]

meting upon exposiire of the composition 1o the snergy source of the additive progessing device

28
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and whergin the method comprises subjecting a part of the composition to exposure of the-energy

o

source 1o Torm g faver and wherein the energy source of the device s a heat source,

: The method of any une of the precsding smbodiments wherein the conposition’comprises at feast

one binder material capable of binding fluoropolymer particles to form & layer inva part of the
composition that has boen exposed to the energy source of the additive progessing device and
wherein the binder matorial forms a layerby melting upow exposure of the composition to the
snergy source of the additive processing deviee and wherein the additive pracessing device isa
3D privter selected fronrt selective laser sintering printers, selective fnser melting printers, 3D

thermal printer, election beam melting printer,

7. The method of any ong of the preceding embodiments wherein the composition comprises at feast

ang binder material capable of binding fuoropolymer particles to form a layer ina part of the
composition that has beeh exposed fo the shergy source of the additive processing device by

and wherein the methed comprises subjecting & part of the composition to exposure of the energy
souree to form a laver and whevein the energy source of the device is & heat source and whersin

the binder niaterial has a melting poit of at least 40°C,

. The methiod of oy one of the preceding embodiments whergin the composition comprises at least

one binder material capable of binding fluoropolymer particles to form & layerin a part of the
composition that has been exposed to the cnergy source of the additive provessing devive by
melting upon exposure of the somposition to the energy source of the additive processing device
and whereln the method Co:mpr?se‘s:S'uﬁieg{ing apart of the composition to expasure of the energy
source to form 1 laver and wherein the euergy source of the device is a heat sovrce and wherein

the binder material is.a wax.

. The method of any one of the preceding embodiments wherkin the composition comprises at least

one binder-material capable of binding fluoropolyiner particles to form ¢ layetin a part of the
composition that has heen exposed to the energy source of the additive processing device by
melting upon exposure of the compesition fo the energy source of the additive processing device
anil wherein the method comprises subjecting a part of the composition to exposure.of the energy
source to Torm ataver and wherein t:he-eirm'rgy soures of the device is a heat source and wherein

the composition is a solid composition of particles.

The method of any one of the preceding embodiments wherain the composition comprises at least
one binder material capabie of binding fluoropolymer particles to form a laver in a part of the

camposition that has been exposed to the energy sourcs of the additive processing device by
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melting upen exposure of the composition to the energy source of the additive processing devise
and wherein the method comprises subjecting & part of the composition to €xposure of the energy
souse to form a fayer and wherein the energy source'of the device is-a heat sowres and wherein

the flworopolymer particles have a patticle stze of from about 1 to sbout 500 wn, priferably from

abont 1 ioaboul 150 um,

1. The methad of any owe of the preceding embodiments whergin the fluoropolymer 1sa

flyoroetastomer and wherein the conposition further comprises & curative for curing the

fluoroelastomer that is not activated during the additive processing.

The method of any one of the preceding embodiments further comprising at lgast ong Hegt
B | B &

treatment 1o remove the binder matesial,

. The method of any one'of the preceding embodinvents whersin the composition comprises at feast

one binder material capable of binding fluoropolymer particles w form a layer in an arca exposed
to the eneriy source of the additive processing device and whersin the method further coroprises

subjecting the article 1o heat treatroent to remove binder material by evaporation.

The method of any ong of the preveding embodiments wherein the composition comprises-at least
are binder material capable of binding fuoropolymer particles to form & layer in an area exposed
10 the engrgy source of the additive processing device and wherein the method comprises

subjecting the article to a heat treatment to remove binder by thesmal degradation.

. Fluorcelastomer article ohiained by additive processing.

. The mticle of embodiment 25 comprising from 0.1 10 30% by weight of ohe or more fitler,

. The article of any ong-of embodiments 25 to 26 obtinable by the additive processing of any one

of embodiments 1 to 24,

An article comprising 2 component, wherein the component is a fluoroelasiomer article obtatned

by additive processing according to any one of smbodiments 1 to 24,

3D-printable fluoropolyner composition for 3D printing with irradiation as energy source, the
compusition canprising fuoropolymer particles, a polymerizable binder material wherein the

polymerizable binder material solidifies upon exposure of the composition 10 the energy source:

30
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30, The 3D printable composition of enbodiment 29, whevein the composition comprises a

dispersion of Bucropelymer particles,

31, The 3D printable composition of embodiments 29 or 30 wherein the composition further
comprises 3 polymerization initiator that initiates polymarization upon exposure to the energy

SOUree.

32 AD-printabls Hucropolynier composition for 3D printing using & heat source, the composition
comprising fluoropolymer particles and a binder material that melts upor exposure of the

composition to the energy source.

3
fad

. The 31 printable compositivn of embodiment 32, wheretn the compositionis a solid

ctiaposition,

Ty
B

. Use of # Mictopolyiner compasition for 3D printing using irradiation wherein the composition

comprises flooropelymer paticles, a polymerizable binder nvaterial and a poahymerization initiator

that gets activated by irradiation.

Uss of & fluoropolvmer somposition for 3D panting using & heat sowrse, wherein the composition is 8
solid compasition comprising fhioropelyiner particles and a binder material that melts upon exposure o

the-heatsource,

562

2.1 Method of producing » fhioropolymer asticle comprising subjecting & composition o
additive processing in an additive processing deviee containing at least one ensegy source,

wherein the compositionr comprisss flucropalymer particles and a binder material capable of
binding the fluoropolymer particles to Form a layer in a partof the conmposition that has been

exposed to the energy source of the additive processing device and the method comprises

subjecting a part of the composition to exposure of the ensrgy sourte to form a layer and wherein

the fluoropolymer is g fuoroelastomer.

22 The method according to any one of the preceding embodiments wherein the composition

further comprises ong o mote curing agents for cering the Quorceiastomer, and the method

further comprises subjecting the fuorcslastomer to curing.

23, The method secording to any ong of the preceding embodiments further comprising

removing the binder material,

3
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24 The method according to any ene of the preceding smbodiments wherein the
flugroelastomer comprises repeating wnits derived from tetratluorosthane and one or miore
comononiers selected from hexafluoropropene; vinylidene fluoride and one or more

perfluorinated alpha olefin ethers corvesponding to the formula
REO{CFCF=(Fs,
whisrein n represents | or0 and R’ represents a Hoear or branchied, eyelic of acyelic perfluorinated

atkyi residue optionally being interropted onee ot more than once by an oxygen atom and RY

referably having less than 12 carbon atoms, niors preferably having wp 1o 7 carbon atoms.
i ) HE P 2 g WP

2.8, The methed according to any one of the preceding embodiments whereir the

fluoroelastomer has & wlass transition temperature (T3 of fess than 25°C.

2.6, The method avcording to any one of the preceding embodiments wherein the binder
e S ! b
material is polymerizable, and binds fluoropolymer particles by polymerizing upon exposure &

the energy souroe:

2.7, Themethod ascording to'any one of the preceding embodiments wherein the binder
material i3 po Ivinerizable amd binds Ruoropolysser particles by polymerizing spon exposure 1o
the energy sourcs comprises and wherein the binder material omprises potymerizable

unsatueated bonds:

2.8, Themethod according to any ong of the preceding embodiments wherein the compositicn

is a dispersion of the fuoroclastomer particles in a fluid phass,

a4y The method aceording to any one of the preceding embodiments wherein the binder
material is polvmerizable and comprises polymerizable groups selected from dcrylate and
migthacrylate groups.

2,10, Themethod according to any 0ne of the preceding embodiments wharein the binder
material is polymerizable, and binds flusropolymer partivies b_y polymerizing upon eXposaie fo
the eneray source and whierein the coniposition is a dispersion of the fluoroglastomer in a fiuid
phase and whereln the polymerizable binder comprises polymerizable groups selected from silang

Broups.

3
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211 The method according 1 dny ove of the preced ihg embodiments wherein the binder
reaterial is polymerizable, and binds fluoropolymer particles by polymerizing updn exposure to
the energy soures and wherein the composition is an extrudable composition,

212, The method aceording to any one of the preceding embodiments whesein the binder
rasterial is polymerizable, aind binds fluotopolymer particles by polymerizing upon exposure to
the energy source and wherein the composition is an extrudable composition and wherewmn the

Lroups.

203, The method ¢ coording toany one of the preceding embodiments wherein the method
comprises the steps;

(i) providing the composition containing the fluoropelymer particles and the binder
material and optionaily other ingredienss and wherein the binder material is
polymerizable, and binds fluoropolymer particles by polymerizing upon exposure
to the energy sourge;

(it} causing the binder material to polymerize and to bind flaoropolymer particles by
sither (a): directing energy from the energy source of the additive mavufacturing
device to aselected location of the 3D printable composition and causing the
hinder naterial to polymerize and to bind Hluoropulymer particies in the seleeted
location; or (b) dirgeting a selected location of the 31 printable composition to
the energy source and cawsing the binder material to polymerize and to bind

(i) directing either {¢) the energy source away froo the 3D printable composition or
{dY directing the 3D prinvable composition away from the energy smurce or both,
o avoid the binder material polyvmerizing in the nossselected Tocations, ora
combination of (¢) and {d);

{iv)  repeating steps (1) and (81), and if pecessary also step (i), to Torim multiple layeis

and oréate an arvicle,

2,14, The method according to any one of the preceding embodiments wherein the hinder
imaterial meltsor Hiquefies upon exposure to the energy souree and hinds the fluoropolymer

particles.

215, The method according toany one of the preceding embodiments wherein the binder
material melts or Hguefies upon exposurs to the energy source and binds ihe fluoropolymer

particles and comprises organic particles selocted from wax, sugars, dexteing, and thermoplastic

33
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polymers melting betwesn 40°C and 180 °C, polvethylene glyeols melting between 46°C and

186°C and polymerized or cross-linked acrylates, methacrylistes and combinations thereof,

2.16. The method antording thany oie of the preceding embadinients whergin the binder

& material melts or lig sefies upon exposins 1o the energy source and binds the flucropolymer
particles and wherein the composition is & solid compaosition of particles.
217, The method avcording to any one of the preceding embodiments wherein the binder
wiaterial melts or Hguefies upon exposure 10 the enesgy source and binds the flucrepolymer

1 particles and wherein the composition has been extruded into a filament.

218 The method aceording b any one of the preceding embodiments wherein the binder
matenial melts or ligueties upon exposure o the energy source and binds the flugropolymer
particles and wherein the composition bas been extruded lnto a filament; and wherein in the

IS griergy source comprises 1 heated extrusion nozzle through which the composition is extradsd,

2.19.  The method according to any one of the preceding embodiments wherein the method
comprises the steps:
() providing the composition containing the fluoropalymer panticles and the binder

20 material and optionally other ingredienss and whevein the binder matersal melts or
tiquelies upon exposure to the cuergy source and binds the fluoropolyiey
particles;

(i) causing the binder material to meli or Hiquety and to bind fuompolymer particles
by either (a¥: divecting energy from the energy source of theadditive

25 manufacturing device to a selected location of the 3D printible composition and
causing the binder material to melt or liguefy and to bind floorepolymer particles
in the selected location; or (bY; directing a selected Jocation of the 3D printable
composition to the encegy source aud eausihg. the binder wmaterial to melt of
figuety and 1w bind Raoropalyrier partivles, or & contbination of (ay and (b)

38 (i) directing either (¢) the energy sburce away from the 3D primable composition o
{d} directm;g the 3D printable composition away from the energy source o both,
thavold the binder material to melt or liquefy and to bind Buoropelymer pasticles
i the nonsselected Xooations, or.a combination of (o) and {d)

(iv)  repeating steps (i) and ({11}, and it necessary also step (i), to form muliple layers

35 andereate an-article.

34

SUBSTITUTE SHEET (RULE 26)



1o

3

£

=

32

&

N

Ay

WO 2017/127569 PCT/US2017/014174

binder material capable of binding the fuoropolymer panicles upon exposwrs of the binder
naterial to energy from an energy source of the additive processing device; swherein the

flucropolymer isa fluoroclastomer.

221, The'composition of embodinent 2.20 wherelny the Budrcelastomer comprises repeating
units derived from tetrafluorosthene and one or more compnamers selected from
i’;exaﬂzs'cm:r;}-tfég_)miim vinyHdene fluoride and one or more perflusrinated alpha olefin ethers

Sorresponding to the forniuda

Rf*() {CF }H“{x s ( i“_‘

wheretn n represents 1 or frand RY represents g linear or branched, vyclic or acyclic perfluorinated
alkyl residue optionally biing interrupted once or mote than once by an oxygen atom and R

preferably having fess than 12 varbon atoms, more preferably having up to 7 carbon atoms,

222, The compssiticn of embodiment 2,20 v 2.21 whersin the fluoroelastomer hasa glass

transition temperature (T of less than 257,

223, The composition of embodiments 2.20 0 2.22 wherein the fueropolvmer particles have

an average particlesize (Dsoy ot fronm 50 to 500 .

224, The composition of embodiments 2.20 to 2.23 further comprising one or more curing
agent for curing the fluoroslastomer.

225, The composition of embodimants 2.20 t0 2.24 being a dispersion of fuoropotymer
particles na lguwd 'p'h_ase- and wherein the binder material is polymstizable abd comprises

potymerizable groups selected from acrylate and methacrylate groups.

226, Thesonwosition of embodiments 2,20 0 2.25 wherein the composition is an extrudable

somposition.

2,27, The composition of embodiments 220 to 2.26 wherein the binder material melts or
liguefies apon exposure to the energy source and coniprises organic particles selected from way,

sugars, dexteins, and thennoplastic polymers melting between 40°C and 180 °C.

228, The composition of embodiments 2.20 10 2.27 wherein the binder material melts ar
figuefies upon exposure 1o the energy source wherein the composition s a solid composition of

particles.
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2.29.  The compositionof embodiments 220 to 2.28 whereln the binder material melts or
liquefies upont exposure o the energy sowrce and comprises organic particles selected from wax,
sogars, dextring, and thermoplastio polymers melting betwesn 40°C and 180 °C and wherein the

compesition is a solid composition.
2.3 Acomposition comprising 8 ID-printed fluoroeiastomer.

231, The composition of embodiment 2,30 being obtatnable by the method of ady one of’

~

embodiments 2.1 to 219 inclusive.
232, Anarticle comprising thelD-printed flumoelastomer of embodiment 230 or 2.3, the
article being selected from friction bearings, piston bearings, gaskets, shaft seals, ring lip seals,

wissher seals, O-tings, miw Seats, connectors and 1ids.

The disclosure will now be fusther Hlostrated by examples and test ntethod without intending the

disclosire to be Himited to the tests and exmnples below.
Test Proceduyes

Average Paiticle Size:
Average particle size of polyner particies ina dispersion can be measured by electronde light
B B §

seattering using a Malvenn Autosizer 2¢ in accordanee with IS0 13321, This method ussumes a spherical

particle sive. The average particle sizes determined as the Z-average!

Wherein S is the scattered intensity of particls T and D, is the dlameter of particle §. This equation

typicatly corresponds to the eguation;

i the diameter range of the particles used hersin, The particle sizes are expressed as the Dy value,

Solid Content:
The solid content { Huoropolvmer content) of the dispersions can be determined gravimetrically

according to 150 12086, A corvestion for non-velatile inorganic salts was vot cartied out.
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Glays transition temperature (1)
The Tg can be measured by differcntial scanning valorimey, for example using 8 TA
Instruments Q200 modwdated DST. Conditions of measutenients; heating rate from ~150°C to S§°C at 2-

3*C { minute. The modulation amplitude; -+~ 1°C per minute daring 60 seconds.

Movney viveosit
Mooy viscosities can be determined in accordance with ASTM DH646 - 07(2012),

{ minute pre-heat and a 10 minute test at 131°C (ML 1+10@ 121°C)

Exatnples 1403

Prepavation of PFE UV corable dispersions

40g of an aqueous dispession conprising & perflucroelastower {TFE-PMVE copolymer confaining
nitrile groups as cuiring sites: PFE 191 TLZ, 27 % solid content, obtained from Dyneon GuibH, Burgiirchen,
Ciermany ) was added into a 66 mb amber glass jar under magnetically stirving 1t 400-500 rpm, A pre~mixed
sofution of binder waterial SR-344 (3.0 g), SR-413 (3. Gg} {(both from Sartomer USA, LLC (Exton, FA
19341}, and IRGACURE 2022 (0.05 g, from BASE Corporation {Ws mndot{c M1 48192 was dropwise
added into the perfiucroclastomer dispersion and stirred antil it became homogenous. The dispersions were
allowed wisit over night before use.

For additional curing agents, either hexamine (0,50 g} or CF0CFOCKCEHCOONH (0.40 £)

was dissolved into previcus PFE dispersions. The final solutions were translucent.

Table 1. Different formuy lations of PEE UV ¢uvable dispeisions

Example 1 2 3

 PEE 191TLZ ' 40 ¢ 140g IREUT
SR 344 50¢ 50g S0
SR 415 50g - 150g 50¢
Irgacure 2022 8.05 ¢ 0.058 005y
Hexaming e .50 ¢ |
CFOCFQCHOFHCOONH: B | 040 ¢

The saluticns were used 1o produce sheess by additive manufacturing (VAT polymerization).
Additive manufacturing was carried out in g commercially avaifuble desktop 31 printer, Asiga PICO 2 (a
high power LED @385 nin as the LIV source). After printing, the gel samples were carefully detached with
a razor blade from the alumisum platform. The samples were dried under air and then under vacuam 0

remove water,
They wers further treated at different tenperature for curing and removing binder,

The freshly 3D-printed PFE sheets wers typically iranshucent and fragile due toowater remaining
inside the sheets, They had a dimension of approximately 47 x 30 x 2.8 mum (1x w x k). After a first heating
37
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step {drying under ambient enviroiment overnight foilfowed by drying under vacuam (@ 50 °C) for 3 brs,
the sheess were dry and twned white. The sheets had a dimension of abost 34 x 22 x 1.7 sam (§ x wx h)
The shests had a gel-like, rubbery consistency, Afler a sepond heat treattment (200°C for 24 howurs), the
sheets turned brown and became stiffer, The dimensions werssabout 31 x 20 x 1.5 mum. After a second heat
treatment (330°C for 72 howws) the sheets become harder, The dimensions wers approximately about 25 x
16.x 1.0 nun determined using a ruler,

The samples were analyzed before and after the diffcrent heating stages by ATR-IR. Atteruated
Total Retlectance (ATR) is a technigue by which an infrared (IR) spectrum of a surface is tessared, The
samples were pressed onto an IR«transparent erystal using substantial pressure to ensure untforot congact
between the crystal and sample surface. During analyvsis, an IR beanis reflected from the inner surface of
the crystal, such that it penetrates the sample with a depth of & fow microns or less. Bach sample was cut
by @ razor blade. The freshly cut sarfaces of samples were placed on Ge erystal window 1o collect the
speetrum, ATR-IR spectra with 4 om™ resolution were acquired from a Pike SmartMiRacle ATR aceessory
with # single-reflection horizontal germaniune {Ge) crystal. The accessory was inserted into the sample
compartment of an 1850 FTIR spectrometer from Therme Nicolet with o room-temperature KBe-1TGS
detector. Bach spectrum was acquited with 32:scans and a speetral range of 4000-650 cm™,
Al ATRAIR spectea of the freshly prepared 3D-printed sheets showed small peaks at 2262 enr indicating
the nitrile (~CN Y curing sites froms PFE fluotoclastomer backbone. Because of the fow conusentration of the
nitrile functionality in the total mass, the intensity of the sigial was small. The :.h:n;fs peaks at 1725wt
were the charactaristic peaks of carbonyl groups (C=0) from acrylate binder (SR-344 and SR-415).

Afrer the heat-treattaent-at 200 *Crovernipht, the ATR-R spectia showed that the sample made

from Example #1 still had the peak attributed 1o the ~CN curing sites (2262 em'). Samples made from

Example #2 (with coring additive hexaming) and Example 3 (with owing  additive

CROCEOCFCFICOONHy) had wo detectable signals at 2262 em’, Thiy is an indication that

crosslinking of the perfluoroelastomers otcurred,

Under the same conditions. the persistence of 1725 i peaks from all the samples is an indication

thiat acrylate binder molecules were still present.

ATR-IR spectra of the samples were subsequently treated at 350 °C for 72 brs before cooling to room

temperature showsd no C=0 peaks amymore, oxeept for the sample from experiment 1 but the peak was

very smath This indicates that acrylase binders degraded under this beat treatment.
3%

SUBSTITUTE SHEET (RULE 26)



ol
LAy

Lo

)

L

WO 2017/127569 PCT/US2017/014174

CLAIMS

I Method of producing a flaaropolymer article comprising subjecting a comnposition to
agdditive processing inan additive processing devige containing at feast one energy source,

wherein the composition comprises fluoropolvimer particles and a binder material capable of

binding the fluoropolymer particles 1o form a Javer ina part of the compasition that has been
exposed to the energy sourse of the additive processing device and the method comprises
subjecting a part of the composition to exposure of the energgy source to forty a layer and wherein

the fTuoropalyimer 1§ a fluorodlastomer,

2 The méthod of claim 1 wherein the vomposition further Coimprises prie of mord curing
agents forcyring the fuoroelastomer, and the wethod farther comprises subjecting the

fluorselastomer to-curing.

% The viethod of clatm 1 Suther comprising removing the binder material.
4, The method of elaim | whersii the flubraelastorer comprises repeating umts derived

from retrafheoroethens and one or meve comonvmers selected from hexafluoropropene,
vinylidene Muorids and ote or more perfluoriitated alpba olefin ethers cormsponding to the

formuta
RED{CF)-CP=CFy,
whevein nrepresents 1 or 0 and R represents a Hinear or branched, cyelic or acyclic pertiuorinated

alkvl residue optionally being interrupted oveg or more than once by an oxygen aton and R

preferably having less than 12 carbon atoms, mors preferably having up t© 7 carbon aloms,

g, The method of ¢laim 1 wherein the fluorglastonier has a glass transition temperature

(T} of less than 25°C,

6. The method of ¢laim | wherein the binder material is polymerizable, and binds
Msoropolyiter particles by polymerizing upon exposure 10 the energy souree.

7 The method of claim | wherein the binder material is polymerizable and bindg
fluoropolymer particles by polymerizing upon exposure to the snergy source comptises and

somprises polymerizable uisaturated bonds.

3%
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8, The method of claim 1 whergin the bindermaterigl s polymetizable, and binds
fluoropolymer particles by polvimerizivg upon exposurs o the energy source and whersin the

compasition is a dispersion of the fluoroelastomer in g Tluid phase,

9. The method of claim | wherein the binder material is polymerizable, and binds
fluoropolymerparticles by polvimerizing upon exposure to the'energy source and wherein the
compasition is a dispersion of the Muaroelastiimer ina Hluld phase and wherein the polymerizable

binder comprises polvmerizable groups selected from acrylate and methacrylate groups:

0. Thie méthod of claim 1 wherein the binder ndterial is polymerizible, and binds
fluorapolymer particles by polymerizing upon exposure’to the energy sosrce and wherein the
somposition is a dispersion of the fluoroelastomer i 4 fuid phase and whrein the polymerizable

hindercomprises polymerizable groups selected from silane groups.

. The rsethod of claiin 1whersin the binder material is polymerizable, and binds

flusropolymer particles by polymerizing upon exposure 1o the energy source and wherein the

composition is an extrudable composition.
12 The method of claim { wherein the binder material is polymerizable, and binds

fleoropolymer particles by polymerizing upou exposure to the energy source and wherein the

composition is an sxtrudable composition and wherein the polymerizable binder comprises

polyimerizable growps selected from acrylate and methacrylate groups.

L

The method of claim | comprising the steps:
(1) providing the composition containing the fluoropolymer particles and the binder
material and optionally other ingredients and wherein the binder material is

polymerizable, and binds fluoropolymer particles by polymerizing upon exposure
to the energy souree;

{it) causing the binder material to polymerize and to bind fluoropolyiner particles by
sither {a): directing energy front the energy sowrce of theadditive manufacturing
device to a selected location of the 31 printable composition and causing the
binder material 1o polymerize and to bind fuoropolvmer particles inthe selected
tocation; or {b): divecting a selested location of the 3D printable composition to
the energy source and causing the binder moaterial to polymerize and to bind
fluoropolymer partickes, or g combination of (e} and (bY

(i) directing either (o) the energy sourge away from the 3D printable compesition of

{d) dirgoting the 30 printable compaosition away from the energy source or both,

40
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fo avold the bindsr material polymerizing in the non-selected focations, ora
combinatton of (o} and (d);

{tvi  repeating steps (i) and (1), and i¥ necessary also step (1), to forny multiple tavers

aitd oreate an anicle,

4, The method of elaim 1 wherein the binder material melts or liquefies upon éxposare to

the engrgy souree and binds the fludropolymer particles.

1S The method of claim 1 wherein the binded material melts or liquefics upon exposure to
the energy source and binds the fluoropolymer particles and comprises organic particles selectsd

from wax, sugars, dextring, and thermoplastic polymers melting between 40°C and 180 °C,
potvethylene glycols melting between 40°C and 180°C and polymerized or cross-linked acrylates,

msthacrylates and combinations thereof.

16, The methodof claim | wherein the binder material mefts or [iquefies upow exposure to the
energy sovree and hinds the fhusropolvmer particles and comprises organic pasticles sclected
from wag, sugars, dextring, and thermoplastic polymers melting between 40°C and 180 °C,

polvethylene glvenls melting betwesn 40°C and 180°C and polymerized or cross-linked aceylates,

methacrylates and combinations therenf and wherein the composition is a solid composition of

particles.

17. The method of claim | wherein the binder material melts or liguefies upon exposure fo the
energy source and binds the fluoropolymer particles and wherein the composition bas been

axtruded into a filament.

1 The method of claim | whereii the binder material melts o liquefies upon exposure (0
the energy seuresand binds the flueropelymer particles and wherghi the composition has been
sxtruded into @ filament; and wherein in the energy sourie comprises a heated extnisitn nozele

through which the composition 5 exttuded.

4. The method of claim P eomprising the steps:
(i aroviding the composition sontaising the fluoropolymer particles and the binder
material and optionally other ingredients ard wherein the binder material melis oy

liquefies upon axposure o the energy sosres and binds the fluoropalynser

particles;
(it} gausing the binder material to melt or Hquety snd to bind flaoropolymer particies

by either (a); directing energy from the energy sourcs of the additive

manufacturing devivce 1o a selectad tocation of the 3D printable gomposition and
41
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causing the binder material 1o meft o liguefy and to bind fluorepolymer particles
in the selected location; or (b): directing a selected location of the 3D printable
composition to the engegy sourcs and causing the binder material {0 melt or
liquefy and to bind fuoropolyimer particles; of a combination of () and (b}

(1D directing either (o) the energy soutve away from the 31 printable composition or
(d) directing the 31 printable compositing away fromy theenergy source or bath,
to avoid the binder material o melt or lquefy and to bind Duoropolymer particles
in the noneselected locations, or & combination of (¢)and (di

(iv} repeating steps (i) and (i), and ifnecessary also step (1} o form multiple lavers

aiid Sreate ansanicle,

20. A-composition for producing an article by additive processing in anadditive processing
device, suid composition tomprising Huoropolymer particles, optionally ong or niore filler, anda
binder smaterial capable of hinding the fluoropalymer particles upon exposure of the binder
material to cnergy fronyan encrgy. sonrce of the additive processing device; wherein the

fluoropolymesis a flioroslastomer,

21 The cranposition of claim 20 wherein the fluoroctastomer comypirises repeating units
derived from teteafluoroethene and one or saore comonomers selected from hexatluoropropene,
vingtidene fluoride and one or more pecfluorinated alpha plefin ethers corresponding to the

forinula

RO CR - CP=CE,
whergin n represents 1 ov O and R represents a linear or branched, cyelic or acyelic perfluorinated
alkyl residue optionally being interrupted once or more than once by an oxyvgen atom and R

preferably having less than 12 carben atoms, more preferably having up to 7 carbon atons,

22 The composition of claim 20 wherein the fuorcelastomer his a glass transition

temperatie { Tyy of Tess than 25°C,

23 The campasition of claim 20 wherein the fluoropalyier pasticles have an average

particle size (D) of from 36 10 500 am.

240 The composition of claim 20 further comprising ong or more curing agens for cuving the

fluoroelastomer;
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28, The composition of claim 20 being & dispersiva of fluoropolyiner particles ina hoguid
phase and wherein the binder material is polymerizable and conprises polvinerizable groups

sefestad from acryiate aiid methdcorylate groups,
26, Theeonposition of claint 20 whereis the composition is an extrudable somposition.

27, The compositionof claim 20 wherein the binder tnaterial melts or Hguefies upon
gxposure to the engrgy sourck and comprises organic particles seleeted frotn wax, sugars,

dextring, and thermoplastio polymers melting between 40°C and 180 °C,

28. The composition of claim 20 wherein the binder material melts or Hqueties upon
exposure to the energy sotrce and comprises organic partisles selected from wax, sugars,
dextring, and thermoplastic polymers melting between 40°C and 180 °C, polyethylene glycols

melting betweoen 40°C and 180°C and polymerized or eross-linked acrylates, methaceviates and

combinations thereol and wherein the composition s a sofid composition of particles.

29 The composition of claim 20 wherein the binder material melts or liguefies upon
exposure to the energy source and comprises organic particles seleoted from wax, sugars,

dextrins, and thermoplastic polymers melting between 40°C and {80 °C and wherein the

composition is g solid composition.

36. A composition comprising a 3D-printed flugroclastomet,
31 The compasition of claim 30 being obtainable by the method of claim 1.
32, An artiele comprising a 3D-printed Muoroclastomey, the article being seleeted from

friction bearings, piston bearings, gashets, shaft seals, ring lip seals, washer Seals, O-rings, valve

seats, conmectors amd Tids,
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