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ADDITIVE PROCESSING OF FLUOROPOLYMERS

Figld

The present disclosure refates to additive processing of Hleoropolymers, 10 fluoropolymer articles
obtained by additive processing, snd to fluorapolyiver ce mpo:s:‘nom useful for additive processing.
Background

Flupropolymers are widely used as raw materials for their chemical inertness, in pantieular for
asticles requiring low friction properties and Jor inestness to chemical reactivity, beat, o botl,

Pluoropalvmers ave typically classified into thermoplastics and elastomers {sometimes also
referved 1o as fluororubbers).

Fluorothermoplastics can be processed by conventional raelt shaping 3 methods, sach as jection
molding and extrusion. Fluerothermoplastics typically ave copolymers of tetrafluoroethylene (TFE) with
one o move other perfluoringted, partially Huorisated or non-fluorinated comanomers. Copolymers of
TFE and perfuorinated slkyl oraly] ethers are known i the art as PFA'S {perfucrinated atkoxy
polymersy, Copolymers of TFE and hexafluoropropylene (HEP) with or without other perfhiorinated
comonomers are knows b the art as FEP's (fluorinated sthylene propylens). Copolymers of TFE, HFP
snd vinvlidenefluoride (VDF) are known in the art as THY, Qther types of melt-processable
fluoropolyrers are based on vinylidenefluoride howio- ar copolymers, known in the art ag PYDF,
Copolymers of TFE and ethylese are knowivas BT FE.

Certain types of thermiplastics, have a very high melt viscosity (fow melt flow index (MEY) and
are termad i the art ag “non-melt processable”. Non-melt provessable fluoropolymer s intlude
homopotymers of TFE or copolymers of TFE with other copolymerizable perfluorinated monomers,
wherein the amount of comonomers {3 lmited to less than 1 Ywt, Buch TFE homo-and copalymers are
referred to in the art as PTER, PTEE has such a high melt viscosity that it canmot be processed by
conventional melt processing techniques such as extrusion, injestion molding or blow niolding, Instead
PTFE articles tvpically are produged by paste extrusion, or by sintering to produce hlocks or billets which
ave then shaped into articles, For example by skiving, tusming, machuning (e . substractive methods
where material is removed o shape articles).

I WO2007/133912 A2 anadditive manufacturing process for special thermoplastic
fluoropolymers (PVDF and PCTF) are deseribed but examples are not proy ided, In CMI03709737 A and
CM 105711104 A miethods for 3D printing are described where the use of PTFE is mentioned. The
materials are processed by iradiating a polymer powder with infrared orfasers snd melting the powsder in-
selected areas exposed to the IR- ot faser irradiation. These methods are known in the art of 3D-printing

i faser melting or fasee sintering. In U8 7.569.273 B2 4 different. method.is deseribed that isreported 1o
be suitable for PYDE, Examples are also not provided, The snthod deseribed in US 7,869,273 B2

involves adding a fuid through a nozzle to g solid composition compriy yg thiepolymer andian adhesive
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particatate material. The articulate material becomes adhesive upon comast with the fluid and thus is
reported to create an article by distibuting the fluid on sclected aress.

Thete is & need for providing alternative methods of processing fleoropolyniers by additive

processing and in particalar there 1s a need for processing finoropoivmersof the now-melt processible

tvpe.
Summary

In one aspect there is provided a method of producing 4 fluoropalyner article comprising
subjecting a composition comprising fluoropolyvier particles and & binder material to additive processing
in an additive processing device containing at least ane energy soutee and wharein the fluoropolymeris a
homopolymer or copolymer of tetrafluorosthylene (TFE) and wherein the binder material s capable of
binding the fluoropolymer particles to form @ layer in a part of the composition that has been sxposed 1o
the snergy source of the additive processing device and the method firther comprises subjecting a part of
the composition to exposure of the energy source to form g fayer.

i another aspect there is provided a composition for producing an article by additive provessing
in an additive processing device comprisiag fleoropolymes particles, optionafly, ove or more filler, and a
binder material; wherein the fucropolymser s o homopolymer or copolymer of tetrafluorostbylene {TFE)
and whetein the binder material comprises an organic material baving carbon-carbon bonds and carbon-
hydrogen bonds and melts between 40°C and 140°C,

fn a furthier aspect a 3D-printed fluoropolymer i3 provided that {s obtainable by the above method.

I yet another aspect there is provided an article comprising a 3D-printed fuoropelymer obtainable

by the above method,

Detailed Degoription

The present Applicants have observed that it is difficuit to create fluoropolymer articles, baving 2
complex design with the traditional methods. Shaping articles by removing excess fluoropolymer {for
‘example throogh skiving or die cutting) wastes expensive Huoropalymer material, Artickes produced by
injection molding are less wasteful, however the constractionof solds can be expensive and time
consuming. Rapid prototyping to identify optimized article designs by traditional methods, therefore, can
be economsically mpractical.

Therefore, there is a need to provide alternative produstion methods for producing fuosropelyimer
articles,

Refore any emmbodiments of this disclosure are explained in detail, it is to be understood that the
disclosure is not Hmited i its apphication to the details of construction and the arrangeient of
compongnts setforth in the following description. Alsg, it s to be understood that'the phragemogj,f angd
terminology used hergin is for the purpose of deseription. Contrary o the use.of “consisting”, the use of

“including,” “comtaining”, “comprising,” of “having™ and variations thereof 1s meant i encompass the

items lsted thereafier and equivalents thereot as well as additional tems. The use of “a® “an” is meant

%]
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to encompass “one or more™. Auy mumerical range reeited Wersin is intended to mchide all values from

he fower value to the upper value of that range, For example, a concentration range of from 1o to S0% 15

iitended to be an abbreviation and to expresshy disclose the valugs between the £% and 50%;, such as, for
example, 2%, 409, 0%, 30%, 1.5%, 3.9% sitd so forth,

Al references cifed hérein are incovporated by reference unless stated otherwise

ASTMs st other scientific norms referred to herein are those that were-aetive at the time of filing
thie carliest priarity spplication if the year is not specified, If at the time of the carliest priority filing the
ARTM or other norm was not active anymore, than the most recent active version is referred to.

The present Apphicsuts have found that fluoropulymer artieles can be prepared 'byﬁdditi‘ve
orocessing, The fluoropolymers are provided as a composition that 18 suitable for additive processing and
ean then be processed into @ three dimensional article by additive procsssing, typically, in an additive
processing device. Various known additive processing technigues fmay be used and also various known
additive processing devices or 3D privters may be used. Such 3D printable compositions contain the
flucropolymers and additional material that s capable of binding fuorapalymer particles into g volume
slement ot a layer by mekting or liquefying upos the material being expossd toan energy souree,
tvpically the energy sowrce of the additive provessing device, “Liguefying” as used herein means that the
material significantly reduces its viseosity and becomes flowable. Itis believed that the molten or
fiquefied matertal may embed or encapsulate the fluoropolymer partisles andfor b inds them and thus
keeps them in the selscted location. Such one or more sdd itional materials are therefore also seferred
herein as “binder matesial™,

Fluoropolvimet containing layers may be created successively 1o form a three-dimensional obie
After the creation of the article in the additive processing devies the adiditional material may be removed,
typically by heat treatment which may include degradation or combustion. This step may be followed by
other work-up steps, which may include, for example, sintsting the article.

Anadvantage of the methods provided herein is that not only prototypes of fluorapolyfoer articles
can he produced at low costs but also fluoropolymer articles of complex shape and design may be created
that may not be avatlable through conventional flucropolymer processing ov only at higher costs.

The methods provided herein are also fess wasteful hecause unreacted 30 printable compositions
aray be reused in g nest 3D print run.

Additive processing

sa\

Additive processing, also knewn as “3D printing?, or “additive manufacturing (AMY”, refers toa
process to create ¢ three-dimensional oi:*.jeut by sequential deposition or formation of materials in defined
areas, typically by generating successive layers of material, The object is typically produced ander

computer control from a 3D modet or other electronic dita source by an additive printing device typically

referred 16 as & 3D printer, The tenm “3D printer” and “additive processing device™ are gsed herein

Interchangeably and generally refer toradevice by which additive provessing can be carvied out. The
terms “3D-printing ™ and “3D-printable” are used like avise and mean additive processing and suitabie Tor

additive processing,

SUBSTITUTE SHEET (RULE 26)
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Additive processing devices are devices by which sequential deposition or formation of mateial
indefisied areas-can be achisved, typically by deposition or creation of volume elerents, such as layers.
Successive layers ave builtup, layer-on-laver lo create a three-dimensional object.

Typically an additive processing device is computer-controlied and creates the desired object

based onan electronis fmage of the objectto be ersated. The 3D printer contains an enstgy source that

applies energy to a focalised area in a 3D-printable somposition. The energy applied may be, for example,
heat or frradiation or both. The energy sotrce may inclhude a light souree, a laser, c-beam generators, heat
generators and other sourcing capabie: of focossing energy to defined areas of the 3D-printable
composition. The energy souree ray be inoved to defined arcas over the surface of the 3D printable
comiposition, typically nder computer control.

The additive processing device typically also containg a platform that can be moved inte the 3D-
printable composition or sut of it, typically, by the distance of the layers to be formed on the platform.
Typicaily this is also done under computer controd, The device may further contain a device such as a
wiper blade or an injection nozzle by which new printable material can be applied over the laver formed
for suceessive layer-on-faver building. Support structures may be used and later removed in case the
object to be created is complex or requires structural support during its creation,

Additive processing techniques are known, Gbjects san be ereated from liquid 30 printable
compositions or solid 3D-printable compositions depending on the additive progessing method and
deviceused.

In ohe embadiment of the present disclosure the layers are ereated from aselid-composition, The
313 printable composition Is typically provided in the form of particles, for example in the formofa
powder, or in case of the filmnent deposition process, in the form of an extrulate, for example extruded
into fitaments. The fluoropolvnier and the binder material reay be present as particles or the
fluoropatynier particles may be coated with the binder material. The fluoropolyraer particles are fused
selectively by bringing the binder material o the el {oF Hasefying it) using an energy source, typically

a heat source. Depending on the melting temperature of the binder material a igh or low heat souree may

be used, A laser may be used in case of selective layer sintering (SLS) or selective layer melting (SLM),

or an electron beam in case of electron bears melting (EBM). If fower temperatures are suffisient for the
fotmiation of volusse elements through melting or Hiquetying, heated wires and thermal print heads may
be used falso referred to as “thermal printing”™). Typically decompesition or melting of the fluoropalymer
shotld be avoided and the energy source should be chosen accordingly. Processes may inglude one or
rore thermal sources for inducing fusion between powder particles by the binder material, a method for
controlling powder fusion to a preseribed region of cach layer, and a mechanisms for adding and
stnoothing powder favers or removing powder layers, Fusion mechanisms can include but are ot limited
to mechanisms based on adhesion or providing a phvsicsl barriers, for example by encapsulation or
commbinations thereof.

Somie of the disclosed methods use an energy source to fuse particles into & rass that has a

ssived three-dimensional shape. The focused energy source selectively fuses powdered material by
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scanning cross-sections generated frovn a 3-D digual description of the part (for example from € AD file

or scan data) on the surface of a powder bed. After sach eross-section i5 scanned, the powder bed is

Towered (or raised depending on the design of the 303 printer) by oue layer thickness, 4 new layer of

material is applicd on top, and the process is repented untit the part is complete. In selective faser
sintering (SLS) or melting (SLM), typically & pulsed laser is ¢ used and in EBM an electron beany is ussd.
A 3D thermal printing s heated wite or a thermal print head or other heat sources may be used. The heat
may he zenerated for example, by electricity ov irra diation e other appropriite means of generating
{ncreased temprranres. In the process of the present disclosure the binder material melts or Ligueties
apor exposure 1o the exergy souree thus binding {or “fosing™)y the ﬂhﬂ-s‘om}:iyane;‘-giti*tis,:kfs into a volume:
element,

The processing device may prefieat the balk powder o aterial in the powder bed somewhat below
its melting point, to make it easicr for the energy source (o raise the temperature of the selscted regions
the rest of the way 1o the melting point. The above desoribed methods are referred to hevein as faser
melting it o laser is used to bring about the particle fusion or as therm al privting if another heat souree
other than a faser is bringing about the particle fusion.

The additive manufacturing method for producing an article by these methods may typically
comprise:

{4 praviding & composition comprising a 38 printable flucropolyrer composition
comprising fuctopelymer particles and binder material and optionally other ingredients;

(it} causing the binder o melt or to liquefy and to bind Muoropolymer particles by either (a):

divecting energy fror the energy sosrce of the additive man ulactaring device to g
sslected Tocation of the 3D printable composition and causing the hinder material to meit
o to liguety and to bind fluoropolymer particles in the selected focations or (bl directing
4 selected lncation of the 3D printable composition 1o the energy source and causing the
bindes material to melt orto Hquefy and to bind fleoropalymer particles, or 8
contbination of (a) and (b},

(1) divecting either {c.} the encray souree away from the 313 prinsable composition, ot vice-
versa {d) dirscting the 3D printable composition away from the saergy source or buth 10
avoid the binder material to bind fluoropolvimsr particles in the nc>n~s:e-lc§cted focations, of
a-combination of (¢} and {8y

{(iv)  repeating steps (i) and (iif), and if necessary also step (i), o form muttiple laysrs and

create an article. If necessary vew 3D printable compositions can be added or unveacted
material may be removed after steps (1) sndfor (i),

The heat sourcs can be selected as described above and is chosen to be compatible with the
ingredients of the 3D printable composition.

The 3D printable compositions for these processes typically comprise & solid composition of
flucropolvmer particles and binder material particles, or 4 composition of fluoropolymer particles coated.

with birder material o a combination thereof, preferably a sslid composition. Preferably, the:

L
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compasition s a loose powder or a loose particulate composition - The cosspositions may also contain

othet ingredients as described hereis, preferabily solid ingredients. The Huoropolymers, binder matarials

and other ingredients can be used as described bersin,

Dhrected energy deposition {DED) pracesses deposit-a material that iy mo Hen Or comprives
mohen binder naterial or is converted into a flowable or extrindable material through one or more
deposition devices, for example extursion nozzles. These methods use one Or mMore gnergy sowree o
process the 3 printable composition throegh the deposition device DED processes enable the creativn of
parts by melting material us it ix being deposited, not by melting materiad that s pre-laid in o powder bed.
As 2 focused heat source, a laser or electron beam may be used; or heat generated by extraston, for
example an extrusion device or 1 component of an extrusion device may be sufficient for this purpose,
The extrusion device or the componert thereot may be heated and the composition may be preheated
before entering the extrasion device. In extrusion-layered deposition systems {e.g. fused filament
fabrication systems and other melt-extrusion additive mangfacturing processes) avticles ave produced
fayer-byslayer by extruding a 3D-printable composition through an extrusion head, Movement of the
extrusion head with respect to the substrate onta which the substrate is extruded is performed under
computer control, in accordance with the build data that represents the article, for example 2 CAD file.
The composition can be extruded through a nozzle carried by an extrusion head and deposited as a
sequence of roads on a substrate in an x-y plane. The roads can Be i ths form of continuous heads orin
the form of a series of droplets (.. as desoribed, for example in US Patent Application No
2013/00815993, The extruded compusition fuses (o previousty deposited composition as it solidifies upon
a drop in temperature, This can provide at least a portion of the furst layer of the three-dimensional article.
By changing the position of the extrusion head relative to the first layer additional rows can be repeatedly
build. This 3D-printing method fs also known under the term “fused deposition modeliing or “FDM”, The
compositions provided herein may also be wsed i FOM, in which case they are formulated such that they
can be extruded, for example asextrudable solid compositions or #s extrudable pastes. The binder

material typically melts during the extrusion process and the corsposition is deposited on selected

Tocations where the molten binder material ruay solidifi and thus binds the fluoropolymer particles.

The additive manutacturing method for producing an article by these deposition methods may
typieatly comprise

(i3 providing an extrodable coniposition comprising a A0 printable fluoropolymer
composition comprising fuoropolymer particlss and the binder material and optionally
other ngredientsy

(i) extruding the composition 1o 4 selected location wherein the binder material has been
molten or liquefied by the energy source of the device to bind the fluorapolyiner
pasticles,

(iiy  repeating step (i) aud if ngcessury slso step (i} to form multiple layers and create. an

asticie.
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The Teat oaree dan be selocted as described aboy

e and can be adapted to the binder material and
ather ingredisnts present inthe 3D prstable composition. Typically the heat source is an extruder or a
component of an extruder, or for example the nozzieof an sxtrusion head. The extruder or at least some
of its components wiay be heated. The composition is preferably extruded through au extrusion nozele of
‘g -heated extruder head.

The 3D printable composition for these proeesses typically comprise an extrudable 302 pintable
composition, for example a paste or o solid sxtrudate such as flaments or peliets. The filaments or pellets
sy then be heated and extruded again in the 3D printer.

The extrudable composition may cotaptise the fluoropolymer particles snd binder material
particles, or comprise the flusopolymer particles coated with binder material, or a combination thereof)
The compositions may also contain other ingredients as described herein, preferably solid ingredients.
The flusropolymers, binder materials and other ingredients can be used as described herein.

Depending ot the complexity of the article design supporting structures may be attached o the
elevator platform to prevent deflection or delamination due to gravity and sy hold cross sections i place
in order to resist lateral pressure from any mechanical spreading device.

The methods provided hersin can be carried out in the respective kbown and commeraially
avatlable additive printing devices. Typical known methods and their 3D printer have begn deseribed, for
example, in “Additive Processing of Polymers™ by B, Wendel et al in Macromal, Maiter. Eng. 2008, 293,
799.809, Examples of commercially available 3D printers inclade, but are not limited to 3D priuters from
BLUEPRINTER, Copenhagen, Densmark for powdered bed printing with thermal heads, Printers for
filament extrusion (FDM} are available, for example, from Stratasys Direct Inc., Valencia, CA 91355, for

example niodel Makerbot Replicator 2.

Fluoropolymers

The fluoropolymers for use in the present disclosure vontain repeating units derived from
foorinated of perfluorinated clefinic monomers snd preferably perflaorinated slefinic monomers, more
preferably exclusively of perfluorinated olefinis monormers.

Suitable fusropolyroers for use in the additive processing methods provided hevein are
thermoplasiie fluorapolymers (fluorothermoplastics) inctuding the non-melt processable fluoropolymers.
‘The flucvopolymers van be sonveniently prepared by aqueous emulsion polymerization as described for
example i US 2,434,038, US 2,965,595 and EP 003 063 A2 EFP 0069027, Altermatively,
fluoropolymers may be prepared by solvent polymevization including organie solvents and inorganic
solvents like liguid COz ov by suspension polymerization, Suspension polvmerization may be carried out

in aqueous media without using emulsifiers,
Fluorothesmoplastics

Suitable fumothermoplastios include copolyrers of TFE and one of more perfluorinated,

partially uovinated or non-fluorinated comonamers. The comoenomer content is typically greater than 1
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oot proferably greater than 2% wi and may be up to 309 wt, {as used heremabove and below the

‘weighi percestages arg based on total wei ght of the polymer — unless specified otherwise). Examples

include: FEF (copolymers of TEE, HEF and other optional amounts of perfluorivated vinyl sthers); THV

{copolymers of TFE, VOF and HEP), PT A (copolymers of TFE and perfluoroaliylvinylethers) and

copolymers of TFE and sthylene (ETFE). Thermoplastic fuotopolymers ¢an be prepared orobtained as

deseribed, for example, in “Fluorepelymer, Ovganic™ in Litlmann’s Eucyelopedia of Industrial Chemistry,

78 edition, 2613, Wiley-VCOH Verlag Chemis, Weinheim, Uenmany.

Preferred Rucrothermoplastics inchide fuoropnlyniers with & melting point betwaen 264 and
315%C, Other prefereed flucrothennoplagtios include those with-a melt flow index (MFT) at 372°C and
Skg foad (MEL 372/51 from 1 to 50 g/10 min, or from more than 0.1 to 50 g/ 16 min.

In cne ctabodiment the fluorathermoplastics are PEAs. PRAs are copolymers of TFE and at least
one perflusre alkyl vinyl ether (PAVES), perfluoro atkyl alivl sther (PAAES) and combinations thereo!
and may or may hot contain additions! perfluorinated somonomers. Typical amounts of copolymers range
Srom 17 % to 10% wit. Preferably, the PFAs have a melling point between 130 °C and 315°C, for
exaruple between 180 to 280°C, or between 200 and 300°C.

Perfluorinated vinyl ethers (PAVEs) and ally] sthers (PAAES) may have oxygen atoms in thetr
perfluoronlkyl chain {such chains may also be referved to as perfluorcatkydether or perfluoroaliyloxy
chaing). Typical examples of PAVEs include but are not limited to pe rilucromethyt vinyt ether (PMVEL

perfluoropropyl viny! sthess (PEVES) and atkoxy vioyt ethers including thoss of the general formulal
CECRQ (RaOp{RaOWRE

where R and Re ave different linear vr branched perfucroaliylens groups of 2-6 carbon atoms, m avid n
are independently 0-10, and R is a perfluoroatkyl group of 1+6 carbon atoms. Another class of

perflucro(atky! vinyl) ethers includes compositions of the formula
'{ i"“*“{;} {)({ Fa C¥ K(}}ngj

where X is For OFs, 1 is 023, and R3¢ a perfluorcatky! group of 1-6 carbon atoms. Another class of
perfloore (alkyl vinyl) ethers includes those ethers wherein nis {ror 1 and R contains 1-3 carbou atoms.

Additional perfluoro {alky! vinyl) sther monomers include compounds of the formula
CR=CFO{CFCFCF O CF O R0 CRalC o

where m and n independently are 1-10, p represents 0-3, and x represents 1-5, Other examples twelude
those o the formtula O =CROCF0R, whevein R is a Co-Cy linear or branched or eyelic perfluorcaliyt
groups that may optionally contain one or more Catenary OXYEED atoms as described, Tor example, in BP 1
148 072, Also the alfy? analogues may be used, i.e. polymers with CE=CFCFRO~ unit instead of the
vinvl wnit CF=CF-0-,
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Farticular examples of perfluoroviny! sthers melude:

FUsCE-O{CE ) -0OCH;,
Fal=CE-D-(CF) - QCE:,
PO OO 00,
FaU=CF-0{CE) a{ OUF D) - F,
FyO=CF-OCR{OCF) 5-CFy,
FAC=CR-O-CR(QOCF) 4-CFa,
B =CRO(CROOCE;,
10 FBC=CP-O(CF0H-0CF;,
FiC=CF-Q4CF:0)-OCFs,

¥

Specific examples of suitable perflusrinated aliyl ether comonomers include:

15 FesUP-OF-0-CFy
FCsUFOF 0 CoFs
FrC=CF-COFOCsF
FaC=CFCF -O-CFrOCFF,
FiC=CF O -0-CF-04(CF) »-F,

26 FaCsCR-CRy-OUF-0(CR) -F,
Fals0F-CF-0-CF o O4(CR) o FL
FLCCF-CEFO-CE ) -0OCFy,
FLC=CF-CF-O4CF) --QCFs,
PR QRGO ) ¢ OUF

35 FOsCP-CFnO-CF a{OCF) - F,
FyC=0FCF-0-CF(OCF) »CFy,
FACSCR-CF - O-CR-{OCFD 4-CFy,
FO0=CF-CF O C OO0,
F0=CF-CF-O(CH0R-00F;,

0 FsCRCR - O(CFD) =00 s,

Particular examples of perfluorinated atky! allvl ether (PAAE’s) include unsaturated ethers according (o

the general formula:

CRCF-CF-OR'

]
“h

whereln R represents a linear or hranehed; cyelic or acyclic perfluorinated alkyl residue. R may-contain

upeto 10 carbon atoms, e.g. b 2,3,4, 5.6, 7, 8,9 or 10 carbon atoms, Preforably RE contalns up to 8,
9
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mve preferably up to 6 carbon atoms and most preferably 3 or 4 carbon atoms. R may be lingar,
branched and it may castain or pot contatn a eyclic nit, t‘spﬂeiﬁc exaniples of RYincluds perfluoromethyl
(CF, perfluoroethyt {C:F ), peeflucropropyl {CaF7) and perfluorobutyl (GiFs), preferably CiFs, CaFyor

CaFy. b particular émbodiment RY is linear and is selected from Cafs or G

Mixtutes of perfluore (alkyd vinyly ethers and perfluorn (alkoxy vinyl) ethere may also beused, as
well as mistores of the vinyl and allyl ethers described above.

Perfluorinated alioyl allyl ethers and alkyl viny! sthers as described above are either commercially

available, forexample from Anles Lid. §t. Peterburg, Rassia or can be prepared according to methiads

deseribed in 1.8, Pat. No. 4340650 {Krespan) or international patent apphication o, W 0146107
{Worm et al} or in Modern Flugrapolymers, 1. Scheirs, Wiley 1997 snd the veferences sited thereln orby
modifications thereof 85 known to the skilled person,

In one embodiment the fluorogolymer is an FEP polymer and comprises repeating unite derived
from TEE, HEP and one or more optionat fleorinated comonomers, preferably selected from PAVEs and
PAAES Preferably, the FEP has a melting point of at greater thay 150°C,

[ one embodiment the fluoropolymeris 2 THV polymer and comprises repeating unity derived
from TFE, HEP and VDF and one or more optional (uorinated comonomers, preferably selected from
PAVEs and PAAERs, Preforably the THY has a melting poist of greater thas 130°C

I one embodiment the fluoropatymer is & HTE polymer and comprises repeating units of TFE,
HFP, ethylene and one or more optional fluorinated monomers, preferably selected from PAVESs and
PAAES.

ti one embodiment the Thorapelymer is an BTFE polymer and comprises repeating units devived
from TFE and ethylene and one or more optional COMOUMNETs.

Preferably, the Quoropolymers have a melling point between 150 °C and 31 5°C, for exaniple.
between 180 10 280°C, or between 200 and 300°C.

The fluorothermoplistics may be linear or branched in case they contain branched comononiers
Hike HEP. The polymer may afse contain fonger branches which may be created, for example, by using

branching modifiers in the polymerization as deseribed, for example in WOZUUS/ 40014 AL

Nor-meltprocessable flugropolyroers

Non-melt-progessable flooropolymers include FIVE PT. £ is wtetrattuevoethylene (TEE}
honopolymer and may contain up to 1% by weight of perfluorinated comonomsrs. Comoenmyers inchude
perfiucvinated alphs olefins, such as hexalluoropropylens {HFP), chilerotriflusroethylens (CTFE),
{(FAVES) and allyl ethers (PAAES).

Typically, the PTFEs suitable for the present disclosure have a weliing point {after first nyelting)
within the range of 327 4410 °C. The PTFEs have a melting point of at least 317°C, preferably at least

'4

319°C and move preferably at least 321°C. The PTRE’s suitable for the present disclos welude high

e
modecular weight PTFE, for sxample, those having a melt ow iadex (MFD of less than 0.1 g/ 10 min at
i &1 &

372°C using a-$ kg load (MFY 372/53 of fess than 8.1 g /1 min),
i
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Non-raelt processable PTEEs tend to have a standard specific gravity {880 of batwesn 2,13 and
2.23 whom® as measured sccording to ASTM 4895, The S50 18 a measure for the molecular weight of the
PTFE. The higher the 8§8G, the lower the molecular weight. In one embodiment u Jtra-bigh molecular
weight PTREs are used @t the present disclosurg, which means PTFE polymers haviag an 858G of less
thare 2,17 wlem?, for example an SSG of betweer 2,14 and 2. 16, 8uch PTFE polymers and their
preparation is described, forexample, in WO201 /139807,

PTREs are conveniently prepared by aquecus emulsion polymerization ag deseribed for example
S 2,434,058, UK 2,965,595 and EP 003 063 A2, EP 0968 027, kv ong embodiment, the FTFE s
sbtained by suspension polvmerization,

Suitable PTEEs include, but are not Timited to, core-shell polymers. Core-shell FTFEs and their
preparation are described, for example in Buropean Patent No Patent EP 1533325 Bl and the references
cited thereim

%

In one embadiment the PTEE polymer contains  perfluoroalkyl vinyl ether or a perfhuoroalicyl
allyl ether as co-monomer, which may optionally have one o Biore DXygen atoms i the atkyl chainas
described, for example, WOZ0I /012289 AL

The fluoropolymers ave typically prepared by agueous emulsion polymerization and are obiained
as agueous dispersions. The polymerization is typically carried out with Buorinated emulsifiers. Typieal

eraulsifiers include those that correspond to the foumula
O-RE-Z-M

wherein Q represents hydrogen, Clor F, whereby Q may be present ina ferminal position or o, RY
represents u linear or evelie of branched perfluorinated or partially fluorinated alkylene having 4 fo 13
carbon atoms, 7 presents an acid anion, such as COO or SOy and M represents a cation ingluding an
alkali metal anjon ar an anmonium fon, Examples luorinated emulsifiers include those deseribed in EP §

059342, EP 712 882, BP 752432, EP 86 397, US 6,025,307, US 6,103,843, US 6,126,849, US

The fluorinated emulsifiers may be removed in the work up procedure, for gxample as deseribed in
WORI0S 1988, Fluorosmulsities-reduced PTFE dispersions are prone to prematurs soagulation and have
{0 be stabilized. Preferably, PTFE dispersions are stabilized, for sxample with nen-iowic or anlanie,
pveferably non-aromatic, emulsifiers or by modification of its polymuer architecsure or both as described,
for example in BP 1 533 325 BI, EP 2902424 AL, EP 1 520785 AL, WO 014715 AZ,
LIS2004/01 71736, WOO3/059992. Also other Buoropolymer dispersion may be stabilized this way.
Various grades of fluoropolymer and PYRE dispersions wre also commercially available, for
example frow Dyseon GmbH, Burgkirchen Germany and from other fluorapolymer producers.
Iy ane embodinment the Huoropalvmers are perflucropolymers, such as copolymers of TFE and
serfluorovinylethers that may contain optional oxygen atoms in the perfluorsalkyl chain (PAVE) and

polymers of TFE, HFP and oneor mare PAVE,
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In one embodiment a blend of two or more fluoropolymers is used. The blends may he blends of
fluoropolymers as described above but for example having different melting potuts andfor MFLs. Using a
combination of 3 high mehing with & low melting fluoropolymer may help to prepare a denser mticle by
facilitating the sintering process. The lower melting polymer is typically used in fower amounts than the
figher melting flusropolymer. The lower melting flucropolymer may be regarded as a filler and may be
nsed i mmounts as indicated for fillers,

In general, the amounts of comonomers are selected to give a polymerwith o melting temperatire
greater than 150°C or even greater than 200°C,

The fluotopolviner used in the 3D-printable compositions are preferably solids and in the form of

ovarticles. Typical particle size include particles of from about 1 to 130 ym (number average, Da). Particle
size of solid particles can be determined by microscopy and particle counting seftware, Compositions of
such particles size can be oblained by suspeasion polymerization of fluoropolymers, or by milling of

pellews or billets, or by agelomeration of fluoropelymer particles obtained from emulsion pelymerization.

In ane embodiment, the 3D printable composition is in the form of an extrudate, for example a
filament, Such compositions are saitable for the filamens deposition methods. Extrudates may be pbtained

by extruding the compositions of fluoropolymer and binder and other ingredients into Tilaments.

Binder materials

The 3D printeble Suoropolymer compositions oontain one of Wore binder that melis or Rquefies
upon expostre to the energy source of the additive processing device.

In ooe embediment the fleoropolymer typically is provided as a solid composition in form of
granules of as a powder ot as extruded fllaments comprising the binder material and other, optional
additives, Suitabla binder materials include organic materials, preferably polymers, that have melting
oints above room temperature, preferably sbove 40°C (but below the degradation temperature or me ing
temperature of thefluoropulymer Y. However, also polymers that in a strict scientific sense do wot meli but
soften or become fess viscous may be used. Typically, the meltable binder has a melting point or melting
range within a temperature from about 40 to about 148°C. Qrganic materials are materials that have
carhon-sarbon and carhon-hydrogen bonds and the materials may optionally be fluorinated, Le:one or
mate hydrogens may be replaced by fluorine atoms. Suitable materials include hydrocarbon or
hwdrocarbon mixturss and long chain hydrocarbon esters, hydrocarbon alcohols and combinations theveof
and including their fluorinated derivatives. An examples of suitable material incfudes waxes, sugass,
dextrins, thermoplastics having a8 melting point as described above, polyinerized or cross-linked acrylates,
methacrylates, and combinations thereof. The waxes may benatural wawes or synathetic waxes, Waxes are
preanic compounds containing tong alkyl chains, for example lang chain hydrocarbons, esters of
carboxylic acids ansd long chain aloohols and esters of long chain fatty deids and aleohols; stervls and
sintures and combinations thereof. Waxes also iuclude mistores of long chain hydrocarbons, The term

“Jong chai’” as used herein means & minimunt number of 12 carbon atoms,

=
t\)
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Natural waxes include beeswax, A miajor compongat of the beeswax is myricy! palmitete which s

an ester of triacontancl and palmitic acid. Spernmace 4 occurs in lorge amounts in the bead oil of the sperm

whale: Dwe of its main constituents is cety! palmitate. Lanolin s # wax obtained from wool, consisting of

ssters of sterols: Carnauba wax is 8 hard wax vonfaining myricyl cerotate.

Rynthetic waxes include paraffin waxes These ars hydrocarbons, rixturss of alkanes vseally gia
homologous series of chain lengths, They may include saturated n- and iso- alkanes, naphthyleses, and
atkyl-and naphithylene-substituted arematic compounds. Also fluorinated waxes may be used in wiiich
case some hydrogen atoms are replaced by fluoring atoms,

Other suitable waxes can be obtained by cracking ,p{)‘iyf;‘:t‘h}riéne or propyleng (“polysthylene wax™
or “polypropylene wax ") The products have the formula (CHy )y, where n ranges between about 50 and
106,

Other examples of suitable waxes include but gre not Hmited fo candelilla wax, oxidized Fischer-
Tropsely wis, mierocrystailie wax, lanotia, bay berry wax, palm kernel wax, mutton tallow wax,
petrelewm derived waxes, montan wax derivatives, oxidized polyethylene wag, and combinations thereof.

Suitable sugars include for example and without limitation, lactose, trehalose, glucose, sucrase,
fevulnse, dextrose, and combinations thersof,

Suitable dextring include for example and without liritation, camma-cyelodextrin, alpha-
cyelodexirin, beta-cyelodextrin, chucosyl-alpha-cyclodextrin, mattosyl-alpha-cyclodextin, glucosyl-beta-
evelodextrin, maltosyl-beta-eyclodextrin, 2-hydroxy-beta-cye fodextrin, 2-hydroxypropyl-betas
eyclodentrin, 2-hydroxypropyl-ganma-cye fodextein, Wyvdroxyethyl-beta-cyelodextrin, methyl-beta-

velodextrin, sulfobutylether-alphasoyslodextrin, sulfobutyicther-beta-cyelndextrin, sulfobutylether-

B

*am;txa-cyc%ﬂdwtrin, arid combinations thereof,

Suitable thermoplastics include for example and without imitation, thermoplastits having a
melting point of no greater than 180°C, preferably no greater than 140%( ov no greater than 1009
Exaimples may include polyethylensterephthatate (PET), pobylactic acid {PLA), polyvinyd chloride
(BVC), pelymethvl methacrylate (PMMA), polypmpyimie (PP}, bisphenol-A polycarbonate (BFA-PC),
polysulfone (PSE), polyether fadde (PEIY, and combinatio ¢ therenf.

Suitable aceylates and methacrylates ave for exaraple crose-linked or polymuerized acriyates
including urethane acrylales, spoxy acrylates, priyester acrylates, aceyiated {meth)acrylics, polysther
acrvlates, acryvlated polvolefing, and combinations thereof, or their methacrylate analogs.

Other example of suitable binders include but are not Himited 1o Binders comprising polymers and
potymerized materialy selected from, gelatines, eetluloses, ethyl cellifose, hydroxyletlivl celhlose,
lvdroxyl propy! ceflulose, methyf cellutose, bydsoxy propyl cellulose, ceilulose agetale,
hvdroxybutylmethyt celtulose, hydroxysthyt eclivlose, hydroxyethyimethyl cellulose, glycoses, fructoses,
gyicogens, collagens, starches, partially fuorinated thesmaplastie Quorepolymers and combinations
thereof,

Preferably, the materials are of low molecular weight such that they easily degrade at elevated

temperatures for example at temperatures belfow and. including 200°C and can be easily removed.
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The hinder material may be present, for example, as particles oranay be preseut; for example, as
costing on the fluoropolymer particles. Particly sizes of the binder particles include, for example; from 1
o 150 o, preforably about § micrometers to about S8 microimeters, and most preferably abost 10
micrometers to about 30 microhteters. In one sinbodiment these particle sizes ave average paticle sizes
(number average, (D or median, Such particle sizes can he determined by myicroseopy using particle
anatysing software or frony piotures faken from samples by microscopes). Generally, the average pasticle
Size of the binder particles preforably is lavger than that of the fluoropolvimer particles; forexample by &
factor between 2 and 100, preferably 2 and 10,

The optimum amount of binder muterial may be determdned by mainly two factors: first the
srmount of binder material should be high enough such that &t allowsthe formation of layers of the desired
dimensions, 1.6 it has to be present in an effective amount. Secondly, the amount should be minimised
with respest to the fluoropolymer content to mintmise shrinking of the article during the working up
pracess, to minimise the vaids in the finished articles created during the removal step of the binder
materisl. Since solid compositions are used, Mgher fluoropolymer convenlrations may be waed than in the
liquid 3D printable compositions, for example a fuorspolymer content of up o 80% by weight or even

up fo 93 % by weight (based on the weight af the compuosition), Typical amounts of binder material
inelade but are not limited to amounts from abeut § to about 2096, from gbout § to about 18%, for
exarnple from about 10 o about 3% by weight based on the weight of the total COIMpOsition.

Cither, optional, additives include fillers, pigments, UV enbancers and oxidation catalysts, The
3D-printahle compositions may further comprise fillers, pigments or dyes i compatible with the 3D
printer used and the thermal work up treatment. Fillers may include but are not limited to silicon carbide,
boron nitride, molybdenum sulfide, aluminum oxides, carbon particles, such as graphite or carbon black,
carbon fikers. carbon nanotubes. The filler content can be eptimized to the system used and may typically
be besween 0,01 to 10 % or up o 38 % or even up 1o 50 % by weight based on the total weight af the
composition depending on the fluoropolymier and binder materials used. The fillers should be in
particulate form and have sufficiently smal particle size to allow for a howmogenous dispersion in the 3D-
printable composition. To be compatible with the 3D-printable composition the filler particles
advantapeously have a particle size of fess than 500 pm, preferably less than 50 pm or even less than 5
v

Pigments have to be heat-stable at the temperatures applied in the thermal work up procedures,
i.¢. at Teast the melting temperature of the non-melt processable fluorppolymer.

Ingredients that increase the iradiation energy absorption from the energy source may also be
inctuded in the 3D printable composition. For example, by increasing the proportion of the applied energy
from the energy souses, resulting in more efficiens heating. Some materials absorb none, or a small
poation, of the lussr wavelength emitted from an energy source and irosuch a case, these materials are
bensficial. A example includes graplite or carbon black.

Oxidation catalysts may also be included in the 3D-printable composition to accelerate the

combustion of binder during the theemal work up procedure. Thismay help to create a smadther surface
14
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and toavaid the formation of surface defets. It is believed that when the combustion of the bindey
material is iot completed when the surfdce particles Tase during a sinteriog step trapped combustion gases
may lead to formation of microbubbles or micro-cracks on the surface of the simered articls, The
sidation catalyst may accelerate the combustion such that the combustion gases have evaporated before
5 the fluoropolyner particles on the surface fuse. Oxidation catalysts are dessribed for example in US Pt
No. 4,120,608 and include cerium oxides o other metal oxides.
In one embodiment the 31 printable composition Comprises

fram 26 o 95 %% wi. o from 70 1o 90 % wi. of a fluoropolymer particles, preferably of a size between |
amd 150 g

10 from § to 70% or from 5 to 20% of the binder material, preferably a binder material that melts o Hqueties
at a temperature between 40 and 180°C, preferably between 50°C and 180°C, praferably in the form of
particles having & pasticle size of from Zjus to 300um, or from Tgm to 150 pro,
frony 0 te 50% wi, of fitlers,

from 010 15% wi. of other optional ingredieats whereln the total weight of the composition i 1008,

L3
Additive processing by melting or liguefying a binder material
For preparing & Hluorapolyrer article; the 3D printable compuasition s subjested fo additive
processing in an additive processing device. The 3D-printable compasitions may be.aptimized for
different types of 3D printers and 3D-pristing methods.
20 The solid composition of particles or the fillament compusition ix entered o the additive

provessing machine (3D printen} providing the appropriate heat source, for examplea 30 thermal printer
{having a heat sowrve, such a thermal print heads) or 4 selective faser sintering or melting printer having a
taser as a heat smitce, as described above for selective laser melting, or the extrusion device in case of using
i FOM printer, to ereate a thres-dimensional object. The resulting object, afso referred toas “green body™

18 may be removed from the unreacted powder or [Hament and subjected 1o a heat freatment o remove the
hinder material, Conveniently this is carried out by heat treatment to degrade andf/or evaporate the binder
material. The temperatures are chosen such that the {1 uoropolymer atticle dogs not melt or gets destroved..
Such fluorspolymers articles will retain their shaps. The heating and subsequent conling regime may be
controtled to aveid bending of the ohject or formation of cracks in the uhject.

30 The resulting objeet may then be subjected to another heat reatment at higher temperatiyes o
allow sintering of the fluoropolymer. During sintering the Huoropadymer particles fuse. The temperatares
are chosen such that the flaoropolymer article does not melt or gets destroyed. fo case of son-amelt
processable fluoropolymers the tomperatures may be actually above the melting temperature of the

fluoropolymer but because of the bigh melt viscosity of the fuoropolymer this will not change the overall

Aad
o

shape of the article. The sintering tomperatures may be cligsen to bs up to abous 20°C sbove themelting
point of the fluoropolyter. For the other types of flsarppolymers a sintering step may not be earved out

and the temperatures used for degrading andfor removing the binder may by selected 1o be below the

.
i
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melting point of the polymet, for example temperatores at Jeast 1°C below the melting point or at least
105C below the melting poiot of the flusropolymer.

A typical heat treatment regime maay include a first heating oyele 1 degrade the binder material
fallowed by another heating cycle wherein the jemperature of the other beating s evele is higher than that
of the first heating eyele. During the first feating cyele the article may tumn biack due tores idues of the
bindar material, while the article may tuen white after the sseond heating eycle due to the remaval of
residual binder material, The other heat treatment may include sintering, for éxample a heat treatment at
temperature at or above the melting point of the fucropolymer, 1yp ically at tampsratures including,
temperatures up 1o 20°C above the melting point. The heat regimues chosen will depend onthe type of
binder material and fuoropolymer used in the 31 printable compositions-and alsa on the type-of article to
be prepaved.

The final article may kave shrunk to stime extent compared tothe green body. By doing control
runs the shirinking tan be taken into account when programming the additive processing machine,

Shrinking can be mininiised by maxinizing the fluoropolymer content.
g i b POy

Articles
Articles of differens shapes, designs and functions may be obtained by the additive processing
methods described herein. Such shaped articles include but are not limited to bearings. for exampie

friction bearings or piston beatings, gaskets, shaft seals, ring lip scals, washer seals, O-rings, grooved
& { B3 & s g8 g

seals, valves and valve seats, connectors, lids, tubing and containers. The atticles oblained by the

described processes may be compouents of othey articles, In particelar articles of small dimensions may
be conveniently produced hy the methods described herein, In one embodiments fhuoropolvaser articles
having at their fongest axis or diameter of from about .10 about 200 mim shay be produced.

Fluoropelymer articles of big and small dimensions may be produced. The size of the additive
processing deviee niay set a limitation to the size of the articles ¢ that may be produced. Articles of small
dimensions may also bs conveniently produced by the methods described herein. An articls comprising a
3D-printed fluoropolymer can be prepared having 8 longest axis {as the case may bethis may alsobea
diameter) that is smaller than 1.0 am or ¢ven smaller than 0.7 mm. Inone embodiment small
fluoropolymier articles may be prodused having a fongest axis ot diameter of from abouat 0.81 to about 1.0
o, or from 0.7 to 1.3 om. In another embodiment artictes may be produced, for example articles baving
a smallest axis or digmeter of at least L1 mm,

The fluoropolymers may be 3D-printed into articles that have at least one elemens or part of a
delined geometrical shape, Defined geometrical shapes include but are not {imited to circles, senicirelss

eltipses, halfsspheres, squares; rectangles, cubes, polygons (including but not fimited fo triangles

hesagons, pentagans, and cctagons) and polyhedrons. The shapes may b three-dimensional and inclade
pyramids, cuboids, cubes, eylinders, halfieylinders, spheres; ha aif-spheres). The shapes also include

shapes compased of different shapey like diamonds (combination of two irisngles), For example, a

honeyeomb structurs contains several hexagons as geometrical elements, In one embodiment s

o
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geormetrical shape has an axis or diameter of at feast 0.3 millimetres; or st least one millimetre or at least
2

millimetres of at Jeast one centtmeter. In one embodiment that geometrical as“xa;le has anaxisora

Sianteter of legs than 50 om, or less than 15 con or even less than and including L5 cnvor even less than

and ncluding 1.1 mm. In one embodiment, the article has 3 wall of a thickness of less than 8.3 e,

preferahly ]u» than 0.01 em, for example from 1 perup to §om, preferably up o 05 cm orup .01 em.

In one embodiment of the present disclosurs a fluoropelymer asticle is produced containing a 31

printed flucropolymer that isa “green body”, In suclt embodiment, the 2 articke comnprises from 1 to 50%

by welght of the binder material.

In another esbodiment of the present disclosure a fludropolymer article is produced.containing 8
shaped fuoropolymer that is a “green bady™. In such embodiment, the article comprises from {10 25 %
by weisht of a reaction product of a combustion reaction of the binder matedial.

Flugropolymer artices of different shapes, designand functions may be obtained. Also articles
comprising the fluorepolymer articles of different designs and fanctions may be ebtained, Examples of
articles and fuoropolvimer articles may include but are not limited 1o bearings, for sxample friction
bearings or piston bearings, gashets, shaft seals, ving lip seals, wiishier seals, O-rings. grooved seals,
valves and valve seats, connestors; Hids and containers.. The articke may be medical implants, chemical
reactors, sorews, cogwheels, joints, bolts, pumps, electrodes, heat exchangers, ratsers, turbines, electricad
transformers, electrical insulators, extruders or the avticles may be components of other srticlesdnciuding
the above articles, The articles may be used in applications where resistance to acids, basss, fuels,
hydrocarbons is required; in applications where nos-stick propertiss ave tequired, in application where
fieat fesistance is required and in applications with 4 combination of the aforementioned requirements.

Preferably, the articles or components thereof contain the 3D-printed Rucropolymer wherein the
fluoropalymer hag been 3D-printed into steuctures that contain one or mewe than one channels,
perforations including through holes and or half holes, hoveycomb structures, essentially hollow

structures and combinations thersof, Such structures may be flat, curved or spherical.

List of particular embodiments

The following lists of exemplary smbodiment is provided to further illustrate the present

diselusare without jntending to lmit the disclosure to the speeific embodiments fisted.

i, Method of producing & flupropolymer article comprising subjecting & composition comprising
fluoropolymer particles to additive processing in as additive processing device containing at least

QI SRCrgY SQBICE,

s

The method of embodiment 1 whersin the composition comprises at least one binder material

capatile of binding the flunropolyiner particles to form 8 layer inapart of the composition that

]
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fas been exposed to the energy source of the additive processing device and the method

comprises subjeeting a part of the composition to exposure of the energy souree to forma layer,

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

1r

one hinder matgrial capable of binding Guoropolymer particles to forny a layer fna part pfthe
composition that las been exposed to the energy sourcs by ‘melting upon exposuts of the
composition to the energy svurce of the additive processing device, and wherein the met shad

comprises subjecting r part of the composition to exposuve-of the of

gy shurce to foraya layer.

i 4. The method of any one of the preceding embodimenss wherein the composition comprises af least
one binder materiat capable of binding Huoropolymer paclicles to form a layer in 8 part of the
compasition that has been exposed {0 the energy source of the additive processing devige by
melting upon exposure of the composition to the ensrgy souree of the additive processing device
ansd wherein the method conprises subjecting a part of the composition to axpostge of the energy

18 sowrce to form & layer and wherein the energy source of the deviee fs a heat soures:

5. The method of any ong of the preceding embodinents wherein the gomposition comprises at least
ane binder rhaterial capable of binding fluoropolymer particles to form a layer i a part of the
composition that has been exposed to the entrgy sourcs of the additive processing devics and

20 wherein the binder material forms a layer by melting upon exposers of the compaosition to the:

energy source of the additive processing device and whergin the additive provessing device 5 a

3D printer selected from selective laser sintering printers, s¢ elective taser melting printers, 3D

thermal printer, electron beans meling printer.

For
L

6. The method of any one of the preveding embodiments wherein the compoaition o niprises at least
one binder material capable of binding flnorapotymer particles to form a layer ina part of the
conwpogition that has been exposed to the engrgy source of the additive processing device by

melting upon exposure of the composition to the energy soures of the additive processing device

and whersin the method comprises subjecting a part of the composition to exposure of the ensegy

L
sl

sowrce to form g layer and wherein the engegy souree of the device is a heat source and wherein

the binder material has a melting point of at least 40°C.

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

e binder material capable of hinding fluoropolymer particles to form a layer i & part of the

Lrd
LA

composition that has been exposed to the energy soures of the additive processing device by

melting upon exposure of the composition to the energy source of the: additive processing deviee

and wherein the niethod comprises subjecting a part of the composition o exposure of the energy

A...
"
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souree o form g layer aud wherein the energy source of £the device is a heat source and whereiy

the binidee msteral o wax.

§  Themetbodof any one of the preceding embodiments wherein the composition soniprises at least
one binder material capable of bimiing fluoropolyrer particles fo form a layer ina part of the
composition that has been exposed 1o the energy source of the additive processing device by
melting upon exposure of the composition to the energy sourcs of the additive processing device
anid whm‘ﬂin the method comprises subjecting a part of the composition o exposure of the eneray
source to form g layer and wherein the enedgy source of the device 1s.a heat souwrce and whevein

the a;:ompositien is a solid composition of particles.

9, The method of suy one of the preceding embodiments wherein the composition contprises at keast
one binder material capable of binding fleoropolymer particles to form a layer in a part of the
composition that has been exposed to the energy source of the additive processing devies by
melting upon exposure of the composition to the energy source of the additive processing devic
and wherein the method comprises subjecting a part of the composition to expasure of the energy
souree to form a layer and wherein the énergy source of the device iv a heat source and whersin
the fworopolyimer particles have a particle size of from ubout | toabout 360 pm, preferably from

ghout 1 teeabout 150 pm.

10, The method of any one of the preceding embodiments further comprising at least one heat

freatment to remove the bindermaterial,

11, The method of any one of the preceding smbodiments wherein the coraposition comprises at Joast
one hinder niaterial capable of binding fucropolymer particles to form a layer fn an area exposed
to the energy sourcs of the additive processing deviee and wherein the method further comprises

subjecting the article to & heat freatment to remove binder material by evaporation.

12. The method of any one of the preceding emvbodiments wherein the conposition comprises at least
one binder material capable of binding fuoropolymer particles to form a Jayer in an area sxposad
to the enstgy source of the additive processing device and wherein the method comprises

subjecting the article to & heat treatment to remove binder by thermal degradation.

L

A fluoropolymer article obtained by the additive processing of any one of embadiments 1 to 12,

4. The article of embodiment 13 comprising from 0.1 1o 30% by weight of one or roore filler,
2 12 3 g
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}Jl

An article comprising a cowmponent, wherein the componeit is a Huoropolymer article obtained

b additive processing scoording to aiy ong of embodiments 1o 12

. 3D-printable flupropolymer composition for 3D printing using-a heat source, the composition

corptrising fuoropolyier patticles and a binder material that melts upon exposury of the

composition to the energy source:

The 3D printable composition of embodiment 16, wherein the composition is 3 solid.

cOmpositon

. Use of a composition of embodiment 16 or 17 for 3D printing using a heat source.

Method of producing a fluoropolymer article comprising subjecting a com position comprising
fluorepolymer particies and a binder material to additive processing in an additive progessing
device containing at least one energy source and whevein the fluoropolymer is a homapolymer or
copolymer of tetrafluoroethylene (TFE) and wherein the binder material i is capable of binding the
flusrepolymer particles to form a layer in a part of the composition that has been exposed tothe
eneruy sotiree of the sdditive processing device and the method further comprises subjecting a

part of the composition to exposure of the energy souree1o form a layer:

The method of embodiment 1 wherein the fluoropolymer is a homopadymer of TFE that may
Py ,

contain up o 1% hy weight based of perfluorinated comonomers:

The method of any one of embodiment 1 or 2, whereln the fluoropolymer has a melt flow index

o

{MFD of fess than 0.1 g/ 10 min st 372°C using a kg load

The method of any one of embodiments 1 1o 3 wherein the Hlooropolymer is & copolymer of TFE

and wherein the TFE content is from 70% by weight upto but exchuding 99% by weight.

The method of any one of embodiments 1 to 4 whereln the fluoropoalymer is a copolywer of TFE

and wherein the TEE content is from 7056 by welght up to but excluding 99% by weight and

wherein fluoropotymer has a melting point betwsen 260°C and 313°C.

The method of any one of embodinients 1 1o 5 whersin the fluorspotymer is a oo solvmer of TEE
¥ PO

and wherein the TFE content is from 70% by weight up to but-exchiding 99% by weight and

whersin the Hluoropotyer has an MEFLat 372°C and a Ske load from Lo L\(Jg S8 min
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7. The method of any one of snibodiments | to 6 wherein the fluoropelymer is a copolymer of THE

and wherein the TIE content is front 70% by weight up to hut excluding 99% by weight and

wherein the comononiers are selected front ethene, hexaflupropropene (HEP), vinylidens fluoride

(VOR), perfluoro ethers of the general formulay

whitre Ra and Re are different Hinsar or branched perflooroatkylene groups of 2-6 carbon atns,

m and n are independsatly 0-10, aud Rf i a perflubroatkyt growp of 1-6 carbon atoms.

The toethad of any one of embodiments 1 to 7 wherein the fluoropedymer is & copolymer of TFE
and wherein the TFE content is from T0% by weight up to bt excluding 99% by weight and
whersin the fluoropafymer is selected from FEP (copolymenrs of TFE, hexafluoropropene (HFP)
andt optionally perflovsinated vinyl ethers), THV (copolymers of TFE, HFP and vinylidene
fluoride {VFP), PFA (copolyners of TFE asd perthioro alkyl viny! ethers or perfluoro alky aliyi
ethers), HTE (copolyniers of TEE, HEP and ethene) and ETFE {copolvmers of TFE and cthene),

and combinations thersof,

The method of any one of embodiments 1 o § wherein the Ruaropolymer particles have a

particle size of from 1 to 150 pm {number average, Dsg).

. The method of any one of embodiments 1'to 9 wherein the binder material melts or liquefies

gpon exposure to the enerpy source of the additive processing device and hinds or encapsulates

&

fluaropolymer particles.

1. The method of any one of embodiments 1 to 10 wherein the binder material i an organic material

having carbon-carbon bonds and carbon-hydrogen bosds and melts betwsen 40°C and 180°C,

preferably between $0°C and 140°C,

. The method of any one of embodiments 1 to 11 wherein the binder material is an organie material

having carbon-carbon honds and carbon-hydrogen bonds and liguefies upon exposure to the
energy device by which {s meant that the material encapsulates or binds the fluoropalymer

particles.

=t ¥

13, The niethod of any one of embodiments 1 to 12 whersin the binder material is a wax.
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14,

16

149

The roethod of any uhe of embodiments | 13 wherein the binder material (:‘(-.in}pzrfzws- organic
particles sefestad from wax; sagars, dextring, and thepmoplastic polvmers melting between 40°C
and 180 °C, polyethylene glysols melting between 40°C and 180°C and polymerized or cross-

linked acrylates, methacrylates and combiuations thereot

. The method of any ene of embodiments 1 to 14 whergin the methed comprises

(i} providing a compnsition comprising a 3D printable. .’hxCs::x:nm)iyme.,r-.c:{:nmpﬂs:iti@n
comprising Auoropolymer pasticles and binder material and optionally other waredients;

{i1) causing the binder to melt or o liguety and to bind fluoropolymwer partictes by either
{a): directing energy fron the snergy souree of Fihe additive processing device fo a
setected lncation of the 3D printable composition and causing the binder material to melt
ot to Hquefy and to bind Hucropolvmer particles in the selected location; or {h): directing
a selectad focation of the 3D printable compasition to the eoergy sourcs and causing the
hinder niaterial to melt or to Hguely and to bind § fuoropolymer particles, ora
combination of (ay and (b}

(i) divecting either (o) the energy source away frony the 30 prinable composition, or vice-
versa (d) directing the 3D printable composition away from the energy source oF both to
avoid the binder material to bind fuoropolymer particles in the non-selected lovativus, or
& combination of {¢) aud {);

{iv) repeating steps (it} and (i}, and if necossary also step (i), to form multiple layers and

erpate an anticle.

The method of any one of embodiments 1 to 15 whersin the hindse material s @ aniid partiagdate

material having a particle size of from [ to 130 pm.

. The methad of any one of erabodiments 1t 16 wherein the compositionis a solid composition

of particles

_The method of any one of smbodiments 1 o 17 wherein the compasition is an exirudable

covpasition.

“The method of any one of embodiments 1 to 14 and 16 to 18 comprising
{1 providing an extrodable composition comprising a 312 printable fluorapoiymer

composition comprising fluoropolymer particles snd the binder aterial and
optionally other ingredicnts;

{i) extruding the composition to a selected location wherein the binder material has
beet molien or liquefied by the engegy source of the device to bind the

fluoropolymer particles,
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() repeating step (H) and if necessary also step (i) to form multiple lavers and create

an article:

20, The miethod of any one of smbodiments | to 19 wherebn the composition comprises:

L4

from 2016 95 % wi, preferably from 70 to 90 % wi. of fluoropolymer particles; preferably of g size
betweesr Tand 150 poy

fromm 510 70%, prefarably from § to 20% of the bindet material;

fram 0 1o 50 % wi, of fillers;

front 1o 15% wi. of other optional ingredients whereln the 't@ta'i-waright. of the compuoaition is 1005

H WL

21, The methad of any one of embodiments 1 1o 20 {urther comprising applying a heat treatment 10

remove the binder matenial,

s 22, A composition for producing an article by additive processing ivan additive processing

comprising the compasition of any one of embodiments | te 14, 16 to 18, 2Gand 21.

B
i

3. & 3D-printed fluoropolymer obtainable by the method of any one of embodiments | o 2L

i), 24, An article comprising a 3D-printed fluoropolymer obtainable by the methed of any one of

smbodiments Fio 2l

25, The article of embodiment 24 selected from friction bearings, piston bearings, gaskets, shafi

seals, ving Hip seals, washer seals, O-rings, valve seats, connectors and Hidy,

nd
Ly

The disclosure wifl now be further iltustrated by examples and test method without intending the

disclosure to be Himited to the tests and examples below.

Test Procedures

Ll
o

Melt Flow dndex (MFI:
Melt fow intdex can be measured with a melt indexer (from Gottferl, Werksteffpriifmaschinen
GmbH, Germany) according to DIN EN 1SO 1133 using a 5 kg load and a temiperature of 372 °C{M¥F}

372/8). The extrasion time 15 one howr,

Lk
k)

Melting poini:
Melting points can be determined by DSC {8 Perkin Elmer differsntial scanning calovimeter Pyris

Vaccording to ASTYTM D 4591, 5 my samples are heated at a controlled rate of 16°C/min to 8 temperature
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of 38070 by which the first tnelting temperature is recorded. The samples.are then cooled at a rate of
HOCmin to 8 temperature of 300°C and then rebeated at 10°C/min o a temperature at 380°C, The
melling point observed at the second heating period is reforred to herein as the melting point of the

polvnier {melting point of the once molien material}.

Sofid Congeng:
The solid content {Nuoropolymer content) of the dispersivns can be determined gravimetrically

aceording 1o IS0 12086, A correction for non-volatile inorganic salis was not carried out.

S8G density of flueropalymers:

The standsed speeific gravity (SSG) can be measured according 1o ASTM 4893,

SXG density of the fluovopolvmer ardcles:

The density of Huoropolymer srticles was measured innebutyl acetate according 10 ASTM 4895,

Exarople |

1.8 g PFA powder (PFA 6503 PAZ; MFI = 3; average particle sizer 37 pum, melting potnt 310°C)
from Dyneon GmbH, Burgkirchen Germany, were mixed with 0.2 g MICROPRO 400 (micronized
polypropyiens wax from Micro Powders fne, Tarrytown, New York, USA; patticle size of 3.8 0 7.0
nyicron, maximunt particle size 22 micron, melting point 140-143°C). The powder mixture wasputina
50wl glass jar and rotated on & rolling bank mixer at abowt 56 rpm for 13 minutes, The powderwas
spread on 4 piece of paper, 2 sheets of paper were used as a shinvand the thickness of the resulting
powder layer was approximately 200 icron, It was covered with a 2 mil thick PET fitin. A soldering
iren was heated 1o 218°C, and the hot tip was slowly moved ovet an approximately 1 x 1 cmarea. Only
very stight pressure was applied and the PET film was barely deformed. The powder mixture looked
partially melted where the hot tip had touched the PET filin and after the PET film was retoved a solid

vt of approsimately 1 x 1 om size could be recovered. The experinient was repeated as described above,
; ) ¥

bat the part was ot recovered and a second layer of powder was spread on top of the fiest layer and

covered with the PET film, Then the same area of the second layer was heated with the bot tp. The PEY
it then was removed, and the solid part was extrscted fron the powder, It was observed that the twe
favers had melted together and formed a solid object.

Exaunple 2

1.8 g PTFE powder (PTFR paste TF2073Z) from Dyneon GubH, Burgkirchen Germany, were

mixed with 0.2 ¢ MICROPRO 406 {microniaed polvpropylene wax from Micro Fowders Tne, Tarrytows,

New York, USA: particle size of 5.0 7.0 micros, smaximun particle size 22 micron, melting point 140-

143°C), The powder mistare was put i@ 50 md glass jar and rotated on a rolling bank mixeravabout 30

R

rpm for 15 miinutes. The powsder was spread on a plece of paper, 2 sheets of paper were used as a shim
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wnnd the thickness offthe resulting powder fayer was am}l‘_i}}iimﬁtﬂ}" 200 misron. It was covered with a 2
mil thick PET film. A soldering iron was heated to 218°C, and the hot lip was slowly moved sveran
approximately { % 1 om area. Only very slight pressure was applisd and the PET filin was barely
deformed. The powder mixtare looked partially melted where the hot tip bad touched the PET film and
after the PRY filsy was removed a solid part of approximately 1 x. 1 om size could be vecovered, The
experiment was tepeated as described above, but the part was not rezovered and a second layer of powder
was spread on top of the first Tayerand covered with the PET Alm. Then the same aven of the sedond
Javer was heated with the hot tip. The PET film then was removed, and the solid part was extracsed front
the powder. The loose powder was trimmed from the edges. The part was deteim ined to weigh 1906 mg.
The patt was pit on a quartz plate in an atmospheric furnace (Hotspot 110 Furnace, made by Zicar
Zirconia, Flonda, New Yark, USA) heated from room temperature 1o 360°C i 45 minwes.and held at
G0°C for 2 hours, The furnace was allowed to-cool to room temperature and the part was removed, |t
was dark grey. The welght foss was 1%,

Examples 1 and 2 demonstrate that three dimensional object van be created from a powdered bed

usinng @ heat source as s the principle in 3D thermoprinting or laser melting.

Exaniple 3

b this example a filament comprised of polylactic acid and PTFE was extruded via FOM to make
a part. Pellets were made comprising of 60 wi¥ Ingeo PLA Riopolymer 4043D (Nature Works,
Minnetonks, MN 55345) and 40w% TFM 1610 (3M Dyneon). The pellets were then made mto a
{ilament of approximately 1.7 mm diamster for the wse on a FDM 3D printer.

A Hyrel 31's Systent 30M was used for printing and an MKZ-230 extruder head for flexable
flaments was used, The nozzle diameter was 0.6 s, 3D articles (prisms) were printed with approximate
dimensions ofdomyxdeny tome

The articles can be directly placed in a furmace to bum out the PLA and sinter the PTFE. The
following conditions were used: Ramp to 180°C over 4 Loy, ramp to 230°C over 20 hours, ramp o
27550 over 4 hours, ramp 1o 325°C over 4 hows, hold at 325°C for 48 hours, ramp to 400°C gver-4
hoars, hold 40 400°C for 4 hours, let cool natarally (no active cooling). Upon sintering, the resulting

PTFE articles retained their color but non-uniform shrinking oceurred.

ok
1583
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CLAIMS

1. Method of producing a fuoropelymer articke comprising subjecting a composition comprising

i

30

Ak

k2

4

LY

1y

ek

LH

Fed

flooropolymer particles and a binder matertal (o additive processing in an additive processing
device containing at loast one energy sourcs and wherein the fluoropolymey is'a Homopolymer or
copolyiner of tetrafluoroethylene and wherein the binder material is capable of binding the
Huoropolymer particles to form a layer ina part of the compesition that has been sxposed tothe
eneriy source of the additive provessing devive and the snethod further comprises S‘txlgiactilwg %

part of the composition to exposere of the energy source to Torn a layer.

The miethod of elaim | wherein the fluorspnlvmer is a homopolymer of tetrafluorosthylene that

may contain up 1o 196 by weight based of perfluorinaled comuonamens,

The methiod of claim 1 wherein the fluorepolyner is a homopalyvmer of tetrafluorcethylene that
may contain up to 1% by weight based of perfluorinated comonomers and has a melt flow index

of lees than 0.1 g/ 10 min at 372°C using a Sk load.

The methed of claim 1 wherein the fluoropolviner is & copolymer of tetrafluoroethylene and
wherein the fetrafluoroethylene content is fromi 70%% by welght wp to but exclhuding 99% by

weight,

The method of claim | wherein the fluoropolymer is a copolymer of tetrafluorosthylens and
wherein the teafluoroethylene content is from 70% by weight up to but exchuding 9956 by

weight and wherets Huoropolyimer has 3 melting point between 260°C and 315°C.

The method ofclaim | wherein the flunropetymer is a copolymer of letratluorocthylene and
wherein the tetraflvoroethylens vontent is from 70% by weight up o but excluding 99% by
weight and wherein the Huoropolymer bagan MFLat372°C and a Skg Toad from 1o 80g /10

nyin,

The method of claim 1 wherein the fluoropelymer is a copolymer ot tetrafluoroett sylens and
wherein the tetrafuoroethylene content is from 70% by weight up 1o but excluding 99% by
welght and wherein the comonomers are selected from ethyleng, hexafluoroprapylens, vinylidense

fluoride, perfluora ethers of the general formula:

CR=CFO (RO RuO)WRE

whete Ry and Ry ave difforent linea or branched perfluorostkylene groups of 2-6 carbon atoms,

m and b are independently 610, snd REES a perflucroatkyl group of 1:6 carbon atoms.

26
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8. The msthod ofelaim | wherein the flucropolymer is a sopolymer of tetraflugrosthylens and
whereti the tetraflioroethylene content is from 70% by weight up to but excluding 99% by
sveight-and wherein the fluoropelymer is selected from capolymers of tetrafluorocthylen

5 hexafluotopropylene and optionally perflourinated vinyl ethers; copolymers of
tetratiuoroethyiene, hexaflooropropylene snd vinylidene fluoride; popolymers of
tetrafluoroethylene and perflucro alivl vinyd ethers or perfluore alkylallyl ethers; gopolvimers of
tetrafluorethylene, hexafluoropropylene and ethylens; and copolymers of wirafloorosthylens

and ethylene, and combinations thereof.

HY
5. The method of clais 1 wherein the fluoropolymer particles have a particle size of from { to 150
v
10, The method of claim | wherein the binder material iv an organic material having carbon-carbon
Is bonds and carbon-hydrogen bonds and meits between 407C and 140°C.
11, The method of claim 1 wherein the binder matsrial is an organic material having carbon-carbon
bonds and carbon-hydrogen bonds and that melts ar liquefies upon exposure 1o the energy.
30 12, The method of claim | whersin the binder materialis g wax.
13, The imethod of claim § wherein the binder material melts or Houefies upour exposure to the energy
source of the additive processing device and binds or encapsulates fluoropolymer particles.
25 V4. The method of glaim 1 wherein the binder material mielts or liquefies npon exposure to the energy
source of the additive processing device and wherein the method comprises:
{i} pm\:iding a composition comprising a 3D printable fuovopolymer coroposition
comptising fuotopalymer patticles and binder material and optionally ather ingredients;
{it} causing the binder to melt or to liguety and to bind fuoropolymwer particles by sither
an (a): dirccting energy from the energy source of the additive processing device to a
selected lotation of the 3D printable composition and causing the binder material to melt
or to liqeefy and to bind fluoropolymer particles in the selected location; or (b divesting
a selected location of the 3D printable composition to the energy sourve and causing the
binder material to melt or to Higuefy and to bind fluoropolymer particles, or g
38 combination of {a) and {b)

(i) directing sither (¢} the energy souree away from the 3D printable composition, or vige-

versa (d) directing the 3D pristable composition away from the energy source or both to

=
Hod
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avaid the binder material to bind fluoropolymer particies In the noneselected loeations, or
g combination of (¢} and (d%
(v} repeating steps (if) and (i), and if necessary also step (i 3, toform multiple fayers and

oreate anarticle

3
15, The method of claim 1 wherein the binder material is a solid particulate having a pasticle size of
from 1 1o 150 pm {number average, D).

16, The method of claim 1 wherein the compositin is d s»:il-i:ﬁ:i;:@n‘spsrésitit}n af ;}aﬁ-iéle&

18
17. The method of claim | wherein the composition is an extrudable composition.
18, The methad of elatm | comprising:
(i} providing an extrudable composition comprising & 3D printable Huoropolymer somposition

IS comprising flucropolymer particles and the binder material and optionally other ingredients:

{ii) extruding the composition to a selected focation wherein the binder material hay been molien
or liquefied by the energy source of the device to bind the fluoropolymer particles,
(i) repeating slep (i) and if necessary also step (i} to form multiple lavers and create anarticle.

A 19, The method of claim 1 wherein the composition comprises:
from 20 to 95 % wt, preferably from 70 to 90 % wt.of Ruoropolyrer particles, preferably of 4 size
between Land 150 o
from & to 70%, preferably from 3 to 20% ol the binder material;
fronn 0 to SO-% wi. of fillers;

23 from { to 15% wi. of sther sptinnal ingredients wherein the total weight of the composition is 100%
wi

20, The method of claim 1 fusther comprising applying s heat treatiment to remove the binder.

30 3. A composition for producing an article by additive progessing in an additive provessing device
comprising uoropolymer particles, optionally, one or more filler, and a binder material; wherein
the fworopolymer is a homopolymer or copolymer of tetrafluorosthylene and wherein the binder
material comprises an organic material faving carbowecarhon honds and carbon-hydrogen honds
and melts between 40°C and 148°C,

a8

22, The composition of claim 2 whersin the fucropolymer particles have g particle size of from 1 to

150 pom (numbet average, Doy

b
]
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3, The composition of elaim 21 wherein the flucropolynier particles have a particle size of from 1 to

150w {nusber average, Dso) and whergiiy the binder material s a solid particulate material
having a particie size of from 1 g0 130 pm (numberaverage, Dspdand wherein the composition is

a sufid composition of particles.

. The composition of ¢lain 21 being an extrudable composition.

. The composition of claim 21 comprising

20 to 98 % wi, preferably from 70 to 99 % wt. of flucropolymer particles;
S to 70%, preferably from 5 to 20% of the binder materiakl

1
0 to 50 % owt of Gllers;

(1o 15% wi. of other optional ingredients wherein the total weight of the composition is 100% wt.

A 3Deprinted fluoropolymer obtainable by the method of claim 1.

. An article comprising 8 3D-printed flucropalymer obtainable by the method of elats L
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