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ELECTROSTATIC BISCHARGE MITIGATION TUBING

CROSS-REFERERCE TO BRELATED APPLICATION

166611 This apphication clairos prionty to and the benefit of U.S. Provisional Application No.
62/851,962 filed, Mayv 23, 2019, the entirety of which is incorporated herein by reference for

all purposes.

TECHNICAL FIELD
{6662} Embodimenis of the disclosure are directed elecirostalic discharge (ESDH mutigation
tubing that way be used, for example, in fluid handling svetems, and more specifically, for use

i ultra-pure fluid handling systems needing electrostatic discharge nitigation.

BACKGROUND

16063] Fluid handiing systems offering high purity standards have many uses in advanced
technology applications. These appheations inclode processing and manufacturing of solar
panets, fat panel displavs. and in the serviconductor ndustry for applicasions such as
photolithography, bulk chemical defivery, chemical mechanical polishing ({'MP}, wet eich,
and cleaning. Certam chemicals used in these applications are particudarly corrosive,
precluding the use of some conventional fluid handling technology because of possible
corrosion of the fluid handling corpponerds and leaching of chenucals into the environment.

{30641 In order 1o meet the corrosion resistance and purity requirements for such applications,
fluid handling systermns provide tubing, filtings, valves, and other elements, that are made from
mert polvmers. These inert polymers roay include, but are not biroited to, Juoropolymers such
as tetrafluoroethyiene polvmer (PTFE), perfluorcalkoxy alkane polvmer {(PFA), ethviene and
tetrafluorosthylene polymer (ETFE), ethylene tetrafloorosthviene and hexafluoropropyiens
polvmer {EFEP), and fluorinated ethylene propylene polyrer (FEP)L In addition to providing
g non~corrosive and inert construcition, many Huoropolymers, such as PFA, are mjechion
moldable and extrudable. Several fypes of connector fittings, made from such polvmers, are
avarlable and are known, such as PRIMELOCK® fittings, PILLAR® fittings, fared fitfings,
and other fttings. Exemplary fittings, for example, are illustrated wn US. Patends Nos,

5.154,453; 6,400.222; 6,412,832 6.601,879; £,758.104; and 6,776,440,
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{8688} Electrostaiic discharge {ESD) is an important technical issue for floid handhing svstems
in the semiconductor indusiry and in other technology applications. Frictional cordact between
HAuuds and surfaces of various operational components {e g. tubing or piping, valves, fiitings,
filters, ete.} in the fluid system can result i generation and buldup of static electrical charges.
The exient of charge generation depends on various factors including, but not himited to, the
nature of the components and the fud, Auid velocity, fluid viscosity, electrical conductivity
of the fluid, pathways to ground, turbulence and shear in Hawds, presence of air 1 the fluid,
and surface area. These properties, and ways to mutigate the undesired static electrical charge
caused by these properties, are discussed and reported tn NFFA 77, "Reconvvended Practice
on Static Electriciy”, pp. 77-1 10 77-67, 2014

{006} Further, as the fhud flows through the system, the charge can be carried downsiream in
a phenomenoen called a streamung charge, where charge may buildup bevond where the charge
originated. Sufficient charge accumulations can cause ESD at the fubing or pipe walls,
component surfaces, or even onto subsirates or wafers al various process sieps.

{8687} In some applicalions, semiconductor substrates or walers are highly sensitive to stati
electrical charges and such EST can resulf in daroage or destruction of the substrate or wafer,
For example, circutis on the subsirate can be destroved and photoactive compounds can be
activated prior to regrilar exposure due towmcontrolled ESD. Additionally, built up static charge
can discharge fromo within the fwid handling systen 1o the eddenior environment, potentially
damaging components in the fluid handling systero (e.g. tubing or piping, fittings, componenis,
containers, filters, eic.), that may lead to leaks, spills of fhind in the systen, and dinunishad
performance of components. In these sitnations, such discharge, mav lead to potential fire or
explosion when Haromable, toxic and/or corvosive fhads are used in the compromased fhad
handling systermn.

j00&] It s desirable to umprove ESD mitigation in ultra-pure {luid handling svstems for

wnproved component performance and reduction in potentially damaging ESD gvents.

SUMBMARY

{0091 One or move emboduments of this disclosure are related to electrostatic discharge (ESDY)
mitigation tubing, In one or more embodiments, the decirostatic discharge(ESD) mitigation
tubing inchudes a porous. non-conductive polymer interiar surface and an adiacend conductive
polvmer that transfers electrostatic charge to ground from a charged fluid passing through the

tubing.



WO 2020/236454 PCT/US2020/032417

{8618} In some embodiments, the porous inderior surface is foam layer, a parforated laver, a
laver coroprising aperiures, or g layer comprising charge transfer conduits. In these
embodiments, the porous intenor swrface comprises apertures, holes, channels, fluid
passages, charge transter conduits, or other lypes of porostly, aperhures or perforations.
{311} In certain embodiments, the porous, non~-conduchive polymer interior surface s a
perforated laver of non-conductive polymer on the mteror surface of a conductive polvmer
tubing.

{8612} In some embodiments, the non-conductive polvmer is a fluoropolvmer, and the
conductive polvroer 15 a conductive perfluoropolymer.

{36131 In other embodiments, the ESD mitigation tubing further comprises an outer laver of a
fluoropolymer.

{3141 In some embodiments, the porous, nop~-conductive polymer intenor surface is a non-
conductive polvmer tubing and the conductive polyoer corpprises one ot more stripes of
conductive polymer disposed between an interior swwface and an exterior surface of the non-
conductive polvmer {ubing that transters elecirostatic charge to ground from a charged fhad
passing through the tubing. ¥o certain embodiments, the ESY nutigation tubing includes a
conductive polymer outer laver in charge transfer contact with the one or more siripag of
conductive polvmer. In these embodiments, the stripes mavbe linear axial stripes, nonlinear
axial stripes, spival stripes, beheal sinipes, or other geometries. o these embodiments, the
conductive strpes are conduciive Huoropolymer siripes.

{6818} One or more embodiments of the disclosure include a method of dissipating
electrosiatic charge with the disclosed ESD mitigation tubing comprising passing a fluid
through an intenior passage of a tubing segment including a non-conductive, porous intenior
surface and an adjacent conductive portion and transferring electrostatic charge from the
tubing segment o eround via the conductive portion.

{30316} Other embodiments of the disclosure inchude a finid ciromi for a predeteruned fuwd
flow passageway having at least one inlet and at least one outlet, the fluid aircwt including a
plurality of ESD mitigation tubing segroens of any of embodimends described herein and a
plurality of operative components. Each operative component includes a body portion with an
futernal Huid Sow passageway and a phurality of tubing connector fittings. Each operative
component is connected to each of the pluralily of tubing segmenis at selected tubing
connector fittings, the plurality of tubing segments and operative components providing the
fluid fJow passageway through the fnid ciromt. Each tubing segivent includes: 1) a non-

conductive polymer portion defining the fud passageway; and 11} an one or moore conductive
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portions of conductive Huoropolymer extending axiallv 1o ends of gach of the respactive
ubing segments. Each operative component body portion includes a conductive
Huoropolymer that extends between each of the phwrality of tubing connector fittings, wherein
gach of the fubing connector fithings conductively conmects the respective conductor of the
body portion o the one or more conductive portions of the fubing segment. fn these
smibodiments, the pluraliey of operative components imcludes any one of a valve, a straight
connector, a T-connector, an etbow conmector, 2 multi-connector manivld, a filter, a heat
exchanger, a purifier, a degasser, or a sensor, bl pot linted fo these,

166171 o contain emibodiments, this disclosure provides a fuid ciraut for a predetermined
Huud flow passageway (such as gases or iguids, or both} having at least one inlet and at least
sne onglet, the floid cirowit comprising a plurality of {ubing segments and a plurality of
operative components, each operative component comprising a body portion with an internal
fluid fow passageway and a plurality of tubing connector fittings. the operasive componants
connecting the phurality of tubing segments af selected tubing connector fittings, the plurality
of tubing segments and operative components providing the fiuid flow passageway through
the fluid cirowit; wherein each tubing segment conprises 1} a non-conductive polvmer portion
defining the fiuid passageway and 11} one or more conductive fluoropolvmer portion
extending axially to ends of each of the respective tuling segmenis, wherein sach operative
component body portion comprises a conductive fluoropolvmer that extends between each of
the plurality of tubing connecior fittings, and wherein each of the tubing connector fitings
conductively connect the respeciive conductor of the body portion to the conductive
flucropolymer portions of the tubing segment.

{6618 Other disclosed embodiments include methods of making an electrostatic discharge
nutigation fhinid circuit for a predetermined fluid fiow passageway having af least one mmlet and
at least one outlet comprising conductively connecting a plurality of tubing segments o a
vlusality of operative components, sach operative component comprising a body portion with
ant internal fud fow passageway and a plurality of tubing connector fittings, the operative
components connacting the plurality of tubing segmenis at selected tubing connector fitfings,
the plurality of tubing segments and operative components providing the fhad fow passageway
through the fluid ciromt, wherein each tubing segment comprises 1 a pon-conductive polymer
portion defining the fluid passageway and 11} an one or more conductive portions of conductive
Hueoropotymer that 15 bonded 1o and wuformy with the non-conductive polymer portion
extending axially to ends of sach of the respective {ubing segments, wherein sach body portion

comprises an conductive fluoropolvmer that extends between each of the plurality of tubing
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connector fiitings, and wherein each of the {ubing connecior fittings conduciively connects the
respective conductor of the body portion 1o the at feast one conductive Huoropolymer portion
of the tubing sepment, and connecting the electrostatic discharge mitigation fhud circut to
ground.

G813 In varons embodiments, to provide a conductive pathway and Huwd passageway
through the Awd cireut, the operative components are connected by one or more tubing
segments that connect 1o the components at their respective fubing connector fittings. Swuitable
operative components inchule, for example, valves, straight conpectors, T-connectors, eibow
connectors, multi-connector mamtolds, flers, heat eschangers, punifiers, degassers, oF
sensors. but not Hmited to these. Suitable sensors may include, for example, flow controllers,
regulaiors, flow meters, pressuwe meters, or variable area meters. In one or more embodiments,
the body portion of the operative compoenents ray be bonded to and wiform with 4 conductive
pottion extending between the commector Htngs and the fluid How passageway.

{6628} in certain embodiments, the plurality of tubing segments each include a non-conductive
polvmer portion and one o more conductive fuoropolymer portions extending axially with the
non-conduciive polvmer tubing portion. The portions of conductive fluoropolyroer of the
tubing segment conductively connect o the conductive pathway of the body portion at the
tubing connector fittings.

{30211 The sbove samanary s not intended fo describe each Hustrated embodiment or every

wptermentation of the disclosure.

BRIEF DESCRIPTION OF THE BRAWINGS

{80221 The drawmgs included 1o this disclosure dlustrate embodiments of the disclosure and,
along with the description, serve to explain the principles of the disclosure. The drawings are
only illustrative of cerlain embodiments and do not linmt the discloswre.

{66231 FIG. 1 1e a oross-sectional view of an ESD mihgation fubing having a porous, non-
conductive polymer imterior surface and adjacent conductive polymer of thus disclosure.
{0241 FIG. 2 is a cross-sectional view of an ESD mutigation tobing having a porous non-
conductive section and conductive polvmer stripes of this disclosure,

G028} FIG 3 15 g oross-sectional view of an ESD manigation tubing having a porous interior
non-conductive polvmer swrface, a conductive polymer core, and an exterior polymer layer of

this disclosure.
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{8626} FIG. 4 is a cross-sectional view of an ESD mitigation tubing having a porous non-
conductive seciion, conductive polvmer stripes, and an exterior polvmer laver of this
disclosure.

{06271 FIG. 3 18 a cross-sectional view of an ESD mutigation tobing having a porous non-
conductive seclion and interior conductive polvmer siripes of this disclosure.

[BO2Z8} FIG. 615 a schematic view of a fluid handling system that uses the ESD mitigation
tubing of this disclosure

{86298} FIG. 7 15 a parspective view of a8 two-way connector component that uses the ESD
nasgation tubing of this disclosure.

160301 FIG. 8 15 a perspective view of a three-way connector component that usas the ESD
mitigation tubing of this disclosure.

{3031} FIG. 91 a perspective view of valve component that uses the EST mingation tubing
of this disclosure,

{6632} The emibodiments of this disclosure are amenable to varicus modifications and
alternative forms, and certain specifics have been shown, for example, in the drawings and wiil
be described in detail. I s undersiood that the intention s not to bt the disclosure to the
particular embodimends described; the mtention is to cover all modifications, equivalents, and

alternatives falling within the spinit and scope of this disclosure.

DETAILED DESCRIPTION

{6633] This disclosurs reports embodirents of electrosiatic discharge (ESD) wifigation tubing
for use with a Hwd bandhing svstem having a fluid flow passageway from a fhd supply to one
or more downgtreamn process siages. Embodiments of thus system include a thud circuit
includimg conductivelv connected operative components and ESD mitigation tibing segmenis,
Conventional and some ESD mitigation fhad civcuils are reported, for example, v International
patent application, WO 2017/210293, which s incorporated herein by reference, except for

express defingtions or patent claims contained therein.

ESD Mitigation Tubing

1341 Tubing segments in this disclosure typically refer o any flexible or inflexible pipe or
tube that 15 switable for comtainmg or ransporting flud. According to various embodimenis,
tubing segrents are conductive, providing a conductive pathway along the length of each

tubing segroent in the flaid circwit. Conductive tubing may be constructed from materigls



WO 2020/236454 PCT/US2020/032417

inciuding certain metals; polymeric matenal {ilfed with a conductive material referred to herein
as filled polvmers; or intrinsically conducting polvmers (ICPs). A Glled polymer includes a
polvmer that is filled with a solid conductive matenial including, but not hoited to steel wire,
alumnum fabkes, mckel coated graphiie, carbon fiber, carbon powder, carbon nanotubes, or
other conduchive material.

[BO35) In some instances, the fubing segmenis are partially conductive.  The partially
conductive tubing segments can include a main portion constructed from non-conductive or
low conductive material and 3 secondary portion consiracted from a conductive material such
as disclosed above, Exenwplary non-conductive or low conductive materials sustable for the
tubing segments inchude various hydrocarbon and nor-hydrocarbon polymers such as, but not
fimited to, polvesters, polvearbonates, polvanudes, polyimides, polyurethanes, polyolefing,
polysivrenes, polyesters, polvearbonates,  polvketones, polvureas, polyvinyl  resing,
polyacrylates, polymethylacrvlates and Huoropolymers. In some emshodimoernts, the non-
conductive of low conductive material is a flucropolvmer. Exemplary fluoropolymers include,
but are not hmited to, perffucroatkony alkane polymer (PFA}, ethylens tetrafluoroethylens
palvmer (ETFE), ethyvlene tetrafluoroethylene and hesxalluoropropvlene polyroer (BFER),
fAuorinated ethviene propvlene polvmer (FEP), tetraflucrocthviene polymer (PTFE),
polychlorotrifluoroethviens (POTFE) or other suitable polymeric malerials. in one
embodiment, the flacropolvimer is perfluoroalkoxy alkane polymer (PFA)

{3836} FIG. 1is a cross-sechional view of an ESD mitigation tubing segrent 10 defining an
mnterior thud passageway 12 and mmcluding a main non-conductive or low conductive portion
14, and secondary, conductive portion 16 adjacent to the main portion 14, In varions
embodiments the roain non~conductive or low conductive portion 14 can include a porous,
non-conductive polymer irderior surface 15 In some embodiments, the porous, non-
conductive interior surface 15 of the main portion 14 15 a foam laver, a perforaied layer, a
taver compnsing aperfures, of a faver comprising charge transfer condunts. In some
smibodiments, the roan porfion 14 can be formed froro a fluoropolyiser. For example. in
one embodiment, the main portion 14 can be formed from perfluorcalkoxy alkane (PFA}Y

The secondary, conduclive portion 16 can be bonded 10 and umiform with an outer surface 17
of the main portron 14, and can be constructed from a conductive polvmence matenal such as
those conductive materials described herein. In some embodiments, the secondary,
conductive portion 16 ts constructed from a fluoropolymer filed with a conductive material
and, more particnlarty, i certain erobodivoents, a PFA filled with a conductive malenal. The

conductive material used to Ol the PFA includes. but 1s not hinuted to. carbon fiber, with



WO 2020/236454 PCT/US2020/032417

nickel coated graphite, carbon fiber, carbon powder, carbon nanotobes, metal particles, and
steel fiber The conductive portion 16 can provide a conductive pathway extending between
zach of the tuling connector fitiings described below. Selecting the same polymeric material
for the may portion 14 and the conductive portion 16 facilitates bonding bebween the two
pordions. However, i is also envisioned that different polymeric materials can bewsed o
form each of the portions 14, 16 of the tubing segment 10,

{6037} According to one embodiment of making the tubing segment 10, a conduciive
perfluoroalkoxy alkane (PFA} polvmer tubing is first extruded with an mtericr non-
conductive fuoropolymer surface. A metal grounding rod is then placed m the interior Hwd
passageway and a high frequency static generator is attached o the ground rod and an
electrostatic discharge 18 produced at the tip of the grounding rod. The electrostatic discharge
generaies very round, clean-edged holes 1w the non-conductive fluoropolymer surface that
provided g porous iletior non-conductive surface and an adjacent conductive polvmer that
transfers electrostatic charge to ground from a charged fluid passing through the tubing,
{8638} FIG. 2 i a cross-sectional view of an ESD mitigation {ubing segment 20 according to

et 20 shown o FIG. 2 s

I
&

another exemplary embodiment of the disclosure. The tubing se
partially conductive. Tubing segment 20 defines an interior fhud passageway 22 and includes
a non-conductive portion 24 and a conductive portion 26 defined by a phurality of conductive
polyruer stripes 264, 26b, 26¢ and 264, collectively 267 extending along alength of the tubing
segment 20 in g divection along s Tongiudinal axis. s generally understood that the number
of conductive polymer siripes can vary. The spacing between the conductive polvmer stripes
may also vary. In some embodinents, the non-condactive portion 24 is at least partially porous
and defines a porous, non-conductive interior surface 27 of the tubing segment 26 The
conductive polvmer stripes 26a, 26b. 26¢ and 26d defining the conductive porfion 26 are at
least partially disposed adjacent o and in contact with an outer surface 28 of the non-
conductive portion 24 and form a least a portion of an exterior 29 of the tubing segment 20

{039} In various embodiments, the non-conductive portion 24 can be constracted from one of
the non~-conductive or low conductive materials as described heremn. In some embodiments,
the non-conductive portion 24 can be formed from a fluoropolymer. In one exemplary
ewbodirent, the non~conductive portion 24 can be formed from perflucroalkoxy alkane (PF AL
The conductive siripes 26a, 26b, 26¢, 264 defining the conductive portion 26 can be honded to
and wuforny with an ouler surface 28 of the non-conductive portion 24, and can be consiructed
from a conductive polymeric matenal such as those conductive polvmeric maiernials deseribed

herein. I some embodiments. the conductive portion 1s constructed From a fluoropolvmer filed
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with a conductive maderial and, more particularly, 1o certam embodiments, g PFA filled with a
conductive matetial. The conductve material used to Bl the PF A caninclude, butis not brotted
to, carbon fiber, with nickel coated graphite. carbon fiter. carbon powder, carbon nanotubes,
metal particles, and steel fiber,

{3840 FIG. 3 15 a cross-sectional view of an BESD nuiigation fubing segment 30 according to
yet another embadiment of the disclose. Like tubing segment 20 illustrated in FIG. 2. twbing
segment 30, shown in FIG. 3, is partially conductive. Tubing segment 30 defines an interior
fhiid passageway 32 and inchedes non-conductive portion 34, a conductive portion 36, and an
exterior portion 34, To sone embodumenis, the non-conductive portion 34, the conductive
nortion 36, and the exterior portion 3% are formed as individual layers,  In some cases, the
lavers can be co-extruded.

#3411 In some embodiments, the sop~conductive portion 34 is at least partially porons and
defines g porous, norn-conductive terior surface 37 of the tubmg segment 30 To some
embodiments, the non-conductive portion 34 is a foam layer, a perforated layer. a laver
comprising aperfures, or a layer comprising charge transfer condnis. The non-conductive
porfion 34 can be constructed from one of the non-conductive or low conductive materials as
deseribed herein. In some embodiments, the non-conductive portion 34 can be formed from a
Hluoropotymer. I one exemplary embodiment, the non-conductive portion 34 can be formed
from perfluoroalboxy alkane (PFA),

{8421 The conductive portion 36 can be disposed adjacent to and in contact with an outer
surface 39 of the non-conductive portion 34 such that the conductive portion 36 extends along
a tength of the tobing segment 30 in a direction along its longitudinal axis. The conductive
portion 36 can be provided as one or roore lavers and can be constructed from a conductive
material such as those conductive matenals described herein. In some embodiments, the
conductive portion 36 is construgied from a Hucropoiyvmer filed with a conductive material
and, more particudarly, in certain erobodiments, a PFA filled with a conductive materigl The
conductive maserial used o fill the PFA can inchudes, but s not mited to, carbon fiber, with
nickel coated graphute, carbon fiber. carbon powder, carbon nanotubes, metal parucles, and
siegl fiber.

{66431 The exterior portion 38 can be formed from 8 non-conductive polyviner that is the same
or different than what is used to form erther the non-conductive portion 34 or the conductive

portion 36, In some cases, the exterior portion 33 i3 also partially conductive.
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{8844} The various poriions 34, 36, and 38 can be formed by sequentially extroding one postion
over the other. In one embodument, at least two of the portions can be co-extruded fogether
depending on the materials selected for each portion.

34581 FIG. 4 15 a cross-sectional view of an ESD mitigation tuling segment 40 according to
vel another embodiment of the disclosure. As shown in FIG. 4, tubing segment defines an
werior fluid passagewsy 42 and includes a non-conductive portion 44, a conductive portion
47 defined by conductive polvmer siripes 47a, 47h, 47¢. and 474, and an exterior polymer laver
48 irts generally understood that the number of conductive polviner stripes 473, 47b, 47¢, and
474 can vary. The spacing between the conductive polymer stripes 47g, 47b, 47¢. and 47d
may also vary. in some embodimers, the non-conductive portion 44 is at least partially porous
and defines a porous, non-conductive interior surface 49 of the tubing segment 46, The
conductive polvmer stripes 47a, 47b, 47¢, and 474 definung the conductive portion 47 are at
teast partislly disposed adjacend to and in comdact with an outer swface 28 of the non-
conductive portion 24 and extend along a length of the fubing segment 40 in & direction along
its longitudinal axis.

{66451 Tn various embodiments, the non-conduciive poriion 44 can be construcied from one of
the non-conduciive or low conductive materiale as described hersin. In some embodiments,
the non-conductive portion 44 can be formed from a fhwropolymer.  In one exemplary
embodiment, the non-conductive poriion 44 can be formed from perfluoroalkoxy alkane (PFA),
The conductive siripes 47a, 47b, 47¢, and 47d defiung the conduciive portton 47 can be
disposed adjacent to and in contact with a portion of the outer surface 43 of the non-conductive
portion 44, and can be constructed from a conductive polvmeric material such as thoss
conductive polymence matenals deseribed herein. In some embodiments, the conductive
portion 47 is construcied from a fluoropolymer filed with a conductive material and, more
particolarly, in certain embodiments, a PFA filled with a condoctive material. The conductive
wmaterial used to 3 the PFA caninclude, byt is not Himted to, carbon fiber, with nickel coated
graphite, carbom fiber. carbon powder, carbon nanotubes, metal particles, and sieel fber.
{6047} The exterior portion 48 can be formed from a non-~conductive polyimer that is the same
or different than what is used 1o form either the non-conductive portion 44 or the conductive
portion 47 Ta some cases, the exterior portion 38 18 aleo pariially conductive. The exterior
portion 48 is disposed adjacent to and inn contact with at least a portion of the exierior surface
45 of the non-conductive portion and at least a portion of the exterior surface 46 of the

conductive portion 47,
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{8848} The various poriions 44, 47, and 4% can be formed by sequentially extroding one portion
over the other. In one embodument, at least two of the portions can be co-extruded fogether
depending on the materials selected for each portion.

4% FIG. 5 15 a cross-sectional view of an ESD mitigation tuling segment 30 according 1o
afitt vet another erbodiment of the disclosure. The tubing segment 30 defines an interior fluid
passageway 51, anon-conductive portion 32, and a plurality of conductive polyroer stiipes S4a,
54b, 34, and 54d embedded within the non-conductive portion 32 hetwesn an internor surface
53 and an extertor surface 55 of the fubing segment 30 and exiending along a length of the
tubing segment 50 iy a direction along s longitudinal axis. It is generally understood that the
muber of conductive polyimer siripes Sda, 340, 54c, and 544 can vary. The spacing between
the conductive polymer stripas 54a, S4b, Sd¢, and 544 may also vary. In some embodimenis,
as depicted, the conductive polvmer sinpes 34, 34b, 84¢, and 534d can be spaced an equal
distance from one another sbout an cuter circumference of the tubing segroent 30 o other
embodiments, a non-uniform spacing may exist between the conduciive polymer siripes 54a,
54b, Sd¢, and 34d.  In some embodiments, the non-conductive portion 52 is at leasi partially
parous and defines a porous, non-conductive jotenor surface 33 of the tubing segment 30,
{6501 In varous embodiments, the non-conductive portion 32 can be constructed from one
of the non-conductive or low conductive materials as described herein. In some embodiments,
the non-conduchive portion 52 can be formed from a Duoropolymer.  In one exemplary
smibodiment, the non-conductive portion 52 can be formed from perflucroalkoxy alkane (PFA).
The conductive stripes 54a, 34b, 34¢, and 544 are embedded within the non-conductive portion
52 between an interior swrface 53 and an exterior swrface 535 of the tubing segment 50, and can
be construcied from a conductive polvioeric material such as those conductive polyroeric
nwterials described herein In some embodiments. the conductive polymer siripes 54a. 54b,
S4¢, and 544 are constructed from a fluoropolymer filed with a conductive material and, more
partieoiarly, in certain embodiments, a PFA filled with a condoctive material. The conductive
material used to il the PFA canvinclude, but 1s not limited to, carbon fiber, with nickel coated
graphite, carbon fiber. carbon powder, carbon nanotubes, metal particlas, and steel fiber.
{8651} In some embodiments, the tubing segment 50 can also an ouler conductive polymer
taver 1n charge transfer contact with the one or more siripes of conductive polvmer disposs

within the non-conductive portion.

Fluid Circuit and Handling System

11



WO 2020/236454 PCT/US2020/032417

{8652} FIG. 6 i a schematic view of a fluid handlimg svetem thal incorporaies any one of the
ESD mitigation tubing segments 10, 20, 30, 40 or 530, described herein according to the various
embodimernts of the disclosure. FIG. 6 depicis a fluid handling svstem 150 according to one or
more embodiments of the discloswre. The svetem 130 provides a flow path for flaid to flow
from a fhad supply 132 to one or more process stages 156 positioned downstream of the source
of flnd supply. Svystern 150 mchudes a fluid airewit 160 which includes g portion of the flow
path of the fluid handling system 150, The thud cirowt 160 includes tubing segments 164 and
a plurality of operative components 168 that are interconnected via the tubing segments 164,
In FIG. 6, the operative components 168 include an elbow shaped fiting 170, T-shaped fithing
172, a valve 174, filter 176, flow sensor 178, and siraight fitting 179 However, in various
embodiments the flud circut 160 can include additional or fewer operative components 168
w number and i fype. For example, the fluid cirenit 160 could substitate or additionally
nctude pumps, nuxers, dispense heads, sprayver nozzles, pressure regulators, flow controllers,
degassers, purifigrs, of other types of operational components.

{8653} In assembly, the operative componenis 168 are connected together by the plurality of
wibing segroents 164 connacting (o the components 168 at thair respective tubing connector
fitings 186, Connected together, the phuality of tubing segments 164 and operative
compionents 168 provide a fluid passageway throngh the fleid circut 160 from the fluid supply
132 and toward the process stages 136, In certain embodiments, the operational coruponenis
168 sach include a body portion 187 that defines thuid flow passageway and one or mare tubing
connector fittings 186, In soume embodiments, ai least one of the tubing connector fittings 186
i3 an inlet portion for receiving fluid into the body portion 142 and at least another one of the
tubing conmector fiEtings 186 18 an outlet portion for oulputiing fluid recerved via the nlet
portion. For examaple, T-shaped fitting 172 includes one tubing connector fitting 186 that is an
inlet portion that recetves fhud from the fhud supply 152 and two tubing connector fittings 186
which are outlet portions outputting fluid toward the process siages 156, In cerfain
emibodiments, the inlet portion and the outlet portion are each connecied or connectable 10 g
tubing segment 164, However, in some embodiments, for example where the operafive
components 168 in the fluid cireuit 160 inclodes a spray norede, only the inlet portion is
required 1o be connectable 1o a tubing segment 164, In some embodiments one or more of the
operative componernds 168 includes a single tubing connector or fitting 179

{541 Each of the operative components 163, as iHlustrated in FIG.6 includes a bridging
component for conductively connecting the respective conductive pathway of the body portion

182 1o the conductive partion of the tubing segments 164 that are conpected to the operative
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components 168, As such, in certain embodiments the connscted operative components 168
and tubing segments 164 formo an electrical pathway along the entirety of the fluid circuwit 160,
eliminating breaks in conductivity between the tubing segments 160, In vanous smbodiments,

(" shmem, while non-

conductive materials have a resistivity level lesa than about | x i
conductive roaterials have a resistivity level greater than about 1 < 10" ohmemn. In certain
embodiments, conductive materials have a resistivity level less than about 1 10° aluo-m, while
non-conductive materials have a resistivity level greater than about | x 107 ohni-m.

{86558} In certain embodiments, to rudigate stadic charge buldup, one or more of the operative
components 168 are electrically connected to ground 194 via ove or more atlachment fistures
198 The ground attachment fixtures 198 continuously disperse stafic charges as they build up
i the fhad cirenit 168 by providing a pathway to ground 194 from the conductive pathway

194

Operative Componenis

{8656} Operative components in thig disciosure refer 1o any component or device having a fhud
input and a fluid output and that connect with tubing for divecting or providing for the flow of
HAuid. Examples of operative components include, but are not limited to, fitings, valves, filters,
heat exchanges, sensors, pumps, nuxers, spray nozzles, purifiers, degassers, and dispense
heads. These and additional non-lrmiting examples of operative coraponenis are tlustrated, for
exarople. in U8 Patenis Nos. 5,672,832, 5678433 3869766, 6,412,832 6.601.879;
6,595 240; 6.612.175; 6,652,008, 6.75%,104; 6.749,781; 7.063.304; 7.308,932; 7.343,967;
8,561,855, 5,68 E17; and 8,726,935, gach of which are mceorporated herein by reference,
except for express definitions or patent claims contarned i the histed doounents.

166571 The operative components may be constructed from conductive fluoropolymers
wncluding, for  example, perflooroalkoxy alkane polymer {PFA} sthviene and
tetrafhuorcethviene polvmer (ETFE}, ethylene tetrafluorcethyiene and hexafluoropropyiene
polymer (EFEP), fluorinated ethyviene propylene polvmer (FEP). teirafluorosthviene polvmer
{(FTFE}, polychiorotriflucrosthyiene polvmer (PUTFE} or other suttable polymeric materials.
For example, in some embodimenty the conductive fluoropolymers are PFA filled with
conductive malerial (e.g. filled PFA}Y This filled PFA mmcludes, but is not Hmited o, PFA filled
with carbon fiber, nickel coated graphute, carbon fiber, carbon powder, carbon nanotubes, metal
particles, and steel fiber. In vasions embodiments, conductive maieriale have a resistivity Ievel
less than about | <i 0" ohmem whils non-conductive malerials have a resistivity level greater

than about 1 x1 69 oluo-m. Yo certain embodiments, conductive materials have g resistivity level
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less than about | <1 O ohm-m while non-conductive materials have a resistivity level greater
than about | x 107 ohm-m. When the disclosed fluid handling syvstems are configured for use in
wira-pure fhud handling applications, both the tubing sepments and operational components
are typicatly conatrucied from polymeric matenials to satiafy purily and corrosion resistance
standards.

[BOSK] FIG. 7 15 a perspective view of a two-way cormector component that uses the ESD
mitigation fubing segments according to the various embodiments described herein. FIG 7
tttastrates a strasght connector fitting 7060 to connect two tubing segments. Connector fithing
704 mcludes a shoulder region 707 adjscent a body portion 704 of ar operative cotoponent and
extends outwardly o form a neck region 706, a threaded region 7063, and a nipple portion
7i6b. Tubing segment 164 is received by the nipple portion 706b, which, in cerlain
embodiments, may be configured. for example, as a FLARETER® fitting. Comnector fitting
700 also includes an attachment featore 708 that 18 a conduchive matenal that s conductively
connected with the body portion 704 for attachment o an external electrical contact and then
1o ground. For example, attachment feature 708 can be connected o an elecirical contact which
is grounded in order 1o configure the operative component connecior fitling 400 for HSD
nutgation.

{60591 FIG. 8 is a perspective vigw of a three-way connector component that uses the BESD
witigation tubing segiments according 1o the various embodiments described herein. In the
smibodiment Hlustrated in FIG. &, three-way cormecior fiting 800 includes a connecior filting
nuts 81 for engaging to a threaded region of the connector o secure tubing segment 164, In
some embodiments the fitting mut may be, for example, a compression nut. As the fitting nut
QIO s rotated and tighiensd omto the threaded region, fubing segment 164 engages the
connector fitting 50 that the tubing conductively connects the conductive portion to nipple
portion, as wal as forming a fgak-proof seal between the {obing and the connector fitling. In
one or more embodiments, fitting nut 810 has 3 generally ovlindrical shape having an inferior
surface including threads for mating with the threaded region. o addition. fiting nwt 810 may
have a structured outar surface such as, for example, ribs 12, whers the tibs are synunetrically
disposed about the exierior surface for mating with a wrench or locking device for tightening
or loosemng of the fithing nut 810 on the threaded region of the connector,

{3601 In one or more embodiments, the fitting nut 810 is constructad from a polyvmeric
material. For example, in certain embodiments the {itting my 810 is constructed from PFA,

polyaniline, or other suitable polymers.
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{8863} In some embodiments, the connecior fitling 300 i3 a conduciive polvmer material, such
as carbon-~{illed PFA, or other suitable conductive polymer, that 1s formed, for exarople. using
conventional molding processes.

{38621 In certain embodiments, when the connector fitting %00 is assembled with tubing
segment 164, the fitting nut 810 contacts the exierior surface of inbing segment 164 ot the
vipple forward portion and forms a continuous fluid passagewsy between tubing segmend 164
and connactor fitting 800, When the fitting nut 810 is rotated and tightened, connection
vertfication nng 814 positioned between the fiting mut 310 and the shoulder portion contacts
bath the exterior surfaces of the fiting nut and shoulder portion o provide a lesk-proof
connection.

30631 In various embodiments, the connection venfication ring 814 is consirucied from
polymeric moaterial, such as PFA, or other polvimers or elasiomers.

[B064] FIG. 9 is perspective view of a valve component 900 that uses the ESD mutigation
tubing segments according i the various embodiments described herein. Operative component
906 imcludes a body portion 942, tubing connector fitiings, and {itting nuts 204 In one or more
emboditoents, the operative component 900 additionaily mcludes an operative valve element
S04 1 the body portion. The operative element 200, in various embodiments, broadly includes
suttable structure, electronics, or other materials for configuring the operative conponent 900
to parform various operations,

{6065} The body portion 907 inchudes conduciive PFA that extends between each of the tubing
connector fittings 204 and forms electrical contact between each of the tubing connector fitiings
and the condective portions of tubing segmenis 164, respectively.

{66667 Those of skill in the art will appreciate that, while the specific embodiments ihustrated
in FIGS. 8 and 9 have wdentical connector fittings, in certain embodiments, the connector
fittings may have varying sizes, may have various designs, such as siep-down or step-up
futings, or may be located on various types of operative componenis. For example, in some
smibodiments, the operational component may be a mixer, sensor, filier, pwup, heat exchanger
or other suitable element. As such, the operative component is confipurable to perform various
processee or fasks within a flwd circut

{66671 The descriptions of the vanous embodiments of the disclosure have been presented for
purposas of ilustration, but are not intended to be exhaustive or limited to the embodiments
disclosed. Many modifteations and variations wilt be apparent to those of ordinary skill in the
art without depariing frow the scope and spirit of the desenibed ewobodients. The termanology

used herein was chosen o explain the principles of the embodiments, the pracuical appheation
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or technical improvement over technologies found in the marketplace, or 1o enable others of

ordinary skill 1o the art to understand the embodiments disclosed herein,
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CLAIMS

What is claimed s

i An elecirostatic discharge mifigation {ubing segroent CoOmprising a porous non-
conductive mierior surface gnd a conductive poron. wherein adjacent conductive porfion is
configured to transfer electrostatic charge generated by a charged fluid passing through the

tubing segment to ground such that electrostatic discharge can be mitigated.

2. The electrostatic discharge nutigation tubing segment of clmm 1. wherein the porous
interior surface ig a foam layer, a perforated layer, a layer comprising aperiures, or a layer

compnising charge tranafer condudis,

3 The electrostatic discharge migation tubing segment of clairn 1, wherein the interior
non-conductive surface is a perforated laver of non-conductive polvmer and the conductive
partion comprises a layer of conductive polymer disposed over and in contact with the

perforate laver.

4. The electrostatic discharge mifigation tubing segment of clairn 3, wherein the non-
conductive polymer compnises a Buoropolymer, and the conductive polvmer comprises the
perfluoropoiymer filled with a conductive material.

5. The clectrostatic discharge mifigation tubing segment of claim 4, wheren the

nerflusropolvmer is perfluorcaikoxy alkane (PFAJL

6. The electrostatic discharge mitigation tubing segment of any one of claims 1453,

further comprising an outer laver

7. The electrostatic discharge mutigation tubing segment of claim 1, wherein the porous,
non~conductive interior surface is defined by a non~conductive polvmer portion and the
conductive portion cComprises one or maore stripes of conductive polyvmer embeddad within
the non-conductive portion betwesn an wnlertor surface and an extertor surface of the tubing

segment,
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g The electrostatic dischargs mitigation tubing segment of claim 7, frther comprizing
an outer conductive polymer laver in charge transfer contact with the one or more siripes of

conductive polvmer.

G, The slectrostatic discharge mifigation tubing segment of claim 1, wherein the porous,
non~conductive interior surface 18 defined by anon-conductive polymer portion and the
conductive portion comprises one or more stripes of conductive polvmer disposed adjacent to
and in contact with an ouler surface of the non-conductive portion, the one or more
conductive polyroer stripes extenvding along a length of the tubing segment i a direction

along a longitudinal axis.

i The electrostatic discharge mitigation tubing segment of clairn 9, further comprising

an outer laver.

11, The electrostatic discharge mutigation tubing segmeni of any one of claims 7-9,

wherein the conductive stripes corprise a Huoropolymer filled with a conductive material.

12, The electrostatic discharge nutigation iubing segment of claim 11, wherein the non-

conductive portion cornpiises a Huoropolymer,

i3 The electrostatic discharge rutigation tubing seement of claim 12, wherein the porous
tnterior surface comypises apertures, holes, channels, fluid passages, or charge transfer

conduiis,

14, A fhad circuit for g predeternuned fluid flow passageway having al feast one inlet and
at feast one outlet, the Haid circuit comprising,

a phurality of electrosiatic discharge rottigation tubing segments according to any one
of claims 1, 7 or 9 and a plurality of operative components, each operative component
comprising a body portion with an indernal fhud flow passageway and a pluralsty of tobing
connector fiihings, the operative components connecting the plurality of tubing segments at
selected tubing connector fittings. the plurality of tubing segments and operative components

providing the flaid flow passageway through the finid circut,
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wherein each tubing segment comprises i) a non-conductive portion defining the flud
passageway and 1) one or more conductive portions of conductive fluoropolvmer extendiog
axially 1o ends of each of the respective tubing segments, and
wherein each operative component body portion comprises a conductive
fuoropolymer that exiends between each of the pharality of tubing conmector fitlings, and
wherein each of the fubing comnector fitings conductively connects the respective
conductor of the body portion 1o the one of more interior conductive siripes of the tubing

segment.
i3 The thaud circuit of claim 14, wherein the plurality of operative components includes

any one of a valve, a straight connector, a T-connector, an elbow connector, a muite-

connector manifold, a filter, a heat exchanger, or a sensor.
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