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-1- A Thernopl asti c Heat Exchanger And Method O
Maki ng The Sanme RELATED APPLI CATI ONS Thi s application
clainms the benefit of provisional application serial
No. 60/326,234 filed October 1, 2001 entitled Fluid
Exchange Device. This application is related to
co-pending 5 application fil Ed concurrently herewith
as U. S Serial No.60/326,357, "fi'led October 1, 2001
under Applicants' reference nunber 200100293 (fornerly
MYTCP-621). FIELD OF I NVENTION This invention relates
to a holl ow tube or hollow fi ber nenbrane exchange
AahermiopastieHeatfBxchdingbeAnd MethbdrOf Makingl Fhe Same
filtration, and mass transfer applications. The
apparatus conprises a housing containing fusion
bonded hol | ow tubes that have been previously plaited
and thermally annealed to set the plait. The
appar atus has a hi gtRI@IaAEEBgAHHnIQAUO@*fS hol | ow t ubes

AR ARES O it L A PP A AT s

Oct6beH 12200 NEntMeE Fiid ERcitdmgb Deviek Uﬂ‘ﬁlSVMpf)héHﬂibn ﬁmlawﬂd ct)qfendmg
baffles. The device is made from 15 cheni cal |

appipiongPedieencurrenttydiareiish amid- Shdesial Ne-6AK126i357, ﬁ%’d &bé?b&f & 2001
und@% Aﬁjgl?c\éﬁlse%f%f@ el{dﬁﬁb% §§(?10Wb§§‘ gﬂ&g%ml\' )Hol C ow

f| bers and thin walled hol I ow tubes are comonly used
in mass transfer, heat_20 exchﬁngﬁ;‘ and cross flow
part|clef|Itrat|ond F iV applications the

Thil 9{%%1{ MRES 0% hoEb\p%lit RHONb AR Hefbratddkarh gte Q%paratus useful for

me ratio ermts a greater transfer
heabinahshmsgarti¢le fifiraion) dtrelrm&sslnmnﬁet drphicaticde v Tseappadiduswiottiprises a

fl at sheet i als,,of Si t A hol |
houstagep it HRpR GRtHe enipraha THNE BiirlputhePied ity thermalty
ann8albd ARt thRDH1diN Ee @pmais%s aﬁ% phokify dER6§ of ABHoW tubes with
porous or non-porous material between the first and

enhgresd it flow sésssbusiongireddedolpy the piaited dwllor fublger Therapparatus provides
. N [ t. I
h1g1(1) F@rﬁ%%%ng%ﬁe% 1IS sguea 1 a}aﬁﬁ%é %gh% tllé n%%egg&t%a?ﬁ? T%@gevfﬁdqu fhade from
chemdi@lllylisert tﬂhéﬂiﬁﬁ)lésﬂb endérikds AItiaachid abdlityao bperate af blevaled temperatures
phase flows through the hollqw portion, sonetines
Wlﬂ&aTgaé’éF aﬁw@lhaaﬁeﬁomawq idhgingdligiiflsd separate from a
second fluid phase, which surrounds the tube or fiber.
In shell side contacting, the first fluid -2- phase
surrounds the outer di anBAEKGROAUNDI f ace of the tube

r f bers._and the ond.fluid ph fl th
Holfdys Bbefvend B wallea BRSh fheatin SoRRue pRedet RE UenS i yhea
exch@lgd! &% dr&sstiltfy parIBIe fil@dtion devices. In these applications the hollow tubes or

fibers provide a high surface to volume ratio which permits a greater transfer of heat and mass

in a smaller volume than a device made with flat sheet materials of similar composition.

A hollow fiber or a hollow tube comprises an outer diameter and surface, an inner diameter and
surface, and a porous or non-porous material between the first and second surfaces or sides of
the tube or fiber. The inner diameter defines the hollow portion of the fiber or tube and is used
to carry one of the fluids. For what is termed tube side contacting, a first fluid phase flows
through the hollow portion, sometimes called the lumen, and is maintained separate from a

second fluid phase, which surrounds the tube or fiber. In shell side contacting, the first fluid
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useful hollow fiber or hollow tubes that can be potted
in the apparatus. 5 Exanples of applications in
sem conduct or manufacturing where heating of a liquid
is required include sulfuric,acid and hydrogen
per oxi de photoresist strip so utions, hot phosphoric
acid for SI|IC n nitri Iun1nun1 t al chin .
phasg PO the GHER T eLs iy ;%r? h 5P BsTdibescand CF scsfiid guid phase
ﬂov%qm&llg,ﬁ A% fufhéd! e 8{ch§ng%cdp9a1§ﬁi§ PR ?%HS]%%SQ@ thehimber of

cl eani'ng sol utions, hot ~ deionized wa rirnses, and
usefubbolév ﬁbg‘amhollamtuiwsm ean phpottadds ithet apperatysper s. 10

Cool ing of heated liquids after use in a bath,

especi ally photoresist stripping solutions,

ExaRipd&RITapplecadibnsiin s&alconttbtSGRatlfeaminOwhek htitapsofiadiquid is required

necessary prior to disposing of the used chem ca
inclmestl fusiciseidi aad hygrogen agrobide Rhotarsishppanalutiony |het phosphoric acid for

sﬂlca% '}Eﬁidg?% 1 %ﬁnﬁﬁﬂl Hl%gal %Echﬁl bamﬂl@iuﬁ?{%&rgﬂﬁg bad ecrjljpséromde SC1

processi ng accur a
cleaniedhaiohs hydradhlorio Iabllﬂgmdmyﬂ]h)gem pﬂ‘pﬁfdﬁlSlG]Q&:leaning Soimllods hot
such as spin on glelectrlcs phot or esi st s,
dei RO R PTG, and SeCRfganiS ANfRASFORRQTCHF PP
di spense onto a wafer requires heating or cooling of
these liquids. 20 Heat exchangers are devices which
Codlingrog heatechbaqtid{ aftamuenim f baih,dspechmlyphotessst Strippihg sahdioas,

d [ b d heat.
ho§gRientd Tf REste dirina ebBrhe REReHE Ao RGP ERERED e used
cheRiRl.| BRI QURSmta plafing B&h akdGiPafedls dré Sdrh&tBS& Bilidtained at sub-
resi stance to corrosion. However, polyneric heat

amlasg emprsatyesgi ces are usual |y Iarge because a high heat
transfer surface area is required to effect a given
tenperature change due to the |low thermal conductivity

On @fwatdipradessind ok ppaisad, imutatwarfﬂa‘éj)&@bl&cﬁidﬁidmgqgcﬁf thd@mperature
tubes is used prevent the tubes from beconmn
of Tigidly émlyasSS@ab@udlﬁhewcw@etqr?ﬁ% GRiEORetiterraRtiHasagnd developers prior

to d?sé‘éllﬂs%%ﬁ) SRRk G irgyﬁeeﬁgg gp i Co??hés@b&mdé‘ p_val uabl e

requi res 1arge up vo umes of ‘chemnicals or
exchange fluid, and are <costly to make. Such devices

e g S e B et B Bl 05 g HEE and  second
WO&%E’\HB NpSIyRRy bated Bk ehdnBark 8fSusdd %r@ieﬁ@nglzﬁﬁpcdoﬁnﬁ‘ E@micals for

I qui ds uséd for sem conductor processing. Quartz iIs
thesgruasplecpitlpm duerto theieehicayeal anrgtnesspmd aepistensicde rosjorh ddeweyer,

L M N N s
req@aRlas effed-a given temperature change due to the low thermal conductivity of the
polymers used in the device. Braiding of the tubes is used prevent the tubes from becoming
unevenly spaced when used in open container heat exchange applications. Such devices take
up valuable space, requires large holdup volumes of chemicals or exchange fluid, and are
costly to make. Such devices also require o-ring seals which are prone to failure and are also a

source of ionic and particulate contamination.

Quartz heaters are also used to heat liquids used for semiconductor processing. Quartz is
susceptible to breakage and exposed resistively heated surfaces pose fire and explosion hazards

especially for organic liquids and liquids which evolve flammable gases.
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Gas to liquid contactors or exchangers using holl ow

fiber tubes are used in sem conductor nmanufacturing

to renove or to add gases to liquids. Commercially

avai |l abl e gas to liquid contactors utilize baffles to

i nprove mass transfer between the fluids. Typica

applications for contactjn nbrane systens are to
Gaste figwid RSOV A FX GBS OHgmfr T UREY A SPHeE 1N segpicergtuctor

mfRHGi 19 AGHHSoriy B3 BAEE td 1. CQHintkrcifly aRXBOR| &is tliquid
Inametqgggbﬁ%%§ a %a?er g%%cesgﬁng apparé?ggyamhereggiongpu
congeters wilid heffles to ingpryveumass twatsfer betwebe thedhtidss tlepical applications for

sem conductor wafers for clganjng and_.oxide.gromh..
conGF GBI PrES o e uSeiSPvd afies sriLEdut Aebming!, or t
add ABAAS bistaiBe 10 HQNBVRr SHERBIBOL G eBIRinkcH & a Whiehprobssitg apparatus
abrasive particles used in chem cal nmechani cal
whepopioshigagissidded fossry pureveaisrdabe pertpried with semjcgpdygtor wafers for
stream contains in addition to the solid slurry
deaﬁg]lgeapggf(ge&?‘@t?%er s li ke hydrogen peroxide in
conbi nation wth acids and bases such as hydrochloric
acid aor ammoni um hydroxi de. A chem cal nechani cal .
Cropolilews filtpgion db usedsinggmisearptier BenHadRS ojFRe¥sSspepded solids, such
as a@#?igi@é ?Ellfi%leg%?(ﬁ in'th El?ﬁl &Q&%ﬂ%p olﬁﬁﬂllléfs it '&Qher%éaﬂiﬂechanical
eftect cross ow T tration, ss transfer, or heat
shurtyr sireafnecontagnsrig addiniba od e solidislerrf momeriahalxlidizers libebydvogen peroxide

i RSO SELLL LoD, LB commL K Yoot B e

chefd&2] 8BshahR%1 P&shleNBolN@NE cRRENe 884 Yafc@PrdcBssidteapparatus used in
[1terature ich “inprove the transfer of heat and

sempgpndudter manwdaati@ngiol | ow t ubes. US patent 5,352, 361
teaches the 20 art of baffling for hollow fiber gas to
liquid contactors. Such baffles are useful for

To &Blcy eobyflen Eltrition, Matd teatsfed ie hestemeferaéing dsntidog @lade from
and spin lam nate baffles are easily inplenented,

hollpwrtabgs ey peroup bpRew figem: Rafflingdesommonkyruspy tocppgte gy Agross the

' ' G . 9 : .
R N
improvaite tarafertod hbaawnd mslerlsatoehd holkadebles. | US ipstent 5,352,361 teaches the
C rs , ,and_expensi ve. o manufagture _exchan
art GHORIGER B oo ipes By MG LARRHS . Stel T e Rt for

I} lefhdhs RERE aBX GHANISHaR HEFFRE 8f easil
pd}ﬁ%&a&%ggﬁ éﬁat%ﬂgebr%i%g%riﬁc%@a% gﬁm n%?n Suc?w 2 met hodeaSly

imptroessitado tBafdimg efpbrflueortated tukss iphottivestivalsing thisgechnisyue. US patent

it ,address. .t he .need.for bstantj ally .hi.gher
No. PP 30 PG R anER AR i NG B U hottow
tubdshed feRldast It 6s mhiRidorles andbkpdnSve Ramhemifaddore edcihge édidactors using
di scl oses_a net hod of bondi ng _tubes together by fusion

thisfieshnigye. WS pHeitN@teIeiitpérdsscribghaspigtl heatienehanspy prepared from a
castgﬂg:;r.t tid] %llcha%seatl%g% & ichh AeBIESSs rpt Edhtd tcltettg'ﬁl%{& thermoplastics

[ioNs 0 €s are In a contacti ng par
nor deésat adatredithpe néEd dorrthd syfmtantioliy bighehsryed frea edjuired for low thermally

conductive thermoplastic materials.

U.S. Patent No. 3,315,740 discloses a method of bonding tubes together by fusion for use in
heat exchangers. Tubes of a thermoplastic material are gathered in a manner such that the end
portions of the tubes are in a contacting parallel relationship. The end portion of the gathered
tubes is placed within a sleeve having a thermoplastic internal surface and being rigid relative

to the tubes. A fluid heated to a temperature at least equal to the softening point of the
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tubes is placed wthin a sleeve having a thernoplastic
internal surface and being rigid relative to the
tubes. A fluid heated to a tenperature at |east equal
to the softening point of the,-4- thernoplastic
material is introduced into the interiors of the end
portiaons of the tubes, Then a . pressure differenti al
thexo %ew&r@lﬁdg@ Yred fde f _lafﬁﬂgﬁé%{ ROFqns f therjabes. Then a
preRURSAHERnMAI O JsBE acrb4RBS walls 8f B hes 58'@At thlPressure within the

pressure on the exterior surfaces of the tubes, .
tub¢shie gatater trnshapresdvee onthesxterior fufagsypefithiethbasn dharebybrausing the tubes

fused with e surfa of the | acent .tubes uch
to bR SRR i Il B R ey SR BT mutE ey
pro&itRs BR ik &piar PhttdrN @ f batbASeLLIREhIINGysEThdibééfactihg A-uniform
distribution to the tubes. Such a nethod al so requires

flow distritiufien o theitehesndrsleamethodmipotrequirss selptiel s thigk walleditubing to
her [ I seal 1 W t / [ L
o RETRRP B plf LR B DEHBURL0R LSRN Eomemplacd
to Us@ silchrapodtingenethsd teifoirmmrad epd saucttiefdr@dini fsdremahalemnd block, nor is it
bl ock, nor is it cont%rrpl at ed {hg braid the tubes %nd
confertptad 19/braidk the Fibes prd Grrmallysst themgriop thpeiipgle provide enhanced
10 flow distribution. Canadi an Pat ent
ﬂoﬁgg%%q{l’eaches the art of naking spiral wound
pol ynmeri c heat exchangers. Such a device requires

chapni c i res to hold the tubes in.place and as
cagii tpisa 732085 KffosBe 0F plimalGe S S g BofE s Sconangers.
SudRHTREICE rdqudB0 nfeRarAd fikarss t0 BO1d3RS nbes &Y pIR& dnd sk S¥ch requires a
bonded potting of porous hollow fiber tubes for
largej olurag ¢fopaceThe i nvention does not discl ose the
conditions required to effect fusion bonding of
non- por ous thernoplastic tubes for preparation of a
US paicht @ntieds AOBARD60 enbiUB IS, 370 destdibe ifikighaa@ed potting af porous
exchan%ﬁnghe i nvention does not contenplate twi stin

hollow fplper dorfgftration. nEhayaysnbign dogpal diglosg thecopditions reguired to
effe%??%moﬁ&ﬁg%?ﬂgﬁ- bfd%s tt}%gm%%l?tﬁfecgu@és'f&r p[% aer%%é)ﬂgu iffed terminal

ct a stfucture on t t ubes r enhance
endfilock ot sserinlphbsecmd héhtaaxclzaige! The irevacticdBudped akt ddntangplata twisting or

the Jour of.. Menbr ane. Sci ence, volu 5 p 61- .
braieg O3 6o A BPPB 80F P RpB TR “OheA ing P8 TheRiTgi o potting o
effetPAGtrRGurk Oh (ROpGHAl ks T8t drBhnd¥BIRow digsdh@én. 25 N

hol | ow fi ber contactors. The aut hors observe that hand

built nodul es have nore uniformfiber spacing but that

t cpst of, su dul es n ] [ I i
MR P TR A R S Sl e 150 o 1

106) 0D Daéstrithethb @aporeneh an@d faamotiter epidy fovolteminpeisettasmass transfer
owell. US patent No. 5,224,522 describes a nmethod and
in holgydiber eontpsterau dnm guiiens oRswHys hahhandhuplt medylgsaaveppre uniform

ﬁbe#égettd.iﬂé%(c GhARAEHEYE s&@%m%ﬁﬁﬁs a8 nb 1896y IR PR A Fufflring cost.

Y
angers. Suc
Such arguments can be applied to hollow tube heat exchange and cross flow devices as well.

US patent No. 5,224,522 describes a method and device for producing woven hollow fiber
tapes for use in exchange devices such as blood oxygenators and heat exchangers. Such a
device method requires expensive and complicated weaving equipment to fix the fibersina

preferred relationship in the tube mats.
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devi ce net hod requires expensive and conplicated

weavi ng equi pnment to fix the fibers in a preferred

relationship in the tube mats. -5- Currently it is

i npractical to use thernnplagg[c heat exchangers for

| arge heat | oads, shell side “liquid flow, or

effici.ent shell side cross flow filtratigon._ becaus f .
Corpgy i 1§ AERERTLE UdbERRESUSPSAL cxhaneiys P Lorae _aeégqa%& shell side
liquidet &y, feficieGRANGRE SroRs RowWTAEARR R AR e 0P thedigh Efbense and large
~sem conductor manufacturing because of the corrosive
sizerrdtdavieesofectié¢rt Mitahrhest bxchangera breoinbesspiabls fof uselin semizdnductor

mar%u?%c%{rg{ggléggglgste%f g%lt c%lglolsi&ﬁ %tglr{c?fﬁ%% glg%%%:%ls Igr%o eldg(i) E)ELC%%ISG of the need to
elintiffe MRS il dCpARQRALta ifurits feRproesss lianiie, WS $s needed is a
transfer, or cross flow filtration with high surface

thermoplasti¢ippragatng for begt exehaape ghasa HENHPn Phemoss/ &w fittratippavith high

AR HEp A S AR 0D DBF St hinr

nee f@baffes. for an apparatus with high surface area
useful in mass transfer, heat exchange, or cross flow
particle filtration. The apparatus is constructed of
thernoplastic materials and contains holl ow
t hernopl astic fibers or hollow tubes fusion bonded
into a 15 ther nopl 1) ified

Thaysent i pTHsd B RFHRT SO B B i Mmess tramsfer,
heat HRRADR! Gsdrbss Ak pArASle Mlr&onD ahefabpiruk N @nstaddled éf thérehoplastic

outl| et connections for the process and working fluids
matprgalp andemtaing belloye theasonlprsicHipersawhoflpwdubes dsiorpbonggd into 2

) ' . f is. .
35 AR BE I AT A0, KRS RPRES 8 g
unifgermaibbichlock Blfsstopbanded o anigbraheplasti digohsingGviich havefluid inlet and

.enbodi nent the_hqgll ow tubes in the apparatus are
fluig) pyfles camnestians fog thegiroqess %rtde\aortkt@efftﬁéfr forhs cogagte cigss the hollow

ﬁbe:f&%rqlo‘ﬁt)wtt{] est %pgﬁn%cﬁlhﬁgﬁt%ﬁiﬂé tg%%%) HhOn ;?gﬂﬁw&d described.

nto the thernoplastic résinto uni f
A niethiadi afailse bf the leppBatnd iscdsodsopided antbdesotilzaiced f | ow
di stribution of fluid through the apparatus w thout
the need for baffling. A high packing density of

In o€ kin®¥itieReHhe Woll6 N thlses i tHpPEAIuS URLbrWIdEN, PiAlted, or twisted together to
i nvention. In another enbodi ment the cord cont ai ni ng

creattra cprd| of the tubescar fdhersinrins te fysionhondimigdrntojthe tigrmaspdestic gesin to form a
.set, th e t he, twi [ ait., [ -
o DR8Nl R BB 1 B R rove e

apphatdiwithopf the @se&d fohbhflimat A \heghypacking denditymf Hollb® tales or cords is

cord can be w apped around a rod, another
achieved with this invention.

In another embodiment the cord containing the hollow tubes or fibers is annealed in an oven to
set the shape of the twist, plait, or braid of the hollow tubes or fibers in place prior to the fusion
bonding process. Alternatively, the hollow tube or cord can be wrapped around a rod, another
hollow tube, or a template and the shape of the hollow tube or cord set by thermal annealing
with the template. The braided or twisted cord can be wound on a rack and thermally annealed
setting the cord’s plait, geometry, and length. The braided or twisted cords are removed from
the rack as a bundle of continuous cord which is then fusion bonded into a thermoplastic resin

to form a unified terminal block. In an alternative embodiment, the annealed cord can be
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30 holl ow tube, or a tenplate and the shape of the

hol | ow tube or cord set by thermal annealing wth the
tenpl ate. The braided or twi sted cord can be wound on
a rack and thermally anneal ed setting the cord's
plait, geonetry, and |ength. “%The braided or twisted
cords are renoved from the rack as a bund

of
unwispped iougivesinddrdrahpprsireumirential heldovp Hbse %’fé‘aef §-nf pesg individual
th
e
anneafed cordsEipgieitiuabnai-viecuntfebintiald hallow tubes or fbéra i thetuniled terminal

e Bty o e, These il fich Bl o gbese.
conREsHsSor n#)’r&%@ ant whiReng fﬁﬁﬂket%lb%‘%xaﬁn%e@ﬁy't Ehﬁ’dﬁ'

non-circunfrential hollow tubes or ers in
unified termnal block are fusion bonded to a
t her mopl asti ¢ housing which has fluid inlet and fluid
outlet 5 connections for the process and working
fluids to be @ORaMYESCRIPTION GP a&mpmwnﬁﬁs EF
DESCRI PTI ON OF THE DRAW NGS Figure 1 (A-D) are
Figuse héveld) e sehemratindiagramsillpstrating @sempbesed agmisied agddyaided hollow
tubeand brai ded hollow to tubes. Figure 2A is a schematic
iagram in cross section, of an exchange appar at us
with non- circunfrential hoIIOM/tubes fused in a
t hernopl astic resin. 15 Figure 2% chematic
Figug¢ &4rinfrchomatie dueradp cEs Scstionpla eaﬂ&mﬁ fyigh non-
c1rcM‘HﬁQnt&(Pﬁoll&}/ b featd @J[heHHJf) 183 c rE‘QﬁS fused in a
ernopl astic resin having urd inlet and outl et
onnectlons Figure 2Cis a schematic diagram in

S secgtion, .of an.exchan ap S Wth n
Figrt PBant PetAP SRS Tovin E DRS00 <G PR PHSB AP nor-
cucﬁrﬁﬁéﬂhall‘ ﬁMl'l(F\g tliﬂebl ifebell i £theAN6pIAdHc!18din he@RL B6id iBRS aghehitket
housing with fluid connections. Figure 3 is a
conggetiensat i c dlagran1 in cross section, of an exchange
apparatus with tw sted hol | ow tubes fused in a
thernoplastic resin having fluid inlet and outl et

Flglﬁ‘@ DOEES beHematio diagrdieUs ich@s S&tivh,tdf ahleuclchnge) apmitus)wsh non-
ure 4 is a schematic diagram %ross sect

circu et Belen Agoa eedsn ACRMBP A tsdasin BB ng i s 204, St
contdtifnd %ra“i{%ﬁk gtvéllfh %ﬁﬁ'cﬂmﬁk@ﬁbﬂ% fluid inlet and outl et

connections an ousing wth fluid connections. 30
Flgure 5is a schenatlc diagramillustrating an end

Flgure §V1vs '((1) gch%rr}lagé cc:h ana%? in c %g Saf}C 1on ngtapl e)kg{:haange gpparatus with twisted hollow

tubes fused in a thermoplastic resin having fluid inlet and outlet connections and a housing

with fluid connections.

Figure 4 is a schematic diagram, in cross section, of an exchange apparatus with braided
hollow tubes fused in a thermoplastic resin having fluid inlet and outlet connections and a

housing with fluid connections.

Figure 5 is a schematic diagram illustrating an end view of an exchange apparatus with braided
hollow tubes fused in a thermoplastic resin having fluid inlet and outlet connections and a

housing with fluid connections.
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hol | ow tubes fused in a thernoplastic resin having

fluid inlet and outlet connections and a housing wth

fluid connections. -7- Figure 6 is a table detailing

t he performance of the heat e%changers described in

the Exanple 2 and Exanple 3. "Figure 7 is a

phaot om crograph of holl ow tuhe ends fu5|on6g ded.intq

Fl%e P A% MO} %&4 ipg the perfornmangs phthetisal ¥ehaggrs ed in the Bxample 2
and EQY g&ipn Figure 8 is a Table detailing the

pertormance of a twenty tube heat exchanger described

in Exanple 6. 1o Figure 9 is a Table detailing the

Flg\%? gf of gﬁ n&%ﬁ%&g@ 68 u be E‘?AD C n aﬁ%z%pd@?{r%ré ekl)rﬁ}%giastlc resin

usm?@?f&%éh@@ofﬁh@ﬁl%ndo% an appar at US for heat and mass
ransfer operations as well as other 15 phase

separatlon appllcatlons The present invention also

Fist ot T0S Qe Banteet i s €l el Eited n

Exakipsd gled or tw sted thernnplastlc hol | ow t ubes or
holl ow fibers. A cord is referred to in the practice
of this invention as one or nore fibers and or tubes
. e
rigfEOT0s THHE dBBRMGUL SRl RARIR S0 BhEhF SrctBhecs MeHEdin
Exaitipld 7.0f a thernopl astic resin by the 20 nmethod of this
i nvention. The fusion bonding is performed with a
thernoplastic polymer. Wile the present invention
wi I'l" be describedr wiibN 6f Peageid BMBUDPIERYS
pol y(tetrafl uoroethyl ene-co-perfluoronmethylvinyl ether)
Thishiol érsientreletes fo an apperates foeheat dad stasvitansfraoperatienspsawdiras other
nvent usi varlet of t her
phejo R BR it oithe Ehs e Bt P teofioe Ao B hldking o
uniftrte@iihalent Bl@k! Rioh®ohdedi&iRBile apParbRk lompiisthe Sraided or twisted
Further, while the 25 present invention is described

thergoplesiehelosy rbes of hq}Jpgft feherp s payd 4 referred to in the practice of this
1nvé?1910 Fié gﬁg (%fr{]ﬁr%rf%%}s t%E g.l;%%g hw(l)j]lcihohav? b% n tw1stct3d togetther Blalted or

uor ome 'vi'n
bralﬂétﬂtbrféﬁﬂ@dmtt hﬁhcﬁ Jﬂﬁ Herppstedibr fusedinio owetlafia thernmpd®atic resin by the

usi ng. a \vari.et f nunhe of. hol | ow.tubes_or hgll.o
metpd R i DFOBY B¢ PP e TiRg LS orgIed IR thgrmalagigglymer.
@thfe W\}ﬁ%?rﬁl{oﬁ W8 HEAbLEihed RABHERFENEO tATNCEEs

|na e the present invention is described
polyﬁetﬂaﬂumpthy]tenc-oo@nrfhpgan@hylgm&lﬁhdnblmllo@x‘@lh@n gfas to be understood that

the Fighans e Enchm ot i VaieBOUah R Rl bR graps iber
merfbrasss Whietwvill hérbsfedrirefrrs@ R 1h<‘g%hdzr@ﬂz§;-hollow tubes. Further, while the

present invention is described with reference to twisted pairs of poly(tetrafluoroethylene-co-

perfluoromethylvinylether) hollow tubes, it is to be understood that the present invention can
be made using a variety of numbers of hollow tubes or hollow fibers which are twisted, woven,
plaited, or braided to form what are hereafter referred to as cords. Finally, while the present
invention is described with respect to an apparatus for heat exchange, similar devices utilizing
porous hollow tubes or hollow fibers can be made for use in mass transfer and cross flow

filtration applications.

For purposes of this invention, a single, un-wrapped annealed tube is considered a non-

circumferential tube. Non-circumferential tubes are tubes with external dimensions that are not
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For purposes of this invention, a single, un-wapped

anneal ed tube is considered a non- circunferenti al

tube. Non-circunferential tubes are tubes with

external dinensions that are npot -8- continuously

circunferential on a |ongitudinal axis rmvi ng from one

end portion _of the tube . tg the other anples .
confimentlyeircnnterentiel ot langiiding 6 maving frogsihe portipn of the tube to

the &ﬁéﬂ@?{%ﬂ&)ﬁéﬁ hh@d 66t J?th)tcﬁ’ﬁnt ‘&)Cé‘héﬁcaf &8, Q@)eﬁ%@m@? twisted hollow
si ngl'e, "un-w apped anneal ed’ fiber or "a tube
circilsr wkingsdetdas the single, uw-wmapped carmeakdt fitiea oy a e tksa“t ast@druded in such

ub f ul h
condhE8 S mpS o h T ARRIBS 8e f  rVsquare
Shaﬂew@ge,orq{bepon circunfrential geonetry of the hollow

tubes or fibers provides for enhanced fluid
d| stribution across and within the holl ow tubes. The

The??ge?flifljfpga p rt%#é?ﬂ?%Pﬂl ﬁlgg%l 1eﬁj g%q? (gf' tﬁ%ﬁgﬂoﬁﬁt% bles gr ﬁﬂ@% {Jrowdes

for dhhhded dlulddis@ibitita hcrbés(wlﬁ v cHkS tHelhblllbWI’tubés tThe dev1ce prov1des high
apparatus with chemcally inert material

flui¢ epniaciipgeregrin asmalvabmsswithput thearped dor 'Qﬁ‘ffiffsn gEhesppitary or unified
TS SRl BBEARRbAIEL Wil g ke AUEHAL onrcion
elinhmaltéscthe hedgefor oamgb endppaitiwdse divEtratnef ther divibedt elevased

cord nan al ly e of 15 commercially avail abl e
temWrﬁ%‘F‘iﬁjm r‘i"dthl?r‘éﬁnﬁf %‘ﬁ’d‘éﬁ pnent. In the practice of

this invention a plurality of hol | ow tubes can be

woven together to formmats of holl ow tubes. For
Twporposdollow tubdsicsn b plited.fwésteset tapidehinéeia eordimanugiieor by use of

compigaly Breiahicariso e S pistats HSPENRARE latiic M mysgtion a
pluIJ@Mtytdif BoHbw thathts @anbe #Bverd fogsthérad €6 Mafsi flibHow tébes) Bor purposes of
gure 1A two tubes are shown tw sted together

this Idtﬂﬁb)@'éﬁe aad) yﬂpmﬁ%ﬁ aigps the bwms augh apd card af%l%ti él&e%wehféw The
nun{lqgléog&vg%tgﬂf Rﬁ) f%ol!:m%;‘go?(% I"S’%lehﬁgc% Q}a{h% c?%) gseﬁlggﬁ%f&?m Figure

OWICFGS O cres ben

1AL 1?1@1?95'1%Wv¢d&h6es]£e Ehvwad @dsted tdgetfhei ﬂl@Weﬁétbﬁy ilﬁmbér of tubes can be
smal 'er value of the paraneter 2., for exanp

twistpdgtogeshar tg forinm p g@rlr dn Brguge b&xélmreﬁram@}ﬁab?elrdemnhew@%ﬂ@we from crest

T L U

the prhmbreAh dRd ef‘@hﬁl@wz inl{tigére 185 111ds’tralt‘é§ b gtcatbr ﬁ@ﬂhber of twists or bends
I ndi vi dual tubes 18, 2 and 22 in Figure 25 1 C,

betwesadwHewdtibesdddng |1§htMQ@5thalgtvmalg<ﬂ}qu esbganthqé)rmded t%gether to form
a cogtgr % e]ﬁgc\lﬂﬁollow E.l%e SEN Hﬁlssgt%h Ifc%VYn(thV 1 t%ﬁ%sl 18220 a%g%% in Figure

are nore

1C, @nﬂleﬁs@ré HEcop@ rtigﬂﬁfeﬁéhs Aeribsd b ﬂferpaﬁe@mdi ngl mdfvﬂ‘ﬁial leollow tubes 24,
‘than ?.3. The value of 2c can range from1l ger foot to

26, 501 P s Klowrn isi Kipgurg 1 lb,raee soretighthrigeided aml sogthe pargmetes hq 1is

bend hol | b t
conﬁgfg]né@g& %@agfeﬁ g}anpxé & g? Pﬁﬁﬁe 8%)7? M& ﬁl@l S;rerrgn?ﬂs’t ?% per foot with a
preftf8d rdd¥E of §-2BRE &t VrEeBAAR: Yodt! @Mk fukBerld hollow tubes twisted or

braided together to form a cord can range from 2 to 100, but is more preferably from 2 to 10

hollow tubes.

The invention is described in more detail with reference to Figure 2A. As illustrated

schematically in Figure 2A, a portion of each end of individual thermoplastic non-
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30 holl ow tubes. The invention is described in nore

detail with reference to Figure 2A. As illustrated

schematically in Figure 2A, a portion of each end of

i ndi vi dual thernoplastic non 9- circunfrential tubes

36, 38, and 40 are fusion bonged ina fluidtight

mat.t e ith hermpl astjc.re to,f. two unitary
cirdgfgteghial i B3t i Ngre Binenron0sd B S HERSSS! g o
thedfoplastid YesRH88m @o LbRyeRd @ﬁﬁﬁlﬁe(lf'&lnhﬁiyl Eﬁ@lﬁ%cl@ﬁﬂlcgﬁ"es 32 and 34.

fused into the thernoplastic resin. Figure
Any nmmbqrrcrfﬁ@napbsmrs@lb@cmbmaofbeénseéxnthahg‘éleap@;dmmurgsm Figure
connec

2B lle %Qgg % O{STESCCE gf %Iaﬁlfl}ic ?I}ﬁe ragparél S?B%B 6 lggmg&ﬂgﬁ glugizconnectlon

portal mranema boade&l wihéind fid®termitabeisloglaBst A 2fWith ehd caps 44 and 46.
connectors allow a first fluid froma source, not

Thegrgiaps andt g gorneetugMlovt pérs élrlr%ﬁrpm@tﬁegrcsalotshowart@l flow through

the filg% lﬂ%gg \@? &2 %1? 4(9f Tltréqt%v s)f@és%%ltl%éqt%% Ql\%ol 01h1901f0 ber 38 of

I's I'nvent] on are er c arac erize
thisb'yvdnltlen awﬂlﬂ:ha&hﬁrﬁc'&nded?@y theisgtfies 3T ahdl BOS Figat«€3C dllustrates a cross
sectron of an_exchange apparatus further

Cr
seofgRfAne: FIFnEC ABRASHHE, fustrep BoTairF1Rth? otstngen? bosids fapnifiqhterminal
endVStKRROGKS 33 %n@ﬁﬁlﬁom e IREq %e&ﬁr se4§ Argll 0.t

connector ports 48 and 50. In Figure 3

of the exchange appar at us |3 Lllustrated further
in SRR 8 ol bt o Pl it eS R Pt B R Brnsazpasing cords of

tW1§iétﬂh(5ﬁ>w tub&s. aTHE Rds iaMkls ARisBAGorbe cAmpasdd dl‘hoﬂf)wttﬁlﬁzs 54 and 56,

ends of each cord are fusion bonded in a fluid

58 ap GRa 2 i - aAm@m@émpmie of exhpordre é'r&mrt braded in a fluid tight
maﬂﬂéf (v?]tﬁ% tfl%é‘[&;pﬂi@{l Fe{%gl tBlf&%}f xgmhal-relﬁﬁ an 35 %%&J $4. The

can ave Oona ousi1 ng caps
apphatidedn havet dptionsli Housidg 52 raml Brai cape rzld ahd @6 bsndddrto Bhegutifed terminal

fluidf di stributor 66 car
endi’b%ﬁ(émﬁra? ﬁuﬁge%rleaglkorq éﬁﬁvﬂp'w@érhaﬁw? ré? C%b‘igfgg’é‘aﬂh%r’@% fit,
threﬁ&ed”@f €orf21fed 506 oA Y RIRY ofr;‘gH h%s%?%‘ﬁﬁ?tcbﬁﬁkcﬂ%}ﬁ hérts“% s,
I men e exc

I'n Frgure 4 an e ange
apparatus is illustrated further conprising cords of

in £t 350 sPPouPest Of R sxcgnen gty s dpstelsd ditis: Spwdgsing cords of
bralﬁ&gﬁélw 'fu'b@s fPidRoz@y iShis illushtiat &€ cQﬁﬁpﬁ@ecﬁ:‘ﬂh&g or Iﬁ?e hollow

ends of each cord are fusion bonded in a fluid tig

tubggergided R%@therawtfwem pergs disireted byi7A ang 72 oIh@ h@smf |ea¢te@rd are fusion

bonﬁ&{ lﬂ]a[@]\ af SI s ggnth%ﬁh%g)pc égg %ﬁl an g%%fn{mz}{ énd blocks

32 etnkl642 Fhe raplﬁaraﬂs bm Inave @lptieml hblek s2 aﬂd%rEli @ps 34 dndi6 bonded to the
ast .0 e fI EUF w di stributor 66 can gptionally be
uni %‘é‘nlfl‘f‘ endy Sdedt 8B ARiderstoneud dewatistHbrter 66 C%fh‘%PtlonaHY be
presrg%sthreedéd B} HorkRANRS Hh QR nR)?iBPthé %oegrﬁggﬁ&d cgﬁfl‘ecﬁgg pUitENS and 50.
of the exéhange apparatus shown in Figure S
An end Usw odthecexshdngeapparatus havwn i Kjgure 4 i$illustrated schematically in Figure

With reference to Figure 3, the operation of one embodiment of the present invention as a heat
exchanger will be described. A first fluid enters the exchange apparatus through fluid
connection port 42 and enters the hollow tubes at openings 61 in the unified terminal end block
32. Fluid flows through the interior or lumen of the hollow tubes and exits the tubes through
the unified end block 34 at exit openings 63. The first fluid exits the exchange apparatus
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30 Wth reference to Figure 3, the operation of one
enbodi nent of the present invention as a heat
exchanger will be descri bed. A first fluid enters the
exchange apparatus through fI connection port 42
and enters the holl ow tubes % openlngs 61 in the
unified term nal end bl ock, 3 Fluid flows throu

thropgly ﬂpﬂt @wwloarpomﬁ% A HRoNH Bt sgh/ e 5Eg AP through
houglﬁ 1on51rffov¥f' Hisfﬂkﬁl@or%d Tk Rd Alsefarhied from a

n|n T first flurd exits the exchange
secm]dpfh.néb}a ﬁxetﬂyo sutfhcasiagéh Waﬂlmfdﬁla:hnimmb@n Thesecond fluid enters the

o o D PR, B B vt o

hou§ifig add@hefouted tdlafdléﬂe@ of the TRRAY. HiRebyf ik AahFerr&E6AWee:d thyifikst and
by the two surfaces and wall of the holl ow tube. The

secapddbnds thrawigh temthereonlastic hallowitwly wallso Udis seeonddluid @ﬁtszthe housmg

fichl

o R R Yok S R BBE 0 A0S i
gasds fiel sipegiiticgyfluids.t ransf erred between the first and

second fluids through the thernoplastic hollow tube

wal | s. The second fluid exits the housing through the
M d%ﬁg&%@&&%%e&%ﬁ{x%% g’%ﬁ&g%% nféfterfah U{lSnbdd %Eﬁ’eﬁiﬁ class being

I qui vapors of i qui ses, super ritical

syntheti¢ pelymef3. Nhrimfpaxtant chss ofﬂymdwue pn’mrmrsaare $hefnm0pﬂ1aa1c polymers,

var i of teri th nost general, class n
whigh e Sy TRP 8o e Rt etteu e EGror gt Rf roperties when
cooRB! X§BleToRdiBohdST AR Bf)]ﬁﬁ:tah@n ROKNOR b $ube dﬁﬂﬁ&ﬁbrﬁﬁéﬁs IB8ing used become

fl omed and nol ded when heated and recover their
motgspfiradhe m@ten@lsﬁhzﬁp‘@m b¢ nsediiseepmesclipited] Fopexanie, the organic solvent

bas%&gg ' t}a(t)lﬁlg ﬂ?edof%g ger %g&RI&Ig i ‘iﬁeorﬂlc%oelé'@roﬁﬁs %1&91?}? ﬂ/‘ﬂﬁ dissolve or swell

becone ~ nore severe

and Iﬁﬁaﬁéﬂ éﬂnSe 1?1 g etafbbeandsacmbRac The Ihigllil te@flerafuds stripping baths in the
exanp e qrgani c _solvent 15 based sol utions used

sampemduw @ﬂnse%@f hregly #eid and oriidatiyelcemppeiise Which il degfroy membranes
andVE{'J ds n%%??w%%ﬁ%%% anpl weaken some pol ynmeric
nenpranes.

es an e high tenperature stripping
baths in the same industry consist of highly acid and

xi dative_c nds, . whi ch. wi str menbr
Holfq Ber 60 SPPCBHIGIBOry Mk eutsisl SRpnega e age] o 0
mc}{e'é ORdth&E gﬁﬂ%ﬁﬁfy' (P@ZSWOtOhl Rlehss ifl i ARLRT Wall B 'ngdn@& ranglng from
from 0. 00 i nches, and nore preferably 0

0. OQIdo@ fincheshprsférabliOZ198 tte 0.05dnehen) 1h1Ctkh¢S§k$fé ysefrﬂamghmgractlce of
thls 1?1 eglégn ﬁlg)? W%(Qj(?] iose (? msdi\gglfa fy,ecgratgl ge% gagnc € congmge% by braiding,
plaitiig,Sor itwisenE tHem to Foen torde ﬁoﬁpﬂsddﬁbf lﬂﬁlﬁdplb lhdllwvd\h&lsl y, or

t he tubes can be conbined by braiding, plaiting, or

twisting themto formcords conprised of nmultiple

hol | ow tubes. 25 Exanpl es of perfluorinated

t hernopl astics or their blends which are useful in the
Exapipdestdf perfhforinated thermoplastics or their blends which are useful in the practice of

this invention include but are not limited to [Polytetrafluoroethylene-co-
perfluoromethylvinylether], (MFA), [Polytetrafluoroethylene-co-perfluoropropylvinylether],
(PFA), [Polytetrafluoroethylene-co-hexafluoropropylene], (FEP), and [polyvinylidene
fluoride], (PVDF). Both PFA Teflon® and FEP Teflon® thermoplastics are manufactured by
DuPont, Wilmington, DE. Neoflon® PFA is a polymer available from Daikin Industries. MFA
Haflon® is a polymer available from Ausimont USA Inc. Thorofare, NJ. Preformed MFA
Haflon® and FEP Teflon® tubes are available from Zeus Industrial Products Inc. Orangebury,
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this invention include but are not limted to

[ Pol yt et rafl uoroet hyl ene- co-

per fl uor onet hyl vi nyl ether], (MA),

[ Pol yt et raf | uoroet hyl ene- co- pﬁrfl uor opr opyl vi nyl et her]

, 30 (PFA),
[P tetraf uoroeth ne- co-.hexaf | uor opr opyl enej
SC( By thegmg + lh%ﬂ?ei g SHSreIG] 7 (puBece afgbi invention

1ncﬁﬁé\bﬁ_ﬁﬁdt @iﬁﬁfe}i t@B@&Eﬁ%rgﬁfﬂugf&fﬂylérﬁ%ﬂ%leﬁéﬂﬁ&ﬁi zrp%%yvmyl chloride,

manuf act ur ed
polppiafinglilee ppxbmmesrlerw« aollyaiblybne nmmrmhjdpentdmd ubtarhigtsmoldelar weight
avai I e .from Ausi
poly B8, Bty s R VAT PR Aot o poLyertpases.
Tefl on(r) tubes are avail able from Zeus I ndustri al
Products Inc. Orangebury, -11- SC. O her
Hollgywg F}rﬁﬁ'apﬁléﬁticc@b‘%ﬁrcafl beimpisgezied Wihitetmalle cmblfcuve pawdengor fibers to

1nc%g$e§tﬂélﬁ ﬁ'lg?%? uétcri% ?Ek?lﬂﬂleg 0f Ls%ﬁﬁ éﬁelf*}na on ugll‘)/e ma{erlals include

Uor oe e vin ene uori
butjacd notilinyitedhd gfasﬂﬁbers pﬂétylah'efdle ﬁ!'&)efsl, ﬁﬁccﬂﬂin)dﬂﬁét@lyda@’éiee fibers, or

al hy] ene, pol ymet hy]| ene, ultra hi nol ecul ar
ga&@?%ﬁfh WE?%“%W@W ﬁéﬁ?ﬁ?ﬂ%@e“’b‘%ﬂlﬁlﬁlﬂﬂg@ﬁ% impregnated
h
Bl Aok G 0RO ) Gl e
perdegrge&elwm powders or fibers to increase their

t hermal conductance. Exanpl es of useful thermally
conductive materials include but are not limted to

Holidvasibet LixEilSn tH@r@é‘ucB'o‘f FHisRvEAtRRY or Eéﬁ'hl:l'e Rt RRAnARARS transfer
carbi de fi bers, graphite. The thermal conductivity

appleationg S\Pféu IS @R t:mmmsi liaid degagting apd ppmp@gm iadludehoflow fiber

meljilQI%['l afﬁ?n%ﬂlh{aﬂ%’ %@B Sl?c%lﬂ%%x);fgﬂ?erg age 8%1L[?’V§/gedfaglgoroethylene—

co Ib’eeﬂu(bmproblplvthth&rhe{BF Ay el ultrd High hRlRuRE elpht pblytthiiSne, both

tion particle filtration and nmass transfer
aV%l%ﬁP GH%MBIS@IK%G@FPO&@%@I llegicpddéi-ng, 1iqui d degassi ng,

and pervaporation include hollow fiber 15 nenbranes.
Sui t abl e nenbranes i nclude hollow fibers made from
In a[ﬂi’cﬂey‘eébmhbdimnuﬂab twyistedeplaited, or braided tube form a continuous cord. The

cond BB ot B R s P o sl D Y79, e

dlstﬁﬂldérb@{w&ngﬁfﬂgf ﬁﬂés%ﬁnﬂgl thcefehgt‘ﬁ of Mid e;JcHa eQi'é%fcg r ﬁ"ﬁéjcoﬂed cord on
enbodi ment the twi sted, plaited, or braided tube form

the metad Frmsinplgcesgndn ovebelow th@m@ltmgrpotm ofthgrhollawdulred. he tubes are

bed
L N .

or bleﬁisgh hheobraidee, pRaicddamgevisted iubes infd e eoid. ehredlifh Gthe EHA tubes
frame_is placed in an oven below the neltin

OCC‘ES ]IPWot]he PEngRqiRhat £ tenererat irdispalbelessihan 23 hdeanegs|Gelsius, more

i .
eGP 100 2B SN L B P i,
morp paéferatlly fot 20 néahiteso in aalsreadive ehdbs dintenothieheistal; gdlaited, or braided

tube'g‘%gr? %e amgeapfd otnha(:"sp%glr d tubes

In another embodiment the braided or twisted tubes can be thermally annealed in a first step
and then the individual tubes separated from each other after cooling to form self supporting
helical shaped or non-circumfrential shaped single tubes. Thermal annealing sets the crests and
bends of the hollow tube so that the individual hollow tubes or cords can be separated and

handled without straightening.
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25 occurs below the nelting point at a tenperature

usually less than 250 degrees Cel sius, nore

preferably from 100 to 200 degrees Celsius, and for a

time ranging from15 to 60 m gutes and nore

preferably for 30 m nutes. an alternative

enbodi nent the tw sted, plalted or braided tubes can

be anneal ed on a spool. 30 In another enbodi nent the

r I

In ot LS bRk SRR e e TPl 20 88 s gh rlow
tubésr @mbe gmhed)lb)hme nattodrdesayibled ngUS <N d. 81315360 fnclwiqu bereinriyy reference

T e
moldis MethbOWescHP& i% CEuir(tp%ﬁn phentl Kﬁﬂ%htdﬂlﬁj 53%01400¥1 indREsd Bérein by

cords can be separated and handl ed w thout
refesencgiighis entirely. In azrefqrwdmoemautmﬁtheﬁ desqebgst ind &f¢ patent
nt e I ..
o RGP T AR5 0, MPRAUSORA R GRS Rl porin
its &dBirdtp by deferkhceris Aséfuicih tickestadiee of theleyrrefieveatioe in its
entirety. The cords can al so be joined to each other
and to the housing by the injection 5 nolding nmethod

Théjﬁﬁﬁ hhi?Rd tdrfhide ERPEIBEK Eﬂrﬁﬁf‘y ARRILGBI iR hedbratRe dfthiShvention is

Included herein by reference in its entirety. In a
megrtéd desciale aambssonrrmﬂtof atthermeplabiisoresia s imthéch dng ogn@re hollow tubes

nt at i 117 anu
or & Tk bBRERaTE! S feio hembe e 7 Etard M RS or A tubes
fusPAboh@idyto BYthér@loplagtitCiesih $o fos@fainifiddl tbieinglread blo@:ﬁ s@flctﬁﬂe%nd
current invention. 1o The termunjfied termn

holmeieesmot @mqnawd%@ adheroplastic ein; Hed- prigeiape C%‘PntNﬂ s
60/{1 E’)é § ?&Hé a hORGW tﬁb[‘:loodiiﬁ%ﬁfo' ﬁ?ﬁeﬁldp‘f‘aﬁﬁc fé’élnv‘@iéjtloﬁgll)athennoplastlc

moplastic resin into which one or nore
end eapebaving flwidrcdsneotv pottearn themupthste hdusgigonasbenitieidn bonded to the

ond iR b it s B SIS PGe o ity ol AR he present
inveiitichl eémﬁedi tBriadal &{aoblmkocs“dmpﬁsrngqlbnéxe t@ed a thedmopWisticiRem, and a

not fusi on bonded to a t hernoplastic resin. U
thepaarbantic hApysingis drwrbad. Thehogeing torfogn3 sinale etie songisting solely of

p BB g BRI LB oot ol

of the hﬂmtgdjef@'e ltlteSpotDﬂln@anﬂlbendmg bap.t Amrﬁﬁna]stbmgnata:yld bvck end structure,

on bon one re the unifie .
by phicRFTR A BlegeRded gyl hSag e naligie Bprig to g housing to
forR83EM entith M@rﬁh'uﬁg sol@ly%b@ﬂﬂ@gnﬁa%d‘@h%op%ﬂc Blargills is prepared by
conprising hol l ow tubés, a thernopl astic resin, and

ﬁrst prstradsipigdle Mfanm ibath dnds ebtbe hpising before tmgmrrggand&ondmg step.

it I f
Thllg ggr %c ?hﬂl@ 8 tébrO%ngﬁlg rﬁlet I?O‘#l%&t?h%lté thl%Shoéglél% ’l;hee dntbg/nal surfaces
on both ehdyufehd E@isiriggtrd llmteﬁtuldsae‘xeﬁaem fmeﬂlmgpoﬁmd)s jusoht thérmelting point

bef h tt d b
and G SRS ER BALP STTAIRnGPEYITE (RN ERTCrirdi e co-
pergﬁéﬁ)nfe{h )ﬁé‘fﬁ@l‘]’ tlﬁﬁn&%ﬁfa%@ttfnﬁb@s@n Anilab18 €roRPA heiRSNATSA Inc.

on ed e housing t
Thorofare, NJ. Since the surface temperature of the housing is higher than the melting point of

the potting resins, the potting resin is then fused to the thermoplastic housing. The housing is
then taken out and polished with a heat gun to fuse any excess un-melted thermoplastic
powder. It is preferred that each end of the tube be treated at least twice with this pre-

treatment.
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forma single entity consisting solely of

perfluorinated thernoplastic materials is prepared by

first pretreating the surfaces of both ends of the

housi ng before the potting aqﬁ bondi ng step. 25 This

is acconpl i shed by nelt-bondi'ng the potting materia

to the housing. The internal surfaces _on both ends of
The anacpled &Yisigd hplow Ebesards apsiesarisd ipfeipohbietraiiepraethencsso-

t | [

perh aglzyga c’%’éﬂ? é’;l"%?)ﬁlgp ; o%ﬂ gf"pg’A B YR ehy sHelRS et onally has
ﬂu1[1 l?ﬂ)ﬂlygsdhsnar[ baraied &1 ityduefaee odorm an 1nlet and an outlet ports. The packing

deri ot BB ercp Rt AR el PR APES AShd FanPOOH R 3idpeloent by

vomllﬂ@ aﬁﬂrﬁ&egréf&am '2@16(1) r&@ht Bheorassi ng is hi gher than
the nelting poin O the potting resins, the

potting resin is then fused to the therm)pl astic
| t '
PotyblgéJ an ndu{é () 5 ne“@lb@ rgi ngn 1!?1% g)?{cl: 1 Sé@anoolé do?!? gl dfﬁhél% Qt%ﬂ The
prefelfmeﬂ hrﬂlmainaglhi;ttb refinpoging nleﬁerla$ isH el oy i@ At dvit A K aedin,@ngllable from
of the tube be treated at ast twice with this pre- .
Augipegt Heftlne. Therpf EFﬁeNénF]éea‘P%‘g‘ 3 FPTERERTS H?}“FQW Rq%%é)%?f&gn ofa
burf(‘ﬂ@of the %He@l@d bid Rvise@ ALY Bk %Blldqgﬁg?ﬁ‘st \bﬁﬂll @tﬂ@as@ Qne closed end into a
perfluoro(al kyvinylether)), Teflon(T) A,
teng)hmry rdca:*.semad'éha agphell df malise thqmmpplnstiq nplmcg hefd lmad:ontamer The

hol Oﬁ’vd sgagu In%’:ll 61?1? %e%e\%}atic% osst}o%;rrngggaﬁrgﬁg the%m%@latstn%é olymer in a
moBeX §lste\sb tHak it ﬂokk% 1§tb &hé teinlpbx%r)sfweﬂs chrbgnd the hbitow ﬁibgﬁarmlf vertical up
from 3-99 percent vol une, and mpre pr fer

thef@e@ocwlefém filkye %wﬁ@uuwﬁqeﬁ getaien Boere v tiﬁwplasﬂc
polgxtﬁgls &% ngﬁra!r}?{e? edsfi€a Fé%ﬁsé'tﬁh@ r&RndS £QB&s ilh@ niti1feH béiting material

erred t rnmoplastic resin potting
for matney sudficiers twéshmxm(an)i fivRhe Byl hcélswrtpb@uaplaab hmi themwill be

ﬁll@tl? | ﬁ'ﬂg %ﬁqléér? @felgglf%ﬁla;;gogg? ?efné)ﬂra&( nadtmieé)f %{8&%5 gfnr?%céﬁgglled by the
tenfbep@at aflwRidH tﬁe\/iio‘ﬁﬁr%dmﬁl@hél%’\hélﬁl ke fe@ipdrabied 6 WhicMAtelpoing material

'east one closed end into a tenporary recess made in

is heldpdwing g ligny |twt@rbupﬂ1@mhspmgts pnd the phyhigal pepertichofthe potting
n f
ma\?/egr # ?gg ?ﬁd othn oltﬂocur lnﬂ%}é’ﬁ%ﬁé?%@g?erdeolﬁ@élﬂlgf ﬁlog?f‘lg drnﬁgpreferred
empadieri b'yhe1ag fdmieﬂana Ribpt e so that it flows into the
tenporary recess, around the holl ow tubes and vertica
up the fibers, conpletely filling the interstitia

Onéepl%@ Efﬁst Red weas dfeh@@ﬁ??s Bk Pottdagunt FeedRRb ahiffed }&minal end block
pol ymer. A tenporary recess is a recess that remains

corpgrisang féle égléow mbehdopting e themapiastiereasioy the|secangrend of thgdevice is
f
t? 3 b{e“fsle pr cesF tér%g?\%% é&%tﬁlg tﬁé\;ﬁqﬂ%ﬁ%reglg$ rﬁ’lﬂ% E%/ 8&}1‘1 lmi%‘!(temal heating
bloglh er oipd }&laf mgrceﬁln £ tdnepepaiting ity ﬂreahnge@fcﬁnfont ddﬁut ﬁ&ﬁe@ $o @annd 285 C,
e contr e ratur t tt .
with@mEeipRe agg%‘ib %omta %uttzzﬁﬁé 3 pidihg Rt Ew 1%@3 and is
fregr@f t%tﬂﬁ Bb‘iesh @l £y §dsB%ed1alol RV tf?@ crlab’t@ dlrEceld FCRUBN thhe housing

yS| cal properties of the potting
and the hollow tube bundle are then inserted into the cavity. It is important to note that at this

point neither the hollow tube bundle nor the housing touches the potting resin. The melted resin
will flow by gravity to fill the voids over time to pot the hollow tubes and bond to the housing
simultaneously. After the potted ends are cooled, they are then cut and the lumen of the hollow
tubes exposed. The potted surfaces are then polished further using a heat gun to melt away any

smeared or rough potted surfaces. For module with a large number of hollow tubes, such as
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20 material. The end of the hollow tube can be cl osed
by sealing, plugging, or in a preferred enbodinent,
by being formed in a |l oop. Once the first end of the
devi ce has been potted and fused into a unified

term nal end bl ock conprisiﬁ “the hol | ow tubes,
housi ng and thernopl astic resin, the second end of the

2008 ev moes, iitsis Posiglothesie mpaleppatrating dafenty whichean bawgpeirr using a
h t |
cleidbldefile b3 I tst bt AR LD 20 B Sl At ure i n

the range of from about 265 Cto around 285 C, wth a
preferred ran of fr.om abo 270 C to. .around 280 C,
QT emboiamsnb P (i jpygation éﬂavseﬁai feripotting %BC%FOE%F Spypeped of hollow

tubé%u ke end ¥ thOfvisRd bPSalded Holl W Aubel ﬁre'p%ltﬂed Inoa ﬁéﬁﬁfnﬁld% a first
recess or cavity. The housing and | ow t ube

stepb Ufhgineold riseslightin sioalkdes rtha@dhqz mnor dlhleet@avﬁ thy shelllttubtsand can be made

or.tant to,note.t i s _30. point neither e
frorh BRPHER b bR i i, st oPip B2 hodl et B e Binspoved.
The a8 6f the Me116w itRel i @6 ufifieWwhdriniddl exd Blyclgyaay bpened By bittihg as
the voids over tine to pot_ the hollow tubes and bond

des¢riped fgho¥eo s itg dothsengs pf WRdeliey jubepherbeep gotlrsh thedormprggnified
tern%ﬁ@ SAYNERstrhbifs Qfee%&?t?ﬁ it h ?(ﬂ%attseg ?/tﬂl"A' W?Fgfshélplgo#sing tube, or

| ow tubes expose e po aces are t
endpaps, ahkthefunifiddeermisal egd hlokk atsed) tntht boukidg tubevaryeralropps in a short
sneared or rough potted surfaces. For nodule with a
heafing BIOCHSnber of hol | ow tubes, such as -14- 2000 or
nore, it is possible that the nodul e may potting

def ects which can be repaired using a clean soldering
In ajprefierred emb@@manfopféhle Fwentien Hasteapbindigne 3, Adesstene thermoplastic

tub%gf? 1sqh Q& n attle$s§ oﬁ \C/ftﬂé hﬁgl t*tﬁr\}éé%@folﬁlt E %ell%?&etdf% dexc}f'tange

Pcal” cof s compose
apphfagist W is pederfsd thattahéitﬁﬁe beplacst 1htd>ba€150rﬁdheoﬁthé tubd bundlanearest the

et al [d in a first tep. The nold is h
ﬁmg&rat“h%&%? Gafhb qfﬁm%@nitdéﬁéteebouemg@ﬁ Brest tlmgq fi}ﬁéh%lrﬁftmgs The
tub&?ﬂavﬁl%s ﬁ?ﬁgrofvé@ﬁbﬁld%ﬁlgﬁh%? IRk She Rfvici m | ar

| oys r potting and cooling, the nmoid is
renoved. The ends of the hollow tubes in the unified

Foifulies Brea T Pas et Bl R S A g P P T Afeging and

protb@yﬁuiaQﬁauMdtefb ndt Iﬁeuffea RSERrtdN®, IPgithr®0 Stvegdld k@, VEIOR, standard
bl ock structures are inserted into a pretreated MFA. or

pipPiireadifgtinesherlrn§ittingdeln aprefeaid cohpdimeahivo frad gemeptiaps are
pro{nﬁ&mh? "ﬁ{e a;ﬁ'gﬁes? Fgﬁk o;(éjiﬁfeg c&rﬁte&ttb% 1}39 fl&v 3@ ﬂhtﬂ?ﬁto‘%e %bqratus and one

heati ng process. I'n a prefe
outlendmniecrtmtfonﬂiow bt fuidrouefromdhe apﬂatm;mg dihegprocesHlgd mayJlow through

o b SRt S B BPERESS) Tk P51 S0t B REp B e proces
ﬂmé lfylbe%bﬁ!@ed% thehi BXCRANES] enamkgby Sveldidg, *t}%ezﬂih@% Bofi@hg, or
the tube be placed into a portion of the

fusm hdllldéng] @athe germpielastici {£4 hepsinptieproyisied dertheexchprgerrapargtus, the
1n1e$J cc?r}q'tl%c 1ons f(ﬂrh e Bro%%s %uf)maf) 113 I?)’gndfed bo Jthlgthguélgge ar?J]&l leﬁed terminal

end block by weldlng, threading, or flanging. In a preferred embodiment the connections are
fusion bonded to the housing and or the unified terminal end block. One or more fluid
connections may be provided for flow of working fluid through the housing or for flow of
filtered liquid out of the housing. The one or more connections for flow of working fluid or

filtered fluid through the housing may be bonded to the housing by welding, threading, or
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tube provides for inproved flow distribution of fluid
in the device. 20 Fluid fitting useful for connecting
the apparatus of this invention to sources of working
and process fluid include bi% are not limted to
Flaretek(r), Pillar(r), Swagetock(r), VCQ(r), standard
pipe thread fittings, or barb fittings. In a preferred

flangings BRI RSOl A RITEPTISR AREBESHE b rcenneﬁlaa% e disio bangled to the

}muﬁﬁfcess fluid; one inlet connection for flow of fluid

‘0 the apparatus and one outlet connection for flow

of fluid out fromthe apparatus. The process fluid may
flow through 25 the tubes or across the outside of the
tubes. The inlet and outl et connections for the

process fluid my be QandsPpiRedin@ uni fied term nal
end bl ocks by wel ding,” threading, flanging, or fusion

Pref?lmmm hr:@lowd\/lﬁhetubh‘ebnﬁmthﬁtqé’r& inghf m%ld«h é@metﬁg and 0,9Pechdbick wall
o G LGN 2R BB Pl RRRLRS S Gno orpoting

werdiaflé BFhinrtiidgtinl paRH of he@tiollow MBAGUBE, to lobta@eghong 12 ﬁﬁns per foot
fl ang@ng In a preferred enbodi nent the connectigns

of corde Arsingle Ford wmeapqd@r@tn@ aeeia] Hyma s adhes wide apd; 1S /dnched
[ er

10n%§yvgge %%%s&@lg go %J ? (t)ggv V‘g Srglw[ &Jr&‘ #)ﬁ the f%%%ﬁ n‘tflheeframe and

wra@dSonly wate ﬁm’feafeHQNVambvenf fiot B@nﬂnhtés qulSd degmex)@eltsihe About 75
houysi n The one or mmre conne ons for fl.o

looniof RHGaF e e LB Cashed o 1FGED e ghrgired fﬁf&%@ﬁ@%ﬁﬁ“

anné'éﬁ}ig b?l oRORARY sirfp1d Ht@k Bpﬂéﬂnr}ﬁulﬁiélevi@él@v&@e ghthéeadhdPlac& into a

angl ng to the housing n a preferred
prevmdsbdlaaem¢at¢d1mchﬁAe®latele§PaWube measwimgdorddeigiches in fpagth. The

R ST B SR R LR Rty g on

approRfiRatélRGKcHRB iifom édth KM B85 the PFACBO! Hableend 60t Ze&iSe was potted
I ndustrial Products Inc. Orangebury, SC. Cords f

using &t lon® My ¥ Oixaesi, obbaverd; fiers yusENILSS Bre- ifh%rgﬁare NJ., for
abo&qﬂogl%\{lvﬁw% Sﬁtbe%obf’do% @fL J&cﬁl dijgﬂe}%othg{lﬁsor@%{t nfgq’%s coﬂtgolled toa
€ cord was ed ar
rate loﬂ ohes/minde 160d3°1 mﬁniﬁeﬁlhéﬁhlﬂﬂ bllenkginds Wenmﬁeqnﬂtsﬁ tbéie and the
make about 75 wraps of .the cord on .t metal. fr . :
hollq dUhes ARERea Y TPE G Bl BH @GRS grutef GaViEn Sipe b R o krife
Whred®ontb @E&Send of th
Flu o RO h e R S o PR thicdP b @Alfend of the
tubeadotbyi therchafly dminghan eralodap abitoethe tubeneal i ng. Cord froma
single rack or fromnultiple racks were gathered and
placed into a previously heat treated and MFA coat ed

PFA tube measuring 16-25 ipghgsleiltn | ength. The 15
i nsi de di aneter of the tubes was 1-2.25 inch and

A protafypd brqtexcliangeichayingts heysingeyith b médnSl%prba@ﬁ’ieﬁBF/érwbe was
pre;*aﬁéd%&hg %cefcﬁ]%q g)@CCeE @gfjthg ftubtep Grefeiot tWREd JrafifkaRiad 18k device

evi ce was
contained 150 tubes of straight MFA tube measuring 15 inches in length.

The prototypes was tested under the following conditions. Hot water at a temperature of 63°C
was fed into the tube side of the device at a flow rate of approximately 1750 ml/min. Cold
water at a temperature of 19 °C was fed into the shell side of the device at a flow rate of
approximately 1070 ml/min. The hot and cold water paths flowed countercurrent to one
another. The inlet and outlet temperatures and the flow rates were recorded every five minutes

for the tube and shell side fluid streams for one hour. The results from this experiment are
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using Hyflon(r) MFA 940 AX resin, obtained from

Ausi nont USA Inc. Thorofare, NJ., for about 40 hours
at 275C. Cool down of each end after 40 hours of
potting was controlled to a rate of 0.2 Cmn to 150
C. The unified term nal bl ock ends were cl eared of

deta[élgél ? })ﬁll?cg\yr% ? e é}allfiaretsfz.}?gz%g&%ﬂgg/ gle|cg Vgatslgwashheated from
t

18.90 {091)8)/8 géc gfrl?% fédtﬁal dFt)‘ :1826 gv‘%{tse gﬂ&gn e gﬁﬁé}%@fl‘ te\lég tife two fluids.
tube or by thermally fusing an end cap onto the tube .
Exanple 1 25 A prototype heat exchanger having a
housing with a 1 inch inside dianeter PFA tube was
prepared by Procedure 1 exgghipithat the tubes were not
tw sted or anneal ed. The dm%_'cont ai ned 150 tubes

A podtotype heajlexchbge apriveatnebaving m@oxnsﬁlg' \Midslh ed in¢h insidgtiameter PFA tube

was ZERAIL e RS Datesp: e s o ompes At >0 RCHEE MB g owised

togdtledl wWith Dotih B fvifte géﬂ faet. @hdtﬁz@st&ﬁéﬁr@@wéﬁe aanédl@or @iretabfack to
appr oxi matel7\6/ 1750 M /mn. Cold water at a
p

yield eppyeximatgle 7ofcors nagiingabguilatechepn s lsngthi si de of the
device at a flowrate of approximately 1070 m /m n.
The hot and col d wat er. paths fl owed countercurrent

Thegretotynp Btap &estedder the &lloxying epnditians: &b siter gt %gena}%ﬁﬁ?re of 55°C
wastfﬁfm{té @'le aix d&zﬁhg\ﬁfxg dc—r:\ggeo t?ﬁlﬂ}f ¥ Ft‘eE éé% {P@[cﬁmthg Fﬁg J{ﬂ%m. Cold

watdi'¥€ a h@spbratard ¢ Thivss fed ﬁlﬁt’) iteeghiell 81de of fe-destivkeat b @idwirate of

Table 1 shown in Figure 6. Under these conditions the
approgingetelyt1O7 0 menine éﬁhé ot &I@rﬁoldma@r pathpflogedcqunigignrgent to one

ano{h%te. a#l\l/\(ﬁg%:ef?ér? g{%ﬁgatﬁljé? g&%&th\é?%)twglié Wi&c&?&lgﬁg&a five minutes
for ﬂip pitreaing Shéthddﬂ fuid sheams fug one thIa Thei rBSlﬂlts ifrosi thés experiment are
nete PFA t ube s, prepared. by Procedure 1 excenpt
detaliin ble i 4185 6 ab SR LY TORITGNS ol e Vi bl to from 189
°C t'i) OfEh b@ é{"h‘t&aﬁﬁ%‘m Ytk BF Slef f\%ﬁs %(}& aﬁngeg!%ﬁ&cﬁ%%eet@o fluids.
ords Were anpeal ed on a metar yi e

apprOX|nater 75 cords neasuring aboutl5 i nches in

| ength. 10 The prototype was tested under the

follow ng conditions. Hot water at a tenperature of

55C was fed into the tubq;ﬁsnglgegf the device at a

flow rate of approximately mM/mn. Cold water at
Thiapmamp&ve@unmlmhow hewwmwafee grdcassing thel igtlading shelexchénge apparatus

t.he devi ce a roxi nat el.
of tIHF }%eﬂtlonT(Ff]él &se(g?g] %]la%m%lfsgg ?‘%p ctl??énr*gi SStl é/ nﬁuctor wafers.
countercurrent to one 15 another. The inlet and outl et

tenperatures and the flow rates were recorded every
An exchange; apparatls having about 650 twisted hollow MFA tubes, 325 pairs, can be

thermally annealed and fusion bonded in a 2 inch inside diameter PFA tube using the methods
of Procedure 1. The length of the device can be about 18 inches and has a liquid volume of
about 300 millliliters. The device is part of a wafer processing tool and is connected at its inlet
fluid connection to an in-line to a source of aqueous 10% hydrochloric acid containing about 1
percent by volume hydrogen peroxide. The outlet of the exchange device is connected to a
valve, optional stop suck back valve, and nozzle for dispensing the aqueous acid solution onto
a substrate to be cleaned. One of the fluid inlet connections on the shell side of the exchange
device is connected in-line to a source of hot water. Hot deionized water is commonly

available in a semiconductor factory at a temperature of about 75 degrees Celsius. The heated
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for the tube and shell side fluid streans for one

hour. The results fromthis experinent are detailed

in Table 1 in Figure 6. Under these conditions the

cold water was heated to from,18.9 Cto 44.0 C and a

total of 1874 watts of energy was exchanged bet ween

the two fluids. Thls ect |l e .
Wt GBS BUP SN 10 G GLF ARPHRBE] AR §HG ok contained
w1tl’ﬁﬁ %Eatﬁgé‘s cﬁﬁﬂ@é)@hﬂﬁ% a&’ﬁ)attahks Ay %%hﬁ’d’lc G &%o liﬁt‘?(ﬂﬂ&@ the valve at

heat |iquids used for cleaning sem conductor wafers.
the g&iletof iechralrgge dpyiar stapsnébardipated ageecss geitwing pgiflant is dispensed

ont sl P SO st i B B vl SRt i agd and

oxiBnAIbWE entdl SHeHblToRerub®t JTekksex cBAn g3 d%@)@dttfs @vhere 1T EhdafAGbHthe next
of the device can be about 18 inches and has a liquid

dispgg$@une of about 300 millliliters. The device is part

of a wafer processing tool and is connected at its

inlet fluid connection to an in-line to a source of

aqueous 10% hydrochl ori c aExs&mplknt ai ni ng about 1 30

percent, by vol une hydrogen peroxide. 0 et of the
Thig progpgrgxe Beamrle shawsm e pxdapgsrt or %ﬁtS{}@W ﬁﬁnﬁsﬂ giay be made
umetr%eh&ﬁehg%&w@ lited HoRHBALE P nbgpensi ng  he

eous acid sol ution a substrate to be cl eaned.
Che of the fluid inlet connections on the shell side
of the ce,is. con gcted n-1i

A pEolEE EROE A BV nE TN S ad et Smnel® R B yos prepared

by Bréaédudd! exdept that BIU KMoMUSIrotis P& FiBEY hating at SBOREGCAhWIEside
of about 75 deﬁdees Cel sius. The heated -17- water

diarpetes iargjlabler ey Mylelis ferporatiogeBilericiaeMe @Fﬁaw@éﬁtated.ferethe non

por EHO%]OWFQ&%QGSS Oﬂhléthoﬁngﬁ)@sacaﬂeo% eg I% e&{ tstli]eﬁth a?;ﬁ%ﬁn Bg wound on
e exchang at'us te

a raf:ll: tﬂedsﬁrin(gw,S 1hcﬁtbs Vr&]cngthatl“hetpl&ted ahd e,touﬁxﬂ hblﬁtﬁv ékebamgbe thermally

device_ is opened and heat eous |da
anngaledjptabepsbd Calsippiosebt ea%h P? (i! 31 ﬁ %@éheﬂnaﬂy

annbd1€d X\@i‘ﬁ? tedTﬁbqlo‘&aﬁWéf' 51% a@%e?fﬁﬁ %ﬂ)‘dfaﬂm%b&dﬁ‘%q o the method

oxI dant oms Into t exch
disclqmed a3 004EL78. it i s heated for the next dlspense

Exanple 4 This prospective exanpl e shows how an

exchanger for cross flow filtration maybe nmade 10

Thelduking IfSGthishRE ¥R Ichb¥taRB el £ oublbepdreébnnB@ioal %rhmvt &M% fluid
PFA tubes. A prototype filtration device having a

contpnisg ingolublersuspendpdipiategialsrtespllpida gelsber haxd ppitilsar Bgamples of
ﬂulaél % nrtegﬁlﬁg léﬁs e&d d;%%gﬁ&ﬁ Q?ets n}c ?déqagtujnﬁlg iR B&ﬁlcgﬁﬁechamcal polishing

ers cron ou
slurgi¢g}ickaprs f)f ﬁﬂlolidlslﬁh @luids danimbidetsilia, Bid flwidicontainidgihe insoluble

susl?erngeg }Jngfc’etnlaf H(t)\sg tlfrgtighttlﬂee 1nrs]1drt1,s of the porous hollow fiber tubes. The housing
has a single fluid flow port connection for flow of filtered liquid away from the housing. A
portion of the liquid containing the suspended solids flows across the plaited porous hollow
tubes; some of the solids are retained by the porous membrane and a portion of filtered liquid

flows through the membrane and out of the fluid port on the housing.

Example 5

This prospective example shows how an exchange apparatus for mass transfer of a gas into a

liquid may be made utilizing thermally annealed, plaited, porous hollow PFA tubes.
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15 porous hol |l ow MFA tubes. The hollow fibers can be

plaited 3 per strand and can be wound on a rack

nmeasuring 15 inches in length. The plaited and wound

hol |l ow fi bers can be thernallg anneal ed at about 150

Cel sius to set the plait and Fength of the holl ow

fibers. The thermal]y _anneal ed anpd plaited | | ow
A prpjopgiedilfiptionsdeyiseiesmgiahoysiag vg&fhf %B&l%%ﬁrﬁo% BJ%F Gan be prepared
by P &%dﬁﬁtl @g%%éqggﬁgﬂow 0}6@3 PRAMDs ha%%%ﬂh%d"&i&érﬂ@utmde

ice contains i1nlet and outl

dlanmnmﬂalﬂa ﬁoﬁoMykfoduw Chﬁ'pqranicbn; iBlllerixam VA ndre gubsngmf@r ¢he 150

o YRR B Sh A i S ) g O BB o s

mea§ilred SRk ¢4 RPN Athid heriRt 4Rl RAuhd héll G GBS @hn be thermally annealed
nmechani cal pollshng slurries, exanples of colloids

at ationt 1 $0C de sat dlre plaic prditsngthy qfcﬂas tulpere ?heuhwr@amaam@hdgar@rpéaﬁed
non SRS BRSPS b OSSR Bt O

0044, a single fluid f|OMIp0rt connectlon for f|OMIOf
filtered liquid away fromthe housing. A portion of
the liquid containing the suspended solids flows

The %8{1812%&5‘ BSs BAkd &ﬂ&ﬁgé ﬂﬂﬁ[ Aalohay go%ﬁﬁecﬁ%ﬁ:ﬁﬁ)r Pfowt d¥ieionized

are retal ne e porou nmbr ane and
wateﬁrQMugnt}mﬁnsﬁddstoénmpdromhaﬂlowf fitmnguttehr Onghf thhélonanga s &me ports can

and out of .the fluid port on the housing. 30 Exa I%.S
be u} 7 EPIRERIRR PASOBSES ) PO BRECRENERY B 7 gEICHHr, Tor example
Aste@(pfpl@b %E e?i@ra’f@*%%aﬂdb?@ﬁ&ﬁ%@éx JV EAEn, MAO The ozbkkiiA dissolves in
e utilizing thernally anneal ed, pl ai t ed,

the WWDbDSPmeBmWS thEughibregorous plgitod }pﬂw% dubep.| Exegss epne gas is
h h
VGI’II’FE \él'gc & %bngselz% g?e%glng gyrt P&\z é% l)ﬂtle %itﬁee glge g?gf‘ﬁa{gﬁ%% 80nta1ns

ozoﬁboéa{sq\iﬁsﬁl@é@ HsthEhAtdrl helsozbamedgarer Balefil freleadinpsiaders using a
di aneter, available from Mykrolis Corporation,
modifi¢d REAleaningproesseessubst i tuted for the 150 hol | ow
MFA tubes. The hollow fi bers can be plaited 3 per
strand and can be wound on a rack 5 neasuring 15
inches in length. The plaited and wound hol | ow fi bers
can be thernally anneal ed Examplb6ut 150 C to set the

Thléotl:)%h‘%p eaﬂlqs a? ExdnBfed dpp8situs UFehik ﬁﬁi‘éﬁ@éd YitRRA&GRY Bfin walled

alte OMIfIberS can be assenb into an
hollawPatAatubss. arﬂmaiemqegvasmscmw heat ﬂ@mnaw@@ro&-élael n WO
0044479. 10 The housing for this device can have inlet
and outlet port connections for flow of deionized

A 0Wah& oD U elbe tof €enictS1 Tash&fwdshBed &y Hhsushigl doawuit. i Dies housing
con(th;'lliJ I?asd 1nl(e?t1 e?ndof)utfett1 gortso u%ﬁenlgougmtgvc\:gng ?tr \}vgs f(l:l{S:llgn bonded using PFA potting
material at each end to twenty six 1.05 mm ID PFA tubes with wall thickness 0.15 mm. Two J-
type thermocouples were positioned in separate flow through housings. One thermocouple was
connected to the inlet port of the exchange apparatus housing conduit and the second
thermocouple was connected to the outlet port of the heater device housing conduit. In
operation process water flows through the inlet thermocouple housing, into the exchanger
apparatus housing, and through the hollow tubes. Working or exchange fluid passed through an
inlet thermocouple housing and into the shell side of the housing in a counter current fashion

where it contacted the outsides of the hollow tubes. The exchange or working fluid then passes

through the outlet port on the shell side of the housing conduit and through a second outlet
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be used for connection to a source of ozone gas

generated by an ozone generator, for exanple Astex

8400 ozone generator avail able from Astex, Wburn, MNA

The ozone gas di ssolves in HPe wat er by perneating

t hrough the porous plaited holl ow PFA tubes. Excess

ozone_gas js 15 vented hrou t he housj n secon .
her g uPIB I Ze SR FE TP OO el e TeG SPRASHEa s exits the
tube§ %ﬁeﬁgﬂ@&:cgﬂﬁ §1§’dé{ %mhﬂc&ulfbfé MRERE: Wild 8 lewaRRtoFd 00@ielliliters per

I's useful for cleaning wafers using a nodified RCA
mingteed miatey aba teogssasere ofabens(l 6 degrzes Gelpiys dewiRg iato the shell side of the

rat es h xchan r IS
oo B B BB DA RPN S5 Mlelihingag o oo of
260 Hiﬁﬂﬁ&y E@ﬁnﬁ@& WsLsholed theall ol @néxigng b eubek ITFHd preforrance of this
.5 inch OD PFA tube of length 17 |nches was used as a

appmms phdjfiersatiube sidyileviiales isymmpgivgdit Figdee $:nl et and

outl et ports. The housing conduit was fusion bonded

using PFA potting 25 material at each end to twenty

six 1.05 m I D PFA tubes with wall thickness 0.15 nm

Two J type thernocoupl es \Bxample§itioned in separate
Th1§C é tlehﬂl‘ﬁ#geﬂ e WS BBan S phidals R RiventiESwitk 8RO GH @dlled

e In port of the exchange appar at us housi ng
}muowﬁdEAﬁMamdTbhdese@waﬂuﬁﬂh@pmﬂdhwmmngﬁgnbbmmected to
the outlet port of the heater device housing conduit.
In operation process water flows through the inlet

A ﬂr&%fy@s%@mk@h é&pﬁlﬁatué Rivingd HBF £hehangarthI®. :aaamh adsiti diameter

housi ng, and throu the hol |l ow tubes. Wor ki
32 inskclengthevas |pmp@rqﬂal§gféracq¢%h greeatthat i pantaiperb iR 6% hgllow MFA

tubegg te%gco LN %ho?boﬁﬁlfgﬁgtl \M}%}r £8t.9fnd t%st@@&%ﬁ@ﬁ'efé'hnﬁealed on a

ter Urren I't contacte
met@luhsk Begeldtcotds @nd&&hﬁﬁgmbbuhﬂ‘SmcH'd%en tengtha rigket ﬁmd\/ﬁmkgsrrgl the

fluid then passes rough the utlet
hougipg phelkgidrwene /& hE! AREYCBHE i a1 inchepen %\519"{;5 5%%%8 the ends
of tl?ﬁ“&év?ée T]‘l% 'hoﬁﬁﬁé ﬂﬁfﬂ%ﬂh%s BPHDBE Ridle IWOFE2S4 BlaR%ek® and were fusion

ow ng throug e exchange apparatus tubes exits the
bontlethiesh¢ howsirgtube.second out | et t her nbcoupl e housi ng.
Wth a flowrate of 1000 mlliliters per m nut e of
water at a tenperature of about 16 degrees Cel sius
Thefrirotatypg was testadhmdenid ffolipving eenditiens. gloy weter ah@tegpperature of 70.1

°C yisgieato 4 St Sa RS Befti A L FOV e Sp SRy ¢ digrs por minute
0019 %Jaté}‘a{‘a't Q1188 AOwA3fed irfto AL B¥I kid8 %ftH&QleRdH@ eﬁ»a flow rate of

he performance of this apparatus at different tube
appmxmkaalb]ycﬁ/\ﬁ Hsreperinsingtenifie heteand qqld:wgt@r Ea’® ﬂ@(@d@U@te‘ycurrent to one

xampl e, i | trates xch
ol SRR R A AR SRR o i
datd 1'6@%&': ThB @cstRY 6/ tﬂ@%xﬂ&ﬁﬁeﬂt@r@dﬁﬂéﬂeﬁhﬂﬂd Ehbl&inaTigure 9. Under
I N-11nNe.
these conditions the hot water in the tubes was cooled from 70.1 °C to 22.9 °C and a total of
14,400 watts of energy was exchanged between the two fluids. The performance of this

apparatus at other flow rates is summarized in Figure 9.
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A prototype heat exchange apparatus having a PFA
housing with a 2.25 inch inside dianmeter 32 inch

| engt h was prepared by Procedure 1 except that it
cont ai ned about 680 hollow MFA tubes tw sted together
with about 12 twi sts per fodt0- The twi sted cords were
anneal ed on a 15 netal rack to yield cords neasuring
about 34 inches in length. Inlet fluid fittings on the
hou5|ng shell side were "'/z" Flaretek(r); they were
CpAINMPches apart and 2.5 inches fromthe ends of the
devi ce. The housing fluid fittings for tube side flow
were 3/," Flaretek(r) and were fusion bonded to the
Thoudh AYChATBE aPPFAtHSEORIPHEBgy pe was tested under the
followi ng conditions. Hot water at a tenperature of
70.1 Cwas fed into the tube side of the device at a
f | on@Pgffbrogpatgd SlesXPRasia RPUsing: | it ers per ninute.

Cold water at a tenperature of 14.5 C was fed into the
shell side of the device at a flowr

appr 6XPFe 9 @ BOr§ tpéff@oﬁ@te?nt'ﬂﬂmp'a?ﬁf‘e hﬁHRW dRFSe Spif cords

wat ehapag RssHdpavad HyomBfel oaﬁnres%; {03 gemuommbw Aes in

inlet and outlet tenperatures a | ow rates wer

recofAECdS Rgving adyr) et porionang 4‘ é@@‘é’}d enchgorties LﬂnfjshO”OWS

fromphddity PERBetWERAt are detailed in the Table in
Figure 9. Under these conditions the hot water in the

tubes was cooled from70.1 Cto 22.9 C and a total of

14, 492 #vat bSd BbrtiBRE 108 ¥aldBSerfidnaREeHchRdpNastio Hoh@thQes being
fluids. The performance of this apparatus at oth

F 1 oWHSIANERNS 3RSkl 2EETPRETRIO] 818 POTUOTTAIEEATHAPIastic hollow

AN exfRan@fodPPar périSorfrataY 'tr%rmgFlast'i% Fedierib! t6ohi Bafir8d unified
t hernmopl asti ¢ housi ng; cords of two or nore

per f [RiB¥N3hatRl IR nfBpMAaidh dheofTdHWPRTtRRSs  of s Rl R$Filygrinated

havi %r@oaaa&ehom@w tO¥ed BRI ARd t@ﬂ?%n’d@& ,todel't}%r in a fused fashlon
perfl uorinated hollow tubes in said cords having

firsWiterie perilurBnatas dnefmeptashi resi st BeeoRdAg Pl‘EfF'P'Eﬁ/\Bf said

paSSFﬁﬂlubmépﬂéﬁﬁﬁﬂlasﬁd“ﬁolfdw &Ibe@r&n@msh&ﬂﬁoﬂfedséﬂ Rast at a
erfluorinated ther ﬁ)l astic holl ow tubes be

f usi BRMERYeef Said uoglpatgdpél?qr@ﬁglla§tlcofhcglgwd tl%bes through a
perf bé@lﬁbﬂ?ﬁt&ﬂtﬁeﬁﬂéﬂ@ﬁk&%&hQO hern QVgecéﬁd hhih@& térﬁ\'r%lllghd block

perfluorlnated thernopl astic resin to forma

uni f iehicl tha e PefieNDPicad Perflupinaed Wé”@?ﬂiaﬁi'&rﬁoﬂ%‘ﬁéwes are

of saiid tfyI BORAAUESEthdrN T TP RLSL ifgshit WatW tEd g2rfRiofinated

fluid tight bonded together in a fused fashion
hermoplastlc resin;

said first unified terminal end block and said second unified terminal end block
having through hole communication with the hollows of the unbonded portions

of said perfluorinated thermoplastic hollow tubes;

said first unified terminal end block having a first fluid inlet connection to supply
a first fluid to said perfluorinated thermoplastic hollow tubes and said second
unified terminal end block having a first fluid outlet connection to remove said

first fluid from said perfluorinated thermoplastic hollow tubes;

said perfluorinated thermoplastic housing fusion bonded with said
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with the perfluorinated thernoplastic resin; said
second end portions of said perfluorinated

t her nopl astic hol |l ow t ubes bei ng fusion bonded at

| east at a 20 periphery of said perfluorinated

t her nopl asti ¢ hol | ow tubes t4rough a perfluorinated
thernopl astic resin to forma second unified term nal

end Fle@l%rmdtébl \mr%ptaeﬁc e&%h n@rfbmﬁ)rbss E@ehﬁiy of fu3|on bonded
per uorlnate erm) | astic | ow tubes are uid

ti ghPEY UBQH??&%‘H"“?B@%Q'%%‘P m"ﬁe%\a"F used fashi on wit h the
perfluorinated thernoplastic resin; 25 said first

unified term nal end bl ock and said second unified _

t er nF#idIPeEhPriRRigE Khermapiastc Pﬁ%ﬂ@ﬁawag dirg diavsiRo Rt wherein a

Wi t hsgbmdhalib o¥sedl tHeh@xeHHRgadgshaPANS IpRISa Sdcohdl I‘i’ousmg port
perfl uorinated ther méf)l astic holl ow tubes; 30 said

fi r sWhErain $3id seengifivid ©da Bt %havi ng a first fluid
inlet connection to supply a first fluid to said

perfl uorinated thernoplastic hollow tubes and said
2sechifl aPaRRtYSe 8l ClMi haVNeRD Bl RRKINGaYPNHYY Lff $3id tperfluorinated

f 1 UindrrRdS ISR HoREW B ek Pande’ foRiTRY & @(ﬁbé*ceﬁt'b?%luﬂﬂé.“ d

fromsaid perfluorinated thernoplastic hollow tubes;
35 said perfluorinated ther nopl asti ¢ housi ng fusion

3b°nﬁl$éjab$\bér£‘tu§ Y] Qlarm??'r wR&E! 46 b&ﬁu&%a@&h@%@éﬁtlb%ollow tubes

resin to forma single entity of fusion bonded
per ?ﬂeumeﬁengftﬁéh?fmﬂpﬁf'? O a e aihgrecs ghgsen from the group

per Edrspitihgat ed toper WD|O|pa§¥ét@fuhk§}€§ﬂh?|6n&@wpe&|uBrdn%thylvmwether
housi ng port wherein a second enters

excPRINgEThismatariene-greedugiormRd Vinylediong RRbrietratiyeeqediene-co-

sai ﬁ*e@ﬂ(}@rﬁgrofmkléhg i goyvidyfdiR@HiSdrd@. 2. The apparat us
of claiml erein a packing density of said

perfluorinated thernoplastic hollow tubes ranges from

420 TR BFpA8IUS I 1V Ahbrh thbopé’muomgteanﬁarnﬂip%n@hol|ow tubes
claim 1, wherein said perfluorinated thernoplastic

hol RGWIANRMEUS. ar e conprised of a thernoplastic or a
bI end t hereof chosen fromthe group consisting of

tetrafl uoroet hyl ene- co- perfl uor onet hyl vi nyl et her,
5po| ij’ﬁ%??%ﬁrﬁﬁ%%é?mﬂé’ﬁw 25-Sgik P?W@B%ﬁé?r\m séif H@UOW tubes

POl YieinpAighbRuARth Y IheRRalfLonddtRe Xitéritpr opr opyl ene,
and pol yvinylidine fluoride

6. A method comprising:

flowing a first fluid on a first side of cords of two or more perfluorinated
thermoplastic hollow tubes, said cords having a shape set by thermal
annealing, the perfluorinated hollow tubes in said cords having a first end
portion and a second end portion and hollows passing therebetween; the first
end portions of said perfluorinated thermoplastic hollow tubes being fusion
bonded at least at a periphery of said perfluorinated thermoplastic hollow tubes
through a perfluorinated thermoplastic resin to form a first unified terminal end
block in which the end portions of said perfluorinated thermoplastic hollow
tubes are fluid tightly bonded together in a fused fashion with the perfluorinated
thermoplastic resin; said second end portions of said perfluorinated

thermoplastic hollow tubes being fusion bonded at least at a periphery of said
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4. The apparatus of claim1, wherein the
perfluorinated thernoplastic hollow tubes are

non- porous. 20 5. The apparatus of claim1l wherein
said perfluorinated thernoplastic holl ow tubes are

i mpregnated with a thernmal I42%conductive material 6. A
nmet hod conprising: 25 flowing a first fluid on a first

Si de pefluEdisd ofthérmp%rst.émrr%u&ﬁrfﬂuaegI riﬁrfoggh a perfluorlnated
t her nDpI astic hollow tubes, said _cords havi

n sha
set H}ﬁ”‘l"ﬁfé'?#iﬂ resinteefarm r?gseqoﬁé Lﬁlgleldl tﬁBF'Pﬁ'a?"égbﬁék I'erh'Ch the

t Ubeéndj rﬂ)oﬁ%hg o@@éﬂspé?mﬁnﬂgtea thémfdpl20€ hoﬂ)&/{} ki3 ABHuR tightly
second end portion and | 1| ows passi ng therebetween;

t he PP'F@ﬂd togefenbra fusps f%ﬁ"%‘a‘i‘”&“ hermariker inAige dpermoplastic resin;

t her gBiRl st tunfieh Qb Ml teHB BoR @ind%aldsdBRd 3AifiB@RsHRfhaRend block
| east at a periphery of said perfluorinated

t her ABPIN@ETPEOMbRIe SRmMupication WFB%“@'%&@H%H”W@G portions
ther BP%@‘Eér'ﬂGorfr%‘iédﬁthbﬁné&éﬁb%ofld)v('/ flbegni fi ed term nal

end block in which the end portions of said

perfl uorinated thernoplastic hollow tubes are fluid

ti ghthy ripanAfEd taefid8hd bdcRhbWA§E fifA$I0idqReVdrinebith to supply
perfluorinated thernoplastic resin; said second end

por t PRSI luigip gajgdist st pirepicbeeriuoringiad hpmeniastic Pollow tubes

hol | QHG Eé‘l@%‘éc@rﬁi lﬁ}gflédit%hﬁlﬂalbé?{mgc@a\ﬂl firsBfiui@ outlet connection
peri of said erfl uorinated thernopl astic

hoI I elmlPdéssatdrfF &IEW EO’Bélafq i Sidrapletpid P%VWF%’SW‘P@“OP'%“C
resi Rofidly fuegn @ second unified term nal end block in

whi ch the end portions of said perfluorinated

t hernopl astic holl ow tubes are fluid tightly bonded

t ogeg hedifiddRinatel UkBan dpissiic Hbusing NFUEiBE HRPBEY URT sdidtReuorinated
thernoplastic resin; 5 said first unified term nal

end
bl ockesmaPIasticy resify dhdoriTh et piaglet entity 1041 fusier hongdes Perﬂuor'na"ed
havi MeriBplasmaeligisconuni cation with the hol |l ows of
the unbonded portions of said perfluorinated
t hernopl astic holl ow tubes; said first unified

t er Mig\ghg @Nskdehegikidhay 'anébcéntﬁ Is[cfat off il Pelfi0bitated thermoplastlc
connection to supply 10 said first fluid to said

fi r sPokQVy&kse; §ﬁ'ﬂdp%'@‘|‘qunétﬂdl thatraeplasiier MRYSINGs baendy frst dipusing

t ubeport IHErSARIsHISQLRRE vl Ented theldXchadgeababatas bind a second
having a first fluid outlet connection to rennve sai d

fir sf‘O‘FSP'rﬂH et whaReasar $eGoaf flidpxityfheiquging; and
perfluorinated thernoplastic hollow tubes; 15 a

perfluorinated thernoplastic housin fu3|on bonded by
sai dtrﬁ@e‘,f?rrl[]g,‘epﬁrgy pgtween said first and said second fluids through the wall of

the perfluorinated thermoplastic hollow tubes.

7. The method of claim 6 wherein said first fluid is a photoresist, an antireflective

coating, a resist stripper, or a photoresist developer.

8.  The method of claim 6 wherein said first fluid is a liquid spin on dielectric.

9.  The method of claim 6 wherein said first fluid is a fluid comprising copper ions.

10. The method of claim 6 wherein said first fluid is chosen from the group consisting

of an acid, a base, an oxidizer, and mixtures thereof.



t hernopl astic resin to forma single entity of fusion
bonded perfluorinated thernoplastic materials;
flow ng a second fluid on a second side of said
perfluorinated thernoplastic 20 hollow tubes; said
perfluorinated thernopl asti-&3rousi ng havi ng first
housing port wherein said second fluid enters the
exchange apparatus and a second housing port wherein
said second fluid exits the housing; and transferring
1&neflyy MeEOHSE fla8a Pavhiereis said digst dlidds 3R QEIRAIK 10YI%s
through the wall of 25 the perfluorinated

t her nopl astic holl ow tubes. 7. The nethod of claim®6
Tédhefed MnethPd) 93imse whefied is3ida seppdofiediist chogan from the group

ant kdrifdtiRg bf APineRYAL idter %ofy@ﬁnk%he SlyEbIRRE] si%n:!"@1 and steam.
phot or esi st devel oper. e nethod of claim®é6

wherein said first f|UId is aliquid spin on
dielectric. 9. The nethod of claim6 wherein said
first fluid is a fluid conprising copper ions. 10.
The nethod of claim6 wherein said first fluid is
chosen fromthe group consisting 35 of an acid, a
base, an oxidizer, and m xtures thereof. -23- 11. The
met hod of claim®6 wherein said first fluid is an
organic liquid. 12. The nethod claim6 wherein said
second fluid is chosen fromthe group 5 consisting of
an inert gas, water, polyethylene glycol conpositions,
and st eam



