WD 2004/ 110602 PCT/ US2004/ 016749 METHODS AND
APPARATUS FOR TREATING FLU DS PRIORI TY [0001] This
wappldiiaedz on cl ains the benefit of U S. Provi sPOmAIS2004/016749
Application No. 60/473,962, filed May 28, 2003, the
contents of which are incorporated herein by reference
in their entirety. BACKGROUND [0002] Vari ous
industries require. r val of contamnants from
chem caMEHRONRARRLEPPARATUS SR T RE ST GELEIDS ne
renoval of harnful conpounds from chem cal prior to
di scharge of an effluent. Exanples of such processes
i nclude: use of purifier_beds for the renoval of
contaminants |ike water ERAORITNom silicon containing
process gases used in fiber optic manufacturing; use
of [08p1] t%@iﬁ BBplicstion plaimsthe bameltfof Uhivairoeidiogalspplicatien No.
wat er and oxygen fromthe re-circulated gas in a
60/413,96% filesiydbp B8 S2008, ths cantghts ve whizh; arel Reorforaephireinitgrreference in
bed for the renoval of gases such as am nes fromthe
their kftiety cul at ed environmental gas froma track or
phot or esi st processi ng cl eanroom and, use of wet
scrubbers for the r emﬁﬂcﬁégﬁysi ve gases such as
amoni a and hydrochl or process gases used
in nuf acture of sem conductor, wafers 0003,
red008, TS oo GraediE TempY o e St siaprh chetieals Before
.applications the bed is either replaced when its .
use i siPsequent processeor fpe symavabolwemiy compeprdsatasm chemigal prior to
separate process that usually requires heating and
dischasge ofifan affent eExpmspled of sech hecessesiachidsace o purifier beds for the
purification or scrubbing apparatus is required to

remoKEll dftcahtamiiRiity likeOmSelV 6L EEmGARDAI dohtainifs pidoessHaRE|S& in fiber
is stopped while the purifier is replaced or

opticTRARPRIRE usd &Qﬂflrafnﬁ i the ﬁe?ﬁot}%ggf %&%@%&é&g?ﬂﬁ%ﬂ&%@r and

such as carbon pafticles, extr
X} copper_.oxide, alummna, or silic ich are -
oy e FEPRRTaR G o Raa B Rl vt < oyt pfESTa purific
chem cal reagents designed to renove froma fluid
bed fgg \‘S% 55HYd 8bgdses irh agapunasdrom the re-circulated environmental gas from a

track or photoresist processing cleanroom; and, use of wet scrubbers for the removal of
corrosive gases such as ammonia and hydrochloric acid from proceés gases used in the
manufacture of semiconductor wafers.

[0003] In many such purification or effluent scrubbing applications the bed is either
- replaced when its capacity is used up or the bed is regenerated in a separate process that
usually requires heating and use of a purge gas. In either case a second purification or
scrubbing apparatus is required to maintain continuous process capability or the process is
stopped while the purifier is replaced or regenerated.

[0004] In dry scrubbers, solid supports such as carbon particles, extruded pellets of
iron oxides, copper oxide, alumina, or silica which are reactive with or are impregnated with
a reactive chemical reagents designed to remove from a fluid stream gaseous contaminants

1
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amnes, NW, G2, PH3, SiH4 etc. The solid supports
weanephiemed in a container or rmay be bound onPOTAS2004/016749

solid support or menbrane. V%en the capacity of the

i.n t nt gj,nNes..,or ort is
ike BER sty (R SOR. B v TR AT RGOt pfelaced in a container
i ndicates the _endpoint capacity of the reactive
or max,bepeuid omfha selihypPertios membise | Whandhe senpciy ok thegpagent in the
renoved, and a new vessel contalnlng cont am nat.i on
contaipgrovion ghemuppm’rtas cansumdd by the[c0OGH]inabih @ m@vEringmevice indicates the
reagents of the support or in the support with the

endpo@0t&pACIABE the @R tilve Mate@Thl. DYhedprobess istopgadc@ietubed Suteginl
portion of the reagent is reacted further reaction is

remdvlaéi" atnaq R ﬁﬁséeﬁ leéﬁtgﬁn@gf c&@d?ﬁlﬁmd?ﬁ@ho(/fng'ﬁlﬁt&%lqyBédege

o ‘the insi e particle where f reactive

ChshsT! gbegrga;gq%er%%eng%o b LR o RESESEIL Rl 51l Btaminant

|ncr ase_gas residence tine an? prevent premature

are ligpiied byik Boien: 9P Bgiouites gpHigne tsggzeRbiacactqdiuger reaction is
volume, - 55 gallons, which results in a large

limitedby gi«ffmioniqf cohtamiizgnt frofrbe paqsigle ty theunsdoef thhgarticle where fresh
scrubber canisters also leads to a high cost for the

reactivesshemibiab 3ggedenfThit BigfusiwhaletakitatfAO Gie sidnigenionahdswT material
renmoval by small neshed particles inpregnated with

to efﬁﬁé‘i?tly MBrease @R EMene8 inR8nd pRAMhCReRhtuRablheHl R gﬁ‘ Typical
contam nation. This often necessitates a second

scrugbelr']%eed's 13le W@ﬁé%ﬁh%a % 11%];13 W%tsﬁlltstlﬁe ligppg% rf%:otgpgt in the lab.

anes re Size
The lyfasBioGHES S Frrul ecagﬁsgzg'%a Sondsy B o dugh $45b i b petle dlSposal of

partlcle | oss |l eads to increased pressure drop of gas
the matgrighgh the nenbrane and requires nore costly punps
and air handling equi prment. [0007] Open beds of
r ef@006]v eComtmiriatibn Iaueval byvemnalb rreslsdrpartiid expindpiregraed with reactive
| ess efficient at renoving contami nants froma gas

cherrféd] 8&{hd A BSurELHTHartiE1426 0 t&natioR THiR BFA nbdbs@ta84RARESndary
particle enbedded in a menbrane. [0008] It is

filter'ol? Mﬁ{ﬂf&%re of ag};dﬁ@.ef?lc%ﬁ ﬁeﬁﬁre&%ﬁ&%{ﬁ shﬂﬁer‘é@tﬁé §iz@than the

contam nat1 on I ng apparat us

part1c§ t?)OI n gf %8 Séngslgﬁ 1];1%1!@'6@s g% Changfﬂ %r&g%g.{] gmall pore sizes to

premat ure breakt hrough.
prevent impregnated particle loss 1€ads to increased pressure drop of gas through the

membrane and requires more costly pumps and air handling equipment.

[0007] Open beds of reactive material have lower pressure drop but are less efficient
at removing contaminants from a gas stream than reactive chemical impregnated in a support
particle embedded in a membrane.

[0008] It isinconvenient to stop a process to remove the waste or contamination
reducing apparatus. Furthermore, endpoint sensors can fail and channeling of the

contamination removal beds can occur leading to premature breakthrough.



2 WO 2004/ 110602 PCT/ US2004/ 016749 [0009] In effl uent
scrubbi ng the wet scrubbers are | arge footprint

wdevidgieesohol di ng | arge vol unes of water, punpsPCRaSeUH/Q16749
rings and or sprayers to increase m xing and contact

et the eff.lu t as d the scrubbin , )
1 08 oo Setpe ot aerPhets ne el bper nbay s pelding
the best i nd| cation of br eakt hrough and permt
large MQLHBRSU tW AT, PHEDPS RasibeFingeandras sprayeals i insirghe puxing gnd contact
However the sensor is typically discarded with the
area headweevhibe leffilwent gast dng théTbreutbmmekqwd. sensors used in a
dry bed is limted. Wen the sensor is |ocated after
t O03e]r ubkissr 1664ted MEths edtaber ®ad ghve thebady BidedtioR Bf breakthrough
breakthrough can occur because the sensor detects only

and peR&R chiteB&dbs! éﬁan il hegﬁg o lﬁékﬂ@llﬁrogélﬁ)H&ﬂré)fHe\;}@ve?% deftbr is

be ant | pat e removed” prior

ut, .t lea inefficient use. .
typicR RO e el B8H L PGPy B3R = gbiea s
materi als and waste di sposal. Undetected breakthrough
limitegt. Wihen Hisdepson iclapaied @ﬁtedtrctcrrt&@g begt the seRAOF eHhRSEgPVered, but
rel ease of toxic gases. [0011] . It would be desirable
breaktlyohglv eansoospbdcatssdhpsdannor digerisomly sbtwtheftsd is txhausted.
concentration of fluids or removal of contam nants or
Brealttaroukh bf theftedeai bé amivipdted sigl thob&breusfdd ptidr téaonOuSption, but
manuf act uri ng processes and environnentaF encl osur es.

this léa{ds WO HHettidpgnt iukd bIBE capheRY Bﬁ%%cﬂui)béﬂ'tﬁdeﬂﬁ hfgh%@&és?snfor bed

devi ce were S|nple to regenerate and enab

materga(dg Bﬁ({]g'?&g’ d%s%%? e@ﬁh&@cté‘(ﬁ) bl%?@lH]bOélgfl togﬁto L't)e ﬁglgcz{ﬂusé ngod’uct loss or

evi ce cou
vari ety qrrflcatlon or scrubbing nmedia and reduce
enVer’HBelt}Bllrﬁ Seocf IREEE€Fenerated. There is a need to
reduce the volunme of chem cal waste generated by
contam nation renoval beds and to reduce the size of
ed00phteddt woerlgihierdsdirdbde toshayk arserat\fadtpriht denigl udefnd for the
desirable to inprove the mass transfer of

conced®atiambHANUS of fedidvhe @asniifartthér Keril eaflilent FroACHbiMEto be used
media W thout increasing the pressure drop of the gas

in VaﬁMs%%fﬁclﬁﬁu%gﬁBcésEes%H|eHvil?&1 180080 1t %Woﬁ}’(?ﬁgf her

channel I nNg remat ur e breakt rough 0] e renova

des1r§rt)§% %é ]?:lf{glh gggﬁ] ge\%? \gértgﬁgtgpletto regenefrate agldtetrt]a“ableka)c{3 gontti%uous
processing to occur. It would be further desirable if the device could be used with a wide
variety of purification or scrubbing media and reduce the volume of waste generated. There
is a need to reduce the volume of chemical waste generated by contamination removal beds
and to reduce the size of equipment required for such removal. It would be desirable to
improve the mass transfer of contaminants from the gas to the chemically reactive media
without increasing the pressure drop of the gas through the bed. It would be desirable to
prevent channeling and premature breakthrough of the removal bed or media and to extend

the life of the bed to reduce changeout frequency.
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enbodi nent of the present invention is directed to an
weappawiavass for conbining a conponent from a fPQTaAS2004/016749

conposition with a reactive fluid. The apparatus

i ncludes a holl ow fi ber having a plurality

of hollow fibers contai m#&] housi ng. The

hoI éfﬂ fibers have a | unmen side and a shell side

t €dnhFmRoEBIEBLUY thermiesmaHEY SRl eThistiiecied e An apraeatist for

the holl ow fibers in fluid communication with an inl et
combanitlg a gamipenensfironhe flbscsimpysisind withea whetive fhiide Tbé apparafus

hollow fibers in fluid communication with a separate
inclu@idsui leblion fiberatwnetaoiot hetingh pluaith ofikolhgy fiBes @afifained within a

fluid, which may be on the shell or |lunmen side of the

housﬁlg' 'Iﬁ&vhf)ll@@ rf1b€Per&Q§E@umér§s1&é‘ﬁld@ﬁ{éll'sﬂdets'aﬁ lféﬁ%g%tﬁﬂﬁous

is used for onbining wth a conponent fr
S R R T

[Jo) es.with one e . conponegnts, f the fluid
Ouﬂ%%ﬂgﬁg?@%%andafﬁ? shellsidhns fﬁ?ﬂ&qﬁﬁ R in {pad eprapmigagian with a
the added conponent may be used for further cheni cal
separpledtiéd ndet and oytlpted theohousingt d regefiveallié, whisle aydue.on the shell or
[0013] One enbodi nent of the present invention is
lumenlside of @ Hodloafiltzep paemeiraree, fsancludehinhegppardtugoand it nesl for
froma fluid. The apparatus includes a hollow fiber

combiffg ¥GthQl cohdonBEk ffom RIfkKE B¢k sﬁfonr\f?l'ul:l‘i’i’y dr a8 ()ﬁ% osite side of the

contained within a housing. | ow fi bers have a
el 400, e o S B o

o T R B e A Sy Ly e

fluid conmuni cation with a separate fluid inlet and
compgpgnt gaydte ysge fw&u@hwhemlqab%r@wse@% infa) 1gacdor aupTitehlp dissharge.

on the shell or lunmen side of the hollow fiber

md 003 neé)nd embortinented thenpregentinapptéomais diectadl td an appecitus for

for renoving a conponent froma fluid conmposition

remoV# @Rmip&rifes frbie a MPPOThé HHpatae iatluliéen REITHW A& doh@Blor having a
the reactive liquid. The reactive liquid renoves the

plura@'ﬁf‘ﬁ@ﬁ% ffHePar@Jnha‘?anl Wit %rﬁgu&ﬂg ﬂléjh&ildﬁ leél? g?(/f% lumen side

rther chem cal processes I n reactor or

and a sHel 5196 separeﬁecp gy gporous membrane with the lumen side of the hollow fibers in
fluid communication with an inlet and outlet of the houéing and the shell side of said hollow
fibers in fluid communication with a separate fluid inlet and outlet of the housing. A reactive
fluid, which may be on the shell or lumen side of the hollow fiber membrane, is included in
the apparatus and is used for removing a component from a fluid composition which is on the
opposite side of the membrane from the reactive liquid. The reéctive liquid removes the
component from the fluid and the fluid is used for further chemical processes in a reactor or

for suitable discharge.
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surface area and enhanced nass transfer of the holl ow
woizbmriideri ce enabl es a snall footprint devi cePEDUS2004/016749

purification or scrubbing applications of a variety of

3] AP RE R s et nB i s e b Polgre sy device

onstruction such as PFA and I\/FA whi ch permts use of
enablegd sapfdpaiprat deviee foppedicatipn et sereftbing apnlicationsuif ayasipky of
tenperatures. [0015] In another enbodi nent, the
fluids.pBabatinsntegf thé pesént clvet@ommag be made witbﬂchenﬁmd:ltyiané thermally
fluid that is in fluid comunication with one side of

inert e i OSI @nstr@ftichkacth e PrAVand MY whithtRehAE useldfehe apparatus in a
reactive fluid may be nmetered through the hollow fibe

Wlde%ﬁ&%f%oée@sﬂﬁﬁﬁhﬁﬁ@eﬂl rag@@st ant cheni cal Cormosmon
W|th|nthe hol I ow f1i contactor for renoving an
om t he .f

ag@“iéﬁ g% B %?nfefphiﬁ?e ipghit wnayc%lﬁ%mc&cﬁeﬁgemw of

sté-P‘:{/“d co nlcatlon wth the reactive fluid
reactw& Hhat 1sfip “F%C(E}“PE@P%ttqnn‘@lth pifesidealcihe yrembraneiof the hollow
t hrough the hollow fiber contactor. The reservoir may
fiberigentetor. o Bhecrehttivenfluid magfbe mastered theodighuthd holkbw dibei sontactor to
di sposed of according to |ocal requirenents, and nay
maintzén a episeane dhersichlcohipesition edthin the hbllowditee coitadtot fd€removing an
efficiency of the purification and scrubbing process

1mpu|r1$y oAb ntrbROMUE flul el‘He%b!uﬁfhs iy fUBth Y 1ﬂﬁ1ﬁ§§ a re-

In-1ine chem cal sensors may be included In

noni t.oring the .
01rcu£a§121% E?'g%ﬁ? ﬂé nhﬂicflcé rﬁx%ﬁﬁlé%c{nl M\E réac@? @Blddrefefrﬁ?la %Orf%-glrcﬁatln g
| iquid . and r ertles al so be nonitored
the retasg&eeﬂléla glggr fﬁ:ﬁaa ﬁ%tft%qto%ffhegpgﬁwr nTa@ be @Fnodlcally bled
Anot her errbodl rrent of the present invention is an
of reagbiya fldids &/hickris ginppsedi of gecordin g s lochlaequiramants sndmy be ceplaced
of fluid conprising inpurities and a hollow fiber
with frestbreaciive fhid s@ttaotheéfidierg ya therpueification aitescribibinggroekss is
impurity conprising fluid. The apparatus include a

mainfa@f@tvitout IndrehptRRa6 Ble§flodes® Mnt1HR chERal Eéﬁs@@'i’ﬂe[ bce' il8luded in
fluid by the porous hol'l ow fiber nenbrane of

the réaiN LA Eesem?r e\@&%f ésvf& InloHit?m{ SAE Ebﬂﬁ O‘HI&FPP%E pu Wsl?c}]or

one conponent _ onpr |ng
scmb‘i)eg ﬂullgp l’irhetlfq%?d z];nrdo gas side plro ertlestn¥ay a?s%p ré 1%031 orfell lt'loI etermine the

gas transfer efficiency.

[0016] 'Another embodiment of the present invention is an apparatus for purifying
fluids that includes a source of fluid comprising impurities and a hollow fiber membrane
contactor having an inlet in-line with said impurity comprising fluid. The apparatus include a
reactive fluid separated from the impurity comprising fluid by the porous hollow fiber
membrane of the contactor. The reactive fluid reacting with at least one component of the

impurity comprising fluid, with the impurities from the impurity comprising fluid
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concentrating in the reactive fluid. The holl ow fi ber

woanidaatq@e i ncludes an outlet for w thdraw ngPar/us2004/016749
portion of said purified fluid. [0017] Another

enbodj nent of .the prese nvention..i s nmet hod f.or
prefEgRA R e tafg e S FRn M oAl et Forfactot fgdes an

including the acts of providin fluid conposition
outlefdar withdrwingrapartiompt Wl(bpmrefﬁ&fﬂué fluid separated from

the fluid conmposition by a plurality of porous holl ow

f i pe017he imodree smbodimenodf thevpfesdre ineohiom st aamethGd ity avintbgning a

a conmponent of the fluid conposition with the

fluid @agdsiRl it ebabie fded isopslih@theueisfof ptdvedih H'fﬂnd comp031t10n and
conposition by renoving inpurities fromthe fluid

comBﬁﬂ%% %t’(l}%%ad(’c\fvg Sfuldpyihod R0 1R fIdTR 'E:SmgQHHQﬁ‘ Sgta?hfr%lﬂ?‘of

conmposi ti1on nay be concentrat
f .use

porafi hilngny BiveREhbisfed it fylol i EBARRE CamBlnittE g boigponent of the

re-circulating the reactive fluid, thrqugh the holl ow

fluic gomanosition e %F repstivieliguid snayhe used tfwurﬁﬁ%rﬁ fhidicamppsidon by
conposition of the reactive liquid by feeding and

remdplimgtpuygitizs front the flusd carhpositimac tAltesnativelydbne lopmwarg components from
through said hollow fiber contactor and replacing it

the il Botposesh manpbé cocchirbted or {0638 withhike Reatti it b& preparation
menbrane contactor allow high transfer rates of gas in

of uée'ﬁﬂ%%%ntsoﬁfh@ R mEPBIANSF inb RAE Rid 42 of retcﬁfl:‘ufjatﬁ"g%é re¥®tive fluid
of the contacti ng proceSS and Super|0r mat eri al

throﬁ%f{%ghgﬁd)\!v lfﬁ%]{ co-gi]z{ or a ?llrle A OI‘ Hl%nﬁ) 131%% tltlé (9 %%ﬂlon of the

re errticlen COﬂ ower COS

9].,The pres |nvent|on relates to g | hod and
reaCéﬁpéqi\@ ig ez ang bheRdine TRATOM o B¢ r@&%&%ﬁw@rﬁws Fraagh said
be used in chem cal processes or which may be part of
hollewn fiber ¢angastor agd repdaning it withrunead rgactiveilvigpr esent
i nvention provides a purification process where a
f1 (00481 s Thphuolléw €ihebyembamt cogactocadigohightraaffet hes of gas in
fluid with a reactive liquid, gel, or slurry contained

hqul‘aE‘ JFE nfticH @nfaﬁeﬁos@hﬁy Srapfal sltewﬁﬁ bgE c@fﬁaézf@rtﬁocésg%alsupeﬂor
One enbodi nent of the present .invention is a

mate;da]PF Igﬂa% iR, T és%b@l'gl fer ‘Ehng Z{Eﬁﬁ'oh%rya I?lgré:hs?}é: ké‘é {?nﬁ%{@? at lower

y re 've Tiqui
t he

cost-of—ownersﬂl

[0019] The present invention relates to a method and apparatus for the purification
of gases for which may be used in chemical processes or which may be part of an effluent
stream. In particular, the present invention provides a purification process where a fluid is
purified by reacting a component of the fluid with a reactive liquid, gel, or slurry contained
on one side of a porous hollow fiber membrane.

[0020] One embodiment of the present invention is a hollow fiber device containing
a plurality of hollow fibers filled with a chemically reactive liquid. Each hollow fiber in the

device is filled with a chemically reactive liquid and acts as a large surface area and high



device is filled wwth a chemcally reactive |iquid and
acts as a |large surface area and high 6 WO 2004/ 110602
WOCH41sR004/ 016749 capacity absorbent particl eCT/TiS2004/016749
hol I ow fiber nmenbrane is both a support and source of
reactive material_. The agvantage s that high renova
capacifypbiorosns predeurBe bellsy BB Bembrapsisdrdia Bermatiswd gagroe of
fl ow does not occur through the nenbrane. Another
reactiygvaaieria e The adyratageihibaplugk mmeval figd a oy pres$uge drop can be
generation by an open bed or by supported particles in
achicaedrbedansdgas fickv @bdsonedeatthro@dhahe measrirel. | Mywidravantage is that
device filled with the reactive liquid can have fl ui

the p¥RhYAT LIk Sehdthifdn BN 48 tRHL 6Y s 1 b
ePconnun?%%??on%ﬁnth g'rese#%blr of gd |ongb%cgggl?3§nlrmw
through a punp as schematically illustrated in

1se1141_1krpa%<fg 1. By re circulating the reactive liquid
t 0 m1f|ber nto a vessel severa
aﬂf‘)ﬁﬁﬁag{é‘ﬂﬁzﬁql et RS itk Thershe o anfave fuid valves
m xing of the liquid by the punp inproves nass

on its; inkeh gRdihe o tlgiandiininrontunieainat Wittea rasefiyol ofedditional meactive
menbr ane. Secondly, the reservoir provides an

liquicethseughi eeinyp aoschematicallg dlustratedfin Figasd1 r Baat-afitulhbingithd reactive
to the fiber (unlike the case of reagent inpregnated

liquid fhiGugh th& ROILE fibdrd And'Bxd AWEISEPRErat é{dvaﬁtagélseofftﬁéﬂﬁeﬁudlﬁare
used 1n this conflguratlon unli ke solid “reactant

achlegﬁ. E)i\j\l/%tt X]I\Q%I ? ﬂé&jﬁnﬁy tnﬂiré{)elﬁ'{la%g trar-mgr c?f%ag fifo the

cl ose he re ctlv repl aced wi h fresh
reactivg 21‘8?&?&“?% IeRPAGU eCOP bonae HPVltdﬁ%a‘b?SéE%?ély constant
- due to the reacting capacit of the 1iquid contained
sourcgjof fieph tegetantliqyiq & therﬁg%r (gnf;@sthﬁ l§asej of yeageniompaegnated into a
virtually unlimted capacity unlike solid beds. [0022]
solid)THeherreaamuoi ¢apacity afah¢ miaperd isvosedtin tHincprdiguration futike solid
detecting the concentration of species in the liquid

reactd® EFNRs whidihre TRt OF @RkiHE TIEEFhIVAR allod tRahSllow ﬁBer device to
the capaC| ty of the reactive liquid or slurry. The

be terﬂg _ CIGQB aR8 i YeRIRE & ﬁﬁﬂ%bﬁcecﬁk’ﬁﬁ ffrregi{:ﬁﬁgﬁ\%eﬂquld without

FTB.SS spectros Opl C metri

mtefmﬁtqop%?fl*ﬁ" BERESMue §6 Brestsrip? s SF AR L i\ﬂfgorﬁﬁ%%dewvw@ the
] uid in the reservoir_is well mxed and everywhere
flber%m f BivEhe fyeRtion a ytwRlx nalmited Fanssiy tl@lﬁlierﬁg’hdJPﬁﬁiSs i s

an advant age because it
[0022] The reservoir can contain a monitoring device for detecting the concentration

of species in the liquid reservoir. The monitor can be used to indicate when the capacity of
the reactive liquid or slurry. The monitor can be chromatographic, electrochemical, optical,
mass spectroscopic, colorimetric or chemiluminescent etc. It is unnecessary to mount the
endpoint sensor in a bed of solid materials since the liquid in the reservoir is well mixed and
everywhere within the tank is equivalent for monitoring. This is an advantage because it
permits accurate sampling of the reactive liquid and reduces the costs of sensors which would

normally be disposed of.



permts accurate sanpling of the reactive |liquid and
reduces the costs of sensors which would nornally be
wdize@ased2 of . 7 WO 2004/ 110602 PCT/ US2004/ 0167 #0T/US2004/016749
DESCRI PTI ON OF THE DRAW NGS [ 0023] In part, other
aspects, features, benefits and advantages of the
enbodi nents of the present invention will be apparent
with regard to the followi ng description, appended
clai ms and acc&ﬁﬁ?&lﬂﬂ@?@%’ﬁ@@%‘@mﬁﬁozq FIG 1
Is a schematic diagram of a contactor of the present
i O3] Imrpaito pther anposts.featimephenefite end pdyantages of de embodiments of
[0025] FIG 2 is a schematic diagramof a contactor of
the pteient piiveeioh willbe appaent fwdth regadny tlregfolloping dek@fptiohpappanded
fluid including a re-circulating punp and reactive
clainfslaﬁuqcécﬁwnyﬁigrdrawﬁqg%%eFl G 3 is a schematic diagram
of a contacfor and reactive fluid for conbining a

e i L h . .
ORI oSt Aidenfty RER Ebrek ot StthE predimf el o
net hods .are_desc L%ed, it is to be' understood that
remoy g dmpHIFUEE from aitim ot linmited to the particul ar
mol ecul es, conpositions, nethodol ogies or protocols
dd902]0dE. 248 a sehesmtiaglipgyam of a pentpejorgidhe prgs¢ms invention for
understood that the term nology used in the
remodmgdmipptitienfrom affbrid irfctuding pesarontatiolg pompandgeddiiee fluid reservoir.
particul ar versions or enbodinents only, and is not
| M0eR6IeRIG. D4 4 themhiedia SRRELFAf confiRtd? 288 Sddeti Ve IAtfbddmbining a

which will be limted only by the appended claims.
ﬂuidk%ﬁﬁs]itiéﬁwﬁﬁzﬁedéhﬁﬁze%i&‘.m ed that as used he,r,e,',n f‘nd,,
in e appended clains, the singular fornms "a", "an

and "the" include plural reference unless the context
clearly dictates otherw se. Thus, for exanple,
reference to a "hollow fiber" is a reference to one or
nmore hol | ow fi berBEZAJLERPERCRIPIIONr eof known to
those skilled in the art, and so forth. Unless .
ddPPEBderrethapsent spmppsitens andimethedssee dercribeds itriefonke
used herein have the same neani ngs as

understood that this invention is not limited to the particular molecules, compositions,

methodologies or protocols described, as these may vary. It is also to be understood that the
terminology used in the description is for the purpose of describing the particular versions or
embodiments only, and is not intended to limit the scope of the present invention which will
be limited only by the appended claims.

[0028] It must also be noted that as used herein and in the appended claims, the
singular forms “a”, “an”, and “the” include plural reference unless the context clearly dictates
otherwise. Thus, for example, reference to a “hollow fiber” is a reference to one or more
hollow fibers and equivalents thereof known to those skilled in the art, and so forth. Unless

defined otherwise, all technical and scientific terms used herein have the same meanings as

commonly understood by one of ordinary skill in the art. Although any methods and



commonl y understood by one of ordinary skill in the
art. Al though any nethods and 8 WD 2004/ 110602
WOCH4isR004/ 016749 materials simlar or equi vRCEMS2008/016749

t hose described herein can be used in the practice or
testin of enmbodi ments of the present invention, the

mategials SR Pr Gavinalgat todkese deseribad horgint G bg| uged ethe pigigfice or testing
descri bed. Al publications nmentioned herein are

of embrslomeds af the pogsentafhieension ethe Rotf¢rratgmethedsidavices, td eterials are
construed as an adm ssion that the invention is not

now @edciibbd ATl puBhd£idas Medtiied Wi e snuoepdiytedibiytreferedte. Nothing
prior invention. [0029] Enbodi ments of the present

herein Y R ¥d QRsied Aiah @8EERidnChANhARREARIMUS nbPEntitle WM :8ht@such
inmpurities froma fluid. The apparatus incl uges a

disclPﬁLé Bglvfﬁu %rf'pngp}n@g tﬁor having a plurality of hollow

contarned wthin a housing as shown in FIG 1.

w, fibers 50 have a |unmen side and a shel
@Qgﬂe pﬁ?’ﬁ?@&“ﬁﬁ of thoprstrat HysBiroffEe Witerfed Froan appatstus for
SI de of the hoIIowfl bers in fluid communi cation with
remoyg impuripios famh wilwide Tha @pparatuhinchdas i hgllewdibet ¢nmtactor having a
shell side of said hollow fibers in fluid
plurationofiiolloat fiilesens vertdined wharaiamsinigus dhowd & FIBH 1arthe hollow fibers
outl et 60 of the housing. Exanples of hollow fiber

50 haeh Bl side kiRl d4heil RideREpR4BE by 6 SoRfus bR ERRA the lumen side
invention include but are not Timted to those made by

of th%d}gl Nl :ﬁgér&)r pglr@qgc{o&érﬁllhlhgﬁlgper c aoml\?&ag @ﬁeq%lﬁ?f‘cﬁ%f th% housmg and

the sﬂ%ﬁg% eﬁ:sla}tglwlf ﬁ‘gi!]lbla un|1 aﬁbrle gvlﬂ%tags%tpgr%te u1d 1rflet 30 and

ol yet hyl ene, olynet | pent ene, and
Ouﬂeg 60 ot @9%9%1% r éamglp%ﬁ‘élollpwvefﬂ@r apntgctorseispill inothe Praseessof the
are made from Teflon PFA(r) which is an exanple of a
presepoinyenteinriatlude batetrd potdimsitaito those made by Liqui Cel, WL Gore, Nitto
perfluofo(alkylvinylether)) in which the alkyl is

Denkd, hiitbihk [Phadf, Mgmlet%kpbrmm BAIRRiEh, MIAQ UPhe hdtlok fTithd £y be
(r) which is an exanple of

madeﬁgéﬁﬂ(&ﬁﬂ i’ H@I%EQL %ﬁfé‘f’laﬁ%f REXRLCHGY AR lﬂ‘ﬂ%@ KRG iffted to

e copolynerization o

por AL SRR B SIRIGH AT e

contactor_is nmade by the nethods and materials
are Mg éﬂoa%,@%ﬂqumlqlmm XD el ¥tegmilprosthylene-co-

- incorportated herein by reference in their entirety.
perfluoro(alkylvinylether)) in which the alkyl is primarily or completely the propyl group,

FEP Teflon ® which is an example of poly(tetrafluoroethylene-co-hexafluoropropylene), or
the polymer made by the copolymerization of tetrafluoroethylene and perfluoromethyl
vinylether to form Hyflon® MFA. Preferably the hollow fiber contactor is made by the
methods and materials disclosed in WO 00/44479 the contents of which are incorportated
herein by reference in their entirety.

[0030] Fiber diameters can range from 100-1000 um in diameter. Well thickness

should be minimized and preferred thickness is 25-250 um. Hollow fiber beds can consist of



[ 0030] Fiber dianeters can range from 100-1000 umin
di aneter. Well thickness should be m nimzed and
wonefianeme t hi ckness is 25-250 um Hol | ow fi bePCiba82004/016749
can consist of 9 1 WD 2004/110602 PCT/ US2004/ 016749
S of ‘fibers with th]ckne ranging from1-25 cmin
mats G5 HOHS 311 PEHGER “HMESTOE 23 CT0D SR aBskemeHeanskigti il 0- 100
be circular with dianeters of 1-25 cm and | engths of
cm. Phe BoB cemba gitculaowithiliametars pipl -85 lsar drnddengties off 20-80bern end
gas throughout the bed of fibers. Hollow fibers in the
contaboniudtgil© baffitey toadstabutaigghthroughoanthb ded obBedry. Hatlk®dibers in the
[0031] Baffles are useful in the practice of the
contaRfc® $@Yibel SHMBIAE bodhnfRNosRAARHkeH the m xing and
: dis???tutio%mof fluids on either side of the hollow
fi : e | | | ow .

1 BB TSR 5o vk BdRE Bk e ITUR prbfiny 18 KR Shigping the
..1n .e-.circul ati.ng de for _either aor both_the )
mixinggard iEb < of T am ciie: signgbetelRvdipen Bepire et shown in
Preferably the contactor is provided with two or nore
FIG. 4). uTlep hydlomstibar contagtonean sruseién & piagle pasdmpdgrening rdesiroflating

the housing. Usually one port serves as a fluid inlet
modeafiod eitlres os bothribk sectiveslud and flhidi cdngpokitien to bd herifixal. tEseferably the
fluid connections on the shell side of the contactor

contadfo@ isS%Daiﬁa& Q6thfiie Br hrftee FlLIEIbrts D Eetinddlof the 114wk I@hen side of
port by the fiber nenbrane. Preferably the reactive

v A O 8 SRRk I A i e,
FIG 1:.. nore preferab t he uid flowd in a ner

The Ry o DA RSB OE PR b e Rplor B Prse e o the lumen

., respect to one another. [0032] The reactive fluid used

side ipjet prcboyslet peih by theieher msmbrere. Jucisrablyde sepstive Hpid anghe fluid
side of the hollow fiber menbrane. The reactive fluid

comppsitigs evithfthe ingpwity Abweonhtehcarent omgeshetiter bis dlasaated i HG. 1;
conposition. The conponent fromthe fluid conposition

more ipietrably the SuiMBSvdRYa Ben@R whithUhhtivhifk alcrosdEOWSS tBe fluids with
chem cal that is added to the reactive fluid to form

respeét thloHt gndth@duct . The reactive fluid may include a gas,
aliquid, or aliquid including a slurry of solid

RS N A N 5 -
side qtf Egc‘tﬁ:qqggloﬂl?egfwe&;b%gﬁé h’lehefrlegcitge %?li iossuistecil 190? cgrr;ltl)?nirtlg \?/ith a
component from a fluid composition. The component from the fluid composition that is
removed may be an impurity or it may be a chemical that is added to the reactive fluid to
form a fluid product. The reactive fluid may include a gas, a liquid, or a liquid including a
slurry of solid material. The chemical composition of the reactive liquid is chosen so that it
reacts or concentrates the component from the fluid composition into the reactive liquid.
Reactive liquids can include water, aqueous alkaline solutions, aqueous acid solutions,

aqueous reducing solutions and aqueous oxidizing solutions. Slurries of reactive particles

like FeOOH and CuO suspended liquids can also be used.
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Reactive |iquids can include water, aqueous al kaline
sol uti ons, aqueous acid solutions, aqueous reducing
weabutiiens and aqueous oxi di zi ng sol utions. Sl BCTiIUS2008/016749
reactive particles |ike FeOOH and CuO suspended
i qui n als e used. 10 WO 2004/.110602
CWB%ZOE%F 9’&“’6@2@ CreRsAP LigBid TERAIRAIUde Fiaer e dpidgeehloric acid gas
liquid may include water with hydrochloric acid gas or
or apregpiganlfenis atitlshiselvad inthgiveaiest dds teactiviedluihcarbe uBhi $or
reactive fluid can be used for conbining with and
combimiigywithy amdirenii van gy apabsiafvapons dronou seecodf @i fo BeQisb&in a
used in a cleanroom The reactive liquid nmay include

cleairoBBL &t heﬁh‘ﬂftl‘% 'llq%d*}ﬁ‘za?;ﬁinhlukﬂ@ a%ﬁéﬂél%@deod%ﬂsgﬁke sd?ﬁLQﬁ '35/&1 oxide,

am nes such as butyl "am ne or nond0 ethanol am ne

orga&%rg,i%bﬁs,lﬂﬁ Iyl b%%%%@m}p 09 honﬁéﬁ%hf&&% ef?? fenllddﬁrr]l%??c(;d Egases for

and romt e gaseous

I . ving trace es such
x5 B 4 i Rl e o 2 SRR S Dot et
the renoval of CO2 froma mxture of gases like air
procpss) s tfora remaying Hage gavgsgcle sufOeor dlaSr &AM naturak ges. FIG. 1 illustrates
reactive fluid NaCH inlet to the contactor at 20. The
the rOORvaled €1 frar b niikeirevaf gasesalilt aiNa@t anB® hndflbwhmgfdobsescurrent to
to form Na2CO3 and effectively renoves the CO2 from
the rédteive @vid Nh@HUARL tdBYCHREQ6r /205 The €D, rabktel®ith Uewaer and
sul furic acid can be used as a desiccant liquid or to
NOTERR e | KRR s G Mt e
can ncrease
mixtf aod Dohef Grs G gk Pl Eaci B ﬁaed%fsceﬁaﬁﬁﬁaswar liquid or

exanple, a slurry includi nq zi rconi um hydr ogen
to repys ﬁhsgf’é‘ & 3MEONEY, I EGREH S %MPW%%@MN@@@O large to foul the
renmovi ng am nes froma gas; the reacted particles in
membiane byt whioh canpe sedrte nmreate iye daphtityacfi the reantiver lgplidoeticilitate its
wi th un-reacted zirconi um hydrogen phosphate. The,

recotidifiotiny e Fbil dxiathptea sRinsAndladiaglzirdohidmtyatogas phedpBhte ailae
water in the contactor can conbined with a gas

suspéﬂsﬂﬂ%@ulh'b% Qsdtld foR R dVidg AYRRs h%nf@g% ﬁle frbathdh rﬁ?%%sg%the

that in this case Is an aqueous ac sol Utl 0]
sturey By E TR Bla bl d 8BEed Sitrietted! pledBum Pidoesn
phospﬁaf}{t S ee retaptlevect? 8%2% gl(rsjlct) llag Q haiudasug}? gg) v?lgtgp t Tl];er \gzrlrt]crt 1t1]1€the contactor
can combined with a gas mixture like HCI and nitrogen to make a fluid product that in this
case is an aqueous acid solution.

[0034] The temperature of the reactive liquid or the fluid composition may be
adjusted to increase reactivity or increase the concentration of a component from the fluid
composition in the reactive liquid. For gases which are soluble in the reactive liquid,
decreasing the temperature of the liquid would be desirable to increase the solubility of a

gaseous impurity or fluid component in the reactive liquid. The reactive fluid can be used to

remove a portion of the impurity from the fluid composition so that the fluid composition can
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conposition in the reactive liquid. For gases which

are soluble in the reactive liquid, decreasing the
woenpanewar e of the |iquid woul d be desirabl e POT/US2004/016749

increase the solubility of a gaseous inpurity or

flu onent inther ive | The reactiv
be el priEh CRT GUGeSPeS OB B ok ERTBHIYGHY § PPt e te
_fromthe fluid corrBosHl on so that the fluid
fluid cgmapesitien epmbiaas with W regive fod toforay nosheo Aushelrde may be used
be used in further chem cal processes or discharged.
for fithtee cimaticelegryceasiognponsample, asrstidven infRIGI 8, £onpasoftfiudd200 is
conmbines with the reactive fluid to forma product

contdctedi tHroth eBnta@yr 20 WRR deachi R flllidrA2e The REWyRtmed product fluid
processing. For exanple, as shown in FIG "3, a source

st hfB s E0R N, HHERR HR YRGS FftiiRe 220, 1
this conbr a be no or.ed b sor 216
the C?;\Sr‘?d’? Wi RO a moURl a8 T € Rilied Bebeerioved from the
nmpurity renoval, the anount of inpurity that is
ﬂuldrze@@mle@rn ol Bepend wpoe herapplisating as pieiliag theppeestation of impurities
wi || depend upon the application as well as the
and reative fiturcat Flow reties farphe twa Bsids andell eacdritactorf dizel whill ifflosuce
rates for the two fluids as well as contactor size

impusity feniovhl. UbreamplPotid skylledentheddr: wbald bRXeBIEYb §ncrOM€ the size of
skilled in the art would be able to i ncrease the size

the c&ftactbd) ercCRIMIRE LPFiberk NG AMRE Eengé]ergt#ﬂ%ed'nﬁ or QBnc%'nﬁr 1or} &ereactwe

terrper ature and or concent rat | reactive

u ation.usin wn enrc
fuid 34 e hE e T el Bingb A1 AP el S fikine
.__conposi tion, mhrch may include an inpurity conponent
PHNCEYe%  conponent to be conbined with the reactive
fluid, is separated fromthe reactive liquid by the
pdﬂ@%ﬁj hbha bwid chbeesihemtyrhaghema inslddeuwindmporityowimpooent or a
may be on the shell or lunen side of the hollow fiber
compbaaitac be combihed mtitrtke tdaetiwoidiacik eépdritedttgh therdabliiliquid by the
fitting. The fluid conposition nay be a vapor or gas

poro@'lﬂ)ll@ﬁ)ﬁ&% nfimRaR0Sitel fUd %ﬁﬁ@s’r‘t‘icﬁl Wi Be bEEREGLN Bf’w'iﬁnéﬁ side of

reactive fluid or it may be at a omer pressure t

the h#rlFb%v gggcctolrﬁ’a%tc{r aHh gnteIT qge &gqf $r threl u§h ap ig| ggtofnrﬁ ‘Tﬁe 1‘1151

conposi can ‘condense,
chem cal |y react mnth é reactive liquid thereby
COmpYUEPR R & HROLHIATENE MY h 3 P PYSIHYe PIERPEEHD T‘F%h"e(ttﬁ‘é the
fluid
reactive fluid or it may be at a lower pressure than the reactive fluid. The impurity or

component in the fluid composition can condense, dissolve, or chemically react with the
reactive liquid thereby decreasing the amount of impurity or component in the fluid
composition. In the case of an impurity, the fluid composition with the reduced impurity
content is removed from the hollow fiber contactor through an outlet fitting and is used for
further chemical processes in a reactor or for suitable discharge. Flow of the fluid
composition may be counter current to the reactive fluid, preferably the flow is in a cross

flow with respect to the reactive fluid. The flow rate and pressure of the fluid composition

12



conposition. In the case of an inpurity, the fluid
conposition with the reduced inpurity content is

woeomviecsok r om t he hol | ow fi ber contactor througbTans2004/016749
outlet fitting and is used for further chem ca

esses in ctor _or for sujitable discharge.
vl ek fia RPIORLRBB Sot G el Dieeeons B g thos
the reactive fluid, preferably the flowis in a cross
skilled myhowtth respect to the reactive fluid. The flow rate
and pressure of the fluid conposition 12 WD
2000038] 0AGEsdredit biS2ACeAhid 492 that B\ih flgid duromaghicitiod with an inlet
hol | ow fi ber contactor is controlled using nethods

port 6PSMollOw tibes Bontfdtbd 142¢ah Methierad Ehroﬁthﬁ@hoﬁ\)\f/ €B8F dkdctor to
of reactive fluid 122 that is in fluid comruni cati on

main\%h @Ua?g%lnpﬁgrl%%rgénc{%&ctﬂﬁt{ylo?%ef &fVe%Rlé blgn;th%ggllow fiber

can ere ow f1ber “con

i n the chenical co tjvity of :
Contﬁ%r”fl%%mqw {1 ey pERREE o B b 2itd amaestion Reactive
for renmoving an inpurity or harnful effluent fromthe
fluidswhirky hasdieps sprsuged cre he eplasteds at ghegpuilst efithi Asllgye diber contactor
consunmed can be collected at the outlet of the holl ow
and disfysed clortragineratediby amdofnspodcat (ot shege heFEE. €Y. Fylvan 114 and
of fline process (not shown in FIG 2). Valves 114 and

138 dadtheard Reisolard thocdriaifash tHe G Rsatbfifof SRk tpﬁ@ apphcatlon
fluid reservoir for single pass application of th

of the ?&%ﬁ{lé’ﬁmﬁltfﬁ'oq%ﬁ ﬁfe%ﬁ&c{oli] e%‘ﬁ@%@&’gﬁ] 22 TREhERSH ?{Ef go the
can have a appara us may inc
Cir cul pu in nmuni cat
swpefefis pRfiie Yy 9?105"@ %%%@?%. 308 EPE GG e reative
t he reactlve fluid through the hollow fiber contacto
fluid rgservoirrHe qragsigpiating e r%:tlps% Flthroneh yhehallpwoliber contactor 142.
reactive fluid through valve 126, which is disposed
The rgherzoic gardbmgeﬂqdictaﬂwdulecha‘qaaqﬁeaﬂntdsthmugh ogbadRas ehich is disposed
off-line, and the discarded fluid replaced wth fresh
of acteditg tygodal téqdirtients ohrogaheried 3-181@, tdtBthe ldiRarded fluid replaced
efficiency of the purification and scrubbing process

with 'Ef&slf'ﬁaia&i@' MEE ol fPHIvd MESd HREhO fofcfén‘:?ﬁ e Qufifigation and

In-1ine chemcal, tenperature or OW Sensors

h active fluid reservoir
Scm&)%n% ﬁgesp?stljﬁ% aglger%r@#lt oéltrt fnn%mfpﬁloné% FEPEPEn of the
@83?] elgrﬁ:lcﬂ BW J tglgiagrlgglﬁé: S (8? Is%ggrgé%ggn%&t)eomglﬂged in the

rmnl tored with
reactive fluid reservoir or ﬂow path for momtonng the composition of the reactive fluid. The

fluid composition 150 into and out of the hollow fiber contactor can also be monitored with
suitable sensors. The fluid composition from a source such as an environmental enclosure
100 with equipment 154 can be fed using a pump 110 to feed the fluid composition (Air and
NHj3) into the contactor 142 where it is reacted with the reactive liquid and returned a clean
air. Valve 146 may be used to isolate or stop the flow of gas through the contactor. A
control loop for feeding and bleeding the reactive fluid into and from the hollow fiber

contactor or reservoir (not shown) may be based on the inputs from the various sensors as
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suitabl e sensors. The fluid conposition froma source
such as an environnmental enclosure 100 wi th equi pnent
wa3do4ciaosobe fed using a punp 110 to feed the fParas2004/016749
conposition (Air and NH3) into the contactor 142
ool bt R b Vi b i G 5 servorr i an
i solate or stop the flow of gas through t he contactor.
aquegus sQIpiqnof 4 W@@ decspaseeRIpWd Vit S5t e thepgetab, theaeseivor is
fluid into and fromthe hollow fiber contactor or
openedserelesise a (nlomesifdhmysedagachige Baglemhdacontaner vith Beshireattive
the various sensors as 13 WD 2004/ 110602

solufRéalis \dpeiats Odfieifish thewdlugndd6l rkaueiw® fludd RS Rs&kbir! e ! 'ﬂBw rate of
the art. For exanple, when the pH of a reservoir wth

the r@a{btw@ﬁﬂﬁpééswépz{suché ﬁﬂlcﬂ{?n?polgfﬁ%ﬁ fﬁ%ﬁfafeac%ﬁsbe %\L gygdaas 4§

set y t he operator e reservolr

rel ease a vo t he ed reagctive fluid and a
maxfofis€ B8 s Vbt B ot SosoF 2 faﬂSF%HP?“st?ls SERNL fgmpurity in
| eni sh the volune of reactive fluid in the
thef‘[%@%%msnmonThe flowrate of the reactive fluid as
well as the fluid conposition flow rate can be
ad [Q9§8b dPuarsfying d fleid compréitive withhmpmdsess incladesfthe steps or acts of
efficiency of the apparatus based upon the anmount of
providingu sduycd of thd fieidfdoutipdsitionpesing ir@puritidd A8 Lomuctifpit Watha
fluid conposition with inpurities includes the steps

reacte 1Rl BsePhratddtRh HihRrSAHECS Bs1hB§ by #ﬂlﬂaht of poraus hollow

conp03|t|on haV|ng I uritres a contacti ng

N ST

conC?waE?lﬁa b gezﬂ%aﬁlﬁ'g ?@1&%&@%&%@ g compositon with he

di ssol ving, or condensing the inpurity fromthe fluid
reactpvgripisi thhe diqwidtdempesition ewith 4 pastion of the imperityirgmiwed is withdrawn

conposition wth a portion of the inpurity renoved is
fromwhe drohtzaver fof fuctiet dhenden paesing @renfiroiheitalchgifiedatce. The

processi ng or environmental maintenance. The nethod

methB8 Ynaly Wik ind el tHE Gcttdt @e—@ﬁ&ulﬁ’tﬁngr tﬁe ?éa'bﬁ‘&’é AbiaM8rolb the hollow
reactive fluid through the fiber contactor as

fiver {BiractBPad ”f’%u.ﬂé %itfl?‘“ Dhaled f-’»}%atcgfg Sﬁpﬁ : ltflﬁsfraf? zgf‘nﬁ%%ld by
feedif pd FRGHNER oL e ey e et rofigh 4 heblop e,

contactor and replacing it with unused reactive fluid.

[0039] " The removal of an impurity from a fluid composition or the amount of
combination of a fluid component with a reactive liquid may be determined using sensors
known to those skilled in the art. For example FTIR spectroscopy with a gas cell is useful for
measuring gas concentration to part per billion levels for gaseous species such as water, HCI,
CO as well as others in effluent gas streams. Liquid chromatography, mass spectroscopy, as

well as conventional pH sensors may be used to measure the incorporation of a gas like HCl
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[0039] 'The renoval of an inpurity froma fluid

conposition or the anount of conbination of a fluid
woaopanent wWith a reactive liquid my be deter RCTAS2004/016749

using sensors known to those skiIIed in the art. For

| e FTIR spectrosc cell is usefu
or anrggnt ngwéslgawﬂﬁ goyado %he‘%ﬁilﬁwlap leyils 3515%{? fegresarpthe li%ds may be
| evel s for gaseous species such as water, HCI, CO2 as
concepdiatedagiopthihed analysiff | uent gas streans. Li qui d
chr omat ogr aphy, nmass spectroscopy, as well as
cd00401t i Thectollpk Slesn sensbrameycdneacusatioty higreasisred ritbeof gas in
i ncorporation of a gas like HO 14 WO 2004/ 110602

llquchCEfféfStﬁQ@ﬁf%ﬁ? f'&)tplﬂ{t APID Kt vV Oel doﬂt*h'cgﬁ%ﬂﬂ) BB st 81d supenor

part per billion l'evels.” Were necessary t I'i qui d
mate#ﬂ%:oﬁlg)ﬁ 11?)1\1,)\1/ A e@_ﬁlg Qﬁo%? {))fg%rgﬁ% gﬁtc (?doeF agﬁ% Xﬁk:?enﬁggr%’&l)r at lower

ansf . rate UIdS nuch
cost-4pRraiie. AbpapranSoiie CopBI AR SR e NGB GpBEs of the
and super.i or material conpatibility. This shoul d
presegf m&ntmeniiu@@:plia@qmﬁmé pefara i aftes v aqugimepimpsoont eielht and pltysical
| oner cost-of -ownership. Applications of the
vaporcdepbsitrpm &idlo rSuchrdeviat coldd ibe @laent adtherputiet of atchemical vapor
present invention include placenent before or after

depodBEMHE] MATRDNE Bndobineab ot Y8 usel to s¥le@dfel HRARYE hoP&l metal
tools. Such device could be placed at the outlet of a

reageﬁﬂqfﬂg A4 APR5m (1 {1§t @E‘ F&QQélalﬁPde' BedVREy. eﬂtﬁ?gfhg?%phcatlon

cou e use to se ct| renove novel
age Like. i num fr.omthe exhaus . .
the RS el B Covﬁbfnwﬂ& Ehiieeat fom 4 hradiing device to
‘ contam nation renoving device could be used in an air
remo¥s Fakgrrontamnans kg aniaes Hgmadearaoomair. Biegpatactosean be used to
contam nants |ike anmines fromclearnroomair. The
acidifydhtidsctodorne am agidicubed ptoductdei ahinfityinihp airetstive flhr witlaa gas mixture
acidic fluid product by conmbining a reactive fluid

that isé¢lbdesan @aisl foimfing lcOmpbiait. ANeinAtPEthaRodaédr fnaly Bk Mled to form a
component. Alternately the contactor may be used to

base i 1B Aive IRIEDLY Hs1ﬁ ggscféﬁ)&ﬁrefthét’c'lgclﬁ’ eslésc'og‘%m rg"l'ﬁte [aglé‘x}lojﬁia.

m xture that 1ncl conponent I ke

T nt |nvent| a .net.hod o
2 B0 et BN oshion e 8 bty e JRL ARSI gy thppyigeation
be used in chemc %rocesses or which may be part of
of gases feiywhighe may bstulssgﬁc PRIG9A PEACEIPROT, WhIRR nﬁwés @t of an effluent

invention provides a purification process where a
strearf] Inj partioglar, the present invention provides a purification process where a fluid is

purified by reacting a component of the fluid with a reactive liquid, gel, or slurry contained

on one side of a porous hollow fiber membrane.

EXAMPLE 1

[0042] Table 1 shows the results of using water as a scrubbing fluid for removal of
CO; removal from an air and oxygen mixtures:

Table 1
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purified by reacting a conponent of the fluid with a

reactive

liquid, gel,

woho@/1peous hol | ow fi ber

or slurry contai ned

menbr ane.

of

cR

on one side

EXAVPLE 1 PO0AR2004/016749
Table 1 shows the results of using water as a

fro

reppval

N-all

o ooy

PCT/ uS200

(gpmResi st i vi

4/ 016749 \Wat
| /iR Resi ti v

er Flow CO2 f

i @iyt

| ow 02 fl ow

x?@eﬂom xt ur esOZ ﬂ%\‘ﬁl e 1 19 Repistigitn Iy 1 0gResitivity Out
(gpmM-ehmi n ( 1/ ri(Byohm)

(Mohm) (K-ohm) 1 1.501.517.343 |5 1.5 1.5 17.[3 87.8

1 10327133104 5100.83 2.7 17.3|248 1 1.021 |%317.3
68.5 2 11021 5 17.3 87.5 3 1.021({5 17.3 108 4 1.021

5 5 17.3 12p1.55 1.021 5 |1753 152 [0Q43]3 The resul|t8s.8
shown that water renpvies CO2 fromtlhe air to forim

1 carbonic p@Bd in the waer resultind7in a decregde4in
the resisjtivity of the water. EXAMPLE 2 [0044]| Setup

5 manifold t@3eval uate hatyow fi ber Wit/ reactive | 240
chem cal s gas scrulgber for vacuum processes. |Use

1 carbon dioxpge in air [as test gas gndzaqueous Na@gsas
reactive chem cal for |removing CQ2 {fromair. Ingtalled

2 Nnon-di Spefppyg | nirar g Sensor, 0O- (600 ppm CO2 [ g7 5
detectionf range, to mgnitor CO2 renoval fromrogom gas

3 stream Noflig2g 5 17.3 108

4 1.021 5 17.3 129

5 1.021 5 17.3 152

[0043] The results shown that water removes CO, from the air to form carbonic acid

in the water resulting in a decrease in the resisitivity of the water.

EXAMPLE 2

[0044] Setup manifold to evaluate hollow fiber with reactive chemical as gas

scrubber for vacuum processes. Use carbon dioxide in air as test gas and aqueous NaOH as

reactive chemical for removing CO; from air. Installed non-dispersive infrared sensor, O-

1600 ppm CO detection range, to monitor CO, removal from room gas stream. Non-

dispersive sensor outlet is connected to a GAST pump which draws air through the inlet on

the shell side of the contactor, across the fibers containing the aqueous NaOH, out of the

outlet of the contactor and through the non-dispersive CO, detector. Air flow through the

contactor was controlled with a 0-5 slpm mass flow controller. With aqueous NaOH liquid

flow inside ozone contactor hollow fiber lumen and ~ 520 ppm CO, feed challenge, CO,
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di spersive sensor outlet is connected to a GAST punp
whi ch draws air through the inlet on the shell side
wohodsheo@ont act or, across the fibers contai ni ngCTS2004/016749

aqueous NaOH, out of the outlet of the contactor and
t hrough the non-di spersive CO2 detector. Air flaow

remqya} gfigieney ganged fogt { Gp a&éélpabtﬁf 879 B Wt %2t 0§ sgpmp hotal gas
mass flow controller. Wth agueous NaOH liquid flow

flowi theugle thezasméacent act or hol | ow fi ber |unen and - 520
ppm CO2 feed chall enge, CO2 16 WO 2004/ 110602
PCTU04SP 004é il tatSvasrsenpwath &f dquedisnojutioande -4 o NAOH, flowing
at 5 slpmtotal gas flow to 96% at 100 sccmtotal gas

280 Ed/R febéi%ﬁ%iohhﬁt}i:@gﬁ(ﬁﬁéeﬁf Pl_ll{llg Qﬁ@b.sfht&qm@%l\lsg& 08 Sontaining the

setup wth an aqueous sol ution pH 12-14 of

| ] ] at 1.on. w flo ar
NaCK, ST i GEeicip Tl Mob A GL L8t A Bir STtk bt o5 m O, was
OH,. outside fhe cont or hollow fiber [unen.. air. |
foed gt g SE™ of B3 B QDo aSal B e i W ortal gugtative
of the fibers. CO2 renpval fromthe air was
(100&s & Aetpetianlimii of CQatanglyzer) atpiuehalengediey ratesin torabputcy slpm;
CO2 anal yzer) at air challenge flow rates up to about
93%2CEh, pemovad 8Bseid] at Sreipra lair dlosethueth alie Eonsdapon vaitlr the Na@H
t hrough the contactor with the NaOH scrubbing
scrulthg§dl@on. [ 0046] Al t hough the present invention has
been described in considerable detail wth reference

L orqakt ai\fnBh S GE Fpg.{ég&‘t gegﬁiﬁﬁ M8 bf:ée}{egﬁi?ﬁbed%ﬂ?:‘aﬁsidera le detail

SI ONsS ar e pPossi exanp e sane apparat us

. “be used to ner,at . ga r vapqr by contactin

with e, fopperiay B ETEr Soaition i Bereel ey 8STs{og pig osible. For
Therefore the spirit and_scope of the appended clains _

exanyMe fhedamstapparalus maye used tongeneratecs g4stqryapaiiy qaméacting the fluid
preferred versions contain within this specification.

compakitied 20D there 6132 ligaitl. UB26bdit Biosphi9t anGlsbbpdof thih appeinded claims
cl ai med:

should not be limited to the description and the preferred versions contain within this

specification.
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1. A apparatus for conmbining fluids conprising: a
hol | ow fi ber contactor having a plurality of holl ow

woizbmErizomont ai ned within a housing; said hol | sarfushmr®si6749

having a | unen side and a shell side separated by a
porous nenbrane, said |unmen side of said hollow fibers
in fluid comunication with a first inlet and first
outl et of said housing and said shell side of said
holl ow fibers in fluid cofshkIMBti on with a second
inlet and a second outlet of said housing; a reactive

Whdt fiy¢lainiad: cont act with one said side of said hollow

1.

fiber and separated ..sai d porous menbrane from a
f1 Gt PR So@???@hlql?g’ﬁ%lﬁ?%%t{lp & said second side of
said nmenbrane, said reactive fluid conmbining with a

conmponenthoflowTibes dbriadibihiadtingQploslity GholRwotibdr@Eort4iAdA within a
said hollow fiber contactor for w thdraw ng ortion

a
of sai dhoysing: gaiddplewi fitesrhaving wlwmey stdsrasidr s&ngﬁ) wide lseparated by a
the reagti Lqurd. 2 aimJd .
further 5%%%% ﬁeﬁ%&aség é@%o?@ggfgsa}rdggoé%&vég?F i 1iulldn
fluid coommminiationwithiafirstdn®t shdiirsobutlddof sraBo@ME: Ad said shell
sai d hoIJom;fL&Ef contactqor, 3. The apparatus of
cl ai m 15¥gPf prad hellows fibersip Haidspmenynication. with & gecand fnjet and a

said reashd%eudd sty h said holl ow fi ber
contactor. 4. An aps)pgrlg?%gg’for combi ning fl uids

conprising: a fluid conposition; a hollow fiber
menbr ane reagtivafticrinlsantactgvinonendaat sidmef dankholiavihfibaiatd separated
sition; luid in said holl ow

fluid tive. ow
(1 ber cOnERY POF R Rpra Rl b (b Himaesifar Gicaniact vl said second

conposi idebf fid snthriti soavdab B! FIE %ﬁﬁﬁmg %8hQ component from
reactive fluid conbining wth at | east oné conponent

of sai ds#id flril eommgessioni on to forma fluid product; 18

a outlet from said hollow fiber contactor for withdrawing a portion of said

fluid composition following combining with the reactive liquid.

The apparatus of claim 1 further comprising a reservoir of reactive fluid in
fluid communication with one side of the membrane of said hollow fiber

contactor.

The apparatus of claim 1 further comprising a pump for re-circulating said

reactive fluid through said hollow fiber contactor.
An apparatus for combining fluids comprising:
a fluid composition;

a hollow fiber membrane contactor having an inlet in-line with said fluid

composition,;

an reactive fluid in said hollow fiber contactor and separated from said fluid
composition by said hollow fiber membrane, said reactive fluid combining

with at least one component of said fluid composition to form a fluid product;

18



WD 2004/ 110602 PCT/ US2004/ 016749 a outlet from said

hol | ow fi ber contactor for withdrawing a portion of
weaim/11édoni d product. 5. A nethod for purifyi ngcauSkosisdic749

conprising the steps of: providing a fluid conprising

i mpurities; conbining [ npurity rising fluid

with a PORHeE wnlsw&&m&myé@va? %&Ué%?torffpb ngaﬁawmmnmiﬂpy of said

conprlsymgyébgﬁg.by a plurality of porous hollow fiber

menbranes 1n a hollow fiber contactor, said reactive

liquid purifying the fluid by the conbination of said

i mpur i t itemethod fortheifyip g atfividkcdmprising thameeps wi:t hdr awi ng

a portion of said purlfled fluid. 6. The nethod of

claimb5 furt.her 1 he tep of re-circul ating

said r&Hct t"‘I(1 IHIC (F‘go S&%gﬁlp%lg % hol | ow fi ber

contactor. 7. The nmethod of claim5 further conprising

the st epoﬂﬁbiniﬁgada[tl ingpurite corBRIRNSlbidwitHod rdac@e Rghi@f¥barated
bleedlng portion of said reactive fluid flow ng

t hr ough 798 @l%@nnw ﬁ@@@mm%ﬂm&mplu@htonfrmrﬁ@dmﬂl@W fiber
concent .
compris Frﬁe%ﬂb?%e@ i & Béltlm{l kl.ﬂépcrolcl)l\[}lc hgi:cf;fgg?tu\%e (ﬁnd purifying the fluid
conposi by dr; conﬂ:mhntmmmg sadmﬂplﬁﬂltuﬂsdvidﬁmp @&dctive fiqudf nda
reactive liquid separated fromsaid fluid conposition

ol ow PR pBReE o PR g act

preferentially concentrating a conponent of the fluid

conposi ThemetHdd®f shiind J ARSI dognprishidithe §iep BPfélél?cu‘ie{u‘ﬂg Qaid
product; and wthdrawing a portion of said

pr oduct Tdagidvn Huid throngtaeidhollay fiterecontsctond of cI al m 5
further conprising the step of re-circulating said

reacti vepf bljdatdpr fﬁﬁg% fﬁﬁh& c%ﬂlpngﬂg tflé) setép ontt%%}n%rthe

composition of feeding and bleeding a portion of said reactive fluid flowing

through said hollow fiber contactor.

A method for concentrating a first fluid in a second fluid comprising the steps |
of:

providing a fluid composition;

combining said fluid composition with a reactive liquid separated from said
fluid composition by a plurality of porous hollow fiber membranes in a hollow
fiber contactor, said combining act preferentially concentrating a component

of the fluid composition into said reactive liquid to form a fluid product; and
withdrawing a portion of said fluid product from the contactor.

The method of claim 5 further comprising the step of re-circulating said

‘reactive fluid through said hollow fiber contactor.
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