METHODS AND APPARATUS FOR TREATI NG FLUI DS PRI ORI TY
[0001] This application clains the benefit of U S
Provi sional Application No. 60/473,962, filed May 28,
2003, the contents of which are incorporated herein by
reference in their entirety. BACKGROUND [0002]
Various industries require renmoval of contam nants from
chem cals before use in subsequent processes or the
" ooy al METHQDS ANDGSRBABAGLS FOR SREA EEXGIGIDS o
di scharge of an effluent. Exanples of such processes
i nclude: use of purifier beds for the renoval of
contam nants |i ke water vapor fromsilicon containing
process gases used in fiBRIORVEYi c manuf acturing; use
of dry trains for the renoval of unwanted gases |ike
we0801]arithis epplgetiorf ¢leimstthe berefic bf US. drexdsigas Appliaation No.
cl osed system such as a gl ove box; use of a purifier
60/413e362f AledtNIgy D8PV the Eol@se st WHich adSinadipbfsed Kc@dh b @eference in
re-circul ated environnental gas froma track or
thdrBﬂﬂ%@feSiSt processi ng cl eanroom and, use of wet
scrubbers for the renoval of corrosive gases such as
amoni a and hydrochlortéégéégggggﬁgprocess gases used
in the manufacture of r wafers. [0003] In
nang such purification or effluent scrubbing )
apBPPat Y utnus dpdusisiey requirgirereyal of epntamipgnizdiyn phegnicals before
capacity is used up or the bed is regenerated in a
use irs sybaequent proozsesssortthetemayglefl Haymfud guinpesndsdenmi pltengina puiseto
of a purge gas. In either case a second purification or
dischgfpe Wb bh BHLwRAN A ainited & stelfipiot&ded iacInge:NisaloN pEidribBEOlds the
process capability or the process is stopped while the
remoRMdf LbRhmirinfsAflear R Vibof £8818I3h 8ntalPPFbcds8 §g§e¥ used in fiber

scrubbers, solid suppofts such as carbon parti Cl es,

. extr . pel | et . L Eon, 0xi d oxi d
opticFpHARRE bt b B P B S o GRRRfeP pater and
a agent s desj gned
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bed for the removal of gases such as amines from 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 process 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
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1 like HCL, HF, amnes, NWP, Cl2, PH3, Sill4 etc. The
solid supports are placed in a container or nay be
bound onto a solid support or nenbrane. \Wen the
capacity of the reagent in the container or on the

. t i.s c d the contam t a nonitorin .

ike TED P, s GBS Wi oo s 1GHAE pPOR: Rrendcedth p gentainer
material . The process is stopped, the used materi al )

or mgyehfoanad aatida solisesyppes oemeabrngi Ve e atrasityaf therreagent in the
renmoving material is added. [0005] The reaction

contairgea @e nh sheafuppbre isseompaned by thercontaenisand pandnitoirinky dehiee indicates the
contaminant are limted by diffusion. Once the outer

endpHigt &dp@@it%f)f thb gedcBa@aiateriaf TiRASLESEs isktégiRM, thed6dd RBtekisl
[imted by diffusion of contam nant fromthe outside to

[ >
romol I8 shd SR Rl PRty CHBMIRIA LhETDe BAHL W fogeq,
u l.arge vol unes of terial to,efficient .
08 FhiESactbn esro of o Siznii oF R copsfostich e contaminant
breakt hrough. Typical scrubber beds have a | arge _
are ligpdted ,l?ﬁ’dﬁfusggm ggpqeothg Ouigh PKOR ot thetrgagent ig rpeg:,t@efurther reaction is
footprint in the lab. The large volune of the scrubber
limitexblpy diffasion aff sonthmadat fromathé dgghide os thefinside bethegsttiele where fresh
di sposal of the material. [0006] Contam nation renoval

reactiV¥ cBEBich] FRSdIEs. PRHid HiEfuBn mBEYsSieHIA tREl uid dfafeRaSIUN® of material
chem cal can be a source of particulate contam nation.

to eff%%rﬁ?@ﬁ&ﬁ%e%%? ?&?c%/eh@é tﬁﬁ'leaanﬁ ggeglg?tﬁ;r%(%%fgké ﬁl%ékt\iﬁwfotugﬁe Typical

cture of asymmetric s rane

| le ore size than_th articles to prevent their
scrubpgiect hafeh firds Eumd s T ciond ST el stz dootgl i the lab.
pore sizes to prevent inpregnated particle |oss |eads
The lagge ivabmpefdhe prrableycanigiesplfleadsdo athighuest fardhe wasip dispesal of
and requires nore costly punps and air handling
the matgmiapnent . [ 0007] Open beds of reactive material have
| ower pressure drop but are less efficient at renoving

Cq00@6T NEdtiSminaOoh ferg@al BY srR@IMicBRa pagadds inerefRIdGAkh reactive
i npregnated in a support particle enbedded in a

chemi{EB M B4rAE sc{ug&o(%g)a{ﬁcuilaﬁe LORARMEALE Mhib Orteh BceRsiERGE R ondary
to e wast e t'i on

renove t or contamnatio

filter or the manufacture of asymmetric support membranes with smaller pore size than the
particles to prevent their loss. This increases the costs of the membrane. Small pore sizes to
prevent impregnated particle loss leads 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] Itisinconvenient 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.



reduci ng apparatus. Furthernore, endpoint sensors can

fail and channeling of the contam nation renoval beds
can occur |eading to premature breakthrough. 2 [0009]

In effluent scrubbing the wet scrubbers are | arge

f i nt vi ces hal di,n | ar vol unes of water, )
oI bl Selan i st sEiplips e g hepuaL e e halging
and contact area between the effluent gas and the

large gelugstsiof ¢ akdr qertaps, Regrhig rigegsandror [spraess do insraabensxing lbhécontact
bed gi ve the best indication of breakthrough and

area hpewedn the bffhgeogds anfl thehensshingligrid.bef or e br eakt hr ough
occurs. However the sensor is typically discarded with

t He01ad SMAkGtotfeLiathd Yorudhee bed PRE tiRf beseMRIRLEon 8L Brehithdugh
dry bed is limted. Wien the sensor is |ocated after

r d r er .
and oA o sk e B0 br BBl SR T8 el the sepipr s
: en the bed i s exh ted.  Breakthroygh of the bed can .

typicq]y G o E e R W 1 6o oD gpnss Used in & dry b i
__consunption, but this leads to inefficient use of the
limitegla pibent the sensonés loeateshaftar threseruhbgr bedythe sersos ean Beorectested, but

mat eri al s and waste di sposal. Undetected breakthrough
breakdfrotghecdned curdrecasa siee smeatutetectsansdy when éhevied anaeniusted.

rel ease of toxic gases. [0011] It would be desirable to

BreakiRté8gitosile bed taPbPAtRipARVindendB& *ndved pfib€to consumption, but
concentration of fluids or renoval of contam nants or

this 1%@% ﬁ berRbdnt g?{)&f thé ga{sﬁggftg bfithe 58uBBertRa% d hg{%ﬁ%@g&% bed

el
acturin roce nd environment a res.

Lt woul d be, fur r..desjrable if t urification
materil MRbW ius Sisti b Ghdesseel ufdiBioue ht e ancan Saishorotistioss or
_processing to occur. It would be further desirable if
envirgrygendg@yeleesecd ipxic Beseised with a wide variety of
purification or scrubbing nedia and reduce the vol une
of waste generated. There is a need to reduce the
v§0eity df wotldrbieaibirabdstochaye agmatl €dotpyinicdsvicenisefl Faanhe
renoval beds and to reduce the size of equi pnent

concehB8atidd 8ck1dias orsﬂéﬁﬁvél%mpﬁﬂanﬂﬁatnté"&*ﬂagmﬁﬁ cHRRInf Pthﬁ%ﬁies to be used

I nprove the_ mass trans er of c_ont am nants fromthe gas
in Vaﬁoqlstrga%ufﬁﬁmn(‘gaﬂrlc)gesgeg aGh 'eﬁ/\%roqlen(ljén?al enclosures. It would be further

desirable if the purification device were simple to regenerate and enabled continuous
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.



W t hout increasing the pressure drop of the gas through
the bed. It would be desirable to prevent channeling
and premature breakthrough of the renoval bed or nedia
and to extend the |ife of the bed to reduce changeout
frequency. 3 SUWWARY [0012] One enbodi nent of the
present invention is dir RY an apparatus for
conbining a co onent froma fluid conposition with a
r d8Q%21y Ong ermbp mn@t o Sheapragent inVenEen ig eéreeted ¢ hoapHarases for
cont act or haV|ng a plurality of hollow fibers contained
combumitgha nompotemtl fionga fliidecolmplobiton friither adtaredlad.| The apparades
and a shell side separated by a porous nenbrane with

included @ HoUBR ¥ilsdréent@étof RB/in@h bRvdlfty BERSIIdW fibbrdicEntained within a
communi cation with an inlet and outI et of the housing

housﬁ?% d’Tﬁé@olﬂW hlbeﬁ'hQﬁe Q un?é?l' s‘iid«'shéiqdI f%ﬂwl g ?}ér%rgteﬁé)w (Lth

mruni cat separ ate

t | ui d th
membgﬁ%ﬁ Wﬁlaﬁo“fm?ﬁﬁlc@ O Thedh b icBR I Flsabion Tt qiglet and
cluded_ in the apparatus and is used for conbining
OUtlet\MftﬂPP bousigrmddhe shellsideoffspidihglleyiless i fiHd gpmetnicstion with a

the opposite side of the nenbrane fromthe reactive
separdte fluiddinleTlaad pedettaf Ve hdugngd Aceadiivedtuidy witiclo maydre omgheshell or
conmponents fromthe fluid conposition; after conbining

lumert 1@ bE@e thoVlew iibel thewiblrdhel RenAGERIN tEONRARBIY arlEY ufd for
used for further chem cal processes in a reactor or for

combﬁl‘ﬁ‘l ahe. c@ &% fom nglgilégclo SitfoMRAALERYn RE obﬂgsrite side of the

Sent 1 nv nt| on Is rect to an apparatus
roma fluid. The a ratus

mem‘%f?fbfi RS g o mhe B et sorptag BRA bR PEpry

of hollow fibers contained within a housing. The holl ow
comppregsy iomAheflyid ompesisioneattes gembiningsihpe regctize Haishwidh thg agged

a porous nmenbrane with the [unmen side of the hollow -
compéidne mRyibg uséd fordudtimebemical proeesedstih aamacter ertfomnutablatdiseharge.

of the housing and the shell side of said hollow

f {0033  iOhefdmbodlieiTol tec@tdeaninweittonds Sge@td@icar dpphshtus for
inlet and outlet of the housing. A reactive fluid,

rcmox)f’ﬂifﬂ%er tiddGr i alihigy. Sﬂﬁé A&)ggfaitdnstmaﬁdé' 1R fib& c%ﬂfa!:l%i“having a

nmbrane, is I nc

plurality of hollow fibers contained within a housing. The hollow fibers have a lumen side
and a shell side separated by a porous membrane with the lumen side of the hollow fibers in
fluid communication with an inlet and outlet of the housing 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 reactive liquid removes the
component from the fluid and the fluid is used for further chemical processes in a reactor or

for suitable discharge.



the apparatus and is used for renoving a conponent from

a fluid conposition which is on the opposite side of

the menbrane fromthe reactive liquid. The reactive

liquid renoves the conponent fromthe fluid and the

flud is used for. further, chem ¢cal processes i ! )

+ sl SThe i soieqer g G nima st rargonol el her deviee

surface area and enhanced nass transfer of the holl ow
enablep psmall dootpent davidsi fespurifinatipn of ssoshbingeppliseiiens df arvariety of

purification or scrubbing applications of a variety of
fluids. | Bintisdintentsaditheprieseno tnvehgorpme s bé inate weiht dhemidhily abé thermally

made with chemcally and thermally inert materials of

inert GRRGTal LG JoRSnEON sach RPFAQR MPA WhichheRaltiilcSofY8€aaratus in a
the apparatus in a wde variety of process fluids and

wide YEHBS'RBHIES lifOA ehipeAfBLNICT embodi ment, t he

apparatus may also 1 nclude a'reservoir of reactive

flurd..that is in fluid cgnmuni cation with one side of

t w0 oRamaher Smhaint B Spp B et sk MsPide pgservor of

reactive fluid my be nmetered through the hollow fiber
reactiyg hluid that isdp fluidhgommapmicaionorish ens sidhelnthe arendwapos the bellow

within the hollow fiber contactor for renoving an

fiber coaetot. yIterrebaiveffluid efaf lbo endtertd droughetht hollew fibeecontactor to
apparatus may further include a re- circulating punp in

mainfakri/a SorseMItHENgiB4] Ompokitibn Witid @8 ELIIN® e E&qtﬁ&é@ilf?y Rinfoving an

for re-circulating the reactive fluid through the

impuf] i 1 { i ' i _

impully O Rl FEA EACABARE ful T DBl e nclyte e

. ._according. to | ocal requi,renment nd may be_repl aced.

cireuffip SRR Mgl G loP ML FE e by B PRty O B e witing
purification and scrubbing process is naintained

the regeti veolliid thrpegh thetholawiiiber pentantere ddhe resenvair may b @atieditally bled
sensors may be included in the reactive fluid

of reactizeflvidi whah iswdisposes of acconding tolocalgedisentamny asd tiag e @éplaced
the purified or scrubbed fluid. The liquid and gas

with Sédherefutiop €luid &Sthabthe @fﬁi@eﬂég of B ﬂu@i‘fi@gtiélparﬁﬁécﬁﬂmirfgtep&%s is
gas transfer efficiency. [0016] Anot her enbodi ment  of

mainthl}fed B8R G ntdr B kPthe pocdbs. ARARHe FhHRidaP Serlis' vy Wncluded in

the reactive fluid reservoir as well as for monitoring the composition of the purified or
scrubbed fluid. The liquid and gas side properties may also be monitored to determine 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



fluids that includes a source of fluid conprising
inpurities and a hollow fiber nenbrane contactor
having an inlet in-line with said inpurity conprising
fluid. The apparatus include a reactive fluid

se ated fromthe inpurity co rls ng Sluid b
ProfeSBHEY SHBSTEARIRG Hdhe gttt Hd: HRUOY et ongictorfgiudes an
reactive fluid reacting with at |east one conponent of
outlet fier withdrawingya postigrr dlstadpurifieddluidd th the inpurities
fromthe inpurity conprising fluid 5 preferentially
CO[09d] r Anbfh@r embédimentesiché pesdit invéntidhs dwakihod féd doaibining a
contactor includes an outlet for withdrawing a portion

ﬂu1deom°p%‘s1‘ﬁoH Witf d RdcdVeltifld idcBRTd thénelks e briRas b TRIM c&hposition and

the present i1 nvention is a nethod for conbihing a

Comﬁlh#gq HB‘%@A (%LIVQ '?lum %eEaﬁ (frd%% Ith th %Igﬁgﬁﬁ{):%ﬁ% ?x%lll}ﬁglﬁy to

prOV| ing a conp05| on a
actlv f|UId s ted fromthe fluid
POTOE%EI‘B&W PEEY léi‘niﬁ it °T CAGA% ﬁ%‘P{)W@% 3 ppponent of the

_menbranes in a hoILompfyber contactor. Conbining a
fluidoompopidinn voth thpecactivaligrié srmydsiusedio puy thenduid samppsidon by
liquid may be used to purify the fluid conposition by
remavenpimpugiticsrfrom the élsid compdsiienf |Aliethatioalyasie tor atore components from
Al'ternatively one or nore conponents from the fluid

the fRACBREHAsitRsh ﬁg\yb@@o&@ﬂ@ﬁm biefeBéle @ vith@RCEaH W Ml df&&pre aratlon
reactlve fl for preparation of useful reagents.

oo RLPRRSIRY SRR AERAE PRl Lot B BLIMMgR A g

throhghS hell S ADE GREGHE ap el G Hies” B BREBAE G SPBBFRiagef the
of the reactive fluid flomnng through said hol | ow

reactivediquid by fegdingrand dpedang aparten of thaireagtivanflsiddloveiae throegh said
fluid. [0018] The hollow fiber nmenbrane contactor allow

holldw fjbertaoatasfor and atpéeingf it gdih unnsed reaptive $luidf f er nmuch
smaller footprint , rapid start up of the contacting

Pr MDeSE. TAE Holfd4P EbérdhemBPRhE Ebithct 6OATRAY hil ?h ldah¥fer fMdsSf gas in
shoul d of fer the practltl oner a nore effici ent

11qu18§) RFRE hRbh 8ot lé}“l’g&Pnﬁ 2R 19fsta9|§’m)e&5tﬁé gontgcgf?lg koddd nd Flé}geﬂor

resent 1 nvention par a

ur i .
matenaFcchpatlfbﬂﬁ Jl“f‘)us should offer the practitioner a more efficient contactor at lower

cost-of-ownership.

[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



of gases for which nmay be used in chem cal processes or
whi ch nay be part of an effluent stream In
particular, the present invention provides a
purification process where a fluid is purified by
reacting a conponent of the fluid with a reactive
capadiiy pbpetbengeartiods. Bhehollpwdidher aiemetdaneoa botied stipgert efd gource of
porous hol | ow fi ber nenbrane. [0020] One enbodi nent of
reactiv@ énaiarg eThe hdwaatake Brthatchigh femdvalarfd dlew gressugadrop can be
containing a plurality of hollow fibers filled with a

achieg&?&icﬁﬁ's!e' dhs !'ﬂl%laﬁdd'eh‘ ﬁoﬂhdc%ki tﬁro@ﬂ‘%{fﬁ: AehbeMe! iARBhel Ed\éaifi@age is that

evice is filled wth a chemcally reactive |liquid and

. a_large [ Ly,
the pGiEhEy B3 Rt Bhefitoh By EmF 687 Bt B ipSnEPRAGUELin g rgmprane
. ..support and source of reactive material. The advantage
iselipwiateds; hi gh rempval and a | ow pressure drop can be
achi eved because gas fl ow does not occur through the
a9 1d n elhe Aoblpweibea deraen Blded wish thegeactivg diqyist f@nt%iaw flpighvalves
particle generation by an open bed or by supported
on itspalet amd he outietaandesrinrcanenunicatieh iwtihneatesely oifr 00 2dditiditeé reactive
hol |l ow fi ber device filled with the reactive liquid can
liquid@¥sughlafuehp/a s¢BSmatRAIY (1Ristrite@in Bidtrd heBow-tiedul@ie thé reactive
in conmuni cation with a reservoir of additional

liquiq tﬁ?djx?tn\fﬁe h(gloﬁ‘ﬁﬁgerg Qﬁd)fﬁ%?a gesgé‘l@vé}ﬁl aaqlgt i s #dhd Mvention are

rate I gure y re-circ g the reactive
. liguid throu the hollow fibers and intp a.vessel.
achieyefl ity i AF s oo B8 P brQ st Bafirl & into the
First mxing of the liquid by the punp inproves mass
reactiye Hegidaerqss ﬁ@agemmaae-t $rsondlygibe repsrvoiigRip Y dat#nessentiglly constant
- menbrane. Secondly, the reservoir provides an
source o§ fmshi whétyntdispust @rtbe fiber(nalekeghe tase sifi reaganttisnpregnatgdiinto a
to the fiber (unlike the case of reagent inpregnated

solid). MR rAaxifm@bd ehpacithhef thevehganmicapaden this @nfighfatios agekd solig
used in this configuration unlike solid reactant

et pREERHE] P01y AR I VA BN R gy
ed, Wit

e RGP EASHI R A b B AGEEL W LSRR Ve
interrlrlgt?c?r} ci)fntge gra(l)%gscsidtu)é tc? Ihetrgaectilngg ge%a%it? gP tt,h%ihrc]l?ndd ggnttari]rilergl \E/irt]hein the
fibers. This gives the invention a virtually unlimited capacity unlike solid beds.

[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.



fibers. This gives the invention a virtually unlimted
capacity unlike solid beds. [0022] The reservoir can
contain a nonitoring device for detecting the
concentration of species in the liquid reservoir. The
nmoni tor can be used to indicate when the capacity of
the reactive liquid or slurry. The nonitor can be
chromat ogr aphi c, el ectrochem cal, optical, nmass
spect r oscopi ¢, DESGREPRION OFcFHEBRAWENGSscent etc. |t
IS unnecessary to nount the endpoint sensor in a bed
of[0823]i1d paztt etheadspects, fesutehdehefifaiand rdvanteges et wombpdinsents of
well m xed and everywhere within the tank is

the pRsi#t Udle@Adn Hall beBppatat With reddrtl $o it faNowhaRt@gfiocRCHPES®RI
it permts accurate sanpling of the reactive |iquid

claimgrdgd ﬁg&,ﬂgggy%l?%%%%%%%&esensors whi ch would normally

e di spo I'PTI ON OF THE DRAW NGS [ 0023] In

p .aspects,. f.eature benefits, and advant age

b 100341 K100 R e W B R0 UanE PRSP BT For

apparent with regard to the foll ow ng description,
remoyAs dRpwtiesdrangdlUiid acconpanyi ng drawi ngs wher e:

[0024] FIG 1 is a schematic diagramof a contactor of

t H80251ddent is avehetatia diagram ekemowitagior efifhe preses ifvenhorafor

fluid; [0025] FIG 2 is a schematic diagramof a

remoiap idphbtiesdtorh A€lud BsRiding dneasitculifing umpr BAR¥AdIe fluid reservoir.
inmpurities froma fluid including a re-circulating punp

angozaaat.yR o QcH&rﬁat}icec'ﬁ%r‘éﬁi df-a cohBReR hnfrt&acvd ﬁl}gi]ﬁ uficnacofr%brining a

schemati ¢ diagram of a contactor and reactive

., conbi nin f1.uld. sition with the reactive fluid.
ﬂmdmsﬁgﬁlg@g&ﬁ%ﬁq&q{%ﬂ] Bef ore the present
conpositions and nethods are described, it is to be
understood that this invention is not limted to the
particul ar nol ecul es, conpositions, mnethodol ogies or
protocol s descri bddETASLEPRESCRIPIAON It is also to
be understood that the
[0027] Before the present compositions and methods are described, it is to be

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



term nol ogy used in the description is for the purpose
of describing the particular versions or enbodinments
only, and is not intended to limt the scope of the
present invention which will be |[imted only by the
appended clains. [0028] It nust al so be noted that as
mategjals ginkilar or aquikelentio thasc dpjsaihed Bereingapde usedin the REFGHEH or testing
forms "a", "an", and "the" include plural reference
of embodasents bfthe q)msenttinvﬁneianl the pfecfdsr&tdanethodish elevir'cese andlimarials are
for exanple, reference to a "hollow fiber" is a

now H&EAP&T CAIl bEbIRE oM mBMtidhed m@ta@areﬁmd@ep&aeactye@réte\ﬁaé eENbing
t hereof known to those skllled in the art, and s

hereih ¥ fobe. HRLARS as A6k E%glh (ﬂttﬂﬁrt ﬁl@ent s BSPQRM%& Ito ﬁﬁgdate such

SC|ent| IC ternms use ereln ave the sanme neani ngs as
er.st 0o one of ordinary skill in the

dlsd%ﬁtlt ’%WSBEB”MV%P%‘MS and 8 materials sinilar or

e |valent to those described herein can be used in the

prifB29]c Embodimenis o thegpresepbinyrntian ae dire¢tpd topneanpatatus for

i nvention, the preferred nethods, devices, and
remonim’geirimplusitieﬁr fomreoiivideTbe hllvgmﬂatus!\idclqdmjh holéw dibsr contactor having a

menti oned herein are incorporated by reference. Nothing

pluraligf &fihdllo® fiRrPeontansd Wikl adfousing A8l Bh@s IIFIAat ThBRollow fibers
invention is not entitled to ant edate such disclosure

50 hiVe MubdetQidefanRlal BRI bid¥ Eﬁatété'd b} Q%gf&ls 'ﬁﬁ@?ﬁ&bﬁ%ftﬁ R Tubd3E side

present invention are |rected an apparatus

of th (G B AR e s B i B 20 g BB R i gpsing ana
of  hollow fibers_contained within a housrng as shown in
the syelliderof SHdeioblgm R67Y inHiAHE COBERNEREOR Wi esFDamise W Enlel 30 and

shell side separated by a porous nenbrane with the
outlet ¢(hefthe howsing f Exdmeplésodfl hmhofvi fiteer sontactbisuisdfut onthe piractité ofithe
with an inlet 20 and outlet 40 of the housing and the

preseghi@lvéntRindeclode B@iage fistnvivedf tb Bledss ndde folyUiiguiaCe1wii Gadel Nitto
wWth a separate fluid inlet 30 and outlet 60 of the

DenkBOMR tAY Phi6R fmkﬁ%h%otg%&mr{ BiiReica QAR afﬁe%&lg%e?é %1'212 be

t he practlce 0 esent |nvent|on

I b Ni tt

maicifimet gkt RSP e b o P Bl
MA. The hol | ow fi bers rra){

polyethylene polymethylpentene, and po ytetraﬂuoroethylene Preferably the hollow fibers
are made from Teflon PFA® which is an example of a poly(tetrafluoroethylene-co-
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



made from chem cally conpatible materials of
construction including but not limted to
pol yet hyl ene, pol ynet hyl pent ene, and
pol yt et r af | uor oet hyl ene. Preferably t he hollom1fibers
are made from Tefl on PFA(r) which is an_exanple of
mats Bgf19€(r§ asithgdhickesss &qu}geﬁa;@néoZS cm in depth and length and w1dth of 10-100
perfluoro(al kyl vinylether)) in which the alkyl is
cm. ‘Blnd ras ichy bo ciradarpyigt diayneteheofpl-8pyn apddengths HED-F@F ¢roand
(r) which is an exanpl e of
contafiOiny(tiphd bflbsordaetibitt gasthesudhoxetht bed oPfiesy. BORdw fers in the
t he pol yner nmade by the copol yneri zati on of

romet hyl vinylether to
CQntaE%?m &N&%grgﬁh?yﬂwﬁg%e%%F gleﬂafgﬁlkpt he hol | ow fi ber

s made mat er .
GO Hpes FRRGrinabSp RS e Aterh N RAi G fo eahancing the
|ncor ortated  _herein by reference _in their entirety
mixingHyg 6’]? Ebyfion of flids iy adthieside ahihe heHew l_t)@omfmb@a@rﬁwtnshown in
di aneter. Well thickness should be m nimnmzed and
FIG. px. éFfterhodlawt fiier komtastor cands- @60 inuarsinglel fassmbdder inads:ircalating
consist of 9 mats of fibers with thickness ranging
modeffoogithbr 3bbetmtheveaeietlvad and gaigiddnmogitvh & be phriflél. 19€Ferably the
cm The beds can be circular with dianeters of 1-25 cm

I
e PSR PRy SR AR BoB e

the hc{‘fs}@e ﬁ{/slugl a)9 El% dpo%f%:égef] a3 g‘ra % glgeec aa?mtg rtkﬁ}es CP {eﬁ\cf:qasr?é a%uld outlet.

practjce of the present jinvention for enhanC| ng th
The DTt PrGUISATERCEOR] BRIEGHEIbFIdE Pl OBRCISF AIREFDERIE R thedumen
hol | ow fi ber menbrane (not shown in FIG 1). The

side igjgt anshputlebpert by editheo mepwbmarise Rusfethbiyntha resctiyé Supbmid the fluid
node or in are-circulating node for either or both

compbdigon withtthe/endulity flowrduftetitidreho tpesh othen a$ Nlusated in FIG. 1;
purified. Preferably the contactor is provided wth

more Pi’é@er%lyw Buill o R thEnRF whidhithBG8iAR alchsss $166) bf B8 Auids with

umren Side of the housing. Usually one port serves as

I et and the second serves as a fluid outlet.
Kﬂpm% OH£QFMQ%r fluid connecti ons on the shell side of the

CE‘ﬂfi”?j are.seﬂarate fromthe lunen side inlet and

0 e Fea5ijVe FUaRisBEin the REsadnvaptien arieyon e shell o lumen
reactive fluid and the fluid

side of the hollow fiber membrane. The reactive fluid is used for combining with 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.

10



conposition with the inmpurity flow counter current to
each other as illustrated in FIG 1; nore preferably
the fluid flowd in a manner which maxi m zes a cross
flow of the fluids with respect to one another. [0032]
The reactive fluid used in the present invention nmay be
onlQ043] sHet ¢xapple theeeactive HeuidmayHaclads Waigr withdydrochloric acid gas
menbrane. The reactive fluid is used for conmbining with
or areorgaiopalfi@nt adid divsavéd i the eatepoThisireartivd Aeidaanibe meet for
fromthe fluid conposition that is renoved may be an

combifRie ity aff reldovii@Yaniiforfa CARIT foin 4 dhakcel oF 2t 86 ubdd ihhe
reactive fluid to forma fluid product. The reactive

clearfrl)gx;nd é['ﬂ@gfedgﬁ% F%ﬁd%%}ﬁﬁclu L bt ﬂ fud@_lbhéeeqﬁi] Cgodlun? hydroxide,

TRt er C
orgafig Bt Eesg %"é@ﬁ?ﬁaﬁé?%ﬁﬁg s&%@&%nin?ff&ﬂn‘%?q%&@%’ac{d‘@ses for
osition into the reactive liquid. Reactive |liquids

examaggumqt ligteddn BCL, BB end 5260k 5110%@6 Sategus efflyentd adneral etch

acid solutions, aqueous reducing solutions and aqueous
processiodifai mmcwdﬂgﬂréom@sesshch 23 @0, of Hx8afrom\retypargas.cFEsS 1 illustrates
|l i ke FeOOH and CuO suspended |iquids can al so be used.

the rdioVAQB8I0, Fm & xdRfteoft daes 180k Mt bi 3NUArdl fBYink BEhHteecurrent to
water with hydrochloric acid gas or an organic

the r? kil oL I@%(bﬁ 191&51%(&16!’ @c%técﬁ%ﬂarﬂ o0g4L€ COZ-EQAC%S WRREHe Wher and

uid can be used for ining wth ™and renovi ng

ol Y 8 AR b By e

. hydr.oxi de base |ike sodi hydr oxi d(? organi ¢ am_nes
mlxtw@ H-OX6 VaNGE Dresyise Hevids Sl}?g‘r?é skwmId 6an braTsed As ¢ deficrapgliquid or
acid gases, for exanple but not limted to HC, HBr,
to repnoie BREOBkE ammontte Ayreseibyesslesty Fareintludé partigiss &do letgetio foul the
process or for renoving trace gases such as CO2 or H2S

merndbean@bnaiviifchlcag 88 usddl t&incledst thisdapadigsof thdeacterdicaid oxf facilitate its
CO2 froma mxture of gases like air inlet at 30 and

recoﬁdlﬁéﬁ\ﬁlﬂ POUWRLEIDIL 'firsfu%@/tmélﬁdmgJ Qﬁrc&rﬁﬁ‘xﬁtﬁyﬂﬁ)g(ah Bhé&hp hlﬁtg'% a
infet To the confactor at . eCOZreacts vvltht

suspg % 8\519 be [L\llgg_i 1yc¥|r &rﬁbcﬁléﬁ%fnte? ﬁ%ﬁ}z& as g the %M?e%%lc%&qn the

Yivel y Tenoves rom

slurry may be removed by filtration and replaced with un-reacted zirconium hydrogen
phosphate. The reactive fluid can also be a liquid such as water. The water in 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

11



m xture. Low vapor pressure liquids such as sulfuric
acid can be used as a desiccant liquid or to renove
gases |li ke ammonia. A reactive slurry can include
particles too large to foul the nenbrane but which can
be used to increase the capacity of the reactive liquid
be used irf fathe ¢hemical processet odsahiptpgin gltemstively argomponent from the
slurry including zirconium hydrogen phosphate as a
fluid soispesisdroconitdsdw e thesedctilve flord todomw b prpdant fived whidinmay be used
gas; the reacted particles in the slurry may be renoved

for f&ﬁhelf éﬂe}rﬁé&vp@&emﬁ% reRlekgapleWst shown-ifi BEG I B d sahifce @PFILHAN200 is
hydrogen phosphate. The. reactive fluid can also be a

r
contaglsll Sy Clh o B BB 2 T KB R profiPiuia
ke a fluid duct th inth S

from it oSt ey P gaiomA LY edrpbrls af Lt fpdrdnd Rl %%e 220. Tn
liquid or the fluid conposition may be adjusted t

the caspoOf HBR&1tY eeYa) thy appuRtE #Iéa%thtWé igrsABIEs toei rélﬁoYﬁd fgom the
conponent fromthe fluid conposition in the reactive

fluid compogitiorFwill deysrd updri thh appleatoh abivell anthelvenceatretion/ef impurities
liquid, decreasing the tenperature of the liquid would

and rBRtide ﬂlﬂ(ﬁl}ﬂ@wtréte@. fie HeaE® digs Sokelbad ddnyacelr size vgHSEOACe
inmpurity or fluid conponent in the reactive liquid. The

. f I
lmpuﬁ%feﬁ%@ AR PR T R A e

the c%lﬁgcg u b%gng:,%%%{? g%ﬁgfi}% fgt&%ranﬁ %? g%n%%}ltratmtn qf reactlve

Ively a
t he fI ui d. conposi i on conbi nes th t activye fl w.d
ﬂuldf%smwﬁpaeda@é&mppﬁlﬁﬂoa W&ﬂowa eicala cheprcdl ghamraring

chem cal processing. For exanple, as shown in FIG 3, a

princgdess ce of fluid 200 is contacted through contactor 244
wWth reactive fluid 224. The newy forned product fluid
f r[@033]hi Bhecfbuit icompositionyashidhemapinctuic ad impurstyreomposhd or a
and wi thdrawn through valve 220. In the case of

compoRBitIth b¥ cBﬁBﬁ%@'\wthttﬁ@re%B@slérﬂul@fls kéfRMted ffofNRd rdadtive liquid by the
required to be removed fromthe fluid corrp05|t| on w ||

ool SO0, G0 kPP A e B o o i o
the hpﬁ% Elg;;frgc[é)nttar(]:?or a\ﬁg enters tge con%actor tinro%%h P ﬂ}lgtcf}ttq{qg SJF% eﬂl\ﬁﬂdI |
composition may be a vapor or gas and may be at a positive pressure with respect to the
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



impurity renoval. For exanple, one skilled in the art
woul d be able to increase the size of the contactor,
the nunber of fibers, or alter the tenperature and or
concentration of reactive fluid to suit the needs of
the application using known chen cal and chenica
flowimgdhnoagh ihadollpwifihsr ponsactor ig oasTollpd asing imathedsipown o Hipse
whi ch may include an inpurity conponent or a conponent
skillddanhlee gonbi ned with the reactive fluid, is separated
fromthe reactive liquid by the porous hollow fiber

MEPRBEINEA rddafydid &t EaGRBPRR] 1120MatTRIh 0@ dRBdnfiBicaieh viran inlet
| umen side of the hollow fiber contactor and enters

port I)ihtﬁe %815‘(%\9?‘)911’ con F%:?&qqz 3 b@hl%feréd ﬁlfdugﬁ thel] lt:kglof\xj Hﬂ)g contactor to

vapor or gas an

- e gl L FrRety ke kivh %’g o

f|UId The inmpurity or conponent in the flu
contmﬁf@rsﬁemomg@@nm@ﬁwéwmﬂﬂ §§fbleobfrorarth%ﬂ@ﬁ1Cemppfg‘ﬂlPléaBPactlve

with the reactive liquid thereby decreasing the anount
fluidofhichrpasrbetry carsumedpambantolleatet etheloutlet of dherpalkivt fibar.cohtactor

the case of an inmpurity, the fluid conposition with the

and diSH4EEEK drfstnita¥ed B0 Efline [Fosessnmoe shdwioi KIte 2J ovhlow 114 and
fi'ber contactor through an outlet fitting and is used

138 &filbe s é{)%ﬁe {og%la 8810 Shtac %r?%@?ﬁﬁ?lu%d‘re@eﬁ@ﬁ%&ﬁnﬁé pisRapplication

‘ su it [ sc ar ge. ow [uid conposition hay
of thf; heéw%t?}lrjen %{1 éﬁr%{%élg&% rcggtggt%? I’g ' ¥&F fégijec h@re%{x Eﬁl@\bgoythe
reactive fluid. The flowrate afﬂ%gressure of thlel ui d.
ApPAEAHFIOAY ltnF]élﬁeMﬁﬂfBWng PR L Ehint T Rynpgicpiigppwith the reactive
contactor is controlled using nethods known to those
fluidgkservaadl 22rorirtreiraniating B 36ictire fleiddhrpyeh thsthollewditiey eontactor 142.
fluid 122 that is in fluid communication with an inl et

The &k 0@ tart bepditddicilly biddet rextivafitiarthibzh ealve h26,metiielr sdiisposed
through the hollow fiber contactor to maintain the

of a&&%ﬁﬁﬁ@ho&?%ﬁﬁbﬁlbﬁﬁ oPRGeh@A6Y bMiling, Ad thb@istRaed fIMi@ replaced
fl within the hol lowfiber contactor for renovi ng

with ?%ﬁp gégﬁ\%egfynqlg Réljg@%%égl/e f’;(f Aoutﬁgttthé Ef?l@éﬁ@? of fhY 'pgnﬁcatlon and

scrubbing process is maintained without interruption to the process.

[0037] In-line chemical, temperature or flow sensors 134 may be included in the
reactive fluid reservoir or flow path for monitoring 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
NH;) 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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fluid which has been consuned can be collected at the

outl et of the hollow fiber contactor and di sposed of

or regenerated by an offline process (not shown in FIG

2). Valves 114 and 138 can be used to isolated the

contactor fromthe fluid reservoir for single pass
wouldhs|knewnite hosgskillebin the agti Far exampde, the therpHl pé a reservoir with an

contactor. The reservoir 122 can have an inlet so the
aqueapyatetonf s dectaades kelave a galue vétdty thg oparatgor, tidreservoir is

fluid communi cation with the reactive fluid reservoir

opend@d Rleabea ¢blugE o tHeNGed Faacti @aglid\wad hlcondinth ot ghesh Fctive
hol | ow fi ber cont actor 142. The reservoir can be

solutRf b Bﬂérf‘eﬁ ?sg Ré vsﬁﬁfetdf\e@ac&wﬂgldtln EM&;IV&% V@helﬁéw rate of
which 1s | ose

according to | ocal reqU| remen

or..regener at

the gy PERERH: Fefiros Pl L2 meP Gt Py taRiEAl BF Bsvoos Feveep
sqQ that the efficiency of the purification and

MaxigHzs 1B HGS Esa@éféﬁflqlgnwfﬁhea%mt% Ragedl gponthe pmgptof fmperity in
the process. [0037] In-line chem cal, tenperature or

the fifuicbsorgmsitions 134 maybe i ncl uded in the reactive fluid
reservoir or flow path for nonitoring the conposition
of [00B8] reaifyinge fididicdmpddigon withiwlpedigs dsdltidednhel §ibpsi drtadts of
and out of the hollow fiber contactor can al so be

provi'@lﬂ’@ 4 Qg d@tﬁéﬂmﬁ%bﬁ@@&xﬁoﬁ RRAARE ﬁnpumﬁs hhdbSheARRGSWh QN

froma source such as an environnental enclosure 100
P SRRl P el o
e R b Rl e AR e

or stop the flow of gas through the contactor. A
conceiirtipg| dissobpng. 6F conslsdsing therimpbribelgemdha theid cemppsitien with the
fluid into and fromthe hollow fiber contactor or
reactivedBiidoiThe (iqoitl cotrpawi}iomayithepdrasreds tha itprritly mad gedfis esithdrawn
the various sensors as 13 woul d be known to those

from3kd ¢dneftdrFort ﬂﬁﬁthé&’fdhenE&Hl peoc8EsRl or eniBBnrhdiRalfhifMfendnce. The

reservoir with an aqueous solution of a base decreases

methB& h&‘é}’g@nﬂ&' R&he Qé{ othé‘ cﬂ&ﬁ§tﬂ{gﬁhe réa@ d ﬁxﬁﬁ'&%%hél} fh%.hgnow

tore ease ume o used reacti v_e
o B 2 e S SR OB 4 e RSy
feedlgg‘_)79 zr?(i l\ollgclecgmg Iggnfok%\%vt}{ea;egct%]; fluid flowing through the hollow fiber
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 HCI
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the reactive fluid as well as the fluid conposition
flow rate can be adjusted as well to nmaxim ze the mass
transfer efficiency of the apparatus based upon the
amount of inpurity in the fluid conposition. [0038]
Purifying a fluid conposition with _jinpurities includes
or ammmu%tné«pﬁqlaﬂs dews taypart per billign deyels. JBhgre seesssary gherliquids may be
conposition having inpurities and contacting it with a
concengattlipvier td heirdnalggar at ed from the i npure fluid
conposition by a plurality of porous hollow fiber
NEOR403 N Efhel Hdl[Bw e @nfbrey coneRtor@tlow high@ad¥Rirhads of gas in
further includes conbining, concentrating, dissolving,

. . r u L | ”
liquidht o HASRS ] RO i SRAPE IR (ontickin RRAS, i Phwerior
rtion.of, the.inpurjty remved.is withdrawn fraomthe
materf i8R it it TR Sy RAF e At e CORRROT S lower
envi ronnent al__mai nt enance. The = nethod may further
cost-qirpynggRbin. na ppliqatigns ofdhe contamipating rerpeyat deiieq qrabgdimept of the
through the hollow fiber contactor as well as the act
preseqffinyeition anatidegpladesmnend hgfoss @i abter yicutnepunagzsoan areh dndyphiydical
by feeding and bl eeding a portion of the reactive

vaporfdepogtidn wolsdSuchidevigd cditle bbpldcedvar thé eiitlet ©P B cB&hiRh] Gdpdr
replacing it with unused reactive fluid. [0039] The

depositfSP¥8] ardifin 3fe EAPUITNt &;&@bf@ |u§é_détb qeleammteh{&te ﬁ%gemﬁ&al

anount of conbination of a fluid conponent wi

reagefétg‘?i;f(g lggagingﬁliqﬂ)rg éﬁe?%xh?ﬁset%ggr or 1e garlelgneé)‘('nalr{g é/séfegzr}ls[%ra%oth%p gﬁ/\f)]ication
spectrosc it as, cell is useful for neasurjn

the CO@E@@%@?@&%&%&%%@V@S%B%wad B 1 Aib TR 120 Aigpandling device to

: gaseous speci es such as water, HCQ, CO2 as well as

remost thase sontamadanitylelee angines Fomedgrsnropingis. dlhehnootaatos gamphiysed to
mass spectroscopy, as well as conventional pH sensors

acidifyrdlnidseo dis@tlan acidedRiid prodbe byrnwaitiging b ir@tiof fl1aidgesh higk€mixture
HCO 14 or ammonia into liquids down to part per billion

that inch¥Rk §n aM6ENINE €62PEkNt L ARetna Y B8 cBRYcBEmay be used to form a
concentrated prror to their anal’ysis. [0040]" The hol | ow
base ié g?gécrt]i% %fcﬁgf us‘ﬁ?ﬂt Q&t I%Ith?ljel Ry ill;él%s tarc%pnspfogént r11%%: %?nrr?c];nia.
[0041] 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.

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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liquids, offer much smaller footprint , rapid start up
of the contacting process, and superior nmateri al
conpatibility. This should offer the practitioner a

nore efficient contactor at |ower cost-of-ownership.
Anplicati-ons of _the caontamnation remval device

Wates kot nent Cosflowe pr d<@nflow nvent i gmRasistividn pl dRasisivity Out

(gpmyapor depjodiminon t ool g

before or| after vacuumé)ur.rpS on etgh and physi cdl
(U/mimh devi ce (Wbahw) be pl gdEeohan)
the outlet of a chem gal vapor deposition tool |and in

1  one enbodihEnt coul d hel.lised to sel|ddtd vel y rengvé
novel netlal reagents |like platinumfromthe exhaust

5 gas for rlecbai mand rgcovery. |In andfiser applicatgzen
the contam nati on rengvi ng device goul d be used|in an

1 air stream.zn an air Hangling devi g¢d7t30 renove [tipace
contam nants |li ke amnes fromcleannroomair. The

5 contactor| gan be usedftpy acidify flljgisds to Tormoap
acidic fljuid product Ry conbining a reactive fldid with

1 4a gas mXiup® (hat 1Mo udes an aci|gf30r m ng CoNpggment.
Alternately the contaqtor nay be used to forma| base
M a reaqt fford by using a gas ture tiat

2 i ncl udes af'g%ln'ponent lli'ke ammoni a. Fg?)xhl] The presg’esnt

3 invgn@iurl jatesto 3 lethud.and any ratus fpn Hag
purificatjion  of gaseg Tor which nay be used in
chemcat—prosesses—or which—rrayberpast—of—an—efitlyent

4 stream \Iﬁl‘ ticul ar,| ‘the present {Iz&enti on prC\}izges a
pur+H-eation—proecess—where—a—HuodHs5—puriiiedtby

5 reacti ng a onent qfY the fluid Wilzﬁ’ a reacti\eﬁ2
Hgui-d; el or slurrv contained bn-one side off a

por ous hori ow fiber membrane. EXAMPLE 1 [0042] Table 1
shows the results of using water as a scrubbing fluid

f d0048nolkg regults shown tlaatonadar remevesdrOairpmahelais kg frem carbonic acid
m xtures: Table 1 15 Water Flow CO2 flow 02 fl ow

in theRestestasviting in A dRersaseiiy tHeyreXitivity gt watdrni n ( 1/ mi n)

(M ohnm) (K- ohm)

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, 0-

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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11.51.517.343 51.51.517.387.8 10.32.7 17.3
104 50.3 2.7 17.3 240 1 1.021 5 17.3 68.5 2 1.021 5
17.3 87.5 3 1.021 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 CO2 fromthe air to formcarbonic acid in the
remopal efficieasyutangedyfrom 74 %l alcT dpwdotehgasttow dg 987 at\l 0P gcas total gas
the water. EXAMPLE 2 [0044] Setup manifold to eval uate
flow hilohginthieicbatactict h reactive chemical as gas scrubber
for vacuum processes. Use carbon dioxide in air as test

gcgmaﬁ}i ALK VAP ES witheAGhhaths GbRIbA pE P14 bERRYHNHowing
fromair. Installed non-dispersive infrared sensor,

280 &hO0%iRRIGRy PR Al B0 Si3PEd 6.3 IR PEA N ostllof &R Ahe the
fomroom gas stream n--di'spersive sensor outlet Is
nnected to a GAS ich draws ajr thro t he
NaOF P e sqhettestaonofiifls bt 4 B Brdlohes 8280 Sigos was
fibers containing the agueous NaOH, out of the oqutlet
feed gfrogghethe drnerceiohe dkerst MQuughHoYaA Srofy hediis sy esppsialipguanitative

detector. Air flow through the contactor was
(100€0nt datdtmad linnit bf €00 abalgtapatrmashalléngw floontatesupap abitt2slpm;
aqueous NaOH liquid flow inside ozone contactor holl ow

93%f € OB Fenhd i BbseRekd-at S3(nP @imﬂemhfo@gﬂ tid dtntLegevitHGER Ne®H
renoval efficiency ranged from70% at 5 sl pmtotal gas

Smmg¢ég&ﬁ&ﬂg§@6at 100 seemtotal gas flow through the
cort act or .

[0046] Although the present invention has been described in considerable detail
with reference fo certain preferred embodiments thereof, other versions are possible. For
example the same apparatus may be used to generate a gas or vapor by contacting the fluid
composition with the reactive liquid. Therefore the spirit and scope of the appended claims
should not be limited to the description and the preferred versions contain within this

specification.
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[ 0045] A contactor was setup with an aqueous sol ution
pH 12-14 of NaOH, flowng 280 cc/mn re-circulation
with Teflon gear punp and 0.5 liter PFA vessel for
containing the NaOH, outside the contactor holl ow
fiber lumen. An air challenge of - 520 ppm CO2 was
feed through the lunen of o Raygi bers. C2 reroval from
the air was essentially quanitative (100% - at
detection limt of CO2 analyzer) at air challenge flow

Whrgﬁ%f:cgari#gd_to about 2 slpm 93% CO2 renoval observed at

1.

it flow through the contactor with the NaCH
scrubbi ng solution. [0046] Although the present

[ nvﬁﬁtaéﬁé}anﬁscoﬂfp iging'esc” bed in consi derabl e detail
r 0

Wi t erence ceértain preferred enbodi nents
t hereof, other versions are possible. For exanple the

by & SAPRE IR p Bty RS SR B AR Ry AR lnstAtRainec

| : Quitioin a'lﬂwls'lergosaa'd hblk)wsf_jﬁqr'f hadngladwogresidé antie shpiereed
ai_ns .

e pu @ Py ks b dle &l Wihor ol LA Rt e

s pecaorfiinoaication witly a Gtshinidd anuedtrsti aitlet afisaiethousingnand said shell

o uodp i i BRblPlsion B @ sefahd g b RRERTLP P b 2

houbkousdng;sai d hol |l ow fibers having a lunmen side and a
shell side separated by a porous nenbrane, said |unen
side of said fibers in fluid conmmunication with a

f i r saidifirdt et secuthdanlét indine avith lastouafe of giad chmpssing andmplurity from

sai d_shel,l Si in flui (o} ni. gat i ' nd
i nl 8F ogﬁe& 05 ag eegCZ‘ntaf"oﬁ‘E qujet 8? QQEP%S'&NO@QI? }rs:‘lgé FL}segjifg)%:lgr st
or smironldtedryi®te bax-drianghotaresistaclesmwoanes; of gas conpri si ng
an inpurity from

said hollow fiber contactor connected to a reactive fluid from a reactive fluid

reservoir to direct the reactive fluid at the opposite hollow fiber membrane side,

to form a gas with a reduce impurity content;

one of said first outlet or said second outlet from said hollow fiber contactor for
removing said gas with reduced impurity content and one of the first or second

outlets for removing the reactive fluid; and

a sensor to monitor the composition of gas with reduced impurity content

removed from said hollow fiber contactor.
The apparatus of claim 1 further comprising a pump in fluid communication with
said reactive fluid reservoir to re-circulate said reactive fluid through said hollow

fiber contactor.

The apparatus of claim 1 further comprising a valve to bleed used reactive fluid

from the reservoir and a valve to replenish reactive fluid in the reservoir.
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an outlet of an etch tool, an outlet of a deposition
tool, or a feed froma recirculated gl ove box or a
phot oresi st cl eanroons; said hollow fiber contactor
connected to a reactive fluid froma reactive fluid
reservoir to direct the reactive fluid at the opposite
hol | ow fi ber nmenbrane side, to forma gas with a
reduce inmpurity content; one of said first outlet or

. saifmethed iRl Rutitvingta uid aereRisincBe SISRS Pf:ber cont act or f or
renmoving said gas with reduced inpurity content and one
of the first or second outlets for renoving

r e EQVidiRg f soyrge ohgRP @NYisNgRANMIHPYWN frodran %@eb‘éfrﬁﬁ‘ﬁ@’t togh

of f%?ar%&tlét besHERAitoRTRL drih 168dr6Rta refiRiRiEH lpf](_ﬁt@ll’@s%ﬁl d
hol l ow fiber contactor. 2. The apparatus of claim1

f urdle@BroasbAHIo ) IRigt af HiveHgw fﬁ’r? PRt ¥ommuni cation with
said reactive fluid reservoir to re-circul ate said
reactive fluid through said hollow fiber contactor. 3.

Thealgearastaidaying emrﬁlitnoff RAreyReRoliew fippT BPMEraRey Mt & o
bl aRdsiHE Qe hefw! fibees hviida bble@d 4R 4 SR@lsIHR sreparracbdaoy 8
valve to replenish reactive fluid in the re
pR“PPét’ﬁ%HbrﬁB? PAPIEE Fcheptiet i QM EesFRn Vé’l”hé‘ %@“ §'@@p‘§"d
Of ‘anAhieVarH sfleBinToiniMicatio adh 6RHYMé SiHeg an inpurity
froman outlet of an etch tool, froman outlet of a

deposition tool, or a feed froma recircul ation

PhajoatREh$the gab GRAT0AE BT Sdidl nietnbidhnd sidiedtthlugiR ohe bf &ald inlets;
fibre contactor; said contactor having a plurality of

porous hol I ow fiber nenbranes within a housing, the
hol doﬂt‘dcflmd)@rﬂ SpptRité A@nrily sdswilea addtive ﬂih@lsépai‘étée to

separ at or oy, B‘Tora e, an inlet and outlet i

 cormaAR TR Ten T4t SHA SBR AiFpdh the PO nolay e dierfgnes to
outfbed aigas estiBbdindmbuMy cohteht; e rddtovingsaitegas with reduced

impurity content from an outlet of the hollow fiber contactor, and the reactive fluid

from a second outlet;

recirculating the gas back to the source and through said hollow fiber contactor;
and monitoring said gas with reduced impurity content from an outlet of the

hollow fiber contactor.

The method of claim 4 further comprising the step of re-circulating said reactive
fluid through said hollow fiber contactor from a reactive fluid reservoir.

The method of claim 4 further comprising the step of maintaining the composition
of the reactive fluid by releasing a volume of used reactive fluid from the

reservoir and replenishing the reservoir with a volume of fresh reactive fluid.

The method of claim 6 further comprising the step of monitoring said reactive
fluid re-circulating through said hollow fiber contactor.

The method of claim 4 further comprising the step of recovering noble metals
from the gas.
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10.

contacting the gas with one of said nenbrane sides

t hrough one of said inlets; contacting an opposite
menbrane side with a reactive fluid separated to
separate inpurities fromsaid gas through the porous
hol | ow fi ber nenbranes to forma gas reduced in
impurity content; and renoving said gas with reduced
impurity content froman outlet of the hollow fiber
contactor, and the reactive fluid froma second
OUtHRImeth&F bff Fdihal Wi titegd3a8 o @chiemidal fapoP desesitdRdool.
t hrough said holl ow fiber contactor; and nonitoring
said gas with reduced inpurity content from an outl et
of traeneth&d bfirhi O8tiere &t @mtRtor iPpladdatbefdt P aftétfa cair
4 further conprising the step of re-circulating said

r edRHMARN $&94 PH t hr ough sai d hol | ow fi ber contact or
froma reactive fluid reservoir. 6. The nethod of claim
4 further conprising the step of maintaining the
conposition of the reactive fluid by releasing a

vol ume of used reactive fluid fromthe reservoir and
repl eni shing the reservoir with a volunme of fresh
reactive fluid. 7. The nethod of claim®6 further
conprising the step of nonitoring said reactive fluid
re-circulating through said hollow fiber contactor. 8.
The nmethod of claim4 further conprising the step of
recovering noble netals fromthe gas. 19 9. The nethod
of claim4 where the gas is froma chem cal vapor
deposition tool. 10. The method of claim4 where the
contactor is placed before or after a vacuum punp on
said tool. 20 :
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