,uve3eV_2W\ 46T2<D. 18 FEB 2003 , FILTERS EMPLOYI NG POROUS STRONGLY ACI DI C
POLYMERS RELATED APPLI CATI ON This application clainms the benefit of UgFER 2003
Provi si onal Application No 60/097,215, filed on August 20, 1998, the entire
teachi ngs of which are incorporated 5 herein by reference. BACKGROUND OF
THE | this age of increased air pollution, the renoval of

chem MW!\ m\m\\e air we breathe isla concern of everyone. In addition, in
the f 1on of electronic materials and of devices such as

sem condu®®fs, there is a requi rement for 10 uncontam nated air of high
quality. Gas phase filtration is commonly acconplished usin }

carbon manufactured in various ways. One approach uses a caamm,m&!wm@m%
slurry to glue the carbon to the substrate. The adhesive decrea n
performance by formng a filmon its surface. 15 A second approal® nvol ves
carboni zing an organi c based web by heating, followed by carbon activation.
This material is expensive and has relatively | ove adsorption capacity. A
third approach involves formng a slurry of carbon powders and fibers into
sheets by a process anal ogous to a wet papernmaki ng process. This materi al
has a 18 F E B 20D3 WO 00/10687 PCT/ US99/ 19244 -2 nmedi umto-hi gh cost,

and has an undesiUTERSEMAIDYNGG POFOUSFTROKNGEYWACIDROPOISAERS! Mpr egnat ed
carbon particles cannot be efficiently used in conjunction with an agueous

process, as the aqueous nature of the process either washes away the

chem cal u i carbon, or reacts undesirably with the 5

i npregnat i ﬁ%ﬁﬂ%@%ﬁ%ﬁ@&e groups thereby rendering it inoperative. In
general, howeverpii Eéati'&ﬁtc%‘ﬂnélth%U!ﬁbﬁfbﬁ@.sﬂ?fovié?&ﬂm%ﬁﬁ&ﬁogw cally
active groups performfar less effectively than those I ch do 1 nclude
chem cal | y &x09%2l5gfieden Ahgnst 26f 1998 e cappr wacHinegs dfuvhigh achnarpotated
desired praqperties g_gi ch provide a clean, cost effective, high efficiency,

| ow pressurksTeipdy re ptive conposite. 10 SUMMARY OF THE | NVENTI ON The
present invention conprises a clean, cost effective, high efficiency, |ow

BACKGROUND OF THE INVENTION

In this age of increased air pollution, the removal of chemicals from the air
we_ breathe is a concern of everyone. In addition, in the fabrication of electronic
materials and of devices such as semiconductors, there is a requirement for

10 uncontaminated air of high quality.

Gas phase filtration i1s commonly accomplished using activated carbon
manufactured in various ways. One approach uses a carbon/adhesive slurry to glue
the carbon to the substrate. The adhesive decreases carbon performance by forming a
film on its surface.

15 A second approach involves carbonizing an organic based web by heating,
followed by carbon activation. This material is expensive and has relatively low
adsorption capacity.

A third approach involves forming a slurry of carbon powders and fibers into

sheets by a process analogous to a wet papermaking process. This material has a



pressure drop, adsorptive, filter conprising a high surface area, hi ghlfy
acidic chemically inpregnated adsotbent. A preferred enbodi ment of th& FEB 2003
i nventi onywe@o/fERt OY @ non-woven conposite material having perdises19244
functional groups that bind 15 to airbosne bases. The invention can be used
in lithography systens which enploy materials that are sensitive to
inpurities, such as nol ecul ar bases present in the air circulating through

sem conduct or waf.er processin ui prent .. A | arge nunber of bases i ncluding
anmoni a, NwP, TF IBFH%'Mﬁ@Stpg’P‘fﬂﬁ%,ungiﬁﬂrat}?%%g‘lgg,prisélﬁe PRt thed at
concentration ' I t it j t 20
Cnventi on. TPl ally faRRdmaRaReli palohS R tel A G e b GoRE SN
conpri si ng, f evittexaaqieeus ploeesdy ys thpphudaat namrodf the paekis\eithadsahbestayt o a

non-woven carrier material, which is then heated and cal endered with cover
sheets. In a pheshanpey usadivimpagnase thegabon igsests Andessaty withdhen carri er

> _ ..
Ul f onat od ot FRRTERSETE bh bR ERURCENBrouBlRelshS rANRARE dbori Py FLgHEc
enbodi nent  enpb@¥ses ltepmistdrials whieh donal ing6:pBRe ceMEcAR &tie Soapdseritaye at

least 1 milliequivalent/gramacidity |level or higher and preferably at
| east 4.0 mi | Ifardegss affdctively/thanthoss whichderinclTdechsmivatyrastive gdups: e por ous,

pref erably having ore.size in the nge .of 50-400 angstrong.and a

surface area of 203&&@3 %frtﬁFﬁegaIRB’fc’.%ﬂeSf!éﬁﬁg%“@”"fgﬁ§GW(96‘%1656387" ich provide

PCT/ US99/ 1924 ' i 5 : j al | ows
A8, Sl e BB ol N0 SRRSO RS DRl

for even distribution of adsor Icle dep f the
pol yester batting. This provides an increased bed depth at a very |ow
pressure drop,.  whi i i . rabl e since a twofold increase in bed
dept h can lioncﬁmg@glﬁ%i/ﬁf\@ﬁ%r ough 5 time (tinme to failure)
fourfold when usin i 3 i I i N ) h

i nvention provi desggﬁegﬁg%ﬁ? mﬁ%@%%?@%‘%?%ggle%#’g{?gg‘%%cg?%%ﬁ Ji#‘(s)i\?\? fgogvsur e
drop, adsor pt ipy&smerirsp)\adsorptive,dlltet 0ompssihg a higitswafaoeiren iy adigicnm ng sai d
conposite. The novel filter conmposite 1s particularly useful for the
renoval of bashkemisallymmreaenate adspybenty Adrefered cbodiment of theminvantien eain be
gaseous or vapor ous. | Oo%aﬁti culoa& es tWi.II al so b(@ félen‘})veg i f g{h% t.er t han
the pore size 6P PhePRTIEF! “THETTI TR nigl havipeagdie S BEPPRI Blst 12
nonths Wi tj3 a (®ERSSHE BastsO TheGnveRd bf 8aPE\Rled 60 NEHHERAPh P ByAdifls Whidh Binpfoyl Mpact
on the systens operation. For exanple, a high pressure drop filter can
requi re a | ongeatenidlsrthat ave sgnsifivirteginenyiiics yuthess moleewjar basen present nghe air

tenperature and hum di.t fter. filter replacenent. 15 In an alteniative
erbod ment . ¢ RECHAREE gL oAty SR SO G Ha e Anlsche R Bier of
copol ymer ari ¢ag iﬂ&h&ﬁﬁ?%ﬁﬁn&ﬂﬁ,ﬁ@ﬂ@&iéﬁ}ﬁmﬁﬂﬁ?{yﬁﬁﬁk- arfdthagtcgdpear bon i's

di scussed in greater defail in US. Patent No. 5,582,865 titled "Non-Wven

Fi | t er Conposimantaintdet eprdentatgmstbeinive2 ppb irha wop alustat filtered wathtpoprateat]
herei n by reference. n.this prefer-ed enpodj nent has two (or

filter j
more) | ayéls, BEUGH TSeimuepbin 2%%%31 G mekhpds der @m%@%ﬁ%&m_ﬂww
benzene styr ehe GARRY TR gﬁf@)ﬁ}ggae@%%p%%é asofplh: @', IRGoVERLERIER! S can be

m xed to provi he present 1 nvention. I'n another
preferred enbaghterlf whichyntheatheated and odlertatcd widh covsdielieets t hat described in
U S. Patent No. 5,834,114, the_contents of which are incorporated
In a preferred embodiment of this invention the non-woven carrier materials
can be polyester non-wovens, and the adsorbent can include sulfonated divinyl
25 benzene styrene copolymer. Another preferred embodiment employs carboxylic

functional groups. The acidic groups have at least 1 milliequivalent/gram acidity

level or higher and preferably at least 4.0 milliequivalents/gram or higher. The

polymers used are porous, preferably having a pore size in the range of 50-400

angstroms and a surface area of 20m?%/g or higher.



25 herein by reference, can be coated with the materials of the present

i nvention to provide a porous .aci'dic filter in accordance with the 18 FEB 2003
i nvention. A detection system and nethod of use for determ ning when the
filter ned¥® 0030683 repl aced by detecting base contam nants PAT/AISP/19344
described in U S. Patent Application Ne3-09/232,199 entitled "Detection of
Base Contam nants in Gas 30 Sanples”, filed on January 14, 1999 with O eg
Ki shkovi ch, et al as inventors. Al so 18 F E B 203 -4 U S. Patent
Application No. 08/ bt X i i ts", filed
February 28, 1997 wigﬁd%ﬂéggégg#lgﬁﬁgwgﬁ%&g{fbgﬁcgéﬂ?ﬁv nat%g%?gpn . S. Patent
Appl i cati on Nodist@ibz€66 oF Sfsoehent particles Braighotii tha dgjth SEthepohdstet nditing. This
Fabrication and Sjmlar Sensitive Processes”, filed Decenber 23, 1997 with
O eg Ki shkovi cifovides ap increaseq brAcdpdt & aoshy lavsprepuiredren, Which isthighlyr esent

i nvention. Thege: i | sGl t td,on

| it hography pr%eggg@tgg%cg ?ﬁgogq%"g%ﬁ? &%@pq%ﬁﬁ ng‘?%ﬁ%ag%ﬁ%sﬁl%f Ssgl\f%%ugrhe
sensitive t® afind¢Smeno tAiRrd)i fourfdll &arn Reing Mhesd Mith fbaicibagsd salfenit Be@y. por at ed
in the present application in their entirety by reference. A preferred
enbodi nent of a net hbus. e nEentios Providesa ¢lean, eost effeqiwas higheflisignay. 10wl ar ge
surface area and the.desi £d J1ow char agi}eri sti cs i nyol V%icﬁitefhe use of ¥
powder ed nat er T 5P RAOP; SGERIYE PPRAVIVAD SUGLEPRST e, 286 & e OBFPTPERE Fd t he
ot her. Fol | ow Qifinfdige FEROSdVe] AfterRREpobiRy/R paf{cuReNIREM DI BIcSEmBYal A bRéndex
material is delivered onto each |ayér of powdered material using a printing
t echni que i n asotaimaAse inen hir atreapmpuitich corsaeinants cambe gdse@s od ivapersional

filter el epent_bei for, . Following the 15 sequent, al _applicatiop of all
of the reqtir e%”[}&%@ﬁ "flgg‘g‘f@eé?fao'fﬁdrigg’?ea%f Pitlg Pqre sipep Fﬁi‘erpa e Silter
guestion, the WOGT 4 | 1 I I J in the
formation of t}ﬁ%bd eg‘iq ?ée)g t hraézae%giai%emﬁglﬁ%éngftﬁfa ﬁr‘%sgl?%\gf%r}gﬁfg&é%‘hb‘ggﬁ echni que
provi des for tdenstuaption ahd oiininfizeciomatieon thesysenys aperationp st éxandpid, tadrigh

el enents having high _surface area that are faornmed with a very high_degree
of resol uti on.PressugRetop fRfesces yquirna nesHEm oA INbezraly syEemde CABIRFAC ot her
obj ects, feat : I tl w ll be apparent fromthe
fol |l owi ng m)rg%gz?@cﬁﬁlggﬁgt@gﬁﬁgf%%%ﬂg&gérﬁg%girn(r%gtd enbodi ments of the
invention,1ss il ushiai sitbrhdtive mbagieesmpahy fing Wealydth gl fonatedldiviyll ekgene
_reference characters refer to the sane p arts_throughout the different
views . The 25teadcorly@epaninan asivaied agrbonag Be sdwilkent. efpthiatadsarhpstisad
bei ng pl aced u i St i 1.h ryneci.pk e L hsent Lon.  El lis a
per spective vi(glgvpugféc{%egré%%rar g%ﬂffg%%s ‘#%igrge}kon\%éér% i%ﬁ%gg‘?olgoen'h\goé’teprﬁé&arnd

cal endaring; Cd8pbsife.’B 12€Ratireonfehfeof 2hs bStedt iPHIcERREkIMRrdth BWr&krdnbe
apparatus of this invention after heating and calendaring; FIG 2B is a

per specti ve viEhe Bitenindhisppdemed emfdimpitdias e faringme)dfyess, oneaf aattyatedd

cal endaring.,wth a cover eet: 5 FElG . 3A 1S erspective vjew of the
appar af us tHFeR Rekons %ﬁuﬁﬂﬁaéeds‘gﬁ'éﬁy}agwe‘?eesgéﬂ%ﬁﬁjﬁfyn&eé ﬁfaéﬂsn ment

strucfi xre shomifmgiohMey, weas BRrOmalciglsRheBs ﬁﬁxeﬁittb?b%\ﬂiﬁe%e filt6s sy38nl 6f et OP
view of the apparatus of this invention showing its pleated sfructure; FIG

4 is a top viagwesstitwentppar at us of this invention with a high first pass

10 efficiency nulti:pleat pack negl filter ip a square or. rectanqul ar
cont ai nment structu ‘fnolag?eé%"%?(“{)dzergbotdb‘ﬁer%}iaew lig Fﬂgg%{brﬁﬁﬁea?luglc fasiipats
invention in ajdsadha inUR! PAEANo.. 5,834,114, the contents of which are incorporated

25 herein by reference, can be coated with the materials of the present invention to

provide a porous acidic filter in accordance with the invention.

A detection system and method of use for determining when the filter needs
to be replaced by detecting base contaminants in air is described in U.S. Patent
Application No. 09/232,199 entitled “Detection of Base Contaminants in Gas

30 Samples", filed on January 14, 1999 with Oleg Kishkovich, et al as inventors. Also



cylindrical containnent structure; FIG SBis top view of the apparatus of
this invention in a nedia-wapped 15 cylindrical filter; and FIG 6 18&?&2003
perspective view of a process of producing a filter of the invention.

7 is a pleated filter made in accordance with the invention. FIG 8 is a
graphical illustaration conprising the base renoval efficiency of 20
filters previously available and a filter made in accordance wth the

i nventi on. 9 . PL.OCESS ri.cat.i, a filter i ccordance with
a pref err_e&fg%%a?tré‘?ﬂicg{m? ﬁé 9%2%%%?%&’.1&%‘16%1@@5I°E§Pf%¢8%aﬁ‘hn mpl e of
a three di masranahry’g 1697 WAROIEAKEIKbHCRCI A SoRmoEntbisldndNS. PHERESS. 25

DETAI LED DESCRI PTI OF THE I NVENTION Referring to FIG 1, a portion of a
conposi t e ApplisatBih. 087H26, 2eihmdriet éPidedima of SemieondsbieeFalifcation aadmi ddl e

| ayer 62. In a preferred enbodiment, the co~c~er sheet 66 is a _polyester
non woven SwilAgSensHivFaBiocesser 'y Bisd Decembent3.sioP4 itin@leg kishlqvishe #52ht 0. 61

0.024 i_neh : 1 ddl e . IS, :ai L] ai t -
T e B 208 oo oy BF pbaoBtTeater R il TiRRASEI P BRRGHE 0
fiber rati @i®fossHé ?&ﬁ&ﬁ@fWﬁﬁoF@ph§ Fidﬁ@ﬁ&ﬂﬂﬁhg@h&ﬁﬂcﬁllﬁaﬁ@ﬁ_ﬁ% acidic
pol ymer nlatei~ial that binds readily wth nolecular bases in"air flow ng

t hr ough t h@hbtolr¢sists witich ase sensitive ¢o amires @ thRAir Thetsepaterd dpplicationd grei n t hi s

formas the conposite 5 filter el ement.. The conposite 16, in a preferred
enbodi ment TRAPBPIHE] 10 tHERSFRFL BRALICA NS thelp EnFER\PVRSITERFE he sur f ace of

m ddl e | ayer 62, i . i : I . shown
in FIG 2B. A téﬁF Egbt???/ﬁ %}E%]%lggtognﬂc? xg%ﬂ\}ggsg ag?al? a‘%& a@ﬁggﬁaﬁg&gr%gpﬁ over

t he bacli ndargaygeifackZrezendsthedesited flfoGhazdcteriEhies tvebies sitaete of apolaiesed
filtering or non-filteri n%; non-woven, pol yester, polyam de or_ pol ypropyl ene
10 nmt eri amaserizdihat is denosited npggwsntial leyersone pa tepokihe st Followirigithe er j ng

material, | Y/ I I k. . ak k- i he
corpos: t & SepaiafFach Bl S iRcRanleinh Sthills Blad IE BRI B, o
The cover ‘¢apr af powaaeY eatddial Géiag A phHAtnp Gdchhiguadn sicerqaty with andingsitéd such
as a sul fonated divinyl benzene styrene copolyner, which can be in bead
form wi t hisepdehef Whedlree diragusiongl fikent dl¢meptdpingthaned viglloyieethe 15 can al so
be chenical Ly inert teri h_as. pol vpropyl ene. . .The conposite 16, can
be contis: nettarr Al IpelEg el e AR PO PE I e AR FRIBRRLS 151 on
in an int edsies RO ihQedtivh, fHehinBbhmMDpOPddrad aphopritély ¢ambyed, Fesuftghgf@r m of a
renovabl e or replaceable filter elenent. For nmany purposes, it is

pr ef er abl e theformetiemebthe desisag thegealimersions fiitpeelemente (Thinteehnigre exposed to
an inciden e I . for thi 0 .CO i | eat ed
Co prov de Proaeigy edthr Afbn o bobiled LR S oS RORA ReE e R %50

i n which t heplcanmpoes hied thathed formed QAith vy Aigh debtde®f rddohdionl 7. The filter
material is pleated into an accordion Like structure 19 as shown in FIG

3B, contained within a square or rectangular container 25 18, having a

front . l air stream shown by arrow 22.
The pl eati %gség&mﬁﬂ@%m%l ar tothe air flow FIG 3A

shows the structTyeSotdgomgfn@dithe? obRA&EKfoatR¥Y arkil ddvardBr T Be RveMiayay top
view of a filter structure. An alternative enbodinment is showmn in FIG 4

wherei n a pillibelappyrent frpmdbe fedlo8ngmopopirtienlat dasempiiorcef prefesedequent i al |y
i sposed et SNt S Eovkiol SRS 2 e dhcfinbal i A0 g R 0hAR587

like reference characters refer to the same parts throughout the different views. The

25 drawings are not necessarily to scale, emphasis instead being placed upon
illustrating the principles of the invention.
FIG. 1 is a perspective view of the apparatus of this invention before heating

and calendanng;



mufti-stage filter through which the air can pass. As in the above

émbodi nent, the pleats 20, of the elenents 24, are substantially 18 FEB 2003
perpendicular to the direction of air flow 22. A further enbodinent is
shown in FIG SA wherein the corrpo_sg’_te structure 5 16, is disposed in a
cylindrical configuration and retairned within a cylindrical container 28.
The pleats 20, are as descri bed above, substantially perpendicular to a
radially direct jr.flow. A further,.enmbodi nent .js shown in F|G .SB

Wher ai n”the. conb3: 44 ikt PHsRHEE MeN oA HR SPTAae b (15 PUGHE RO FingS0,

cont ai ned éﬁ@cf%iléhd%iﬂg“er ally cylindrical container 28. 10 In a preferred
enbodi ment, adsSor bent’ particles are evenly distributed throughout the
non-woven or fi BEE. IWidd perdpecfiot YRS &lthdaparngs ofthiscixaeion «Bfer Bedtinadsor bent
particle includes but is not limted to sul fonated divinyl benzene styrene
copol ymer . andeagengenng Wit eamsosliarnt, the i on exchange strongly acidic

i m | 5_gat t h ne | t Les incl udi ticl
Ci % of et weenF I3 At PEFSBEci VeV GE PR HES SL TR G 0T8T g, and

an aver ag j ; f a hi gher
porosity grfegﬁgg‘idg} g%mgélﬁn#;,ﬁi %ﬁ%ﬁﬁ%@ﬁﬁgﬂaﬁgﬁﬁ gﬁfhi% éaa?épdr g(elr?lgra?%’d enbodi ment

has the propertFHES 3B iscoiopenew af ilzrappéraasiod tiss irventén stmwing itepleated 1. 8
meq/ M and surface area of 45 nR/g. One such catalyst is sold 20 under the
t radenane SSWSERENYSTOO | SDRY or AMBERLYST 35DRY by Rohm and Haas. Overall,
the dry processj t I LGh: Lncl C l.nation of
the fl uidized bgg?.sﬁ{sfaoéégtvféef §ftﬁgﬁd§f’é‘ﬁtgﬁ\£ﬁ‘gp ‘s’{";gﬁ‘jé&r#‘g‘gg%tﬁ%?%hngﬂj gg%osi tion

process) téfficienbe iriMi-phdat phdkf paial fiber ink shhigre bAtdctadguRr dedisininent and the even
25 distribution of the sulfonated divinyl benzene styrene copol yner
particles #EOWEPF1 as stratification of the sulfonated divinyl benzene

styrene copol YTBIGRRL £1ep L6 Re oRl LAN Ll s LARLLS, A EILASEIHESL2VT 19, a0

i ncreased bed de a I"ove essu S y desirable

due to it scylindhichl domtaif@sst sthutivgd;ency coupled with its |ow operating cost.
1 8 FEBZ2003 _$ The teen "efficiency” as enployed herein is def ned by
the formul a X- YFIGwWHRisdion view of theeppastus e thic tiveriing iatd mediefwipppédut ant, and

Yis t?gaﬁg)ﬁn@.réglaﬁ%?g&ent ration of pollutant. It is recognized that the

filter an activated carbon and the 5 prelimnary catal yst

material di sCUSFRE. @RAVSrspkBtite Gt Mairb&Rs bagroaudihp 6ifeRt oP@EOSI ty and
strongly acidic groups to provide easy pernmanent renoval of nedium and

strong basewenttah.suf ficient retention of weak bases fromthe airborne base
contam nants. The.filter, can-also include .a poraus polyner material. The
filter as descr 'di 5 @ﬁ%?‘gégaf ?ﬁh? ¥ atcg?rldﬁ‘b‘%tvﬁl %cﬁ?}'%ugﬁvi ronments such
10 as sem condugi@rs fs%ﬁlﬂbﬂ%us&bﬁﬁbﬁ%m}ﬁﬁﬁhg theWHs€ rdrfov] bfTtkncBENt for
uncontam nated air of high quali tty. )
20 Afilters previously available and a filter made in accordance with the invention.
FIG. 9 is a process for fabricating a filter in accordance with a preferred
embodiment of the invention.

FIG. 10 1llustrates an example of a three dimensional filter fabricated in1

accordance with the process.

25 DETAILED DESCRIPTION OF THE INVENTION
Referring to FIG. 1, a portion of a composite 16 is shown. The composite 16
has a cover sheet 66 and a middle layer 62. In a preferred embodiment, the cover

sheet 66 is a polyester non woven having a binder to fiber ratio of 55/44 and a thickness

of 0.61 mm (0.024 inches). The middle layer 62 is air-laid polyester non woven



Referring to Fig. 6, the mddle air-laid polyester non woven lay 62 is
ctollated to a cover sheet 66. The adsorbent particles 60 are positiong@ EQ

a fiber mtrix 62 froma fluidized bed 64. The sul fonated divinyl ben ﬁ 2003
styrene copol yner panicles 15 60 are evenly stratified throughout the depth
of the batting 62. As discussed above, an increased bed depth of adsorbent
particles distributed throughout the batting is highly desirable as it

i id ti [ ft d icl

ur T acos, BRGU BSOEFOR o BURIPR: arupt) B4 Hef¥ S EDCURSt ARCIAk PO ncr easi ng
the lifeti f:d : ' [ kbuted i
he mat 11 x B aPR T an pE P BRI e RO bl Rl B T o e

energy at fhalflnehtmolevebengtim aiThewhatthiough & filserheat ed to an overal |
aver age tenperature of between 120 and 18D C (250 and 350 F). The infrared

energy causes t hbe simasmisaiFlGaihchrbe vocdadirastly in B1is famirstthé pomP@SIES poi nt s
where the rti,cles ntact t.he batting. This, pr.ocedure avoids the

necessi Ey gﬁ“r%?@?ﬁg%é"’f@ﬁﬂ&r 5&’&?@%&3’?@3 h‘?‘gl?’@n'b%ﬁﬁoﬁ@atsﬁogdpoi nt at,
or near, thgd éewg,cpri%akdeﬁt \Qrfel ¥ERiRiic RGEL 621 GppiiiicGD neOfit cSpse the
batting to nmelt and col |l apse thereby encasing’the ngtches ang dest royi ng
t hei r chenthzat 6@bidking 12, adskovomint Fitg 262 Alemadtenlyc abenddcedershestdl 4a, pai r of

calender rolls 76,78, The 30 first of these rolls 76 can be tenpperature
cont r ol | edcanbecproxided pyer the badars lychlw 28 shorpar Iy 26+ dBs cPWETBBee£RR| ed out
at a stead K 1 4 : 3 prevents
over heat i n%e éﬁg@ xgﬁugé}ééﬁ%ﬁiteﬁiﬁ#ﬁg@%n%é@g&e{ﬁg@ adﬁdojr %ro 5\?50 égzgé\aer

cal endepi Ngha@rial BEothabdimilar HARHBRCHHe E@lek shdedld a TBeririgSmatefiblpheenven! |
ha~~i ng a duroneter that avoids crushing of the adsorbent particles.

Fur t her nor & pramisle spme filteripg o therar gdennHibe sompotiteairupBire foryemdvalidie

6_at. whi ch the baLting.is 900 kg (2000 d the 26 inch
B stance.  PRORUReCHRERR Y Iy FrasisB B £ SR anD FHEE FhrePiih BRPOrRs | cul ar 'y
when t hoseagaictioliier AaRrAGEN 88 £ SulfrRANiPR§ESbnzERedGlte EopdNmer, dust ,

whi ch cannot be retained in the filter conposite and can consequently pass
into the gadichcapdmhin bradipding within the myiddlhdayier onbaiting 62T heonoyer shestst 80,

w uch | ps t intain 10.the sulfonated divinyl benzene styrene copol yner
"t he 1at EFhESS R PRl i HTs P e A IR 62, as di Scussed above.
After the filterpksompbiiRrte, s BEESHARERARR Sydufablk d6@dineNof Hgmbi | ter.
The filter is sealed into a netal box. Optionally, the material may be

conduct ed wwek farninsipliasionrin kb nteigitdpositian ifer filsrmgapetatiog, typwalipietical pri or
to further roc]ig:ssi n%.bThe m?t holgil@%fg 1%§manu cture for an.activated carbon
il ter is GUELP DR AOHSE SRaGeAbK ker Bssht TREMABY BEPORES 1Y (| od

“Non- Woven pﬁfé&we,t@w%e 1R surfbEareRbf he MRPHAMR] @ip&séd fo feneidlent Sir

i ncorporated herein by reference.
20 flow, and for this purpose the composite can be pleated to provide the increased

surface area.

One embodiment is shown in FIG. 3A, in which the composite material
forms an air filter 15 or 17. The filter material is pleated into an accordion like
structure 19 as shown in FIG. 3B, contained within a square or rectangular container

25 18, having a front 21, and back 23, which are open to an air stream shown by arrow
22. The pleating 20 is substantially perpendicular to the air flow. FIG. 3A shows the
structure in a front or back view. FIG. 3B shows a cutaway top view of a filter
structure.

An alternative embodiment is shown in FIG. 4 wherein a plurality of pleated

30 composite elements 24, are sequentially disposed within container 18, to provide a



Wil e the above described nethod is a preferred nethod of creating the
filter, it is recognized that other techniques can be used. Sone of §tFfi§L603
‘techni ques 20 include those devel oped by Hoechst such as that described in
U.S. Pat erWOM®10687 605, 746, the entire contents of which i s PEREHFPGPHed
herein by reference or KX Medi a. The coifron feature in all these nethods
are the incorporation of a chemcally active sorbent into a porous nedi a
structure. A pleated filter structure 220 using the porous acidic polymner
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surface area fPREY™Elenentss using a three dinensional printing technique
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25 distribution of the sulfonated divinyl benzene styrene copolymer particles as well as
stratification of the sulfonated divinyl benzene styrene copolymer particle size,
allows for a fabric architecture having an increased bed depth at a very low pressure

drop, which is highly desirable due to its high first pass efficiency coupled with its

low operating cost.



a porous particulate divinyl benzene styrene material formed w sh a
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Claim 11 wherein the se nduct or processing too es a
deep- ul t r akighlyedesprhbleak it ihogese hysidenee Gene, increases exposure of the adsorbent

particle surfaces, provides a low pressure drop, as well as substantially increasing
the lifetime of the filter.

20 The adsorbent particles 60 distributed in the matrix 62 are then heated,
preferably using two zones 68, 70 of infrared energy at different wavelengths. The
batting 62 is heated to an overall average temperature of between 120" and 180" C
(250" and 350" F).

The infrared energy causes the adsorbent particles to adhere to the batting at

25 points where the particles contact the batting. This procedure avoids the necessity of
raising the temperature of the entire batting to a point at, or near, the melting point of
the polyester batting, which could cause the batting to melt and collapse thereby
encasing the particles and destroying their chemical activity.

The batting 62 is then calendared using a pair of calender rolls 76,78. The

30 first of these rolls 76 can be temperature controlled which allows the heating and

calendering steps to be carried out 2t 2 steady temperature of around 60° C (140° F, and



.A@ . A?. AS. ASS2 . A?. ASR A(. A AFly. A{f R A&(| R. ABV9®~#87SF1 EEB.20
| wr nhc’\Y] caj ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cea]EcBa% @a
] ca] ca] ca] ca] ca] ca] ca] ca] cRa] cRa]ca! >0u

ZBi w2*ul E- @ wr mhc”™Y] ca] ca] ca] ca] ca] cg] cal ca] ca] ca] ca] ca] ca] ca] cal ca] ca] cal]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJta] ca] ca! @ oV" #" " L##H#AH# DY Uy %80
| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

I O/
rnaa b PRl e hoepin 351 ST SBeRt melingsy e q GSgaRf SAVERCAFEa] cal ca] cal
calcall cal gicgﬁég@ SPthg*ﬂb?RJ ;@Je%é&oqﬂlrsﬁl RRYL A £abEASAGHNEA cal cal ca] cal ¢
;o <l <<=' =wiurametdr th@Rvesdy duding of the Jaaedrbedtgatiieddsc al ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] caj ca]lca]cal calca]ca]ca]ca]c ]]@ca] ca] ca! @a® AAA&Br BB$C2CCC
DWDDDSEEE- FFFGVGRieappEl wha thedemnperzigre egnded] d]rcléqrdé]leawa}h;a]rea}laa] ca] ca]
JJ, KPKKKL
[ 70D RGP G OB %@ﬁ]@%@@k@%@wm PG atishet o] ca) cal o
2] oal cal calaphkagteahesieal cakeahond calioel catieabag mmase gal:ga] cal cal X
A7y zzzZ[ a[W [ [ B\\\>] ] ’\’\’\l V_sWWK xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] caktiejtehtarhpn hised) maz]ebya]fm]mg]inﬁ] which ahmadt ba retained ic ilecalfera) ca) caB
Vi K-S 10%&
, &109%&' () - fgzmoe e aathog consqansntbogass yutathosa SEFaRF( @LOY& () - Y®~cD- S 10%&

{1006 () P10 i O (o0 0 B S o
109 @ ! 1D Y&hé pul@rla ﬂd&%ﬂiﬁyﬁ)m@rﬂe&?@rﬁﬁe {dpolsherliQ tHOBOIK rhay be calendared
1f 109 () - SFaBb@ 10% 910% U& () -

10% u& () - Withdhedatting 621@%11-%115@% %bgy% adter }hegﬁltex@v/@oame@)g@sets OIS S

10% 910% g () - £109% e Q% U MLO% Ug&' () - 10% u& () - Ou
ZdEb@ 109°% i?)tfﬁ'ﬁ ! ‘E}i%ﬁcz i %%ea%)]‘i %21??9 '&" 10% u&' () -

1'10% u&' () - 9F310®’pt‘1&aﬂ ﬁBﬁxﬂﬂHﬂﬂM}%e&%&t@@&&&n perkgtier 840U

10- U&S310% u& () -1 10% U& () - &010% UE ()- Y. 10% u& (} - W2dEMDCS

1098 * 10%<&: feyilitata coptig(the mateovd@iqrto furtiver @rqcesing. 1 (s angthod of

109%<&' ()z *ul dE % 109%&.()5S 0%
0% (13 TOPRARER IO R Or A DRI 1 destrigh R detal in U.S. Patent No.
1098 ") 10%<& £92,&64 tl@t%“&ﬂ&')—deen Filter Composite.” The entl& contents of this patent

10%<& ()- Y {09%& () - 3109%& ()- Y 10%<& () - - @ odE
109 L310%: 85 (yeongeatedherei brefaanss: () -

- 109%& () - L9- 1%3(&% abovg(gescnggd me%%d]ig g/épre]farré% rg'x%thc& 9%«8&@@- thleO< 10<

filter, it is recognized that other techniques can be used. Some of these techniques

20 include those developed by Hoechst such as that described in U.S. Patent No.

) 5,605,746, the entire contents of which is incorporated herein by reference or KX
Media. The common feature in all these methods are the incorporation of a
chemically active sorbent into a porous media structure.

A pleated filter structure 220 using the porous acidic polymer of the present
25 invention is illustrated in FIG. 7. This is a pleated system open on both sides of a
rectangular frame 228 with a length 222, width 224 and depth such that it can be
used as a replacement filter in stack filter systems. The filter has a removal
efficiency of over 99% at 1000 ppb.
FIG. 8 graphically illustrates the removal efficiency for three different filters.
30 The graphs represent removal efficiency as a function of time at 20 ppm of NH,
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10 positive pressure inside the enclosure. Thus filter #1 made in accordance with the
present invention provided a substantial improvement in service life while providing
a pressure drop that is compatible with tool operation.

Another preferred embodiment of the invention involves the fabrication of

high surface area filter elements using a three dimensional printing technique as
15 described in U.S. Patent Nos. 5,204,055, 5,340,656, and 5,387,380, the entire
contents of these patents being incorporated herein by reference.

Such a method of fabrication of a filter element is illustrated in connection
with FIG. 9. The process 200 includes forming a three dimensional model 202 of
the filter element such that the dimensions are well defined. The first layer of the

20 powder material used to form the filter is placed 204 in the printer apparatus. A
binder is then delivered 206 onto the powder material resulting in the binding of
selected regions thereof. Steps 204 and 206 are repeated a number of times until the
high surface area filter is formed. Finally, the excess material is removed 210. An
illustrative example of a high surface area filter made in accordance with this

25 method is shown in the example 240 of FIG. 10. The binder can be an acid
polymerizable or acid cross linkable liguid.

While this invention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without

30 departing from the invention as defined by the appended claims.
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being mounted with a gas flow path of a semiconductor processing tool to

remove molecular bases from a gas flow.

2. The filter of Claim 1 wherein the acidic group has an acidity level of at

least 1 milliequivalent/gram.

3. The filter of Claim 1 wherein the material has a pore size in the range of

50-400 angstroms.
4. The filter of Claim 1 wherein the filter comprises a pleated filter.

5. The filter of Claim 1 wherein the filter element has a surface area of 20

m?/g or higher.

6. A porous filter for a semiconductor processing tool comprising:

a filter positioned within a gas flow path of a semiconductor
processing tool, the filter having a porous divinyl benzene styrene material
selected from the group of particles, threads, yarns, ribbons, fibers or
filaments of a polymer, the polymer comprising a sulfonic acid, such that
the filter removes molecular bases from gases within the semiconductor

processing tool.

7. The filter of Claim 6 wherein the material has an area of 20 m?/g.
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9. The filter composite of Claim 8 wherein the beads have a surface area of
20 m%/g or greater.

10. The filter composite of Claim 8 further comprising a binder material.

11. A filter element for a semiconductor processing tool comprising a plurality

of alternating layers of a divinyl benzene styrene copolymer particulate
material and a binder, the filter being mounted within a gas flow path of a
semiconductor processing tool such that the filter removes molecular bases

from gases within the semiconductor processing tool.

12. The filter element of Claim 11 wherein the binder includes an acid-

polymerizable or acid-cross-linkable liquid.

13. The filter element of Claim 11 wherein the semiconductor processing tool

includes a deep-ultraviolet photolithography device.



