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sulfide, hydrogen chloride, or sulfur dioxide, and general organic material
contaminants, often referred to as VOCs (volatile organic compounds) such as
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silanes, siloxanes, silanols, and silazanes can be particularly detrimental
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U.S. Patent No. 6,071,479 (Marra et al.) has attempted to provide a suitable
article for removal of contaminants from a gas stream, however, various
35 disadvantages and undesirable features are inherent in the article of Marra et al. For
example, the media is not designed for long-term and/or high purity filtration
applications. In accordance with the invention of Marra et al., citric acid

impregnated paper media is supposedly a suitable contaminant removal article;
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Fi gepeiaminast-gemayiab filer agcoréél«gé@&@mrwnwméwtm a fifth

embodi memgRé 73 £ gﬁf)ﬁehlrté;ﬁ%sdh%@ﬁ ak tdsi lebilfs fo£ ¢l Bentaminant-
tothe‘%ﬁg ent in entl Flgure 7. is a graphical

r epf@E¢ tFﬁrﬁ‘CQﬂ‘r mgdet égfﬁe YUY GHoar i ous
cont am n &‘lrgure Bivapraphicilaesresoncatiod iofi ¢est wsiltsefopa esrgarhinant-

| ”V?é]%&%'i‘ %‘é&&%ﬁgﬁ{x@#&&?@v‘éﬁﬂlox{ ghyjesentation of

tes resu nan noval Tilter according
190 the pﬂ:m«nf) iy ngrapkicdreprasratation of tesbrepultsfopy i cemtaminant-

I epLERGHH ﬁitbﬁ"hc&frd ?% tHe§relehint &tionar i ous
contam napntre

( _ n@ ﬁrs accor.di ng to t@’g rfgr ese ¢ ‘-
i nvent i on 1BYEF Y5 arsp*elea AeRyPsepiation P fesliessts %Y"r”c?ﬁs gpntaminan
testrem@wulfiltSrsfa@cordmglt@u& masrehammrmr emoval filters

Sﬁg?ggir gg: igute ‘ipﬁs aD]?hcﬁcg%%ph %Aétﬁg #nlé%lg defd gl‘fﬁ%r %l%meﬁt &cording to the

lécc@rﬁﬁmtgnmmtlph,eaﬁﬁ testing wuth\BémlqtlunUglaTQSéB angsting with
Br eakt hr dl-?% a Phot EpH b AHE ﬁllét%lde%f a 09?1?51%9('@%9516 filter

the inlet a. conpar ative_exanpl e

el ersksent, &ﬁ?é?ﬁsﬁl%‘f"}ﬂh Ef%kfkﬁo‘ﬁhejéﬂéf #rwdgh Test 3; and
Figure 1¥igfe a3 W@%ﬂhplﬁaél réBdeatEioh of thetedilts ot festirg Example 11

from t|n and Conparative Exanple F.

Det é‘f‘ %&WF%IX%HIGI%f erring now to the Figures,
speC|f|caIIy to Figure 1, a first enbodi nent of a

sgont am nant -renoval fil tﬁfet&ﬁe%ﬂ@hoﬂccor ding to the
present invention is sh m nant - r enoval

filter 1Refeyriganpywede theFigumssgpecificablyye Higuge }iarfist qrakadiment of a
17 2BgtaAfinARPGRVE ﬁﬁ@ﬁﬁ%tﬁé‘%@ ﬁcc%?dm@ﬁﬂﬁé kds¥nt 1@‘@$1tlb@15 shown at

R I M e TR e
enbadioppodite sbamid fAR 15 Gareradly, gas tabt eleaaded dj basic contaminants
gor f k’{g:?g ﬁﬁer l%y\% ﬁils% (tjh‘@a tle aﬁd fe?% g tséc%xg %actl,qlfq) @fﬁyaﬁﬂcﬁﬂment
t he bedy |1éy$foan@|d bje dk@nﬁmgmgcog@g@tpd\ﬂayyr thwith arfecing-lRyemi§-
| ay Qfor&%afé@@h&@ 13 h604 fdﬁaa&@aa‘beaﬁbﬁhatwn ARSI e amdi,s and
(e t R %nt gam rrl'gu at %ﬁa er Or a non-
i s apeplfsd:tel%%e@pra % élg;-eqame Facing layer 16 can be a cortug y
corrugated (e.g., flat) sheet; in this embodiment facing layer 16 is a flat sheet. Layer
30 14 and layer 16 together define a plurality of passages 20 through body 12 that
extend from first face 17 to second face 19. Filter 10 has "straight-through flow" or
"in-line flow", meaning that gas to be filtered enters in one direction through first face
17 and exits in generally the same direction from second face 19. The length of
passages 20, "L", is measured between first face 17 and second face 19; this
35 dimension L generally also defines the thickness of body 12 and of filter 10, in the

direction of airflow.



14 and | ayer 16 together define a plurality of
passages 20 through body 12 that extend fromfirst
wo ame/046611 0 second face 19. Filter 10 has PCT/US2005/030577
"straight-through flow' or "in-line flow', neaning
that gas to be filtered .enters in one direction
t hr ough fA sestnd esadighratiandf exontaminangeneval fijertabeordmgeo the
d| r fromse e f
o Bk In{drih 305209 ot f63n Fhurd e AN RS 5P88Re 1,
f ac gonteminani-senaivab RO 5 dg@wértan 4 hody|13ohayérg 1kt fage 17 and an

thi gl s@éonﬁqgéé 152 ’ﬂ@dlé}ﬁncfe'ﬂeh%en]fgst fade fend second face 19'is

direction of airflow A second guration of ,
S oIS B gRIO'f PoRers scioama Y KGN e drosdened laver 14

i nv Qﬂlﬂi Dfacing 15ROND. @Ionl@ated Shdet pahes zh ar@ulﬂr Iv\aiIVe fferniakien, with
artic nant.: r

10, .
et Rt )e KBS R R RECR I B SR a0y Farhligyer 16 can
oppbsiatcerrsgateh thytrawe rhdtcormpated (g, afiapstizet, iethis émbaetiment facing

f ac ?zg%? ig%‘g gﬁfg&g%z La?&el 4ghd %?egtl@:ﬁo%ah%ﬁﬁé agiurality of passages

fornme ernatin
1@or PUghraugh |b991é3(2 Ilalat exfienth fran figst K"Ige I'Ay@pecopd face 19

Cor r ugat ggbhd ?h@%th lrtla nasd Bodyaryof Pi"gux\éaMﬁavEQrs[fﬁﬂdltrlQﬁnstructlon in
val | eys ra

. f‘rgh% C%Ih%htﬂg drg op %?rtgfﬂ ygﬁgnf‘bbel a g laxerd§: Y1 For body

I ayde, wo layere 4 clar areighdreatingdy gacked) mbx)ldﬁigeaegenenaﬂy phingr filter 10.

€ nb%% Q&W 1156 WOQ%' {rﬁi’ﬁ M 1?1'6 aitgmgtlrﬁ%?g?lﬁ?ieﬁltowdﬁfgen]eflally

and l"ayer
150 cyhmdmghﬁb 1Bilter Hhillusated basrqr - ﬁlrwéqr crcasééeqwn, such as an

10 Q80 eHilptléﬂ CorkBcetraBe Hapd:2otRdr shhkd! arflcidid, Pasde, k@uld also be

of Figure ave a sim str ction i.n that th
oot fohao i alasses i 1 AGGRPvAIGS & shibe ot ha o sides,

| ayewo béher ivﬁrallell-_sﬁxles bﬁﬂygdkﬁl tottlw ﬁfsay\eas parilel sidgs,cand four rounded

alternati st acked, I

£ M eisotﬂgr'ggetwe lﬁg lﬁi aﬁ’g lg(g e{in? %ﬂferd% Eytnf& 81 86uld include a
281 t eentealicor ty_fwhﬂawdwmpm@\nf dwnlgyeas general |l y

cylindri caly;fd Jo‘hﬁgux%gon ofd J:Jn@z[mﬂmgnt ﬂeinb\v’zﬁtfﬂQY ectobfisg & the

non-circular cross-section, _such as an oval

el | ippeseREnyergion s shoryneas RO d4mEjgare 3t Gentamipgpistemoval filter 30 is
par tdeGiHédby abadytsz Kdveng £fitst thcaB® anden bsyodiél sdeynd gick 30Y

par drerely] gdo be A o Hfier B o5 T ifarvia soond
26he fhder3t Thealigancalbetyees ifuie SacedYchntl saconddaredis ¢toer thimksess of
t hertﬁ?‘g%?\egﬁd}é g%’ F’é dﬂnﬁécf%%‘?raf%ﬂdﬁgg ﬁ‘ﬂ%tr&tg '1%%935. Spacers may be

cons centra
f aciused tx abtain e drgired sgaﬁ@g|bgy@e§ ad]Acqqﬁ v\fr@ps of layer 35. The adjacent

confy,@pd 6t la it 3(5ffoﬁn §9Q§s§§€ fAFSHeh TREPY@! Sintilak @ filter 10' of Figure 2,
accor.di gg to, the ent invention is shown at 30 1
R g 30 ces i BB PLARSTCa: s Sedions iy By centra
38 badye 3XadiAtatengindirfg afshe fagere 37 and an opposite

second f . I

Fiitor aacouiteoBiAb drs EtahilaRieio SATREN abhiHhE 1o the
39. presendingendionds ghomwneas F0fin Figurg 4cAs 3thdheipissiogp gorfigugations,

33. I fﬁteI B 14 Mftea @33% b@ay 52 hivihg g?ﬁrsé E&% 73%Ad lafi oppssiededinid face

r ndi ng I
o oSN e BRBY GBGr i A A DE e 5 ] ablckess of ite
36r a®). BodyaReas f&&edﬁhmmﬁiplamldwlah&th b@gubttra%éaﬂrmgﬁd to

Iil SU 2 egeanJ:']ral%J %ua 1hé E&Iﬁg%%tm% @qol g{arﬁp?e h§' 5 h&sozll ﬁx%t sheet 65a,

an adj acent second sheet 65b, and subsequent sheets. These sheets 65, although
generally flat, may be corrugated. Adjacent sheets 65, such as 65a and 65b, together
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filter 30 can have a circular or non-circular
cross-section, and can include a central core to

wo ambhrdsat e wi ndi ng of the layers. A fourth  PCT/US2005/030577
configuration of a contam nant-renoval filter
according to the present invention is shown at 50 in

Fi gWefneda piibality bhpatsbh%e@ﬁ@mr@u@ sARTSR ahet 2k fead Sronf fidst fake 57 to

50 i s defin a.fi rs C

an EISBAITE et heprabot iaRerBisi S st iyEs circutar
f ac er hdn-ainchsrarossdeftanandSan sndide a dorclorfacititatd pla¢amant of sheets
50. gBody 52 is formed by nultiple individual sheets 65

of substrate arranged to forma generally spirali

éonf i gur dtrogher amwpaégcbq;ﬁﬂﬁ@uragga@r@zopi\g?gmgaqtﬂ?@fwag R@t@f according
65a,t0 B2 RENACIR Mt DAGORChaSB e ceifR layth] ferteddguriltiple, individual

sheeés. These sheets 65, although generally flat, may

be &8ffigated. Adjacent sheets 65, such as 65a and

65b, tog&pbefid&atures af the uasmhrhtnﬁntalfenmalsfﬂmsalﬁ@lemnibodl bblow. For
oo Veat iRl BEAGRRL, B PMC/cEfePdncl At it BRAMRCerBffiment,

S con Ions, ele
16an fhitey éO,aar@uaedmt #runglerstned- tbfitrthmql%spnm@s%f theteatusss apples to all

Can cbﬂﬁ%tﬁgﬁ—’oré GRS sh&ifi@flylindigdtea. P! acement of sheets
. er anticipated configuration for a
cont am nant-renoval filter according to the present

i nventi ordes,otfqlJ[auef concentric | ayers formed by

[tiple, d h
Cont am naD R Rt es B papEn s, of forsBRtihERaRlal ffer 10,
16aséodnll ldeﬁlgds tiyeshapeahihd/sionoffiltdrd Or Body A cen havesnsilthyee-
from Itngl?SIé# Eﬁa{p@{%gﬁj é@ Ble, Evilrd®f, fcgrﬁ%h tﬁﬁ@atélﬁ&ﬂe pyrarh,

unders eScCr | tlon o f eat.ur
appltrosated pmamubéim gian QPW§YF§’ it lﬁﬂré@ge‘é gt first gaé?F |1y and second

I ndi g BhavBatkasticldsB o fielshie sﬁ@eﬂ:}é ailé& W a{nblwdﬁs eqm flow into
over al | gste# uct urgﬁof cont a

pochpaissegt T FRE gRes Jh1 B FESGR Py shevEipt by defined
202 d@rﬁr’etafaee b yedond dadi I'9e nsanyreadssshet e, talsandietwieenafaces 17 and 19,

cub San bY 311% g}f«% crlnm‘%gglgnaltshy&c Qﬁc%d% %Wgﬁare pr)éét@ﬁ%lg triangle, circle, star,

truncate
pr efaval, @pr@haecemels tang thedikez Apennulag shipeca alsq be Hsgde Preferably,

at tﬁé‘%ﬁos&k&ﬁ@n bPbddiel 25i8 BBsehtidIfyaoastante@dongt 1ength 'DWrb@Ifirst face
equal_flow into passages 20 as out from passages 20.

The Krt9s$scasddricoial shape of body 12, defined by first

Zgace 17, f’Bﬁﬁ‘@ﬂlgi fiscacd 97 and seaond faco 3 haecthe samée aregrwhich is at
et ween age Z.an

sh a\ggast § S8R Z\Sd%igloél ﬁ% alte?%lcltz Qlﬁ/ ﬁﬁ}/fatccwf 7 gﬁf?&8ﬁ@ ﬁl@}: 19 have an

st argremthat is nelglwap@'ehanr%)oet ¥ mék] In mast qrrpb@dunemés thgarea Of faces 17,

annuj g .5H3P% tG?@%@%ﬁb %?e Hﬁ%ph?a[t%ﬁ? FsH1ér 10 KRl have preferred

cross-section o I's essentially cons
| engiapgesifor the greas Ths {hickness 17 ol Godw Loristwerad fitg'gce Tt second

30y Pi f@dd 19,is §érfeﬁdllyfaafe@st1)75 amglarkiegensdlly ac grebfr flamestdne In most
A el 0 B 2 oL 0L e oot
an 12 are 2.5 cm and 7.5 cm. The dimensions of body 12 will effect the residence time
of gas in the filter and the resulting removal of contaminant from the gas stream.
Body 12 typically has a plurality of passages 20 extending therethrough; see,
35  for example, elements 10 and 10' of Figures 1 and 2. Passages 20 may have any
shape, for example square, rectangular, triangular, circular, trapezoidal, hexagonal
(e.g., "honeycomb"), but a preferred shape is generally domed, such as those
illustrated in Figure 1. Preferably, the shape of passages 20 does not appreciably
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area that is no greater than about 1n2. In nost
enbodi nents, the area of faces 17, 19 is about 70 to
WO a@0/0zasR7 Specific applications for filter 10p@i/k2005/030577
have preferred ranges for the area. The thickness "L"
of body 12, between first face 17 and second face 19,

emgé @lolm/ﬁ@,t fak@2% to chbndfike 89,hnd RRET ¢flpaysalies T wahi@rfilter 10
‘tha rrllﬁln nmost. enbodi nents, "L" is about 2 to 10

%S‘B‘é FOSTSEFUQRR ShARFe t hi cknesses of body 12 are
2 5 cm aBdchpdsapr20gererdilybassd @os-settidmtisred Bypwdally no greater than

eff e @&BME%Q ERES sécklﬁﬁal%eaqe\g 4e?almamei {ett 1@@%&% first

r su as st
Sod§a0§27t89§1) sesandl jackd8. dlismataly pr gddaio%blwag@gesz@ typlcally have a
ext @f@)@é Q&tlbﬂ;ﬁra?éarifOQHﬁhharﬁﬁ%ut { aimexGemetAly thd &OBEcttidihl area of

and 1 of Fi Pas S hav
shaﬁ%c Wg%%gllﬁﬁ gughgéq é&n}nécf)ﬁﬁlgge]:fogfg tctn?}/r% Jsé)lne)éreferred
Ci r embadimeht, a&airossd@buori%mag ofiatorfied passagetin sayxhcmp@sage 20

but f € h I
tﬁo élglsf) Pﬁ%ﬂ?rﬁgyreg‘l "i‘?aq?lu?a?ogg n;i‘jprlé fag reé#&& %ﬁodlment the
10f presohgassa@@ieds) mor'. appr eci abl ychange fromfirst

face 17 ﬁﬁl%@é’i drds@SEctibRal cﬁﬁgnﬁé’&gf ﬁssdﬁ%?@&Q%lgﬁly no greater
wthin fi ter has a simlar cross- s]i)gtlona e.

Eac ﬂl%@ga@eo&@ Rgreptal thgn Agama Addgionaliv dhe %wgpstéﬂrgaflSlon of

t ypheshges 200s ﬁdS &34 ﬂfan‘()mrinﬂb@fﬂén Mlemlan 1 Blrﬁm I

Cross-se ener ar a east

one of f ﬁ{hg ?oqga@g g SB saé%% a¥%§18n§aée Paff%ggr lf griprally no
16r &uidittanahaitl ymny slds eeneplytnopgreater tharhaboat 200 cm’. The total

cr o§§rf%%ca¥%aﬁiﬁlteﬁ §%s r&gﬁhe?zo;' the ﬁﬁer?&%ﬂltfaéerg?ga of assag%s 20, is at

Cross-sect | each pas
is é@émbomt@(wnsmahwWSQforéﬁOé%am 2 to 4 mp. In one

pr eferr eq!n ﬁf&’@ﬁig% E@fﬂguf]a&l'aﬁ EiEReS, §l%ﬁieh@3|’l?lhas&f 1%)f)asaage formed
SRS e B e o ad 8 B o o
2e nb detemendur fathareavfelemtntBiss agleas? @bows 200 8 isTiseally about 250

Iongg}stt 6 98- sectional dinmension of passages 20 is
t ypi cal?y no greater than 10 mm often no greater than

6 nm Addihe p@mgq yally, whichiisiine ghe shapreaisli sine ofPapragesfeare

20 'd%ﬁﬁlé?l B}ﬁtﬁé sﬁﬂaﬁate%aaiom bdaly 19N TRE shifgstelid géhelal‘@ dMBast 0.015
rface. area of each el on

The tot t

pasgubEnsh AlegaisbronagiiRaane S hoeeee SUaETe ey Hp dhicker

25S ?lﬁiih&? ahl. yrmcagyetae @hsshfeewalbdee ho gR¥atee tan 2Thm thiwkalThe
rface are e

Sur ¢BEG g hvalh Wi ard ARl AF S0 bliSad o feQpstrat

or divouwhRBbdodyi2 usona_@: amd thentendediuise ofifikerio; dior dosen,

Fi gléﬁﬁ%éhratﬁln@ YRiate dﬁgeghasan@ fﬁlﬁ@fa9erﬁﬁ§ﬁﬁ9@?ags§§£9@ Y passage

the s uent acent wnds l aye I'n such

a cd‘fﬁ“ﬁ@{ﬁrﬁfméﬁ Yi%(ér ‘b‘tméil facing &ygul6-surf ace area of

3@|berrent2 Sgﬁ)most aﬁbddeﬁsﬁts a&a@w&f A6 gesT20 Rarch dontiGoiRlsizé and shape
abou C

dot e Ao ete Ve frrdotet REEEH 7adRun 20 s hciliinng some as

by ttinethsikhedsr"at betiean ﬁfab favs lﬁ(adglf s&2nd Tive 19ulitss catemphkted that
ge”%?s'algé/ 264s rlo‘?§§ltraightqillé from face 17 to face 19, however, this is generally
not preferred, due to the potential of undesirable levels of pressure drop through
35  passage 20.
Body 12 (e.g., layers 14, 16) is formed from a porous or permeable substrate;
a fibrous material is a preferred material. Examples of suitable substrates for body

12 include natural (e.g., cellulosic materials) and polymeric based materials. The
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mmthick. Alternately or additionally, the passage
walls are generally no thicker than 5 nm Typically,

wo bwepassage wal ls are no greater than 2 nm t hPCRUSZNE030577
thi ckness of the walls will vary depending on the size
of passage 20, the substrate from which body 12 is
madeubsaratts chebé norensled fibseisofiatéridld @nchlas sphatbohdely.ewoven fibrous

conf i gur ation ere | ayern d facin er .
ot Bt kBB MO0 Bl bE ol RGPt BAF yrfongp materal.
| ay épedific axanplecofnyithlbly eubstretes inclurdssglase fibocipaperst erepe papers,
eac : K

'er{’c Pgﬁﬁéﬁ&ﬁ, &&M§10§1Cm% Edg)%]@g ﬁéltél?‘l éi?cﬁ@gb ﬁr%?@iscose or

al ong ner al

Dasdage) pul syatheyis Siker abrics (gwé agapiona polyesder; pelysthdsae,

"L tpb%i‘l hﬁ)@llt bnfe,it ﬁ&%caf&%@te}ﬂol?ﬂﬂyl&@@ﬁmQad‘rﬂ%‘cﬁ, z_ilrﬁihptdl)lta_rﬂi&es). Porous

cont enpl.at ed tha ssage I.s nQt a strai i ne

fr oﬁFgEB%mf%“PE ’F%Qg § @gusﬁgg%r\})é’fl,yq%hi s is ggner ally

not pr ef eatigdted darbon dibéreén padyelt araldesifed fodths ireradptag of VOCs,

| evel,s: r ;

o pufticlacky s fp! Edhe iBihoh (o i PR 166 ety FRE Hoctmay be

léer iPERSBIteat dqysistaf 20 avt-4 upited 8 witmtadthprgh levelg oh3 Qo wig™e are

mrilz: l‘%ﬁdg@bomfﬁl()ﬁ.”}lfhg §ctﬁfate8léia§bf%ﬁlfﬂ>e§s%?§ gfrﬁéﬁﬁ@l rthixed Wt‘lid Vat fedst one

i e _nat ur e cel | ul.osic erials)_and,

ol ST FECHIaEm hEAEH: £PEOIFHER i herroplastc, RS is proforred. The

nonwharsiopfastis Hbss add srangthsandstifthessso gpunattidalddHg carbon fibers

woven fi.i br teri , jtted i brous materials, or
open ac?'rbe rg%‘;iaﬁ?’éﬁ Iorﬁétzlrﬂfg egsplg‘héé' mat erials. Specific

16xanpl es Tok astivatehtasbon fifeers suiteblei facisgde bedya b for thraiemoval of

pap : ixh
PRSI ABer KAER wctn oo o

. en, .
Vi sCBLEamys migomeye vribmes of aparaximtelyd)-3 o8 icps/erampydfpeg diameters
ny: Q15 thbU fxﬁélﬁfneltdﬁg !aﬂ@ltrl?élih@’fﬂ)er M@flffqpyfcﬁ%m.

0 car al e VI al C 0] Ccr | GS . .

ol Y aod sttt AghawASpLpiofec ierious figpssing or
2Dor entskjorkdf cnthmwansdhatanigbtaffachthe Sunatiobimgyof 112 agtive material
desi t ed.f.qr. - ' | |

condy heabigtd BpdiE B ler Rlap S iarcR) blesth B bbafila, Bbmples of
may r@@erpﬁl@g@ﬁ@re@gefp@bm ayoiged mlyge- %vqsgnq gglemuc%matenals that
al E hyrr ;thdlméaé dre 96me AdHe8iv8Othat ar%aacls tabRsih cgﬂmﬁpnctﬁhsns,

actl v e carpon | hers are nera Xe a
 ahesies b Bave (eyas, o ARGt of 8 Rass el st ot harmful o
26i t hh¢ helicepdrg bl thaf drbeccsptablepr ef erred. The

t her nopl ' Plo} i f. )

mter i o X piertdd RS BL67 Phal Al BES ke b

bot troofoinegywittscellulosg dibershdha éwe {ihers gae by hernogangeisly combined or

sui aRhRInkRY a1 SornftdIR@ shéetlie shbraie MOy hedfing/@epolymeric
typlfcal |y “havi nom nal . BET surf.acEl?egﬁeas of

apprither Pf/‘n(g g‘o‘e?% PaHally msitghigfing bers iogethgto) Yppageooling,
30f ap@pebymeEt EbyrsQesdlitlidy. OUSing aBhiytiars thit iheludehi theratoplastic
0. 1 P ViR LA O BER 188 ofsafis it Bing an
not gdhesive eA dpdcifieeiampse of 4 sujtablsisnbstrate lmgiabeutdsvigho polyethylene
Cont @Rt (PR) fiBLARhd Adu¥ 8 wil?G cbiMd! Mtk dasiithd: fecific
example of a suitable substrate has about 60 wt-% activated carbon fibers and about
35 40 wt-% polyester fibers. Other combinations of thermoplastic and non-
thermoplastic fibers would also be suitable.
An example of a preferred body 12, such as illustrated in FIG. 2, can be made

from a corrugated sheet 14 and a facing sheet 16, both having thermoplastic
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(i.e., the acidic, basic, or other reactive material)

present on body 12. Exanples of materials that are
w@e@bezabt y avoi ded i ncl ude adhesi ves and ot hepCEHUSIN05/030577

materials that off-gas. There are sone adhesives that

are acceptable in certain applications, adhesives that

hav @olym&icstibe&mmﬂilﬁedamdl I:thn(kse dibexsf fThgabexitnd, 1 habn be passed

not ﬁ%q i uli{%sotnrl] ©y, 208! b hI gH D%lt% %1%51 tﬁ locally heat the

acce erred Ssu
t herSEthﬁ a&mscrqaola ja thej aty@qsszvl@mentém G ¢pngast p&ﬂhdél@r thus

f i D8bding Bocid, 1 RGITeR A0nER, IOTBURREGHH dLiiCABDLABSh fibers and

or |ntermn or ned aseet-ll
u béhmelas%wymeraq fibggs cwéscp'aq yeMed o such érr%ar%lelr ten

and a:] | evaetho ot mlaking bBBjr/] 12, fEljlrﬁdlcﬁﬁugd&bschle&elr@nd a facing sheet
to er cool in e, po i C r :

 oadbiit el for GESmp Bytie B BR U ST 4t Npg 616,605 and in WO

t he0GBiFT7 23 twinchmateendompaatadl henen YyoiefirargenBoty p & streptrsor the
or | ?1?3% ﬁa@ﬁaﬁ}i@cﬁ%@@@@s c\%fa At téjﬁ‘ A%t o ﬁ%@gﬁée\ﬁﬁs ﬂtﬁg 6)assmg

speciflc exa e su strate abou
1@1 stglyﬁitﬁylloene terepht haI ate (PET) fibers and about

60 wt - % g ﬂr@‘n@é&aﬁfdv’éec!o%tamﬁﬁﬁth@tho%lqmef‘ 16 irRKARP htleff one active
aswtablesbstrat‘g1 ?3612 %actlvlzg ted : ial

car BYEH3LLWER A571acifis i ‘?fb" S%Obaﬁ%lé%% RRpteFipl, gf g reactive material,
O hevhidoarbiselatted fig thd retfosalnafiblases] acidsgand carbonyl-containing

D ncOFROBRI RISy MGl Bl ¢ A fhomlly or

1f5?| GadQltloéfdb’ lbeluﬁm@mtedma@on&bmgabe@ Ehdex the zemagigl af VOCs.

facing s I"I%eﬂroéiiﬁ;e et ho h@th gcttvlafeﬁdg&pil Pdviddaqh ¥ne bh Body 12 rather
ose 11.pers ee

fi be i ne el lu
16 é g’é?di’ h?ﬁﬁ%ﬁcné(ﬁ %ﬂt‘?’?aéésd?ﬂ’léldﬁgl‘bae qui f“?:"ﬁr and is
us eSmbrexghatéd &fjol enNcito sisubstiate thac ﬁiriny tieamitantigars hembsal filter.

P ek a5 A LB I3 e b whi
200gén Herforrgleée selutian. Il& lmidstqmdtthataomle veaterthlemeypoot dissolve in
f | b ﬁéscﬁ‘%t tﬂ?l? Fdﬁ%f' Q’éﬁisﬁeﬂg&i y\W’g{& ?s ot PrgeEéTéaasBI\%htsﬁr 91% solution,

ed in such a nanner. i ng
frorﬂlsé’etsé?nr’eg%m’ef& aHRure fo I'ﬁ’nd a faci ng sheet 16 ar e

t aug ht, fof 16veRBPAdtve AlaBerlal Wilhin the 1rh&)r$gnd?@§(ﬂﬁlﬁod\l@ selected based

o RO Rl DR35S B RO S scive
24ci dnaenatietheablutioats atdermsvamutd.Htvetrfiorand issnd mora tham almt 75 wt-

th f
o ovr SRS, he U uRATSLA AP stdo e oo By,
at | east Pdﬁ@uabthe\ﬁermﬁah@preﬁnatl%luclmpa@gnaw,a?@ridh%hke have been

ma: Qfsédi:w shBaRlive Widerdtoéa thdd ehaTBEWROA Bf appq&atanmasé bdﬁ@e material to
materla

aci dae sugﬁgi'atg éﬁ'%%ltegg?ﬂergwﬁ%l%%omﬁﬁ:@% odas. may be useg s provide
30es phm:tdtme myater{ad inta thersabstrate nOthat alfarhdteandléhitable methods for

P SPRSIRY s 0 RS9 ke ABELHYR el 3580 rstin,
fil tkaaife 9gatmv¥ﬁgc%mgmdm@ meahods tlaaf jatpdenomm fampmﬁng a liquid

b0d36n902a E&?Jé@ or §Jb§ﬁat@3 Thé hﬁﬂix%gﬁz{t‘]oh Q¢ mhlezapﬁlﬂasmﬁﬁhbmsd can be:

natedr EI‘OVI inaliquid carrier and is
one at atmo heric condltlons or un er pressure or vacuum.

35 In a preferred method, the substrate is formed into body 12 prior to
application of the active material. It is understood, however, that body 12 could be
formed after the substrate has been formed into body 12. For inclusion of activated
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I npregnated into or onto the substrate that forns the
contam nant-renoval filter. Typically and preferably,

WO bwcandsive material is inpregnated into the SPOEUSAD®030577
while in the formof a solution. It is understood that
some materials may not dissolve in the solvent, but
r at hﬁibon abers G BEBr BX @t.is Widepstoddthahthe putsstraterveshld bt Yanied with the
for oI ution, dispersion, or any other mxture
for ﬁ TRy el of active material within the
i npr egnatAefces belug iropregeated thectubsiraie ised 1aapt namtéallyshrteid fto cemove
act 'séfl%emé g er)'JI MVII’J%%C %tafeﬁtdﬁin%ﬂ B thS&Bstrat) lePreferably, at

anount he sol uti on i s at t

abo Lﬁaswoé% l ﬁ%: ama:r jo% othgr ?ﬁiYeélt {srgmoxesh apd myst prefegably, at least

Pr e?gf/g%ﬂ a, ﬂ%ﬁhﬁa’&l@rﬂgWﬂIeﬁ @61r\]/éiﬁt1$ movederial is 5-50 wt-

or t.ho the ter o

1o canadbe atiysmiRa i piehe 68 S wirh TR §EAF 055 ﬁame&uﬁace arca

undef ttegassagesi20 dfiibe atembntd Ryéfeeabpl, theadctivnmateriahis present on and

act t 0 0

: n_p'r\x)églllr[r?t Ig%s't %&({1’% )5 '8? g@g'staﬁagvgh s&rf&%& x%nd)r@" refer agg/ at }]east 90%
18t iof Enerpurfageas sand mesh prqf@rablub@ ppmwouumonagtl@rsn’alﬁeno areas

and vditohAfak SctiRthfesall q1he @mewhﬁenm@p@géﬂt WeotBt &Néat 10% of
e. substrate, incl rsion,

IbphglPﬁttﬂtfkn%I gle c,ngitT% r&f gégm (%e( z?qt]lg/e ?rglltﬁﬂ'}lah){%?sent through at

et hexgsS1% af thersebdtracyvand miorepfeyibitgthrodghdit ledstB0%6. When the
sur f 2855 tel%éiqf %gtsfta\.eed ca%)%n éﬁ@fselg ﬁ?et ugg}ra(?% 191,ts Eg?erferred that the

appl rcation re one at
1§ ondithstraieshas ef leagidewighasisyates @rqufébmmreﬁerabéy at least 60 wt-%,

pr efhghiogchous! Pr&l‘i’s‘ilmbﬁtg’c?tlﬁé{%zlbﬁﬂﬁfe ri12 of MyRESs. | IMtBnRAMbodments,

prior toa I catl.agn e active material. It is
undé’Pb’t%’G@%%B’SMép Ingluge ﬂbeofefyb%lzfe R4l d be formed
af t er t hehs ubtpie raiterilagnereydémae gerierdlly ibardyse e thFdIthess of the

i ncl_us activat edcarbon fi ber b

unach D88 T dpts BLEHRE AR I Brch el ke
20i benlsstiiates sushras misfkingyit b@rm@gidmmgnélesmle t he subst rate
is at least partially dried to renove solvent (e.g.,
wat er ), IeaV|n actlve rraterlal in and on the

substr at € atoriah pg th g Materegdo, gl | free water or

ot her solnygmd déssgnr &sma&ﬁﬁanm&om%tdaneﬁm@@s )émdﬁ:tmatenal as the
wat er, o er. sol vent

| east .95% of. r

 ogVtF A REan e pE A R e o V‘i&r leRORRRARE 7 i
24t Ipesshig thiighfihd fessagts byamactargewitiobr stherwisessisagemgahe of

t he gktg hts Preferably, the active material is

present on and wthin at |east 55 to 75% of the

passage Wermpkesof swtable avitienptesilsriabise iathd dementodthegnvention

the 1§d¥lﬁcf63<§aﬁ§) ﬁ@%l@éﬁor&[ efie 'iﬁ-b had m'uﬁl £Qad; 'hﬂb'é}uﬁaﬁém:d and
no .ar eas, W t hout

t t
The C'a {9 f@%ﬂ%&lg} psgitricgcys, eéaéma%m?ﬂgﬁg %él genfegelafﬂogs
30he atdmalicrbeﬂﬁ)xgﬁc idids; sulistic adids (liResf eyohib) and arbraatic)} invezanic
mat GEid tsuch 253 ﬁﬁr%’]gcug :bh?%ﬁlag?tamdeﬁ%c ?5109 ih?f{lrotcnlgrig ag}d

subsf eas
VMeﬂnetem%@mdv ésumtaeuds)alclrry md is\ihg Er@femdtamdlq mpterial. i n

the substyigti&el bt ac'lcﬁc ﬁfa%frﬁ[ Gvﬁﬁlntthé‘fm Iggnﬁygﬁﬁﬁcﬂ{ 1§ sél@@ted based

at least 3 % at ed carbon f refer at
| eadP U q}é)lc%atena and the substrate being use The ount o acxdlc material in

35 the solution is at least about 0.5 wt-% and is no more than about 75 wt-%.

Preferably, the amount of acidic material is 10-50 wt-%. For the preferred acidic
material, citric acid, the amount of citric acid is about 10-50 wt-%, preferably 15-35
wt-%. Other levels of acid would also be suitable.
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honogenously di stributed throughout |ayer 14 or | ayer
16. In sone enbodi nents, only one of |ayer 14, 16

w0 nibaoeias7 t he carbon fibers. The active materiBET/US2005/030577
general ly does not generally increase the thickness of
the substrate. The active material, may however, alter
t he char Behebéstfoasd bt loher sotesiittaions oBatidic amterak aregenerally
it nore riqgid,. or | teri o
t nePREFT0 Rk biahtr PR roaliSidef ity Soal R Ping St
fi | tignic 400d isprefeded owariadolitiontheying R08$ wikié caeic |avu;l In a particular
mat efdndlle, il W8 ﬁ’)‘ﬁh&j 'tlﬁat ﬂH}IS a"ﬁlné %%HPs\ﬁ%ﬁe \pﬁﬁ h 8% aqueous citric acid
contam nant s from hr ough th passages
by Fuiéen. dgying the substigtcs an h§é lm@tﬁﬁwwg YiHea 12 2% aqueous citric acid

? on E@lﬁﬂld%ﬁ;ﬁtbfnde&&&i@ |b§§ic-©6nt3ﬁ1hﬁaﬁbfeﬁlo&ﬁl b€ a BAERI st ignpregnation

or of i nventio

cor BERA% ST AT RIRer TiE fowe? KERYehfflide fioft1€ sieq impregnation
| i npexcesshs alse petkrredrnarecy single sfeprimpiegnatodn precess.t ri ¢
acid, oxalic acid, malonic acid, and higher honol ogs,
aromati c carbox I|c aC|ds sulfonlc acids (linear,

1@yclic, Ad€ g 4 Ahem AcidieMagpsial iscActiye Material

sul furi CItQ§th@or1ﬁElQﬁﬁhﬁ’érb£se@¢dv€ls ofinddidtGreas 'tl'fé substrate decrease the

hydr ac ric.acid; .hetero aci d er aci

& bl 87 BT i ilptoenn Poaaent, ts BRSisE of Razgants, which

| evéicraabe theiadioann@itvedtéradonteint ini the Hhed subptragriaiedesired. Examples
sol I { di terl and

» hegghlgrﬁ?ctﬁ}tsst%bbg kg%eg Oc%ﬂifﬁfé‘eaa cé}%i g?ﬁexqi‘i‘ C?%ohgi
1irat pelyginylpyridine, mbmnylpmolsioac, nowmyldms polyacsylatgs,

gﬂggbn etﬁ?]eﬁ@é cd163Rd 3BRMbsid QCéMtes%AlaS Qfl@ﬁﬁtﬂﬂb’r atnlﬁﬁarmnes which

act material 1s, 10-50 w Fo
pr eff@Ffiaé“dthS@P’d’qut %fayaé?r. conteng jny tP? én%fbmstr%tﬁés aﬁéﬁsfmsd ofxamples
Cl t bf 6rgatit dmiirfes abBelbvol@edbidctle Ykaiv] abiiiedPhydrdbA 3mines, and
@61C1her | evel s of acid would al so be suitable.lt
hasPREER ™ Sund that | ower concentrations of acidic
20aterial are generally preferred over higher

C oncent r alihPRes Ag&ﬁ)tamle? AchliS MarP 1 AdMeNdaterid1d

-%citric acid IS, preferred over a_solution navi ng
2o 35 wt Adhengh ot bgimgdourhbythsary penlicantsiedipp at mpisture

Was pfe@eti gn thaatibduripy mﬁaﬁltagelanau B5dilitates tha grbwﬂl &t%icrobial
ag ueous citri,c ac

andoTHETE LB RaTEA Hine T fe e TS Fieed frqpaantoms
250! wdaciomitip poetheledsdddt¢renrath ded amchonia&mah afspplicents\have found that
th agctlcﬁné hﬂ%]s? oﬁ% &Fa \Aeflgtgperrsﬂf@t& thbl\ff'zélj’{g ?h%%ﬁlg HaEérﬁll ﬁﬁﬁﬂves the

sol u concentratron

i npe&epiivencsa optheeeidic materiplsayeptheride phidie @lﬁé}enhatyi gxgngs the life
St eBf ihe TR PRt/ process Addi tives to be Avoi ded

When Aci djc teri tive Materi al IS .

t heori z egh? FFXN?] ‘?frrf’@?’é‘%éan %"VIEF%“Y?FWW@%%S’E impregpye solution is
36 ubséleatEbaied or &&Eactdil@nﬁtmhhbid&hé btheiliodr oﬁllpreservatlve being used.
aCI q‘ﬁle e ?I%g)gégigﬁlezlelg #1;?‘1?% pres]g: Sétl%/eg 1ren tC o%%hem?n ls%?feﬁé aﬁ)oﬁt 0.01 wt-
dr i é/datgubgp maare thansibowtPdsw t-%d Préfeeabhyl, e avfountiokstatahtes and/or

gﬁesawmqg 0110F0 WS, Uh& FhordbXEREEN abdtt YAETG $t-%, depending on

the additive. Other levels of stabilizer and/or preservative would also be suitable.

alc

35 An example of a suitable stabilizer is polyacrylic acid. The preferred level of
polyacrylic acid in the solution, if present, is about 1-10 wt-%, preferably 6-10 wt-%.
These levels are particularly suitable when the acidic material is citric acid. The

13



pol yvi nyl pyri di ne, polyvinyl pyrrolidone,
pol yvi nyl al cohol s, pol yacryl ates, pol yethyl ene
w@booeotas17 and cel | ul osic acetates. Al so, the uBer/u$2005/030577
organi c am nes, which increase the anount of water
content in the dried substrate, is undesired. Exanples
of @f@%&le%ﬁdﬂ?ﬁlyﬁ&yﬁ@a@&%d@ﬁhd fddittidechl, tsaboht 1:1 to 1:10, more
am ne dro %1 gn]dges and pol yam nes. Additives
Acc@b"l%%rﬁ a\lil\ﬂ A9 biftc Material is Active Materi al
Al t hough Erxampbas iofi suitablerpedsyy atlhainy],udﬂbpiziomids st hindenzoate,
t hah‘e{}lgél at? A)%%a%gﬁl IIﬁtl’&Q e&oﬁlﬂﬁ?ﬁl&ﬁ& eSO anl?ra{e ln% paraben,

el e ani s
Suclgthal m;‘abpn m&tyéparab%h ethvi pagahey, @rﬁpylrf@rffhen,t yl parpben,

m ¢ phedpigtic 9(519%Uﬁiﬁpfo@ﬁﬁbte%dl&uﬁrpr@ﬁlbﬁitw sofbic acid, potassmm

deter orate_the aci dic mate ts have {1

C naomale figtapeeEP g i 3o SBRal: Fogugy sorbate, BoliSsium
- st albehdoaey cdloiutiieenaciteliethyirparesiydtoxiybgizoate ssotliven ethyl para-

ff f t f
e %g{ih%%%gaﬁg GW R%% kg}ﬁi:oxpﬁ#rfz()ht?. l{ ﬁH&'{yl dﬂﬂlehyl grtﬁ’cfphenyl
1@| e@Benol, spiin exskaphenyl phensil) sodmm sirfitee ancbwlslén vulfgteeThe
Wi t BidFerlrdtElel SR ‘§9d]ﬁﬁ1%e§£3a‘t€ inQhe sStu, ?Fﬂr@éinb ISRFdUPO.01-5 wt-%,

the acid er| nd the stabhil.izer preser
bei l%efgrgéléf n'? eVgR ng%mqur%y ala% pol 6 g wt-9 X) tl“lhese levels
pr ey ;yatmuﬁly Sﬁnlhble vateh thd aidic sagdrial BastricabidutThe.ppdferred level of

- %.a th t
AR TR R s 3Bal e FYBSEER e
1u - %DOIarid50mrle7Qﬂ ef erably about 0.1-10 w-% depending
on the additive. Oher levels of stabilizer and/or
preservatjve would also be swtabl e.. An exanple of a

sui t abl e Adkalieqr BasiciMatgaal\as the 4 ptgrialThe preferred

| evel Of Iﬂ@hd’tﬁ&’fdébﬂgﬁ c’i)ﬁta%lhzihtlré}ﬁom |ﬁ’llt%t D(Dhnchfde@bzi%&ﬁﬁhtcnal as

bo referably 6- hese | veI
Lt o haaive gl Ly Bist B GRECRRES 461 sonarpnts ForL e ai
20i t passigrihcbughtisppastapges bylrdaetired wivh opathyxdse/ieimovarg tti¢
as . h@btiPintL citric acid, is about 1:1 to 1:10, npre

pre erably about 1:2 to 1:4. Exanmpl es of suitable

pr eser vatixagwlasf suitpblafasicanaterials r use i theelsaiepbef the invention
POt 3atidBRictsaRé SuichROLABSHAEE, Bichrbohftes $19§iﬂobdf&e§”cfuhtehﬁ

ST TN 61 A T

2pr opobpper oxales,tnarpaniéss vk jgieq aind irah @xideal Kind exghaogs wsias,espch as

Sor Qfl e%ﬂt %cl (%tp% Sy% dyhlgﬂes at gx{a?gé aﬁ&%%lm um‘})éigoxbde forms), polystyrene

phosp 6ric aci
pot desrumnyanzsefies, podvetiolens askerafiedpolmrpgylene, are also suitable for

par QE&MQ&Q’&YB%"@-@&{tﬁmn%Q@' U3y l%sl'&)@alt@@f #Akali and alkaline earth metals;

hydr oxybhenzoat e, Q drox benzoat e,

bi pﬁgﬁg]‘q ytée Bﬂ)élﬁw sod g%% hlggﬁgrﬁ urﬁwg Hns agg el Potassium carbonate

30rt h@ﬂfe@@fhrr&hbﬁsﬁ:ﬂ mat&ﬁdl fumx@uh totemirantreadialigiement 10 Examples

sul f t erreq f sodi. u be zoatelnt

sol rpfe? rge egigyma erga 81&1 Boﬁim W%cag onB eod}uéxéf?bonate

0. 1-and\md1@lmtacmtbwm1 nore preferably about 0.1-0.5

w96 THeRR ILRY6F Bask MalAAIN fh e dhpPlinh ARG A REed based
referre

acidic nateriral Is citric aci eve
on the basic material and the substrate bemg use . The amount of basic material in

35 the solution is at least about 0.5 wt-% and is no more than about 75 wt-%.
Preferably, the amount of basic material is 10-50 wt-%. For the preferred basic
material, potassium carbonate, the amount is about 10-50 wt-%, preferably 15-35 wt-
%. Other levels of basic material would also be suitable.
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sodi um benzoate, as a ratio to citric acid, is about

1:5 to 1:1000, nore preferably about 1:50 to 1:700.
wa@\bdoakbrase7 or Basic Material as the Active NMat ePCEUSINS030577

anot her design, contam nant-renoval filter 10 includes

basic naterial as the active material. The basic

mat eri al A[dﬂiﬂl’é@ﬁo B Adbided Bitica A lka ieM btedahis He Axitive Material

passi ng hr assag act.l t

ot her wi s g’f-f’%{}??{j ﬁgcrg% ﬁz%k%%s 0 mmstg%q \{\ql Jﬁbgt?ate decrease the
sui tsaitdbde b&sqf(thendtracnta Thus the vgs of humedtants Mélm@nncrcasetthesamount
' nv Of [yafdy cblﬂ‘éllltqg g;}ebcﬂ-?ég%uﬁﬁllaies iSHeRsi A, qﬁraﬁl‘ﬁ[@to?ﬁumectants to be

car bonat es, oxI uat ernary anmoni um
éonﬁwﬁa@w@ﬁ@m glycerple 8}}’9%{?16%!%@0 gnylayilingt a
oXi %Gliyv d@ﬁb%@tyvih&la%ﬁols%%ﬂﬁ&t@s %lyéﬁﬁlena@ﬁ/cols and
iron | on-, exc %ecﬁl esi ns, such.as those t of
| ncICBIORE RRHET MBS LS H AT SRR F Tl B SRR amount o
f or meater cpolepsinythedieed mbbtrae, ys amdesieed. gixaihipdel of organic amines to be
pol r.af. r eney 0
sui txég%p&]i &% ﬁId|re gﬁn%\r}gll a%];l)lbgsgh @%XQO%EX%% n?del{léﬁ“lEl ESSbaS| c
18alts of alkali and alkaline earth netals; typically
the lit h'AH&tm%@‘)\chEBtatﬁ@ WIRALARSAEWMHREiSI i0 B AétR e S8rial
Pot assium ¢ rbon c{{l} erred basi ng'%t.erl a]i( .
for use i‘¥PP S?ﬂt%\ Vﬁ A %&Q}ngé} REABIRFer i theesifoF alkalipe
ot heﬂiat@'ia‘kﬁlﬁplro@és tha sffectivehess iofitte hasiclou dikalind materiahover the life of

bi C490ALE IO 21 ROHAE @ Gemagl um bi car bonat e,

The asic na e’ 1 npregnant
180l ut | on 111@ levsl eﬁpremomsweamoﬁlemerdgamt@Ohiﬁp@ t5 sglected dpased on the

the b%Hp %e{téﬂa@ alREihe %réiﬁ&gr beTx'i’gausQHD Eﬂﬁmﬁfes Q?ﬁlﬁbﬁ%&hbt@s are

inth utign 1s  east, about 0.5 /oandlsn8
ror alkalignd alfgle sastyneial lopkdes @itdavsriyes HED dnippuB iodide, sodium
bas |16d16@tlﬁlﬁ1hﬁ1| iollide, ot dbiunt iolateFsodivinh R)d@feﬁirﬁf Jodiinbvdhte. A

mat er ot assi.um car bonat t.he unt
To- G e BIOpALE if B TS oaate, i SR ERatay pacBo @R fyiable for use
20as ivatinpdtassivah catboate mhtedalbe sui t abl e. Additi ves to be

Avoi ded When A Kﬁé]iiﬁ}gm%} ﬁ“h@ 'uﬁoﬁ Fb%t ﬁfégt' é‘f)%ut'\@b?(vlt % and is no

It is theori ze ncrease eve 0
t he mereshanabeuiddwe¥s Prefseably thegmaeunt pf eromotftrh%o 1 10 wt-%, and

telhe% re%'f'@xld?l ytaBButls B 5Q4t-J3U ’Tﬁ%eﬂ@&é—lsa al’é’@'aﬁf%ulbaﬂ §'s@ifbPe when the
e .anpunt o Cco e dried su

UnddBRP SRFterl NToBtS S itiet e Of Brasioiegup gl b suifable
25nc | Thdereferad legblw:f@lr@hoteg lay @ eationtp tld Esivahsterial, is about 1:1 to 1:50,

PO! YA bl 05w PoLyYhpy! Py ol [ done,

pol yvin acryl ates, polyethylene
gl ycols, and cellulosic acetates. Al so, the use of

organi ¢ 3@t M‘ﬁféhﬁf‘asﬁﬂ&A@ﬁﬁ@Mtafé%aﬁmum of water

content in the drred substrate, Ts L%ﬂdE?g g’rﬂ? n;p 1
of or ganilk 2BHFSSIED; eatamiganiaampeyal flige 19 imekidss reactant material as
3ami nﬁeacth&dmamydl aht fbastantandenﬂlrymﬁvnaﬁrboﬁglmdmatmag compounds
ACC (‘?nél e&pr an SlnA#hrng%lnt%e Pg s?%e %P{a a%tl g%n’ﬁco"r oYh%rw1s? removmg the

prono
t o) tdompbasdsc or al kaline
Examples of suitable reactant materials for use in the filter element of the

invention include sulfites, bisulfites, oxidants, or derivatives of ammonia,
35  specifically high molecular weight and stable amines. For removal of aldehydes,
strong alkali (basic) materials are preferred.
More specific examples of suitable reactants include: for sulfites, sodium
sulfite and potassium sulfite; for bisulfites, sodium bisulfite and potassium bisulfite;
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materi al inproves the effectiveness of the basic or

al kaline material over the life of the el enent and
wezdenesithe |ife of the filter elenent. The | poBUSDDS/030577

pronoter within the inpregnant solution is sel ected

based on the basic material and the pronoter being

usedor dexianiNg®f @ﬁmmid, afdcifiqallp emitabieshiglt moddckibak iwedghtland stable

al kal i.ne rth taI i de
pot AU it g By gh AR B3P, PRI ymElSLpBSricine (-t
pot asé trm(rlnydwam:thﬁbainmmm@dm dor sirenig alialiusadiuza hydroxide and
pr e

<" BErpTEm LA, \ Sice AT el of S Bt eORbRing
éar B@Wﬁ?@qﬁfﬂé’fvﬁ%ﬁre PrPI’Yéieﬁrl?ﬁlﬁ’M of promoter in the
sol uti on ArSexanpleraétionuTatsullitd Withta-Cietdndl-¢shtdifingRbMpound is:
t han about 20 wt-% Preferably, the anount of pronoter
is 0.1-10 mt-% and nore preferably about 0.1-5 w-%
These | evel s ar e RARIO ¢ Naa3Oy+ $10t2N2@HWhHORCRISO&Na ¢
material is about 5 wt-% Oher |evels of pronoter
woul d al so be suitable. The preferred | evel of
19r onot er Ampexamplerepesianftatasublisive thneashoryl-contginitgaempound is:
1:1to 1:50, nore preferably about 1:3 to 1:10.

ot gn, cont an nant -+ Have)+ Nt 16l TRehBgEEs "

reactant material as the active material. The reactant

mat eri al .
the ol pICRHDY: RAGRSIVAEerh 1L AR ERRPANT L ke ith an
16r @ldebyddise renovi ng the conmpounds. Exanpl es of

suitable reactant materials for use in the filter

el ement of the inventi n i ncl ude_sul ul fites,

oxi dants, or derivativ é\ﬂ%@%‘gﬁ‘éﬁgﬁ q’i%?ly hi gh

nmol ecul ar wei ght and st abI e am nes. For rermval of

al dehydes stron al kal i asi ¢ r e. .

preferr etfm %Eé“ét Rk Ofas 3%?%(3%’{% i%h?ee 18

20eact ants include: for sul fi tes sodi um sulfite and
potassiumsul fite; for H q@@@,@g@tﬁ@g ’

and potassi um bi sul fi te% or derl vat?ve am“mnlEa,
specifically suitable high nol ecul ar wei ght and stabl e

am nes, Z5if 168¥ehof feastaftiaterdd Giigdn fHe 1ﬁ%hﬂmt solution is selected

1 SRASIORS rebl el bl s e grha supun of reactans

2Sodimatertialdn theisdmtiands gdeasatioutrd Hywetr%xand s nd/moreouhan about 75 wt-
exant,pl ?§ f&fabl eﬁg{%g Lgcff rgﬁﬁﬁxn% erfépﬁtSaf@Wg’% Cﬁ&%‘%#ﬁgle when

renoval are

sul ftrlﬁ(é}'drvwwn@th]zléIﬂm@mﬂth@ﬁﬂw&@ﬁn@e @Eﬂf?ffﬁ!ﬂn‘é%l@f isRbRUG Wt-% In
+ mg%ré e, WHERS IR FB NroRTlle 8X ¥R Be 'i)ﬁﬂ'@rtré(pl@vel of is

ROR 89U Retoa0 e e BoRR A AP el 3F LD G o also be

30i ghsuitablecul ar wei ght and st able amne with an

Additives to be Avoided
It is theorized that increased levels of moisture in the substrate decrease the

suitable life of the element. Thus the use of humectants, which increase the amount
35  of water content in the dried substrate, is undesired. Examples of humectants to be

avoided include urea, glycerol, glycerin, alcohols, polyvinylpyridine,

polyvinylpyrrolidone, polyvinylalcohols, polyacrylates, polyethylene glycols, and

cellulosic acetates.
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al dehyde is: HCHO + NH2-R -> HCNH R + H20O An exanpl e
reaction of a strong alkali with an al dehyde is: 2RCHO
WG 2048024517 RCOONa + RCH2OH The | evel of react aneCT/US2005/030577

material within the inpregnant solution is sel ected
based on the reactant material and the substrate being

us ed Th An?@spnﬁtacme faReihB Mesdidb@abdle dan bt hapeghated orotherwise
about -%and is no nore than about

75 the toﬁfitﬁ’fa?rcﬁbl? 5fb( ﬁse amount of reactant materi al
iIs 5-50 wt-% For exan‘pl e, when tris(hydroxynethyl)

am nonet gape s ysed, the preferred |level of is about

5 w-%im] nant sol ution. Wen sodjum )

hydr oxi d& hag b@un the cpniamanantmeabfiltgrrofithis sysption whether
Wt Havikd Badic! AR, or &Ect[\@&ﬁzltékﬁﬁl aR bR re@nerasedc A fos uwosaﬁer a

- % vvoulg al so Ee sui t Addi tjves.to he A{g th idi

1t PIOITEE AR phBo™ e PR ILREY GULPSSEHN FRATCR I i the acidic
t he nautdbtat, va theal i ime et eridl hor vath meahhm rhatémal ofThislsecond or any

el e 3 . '

the bRl Forb AR Eafbe AURRANEE Pindt el e BRRious
1@indesitamihan®feompthedilist; deansiog e fEltar sowd bedeoneider example, by a

' nc l\&{';\lg:ﬁ rllﬂéce It 1%%6%@%13&1& ta é‘lﬁﬁfrht@ ca@b@ Rt snated any number of

Vi rroli
poI meﬁ,ﬁnﬁ%w&lpg elﬁs|t%ear&ysﬂca&y1§?ctnﬁ%ﬁ ‘%}é}ﬂ%iﬂbé‘ﬁ@e
gl ycols, and cellul osic acetates. Any of the active
mat eri al . d %rlb}ad@bve C E:bevl D ed @ted or
ot her wi sé&PRBHAEH T o4 3 50 er's.
1Regener aCootanipantrasmived rﬁlltf:lomwif thh prescmtnwmham ta kaused in any
f' | tvgrrletgt)f Eﬂylﬁaﬁ&%%'dgﬁre t}%‘ i, Lgﬁéﬂn Bnif&dtsl) Tr%m a,gas stream,

active materl a e regener at ed
use suckrasgniagrstigapr GlopkgtipariemeYb fltst | ﬁmﬁmcglarkywe“able for high

el eﬁﬁﬁi a‘faﬁﬂca@ﬁ%ns’iﬂﬁt dbsirﬁ'ﬂfe&?ﬂﬁbﬂ%f%érﬁwﬁhﬁmﬁ&ﬁﬂhﬂs from a gas to a
ne_nat er wi,t h react.an
rat S Creshheh CueBas G il dnatiafe’ P BB Rl o te evel
2@ an desred asiesshiin 1 @pb i térdarhinehie dhiérrld itskl genarelivadsls no

contcgtg%rqprghé ;Jc %Hggtofdfrggsr%gcl eansing the fi I ter

coul exa wat er rinse.
foreseen Eﬂ(hrapfes ﬁécmgn pEbeme l%@nt%mé@muwhat can be

n U{"’?&{w@ﬁ byl aﬂ‘i‘i@nd 1ﬂﬁiieéﬂtaf8d:fﬂfek o0 uﬁﬁidét%rgdhﬂ: ‘t?ﬁ@h@éd’éﬂ las ammonia,
i ntactness ra ations
Con PRRSeRE R AT 12 BioligoR o Ao Gtoligjom hydroxides,

2510 | tperasslﬁnmfydtolmiep,r\eﬁaﬂé oigatie bhases and acnindatils expanic basos.
var IE%aXlHPes 0?9 hingf ta{rg&%e 5{\8& c%gtsah{lge#t ng[;&m! %at Q;n be removed

contam nants roma gasS Strea alr
Contgan nlslqatmer-enmsmatefd ﬁlttferlomclu@e gradasi of g, 9x1§@ﬁ Qfemlr%en HCl

For (bRt ok 3RO, ¢t CRRD IR (HRIGER sdIRge §, 38R (sulfuric

of chiem ca contam Rants. from a (;1

acid) and HCN (hydrogen cyanide). Examples of common airbome carbonyl-

30 containing compounds include ketones, including acetone, and aldehydes, including
formaldehyde. Carbonyl-containing compounds, in general, are fairly malodorous
and cause discomfort to many people. Some people have allergic reactions to
carbonyl-containing compounds.

Generally, contaminant-removal filter 10 can be used in any application

35  where a packed granular bed has been used; such applications include lithographic
processes, semiconductor processing, photographic and thermal ablative imaging
processes. Proper and efficient operation of a fuel cell would benefit from intake air

that is free of unacceptable basic contaminants. Other applications where
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| evel of less than 1 ppm of contam nant. In many high

purity applications, the level desired is less than 1
w@piweoteseont ami nant. Filter 10 itself general | RCEUS®ONEBOS77

contam nants, such as due to off-gassing. Exanpl es of

common ai rborne basic contan nant conpounds that can

be cemam@tnbyendivabfitet-loman gnsddddciute these dfereralivsienental air is

N o brgied toohe Bt PR ARE DS ing T 5 EuRRLL &R b yeeq i
hy dperspuid sievipes sush asirespiyalors Xbath sonweptiandl land peyenad)cand with self-
bas %§nt§fﬁgd %%dplgleat&rtg mﬁdéocﬁéa?ﬁoremgra oﬂtammant -removal

omon alr orne IC CO tan1nant co

%e gD V& ernalsabe wsel gn ,aﬂ@ggprns'gp]@gfq)ap@qjoqemspg,es serh as residential
| NClati@l GorfieftPA sPices Wubhl hs rodis@as eﬁﬁreﬂiu’ilﬂﬁh@@)ﬂ airpifhe cablns and

Su prigaopie egudsy Rlemetiives: Rit dovad iabiove Rpupayenf o o

cy adisdedrgingxbapl eso tfe atronsphrareaéxanurlescof such applications include
car Q@Ho%ﬂ@%?bfﬂ'epgeh?&gpﬁrégﬂﬁ gﬂﬁidégﬁ'ox{ﬁqg@tﬁﬁ‘?al operations, or any

i ncl'udi ng acetone, and a I nc
10 or ethcs epsraiéon Mpﬁbﬁ%ﬂmé’@m%‘m‘?ﬂh‘@al SOMPBINIGE, cap gscape into the
genehdkonnddn® fairly mal odorous and cause di scom‘ ort to

T PO O R RS A hutiaied i b A AR o2 of sructure
cont}aamdrram gasefiow éd.g.f mt flew) ik{ﬁo aahthbenghi paskapes 20f filter 10. In
appl })Sﬁgﬁ'&%n% flig é%%ﬁ?gﬁ ¢ E&Mﬁ DEthuias ASG 8 Fdimeter by

suc ons’ inclu I'C processes,
1éemadlondug,tﬁﬁlnmwmb@ﬁmqurephot ographl ¢ and thernal

abl ati ve WwhHgBg E@ltﬁﬁﬁlﬁxﬁ%ﬁévaﬁﬂ@p% rﬁﬁﬂ: I{Sltz{n %'r&régs descnbed
operation of a f woul d benefi t mintake air

t hadiefean. iy wt&neé %@&@wkﬂn@ aa)a:e;ﬁét% ahe htpan?rsboﬂanﬁ@ pe used
applin G@ijhlﬂiﬁl‘@nMﬁ Ememiamtranbval ey 8. Alﬂré-ﬁlteﬂl@ p@ﬁfiom

d I h wh
For UPHEBLACTIT 100 (908 APLa NG psonld ciapipip SREGE A post
2@ an fider ispeditianehdpenstrearalof didter He® remoke wsidualgpirtidesirem filter 10
( bo‘bgf] ‘Eé’{h\é%‘ilflk Péi@dse@”ﬁhé%@‘ﬁ‘ﬂé %}e gé?lgra‘ﬁ‘g:pﬁ'acéﬁ B%é}Hé%?imgse

br eat r0VI
cOnmﬁlm&mto Béﬁﬁéwﬂ fnd ﬁ@pmi @Cé af; @FE‘-‘GUB@Y’L%@G“@HH%?N -removal

I a :j JRter $G. aAﬁ,elenﬁpleQﬁT@'s%@ﬂ iSPaheSa §1c83h1t<&3s nmstr@te@ il Bilgure 5.
an co 1 a aces C
Ut 1 i nody Fieirs SroE R I RS oS T sHBSYRE chitfminents fom o
26t heirty gasessreamtl 0l s Sgstem 166 inodudee mpamcukaret Bltar1 @6t sfirst
PriQp t‘aﬂuﬁdfn? ?J?ﬁ%\% ﬁﬁfﬁ 1Y, Ada ée% &gﬁ 11'&51% %(lﬁ;ﬁlter 110

exanp i cati ons
oth é’larttﬁeliﬁt% ﬁ%erelr%s% Pcmfgureéﬂﬁ mwvef Spbmpmﬁmm ﬁuph s dust and smoke,

Ope figfnh géfbsstre% 1d1Y T9pH8My, PSAIIAL fiter FIBRL LSeRL bﬁ'ﬂculate filter 105

wher.e c cont nants can €es
enviit BRSHATIEd UpFfeag} ol KoniamingrbremeYy g 1%%@&?9 foglecrease the

3bougpotgtial dfditeror1001 he beiny el gaéd it ladmt witle pﬁﬂnaﬁlatél e 6hs
g;::ls fe:c %11?1 (ﬁﬁgcqnt&mam r%r\@o alrﬁl%r ‘ril%i 18 co ? g'ﬁgrte%?as %%e%gﬁlc

hoHaAY 'cont T gur ati ohs, .
| easbntgminantd frgmgas stmaijH adseemidicostapenanteeraovabgilter 110'is

hougRSeurtd & RniVe HibR coftfaltifdnty Bom gas stream 101. It is understood that

in alternate embodiments, filters 110, 110’ can be configured in any fashion to

35 remove acidic contaminants, basic contaminants, or carbonyl-containing compounds.
After passing through each of particulate filter 105, contaminant-removal filter 110,
and contaminant-removal filter 110', the resulting cleaned gas stream is designated
as 102.

18



When a contam nant-renoval filter 10, nmade by any

process described herein, is positioned within a
wey®bemsia pre-filter, a post-filter, or both PEHUR®05/030577

used in conjunction with contam nant-renoval filter

10. A pre-filter is positioned upstreamof filter 10

tO r enov A drdirofpaiidtlatectiles 108, fiter t1 00,emndddieny1 (' imayék retained

f f.f
Lo ihnBoEineshiag hoggpg 12} ETEroerDE BB bkpbiionddjacent
ai r ons anetherasenay iivespading therebetweengener aI ly pl aced
agai nst of, él_flé&‘fe{té)é(ﬁlf%ﬁ%'omf&ya éo?nﬁlhédsﬁasé @%&Ynaﬁf‘fémoval filter

second face res cont am nant - r enova

i | e paticulate fé‘i@amlléstéﬁtedamsfi@tréms Aidter 49- n@ota{ammam removal

pr e‘ﬂ‘ltek Y@4is definkd by'a bbd BLhdvindh Gkt €ace 77|aﬁd fh @}#5&1@ secdnd face
syst 00 i.s |IIutrated fpr rermwn H.tf'anz@ t face 77
fro nEFallyogas tQ b eigrsshale aglAmIRARtS B e df @i first face
par talnd eking eafedondifackd®, Bodfi7R s¢ simi)llat wrbadyi2-of émter H)' of Figure 2,

{1 |0l Wlern e R0 %y A BRALERIONAY afdrrhShd layer 76

110 I's configured t
190 iteggthar deines plugalithotpassagss 8&nd fyﬁ&ﬁ@bof Haswgegy B are blocked or

Stragied QttlﬁrstTﬁé@é @@:cthflbé{: afeflug%fa&édcasl s@416 b IAtt ﬁ{e ob%sﬁeSend of seals
use art | ilter is po on

e on RSt gt a PASsPEE SD 2 QR GV gt EhaEbassages
t he goairebloclkdd @fsedled ateths sebdfd fatd 09 abda amgapeh agt@e dirsiface 79.

| aden wi t:h C t

cont ani nant=y é’rrolCH4 ?eflgikine%]" %Q% %’ %a %ié%% firgt os el e
1basipartiotatesticaame trappedrin gassagas r8@acme 1@&16&9@16@; éfz,cemij face 79
contyb-OAMhe %&?ﬁé@k tl'frbﬁéhecfle gy ?.%e' WalEORfringd Bg thet ﬁ7brous substrate

renove acid ont am nant as Stream
undekhsrastive mﬁ%@pal i aaﬂpeﬁmubst&%m%ﬁﬁg orpg F?ré?rgmﬂfé The

110’ cléaaBd @@ & it &l face Yy fashion to renpve acidic
contam n hasi nt a ants

o bomyl iR PererEDRTHET Rowiletheovgh fgw Hiesygyipn in-tine
20acHfiled. [rae partiohlateaerthdVvdl deatir®Sof sioh b diiienanfiterdfoweadisclosed, for

filt It 0, th
rlesﬁ £ i?gp Cr}aggggféﬂgg{;%? ?22%48"@‘({1@%@%&6{3?? 22% 102, Aﬁy
fras

or all iomed downsronm) af, dilten HBor qny] rafahe qther, enghppgiments can be
filtgrindib&or BEBMd#éSuﬁgesI leed rhéhifdr Md’iﬁt 1ﬁé&@hoﬁ&)ntam1nant that

ggju zlég 120@0?&}&%% }thqﬁ&ewg\;gng%egia ﬁ npcf) csatcgrs (a).rré:ewell known.
2ASher ebet vitershaparsal sizrafdtler to itf setpated to oamci\certhadesued amount of
conb | . .

par tc%ogﬁeﬁn F?fﬁ? frﬁ?l&b@?&ssrbq'}f L}J; ?ﬁa‘%’ ﬁlgreftﬂrt)ﬁ?{ bg&q ém the residence time
fi | taefithggas inittenhh. nEartexpmplsy prefarably etrlears@ 90% Here W@&rwy at least
a b%gg/o ??cé}ﬁ‘é;gﬁgnt@ afé r@ﬁqtovédiclﬁ sérhe ABE gd) a@ﬁ’ﬂ@lﬁ hd ;938%, or more, of
secon ace ner eansed O

cont BRFHRREEABHE SEoYeR 10b uRgETSPaL et G SRRt emoughen

X tc}%bn?ﬁn?in&ﬁ@ﬁfﬁk Ife?meed7\9111 (Bﬁéy%&ﬁndlag ohnind applitationcelyd the amount
12 o |t of 'Figure 2 tin

cor radl&a g{;@fnnﬁ}t afy 2R §58 ? I%Bl%{ A Ipr(gzﬁsm%facﬂlty,

| ayethe mldeog@tlme of thefincomiag pilr a ﬁltett 110 lsmswy@hg@é) ®0to 0A36
firsg (?tﬁfg \Qlfucﬂ% B&o gll A hPakaement tﬁ@ﬁ?%q}slfgkneﬁts of about 7.6

first ese ar Iustrat ed as sea
t he t9pp (félﬂte end of seals 85, at second face 79,
yassages 80 are open. Additionally, a second set of

passages
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80 are bl ocked or sealed at the second face 79 and are

open at the first face 79. In use, particulate |aden
wW@ameeniseT S open passage 80 at first face 79. HAEEUS2005/030577

particul ates becone trapped in passages 80 due to the

seal ed second face 79, whereas the gas passes through

t he pass@ggmmggls formed by the fibrous substrate.

The acti t.

ai r bor n evl‘zls Eelg lﬁgﬁ?n ﬁ}n'l?tﬁgg é’){hﬁglees lﬂki’é}tfl& thl\ﬁ;ilfg)t‘ﬁglc"nventlon All

sec @ads, fpacentages, Fitios,eatc..7i0 thcse)raefpéqsmbx weighyuflpgstogirerwise

strajghhed hrough flow filter, or an in-line filter.

The partlculate renoval features of such a filter as

bilter 70w d&ffgreatbetiesgvere ypeddlon thsicgampls conigmipsgy-ggipoval

NOS elemedd®, 646; 6, 190, 432; 6, 350, 291 Posi ti oned

downstre of filter 10.or
enbodi rreg{ggyéérﬁ ¥ KA i I%ratf’gl?a? %2 prmg by Aliempting a flat
t o rfaoing sheet dnd aasimusnidal cdrrumated sh:éet cEarﬂmﬂtlmslteetshws ma&le from

p as Slb@‘?)ocyreis‘l{lfg)yg ﬁbéxJF : tl“Eé S}iIBQtS%Q Waﬁg@& It&ﬁ)(ljlﬁ’l%.@‘{lﬁg?r %‘ﬁ% rPesultmg

19| | tdemed @a$sgg@é1aé@p@§pnoeslmaéﬁb%httqfé 4has anslgvidibeind.0 gfm. The

conteadis Redtonall dr&fd  dA6h PaBa wal dboReS § i’ LIRS btk Meetheld
based on th&j1 residence time of the gas in filter 10.

For 'R8eLhepMat %‘l‘rﬁ‘ihéﬁl% SI¥%- | east 90% nore preferably
at | east BE¥dYRofBwiyrdt wis similtustoBodyrleaxmeptithal Bodydliead domed

d es | sségesa&%ﬂ{:'?& Epsp§8x1§18c1t/8 l%eg%hé %? E %P nﬁiﬁ ahg Sidd %g@@or}ﬁﬁ’lt The cross-

ers esire
16n csmttoalﬁi aremofeach passagewesabguinl .p mm). leprshd@tg sieo mgdeofiom 60%

the c@ﬁﬁbé%ér@ﬁh@i@% bR ﬁaJEPéJ nfheas'ﬂgeﬂz Viefe }Q:ﬂd together by the
cont am nant . onduct

pr oé’é@"ﬁﬁoﬁb’s‘f‘%@ﬁeﬂ% Vhiihad erelied hgog R by ultrasonic
incomedag. air in filter 10 is usually about 0.06 to

0. 36 seconds, which can be acconplished with an

el ement having a thickness of about 7.6 to 15

20m ExanplAgditimpfagnhtedifgmples- | i mi ting exanples wil |
further '"ﬂ'}lelﬁ%tdfe@"weeré ntg)rleé}l\é?éat\hﬂﬂamﬂ: Imab@al By the fgllowmg method.

per cent ages, es are

gﬁwommeﬁgc@tmwogévasm@éﬂreabem Hier ﬁlz,r%ﬁbody was placed

bod 1i8%® tWEh&KES 86 tHaEntirB %o@}xﬂ'ﬁﬂnﬂné@éﬂ RAthe @cntmcme AR
el enent s simlar,to,t

at
S PR Oser e 5 a1 e AR RRled 3 g A v o
231 nusiudalA fiendiryirgg tredesiites filtdcatdmeant whh sl e tistemaige its
rradees{lélgg]dlr?g% cellul ose fibers. The sheets were
Wr appe orma cylinder. The resulting doned
passages had an approxi mate height of 3.4 nmand w dth

of 5.0 mgregjgﬁrogﬁ@qgstqecti onal ar ea of each passage

was about,_8. eets wer et
a uret harggleatgﬁémTWnt EB%I aced ‘B&d r§P&rf?ag?drtP<?r°V‘de an
3Bodyupdtreatix sidpbf thedllteBantya ﬁodnﬂsﬂredmrmﬂ:. An air stream that contained 50
ppm of ammonia was delivered to the upstream side of the filter element at a flow

rate of 30 liters/minute. The upstream and downstream ammonia concentrations

were monitored using an ammonia detector.

35 Comparative Example A: A solution of 35 wt-% citric acid in water was
made. Body 1, having a diameter of about 3.8 cm and a length of about 7.5 cm, was
impregnated with the solution. Comparative Example A was tested with
Breakthrough Test 1, and the results are illustrated in the graph of Figure 7.
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passages wWith an approxi mate hei ght of 1.05 nm and

width of 2.90 mm The crosssectional area of each
weamsaysimas about 1.5 nmmR. The sheets were naREer/UsDNF/030577

60% cel | ul ose fibers and 40% PET fi bers. The sheets

were held together by the thernoplastic material,
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upst re 'ﬁf‘j wnst r ammnl concentrati ons_were
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Bre Eﬁgféuﬁhl*"&eﬂ;ﬁ: ddratigf gf ﬁl'@ Rest %&éhfp?esqreﬁld'j 1|nH§:§1ﬂ'eatn€ Q'lecrease in
Int Figure 7. Exanple 1: A sol ution

wt -Wrcf?rtnﬁnée -acid and 6 wt-% polyacrylic acid in vvat er

was made. Body 1, having a dianeter of about 3.8 cm

d a |epgth of t 7. eonat ed Wi th.t
2ol ut i on COmpARE ER il 7. bl R o VB BRIk At ot wen

20 aidwatee wagsate. sBad;el ihabingtardadrecter of abhat 1B athamf a length of

Fi g (?ut 5 gﬁw fhpfre at%d%ﬂ I'HBE thu&f)n %o%ar{ﬁ\‘;é Efdélg)le B was

ac:|
Bod)tﬁS!I?d mBrﬁgk@rw @@é alts#thamsults geallustateddn the gajy of Figure
of gbout 7.5 cm was i npregnated with the sol ution.

Exanpl e t ed wth rou hTe
Fooult s Exanple € ob ot prrs RESHP A A e Papolvativiic acid
2EX alipivated wasnmde.UBody1,dfaving avdiarbeter éfraboutsd:8 dmamd alerfgth of about

0 % 081 VL RSRCHRE il MBS IR IR 4 B0dkcckeg UYL 1O

a di‘ameter o ch an 7 Pout
cm BreakthropgheGesad @ad thetrasults erasiinstrateshin th graph of Elg‘msS
tested WE B8 8R&IhataR: Eﬁl’%gaﬂmgﬂﬁ )&&ﬁ)rﬂlﬁ% tt1§e ﬁfn@ber of

illustrated 1n the grap ure ure
t hafMiByies atywhigh the w?(gthmaow levsd s ﬁ%’i’P’é‘i W@S%ﬁb Comgprative

30  Example B, which included a humectant. For the duration of the test, Example 4

s
@=

indicated no decrease in performance.
Example 5: A solution of 35 wt-% citric acid and 0.5 wt-% sodium sulfate in
water was made. Body 2, having a diameter of about 3.8 cm and a length of about
2.5 cm, was impregnated with the solution. Example 5 was tested with
35  Breakthrough Test 1 and the results are illustrated in the graph of Figure 9.
Example 6: A solution of 35 wt-% citric acid and 0.5 wt-% sodium benzoate
in water was made. Body 2, having a diameter of about 3.8 cm and a length of about
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m nutes at which the 10% threshold | evel was reached
decreased for both Conparative Exanple A and Exanpl e

W@ 200602650t as qui ckly as for Conparative Exanpd®BuU£2005/030577
For the duration of the test, Exanples 1 and 3
i ndi cated no decrease in performance. Conparative
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t estwaterwids mddee 8ot QphagfhngTaa@slam&teanﬂattdueMS@sruhnc}sa length of about
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It ha?%t)ér{ei‘r\s?s hr@ %@?teg r\)@?ﬂ&@ Is(olgfé%? dﬁ)hagl%plg B%%ﬂ%d 50&%(3 }Neekend
164 niarpsoimatahy hhewe kddhariesiehiscarding o Br\ﬁ@l@hﬁoe% Rest 1. The
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t est
i ndi cat ed'§{5¢ 8@%‘?‘@%\ { Oﬁ thﬁé’r"f‘ﬁ et eﬁx@%’i’g&%§ 6pond 8
sol ufdiedtediio drratdse p?drfolhmam&c |B3kaﬁ1pté Dhddl aM inefeasedh braakthrough

2:;” g%%ﬁ t lgs %@%ﬂgl\lﬁ\@%g tq e% ) Bﬁ Cz#[ea d[f)' tes ?M gvaalagieaaw&lras the small
15 mp raegrditieafildritestech eVth Itlm dianeteEsbhPcm, thmstet ekthedilter can
Wi t '%%ﬁé‘ﬁ%ﬂﬁ%ﬁ%ﬁd Iask nﬁn%c&ﬁ%oﬁ@&l{hé §O%rb?eakthrou h time, but
illustrate gra Figure 9. anpl e Ag
sol (kg @wr@%ca@ecwwge? ric acid and 0.5 wt-% SOdI um
benzoate in water was nmade. Body 2, having a di aneter

of about .cmand a | th of about2.5 cm was

i mpr egnatéﬁ%ﬁ&wglﬁ&%a a £ Exanpl e 6 was tested
20i t h Br editiclbodiey Iweireamtprdgrarﬁd wittebasizsmhuesialdzyethe following method.
H BSI%B)%%f%%Sl{:AF&bﬂ&NQS glérb%éﬁ?d Eﬁ@ﬁgfo%s %ody &as placed

soI i on tr| % sod

ben Z@Qttbe benker s@ thaherfirghedy W@o’@}mg Se‘hlél\ﬁh‘h @01%1931 a‘?«%?fe r

of  3BPKximatBlyWD s8Ekshd8, the BEdy W rerfdORd ardl dlowvad tyvasy in an oven for
|rrpre nat Wi.th the sol uti

Lo linthe Beroniite Pks ofRhRIP vEs 98 i formith b

2'6 n teb&mgfedﬂhlﬁe oT heHi g reben@ent wasplabed i@:a tést shérabérand s€al@bto provide

%Sty 264 r A0 St agb Y Fate vt er

was e ter "of about 3.8 cm
and a length of about 2.5 cm was inpregnated with the

sol uti on.gExanRleh Be@s dried over the weekend
(approxi mately 48 hqurs) .and .then t st ed accorg g§to and 50%
2 0

Br eakt hr difgfBraastiroygh "#‘P'Fé £ A stt%ea‘é‘rt at; qoptadied 20
3ohe rghatpéhehidity Geds @leHverEd @uhe uﬁst&meMd dfake filer eldigent at a flow

dur at tale Dt 38fhtér9/16n1m?te The ups elar%San ’downaream sulfur dioxide

concentrations were monitored using an SO, detector.

Breakthrough Test 3
35 For Breakthrough Test 3, an air stream that contained 50 ppm SO, and 50%
relative humidity was delivered to the upstream side of the filter element at a flow

rate of 30 liters/minute. The upstream and downstream sulfur dioxide

concentrations were monitored using an SO, detector.
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i ndi cated no decrease in performance. Exanple 7 had an

i ncrease in breakthrough tinme. This is possibly due to
wo b@eemsht area of test data avail abl e as wel | paEUS1V65/030577

smal|l area of the filter tested. Wth the dianeter of

3.8 cm the center of the filter can becone damaged

and caus €okfipasitive ExempRiC:0ASolulioh b€ 20 04 perkdilth eti®bnate

t he,  overal | ar e
KR st b Btade BRAY 2o e St gfabgut 3.8 om and o
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net \, | I L
et 0 tested OB a?tfhng%g Tes0 aﬁ§ AR o I?E&P%éd“@trl? graph of
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o OB ko Ol Bt D50 G i e was mace
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1@r e&redktloough Tess 2, andrthe repulésadre Hiustrafied Tethe gpaphad Fagyre 10.
ﬁt inegmt t IE‘%EI;) Id%rElt aA@Sﬁg@n?Qf %’@th BR,e0d a&pg/‘g rvﬁl%tKI\iﬁ water was
u [ el iver 0 ream si de
1 oide ) POE R hayinges SRS ot obl 380 ik SR ahebout Fys.om, was
u psﬁmp&mlﬁediwﬁiﬁwmxsidhﬁm Bilafipte ivax tedted adthcBrehkthiough Test 2, and
noni Lsor ej usi E(g SOZ dgi,ect o Br eakt hr ough

Tes %re?—lg lélﬁtlr?‘} ’%reagp I'r streamt hat
18ont ai nedigde pp nlncsmhaﬁﬁ)z E0%4sipabang theoughrthaliestpd Widter elements

deI 'o\(/ﬁr Sfet R 1§ gé%? ﬂ%gﬁf(ﬁﬁm‘e@' %lcﬂfmélﬁ@&iglifd Ijoﬁ{ote?l ﬁrgﬁ%s better SO,

ow rat ers/mnute pstream and
domﬁ@p?@éﬁhagdm GpmprigiiyyExaeMesherdd ons were
noni t or ed usi ng an SO2 detector. Conparative Exanple C

Nater v LIV EpTple o et 3T Aaiich Ko g eleB wgs made.

20m &Buwdya, haamg hdxafne&lnoﬂhbont 3.8cm avdis lengthrafghadteldS oms Wwas

br AR PIoEhER it AP Glon AR ekl B SR il
in tBﬂreal@hrapgh st B M@tmapm&ﬁbgmawd@@néﬁaﬁﬁl%trﬁed jm Figure 12.

sol uti on Bhmefe W: - askigisBof 20 W%:—‘KZG‘@?aﬂ'ﬂa@@ wtBRWY i water was
havi ng, a dlggeter of .about

nbo Raly: BodfD. (eting HyRBEITEO LN T Thek DGy about 7.5 om, was
280 nimpadghated xtatind solidiona Extaaplet) wad fested eatht Breakthtough Test 3. A

gfesfphoto ap% (9tf n}%(te&gcf éaﬁ‘r&l?k%llﬁ%nla%%tlﬁ %Jio%qlq% ?){1 t h?/ %rz‘é&l;
and 6.6 \ﬂiheqzﬁlmtltatwe\/tgqt @q:su%gﬁor@m{@argw@ﬁxgmpﬂmﬁ %E&ample 10,
di angdneBrédkt Tedt B shwaNthabihk NGt Qeﬁﬁ@:nt"’lﬁ@ WF thé-two S Bs similar.

}Nzgtl-lgﬁvqrmeeg Eggpwm? &@?ﬁes?ﬂgsagltda%nsgﬂw that even t?lo\mh the two samples

30  adsorbed the same amount of SO,, there was a significant difference in the pressure

drop across the filters. As seen in Figure 12, the inlet face of Comparative Example
E has significant build-up of material, thus reducing the available volume for air
flow therethrough. The crystal build-up on the inlet side of Comparative Example E
was identified as K»SQ3. This build-up was not seen on Example 10, Figure 11.

35  This build-up was not seen with Breakthrough Test 2, under lower concentration.
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the results are illustrated in the graph of Figure 10.
Figure 10 shows the SO2 | evel s passing through the

wo e®boehsii | ter el enents over tinme. It is seen PAEUS2005/030577
Exanpl e 9, which included a pronoter, provides better
SO2 renoval than the Conparative Exanples C and D.
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s amsFaZ%d tgd%wggan PR e ﬁlt%{fané%ziowelﬁ%?a@* fidg 4nair
si gRrirédns &t celitdihed @Meen formhidelprde and 56%dehpvabuoghtytwes

fi L%efv%reﬁ% t%? i %egmgl W% fh?e'r #eg%n{ {[l agfllov{' %‘ig opi(% liters/minute.

as sighitican

1frat diedilter elhumentrhadiacdizmetehel agwa'i 3-8meand gl lemgth pﬁabqaqt g.54 cm.

f | ovfhte I?l%GvﬁEtpé'aﬁyﬂﬁmafﬁ@ﬁy&ﬁ%ﬁ&eﬁkra@éﬁsl Whrt! Fho%ﬁofeti%sin%za%tector
i de Conparative EXanple E was identified as

ThIS bUI|d up was not seen on Exanple 10, Figure 11.

Thi s bui Iabmﬁaram& Bx@inp&ERnAVilieh eBmakwwlau@mframsBodgzl having a
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26t esni_mﬂatdlyeatrhentforﬁlthmdygubmnatwd A vol une of reactant

ol aced | APAnpR. G R sbfhitn 8P FAis NSy th B SrRRHCHER in water
i mrevasewaden Bods 1shaving daiamater of abgupp Sanhandse &ﬁns@ of about 2.54

secQflsvastim re@ﬁ&l&dwmn@mutﬁﬂ and allowed to dry in an
f | t
oo O O e e S R L0

2Br edetdktimogph Tes |, dndhe r@uha!n’e lshownyim Higste 18, Theegraph of Figure 13

! e RS TR i Br B RGP oBrec i B BNG! nATY arERLAY

provide an

d omtemé@dﬂl@+ Jéle fmmaéqlqhyéq lexelsreaghed 8 ppmi fee Gomparapexample
for @l%gﬁ’l%n&ﬁﬁe@ov@)ér@ﬁ@ﬂa\&ﬁ)l@ UThal 4t)eadBSO0bahinuess®dfore 0.5

tothe rea filter elenment at a flow
r at é’PBT ]IF’]FQFS‘Y‘}WW The filter elenment had a
30i aneter of about 3.8 cmand a | ength of about 2.54
cm

It is to be understood, however, that even though numerous characteristics
and advantages of the present invention have been set forth in the foregoing
description, together with details of the structure and function of the invention, the
disclosure is illustrative only, and changes may be made in detail, especially in
35  matters of shape, size and arrangement of parts within the principles of the invention
to the full extent indicated by the broad general meaning of the terms in which the
appended claims are expressed.
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The downstream formal dehyde concentrati ons were
nmoni tored using a detector. Conparative Exanple F. A

wo pdobezeset enent was made from Body 1, havi ng apdi/asmb®030577
of about 3.8 cmand a I ength of about 2.54 cm There
was no surface or substrate treatnent of the body
substrAtEelaimeanpl e 11: A solution of 5%
tris(hydroxynmethyl) am nomethane in water was nmade.
Body 1, having a dianmeter of about 3.8 cmand a | ength
of about A2cc514arﬁ1ﬁantwamoi/zrm‘megmmimgth t he sol ution.
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i nvention havg ’Zfﬂka?t forth in the foregoing

descri ption, tog er with details of the structure

and function of the invention, the disclosure is

illgstr atI'h\éQilt@f‘hdéorcﬂﬁgjtoQﬂlﬁﬂlgleﬁhé@m tztpréseﬂte tHerpreiative is
arran

especi al n. mat
ot " Seleled Yobtiah Bove apsine Bedig HeReo B O A cpobgggium
15 ul Initeaté, @otassinshi mattcedodhyntmmthrsodudngmtreteajnemyhpnrai@noéthyl

teg S Iptar%f)g? r@é}lﬁ%a&%e g%q&egrogg%ﬁﬁb&r Butyl parabenl propionic

essed am nant - renov
fil taeid, sashingm psapienatey caiewyl prepyenRte; Sogbig agidppesassium sorbate, acetic

Sutb%Elﬁ ft}?os pRSKL a{cli’ﬂ QUGAWorBaRE calesd §o‘%§2ﬁe p’i)‘fés*sMﬁl benzoate, calcium
mat eri a

bei n citri.c aC|
B MO I "
2(Tat @ataalhyd&md/banm&nblﬁ)ﬁényl \Ail}tl’(tny]h ertfublﬂteﬂyl phenslgsddivee octhophenyl

gr o@glelgqﬁ Pl{,n? ?ulﬁ{e éc? uxpfsu aqg ta%gtcoﬁl%i ﬁgl?sdth%eigp the

grivatives anmmoni
speC|f|caIIy hi gh nol ecul ar wei ght and stabl e anlnes

and sstr oﬁq#e%l&? hcj:cor(ﬁn% he tH8aifd 1 (vREreRC FQIrelcAq tﬁeostﬁlﬁ‘iemsl

wher e| n present preservative I s selected from
t he PghaeYlie8%di sti ng of sodi um benzoate, benzoic acid,
opotassiumnitrate, potassiumnitrite, sodiumnitrite,

sodi,um nitrate, nethyl r.aben, eth a

car dben, Ry pekpktn R, MrsE b nh i S geid t
pr omresamtiaeisdl,:l sofl00nh. pr opi onat e, cal ci um propi onat e,
sorbic acid, potassium sorbate, acetic

5. The filter according to claim 1 wherein, if present, a ratio of citric acid to
30 stabilizeris 1:1 to 50:1.

6. The filter according to claim 1 wherein, if present, the basic material is an

alkali metal or alkaline earth metal selected from the group consisting of carbonates,

bicarbonates, and hydroxides, a quaternary ammonium compound, a metal oxides, a
35  basic anion ion- exchange resin, or combination thereof.

7. The filter according to claim 6, wherein the basic material is potassium
carbonate.
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aci d, phosphoric acid, sodium sorbate, cal cium
sor bate, potassi um benzoate, cal ci um benzoate, ethyl
W@ a008/0kssaT oxybenzoat e, sodi um et hyl PCT/US2005/030577
par a- hydr oxybenzoat e, propyl para-hydroxybenzoate,
bi phenyl, di phenyl, orthophenyl phenol, sodium
or t Isophermhk fitee Astordis@d didirs Uivhereth, 1ﬁ1ﬂé§eﬁm}iﬁ.ﬁr6ﬁlb&r is potassium

o1 i e e R ot Fofssbih st e W, Br ichium

pol yedateyl i c acid. 4. The filter accord| ng to cI aiml
wherein, if present, aratio of citric acid to
preservatlve is 1.1 to 5000: 5. The filter according

8o & ai mThediier agcarding topqlélgve%twheaem the psoypteg i Ratassiyg) @dide.

to stabilizer is 1:1 to 50:1. 6. The filter accordlng

an A0kl TN Seprdibe o R DAhe i <GPty Lol Bigmote o
t he the baspr reatesalss il igodfS008r bonat es, bi car bonat es, and

hydr oxi des, a quaternary ammoni um conpound, a netal

oxi des, a basic anion ion- exchange resin, or
18ontilnat iThe filtee pesording to cipian 10, vhsreim thegnten aithe sramaerfp the

6, WaSEShdlert NS PRSI €10Bt erial is potassium

carbonate. 8. The filter according to claim1 wherein,

if present, the pronoter is potassiumiodide, sodium

i odilde, |THefiltehaécoediagto QoAb siherein, diatent, siddativative of ammonia

i odate, o 1.t hi u t i-n

ol ai e St oo 3R eg Ny i Eon Bl B4 o

IPhe HMPD,andam(bydioxugmttbylbzalamW!bthmer ein, if present, a

ratio of the pronoter to the basic material is 1:1 to

1: 5000. 11. The filter according tqo clajm 10, vvherel

t he ati Jhsrilihacsordingtaglaimy] %wgleb%glt he egivatiyegt apgnam&ls

to kiid@ydrbRymdihgl) binidcnetRgeor di ng to claim 1 wherein,

if present, the derivative of anmonia is one of 2,4

di ni trophenyl hydrazi ne (DNPH), 2-hydroxynet hyl

aﬂl pelrdi. di riEhe(fRter EbdRYding biclaim Mhﬂlﬁchlmxglmeidmyltl}e sulfite is sodium
ns‘ﬁﬁﬁ[a%ﬁ@@t sshin sulge. filter according to claim12,

V\,here Int derTvVative of ammonia is

tris(hydroxymnmethyl) am nomethane. 14. The filter

accorydi ngTHeonI6dr abdBrdineE1RinD 1 wWhicrddi, @5 gratent, thebisulfitd i odium
i s SQdI msul fite %iqmtas& umsul fite. 15. The filter

accdneh! E’QI(BO@F%{P% rein, if present, the

5 sulfite is sodium blsulflte or potassium bisulfite.

16. T e fiylt f

Lo e T 00045, A S By s s
secofinit fageend asrgord fcaraat jamjurelitypd passages cxtendingifiom the first face
fromythesdbidtact.ace

30 17. The filter according to any of claim 1-16, wherein the filter is configured for

straight-through flow.

18.  The filter according to any of claims 1-17, wherein the fibrous substrate

comprises thermoplastic fibers.

35
19. The filter according to any of claims 1-18, wherein the fibrous substrate

comprises activated carbon fibers.
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to the second face. 17. The filter according to any of

claim1-16, wherein the filter is configured for
wermaoyisiz t hrough flow. 18. The filter accordi POr/us20851§30577

of clainms 1-17, wherein the fibrous substrate

conprises thernoplastic fibers. 19. The filter

accoodi Nht FilRPYccBfdifd @ MEmlt Béing Wb&6Liny Hubcfahbr ous

substrate conprises activated carbon fibers.20. The

filter according to claiml being free of any

hunm2g¢t antA mathod Af rakingd whtamekamgeraoval filter according to any of claims

cont gf'g’ aenr%-tpe vna,}lrisfiri1 ter according to any of clains

1- 1&, the ﬂo&oc%rrpr ‘'sing: (a) providing the

Subst r at €2) ( bpreyging thegpubstreitsit ure of active materi al

to the sybstrahfiyy J ARXEGEBRERR material to the substrate by

impregnation.
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