ve

;+r-./012eSeST2DDEIJDTGZTTTZ-.r 31 DEC 2002 WO 00/ 04977 ~

; PCT/ US99114999 CARBON FI BER FI LTERS *~o0000a* TECHNI CAL FIELD'riq&&§§szhe

present invention relates to filters capable of renoving vario

cont am membee49tncl udi ng pat hogens, fromfluids (air and | ipquiu$sy/14999
filtration. In particular, it relates to filters that conprise activated
carbon fibers for renoving a broad spectrum of contam nants, i ncluding
viruses, fromliquids. Additionally) the invention relates to a nmethod of

renmovi ng cont nts fromli qurEsoNFABERIGYERG™ THE | NVENTI ON Water nay
cont ai m“m&mﬂm rent ki nds of contam nants including, for exanple,
partl chem cal s, and m crobi ol ogi cal organis such as
bacteri a, *pawasi tes prot 0zoa and viruses. In a vari ety of CJEIM Iﬂ

t hese contam nants nust be renoved before the water can be u mﬂﬂ”
exanpl e, in many nedical applicalEGHNIGAHFIELD he manufacture of emfiksi n

el ectroni c conponents) extrenely pure water is required. As a nore comon
exanpl e, any HEengredentc owt@innnzides mﬁherbeapafbtmv@cbnidvom vaioes chedmmeanti,t is
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nore of mesefso'ircr'tb\kﬁwes Mﬁutﬂqnel%éhe e&eﬁehaeéﬁe%te|aur%r§hodwiétrew% CORRMHRNE es |
viruses, @iQfkig& matter, heavy netals, and chlorine. Breakdown and ot her
probl ens wth water treat ment systens sonetines |lead to inconplete renoval

of potential pathogens. For exanple, cr 1E)t ospori di as a type of

wat er bor ne mi cr obi ol ogi ca)MMWt to national attention
in April of 1993 when the water supply of the city of MI|waukee, Wsconsin
became cont ani Wateedhayi ¢ontally ypnp shifferenti kindpaf vortawipants ineedihg,i fag ekampd90, 000
cases o ARl oisReR e RNEl, 100 fEhALRGAA N omd Tt BEbaGOUIbEk S, L T &
are deadl’y consé€quences assocCl Xpos To tonfam nated Wat & as
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wat er reso rceﬁ and no water t%eat ment utilities. i s.caomon for sources
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of wat er borne m crobi ol ogi cal contam nation, an esti mted 31 DEC 2002
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purpose ofythese standards is to establish m ninumrequirenents regarding

t he perfornance of drinking water treatnent systens that are designed to
reduce specifilo thellSt ind @hat@delopndtcanmmesatnmmcupapultrieated wateptypwatﬂpmwadeer
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chal | engemarzs! bdaly sdeedls, iand 1dkine St BraldotnSindr &Her preblenbatit heteetrtdment from
a water su | y source exhi bit 99.99% renoyal  of vj rusglisé and 99. 9999%
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contam nants. Such a filter would not only be nore reliable than a conpl ex
system but it would also be far nore portable and econom cal. Thus, it
could be utilized as a sinple device on faucets in donestic settings where
wel | water or water from a nunicipal source, is used. |In another
application, such a device could be utilized in | esser devel oped regi ons of
the morld on a faucet or contalner for storlng dr|nk|ng wat er, where
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31 DEC 2002 WD 00/ 04977 _4_ PCT/ US99/ 14999 More recently, activated carbon

s fibers have been enployed in water purification/filtration devi gqspg&eni?
e.g., US Pat. No. 4,576,929 (Shinazaki, issued March 18, 1986), U S

Pat. No. 5,705,269 (Pinenov et al., issued January b, 1998 )r and I%Jropean

Pat ent WB0BH7366, 5308 1 (Kaneko, publ-?shed March 25 | 998§ TURRYE9%F hese and

other prior art references have previously utilized activated carbon,

i ncluding activated carbon fibers, in water filters, it is evident that the

activated carbon is being enployed to renove organic matter. Thus) to the

ext ent té$immildien peipie qie ¢ach yearthatfeff eheheeshidrst budseS yéwes ofsge.of acti vat ed
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activated carbon fibers which renoves a broad spectrum of contam nants,
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Anot her object of the present invention is to provide a nethod of renoving

pat hogenadeyaiely ftreatiegs forplie tresngrtivel pRthQRewsr | Ags? rmepresausativel W%OFW'%JOTpr esent
inventio INAVTa) ey R b f
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b ovi de. TosFgteabibRoispl s A5 B BoGredirh SR ln Vs Bl ER oGl 8% acrg
t Eat hasadihg Pepﬁésﬂﬂﬂlvtey’mirﬁgrgaxdﬁ? e vime rdhfov@léﬁebﬂ@ed%mzeYﬁﬂ shapet(her abobi Elcot of
the invention is to provide a t er..constructed using actiyvated, carbon
fibers tH‘Hta"Bé Rispisa) gﬁ“ﬁ%ﬁlacpag‘r‘ﬁﬂ‘ 'éfn‘é FGUIE BYCTOQBAMIYR FObft ?“PV%F%mql > stream
Wi th greplifive of bthér virases, aTRek, ghificd amgge@@mo& Msl2 B’a@@hbﬁfag@@dn@&ktr&és fine
present invention is to provide an ACFC filter that may be utilized as a

r espi r at ahilipjtp faspove giher Yimisesenoval  of organi ¢ and other toxic vapors as wel |

as airborne VifLses Iﬂ{éf& RAL L& for aYﬁItera&Em lof Qf‘ﬂlu?t‘a‘x‘ieo@ly BhSvihd Y SBbAPN 1S

to provide an ACF t er/ absor ber that be utilized in renoving
cont ami nmsumbafhcmgmmayaim (Tsl;!S ﬁlnsl woléétcpmnrl-wa pingté cmeall, Ilelwelghhlseiﬂ ne,
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dri nki ng wat e ere ore unatt ai na gjects
advant agés vandasecbl‘meuhmamesudheailter%umfnotm immenetrelnhlewhddactmmwatsyitemt h in

part in the desgriptiaon that follows and | rt will, becqone a.rent to
Phose. Skbih Tbtron AR mita gariasie A e nORct e i S 269 Shbgie

| ear ned bite $hRuBaRmt dopfes@d setr:h@swmnwpwatemwaaj ﬁ’&ﬂ% :amdc.a@lwanxtcages of
the invention nmay be realized and obtai ned

i nst r umensedt e proshes applicatiam, suehiasisyicp seuld Eﬁj‘P‘HFF‘if'"d&isﬁt‘@MelBEﬂd regions’f thppended
claims. QIMYRRY faficed bEcInbIWENF Qbritgerking %Eer'»@%%q&dngﬂul{a?k\a{eﬁ%dr&saaré ilter

conprising activated carbon fibers, wheréin said filter has a Virus Renoval
| ndex ( helaged, betrlittleRone totreatithd waiet fontnotamitinion. Asmathanexpetsiveneasy-to-use,

water filter would be of great humanitarian and economic value. In certain applications, the
filter should present a low resistance to the flow of water so that in locations where electricity
necessary to drive a pump may be unavailable, the filter may simply be connected between
upper and lower containers of water, or between the holding container and a drinking
receptacle. In certain embodiments, the filter should also have sufficient structural integrity to

withstand significant pressures if, for example, a source of pressure is available to drive the



accordance with the Test Method described in Section I X below. In one
vaspect, the fibers of the filter are bound together by use of & biDE8e002 o
forman activated carbon fiber conposite (ACFC). In a second aspect, the
filters will conprise "free" activated carbon fibers, that is fibers that
are not wapoighot-oget her via a binder. The invention al so retate®/esa nmet hod
of renoving viruses froma liquid, the nmethod conprising the steps of
contacting the liquid with a filter conprising activated carbon fibers
wherein said filter has a VR of at |east about 99% The invention further

rel ates gﬁuﬁﬂgxglr]] Hftﬁ fin& ng\%ﬁgﬂﬁtﬂ&&;ﬁ; 5&gl | tl ﬁhﬁ%u&%eﬁ'&a&e‘?r (EPNPri si ng

activated ‘car ers rern as a east about
99% and (b) iDn‘smermmuons bﬁatwellnécmgmedaneaéend tmaay dt\hk)pfnehtt effomayctbetedlsed to
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i nvent i orMadeQverHke YrRmp ﬁb‘gy a‘ﬁi"@'ﬁ? gargon 1@ Pé”‘ﬁ%"t“s’ﬁ'@%‘tal Véh%‘éWaB'P sugreRotE
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organi cs, disinfection by-products, chlorine, viruses, bacteria and
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2002 WO Q0/ 04977 PCT/L US9 F I S .an ectr I..crograph of
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viruses fromwater conparing the perfqormnce of the drinki ng water filter

of the pr'@%@l‘ﬁ‘a <;aﬁ\}a§,q§qd(§q>,g99dtq{feat igmaienfikes-acti vated carbon filter presently

in comercial Haepridri UfeRcies avad IPREKE AbtivatddUSTEAT ISR, DYOMARGhGL IRG: a
adsor ption of MS% bact eri ophage on a prior art granul af ed actlvat ed carbon
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actlvated carbon [even] with silver does not eliminate all bacteria in water
and cannot remove protozoa and viruses.” (See 59 Federal Register 223, November 21, 1994.)

As an example of the use of separate pathogen removal means, U.S. Pat. No. 4,828,698 (Jewell
et al., issued May 9, 1989) teaches the use of a microporous membrane having pore sizes from
0.02 um to 0.5 um for microbiological control. U.S. Pat. No. 4,576,929 (Shimazaki et al.,
issued March 18, 1986); U.S. Pat. No. 5,705,269 (Leiberman, issued January 6, 1998); and U.S.
Pat. No. 5,607,595 (Hiasa et al., issued March 4, 1997) teach the use of silver, organic
pesticides, and periodic heating to supplement activated carbon use. U.S. Pat. No. 3,770,625
(Wallis et al., issued November 6, 1973) teaches that viruses can be removed from a liquid
using activated carbon forms (granular, powdered or pelleted) treated with a sodium containing
hydrolyzing composition, such as sodium hydroxide, after an acid wash. The ‘625 patent
further teaches that the method did not provide stand-alone treatment stating “it is frequently
desirable to have filtration downstream of the activated charcoal to remove any sluffed-off
adsorbing medium.” U.S. Pat. No. 5,762,797 (Patrick et al., issued June 9, 1998) discloses the
use of a separate nonwoven, which is treated with an antibacterial material, to effect treatment
of the bacteria. German Patent Publication No. 3,020,615 (Beauman et al., published December

11, 1980) discloses the addition of silver-containing compounds to effect antibacterial activity.



Figure 6 is a graphical illustration denonstrating the log renoval géeﬁq
rcoli over activated carbon fiber conposite filters of the prese|3t p 2 on
undergoi ng di fferent burn-off during processing; Figure 7 is a cross
sectional view of a plurality of activated carbon fibers of a filter of the
present WOWeMson. The fibers have varying dianeters. Fi gl!’lcg/léss’f’/é“go?gcr 0SS
sectional view of two activated carbon fibers of a filter of the present
invention. Also depicted are the respective paths taken by two pat hogens
flowing through the filter. Reference will how be nade in detail to the
present pMetfeeretantlyeahivatedreatbsn dibeishigavie rbeemteh@rlbye&xampdtesmﬁfﬁcmmhtramcm
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Properties
carbon fibers that removes organic and some metal contaminants from a fluid stream with

greater efficiency and effectiveness.

Still another object of the present invention is to provide an ACFC filter that may be
utilized as a respirator filter for the removal of organic and other toxic vapors as well as
airborne viruses and bacteria.

Yet another object of this invention is to provide an ACFC filter/absorber that may be

utilized in removing contaminants such as organics, disinfection by-products, lead, chlorine,



The filters of the present invention conprise activated carbon fjbers,
*wherein the filter is capable of renoving froma liquid (preferé?b’l 9 G/aiﬂﬁﬁ)
source at least 99% of viruses. That is, the filter has a Virus Renoval

| ndex (\{%% /@éﬂat | east 99% Preferabl ¥s. the filter will paygssy 4o of at

| east abou 9% nore preferably at Ieast about 99.99% even nore
preferably at |east about 99.999% still nore preferably at |east about
99.9999% Typically, the filters will have .a VRI of from about 99.99%to
about, 99.9999% .1 n addi nto this VR filters will also
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99.999% The nethods of theSphvedaRlY ORTHEIINMENTONt e to the use of a filter
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wher ei n saiiditddidatben fibas, tbat‘id:ﬂibem‘thatard mbburdbogmhe%i%a(bprdetf erably t he VR

wi |l be at |east .about nor e Ieatabut9 st|II
nor e preferab?@’ea{[‘velmé%{b ((%?S t@é‘.@gtég; aﬁﬂ‘o §tv'r5f’e§f @Fh%?ﬁmg’t °d about
99f 9999%coﬁhpd:ﬁhy ﬂieOs@elpls wf Eétﬁmtla@ Ohbth l;@ﬁ&/mtlmfaaﬁmutcog&nﬂﬁg Q%V,ateg Itdrbbszﬁbers
i nformation that r ms er t ter devjce may be used t
renove pa‘t’l}?ffg'e??édh 3%5& Yiﬁ?fs ?eraf‘}é ut 9Pi$°or#h& IR fl%‘&ﬁ’ 6°éate51'f’af‘§"l€'{?|°gent
that the dinhtefurd@iprising:and net hods of the present invention allow the
treatment of water in excess of the standards set forth by the EPA in the
U.S. In additi@h, 2apsricennprisng astyaed saton Kiberst wherein| seidy Bltesthas peVIph efsiint
invention may be y bb@foobORgy Peri ods of time w thout becom ng exhausted
interns of the ability to continue to renove pathogens fromthe source
stream The us®) ofinfoumdtion that sfermis hauserfthat shedbiter oax by used td wmiowp riowses frore
health risk situation.,in many countries, based on the fact that the

ahqrnd
popul ation in generdl “woul d have | ess exposure to the various pathogens,
particularly viruses. Perhaps nore inportantly, in those geographi es where
contam nation of the souBREMBESCRIPTIONGI THE SIRAWI se than that observed
in devel oped countries, the benefits provided by the present invention are
magni fi ed. ForThexaoqhanyihgdrawingsi ingoporatednin\aad fartrtinge part af thelsperificatiogh
| evel for,such a | on th reach failure
because olURLHLRPRR Al e dresiit Grestisn b GERFLpr Sith UL drBRPReseve T
puri fi catdxpRin th®prliRiplE o theTentigh. Iatigy dridwing®)! € wi t hout undue heal th ri sk,
of highly 81 O-EC. ZzOQ@2 WO 00/04977 9 PCT/US99/ 14999 cont am nat ed
water. 111. Actigwat dep reasPseyepineoian@ o filter usefp keitheran seropyingsentaminggisci al | y
fromray I 0 lleaBI T, i ype is
Further S8 o8 of i RE @Bt b ool i ling PRl BRGera) PO
t hose derande(ﬂyplpWIszcnurtmafroma@rtkmnwmteort sseateepiratas filiet faydbe emwvhli ofh
concentration ofd car bonaceoug stﬁ)g% g erformance fibers, i.e.
t hose w t?{gawi'cgﬂ’ §?’?%¥f‘(§?ﬁ BT T V"“é"rsea"g # grly pr oduced from PAN or
nmesophase pi t CFigsre 14 R\wathdnestit OF IBdMRbsitg ANETi Rdstritiigns derfvati@r of thy iateplibguced
fromisotropic |tch precursors. The general purpose fibers are produced as
short, bl BAA"S YAk fer he SeMRASEhan conti nuous fil aments) from precursors such
as et hyI ene cracker tar, coal-tar pitch, and petroleumpitch prepared from
decant oils produced by ftuidized catal ytic cracking. Applications of
isotropic fibers include: friction materials; reinforcenents for
engi neering plastics; electrically conductive fillers for polymers; filter
nmedi a; paper and panels; hybrid yards; and as a reinforcenent for concrete.
More recently, |nt erest has deveI oped in actlvat ed forms of i sotropic




Al

activated carbon forms such as granul es, powders) pellets, or other
rirregul ar shapes inpregnated with carbon. The manufacture of actdi/8E€d2002
carbon fibers is described thoroughly in the literature and such fibers are

avai |l ab rcially fromseveral soyrces. As discusse @ﬁpg 4693
gener al *V%c@?“ggﬁi zed fibers are nade by carboni zi ng pol yagpry o%?{lr?l e (PAN),

phenol resin, pitch, cellulose fiber or other fibrous carbon surfaces in an
i nert atnosphere. The raw materials fromwhich the starting fibers are
formed are varLed,qand i ncl ude, pitch pre %red gron1resLduaL oil from crude
oi | distillatifé#hre 2dspyGEFT; mlcr%%ﬂhntgfpfh? HercPalBR iPFRgENt dRvepticmnhol et B oi |
l'i quef i edcGdd cQibon Abers & infelicddy treatment such as filtration
purification, distillation) hydrogenation or catalytic cracking. The
starting fiberféguiang ks af graphicl bllusimatioro showing Hbelempyat | afdyingesmiiom  &@ienni ng
and nel t | ' ' : [ ' vide fli. ' hi gher
surface é:kgllé’gys&n%gg? %&gﬂnﬁcéﬁ g‘%’?’ f‘\ﬁgﬂ %gvg%éﬁgéﬂn&gpegér(rg%chtg'?\é%’hgrgEﬁﬂf‘ ?%\rﬁngg{ rol eum
pi t ch ar activardearboafilist prasantlyaibkcemferial Aseshan East Asia Carbon Fi bers Co.,
Inc. (Anshan, China) as rbof | ex. pi tchpbased Acti vat rbon Fi ber
mrersale - and BRGAE CHEPRHLM SRRV REHE “EeRithe SR AP RO es A
seri es- Aribt lartaglah k@ Chefiviitdd0 BarbbP @GAC) Tiifer Steddub | fGeraTBhRIVABA TaPbf fibeheavy
petroleum fractron fromcatal ytic cracking and a coal tar pitch

r espect i ¥emposits filtars of th@jpresent mys@thﬂé!apmsidrf?e&mt flepsitissipve fines, ash and ot her
inmpurities. Pig; [ r e Siqk | ' acki ent
extraction or Ftlc%ﬂn%lsﬁfag gﬁ’rﬂ#&gg?}a%&%{éﬁfgﬁs@@&%gg% f‘%g‘tpg.@‘%S ?bgég{a ?a%?%gt ed
car bon f ichebpn fivee corppasita fidte@Cofpthenpreseuti mventien produbedaby Pdétardnk eneshodf aced ar ea
of about ,l1,.00 .%Q-/ . .Jhey conme in various |l engths such as: P-200 mlled
acti vat ed2¥2§ §i& “wf%??§?$200 um l ength P-400 nilled activated carbon
fibers: 400 prRigwadgt R PgRPRicdl Mubtttidn amionaiatfle Gl RQNremolR s £.66% everl engt h
P-3200 m |l ed activated carbon _fibers: 3.2 mmlength ' C-6_chopped

act | vat edHYAUGHOP HIoFS corEPosi filtery oh thexpsseantanwening prdeEgoine dilrers dymaoff
series-Aquﬁh%m@gggggted carbon fibers are 18 umin dianeter with various
specific surface areas ranging from 1,000 to 2,500 m-/g. They cone in
various | engt Hdgurg dd$ adiossgsectidnel wipwif faipturality fof eetivated aarberr Bbenpefendfilter of

par ent hetd'ical Ieﬁgi: A-.1 S%M | l,ed AD ALh. ac irvat ed carbon fibers: 700 um
length ( “ASYEHE MY GfoR. D Mo aF &P RRE AP %Y i vat ed carbon fibers: 700 um

|l ength (2000 reiggs 84yaldross sédtionslaew Y thblactvatdd\taibesl fibes b iltdr BES prefenm

|l ength (1500 m-/g} A-20 - Chopped AD ALL activated carbagon fibers: 6 mm

| engt h (zmmnm/@fso depgeted agethejgspepity OppthisAoken bywe_patbegensi§gging thrgugh the 10 -
Random | gfigf.hs AD ALL activated carbon fiber: randomlengths ( 1000 n¥l g)
A-15 - Random | engths AD ALL activated carbon: random | ength (1500 m-/Q)
A-20 - Random Refergedgswilnosy be aade vimtdetilctarthe mresend rpakferrddesiopadinierG0df e/ g)
A-25 - 'l - | ength (2500 mi | g)

| V. Phy?ﬁ@gﬁﬂgﬁgggé éggghﬁ%kgﬁ?h%%%%gggﬁggﬁﬁggﬂyﬁgﬁgggggirected in one
respect to ACFCs and in a second respect to filters that conprise free
ACFs, Applicants bel i e\ BETAIBEDOREICRIATIENY OF AHE INVENFIONes comnmon to both
provi de the surprising pathogen renoval properties of the present

i nventiorn., ForDefyaspse, bul k density is conmmonly used in the art to.
descri be carbon containing structures. The filters of the present invention
wi || have a buhAkusémhsieinyamfactivaed clomunt fikdr1GACE pineant adivated carbén jprafoenabl y
fromaboyt 0.16 to abqut 0.b g/¢cn8, still nor referably about 0.2 to
about 0. 4 et dUe B e cheectain o” (R BeRRREer aher RISHFNG' e

di mensi ongeeht dilRsAGt bR cadbR N a fibleher@ NG 265031 AEb 64 M 18R kRt M6k age
interstitial spacing between fibers. It is discovered that interstitial
spaci ng bét#€en fibers (also called inter-fiber spacing) is the critical
paramet er. whi cg G&chéé%tn? ah hfcti(rgt@}f Bo@ﬁh@c‘&&?@ﬁ@a 'Am”bmﬁﬂfs_ t activated
interstitial spacing i1s achieved en the activated carbon tibers are

conpr essexrbtwnofiiere e boundjitogethienaia ose 6f evbirder.s Smth tbinderfsi in¢lade. reging,| atherot

wi shing to,be bou by theor. i cants helieve that,the surpr.isin

b 1ty oeess Bl broy e PBBet a0t Tobrd G, moSeies Sy Pbd S,
viruses, kndwdUe théar, g additidn kdplednofid BRinsS Meiengnddredn Yeciatibdused moarflhide
packi ng of the activated carhon fibers, and the resulting flow mechanics
Bondi t 1 orBediunds Pl LY solifs arpneos i HehE ES witl b menelihis SR Y MeK PEAAC ¢ y
exhi bited by the activated carbon fibers, when conpared to granul ar or
powder activated carbon. It is believed that the initial attachnent of

m croorgani snms, in particular bacteria and viruses, onto the activated
carbon fibers is governed by the followng interactions: 1 ) classical

A r N~



WO 00/ 04977 . ~ 2_ PCT/ US99/ 14999 proteins in G amnegative bacteria; and
Sproteins in viruses) and appendages {e.g. finbriae in bacteri a3y BECh202
outer shells. Finally, the strong short range forces are based on chemn cal
bonds, wb@doagrcoval ent (i.e., strong bonds with a requi pemrsbyofoombout 40
to 200 kT to break) and hydrogen bonds (i.e., weaker bonds with a

requi rement of about 4 to 16 kT to break). Sone of the above forces are
attractive and the rest are repul sive. For exanple, the electrostatic

forces args‘@é%%@‘l%ﬁ"*@?P‘%’%H%?e'aﬁ‘iﬁgggﬁgﬁ&&%ﬂ the surfaces are negatively

char ged Fex no sur as sone unnodi fied clay
struct ures andsasbebtrem) a “Tilter”Visl\Ahyl lagjpler &ff manufaenee somdiging \aptivasdd yarbon
attracti whereas the AB forces can he either attractive.or repul sive.

S e | S5 8 SR ke Pt i RARAIOBHG o Bc e SO A T TS P8 when
the pol yemipte fanefibergihdahlendlbduye fakard to re@@S@E Bberf.OWhtM e FREP&IMIrisBE R ee
surface, or repulsive, when the surface polynmers interact sterically with
t he car b&hersithseprediay foxpd togpiberdp dhenfgme @ cOmpOsIE, OS ARPaRHE BIat sughl AR SRdPpuLst

m cr oor gal fi | I S: NOSS I € o F : ractive
or i mary e P Gyt ete (68 (6L RS A RN & R S
A t ypi calintgefgenoawyrkdduringrusn Yedoussepreseseipar eatbiodimedis Strahe 6Berar thehgesender  of
10 nm and intcl ude a%eggqr‘gy wel | of about 5 kT. The above descri bed
initial SPEAEHERTSTEF 87 POWwed by subsequent steps that inprove the
attachment andsaiised hace the tdrme ‘@iefsetdnd nfitfativatr rdetStoPAMAVEIr mectadimsances
(e.g. extracell lﬂl ar iBholé‘%gsacchar;‘des - EPS) _b%/, bacterja during their

met abol i &CEifHEethosey RSCb1q pathoesn semeval e Either AT Seth of PEIPHENMNGSI®E t he
at t achnmeggcl@fonVethus dheRNetniCd LRt GefeR td MechatitAS MBMEreR 4819 bfhogens (e.g.,

m croorgani snms that follow them Furthernore, fast adsorption of [arge
quant i t y begtingyehemégat eaypentiqad 38V troatment).c dYiigrihg piseans fijters iprovide ausprising
adsorpt i i i t r ENganUtLient - ri

et 1 onning e RS APRARR, HERse omitfun AR R pRBEE AR UEY,
filter, ittmaysbdddsirehlent dehan cirhendastarnceclipe! forerariple chelhmalerdatrfignioethst ¢, is
critical in achi evir}r:qc%ﬁtltac nent of pathogen to the fibers (see Fig. 8). In
general , aBje{PﬁBr SRYo det'q‘uf oW cfose to the surface of a fiber so that the
overal | attracisiused hepein,chaviedh d'freafiberst Mmeas it setindividia AR a¢ihdravadddsee

pat hogen Ain Fig. 8). t he_ot her, hand at hogens m ght, fl ow far. away
from t he '98°Hh&F b¥ Lﬁsw%ea ?éd*frha?gf HREOIgRnSF zﬂ)f R ke i & BYlete me¥ rfAgitatep | | -

t hem t ovgrddsicddiof HRENIEYNiA ass {Hefe aalyawehrant &@&@sir%aatbpsg%nd BedsNederg: 8) -
In terms of the effect of the inter-fiber distance (also called spacing) on
pat hogen ca#suBEHeRent onto the fiber surfaces, it is believed that there is
an opti mum r ange,«af hekdi, e iRSiqflis 4RANGRR -t kel SudiafRsaRLY fOr pathogen

at t achnment tor)%i tgerse énq erem)ve{ﬁ ?rom vvatrer. V@?enttﬂﬁsgﬁaﬁt&er-fi ber

di stance) c (See ubddglrersimg) thej terme| Snicvaskganismi,gémidrétagiogited neganisint y angf

pat hogens 3 / 7. -13 -PCT/ US991 14999 '. not come cl ose
Po thar; Bafossy Areclscd pRRatfR Rl Xheilicis sk bl Wb 8 mic BPeariiiEnt o
t he surf aleaesan Rharacteridal bs bactesia,jusss| jiayasinds, fratobm endsgens. not get renoved

fromthe i ncom wat er, .and th behaye as_.pathogen B in Figure 8. On the
ot her hand.  wheEHHMS U hgieinyarn aefing Oy Uip spEcFikatipn PlETE JISPYsSechml |t hen t he

maj ority gf pgt Eogegs cogﬁ close to the surface of the fibers and

experi endk t h&2 r Sabove. However, the shear conditions at
these small gaps are high, and it is expected that where the inter-fiber
di stance is todeditgrsiof theseseptdnyention eaprise actiypigh cabILigers ovhetréy e flet he

attracti yechawie efs‘ml@.em?%mpﬁﬁmg@&faaay GatePQBurethil 186650 bfvihlies eraPRJi ti ons
there m ght be sone pathogens that behave |'i ke pathogens A in Figure 8 that

do get atthenfiktgschas o Virne Rempeal dndepid MR {)eaf at jersti98%e xfiyefgrably, thediltermall haverd gh
shear forgss ] i i o] t r
cheor | onaa 58 SA0SDSIL U BHPS LEPSEF BN by SRIFELET
from t he leascaoung.998ve still Moer weferably dtHeaseabost WPIOPHLI Mypicild)ge filters wilker i ber

spaci ng that ri kes a bal bet wee r forces, attr ive and

Bpul o vaarop R'of Famcanny &R ahatne IR ariiitensS it ORL el dts 1 ng

their fl qidetswillR@oGAFESBly b BRIableidf tédicvinghat Radt labout ©H9F98s bf BudEARMild., ARe

ki netics and | arge adsorption capaciptﬁ? exhi bi ted%%\{/ t he activated carbon
3

fi bers hdStepwdhhaypaRacterin Remayal ngpx i leatt @R  Preferaplvathedilies wilk,
chlorine, toluene, acetates etc. However, it has not been shown before that
such characteristics of the activated carbon fibers are applicable to

m croorgani snms and in particular to viruses. V. Filters Conprising
Activated Carbon Fi ber Conposites (ACFC sl As discussed above, the present
invention is directed to filters conprising activated carbon fi ber

o . - o o, . N - ~ o



A carbon fiber conposite filter of the present invention incl us Be omm
>conposite of carbon fibers and binder having a cured density p ioP 902
activation of fromabout 0.1 to about 0.7 g/cm and nore preferably from
about Qygf@obsrpbout 0.55 g/cm; an actg vated density fol pewuzgeyapbé vation
of from about 0.05 to about O. 55 g/cm and nore preferably from about 0.076
to about 0.495 g/cnR; and a burnoff during activation of between 0 and
about 90% and nore preferably fromabout 21 to about 45% It is aI SO
preferred th t ed _densi t Y1 rom
about 1.TF'fd O%?J Po Pﬁl aﬁ %’ 9%99 9?}%{9 S Wfte)r%ryeatqeats %’r%ae(‘](3 ﬂ@{tﬁ)"/ cc‘)islt/te has
a voi d vk Gver vafl hturemrmahﬁlﬂxtonﬁiboﬁt@wbm tc%%uami%mg@%pl-‘e:ﬁ}&ha&ieythé fien about

71toabot8‘V S S a mean int er spacing of fr bou 30 to
about 30‘2' TaIYfPascePaBFecrafé?%Wg firieatt §%%{at° Porep B tos e P YA ~rror 6
speci fi Cigdvk ¥ P@ﬁ&?er RdPAOVE ThildxSPRORAGE leh abdiR 9D BVENBeRMLblY, R MEF RANhdvehers in
the ACFC bl ock are characterized by a mcropore volume of fromO to about

0. 78 cc/BRlx{@t lenst 89.p9%+ mergipraferpbly 19890t Topisally: theddsuwilbhaye add®l gf framd a BET
surface bout 1890 nR2/g and nore preferably from about
600 to a oufgg%%b%aﬁg')t%b?%@accor dance with yet another aspect, an apparatus
for renoving Vherméthqmlabﬁthgereserﬁ ewventiopotlate to/iheuse aﬁﬂﬁlwmﬁstewdscramnhtt@ed in
fecal materlal )f mch &s C materlall E adsorbjn fro vvater
e east o aHBON oS S oreiatly el oty S e SOt o gt e e Fophage
MB-2 perm@had™wili réméve0st Rist b6RNTRITOOBAL btoeaaénaZaxW 98,990 of BhrkkiRE. More
bacteri ophage M5-2/mL. Said filter al so be described as an ACFC t hat
renoves Bieferadlysthedpsghpd Vgl rooopefrm ﬁefa{e T SPWFRRtBASYy abut PR_RA%: marsorieferdlyo99994,
of  model abRgt GhoRRA9%, Al NRsg ERALAT LEbRGLUR! 89.0do0RLEd inllds P ot 5- 6 X
10' PFU of bacteri ophage when flow ng through a colunn of

subst ant prafefaplyiat Geastabouti 9&;?@9%’4% Oémﬁ@s 5 Tiypicallye tigt thethed wilf feogve &om abbutat

st T Rl Ry PLUIRE PR Rl sdigast Luenty m hutes, Thus. the
filter provides at reast 4 1 renovar of o virus for up to 10 hours.
When | oadi ng @it dridlé Mnufmmtmfnhmeiﬁnﬂﬁvemlﬂ;ﬁ)Bod?(ﬁ-uém of M5-2, the carbon

fi ber conposite nove .at | east 199.9999% of K M5- te e for at
| east 55 hours. (b TKEROTBERPEATAG! FHPDRIDHS. VhECR SE8arier PVERS Oh Sy
al so be defined byjehdt SabB@RVSI% APfddablFIWRe 9t RI1I Be I MBASAIabRUL O, RiSre
Accordingly) the filter includes an ACFC that renoves greater t han about

99. 99% and nore pr BEEFRE 3 leasiahout®. Bhg gtill grorepredespbly ghleast about PPJA%, 3 |
OEC 2002 WD 001 0494t d:PpreRGENSAIANRRA. 6.0006h 1 QniRlcRtn) GRACON b WP L0
1.3 x 106 E. toll bnacnt1er|21a per when Tl ow ng tﬂrougttll g col ur?n °
substantially 1.0 awut%%ﬁﬁ%eranand 3.5 in, Iength at a flowrate of at

| cast 8.3 col umyQRUIESePRk: AR hYheORS: B9 ier biviadihy holsed AGehbld er M

be defined as i I'ng an activa &d"*Tar bon er conposite that renoves at
| east 99. 999% of Epatlhc!gblhs bspe«tnﬂly\amﬁafsomrdlalwakarrsgumat er Ioaded vvlth up to 1.4

X 106 E. toII bact ria en f thr

Subatanti ol vl gVt et he Flser Beiikes 250 mithdd B e afesRiiNBR O, pllows hesy

| east 65ureadheniTof Wakdd mesmaesr ofh@el rstafthrdsgse5 fcmhn by @se EMKen tehalsl emogiditgn] h an
influent of E. toll of 2 x.108 of E. coil/m the rermval of E. toll is as

hi gh as &RPplictnsdmys fcendt*er the; filters ofithg praseat BRI T brswsgd for lprgsperieds of

bact eri a;meRRmalt beEdHThyBhShsteaNH RS ob' B8 dbiligy to@vﬁ{m&fto tré'iﬁoJe%%Ihbﬁ@xs (P:fomt he
ACFC containing filters. To illustrate that” the renoval data for E

t ransl| at e spwcostrram. bEhstuse jof such ﬂleetthﬁa@%e@m@%ecﬂénmamsettptheelm osk t he
bacteri ag h

oppor t unt SES By RARRE ey et AR ne' plRor BE BRI e B0

denonst r estpesuré @ dmu&nousnpaelfdgmss pamcutartynmlruslas)sﬂ’srhaﬁ'dmoseynrmonmmlycauﬂtesb by A
hydI‘OphI|IaIFC|U e vonmtin d di arr hea. Es} olun ﬂ %l r])fr?efgh and
br acki sh8%RsTA8PS° ¥AY® c%“‘ifgt{}é‘t "P"a??gfﬁetvtaé"ﬂ ‘t HSB‘ G T Y WBRRRArR Hat ed
wat er. ThedexRpsd bamiriesleme rUeheﬂtds brdvide® bpaké pﬁééﬁglha@hoﬂﬁ@%%ﬁnﬁﬁs Fbhat the
ACFC containing filters' capacity for renmoval of A hydrophtlia is better
or equal exampledierabilisyiprgmong pathogepy st sugh 2 figh level fo51 sugtha dpngrpstiod plusage i vat ed

car bon fpl%erbeﬁpﬂr’qggﬂega, ﬁg@r\?mrbgﬁ‘ag@ﬁtamta gﬁ T?lgthgg%gc?@p%o ns)@l@&%@ﬁtké a when

750 ml of "solution | oade ony m ng
hydr ophi purifigagien, nin warss pefs swkling hwateg lpobR  iwithotito mgdusy Iheaidir riskal of iHighdy
conprised of an ACFC (see Exanple 22). Still other objects of this aspect

of the invention will becone apparent to those skilled in this art fromthe
follow ng description wherein there is shown and descri bed a preferred
enbodi ment of this invention, sinply by way of illustration of one of the
nodes best suited to carry out the invention. As it will be realized, this
aspect of the |nvent|on |s capable of ot her dlfferent enbodl rrents and |ts

N o o, .



section (circular, to make cylinders or blocks or annular to make tubes).
>The nold has a screen at the bottom The slurry is filtered thrgﬁ?rhégh'ﬁ’
screen by applying an overpressure of air or applying a vacuum t 2
dr ai nag i f the screen. In nost cases, an acceptable f

filtrat S‘éczbo?ogggchi eved by relying upori9't he hydraulic headpéﬁbg?gglr“??. O
course, other nolding nmethods can be utilized (e.g. pressure formng or any
of the other various form ng nmethods practi.ced in the plastics industry).
The resulting green formis partially dried, preferably in air at

appr oxi mEP¥pYHINBeEVAhe formis then renpved fromthe nold and the green
formis cured (at e.g. 130Cin air) to produce a cured nonolithic body. The
resul ti nqcoNpsiviel cabdngperear boni zed under an inert gas. Preferably,
carboni zation Ts conducied for up to three hours under nitrogen at 650C to
pyrolize the 1Q¥od fleRdgk: profiRed QBRRRIdiAIL F}BHEF!:ny.}{, 6H?:ﬁoli”é§,c’§ﬁly£a)clrrfl8ﬁ§ﬁe

defines voids or interstitial space between the fibers whi ow free
fl ow of f(PA4NH or IpitehugRhe hiechnevpers furthemdividedidyto dibee swducedt fan dstropin Mitciber

surface. Further e | ndivi,dyal ben fibers are held in place by the
oyt ol yzedruns and; M RELRONG GfhoRE: vhe el Brdubiecha InuBE" 5 Meb anc
t hus cannoicenatien @f @tbohdceodu@edophdstie Highvpepforrgare SibeisqUied thobd matigligh he
material . The carhgni zed bul k or cured gensit of the orrpo,}sc'bte material is

typi cal | yTEHWOBFUEDSt &t BRPIRYY Praduees grom d’/’{hﬁrBoraWGS 8 Rjicafer AP
subst ant iggifbhaR@l Y&RAI Purpése Fbers AreqRodlicedTiromFisdtiopW fih iptetulBBUTAS baket the
nmonol i thic carbon fiber conposite is activated. Activation of the carbon
fibers i Pumesofibars arerrodised anecharpblamn fibers deatier dbanbenntignaysiflements) fyom

chem cal ivatd i n.c r i ] nd
ovel op FauisbR i as SRR SHLic ek CORT Rtor] SAE pERAR HREY rfbllel ot

m cr opor aekcant eifssprodvesd By fiunlizedreataly or arack(n2- Sppiicdtican df isacoppbbas inchdeat er

t han 50 . In the preferred odi. nent he conposi.te | le activated
- ot edfvien Past T RisEishEs R At TERe plalfeC BERORH hCroraustie Alisficte o
800- 950C, polastItiBér niedagpdpedndpasss Uy R idofardbad asQ. rdinfor@nhios diere®s and f or
durations of about 1-3 hours. Buc%\rgff is calculated fromthe initial and
final wei ghts.M#EEreteR, JREeEtas| dvRErReoR, HIF O XITRaLAE | 5PHEP SO M1 376% e

pref er ablwhepbAp sitfacé RQPEHNNRS froduzed 8 HAtAE ghstRalibrPM H&nf of SHBOSIdiginy t h
good virus, bacteria and cyst (parasite) renoval characteristics in

addi ti on 28gsa Atiyped sphen ﬁgerﬁ drve peveh @Epeies dhiat grakstthem mgge aftpet yrethan
contam n : [ i i .S C i ine a
i cr opor eopapticPRIthy B8y dchs ol e S8 HbAR) o LTS adlcdife CRIIE B EuIE Cpore
vol ume arhg geverated inopot &pes Thearkopi feber, low madubis Stbetsi prpduserd frem, isatteaic pick
present i h I rQVJ a S he f]ber pores, .t eby
pr oduci ngag%tp%’g%uggr)rgip g‘ﬂeé %Blg ﬁée%ﬂa@?q‘aﬁécgﬁee@fﬁﬁga%ﬁ%&ge ﬁf)uc{eu? aw%éé(’j%‘ésdrsaggﬁi on
capaci t y mckingdffsimall erystullites labowsthb devielopohentrud anektenvsidegdrecamipas. t € has a

density of between substanti all .05-0.5 G apd,.nore preferably about
0-076- 0. 995 gAMb Rt cen e Sargier ey toihlepBR VT e BYCUNAGF G ¢ e
activati ofirf@i@Sreal indl efepftbRNEdnosivion. Lept IsaMéahbiotdesdribe teedR@icafteneenditbe
furnace configuration and the optional presence of a catalyst to_ influence
total suridekd Hrda ThmdiapeirraelsrsAa theiman dmeres of a Bt Horosity fehpragterized B¥st
activati Qfe ntSAIHENISME #thiGhé fkr & P& fsurfz0L ar%%?d”gﬁlngasuiferl{ftﬂﬁ'l@ﬁllae'?%@ﬂfdcgg Ina

controlled gas atnosphere or the introduction of chem cals could affect the
pore si zeareh Schidipgitheorseaayithis thef poses, peramitf mpass ohkerc diob thweipresantdnveation, vat ed
t he conposj:t.e..C ' A [ . f ] ling hi C
carbon 11 Berdsael e L AE R AN TR SHAEPRRE nableld rpnGpofod

aspect oftotabeut po@smtig, more preféraly fromeabpar 300y abmit 3000 mf/gcaillnorefprdfanisly havi ng

a diameter between 5 and 100 um and a | ength hetween Q.1 and Q.4

bet woen G208 0N abauEE0gT s ArTetn iy S GBS0 300 13 3BOBAD b MU gh

powder ed hfadBly 2b6utd0 to 5HRAL 35 AR, BEMGH frefeRBlyNabobiis &l HBut VR dnd i N,

pitch, other t errmsettlsgg resins, coal extracts, coals that soften); and
t

5-50 par t ROryzeqdiomabouta en tapkoukd G0aum.imore presérally fromeahpwt SoA &9 shopt200qimbh g

slurry hag; 3 C o] : 2 1\V0
00/ 0d977a§'“?§ %%%%ﬂgg@g’/ﬁgb\é@%ﬁ%épgt @gﬁ‘mex%%??? or b%?a%ighﬁqﬁg&s 700

um i n | enfyttivatadhdarhah fibers havela aamevarsub-baerar eamg of urfacofeatmtsamot foond ki dthggr am of
fibers may be used. For shorter or fatter fibers, |ess water is needed.
Advant ageously, a relatively |ow concentration of water reduces the formng
time of the green nonolith thereby speeding production. Further, it reduces
the tendency of the carbon fibers to |ayer, thereby producing a nore random
or isotropic conposite material w th enhanced physical characteristics.
These include, but are not limted to, the ability to better w thstand

o o, o, o, o - B - o o o o v



WO 001 04977 _1g_ PCTI US99/ 14999 Activation conditions can be varied by
Jchanging the activation gas, its concentration, the flow rate, tﬁa C AW
tenperature, the physical configuration of the furnace, the gas (Rﬁ
distribution and the optional presence of a catalyst to inf tal
sur f ace VWP 8Y04KAY pore size distributiond Further, the useri" fu;?)sjca)g/?”w
activation treatnents can be inplenented. For exanple, further heating in a
control |l ed at nosphere or the introduction of chemicals could affect the
pore size distribution and surface chem stry. Once carboni zed or activated,
t he conpastivatedegrbasdomsshemasieranylesrnpwdessi pedlatsstipiher irregulpmshgpasampriegnafed

possi bl e ta ga%cm a nonolithic carbon fiber conposite filter capable of
fitting the avalilable space in any existing purification system In
accordance wi t Theananufgzore efdctisgpbatrbanf filletsas gesesbatk thornughiyt inchg littlagircodposi t e
formed by the above prqcesses includes voids, or interstitial spaces,

bet ween (HEN TIPSR SAIEF Smasi R JOm irat <predh- ¢ HRbtetd e HRBERM  and
ready accRfonized tiRrs afebmadd ivhesaronifibe polydtylohittile (PAB), pbingi desed. pimk,bon
fibers are held_in place_by the pyralyzed resin binder _and thus cannot nove
or sett | eselulese fiber RO fibroys gebon surdaces ingiliiprst AtmosRhgH- (The ravamaterialp frompe
ACFCs pre&ﬁ&ug@;ysgéerp%m&s QBerUnqed/BJeLUme ehiGRhRUREA s'a,mph,@{j P risidnad bil7 % and

nost prefera en substantially 70.9-81.1% Void vol urme I's determ ned
by the ederticomle oilodistilMriomivesidual/oil fram nephittiat erackirigd ethplenarbottigm=oidiquefeed

fraction of, fibers in co site and e p=.~ [re NS site
VLSt b plaE B O R eh B 65 WSy Baficaih s iERG, waBlentRIPRS) | &
deri vat i odatddftict rackiny. | TWé B@itingr fibefsPmay be~pbmiddr bearidds methdds=inbuding fhelt* V~)
/IPr Vo / V=1 - p~/Pr~ In addition, the.carbon fjber conposites al so
o ef o ab| ST A5amel iR CAEron P g R Srovis R T RBE eS80 um
f’ind. nor e REAT GlorlzkamEtMRERe PRRIHN fﬂ:%rflpram%'ec? &oh ;Mi!olelﬁhip‘)‘tcpafeadm{n&rrcially
i ndi cates on average how far apart the fibers are in the orrgosﬂe and,

T

h d
t her ef or e3vaildle fxpmg‘\r;sh@ Kast &7ia Cribpaf ibsps{ctod na(Angan. (dén) 9%C1§a ofisgBepitchrhe
inter-fi b&fseosmwat ac;ﬁ?og%h\g%am,a BLRg dagggcmas atl U0 kés%kgyzquaﬂ) fodel

cubi c structure: e nost dense con uration that ma e achi eved
in an i soRempesc AfR) lsenies-ALBALDE@tRERE cddon (itersQ 7 The ZrtingCMAteISE9 /afed § 9@avy
conposite. Fiber.spacing a |s. set,.to be the distance be e he. cent ers of
two clos e%ettrohuB‘eflr%c P8 b@glff’tﬁhﬁ‘é cfagking ﬁ?cgae?oaftaaﬁl]"ucs’ Fes‘?egg‘gﬁ?y’\geltgrotgbyemg u%t's

mi C[ OnSI }‘w?urg@ﬂ 1€rertoe Ginesphdhcdnd bﬂ?ﬁﬁn;?ﬁilﬁlb@r'l?ifchbﬁprﬁduc&ybyc@i@ﬁlildﬂigﬁ,it!‘n@mgln](ca

unit ce of dinension a x a x a, e Wi . ng, at.i ons. are derive or

i nter - fi bERCKiNE 8lkgt extractjplprecofpb ined @t APSIER @%8}’6%@ Bitsteoasst astiraieds of |
V~ = vol ugBbsf fidép hlateriglslare0i0 GAMRP AAnfeted Sith GOPBASE bi@fabearca SRABSLT 100D mUhi t

cell of carbon fiber conposite p f = density of carbon fibers = 1.9 g/cni
Ther e ar eThayeope in vasious leagthngpchde peri phery of the unit cell. However, only

1/4 of the volune of each fiber is included in the unit cell. Thus, the
vol ume of fi beP-208 millegvctivated ¢arbog fibprsy 290 pmlength' - = 3 anrz. The vol une of

fibers in a unpt : i L S0V ubn ,§V~* p~)/ pf. Hence 3 air _

( V=* p~) /pr g?g%ﬂg%f?;at%dr)%gnqb% sicﬁ B en_gt 3a~r' pr)/ p~and a =

((3anr-' pf)/ p-600-T milledisctivated carhorefibers: 0 popkogthg Sf is S~=a-2r=a- 15 Vim
P-3200 milled activated carbon fibers: 3.2 mm length )

C-6 chopped activated carbon fibers: 6 mm length

Osaka Gas Chemicals’ Renoves A® series-AD’ALL activated carbon fibers are 18 pm in
diameter with various specific surface areas ranging from 1,000 to 2,500 m*/g. They come in

various lengths, including (the specific surface areas are noted parenthetically):

A-15 - Milled AD’ ALL activated carbon fibers: 700 pm length (1500 m¥g)
A-20 - Milled AD’ALL activated carbon fibers: 700 um length (2000 m*/g)
A-15 - Chopped AD’ALL activated carbon fibers: 6 mm length (1500 m*/g)
A-20 - Chopped AD’ALL activated carbon fibers: 6 mm length (2000 m¥g)



The | ast two equations allow the cal cul ati on of average inter-fiber spacing
rat a given conposite density) assum ng a cubic packing of fiber®y nce
is now nade to Figure 1 showing an ACFC filter 10 constructed in acco nce
with the $reviously descri bed nmethod. As shown, the ACFC F%%ﬁﬁBwﬂ@9JnC|Udes
a cylind¥YP&4P*%Bbdy 12 of bonded activatkd carbon fibers. sRoul'd” be
appreci ated, however, that the conposite filter 10 may be formed in
substantial ly any pol ygonal shape or other foreseeable configuration
desired for the particular application for which the filter will be used.
As i ndi cat ed, Hﬁ-mﬂ@"blynaa@f RiALLoastiMaedcasbondihse cendory leeetyy (1800 médnst 4: 1.
Preferabl y, the SCRhYRMPRER RORI RENRedldrbd Sehofd 16:B6: [ish BRg] O_have an
at : I y eaé

aspect ratio o east 10:1 and sti nore preferablly at 20:1 and

are subj ect toA-dppRendomelerdths AR’ ALd. 80vstedicanbat fandeoml length 2000 ef’@®) abl y bet ween
substantially 21:4%% burnof f on act.i vation. The bloc Lso has a cured
density after %’a?b ﬁ?Jz)ogt lf%hsd‘glﬁ ‘ﬁ‘é‘f%&'@atg‘ifa\rm irmogf‘e"ﬁﬁ\(\%@nmgabst antially
0.1-0.7 g/cm and nore preferably between substantially 0.36 - 0.55 g/cni.
Fol | ow ngvact i Rhaticf)Rropehies conposite has an activated density of between
substantially 0.05-0.55 g/cml and nore preferably between substantially
0.076-0. 495 g/ while thé\Bresent Bsetion i¢ difecledlih 6ie rbéhettIo ATACAEHENIaZecbnB Yespdtt
extrenely open structure (note, electron mcrograph in Figure 2). In fact,
the filtdp fiiorsiba cempriteifise oYChsndrpiicants balfeva el CerinaRby Figal PERPERiSF BORMPR ber
area in GGkt SRSk AR QlrpREhNBERoRHORMRNAI Fbboticl §f0nd ptlerfOntdiudy. Fae
result is a pofous filter 1 ep?ete Wt h extensive tgrtuous pat hways

runni ng tehamplghbilk density $1co@E@ ) 02 d WD tEO4r0 40 deacrile~carbPCTo IS DR 15498 9rebody .

Vi ruses, -hact.eri organi ¢cs _and other cantam nants.at Lo entratjon
nust fol I-l?)]\?v élﬁéss‘gp BaP %agflén.ve%éoﬁe”rv’ e 2l g%rls' ﬁfgorpa#’&%yroc‘ﬁltcnabfwgﬁ'%or es
i n the agfdénvapecerably from abogt 0.16 doabbited.® pem’ Sstillusdrel pRfetdblyeaboufid g&o about
interstices/path s) of the present inventjon . that allow ent of the
bacter i a Ghekae 1 vingiplsuiated tha ‘P%ij"ée&&%o%g P dimersipa eid petpvped

act i vat ectafah e, bhddah YedeRdhe thefal 8 iR rMAMNIAMIALSnRen FBASEIL is discovered
i nterstices/pathways on which the bacteria are effectively trapped. It

shoul d althe ipferstpd seagingtbetieen Sibers asosalad intesrfibgr eraping) is He orivipeparageter he

| Nt er SeCinp cfiroRNfe el otintibroBRRIRL OAGRAN eRGlA bodthRtis Alni&RE ke DT S
surface pores are nal ntained accessible for adsor pti oh 0 organi cs, viruses
and ot hertheantitvated crabringiberafard eontpinessedi alengake langtudinglor fleweislof shetfiter.| ar ge to
becorme entrappgsd.in the.pores, th o beco nt rar n.the.extensive
external car bof it B ERE R coriety e arinat b ERAGE GhrimEy By

char act erdfshd presefit filles t6 aenpOsisinell phthogrhs|perticad pvichiseg Is\due tddef 1)lidterfitirg

ef ficienc rovj ded t he activated carhon fiber conposite filter_ 10 of
The. pr eo IR TFUY FEmeine AR L 1% SRR EEO R AY S P Ar bon
filter heh@hediey@ndMaist afdl 29 fisbadsBriah kinetids ahd PdethdDPptRRREREITALGGhilh8y t he
present invention conprises a nethod of renoving contam nants froma fluid
st r eam wHBE fevaterafartep Jikgrss them spmarad taisranyler @B RpYYer Activad errbanr eBinf such
as wat er . peliByedNRat PR adaddfiné OP A6 HIRISE S C},mcﬁa&%pama RRSA04, b fluid
stream through an ACFC filter wherein the A¢F ~consists of fibers wth an
aspect r ah¢ ectbfatedtcatbem ibers is governed fhylrbe olloanieg imedastiooné) alassirahlphg-rasge up to

Che t11t SPVEiGE GO A RINAUIABALY RidfL AT HOLO%, B5f LBl R0
nor e pr efaaddbbtyon@ sBot-AngH(i.gl o @R ner). car boni zati on but before activation
and an activated density of b n _suhstanti al . 05- 0. 55 n8 ,and nore
ret aranly 0 G Gnet pecanst ok O engarsnrlle MadbarissSEE 518 nce

t he car bafr Wher Gdw) Qispérsiball d RepRahni the SurfeeEBRPACeistTER P ket RicfoohRdiémt her e

is no novenment within the adsorbent bed such as m ght occur in a bed of
granul ar @Efsrs. ang; the distaprecienyren dieme nThedleqtrostatigangtud fares agmappligable at
product i oyt dak LiRRs of it éé‘f”‘cﬁv %y, thé'! &, 08 o f¥e [e¥tron;
cont am nanFs,m?’he'Qg’Ff;mh%a?i oﬂ#o thi g nﬁ\}éér:é(rﬁ%?cseg ]ees’i g%l“??cgﬁo?e[getrrloenfi t.
Furt her, asoeptorenteractioms) &rs dbminant. Cetanigt ithegA B Hartcesginddeds thegfpidat hadnophobic

adsorption. Avaidance of this problem,is als significant benefit .of this
Rspect o oiss" EhcRBAR RlifeRtom & st i RsChi et SRSt REPE PS¢ ace
t he ACFC miyanat (@f. fipvpolybacetiriden (LERYS ekttackifuldtOpolsacch@ide® MBPSICrardl saSacki m t ed
t hereto. The protocol used for testing MsS-2 bacteriaphage and E. col
bacteria adsorption fromwater in these exanples includes: 1.) Connecting
sterile, size 15, thick-walled Phar-Med tubing, using screw clanps, to

31 DEC 2002 WO 00/ 04977 -22- PCT/US99/ 14999 influent and effluent ports of
filter. 2.) Connecting sterile, size 16 Phar-Med tubing to the influent
port of the filter using tabling adapters. 3.) Arranging the filter in an

v o . . P N e B =




12.) Disconnecting size |6 tubing fromsterile liquid matrix usgd EQ .\ﬁ@nh
Jthe filter and connecting it to the matrix containing virus or 9 ré
(I'f testing for bacteria, continuing to m x bacteria using a sterile
magneti @tobﬁ) gt; r for the entire run.) 2’L3 ) Turning on pueyldhohsdebrect!y
sanpling the inoculated liquid matrix and placing into a sterile collection
vesicle. This is a control. (If the flowrate or length of filtration
requires refreshment of the virus/bacteria rratrl X, a fi naI control nust be
taken for the old matrix d a begi nning.contr be en_for. the new
a1 x. DS 8 Rraegresue Bt ST PPERY SR B SRR RREe e FBUGROLE | he
exper i MenbacjeridPin) theiPloLREtHeNE FaaRY. e isthort Mokt 1BngeOTIr&S tar® Baé@ nCdhemickr om

ef fluent port of filter. (Sanple collection nmethod and tinme of collection
changes agonﬁf U 35t cavalen Kigasstromm bonds yHB A requisgment %‘sabogtadrppme?@\/@te begkden
from a coldsihiogeh mag(.ysu@&e@b&,ﬁmﬂQreag{rma.%omuwo rdgy.e often.

At lower flowrates, sanples were take Irectl fromt e en

ef fl uent hose 3gmke Détherabate fgrecentrerattracties andt he veast 8re) repﬁs:)/e Cdiot exruriphg th!eo
col l ect effluent of f ltration.s cC | et e
19 ) Tak: Her Al FRER Ao P Sl g et dst A Bty hepyhay SPAReL

di luting @ktep swﬁmcﬁmemumoes aaaell dé batid mﬂnddhﬁw&l@oﬁmtmmdélasﬁesms) ofhel X

31 DEC 2002 V\D 00] 04977 -23-, PCTNS99/ 14999 nutrient broth. |f the sanples
are not gm\ﬁghsms‘s@fqr?ﬁﬁétﬁwéqlv agFasH s whereas,the, ABr foEsss caty bt ¢ithe St VH & used.
20.) Aftefe §l@i‘iéa|Snﬁx'nlhnll‘§ tﬂé‘%ur‘?@c\éepd@ﬁﬁé? inePRRliSHsethn! BE RAMPhEIcRROWhEh R

pl at ed usi ng ei ther a double layer agar assay (virus) or pour plate assay
(bact eri apolymershateshigh affinitp (iee-idsarbiifonthe aatbondiber nurfise, eretehdsivpridteadi] s.
21.) Pl at ﬁffﬂl verage count for virus or
bacteri a. hggf I"cu g]ke?ﬁ:gag i gwhtd%f%% fbei,s ﬁ'[e}a(%erl ods stated in the

nmet hod pr ot ocoAscord?iBg )o th‘et BLVDntBlbmdebradhers@rrmf | 1 @ rq@ir gdnésensf dsmmc'axrben iffretubat or
and counting those t appear. to _have ate, on a
ek Tic piroes R games n ahgrarvh DMRMCHT R oot S auHac i e eSTshe
manner . 2énetgyRmatch.ng rﬂh@l BdéohfaFy @ininbh WScuP€ atdBpdrRidnadistanead 6slthadekiel Be
dilution factor at which they were counted. 25.) Averaging the plate counts
and nul ti pP §nragdincdidenin %"H’@D’rweﬂ@ff’@b%ﬁﬂl ng dilution factor and dividing by
the amount of §h sl ORkstiaRe il aRAcinent id RhiSwERLPHIBLAUOR b B ﬁ%mwnt of
virus or bacteria in the original . Plate Pllate 2 Avg.

Di | ution amhrmrnt@mi ared@sedpﬁrame emtllqmofzv@ri@s polymeE+@Bstances fe. QE*meB@lmpl e
cal cul atl r *di ' . r [

pru i nPayeiaiies; £ps) B Saoidthuing el thetBut BU0E) i choreli] BN,

| ogs of vcarua:s smefngbaﬁmgrdfahe anmheﬂntf mmeﬂhe dn iricreatee nbyhet heachimkiitesites rfor
((control - /cop qbg* 100 f g{.entdrem)v t' np 1 thI’Otl).l h 9
relate to éd% TEhasfo tﬂe"n’)a](::'f hrddyd 2 RIRARP O PIECTHE té%loﬂﬁ?*"%§ cut
froma | atgachlatedicadbn Gbdrdpilittdale aa@dmw dfenicitorg@Rismd e iy lefkiatd eekinget hod
for this blaock, which gives a |ayered conposite, involves m xing of

Anshan' s G&F‘b‘ﬁf’lcéﬁnmmﬂtﬁl t ch-based activated carbon fiber (R303T) with
wat er and Dureg, %H@oﬁhé&ﬁ&aﬁ?ﬂ?@?lh’e%o&e&'ﬁ&th@%%%@ﬁl'té? R 9134 thﬁtthé) of
resin to fiber of 1:4 in a dilute slurry (slurry concentration about 15%.
After mi xdﬁgnceptaweeoftwo h@awuﬁbfys,ww quitioa! ay acmc\onaamhmemﬂmtww fpdber was

drawn t hr

fiber- res?ﬁgrpn(sgf E}'ée%gdlage"é@bp%?ﬁo? rf"&“ﬁ Wiog %h?%‘ég‘ g {E)hthatt ?Jrry
was added ovanall stgactive fitrs:, wquld)wush thgn wzfrfaclctoehe surfane&ed pathageh elrm digaBnagre.
After the last part of the sl s added, vac

ot ee s edither TG Pligtts Righ ool B aRE0 o NEC BETLAEReT 3 et Qe
dryi ng. Th@raep@HeGE t:@mwspun’hmemabeﬁame ffibersutface fobhlhchmBat @ RehogalBGMr ed
at 200C, S 1 DEC 200 WO 00/ 04977 -24- PCT/ US99/ 14999 and car boni zed at

650C. TheFtSa?)oonl zed conposite was then activated in steamat 877C for 2
hours at a n'twg&gf; for Qi EfLcE of fthe? inker FibBr di@ﬂgceag%t@arlleél sPifie ! @thdg
no and ac tion

cc/ hour. The bur was 19% and the total carbonizatio
yi el d | ossttaghmeR8%o0 (hiadi bavmrfaga@, BETbe:hweﬂaba; there ds mf omthmmmalemoélmtwd‘saefsoo

"/g. h
Tt 2 om BisthRES el af ek 367 baftaBS afh R Ao AHRR apo Femlef Frop W, e

this inter-fiber distance, ¢ (see Figure 8), is relatlvely large, then the majority of pathogens do




di ameter core extractor. Five pieces of the material, all about 2-3/4 in.
~long were stacked together in a colum to nake up a total Ieng@ﬂu BEC 2002 in.
with a colum weight of 12.8l g. Col unm breakthrough studi es were conducted
to corrp@V(F s g.ACFC of the present invention to a col um pagkSsh s
commerci a Py avai |l abl e granul ar activated carbon (GAC) Cal gon F-400 (cal gon
Carbon Corp., Pittsburgh, PA). The carbon adsorptive capacities were

eval uated for a m)del bacterlophage MB-2. Vi rus rem)va'l was nmarkedly nore
efficient on ht or ,ACFC.t han for see Fi.gur The
Cal gon' F-18b8 T G0 d WL AT HF T9t5e B LI IAREY (hAeEE FRUTIRCES Wb umn
was conpagafakedf Asrlreler (Rd mkpriff ofGRINBES [d8 ndt Q&K@rﬁ‘o%@fﬂbni?ﬁﬁhn&hh%’ watéfe
inlet concentration of virus to the GAC col urm was 2.82x106 PFU M, while

the i nl etand g behavaes Rsthosen B icFigerd O therptharigngnvhesdbis dnterpfhendisisngeds y t en
tines to Hs”ﬁo t 0

col um. '8@%%%91}%{5 ::]\%gm\}% -L% (?‘(?1;‘A g%ﬁ %F’ 'ﬁéiglgééagoeﬂgnspf}?% %g%ggﬁts Sﬁ'ﬁ on
was chos @lxpasntehee breaktehtiawdlabgpei ftoweTérethGaliear earclitants lat thedetshmat .ggbs :aé t er

about 11.7 hou C .reaghed. br eakt hr ough ,af t er .about

nours. TRt AR i cBpbels ol SumE ore B AT PR oL P ED e 88 He fil pry
and 1. 39 effoddh’ toRivekcbme tire 4iactnd dordédbetwe &S pRBdgded €nyl .carbdn SUITGRE.I 48 thdde NOr e
detail the adsorggl on results for the ACFC fllt?efg of the present i nventi on,

the sanple@nditiensthese might be squrs: pathogensdbat Sphayg diks aptaoasns 4in Blguredwhrbddest 259
m /hr (6..6QcH@hd! e ﬁb@tjsuﬁfo%/ebgr%)ltq; eVRERE uPlalieth Mish Rhedr @&K&Qhesgl:%%eng)f
M5-2. The renoval of Mp2 was better than 3 logs (99.98% for the first 24
hours, armight dxpereen¢odisloiziag atsené lagg phiotingimednd result, rtb%mmostyofrf pathegeme| umm

st udi es 1 T. Ie 2
(col um 3{ olno;?‘?&‘{}’”%bvreg-s'fﬁoﬂ f'%‘:&)mrl %F'ﬁr’h&g{w ’a?’e% 'éggbégg?ﬁage%ﬁ gr are
shown as fibetr gpraciag that sirifealal eadange bemie@ sheatfopebs atradtine mdlrapmm#éZfomas Thits from
a large EH?PCk of catFjbon fiber con;%) ildte .190. . The % ﬁgtl n met hod for
this bl odRaYPss0sures halpathagens sehigagved durne helt ey dmibe & & B8ty ocedur e
used to produc@Enflg| tHafast alisbrptidAX RIABHCE ahd larg8 ladEdrhtichlbapai) OMIEE HY theS.

PCT/ U599/ 14999 The carboni zed conposite was then activated in steamat 877C
for 2 howctvased sarban fibsge has berR #tm 191 e9st| fopiVarious ehemicals SHC pHREN8R% of |
S3 cc/ hOWhior;EQQOIQH{en&E{ate%t% H%ev@nd hhd ot bentsho HALERA dalhcHaRdeAGlc vat i on
yield | oss was 28% The average BET surface area of the material was 800

m /g. Theofdernstivajedshrbpmbere artewpplisablertet microarganisms gndMd pagisslar iy imbasrm was cut
fromthe blocks using a drill press fitted with a 1 in. diameter core

extractory Theg: . . z . 3 bsi de di aneter was
0.91 in. \énd 'It&g@m o ' . (S iod ted for MS-2

bact h | f. {
sactorTophade RUOLPLALA o ko B*%Fw ) S et s,
better tharboB fitegsoni@Bit30)frdecactiGatdtioearinn Abdrogdhé ngsc%t}d)x in nhib [Pectibn"V hour

d 31 9
Fost s ar oitSah o ecrfrd BepSn, o0 KPRt CA GG ot il cbefihe B U
#3 to be dceigsdtaltayhidn fibettfilferswnttielpraentdivehedsedie dbétﬁﬁdﬂs‘mdétanar bon fi ber

conposites UR 193, 198 and 210. The production thod for, these bl ocks,
whi ch gives | apdpefirstaspgshhe Bler PREEIE 88 ARRG Hie ITEZS()WB‘}'?CLW 3BSRGAIE Hithon

fibers (RBO3ahouk ts@t T@t%efn @dlgen@hhl’ge@ S/ Paene A %F%ﬂ@ﬂ@%ﬂhl‘ No. €58/ 1471109 anYei ght
ratio of resin to fiber of 1°4 in a dilute slurry (slurry concentration

about 1 935481 .che full. disslpswag ef which e irdornorgredppseip & refarepee. Otherl r@letbcniape
The remai [ Ihnc S, i ent
{imes. f orSueayng e ondld fibef ol Bodt S bl IOHRIEEN. FoP L, Mo Hnlog
vacuum wasethpdsl indadef the us‘aOoﬁmemust, @thet polomary, pitches, aapainrasgswathesives hndwgdl t he

cake and effect i.n he co sites re thep ej.ected omthe
oG 20 e R B L S Heits sl Bt FERE shioh A% a0 Bherehi € EivE TR vy o
then act ibindegsl cinbé infradicad iB a7fluifl Giediun ah AkélfiSasaby solfstrii@@n fTHayy ihadne of 2
L/'mn. and a water flow rate of 100 cc/hour The overall burnoff faor the

three sanfmiedimgss sslected garban fer if grepaped 10,8 given averass agth@nd anmixedd dat i on
yi el d | osggs QWWI%? a éﬂ'bo’ﬁ&aﬁc% nikPothder. Thee ESfedSHbdMRSC @Jn%@ux@flort B%hen |

mat eri al was 603- A colum was cut fromthe blocks using a drill

press fitmeldedrom the g_luqry] Thﬁ seswltieg greor formxis deied and remiqued Beoytthe wpldt Hhecor e
was 2.70 in., the outside dianmeter was 0.91 in. and the weight was 6.7S g.
The density of material was 0.237 g/ cc.




The sanple was tested for MsS-2 bacteriophage adsorption at a flow rate of

~ 300 m/hr (8.12 colum vol unes/hr) of water spiked with 8.0 X 8d60D&¢-20021 of
M5-2. The renoval of MsS-2 was better than 3 logs (99.95% for 6 hours, and
2 logs (99.729% in the 7° hour. Detailed at nFC ~~ WD 00/ 04977 -2(>-
PCT/ USQ@IQQMQ‘QW esults of the virus addérption tests are §ﬁ$ﬂ$9?’h49?”abl e 1
and 2 (note colum #3). Exanple 4 The colum #4 to be tested was cut froma
4 in. dianmeter cylindrical block of carbon fiber conposite F912. The
produyction nmethod for F912 which gives a | ayered conposite was as foll ows.
Thr ee hurdmedsigriatien mre@zlﬁocqnbmﬁedbawdndmm K)rbep@rbtérf@ﬁstﬁ) cmmceitfm'Sfi xed

wth 1500c of ter,.and.7 Dur ez p. si.n

hdod o Tendy el B Elo i Beyred adimpBicE. TR GofiaS EBARa Brehéhy dsfa 20

pour ed i Rledelép ih8 poldisti@irelof el fibREL ettt ofdfted mABKIniAL) m&deﬁdpnsletstté @sefpod- 1
mn. while water was filtered off before nore sl urrg‘{ﬂh poured in

i ncr enentastivytedylberyand oofoRm; fse @apd aptionally cribprize epd €1 @tpﬂ?nyls“f‘ﬁeﬁ‘ ohef or e

addi ng t RE &Y nda fatcf?\fatlhﬁ'?o;\%va&}cemofrm Was.;added, vacuum was applied for 40

m n. raw t enmal ni ng ter through the cake and effect partial

dryi ng The co‘krpmbort ﬁbmsmpm ﬁd;peo,ﬁtbdpﬁesmmrtvbralqmuhdvdearadoumsad0&m1boour ed
at 200Cf r h COmpos| te e mat
877G T or e MO EedE AEACErade PIPON Paebvpn of Frfaro a0 s UG

rate of 1200 meré hoererabiyhfeorh bl 6.38as aBBut1665 Ffeen’Bhd aSWaﬁeﬂC&nQIE)E&Hbferhe
material was 895 [

/9., A ¢col um was cut fromthe bl gck using a i1l press
fitted waphvagon of Eﬁom?%{em 18 ghait et BEmoAnd e P@%@ftw !sfpmtar?eutc@%é Ras
3. 65 i n. apblteo. st ghl® aduaawsﬁrﬁéff\aaﬁn a&tivalith oPBEWeEE 0 V¥Rl GBSur RS Mdﬁgpe The
density of material was 0.375g/c he sanple was tested for M52

bact er | omﬁq”g@blaofm phqupA ! 4@ abput %% rihiscalsss praf@oredrithian the(rati@ of eus¢dudansity to
VB2 s oy P beaRnS bt ot § 36 a8l B 7b Bt thordreferpel Gne G ©

the 6'" Hasa.voBetohineod frems abdus 6bto alaomu@s"/adsd)motu mafetabs'tfsonaatﬁ)ushbmbbm
Tables 1 te colum # C fromthe
Same bl ol 1B 2Rl Bt iy PSR dPomAbRUdl Bhodin OB RIS TBH 1 he

mat eri al paereraBS. fﬂon%boIthBEon&Upra{;e area of the material was 895 m/g. A
colum was cut_fromthe block using a drill gres_s fitted with a 1 .in.
di amet er core ¥t maetsprcifically degssiging this aspsst ebihe inyseation, he qapbon fibgss ipfiesi de

di amet er A@sc 8102k a}erl:-ha@&@niéaeo)”@hwépo\?@%hlﬁlle f From/ B %mf’b ‘?8 \9@% aﬁc?%x%d for
MS-2 bacteri ogha ge a sorEtl on‘at a flowrate of 330 hr col um

vol unes/ tar§feraply\ieaneebogp®. ket atontD. 8l Q:/9< anda Bﬂffuunﬂacmarreavs” fzam The abautb8PQl  of
?/gé.zg\gg)s %L“%hmg'gggfZ'lad'??‘gm(a%§“t%§@4%/%bﬁgp%66%%g4977b6t2t7€r Ptc'?;le 3839} 14999
and two | ogs (Iﬁgmaﬁﬂé)wcé pithtykearfother adpettpan appBatiai fbedmoeing lvirsl mthogemssg.
adsor pti OpollE)e\/SI;[ug ahd vxmseg\{\gnsmmed in fecal material) includes an ACFC material capable of
adsorbing from water at least about 2.0 x 10" plaque forming units (PFU) of model
bacteriophage MS-2 per gram of carbon at a concentration of 2.67 x 10" PFU of bacteriophage
MS-2/m]. Said filter may also be described as an ACFC that removes at least about 99.99% and
more preferably at least about 99.9999% of model bacteriophage of MS-2 from drinking water
loaded with up to 5.6 x 107 PFU of bacteriophage MS-2/ml when flowing through a column of
substantially 1.0 in. diameter and 3.5 in. length at a flow rate of at least 7-67 column volumes
per hour for at least twenty minutes. Thus, the filter provides at least 4 logs of removal of virus
for up to 10 hours. When loading an influent containing 6.25 x 10° PFU/mi of MS-2, the carbon
fiber composite can remove at least 99.9999% of MS-2 bacteriophage for at least 15 hours.
The ACFC containing filter of the present invention may also be defined by its novel

and unique bacteria removal properties. Accordingly, the filter includes an ACFC that removes

greater than about 99.99% and more preferably about 99.9999% of E. coli bacteria from



in Tables 1 and 2 (note colum #S). Exanple 6 The colum # 6 tog lge%(?é @d
0 e

~was cut froma 4 in. dianeter cylindrical block of carbon fiber ¢

F920. The production method of F920 which gives an unl ayered conposite was
as follows. Three hundred granms of P200 pitch-based carbon fibers (R303T)
wer e nm Xedodp4or? 3000 cc of water and 78g of Durez 7716 2- BEBHSHHEAW ic
resin. After mxing for 5 mnutes, the slurry was poured into a 4 in.

di aneter cylindrical nold. The m xture was allowed to settle for 10 seconds
bef ore applying a vacuumfor 20 m n. The conposite was ejected fromthe

nmol d, ancﬂrmumgdvaaatr IAECwithrup3o I‘lCﬁJRS] 06 'Eheoldibﬁdtetaemenlb@hmeﬂmmgirsrom erial
and the on SCI’I be preV| usl at this o our| ng all

the nixt LFPEJ"I"rP SHRS13AA 'éI‘s(?I?u PRAEEEY I/? h AnBitp i ‘fa?/ ePNBEs tine
for the fioR@fes pbrhosefol b HUAA ﬁ.ra@aﬁ.bﬁ%@fﬁ&rmgsset&fhaﬁas .haum an Qéfﬁﬁt%j The
cured corrp05|te was then activated in steamat 877C for 4.5 hours at a

ni t r ogen RrbeNfiber omppsite that semoves aleast RORI%efaf iy celabectesfa frgp dgigking Waterr un #
RTSA- 58. n Sy2 Yo r f | swWas
580 m' /dﬂlﬁd?ﬁh %‘uto\/\/aw? )éutﬁ)6 r'ocr?lill-t 8‘55%5’2{: rﬁgﬁﬁeg gg\gjrn? tﬁolaghess O?lri["?é)g with
a 1l in. dubstatielly cOmediemtienatdd:7 inTleagth @ngflbw odte bha leasr & MIsanvQ'Iﬁmcsrper t he

outside dia was 0.907 The densi f t The
oarpl o ueloot BEE e e g uiatahisd o Brdedie B BT 0% st B a3

m /hr (8. r%ombmmmmlaymﬁlamgmbwat er spiked with 1.4 X 10° PFU n of
M5-2. The renoval of MS-2 was better than 5 [ ogs (99.999% for 9 hours, two
| ogs (99. 997%E el tsrestandprd pasteinm upsdintesupe P%Eﬂ&r% TEROVR! fTRm WA GRS N
tests aresshRMholtds IRkl @Rg éfaechﬂrdmta%.ﬁghuém #@Xlius@&@ﬁﬂ%& fhe femiNaf g0l UMM #
7 was made fromthe sane material as colum # 6. The nethod of making is

i dent i calfor fheolbuwﬁbfeﬁ tovepthep hactora, PhiestBEF bean fdgue foiradsorption E theahacterial was
550 n¥/ g I cu I n wth a
1in. di aA 'ge;o(r?m%o e rext ra%:t%fi "mI’%Qanpr?g S%&f%\,nt%e&c%{ gg)%tgﬁgﬁ%g%hé tegqlémd t he
out si de dmamebdm@mprarssed hO8Y andnit ha‘EIaBodbeemdeh_r,onsxfatdclhe cagt enterdtis in fofnad hastg/ cmi .

The sanpl g, was tested for - terj gphage adsorptjon at flow rate of
330 i/ br TeESEER e BorioRermlie GF iRt ST opARLHRTPen 1 s Ourd Bty o
M5- 2. Thefrdsk amvisthck@sh wateBﬂarDEQusZ:Qﬂ&ZtrM@nﬂwdQ%Z& drérfkingROAGHIIYIWAIRO TNG- 2 was
better than 5 Io% (99.9998% for 10 hours Detalle§ results of virus
adsor pt i GFfPErERgnt descrbedHp the nAxtReFAsERph demestiateshiatathe AfR Romaining filterp| o 8
The prodyghichp f&Fﬂ’éJﬂQﬁl BPA E}Hr§pfﬁﬁc¥ Rreftbr Whiqub) afeilRGVEl SCELAY; a8 was1 1 N.
di aneter, 4 in. %co umm i nvol ved m xing 28 g of P200 pitch-based carbon
fibers (RS@BTIS)‘ICWItah ¢ 20tivatedoearheat Bher paohpPjteoanDameye 2t ke PRI iof 4 esi n.
After m X r d PVC
fube, whePBRplAASaE 50 ESIR Bllel 3, 2400 SRR BRUA P A, e
was al | owtydroypb:hspertdilevaIsoassd_d)thmgbnasn bafgayéndnral EIIterngoxapnmduﬂm AGFClsemin. to
draw t he £ Iegbgg wat er through the cake and effect partial drying. The
conposite RES cted fromthe nold, and cured at 200C for 3 hours. The
cured conposi tRilvakerbbjedts af thisvapetl of the SiveananaivilBbeétiné appadend tdhbdeSskAled a

nltrogenflowraeof L/mn_ and a terflow ate o IOQ cc/ ho The
bur noft VSRS aNgaEm TrclOBEYIG e oo Magre Bt theab TRt P J5gBRb QQO%P'ﬁE"FQ The
densi ty Ofmu¥Binfhi & thi¥@veMtich?im@lyos: wiYofaiflaqfaBbi BfodeQf W mYRS bERARitddRo f rom
the 3.79 in. long, 0.976 in. dianmeter sanple. The weight of the sanple was
19. 83 g. A ogobeimvenieg. tsst will borealimdpthisaaspest iob s dpentiensisroppabisnofathes hi gh

flowrate I e h 5.6
x 10 PF ‘ﬁ%m%%qﬁﬁwep’grﬁ(é@ﬁ%%\?&? dk‘?“ﬁf“% E{a%’?‘g'?‘:t i z‘3’§'|ri)6o“l§sg"(v 52999991
9% for 10aspects, allthiﬂ'mutdepe:gmgffmm thiﬁeasp@xtof ﬂI@ inventiow s Acindinglglstbe descoptionas

st opped afrﬂr 20dm e §r8elret seatH t 0 \was reached. Detailed results
and condi Y10 f‘ﬁse ViPUYE RAeEFAT OR atsé S[r APM& shown for colum #8 in

Tabl e 3. ExarrpAaox&l ‘nilamowtsqdwbylpmndmtfdsrqﬁawg"admscsatep:hlehavamgsu rigid,&ped, 0 t hat
for colum # 8. It was nade from 28 of P200 pitch -base% carbon fibers

(R303T), monplighic suctizerwith higly Pefg‘ebtf'“% Faghes. @e @ﬁ’cﬁ%ﬁ@ﬁ&?ﬁ”&? SR the PARIR i ed
conposi teoﬂ@ﬁécohﬁ@ﬂte@%@éréﬂ%&@sdy” steam at 877C for 3.5 hours at a nitrogen
flow rate of L/'mn. and a water flow rate of 100 cc/hour. The burnoff was
26.6% The BEﬂ@uAﬁa@@f dhe gregént tiknentien & famprised 28®®aliyi off earbophBbedeand 2y of

mat eri al 0. ; sSQr ol 77 in.
Tong, 0. ok Thaalpee i€ rAUSRLRIcARL BT AR Rty DOQ bl e 7. 0
sanple was tested for MS-2 bacteri ophage adsorption at a high flow rate of
3000 mM/hr (64.90 colum vol unes/hr) of water spiked with 5.6 X 10" PFU ml
of M5-2. The renoval of Ms-2 was better than 5 [ ogs (99.99991% for 10 mn,

then 5 logs (99.999% for the next 10 m n. The adsorption was stopped after
20 mn. 31 DEC 2002 WD 00104977 -29- PCT/US99/ 14999 before saturation was

~ 1 " o o b



shown in Table 3 (note colum #9). Summary of adsorption studies Ef %@?
~ bacteriophage conpleted in Exanple t-9 A summary of all colum s? 09 2
M5- 2 bact eri ophage adsorption is shown in Tables 1 and 2 for flow rates
ranging from259 m/hr to 330 mM/hr (or 7.7-10.5 col um vol unes/hr), and
Tabl e 3wWmoo/@9f1 ow rate of 3000 ml/hr -f&p to 64.9 col uim PETHFRXI4?9) and
plotted on a logarithmc scale in Figure 4. It is apparent fromthe figure
that the efficiency of conmposites in virus renoval increases with density,
relating in turn to reducing the nmean inter~fiber spacing. Virus renoval
was at | e@tdriah Wo@s @ineftinday whah astivatedBth8 carvdn GbeR wolidena pyrolidisirStupefor hour
and an inlet concentration of M52 of up to 5.6 X 10" PFUM. 1) M52

bact er i opf§¥i%Bdsorption i s nuch better for the ACFC filter of the present

i nvention tharyL{igsiPbf Be cﬁ’fran @& dotlpb@te, gteh:érglw Sordpriséd mm @Eé(lécﬁzﬁ%%xn of
conposites in virus renoval increases w density and with reducing the

i nter-fi lfiber adarchinder, {arreyample dationizaide grganie powdorsudnens plgnoli¢ wainy attes of 4
and 50 m / tr.at up t X L Ut

gure 4 2 B F ul g n RO RHNR CcRffurllion R st for adf ubl g W £ 5
10a PFU mésumng goeen fiorml G dffd A rembhﬁi from uBe @bV The v@spd3ide &%iﬁéﬂ%rfdbrtof | ow
rat es of b(g 4 and 20 m /mn. ‘L’he ef ftciency, of the conposit ﬁ hest
when i nt &fOP ?'Baé‘roné"ﬁg‘?flal’idn‘?r%gaéngl F CRRPSHR Meterip! ithan activatag,la deyelopdt e%ﬁ re
there is s@idure3dr {r@gfbeNSAZteh.amew icQBBALRIoh BRD¥vatidniBaydR2t8ibMtel $n Hsidgle 9/ CC
and inter-fiber spacing is 73.1 Vim Conversely, in exanples 6 & 7, where
there iss&P| dhscorenpsivmmay be rewlmmhg‘)ed {¢&e desirsfl fipalicanifpurmtivn gidier befarg or g/ cc
and inter, ach 3 S ough
These {1 arrt AFRaRBECRS chApSil cihd mhe BERSp Ak dE: i Phe FYEP 595187, o
col um veMumBedhmybenm@&monw@sﬁmemgare expected to work at hlgher f1 ow

rates. A seco 0|n s th ncentrati ons of ar e extren”ely
i gh (ht gher _OnaRe PREABSRRenit PERE A O BB R hY @Pen i 1O PR P hger
before bnﬁedfmbdi QuhNthatthanysupim fibefsadefiap Al digAdteoBf dgprokitatdly Nemsvigh. frhem
drinki ng wat e 31 DEC._2002 WO 00/ 04977 -30- PCT/US99/ 14999 Table 1

Renoval d“#ewgaQ bsatt &rstabiired)Or cRABARIFR: eqn tsvn/ae@ﬁcge Ght 19 p ayspae eesikiof es

[ M5- 2] (PEH/omn)a% 260" n, Gb?dt a4 e%?bn@%ﬁboé’gnpoﬁfefbhg%eaﬁ%@ﬁ% tiehRikkd in
61. 40E+071. 40E+07Densi ty (g/cc)0. 370. 330. 320. 2370 50, 3740. 4310. 417Exanpl e

#Prior . #rwatgr3{urzy with 3 Bipgerisach 353 pherglisvetin. (The tnden oodsadgny dderdmown

099895 83@@33&8@%@&5@@% %@%@%8 3@%8%@3@@903%éégﬁ'gé’%%é%%gﬁ'vg%"c’w "

99. 9299. e H0. 9599. 9994 99. 993999. 89799. 999899. 99981699. 9l
199, 2599.9590. 1990, 999899, 999899, 729999999, 99905 19, 999999999 cos

999510. 8Q6ctd34dirulad o AARO Oyl A6 9P bIBEKE o arnrifar I8 4i2Re R6Q).6BIEAANA hBBPG&re3R9. 82H2
8.9 111 99at ?h2e|bortom The slurry is filtered through this screen by applying an overpressure of air or
applying a vacuum on the drainage side of the screen. In most cases, an acceptable rate of
filtration is achieved by relying upon the hydraulic head of slurry. Of course, other molding
methods can be utilized (e.g. pressure forming or any of the other various forming methods
practiced in the plastics industry).
The resulting green form is partially dried, preferably in air at approximately 50°C.
The form is then removed from the mold and the green form is cured (at e.g. 130°C in air) to
produce a cured monolithic body. The resulting composite is then carbonized under an inert
gas. Preferably, carbonization is conducted for up to three hours under nitrogen at 650°C to
pyrolize the resin binder.
The composite formed by the above process defines voids or interstitial space between

the fibers which allow free flow of fluid through the material and ready access to the carbon

fiber surface. Further, the individual carbon fibers are held in place by the pyrolyzed resin



(Flow rate: 359-330 m/hr (7-10 columm volunes/hr); Ms-2 concentration
Jrange: 2.86X10 to 1.4X10") 81 DEC 2002 WO 00/ 04977 -31- PCT/ US3Y D& Y82
Tabl e 2 Renpoval of Ms-2 bacteriophage from Wter by ACFCs of Different

Densi ti %E&/&-ﬁ.} (PFU nl) 2. 82E+0 62. 67E+073. 00E+0 78. 0 E+PEBu2ddh16he68
20E+p61. 40E+p "71. 40E+07Densi ty

(g/cc)0.370.330. 320. 2370. 3750. 3740. 431 0. 41 7TExanpl ePnor art 1234567Ti ne
(hr)Log .

Renpval | 534d551. 3353445534344553434434255533463232557255859455| 04510. 8312. 7
3416319, PIYE %ﬂé S5 SIngEHEVeDs 5??3? 3\;& toghet 0“285%%%5 ’QH%M““Z”#? 15 %f%ﬁe

vol unmes/ Rirbpniddd-Bulic oNEREd BeisinPBf thaReMposite FRXFAP ist Ppidal BXPedwden FalkdtaatidlyRemoval

of Ms-2 bacteriophage from Water Density (ﬂg/ cc)0.4270.427Q. 4350. 435Exanpl e
#8899Ti mP-1 to 0.7 g/cm” and more preferably substantially between 0.36 and 0.55 g/cm’.

(min. ) Renoval %9&%50&( Hanefacturad 90 hnshRR OS2I 980 08 Rd % AARARESS99. 999
97599. 9999420599. 99995599. 99983 (Fl ow Rate 3000 m /hr; Ms-2 Concentration

5. 6X10" PRugtimation of 3fe GFONXUGE 9\@r@fpbisied by restioP@ith S899/ ¢boodisxidap &y 10
Adsorptiop of Cr 0spar i di rvu Or.gani cs, Herbicides and Lead | 00 g
o ho0 BTt HBLE O The ShR ML iy R by FEEDL TS0 B oo O
wat er . TRerbsh bbdry, wiich 420 dlassifiedtlyQisineigl anigdfort@essitheh Armen ) \mssopbreo(@ED t 0
settle for 10 seconds before ag(ﬁl ying a vacuum for 1 mn. The conposite was
ej ect ed MPYRNY MacraRAres (8reAlsr Ben d4nBY 200C for 3 hr. The cured conposite was

then activated,ijfe iRt AmtBdiffent, Qhe SoMpositélis Sedth LLGGARA fnl Q‘ﬁeirﬁﬁhﬁrogén 2
L/min. and a water flowrate of 60 to 70 cc/ hour. The bunoff was 47% The

BET sur f atreosphasey Blfie preferrechacaivatign oppditiansace: 300PS0%CC, sspm @ha partig pigesurerde t hat
was 2 in. . ST WY o [ || € r |

cont am naaﬁ{)lg%ﬁi g?gﬁsée%ﬁg@@%ﬁénsp%%]? h%tsghmt ef???ltg @?‘@%E’Q'S tlFeate of
1.9 L/ m nnitialAnt dinall woghts. oEor thd presest inentmo,ecappresmmtals 830%Tand npdek peferdbly wat er

vwas 7.6 %gc()juti?.t]-tl\g@osb&)n%f? Esn;%gfoinge%nt]oaprév?&aal cc;[map%si\{\éa;[vﬁ}g ggol'cljp\ml%,' bacteria and cyst
(parasite) removal characteristics in addition to a high capacity for the adsorption of other
waterborne contaminants. Specifically, the resultant fibers in the composite define a micropore
volume of preferably substantially 0.37-0.51 cc/g, a low mesopore volume and no macropores.
The voids, or interstitial spaces, that are present in the composite provide free access to the fiber
pores, thereby producing a synergistic beneficial effect leading to enhanced adsorption capacity
and efficiency. The carbonized and activated composite has a density of between substantially/
0.05-0.55 g/cm® and more preferably about 0.076-0.495 g/cm’.

The activation conditions can be varied by changing the activation gas, its
concentration, the flow rate, the temperature, the furmace configuration and the optional
presence of a catalyst to influence total surface area and pore size distribution. Further, the use
of post activation treatments can be implemented. For example, further heating in a controlled
gas atmosphere or the introduction of chemicals could affect the pore size distribution and
surface chemistry. Once carbonized or activated the composite can be machined to any desired
shape, forming a monolithic carbon fiber composite.

In accordance with another embodiment of this aspect of the present invention, one part
by weight of carbon fibers having a diameter between 5 and 100 pm and a length between 0.1
and 0.4 mm; between 0.05 and 1 and more preferably between 0.2 and 0.5 part by weight
powdered binder (e.g., one-step phenolic resin, two-step phenolic resin, pitch, other
thermosetting resins, coal extracts, coals that soften); and 5-50 parts by weight water are mixed

in order to create a slurry. Such a slurry has between 5-50 cc of water per gram of carbon



The sanple was tested for Cryptosporidi um parvurn adsorption at ? fd@\rfrvédygte
+of 1.9 L/mn. of water spiked with 186,000 cysts/m . The conposi L d
better than 3 logs or 99.94% of the C. parvum The |oading of C. parvumis
extrenely high. Eience the material will performeven better under nore
nor mal ®&anoli/adons when | ower concentratgi ons of cont am nanPETAS/p¥tsent .
The water was tested for chlorine adsorption at the sane flowrate of water
spiked with 3.0 ng/L of chlorine. The columm renoved better than 98% of
chlorine. The sanple renoved nore than 98% of the herbicide |Iindane and

nor et haf;p2 Yeef exdmple Dot Qaciadibals 706 LATA leng@SHRAY e ianldi&, SaWRdFs-1@nDVed
better than 98% of chi or of or m when rloaded at 300 ng/L and 90% of | ead when

| oaded atof w4 pegyyKilogrrmbif éibers m@w bp aipdds dier iforiac of fatierdibeCatespWaRr areedtdnposi t e
(ACFC) a ' rci re t F+400) N
vater” r e e ORI Eeflen 0% St oo ZR IR e RE PR 1 MR
conc. ACHcHoRanbarels)y speraGidoodikivhl Ntd@hero itired@eOthe tendency of the carbon fibers to
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| 230>99110>99 Exanples 11 tﬁrough 21 relate to adsorption of E. toll.

Exanpl e heattisaimeat andaciipatiomangzlso @ugdupgddandeneiaiegelaplingésc of carbon fi ber
conposi t es mﬁgfﬁixi};g% cBlth%ﬁ.tiﬁ 5’9:&%%@9 inQh {gmin% Qk@?rﬁ:obix\q%r%pd Qn'ezf'@érg?)_r)

| ayered conposite, vol ves m XxI ng pi t chbaséd car bon bers

wi t h wat are adidd Duto ezvoriéd Gorred tbgmnpdgaatot.i Crafeashly, the bindeeisgfitst maxddowot ar esi n
to fiber af. 1 4 in a.dilute Z‘I rr%/ gPsIurry c& centratio? ata%t 159 .. After
mixi ng, FAPIMUGH ATRESF HPFT O ’°ch’6 28 PHRUS G081 GOTREIE Nt BF [ EMRP A
through avatdrl dsed dbigrmviagsUtienaaietrdpleoft th®dinal esrhpbsiie. X tReF eniamadtMeboirepyt the nol d
shape. The renmai nder of the slurry was added in increnents, providing

suf fi ci edfouptrRfvatesrusghtherldinki bratyer abays the minanym Pracieal amepnt KRPreduse Ay was

added, vaGiBk ¥R SHu d%lé Srr OTFoft Ch AR @RisbPopd! Y driGunt SFRalr NedVRHa§be

t hrough the cake ‘an
approximately that required to give a concentration of 2 weight percent fiber in water.

The slurry is transferred to a molding vessel soon after it is made. The molding vessel
can be of virtually any cross section (e.g. circular to make rods or blocks, annular to make
tubes). The mold has a screen of stainless steel or other rigid material clamped at its bottom.
The slurry can be filtered through this screen by applying an overpressure of air or a vacuum to
its underside. In most cases, an adequate rate of filtration is achieved merely by relying upon
the hydraulic head of the slurry.

The resulting green form is dewatered. In a preferred embodiment, this is partially
achieved by passing air through the form. Once dewatered by about 50% by weight, the form is
removed from the mold. This is accomplished by unclamping the filter screen and applying a
small pressure (e.g. 5 psi) either mechanically or pneumatically. This is often best done by
horizontal displacement to avoid distortion of the relatively weak green composite. The green
form is then dried and cured to produce a cured monolith. The drying and curing is completed
in an oven to a temperature dependent upon the binder in use (e.g. to at least 150°C in air for
phenolic resins; 500°C in nitrogen for coal). It should be appreciated that the rate of heat
transfer to the composite controls the time for drying and curing, but temperatures above 300°C
must not be used in air if burning of the fibers is to be avoided. Typically, small specimens
may be heated to 200°C at 5°C/min. The composite is then carbonized and activated by heating
it typically to 850°C for one hour in an atmosphere of 50% steam and 50% nitrogen or at 950°C

in carbon dioxide. Other known means of activation may also be utilized.



effect partial drying. The conposite was then ejected fromthe nold, and

. dried and cured at 200C, and carboni zed at 650C. The conposite wab! tDE€n 2002
activated in steamat 877C for 30 minutes in a nitrogen flowof 2 liters
per mnute and a water flow rate of 60-70 cc/hr. The burnoff was 8% and

t he conp¥eiop@4dias further activated at19877C for 1.5 hr. wPCAUSINAET? 1 ow
rate of 100 cc/hr. The burnoff in this stage was 15.7% giving a total
burnoff of 23.0% Including the |oss on carbonization, the net weight |oss
was 32% The BET surface area of the final product was 969 .. m-/g. A

col um of act i AdivatbnCRRFINSHst @An baVaGed by EHaRY 0D hdoAdo KtidhSgaRTitAcolEdrltdatigi, €SS
fitted wwth a 1 in. dianeter core extractor. The length of the col um was
3. 35 i n. ;¢ HlovoiAlsi he BMREREMEr theaBhXgicah cpRfiguzmtignt oo thRefugtrcenits 8. 0%, The
density Qfistfif\fiok QAdARE oERInGH prédendd@t aQaB3t @/ iffuenddforat 31MRICE aWBSnd BSESPefOF E.
toll adsorption at a flow rate of 300 m/hr (8.48 colum vol unes/hr) of
wat er s pidigsdbusion.hFurthsr, xhelgpe oppest agtivatiorEtreatments caphke impemeatedofFoEexampld, was
better t . (9 9 9909 | ~_hour,
and 2 1 ogeR5HEHE e aniA ek Bpctc BAYE ucoftucyBHBe Libhic bl rebiipdpod
adsor pt i ofizet distilsutian @nd hofate cliemiafl eGnee @rtsbnized Go lactivated1 the .compesifeloan b2 A
conposite s made from_20.0 g of. P 200.pitch-based carbon fibers. _The
ber s waPEhmed ot ds0ers Serio NS M- PASEHRELIeJOM™ AGBGTORLE I F0°100 cc
of water @nﬁosﬁte(ﬁner@Famumi.igcmémhsbw\waee acmlgdxit-,t%gt ifidAch4ygem.The slurry
was poured into a nold (1 in, diameter PVC tube) and then evacuated to
renove the watldrccordiacecWithisimnertap asperieefttbeiprpcskinvARtionpihg compepite foragd at
200C and ' AN 3. ' r S

0. 364 g1 o "R € s (i oo YD spal e pEEH I o BB B2,
f1 ow r at eflayf oB0@d mhirpgh thé materielr andeddydacedss Ito thedG@ron1filsr @Ffdced Fuffther. thenoval
of E. tol.l . D, % . f ur. (,see Table,b). nce

non- act i v'h?'\gﬁﬁ%!g%%%glﬁ?eéssagagég h"o‘%f gcée%’ Y te?liz)etrl’y&ée]y ?egrre , L'P % rIamri le_hbrlﬁs)%%'in?t 'E‘)’(vﬁr?ﬁl e 13
The col unsettié diStotthe fiev dfateadr iqddsabiougli daniakeriak di ff erent bl ocks of carbon

fi ber conposites 93, | and 210.. Th roduction method for thes

bl ocks give | aﬁ@_r‘g@: (éo%%éﬁ%g'e’é'&“‘lietaivﬂ\%‘f E‘FS‘("F?R;S S?Q@P”@Ii q3§',3ﬁ9‘b§i/§éﬂscar bon
fibers (RAESFeferiblyberidet suRtdidly702-817180. ot 16 B&kintinddasyithe édiatdonviei ght
ratio of resin to fiber of 1:4 to forma dilute slurry (slurry

concentration about 15% . After m xing, part of the slurry was poured into
a nold while wit®l-¥as drawn through a filter by vacuum and the
fiber-resin myfdd ¢ adapbsid Qoil Daume! d shape. The remainder of the slurry
was added in increnénts, providing sufficient tinmes for water drainage.
After the |ast par¥ofoluie fra¢tioniof fibgasinadoedsitevacuum was applied for 40 min.
to draw t he rem ivn]ierr‘]ag wat er through the cake and effect partial drying. The
conposite was en €jected fromthe nold, and dried and cured at 200C. The
conposi tes wer e acpivatretdensitysifeampaite8377C for 1.5 hr. at a nitrogen flow
rate of 2 L/mn. aQ,d_a water flow rate of 100 cc/hour. The overall burnoff
for the three sanpled L¥I¥ge 8T cogositey g | 9. 49 The tots! carbonization and
activation yield |8§£&%si&éyi‘dfﬂib3r7= Po gh’d and 28.4% The BET surface area of
the material was 603 to 620 m'/g. A colum was cut fromthe bl ocks using a
drill press fiThiggjlopsderivation pfihe gﬁ"ﬁW’é‘Bér core extractor. The length of the
core was 2.53 in.,\the, aupsgjde diameter was 0.91 in. and the weight Was
8.18g. The density of nmaterial was 0.306g/cc. The sanple was tested for E.
tol | adsorption at Va=M o¥: T ¥t €lpof V3@@& nil/ hr (or 11.13 col umm vol unes per
hour) of water spi Qeg wih 4 X 105 CFUnl of E toll. The renpval of E
toll was 3 logs (99’ ng PP 1 hour, and one log (96.53% in the second
Q‘r’]gr 5 ?ﬁgf‘g gg{n[f ngti%hgfcar A5 et 2oRSRAEL LS brérE3bly BnGudd'S Weah tnkRRbeS

spacing of between about 30.3-302 um and more preferably between about 42.4 and 73.1 pm.

This parameter indicates on average how far apart the fibers are in the composite and, therefore,
how wide the interstitial spaces are between the fibers.
The inter-fiber spacing is derived by assuming that the composite has a model cubic

structure: that is, the most dense configuration that may be achieved in an isotropic fiber



Exanpl e 14 The colum # 14 to be tested was cut froma 4 in. di arTFan‘g
scylindrical block of carbon fiber conposite F 919. The production DR6 02002
for F 919, which gives a | ayered conposite, was ~t n~c zooZ WO 00/ 04977
-35- PCRéHRd4d#099 as follows. Two hungged grams of P200 pictrajsefresesl car bon
fibers (12303T) were mixed with 10,000 cc of water and ~O g of Durez 7716
2-step phenolic resin was added to the m xture. After mxing for 5 m nutes,
about 3000 cc of slurry was poured in a 4 in. dianmeter cylindrical nold and
allowed to settl e .wat.er dran hr o efore
mor oo uFPPORE EEiperinEieNis e M Sess bR A e PR S EPeere
al | owed ($c@ Figd 129, Fider chdin ¥ i ank@bageofalddhiognt A, foextanipls pReEated cAftorr t he
| ast 2ooé_m was add@({jli, vacuym was. applied for %0 mn, to drawtg

r emai ni n§PEEt BY cPRIY5THR Obhenibeallof diTpension acta paythe flloying squationte CEiNsAsi t e
was t hen g igef-gkrispRMgi)ewneled, and dried and cured at 200C for 3 hours.
The cured conposite was then activated in steamat 877C for 4.5 hours at a
nitrogen fl ow ¥eatvelufe fractipmpffibesid vaiteglt er flow rate of 100 cc/hr. The
burnoff was 2%, 9% e material as 891 nZ/g. A

col um was cut7v°f rec())rln% %nggaﬁgﬁa@%%ﬂq&% ess fitted with a 1 in.

di anet er cor e pextdessity of unifiéudi dfealgbrhf‘bﬁrcbrhposutel |l ed core was 3.39 in., the

out si de di anmet er ,was and the weight was 13.03 g. The density of
material was (?fBéinsﬁyBgcalbﬂl?g@ |ég&5‘s tested for E. coli adsorption at a

flow rate of 3Q@redré BieldeOfibeBs Blgng:ﬂh'elﬂ)@ﬁpﬁé%] &m& uRR kel HoRéveWahRr 1/5Bf thed wi th
1.3 X 106 CFU nml of E. coli. The renoval of E. coli was better than 4 | ogs
(99. 998%vofuste of eprhffbenisdnciuded dn thegoit goidy Thus, texelnme Rbfiber imaunif redlds 128ul t

of bacteria ﬁg&ogg;{yon test are shown in Table 5 and 6 (note colum # 14).
Exangl e )I' Is colum # 15 was made fromthe sanme material as in colum #
14. The rret hod h@fvowmcmﬂ@bmsn 2 huit ecblmne of dmmqscais VrcT=|=1éVb‘urcMof fHenas 327 9%

The BET su a.,ce ;oj terni A L9l Gut (from
The Bracty o F r?llpé)/pés B Sl M3t oy Tl o AR RS TR e O
The | engtilesfiber bgacthgiS; ised core was 3.52 in. and the outside dianmeter was
0.91 in.. The sanple was tested . _coli adsorption at a flow rate of
318 m/hr (or 8.48 colum volu ﬁeE r58arY MBF water spiked with 1.3 X 106

CFU M ofThe.lasE &Vd equdiitis ARG YRl caRlilafion 6f0dverad@ mtd? aibeLipatif@ Bt AgilddSmpIHe998%)
for 1 hour, and one IO&{ (98.6% in the second hour. Detailed results of
1C

bact er i a I&BEYr WEHBAE 6 a#“é"‘;%h)éﬂherﬁn Tables 5 and 6 (note col utm #15).
Exanple 16 Th e uj f [ e
np & ﬁleﬁ’c?“né,ar;olvg rﬁ'% B %ﬁxte ¢ sW@@m% %nZ O.A((ﬂiq]? ilfar 16 colbrAfTRH &h

cylindrical bloc onposite : e production nethod
for F920 apkrrddnceimith sheapreviobisly dessdbetbmpibed.t dsvhewamsthé ANdFEBIter TRrindudesiadr ed
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4 : : r re adapte o]
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appl yi ng a vacaditicaed, 26 ATFs byl fsfinkRABAT dn@ishéebratib O htdeast 4:0NPleheabiptid, and
cured at 200C for 3 hr. The di fference between this material and the ones

descri bectchrate cathon fibers utilizad ip fedilign L0 have an aspesnratinyefat irgstd0i! angtilhingteur e i n

the nol d girgbianerms!20:1 ARG ard sw}é‘c&qg%bx%xm%ay% loe6§%t bJH? offoindt Reref 1 Ders
to settle and Creating a conposité that was not”|ayered. The cured

conposi t eprefarablyhenvegn substantially Al-43°6 duwmeff WoT @ctivation) Shmbloclmlscahaquatqumgen
FL Ot 2 SRl o Mafbon Afin bt Hefle LRAETLE ol dDQuRBLRINT o1 Fhcp Gl R T v

. 2% ace area of A colUm was cut
f r om t he rhbrepkeferably etaveelt sdbstaptidlys0.36 ¢+ 0.86 giomt’h Falldwing acuthaaafettmcmbate

extract or. The | en tdh of %Fe core was ﬁ) ion 0@nd t he out si deql h?arret er was
0.907 i n.has#pactyaisd densify of pervesysupgpntially 0 05;0- 33 &/ pinddnorg Prefer, feveste of
328 n / hreubQintiily 8.0960049%g/cm®. As a result, the filter 10 is characterized by an extremely open
structure (note, electron micrograph in Figure 2). In fact, the filter 10 has a ratio of interstitial
area to activated carbon fiber area in cross section of between substantially 3 to 1 to 20 to 1.

The result is a porous filter 10 replete with extensive tortuous pathways running through its



vol umes per hour) of water spiked with 9.1 X 105 CFU/ i of E. coli. The
Jremoval of E. coli was better than 5 logs (99.999% for ggr ?(%UZ? | ogs
(82.2% in the second hour. Detailed results of bacteria ad BF est
are showo 0o/49Pabl es 5 and 6 (note colam # 16). Exanpl e FPETUHY1498Y um # 17
was nmade fromthe same material as colum # 16. The nethod of meking is
identical. The burnoff was 25.2% The BET surface area of the material was
5~0 nmZ/g. A columm was cut fromthe block wusing a drill press fitted with a
1 in.. disyagt evinged, da&¥id, atfdics ahdrtlef REithmdant RE IGOEMcHABLIS MG followand t he
outsi de di ameter was 0.907 in.. The sanple was .tested for E. coli

adsor pt i theseRethyays. dygneratly bagteriaze jargen thap gie pgresin e pelivated sarboreand ds theour ) of
water s f i was
better %ﬁqg%%gépe gadéQQQ%t%%mwﬁg)ugthgg}cfg%’ﬁgmmm?p é{.adlnmg e{]lﬁytﬁ@gsecond
hour . Detagietieéhsideshd ¢o;mp@SlteMbtwerg amcensl othp surfages Qafshe mtleat%wbpm ﬁ’oefsabdtes 5
ﬁg?erGl gr&%tﬁ Ctﬁ ll')ound# arie of Iﬁf é%tllptleresté'ci'e%gatgw? 3 glgluw ht baﬁpefl arcT effectl(\’/?)lpfu

i nvol vedrdpped. ng 24 g of P200 pi tch based carbon fi bers (R303T) vvlth 120 cc

of water and 6 of Durez 2-step phenqljc resin m xing, the slurry
was pour ed inl(tég l%F‘meéecfafeaﬁ?aé“frh ‘i'fje’ P‘BVE\?@:S Hilabers\ﬁhg‘teémf’ﬁ@“?'?sbgr resin

m xture @dapss &ih AGhdP! Acedhiangly m@t BF %6hdl BbMBSsuBthlcOPaes R ﬁﬁ?fn'Ea'nﬁ:df or 10
seconds before applying a vacuum f o mn. to draw the 8 i DEC 2002 WO
00/ 0497wccg&blemrrﬁmwpm@wan@m'rrvmganw@r conipmingMs.t Nhileahe visuses @fﬁf ect
parti al C: e | d.,at 200C
For 5 ol 16 BAIG keI BRPharh e phASTe Betne Mol 8. 270
hour s atexgensive lex.tgmal dartow frtet eurfabes3th@® defing the tamuobus patbivays chareateristt ef Gk 160
cc/hr. The burnoff was, 41.3% rface ar. e terial, was 1146
o o TR et s el haSE e ARG R Srihd o ey B has
hi gher bdmwinie ﬁlMﬂObh&e@@d’sEﬂt&rﬁveﬁﬁdrﬂ&Is@hi‘fcan‘ﬂy eABEREPSVieP BnyCAetiVdIdY daenmade up
fromthe_ 3.68 in. long, 0.99 in. diameter sanple. The weight of the sanple
was 15. 2@‘% e”FT‘Pé"’EéYﬁb'P'é'e\Nh@e?’ésted for E. coli adsorption at a high | ow

rate of 3000 H‘s&m&ild (b@rapﬁr%c@teg(?ﬂdt'm Hx@&e‘rlf"ﬁﬁerﬁ% J&%Fnles%f mlé‘(%c%f RRAKmg W th
1.4 X 106 CFU mM of E coli. The renoval E. coli was better than 4 | ogs

(99. 998%pnfagrinatsirem aTlid mmr\phqtbm tlmﬁusit%rpmds T tieptrep® 9fianliquisiestigpm

sat ur at t
dsor pt | S YESEE ARORE scpek At Efholi Egiir3s BOSch SR INENE Mlasepiliugh, g
00/ 0497 7an_3GFCHUEl UBe@in] th® FICHEK empist; ofdi b‘ﬂsewmt @ldurlmttcrntimef itdeasf é11, thiei s

sanpl e . 00

o toh: bada b eEEa et vh WaBE abl st GEEE Y BBl 2B 0, o
phenol i c4x%duting akkieatious &d thofloarhias & civad dénsizy oflisshwacatsetantial Bt (eROT78¢cnB77C f or
3.5 hr. at, a nitrogen flowrate,of 2 L/nmin. an wat er .flow rate of 160
e hour . STHBOTBrSORRY A6 023 59, SAon CrBeR Ui PRt BEHVBHOR T aF I o
1148 m / gensitPtof Hehiden tsbstari@ e 0.65L0. 5 g/dai’ adiar mbkér prefetablynam76-0@9eaydnicer
materials. The density of material was 0.326 g/cc. An adsorption colum was
made up follgying agtigdion.n. | ong conposite of diameter 0.988

Advantageously, since the carbon fibers are rigidly bonded in a composite monolithic

body there is no movement within the adsorbent bed such as might occur in a bed of granular
carbon. Since movement often results in attrition and the production of carbon fines that may
pass through the bed and carry contaminants, the elimination of this movement is a significant
benefit. Further, movement can result in channeling that gives inefficient adsorption.
Avoidance of this problem is also a significant benefit of this aspect of the present invention.

The following examples further illustrate the ACFC aspect of the invention, but it is not
to be considered as limited thereto. The protocol used for testing MS-2 bacteriaphage and £.
coli bacteria adsorption from water in these examples includes:

1.)  Connecting sterile, size 15, thick-walled Phar-Med tubing, using screw clamps, to



in. weighing 14.91 g. The sanple was tested for E. coli adsorption at a
- high lowrate of 3000 mM/hr (or 65.0 columm vol unes per hour $ 10DEGR0R2r
spiked with 1.4 X 10 CFUm of E. coli. The renoval of E. coli was better
than 99 9998% for 9.5 mn. . The adsorption was ter 10
Vgobore Saturation was reached **Detailed results aﬁgrﬁg%ﬁg???%ns of the
E. CO|I adsorption test are shown in Table 7 (note colum #19). Exanple 20
The production rret hod for this sanple was the sane as that for Colum # 18.
It was made fro égdifr P200 thr{ﬁh based carbon fibers (R303T), 120 cc of
wat er and 69 01‘" ﬂg?’&ﬁ"’bﬁ ¥f'c resin. The cured conposite was then
activated i) GdnfadtingisteRie! Gizd 06 PRar MW bk 18 tHel ihAIQRGE Pork lbOWHe! flief ugf‘l%
L/'mn. and a water flow rate of 160 cc/hour. The burnoff was The BET
surface area ofeblingadeptessri al was 765 nZl g. The density of mat erl al was
0.437 g/cca\No the two
previ ous cgl)un%grakg g?c‘)tgrplg? gﬁﬁﬂ(l: comﬁgurgmryangQLJM%PE‘OO%H&&%T%GI%n | ong
conposite df) dil:atrwtﬂlzeowﬂding thtoug\)eptgﬂm hﬂgdstﬂtdfsé’cugmgﬁwmng)dnetowas tested for
E. coli adso)rpEIJ ? hlq 9 rate %t ieg /hr (or 67.0 colum
vol unes per ’hou"§ "%\%ﬁe O ?5(8&5\%"??9 TR B of E coli. The
removal of 65. Setting devasd patgifd ratehan 3 [ ogs (99.97% for 5 mnutes. The
adsor pti on was stopped after 10 m nutes before saturation was reached.
Det ai | ed rddul TEMAHPFIAR: t i ons of the E. coh adsorption test are shown in
Table 7 (nqtye eqbikmy tRhe. Exanpl e 21 The production nethod for this sanple
is the sane as that Tor the colum # 18. It was made from 24 g of P200
pi t ch- based-)caPboningalyelume(IR3GEIF)liquidtatdy thodughdheefiltaticht & gmoimBuroéz 2 31
DEC 2002 WO 0004 14999 step phenolic resin. The cured
conposi te was tfge?lz‘g% 8%4PE§I|€‘H§§?éeram at 877C for 3.5 hr. at a nitrogen
flowrate dD)3TBnmignfﬁpurmmd a water flow rate of 160 cc/ hour. The burnoff
was 21. 9% e BET surface area o erial . was The density
of the mat é-r‘-r}all"ctﬁé@t"?ﬁ ﬁi"éob‘fﬁwm‘}\ﬁft estet”ljt%flq‘t"ﬁti"?“ﬁ‘a‘t"g'? VHPS B éa%tfﬁ' Y #al f the
burnoff of the wingwdees il m:r#n&&faodo#oﬂ&garmnﬁéﬁﬁét%wn col um vas
made up froma 3.69 in. |on nposite of dianeter 999 in. ighing 19.79
g. The sanpke \Pa%mt"tcsfﬂw'zred% t@ma:%?m staa@dwmdﬂmtrvavseé hwath the SW"raaE’e of 3000
m/hr (or 63.3 I i | 05
CFU M of E. cSfﬂe%éwraé%@?"?g&mm“%)V"ugé ot @A (ifthif £ bgﬁéf'%(gg 99%
for 5 mn. Thecartiswmﬁtw wix beateris vipgHesterilé magnetio st bar fdyelfepmresmelir at i on was
reached. é}l l@q}“&%‘f‘ﬁ“@’ and conditions of E. coli adsorption test are
shown in Tabl fum #21 ). Table 5 Renoval of E. coli from Water
by ACFCs ofl4Di fCheciingmpingsiht nmul{nEd taqlid dhatrZREod plapibg IntE4GfeiileIbli&ctidb4d. O
E+051. 3 E+061. 3 E+069.,1 E+059.1 E+ y0.
act 0. 3060. 3610."5986. 41H 548 f&?ﬁl@éﬁenﬁ%ﬂﬁfﬁ%’ﬁ‘n%&"ﬁ‘ ORBYLES
(99 0. 5199. 9967 66rBhRdm 9P th8 ITAICacRAS 4280 2GR 0ARSIFHhude BO takdP Bof 4 5I96. 55399.
3298. 57782. 1995. 22399, 9938. 4687. 879. 8473. 247. 5841. 76443. 59599. 83233 33699. 2
9943. 59 (Fl ow MBAEx awha Beginnipg spntrobmyst hegtake, farthe\nsymatsikn (Repeat this g
concentration nLaRge @Fall%eﬁé%%@rﬁ offﬁtaﬂ-rx@%% hout tht elbéringddy WO 001 04977 - 40-
PCT/ US99114999 Table 6 Renpval of E. coli TromWter by ACFCs of Differing
Densi ti es [IB:)célojleqtingsamples in- s@rilgSioliggion+@Sifles f@ﬁ@@iﬂl@nEp%Pfa" l@r069. 1

1513141 S 6171 RELTHY FEeu m e e B e et i M Bt so00.

(Fl ow Rat e 300-Fs28ightr/ fluw (adks3satps oadrelnakeny rbmnedllectjon fort dsidg a gtenileent r at i on
range of syringe and were taken more often. At lower flow rates, samples were taken
directly from the end of the effluent hose and taken at greater time intervals.)

16.) Continuing to collect effluent samples until the desire time of filtration is

complete.
17.) Taking final control sample.
18.) Turning off pump.

19.) Serial diluting all samples in pre-made dilution tubes containing 4.5 ml of 1X



2.86X 106 to 1.4X 10') Table 7 Renoval of E. toll fromWater by ACFCs of

» Differing Burnoffs Burnoff(9%41.241.220.120.1[E coli] (CFU n3{.gkcExpl. 4
E+069. 1 E+0S9. 1 E+OSDensity(glcc)0.3220. 3260. 4370. 418Exanpl e
#18192021Renoval Time (m n)Leo%og ;%0 : %g:to g; 5599. 99 ;

99. 974 ;90 ¥9473599. 9998599. 99981 ; 982%22 : 99. 388599. 99 %%33593@8933 ;

93. 941 ; 98.349.5399. 9599. 9998 (Fl ow Rate 3000 m /hr (63-67 columm

volunmes/ hr); E. toll Concentration 1X106-1.4X106) Summary of E, toll
adsorption studies from Exanpl es 12-24 Fromthe data in Tables 5 and 6 and
Figure 3, it is appéneshbrofhall thpsamples aeaiot gons tethe ingradistdly eracersedaXes
with conposite denglki brbth@HE8d Be us§+_gure 4 and Table 7 illustrate that the
ef ficiency of bacteria renoval Is also dependent on the extent of carbon
burnof f. The s2hpl Aftesi setial 4divtidnsriaod bech Comphats] Bd sample8R)oulyl besplated g of

renoval while the s I ith 20% Db ff (Colums 3~ and 36). onl ives 4
oae or "1 51" Dec Btk ipr R A itus) BCRNERBYe FBg 00D chmduiiRar
The data al so showamblkaladdge anePashd @&hédgrofoestove at | east 5 | ogs of

bacteria at a flowrate of up to 3000 mMImn (up to 67 colum vol unes/ hr)
for an inlet céhtefptingspmplenin duplicaty tq erhicvpep Ayeragprawnt fofey ifup pelacteria.

concentrati on of, Fineflilg s &t PCORSRE pkiddd el i B Skl Bl & o0l i the

renoval efficiency was at |east 99.999 o The concentrations of E. coli
used in these @kpehfereincubatione ramayinghplghefromhte infrbrtonsod dowsingthesei teatced
under normal condiflons, A, MBLGEe ! 5 EFITBRY - pe FHITAY ¥ b?att,k b1 S e,
conposite density, Pht er-11 ber spaci ng, voi d" Vol une, “actt vate conposite
density and bur nof Bacpain &REIFEN) sounting sradolia tiecdameammnner. Exanpl es 1-21 is set

forth in Table_ 8. Table 8 ACFC Properties M52 experi ts,Examl e #Cured
Density (g/cc) ?‘ﬁ} eRecerdins, th%ﬁélﬁ‘f’?fg"%ﬁ%r‘?fn?%f‘ﬁ CWRff{Té’r‘TcF E}iec‘?‘gﬁ'f%\cfjf“i‘?faf‘ed
Density (g/cc)Bur nQhith they were counted.

(99 10. 3966. 479. 50. 3328. 020. 3966. 479. 50. 3328. 030. 3673. 181. 10. 2434. 840. 4949. 8

74.20. 3828. 1502%b48vpaeinebe prgouBpamymualtigyingghena yy Giejr corresponding dilution _
| 70. 5443. 871. 60. 4359, Rf) ﬁé%@ﬁ%}%hggg @%%{Qﬂ@ﬁ&%}'sggﬁeépﬁ@- Plls ¢efan’ col i

experinents Exanpl e #Cure sity c)Inter
gives the amount of virus or bacteria in the original sample.

Plate | Plate2 Avg.plate Dilution factor dil. per plate PFU/ml

25 25 25 10E+03 0.2 1.3E+05
Sample calculation (virus) = ((avg. plate *dilution factor)/dil. per plate) = PFU/ml in
original sample 25. Take the log (sample/control) to calculate logs of virus or bacteria removed

from the filtrate by the filter or ((control-sample)/control)*100 for percent removal.

Examples | through 9 relate to adsorption of MS-2 bacteriophage.

Example |

The column was cut from a large block of carbon fiber composite OR 190. The
production method for this block, which gives a layered composite, involves mixing of
Anshan’s Carboflex® P200T pitch-based activated carbon fiber (R303T) with water and Durez
7716-2-step phenolic resin (OxyChem) in a weight ratio of resin to fiber of 1:4 in a dilute slurry
(slurry concentration about 15%). After mixing, part of the slurry was poured into a mold while
the water was drawn through a filter at the base of the mold by vacuum, and the fiber-resin
mixture adapts to the mold shape. The remainder of the slurry was added in increments,
providing sufficient times for water drainage. After the last part of the slurry was added,
vacuum was applied for 40 minutes to draw the remaining water through the cake and effect

partial drying. The composite was then ejected from the mold, and dried and cured at 200°C,



Spaci ng (micron)Void Volume (micron)Activated Density (g/cc)Burnoff
+ (9 110. 3673. 181. 10. 2434. 8130. 3770. 880. 50. 3032. 0140. 4752. S7S. 3@ BOLER. Wiko. 47

" 52.S75.30.3627. 9160. 5443. 871. 60. 4125. 2170. S443. 871. 60. 4125. 2180. S246. 072. 60

L3241 . 2 7.273.20. 3341. 3200. 5246, 072. 60. 4421. 3210. 5 371 68 4221. 9
Exanpl e@&q"’%“‘}éﬁl DE C 2002 WD 00/ 04977°* 42- PCT/ US99/ 1499 éE.”gcoh is a

standard bacteria used in testing of bacteria renoval fromwater and was
used for nost of the testing of the carbon fiber filters. To illustrate
that the renoval data for E. coli translates to other bacteria, a test has
been doné“q“iffbmﬁéd%‘&ggﬁpti on of the bacteria A hydrophila. The production
nmethod for thirge cABRASAI CompditE WabBRen RARaRE iR sleamNat 8H7ROBHER: hdhird Bt a | ONQ
col umm invol ved m xing 24 g of P200 pitch-based carbon fibers (R 03T) with
120 cc ohitipagneflovare @ gl /a¥in. and g ayates iflewante of d &k ¢athouns Tee burpoff was 1¥hand| urry
was pour .0it e I LRy, PGt I -resin
m xture g%a[%)t? ]scg{bgnitzﬁiaoqﬁo 8%‘%3%’2%@8&5%2‘%2?? é\@ﬁs“ %a}?%eogv\%gglﬁgatcgg&e% Fgﬁ‘% or 10
seconds lbafeoinlevaaBp0 /gy The dacityof theactivari matdrial i3t glec.r emai ni ng wat er

t hrough the cagke and effec artial drying. The conpposite S ejected from
the nol d, and%cﬁﬂlgﬂ" é(‘fasfﬁb%fog‘o?hefoﬁ'@ﬁ?'éﬂ ULRE 8 fr 'oﬂ’ﬁ%?sﬁt\f,% Wé'Lat]hlé‘n

act i vat ediaitep c6raBxathct &S OLive Yiecds of BRUMStedd!, all Rbsuta0EM ih] RWE Wake stdked
L/mn. and a water flow rate of 102 cc/hour. The burnoff was 38% The

density éfsethariBaicalumpde makeusa torad dengilrpf 4 @dnrpith aerlune washia{d 2#h8e up from
the 2.01 in. | ' ' F T L ght thensappl e was
8.19 g. The sz(i:%rrpn'?;hé1 %@%%gﬁhegth?ﬁg?%desgﬁgﬁtﬁntoo?%&%%r ég Flﬁhbggﬁygrati ng
t he conpawientenviptahcolinie packed stidhr ¢amamergiklin availalge granolan metiafedtdathon dGARH) .

20cc of L1 EFarl an ol ion,.0of A raophila contai.ning a.total of
2 05 CaltoR FLE6 TEREALEBEn Koh eifioutin BXST ROLaBor AbRNN DbaBiid e

al i quot s evahiagedcfor & etelcbasteribptaky, MSL2. tVitisfremisval dds Marl@dly thdre rffeveat yn 50 ni
until 1 liter, of sterl sal i ne_had been ssed over the colum. Aliquots
from eacﬁvetg@f %e%@ﬁ‘ﬁ §eei%pv€f’® (3551 Fighr 32- TﬁaﬂCantFu‘%@owaétpéﬁkf e
except t REth30RCALIhaTAEIwRile the ACHC &luiadEoripdstd &t BolddddisksPdficaMpdsite

contained 1 CFU/ m . The total decrease in bacterial count was 7 |ogs or
99. 99999 sugkedhiaamppach opiwrgfhednlet eansemrstipbal vitusnioxhe CAC eflumsyas 282x105) | and

Crypt os bigh U e i f i erial,
ah o Wy G Pl ESRERIE R fo HICACKC Rkl TRlRRG Birok B 0
of P200 pintesite B#Seld’ Pkioh flhbeAGFQ IcoROB Tleanlyt dutpe2dmed thé Gt eolumnd Ag of

Varcum 1-ste henoi i Sj After .m.xin e slur was ur into a
ol G g eShsERaASARk of 164 %sthe fehe il Bentlfon it bsel S Rk ErouB 0 2
t he nol d psthaperhe TRAC nexdhed ebrawkthralghoafed aboutSEL? IheudsOmwhild tisee AMFAS rebehkdr e
applying,a vacuumfor 1 mn, to draw the renaini ter thraou t he cake
Y 19 pfeal BT b abPor D b neuts TR st o Wil AP ee E LS SO M5
cured at 6¥90CI(*PFUINNN 39 X18PFUHGr A0S i\ OBC 1dQechivey3- PCT/ US99/ 14999 The
cured conposite was then activated in steamat 877C for 3.5 hr. at a

ni trogen fl owToap@mafizein magefletailthe adspention resubisfor deeeAGFC figr eEhe dLrsent The
bur nof f ARnRG, Hebsark Tespddl foP V-2 b8RerRbhiddC reRIET 4t3! WP RN 59%high: The
density 6f Prat ’e?ll asla agsvag.%SQ g?cc. An arg)gorégtlron 00:1 urm&wwaé made uprfrom
t he 3. 73 (6.66 calemyyol@mesthr) pfvatehi spiket avith2e6Tpl € PFUal of VISRt Tbé remoealodMS* e was
16. 36 g. ,The VRl... BRI , an s . det erm ned accordi est t hods
descr bed it tEREr a3 1GB0 o QB R AR AR R8s 2662 G4 o bted Y FbliSes ane
pr ot 0zoa Drtatled redulcal ed colunpastetidshessiowafii ablé hécoBitin # NRhd asndlopPRimoval in

ot o 1 ehiF2 (908 Absclha i et B s neisd eabpn AR e sesshameeer iy
art in Tables 1 and 2. .

Example 2

The column #2 was cut from a large block of carbon fiber composite OR 190. The
production method for this block gives a layered composite and was identical to the procedure

used to produce column #1 in Example 1.



1.4x108) 1 Hour 99. 9993%99. 999929%99. 93%3 Hour 99. 99999| 999. 9999%?.9@30/2@
J Hour 99. 9999%99. 99992%99. 93%40 Hour 99. 9996%©9. 999929%99. 93%45 (og#3do1
999. 99992999. 93% Exanpl e 24 The production nethod for this material which
was nmadewva®084927in. dianmeter, 4 in. |opg columm, invol ved PETASIY1428 g of
P200 pitch-based carbon fibers (R303T) with 120 cc of water and 7g of
Varcum 1-step phenolic resin. After mxing, the slurry was poured into a
nold made froma 1 in. ID PVC tube, where the fiber-resin m xture adapts to

the ol d shaperhe Tdaghofizdd Ub@pd¥ns vads! @ dcitvatedshtd@nt f s1PCSRE ANRsurdef or e
applying a vacuumfor 1 mn. to draw the remai ning water through the cake

and ef f edttrqgan flpy|ratgpf,2 haninmand avmigsdlomt ategdd Stpadeaued The brmefhwanti®e andind
cured at Theehied; I {0 t ' i am at
8770 1 or 5 B berfalbn snl o SRS o o s B K ol e e
of 100 condteriat wasT$09 niptg. riiefdensity of the @0t valdenateinbwhy/0.93 ghmt eri al was 0. 313

g/ cc. An adsorpti.on col um. was de up. from.the 7S 1.h. lon 0,961 in.

i ameter sanpi R =o9a s AR i Heke dRipe & Wl iss Fik ot L W amPigpere g pry
was det erexirasst. ate Mngihnd thedcof€shs MBLMPOMS o0SiEE diaRrekr iWas BBC tih.aRd th¥.welghe 1 nl et
concentrations of bacteria, viruses and protozoea are indicated in

par ent hest® 148{ & the BRI, VR and PRI, respectively. 3t arc 200 WO
00704977 -44- FEThiiSIR 4303 fbeNGINbIEOMHEL Ulorb@rPUIRY A0 IR €

(m 1 min)3. 7513.9444.020TI ME B R (S. SXI09CFU n)V R (5. 6X10gCFU m) _PRI

2. 40. ~ Hd&13%0n0ordeeshoof0sme. wigut 0900880990 /8. 93090 uh ME-0 658

Hour 99. 9 %29 £2998%8 0.2 99, )9 9 9 25 The
o oduc i QE OOy r e L asa R g PR R NG =,

i n. | ong thofUrnr. Dewitddwesbltsbfiing adsbrgiooftesR200shpivh dh Titdeseicandar (bae chlivher s
(R303T) %gh 120 cc of water and 6 g of Varcum|-step phenolic resin. After
m xi ng, t slurry was poured into a nold made froma 1 in. I D PVC tube,
where the fiber-resin m xture adaptj to tge nol d shape. The m xture was
allowed to settle for 2 seconds bef n | ying a vacuumfor 1 mn. to draw
t he remai ni ng water thrqQugh the cake and_ effect rtial drying. Th

conposi te was Bicetdiugn T#So'ﬁl ‘?%&Sﬁ?ﬂl‘ﬂa}s S ey rthige égg?eﬁ@'PW of WF‘?"_"T&@rcured
conposi t &okpssiteNOR 1851 198ah&910. NTHRtpRRAL @ Meti{dd bPTheék BrodRE, - widh dveliidyeRgen
flowrate of 2 L/mn. and a water flow rate of 100 cc/ hour. e burnoff was
40. 0% THemResH st ipvadyes paixigi BA00\pitsh-hasd aghor dibera{RIOEOr with watee andiRHredas

made up Q. 975 11.. di o : D~ | t I wel ghi The
sanpl e vvg?;”?ezgsg%d&lfe}éar]m .él?gif%%ﬁrrp{oi %fnﬂeg? t%ﬁ?%o(\;/}v %frgggp&gégjﬁﬁfl?m (or
132 col umensentratimmsabhut) 1564). wifteemisipg lped qﬁmemwwm@ommm molfl skapet dhk. The
romovel | Qmbng s e el i e B e b B e e
accor di noaftey (Hehist pdet dtowle shieryowashatided, vaGeat ivanapplied HorS40Thuyes t61 ARV theS
benefits result frome I%%/i tge&poncegﬁ of glhe ACFC s of the present

i nvent i o SMARINEMEECT ARropgh ¢ §‘r‘]%r"8 iefadt PeRt dywey JOF GPMBSiES VEE P MG i | ter
or a cl eaforiHe@idldl idriBkanduvat220d°C| dfcarbbiigedRBPEE.te filter has an unique
open internal structure and a large reactive surface for adsorption which

allows for nore efficient and rapid renoval of contam nants that is

Ehtr ?Lg?bl & W U eCRMpELes WaR thid AdiiGhdd B st@hPRUWHC Rf U1 ViRduRCht GHRRES flow

rate of 2 L/min. and a water flow rate of 100 cc/hour. The overall burnoff for the three samples
was 29.5, 30.5 and 19.4%. Total carbonization and activation yield losses were 37.5, 38.5 and
28.4%. The BET surface area of the material was 603-620 m*/g.

A column was cut from the blocks using a drill press fitted with a 1 in. diameter core
extractor. The length of the core was 2.70 in., the outside diameter was 0.91 in. and the weight
was 6.75 g. The density of material was 0.237 g/cc.

The sample was tested for MS-2 bacteriophage adsorption at a flow rate of 300 mi/hr
(8.12 column volumes/hr) of water spiked with 8.0 X 10° PFU/mI of MS-2. The removal of
MS-2 was better than 3 logs (99.95%) for 6 hours, and 2 logs (99.72%) in the 7* hour. Detailed



this efficient adsorption is achieved in a relatively short contact tine
~and with |ow pressure 31 DEC 2002 WO 00/ 04977 -45-  PCT/ US99/ 1819 Ce @R gy
requi renents. Further, no channeling or by-pass of contam nants will occur
when i nwio poday77t hin bed as the filter 4dgs a nonolithic bodycmusdviube fibers
firmy held or bound in position. The foregoing description of a preferred
enbodi nent of the invention has been presented for purposes of illustration
and description. It is not intended to be exhaustive or to limt the
inventio ! ; I S V| L i ons or

vari ati o%éﬁlgrogh%o\g@?g#é%u%gFe{%%tessg{?&'t?ﬁgragggvdé’(a? Z'é‘gﬁ?dr%‘gﬁs“?@or exanpl e, the
carbon fibers may be preactivated bg;ﬁﬁep xing to formthe slurry used in
production of the conposite filter. dvant ageously precludes the need
for extensive.steam activation.of the.forned conposite. VL. Filter

Corpr 1 st ng. Fr 40 SOPFD S B sl A SRTBEEH el biobk b frdan pect
the pres@bér compesiteiFOIR. | The(prédi@iicttnétiodf fol FEIRSvHIENEIVes @ildi@relicBMpaditeivaahed
carbon fibers. The discussion in this section relates to such structures.

In Sect i SHlovsadure, hunfred grams, el R90 pitehsbased icprden Eberp 683133 Weromiyedovith he
present i 5u0eRlk QRreRlaRd 5 oRBIRG 77 1% ﬂ&&@éﬂenolm@siPW§§o@§d {0Qhe ARlchA! NGiep free
activated carbon fiber frliter capable of renmoving viral pathogens froma

| i qui d covipng fass plirgdsnéflact piydumyd wenipyoed i bdris. dismeerciottiamold iamdler and
appl yi ng_} i near c | on he axis he.cyl inder. thus compressi.ng the
fibers. i{lé“ljegaltooge%% ﬁ)ﬁge?g 'o‘;cv)%f%t é(ttfr t" %sfeﬁ?tlerﬁﬂi%} P 5P esglfrgd ’Sr\;F?lfre & f1 oned
al ong t hinceerieatsaff 200 ec.c hdhnideremediiic hllaved ab satlé e 1aninsbefbreadding elsshexn. The

axi al conpression_described s but one n conpressjng fihers and

ot her moANe” B 185 AT Sokisrh Pl B dPPIEAOREL ™ 1 (i (b ARG et
Pressur euéighfe chkBRADERDEPar@ARPSRL THRL6HkpEsTte MAs theh @Jcbied fBMARS Idt, agdi nst
the fibers placed in a hol?om/fornl a |l evered pressing elenent, and a

hydr aul i drigs ad surediat 200°€ dorpchouts t her under st ood that the cylinder could as
wel | be any o : > | &4po I I i al
conpr essi on o;mfgE‘éé?]?@g?ogﬂg%ggﬁeﬁgﬁgﬁfewrpt aewal%:??vg?%é?:g?%gﬁi?ﬁgg éﬁ can be
shaped i fiow rate ofidurhar arshmpatet flow edtecfaldd aphage The bumdif atas 2B.o%. TherBEEr and
opti onal lstrfchreea% I Qog f.ia er S ga"ﬁ/ be selected froma range of dianeters so
that whe & &Ed O BEBPKLF W358° Mi8er stitial spacing between the first) and
| ar ger, di anetaecolimbenas cii frdm eHeadelkyusimgnf drilinpress fitted veidtCcONdn. disfetsmadré er

di aneter fibers, apd so_.that sucgessively smal|er dia er fipers wll
closel y EYHEEFmIb P’Hgtﬁ REthe SRS ‘?‘ﬁsrc?gf%i"ht 'SF 8‘("?%?3?@&9&3'&-?@%{ Weé‘hdb '?‘Flé"e{ﬁéfi ous
sel ect edwaggeg. THeRRhSty MBhatdral waloetgen of fiber dianeters and | engths,

t he size, form and sur?,ace area of the interstitial space can be

subst ant i al | y Teesamelp e tesied faraMe-2bicrtienhags adsoption pted flaw sate of B3 Mol d be

possi bl e (¢ b BiShRbRmhbRGord £d With 9988 10AFR0 Al Y, ted
car bon fi(bers may bem@%)rrl?)ione Wi Fﬁ ot Eer§rergt]gr ?gf@l%g?k%?f f@?gﬁrﬂsiﬂgges, to
control M32jwapEete0tan woog0(VPIA%) far6s herEs,/ 48D logs 9B It isr the 6t teur.

and opti Gaird FpRSSichs et S SRR TolEs B PR o
bacteriostati c’ agent such as cl osel boﬁng silver or other bacteriostatic
means to prevent bacterial colonies evel oping on the activated carbon
surfaces. Ho er, .to sure that a filter. js serving the functjon of
renmovi ng pat \kll\%ésng"'wn 3?2%3%5?3‘?%&?'8,{I‘%ﬁﬂ?%PlC’gﬁggﬂﬁﬁrgh af)é?‘”?’ﬁe’&‘{)r re}gfﬁ'ﬁt

i nvent i oRctivasion) RROBEALF Of thie Mivdtdtial kiad 8. 13! THaEBEIR§UMAGLASa of the infatériHp @at ant
that the filter be tested without application of chemical agents that
provide &Rt MyBot i c effects. I'n one enbodiment illustrated in Figure 7, the
copr essed w ¥ oAl o B B R e By
fill in tekeactant dhetengthaf thepavewisek Midenthe loatsidadipmefer bas 8.91 ar. andithe weight
successi \(‘sals 4§ma| | er and parallel interstitial spaces along the axis of the
fibers and continuous in the axial fiber direction through the entire
structure. |n Theissmpleiwaditesedt foi MSchbactetioplage aliddattion Aea fowaafoft30€ mi/hr

interstit] spaces created is nuch snomller than the fiber nmenbers and

uni f orm t({ils%)ﬁﬂﬁmf‘H@'@}eflﬁf?t%rvéa‘%{rfﬂ‘i&%ﬂ“ Sdf| \PDBEU%’HrﬂfM$‘EedTrﬁye?‘ﬁéa'cﬂr}arret er
of the fiMISnSvasBbRe tRA 4 133895.09940MifHD HOXATR RS théh A1 s Boldobfet BRI Hauf.i | ter
of the present invention conprising free ACFs and also illustrate how one
nmeasures the BRI, VRI and PRI, as per the description in the Test Methods
described in Section | X below. It should recognized that while these

pat hogen renoval indices relate to a flowrate of test fluid of 100
m/mn., many of the filters of the present invention will exhibit simlar
removal benefits at significantly higher flowrates. Exanple A Filter

4= p— e T Y T o r M. o o, = T




a spacer, and a one inch dianeter 80 nesh stainless steel screen is placed
.into the bottomof the tube. Fourteen grans of Anshan's Car bof3l1eREP22000T
pitch-based activated carbon fiber are added to the holder. An Oring, a
st ai nl e Gt 80 nmesh screen and spager are inserted irpardssv/iaseot op of
the ACF in the cylinder. A gasket is placed on top of the holder. An

i nfl uent 31 DEC 2002 WO 00/ 04977 -47- PCT/ US99/ 14999 pi ston/screw end
cap, with Orings added to the piston, is inserted into the top of the

hol der aE\—fA& éf__\}o%’%%?% ot Y f&:rﬁgﬁh{)%é{ﬂ el trééuﬂQotfoFb@Bdsoﬁnﬁm?@stscm Lihget bed

dept h of eri'al” 1s achiev usting e prston position using a
socket wmeFables | Bha2 btk oobimmis).i s 44. 4 cm. I nfl uent Preparation The
influent is prepared by adding (seeding) the requisite volunme of
concentrated stock for each m croorExampkd to 100 L of dechlorinated and
sterilized water. The m croorgani sns are seeded into the 100 liters of
water as the Nat eslurhs#Sttd ibe edtedivial cat ffom 8.4 ibydiaheter ¢ylindtidal bloak ofitaromxi mum

d T ' ' d NG- 2 t h ArTer i T
Ul tur o OB ROTPPR TOARCED: PROBETIMEIodhgs | S4b ik Gy FPHRTOC #

25922) ands £ BALWS pmre@hmeaagﬁmdﬁb%ﬁ@masw tdrbdnefitts Jmm Wik mliréme
handl i ng of the m croorgani snms and determ nation of the vol une of

concent r #itb 3004 ¢sof weisr andlf Sg of Phirsz [7?)1(§ 2tSt@f phgpelisiresing ABeranixingdomeminptesn
Sect
| |eg t Iegnl lt’th'F ng% p%&@%@% 4”"%1 %[eg*?}ling?%?%ﬁJ afﬂe%xﬁu'r@w&%ﬁ%o%ékc}’?e%}el gr e

uent is collecte r to
passi ng fdurl®ugbtornkih defbrel apply)ng znmcuam%r 20 mgn.adhetcedpositaiveal ejeceadt fror tlge t ube

for assay of - 2 bacteri.ophage toll, and Cr poridi,um parvum Table
A M cr ooPalnebTeRgR A SEFLR 3G ThCH RS ot B B eERG Hfar v
x 106 M 6éseﬁmap;iesmd¥9 li§ remdei 83 dieeist madebs poueipgr4d tabavau@r & a@enmet ed to
an EXPERT, ristaltic punp (nodel CP 120) produced by Scil og, Inc.

( Madi son?‘"\ﬂ?‘%‘lf’@PFéY 1Ot & IRFGCTIARES BEANG {55% H@e(foa theg fibgys tg Bewt%dlcrscqtms 3.

val | thi gkiesfd thatiBRotIayIRdI S calibrated to a flow rate of 100 m/mn using
dechlorinated and sterile water. Influent is flowed through the sanple
filter at a rdhecwed t@upasity winther egtivatsd frosieasn ot 87d°C farahs heuts 8 a gidiogsm

voi umes/ lgp),. raé?)f TL/:%R:”EJ.oe wiler B\ 'ré%??? @ é;cnﬁ% hiCh ﬁ‘%ﬁ!ﬁ\@s‘) ﬁ% @m ﬁ?s“at ed

coni cal centrifuge tubes or assa acteri ophage an at 1
hr., 3 h5.2%6 ﬂheBETJsﬁrfmareanﬂthé&atenalW&sﬁé@nﬁ@ m sanples of effluent are

colbashe L % SATRNEAS SRRl SSRGS e K G e
sanme ti mextrattodr The Rn@h ofthe\tere Waaldls® i3, thdlolisite Hidmer was 0.907 in. The density
of material was 0.431 g/c’.
The sample was tested for MS-2 bacteriophage adsorption at a flow rate of 330 ml/hr
(8.91 column volumes/hr) of water spiked with 1.4 X 10’ PFU/ml of MS-2. The removal of
MS-2 was better than 5 logs (99.999%) for 9 hours, two logs (99.997%) in the tenth hour.

Detailed results of virus adsorption tests are shown in Tables 1 and 2 (note column #6).

Example 7

This column # 7 was made from the same material as column # 6. The method of
making is identical. The burnoff was 25.2%. The BET surface area of the material was 550
m?/g.

A column was cut from the block using a drill press fitted with a 1 in. diameter core
extractor. The length of the core was 3.538 in. and the outside diameter was 0.907 in. The
density of the material is 0.417 g/cm’.

The sample was tested for MS-2 bacteriophage adsorption at a flow rate of 330 ml/hr
(8.88 column volumes/hr) of water spiked with 1.4 X 10" PFU/ml of MS-2. The removal of



anount of sanple needed to perform an assay of each m croorganism Table B
M croor gani sm nfluent (m/sanpl e needed) Ef fl uent (ml/sanpl e ndddRkD 2002

coli 11M5-211C. parvunr 10100 M croor gani sm Assays Bacteria assay is
conducted using the nmenbrane filter technique according to "Standard

Met hods WO00/04987 Exani nat i on of Water a?f Wastewater" (Ame®CTASPIRNP c
Heal t h Association (APHA), 20 " edition, method #9222) on m Endo Agar LES
(Becton Dickinson Co., Cockeysville, MDD, Cat. #: 4311203). Serial dilution
of influent sanples is made in sterile tris buffered saline at pH 7.0. A
serial diMs{ives beteer phan 5 dogageb. 28980@ iKomid 1duds. etodled irestikuehiruaadbospdidn mgtsit t o
2.7 mM of tris buffered line a .0 to give a 10:1 dilution. 0.3 m of
the 10: 1 aﬂ‘??hﬁ’fvf’Hhu{-qbgesj&a‘gg("c%edf.oif‘"ﬁ)ﬂw%f tris buffered saline (Trisma, Inc.,
St. Louis, MO at pH 7.0 to give a 100: ilution. The serial dilutionis
continued until a [06:1 dilution istéﬁ-@é&ged. A serial dilution of effluent

sanples collected fromthe test units. is perfornmed until a 10a:1 dilution

i s produced. THe Produstipamethpddorthty material g yasmade dirpatlyasa adigheiiedt s are
per f or med,i |G Hdb oobiRR¢ - L@t i on
o vt or S AErLOR AR SARRERRR EPAOCHRINANA b EE (Gl Gu TR

bact er i opvmgeand/Bg 3f Duige 2istepIphentlicgesimf Afteromixinga thel sheryawes marddahioya wpldut ed

intris buffered sali j he sa nner. as. the E.  coli sanples t aki ng
03" *omtsirinT MBS bR e RREpORubDE aensri8 e B3FTMHE, ofe

sal i ne. Thieuek WaK dllowed ® eaktfonlEskcomdsitefore dfPlyidg divhdiuimofor it Sniprediioethe The 3
m dilution is added to 3 ml of rr%lten (4&;:) top agar (tryptic soy broth
with 1 %'BARPHSGHKF hroyeh th calsand sheesPRRIEhE3 e |ThE compgsye was qigstedclstie Heni ng
0.1 M ofmbi@%hnd b@e®at2YbC LS Rburk: coOl i host (ATCC # |15597). The suspension
is gently vortexed and poured onto solid tryptic soy agar plates. The

tryptic soy agde cerdicemposie otas tiemi askyatesbin)stdapcat)877%C frpahaus #hya sitfdgeng 40 g
of the p t . 0 i £ i L S on a
o PR S BT e LRIttt 2,
and the Suifadehacta ofthetraerial wasPDSonite, 7ihe ey OO HRAESATWasDH27TREENSO9/ 14999

turned up to a, nediumsetting. The tryptic . agar tign i s mxed
thor oughty. on IIESPIY M et Bagktp HER R 1% ime: ho/s or SmbEr b
sol ution THe Wélight Futhe Ghmpledvdsor9.835gM The adlurhdl was dbtedViforoMSth@adtérydphige SOy
agar is poured into.a 92 nmx_16 mmsterile Petri dish then cool ed t,g
produce ta9EOTRIAN &) 2t ighHov: rat, of 38R0 mihr 64 60 splumayaiynesihp)et; waterppiked it

plates, & ORAoVWHUImi BEMEDD BRaGEmetdl bF ME1L2 Wadbertt? $hal 88D A@9 9099911 ) irgrqgbat ed
for 18-24 hours at 37C and then enunerated by counti ng &%%ues formed on
g

the | awn ™M, thesf la@s ferghe nexelP sningtpse Theyadsarpihe el sienpp amiguigs pefore
duct + aki £ | . ef fi
col | ect ed ik ad kada Debltigh RLHERs Bhatidh & e ARy BATHE B, o

Cent ri f ugfer ¢dNewd#fin Tabls 3. MA) at 400 g's for 15 min. to pellet the oocysts.
The supernatant is aspirated off | m above the pellet. The oocysts are
counted using a SPotlite henocyt onetExamplB®xt er Heal t hcare Corp. MG aw
Park, IL) by placing 0.2 m of sanple onto the henocytoneter and using a

phase contr astThe godustianpaethdHa? ik yanpple is slapamp thdt fGOdlumreg8i flt wad made. At
| east 12 chanper | quUO are qgounted a sanpl e accordi tQ the
o edur dunap B R bR de ot dioe (B T 20 Eter 354 3b 6 DiisaGieha,

aver age Ofheddlic résadi ngs is nultiplied with the conversion factor of 1.0x10.
Total nunbers of cysts are then divided by 10 for influent sanples and by
100 m for ef f Themied<camposits was thray actinaterb int sieam atndydrC &ar robguss 8t paitrogan of

sanpl €. flow rate of 2 L/min. and a water flow rate of 100 cc/hour. The burnoff was 26.6%. The BET
surface area of the material was 866 m%g. The density of material was 0.435 g/cc.

An adsorption column was made up from the 3.77 in. long, 0.976 in. diameter sample.

The weight of the sample was 20.12 g. The sample was tested for MS-2 bacteriophage

adsorption at a high flow rate of 3000 ml/hr (64.90 column volumes/hr) of water spiked with

5.6 X 10’ PFU/ml of MS-2. The removal of MS-2 was better than 5 logs (99.99991%) for 10

min, then 5 logs (99.999%) for the next 10 min. The adsorption was stopped after 20 min.



Results The test filter demonstrates the fol | owi ng pathogen renpval
"properties: B RV R PRI TIME1L Hour 99. 99998%99. 99992%99. 96%3 J1 DEC 2002
Hour 99. 99998%99. 999929%99. 96%% Hour 99. 99998%99. 99992%99. 96%4.0

Hour 99. 99990%99. 99992%N/ Al S Hour 99. 999879%99. 99992%NI A Exanple B A filter
is prepared according to Exanple A, exgept Anshan's Carbof

pi t chbas¥l "M% {at ed carbon fiber is a 9eed until 14.0 grani&?%ﬁgéag?'ned A
10.86 cmtarget bed depth of ACF material is achieved by adjusting the end
screw |l ength using a socket wench. The fi |tration and assay protocols are
perforne }Phe sanme as Exanple A The bed |l une is 55 cnB t .t 31 DEC 2002
W0 00/ 0adstere. seratiseryaIRsah R od2e el eI ANGGORGIEns & VDS AJeRPUR S hour

The test (hdvdiRITaBi8ARANE ERLRS #oe fol | owi ng pat hogen renpval properties:
BRI VRI PRI TI ME 11 Hour 99. 999989%99. 99975%99. 96%3 Hour 99. 99998%\ A99. 96%6

Hour 99, 99B3AA0, AIRFTIALARIELNDAIEAR-AARB 65,899 ToRBTN enbodi rent s

descri bed heréern were choSen an €scribe 0 Provi € pest illustration
of the princi i t | her eby
enabl e one of %%ﬁ?’ﬁ%qwﬁf(&f]\m?#u?ﬁe@ts %b}c‘&gl?ﬁ g&?&@ﬂ?ﬂ;‘e&gﬁv@ﬁ nfa?\le%/ari ous
enbodi ment adanfor \ﬂpWhatvarzmgmg frood259 mithr NS 0as!/tar(er 3 0Sdotumnt hﬂumaﬁrr)i, cul ar

use conte such fil cat variations are th| the
scope of aﬁﬂ'ﬁ&eﬁ?f AW "satedgfgdr @H @9 1 %égacﬁg‘éﬁhé?J”'Bngl 5713 %@ﬁe

i nt er pr etigghrithimia saRriA Epaee M It i dpperehtr fRaslthd figQrewhitahe dfi@i¥ncgiof corapdstes in

| egal |y and equitably entjtled, VII. Qher Filter Conponents_As indicated,
the filt efids Emoypldangpasesewith fensimntrelaing,inithmite sqdyeiag theneaa dnter Bher sracinge

acti vat edyinaQRdVafl WRek Seast |'88§Ja°t'ﬂ?>g« faR5 of §BLAd B4, @gom,hﬁ v@mn'eygér%qu%a bon
fibers, particularly when the fibers are not part of an pre-filter
can be useldtqoocanrémn@él\"pfai?pfu:MOaﬁt@thOT PFmlon of suspended solids that
exceed 10 to 0! i used
to prevent bi o il m%%’%é Q{)ﬁ?ﬁeﬁd%r&% R ?ggﬁesr?/%ﬁge %F‘f{ Aol}r%? fﬁggtf?e t

t he filtanveniidn thaodp piicreartaGAG diten & ignoa3. al ning a generally cylindrical
filter arrangenpent housi.ng has a uid inlet and a. t|l et and
et i nes a L1 g 1T PRy BB Rt ¥ ibaEmare %ﬁmsaw“hrﬂ%sateeﬁm'éd

carbon f irbdikingtkeiR@E MBeHspAcingd VGO SRV WhY 41 1B BOURI fBBf16W rdtéieoflei kel f 1 ow
path and conprises a cylindrically shaped porous structure for renoving

parti cul dRmidGAd ahtoating conceniaHprsAl URAAP &nk r‘\%n‘fFéJ/aM igref apd dntdyP cdfhen
cont am naeah&na‘rmm otfmmdehtqwasdmc&g%d ftb btsei 1@ FU/mPahdS6% {TREUHOUR Al

menbers nounted to the ends of i'ter arrangenent, one of the end
menber s Hempyaywas TIOPEN ferftan maé.Obeéén‘é%mHmmDers direct Ii quid flow

through the f i"llhre %Fﬁciency of the composite is highest when inter-fiber spacing is small and density

high. In Example 3, where there is only 3 logs MS-2 bacteriophage removal, the density is 0.24
g/cc and inter-fiber spacing is 73.1 um. Conversely, in examples 6 & 7, where there is 5 logs
removal for 10 hours, the density is 0.417 and 0.431 g/cc and inter-fiber spacing is only 43.8
microns (Lm).

Note that even though these flow rates are low, ranging from 259 ml/hr to 3000 mi/hr
(or 7.7-67.0 column volumes/hr), the composites are expected to work at higher flow rates. A
second point is that these concentrations of viruses are extremely high (higher than the EPA
requirements) so fiiters will last much longer before breakthrough in any practical application in

virus removal from drinking water.



VITI. Articles of Manufacture 31 DEC 2002 WO 001 04977 S 1 _
* PCT~' US99114999 The articles of manufacture of the present inve t1i Bg %002
conprise the filter and information that will informthe consunger, 9
witten or spoken words and/or by pictures, that use of the filter wll
provide water filtration benefits which include renoval of pathogens,
parti cul WA 849 uses, and this informat®on may include th& I"é?‘)ﬁgé?”
superiority over other filter products. In a highly desirable variation,
the article of manufacture bears the information that comuni cates that the
use of the filter provides reduced | evels of pathogens, including viruses.
Accordingly, the use of packages in assdablatlion with information that wll
informthe con nd/ or. b i ctur t use~of .the filter
will provide bzér%gﬁ i(’?lé)?}s(du%\%gaggerﬁﬁ% gvféocﬁa/ we% lﬁ%{( fé‘(;%'r‘?c(s)f) Fﬁm};“iereer" Flg?ﬁftgﬁi nants as
di scussed herein, is inportant. The information can include, e.g.,
adverti siffig TN @sz) O12.50EW8 [FSTED  |BBUBkGL]8 005+ 0VUEd J0E86 |20 ER0C| IEWE 07 QIGDERGSONS ON
t he packgge, orpruhe {ilder|itrsellf, 7tojindornthe ¢onsuner of fhe uni("que
pat hogen |r enoyabenmapfibe.$7 t] es33 The.32 nfforamt | cms7smay dse4 cponmmani ¢av.ed dnly by
ver bal ns, [of#o) by witken neans. or both. Qovilouslyl the infor i on
need not Jbe i mErmelet |RickAtl Iy wilt h2t heé pYoduct4to]cohstjtute an artilcle
within tHi%®magpect ol the invention. TﬂﬁBvaJ(% for exanple, if a filtfer is
sol d and [la@edtisenehts are communi cated geperally about the filter | this
woul d cofstitdite an article of t{hi%&*PnveliPs pnd 9% %188t | MO8 s 9F6P8
Measur i n4k? Pat ho: ~en| RVl | ndi ces The fol | owi ng i s al descrijption [of
met hods flbr _asgsessing a filter'qg aBPVi|t yWoOd| r ¥ePde %9 PPUL 9 9998 .| €99.9%9&[s Vi r us
Renoval Ifhdex), bacteria (J.e., | 989Bact®@ns p 1Qema\abs.dandenpsmndopasesi t es
(i.e., itz4 Pajasite Remavén|] T ndgx) whe¢n exppsed t¢ a chpl T engg¢ consisting
of wat er [€ONTar ni Nng {N0Se pat NOJENSa 99IRETHOBE| , 59198541 1169 0P| 1L 86931 94,99
di scussi @3, Terers P a fiter S agd:it Yooy eoshiage pat pogens {fromrd sour ce
fluid by [sTzeTexctustomamitior—atsey Rt ojggs RemyAdoes etodsctsuis ) he

o s ; b o G i & A

Killing dgf—pathogenstby—hegt o e—ot—ef-aRt -G aRTats RGH t he
li ke. ThL’, rer-e—a—test—HH R b s OBAE ol wt
| n

1,- olha ackbaccadifar 1btbec ' n |
OBe—aSEeSSed S nova
i ndi ces (Frr\cor i Rg tolthe f L est net nrlc, that fil fg s hall ot be
treat ed \4_1_h_£nfi mcfobi al aé’ tls inlorder|/to assess f e PP o2

"renoval | _properties| A ncentlr at ed | St ock| Prepajati on| ( °P-9% | R i chi a
coli (E |Edi) Prepatat?®h| of E.| coli |fromAmerican Type Cultiire Colll ection
(ATCC): Hl2T7colli (ATCLC #98B59799%4nd ATCC # 25922) are rekeived{in a
| yphol yzdgtb package. The E.| c99%7]are resuspehded wjth 1 i of fryptid soy
broth ("788") |(Di fcof (Bec}ons&icki nson}, Spark, §D). e resijispensijons are
added by san$ of a foeqmwsép tThe [sol1Td[trypt|C soyf|agar Jn a 94 nmm X |16 nm
31 DEC 2B 00T 04977 -52- op%gl[l USIINT 4999 ST ert e Petyi arsi and fji ve

sl ant tuljggg—The TTyptiT sSpysggdr ¢ THA ) (Prfto (Becton—Drcirmsomn),
Spar k, Nﬁ%y Sprepa ) 'uy aljlglgs A0 U of—the }JUWL:,I o I—of }JU|if%Ed

wat er i N etk IR e gt St SR =G =0 =G bl 304: AN R RS in.
stir bar (Feovaddeds-5m mime (750 elnme y&imdshdSMS-2 Béhcénkrtios tangd: Nedx 10t @l @xi) t ur ned
to a nediumsetting. The TSA solution is m xed thoroughly on the stir/hot
plate and is heated to boiling for 1 min. The solution is then autocl aved
for 1 ~mn. at 121 C | S m of the TSAis pored into the Petri dish, then
is cooled to produce the solid TSA plate. 10 M of the TSAis poured into a
sl ant tube and cooled at a 45 angle to produce the slant tubes. The Petri

di sh and sl ant tubes are grown in an incubator for 24 hours at 37C. The
slant tubes are stored in a 4C refrigerator until needed. Preparation of E,
toll (ATCC # 25922) for testing: A loop of culture fromthe Petri dish is
used to inoculate 100 m of TSB in a |00 m conical centrifuge tube. The
TSB i s incubated and shaken for 24 hr. The 100 ml of TSB is centrifuged at
400 g's for 15 mn. The TSB is decanted off and the pellet that remains is
resuspended by vortexing in 30 mM of the same water used for testing. The
centrifugation is repeated and the water is decanted off and the pellet is
resuspended again in 30 m of the sane water used for testing. The E. toll
is nowready for use in the test. Preparation of E toll (ATCC # 15597) for
testing: A loop of culture fromthe Petri dish is added to 10 ml of TSB.
The TSB is incubated at 37C for 24 hr. (no shaking). A loop of the TSB is
added to 100 mMl of TSB in a 150 ml Erlenneyer flask and is vortexed. 1 mni
of the 100 mM TSB is added to a test tube and incubated for 3 hr. at 37C
with shaking. The E. toll is nowready for use as a host in the virus assay
portion of the testing and for use is phage preparation. (2). M-2

Bact eri onha~e Ms-2 bacteri ophage (phage) (ATCC # 15597B) is received
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m of

Spark,
| og phase host E.

pour each tube onto solid TSAin a 92 nmx 16 mm Petri
sol i di f ywad owewts and i ncubate at 37C fof;.24 hr.
add 6 m of tris buffered saline at pH 7.0 per
to all ow the phage to diffuse through the

confl uent,
sit at
sol ut.i on.
m n.

per tube.
(phage at approxi mately 10s plaques/m dilution).

roomtenperature for 2 hr.
Decant off the eluent and then centrifuge at 10,000 rpm for
Canbri dge,

MD) by placing themin a steamer with a water bath set at 48C. Add |
toll

Add 0.1 m of diluted phage per tube
CGently vort exq 3gd dOEN

6) Prepare a sterile 0.2 pmfilter (Costar,

5 m of 3%Beef Extract (Becton/Dicki&3¥&2 Spark,

di sh.

Let the agar

5) After pParus®/av®
plate and | et

it

10

MS) by passing
MD) through to renove the

char ge from € hedildLlrmd B B0 B RadeFort WPRLTRLAHC IO IR LRADELT fuge tube

through the filter. Titer by pe mng a pl que assay and store the stock
at 4C. Trly to gmmz.szs+a?§6m+mue@ﬁpl ab e+06 22R0ploaf exewel [1.4pE+oduee+aput 50
nm of 10" pl aqlig’)/milihe 6pl gque asgay i 9 as fgl lows| The phade slolutiofp is
serial ly [OTTUCEBenk® [TT035 QUTGBT S 5al [[Te23G 111 &IT8, | S6.374L0P10931 MOp4171 e
serial difuti oug/&) perfor med by taking 0.3 m of phage splutign and @addi ng
to 2.7 m f—t Ex?mph’e 'P’nWaﬁ"" qul e 2Tht dl31l1] EU4| i L.\Snlti lu%d i‘lfi-,'r al 10"
dilution i s produced, The |3 ml dIutidnisQFdded o 3 nmMjof nolten (B6C
top agar [COieal ni Ng [0. T ml 01 1 00- pnaSEog®ethdvbll € OT E. toOll hosT (ATUC E.
toll # 15b9M) .| The sjuspension is gently vortexed and poured onto soljd
tryptic spy agar plates. The sol|jdstryptidc jJoy+agar plates,s aljong wifh the
top agar {soluBjon thjat 3hag been hdded,] I's 1 ncubated for [18-24 thr, at}) 37C
and t hen [gEnunefat ed py codnting plaqugS Bornpedson|the Tajwm sof host g toll
cells. DEC 2002 WO 047 04977 - 54- [PCI/ U$99; 1. Tasnof i di um
Par vum CryptggporT di |||3Pdr um ( Peasart—Ht—Farms; ' rTectly
added to ter—used—f test ||g._3tug'r\ LiTg:l S gf 10 m
of crypt -t tHRpa-yae e Rt an Needhan
H's, M) |at /'P‘)gﬂs - or 3 n 1 pernatfint is
aspi rated of 8 nve_i_h.e_peJ__eL.__Jhe 00QYy Wat

SPotlite [pemdy r (B pal thdard Carp | aci ng
0.2 m of|sanBle onto the omet dr
m croscope_(e?qy., BH 2 dyinpus, Japan)
chanber aj i quét countled for|each
outlined | n VA¢ Gui dande Nbnual (U. S
all readipgsizng nult w4 h {he cdnversi
nunbers o ~Cys ed 3y [0 To
m of sanpi 978 Prepar arion nfiu rest fiorgi
addi ng ( sEEtiRY) ST te vplume jpf—conrentTated st pct
m croor gapismto ratgd—andster
m'croorga' &t re—1+Ho8—+——of
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in the in haskd Lt i fromlthe concentrated sitack

listed in Fakl n%te5591§‘3(5rgl/lm(7 ﬁ?dmlm‘ﬁ v@limésib) Wcohén&é?ibxl ﬁE%eed%b(n(Wo Paxagr)m

graduated conical centrifuge tube for assay of Ms-2 bacteriophage, E coli,
and Cryptosporidi um parvum Assay conditions for assessing renoval of each
of the mcroorgani sns are described bgl,gws The followi ng is an exanpl-e of

how to cal cul ate the volunme of m croorganisns to be added to 100 L of water
for testing. Exanple: |f tResovdreMi-2 badtasioplrge Hromeateri s estimated to be 1

a_phase
at _400x_nagni ficati At 3 eapt 12
di ng t he 4rocedure
Cct obeér 1990). aver agpe
on fag¢tor of [1.0xI0. Tothl

D

)
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x 109 organisns/m ﬁﬁéﬁeﬁ : e rs of water is 5
x 10B organi sns/L, Yoo | hdcss hel: gol Pz#ged‘ 4 ded to 100
liters to obtain tff*am@lticentr&tion Phe dalciflation i asffollows: 1 x 10
organi sns/m * Y nmiliBtIERY) 100 | itersRemovale 10B organisns/lijter, then Y ni

added = (~ x 10g ofganisns/ L *Lop00|L)¥P1 x 109%sor gani W m )| then Y ni
added = 50 ni 81| DEC52002| WO500/ 099Fp399135  BCT/ USo™. 9294299 Tabl e C
10 5 99.999991 5 99.99996
15 5 99.99997 5 99.99994
20 5 99.999935 5 99.99983

(Flow Rate 3000 ml/hr; MS-2 Concentration 5.6X10’ PFU/ml)



M croor gani smM croorgani snms/ LE. coli5 x 108Ms-25 x 108C. par vug ’%&09 g
S McroorganismFiltration A test filter is connected to an EXPE 1 00
Peristaltic punp (nodel CP-120) produced by Scilog, Inc. (Mdison,

W sconsi WQ 09ENn equi val ent punp, usi rg- Pharmed tubi ng (WPAT/UB9/14P%W t h

1/16 in. wall thickness). The punp is calibrated to a flowrate of 100
m/mn. using dechlorinated and sterile water. Influent is flowed through
the test filter at a rate of 100 mM/mn. for 15 hr. 50 m sanpl es of

effluent are collected into 50 nl grex@mplead conical centrifuge tubes for
assay of MS2 bacteri ophage and E. colr at 1 hr 3 hr 6 hr., 10 hr. and
15 hr. Three 50 ndd aECraploge ills ghic|das g ".:': ed coni cal

centrifuge tubes for assay of Cr pt osporl d| um parvum at the sanme tine
interval s as ab®f&.of Pa#llepitshdhasad enebontffher mtﬂhtedo‘ﬂltfsaml resin@ad d80Q 6¢ per f orm
an assay a r f |l e
mecdod) B {PiSEn e HEARR AR o 8 fufihs MoRbGAARTE B B 1gTeihe)
Condi ti onbefbmrapﬁ]etrrgramanumng fdvalt indg eTheRempusile wasdjeces ffomlthy mdddcind cied Iaem)val

o, The B ool i DAL AL R 51 v

(Effluent nmgaeﬂniw fikd &112) L/nlin fah &1 8 BlateCAOW 43¢ BOE0 @Wb]cc/hoxﬂrOQ"hBBGﬁtefflv&s asgay is
conduct ed using the nmenbrane filter technl gue accordl ng to ' Standard
Met hods f ofhediid sesfagsiareatof His regtengd @t IR {8ast ewat er” (Anerican Public

Heal th Associ ap Mn(rﬁ?'rtﬁ\)rmas #fide ttﬁg\vtaéf’ﬂt l&ﬁtéﬂaq 5#.%2&%}1&91“ PRI QafeP s LES
(Becton Di cki nson Co., Cockeysvil Cat. #. 4311203). Serial dilution

of infl ued@seémmblcemammamdsed rln '@itbb!r‘i, Iuei pumiped bu@lfgéarﬂmﬁlmlat n@taef /Mg, A

serial dil maq Blﬁoﬁf erf mgpgr% and ddrr}%rt to

o
A2NNE

I t.
ters e.r WC the wger was 7&181'1? 1t was aine
2.7 M of tri1s erad a|nea rve a |l YUt

of the 10alocdithpivatensupglyadded to 2. 7 m  of tr| S buffered saI i ne (Trr sna,
Inc., St. Loui MO .at pH 7.0 ta di | ution.

Gt on i 5 contF AeTbele ik Fted o0 G bralp B e e AdRIBRa e ATGR POt ut  on
of effl uenimnasPhger HNel RGHERE000MYEDRIL TRE cofpdshie etndded betemhnUiideh o 10: 1
dilution is produced. The influent and effluent dil utr on assays ang
neasureneﬁ??“"f’iroéthﬁért’@'r"%d in duplicate according to "Standard Methods for
the Exam nati OFThQ loa n%\e/oglca%r\)%ﬂseé&ﬁ\ﬁély h(%P%nchhé ggh&l' \QQI’ ?é?}%%%@g?

9222). (2). Virus 'ndex The Virus Renoval ex Is erm ne

accor di ngbetter uhder motel rtwmdgommmsl vehen \gR¥er mor{C.e_ntx:atlérErdf condarhinants are present.

at | %{%l‘g‘lon élt%)e sa

Concentration)l/
are serially di
sarrpBQ)Snyyot‘aI{orng G‘thcﬂhmﬂfremcb’vfedI bextet thaii 9E%fol"uﬂd$rineand adding to 2.7 nt

1039 L on 1

col i

of tris buffer

produced.

Inf

ut'é

The

r w?‘s

uent s(ljo(pf;

r's

sal i ne.

G PoRd Gobs mareqhivs &f s Rrbigie

rne 1n

cont.i

d unti

PeAPUUBE

ent (01F

w rate of

a

Wﬁteé FplEeJ \{vﬁh

(tryptic sopadedat o WgVIbrelsﬁ/ecBaQSIO mlaarmprpra‘nc@ed Baet tah OBLKIMh®Aefol Gvhen

Spark,
15597) .
agar pl at

MD) conta

THeded g

es.

ini
%grggfﬁnr@m tlraﬁ WPE‘@
The cryptic soy agar (leco

prepared by adding 40 g of the powderI

Erl enneyer flask setec
added to the Erlenney

e

oﬂ’{}) o?nt f WCn%tecﬁéaﬂ

stir

ase culture of E. coli

dedptdhtimgly

Inc.)

is

host (ATCC #
red onto solid tryptic soy
Bect on/ Di cki nson,

L of purified water ina 2 L

l'ate iI's

b Frﬁq%o‘nﬁosrt’é (AéFb angStir bar s

urned up to a

medi um set ti ngaCmalermglrﬂAQWtagmenmatmm(GdgmsF A0) edWMateo Toragidny on t he
stir/hot pl ate and heated to boiling for

1 mn.

The solution is then

aut ocl avégd 15 mh t 121C the trypfrc,so 1
into a 9] 'ﬁ"‘TB"t s'f'@f??'té’ Pét ‘1"‘:;%’% hen’copl £d T8 gro g'% g}’
tryptic goy agar plate. The solid ¢ pt| C gg@f" ‘ga Ié'PfCeS )8

top agar [setutien—thpt—has—beef—added—-5—t+hRetdbat-ed—+o+—18 ”" hr——at
and thenj@®@dunerated py caunting pl aques or meal on thelI awn| of Kest H.
cells. 31 DEC 20U2] WO 00/ 049717 -57- PCJI/ US99/ 14999 (3). Parasitel/H
Renoval ITcH@&Knel NE arasl_ Val<glogsdEX| TS BT er m neglpsaCCcpr diFyg T O |
follow ng formul a: PRI [I - (Effluent Concentration)/(lInfluent
Concent r §Jifaage] X 10 IlEngSLEyDlOSpeGJ dr Um paiogum assSay.2f Or | measygr 1 Ng
conducted by taking 0 m of fluent or}100 m of effluent sanples
col l ected2irmm T he T| T Re0mg/LThe Sanpl €S are gentr|fuged tnja TEC
Centri fud€ ( Neednan S, VR at duo0 g s Tor I smn. to perrec tne

red

qgolid

tth t he

37C
col i

r ot ozoa

t he

PRI is

ni cal

The super nat ant
counted using a SPotlite henocytoneter
IL) by placing 0.2 m of sanple onto the henpocytoneter and using a

Par k,

phase contrast mcroscope (BH2 O ynpus,
Ieast 12 chanber aI | quots are count ed for each sanpl e accor d| ng to the

(Baxt er

is aspirated off 1 m above the pellet.

Japan) at 400x magnification.

~

p—r— A

~ 1 1

A NN\

ocysts.

The oocysts are
Heal t hcare Corp. MG aw

At



2. The filter of Caim1 having a VRI of at |east 99.999% prﬁgfﬁ%%l a@(
> least 99.9999% 3. The filter of CQaim?7 having a Bacteria Re

(BRI') of at |east 99.9999% a Parasite Renoval Index (PRi) of at |east

99. 9% 4. The filter of any ope of Cains 1 thro i sing
acti vatg‘a (t:har Bgon fibers characterized i|1n that the fibers gr&tgﬂ%ﬁgﬁgid to
provide uniforminter-fiber spacings that result in a bulk density of from
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fiber cdifdSite. 7. |AAEPEEd of rPoving vifluses| frolf a | qui d® thd nethod
Con‘pris| contactiha tha |l iqnlL{Aufh a filter r-"\rrnrl cl a¥al :n;t_i VLat-eg Carbon
fibers qrArBEPEEMT g i HFo0R%t $ai d* i1tef hada VR dffat |east®®99.d9o% 8.
The net h!gd=&L=&a=l=m L Lzod in hat _t ha iltar has 1o \/R] ei‘ at
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at least 99.9% or both. 31 DEC 2002 59 10. The nethod of any one of

Claims 7 to 9 characterized in thatgdhgiefil ter conprises free activated
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used to renove \éJl'tbru The ar nuf act ur.e .of
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viruses dOWFESHReRXE 2dantggutogthe fapld ahape. (The reBaipisrefnige shrac ey afdsd Bar bon
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prl or to acti vat| on of bet ween substanti al y , an acti vat ed
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The composite was then activated in steam at 877°C for 30 minutes in a nitrogen flow
of 2 liters per minute and a water flow rate of 60-70 cc/hr. The burnoff was 8%, and the
composite was further activated at 877°C for 1.5 hr. with a water flow rate of 100 cc/hr. The
burnoff in this stage was 15.7%, giving a total burnoff of 23.0%. Including the loss on
carbonization, the net weight loss was 32%. The BET surface area of the final product was 969
. m?/g. A column of activated composite was cut from the block using a drill press fitted with a 1
in. diameter core extractor. The length of the column was 3.35 in.; the outside diameter was
0.91 in. and the weight was 10.1 g. The density of the column material was 0.285 g/cc.
The sample was tested for E. coli adsorption at a flow rate of 300 ml/hr (8.48 column
volumes/hr) of water spiked with 1.5 X 10° PFU/ml of E. coli. The removal of E. coli was
better than 4 logs (99.997%) for 2 hours, 4 logs (99.99%) in the 3™ hour, and 2 logs (99.83%) in

the 4™ hour. Detailed results of the E. coli adsorption tests are shown in Tables 5 and 6

(Column 11).

Example 12

A composite was made from 20.0 g of P 200 pitch-based carbon fibers. The fibers were



fi ber spacing of between substantially 30.3-302 p.m 17. Afilter

S conprising an activated carbon fiber conposite, said activated @ ppn égzber
conposite being prepared by; (i) mxing between one part by weight car
fibers haveondem di aneter between substantially 5-100 pm apdTASPEMIPN

bet ween substantially 0.1 0.4 nmw th befween 0.05-1.0 part by weight

bi nder and 5-50 part by weight water in order to produce a slurry; 31 DEC
2002 60 (ii) placing said slurry in a nolding vessel; (iii) filtering said

slurry tm{eewthplro@@%rweaarmrﬁ@ oﬁf‘aﬁéﬂohé s Rediddddit¥ thedgaker TROs| @
drying said green nonolithic curing said green nonol i t hi ¢ body
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activated car nfl ite, sai.d activated carbon fibe 0
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| engt h between substantially 0.10.4 pmw th between 25-3. 0 wei ght percent

bi nder affge Babdod)e dleage, pei-astivared C‘lj\*mt?ﬁaf‘t&-lﬁgﬁ“f"ﬁﬁ@r%C?’hremoﬂér to produce a
slurry; (ii) placing said slurry in a nDIdlng vessel; (iii) filtering said
slurry thereby producing a green ndﬂﬁmELHLc body; (|v) dewat eri ng and
drying said green nonolithic body; (v) curing said green nonolithic body
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activate nsity of substantially.0.07&0, 495 ns. ~ OEC 2002 61 19.
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acti vat egoreaitRafibn hbREI ). CAdr Gk WEI pafihfitie sr,nw wadpdireddiihto@mdldwhite Wler Of  at
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used to ¥as digpypehrppgha BYer hyoyacaum, andithe fiber-resip anixture) adppts & theapald skaper e of
A ai m 198 hak Afdef" 'f%l?edslln'?y Waatadidin increments, providing sufficient times for water

drainage. After the last part of the slurry was added, vacuum was applied for 40 min. to draw
the remaining water through the cake and effect partial drying. The composite was then ejected
from the mold, and dried and cured at 200°C.

The composites were activated in steam at 877°C for 1.5 hr. at a nitrogen flow rate of 2
L/min. and a water flow rate of 100 cc/hour. The overall burnoff for the three samples was
29.5, 30.5 and 19.4%. The total carbonization and activation yield losses were 37.5, 38.5 and
28.4%. The BET surface area of the material was 603 to 620 m?/g.

A column was cut from the blocks using a drill press fitted with a 1 in. diameter core
extractor. The length of the core was 2.53 in., the outside diameter was 0.91 in. and the weight
was 8.18g. The density of material was 0.306g/cc.

The sample was tested for E. coli adsorption at a flow rate of 300 ml/hr (or 11.13
column volumes per hour) of water spiked with 4 X 10° CFU/ml of E. coli. The removal of E.
coli was 3 logs (99.91%) for 1 hour, and one log (96.53%) in the second hour. Detailed results

of bacteria adsorption test are shown in Tables 5 and 6 (note column #13).

Example 14

The column # 14 to be tested was cut from a 4 in. diameter cylindrical block of carbon

fiber composite F 919. The production method for F 919, which gives a layered composite, was
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Table 5 and 6 (note column #14),

Example 15

This column # 15 was made from the same material as in column # 14. The method of
making was therefore identical. The burnoff was 27.9%. The BET surface area of the material
was 891 m%/g.

A column was cut from the block using a drill press fitted with a 1 in. diameter core
extractor. The length of the drilled core was 3.52 in. and the outside diameter was 0.91 in.. The
sample was tested for E. coli adsorption at a flow rate of 318 ml/hr (or 8.48 column volumes per
hour) of water spiked with 1.3 X 10° CFU/ml of E. coli. The removal of E. coli was better than
4 logs (99.998%) for 1 hour, and one log (98.6%) in the second hour. Detailed results of

bacteria adsorption test are shown in Tables 5 and 6 (note column #15).

Example 16

The column # 16 to be tested was cut from a 4 in. diameter cylindrical block of carbon
fiber composite F 920. The production method for F920 which gives an unlayered composite
was as follows. Three hundred grams of P200 pitch-based carbon fibers (R303T) were mixed
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CFU/ml of E. coli. The removal of E. coli was better than 4 logs (99.998%) for 8 min. The
adsorption was stopped after 10 min. before saturation was reached. Detailed results and

conditions of E. coli adsorption test are shown in Table 7 (note column #18).
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area of the material was 1148 m*/g. Note that this material has higher burnoff than the earlier
materials. The density of material was 0.326 g/cc.
An adsorption column was made up from a 3.64 in. long composite of diameter 0.988
in. weighing 14.91 g. The sample was tested for E. coli adsorption at a high low rate of 3000
ml/hr (or 65.0 column volumes per hour) of water spiked with 1.4 X 10° CFU/m! of E. coli.
The removal of E. coli was better than 5 logs (99.9998%) for 9.5 min. The adsorption was
stopped after 10 min. before saturation was reached. Detailed results and conditions of the E.

coli adsorption test are shown in Table 7 (note column #19).

Example 20

The production method for this sample was the same as that for Column #18. [t was
made from 24 g of P200 pitch-based carbon fibers (R303T), 120 cc of water and 6g of Durez 2-
step phenolic resin.

The cured composite was then activated in steam at 877°C for 3.5 hr. at a nitrogen flow
rate of 3.2 L/min. and a water flow rate of 160 cc/hour. The burnoff was 21.3%. The BET
surface area of the material was 765 m%/g. The density of material was 0.437 g/cc. Note that
this material had only half the burnoff of the two previous columns.

An adsorption column was made up from a 3.66 in. long composite of diameter 0.975
in. weighing 19.57 g. The sample was tested for E. coli adsorption at a high flow rate of 3000
ml/hr (or 67.0 column volumes per hour) of water spiked with 9.1X 10° CFU/ml of E. coli. The
removal of E. coli was better than 3 logs (99.97%) for 5 minutes. The adsorption was stopped
after 10 minutes before saturation was reached. Detailed results and conditions of the E. coli

adsorption test are shown in Table 7 (note column #20).

Example 21

The production method for this sample is the same as that for the column # 18. It was

made from 24 g of P200 pitch-based carbon fibers (R303T), 120 cc of water and 6 g of Durez 2-
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An adsorption column was made up from a 3.69 in. long composite of diameter 0.999
in. weighing 19.79 g. The sample was tested for £. coli adsorption at a high flow rate of 3000
ml/hr (or 63.3 column volumes per hour) of water spiked with 9.1 X 10° CFU/ml of E. coli.
The removal of E. coli was better than 4 logs (99.99%) for S min. The adsorption was stopped
after 10 min. before saturation was reached. Detailed results and conditions of E. coli

adsorption test are shown in Table 7 (note column #21).

Table 5
Removal of E. coli from Water by ACFCs of Differing Densities

[E.coli]} 1.5 E+05 |1.95E+05 | 4.0 E+05 | 1.3 E+06 | 1.3 E+06 | 9.1 E+05 | 9.1 E+05
(CFU/ml)
Density| 0.285 not act 0.306 0.361 0.348 0414 0.412
Example # 11 12 13 14 15 16 17
Time(hr) Removal (%)
0.5
1 99.9967 60 99.914 99.9984 | 99.9984 | 99.9989 | 99.9989
1.5
2 99.9967 43.59 96.553 99.32 98.577 82.19 95.22
3 99.99 38.46 87.8 79.84 73.2 47.58 41.76
4 43.59
5 99.832 33.33
6 99.299 43.59

(Flow Rate 300-328 ml/hr (8.3-8.8 column volumes/hr); E. coli concentration range of
2.86X10°to 1.4X107)
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10 Density | 0.285 not act 0.306 0.361 0.348 0.414 0.412
Example # 11 12 13 14 15 16 17
itime(hr) Removal (log)
0.5
] 4 0 3 4 4 4 4
1.5 0
2 4 0 1 2 ] 0 1
3 4 0 0 0 0 0 0
4 0
b) 2 0
6 2 0
(Flow Rate 300-328 ml/hr (8.3-8.8 column volumes/hr); E. coli concentration range of

2.86X10° to 1.4X107)

Table 7
Removal of E. coli from Water by ACFCs of Differing Burnoffs

Burmnoff(%) 41.2 41.2 20.1 20.1

[E.coli] (CFU/m]) 1.4 E+06 1.4 E+06 9.1 E+05 9.1

E+05

Density(g/cc) 0322 0.326 0.437 0.418

Example # 18 19 20 21

Removal

Time (min) Log | % log ! % lo: (W |lo! (%
: : g g

5 5 99.9998 5 99.9998 |3 9997 |4 99.99

6.5 5 1 99.9998 5 99.9998 1 9842 |2 99.38

8 5 1 999997 5 1 99.9998 i 9394 |1 9834
9.5 3 999 5 1 99.9998 : :

(Flow Rate 3000 mi/hr (63-67 column volumes/hr); E. coli Concentration 1X10%-1.4X10°)

Summary of E. coli adsorption studies from Examples 12-24

From the data in Tables 5 and 6 and Figure 3, it is apparent that the efficiency of the
composite increases with composite density, Figure 3,

Figure 4 and Table 7 illustrate that the efficiency of bacteria removal is also dependent
on the extent of carbon burnoff. The sample with 40% burnoff (Columns 31 and 32) gives 5

logs of removal while the sample with 20% burnoff (Columns 35 and 36) only gives 4 logs or
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CFU/ml. When the inlet concentration of E. coli was increased to 5.5 x 10° CFU/ml of E. coli
the removal efficiency was at least 99.999999%. The concentrations of E. coli used in these
experiments are much higher than what would be experienced under normal conditions in water
treatment.

A summary of the cured composite density, inter-fiber spacing, void volume, activated
composite density and burnoff parameters for various columns in Examples 1-21 is set forth in
Table 8.

Table 8
ACFC Properties

MS-2 experiments

Example # Cured Density Inter Fiber Void Volume Activated Bumoff
(g/ce) Spacing (micron) Density (%)
(micron) (g/cc)

1 0.39 66.4 79.5 0.33 28.0

2 0.39 66.4 79.5 0.33 28.0

3 0.36 73.1 81.1 0.24 34.8

4 0.49 49.8 742 0.38 28.1

5 0.49 49.8 742 0.38 28.1

6 0.54 43.8 71.6 0.43 25.2

7 0.54 43.8 71.6 0.43 25.2

8 0.55 429 71.2 0.43 28.6

9 0.55 424 70.9 0.44 26.6

E.coli experiments
Example # Cured Density Inter Fiber Void Volume Activated Burnoff
(g/ce) Spacing (micron) Density (%)
(micron) (g/cc)

11 0.36 73.1 81.1 0.24 34.8

13 0.37 70.8 80.5 0.30 32.0

14 0.47 52.5 75.3 0.36 279

15 0.47 52.5 75.3 0.36 279

16 0.54 43.8 71.6 0.41 252

17 0.54 43.8 71.6 041 25.2

18 0.52 46.0 72.6 0.32 41.2

19 0.51 472 73.2 0.33 41.3

20 0.52 46.0 72.6 0.44 213

21 0.52 46.0 72.6 0.42 219

Example 22
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used for most of the testing of the carbon fiber filters. To illustrate that the removal data for £.

coli translates to other bacteria, a test has been done for the adsorption of the bacteria A.

hydrophila. The production method for this composite, which was made as a 1 in. diameter, 4

in. long column involved mixing 24 g of P200 pitch-based carbon fibers (R303T) with 120 cc of

water and 6 g of 1-step phenolic resin. After mixing, the slurry was poured into a mold made

from a 1 in. ID PVC tube, where the fiber-resin mixture adapts to the mold shape. The mixture

was allowed to settle for 10 seconds before applying a vacuum for 1 min. to draw the remaining

water through the cake and effect partial drying. The composite was ejected from the mold, and

cured at 200°C for 3 hours.

The cured composite was then activated in steam at 850°C for 4.5 hours at a nitrogen
flow rate of 2 L/min. and a water flow rate of 102 cc/hour. The burnoff was 38%. The density
of material was 0.346 g/cc.

An adsorption column was made up from the 2.01 in. long, 0.99 in. diameter sample.
The weight of the sample was 8.19 g. The sample was tested for adsorption of 4. hydrophilia
by hydrating the composite with 10 cc of sterile saline (void volume of the column). 20cc of a
0.1 MacFarland solution of 4. Aydrophila containing a total of 2.44x10° CFU was applied to
the column over a one minute period. Two ml aliquots were collected serially for the first 10
mi and then every 50 ml until 1 liter of sterile saline had been passed over the column. Aliquots
from each collection fraction were cultured. All cultures were sterile except the one collected at
750 ml of saline filtrate. This aliquot contained 1 CFU/ml. The total decrease in bacterial

count was 7 logs or 99.99999 %,
Examples 23 and 24; adsorption of mixtures of MS-2, E. coli and Cryptosporidium

parvum.

Example 23

The production method for this material, which was made as a 1 in. diameter, 4 in. long
column involved mixing 28 g of P200 pitch-based carbon fibers (R303T) with 120 cc of water
and 7g of Varcum 1-step phenolic resin. After mixing, the slurry was poured into a mold made
from a 1 in. ID PVC tube, where the fiber-resin mixture adapts to the mold shape. The mixture
was allowed to settle for 10 seconds before applying a vacuum for 1 min. to draw the remaining
water through the cake and effect partial drying. The composite was ejected from the mold, and
cured at 200°C for 3 hr.
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methods described in section IX. The inlet concentrations of bacteria, viruses and protozoa are

indicated in parenthesis after the BRI, VRI and PRI respectively.

Length(inch) Weight (g) Burnoff (%) Flow rate(ml/min)
3.73 16.36 36.9 4
TIME BRI VRI PRI
(6.2x10® CFU/ml) (7.510°PFU/m1) (1.4x10%)
1 Hour 99.9993% 99.99992% 99.93%
3 Hour 99.999991% 99.99992% 99.93%
6 Hour 99.9999% 99.99992% 99.93%
10 Hour 99.9996% 99.99992% 99.93%
15 Hour 99.999991% 99.99992% 99.93%
Example 24

The production method for this material which was made as a 1 in. diameter, 4 in. long
column, involved mixing 28 g of P200 pitch-based carbon fibers (R303T) with 120 cc of water
and 7g of Varcum I-step phenolic resin. After mixing, the slurry was poured into a mold made
from a 1 in. ID PVC tube, where the fiber-resin mixture adapts to the mold shape. The mixture
was allowed to settle for 10 seconds before applying a vacuum for 1 min. to draw the remaining
water through the cake and effect partial drying. The composite was ejected from the mold, and
cured at 200°C for 3 hr.

The cured composite was then activated in steam at 877°C for 3.5 hr. at a nitrogen flow
rate of 2 L/min. and a water flow rate of 100 cc/hour. The burnoff was 44.0%. The density of
material was 0.313 g/cc. An adsorption column was made up from the 3.75 in. long, 0.961 in.
diameter sample. The weight of the sample was 13.85 g. The VRI, BRI and PRI was
determined according to Test Methods described in Section 1X. The inlet concentrations of
bacteria, viruses and protozoea are indicated in parenthesis after the BRI, VRI and PRI,

respectively.
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3 Hour 99.9991% 99.99990% 99.96%

6 Hour 99.9999990% 99.99990% 99.96%

Example 25

The production method for this sample, which was made as a 1 in. diameter, 4 in. long
column, involved mixing 24 g of P200 pitch-based carbon fibers (R303T) with 120 cc of water
and 6 g of Varcum 1-step phenolic resin. After mixing, the slurry was poured into a mold made
from a 1 in. ID PVC tube, where the fiber-resin mixture adapts to the mold shape. The mixture
was allowed to settle for 2 seconds before applying a vacuum for 1 min, to draw the remaining
water through the cake and effect partial drying. The composite was ejected from the mold, and
cured at 200°C for 3 hr.

The cured composite was then activated in steam at 877°C for 4.5 hr. at a nitrogen flow
rate of 2 L/min. and a water flow rate of 100 cc/hour. The bumoff was 40.0%. The density of
material was 0.313 g/cc. An adsorption column was made up of a 0.975 in. diameter by 3.55 in.
length weighing 13.62 g. The sample was tested for E. co/i adsorption at a flow rate of 6000
ml/hr (or 132 column volumes/hr) of water spiked with 5 x 10® CFU/ml of E. coli. The removal
of E. coli was 6.8 log for 15 hours. Additionally, the MS-2 removal was at least 4.5 log up to
10 hours The VRI, BRI and PRI was determined according to Test Methods described in
Section IX

In summary, numerous benefits result from employing the concepts of the ACFC’s of
the present invention. An ACFC filter is provided that is useful as a respirator filter or a clean
water/drinking water filter. The composite filter has an unique open internal structure and a
large reactive surface for adsorption which allows for more efficient and rapid removal of
contaminants that is attainable with conventional filters of granular activated carbons. Further,

this efficient adsorption is achieved in a relatively short contact time and with low pressure
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111111VV\58u§1’ters Comprising Free Activated Carbon Fibers

As discussed above, in one aspect, the present invention is directed to filters comprising
free activated carbon fibers. The discussion in this section relates to such structures. In
Section V above, the activated carbon fiber composites (ACFC) of the present invention are
discussed in detail.

One process for building a free activated carbon fiber filter capable of removing viral
pathogens from a liquid comprises placing activated carbon fibers into a hollow cylinder and
applying linear force along the axis of the cylinder, thus compressing the fibers. It is to be
understood that the liquid to be treated will be flowed along the axis of the cylinder which is
also the axis of compression. The axial compression described is but one means of compressing
fibers and other means of compression include, but are not limited to, hydraulic pressure across
a membrane, opposed knuckles on a roller pressing against the fibers placed in a hollow form, a
levered pressing element, and a hydraulic press. It is to be further understood that the cylinder
could as well be any other shape such as box or cone which lends itself to axial compression of
the fibers. Additionally, the activated carbon fibers can be shaped into an annular shape to take
advantage of radial flow.

Further and optionally, the carbon fibers may be selected from a range of diameters so
that when placed together, the interstitial spacing between the first, and larger, diameter fibers
will closely conform to the second, and smaller, diameter fibers, and so that successively
smaller diameter fibers will closely conform with the remaining interstitial space between the
various selected larger fibers. By the selection of fiber diameters and lengths, the size, form
and surface area of the interstitial space can be substantially controlled and made uniform at a
smaller scale than would be possible if a single fiber diameter is used. Additionally, the

activated carbon fibers may be combined with other materials, of different shapes, to control
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of aligned larger fibers compressed with a plurality of smaller fibers so that the smaller fibers

fill in the interstitial space between the large fibers forming successively smaller and parallel
interstitial spaces along the axis of the fibers and continuous in the axial fiber direction through
the entire structure. In this embodiment it can be seen that the size of the interstitial spaces
created is much smaller than the fiber members and uniform through the structure and can
readily be controlled by the diameter of the fibers selected.

The following Examples A and B illustrate a filter of the present invention comprising
free ACFs and also illustrate how one measures the BRI, VRI and PRI, as per the description in
the Test Methods described in Section IX below. It should recognized that while these
pathogen removal indices relate to a flow rate of test fluid of 100 ml/min., many of the filters of

the present invention will exhibit similar removal benefits at significantly higher flow rates.

Example A

Filter Preparation

Free ACF is packed for analysis as filters utilizing stainless steel cylindrical holders
available from Robert James Sales, Inc., Cincinnati, OH, as part # PR1216. These holders have
an internal diameter of 2.54 cm. The stainless steel holders are cleaned with dish washing
detergent (e.g. Dawn®), bleach (e.g. Clorox®) and diluted with tap water (e.g., 5:1000
dilution). The holders are rinsed with warm tap water, then rinsed again with isopropyl alcohol.
The holders are air dried for 3 hours then assembled and packed according to the following
procedure.

An effluent end cap and gasket are clamped onto the stainless steel holders. An O-ring,
a spacer, and a one inch diameter 80 mesh stainless steel screen is placed into the bottom of the
tube. Fourteen grams of Anshan’s Carboflex® P200T pitch-based activated carbon fiber are
added to the holder. An O-ring, a stainless steel 80 mesh screen and spacer are inserted in order

on top of the ACF in the cylinder. A gasket is placed on top of the holder. An influent
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Table A
Microorganism Organisms/L
E. coli 5x 102
MS-2 5x 108
Cryptosporidium parvum 6 x 10°

Microorganism Filtration
The filters prepared above are connected to an EXPERT Peristaltic pump (model CP-

120) produced by Scilog, Inc. (Madison, Wisconsin) using Pharmed tubing (1/4 in. ID with 1/16
in. wall thickness). The pump is calibrated to a flow rate of 100 ml/min using dechlorinated and
sterile water.

Influent is flowed through the sample filter at a rate of 100 mi/min. for 15 hours (i.e.,
135 bed or column volumes/hr). 50 ml samples of effluent are collected into 50 ml graduated
conical centrifuge tubes for assay of MS-2 bacteriophage and E. coli at | hr., 3 hr., 6 hr., 10 hr.

and 15 hr. Three 50 ml samples of effluent are collected into graduated conical centrifuge tubes
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buffered saline in the same manner as the E. coli samples by taking 0.3 ml of influent or

effluent and adding to 2.7 ml of tris buffered saline. The dilution is continued until a 10*1
dilution is produced. The 3 ml dilution is added to 3 ml of molten (46°C) top agar (tryptic soy
broth with 1% Bacto agar, Difco; Becton/Dickinson, Inc., Spark, MD) containing 0.1 mi of log-
phase culture of E. coli host (ATCC # 15597). The suspension is gently vortexed and poured
onto solid tryptic soy agar plates. The tryptic soy agar (Difco; Becton/Dickinson, Inc.) is
prepared by adding 40 g of the powder to | L of purified water in a 2 L Erlenmeyer flask set on

a stir/hot plate. A 2 in. x % in. stir bar is added to the Erlenmeyer flask and the stir/hot plate is
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Example B

A filter is prepared according to Example A, except Anshan’s Carboflex® P3200 pitch-

based activated carbon fiber is added until 14.0 grams is reached. A 10.86 cm target bed depth

of ACF material is achieved by adjusting the end screw length using a socket wrench. The

filtration and assay protocols are performed the same as Example A. The bed volume is 55 cm3
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biofilm formation with the filter system.

In one embodiment, the filter will comprise a housing containing a generally cylindrica-l
filter arrangement. The housing has a liquid inlet and a liquid outlet and defines a liquid flow
path between the inlet and outlet. The activated carbon fiber arrangement is disposed within the
housing in the liquid flow path and comprises a cylindrically shaped porous structure for
removing particulate contaminants, chemical contaminants and microbiological contaminants
from the liquid. The filter also includes impervious end members mounted to the ends of the
filter arrangement, one of the end members having a central aperture. These end members

direct liquid flow through the filter.

VIII.  Articles of Manufacture
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15597, and ATCC # 25922) are received in a lypholyzed package. The E. coli are resuspended
with 1 ml of tryptic soy broth (“TSB”) (Difco, (Becton/Dickinson), Spark, MD). The

resuspensions are added by means of a loop to the solid tryptic soy agar in a 92 mm x 16 mm
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incubate at 37°C for 24 hr.
5) After plaques are confluent, add 6 ml of tris buffered saline at pH 7.0 per plate and
let it sit at room temperature for 2 hr. to allow the phage to diffuse through the
solution. Decant off the eluent and then centrifuge at 10,000 rpm for 10 min.
6) Prepare a sterile 0.2 pm filter (Costar, Cambridge, MS) by passing 5 mi of 3% Beef
Extract (Becton/Dickinson, Spark, MD) through to remove the charge from the

filter, then pass the supernatant from the centrifuge tube through the filter.

Titer by performing a plague assay and store the stock at 4°C. Try to get 10° - 10°
plaques/plate. 24 plates will produce about 50 ml of 10"' plaques.

The plaque assay is as follows: The phage solution is serially diluted in Tris buffered saline
(Trisma, St. Louis, MO). The serial dilution is performed by taking 0.3 m! of phage solution
and adding to 2.7 ml of tris buffered saline. The dilution is continued until a 10 dilution is
produced. The 3 ml dilution is added to 3 ml of molten (46°C) top agar containing 0.1 ml of
log-phase culture of E. coli host (ATCC: E. coli # 15597). The suspension is gently vortexed
and poured onto solid tryptic soy agar plates. The solid tryptic soy agar plates, along with the
top agar solution that has been added, is incubated for 18-24 hr. at 37°C and then enumerated by

counting plaques formed on the lawn of host E. coli cells.
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Cryptosporidium Parvum (Pleasant Hill Farms, Troy, ID) is directly added to the water
used for testing. Stock titer is determined using 10 ml of cryptosporidium parvum centrifuged
in a [EC Clinical Centrifuge (Needhan Hts, MA) at 400 g’s for 15 min. to pellet the oocysts.
The supernatant is aspirated off 1 ml above the pellet. The oocysts are counted using a SPotlite
hemocytometer (Baxter Healthcare Corp. McGraw Park, IL) by placing 0.2 ml of sample onto
the hemocytometer and using a phase contrast microscope (e.g., BH-2 Olympus, Japan) at 400x
magnification. At least 12 chamber aliquots are counted for each sample according the
procedure outlined in the Guidance Manual (U. S. EPA, October 1990). An average of all
readings is multiplied with the conversion factor of 1.0x10*. Total numbers of cysts are divided

by 10 to determine the number of oocysts per ml of sample.

B.  Influent Preparation

Influent test fluid is prepared by adding (seeding) the requisite volume of concentrated
stock for each microorganism to 100 L of dechlorinated and sterilized water. The
microorganisms are seeded into the 100 L of water as the water is stirred with a 2 in. by Y2 in.
stir bar at maximum speed. The target concentration in the influent, based on the dilution from
the concentrated stock, are listed in Table C. A 50 ml sample of influent is collected into a 50
ml graduated conical centrifuge tube for assay of MS-2 bacteriophage, E£. coli, and
Cryptosporidium parvum.  Assay conditions for assessing removal of each of the
microorganisms are described below.

The following is an example of how to calculate the volume of microorganisms to be
added to 100 L of water for testing.

Example: If the concentration of E. coli is estimated to be 1 x 10 organisms/mi and thg
target concentration in 100 liters of water is 5 x 10® organisms/L, 50 ml of the
stock E. coli needs to be added to 100 liters to obtain this concentration. The

calculation is as follows:

1 x 10° organisms/ml * Y ml added/100 liters = 5 x 10® organisms/liter,
then

Y ml added = (5 x 10® organisms/L * 100 L)/(1 x 10’ organism/ml),
then

Y ml added = 50 ml
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Influent is flowed through the test filter at a rate of 100 ml/min. for 15 hr. 50 m!
samples of effluent are collected into 50 ml graduated conical centrifuge tubes for assay of MS-
2 bacteriophage and E. coli at 1 hr.,, 3 hr.,, 6 hr., 10 hr. and 15 hr. Three 50 ml samples of
effluent are collected into graduated conical centrifuge tubes for assay of Cryptosporidium
parvum at the same time intervals as above. Table D outlines the amount of sample needed to

perform an assay of each microorganism.

Table D
Influent Effluent
Microorganism (ml/sample needed) (ml/sample needed)
E. coli 1 1
MS-2 1 1
C. parvum 10 100

D.  Assay Conditions for Determining Pathogen Removal Indices

(1). Bacteria Removal Index

The Bacteria Removal Index is determined according to the following formula:
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X#210% dilution. The serial dilution is continued until a 10%1 dilution is produced. A serial dilution of
effluent samples collected from the test units is performed until a 10*:1 dilution is produced.
The influent and effluent dilution assays and measurements are performed in duplicate

according to “Standard Methods for the Examination of Water and Wastewater” (APHA, 20"
edition, method # 9222).

(2). Virus Removal Index

The Virus Removal Index is determined according to the following formula:
VRI =[] - (Effluent Concentration)/(Influent Concentration)} x 100

Influent or effluent samples are serially diluted in tris buffered saline in the same
manner as the E. coli samples by taking 0.3 ml of influent or effluent and adding to 2.7 mi of
tris buffered saline. The dilution is continued until a 10*1 dilution is produced. The 3 ml
dilution is added to 3 ml of molten (46°C) top agar (tryptic soy broth with 1% Bacto agar,
Difco; Becton/Dickinson, Inc., Spark, MD) containing 0.1 mi of log-phase culture of E. coli
host (ATCC # 15597). The suspension is gently vortexed and poured onto solid tryptic soy agar
plates. The tryptic soy agar (Difco; Becton/Dickinson, Inc.) is prepared by adding 40 g of the
powder to 1 L of purified water in a 2 L Erlenmeyer flask set on a stir‘hot plate. A 2 in. x %2 in.
stir bar is added to the Erlenmeyer flask and the stir/hot plate is tumed up to a medium setting.
The tryptic soy agar solution is mixed thoroughly on the stir/hot plate and heated to boiling for
1 min. The solution is then autoclaved for 15 min. at 121°C. 15 ml of the tryptic soy agar is
poured into a 92 mm x 16 mm sterile Petri dish then cooled to produce the solid tryptic soy agar
plate. The solid tryptic soy agar plates, along with the top agar solution that has been added, is

incubated for 18-24 hr. at 37°C and then enumerated by counting plaques formed on the lawn of

host E. coli cells.
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procedure outlined in the Guidance Manual (U. S. EPA, October 1990). An average of all
readings is multiplied with the conversion factor of 1.0x10*. Total numbers of cysts are then
divided by 10 for influent samples and by 100 ml for effluent samples to determine the number

of oocysts per ml of sample.
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CLAIMS

1. A filter comprising activated carbon fibers, characterized in that the filter
has a Virus Removal Index (VRI) of at least 99.99%.

2. The filter of Claim 1 having a VRI of at least 99.999%, preferably at least
99.9999%.

3. The filter of Claim 1 having a Bacteria Removal Index (BRI) of at least
99.9999%, a Parasite Removal Index (PRI) of at least 99.9%, or both.

4, The filter of any one of Claims 1 through 3 comprising activated carbon
fibers characterized in that the fibers are amranged to provide uniform inter-fiber
spacings that result in a bulk density of from 0.2 to 0.4 g/cm®; and preferably the filter
includes a mixture of activated carbon fibers of different mean diameter, length and/or
shape.

5. The filter of any one of Claims 1 through 4 characterized in that the fiiter

comprises free activated carbon fibers.

6. The filter of any one of Claims 1 through 4 characterized in that the filter

comprises an activated carbon fiber composite.

7. A method of removing viruses from a liquid, the method comprising
contacting the liquid with a filter comprising activated carbon fibers characterized in that
said filter has a VRI of at least 99.99%.

8. The method of Claim 7 characterized in that the filter has a VRI of at least
99.999%, preferably at least 99.8995%.

9, The method of Claim 7 or 8 characterized in that the filter has a BRI of at
least 99.9999%, a PRI of at least 99.9%, or both.
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comprises an activated carbon fiber composite.

12.  An article of manufacture comprising:
(a) a filter comprising an activated carbon fiber composite, characterized
in that said filter has a VRI of at least 99%; and
(b) information which informs a user that the filter may be used to remove
viruses from a liquid.

13. The article of manufacture of Claim 12, characterized in that the filter has
a VRI of from 99% to 89.9999%.

14.  The article of manufacture of Claim 13, characterized in that the
information indicates that the filter will remove at least 88% of the viruses contained in
a liquid.

15. A filter comprising an activated carbon fiber composite, characterized in
that said composite has a curad density prior to acti\}ation of between substantially 0.1-
0.7 g/cm®, an activated density following activation of between substantially 0.05-0.55
g/cm® and a bumoff during activation between substantially 0-90%.

16. The filter of Claim 15, characterized in that said activated carbon fiber
composite has a void volume of between substantially 63.2-94.7% and a mean inter-

fiber spacing of between substantially 30.3-302 pm.

17. A filter comprising an activated carbon fiber composite, said activated
carbon fiber composite being prepared by;

() mixing between one part by weight carbon fibers having a diameter

between substantially 5-100 um and a length between substantially 0.1-

0.4 mm with between 0.05-1.0 part by weight binder and 5-50 part by

weight water in order to produce a slurry;
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body;

(vi) carbonizing said cured monolithic body thereby producing a carbon fiber
composite defining an open, permeable structure; and

(vii) activating said carbon fiber composite whereby said carbon fibers are
made porous,

18. A filter comprising an activated carbon fiber composite, said activated
carbon fiber composite being prepared by the steps of:

() mixing between 2-12 weight percent of carbon fibers having a diameter
between substantially 5-100 pm and a length between substantially 0.1-
0.4 pm with between 1.25-3.0 weight percent binder and 8-50 cc of water
per gram of carbon fibers in order to produce a slurry;

(i) placing said slurry in a molding vessel;

(iiiy filtering said slumry thereby producing a green monolithic body;

(iv) dewatering and drying said green monolithic body;

(v) curing said green monolithic body thereby producing a cured monolithic
body;

(vi) carbonizing said cured monolithic body thereby producing a carbon fiber
composite defining an open permeable structure,; and

(vii) activating said carbon fiber composite whereby said carbon fibers are
made porous and said composite has an activated density of substantially
0.076-0.495 glcm®.



~& & ()- 3%40%-8&& ()- 10% 10%0% s! 109894 ()-m L10%& ()- F& #10% & () -
SXU|[:vU4 6 2 10%8& ()- S3810%~&+& ()-  410%&& ()- Yy 10%&&“

@T0%&& ()- 10%-8& ()- H2|[vUA 6 L*10%-&& ()- ( 10%-&& ()- oMLY 5s (52
$ 10%-&& ()- Z"10%-&& ()-y | n 10%-&& ()6z7[ | [ NA410~810~&10~& 9710%&&' () -
@f 10%-&& ()- , 510%&& ()- 3f 10%-&& ()- s--#10%-&& ()-a|[: NA410

& 10%) & &10%~ 10%) & ()- |10%) &
$10%)3& (§) "N%%fé)g th?% %?t%’Se &}iﬂ%ﬁ/‘cﬁ?& <§- (12)%)& ()2 F(% 109K K& () -
t10%) & ()- 310 {fa & (a letéM corh né‘ﬁﬁ*ﬂee@dt%‘%’éﬂ é{ar@m f(bb@g/"'éh%rééténzed in

&) !110%) & ()- s'10%) & o) é
Bl I111][NA4L1O~) 10~ )1dhpt $aldqfut)e&h@;sa‘¢ be@;atgle@);tg %r ao%& ()-

85! 10%) & 210% 111 o Uk+SK &
“10% : & %)-()103/@ By Om %ﬁgﬁg“%”@cﬁ)‘”f"ﬁb&%%r 2 E’ﬁ?'t%éﬂ@g}&%ﬁﬁt}eﬁ’qﬂdlo 0
10N () S10% 1Sl ARG iduia, 910% 45 & ()= 10% 45 & ()2

1 100KKE" () -2/ % W&SY&&T U {29, 410k+$Kk 1 L00K+$KE ()- ' 1006f& ()- 11
10%: & ()- ~10%+$:& ()- ~10% :& ()- ~10%:& ()-UV Wd' g ' (bA41Ok+$k 1

F 10% & @ 10% &) % & ()-. Y109 &.() - o
% - 1o§/4 &(%)2010k$@!<41§53%ﬁ<?f’3"3(‘%%°}% hstf it chagsgerizef infopkthe ) -

109% & () - 19%Ralidn m?dlé@l%&hét)theflltlélQﬂ(f(ﬁerﬁbve)aiDea’éfQQ%ldiftﬁéW@é@g $
10% & ()- y 10%& ()-  T10%& ()- fyS#HI0N& ()- 10%& ()-

1 109% & () -ortainedin gliquidMi1ok+$k 341 10% & ()- 1 10% & ()-z D@ #10% & () -
*L10% &,() - L' 10% & ()- @ % 104 & ()-4u------- .vU410k 3F 10% $ & ()-
FSI10%$ & ()-F 10%$ & ()- %10%$ & ()- 10(10(10( @yl0%& ()-...:

[ H K| [:v2410k T affdeboBinahufa@lir® & Ralm 193 A Ycleriet)in that!the¥iter has

a VRI of from 99% to 99.9999%.

22.  Afilter comprising activated carbon fibers, wherein the activated carbon

15 fibers are arranged so that the filter has a Virus Removal Index (VRI) of at least
about 99.99% at a flow rate of 100 mi/min and an MS-2 influent concentration of
5 x 108 PFU per liter, wherein the flow rate is maintained for at least one hour.

23.  The filter of Claim 22 having a VRI of at least about 99.999% at a flow
20  rate of 100 ml/min and an MS-2 influent concentration of 5 x 10° PFU per liter,

wherein the flow rate is maintained for at least one hour.

24,  The filter of Claim 22 having a VRI of from about 99.99% to about
99.9999% at a flow rate of 100 ml/min and an MS-2 influent concentration of 5 x
25 10% PFU per liter, wherein the flow rate is maintained for at least one hour.

25. The filter of Claim 22 having a Bacteria Removal Index (BRI) of at least
about 99.9999% at a flow rate of 100 ml/min and an E. coli influent
concentration of 5 x 108 CFU per liter, wherein the flow rate is maintained for at

30 least one hour.
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28. The filter of Claim 22, wherein the activated carbon fibers are formed into
a composite.

10
29. The filter of Claim 22, wherein the filter has a mean inter-fiber spacing
between about 30.3 um and about 302 pm.

30. The filter of Claim 22, wherein the activated carbon fibers have a specific

15 surface area between about 100 m%g and about 4000 m%g.

31.  The filter of Claim 22, wherein the filter has a bulk density between about
0.15 g/cm?® and about 0.8 g/cm?®.

20 32. Afilter comprising a filter material consisting essentially of activated
carbon fibers, wherein the activated carbon fibers are arranged so that the filter
has a Virus Removal Index (VRI) of at least about 99.99% at a flow rate of 100
ml/min and an MS-2 influent concentration of 5 x 10° PFU per liter, wherein the
flow rate is maintained for at least one hour.

25
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" #$9%& ()* flow rate of 100 mi/min and an MS2 influent concentration of 5 x 10
the flow rate is maintained for at least one hour, wherein said activated carbon
fibers are provided in the form of an activated carbon fiber composite and

5 wherein said composite has a cured density prior to activation of between
substantially 0.1-0.7 g/cm®, an activated density following activation of between

substantially 0.05-0.55 g/cm® and a burnoff during activation between

substantially 0-90%.

10 34. The filter of claim 32, wherein the filter has a mean inter-fiber spacing
between about 30.3 pm and about 302 um and a bulk density between about
0.15 g/cm?® and about 0.8 g/cm® and wherein said activated carbon fibers have a

specific surface area between about 100 m?/g and about 4000 m?/g.



