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USES OF FI BRI LLATED NANCFI BERS AND THE REMOVAL OF

SOLUBLE, COLLO DAL, AND | NSOLUBLE PARTI CLES FROM A
wo-kagbD17bethni cal Field The present invention reCHUSR0$/08965

filters for renoval of soluble and coll oi dal

nonsol ubl e particles in a fluid. Specifically, the

present invention relates to the renoval of sol uble

and insoluble lead froma fluid, and nore

specifically, to the removal of soluble and insoluble

USkSas Hﬁ%ﬂ‘t AN ﬁﬁﬁhgﬁ:% @‘F 961 VBLE,
o %{J BLE 7 racteri zegtlbyﬂ% he

wat er trea neﬁt a |ca i'ons are ¢
renove both di ssol ved and suspended or
IEQ@%%E%%@ materials. Although it has been used in
nufrae @t@emansemtren relntes te fidters| foaebnics/abof mhiltﬂel: mgd ablloidaly non-
0 . arnful to human health if inhale r
solufy @@gt%a a6 SR, cde Pagsefteiyensiop Jeigtes 1P B¢ gergoval of
solu@mhg nﬁsoﬁﬂb[ev 1e§c9 ebnPRufuShd GRRL @ dcRLAE tégﬁi% Péiﬁw Bf soluble

home), food (which ¢an be co tam nate
and mseluhler lead fiom thighdpld oftidiusegsfibrillared naabfirerg fas Gmetdffethe filter
d.corrosion of plunmbing). Materials such as ion exchange
Melasins and reverse osnpsis menbranes effectively
reduce or fully renove dissol ved ionic species.
Particulate |l ead at high pH exists primarily as

Backesoundi Afd| | ead carbonates. These colloidal particul ate
SO e r
or g\(#%gs erl%?eaﬂgyn?] gﬁ@#gﬁo AL \éﬁaq%c%qgr%zteg %ﬁ tfl&% L&4 tg?grlngve both
dissohegloamipsiapendpd s soatleiddl 1fnfat§ef1ﬂlt AE]h(SiLghSt hm&l‘eﬂ&lsh@\ﬁe numerous
been devel oped.and pronulgate Iate he anou
consgmele B’fﬂdélﬁ‘ﬁsngﬁgé 31D GRet3! oy mful-gh human health if

E I
TR IS A B S

(botlT misigle jagd antSNSFthet horee)n EnddameichStaaibd &potasimdtedrbyArs! inghe air or

. tio al t an tablishin

in oGP PAGIAERH B BPCFARP G SOraRan on PHARHE Metsrils sugheps ion

exchmagef %s[fﬁnéirﬁi edveRel Hdm@fsUsRnBReP Qifatively duty i fulli Rehove
wat er treatnment systens that are designed to reduce

dissodysdciomicc spesigh t Rartieplateelgad @hthaghi pHnexsts rprimaasily @s golloidal lead
carbcng{alteVs.atﬂeX@ cSlioidat p}?&ﬂl&ﬁ&te TJ& hids Sc&t?ri)%aﬁh}fsmgl?y removed if the filter

media provides for a fine enough mesh that can also accommodate pressure differentials.
Standards have been developed and promulgated to regulate the amount of
contaminants allowed in drinking water. For example, one such standard is NSF/ANSI
53, entitled "DRINKING WATER TREATMENT UNITS — HEALTH EFFECT." This is
an NSF International Standard and an American National Standard for establishing
minimum requirements for materials, design, construction, and performance of point-of-
use and point-of-entry drinking water treatment systems that are designed to reduce
specific health-related contaminants in public or private water supplies. This standard, as
well as other related standards and protocols, governs the amount of contaminants in
drinking water, including lead, governs testing protocols for removal of those
contaminants which provides a benchmark for the efficacy of water filters designed to

remove or reduce such contaminants.

SUBSTITUTE SHEET (RULE 26)
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wel|l as other related standards and protocols, governs
t he anobunt of contam nants in drinking water,

w0 pwbodionsy | ead, governs testing protocols forPCEOIB088/008965
of those contam nants whi ch provides a benchmark for
the efficacy of water filte?s designed to renove or
reduce such contam nants. For exanple, pursuant to the
NSF requirenent, the influent challenge for total |ead

| SF& dbaniflé, Lpi@suahb Qo RRE NEF WjuelemeRothe idiieRPBhdli®nge for total
total particulate |lead, and 20% of the tota

lead i54) 15 wallaoe ] 3@apb of whish 3980 pE5Q ppleisiteahpastiewateread, and 20% of
. i i | Z i f | ..
e GO BCTERNS: ) i€ D BT LA™, wh 8805 e e

maximsmapfilucaabéae Eoﬂcehﬁad?rpﬁlfj@ﬁl(}mﬂg/]lleadlepfdéﬂf ad rlequiaement is
.reduction testing T ead particul ate an i ne | ea

epplGac 68 1P 3 M 5FOaHels rEBictar el tiees Brtiegbiersgd fine

lead 9RL¥s Ard bf &S ng?igésg REAker? l?ageglf{fé.gat%étﬁgs?ﬁg hglﬁ_lteorr designed to

present invention Is capab nmeet |
specibtdimns gifnthe grresnami@ntor akhmblpeof eweiing tenNSF or otHee similar

redyct.i on of .lead,i rinkin er, .Far. n ears
standaRE Rl G Rowtsa Br HererbdbniRucia b AinkBa WSt | o

ai Flsr thény yaRFONer§ kN ANbILRMIRS ecbh QHBRd Al filRE 8REBYS Smprove

across the surface of a bed or precoat Fibers

flow candnepdpecldifierentist avessnrenauabs dfe swifdcei ofah bedt er ipa¢eat. Fibers
i-al wh S n. gonj.unction Wi th charged. . .

aranm A0 Bplok TR B P BE), Shellely SR ingonjuncrion

with hatB€d madZialsSsstioeds ieoh EHahbigsiesins an SFeltenaNy. 2690 1980issued to

ntitled "CHARGED FILTER Al D MATERI AL AND | ON EXCHANGE

Halbfggter onfljebgyarydec 8% antitid 'YHAARGIED FELEER ADSMATERIAL AND
o gl . .

TON FXTHUANGE BRES D6 Bl E IR0 A Pl R e A ARk charged fon

exchange eresing randntlodlgesd fiiter tahl sughatenteated odinlose didey. Thednvention

commercially in appl..cations such.gs treating high :
emba iy t1s FEHRLI AR WL B r1sPh SRR gD R8P e Re SHdcasreating
high gHli@PéondensatwaPin powé fldds 3 11 i ssued to Koslow on

rch 29, 2005, entitled "NANCFI BER FILTER MEDI A, "
ded anoreaecenh patgae HF. Ratgorf Noep.87238 1 hisseethtmKesgow on March 29,

fi t j t eaches that a physic
ons] OO eSO Eb ARG s F e o o
enhared Sllaadiar thelliuhi eThenfAéa t8athbs @t aepHykicgISgotdsh@hlled fibrillation

Moreover, this patent al so teaches a process_for )
enhanggk thgPefPrmaprovbeandard filter gedizetychias wellhoserfiber. Moreover, this

patenit NG RELAREL oD g?%ce@?%f ixﬁaﬁ{irlﬁ%lé%i inpto Q&P i s, %llesd(i)urg €&h the

comerci ali ze or filtrat
incorporation of nanofibers. This process has also been commercialized for filtration

purposes in combination with activated carbon.

There are a number of independent agencies, such as NSF International, UL, and
WQA, to name a few, that evaluate and certify the performance of filtering devices that
remove lead from drinking water. Generally, their seal of approval appears on the device

and product packaging. New testing criteria from these agencies require the removal of
lead in high pH fluid.
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pur poses in conbination with activated carbon There
are a nunber of independent agencies, such as NSF
w0 pioeormes onal , UL, and WQA, to nane a few, theE€T/US2008/008965
eval uate and certify the performance of filtering
devi ces that renove | ead frdm drinking water
Cenerally, their seal of approval appears on the
devi ce and product packaging New testing criteria from
Disclbéige of agRAGheS require the renmoval of lead in high pH
flui dDi sclosure of Invention Bearing in nmnd the
priearegsinaniad gbe ipeotderas ad geficiensigsrafghe arior artt it ig therefore an
- fo an.obj f r inpvention :
obiech, Y brEself  RE G, 18 el ARG Vop 46 Dbk B, colpigar and
insolubls phrtillee fipat 4 flcides froma fluid It is another object
of the present invention to provide a filter for ]
r ol i Angthes| Qhyecs ofcHel Bresent | invgngion ni@opiavIde Aeitlier far removing
' Eo| ' L A obj ect
solutf, CpB wld i AC HA ARTRL kb pt ST enRAbAGE O
r eltoy iyeg amwherbbtgect adfl theipdesent awventionstol prlolvlermfiked folr removing

hi gh. fluid vi ronnment ysing fibrill.ated ) )
solubfl, FofP1dBTand dhsGhTe mafahaT i p e P epviromigns wpige fbrillated
nanofbire & o oft € fiREEHEME | nvention to provide a filter

for renoving soluble, colloidal, and insoluble |ead
f rlé s aanfother dotyect aefethet presgrnit nkiengionatioe proytec i ffilteat oo msmoving

t is .a. further, abject. of the present.invention to. )
solutlg st W5y RAGH ™ o R BITRER BBl mrediigaions
nanat iabRirthef @bjEed of thed pRsart iadertidach ér@ﬁzid@sae filtBr having a filter
enovi ng sol ubl e, colloidal, and insoluble |ead from

I )
medig o fibslfatedynano§perns| fogmedin ghplesied shert f@avantingemowing soluble,
[ [ | M obvious and wll in part
conogigﬁaaiﬁ%gﬁg%{b %p ?%&rrﬁr{)rlg]le}ﬁ%}g@gitﬂf"pgati on The above and ot her
ob$tdt bther whjiecty and lallvdreagep pdteninvemionheitlein plaitl Yeasbvidus and will
. the art, are aghi ev_e%d i.n the present invention which,
in part be appprent iromihe specificatith-ected to a filter for

I eTRY bt e SAH Wohe? obfeld Whekd! willdRhppReat HPISsaBEREd @the art, are

froma fluid conprising a container for receiving

achievedynestbe firesedt imvedtiborwhiel umi adfirstndspent, riodlicscteg fd lat Slter for
La . for filterin

di he fluid, .a fi fil d .
remoE, Bt et Boical oo v S achii ot Shuainer

for ré@@Mifg ingress fluid, and for securing and introducing filter media to the fluid; a

first filter media for filtering soluble material from the fluid; a second filter media,
adjacent and in fluid communication with, the first filter media, for filtering the soluble
material from the fluid; wherein the first and second filter media create a physical barrier
for the colloidal material at their interface for capturing the colloidal particles; the
colloidal particles retained at the interface until becoming soluble in the fluid, passing
through the interface, and being removed by the second filter media.

The soluble and colloidal material may include lead, organic contaminants, or
inorganic contaminants. The filter media may comprise fibrillated nanofibers as one of
the filter media. The filter media may include ion exchange beads, powder, resins, an

adsorbent, zeolites, or carbon.
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adjacent and in fluid communication with, the first
filter nmedia, for filtering the soluble material from

W@ b@IPieizl, wherein the first and second filt ePCTESI088/008965
create a physical barrier for the colloidal nmateri al
at their interface for capt#ring the coll oi dal
particles, the colloidal particles retained at the
interface until beconm ng soluble in the fluid, passing

t haogald fikg hiRHRY fidGRed ANAhdahtdEfadcd TAME Be bysell heor SQpRMRlg the
filter media The sol uble and colloidal material nmay

aﬂbuhbmu@gaﬂddqpa@wgan|c contani nants, or inorganic
n s. T il y..C g fi
nano eg(?rg& %pelgﬁeihgf r%% nﬁg{'%ltlgﬁ 1 00Cf @{Fﬁe ¥ i If?{elI r%c{eg‘ovmg
soluhi@ymlsdillcbllddthiOEbll%mHhalB&E paeticlss, fpewadehight eHi Agid aﬁmprlsmg a

adsorbent, zeolites, or carbonA third filter nedi
contaings £PB FECAIVinehBEress Shida@ad fomsechEng sudy lrmduelastfmer mfdla to the

ﬂu1dt Q%r&ohitg ARbia? Gl poéx%hQr?g el Bééﬁd?sresﬂnn oft CP%%&%P’I {or filtering

the present rnvention rectet t
solulﬂ@ieadeﬁmm thg fiod; b bezond gl uinddés, &djudemodddomdﬁludlmdnumcatlon

: tic I d co I n a cont gi ner
with, PE el 6%/ madh ﬁfgﬂﬂ@ﬁgg B iesel SaBoHTRr. S flierhg Sheple fead from
the fluft; WaXHAGih MBe fifst bRl sERMUAIP i (f:rlehjt'ecll pl@lsfchlr c%llofdvz\i}j {2l barrier

medi a I ncl udi ng i on exchange beads, resin,
at thf:mrqurifatc@rfomgamotmgaltbe Iceklxddalrbmd pagiddsyitlet callcsézddnaﬂ partlcles

etifl o TR e B EREE AL S0 ol TR R g assing
througamaé ip@fate, dmdrreimblé®frbmahs ALiddyaht eadnd fiRsr mbdaf | Ui d;
wherein the first and second filter nedia create a

phiyis & cthird caspedi dbg presei aemtiosy isadireckrsd fo janprocesacior fremoving

I d rit |
solub“l:f!?”axéélJ ggﬂﬁdﬁgsl&?e?g#lng&lé\ﬁBg{hgeﬁdn o%;ﬁr;%ng Jx {&ﬁ.\lcln% qulrst filter
medibec ohe pgthsof ﬂbildeﬂ(amdvlainenrtbedluhy comens lsolubdle drduparticulate lead,

assing.thrqu nferfa d renpved fromthe
remoPiig, 391y 1948 ORI T Prrharint AT e 1P Hiag paficulate lead
pam(t,l&eatpﬁﬁﬁ;rﬁ@ﬁfadenﬂég%' Wherk S §Jéc6§él7tﬁ@cgr hiddf 1@“9&@&&&1 (Plli the path of

renmovi ng sol ubl e and particulate lead froma high pH

fluid fflow, dmddwpplmglthg partitulatgueach gartickes icgptufdd wreil sofbieaini the fluid;

e pat e th | uid.contains
and rEg8RR sOule 1 Py bR EE SebRB ol ESR b o 1 ead
f remat foarth| sipdctthé edeht sivehiibd €4 direted;toCaRhhdDDS using a
particul ate | ead particles at an interface region

ﬁbrﬂkmér Banofibee gda fhilier emedigdfos patiplgt resmyeledeamprisig: prrowiding a
pluraﬂ{g éqbqlllg eﬁV\{tﬁan%ﬂ elj§e &Idn%OF gpf}rzi]ﬁattécf lﬁ'ar?étfoel‘ %th a subdivided

es capture
medla formmg the ﬁbrxllated nanoﬁbers into a pleated sheet; and mcorporatmg at least

one of the pleated sheets into a filter cartridge.

In a fifth aspect the present invention is directed to a method of using a fibrillated
nanofiber as a filter media for particle removal, comprising: providing a plurality of
fibrillated nanofibers; loading the fibrillated nanofibers with a subdivided media; utilizing
the loaded nanofibers as a precoat filter layer for the filter media.

In a sixth aspect, the present invention is directed to a method of using a
fibrillated nanofiber as a filter media for particle removal of waste generated by a nuclear

power plant process, comprising: providing a plurality of fibrillated nanofibers; loading
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and renoving soluble lead fromthe fluid by the second
filter media. In a fourth aspect, the present
WO posetieah i s directed to a nethod of using a PCT/US2008/008965

fibrillated nanofiber as a filter media for particle
removal , conprising: providbng a plurality of
fibrillated nanofibers; loading the fibrillated
nanofi bers with a subdivided nedia; formng the

the fibtiRated Inah&fbenanahi Dautsividddmadial eb@th BlRe®rilla®Athanofibers into
i ncorporating at |east one of the pleated sheets into

a plegted jsheesy insarnoratigeat 1past onejof the plepied shedteinge @sféter cartridge for

ol UL PR 9Ll 2 gy ks

power eyl aplacing o filsdrngrtrigpe wilidle pgthaprpbess avasteyfréh the nuclear power
fibrillated nanofibers; |loading the fibrillated

nanofi bers with a subdivided nedia; utilizing the

| oaded nanofi bers as a precoat filter layer for the

filter nmedia. In a sixth aspect, the present invention

BriefiResdiiptgnt efthe ®rawimes hod of using a fibrillated
napof Lber as filter ia for partjicle repoval of .
el tegBire 8 B ibyendon Fei Bowaivpl Sk b cuguaLs Sharacterstic

of th€ AiVRAtiGH @ sePFRMH WHth %aﬁicmaﬁfy’ﬂni thy affenbibdPElalnh 28 figures are for
nanof i bers; | oadi ngt tﬁ’ a

plant

_ _ e fibri’llated nanofibers w
illusteagionipurphsds aelyiaad aronat digwnhie schler The mventiamaitsstf] bewsver, both
[ . | eat.e heet. i ncorporati at | east. one .of
a5 o, F Pl B HeBRE S o8 PR bl dhelindg e B Ferfonce to the
detaileé rde¥¢rijgionohhioh dellovis aRen i edhjiRtidh willetle@scodhpaRyRSdi@wings
) or other streanms the nucl ear power plant; placing the
mwhish't er cartridge inline with process waste fromthe
NUGLERR ROYRFosp! i bigt e ' i
THEEr ah B b osf ssmaf ek of B YRR e bk S oving
solubjéhandathsotelle solididal acdtenidl §itanca Afiidt he | nventi on are set
forth wi.th particularity in.the appended ¢l ains. The.
t r o5 BFonFy S plitheditep eglBad 6! et dhi ppertece
mediGh AWMl FgRine whERe thd1\@NbidQN 1dati Spdrficled %\P@\&%pge@ % n @fowing
_ to organization and nmethod of operation, may best be
directin thspughoieufillsy meglieer ence to the detailed description
\ggli’:i I;T%g% l)e}: c%é?sa%egl\?\ﬁoengaélsvpel\ﬁ 3 l:ajegﬁl‘:ie'rgqu%c}_li\g tPEFFgE eladepicting three filter
regiofi§ i TeMOCing GolablevdndWollbidal auhildrah edurd media filter
for. renoving sol uble and i nsol ubl e col |l oidal materi al

f rl98 3 15 |3 6r@ss-sectional view of a triple filter media for removing soluble and

colloidal material from a fluid.

Fig. 4 depicts a table of the measured lead particulate values for ten filter systems
and two control units after a two (2) liter flow.

Fig. 5 depicts a table of the measured lead particulate values for the ten filter
systems and two control units after four (4) liters of flow.

Fig. 6 depicts a graph of the average total particulate lead reduction efficiency
versus the mean flow pore diameter.

Fig. 7 depicts a graph of the effluent total particulate concentration versus the

mean flow pore diameter.
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Fig. IBis an expanded view of the filter nedia of
Fig. 1 depicting at the interface nediuma filter
wo egvomesher e the colloidal |ead particles arePCT/HRE$I008965

fromflowng directly through to filter nedia. Fig. 2
IS a cross-sectional view of-the filter nedia of Fig.
1 depicting three filter regions for renoving sol uble
and colloidal naterial froma fluid. Fig. 3 is a

Mod &k Ps Caefing0Dad th¥ l@wnaéna triple filter media for
renovi ng sol ubl e and coll pidal material froma fluid.
Fi lg. descratepg thesprgfereed | eanhpdimens qt}élaqsgr,eéqpt |11@@§t10n reference will be

madeglgér'gﬁlct#lﬁ%l t1V‘97I e refo‘?gwmgp r%n)h ﬁ[llé(? @?Q’ tto)gﬁ(e features of

the idepii@t. s a table of the rreasured | ead partl cuI ate
val ues for thetenfll sterrs and t contr.ol

urd\é &isegt irpthis gppliqaipn,) |‘%a€P ecs? FCRRS. COIE (fibegs Baying diampters of
less &?ﬁ‘%r@f (4 mid%EE 28R ﬁr%?éi‘;lblf%sts'tﬁéﬂ Qbemic?(ﬂ]q Fﬁﬁifﬂﬁﬁérp%eans a

efficiency versus the nean Tlow pore dianeter. Fig.
physidapprotessadegigaph tofgentreteefifid tendtilst oft mdnofibers iattatlatdeto a main or

core ﬁ?%@%‘%xﬁg%,b@%@é%ﬁ%?r%&elm tﬁ@“ 5 oelill) ﬁgcrloﬂvent ion In

desiBfiildtbd thahBEbds eS8 BrvRIBGALABMkipfedt BoheBEL $€Mertain water
i nvention, reference wll be nmade herein to Figs 1-

treatroentt dpplieatrons ndendard ilet kyres lsachameslalose rapd @erylio ndyklee used as
1 ea Of . t | n t
s SRR DB ROVGBEL P QR4 kb ) HEPBRLERY BB

procés@S&etcb&nﬁlie@ﬁ tiyed(a40 praferablgns, thalfbdderﬂroéﬁeﬂ bl i lé@&s dlthatigh for
mcrons Fibrjillation nmeans a physical praqce

Somedwllgﬁéawtsalagern@fl&hé woud be dpeferred and tﬁamébn%?éfe@ to provide for
fi ber, having a dianeter
manygf?&ee?tgh@gf Eﬁeﬁdl{s@?ﬁgﬁ{hg%gfeﬁl) mcron Fibrillated
nahld fibelaedhhrofiferewagusl ysednanmadé patfedhdogmeééssad imo other
rtain ter t reat nt appl.icatians Standard fi ber
usefuf Joyass Sipbiisoahests o e Rinbzeiey TR ifyodt iidagmay be layered,
wrappédl dri faBricRdE Int @S wt BkoddhefoRas Oflh@ﬁléatteﬁ kx’ﬁérﬁﬂr%és%ay be utilized
process In the nanofiber fibrillation process,
as mady or fihbersfabgeatedinrtopeastrisigg Hilieroalong earondexmmmat@nswnmother
materllgls.l engt h, al though for

The fibrillated nanofibers provide significant performance advantages when used
in combination with other materials used currently for water treatment applications. The
unique structure of the fibrillated fibers allow much higher loading of these water
treatment materials than can be achieved with current technology. The loading materials
may be charged or neutral species. Examples of these materials include, but are not
limited to, synthetic organic and inorganic ion exchangers, zeolites, carbon, adsorbents,
and metal oxides, such as titanium oxide, metal hydroxides, and other filter aids.

Pleated sheets of the fibrillated nanofibers can be incorporated into small
cartridges such as those used in carafes, point-of-use (POU) vessels, or point-of-entry
(POE) vessels. These embodiments are applicable to drinking water and process water
applications. The fibrillated nanofiber configuration allows for better filtration, especially

for colloidal particles, without sacrificing hydraulic properties or service life. A prime
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sonme applications smaller |engths would be preferred,
and then fibrillated to provide for many fine tendrils
wexaendionyy fromthe core The fibrillated nanof POEDS2008§08965
be used as nade or further processed into other useful
fornms such as sheets or pleated nmenbranes The sheets,
in turn, may be | ayered, wapped, or fabricated into
fl owthrough forms The pl eated nenbranes nay be
exam?ld bf 2¢l tpe BRUS A trfaé{ﬁ%hﬁdtalﬁl@hﬁdt&@tf@ﬂ réfbal AT dlloRFL lead, a
ilters alone or in conbination with other materials
procerhyge thapig dllf’réquétdornqwofqnb@alsaw wﬁhdmosuagmqmmarmal technologles It
erd van nat
shouﬂ lﬁl %t@?@éﬁtl dl &mu%h Eelﬂr}or gnf)fl f’ea? clpn u&nﬁ def%bﬁfi herein, the

prese&p}ﬁi\deﬁﬁén angot TheitedNiclasy §irf1blﬂ§ﬂJd5<ﬁ1t£lﬁ1n§ri’te ahd Bfablmeaérﬁ;ﬂoyed for
fibers all ow nmuch hlqher Ioadln% of these wate
other ;QRATBARLS BALePIsAIR SelHBIS andrPofjel alc¥iren oS well farrnoneolloidal

partidl&€ 'n@% eS¥arhiand 28 QIIQS Eﬂ%&g @Lssarmﬁx tDEivE %%9@9 or

neutral species ase materials | cl ude,
buThar&qurreﬂnerhtls it ﬁd rbmoveﬂ)dﬁtcbﬂxbldﬂ letrcga‘ﬂldtctaﬁdl in part by a recent

oo ROk Gl SRS S S BF e oyt st
challd} adyatdy AO% el €3 hi N HORSEd fdnhileke Al Asr AIgREH (RO MTANSI

the fibrillated nanofibers can be i ncorporated into
protthlls a@mmrtgges)csdmh 1asthc hodstry fed contamaraaf eemoval in drinking

oi, nt - of - r poi nt -.of ntr
watehclicly B ehliibntAig: < B PRePh ety ot Rl fgosed 1o
accoMﬁioﬂﬁte&ﬁﬂelpé&ﬁﬁﬁﬁaﬁmﬁ{ovﬂpﬁbt&&sl tBSmd Be Hifferddt I tn@ste or less
nanof i ber conflguratlon allows for better filtration,

stringegpandhg NSFANEbstprdaadl particles, without
' I
; ?@%}%Xgé%ﬂ%?ﬁﬁ tés? EJO%PelfOb LfaZ'ts?;{Ser?)rﬁfel rifﬁpb) ersc@]lble lead is

introd\mtedris trka)tled rchaltengé mfercﬁhé lehd phrticleasikes arepxsrothedmdce dfloalt to 1.2

jfficult or even unattainable mntﬂﬁg r ar.t
m1cr(&§ pesally I?%Eﬂﬁ%%éﬁleegr et of | gnicEP el 4iRgin in suspension.

Ina ﬁﬂe?é?%d%?nﬂdﬁ%nérﬁ”@é’ﬁlovﬁfmlﬁgdl Caofme?"fb%mp%sﬂn 8 Sel RRdia 12,

“herein, the present inventfon is not limted to any
14 ISpattrodtmtiaA Weated fitermntshowndormalystiivermpiroyses] Hoovever, fise present
. ontani nts.that, e t in.saoluble nd ol | qi.dal .
inverB5i8 For AR 8 Fupe i Bk Shaey e Forguafin. Lty a ggavity fow
modé} ARt ANllnardtiveedarple, alhSlighChe SRekeas indBntidn Mot 8b1DéSso limited,
exampl e The requirenents for the renoval of coll oida

treat%aaa”&flée dYaé?faF’é%F”l%wﬂ}ﬁaNtSF bigdeireregnéh flowg gries §rsy diliesmedia 14
whlc+ egd r%[i{)) ? e}(’tl Wklﬁ&bfee%'té'rﬁis ctde?olé %@%%ov%g sc?laglel flad from

treated challenge water. When NSF treated challenge water passes through the interface
medium 18 between first media 14 and second media 12, the demarcation between the
two filter media stops the travel of particulate lead 20, and prohibits particulate lead 20
from passing through to second media 12. The particulate or colloidal lead 20 is trapped
at interface 18. The predisposition of particulate or colloidal lead 20 is ultimately to
transform into soluble solution through absorption. Consequently, the treated challenge
water become soluble with lead by solublizing the colloidal lead until all of the
particulate lead 20 trapped at interface medium 18 is absorbed into the treated challenge

water. Preferably, filter media 14 is a non-physical filter media, insomuch as it is not
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chal l enge water, as well as high pH treated chall enge

wat er Al t hough the NSF/ ANSI protocol is a governing
wWee@eetws® in the industry for contam nant ren@@EUS1008/008965

drinking water, it is not the only procedure, and the

present invention can be adfusted to acconmopdate ot her

contam nant renoval protocols that may be different or

nore or |less stringent than the NSF/ ANSI standard In

chie h&esﬁgﬁéﬁrﬂ’(b' B p NSHysicas (colidifal)t 1edd Gapadléss -feh- filtdr| inddlia may be
of soluble lead is introduced in treated

fmm%(ﬁ dranerigwregaated maner) akkpyglr piher douny, 06 filiee medie Heay be used
provx‘&%&i e fgter Qne%ha 9 I#ed%rrﬂﬁa%l?%%oﬁ%ﬂef?lfé lnyedia[.’ articles on

ron or-les remain in

suApelnﬁncmd by tlee prpahded erde“ersﬁmmg neAt at iaserfabewiedium Hi8g a filter
a fllter 10 conmmr.i si | ter dia 12, 14 is
reglorln%?r dufrrmgd avhere 4 dn%thq)?%ramgscoléwsmeﬁ rpartrq]f%serﬁaftrmpéd from

ﬂow1ﬂg r(ﬂl%%ﬁ§ tgltbogﬁvt%rﬁltefrhﬁemﬁeﬁze% {hiYV Rl RBidnS2804 combination of

[ Tmted t ter nedi a shapes or “formgti ons
solublis amg callgdaeady existowArtlie collsdah head| ik wbsarbed ingo eheafipiethrough

h.the sen ntio no
chall g PR, 4 e oR R EHGE ETP oty a P a2 removes the
solubl€radrenents flows into flrst filter media 14 which is
predom nantly of suitable material capable of renoving
s olnuthisenanngel a‘Srd@mthdelatF@@ % ahresrij@ensaenal ciiepedtiopal view of a

two- hlrteg'%&ﬂﬁgngl] %(? Poqgls { rﬁggﬁ?ﬁ’tf} tﬂ] QH Hrs{ EE O’J %ég;r fﬁc évhere the

ween secon

treatécdh ehallenge oatéroin 1bteb&mﬂ hheldl)w{)leﬁdi |ﬂltef ndill af fhsregndtéd paper
and prohi bits

t el of rticyl ate | ead 20,
that ,séﬁ?ttYﬁiné um@a]r@édy iltes iy nYshsay ﬁ@rbf’ﬁ’r HigRX¢henge dspds, fibrillated
nanoffbds a éu]rg Jiher Qéirtiﬂly‘;%e@fo‘?m g Gkl Phal, Jseglqss%r?ed Sto the treated

trapped Interface 18 Th redlsp05|t|
challgrget watgr a0 ereoyove ais| mudalsollubladle&t) ab posdible it €ltgr region 34, lead

partiE 8 Ty R e Bk i % HIER aedizodbrpad Second filer
medig 310t WMtkifadeeBelwR¥n S8é Ul Eit&9 nIeHﬁ ROhéREAR theddp physical
until all of the particulate | ead 20 trapped at

compoggets fof deadnéliice tiapged, éhm@@mb@ad pesictenevill remaiaat the interface,
withiﬁt}ﬁ{elr er@%%nvﬁt r[l%gle[;eggln\é SO ub t gn(i1 qeégol }rﬁg the ahowmg treated

I nSsonmuc

challdmgtach'a&f | Wh:iﬁsmg nedvioasls t aptupéy Sphgi:&tal (1@@1 paitidRk ) ark edghpletely
articles. Such filter media may be forped from

absorbgdl it 4be Jloyape rtreatad ﬁb%lb’ﬂg%tw’é?r feseeRd dHter imedia 36, forming
eﬁecgfégil grtnmﬁ%fri}?ﬁyr H%8 oeflﬁﬁﬂex‘é?\@ IV% '(Eelfe rfe*nlgﬁlﬁ{g ﬁfy elg ?%t ed by
t him aoplzarceabodineentoéis e¢pmcted Ay Fit 3i attlnet-altreermsiohialionodB sectional
viewashg\ivls taeill'lter media 38 inserted where filter region 34 currently exists. The surface
of filter 38 replaces the surface of the second filter media 36. Filter 38 will then as a new
interface and there will be a filter region that then extends above filter 38. Filter 38 may
be formed of a polymer treated filter media, or the like, to facilitate more effectively the
trapping of physical lead particles and enhancing the absorption of the lead particles into
the flowing, treated challenge water.
Generally, low pH treated challenge water, which includes soluble lead, may have

its soluble lead successfully removed by certain filter media, such as ion exchange beads.
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region 22 is fornmed where the insoluble and coll oi da
| ead particles are trapped fromflow ng directly
wo kroogh4z o filter media 12. In this filter reRtDOSDAG/008965
a conbi nation of soluble and colloidal |ead exists. As
the colloidal lead is absor®ed into the flowthrough
chal | enge water, it passes through interface nmedi um 18
where filter media 12 renoves the soluble lead. In
In conftat, TGN B&han@Sb&HAB] fekidlor fowded -is Aot 8s efficient at removing soluble
t hree-di nensional cross-sectional view of a two-filter
lead o Aigh pHetreged fabehengs whtereHpwgyvesn the newr NSFntesting protocol
rst i r [ re . t t d [,
defings, o etoblebfe 1A afilhie LRERF oM SRS S0 4 €300 reates
challéngpregent & highapHr leid filtec 0Nt presentimiehtior &dll biddessfully remove
i ds, such.as carbon, ion exchange beads, fibrillated
solubﬁea%gfli

frrum dighapld thateek challpngeoygtep et wthieg fitter msdia of the prior
i i e e Ik t
. B et L AN RRSEA, SPGB o B
beads, egsinnor3gowdezach qamtiinaziomaswislr e seccadddetr atediahef impregrfatedepaper,
.between_the first.filter dia 3 1 and.second fi.lter .

fbrlRG nabeienar fit fs aulicin gk b St BubT IO BHe st Eesion for
stopplife PRFRAP 86Mpdrntst e ¥Sthé HltetREMA HRBESceOforl &a/uaA3Brption
_ t rapped, the physical |ead particles will renmain at
into thee flurd and asdsequenthiremévdl tlyr the geemd3flterumeidia, twidysuccessfully

b sol ubl d. dissol ve ipto, the flow r ed
remog® SATBIcB4 P DR R E RO S Bl SUbiE] rbhnEahh RS igrocol

| erldatearsheetk &F fibritlatedipdrtibéry s Wehéfits ifof Buidngnd gas filtration

flowing treated chal |l enge water, second filter nedia
appligggions,oingludigethe detmatin, of at lepstgore media ¢fctle dhreegegiontfiter as
. he remai ning soluble lead. In another
dmm%%%%%?ﬁ%nt, as depicted in Fig. 3, a three-di nensional

cross-sectional view shows a filter nedia 38 inserted

where filter region 34 currently exists. The surface

of filter 38 repl aces e surface of the second filter
et Z".te iielaf'z?e‘@'é%ﬂl‘l eSthen as a new i nterface and
t hFér?(W%'s'yst%s Jveré kdsRid fof HalNedtfibn! NROfiRS RAEFi1RPAYSRr made
filter 38. Filter 38 may be fornmed of a pol yner
of nanpBibgreavith varging raeAnaflows mortdiameless from §.36irmicrams ¢o 2pf enicrons.
f jyve { rappi fepPhysi l,ead partdcle .
A 1] AR BR A s P ol AR L) s o
solutiont &vak hiatrbestidn hrotigle alrdtyC Raw] ahgeMvaing colRi&T, adrdy the lead

| ow pH treated chal |l enge water, which includes sol uble
conc?rggaal’onmswgg @ccording to the NSF protocol.

In all ten systems, the total soluble lead portion of the solution was not affected.

The particulate portion was affected, and the particle reduction efficiency increased as the
mean flow pore diameter decreased. The mean flow pore diameter for a filter of the
present invention would be preferably approximately 1.2 microns or less. The NSF
protocol allows for a maximum effluent concentration of lead of ten (10) parts per billion
(ppb). Filter having a 1.2 micron mean flow pore size exhibited a total effluent for

particulate lead of between 6 ppb and 10 ppb.
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its soluble | ead successfully renoved by certain
filter nmedia, such as ion exchange beads.In contrast,

w0 ov9exmsinge beads, resin or powder is not asPCT/US2008/008965
efficient at renoving soluble [ead from high pH
treated chal |l enge water HowWfver, the new NSF testing
prot ocol defines an allowable |ead particul ate |evel
inahigh pH (6 5 pH and 8 5 pH) treated chall enge

War'led refultd ghovptiat ettotdl lidadrpasticuldie wak esdictd bele@nto ppb using a
Wi | | successf ul I% rempve sol uble I ead from high pH
ﬁltertfﬂfé@ﬂee dhepressge invenden whesr asieg efiltey hawpg fedegnofiow pore

diam&tBEb 54V (2 ﬂﬁ(groﬁ@ ?trfaﬁzﬁlgﬁ%kﬁ&réa!ggd 24 thi ggange&!ge%re sed.

st an I rst ter I on ex
re&gn,4 dnplqm\adtable ofhtheombasnagd tead wiattivubats ealoasl féi tltee1ren filter

syste o 45 SR NTBAEL 8 TBPLA) I SBrB dRREL § (4t with the

same' eahsm ahieF fSOPP) NErPRYSAGR! AsOfRIRENhS 10{d [p8Afuble rB&uction
filter nmedia interface, for eventual absorption into

mcrem:é a$ uhd mnm sﬁlm@emrendlammvéﬁscrwed h&ugherorde.f ithet ecductlon
nedia, wll ccess spl.ubl-e and ,i. nsol u

efficif e Ppretds s iFe SRl b Feb Sl hGpER e el Rah ROt & atso a

resulP6Othe GetreiedntRsleffdeaios Svarhll bk didd, a$ 8 18RNEHHIAR4EtSs are stopped
of fer benefits for fluid and gas filtration

on thg sprfaceafithe Blter mediydi ng the formation of at |east one

gglﬁ lac(lj% §e Le%{%&% é)é‘ I(?ag%lfag}é % al az'f‘rtlgl(@%;"l%gf ?%cﬁ}%%ﬁ eﬁicwncy

versusah¢ ettah dlowl pard dianktet iAsrexpbeed, Ithé eddaictidideficiehey dga@es with
made of nanﬁ:flbers with varying an flow pare

mcreﬁﬁl%gf)@r Uzg 70 %ctlsnacgréag % nge uGnt éq;tahgary_s\cqllérgoconcentratlon

versut3ah¥ thR ﬂ&v%‘?@rdm& \Th%r{o’éali‘%amﬁla'?é'lcgnén{r?@(gl in the effluent

standard Four (4) ters of solution was Int uce
incregses cheyporg dzametgr mtrmsest Aesugipbttae by shectebt] datd, eble tatalcefilemt lead

cenrat| according to.the NSF :
conciyfiiioBaftorh oGt FLaPEarante a8 T JoCgiTsie 1+ angroximately
1.2 nfiefdnk @ 18ds. Ahors GlAdt dfaippr@smiely @b fte ot B ehidkBBs has been shown to
articul ate f)ortl on was affected, and the particle

be effeegives pish world suiBpieytly meeeard gxensd (INSF iaadards. owllpmneures that
nearl?illﬁtaz(% &f eﬁ%)[u%?esgsenp%f%éﬁltﬂlxlﬁﬂ%agcqee egloggrda (V?tﬁ‘l f elad adsorbmg

I nventi on wou e pre era

mediappn @xbmge Inyedila 2r nhecklon Additidnalhys tH'dn&adNSEsq@battﬁsﬂion exchange
ef f| uent conc ntration of |ea

medlngo ;8§f0€l5€n3§5%yéfym 1he gpapep piss! thlplérwwaénﬁ@reaselthz total
partxéfﬂ(l)fté qgad'f?&ﬁcﬁ&?%x@ﬁ)é}eo}s téferity Bihedrand Phlcuitd bH&Yn in the
influent to soluble lead for subsequent removal by the filter media.

The filter media, including the fibrillated nanofiber media, may be further
"loaded" with finely subdivided media of powdered ion exchange resins, adsorbents,
carbon, or the like. In this context, "loading" can mean either flocculation including
electrical interactions, physical adsorptions, or the like on the nanofiber surface. In either
case, the fibrillated nanofibers offer significantly greater surface area and tighter pore
size. The latter combination provides better filtration, especially for small particles, such

as colloids, without the typical detrimental effect on differential pressure.
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particul ate | ead of between 6 ppb and 10 ppbThe
results show that the total |ead particul ate was
wo eddaoed4bel ow 10 ppb using a filter design of PETES2008/008965

present invention when using a filter having a nean
fl ow pore di ameter bel ow 1-A-m crons. The reduction
was i ncreased as the pore size decreased. Fig. 4
depicts a table of the neasured | ead particul ate
Vaptesimiafte t e doRlerdtidnhP ficutslhRas p%‘tﬂjcﬁsvvcboﬁ%ﬁg)l fiber, cation
units after a two (2) liter flow depi cts a

exchangg| rgsipi amion lguschaage resin, Laod/aafather Efd@m%e(ltd) Suqht asrearlpdn, zeolites,

ar e red

and tht i 60 S0 e bWl PR PR EIM it it capabitiies

Subsﬁﬂﬁbh%ﬂﬂﬂirﬂlatddhﬁarfoﬁdaﬁt fo® m@ﬁﬁﬂdCd:}ﬁ:i@Fb’d ifib6rs SRS eABances utility
re water i s passed through the filters, which would

~due tiosloyregélff&rqnégmr@ssafe ibhigherrepgsasions] qapeciyffpe betterdoading of the

10ne9&ﬁ&gégmH8Qﬁtﬁéﬁ&x as the lead particulates are

st oppe he surface of the filter nedia. Fig. 6
dehi thesase of abrpive tibweligy entagee fibtildted asrofibed, aieqhasty of ion
reducti on efficjency versus .the

exchifidinigpy SnAE SAPRSETa T HEOMET GG AFE pighjagreases over that

allowdACWRRSBRAMA! flodcNEHERIr %s&%ﬁ@n SGARter Toflting! if8RInC bFfe® higher
graph of the effluent total particulate concentration

capagityr sug better repwvak bﬁmprp@mmadisamremverme inorieaged loading capacity

l't C C centration in the .effl uen
facnlx&ﬁ ?ﬂg@t ﬂgtﬁg?cqlﬁgé é%%e Brodxgts lﬂpoﬁlgr? év%g PR éarﬁlgglthan the
custdﬂﬁﬁrﬁthr&h@teb@tc&ies@éﬂ‘ﬂhé@ﬁbr head concentration dr ops
bel ow 10 ppb_when the nean fl ow pore di aneter

ap}%)@vn%rm filtration gharastrsisies pbdhe fiRripeed @mgﬁbm offers much
imprg\%?r QhgBd ebY cQ:ll%u{a lﬂﬁ?lgg %&Hsaméu%es% MRS rillated

ective, and wou I cientl excee
nanofbandar oise off hhes fites umneka tihabe lﬁl&alr oy thO@¥esefit frivention, assists in

sol ybl e .porti of .the influent can be renoved h a
trapRigs e cRlBHeH g rRagticics ?foweés&?ﬁt%@nﬂéawawngrth? subRygad as it
ﬂowﬁ@lﬂ‘b{lgw B¢ |fitter thQlid eR0aRARGT SRS SmEHt bpﬂn@f@@ﬁmla fibrillated

medi a may be introduced directly to the paper itself,

nanofipgrs maydgliecorperatedgetot hihetotrgileated mewbraate | ead

f h
paru%%hqg{é¥%%¥ﬁngayﬁﬁg@ﬁedlngﬁzﬁ? P@ng?u%?QOY%%do remove

collofdal trausitien) westdl speciey fonbyvakieeor bihtektrémsl @ nudir fidwie®rplants.
medi a, |nclud|&§%the fibrillated nanofiber nedia, may

Collqidal rygrigwsy of celale dronicesium; atispoy, biekel.deappepding de like, that
ey BEVHEEE O SIS 5 Bl BRSPS of s
called I"'mdewakta;"i may bactmovenpgrior to discharge w1th the incorporation of fibrillated
nanofibers in the operative filter media. The fibrillated fibers used in this filtration
process may also be provided with added ion exchange properties, or loaded with other
adsorbents previously described.

While the present invention has been particularly described, in conjunction with a
specific preferred embodiment, it is evident that many alternatives, modifications and

variations will be apparent to those skilled in the art in light of the foregoing description.

It is therefore contemplated that the appended claims will embrace any such alternatives,



el ectrical interactions, physical adsorptions, or the
i ke on the nanofiber surface. In either case, the
WO 2ipioileas ed nanofibers offer significantly grReE/E82008/008965

surface area and tighter pore size. The latter
conmbi nation provides betterlZiltration, especially for
smal | particles, such as colloids, without the typica
detrimental effect on differentia

modiBitassier shdPedribARas Eallihg Goithig nhé @RR! sdob ! Fifdof the present

~ products containing fiber, cation exchange resin,

Invery®iion exchange resin, and/or other adsorbents, such as
CaERAN naAROlEdRBed HAGnIdFoh i iCARRE LI M ted by both
hydraualic aracteristics and operational
capabilities. Substitution of fibrillated nanofibers
for standard chopped fibers offers enhances utility
due to lower differential pressure and higher
operational capacity for better |oading of the ion
exchange resins on the fiber. In the case of
absorptive |loading onto the fibrillated nanofiber, the
quantity of ion exchange resin, anion exchange resin,
adsorbent, or added filter aid increases over that
allowed with standard floccul ati on or absorption.
Greater loading, in turn, offers higher capacity and
better renoval of contam nants. Mreover, the
i ncreased | oading capacity facilitates production of
floccul ated type products in one or two steps rather
than the customary three step process of the prior
art. The superior filtration characteristics of the
fibrillated nanofibers offers nuch inproved renoval of
col l oidal particles from aqueous sol utions. Using
fibrillated nanofibers as one of the filter nedia in
the filter of the present invention, assists in
trapping the colloidal lead particles at the
interface, and renoving the soluble lead as it flows
through the filter nedia. In another enbodi nent of
this filter media, fibrillated nanofi bers may be
i ncorporated into a sheet or pleated nenbrane. In
anot her enbodi nent, fibrillated nanofi bers may be
enpl oyed to renove colloidal transition netal species
fromwaste or other streams in nuclear power plants.
Col | oi dal versions of cobalt, iron, cesium antinony,
ni ckel, copper, and the |like, that may be radi oacti ve,
and normally prove extrenely troubl esone in the
treatment of socalled "radwaste,” nmay be renove prior
to discharge with the incorporation of fibrillated
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nanofi bers in the operative filter nedia. The

fibrillated fibers used in this filtration process may
Wak®o/obw4pr ovi ded with added i on exchange pr opRCT/US08/008965

or | oaded with other adsorbents previously descri bed.

Wil e the present inventiofi3dhas been particularly

described, in conjunction with a specific preferred

enbodi ment, it is evident that nmany alternatives,

nodi fications and variatiopsmyM || be apparent to those

skilled in the art in light of the foregoing

1. gg&pgﬁi egk&nrenllrr(}svi%slﬁ%ﬂ%ﬁﬁ&{l}%io‘ﬁpn&%ﬁ}@% tRALridi "fom a fluid

cl al ace any su
al doaipriirigves, nodi fi cati ons and variations as falling

within the true scope and spirit of the present .
2jCRDHET &0F. reqqiviag "h%msr{gﬂgéé‘grf{’b%ﬁ‘&uf‘% A ipgiedrgng filipmmedia to
| Sqafd @higed is:Caims 1. Afilter for renoving sol uble,
colloidal, and insoluble material froma fluid

adiostiilies media far Gloering sobublé waterielcfedmisaid flundyr ess f1 ui d,

and for..securi.ng and introduging filter media,to sai.d
2 yespRd e pediag pcsnt g I P pommUpIeRPT SV @ first filter
MehEdib, Xor fik&MoSaidsdlhibie hatatiappe@ndidfidider medi a,
adj acent and in fluid comunication with, said first )
whieraire saigrefifbtaand sgcond |filter imediaserieatestophisicel herrier forl said gpoidal
saj Jul Gy [ g fi . - ilter media
R ST B
s@itl dolleidal partieles aeinkdrat caidtibferfage amilcbecoming sbbble in said fluid,
particles; said colloidal particles retained at,_said .
i nRassing trough $a1d peerGigendsingeoved Bypad secgnd filter media.
passi ng through said interface, and being renoved by
said second filter nedia. 2 . The filter of claim1l
2.  whEheifites af dlaml Ubllereindacibdlobldand natlerdabimateral unkdedes lead,
l.ead, organic contam nants, or inorganic contan nants.
organic CORARITEANGS; A INGFEARCLHOMHAMNHYY udi ng having fibrill ated
nanofi bers as one of said filter nedia. 4 . The filter
of claim3 wherein said fibrillated nanofibers

3. i nthaifiber eticlaim ol nchiding: hiying fibuieied inpnefibers as one of said filter

media.

4, The filter of claim 3 wherein said fibrillated nanofibers includes cellulose or

acrylic compositions.

5. The filter of claim 3 wherein said fibrillated nanofibers comprise at least one

pleated sheet of filter material.

6. The filter of claim 1 including having ion exchange beads, powder, resins, an

adsorbent, zeolites, or carbon as one of said filter media.

7. The filter of claim 1 including a third filter media, located at said interface, for

capturing said colloidal particles.
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5. The filter of claim3 wherein said fibrillated
nanofi bers conprise at | east one pl eated sheet of
WO pdovet7enmterial . 6 . The filter of claim1 i neCTUBI998/008965

havi ng i on exchange beads, powder, resins, an
adsorbent, zeolites, or carldon as one of said filter
media. 7 . The filter of claiml1 including a third
filter media, |ocated at said interface, for capturing

8. sarke Gkt of ¢RimPRMHerdi®Said thirditet irhdddd ifudel Al Pdlymer treated
wherein said third filter nedia includes a pol ynmer

based filserireatenidlsed filter material. 9 . The filter of claim
7 wherein said third filter nmedia includes fibrillated
nanofi bers. 10. The filter of claim9 wherein said

9. fiDhe filkatofdlaiarfokhdreinsaidrthird Gherededia tneludden Bbyllated nanofibers.
subdi vi ded nedi a of powdered ion exchange resins,
net al oxides, or netal hydroxides. 11. The filter of
ol ol e . .

10, 7 BTG W AR g PSR S I AL haBGR PR Ragd with finely

subdiwited enadisaf pbWdevedwhaxclange nesinsdmstabbxades; ocaletal hydroxides.
i nteractions or physical adsorptions. 13. Afilter for
renovi ng sol ubl e, insoluble, and colloidal |ead

11. parhé fh@Soflicla@ 18 Whegéin baded Gbeill e RAHoFbad indhuded Mlodélftion.
for receiving ingress fluid, and for securing and
introducing filter media to said fluid; a first filter

2. TEMEIBEDE0 1} TR ARR R i herons o

physitallddesrpiead. a, adj acent and in fluid conmmunication
with, said first filter nedia including fibrillated
nanofi bers, for filtering soluble |lead from said

13 1 i@ Lehovisaisdn b £ ' -
1 e SO B A LI S, 306300 5 oINS o i
pH flurt @mipasengf or capturing said colloidal |ead particles;

aid.coll oidal. | ead t.i cl retai.ned at id )
AT (o TR ne SR o SR B SPoarine ShCovBRCiny fllgs media to
f 1 daidfluithus passing through said interface, and

renoved fromsaid fluid by said second filter nedia.
a first filter media including ion exchange beads, resin, or powder, for filtering

soluble lead from said fluid;

a second filter media, adjacent and in fluid communication with, said first filter media
including fibrillated nanofibers, for filtering soluble lead from said fluid;

wherein said first and second filter media create a physical colloidal lead barrier at
their interface for capturing said colloidal lead particles;

said colloidal lead particles retained at said interface until becoming soluble and
absorbed by said fluid, thus passing through said interface, and removed from said

fluid by said second filter media.

14. The filter of claim 13 including a third filter media, located at said interface, for

capturing said colloidal lead particles.
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14. The filter of claim13 including a third filter
nmedia, located at said interface, for capturing said
weoioiwad | ead particles.15. The filter of clBCTUI08/008965
wherein said third filter nedia includes a polyner
treated based filter matertld. 16. The filter of claim
14 wherein said third filter nedia includes
fibrillated nanofibers. 17. A process for renoving
15. somb Fige@bfl cRaA tidcwhered daaBehifd ARAmMBAIGindNilids| 41p6l mer treated
r|S|nq introducing a first filter nmedia int
mﬁe%ﬁh%“ﬁﬂeﬂ¢U|d fl ow wherein said fluid contains soluble
and particul ate | ead; renoving soluble |lead from said
fluid by said first filter nmedia; capturing
16. parhé cfilteat of | daich plair twichres sdid athiddntfieef aaedid egclatdes fibrillated
ggere a second filter nmedia is introduced in said path
nanogperg| yid fl ow, and keeping said particul ate | ead
particles captured until soluble in said fluid; and
renmoving soluble lead fromsaid fluid by said second
17. fi At procassdifer. rdiBovifiesoprbde emd pdrtichlaiemledd froml adhigh pH fluid
ca§1ur|ng particul ate lead particles at a third filter
BBHea | ocat ed bet ween and adj acent to said first and
1r&ﬁﬁiﬁﬁﬁilﬁfd e grfilge dhédia 21-r9thezo\pz!ifﬂiité’i‘i’ﬂjulﬁ’fﬂol’&»‘8 Whdrefn said fluid contains
fibrillated nanofiber as a filter nmedia for particle
r eypdwde andparpevlaiederd; provi ding a plurality of
r. i1l ated
S bG8 DRNeLh SER T PGB B rhidng Sl

chptoring Ipaitiedlaralead Iplaﬂrdiesl ditan iateplacatepibrstvele; a §26nd ﬁlter media
|ncorp ating é ?FSt onﬁ of said pleated sheets_ int
a IERAuCEd T 541 gath Adluiqfgwrandkeeriie wdimticylate lead particles

r ange resins to said
f| blpﬂ%gtglelgl S%}aﬂr?géf@%giﬁgml%’?%m nmet hod of claim 19

rethevieg solgble deadi fhom kdid fled By saed second filletemedd.| ul ose or
acrylic nanofibers.22 The nmethod of claim 19 wherein
said | oading step conprises flocculation of said

18. The process of claim 17 including capturing particulate lead particles at a third

filter media located between and adjacent to said first and second filter media.

19. A method of using a fibrillated nanofiber as a filter media for particle removal,
comprising:

providing a plurality of fibrillated nanofibers;

loading said fibrillated nanofibers with a subdivided media;

forming said fibrillated nanofibers into a pleated sheet; and

incorporating at least one of said pleated sheets into a filter cartridge.

20. The method of claim 19 including providing ion exchange resins to said

fibrillated nanofibers.

21. The method of claim 19 wherein said fibrillated fibers include cellulose or acrylic

nanofibers.
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fibrillated nanofibers 23 A nethod of using a
fibrillated nanofiber as a filter nmedia for particle
WO 209080 #l645 conpri sing providing a plurality of PCT/US2008/008965
fibrillated nanofibers, loading said fibrillated
nanofi bers with a subdivi ddé-nedi a, utilizing said
| oaded nanofibers as a precoat filter layer for said
filter media 24 A method of using a fibrillated
nanofi ber as a filter nedia for particle renoval of
wast e generated by a nucl ear power plant process,
22. cohlpr metheg qfrvémmi/%gvhﬁrqm saidlloadingostep icomprisest flagculation of said
. fi | oading said fibrillated nanofibers with a
fbrilQRARehOeEs. O a, formng said fibrillated nanofibers
into a pleated sheet, incorporating at |east one of
said pleated sheets jnto a filter cartridge for
23. 1 efrgVethgd b ustregaifibrifaipd inanefiberas A lilkgrempdia for paTtistesteaoval,
compsingt her streans said nucl ear power plant, placing
said filter cartridge inline with process waste from
pewilding apluaity pofenllasedminofbershe net hod of cl ai m 24

erein sai.d filtegr nedia i ncl.udes carbon 26 The
QR T LD STORRE PR A BT S PRI adt o 1 nol udes
uliRAnE XEDRIAEd hARIBErsAf a hecITB NGl & AldWIEL media.
i ncludi ng providing i on exchange resins directly to

said fibrillated nanofi bers

24, A method of using a fibrillated nanofiber as a filter media for particle removal of
waste generated by a nuclear power plant process, comprising:
providing a plurality of fibrillated nanofibers;
loading said fibrillated nanofibers with a subdivided media;
forming said fibrillated nanofibers into a pleated sheet;
incorporating at least one of said pleated sheets into a filter cartridge for removing
colloidal transition metal species from waste or other streams said nuclear power
plant;

placing said filter cartridge inline with process waste from said nuclear power plant.

25. The method of claim 24 wherein said filter media includes carbon.
26. The method of claim 24 wherein said filter media includes ion exchange resins.
27. The method of claim 26 including providing ion exchange resins directly to said

fibrillated nanofibers.



