- 1 - USES OF FI BRI LLATED NANOFI BERS AND THE REMOVAL OF SOLUBLE
COLLO DAL, AND | NSOLUBLE PARTI CLES FROM A FLU D 5 Technical Field

The present invention relates to filters for renoval of soluble and
col |l oidal, non-soluble particles in a fluid. Specifically, the
present invention relates to the renoval of soluble and insol uble

| ead froma fluid, and nore specifically, to the renoval of soluble
and insoluble lead fromhigh pH fluid using fibrillated nanofi bers as
one of the filter 10medi a. Background Art Certain water

treat ment apgbh&ehizeds are characterized by the need teTiSiIRYRsROt N
di ssol ved and suspended or colloidal materials. Although it has been
used in nunmerous 15 consuner productd,- lead is a toxic netal now
known to be harnful to human health if inhaled or ingested. |nportant
sources of |ead exposure include: anmbient air, soil and dust (both

i nsi de and outside the hone food (whi ch can be contam nated by | ead
in the air GISESOF BERIEBATEDAGA FIBER@ AN THEREMOVAROESOEEBLEN of
pl unbi ng) . Mat er iGN QIRAL, ARND WWTMé‘@M&We 0SNnDSi S
menbr anes ﬁfgct I.%‘Eilgy reduce or fully renove 20 di ssol ved ionic

speci es. | ead at high pH exists primarily as coll oi dal

| ead car bonat es Thd tveset inedntion dhates pafitarcivt aimeva of sdidlecan chibidahyisi-cal | y

renoved i f for flne en sh t at can
al so accom*rstl()’rékglte ahidggs gﬂ&f g'!"% %@ ggéagf%hﬁ %rese inventiog, g atasqu CREE bgen
devel oped anbiblp raodwinbtzjldiléeldact fom edluidatrg mdre speniently, tofthecembahbimivbis

allowed in t : dar.d d / ANSI
25 53, ont i R0 1481 WERHCHATOL ANGLP U AR AE or e B
This isl%n MR | nternational Standard and an American Nati onal
Standard for establishing mninmmrequirenents for materials, design,
constructiaqn,, and performance of point-ofuse and point-of-entry

dri nki ng I nt systens that are designed to reduce specific

heal t h-rel at ed cemdiwhteardasnchinppliteiidne m@rch@ideﬁgéd%y\t\@trﬂéd t%ua@clwe@&h Thi s
standard, wel | as ot her related. st ards . a rotqocol s

governs t hefsé elilnat"d&PSpS'Elﬁ% gﬁfﬂléﬁlfl mat ?‘f‘ag gﬁl&“ \R&Stn'%ffgu?eﬂd’? HHPSRPS| ead,
governsli esmnsuglerppzoﬂtmcso legd fsar torie mmho\omndmenedmﬁf@lrm mambs haahh &h

provi des aj; E{AS om?léesﬁad E)rta%l gour eg gﬁgad%xpo\é\{%‘% %Eluéel !’n%‘lbelgn alg escsni gﬂ%ﬂstt 0
renove or uce s am nan

(both inside and out51de the home), food (which can be contaminated by lead in the air or

in food containers), and water {from the corrosion of plumbing). Materials such as ion

exchange resins and reverse osmosis membranes effectively reduce or fully remove

20  dissolved ionic species. Particulate lead at high pH exists primarily as colloidal lead

carbonates. These colloidal particulate solids can be physically 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

25 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

30 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.
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- 2- For exanple, pursuant to the NSF requirenent, the influent
challenge for total lead is 0.15 ng/L or 150 ppb of which 30% or 50
ppb is total particulate |ead, and 20% of the total particulate |ead
or 10 ppb is fine lead between 0.1 and 1.2 mcrons in size. The

maxi num ef fl uent | ead concentration is 0.010 ng/L. The total |ead
requirenent is 5 applicable for lead pH 6.5 and | ead pH 8.5
reduction testing. The lead particulate and fine | ead val ues are of
the greatest concern lead pH 8.5 testing only. Afilter designed to
speci fi cati owe ebi’k® present invention is capabl e of paggtdongodebe NSF
or other simlar standard chall enge requirenents for the reduction of
lead in drinking water. For many year<-fibers such as cellul ose have
been utilized as filter aids to inprove 10 flow and reduce
differential pressure across the surface of a bed or precoat. Fibers
dramatical |y i nfffoframplenpyamrntop theNSEirgauiremet.chp dfiyent cbalisngeafor yotalhen

used in CoNjad Rk 150Hg/Wiok NSCHAB B MicHBOR ok 8O SpbS¥fothl AftiduRiit IBXCHANYDS, of
resins. U. B?ﬁtggfent .. 4,190, 532 issued to Hal bf oster on February

26, 1980, pagtiou 1@ prypsfingreatibriveenl- | AR RaNceOnAREGET IBED,
first descmakiemimt bfluay newdgisiitratdd &C0.910ingIoNMHeNichy i6aa7q@EkmreANis 15

exchange resin d c d filte jd . such as treated cell ul ose

P baanag, « SR EBEIEd A ot tead B X reption esing. Hslpadipardeyts apdfine
comrer ci al lead ivaluesppkicf atd grestess woliceasledd pHLt S, 5 Gestriggdhnlyg wa Fitérydesigndensat e
water in p . re recent. pat.en . Patent . No.
6, 872, 311 ?Hs%%iéagic’ﬁﬂgﬁg’élpé%@e’gﬁnﬁﬁﬁ%%%f@?a%%oﬁﬁee i e %%FS" fiBiR

FI LTER MEDbtandardichalenpdxeguitements & thefredvatinafdf lred i deiskisgwat@0 enhanced
filtration nedi Wmaxp?%aﬁsgﬁb%ﬂtsu&leﬁc&gﬁosg hak b@enﬁ.ﬁ%f%'d%?hltt%;a%g & I?né)?()awflel ed

fibrillation enhances™t performance of stan medi a such
as cel I'Q1 o8ewfqugdrducgistiffensnepl Presiirs aseasethe aifaes eoadhe or argspac Edersf or

maki ng an Hfﬁﬂﬁ@éﬂflinﬂi‘révefrierln&»%[ of@ﬂbi‘dmlﬂﬂt&fﬂls} aﬁec:laﬂf%gpﬁs@a iinoa)_n Bction.
nanofi bers. .Thjs %r ocesF ha}_‘[s]a al so been commercialized for filtration
pur poses i W‘%Sl‘ﬁﬁ dPAIERIsHErAsder sxhanggiresiat boh PaaiiNe el 98, B2assvrdrtber

of i ndepenéiabfos@enBidsry sa;qgsaas:ntbdﬁ& "CH%RGEBU?QD@& Awmf?mf lA!)QeNDt 0
nane a few, , erti the performance of filtering
devi ces thé?ﬂ%%@é‘?‘#%%ﬁf i ‘%F‘i“ﬁ?é{ %‘@ SXRgetc ¢ i58F cgraliping thasepd
of apprbdvakxchpige aesnsoamdt ¢hergde \flter aid ndiclp ko degted péllnlosg ibg. ThewmveRBhi Ng
criteria f - jes.require . the rempval of lead in high pH
Fluta, i SRAACTE BuOARNE | TR ) o' RERY R o finte™S ich g dfioes
and defi ci bigtesditygndehsatquwaterrin pewer plantsi s t herefore an obj ect of the

present. i nvent i Qo tOrenPYitlR @ sf bdrld ol 8874 &9 l QLR BrMarch 29,
col l oidal, and insol uble particles r?rom a 21;ﬁw gc/i EQi%f’t 'S an(%?'uer
obj ect of 29, patitled ANANOFERRR SH-TER MESIAJ eleseribgs| the psef ofrnaneffpersiasgn
20  enhanced filtration medium. The patent teaches that a physical process called fibrillation
enhances the performance of standard filter media such as cellulose fiber. Moreover, this
patent also teaches a process for making an improved air filter medium with the
incorporation of nanofibers. This process has also been commercialized for filtration
purposes in combination with activated carbon.
25 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.
30



sol uble, colloidal, and insoluble material in a high pHfluid

envi ronnent . It is yet another object of the present invention
to provide a filter for renoving soluble, colloidal, and insoluble
material in a high pH fluid environnent using fibrillated nanofibers
as one of the filter media. 10lt is another object of the present
invention to provide a filter for renoving soluble, colloidal, and
insoluble lead froma fluid treated to drinking water specifications.
It is a further object of the present invention to provide a filter

having a filweropedsa of fibrillated nanofibers fornegdcrisBosphRet ed
sheet for use in renoving soluble, colloidal, and insoluble I ead from

high pH fluid. 15Still other objects dnd advantages of the invention
will in part be obvious and will in part be apparent fromthe
speci fication. The above and ot her objects, which wll be

appar ent t @isclogypoflaventioy in the art, are achi eved in the present

i nvention whi ChBeahHg & hinf ke ASHERS and d%ﬁ@lbr{c%%feﬁletpﬂo@arf Iid & e { n
renovi ng so ubl e ol loidal,. and insoluble materi al roma]Lr d

conpri si ng! JS“C%’HP%IPW@?“" inyeptiop o peRiied flgr ifergreaeying FQ]FQ!F Calrlfddf!‘ oﬂﬂd
securing anﬁolutﬂéﬁadae‘slmafﬂldnd er nediato the fluid;, a first filter
media for filteri.n terial fromtheflud a second filter
medi o 30; acenttdndne e oblrEy CE Uk AIRFELPTOHONR AoV Pt dpr fomavise

medi a, f or séluti4, eblid’tgal taimanwbhaeernamemtgalpfrrfrumrenmhﬁm&htu| d; wherein the

first and f b for the
col Toi dal mat or 41 Y endepe R bftad B¥ag e pRRES bl reiine

particl es; stliide, 28adadl,gind ddsolpble triatkialsin agtighi phe fuid tentitoememtvging fbélateat i |
becom ng s%dé,ﬁhé?s ésrbnEli]Fthéhlgé?n 9a53| ng through the interface, and
e

bei ng renov he secon ter media. The sol ubl e and
col | oi diI nat eritds apetheri obiscl db theepresentomyentipre te @rvalRi an Bltdr Sfor gamoving

i nor gani c s&mla%lmt $nd IIMbIeI 1&&%&%@@5&}4 t mn%e%ﬁ\tet' b&%&:&a&}u@ﬁ ed

nanof i bers as one of the ter media. The fi
i on exchange befids?2 %Wﬂé?lecﬁoéé'i'er\%feseahm?:@&@s&? pioHide aAdigr hztvé‘ﬁ a &tef

car bon. media of fibrillated nanofibers formed in a pleated sheet for use in removing soluble,
colloidal, and insoluble lead from high pH fluid. .
15 Still other objects and advantages of the invention will in part be obvious and will
in part be apparent from the specification.

The above and other objects, which will be apparent to those skilled in the art, are
achieved in the present invention which, in a first aspect, is directed to a filter for
removing soluble, colloidal, and insoluble material from a fluid comprising: a container

20  for receiving 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

25  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

30  adsorbent, zeolites, or carbon.



-4- Athird filter nedia, located at the interface, may be used
for capturing the colloidal and insoluble particles. In a
second aspect, the present invention is directed to a filter for
renovi ng sol ubl e, insoluble, and colloidal |ead particles froma high
pH fluid conprising: a 5 container for receiving ingress fluid, and
for securing and introducing filter nedia to the fluid; a first
filter media including ion exchange beads, resin, or powder, for
filtering soluble lead fromthe fluid; a second filter nedia,

adj acent andwomobbizésd conmuni cation with, the first fipbi/@tnRobe
including fibrillated nanofibers, for filtering soluble lead fromthe
fluid; wherein the first and second f#tter nmedia create a physical
colloidal lead barrier 10 at their interface for capturing the
colloidal lead particles; the colloidal |ead particles retained at
the interface uhtthird Bseomediy Geasdbrieths Hatediseompe ge edt foe cpptuiing, thehus

passi ng thegmgnh%sbmglgbir@,g@ and renmoved fromthe fluid by the
second filter nedia. In a third aspect, the present invention

is directed to & HetoRd asmey t'?“eh’ﬁ%FPh@“’%‘E‘P%ﬁ diresicd tBa?r filtes fpafemavisgd

froma hi gbolﬁlﬂ'b flhwhsblegcnmrdoamm leddnbirﬁdtkcfrﬂlg @ highl s fluid t&fprisihp: Bedi @
in the path uid fl.ow wh ui.d nt ai.ns | ub

t
parti cubat orting (S8 TR e i 2P B, PP A P e st mesia 0§
filter nedilsid; ea’pﬁtdﬂuenglemanﬁdhmmgabm ekcdaamgepﬁndsj edsias oApoveder, | fof Gkdriage

P90 k. RESHAM fb oLAL o EP sk bl 28RE sy bNG AR OLich! U1 ¢

fl ow, and ee In o
soluble in Wéth,ethﬁ Iﬂmt dﬂteramtilﬂr mpoding) gbrdleted mbt@ﬁb@acforf filznng bdubld leaddfrixy t he

second fil n&rﬂume%@rem%@é ﬂrs@andcgwow Gl crdalla @{yﬁg%&uommgf W@rri S

directed to a néthod of using r|I at ed nan

medi a fl8r patheirdnterfzce rfﬁvaqptuf@%ﬁ*ﬁﬁr p@ionigl legst particlesn gheacofibidal deadt partisles

fibrillat e@'et:ﬂﬁéaojt'tﬁ@fn?erfa&eo@ﬁlil 9(9:0&1[?1@ st)lugé izhd %s@ﬂedﬂ'gﬁﬁﬁﬁfﬁﬁf $hul %Qm
e

subdi vi ded nedia; formng the fibrirllated nanofibers int6 a pleated

sheet ; andtﬁ’%ﬁ*ﬂ?d?‘ﬁff?cﬁgangfe’?%ea‘%o%ﬂ? flyrd by e sproditil msiaet s into a
filter cartri dgra a aﬁﬂdnasgedtl thé lprsaa@e@.tenﬁdﬁels Rie&eNto h %V&Qis'f@ﬁrénfovmg

di ted t d d fib |

e o for - RARM B PR Sofot rehreel Bl SoParng: RphGrars bt B
fibrilliat edmeduanmtheb;mh; pf ﬂmdbwg,vlteiw] thie iuidl doataie sﬂamehmd)ﬁdrﬁcumd Badd
subdi vi ded n{%;ﬁ)q“ngls?fﬂg léaélfﬂ)gn % %lu{dob t%? ﬁrs?%ﬁ’f I b 1a g g nt‘?ig %F%gu %% éefglglnz er

| ayer for { ST X
i nventi on patidey gonautetfoe aegiwt Whae ofseapsd rﬁgeranesl&f i lmtnol:hhcmdi édtha @b fdfber

as a fil te‘flmm*?va alflcpfieegiﬂéttﬂed 5115&&9\@9& mlcl f)tgreg%ﬁlr s%fu%g 1? ¥l{eaﬂu1

nucl ear power | ant rsi n providing a ura
fibrill at eaanaﬁgwflpg)@,l@le lqaaéé‘@m-fg uid by the second filter media.

20 In a fourth 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; forming the fibrillated nanofibers into a pleated sheet; and incorporating at least
one of the pleated sheets into a filter cartridge.

25 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

30 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



-5- the fibrillated nanofibers wth a subdivided nedia; formng the
fibrillated nanofibers into a pleated sheet; incorporating at |east
one of the pleated sheets into a filter cartridge for renoving
colloidal transition netal species fromwaste or other streans the
nucl ear power plant; placing the filter cartridge inline with process
waste fromthe nuclear power 5plant. Brief Description of the

Dr awi ngs The features of the invention believed to be nove

and the elenents characteristic of the invention are set forth with
parti cul ari tywoizéusstriessappended cl ai ms. The figures ar e pb9is200808965
illustration purposes only and are not drawn to scale. The invention
itself, however, both as to organi zati’en and net hod of operation, may
best be understood by reference to the detail ed description which
follows taken in conjunction with the acconpanying draw ngs in which:

Fig. IA iste Ryidued suefivenyith oisduivied snedisuforaing Freddibebitedoatnefibers) inter

for renovi aglehfed Ghdsblifoffdehiing s0kitPbie Grahd pbAa shs@é fatol Akt : A fdrui d.
Fig. 1B is an exp %@gﬂ view of the fjlter media of Fig. 1 depicting

at the int & FYTe nirapsifipy t“}il‘a' F%‘ﬁleé frofh &pge tOﬁéﬂzfmsrr@qnaaqhe | nglear

particl es abeertplappeding tienfillel cindriage eliideatihl ptode Qd@TFrdnPht kb ARF psRe a.
Fig. 2 |s a, cross- sectional view of the filter nedia of Fig. 1

deplctlng Phree filter 20regions for renoving sol uble and coll oi dal
material froma fluid. Fig. 3 is a cross-sectional view of a

trlple f'I%%Qliﬁgﬁﬁoggfméﬁpgﬂi@g soluble and colloidal material from
aflu tabl e of the neasured | ead
parti cuI at e val Tlesfedtunes pithe frivertion beliestdetybe anvt! andothe elamendd chanctedstiaf t er
a two (2) bfinelinvkhtRWare set forth with particularity in the appended claims. The figures are for
10 illustration purposes only and are not drawn to scale. The invention itself, however, both
as to organization and method of operation, may best be understood by reference to the
detailed description which follows taken in conjunction with the accompanying drawings
in which:
Fig. 1A is a cross-sectional view of a double pleated media filter for removing
15 soluble and insoluble colloidal material from a fluid.

Fig. 1B is an expanded view of the filter media of Fig. 1 depicting at the interface
medium a filter region where the colloidal lead particles are trapped from flowing
directly through to filter media.

Fig. 2 is a cross-sectional view of the filter media of Fig. 1 depicting three filter

20  regions for removing soluble and colloidal material from a fluid.

Fig. 3 is a cross-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.

25 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

30  mean flow pore diameter.



25Fig. 5 depicts a table of the neasured | ead particul ate val ues for
the ten filter systens and two control units after four (4) liters of
flow Fig. 6 depicts a graph of the average total particul ate

| ead reduction efficiency versus the nean fl ow pore di aneter.

Fig. 7 depicts a graph of the effluent total particulate

concentration versus the 30 nmean flow pore dianeter. -6- Mde(s) for
Carrying Qut the Invention In describing the preferred .
enbodi ment of the present invention, reference will be nmade herein to

Figs. 1- 7 okothewndssdaw ngs in which |ike nuneral s ref @erti©odsioliss
features of the invention. 5As used in this application, "nanofibers”

means core fibers having di ameters of-6tess than forty (40) m crons,
and preferably less than 10 mcrons. Fibrillation neans a physi cal
process desi ned to generate f| ne tendrils of nanofibers attached to
a nmain or &¥¥e ' ke lavestiahpt er preferably | ess than one (1)

mcron. Fibri | |l%t&%nﬂﬂ?ﬂ-fe'ﬂ?ﬁir%d%ﬁb%m&&%yH@lﬁésé’nt Hﬂ@:ﬂfoh%ﬂ%@edwlll be
benefits in certain wa 10 treat nent EP i cati ons. Standard fi ber

types such™ade hezsin in Bgw 1aA@f derdrawinssisyhish ikpspumess refentor ik deatragsedi al

for the namrfinvegionfi brillation process. In the nanofi ber f| br| I I at I on

process, the cofe fibers used are, er,ab on t rder )

in lengfh, althoUYH!FBASBRRAICHISH ™ E‘}fﬂ’%ﬁs g%ﬁl"?’&rtjgf'ré Y \%‘EFFH °5e
pref erred, leanthai i@ty (40P midrdas adi ﬁrefe:rablga\msdehahdlo wiRsdyis. fHitiiHatcReiéan 3
extendin The fibrd ano ber be used as
nmade or 19 u %yﬁ%l pr}gcoe(s:se%ess@ae]ds Nt "erf‘ fJ"e lﬁesnél P ?)no oY ﬁtiaﬁn% OHBEP L or
pl eat ed rrentm‘péh@f 1aviig @ dsinetst Lsreferahlyﬂaawhan m;(l)bmcdoayer ed, wapped, or
fabricated int 1Mt he ne
utilized as rnatgFelMé)rW?u’%tﬁ%rgQ 6 Jﬁ?@%‘i‘%@’. nto %td[]i?egm? % t'eT's ‘al one
or in dBnbireaimens mpwcgtppn@tﬂﬁmdarﬁdibgrr tiypgssuch as cellulose and acryllc: may be used as

starting materials for the nanofiber fibrillation process. In the nanofiber fibrillation

process, the core fibers used are preferably on the order of 3.5 mm in length, aithough for
some applications smaller lengths would be preferred, and then fibrillated to provide for
many fine tendrils extending from the core.

15 The fibrillated nanofibers may be used as made or further processed into other
useful forms such as sheets or pleated membranes. The sheets, in turn, may be layered,
wrapped, or fabricated into flow-through forms. The pleated membranes may be utilized
as made or further fabricated into cartridge filters alone or in combination with other
materials,

20 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

25  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

30  applications. The fibrillated nanofiber configuration allows for better filtration, especially

for colloidal particles, without sacrificing hydraulic properties or service life. A prime



20The fibrill ated nanofi bers provide significant performance

advant ages when used in conbination with other materials used
currently for water treatnent applications. The uni que structure of
the fibrillated fibers allow nmuch hi gher | oading of these water
treatment materials than can be achieved with current technol ogy. The
| oadi ng materials may be charged or neutral species. Exanples of
these materials include, but are not 25limted to, synthetic organic
and inorgani c ion exchangers, zeolites, carbon, adsorbents, and netal

oxi des, suchygSodbhiaial um oxi de, netal hydroxides, and peth&ldohdoker
ai ds. Pl eated sheets of the fibrillated nanofibers can be

incorporated into small cartridges sudh as those used in carafes,
poi nt - of -use (PO J) vessels, or point-of-entry (POE) vessels. These
enbodi ments are applicable to drinking water and process water
30appl i cat iewarnle Fhihisf tybr pf bwtie drestma afotablerwatan firgemanal ofcalloidaivisad, @r
better fil élaﬁﬁkduf?@tha?§ RERLA! drevdrUnaftatlabR 1R B béthfcin duhSbifies. 1
sacrificin %a/draullc properties or servic ite. Aprinme -/-
exanpl e of skawdbe yosed tat ddeughsthe removl e lqad constreinantst ie deschieed hewsimothel  of
col | oi dal |peasht ifveRicRGE A 1Bnifel 3 aﬁyspaglctllfcull ?ﬂlaﬁiﬁ?tagﬁé@ﬂawg@éngﬁéy@@mre

0

with prior art commercial technol ogies. shou e not ed 't hat

al though t REF EXRbPanETthateatt BoplbliRpherieidplstarssedias stsll farmengelloidsle
pr esgnt i n?p@:l‘ﬂib]igﬂ ﬂl,eitﬁcgﬂﬁﬁidaﬁt%ﬁl@ﬁl ik Giscubéd t@sra]efnti]llﬁdﬂ:_itﬁrté. efaﬁﬁtealm B?nt , gnd
may be enpl oyed._for 5ot her _contani nanis t. xi st in soluble an
col | oi dal st at eZ{“* rﬁﬂ‘ﬂre%"tﬁxéquﬂp?r8'i"°Yi’gﬂ‘tc‘i?I“?'8$§fé arsAliqiated inpart py 3 gecent
'(I:'ﬁnt am nantaggrmm]ENSPi te?]dj'pms @?icere@ﬁrlef Itl!eét&jltnb'fhn ioV&aexnarcliqialr @H treated

e requir n v al |lead are.dic n
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governing procedure In the’ihdustry for contam nant renova
dri nki ng wag@mmadpte joghep eantantiganpiempval pescesalytkat mande differeptrasswong or less

invention eapehieadildNsetdaie saagegmodat e ot her contam nant renoval
protocols that may be different or nore or less stringent than the
NSE/ ANSI st andalgthe governing NSF test, about 100 parts-per-billion (ppb) of soluble lead is

15  introduced in treated challenge water. The lead particle sizes are on the order of 0.1 to 1.2
microns. Generally, particles on the order of 1 micron or less will remain in suspension.
In a preferred embodiment, as shown in Fig. 1, a filter 10 comprising two filter media 12,
14 is introduced. A pleated filter is shown for illustrative purposes; however, the present
invention is not limited to other filter media shapes or formations. Using a gravity flow
20  model as an illustrative example, although the present invention is not to be so limited,
treated challenge water meeting the NSF requirements flows into first filter media 14
which is predominantly of suitable material capable of removing soluble lead 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
25  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 scluble with lead by solublizing the colloidal lead until all of the
30  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



In the governing NSF test, about 100 parts-per-billion (ppb) of
soluble lead is 15 introduced in treated challenge water. The | ead
particle sizes are on the order of 0.1 to 1.2 mcrons. Generally,
particles on the order of 1 mcron or less will remain in suspension.
In a preferred enbodi nent, as shown in Fig. 1, a filter 10 conprising
two filter media 12, 14 is introduced. A pleated filter is shown for
illustrative purposes; however, the present invention is not |limted
to other filter media shapes or formations. Using a gravity flow 20
model as an whhdssbieki ve exanpl e, al though the pr esent,,chﬂyﬁmob@gg IS
not to be so limted, treated challenge water neeting the
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i nterface, vmvtshmms 4 fikdr efediacgiinBrt@dwhdd filkdr régit)sabaaenE etiols UtHeaudnd

di ssol \ég I n}; ﬁtetr 9? repkaces tgtgsértrace of%ge 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.

30 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.



20 chal | enge water. Wen the previously captured physical |ead
particles are conpletely absorbed into the flowing treated chal |l enge
wat er, second filter nedia 36, formng effectively a third filter
region, acts to renove the remaining sol ubl e |ead. I n anot her
enbodi ment, 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 25 of filter 38 replaces the
surface of the second filter nedia 36. Filter 38 will then as a new
interface angobdaesesidi |1 be a filter region that thenpg¥iliskmopbove
filter 38. Filter 38 may be fornmed of a polyner treated filter nedia,
or the like, to facilitate nore effectively the trapping of physical
| ead particles and enhancing the absorption of the |ead particles
into the flowing, treated challenge water. 30Cenerally, |ow pH
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gas filtrat)on | i cations, including the formation of | east one

medi a of t AECYE é O%egi on filter as discussed above. 15 Particul ate
Lead Raduction Tests

Particulate Lead Reduction Tests
Ten (10) systems were tested for lead reduction. The filters had filter paper made
of nanofibers with varying mean flow pore diameters from 0.26 microns to 2.6 microns.
A lead solution in accordance with the NSF pH 8.5 lead standard. Four (4) liters of
20  solution was introduced through gravity flow, the effluents collected, and the lead
concentration measured according 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
25  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.



Ten (10) systens were tested for |ead reduction. The filters had
filter paper made of nanofibers with varying nmean fl ow pore di aneters
fromO.26 mcrons to 2.6 mcrons. A lead solution in accordance with
the NSF pH 8.5 | ead standard. Four (4) liters of 20sol ution was

i ntroduced through gravity flow, the effluents collected, and the

| ead concentration neasured according to the NSF protocol. In
all ten systens, the total soluble |ead portion of the solution was
not affected. The particulate portion was affected, and the particle
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medi a.
influent to soluble lead for subsequent removal by the filter media.

The filter media, including the fibrillated nanofiber media, may be further

25  "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

30  ascolloids, without the typical detrimental effect on differential pressure.



The filter media, including the fibrillated nanofiber nedia, may be
further 25 "loaded" with finely subdivided nmedia of powdered ion
exchange resins, adsorbents, carbon, or the like. In this context,

"l oadi ng" can nean either flocculation including electrical

i nteractions, physical adsorptions, or the like on the nanofi ber
surface. In either case, the fibrillated nanofibers offer
significantly greater surface area and tighter pore size. The latter
conbi nati on provides better filtration, especially for snall
particles, swghod®asscol | oids, wthout the typical dehpirihisaisgf fect
on differential pressure. Per f ormance of conventiona

fl occul ated products containing fiber}l-cati on exchange resin, anion
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Colloidal versions of cobalt, iron, cesium, antimony, nickel, copper, and the like, that

may be radioactive, and normally prove extremely troublesome in the treatment of so-

called "radwaste," may be remove prior to discharge with the incorporation of fibrillated

nanofibers in the operative filter media. The fibrillated fibers used in this filtration

25  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.

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



adsor bents previously descri bed. Wil e the present invention
has been particularly described, in conjunction with a specific
preferred enbodinent, it is evident that many alternatives,

nodi fications and variations will be apparent to those skilled in the
art in light of the foregoing description. 30It is therefore

contenpl ated that the appended clains will enbrace any such

alternatives, -12- nodifications and variations as falling within
the true scope and spirit of the present invention. Thus, having
descri bed t hgobhdyentson, what is clained is: - 13 - gbﬁbyﬁ,s)ﬁﬁ@gs i's

claimed is: 1. Afilter for renoving soluble, colloidal, and

i nsoluble material froma fluid conpriding: a container for recei ving
ingress fluid, and for securing and introducing filter nedia to said
fluid;, a flrst filter nedia for filtering soluble material fromsaid
fluid; modgicafisapaell variatiens aycfalliing Wihip deetrue agede jand fpiti df the present
connunicatmggthth said first filter nedia, for filtering said

soluble material fromsaid_fl uid;
. Thus, having described the invention, what is claimed is:



wherein said first and second filter nedia create a physical barrier
for said colloidal material at their interface for capturing said
col | oi dal particles; said colloidal particles retained at said
interface until becom ng soluble in said fluid, passing through said
interface, and being renoved by said second filter nedia. 2. The
filter of claim1 wherein said soluble and coll oidal material

i ncludes | ead, organic contam nants, or inorganic contam nants. 3.
The filter of claim1 including having fibrillated nanofibers as one
of said filter nmedia. 4. The filter of claim3 wherein said
fibrillated nanofibers includes cellul ose or acrylic conpositions.

5. The filter of claim3 wherein said!'¥rbrillated nanofibers conpri se
at | east one pleated sheet of filter material. -14- 6. The filter
of claim1 including having i on exchange beads, powder, resins, an
adsorbent, zeolites, or carbon as one of said filter nedia. 7. A
filter for renoving soluble, colloidal, and insoluble material froma
fluid conprising: a container for rec&imM$ng ingress fluid, and for
securing and introducing filter nedia to said fluid; a first filter
media for filtering soluble material fromsaid fluid, a second
filter media in fluid communication with said first filter nedia, for
filtering said soluble material fromsaid fluid;, and between said
first withtsedentkdiedi a, for capturing said colloidal material;
wherein said third filter nedia creates a physical barrier for said
colloidal material; said colloidal particles are retained at said

third f|I ! LeR ﬂﬁgj %P%%BVQEC%}LB@, Sﬂu%ﬂla‘ﬁ and insoluble material from a fluid

comprising: a container for receiving ingress fluid, and for securing and introducing filter
media to said fluid;

a first filter media for filtering soluble material from said fluid;

a second filter media, adjacent and in fluid communication with, said first filter
media, for filtering said soluble material from said fluid;

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

said colloidal particles retained at said interface until becoming soluble in said fluid,

passing through said interface, and being removed by said second filter media.

2. The filter of claim 1 wherein said soluble and colloidal material includes lead,

organic contaminants, or inorganic contaminants.

3. The filter of claim 1 including having fibrillated nanofibers 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.



in said fluid and being renoved by said second filter nmedia. 8. The
filter of claim7 wherein said third filter nedia includes a pol yner
treated based filter material. 9. The filter of claim7 wherein said
third filter media includes fibrillated nanofibers. 10. The filter

of claim9 wherein said fibrillated nanofibers are |oaded with finely
subdi vi ded nedi a of powdered ion exchange resins, netal oxides, or
nmetal hydroxides. 11. The filter of claim 10 wherein | oaded
fibrillated nanofibers includes flocculation. 12. The filter of
claim1l wherein said flocculation includes electrical interactions
or physical adsorptions. -15- 13. A filter for renoving soluble,

i nsol ubl e, and coll oidal |ead particfég“fron1a high pH fluid

conpri si ng: a container for receiving ingress fluid, and for
securing and introducing filter nedia to said fluid, a first
filter nmedia including ion exchange beads, resin, or powder, for
filtering soluble lead fromsaid fluid; a second filter nedia,
adj acept anthé filtet wif dclgiemmumctadihg hawirghions akchahige Heatls,| F@Wd@fedbﬁns, an
including fibrillated nanofibers, for filtering soluble |ead from
sai d f pggogbent, zeolites,pecasban anpae pf sald filleigmedigond filter nedia create
a physical colloidal lead barrier at their interface for capturing
said colloidal |lead particles; said colloidal lead particles
retai ngd atAséilter ifort eehacidgupdlublebecdisidiy, 264 uiseludid m&aeoibadndy fluid
said fluid, thus passing through said interface, and renoved from

sai d fFWBr'ﬂQg‘sﬁFBnt@&%g@f FeCeivEng ingegsg fluid, and for securing and introducing filter

media to said fluid;
a first filter media for filtering soluble material from said fluid;
a second filter media in fluid communication with said first filter media, for filtering
said soluble material from said fluid; and
between said first and second media, for capturing said colloidal material;
wherein said third filter media creates a physical barrier for said colloidal material;
said colloidal particles are retained at said third filter media until becoming soluble

in said fluid and being removed by said second filter media.

8. The filter of claim 7 wherein said third filter media includes a polymer treated based

filter material.
9, The filter of claim 7 wherein said third filter media includes fibrillated nanofibers.

10.  The filter of claim 9 wherein said fibrillated nanofibers are loaded with finely

subdivided media of powdered ion exchange resins, metal oxides, or metal hydroxides.
11.  The filter of claim 10 wherein loaded fibrillated nanofibers includes flocculation.

12.  The filter of claim 11 wherein said flocculation includes electrical interactions or

physical adsorptions.



14. Afilter for renoving soluble, insoluble, and colloidal |ead
particles froma high pH fluid conprising: a container for receiving
ingress fluid, and for securing and introducing filter nedia to said
fluid, a first filter media including ion exchange beads,

resin, or powder, for filtering soluble |ead fromsaid fluid; a
second filter media in fluid comunication with said first filter
medi a, including fibrillated nanofibers for filtering soluble |ead
fromsaid fluid; and a third filter nedia, |ocated between said first

and second filter nedia; wherein said third filter nedia
creates a physical colloidal |ead baryier for capturing said
col loidal |ead particles; said colloidal |ead particles

retai ned at said physical colloidal |ead barrier until becom ng
sol ubl e and absorbed by said fluid, thus passing through said

sol ul fluid _ _ o
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i ncl udibsidacopgirisimer treated based filter material. 16. The filter of
claim 14 wherein, said third filter dia,includes fiprillated . )
nanof i ber s, CqMaingr EWE%%InsdPgrﬁafﬁgﬁn%%qran'% itrorecingdidter media
from atot'gawﬂ@?l.fl uid conprising: introducing a first filter nedia in

t he path of tid fl ow wherein said fluid contains sol uble and

par ti cul at ea Ifiesdilter emedianigcBlingoicn kerddinge droadsi @sinl, wrdpdyd@aifer filterrig

filter i a; . capturing particulate |ead particles at an
i nt erf%@@?i@d&ﬁo'ﬂﬁéﬂdﬁ‘ﬁdéecpnd filter media is introduced in said
path of 1 uj deddramil “ﬁl\_eﬁ%?%'dﬁﬁlgﬁtahﬁd r?@f@a&%ﬁ%nﬁ!mh@ﬁ PRt SalSfirst filter
captured until soluble in sai uid; and renoving sol uble’l'ead from
sai d finedid ibgludmigditsdlatadchaniofibers, foe diltaring 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. A filter for removing soluble, insoluble, and colloidal lead particles from a high pH
fluid comprising: a container for receiving ingress fluid, and for securing and introducing
filter media to said fluid;

a first filter media including ion exchange beads, resin, or powder, for filtering
soluble lead from said fluid;

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

a third filter media, located between said first and second filter media;

wherein said third filter media creates a physical colloidal lead barrier for capturing
said colloidal lead particles;

said colloidal lead particles retained at said physical colloidal lead barrier until
becoming soluble and absorbed by said fluid, thus passing through said barrier, and

removed from said fluid by said second filter media.



18. A process for renoving soluble and particulate | ead froma high
pH fluid conprising: introducing a first filter nmedia in the path of
fluid fl ow wherein said fluid contains sol uble and particul ate | ead,;
renoving soluble lead fromsaid fluid by said first filter nmedia;
capturing particulate |lead particles at an interface regi on where a
third filter nmedia is introduced in said path of fluid flow, |ocated
bet ween and adjacent to said first filter nmedia and a second filter
medi a, and keeping said particulate |lead particles captured until
soluble in said fluid; and renoving soluble lead fromsaid fluid by a
second filter nmedia. 19. A nethod of gsing a fibrillated nanofi ber
as a filter nedia for particle rennvaf,'conprising: providing a
plurality of fibrillated nanofibers; loading said fibrillated

nanofi bers with a subdivided nedia; formng said fibrillated

nanofi bers 4 :od) SRR e s A Fre | |
one of li)g'ai dTp gzlatt@r egIr g%&a@t 1s&i nt oelga‘%ﬁ 'tﬁ()alltdlzlg‘rett b%gg%m%sn#r?gbr@e%ﬁ%%ted
of cl abasedl9ilienolatetiahg provi di ng i on exchange resins to said
fibrillated nanofibers. 21. The nmethod of claim 19 wherein said

fibrillated fibers include cellulose or acrylic nanofibers. 22. The

t hod f i j i |- . 0] i i [
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nanofiber as a filter media for particle renmoval, conprising:

providing a, i Al e O SoiBbEd and" Sk lead from a high pH fluid
comprising: introducing a first filter media in the path of fluid flow wherein said fluid
contains soluble and particulate lead;
removing soluble lead from said fluid by said first filter media;
capturing particulate lead particles at an interface region where a second filter
media is introduced in said path of fluid flow, and keeping said particulate lead particles
captured until soluble in said fiuid; and

removing soluble lead from said fluid by said second filter media.

18. A process for removing soluble and particulate lead from a high pH fluid
comprising: introducing a first filter media in the path of fluid flow wherein said fluid
contains soluble and particulate lead;

removing soluble lead from said fluid by said first filter media;

capturing particulate lead particles at an interface region where a third filter media is
introduced in said path of fluid flow, located between and adjacent to said first filter media
and a second filter media, and keeping said particulate lead particles captured until soluble
in said fluid; and

removing soluble lead from said fluid by a 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



| oading said fibrillated nanofibers with a subdivided nedi a;
utilizing said | oaded nanofibers as a precoat filter layer for said
filter media. 24. A nethod of using a fibrillated nanofiber as a
filter media for particle renoval of waste generated by a nucl ear
power plant process, conprising: providing a plurality of fibrillated
nanofi bers; loading said fibrillated nanofibers wth a subdivided
nmedia;, formng said fibrillated nanofibers into a pleated sheet;

i ncorporating at | east one of said pleated sheets into a filter
cartridge for renoving colloidal transition nmetal species fromsaid

waste; placing said filter cartridge jnline with said waste fromsaid
nucl ear power plant. 25. The nethod 0f claim 24 wherein said filter
medi a i ncl udes carbon. 26. The nmethod of claim24 wherein said filter
medi a i ncl udes ion exchange resins. -18- 27.The nethod of claim 26
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20.  The method of claim 19 including providing ion exchange resins to said fibrillated

nanofibers.

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

nanofibers.

22.  The method of claim 19 wherein said loading step comprises flocculation of said

fibrillated nanofibers.

23. 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;

utilizing said loaded nanofibers as a precoat filter layer for said filter media.

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 said waste;

placing said filter cartridge inline with said 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.
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27.  The method of claim 26 including providing ion exchange resins directly to said

fibrillated nanofibers.



