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FI LTRATI ON BASED ON A NEUTRAL FILTER MATERI AL This invention’relates to a
system and nethod for the filtration of particulates from fluids using

por ous medigansiMbg e specifically, it relates to a filter pogussibizes of
filtration where particles smaller than the pore size of the porous nmedi um
used as the filter are effectively renoved due to a non-sieving rel ated
mechani sm BACKGROUND OF THE | NVENTION The filtration of particul ate

materials fromfluid MEM%%%%%EF%@Q&WQM elying mainly on

si evi ng nmechani sns, re _particles ‘are y renoved based on
size. Sieving by i tsqu‘As‘IEﬁ Q{’LﬁyEHM' &8 WDERMLen sati sf act ory for liquid

filtration as it provides poor or no retention for particles snaller than
the pore sizeThi§ invdndiorf iclatesrip aamystevelahd asthbdfor tHediratiart efsparticeiges frdmg ei t her

vonever . 0 1re PRECH BRI Bl BBy | i K FRCen o Bt PSR ve

parti cl epaitidsasmalieritimnethe pbre @28 of the PoGE meduriisahashias fitepag dflea@mely ecogni zed
in gas filtration, where fi lﬁl&ﬁaati on. nmechani sns ot her than sieving dom nate

in nost SPMVELUEIAONSIRUNGEIRA JEohisBnced filter of performance. See,

Particle Capture Mechanisns in Gases and Li aids: An Anal ysis Operative

Mechani snms, by Grant, et. j of the Institute of

Envi ronnental Sci ences. %KQ%M?Jﬁ%@gegﬂﬂgﬁactl ons in liquids are

usual |y governed by el ectrostatic interactions and Van der Waals Forces
assum ng t hat Thediltelioneaf paitigitate megeald framcfluidathas keenicomiugled tonydairelyiag e pr esent
(35, 9: oG Widhg WEEARNS! Mbre FARIGR Ll dedoHithdy BRIk 88l ok, Van der
Wial s forces are mi present attractive shor anged forces acting between
two mat eSiesing byafselbinynaky ceseslred nai Hebn satisfargoraioninyid fitefmessdirprovides poact i ve '

interactions,,El ectrostatic . dinteractions on t ot her han will be

Lt et GEnS et i pRREEY st T AL RE e B2 8o Afer i Bl &8 BRIt e

El e\_(,:\jt r gs_tr@hiriﬁg a’mlt:ﬁlstgbqirl;essrﬁre dgrénﬁntsm |arge E_reir laieSS irt]d_ﬁ gmimstriaﬁsmlnab!et flolws cormmon
now e . that | ] ke-charged materials. wl]l, exhi t . repulsiv

oot § o R ES ol e TR TR RIS JERS hAlPens TRHEREERER har ged

mat eri al jydrhdionse prRlide Wk A& ioNE pedneebdgRisddainl fas MiBbrAGiteRNlr4i6t Ween one

anot her. This know edge has been exploited in the filtration of |iquids,

wher e t h&eghanisis otheft tban sipvingxgariatg Rgnast arplisaliensand Preyiseeanbansgd fillsT capabl e of

att ract i ggafighod Uae Spiritd Kafih Adbhdins W ECHAY 0GP A5 of The obvi ous

limtati

Operative Mechanisms, by Grant, et. al., 1988 Proceedings of the Institute of Environmental

Sciences. i
Particle-surface interactions in liquids are usually governed by electrostatic interactions

and Van der Waals Forces assuming that no other highly specific interaction potentials are
J ~ present (as e.g. molecular recognition, chelafing functionalities etc.). Van der Waals forces are
omnipresent atfractive short ranged forces acting between two materials of any kind and will
thus always represent attractive interactions. Electrostatic interactions on the other hand, will
be atfractive, repulsive or non-existent dependent on the sign of the electrostatic potential of
the two materials in question. [t is common knowledge, that like-charged materials will exhibit
repulsive electrostatic interactions between each other, whereas counter-charged material will
exhibit atfractive electrostatic interactions between one another. This knowledge has been
- exploited in the filtration of liquids, where the filter material exhibiting electrostatic potential is

capable of attracting and successfully retaining countercharged particles. The obvious Iimitati_on




"9 June 2004 WD 01/51170 PCTI USOL/ 01293 of these ChargngLh/:e?ﬁrOﬁ are the
repul sive electrostatic interactions of the filter material I ke-
charged particles and the resulting poor retention for the same. The basis
of this igaAki@y IS the realization that when one of thecradoenized surfaces
in questionis neutral in the liquid of use (here the filter material), no
adver se eff beserabaiged filiers armtherepdsiveiestrasialid inlorctione sidin fitraateiewit fie- £ i | t er

mat eri al n tractive Van der Waals forces

wil | gove%%g?‘frpgﬁmlggé dat@%'%%m%@{ov\égﬂﬁpﬁ%% i'fl'er material and particle
material | eadhmgadianofﬁrhwn\reaﬁoanﬁth@mahﬁtlopahdt ivhdreshe of thalnmteﬂmmm@es in
characteristic, utral fore, in providing a

filter met/&¥iPLfs E‘??l'i ! 'Eﬁﬁ# Bq“fds e 3‘595 Bt Paefia). HB ad@@c‘i'%%%@h c

pot ent i alinterbdliofis@ill bé @tksht bawdrn tﬁel ﬂltéﬁﬁ#@‘ra( andShe ;bémcle&na‘%eriaﬁéhh lftactipr f ace),
particles of any electrostatic character will ~be attracted by the filter

mat er i al (A& WRpIsTCaHbgRve ihe dfegstandrtwaenithe filer materiabandaetice matefirht
current | YoaPh & RE FbtéMlM'bf(ﬁlQrﬂé{érbtf br%rbﬂ!argé bP%IYéc[éﬂst@ nﬂo)ém\;e' h%@lr Ve, or 3&2!%1

el ectrostatic potential of naterial two main
phenonendhergiole, mm@vﬂlnggdﬁeratateaw@é@@@itm @rressﬁrntmllun@teieotrmtancgmnm (acids or

bases) | gaglL | ﬂ?sﬁttQ P@f ltefelg%re%f?:s aQbufal u}facle}" ﬁalﬂaessod'f B:E}J é?&tr@sftatlé &Q?E{c@?ﬂ ionic

species fro or exanp €rials wthout
any f unctblecaﬁedctegrb@umﬁs filtet matedal dmheg itca bnhaonef! aetentms wad lfijratex tejuntd thah negati ve

el ectrost n.basi tral solutions H> 5-7) and
positive aiﬁ”ﬁ%@?%’? &Qtﬁgonﬁ l%nﬁlf‘eiie Wg?'}mgl rdi ¢ sol Et : ons gBH < 5- 7; due to the
. ésort)t i on of g‘lw@eukgsltatac (poegta Idﬁegaterrabaihgﬁﬂids@dﬁ)gwéméhyd? ?W? hrﬁau? ons .

osi |ve char en e cha e liqui
(Baueous Aesorgi 1k abiimargRann ohbetapb apus e heeraohB T4 | 1 ati on
Liquid Mcadge, B 39 tﬁ@%@s’ohmérpoft (‘&ﬁhrgﬁ&f rah.b%bee%érffoﬂpmearqgidtmre%;ﬁm@ wlter its

- electrostatic potenti al . is therefore |nPortant to realize, that a
mat eri al 2g¥e0Hs medig nwtelﬂﬁféw&hwt agy fupetiona gratpsct quomaéaﬁrahsarfaceﬁsw&p@(h@%nce on the
properti h [ I ct otential of
a materi %Fn%tﬁm}ae ?ec!trbﬁéaﬂc pdtﬁtnhél o bH? Oﬁ%g’rt%pg?iﬂagss% %Z’SF%B‘% A éguch as (i)
its prot @Iectrqstatmmbtani@bpt emdicca@j@tbﬁs (nHy < fU 91ue| fos theli @Ise“pttoni o hydiost ant, (iii)

t he conc n ss, through
. the usz%fglf:’t%tk%ﬁ%g&d qﬂe) ma EerP + SIO%?N Edsgggéflfgqea%e It {ng%?%{%htts&e‘keet he sane, -
one can ahrardr of th@lltﬁﬂidd%ul&&&toﬁﬂﬁncaqmtzs)mhar@d ignic @ea:mt;mselalm thﬂﬂf lmatigm ven liquid
to be es ere at i sentia surface. :
Based on?ﬂq‘ﬁ ali’t aﬁa ?&FQ% tp E‘P@E’Fﬁ?@ﬁ'g Q?fksée@%%étef ’F?ef’ﬂecli”%t' terial can be
selectively adi gkt ifiortant 3 Yeivel thai 8 rdlerdl StateNa ﬂﬁbrérﬂr&@trdsfan@t tract
part icles of any electrostatic char act er

potential in"dependence on the properties of the liquid it is immersed in. The electrostatic
. potential of a material in a liquid will depend on properties of the liquid such as (i) its proton
) donor/acceptor capability, (i) its dielectric constant, (jii) the concentration and kind of ionic

species present. Nevertheless, through .the use of appropriale materials or surface

modifications of the same, one can adjust the electrostatic potential of a material in a given

liquid to be essentially zero thereby creating an essentially neutral surface.

Based on this finding, this invention teaches that a filter material can be selectively
adjusted for a given fuid in a given pH range fo atiract particles of any electrostatic character

and can therefore effectively retain particles smaller than the pore size of the filter based on

aftractive interactions between the particle and the filter material in any given fiquid.




ahd can therefore effectively retain particles smaller thﬂn thgq%gqre si ze
of the filter based on attractive interactions between t e and
the filter material in any given liquid. 2 9 June 2004 WO 01151170

PCT[ USO / Q2831 29WMVARY OF THE | NVENTI ON The present i nvepgf/osoipinyi des a
filter wth high particle capture (Log reduction value (LRV) > 3,
‘preferably >5, nore prefer SUMMARYO)F TR INVERTIONr essure drops and high fl ow,
For .exanple, the present invention provides a filter with a tradl ti onal

pore size rat Imgp@tenpﬁvén&mmes Wftéa mﬁl’i‘WEWaxﬂ% fat e rbtit@tbn%,agé
m crons partlcles with a pressure dro ess than 1/1 that of a

0.1 m cr dH3V)Pad epferailed, mgre prefeigbly >{0) ‘ﬂéfh low pregsurerdropt ehd bightow. ndr or rat ed
pore siz si evi ng
filter” Eeg@h%en%eé@sgﬁt?{ﬂ%@gn @h‘g}neggﬁﬁe?g@]népﬁpnél E@og%e]@mgf%? @3%‘%“& ons

par ti cl esvith TnbRokgsentar tianveh 0. onicrans gartickeswetala pressinetige dhion istastmal filter
(surface) V, ates, su ter surface_ by

sel ecti ng1 “g-ﬁ%gto PJ@?&'E%QQ ara?eda% '%r} g @tgrewt@&r}omm@ll 0;56"1“ po“ﬁ“@F‘)t or poi nt

of zero danams) PRCGhe samd finee, It chicrdns Fdidving ffiter” hdsUm LR dftigts Mancg, a neut r al
or weakly z@y &1‘{&2 sftdrface whi ﬁh provi des the enhanced retention
per f or maREe" 10 REONSPAIEES. hr esent  : i nvention. Preferably, it can be

‘used in aqueoUse p@gbnmmmu&@ys wteémy G'll%tgedl Br mtm(m@ utfht'e‘}'sfhe plekentcan have a
substantially neutral surface over broad ran?e or if desired a

sel ect ed 'Wﬁ'?i'P@)G\ﬁatfﬁ-ﬁ”F'hﬁE}@fSqﬁﬁcerﬂiﬁﬂ'ﬁﬁiﬂ@élg@mﬂ@'dﬁ”ﬁ@ce With andsoglagiegmaint of _
mai nt ai nigag) tﬂfp%ﬁﬂlpo?tzétﬂr(:ha?éé ggﬁh'rttfe%m@ﬁ”tﬁé?scﬁms ﬁt‘éﬁfatnﬁ\ ‘Q‘n@ﬁra'i S’r‘We%H honic

strength f|UI s. I'n one e pr esent ven I on reis
provi ded charggdisuace whigh pravides éhesinhana@éetemtn&perfogn@g@@‘ﬂlwrftter@t thy preeem ral in

char 9e 1 fhybten. fPratbthy, 0 A0be kel bn daflodS Bk ndnlgfRBL s ATAGALIMS, R the

present invention, rOVI as a o sUrtace that is
subst ant icai haye aeuhstaaﬁaliy meut:aﬂalur@ee over abroadjptemoge drlifdesiedw selectdd Nagawt a range

- of pH an r ef n 0 ons. A further enb i ment of
present vgﬁg @N%P a/u[egu d@'d?alng c§pa|bfé c{?g]ﬂ RSBy r]“@& WS ¥ he  sel ect ed
or intendmﬂawiﬂerran@ea‘goniomtr@@tthdQH or ionic strength such that the filter
sur face eithe[q] mai nt ai ns ﬁqeneutra g @gak charge or does not acquire a
g of e

hi ghly char get] %8¢ FPRRdmeR; RTEBgLinves b phpyide ﬁ&'@r@?‘t hagAS¢1ass r engt h.

~Anot her mheewgﬁﬁttaarhteutétmﬁé@@uﬁnteﬂmmﬁ%tch%uSédto utilize a filter having
an |EP in the ggueous quid in which it is used. In this

approach, t helnfqnpﬂtgrerrg)gqitm &f thg pﬁag@rg fiwentipny thgre is provided a filter that has a
surface that is substantially neutral in charge in an aqueous fluid over at least a range of pH

and preferably under all pH conditions.

A further embodiment of present invention is to utilize a filter having an |EP within the

) selected or intended operating range of pH or ionic strength such that the filter surface either

maintains a neutral or weak charge or does not acquire a highly charged surface within the
selected pH range or ionic strength.

Another embodiment of the present invention is to utilize a filter having an IEP in the
pH of the agqueous fiquid in which it is used. in this approach, the filter surface is matched fo a
specific liquid in which the pH is fixed and the filter surface remains neutral.

A further ernbodirnent of the present invention is to ulilize a filter having an [EP at the
ionic strength of the non-aqueous liquid in which it is used. In this approach, the filter surface is
matched to a specific quUid in which the ionic strength is fixed and the filter surface remains

neufral.




spe0|f|c liquid in whi ch t he pHis fixed and the filter sgubﬁg@opgnains
neutral. A further enbodi mnent of the present invention is atil'rze a
filter having an IEP at the ionic strength of the non-aqueous liquid in
which it is used. In this approach, the filter surface is .matched to a
specific liquid in which the ionic strength is fixed and the filter surface
remains neutral. 3 9 June 2004 An alternative enbodi ment of present
invention is to utilize two or nore filters'in a conposite filter, each
with a different IEP. This allows for the use over a broad range of pH for

aqueous f 1 ui ds Adrdtematiecerdiofimpplidh orese imenton e dize e o goreAlielin Rer
enbodi ment 4R AR RhcH W t i '
Pot enti al 081@50 bet vveenc abgﬁﬁlﬂfgﬁgﬁﬁ -T(H[Slénd“{ ftfr{‘i/hgﬁ;tsésb\lerrﬁﬁoQ@}aéB%?fﬁgﬁv\een 5
and -5 ni |dausays figdsand fanis sirengths dar een-aqyeousfluilsl such that the filter surface

ei ther mai nt ai 0 ighly
char ged surfacerAS %@eﬁ?ﬁﬁ%@euﬁéﬁp\‘&@h dﬁ’ %}F'E gtoollmﬁgaﬁﬁggﬁwgagg W@@tﬁt}rrent of
the presertetweaw et trends1@umiivasemsfedadly, be&m%mg—smll’\toﬂﬁ\hnﬁﬁw the sumBcd! i qui d by

filtratio |se pr.ovi di orous filter having a
subst ant i ﬁlf’%u%%%%ﬂﬁmﬂgﬁu gftm@?'"éﬂsaf‘%rﬁ %MEMS e Qh¢Pep A%iaAY BEr es of a
nom nal ditighiytchsirgdaeduviessiwithin @ik saiBeledMidn crons, said at |east one porous
filter having a surface with a Zeta Potenti al of between +10 and - 10
“millivolts in $aadaddiipriatembodimpasdsiting peaent ihventionlistahprotess ferablodhg | east
one porou .tions o selectively retain said particles by
sal d at: altt[fle%ﬁ%m a@ﬁ@&?"ﬁﬁ?‘t‘%@ﬁ“‘ﬁf“f‘ﬁ@ SDRAW NGS Fi gure 1 Test system for
§ sts i n Hydr obl‘qutdm(at leas)onApobut fiterhialite a sultadinty renltraisudfacd miedges .
‘Eigure 2 I system
For - cart 1y Ba el RAGREILOS k4l oA BERldchg (g 10 BSnt 2o 2
di scs. Fi @UP@SW“% HQJ’\‘RBS filleehaudnga %Eaéﬁmtﬁa Zgta Refentintafdstwaen kAP apd- functi on of
pH. Fi gurm.;@oﬁgmv%,dt;da@;dZet a Potential of test filters in HF or KCl as
function of pH. Fi ? filter retentiveness in Iog reducti on
val ues (LRv) f@8pd QEF@'@ iguid “E?iﬁ‘gﬁélﬂ’ 3b&agh ongRoFqus|figer Yrdesgendgengde of
-di f f er ent sgéttively saisin khid pafticles By szl talefabag porals filtert he

IN THE DRAWINGS

Figure 1 Test system for tests in Hydrofiuoric (HF) Acid for filters assembled in
cartridges . , |
Figure 2 The measured background parficle concentrations in the test system for:
! ) cartridges.
- Figure 3 test system for fests in KCl for 47 mm filter discs.
Figure 4 shows the Zeta Potential of particles in KCl as function of pH.
Figure 5 shows the Zeta Potential of test filters in HF or KCI as funcfion of pH.
Figure 6 shows test filter retentiveness in log reduction values (LRV) for negatively
charged PSL{-) particles in KCi or HF of different pH versus the filter Zefa Potentzal in the
respechve test liquid.




respective test liquid. 4 9 June 2004 Figure 7 shows test ﬂjlh;&
retentiveness in |log reduction values (LRV) for positivelg ug 83d

Si 3N4(+) and PSL(+) particles in KC and H = of different pH versus their

- Zeta Potential in the respective test |iquid. DETAI LED DESCRI PTI ON OF THE
I NVENTI ON The present invention teaches, that the renoval of particles of
any charge fromliquid streamis possible by nmechanisns other than sieving
- when the electrostatic interaction between filter material surface and

particle surface ar mal | ou so that particles are_ captured by
attractive Van FUE (\aiivs ?83@@5’8{%*”@"%%@ reguclion Waiges WRVY & pevtivalsut r al
surface <sh f signat i prcETeall f iwe force
bet ween tmoggﬁifaceé)ngggngﬁaﬁﬁ%@ggbgbgi)01/§§%$%e@d#§9§8%%@%é3§¥ rel at ed
to the prddifetal pihe mepeelivefegHigdiénsities on the two surfaces. This means that
if one .surface is substantially neutral and therefore has no charge, the
repul sive force is elimnated, regardless of the extent of charge on the
particle surface. ConseHﬁENl—E?PEﬁﬁa‘Pﬂ'@N&fTH%!NVEHHONnuch snmal | er than the
filter pore.size are captured with high efficiency by the omipresent
attractive VanThepresshaingeniiar easies, THat the gmedvali ob patidiisey asl dMrgl Tomiighidg an
essentiall¥ neutral . or meﬁgh% chﬁéged material filter surface in the
filtrationtfdmyi Aossile by, dechalems &30 raving rwhep dhe gsstiosialie intpsionn si evi ng
al one, thecpREEhRH ABleRAtulRe a%lp_amae%m}mcé@?él&mén ugﬁ ?ofglraf PAERACR. s

- conpared to a conventional, sieving only chemca | w ng for
hi gh par t caeed it alffcliverV/ani Qen Wainlg foreas oThepise nbawedklytcharged orowttrahbrfamt er i al s

presence. oPeriang bk A M hielc O SRR i BENERL LR S ¥ Spec s

at the surface of those materials. The Zeta Potential (ZP) of a material
surface is a property used to characterize its electrostatic (surface)
potential or surface charge density. The ZP of a material (surface} has
the sane sign as the overall surface charge of this material and is
generally proportional to the surface charge density. Consequently, the.
" presence or absence of charged groups on the surface of materials such as
reveal ed by their zeta potential will correlate directly with their filter
per f or mance. _ ' -

da




Di fferent el ectrokinetic phenonena such as El ectrophoresi @ﬁ%&]g? verrent of
charged colloidal particles in electric field) or Stream ential
(forcing a liquid through a capillary or porous nediuminduces a

di fferencgo@fsghectric potentials) are commnl y used to maieoine the ZP
of a material. The ZP of particles is e.g. comonly neasured by standard
measur enefeted ts;ﬁ@t rredsict( @ tp c@wa@nat@s onw@l twe rshrfacess tThig meeans Jhabi§ orene st ability

of a part%ﬁ&e[ lﬁgﬁl%%ﬁl%ﬁ;} & utr&l anﬁ’ he Fbe ha@t?lblchérélei g rébgfs v%ﬂ:géquarnﬁﬁa?e}:l depends

dlrectly are suspended in.
VWhen t here@hrSI@d;smf%e\/adteuEOfcﬁhamg@en maraartclbe.mﬁm s‘,oaﬁeql.xeetlya par&miesathm’l gdhr eshol d

(e.g. 50 ension i s ve t eto electrostatic repulsion
bet ween f“H %&alﬂ?r tﬁ @e f'ﬁ%\%ﬂ?esﬂ € ar?/\l\'/?eoﬁ"q% tﬁi@%"gftck’?f“as@ t%‘% oppiprgseRhr t i cl es
w1 aggbmasivays §eovaaldhedst TﬂT!&l?tiaETs acksed bPQﬂbﬂdﬂﬁg &l es!séhtlamehl@dl dr Sci ence,
Academ ¢ Press, 1984). The ngn- conducting material is directly

proporti WF\%‘FYCP@Q@H@@?H"@?WB@CQ!WQ@ fitpéendividal of the material. Therefore,

Just as the epaGikQaiPs rr@utpévtfﬁatdoaé nafrel,aom&\fﬁrg ;T?dnellﬁe E&Q%sz\éﬁw be POSi tive or
zero, the correspondi ng ZP of that material wl ative, positive or

zero. Thenfarg@nﬂth@utmsl@ prfomydnre BS epmpaiee i aIGOF@ﬁﬂileﬁi tsgwn@ oaly GhﬁfTﬂQﬁbt atic
potentla as the material’

i soel ect r:lfe@%@g;{inﬁ%rﬁg@@%ﬂt%gﬁﬁﬁ@k are " their JEP in a gi ven |iquid
appear to havAimestabmaterdls icbatastwitha, liquid m;qu:amneleetcastati:snowntiai doetodin i aI of or
near 0 W_5 9 J 5117Q PCT/.U /.:L e

vent i offeER o N Fodfial cndlged bt o Solfed ey esiees i bR SRR e o (1

_ IZB_ - éO tﬁb(seﬁna}téil@lsq he E6ta Il?b?entlar(éf’)aofahiakeriéiaﬁfaﬁéis Wroﬁeﬂyﬁ@edqotl&raﬂé)lze n the
quid to be filt

he will retajn ticles o n

oF aot 1 os Reasosals Ui polaia b suiee chieaeioaio ROzt e e BT B si ze due to
attracti ye siadsigeds hearbal §L@fﬁt§e&%ar9@bmm§matbﬁh%rfdl|é %@éralﬁrﬁohﬁhal guid ace and the
partlcles Afilter material which does not ex |tsIEP|ntheI|qU|d

to be fi ﬁttr@eee@hargﬁ density, @ans@%l?ntmhm Rrepeqee A ahsgiestoh rhargad EPUPEORdE ati ¢
potent i a%urfa%:&f Fh%te |éls°éﬂlgﬁ| n%/r@vé%%%y fh&?ieg.dpo(ehha?wa corelae di r(l,&i W freit 1B < 10 nV,

preferab not ret in particles smaller
t han |tsp¢rfomnsa ze " which exhibit a electrostatic potential (or ZP) of the

sarme sign (I 'lﬁﬁ“eﬁnqgl 8§%2§% Jal nﬂngr%)sach-rﬂ%i {ro%% éﬂ% &Hcﬁlﬁrﬂgﬁgﬂﬂa@éd of a

(filter) mate A b rou nown surface
modi fi catdlloidal 'pﬁﬂdmlimdmctfﬁldbmlm;ﬁm;alafbdcmg aeqmcrtatough a eapillarp oexhi bit an

ot s o SRt b B Bt vl d
ZP of a material. The ZP of particles is e.g. commonly measured by standard measurement
systems (e.g. Zetasizer, Malvern Instruments) as the stability of a particle suspension (i.e. the

) ability to not agglomerate} depends directly on the ZP of the particles in the liquid they are

) suspended in. When the absolute value of the particle ZP is above a certain threshold (e.g. 50

mV) a suspension is very stable due to electrostatic repulsion between the particles; however,

when the ZP is close 1o zero parficles wilt agglomerate (see. Robert Hunter, Zeta Potenfial in

Colloid Science, Academic Press, 1984).

The ZP of a non-conducting material is directly proportional to the electrostatic
potential of the material. Therefore, just as the electrostatic potential of a material is negative,
positive or zero, the corresponding ZP of that material will be negative, positive or zero, The
condition under which a material exhibits no electrostatic potential and therefore a ZP of zero is
known as the material's isoelectric point {IEP). Materials which are at their [EP in a given liquid

appear to have a neutral character, i.e. an electrostatic potential of or near 0 mV.




It is'inportant to note, that mhen the liquid to be fllterggﬁfqgﬁ%!ns hi gh
ampunts of dissolved ions (i.e. any liquid exhibiting a
strength, e.g. greater than O. 1 1 nmol/1) alnmost any material surface in

contact WyhR,kfks |iquid Wil be substantially neutral (gerssoidisesZP will
be i n the range of -10 nV < ZP >+ 10 nV, preferably -5 nV < ZP < +5 nv).

Con seﬁuent :c yin thepresantinventioni when d fi Mynatmatemfmlﬂls iis llEFLacan%ldsla zérb ‘(IK—:‘?Ct
articlesg,o 08 ectro at'c [yl D hen on i ten

gescri be?Pz“ <§E<C'E P &33&:}2 m\? EP Gt i@ﬁ@@ﬁ?ﬂwﬂ@ b@ﬁ’fﬂ"re%scr een”

el ect r os tigtfite \A}ﬂlcrbleintplaﬂtble@(ﬁf afly élair@atauabhmmfr ahich & siliRr @A BEfet fomt t he
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in liquids with low concentrations of ions (weak electrolytes), the electrostatic potential decays
very slowly with distance and reaches a long way into the surrounding liquid; in liquids with high
. concentrations of dissoived ions {strong electrolyte), the electrical potential decays very rapidly

) with distance leading to a substantially neutral surface.

Liquids

The present invention will work in aqueous as well as non-aqueous fluids such as
organic solvents (alcohols, etc). Especially in organic liquids with relatively high dielectric
constants, i.e. dielectric constants grealer than 10, as these liquids behave similarly as
aqueous liquids. Additionally, it works with fluids of different viscosities, ionic strengths and
dielectric constants. It is effective for removing any contaminants such as organic and inorganic
particles, ionic species, moalecular, aligomeric and polymeric maferials as well as physically

dissolved gas from such fluids.




nmto 1001000 rim MNore specifically, a filter of the pregepligppantion is
.capabl e of renoving solid particles as well as colloidal particles such as
| i posones, |ipid containing colloids, organelles, DNA aggregates, protein

and prot eiwd Ageregates, as well as aggregates of any copdinspiones of
col | oi dal parﬁi cles. Filter material Filters useful in this present
i nventi on can MAAUBRYE &GSy g¥meatslpy selegling theperper fitenmatarigonith @isuRgtantially not

limted heuradbuac if e @fpicAMH bRfalof ﬁne ﬂﬁ‘i@%@‘lt%@ﬂ@ﬁte?e%. 2bfd ERsngfee! . ni ckel ,
d bl ends t hereof, an

chrom um and alloys an _ _ , ceramcs, plastics conbi nati on
t her eof . it the ditesimmeinsspistantiglly equtralimihe fiid et that giverlpH chge Iphaasjieoue. 9. from

Cher mop 048 PHTE Bl 8 1SUA e, REEAE 170, SEoERE st & Bt one: such as
ul t r ahi gimatessleod thadiquideasgiel apthk Yook Isiyéngthef the ddoidwiddatdrame thantbekdaeiit | ke
4

pol yol ef Qs+ .5, copolynmers or terpolyners of polyolefins;
pol yvi ny!pl 'glﬁ@?@@@érrl}ﬁg@%PVDF), PTFE resin, PFA and other fluorinated

resins, in particular, perfluorinated thernoplastic resins; polyvinyl
chloride honpgedagners (PVC) and copol yners; nylons; pol yam des;

pol ysul phones; nodi fi ed polysul phones such as pol yet hersul phones,

pol yaryl sul phéfifeBtesnd tsoprosshieinyentanl 356 capeble of pemoyingrindmsnic jpud yganidbonat es;

| t : : t ' . it.es th f . Pref d
Phet mop! BT Phefter b hdrdfoid e MR GETRPREET ST BRN DIl ot byt ene.
such as nmlte AGIMGMbloscspkaiicalivnea Gier ofpid presdny inesntonain dapablk YPeeBhENE,

sui phones_; . sul phones, .. pol yet her sul phgne, pol yaryj sul phones and

pal yphen?ﬁllé Hﬁgg@%gg%%#g?ﬁqg%ﬁg?m%gﬁuﬁh&s 'P??ngs'ﬁ'lpﬁo‘?oﬁiﬁﬁ%&foéq‘pér nopl astic

resins, oghrels, SNAggregdds) motelh Gnapebic0NRBEES s Wk B8 @figrefited WP EN2 004 WO

-01/51170 _PCT/ US01/ Q1293 .Fllter structure The structure of the filter may
"’éf@ 0}9@?@%@'}3

be any t ®8sed in liquid filtration such as porous filter
sheets, conposite filter sheets (two or nore |ayers formed on each other to

form an inte et structure), any kind of porous nenbrane, woven or
non-woven rnattlg]l{eﬁlh]ai%I brics, depth filters, hollow fibers and the |ike.

Preferably, tfikeys uselsl ipihis presentiaventi@ries bomadedonpoatidtecf matddsianeiedingn 1 at sheet

form. pleated.formor i.r wound, form Surface nodification of filter
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outer sulfigrabis mage o gipkgici s Temeelilosiimatenale s svegegeraigdcelilose 0o ensur e
t hat nitrocellulose, thermoplastic materials such as polyolefins, including .polyethylene such as
ultrahigh molecular weight polyethylene, polypropylene and the like polyolefins; homopolymers,
copolymers or terpolymers of palyolefins; polyvinylidene fluoride (PVDF), PTFE resin, PFA and
) other fluorinated resins, in particular, perfluorinated thermoplastic resins; polyvinyl chloride
- ~ homopolymers  {PVC) and copolymers; nylons; polyamides; polysulphones; modified
polysulphones such as polyethersulphones, polyarylsulphones and polyphenyisulphones;
- polyimides; polycarbonates; polyesters such as PET and the like and composites thereof.
Preferred are thermoplastic filter materials such as polyolefins including polyethylene such as
ultrahigh molecular weight polyethylene and polypropylene, sulphones such'as polysulphones,
polyethersulphone, polyarylsuiphones and polyphenylsulphones, PTFE, PVDF, PFA and other
fluorinated thermoplastic resins, nylons such as Nyion 66 and composites thereof.




there is adequate retention characteristics. For exarrpl e, 9%@@'20@4' ters may
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performance, i.e. its retentiveness for parficles smaller than the pore size of the filter, will thus
depend on the electrostatic character of the applied modifying layer being exposed to the liquid.
- :} Various types of energy are known to modify the surface chemistry of polymeric filters.
- Any of these energy sources may be used to form a substantially neutral surface. Inciuded but
not limited in this group are énergy sources such as gamma radiation, x-ray radiation, Corona
discharge, electron beam, laser excitation and ultraviolet light.

One can use various acids or bases (depending upon the filter material selected and
the fluid in which it will be used) to modify the filier surfaces. For examples, acids or bases can
be used fo oxidize the surfaces of various metal, glass, ceramic or plastic filters.

Preferably, the method for creafing a substantially neutral surface is to use surface

- modification chemistries. Typically, these methods utilize one or more monomers that are
applied to the surface of the filter. In doing so, the monomers substantially cover the
underlying fitter surface and become in effect the outer surface of the filter. Most common
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in water. The filter treated is pre-wet in alc , exchangedln
wat er andaayish eozketamide Mesomes estchd a8 oPuYicorcid,l t2-gogylamideskmeiibj-ect ed to a

UV7t r eat use.th e t nd to the
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to prepare a ‘i& b wetting solution through the use of a water m scible
organlc SR 9L §8¢% -butyl al cohol or 2-nethyl-2,4- pentanediol (10-20% by

) ]ght) W} t hhtmfferlaﬁjr theseerﬁonomemasé Wisgd mmgnj&mﬁdnywn'hta mhbloiitistby plefordblge dry
surface of the filter, In either ,, the yse ositiv ressure or a
VaCutm e BEOR IO ERrE R S0 814 SRS R AR BPHIE o sur f ace
area coatgfl-puthidnehiskiybaeenMopaat nent. An exanple of a nodified filter can
be made by taking an uItra hi gh ol ecul ar wei ght pol éet hyl ene nenbrane

filter avail abh &CoMdRRNIER ISV BseenP PORURE-ORFiesf tuarstos MEAREDSBlNEsetts - and
appl yi ng %}ﬁ%,\)‘éﬂéé 1R8n %ffggth%ﬁhlﬁgur?g?gﬁ#g é%@%gs sﬂf‘ﬁ&érﬂooﬁrﬂ vide é<%joa @rly! i c acid,

and 1. 62 wat er efllter S
pr enet |nnaukaipufrfapeatuselu xnmmchveﬁmhanged in DI water for several mnutes. The

menbrane il tgﬁnef li?th &e?@ﬁ?hﬁﬁ @uﬁa@g tr@%}nb’lﬁtt@ %S%O%%QGEI@\QP% t@ﬁt %/ 1170

PCT/ USCL/ 0129 tes er squeezin he excess
liquid, imsrateadied onintdembinktios Mdlhnthé}ﬁhotmhmatdrarrp'efatame didmblnla’mcm withéher ni t r ogen.
The nenbr;%%t%m]:hlatlo} aend!o} csrosts rl}n gr ror t?\g grgssi hﬂkevr\%%r?er, isippepgr\ég in water. The filter to be
~ freated is pre-wet in alcohol, exchanged in water and then soaked in the selected solution. it is
then subjected to a UV treatment to cause the surface treatment to cross link and bond to the
7 surfaces of the filter. The filter is then washed and dried and is then ready for use.
J An altemative method of applying the surface treatment is to prepare a self wetting
" solution through the use of a water miscible organic such as tert.-butyl alcohot or 2-methyl-2 4-
~ pentanediol {10-20% by weight} with the selected chemistry and apply it directly to the dry
surface of the filler.
In either method, the use of positive pressure or a vacuum may be used to enhance
the penetration rate and effective surface area coated by the surface treatment.
An example of a modified filter can be made by taking an ultra high molecular weight
polyethylene membrane filter available from Millipore Corporation of Bedford, Massachusetts
and applying a solution of 0.26 Kg Irgacure 2959 initiator, 6 Kg acrylic acid, and 1.62 Kg MBAm
in 192.12 Kg deionized (DI) water. The membrane filter is prewet in isopropanol, and
exchanged in DI water for several minutes. The membrane filter is then soaked in the sofution

9




successive baths and dried under hot air. The filter may Bgey W EEZSJOQS a flat
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nom nal v he present invention is that one
can use 5“"5995%8‘8 %%Cpéjm%fgg‘%gﬁ@?’ﬁfn% al n enhanced filtration of
particl es thatn erecersbdimentr of telfan tedlatstioeichr paie, tsris?bﬁa! ammdcthmjaheso at
enhanced ,f| ow rates and reduced press is n onger
it e 8018 P Sress 4 G R birs rectaradied B et uiteshle A or 1 og

chani spp ofz0d at iFEPGR MRIlGUId th h.ﬁldﬂh@ﬁd?éﬂzﬁseﬂ ByeInahdRa sP ﬂﬁMhéi@@ adrdgtesdigyr With a

Jadi tional pore size rating 0.3 mcrons with an LRV of greater than 3

of 0.1 nflemel ar;ﬁiaﬁntall%pé@c'wmfetanﬂsm é%t%iﬂé'd(ﬁﬁlsf?s%ﬂﬁuffeﬁ thedipsteam sidplen 1/ 10 t hat

of a 0. 1th€h&r{in‘§ﬁ§s;§@$f%deﬁbeev' ng filter "(i.e. a filter wth a nomnal or
rated pore size o mcrons). The 0.1 mcrons 'sieving filter" has an

LRV of |ess tlhafurtaeregén@mwt|tl}eya@bmfomed1asUolimwﬂbﬁrdwms partlcl es.
ddi X
A 1 onel 1.y U R OBAR5  PB Pr o 1o

"sane pore size eve f LRV
(LRV>3, (lsethan alok ym&onsravgamcﬂreuominai\dmmetehéo thesain thmtrahtismatmlcrupurbmsane wi t hout
t he sel ected i.n t i d at e the filters of
the procEie ORb et D easapaeS wbfebAme ! el tiimes | ar ger
t han- t hehyerd30 61 Malinap GibReten. Z@e Emﬁanta@ diﬂiféQ:uéB@ﬁl&ﬂNeﬁtloﬂfls hetreay icarguse ssubst ant i al
anount of particles th nom naher?ore si.ze of the

Cfilter, BHREROR ﬂ@ @i‘gtsmé&é% ei‘agqgnggltqt@n olb partic esef‘hat are smaller than selected

pore size and can do so at enhanced flow rates and reduced pressure drops. Thus one is no
| longer limited fo sieving or size exclusion as the primary or sole filtering mechanism. For
example, the present invention provides a filter with a traditional pore size rating of 0.3 microns
3:;:} with an LRV of greater than 3 of 0.1 microns particles with a pressure drop which is less than
1110 that of a 0.1 microns rated "sieving filter “{i.e. a filter with a nominal or rated pore size of
~ 0.1microns). The 0.1 microns “sieving filter” has an LRV of less than 3, generally about 2 of 0.1
microns particles.
Additionally, one can obtain enhanced i ltratlon or LRV levels for the “same pore size”
membrane, e.g. one can obtain higher levels of LRV (LRV>3, preferably 5 or greater) over the

same pore size membrane without the selected ZP in the same fluid at the same pH.

Further, the filters of the present invention are capable of not only filtering particles
arger than their nominal pore size but is also capable of removing a substantial amount of

particles that are smaller than the nominal pore size of the fiter, something not accomplished
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g_ngf filterdm Hta@ &lemfel #dleat ﬁbnelemnngféedgﬁweeﬁhe_zs*@cmafbsﬁe}ﬁ_&x{eamrug;eﬁal G ;)f . '
ifferent val ues as a test for i amet er ilter discs. i est

" system f 8§ %Fqnv\te@f@e%l%ssf@%dg@f%nw Céﬁrﬂ?qq%&@mf%?- tests in Hydrofluoric (HF)

Acid A recirculating etch bath (REB) systemas shown in Figure 1 was used

to test the Eerforrr_ance of filters assenbled in cartridges. A centrifugal
punp 1 circul 4gtafoleHial meapie@EN{SHF) conming fromthe recircul ating etch bath

- 3 through theafibld-&berptidh§r B AdSRAATRAR 85 todnd R R text of Robert Hunter,

Zeta_Potential in_Colloid Science, Academic Press 1984, the teachings of which are

incorporated herein by reference.
The determination of the ZP of particles in diﬁerent liquids was determined according
to US 4,602,989. ‘
_ The determination of the ZP of porous materials in different liquids was determined
: ) according to WO8700285A1.

Measurement of particle retention

~ Two test systems were employed to measure particle retention of test filters in different
liquids. The first system uses HF of different pH values as a test fiquid and filters assembled in
cartridges. The second system uses KCI of different pH values és a test for 47 mm diameter
filter discs.
i) Test system for fifters assembled in cartridges for tests in Hydrofluoric (HF) Acid
A recirculating etch bath (REB) system as shown in Figure 1 was used fo test the
performance of filters assembled in cartridges. A centrifugal pump 1 circulated the fiquid (HF)
coming from the recirculating etch bath 3 through the filter 5. The system components were
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. procedur r f n, wer ared by
d| | uti OnepumEa} f&J r%é@éﬂ@@%@ﬁug%@gﬁﬁh@%‘gghf%&@&# ﬁgrﬁ%rﬁ @?ﬁ%tﬁﬁgl e counter
te det er rieagrotine fi nal concent rati on. Measured vol unes of t hese
sspensmns re phkace the wei r of Figure up-stream of the
filter). TheWEQPfP.% OV%,SO H’F rDIKIFUAT (A3 'é'ﬁ @H@”%%eﬂflp‘ét gyéﬁmoﬁ?‘%arti cles in
the bat maék@tmwlit}p&ﬁhl@@@ﬁc@ftraﬂdﬂ%tefﬂnieﬂ@rbrh theEh@idlﬂ@@h;aﬁ@]%ﬁm Wéﬁetl?_éhs%ff particles
n the 3 was used to calculate filter

? 0. 065 I bat
concentr g*]ﬂ% Yriepsle "2}3[‘ e pxegsspartigepwee preggnt. tq%cefn;qh@a@rarqumi &Q parfigiesmlsual 1y near
150, 000 %GG5%H%F@HOHUB&?§CM&P ik bak lnqj}qugh \&egeecoﬁébiela rlaRfg. h&u;ﬁrgg' ng

particles to'the weir was typicall O particles/m .065 jim
Hence, t Iperiadi ni num det ectable and substantial increase in concentration

S SEC R I T sl T e STk N
sonme fil toeasstdok sespertspn ant adadveddt with thetMeBtpadicle couneer rtf&ﬂdztmmeuﬁé/fmt ected by
this concentration. Measured volumes of these suspensions were placed info the weir 12 of Figure
1 {up-stream of the filter). The particle counter 7 monitored the concentration of particles in the
bath {down-stream of the filter). The peak concentration of particles > 0.065 um in the bath 3
) was used to calculate filter LRV. The concentration of particles = 0.085 pm at the filter inlet
) was usually near 150,000 particles/ml. The concentration in the bath prior to adding particles
to the weir 12 was typically 50 £ 20 particles/ml = 0.065 um. Hence, the minimum detectable
and substantial increase in concentration down-stream of the filter 5 was approximately 150
particles/mt = 0.065 um. This increase corresponds to an LRV of 3 (log1e[150000/150]).
Although some filters 5 may have had better retention, the maximum LRV detected by this
method was 3.
The volumes of HF added were chosen o yield evenly spaced motar concentrations on a
‘logarithmic scale. The relationship between molar concentration, weight %, dilution ratio, and
approximate solution pH are shown in Table {. The dissociation constant used in calculating pH was

. 0.00035.
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liquid afigcer the prefil t@mq‘rare made frqmggpol yvi nyI | @%ne difl ud| | de or

gl ass to1§nsure 'OwW par (H:f & shedding d,¢bl chenrcat—resi—stanee—FHe hol di ng
t ank was$——dt-ed—wi-th ! Fapure di-stillle Nat er., and ??i.‘ sttemWES run

ei ther A _recircul ating 1frode for stabidifzation in dddbl e distillled water
or in djgin node when tiheifilter was ghglyl enged by fRartrcres. A}0.1 pm

. pore- sizeprefritter—was used—after—the—crrecutatt+or—pup—and—after the first
static m xer y. punpi ng either HCl or
"KCOH from tanky}ﬁ%ﬁ%ﬁb’ﬁﬁ % ! !m?rag%hlr%&% Oz)‘(?b@ﬁg%'t Ffrl’{’ irst static mxer by using

a peristalti cTh&mper@Entdrsykmgashmwmnmrgalblisl lta:ms@éﬂof Slh@h H@fsﬁy&polyetﬂ%ﬁé icles were

I ntroduc he system hefore t xer conti nuously

punpi ng %gﬁﬂé#’” a%t%%ﬁk’%?a&? C'W\tﬂéﬁi‘ 9”"310 ata‘ﬁd?vfersc?irg ﬂ%"ﬂ%‘é’ﬁ@ﬂons froma

tank 28 ipHineiets 5, Afidarts dsiwefas the piping in contact W|th liquid after the prefilter are made from _

polyvinylidene diflucride or glass to ensure low particle shedding and chemical resistancs. The

holding tank was filled with ultrapure distilled water, and the system was run either in recirculating
mode for stabilization in double disfilled water or in drain mode when the filter was challenged by
particles. A 0.1 m pore size prefilter was used after the circulation pump and after the first static
mixer. The pH was adjusted by continuously pumping either HCI or KOH from tank 26 into the main
line before the first static mixer by using a peristaltic pump 27 and again a prefilter 22. Similarly,
particles were introduced into the system before the second static mixer by continuously pumping
small amounts of highly concentrated particle suspensions from a tank 28 into the main line
upstream of the test filter 29 yielding a challenge particle concentration of 300,000 particies per mi.
Particie counts were monitored with a M65 Ogptical Particle Counter 30. Also included were various
Y valves 31 for controliing flow and draining the system.

Test procedure: For each test, a new 47 mm disc filter was installed in the fest filter holder
and flushed with recirculating ultrapure water for several hours fo achieve a low background particle
concentration. Particle retention by the filter was measured as a function of pH. The filter was
initially challenged with Si3N4{+), PSL(+) or PSL(-} particles at the lowest desired pH {achieved by
adding'HCI) and the pH was then incrementally increased by continuously adding lower amounts of
HCl and eventually increasing amounts of KOH. Particle retention was measured for each pH value
after equilibration of the system was awaited {about 10 min). The log reduction value (LRV) was
calculated using the following formula:

LRV= log{feed particie concentration / permeate particle concentration)
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particl e caiatigistismgreused: |P§l:y)-lsamlaleP§lr pﬂﬂt[@le and AShér) s arsfifece modifiedtAser nor e,
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Si 3N4( +) guspensians eseraprdpared tfioon pafdishéres pbivdafs tS‘EfNri(Sﬂ)or IFyuredd ngows thgui d. From

Fi 4 | d th
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repr esentliqiiig. Fonn Fig@t U\ ste thaPSEd pafitlbd e negativily! cﬁérbéﬂ oved tﬁé\%ééweex hibits a

positive Zeta]potentl al over the neasured pH interval and
interval. They were therefore used as a model particle representing a negatively charged entlty

Simitarly, Si3N4(+) exhibits a positive Zeta potential over the measured pH interval and was

used as a model particle representing a positively charged entity. The assumed ZP

depehdence on pH for PSL(+), i.e. PSL particles exhibiting ’t_ert]ary—amine groups at their

surface, is also depicted in Figure 4. PSL{+) particles are expected to exhibit a positive charge

over the shown pH range due the protonation of the amine group (see Figure 4}. No actual data
~ for PSL{+) was available however at the fime being.

Vo

Filters tested _

A variety of microporous polymeric filter membranes listed in Table H! together with
their properties was tested with respect to their retentiveness towards the challenge particles
listed in Table Il. The pore size of all filters was between 0.15 pum and 0.3 um. Under sieving
conditions, these filters would be expected to have poor (30 - 50%) retention of 0.1 um PSL

spheres. The Millipore filters were surface modified according to US Patent 4,944,879 using
different functional monomers to influence the surface properties of the membranes.
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Zeta Potential of test filters
Figure 5 shows the ZP (in millivolts) of the filters listed in Table HI characterized in

either KCl or HF as a function of pH. In the case of filters characterized in KCl {open symbols)
the {est liquid was a 0.001 molfi KCI sclution of double distilled high purity water and the pH
_ was adjusted by adding potassium hydroxide (KOH) to attain pH values higher than 7, and
:3 . hydrochloric acid (HCL) to attain pH values of lower than 7. In the case of filters characterized
in HF (filled symbols), the pH was adjusted by adding HF to double distilled high purity water.
~ -All filters show a trend towards higher {more positive) ZP values for decreasing pH values due
to the adsorption of positively charged hydronium ions (H*). Accordingly, most filters cross the
line of zero ZP, i.e. the IEP of point of zero charge at some pH value. At this pH value the filter
is essentially neutral and will therefore according to this invention retain particles of all possible

charge characteristics, i.e. negatively charged, positively charged, or neutral. |

Filter Retention |

Figure 6 shows the LRV of negatively charged PSL particles (PSL(-)} from HF and KCl
respectively for the different test filters listed in Table 1l as a function of the ZP of the
respective filters. Most likely due to electrostatic interactions between the filter material and
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' the filter.
The data in Figure 6-and 7 shows, that particles of any charge characteristic (positive
~ or negative) can be efficiently retained by fillers which exhibit no or a relatively small ZP in the

respeciive filter fiquid.

Other Particle Types
Several other types of particles were used to ensure that the testing with PSL and

SisNs particles was representative of filter performance. The tests results showed that AlxOs,a
-positively charged particle in the respective filier liquids, was retained like SisNs. Similarly, Si
particles, which are negatively charged in the respective filter liquids, were retained like PSL(-)

~ particles.
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test filters listed in Table IlIl as a function of the ZP respective
filters. Again, nost likely due to electrostatic interactions between the
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e porous filter having a substantially neutral surface over a given pH
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said at | east e porous filter ving a surface with a Zeta Potential of
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LY

millivolts in the selected flmd.

4. The prc;cess of any one of Claims 1 or 2 wherein the at least one filter
has a log reduction value (LRV) of at least 3 of particles in the liquid.

5. The procéss of any one of Claums 1 or 2 wherein the at least one filter
‘has a log reduction valae (LRV) of ftdm about 3 to about 20.of pérticlesin the

) liquid.

6. The process of any one of Claims 1 or 2 wherein the filter surface is
inherent in the nature of the at least one filter. _ |

7. The process of any one of Claims 1 or 2 whetein fhe filter surface is

_ formed by surface modification of the at least one or filter.
~ 8. The process of any one of Claims 1 or 2 wherein the filter surface IS

* formed by surface modification of the filter and the surface modification is
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- 3. The process of any one of clains 1 or 2 wherein the liquid is selected
fromthe group consisting of aqueous fluids, non-aqueous fluids, and bl ends
t hereof and the one or nore filters have a Zeta Potential between 5 and -5
mllivolts in the selected fluid. 4. The process of any one of Clains | or
2 wherein the at least one filter has a log reduction val $jupeRUp4of at
| east 3 of particles in the liquid. 5. The process of any one of Cains |
or 2 wherein the at |east one filter has a |og reduction value (LRV) of
~fromabout 3 to about 20 of particles. inthe liquid. 6. The process of
any one of Clainms | or 2 wherein the filter surface is inherent in the
nature of the at |east one filter. 7. The process of any one of Clains 1 or
" 2'wherein the filter surface is formed by surface nodification of the at
| east one or filter. 8. The process of any one of Clains 1 or 2 wherein the

filter surfatuEronhthdPdopYosidhacs thag %rég’ﬁqnégfnﬁé&ttﬁ&eand the

surface nodification is 17 9 June 2004 sel ecTed he group consisting
of cross | imohememma syrfads ofgheodt leastorar filtarr e m)norrers on surfaces of the

at | east one fil er 9 The process an 1 or, 2 wherein the

filter surface i 9P %{Jﬁiﬂ’\s)il@gt ‘%P%it ?qffaéVPl%md t he

surface m%&h@@b&@&ﬂé,ﬁw@ﬁm%@%waﬂ&ms%%mm surfaces of
ter he process o

the at | east one or nore fi any one o0 aims 1 or
2 wherein tdmheahd:erzt‘samﬁnnﬁgyfaohmennsm”améétﬁerabﬂnaatmrmtcmmmﬂtekect ed-from

the group consis ceII ose, r netal .__11. The
pr ocgss Bf anyonie6 “of P&‘?“‘I‘?ﬁs'ﬂ W%egﬁﬁaé?lﬁ?t%g"glﬁﬁpﬁg‘? m@ﬁ%*tf’}‘?ﬁgr’f_ i s made
froma mat efindldeSRIe & nefleridl QUL4EL HFEHONE gfo ?%ﬁhkﬂﬁ% Of cefifldsbl! A58, 4 :

regenerated cellul ose and nitrocel | ul osé. he process of any one of
d ai s 1 orceamizemdiaméethle at | east one filter is nade froma netal

R BRI v At T R e R R e I A
wher ei n t hejs glade Frth 2 ptferddl LtiBsted from the group consisting of cellulosa,
| regenerated cellulose and nitrocellulose. '

12. The process of any one of Claims 1 or 2 wherein the at least one filter
is made from a metal selected from the group consisting of stainless steel, nickel,
dmoammnamdam%mandbkmdsﬂwnmf

13. The process of any one of Claims 1 or 2 wherein the at least one filter
is made from a plastic selected from the group consisting of polyolefins;
cepolymers or tétpolymers of polyolefing; PVDF; PTFE resing f'FA;
perfluotinated thermoplastic resins; PVC; nylons; polyamides; polysuiphones;
polyethersulphones; polyarylsulphones; polyphenylsulphones; polylmxdes,
'polycarbonates, polyestcrs, and blends thereof,

14. The process of any one of Claims 1 or 2 wherein the at least one
filter is made from a polyolefin selected from the greup consisting of
polyethylene apd polypropylene . _

' 15. The process of any one of Claims 1 or 2 vrrherein the at least one
filter is made from an ultrahigh molecular weight polyethylene.
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is made froma plastic selected fromthe group consisting of polyolefins;
copol ymers or terpolyners of polyol efhus; IND “; PTlI E resin; PFA,
perfl noitinated thernoplastic resins; PVC nylons; polyam des;
pol ysai phones; pol yether sul phones; pol yaryl sul phones; pol yphenyl sul phones;
pol yi m des; pol yearbunates; polyesters; and bl ends thereofg Juhé. 200ke
process of any one of Clains 1 or -2 wherein the at |least one filter is
made from a polyolefin selected fromthe group consisting of polyethylene
. and pol ypropyl ene. 15. The process of anyone of Clains | or 2 wherein the
~at least one filter is made from an ultrahi gh nol ecul ar wei ght

pol yethyl ene. 18 9 June 2004 16. The process of MY One of Clainms | or 2
wherein the surface of the at least one filter is treated Wth one or nore
nononmers selected fromthe group consisting of acrylate or acrytam de
monomers and met b6.c iy ipateesoof @grotsaif Tl mEaN Bk Berdiith F‘m of 17.
The process, of any.ong of C ajarr?'r' 1 or 2 wherei nﬁ%he SEIP ace ‘%‘1&% e at
| éast one ?‘FWQPE' e’E’rSé‘éﬁaEeéWhﬁﬂea@frwvmmmbrsaﬁecﬁmﬁommegﬁmp)f any ‘one

of A ains laqpki £LEL R f of the | east one filter is treated
with acrylic acl %é aﬂot%%m §3| at ié@%‘ﬁ’d’%?&@ﬂﬂlﬁw > on arryhmddeyr ocess of
any one of mEhmimes indbleddsfiereaifn t he surface of the at |east .one filter.is

“treated with acr _)i ,acid, a photoinitiator and a NIN _
met hyl enebi sacryﬁy mi ‘¥ FEPEESE of fkene offaimpHleon? whemimfhcanyfamner thé a0 ai s 1

or 2 wher eijghst B @t&m@qﬁég&%ﬁémﬁas a log reduction value (LRV) of at

| east 3 of the particles an average dianeter that is smaller than the

‘nbnit al pore silBe dMheippomss bfagtonetf (sl or Twh&@in he Ytithe e at
’ least one filter is treated with acrylic acid, a photoinitiator and a cross hnk'e:r
' 19.  The process of any one of Claims 1 or 2 wherein the surface of ths at
Iegst one filter is treated with acrylic acid, a photoiniﬁaﬁur and a'N,N'
methylenebisacrylamide cross linker,
' 20. The proces of any one of Clm@s 1 or 2 wherein the at least one filter
has a log reduction value (LR}/) of at least 3 of the particles of an a‘VE;rage

diameter that is smaller than the nominal -po-re size of the at least one filter in the
liquid.
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