Title: SYSTEM AND METHOD FOR LI QUI D FI LTRATI ON BASED ON A

MATERI AL Abstract: The present invention teaches, that the rem)va
particles of any charge fromliquid streamis possible by necha- ni sm;

ot her than sieving with good flow and | ow pressure drop. The use of a

weakl y chapf@grmRiaionil sbLiehibR Ses1MIED PRDBNAEFATIR ®orkrATioN wRuX @é1) 2
presel ected pH range is used. Consequently, particles that are much small er
than the filter [ =t h O high efficiency. The

PR oo b6

Jfl LTER

filtration |iquiDtem@snddBuréa0r med t hr o
material or a surface nodification ofNgl® base filters(s) to create the
essenti al | y @3¢ Litdrsdtional PubbakidnyDaghar ged “sur f ac e(10)Intdrustions? DibkicG: Vit 170
PCT/ US01/ 012939SwiB2H (A0 208IHOD FOR piC? D FI LTRAOQNT/SRBAEP AN A NEUTRAL

FI LTER MATERLAL

O ) 0O

0 01/51170 A1l

(51) Intermational Patent Classification: BOID 37/00, (81) Designated States (national): AE, AG, AL, AM, AT, AU,
35/00, 37/02 A7, BA, BB, BG, BR,BY,BZ, CA, CH, CN, CR, CU, CZ,

DE, DK, DM, DPZ, EE, ES, F1, GB, GD, GE, GH, GM, HR,

(21) International Application Number: PCT/US01/01293 HU,ID,IL, IN, IS, JP, KE, KG,KP, KR, KZ,1L.C,IX, IR,

(22) International Filing Date: 12 Janwary 2001 (12.01.2001)

(25) Filing Language: English

(26) Fublication Language: English

(30) Priority Data:
60/176,363 14 January 2000 (14.03.2000) US

(71) Applicant: MILLIFORE CORPORATION [US/US];
HUBBARD, Jobn, Dana, 80 Ashby Road, Bedford, MA
01730 (US).

(72) Inventors: KELLY, Wayre; 14711 Cherry Court, Pror
Lake, MN 55372 (US). GRANT, Danald; 27382 Piper
Ridge Lane, Excellsior, MN 55331 (US). GODDARD,
Philip; 15 Valiant Lare, Nashua, NH 03064 (US).

LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ,
NO, NZ,PL, PT, RO, RU, 8D, SE, 5G, 51, 8K, 5L, TJ, T™,
TR, TE, TZ, UA, UG, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARIFO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, §Z, TZ, UG, ZW), Burasian
patent (AM, AZ, BY, KG, KZ,MD, RU, T¥, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, F1, FR, GB, GR, IE,
T, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CE,
CG, (I, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-lefter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazetle.

(54) Title: SYSTEM AND METHOD FOR LIQUID FL TRATION BASED ON A NEUTRAL FILTER MATERIAL

(57) Abstract: The present invention teaches, that the removal of particles of any charge from liquid stream is possible by mecha-
nisms other than sieving with good flow and low pressure drop. ‘The use of a2 weakly charged or neutral surface on the one or more
filters within a preselected pH range is used. Consequently, particles that are mmuch smallex than the filter pore size are captured with
high efficiency. The essentially neutral or weakly charged material filter surface in the filtration liquid may be formed through the
proper selection of filter material or a surface modification of the base filters(s) to create the essentially neutral or weakly charped

surface.




This invention relates to a system and nethod for the filté9P+8508£
particul ates from fluids using porous nedia. Mre specifically, It relates
to a filter and nmethod of filtration where particles smaller than the pore
size of thwoposiews nedi um used as the filter are effectividyusoi/ermmed due
to a non-sieving related mechani sm BACKGROUND OF THE | NVENTI ON The
filtration of particulate materials fromfluids has been conducted for
years relying mainly on sieving nmechanisns, where particles are

predom nantly renoved Iy QAL Lael f in many cases has
not been satisfactory %r $%§|@$P£%ﬁyué%%gﬁ§;%§ow des poor or no
retention for particlesé AN : g E of the filter, as well
as low flowrates requiring either large pressure gradients or |arge
filter areas tBusaptealion ralalee dsasygiane ard method fothe idetionpad maiticiiaes foem be
renoved f O Vi ; r | |Gl ezsur I nteractions,
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filtrati opartioessmaler s te pree sivehaiths ipervisngedilomisedtas thenfiltlepate efpgtitdicat i ons and
provide e ilter. . See, Particle Capture Mechanisns in
Gases and%ﬁ%\z&@?@es{o a&tﬁﬁé{ﬁ%\’&?@%@& @?&%&%r ative Mechanisns, by Gant, et. al.,
1988 Proceedings of the Institute of Environnmental Sciences.

Particle-surface interacti ﬁw j ﬁ&\@ ally governed by
el ectrostatic inter actionsﬂbz(rgd anq'%fer g&sﬁ@gr ces assum ng that no other
[ era?t I on potentials are present (as e.g. nolecular

hi ghly specifig int ! )
recognition, cHEITERIRGT parulategAaienatsi g fluids has begn pordudted fayearselfintes ar e

omi pr esefbinloh rs@v.ﬁq ¥ecrahiand, wheRafHicke beete®minbig rBRiWE S SRt erial s of

any kind and"will thus always represent ‘attractive interactions.
El ect r ost aiyieg hydeelrinBanoirsesdias pefdeen satisfactenniar liquid ifitratiop @s & provides fovre,
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potenti al ~th materials I n question. comon knowl edge, t hat
| i ke- char adrngegitberi lalbe pwissure gredients tor largspillles arees bl aftainr @ seasonableifiower act i ons

bet t her. ter-cha aterial .will . exhibit
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repul sive electrostatic iInteractions %f the fiJter materral wth |ike-
Operative Mechanisms, by Grant, et. al., 1988 Proceedings of the Institute of Environmental

Sciences.

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
present (as e.g. molecular recognition, chelating functionalities etc.). Van der Waals forces are
omnipresent attractive 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 attractive, repulsive or non-existent dependent on the sign of the electrostatic potential of
the two materials in question. It is common knowledge, that like-charged materials will exhibit
repulsive electrostatic interactions between each other, whereas counter-charged material will
exhibit attractive 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 aftracting and successfully retaining countercharged particles. The obvious limitation



charged particles and the resulting poor retention for the9 3&%@2 ﬁ'ﬂ)e basi s
of this invention is the realization that when one of the g surfaces
in question is neutral in the liquid of use (here the filter material), no
adverse elwobt/ogtetic interactions will be present betwaernisosoikel ter
material and the particle material and attractive Van der Waals forces
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properties of t st at otential of
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t he concent ration and nd I oni ¢, species present. Neverthel ess, through
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be essentil a ?; zero theréeby creating an essentirally’ neu surface. Based
on this fEhaerciegof theniquid I(EN]U@W@‘ prdwniaweuiséshargeduona spwesereserwéma fliratioan be
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retain particl Ie$s Elaraforee:mpDMh fat haellzp,ohhm asinza&natf attaing o ﬂlﬁamn elmat&etﬂtlcon
attractive t| rﬁgierr] g ns be&be 3 emes?olptﬁ cl . an nd th 1Jh {8 r| al in any
given Ii qBﬁ gitial] F}F{I eém%% prop e |qU| S immersed in. The 2lec ros

potential of a material in a liquid will depend on properties of the liquid such as (i} its proton

donorfacceptor capability, (if) its dielectric constant, (iii) the concentration and kind of ionic

species present. Nevertheless, through the use of appropriate 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 fluid in a given pH range fo aftract particles of any electrostatic character
and can therefore effectively retain particles smaller than the pore size of the filter based on

attractive interactions between the particle and the filter material in any given liquid.



WO 01/51170 PCT/ US01/ 01293 SUMVARY COF THE | NVENTI ON The prﬁag ‘% anent I on
provides a filter with high particle capture (Log reducti ) & (LRV) >
3, preferably >5, nore preferably >10) with | ow pressure drops and high

fl ow, For wexasnhe, the present invention provides a fil tmTwvgoibizes

tradi tional pore size rating of 03 mcrons wth an LRV of greater than 3
of 0.1 microns particles w HMMABY@§§HEéNWQM| ch is less than 1/10 that
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sel ecti ng rial %sur acU% an 1 soelectric poin or point of
zero chary rﬁﬂof,gﬁza hiban 3 g HmICtD"?r particies ¢ith 8 pressureadren whioh Im@sathareutral or
of the f?f"’?ﬂf’@ﬂ‘%f%%ﬁe'ﬂﬁ'?zi%%? e 1 L A o R R B .
aqueous aPldmisens)adidsusemeltimede 01inmigqueetsigwing filtei" dws an LRV of fess bar g, a
substanti r a broad pHrange or if desired a

sel ected arroﬁ%tﬁ%ﬁw&oﬂ%ﬁarﬁc‘éeﬁ aqueous fluids, it is capable of

mai ntai ning a 'B'tehmsamtlm\aahﬂoy URESLH wedkiys;halrgeaicm' neatreb filten (suifde). TRNGresepf | oni C
strength nt o resent invention, there is
provi ded gbeﬂtﬁc&a et@ﬁ;ﬁ?q‘ @gr sgg%cﬁ Y Qe !HQ{%mtgﬂﬂi?Sgl??gg)tvglﬁ@p Spglerticegint al i n
char ge i n{iEMer bcb:MlodzsrmchM’geqPZG tin he ligiiEitfitelsNtheaaim@Rine I AaMard Wea@f the
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hi ghly charged surface within t sel ecte range or 1onic Strength.
Anot her edHsbaividemngexT ionketrangiedeids. i nvention is to ut| lize a filter having
an IEP in the this
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strength is fix he filter surface remains
g and preferaeb?y unger ah I?condltzons

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

A further embodiment of the present invention is to utilize a filter having an IEP at the
ionic strength of the non-aqueous liquid in which it is used. In this approach, the fifter surface is
matched to a specific liquid in which the ionic strength is fixed and the filter surface remains
neutral.



neutral. 3 9 June 2004 An alternative enbodi nent of preserg i 6\640n isto
utilize two or nore filters in a conposite filter, each vm ferent
| EP. This allows for the use over a broad range of pH for aqueous fluids
and ionic strengths for non-aqueous fluids. A further enbodi nent of present
invention is to utilize a filter having a Zeta Potential of between about
10 and -10 mllivolts, preferably, between 5 and -5 mllivolts within the
selected fluid such that the filter surface either maintains a neutral or

weak charge or oeﬁ nqé( wﬂ Clﬂ’ﬂe a hi?g char ed surface within the

sel ected fluid. Alye MOPLREN! LRSI iRkeMony ?H@’Z?n“&@frfﬂm?rﬁ%ﬁﬁ 3n is a
process f ommmwﬂmgeamamh balieentiFR MRS lallo%l roﬁlthQ‘u’sJ dvef 4 &Béo%nd@*b‘f for
conprises: providing at |east one porous | ter having a substantially

neutr al suP‘ﬂ‘-!%E’ésMﬁé@“‘é‘omeﬁt{ﬁé‘ﬂmﬁ)ﬁ"?%r?@@eoaﬁﬂiﬂdﬁaw ng pores of a noninal
havi ng & sur  ace. it orelmtht dEbESANRvenihico itee it g M5 P04 BRI Vo ¢

having a surface with a
in said |ibefveen abaef 19@%1—?{@1@@?@1 Drﬂffqahlydbeﬂ'aeamﬁgﬂnd sGmillivalts w|teasne sel&ete@or ous

| east one. 1 58 et b Mer oot BhehaFhead il g of woR B ol sl E st o i n
Hydr of | uor highly elygedsinthct withif the selecteddigidenbl ed in cartridges . Figure 2 The

measur ed background particle concentrations in the test system for
cartridges. Fi glran @iditosal emlxdimendtof thegweserit imvik@liorf isra ptdcesutdr irdrbavingdi scs.

Figure 4 SMestlﬁﬁn %ﬁ%lﬁd Bgﬁ,g&%g%hi&fco{}@ﬁ%é Lcles in KA as function of pH.

Figure 5 shows tenti filters in HF or KCI as function
of pH. Figure 6PreWEHNE atleagt ope peraus filier baidng @ pubstantially neytral sdidasei avar ¥ al ues

(LRV) for giegait Mﬁg&’ an@ﬁ@a’r@%r@.@f@a rDorriﬂ?a‘i biaflR? bbb, O‘i’rané'"’fo %cr&‘lé ggaent pH

ver sus thefll otential in respecti est : une
2004 Fi gur%t SRS ROPusdtiter having SPQ?%%‘F'F%%%@? qﬁ?t'?'d’éb?‘é’ﬁﬁ%fﬂbﬂnﬁpues (LRV)
for positimiilvglts in said liquid,

and passing said liquid through said at least one porous filter under conditions to
selectively retain said particles by said at least one porous filter.

IN THE DRAWINGS

Figure 1 Test system for tests in Hydrofluoric (HF) Acid for filters assembled in
cartridges . |

Figure 2 The measured background parﬁde concentrations in the fest system for
cartridges.

Figure 3 test system for tests in KCi for 47 mm filter discs.

Figure 4 shows the Zeta Potential of particles in KCI as function ofrpH.

Figure 5 shows the Zeta Potential of fest filters in HF or KC as function 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 Zeta Potential in the
respective test liquid.



charged Si3N4(+) and PSL(+) particles in KCI and HF of dif%g\[ﬁ%é % ver sus
their zeta Potential in the respective test |iquid. DETAI g | PTI ON
OF THE | NVENTI ON The present invention teaches, that the renoval of
"particles of any charge fromliquid streamis possible by mechani sns ot her
t han sieving when the electrostatic interaction between filter materi al
surface and particle surface are small enough so that particles are
captured by attractive Van Der Waal s forces. The use of a weakly charged or

neut ral rfaceg fr e goncept that the nmagnit of the repul sive
folche be;5 \l/Jvee'n t\ﬁfg&émﬁg‘% @%ﬁé&@ﬂ%ﬂ‘ﬂ'ﬁﬁs 9 %’%%@H%’iéfﬁggédw %@’?‘blggBSl '
rel ated tochdngedprSiBMAGY 208 FSDE) PHERELINART Snll | HES ofodiifdrdte pHWRrH ThACRSa Thi s

means that .if one,  surface is substantially neutral and therefore has no
char ge, thBOIF%tB[}Pg‘?WP?WV%@Sti"EU"EI iminated, regardless of the extent of
charge on the particle surface. Consequently, particles that are mnuch

smal ler than the filter i re captured with high efficiency by the
ommi present attractive %’W‘t@rgéﬁ@ngﬂﬁgﬁﬁlWﬁ@'%al i s achi eved by
providing an essentially neutral or weakly charged material filter surface
in the filtrati b présqolieventdedeachas, Haiche sribvad of pasilcles bf iyehargefem hiQiid r el y on

sieving al Si can b nl arged w t hout | oss _of perfornmance
as conpar e%m%?l 0 fgf}%gﬁ@%% i %Gﬁf“}'s"é‘c’l 8@?%@3 ﬁle%"%ﬁ'{\gﬁ‘? 2‘?&6\ elegtioptpli integacfionyi ng f or
hi gh par t i béteeenefitenmatenial winfdoe g Parfidovurfaes aRAMAI chiughAoMR& palcles HRS er i al s

i n contact \A%tﬁ%tpg hl g@l q/ a;gw re %n el ectrostatic potential, due to the
presence of@P ialtfaclvg Vem Qe Waaly) orgh T he Mseefsovaskly ceasgadgs aeutishsuifaeseci es at
the surfacgedd frorh HRS@nEEp 8t Rk Snaghiife 48118 rgﬂﬂsﬁ@tfbr?é b%t%@n &P.sﬂﬁ%@é ?‘% | al
surface is a property used to characterize " 1ts electrostatic (surtace)
potential or surface charge density. The ZP of a material (surface) has

the sanme 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 wth their filter
performance. Different el ectrokinetic phenonena such as El ectrophoresis
(the novenent of charged colloidal particles in electric field) or

Streami ng Potential (forcing a liquid through a capillary or porous nedium
i nduces a difference of electric potentials) are conmmonly used to determ ne
the ZP of a material. The ZP of particles is e.g. commonly neasured by
standard neasur enent
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systens (e.g. Zetasizer, Malvern Instrunents) as the stabl uﬁeag A
particle suspension (i.e. the ability to not aggl onerate)’ epen g directly
on the ZP of the particles in the liquid they are suspended in. \Wen the
absol ute wasgiph the particle ZP is above a certain threshusoi/emsg. 50

nV) a suspension is verg stable due to electrostatic repul sion between the
parti cl egelatadigelhe produsiior e chergg pensifiec prolie vy syriages. by freanseliatii one
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near 0 nV. 5 a June 2004 WO 01/51170 P | USOI /01293 I'n the pr esent
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ZP of a material. The ZP of pamcles 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 1o electrostatic repuision between the particles; however,
when the ZP is close fo zero particles will 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 IEP in a given liquid
appear to have a neutral character, i.e. an electrostatic potential of or near 0 mV.
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conbi nat ietactrestatic piténtizldhb materialisufaesto the effect that the potential decays more or less
rapidly with distance from the material surface depending on the amount of dissolves ions. So
in liquids with low concentrations of ions (weak electrolytes), the electrostatic potential decays
very stowly with distance and reaches a long way into the surrounding liquid; in iquids with high
concentrations of dissolved 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, efc). Especially in organic liquids with relatively high dielectric
constants, i.e. dielectric constants greater than 10, as these liquids behave similarly as
agueous 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
parficles, ionic species, molecular, oligomeric and polymeric materials as well as physically
dissolved gas from such fluids.
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fabrics, %@%Qioﬁwc{oﬁ’tﬁd%r aﬁl‘all% ow fibers and the like. Preferably, they are
por ous nenpranes or coprrposrte menbranes in flat sheet form pleated form

or spiral wound form Surface nodification of filter materials The filter
materials canferm&eiafied in a variety of manners depending in | arge part
upon the nature of the material fromwhich is it nade. For all filters, the
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Is well Wé’?@l ig 'Pna'd@gf fﬁllésﬁc e.g. from cellulosic materials such as regenerated cellulose or
nitrocellulose, thermoplastic materials such as polyolefins, including polyethylene such as
ultrahigh moleclar weight polyethylene, polypropylene and the like polyolefins; homopolymers,
copolymers or terpolymers of polyolefins; polyvinylidene fluoride (PVDF), PTFE resin, PFA and
other fluorinated resins, in particular, perfluorinated thermoplastic resins; polyvinyl chioride
homopolymers (PVC) and copolymers; nylons; polyamides; polysulphones; modified
poiysulphones such as polyethersulphones, polyarylsulphones and polyphenylsulphones;
polyimides; polycarbonates; polyesters such as PET and the like and composites thereof.
Preferred are thermoplastic filter materials such as polyolefing including polyethylene such as
ultrahigh molecutar weight polyethylene and polypropylene, sulphones such as polysulphones,
polyethersulphone, polyaryisulphones and polyphenylsulphones, PTFE, PVDF, PFA and other
fluorinated thermoplastic resins, nylons such as Nylon 66 and composites thereof.
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performance, i.e. its refentiveness for particles smaller than the pore size of the fiiter, 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. Included but
not limited in this group are energy 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 filter 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 creating 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
undertying filter surface and become in effect the outer surface of the filter. Most common
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monomer alone or in combination with the photoinitiator or preferably in combination with the
photoinitiator andfor cross linker, or the cross linker alone, is prepared in water. The filter to be
treated is pre-wet in alcohol, exchanged in water and then soaked in the selected solution. It is
then subjected to a UV treatment fo cause the surface treatment to cross link and bond to the
surfaces of the filter. The filter is then washed and dried and is then ready for use.
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.-butyt 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 filter.
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 2953 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 solution

g
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pore size and can do s0 at enhanced flow rates and reduced pressure drops. Thus one is no
longer limited to 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
with an LRV of greater than 3 of 0.1 microns particles with a pressure drop which is less than
1/10 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 filtration or LRV levels for the “same pore size"
membrane, £.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 invenfion are capable of not only filtering particles
larger 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 filter, something not accomplished
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Academ c Press 19 he teachi ng are incorporated herein by
r ef er encebartiles (Fah4a} ?ﬁ Welk #sofiffesnt filfee mZF’”Qﬁ thﬁh\‘-’ﬁﬁ@“@e imedifieds 4sewaliras | i qui ds

vas det er A aRPTtidis ol H\g‘asﬁreﬁg%d%l%ntl s R IE%EM@F Okndt he 2P of

por ous mat er | a S erent S Was accor
WJ8700285miasswaa;§lqﬁwworbﬂ<cb)aattdlffere@t phb valnesi EBhe tmbanqeé setergipns nfemsewer e
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di fferent, pl1 val ues as ter filter discs. i) Test

system fo STy thwgprgpeggegg)ﬁgl%gﬁ rﬁlp.}ygga}rqeldl 8%83 'SF tests in Hydr of | uori ¢ (HF)

Acid Arecirculating etch bath (REB) systemas shown in Figure 1 was used
to test the perf r?ce of filters assembled in cartridges. A centrifugal
punp | circul MWHF) coming fromthe recirculating etch bath
3 through the £ jdnbRr deBeriptldhesf 20 fegiiteRRAB ALK BurkSy Bie dkt 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 different liquids was determined according
to US 4,602,989,

The determination of the ZP of porous materiats in different liquids was determined
according to WO8700285A1.

Measurement of pariicle retention

Two fest 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 liquid and filters assembled in
cartridges. The second system uses KC! of different pH values as a test for 47 mm diameter
filter discs.

i) Test system for filters assembled in cartridges for tests in Hydroffuoric (HF) Acid

A recirculafing eich 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 liquid (HF)
coming from the recirculating etch bath 3 through the filter 5. The system components were
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around 10 particles/m , mwer rou |ne i éved e data in
Figure 2 Way eetumer|iea mei 125%*?'“ ﬁi’ﬁ bﬂfi ‘Hdbe weit ans batbemar@doth Tevecta bdedur e:

ook sushaney B Ao 8 AR EROF B kaf\ NOROIF I PABRRLT 2 Db ot orm e

t he final cleawmwoent rat i on. Measured vol unes of t hese suspensi ons were pl aced

into the weir e -stre of the filter). The particle
counter 7 rmnll%@J d? E'??% gpﬁ(@erl?%#ﬁw%pwlepﬁ?rﬁ rach:s-ﬁ %%esnggtﬁh

(down- st rbmwgrajndtphmé u:dnteatratm 'sﬁh:amaefadm meememngatpamesdfonpmttad gdresf ? 0. 065 m
in the ba%h " rfo Rq?{ centratlon of

bar 1l oo splegh B2 sIBEEo e Poftkstiee ptont Ganson etk P UL poEES D00

parti cl estimioss mﬂ@emamﬁw dcRibedn Thalddtdig F@m{eb wifel c@ifeclfe@o@?igﬁ {hdapidd cl es  to
the weir 12 was typically 50 20 particles/ > m Hence, the

m ni mum degréét abl e and substantial i ncrease in concent rati on down-stream

of the filter I 4 f 2.0 Thi s
i ncrease corr egep < t%@ﬁ&l%ﬁé 'Oiéc?r%og?o{”{f%%%lrmﬁeoﬂr%a%% JF'W gh sone
filters SOﬂmytoﬁampdnam bt measuneétvahttlha)MSS pim:tsmzonhhafum deﬂwfmrlettiwcmed by this

gf g(rjd cgﬁ Oé‘lﬁ?qﬁgttop OMgasarﬁ 5olumes o%: these susdpensmns were p%gerg:l 1;[1&? th%lweiqu gur spaced

1 (up-stream of the filter). The particle counter 7 monitored the concenration of particles in the

bath (down-stream of the filter). The peak concentration of particles = 0.065 im in the bath 3
was used to calculate filter LRY. The concentration of particles = 0.065 um at the filter infet
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/ml = 0.065 pm. This increase corresponds to an LRV of 3 (log+o[150000/150]).
Although some filters & may have had better refention, the maximum LRV detected by this
method was 3.

The volumes of HF added were chosen to yield evenly spaced molar concentrations on a
logarithmic scale. The relationship between molar concentration, weight %, dilufion ratio, and
approximate solution pH are shown in Table |. The dissociation constant used in calculating pH was
0.00035.
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mode for stabilization in double distilled water or in drain mode when' the filter was challenged by
particles. A 0.1 um pore size prefilter was used after the circulation pump and after the first static
mixer. The pH was adjusted by continuously pumping either HCl or KOH from tank 26 into the main
line before the first static mixer by using a peristaltic pump 27 and again a prefitter 22. Similarly,
particles were introduced into the system before the second stafic mixer by continuotsly pumping
small amounts of highly concentrated particle suspensions from a tank 28 info the main line
upsiream of the test filter 29 yielding a challenge particle concentration of 300,000 particles per ml.
Particle counts were monitored with a M65 Optical Particle Counter 30. Also included were various
valves 31 for controlling flow and draining the system.

Test procedure: Far each test, a new 47 mm disc filter was installed in the test filter holder
and flushed with recirculating ultrapure water for several hours to achieve a low background particle
concentration. Particle retention by the filtler 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
HC! and eventually increasing amounts of KOH. Particle refention 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 particle concentration / permeate particle concentration)
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(PSL) par pSLJes wth two differgnt su face sharact eri ?:)h L€ Used:
PSL(-) i§ @3 tarm PSt—garticle, —and—FSE) i%aDU|f ace *{%{ﬁﬁd SL
particle E biting terti ary-@ ne groups a0t he sui f £8%9 Lapefptonies ffor e,

si li con pbiBK4(ee (Si 3N4) su@ﬁ&mss’sh)ns wer e prdépar ed fromAXeliysr sperjse
powders (SI3N4(+))_ Figure 4 shows the neasured ZP 6f the PSCL(-) and the

2 SnaC), part | HoRRispsd kR Ohiok "PoRt! BickBeuRt (U BRkAR iy o, From

Figure 4 we see are negatl over the
measur ed charecaristiss werklvesd: R%lr(éIStdmrb?Sirmmds.eand ESL lsmewlacq)ramdlf’edPBL

poui £ vo. 2800 sATARb et oRe GRE, Bk %if&%%f%uﬁh%@?fsa%"'cawﬁéﬁiafﬁ cd as

model par tsuspbmsmeme&spmparacg frampmdidispeveel pnwdhmr(@@ﬂti(&m Figyre 4TBiewasiieimed ZP

or bups. ot AR Z2ne ERL 9 v ey prfRser Fnfien Gt B S i oo

are expectigd. anemdjurém e 3ed @t Psn(qe paridsGae néﬁﬁ@éi&ﬁ@geﬂ%@&ﬂh&hbds&we due the
protonatigon of Ehe ani ne rou (see Fi l%1ure actual data
interval, They were therefo used as a modet particle representmg a negatively charged entity.

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

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

dependence on pH for PSL(+}, i.e. PSL particles exhibiting tertiary-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 time being.

Filters tested

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

either KCl or HF as a function of pH. In the case of filters characterized in KCI {open symbols)
the test liquid was a 0.001 molfl KCI solution of double distilled high purity water and the pH
was adjusted by adding potassium hydroxide (KOH) to attain pH values higher than 7, and
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
fine of zero ZP, i.e. the IEP of point of zero charge at some pH value. At this pH value the filter
is essentially neufral and will therefore according fo this invention retain parficles 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 I} 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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likely due to @l el iPfhEEE%nd 7 shows, that particles of any charge characteristic (positive
or negative) can be efficiently retained by filters which exhibit no or a relatively small ZP in the

respective filter liquid.

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

SisN4 particles was representative of filter performance. The fests results showed that Al203,a
positively charged particle in the respective filter liquids, was retained like SisN4. Similarly, Si
particles, which are negatively charged in the respective filter liquids, were retained like PSL(-)

particles.
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wer e ret ai nEOmillikaltsRBlsdid fiquigiarti cl es. 16 9 June 2004 WHAT VE CLAIM 1. The
process for renoving particles froma liquid by filtration which

conpri ses: provigh Agsak saia@ghidqnﬁmgﬂeaaat feﬂthﬁéﬁbﬁm melau@épst antially

neutral surface over a given pH range and havi hg pores of a nom nal
di anet er bednditions@o Edeaivdlyibtaim sidpmiicleshy shidiat leadhshe poveupfittetis fil ter
having a surface with a Ze Pot?ntial of between +10 and -10 mllivolts

t . .
in said |iquid, 2andefEeesshe Samy Lvhsisiy stif pblsatt ovg fiferlavepsrss ofde por ous

filter und : @@in. 1. eat;i retain said particles by said at
| east one ‘S%IP%)H%E il %teg?%&%eﬁgrlo%%gﬁbf Claim | wherein said at |east

one filter have3phicgsocest obanyomendiciaiing et 2 whesdinet@rtiqidlisasldctedm cron. 3.
The process of any one qof .clains | qr 2 wherein the liquid is selected
fromthe gFemibegrmupsensighingroladueaysdluids,nonsaquepys Bigdesad blands ds, and bl ends

thereof and the one or more filters have a Zeta Potentiat between 5 and -5
millivolts in the selected flmd. -
4. The précess 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 Claims 1 or 2 wherein the at least one filter
has a log reduction value (LRV) of from about 3 to about 2070f particles.in the
tiquid.
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 wherein the 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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t hereof and the one or nore filters have a Zeta Potenti al ,}@g@ £ and -5
mllivolts in the selected fluid. 4. The process of any one 0 ains 1 or
2 wherein the at least one filter has a |log reduction value (LRV) of at
| east 3 ofwpalsiied es in the liquid. 5 The process of anyansonéizéd ains 1
or 2 V\/nereln the at least one filter has a |log reduction value (LRV) of
from about!¥B t dhaflisaol daimot whasein ihel substantially tneelral burfgeet 8. forBied Pheufacmcess of

any one Ofmfdy @dtﬂﬂ;?f]thé)ﬁ!telzanmﬁé @Hﬁ’cetrﬁl@ﬁ Eéluhr‘i RlselSHEd I?cﬁfpbyo)l}b gﬂ@s@ﬁt in the

nature of the at [east one process o 0&1 ains | or
2 wher ei n cioselinking anskgralingfobane ormoremommmdsdnwumaemm onmchniarme;lson of the at

| cast one ey 1 ihd il cPoa"e RS 5 S Blegl 208y S &TRed pPbuopner o1n e

filter surtace I's surface

surface nuiification ofde fillsr 2n@ tr& sittfave nidOifkehtioNOs Oy Afphcalith dPG bhérgy o288 14) The
filter of r?@ﬁ%%ﬁrgéﬁpv\here n he substantially neutral surface is forned by
surface OB%OF(WO"? 3 filter and the surface nodification is

sel ect ed figpm Thefillgr SYRINCPRISISH e Bneldr mofy MES ald rﬁéﬁb'ﬁgm% téih%lasfefei;t&?? of one or
nor e rmnaﬁeqnin on surfaces of the one or nore filters. ter of

claim1 S4rqUR SNSisHcheRllyiose; gashremias anlunataige i s forrred by surface
nodi fi catifpn offhd fier dficlabe! withdh ﬁlE‘SneSdf'Ho%c’fﬁerg@%'rﬁéd@%?%%dte?lal%ffggcp 1 cation

of an energy source on surfaces of the one or nore The filter
of cl ai m foW#ESEuR consistingwbcelifiosaorgenerated esllWossrapd nitiebelilosem a nat eri al

sel ected gy omqthg%“@ BPHQquﬂgfﬁtfg@%ﬁ% nfofe dztﬁﬂs%ﬁeemao%'ﬂ%ﬁ# @&%rsgg ig (i and

nmetals. 17)" The filter € one or are nade
from a mafremiheigrove cersislng of staindess ske, lgpkeiLmnromm:msarfsltalloyg af blened hetbaise,

t | ose, | ter, of cJ 1 wherein
haCone. ooy A4 HEPE oSt BheGERE che bORSH sl ard BBt bt S el el yr oup
consi st i nfoothegtcap ncbnsnsi:mgs;:]fc ;m@lblef insj oi:haﬁlhmerstximteq:aﬂgums&nﬁblﬁlef r@yl?:vmﬂﬂptﬂ ends .
th f. ). f cl ai e e or, nore filters are nade
fr g;neg pl geg’%'l Ep’ge I@iup f‘P%IWPR’%]BC éﬁsﬁaps\é@n@.‘%ﬁ i p@ra@pe%cﬂo_{)@ RbpRess
copol yner polgsthetsalppies; m@rmﬁlpmby%wfbhmsusﬁm‘é, pB’l-ﬁEﬁes T s&yc@morPaFeev
perfl uori nﬁt ed ther brv&tﬁtst i_.c resins; PVC, nylons; polyamdes;

pol ysul phB Eest‘.ters and ereof.
The filter of claim 1 wherein the one or more filters are made from a polyolefin selected

from the group consisting of polyethylene, polypropylene and the fike.

21)  The filter of claim 1 wherein the one or more filters are made from an ultrahigh

molecular weight polyethylene.

22)  Afilter comprising one or more filters each having a surface having an IEP within a
- selected operating range of pH 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.

23) A filter comprising one or more filters each having a surface having an |EP that

matches the pH of the liquid in which it is used.

24)  Afilter comprising two or more filters in a composite filter, each with a different IEP.

25)  The filter of claim 1 wherein the surface of the one or more filters is freated with one or

monomers selected from the group consisting of acrylate or acrylamide monomers and

methacrylate or acrylamide monomers and blends thereof.

26)  The filter of claim 1 wherein the surface of the one or more filters is treated with acrylic

acid.

27} The filter of claim 1 wherein the surface of the one or more filiers is treated with acrylic

acid, a photoinitiator and a cross linker.
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pol yethe rsu | phones; pol yaryl sul phones; pol yphenyl sul phanggne pobyi m des;
pol ycarbonates; polyesters; and bl ends thereof. 20) The filter of claiml
wherein the one or nore filters are made froma polyolefin selected from
t he groupvamaigwsishi ng of pol yet hyl ene, pol ypropyl ene and trbeusok@a29321) The
filter of cI aim1 wherein the one or nore filters are nmade from an

ul t r ahi gh28) ol B diterof dn d whersipithpesuigee ehibe oneoy mareffilters is fregedwsihiasivieg one or
more filtghs %a(bhotbiﬁlﬂété}g aﬁdsurfc%ée k4 NGhétn | BB Whdsli fhidr iSehagt ed
operating range o h that the filter surface either maintains a

neut.r al omefhmblsaﬁfvgﬂ@b or does not acquire a highly char ged surface wi thin

havi ng o i e el oyt g & Peioh e e B4 wbolfas n i cn

it is usemethﬂen)eblsncfyiam@r corrprl sing two or nore filters in a conposite

fil | .EP. 25 | f i h
S:JHE:(r:e 0 the h%ﬁlée?(gféi FE"|"”éer°§‘e r}qr?@ e'iﬁ"?t/\?el[:’%og'l‘f;gorb‘f‘a We (ralsnt ©

sel ect'ed #trlamsh Edifepaxgclenm an e\vmgﬁtdlamgteothatamméllattﬁanqne goplingl goté slgs sfeeoner s and
met hacryv\ﬂ18 ﬁl a] dISf@E de nmonomers and bl ends thereof. 26) The filter of
claimi [ G SpIRR face of the one or nore filters is treated with
acrylic acid. 27) The filter of claim1 wherein the surface of the one or
nore filters is treated with acrylic acid, a photoinitiator and a cross

- linpker. 18 9 June 2004 WO 01/51170 PCT/ USQOL/ 01293 28) The filter of claiml
wherein the surface of the one or nore filters is treated wth acrylic
acid, a photoinitiator ang a cross |inker, wherein the cross linker is

N, N - met hyl enebi sacryl am de. -29) The filter of claim1l wherein the surface
of the one or nore filters is treated with N, N - nethyl enebi sacryl am de . .
30) The filter of Claim1l1 wherein the one or nore filters have a |l og
reduction value (LRV) of at least 3 of particles of an average di aneter
that is smaller than the nom nal pore size of the filter in the selected
fluid. 19
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