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Various systems have been developed to remove hydrocarbons and other

15 chemical contaminants from runoff water. For example, U.S. Patent 6,080,307, and
commonly owned with the present application, discloses a system for recovering
trash and oil from water passing into storm drains or the like.

Unfortunately, a report of the National Resources Defense Council (“Testing
the Waters 2001,” available from www.nrdc.org) makes it clear that such

20 conventional systems for chemical decontamination and debris removal are
inadequate for effective purification of runoff water. Eighty-five percent of beach
closings and health advisories occurring in 2000 were the result of high bacteria
levels, according to the report, and “polluted runoff and storm water caused or
contributed to more than 4,102 closings or advisories.” Clearly there remains a need

25  for further improvements in the purification of runoff water to alleviate continued

concerns about public health.

SUMMARY OF THE INVENTION

In accordance with aspects of the present invention, including various

advantageous methods, hydrophobic polymer granules or fragments employed as

30 filter media, e.g., for filtering runoff water, include an antimicrobial compound on
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the solution- irrigated pol ymer granules and then extruding the polyner

gr anul es donjadned dynddlosy of particles and solution.) The polymer granules are phobic to
water (i.e., hydrophobic) and to the liquid of the solution (which may itself be water)
and thus do not sorb any significant quantities of the solution even during irrigation.
Because the antimicrobial compound in the solution is reactive, it becomes grafted to

20 the polymer surfaces of the granules without the solution being substantially sorbed
(i.e., absorbed or adsorbed) by the granules. The resultant polymer granules are
capable, upon immersion in contaminated water, of both sorbing contaminant
liquids and reducing biological contamination in the water, a clearly beneficial
property.

25 The method can also include drying (at least substantially) the solution-
irrigated polymer granules and then extruding the polymer granules into fragments
of filter media. Alternatively, the method can include forming unirrigated granules
into fragments of filter media, such as using an extrusion process, then irrigating the
formed fragments. Although many of the embodiments disclosed herein are

30  described with reference to irrigated granules later formed into fragments, the

inventor also contemplates alternatives using granules formed into fragments and

then irrigated. The method can further include supporting the fragments about an
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term “particles” refers to either granules or fragments, including granules in loose
form as well as granules formed into fragments, and including fragments alone or
linked to adjacent fragments to form a coherent polymer body of macroscopic
dimensions.)

20 A filter system according to another aspect of the invention includes a
multitude of irregular, macroscopic fragments of the type discussed above and a
filter module that supports the fragments about an open recess. Such a filter system
is highly desirable in that it can perform the dual-action decontamination of both
sorbing oil, grease, etc. from water passing into the open recess and reducing

25  proliferation of microbial organisms in the water or in residues left in (or between)
the filtering fragments or the filter module.

Also highly desirable is a method of the invention for improving chemical
and biological purity of water entering a storm drain. The method includes sorbing
one or more targeted contaminants from the water by directing flow of the water

30  through interstices of a multitude of irregular, macroscopic fragments that are
sorbents of the contaminants, e.g., fragments of the type discussed above. In the

method, the fragments include an antimicrobial compound on their surfaces, e.g., a
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i nventor contenplates that the invention includes all
present invention. Indeed, the inventor contemplates that the invention includes all
systems and methods that can be practiced from all suitable combinations of the
various aspects summarized above, as well as those disclosed in the detailed
description below and particularly pointed out in the claims filed with the

20  application. Such combinations have particular advantages not specifically recited in

the above summary.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the present invention are described below with
reference to the drawings, wherein like designations denote like elements.

25 FIG. 1 is a detail view of a section through a copolymer fragment that includes
an antimicrobial compound on its surface according to various aspects of the
invention.

FIG. 2 is an outline of the copolymer fragment of FIG. 1.
FIG. 3 is a cutaway perspective view of a filter system employing filter media

30 including copolymer fragments of the type of FIG. 1.
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retaining their ability to sorb chemical contaminants from the water. By employing

this dual decontamination action, filter systems employing such granules or
15  fragments can further improve the quality of runoff water (or other water streams)
and reduce the risk presented by potentially harmful organisms in the water or in
filters.
In an exemplary method that may be better understood with reference to FIG.
3, for example, runoff water (not shown) enters a curb-inlet 306 of a storm drain and
20 passes into exemplary filter system 300, which includes a hopper 310. After entering
hopper 310, the water passes through a screen of a basket 320, which traps trash
items, and into a quantity of filter media including polymer fragments 130.
Fragments 130 perform the dual action of sorbing contaminants and reducing the
proliferation of microbial organisms in the water as it passes through interstices of
25  the fragments. Consequently, overall purity of water passing out of hopper 310
(through perforated steel or plastic bottom 340) is improved both chemically and
biologically.
Additional disclosure of system 300 is found in commonly owned U.S. Patent
6,106,707 entitled “Curb-Inlet Storm Drain Systems for Filtering Trash and
30  Hydrocarbons,” to Morris and Stelpstra, referred to herein as the ‘707 Patent. As
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steel or plastic bottom 340) is i nproved both chem cally and  biol ogically.
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an exanpl e of a suitable copolynmer Tfragnment 130, for use inside

conpar t meaines idtofconyst enitBOthe faggrenid, thaOcipudyneesmaterzPDMIbeb&Rtd abd
matrix 390 that forns a durable but perneable structure for SBS grapul es
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i nvebbi onvillWetrwash awatyether oihdinkdeed, it has been found that the materials described
herein can remain in contact with water continuously for at least several months,
and perhaps indefinitely, without releasing the oil or allowing it to emulsify.
The principal ingredient of fragment 130 is a copolymeric material that is
known to sorb oil but not water. As oil enters fragments 130, they expand somewhat.

20 Thus, it is preferred to avoid filling compartment 310 (FIG. 3) completely with
fragments 130, to prevent fragments 130 from pushing upwards into basket 320 as
they expand with oil absorption.

Particularly suitable types of copolymers fall within the class of thermoplastic
elastomers, such as styrene-butadiene-styrene (“SBS”), and hydrogenated styrenic

25 block copolymer (“SEBS”), both of which are styrenic block copolymers. Styrenic
block copolymers were developed for applications that require impact resistance,
and that is still their primary use. SBS and SEBS are highly sorbent, non-toxic, and
remain coherent after becoming oil-saturated. An alternative styrenic block
copolymer, which may be employed in granules and fragments according to various

30 aspects of the invention if the benefits of SBS and SEBS are not required, is styrene-

isoprene-styrene (“SIS”).
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About 70-90% by weight of the material of fragments 130 consists of SBS, and
the remainder consists of EPDM binder in a preferred embodiment. As explained
below, SBS and EPDM granules are linked and formed into fragments 130 in a way
that results in SBS granules in an EPDM matrix.

20 In addition to having antimicrobial compound on their surfaces according to
various aspects of the invention, polymer fragments according to various aspects of
the invention are preferably fabricated with two main design goals in mind. First,
the flow of desired liquid (e.g., water to be decontaminated) should not be unduly
restricted. Restricted liquid flow limits the rate at which the liquid can be purified

25  and decontaminated. Second, the liquid should be prevented, to the extent practical,
from collecting into channels. When liquid collects into channels within a mass of
filter media, it tends to come into contact with only the limited amount of treated
filter media that surrounds the channels. Fragments 130 are irregularly shaped and
not in powder form, which addresses the first concern by preventing them from

30  being too compactly packed inside compartment 310 of FIG. 3, because that may

restrict the flow of water. The random shapes of fragment 130 address the second



the fornmed body. The binder material is a conpliant or flexible,

hydr ophobi c, olefinic polynmer material in a granular formand preferably
havi ng a welmiozgyseoi nt | ower than that of 10 the oil - abs®charso2/ewpol yner .
Pol yol efi nic el astomers, such as ethyl ene propyl ene nononer ("EPM') or

et hyl enecopremybene ving hieuid tded] y(ih oD ar tihawe 34k ¢hereby nothen rechivinmg tikhe
bi nder | argely prevents fraglrrents 130 fromcrunbling while being handl ed
in dry fiepaentofdhediqund & sellect safordiapnglsantity of oil. In a preferred

nbodi , DM | [ d ' ' . b 12 d. 24 . pesh
were 15"t ourks BHERARRUES ol abb@hele 45! R g8l BRRRi B e Rl i i
sui tabl y, F‘a&@f QY @bsoMReuUbil 4RO BcRyicreh18hks Q@cefs;?%o 'Iﬁﬁ@x{) i)@fti(ﬁ{s, b ge $s 130

consists of SBS, and the remi nder consi sts of EPDM nder in a preferred

enmbodi mei30), vighexipirairewsing lbled digtarGRSrandsiaPidd Gy eanibedt & deditabltetb andid
formed into fragments 130 in a way that results in SBS granules in an EPDM
mat ri x. sp@oqth ian Giing ermoniey sanfaces ef Gagmentohibuhe rielarrrd praggss akes
accor di ga to,. vg]trii ous da_gﬁects of thﬁlj nvention, polyner fragments according
to vari SHEAEERLEUSPed PHIW RIATHPIS A58  ef er abl y fabricated with two

mai n desi gn ' ) | ' | Qi ter
to be decont g(%glr)]z? ggglﬁésﬂg%lllgb{%%lgbfé&%%gﬁsgm 0 erse t?Iérzr ?E{}ggé&éRest ‘réfcé%e%ssiuf%!ﬁl d

flow | i B70sextbedingtiet@thaviai £6nt Beteliod yuefaeanahé Rigkinki Bstwienahe grains of
decont am nated. Second, the liquid should be prevented, to the extent
pradfi c&BS, asridlmstratackdnillgs. i htudh finsieles . invyease |thqueftectiviel sufare ateg of
channel s. wit hin mass, of __filter, media,, it tends to c into.contact with
only t hdragmeRis e Bl PRNRIING {2PtTa @SSP W RO, GTEHRUIIge a5y

T SopEUREITRL bR kLAt SRR Bl PR RaBNIRRY oL
compacL |V, Pkt oA AR e g B g cousasy by
second objedtiDWABY 023366 dRGENLISOL ABSBA ceiimetarrorbiyvoreeioss Thapei ckehgtlaryal | y
j[ 2 ggwg&%gﬁrﬁ%{%%é%éﬁtﬁ%eéﬁ%ne% of r78‘;c]>eSrB_S gr?c? _2%‘% ]%%Dtl\r/}eanc{ ﬁggeanglglkoéertxsq’gf cl)% quid
about 0.4 - 0.6 g/cc and mostly weighed about 2 to 3 grams each. Some of the
fragments had broken into smaller pieces, some of which weighed as little as 0.3 to 1
grams. A few fragments consisted of pairs of normally sized fragments that had
linked together, forming larger fragments about 5 to 6 grams each.
20 Fragments 130 have controlled bulk density, also to reduce gel blocking. With
the preferred materials discussed above, bulk density greater than 0.75 g/cc tend to
prevent the oil from entering the fragments, while bulk density smaller than 0.3 -
0.35 g/cc cause the fragments to fragment more easily, either when dry or after
absorbing oil. For example, copolymer fragments 130 with a bulk density in the
25 preferred range have enough inter-granular voids to permit oil to penetrate
substantially throughout the thickness of the larger fragments 130, thereby avoiding
gel blocking, while leaving them mostly intact. Fragments of such material can
absorb up to five times their weight in oil.
In variations of method 400, SEBS is substituted for SBS, EPM is substituted
30 for EPDM, or both. In another variation, fragments 130 are irrigated with a solution

containing an antimicrobial compound after aggregation of the fragments in a

container or agglomeration of the fragments into a coherent block of filter media. In
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To permt faster oil absorption and | ess gel blocking (a phenonenon in
which a |ayer of absorbed oil at the exterior blocks access to inner
portions whDoBaygsents 5 130), wthout increasing the distramasot/ewn surface
to center, it is desirable to avoid snooth exterior "skins" on outer

sur f aces yef aho@grealtibd) SBThaaptkbervedeprogasd with 4 estimibhordhiseus aad

bel ow pronotes this goal. Also to reduce gel bl ocking, fragments 130

pr ef er ablptidowbialmenupeurtd separetely oo X Bvidinagulest whitte aref eithmrdutigatedr
surfaces and, passing between the grains of 10 SBS, as illustrated in FIG
1. Such Pf88kres increase the effective surface area of fragnents 130 while

still rmaintai mi . 1 LLi e ling. The
preferred for %t O%ﬁ%{‘%@égfégﬁgﬁﬂ%&éfﬁ%@%% E%HB%Q%%}&S}{%Y% @%Sgﬁgﬁfgnﬂyﬁgeﬁ
exanph e, ahtin@em@bid dstapeandi & eHe! durbices Yapplidd HSIHhRrduitaphapetini @idd. est s
wi th various dinensions about a centineter or two across. Those exenpl ary
15 fragnpattsculady wehearftageves ofethi@doofBBeamyeation HobMahridatiagl raedial kaxdegsi t y
of about 0.4 - 0.6 g/cc and nostly wei ghed about 2 to 3 grams each. So of
the fra§PRRnABkSHLsRE AN ANGInaigERliel Pronssdes Inghdesdrrigpiing aprlHede

little a RCHP rams. ;A few fr nhs . C L St f_.pairs_of normally
oi zed t 1 SgneREROp s AR BorpRC R R AT 2 RSN PPt ISRt R
to 6 gragsm@aehd, £Q1dWad B?fbtx%rujs% HeNR ﬁﬁﬂhf&'ihﬁﬂfr@ hlen@e 8 ithe/ methsQ, the
reduce gel Dblocking. Wth” the preferred materials di scussed above, bul k
densilfy gntatierobidlasonipdindiand the polymer pf dwegtartvies add rebriive egetihémegnitihe
fragnments, while bul k densi téfssmal |l er than 0.3 - 0. 35ug/cc cause the

f r agnent $he pohmagiisnsubantials phobicdpt watervishtaitle seludone An aptiBreiokiplo; | .
F | | f ts 130, wi th |k density in the 25 .
bref or 1 oROTRAgECk AL PERBIER e HeRraEs kit VBFReY G Rt oid, T SOBUIRr at e
bst ant i f b
Vot i ng casbf ePEARANSrallS th) JRKARSS @ Lol Sk B TERkRer illend it P0Y
mat eri al itfapmsabsalcht bpndowhithve. tinmes their weight in oil. In variations of

met hod 400, SEBS is substituted for SBS, EPMis substituted 30 for EPDM
or bddh. I n adbehese ofripolyorer thahdsrévydsopBobigrand alsogphelbicviot theasdotioni on

containi gLk A5tk sy e ared RS PatudlibRl 99EE95eoR bolast gt And | "
fragments of such a polymer will not sorb significant amounts of water (during
filtration) or solution (during grafting of the antimicrobial compound from the
solution).

20 Method 400 of FIG. 4 begins with initial materials of SBS granules 410, EPDM
granules 420, and an antimicrobial solution 430. An organosilane antimicrobial
compound not susceptible to self-condensation in water is particularly desirable for
use in solution 430 for a number of reasons including the fact that the solution can be
or include water.

25 One suitable compound is of the type described in U.S. Patent 5,954,869 to
Elfersy et al. (referred to herein as “the ‘869 Patent”), hereby incorporated herein by
reference, particularly the portion from Column 5, line 20 through Column 22, line 8.
The terminology used in the ‘869 patent is employed only for the purpose of
describing particular embodiments. Accordingly, nothing in the description of

30 exemplary antimicrobial agents in the ‘869 Patent or its file history is intended as
limiting. As used herein and in the ‘869 Patent, the singular forms “a,” “an” and

“the” include plural referents unless the context clearly dictates otherwise. A
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contai ner or aggloneration of the fragnents into a coherent block of filter
nmedia. In -8 WO 03/023156 PCT/ US02/ 29061 yet another variation, SBS

granul es woO3meHsérrigated with a so'f of or containi ng amCTarspz/zqo6r obi al
conpound separately from EPDM granul es, which are either irrigated or not.

FragmentsgithBR @me%edrl groddct bf &iis $y5é enmdiatfieanshave sty Sid fabkaetitie of
5 antim crobial conpound on their surfaces, applied by any suitable

t echni quBosheldBedhinolbdgies, ynadf MemyesuSearginod of the invention for
fabricating di a haying . contam gar}t -sorbent _and antim crobial, properties
i ncl udes i rrilgiieHy RHAFTRARRIRY Of CorfTARPHARM PESIUSERT FIRPARHOgMa/MM%es

with a solutio t al ni - ant i m_cr obi cQ

2, S A ORR SRR LE B AP LTl PR Bt SOTBNIE oLl B beten,

ant i Bi CripBickhciCARBAHNde@Rfed Qﬁll%'r%’ TS mOSubstia It Bidbteatdl Gep@RGHE W the
together, and the polymer is substantially phobic to water and to the

sol ut i orparfAnulantompoumbi, prodwanmocomdpesitionalsgdeits arceler @fetrirgstatie, faed
whenever the conpound, in solution, can be expected to graft to the

pol yner .tha leempbuid igriama alyaysppospitle R@hmfgfr an; exagh gEfeeliNamPEMUBONds
with it. ;15 The use of a. pol r_that is _hydrophaqbic. and al so obj.c to the
ol ut | of TP SRSP TRl eHEoe aRion? S b P P hE S et B avse
granul e din f : h y MEEY r | gNhfTCa unts
o vt o Ut e O R s Aie TbF R TEEiafl MiRleubOl ReRICbAb SrouA

ant il0i creapefimezgagpaund fromthe solution). 20 Method 400 of FIG 4 begins
with initial materials of SBS granules 410, EPDM granul es 420, and an
anti m cr obi alAsused heneingod impherrefenensed 4168 Ratentrihs wivafl antimigsobial hast

susceptible to, sel f-condensation.in water

Gse i 1 SoBRSTah RSO b IR Tt PTREtna! G Pet IRt sRmpaERct RERcic
oLt DA LORLUS LGS of RN Ay ORBRIEo gl e o
as "the pr8béniPakrerdduce MRE ePOWRC OREA@! €6rh&tiGh NoPYother livelihood of the
15 organisms. Microbial organisms include bacterial pathogens, viruses, protozoa,
molds, or other organisms likely to cause spoilage or infection, and of course can
also include organisms whose proliferation is not necessarily a problem, e.g.,
“friendly” bacteria.
Method 400 begins with act 440, representing mixing the SBS and EPDM
20 granules together at the particle level. Mixing need not be entirely thorough to be
effective. Mixing can simply consist of dumping granules 410 and 420 into a
common volume of solution, in which case the next act 450 of method 400 is
performed together with mixing act 440.
Act 450 represents irrigating the mixture to graft antimicrobial compound in
25  solution 430 to polymer of granules 410 and 420. As mentioned above, irrigation of
granules with solution can be performed in a number of different ways.
Accordingly, process 450 has many possible variations, including immersing
granules 410 and 420 in solution 430, spraying solution 430 onto granules 410 and
420, applying a stream of solution 430 to granules 410 and 420 inside an operating
30 centrifuge, etc. Irrigation continues until an amount of grafting desirable for a
particular implementation has taken place. In one embodiment of act 450, granules

are immersed in an “AM-500” antimicrobial solution (2%-10% concentration of
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reference, particularly the portion fromColum 5, |line 20 through Col um
22, line 8. The termnology used in the '869 patent is enployed only for
t he pur powe osf23idescri bi ng particul ar enbodi ments. Accor dipaglusp2/egeshi ng in
the description of 30 exenplary antimcrobial agents in the '869 Patent or
its filanthmiroipl agenthbyndess) der five miniutes atAors demiperasime. direfdrablyn dhe 869
Patent, the singular forns "a," "an' and_ "the" include plural . referents
unl ess Tepeltapinratimienobialigyafied igppules gaYHiNs At least : o%(ﬁ%ﬁoazg%rgbmp
PCT/ USQ e%?%&l Sélitabl e comercial product of this type is identified as
AM 500 d rar ket ed by Bioshield Technol ogies, Inc. of Norcross, Ceorgia.

The term” efmﬁgiwa%imr@f'n@th@d GO0RAH Kb sIFM Cmploked O BAE VRIRHIRANS
an amount sufficient to provide the desired result. AS pointed out in the

' 869 Pafoenixampiet hetse44(t tandmibhtare goprioresedrisitnultangotdsipegubby rdumping
substrate, depending on the particul ar_conmpound, product, or conpositjon
used, i gr@ﬂﬁiﬁg@f@a%gﬁmwr@@ patatyror giged vabung R $01vH9§,Wh%rei’fge}ﬁ te alﬁ%é/s

possi bl e ta _speci,fy an act "effective anp ver, rjpate
ef ; ect i%ﬂﬁ dﬁ?}%ﬁ?dn@ Ebtéoetﬁglf eAmaNeY- WOS??ée%?ﬂ@r %ri“%air’%g ag‘{(im?ﬂ)lrn ﬁggaért

I nf or S) Ee k I on.
P Y A T i i A
has a (@adgsehap®aRofyied)eheeparage buboeeespefdry théy tiendest togetider. In
conpound, product, conposition, or article to reduce the proliferation of
ni difobi etheprigaistions, wihese the obennfidy erft irsigatiagubeth 8Syabdt FPDIr @eq not
formation or .other livelihood of t 5 organi.sns. robi al _ergani

i ncl udergEedr gaamﬁs% R Mso,n_evti PisEsPO pbqrgygd,rrlgﬁg%ﬁpr S%agpﬁ%gu E%l sns
[1kely L EaHDSaRROl BOBPPIVILESL { e RBHnA .p%g&%ﬁﬁﬁ%%fherﬁ"d%%s hoehuse

or gani sins os@ proliferation is not necessarily a probBlem e.g.,

"fri endioyhaveakk ehafit diditaditobiabpgipative.t h act 440, representing m xing

the SBS and EPDM 20 granul es together at the particle level. M Xxing need

not be enti rBheptdiudwghct Hlie a mixtoce plgranvles 4 ayeh420 wpﬂyalmt(ijfmﬂrggiabf

du rrl%i ngco%gggrllg %ra4 teod ’?ongolgf%f?eri o t’cﬁe agranules and with some residual solution in the
mixture. Act 460 represents drying the liquid from the mixture. In the example of
method 400, act 470 represents extrusion of the dried granules into fragments by
process 470. In variations where the benefits of drying act 460 or any subsequent
processing are not required, they can be suitably omitted. In such variations, the end

20  product is considered to be the product of act 450.

Drying act 460 can be performed by any suitable technique, including simply
exposing the mixture of granules to a static air mass at ambient temperature. More
efficient drying techniques, such as forced-air or heated drying can also be
employed. The extent of drying depends on the need to a particular implementation.

25  Overnight static drying is a suitable option for methods involving extrusion of the
granules into fragments, e.g., by act 470. Preferably, act 460 dries the mixture of
granules until the amount of solution liquid remaining in the mixture is less than 0.3-
0.5%, by weight, as measured using a weight comparison before and after heat
treatment analysis at 60°C.

30 Act 470 represents extrusion of the mixed, dried granules grafted with

antimicrobial compound that result from acts 440-460 into fragments of filter media

such as fragments 130 of FIGS. 1-3. In an exemplary implementation of extrusion
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common vol une of solution, in which case the next act 450 of nethod 400 is
performed together with m xi ng act 440. Act 450 represents irrigating the
m xt ure twogsatiisanti m crobial conpound in 25 sol ution 4®0Ttusopedogner of
granul es 410 and 420. As nentioned above, irrigation of granules wth

sol uti onpeRBEsPE7DERd IBSRAJ FPBM Yihalled hrdplaked enthavBypper HE&R S rREkY of
process 450 has nmany possi ble variations, 1ncluding inmersing granules 410
and 420 donveatiohabdesig0,(egprapiodgers Gartricdiald 8Rtrowden vgitkauheswald externali20,
applying a stream of solution 430 to granules 410 and_420 inside an

oper at i E@ars@ e toicharager, svp at |40 RN vy #t org ednbedimeny pizihs gtruysion

fti desi ble f i | i | i h | .
arbodi meRCears e g e R R AR N DR BT B2 3
sol uty Orbélg%? 1% P Q&Efﬁs'id’ﬁ it@&f}%frratuj:éso f@aﬂ?ﬁc?é%@@u&gwgoﬁéﬁ9g%anger

antim crobial agent, by nass) five m t room tenperature.
Pr ef er abdhpuld heot pesnittthet teanpératiaeodl dle grafuled ngatarial ¢s exoeddri7Zi® 8. Agast
about 0.5% antimicrobial agent, by mass. Many variations of nethod 400 can
be suit adisgussagl belew, pnpartEulanly adwntageusomeshodple forming 4dteramedizo
are perforned sismultanequsl e.d., oy dunpi ng. .anul es of h t into
o Stati oBIE TR BaBOB N BrecEar sep IS e Lo ERsa T HPTght ed
I n anot hgr é@ﬁd&iﬂﬁdmz processes 440 and 450 are perfornmed in a sequence
opposite t%at epicted in FIG 4. In such a variation, granules are
irrigated (andthessdiggisofahe@xeiiided) the ERBpBgaicR] shbwmeessemedehouaetiey
are m xed together. In 10 other variations where the benefits of irrigating
bot h SBfdmht ERPDMcEPE shearing éeyues dut regdhfroes meichpuisal agiatigpley dle paEyner
are irrigated. For_exanple, just SBS can be irrigated i.f the EPDM matri x
of “the cHeMAIRIIDSNG KPDPTAEHORL HifoB AT Mekial riah s dERESD SHEPFIATGRe
anti m crghi p |.eS, C . IS ] Xt es
310 and B90%a AR Ben RGNl sBuiRE vo R oo iSRS, 8L pep i
gr anul esaRg fMhrhthe QREret@s Atitle B iHhir@Nof thel W@ cedd addibRy ohér éjrﬁpro riate
repr esen%sagr ying the liquid frol?h%lhe m xt ur eﬂ.)l%l n the exgrrpl e o P

15 times, the heat exchanger can apply heat to the material to raise it to the desired

temperature.

The extruder’s screw mixes the softened EPDM and the SBS, forming a matrix
of EPDM surrounding and interlinked to SBS granules. Because the SBS does not
melt, some air spaces (i.e., bubbles) remain in the mixture. The softening process

20  occurs quite rapidly in the extruder, permitting very short dwell times (such as less
than one minute), which permits rapid manufacturing. '

The composite material is pressed through a circular die with a central rod or
mandrel (not shown), at a unit flow rate of about 6 g/sec. in one embodiment using
a cross section of particular size. If left undisturbed at this flow rate, the material

25 would form a cylindrical body with an axial hole. However, radial arms at the end of
the die, or a similarly configured cutter just outside the nozzle (not shown), section
the cylindrical bodies into segments, perhaps four sections. An automatic knife (not
shown) fires every two seconds or so, cutting off lengths of the sections.

Another way of producing such fragments is to use a smaller die, with a hole

30 approximately one centimeter across, to produce the fragments directly rather than

by cutting them radially from a cylindrical form.
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met hod 400, act 470 represents extrusion of the dried granules into

fragnments by process 470. In variations where the benefits of drying act

460 or aryoldlozaguent processing are not requi red, they ean/use2/swst ably

omtted. In such variations, the ecg roduct IS cons%dered to be the
érn

product of acURMDPasiyg rigregh 4be Bﬁrgl@ﬁ% Bynighyhasg eappaessed

t echni qu n osi n he mxture of, ¢ es.to a sta
air mass8 e‘é’%}#gﬁ‘?’%téﬂg‘g %Eﬁerde(%%gg h@fg} rSrW‘Pa’P% n@“ﬁﬁ%nf*&&éﬁ gﬁéh as
f or ced- aiatefiain @atiRd itd 581G Gl aAﬁo reﬁal liay g I&Qﬁnexmﬂﬁerozlss@gty'tﬂa
depends on the need to a particular inplementation. 25 Overnight static
dryi ng i sxparsion.aflter dhe ieatrutied mrtebiadds icav dhiol igtabl¢ lersithe, wisléwly cools
granules into fragnents, by act 470. Preferably, act 460 dries the
m xt u? e BHisie athel drygar |an%h éhea@@mle@fcowmmeu tsn expemdl dfor edrdlimen ganging he
m xture | less gh 0.3- 0.5% by weight, as neasured using a wei ght
conpari 58 after heat treatnent analysis at 60C. 30 Act 470
represents ex AP
antim crobi al chlg?poundﬁ% R l@béﬁ%t F?Z‘Z gg{r%nyggl%i%%aqlﬁtege%%%}reeﬁrgco
filter mish the SBE Rrasulks aamanus 1:38d e nfelckenicdt ﬁlte%lﬂtgafb eXiph @ fhagments
i npl enentati on of extrusion - 11 WO 03/ 023156 PCT/ /29061 process 470,
t he SBS 45l Erpl fsagmeantss13 éorphext dnl aiceonchaece opiple rthe fpraferesd maeldodofesist

8 cm Bonnot_ l.ab extruder w th a hot-water

ext efth: Breﬁg}f?@rﬂ%aéklegcm%agﬁmﬁm sS4 dﬁﬁaﬁnawfcﬁeﬁmfeoﬁe BFASSBFSORt of
the ext ' H3hgls FN0GSS, HRLRERLNSE Lk HRMRES b Al Ell?eeagﬁgflﬂ' e, ARLS(E2!

near abou el ow nor m rusion ures °f or pI astic
pr oduct sflaft&e chaablegxehanger should not permt the tenperature of the
granul ar material to exceed 71 F. As discussed below, a particularly
advant ageous Wbe hfdffoig feffert ngohventionatyditmdepiredi irs SBSifiomgperressesp is
becone aggcl rated while still warm enough to establish nolecular bonds.
10 In t haCtyally diensficighdn dhe ipyvrative; peo Guise kt jormes BHes ssuntlansgsurss a

' esu{_ﬁ{ i oR %I}Ff}h ﬁﬁlﬁ mgc)flxs q\r%rdg?\%ufc e set%u(t:trﬁ%(te ﬁgév%lvter,ftfme rﬂsggﬁng 18 (1:1%1( SO

agit

great as to cause loss of structural integrity. As noted above, fissures are preferred to
facilitate rapid passage of oil into fragments 130 and to reduce the incidence of gel
blocking, permitting continued absorption.

Slight irregularities in the flow rate, the fluffing effect, and the way in which

20  the knife cuts the material can cause fragments of different sizes to form. For
example, a larger-than-normal fragment can form when two adjacent sections link
together. A smaller-than-normal fragment can form when a section breaks apart if
fissuring caused by fluffing happens to occur along a fracture line. The resulting
fragments 130 are similar in size and general appearance to popcorn.

25 In another advantageous method of the invention, irrigation of granular
precursors to polymer fragments is replaced by irrigation of the polymer fragments
themselves with a solution containing an antimicrobial compound. In another
advantageous method of the invention, a mass of polymer filter media (e.g.,
comprised of agglomerated or loosely connected polymer fragments) is suitably

30  irrigated with a solution containing an antibacterial compound. For example, a filter
module according to various aspects of the invention can “filter” a recirculating

stream of such solution for sufficient time to ensure grafting of antimicrobial
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To maintain the tenperature of the granular material near the desired
tenperature, the heat exchanger typically acts as a cooling device to
conduct swow3o23ishi s heat away fromthe material. At thePU@gisnnizsmgl of the

process abghpdindabReIniBRRPR Rl foyrher SinTEds thiCahdsdt o DELEoRREL IRRRAY

heat to the material " to raise it To the desired tenp rature. The

ext r uder ts becpavifiedxdaringetlzofittenedodiiold acigiat hseSESterhatmehyg sachred ifilker of
EPDM surroundi ng and interljnked to SBS granul es. Because the SBS does not
mel t, soMPEHe capiecanprered by sistiesyo lngeaphantimicrebial splittion farea setaklgi ng
process Zoasf? ﬁrs quite rapidly in the extruder, permtting very short

dwel | e §ith®as less than one m nut e) Wmch permts rapid

rranuf:_act uri ngAsTﬁ%nﬁeﬂE&%Ho%e ”Bt;%{rh@ﬁlak%é’a@a%ﬁﬁ eétﬁr Highod (ﬁ'fb?ﬁ'ﬁﬁ’g ie®
with a central rod or nandrel (‘not sh unit flow rate of~ about 6

g/ sec. | mealig femhodicobeteritBlogk oﬁflhéﬂmech@(ftomrfra:gmejaustofcmbéra $iat ecdrhel ef t
undi sturbed at this flowrate, the material 25 would forma cylindrical
body wi t hgglemstptad Wbile Wm/@v@ﬂghr’f@dfﬁ’@bh@lﬁ mola@ulahboad@l betweqmgagmentsr a

the cyl i T et L8 Trntnebli et U BErha o GUPSLREEIE KOSt St o
kni fe mB&tru&Bﬂ?’l’ﬁHto‘cé rfSlsmeTﬁé 3fraf%ﬂe1§t§%?@% oWedsfb c8 t 1440 ﬁia{bltqﬂﬂhg;tpﬁf
the sections her “way o uci ng s ragnen 1S 10 Us s er

di e, 10V t Fortn ol ferm30 cpREax mz»t:lelof oRdiL VithifelRr faed.Obse foemprRduse bbe
fragnents directly rather than é cutting themradially froma cylindrical
form - 1rermoved(©g3byesiraTingsee/lzfideplatpes spastimdor kpotajhinghthedpleck tofie
SBS granul e i ch have c ressed so vvhat from being forced throug the
die, re- ga@&i%dfm afY%rﬁffﬁl% tHieTeRyemed ) RERIPY RS WEh 8 lPltOCgIQf dizy

SRR S AR, SR S0 T R i

Lo, XL e, A oMl oSN PEIbD PRI 8Kl W SMEIA £

per nE¥abl dirsémsichedt e to support the block on it. Pertinent disclosure is
found in the brochure “ULTRA-URBAN filter with OARS Onboard,”
presently available at www.abtechindustries.com and the web page
www.abtechindustries.com/Ultra_UrbanFilter.htm, both of which documents are
incorporated herein by reference.

20 An advantageous variation of a filter module according to various aspects of
the invention houses filter media within a cartridge. During operation, such a filter
module directs water flow through the cartridge and through the filter media
housed in it. An exemplary filter module 500, which may be better understood with
reference to FIG. 5, includes a cartridge 540 having apertures 520 and 530, shown in

25  this embodiment as being at opposite ends. Cartridge 540 is packed with polymer
filter media 510 (or alternatively contains a quantity of such media without being
packed) that includes an antimicrobial compound grafted to it. Filter media 510 can
have the antimicrobial compound grafted to it by one or more of the following: (1)
irrigating polymer granules with an antimicrobial solution of the type discussed

30 above and forming them into fragments; (2) irrigating polymer fragments formed
from polymer granules (or other polymer precursor structures); or (3) irrigating filter

media formed from polymer fragments (or other polymer precursor structures), for
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for the SBS granul es 180 and provi des nechanical integrity to resulting
fragments 130. Thus, fragnents 130 fornmed in accordance with the preferred
met hod r e®0IB/0AA50r eaki ng or cracki ng absent extrene el asPca/ubet/zaonmt i on,
despite the presence of fissures 370. Also, fragnents of such bodies do
not det ackardgse by subjetteng Goindf frafinekes (whosdTbhasculate gséturd hea f befibbng
effect (conventionally undesired in extrusion processes) is actually

benef i ci after beittgaggloamratasl) of ddtes nodulauxd fotretiscnitingt fbow gt amidnaicrobial

fissures 5.370.in the E i X, throughout the structure. However, the
fissurinﬁoﬁguﬁbYuﬁﬁxﬁ?€8§E%@ggagéguse | oss of structural integrity. As

Mt o fragnont o o B G, TP HE Whter ot b ™ G BERARER R iy g
c]9 ]pt i ?uedii%bfeg mﬂoo@;ceﬁ%ag mr;])eir%@ﬁ]fl @rkciy_h%xaﬁcmtw ag%‘fhégfabci@%‘\/ b@ta8gldrh@ atioHf bf Ng
effect, an e way in ic e knife cuts € material can cause

]1: r agment spOd)medr fieetices hsivieg da_trrbinhiumbia]F?cpmp@yaal .n]pgmf’;eai It?Ltb,em-. E;J\Pimwaberrmsi
ol | or - (HARCHGARY PREGHER dsae o i Hemeaia BF PR Rral ks Ristelesite oxit
fissurin d i.n a n C n fracture {.i ne. dhe
resal 11 RSty dodih TRBRED bl G B U0E en AEHHL S ¥
popcorn. pefelRdRliesf MG IhAGL pUSHIRENAE0AE 16 Bedi1BYSALI on, irrigation of
granul ar © precursors to polfynmer fragnents is replaced by irrigation of the

pol yder fragnéiies ddthidedetegsiptidrh of solefdrirah ecarhplani ngnadsodintentd caladienl
conmpound. | n_another advantageous nethod of the invention, a nmass of

pol yner fnentignspibgidetaidedydescriinsy pediprsfofaggedmprtands and ruidishr gesssihkect ed
pol ymer fyagnents). i ui ly 30, irr] d wi |l uti on_.caont ai ni ng _an
anti bact éqcﬁpeg%%%}gﬁﬁgﬁngﬁgeﬁaﬁqﬁfseé,ig&?éf@@&”g,%ﬁ@g aﬁiﬁ 8@?’6}1% e Eﬁ]éf‘?qyous
aspects | i 0 O 0] ! : :
ol 1 on 1 PEr P HELALE ercrcer d e SRR eSO poPEREch A1 iblialy,
03/ 023156nddEpbrAT6a /RO Qefbrertenip@y tHedeolisted Npdtengndl ¥pplitatiohsy ﬁﬁdﬂu&iﬂé arss
that can be expected to contact- liquid to be puriFled during the tilter
nodulle' s Pataniab,404S85.00,0e4,05%;i5/15592s aradh 4:890;71Reand the publication entitled “A
Guide to DC Silane Coupling Agent” (Dow Corning, 1990), are also specifically

incorporated herein by reference.

PUBLIC NOTICE REGARDING THE SCOPE OF THE INVENTION AND CLAIMS

The inventor considers various elements of the aspects and methods recited in

20 the claims filed with the application as advantageous, perhaps even critical to certain

implementations of his invention. However, the inventor regards no particular
element as being “essential,” except as set forth expressly in any particular claim.

While the invention has been described in terms of preferred embodiments

and generally associated methods, the inventor contemplates that alterations and

25  permutations of the preferred embodiments and methods will become apparent to

those skilled in the art upon a reading of the specification and a study of the

drawings. For example, particular variations can employ of an antimicrobial

compound other than an organosilane compound not susceptible to self-

condensation in water. In other variations, polymer granules or fragments according

30  to various aspects of the invention can be employed in pipes, industrial filtration
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nodul e can be imersed in a static volume of antimcrobial solution for a
suitable grafting tine. 5 As nentioned above, a particul arly advant ageous
met hod ofwbasmnge filter nedia forns a coherent bl ock of pCiriuser29vedi a from
fragnents of nedia that becone agglonerated while warm enough to establish
nol ecul ar bonds between fragnments. |In the nmethod, the fragnents are fed
directl ys&ét@ﬁs@fih@@ttorgQMfiagbs)@n@rWaﬂxdr&?zges of eytenisiwhprd iled@alfa@tion The
fragnents” are allowed to cool after 'suitably filling the 10 formto forma
coher ent detactkghatied parfeiriietbyt fuehfgranmuilesaadifoagments is esired  r enoved
(e.g., by shearing) or left in p)ace as styucture for. contai njng the. bl ock
of rmedia. | nAECQEHNGHY, orheather | It}fl‘ér abo¥e o s eI & r{&egﬁﬁ‘ﬁi a%%s?faekﬁraff

nmedia, faor., e e - . . a
vari ati o%@qqg)ef%%ﬁgscﬁop @geﬁﬂi)sg%égg%@%%% #Or%{(%lrtr@gﬁgtrhaclbgf ﬁﬁ?/nﬂ{ ée)t%% f)’ltielg é%%%grt

St rucs ur l.ad varicudly H8@ke e h9eAlPRNBAANELi4100S HPRAY inveRBoR 9T iR c!)ﬁl?]r
Pertinent disclosure is found in the brochure "ULTRA-URBAN filter wt

OARS Onbbarithe"recpieé diantthtiony af lishlespattivenaiht endli evphisalentsstheoenfamdthdig web
page www. abt echjndustries.com U tra_UrbanFilter.htm both of which
docunent &inzfation hy other teres s mEeserdyinthe eladne dor 2yampledpgiosyeaigs that

variation of .a filter nodul.e according to various aspegts the jnvention
housos. 1 FPme et a0k TRTSe BEF Re hiEet BuntPh B sRaREdos dha iafydd ¥R
nodul e dj low through the cartridge and through the filter

medi a hgﬁgglg%’lér%ﬁ?lte#tin exenplary filter nodul e 500, which may be better
undel8t ood W Th addéi®d,espects of BhdEnventionclre pestieuladytpdingel Gulinttheickegms
apertures 520 and 530, shown in 25 this enbodi nent as being at opposite
ends. Catsingddgernsimology phakdbe vinventes| segards fas| hayingeith sbmrdegtofeasonable

al ternati vel ontains a quantity af such nedi a w t . bei acked), t hat
i ncl udes "HSTERSHUHATE r G5 A0 %f}é% 1gfepreations Hf%‘%—'lh[?%eq %3%6)3136% y
have t he. 1300 G ial: 0] N P .

ol T owt iR ih 006 1SRRas fihelk fd RinfsOrhbarty B Sudls e GclallyBdited.
of the type WosadseeshpIRirdbovendandif®r mndg hiany! nre ihtagnas opedlended
irrigating polynmer fragnments fornmed ~ from pol yner granules (or other

pol yirer perecimobagy, stithu the sasy meanin@ ps if thegahiiang “&f lepst’” were appended after

each instance thereof.
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media fornmed from pol yner fragnments (or other polymer precursor

structures), for -14 WD 03/023156 PCT/ US02/ 29061 exanple by subjecting
bound fr ayomans3ifemhose particul ate structure may be | ost Pafffso2/®ong

aggl onmer avr&h is @faifedtier nodul e 500 to recirculating fl ow of antim crobial
solution via apertures 520 and 530. In a further variation, flow of water
(or other liquid to be decontaninated) is 5 directed into a central

aper tur e 10f » 3, Gyl AL kGakc %thrﬁga%a' 3% 1 819!% g‘iﬁ@%&@m‘?;m BRiM B obial
particl es” having Snti M Crob oun to them e water is
forced radially outward through the f||ter medi a conprised of the particles
to exit prapedtiestibe meodeormpidsigs: a porous outer wall of the filter media
cylinder. The preferred radius of the cyIinder i s between about 10 and 13
cm 10 The detailed descrj.npti,on_ of refer above
nentions thé? d@FﬁPF@%adBE%ﬁPBFPSﬁO%@PPPEH mgpe ﬁgﬁk‘ Iﬂﬁ?gﬁegg%ﬁégpubllcly
accessi ble docunents (including U S. Patents 6,106, 707 and 5, 954, 869), al
of whbch areohﬁn&bynﬁammmgpneanadmhémﬂKHDMyNnEierence The detail ed
description portions of all materials incorporated by reference into these
|isted patents or applications, including U S. 15 Patents 5, 411, 585;

5, 064, 613vhaeims 592;: and 4, 390, 712, and the publication entitled "A Guide
to DC Sil ane C0upI|ng Agent " (Dow Cor ni ng, 1990) are also specifically

i ncor porate h n reference. PUB HE SCOPE OF THE
VRN O Ak e ismersige] (UBR BRI BB B EPD TS PO e TR
aspects and rrethods recited in 20 the clains filed vmth the application as
advant ageousoggehamsl even critical to certain inplenentations of his
i nvention. However, the inventor regards no particular elenment as being
"essential,” except as set forth expressly in any_ particular claim \Wile
the inventi de) Hespalzererdesdrstantnllyhphahiago éﬁat%fr%ﬁdeE @i%%%m/rrent s and
general | y assocr ated net hods, the inventor contenplates that alterations
and 25 % gons of, t prefeléﬁflﬁgbodl nts ﬁ7d netﬁeps wi,l | _becone
appar@nt Wherepydhe asiipiese, 15}1r‘?°trl¥e) STaLS PO FRSRP ISP HEE BRL) YPRYY i on
and a study of the

contact with water, the polymer particles sorb contaminants from the water and

reduce proliferation of microbial organisms.

2. The method of claim 1 wherein irrigating particles comprises irrigating a
multitude of loose granules or fragment with the solution, wherein substantially all

15  surfaces of each individual particle is exposed to the solution.

3. The method of claim 1 wherein irrigating particles comprises irrigating a

multitude of polymer particles that are hydrocarbon-sorbent.

4. The method of claim 3 further comprising:

(a) substantially drying the solution from polymer particles that are granules;

20 and
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drawi ngs. For exanple, particular variations can enploy of an antim crobial
conpound ot her than an organosil ane conpound not susceptible to self-
condensatwonsiozs1dmt er. I n ot her variations, polyner granulPes/usn2/f90agnment s
according 3Q .to vayious aspects of the invention can be enployed in pipes,
i ndustri al )If-’th%gl t @EQR’W@WH?F@? i%oﬁﬁg%%@ﬁlofggﬁfm%@‘?tenﬁ, filtration
cartridges, and any other types of systens where the dual -action

decont am nati on performed by such granules and fragnents is desired.
Accordi ngly, neither the above description of preferred exenplary

enbodi nebt sTheomethvel efbdainadtfudber nempuisingmigipating theéragnvents about Rat her ,
the issued 5 clains variously define the invention. Each variation of the
| nventl ogpk:d rdde8d {8 alfﬁte@xn§@aer Rt &R, ﬁeﬂﬁé&h@&ﬁle% chpable @FBEAL ! Ve
claim and equival ents thereof, w thout imtation by other ternms not
present in the cl.g' m For exanpl e, thod clains that. do notl. recjite acts
regar di ngFBPYR! %B%W@F?H?aéﬁmﬁéaw FRAHEALSS AN TSACREBTORRHODGS ude,
such acts. 10 In addition, aspects of the invention are particularly

poi ntked outrobinltdngamikaisns using term nol ogy that the inventor regards as
having its broadest reasonable interpretation; the nore specific
interpretations of 35 U S.C. 112(6) are only intended in those instances
where the terns "neans" or "steps" are actually recited. The words

" conpri SpNhe mefHdUeH N8im 130RereiP¥FALdI ﬁe's@l&[&?@oxﬁ?ri@@@}?&ﬂéﬁg,ﬁ
term nol ogy, with the sane neaning as if the phrase "at least" were
appended ,after . .each instan thereof. -16 WD 03/023156 PCT/ USQ02/ 29061
what is disspived 1?3@%@ aﬂ%ﬁﬁii(&’?ﬁarorg%‘?%%é&?icﬂﬁ“ﬂ?ém %‘éﬁﬂsﬁa’%ﬁe t6 el
cont am nant - sorbent and antim crobial properties, the nethod conprising:
(a) irrigatdengaiomin waterde of cont ami nant - sorbent pol ynmer particles with a
5 solution containing an antim crobi al conpound;

7. The method of claim 6 further comprising dissolving the organosilane compound

10 in the water to prepare the solution.

8. The method of claim 1 wherein irrigating the polymer particles with the solution
comprises immersing the particles in a static volume of the solution for a

predetermined period of time.

9. The method of claim 1 wherein:

15 (a) irrigating the polymer particles comprises irrigating particles substantially

consisting of a mixture of:

(1)  particles of styrene-butadiene-styrene or hydrogenated styrenic block

copolymer; and

-18 -



wherein (b) the antimcrobial conpound and the polyner of the particles
are reactive together; and (c) the polyner is substantially phobic to
wat er anawO®3btEseol uti on; 10 whereby the antim crobial cecpasezizgsafts
onto the polyner particles and, upon contact with water, the polyner

particles sor b(z):onpamaé@@ﬁethmmegﬁ@ YRnemaRsmet 66 BRRIEHObIIBl@td dianef

m crobi al organisns. 2. The netho o? claim1l whereinirrigating particles
conprises irrigating a nultitude of |oose granules or fragnment with the
sol ution, wher8PH°%fbstantially all 15 surfaces of each individual
particle is exposed to the solution. 3. The nmethod of claim1l wherein

irrigatin i i LI i i ticl
that Car o PARLEERH IS BIRIRER plby i Ainfmcl U siyICRe BroRfloNERleB™ 1 0 ©
a) substantially drying the solution from pol yner rticles that are

(a) y drying Elmgf/%z y] we{’gj) I S

granul es: TIRNOAGY COMPIARY aagidh 3§ t @4 udi ng the

pol ymer particles into fragnments of filter nedia. 5. The nethod of claim4
further copprjsing.su rtin he fra nts about an open recess wmthin a
filt®r mod gbemﬁ?és%? ﬁéfr?l%“f"é‘ia%b‘%ﬁ“%e %@&é‘%ﬁ’&e’b‘?teﬁoﬂfe“%% Hng oi |
fromwater passing into the open recess and reducing proliferation of 5
m crobi al oopElyiErRre SoniPhsedwt AbdubR5-4b%i styenatamdeine ipribe ratigepftahout

sol ution conprises providing, dissolved in water, a quantity of an

or ganosi | apeogaspuUNd not susceptible to sel f- condensation in water. 7.
The met hod of claim®6 further conprising dissolving the organosil ane

conpound 10 in the water to prepare the solution. 8. The nethod of claim1l
wherein irrigating the polymer particles with the solution conprises

| mersiopg A I?reag%?err%ti ocflﬁ%?eriﬁegiasc%%%ﬁr?sir\{g:l ume of the solution for a
(a) an oil-sorbent, hydrophobic copolymer in a matrix of compliant,
10 hydrophobic, olefinic polymer; and
(b) an antimicrobial compound grafted to the copolymer and polymer;

whereby the fragment is capable of both sorbing oil from surrounding water and

reducing proliferation of microbial organisms.

11. The fragment of claim 10 wherein:

15 (2) the antimicrobial compound is an organosilane compound not susceptible to

self~condensation in water;

(b) the compliant, hydrophobic polymer is ethylene propylene monomer or

ethylene propylene diene monomer; and

(c) the oil-sorbent, hydrophobic copolymer is styrene-butadiene-styrene or

20 hydrogenated styrenic block copolymer.
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predeterm ned period of time. 9. The nmethod of claim1l wherein: 15 (a)
irrigating the polyner particles conprises irrigating particles
subst ant inabDlog/02a6msi sting of a mxture of: (1) particles @CT/US02/29061

styrene- hyt adi - . hydrogenated styrenic block copolyner; and
-18 WO Og?t)gggﬁeg%%%}‘j%ﬁﬁ (2) particles of ethylene propyl ene nononer
of ethyle he. propylene diene nononer; (b) the particles of ethylene

propyl ene ONRiulAfud! SYirRRR1A! ARH-GRBPH RACM RN SNPI drs6ilabMknt,
10- 30% of {nfgée) m'xl%urue, by wei ght; and 5p(c) he particl es of

Compr i sed of - oRPTOTISROAIYEN I AR o e T g obro BRI TR 0. resh.

10. A fragment of filter media conprising: (a) an oil-sorbent, hydrophobic

copol yner i K?)g"}o I%{I{{cr%iaq%% .O?Jgﬁdi%rg}@ngﬁgﬂgggi‘&m;%hgﬂ ni ¢ pol yner; and

(b) an anti cormpou g he co yner and pol yner;
whereby the fragnment is capable of both sorbing oil from surroundi ng water

and  geduci Fiftk HRIRNE 9RpPbrt LA meR g ai&eht toldn apbeufd agnent of
cl ai m510 V\hg%e?n%lgﬁf( a) thgﬁarnti m cr o%?irgl corrg)ound IS g%- olrlganosi | ane

compound not susceptible to self-condensation in water; (b) the conpliant,
hydr ophokylgerpby yiefiltessyitéiyl ie ogpaile py betresorbirgneit from wettérypasssmgnindpy | ene
di ene nmononer; and (c) the oil-sorbent, hydrophobic copol yner is

styrene- byt ad &8 SAERReREs vid b ILURNAL L RINILPHAifBRARN SORRLYFRI - - 19

organisms.

13. The filter system of claim 12 wherein the antimicrobial compound is an

10  organosilane compound not susceptible to self-condensation in water.

14. The filter system of claim 12 wherein:

(a) the compliant, hydrophobic polymer is ethylene propylene monomer or

ethylene propylene diene monomer; and

(b) the oil-sorbent, hydrophobic copolymer is styrene-butadiene-styrene or

15 hydrogenated styrenic block copolymer.

15. A method for improving chemical and biological purity of a water stream
containing contaminants, the method comprising directing flow of the water stream

through interstices of a multitude of irregular, macroscopic fragments that:
(a) are hydrophobic but sorbent of the contaminants; and

20 (b) have antimicrobial compound on their surfaces;
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WO 03/ 023156 PCT/ US02/ 29061 12. A filter systemconprising: (a) a

mul titude of irregular, nacroscopic fragnments conprised of an oil-sorbent,

hydr ophobwo osopuasymer in a matrix of conpliant, hydrophobircTasbyzmss (b) an

antimcr qme@ébefsﬂ@ey ﬁ@bxgrtgifagfe%a EshthREndA 8 APRHS Bed 3RSk SWatdr dhdter nodul e
J

supporting the fragnents adjacent to an aperture; whereby the filter
systemis able of both. sorbing oi.l fromwater passing into contact with
t he fragl?ﬁ‘ﬁfaigr%oé‘? C&BEP?BF@IH S ISRRTUCRY proliferation of nicrobial
organi snms. 13. The filter systemof claim 12 wherein the antim crobi al
conpound is an 10 organosilane conpound not susceptible to

sel f-condensation in water. 14. The filter systemof claim 12 wherein: (a)
t he conpllp.afhe mitlthdbphdain 1pavlyerein, ipsicsttn direqting dlopy péthe weteswieany, the

et hyl ene propyl ene di ene nononer; and (b) the oil-sorbent, hydrophobic

copol y Mekyiér sthie REnREMFRY @RRaHHRE Wherek® tHYSLOMRAR 8¢ ibEaRMC bl ock
copolynmer. 15. A nethod for inproving chem cal and biological purity of a

wat er_stream containing contam nants, the method conprising directing flow
of the M@FO@?@% through interstices of a nultitude of irregular,
macroscopi c fragnments that: (a) are hydrophobi c but sorbent of the

contam nants; and 20 (b) have antim crobial conpound on their surfaces;
-20 WD 03/023156 PCT/ US02/ 29061 whereby one or nore targeted_ contam nants
are sor bad Freomethnd obelaimdpavhesest direeting Bawafornpidsastdisgctinggion sighe s
reduced. 16. The nethod of claim 15 wherein, prior to directing flow of the

wat er st Keas thrbe h Wloeherits fmmrc&ﬁltl@iig@i &fydr ocar bons and wherein the
fragnents are sor%ent of 5 hydrocarbons. 17. The nethod of claim 16 wherein

directing flow conprises directing flow of the
(a) a matrix of compliant, hydrophobic polymer; and

(b) an oil-sorbent, hydrophobic copolymer in the matrix.

10 18. The method of claim 17 wherein directing flow comprises directing flow of the
water through fragments further comprised of an antimicrobial compound grafted

to:
(a) a portion of the polymer of the matrix; and

(b) a portion of the oil-sorbent, hydrophobic copolymer in the matrix.

15  19. The method of claim 18 wherein directing flow comprises directing flow of the
water through fragments whereinthe antimicrobial compound grafted thereto

comprises an organosilane compound not susceptible to self-condensation in water.

20. The method of claim 18 wherein directing flow comprises directing flow of the

water through fragments wherein:
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wat er through fragnments further conprised of: (a) a matrix of conpliant,
hydr ophobi ¢ pol yner; and (b) an oil-sorbent, hydrophobic copolyner in the
mat ri x. 1WOD8/023ike net hod of claim 17 wherein directing flPowusonposbses
directing flow of the water through fragnments further conprised of an
antim crobial conpound grafted to: (a) a portion of the polyner of the
matrix; and (b) a portion of the oil-sorbent, hydrophobic copolyner in the
matrix. 15 19. The method of claim 18 wherein directing fl ow conprises

directing f f the. thr b f . relnth 4 m.crobia
conpound gr r@ﬂgg ¢ Wﬁéﬁr‘%}g%ro ﬁoggcgpoalxﬁ%g g@ﬁ%@ﬁ%ﬁ%ﬁ@g%% %ﬁ%lﬁ ot
susceptible to self-condensation in water. 20. The nethod of claim 18
wher ei n di r szenamer ¢oethytangriropylaniertiens mpnonesy; 8hdt he  wat er t hr ough
fragnents wherein: -21 WO 03/023156 PCT/ US02/ 29061 (a) the conpliant,
hydr ophobi ¢, po r consistg of ethyl ene propyl.ene . nononer or. et hyl ene
propyl ene d@ ﬁgg gﬁfﬁ?ﬁg‘?r}tf ﬁﬁarqné)o I%é)Rﬁan%B Fgéﬁﬁt,s Hybropht t@%ﬁé@ﬁ@?
consi sts of styrene-butadi ene-styrene or hydrogenated styrenic bl ock
copol ymer . brhgdrogenated styrenic block copolymer.
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