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DUAL- ACTI ON DECONTAM NATI ON SYSTEM I nventor: Rodol fo B. Manzone BACKGROUND
OF THE | NVENTI ON Typi cal water runoff contains a surprisingly Ialigehm At

- of*oil and other 5 contam nants. The resulting contam nation of "natura

receiving water incurs enornous annual costs, both financial and
environmental . For exanple, a governnent study in one published article
showed that stormwater sanpled from street sites contained an "event nean
concentration” of 2.2 ng. of oil per liter of runoff water. Shepp,

"Pet rol eum Hydr ocar bon Concentrations Qobserved in Runoff 10 from Di screte,
U bani zed Autonotive-Intensive Land Uses," Watershed "96. If one neter of
rain per year f S .on tree 1 t observed nean
rate, the annuaﬁbﬁeTAaﬁéﬁelbéﬁéﬁmmﬁlgngyg\xé contai n about
275 liters of hydrocarbons. Variqus systens have been devel oped to renove
hydr ocarbons and other 15 IgKeMPERcdebpBaMeRaMes from runoff water. For
exanple, U S. Patent 6,080,307, and comonly owned with the present

appl i cat BAGKCROUNISOF TMEYSYENTIAN recovering trash and oil from water
passing into stormdrains or the like. Unfortunately, a_repor f the

Nat i onal Resolyrigd wriepREefcnans a curdsingly laggp @ygans of Ogofﬁfi otgVai | abl e
from chmaﬁm%@. AL Sesultiny CMtalnd@tioRUEH naklalC QPRI Ahdtbr SY&kEMS fOr
chem cal decontam nation and debris renoval are inadequate for effective
puri f i caehomafs aonedlf cems ebothEifiphngial japd savicenmentpl. berc §xawplssi hgs and

heal t h adyvi ' ' i n.2000. ' [
evel s, BORTRBIRG Ba) thef Babed AAE o P URP R el AR RREREL

_caused Oktre&ifes icbhthdd ta ‘et inbam cdnckf@aiidrdsofm)? ngy. cichil parlitesof C early
= jthere remains a need 25 for furthey inproyenents.in e purification of
Funof £ waVRAt 1G] HEPat BIEUHHT DGO EBHE LBt EFTEL ReRREH! SUMARY

OF THE | MVENHiSMNtb NUARARES 2GSV NIrAGRAG! Bardl Udlg Waesdiet ‘9aEBRE ON,
i ncluding various advantageous mnethods, hydrophobic pol ymer granules or
f r agnent snasemdfopidpersyeas (rlif ioptacstraeh 9 aneters wide, they af that absered WA f wat er

I ncl ude ko ia%ﬁglo%gf f&?xﬂ@&ﬂﬁ&b terlof Jstréet% 008 LB&it278 Ykd 8 6eS -

t
Advant ageous 3?, such polyner granules or fragnents are able to reduce
prol i f er &lydesvardonsi cr obi al organisns in the water in. addition to sorbing

Various systems have been developed to remove hydrocarbons and other
15 chemical contaminants frém runoff water. For example, U.S. Patent 6,080,307, and
commonly owned witﬁ the present application, discloses a system for recovering '
trash aﬁd 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 decontaminatioh 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 ”pollutéd 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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chem cal cont arn"nants fromthe water. (As used herein, "reduce
proliferation” includes reducing counts or concentrations of )r@ AR 2006
ot herwi se active 5 m croorgani sms, preventing m croorgani Sins fro

reproduci ng or -ot herw se prollferatl ng, or both.) By enploying this dual
decontam nation action, filter systems enploying such particles can
further inprove the quality of runoff water (or other water streans) and
reduce the risk presented by potentially harnful organisnms in the water.
10 In a particularly advantageous nethod of the invention for preparing
filtering and decontanination nedia, polynmer granules having high sorbency
for one otheirngurface e"ctb/taﬁtalgbme;dy conh grolyraat glangles dg, fragiadntasardableoto ot her

hydr ocarbons, are.. irri e h a solution that con ns a re ctlve

ant i mi cr offare 2 ﬁtﬁ%faﬁ %?;@mt@é OTREMETH Nt R WHFT™ ﬁﬂ&&h@at@

appl yi ng g@iitdl Qianta@uﬁamlfydmrtha&b&éf adAstseanMerJeﬁl SyédiRBl Iﬁoh%@&tm&ue
centrifugal innundation, or

i ncl udi ng; Sﬁéayl n static inmersion,

conj oi ned™Fludey 9 %G‘W'Sf HRIS| GreSLORFRRLBEPTS | O NveTher p‘btb?lmélﬁ gReWEl es ar e
phobi C5t Omléﬁ@(;rgémgﬂls, eJ&ﬁ@lﬁ phﬁ’é}b&) let Qrotnbere hﬂfﬂc a'le?'wlslét Ion
(which may itself be ter) and thﬁ do not sor any gnl I cant

quant i t i emrotiferativgg, subathi) By eepdoyingitiindual dercqadmiation Barmuéheltslyetems

antimcrobial £0 un the sol ut.ion is.react.jv rafted to
20t e potyer TR Rl f (S e’ SRR e bbir O B 6g

subst ant I‘&hﬂey sSeinhg nd(dedece, thalibRrprednesd bl potehadly bakntfhEo@hﬁﬂﬂ{sGﬁ The
resul tant pol ymer granules are capabl e, upon inmmersion in contam nated
wat er, ofthS(‘S‘f F'sor bi ng contami nant |iquids and reducing bi ol ogi cal

cont agg nat i on rh A phitRubRly GldvaitaSdR@ mhthSEHEhHE m@huorpfo@eﬁéﬁay %ﬁteiﬁhg met fiod)
can also incl ude dry| ng (at |east substantially) the sol utl i gated ”
pol yner garr%éﬁ@s\taama@mmeé;@t, moinngy staeulss hawing bighraorkency oo ofie agnent s of
filter megdba: prhbhAdkh ‘Bhlemihif BRAEOGuERYsIBCLHERE! AL AIAGLYAL L 92t ed
granul es 't B ragnents o medi a, suc as using an ex ru5|on
process, irfigated withgeddlutiprt thet cdndained réactigerantimicrolidlvongloundniAsafsed he

enbodi nent s .di scl osed, here;,n are 30, descrihed with reference rrigated
granul es TAte e'ra’faoF’f’f’édulrﬁflg PSETRBRPY g pdution, (o Aoy matrsaterat é’frﬁﬂét es

al t er 1AL | steabld Sedhgig@e ARt PrARak, is B0 ifnbRgdBH) lcntdiRehal iR dhfid, @at ed. The
met hod can further 1 nclude supporting the fragnents out an -2 13 MAR 2006
open r ece9&ed fiyd dlopy ph E?m%ﬁﬁi’l‘%”l\}\ﬁ%) thépeldmeamwﬁﬁs qre grbis tP ncl ude
hydr ocar boagy (1.8YA{dRphbbib)Rind B 8qdid of #RABBioR (whith %Jﬁ%@}f'b@g\;ﬁéﬁ) from.

wat er

and thus do not sorb any s1gmf1cant 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 -
(ie., absorbed or ad;sorbed) by the granules. The resultant polymer granules are ::;_"i-?)
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 fragmenfs
~ of filter media. Alternatively, the method can include forming unirrigated granules
into fragments of filter media, such as using an extrusion pfocess, 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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passing into the open recess and reducing proliferation of mcrobial
organisms in the water. Thus, an advantageous result of the netQadyhs 2805
further- inprovenent in the 5 purification of runoff water over 'that I ch
is conventionally available. A fragnment of filter media according to one
aspect of the invention is conprised of: a matrix of conpliant,

hydr ophobi ¢, ol efinic polyner; an oil-sorbent, hydrophobic copolyner in
the matrix; and an antim crobial conpound. The antim crobial compound can
be grafted, in one useful enbodinent, e.g., by the 10 advant ageous net hod
menti oned above, to a portion of the polynmer of the matrix and to a
portion operd hecess |wishinhbantijtehydodyihobViserc aho| gomerminant Hegguidst incude
Altermatjvely, the antinjcrobigl. compound n pe granted.to the copol yner
al one (%}Y‘ffroﬁ‘fr{’ﬁ‘&fuﬁﬁc 8s t‘b‘r’é‘l"g}ﬂree’a@af’%ﬂf’ r?gq‘iﬁ"grfﬁ gt off KEoMAYAtL " a1 one) .
Consequepidsihg ihld&he PR ahd r@flicai} ROBRHHM Jf apialibil 6fgaBRhl is @idi ng oi |
from surroundi ng water and 15 reducing proliferation of mcrobial organisns
in the weeter Thussan adpntgeennrespliof theompthod s aifurthgrimprpyqment dn e her

granuy s, ofieddi A BPRIrd e wAlel Wl i AR, BSnlelbRARFavalighie) as vel | as.
granules*fornmed into fragnents, and 1 ncluding fragnents alone or linked to
adj acent fr aghefrdgsndnd dfofittera medive peqordipg| tpneme lophet off thecinvsattmi ¢
dimensions.) . 20 A filter .system accordi ng to.another aspect of the -

i nvent i of™H &?eéd)é‘sa mathix pf f%rﬂgﬁa@ft’a}?%ér%%%h bgcr N Rerfrlxlal%cr B X%‘ﬁf’ca%f?lfésgorrreen " of the
type di sampﬂolﬂb%ﬁo@ﬁcbram fthé trastrikp dulie ah hattirmdpbadlt sorhpeurid: apent s about
an open recess. Such a filter system is highly desirable in that it can
per f or m &nEmigrphial fompayndg@eobt graftedt b Ame USEEE pmbodimBeRty e8| bY ase, etc.

- fromyat giy RASIbNOmeHod HhBREARAMILEE RS S FHfloh OF Wed Pgly_aair BF edd fgfBL i on of

m crobial organisms in the water or in residues left in (or between) the
filteri ngnd rtagaepetsioor of Hhe f pil-sebentp dyideophabiso chpefiimer dissitheashatrixs a et hod
of the inyenti.on, far Inprovin i.cal i imcal ity wat er
ent er' g eara v s {0, BEOLER con BE iR ROUE B idle T2t e
cont am ngaf dtloughidsh erafadred, tbyhdgraedles nfjthielnoatriafaldried @Wahequddlyt Hreough
interstiﬁ_es of a (gultitud of refgnul ar, . jacroscopi c fragnents that are

sor bent sTBEMERS RGHRMAECAY Y§?Pa:$’l.ieg(.’, ofh strhimgeodl FemeHEoRYIRs YA A ed above.

In the pRlBEG, prblRrdHoAJSERIGHIAICHISHRISAB iAthé R A600( A usanRbindten their
surfaces, e.g., a -3 13 MAR 2006, reactive conpound grafted to surfaces of.

pol ymer fermgrhapticles” pefgrs foerither grarades ofi faeamingy, infludingsranyles ideese passi ng
over i ho?o@mszw I AEGS g{ﬁmfeqvfg%@(gﬁ&g%aﬁn%ﬁgy&% including fragments alone or .
linked to adjacent fragﬁtents 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
i.é highly desirable in that it can perform the dual-action decontamination of both
sorbing oil, greaéé, etc. from water passing into the open recess and reducing

25 pfoliferation 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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even as chem cal contam nants are sorbed fromthe water. These and ot her
conpositions, systens, and nethods of the invention can 5 enpl 03 AR 2006
particular materials according to various aspects of the inventi r’lHA e
particularly favorable results. First, the antim crobial conpound can be an
or ganosi | ane conpound not susceptible to self-condensation in water, which
avoids the use of nore hazardous solutions. Second, the

cont am nant - sor bent, hydrophobic copol ynmer can be

styrene-but adi ene-styrene (SBS) or hydrogenated styrenic bl ock 10 copol yner
("SEBS"), both of which are highly oil-sorbent, non-toxic, and remain
coherent whitbre beapeiniy geifteds &d Wuathed. ofT ipﬁlye@etfpfrlagfﬂtents h?ﬂcﬂﬂé}’aﬁ&h Cofpol yner
can be et hyI ene praopyl ene di ene, nononer (EPDM) or ethyl ene propyl ene

monomer  (BiSkpbial gygarisat inatenPnsing aver Brosaturhiseo’s advansngaously redyded ¢ hat

supports ¢vaf a@bhentid1REMamindhS4RRBARH G 2P RRIWAEY, Whil e al so absorbing a
certain quantity of oil. 15 The above summary does not include an

exhausti ve | i Jhessfans pthes sempesigpns, h‘&‘stelp)ﬁ methpds mfi tha. m‘remieed:ant he

i nventor 0 s, al \ met hods
t hat 05(6)1n %@%ﬁ%ﬂﬁ%@% %rlaﬁ{%cgﬁyt b e@(%%lﬁgé a8 Eicgsngk oq?g Lﬁ‘t'en vari ous

aspect s spartierlarhe cfaadnable reggglteve [Firs@ s tHeh @s@mditirslsihlo sethponnd heand deah ed
descriptlon behowand igularlg gglné%ﬁa i.n the clai fl|ﬁd with the
20 appl | TEMSRIoN ARnoRREiack PrGratB S N rthaelipn nivafiabin aupiss
speci fi cahb ysé &Crhbl%dlalzﬁlrdohﬁl Solabions: SedoRHRIhY colttfianiESiBh & hy phbbid HE
DRAW NGS Varj ous enbodi nents of the present invention are descrl bed bel ow

With refe@pPehy@ercan tbﬁétsaﬁwwﬁélenm@m%( Prker Bediogearated Ay renia bloek | | ke _
el enefyf s. coﬁgl?rﬁleﬁ Asipsp vdat ak ke Wrhi gmyseﬁgan%@mt ROAUGHC BrkORB M

fragment t i ncl udes an anti m crobi conmpound on its surface accor di ng
t o vari owwoherspeefter heforning oik-sabenatddoThe I@In@ph@u Bydrnphehi¢ pnlyn@fr cathie copol yner

fragment F S ac ective, vi ew of l.ter system

o oy ng SpriplRroRuighd BendaloReef I G TEABE blo ot Abninef PN e o

FIG 1. BthVARwWADSpdrinG fodmhBomopa qme;aﬁerfﬂl@wxdhaigi@poafs the BR65BEng Or

fabricatin Hlﬁc\}e,??ﬁ%m rrer frg&ﬁg f FIG 1. FIG 5|sacutavvay

per specti J particl es that
R QYPYeF pdile aP ePrUGEasTtRR gy ¢t ol | h

have fgeen i rrifBakBSeMultind Bk indt GiRRicdn SMatitRNisAbE 8l a890kURRAtion 5

of the particles into a maSs of filter nmedia according to vari ous aspects
of the Ppresentinvention. 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 ihcludes
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.




i nvention. DESCRI PTI ON OF PREFERRED EXEMPLARY ENMBODI MENTS I n vari ous

nmet hods and systens according to aspects of the present inventi og, R’F ,.
mul titude of hydrophobic polynmer granules or fragnments enpl oyed ir$¥| IZQOP
media 10 include (or are made to include) an antim crobial conpound on
“their surfaces. Such a configuration provides a significant benefit in
allowi ng the polynmer material to reduce, proliferation of mcrobial
organisns in the water or on the material while retaining their ability to
sorb chem cal contam nants fromthe water. By enploying this dual
decontam nation action, filter systens enpl oying such granules or 15
fragment s carFlGudtiherprocess dvw dihgraguaf & nyetidd farrfelricating d¢he ¢opolpmnber wat er
streans) . and tref\(gﬁ?e]tthe risk presented by potentially harnful organisns in
the wat ef2 PP P ers. In an exenplary nethod that may be better

under st ood WH®. 66 er ane®ay @elspectivedvieivosf &P kartridginohployaigefiltenot shown)
enters a curb-inlet 306 of .a %{jorm drain ,ang, go passes i nto exenplary
filter spPutichs $m6 hayhbear irigateiwdhangsimirrosiphsoliqnesites gglomgatiiopper 310,
the wat epg E}_%S?%%icieg HAKOR RasiCoeBRerOfnedial ASKRLingS 40 va¥Bhis RspdctP s heash

items, and into a quantity of filter nedia including polynmer fragnents 130.
Fr agnent iwvegorper f orm t he dual action of sorbing contam nants and reducing
the proliferation of mcrobial. organisns in the water as it passes
through pREeRAIHORSOP PREZPERRED Ex@aMEIA Ry EMAtIISAMagtd y, . overall purity of
wat er passing out of hopper 310 (through perforated steel or plastic

- bot t om 340) iIs varipnomethode and srstamoaticonding i aspectd ddhe presgnt imguitiohonal

di scl osure of j . ' I o t 4.6,106, 707
 entithod FpfliSY S BREPROLS oS el ST HE MR hichctin TP i
Hy dr acar tmhsle (ot arelvhdde to indldd<Jtaal qsirierobtabt@npachd on theiresunfaess. Stach ~ 707
Patent. As -5 13 MAR 200& with_all lF)at ntsalrlef.ere ced herein, the '707
Pat ent i & SPHEBFAECLPLY ks 2 Figniiiyanthenelih b alloyrigg dheuPP ety asE Nt s
i ncor por aldgee BYolt&RAHR BE SnitRBIE oRzanismd IGhe WateOr dn ithé Wdiérddl i@ exanpl e
of a suitable copolyner fragnent 130, for use inside conpartnment 310 of
syst em 30triningsheis abilifp o $91k (cheraisabeprizmmpants frmytheswalgt Byxemplyingat forms a
dur abl e Ry Sk t f B i.de
mechani cg?esI idglt%feg%rtr\e?% to %dréglg?rétﬁ)tn' %%%é %usr {%gﬁ?ﬁ%e&%%g‘é?ﬁiﬁgl (er (e.0.,
surf dBe frigments sam farties inprovet the sjuality of 310f avaterfpedtbenblalerstrsamshe EPDM or
EPM )

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
hoinper 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 6rganisms 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 entiled “Curb-Inlet Storm Drain Systems for Filtering Traslll- and
30 Hydrocarbons,” to Morris and Stelpstra, referred to herein aé the ‘707 Patent. .As




matri x include an antim crobial conpound for dual -action decontam nati on.

The ' 707 Patent discloses a preferred type of polyner for granul qs%ﬁ&g 001‘0
fragnents according to various aspects of the invention. Wen oi l* 2006
runoff comes into contact with the fragments, the copolynmer material wl

absorb and entrap the oil. Because the copolyner material is hydrophobic,
however, it wll not becone water-|logged, and water wll pass through the
filter nodule. After the. copolynmer material has absorbed oil, subsequent
runoff flow ng past the material 15 will not wash away the oil. Indeed, it

has been found that the materials described herein can remain in contact
wi t h wat ewitbeHtpatentusfeyerfoed hateir, €as 70%Rateritab intdiioisted hadeth Perdiapice

i ndefinitel ithout releasing the oil or allowing it to enulsify. The
princi pal gl?ﬁ%?v\é%iaé‘ﬁtﬁoﬁm??téb‘ﬁgﬁimi%gy§ef§reé‘89p' Bf%®ri-c material that is
known to sor b RG$. 1hatid D dtuswale@ih.expl df £81i€bE dopagHRA Faghaft 13008} expand
somewhat. 20 Thus, it isrﬁreferred to_avoid filling conpartnment 310 (FIG
3) conpl et¥IPsidF CHPIEPARME oh gitent 300, Fragarnnt A3Gigredesan BBDM en¥dshi ng
upwar ds i RhRikABkaht B4As %Sdurgltl@%ugamqglbm %]tpuc@liuje f@P?@ dr@ifls BBaLhECUl arly
suitabl e types of copolyners fall thin the class o ernopl astic

el ast onerproviiges meghanica) rintegrifyu toatiagmentsidPr Sudaqes SBSY SBgchrwddr (ogenat ed

styrenic R (" . baot h of ich ar reni.¢ bl ock
copol yner%“.%éé%);l?‘gﬁf ggﬁgéo%k@(%pf)s 3%%??7?) ﬁfe‘gé’r&%& %26%8 @%%Pmlqr%ons t hat
Tequire impaitindade st antimicrobial dohpaiind for subal-hctioh Geforitdrhimtiyn.Use. SBS and
SEBS are hi ghlﬁﬂ s,%fi)nt, rzjl(])%r;-toxi c, ?nd remai n coherent after becom ng

oi | - sat ur at ed. "an’Yl FatREdTloses 9r Rsfeered bae ok spbmereer SFpEPs ABY be
enpl Oyed friirdd dh@SdiAR ol VAEE s et 6OTRL Rtk dnBloN AWHIH SoiBRaRSRGRLE Of the )
invention it the benefits of SBS and SEBS are not required, is styrene ~

i sopr ene-SmpsdRl contpatwyith ghe frapprnsotie: Fepelypeehmteréid willl asorbrend a
fabricati j it e o FI 4, SBS

mat eri al %aggggl?ﬁ't %&g?saeﬁtl? ggﬁ?igﬂ ?ﬁbﬁllg W\%AY\%S hﬁy&réﬁﬂ%ﬁ eégre%?rh{:e“r’%lﬁé’? erial. In
t hat enbdetcomatwatgrmggédirargowetes vSilSpasist thralgiuthe3fB6rsinpriake Afkasthbeen f ound

suitable, when sifted.,t,o retain,pi,eces in the r e.of sizes between 4 5
and 24 msORODBIE iRl fras AReSTha B SbRequant Troff Adwing nept e ARG al o
cont re y will ndtheashtangarhd dilh dead it hhd Bed Ru@TShat! Be QREIMIE dbftiBEG 9T anul ar
linking Qr honding in  the fornmed body. The binder material is a conpliant

or flexi H1eEEMm gL RiBpincconch it i ¥alsp F%}g}uously for at least several months,
and perhaps indefinitely, without releasing the oil or allowing it to emulsify. | '

The principal iﬁgredient 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 édmpartment 310 (FIG. 3) completely with
fragments 130, to prevent fragmenfs 130 from pushing upwards into basket 320 as

they expand with oil absorption.
Particularly suitable types of copoljmers fall within the class of thermoplastic
eiastomers, such as styrene-butadiene-styrene (”SBS”),._ and hydrogenated styrenic
. 25 -~ block copolymer (“SEBS”), both of which are styrenic block copolymeré. 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 aépects of the invention if the benefits of SBS and SEBS are not required, is styrene-

isoprené‘-styrene (“SIS”).




material in a granular formand preferably having a nelting point |ower
than that of 10 the oil-absorbent copol yner. Polyolefinic el astgrgangi &@Ch
as' et hyl ene propyl ene nononer ("EPM') or ethyl ene propyl ene dien n%
("EPDM'). have been found suitable. The binder largely prevents fragnents
130 fromcrunbling while being handled in dry formyet also absorbs a
certain quantity of oil. In a preferred enbodinent, EPDM granules sifted
to retain pieces between 12 and 24 nmesh were 15 found suitable. Pieces in
the range of 6-24 nmesh can al so be suitably enpl oyed. About 70-90% by

wei ght of the material of fragments 130 consists of SBS, and the remainder
consi sts of HpDMPsefated filier medie fiabricegon mpetdpdeiep. disgusesdbalomedvitthel ow, SBS
and EP | es | & ' 0, y that
Fosul 1o TAUERE BPIER, SRR TR Bt A T O ple ey

ant i m cr bisdat matajad Uundhainembdibiments gréradaspaceodifi withtabout/ 3% stygermspect s of

t he i nveption ol yne r agnent ccording to various aspects of , the
i nventi o asalfeghﬁg‘élf%?‘g&b&’ Fgﬁ?isggefi 3 TORTEHPIPGRS T2 eo%’n eﬁ%e een

maln Si oal's" 1 n m nd.
Firsts bhve24 hdvh Wrefdestly,atle 5BS pratiuce isonanufdehfid withdie talecontan mat ed)
shoul d not be unduly restricted. Restricted liquid flowlimis the rate at
whi ch t hehestandag! egRuisstysing Frpeess: 5% enhrgce Bterarany Anlinkdng o g fthe | i quid
shoul d bg.AbaN&b&H,. to the extent practical, fromcollecting into
channel s. When liquid collects into channels within a mass of filter nedia,
it tends to chwebingrromateriakisa.comiplianioen fexille Hyidnonhebicaplsfinic plymerat ed
filter nmedia.that sur S [ |s.. Fr . e 1 ht larly

. shaped ant ltenr?g) ?%raBS\{ﬁgg&g‘f %I‘E({rlrﬁgre\%gi%gﬂ%ggﬁlrgeas%ggg ? hém% fb(re\éetq t@%ﬂn%gf%yby
J prevaati g dibebsokbemin BPolpaiengPdlpdefininpdatdyerpaaichchsi ¢tbyldre poopdedarent 310

of FIG 3, beca t hat restrict the flow of ...1he random shapes
OF 11 agnBionomen LN er ARk Ry ibe AR BB e, LTy hats, PR our

lateral | yound &Qﬁpﬁrm%&mﬂg&@eﬁr@wm& WrdoRRhts ﬁ}éuﬁéﬁlgtrﬁﬂ&ﬁhgmy of the
liquid to collect into channels.” To permt faster oil absorption and |ess

gel bl ockeing headied én cre form yet alia atforhs 4 erylain granibs of pibdnah prefarrache
~exterior eBLQﬁE& A egr ﬁl@@ﬁftec?% bde@RSpiQles fb%f%&!%ﬁﬁk%nglz%%e q%&out
e gl st anc It 1s 1)

i ncreasing t rom surface to center, esirable to avoi d
snootlh ektuadisgitableHlieres irothe oartgerof 6124 nasbsawblsd bagrablysenioyedrhe preferred

el bl ocki ng, ArPRghen v SRR BF ai P BB iy bR Pue oS 4% o
ext endi Nehel REMitdee oA EPEIM Bindet it aqﬁxsfemd asglifgntb 8k wWaphitdde ' gr ai ns
of 10 SBS, as illustrated .in FIG _ 1. Such fissures increase the effective
surface heley. 89S 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 cdmpound 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 Hquid 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 coliecting into channels. When liquid collects into channels within a mass of
filter media, it tends to come into contact with only the limited ahlount 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
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fragments 130 while still rmaintaining each as a coherent whole, permtting
easy handling. The preferred formation process discussed bel ow pronptes
this goal. In one exanple, fragments 130 consisted. primarily ol 3 MAR 2005
irregularly shaped objects with various dinensions about a centineter.or
two across. Those exenplary 15 fragnents 130 were forned of 78% SBS and 22%
‘EPDM and had a bul k density of about 0.4 0.6 g/cc and nostly wei ghed
about 2 to 3 grans each. Sone of the fragments had broken into smaller
pi eces, sonme of which weighed as little as 0.3 to 1. granms. A few
fragnents consisted of pairs of normally sized fragnents that had |inked
t oget her f Iglbg agnent s
130 haveoocrzlgén}?r omddﬁ%gﬁdditﬁgﬁmgoal so%%ﬁrgggutggﬁggﬁﬁgﬁgg%uﬁg% %\Igt h the
pref errefdndmnepfﬁlleélqm%@tfsﬂeduﬁbdwnebul k density. greater than 0.75 g/cc
tend to pre f |k density
smal | er than\fg%%r&‘lg??géwﬂ/a%g ggltslgﬁ(fb@ %‘Iflgoéér(irent &&‘é??%xg%ni?l‘pn}gré easily,

. ei t her avager ofrabsorbedfcnbat thatestembt higpcks dccedsoo xenan;pnreonscofpfyhmmtsf ragments

130 orb e PeSyE R Reabthe e HApart FORESREE o SP0E B BRI S i oughout

- the thi caiREseabriddekingT g8 bufer a@fa@es of A3fnerdth 30 Tle pregérddBrocgslof bl ocki ng,
while leaving themmostly intact. Fr agnments of such material can absorb up

to five Pl"?@‘é"‘t‘l‘r&“ﬁsﬁ%{ &WPT‘W‘%FQ thisigealar i ati ons of method 400, SEBS is
substituted A wBRIukER bl§cl§n’é3$xtagh1‘éh§q3§9réf9[ab§m nﬁfneftﬁfsrhssuﬂ@s anot her

variation, fragments. 130 are, irrigated with a sol ution containing an
ant i m crﬁ@ueatenémpomﬂleaf frem a@gmq&rfﬁ@ﬂs asid ‘paseing helyresnt the jgraias of ont aj ner:

Og%uﬂi%u%ledt her {%aﬂ@& Fiske “qg,‘%%@%@ Nt &&C%?Jcefdrbzl gf nmedia,”

8 13 yet another variation are Irrigated
a sol ut ifeagnomnst FWMividle atill mamrammgo:b«ttahs (aocqiremml vd&ﬂarmmht}ungreany EPDM
granul es, ‘which. are eit ated Fragnments, 130 of exenplary

P er © Jpaiting S8 pEetfird Famalii, FRGE isthePy petob PO HE A8 al compound on
their surfacgsondRi ?rt lﬁagﬂﬂz)‘ltsSIB(I adilsetd e phipiGile ofArregaanycnbpédy :

advant ageous nmet hod of _the invention for fabricating nedia having
cont ani rebifctsysityEapous meRtipns 2hogh SentEReYBERPt Mesaqrors) Thrse exePPREY i ng a

- mul'tyg ucf?agngefnts fffé%@r@f@ﬁﬂéd SO73E ks RRA i@%rEﬁﬁﬁ%h%dVﬁ bl bk On
cont a| ning an anti'nmcrobi al
» about 04 06 g/ ce and mostly weighed about 2 to 3 grams each. Some of the _

fragments had broken into smaller pieces, some of whrch werghed as httle as03tol’
grams A few fragments consisted of pairs of normally sized fragments that had B N
‘ .lmked together, fomung larger fragments about 5 to 6 grams each.
200 Fragments 130 have controlled bulk density, also to reduce gel. blockmg With
o the preferred matenals d13cussed above, bulk den31ty greater than 0. 75 g/ cc tend to }
| prevent the 011 from entermg the fragments, while bulk densrty smaller than 0 3 -
035 g/ cc cause ‘the fragments to fragment more easrly, erther when dry or after _
absorbmg oil. For example, copolymer fragments 130 w1th a_ bulk density in the
25 preferre'd :ran'ge have enough inter-granular voids “to permit oil to penetrate
. substantlally throughout the thickness of the larger fragments 130, thereby avordlng
gel blockmg, wlule leavmg them mostly mtact Fragments of such matenal can'
v absorb up- to f1ve times their weight in oil.
In vanatlons of method 400, SEBS is substrtuted for. SBS EPM is substituted
30 ‘for EPDM or r both. In another vanatron, fragments 130 are, 1rr1gated wﬁh a solution
e »contammg an antimicrobial compound - after aggregatlon of the fragments in a

e eontalner, or agglomeratlon of the fragments into a coherent block of filter media. In
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conpound, followed by extrusion of the granules into fragnents. In the

nmet hod, the antimcrobial conpound and the polyner of the granules are
reactive together, and the polymer is substantially phobic to whdeMAREHEt o
the solution. An antimcrobial conpound. and polyner are reactive together
whenever the conpound, in solution, can be expected to graft to the

pol ymer: A conpound grafts to a pol ymer whenever it fornms coval ent bonds
with.it. 15 The use of a polyner that is. hydrophobic and al so phobic to
~the solution (which itself may be water), is particularly advantageous

- because granul es and, fragnents of such a polynmer will not sorb

si gni fi gandnciiaAkiateH, SBBt@an(ldiingre ifrigdtdéBivithng selti® kotithiamg(auri ng
grafting of the antimcrobial und fromthe 20 solutjon), t had 400
of FI G antimjszehialcopgpopngd serarafely, ngp AN ggan 3\!%?@ FFEEGDM gr anul es
420, ang, gk antimcrobial solution 430. An organosilane antim crobi al
compound not susceptible to self-condensation in water is particularly
desi rabl e f ofragmentsila0 ebpxpmplarysfilter syptegn PRMhesay hayle, arwasyifableityied obli ng t he -

1205 BhubliEang, GRG0 AR IBN S, R HE Rl & SoTpound
(referr pdrﬂcolaﬂyraeivantageodst ﬂnettioa&ﬁ et @nt:ﬁt)on Frer fabyicatingompdin diavthgher ei n by.
25, °1 1 ngomhimnlSotheatgl R Tela? Proderi Sl Bra b A isHE”. Ol
fort hecmm&at-éﬁrbexdqﬁﬁym@ HGnPRE twleuh 3blutibh edhiRiihg anARGBidbbigl y, not hi ng
I n the description of 30 exenplaééeantln1crob|alagents in the '.869 Patent

or i ts FemBOwRc ffloyeddy; extraniga pt e graler Yo fragmgBEdbe BaothiS n the ' 869
4 Pat gpt . ahiRicrcHill Pl uﬁ@hﬁ& th@polynfh of t NeandiBearel B&dtHE o Alng ef erents
- unl ess the cont ext clea dIC? es. othermnse A 13 MAR 2006 suitable -
conmer c tl P?iymdU@tSUbﬁtammlé' plyohic tos wiaths mindftodhie selutingy S0 @ntiavigtobigk ket ed by
Bi oshi ?l 4 g pgu.rﬂf'adcp golgrsner LJE:C ea@vel\&}ée(th&sv%he %@QJ glleaco ;EQﬁn& %@hlu%ihhe(:t | ve
anount " “ofta conp , or conp03| I On nean an anmount sufficient
to prov c.debé h@ected itd gﬂxﬂrtesthde polyAger pSicompdund prafis to hedlB6& Wwadremer, 5 t he
exact . unt SQUIre MA vary fromsubstrate to substrate, depending on
‘the partlﬁﬁWHFW 5duct, or conposition used, its node of
- - adgBni st r atTHNuseadith bfyﬁrelrlth@t lsTltwﬁopmdbm SndelsoapMﬂ)YcS tpagsiobktiort 0 speci fy
‘an-exact "effective anDunt - However, an ag'roprlate effective anmount nay
~ be det eﬁ‘ﬁl“ﬁ’édtsﬁlﬁ Bk bgfwageﬁ,‘ ﬁapartlcularly advantageous because granules and

- fragments of such a polymer w,ll'l_not ‘s_o;rb significant amounts of water (during

filtration) or solution (during graftlngof the antimicrobial compound fr.om' the
B Asoluuon) ' : -
20 - Method 400 of FIG. 4 begins w1th nutlal matenals of SBS granules 410, EPDM.. . ..
L granules 420 and an antnmcrobral solutlon 430 An organosﬂane anhmmrobralv’
.‘compound not susceptlble to self-condensatlon in water is partlcularly desrrable for-. o =
N wuse in solutron 430 for a number of reasons mcludmg the fact that the solutlon can be '
‘or include water. . '
25 - One suitable compound is- of the type descrlbed in U.S. Patent 5, 954,869 to.
. Elfersy et al (referred to hereiri as ”the ‘869 Patent”) hereby incorporated herein by.
reference, partrcularly the portlon from Column 5, lme 20 through Column 22, line 8. |
-'I'he termmology used in.the. ’869 patent xs employed only for the purpose of
- descnbmg partlcular embodlments Accordmgly, nothmg in the description of
30 exi _mplary antxrmcroblal agents in. the 869 Patent or its file history is intended as

‘ hrmtmg As used herein and m th‘el ‘869 Patent, the smgular forms “a” ”an and ’

mclude plural referents unless the context clearly dlctates otherwrse A
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skill in the art informed by the instant disclosure using only routine 10
experinentation: As used herein and in the referenced '869 Patent, -the
term"antimcrobial” has a general neaning, referring to the pyg@paar vooef
the described conmpound, product, conposition, or article to reduce the
proliferation of microbial organisns; i.e., to prevent or reduce the
growt h, spread, formation or other livelihood of the 15 organisns.

M crobi al organi snms include' bacterial pathogens, viruses, protozoa, nolds,
or other organisns likely to cause spoilage .or infection, and of course
can al so include organi sns whose. proliferation is not necessarily a

pr obl em Me ins w,th ct 440,
represent%g ﬁoﬂerg%% E’fg O?tﬂﬁsbﬁﬁl\lf ‘%Ggg?‘ﬁ &@%@g@f‘ﬂé’?ﬂ elpd PRe’
cparti lehoéleelélTecMoiog‘ilg; hesdt Nietcrdig Gpkginel y thorough to be effective.

M Xi ng can, si.st _of duynpin ranul es 410 and 420 into a' common
vol ume of soih??%ﬁ‘ ‘l?%CWﬁ WY s & atcﬂ’é‘%ﬁ , PEeducky COMRAsieBdnerms | s

per f or megh dv@eitRefficiint b pro¥idedh@absittdGes € s g;‘éﬂué&@&ﬁa%é 69 Phiefi@t i Ng the
m xture to graft antimcrobial conpound in 5 solution 430 to. polyrrer of

gr anmt edhe g¥ach amonpprequiredavill ivare frogbenhstraterte sybatiaén dependingnithe - wi t h.
sol ut Orbag%lﬁ%oaﬁ;ohﬁa fE?erh& & d3 {tioRfusl, fllls‘ixlrl tof%}lﬁmstré&o%omél ngly.,

process 450: has many possi bl e variations, including i mersing®  granules.
410 and th?(b'kﬁ nTb% Ut isonot4aievays p?cas;lbh!gtosepeuify @n a6t Geffegtige anwues” 410 and

420, .ap f b on 4 0 to ules 410 and. 420 inside an
oper at i %gllg érfergg}‘& 5?‘% ryrgat B%n ﬂ'é‘gd ﬁ’t?‘i‘e‘gfor H5tht of
grafti ngkﬂlbsnr ethéealftonnfoaneqaabyl ¢hd anmstaﬂpldim | @sinfasnlyd keatipé ace. In
one enbadi nent -of act 450, granules. are immersed in an "“AWM 500" P %

ant i M cPEBTAPCYBYMR i on (2% 10% concentration of 13 MAR 2006 anti ni cr obFa

-agent, by nmaashsédkerbin\4adh M Rfer@iced B30 PhRAD et € anfinfiShiAP Y the.
resul tant antl m crobi-al -grafted granul es contain at l'east about 0.5%

antimi c Poisnaral ayeping, mferringdo the pyoresw oft the sleswibedwonpeundoprodnctbe suitably
errpl Oye@ombesrﬁaﬁ orvﬁlhklgttb%ducé e £ ﬁf@?{xtﬁm @Pﬁcréﬁgl g%néﬁ'g 2L e Per formed

si mul t aneously, e.g., by dunping ranul es of eac Into a statlc or
st rred pv%ﬂeuh@rote@m uhe ogrowttler epteady fenmation xed otlmdlivelitiogdt efd thd n anot her

vari;g [.OCaSs 40 and. 450 in a uenc opposi te-that
“depi ! egﬂl‘n ﬁg[%(fbl;ﬁ Qr(,gF a varlgdgoﬁa&eélra;rl’@gé§eﬁl’evw PrqRES Z‘EF %tand per haps
. .al so dr nedds,ion cﬁbqrarrgmﬁsmsjhkﬂyaes:ae& fpilegeot h@ytdnLamd seeodregether .

‘ also mclude orgamsms -whose. prohferatlon is not necessanly a problem, eg.,

"frrendly’ bactena .

‘ Method 400 begms with act 440, representlng mixing the SBS' and EPDM |
: 20 granules together at the partlcle level Mlxmg need not be entlrely thorough to be.
| effective. Mlxmg ‘can. snnply consist of dumpmg granules 410 -and 420 into - a '}
:common volume of solutron, in wluch case. the next act 450 of method 400 is
v 'performed together with mrxmg act440 L _

Act 450 represents 1rr1gatmg the mixture to graft antrmrcrobral compound in

: 25 ' solutron 430 to polymer of granules 410 and 420. As mentroned above, irrigation of

granules wrth soluhon can be performed in a number of dlfferent ways.
Accordmgly, process 450 has many possrble varratrons, mcludmg immersing :

, granules 410 and 420 m solution 430, spraying: solution 430 onto granules 410 and

_ 420 applymg a’ stream of soluuon 430 to granules 410 and 420 m31de an operatmg
30 centnfuge, etc Irngauon contmues until an amount of graftnng desrrable for a.

partl emeniatron has taken place. In one embodiment of act 450, granules,

- -are immersed in ;an AM 500” antmucrobral solutron (2%-10% concentration - of
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10 other variations where the benefits of irrigating both SBS and EPDM "are
not required, granules of just one type of polyner are irrigated. For
exanple, just SBS can be irrigated if the EPDM matri x of the e¢@nMAmRI2005
pol yner fragment does not need to have the benefit of antim crobi al
properties. The product of act 450 is a m xture of granules 410 and 420
with antimcrobial 15 conpound grafted.to polynmer of the granules and with .
~sone residual solution in the mxture. Act 460 represents drying the
liquid fromthe mxture. In the exanple of nmethod. 400, act 470, represents
extrusion of the dried granules into fragnments by, process 470. In

vari at | QR&EmiGEHiEI ddat, BeNAkds) for Five Mg a8¢bort GeinpératudfyPrefentyunal .
processing are not required, they can be swtablg/ omtted. In such

vari at i gasitapt,antimigrobyg- %?%&'tan}l%escf@ﬁ%éfi dapst aPBK Qe Atipicrobiabt act

450. Vg, Aats 460 can be perforned by any sui tabl e techni que, including
S|rrply eXposi'ng the m xture of. granules to a static air mass at anbient .

t enper at ur e. Meby evariatidrfsi ofi methodi 400 nen beéhmldjaemylwéhhaem gagdtipoai r or
heat ed dryin dryd ng ﬁgp nds on 't he
need%t oqalypa c’u?C%s i?@m gr%sgta‘?ﬂpﬂe?% dﬁ'grm g%ﬁggt algl c%hryl ? : '
sui t abl %raﬁpﬂesmﬁeﬁ@ftypeithdstamuoéutrengvmuﬁsduumwhéle thqralemlueem nt o
fragnents, e act  470.  Preferabl dries xture of .
 gr ot oenti gkt i HRIE St EraeT (R0 A Periaeed B 2t ure i
 l'ess t hapgfnde ofpdate tiY defic@htin FRS. 4MBaskiheslvatsitiof, @rait€leg hfe @@gﬁl@dl son

before and after heat treatnment analysis_at 140. 3.0 _Act 470 represents -

ext r usi d#ncdoperhaps alsodeied) in pepgrase arhprecestss befose) thiy @re mbed-Pgethes: A ‘conpound
thatyg esulde il gb&c%eéé%él@a@néﬂﬁ Qff EAGRR Boff sés lLh&! EPBSE arS Yol as

fragments 130 o In' an exénplary. inpl enentation of extrusion
1 3 MARr&piedpgroeks of Gt onk&yr8BE palymEPDN lgnm dor gxampleappetiSBh t he

“hopper of n. extt[ectfgte%l %{)Per eXentl nal arré’gp gtfg gﬁtag\é)sl{or@%ecponnot | ab

ext ruder™w't i 8% Perna anger, run at 40
RPM) , who hive the berefie ahadinenbiabprdpestieaxt r usi on process maintains the

t enperat ure f th nuI mat eri al _near _about bel ow
normal- extru gEﬁ%‘[ﬁ’gf‘&tt @W‘&|°&§f¥&ﬂ%ﬂ§&8%§°ﬂ‘gaﬁ‘8§?“ l?’é‘hanger '
shoulsd . e eemrgltaftweo bSIYRRF 8ft tHE @rauldsRAAGHiB0SUA reBRILET dohltidnaneKeeed. 160 F.
As di scussed bel ow, a. particul arly advantageous method of fornming filter

- nedia  [peixwire: sACSBSO repigveRky dying Hediwed s Giremiters lihtheeoemnle ohar m enough
to: est a%étﬁdll %‘Ef"hﬁ elp%sgﬁts extrusion of the dried granules into fragments by -

process 470. In variations where the benefits of drymg act 460 or- any subsequent

processmg are not reqmred they can be sultably ormtted In such vanatlons, the end '
' 20 __“vproduct is con51dered to be the product of act 450..
Drymg act 460° can be performed by any’ suitable techmque, mcludmg srmply :
exposmg the mxxture of granules to a smuc air mass at ambient temperature More
- efﬁcrent drymg techmques, such as forced-alr or. heated drymg can also be.
.‘employed The extent of d.rymg depends on the. need to a particular implementation.
25 Overnight static drymg isa smtable optlon for methods involving extrusron of the.
granules into fragments, e.g., by act 470. Preferably, act. 460 dries the mlxture of
o granules until the amount of soluuon liquid remauung in the mixture is less than 0.3-
‘05%, by welght as measured usmg a werght comparison before and after heat
' treatment analysm at 140°.
30 Act 470 represents exlrus10n of the rruxed dried granules grafted with
) antmucrobral compound tha.t resu_lt frpm acts 440-460 into fragments, of filter medl_a- '
such as fragments 130 of FIGS. 1-3. In’ an'exemplary implementation of extrusiqn
- -11-




1:0: In the barrel of the extruder, the EPDM qui ckly, becones 'softened, as
a result of heat caused by shearing forces that result from nechanical -
agitation by the screw. To maintain the tenperature of the gradd MAR 2006
material near the desired tenperature, the heat exchanger typically act as
a-cooling device to conduct sone of this heat away. -fromthe material.
At' the begi nning of the process and any ot her appropriate 15 tines, the
heat exchanger can apply heat to the naterial to raise it to the desired
tenperature. The extruder's-screw m xes. the softened EPDM and t he SBS,
formng a matri x of EPDM surrounding and interlinked to SBS granul es.

- Because Egge;é%go dpe B@Qﬁd BRbiv s%%s%é Bﬁa@@cf:ﬁ\sthg oBper Y g.%'xsﬁhe{ § inin

the m xt esotenlng pro ess ccurs U|t ral
ext r uder coryentidrat denigrv Grgy, & hoo-indivilsininot labmstr(ldenc\knthsa Hoewtéﬂmmﬂe m nut e),

which permts ra manuf act yr.i e osi t is pressed
t hrough éafé‘ilri‘éﬁ %rcgacf‘géer’wmf‘ t%[g%\{q/aquf n’§Pe e‘ﬁ’gﬂ%?'éef&f’ﬁhl L at a

‘unit fl Optdcéﬁsmalﬂ’fauﬁbmtenﬁaera}utesﬁ(lhe igfar@g. iRAAAlI NeRNAbous 1T~ 138° Br 0Sss
secti rticul si.ze. If left g)(rsldlsturbed at this flowrate, the

mat er ¥ al 8’2@‘* uft Fﬁ‘fr‘a‘s‘% (BT RYps cf;lawctmoéwtaﬁba hegh pechangRiever ,

- radi al  agiBuldhot P&nAN thedfempebfufl 85 Rl grandafinhAbal to k@b a# #d agut ter just
outside.. the nozzle (not showi), section the cylindrical bodies into

- segnent sdisgspash Belopp 7 pegliqulashys ad mtemosmm@odn@ff orpring filteomadiaf i r es
SO e Borh6 08 bl BUChIWhaRlilerh BAR, £ b SEAEH W' "L Y

of producing such Fragnents is t -30
- appr oxi nm@ht;laobmldoentl meter across, to produce t he fragrrents directly

rath than b utting.themradia I|ndr| form 1 MAR : 20

Upon?(g)asm ng I regtﬁg el ﬁﬂ‘ecf’x mld‘frhgl QS%%D%{ fﬁibg’ ORI &R ‘ﬁ'e?\‘}easc%f:?ﬁf‘ ssed

“sonmewhat offtteataansddnigy maﬂﬁglfdrmrs&u@‘reaheﬁdmaned}enieaapigndﬁ n by tHefscitgy. t he
Air remaining in the mxture

extruded_g1 mat er.i WI"IIleIt%JngV\A _
further GSEPEYNERGCMBERIRE rfhe &F art‘ﬁ%te&lt‘teﬁﬂglf destred femperatuggt i nto
sui t abl ethe't@ElQé)Jaﬁan o} tﬁh@ﬁﬂy)’ac@é)ég ) co&ﬁtgsﬂéjﬁcet t@;eco?l&h&us%ﬁ{e ofa@ﬁb L&g granules

continue to expand for time, causing-additional fluffing.  The EPDM matri X
190 ( seeavAydromthe. maﬁmﬂaé Mtha esinging gfchepasiess andrany ether arfrspptiste SBS

~ gr any esyA80 gl n nts 130.
Thus, fragnents 130 d 1 ng@&% la{r(\)c%\%%n{l%l[ﬁx tg‘%fgg LeHg% éersﬁgg'ds resist
10 breakllewge@turcrackl ng absent extrene el astic deformation, despite the

. 2;2,3?3?6, of ht ! BRHES 5 U A0t AN Kb and IR S&O%r%.%nggn?a%m* -detach.

of EPDM surroundmg and mterhnked to SBS granules Because the SBS ‘does not
i melt, some air spaces (ie., bubbles) remain in the mixture. The softemng process | ‘
20 occurs qulte rapldly in: the extruder, pernuttmg very short dwell hmes (such as less
V - than one nunute) wh1ch permrts raprd manufacturmg 3 o ‘N} “,,
| ‘The composite matenal is pressed through a cucuiar die w1th a central rod or .
: t"ma’ndrel (not. shown) at a umt ﬂow rate of about 6 g/sec. in one embodrment using
_ a cross section of partrcular size. If left undlsturbed at this flow rate, the materlal
25  would form a cyhndncal body wrth an axial hole However, radial arms at the end of
| the die, or a sumlarly vconﬁgured cutter just outside the nozzle (not shown), sectronvb
- the cyhndncal bodles mto segmenls perhaps four sections. An automatic kmfe (not
shown) fires every two seconds or 50, cutting off lengths of the sections. - _
| -Another way of producmg such fragments is'to use a smaller die, witha. hole
30 approx1mate1y one centimeter across, to produce the fragments directly rather than:.

by cutting them radJally from a cylmdncal form.




flakes, crumbles, or dust. The fluffing effect (conventionally undesired in
ext rusi on processes) Is actually beneficial in the inventive process
because it forms inter-granular fissures 15 370 in the EPDM mat #i3xMAR 2008

t hroughout the structure. However, the fissuring is not. so great as to
cause | oss of structural integrity. As noted above, fissures are preferred
to facilitate rapid passage of oil into fragnments 130 and to reduce the

i ncidence of gel blocking, permtting continued absorption:. Slight
irregularities in the flowrate, the fluffing effect, and the way in which
20 the, knife cuts. the : material can cause fragnents of different sizes
t 3 form FOl'Up(ﬁ‘Kpﬁglﬁlr% tidoligh ges dichale 8BS @kndlésagﬂ’ﬁﬂt hmen cr)mpmswhen t wo

adj acent sections link together. ller-th a t can form
when a &uBewhat femadieing fﬁﬁ%‘?‘t trpugh ﬁfesg’tﬁ?r FAgRA B‘E}gfl F’gn'b Eﬁjappens to
occur aloRGia® WHRCHWISwly Béols. TAR reRSititd R thé r@&aﬁatfﬁrtﬁ&Oa@tses ghemi lar in

si ze and general. appearance to popcorn. 25 |I'n "another advantageous.

met hod - epanbien;. Aﬁtemtheo%trqdredrrg%tetlens Rt Fita suitable lengthsy jtsdowly; 0ol ymer
Traggenbiuls skeRAe u hd LAl RN finkb%o- BRhudRer L' @ARBRLSingd hensel ves
with a so i on contalning an“antimcro ound. | n anot her

advant agd:dmenarﬂmﬁmk of the i nvent | on a nmass of polymer filter media (e. g.,

conpri sed of. r s&onne S
suitably 300 %@E‘é‘gﬁﬁdlgﬁ (?f ™ ch ‘é‘.aﬁt‘*ﬁ% é’@ Epﬁ%ggﬁ(!eurlfse)aI
‘conpoungbr the SBS gadfle, 188 drid plemdmdmﬂcaaxaeacimgﬁgr Memanngumgaaapm:t s of the
i nvention can "filter" a recirculatin str squtlonfor

suf fi ci &3 Thapmigagraenth 100 dorgreds iy 5o &%P‘Pﬁ\a olb‘ie fre Sphed FGegt conpound

.t 0 %bgnbtéaﬁa tdchrﬁeﬂmé)Qhé’éﬁ@rexﬁéﬁte B8 (IR f@Bn PEesPHP ERS PrestAccoNt act

l'iquid- purified during the filter modul €' s actual use.
Al ter nafm&ne¢9y370s@é$v érargmep@r of srshubbadiesado b@tr‘l%l‘s?éﬂl)’ A thesfosmy ef vol une of
antim chgpl a(%ru&l% for a suitable "grafting tine. .5 As mentioned above,
a particula van ageous method of formng filter nedia forns a :
coherent bl onte @fifffrig teffectmidieerftiooally rtagieelmds mfexmlaloa pmJ;BSSb@c@ﬂrre

aggl oner at rm enou h tao est ecuI ar_honds bet

f ragneni""st“%g'l ﬁh‘teh’é‘a% dnvet' heicd 8@3%%%? uss & f’ il e a Ry u S
heats gepay @il the EPPING Gk, (Brdlighoutstht EHEARY. HdW@eB, tﬁ@ﬁggurﬂiges ftoesgarrent s are
all owed to cool after surtablqifrtrllrn ‘t he formto f coherent

bl ock oBraE# ta capsedpss of Eustyralintegrityt ?ﬁ?@éﬁb?rreFfS%‘éesraéﬁB ‘c‘f‘? ., by
‘sheari nﬁgcrlﬁz;te L&l ﬂagsa@e 3 %ﬂ‘?lﬁtosffdg%w 30 Q{d MH@&%@ gnérll@:tc@ |o‘P(gl§l of

blockrng, permrttmg continued absorption.
Shght irregularities in the ﬂow rate, the ﬂuffmg effect and the way in Wthh
20 the kmfe cuu; the material can cause fragments of deferent sizes to form For
example, a larger—than-normal fragment can form when two ad]acent sections link
‘together. A smaller-than-normal fragment can form when a. sectron breaks apart if B ' A
| _ :flssurmg caused by fluffing happens to occur along a fracture lrne 'I'he resultmg L o
. fragments 130 are sumlar in size and general appearance to popcom ‘
25 In ‘another advantageous method of the mvenhon, ungatton of granular
- precursors to polymer fragments is replaced by 1rr1gatron of the polymer fragments
themiselves with a solution contalmng an anumrcrobral compound In another»'
-advantageous rnethod of - the mventron, a mass of polymer filter medra (e gr
compnsed of agglomerated or loosely connected polymer fragments) is surtablyi
| 4 30 : 1rr1gated Wlth a solutron containing. an antrbacterral compound For example, afilter
~ module ‘accordirig to various aspects of the mventron can: ”frlter” a recrrculatmg': :

,strearn of such solution for suffrcrent tlme to ensure grafl:lng of anurmcrobral




nmedia. In a variation of filter system 300 enpl oying such a bl ock of nedi a,
for exanple, hopper 310 can be replaced with the block. In such a
variation, the block can be suspended froma bracket by fl exi b d ’é‘tﬁ)@@g?t
structure and a. tray.that is .15 dinensioned to support the block on rt.
Pertinent disclosure is found in the brochure "ULTRA-URBAN filter wth
QARS Onboard," presently available at ww. abt echi ndustries.com and the web
page www. abt echi ndustries.comfUtra_UbanFilter.htm both .of which
docunments are incorporated herein by reference. 20 An advantageous
variation of a filter nodule according to various aspects of the invention
- houses fdionippindessignificdrttlyralbpalgihbr sulifaees thut daf Ge @Rpdcedd t@l&oniﬁblﬂhlu'idfl | ter
nodul e dlrects r flow throu he car dge_and thro filter.
nedi a olEFSBH“lA‘%{ ﬁt‘“ﬂﬁ ﬁe’ﬂfﬂrégﬁ’/d‘fltftaéfuairo'dﬁlgtS’@@m i"l%nn%t %E better
under st a@ddwik tchn bé BhefBa 8n aGtdtlcGolme bﬂaﬁuﬂesotﬁalcserddohctssa 3édathavi ng
apertures 520 and 530, shown in 25 t hi s enbodi nent as being at opposite
- ends.. CHH @'@‘@540 is packed wi th polyner filter: media. 510 (or
“altergqati vel n t?élxh: %‘3? cked) that
i ncl ugdes an, )&32?%(&:‘?%8?3@% Argﬁlhlgﬁgr%g?{he toglﬂtMtilgFtlpggr fﬂ@gO can
have t henedit ferimsraotsibatent blqsb@ﬁ(ﬁltgr mdiedrom dragmepts afmaedia tmgbecashe t he
foll owi n n | e robial solution
of the cypoad LhARUAG RRKERS AR kiR BRI SRRl °0)
~irrigat ilnghpealeshvel; the fggmeits: ai-‘f‘eﬂ&ﬂrefctlprﬁomh)lﬂiﬁt‘ gegfewﬁmlgqaoéeag (@gher pol ymer
precursor str cture rr| atl fllter di a from pol ymer
f r agment&UEy o’f‘ﬁb?%‘%ﬁﬂ Sﬁﬁg%?ﬂ %?ﬁ@égﬁetwmgé’% 0& exanpl e
by supj efsﬁhrtg o R dhe RGNk &Mﬂﬂ@&ﬁ »mﬁlhl it fBER. Bhe Ethiib WRY: Be | oSt

after, being a g@omrated) of filter nodule 500 to recirculati ng flow of
“antim crieweE Ji Brearing) %'p’éﬁtlﬂﬁ%%ceazﬁﬁ&ﬁ@r%% copfgining the Meek ¢hiri ati on,

flow of AL I QhaQLdta! ol gtk gysrtéln %O% sﬁéll %dl)lpcks of ﬁ\e(dlz{ %# ed into a

central aperture of a cylindrical. atlo or aggloneration o pol ymer
~particl examgalei h@mnﬁil@mm bbr«aﬂaccdrmﬁuﬁo Rjodd theducthoa trmanontrtte blatler is

forcedradlall e dth the Lilter di.a c {}hhe particles
, exi t™ hﬁ sug? n:at? l;ragl%l% bg &(ﬁ“bl s%?%lrjrg %)"ll Tere vva(l o%y Sil ter
rrEdI.IS; cyiinefildsned Theéo support the . block .on it Pertinent disclosure s -

'found in the brochure ULTRA-URBAN fllter with OARS Onboard,”

presently available at. Wwwabtechmdustrles com ‘and the web ’p'a'ge o
www.abtechindustries. com/ Ultra UrbanFllter htm ‘both of which documents are
mcorporated heréin by reference: . ‘ |
20 . An advantageous varratlon of a‘-ﬁl er module accordmg to various, aspects of', >
o the invention houses ﬁlter med1a'W1th1n d cartndge Durmg operatron, such-a filter ) o
module directs. water ﬂow through the cartndge and through the fllter medla' o

: housed ini it. An exemplary fllter module 500 Wluch may be better understood w1th .
reference to FIG. 5, mcludes a cartndge 540 having apertures 520 and 530 shown n
25 this embodiment as being at opposrte ends Cartudge 540 is packed Wlth polymer
filter media 510 (or altematrvely conmms a quantrty of such medra WIthout bemg '

packed) that includes an- antumcroblal compound grafted to it. Filter medJa 510 can B

have the antumcroblal compound afted toit by one or ‘more of the followmg (1)

irrigating polymer granules wi an,},vant]mlcrobral solutron of the: type dlscussed

30 g ents (2) ungahng polymer fraents formed’

from polymer granules (or o" :

m r;precursor structures), or (3)' ungahng ﬁlter .
media formed from' polymer fragmenm ;,(or other polymer precursor structures) for_ '
'_14_ : : . :




preferred radius of the cylinder is between about 4 and 5 inches. 10 The.
detail ed description of preferred exenplary enbodi nents above nentions the
det ail ed description portions of certain patents and publicly, jdcksgi2ibe
docunents (including U S. Patents 6,106,707 and 5, 954,869), all of which
are hereby incorporated herein by reference. The detail ed description
portions of all materials incorporated by reference into these |isted
patents or applications, including,US. 15 Patents 5,411,585; 5,064,613; 5;
145,592;. and 4,390,712, and the publication entitled "A Guide to DC '
Si | ane Coupllng Agent " (EDM/Cbrnlng, 1990), are also specifically

I ncor poerdrRple 8 Qibjechitg HRhAd fhgenentl Blhdse N tRE ARk NealHbe RFOPE OF THE
| NVENTI ON AND CLAILMS The inventor considers various el enents of the

aspect s 2fffdPeing paper eratrd) pEfltemedulemdO te scrguinting fow Afirntimécrapil i cati on as

advant ag&gggmvg%hﬁ{g&sgy@&l@ggd ical to certain inplenentations of his.
i nvention. However, the inventor regards no particular elenment as being

"' essential ,In ae&’(lf@st vapiatioa; flowraf jwatsip(oe gthey ligwiddape slecontaminated} fimi m Whi | e
th 1 .} t d
(he 5VALER Ay BERI SERELIDH S bhnh LTS gleoRER! B GUGRIELTRR S | and

and 25ppkytrmntmhdmhmhng hetipdebbial eompodret grafet] stoathenraihle ostgtenid: | becone

n6 ol R SVee Phple® B Bl BRR SpPerd PR wiiier RERRL' E2

enpl oy e ANedniodfieChoigh a cﬁeasaaueel vadthef ﬂtdﬂﬁnexaﬁleaiagaﬂaﬂel are conpound
not susceptible to self condensation in water. In other variations, -pol ymer

granul egreéerrectragg.}s@,q#? cylpderds hefween pbpuf4rnd Gindhesect s of the invention can -

be ggpl oyed ik RicRARd UBMPLbhAbE f bRl QRentplaARRONBRHS! GB5ve fil tration
cartridges, and any other types of systems where the dual-action

decont amientiensihe wetaflod degtripfion pokigys i gerédn patmefaIdgmlme’ dcgesgible r ed.
Accor di g lpmedtS} xhﬂvg&xg%hfr ac‘lqgrﬁ‘e g%g’ %7parld°§9§if8691r eJler GHaXe ereah

enbodi ment's nor inés-or cd he 'nventiord. Rat her,
t he i ssinedrpotatad iBreiraby oefetepcel ditientetdiled demtfpﬁomqmruEﬂs:hf alhfmaetrialm of the -

“invention is limg.ted.onl e eC|tedI|mtatlons of. T ,,ective
claim ﬁ'ﬁafpé’a?fr:@‘hy Jifere cﬁé?%’olh i5tad, patents o pRRHCgHOR, "6"[1 %I‘gt ms not
Pr esent PhtendsBe11¢585; 5106£613; 8155928 and@BYOTI2Chdd B pulblitatiiCenti@bd FACi t e acts

regardlng dréonypand extrusion read on nethods that include, and exclude_

such acPide S‘é?d‘&l?‘?‘tﬁl‘ngaéﬁ%t 4Dsp Fﬁ@“ngrnl?gl»t iagh a&PéPﬁﬂ-ﬁtar”dful arly”
pOI nt edeHltpolreﬁed ll@reﬁl l@i‘r@ﬁerence

PUBLIC NOTICE REGARDING THE SCOPE OF THE INVENTION AND CLAIMS

, The mventor conSIders various elements of the aspects and methods recited in
20 the claxms ﬁled wnh the apphcatlon as advantageous, perhaps even cr1t1ca1 to  certain
.mplementahons of ‘his. mventlon However, the mventor regards no partlcular
: element as bemg essentlal ” except as set forth expressly m any partlcular clam
Wh]le the: mventron has been’ descnbed in terms of preferred embodlments B
and’ generally assoc1ated methods, the mventor contemplates that alterahons and
25 permutatxons of the preferred embodlments and methods will become apparent to
'those skllled in the art upon a readmg of .the spec:lﬁcauon and a study of the !
r-drawmgs For example, partlcular vanatrons can employ of an antimicrobial -
‘ ‘compound other than an - organosxlane compound not suscephble to self- °
' condensatlon in Water In other vanatlons, polymer granules or fragments accordmg

30 ‘.to various aspects of the mvenhon can be employed m prpes, mdustrlal filtration v




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 terms "neddsMA2008
"steps" are actually recited. The words "conprising," "including," and
"havi ng" are intended as open-ended. 15 term nology, wth the sane neani ng
as if the phrase "at least" were appended after each instance thereof. 13
- MAR 2006 -17 1. A nethod for fabricating nmedia having contam nant - sor bent
and 5 antimcrobial properties, the nethod conprising: (a) irrigating a
multitude of particles of a contam nant-sorbent; hydrophobic copolymer in,
a mat ri XsygfensO ARtALBA CartAlEHsORRP BE ot} BfpgeR bf sysROY WREreWhE Audl-RebHL | ON

~ containing an antimcrobial compound; ('b) wherein the antim crobial
conpoundiecoptapripatignerfarped by sdhtaanyes ndfraganantrisglesisader of the particles,
on the other fandinds € defA&t | : t - ) ei he particles
-are substanti al I_ym dbil%ﬁ’?%l: t&gt’gpggin'&%gp?%g éqoarggglgﬁeﬁ oér%?&l\%ﬁae eby the
ant i nmi cresihalimentypor H apsadat slefinescortdenstpring fhe limention, Rathanthedssuedt Wit h

wat er, . t he part..cl orb contam nanis. f.romthe water and.reduce

b o1 1F or B8 Yebploty Acf R UL 18 Vabk &1 4 Ve PGP R Finer e n

i rrigat ibygthearetites] Bhitatiorpr ofSesSrespedtigatclaig), and dguiknllehiisttickech fwillaas e ,
"granules or.fra nt with the sol.ution, wherein substantially all : :
surfac e?"%’%‘.u"é‘a‘@ﬁg&f”hﬁf‘i‘}f BRSPTeY &lfee‘g‘i“g‘L 'Qb%’éa@t?s[?'dn‘i 8‘5 §@F{ﬁ/ﬂ8ﬁ 3 The '
met hod  Qfo ndtlradit® aksWBRring driinGaldl dXeruBdh rkdd GSmeIGRS B8R Sndlddd §ad1 Ng a 20

mul titude of polyner particles that are hydrocarbon-sorbent. . 4. The nethod
~of clai iprdudersulacteonpri si ng: (a). substantially drying the solution from

pol yfer and MORr ieGhes.Lhat - AL LS AR £di ng-tithe 3
pol yfr%r part?Lgf)&e%lﬁﬁtagﬁ%gadé%ﬁtﬁlg%@?%efpggéne'iljg. m%&%'tllg Tet hod of Cl’ai'_'"r? 4
f urt her ustwgptargiimgogsu tpdr the nigverter frea?gdéms_shaub@its-darmmr) reasonaide Wi t hin a
f4| I ter @%Pﬂr%caﬁ%;e&%b}ho & @Se&hé tir?trérpqggglogs 'oF '3508&%| § ﬂ5(6) are only

intended: in those instances where the _ternis “means” or “steps” are actually recited.

The words “comprising,” “including,” and “having” are _infeﬁded as open-ended )
15 termin ninology, with the same meaning as if the phrase “at least” We.r-ié appended after”

- -each instance thereof.
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both removing oil fromwater passing into the open recess and reducing -
proliferation of mcrobial organi sms. 6. The net hod of claim] Wnerel n
providing the solution conprises providing, dissolved in water, 3a“ﬁﬁa?ﬁﬁ°1 ty
of an organosil ane conpound not susceptible to self- condensatlon in water.
7. The method of claim6 further conprising dissolving the organosil ane
compound in the water to prepare the solution. 1 3 MAR 200& -18 8. The

met hod of claim1 wherein irrigating the particles with. the solution
conprises inmersing the particles in a static volune of the solution for a
predeterm ned period of time. 9. The method of claim1l wherein: (a)
irrigating the particles conprises irrijgating particles substantially
consisting of a mxture of: (1) particles of styrene-butadiene-styrene or
hydrogenated . 1 sty%emietholdlfmcfabﬁ@ﬁagyﬁmlﬁa hatl (hrarpiaht-sdrbént@hdet hyl ene

propyl ene nor r eth | ene .di ene nononer; (b) the particles
of ethyl ené prbcpr)?/ '%r?éo?ﬁfﬁ%ﬁ‘r&} ‘B&L%‘%‘iff‘%ﬂ%“ &propyl ene di ene’ nononer conpr i se

about 10-30% of t he(yi xtmﬁ@un@a nueltigite; of paftitlds@ alcb@tapaddnitsb@sngf

styrene-but adi gne ene o drogenated i 5 styrenic bloc cqopol yner  are
conprised of agt?ﬁ'tr @é’bWJ’g{ gﬁ&”&?fé’of"rh’ ‘PH%E‘(‘%‘)OPBH iy li"r‘ff‘ﬁ“&robl al

conpound graft qd)lj'nﬁextdaﬂh ﬁ@aahyxﬁrecsntﬁﬁdl ra&%ﬁnﬁéroaﬁpéﬁmﬂo&{a mesh. 10. A
fragnent of filter ﬂsdla COo r Si ntgn an oil-sorbent, hydrophobic »
copol yner in a matr fW]&?fg'g‘l ic dﬂ1613‘I‘PBBP'é op|the pig hanshpdre  and
pol ymer; wher elppljhée Jnﬂ&ﬁﬁ'@l@fnek‘ of t‘h@?aﬁic&sodn R loRes Bhdd, MBe Riaktidd OM '
surroundi ng water and: reducing proliferation of m- crob| al organl snms.  11.

The fragment ofto8eheli 30 wher ei n:
() Wherem the particles are substantrally phoblc to Water and tothe ° }

10 : solutlon
whereby the antlmrcroblal compound grafts onto the particles and upon contact with
‘water, the particles sorb contaminants from the water and redu_ceprohferatlon of
micrebial orgamsms :‘ B

2. The method of claim 1 wherein irrigating parhcles compnses 1rr1gatmg a
15 multitude of loose granules or fragment w1th the solutron, wherem substanually all
surfaces of each individual particle is exposed to the solutlon _
3. The methodof claim 1 wherein irrigating partlcles.‘eornpriseé’ irrigating a
multitude of polymer partlcles that are hydrocarbon—sorbent o
4. ‘ The method of claun 3 further comprlsmg L v
20 @ substantxally drymg the solution from polymer and copolymer :

particles that are granules, and , S
(b‘) extrudmg the polymer partlcles into fragments of fﬂter media. -
5 The method of claim 4 further comprlsmg supportmg the fragments' o
about an open recess w1th1n a filter module, whereby:the filter module is capable of
25 both removmg oil from water passing into the open recess and reducmg prohferatlon :
~of microbial orgamsms
6. The method of claim 1 wherem prov1d1ng the solutlon compnses :
provrdlng, dlssolved in water, a quantity of an organosrlane compound not susceptlble
to self-condensation in water. '

30 7. The method of: Clalm 6 further compnsmg dlssolvmg the organosﬂane

| compound in the water to prepare the solutlon




(a) - the antim crobial conpound is an organosil ane conpound not,
susceptible to self-condensation in water; (b) the conpliant, hydrophobic
_polyner is ethylene propylene nononmer or ethylene propylene di ¢3eMadagiger ;

and styrene-butadi ene-styrene or hydrogenated styrenic bl ock copol yner.
(c) the oil-sorbent, hydrophobic copolyner is 12. Afilter system-
conprising: 13 MAR 2006 -19 (a) a nultitude of irregular, nacroscopic
fragnents conprised of an oil-sorbent, hydrophobic copolynmer in a matrix
of conpliant, hydrophobic polymer; (b): an antim crobial conpound grafted
to the fragnents;. and 5 (c) a filter nodul e supporting the fragnents

adj acent to an aperture; whereby thefglter systemis capable of both
sorbing oil fromwater passing into contact wth the fragnents via the
aperture and rgduciThg ntldd dfedlsin Dwhedeiminigaingahe pagiales saith.thd @lufitre filter

system of claim 12"wherei.n the antim crobjal compound is an organosil ane
conpound. SAHPTIEEIVBKTTING g‘etp&rgfi}?ﬁfl_“@gﬁﬁ%’éﬁ@!iﬁ‘%ﬂp tgg's%ggrrl .%O-r 410 14.g The filter
-syst em of pedtdiininkdifeeioaiontinfed) the conpliant, hydrophobic polyner is =
~ethyl ene propyl ene_nononer, or et hyl ene propyl ene di ene nononer; and (b)
t he oil - sorbent: h%?&}?f‘kﬂﬂ%{%ﬁbfv s styrene-but adi ene-styrene or
hydrogenat ed styrepi)c birQgkirGoRe p}RIes cdfpiifes itkigtihg pdrtices sigsarmiallng :
chemical and biol ogical purity of a water stream containing, contam nants,
“the method congonpisingofd MbdEienRf f1 ow of the water stream through .
interstices., of a nmulti} udgapficidd GFRGMERIbuIBEAOSE Ride®r hiy@@EBited Of a

cont am nant - sor bent, hydrophobi ¢ copol ynmer enbedded in a conpliant,
hydr ophobi ¢, ol efiﬁtyeeré@blyﬁ!éﬁonqiﬂp¢rzsz¥(a) ‘ . S

(2)  particles ofvel:hfy'leheﬂpr'o:pyléne monomer or éiﬁylér_';_é R

:'"'1'0" o propylene diene monomer; - _
'. (b)  the particles of ethylene propylehemonomét or éth)ileﬁe -
propylene diene monomer comprise abOutlllO'—SO% of the mixture, by weight;
and o | :
() the particles of sty'r;ene~b1_-1tadi,ene—styrene‘» or hydrogjenavted
. 15 | . styrenic blockcopolymer are Cfomprised. of e.lb‘out 25-45% s,tyrféne and aremthe SRR
fange of about 4-20 mesh. R
10. A fragment of filter media comprising: _ _ .
(@) -anoil-sorbent, hydrophob_ic copolymer in a matrix of compliant, = ,
‘ - hyd-rop‘hobic,’ olefinic pblyma; and o . SR
= 20 { B : : : . (b) an anﬁmicfobial' éémpoundjfgrafted to the choly.mef and R
polymer; |
Whéreby the fragment is capable of both sorbing oil from sufrqgndmg Water and o =
reducing .prolifétaﬁéh of microbial organisms. . | . o
11.  The fragment of claim 10 Wherein; ‘ - v : » o e
25 (@) - the éntimic_;robial Ivc()m[i?ouﬁd lS an organosilane compoupfi net 7 i
susceptible to, ‘self,—c'ondensatio_h in water; B |
(b) . thecompliant, hycir(?);phobic:polyme,r is eﬂiylene'-PfOPYfe;‘fl? S
monomer or ethylene pro'py.lene diene monomer; and S
(c)  theoil-sorbent, 'ﬁydfop‘h_obic c’dpolyme; is }
30 ‘.styrene-fbutadiene-s'tyrét}e.‘Qr ‘hyerg‘énatec::i: styrenic block ,,c‘polyfri‘ei:._ o EEI

12, Afilter system comprising:




(b) are hydrophobi c but sorbent of the contam nants; and ‘have antim crobi al
conpound on their surfaces; whereby one or nore targeted contam nants are
sorbed fromthe water and .proliferation of microbial organisns{id3sMAigdiied.
16. The nmethod of claim 15 wherein,. prior to directing flow of the water
stream the water stream contains hydrocarbons and wherein the fragnents
are sorbent of hydrocarbons. 17. The nmethod of claim.16. wherein
directing flow conprises directing flow of the water through fragnents
that have antim crobial conpounds grafted to their surfaces: 18. The mnet hod
of -claim 17 wherein directing flow conprises directing flow of the water

t hrough fragments further conprised of .@n antim crobial conpound grafted
to: 13 MAR 200& -20 10 15" (a) a portion of the polyner of the fragnments;
and (b) a portion ¢) thEmmhﬂOHyﬁﬁngﬁhrhﬁmﬁﬁagﬂEﬂﬁgnwﬂ@C&h@nﬁﬂhﬁ@ﬁ of

cl aim 18 wherein, di ti ses directing.flo of .t he water
through fragners™Sk e(r%etll %ﬁl&’?’é‘h‘i ﬁl%eam %fnal:rB?ﬁlc?ﬂ I@Phl\‘l"e@?l‘ﬂ@fl eto -

- conprises an ormdyraad | ane conpound not susceptlble to sel f-condensation in
wat er. 20. The neth of claiml erein. ectlng fl-ow conprises .
directing flow of tHe tBHIRP gt?%‘”f‘? %?étl%ffﬁgmea*)s ade conpliant,

hydr ophobi ¢ pol ymer(ct)onsa mtéinﬁxfdlﬂémﬁ@aﬁx m@hﬁgmbﬁ@%dfa@é}ﬁ%&n%erﬁlrﬁ,w ene

- propyl ene dh g%e‘ol ; and é’ﬁ oi | -sorbent hydr ophobi ¢ copol yner.
consi sts of %"F@Y HAE 9‘F Botrsorag QilomriefecpapsionintospriaRt

copol yner . with the ﬂaérhéﬁt@fna&@é%érﬁir@ 8nd PoduRing PROIEEARLN BRMIREIR Jrg&ﬁéméper ture

for entry of a_.water stream an a_second aperture for exit of~the water

stream (b) a e t | %@t%fsyftﬁ‘?‘é{fﬁlaéff‘ 12 pehereds thegneimigppiabenipavndris aynent s
' ocat ed | NorfifosfRis @irfiur@lfbe BRYFRle tdRIbEMnsBiSh a%ﬂ@ﬂ apertures; £7)

10 14. ©  The filter system of claim 12 wherein: : L
' @ the compliant, hydrophoblc polymer is ethylene propylene
monomer or ethylene propylene diene monomer; and .
(b)  the oil-sorbent, hydrophobie copolymer is
styrene-butadlene—styrene or hydrogenated styremc block copolymer AT
15 15. A rnethod for improving chemr_cal and ,hrologrcal pu-rlty.of a water ’
stream ‘conta'iningcontaminants, the ime'thod compriSingl dlrectmg flow ofthewater
‘stream throu'gh: interstices of a multitude of irregular, -macroscopic fragrnentsiof-»av ;
- contaminant-sorbent, hydrophoblc copolymer embedded in a- compllant hydrophoblc, :
- oleﬁmc polymer that |

20 @) . are hydrophoblc but sorbent of the contarmnants and

- (b) have antlmlcroblal compound on thelr surfaces; - e
' ‘whereby one or more targeted contammants are sorbed from the water and
proliferation of mlcroblal orgamsms is reduced '
16.  The methed of claim 15 wherem, prlor to dlrectmg flow of the water ;
. 25 stream, the water stream contains hydrocarbons and wherein the fragments are
sotbent of hydrocarbons. » - ‘ | v
- 17. ‘The method of claim. 16 wherein drrectmg ﬂow compnses du'ectmg flow
of the water. through fragments that have antumcroblal compounds grafted to thelr
-surfaces o I
30 18.  The method of'clairn 17 wherein directing. ﬂow V‘cornpriSés dlrectmg ﬂow _-
of the water through fragments further comprlsed of an antumcroblal compound |
' grafted to: ’




(c) which fragnents: 20 (i) are conprised of at hydrophobic copol yner
- enbedded in a conpliant, hydrophobic, olefinic polyner; (ii) have an
antimcrobial material grafted thereto; whereby the-filter is c4doBhR 28606
both sorbing oil fromthe water stream.passing into contact with the
fragnments between the first and second apertures and reducing prollferatlon
of mcrobial organisns. 22. The filter of claim 21 wherein the.
antimcrobial nmaterial is an organosilane conpound not susceptible to
sel f-condensation in water. 23. The filter of claim 21 wherein the
antimcrobial material is grafted to both .,at.-least a portion of the
"polynmer of the fragnments and at | east -goPortion of the copolyner of the
fragnents... 24. The filter of claim23 wherein: (a) the conpliant,
hydr ophobi c, ol efi et pelppriam ofshepblyhrenef the fpginens; anmhoner or et hyl ene
ropyl ene di ene mo 2005 -2 t he hydr ophobi c
Eopolyner S styrquﬂe ?gﬁﬂgﬁe%éfeco ewn?“ﬁﬁhd&%ﬁéﬁﬁfed styreni c bl ock
copol yner. 25. 1%he ThHelrhethod bf dhiai m@nemhedlmcﬁng flayv. doheprisay diretiag flofv

et hyl ene pr. | ene . nmon or .ethyl ene | dlene no conprlse
Sbont *10. S SRE e AR e e MRt e B A o (herefo

st yr ene- buboatpirisesansdry ﬁmﬂa@rconypﬂtmgemtheptﬂﬂe/foeself@omiaekummbataer are
conprised of apout 25- 45@6 rene are.in the range of about 24 mesh.
10 26. The fil (g ed’f‘%f'f‘ Cl%ﬁbl%‘r"ﬁe‘ffﬁ‘ed%tﬁt‘%ﬁe risgR{EecHng ﬁP‘éV gr af t'ed
to substamUhawaﬁrﬁnéuguﬁﬁgm@ﬁsuﬂémhbe fragments. 27 The f||ter of claim
21 wherein the first aperture of the container is an recess and

wherein fragments 4tk | Breseawplignt st/drophe'aspoltyrﬂeeéoeﬁ%e et'af Rhe open

propylene monomer or ethylene: propylene dlene monomer, and

10 o (b) the oil-sorbent, hydrophobic copolymer consists of .
styrene-butadlene-styrene or hydrogenated styrenic block copolymer.
21 Afilter compnsmg'
(@)  acontainer having a first aperture for entry of a water stream and.
a second aperture for exit of the water stréam;
15'- . | ®) a multrtude of uregular, macroscoplc, onl-sorbent fragments
located in the container and between the ﬁrst and second apertures;
(¢  which fragments » . . v .
@ are compnsed of a hydrophoblc copolymer embedded ina
o comphant hydrophobrc, oleflmc polymer, ‘
2 R DS (ii)v_ have an antumcroblal matenal grafted thereto,

o whereby the fllter is capable of both sorbing oil from the water stream: passmg into
contact with the fragments between the first and second apertures and: reducmg
prohferatlon of microbial organisms. - '

22 The filter of claim 21 wherein the antimicrobial material is an
25 - organosxlane compound not susceptlble to self-condensatlon in water.
23. The filter of claim 21 wherein the anhmlcroblal matenal is grafted to both
at leasta portron of the polymer of the fragments and at least a portion of the
- copolymer of the fragments. . : '
: 24, The ﬁlter of claim 23 wherein: :
v 30 R @) '. the compliant, hydrophoblc, oleﬁmc polymer is ethylene

~ propylene monomer or ethylene pr_opylene d_lene mono_mer, and




recess when viewed in cross-section: 15 28. The filter of claim27 wherein
the second aperture of the container 7 conprises a perforated bottom
plate. 29. The filter of claim 21 wherein the container conprisd4s3 MAR2808et
inside a solid-walled hopper, wherein the interior of the basket forms the
first aperture., wherein the second aperture of the. container conprises a
perforated plate secured to 20 the. hopper, and wherein fragnents are

| ocated (a) between the bottom of the basket and the perforated plate and’
(b) between at least two walls of the basket and the adjacent walls of the
hopper. 30. The filter of claim29 wherein the basket is conprised of
expanded netal form ng di anond-shaped hol-es. 31. The .filter of claim 29
wherein the hopper has a cutout in at |east one of its side walls at the
end nost renote froit hethodytimplobit cppelymer Batyrdivebiitadiiene-styafeok ai m 29
wherein the contay rther. ) a, bracket coupled to the outside
.of a side wall rﬁd?irl}%g‘al?gﬁégrg&zﬁ?%gﬁ é‘% fost remote fromthe perforated .
pl ate. 33. The %5 | t dhe Giterdfalaim2d whmexm n the hopper is rectangular in
cross-section. 13 200& - 22, 34 er of claim?29 rein.the
antim crobial rrater/lﬁ |tg‘§ zri%lc d)fft Enf’ﬁmpal'fe"faé'a%lonherﬁof’ll‘lym@ﬂ €of the

~pol ymef of t he fropyjerndisnamdnamet easprise apoat I0B0%05f thé mixta P by WeRghtof t he
fragnents. 35. ane filter of claim34 wherein: 5 (a) the conpllant

- hydr ophobi c, olerinic polymer is ethylene propylene nononer or ethylene

propyl ene di ene rmnchyer thapﬁlrt(cb:} ofherdmydiuwat@@s@réﬂp&lh&mbgén&ed .
st yrene- but adi epygl_ yg)egﬁ dro enat.ed stérenl c bl ock copolyner. - 36.
~The filter of EPAFNf ?%?“f‘ﬁle"f P‘t"i:?ér@s/"%lﬂeéf’ﬁwgi‘?énﬁl“o yI_ene

" mononer or et hyh@geebf apbﬁxpyimesldl ene nononer conprise about  10-30% of" t be
.- hm xturg, by wei ght ter lf lnrfgl Esfahretreu? lthisan%lmcsrl)glglerrrlgte%gl gdl aeftre(ei tst yrene o
ydr od&nat ed &t o
substantially all surfaces of the fragments
27. - The fllter of _cl_a_lm 21 wherein the first aperture of the contaiher’is an
open recess-and wherein. fragments are located on at least three sides of the open a
‘recess when viewed in-cross-section. A i
15. 28. The fi»lter _of;.claim 27 Wherein the second aperture of the contalnerj' |
comprises a perforated bottom plate. I
29.  The filter of cla1m 21 Whe_rein‘ the container comprises a basket inside‘a_
solid-walled hopper, Wherein the ihterior of the basket forms the fir'st aperture,' .
_ wherein the second aperture of the contamer comprises a perforated plate secured to. | _
- 20 ) | the. hopper, and wherem fragments are located (a) between the bottom of the basket - ;} |
and the perforated plate and (b) between at least two walls of the basket and the : ;
adjacent walls.of the hopper _ , o .
30.  The fl.lter of claun 29 wherein the basket is compnsed of expanded metal
forming diamond~shaped holes.
25 © 31 The ﬁlter of clalm 29 wherein the hopper has a cutoutin at least one of its
| side walls-at the end most remote from the perforated plate
.32. The ﬁlter of clalm 29 Wherem the container further compnses a bracket
coupled to the- out51de of a 31de wall of the hopper at the end most remote from the

perforated plate.

30 '33. - The filter of clalm 29'wherein the hopper is:rectangfula_r_'incross-sec'tioh. -




styreni c bl-ock copol ymer are conprised of about 25- 45% styrene and are in
the 15 range of about 4-24 nesh. 37. The filter of claim2l wherein the
.container is a pipe. 38. The filter of claim 37 wherein the antiji BARI0S!
material is grafted to. both at l|east a portion of the polymer of the
fragnents and at |east a portion of the copolyner of the fragnents. 20 39.
The. filter of claim21 wherein the container is a filtration cartridge.
40. The filter of claim 21 wherein the container is an' el ongated,
generally .cylindrical structure having the first and second aperture at
the. ends of the cylinder. 41. The filter of claim40 further conprising a
screen covering the second aperture. -22. The filter of claim41l wherein
the antimcrobial material is grafted .to both at |east a portion of the
pol ymer of t he34r agharilter shelaim 29 whereirathg gptimisrokinl materialis grsifipshie bofh t he

fragments. atile%s ,pant)h bk e ya rmyxﬁér%'f meﬂf?ag\et@{e%{a at(l@a)st 3 PSR ANt |

hydr ophobi c, I nic po I's ethylene propyl ene nmononer or ethylene -
propyl ene qdpelwmenoﬁtlnm:agn@n@ (b) the hydrophobic copol yner is

st yrene- but adi gne ted styrene bl ock copol ymer. 13 MAt3
2006 -23 44. A%r]ret M@&?O?ﬁﬁﬁg{ﬁg@gﬁ\em cal and bi ol ogical purity of a

‘wat er 5stream cont d@hi n@wn};&mmayidmphbhle,oteftmogolympraeshyigml recting flow
of the water  BRESARE MRuc bl Lah1ARBLINI GOl n Sl gaLer  general |y

cylindri cal PUT € contal nin e of Irreg macr oscopi c,

cont ani nant - sor bent(bj r agrﬂl;tcho;ﬂmbpmopetymdr 1sast§rehy-ﬂumﬂi“emb+styrenmoﬂ ymer
enbedded in a- ﬁl& I i an ty%( z(bl C oty oI ef| nic pol ymer and having
antim crobi al PETOBFH e‘l)‘h R HIOETOPAYEES { hr ough the cylindri cal
structure, and3e.outTiaffilténef clsitr 350k hiEreint hough a second aperture of the
cylindrical struct ure nor e %gt ed cont an nants are

ereh '
sorbed® from the wat@ \#l;elbaf% ?sf‘gtegly?%ﬁﬁff’pw&er AT l?}’l'?l’f's is reduced:

10 45. The netp neellaiem\&&nvdaebmpﬂsé M&M%aemelrﬁlxampmewl bt; The
met hod of clalm wherein the antimcrobial material is grafted to both at

| east a portloi"lrl f the polynmer of the fragnments and at |east a portion of
the COpOI yner of t(B}? f HRORANSs of styrene—butadrene-styrene or hydrogenated

- styrenic block copolymer are comprised of about 25-45%. stytene and are in the
15 range of about 4-24 mesh.
37.  The filter of claim 21 wherein the contalner isa pipe.
38.  The filter of claim 37 wherem the antmucroblal matenal is grafted to both
at least: aportion of the polymer of the fragments and at least a portion of the
' 'copolymer of the fragments. ,
20 - '39. .' The ﬁlter of claim 21 Wherem the contamer isa flltratlon cartrldge
' 40. . The filter of clalm 21 wherein the container is an elongated generally
_cylmdncal structure having the first and second aperture at the ends of the cyhnder
41.  The filter of claim 40 further comprising a screen covering the second
aperture. _ .
25 C 42, 'I"he filter of claim 41 wherein‘ the. anﬁrrlierobial material is grafted to both
| atleasta portlon of the polymer of the fragments and at least a portlon of the |
copolymer of the fragments ' '
43. The filter of claim 42 wherem
- (@) the compliant, hydrophobrc, olefinic polymer is ethylene
30 . propylene monomer or ethylene propylene diene monomer, and ‘
= (b)  the hydrophoblc copolymer is styrene-butadlene-styrene or
' hydrogenated styremc block copolymer :




47. The nethod of claim44 wherein the container is a filtration cartridge.
15 48. The nethod of claim44 wherein directing flow of the water. stream
out of the structure through a second aperture of the cylindri 4 MAR 200
structure further conprises directing, flow of the water streamthrough a
screen covering the second aperture. 49. The nethod of claim48 wherein the
antimcrobial material is grafted to both at |east a portion of the

pol ymer of the fragnments and at. |east a portion of the 20 copol yner of the
fragnents. 50. The nethod of claim49 wherein: (a) the conpliant,

hydr ophobi c, olefinic polyner is ethylene propylene nononer or ethylene
propyl ene di ene nononer; and (b) the hyxrophobic copol yner is

styrene- but adi ene-styrene or hydrogenated styrenic bl ock copolyner. 51. A
fragment of fil4er Aedétaodomm'mmovigg Cl(teﬁlical]’andil:lielegmélthty h@/ajwoﬁ:hobi c

-copol yner |n .1 .X of hobi ¢, ..ol ef i and (b)
an antim croBi Ay t(t:orrp I gra gh'%me%g %\S&Sw gr‘ﬂ:ﬁ@ Watf‘i: .
wherein t hsire‘anaxgmﬁrst apemneoﬁ tmelongated, genaafly cylarideical stﬁchNRc&Q%

wher eby th'eéf% (? ment is capabl e of bo%h sorblﬂp Frél fromthe . a off wat er
and reductt B AR SR PSR GBI R hiragRonts ‘f‘?f&pfl?eﬁfo‘#@nt of
claim51 mhm:ephmblc(agpotylmemﬁbeauea @hd édm quwﬂ%pmb&noleﬁ@aoow@raed :
conmpound nlo uscgp ible.to sel.f-conde atlo tei) (b) the '
conpl i ant , % °f‘§heé’fff’rﬁf Ak TPBSRy r?e‘é m%fﬁ? sEgcte, adhy | ene
propyl ene dlhtejﬂﬂlemeﬁii‘é thcﬁigﬁ a(sedoridipefiiute SFANOSAdridNAEARIEE ntheS@RYLTEr 1S
st yr ene- but adi ene- stérene qQr hydrogenated styreni c bl ock copolyner 10.

53. A filt ¥rmerdurgricl SApRAMINgy Sprhed fram the urterand probifpration of yacr oscopi ¢
P
fragment s’ gQueHiAlvRghrRSmaiR re&hdedsor bent hydr ophob| c copolymer'in a rrat rEx
of co_npl i ant,. hydroplt\obl ¢ 15 polyne . ;
: 1 e method of claim 44 wherem the contalner isa plpe
46.  The method of claim 45 wherein the antimicrobial material is grafted to
both at least a portion of: the polymer of the fragments and at least a portion of the
copolymer of the fragments | o
47.  The method of claim 44 wherein the container is a filtration cartrldge
15 48.  The method of claim 44 wherein directing flow of the water stream out of
the structure through a second aper'thr!e offthe cylindrical structure further comprises
directing flow of the water stream through a screen covéring the second aperture.
49. ' The method of claim 48 Wherem the antimicrobial material is grafted to
both atleast a portion. of the polymer of the fragments and at least a portion of the
C 200 v--copolymer of the fragments. - o _
50. -The method of clatm 49 wherem

B )
Ry

(@) the comphant hydrophoblc, olefinic polymer is ethylene :

propylene monomer or ethylene propylene diene monomer; and
(b)  the hydrophobic copolymer is styrene-butadiene-styrene or

25 ‘ hydrogenated styrenic block co_polymer. | s ‘

51.. A fragment of ﬁlter‘rhedia comprising:

' (@) - anoil-sorbent, ‘hydrophobic copolymer in a matrix of compliant,

hydrophobic, olefinic polymer; and o |
()  an antimicrobial compound grafted to the copolymer and

30 polymer; \‘ | .

() - wherein the fragment is in contact with runoff water;




(b) .an antim crobial conpound grafted to the fragnents; and (c) a filter
‘modul e supporting the fragnents adjacent to an aperture and in contact
wi th runoff water passing into contact with the fragnents via tHe Mperdsr e;
whereby the filter systemis capable of both sorbing oil fromthe runoff,
‘water and reducing proliferation of microbial organisns. 54. The. filter
system of claim53 wherein the antim crobial conpound is an organosil ane
conpound not susceptible to self-condensation in water. 55. The filter
system of claim53 wherein: (a) 'the conpliant, hydrophobic polyner is

et hyl ene propyl ene nononer or ethyl ene propyl ene di ene nononer; and (b)
the oil-sorbent, hydrophobic copol yrrer—?.4i s styrene-butadi ene-styrene or
hydr ogenat ed styrenl c block co olgl 56. A nmethod for inproving chem cal
~and bi ol ogvleaebypihe fagment ig ca bt sarbingoildeam therruapfiwaierasdt ami nant s,

t he nmet hoq &&{ﬂi’édbx%llfégatgd-xl Hg,lglog%gﬁ%st he water streamthrough
ar

interstices o irre macroscopi c fragments that (a) are
conpri sed of hl}%lroﬂﬂ@tfragrmpgfglwmﬂ whereimat ri x of conpliant, hydrophobic

Bompound on thei t BT atberifoth ES‘é‘%h@@‘%smﬁg%ssyf‘l%%s@%tﬁa%?%@afgi?gﬁ'
cont ard nant s aswscquiblbeid sblfonndémaMWaﬂd proI iferation of m CI’ObI al

organi sms is reduc 5 ecompl Pgégpgmtpﬁﬁo&c tlsr ea’lrllgl R,t.og,&leg

directing flow of t ns hydr ocar bons

.-and wherein thmohbmgmﬁthylanepro@gteheﬂienefmdmy)dfeo;caadbons 58. The nethod of

cl ai m 57 wherein direct directing flow of-the water-

t hr ough fragnents f(flrthgl'e%dl) %‘@@gp‘{&?&&’ﬁ’ (iﬁ’?l)ﬁﬁ"bef bi al - .conpound grafted

) to:. (a) a por &tyfaﬁeohtatdmxe-qvpleym hﬁfmgéiﬁtedrﬁm;trénm bloakdopdlyfne). a portion. of

~ -the oil-sor bent , g@ hobi ¢ co in the matrix. 59. The nethod of
¢l ai m%8 wher ePh’ dllll €4S étef‘l‘iﬂﬁ‘ | ses directing flow of the water

- through fragnents vher ehRdiifiden irdgilPinatroS PRI GitAdongstistd of &1 O e

conprises an organosi | ane conpound _not:. susceptible to self-condensation in
wat er . oil-sorbent, hydrophobic copolymer in a matrix of comphant hydrophoblc

Polymer, - o
- (b) = anantimicrobial compound. grafted to the f-ra-gmeirtt's* and
15 , (c)  afilter module supportmg the fragments adjacent to an aperture -
and in contact with runoff water passing into contact with the fragments via the
aperture, v ‘ o v
whereby the fllter system is capable of both sorbing oil from the runoff water and
_ reducmg prohferatlon of microbial orgamsms ‘
20 '54_._ The: ﬁlter system of claim 53 wherein the antmucroblal compound isan
organosrlane compound not susceptible to self—condensatlon in water
55.-  The filter system of claim 53 wherein: :
o {a) the compliant, hydrophobic polymer is ethylene propylene
monomer or ethylene propylene diene monomer-,and
25 o () theoil-sorbent, hydrophobic copolymer is _
styrene—butadlene-styrene or hydrogenated styrenic block copolymer
56. A method for improving chemical and blologlcal purrty ofa runoff water
stream contammg contaminants, the method comprlsmg dlrectmg flow of the water
stream through mterstrces of a multltude of uregular macroscopic fragments that'
30. ' (@ are comprlsed of hydrophobic copolymer ina matrrx of comphant
hydrophobrc polymer and are sorbent of the contarmnants and

(b) ‘have antlmlcroblal compound on thelr surfaces,




60. The nmethod of claim58 wherein directing flow conprises directing flow
15 of the water through fragnents wherein: (c) the conpliant, hydrophobic
pol ymer consists of ethylene propylene nononer or ethyl ene proﬂﬁlMéZ@ﬁene
nononer; and (d) the oil-sorbent, hydrophobic copolymer. consists of - )
styrene- but adi ene-styrene or hydrogenat ed styrenic bl ock copolyner. 20 61.
The method of claim56 further conprising. supporting the fragnents about
an open recess' within a filter nodule, whereby the filter nodule is
~capabl e of" both renpving oil fromwater passing into the open recess and
reducing proliferation of mcrobial organisns. 62. A fragnent. of filter
medi a conprising a multitude of contamsnant -sorbent, hydrophobic pol yner
particles with an-antimcrobial material thereon, in contact with runoff
“water, cap%ﬁ@bﬁbnbotmomtg'em oo tansnunta atessofredrfrom tof wateesmt and r educi ng
proliferat r | ﬁr’@ The fragnent of claim62 wherein
the antim E{Hké ﬂn(gtllg?loglalggggg%a eded[Ql%e(l he particles. 64. The fragnent of
cl ai m 63 wher e|5|5f t hEh@mlemwdrofplannﬁéhAd&rean,qarmmmduemdgcﬂbwczfthefmte;ner

enbedded i 10. 65. The

fragment o fna(&g%éltg%heerag‘%nf a’ﬁrf)ér/ﬁrcr |aIW ef‘ﬁrl gagns}e 8f%ted to at
| east Sonesaberttobéhydpcirthorer and at | east sone of the polyner in which the
copol yner is enfedd 65 wher ei.n the polymer is
ethyl ene pr opylrggne ?ﬁrFomS do}_qag‘t'%??’g%’ée“bagﬁ%“ o SeR ARSI the
. copol ymer ' ofhe siaer eireuglufraginente fiathereompoisediyfdiogaRatoBiabéonigning block
copol yner Afilter, conprising: (a) a container having . a first -

aperture f%rtatzcgcl'lfory of a streamof runoff water and a second aperture f.
exit of the runoff gpt Ehpotﬁén&tﬁblbblthdafﬂi‘ema&ﬁ%har e.cY 0$COpi C, §

- cont am nant - sor bent hydr ophobi ¢ gol yme fragments located in the container
and bd? ween the fi r@? pornon of the oil-sor ent hydrophobic copolymer in the matrix.

59.  The method of claim 58 wherein dlrectlng flow comiprises directing flow
of the water through fragments wherein the antimicrobial compound grafted thereto
comprises an organosilane compound not susceptible to self-condensatlon in water '

60. - The method of claim 58 wherein dlrectmg flow comprises du‘ectmg flow

15 of the water through fragments wherein:
(¢  thecompliant, hydrophoblc polymer consists of ethylene
propylene monomer or ethylene propylene dienie monomer; and
(d) = the oil-sorbent, hydr'ophobic cop‘olymer consists of
styrene—butadlene-styrene or hydrogenated styremc block copolymer
R R 61. - The method of claim 56 further compnsmg supporhng the fragments

about an open recess within a ﬁlter module, Whereby the filter module is capable of
both removing oil from Water passmg into the open recess and reducmg prohferatlon :
of microbial orgamsms ' " o '
62. A fragment of filter media -contprislng a multitude of
25 contaminant-sorbent, hydrophoblc polymer particles with an- antmucroblal material
~ thereon, in contact with runoff water, capable of both. sorbmg contammants from .
_runoff water and reducing prohferatlon of microbial orgamsms x | ‘
_ 63 The fragment of clann 62: wherem the antimicrobial matenal is grafted to
the particles. : , S
30 - 64  The fragrnent of claxm 63 wherem the polymer parhcles are comprlsed of
acopolymer embedded ina comphant oleﬁmc polymer




and second apertures having an antimcrobial material thereon; (c) wherein

~the fragnents are in contact with runoff water passing through t he

~The* filter of % ai Fhsiragpentef glaim

container: 15 68. The filter ;of claim67 wherein the anti m crolidaMAR 2006

material is grafted to the fragnments: '69. The filter of claim 68 wherein

~the polyner fragments are conprised of a copolymer enbedded in a

conpliant; olefinic polyner. 70. The filter of claim69 wherein the
antinmicrobial material is grafted to at 20 |east sone of the copol yner and
at | east sone of the polyner. in which the copolymer is enbedded: 71. The
filter of claim70 wherein the polyner is ethylene propylene nononer or

- et hyl ene propyl ene di ene nonomer and t86é copol ynmer is

styrene-but adi ene-styrene or hydrogenated styrenic bl ock copol ymer. 72.
84 wharein Heantimirobiabmaterigl is grafteiitbt er of

clai m 72 WaQERt Sontd 6 tROEIPTIRAhG Ul at @Et%'ohélof 'tl%e [Qll?fhhlegl FRcREh at least a

portion of the polyner of the fragnents and -least a. portion of the .
copol yner spobyeer ﬁ%@?ﬁé‘lﬁlﬁé 74. The filter of cl ai m 67 wherein the

container is aggel O Snefi B EAN Y whEdd (T %eaééﬁlgfeygsr@%éngg the

;hydro%enated styre bloc
:and blologlcal pur i 5

first and second aperture at the ends I nder e -filter of
clai m¥4_fmeremer @Gﬂp’hr@lmgpﬂe%dlee@moowemn@heIqepeiemond aperture. 13 MAR

10 06 -27 ¢ ; ) WS'I% )Ellﬁ anti m crobi al
material i gl‘a?ll gien;[g ‘lmé‘;‘glﬁdl)‘legafﬁl’@hgla’z‘*s‘tﬂ ondg?&) polyrrer of the
fragments and &f. Ie&ﬁtteacqmpnidm of the copol yrrer of the fragrrents 77.
The filter of clai 76 wher. hobi- finic
pol yner is:ethyl enne pr &pytt eﬁlézrﬁig)ho rrStapghry‘; %‘tﬁy%rpa&ﬁgrgﬂ@ gl“é‘h‘éanDnoner;
and. (b) the hydvaoqllao&aoeﬂmricﬂpermreﬁoﬁeﬁtgﬂtﬁ@ﬁnﬁﬁﬁﬁheene styr ene or ~
y 78. A .nmethod for 8‘” ng chem cal

O'P Iléu er.gular, macroscopic, contammant 01‘

hydrophobic polymer fragments located in the container and between the first
" and second apertures having an antimicrobial material thereon;

(c) wherem the fragments are in contact with runoff water passing

through the contmner _
15 68. The fllter of claim 67 wherein the antimicrobial matenal is grafted to the -
fragments.

'69.  The filter of claim 68 wherein the polyrher fragments are comprised of a
copolymer embedded ina compllant olefinic polymer. s _
70 'I'he ﬁlter of clalm 69 wherein the antmucrobral material is grafted to at
20 _ least some of the copolymer and at least some of the polymer in which the copolymer
| “is: embedded
71, The fllter of claim 70 wherem the polymer is: ethylene propylene
monomer or ethylene propylene dlene monomer and the copolymer is
styrene-butadlene—styrene or hydrogenated styremc block copolymer
25 72 The filter of clatm 67 wherem the contamer is a pipe.
' - 73 'I‘he filter of clalm 72 wherem the antnmcrobral material is grafted to both
‘atleasta portlon of the polymer of the fragments and atleasta portlon of the
: .copolymer of the fragments '
v - 74, The filter of claun 67 wherem the container is an elongated generally -
| 30 ' lcylmdncal structure havmg the first and second. aperture atthe. ends of the cylinder.
’ 75 'I'he fdter of daim 74 further comprlsmg a screen covering the second

'ap‘ermre,




runof f water containing contam nants, the nmethod conprising directing flow
of the runoff water streaminto a flrst aperture of an eIongated generally
cylindrical structure containing a nultitude of irregular, 2808
cont am nant - sor bent, . hydrophobi c pol ymer fragnments having ant|n1crob|al
material on their surfaces, through the cylindrical structure, and out of
the structure though a second aperture of. the cylindrical structure;
wher eby one or nore targeted contam nants are sorbed fromthe second _

. aperture. 81. The nethod of claim80 wherein the antimcrobial material is
grafted to the fragments: further conprises directing flow of the runoff
wat er streanlthrough a screen covering279. The method of claim 78 wherein

t he container i 80. The nethod of claim 79 wherein directing flow
of the runoff er %E?lt@alhcli‘tft‘ 7gwherrin ghe andimyerebiahmategial i ssaftediia bagher t ur e
of the cyl aﬂéddtﬁﬂtbrtﬁ)hrdlqléf&ymbﬁofr&@%bn@% 8hd aﬂ@asﬁ? B%ké&{ Gtehon of

m crobi al organisns is reduced copol yner hod of claim81

wher ei n th@”ﬁ%??ﬁ%ﬁ & fEmeNs are conpri sed of ' a (hydr ophobi ¢ copol yner

embedded in a conpl TROficerdr Blaici 76 wRRbofEr . 83. The method of claim 82
wherein the anti m crobi al naterlal |s rafted to at |east sone of the

copol yPrer and at | e@dt dbpeorppliangd ic. Plafipipolymdnds etbylpnt yner i s
~enbedded. 84. ThepyIEidAGhdHherthai 1 (B aiLRERGRNMLL 8R4 Ol efinic pol ymer
is ethylene propyl ene nononmer o ne propyl ene di'ene nononer, and

the. hydrophobic col yh‘ehydrgpls@lw @r@lmtmds@memm styrehe/olr ogenat ed
st yr enic bl OCK hydrogenated styrenic block copolymer. _ _ )
78. A method for improving chemical and biological purity of a stream of N}
10° - runoff water contammg contaminants, the method comprlsmg directing ﬂow of the |
runoff water stream into a first aperture of an elongated, generally cylindrical
structure containing a multitude of irregular, macroscopic, contaminant-sorbent,
‘hydrophobic polymer fragments having antimicrobial material on their surfaces,
o through the cylindrieal structure; and out of the structure though a sebond aperture of
' 15 the cylindrical structure; whereby one or more targeted contaminants are sorbed from
the runoff water and prohferatlon of microbial organisms is reduced.
79 The method of claim 78 wherem the container is a pipe.
80.  The method of claim 79 Wherein directing flow of the runoff water -
- stream out of the structure through a second aperture of the cylindrical structure
L 20 , ‘5' further comprlses d1rect1ng flow of the runoff water stream througha screen covermg }
" the second aperture. - -
o 81... The method of claim 80 wherein the antumcroblal materlal is grafted to
' the fragments | ' ' " ' '
B | -82."  The method of clalm 81 wherem the polymer fragments are comprised of -
©.25 B a hydrophoblc copolymer embedded in a comphant olefinic polymer. _
| '83. " The method of claim 82 wherein the antimicrobial material is grafted to
o cat least some of the copolymer and at least some of the polymer in Wthh the ‘
R copolymer is embedded '
o 84 _ The method of clalm 83 wherein the comphant olefinic polymer is
30 . ethylene propylene monomer or ethylene propylene diene monomer, and the

: :hydrophoblc copolymer is styrene-butadlene-styrene or hydrogenated styremc block .
T copolymer




