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Field of the Invention This invention relates to a stenoprophiluric nedia
and nethods of making and using the sane. Mre specifically, the invention
relates to a stenoprophiluric nedia which conprises at |east one

bi o- I'i mi ti ngraYestENGPROPRILERIY MIFTRICES! IANDRETHODSTOFSMAKSNGUANSr  and
ki nds of organisns attached to or associated with the nedia. The

st enopr ophi | uri UG IHErSWWEes for the formation of a nicro-habitat(s).
Background of the Invention Chenmical corrosion, such as hydrolysis and

bi ol ogi cal corrosion and bio-fouling are naturally occurring processes
whi ch have been both a be%@ﬁsﬁefﬂﬁwﬂetmﬁdmeérﬁﬁwﬁaw for centuries.
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Bi o- fouI|ngagpﬁggﬁywﬂ%ﬂxw&kﬁahueﬁﬁeﬁﬁﬁrete enzynes mhlch can for exanple

di gest such things as bridges and concrete waterways. Sonetines this may

occur in concert with or dependent from sinple chem cal corrosion from sea
wat er or other environnmental efg&§613% théUffandsn hydrolysis. At the sane
time, bio-fouling is also characterized by attachment of or Qisns, bot h
pl ant or ani mal , Thig itveaitiAPReIZBEZ0\AF ERPTERNUrPCTEUSFIA Do E

making and using the same. More specifically, the invention relates to a
stenoprophiluric madia which comprises at least one bio-limiting agent. The
stenoprophiliuric media limits the number and kinds of organisms attached to
or associated with the madia. The stenoprophiluric media provides for the

formation of a micro-habitat(s).

Background of the Invention

Chemical corrosion, such as hydrolysis and biological corrosion and
bio-fouling are naturally occurring processes which have been both a benefit
and a problem for man for centuries, Fortunately, microbes breakdown
erganic matter and decompose everything from banana peels to large
mammals. Bio-deterioration, however, may also decompose our national
freasures and monuments. In aquatic environments, microbes also may
attack and break down substrates and inorganic materials using them as
sources of food and necessary critical nutrients. Bio-fouling occurs when
creatures excrete enzymes which can for example digest such things as
bridges and concrete waterways. Sometimes this may occur in concert with
or dependent from simple chemical corrosion from sea water or other
environmental effects, such as hydrolysis. At the same time, bie-fouling is

also characterized by attachment of organisms, both plant of animal, to



2 structures and hulls and buil ding bi omass which may bl ock flow in pipes,
(such as the organi sns which bl ocked water cooling pipies in the ggegrrongl
nucl ear power plant disaster) or create trenmendous wei ght inbal ances on
deep water structures. For 4000 years, man has tried various neans to

manage andyd pide@ the degradative effects of organi smmtriaehsmst
(fouling), corrosion and consunption of man-nmadée structures and vessels in
marine, freshwater, and hydrophytic aqélati c environments. Early Egyptians
clad their vessels with copper. Centuries |ater nercury conpounds were
sneared on boats and nets to extend their useful life. In the energy
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coatings, WRbbg wiltbiip@lpd. one problem create another one, e.g., the
i ntroduction of toxins to waterways. Toxins, -used to prevent bio-fouling

and corrosion, hdwe4080tyqses, man his bird \Gxiogs MeagsdomaIageanddreuted |ife
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toxi ns. Thus, concern for the environnment has percepti veI&x stym ed all
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the assunption for decades has 1 6 APR 2005

placed all previous toxic release methods of controliing corrosion and fouling

in very bad light. These toxic coatings, while eliminating one problem, create

another one, e.g., the introduction of toxins to waterways. Toxins, used to

prevent bio-fouling and corrosion, have part per trillion toxicity and have

eradicated life forms in harbors and estuaries in many infernationally

navigable ports in industrial countries. Their toxicity'has resufted in outright

bans of their use.

Attemnpts have been made to reduce and moderate the toxicity
concentration in coatings. Simple anti-corrosive coatings, especially those
without toxins, have very short service lives. They are quickly attacked and
are often consumed by organisms and natural corrosion. Thus only toxic
repellents were developed.

Two methods of delivering toxins in coating systems have prevailed; 1)
soluble coatings and 2) insoluble coatings. Thase coatings have lead to
irregular and uncontrolled discharge of toxins. Thus, concern for the
environment has percéptively stymied all known toxic approaches to provide
safe and cost effective management of man-made surfaces in both aquatic

and hydrophytic environments. Further, the assumption for decades has



WD 02136112 PCT/0S01132236 3 been that all biological growh on a substrate
is undesirable because it inevitably |eads to succession of specgﬁs ‘§R02055he
undesi red types of organisns, |ike barnacles in salt water and z r%l
nmussels in freshwater. In insoluble coatings, the | eaching of toxins from

t he coati ngohBsgifhe rate control nmechanism This systenmpdwssoverys | imted
duration and efficacy of service life. In soluble coatings, the coating

di ssolves in water with the uncontroll gd rel ease of contained toxins being
accel erated by novenent of the vessel. Over 90% of the toxin of the

sol uble coating is released to the environnent which affects non-targeted
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criteria in the success or failure of any organism For instance, copper

i s an i npor rarenisiesimeleake pficeniained tpainsdspigerceetar tioddvemogemensof ubl e in
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it I's unavai g use. e conbinatro rganisn{ nutrient(s), and
agent s i n a egviremmesnhwhichraféntts hontmgedlbiblabichlaspeciess Ubhibadleast , of t en

defined as a mecro- habitat. may, be created t.hese conditions create a
ni ue set ool Baar B bedie BA A FRRHE, Y Sl an e HRaE PR BT

exanpl e of mabhrAdt dRtEfoutingRhl @hS-dosrobind cintidbcdrodniyy enadhieled tHaeugh | e
prevents infections and, controls the interface between the organi sm (fish)

and the envi'POAFBSATS tPfhespelugsigepfany | OM@8%s mmintain a five bacteria

consort of m crobjmle chhié® coRokiBRIdt Mt Thhv@ts Yrlienbylliseliciass bijt ates the
di gestion of cellulose. Unique "mcro-habitats" nay be fornmed where

functi onal i the gRvigorunerirs heitat irwalppdesptocdbit Sovstleq e regjignd shatand

rel ationshi %?ocfyg?é/c}agﬁn%)g%é&f%ﬂ%rﬂ Bﬁbaining access to or managing the release
of nutrients of a substance as a food source for growth and reproduction of
organisms. Available nutrients, both in terms of presence and availability is a
significant limiting criteria in the success or failure of any organism. For
instance, copper is an important essential nutrient, yet copper carbonate is
insoluble in most aguatic and biological systems. Therefore, while copper is
present, it is unavailable for use.

The combination of organism(s), nutrient{s), and agents in a given
environment form a sub-habitat. A sub-habitat, often defined as a micro-
habitat, may be created when these conditions create a unigue set of
p-roperties for a sustained period of time. A specific example of natural
micro-habitats is the sfime found on fish. The slime prevents infections and
controls the interface betwsen the organism (fish) and the environment. In
the case of mammals, cows maintain a five bacteria censort of microbial
slime in their digestive system which facilitates the digestion of cellulose.
Unique “micro-habitats” may be formed where functionality of a unique set

of nutrient, blo-limiting agents, and relationships provide conditions that



1 6 APR 2005 WD 02136112 PCT/ L' S01132256 4 support the organism or consort
of organisns in a sustained manner which are different than the host
habitat. Mcro-habitats often develop the ability to limt ingrdssABhdlb
egress of nutrients, water, waste, and bi ol ogi cal incursions by other

or gani sms.ywypaghst anding the field of biodegradation hasctesenseisouded for
years due to the lack of recognition of the differences and influences
created by the host habitat. Both the patent and popular literature

di scuss the biodegradation processes, critical paranmeters influencing the
rate of degradation and outcones of biodegradation, as well as information

on how to édggolo%aﬁceeori%gﬂqh{(?fcéontsﬁxgﬁﬁioggé B S a Lib@hed!hEnde?Ghnikhat a host

habitat can reat 'y i“nfl'uence t egradative system being studied,
and may | eagteafiffersmawnhare theclamkehabivat. nddicreedbitatmefters dovelop ithe abtitcl ear | y

provi ded. Bipdegradation in aqueous environnents I di.fferent than in
wat er - | i mitoegmit ﬂ%feB%@Bg e@WF?’gHH&fﬁn S/ %&eérwlasstgbﬁﬁiﬁi g?régo 2, nutrients

including R¥YERShsAEothbr GF@aigfs.suppl y, and the water nedia provides a
greater opportunity for_ mcrabial presence, "Biaommcry” S nmade topi cal
Pn 1097 wi (h  hd pARSPIaBInogRe dILo LYBReSTBgRtRR e RPN CedRf ST WPET
subtitle "1 aROVAthORck 3RbERMitRN Mahe diferedbt ardd ifTl0énddsar@el biysinko focus

attention on natural systens which solve conplex problens. Many exanpl es
and novel apgdti ebitabrBothathe Potasy 2ot pepEldr Kiratyre digtussehii micry to
corrosion, j.nvasion.. ' L QLA hBRendhdBel f2888f When

physi cal |y El”ﬁjdgg[leagag?/& g’ré)dra%geosf %gﬁ%%%taﬁ]dé%enlt e(?(nuéedTa sgp I'i ke substance
whi ch har dedsgrapatere and rgtdooss dfbiedaosadationdak wepiasgnionsetens ontdy i nvadi ng

e PEEORPEER, BYER PR, O HERS d Shopuidueresh Lree
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oxygen are in greater supply, and the water media provides a greater |

opportunity for microbial presence.

“Biomimicry” was made topical in 1997 with the publication of a book

by Jannine M. Benyus with a subtitle “Innovation_ Inspired by Nature”. The

aim of the book is to focus attention on natural systems which solve complex

problems. Many exampies and novel applications have been studied which |

relate mimicry to corrosion, invasion, fouling, and deterioration, _P@ne trees

when phfsically injured by storm or other incident exude a sap like substance

which hardens, preventing loss of water, and keeping inéects from invading

the tree. The sap degrades without leaving a trace after sufficient tree

growth and recovery over several months. In another example, a cow

creates a slime layer in its intestine to protect it (the intestinal wall) from

many complex and highly corrosive and degradative reactions required to

decompose cellulose for digestion and extraction of the nutrients. This

matrix has been described as a “slime city” where a biomass related to five

distinctly different bacteria form a polysaccharide complex system which

forms channels and pathways. The members of the consortium are vary



forms channel s and pat hways. The nenbers of the consortiumare very 1 6 APR
2005 WO 02/ 36112 PCT/ US01/ 32256 5 diverse in that one organi smtohgr@iggﬁ
nmet hane (a product of the deconposition) while another organism (¢l B
the intestinal wall) can not survive in the presence of nethane. Yet in
this verygdinsl@yer these organisnms are at equilibri worasobizags cal ly and
for the benefit of the host. In the ocean, in very diverse shallow marine
habitats a mcro-habitat of a colonial_organismcalled a protocist can
assist in the creation of an el aborate ® network with very uni que
functionality identified as | abyrinthulata. Each of these systens have

uni que functional properties while sharing a nunber commonal ities

of
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st enopr ophi kwl beeameéh aeryhdivéneg saslidve astrine mabibats-4 mrpihagitageha. Wien t he

stenoprophiluric nedia is aced i.n an agqueous, envir.on t, Lofil mor
consor t i um &PloBRLSTAREHEN CP% PEROtRRCYY %%bsgr"ﬂ) o Frl?rallt"gn %%Fde.laaaﬂ?é%t ype of
bi of i I m or GeRsktWRveWhLRué BivBRichslitdiiddraifientasfiaipymidthalbtashEadn abul d form

in the absence of the biolimting agent. The st eno%rzfQRhi luric rrefdi ais
bi odegr adabeesarrstams bavs HrEHS BY T REaRgRFERV e SRENSEAYTRE G '

consor tium cyi‘)l‘?nonsaﬁiﬁ AN AR faRBg PadPRYpriRelys 85h ASmt padigeed media to
provide a biological growh medium™ A pedigree nedia is a nedia whose

conposi t i onnondagofidisstusions dikel cariegien efotieg e @R PHRRt i ons are known.
The = stenoprophi kyf 'eg. L 3o/ R AL RS ich WHidR AmR8Rthd BlonkdssCOr I 0Si on

(both chem cal an i'ol'ogical), consunption, deterioration and/or
i nvasi on. ThetHuiud-beagr ardabiotin, rat &illolg wrhenisnaridhe bisnass: | & needieXisHovi des

managed ol GRS RHRANGE ST AT by B b A B S T Wi on
Creates a new
Summary of the lnvention
This invention relates to an article comprising a stenoprophiluric media
having at least one bio-limiting agent. When the stenoprophiluric media is
placed in an aqueous environment, a biofilm or consortium of organisms
forms on the stenoprophiluric media. The type of biofilm or consortium
which forms is different from that which would form in the absence of the
biolimiting agent. The stenoprophiluric media is biodegradable and is
consumsad by the organisms of the biofiim or consortium. The
stenoprophiluric media may be used as a pedigreed media to provide a
biological growth medium. A pedigree media is a media whose composition
is consistent and whose effects or ramifications are known. The
stenoprophiluric media may also be used to form a barrier to corrosion {(both
chemical and biological), consumption, deterioration and/or invasion.
The bio-degradation rate of the stencprophiluric media provides for
-exposure of the bis-limiting agent. This relationship provides for a managed
release or managed availability of the bie-limiting agent, which creates a new

set of ecological conditions. These conditions can maintain a micro-habitat,



set of ecol ogical conditions. These conditions can naintain a

m cro-habitat, 1 6 APR 2005 WD 02/36112 PCT/ US01/ 32286 6 e.g., a limted
consort of species, often in the formof a sline. These consorts| gapR 2005
utilize allelopathic nmeans to further protect their position, and deter

i nvasi on awd opsadati on of hi gher organi snms. Anot her adveniwresyesngs t he

bi omass is that the production of allelopathic chemcals prevents
attachment of higher aninals. The biongss also provides protection of the
substrate fromcorrosion. The invention also relates to the
stenoprophiluric nedia and nethods of using the nedia. The present

i nvention c b I i Ler t gani sns, such
as ani mal s %R’d %Ihgrﬁfeg’, %fgl‘mﬁt"?ﬁisgfﬁégf@ygﬁ fgq‘nt' %3?‘3@%@?@%&[&0 | ower order
organi sns, sucdprascan atiiteeslielcpatdie mhacs dbdgrtimayproteat tHedr pgsitetrecandt hei r

position or attachnment spac ducing _al l el ochem cal s that either Kkill
or repel co R sk 5‘?‘28%??86%//1 Ef 5%9 F%ﬂ’%.amfﬂ"é" rrerboﬁgéra%ld’ apimé%s%fggtgrti ng

mat eri al s MRRASOIsIBEYV heaFoduttionSafl AkicpatHi®thdrhieals pubsintattachmentredi a may
be formed with one or nore sub-layers between it  and the substrate to

prevent acc&&igher apinals o fhe Pigpasser'ta PP vides sriestion of M@ n t he
substrate wWRigh BRYsi@kt er the biomass with the presence or absence of
nutrients or agents. The invention could be used as a coating on a vessel
to prevent fouliifibe iMteationaetredtescouthe Benapserhilyric sradicang ewtheds al | forns

of aquatic SpvLIRNIBMSdiaTNRe PYRRLIBRABY ofh B LBE4 USA%hibiBgicPEAHAF! UT e
specific al Pe8Hen ca S, suclli) as drugs or pharnaceuticals: € Invention
al so rel at eso Lavwanted baghnahnspsegtans agineldraod piantd, ibydingtiog oge adel aBubstrat e

useful as a neans. for producing allelochemcals, co ising the steps of
provi di ng & SE O OHPIGT PEARBIRET o PUEY 54T R ERe. | REaT QTG ERETeY

envi r onment furth@! wrofedt RReirpasifon 8r haathmhattegate bppesdudteg bi omass t hat
produces the [

qesi red uni ueilt,ﬁl t@{get ed al |l el ochem c’all s. The,,

st enopr ophi PUg'PENeThisgisthat el & GRPLHIRPLNG B MY eqa) e, O B8P ST i onass. The
bi omass nay the me@herkad dppbRRYUESLFRRGNEY GlsalskRlzaghaingalasichliat thave

phar maceuti cal or bio- active properties. The physical nedia and its

conponent s Aeystteadfhestediargay Befedted withored” SRR iSHE-IBer D PEEMPYNE. The
medi a coul dlg 1AddEHstrRe BT SRk access of the biomass to certain elements or

compeunds in the substrate which may alter the biomass with the presence
or absence of nutrients or agents. The invention could be used as a coating
on a vessel to prevent fouling. The invention could be used on structures in
all forms of aquatic environménts. The invention may also he used to
manufacture specific alleiochemicals, éuch as drugs or pharmaceuticals. The
inventioﬁ also relates to a method of preparing a bio-limiting ecological
substrate useful as a means for producing allelochemicals, comprising the
steps of praoviding a stenoprophiluric media, and exposing the media to the
environment, wherein the media is formulated to provide a biomass that
produces the desired uniguely targeted allelochemicals. The stenoprophiluric
media provides a durable support layer for a biomass. The biomass may be
selected to produce specific allelochemicals that have pharmaceutical or bio-
active properties. The physical media and its components may be adjusted to

select targeted species of organisms. The media could be added to rocks or



1 6 APR 2005 WO 02136112 PCT/USOL/ 32286 7 structures in a habitat to
provi de new nutrients which are |acking, new agents which can a‘fGiFthmﬁ
host environnment, or provide the nedia for introduction of desirable
species with the aimof habitat restoration. The media rmay be used to coat
pi pes in py@eessizstreans where both bio-corrosi on and Faowsenspzas wel | as
with drag can be nore readily nmanaged. Terns and Definitions

Bi oavail ability- Nutrients and bio-lim4ing agents nust be able to have an
effect wwth the habitat. These materials are biologically avail abl e not
just present. For exanple, cuprous oxide would be an avail able form of

o £ Bl FPEPOSEASH LT . gy eacsent

i nsol ubl e. a Ich a mcro-habitat exists.

Mari ne, br aaférsts,whithesh,altanthehyet aphigoiroeniabe pravis thermediegoar e t ypi cal
exanples. A hosi _habitat. could al so. def as_Jdnside.a manmal i an

ani mal, a | &YePayefipn of dgé‘lr%g%ap%?sew@?? &’ ? gﬁﬁ%?%tl %gisog&(')c?ﬁ'

re-circul ating), The 6itiEa 6al HYGeEIs cost pipamin prodess straamamthanateth hol di ng
system |ike those used in fire control §ysten3ﬁ. M cro-gf\bi t at - smal |,
speci al i zedPioagriresier aps Jeylingiasorell ayWitedes A wet AP TR NELP9R%Di t at
where a specific conbination of habitat elenments in the place is occupied
by an organismor |limted consortium of organisms. A m cro-habitat
denonstrates bi oceonose; a commifiriy agel RafgiiANens whose conposition and

aspect is d r m 9 - I L Ine S e haded o hawd Hei ng nmedi a
and by the r%liacl gg}‘%ﬁ@%%“ﬁ%@?g@ﬁ@ér@ﬁ?@é S%%ﬁs ot herb.-g St eaoprophi licity- the
ability to stfient aiith theriabitat.hAbégteanatnintruarh bidiegicely deilakie &9§PBphi | uri c
medi a whil e accounti ng for, or nanagi. ry. Lk rameters
to achieve Bﬁ%egﬁpﬁgf ?x?‘rnﬁf’!ﬁt %?Péﬁ%seg’g?gﬁ‘?ﬁﬁggg%nhaggﬁﬁ%. g’t eﬂ%g %%ﬁi licity
al so i nvol veapsiype Fidsh @cpsifsames erttle fcoppérecarisarizd¢ isatsseotialhyossohdls. t at t hat
facilitates the mcro-habitat, i.e., addition or 1 6 APR 2005 WD 02/36112
PCT/ USQOl / 32286 8

Host habitat- tﬁe habitat in which a micro-habitat exists. Marine, brackish,
fresh, and hydrophytic water environments are typical examples. A host
habitat could also be defined as inside a mammalian animal, a land fill, a
closed water system (single pass or re-circulating}, a chemical process
stream, and a stagnant water holding system, like those used in fire control

systems.

Micro-habitat- a small, specialized, and effectively isolated location within the
host habitat where a specific combination of habitat elements in the place is
occupied by an organism or limited consortium of organisms. A micro-habitat
demonstrates bioceonose; a community of organisms whose composition and
aspect is datermined by the properties of the environment including media

and by the relations of the organisms to each other.

Stenoprophilicity- the ability to maintain a micro-habitat through the use of
stenaprophiluric media while accounting for or managing secondary
environmental parameters to achieve and support maintenance of a micro-
habitat. Stenoprophilicity also involves supporting parameters 1o the

substrate or host habitat that facilitates the micro-habitat, i.e., addition or



subtraction of available light, respiratory gases such as oxygen,

adj ustnent of pH, adjustnent of tenperature of the substrate 05 Btm {ﬂﬁSSt
habitat, addition or elimnation of host habitat derived essenti“d
nutrients. Stenoprophilurea- A nedia/ polyner, conposite, or amal gam which
provi des wosdaeR, nutrition, and bio-limting activityorsetis2kgci [ it ates
the creation and sustenance of m cro-habitats for extended periods of tine
at equilibriumwith its host environment. Detail ed Description of the
Preferred Enbodi mnents As descri bed above, the present invention is
directed to a stenoprophiluric nedia having at |east one bio-limting
agent. The ggstrattion siofaRhisle BHhs WogMatdr GasedsmessSoxytee, bijosaséent s |
conposed of organisns found in the macro-habitat. The nmedia is subject to
hydr ol ysi s, ot By adinstinent! teBRs(atHE Brihe pubHieatsios AR 805t habifaki onass™ grows
uncont ol | egu@figh oplfifiRR%r AP HMTULHI & BsHagRstiy@sst eps 0 hi gher
life formns, e nedia wIll only serve to accelerate growmh and create an
over diverse habitat. The biomss will consune the nedia and essentially

have no long . termpasitiv ef.f Ant S I Lon, di a
limits the gf%é@ﬁ@ﬁﬂ't ?‘n@efﬂﬁ?égw%ﬂﬁ -Coorpal%ﬁ%i g{%g@ggﬂ&gh%ﬂ&%b ﬁggie tat.
The nedi a wWshiMade) @ ubiitior, i amidt bi gl mstgrendctivity ovhicke $adilitetasppe rctamticnyarfdr t he

speci al i zed consortium of organi ) i.e... biomass) to.form It is
under st ood ﬁ%%?n%frﬁaoff;'ﬂ&f%-g‘égﬁ?fﬁi%ﬁé\%ﬂﬂepéfﬁ’fjavw3@”9 é%g%%lhbsr WY 0t he
host habi t afts hibeestigiremgr@aphi luri ¢ nedi a woul d, under those conditions,
have its effect during those grow ng tines. The present invention involves
bi o- degradati on or consunption of an stenoprophiluric nedia by a bionmass.
The bionmass fornms a spaeliblDescRPRM & WPl refedaMSIMmehtst he same or -
different species at equilibriumwth the environment or host habitat and
limts the nunbeks dasefibedmbover theprresans invsatien ¢s PERIBG P A t he
m cro- habit g} L - - q e j ' . The
or esent i nvareBISBEIGS e EHRHETR: AR bASL I gt | BlepRRLETE
i nt er act i oncepabde ghruspdriing aAsomest r Thedicalsey és cerhpomdesiesrganipgention 1 6
APR 2005 WD,02/ 36112 PCT/ USO | 32286 el at p ilurig media
ahi ch cont al ST T8 AR GRS TiaerRg: cuiet & FRbFRRPERELLNEhG
consumption by the biomass. |f a biamass grows uncontrotled and

progresses through multiple successive steps to higher life forms, the media
will only serve to accelerate growth and create an over diverse habitat. The
biomass will consume the media and essentially have no long term positive
effect. In the present invention, the media fimits the biomass resulting in a
sub- or individualized micro-habitat. The media with the bio-limiting agent
provides the opportunity for the specialized consortium of arganismi(s} (i.e.,
biomass) to form. [t is understood that alga and bacteria rﬁay have “growing
seasons” within the host habitat. The stenoprophiluric media would, under
those conditions, have its effect during those growing times.

The present invention involves bio-degradation or consumption of an
stenoprophiluric media by a biomass. The biomass forms a specific
consortium of organisms of the same or different species at equilibrium with
the environment or host habitat and limits the numbers and kinds of species
participating in the micro-habitat. Previously, systems used toxins to kill
organisms. The present invention provides a bio-limiting agent which limits

the interaction of organism(s). As described above, the present invention



agent. The stenoprophiluric nedia acts to provide a new sub-habitat which
supports a biomass, which is often described as a biofilmor mcro Eﬁ}%tlﬁ[ﬁ
The functional activity of the media and bio-limting agent to supL

formati on of a biomass is defined as Stenoprophilicity. The bionmass may be
a biofil mgsegsasorti umon the stenoprophiluric nedia.pdtesoszaass i s an
adj unct consortiumon or affixed, or proximal to the nedia. A conmobn
description of the biomass is "skine". Jhis definition includes the
secondary netabolites of the organisns In the biomass or consortium The
m cro-habitat may be as thin as a single |layer of organisns on the surface

of the med! doiBfasdo SLERobAKRILMANLAR AR WBhEINSSANEER Ao bipAIMAYS Of
extra-nmetabol' ¢ materials. e thicker Tayer may create "sline Cities" of
mul tipl e spagees The stamgpiaphéunie diediccacte he provisteve savwweuti-bakitapavhish of t he
m cro-habitat. Stengprophil uric. Media The, stenqpr. ' [.C..nedia. my be
cl assified 3%"80%%?%%??3% Wq'&'%‘?‘rﬁo%&?réfje%:rr 'bg'%gsé%a 'é@% H'Ij'h{é rﬁerrg‘lggi&'s

bi odegr adablteeamdclicnat assutedf the mbdie dbddi@bsitingheyemedd aupgorsubj ect to
hydrol ysis and corrosi on. This egradation i ﬁ acconpl i shed through

hydrol ysi s, Tosnafan ofna bi°ﬁ3ﬁ$§dﬁﬁeﬁn%ﬂ S BIAPPERMYF™i ocheri cal di ssol ution

where organi sms GHERIFINARZKER e ¥ biofllR! 8P&ds6rifilie Bhahb Stéfoprébtgrsit” the
medi a. The degradati on nmakes available the biolimting agent for the

bi omass. Thendslia- dbghieraedson anadiunsnt coReortigMmeonoPr alfikaf acteREMPtPon i s
det erm ned By, LA NUADEm@bn Heb&Totldh Sfifie TRIGLNI 8 slihgv rnilddiffinie of the

medi a where oxidatlon, hydrolysis, dissolution, or digestion can occur. In
nmost comrer abdgsolhgreecendaminmgtsbolingl of that ¢rogmismstimdle biMass dre ni ni ni zed

to prevent the degradatiaon fro [ rdng. f nd
subgt ances icﬁn??lr%%ﬁ‘éd?ée 81‘%’8“’2:??%%?%‘% ede %ﬁhﬁ%%’é@eﬁgﬁg%ﬁﬁgnﬁﬁ& of
organi snms ape thapabisec of ticke omdjzosi @ thitihyenedireg a Notmbgeserascdt or

carbon-rich terials attract specifi.c or.ganjisps., lron_ seeking,.crobes
are nore at tpggﬁ‘f’%s ?f(s)e’étfaégle%?%i‘ﬁ raatﬁﬂf’lﬁrre&eg!"cﬁéﬁtla}’?{ WV%E%EGQ%\%]EQ 2005 WO
02/ 36112 PCEf1{é30Lif 328l pebRs fBOning ditefosdiggtzondh eetebavatulispaatd m ting

agent will determ_ne the
of the micro-habitat.

Stenoprophilutic Media

The stenoprophiluric media may be classified as a polymer, a
composite, or an amalgam. The media is biodegradable and is consumed by
the biomass. The media is subject to hydrolysis and corrosion. This
degradation is accomplished through hydrolysis, oxidation, inorganic
dissolution or biochemical dissolution where organisms create enzymes or
metabolic chemicals to “digest” the media. The degradation makes available
the biolimiting agent for the biamass. The bio-degradation rate or the rate of
media consumption is determined by the number of sites in the molecular
level structure of the media where oxida;ion, hydrolysis, dissolution, or
digestion can occur. ln most commercial polymers, paints, and coatings,
these sites are minimized to prevent the degradation from occurring.

The types of molecules and substances in the media also determine
which biomass and what types of organisms are capable of decomposing the
media. Nitrogen-rich or carbon-rich materials attract specific organisms. lron

seeking microbes are more attracted to steel than a pelymer or matrix which



consortiumattracted to the nedia surface. The nedia nmay be cl assifi ed as a

conposite conposed of two or nore substances which retain their O@JR 0
while contributing desirable properties to the end product. The conp 2Q5
may be naturally occurring materials, such as polysaccharides, |ipids,

and/ or praoygefissipf materials ref erred to as polyners wyedsoasasd ypically
man- made engi neered materials. By adjusting the biological and chem cal

degradation rate of the media, the medig creates a preferential
environment which limts or attracts specific organisns able to associate
with the nedia. The nedi a beconmes a support (both physically and

nut ! tional Ly nb Yon! ddfideftd Hehodlh GRL cHiRMHifly B0ChALR\dAERiAB chat of face

whi ch faci es a selective |orrass or ne as a mcro-habitat in
equi libri urrncvvid:drrtnurhtﬂtrenmdrtorthemedlawefaoe t he depth or thickness of the
stenoprophilurlc nedl

. th habi t at d
of time at equil Mt ﬁie\mm?ﬁbe ég'ﬁ'P s a‘for%%w ronrrenrbteégd oqhabl %FH‘%?% \Rﬁlrizg >

it is estabé(htﬁﬁ&@be%&umc&ubrairefmnrn@matwmra mnmt:namsbamde:goadaieson of the
media is affected by the availability of sites for cqrrosion

hydrol ysi s B theopRdiisdueh BYe SP@BH?‘E%TE’aV?ﬁé‘E’é‘FF@é08?“"'8? f"?ﬂ?ﬁ”a'rse typ| cally

pol ar in nafilifag bPIyEQ@crﬁFlﬁéseﬁbld'anWB! Pidteihfi8r MREbraldAFerred k€ 2sWhi Ch
provi de | ocations degradation. Wien the nedia is based on a polyne

t he pol ymer p@fyrnpswrhwyh pedypisdlly Banveadesnaitaersshingferials. Svorditpidtance,
pol ymers ar &e%%i%,agf@% aRY chs.%fa]fa‘&gnaéado%ar%%e i mbUREdih Ol mBB:&Srkales. I N the

present invention eratio o e reactants is such that there is an
excess of porafereratat pavitaymdrerwhich Bmiss of aelracte speaifip erganismas agle ®xcess of

acid or hydrox I | | I i

equi val ent” P&? teg”(%ﬂea gpat ﬁgﬁn 'ﬁ %’8?3 %5?%5??% %Qgt?ﬁg{hﬁj %Eng e pol ymer
i's prepar edmbuutndmaw)nf@rimmﬁdmmcﬂ glowth atrbptovidesan lﬁtemfacabmhtcho 3to
about 1.5 or from

ut .1 excess e ents..of. po
ot edi ent < TAoHRESS PAEES DPPRFLRTBERY AR AT RS T s SHOURLHPEAT
equi val ent stabhArdimaoble 1o tHe depth@r tﬁekryemeros thé stdmepprpbdieric meadient i on
are prepared with equivalent ratjos of ab

‘? 1\e lto abog 1:3. For
exanpl e, a ¥ JeFedibitet [saysianad iy exiended Rgrieds 6“5&5@?66 L’W‘b?’/%lm
PCT/ US01/ 32%§=.Bp1301<1ma1 envirenment or habitat in which it is estabhshed. as a sub-

environment or niche.

The biodegradaticn of the media is affected by the availability of sites
for corrosion, e.g., hydrolysis or consumption by organisms. The sites of
attack are typically polar in nature. In the present invention, the media has
sites which provide locations for degradation. When the media is based on a
polymer, the polymer is usually reacted to have excess polarity. For instance,
polymers are prepared by reacting at least di-functional materials. In the
present invention, the ratio of the reactants is such that there is an excess of
polar reactants. For esters, thers could be seither an excess of acid or
hydroxyl groups. Typically, polymers are prepared using an equivalent ratio
of greater than about 1:1. In one embodiment, the polymer is prepared by
having from about 0.2 to about 1, or from about 0.3 to about 1.5 or from
about 0.5 to about 1 excess equivalents of ‘polar ingredients. For instance,
typical polymers are prepared with an equivalents ratio of about 1:1. The

- polymers of the present invention are prepared with equivalent ratios of about

1:1.1 to about 1:3. For example, a polyester is prepared by reacting a



carboxylic acid group with a hydroxy group. A typical polyester is prepared
using a ratio of about one carboxylic group for each hydroxyl grou If the
pol yester is to be used in the stenoprophiluric nmedia then the raTtE(APR)fZ[)UE,
carboxylic groups to hydroxyl groups is greater than 1:1. In one

enbodi menty ol pol yners are reacted in an equival ent bgS#gse@h22s@bout 0. 35
or about 0.5 to about 0.95, or fromabout 0.7 to about 0.9 equival ents of
conponent A to conponent B. It is to bgjunderstood that the definition of
equi val ents for the conponents is determ ned by the reactive units. The
equi val ents for acids or alcohols is determ ned by the, nunber of acid or
al cohol gro RS S
conponent |§Q¢1ﬁ(§’txgl“|E %lgltdg%%)&?wlg]o srtog?g’%%l ﬁetp&kﬁlgp ‘El?%e'l er %%gl may be
present in esmg%ratﬁobﬁ/mpnéraaxﬂcmyhmgg:roeaao‘br eachwhvdroayhgnesy. clrﬁuhel have an
excess of am et hane pol yners may have.e XGes yl or am ne
gr oups fromo?ﬂgs eéé%¥%h?é’.se%ghﬁ)(?r%?ré?pr%h‘?}/'%@edé?(5 ﬁ’ r%g?n?l)%l y

bi odegr adabkarbokifhs groupzniativaiadyl glupses greate thaepar.ed with no excess pol ar
groups. These polgg?]prs 9/ be rendered bi o%radabl e b\ﬁ (?lther aI;erl ng
their production!” edhEMPPERENAsIGIRAMEYE PrabBrEe D BHRHHE X

cross- | i nki BEo@06Ms ol MSout RO ¥§RESUNBY 508 BroREabdAtET 1BidbBuft ada ation, such
as an el ectronbeam to cause the polyner to be biodegradable.

Addi ti onal | gauivalengoP{ aempergtfeto exnBeoed Bisitiytebernedestodthalitheng agent
|1 ke per oxi defn@al ASIRRAIAL f tne Fibdantd REIRORIAES By BRY rOfRk! er ed by
addi ng chai n stoppi ng agent reaction m xture. aln stopping agents
are known t gnithos&hée pquiveleatst foancids ionelcatielsrie detepnined, byntheofumben ofhal
materials I|k Q glc. i t anot her
enbodi nent, ?ﬁe i Q-?él%-mg%qmﬂéeﬁﬁ% dUsi |ﬁ%§§1§rb8 @K%@%ﬁqgg %Gé%i The
cross-1li nkl ngm@geah'slmmllmﬂmdcdnmiwsmmﬂmdshamﬂd @hemobal maadﬂa tives
V\hichfacilitatefornatiora,ﬁ}‘ | i es at re erth ocatlpﬁor

conbi nat i on8"GF Y BEHEs T8 d‘?%?' ’BH e 67 th°r51‘é’& |ag§"9&1.°8H43 X 88
preferred pbysidsabf @ftheC TN Faihaps QPR Fidre thayfaBmixessOhydrbR@sor ariker s
include; 1 6 APR 2005 WO 02136112 PCT/ USOL/ 32286 12

groups from the reactants.

Commercial polymers are not normally biodegradable. These
commercial polymers are prepared with no excess polar groups. These
polymers may be rendered biodegradable by either altering their production
conditions as discussed abbve or adding excess cross-linking agent. The
polymers may also be trated with radiation, such as an electronbeam, to
cause the polymer to be biodegradable. —Additionaily, the polymer may be
oxidized using commercial oxidizing agent like peroxides and perchiorates.
Finally, the polymers may be altered by adding chain stopping agent to the
reaction mixture. Chain stopping agents are known to those in the art and

include mercaptans, monofunctional materials like alcohols, monoamines, etc.

Cross-inking Agents

In another embodiment, the polymers are prepared using a cross-linking
agent. The cross-linking agents include certain compounds and chemical
additives which facilitate formation of linkages at preferred locations or
combinations of molecules and/or chains of molecules which provide

preferred physical and chemical properties. Examples of cross-linkers include;



mer capt ans, aci ds, anhydrides, epoxide functional resins, organotins,

am nes, .alcohols, phenols, water, cycloaliphatic am nes, aromat i@ %gn'mgs,
ketim nes, carboxylic acids, and super acids (F3CSO3H) (HSbF6) ('l P

These materials are described herein. The cross-1linking agents are

di scussed Webewiand i ncl ude pol yhydroxy conpounds and g@gidagszedn nes,
I ncl udi ng nonoam nes and pol yam nes, etc. The am nes nmay be nonoam nes or

pol yam nes. Useful am nes include tho am nes disclosed in U S Patent
4,234,435 at Col. 21, line 4 to Col. 27, line 50, these passages being
I ncorporated herein by reference. The rmnoam' nes generally cont ai n a

hydr ocar byl _ar i C fro or from
1 to about T%r&ﬁa'%ng%&f ? @5@%? 9600’({85 BOR %@gﬁ%ﬁ"s{fﬁ?%&?ﬂs |mary
nonoani nes uigehots, pherole vpates exytioastaititianined, nedmdec aatites, kotintnes,

et hyl am ne, y| am. ne, butyl am ne cl ohexy] am ne,

oct yl ani ne, %@ag\&'w agids @NA P %?W%@%E%@é'ﬁéﬂé&?é Hégﬂ)ﬂh sgAeriaEng

| auryl am neare@@ﬁﬁﬂ)&ﬁh%nrﬁﬁ‘h@%ﬂ%&éﬁnﬁ’ﬁ@@@@ﬂt@%ﬁe th@éuééé@ bIdWPARY Inciaiel ne,

di et hyl am ne, wﬂg{; yl am ne, dibutylam ne, dicyclopentylam ne,

di cycl ohexypd xvmﬂmn%dwmam% aginep| ingKginamoneandees anch one

embodi ment , ,tibenREL r@cl s a fatty (Ca30) am ne which include n-octylam ne,
n-decyl am ne, " n- dodecyl ami ne, n-tetradecyl ami ne, n-hexadecyl- anine,

n- oct adecyl ani nelhecirepasinmy, beemnoamnseﬁ urfy@mines. t ysefi aroises melurge

conmer ci al | y, gy ir?e!%l sdidin rﬁa"\ter?t &% Séﬁ‘r ey Ilﬁ 4%% ﬁpboﬂﬁ' ts

avai l abl e from AKzo em cal s I'cago, 1 NOI S Suc Reen ,  Armeen
0, Arneen &b, thésenpassages m:n@motﬁ“ﬁrat@d hBenn Ky ralfm‘em:meen SD vvher e| n the

| etter designatign relates to the roup, such as , tallow,
of stearyl Jor oulle MERGAITE Bpiateythln R Rae S aele p T nes. - such
as those repnesenbed: by caen bahmg) batroR 1(1ORbSMHE, or WoaT etdiatibutiss a di val ent
al kyl ene group haV| n abo t 2 to about 6 carbon_ at og; Xi s, a nupber from

one to aboufarbq®gioms, %BTLHF'%"PBO%{BB*&F uspfpbin t9e PEFRENt IMMENYRN i s a
hydr ocar byl ingf@4 PhedhylamPRUENIakfna g lafte, GAbRARIna! pefyigringpP! € of an

ether anine is available 1 6 APR 2 WO 02/ 36112 PCT/ US /32236 13
cyclohexylamine, octylamine, dodecylamine, allylamine, cocoamine, stearyl-
aming, and {aurylamine. Examples of secondary monoamines include dimethyl-
amine, diethylamine, dipropylamine, dibutylamine, dicyclopentylamine,
dicyclohexylamine, methylbutylamine, ethythexylamine, efe.

In one embodiment, the amine is a fatty (C,..,) 2amine which include
n-octylamineg, n-decylamine, n-dodecylamine, n-tetradecylamine, n-hexadecyl-
amine, n-octadecylamine, oleyamine, etc. Also useful fatty amines include

' commercially available fatty amines such as "Armeen” amines (products
available from Akzo Chemicals, Chicago, Illinois), such as Armeen C, Armeen O,
Armeen OL, Armeen T, Armeen HT, Armeen S and Armeen SD, wherein the
letter designation relates to the fatty group, such as caco, oleyl, tallow, or stearyl
groups.

Other useful amines include primary ether amines, such as those
represented by the formula, R*{OR"),NH, , wherein R is a divalent alkylene
group having about 2 to about 6 carbon atoms; x is a number from one to about
150, or from about one to about five, or one; and R" is a hydrocarbyl group of

about § to about 150 carbon atoms. An example of an ether amine is available



under the name SURFAMr) am nes produced and marketed by Mars Chem cal
Conpany, Atlanta, CGeorgia. Preferred etheram nes are exenplified by those
identified as SURFAM P14B (decyl oxypropyl am ne), SURFAM P16A (1 §m@aniiglo),
SURFAM P17B (tridecyl oxypropyl am ne). The carbon chain |lengths (i.e., Cl4,
etc.) of W ﬁ UREAMS descri bed above and used herei naf tp@iyyai@s.84pr oxi nat e
and inclu t he oxygen ether |inkage. In one enbodinment, the amne is a
tertiary-aliphatic primary amne. Ge ally, the aliphatic group,
preferably an al kyl group, contains fromabout 4 to about 30, or from

about 6 to about 24, or fromabout 8 to about 22 carbon atons. Usually the

tertiary al%r Rld S?J@?F'A ygr OC%%Q@meB%drrﬁé}k SQV%rPBCﬁéﬁﬁcaif ormula R

romone to about

C(R6) Z NH, , ere| I's a group contal ni ng
27 carbon aﬂ:un'npamnektlantal, @eargirwd?m&ardn!ﬁth@auﬂrmscaﬁmeaemphf@dfbyoﬂmaeto about

12carbona re illustr ety

Lo L2200 St 2L RM B GebionBhIRleRfindY sURFALDEI YA fifBf C o),
tert-decyl SURBAM PETE (egstyRYymObyIEMinesr The earbadenadhaengﬂa (ie., Cya
tert-hexadecylam ne, _tert-oct adec | am ne, ‘if‘? te racosa Iam pe and

tert-oct acﬁ%h?f%ﬂéRFW%qﬁS@éb%’f hoyp @ng Use Earfrﬁ &P al so be

used in prepyyihAddd e ofbRkferliRaec acid or salt. IIIustratlve of am ne
m xt ures of thllhs type a)ér}g Primené 81 R' which is a mxture of Cl1-Cl4

tertiary alkyl pepneeybadiees teegminedpiedefianoiehalt FMAY &NBFni | ar ni xture

of Cl18 C22 é?ﬁér éYhéE‘élltfﬁleatlcp@gﬂFp re?é?étﬂ?%n alPPEBugT@nt féHhl B ol 918 Rohm and

Haas Conpan rary
prepar at i oratmué?:ﬂmvﬁmnn ebeutGde abbuicidion ey about § ko abpltZd caron FREst erti ary

et hods  orOL Y ¥ By 4R stimer el o ERABER RS refefented 63 tA2" 20¢
ml ggel anefmwal RgO(Wﬁ]Hﬁgzrteyem R@H@h%ocwbyllgr?gﬁ:g&mnmg fiampheé s regard.
n-octyl ami r‘?g’ mﬁ%é@ghoﬁrﬁ ofas apd R@&fe%syéa{ﬁ?é{gq YL ghe pe‘fqnéﬂg'gwgﬁ]ﬁég%gﬁexadecyI

ani ne, n- oC{BEREYh AWML, Sk Bre iRlistrated meuaﬂntmmmt ty amines include
commercially avail able fatty am nes such as "Arneen" tifa@é‘ﬁroducts

avai |l abl e ftﬁ’ﬁrhe/lﬂkf%"'@iénﬁlétﬁ%//'s1‘a@ﬂ%%@he{“i"ﬁ K3k §§W'aguzﬁh
1 6 APR 20Qgrt\W9qa2)13Rhb2tdniChirkil /3248 fert-hexadecylamine,

tart-octadecylamine, tert-tetracosanylamine, and tert-octacosanylamine.

Mixtures of tertiary aliphatic amines may also be used in preparing the
dithiocarbamic acid or sait. lliustrative of amine mixtures of this type are
“Primene 81R" which is a mixture of C,4-C,, tertiary alkyl primary amines and
"Primene JMT" which is a similar mixture of C,;-C,, tertiary alkyl primary amines
(both are available from Rohm and Haas Company). The tertiary aliphatic
primary amines and methods for their preparation are known to those of ordinary
skill in the art. The tertiary aliphatic primary amine useful for the purposes of this
invention and methods for their preparation are described in U.S. Patent
2,945 749, which is hereby incorporated by reference for its teaching in this
regard.

In one embodiment, the amine is a fatty (C,4,) amine which include
n-octylamine, n-decylamine, n-dodecylamine, n-tetradecylamine, n-hexadecyl-
amine, n-octadecylamine, oleyamine, etc. Also useful fatty amines include
commercially available fatty amines such as "Armeen” amines (products

available from Akzo Chemicals, Chicago, Illinois), such Armeen C, Armeen O,

atirc “primary am nes and net.hods for their

ABNEA reen 0,



14 Armeen OL, Arneen T, Arnmeen HT, Arnmeen S and Arneen SD, wherein the
letter designation relates to the fatty group, such as coco, oleyl, 1B§Ih WS
or stearyl groups. Other useful am nes include prinmary ether am nes, suc
as those represented by the formula, RR(OR),NH2 , wherein R is a

di val ent alewhene: 9roup having about 2 to about 6 carbepg ,?g(g,rggz%x s a
nunber fromone to about 150, or from about one to about five one:; and

R' is a hydrocarbyl group of about 5 to about 150 carbon atonms. An exanpl e
of an ether anine is available under t'ffe nanme SURFAM r) am nes produced
and marketed by Mars Chem cal Conpany, Atlanta, Georgia. Preferred

et her am nes are. ex lifie | dentj fi as_ S

(decyl oxypr OFVFSM ﬁ‘n? %A%%ﬁ@ﬁlﬁ "HE&P %ﬁgr MY r9§ i the
(tridecyl oxyqeppydignatie) relaldicto Gios EY ged1Ry, Budteagtd, bleyk talloW] 5 stehyt . )
the SURFAMS described above and used hereinafter are approxinate and

i ncl ude the983fgen ether linkage. In one enbodiment, the anmine is a

tertiary-aliphatg Oﬂwel?ru‘s%f ¥mab rrerude%r&%rr@b Rbr aﬁhresaé.uMﬂheser oup,
preferably an al k roup, contains from about to about 30, or from
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12 carbon a il] trate ann
tert- hexyl a%eér:%t S t% a%%uﬂ?’f@?&rgﬁ%ﬁ %%?njesyﬁ%ﬁ)é%% O¥?é§ he{)%ﬁwl %q\rgﬁable
tert - decyl amhde,the hantemHEAMlEeamm&e ptogitited atd adecyédhy Mars Chemical
tert-hexadecyl am n - 0C ta

ert-tetracqsan n and
Lor L~ oct acoCHPRAH AEn i Gaas Farrerey lfermiars Alpie ﬁr%ég%ﬁ 4l 50 be
used in prem@rmm é&su%ﬁm\mP@%(d&%ﬁy&%ﬂarﬁfneﬁ%wRFAwFuﬁAr(ﬂﬁé am ne
m xtures of t |stége are "Prinene 81 is a mxture of Cfil-

tertiary al RURFAN Rdr§ (Hiderdevammpylanipe)ndie catien eificienpdsdi i Gid ar m xt ure
of C18-C22 gr tdf@ﬁeys@rlréﬁwmeaémwd 886 \Esng ﬁé%@tﬂbr@rﬁgﬁélfveﬁ‘élaﬁﬁ&@%@m Rohm and

Haas Conpany).” The tertiary aliphatic prinmary amnes and s for their
prepar at i onaa¢ @Ck«ﬁ’@vthetowﬂqu%iéefdmk@@%r nary skill in the art. The tertiary

aliphatic primary 200 O, H80EH tHeUmih0 % PUPITSioRtictdinary afiflR 2005

Generally, the aliphatic group, preferably an alkyl group, contains from about 4 to
about 30, or from about & to about 24, or from about 8 to about 22 carbon atoms.
Usually the tertiary alkyl primary amines are monoamines represented by the
formula R5-C{Rg),-NH,, wherain R; is a hydrocarbyl group containing from one to
about 27 carbon atoms and R is a hydrocarby! group containing from 1 to about
12 carbon atoms. Such amines are illustrated by teri-butylamine,
tert-hexytamine, 1-methyl-1-amino-cyclohexane, tert-actylamine, tert-decylamine,
tert-dodecylamine, tert-tetradecylamine, tert-hexadecylamine,
tert-octadecylamine, tert-tetracosanylamine, and tert-octacosanytamine.

Mixtures of terfiary aliphatic amines may also be used in preparing the
dithiocarbamic acid or salt. IHustrative of amine mixtures of this type are
"Primene 81R" which is a mixture of C,,-C,, teriary alky! primary amines and
"Primene JMT" which is a similar mixture of C,,-C,, tertiary alkyl primary amines
(both are available from Rohm and Haas Company). The tertiary aliphatic
primary amines and methods for their preparation are known to those of ordinary

skill in the art. The tertiary aliphatic primary amine useful for the purposes of this




WO 02/ 36112 PCT/ US01/ 32286 15 invention and nethods for their preparation
are described in U'S. Patent 2,945,749, which is hereby incorpongtgg
reference for its teaching in this regard. |In another enbodi nent, the
amne is a secondary am ne. Specific of secondary am nes include

di met hyl arqgé%y%ﬁq'zet hyl am ne, di propyl am ne, dibutylam P@{/U&Jﬁ/@%& am ne,
I ne, " di ty

di hexyl am eptyl am ne, nethyl ethylam ne, ethylbu am ne,

et hyl anyl am ne and the |like. In one enbodi ment, the secondary am ne nay be
a cyclic am ne, such as piperidine, pi ﬂé"r azine, norpholine, etc. In one
enbodi nent, the am ne may be a hydroxyam ne. Typically, the hydroxyam nes

are primary, secondary or tertjary al kanol am ne r.m e t her eof .
Such. arm nes MERIBE ARG PR BB Prae o AT AESC PN -SORASR | N R - O
and (R 1) 2 oN48 743 whiMras fERL HBridratel Dy rodepRB AT t¥achinddrgcar byl group
of one to about eight carbon atons or hydroxyhydrocarbyl group having from

two to aboufe@drght carbon atons, preferably fromone to about four, and R

5,2, dival ent byl Qeat il MO BAHS 44 SeRgBIMind8 ARy at o,

preferably two to about ftour. Ip -R -OH in"such fornul ae repre-
sents the hgdecandany dmiresrinyidegdimethylemine adiethdaminea dipeanvéamiaei cycl i c or

aromati c gr,Qup.. Tyni : Is - ' ed al kyl ene
group such g@"‘g am}eﬁ%h§%§r¥éml%'ﬂ@%@%ﬁ%@He%p;%rhﬁ%%éwg,bt@%ﬁ@%t adecyl ene,
etc. group. etydingylamine, Bthylagndamise and tier lieeit one etibediseamd, thel ecul e they can

be joined by a djrect. carbpn-to-carbon bopnd _or throu et eroatom (e.g.,
oxygen, nitrég a@fag'l'ﬂq"ﬂ'?yBef“c?yf;lbcr?ﬂ"&eSS-u,cﬁé-s,p'pﬁnjag]r%' g@rerggar%gngred ring

structure. Eﬁﬂﬁbiﬁf@r efc. such heterocyclic am nes include N (hydroxyl | ower
al kyl') - mor phol | nes, -thionorpholines, -gi lgt%?é_ i di nes, -C}xazo\ i %es,
-t hi azol i di nes aRORH@TPPREIENt IR AEINey bR PEdrox@RiRe R YPIERIY. lfgependent 1 y
a met hyl, ethgw‘cxgﬁﬁlg‘%ﬁla’re B%XQ; BNl RteiSXHikaabPaRineboAMMtarRs0f  these

I ncl ude -

al kanol am ne nmono-, , and ‘tri et hanol am ne, .
di et hyl et hativdrani. neucheaamipee tambe renfesratedioy e deatdam oidhifePHet ¢, The

nyar oxyam DERCHLALOA B A0, SNIGE Sh(INgEmaHar G BiRERIAHS | These, ar e
ydr oxypol y( hytrocar byl oxy) 4@hal ogs of the above-descri bed hydroxy ami nes
(t hese anal dgdrezhsay! groub wdend tcdatmouf eightibarbon atoew anbydrayhediecathyl ogs) ,
group having from two to about eight carbon atoms, preferably from one to about
four, and R' is a divalent hydrocarbyl group of about two to about 18 carbon
atomns, preferably two to about four. The group -R'-OH in such formulae repre-
sents the hydroxyhydrocarbyl group. R' can be an acyclic, alicyclic or aromatic
group. Typically, R' is an acyclic straight or branched alkylene group such as an
.ethylené, 1,2-propylene, 1,2-butylene, 1,2-octadecylene, etc. group. Where two
R', groups are present in the same molecule they can be joined by a direct
carbon-ta-carbon bond or through a heteroatom (e.g., oxygen, nitrogen or sulfur)
to form a 5-, 6-, 7- or 8-membered ring structure, Examples of such heterocyclic
amines include N-(hydroxyl lower alkyf)-morpholines, -thiomorpholines, -piper-
idines, -oxazolidines, -thiazolidines and the like. Typically, however, each R', is
independently a methyl, ethyl, propyi, butyl, pentyl or hexyl group. Examples of
these alkanolamines include mono-, di-, and friethanolamine,
diethylethanolamine, ethylethanolamine, butyldiethanolamine, etc.
The hydroxyamines can also be an ether N-( hydroxyhydrocarbyl)amine.
These are hydroxypoly(hydrocarbyloxy) analogs of the above-described hydroxy

amines (these analogs also include hydroxyl-substituted oxyalkylene analogs).
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am nes can be conveniently prepared by reaction of epoxides vm'th,I 5 APR 2005
af oredescri bed am nes and can be represented by the fornmnul ae:

UN(ROX-H HR,-N(ROx H, and (R,)Z N(ROx H, wherein x is a nunber
from about Wb 206about 15 and R, and R are as descri bed ratraiser/32886, may

al so be a hydroxypol y(hydrocar byl oxy) group. |In another enbodi nent, the

am ne i s a hydroxyhydrocarbyl am ne whi gg contains at | east one NH group.
Usef ul hydroxyhydrocarbyl am ne may be rfepresented by the fornula (i 60 ~H
(i 80O:H R/-NRO ,-N (ReO ~H wherein R7 is a hydrocarbyl group generally

containing fg ﬁ-tlmo?%ﬂ@t;% ) anine €PN ﬁ%ﬂ%ﬁl’g@%eg{b be‘éi‘,{ic?rpe group

havi ng from about t'wel ve  carbon a 'y "an et hyl ene
or propyl enecfgpouides Rithi domdesdriopt eminggrandanderepiasentgd by the fabalds: 5

car bon at ons; LSwZEE O, @k PNes, .an 2 -pdependent | yv. a nunber from
zero to abgﬁ#zh{—é?mﬁ P%‘%Fgﬂ/?gaﬂt%icf@@‘ﬂ‘%ﬁwﬁﬁ’z Wq}er?'g‘ *\é‘af‘o. Usef ul
hydr oxyhydr ananitstlfraaurabest uvert@uy15 and Reaad BY erefa3r dasbadbddsatineo R'j malude

2- hydr oxyet hyl hexyl am ne; 2-hydroxyet hyl octyl am ne;

2- hydr oxyet ?%Eﬁ%zﬂi’gé‘%yﬁ_ yﬁyﬁrofgﬁ)&%p 8t'fyl ol eyl ani ne;

2- hydr oxyet hyl soy@ghstiar Bmbodinfye LR dialnays AUk dissarbyl amine which

bi s(2- hydroxyet hyl ) ol eyl am ne; and m xtures thereof. Al so included are the
conpar abl e SRS aligadane Ni oreue. dreld hvdrowyinvgreparhvb aaineonay Pej s at f east

2, as for %ﬁ@ggﬁwd%;}}mg@&% hoxyet hyl, hexylam ne. In one enbodi nent,
the am ne may be a hydroxyhydrocarbyl am ne, where referring to the above

fornula, y equals zero. (Rk hy@eOkbhydrocarbyl amines are avail able from
t he Akzo Chemi cal Divi si bn of Akzlona, Inc., Chicago, Illinois, under the
general trade desi gnaRR,odsR;y EthrotfaéH and " Proponeen”. Specific exanpl es

of such products include: Ethonmeen C/ 15 which is an ethyl- ene oxide

condensat e SlndoBot A B AR DR eI PR s Pl ™
carbon atoms; R, is an alkylens group having from about two to about twelve
carbon atoms, preferably an ethylene or propylene group; R, is an alkylene group
-containing up to about 5 carbon atoms; yis zercorone; and each z is
~independently a number from zero o about 10, with the proviso that at least one
z is zero.
Useful hydroxyhydrocarbyl amines where y in the above formula is zero
include 2-hydroxyethylhexylaming; 2-hydroxyethyloctyiamine;
- 2-hydroxyethylpentadecylamine; 2-hydraxyethyloleylamine;
. 2-hydroxyethylsoyamine; bis(2-hydroxyethylyhexylamine;
bis{2-hydroxyethyloleylamine; and mixtures thereof. Also included are the
comparable members wherein in the above formula at least one zis atfeast 2,
as for example, 2-hydroxyethoxyethy!, hexylamine.

In one embodiment, the amine may be a hydroxyhydrocarbyl aming,
where referring to the above formula, y equals zero. These hydroxyhydrocarbyl
amines are available from the Akzo Chemical Division of Akzona, Inc., Chicago,
lilinois, under the general trade designations "Ethomeen" and "Propomeen”.
Specific examples of such products includa: Ethomeen C/15 which is an ethyl-
ene oxide condensate of a coconut fatty acid containing about & moles of

ethylene oxide; Ethomeen C/20 and C/25 which are ethylene oxide condensation
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aci d containing about 10 and 15 noles of ethylene oxide, respectively;

Et homeen 0112 which is an ethyl ene oxide condensation product of bﬁéPRZWS
am ne contai ning about 2 noles of ethylene oxide per nole of am ne;

Et honeen Skb52ad16k S/ 20 whi ch are et hyl ene oxi de condensedt/mssr3psoducts with
stearyl am ne containing about 5 and 10 noles of ethylene oxide per nole
of ami ne, respectively; Ethomeen T/12, 44/ 15 and T125 which are ethylene
oxi de condensati on products of taIIOM/anlne contai ning about 2, 5 and 15
nol es of ethyl ene oxide per nole of amine, respectively; and Proponeen

0/12 whi ch Lg% fﬁﬂﬁﬁsmﬁ.&mg FIOHHEiniAG 288 100lR B ke Yk efifiche With 2

nol es propy ene oxl de enbodi nent, the amne is a polyam ne. The
pol yami nes prideueepedivRyxEiremegndda2ivhish is paethylepsioxiss seadensaiipies,

| kyl I
2yl pol yan NEGUCES M B coriRihd B0 BRIk R RenoSARERS ShBBL Y PT "o
exanpl es of aalide) Bhatesh 8/18mmiey20 mhichces etHsrtme oamrwsdwmtleny in the above
I L ot P 3 oSS S S SPURRR ok an T/20

N-tal | owt ri gBE RileesTemhing] rREpEIERSIR] Etha.geén and msramldészmmmhmré ene oxide
per nol e of diam ne, respectlvel y. her enbodj nent %?Eé gol amne is

a fatty di aﬁm’{@neﬂi‘édef‘éfﬂd?nsﬁﬂoﬁrﬂr%?tﬁ 5?‘[ AMHGREOTEINIRE 4P trical

or asymret r ijgaghqi&d Bﬁ’étﬁﬂ@ne @kﬁ@‘p@?ﬁo[e‘ﬁf%ﬁﬂﬁ@ redRBRRS dhd Fropdtiedn 3) and
pol yam ne anal ogs of e above. Suitable comercial fatty poI yam nes are

Duoreen C (:Nﬂ%wb@hls thegeansiensasion paerict omneraeln obolen apipg-with Zngles

i am nopr opagg en2uRen T (N-tall ow 1, 3-di am nopropane), and Duoneen 0
(N-ol eyl djy am nopropane) " Duorreens" are comrercially available from
Armak Chemical IGoone @hbodigent, khd amioeds a pblygininge Thel pedvantiess iackideepr esent ed

L e
5, and the ‘tohisilirenedlygnioep, cdnasndadqralykntinessdrpipblydGirear bodhheteoryelior from
about 2 to %ggrg%me’s Oéorg%grngla Y ava:la%le examples of alkoxylated diamines include
those amines where y in the abave formula is one. Examples of these amines
include Ethoduameen T/13 and T/20 which are ethylene oxide condensation
products of N-tallowtrimethylenediamine containing 3 and 10 males of ethylene
oxide per mole of diamine, respectively.
In.another embodiment, the polyamine is a fatty diamine. The fatty
diamines include mono- or dialkyl, symmetrical or asymmetrical ethylene
diamines, propane diamines (1,2, or 1,3}, and polyamine analogs of the above.
Suitable commercial fatty polyamines are Duomeen C
(N-coce-1,3-diaminopropane}, Duomeen S (N-soya-1,3-diaminopropane),
Duorﬁeen T (N-tallow-1,3-diaminopropane), and Duomeen O (N-oleyl-1,3-di-
aminopropane). "Duomeens” are commercially available from Armiak Chemical
Co., Chicago, lllinois.
Alkylene polyamines are represented by the formula
HRwN—(AIky[ene-N)n—(Rm)z, wherein n has an average values from 1 to about 10,
or from about 2 to about 7, or from about 2 to about 5, and the "Alkylene” group
has from 1 to about 10 carbon atoms, or from about 2 {0 about 6, or from about 2

to about 4. In one embodiment, each R, is independently hydrogen; or an




to about 4. In one enbodi ment, each R10 is independently hydrogen; or an 1
6 APR 2005 WO 02! 36112 PCTI USOM 32286 18 al i phatic or hydroxy-spp%tpktwuged
al i phatic group of up to about 30 carbon atonms. |n another enbodi nent,” R10
is defined the sanme as R, above. Such al kyl enepol yam nes i ncl ude

met hyl enepbyasdipes, et hyl enepol yam nes, butyl enepol yaptmesyi/s22ss

propyl enepol yam nes, pentyl enepol yam nes, etc. The hi gher honvol ogs and

rel ated heterocyclic am nes such as pifaerazi nes and N-am no

al kyl -substituted piperazines are also included. Specific exanples of such
pol yam nes are ethytenedi am ne, triethyl enetetram ne,

tris-(2-am ) 5 di.am he, i b &%
tripropyl engjﬁ @b?%én% @d@gt%bg%bﬁlﬁgggﬁd;%}%guﬁ@%ﬁgﬁgh?@ﬁ %r%s'ne,
pent aet hyl erlslagpther embodimentHR glirdefinediticospmebs & ibdvey condensing two or

nore of the abov%‘ﬁﬁ%ﬁ&!eg%ué%é Qﬁgﬁﬁ%e@éﬁy%égﬁ%ﬁrh%egseful as are

m xtures of two oOfr Cr yanines. In one
enmbodi ment tdirylpmpohrntiecs, budvierapbiybmimes pprpanienepol@mines,pol yanm nes are

descri bed in detail nder th adi. t hyl ene Am ' Kirk. &hmer'
Byl onedi et epoNE e &k DR aRer Pl i elat htafociic ATings. 55
I nt er sci encesyRrRisiphhaasnedNand Modrinb h@PIubskituted mipspeinge aid1@so dicudeld en  a

conpl ex m xture of pol yal kyl enepol yam nes i ncl udi ng cyclic condensation
.products. Gnasificgxaemplies gigaish oplygaines e athiieredinaine, tisthyienatetraging: i ng
fromstrippi af 3 WeTcTapmclall ' LXLHERsS to | eave, as

resi due, méﬂ%(%%@ﬁ%ﬁhﬁ)?gﬁﬁ%gﬁ%%r%gm ne %@ﬂg@ Iem.eéll ﬁ{' géneral ,

al kyl enepol yepiopglebetetreming: detrasdhylerieaenteming, heaeibylarehapiamiess t han 2%

usual l'y | ess etnii]%lhilg/ﬁ%@ﬁ?ﬁﬁeg@w material boiling bel ow about 200C. A
uch éthy

typi cal san‘pﬁ e eéne pol yam ne bottons obtained fromthe Dow
Chem cal Conpany Hijhdrieembods, obisined byl esndgpnaing dwo 'bEmDDS b thessbavepetsd i c

a2Vt o i Sl a BT el AR Bl BBl T 2
sanpl e cont ajdrsrikDpdlydnddo " Li ght Ends" (nost probably DETA), 0.72% TETA,
2l.74%tetraet hyllgggggnmtb%g{pﬁenn% tf%engofy?a%ig%% an sthylenepolyamine. Such '

polyamines are described in detail under the heading Ethylene Amines in Kirk

Othmer's "Encyclopedia of Chemical Technology”, 2d Edition, Vol. 7, pages

22-37, Interscience Publishers, New York (1965). Ethylenepolyamines are often

a complex mixture of polyalkylenepolyamines including eyclic condensation

products.

Other useful types of polyamine mixtures are those resulting from stripping

of the above-described polyamine mixtures to leave, as residpe, what is often

termed "polyamine botftoms". In general, alkylenepolyamine bottoms can be

characterized as having less than 2%, usually less than 1% (by weight) material

boiling below about 200°C. A typical sample of such ethylene polyamine bottorms

abtained from the Dow Chemical Company of Freeport, Texas designated

"E.100" has a specific gravity at 15.6°C of 1.0168, a percent nitrogen by weight

of 33.15and a viscos’ity at 40°C of 121 centistokes. Gas chromatography

analysis of such a sample contains about 0.93% "“Light Ends" (most probably

DETA), 0.72% TETA, 21 .74% tetraethylenepentaamine and 76.61%




1 6 APR 2005 WD 02/36112 PCT/ USOL/ 32256 19 pent aet hyl enehexam ne and hi gher
(by weight). These al kyl enepol yam ne bottons include cyclic condensation
products such as pi perazine and hi gher anal ogs of diethyl enetriabbrgPR 2005
triethylenetetram ne and the |like. These al kyl enepol yam ne bottons can be
reacted soh@ggsyii h the acylating agent or they can bepgseshishish ot her

am nes, polyam nes, or m xtures thereof. Another useful polyamne is the
product of a condensation reaction between at |east one hydroxy conpound
with at | east one pol yam ne reactant containing at |east one primary or
secondary am no group. The hydroxy conpounds are preferably pol yhydric

al cohol s an%&H&&gﬁenJH&ameymdiﬁibﬁeﬂby@ﬁgh ! ?héé@alﬂﬁéﬁéﬁé?@ﬂni%' ow. (See
carboxylic ester spersants.) In~one " enbodi ment, the hydroxy conpounds
are pol yhydrhattoars ingsde pPatligtopddéensation preducts suthuaepiaarazire ansehigher

above-descri be ) . ed. _wi A Lde (e.g., ethylene
oxi de, pr Opy%ngﬂﬁé}}%ﬂ%ﬁ?{;?@ﬁee, g?ﬁ&ée?e%ﬂ 8@A%%n\ﬁ}ﬁ8%%bm two to about 20
carbon atons, or Thesauatkyentpolgaraint: botioms ciix hapdaetecbéolplywithytte acylatmg nes
include tri-(hydro ropyl)am,ne, tris-(hydroxynethyl)anino pethane, 2-
i o - et R OB GRRPEEH Wi RGeS, ROV AR er yer MRLRSs HEHE:

hydr oxypropyl ) et intogns diseftil plyaramg iR, Jhod Ut of £Edrdens&fon reaction

hydr oxyet hyl ) et hyl enedi am ne, preferably tris(hydroxynethyl)am nonet hane

(THAM . The RewaemablershPedatre PO oBRe Wie Y RaArt RAS RAGETAIRE 'R0t he
hydr oxy Coormg%ghl.}?%ﬂé%ﬂm Bmal oa@e@dn%ggvtaﬁﬁhnéamw afl Budrsgual Iy from

about 60C t 265C, or from about 220C to~ about 250C in the presence

of an acid emerdupgs arPpiejerabiyeoiwirdrisaieanaistans arhinesie The Pelriyitriccled-cohol or
amne to for h C | O . ! I nes, are described
above. Prefe r‘%gFe dpe&%ggﬁﬁ‘g‘é{"r R%?%gée%?%’ﬁ (étg ﬁtﬁfglgg%g?%g%aﬁ‘e% TETA) ,

t et r aet hyl enanesdimant) éhe AcPdyy conpennde bfsydotyngles amines. (FREMHAYIc amthasi xt ur es

e R TN R LT R ety e S

pol yoxyal kyl @ng, sthpeha esidenstopgibyoxyidad, ktyiune dddeartoesavilipvamgwaver age

mol ecul ar Weaiibgorgxtt %0 rcgr inna or]:’lg,ocr)]rqfl%tr)notldw}o t%% ofztofogrt.)oégamélp g&?o proly]:hry?jar'pc about 400 to
amines include tri-(hydroxypropyljamine, tris-(hydroxymethyl)amino methane, 2-
amino-2-methyl-1,3-propanediol, N,N,N',N'-tetrakis(2-
hydroxypropylethylenediamine, and N,N,N'N'-tetrakis(2-
hydroxyethyl)ethylenediamine, preferably tris(hydroxymethyljJaminomethane
{THAM). The condensation reaction of the polyamine reactant with the hydroxy
compound is conducted at an elevated temperature, usually from about 60°C to
about 265°C, or from about 220°C to about 250°C in the pfesence of an acid
catalyst.

Polyamines which react with the polyhydric alcohol or amine to form the
condensation products or condensed amines, are described above. Preferred
polyamines include friethylenetetramine (TETA), tetraethylenepentamine (TEPA),
pentasthylenehexamine (PEHA), and mixtures of polyamines such as the above-
described "amine bottoms".

In one embodiment, the polyamines are polyoxyalkylene polyamines, e.9.,
polyoxyalkylene diamines and polyoxyalkylene triamines, having average
molecular weights ranging from about 200 to about 400Q or from about 400 to
about 2000. The preferred polyoxyalkylene polyamines include the



about 2000. The preferred pol yoxyal kyl ene pol yam nes include the 1 6 APR
2005 WO 02/36112 PCT(USO /32286 20 pol yoxyet hyl ene and pol yoxypropyl ene

di am nes and the pol yoxypropylene triamnes. The pol yoxyal kyl enef g ap 2005
pol yam nes are commercially available and nay be obtained, for exarrpF
fromthe Jg§hossspn Chem cal Conpany, Inc. under the tradnustmsweffam nes
D230, D400, D 1000, D-2000, T-403, etc.". U S. Patents 3,804,763 and
3,948,800 are expressly incorporated herein by reference for their

di scl osure of such pol yoxyal kyl ene pol yam nes and acyl ated products nade
therefrom |In another enbodi nent, the pol yam nes are hydroxy-containi ng

pol yami nes. dro cont ai ni oam nes,
particul arl P° YEE?%G”%PRW@FP&%%F‘{F%ﬁq%ﬁ@% gﬂé thcg Rﬁ\Wﬁ%’ anaol ) et hyl ene
SLSL”e”SZSE?F*E,%’E&?? b*“iﬁ’?“’z’&@“‘“nes“”ﬁﬁ‘”@""“““a‘eﬁ’mm“?ﬁ';‘“%‘a”??“ o bed

al kyl ene oxibget a@%fwa@xamm%|fmtwe§§rsanﬁwm‘°%ﬁ%%wa@€ B’ﬁ‘?eﬁi%%uct s may
al so be useq  JUGhnRSUERSMReMIOEES m@@ tilmjcﬁ@mmrm Ttigs, aeoveydescri bed

prima- ry, secondary or tertlaré al kanol anines with et hyl ene, propyl ene or
hi gher epoﬂaﬂ%@‘-s B4, 7631ando3, $46,809 Reer exprassl. INFRsRRE haraty Rysrefgience

t enper at ur eg, f ?\Etr d&%foséf gl s?z?ﬂ gﬁwggﬁr‘g ngﬁénﬁﬁe neéggfmlétgd bheggtsskilled in

the art. Specific exarrp es 0 yam nes incl ude

1y et v e, e
, | zi
mono( hydroxygropﬂ Qgﬁ% ?‘{f{@%nfé g‘h@?%sn%*?(hfy ﬂ%&g C%¥£A'H§f PP

N- ( 3- hydr oxyatayhined. et ycrom- bryrltaﬂiﬁgd:loﬂmmm aredlags d'ﬂlrghmxyhmmngses,obt ai ned
by condensati on of the above jllustrated hydr ont ai ol yam nes
t hrough am FETHFYATHS Y‘LaFﬁdo%'g HERRINERYNGr @pg\lﬁ‘é ’ﬁh?ﬂ%@ﬁtgg 'E%ef ul .

Condensat | Ofalérh{nEHQQn AR WHeAU Bich @Shintndstan HRirghes barddtngaaonpani ed by
renoval of ammonia while condensation through the hydroxy gq ups results in

product s corﬂbQV%dﬁQCf&eldeﬂ*kWE?ﬂ?&%fQ@§s WEB SR ARTMERE BYhE SRBVEITeRTIRRAL er .
Mxtures of o, Ofyi ? rre'%fém){l e bHiGe-BRONG aARSSFIRE6h FRJdY@@rHQ,S are al so

useful. In another e e amne 1s a heterocyc am ne. The
het erocycl i calqmbqamdwetschaamﬁﬂa@éocbc@t&ma%bxsreaaﬁmﬁheume d&?‘éﬂ'q /ER3- tetra-

and ry, secondary or tertiary alkanol amines with ethylene, propylene or higher
epoxides in a 1.1 to 1.2 molar ratio. Reactant ratios and temperatures for
ic:atrrying out such reactions are known to those skilled in the art.

Specific examples of alkoxylated alkylenepolyamines include
N-(2-hydroxyethyf) ethylenediamine, N,N'-bis(2-hydroxyethyl)-ethylene-diamine,
1-(2-hydroxyethyl)piperazine, mono(hydroxypropyl)-substituted tetraethylene-
pentamine, N-(B-hydroxybutyl)-tetra‘methyfene diamine, ete. Higher homologs
obtained by condensation of the above illustrated hydroxy-containing polyamines
through amino groups or through hydroxy groups are likewise useful.
Condensation through amino groups results in a higher amine accompanied by
remaoval of ammonia while condensation through thé hydroxy groups results in
praducts conta‘ining ether linkages accompanied by removal of water. Mixtures
of two or more of any of the above described polyamines are also useful.

in another embodiment, the amine is a heterocyclic polyamine. The
hetaracyclic polyamines include aziridines, azetidines, azolidines, tetra- and
dihydropg?ridinés, pyrroles, indoles, piperidines, imidazoles, di- and tetra-

hydroimidazoles, piperazines, iscindoles, purines, morpholines, thiomorpholines,



di hydropyri di nes, pyrroles, indoles, piperidines, imdazoles, di- and
tetra- hydroi m dazol es, piperazines, isoindoles, purines, nnrpholiti

t hi omor phol i nes, 1 6 APR 2005 WO 02/ 36112 PCT/ US01/ 32286 21 APR 2005
N- am noal kyl nor phol i nes, N-am noal kyl t hi onor phol i nes, N am noal kyl -

pi per azi negg oNsdYir di am noal kyl pi perazi nes, azepi nes, azeciri®s/32820ni nes,
azecines and tetra-, di- and perhydro derivatives of each of the above and
m xtures of two or nore of these heterqéyclic am nes. Preferred
heterocyclic amnes are the saturated and 6-nenbered heterocyclic

am nes containing only nitrogen, oxygen and/or sulfur in the hetero ring,

especially tﬁ%ﬂﬁwr‘q{lﬂaﬁﬁhn%pN%lﬁgﬂﬁmn% ﬁﬂ}@‘g‘ kytor phol i nes,

pyrrol i di nes eri am noa | t'ut ed
pi peridi nes plperpana:z,lmei:-dlamlrmwdylp}perm Rrapieas, amqﬁmsazzmses nmor phol i ne,

am noal kyl substitut nor phol | yrr.olidin
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am noal kyl  sHififréd @ﬁ%sor%ﬁrﬁ‘e%ﬂb@&ehateﬁtyeﬂt fnings.r padarred hetefayaiing part of
the hetero ring. Specific exanples of such, heterocycljc am nes include

N- ani nopr opy@WBep AL ﬂ"ﬁéatq‘lﬁt&%"iné@@ AynemiRipd pelFEOCYgfAMInes containing

N, N -di am n r v/ efidfhedl SO
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3- hydr oxycycﬂll@erapem yihigrriorrholipes, arnrehadirgsumy eﬁ\ﬁﬁ?@?%%ﬁetﬁyﬁm'ﬁér azi ne,
and the |.ike, rﬁéglkgzs' Pgtstgt%g W@ﬁ%@ﬂﬁﬂémﬁH@%ﬁﬁbﬁ[&ﬂ sycigeyne can al so be

used to form trogen di spersants | east one of the
ni trogen at qmsemnlnehenodpydmzanmqaﬂ@tstmehfu@drm@rphyldw@gewmlidﬁ@cﬁh? bonded

hydr azi ne. ni TGRS HisR OV SRUreE A 57 BBt A P Sn the sams

ni trogen. Spafinbakylexositliess afe g.tﬂisbﬁﬂtedm 2dittoygem amm&xmmpmbbhmbhydr azi ne,
N pheny! - N R i SERchE SXApls AL ) YOOI BRI Y Py Sy dr az ne.

N-(par a- ni t rgRAGAYIdE ﬁm@rp%mm@ N-Nn(r@aﬂ@rpmewzmw@ﬂul) N- rret hyl hydrazme
N, N - di ( para-chl orophenol) hydr azi ne, heny] - N

cl ohex zine, and
the like. |MNahSiamiroaiyeariine, Hw#é:xarw* %CVﬁ’é%/PCPJ?éarB%‘P?&ﬁ‘? a% r‘r?/ ﬁ@@
cycl oal i phatg g RbORRIuda MR droR/EHYB Sy cidtRiAMIRS 3-tHtfoxydgio-use of aromatic

pentylamine, parahydroxyaniline, N-hydroxyethylpiperazine, and the like.

Hydrazine and hydrocarbyl substituted-hydrazine can also be used to form
the acylated nitrogen dispersants. At least one of the nitrogen atoms in the
hydrazine must contain a hydrogen directly bonded thereto. Preferably there are
at least two hydrogens bonded directly to hydrazine nitrogen and, more
preferably, both hydrogens are on the same nitrogen. Specific examples of
substituted hydrazines are methylhydrazine, N,N-dimethyl-hydrazine, N,N'-
dimethylhydrazine, phenythydrazine, N-phenyl-N'-ethylhydrazine, N-(para-tolyl)-

' N'-(n-butyl)-hydrazine, N-(para-nitrophenyl)-hydrazine, N-(para-nitrophenyl}-N-
methyl-hydrazine, N,N'-di{para-chlcrophenol)-hydrazine, N-phenyl-N'-
cyclohexylhydrazine, and the like.

In ancther embodiment, the amines may be polyamidoamines,
cycloaliphatic amines, aro.matic amines, ketimines, etc. The use of aromatic
amines such as MPDA or MDA provide for longes polymerization times which
permit baking on media for specific applications. Ketimines ( amines reacted with

ketfones) may be used to add unreacted sols of amine and ketone to a

A



am nes such as MPDA or MDA provide for |onger polynerization tinmes which
permt baking on nedia for specific applications. Ketimnes ( anines
reacted with ketones) may be used to add unreacted sols of amine g R 005
ketone to a 1 6 APR 2005 WD 02, 36112 PCT/ USQA / 32286 22 polynerlzatlon 8
medi a for nghipeEYwhi ch can be reaned after cure by watgrrrose/3m sture in
order to facilitate desired nedia properties. The ketim nes provide a
mechanismto effect porosity or water nmeability as conponents of the
whol e bi odegradati on process desired i'm a stenoprophiluric nedia. In one
enbodi nent, the cross-1linking agent may be a pol yhydroxy conpound. The

pot yhydr oxy o60mRabat.d F‘ﬁu'engfém?é{’ERg\Hﬁﬂﬁ c8h bk '?Smg\?ébeéf?ér w?é’éﬁb?e rRr (O T

wherein R' i's’a nonoval ent organi c group | to the
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pol yhydri c alglebeddstioh pravass asdiediimarstsndphgphiii@smedianki ng agent is a
pol yhydric alcohol such as those described herein. In one enbodi nent, the

pol yhydri ¢ al cohl ergyemepdimept. thassress-linking a3em BRPAPAYIVHSMY ¢ car bon
atoms, or fremyauke, @RQBBIyﬁ%roﬁ)’ odrh O;SHHna |ﬁ&udé%.%ﬁp0@9ds gﬂﬁe@éhéﬂ% dric

al cohol s contain from?2 to about carbon atons, from t'o about 20; and
from2 to atﬁvmulala"ﬂﬁwrnmmretgﬁommoaavaleraimrzowalamgarec arae) joimgdr i ¢

al cohol s i ngd %ecﬁkgfféu@@%rghgﬁgkg oh%%hadér\wm%an inkéder of R £LJ ASIRY1 ENe
gl ycol s; propylene ncludin tri- et rapropy ene gl ycols;
gl ycerol; bﬂtudtt&elmdhe hirdnoearedi gobyp scm’calns at lzastradoist HBliphadingatksn, sucr ose;

fructose; Heose; | ohexanedi @l [ e erythritols,

I ncl udi ng d O'Q%d’f“? f'%’/%«?ﬁ!f S%TEI?LWP tnaﬁy;eb% ‘W@bgﬁ?mg&%ﬁdgt ﬂjﬁ%egn% gl ycol,

tri et hyl ene pglyyigaiic a:gb}y@lgr ol, sorbitol, pentaerythritol and

di pentaerythritol . The hydric al cohols ma ifie

nonocar boxyl i ¢ at] 9 e 9‘?’ ﬁ&‘v‘?ﬁfb‘%ﬁ@% @‘q‘é'%i‘ﬁeréff %B‘S}Swnﬁtaéﬁ?gowﬁ?c FHm about
8 to about Hhseviis@fihetetindhe LABBHINMIE, th&’@b@?ﬂ?ﬁnc%@ﬁmwmrﬁlw
unesterified. Exanples of nonocarboxylic acids ipcl ceti pr opi oni c,

butyric and CPEHWU!%E’(%QBWﬁpél‘%'@“8§arbof‘ﬁ5°'f‘§ftqr)fr°ﬁb%Eﬂ:ﬁ % | P ‘g‘%’l?dtéJ have
from about @pbgt APOVke BOYRAIRALRbRMeNAAMHrom 2 to'about 40 carbon atoms, from

2 to about 20; and from 2 to about 10 hydroxyl groups, or from 2 to about 6.
Polyhydric alcohols include ethyiene glycols, including di-, tri- and tetraethylene
glycols; propylene glycols, including di-, tri- and tetrapropylene glycals; glycerol;
butanediol; hexanediol; sorbitol; arabitol; mannitol; sucrose; fructose; glucose;
cyclohexanediol; erythritol; and pentaerythritols, including di- and
tripentaerythritol; preferably, diethylene glycal, triethytene glycol, glycerol,
sorbitol, pentaerythritol and dipentaerythritol.

' The polyhydric alcohols may be esterified with monocarboxylic acids
having from 2 to abiout 30 carbon atoms, or from about 8 to about 18, provided
that at least one hydroxy! group remains unesterified. Examples of
monocarboxylic acids include acetic, propionic, butyric and fatty carboxylic acids.
The fatty monaocarboxylic acids have from about 8 o about 30 carbon atoms and
include octanoic, oleic, stearic, linoleic, dodecanoic and tall oil acids. Specific
examples of these esterified polyhydric alcohols include sorbitol aleate, including
mono- and diolsate, sorbitol stearate, including mono- and distearate, glycerol

oleate, including glycerol mono-, di- and trioleate and erythritol octanoate.



I ncl ude octanoic, oleic, stearic, linoleic, dodecanoic and tall oil acids.
Specific exanples of these esterlfled polyhydrlc al cohol s i ncl ude orbltol
ol eate, including nono- and dioleate, sorbitol stearate, |nclud|ng|35

and distearate, glycerol oleate, including glycerol nono-, di- and

triol eate apd:@ayf hritol octanoate. 1 6 APR 2005 WO 02/ 86dihi1BE3Es USQ / 32236
23 Polynmers Sone exanpl es of polyners useful in preparing the

st enoprophiluric nmedia include phenyl rffins, acrylic resins,
nitrocel l ul ose resins, alkyd resins, naleated resins, rubbers, including
chl orinated rubbers, styrene or isoprene- butadi ene rubbers, etc, nelamne
resins, styrﬁngBEﬂ; acryl ated, naleated or cyclopentadi ene reacted oils,
silicone pol'y epoxy resins, polyester resins, polyurethane resins,
pol yvi nyl chlori &me @cnytlies obfdiynoere esdlvl iepespaaimgribe s@ﬂbp@philqi@d the like.

S f d f |
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rosin nodi fihgeaedessihs,atabbabenaldiag ceistimged ﬁ.&:lbletd @s,eemck isbgreneel | ul ose
resins, alkyd. resi n%PGrral eat e r.osins, varni sol. ubl g phenol i c

resins, chl diytadisagru b"o@?csmwae {5 T1Pa PR ERR ac()’?%?/‘i' HpHP oi | based
emul si ons, %bﬁ bHﬁéHlenQH‘éé(étédl Sils, SMEHE mrffen@é&@hwﬁs p%‘lsbé"s@!ﬁ@éﬁﬁ's

acryl ated and cycl opent adi ene- reacte silicone resins and poI ymers,
st yr ene- but srithamethpoe yeainss polysinyhanipyides, aobteirafiucmedienes IMine reginsat ur at ed
pol yest er reétﬂdntﬁ Fgoxy/ pol yam de bl ends, thixotrophic al kyd resins, water
sol ubl e/ dlsperS|b € thernosetting resins (al kyds, acrylics), urethane

oi ls and al kyds, &dmmf@siqmnaerycludesxamh@ﬁmwe@fm ﬁgnwpyﬂliltcis silicone

copol yrer mder fI , nd
aclroyl ?/c eise %féb%cgﬁ“i S u'%Sﬁyﬂ%? aﬁ)‘fé[wgél ol C@ﬂ% g e%ﬁé%'ﬁ beam
cur abl e polyoatified pmm:agmuehmsmer@llmnse am@nm@qeiem reslspeerltsycbn
I t th | ]
ol ot 1 odepodPrl, TRRRBAGERBE HTNES. BLryRde PRt Re e dtIdiFEhnd pol yest er

and uret han&uﬁbérﬁoﬁr’%é?foﬁnﬁﬁld%ygbsww daondegbmuasédemalfsernspmwmﬂu zed, high
solids resins, polyners with reactive diluents, rborre r%a%lns

| acquers, i rﬁ!-l'fﬂaisnﬁ‘em‘w fermaitenyde. sheenated qcy&fﬁgﬁg YHBPSRRHGTSChI or i de,
latexes, chl@riBalRd SicBie fEMvAYpolRRESsadtRreheRRtIHBHSpolymers, polyvinyl

acetate, epoxy resins, unsaturated polyester resins, epoxy/polyamide blends,
thixotrophic alkyd resins, water soluble/ dispersible thermosetting resins (alkyds,
acrylics), urethane oils and alkyds, thermoplastic acrylics, thermosetting acrylics,
silicone copolymers, powder coatings, fluidized bed powder coatings, Epoxy and
acrylic electro-deposited, flucropolymers, ultraviclet and electron beam curable
polymers, non-aqueous dispersions, non-aqueocus dispersion acrylics, epoxy
and acrylic and other resins-cathodically electrodeposited, interpenetrating
polymer networks, acrylic and polyester and urethane oligomers for high solids,
group transfer polymerized, high solids resins, polymers with reactive diluents,
waterbome resins, lacquers, including acrylic and halogenated lacquers,
polyviny! chioride, latexes, chlorinated ethylene-vinyl acetate copolymers,
polytetraflucroethylene, acrylic latexes, vinyl ester latexes, vinyl acetate,
polyurethane dispersions, urethanes, urethane dispersions, hybrid urethane-
acrvlic dispersians, acrylic polyols, polyester polyols, amino resin cured polyols,
isocyanate cresslinked aliphatic resins, benzoguanamine-formaldehyde,

glycouril, isocyanates, oxirane epoxy, bisphenol-A, friphenylphosphine,



pol ytetrafl uoroethyl ene, acrylic | atexes, vinyl ester |atexes, vinyl
acetate, polyurethane dispersions, urethanes, urethane dispersions, hybrid
ur et hane- acrylic dispersions, acrylic polyols, polyester polyols,l P AP 2005
resin cured polyols, isocyanate crosslinked aliphatic resins,

benzoguanagiongsées mal dehyde, gl ycouril, isocyanates, ORCT/@SE/3CBOXY,
bi sphenol - A, triphenyl phosphine, 1 6 APR 2005 WD 02/ 36112 PCT/ US01/ 32286 24
bi sphenol -F, novol acs, epichl ohydrin, gmat i c am nes, m phenyl ene di an ne,

wat er bore epoxy-ani ne, mercaptan crosslinked epoxi des, polysulfide resins,
acid and anhydride crosslinked acrylic and pol yester resins, epoxide

homopol ymer sy fiesnl 8 ARRRAL! Soibshifin, SORANc ARYR M Sohdiadidmine, .

el ect r odeposi resi ns, na carbon, ol'elc an
li nol eni ¢ fahteybame dpoxyrardingj mercaptan; crosslinkddoafioxides p@yaulfidéahgide at ed,

mal eat ed, and_. varnishes, |inseed al kyds nogl ycer.i [ocessed,
styrenat ed aed epﬂ?f‘ﬁycﬁjgaicf?séﬁ%d@%@% a@B@@e @{ é’s ,s, %ﬁ%’g‘i‘%rat ed

pol yesters, haRGbaNIhErsCregslealtentik: 8k, éppxymbadiack, cathipdien scavenger ed
pol ymers, radiation cured,, silicone rr?di fied alkyds, sili cgne resins,
si l anol gr oupeconsPgaitadresinacnatingholsy 19 cRibog; CP'?'Eé’%Qi'POIG AdgHokaNG e,
al dehydes, fgpialds Wd@ed'bid)Rght REFERDbRAvnABEhIRREY ThaleBBid! Al nes,

pol ycar bodi i m des, anal ogs, pre-cursors, internediates, blends, m xes,

conbi nat | onsvaraigties fisseadelistasn monogliierrid psecsssed. shsenaiad and Gt abl e
exanpl es of [ ' Qn&gl_; : ind ntion
I ncl ude acry%pgii,g@\%!kﬁg%"se%oﬁfgiﬁsﬁf E/Jirqgear#e"}é?eem ns%tég | iﬁ%ﬂ%% %hbr?gle“r?%{)g
cel | ul osi ¢ efstranigiedantygesl dcavegecedpdipners, Goidionicoredx sifiptresmpadedde

pol yet hyl ene ol ypropyl ene,. pol ytetr é%\ oet.hyl i nyl chloride,
pol yvi nyl  cAKERS aég%rb%a%\%nﬁy‘éf”aﬁgl T3t e,'ﬁoﬁ r\ﬁ%@gtg% ,C'F%gF ?Egété%at es and
pol ynet hacr yhatescetats] didergelks UbossidetpakbyMichudl deaegtoabnd paictor) agitididesn e
chloride and styrene hutadiene. Suitable exanples. of thernoplastic resins
“ncl ude pol yRTEFRRIImIGRS:, AB7RES R U BaRs LY TROIet R Ee (EPPE) and
pol ypr opyl engsmisifhtibAsNidditkn rédear(tE)\dat, phapes ofahe @bsve.pol yesters,
chlorinated polyethers, -and cel | ul ose-acet obutgrﬁte. V\h&ttl‘ follo s a
brief descripti orﬁ‘ﬁtﬁb_?&@”ﬁest?féh?’mﬁmaﬁg? Fﬁsﬁﬁ_f e P Hedid PEe pEgse be used in
accor dance Whidntidn iscliidy 88 ERNvinfis Dhibe bty AReceding, i chriabtedhabsat at i ves
and/or curing reactions is also 1ncluded when the resin is also used as a

celiulosic esters, and cellulosic ethers. Specific examples include polyethylene,

polypropylene, polytetra-fluoroethylene, polyvinyl chloride, polyvinyl

chloride/polyvinyl acetate, polystyrene, polyacrylates and polymethacrylates,

nitrocellulose, polyvinyl butyral, polyvinylidene chioride and styrene butadiene.

Suitable examples of thermoplastic resins include polyolefins, including low

density polyethylene (LDPE) and polypropylene, polyvinylichloride (PVC),

polyamides, polyesters, chiorinated polyethers, and cellulose-acetobutyrate.

What follows Is a brief description of some of the fllm forming resins which may

be used in accordance with this invention. A brief description of the curatives

and/or curing reactions is also included when the resin is also used as a

thermosetting resin.

in one embodiment, the stenoprophiluric media contains a thermosetting

resin. Thermosetting resins include urethanes, amino resins, acrylic resins, alkyd

resins, epoxy resing, phenolic resins, cyclized olefin rubbers, halogenated

polyolefins, halo-sulfonated polyolefing, polybutadiene rubbers, natural resins,

and mixtures therecf.



t hernosetting resin. In one enbodi ment, the stenoprophiluric nedia cont ai ns
a thernosetting resin. Thernosetting resins include urethanes, WWRZ%S
resins, acrylic resins, alkyd resins, epoxy resins, phenolic re5|n
cyclized ol efin rubbers, hal ogenated polyol efins, hal o-sul fonated

pol yol ef i ngq o pbut adi ene rubbers, natural resins, angcfigeigtes thereof.
1 6 APR 2005 WO 02136112 PCT/1J801/32286 25 EPOXY | n one enbodi nent, the
st enoprophi luric media conprises at g t one epoxy resin. A wde variety
of epoxy resins may be used in the pre i nvention. Cenerally, the epoxy
resins wll have a nol ecul ar wei ght fron1about 300 to about 100, 000. Mbore
general l vy, %BSPOXV resins will have an epoxi de equi val ent wei ght from
about 150 to out 10, 000, or an epoxi de equival ent weight from about 1000
to about 3000, oin dwwmbdmbmbnﬂﬁﬁwt@ﬁﬁﬁopﬁﬂertemdm @ingwishe ptlenst o

ficat d d.ratio linit be conbined. Th
Sboxy rosi AEORLEATY A& VAP Lately Bheha THDC e 2Ry FEen BF BSOS O ol |

known epOXYGern@EdIIQSth%pﬁhy Eﬁsﬁxs@hﬁh@\ﬁé@ﬁd&!ﬁ!ﬁbWeﬁd&ﬁbﬁﬂﬁﬁmeoﬂ heasbut of at
| east one epOX|d used in the specification and i.n the appended

claims, the Q%PHQ"MBWW@Q. fhe epexy FRSESHEL heve AR SePYitR Sy RREVRINE
product s of ghhe,ARdenELb m%@tﬁoxy xicRe Rt QY FrBmeahA

hydr oxy- cont ai ni ng conpoun car I c acid.. Therrnpsetting epoxy resins
i ncl ude any 1000 to 2o 8000 onfke aaubWhS0-gpdfartiare ead ieleewhisTc the

characteri Zgge#?ﬁ/caE Bﬁ G %?a‘zﬁﬂg Bhel aﬁ@é?bﬁd tio Iﬂﬁts%ﬂﬁ@ﬁ:rﬂﬁmeﬁx"ﬁg%gs OOUD a

wi de vari et resins are € conmmerwci f epoxy
resins basedasum; ddwe! aemmxurdentpmnpy beliagy poe dy& netdherObJFJel[ Hmcmphewmdy - A

novol acs, resole wat er.bor.ne, ep nes noI|c resin

Moati on ¢ St wHERAES fr e Eltey e RokaR R cf e R el s,

excl usi vel ygrcmpnAbQﬂ@éenemectp(amf@tnonaahu i triel appended/ clhipgd, ltrm@rmc')ap@nl ecul ar
structure. The epox [ er t Exanpl es of

ester- type”%ﬁbk?"ﬁ%@{esBgﬁégﬁ%éﬁgﬁg%ﬂéggﬁngmégﬁE%g“ﬁ%?%@%ﬁﬁpéc reaction
of a conpogpgh EBlﬂb%‘h?ﬁﬂgaﬁd‘Q h%roﬂ@-&&tﬁﬁﬁé@@ﬂﬁo@m@@k daoRUEdRer Nl ecul e
wh epiehor Oh'}lr?errlmr}:sgtrtm e g)? rl%smg,Iir(x:cri]m:i%re?nm/cﬂ‘ra\I nnunlrbnerto?(\?ue i rkgcsm%gce of an
al kali. Such g epoxy y

organic resins which are characterized by the presence therein of the epoxide or

oxirane group a wide variety of such resins are available commercially.

Examples of epoxy resins based on the epoxide group; diglycidyl ether of

bisphenol -A, novolacs, resole resins, waterborne epoxy amines, phenglic resins-

-cationic. Such resins have either a mixed aliphatic-aromatic or an exclusively

non-benzeneoid (i.e., aliphatic or cycloaliphatic) molecular structure,

The epoxy resins may be of the ether or ester types. Examples of ester-

type epoxy resins include polyglycidyl esters obtainable by reaction of a

compound containing two or more carboxyiic acid groups per molecule with

epichlorohydrin or glycerol dichlorohydrin in the presence of an alkali. Such

polyglycidyl esters may be derived from aliphatic poiycarboxylic acids, e.g.,

succinic acld, giutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid,

sebacic acid, or dimerised or trimerised linoleic acid; from cycloaliphatic

polycarboxylic acids such as tetrahydrophthalic acid, 4-methyltetrahydrophthalic

acid, hexahydrophthalic acid, and 4-methylhexahydrophthalic acid; and from

aromatic polycarboxylic acids such as phthalic acid, isophthalic acid, and

terephthalic acid.



pol ygl yci dyl esters may be derived from aliphatic polycarboxylic acids,
e.g., succinic acid, glutaric acid, adipic acid, pinelic acid, sub %fRZWS
acid, azelaic acid, sebacic acid, or dinerised or trinerised I|noIe|

acid; fromcycloaliphatic polycarboxylic acids such as tetrahydrophthalic

acid, 4- ahydrophthalic acid, hexahydrophthalje&raghg.sand
4- met hyl Eg‘&g)&f ?)zrpht halic acid; and from aromatic polycar @ébxyl I ¢ acids

such as pht haI ic acid, isopht halic aci d, and terephthalic acid. 1 6 APR
2005 WD 02136112 PCT/ USO1/ 32236 26 Et héP-type epoxy resins are obtained by
reaction of a conpound containing at |east two free al coholic hydroxyl

and/ or phenolic hydroxyl groups nol ecul e with _an hal ohydri n under
al kal i ne condi t i BH&-YgR SPRXY FPé‘”SaﬁF}FQPWHPF’&é( reacgfioppl & é‘goé’r'f @ of an acidic
catal yst wi E&témhﬁ%% whé gak a%eholwlHyhrox%n@kdf@hbnol%d%:@dgh@h sof such

reactions instead of being single sinp onpounds are_generally conpl ex
m xt ures of pgn peteayie Vit areepibalghydri ﬁé@ée@‘h@#@ copdiiotse ORiH®Sf r om acyclic

al cohol s gedpgsgcgq,@gn a‘f“%f%, I P?ﬁﬂ%ﬁ&fﬂq’uen?{?@atﬂbﬁpﬁﬁh

p0|y(oxyethyﬁene F ycol's, propane- (oxypropyl ene)
gl ycol s, prepalai. 1‘1‘!‘93 phoduq:tsprﬁlsgyc(fmeyct@lnsmadydf@nm)q 331!@1@@ nple

pent ane-1, 5- di ol y r4 r opane,
pent aer yt hr P?rapourgdgrametggperaﬂgﬁgan%rc%)S}u%ﬁ|0£§%§%Ir r?;e't H?r%om%%g%‘ A%Pphgt ic
al g ogolzsbs U?Lél ﬁiiadrhﬂé@fmmfaﬁgchdﬁbjd):dhdts? buch 4x aﬁﬁgmgwwy?&mwewmt hane,

an i s r cl ohex ane, al.cohol s havi

aromatic nué‘l“éf‘?éh%@ﬁyééfy?\tlhﬂe ﬁ'g‘?%pa%ﬁg}%ﬁ %y‘i’ \éox%map;nene)

p, p' bis(2-h f%&éy&‘obéﬁheﬁman%u dblplspstrambhgrae) @cdﬁ@énm fs-dimde from
nononucl ear pheno . such as resorcinol and hydroqui none, .and from

pol ynucl ear hp¥aieot.4,6- Té'ﬁbﬁ‘i’&@mbﬂs‘( a- tm@hﬂ?‘?fﬂ?@ﬁ?i Be TR (SO fiiStwi se known

bi sph RELIAN
11 Bt e B e e Gty ot opane.

(ot herwi se blsh%wdra)syciyplgpﬁmmetl@ne anci 2,2-bis(4-hydroxycyclohiexyl) pfopane,
L yce AT A R0 oA cOBURISER AR o
wi t h phenol and mﬁ tfls(zawdrq)dyemlansmﬂﬂsﬁﬂheuvlmthamet Qe thelyrmgabbe madledidnme at ons
O oo S ERLA  RarbEr P SR ke =
polynuclear phenols, such as bls(4—hydroxyphenyl) methane {otherwise known
as bisphenol F), 4,4 -dinydroxydiphenyl, bis(4-hydroxypheny!) suiphone, 1,1,2,2-
tetrakis(4-hydroxyphenyl) ethane, 2,2-bis(4-hydroxyphenyl)propane, (otherwise
known as bisphenol A), 2,2-bis(3,5-dibromo-4-hydroxyphenyl}propane, and
novolacs formed from aldehydes such as formaldehyde, acetaldehyde, chloral,
and furfurelaldehyde, with phenol itself, and phenol substituted in the ring by
chlorine atoms or by aikyi groups each containing up to 9 carbon-atoms, such as
4-chlorophenol, 2-methylphenol, and 4-tert-butylphenol.
‘In one embodinient, the epoxy resins have either a mixed aliphatic
aromatic or an exclusively non-benzenoid (i.e., aliphatic or cycloaliphatic)
molecular structure. The mixed aliphatic-aromatic epoxy resins generally are
prepared by the well-known reaction of a bis-(hydroxy-aromatic) alkane or a
tetrakis-(hydroxy-aromatic) alkane with a halogen-substituted aliphatic epoxide in
the presence of a base such as, for example, sedium hydroxide or potassitim
hydroxide. In one preferred embodiment, the epoxy resins are diglycidyl ethers of

bisphenols, especially bisphenol A. These are made by reacting epichlorohydrin



I n one enbodi ment, the epoxy resins have either a mxed aliphatic aromatic
or an exclusively non-benzenoid (i.e., aliphatic or cycloaliphatic)

nol ecul ar structure. The m xed aliphatic-aromatic epoxy resins gendy b 9005
are prepared by the well-known reaction of a bis-(hydroxy-aromatic) al kane

or a tetrgfbsisifrydroxy-aronatic) al kane with a hal ogenpcsubsisiags ed
aliphatic epoxide in the presence of a base such as, for exanple, sodium
hydr oxi de or potassium hydroxide. In oe preferred enbodi nent, the epoxy
resins are diglycidyl ethers of bisphénols, especially bisphenol A These
are made by reacting epichlorohydrin 1 6 APR 2005 WO 02/ 36112

PCT/ USO1132474 it/ B G83508hc ol o SIS 2287 DOEoPghpi e cat al yst.

By controlling oper a conditions and varying the ratio of

epi chl or ohydpematitg chidifidrenaid varying tredabe of eficiprohydrevie histhesal 4r wei ght can
be made. The m xed al.Lphatic-ar, N ins are prepared by the

wel | - known pfqragé’(?%l %f?#l%%?'e@ FB@{SB%H%@%Q@-%B?%T%%‘ al kane or a

t et r aki s- (hydr oxVas efisedd dliphalidamenativiebbxaresimb ageprepatestt iyt ihe eelbkiquimat i ¢

epoxide in the presence of a base _su as e, 0.., .sodi um hydr oxi,.de or
pot assi um hyRRYKN G’g a hlﬁ@&m’%%’g@ag@ré?qqeo‘?@, teﬁ%ﬂ%‘g&’éjﬁo’ﬁgmﬁ%cﬁ'sa’Iﬁ"l’ast

el i m nated i@ 4 RBogid-piititteERPRaHS cfE:adWiInithe BRSPhETOR Dhaddsue sarat i ¢
nucl eus via an ether |inkage. Then the epoxi de groups condense wth the

hydroxyl gr eupssadiumbyeiogisieyareriassEl RENPEds. WRIERES? FOPHIIS2e according to
the relative, B-RRATRIAE 1l diffthalhid ARGIAIC AL Godd BRoublbd theu of the
epi chl or ohy yln, one can use hal ogen-substituted aliphatic epoxides

cont ai ni ng Zhearonmtie nualebs Niazmoztber lkage.altiey the eroxidsognoups copdiedstom 3 to

about 12 carhon, atons. .l I 0Ll ne- it .erm nal al kyl ene
oxi de (term“ﬂtﬁﬂhﬁbﬁg%’fﬂgd??‘ﬁ)gﬂgtfﬁ" %‘%&'ﬁ?‘iﬂ%ﬁ’éﬁﬂ%gi swgn‘é‘f’ﬁg‘ e &l kyl
chain), suebcadingpbehd miailvggroporidors afsedaidntdand theseactom tinng. conmer ci al
availability and excetjdéenc,e '

o RS S TR R BB Bl et U ose
may al so corbakides stfainiriguE ot mosUeib@satomsggenanyliyr Divyabdue 20, omrdma@,
nitroso, ether, sulfide, carbopal koxy, etc. Siml.arl in |ieu of the
2. 2. bi 5. ( p- Ryabesky g S, e aiise Sy spAP b ereebr Eiede
contai ni ng R4t (tekRrifl dERGtRGIRERIRE p&AES gralif MEs@itleYend of the alkyl chain),
such as epichlorohydrin are useful by reason of its commercial availability and
excellence in forming epoxy resins useful for the purpose of this invention.

if desired, the halcgen-substituted aliphatic epoxide may also contain
substituents such as, e.g., hydroxy, keto, nitro, nitroso, ether, sulfide,
carboalkoxy, efc.

Simiiarly, in lieu of the 2,2-bis-(p-hydroxyphenyl)-propane, bis-
(hydroxyaromatic)-alkanes containing about 16 or more carbon atoms, generally
about 18 to about 30 carbon atoms can be used. Examples of these materials
include 2,2-bis-{1-hydroxy-4-niaphthyl)-propane; 2,2-bis{o-
hydroxyphenylpropane; 2,2-bis-(p-hydroxyphenyl} butane, 3,3-bis-(p-
hydroxyphenyl)hexane; 2-(p-hydroxyphenyl)-4-(1-hydroxy-4-naphthyhoctane, 5-
5-bis-(p-hydroxy-o-methylphenyl)-decane, bis-{p-hydroxyphenyl) methane, -
2,2-bis-(p-hydroxy-o-isopropyiphenyl)propane,2,2-b is-(0, p-
dihydroxyphenyl)propane, 2-(p-hydroxyphenyf)-5-(o-hydroxyphenyi)hexadecane,
and the like. If desired, the bis;(hydroxyaromatic)aikane may contain substituents

such as, &.g., halogen, nitro, nitroso, ether, sulfide, carboalkoxy, efc.



about 16 to about 30 carbon atoms can be used. Exanples of these materials
I ncl ude 2, 2-bi s-(1-hydroxy-4-napht hyl) - propane; 2, 2-bi s(o-

hydr oxyphenyl ) pr opane; 2, 2-bi s-(p-hydroxyphenyl) butane, 3,3-bi51@@PR2m5
hydr oxyphenyl ) hexane; 2-(p-hydroxyphenyl)-4-(1-hydroxy-4-napht hyl)oct ane,
5- 5-bi s- (@#olugde@xy- o- met hyl phenyl ) - decane, bi s-(p- hydr pxgrpiienydsy net hane,
2, 2-bi s- (p- hydroxy-o-isopropyl phenyl ) propane, 2,2-b is-(0, p-

di hvdr oxyphenyl ) pr opane, 2-(p-hydroxypB%nyI)-5-(o-hydroxyphenyi)hexadecane,
and the like. If desired the bi s- (hydroxyaromati c) al kane may contain
substituents such as, e.g., halog en nltro nitroso et her, sulfide,

car boal koxy, etc r tﬁegﬁg?@res I 6[{]1%%04? Ty B {) %ﬁ%r%%p@éh@f usabl e

epoxy resins inc ers I sphenol © conpounds
such as bi sphmpounc& siich B Bispharol Edb@amcelsh Rpoxyfresine of vtpéymae@esqubed above

based on varjqus, bis n b y of conmer ci a
sources. OnePGrStPREoRRS IR PRl A B e AR EBEMEY Epont resi ns
and are avaicbamercitir sonréde One@reup is &howio bp tygerfeodl tlexlalﬂipbignatiorEpon 820" is
an epoxy resin havi an aver ul ar. we, abgout 380, and is

pr epar ed fr ORPYY Zeﬁﬂg a('ﬁ aF@W@%@B%h&%W‘p@Wﬁ%h&ﬁEﬁc%r eI i n.

Simlarly, “Epangd®3d anieporredRORaNi g%‘hl dvehyd rﬁgieédilala\)l@i@ﬁgﬂ abdt gl ar
wei ght of about 616 and is £re pared from egl chl oroh drin and symetri cal

t et raki s- ( p2nAJHPERAATIYN P cbirdpreydroxrbang Bmpﬁaeaa ﬁeqcelemwnde. ght of
350- 400 andsﬁ’rﬂ![arﬁp QS S8 PAYY A mc i?RQMAg & ﬁ]?v@r‘la em&é&%rw t fS an

epoxy resi.n havi aver age u ar wel of "about 1000
epoxi de equﬁbanEﬁﬂtS aw,d @Meﬂﬂ!‘ed f500. ep?cﬁmhyﬂm'ﬁhdha@nmlm@ﬂa@@ (m)l ecuI ar
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known by thepgﬁﬂeethvhreadef amgima’[{]’.dpdfﬂmw i mépmcyaadnaxaemg\m | abl e
from Shell Chem cal Co. Anot onmer ci.a poxy

f
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Resins, a dEmos‘ﬁbﬂnoﬁoo@hﬂﬂﬁﬁ@ver@@kﬁﬁol@@ﬁlaﬁ@t@mﬂw)abdﬁonstﬂ)(@r@b@epE;RI REZ 510
and EPI-REZ 509 are commercj al Qq{P des of the dlg{ﬁ/md et r or bi sphenol

A di f f eri ng®9HiVgRAPY of Ao 188% K “E%W%pgfpﬁéog P eTHOX -REZ 522F is
a bi sphenol c4uRRlefhboidy dA0M4000. One group is known by the general trade

designation "Epon" resins and are available from Shell Chemical Co.

Another group of commercially available epoxy resins is identified under
the general frade designation EPI-REZ (Celanese Resins, a division of Celanese
Coatings Company). For example, EPI-REZ 510 and EPI-REZ 509 are
commercial grades of the diglycidyi ether or bisphenol A differing slightly in

J viscosity and epoxide equivalent. EPI-REZ 522F is a bisphenol A-epichlorohydrin
resin with an epoxy equivalency of about 600.

Another group of epoky resins are available from Furane Plastics Inc., Los
Angeles, Calif. under the general frade designations EPIBOND and EPOCAST.
For example, EPIBOND 100A is a one'component epoxy resin powder avaitable
from Furane which is curable to a hard resin in the ‘e,_bsence of any hardener.

Liquid forms of epoxy resin are also useful. These liquid forms normaily
comprise very viscous liquids requiring some degree of heating to permit
withdrawal from storage containers. Certain "D.E.R." resins obtainable from Dow
Chemical Company and "EPOTUF" liquid epoxy resins obtainable from

Reichhold Chemicals Inc. are examples of such resins preferred for employment



resin wth an epoxy equi val ency of about 600. Another group of epoxy resins
are avail able from Furane Plastics Inc., Los Angeles, Calif. unqg’r&ﬁﬁ@
general trade designations EPI BOND and EPOCAST. For exanple, EPI 856A
i s a one conponent epoxy resin powder available from Furane which is

curabl e towaoagigh resin in the absence of any hardener. ptigsuigd24ser ns of
epoxy resin are also useful. These liquid fornms normally conprise very
viscous |iquids requiring some degree ofg heating to permt wthdrawal from
storage containers. Certain "D.E.R " resins obtainable from Dow Chem cal
Conmpany and "EPOTUF" |iquid epoxy resins obtainable from Reichhold

Chem cal s | RiCaccfdan@¥ TRl 1BS RlenBsit Arf S@hipRe &R €LbRHE fUid BFPXERA 1 6 APR
2005 WD 02/36112 PCT/ US01/ 32236 29 i n accordance wth the invention. An
exanpl e of e unfiigtegrmedivauiigh vigenajty #84i140ihaving lsa apedidegcgtyalesdi um hi gh
viscosity #3/(; /i enaxi i t AnVe) - a
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Anot her cl ass _of epoxy resins useful in the present invention is the

epoxi di zed BV F8Y: particularly the epoxy cresol and epoxy phenol

novol acs.  TheseArdtBentashisiaghoRy réstiseny incths @redent invesfich iswsaial |y forned
by the reaction, of orthocresol or phenol and fornmal dehyde with

epi chl or ohy 8PPXY12eHh BRYPIAGSs PREICURGEY | OKY BYRSRIAARRZY¥ PERRCIRAVEIA 8 s, such

as aliphati ¢hese §r)écdr@@ﬂlddaf’6§1Jeﬁptiﬂ@’@ﬁ%a&@ﬁh%é’ﬂa’ﬂﬂf&ﬁi@ﬁ%ﬂé redtiigf can be
utilized in the present invention. ngﬁgqg resi ns havi ng non-benzenoid
l

nol ecul ar sPFf oEhasreso! geplgnal pyd fgrema igh epishipiphyddn. zroxy §e9ies ng
aliphatic e j ( ; ' ' ' | i phatics can
be producedgg?j‘yﬁiﬁg?g%{] ?%'%éﬁgﬁﬁgﬁ gﬁco %&gﬁﬁﬁbgﬁgg?aﬂﬁé@ﬁd by the
condensat i ohy@roxyaporiginihgstaripauds calsatardreopiizedin ewiresent sweotdror ohydri n,
fol |l oned by i | | ' e
repared by P AL CERS HRORBIR Bzt e AR SRV ek Bl Mo Flra T
conmpounds stechh ths adlaspleatg aiptintd spawdeding ol cycloBiphatikappkereséidiyl ene gl ycol
or glycerol, can.be.reacted wth hal ogen- substi.tuted aliphatic epoxide
such as epFXH'PS’P ?%ﬁ‘ PR %REP%P%‘ZP%%‘?&%{?%@E&%HB@%“ ?fgcyplgcrﬂ?ﬁqsqui d epoxy

resins and by the condensation of an acid such as tetrahydrophthalic with

=0

epichlorohydrin, followed by dehydrohalogenation. The aliphatic epoxy resins can
be prepared by reacting hydroxy-containing aliphatic and cycloaliphatic
compounds such as aliphatic diols and friols. For example, ethylene glycol or
glycerol can be reacted .with a halogen-substituted aliphatic epbxide such as
epichlorohydrin (and others mentioned above) fo form liquid epoxy resins
characterized by viscosities which are fower than epoxy resins derived from
aromatic hydroxy compounds. When cured, such aliphatic epoxy resins are not
as brittle as the aromatic epoxy resins, and in many instances, exhibit
elastomeric properties. Aliphatic epoxy resins are available commercially from a
variety of sources including, for example, Shell Chemical Company and
Reichhald Chemicals, Inc. Specific examples include Epon 562 from Shell
Chemical Company having a viscosity of 90-150 centipoises at about 23°C,, an
epoxide equivalent of 140-165, and a hydroxyl equivalent weight of about 65.
The epoxy resins will have an epoxy equivalency greater than 1.0. By epoxy
equivalence, reference is made to the average number of 1,2-epoxide groups

contained in the average molecule of the giycidyl ether or ester. As a result of the



characterized by viscosities which are |ower than epoxy resins derived from
aromati ¢ hydroxy conpounds. Wen cured, such aliphatic epoxy resins are not
as brittle as the aromatic epoxy resins, and in many instances, exhbbiPR 2005
el astonmeric properties. Aliphatic epoxy resins are available comrercially

froma vapb¥eef sources including, for exanple, Sheljbcfimiest Conpany
and Reichhold Chem cals, Inc. Specific exanples include Epon 562 from

Shell. Chem cal Conpany having a viscosjty of 90-150 centi poi ses at about
23C., an epoxide equival ent of 140-165, and a hydroxyl equival ent wei ght
of about 65. The epoxy resins will have an epoxy equival ency greater than
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1, 2- epoxi de groups in-t ecul e of the yci dyl ether
or ester. Asrdinamipoiitives of beerhicsl PR ROGShavdDeaBsdiiat diferenisaniesriass 30

met hod of prepar,i the glycidyl p et hers. . : ifice they
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necessarily the inte
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the reacti opnghol@BintdiictyaB8hihsatdsh The BeRizdOndvalde hyslecarandensat es. The
epoxi di zed novol acs may ‘contain nore than two epoxy groups per nol ecul e,

and epoxi di 23N MERNAY STIHPFIRRY MARAUS, PN PO BREIBLSIIYgsRIC Kyai | abl e
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epoxy groups per cule results in products containing a highly
cross- | i nkedoptaining moes thanttwa epbghoieoberilaglesds msulte foxpduetesi ns al so may
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In one embodiment, the media comprises an epoxy resin and at least one

halogen-containing thermoplastic polymer. Halogen-containing viny! polymers

and copolymers, including vinylidene chloride homopalymers and copolymers are

useful in combination with the epoxy resins. Vinylidene chicride copolymers

include copolymers of vinylidene chioride with vinyt chiloride, acrylates or nitriles,

the choice of comonomers being dependent upon the properties desired.

Polyvinylidene fluoride resins useful in combination with the epoxy resins of the

present invention are available commercially from a variety of sources including

Pennwalt Corporation. One spéciﬂc example of a polyvinylidene flucride

available from Pennwalt is Kynar 500 resin.

The resin component of the aqueocus compositions of the present )

invention also may comprise mixtures of epoxy rasins with other resins capable

of modifying the properties of the epoxy resin such as amine-formaldehyde

resins, phenol-formaldehyde resins, polyamide resins, urea resins, polyolefins,

polyestars, etc.




i ncl ude copol yners of vinylidene chloride with vinyl chloride, acr I,a&%s 8r
nitriles, the choice of conpbnoners bei ng dependent upon the propeﬁtﬁ' 200
desired. Polyvinylidene fluoride resins useful in conbination with the
epoxy resins of the present invention are available commercially froma
variety ofywpQusges | ncluding Pennwalt Corporation. Onepgpgsiifzbis exanpl e of
a polyvinylidene fluoride available fromPennwalt is Kynar 500 resin. The
resin conmponent of the aqueous corrposi;rlaions of the present invention also
may conprise m xtures of epoxy resins Tth other resins capabl e of

nodi fying the properties of the epoxy resin such as ami ne-formal dehyde

resi ns, phenol-fprnal esi n olyanide re si ns,
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am nes i ncl @EENemInAEYe amines AORYAEeRYABINeS; RElgHoReMFBY Wﬁ’ﬁ’egy‘ﬁﬂ’éy hydr oxy
pol yam nes geget rr?e;s.f?]é%%h ¥4 bézs@frgxsﬁrpefs oaamr'e% ihdGhd/drti-atiny| am ne,

triethylam ano am ne | et hanol am ne, etc. The epoxy resins
may al so béietaygamizid, menmlnemlmathvmanewWQ et hecdpdxy rosirsadgl e of a

o resi n K S57de sobtGel o} ol B A AT e S GO SRALY 251
pr epar ed by akeitahien gsefuhadh né@rglieedtvaice radeaibtd epoxyirédin issresind{-6BY®net ry of
two fatty acids.,to oup and one with each OH group present in
the epoxy r&4f b:ﬁg egsepé%q%é‘af‘?oé? #‘Man 90% reacti on success. These
material s (epoxyegshessershaxebeyephiity eiRsa mghtt@npaealre mmrentwm and

can be processed W th ap riate agents to fit a 1. % year
degr adat i on@ S@FRIOMPHY 0@@&&“@@9@? t‘&B?ﬁﬁP%"%@"H?GPBIO{/‘E%q éearfrf‘ . Epoxy or
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prevent separation in-:stored internmediates and/ o port the formation of

a desired nBlEae Magripy BRoKL sy hae e%@éjerrtrrdaﬁ&ep&y'er%emeﬁ@sm%r de
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coal tar resi
rate The epoxy ester contains no hydrolyzable group.

Epoxy or phenalic resins may be prepared using polyamides and a clay
catalyst to prevent separation in stored intermediates and/or support the
formation of a desired media.

Imidazolines may be used in an epoxy resin to provide greater
compatibility of media or polymer formation with such materials as coal tar resins
and other naturally cccurring substances such as cellulose, and nitroceliulose.

. These materials may be additives, and/or nutrients.

In cne embodiment, epoxy resins are blended with acrylic c'opolymers
containing glycidal methacrylate to reduce susceptibiity of the polymer to excess
UV acceleration of the biodegradation rate. Alternatively cycloalipahtic epoxides
may be used together with or in place of the glycidal methacryiate.

In one embodiment, epoxy resin polymer is used to prepare the media,
wherein the N-H groups ( amine hydrogen functionality) of the polymer is
adjusted to madify the cure rate permitting preferred adducts and consequential
cross-link structure. This cross-linking may occur when the inert additives of the

media exceed 30 % by weight.



and other naturally occurring substances such as cellul ose, and
nitrocellulose. These materials nay be additives, and/or nutrients. In one
enbodi ment, epoxy resins are blended with acrylic copol yners containin?
glycidal nethacrylate to reduce susceptibility of the polyner td EABRZES uv

accel erati ano pfi3sipe bi odegradation rate. Alternatively %h%gh{;ﬂ@t iCc
epoxi des nmay be used together with or in place of the glycida

nmet hacryl ate. I n one enbodi nent, epoxy resin polyner is used to prepare the
media, wherein the N-H groups ( amine F¢drogen functionality) of the
polymer is adjusted to nodify the cure rate permtting preferred adducts
and consequential ,, craoss-Ilink s{ructure._This cross-1linking may occur when
the inert additivHE BPYRedMadRal amedadeimnatiam 5y spexigatwhich @nt@Rs 2005 WO
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linseed oil, : ' ral .substances. An_epoxy or phenolic resin where
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concentration that does not toxify ail organisms and maintains the goal of “‘no

release” to the environment.

AMINOPLAST

In one embodiment, the stenoprophiluric media comprises an aminoplast
resin, The amino resins (sometimes referred to as aminoplast resins or

\ polyalkylene amides} are nifrogen-rich polymers containing nifrogen in the amino

form, --NH,. The starting amino-bearing material is usually reacted with an
aldehyde (e.g., formaldehyde) to form a reactive monomer, which is then
polymerized fo a thermosetting resin. Examples of amino-bearing materials
include urea, melamine, copolymers of both with formaldehyde, thicurea, aniline,
dicyanodiamide, toluene sulfonamide, benzoguanamine, ethylene urea and
acrylamide. Examples of useful amine resins include the melamine-formaldehyde
and urea-formaidehyde resins,

Condensation products of other amines and amides can alsg ba
employed, for example, aldehyde condensates of triazines, diazines, triazoles,

guanadines, guanamines and alkyl- and aryl-substituted derivatives of such
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of other am nes and am des can al so be enployed, for exanple, aldehyde
condensat es lLazi.nes,.. diazine riazol es, uanadi nes, guanam nes and
al kyl - and a‘?{/rﬁ“%s (Pqiding afr ?%%?W&i%‘éb%'?“t%‘ﬁk{"ﬁag apd alsid- SpB8TAD 02/ 36112
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substance. drofER AR icRBtHIRE ASHIEEFcHOAY A BRAH fsMMaldafeLRR RIS %;o h
rmon. These

formal dehyde with nelam ne, urea or benzoguanam né are nost ¢
condensat i orieSIPLPHAIACYIEE#FBe nononeric or pol yneric. Mel ami ne-f or mal dehyde

et B! LTy SPRIAAESL RSl A oL EILPBRLAILSIR o
as formaldehyde with an amino- or amido-group carrying substance.
Condensation products obtained from the reactions of formaldehyde with
melamine, urea or benzoguanamine are most common. These condensation
products can be monomeric or polymeric.

Melamine-formaldehyde and urea-formaldehyde resins are useful in the
stenprophiluric media. These resins are used primarily as cross-linkers for
hydroxyl-bearing resins. Melamine-formaldehyde and urea-formaldehyde rasins

. are the products of the reaction of formaidehyde with melamine or urea. Either
melamine or urea resins (or mixtures thereof) may be used as the cross-linking
agents, although the melamines generally provide a greater degree of cross-
linking. Useful melamine and urea resins are the alkoxy alkyl and the alkylol
melamines and ureas. Specific examples include: atkoxymethyl melamines and
ureas in which the alkoxy groups have 1-4 carbon atoms such as hexa-alkoxy
(methoxy, ethoxy, propoxy, butoxy and mixed alkoxy) methyl melamines and
dialkoxy methy! ureas; and the afkylol melamines and ureas such as

haxamethyiol melamine and dimethylo! urea. These cross-linking agents are



hydr oxyl - beari ng resins. Ml am ne-fornmal dehyde and urea-formal dehyde resins
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cross-linked as above where faster degradation of media is desired for specific

host habitats. The urea may alsq be used as an biolimiting agent andfor

nutritional source.

Another media may be formed using acrylic polyols with melamines or
isocyanates or combinations with from about 6% to about 18%, orabout 12 %
styrene where the hydroxyl containing monomer is stoichiometricaly adjusted to

achieve a biodegradable cross-link in the targeted host habitat.

POLYURETHANE

In one embodiment, the polymer of the stenoprophifuric media is a
polyurethane. The polyursthane resins are those farmed by reacting an organic
diisocyanate with an active hydrogen-containing material such as palyalkylene
ether glycols and hydroxy-terminated polyesters to form isocyanate-terminated
polyurethane prepolymers which can be cross-linked or cured with known agents
such as compounds having at least two amino nitrogen atoms each having at
least one reactive hydrogen atom. Alternatively, the active hydrogen compound,
organic diisocyanate and chain extender can be reacted simultaneously to form
the desired polymer.



PCLYURETHANE | n one enbodi nent, the polymer of the stenoprophiluric nedia
I s a pol yurethane. The pol yurethane resins are those fornmed by reag&iﬁﬁ @E
organic diisocyanate with an active hydrogen-containing materi al MR 3
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Al ternatively, the active hydrogen conpound organi c dil socyanate and
chai n extender can be reacted sinultaneously to form the desired polyner.
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The polyaikylene ether urethanes are those prepared by reacting the
isocyanates with polymeric polyhydroxy compounds such as those described
herein which include polyether polyols, such as poiyalkylene ether glycols,
polyalkylene arylene ethar-thioether glycols and polyalkylene ether tricls. The
polyalkylene ether glycols and triols are preferred and these include glycefs
having the formula HO(RO),H wherein R is an alkylene radical which need not
necessarily be the same in each instance, and n is an integer. Representative
glycols include polyethylene ether glycol, polypropylene ether glycol and
polytetramethylene ether glycol. Representative polyalkylene ether triols are
made by reacting one or more alkylene oxides with one or more low molecular
weight aliphatic triols. The alkylene oxides most commonly used have molecular
weights between about 44 and 250 and these include ethylene oxide, propylene
oxide, butylene oxides, 1,2-epoxybutane and 2,3-epoxybutane. The ethylene,
propylene and butylene oxides are particularly useful. The aliphatic triols most
commonly used have molecular weights between about 92 and 250. Examples
include glycerol, 1,2,6-hexane triol and 1,1, 1-trimethylol propane.

Representative examples of the polyalkylene ether triols include: polypropylene



necessarily be the sane in each instance, and n is an integer.
Representative glycols include polyethylene ether glycol, polypropyl ene

et her glycol and polytetranethylene ether glycol. Representativelb APR 2005
pol yal kyl ene ether triols are made by reacting one or nore al kyl ene oxi des
wi th one owomes&sii ow nol ecul ar weight aliphatic triol seclosnabisyl ene

oxi des nost commonly used have nol ecul ar wei ghts between about 44 and 250
and these include ethylene oxide, propglgene oxide, butylene oxides,

1, 2- epoxybut ane and 2, 3- epoxybut ane. The et hyl ene, propylene and butyl ene
oxi des are particularly useful. The aliphatic triols nost comonly used
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react ed w t polyisotydratesyarfatesretiankes iz lbngichaings vares conginipatieast ymer s
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descri bed above, polyam des, pol yepoxi des, reaction products of phenols
and al kyl eneolS§taSarck Eﬂ‘Yfﬁ?rd%aq’ﬂhd'é’dr%§Pﬁ'§’P“'P%ﬁ’Q§§éﬁ%ﬁ reevep PRYAEYGCSO f

ol ef i n- car begl, SRNGHd fe AR LHIRES RBAendhOLNEBINBhO BYEES TemdT9biRy S whi ch
can be enployed in the nedia include oil-free pol yester resins,

unsat ur at edresisisy bgdregenativnmpsodustkefcblefimstanieon mengXide cordymersang epoxy
resins. Thep:@géé(iﬁ%ﬁy 50 include urethane resins which formwhen a di- or
pol yi socyanate 'group % NCO-) bearing internediate (such as an isocyanate
curative) react sPelymhrsawhich car bpetmploydd dxipk-rhedia inclpdepiidresspoifdaterspeci es
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| ar ge ar r ayregfns. The polymers also include urethane resins which form when a di- or
' polyisocyanate group (--NCO--) bearing intermediate (such as an isocyanate
curative) reacts with a di- or polyhydroxyl-bearing species. The species used to
react with the isocyanate functionality can be described as any hydrogen donor
bearing two or more active hydrogens. Although there is a large array of
hydrogen donors for use in the preparation of polyurethane coatings, hydroxyl-
based systems are especially useful. Useful hydroxyl-based systems include
hydroxylated acrylics, hydroxylated (saturated) polyesters, epoxies and other
polyether-based polyols, polycaprolactone-based polyols, castor oil derivatives,
and polyamides, phenolics and amino systems. Useful isocyanate-terminated
species include the aliphatic species, such as hexamethylene diisocyanate and
isophorone diisocyanate and the aromatic species, such as toluene diisocyanate
and diphenylmethyl diisocyanate.
In one embodiment, a urethane is linked by isocyanates with zinc metal or
copper metal to form a suitable media having maximum durability where abrasion
resistance is required. This is a very durable media which is ideal for use on oil

platforms and drilting rigs where work boats continually strike structural members
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In another embodiment, the polymer of the stenoprophiluric media is an
acrylic resin. The acrylic resins are obtained by polymerizing a suitable
combination of a functional group-containing monomer and another
copolymerizable monomer in an ordinary manner. The pbfymerization
temperature is ordinarily between about 60°C and about 100°C, and
polymerization time is usually within a range of about 0.5 hours to about 15
" hours, or about 1 hour to about 12 hours, or about 3 hours to about 10 hours.
Examples of the functional group-cantaining monomers include hydroxyt group-
containing monomers, such as beta-hydroxyethyethyl acrylate, beta-
hydroxypropy! acrylate, beta-hydroxyethyl methacrylate, beta-hydroxypropy!
methacrylate, N-methylol acrylamide and N-methylol methacrylémide; carboxyl
group-centaining monomers such as acrylic acid, methacrylic acid, itaconic acid,
maleic acid, furnaric acid, as well as monoesters of maleic acid and fumaric acid
with monoaicohols; alkoxyi groeup-containing menomers such as N-butoxy-
methylmethacrylamide and N-butoxymethylacrylamide; and epoxy group-
containing monomers such as glycidyl methacrylate, glycidyl acrylate and allyt

glycidyl ether. These menomers may be used either alone or in combination of
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di hydri c or ReeinyX9a008, savahedducible acrylic from American Cyanamid; etc.

ALKYD RESIN

In anather embodiment, the stenoprophiluric media includes an alkyd
resin. The alkyd resins are obtained by reacting a dihydric or polyhydric alcohol
and a polybasic acid or anhydride in the presence of a drying oil using known
technigues. The polyhydric compounds and polybasic acids may be any of those
descirbed herein. Examples of the dihydric.or polyhydric alcohols include
glycerol, pentaerythritol, sorbitol and diethylene glycol. Examples of the polybasic
acids or anhydrides include phthalic acid, isophthalic acid, maleic anhydride,
fumaric anhydride, non-conjugated linoleic acid, oleic acid, adipic acid, azelaic
acid, sebacic acid, tetrachicrophthalic anhydride, and chlorendic anhydride.
Examples of the drying oils include soybean oil, linseed oil, dehydrated castor oil,
non-oxidizing castor and coconut oils, tung oil, fish oil, sunflower oil, walnut oil,
safflower seed oil and tall cil. These alkyd resins may be produced, for example,
by direct fusion of glycerol, phthalic anhydride and drying oil at a temperature in

the range from about 210°C te about 235'C. Solvents are then added to adjust




and a pol ybasic acid or anhydride in the presence of a drying oil using
known techniques. The pol yhydric conpounds and pol ybasi c aci ds e an
of those descirbed herein. Exanples of the dihydric orpolyhydrlc'éﬁéBﬁéwg
include glycerol, pentaerythritol, sorbitol and diethyl ene glycol.
Exanpl es ofwa desspel ybasi ¢ aci ds or anhydrides include plthahi sascid,

i sophthalic acid, maleic anhydride, fumaric anhydride, non-conjugated

| i nol ei c acid, ol ei c acid, adipic acid, Efzelalc acid, sebacic acid,
tetrachlorophthalic anhydrlde and chl ofendi c anhydrlde Exanpl es of the
drying oils include soybean oil, linseed oil, dehydrated castor oi
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enbodi nent , t?%’éggogf’%‘i/‘ﬁ%?%éﬁyﬁci@ used in conjunction with an epoxy
or ot her reS| n sysﬁr&jmerchhﬁmﬂrb@d APE@tiGhal BROS o & UseBlivbodjQhctidpwdipPhyti c
envi ronnents as wel | @S in standard aqueous habitats. In one embodi ment ,

an al kyd re8"PRRKY EhO ShiesinyskarsAssergd keraig- 4 heraare Yibder is used to
form the medydropMdc'&wirbRments as well as in standard aqueous habitats. In one

embodiment, an alkyd resin which contains benzoic acid as a chain stopper is
used to form the media.

POLYESTER

The polyester resin is typically the condensation product of a
polycarboxylic acid or its derivative (anhydrides, C, ; alkyl esters, otc.) and a
polyhydric alcohol. The polyester resin usually encompasses from about 50% to
about 95%, or preferably from about 55% to about 90%, or more preferably from
about 80% to about 85% by weight of the unsaturated polyester resin system. in
one embodiment, the polyester resin has lower acid numbers, such as less than
about 30, with about 20 or less being preferred, have good spraying properties in
applications where the unsaturated polyester resin systsm is applied by spraying.
In another embodiment, the polyester has a narrow molecular weight distribution
(Mw/Mn). The molecular weight distribution is typically from about 2 to about 8, or
preferably from about 2.5 to about 5. In one embodiment, the polyester resin is

free of dicyclopentadiene olefins, alcohols or acids.




The polyester resin is typically the condensati on product of a

pol ycarboxylic acid or its derivative (anhydrides, -, alkyl esters, etc.)
and a polyhydric alcohol. The polyester resin usually enconpasses] §rapm 05
about 50% to about 95% or preferably from about 55%to about 90% or nore
pref er abl y wig @msiiabout 60% t o about 85% by wei ght of thecyRgaldibat ed

pol yester resin system In one enbodi nent, the polyester resin has | ower

acid nunbers, such as |less than about , With about 20 or |ess being
preferred, have good spraying properties in applications where the
unsat urated pol yester resin systemis applied by spraying. In another

-enbodi nent, the : | LSt IL.on
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i ncl ude glycerol, pentaerythritol, dipentaerythritol, tripentaerythritol,
tri met hyl ol d8'REREICIRPRERS: hyl ol propane, and di- trinethyl ol propane. In one
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catal yst. The catal yst is present an anou rom about 0.05%to about
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bor ohydri de nd.tin barohydr.i de; tal oxides, such as, beryllium oxide,
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magnesium hydroxide, metal acetates such as magnesium acetate, manganese
acetate, tin(lV) acetate, metal carbonates, such as lithium carbonate, sodium
carbonate, potassium carbonate, magnesium carbonate, tin(lVv) carbonate,
tetraalky! metals, such as tetraalkyl titanate, such as tetraisopropyl titanate, tetra-
n-butyl titanate, and tefrakis (2-ethylhexyl) titanate, and tetraalkyt zirconate, such
tetraisopropyl zirconate, tetra-n-butyl zirconate, tetrakis (2-ethylhexyl) zirconate;
and metal nitrates, such as tin(lV) nitrate. Other suitable transesterification
catalysts include, for example, Bronsted acids such as sulfuric acid and Lewis
acids such as aluminum triisopropoxide, Prefemred transesterification catalysts
are antimony giycoxide, {Sb, (OCH, CH, O},), and manganese écetate in about
equal portions.

{n another embodiment, the polyester resin is prepared using a reaction
product of a polyol and a fatty carboxylic acid. The reaction product may contain
an average of two, three or more, preferably two, residual hydroxy! groups which
may be used in the preparation of the polyester resin. Rasidual hydroxyl groups

are those remaining after the reaction of the polyol and the fatty acid. The



tetraal kyl metals, such as tetraal kyl titanate, such as tetraisopropyl
titanate, tetra- n-butyl titanate, and tetrakis (2-ethyl hexyl) titanate,
and tetraal kyl zirconate, such tetraisopropyl zirconate, tetra-n-HutarR 2005
zirconate, tetrakis (2-ethyl hexyl) zirconate; and rret al nitrates, such as

tin(lV) ni Wo%%sxég her suitable transesterification tﬁi@‘hznésgcl ude, for

exanpl e, Bronsted acids such as sulfuric acid and Lew s ch as

al um numtriisopropoxide, Preferred transest erification catalysts are
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fatty alcohols include oleyl alcohot, lauryl alcohol, stearyt alcohol, UNILIN 425 (a
Ca1o avg. linear primary alcohol), UNILIN 550 (a C,, avg. linear primary alcchol),
and UNILIN 700 (a Cg, avg. primary alcohot). UNILIN alcohols are available from
Petrolite Comoration. The fatty epoxides include epoxidized fatty alcohols, such
as oleyl epoxide, stearyl epoxide, epoxidized soybean oil, epoxidized linseed oil,
epoxidized C, 4, alpha-olefins, efc.

The carboxylic acids and their derivatives used to prepare the polyester
are typically dibasic unsaturated, preferably alpha, beta-olefinically unsaturated,
carboxylic acids or their derivatives. Examples of these carboxylic acid and their
derivatives include maleic acid, fumaric acid, chloromaleic acid, itaconic acid,
citraconic acid, methyleneglutaric acid and mesaconic acid and their esters or
preferably their anhydrides, as well as succinic acid, glutaric acid, d-f
methyiglutaric acid, adipic acid, sebacic acid, pimelic acid, pbthalic anhydride, o-
phthalic acid, isophthalic acid, terephthalic acid, dihydrophthalic acid,
tetrahydrophthalic acid, tetrachlorophthalic acid, dodecanedicarboxylic acids,

nadic anhydride, cis-5-norbornene-2,3-dicarboxytic acid or anhydride, dimethyl-



and UNILIN 700 (a C50 avg. primary alcohol). UNILIN al cohols are avail able
from Petrolite Corporation. The fatty epoxides include epoxidized fatty

al cohol s, such as ol eyl epoxide, stearyl epoxide, epoxidized so%bffggﬂ 'gﬁ,
epoxi di zed linseed oil, epoxidized Cep al pha-olefins, etc. The ca ng C
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carboxylic acids or their derivatives. anpl es of these carboxylic acid
and their derivatives include maleic actfd, fumaric acid, chloronaleic
acid, itaconic acid, <citraconic acid, nethyleneglutaric acid and nesaconic
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embodiment, the aromatic carboxylic acids or their derivatives are generally
present in an amount from about 30% to about 60% by mole, or from about 35%
to about 60%, or from about 40% to about 55% by mole. The aromatic carboxylic
acid or their derivatives have from about 8 to about 18, preferably from about 8 to
about 12 carbon atoms. The aromatic carboxylic acids and their derivatives are
disclosed herein. The aromatic carboxylic acids and derivatives are disclosed
herein and useful aromatic carboxylic acid and derivatives, include phthalic
anhydride, o-phthalic acid, iso-phthalic acid, etc.

As described above the polyester resin is prepared from polyhydric
alcohols, preferably glycols. Sujtable polyhydric alcohols include alkanediols and
oxa-alkanediols, for example, ethyleneglycol, 1,2—pr6pyieneglycol, propane-3-
diol, 1,3-butyleneglycol,_butene-‘l 4-diol, hexane-1,6-diol, 2,2-dimethylpropane-
1,3-diol, diethyleneglycol, triethyleneglycol, polyethyleneglycol, cyclochexans- 1,2-
diol, 2,2-bis-(p-hydroxycyclohexy!)-propane, butene- 1,4-diol,-5-norbornene-2,2-
dimethyl'ol, 2,3-norbomene diol, and cyclohexane dimethanol.



present in an anmount from about 30%to about 60% by nole, or from about 35%
to about 60% or from about 40%to about 55% by nole. The arormlti,!c@3
carboxylic acid or their derivatives have from about 8 to about APR 2005
preferably fromabout 8 to about 12 carbon atons. The aromatic carboxylic
acids and wweizrsederivatives are disclosed herein. The 9RRbIH.&Ar boxylic
acids and derivatives are disclosed herein and.useful aromatic carboxylic
acid and derivatives, include phthalic 3nhydr|de, o- phthalic acid,

I so-phthalic acid, etc. As described abdJe t he pol yester resin is prepared
from polyhydric alcohols, preferably glycols. Suitable polyhydric alcohols
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3- hydr oxy- 2, 2-'di met hyl propyl 3-hydroxy-2, 2-di net hyl propanate, etc. In
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Exanpl es of tnaogs%rmmhuléear@ﬂwmerbmt,gwyan@Qll:MmQhé\s‘-e ghegheleyal e di scussed
herein. In %z; ﬁnbodl ment, the polyester is a conventional unsaturated

pol yester, SRTEOrREIE RS SPTIRIGING aRfvhvdet alcohiolsrade distesseddsrainn
reactive dil uent in die¥mbodiment, the polyester is a conventional unsaturated polyester,

which are those available commercially and which contain reactive dituent. They
are prepared from one or more of the above polycarboxylic acids or derivatives
and one or more of the above polyhydric alcohols. In one embodiment, the
conventional polyester is prepared from a combination of a non-aromatic and an
aromatic carboxylic acid or derivative thereof, preferably phthalic acid and maleic
arthydride. The polyol is typically neopentylglycol and propyleneglycol. The
conventional polyester generally contains from about 20% to about 45% or
preferably from about 30 to 38% reactive difuent such as those described above.
The unsaturated poiyester resin is typically present in an amount from about 55%
to about 85%. Commercial polyester resins are available as ortho or iso polyester
from many companies. Examples of these companies include Reichold
Chemical, Ashland Chemical, Huls AG, and Alpha Resin.

In order to improve the abrasion resistance of urethane alkyds in heavy
duty industrial applications and to moderate the hydrolysis resistance, a portion

or all of the dibasic acid of the alkyd resin is replaced with a di-isocyanate (TDI).



are prepared fromone or nore of the above pol ycarboxylic acids or
derivatives and one or nore of the above pol yhydric al cohols. In one
embodi nent, the conventional polyester is prepared froma conbi nal EctPRafllba
non-aromati ¢ and an aromatic carboxylic acid or derivative thereof,

pref er abl ywaphiziedibc acid and nal ei ¢  anhydride. The pol yglyéss/st¥pi cally
neopent yl gl ycol and propyl enegl ycol. The conventional polyester generally
contains fromabout 20%to about 45%or,, preferably from about 30 to 38%
reactive diluent such as those describelf above. The unsat urat ed pol yest er
resin is typically present in an anmount from about 55% to about 85%
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pol yners an i ene thp@pgnqw, the reaction is not carried to completion to provide for
biodegradation.

In one embodiment, the media is formed with polymers and oligomers of
unsaturated polyester resins containing two or more methacrylate or acrylate
groups per polymer chain with an epoxide functional resin with methacrylic acids
or a functional isocyanate or hydroxyl functional methacrylate monomer to yield a
radiation cured media with unique capabilities in engineered products where
standard application technigues are not practical.

Among the polyestérs which are useful in the stenoprophiluric media are
polyesters of aromatic dibasic acids and alkylene glycols. The polyesters also
may be derived from a mixture of aromatic dicarboxylic acids containing at least
some symmetrical aromatic dicarboxylic acid, one or more acyclic dicarboxylic
acids, and one or more diols. Examples of symmetrical aromatic dicarboxylic
acids include terephthalic acid, dibenzoic acid, ethylene bis-p-oxy benzoic acid,
tetramethylene bis-p-oxy benzoic acid, and 2,6-naphthalic acid. Other aromatic
dicarboxylic acids which can be used in conjunction with the symmetrical

dicarboxylic acid include o-phthalic, isophthalic acid, etc.
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t er epht hal i fomctetlephthalic acid, azelaic acid and pentamethyleneglycol; terephthalic acid,
isophthalic acid and adipic acid; terephthalic acid, isophthatic acid, adipic acid
and sebacic acid; terephthalic acid, isophthalic acid, adipic acid and ethylene
glycal; etc. Copolyesters of such mixtures can be prepared by known techniques,
and they may be prepared directly from the above-identified dicarboxylic acids, or
the copolyesters can be prepared from the lower alkyl esters of said dicarboxylic
acids such as dimethyl terephthalate, dimethy! isophthalate, dimethy! sebacate,
dimethyl adibate, etc. Procedures for preparing copolyesters are described in, for
. example, U.S. Pat, Nos. 2,623,033 (Snyder) and 2,892,747 (Dye), both of which
are hereby incorporated by reference for their disclosure of linear copolyesters
derived at least in part from symmetrical aromatic dicarboxylic acids.
In one embodiment, the resins are cross-linkable thermoplastic polyesters.
Particularly useful are linear saturated polyester resins containing hydroxyi
groups. The linear saturated polyester resins may be characterized by a hydroxy
number from about 5 to about 60 and more generally by a hydroxyl number from

about & to about 15. The molecular weight of the linear saturated polyester resins
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adi pic acid and sebacic acid; terephthalic acid, isophthalic aC|q adl
acid and ethylene glycol; etc. Copol yesters of such m xtures can 6%APR
prepared by known techni ques, and they nay be prepared directly fron1the
above-i dentidd286h18li car boxylic acids, or the copol yest epsrgsui/shsspr epar ed
fromthe |lower al kyl esters of said dicarboxylic acids such as dinethyl

t erepht hal ate, dinethyl isophthalate, djgrethyl sebacate, dinethyl adibate,
etc. Procedures for preparing copolyesters are described in, for exanple,
U S Pat. Nos. 2,623,033 (Snyder) and 2,892,747 (Dye), both of which are
her eby i ncor, | L; .
copolyestersBR ?&gé@% §@§£§E&%u aﬁO@@ﬁ*@%@sE%E8§Mﬂgﬁﬁég%gﬁgﬁ%gnga

di car boxyl i dhydorgbnurhimerdroen ebduddi mahrbut ‘tfhmdrzemofmzumr weight érer atmabl e

ol yester r O Bt 2045° Rrn iyt i B A Inehl BB B ot e

pol yest er r egnaealiayayiie: @érareamwamu&yofa.rdwadrcwserbmm@endérammaabout 5to
about 60 and nore ener al_ly ¥ hgdr Ox%ﬁ nurrber from about 5 to about 15.
The ol ecul dPixthEs ghelvesis. tTi*ﬂ@ gromels disgrogrdic 89D 815 descEiPed O8ieiikand 6 APR 2005

WO 02/ 36112 iy ldd St nited® Gichf dfb@ﬂﬂcﬁc Bé:@ f@tﬁﬁéﬁg big BB erBoRUci G, 00 _or

nore. Linear polyester resins having a hydroxyl number fromabout 5 to
about 15 and‘aﬁhﬁ’@llééﬂﬁa@ﬂhﬁ@h@“ﬁdlcﬁﬁ@n’ﬁ@@ﬁhﬂ“ﬁ atQ, eGoMbgumsS oY terepntball: ar e

useful in this Ilb%'ards-gf'@ Lh. a8f Bgéfmeﬁﬁdgegagcoégs%e&@éc'ﬂxe&ﬁxre%e derived -

froma mxtureiér{baromalc dr £ ony I'C acl m Xture of gl ycols.
The aromat i andiiccudosailieoe g{;ncdls1ﬂcende§cpmbm¢dit¢r‘e4-lbummdlq[ melopepty!

haphthal o SR T PR et A s e BB R ERE St SR e o
t er epht hal i glycahand seglenhablyeolaci ds are particularly useful. The glycols
are described herein ene

e et lycol, .1,2- and . ,
S propanedi ol et Hsa e SoMENE) P8 St RiR RN etc. A
particul arl h’rd:ﬁﬁfnuktufﬁ HitBir e?ht?@ln@aﬂ'ﬁx‘sbﬁtﬂha)'ﬁ aBdh¥ingBae gijcsead and neopentyl
glycol. A particularly use | i near i/ester cont ai ni ng hydraoxyl groups

i s derived "PPBAMH EHYCSPE Jrie r@Ft‘Y%P@’SHFQ%é’If he fa GPmACEEPIst 'RAY P2 VaEed, et hyl ene
glycol and o@@PQWé’J&nQEYF&'exa%Te kel Siesfer 0B BAShO bty fr&wmm@&nent S

may be varied over a W de range. For exanple, the polyester resin can be
derived fr Oﬁpmpﬂgwjgé@m about 20 to about 60 mole percent of terephthalic acid, from
about 15 to about 50 male percent of isophthalic acid, and from 10 to about 50
mole percent of the glycol mixture. One such group of polyester resins are
available commercially from the Nobel Dynamit Company under the general
trade designation Dynapol®. These high molecular weight linear saturated
polyesters are characterized as having a hydroxy! number from about 5 to about
60 and molecular weights from about 3000 fo about 18,000. Specific examples
include Dynapo! L205, characterized as having a molecular weight of 15,000 and
a Hydroxyt number of 10; Dynapol L206, having a molecular weight of 18,000 and
" a hydroxyl number of 8; and Dynapol LHB12, having a molecular weight of about
3000 and a hydroxyl number of 35.
In one embodiment, a variety of cross-linking materials may be utilized
with the polyesters, and these include, for example, aminoplasts (amino resins),
e.g., urea formaldehyde and melamine formaldehyde and their alkoxy
derivatives, phenol formaldehyde resins, epoxy resins, isccyanates, etc.

Examples of useful isocyanate cross-linking agents include toluene dilsocyanate



conprising fromabout 20 to about 60 nole percent of terephthalic acid,
from about 15 to about 50 nole percent of isophthalic acid, and from 10 to
about 50 nole percent of the glycol m xture. One such group of pdlbykRR 885
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acid. The relative amounts of aromatic dicarboxylic acid and a cyclic dicarboxylic
acid may be varied in order to obtain polyesters having different characteristics.
in general, the ratio of equivaients of aromatic dicarboxylic acids to acyclic
dicarboxylic acid will be from about 2:1 to about 1:2 and more generally about
1:1. The ratio of dicarboxylic acid .to glycol also may be varied, and the glycol is
i generally present in excess amounts. Thus, ratios of dicarboxylic acids to diol
generally are from about 1:1 to about 1:2. The reaction between the dicarboxylic
acid mixture and the diol generally is effected by heating the mixture to an
elevated temperature in the presence of catalysts. Tin catalysts are especially
useful for such purposes, and examples include dibuty! tin oxide and dibutyl tin
dilaurate. Other catalysts which may be utilized include antimony oxide. The
polyesters and copolyeéters prepared in this manner generally will have
molecular weights from about 5000 to about 50,000 and will be further

characterized as having hydroxyl numbers between about 5 and 15.
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HALOGENATED POLYOLEFI NS The pol yners of the stenoprophiluric nedia may al so

be hal ogenat ef | s chlorinated polyethylene, chlorinated
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- The polymers of the stenoprophiluric media may also be halegenated
polyolefins, such as chlorinated polyethylene, chlorinated po!yprbpy[ene,
mixtures of chiorinated polyethylene and chierinated polyolefin, etc.
Chlorosulfonated polyolefins, such as chlorosulfonated polyethylene and
chlorosulfonated polypropylene also may be utilized. Examples of chlorinated
polyolefins include the chiorinated polyolefins available from Eastman Chemical

‘ Products, [nc. under the designations CP-343-1 and CP-343-3 which are
chlorinated polyolefins in various concentrations of xylene including solutions
containing 40% and 50% of the chiorinated polyolefins in xylene. Commercially
available chlorosulfonated polysthylenes are available from the DuPont
Company under the general trade designation Hypalon Synthetic Rubber.

Chiorosulfonated olefins such as chlorosuifonated polyethylene are
derived from the reaction of a mixture of chlorine and sulfur dioxide on any of the
various polyethylenes. The product of this reaction is a chemically modified form
of the original polysthylene, and the product may contain from 20% to about 40%
chlorine and about 1% to 2% sulfur prasent mostly as secondary sulfonyl chloride

groups (SRR’CHS_O2 Cl) wherein R and R* are independently alkyl groups with 1
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SILICONE POLYMERS

In one embodiment, the polymer of the media is a silicone palymer. The
silicone polymers include those polymers formed utilizing silicone, siloxanes,
including silanol and other silica derived compounds. Silicone polymers based

= on silanol groups can be made useful as a media under acidic or basic

conditions. Organic pelymers or monomers may be blended to achieve desired
properties for a targeted host habitat. The features of the organic polymer would
be utilized with the added resiliency of the silicone, much fike a composite gains

strength or aitributes from each of its. components.

SILICA MEDIA

in another embodiment, the media comprises a silcone jelly. Silicone
jellies may form composites or amalgamated madia with occlusions physically
mixed or dispersed. These applications can withstand very little abrasion contact

but retain the unique ability to withstand high temperature or severe host habitat
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A totally inorganic binder for a media may be prepared using
tetraethylorthosilicate and cured with water from the environment or other source. -
Two moles of water in theory liberate four moles of ethanol and build a complex
three dimensional silica network by way of silanol-containing intermediates.
Interspersions of nufrients, agents, and additives provides a novel structure for
stenoprophiluric activity by very specialized silica based organisms as well as
traditional naturally occurring mere widely diverse types.

: Additionally, totally inorganic silica binder media can be pigmented with
high levels of zinc, copper, vanadium, or cther metals or arganometalics which
have specific agent demands in unique host habitats. In some closed loop water
system or peculiar pass-through water systems, non-indigenous species may be
introduced. This media permits very well articulated placement of highty
biolimiting agents in those type of environments.

In the case of such a media wheré zinc in the primary or single agent, an
additional benefit can be derived through the use of the farm and presence of
zinc which may eliminate the use of an intermediate or base coat or mid coat
which may be a sacrificial pigment on a steel substrate to provide for

electrodeposition and improved adhesion of a three coat stenoprophiluric system
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over of physical and chemical properties of a matrix in media formation can be

made. This also adds excelient adhesion propeities, such that a media can be

attached to a glass(y) substrate.

LACQUER .

In another embodiment, the media comprises a solvent-horme lacquer.
The lacquers include lacquers but not limited to; cellulose derivatives, acrylic
lacquers, and halogenafed lacquer resins. In naturally occurring substances
which form excellent media, cellulose polysaccharide lacquers may be used
which may use cellulose acetate butyrate (CAB) with an addition of either
aluminum compounds or fitanium compounds at the bioactive limits for an
applied micro-habitai. In one embodiment, the media contains a natural
polysaccharide polymer cellulose, which is defived from cotton linters or wood
pulp. Cellulose resins include cellulose esters including nitroceliulose, carboxylic
esters of celiulose, such as cellulose acetate, and cellulose ethers, such as
hydroxyethyl cellulose. Nitrocellulose is made by nitrating cellulose with a mixture

of nitric and sulfuric acids in the presence of water. Nitrocellulose lacquers are
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Another stoichior;netric managed media can be achieved for use in
extreme or severe habitats where a polyester polyol and diols are kept balanced
with polyether polyols which are incorporated for enhanced degradation primarily

assisted in high light areas where UV effects are involved from high sunlight.

AMALGAM

in one embodiment, the stenoprophiluric media contains an amalgam. An
amalgam is a media composite predominately derived from naturally occurring
substances, often formed from resins, tars, pitch, gums and included in a mixture
with bio-active agents, composites, nutrients, or polymers. Examples include
amber, agar, pine tar, pine free resin, fats, oils, petroleum jellies, waxes, silicone
jetlies, and gelatins. The media is primarily bound by physical and viscosity

characteristics often relfated to agglomeration at a temperature forming a solid or

semi-solid under the ambient temperature of the host habitat.




as well. Another stoichionetric managed nedi a can be achieved for use in
extreme or severe habitats where a pol yester polyol and diols are képiPR 2005
bal anced wi th polyether polyols which are incorporated for enhanced
degradation primarily assisted in high Iight areas where UV effects are
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amal gam i s bibdegradaionvatchftaranps.i ses the fatty acids which are oxidized in
formati on under very irregular orders of bonding and polynerization. This
nmedia is classified as an amal gamwi th the appropriate biodegradation rate
after cure.cGRMSSITEE | n one enbodinent, the nedia is a corrposite' The
corrp05|te is the conmbination of two or nore substances whi Qh retain their
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whi ch compr é:rs c?uuf:k (me composztes such as cements and concretes which form composites
with aggregates, cementitious aggregates using zinc particulates, slags, portland
cement, polymers, and reinforcement articles, and ceramics (inorganic, non- '
metallic solids processed or used at high temperature) which comprise fired or
baked materials with or without occlusions and composites, to form matrices or
structures with desirable physical properties, wood composites, recycled plastic
or polymer composites formed by heat and or pressure, asphalts which are filled
with aggregate and solvents usually oils, and combinations thereof. Poézotanic
activity is the basic mechanism of forming concrete or cementitious composites
utitizing mineral admixtures, hydraufic or pozzolanic reactions of cement and

water and additives, often with significant occlusions.

BIOLIMITING AGENT

A biolimiting agent is a substance, compound, element, or molecular
complex which has a specified bioactive property. The property changes not
only with molecule type but also with concentration. Certain agents are almost
always totally toxic to biological life forms while other agents such as silica are

tolerated in very high concentrations. The biofimiting agent is in & form that is




baked materials with or without occlusions and conposites, to formmatrices
or structures with desirable physical properties, wood conposites,
recycled plastic or polyner conposites formed by heat and or pres$érgPR 2005
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theece The 1 nteraction of the
chemicals can account fcr limiting biological activity. [n one embodiment, the

biolimiting agent is not bound within the media and, in another embodiment, the
biclimiting agent is not oxidized. In another embodiment, the biolimiting agent
farms a complex with the excess polarity of the media. The interaction of the
biolimiting agent and the media may actually improve the solubility of the
biolimiting agent in the environment. For instance, when a copper biolimiting
agent is used with a media that has excess amine polarity, then an interaction,
which is believed to be a complex, occurs that makes the copper biclimiting
agent more soluble in water, especially salt water.

Examples of bio-limiting agents include heavy metals: lead, vanadium,
molybdenum, nickel, fin, copper, mercury, etc. and alloys of those metals. The
bio-limiting agents may be metal containing organic compounds such as organo-
metallics of the aforementioned metals and their alloys. For instance tin or
copper compounds may be used as bic-limiting agents, often referred to as co-
polymeric active ingredients. Additionally, metal-free bio-limiting agents may be
used. Examples of metal-free bio-limiting agents include organic biocides such
as isothiazolone, phenol compounds, such as coa! tars, thiadiazole compounds,

thiocarbamate compounds, etc. Bio-limiting agents may also be




biolimting agent and the nmedia may actually inprove the solubility of the
biolimting agent in the environnment. For instance, when a copper
biolimting agent is used with a nedia that has excess am ne pol afibtAPR 2005
then an interaction, which is believed to be a conplex, occurs that nakes
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nol ybdenum nickel, tin, copper, nercurgs etc. and alloys of those netals.
The bio-limting agents nmay be netal containing organic conpounds such as
organo- netallics of the aforementioned netals and their alloys. For
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by design. T I Nt roduced agents or occlusions to the matrix of
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shape, may pifeMhéeRl sudiescabipef er eahgdneye br indn iavteat @b ah iokidedorth, in a
preferential size and shape, may brovide a much different level of availability and
change the amount of the agent available on a time and unit surface area basis.

Bio-limiting agents include elements like mercury, and campounds like

cyanide or DDT. Trace levels of an agent may be a required nutrient for one
organism yet be present at a concentration which is toxic to another organism.

O Another species may be tolerant of a given amount, another may find it toxic at
the same amount, still another may requ‘ire it as a necessary nutrient, others may
require the specific amount to manufacture secondary metabolites or
allelochemicals. While copper is a nutrient in ionic or simple oxidized form, it is
insoluble and not available to biological use when the copper is bound in the form
of copper carbonate. Additional examples of biclimiting agenis include zinc, PCB,
CN, Mn, DDT, Taxo!, Bryostatin, pesticides, herbicides, organometalics, metals,
oxygen, chlorine, iron, copper, chromium, cadmium, arsenic, lead, and most
pesticides and herbicides including thiazalone, DDT, and Malathion. Additionally,

organo-metallics such as organo-tins find extensive commercial use. Alloys such



change the anmount of the agent available on a tine and unit surface area
basis. Bio-limting agents include elenents |Iike nercury, and conpo¢$ﬂg
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another may find it toxic at the sane anount, still another may require it
as a necessary nutrient, others may rgﬂfire t he specific anount to
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nutrient in ionic or sinple oxidized form it is insoluble and not
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extensi ve commerci al use. Alloys such 1 6 APR 2005 WO 02/ 36112 '
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manganese, amnlenimldgeat widetesiynedont tdnpeleadsd irfd #fecenvirgantest imran used at an
extrenmely | o cor!r)lcgpntrati on and are neant as sub- nol ecul ar agents and

desi gned nof"%%u °f8l eased into the environment in an unbound form The

literature, bothTheiitemtiki botlandicpafichrd popaidUaisings Witheonfuséirogn e t he
effects and definitions of biolimting agents. Tol erance and toxicity are
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concentration of a substance while being an-essential nutrient for one crganism
may be lethal to another. Lastly, organisms are affected by the form of the
substance and the rate at which it may be mefabolized, absorbed through a
membrane, or reacted.

In one embodiment, the biolimiting agent is'a spherical or cuboida! shape.
In another embodiment, the biolimiting agent has surface area from from about
0.2 to about 1.5, or from about 0.4 to about 1.2, or about 0.8 m*g. In another
embodiment, the biolimiting agent has a bulk density of about 1.5 to about 6, or
from about 2 to about 5, or from about 2.5 to about 4, or about 3.2 g/ml. In
another embodiment, the average particle size is from about 10 to about 60, or
from about 15 to about 50, or from about 20 to about 40, or 29 microns.

While the following discussion relates to copper, the present invention in
not limited to copper and applies to all agents both organic and inorganic. Many
of the mechanisms discussed with copper ¢can be applied to the other
substances. Variances occur due to the ability of the substance to react

chemically with regard to organisms and the inorgénic environment. When



may be lethal to another. Lastly, organisns are affected by the formof the
substance and the rate at which it may be netabolized, absorbed through a
menbrane, or reacted. In one enbodiment, the biolimting agent is& APR 2005
spherical or cuboidal shape. |In another enbodinent, the biolimting agent
has surfacggasggf romfromabout 0.2 to about 1.5, or ddoigeahewt 0.4 to
about 1.2, or about 0.8 n2/g. In another enbodinent, the biolimting agent
has a bul k density of about 1.5 to about 6, or fromabout 2 to about 5, or
fromabout 2.5 to about 4, or about 3. §7g/n1. In another enbodinment, the
average particle size is fromabout 10 to about 60, or fromabout 15 to
about 50, or from about 20 to about .40, or, 29 m.crons. ile the foll ow ng
i Scussi on FAIS 30 Sl geRcerins ey nah b Ao BBUPHATER 1 o
copper and gpPthesrd@ orblgan@eRhs phARkhlafisda HCmrehatiat gPRhieh tidynyre of the
mechani snms di scussed with copper can be applied to the other substances.
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consi der ed. “F&r xample, p € presence reduces e copper on
Sacchar onycesd getrhiteoganishs, likeltiongawiad emaremgattesecesséfiy coepeye with has been

denonstrated_ that co will inhibit several dinoflagelates until organic
chel ati on ofH& & W?P%%E{%'éﬁc?%%é]&?gerﬁhe copper effect and permts

organi sns |ike Gonpasioamipb@ioRizeb fang nStiobRS e dbrins isenfieicat wi t h - ot her
phyt opl ankton in coastal_ waters. Clglﬁl‘lc i on may. be %ﬁ(ic t 0 many m crobi al

life forms FAncaMmiiencuiie atdhreame WnedhRe cansandatien pREIOERE COPRR Ndshe
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succession 1 n diatons. Copper has also been shown to affect dom nance and
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| esser toxi chaiorue tiviimgir ighlg todheffectsars! inhitedipatential toidgairicadisishabde- activity
to a lesser toxic form. Many allefochemicals which have significant bio-activity '
are far less persistent due the fact that they degrade quickly in normal
environments to component parts which are not in themselves negatively
bicfimiting.
Copper is a nutrient for metabolism in most organisms but is toxic at
elevated levels. The key differences are the concentration, duration of contact,
and the organism(s) involved. The chemical state of copper determines its ability
to react, thus its ability to be assimilated, act as a catalyst in a biochemical or
metabolic reabtion, change the chemical bonding in a forming or curing polymer
or composite, be a nutrient, be a repellent, or be a toxicant. Every organism
handies copper a little differently with greater or lesser control of the fate of the
copper as well as its own fate. Copper, as most transition metals, has varied
complexing potential due to its ability to form bonds with ligands or molecular
groups. In one embodiment, the copper is unoxidzed. It is understood that the
copper may be complexed with the excess polar groups of the media.
Copper exemplifies biolimiting agents and the variances of orgénisms to

prefer, tolerate, or he toxified and/or killed by such biolimiting agents. Copper is



are far |l ess persistent due the fact that they degrade quickly in nornal
environnents to conponent parts which are not in thensel ves negativglayAPR 005
biolimting. Copper is a nutrient for netabolismin nost organi sns but 52
toxic at elevated |evels. The key differences are the concentrati on,

duration ofoganipct, and the organisn(s) involved. Thepehedwgess st ate of
copper determnes its ability to react, thus its ability to be

assimlated, act as a catalyst in a bi em cal or nmetabolic reaction,

change the chemi cal bonding in a form or curing polyner or conposite,
be a nutrient, be a repellent, or be a toxicant. Every organi sm handles
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atso been shown that many bacteria, which are at the interface of the uptake of
nutrients as any entry way to the food chain, have the ability to store large
amountis of copper which do not ef‘fect their general metabolism. This same
storage capacity is demonstrated in zinc. In addition zinc ion activity has
demonstrated a growth limiting effect at a very low concentrations for
Thalassiosira weissflogii. In field tests of stenoprophiluric media in tropical
waters, polymeric formulations of media had zinc as a replacement of copper
with appropriate compositional shifts to relate to bicavailable zinc. These tests
worked very well in open-ocean side by side comparisons to other media and
agent combinations.

in one embodiment, the bio-limiting agent is copper. The copper is may
be in the form of copper metal particies. These particles have an average size of
about 20um to about 41um. In one embodiment, the particles have a cuboidal
shape. In one embodiment, copper or copper alloy pieces are produced by
chopping wire, e.g., circular or square-section, such that the particles formed

have a length substantially equal to their diameter ar maximum cross~ sectional



1956). Many such exanples are found for copper as well as other agents. It
has al so been shown that many bacteria, which are at the interfagqbpgfzo%he
uptake of nutrients as any entry way to the food chain, have the ability
to store large anounts of copper which do not effect their general

met abol i snwolziserisane storage capacity i s denonstrat edpCougiisezss! n
addition zinc ion activity has denonstrated a growh limting effect at a
very | ow concentrations for Thal assiosigga weissflogil. In field tests of
stenoprophiluric nmedia in tropical waters, polyneric formulations of nedia
had zinc as a replacenent of copper wth appropriate conpositional shifts
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at nospher e wher e | bAgdknbRaRfent, Shél BepPeP phARIcB $AIBRIsh@be SiidH thAg-th&X her
sources of the cogger particles may be electrolytic copper where the

pr epar at i on f8fios pfgbeis mpior dimenrsionsaraes mbeapngsnefsbeut?.€ 1 di0.udéds. 1ar | oys of
copper, reclyi i so be used.
Thus, solid %ﬁ%s 'gf;th%g%%%’re%%&%%?%?%gﬁgﬁgg@g% gélﬁfat%ﬁgtﬁ% Ia%flsaor el ongat e
filanments orappheximalely thesamedlipemsiohsnio pignetand eleyaien apdsrfor ehaspartive, a shape
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and a second. Hide0Syitrebpédito bdvh sthel Thé PapicRB&rdBas Bokdlivadps and not
flakes or elongate filaments. Each of the particles may be of polyhedral shé'pe, or
mare speciﬁcally be in the form of a cube. Or, eacﬁ of the particles may
comprise a body having a rounded surface such as a cylinder or other shapes
meeting this definition. Otherwise, the particlas may comprise a mix of poi-yhedral
bodies and bodies having rounded surfaces. The surface area and dissolution
potential of the copper is adjusted in the final media or media by the particle
shape and size and by the chemical state of the copper surface that is exposed
in the media for uftimate contact with the micro-habitat,
The bio-limiting agent may be organic or inorganic compounds mixtures or
blends, compounds or complexes or described as copolymers. Agents can be
any component of the media or matrix which has bio-activity. Organotin
copolymers in the media limit organisms by having tin as a component.
Solvents, sols, mers, resins oligomers, catalysts, are included. Organic bio-
limiting agents incilude pesticides, biocides, and herbicides. Combinations of

bio-limiting agents may be used.



right angles to the first dinension) and its elevation wll all be in a
ratio of about 0.7 to 1.0 with respect to each other. The particles are
thus solid lunmps and not flakes or elongate filanents. Each of tHAd APR 2005
particles may be of polyhedral shape, or nore specifically be in the form
of a cube.wOuz3aach of the particles may conprise a bodgrisnisrgs a rounded
surface such as a cylinder or other shapes neeting this definition.

Q herwi se, the particles may conprise ¢ 6ﬁx of pol yhedral bodies and

bodi es havi ng rounded surfaces. The surface area and dissolution potenti al
of the copper is adjusted in the final nedia or nedia by the particle
shape and siggTRENRY the chemical state of the copper surface that is
exposed in the nedia for ultimte contact with the mcro-habitat. The
bio-limting ager'fﬁwerm@di@mmhjaﬂwe@omcemoufgﬁwﬂ for fenprgan@msmray es or
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growth include e enent's or conpounds such C, Ca, and P. M nor
nutrients arfbtomh@,s'éamwwaman@éwmmdgn fﬂ@tﬁﬁl%m ﬂcr-ﬂ!@mﬂnﬁéaelealmnt s,

such as Fe, rch A‘F?ere*(cfe & tﬁree;r dﬂr NchtRhEmict f{'ﬂéﬁit DeRichal el ements
required in mnute anoun Eﬁtg?p | cﬁaTF’ organi sm aﬁearﬂt ﬁ growt h, or
survi val . Trdiesge Fatieatly n sp&ﬂ:&mlmdalmomass arelslketto trepaeemce of trace | ne, '
magnesi um %nr%a ese, zinc, iron, nolybdenum iodine, and selenium COten
the differedt@ Befween two apparently identical mcro-habitats which
di verge radi cal | y'hbmicsaﬁﬁd%meaﬁdtnhiawﬁiﬁt@atams@tdh&t bne nbeitiahsledameof trace
el enent s. Th_leh bi o- l{}p?ort lve tl’tj ﬁq so cont |al ns. |.east one E'élE'ri tional
source. e nutriional source may be from the mairnx polymer in nns;ca Y, as an additive

in the media matrix, or both. In some polymers peroxides are used as initiators

or catalysts. In the final resulting media they may then become a nutrient. In an

asphalt media, an oil used in the formation of the composite may become a

hydrocarbon nutrient, a bitumen component may provide an alternate form of

carbon. The nutrition sotrce may be derived from any biologically available

source in the media matrix. .
; The bio-rnass requires, for example carben, phosphorus and/or nitrogen to

sustain life. it may also require minor nutrients such as silica and manganese,

trace or even ultra-trace nutrients for a desired application as well. Silica may be

used in composites such as asphalts as a source of silica. The sources of

carbon include the polymers of the matrix, described below. Carbon may also be

provided by the components of the other nutrients, such as a phosphate

compounds or a complexed amine compound. The'sources of phesphorus

inciude natural or synthetic polymer components, catalysts and additives, such

as phosphate compounds and/or saits containing PO,. Examples of sources of

nitrogen include amines, catalysts, additives and occluded compounds, such as

saits of nitrogen and ammonia. The amines may be mono-or polyamines,




The nutritional source may be fromthe matrix polyner intrinsically, as an
additive in the nedia matrix, or both. In sonme polyners perOX|de§6a¢]P§ ¥ged
as initiators or catalysts. In the final resulting nedia they may t

become a nutrient. In an asphalt nedia, an oil used in the formation of

t he conposwoexmay beconme a hydrocarbon nutrient, a bi tRETEFRITSIPONent may
provide an alternate formof carbon. The nutrition source may be derived
fromany biologically available sourcgiin the nmedia matrix. The bi o-mass
requires, for exanple carbon, phosphorus and/or nitrogen to sustain life.

It may also require mnor nutrients such as silica and manganese, .trace
or even U't'ir%ﬂcﬁr?g?&owwlérmscﬂyafﬁhe@ s(djeﬁbégiétwmieltrfm;h@n as well. Silica may
be used in conposites such as as ts as a source of silica, The sources
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occl uded cospoyads pestfionas salts of mtrogen and ammnl a. The am nes nay
be nono-or pol yam nes, éL APR 2005 WO 02/@6 PCT/ USOléd?.g 61 i ncl uding
pol yal kyl ene pol ﬂf‘a?ﬁen%@ odimet the PEURMAYIRSLTS AR figmore additives to

triethyl enet,edidd Adkrifich schtdsahingd, euep as titk e scridied. hefsia o gty digg)al
additive(s) are present in anount's fromultra-trace |evels j or source
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the nedia meynihasizediby 8ipeorganiambis Jbﬁﬁequvé‘iﬁytfﬁ%tbﬁd&q[‘é@ﬁu‘%'@tm? di®n such as
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descri bed here aci orm bUI dirng bl ocks for lipids, oils,
and waxes. FRakeyeraelas mema)diwaeb rolyrogrowirbperties ¢realirentofitrenutsiienaiot

synt hesi zed bc}/ r{?e organi sn(s). Therefore they nust be included in the
diet. TheyPH RE eesqw red for cell nenbrane synthesis, and for fat

net abol i sm  Theyin ariother embodiment, the media is formed with blow oils, dehydrated

oils, varnishes, and natural resins, such as congo, copal, damar, kauti, phenolic,
and coumarone-indene resins.

A plasticizer may be added to the media such as those formed from epoxy
or phenalic resins, or composite or amalgamated media. The plasticizer or
similar additive prevents vitrification of the material media.

Ekamples of plasticizers include phthalates, -phosp'nates, citrates,
adipates, tarirates, sebacates, succinates, glycolates, glycerolates, benzoates,
myristates, and sulfonamides. Specific examples of these mgteriais include
dialkyt phthalate, dicycloalkyl phthalate, diatyl phthalate, dimethyi phthalate,
dipropyl phthalate, di{2-ethylhexyl) phthalate, di-isopropyl phthalate, alkyl
phosphate, aryl phosphate, tributyf phosphate, trioctyl phosphate, tricresyl
phosphate and triphenyl phosphate; alkyl citrate, citrate esters, tributyl citrate,
triethyi citrate and acetyl triethyt citrate; alkyl adipates such as diocty! adipate,
diethyl adipate and di-{(2-methoxyethyl)-adipate; dialkyl tartrates, such as diethyl
tartrate, and butyl tartrate; alkyl sebacates such as diethy! sebacate, dipropyl

sebacate and dinonyl sebacate; alkyl succinates such as diethy! succinate and




make excellent nmedia due to polyneric properties concurrent with
nutritional properties. In another enbodinent, the nedia is formed with
bl ow oils, dehydrated oils, varnishes, and natural resins, such pgpreiba,
copal, damar, kauri, phenolic, and coumarone-indene resins. A plasticizer
may be added ¢bssiihe nedia such as those formed from epopyr/usispiaenol i c
resins, or conposite or amal ganated nedia. The plasticizer or simlar
additive prevents vitrification of the terial nedia. Exanples of

pl astici zers include phthal ates, phosphdates, citrates, adipates,
tartrates, sebacates, succinates, glycol ates, glycerol ates, benzoates,
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citrate; alkyl adipates such as dioctyl adipate, diethyl adipate and
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such as gly di acetate, triacet ycerol nonol actate

di acet at e, tighbsdiphdnaréay lothedrydtegilyor ol Hers] ot pandisdifesate solresns wi |, oct yl
‘epoxy tall gte l.sooctyl epoxy tallate and so forth. M xtures of
pl astici zer & e used. For concrete applications, the above pl asticizers
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habitat.

The media is generally prepared by mixing the media with the biolimiting

agent. Since the media contains excess polar ingredients, it is useful to admix or

premix the components to provide a consistent media. Typically, the media is

divided into two parts, however the media may be divided into more parts such

as three or even four for convenience. For purposes of illustration, the two part

systems will be discussed. Because of excess functionality present in the media

ingredients, pre-reacting the media ingredients provides a consistent and useful

product.

For example, a media prepared with an excess cross-linking agent should

be pre-reacted with a portion of the resin with the cross-linking agent. Typically

the resin of the media is divided into parts. Part A is pre-reacted with the cross-

linking agent. Part B is mixed with the bio-limiting agent. These two parts are

then mixed and applied to a substrate. The application may be by any

convenient mathods for applying these systems, e.g., spraying, brushing, etc.

Typically, one part of part A is used with from 1 to about 8, or from about 2 to

about 8, or about 4 to about 5 parts of part B. The ingredients are mixed at room



added to | ower the viscosity of the nedia and provide alternative
nutritional sources in the nedia. Fatty acids as lipids, oils, aqwﬁﬁs
are essential nutrients and often cannot be synthesized by organi

usually found in a mcro- habitat. The nedia is generally prepared by

m xi ng theW@d@PE1hith the biolinmting agent. Since thePAEUFHBBAL ai ns
excess polar ingredients, it is useful to adm x or prem x the conponents
to provide a consistent nedia. Typicallgg, the nedia is divided into two
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even four for convenience. For purposes of illustration, the two part
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Part B is mxed with the. bio-]imtli t: (S hen

ni xed and aﬁslngadlpgrtgon%s%stt%r%g Qé%ﬂgeg@[&i'ggtg?ﬁﬁrﬁgwggﬁ%? é%r%%énveni ent

met hods for papfeked that theesivaatagt eifithe esent megiagyistagns isribatiha gortiens of
;.r om about

Typically, one part of part A is used with. from .8

2 to about '8 ”'@F‘adﬂﬁhpgﬁ’a%agggﬁ?a@g%?? thsp ”6'5%‘{ Egt_hg_?aﬁ;gﬁtlzaﬁlap %rcﬁ? ents are
m xed at room 1 GhARRIDRDNAB2bPOILAIMPhEGTHRIBMG B2286d ireprpeaditgir e f or
conveni ence. However, the ingredients be heated.,.as _requred for their
successful reaseneesigbyadting ﬁtd.eaqfﬁf‘eib@hﬁ%?g%ﬁ%t%rg?g'ah;vye need to be
war med to, i [gieEhg e ehlySEE pas of the nidis satrateasquey e gessont bed  herein) .

When pre-reacting a cross-1inking agent, the cross-linkin ag.ent may be
added porti clisgreie nnaiewoilaomeé&tzﬁqﬂ*é?nﬁféeibﬁbh‘fe@g%aﬂﬁﬂ&‘éﬁb%rea W% 1t should

be not ed .th%tmci]d?: oPGMaNLaEe Rfat 1St MREEM ofBdbAst SYSLETELILY vidighit. The
portions of "~ the nedia my be packaged separately and then m xed ‘)?t t he
(o]

appl i cat i on tia-braitinglegentidipaesestt blra;pa'ﬂ@m_tbp topBYHHRNY arve tﬁ'&f’@?fi?aq bt o be
used in Prepalind anbfsR T Wi, BYsHLdis Pard RARNIOR BoRldhtraliond o0 agent
specific chemicals can account for limiting biological activity.
Peroxides may be added fo the media as a source of additional reactive
sites for biodegradation to occur or as an added nutrient for the attendant
biomass.
A media may ba prepared to use “polymer shrinkage” as typical in alkyd
systems where polymetization binds the media to a substrate where the
breakdown of the media is both chemical and physical following final cure, where
the media shrinks and the rigid substrate does not, cracking and breaking of the
media is caused. These cracks form more surface area of the media to be
exposed and consequentially accelerate degradation.
in one embadiment, the media is formed from at least one maleated oil.
The oils are described herein and include natura! oils with or without unsaturation
such as minerai ofl, lard oil, pine oil, linseed ofl, soybean oil, etc. The media is
prepared using vinyl modified oils or styrenated, and viny! modified alkyd resins
are used to modify hydrophilicity.
in one embodiment, the media is prepared from a fatty acid or polyester

resins which has grafted styrene, vinyl toluene, and or methyl methacrylate onto




biolimting agent nmay be a part of the nmedia substrate or may be present as
a discrete material. In one enbodinent, the bio-limting agent is present
in an anount of at least 2% or at |east about 5% or at |east hbdfR 2B
by weight. The bio-limting agent is present in an anount up to about 80%
or up to awowe3s1@® or up to about 60% by wei ght. |n sPFEUYHIEEE part per
mllion concentrations of specific chemcals can account for limting

bi ol ogi cal activity. Peroxides may be aged to the nedia as a source of
additional reactive sites for biodegradation to occur or as an added
nutrient for the attendant bionmass. A nedia may be prepared to use

" pol yner . shriathkagié tesis chzips.c &hisisarmel tkgrhiqueysayebs undk ndathp hgideils rabeon bi nds
t he medi a to a substrate where the breakdown of the media is both chem cal
and physi cal™bf888 ng final cure, where the media shrinks and the rigid

substrate does n%tyeﬂfe@@lsrerpﬂr@ndtmbrng%hpé@cws (FE%OW(HSHFS) Qgﬂaﬁﬂ These

cracks formnore surface area of the nedia to exposed
consequent i eﬂfft‘%ﬂ‘a@c‘%ﬂ'@??at-‘édﬁe@“:ﬁ@a% BasiF Gqﬂﬁ‘t‘ﬁﬁ%pmﬁ@rﬂe’“bﬂ%@eﬁ@dl ais

formed fromat |ga5he BRBoBRIGRIS kI resind B Rldek BpBHRRIE b Baiphiegi n and

i ncl ude nat ur al s wth or without unsaturation 'such as m neral oil,
lard oil, pioi@mzigams imerdedtooititicessies &erydidlysissincuciTRsITReYSEEMS3s pr epar ed

usi ng vi nyl I yrenated, and vinyl nodified al kyd resins
are used to g@%?%¢§§V%$opHﬁﬁP%%fy In one enbodi nent, the nmedia is prepared

froma fatty aci d herusp@lfgeﬁmaaiermmatadrmlmthmwmsasgpdﬁmreplylemeymejdeaS\ai nyl

}38%-:]8281/ gg%%'ggréﬂ %’ﬁ?’?ﬁ%‘gﬁ% %Yss %SS%EI%eﬁsn%X'gw %ﬁ%‘gdﬁ?c\ﬁcgh%%sﬁg}rléy be used

in fatty acidécompssitieh hethe rhdfi resins. Pol yethers prepared utilizing super

acids (F3CSG8H), HSbF6) ( HPF6 or tertjiary am nes under acidic or basic
condi tions provi ¥eHRmaYPrdEed ')Sdh'é'ﬁgéycmﬁ‘“ﬁﬁ%%earél‘?ﬁﬁ&f’ﬁ% phenolic resins

are added t QjiRRNYERASHENE QIIIEH) %@pi%rm@émérﬁﬁmﬂﬁnn)@rﬂeutd)anhmuce sites
for hydrolysis in such re&a%t\aésterrs as epoxies, blends, or mxtures. The

use of ami nélieveloherdirerthpos PSTW@@“HB‘Em"@W%? BiG etiedadation ot the

media.

Polyglycols may be usad to prepare spoxy based media or similar media
to improve flexibility or when accelerated biodegradation is desired.

Adjustment of the ratios or blends or stoichiometry of epoxy resin or
blanded systems of polyethyleneamines ( DETA, TETA, TEPA} where phase
separation causes a greasy exudate which can be used in itseif as a cross-link
maodifier, biolimiting agent, or nutritional source. '

Formation of a media using high solids, 500 to 3,000 EEW, where a glycol
is used to alter the polymer to permit a biodegradation rate in sea water at 1-2
mils/ year ( thousandths of an inch) in tropical climates can be used. In Fajardo,
Puerto Rico this amount is 8.5% + 1.0%.

Control of the molecular weight of the polyol component and oxazolodines
in an isocyanate media are used to control cross-link or polymerization sites.
Also a copolymer can act as a moisture scavenger to manage hydrophilicity of
the resulting media, usually requiring pre-polymer or adduct formations.

Other combinations which could be formulated to meet specific criteria of a
targeted habitat include the use of many other agents or mixtures of agents in

these water based systems. While designing specialty agents, nutritional



di- or tri- amne branching systemcreates flexibility and additional sites
for deconposition in the nedia. Media may be prepared using cycloaliphatic
am nes such as diam nocycl ohexane (DACH), i sophoronediami ne (1 PDAJ BadR® 2008
4, 4" -di ami no dicycl ohexyl methane (PACM). These am nes reduce rates of
degr adat i oo ofssifae nedi a. Pol ygl ycol s nmay be used to BEp#EpIE3EPoxy based
media or simlar media to inprove flexibility or when accel erated

bi odegradation is desired. Adjustnment @k the ratios or blends or
stoichionetry of epoxy resin or blended systens of pol yethyl eneam nes
(DETA;, TETA, TEPA) where phase separation causes a greasy exudate which

can be used ghilrcbd abich #6 bibliff ti?f@sin kheisaivaRdb tHeeiiomBs®hiayitel engplogent , or
nutritional source. Formation a media using high solids, 500 t¢o 3,000

EEW where aMajiyfesns ofialogpsapd ptbeamagme foras, St wam;aep%rlew d in their
bi odegr adat g?&tﬁ%a AufheRe&ineh ta‘%g ﬁ'\gzabs@h%: Shs lbﬂ?\ar\(\!ﬁeﬁ heN Radlcdso Of an

i nch) in trdpical clinates can ajard Puerto Rico th
amount is 8H5hdbitet 0xexTosive growth of the %U@lﬂ@nlsmlwf%ﬁm%@afpb?yol

conponent a0 oBXF AL S sid BoRbAIGREYRRA SulEh Mofad dfst [ of

cross-1link zatron’s Mer can act as a noi sture
scavenger tmnmmnha[doapmsisunmwdqsign df e a:cmmrttwmgf orgdiiamsusthd | y

requiring pre-polymner t, formati ons. O her conbinations which could
be forrrulaté’é?”???rfgg}i ?‘FH eriteria of a targeted habitat include the

use of many ot hePrcﬁ@ﬁ:ﬁg for @i utligiieafiedih cm@nmsagemswmeamemumsed
systens. Wile demgnl ng spemaltg G\ﬂ nts, nutriti OE? ? APR 2005 WO
02/ 36112 PCTMANEENgshe SsPeEsiabiiriuge aghic melaming e ?W@OH‘"F @lel ves to

the bi omass jgy, s%nﬁdmhgﬁéﬁﬂs anJ}/Bliaf- S6dtRs Rifadiligaethamthabinaan fomiatioa f or s,
as an exanple, ‘are IIm In their growmh and nunbers in a habitat bythe

absence of iwhsme tf\ﬂfb@ﬁ"ﬁ@irﬁ“ﬂé“’&%ﬂﬂi@de'ﬁo@f theh@akiip st raHviEse ONpRRGSEegr owt h of
the starved &%Q?é@%ﬁqe%cw iSveld BLﬁio—%@ﬁ'ﬁatBﬁity &Qﬁé h§&ntd WRaHutichts. a

st enoprophi l'uric where the addition of a nutrition- limting agent
al so assists in tm@ﬂajembgdm‘@ﬁ'\t tiky wﬁsafﬁtaddﬁd mawwgwomﬁom@ Orbi omass

of the mcrog he}gam %o increase oxidizable properties. The fatty acids include unsaturated
fatty acids such as oleic, lincleic, and linolenic acids. Conj ugated double bonded
fatty acids may also be.used such as =-eleostearic acid. The fatty acids may be
naturally occurring or synthetically derived. Other fatty acids include ricinoleic
and stearic acids. ‘

in one embodiment, mercaptans and/or polysulfides are added to the

media to increase flexibility.

| it should be understaod that in addition to the componentis described
above, the stenoprophiluric media may also contain pigments. A variety of
pigments may be utilized. inorganic pigments which are useful include metal
powders such as aluminum or bronze, titan_iurn dioxide, silica, i:;on oxide red, talc,
‘mica, clay, zinc oxide, aluminum oxide, magnesium oxide, strontium chromate,
zinc chromate, cadmium sulfide, carbon black, lead chromate, zinc chromate,
molybdate orénge, calcium carbonate and barium sulfate. Organic pigments also
can be used and these include Para Red, Litho! Rubine, Halio Bordeaux, Thio
indigo, Thic Indigaid, Toluidine, Dioxazine, Red Lake C, Red Lake R,
Anthraguinone, Xylidide, Phthalocyanine Blue, Phthalocyanine Green, Azo, etc.



Providing for these unique nedia cross-link agents which are hel pfuI in
managi ng t he di spersion include acrylic nelam ne, internedi at es 4

functional groups containing allyls and simlar agents to faci I i t%@%mpfhe
final nedia formati on where the dispersal and honogeneity of the matrix,
IS requireghbtmspgnage the dose requirenents or | evel s RIVUSPEI2A%ai | ability
of the agents and nutrients. In one enbodinent, fatty acids are added to
any pol ymer, conposite, or amal gamtoggncrease oxidizable properties. The
fatty acids include unsaturated fatty acids such as oleic, linoleic, and
I i nol eni ¢ acids. Conjugated double bonded fatty acids nmay al so be used

such as x-el eostggapk n%l:!%en-mﬁehigcﬁé/ls@ﬁéﬁéﬁedmﬂh Beleastainet drying ageetr ri ng or
synthetical |y derive her fatty acids include_ ricinoleic and stearic

acids. In OThE érryb@ohgmtﬁtmclhéﬁ! eegsnametaisronrexss pE et NaNgangited to t he
e O oRI<aREl FHIdEA dhy be tr SXARMIL R Blga! rattotitalatd Satmddi i on to

t he conpone tenoprophiluric nmedia may al so
contain pi mﬁmetﬂsvmﬁaheiayl tefusegii tendrgingagettdnaleda saltsef 'eathr gani ¢
pi gments which are include netal powders such as al um num or

ef ul
bronze, ti tZé'FﬁOHH‘l“HF‘B‘iFﬂﬁ’ “Msilica, iron oxide red, talc, mica, clay, zinc
oxi de, al um numiﬁﬁnd%mﬁmmﬂlmmnmdlﬂmciuses omgsituraiedhralrestas, resini with ahr onat e,

cadm um sul fide, carbon bl ack, |ead.chro zZin r Lybdat e
orange, cal GEAI CPERIPYREOSTRIORSPS IR LG n%?’%a(:h@v ér‘f‘ﬁ@‘ tﬂlg%#g[rtlltogrsg )340 can be

used and t hgsgubRoladeuErasnmark wak] fuletiidiaesx, . 6h8wa:keraa»<beTmu 0

| ndi go, Thi o | ndigoi d, Toluidine, D oxa%hqr;e Red ,Lake C R%rg/ @Eg

Ant hr aqui noie expPHigens sephcHaRIRgaPhe X MRS AEH n, Azo,
etc. 1 6 APR, g'%gp} Q_@[g@gg% 5’@'@*@%4,3@256 66 In one enbodi nent, the
media i s prepar \\{Nlth at least one drying agent. The deys_ler%g)x%&ents

i ncl ude or ganone®aydanccarndesasy 8¢ indisiadin Hie MedigakzemP ni c
conpl ex may_be fg%rs%gﬂ@ A Xf‘ ﬁ@&gﬁnﬁﬁn%é Smﬁ?{esn@ﬂm@%ﬁ’éﬁé strhers Rbper
R9BE "Use £ T

metal s whi cirta yi ng agent includé salts of |ead,
zi rconi um ape aeedmplisted IWIthmlgeh istebeily ks fort Uhé cwiedp goniiellaxieen [avekitr at ed

pol yester resin, wth o Srsater oontrelgueh A il fRasl kRS 10 the matrix

formation of the media can be completed in an inert atmosphere.

In one embodiment, the media also contains surfactan'ts,'soaps, clays, or
other dispersion modifiers to help with the dispersion of the ingredients.
Examples include but are not limited to; tertiary amines, metal salts, chelates,
organometallic compounds, oxazoltodines, primary amines, secondary amines,
peroxides, acids, bases, etc. Clay dispersive agents, such as bentone, may also
be used.

Use of agents in a media, as detailed in other parts of this disclosure,
include various methods of providing the agent throughout the media at an
availability and concentration for a desired effect. This dispersal can be
accomplished by inclusion, occlusion, attachment as a functional component of a
molecule or mer, changing the size of the particulate containing the agent which
could be an inert or non-reactive secondary carrier of the agent. The agent could
be incorporated onto a coating of a particulate such as a sand or grit, proppants

as used in the oil and gas industry, ceramic spheres, glass beads, clay particles,

or micro-capsules. The release rate or bio-available rate and concentration could



I nsol ubl e wax, such as natural wax, polyethylene wax, etc. The wax may be
in one enbodi nent, sem-crystalline wax. The wax may be used wth any of
the above polyners such as the polyester resins. Oxygen scavenger$ bngiR 1965
i ncluded in the nedia. Exanpl es of oxygen scavengers include allyl ethers
and vari ousoameigs. Curing of the polyners may be accopphisshegssv th high
intensity lanps for UV cure to control oxygen levels in the final nedia.

Al ternatively, to control oxygen in tn% trix media, the formation of the
media can be conpleted in an inert at phere. In one enbodi nent, the nedia
al so contains surfactants, soaps, clays, or other dispersion nodifiers to

lhf'mPt \é\ﬂét[]ot g? @ﬁl éﬁs%%qﬁgé,gy@%%ggﬁ'd% §0na ’Bﬁgﬁéxpgeggfls Ilﬁgﬁfl ude ut are not

conpounds, @mamhedianeme fritembythénddtemensecondary ami nes, per OXI des
ents such as bentone al so be

aci ds, bases, et di spersive a
used. Use of ag : ?QPH @WLFE% gneasgd th'%ﬁt?-%&r isAlaidRch St ‘é“tﬂfsuf’iﬂ f“ﬁ“e

di scl osur e, as HCHAHS ¥ AhOW, IRt eisAbtaly Mbfie I iReRg8lig bBraughout  the
media at an availability and concentration for a desired effect. This

di sper sal cafﬂalwm acedrploraansm #y aibaeterai wiich sedd gsifieaze diiedandent as a
functi onal F@:ff?le(% n?dctr[flor 0 e Vﬁh%h ultGl= xlogglgg%rﬁg i e 18L& Of the
on | C

particul ate containing t agent cou & 4R T hert of non-reactive
secondary cédegradatiari otthe rraﬁgmland fhlegedydratios doindhe Ikosti habdeh oriatoed onto a

i 1 and gas PRt ek R RndnE B i “BPAR arleatie o

m cr 0- capsutasd b&enutebetiatered dreletayel irdeasaitinadyeat tatikbandeedrapbrat i on
could 1 6 AP 005 V\Drg2/ 33%\92 PCTf US 1/f35286d67 bE;haI tered ejs chSi rabl e by
adj usting tH d'aFPHE;e 1L REEEFUMRIMRNSST e Jediacqplhrrovigead iain the

cont ext of hﬂbaumageﬁﬂawﬁrﬁutﬁ@ubﬁdmnéﬂ(‘eﬁ@&ﬁhrﬁ)to e Rtopmitrsol at ed
such that, until such time as the matrix is renoved, the agent is totally

I nacti ve. Th%b‘?éelm'mém @aﬁ@”@ﬁ’e Qﬂ%l@ﬁ*\ti‘frthﬁp @?%ewr@ameg caserRepigbt eri a,
whi ch coul dypesfdrefasy %@4 and. stored in the matrix of the nedia which
until exposure throu h e | oss or degradation of the nedia and the
re-hydration fr o‘PWthér methodied dispensingriincagent in a media would be to form

polymers with agenis which are complefely cured. After cliring, the media is
segmented by cutling or grinding or both to a desired pariicle size, typically 10 to
100 microns in size, and placed in composites or amalgams. One such example
would be a copper/ epoxy media with desirable properties which is incorporated
into an asphatt or silicone jelly amaigam.
In one sense the use of a media which is sacrificial or degrades over time
! becomes a new form of release mechanism. in toxic coatings, soluble media or
insoluble media delivery systems effect a release of an agent or foxic substance.
The release mechanism, which is stenoprophilurea, exhibits a novel equilibrium
between the micro-habitat and the host habitat. This equilibrium resuits from the
management of the biomass on the media by the agent or toxin. By affecting the
bioméss, the release mechanism either speeds up or slows down the |
degradation of the media which exhibits a novel equilibrium between the micro-
habitat and the host habitat. Along with this, meaning in addition to or
concurrently, an agent could be used to provide another effect at a delayed time.
The agent or a separately contained or occluded component could be for a

different purpose. Particularly where time or place of delivery of an agent is not



habitat, or general environnent, the organismis activated. Simlarly an
agent could be a nutrient stored for del ayed rel ease. An agent cguﬁl gﬁ,ﬁ)gmsa
seed or spore which in concert with other conponents of the nedidc

provi de a del ayed introduction of an agent and/or nutrient and/or new

or gani sm twotoesiiost or mcro- habitat, ultinmtely reackhingsoifesgeneral
habitat, then the environnent for renedial or restorative purposes.

Anot her net hod of dispersing an agent is% a nedia would be to form polyners
with agents which are conpletely cured.” After curing, the nedia is
segnented by cutting or grinding or both to a desired particle size,
typically 1 i | | | | : amal gans.
One such ex%ﬁp@@pﬂs&%&{%ﬁEg%%d%r?ecéﬁmg%%@y\mﬁggﬁgMvﬁapﬁ'qgggﬁchgﬁles%roperties
whi ch i s i ncoupidveatssdt toipmoudaa tiare elbaseot ahiehiicd agetjtebiblpgmabagron od n one

sense the use of dia which._i rifici.al or [, over. time
becones o naipttrihelEOPRrANes TnadrRRf chrofiRe slee SRR R oM BRIR e redi
or i nsol ublopgaristha cdalti iveaelpasyitesigaéd tekes at s ebsaseubbd &nlimgent or toxic
substance. The rel ease nechani.s which i s stenoprophilyrea, exhibits a
novel _equi | MEATASRMBEEWIBR FHvET SYRIPE AP HEET S AP P ROUE PRASPOAPT Thi s
eqUI|lbrlUn%ﬁéﬁﬂﬁdg%édéym&d%%m%$&ﬂa&ﬁmﬁﬂﬁcmﬂubhﬁmhk@ﬁ&ﬁ@u@ﬁséﬁ?hﬂﬁdla by the
agent or toxin. B affectlng the bionmass, the rel ease nechani smeither
speeds up ordo¥n aenlisatierefon diingiak lemdras; Heatmsat ehaipiraln callliiaves® a' novel
equi 11 br i umdagh BReRIAE (Gl mieRAdigh. b BadsleciRiella) ARSI W L
this, nmeaning I'n addition to or concurrently, an agent could be used to
provi de anottegdustidrect other bioldgicalafigct ¢awid be Fmploygént or a separately
cont ai ned or occluded conponent could be for a different purpose.
Particularly where tine or place of delivery of an agent is not 1 6 APR
2005 WO 02/ 38CERD REBITSOFORA2SA06B acconpl i shed either readily or
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as bacteria and other simpler forms of primary producers, on the surface of the

" medla, move substances into the food chain. The surface is the richest source

location for nutrients. Participation in the censortium or colony is also conirolied

by the concentration and availability of any and all biclimiting agents. The

biomass formation on the bioclogical side of the interface often forms a layer,
| which has been referred to colloguiaily as “slime city”. This layer of biomass on

the surface of the media precludes participation of additional'organisms. The

layer may form polysaccharide masses which provide support for the biomass as

well as nutrient sugar storage. The slime often contains pathways for the

introduction of water and the transport of waste out of the layer. On the media

side of the interface the bioavailability of nutrients and agents directly effects the

concentration, numbers and kinds of organisms participating in the layer or

adjunct biomass. in this invention, the biomass actually participates in the

decomposition of the media as a food source. Only those organism(s) which

require, find tolerance, or have the ability to survive the combination of nutrients

and agents sustain themselves at this location. Then the biomass, in its



down hol e application for drilling of oil and gas, treatment chem cals
could have a delayed delivery using this nmechanism In sone cases seed

di spersal, mcrobe introduction or other biological effect coul d.|b[f PR 7005
enpl oyed. ' M CRO HABI TAT FORVATI ON The stenoprophiluric nmedia inte é Eg
with the hegtnphghitat to forma biomass on the surfacepptytfig:sgdi a. The
bi omass is a colonized set of an organisn(s) or a sub-set (or consortium
of organi sns of the host habitat. In on{%j enbodi ment, a desired organi sm
may be added to the habitat. M crobes, ch as bacteria and ot her sinpler
forms of primary producers, on the surface of the nedia, nove substances

into the fo ce, is the ric ourc | ocatjon for
nutrients. %gc %I Ci paetr;l-%ﬁd folrﬁ ["ﬁ “E?oﬁ%"&ﬂﬂ"aﬁ?ﬂlﬁf@% ISWI eXRosEs bl?n??’gl led by
t he concent na,ter@nnaundnmamdl ajuntd ihYhoheaayeitied balconfiraption, ehagnagent s. The
bi omass for i ol.ogical, side of the interface often forns a

| ayer, i E‘é’oﬁ ?re? 5% disgolupien. ¥éiisHPPyrt R5sYnergiae fremitpe hoshi s | ayer

of bi orrass %bltéthq'h%%éﬁﬁﬁthm istRBrifRA bR dBSigS e DidAESd. CTIRAN KRt
addi tional organisns. The |ayer may form pol ysaccharide masses which

provi de suppPbfaMuitiop g8 tha @ﬁﬁ@sanﬂée"qwéﬁ 3gensactiyity canbedigiiiedsiomithge. The
slinme of tenspaag ab%$sta@}&wmﬁaeféa{ccéé%erateldﬂﬁ@%&{am @é rA8hG t n{agr ce

transport of waste out of the |ayer. he medi a

t he bi oavai [T&lsi relatipneltip @ﬂmd@mbsalrmmagem snd DIOB’CEtSISyS stehepphilitity.
concentration, n r f ICI n n the layer or
adj unct bi onass. n@,{c%p%&?gtééﬁgt?ta? be Oﬁeggr?gr ?ﬂ'uad%?g "p"gFe{l cipates in

the deconpdeatment pidnt whichertistants emltﬁ anéﬁmmﬁc&"& m@nitryeritélats@omegani sn(s)
whi ch reqw find toleranc have the abilit _t rvive

conbi nati on ?h}ﬂtﬂ}gr? W‘"M @Smeﬁﬁ‘i@f‘ﬁ&t# '?7@5 V’E’ﬂfﬁhﬂﬂ?%blt B€at i on.
Then the bi epacsat this Ibtatioh. GhAREs28HPas\E: Aaird6 il bad Bad/4deRk 14156069

i ncreased deﬂand for nutrients, deconposes the nedia whi ch exposes the next

| ayer of nuffytEftowngigd '&gm%ﬂwﬁberﬁ@n%w#aof ETQaﬁ@f“WaEBﬁ%ﬁ?)m%ﬁ like

enzymatic  eHeSBiBHNbIsBbonfRGMI areRg Bk ﬁ\@'mjgt':tﬁﬁacﬂdﬁt' Fior W (B iSHEREY %oﬁ
synergies fromthe host habitat. The nedia then is sacrificial desi gn

to the bi omi§4alythe hrRishasmeany kdsre oraaniams sagh rariesanied by afew| eveI of
agent acti V'nhbﬁb@?é’o%cﬂ%%b&*egd‘ﬁh@r tﬁbﬁ@on ?)Bﬁﬁ?ql UR,-REpitth BNHIoMRabRg success

rate of the bionass In radin
is formed which typtcal[y due to the change in conditions will have the effect of

greatly reducing the number of species represented in this micro-habitat, but the
number of individuals in those species may be in the millions. In this example,
sfudge worms predominate the biomass, represented by millions of those
individuals per square meter, where upstream in the diverse habitat only one
individual per 3 square meters of river bottom is typical. Other examples are
seen in nature. In the ocean, at the location of a sulfur vent on the ocean floor, a
very limited number of species find this location attractive and they are neither
aerobic or anaerobically based organisms. They are facultative and tolerant of
the resources at hand. Many organisms like bacteria adapt over time, often to
tolerate a new condition.

The present invention creates a media with nutritional and Eiolimiting
properties which form a stenoprophiluric media. The compaosition of the media
determines the likely organisms to create the micro-habitat. Therefore, the
media, the agent and the biomass form an interactive intermediate zone which

adopts characteristics different from the host habitat and the substrate. This



This relationship of nedia/ biolimting agent and bi onmass is
stenoprophilicity.. In the context of a habitat, being down streamfrom a
wast ewat er treatment plant which constantly enits an effluent rikhAPh 2005
nutrients and other biolimting agents will shift the nunbers and ki nds of
organi sms Whigghsiinhabit the space at this |ocation. Thearasiserg as the
nutrient | oad and agents persist or dilute down gradient, the nunbers and
ki nds of organi sns may becone nore Iike70the bi odi verse community ahead of
the injection point. Prior to the injection point wusually the habitat has
many ki nds of organisns, each represented by a few nunbers of each
species. After .t L1y: ' | - i - ar. - Ifat is
formed whi chZ%tnf?t[')él]%3H8§/eq-gt3£8{6(i30%?dr?2£%%§\ne§g%l%ﬂg hg%'?%c?r?g% r\ﬁ\néﬁ%fglﬁa‘\cfé the effect
of greatly defidethaigteriaes nlinb eredid plapeddyesof mjprdsansech anhddiéera or

m cro-habitat, but the nunber of individuals in those specjies may be in
the 1 111 ona16a% Hayits aneliIferreSematGLONE RYSHHoRdTHATNERRES bi omass.
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medi a. The conposi ti of .the.nediLa deter.n pes e likely,organi sns to
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different fromthe host habitat _a&d the,subfstr te. This 1 6 APR 2005 WO
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It is important to note that the organisms associated with the assimilation of
specific agents become less attfactive to many other species who would normally
use the organism as a food source. Thus, limiting the desirability of an organism
as a food source limits the sattiing of higher life forms and precludes attachment
replacement of the lower organisms from predation of higher organisms. The
. additional benefit of the invention is that a healthy biamass has the ability to
defend its ecological niche via the use of ailelopathy. Allelopathy is where
metabolites of the biomass, typically classified as secondary metabalites, are
present as extra-cellular compounds which have a new bioactivity above and
beyond the effect of the biolimiting agent in the media. In fact, allelochemicals
may be used in the preparation of a stenoprophiluric media as an agent.
However, the invention is not predicated on the use of or the secondary
| production of allelochemicals. Allelopathy is simply an added benefit used by the
biomass for self preservation or protection.
By adjusting the physical and chemical properties of a stenoprophiluric

media, the resultant media provides for the natural creation of a micro-habitat



species like protocists in a marine slinme net called Labyrinthulata. The

m cro- habitat could be bacterial conmmunity as found in freshwater, Northern
Pike fish slime. The micro-habitat could include a consortiun1o$5§H@cm@%
like that in the stomach of a cow where five different species of bacteria
forma veryogasiex synbiotic set of relationships. Thecyhgn@xhabit at
could be a group of bacteria and nold spores found on sap or detritus. The
present invention is the sel ection of quia, biolimting agents, and

organi snms in a conbination that provides for the sacrificial consunption of
the nedia over an extended period of tinme. The nedia and the bionass
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properties of a stenoprop hiluric dia, the resultant nedia provides for
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position in the productlon of allelochemcals. Ip nedl a can be
produced t oBdduaraaring emumbes ohaitastinagolymeravhesg EYCB’P vsispslissqlifiiusandt hs of

an inch) peg.ye nwrhe aegwmcm %éa@es{méh d#sgabtmgﬁa L EXCESS

stoi chionetry 0?6 r| n? agent, such as an amne, wt
total decomposxtlon of the stenoprophllunc media over time occurs is affected.

Enhanced bio-degradation potential results in a media that is more interactive
with a host habitat and essentially becomes an interface.

The bio-supportive media is biologically active. In other words, the media
is affected by the biomass. [n fact the bio-supportive media may be at least
partially consumed by the bio-mass. [n one embodiment, a polymer of urethane
and zinc metal is consumed at a rate between 0.5 and 10 mils { thousandths of
an inch) per year. The biomass provides isolation of the substrate, in this case a
slow RPM propeller, frofn corrosion from seawater while the propeller is in stand-

by mode.

Substrates

The stenoprophiluric media is placed onto a substrate. The substrate is
prone to degrédation from the environment of its habitat. The substate may be a
any material in need of the protection provided by the stenoprophiluric media.

Example of substrates includes metal, wood, cement, concrete, etc. Typically,



addi tional conpositional paraneters, such as occluded copper particles,
which effect the potential for degradation by naturally occurringl b APR 2005
organisns in seawater. While adjustnent of any of the physical and

chem cal properties of the formation nay work, the addition of a glycol of
8% in the wembdgiyd th a stoichionetric excess of 0.5 ofpdhescantine and a 55%
by wei ght |oading of a particul ate copper produces a stenoprophiluric

medi a which lasts for nany years. By aQJzusti ng the final cure or

formati on, the nedia, where opportunity“for degradation is enhanced by the
addition of nore degradation sites with the gI ycol and the excess anmi ne,
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I n one enbodi nent, a pol yner ur et ane zinc netal 1s consuned at a
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The substrate is n frog(?t he enV| its habitat.
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the SteHODrQ%:bwubsoﬁtheema ﬁﬁwml::e wad‘éﬂl@ﬁé hedRR stmu@iuuéi@,a ppBitdbr, Wood,
cenent, concrete, etc. ally, 6 APR 2005 WD 02/ 36112 PCT/ USC] / 32236

72 the st enbisBggiaand Q!O'Wﬁ%ﬁ aTi‘§ SB‘P%@&ICQ}H‘? Be & SHbie o PPyl thad PEMIARSY i ron),

fibergl ass, sg.sBEHffoer,e%&D&Ip%taﬁwé%%iéa{oemoanfasé hg régmﬁﬂs@naaicburl c mediais
bei ng prepare I gree panel then it may pl aced onto gl ass,

pol ycar bonabémeét(womh% bigrale) anavnis esigblighed gsing f“rﬁ Q!Rﬁé@%orﬁ‘fe fesfa.about 5 to
about 100, Bforﬁésgrﬂrﬁ’ibs@ﬁtstrét@. He substrate may also be a structural support or

surface expanding area as in a vessel sucﬁ as a fermentation vessel. The
substrate could be any existing structure in an aqueous or hydrophytic
environment. The substrate could be a sheet, film, or cast forn. Allelochemicals
may be separated from the biomass as they are produced.
In one embodiment, the media and subsequent bio-mass forming the

: micro-habitat must be isolated from any substraté, such as steel or metal where
the host habitat can corrode, oxidize, hydrolyze, or in any way make available tc
the consort of organisms a decompositional product of that substrate. in effect,
Fe, Mn, Cr, Cd or any other metal, compound, or chemical from that source could
change or alter the micro-habitat. The dissolution product may become a
nutrient or bio-iimiting agent which may be undesired and significantly change
the micro-habitat. Consequently, base and mid coats are employed. it may be
advantageous to place one or more intermediate coatings, or mid-coats, between
the stenoprophiluric media and the substrate. These layers are typically
commercially available coatings which provide insulation of the media and

subsirate. The mid-coats may also be used as a primer to improve the adhesion



about 80, or from about 20 to about 60 mls. The substrate may be a vessel
hull Iike that of a boat or ship. The boat hulls may be nade of €

fi berglass, alum numor steel, or the hulls may have a rubberized'c APR IQI@:S
The bi o-supportive nedia may al so be applied to other marine structures,
such as piwbRgs | oats, and buoys nmade of the above |igtgekoramikeri als or
concrete. The substrate may al so be any surface which supports the

bi o- supportive media and whi ch provi des;% he needed structural support for
the nedi a and bi onass. The substrate could be a culvert or piping that
provi des a support for the bio- supportl ve medi a and bi omass. A resultant

bi ol ogi cal oAl dilod BhATRSSochl b LI RReGShaBkiSHS YRl e
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of that subddarinecApplicafidnsct, Fe, Mh, C, Cd or any other netal, conpound,
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di oxi de. The g 602k SiIghY BidssXohBUEelpihhff BESScidLHMd algae, and
which creates a unigue micro-habitat. The organisms comprising this bicmass, in '
turn, have the ability to generate allelochemicals and thereby exhibit allelopathic
properties. The media comprises a bio-fimiting agent (copper) and a nutritional
agent (components of the polymer). ,

In the specification and appended claims the term allelochemicals refers
to the metabolic reaction products of a biomass. Typically the allelochemicais
are secondary metabolite reaction product(s) of a biomass.

In one embodiment, copper is a useful agent of choice due to its useful
biolimiting ranges. Copper is an essential nutrient at very low levels, i.e., 1-2
parts per million. It is also well understood as a biolimiting agent at many other
concentrations. Lethal doses for some species occur at 10 ppm, in other classes
of organisms biclimiting does not occur untit 40 ppm.

Specific organisms can be targeted for specialized purposes. Slick “no
drag"” hulls have been sought for centuries. The slickest surface is not a waxed
or polished or Teflon surface, contrary to common belief. Using biomimicry, most

fish have a clearly articulated slime layer of complex proteins, polysaccharides



about 2 to about 20, or 4 to about 16, or from about 6 to about 14, or from
about 8 to about 12 mls. Marine Applications A typical exanple f I p
or hull is where a nedia, such as a polyner coating, conprising ACEIQ\%@
system e.g., an epoxy-glycol-amne polymer, is forned on a substrate and

I s bi o-degwadesk;at a rate of about 0.5 to about 2, or peEmReeboys 1 to
about 1.5 m | per year. The nedia is occluded with netallic copper
particles (a bio-limting agent) with aggcess to biologically available
copper having a cuboi dal shape with a surface area of 0.18 n2/g, a bulk
density or 3.2 g/m and an average particle size of 29 nicrons, which
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tolerate any copper.

Stenoprophiluric Substrate as Natural Barrier for Migration

Schistosomiasis is the leading cause of blindness and morbidity in many
third world countries. A parasite which causes this infectious disease is hosted
by snails. The present embodiment is the production of a coating either
polyurethane, polyepoxide, or polyester or a blend of these where the agent is
occluded copper metal. The copper is present at 62% by weight of cuboidal or
more spherical shapes which present significant surface area to produce a bio-
available amount of copper at 3 to 4 micro-grams per square centimeter per day.
This media is affixed or coated onto irrigation pipes or at all points of entry of
irrigation waters with appropriate baffles to insure water contact with the media.
Effectivély, this copper concentration will form a barrier for the snails and prevent
infestation of the irrigated fields or rice paddies. This is normally sufficient {o
prevent migration and may be adjusted either up or down by changing the
percentage of copper in the media which in turn reduces or increases the

concentration of available copper as needed due to climatological or iocal




whi ch have the appropriate hydrophilicity/hydrophobicity bal ance. This
enbodi nent can be achieved with a higher concentration of copper uqlﬁaAFLRymﬁst
65% with the addition of an additional biodegradation rate accel erator

the form of a catalyst or chain stopper which shortens the | ength of the
chai ns i n whezsqed yner being used. Oten this targeted ppegiieszisas known
tol erances and/or preferences for the specific bio-limting agent. In the
above nmentioned exanple using copper, }céartal n Al gae and bacteria prefer an
environment or mcro-habitat wth copper constantly available from5 to 15
pg/ cn2/ day. The bio-limting agent may provide nutrition for one organism
whi | e concu X m of
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Stenoprophilicity instead of Biocides in Water Systems

Many water systems become active fouling and corrasion zones due to
the heat transfer or subsfrate warming locations. Under oxygenated agueous
conditions, which normally concentrate nutrients over time due to evaporation of
nutrient filled waters, fouling and corrosion can become very active. One
embodiment of the present invention is the formation of a coating, such as a
pelyester or epoxide or urethane media, where cross-link modifiers are included
which shorten the molecular structures of the resultant polymer. This media with
the inclusion of very low amounts of molybdenum or vanadium measured to be
actively limiting where the bicavailability in the media is in the parts per miliion
range'is very effective for long periods of time. Instead of maintaining the
biolimiting concentration in the water stream, the only place where the biolimiting
agent is located is in the surface-protecting media which protects the substrate.
This in effect eliminates direct discharge of quantities of “biocides” in the

circulating water when “blow down” accurs, due to insffective biocide



host habi tat degradati on occurs. The primary function of the copper in this
exanple is for repul sion of copper-abhorring snails. Concurrentl 3( tm 005
bi omass, primarily conprised of photosynthetic al gae and copper Icﬁv g
bacteria further are expected to provide these allelochem cals which
reduces thewoansuirt of copper needed to be successful (1RCHUSBLBIMEI ng t he
travels of the snail. It nust also be noted that alleochem cals by design
qui ckly degrade thensel ves and do not onme long term bioactivants,

unl i ke nost man-nade agents whi ch have been used, such as comerci al
pestici des or high concentration of copper sulfate, the use of which are
banned 11t BSRERAHBAL brSkceddlts Bl ud 8PdohRbrA%eRbedfibridBiv@isdifle ap! 1!ty
of undesired organisns to conpete tor resources in the local or surficial
surface eninthenwsdet, whidheattancetes lsabyosian.. St enoprophilicity instead of

Bi ocides in Water Systens Many water systens becone active fouling and
corrosion zones due to the heat transfer or substrate warm ng | ocations.
Under oxygemnnil@pteatttsls conditions, which normally concentrate nutrients
over time due to_evaporation of nutrient filled waters, fouling and
corrosi on can beg%?rgl%d@‘ NG 29 INClEdE oraniots MERRNS "1‘&[@‘“5?@9@?‘% Pnvention

i's the formsmBihabn@olARintd) Wil prodiltias aAd/oPaliNaFhiafordis KIV@dedgudr Uret hane
medi a, where cross-link nodifiers are included which shorten the nol ecul ar

structures Bfobiaes witbdeuliaar Asanyaneas 401 of shuefuee! fpsth forrp@rineriptiemsn of very
| ow amount s 0 Iy, Q%P%e@ﬂgﬁﬁnﬂgg{yéﬁﬁgéfbg ; i&eberhe%&m@;i%e! M ting

where the broavailability In e parts per I on range
is very eff thetopsOfmeteroaithp elatious whichtrhagbe hs tllesBoOfmateint ai ni ng t he

biolimting - at. i in . . ) e e the

bi ol i miti ngS?ei*&éﬁ@*{'@W Bl eonfini btfer hh68 Thint %f%@%h%éia%ﬂ%ea%ﬁ&% ch
protects th8ealist 2at esingybi i dombéfdtiec tarbensadtes top caattto dins,dneegie of
guantities of_ "biaqcides" ci.rcu %%ﬁlggmter when "bl.ow down" occurs,

in the
due to | nef PERPRVEVH: bATREOLOEn RHRUAEH T ETPHIPETTEeS2236 76
concent r at | fiaserl teKSIES SoivOsibrll Titkseappliqraad i@ nantieSit HeRiydRErosiondi ssol ved
solids In the water, whi attenuates cor cisi or&. wul tinpl e aeqrent }s]
problems with a usefu bitomass comprised of algae, diatoms, and bacteria which
can limit to a simple slime layer the biomass which is in residence. The biomass
has the additional benefit of eliminating grass formation which causes much drag

as well an interferes with routine maintenance and inspection procedtures.

Alternate Sources of Nutrients
The media compbsition includes a support for the med'ia, such as a

; polymer, a composite, a cohesive mixture of naturally occurring substances such
as tar or resins, or other supporting media, such as concrete. The polymers
may be natural or synthetic polymers. The media could also be cementitious
aggregates as well. The media could also be constructed like many natural
ceramics, where limestone is the media and starch is the binder. The polymers
can be bio-polymers or bio-engineered polymers. The polymer may be any
polymer which can sustain the bio-supportive media. The polymer, by sustaining
the bio-supportive media, provides the physical characteristics or environment
needed to maintain the bio-limiting agent and other additives of the media as well

as the biomass.



The bio-limting agents include organic or inorganic bio-limting agents or
conbi nations of agents. O production and/or drilling platfornms have
serious problenms with fouling. As much as 40 % of structural gﬁt’ﬁ: @
marine platfons are to conpensate for weight build up in the f ﬁgﬂ one.
The foul i ngozgpaiis the top 30 neters of the platform pdjgeniams be as tall
as 300 neters. Stenoprophiluric nedia containing either copper, zinc or
organi c agents, such as Sea N ne 211, .ﬁhngly or in conbination can be used
as a top coat to film sheet, .or tape ich is affixed to an existing
platformwith interstitial cenentitious material to battle corrosion.
These appl i I I a useful

bi omass Con%ﬁ?tggﬁ;ggﬁéaﬁ‘&d\é&ag{ahg fi Kite SR %%\}[)aglra PQ{% ar}r%QI imt to a
sinpl e slinme | ay@ne steacpiophiisi m\étira:is coswmea! eb: gasiereed rBtebpt@rass has the

addi ti onal benefi ass, for causes much drag
as wel | an ? (%’f"g?"ﬁ??%%ﬁ”itﬂ@%ﬁﬁ?ﬂoeq{aﬁa dﬁwvighg’ﬂgﬁ‘ﬁ n procedures.
Al ternate S@éﬁtﬁﬁ:ﬁoﬁfofmétmé@iﬁt SByldlRring theacre S PRSHd s ahd/el tHéasorasigupport for
the nedia, such as a ner, a conposite, a cohesive mxture of naturally

occurring sﬁﬁ%f‘)&ﬁéb@%ﬁé‘ﬁﬁ b'&sa"?@ﬁb"@f ofthemnsia matesieh suiieniand biay medi a,
such as conﬁﬁ@hs gEHﬁ REILT B thEB¥%-Afp B&wneéd.&w@mw@e&m‘e Apkyggers. The

medi a could a e cenmentitlious aggregates as we he media could al so
be constr ucp@lmmbrs(@sn’élng imehangas of bercspasdok deheihe intenmexingiee gel t he nedi a

d st h i | @-.pal ; ,
b1 o- ongi neeaa b SIHAE e ARBARERRCorp SRS WSS BRER Bprindk st ai n
t he bi o- supjuoctone gneg man’;ﬁhiaﬁqnolcyptﬂymgmwngsmsﬁaﬂmﬁmgof ddeksshine; support i ve

medi a, prow s .t he cteristi.cs or e noent  need
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as the bi onoisstep-ige ﬁﬁﬁn&ﬁi&o\ﬁ& actisEldev BEPhp&SnkB 2R Eduré /toGratigierfer t he

Bi odegradatjon Rate an oavai | abl lity of t he ag&éts Jle st enoprophiluric
nmedia is coﬁﬁ’?dﬂ%’&aﬁlﬁm%ﬂtﬁ? gfee‘? Stiprationaangsofuklity iashes nepdralyzationnas

suf ficient M/Qﬂ@@so:&d?aﬁ@h%ﬂr@%é’d& @Jﬁé*e'éMeé&dﬂﬁ@ﬂ@ﬁﬁadaﬁ'&ﬁa&é‘@ ion of the
medi a. By alterlqsf'g the cross-link density and/or the porosity and /or

sol ubi | i ty, 3¢HRy nl@tsethi ity of the media material, nutrients and bio-
Adjusting the s;oschlometnc ratios of the basic po[ymer.system may also

be used. [n the previous example of an amine, glycol, epoxy system, the amine
was varied to be in excess of stoichiometry by 1.5, 2.0, and 3.0, holding the
copper particulate constant. The resultant media showed differences in abiotic
elution of copper into seawater and, by changing the amount of bioimass
comprising the slime micro-habitat, showed changes in both the numbers and
; kinds of organisms present, _

in a similar test-where the amine and poiym'er media were held constant
and the copper concentration (of a uniform particle) as a percentage of
composition was varied from 25% to 70%, the bio-mass of the micro-habitat
slime decreased in volume as the percentage of copper increased. By including
or excluding additional components to the media, desired properties can be

achieved for various requirements.

Mechanical and Stenoprophiluric Properties can be compatible
The durability of the bio-supportive media is related to its application. For

instance, when used as a fouling coating, the bio-supportive media provides



limting agents thereby formthe bio-supportive nedia. Alteration of the
cure of polynmers resulting in changes of the cross-link density,
interrupting the gel length, nodifying the amobunt of sol incorpot &tAed 2005
washed out, chain stopping, functional group manipul ation, copolynerizing,
I nt roduct i @9 ¢@ks10cCl usi ons, sol vents, or water, changirgtdeesheat of
reaction, providing adm xes, pre-m xes or step-w se polynerization to

achi eve new conpositional structure, tegprovide for the nmanagement of the
deterioration and solubility, and/or the hydrolyzation and/or the

oxi dation of the nedia where a desired bio-degradation rate is achieved

can be usedsgﬁ%H@&} Mt eprat et GBRIR AN GhéBidr@ ferfbval BEthBASddia RN Ter
system may al so e used. In the previous exanple of an am ne, glycol,

epoxy syst ethe suriacane he protested fendauling diganismen esisichralapsiieationmdie y by
1.5, 2.0, and 3.0, holdi he..c L HbhCu : t.ant resul t ant
medi a showeH’egfafT@?@%C”g%'g?ﬁ&g%}tg é’r@&ﬁéﬁgﬁé 6R$6%?%eg\6%§?@i‘ﬁ@omgg@§\%t er and,
by changi ngctiinggtionnbtesfwhzire ahesion doleps okt ngndehe sl i me mi cro- habi t at,

showed changes ip both the nunbers and I nds, .of _organi resent. In a
similar test whef® PRA¥™SM ‘r‘n%,e%a{'ﬂﬁy kb%?mfrtﬁ?r%edwgmv\@?ee e?%%geo\?{'stﬁ it and the
copper concgptiingtihgBgé@land/dtmutrBibralganicec iteshoall e meed et kgeneof
conposition was varied from25%to 70% the bi s of &Be m cro- habi t at

h | O- MRS
slime decr easwadimeniothgmelyaer iha npeienah payee (tb)qr “&%E‘Bg}as?'n €Red. By
| ncl udi ng gbi ﬁﬁ.-% il At sy RRSROPSIHS: ihELdIRG tIRYiRed desiuing
properties ax e achievéd for various requirenents. Mechanical and
" St enopr ophi paintscarRt opalings e sThedphineere a1y e RAEPPRIEeBRABITFNAYSDf t he
bi o- supporti I g 4l [ FRBLI t-Qn iAst ance, when
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acetoacetoxysthymethacrylate, adimine, t-butylaminoethyl methacrylate, carboxyl

groups, vinyltoluene-acrylate copolymers, epoxy- or coal tar epoxy-systems, etc.

Other hydrophilic or partially hydrophilic polymers derived from modified blends

such as other epoxies, urethanes ( nitrogen source), rubbers, elastomers (carbon

source), and bio-polymers { natural and synthetic, including bic-engineerad) -may

also be used. Any blend or combination of components which facilitates the

appropriate polymer degradation rate within a prescribed bio-agent dissolution or

elution rate can work.

Additional Embodiments

in one embodiment, the media contains a natural or synthetic rubber.
Examples of these rubbers include polysuifonated polyethylenes, of which
Hypalon is one example, ethylene propylene diene monomers, styrene butadiene
rubbers, bromobutyt rubber, chlorinated rubbers, such as chlorobutyf rubber,
polychloroprenes such as Neoprene and nitrile rubbers.

In one embodiment, a catalyst or cross-linking agent such as the

polyamines described herein (e.q., triethylene tetraamine) serves as a cross-link



bio-limting agent and/or nutritional source. It should be noted that in
one enbodinent, the polyner is a nutritional source for the bionass. These
pol yner s i ncl ude any natural or synthetic polyner including thosél R ARRI 200k
fouling paints and coatings. The polynmers nmay be pol yepoxi des,

pol yur et hapgsssifol yesters, rubbers, latex, styrene, elastoswessss acrylics,
acet oacetates, acetoacetam des, and bi o-engi neered polyners as well. In
anot her enbodi nent, the nedia incl udesl, pol ymers or copol yners of
acrylonitrile, net hacr ylonitrile, acr ylgarri de, methacryl am de, vinyl
chloride, vinyl acetate, acrylates or nethacryl ates, styrene,

vinyl -i sobupyly f%ﬂr-n%ﬁﬂ 3 yﬁﬁﬁ‘&ﬁle %@g?@ess%ﬁﬁ%‘f@ﬁr@g \ﬁltl‘flkr{@ men ation,

acet oacet oxyet acr I mne am noet h Yy acryl at e,
car boxyl gmmmjng/hhamomﬂitueiaeseamgythatcmsefhpbH?n:’z}iysantép@xi’gﬁqu@ﬂﬂm@al tar
epoxy-systens, etc.

drophi |i ak Y | ymers
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source), rupbefis th@'dﬁ’é‘sbﬁm’ah @f 6@diﬁdwrbopﬁ@rbﬂt©@broxa1‘mtelyl 10 pdloymiersgrémaat ur al
and synthetic, including bi o_-en I neer eg ?y eﬁ@a SO sed %?/J end or
conbi nat i onObFORPSHBEBRERY: sSRHRE %”"c'i“F’Y k@R V%{-B’ﬁF* g 3Re
degradat i Ontﬁeaérﬁmw.m ndr Rihefdrial Qﬁﬁe@r&p@;@ﬁ%té@s@&hﬁ@@@a@bﬂh&l Wtion rate
can work. Additional Enbodi nents In one enbodi ment e nmedia contains a

natural or BYysi¢aiprepariyybedifiersex siessHek densitiagiusigdiBer s i ncl ude
pol ysul fonated ppl y&t Qub &Rz AL g%gommelf&&nbﬁm%to%m gmusg hyl ene

propyl ene di ene nononers, styren | ene rubbers, bronobu r ubber,
chl ori nat edpolybriesizsg usthdlbncasnaimnmﬂeﬂ)mfymﬂ eUdDBE COWW&@@M’@W*M@@ such as
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nd anutrlent ces terferes with
the pol yner i %’F\appé‘ﬁ‘g?%%%i% {4 W&@PF‘?”&IP@@ ?ﬁg%ﬁ%’ﬁ oss-1ink
density, andompoaEstaRtilor midiierSiefae actieaauithroddbdadditiensadabfical can occur
at a favorable rate, which in turn permts the dissolution of occluded

copper at anﬂP@kﬁ%tely 10 to 20 microgranms of copper per day. Simlar
results may be opfH&HobdimHPShidobky MRdR RAMdrafthiution rates of copper

between 30 and 50 micrograms per square centimeter per day is employed
where genetically altered organisms are supported for studying new drug and
fine chemical applications of alielochemicals occurring in such small and fragile
concentrations that in-situ natural environmental habitats are required.

in one embodiment, a urethane polymer with vanadium compounds as an
active bio-limiting agent is utilized to eliminate the use of biocides in closed loap
cooling water systems thereby averting the need to discharge biocides into the
environment.

In one embodiment, a coal tar polymer and copper metal are utilized on a
concrete vault in a hydrophytic (a wet or submerged environment in, e.g, a
tropical climate) environment protecting communication equipment and
consumption of the concrete by native organisms.

In one embodiment, affixing a modified epoxy and copper metal media to
a sheet or film is applied to the water line of a boat or vessel to impede settling of

zebra mussels in fresh water habitats.



the amne with other functional am ne groups or catal ysts enpl oyed as
either physical property nodifiers or cross-link density adjustnents. In
one enbodi nent the pol yner contains functional acetoacetate groups 1 ¢ app 2005
pol ymeri zed with functional am nes to form enam ne conpl exes with S
bio-1imtivwgozys@ants. Single blo-active agents in part REarusmi/sazéon
concentrations or as co-active agents in concert with any traditional
anti-fouling agent(s) could |ikew se bggused. In certain applications,

bl ends with other traditional polynmers and catalytic conponents and/or
nodifiers inert or active could provide additional beneficial properties.

I one embodi Ment, . ARRoREdh B8R Riedt it Bbildr GResireRtciad ahPBpe!

between 30 and 50 mcrograns per square centineter per day is enployed
wher e genet dispeisyl afl isathadolong arthe media grogidpp an £x¥ee!iedt medadoi g new drug and

fine chem cal ,application ! 1.cal, cCUL [ LA, smal | and
fragile coH?é%#?’gtqngr@a'F%g'%‘l"‘né-}flsvﬁ%c%g%%gl”é’gg\%? iﬁgr{}r}r%%?%#r%g%ﬁt ats are
required. | BxieReingthe diéfanife ofths el aiigpahy decksibtds yeanmdThem conpounds as

A T B L S
di scharge bpRfddeGainst MmakiRe boffybrgamsmel . | n one enbodinent, a coal tar

pol yner and copper nmetal are utilized on a, concrete vault 'én a %ydrophytic
(a wet or subnergeanothsrianchadiment; the media coptalps gRiePgrY @SiMval BF SBAYY r onnent

protecting commin caLd ' SA@ \ W&t ardd e co8BRi@ie by
native Orgaﬁ%%%%r%ﬁéﬂgﬂéﬁy?%&é@%hp?ﬂgﬁrﬁXi ngrﬁgéémf‘i%d egoxy andgacopper
net al nedi aagent. aTggically the eporvresis inpppaied flog ERShiRea warn PiserlinohApoat  or

vessel to i de_settling of %% a EL5 nbafleshptehobabitats. 1 6
APR 2005 V\Dggglaféjﬁé‘tewd%Tp @?3 S%%n oﬁege odi ment, an el ast oner
medi a with degmediersh. Fhetaniies usad ircexcdsspiths almasht heestedi tazeeine in t he
medi a provides .an _excel |l ent nedia for tﬁ t ' x@ﬂgr naj nce of
wood menber &‘tﬁélé%leP?lxyrr%{FTW r%rnﬁ% 199 fie 3@[“%1%%1%8?% ugreﬁ?jwr%]?e of the
wood pi | i nggypanfly eekabd 025-4 ¢ ar aboulk? -2 5 @k hbaaztol-tBet.enhances t he
bi of oul i ng control properties while the petal art{cl es ., .. s
As described herein the bio-supportive media contains nutritional additives

and bio-limiting agents. The media may be formed from any ppEymer, compaosite,

and or amalgam where the biodegradation rate may be adjusted to facilitate an

agent which produces a micro-habitat distinct from the substrate and the host

habitat environment. The media typically has a thickness from 2 or 3 mils

(thousandths of an inch) but is equally serviceable as a media having a thickness

of 40 or 50 mils. [n certain applications a shape or form could be used to have a

much greater depth as well. The media is consumed by the biomass over

extended periods of time while at equilibrium with the external environment and

the bio-limited biomass as allelochemicals are produced. Design of a system to

endure the length of time required to live out a useful service life could take on

very large proportions.

Pharmaceutical Applications

As a too! for encouraging natural production of candidate compounds for
pharmaceutical or fine chemical use, supportive media are produced with
competing organisms. Once these micro-habitats are established on preparéd

" and equilibrated, distinctly different media forms, they are brought into



protect against marine boring organisns. |In another enbodinent, the nedia
contains an epoxy resin. The epoxy resin is prepared by reacting an epox
cont ai ni ng prepolymer and a crosslinking agent. Typically the epoxﬁfik@i%%
is prepared from Epi chl orohydrin bis-phenol A and a suitable cross-Ilinking
agent, suckoassanr pol yam ne, such as those descri bed her@&iusoLFims am ne is
used in excess of the anmount needed to react wth the epoxy pre-pol yner.
The ratio of the amine to the epoxy preypolymer is typically from about
0.75-4:1 or about 0.9 -2:1, or about 1-1.5:1. As described herein the

bi o- supportive nmedia contains nutritional additives and bio-limting

agents. TheRHAitdR%o Rxh® bIpRAgsitdl @Fa@r%mtmaﬁ EherS®)RE§eARy thedtddural
amal gam where the biodegradation rate may be adjusted to facilitate an

agent whi chaf@lepribieseactrnevithasspeiated gllelepafbic cOPHRUNGD PSRISYPEL @Mdnd t he
host habi tg{,_ogﬁdcrﬁonrrent. The nmedia typically has a thickness from2 or 3
mls (thousan s of an inch) but is equally serviceable as a nedia having
a thickness of Woa rthedstepl 8 median is eradaced wppre thatriubient ang hisgenigng f or m

coul d be used to have a C eater.d h . | .. i.d. kS.consunmed
oot e b ongabgats Sed sefhER BIeBRk FnbiRt BreBRiehfin] wili Brd Rty K8nC OB TEL
ext ernal envigiamrRed envbonhbe. Therddia sedebintmdssedemdihballated @mitteal s ar e
produced. Design of a systemto

1 SYSt endure the length of ti required to live
out a usef uPPSERAGRNPMARINEBHYPURE BV %%Pﬁ‘ﬁ%}e? ﬁwegem?fﬁ}ﬂoﬁﬁ Bifze-
Phar maceut i ¢abitf\WHdrs atthiones AGcthad @Ahtrdduction 6Psar@sietatentiadnrpeelct i on of
candi dat e conpounds for har maceuti cal or fine chem cal use, supportive

medi a are peBeRiGeEhFSRIVERHPEPilkiy fashiEppd - sitdhe ersR ot fiessd irdrabi t at s are

est abl i shed .Qu.pLenaRRdL nARRag stk Bibaneshs dicatdsist dontdi tdpseatniard a
forms, they are brought into 1°6 APR 2005 WD 02/ 36112 PCT/ U501/ 32286 81

j uxt aposi t i dmiting tbe bareass fptationand ppeveatien fveng of wnvaried blepnassi ggeri ng t he

e <o UABAHRY g SER Gy Wl Eafo s S g inapounds,
t he nutri entscatidhdiwbetd bivlbieg! growtrimaithes dnesetdrog tfenbtiboalfoapaeity.a specific
organi sm(s) Cvc\{(c];iigg? w%geer v?aqgr%gars]:eg (a)r% water uptake systems for utilities are such

exampies.

The following examples are non-limiting and provide illustrations of the

stenoprophiluric media of the present invention. These materials may be applied

to one of more of the substrates described herein to provide protection from

fouling, for example, Unless otherwise indicated, the amounts are by weight, the

temperature is ambient temperature and pressure is atmospheric.

Example 1
A stenoprophiluric media is prepared by separating an amount of epoxy
resin available commercially as Araldite 508 into fwo portions. The first portion
(Part A) comprises a quarter of the total resin. To Part Ais added a 1.5
stoichiometric excess of tristhylenetetraamine (TETA) portionwise to avoid
excessive exothermic temperature increase. To the other portion of the resin is
added copper powder having a cuboidal shape and having a surface area of 0.18

m?g, a bulk density of 3.2 g/mi and an average particle size of 29 microns, and '



the intended environnent. The nedia is then introduced and inocul ated or

the absent organismis introduced which now facilitates the format iﬁg}A?g e
m cro- habitat where attributes such as re-introduction of species due '
environmental upset such as pollution or spill is facilitated. In the case
of closed wwmastital |y closed systens, a natural systercots@iersass
succession control can be achieved Ilimting the biomass formation and
preventing fouling of unwanted bi omass 8flevel oprent in cooling water
systens, fire suppression systens, and simlar |ocations where biol ogical
growt h di m ni shes the systens' functional capacity. Cooling water

wat er cour ses r g aldt DL g g u es. The
Fol | ow g ox oo SHoRY okl S Bamenireiter ARt it biPedidnd: S BR

st enopr ophi |agded atadianafni thbayr e noppaniretmeiresultingeseuranleeizatcintey be
applied to pne.of r.e t he .substrates.,d ribhed herein to provide
protection f‘%‘i‘%’t"fsg i'%aggfp&dséc%a%b8?"Biﬁéa§%?eo%ﬁ‘rn\ﬁ] %_égi ndi cat ed, the
amounts are by wgihghidmik hetio dfan@eediaus ¢ paft ohFRiHeNto 4 SARRSHERAH B, dngisPr essure
is atnospheric. Exanple 1 A stenoprophiluric nmedia is prepared

by
separati ng dh@BHBATE BMbaEhaNd thed arF applied iR aURSiAte Fechadd 9 baat iifla) dite 508

into two porq i : i | i of the
012 Bl igREreUheoliiat ket B of BTN PRYER U

tri et hyl enetvéity apnpvppriéate PETARIRerian erhieed midbceaidpicoresmasyidiaswaiinrer i c
tenperature | . : : i ey copper
powder havi ndgapgérgﬁgf rg%%!léé&é%ﬁn&ﬁé tlﬁg%}ittér)]ggggétuér aé%'%%rd;g agr*ac%g%% n2/ g, a
bul k densi t ytlodr Bid2sigabie osgethisns.aver age particle size of 29 microns, and 1
6 APR 2005 WD 02136112 PCT/1S01/ 32236 82 Araldite 6004 ( poly-glycidal
blend for flexibility and hydrophilicity). The copper is added at an
amount to have 55% copper in the resHkdrmplg 2m xture. The anmount of Araldite
6004 is 0.43 parts for eaﬁBgBart .of Araldjte 508 in Part B. The admi x ratio
of the media is f PERIPBPPIBLPIMeAI] § PieRREre QY BYXRf PAHS OpaMEures and B are
conbi ned andréfeaad dotn 8 RRktueHoft 2w 2papi RS AFALIR SV EDsamda JoQaitsiygl | . The
above bi o-su_[ip ortive nedia is enpl o¥ed by addi n[%itt he nedia to a boat hull

wi th appr oprifatfe aHdeRmedi HREFaC! ftiPFRTRICYalite P8BS Rt and

insul ation  araigite 6004 and 1993 parts of the copper powder of Example 1.

Example 3
A Stenoprophiluric media is prepared as described in Example 2, except
that trishydroxy amino methane {THAM) is used in place of the TETA. The
THAM replaces TETA on an equivalent basis.

Example 4
A Stenoprophiluric media is prepared as described in Example 2,except
that Araldite 6004 is not used and 50 parts of neopentylglycol is added to Part B.

Example 5
A Stenoprephiluric media is prepared as described in Examplé 2,except
that glycerine is used in piace of the TETA. The glycerine replaces TETA on an
equivaient basis.



barriers to bi-nmetallic galvanic actions, to prevent adherence of barnacles
and ot her undesirable organisns. Exanple 2 A stenoprophiluric nmediais
prepared by mixing 4 parts of a mixture prepared froma mixture ofl R8ER 2005
parts of Araldite GY 508 and 199 parts of TETA, and one part of a m xture
of 870 parwsowfsihe al dite 508, 499 parts of Araldite 600drand 31893 parts of
t he copper powder of Exanple 1. Exanple 3 A Stenoprophiluric nedia is
prepared as described in Exanple 2,exc that trishydroxy am no net hane
(THAM) is used in place of the TETA. The&® THAM repl aces TETA on an

equi val ent basis. Exanple 4 A Stenoprophiluric nedia is prepared as
described in Exanpl e 2, except that @&g.@é%e 6004 is not used and 50 parts
of neopentyl glycol is added to Part B. nple 5 A Stenoprophiluric nedia
is prepared as désltenbmdphiurEmaegih & Rematedps desdribeddh Framplee, éxcapsed i n

pl ace of the TETA.. The. gl ycer, repl .TETA qn an  equivalent basis. 16
APR 2005 V\D?Ia)a}/eggf'fﬂa%#ﬁg@"%(ﬁ%ggmdé‘ﬁegc%ﬁP%‘t'%opr ophiluric nedia Is
prepared as described in Exanple 2,except that additional 50 parts of
Jeffamne D-230 js added to Part A Wiile the invention has been expl ai ned
in relation to iWWhigtee fwveatien bamhrsanaxetedied;n relatiqrotoris nisfeeerdt ood t hat
various modig 55@%%‘5@, it B%?qun‘&b}sltoon%%ﬁ?ﬁé)ﬁ%Bﬁiﬁéti&r& thd@56wfKi Il ed in the
art upon reading the specification. erefore, It Is to be understood that
t he i nventi Grcains @ppseedt kethoke skiled inttienart dpororasoliver the spbcifimativhi cat i ons as
L?l)l-s\lljmptpglr?i-rbg%rgé%ﬂg% @Lbr%wﬁ%se?%&? g’(%ijth%lir%}en ibn ]disgio':g‘epc'iQ hczel%(?n6is§n en ébézlilt\clas A
cover such modifications as fall within the scope of the appended claims.



a degradable material; at |least one nutritional source; and at |east one
bio-limting agent dispersed in the degradable material; wherein the
degradabl e material, the at |east one nutritional source, and the 1ad APEamt
-one bio-limting agent are provided in quantities, such that the

bi o- supportive nmediumis capable of supporting formation of a bionass

havi ng at | east a specific consortium organi sns of identical or
different species, substantially at equilibriumw thin its environment or
host habitat; wherein the at |east one nutritional source and the at | east
one bio-li tém% agent are selected to control the anpbunt and type of
speci es pr “rn the biomass. 2. The nedium of claim 1 wherein the
bio-limting agent is a nmetal or organic toxin.. 3. The nediumof claim!]l
wher ef.n t ha Wo-eupporiive ngdagendmpnehgides a tin, copper, or nickel netal,

al l oy .or organigq%o_rrpl ex, 4. The nmediumof claiml| wherein the bio-limting-
agent is. a?EeHped %Fﬂa&;&ﬁer alloy particle. 5. The mediumof claiml,.
wherein th - material is formed froma polyner, conposite, or
amal gam 6%]%2%%% |un%0§? S?chl%ma%é wherein the degradable material is a

pol ymer, amdedstenpbloylimitingsegeat dilparsagiph slst dagrateblenmatenslet ti ng pol yner. 7.
The medi um of ¢laimb5, erein.the degradable naterial is lected fromthe
group con¥heicimhgedesrads M%‘ala&ﬁ(ﬂ g@gtc’é‘fz nulipe W&bﬁea?:?ds‘s§§ﬁ??ga?m

phenalii, g L8R 1863 h SRkt hlth YNEL b QB Portide BlebhePRRabd ¥f A
P i R T e e ey

wher esuppbhimgdegnartiabbia bitress hiving aldeashraperaic ofusnaihum of drnganisoe of iewtpal ar s

and lns. 9. T di f claim5, wherein the d b ial i
corp oS dIbeiepdpories BUSHIBBN PSRRI ABH SM TG JEAOTE" YRERH o
sel ecledy [P deighi SR 698 hisd {HeG l&fa'st G b@&ﬁﬁitiﬁ@i&gdﬁi aR® deRk¥8 %S eéntrol €SI N,

a pol yurethane resin, and an am nopl ast resin; at |eéeast one nutritional
sour cthg aamoinabnd tpetof opeidsi predentint thadicmpesnt di spersed in the degradabl e
materi al; wherein the degradable material, the at |east one nutritional
source, and the at |east one bio-limting agent are provided in quantities,

such ghat trhe phidus WP RBALI VehereR tebicslitaRggenk a metal or organic toxin. . -

3. The medium of claim 1 wherein the bio-limiting agent includes a tin, copper, or nickel

metal, alloy or organic complex.

4. The medium of claim 1 wherein the bio-limiting agent is a copper or copper alloy
particle,
5 The medium of claim I, wherein the degradable material is formed from a polymer,

composite, or amalgam.

6. The medium of claim 5, wherein the degradable material is a polymer, and the polymer is

‘a thermoplastic or thermosetting polymer.

7. The medium of claim 5, wherein the degradable material is selected from the group
consisting of: an epoxy, a polyester, an aminoplast resin, a phenolic resin, an acrylic resin, a

silicone resin, a silicone jelly, a lacquer and 2 polyurethane.



supporting formation of a biomass having at |east a specific consortium of
organi sns of identical or different species, substantially at equilibrium
within its environment or host habitat; wherein the at |east one 16 APR 2005
nutritional source and the at |east one bio-limting agent are selected to
control the anount and type of species present in the biomass. 11. The
nmedi um of cl ai m 10 wherein the bio-1i ni®fi ng agent is a tin, copper, or

ni ckel netal, alloy or organic conplex thereof. 12. The nedium of claim
10, wherein the degradable material is an epoxy resin or a polyurethane
resin.§.13. ThdinedisupPluliiinve wingtin nmheduppadablengatedaldegn antalyam ofatearally of a
crosslinked pol yepoxi de prepared froman epoxy resin and a polyam ne

cr oss|¢askiTig tatjemd resms. | east one nutritional source; and at | east one
bio-l1imting agent dispersed in the degradable material; wherein the
degradabl e material, the at |east one nutritional source, and the at | east
one b9 0-iThd inRGiuagendlaia! § Wh¥haedddghaddURNhatkiislSs asugipotikat t he

bi o- supportive nmediumis capable of 1 6 APR 2005 86 supporting formation
of a biomass having at |east a specific consortium of organisns of

i denti gal rn.different specie yhstantially at equilibriumwthin its
envi roﬁﬂent‘g‘obl}g'ﬁ%%ﬁo %%W%’??l%ﬂj{nr% " the at |east one nutritional source
and the at }@daghdaiembicoial seldctédford dengroap eomtdtmgtofdart eposgntsimla pdiyesteanount
and type of species present in the biomass. 14. An article conprising a

bi o-su&?ﬁﬂ@r@ngﬁé]éﬁmﬁﬁfa@@@ﬂdpﬁg“ﬂwléﬂ‘éﬁsﬁl adhered to a substrate. 15. The
~article of c¢laj 4 rel . substrate is a netal, wood, concrete, or

fi bergl ass. g‘llg%lsm?%een%?l?%]goo g’c gi m 14 wherein the nediumis adhered to

the substr agEehy o BicdimiiRpQgehttigiersedinile degladable masmdals. 17. An article
conprising: a-substrate, which istgﬁrone to degradation and corrosion; a

bi o- suppor Pheeimbgideaereble s, thi tieash ansPERPRY SOwh A 1B BFIEpSORe
sust ai ped; OG- 9 1 Y BanrfHR0IHER (e Be Qs SHRPA S V@ BPY cbibe of
conpri @?ﬂb@ﬂmqugglrag%g%g&#adtl r?neﬁﬁ;% At @i? east eones triti onalL1 soﬁf%c[;}e;e %nd at
| east auppohing-formatdmgf sgembsshasjgrs éohsi nspebificdegsatiail o arpangsmads identical

or different species, substantially at equilibrium within its-environment or host habitat; wherein

the at Jeast one nuitritional source and the at least one bio-limiting agent are selected to control

the amount and type of species present in the biomass.

1L The medium of claim 10 wherein the bio-limiting agent is a tin, copper, or nickel metal,

alloy or organic complex thereof.

12.  The medium of claim 10, wherein the degradable material is an epoxy resin or a

polyurethane resin.

13. A bio-supporlive medium comprising:

a acgradable material of a crosslinked polvepoxide prepared from an epoxy resin and a
polyamine crosslinking agent;

at least one nutritional source; and

at Jeast one bio-limiting agent dispersed in the degradable material;

wherein the degradable material, the at least one nutritional source, and the at least one

bio-limiting agent are provided in quantities, such that the bio-supportive medium 1s capable of



wherein the degradable material, the at |east one nutritional source, and
the at least one bio-limting agent are provided in quantities, s%ctf thi@
t he bi o-supportive nediumis capable of supporting formation of a 8 5
having at | east a specific consortium of organisns of identical or
different species, substantially at equilibriumw thin its environment or
host habitat; wherein the at |east ond6nutritional source and the at |east
one Dbi.Qsd 44734 | t.eds - :
R R Rl W i e R
conpr ios differenepsdiep sulsdtantiziy av eqliiliorhan lwithis itp povitinneenred hosthatared, wippéipi ng

t he bi o-supportive mediumto a_substrate; the. bjo-supportiye di um

conpr &S #deast ope pERtpYsORTLe 2nd dfy ddeast @PNEPEIPUINE 280 3% e R BIOfePFPY i onal
sour cey tnh gant bl o-L1 @t hng.: t dispersed in the degradabl e
mat er ?%ﬁ ?ﬂgﬁgr&e}?n“t %i%@gfgl?% 5%%@%@83#%%3%% at | east one nutritional
source, and the at least one bio-limting agent are provided in
quantities, such that the bjo-supportive nediumijs capable of supporting
for matlifon oD atiSleHPRRIINRE R Pig-WPPPRIS Mol wp @esqTimede fmt] Q?%F@f“%lagani SNB
of i d%ﬂﬂtﬁa@ or different species, substantially at equilibriumwthin its
envi ronnent ‘or host habitat; wherein the at |east one nutritional source
and the at |l east one bio-limting agent are selected to control the anount
and type of species present in the biomass. 19. The nmediumof c¢laim1,

wher eilf- t helegridla #b cimditerhearindbniibsges int metlsvoshoBpERy O FRepkss. 20.
The medi um of claim 10, wherein the degradable naterial conprises at |east
one epoxy resin. 21. The article of claim 17, wherein the degradable
mat er ilél cofprardds odtlaimdsit wireinebomydivesisredh@2d 1J e subtthadbpbnebammel 8,
wherei.n the .de%r ildabl e material conprises at |east one epoxy resin. 23. The
medi udETediale ROV MGHAYES n the bioliniting agent is a substance, compound,
el ement, or nol ecul ar conpl ex which has a specified bioactive property. 24.
The nmedi um of claim13. wherein the biolimting agent is a substance,
conpoufd, ‘b emeiet coraprisimg:ecwbsrateonptleis prbbats degsadatiopend forechidii; edot-i ve
Pr Opers;[.lzportive medium in contact with the substrate; and a biofilm sustained on the bio-supportive
medium;

the bio-supportive medium comprising:

a degradable material;

at Jeast one nutritional source: and

at least one bio-limiting apgent dispersed in the degradable material;

wherein the degradable material, the at least one nutntional source, and the at least cne
bio-limiting agent are provided in quantities, such that the bio-supportive medium 1s capable of
supporting formation of a biomass having a1 least a specific consortivin of organisms of identica]
or different species, substantially at equilibrivm within its environment or host habitat; wherein
the at least one nutriticnal source and the at least one bic-limiting agent are selected 1o control

the amount and type of species present in the biomass.

18. A method of preventing fouling comprising the steps of:
providing a bio-supportive me_diumj and ,
applying the bio-suppornive medium to a substrate;

the bio-supportive medium comprising:



25. The nmedium of claim 13, wherein the bio-limting agent is a heavy

netal, an organo- netallic, an organic biocide, a phenol conpound, a

t hi adi azol e conpound, or a thiocarbamate conpound. 1 6 APR 2005 8d BAPR Hie
article of claim14 wherein the substrate is a vessel hull. 27. The article
of claim 17 wherein the substrate is a netal, wood, concrete, or

fiberglass. 28. The article of claim 87 mhereln the substrate is a vessel
hul'l. 29. The.pRdtdmALigl aim |l wherein the bio-limting agent is a heavy
metal, an org&no- netallic; an organic biocide, a phenol conpound, a
thiadiazolathmmammnmnnunmhsmmmnaadbanate conpound. 30. The nedi um of claim

10 wherein the bio-limtin aeIi tan nd el ement, or
nol ecul ar @b F@PEWT *B‘ﬁ@?ﬁﬁa@éﬁ%ﬁ ELl%!):e rrf)%glgrty 31 . The

medi um of %hférréﬂ] e Whessbl: m@nm fel dh (Hakd i rﬁhﬁﬁiﬁna! %@c&@ﬁ&&er&ﬂ@bh orn
or gano- an organi c bio¢i de, a phenol conpound, a thiadiazo

corrpobm}hrrmnn@agdmt ecgrbaded & poahbes eachabal ThebivePDeRtis e rreﬂdmrm sjcapapigcéi n

the nutritional sourc S ent in the degradabl :

addi t SYRPYENE apggab@? Srenngp(iesd & SEGRREGReR i BLFleedl T8 orel
the n I B¢ @l enti®l ieysi Bdbigt; vetierein
addi tl‘é%/gﬁ%é(;@;f{i\%@ %gﬁf’g : leamfgfgcpﬁhhﬂn%g&h‘%ﬁe medi um of claim 13, wherein

t he nuhe ittleashahe smnrtmaall ssu.me@sé mhie dtdeashenedugimiting agenvarceseiesteddp capirol
additive to the deg réi;lﬂ e material,. ,35. The medi um of claim 17, wherein
the ni®% PPPEHANddYRE dlespraien Presetin th H4ReSGegr adabl e material or an
additive to the degradable material. 1 6 APR 2005 89 36. The net hod of
claim 18, wherein the nutritional source is present in the degradable

mat er il8l orTlenmedidint dixdaitrol tmrdeghamd@bmmilélconwscﬂﬁée BRUFROSY cl ai m
1, wherein the degradable material is biodegradable and i's consuned by at
| east "E€8fe species in the biomass. 38. The medium of claim1, wherein the
degradable material serves as a nutritional source to at |east sone
species in the bionmass.

20. The medium of claim 10, wherein the degradable material comprises at least one epoxy
Tesin.

21.  The anticle of claim 17, wherein the degradable material comprises at Jeast one epoxy
resin.

22. The method of claim 18, wherein the degradable material comprises &t least one epoxy
TESIN

23.  The medium of claim 1, wherein the biolimiting agent is a subsiance, compound,

element, or molecular complex which has 2 specified bioactive property.

24. The medium of claim 13, wherein the biolimiting agent is a substance, compound,

element, or molecular complex which has a specified bioactive property.

25. The medium of claim 13, wherein the bio-limiting agent is a heavy metal, an organo-
metallic, an organic biocide, 2 pheno} compound, a thiadiazole compound, or a thiocarbamate

compound.
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26.  The article of claim 14 wherein the substrate is a vessel hull.
27. The article of claim 17 wherein the substrate is a metal, wood, concrete, or fiberglass.
28.  The article of claim 17 wherein the substrate is a vessel hull.
29. The medium of claim 1 wherein the bio-limiting agent is & heavy metal, an organo-
metallic, an organic biocide, a phenol compound, a thizdiazole compound, or a thiocarbamate

compound.

30. The medium of claim 10 wherein the bio-limiting agent is a substance, compound,

element, or molecular complex, which has a specified bioactive property.

31, The mediun of claim 10 wherein the bio-limiting agent is a heavy metal, an organo-
metallic, an organic biocide, a phenel compound, a thiadiazole compound, or a thiocarbamate

compound.

32 The medium of claim 1, wherein the putritional source is present in the degradable

material or an additive 10 the degradable material.

33, The medjum of claim 10, wherein the nutritional source is present ip the degradable

material or an additive to the degradable material.

34. The medium of claim 13, wherein the nutritional source is present in the degradable

" material or an additive to the degradable material.

35, The medium of claim 17, wherein the nutritional source is present in the degradable -

material or an additive to the degradable material.
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36,  The method of claim 18, wherein the nutritional source is present in the degradable

material or an additive to the degradable matenal.

37.  The medium of claim 1, wherein the degradable material is bicdegradable and is

consumed by at least some species in the blomass.

38.  The medium of claim 1, wherein the degradable material serves as a nutritional source to

at least some species in the biomass.



