30 Cctober 2006 CATHODI C PROTECTI ON COATI NGS CONTAI NI NG 5 CARBONACEQUS
CONDUCTIVE MEDIA Caimof Priority This application clains priority from
U.S. Provisional patent 10 Application Serial Nunber 60/310ct6heh23H6 ng
Attorney Docket Nunmber 12003020 and filed on Cctober 27, 2003. Field of
the Invention This application relates to use of carbon-based el ectron
transfer agents in 15 cathodic protection coatings. Background of the

I nvention In nodem soci ety, over the past fifty years, there has been a
shift from netals to polyners, partly because the latter do not oxidize in
the environnment. 20 For exanple, corrosion of netal destroys val uabl e
property. Corrosion is the inevitable reaction of netal to formnetal oxide
when the netal is exposed to environnental conditions that permt such
corrosion. Billions of dollars are spent each year to repair or replace
metal lic structures because of such corrosion. 25 The corrosion of

i ron-containi ng arti SASHODEe PROTHEGITION GQOATINGS GBNTAINRG| ed "rusti ng”,
has pronpted consi der abl eCARBSNACBOUS OMPUEFIVE MERMAoNoNi cal  ways to
prevent or reduce rust. Coating the surface of the iron-containing

article, the process of painting, was first attenpted to shield the article
fromthe el enclleineffsitnity f or the natural rusting reaction to begin. 30

I ron-containing arti ' . t.hat. .haye erected the cities
and comerci al I|nksﬂl{flt)ea?’alféenmfﬁemsi)%%&\tﬁ%%’keﬁsf%?“ E’f@ﬁﬁ? erse uses as
multi- 1 SGOOCtémémamria@ﬁm@er6ﬁ1514cﬁ9m@saﬁngm$tpﬁmboﬂcemm@es, tunnel s
beneath a ”D“”t?irqﬁscgbaﬁd{ﬂe}i @b&%‘ ion utility powerlines, fuel

the Statue

st orage tanks, erty, e Eiffel Tower, and reinforcenent
grids for concrete structures of all types, all require '

Field of the Invention

This application relates to use of carbon-based electron transfer agents in

15  cathodic protection coatings.

Background of the Invention
| In modern society, over the past fifty years, there has been a shift from
metals to polymers, partly because the latter do not oxidize in the environment.

20 For example, corrosion of metal destroys valuable property. Corrosion is the
inevitable reaction of metal to form metal oxide when the metal is exposed to
environmental conditions that permit such corrosion. Billions of dollars are
spent each year to repair or replace metallic structures because of such
cotrosion.

25 The corrosion of iron-containing articles, the natural process normally
called "rusting", has prompted considerable effort to find effective, economical
ways to prevent or reduce rust. Coating the surface of the iron-containing |
article, the process of painting, was first attempted to shield the article fom the
elements needed for the natural rusting reaction to begin.

30 Iron-containing articles form the structures that have erected the cities

and commercial links between them. Fonwork, for such diverse uses as multi-




such protection fromcorrosion. 5 Anti-corrosion nechani sns have taken
advantage of the Galvanic Series, whereby a |less noble netal is a
sacrificed in the environnment where the iron would ot heB@iCastobes2006hi s
"cat hodic protection” of netal has spawned an enornous industry dedicated
to preserving netallic property against the ravages of the environnment. 10
Cat hodi c protection utilizes the physics of a galvanic circuit, which can
be assisted by power to be an active circuit to drive the corroding effects
away fromthe nmetal being protected or which can be passive w thout power.
Exanpl es of passive galvanic circuitry are disclosed in U. S. Pat. No.

5, 650, 060 - ( Hustogy baildifgs, yuspe@sioRbridpes; Qinh 6B edratetnSynEdieon aivdr, hixhU. S.  Pat .

No. 5,976,419 15 .(Hawkins et al.) for a coating-based syste Bot h 'types of
systens rely off® Sn?ﬁﬁ&??ﬂ%ﬂmﬂ ﬁﬁiﬁ%@g?Wﬂﬁhgwéggvﬁﬂﬁﬂbqﬁﬁé%ggk%uch as zinc,
to protect theTHREEandvahiodeinentighidol sbnble s&zﬁ;emasufauygés, iihRqlikkang et al .

el ectrode, the zinc isg ig the formof plate adhered by an ionically

conduct i ve adh8¥PPRiEHORIAnCORS9e. In the Hawkins et al. coating, the

zinc is in ghe for r&ﬁtf-od?ﬁ%ﬁ)hﬁieﬁﬁni%§%$&€nia@vahﬂgegﬂhQGEICJ%ﬁc and inherently
conductive polyner. In both cases, the zinc is the anode of the galvanic

circuit. The ar®fcherdy ajles sehlemetpldeesacniiprdds iaraviconmeahivhiseite iron. U S,
pat. . 5 700:r39801é88EHARGHOTHRY cldlodi LRI SPmetaPRk ¥Rk Fan ALY X W LD

a conductive filler conprising conductive particles and an 25 inherently
conduct i ve pol §rasmoygindustrydediaisd fopreseringapetallis prperty egainst thorvessyers for
met al substrat ggnaBd8hA&k purposes. U.S. Pat. No. 5,098,771 (Friend)
discloses a fibril filled electrically conductive conposite that can form
a coating & suffi cFakadicuretsstion atilizes the nbisiesiof gl vamic piecuiiswlich eanconbi nat i on

with sacrificigl,a3QE6y é&&@éaﬁa@@etcﬂguiég_m%%gg&iﬁét@fg Qba@ metal or

nol ded plastic part to help prevent corrosion. 2 er 2006 U S

Publ i shed Pat effomAppineteldeingproosd o1 whith san( i pesiivewitedut pivee oses
Examples of passive galvanic circuitry are disclosed in U.S. Pat. No. 5,650,060

(Huang et al.) for an electrode-based system and in U.S. Pat. No. 5,976,419
15 (Hawkins et al.} for a coating-based system. Both types of systems rely on a
‘more anodic metal in the Galvanic Series, such as zinc, to protect the more
valuable iron in the structure. In the Huang et al. electrode, the zinc is in the
form of plate adhered by an ionically conductive adbesive to a structure. In the
Hawkins et al. coating, the zinc is in the form of particles dispersed in the
20  binder and inherently conductive polymer. In both cases, the zinc is the anode
of the galvanic circuit. The anodic zinc is sacrificed to preserve the cathodic
iron.
U.8. Pat. No. 5,700,398 (Angelopoulos et al.) discloses a polymetic
matrix with a conductive filler comprising conductive particles and an
25  inherently conductive polymer which are useful for corrosion protection layets
for metal substrates and other purposes.
U.S. Pat. No. 5,098,771 (Friend} discloses a fibril filled electrically
conductive comﬁosite that can form a coating of sufficient electrical
conductivity to be used in combination with sacrificial anode materials on the

30 exposed surface of a metal or molded plastic part to help prevent corrosion.
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an electrically conductive filmhaving a plurality of nanotubes and
optionally an additional conductive material. 5 Summary of the Invention
What the art needs is a neans to provide effective cat hogp©dgtobee200&n of
nmetal substrates at reasonable cost by having a single coating contain both
a carbonaceous conductive nedium and sacrificial netal particles. The
present invention solves this problemin the art by concentrating on 10

t he conductive nedium of the cathodic protection system "Conductive

medi um or its plural, "Conductive nedia”, nmeans a carbonaceous materi al
that exhibits electrical conductivity. The conductive nediumis

electrically activdl. Blﬂubﬁﬁ:ieﬂambﬁ&lﬂpucduB@MONmm@(GI@tR@hémd1§c![b@es

car bonaceous mat erl al an .exhi bi t the mal . conductivity. 15 Electri cal
conductivity of?¥ ?F@CB)(%@P@WE? PPy pafrotberind pRHOsY af he
conducti ve nmedidlithas\bitthcawe el ves to a flowable material. The
conductive nedia are carbon-based el ectron transfer agents. The fl owabl e
material is also filled with sacrificial metal particles to conplete a

Gal vani ¢ c§ r c Bhrhmihylohing rdfagtidnl | m or coating. Optionally, the flowable

material also 20 includes an 1 nherently conductive pol ynmer to enhance
el ectrical conducti¥hstfhe artnogdsinnmpeps &vprayide effestive pathodicarotegiienef neans

solid car bonacﬁ@ﬁﬁsub%fe@%i@ﬁsohﬂléé&@t Hy‘Ha@thBs ?fetcb&lnﬁ%ontﬁh@ﬁﬁl £ts, fibers,
tubes, and the |ike, and ombi nati ons t hereo he "t ubes can be

mul ti pl e- wa||eaarmﬁ@pmdwvwﬁav@mwm%alm@mmbs Optional ly, the

car bonaceous mat er iflg nadbht B ﬁﬁbﬁ%]}v&mﬂﬂ afPﬁ.p | cally
active and serve as Selpt es o? t he sacri ICI g% partlgg*1 Optional |y,

t he car bonb‘beoﬂ@“?ﬂ]ﬂl@i‘i‘?m@d&}’&hﬁ’fﬂ@‘fathﬁéltclpmﬁ%ﬂtﬁozéﬁt% becone nore
electrically conduoidoluckl bRt G il "dbﬁl&&s?@%l:u)ém?oﬁféﬂxgsd ve polynmers.

"Fl owabl e material” can be 3 Qct ober 2006 ormng |iquid,
such as a pai nﬁﬂbﬂﬂa@owate%ﬁﬁhahg{hlbﬂfé eloetriea) cadmgtivity. The conductive

medium is electrically active but galvanically inactive. Optionally, the
carbonaceous material also can exhibit thermal conductivity.

15 Electrical conductivity of the cathodic protection system is achieved by
the conductive media serving as additives to a flowable material. The
conductive media are catbon-based electron transfer agents. The flowable
material is also filled with sacrificial metal particles to complete a Galvanic
circuit within the film or coating. Optionally, the flowable material aiso

20  includes an inherently conductive polymer to enhance electrical conductivity,

"Carbon-based electron transfer agent™ means solid carbonaceous
maferial in the form of particles, platelets, 'ﬁbers, tubes, and the like, and
combinations thereof. The tubes can be multiple-walled nanotubes or single-
walled nanotubes. Optionally, the carbonaceous material can be functionalized

25  to become galvanically active and serve as sites for the sacrificial metal
particles. Optionally, the carbonaceous material can be functionalized to
become more electrically conductive via bonding with inherentty conductive

polymers.
“Flowable material” can be




or brushed on to a netal-containing article needing cathodic protection;

(b) an anorphous solid, such as a polyneric adhesive or other polyner, to
be formed as a |l ayer on the nmetal -containing article; or3®Qotpober 20061,
such as a superheated gas that coal esces on the netal- containing article.
Preferably, the flowable material is a polyneric binder capable of rapidly
and i nexpensively formng a filmor other coating on the netal - containing
article to be cathodically protected. The flowable naterial need not 10
itself be'electrically conductive if the selection of flowable material is
made | ess expensive as a result. Mire preferably, the flowable material is
capabl e Sf -form ng (@_a(tj‘famn%mﬁng'l_iqui(f, bﬁ:h%ﬁﬂpaiﬂﬂb}?ﬁ@ér eting) Yo I}S)E&;pf’dyﬁ@l’ ot her
coating does to _provjde a sical. aspect o otection of the

met al - cont ai ni W&ﬂé@ﬁﬁ%%ﬂf@%&%ﬂé@% éam@%&%@%@f@fﬂfw%mmus, one aspect
of the present invep}dnQhotphods s8R, 3G a6 a P51 4d88sivded iR pbigmepmpound,

conprising: flowahle material, carbgnaceous conductive nedia dispersed in
the fl owabl e n*&tbérf"!’rﬁlle‘,i %&’%aﬁﬁeﬂe@'ﬂmﬁ@ﬂ&ﬁmﬁﬁﬂﬁ cles also dispersed in
the flowable mater i@z vabir, dush ¥¥ 4 h&ndha 5C@RRAEsdehibn MERANL | nvention that
t he carbonaceous 20 conductive nmedi um can be discontinuous, continuous or
co- conti nuous Gantaningaticls.) pwabl e material. An advantage of the present
i nvention is that GRgRARIGRONG IR fitbdl is a pBlyR8E BRI MgMSe noly small in
size, can be used to inpart electrical conductivity to a flowable nateri al
that al so cont &pidly adérerpangively fompingla Pracr plbprasatingporthemelder to make a
cost-effective ] B j _ e8edot t e
cdgle%ﬁlilgﬁeéﬁtﬁ?lffo%%ﬁﬁabcﬁﬁleﬁ FokeerB ﬁé‘ﬁ‘&wfo@é’ﬁ%ﬁﬁ edXo

invention will Ifred 1n the description of the enbodi nents of the
i nvention th civsfbaelerismiixicoriuctineg if the gpbastionoefdiomalale majeriaf isanade 38t ngs. 30
Brief Descript E;&)@ns@JeaEQ?esﬁ.aV"i ngs 4 30 Cctober 2006

More preferably, the flowable material is capable of forming a barrier in
the same manner as any paint or other coating does to provide a physical aspect
of protection of the metal-containing article to be cathodically protected.

15 Thus, one aspect of the present invention is a cathodic protection
polymeric compound, comprising; flowable material, carbonaceous conductive
media dispersed in the flowable material, and sacrificial metal particles also
dispersed in the flowable material.

- It is within the scope of the present invention that the carbonaceous
20  conductive medium can be discontinuous, continuous or co-continuous with the
- flowable material.

An advantage of the present invention is that carbonaceous material,
preferably vanishingly small in size, can be used to impart electrical
conductivity to a flowable material that also contains sacrificial metal particles,

25  in order to make a cost-effective cathodic protection system.

Other advantages of the invention will be identified in the description of
the embodiments of the invention in conjunction with the images constituting

the drawings.

30  Brief Description of the Drawings




Fig. 1 is a digital inmage of a sanple of Conparative Exanple AL Fig. 2 is a
digital image of a sanple of Conparative Exanple B. Fig. 3 is a digital

i mge of a sanple of Conparative Exanple C. Fig. 4 is a3giogtbber 2006¢e of a
sanple of Exanple 1. 5 Fig. 5is a digital imge of a sanple of Exanple 2.
Fig. 6 is a digital imge of a sanple of Exanple 3. Enbodi nents of the

I nvention Metal Particles 10 If the netal particles are to protect sone
other netal which is in electrical comunication with the cathodic
protection filmor coating, then the netal chosen to be generated needs to
be nore anodic that the nmetal to be protected, according to the Gal vanic
Series. Such concepig. i & dligit! amgcof asatdp®.of Chaparafiee BXamdlkid.419 ( Hawki ns et
al.). 15 Average particle.size can,range f.romabout_1 mto about 25 m and
preferably from ab 6&5?“1‘831 Giree ﬁd’fﬁﬁ’%’i’arﬁ?\éef%‘raﬁﬁhﬁabout 2 m Metal
particle shape is 50 i QafdIRESHE a fRApbleict ComphapasEeapig@nge from spheres
to platelets. Generally, the.|arge sur{g&e area_per unit volune is

pref erabl e. Howevers 8t dgidf g php erglegf Ex al so take into

consi deratison the 24 diifd disithl fla@s o saRpRGEERAAMe NI gh aspect ratio platelets
conpared with | ow aspect ratio spheres, Wile not preferred, particles of
metal can aggr egat &P isadeishisrage af 2 spmpleiof Exwerlsdt yner, wi t hout departi ng
fromthe scope of the present invention. The sacrificial anodic netal
particles reside in the flowable material, 25 preferably intimtely

i nterm xed i n, Embodimenisofthednyentionyi th, a flowabl e material that can be
easily made conti gugds ph@iclehe cathodic nmetal to be protected. The selection
of the sacrificial anode is determned by the cathodic. _nmetal to be

prot ect ed ¥hd t hen If the pglahpagisies prede proteckspaielothsr peta) whishdsdnof  handl i ng,

envi ronnent al 1 538Gi confihi@lideNid @€ LMt pT&@thﬁtiﬁh Bk B&kih Mepfindret al

candi dates 30 is founded in the Galvanic "Series, which eStablishes the
conti nuum of riagtal ghpyen tosbe generated nesds to be more anodic that the metal to be

protected, according to the Galvanic Series. Such concept is disclosed in U.S.
Pat. No. 5,976,419 (Hawkins et al.).

15 Average particle size can range from about 1 pm to about 25 pum, and
preferably from about 2 to about 10pm, and most preferably about 2 pm.

Metal particle shape is also a parameter. Particle shapes can range from
spheres to platelets. Generally, the larger surface area per unit volume is
preferable. However, one skilled in the art must also take into consideration the

20  difficuliies of processing high aspect ratio platelets compared with low aspect
ratio spheres. '

While not preferred, particles of metal can aggregate or agglomerate
within the polymer, without departing from the scope of the present invention.

The sacrificial anodic metal particles reside in the flowable material,

25  preferably intimately intermixed in, or co-continuous with, a flowable material
| that can be easily made contiguous fo the cathodic metal to be protected.

The selection of the sacrificial anode is determined by the cathodic
metal to be protected and then influenced by cost, availability, ease of handling,
environmental impact, and other factors. The determination of met;tl candidates

30  is founded in the Galvanic Series, which establishes the continuum of metallic




30 COct ober 2006 performance. So | ong as the anode netal is higher or nore
anodic wwthin the Galvanic Series than the cathodic netal, then it is a
candi date. The Gl vanic Series is well-known to el ectro-ghevtsber 2006 can be
enpl oyed wi t hout undue experinentation to select a suitable candidate for

5 sacrificial anodic use. One location to exam ne the choices of candi dates
I S WwWw. corrosi onsource.com Another |ocation based on Mlitary

Speci fications is ww. eaal 000. av. orp-/technicl/corrosion/gal vanic.htm
which identifies alloys of netals as well as pure netals in the Corrosion
Control -- Galvanic Table. Non-limting exanples of common sacrificial
anodes rel ati veefoomasthBelodg aslfle ameticdnstal id hipgherpr nbechadic vidingken in Tabl e 1.
4 Table 1 Cathadjc.Metal ,to be Protected Sacrificial Anodic Metal Iron
Zinc, Al um nurn(():'(’jiil"l“ﬁ"’vg thﬁ"?;ﬁ d?? gle’i‘ ‘ﬁiﬁr‘iﬁl‘g‘@a?e'l ron Nickel Copper +

Those to Protect Conﬁelalvaﬁbtsa@esmém Exb@Jntd’elE&tﬁ)S@exhﬁtthﬂb@%e Ni ckel Silver
Ti tani um + Those to Protect Titanjum & the, vari oag i bl e nmetal s,
B s

transition met PRlo¥FvidoRkmduespementation togsglopt aFpit igade f%w i oni zati on

energi es, p9Si kichBciPun6dé 1N Ohb RlcBfon 1b:@Midkahd@bickd W cBAdiMtSs is hi gh boi I'ing
points, high electrical conductivity, malleabilit and ot her desirable

properties. Thahesiosionsourse eom. cAnaiesfocglionbrsedop Miliary Sacpificaliont ange from

about 0.1 %t@smwaﬂ@&%v R GLerR afvaﬁahﬁmm&h ﬁf&ﬁ&s%ﬁ@dt 40% Al
percents are weight percents to the total solli the fl owable material.

The anount of E’f)mﬁtﬁ]éG? welhgsoare mealpin theGorpgion C’@ﬁ%ﬂhwﬁ%ﬁ(%ﬂeﬁa%e anti ci pat ed

duration of gal vani Gon-Biafg ekdnibs of &dAdh s!a&iﬁhaﬁl%‘abk%lahbé’torcﬁih@d@f
- consunption of the metal as the sacrificial anode. i s possible for one

ski | | ed i n1Phe metafs tp be pratested aigperndn Tzl 6

L

Table 1
Cathodic Metal to be Protected | Sacrificial Anodic Metal
Iron Zinc, Aluminum, Tin
Copper Iron + Those to Protect Iron
Nickel Copper + Those to Protect Copper
Titanium Nickel + Those to Protect Nickel
Silver Titanium -+ Those to Protect Titanium

Of the various possible metals, transition metals are preferred because
such metals have low ionization energies, positive oxidation states, high
15  melting points, high boiling points, high electrical conductivity, maileability,
and other desirable properties.
The amount of anodic metal within the polymer can range from about
0.1 % to about 95%, and preferably from about 5% to about 40%4. All percents
are weight percents to the total solids of the flowable material. The amount of
20  anodic metal to be included should exceed the anticipated duration of galvanic
protection, taking info account the rate of consumption of the metal as the

sacrificial anode. It is possible for one skilled in the art to make computations




30 Cctober 2006 to determine a preferred anpbunt of anodic netal | oading
into the flowable material. Metal particles can be any el enent | ess noble
than the netal to be protected. Preferably, the nmetal pgg Octbber 2006 zi nc
because of |ower cost than 5 other netals and because zinc is |ess noble
than iron, the netal nost often protected by cathodic protection systens.
Alternatively, one can use alum num in circunstances where there is
concern about the use of zinc in the environnent. As the Mlitary
Specification Galvanic Table indicates, there are nany suitable alloys of
al um num and anot her netal suitable for corrosion 10 control. Zinc
particles are weeRBSE 2 &Méﬁd@béﬁn&ﬁ@ﬂbﬁuﬁﬁh@mmﬁéﬂaﬁaﬂ?wi ty Zinc
Metals LLC of Clarksville, TN, Hunel Croton, Inc.; and Trident All oys,

Ltd. Al um num ’ﬁé"?’fwrlcl es are comercially avail abl e from Eckart, Inc. 15

Pl owabl e Materi al ydhgakicryehng aﬁrﬁleﬁe@ es%ﬂle%ﬁh@&%fal%e' y active or
inactive. An electri cal ly inactive flowable nmaterial is nore cost

ef fective wit horeteeied. rfi’féféIﬂIv)V the gastalieartiales apazincdeeuse pidoppreosiban nvent i on.
However, i ts Wth&%é#ﬁfanmg.}a%zﬁhmm&%mhaﬁ%émfeeleéeloﬁtmthe conductive
medi a by having the f material to al'so be electrically active to
i mprove el ect rpatectedipagiodicpratersionssiemai Alteraativelyt end qan vk BwmPHE net al
substrate to b BEahEaEEdcR h08 i AAdABoRMNE kOB AL Al m Parti cl es

i nterm xed vvlt t he conductive ne alnt ematerlal are the
sacrificial anetésimegsnads haMilitay F&*ﬁ‘aﬁ?ﬁltleeGdﬁ’ﬂqu Behle indighley; thesdrei ve f 1 owabl e

materials are Goating or a
nol ded or extrugg’d&ﬂ%brlgﬂh%g?fagﬁ%w as p%?%@?‘;sm?’%é%ﬁ% Ok?el'rgc{ssm acrylics,

epoxi es, ubkt hemérsl. al kyds, uv-curable or el ectron-beam cur abl e acryl at es,

pol yvinyl chloride,z aIL i ds@Fe co %L"YWQ Jﬂaﬁ‘lk %"h?‘}“g‘?éy nyI acet at e,

i ononers of ethylene I C aC| uoropol yners ners of silicone,
phenol i ¢ resi n&incistagilie of Patkyeid, del; Humel Croton, Inc.; and Trident AHoys,

Ltd. Aluminum particles are commercially available from Eckart, Inc.

15 Flowable Material
The flowable material can be electrically active or inactive. An
electrically inactive flowable material is more cost effective with electrically
conductive media of the present invention, However, it may be desirable in
some embodiments to assist the conductive media by having the flowable
20  material to also be electrically active to improve electron fransfer in the galvanic
circuit in which the metal substrate to be protected is the cathode and the metal
particles intermixed with the conductive media in the flowable material are the
sacrificial anodes.
Non-limiting examples of electrically inactive flowable materials are
25  any polymer capable of forming a film or coating or a molded or extruded
product, such as polymers from olefins, acrylics, epoxies, urethanes, alkyds,
uv-curable or electron-beam curable acrylates, polyvinyl chloride, polyester,
polyvinyl alcohol, ethylene vinyl acetate, ionomers of ethylene acrylic acid,

fluoropolymers, polymers of silicone, phenolic resins, melamine, polyamide,




7 30 October 2006 natural and synthetic rubbers, styrenic bl ock

copol yners, polystyrene sulfonic acid, polyacrylam de, polyvinyloxazoline,
and pol yet hyl eni m ne. "Pol yners"” means natural |l y-occurri ggQuableersos

synt heti cal | y- produced polyners, conbinations of naturally-occurring

pol ymers and synthetically 5 produced pol yners by physical or chem cal
interaction, or conbinations thereof. Al principal fornms of polyner
physi cs are acceptable for use in the present invention: thernoplastic

pl astics, thernoplastic elastoners, thernoset plastics, thernoset

el astoners, and the m xtures of themw thin such four 10 corners of polyner

physi cs. Ther rpfhralsini 6fntREerBb&S, efy it Hiok cqRsoned, polkayent aligr and

application, but_ thernopset plastics are preferred for performance results.
A non- i mi ti ngadd gplverylaridepehmioglopplnretdgnbisihyleriide can  be found at

www. Pol yOne. com Th?o?ﬁkﬂé"ﬁéaﬁ AdtulaBy-8ieRk Yoty RErs"QRmBHASI Y incdd S
adhesi veness can be 5 natural I%qroccurrl_ng or generated’ bﬁﬂpl astici zing
and tacki f yi ngpdyasrs.compingions of nahiralivrageyriing pobimetwdpyabtticalithesi ves can be
found at wav. 3Y.GREN pdPGers icHRR AR Hferd-fod, BEcililbeng! POIVITET IS
that it be capg%le gfygng| g gs_aag%nderezr %érrfer a'ornthe conbi nati on
of conductive #ewph and netal particles therein. 20 Commercially avail abl e

thermopl astic and the i : IR, i -nal nts and ot her

filmformng conpod%h g@?ﬁ%?ﬁ%*ﬁgﬁ§??ﬂ%§%ag$?%%tat|%%%Q%QP?%Qr(r) br and

pai nts and coapierrgt venivi/atherpaplasic pMsivschpoloplgsticidstotyg; themageict s of

Sherwin-WIllia I . (e} brand paints and

coatings from g%f\'ﬁ"n l?g%{s(r%% %i&%e%tﬁ%@x&ﬁ%%f%&&@ﬁ&ﬁ%&f Fical | y active

f1 owabl e nif er carhess of nolymies physigs. t Bistreorilastiesee ppefesehfor easewnt i on. |1 n one

enbodi nent, th ' 2 t] I WM articles and

conducti ve ned?%ﬁ% g%%#ﬁghgxgﬂﬁﬂg%g?%%%&gﬁggé%&ﬂ¥%?%§%&§ontinuous phase of
performance results. A non-limiting list of acceptable polymer chermistries can

be found at www.PolvOne.com.

The polymer can be adhesive or non-adhesive. Its adbesiveness can be

15  naturally occurring or generated by plasticizing and tackifying agents. A non-
limiting list of acceptable adhesives can be found at www.3M.com.

The common denominator to the choice of polymer is that it be capable
of serving as a binder or carrier for the combination of conductive media and
metal particles therein.

20 Commercially available thermoplastic and thermoset polymers include
commercial paints and other film-forming compounds, including without
limitation, Valspar® brand paints and coating from Valspar of Minneapolis, MN
USA; products of Sherwin-Williams of Cleveland, Ohio USA, and Rustoleum®
brand paints and coatings from RPM Industries of Medina, Ohio USA.

25 Electrically active flowable materials are also suitable in the present
invention.

In one embodiment, the electrically active polymer with metal particles
and conductive media therein is a dispersed phase within a continuous phase of
flowable material. The dispersed polymer is analogous to gel particles as

30  identified in U.S, Pat. No. 5,270,358 (Asmus). Alternatively, the polymer with




flowabl e material. The di spersed polyner is anal ogous to gel particles as
30 identified in U S Pat. No. 5,270,358 (Asnus). Alternatively, the
polymer with 8 30 Cctober 2006 netal particles and congsyCdtyben2gd6
therein can be introduced into a latex of the flowable material in water.
Thus, a corrosion protection paint can be forned wherein the
pol ymer/conductive nedi a/ netal particles phase has sufficient
concentration to provide conduits of conductivity for protection of a 5
nmetal substrate, once the water or other solvent has been renoved or
evaporated. In another enbodi ment; the polyner with netal particles and
conductive el fahteieian @ntuctiveBetnthelelnsnbd Rirdhiced nidla @At 0€0- coNnt i nuous,
whether in the, form.of an_i nterrp(sarﬂetrati ng netwqrk, .a bi ﬁonti nuous

Heta

structure, or pRdoVphematerialipy 5> B &P PIRLFIPR RAY&MYPSi on pressure

. sensitive adhegirnvel mesﬁhﬁla?ﬂyinerfédn&cﬁv&&dia/ﬁi@taz fephRd hedi etz et al . ),
with the polynmer with netal particles and conductive nedia therein

qual i fyi ng as STHGHE congentetionte pravide saaduis of cophgtiebifverrneelianAi 5 Theref ore,

any solid car bpRar&esid Bice iHeatatd: BAshdrSol¢aR 8 RePemBlQW-di Ng el ectron
transfer is a potential candidate for use in this invention. As stated

above, the carP¥BEUBEded el ectron transfer agent takes the form of

particles, platel qhamtﬁér%mémedmﬁépc@ﬁﬂerm A&Afﬁmé%@f&ﬂﬂd&ﬁ&é ons

thereof. In order for the conductive nedia to Be particularly effective in
el ectron 20 tmgdistherein apdgsecondBewablematerial prgee-cordinpousyiisiteer imther i al , t he

conducti ve medgam of RoutethehdindibaAsRSlicdnfhlols (ARG hé A, 3Rgut 1 to about
20,000, and preferably fromabout 100 to about 10,000. To achi eve such

aspect rat 1®s, aprrolwperiaed misrgmeision erepain wrdliw adhesivg disdosedimbithg a 1 ength
rangi ng from apguir, k @055 PrRROMLL L itihe R bfh feAPbid oM 25 about 1 gm
to about 20 gm ando_a’vm' dt h( or diaa)}’r?tler er%%glll ng&?rgm %%%ut 0.5 nm to about
100 gm and pr edndreiive neflie Siereiboulilydges Agentiouais polymeiphgip Al so, such
conductive nmedi a shoul d have resistivities ranging from

Conductive Medium
15 Therefore, any solid carbonaceous material that is capable of providing
electron transfer is a potential candidate for use in this invention. As stated
above, the carbon-based electron transfer agent takes the form of particles,
platelets, fibers, tubes and the like, and combinations thereof.
In order for the conductive media o be particularly effective in electron
20  transfer in an electrically inactive flowable material, the conductive raedia
should have an aspect ratio ranging from about 1 to about 20,000, and
preferably from about 100 to about 10,000.
To achieve such aspect ratios, preferred conductive media are elongate,
having a length ranging from about 1 um to about 10 mm, and preferably from
25 about1 pm to about 20 pm and a width or diameter ranging from about 0.5 nm
to about 100 pm, and preferably from about 0.6 nm to about 10 um.
Also, such conductive media should have resistivities ranging from
about 1 x 10 Ohm-cm to about 3 x 10 Ohm-cm, and preferably from about 1 x
10 Ohm-em to about 5 x 10" Ohm-cm,




about 1 x 10-8 Chmcmto about 3 x 102 Chnvcm and preferably from about 1
x 10.6 Chmcmto about 5 x 10"" Chmcm 9 30 Cctober 2006 The

car bonaceous conductive nmedia can be present in an anoungQ Qctbbey2edeut
0.01 to about 10 weight percent of total solids of the flowable nmaterial.
O possi bl e candi dates, carbon fibers and nanotubes are preferred 5 because
of their large aspect ratios in spite of their short |engths. For exanple,
carbon fibers easily can have aspect ratios greater than 10:1 (L/W and
nanot ubes can achi eve such aspect ratios in spite of being an order of

magni tude or nore snaller in dianeter than the carbon fibers. If nanotubes
are sel ected for usSHe catbdgiceonsaddusiave atetiaesm redefidh e bacudiof 10

mul ti pl e-wal | ed napot s. ,Singl e-wal | ed carbon na upes i s an energing
t echnol ogy tha?m gmﬁnt'dgﬁé‘? Fhogt l%s‘ff‘& taférc‘?nﬁ%)‘g%ta}cﬁog@q &ﬁﬂg‘?"i‘f‘bl& S. Patent
Publ i cati on 2093845682 (Colbert et al.); PCT Patent Publications WO

97/ 09272, m98/052§g@\4€6001 17102, WD 00/ 17101, WD 01/ 30694, WO
02/ 016257, WO 00/ 2635e9ssibipeandidatey, sarbevfibeppng prnvsibssare PyoE/ 004741, WO

01/49599, and W3/ 0ZRR BBae asheRMMABEGH i{e)bfﬁi\é@isﬁdi‘pﬂeﬂ%tﬁQuF&%ﬁmﬁﬁle,car bon
fibers and nanotubes currently include the Panex(r) carbon fiber product

line of Zolt ek S¥Bep#esqagly can havepspegtaptios grepestiautd:l /RO apdbri|l nulti-wal | ed

carbon nanot ub@aik®eih ablifR sith aspd¥iRelidsARs i@ bAbASE s drﬁér%'i"ﬂﬁ%&j%@' of
Canbri dge, Massachusetts, and the 20 buckytube sinhgle-walled carbon

nanot ube produ€t mPeFEalE idrpeer thagdhrredonAbtsgi es, Inc. of Houston, Texas.
Optional Functional lfﬁ%tﬁemgﬁéc%ﬁf%gé,%ggwam%%%eg p?éf@rﬁeﬁi&@n transfer
rbo

within the gassiv_e galvanic circuit, one “can alter the carbonaceous
material t &V pr tple-valleddaratybes.ci al metal particles 25 therein, thereon, or

thereat. The techni Siable il @lrdh SadoRBENESn Eﬁ&ngi]ﬂg?écﬁ&ﬂ%gﬁ/fthat'ﬁet als onto
carbonaceous material, such as nanotubes. Si r techni ques can
preferred, such as those disclosed in U.S. Patent Publication 20030075682
(Colbert et al.); PCT Patent Publications WO 97/09272, WO 98/05920, WO
00/17102, WO 00/17101, WO 01/30694, WO 02/016257, WO 00/26138, WO
15 02/02659, WO 02/064868, WO 03/004741, WO 01/49599, and WO 03/020638.
Commercially available sources of carbon fibers and nanotubes
currently include the Panex® carbon fiber product line of Zoltek Corporation of
St. Louis, Missouri, the fibril multi-walled carbon nanotube product line of
Hyperion Catalysis International of Cambridge, Massachusetts, and the
20  buckytube single-walled carbon nanotube product line of Carbon
Nanotechnologies, Inc. of Houston, Texas.
Optional Functionalized Conductive Media
To improve the electron transfer within the passive galvanic circuit, one
can alter the carbonaceous material to provide the sacrificial metal particles
25. therein, thereon, or thereat. The technical literature teaches the plating of
metals onto carbonaceous material, such as nanotubes. Similar techniques can
be used with fibers, platelets, etc.
Examples of such literature include Ang et al., "Electroless Plating of
Metals onto Carbon nanotubes Activated by a Single-Step Activation Method"
30 Chem. Mater. 1999 11(8); 2115-2118; Choi et al., "Spontaneous Reduction of

10




be used with fibers, platelets, etc. Exanples of such literature include
Ang et al., "Electroless Plating of Metals onto Carbon nanotubes Activated
by a Single-Step Activation Method" 30 Chem Mater. 19980 OkitSber 2006- 2118;
Choi et al., "Spontaneous Reduction of 10 30 October 2006 Metal Ions on
the Sidewalls of Carbon Nanotubes" J. Am Chem Soc. 2002 124(31); 9058-9059;
and Govindaraj et al., "Metal Nanowires and Intercalated Metal Layers in
Si ngl e-\Wal | ed Carbon Nanot ube Bundl es” Chem WNater. 2000 12(1); 202-205. 5
To inprove the electron transfer within the passive galvanic circuit, one
can also alter the carbonaceous material to functionalize its surface to
bond i nher ent Mgtat tiagloicthe Sﬁle\pﬂlsy)ﬂéarbbmﬁaxeit@ss"‘ﬁtﬁan ChanRocc2002 i t erat ure

t eaches such ati.o ch.iterature include Lu et
al., "Organic E%%@tﬁgﬁgbfgzﬁdiegwlﬁmfﬁg l\%’éﬂ&u witgs tﬁﬁ?‘?ﬁ{%otubes by
Di el s- Al der lomnayeﬁsriﬁSméle-mﬁmﬂehib@ﬁNaﬁHt@SHBlﬁaﬂl@ﬂ'bh@h@Aatbﬁtmoo 2002 4(24)
4313- 4315 and d_g "Functionalization of Carbon Nanotubes by Free
Radi cal s" Ore. F2{LEgp2 %03 5(9) 1471-1473. Particularly preferred as an

i nherent|y §0ndUCt|T&n@ﬁiv&!ﬂﬁreldcﬁoxﬂranm%ﬁHie%ﬁfssﬁ@EM@nd’duB&tSdiﬁh as
disclosed in U'S 43;5 968, 417 15 (Vi sawgnat han) and npre

particul arly t REelPEHRE "e‘iﬂbePa"P‘Eﬂsm a9 prstion lﬁ?tségrfac‘?&]?%dt TMinherently

conductive pol meﬁﬂmgd&ﬁwdﬁmme&yo C’ﬁﬂT@cﬁﬁc@ﬁ%t&@{each@mny LLC as
Li gno- PANi TM pal Regardl ess of the type of alteration of the

car bonaceous nﬁiﬂé?‘?n&hmti?li E’@mpk%%iuﬁlléeﬁaﬁm‘p’éiﬂf‘@ﬁ%%%h Hatifod either before

mxing into t h@“uﬁdh@ﬂﬁ?elﬁ%n6%@Sidé%/alls%@c%o@m&ﬁubewmﬁl@éhdérOn' ¢ Conductivity
for Flowabl e Materi al desirabl e, the mat eri al can be nade

ioni cal |y é®ndiendtipns: tAeTheéWH%B@dFH@"&L&—I@m 2@8&@6};‘%311914@]5/5 ##d t he cathodic
protection sys etIlh@Fu&QMH%bﬂgf@Eﬂn@ﬁ&@ﬂb&%%e&@&&&ﬂ@" ®f.can be m xed
into such ionica 2y
Lett 003 5(9) 1471-1473.

Particularly preferred as an inherently conductive polymer isa
substituted polyaniline such as disclosed in U.S. Pat. No. 5,968,417

15  (Visawanathan) and more particularly that marketed by PolyOne Corporation as

Teslart™ inherently conductive polymers and previously by GeoTech Chemical
Company LLC as Ligno-PANI™ polymer.

Regardless of the type of alteration of the carbonaceous material, it is

feasible to perform such method either before mixing info the flowable rnaterial
20  orafter.

Optional Tonic Conductivity for Flowable Material

If desirable, the flowable material can be made ionically conductive to
enhance the overall conductivity of the cathodic protection system. The
conductive media and metal particles can be mixed into such ionically

25  conductive flowable material.

Non-limiting examples of ionic conductivity for polymers that are not
inherently conductive are found in the vast patent portfolio of 3M Innovative
Properties Company, among other locations known to those skilled in the art.
Such examples of ionically conductive polymers are generally concerned with

30  biomedical electrodes where transport of an electrical signal from the

11




25 conductive flowable material. Non-limting exanples of ionic
conductivity for polyners that are not inherently conductive are found in
the vast patent portfolio of 3MInnovative Properties C3ondaiagbep200§ ot her
| ocati ons known to those skilled in the art. Such exanples of ionically
conductive polyners are generally concerned with 30 bionedical electrodes
where transport of an electrical signal fromthe 11 30 Cct ober 2006
manmal i an body to an ionically conductive material, usually a pressure
sensitive adhesive of acrylate polynmer or copolyner and plasticizers and

el ectrolyte, permts the signal to be transported to an electrically
conducti ve eIﬁmﬁmﬁhﬁﬂﬂﬂ?uﬂmhuﬁﬁMyc@ﬂhﬁn&hﬁ&ﬁﬂgﬁhﬂgr@@3ﬂhﬁgn08tiC

el ectrical device, ace.in this Ilca ion es not pernmt a conplete
recitation of fel’i‘%‘tw‘h"élﬁ ¥ é%rylﬁﬁepiowmpeg%ﬂcf’?ﬁ pPEizsieedure sensitive

adhesi ve pol ynﬁéﬁrolj@genrﬁﬂsltﬂelsfgﬂall t0 bé Rghsporfed to%n@ac@i@mﬁcdnauauhs fol l owi ng
US. Patents: US Paf Nos 4352359 452408/: 4539996 4554924; 4848348;
4848353: 501 284imen ptualiyfo ¢ disppeutspy digguysticrbeshicghdevisss2420: 5385679
5389376; 5499966; kgméﬁ§%§§§>héﬁ&9@%éno Q2O m PiondP8R180; 5536446,
5536768 5650060: 5660178: 2660892 56 0557; 5674561: 5702753; 5730126;
5779632: 57979W8ay type i bpicakpawdusive presgsgenstive aisgve pUpngs3Ons947961: and

5952398. In ansﬂlﬁ'éiiliﬁiHe'aﬁhsmﬁfb\é!e&RﬂH@fbﬁlomg'(ﬁs PRRQNUS, PEONEEL I On 1S desired,
an espem ally 2 eferred 1onical %Scon uctive mediumis disclosed in U S

Pat . . 155 BB 4P HORT;i 4061 1954974 4548148596853 FRRBIGHit3E50Y conducti ve
agent COWD“ seg@fs7; @ﬁ‘?d@ﬁb | %3@@@%2&2’@5383@@ '5§’89§'7'61’5491@§lﬂﬁ?2ﬁ| l'y, neans for

reduci ng passivation of anodi ¢ di’'sso The ionically

conduct i vel%dﬁ%ﬁ%?%%ﬁ‘l%z&rﬁom& ﬁﬁQﬂQaﬁZpbBOb%ﬁ@éﬁ%eS63675&;(5659%5 porting
i oni ¢ char ges. sddg7d, @%@9&'%7@536% 461§ %mﬁsus%ep%f SoRIhY. §7579080MPI 1 ant,

di nensional ly stabl e stantiall'y’contacting the surface

€, apab
of the netal téglﬁégbﬁ&@&¥,é§4@ﬁ5glfﬁé3'§ior%ﬂ%eﬁW’?%,ﬁndJ\ﬁﬁ-‘S@?'P& he metal is

In an industrial environment where cathodic protection is desired, an

especially preferred ionically conductive medium is disclosed in U.S. Pat. No.
15 5650060 identified in the list above.

The ionically conductive agent comprises an ionically conductive
medium and, optionally, means for reducing passivation of metal subject to
anodic dissolufion. .

The ionically conductive-medium can be any medium that is capable of

20  transporting ionic charges. The ionically conductive medium preferably is
compliant, dimensjonally stable, and capable of substantially contacting the
surface of the metal to be protected or the structure within which the metal is
embedded.

_ The ionically conductive agent serves as an interface between the anode

25  and cathode of a galvanic circuit and inhibits formation of a passivation layer at
the surface of metal particles in the flowable material. The cathode of the

galvanic circuit is the metal to be protected; the anode of the galvanic circuit are

the metal particles in the flowable material.

12



enbedded. The ionically conductive agent serves as an interface between the
anode 25 and cathode of a galvanic circuit and inhibits formation of a
passivation |layer at the surface of nmetal particles in 860©dtbbenk0es
material. The cathode of the galvanic circuit is the nmetal to be

. protected; the anode of the galvanic circuit are the netal particles in
the flowable material. 12 30 October 2006 Nonlimting exanples of
ionically conductive nedia are natural and synthetic el astomers such as
rubbers and guns, hydrogels, and hydrophilic pressure sensitive adhesives.
Preferably, to provide both ionic conductivity and a conpliant structure 5
to the nmetal arti cITéinin@tiﬂwxpmpiesecrfﬁ@ﬁbally bxmdh@hbnmﬂilayrematmchhmtdi ve nedi um of

the present dro nl |m of hydrogel
i onical ly cond[}ynt%%vcé&?r%o els rastlﬁ erﬁoarngb ‘%1‘ %W@ﬁl&&e pol yacrylic
aci ds, poly( rrepmmmrsszzhmtozead]nedlses. pol yal | cyI ene OXI des poI yV| nyl al cohols,
pol y( N-vi nyl | act arEFéf ﬁ{}){ ol rylam.des, pol %ﬂglet h am des, and
t hose gels conprising 4 d'?’(?&%%\%&%ﬁléor&ﬁwnéﬂg‘iv% aefﬁéﬁ? lE':Il“f(‘)sed inUS.
Pat. No. 5,270t3h8meiaFaiidlsio.be pivteicd) @f RhRMlyconttave @digalbt #ie conduct i ve

medi um of the pres nyenti.on _can be a hydrophilic pressure sensitive
adhesi ve t hat ?Sﬁlﬂgm"ww r]‘g"kﬁ’g‘?llducti ve. Nonlimiting exanpl es of

hydrophi li ¢ pressurMorsigfitig dxstplasdfasirsgs iondaBy bddBh@ive M¥die RAELCt | ve pressure
sensitive adhesive co oslt ns d| scl os d in U.S. Pat. Nos. 4,524,087,

4,539, 996; 4, SEFSGHUWe apolgasylic s, prly@ebacrdicasigs.473 ( Duan) -

5276 079(Dua 1edlicad )odé S Glcohds, BblyN-vihyl 1adkhnd), 952, 398 (Dietz et
); and ?%geg?ge%ﬂdﬁesﬁ ossgd%ﬂﬂ s% }@JINOS RE3135454 (Hynmes); 20

|
4 391, 278 h&PlEaYlamidesy goxwﬁﬁwmﬁem%éoie@s{sm@% di ng); and
4, 635, 642. The hjlresMoils hveRlihS AxhRMRSdan DY, PAEKD.G 0GSSUr € sensitive

adhesi ve (Asmus), |

More preferably, the ionically conductive medium of the present

invention can be a hydrophilic pressure sensitive adhesive that is ionically

15  conductive. Nonlimiting examples of hydrophilic pressure sensitive adhesives
are jonically conductive pressure sensitive adhesive compositions disclosed in
U.S. Pat. Nos. 4,524,087; 4,539,996, 4,554,924; and 4,848,353 (all Engel);
5,225,473 (Duan); 5,276,079 (Duan et al.); 5,536,446 (Uy et al.); and 5,952,398
(Dietz et al.); and adhesives disclosed in U.S. Pat. Nos. RE31,454 (Hymes);

20 4,391,278 (Cahalan); 4,699,146 and 4,750,482 (both Sieverding); and
4,635,642. ,

The present invention can use a polymeric pressure sensitive adhesive
prepared from acrylamido-2-methyl-propanesulfonic acid, in any salt form,
("AMPS"), commercially available from Lubrizol, Inc. of Wickliffe, Ohioor a

25  N-vinyl-pyrrolidone/acrylic acid copolymer pressure sensitive adhesive
disclosed in U.S. Pat, No. 4,848,353 (Engel).

Optionally, one can provide dimensional stability for the ionically
conductive medium by providing a scrim or other reinforcement for the
medivm. Nonlimiting examples of scrims are disclosed as used in the formation

30 ofadhesives by a solventless process in the Engel patents disclosed above,

13




prepared from acryl am do- 2- net hyl - propanesul fonic acid, in any salt form
("AMPS"), commercially available from Lubrizol, Inc. of Wckliffe, GChio or
a 25 N-vinyl-pyrrolidone/acrylic acid copol ymer pressure3g@tobelr20ashesi ve
disclosed in U S. Pat. No. 4,848,353 (Engel). Optionally, one can provide
di mensi onal stability for the ionically conductive nediumby providing a
scrimor other reinforcenent for the nedium Nonlimting exanpl es of
scrinms are disclosed as used in the formati on 30 of adhesives by a

sol ventl ess process in the Engel patents disclosed above. 13 30 Cctober
2006 Also, optionally, one can enhance the ionic conductivity of the

i onically conducti V@s@ﬁﬁﬁdﬂmﬂﬁﬁn@&ﬂhﬂﬁnﬁm&i&hﬁc&{du&ivﬁ?bfﬂﬂé%hﬁ:aﬂ? t he medi um
Halide salts of alkali netals_are preferred_typical é conprising |l ess than

about 10 wei gFRPIPRENE BEBOYRALNGRBTGOT Ageiotc ok Tptidents, and the
Duan patents Ssgi srdiRsiGnédle b bRRRd BIhREHY Qlnhisg fe@ ihitSBoktnohydr ophi i ¢
pressure sensitive adhesives. LiCl is particularly preferred as an

el ectrol yte. AM8ight nspentoh Bremedivgy Aegndhekaas patentspand thePyepestede an

anti - passi vat i @clos@46dbtablk cfctrolRes THARS id RirdhEtt fleldrRasgiwat i on, preferably
a metal conpl exi %% a %ﬁt ?hgtoﬁ%ci | tat@; tpr angffeer % ggl vanically active

metal ions fropdhereesndi@lis pgtiaderlyereereadias prdectrobtsnar d the metal to be
protected. Such co b j, WAL e but
unexpectedly are ug@%ﬁﬁb@%m?%gﬁgéﬁggﬁééggg@?ﬁgkﬁé¥¥m?ﬁ%hﬁ§$§| to be

di ssol ved anodpgsat I, a Mppas forcwpihgrdssivatinganeferablp hinistal conipdexingpci pi tati on of
gal vanical ly agtJ I fgglt, ! sivation

| ayer about thgéélﬁgtgzglfg@g%saﬂr@%ﬁée |%ﬁ%@ga¥#%%§%?§hﬁg{ngﬁya t Ql%grmati on of
t he passi vi i obe $agsjféged, towardtireunadd] yo equstested. Bechcomplexing agents hee gal vani ¢
circuit. Conpl exi ; ik I i onkeal j ve ;aagent of the
present invent ?%girl]lﬂ%?lg@yte osa(-;P cong+ e&%}ﬁegﬂiaé%%;?%%&éﬁﬁgP%&g%&%ébqu of
intimately di $saretal bgpectissolvéianedisadlydi ssol ving into the ionically

conduct i ve edi Um | fhcd. &0pRNASkcrkd 13l P8E Bk BiiBRLE Shilaty &L O

; : e
gal vanical ly active 10ns g
metal ions that otherwise would form a passivation layer about the metal

15  particles in the flowable material, Formation of the passivation layer
prematurely ceases the current of the galvanic circuit.

Complexing agents useful in the ionically conductive agent of the
present invention are those complexing agents which are capable of intimately
dispersing or otherwise dissolving into the ionically conductive medium in a

20  manner that permits controlled transfer of galvanically active ions through the

| ionically conductive medium. Some complexing agents are of a suitable size
. that permits multiple complexing of multiple portions of the complexing agent
with the same metallic ion. Other complexing agents provide a single
complexing site for galvanically active metzal jon.

25 The complexing agents can be selected from the group consisting of
molecular complexing agents that ave free for diffusion and polymetic
complexing agents that remain in the ionically conductive medium.

Nonlimiting examples of molecular complexing agents are

ethylenediamine tetraacetic acid and its salis (collectively "EDTA"), cyanide

14




ionically conductive nmedium Sone conpl exi ng agents are of a suitable size
that permts nmultiple conplexing of multiple portions of the conpl exing
agent wth the sanme netallic ion. O her conpl exi ng agengs Qutober2006 si ngl e
conplexing site for galvanically active nmetal ion. 25 The conpl exi ng agents
can be sel ected fromthe group consisting of nolecular conplexing agents
that are free for diffusion and polyneric conplexing agents that remain in
the ionically conductive nmedium Nonlimting exanples of nolecul ar

conpl exi ng agents are ethylenediam ne tetraacetic acid and its salts
(collectively "EDTA"), cyanide 14 30 Cctober 2006 conpounds such as NaCN
and KCN, and t timgeyadsatieh . Opdiund G el thncpaSEhbmayrdndéS@l asNonl i m ti ng

exanpl es of po iC | exi ng agents are poly(vinyl amnes), poly(allyl
am nes), pol y(}élﬁ@N dﬁ%@@nes% poly(ethylenimne)("PEI"), 5 polyvinyl

pyr hd' )nes)of pﬁl y( vnmﬂmﬁtwge@hlﬂwsof@ﬂyggib wx@wmrlga@élmwcﬂﬁdmwgl é( al kyl ene
oxi des). t hese n iS pre e ue to its
comer ci al avaffa3fi 13%&953' mF%’vP i:yz@fylerieta?“{? %{]tﬁ‘lﬁ%mﬁfﬂ &%%fﬁm a pH range
corrpatl bl e s tpolydﬂmyppyrﬁfneg)gpdﬁ(@mﬁqgﬁ]@g)cgsﬁm iyl WefabhE)Rmd its availability
in an 10 aqueog@géﬁ% t| on form its nonreactivity with the preferred

hydr ophilic pr eng@idss) i ve adhesives used in the ionicall y conductive

medium and its e|@ﬂhés@@&lﬂ;ﬂbzﬁﬁ%ag%ﬁtﬁ@'ﬂlistﬁesﬁrﬁfy@#ﬁﬁﬁdtdusm| etion of the
galvanic circuit duration exi ng\gtf gent s.can_be added to the ionically

conducti ve nedFW?rﬁlalaXﬁVbé’fWétéﬁqv‘(/@s iy i@ PElgAY®E as a conpl exing

agent for a di &ﬁ:@ﬁaﬁﬁ@w&tﬁﬂi@i}%ﬁeﬁﬂﬁwﬂ@&i&e@@uﬁcﬁﬂés?i\ts%ﬂglﬁlh RekGENt rangi ng
from about to about 15 wei percent of the ionically conductl ve

nmedi um Pr éq er &Begus selytion fRen %tﬂf’mﬁﬁh&@hwth g grsteried Bydrepbdisrresis about 6

wei ght per cent genéifivél@medived Q5bdaPa¥ fonidhiMedn@ilv&xedtmament reduces
passivation of the sacrificial nmetal by stabilizing the netallic ions

formed by the gledtoshemicsd stabjfity; thggughout completion of the galvanic circuit duration.
Complexing agents can be added to the ionically conductive medium in

any effective weight percent to serve as a complexing agent for a dissolved
15  metal, and desirably in a weight percent ranging from about 1 to about 15
weight percent of the ionically conductive medium. Preferably, such weight
percent ranges from about 3 to about 6 weight percent.
As described above, the complexing agent reduces passivation of the
sacrificial metal by stabilizing the metailic ions formed by the dissolution of the
20 metal. Such stabilization includes both solubilizing of the metallic ions and the
inhibition of the formation of a passivation layer at or near the surface of the
sacrificial metal.
Optional Inherently Conductive Polymer in Flowable Material
To additionally enhance electron transfer, the flowable material can also
25  include an inherently conductive polymer, such as polymers having repeating
monomeric units of aniline, thiophene, pyrrole, phenyl mercaptan, and the like.
Other inherently conductive polymers are selected from the group consisting of
substituted and unsubstituted polyparaphenylenevinylenes, substituted and
unsubstituted polyanilines, substituted and unsubstituted polyazines, substituted
30  and unsubstituted polythiophenes, substituted and unsubstituted

15




20 nmetal. Such stabilization includes both solubilizing of the nmetallic
‘ions and the inhibition of the formation of a passivation |ayer at or near
the surface of the sacrificial netal. Optional I|nherentB3§ (stoBeeR006

Pol ymer in Flowable Material To additionally enhance electron transfer, the
flowabl e material can also 25 include an inherently conductive polyner,
such as polyners having repeating nononeric units of aniline, thiophene,
pyrrol e, phenyl nercaptan, and the like. Oher inherently conductive

pol ymers are selected fromthe group consisting of substituted and
unsubsti tuted pol yparaphenyl enevi nyl enes, substituted and unsubstituted
pol yani | i nes, pelpparirhensdates abstitnisd st insubsiédtep pblyzihemdenesuBddsj t ut ed 30 and

unsubsti t ut ed i pggﬁ . Lt uted.and. ynsybst. t.uted 15 30 Cctober
2006 polyparagﬁ%%@ggﬁgs, su%%%??é@%%mg%ﬁﬂﬁ sﬁggéf?ﬁwgbm%ﬁly-p-phenylene
sul fides, subspélyprmdkesambstimsidod thdqubdtiededyolygéloncahas, subuingdd andt ed and

unsubsti tuted rroles, .subst.ituted apd unsubstitute ol ysel enophene,
substituted an ﬁ%%§%3£?%$%?gﬁwﬁ5P§%§E F@E@@?a’ P@ngﬂgﬁgﬁf, and

copol yner s § hecedfictivEipelymers acatmdiosdd i @ vty spasnd igcelisclgsed in a variety
(B Senbauner ) N5 7l 10T eiabie s BERy Hogainerssa s ipiliaeidy ot aly:

5, 37?3, )4035( gggs&ggmmha@eﬂeé&aﬂﬁs,ww) 51;%1{1@%3?,4232423)(?@51«1&'&@ 862 ( :<vv;;1n Yge
et al.); 5,567, 3¢ sl.ing et al.).; ngel opoul os et al.) an
5,911, 918 (Shaé‘é}’ g’ﬁ%\g@‘t&%@?’yﬁe ﬁﬁk'hésséiﬁﬁe&v q*‘*’ﬂ‘“ﬁﬁ’é@é; 3WP0p8¢ ent s t he

i nherent |y condaugelopeulpndt yiyRad 5,91 QF18qBhadEp®set Wl ) M salRscribdin fHesh as

hydrochl ori,¢ aci.d o -tol yene syl fonic acid. Particularly preferred is a
subst i t ut edd poP§}3'ﬂ'f{"FF~’r@e OLQIcHyeRalE & ien deged withigp ecifgch g5 06, 417

(Vi sawanat han) hadiechigricecidaf p-tdtihasdifnichal, mar keted by Pol yOne Corporation
as TeslartTM inherept]ly, condyctiye polynmers and 15 previ ously by GeoTech
Cheni cal Company L L%‘%%’Ialflﬁ'@ﬁg’irﬁgﬁﬁ Wi‘i‘é’]"‘iﬁ@é’?‘ym © %ﬁ%ﬁfqlqs?f}e‘“c an al so
assi st in cont x8. Pef. Ne 03,9633  (Vikitvan @B ¥l hite paiisilsdyae s ndfkeldi®y metal to be
pr ot ect ed, add%q' to the harrier and _cathodic protection functions of:
: o 90116 Corporation as Teslart™ mherently conductive polymers and
15 previously by GeoTech Chemical Company LLC as Ligno-PANi™ polymer. A
polyaniline can also assist in control of cotrosion by passivating a surface of the
metal to be protected, adding to the barrier and cathodic protection functions of

a coating or paint using compounds of the present invention.

20 Method of Making
Combining the various ingredients into the flowable material is

straightforward to those of ordinary skill in the art. Care needs to be taken in
dealing with metallic particles which can be explosive under certain
circumstances.

25 In most instances, the dry ingredients are pre-blended together in proper
proportions in order to facilitate proper proportions when mixed into the -
flowable material. Temperature of mixing is usually room temperature because
a dispersion is desired, and a heat of solution is not required. Mixing speeds
need to be adequate to assure thorough mixing, preferably using high speed

30 cowels.
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a coating or paint using conpounds of the present invention. 20 Method of
Maki ng Conbining the various ingredients into the flowable material is
straightforward to those of ordinary skill in the art. Cgp®dtobds2006be
taken in dealing with netallic particles which can be expl osi ve under
certain circunstances. 25 In nost instances, the dry ingredients are
pre-bl ended together in proper proportions.in order to facilitate proper
proportions when mxed into the flowable naterial. Tenperature of m xing
is usually roomtenperature because a dispersion is desired, and a heat of
solution is not required. MXxing speeds need to be adequate to assure

t hor ough ni xi ng, preifderdhbigiisisiange birsth HReRa30EOWR) Se 1136039 Oct ober 2006
Order of addition can be. carbon first, netal second_ into the flowable

material : net afeiplspetabiist, erbasecnd mio s Towdle maaEab o 2 pirtiendef or a

pre-blend of  cabhpmdaiehl MR 1adr nfihe bt Lsdriwkh BE ABW-0I0G.488r Wi th the
flowable material. Cowels are not usually needed for dry-blending the

carbon and met &0WEk et ngt ussallyageded fior deeblserting the/earbopand mgfakipleeds can range
from about 200 c$ReaReWddi2000 rpm and preferably from about 500 to about
1200 rpm Useful ness of the Invention 10 Metal to be Protected A gal vanic
circuit is forned iMixngspprdssaarangefipanbiont200 {4 abhutt?Ae0 wetaatl to  be protect ed

serving as thepeathade.m, Lhike SO g&hllt' iain the flowable material as
f ag : Y?Jeorslzglgnoble netal particles in the

the el ectron transter agent,-and the
flowabl e material as the sacrificial anodes. Optionally, the flowable
materi al 15 can be Usfidesedf thoi@dibhy conductive or contain inherently

conducti ve pol ymer Sl I t A gnEanE 1t he amount of electron transfer in the
fl owabl e m; erial. | be protected via this galvanic circuit,
whether within a A galvanic circuit is formed in the present invention, with the metal to
be protected serving as the cathode, the conductive media in the flowable
material as the electron transfer agent, and the less-noble metal particles in the
flowable material as the sacrificial anodes. Optionally, the flowable material
15 canberendered ionically conductive or contain inherently conductive potymers
to enhance the amount of electron transfer in the flowable material. '
The metal will be protected via this galvanic circuit, whether within a
structure, on the outer surface of a structure, or any other location where the
possible effects of corrosion of that valuable metal can breed. In the case of
20  iron, whether exposed girders of a structure or reinforcement bars ("rebar) in
concrete, the combination of moisture, oxygen, and an electrolyte such as salt,
initiafes natural corrosion. In the case of rebar, the corrosion begins whenever
the water seeps into the concrete following air gaps to reach the rebar, because
the concrete itself provides the electrolyte due to salts in the water used to form
25  the concrete. As the rebar rusts, the pressure of that oxide formation further
cracks the concrete, exposing more rebar to air and water. Therefore, the first
component of the galvanic circuit is the metal to be protected, the cathode.
Many other iron-containing structures and buildings need cathodic

protection. When the flowable material is a paint or coating, the application of
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structure, on the outer surface of a structure, or any other |ocation where
the possible effects of corrosion of that valuable netal can breed. In the
case of 20 iron, whether exposed girders of a structure 80 Octobéprogfent
bars ("rebar™) in concrete, the conbination of noisture, oxygen, and an
~electrolyte such as salt, initiates natural corrosion. In the case of
rebar, the corrosion begins whenever the water seeps into the concrete
following air gaps to reach the rebar, because the concrete itself

provi des the electrolyte due to salts in the water used to form 25 the
concrete. As the rebar rusts, the pressure of that oxide formation further
cracks the conéreetibodienptysiionrambs pgmetraras tesirad andeapglioded giotectther ef ore, the
first conpone e i ircuit is the netal to be protected, the
cat hode. Many %%%m%%oﬁgygﬁgg%%ﬁéﬁﬂgﬁﬁﬁg Wes and buil di ngs need cat hodic
protecti on. Wen t hdorf-hiroitiab exmpids of ineibl to be profeated bre (on,gaal, tapger, t he
application of andla 3@mm0ct ober 2006_ the cathodic protection can be

pi gnent ed as desi red - and applied to protect the netal surface and well as
enhance it s5appear aviethod dApgliicatiohi ng exanpl es of nmetal to be protected are
iron, steel, copper d alum num. 5 hod of . Appl.j cati.on Thus, the

gal vanic circuit ha'ghuﬁ’ta)t{}%g ngcc?gﬁﬂtt}’(?ﬂ’%ﬁ]ﬁéﬂ‘?qﬂﬁt}v& dpanddBeer £ ci al  anode
netal parti cl esacrifitillianoddifeislapaiclt PR simé Béwadle mahigl. Tleowabl e materi al
can then be appli into.contiguity. wi.th the metal<=substrate to be
protected. 10 ﬁSW&q?WtF?ﬂﬁa%%ﬁ‘%tﬁa@é“ﬁf‘”%ﬁ%“i%‘&f‘i"@@?ﬁ@ A9 concei vabl e
pai nting and bembiesigd.t echni ques, such as spray-painting,

brush/roll m pai nt i %),rl.knj fe- cp:[)at%rbg, sol utj on cast, and caonbi nations

t hereof. The metho e eXanRles AT aRliprinrinciyde stheonerivahiedaidting he et al
substrate, whebhBfoatili@eduliaty, aick a\PayPpaBing, Bﬁﬁlﬂr&l@r—ﬁﬂhﬂfﬁ%{kﬂiﬁj npl e

curvature, conmpound curvature, or nore conplex surface 15 configuration.
Al metallic sPriEEPREtoRCs pdegmbipptons &?eﬂ}eﬂ@FP’fethPii ghenrHestiglv ant ages of

depends on the nature of the metal substrate, whether the substrate has a surface

of planar, simple curvature, compound curvature, or more complex surface
15  configuration.

All metallic structures can theoretically benefit from the advantages of
the present invention. With the optional addition of colorants into the flowable
material, one can create paints and other coatings which not only protect the

- metal substrate but also provide color to the metal substrate.

20 Other embodiments are found in the following examples.

Examples
Examples 1-3 and Comparative Examples A-C
The following ingredients in Table 1 were chosen for the

25  experimentation, along with the order of addition and mixing conditions.

Table 1
Ingredient | Purpose Brand Source Order of Temp/Mix
Addition Speed at
Time of
. Addition
Water- Carrier Rustolevm® | RPM First Room Temp
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the present invention. Wth the optional addition of colorants into the
flowable material, one can create paints and ot her coatings which not only
protect the nmetal substrate but al so provide color to tBe O&tober2006trate.
20 O her enbodinments are found in the follow ng exanples. Exanples

Exanpl es 1-3 and Conparative Exanples A-C The follow ng ingredients in
Table 1 were chosen for the 25 experinentation, along with the order of
addition and m xing conditions. Table 1 Ingredient Purpose Brand Source
Order of Tenp/M x Addition Speed at Tine of Addition Water- Carrier

Rustol eum(r) RPM.Eirst Room Tem_ 18 30 October 2006 Table 1 Ingredient
Purpose Brand Spurce Order of Tenp/ M XableAdditi on Speed at  Ti ne; of
Addi ti on Based | Berdier |Tagese( 3pBs1ddus] $auess ( RT))Ordenelr v ||iTempMixi ds) Pri ner
| CP/ Zi nc Corros{on Catijze(r) PplyOne Second RI |[IAdfifiggh _%ﬁ‘;} Preventi on
DLPZ-1 Speed Additive Cowels b Mcronj Sacrifidial PZM i‘('{flf aPurjty Zinc
Second or RT / Fegl Zi|TBndeZT) | 36T @% DPSlinhLe- orended—S der
/ El ectron Cowel $Acrylic solids)
Primer
ICP/Zinc Corrosion | Catize® PolyOne Second RT /High
Blend Prevention | DLPZ-1 . Speed
Additive , Cowels
5 Micron Sacrificial | PZM Zinc Purity Zinc Second or RT/High
Zinc (Zn) | Metal Dust Pre-blended | Speed
Powder [Electron Cowels
Domnor
Carbon Electron Thermocarh | Conoco Second Pre- | RT /Pre-
Fiber Transfer TC-300 Phillips Blended Blend With
With Zn Zn
Multi-Wall | Electron Pyrograf-I Nano Second Pre- | RT/ Pre-
Carbon Transfer Graphite Blended | Blend With
Nanotnbes Materials, With Zn Zn
(MWNT) Inc.
Single Wall | Electron Buckytubes | Carbon Nano- | Second Pre- | RT/ Pre-
Carbon Transfer SWNT Technologies | Blended Blend With
Nanotabes Incorporated | With Zn Zn
(SWNT)

Table 2 shows the amount in weight percent of the Examples and

Comparative Examples.
Fable 2
Wt. % Comp. Comp. Comp. i 2 3
Ex. A Fx.B Ex. C
‘| Binder 100.00 85.00 85.00 $5.00 85.00 £5.00
ICP/Zn 0 0 15.00 0 0 0
Blend
Zn Dust 0 15.00 0 13.50 14.85 15.00
C Fiber 0 0 0 1.50 0 o
MWNT 0 0 0 0 0.15 0
SWNT 0 0 0 0 0 0.0375
5 Table 3 shows the testing method for the Comparative Examples A-C'

and the Examples 1-3 and the test results, corresponding to the Figs. 1-6.

Table 3
Test Method | ASTM | Temp. | Humidity | Duration | Substrate | Thick
No.
Salt Spray D117 35°C 100% 250 hr, Cold- 0.066mim
Rolled +/-
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Donor Carbon El ectron Thernocarb Conoco Second Pre- RT/Pre- Fiber Transfer
TC-300 Phillips Blended Blend Wth Wth Zn Zn Multi-Wall El ectron
Pyrograf-1 Nano Second Pre- RT / Pre- Carbon Transfer G apiOdteb8 2006d
Blend Wth Nanotubes Materials, Wth Zn Zn Inc. Single Wall El ectron
Buckyt ubes Carbon Nano- Second Pre- RT / Pre- '.. Carbon Transfer SWNT
Technol ogi es Bl ended Bl end Wth. Nanotubes Incorporated Wth Zn Zn ( SWNT)
Tabl e 2 shows the anobunt in weight percent of the Exanples and Conparative
Exanples. Table 2 W. To Conp. Conp. Conp. 1 2 3 Ex. A Ex. B Ex. C Binder

100. 00 85.00 85..00 85.00 85,00 85.00 1CP/7Zn 0 0 15.00 0 0 0 Blend Zn Dust
0 15.00 O 13.50] 14.85 15{00 Fither; 0 0 0]1.50 O]0/ildgaNT ©01@m0] 0 0.15 0
SWNT 0 00O 0%0375 5 Jable BI¢Hows the tlestinglmethod for t
Conpar at i ve Exapples—A-—Cl—apd—t-he-EXanplest1-3and-the-tgst-resllts,
cor r espondi ng tem%#§§ﬁﬁg‘. -6 Brodi oS Tdst Method—t—ASTMIFend. Humidity
Duration Substriate ThicC l%o Salt Spray D317 ,.35C|100% 250 ﬁé Col d-
0. 066nTn Overail | 0.0 3.0 8.5 6.0 40 8.0
Average 1.0 475 8.75 6.25 5.50 8.25
Fig. 1 2 3 4 5 6
Improvement S 375% TI5% 525% 450% 725% .
over Comp.
Ex. A
Improvement — - 84% 31% 15% 73%
over Comp.
Ex.B
Improvement - —— — -28% -37% -6%
over Comp. .
Ex.C

The present invention demom&ates considerable utility by comparing

average values and percentage improvement over each of the Comparative
5  Examples.

With a commercially available paint control (Comparative Example A),
adding zinc dramatically improved resistance to salt spray corrosion, but
nowhere near as successfully as using an ICP/Zn blend (Comparative Example
C) or Zn/Carbon Fiber (Example 1} or Zo/MWNT (Example 2) or Zn/SWNT

10 (Example 3).

When comparing against the Zn control (Comparative Example B), all
of the Examples 1-3 improved performance by the addition of conductive media
according fo the present invention.

When comparing against the ICP/Zn Blend (Comparative Example C),

15  the use Zn/SWNT (Example 3) is an acceptable substitute when considering
cost of materials.

Prioritizing on the basis of cost, Example 1 provides significant
performance improvement at a very small cost premium over that of

Comparative Bxample A or Comparative Example B.

20




Rolled +/- 19 30 October 2006 +/- MId Steel 0.01lmm 1.6C Exanple ABC 1
2 3 Scribe 2.0 8.56.59.06.57.0 Overall 0.0 3.0 8.5 6.0 4.0 8.0 Avera

e 1.0 4.75 8.75 6.25 5.508.25 1. 12 3 45 6 |nprovenesd OctobeB2006775%
525% 450% 725% over Conp. Ex. A Inprovenment ---- --- 84% 31% 15% 73% over
Conp. Ex.B Inprovement -- --- -- -28%-37%-6% over Conp. Ex. C The

present invention denonstrates considerable utility by conparing average
val ues and percentage inprovenent over each of the Conparative 5 Exanpl es.
Wth a commercially avail abl e paint control (Conparative Exanple A),

addi ng zinc dramatically inproved resistance to salt spray corrosion, but
nowhere near as suchessfeddayreadts usidgfiaerd bCRivhedamardiof GORparlad.i ve Exanpl e
C) or Zn/ Carbon Fihegr .(Examl e .0 / anple.2) or Zn/ SWNT 10
(Exanpl e 3). Wen (?ﬁﬁﬁé’?f‘??@%ﬂ’é%ﬁ%épﬁﬁeM@‘gﬂ%ﬁ?ﬂ%ﬁ?dﬁﬁﬁgﬁﬁ ve Exanple B),
all of the Exgmples 1-3 inproved performance by the addition of conductive
medi a
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according to the present invention. \Wen conparing against the |1 CP/Zn Bl end
(Conmparative Exanple C, 15 the use Zn/SWNT (Exanple 3) is an acceptable
substitute when considering cost of materials. Prioritizpgtobet peodasi s

of cost, .Exanple 1 provides significant perfofrnmance inprovenent at a very
smal|l cost premiumover that of Conparative Exanple A or Conparative
Exanple B. 20 30 October 2006 The nunerical results are confirmed by

vi sual exanination of Figs. 1-6. The invention is not linmited to the above
enbodinents. The clains follow 21 30 Cctober 2006 What is clainmed is: 1.-
A cat hodic protection polyneric conpound conprising: (a) flowable

material; 5 (b) carbonaceous conductive nedia dispersed in the flowable

material; and Q?iﬁﬁa%&%%ic{al metal .parti.cles also dispersed in the

fl owabl e materi al, eret®, the sacrificial netal particles are | ess noble

than a netal substrate to- which the conpound is intended to contact. 10 2.
serve

The conpound of Clgj 5 .i n the carbonaceous conductive nedia
as a carbon-based ei e&&’F@ﬁm‘?e“rE‘%’%%‘il%Pm&gwwa%&mamw the formof particles,
platelets, fibers, t(#h8swebdymateddhi nati ons thereof and optionally are
finctionalized w thgplagd tal. 15 3, The conpound of C aim1l,
wherein the car bogac%bgus &%‘% ﬁ{?ﬁ’égﬁéaﬁj%éwe#mm ywable material;

: ax

(<) sacrificial mets] particles also dispersed in the flowsbie material,

wh.erem the sacrificial metal particles are Jess noble than a metal substrste to

_ which the compound is intended to contact,

10
2. The compound of Claim 1, wherein the carbonaceous conductive gnédia
seTve 85 a carbon-based electron transfer agent and are in. the form of particies,

Platelets, fibers, tubes, or combinations thereof and optionally are fimctionalized
with plating of metal, | |
15

3. The compound of Claim 1, wherein the carbonaceous conductive media are
fibers,

4. The compound of Claim 1, wherein the tubes are multiple-walled nanotubes,
20

> The compound of Claim 1, wherein the tubes are single-wlled panotabes.

6. The compound of Claim 1, wherein the Howszble material is polymeric and is
capsble of forming 2 film or coating,
25

7. The compound of Claim 1, wherein the flowable material is a pressure
sensitive adhesive,

8. The compound of Clajim 1, wherein the metal substrate is iron-containing
30 and the sacrificisl meta] particles are zine or aluminum.
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4. The conmpound of Claim1, wherein the tubes are nultiple-walled

nanot ubes. 20 5. The conpound of Caim1l, wherein the tubes are

singl e-wal | ed nanotubes. 6. The compotnd of C aim 1, wheB@iOctober2006abl e
material is polynmeric and is capable of forming a filmor coating. 25 7.
The conpound of Claim1l, wherein the flowable material is a.pressure
sensitive adhesive. 2. The conmpound of Claim1l, wherein the netal substrate
is iran-containing 30 and the sacrificial nmetal particles are zinc or.

al umi num 22 30 October 2006 9. The conpound of Claim1, fiuther
conprising an conically conductive agent in the flowable material. 5 10.
The conmpound of Caim9, further conprising a neans for reducing
passivation. O the sacrificial netal particles. 11. The conpound of Caim

10, wherein the neags °$ﬁp‘ﬁ“@mhﬁ§in@‘3§%§%?@5@qﬁm%@5“%%9 ©Of Caim

1, further conprising an inheren I'n the Pl owabl e
material. 13. A fif yereEatEgm t he conpound of Claim 1. 15 14. A netal
substrate having a-sarfa.ce to which the conpound of Claim1l is contacted.
15. "A method of praotecting a metal  substrate, conprising:-the step of
contacting tHe dOnPBueRPRerndeifinm O, Wirther comprivies tanessp Bsradaties 20 16. A

met hod of using tpa@ivessisTdsbaaifd f=f Jari@@NPr i Si ng. appl ying the conpound
of Claiml to a netal substrate, wherein the conpound and the netal
substrate form-a galvanic circuit in which the sacrificial netal particles

are anodes and the. bt admsulbs fGikie I0SwRerea iR ogtansand cdnpladtisGhed: he
car bonaceous 25 conductive nedia serve as an el ectron transfer agent

bet ween t he anodes and .
10 12, The compound of Claim 1, further comprising an inherently conductive

polymer in the flowable material.
13. A film formed from the compound of Claim 1,

15 14. A metal substrate having a surface to which the compound of Claim 1 s
contacted.

15. A method of protecting a metal substrate, comprising the step of contacting
the compound of Claim 1 with the metal substrate,
20 ' ' '
16. A method of using the componnd of Claim 1, comprising. applying the
compound of Claim 1 to a metal substrate, wherein the compouvnd end the
metal substrate form a gatvanic circuit in which the sacrificial metal particles
are anodes and the metal substrate is a cathode and in which the carbonaceous
25 conductive media serve as an electron transfer agent between the anodes and
cathode. | '

17. The method of Clsim 16, wherejn the galvanic circuit is passive.




cat hode. 17. The nethod of C aim 16, wherein the galvanic circuit is
passive. 23 30 Cctober2006 1 S. A nmethod of nmaking the conpound of Claim
1, conprising the steps of mxing the carbonaceous conduB8giQuotoberd2e06 nt o

the flowable material and muting the sacrificial netal particles into the
flowable material. 5 19. The method of C aim 18, wherein the carbonaceous -
conductive nedia are present in an anount of-from about 0.01 to about 10
wei ght percept of total solids of the flowable naterial, and wherein the
sacrificial metal particles are present in an anount of fromabout 0.1 to
about 95 wei ght percent of the total solids of the flowable material. 10
24 : :
13, : ‘ .
A method of making the compound of Claim 1, comprising the steps of

mfxf.ng the carbonaceous conductive medis into the floweble material and
mining the sacrificial metal Pparticles into the flowable material,

5 19, ' in in 1 '

'I_he. method of Claim 18, wherein the carbonaceous conductive medja are
pre.:sent in an amount of from about 0,01 to about 10 wejght percent of total
solids of the flowable material, and wherein the sacrificial metal particles are
Present in an amount of from about ¢ 1 to abwo i

- . out 85 weight percent of the tot:
_solids of the flowable materia), -
10
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