CATHODI C PROTECTI ON COATI NGS CONTAI NI NG CARBONACEQUS
CONDUCTI VE MEDIA Claimof Priority This application

w@b@sosops i ority fromU. S. Provisional Patent PCT/US2004/035250
Application Serial Nunber 60/514, 691 bearing Attorney
Docket Number 12003020 and filed on October 27, 2003.
Field of the Invention This application relates to use
of carbon-based el ectron transfer agents in cathodic
protection coatings. Background of the Invention In
nodern society, over the past fifty years, there has
been a shift fromnetals to polyners, partly because
the latter do not oxi dize in the environnent. For
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el ements needed for the natural rusting reaction to
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from cormQab®ein 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.

19

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
corrosion.

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 from 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. Ironwork, for such diverse uses as multi-
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20 " ﬁtclgrba% I%’ICI'CIRP conguc’uvg poﬂ/mer In both cases, the zinc is the anode

of the galvanic circuit. The anodic zinc is sacrificed to preserve the cathodic
iron.

U.S. Pat. No. 5,700,398 (Angelopoulos et al.) discloses a polymeric
matrix with a conductive filler comprising conductive particles and an

25  inherently conductive polymer which are useful for corrosion protection layers

for metal substrates and other purposes.

U.S. Pat. No. 5,098,771 (Friend) discloses a fibril filled electrically
conductive composite 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.



addi ti onal conductive material. Summary of the
I nvention - \What the art needs is a neans to provide

wetdosot49e cat hodi c protection of metal substreCEESEN4/035250

10

15

20

25

reasonabl e cost by having a single coating contain
both a carbonaceous conductive nmedi um and sacrifici al
nmetal particles. The present invention solves this
problemin the art by concentrating on the conductive
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material is also filled with sacrificial metal particles to complete a Galvanic
circuit within the film or coating. Optionally, the flowable material also
includes an inherently conductive polymer to enhance electrical conductivity.
"Carbon-based electron transfer agent" means solid carbonaceous
material 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
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 inherently conductive

polymers.

“Flowable material” can be
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| ayer on the netal -containing article; or (c) a vapr,
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
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in the desc¢ription of the enbodinments of the invention

i np@pmierio cotpoundi ¢dmprireng: nfgedlcoattial cailngacdess conductive
dr medla%“?spersed 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
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,
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.

Brief Description of the Drawings
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Brief Description of the DrawingsFig. 1 is a digital
i mge of a sanple of Conparative Exanple A Fig. 2 is
i mpage of a sanple of Conparative EXBOPUS20B4/035250
Fig. 3 is a digital image of a sanple of Conparative
Exanple C. Fig. 4 is a digital imge of a sanple of
Exanple . Fig. 5is a digital imge of a sanple of
Exanple 2. Fig. 6 is a digital imge of a sanple of
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Gal vani ¢ "Series.” Such concept is disclosed in U.S.

Pat . NoFighs &rbqigitd ke asample of Eyampledr age particle
size cap. range.fromabout 1 mto.about, 25 m, and

pr ef er gﬁ‘lgygfsgao%gﬁagéﬁf‘gioﬁaosa&%%?f Ample - st
preferably about 2 nm Metal particle shape is also a

paraneter. Particle shapes can range from spheres to
p| BEmbodiments@iitleg Iayenfiont he | arger surface area per unit

vol um:II M%t@i’ééﬁfe@bl e. However, one skilled in the art

must to consideration the difficulties of
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| ow aspect ratio spheres. Wil e not preferred, .
paflestara sommupigation with theyeathashs wrobctiqg dilBRecortingithey; the
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present 1 nventi®n. The sacrificial anodic neta
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to the gathpdhstifELRE chiPraffe RORL @RLEYH ynd REatRk 25 i Rnd
of the sacrificial anode iS determned by the cathodic
mepraferatdy ronpatont? teeaboahtOurhamdindst peeferabilybgboubdd wm.
avai | ablue%atl %arti%ﬁassﬁap%fis g 30 glﬂapagneter. 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
difficulties 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,
preferably intimately intermixed in, or co-continuous with, a flowable material
that can be easily made contiguous to 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 metél candidates

is founded in the Galvanic Series, which establishes the continuum of metallic
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Sacrificial Anodic Metal Iron Zinc, um num Tin
Coppaetalsasrwell apippsemeislsPp sheCeorrosiohCrited e Gapiapia Table.
Those tQ; Pr.ot. r Jitaniu ' + T { .
prot ect NPTk eTIBRES ofeh i e RhEEinolei s 8 carhodic
Ti haspdlenm Y prodacted arel seersinPfbié bl e metal s, transition
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ioni zation energies, positive oxidation states, high
nmel t fmg—pornts, i gh boiiin@a HU[S, high efectrica
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galvanic protection, takinglinto account the rate of
consuhaniwon of the netal as |tfigkel + 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
melting points, high boiling points, high electrical conductivity, malleability,
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 402%. All percents
are weight percents to the total solids of the flowable material. The amount of
anodic metal to be included should exceed the anticipated duration of galvanic
protection, taking into account the rate of consumption of the metal as the

sacrificial anode. It is possible for one skilled in the art to make computations
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material. Metal particles can be any el enent |ess
noble than the netal to be protected. Preferably, the
nmetal particles are zinc because of |ower cost than
ot her nmetal s and because zinc is | ess noble than iron,
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2 Isome embodiments to assist the conductive media by having the flowable
material to also be electrically active to improve electron transfer 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
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,
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metal particles therein.

20 Commercially available thermoplastic and thermoset polymers include
commercial paints and other film-forming compounds, including without
limiitation, 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



and conductive nedia therein is a dispersed phase
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co e&?k%@g 59}1@&%{(&&1%%5 | eill Sad 08 {HRENRA" b % B of

polyme uctive al particles phase has
s ufHei floivenble meted arih vaitéro Thtig apomeside pnﬂemimntpanm tan be

duc ity for protection of strate, once
{ hTRE é% n gierpofynaes %ﬂfcﬁwsgwg@gﬁe@t @as gfase has
ev ﬁﬂ’ﬁﬁﬁﬁ@&ncé&raﬁﬁﬁ tt(p ovﬁﬁt%@%tﬁﬁrgf ’coﬁcﬂf‘cuﬁ%l' H‘f)fot%ﬁcth ofa

met al” particles and tonductive nedia therein and

5 seowtdd stilistrahbrcertae wrieabr ether sobvreobhmsibeemtesnovisth o her in
the formpf an interpenetrating network, a
bi SWPifaﬁ‘?fgus structure, or the like, such as a

pol yner {7 afhtier ‘éfrfb@ﬂiﬂﬁeit Qﬁb POISSSEEh BRAS phitiéRs AN @B hdgetive
di sclosed in U S. 5,670,557 (Dietz et al

wi triediarberpia) @ﬁ@rse?@r}dtﬂqmbéﬁ mp@nal aﬂa ee-canithuesh d‘(])@[t]ilt%rgn the
hgs}.gl tf%%ﬁg eg&? I y Iep"gor @10 éj 8{’{1%113? -Oénﬁe like, such

ere

10cC aﬁb@fﬂ@l&]ﬁféﬂﬁedﬁmc@éé@mﬁ)ﬂ prestifie samabzle %d@ésn&rdisdldibbﬁgn U.S.
el ectron transfer )got ential candidate for use in

t h Pat. NeveR?9.6p7 (D@qut ab b withithe olymee with msé padiskes and

ol es,
ol S PR A YA RS, coliplRE BoffincP BhlseC! o2
conbi nations thereof. In order for the conductive
medi a tg b: parilcularly effective in electron
t ransf ekCRdd ically inactive flowable

15 et er i alrpefeRRe %99@519& EafBorfREhA rSNasH) th? Gl 38 PRSiding

ratio ranging fromabout 1 to about 20, 000
pr efeetrabirgnsferona potontial taglidase drowe 1rILﬂh1sO@€hntmm Ashataivcé

h t ti di .
ol Sy BS chr e SR RSe g FRoHraBoT O Pehlic
abB}éEeléIEnﬁlﬁFsd td%@ﬁ&f @b llike,f dnanoadatdtiods thglebp about 20
mmand a wid or di ameter rangi ng fromabout 0.5 n to

about 1boondm foaﬂu: qendncivaimnedis fodie patitularly, effentive i electron

ab?ransfer in‘an electrically inactive flowable material, the conductive media
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 pm to about 10 mm, and preferably from
25  about 1 pum 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 pm.
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-cm to about 5 x 10” Ohm-cm.



Al so, such conductive nedia should have resistivities
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Ohm cm The car bonaceous conductive nmedi a can be
present in an anmount of from about 0.01 to about 10
wei ght percent of total solids of the flowable
material. O possible candi dates, carbon fibers and

tub
nanot u %e%ﬁﬁoﬁaﬁsﬁgaoﬁau&%gﬁ%? O tﬁﬁég ent ﬁ{aﬁarﬁ&pﬁ%ﬁv

ratios in spite of their sh For exa

caifitpomatioub @04 te alsiut y0 seight peree b mtal sokitls oﬁtlgrﬂmtzéaﬂe

than 10.1 (L/W and nanotubes can achi eve such aspect
a|1n spite of being an order of nagnitude or nore

S m51| | er OffpodiNERhRTid4tE2BarbHE fiB&E RADnddBE¥es -ard preferred
nanotubes are selected for use, single wall nanotubes

ar 8egRuss ef theig large mpmturm@-lwaputmf theinsharblesgths. For example,

I n.nanot.ubes is.a
¢ e MM T FALB M IR AT AT TS P pd s
i Nnbhdubdsahe ﬁ&hlatéhiubl@ adpeCttalO3QPitO6BEei i ah BRI ofinagnitude
al.); PCT Patent Publications WO 97/09272, WO

08PHBYYDSMaNST godiametsp thapghoewhontfibers.wo 01/ 30694, WO

031 0047 AP ET P 8EEe KA R Kb e o
avaidl@ﬁbeva&ledmm&ﬁubeﬁ carbon fibers and nanot ubes

[i'neof SlE aRlleErpRmeAEi 6 1 emeckips =chnelBy Lhat it ne
f i Brdrbrrdbidir d4ahds8 diCREQPHR t@%npeft&g?»dggg%r | dzded3667%82

Hyperion Catal ysis Internationa ge,
MVaéSelbent sealt) sPCE RdtenhRubbigatioqns WO BV0RI72; WD D8MH5620,080

of 0B 8o OHlf 7 ot Ry o R PARLER R sk o

Ve dp@2d5p, Worus4kbe woasidmn4t, r\ﬁ@ﬁ(flmswt W ©3/020638.
passi ve galvanlc circuit, one can alter the

car bon a@@merﬂaaﬂze ﬂvaallabk@omcgs/q)fd@rhomeﬁbr;as: and panogubeset al
F?trcer ot t nélp q’an% crar %rI]l i br% pro G ofTEgltek erf)o% e%1on of
St. Louis, Mlssoun, the ﬁbnl multl walled carbon nanotube product line of
Hyperion Catalysis International of Cambridge, Massachusetts, and the
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
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"
Chem. Mater. 1999 11(8); 2115-2118; Choi et al., "Spontaneous Reduction of

10
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"El ectroless Plating of Metals onto Carbon nanotubes
Activated by a Single-Step Activation Method" Chem
Mater. 1999 11(8); 2115-2118; Choi t alL, "Spontaneous
Reduction of 10Metal lons on the Sidewalls of Carbon
Na y 33 ) - inAand
e R DA A s e e D B s
Mel24(3 La9es&o039; sadGbeinddra) etchl.CavlbahNhzvatasiaed Butetadattd

Ch ter. 2000 1),. 202-205. . Tq i npr,oye t

o SR S i EPER-WANR Gabha Noastebe BupdRy Litest Afater, 3000
ongzqi?rgoglz@g alter the carbonaceous material to
functionalize its surface to bond inherently

conduct Tv énpolvy thereledtron étapsfeMvighinghépdssiak ghlivamgc sirewis, one

|t ??ﬁgg%éé% ];qléll %télia%%%%i{n%gqtrii_ap%.f@%ﬁ)ﬁgﬁzeesitsosﬁmsagect% bond
FURGkieaNR borRbH @NpmbhBerdtod el tehnikdal GREPEHR tMRAGE SRS

by Di el s- Al der Reactions: A Theoretical Prediction”

or Emctinalizatingo Examphes of sachdigersute inchgiedm e pl., "Organi c

R Do B 676! Y sRenlk BRCA NN MBGH N DIfEAer |
pr Rbsutioasl ATheoretivdlPredittion"” Graduet. 2062 pQHYy#3I3-43 Saand
substituted polyanilijne such as discl 8sed in U S Pat.

No Ying @b, Frmctiapalizsiionof karondienotihes by JreeiRadicaly (ore.
th A yOne Corporation as
Te%%@??%ﬁﬁﬁﬁzyéﬁt 'y conductive polyners and

pr evi ouBhryictdyrl CorTaohl dShanleadntiPoopdmyive pelyasr s gno- P

i | .- dl f . f [
of st ittt it s R 588 Ser for m
S UPsERidafn Pald 86y f’t@’u@aﬂl? t%htHark 8@ bY 'P@l_y@n@‘%?ﬁ(?‘ation as

material or after. tional” lTonic Conductivity fo
FI Teslat™® inberemtlyad¢oniifictiegiolmiire and prsviouslydely|GeorracheCihgmical

Cap DRl P Nl S P ANG Ve O
Regardless of the type of alteration of the carbonaceous material,, it is
feasible to perform such method either before mixing into the flowable material
or after.

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
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

biomedical electrodes where transport of an electrical signal from the
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protection system The conductive nedia and net al
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flowabl e material. Non-limting exanples of ionic
conductivity for polyners that are not inherently
conductive are found in the vast patent portfolio of
3M I nnovative Properties Conpany, anong ot her

|l o 0 h .

exc 2l SO Aftoh P ot BB o] o ibSle
g es@siivk ydieshearfnedlae pblyhieo orahpobimes land: plaexdmem/aed e

f I |, f I
OB TP L3 gL B RTS8 S O N G RgLcitve
p " EemidhCand e dﬁthfﬂl’fto"ﬁ‘ﬂt'ﬂ%?éﬁﬁm‘lﬁ d?a%h&itﬁte?eoﬁ?ééi gelicer

copol'ymer an dsticizers and electrolyte, permts

t he si gﬁpaceum t}bxeappimascpmddes aot prrmrt aedompierte oadifagion of the
conduc E ene ﬁ n event ua t.g a(% erapeijtl ¢.%h
di B3RS Re%" 08¢ YS%‘F GRS Bréssué“p%eg tyqaqhgpiy e polymers.” One
apgilléatl tH@aﬁ QESrdefld tB e WolloRinzAMB! Pitents:e Tl S Atdt 0oL f

the many types of ionically conductive pressure

seﬁ%52369e45ééﬂ&'él4ﬁé9?ﬁﬂ HoaptRA; @@3%%4&4&@53 ROl A8l s 33356;

4352%)8?’ %ﬁﬁ%?gﬁgﬁ%@%ﬁﬂ@ﬁgﬁg 240 Gang.

20323%D88; 5888356505205 880605927501 80; 538&@35353@26896060
5385679; 5389376; 5409966; 5438988: 5489624; 55052

55060H38; X983 F678536 406456 55H2683; 557@@&)%5566778@’6?@?787902

5737505 Bofdonrsaptt it BiiRaags 2liegre 20a5Y,

5947961In arﬁddﬁ@ﬁﬂiﬂ&im]hmmtWv}iem:imhcrdhcaﬂ)rom@ubn Gmdm'rrbd, an
vvhere,ctho ic protection is desjred, especi al |
pr emerily predriredapmigaliperpguetivran Wpd?ﬁhlsg‘o%ﬁdsléﬂ%g Bét No

U. §650laﬁbmdelﬂﬁﬁe§§§%u@@t dfdeptified in the |ist above.

The 1 oni cal ctive agent conprises an ionically
conduct Themmmdtily woBdidttive pgand nathprises ae &mscallyrcondaiiieng
ect to anodic di

t t al L
P Eei b etonTceRbr S difs RANThotb o Rttt o
I S ahedk&1@on.

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

transporting ionic charges. The ionically conductive medium preferably is
compliant, dimensionally 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
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.
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transporting ionic charges. The ionically conductive
medi um preferably is conpliant, dinensionally stable,

the netal to be protected or the structure within
which the netal is enbedded. The ionically conductive
agent serves as an interface between the anode and
cathode of a galvanic circuit and inhibits formation

of a pags| |

par i o1 Rontii e AES oftonl ity SHoRAG, Blofi Phpturt and, o
gabynhitic efdstomusrs such as hébestaall gumspieydoogeis ahdhydroplalic
anode of the galvanic circuit are the netal particles

i nPYREY ?Wﬁﬁgédlﬁeé’cv@?'i al. 12Nonlimting exanpl es of

I oni cal prGaRguetird8ddBsth fordé SoddabiNid) arﬁ@co%&ﬁ]faﬂ?%%ﬁture

el ast oners sych s rubbers and guns, "hydrogel's, a
hytirtbe hietd] ertplewhensoteeind,ithé ippically esndrstive Pediusr alithy

to_proyide pboth ionic conductivity and a conpli ant
stPlﬁﬁet‘%iubveP Orfﬁeal}?@foﬁefarti cle to be protected, the

i oni cal NynE@ReiCdxampleiBehiiFb&d] idhical BT @a8Hitive MY foP the
is a hydrogel. Nonlimti ng exanpl es of hydrogel
i optiesealt igvesberinstide polyseryHe aeids, Phly (pedaanylid avidsnt i on

in lvacryli [ ol t .6 acids,
ol RyRER ERGY wof AL MBS PRI, (K vi

| apdlgndsylamiddsypelyinheili ddedamides, o deidsy gals cymarikidlgs, and
t hose gel s conprising hydrocol |l oids _and swellin
agByfracalioids andswellingagants digelosadgn 15S by, Ee-é:%?%ﬁ%ﬁs) .
Nbg%mmkﬁferably, the ionically conductive nmedi um of

t he present invention can be a hydrophilic pressure
sensi t i Mbragiedabblg, tht&inidallyiconductilvé ynedmndofthe peesent
Nonlimting. ex | es..of hydrophil.ic pressuyre. sensitive
AQHRETRALC O & BB PrESHE AERTIE TEST et SORBIE e
adBGRiuYeyE omeﬁﬁfnﬁth%r&m%&g bpg%ﬂolblﬁlippl%ssd?@gens adhesives
4,524,087; 4,539,996; 4,554,924;" and 4, 848, 353 (al
Engrelidnica}y2@mdudtd e(pDesawrk sersitheaddgdve @uaposgionsldisclosed in

5 30 PR NS 554,087,045 9W0622 358 07P8nd 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);
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, Ohio or a
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
medium. Nonlimiting examples of scrims are disclosed as used in the formation

of adhesives by a solventless process in the Engel patents disclosed above.
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present invention can use a polymeric pressure
sensitive adhesive prepared from
acrylanido-2-nethy|-propanesulfonic acid, in any salt
form ( ANPS ) commercially available from Lubri zol,
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sapgest, 6. 4Imesns fqm@@cmgalaémmt@me predarably pingeialjopmplexing

CORPA RPN 8, ERR 3P BH LN BELEER Torly b metel o

di b€ be@ﬁﬁcﬁl} eBpird lﬂheemeﬂamﬂfeqiryﬁeet&d fSich wsmplemng agents are
hydrophi lic pressure sensitive adhesjves, Lid is
pafenagiciallyavala e bytagespectedlegre apsis) lytr%ducmgst@sswaﬂon of

OPIHe‘?ﬁlcﬁ‘él'tX beﬁ&é&ol%c?&r?ord?&hy one can Include an

anti-passivation agent .e., a neans for reducing
passi vaThee comp@cmgaekgleyts anln’mt te precipitaion g gaigmicallytmive
facilitat transfer o alvanlcaIJ active netal jons
f r BYGHaE s ﬁ%ﬁt giheppispould fPrm a passivatigRdagT et %ﬂ&ﬂa 0
bepﬁﬁ&k@ﬁhﬁgﬂo@H&QnﬁﬁaﬁhQ%hﬁﬁné&SP&ép@kﬁmﬁ@ﬂﬂﬁ%ﬁ'a'|y
aval | abl e but unexpectedly are useful in reducing
papsinatirélyreeases theeumentadf thogdeandt sisalityed anodlcally

These ¢ | exin ent bit.t i tat

gal vant CaPPPRnereS et Mthpionicnlly BRRERTE L8b s

f Opeséht BBRAMMdre sk @mgle@bfgtatgeﬁtb VAR Ak cRAbld dHli@mitely

the fl owabl e materi al ormation of the passivation

| agispersing or otherwise dissolving into the ionically conductive medium in a
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 metal ion.

The complexing agents can be selected from the group consisting of

molecular complexing agents that are free for diffusion and polymeric
complexing agents that remain in the ionically conductive medium.

Nonlimiting examples of molecular complexing agents are

ethylenediamine tetraacetic acid and its salts (collectively "EDTA"), cyanide
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prematurely ceases the current of the gal vanic
circuit. Conplexing agents useful in the ionically

conpl exi ng agents which are capable of intimtely
di spersing or otherw se dissolving into the ionically
conductive nediumin a manner that permts controlled
transfer of galvanically active ions through the
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i &%%‘?@W&%&f. ve medium Nonliniting exanpl es of
ol ecul @Etﬁé@a@dxgmbﬁgg ag&ﬂi , PERisSpredehily Rsetadu’o its
tetraacetic acid and s salts (collectively "EDTA"),

c yeahaercial evailbilinstsdowirostsitheonplexias Rokty @bt range

t hj {

LA G BRI S (S Qb 1o o

ar ﬁqﬂé@hysfdhhtﬁyﬂ foifl) 1nser$:9nrealaﬁ{/1y5( with e Iﬁafeﬂeﬁ hydrophlhc pressure
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s G e e
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the prieferred Hydrophilic pressturé sensitive adhesives
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o SSLERSASM 55 SYFPLH bl B ouiu ol e on of e

added t asib@ribedbbe! the coMPlesing\h@emB 8k paksivation of the
sacrificial metal by stabilizing the metallic ions formed by the dissolution of the
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
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
and unsubstituted polythiophenes, substituted and unsubstituted
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co hdARSEC 1. 8s PRIYIBARI T8 RBlymer. A
B )gglgrgsoytd;@di%aﬁcéfﬁaf &QPM 8s PAINGIEAR; Blymer.

di scl d i'n a variety of patents, including U
Nopolysyilis® c8pdso( abeist iptcontryl, of Soregion BY passivating a gwniace of the

5,185, 10 t al): 281..363 (Shackl ette.et.al..);
5. B0 e b il o g ARl FuS iRty ds of
5, 4%6atiHfadr Bsin@ GorBpoudlds bF the pe&eént3nPeriidgss! i ng et
al.); 5,700,398 (Angel opoulos et al.) and 5,911, 918

(Shacklette et al.). As described in these patents the

i nher eng #éfhocdoW&Eifllve polymer is often doped with an

acid su
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.

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

cowels.
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hydrochloric acid or p-toluene sulfonic acid.
Particularly preferred is a substituted pol yaniline

(Vi sawanat han) and nore particularly that nmarketed by
Pol yOne Corporation as Teslart(tminherently
conductive polyners and previously by GeoTech Chemni cal
Conmpany LLC as Ligno-PAN (tn)polyner. A polyaniline

| oo ; : , .
S Surt o2u P RhSh GA Gyl BiEO AT L P AR A0
bamategial; aethl dasthaaben spcohdiito thie ffowableimatsriaif orca predlembol

i nt ' ds of th . t i tion.
NEERBER B RAR 198 [ATRRAEERY BRESTATITIOS TPHgPledRasFal

i : . it .
of COVEIRLC AR EBAET foPly SeRhE 1R Lalyh 400 kel ae
i ncaleahtratgadditive.net al 1 i ¢ particles which can be

expl osi yve under certain ¢ircuynstances, | st

| nt ancMExIERBCs o1 HgBe HPEAPLULAY th ko Rafiiam and
tO%Té?%ly%npﬁ%g%omfo%@ﬁﬁImsrpinn order to facilitate
proper proportions when mxed Into the fl owable
material. Tenperature of mxing is usually room

t enper atERINRCHIBETRcligPer sion is desired, and a
heat of solution Ts not required. MXxing speeds need
to be aletah4o be Protestedur e t hor ough mi xi ng, preferably

usi ng hi,gh,speed cowels. 16Qrder of .addi.tiqn,can b

car bon AR Elobned e SRl P Bhbs ek R aRiay o
meb@protdcteditservidd 0he Sghody] thedondadiiee nhcdiwialige flewesle al ;
or a pre-blend of carbon and netal for later mxing b

t hevatgxial asdhe plegtren fransiiiseentnenddhe lass-nallagesal preicksin the
us r .
B BERARS of B SR SROUP Gl BN AN b Bhia

f r o ender@nicallpbonduclGO6r copmimintierendy esmtvictivd padymers

about 500 fo about 1200 rpm Useful pness.of the
nyaeeﬁ)(hp%q@ tﬁe amount of electron gansfer in the owa%le mateplal.

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
iron, whether exposed girders of a structure or reinforcement bars ("rebar") in
concrete, the combination of moisture, 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 provides the electrolyte due to salts in the water used to form
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

17
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Metal to be Protected A galvanic circuit is fornmed in
the present invention, with the netal to be protected

wa@eroziomg2@s t he cat hode, the conductive nedi a PEOT/URE04/035250

10

15

20

25

flowabl e material as the electron transfer agent, and
the | ess-noble netal particles in the flowable
material as the sacrificial anodes. Optionally, the

fl owabl e material can be rendered ionically conductive
OF QBB SN HARARI ASICRRLYIRI bpliCy RIIBREN
t he anount IJ(g(?[l%&Fectror?(i)transferqllen tdKe f@gv}g% ©
matetal sibrfacélhead lelais emhalnlce hea}ppeataacd: ed via this

gal vani¢ circuit, thin a structure, t he
oat or s PR g exptupte chraal OB pEpigeret e oot ipper
whgk eatieupessi bl e effects of corrosion of that

val uable netal can breed. In the case o f iron,

whet herM@mglﬁdi@mm of a structure or

o1 e B i cif el Bs o e SN Runedifip apg the

SUgRrifiSiab @ddde rhéthll fadti @& WieHik FR safRIfloRabRmatefall MheCase
of rebar, the corrosion b@al ns whenever the water

s e8pwablamsnterind centhen be epplist iwnicagtiguity widpthemeetalsabyirate to
thge{) al because the concrete itself provides the

el ec eie due to salts in the water used to formthe
concr et BonAsniting ekahisles éﬁ@bﬁcaﬁbh@n@ﬁ(ﬁzﬂwﬁcaﬁmﬁlb phlntlng
oxi de formation further cracks the caoncrete, p?m
mofRd §asH88 tqobmapﬁs AV ARAPEY-PakiEEpyshurol lerratipfipgganito

COE&%?”%),I]B qn-ca a éé&% ﬁ?at%g ‘&iéhéof' §nt H%tﬂ&tﬁ'aﬁﬁlﬁcgﬁgn

protec ny ot i ron-cont ai

st derehds ers thendtuve bf themgrsal selestiatcg tvhothiocthp sobstratd low a surface
Whe the f.lowabl e material is agl?l nt or coatlng t he
ap BT P1BAT; YPHT CULVAIHE, CORDRYAT EVNRF e OF MoRe BURpIFR Surface

Pi gsmMuedioas desired and applied to protect the netal
surface and well as enhance its appearance.

Non | i miadli mqaﬁbcatrpttagsoan theoraticalty Upaeft foore theativanteges of

, |
nofrsdentnvertel Vi A arbamTadd b iF tol8aBiinp s flgwable
c oaﬁte@lm \bge 0RME e pAtd dhA oHiRs Chdtingk Ahianed @n@raiect the

partlcles within the sane fl owable nateri al he
metal substrate but also provide color to the metal substrate.

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

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

Table 1
Ingredient | Purpose Brand Seurce Order of Temp/Mix
Addition Speed at
Time of
: Addition
Water- Carrier Rustoleum® | RPM First Room Temp
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Table 2 shows the amount in weight percent of the Examples and

Comparative Examples.

Table 2

Wt. % Comp. Comp. Comp. 1 2 3

Ex. A Ex. B Ex. C
Binder 100.00 85.00 85.00 85.00 85.00 85.00
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 0
MWNT 0 0 0 0 0.15 0
SWNT 0 0 0 0 0 0.0375

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- 0.066m1m
Rolled +-
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Addi ti on Based /Binder 5281 (38% I ndustries (RT)

Acrylic solids) Prinmer

| CP/ Zi nc Corrosion Catize(r)
weodopnm2$ESecond R / H gh Bl end Preventi on DLPZ-PCBpsmA4/035250

Additive Cowels 5 Mcron Sacrificial PZM Zinc Purity

Zinc Second or R/H gh Zinc (Zn) Metal Dust
Pre- bl ended Speed Powder /El ectron Cowel s Donor Carbon
El ectron The nocarb Conoco Second Pre- RT/Pre- Fiber
Trgnster TG 300 Phi[TTHpS Brended Brren i T npiTdkeZN o4 mm
Mullti-Wal |l Ellectron| Pygegtaf-1 Nano Second Pre-
RT/|[Pre-  Carbon Transfer Giaphite |Blended|Bl endwT{n.
Narjot ubegnliiler il s| V8th|{Zn &n ([MWWE) Thc. Bingle 3
Val[l El ecdcfie| Buokyt ubes Carbon Nano- Se¢ond Pre 2.5
- RT/|Pre- Carbon Transf ers SYWWT9Dechnol @gi e$ Blwnded
Bl dndW t bverdianowbes 13cof porat ed Wd.h Zh Zr.q SWNT) 8.0
Tall e 2 ssheys| t h® apoyMt | n 8@ ght pescent 650t he 8.25
Exanpl es and |Conparative Exanples|. Table|[2 W. % Conp.
Conp. Gdgp. 1 2 B Ex. A Ex. BEx.| C 4 5 6
Improvement -—-- 375% 775% 525% 450% 725%
over Comp.
Ex. A
Improvement - —ne 84% 31% 15% 73%
over Comp.
Ex. B
Improvement - e e -28% -37% -6%
over Comp.
Ex.C

10

15

-

The present invention demonstfates considerable utility by comparing
average values and percentage improvement over each of the Comparative
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 Zn/MWNT (Example 2) or Zn/SWNT
(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 to the present invention.

When comparing against the ICP/Zn Blend (Comparative Example C),
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 Example A or Comparative Example B.
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Bi nder 100.00 85.00 85.00 85.00 85.00 85.00 ICP/Zn O O
15.00 0 0 O Blend Zn Dust 0 15.00 0 13.50 14.85 15.00

w@2esier29 0 0 1.50 0 O MANT 0 0 0 O 0.15 0 SWIT/0SD00035250
0 0 0.0375 Table 3 shows the testing nmethod for the
Conparative Exanples A-C and the Exanples 1-3 and the
test results, corresponding to the Figs. 1-6. Table 3
Test Method ASTM Tenp. Humi dity Duration Substrate

Thi ck . A . -
0 oeorm Eo iR Ryt oA SRR g himin O Llof Figs. 1-6.
Exanpl eThe BivéntiorZis AoSimitedto2h aBove efbodBndts. The clims
O/gglall 0.0 3.0 8.56.0 4.08.0 Average 1.0 4.75 8.75

6. 2B'08.50 8.25 Fig. 1 2 3 4 5 6 Inprovenent 375% 775%
525% 450% 725% over Conp. Ex. A I nprovenent 84% 31%
15% 73% over Conp.
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Ex. B Inprovenent -28%-37% -6% over Conp. Ex. C The
present invention denonstrates considerable utility by

W@ rpan49e8) aver age val ues and percent age i npr ORETNERL004/035250
over each of the Conparative Exanples. Wth a
commerci ally avail abl e paint control (Conparative
Exanpl e A), adding zinc dramatically inproved
resistance to salt spray corrosion, but nowhere near
as Wwhgceasiilgliy as using an | CP/Zn bl end (Conparative
Exanpl e C) or Zn/Carbon Fi ber (Exanple 1) or Zn/ MANT
(Exanple 2) or Zn/ SWNT (Exanple 3). Wen conpari ng

agai nst the Zn cantro Conpar ati ye Exanple B), all of
Pod: Bt P n Rl TBmpo ke e addi ti o
of condygtdxepiedh@rigccording to the present

i nvention. \When compafing agai nst the |1 CP/Zn Bl end

5 ( Conpar &b)i caeboBreaops eorOnctivemedigalishet MR tHeEkawgbll@mBa)erial;
IS a& accept abl e substitute when considering cost of
nmafBfials. Prioritizing on the basis of cost, Exanple

1 provi g@sasdiftialih&aAPartRsd %d@i@?&sédﬁlﬁftﬁé/ e8%abledhatérial,
very smal | cost prem um over that of Conparative
Ex arhsrein fhegacrding andeli ppetiassanp less Boblzainea metad sikséite to
resul: ;s ar fi: Vi exam nation of Figs.
1- gﬂl%tggicﬁvé%d&% %ftgn&r%étto Fcl?‘nlr%na?%t'ed to the above

10 embodi nents. The clains follow. 21What is clained is:
. A cathodic protection ﬁol yneric_ conmpound, ) )
corp r’l}I@iCH)glpo‘(lrg}) offGlaima by whergindhe garbonaceous conductive media

serve as a carbon-based electron transfer agent and are in the form of particles,
platelets, fibers, tubes, or combinations thereof and optionally are functionalized
with plating of metal.

15
3. The compound of Claim 1 or Claim 2, wherein the carbonaceous conductive

media are fibers.

4. The compound of Claim 1 or Claim 2, wherein the tubes are multiple-walled

20 nanotubes.

5. The compound of Claim 1 or Claim 2, wherein the tubes are single-walled

nanotubes.

25 6. The compound of any of Claims 1-5, wherein the flowable material is

polymeric and is capable of forming a film or coating,.
7. The compound of any of Claims 1-5, wherein the flowable material is a

pressure sensitive adhesive.

30
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(b) carbonaceous conductive nedia dispersed in the
flowable material; and (c) sacrificial netal particles
w@bk®s/0divzpersed in the flowable material, wherRCTUS104/035250
sacrificial netal particles are | ess noble than a
nmetal substrate to which the conpound is intended to
contact. 2. The conpound of Claim1l, wherein the
car bonaceous conductive nedi a serve as a carbon-based
el gctin, ﬁab f &an Q? @?al 9. ﬁr\?heg&nttﬂ@nfe% QuiRkrate is iron-
particles, teI e ers or conbi nati ons
t heomgmlmmhdd)m s;aonﬁbﬂaymataépa‘rtmhasmwahc peeluwinympl at i ng
of nmetal. 3. The conpound of Claim1 or Caim 2,
wherei n the carbonaceous conductive nedia are fibers.
4. o THeie CORBOMIL by 6F @ildint 14, ﬁrﬁiemcgmpﬂ@iﬁg 8h 'Ibrﬁcth@ly
tubes are nuitipl ecwall ed nanotubes. 5. Thé conpound
5 of c@hduictivelagent 1@l the fro@ablemeterial. t he tubes are
singl e-wal | ed nanotubes. 6. The conpound of any of
Cains 1-5, wherein the flowable material is polyneric
andol The sfaphmdVf dlan ffﬁrtl?erfddn@r@ing3@ﬁiebﬁkgfor feduling
conmpound of any of Cainms 1-5, wherein the flowable
mapassivation sf @e@a@ﬁm@%@mﬂwl@% adhesi ve. 228. The
conmpound of any of Clains 1-7, wherein the netal
substrate is ironcontaining and the sacrificial netal
10 pantj Thesodpeund ofClgim B, whersimthOmedieis aaopplexihOigeatly
of Cainms 1-8, further conprising an ionically
conductive agent in the flowable material. 10. The
0 [ |
F eaicitngeBptur dFatly of PIgCY - £R TR BhrAfE M nhRnty
acbmdnjcese pdlszmeﬂ'imethcﬂnwabladuaténﬂl aim, wherein the
neans is a conplexing agent. 12. The conpound of any
of Cains 1- further conprising an inherently

15  13. A film formed from the compound of any of Claims 1-12.

14. A metal substrate having a surface to which the compound of any of Claims

1-12 is contacted.

20  15. A method of protecting a metal substrate, comprising the step of contacting

the compound of any of Claims 1-12 with the metal substrate.

16. A method of using the compound of any of Claims 1-12, comprising
applying the compound of any of Claims 1-12 to a metal substrate, wherein the
25  compound and the metal substrate form a galvanic circuit in which the
sacrificial metal particles are anodes and the metal substrate is a cathode and in
which the carbonaceous conductive media serve as an electron transfer agent

between the anodes and cathode.

30  17. The method of Claim 16, wherein the galvanic circuit is passive.

23



conductive polynmer in the flowable material. 13. A

filmformed fromthe conpound of any of Cains 1-12.
wa4005h44%28 al substrate having a surface t o whPChusive4/035250

compound of any of Clains 1-12 is contacted. 15. A

met hod of protecting a netal substrate, conprising the

step of contacting the conpound of any of Clains 1-12

with the nmetal substrate. 16. A nethod of using the

conpound o f any of Clains 1-12, conprising applying

the conpound of any of Clains 1-12 to a netal

sub8t Aahethodiemeiingtthecaopoodrnd aapof Chemsdt Hl, comprising the

substrate forma galvanic circuit in which the .
P Sloram &bt OpaT ok seubtvemetiadnia e PREaHgmgtera
SUBS s 1 sBrERA AP D B AdPaie AR EOUS

conductive nedia serve as an electron transfer agent
S between the anodes and cat hode. 17. The net hod of

L0 R B B G PR T ST e BSOS o
1- #diaGedPrebatit Rfart AR 0SAEHTrh aPduioNE {odotaT PRBIBEELHSent

conductive nedia into the fiowable material and mXxing

t hef wiad solidseif she hesvable pagterial) ang whereintthe sgoridigiab metal

material, 19, net h 0 [ 5 .

e pred st AAEkg b BE st L ot BBurs igtargroent
10 | nofthe astRILlidObS the dovabdeinatdi@ll t o about wei ght

percent of total solids of the fiowable material, and

wherein the sacrificial netal particles are present in

a n anount of fromabout 0.1 to about 95 wei ght

percent of the total solids of the fiowable naterial.
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