NON- CARCI NOGENI C CORRGCSI ON | NHI Bl TI NG ADDI TI VE  BACKGROUND OF THE | NVENTI ON
The present invention relates to a corrosion inhibiting additive and, nore
particularly, a corrosion inhibiting additive which is as effective as
hexaval ent chrom um conpounds but which do not have the health hazards

associated with hgxaveientnedmem WnemowndsHIEeTTRSI Appinhvbi tive
conpounds have | ong been used on, for exanple, netallic surfaces to inhibit

corrosion thereof. U S. Patent 2,387,528 describes alkali earth netal

chromates containing trival gat-zas ﬁ@blogsT@§Xﬁy@g hromumas additives
for netal protective pignents. 8 Pat ent 2, 430, 589 descrlbes protective
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ferric, hr oni id . S. Patent .2, 902, 394 i bes th
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onto netal surfaces to inprove corrosion resistance. U S. Patent 3,063,877

descri bes Paguebdshs6PuRPENBavE ofN¢ rieaitd Wy Herddss geracéstes, wihpart

i nprove c QR+ efl-shange Shtyare prepared by partially reducing a
di ssol ved e%%ﬁba ent chro%?ﬁn?%%@%ound wi th formal dehyde. U.S. Patent

3, 279, 958 descEpbessipnsingibitphospirat@indshibervet é cagdb€enothed chenfeal
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prepared lpyienheabi, 887, agoeadscelisem £1 el id esolttt mernaW thramaeegani ¢ reduci ng
agent to reduce a portion of the hexavalent chromumto the trival ent
state. |nCPREAABEBEPLRELVRABNELFY, Yot A h(HRXAVICdFE taChrePd Ul hEfr  hi gh

prrength Laqeeliolt KBL Aeby:! PebustonsOfp Sidhaddi l.8Nakatent 2,430,589
describes protective pigments comprising calciuwm chromate
associated with minor additions of ferric, manganic or chromic
oxides. U.S. Patent 2,902,394 describes the use of scluble
chromium containing compounds used in aqueous metal treating or
rinsing solutions applied te metal surfaces or to the
conversion coating onto metal surfaces to improve'corrosion
resistance, U.S. Patent 3,063,877 describes agueous solutions
for treating metal surfaces to, in part, improve corrosion
resistance, which are prepared by partially reducing a
dissolved hexavalent chromium compound with formaldehyde. U.S.
Patent 3,279,258 describes rinsing of phosphate, chromate and

(va other chemical conversion coatings on metal surfaces with a
dilute aqueous acid solution of a chromium chromate complex
followed by a water rinse. The complex is prepared by treating
aqueous chromic acid solution with an organic reducing agent to
reduce a portion of the hexavalent chromium to the trivalent
state.

In the aerospace industry, aluminum alloys achieve their
high strength to weight ratio by inclusion of such additional
elements as copper, silicon, chromium, manganese, zinc and
magnesium. The presence of these elements in high strength

aluminum alloys make them more susceptible to corrosion attack



el ements as copper, silicon, chrom um manganese, zinc and magnesium The
presence of these elenents in high strength alum num alloys nake them nore
susceptible to corrosion attack 1 than pure alum num These high strength

al um num al l oys are, therefore, generally protected in service by use of
corrosion _jinhibitiv corlrlpound§hgagegi0ﬁ Q€%<aﬁ/a%}§nt chirnourlnf'L UQ Tréese
conpounds TiEt S8 D& TG st FBREFuth ehir et & par‘h’f]iué[l1 88k dloyas ki biti ve
pi gnent s apwk athesd,vesnapailnys cabdepteteis; sechi @iy anidd, o iotrdsSoused to
produce a chromiumrich conversion coating; and sodi um and potassi um
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Institute of Environnmental Health Sciences as a G oup known human

car ci nogeras Agduiiditrigley pighentgsendf adbepbseon pakitsd tansy reomsaidids whi ch
contain forns of  _hexav rani r ] ec I t. regul ation
and cont r%}?lfoni”tc v%%dg %Jgﬁ\r(/%r §Eb§%¥{%?a r?‘%ﬁ% iém%h%()z&lhdéggf\e/ia hent chrom um
as a corr oséore i sihirbiddang naddiahilv eotldumosn @ Spoa s $ nint bi tdienearpoundehas
descri bed above. U.S. Patent 5,030, 2§5ngescri bes a_ substitute corrosion

i nhi bi ti ng?¥f ISt 3015 KRR APaCERPCERMBNT B 2% Si¥He  corrosion

i nhibiting addifjvedae udeheaacaMbhRathpdn Oim f&Fd I LecipppsRhats, and ferrous
phosphate. Wile the proposed corrosive inhibiting additive does not suffer
fromthe postidd &tadsist NatgopsleAnshisvee ape Emekearmanfiale fegditdm conpounds,
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%i537’678 ﬁgggéaigﬁ:%ﬁﬂ%&ﬁ%&f%&gogggggct to stringent regulation and
- control. It would ke very beneficial to eliminate hexavalent
chromium as a corrosion inhibiting additive to corrosion
inhikitive compounds as described above.

U.S. Patent 5,030,285 describes a substitute corrosion
inhibiting pigment for hexavalent chromium compounds. The
corrosion inhibiting additive includes a combination of ferric
phosphate and ferrous phosphate. While the proposed corrosive
inhibiting additive does not suffer from the possible health
problems associated hexavalent chromium compounds, it has not
proved to be particularly effective in inhibiting corrosion,

particularly of metals, when used as an additive in inhibitive
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pigments in adhesives, paints and primers, or as a conversion
coating.

U.S. Patent 6,537,678 discloses a non-carcinogenic
corrosion inhibiting additive comprising an anodic corrosion
inhibitor and a cathodic corrosion inhibitor. The inhibiting
additive provides protection against both localized and general
corrosion. While the corrosion inhibiting additive is
effective and does not suffer from the health problems
associated with hexavelant chromium compounds, it has been

found that the performance of anodic and cathodic corrosion



corrosion inhibiting additive conprising an anodic corrosion inhibitor and
a cathodic corrosion inhibitor. The inhibiting additive provides protection
agai nst both localized and general corrosion. Wile the corrosion
inhibiting additive is effective and does not suffer fromthe health

probl ens .associated_with hexavel.ant..chrom conpounds, .it .has en found
that the 6@%?%%%ﬁﬁcgs% 5%0%?% 5ﬁ%ﬂ%%:ﬁgﬁf%%g%ﬁﬁgsﬁgnqim%Eﬁgbl ogﬁﬁsed in
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cat hodi c corrosion inphibitors. turally, it would be highly desirable to
provi de corro§P6Hr?Eﬁ¥bii%r%°%ﬂ$éﬁe3ﬁﬁﬁﬂé’ﬁE@&r %&E§GBSgFP§E@ﬁ f or
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while at the sane tine provide effective corrosion protection on netal
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i nvention t0 provideé a corrosion in I t1'ng "addi tive whi
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provi de a ornosion%#nhibiting,additive as set forth above which is

ef f ect i ve SHgPEReAL T A%° cOPTOSHOF SMITRAC O FRBLEREIOPE i s a further obj ect
of the present atB¥eALhDy} Oi Provi€iees FriGRIiAS OBl birt tRE pddibhve as set
forth above which is particularly effective when applied to high strength
al umi num iavesgion| £0j BTAVEES |3 AT EMEFCHBIEEP 1A nghadgiesEnt vhhvenison to
provi de an%%LEg§E9go%ﬁH59iting additive as set forth above which is

ef fecti ve ‘agai nst bo general corrosion and pitting corrosion. Further
obj ect s and aduantiagespaftidrelar esergct mierntheopresent invention to

C provide a corrosion inhibiting additive as set forth above
which is effective in preventing corrosion attack on metals.

It is a further object of the present invention to provide
a corrosion inhibiting additive as set forth above which is
particularly effective when applied to high streﬁgth aluminum
alloys.

It is a still further object of the present invention to
provide a corrosion inhibiting additive as set forth above
which is effective against both general corrosion and pitting
corrosion.

Further objects and‘advantages of the present invention

will appear hereinbelow.

SUMMARY OF THE INVENTION

In accordance with the present invention, the foregoing
objections and advantages are readily cbtained.

The present invention is drawn to a non-carcinogenic
corrosion inhibiting additive comprising at least one of an
ancdic corroéion inhibitor and cathodic corrosion inhibitor in
combination with a metal complexing agent which increases the
solubility of the corrosion inhibiting additive. Preferably,
the inhibiting additive comprises a combination of an anodic

corrosion inhibitor and a cathodic corrosion inhibitor. The



wi | | appear hereinbel ow. SUMVARY OF THE | NVENTI ON I n accordance with the
present invention, the foregoing objections and advantages are readily
obt ai ned. The present invention is drawn to a non-carci nogenic corrosion
inhibiting additive conprising at |east one of an anodic corrosion

i nhi bitor .and .hodi - r.0sion_i nhj bi i i.nati i.th a netal
conplexindjgﬁgﬁga%ﬁi%ﬁdggéﬁgaégstéﬁgbp%%%ﬁbfﬁF?%ﬁg%nt%goggpg%sion i nhibiting
addi ti ve. fRrefeerdbhy agattheti hbtbi 1oomgl aoedi tiive iconproirsesiancanti gatéoal of an
anodic corrosign inhibitor and a cathodic corrosion inhibitor. The 3

i nhi bi ti nGF°4d@°t"Ve of the present invention provides protection against
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The netal conpl exi ng agent increases_, the solubility of the anodic.and
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additives.
(ﬁ The corrosion inhibiting additive of the present invention
7 may be used as an inhibitive additive in adhesives, paints and
primers, organic sealants, epoxies and the like, which are
thereafter applied to a sﬁbstrate by mechanical methods known
in the art or dissclved in solution and applied to a substrate

as a conversion coating.

BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1la, 1lb and lc are photographs of test results of
the Example.

DETAILED DESCRIPTION

N

The present invention is drawn to a non-carcinogenic
corrosion inhibiting additive and, more particularly, a
non-carcinogenic corrosion inhibiting additive which is
effective against general corrosion and pitting corrosion.

In accordance with the present invention, the non-
carcinogenic corrosion inhibiting additive comprises, in
combination, an anodic corrcsion inhibitor and a cathodic
corrosion inhibitor. By anodic corrosion inhibitor is meant
suppression of metal oxidation reactions. By cathodic
corrosion inhibitor is meant suppression of reduction

reactions. In order to be effective, both the anodic and
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F-i-gtjres la, Ib and is are photographs of test results of the Exanple.
DETAI LED DESCRI PTION The present invention is drawn to a non-carci hogenic

.corrosion inhibiting additive and, nore particularly, a non-carcinogenic

corrosion inhibiting additive which is effective against general corrosion
and pitting corrosion. In accordance with the present "invention, the non-
car ci nogeni coxigraddsi oRTToHicn Lnpihifedrt slveildobprisdasnal rorgesbemat i on, an
anodi ¢_corr 0pLon, dahbi Le A3Und ARINA0SrzRqbh ORAR: LODIA hlkne By anodi ¢
corrosion inhibrtor s nmeant - sUppressi on of netal oxidation reactions. By
cat hodi ¢ corempdwd that big sroliblerdanelkabpeenedion ghiteduction reactions.
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The corrosion inhibiting additive requires both an anodic .

. gorrozion inhibitor and a cathodic corrosion inhibiter in
~order to be effective against general corrosion and pitting
corrosion. General corrosion means uniform dieselution of

‘ base metal. By piltting corrosion is meant localized corrosion
of metal resulting in the formation of corrosion pits. The
anodic corrosion inhibitor is effective against general
corrosion while the cathodic corrosion inhibitor is
particularily effective against pitting corroaion.

Suitable cathodie corrosion inhibitors for uss in the

inhibiting additive of the present invention include

rare earth metal - )

pomgogndﬁL_parti¢g;§rly metal zalte of the elements of Grbqp
ITIB of the Periodic Table. (the CAS version). Aall of the
fmregoing'elements have cathodic corrosion inhibiting
charactexistics; however, it has been found that ¢erium,
neodymium and prageodymium are “strong” cathodic corrosion
inphibitors aa defined above and are therefore preferred Group
IIIB elements. Particularly preferred cathodic corrosien
inhibitors are compeunds of cerium and, most preferred are
cercus compounds. Suitable anodic corrogion inhibitors for
uge in the inhibiting additive of the present invention
include trangition element metal salts, preferably metal salts |

of elements fyrom Groups VB and VIR of the Periodiec Table, with

the exception of hexavalent chromium, and wore particularly
in¢lude



base netal. By pitting corrosion is neant |ocalized corrosion of netal
resulting in the formation of corrosion pits. The anodic corrosion
inhibitor is effective against general corrosion while the cathodic
corrosion inhibitor is particularly effective against pitting corrosion.

Suitable caliodiiCd 93hansLill RLigbSchh He8 dibhddiln I Bidicng additive
of the presernt T nvention include rare earth "netal” conpounds, particularly
nmet al sal tmadfidierdlyemengstefe Gcoupindéd | B of ndleyRericodicmpbadnlde .(t he CAS

version). Al of the foregoi ng eJBerrents ha,é/e. cat hodi c corrogi on inhibiting
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and are therefore preferred Gou I11B elements. Particularly preferred
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inhibiting additive of the present invention include transition elenent
met al sal tsgliprefddicably wateal ssabbie bhordamentacihma@ritoupParvBeardrUyB of

the Periodic Table, wth he.exception of hexaval ent. chraqm u and nore
parti cul ar‘ﬁ?f‘ﬁnéﬂe&é‘\g gocr:ngtrlrﬁ}éﬁﬁ sag%n\g%n%%‘? usn?ferr%eycgcfé:r?ﬁnmo%ﬁd@trﬁﬁﬁst en and
more par tdqifiardiigt wigstiatretepnhlaeonsts h pol yhrdadphaeypadndsaten
accordance with the present invention a nmetal conplexing agent is used in
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organic acid salt and/or a water sol ub?e Inorganic acid salt. Particularly

usef ul netaowsniekiehyeageht & bpPelskl eereteralohy thriwgesuy -3 to 0.7

C with respect to the mole fraction of the combined anodic and
cathodic corrosion inhibitor.

Preferred additives-which are non-carcinogenic, effect
against corrosion and exhibit excellent sclubility include, for
example, cerium citrate; cerium citrate with zinc molybdate,
zinc oxide, and strontium tungstate; cerium citrate with
molybdenum oxide and strontium tungstate, and mixtures thereof.

The corrosion inhibiting additive of the present invention
may be added as an inhibitive pigment in adhesives, paints and
primers, organic sealants, epoxies and the like (hereafter
referred to as an organic carrier). These products may be
applied to the substrate which is being protected by any
suitable manner known in the art such as spraying, brushing, or
the like. 1In addition, the corrosion inhibiting additive,
whose solubility is increased by the metal complexing agent, is
dissolved in a carrier such as alcohol, water or the like and
formed on the surface of a substrate as a conversion coating.
In either case, that is, as an additive to adhesive, paints and
primers, epoxies and the like, or as an additive te¢ a solution
for conversion coating, the corrosion inhibiting additive is
provided in a solution comprising a carrier and the corrosion
inhibiting additive. In the first case described above with

regard to paints and primers, etc., the carrier may be at least



consisting of citrate, gluconate, polyphosphate, tartrate, p-diketonates,
a- hydroxy acids, D fructose, L-sorbose and m xtures. The netal conpl exing
agent should be present in an anount of between 0.1 to 1.0, preferably
between 0.3 to 0.7 Cwith respect to,the nole fraction of the conbi ned

anodi ¢ and, Coar.tg%%‘liccpi%rew OﬁhéﬂhjﬁﬁétcS’érrcf’éleJnerfn draddity ‘é%]%]i%kf%hi re -
non- car ci nogeni’c, “ef féct ~agai nst corrosion and exhibit excelTent solubility
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adhesi ves, paints and prinmers, organic seal ants, epoxies and the |ike
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known in the art such as spraying, brushing, or the like. I'n addition, the
corr osi on Hadkidrictinglg odddhei veyenthosewsithulmde tinderporertess & rkynt hg net a
conpl exi n ent, is dissolved in a carrier such as alcohol, water or the
li ke and #%5n the surface of a substrate as a conversion coating. In
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epoxies and the like, or as an additive to a solution for conversion
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anodic corrosion inhibitor plus cathodic corrosion inhibitor is
at least 1 vol.% and the metal complexing agent is present in
at least 0.1 mole fraction of combined inhibitor. It is
preferred that molar solubility in water of the anodic
corrosion inhibitor and the cathodic corrosion inhibitor lie
between 1E® and 1E™ mol/liter,

When the corrosion inhibkiting additive is dissolved in
solution with a carrier, such as alcohol or water, and applied
to a substrate as a conversion coating, it is preferred that
the additive be present in an amount of between about 100 to
300 mg/ft? and wherein the minimum amount of combined anodic

- corrosion inhibitor and cathodic corrosion inhibitor is at
least 50 mg/ft2 and the metal complexing agent is present in an
amount of at least 0.1 mole fraction of combined inhibitors.
The concentration of the anodic corrosion inhibitor and
cathodic corrosion inhibitor in the carrier sheould be between
0.1 and 100 grams/liter, preferably between 1 and 10
grams/liter and the metal complexing agent between 0.05 to 50
grams/liter, preferably 0.5 to 5 grams/liter. When the
corrosion inhibiting additive is dissoclved with a carrier for
use in water circulation systems such as boiler feed systems,

radiator fluid systems, and the like, the concentration of the



coatings and conpounds used as adhesives, paints and priners, and epoxies
and their preparation are well-known in the art as evidenced by the
above-referenced patents referred to in the background of the invention
whi ch are incorporated herein by reference. Wien the corrosion inhibiting

addi tive ia%o‘éfl%d c%§r%rs‘ioﬂd%ﬁﬁ{f¥§19 %&L“&H( °’L%t%%?ﬂca%o%‘}g%gio%einh%k{?&? and
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preferably between 1 and 10 grans/liter and the netal conplexing agent
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fields outside of aerospace and includes automotive,

architectural, packaging, electronics, HVAC and marine.

The final product is an article comprising a metal
substrate having a corrosion inhibiting ccating having a
corrosion inhibiting additive, which comprises at least one of
an anodic corrosicn inhibiter, a cathodic corrosion inhibitor
and a metal complexing agent on the final product wherein the
ancdic and/or cathodic corrosion inhibitor is present between 1
wt.% to 50 wt.% and the metal complexing agent is present
between 0.1 and 1.0 mole fraction of combined inhibitors. When
the corrosion inhibiting additive is applied as a conversion
coating on the metal substrate, it is preferred that the
coating have a coating weight of at least 50 mg/ft?, preferably
between 100 and 500 mg/ft?, and the anodic and/or cathodic
corrosion inhibitor be present in an amount of between 60 to
200 m.g/ft2 and the metal complexing agent in an amount of 40 to
300 mg/ftz, respectively. When the corrosion inhibitive
additive is incorporated into an oxganic carrier (as described
above) and applied to the metal substrate by mechanical methods
known in the art, the ccating should have a thickness of at

least 2.5 microns, preferably between 2.5 and 250 microns, and

the anodic plus cathodic corrosion inhibitor be present in an



radiator fluid systens, and the |like, the concentration of the 7 anodic
corrosion inhibitor and the cathodic corrosion inhibitor in the carrier
shoul d be between 1 ppm and 1000 ppm preferably between 10 ppm and 500 ppm
while the netal conplexing agent is present in an anount of 0.5 to 500,
preferably 5 (9 300, The coerosion {nnibi Ling addi tive Is partigylatly

usef ul inarf)or ent’i ng gener al Cofroston” an pi t3 ng corrosion on et a

subst r at essgdrad tiirc Wrakypnki gl 9t L eagt h. @l i aufredd ayps fOrcondeneidn t he
aerospace jndustry. The additive may be applied in any nmanner known in the
art incl udﬁrif?glbéé"oﬁ'conver sion coating, or applied as a primer, adhesive,
epoxy, paint, @igaREr$e2baANinhiBeRles bAspaNOtl 7 edk alHimtHaD: iadditl ¥eef Or
recirculating water systemor the |ike. viously the use of the corrosion
i nhi bi t i npzrddint v@ventipe piésehevwi e emidrcksaendsrn ¢ha Herl lowilapds

out si de ofe}gﬁ@%oace and includes autonotive, architectural, packaging,

el ectroni cs, C and marine. The final product is an article conprising a
nmetal substrate having a corrosion inhibiting coating having a corrosion

i nhi biting additive, which conprises %}(@.}y@fgt one of an anodic corrosion

i nhibitor, a cathodic corrosion inhibi nd a netal conplexing agent on
the final product wherein the anodic and/or cathodic corrosion inhibitor is
present between 1 w.%to 50 wt.% and_the nmetal conplexing agent is present
bet ween 0.Thzafl IPEFIRATS {¥2ES | BRCBRIOnbPRe§OrARFBPROILEStVheSPeHigen T
corr osi on [\ Qi b g addbbbye innaRRl 180 20:3060BYel Sipth; O | 0204
nmetal substrate, 1t Is preferred that the coating have a coating wel ght of
at | east Stpewmifer?, IDhrederabtyupdet heeind 08 heada®8leny/ thomamd adel aimoli c

O 9 SRS oSOl o0 LA B Lol BEGACTnd 1,01, apUnL; ol Betyesy, 60
present invention. Each pigment additive was ground to a <5 um
particle size. Inhibitor pigments were  welghed out
individually and then combined, dry, before adding to the
primer base. The inhibitor pigment package (see Table I) was
added to the primer base in the appropriate proportions and
mixed by mechanical stirring. The catalyst component was added
just prior to application. Test coupons were pretreated to
achieve a water break free surface by first grit blasting,
wiping with iso-propanol, rinsing with deionized water, and
then drying in air. Test coupons were allowed to dry and cure

in air for 7 days prior to testing.

(’“\

After the curing period, the coupons were scribed using a
tungsten carbide scribing tool. The short ends of the coupons
~were taped, and the coupons were placed in a Q-Fog CCT-600
prohesion chamber for salt fog exposure testing. Salt spray

exposure tests were performed for 2000 hours per ASTM B117.

The performance of each coupon was visually evaluated (scribe
and field) and documented every 200 hours throughout the 2000-
hour exposure. After the 2000-hour test was completed, the

coupons were rinsed thoroughly, dried, and visually evaluated.

S



300 ng/ft2, respectively. When the corrosion inhibitive additive is
i ncorporated into an organic carrier (as described above) and applied to
the netal substrate by nechani cal nethods known in the art, the coating
shoul d have a thickness of at least 2.5 mcrons, preferably between 2.5 and
250 mcro and _th iC ] I rQsi i_nh hitor be present in
an 8 anoun du@fonﬁefq\%ég‘nggggglfng/ol’%g %%E%]g?i.[gg(gﬁidoutqﬁge%%é:tea{%luglgt@%%xi ng agent
in an anowalefat@dluhdet. 00rDbR faqet fomoforcontinmedesunhisbiattarr Theo
corrosion _inhibitin roperties of. the_additive of, th present invention
8ar fp fort E2%

will now BEYFREdEZEl ohitt he owt g9 P e MPLEY Pfir ee speci nens
were prepared for corrosion test. Specinen | was a blank coupon having no
corrosion inhibiting additive, Specinmen Il was a coupon having a hexaval ent

chrom um dddilE ve CRafdngpéerneaulpers wabter cdUpbmannsh seRé a@deyi ve
according the  npresent invention. Each pigment additive was ground to a <5 m
particle si'ze.” I'nhibitor pi gnents were wei ghed out individually and then

conbi ned,—ry—beforeadding tothe—prirerTh ——he—tnhipirtor—prgrent
package (égﬁﬁ*%ﬁﬁéop)1ﬁ<§ﬁ¢? ed to the prin;pﬁgagéufnr?kéﬂgppropriate
proportians andi m xgdHyr IMWchanriredle /Fni rri ngo-the ental,ymétDAPONEHit Wab
added just prior to |application. Test coupons were pretreated to achieyve a
wat er break free surf&%&XQQQWQ1ﬁ Z% it bl astitRFPIsHi GG with i so- propanpl,
rinsing with deioni zgd,wWai&f satg then drying in -air. Test coupons werg
allowed tlo dry and cure in air for 7 days prior to testing. After the
curing period, It he cqipmmemeriehoerti bed usi ngleavyt bagskedepas bt dewlstrd bi hg
tool. The short ends cgnﬁ{g%ég¥Jpons

corrosion product; (1+)

CJ rust spot by €00 hours
IT SrCr0, Shiny metal; 70-80% tarnish
film

As can be seen from Table I and Figures 1 through 3, the
additive of the present invention is effective against

corrosion and superior to hexavalent corrosion inhibitors.

10



were taped, and the coupons were placed in a Q Fog CCT-600 prohesion
chanber for salt fog exposure testing. Salt spray exposure tests were
performed for 2000 hours per ASTM B117. The perfornmance of each coupon was
visually evaluated (scribe and field) and docunented every 200 hours

t hroughout the 2000- hour exposure. After the 2000-hour test was conpleted,
the coupons were rinsed thoroughly, dried, and visually evaluated. 9
Coupons with shiny netal after 2000 hours were further eval uated under
30-50X magni fication. The results after 2000 hours are set forth in Table |
and shown in t Figures. _Table 1. ting.for._coupons after. 2000. hours salt
spr ay exposurgg ﬁ%rﬁﬁﬁg f%%g' %‘gﬁﬁﬁﬁgﬁ %@60} gng%gPiﬁa g lelteélto
Ce(111)-citheat el €8t 88t 9686 s fryr itddalands Ishght: hekyhdalRi¢hZaré at@émdd fil m
oxi des/Sr\W4 | Priper wthout Heavy black deposit; white inhibitor

corrosi ontprBAUBETe{Y+3 1 LUSERRkVE it ThE 566 thBaFes| PESFEFEMIRE Pyt nEtal ;
70- SO%FaEHbéﬁFiBhl”&né‘Swﬁf‘éh berseans Jdampiabbe hoandi ELgupaso¢ Ebreugh 3,
the additive of the present invention i's effective against corrosion and
superi or sozhexavaberatmeot rosimartinti details10L] ppesatbobe uBder st ood t hat
the invention is not_|imted t e, il lystrations scribed and, shown

o el . whrdRniieRasarnlt £5 BT o 1 eRbaRRY e Er ShRE Bell e e
carryi ng atdt.chherei avenihon; s angli st chdarseopesaepticlil aeof bpothé i €bdima. of
form size, arrangenent of parts and details of operation. The

11



invention rather is intended to enconpass all such nodifications which are
wthin its spirit and scope as defined by the clains. ( 11 CLAIMS Wat is
claimed: 1. A conposition conprising: an organic carrier selected fromthe
group consisting of adhesives, paints, priners, sealants, epoxies and

m xtures thereof; and a corrosion irdhibiM3ng additive conprising: (1) an
anodic corrosion inhibitor, selected fromthe group consisting of
transition nmetal salts; (2) a cathodic corrosion inhibitor selected fromthe
group wWonsiisd icigpifiedare earth netal conpounds; and (3) a netal conpl exing
agent for inproving solubility of the anodic and cathodic corrosion

i nhibitor, wherein the netal conplexing agent is selected fromthe group

consi stj ng of oG d @t S AhhicPNai Sy . tartrate, (3-diketonates, a-hydroxy
acids, D fructose, L-sorbose and m xtures thereof. 2. A conposition

accor diarg axga ak ey rivkier st bethed chtdrodilee corvpstonsisbibitof is sel ected
fron1the}%%oqp consisténg of. cerous qﬁqﬁounds and the anodic corrosion

i nhi bi tO11 5% S8 'edtt “$r of 1He" Gt ot cOnsT st TR 0F° ndl§bBa¥ B2 Elingst at e,
vanadatiehapeh £ madares thereof. 3. A conposition according to clainms | and
2, wherein the netal conplexing agent is present in an anmount of between 0.1
to 1.0 wiehreespeciniiorengor@dfthes i @it Hed tonbi ned anodi ¢ and

cat hodi ¢ Corf o5l ofy 4 N DLEOS o 44 Yy EOIPOST L1 1. ACEOF AL NG, £ 0 §£§h§5 1 and 2,
wher ei n' t'he 'netal "conpl'exi ng agent 1s present 1h an anount o etween 0.3 to

censisting of transition metal salts;

{2} a cathodic corrosion inhibitor selected from the group

consisting of rare earth metal compounds; and

{3) a metal complexing agent for improving solubility of the

anodic and cathodic corrosion inhibitor, wherein the metal

complexing agent is selected from the group consisting of

citrate, gluconate, tartrate, pP-diketonates, a-hydroxy acids, D-

fructose, L-sorbose and mixtures therecf.

2. A composition accerding to claim 1, wherein the cathodic
correosion inhibitor is selected from the group consisting of
cerous compounds and the anodic cerrcsion inhibitor is selected
from the group consisting of molybdate, tungstate, vanadate and

mixtures therecf.

3. A composgition according to claims 1 and 2, wherein the
metal complexing agent is present in an amount of between 0.1 to
1.0 with respect to the mole fraction of the combined anodic and

cathodic corrosion inhibitor.

4. A composition according to claims 1 and 2, wherein the
metal complexing agent is present in an amount of between 0.3 to
0.7 with respect to the mole fraction of the combined anodic and

cathodic corrosion inhibitor.

12



0.7 with respect to the nole fraction of the conbi ned anodic and cathodic
corrosion inhibitor. 12 S. A conposition according to claim1, wherein at

| east one anodic and cathodic corrosion inhibitor is present in an anount
of at least 0.1 grans/liter and the conpl exing agent is present in an
anount df AatCIREH U5 e ing er0 GLaim chnpdsitsoh dech?¥Fhg®®® claim 1,

wher ei A e cofi ned n apadi &, £054 0S Ofhi b i £ of ahek cat hodi C, €O K OSHON
inhibitor is present in an anount between 0.1 to 100 grans/liter, and the
met al cohpl texigrstadent §sans ek r | andnt lseroromtp ofx beg weeen 0. 05 poesS0t

granms/ljter. 7, An article conprising an aluni num oral um num al | oy net al
substrat'e %\'ﬁ%‘ﬂ”}} coolf'r %ﬁo a%’g;h(? b@?i?ﬁr&ga]ﬁ%egr tonprising a composition
according to anyone of clains 1, 2 and 8. 8. A conposition according to

claims 1 and 2, wherein the additive is present in an anount of between
about 504 &t 10mEsts 1t 0N ta1EC o G T Nt @ikt of , arfsrif el e ok hestombimed bi t or pl us

; ) LT . 0 !
cat hodi g, £ord 951,90, 4 b Lo, § Sy Ata L8ast Ao vol .6 and: she. prial ool exing
agent 1S present 1na |'eas . nole 1tractli on O conbined Tnhrbrtors. 13
present in an amount between 0.1 teo 100 grams/liter, and the
metal complexing agent is present in an amount of between 0.05 to

50 grams/liter.

7. An article comprising an aluminum oraluminum alloy metal
substrate having a corrosion inhibiting coating comprising a

composition according to anyone of claims 1, 2 and 8.

8. A composition according to claims 1 and 2, wherein the
additive is present in an amount c¢f between about 5 to 12 wvol,
%, the minimum amount of anodic corrcsion inhibitor plus
cathodic corrosion inhibitor is at least 1 vol. % and the metal
complexing agent is present in at least 0.1 mole fraction of

combined inhibitors.
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