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| NVENTI ON The present invention relates to a corrosion inhibiting additive
and, nore particularly, a corrosion inhibiting additive which is as
effectlve as hexaval ent chrom um conpounds but which do not have tE heal t h
hazards associ ated wi th hexaval ent chrom um conpounds. Corrosion ah E% Wk ve
conpounds have | ong been used on, for exanple, netallic surfaces to inhibit
corrosion thereof. U S. Patent 2,387,528 describes al kaline earth netal
chromates containing trivalent as well as hexaval ent chromi um as additives
for metal protective pignents. U S. Patent 2 430,589 describes rotective
pi gment's conpri sing NCB‘{-%MW %%%JNEWTW%ADD&E&@ ons of
ferric, manganic or chrom c oxides. U S. Patent 2,902,394 describes the use
of sol uble chrom um containing conpounds used in aqueous netal treating or
rinsing solutions applied to netal surfaces or to the conversion coating
onto netal surfaces to inprovBACKGROBNDNOFeSHEt ENVENTIOB. Patent 3, 063, 877
descri bes aqueous sol utions for treatlng nmetal surfaces.to in i nprove
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chrom um chromate_conpl ex fo b wat er rlns Th conmplex_is
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agent to regues idnPohpeindl .t he hexavalent chromumto the trivalent
state. 1 L 2 DEC 2UU F 00-491 In the aerospace industry, alunlnun1all%y
achi eve their hiCgirrstsiengtinhtib ikdivghrorgriadsy hiavel dongh berns YeRagdit it6Fal
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containing trivalent as well as hexavalent chromium as additives

for metal protective pigments. U.S. Patent 2,430,589 describes
protective pigments comprising calcium chromate associated with
minor additions of ferric, manganic or chromic oxides. U.S.
Patent 2,902,394 describes the use of soluble chromium
containing compounds used in aqueous metal treating or rinsing
solutions applied to metal surfaces or to the conversion coating
onto metal surfaces to improve corrosion resistance. U.S.
Patent 3,063,877 describes aqueous 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 3,279,958 describes
rinsing of phosphate, chromate and 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.



therefore, generally protected in service by use of corrosion inhibitive
conpounds based on hexaval ent chrom um These conpounds i ncl udes bari um or
strontium chronate particles used as inhibitive pignments and athS)g@§2w
paints and priners, chromc acid, which is used to produce a chr um rich
conversi on coating, and sodi um and pot assi um di chr omat e, Mhl@p re used as
seal i ng conpounds for anodized filns. Al forns of hexaval e ﬁ?oniunlare
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the presen Irnvenfion~to provi e a corrosion inhibiting additive which is
non- carei uegénas. skhliingacpapbuodisafosbpectiiekdt fié lpsesent i nvention to

Rl1]l forms of hexavalent chromium are recognized by the
United States National Institute of Environmental Health
Sciences as a Group 1 known human carcinogen. Accordingly, the
use of corrosion inhibiting compounds which contain forms of
hexavalent chromium are subject to stringent regulation and
control. It would be very beneficial to eliminate hexavalent
chromium as a corrosion inhibiting additive to corrosion
inhibitive 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 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
pigments in adhesives, paints and primers, as a conversion
coating.

Naturally, it would be highly desirable to provide
corrosion inhibitors which can be used and substituted for

hexavalent chromium inhibitors so as to avoid potential health



provide a corrosion inhibiting additive as set forth above which is
effective in preventing corrosion attack on netals. 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 gtr&righiy
alumnum alloys. It is a still further object of the preseah invention to
provide a corrosion inhibiting additive as set forth above Pehlis

effective agaiﬁsh bo%htgeneral ﬁorrosionigndegi%%igg co&ros&on. Furt her
obj ecP@Zard® aH0anEagEs B PARCpFETENPILRIES: FEACSCHTE SS5ES5LREr ei nbel ow.
SUMVAR¥o EEcE iEn! DWENELEN Efiraseesdapaetwiciih atrthe, pheghnistireyigthi on, the
foregoi ng  objections and advantages are readily obtained. The present
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the present inventiqn provides protection against both |ocalized pitting
corr oBPBNCARGLHEERENA -corrosi on. Suitabl e additives which are

non-car0|ngge&gpaanrQq@th§e0@%%Qt 304G %Q@@@ﬂtpqddgyﬂgogpkg and cat hodi c
corrosion inhibitors. Particularly suitablé additives include cerous
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thereof. Rrefigy edurtidd i@ Addft IHRS pAed GANEHAGR i thengsien @nd
cerium Particularly preferred inhibiting additives are those additives
whi ch ac eepiosd oge rigist barkd nou gt idtieree @ datd Lo rtte akwrreositareh it biti ng
addi tive.of t §§Qt I.nventi A 'ﬁ&? [ hﬁ@Vﬂﬂgitive in
adhesip\?g:stgcﬁlall%%tly gén Cgrﬁwﬁeré%queaé{@n]tég eeb;g%ggg Sgﬂ:(f éplaltlke Ich are
t her eafltlerys .applied to a substrate by nechani cal nethods known in the art or
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 QF THE INVENTION

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

The present invention is drawn to a non-carcinogenic
corrosion inhibiting additive comprising an ancdic corrosion
inhibitor and cathodic corrosion inhibitor. The inhibiting
additive comprises a combination of an anodic corrosion
inhibitor and a cathodic corrosion inhibitor. The inhibiting
additive of the present invention provides protection against
both localized pitting corrosion and general corrosion.
Suitable additives which are non-carcinogenic and comprise both
anodic corrosion inhibitors and cathodic corrosion inhibitors.
Particularly suitable additives include cerous molybdate with

bismuth vanadate, cerous molybdate with strontium tungstate,



di ssolved in solution and applied to a substrate as a conversion coating.
DETAI LED DESCRI PTI ON The present invention is drawn to a non-carci nogenic

corrosion inhibiting additive and, nore particularly, a non- carcif i%.
corrosion inhibiting additive which is effective against general %ggfggwén
and pitting corrosion. In accordance with the present inventjpng,the non-
carcinogenic corrosion inhibiting additive conprises, in conbination, an
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addi t1 requires both an anodic corrosion inhibitor and a cathodic
corrodissolwbdbinhosolntiondendt apbéiedlf &ot veubgrase gener ebnyersasnon and
|tt|ng corr05|on General corrosion neans uniformdissolution of base

met al © %@ PPrting corrosion is neant localized corrosion of base netal

resulting in the formati on of corrosion pits. The anodic corrosion

inhibitor is effective against general corrosion while the cathodic
corrosion inhibitor is partiRﬁﬂéﬁ&EE*E§§§§ﬁﬁﬂﬁ£Ehgainst pitting corrosion.
Sui table caphodi¢ Gt 93,2t BA Bt A8 whot oUSe nbl-EA%cinogenic
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 corrosion inhibitor and a cathodic
corrosion inhibitor. By anodic corrosion inhibitor is meant
suppression of metal oxidation reactions. By cathedic
corrosion inhibitor is meant suppression of reduction reactions.
In order to be effective, both the anodic and cathodic corrosion
inhibitors should be ™*strong” corrosion inhibitors. By strong
anodic corrosion inhibitor is meant a compound that is soluble
in alkaline media, while precipitating as a reduced, insoluble
oxide under neutral and acidic reducing conditions, that is,
existing as an insoluble oxide below -600 mv vs Ag/AgCl at pH 7,
and below -300 mv vs Ag/AgCl at pH 2. By a strong cathodic
corrosion inhibitor is meant a compound that is socluble in
acidic media, while undergoing a valance change to precipite as
an insoluble oxide under neutral and alkaline and moderately

oxidizing conditions, that is, existing as an insoluble oxide



inhibiting additive of the present invention are the elenents of Goup II1B
of the Periodic Table (the CAS version). Al of the foregoing el enents have
cat hodi ¢ corrosion inhibiting characteristics; however, it has be??dﬁ?gﬂq
that cerium neodym um and praseodym um are 'strong” cathodlc cot Lol

i nhibitors as defined above and are therefore preferred G oug,_{4,! B

el enments. Particularly preferred cathodic corrosion |nh|b|tors are
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the art such as spraying, brushing, or the like. In add| I on, the corrosion
|nh|beﬁfagtaddlagaenSWhpamtangtcber@slomeast partially soluble In water, may

be di ssol ved.in carrije such as .a water or the l.ik and f ormed on
Che sur facgUot bl e AREHPaE FT 2B P e R Hoae G I %eiithat Soase. ¢ hat
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or as an additive to a solution for conversion coating, the corrosion
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neodymium and praseodymium are “strong” cathodic corrosion
inhibitors as defined above and are therefore preferred Group
IIIB elements. Particularly preferred cathodic corrosion
inhibitors are compounds of cerium and, most preferred are
cerous compounds. Suitable anodic corrosion inhibitors for use
in the inhibiting additive of the present invention include
elements from Groups VB and VIB of the Periodic Table, with the
exception of hexavalent chromium, and more particularly include
compounds of vanadium, molybdenum and tungsten and more
particularly tungstate compounds. Suitable additives which are
non-carcinogenic include, for example, cerous molybdate with
bismuth vanadate, cerous molybdate with strontium tungstate,
cerous phosphate with strontium tungstate, bismuth vanadate with
bismuth molybdate 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, 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

S



conversion coating, the carrier may sinply be, for exanple, water or

al cohol . Solutions for conversion coatings and conpounds used as adhesi ves,
paints and priners, and epoxies and their preparation are wella5qﬁiw in the
art as evidenced by the above-referenced patents referred to if“t UG
background of the invention. Wen the corrosion inhibiting ggdjgive is used
as an additive to solutions such as adhesives, paints and priners,
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cat hodhrpe9ER A ANchiRRiRir @hdl Rnkh@oredshiber iaRevi¢ihg Rahuesrel and 100
grans/liter, preferabl between 10 and 50 grans/liter. Wth the corrosion
i nhi bthengiratdicesee descdiibed wbdvei Wi thheegard éo pedntse ana wat er

circulation sys%ens ch as bhoiler feed_systens, _radiator. flui syst ens,
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1000 ppm preferably between 10 ppm and 500 ppm The corrosion inhibiting
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compounds used as adhesives, palnts and primers, 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.

When the corrosion inhibiting additive is used as an
additive to solutions such as adhesives, paints and primers,
sealants, epoxies and the like (herein referred to as organic
carriers), it 1is preferred that the additive be present in an
amount of between about 1 to 50 wt.% and the minimum amount of
anodic corrosion inhibitor and cathodic corrosion inhibitor is
at least 0.25 wt.% and 0.25 wt.%, respectively. It is preferred
that molar scolubility in water of the anodic corrosion inhibitor
and the cathodic corrosion inhibitor lie between 10™° and 107
mol/liter.

When the corrosion inhibiting 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 amcunt of between about 50 to 1000
ng/ft? and wherein the minimum amount of anodic corrosion

inhibitor and cathodic corrosion inhibitor is at least 25 mg/ft2




in the aerospace industry. The additive may be applied in any manner known

in the art including as a conversion coating, or applied as a priner,

pai nt, organic seal ant, sealer for anodized alumnum additive for

recirculating water systemor the |like. Cbviously the use of th? rwm@lon
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enpl0¥gdtggda%%gg%aegoggdgg%ggt|a%he additive may be applied in any
manner known in the art including as a conversion coating, or
applied as a primer, paint, organic sealant, sealer for anodized
aluminum, additive for recirculating water system or the like.
Obviously the use of the corrosion inhibiting additive of the
present invention extends to other 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 coating having a
corrosion inhibiting additive which comprises an anodic
corrosion inhibitor and a cathodic corrosion inhibitor on the
final product wherein the anodic corrosion inhibitor is present
between 0.25 wt.% to 50 wt.% and the cathodic corrosion
inhibitor is present between 0.25 wt.% to 50 wt.%. 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 corrosion inhibitor and cathodic

corrosion inhibitor be present in an amount of between 25 to 250

mg/ft? and 25 to 250 mg/ft?, respectively. When the corrosion




corrosion inhibiting additives were tested. The testing was carried out as
follows. Slurries of candidate corrosion inhibitive pignments were prepared
by magnetically stirring the pignments in 5 weight 9650diun1ch|0wjg§E-U;
solution for 24 hours and adjusting to pH 7.0 with sodi um hydrdxi de ())tU'
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example.

EXAMPLE

In order to demonstrate the effectiveness of the corrosion
inhibiting additives ¢f the present invention, an
electrochemical cell was employed and twenty-four potential
corrosion inhibiting additives were tested. The testing was
carried out as follows. Slurries of candidate corrosion
inhibitive pigments were prepared by magnetically stirring the
pigments in 5 weight % sodium chloride solution for 24 hours and
adjusting to pH 7.0 with sodium hydroxide or hydrechloric acid
as required. Samples of alumina grit blasted 6061 T6 aluminum
alloy were fixtured in a paint cell, obtained from Gamry
Instruments, that exposed 18 cm? of surface. The paint cell was
equipped with a silver / silver chloride reference electrode and
a graphite rod counter electrode. The supernatant 5% sodium
chloride soluticons in contact with the candidate inhibitive
pigments were added to the paint cell. The specimens were
stabilized at Ecorr for 30 minutes. An impedance scan of 10 mV
amplitude was run from 10KhZ to 0.01 Hz . A linear polarization
scan was be run from -200 mV to +600 mV of the corrosion

potential.
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The measured values of the output of this testing were:

Epit—Ecorr, mV
Tcorr, UA/cm’
Z, Kohm

Where Epit~Ecorr 15 indicative of pitting corrosion wherein the
higher the value the greater the additive effect on pitting
corrosion, Icor is indicative of general corrosion wherein the
lower the value the greater the additive effect, and Z indicates
the barrier surface film quality wherein the higher the wvalue

the greater the additive effect. The results are set forth
below in Tables I and II.
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As can be seen from the Tables above, samples 16, 18, (both
anodic corrosion inhibitors) and samples 19, 20, 22 and 24 (all
combinations of anodic and cathodic inhibitors) showed potential
as corrosion inhibiting additives which exhibit effectiveness
against both general corrosion and pitting corrosion.

In order to demonstrate the effectiveness over time of
inhibiting additives having both an anodic corrosion inhibitor
and a cathodic corrosion inhibitor in accordance with the
invention as compared to additives which contain only anodic
corrosion inhibitors, acidified salt spray tests were conducted
under the following conditions. Panels of Aluminum Alloy 6061
were processed by phosphoric acid anodizing, air sprayed with
epoxy primers of the corrosion inhibiting additive set forth in
Table III and oven cured at 350°F for 90 minutes. The panels
were subjected to acidified salt spray tests conducted for 1000
hours in 5% NaCl solution acidified to pH 3.4 with acetic acid.
Visuval inspections of the panels were then conducted and the
results are shown below in Table III and compared with the prior

art, namely, SrCrQ,.

TABLE III
Inhibiting Additive Pit Clusters

SrCr0; 1
CeVO, 1-5
CeP0; and SrwWQ, 1-5
CeMoQ; and SrwWQ, 1-5
BiVO, w/ MoO, 16-20
BivVO, 16-20
BiVQy and SrWO, 20+

As can be seen, those additives which contain both ancodic
and cathodic inhibitors were far more effective against pitting
than additives which contain only anodic inhibitors. Also, the

12



N N 00-491 21 DEC 2UU ; As can be seen fromthe Tabl es above, sanples 16,

18, (both anodic corrosion inhibitors) and sanpl es 1§, ﬁg %@f angd-£4 (all
conbi nati ons of anodic and cathodi c inhibitors) showe %) % ral as

cor rosi on J yitivd % ddid ighess MY vt Rid £ e@nipsenese tRUANS praeih
general corrosion and pitting corrosion. In order to denonstrate the
ef f ecti versass amldirt ivereo Hfs traritiibin iohgcaddie i vE&hasey iteg Ysotshoah theddiwhbile

corrosion inhjbitor ..and a cathaodic corraosi.on inhibitar .i CLo e wth
the inverfth Caslrgb]rﬁfja]ﬁ'%s R R T Ve LI G c%%maiwrl{llocﬁ %%ﬁiﬁ)‘lcﬁre%a%%@r&osi on
i nhi bitorsemcichfded pdd £i¥ akdmgsites MRS Condeics uedednd hes)f,oldow ng
conditions. Panels of Al um num Al loy 6061 were processed by phosphoric acid
anodi zi ng,1@¥ tsrmmyetfeft his edhbaiid ners of the corrosion inhibiting
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panels were s Spray tests con for 1000
hours in 5%dNaiQll usot it i oms ate shif ikash tangp Hitowh Widde facetwiti dciake déesued
i nspections of the panels were then conducted and Ciehe Eesul ts, are sho

bel ow i n Tebike Merehy tbhparerf e i et o ETERG L LE
111 1 nhibii,j iti i S : - Vil 5
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art additive of strontiumchromate. These tests show that while anodic

i nhibitors may forma barrier filmwhich produces short -t fect (see
for exanple Table I, sanples 18 and 16), no |ong tern1e?#ec ' obt ai ned.

It is to be understood that the inventionis not limted to the

Il lustrations described and shown herein, which are deened to be nerely
Illustrative of the best nbdes of carrying out the invention, and which are
susceptiﬁingb%ﬁgﬂgfication of form size, arrangenent of parts and details
of oper ; invention rather is intended to enconpass all such
nDdifications mhich are wthin its spirit and scope as defined by the

cl ai ns. 04 | N.THE CLAL MS corr05| I nhi bi ti addi. ti.ve
compri silhg ApraEn Elas 1 ORI gpod ﬁeaﬂ?f’aw tﬁ‘?féﬂfig WQP&@H A R
wher ei n |t hévha%dhf'cme F?JE‘ISB’HI ‘Pb‘istaéi?mli"’é‘“ ET“F Fige qluhle palkaiing pedia,
by being sdthilpPecipiating psa reghe Fifs prde g updngopditipnsyat is, existing
i nsol ubl|e @Wh@s%w&requ@&lomﬁﬂ%m vaég/&ggl #@ e&fbmﬁ TS AsfAeid ay r@ 2 and

exi sting &dewin thhadiodisicarresion dehitjer mcorewnsirﬂwvg chasgsfenged by being splyble rgidisemerip,
2300 ny |vs whilgmis@pingta vplence change o giesiniiats as eingolubioeside wsdarnputabindiafialmsiandr i s

a conpound mdderatelyxigranezronditions chiat iy exigting gs andnsebible axigdeabovyi-e0hed verg/Aghl atet 7,
under goiing 2ad stverRH mhvsrpdAs(d appld 67, piithahecprendsodhat thesdditivd docsondt dentaiimbrxavalent

neut ral [andhmmikmh.i ne and noderately oxidizing conditions, that is, existing
as an insol ubl e oxi de above -300 ny vs Ag/ AgCl at pH 7, and above -900 ny

vs Ag/ AgZl Aatorphiod dhibwting ladditine aprondingio ctaimai whereinalikdinbdiv eordoes inhdtitocis selexited from the
hexaval ent gralprconsisting ofZompounds sfoanadiun, Rtvlybildnumgtuaghtting andenistoeerthdrenfy t o cl ai m

1 wherein the anodic corrosion inhibitor is selected fromthe group

consi st i By Aéoreiop intiibiting @lditiarsachirding torctiny D ckdersim thd anodis tatosioa fxchibitox s amegsten

t hereof . 3.cofip&@mdr osi on inhibiting additive according to claim2 wherein the
anodi ¢ corrosion inhibitor is a tungsten conpound. 4. A corrosion

i nhi bi tigg Aediokiol AhdRmRRHAIHEG: deordih@ioTlain BRGERINHhE HiRdid RErEsn GiKiQE is@Mungstate

i nhi bitor icdmpodndnNgst at e conpound. 5. A corrosion inhibiting additive
according to claim1 wherein the cathodic corrosion inhibitor is a conpound

of an ekeneimosh itathelall BV LEor@he MR 1 HfhefnOHP AR cSrosidhentiitor R cempound of
Table (the CARmMYRIlQEd frmﬁthe/éle&eﬁtg 85680y mﬁﬂametpengm@q‘sm& HNECRS Catighng to
claiml wherein the cathodic corrosion inhibitor is selected from the group
consi sti B9 ARLo 'Dgi('.:h Hﬂﬁblﬁ)&%%ﬂ%éﬁ&m@iﬁ ﬁ)ec%}{ mvﬂfé}emge MH g§os§cﬂﬁﬁlﬁ9itor iskelefed from
corrosi o i #ﬁﬁ% Aol 3 L, o b Gty lth B il hdf 12, €L h0C €

corrosion |n I's-a ceriumco corrositon 1 n |b|t|ng addi tive

accordi ng 0.6l al Mg Shiflvd storsfﬂg RO 1GHefeRth® Barh AR BirbBdn ihifibitor 68 @HSm

conpound= compound.

8. A corrosion inhibiting additive according to claim 1 wherein the cathodic corrosion inhibitor is a cerous
compound.

9. A corrosion inhibiting additive according to claim 1 wherein the additive is selected from the group
consistingof cerous molybdate with bismuth vanadate, cerous molybate with strontium tungstate, cerous
phosphate with strontinm tungstate, bismuth vanadate with bismuth molybate and strontium tungstate, and
mixtures thereof.

10. A corrosion inhibiting solution comprising at least a carrier and a corrosion inhibiting additive according to
any one of the preceding claims.

11. A corrosion inhibiting solution according to claim 10 wherein the anodic corrosion inhibitor is present in
solution in an amount of at least 1 ppm and the cathodic corrosion inhibitor is present in an amount of at least

1 ppm.

12. A corrosion inhibiting solution according to claim 11 wherein the anodic corrosion inhibitor is present in
sohution in an amount of between about 10 ppm to 500 ppm and the cathodic corrosion inhibitor is present in
solution in an amount of between about 10 ppm to 500 ppm.

13. A corrosion inhibiting solution according to claim 11 wherein the anodic corrosion inhibitor is present in

solution in an amount of between about 1 grams/liter to 100 grams/liter and the cathodic corrosion inhibitor is
present in solution in an amount of between about 1 grams/liter to 100 grams/liter.
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9. Acorrosion inhibiting additive according to claim 1l wherein the additive
is selected fromthe group consistingof cerous nol ybdate Wit 1 it h
vanadat e, cerous nolybate with strontiumtungstate, cerous phosphate with
strontium tungstate, bisnmuth vanadate with bi snmuth nol ybate and strontium
tungstate, and m xtures thereof. 10. A corrosion inhibiting solution
conprising at least a carrier and a corrosion inhibiting additive according

to any pney @hroliBfinRibRME 91k &rdiRe tojcgﬁi]m'?‘l_%&%i(ﬂﬁljleoﬁmj]i bePlsioh iRt 4 pteStht in
accor di ng " nukdrah B dfounfOacEeln LGt Qli%ﬂ%@@ﬁfa%ﬂi'te‘? & Bithdai: Bf&5teihinlbllor is
sol ution ip.ahy %’%Hﬂ&n&an?hobrﬁ%ﬁﬁenkeoﬂ AT g%%l?/li%ﬂo%%‘rﬁnsﬁﬂgr[ oston 1 nhibitor
is present '1n an amount of at least | ppm . corrosion inhibiting

sol ution C L:Rg: 1 Q. W r el Nk j G C iLon..inhihi.tor is .
present o SRk 3Rk Ml 10 ARERl G Qlled Sihsh R R i brgifc pger.
cat hodi c r L:on. i nhi bi t.or | esent_. | olution in an amount of, hetween
about 10! b RbishBleg s ifon . BELEahilo kR Al P REE N sl 8°
claim11. erer N tAe anodi ¢ corrosion inhibitor is present in solution in

f b about /)it to 100 ,qr. /1.t dth t hod
o AU O B R0y IR by O B L o D, SR

i TR ¢ G Téi‘)
grans/ | i teﬂw ditiye ageprding fo,gny opg obclaima I thspyeldk o1 i nhi bi ting sol ution
according, to claiml 1 wherein the. anodic corrosi.on jnhibitor is present in
Sol ut i onit R aick geprdingfo gﬁﬁé@wm i PP BSEnS 1 SEOPOR DR
the cat hodicEaH08 T BRI, A PeetaDoptd- 2580 o whe 4o thespliedin rPriosioR irhiiBL S pregnt in the
bet ween abdMOUET BitweRD/APEY 825 ¢t Gr ans/ i ter. 15. A corrosion inhibiting
solution_according to claim10 wherein the carrier conprises at |east an
organi c b rithearticlegeeording & ¢lajay I phep fiespating ds aeanyarsiemcogtiddor di ng to cl ai m 10
wherein the carrier conprises water or alcohol and mxtures thereof. 17. An
article &m%!mf%rdwsmiawl&s‘m%wﬁwicwgogpndwl?l@s ISORCSEH AR 1BE PTYI08 JHN D teg
conpri si ng “4ate it Fxjmaynt of batwser abayt 23dei2 10 wEftarndsheratgdic sorsepiongptEbiEr isqIrespiign the
t hr ough 9. amguntgfibeiyeqnabeut 26 &t Wimg ftt.o cl ai m 17 wherein anodi ¢ corrosion
inhibitor is present in the corrosion inhibiting coating in an anmount of
bet ween about 0.25 to 50 wt.% and the cathodic corrosion inhibitor is
present in the anount of between about 0.25 to 50 wt.% 19. An article
according to claim 17 when the coating is a conversion coating. 20. An
article according to claim19 wherein anodic corrosion inhibitor is present
in the corrosion inhibiting coating in an anmount of between about 25 to 250
ng/ft2 and the cathodic corrosion inhibitor is present in the anount of
bet ween about 25 to 250 ng/ ft2. 15

15





