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WO 2004/ 108407 PCT/ @52004/017786 1 S Conpositions and

Met hods for Darkening and Inparting

Corrosi on-Resi stant. Properties to Zinc or Oher

Active Metals Field of the Invention 10 The present
WPAMAIH8EH relates to bifunctional coatings fE‘FT’E’ﬁ%‘?B‘“‘Hﬂ%

and other active metals. The coati ngs serve to darken.

the surface of the zinc and inpart anti-corrosion

properties to the coated product. Background of the

I nvention 15 Conpositions for coating industri al

conponents and assenblies are becom ng increasingly

i nportant. For exanple, many nechani cal parts and

fasteners are coated vvith a conposition to inprove the

aest heti cs and ov aII ra art or
f ast ener, ?) aﬂ_ ﬁ}%d g?fhasfp(?pg’%l e in the
final a3Berim Tos) S{Sﬁtﬂﬂ tPropaitiag cal
fasteners such fasZim: ot Qthes Aclive Metals be colored to
sinplify assenbly or disassenbly of a manufactured
product. These COE%MON ain pignents or

ot her col oring age inmpart a certain

col or or hea@lﬁ%rﬁﬁﬁﬁeﬁt@nt Rfates AbeBifilMiibnalVBditings for zinc and
nmechani cal onents used in autonobiles are coated

othef;achve, metalSke NRCYAAINGE ssrve dpnstsken dhne seirfeapoftthe zinc and
impa 3K co96&¥n p préi'@éé‘toﬁh@'c%?ted?%rﬁeﬁcﬂmny 25 nechani cal

conponents must, as a resu strength requirements,
be netal; w thout such coatings, the netallic

corrponents are SBI e o%ncﬁ&f %atsgl iny in
appear ance. org'erﬁ’i-cr—r—rrpah—“g—%ﬁg%g or dark _
appear ahmapb@tnsmsz I’oramamganﬂ&tnalt corhomerts $Har dsdefnblies are
apply. a suitabl.e coat Various conpositions are '
becot{BeninPERSITAbA MPREEEE bi Eek SXAMRLe « MBI mechaniss! parts and
fastaietdldrd Gcopgsd w:%ﬁ%c%péélﬁcﬁ? 16 ARG 'tl‘i’é‘sae%ﬁ?etlcs and overall
commercially avail abl e. However, for

appegspnge: af ihenkart ph fasitergr. pamcefaﬂadwh%ﬂ;e p@xteaa visitde in the final
asserﬁr‘nut%i%(z? iyl +S DA G 5?%?112' 'rﬁe’f‘tha?w ?&s?tel‘?%rgs i Sh?@%ébolts or screws

“coat's o oring coa
may dgptoleted Thisknplfy asserebiyrabt BaMHtheofsau crinnufactured prod uct.

e R BB e SRR e cosrea,

nmpaﬁm:eemn@bwrothepeam&catmﬂmﬁawd padd technique to
reduce expense ot herw se associated with the use

of wmeﬁb@'xpad@wnﬁ@ﬁ UBS® BuAdiomadies are coated with a
darké‘fﬁh@ rp'aﬂﬂ dF @Bhigsttion to impart a black, gray, or dark finish. Since many

mechanical components must, as a resuit of strength requirements, be metal;
without such coatings, the metallic components are silver or at least shiny in
appearance. In order to impart a black or dark appearance to such components, it
Is necessary to apply a suitable coating.

Vanous composmons are known for :mpartlng a black or dark color fo
a metallic part. Many of these compositions are‘ commercially available. However,
for many applications, in erder to. effectively cover the silver and shiny metallic
surface of the part, multiple coats of the coloring coating must be applied. This is
undesirable because such compositions are often relatively expensive. And,
multiple coating operations are labor intensive. Accordingly, there is a need for a
techmque to reduce the expense otherwise associated with the use of these
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In addition to applying a conposition to color a
nmetallic part, other conpositions are often applied
to the part to inpart other physical characteristics.
WO 20694ds@$ On resistance is a desirabl e properderd®bosnirss
metallic parts, and partikcularly for 5 such parts used
in autonotive applications. The art is replete with a
wi de variety of conpositions for inparting
corrosion-resistant properties to a netal surface.
coloring&attingss conposi tions have evol ved along with the

the derertBhop waYiedi s forRepuelich 4PEar b Batt other
compos@dﬂh's Uhrs el agystictasi 18 -perhiddintpary ottmmﬂﬁfsrcabnisarastenﬂ;ﬂcs
the relative tOXICIty or enV|ro

t al
Corrosie iggfpire it 8rdqaTabloRmpRENRr Mmaiy sl ¢ r@“?@éﬁgt;cuﬁar?y for
such pa‘?ﬁ'ﬁé@ 3h SubftRofAR eﬂ)ﬁlﬂ&ﬁ@ﬁé oA Htas r@pléﬂé‘ wigbhSvide variety of

I -COrrosion and particul arl as a
composutmﬂsae&mmpamu coNpsioptiedifiaiin {éﬁopgﬁ@m@m@ bagtal surface.

* coatre GTRRIESy, SL SEOHE, A SOFPRUT Sy iy doai

and unc@t;ﬁﬁﬁﬂlﬁg diilse stlatemnof eorfiori2l, hﬁ_re! n incorporated by
cont & ok aaring 66 eHoLiRE of ColPrkB haBgEoTRAP MRS

the relaﬁ@é’ftéﬂ&t)ﬁér LhatonBeeral impdee of fizlcpapesitionor ¢s cinysinents.
patents” directed to corrosign inhibitin §gl%ngos|t| ons

For this seesimi melykerippfas eberit investigeied apaA sk ¥ cpEgsion
agent, %@cﬁj p%&i’?c}gafr@lgé J)Pé%?%rp%ﬂ 1)?/)'9 18%ie dHRbRRM | SICEHrBRTiGhAfhsed

rence. U 'S. Patent 4,440, 721,
compoumeisei n i ncorporated by reference, describes

f hj .
cor Sy oo RtbetleBnBla iBlve 60, BB deoqgnized as

corrosidiPipsitotd. OfF%rCB‘xatrhpﬁ’e UAl patbeind 408c121ddeoxin incorporaded by

wat er - sol ubl e .nol. yhdate co her pate ,
roferengs. iiEs¢aEeR BOBQHBBULTIONH GCTPOGE 5 SoDH AP g Vot salt
0
n the SRR LSRRy BRI o1 et meaef

 directed iircmgos@neiﬂlhibﬁlngeﬂ@m@ﬁ@'@mﬁ' H@E‘E’ﬂ'n'egnﬁgbfbfjﬁ%@“é? @3 U.S.

r e tif
patents 1 8Ean ARRCE71A " BAUEY WP el ERAD, poomorated b

referenea)hi bi ti ng propertl es of nolybdate led to U S. Patent

T " B BE LR T o] S50 B e

describ@98bimpbsifigNs f&tihiﬂbmﬁ?Qﬁm@mI ab8leCaid @sto¥orofh thkpreseme of

I n agueous ui ds

hat conposition based u
aqueousdiquldsat Th compaswﬁagméia% %dpitsﬂt Eﬂ@‘iﬁa‘?'@ﬁ 0% 8%5&"&3 er-

couni S50 Sl TRk S Benseioay s cons

containing molybdenum compounds include U.S. Patents 3, 030 308 2,147,409;
and 2,147,395; all of which are hereby incorporated by reference. These

" compositions are however, generally directed to anti-freeze compositions.

Further investigation into the corrosion inhibiting' propertiés of
molybdate led to U.S. Patent 4,548,787, hersin incorporated by reference. The

'787 patent describes a composition that protects against cavitation-erosion and

" corrosion of aluminum in agueous liquids. That composition is based upon the

combination of a phosphate and certain water-soluble agents which may include a

water-soluble molybdate compound.
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Addi ti onal nmention was nmade of the use of
wat er-sol ubl e salts of nolybdenumin corrosion
|nh|b|t|ng m xtures based on a particul ar class of
wé U in US. Patent 4,640,793, herein PCT 52004,017786
|ncorporated by reference. ;Perhaps the nost nt
prior work in the patent I|terature is US. 5 Patent
4,798,683, herein incorporated by reference. The ' 683
patent is directed to nethods of controlling

cor r osixpmitivial ARnUSE Wis TR @hithe QmEP oS vidionsoluble salts of
Specifically, the '683 patent descrl bes net hods, and

molyb@apEI i GRECSIER ARG, ITRLURE DRSSEr 6B Gn RFUGHATacIASS Of
po!yrﬁgrrsf 06 %, Phdf %}E@ﬁ 794, 1R AH WRVSorsyed ﬁ?‘?efef@?'\%e

compositions '683 patent contailn | ybdat e
i on solfedEpsnitieoppsiaicte et @nescmﬂlbllma the p@tﬁﬁtdwﬁtlge is U.S.

pet 7R b G55 B PSR R it

methbﬂlkhigﬂﬁbmtoﬁnh@;mrrcsm Upy thed ythB:élatcf raﬂlylbﬁaﬁaagmmpnsmons
no at e ot her | nterest al t hou ess
Speceriv.ARe 6% PoEnLEpIoIbEs STePRgS 4 SRR or nhibiting the

oorrobﬁanbd‘f rﬁBta'Hicmiﬂfabé@ frREshtabowith edeBbudegstems. ETle bd)mﬁosmons
sis of the Mechani sm of Sel ective Coloratio

of thBa(ﬁa3l pa inh onkedn | 3 gnelybdalgt iash seproea@ﬂeugerﬁtaswgtqrﬁoluble
com;@l&#ﬁﬁ‘unﬁ?é l B%%ﬁ%pgggg‘%ﬁé' ])/_ﬁhtafé/ Jon ddR®ss s including

erie, ~ June I'n that paper, an
magreegilem usmelghgats) tammcmﬁurﬂ me’bghie pehigentma aliey msodium

t anpl ybdat.e and i ght percent ammoni um chl oride
mdyag%e’ ﬁ@%ﬁ ?83'8%'7‘?8%/59%?%(1 hi ghl i ght grai n boundari es
in var izpuser! Inrestinpt altswgh Hes Gekavankc priof wdrki involving
wor k. There was nqQ attenpt art [ros
molyb@aieb FemAgSHPshH ds tyabhipge L@"SF T {' Rrcaye pentitied,
"Analy3fs M@W@cﬂﬁ'ﬁtsﬁi’@?%l&ﬁ(@%l&ﬂaﬂﬁn P%bthtéﬂh@fthe identifi catlon of

atisfactory In many respects, the prior_ar
Vanqls Pmmcmeftiumwpr@lllceat RRRET| Gﬁﬁimu N@Jy@orH@'ﬂeérEt Fondeﬂe

s e, B, 2935, B gt 4yl Mingysfchcd 030w

_ cont
perc@ﬁtﬁrhmahiuﬁmseditamlﬁﬂaté gnd B3 weight perdiehf amomnivmidhdaride was

Addi ti onal | r.art. anti-corros) :
useddgppmehEsten Sha SR ALFG HRybORi Rl TR EiGR Epere the
subjet bf thelf \ﬁo rRX Ithiefe wa8$ibl aﬁenﬁtﬁt to lkinghit Yotraxion. inhibiting properties

Accordi n g FEF there remai ns y%ﬁ!d for a conposition

to thexalioyeey \dew by diagy anyecpuﬁpm GLEERTPBRSHRN 1 esi st ance
to a mal, rsfa‘ﬁgt%ctd)@ lgo ey Ridép%ﬁtsarﬁtuéﬁ‘tdf’ the prior art is

corrosi on C oSl tlon dress the concerns
directmi?ib apm;cammnvwwngmmtqm@rml o'f heatt transier systarss and not

fasteners nd rticularl a a k
to cefing TambashPNEoacBOREET FREUR) ovi e onEPRRaiiy nave
mgmﬁ?cyarittye&ﬁéﬁérﬁrtﬁité?ﬁﬁqwmaWI makhy @cﬁtthd priorpadvarnti-ogrrasion
dark surface to a netal over, gard and Pacqu

compRBlSn SRS AT BETARYS AU A0S CERN AL WARBOAEGRIag, Cost. or
haghxggﬁs; Bl ARG BRTPORLH RIMAIRS o Aedd 12 S8RBOIABAGA method for
readily imparting corros;on resistance to a metal surface. Moreover, prior art anti-
corrosion compositions do not address the concems over improving the aesthetics
of metallic parts and fasteners and parhcularly imparting a black or dark color to
the coated part. The previously noted work by Lienard and Pacque was not
directed to providing a dark surface to a metal, Moreover, Lienard and Pacque

never described any aspect concerning a corrosion inhibiting composition for their o



4 alloy. Instead, they used the noted nol ybdate
conposition to render grain boundaries of an

WO al um num silicon-copper alloy nore visible, i.e. to
200HtP&%se the contrast between certain regiRGRUSH04017786
nmetal surface. Accordi ngl‘ﬁ/, it would be desirable to
provi de a conposition and nethod for readily darkening
a netallic surface. Moreover, it would be desi rabl e

v S n reduc .
aloy.  FRGAEVIAS, RefRESHELN, AN GRG0 gran
boundar?sdo"ﬁadaiikmllmmwm'ﬁ?orgpecdlmyemw@rrmglét i.e. to increase the
urthernmore, it wou e arly desir e.to
contrast JURRE SR TEITE oo S ToIBl UHeRe: * APTTIrRIG iaguld be
desirabld Masrolide anddmssitictP o nRithed fok §88dily darkening a metallic
corrosion-resistant properties and darKening. the

surface. ojflaspovary ftaveuld dre aemtsle tpamtowdesammm@oaﬁion aed technique
for redudify el eanﬁébtgn ekt e for ﬁg d Bty Pcfloéﬂ Qnd a dark

conposition a enlng an I mpar
pigmentesh pr esiased top siost. afuriheopere; #swvoud d)mpaﬁlchlaﬂysdm:ilmiﬂe to

rovid Byl 8 i (SE SR BULFAATHD BB o

least conusiwi-sdsigtgnigeepaitics dnd ddrkehirhalouttr Sudacesf £ Adtal part.
about 5 percent ammoni um chl oride; from about 0.1

percent to abomSétﬂ?ﬁéﬁF&fﬂﬁiWnﬂ | ybdate ; and

from about 90 perTernt to-apou 9978 percent wat er ;

vvher ei n trha firsttaspeof, ﬂamrrmsipnmldbd:l @rccﬂﬁpdisiticﬂﬂ'aﬂaptw\for
is from about 1: to about 2: 1. Discl osed

bd
ﬁv%gﬁi "HP%'%'HﬁcYQF'iOiS&E‘ 6%%1% PRPaTHEHI:8 sigtalic surface
I
sef@@fmmtﬂnc aﬁ&# R am&%g@eavéhdim& Md ﬁjﬁerrﬁétgfﬁb

about 0.1 perce percent “anmon
mixturesoltherent, thedcdmpositide conSieting esseritially o&h‘mm m)w 0.1

el fopd S hercd e s et about O peirentic
abd® 5 pertehit afFRRGSia r)holy’b%ia[é‘t bRd font A66& Qpﬂ@%ﬁmcﬁﬁbéut

fromabout 1:3 to about 3:1, respectivel I n anot
- 99.8qysseent waleravherein the ko ofraranjosisng cbl@nﬁestotanmnonlum

_ I a,netallic rface sel ected
moﬁ&)@%:tee% fi&hr@gﬁeécg Iogﬂﬂﬁaaﬂese alnd Zlul oys a?]d
| nt Bisekisall| Herel |§ta%rﬂﬁpé§]ﬁéﬁ@6mﬁr’@ﬁlgom%%dm 9™ percent to

risi ng from about 0.1 percent to about 5 percent
%H{r%ﬁfﬁﬁﬂ Amprgiiem: chleride., ffrasmabput®. 1nerceel togatiout &

R T T A A
percenifwalrer dheworpositidroasbarlliz8s particiar ritiés bpsefnonium

‘ ein i s an agueous congosntl on conprising from about
chky'lc!p to ammonium molybdate enerally the ratio of these components is

from about 1:3 to about 3:1, respectively.

o In another aspect, there is provided an aqueous composition
adapted for application to a metallic surface selected from zinc, magnesium,
manganese, and alloys and intermetallic mixtures thereof, the composition
comprising: from about 0.1 percent to about 5 percent ammonium chloride ;
and from about 0.1 percent to about 5 percent ammonium heptamolybdate ;
wherein the ratio of ammonium chioride to ammonium heptamolybdate is from
about 1: 3 to about 3: 1. |



percent to about 5 percent ammoni um chloride and from
about 0.1 percent to about Y percent ammoni um

anCtL?H#/ba The ratio of ammpniumchloride to
Gtﬁfglb?rstfbt%u%lée%s FOTBRO S FOMPESING TEpAbOU 0.1
pet%ei‘at td Ao B@fceﬁ?@ﬁﬁﬁomhﬁte&ﬁoh@e Bﬁ@‘fﬂoﬂ?gbgut:@%tﬁé?cent to

metallic substrate conprising: a netal
aborh\d pgreent snteenisoy fieptamolytetade. nThalrdtimref aimmaenium chloride

© BRI L e
terl

0 sPose id
subsﬁr apOﬁ-,égalg coat é} % ?Rgé‘ﬂg?%m aif°8 eo'Bg%”'c substrate
caroprisisy: t & onetab Bﬂbstfategwamg? ant batel \suefbicé Whfalm muﬁetal is

scléqisd Fghiien SthuPoSA SIPBaH 21 ABGURSIGpEarSIese, and loys

ar’ RSB MRIALS thee«@a;er §h@ d Bsrweatdgoceén dé@bl on said
chl oride to amoni um nol ybdate is from abou

‘substrate, 2said poating s fdmedr dram i ena aguaows maosnt:@n consrstlng

{ \ .
cSSEREANS SRR ATR, oBeA 1o SUBG'S BRER Y gl ghcnce.
angr §i}pfreronabstiti 6 percanhco nabmdsﬁ htwercamwmmuﬂmlulml mo!ybdate

manganese,. ere The coate ta
e B PR GrDhgi chSHE I itinrds RaMTAta i oy about
- 1:Df Absutupstrate in which the coating is fornmed from
an aqueous - conposition conprising (i) fromabout 0.1
perlgisplpsed hebaintis S peated mhetallicrauhistrate bbaptigiag aamgétal

subliiil e anyiia s pateis te maten sBRc omibe: o
gro@peBRsiYiihg BPLnRIARnkSiuhg, %@)F}g}fﬁ %aﬁ%éﬁe%)% Aioks !N

anot her aspect there 1s pro
: ther@@f k&he rti?g?atetbmesaihtt aubstrdte zilsw cemppsés ardarkgmiogicdating a

s B3I SISl B whidh the doaling s ek frtiarbequeous
conwstzmt cdrﬁpnahgtet) flonP @bBEND_13TBFBEHUR VRS siscaRd from

_ about 0.1 percent to about 5 percent ammoni um
amfﬁﬁwmjﬁhlétﬂdanan@bt)lfmm@bgat 8- Tceersest o awut$ pericénbut er

amrphiuF rofndide? Thetend 3¢ s AUREHIBRUS R BhfhRRty
- molyieddtods from abpat 1:61@ abeat 8asi on i nhi biting pr 0pertl es

to a substrate of an active netal, said nmeth
conpr i sith@noiesaspest thetqissproxidedon n@@thadtfpt/ éamwg the

surfBEQY! Ao ARSI bURhg & Sebushatdipranad, 0L

per cen
about 0.1 percent to about 5 per cent anmoni um
nol ybdate, wherein the ratio of amoniumchloride to

amoni um nol ybdate is fromabout 1:3 to.




about 3:1; and applying a conposition to said

substrafe. In yet another aspect, there is provided a

nmet hod for inparting corrosion resistance properties

to a zinc surface, said method conprising: providing

a conponent having an outer surface of zinc; providing

a conposition including fromabout 0.1 percent to

about 5 percent amonium chloride and from about 0.1

percent to about 5 percent anmoni um nol ybdate; and
sudaes of ﬁ@%apwvrsaﬁ@@sc@maﬁst!@néapladm @@ﬂs@bm&m dgrercent to

abé@t g Ef?rslhrﬂént %‘Hnﬁm%sgﬁlbﬁaé (Hhcf)?rotrhgbgﬁfﬁﬁngggf@n?% ;qboflt 5

ati ng corrosion resrstanc

peﬂmmplaersmoammk edolgbdadt@o a%‘rﬂdaf)plgrngasarduczorhbﬁatmﬁ rtbﬁ;ﬁd aluter
roomjenperature and air drie Fi IS a grap
| sufacq,et $<’55.4rgc BOFBS dArkeayIssealing Beront.a sanpl es

soaked ap4l a Sit 0
(150F). angcar rrﬁ% C\( {Hé}g IS EF&" raph%t%%ﬁégtlmﬁamng
| commionshlmbrtmspmpertm hﬁarmlbatra@ublaasectweahethl,asmid method
coated for .yarious ti rrod roomtenperature
COMDASIP; REPVAging 1a7eﬁb%t§%§,—_c§) a@@cgy% meta; proyi gph composition
mcldd'rrtigﬁfrb?rt kBeut 69" pORLAD td BBbLAE Brkfé‘rcéﬁt Eﬁ%nréﬁ”&t!@ﬁde and
coated and dried at 177C (350F). Fi g.

fromcahautids b rpedtenté@ abosrh&mgsentoatnmmwnanobbdata: avhwirein the

ratig G BEERGRbg e, Aol iR droiBASEr bt baupi k3 ©
abaina ﬁObrtcnapﬁ@ﬁfgd@eémptﬁ@t%ﬂ%/s%ﬁt@éﬁﬁst%/ US2004/ 017786

6 with the present invention, illustrating varying
degr ees l@fye:tcﬂnotiser@ﬁne@t:.rtbe@w@@rovﬂeéa 1ashfosfimpaging

corfd oL BIRNLS 0,8 Yn SEAcH, el R B bl
prooidiry aeoatporisint haeing Aitbatdr surabe ofzirkt beividiagiave
netal s. The invention also provides met hods and

corgppmbian incling fiom abavk . ﬂgsezfeenfotgl ahout Speyeant ammonium
chlc%r%i?ré& I%n EBOHF(? 3 pc?‘er?éfﬁﬂo cﬁlt %Cepr%]%eﬁﬁgr%h‘rcﬁ'ﬁﬁﬁ]vrﬁolybdate

I'n a erre e present

and apEyingaaig coripdsition tomaﬁbautermmrlbbetofaem Znes both of
these objectives. The invention also includes the

resul ting coat efied st oPhAHFAGINGE’ |1 @
7 preferred enbodi e on provides
oo Jan  aqinigud isohwrapin iltusinating | cgrdsiemrasietancd . df m@taleéﬁmples
| S°ak%<ftﬁ€3¥%eﬂ for B3 e HTeis A BomvREmReGAtrorBNg B Tec.
- A peﬁ@”ﬂ&ﬁ%d’@&?ﬂld&%ﬂh@ ol FELRRGS Y mMBli Wmples
3 soakecp ang coated for various time periods at 65°C (150°F) and air dried.
Fig. 3 is a graph illustrating corrosion resistance of metal samples
soaked and coated for various time- penods at room temperature and dried at
177°C (350°F). .
. Fig. 4-is a graph. rllustratrng con'osron resrstance of metal samples
- coated and dried at 177°C (350°F). o '
' Frg 5 is a comparison of metal samp!es coated in accordance with
the present invention with uncoated, conventional samples. o
Fig. 6 is another oompanson of metal samples coated in accordance .
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ot herwi se indicated. More preferably, the aqueous

sol ution conprises fromabout 15 0.5 percent to about

3.0 percent ammoni um chl ori de and from about 0.5

‘”Oz&géf to about 3.0 percent ammoni um nol %m%pég

erably, the aqueous golution conprises abou

percent anmoni um chl oride and about 2.5 percent

ammoni um nol ybdate. It is contenplated that aqueous

conposi tions according to the present invention may

| with thefrbddrit ‘?m%'nﬂ@h fl!l@ﬁfﬁt[hg vBhofe degreas o coabsionsesitiance.

mroni um nol ybdate 20 si'nce that conponent is
relatively soluble in water. In contrast, ammobni um

chi orl depebariphiBh drhigPrbtert &P EnRbdthlentsn water .
Regardl e concentration of
arrrmfrhempoebéemutl rdweamh apowidiea mmashgeel agred uepmpesitions tfor

s TR BB Pit D58 SRpSVSGE LSk o e T

mventloh% io’indé@ rﬁ@ih@l‘ds wd&inEﬂtromslfommm:ﬂg a:nu*esnes‘eSlBtant

he concentratl ons 25 .t hese orrp nent s
PFOper’iiapﬁﬁd%PWé‘i SHgh 1afe ZgY. © %&Heﬁ%‘l"?ym‘# '%p?e‘F‘SPf%efe"ed

aspect, ttﬁﬁ%)rést.é%t lﬁ\%?ﬁﬁﬁtﬁrﬁﬁdQQ%C&ﬂhg&itlm%hﬂf adﬂi@fefs batd of these

nents are fromabout 1:3 to about
objectivps eThe ableption alacdbdludes e resulbipg @Pa@dlamﬁﬁé Qrpeeducts.

SEETI o S

and regard to the ratio of amoni um
aqueou§ hkslutiste cdrﬂp:@eﬂn‘n@nfrumm mbbybdhi e perassip etsx iapoiy . 5:phpercent

T S

molybd&@di tAlV%%rc%?ﬂagé‘é?'ﬁéﬁétﬁme%elﬁsadﬁWGQﬁdgmrw rweu@lst unless
previously noted, it is often desired to i

otherwib ndicaed (MareQEPTIEbI.CgAG LR ON, SarpBHER §om about
0 pordf 4 S SRR AAT, Ylonad BT S0 ot

about %0 rpma:tmﬁt&mmnniuud enolyhdater Mgt pnafﬁmb o the aqugewe gefution

- X
comon2 et 4 Aok PR SR 2ot aproni

molybdh®. Clo@f ccirﬂérlﬂplmédithai @lﬂfp%mbsnmn&;hoas according fo the present
COrrosi on-r esi tan Qr, corr osi . I.nhi.bjt
inventiorhaayo#iiee SaRcaty, ahgh BaRsRITRigRn ﬁfo%"{“h@g"@@ héiPfaate
since tHétt cb BHeRt it '?élétn?elg"s@mlﬁlé i Watey.l dﬁc@tﬁ@tkammowumrmdhmde
rosSion-resistan roperties to a coated pa

is sgn:ﬂcrarrblgﬁe;&msmlubhe i w&iebn egardieseobihtepadisHigs ,c;qgcentra%on of
ammonyifh, chfRRneCAPTRLAR s iy, I THON Reforred that the
concen@ibfi®iis 6P &idsegtvo thmpoperisee thensams on stbafgoall 0. niayal
et ook S AL VB ) g o

these c%ﬂ{go%hfénaﬂeeébp?bﬂﬁfﬁﬁew rthd@amy r Generallyn hllblpmfeg'ed that the
acteristics. These advant ages are_desc |bei R’t bout
f dSaift @bo

respecﬁgteeamrmen‘tl‘abom jof ieess two TREPRSENSnEE §PM RRO

3:1, prefasBl #100 RS2 FPUBSR 2: "?Ogﬁ@h%éi‘lp'ré(feraby about 1:1. These

ratios are weight ratios and are glven with regard to the ratio of ammonium chloride

to ammonium molybdate, respectively. The balance of the preferred composmon is
water. The present invention composition may include other add_utgves and

components as described herein.
As previously noted, it is often desired {o impart a black or dark color

to various metal components, particularly those used in the automotivg industry.
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avai |l abl e corrosion-resi stant coatings under the
trademar ks Dacronet (r) and Ceonet(r). Dacronet(r) is
an inorgani c coating based upon zinc and al umi num 15

an inorganic binder. Specific gra
%a@ggﬁ% {n) i ncl ude Dacromgt 320(r) which %@%p%%ﬁgmlee
| ow vol atil e organi c conpounds (VOCs); Dacronet 320
LC(r) which is a low chrom um formulation; Dacronet
500(r) which is based upon the use of

Exanfifiey ¥t &bl bempbhatteniaciuepibot iade ruenihitscens, fasteners, door
t'or que- t ensi on characteri stics

strikane o ORGSR, A GSRTEVIPHEN SXp BRI ok Aleth fiedired or

necegﬁﬂ-% h6 004t 20k PRbal GomfEEmRE (v[ilﬁh b%@%s%ﬁ%@@arﬁ(}ﬁt ¢ditbsion
ersion containing zinc and alum num flakes, with

:nhibmnglmah@.n iThegonapasitaysekite mreserttinyontigasey e utiizag either
t

oy Bl A 5o RO Bk M 2 ot pr

or in lconjunttion/@ER ,orgnor thb&oﬁfer a:b!onhg gloatingegu b'am'esiom_naslstant or

corogigs MBRNGLEREBRE: (Do iR PO at andf Gb4tRgs, the

presél*\t"’ih{léﬁlo‘?l EéPpbalonthay 1dRAtd BESt Satirgsalriceniaks dfntbe, other

Chardon, Onio, and al so through nunerous Ilcensee%

coatingenaobe reuirarsandeRey | 38q BFPQWC@ﬁ INSEIESEE| SHLASIH BRstgtaRPe or

d
COFFO%%g\sEﬂ]lgﬁﬁg?d %h@%&?@f 69&4 E%bls%%%vfrgé% ared »d%%nl@&ﬁm greater
detaibh€@eb.597; 5, 868, 819; 6, 270,884; and 6, 361 872; all of

\g{: |eg 2 ntal.r hle nggsrﬁge Ib ot gﬁrp &ﬁgééﬁt SHvRtiche bREENESveraD c&rfnn{é?&al!y

I'oOn 1S used I n conjunctio

- availdbieh coRBsiOh-re SO cedathgsomndesi teamadeowika g@acmmﬂt and

as previ ousl y, not ed . or th on re colorin
Georpegpne PaGg nlﬁn%jl mfg%mglptqqgﬁgg Ci?eise Su%qrbgg}cr éa@ agumlnum

ﬂakeéF?rlPEM M}g @&%%?dﬂr dpReaRigrates eRDAEB N inbRiIderDaabedt 320°
0 metal surface, prlor to apBI|cat|ono ')

whuctz@:ontadevqﬂaﬂBusg@M/W sd acromet 320 LC™ which

B4l 1 S At o e

polytatrafictethyienkase prayide oﬁnsasten‘t fomjuertensien seharacteristics; and

DacrSGaL e 18 WS ! By WBASEEh | PRERLST o g vy

coatlhﬁe G@irﬁét@ i€ aAURbLIS Roatihy ers)betﬂorsmntalna@oﬂac zamdealurhmum

e underlying netal. 5 Thus, bseq[ ¢ "

flakeayith sRinesBaRE bindesSyYSEMbN PR, WAt TEIY ﬁg asgpftefaative,

envwgnmgﬂﬁmgtfﬁéﬁﬂﬁ%wogﬂa r%Q"é?drﬁ%ahli; t RlonatP ¥s W#cértlﬁsed low
or no indication of the

in V@Esakhd dresuofl alt bnghndaguwm toxte metaksripeladingeehpmivm, nicke!,

cadn%ﬁ% gﬁgﬁsﬁﬁ%%iﬂl ﬁ)gﬁ et aﬁ 3 St ﬂ' olili@s %[r@sa%ﬁﬁable from

Ior O receiving a coatlng

Metaf CoHtinas @lﬁbméﬁcbnﬁlalrtc ,rTEhardcﬂi, , Og:en amil Iagsoptfwwgi'e mumerous
nore durable and 10 er Ias% o$ dar k gr are
licensers therasd y Wil &b PRt hdg fodi

rdescﬂﬁa%ﬁ H{ Ed #.s. PheniLasny, écfaﬁ 4@!35544@ 45468, 796 4 891068 0700H59;

present | nventi on
5,006,597; 5868 819; 6,270,884; and 6,361,872; all of which are hereby

incorporated by reference. |
If the present invention composition is used in conjunction with one or

more corrosion-tesistant coatings, such as previously noted or with one or more
coloring or pigment-containing compositions, it is preferred to apply the present
invention coatlng to the uncoated and exposed metal surface, prior to apphcat:on of .
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conposition, and only coated with a
corrosion-resistant material, if scraped, often
display the silvery or shiny netallic surface directly
nder the corrosion-resistant material.

Wozg?fgﬁs‘ﬁ%rt is first coated with the present éﬁ%ﬁq%’%ﬁ"’%
conposition, 15 the coated part is black or dark in
color. And so, after further application of a
corrosion resistant coating, upon scraping of that

the coR@éan rééls nf %Eéﬁ’ﬁb gfndgd}eﬁf’eobélgﬁhé’r‘codt | StaplicaRst lofidhe

rmve i nst ea e shiny"netalllic surface
presenbmwagtqu:mnimg provities bl hask !@yerdﬁwcq,rmsa@nﬁsw trat epatipgntin

addxt:o %@ t@'&%ng]c g{? @F‘e&%af @Xef%&f ITIEF yﬁ'o\r‘rﬁesr%'q%ﬂl €3fring

over ﬂ@umﬁmm ard ofileq giveseot shw%ﬂpaanamtes of it lundedying metal.

th d whi ch .t t
Thus, G ecRsemedt (arpleiest O g GprraTios TEmaEh Satpd: Such A,
Geomet® ct,déﬁnQUtc%(re aggr fsaQﬂal@éi Tygfﬁfﬁ{s?' inBrole@r @ith Opitignal or no

coat ed onet ( rmul ation. That is, the

indicatipnexfdhe meﬁsa&amsumﬁace peathn Frihasmona.emelalic, cpgponents
t; t

vt a3 B iy 8 oS8R iy B3t g g o

coatlng/vaf @& 6mnr(m|on’%ﬁesmmmtematerl6ﬂ Generally movide a anergpilutehia Ghd

oncer B S BB R, o BB B G OB BB

materidl £STHS eshsoAl fbhehighs rtb)ét pavtss hbh goatedbiti diue qbreslarmmyvention
particul ar theor is believed tpat th resenc

compotiiian, 910 ABeoRed Wi oSSR ETISIaDt BRI § SHe (e
dlsplay‘:ﬁ@t élﬂ@ge%%hﬁ(sméﬁlifchﬁﬁéé@eﬁﬁé&@ urtfertthe epRisiorgresistant

I nvention. Therefore, for those
materialp ﬂIhstead iifsshi parkisificst @etacwiththes QfﬁsenhWﬁﬂﬁl%composmon
S i ed 0 A dPLEV F
v cofRFLIL B o0l 0050 AT R SR
corrosx@@ méﬁstanaﬁoe&mfge apon ecepingof thiat perieif@r ragiore ofa | Gagrosion-

However
resistaf eating 1 THoRed-dheteht T 4B SRR RElfilS S pi exposed,
the blabﬁ‘éﬁ‘rﬂdrk%ofc@rﬂf%é iresentUReehtncesthposition & eXdsed. This is
0041108407 PCT/ US2004/ 017786, .9 p4 s‘ubsth%ate i n whi ch

much lemn@wgabwgas@mpar@ti te & ungerlying wefalie

Addi t'\'l? @ dééént tlrﬁfenﬂbﬁscﬂéﬁ iRt h@%d&%”ﬁoﬁhfchotﬂeaiﬁdentwe

assocl a ds also include strategies in which
compot;ltiens arceapplied antnfhesouteolayesofiaeentad saface iushrasdhgosrier

* curtac bt BBl S PR BRI Tt . e

. presenﬁﬁﬂ/ehﬁ@rﬁl cOfPositiohay bedisedomab topatoahgs aspm oe’@r coatlng

her eon. For jnstance, _a netal SUbB rate

Many ofcfhedupris Srscienin o s SHo OfGRTS ForLl Herl. aerg st
coatedq:ﬁ e@ﬁ of® O5riBH gtépgﬂcaﬂ_ch'?ﬁf atd?féfe@feﬁs@drhpd)élﬁcﬂﬂbb@cﬁdlng to

on may pplied onto the |ayer o
the pre@eutrm\(enponAfsagmfcmtt anfbaerresiondagefi *@dfﬁﬁuﬂaﬁallﬂ\lthough not

w:shmgaﬁ)pfuq: Egagﬂ Eq ﬁ@)/ %\98 &g‘sﬂf.éb% it B Dledbl RS tHBYr8&%nce of one

or more active metals in the pre\nousiy deposrted coating, assists in the adherence
of the coating of the present invention. Therefore, for those applications in which
the present invention composition is applied onfo a previously coated metal
subsirate, it is preferred that the underlying coating contain an effective amount of
one or more active metals. However, it will be appreciated that the present

invention includes application of the inventive compositions upon a coated metal
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10 applied layer of the present invention .conpositi.on.
Exanpl es of additional coatings that may be applied
on a previously applied | ayer of the present invention

on include, but are not limted to
Wﬁ)gcroﬁé“we(r) 50 O ear, Dacrokote(r) 105, Da%(FW%’P%“(GrIFSG
107, Dacrokote(r) 127, Dacrokote(r) 135, Ceokote(r)
137, Geokote(r) 147, Geokote(r) 200, and Plus(r) L,
all of which are comrercially available fromMetal. 15

subsfafd inasich HeEdinh RRL nok BSntairfasl akiee mbipigh

numerous |icensees thereof. Descriptions of formng
such mAdditignglisr e aprasgnt yisveRtonr eopPeviier d2nth pﬁ@clated

meth%d%cél i {r&ébfeg% rvﬁﬁl{:’ljlm e 'ﬂﬁfe‘ﬁ e cof éﬁ%‘%fﬁ%ﬂ istU¥d as an

gsent vent on conposi tion nay one or in
mtermedjam cc:babmg of ﬂayent ﬂéhat omrﬂ)espresemtsmt/@tmmwmftgoﬁb@m nzay be

applifh oo, Bceoriad G FRE S8 taert 2o Rl ABotPnf &Rl Glgs spoted

theratiet mﬂnmnuéea hetziubseate nay @etﬂremaaw@mhtaroanmconesaon
or i n conjunction MAth one or

COMRQSIQYL | iehr 88 8t Geomedat f%@"é”aé'ﬁal orTla‘?f' offigypresent invention

© comS¥TRas g%%faﬂ?ﬁ’&ﬁ BataPRNIaVBE of TRRIMER! | Aeradt, dstfd bethore

properti he coated conponent. The preferred

addittarzd gbatings ardayssiof pther dermlatiens mabe anplied®rdheqrevieusly

oo S P AR "kt 8 A o cotcs

par eory, I'Tev
that trhay armrampumi cirh o i ptevisaslyesppliedatayetrchfiibe t presehie invention

compigtion, Bedie but S Rt ARERT 1o AerGHRED oD Clelh, PagioRie® 105,
Dacré k&P ai7e DRifoldits™ ab 7 epaankotd®1 38 steolets®aad, Gapkotedi 147,
zi ng The Wyﬂatelonfromthe anmonj mrmlgg’ %
Geo'ﬂ'ﬂ@n 200a@nd Riush L 1l 8 whighh ser) commpersially Avail oIy Metal
Coatl O'i%y%téhﬁlc | Yhgiat &1 #ragHHuRSRUS ﬂééﬁ%%es thereof.

mpounds™ uponh € exposed zinc surface. The resulting
Desczuphonsrabfym@ @ucb. molt-ayesy veatieg cvstring argonmyiachin the

are f ed to be passivators. The
dlscqsg%&’tgﬁtﬂ'gﬁreswg léér% Sol ubl e conmpounds creates a.bl ack
or dar khscadted, thﬁhﬂedmtﬁnmtfb@lowrﬂm may be used alone or in

PCT/ US2004/ 017786 10 lt, of t i d .
conjunglign Wi ofherl %orafpowri:ﬁgaqgipéé\ﬁs&% b&?‘i\% 8‘6@1 F?gtarénlﬁf( g?ﬂ‘és'on-

' prote@ﬁbﬁ 16 @l REtal 8NG5S ADVil Béta?fﬂ)rétﬁétbd e’[Hegdiétbﬁn'hét” ion of whether

Su sequent coatlngs w th one or nore corrosion
to u%@emramntdamntwgscommsw alepfear. in AONRBGHAN Wilh one or more

corro@fo?f fdls fs?grltc %HQ ! prc%ﬁ‘ﬁﬁglﬂoﬂgeﬂé YL §orP the
eous en nven I NC es conp SItIO S
apphtdmtvbdn ammsxredqmepentleamf ¢he omajad icomponpobhents. The term

"aqueous" a refers to or_wate

pased At | WEIEES, SHAPASTio el (PR cgponium

chlorffies bht | #mopheh mapsd4tel opitaedgh W&mlshi?ﬁbetoobgaimmd to any
conponent of the coating conposition js preferably ah

partigidag theory, it is believed that the ammonium chioride serves as an etc ant {o

the metal surface to be coated. For example, for a zinc surface,_ the ammonium

chloride attacks the zinc substrate and dissolves an outermost, exposed layer of

- zinc. The molybdate ion from the ammonium molybdate then reacts with the

exposed zinc surface to form Insoluble zinc molybdate or zinc molybdate oxide.
compounds upon the exposed zinc surface. The resulting zinc molybdate or zinc
molybdate oxide compounds that are formed are believed to be passivaiors. The

formation of these insoluble com'pc‘)unds creates a b_.lac'k or dark color. The dark
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boi ling.organic |liquid, although, there may be present
sone high-boiling organic 10 |liquids, so that the
liquid nmedium may include m xtures of the foregoing.
e coating conpositions can also b

wo 2®Hhﬁa§%nt ain I owboilingyprganic |iquid, %ﬁlﬁﬁu&&qﬂ%
retaining desirable conposition characterlstlcs such
as conposition stability. The I owboiling organic
i quids have a boiling point at atnospheric pressure

color 15@+&Wlt o@*ﬂ%ﬁw;%l&&%@tme&ﬁﬂn@lyﬁdﬂéefﬂ% ﬁ\blvbus!y noted the

wat er - sol ubl e. Such | ow boiling organic 15 |iq
oneor

dark caler respless dine evated aedtalisidle dpr SubpatsIest GORHNG® W
more %ﬁgﬁlr)%s,rumpnﬁhcq%%nﬁgg,&@gg edfidi@nol , n-propyl al cohol

and ur t her |nclude ket ones
t hat Athdughethewptefocaq m#posmmsh ohsheapresenioinyghion are

t h
aqueouSoksmres it dnvaro DS LA, it AELRl Ynel §f more
organicCITREOIRSHS . ThEGerH mefbug’oa@%eﬂhevélh Irefees fo watsrtoriwater-

an anmpunt from about about g? ercent, basi,s. . g
based awd incldarm byt 15 Bt kw&ﬁ%ﬂﬂo tpp s ligHied e 2y pgionize
water. 'Tﬂé"d}?amea&ﬁhrﬁﬂeﬁ lo¥ th8 G&ERInG! &@Mﬁarﬁlﬁsoﬁefé%bly a low-

to 25 percent, enhance t he
boiling mgamsuumdr atﬂwgugﬂmdber@r melyebe quesely, sqm@ highebeiling organic

hqu:ds,%qe@ngﬁil?ﬁt @cﬁﬂd ?'Eé)&hf'era I?r‘?cgl %‘?ﬂé%gﬁbgbngicfglgﬁfgrequi%g LSuitable

'coatlngcwmptssllﬁomncalf eparks pmaiucad elhajnmnmlhltommpﬂr@ triganic liquid,

o S S5 R SR e o oG, BBy

The !ovﬁ ﬁbﬁihg d‘f@é‘ﬂﬂ@sﬁk:[&!d@mavﬁtﬁ bbfihg PeRitRitesmoebplsatid plekeure below

| ow- b0i I T ng organic |iquids and high- _boilin
about 1005Gi @323 qsdoamdyafqrablw watepsplhies SUgh m%@‘@%oorgamc
[
wids g/t Mool SeaBh g T, AEEELr RGP 9k s o
methariohv etharah, ceprppylatdobal iand Heepropyalcphgls @mdtfﬁ@her include

etoned, AR po el AOTC fr ) Mok bR aHl bl flhte # ffetny

ethyl ket@aéed part. For coated parts that are black or dark
in color, the _ appearance of white corrosion is

par t i Ganerally; it PORRBPEORR il SRR ISR §A Or More organic
compoﬁﬂls Qﬁ%@ﬂéé.% V\c%?f?)onle?ﬂt Qat pe R8st -in AR Ahbdintdfom about 1 to

reC|a e corrosion or white rust is
about B@emaht )basaéetab campasiiipotveighle Risseoes shsyrbement liquid,

: I ust d t I n
55 5yl SRRl S SBHEol ) E1 2 Srcefy
- enhanc@%eWsicﬁﬁre@tMcecoﬁmbaemeﬁmg%bbssw of gmatémthad dihoub 30

to amoni um chl ori de, bdat e

percents G BEC9MS ATRGIITGRL os BTSN b A EoP B e oRER "
compoéégéi‘ﬁnlg)f%)é?étgdﬂ dc@tcﬂ%d\lvﬂl' bedld)gt@mﬂbMMQ eRiarticl aq@id and will

sul tabl'e nol yb e ion sources include
be pregent s enn@mounhba’gﬂaen about 1 and about 10 percent of the total

composition. Further examples of suitable low-boiling organic liquids and high-

'boiling organic liquids are provided in U.S. Patents 5,868,819 and 6,270,884; both

of which are herein incorporated by reference. |
Yet another advantage of the present invention composition is that

coatings of the composition prevent or at least significantly reduce, white corrosion
products from bleeding through the coated part. For coated parts that are black or

dark in color, the appearance of white corrosion is particularly noticeable and
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- also goptgmplale

to magnesi um nol ybdate, |ithium nol ybdate, sodium
nol ybdat e, potassi um nol ybdat e, r ubi di um nol ybdat e,
and cesium nol ybdate. The term "amoni um 10 nol ybdat e"

i ncl udes ammoni um di nol ybdat e and anmoni um
WOty bdat e.  Dependi nglgupon the parti culP&A/US2004/017786
application and characteristics of the solution, it is

al so contenplated to utilize nolybdic acid as a

source, either partially or entirely, for the
detriﬁ‘@ni’é?dah§ wmnbeTJIﬁ)r&B%Hf 'vﬂ"ufeo%ﬁaélbﬁt(!goﬁlhﬂé #8f is generally

date 1on in the system may vary dependi ng upéJ
assoplaéecaw@hezmcnttomamwdugts thed auph isogenargyt asgodiaied with steel
d the amount of dissolved oxygen in the

Onr&aqueggsi&ﬂ}'%[déﬁ% The present invention conposition nmay

al so corfw pesseat! thivientiorlcorgsition saghcarspiidel othetleccompounds

oo BB HrSk3h1 SFERER SR et S RIS oy

othef Sourdes efl moWH@]aﬁe! iofh8y BEiLdaltiSstefd oPBF Radifiion #Pammonium
Fur t her nor e, resent invention conposition nay

molyhfigie. Forsmplss of ﬁ bl mehbdair ipnssoiiiess la§ludsubufrﬁﬂe not limited

" to rﬁédﬁésﬁﬁntﬂlo b ”%trﬁ\ﬂﬁ”g%! tpcgelrtaodédcd'nﬁﬁsm g!; é’tgel']:ﬁftéssmm

or~ Vi scosl | Usters

molybdabun’ebldfumﬂnofyhajﬁteagedtseamn m"nlylbda’@ ndffheoh&rm é\gzamcmium

oty S0elPEs "SRR RERE B AR AliFkfooer

Depeatfiiy &poAnihe tdaﬁﬁmiﬁfapmlleamhn@dmrEIc&QMiﬁ@f the solution, it is
controll 63 foam ani o | c wetti n%%?ent s, Servi @\fe]abl e

|t‘i’15""é¥&éﬂ? %‘P 39 8% PSONFCnstihehpHgbheLeRiply. for

the rhél?bél‘&é i8Al qmecs@&mt Sortesttafién oP'EE%deyHH&@@ Ri¥eiethe system
ers, as well as the diester sulfosucci nates as

may vepy dlepandiagbypors 8l dagrses of iNaEdyasssell Hes Badeola systeme the

tempBFRUY, o e Stholfihbf Ay bigirt e Buliboupbae, '
' tot al dbwt ipr@enﬁ(]nwﬂb.asicbmnsmbn 'rmaycalsbenph*mmeel adiditional
H nodi f.i er,

ai_n a ich is :
agenlzy Sl oo uscEe, FRVRRITAIE (e MATRATE GOHbES: Tolie: WReppmote
etchifg P eHd FiBE suﬁa@éeﬁ,zs alsb%opttérﬁﬁﬁtéd ® intisidg omerdt rhire oxidants
sel ected fromthe oxides and hydroxi des of alkali WO _

or pepexddes 08407 PCT/ US20041017786. 12 metals, with lithium
and Sowtﬁbﬂﬁoﬂeh%&rp%ﬁr&qavéh@ ecﬁg&ﬁ#ﬁn Ity A 06Rfbrise

coating integrity; It 1s's rom-t eOX|des

“additional gandxisieh as.udiut waif limbed nisr, awstling e bgerfisnpH onodifers,

. oups. 1A and I.IB int Per i.0di: : i .
thwk%%) otn§ECxF a@&&&ﬁ]e n agg%g‘geggﬁ%ég%b%oﬂ%%@ﬁe a?; wetting
agen@ﬁ@@lirﬁlg&d@g}oﬁtdhwlb%em smihca?l the lmaniotmm afkyiphenels polyethoxy
acduElon TRl role: o1ob Ao B DRt Rebn astig SR, and these

are nid¥t 8d0LRBgEBLSY Sontrolled foam anionic wetting agents. Serviceable such
wetlting agents or mixture of wetting agents can Include anionic agents such as
organic phosphate esters, as well as the diester sulfosuccinates as represented by
sodium bistridecyl sulfosuccinate. The amount of such wetling ageht is typically
present in an amount from about 0.01 to about 3 percent of the total coating
composition. -
| It is contempléted that the composition may contain a pH modifier,
which is able to adjust the pH of the final composition. Where a modifier is used,

the pH modifier is genérally selected from the oxides and hydroxides of atkali
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The coating conposition may al so contain thickener.
The thi ckener, when present, can contribute an anount
of between about 0.01 to about 2.0 percent of
t hi ckener, basis total conposition weight. This

WO 201 ¥%&her can be a water 10 sol uble cel | ulRSEUBPH L7786
i ncl udi ng the Cel | osi zeT* t hi ckeners. Suitabl e
t hi ckeners include the ethers of
hydr oxyet hyl cel | ul ose, nethyl cel | ul ose,

metals, %h&ﬂxlbbfﬂérﬂj@cﬁdigﬁﬁ’é§ﬂﬂe‘ prefisiad alkali metals for enhanced coating
Ihydrox¥ethylcellulose nethy et hyl cel | .ul ose or

intogrityiiof: Gk Seaciath 49En Sim KRR MY urialyed tpeodietals
belong;ry Et?ﬁhé“%‘?&&;é AAPSIRBSH the Pt rapRY as cbfﬁpﬁahﬁaé. e

coat’l ng conposi tion, It nee not e SO
soluble 15 agueous gehition| isgah das Mpouhtﬂs:wérsénontlsnpm@@wm bagys,

e 8RB R - ol AT BS it B
e.g., a mmmafﬁgfn?ﬁ@gagm@géﬁ? tg’cnmii:ﬁbout 2 percent of

thi . | eyat.ed
V1 scQBPoRtna RPRIPORIE ey SlRry TR BRat 1he thickener,
when p?éécécnt CHhh cbﬁtﬂmﬁé M tahmun'?&ﬁff B&ey, absut bita kesdhout 2.0

hi ckening wi thout del eterious el evated viscosity, the
percentpbtqukemr ’rsn’cahcemmsmonmglaﬁ n! hig Sielansicag be a water-

“soluble ?g@t%s B Oug@%ﬁ@ﬁnqﬁ{c’h{gg SSizet uﬁ'\%kéﬁ\‘lérls it fniskands

osi ¢ thickener is
include conttleearpl atatdersand ohus hyﬁmxy@h(jﬂceﬂldosezray beatlflesliubase,

t erein as .cellu t hi I f. the
methylhy froxveraVicRlyCTe StTEr DR SRkt dTalfisticdlids®or
mixturesd o eheddistl§tBh6gs. aguitiosighi ihel cwlmlowéﬂ@n rsts to be water

associ atjve thjcken uch as the ureth

soluble fpsaugmant thick §B'n9rﬁ’fc,t§%r‘?é?? ng fAMpeSEiRnL nﬁﬁ@@%ﬁ&ﬁi iRle in

ti r I
o SRR MR o bt roatsg

thnckenant WEHr be unsua‘ﬁq:rent fari u’kxeaf‘éng adventageows d¢gMpeBiiom yRICknRSs,

i o AR B b S e s

' elevatemwﬁsqaseﬁerwaldh pidbriele t:bmbenhensﬁhaﬁaeei diffitult stouwudd hith.

prtort i Tom e S Sl SUEVAS) W hos e ot

composBibASAN cohBiefbhPabolt WP S bbbain Q%r@ér&cbfltﬁi@k@m an®ildbe
nore lubricants such as, but not limted to

understqgs! Heb aithoued be; @esofmluwl%mlgl@nﬁwsa@temeﬁééﬁqr fapdhus
the thwl&éﬁ%‘? rrﬁ%? ﬂ{alrgférre{?)ﬁ{o?/ Gidan 88 %e#}ﬂlﬁsrc thiﬁkeger some to all of the
dor e ene; grap :
th;ckenedl mayf bel eanodiner\/\mlmr Jlﬂ@fw‘bbr@CT Bush o:ameo If’m@@mg FAgents
urt her ,adva

inoucle §RGEI, 0wty SREPORINE BTN Seh ol Hretieng ggoiative

thickenerd @rRONRMSrid-Pée MnidHic @bgmm‘wé tifiekeiagé, owhich| frel gpially
prior to application to the netal Lél‘faC

opaque,f bighchadling lgwids: 8-« Retling cabqveafl 09¥(e (d%¢ fﬁcopéfaeroﬁwéab'e

-thlckene?g%élf?@% baiide gﬂft-%bg"rﬁ@ﬁly%r&ﬁ%&ﬁ hbelrifd bR and

ion 1s
orgamcally modlﬁed and activated smectite clay, although such is not preferred.

When thickener is used, it is usually the last ingredient added to the formulation.
Additionally, depending upon the application, the present invention
composition may also include one or more lubricants such as, but not limited to
wax; polymeric materials such as polyethylene, copolymers incorporating
polyethylene, or polytetrafiuorethylene; graphite; molybdenum disuffide; or
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oxi dation states of the resulting nol ybdenum conpounds

formed on the substrate, and not a result of pignment

in the conposition. Prior to application, the present

nvention conposition is generally transparent or
WRSPBAPKLE . However, it wil |, be appreci at ed PLPS30f017786

present invention conpositions may, if desired,

i nclude one or 10 nore pignents or coloring agents.

The present invention conpositions and nethods nay be
m&?hdngﬂjé%gfunctl on with a wide array of netal

surfaces or exanple, nearly any active netal nay be

coat ed Asfutibec ﬁdweultager@i ine presért yentien aomposidiondis, that, if

desfith Bk ScfPogitiorinn e’ BgRAR iR @ LB Rp G0 apptcation

o theahetakﬁw‘facéhe'rhet fHaturer Sfenss fronh ¢he dadtethalt rthe dark color of

ccordance wit present . i nv zi.nc.
coatlieoh T, prpaed InYeTHo RMROSI RS APRICaBo & Gite 3 oo mixed
ox;d@'tlbﬁ)état% oﬁtl‘[@ﬁ&hltﬁnﬁ%o@ﬁdéﬁ@ﬁ'mﬁ%&@s vibirhed bRGHE substrate,
zinc al ‘?/ as well "as a substrate_ contai nm% zinc in
andj it ﬁ%?lé of @lgmaattméhe TReRosition: zZPrer tos gppligalion] the present
fac t in re

mve'nﬂﬁﬂé Lt%g@pogit%lsé g%n%élp%?%ﬁfggg%nk@ (I:dti&%s% o I-ﬁriogat%ep it will be
appmts@m:ﬁ the pr@mﬂ'/ &veotien gnmpnaltiens ahayf, ifodedited, snclude one or

strate surf.ace, ch as by thoroughly cleaning and
mord 1G5y BBEREME, "ray bo acconii shed wi th Enown

agent s, ThepregsitainoentionVcbmpagitiohs ep@ntrstifodid ngeddbeMised in
met asi I icate, caustic soda, carbon_tetrachloride

CONjUPEYQy) Wi EtEhWth@”a&rﬂf pRi@l SHRaceso Rk expmPley Mearfyrany active
met4l f@plawc@aaaoa%' GérbeWictbin, 25@9&@& PeetiRSHN@2BH: are not

abr asi ve treat nents can be enployed for cleaning,
llmlt@d do, magnegigtie aligninkyrs ozjn@nmng@mﬁﬁ caargballeyn souiaining éhese
met&lgeaﬂbgggf‘e%xléblfghe anetgfjgllJltfééH]f(} e a{?@tﬂ iﬁ]%’cc&t&i%nce with the
rat e may

Subst ergo cl eanin us

' presehéawengolphwsmbotBy bl“am’cr Bgrfa@& ip nesEThta sumﬁanst obrinc or zinc
. t f 30
allo, 30 AL SPAL PR RIS PN s Bl Sabl g, subsirate

conthlitg Bihe  IRERAMAME. mBeme! alThs, e "zifeakifsce also includes
conp03|t|ons may be-applied by any of these various

surfacesifficgatiags hat Rorfain ZIRGEF ZiNE FOPEONAASues, i ncl udi ng
di p dr aﬂé‘fo?é‘%o‘éhﬁ%sﬁ’c' 5 %8&“55%8 %9%%9!&{;90 ﬂ'é‘i’\%‘/et Kreign

applicafion, the Toating conpositions can

mategalcfmﬂnutheceamtrqje wmfa@m/smomw BeT thamagmyommamg and

degr%%ﬁjﬁ:bngp@%?skﬁg [ o:alggémﬁgsﬂ n\gr{tgrk%giwglggggﬁtsngfor instance,
with Cagdrtsiontaiting Osdtiems pelsii@tdNCauas esdajetdrban tefrachloride,
conbi nation in and spray and

trichigyeibHeng.c ARA cf[]@sl%eOoS & ﬁ%]ﬁ?& @mhqﬁa@na Gameggsitions which.
comgﬂ)l(qt@\éﬁésﬁfvi&é %@@Pﬁﬁgﬂ%ﬁvgﬁ%ﬁg}@gﬁﬁﬁiﬁg% ﬁtfnbﬁﬂ/ew bPEining, e.g.,
an aqueous trisodium phosphate-sodium hydroxide cleaning solution. In addition to
cleaning, the substrate may underge cleaning plus etching, or cleaning plus hot
blasting. |
The present invention composition may be applied in a véan’éiy of
fashions, including but not limited to dip coating, rolling, or spraying. Generally, the
coating compositions may be appliéd by any of these various technigues, such as
immersion techniques, including dip drain and dip spin procedures. Depending .
upon the application, the co'éting compositions can be applied by cui‘tain: coating,.



5 as dip spin, dip drain or spray coat. Dependi ng upon

the techni que, several considerations should be

noted. Spraying or otherw se adm nistering the

0 [tion onto an exposed netal or coate '

Wozg“‘rﬂr@@h y the sinplest {gchnique, since %%ﬁ{ﬁ&.ﬁﬁﬁ

conposition of the feed remai ns constant throughout

the application. In contrast,.when a preset or fixed

amount of the conposition is used 10 in a dip coating

~ brush Q(E’z?tr@t bioRhtief BSa A& ihEIAFiNg DRSNS 8t tHénfdPég(b!th It is
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consti fuents ge over tinme since formation of
also cordernplated o useaamwt@dﬁnlqu@s @sevelasy combingfieas, e.9p&Aray Fand
N f
i ofHBGRP PG BB o€ L ks REGESHS o P B
tempeffaturen rhie bpagviateal) d)%nsmtm&cénenswet ¢rolingt by a procedure such

Concur entl, nmol om t ebath|
as dipy P AT TP GT 0| DopEndag: fne (hia: SFOPHEe g Rovera
considbRBioRY PEISAAd ZbBC nBRidl - ApflayiNgr boUstheriesi Hﬁmhﬂﬁbﬁngdme
and precipates qq% form furt ef alterin

compozstblﬁpo@,mtma;hezswoa medalnor shaledryriace; s 9 %efaﬁbéfﬂé‘? rsigplest
technlidr%ghﬁilg%‘klgr—?'ct%HgfosﬁfoPler R fA & | rBghalFRd %Hﬁaﬁ? tHl%‘@@hé@t the

concentration of at | east
appﬁcatbhy Hdaoatrasin whentshprasat br fisecdramouat ﬂfethemoranosmon is used

, cceptabl e | veI 20 A a C
in o o RER ire e hutiag T BB R flletin bF o @ctiLRnts
chang® bedetihe dirfce folestorcaflthe sioating &sicative in maiure For instance,

subsequent |y heat - curgf t he

upon dpied ekt g el Y esERAPV BRI ST RRHIRE S ppount

- of zm@Vf?sp%rt dob ' RIMARE Fforh Nhel PR efhdC edpings) istod the biyath.

drying before curing. Cooling -after drying é‘l’?
Concur_ramhat wmalybtale frempiheabatieist wseds it Enasfgmiagionypl Bip Fspiuble

-coatmqah-ba? Ifg szér]; i Sﬁécg%tdt@:}%%ﬁt r\)aﬁg s GRTmBRILM ESnBounds

om a 'to a out 121C (250F).
and pr@p&t@@hm@y fopon) farttecr aglipring dhé omphsugm of thenbathat Lhagsfore, it

o ororfE W SRR 5701 o 80 3 Bl I A ol v

conceritf2wat 6 ot eERsr ﬂ‘teufrﬁoi?blﬂét@glmf i the apathgisc ongintzinddomt an -
on a 30 substrate w often be a hot air oven cure,

acceptabierevdlh ot her curing procedures can be used, e.g.
| nfrangd, Qﬁhflé&ﬁo@% W@déﬁtlr@ncé‘lﬁ?bﬁﬁen T@Qhé%éta‘l‘@)r coated

conpositi oh can eat -cured at el evated

“metal, tieispprefened: forebegt, capmsidrerasisianceoto subsaauesiiy heptorye the

SO TR EAR N T et e e
evaporated fromr anyVp @@Qﬁfﬂ&ﬁé@i’urﬁﬁ]’ EldS200driiy Bébre il:Bnng Cooling

after déﬁ:?&’ 8',}3{ ue:ie @te§3 o t%?%j;ﬁ%u%}nﬁrylgﬁp dpgg aI.ngb
referreA%o R freBlyiiAcaH - beswﬁthinacﬁe PanddRo@f SSut B7°84360°F) to about
121°C (250°F). Depending upon the application, higher temperatures may be
employed. Drying times can be on the order of from about 2 to about 25 minutes,
or longer.

Any elevated temperature curing of a coating composition on a
substrate will ofteh be a hot air oven cure, although other curing procedures can be
used, e.g., infrared baking and induction curing. The coating composifion can be
heat-cured at elevated temperature, e.g., on the order of about‘232°C (450°F), but

usually greater, oven air temperature. The cure will typically provide a substrate
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(650F) or nore. Curing, such as in a hot air

convection oven, can be carried on for 5 several

m nutes. Although cure tines nmay be less than 5

mnutes, they are nore typically on the order of from

WQR001/&08487 about 10 to about 45 minutes. It i FGIII3AN4/017786

under st ood that cure tinmes'®and tenperatures can be

ef fected where nore than one |ayer of coating is

applied or when there may be a subsequently applied

topcoatin t hat | - . i T °
tompeiiipetsua v or I EREr A S RFRESt fouiBnanc (450°F)
Ove:ﬁﬁl@'t@)'rgjératé}}ésomaWBé enorer elevbied, cushcamtomthe order of 343°C

applied, or with a heat- curable topcoating, the
(650<£@Fim$§erray only need be dried, as discussed

her ei nghpig. sudN8s in GURbNEIr CRRVeEREEedemf daT be carried on for
applicatio o'fl the h

eat -cured topcoatipg.. 1? Testin
several swiniies. oithossh UM EGSIRAYSEESE TP ihiHiesy FLpE more
R t - t . - . . ' I . b
typlc?JIBf?ﬁ gﬁé ;?@er S35 %t‘;féa 0IRoS 10 %9 2bdhe 4 ° fedss, lis to be

a varie of parts coated wt

* undeeRonE treit auty tirmesiand ibrmperaturesican-hanefifented mérere more than one

ayer CRaREB P RIFRI TPTLRE B SR SHETI A 1) Bpffed Bopooating

that BOATRSELRASIoREoAMNG. T Thidesharattinge wntiHowet dempergloe cures
, the .present invention. These trials.are a(sPl. go{)}g’wﬁ.a heat-
‘may bg eraplpyed. s VRgTEANQe 12PN IR SIS AP Eoare

cura@% :{gétﬁozar’ﬁi\ﬂlﬁ{:f;\e 4AhE FhAHohIQ realtbesiiiaty aisafisslasid hgreinabove.

. posure”to ‘'such sprays and th? ef%ects

Thert, karing bap podegd afier applicgiion of theBpatAures IeRCOAENY he
corrosion resistance 25 characteristics of the part or
coated sanple. Al salt spray testing described herein
was performed in accordance with ASTM B117. Corrosion
resi stance of coated. paLts.was nmeasured, by neans of
the standard salt sprayat?—%%[}gtest for paints and
var ni shessefies SEit 1ds®s terk Ncollivtddt 1d Further ehabiatedhe present

the parts are placed in a chanber kept. at constant .
* inventiaTpeompositonthand megibgdgy dn é&%&”z?f . Povariely g% p?g‘? ?F&afed with

comr&fg?ﬁg%lggo%gﬂﬁﬁ!efs REFSIH-inhBifing OtothpSditidy Weerei Edragared to

, me, rinsed in water and dried. The "
correpoatingoparto eisos coated fwitth ghe semepapirasierminijaitiag fosyRastions

ana Bsseag Gt codel o 1, pigep PR (SR are e
foliof#80Net (r) coated on 40 nm bolts as described bel ow, _
re e o o Sroe Bthol s T Bohg LSRR vere
subj é}éget%)hgarlgﬁﬁfé%(df) V&R AGraB8APOBkidsfe t6 esthi sayhend the
effects thereof provide an insighiful indication as to the corrosion resistance
characteristics of the part or coated sample. All salt spray testing described herein
was performed in accordance with ASTM B117. Corrosion resistance of coated
parts was measured. by meéns of the standard salt spray (fog) test for paints and
vamishes as set forth in ASTM B-117. In this test, the paris are placed in a
chamber kept at constant temperature where they are exposed to a fine spray (fog)

of a5 percent salt solution for specified periods of time, rinsed in water and dried_.

The extent of corrosion of the test parts can be expressed as percent of red rust.
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5 drai ning excess conposition therefrom The bolts and
basket were then dip spun. During dip spinning, the
basket was spun at 300 rpmfor 10 seconds forward and
nds reverse. Draining was followed Jyr b4AH 7786
Wozﬂoﬁgﬁﬁgﬂs were placed ony@ sheet for baki%./ﬁ%g ‘il?‘%g
was perfornmed at an air tenperature of about 121C
(250F) 1o for a time up to 10 m nutes and then at
232C (450F) for 30 mnutes. The bolts were coated
A, Trieiae. Wi th the coating conposition using this
procedure. The Geonet(r) rts were used _as, th
cont T8O opath of Q%ﬂet\&/)\éoﬁfé)daeff' 403y t@?ﬁﬁ;ﬁ?s %ﬁgcr?bed. below,
were ua%%ﬁﬁ gﬁi%% af. #‘ﬁ@%oﬁ% gfegé ebaRd WpREingEnta adeyasket and
-

ccordance wt resent invention, designated
dipping #se Badked into-tha Genmest: goamgmrapwﬂ%fremvg‘?c%ﬁdg%ﬁiﬁfeﬂd
.. Is set forth.i : ' i .
dralnmgawpm%ﬂ@gh é@@ﬁ‘g)n%_ gﬂ%q)o?@rgrﬁ'! BSskét WeR€ Hs& Hip spun

an ercent anmmoni um nol ybdat e

" During dip QfinfiagCrt bavkebwas ApubattBilarralfenlPsependsiianyard and

contai ned only 2.5 percent ammoni um nol ybdate. -

10 secoRASFa™S®at h was prepared that contained only 2.5

Eef ﬁ ?J“rfhmmaéﬁrfa% Y8R DbY dﬁkingP?Tiﬁe_s bokts evese aitazd on ehsheet
at hs or | erent anounts of tine r | QM o

for baking. Jf3akinglwasceertprivedatan aik t@@PPWF%eﬁﬁg\ﬁqlg%%‘n&y (gg(? i)
for a tingé‘a gxpgﬂa\‘f\]q(gﬁﬁb%s LndihBAtdl 2300Cq480m) B 30aninees 0The doits

baths were at room tenperature and 65C
were coaléDficé withdbepaatingorernposition ugipe s PReessiurppl i cat i on

o ¢ HhaCaba il 4830 BT ek hoat bkt of
33.7 gﬁgﬁgn?rg L‘%Tgampg'lflbgﬂa’igheérgﬁ?éedgi Emfgggd?e:@osiwtcgmmposx?on in
accordanpRoim 6] AL BHGB: AoREreltpst SNOTLER The
ormual IR AR s i (30 shorniaes 20 sy
ammoniwnphlcgideranchA$ BECERLIBOMPNEKTY “?q{g?dsagf? i"égg&erﬁef‘a}d"ater- A
bath Wé’%%q‘?%f%%%a%g %qt?in]eggf)% 280 %\{%%ﬁf‘%ﬁg}romgg rrrr)noor!e((ebndt.ate.-
AnotheMbafhivaReprepatediihatdpataigsi ooly Afnpaicant emrapiiye ohiggde.
Parts wpénrremsncioa rgd'\@ll ﬁ'\%d%gﬁszfo?odiﬁéﬁ'%h?lan?oqgﬂg%f time, ranging from 30
seconds to 10 minutes. A de-ionized water only bath and the RFN-01-1-PT bath
were applied fo the coated parts when the baths were at room temperature and
65°C (150°F) for comparison in salt spray. After application of the de-ionized water
and RFN-01-1-PT baths, the parts were air dried 24 hours before salt spray testing.
The RFN-01-1-PT bath, the 2‘.5 percent ammonium chloride only bath, and the 2.5
percent ammonium molybdate only bath were applied at room temperature and the
parts dried for 5 minutes at 177°C (350°F). The RFN-01-1-PT bath was also
applied at room temperature and 65°C t150°F) and then dried at 177°C (350°F) for

- 5 minutes.
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5 Table 2 Hours of Salt Spray Prior to Red Rust Soak

Mnutes 0 0.5 1 35 7 10 Room Tenp Bath/Air Dry

Cont r ol 192 DI Water 168 168 144 168 144 144

REN-01- 1- PT 192 216 384 384 384 216 150F Bath Tem
W?&P"(‘“%’ Control 192 DI V\ail_,er 144 144 144 148FHUROGHRT786

RFN-01- 1- PT 504 384 384 384 312 .312 Room Tenp

bat h/ 350F Dry 192 2.5% NHACI 336 336 336 384 384 384

2. 5% NH4AMb03 216 216 216 216 216 216 Control

RFN- 01- 1- PT 384 384 528 %93@4 384 350F Dry Control

192 Room Tenp RFN-01-1- 384 528 528 384 384

150F RFN-01-1- PT 384 FREN%841-894 384 528 -10 The data

in Table 2 is graphically illustrated in Figs. 1-5.

The daﬁa cl wmyomonstrtes\!\teﬂght Eeﬁmnltreat ment ,

ans negiﬁ' ro t e

perfornﬁﬁﬁ@nmmﬁﬁg anlresij st andd pr rtj es of
Geonet|(AmmionissaMolvhsetsy. 15 B. Trid®ONo 2 1h yet .
anot hdrTeteri es of trials, |brake ri®0d¥s previbpusly
coated with Geonet(r) were further coated with the

preferred enbodi nent conposition and subjected to
various testing as follwe rotors were cl eaned
with acid or al kaline cl . The al kaline 20
cl eaned rotors wer eHoi® 6f Sl Spifst al C eaner 478
al kal i ne cl eaner forpjar i RedeRuseit 65C (150F). The
rotors were then rinsed in tap water followed by

-

L

D!)_

D 94
© (Di

SRS ilits 0 05 1 3 5 | 7 [ 10
Room Temp Bath/Air Dry .
Control 192 _ _

Dl Water 168 168 144 | 168 | 144 | 144
REN-01-1-PT 192 216 384 | 384 | 384 ] 216
150°F Bath Temp/Air Dry

Control 102 -

D] Water 144 144 144 | 144 | 144 | 144
RFN-01-1-PT 504 384 384 | 384 | 312 | 312
Room Temp bath/350°F Dry

GCanirol 192

2.5% NHA4CI : 336 336 336 | 384 | 384 | 384 |
2.5% NH4MaD3 216 216 | 216 [ 216 | 216 | 216 |
RFEN-01-1-PT . 384 | 384 | 528 [ 528 | 384 | 384
350°F Dry :

Conirol 192 | -

Room Temp RFEN-01-1-PT 384 384 528 | 528 | 384 | 384
150°F RFN-01-1-PT 384 528 384 | 384 | 384 | 528

The data in Table 2 is graphically illustrated in Figs. 1-5.

The data clearly demonstrates that post-ireatment, ie. application of
the preferred embodiment composition, applied by any means improved the
performance and corrosion resistance properties of Geomet® in salt spray.

B.  Trial No.2 o

In yet another series of frials, brake rotors prewously coated with |
Geomet® were further coated with the preferred embodiment composition and
subjecied to vanous {esting as follows. ' '

The rotors were cleaned with acid or alkalme cleaners. The alkaline
cleaned rotors were immersed in Metal Cleaner 478 alkaline cleaner for 15 minutes
at 65°C (150°F).. The rotors were then rinsed in tap water foliowgd by ace't_one'
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15

rotors, Maoaer aecoatingkandasuliing gt

WO 2004/ 108407 PCTI US2004/ 017786 18 before
application of the Geonet(r) coating. The acid cl eaned
rotors were first cleaned using the al kaline cleaner
net hod | i sted above followed by 7 m nutes '
WO 2PMURIEL|  Aci d 162 at 480 élZOF) The acid ig{’gg%@g*ﬂ?ﬁ%
rotors were then rinsedn tap water followed by
Madi son Chemical DX 1100 de-smutter for 3 5 minutes at
roomtenperature. The rotors were rinsed in tap water
before %gmé#'ﬁ) of G B WLodiitig CTHBL A& él@éilnécp PbtoN wekB Sirst
was sprayed onto“the rotors. The rotors
cleanedeistngntiienaitialine desba (EBNF lislkedrabae Bllawvaditas 7paingies in

e

rinsed YA 3ag Prae dofdwbdlity Weaiisted GhetmicaloDir 4.10Rud@senuBearfdr 3

minuteseat om HEmPORiE: s Thearelor T HEeY Ihash weter andt then
aceton% ?ﬁbﬁ’!&b@%oa}é@ acp?ﬁtbé’tfbrpf TRERLSdi®Ras dirled 6ntc5ﬂ?ie rotors.

el o the various rotors, manner
The rototmwergwaaned inee 66f € {§5@ERavey fonp aringtes befers %ﬂpélcq@n of

RFN- oﬁj Sl 'I'ﬁ%actanik%%ltﬁ)'ﬁdo %&F@‘kolﬂ 0j qﬁ‘lﬂﬁfeﬁ@m fin %ﬁﬁg'cfgﬁ?fﬁ“"

01-1-PBuvdsaspeadal é’ncﬁélpairamedmmt eoiSm. fﬁo@@&m@m rinsed with

N-01-1-PT tin a
water G eaine Ry 0o TP Te, RO S B iRe PelieBl U yper
followirdd [gﬁﬂtlgﬂ oF-FEANS110PT, 93‘aBleﬁB? sSderﬂ‘CbelBomﬂlsﬁptlmjvanous
I\E PT 7.26 1.81 l\/at|&.s,ul'fnace Up 12.16 2.02 |
%993 Brake Surface
Down 6.66 Matin Surface U 6.64 13 Acid Brake Surface

Up CEOMVET 6. 27 Brake Surface Down 7.63
‘ Table 3

Parts, Coatings and Film Thickness

Rotor Coating Film Deviation | Cleaning
Thickness
{Microns) _ :
B Acid
Brake Surface Up 7.64 0.24
Brake Surface Down | GEOMET and RFN-01-1-PT 7.10 0.95
Mating Surface Up Dip Drain REN-01-1-PT 11.19 1.61
G ' Acid
Brake Surface Up GEOMET and RFN-01-1-PT - 8.10 0.93 :
Brake Surface Down Spray RFN-01-1-PT 7.26 1.81
Mating Surface Up 12.16 2.02
1 Alkaline
Brake Surface Up GEOMET 6.03
Brake Surface Down 6.66
Mating Surface Up 6.64
13 Acid
Brake Surface Up GEOMET 6.27
Brake Surface Down 7.63
| Mating Surface Up - 6.91
2 Alkaline
Brake Surface Up - | GEOMET and RFN-D1-1-PT 6.59
Brake Surface Down Dip Drain REN-01-1-PT 7.54
Mating Surface Up _7.09
8 : - Alkaline
. | Brake Surface Up GEOMET and RFN-01-1-PT 6.15
-1 Brake Surface Down Spray RFN-01-1-PT 6.99
Mating Surface Up 7.35
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Mating Surface U 6.91 2 Al kaline Brake Surface Up
GEOMET and RFN-01-1-PT 6.59 Brake Surface Down Di p
Dr ai In RFN- 01- & PT 7.54 WMating Surface Up 7.09 a
Brake Surface Up GEOVET and RFN-O
w@:}@gb@&face Down Spray Ri\-01-1-PT 6.99 l]\?a(il”g%&m}%%
Surface Up | 7.35 WD 20041708407 PCT/ 1JS2004/ 017786
19 The coated rotors were then subjected to salt spray
testing as previously described. Table 4 5 Salt Spray
Testi NghoRYG RAdrs werbandiwilisiedtéd 1@ 481t spRAGediity 556
720 1004 g 5 no rust no rust no rust no rust 1 to 2%
previbgsly degstibedist G 5 no rust no rust no rust no rust <
1% rust 3%rust 1 <1 %rust 2%rust 5 to 10% 15 to
20% pul l ed rust rust 13 1 to 3% rust 5 to 10% 15 to
20% - 50%rust pulled rlIasblelist 2 no rust no rust no-
rust no rust no rust | rust no rust no
rust no rust no rustsagﬂg r%?Tﬁ%ém%ata in Table 4 is
Toma@nl cal Ty 11Tustrated |Salt5prgi-@£Georret( ) rnt 0r s
cleanpd u¥¥ng gl k#9 nel cl¥ne BB ducefhek t 1004 .
coProki on Tesi gt dREF i h ¥4t >p?°ziu37rt eSt P hg 15‘:&?’7 v
[CE@MEL (T) F Ot OrlS_mheanednd st aCi bustM it Inorwst O] ©1% vei | Bo et

a pos} - tr@ashent a%wsiRgll\l-mw“{n- PTs o MWipd|, PURE data clearly
da r ot oa N T Eéfﬂ s_r. - .
aC 3”"Dtl‘|fd|3%ﬁlst' (AL to 1€ rust Iﬂk(ﬁf rrea-

od] ment - conposinst onj sigmificantlyl increpses |-

co?row oMe ks dt AI9RE nofyst Mggust 31 ppyrush nenoeld Lor i od
of 81‘ ri ol QOTUSL”.,. r«rmqpn{sltg 70 mSE H {10 ﬂJSt norust 099‘0.1%? [
L= al-S—adt etre—coate

OTTotTT Vv 06+ D FKetsS

ardh

The data in Table 4 is graphically illustrated in Fig. 6.

Geomet® rotors cleaned using alkaline cleaner produced better
corrosion resistance in salt spray testing then Geomet® rotors cleaned in acid, with
or without a post-treatment in RFN-01-1-PT. And, the data clearly demonstrates

‘that application of the preferred embodiment composition significantly increases

corrosion resisiance.

C. TrialNo.3
In another series of trials, automotive door strikers were coated and

tested in various fashions. Samples of strikers were coated with various

commercially available coatings and were used for comparison against strikers

coated in acc:ordancé with the present invention. Parts with one coat of Geomet®

applied were also tested against parts with two coats of Geomet®.

The preferred embodiment post-treatment solution, designated herein
as RFN-01-1-PT, set forth in Table 1, was prepared for application fo the door
strikers coated with Geomet®. The treatment was applied by immersing the parts in
the solution for 3 minutes, rinsing with de-ionized water, and drying with
compressed air.

~ Parts were topcoated by a dip-spin method, at various speeds,
depending on the coating. All parts were ct_,t'red at 177°C (350°F) for 20 minutes,
except for those coated with Dacrokote® 107, which were cured at 121°C (250°F) -
for 20_ minutes. Tables 5A and 5B list the coating variations. | :
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15 tested in various fashions. Sanples of strikers
were coated with various comrercially available
coatl ngs and were used for conparison against strikers

oated in accordance with the present inve
W029\94{1ﬂ848?1e coat of Geonet (g, apgl i ed were &’8?200'{3&%8%

agai nst parts with two coats of Geomet(r). The
preferred enbodi nent post-treatnent solution,
designated herein 20 as RFN-01-1-PT, set forth in
Table 1, was prepared for application to the door
strikers coated with Geonet(r). The treatnent was
applied by i mersing tlablp8Ats in the solution for 3

mnutes, ri nspggrgtbkeg%a{tﬂ%%ﬂﬂt@r and drying

with conpres re topcoat ed by a

LD- | n—net h

ol ioGeat 1) Coat, 4VES pn
T Geghet RW -1F’T“ lW a 1z efr)
T B GT Vel RERBT-BET O | Dabidkoe®803) [ or_20_m nut gs.
1 Eso and R;:N.m_mTthleDémﬂbﬂa‘?’]m?van hDamoiste” T
.-@Amégﬁétmtﬁmm—dlaétﬁ&e Iabl b i ke
Coat Gagmarar i af REM81-18T G tHat ﬁwko%%? Gednet
IS\ Geril mwwﬁmm@g@m ' ot e
105 | GeGegifret  RRRAN-01-1RDT eaqkahenm 107 Hopokolens |

1_1 o
T—T Ceok)t e

RENH @EC’M@I Da "RFN"H?'AP'H 07 Ceoret—RFENIO
C

A7 ﬁeomﬁtgegmrgﬁ [gglﬂl?{ﬁ BT can S

REAL @f‘?"ﬂﬁ; Ccah Pl f)nn ;L rI\ == AI

A ~CPBEN d FIN-UT T—PT Geokot
L, et I BEN- 1“I:§'\““"j DitroNoter 109 1 J| Geomet

NN T GEomat - N K e pT POPGLokbte®BaEl  REN-O1-IPT Pl s L
M e e N PREGT-1PRCT PRigs™. 105 N Georet RPN 0141
P> GRIkRE® 20D RF0GAPTET | PheKOE 1671 Pl s L P Geonet
RN EhoretP T DaRFRKOHET 107 Q Geonet RFN-01-1PT 5

S \xUIIb‘l

N

e
q

=2
ﬁ?
N
D u

Table 5B
Door Strike Coating Variations
1= Coat | 27 Coat | 3" Coat 47 Coat 5™ Coat

R | Geome Geomet® | RFN-01-1PT | Dacrokote® 105 :
S | Goomet® | Geomet® | REN-01-1PT_| Dacrokote® 105 Dacrokote® 105
T T Geomel® | Geomel® | RENO1-1PT_| Dacrokote® 107
U | Geomet® | Geomet® | RFN-01-1PT Dacrokote® 107 | Dagrokote” 107
V | Geome® | Geomet® | REFN-01-1PT_| Geokote® 147 _
W Goomel® | Geomel® | REN-01-1PT_| Geokote® 147 Geokote® 147
X | Geomet® | Geomel® | REN-01-1PT_| Geokote® 200
Y TGeomet® | Geomel® | REN-01-1PT_| Geokote® 200 Geokote® 200 -
Z | Geomel® | Geomel® | RFN-01-1PT
AA | Geomet® | Geomet® | Plus® L
BB | Geomet® | Geomet® | RFN-01-1PT_| Plus" L
oC T Goomel® | Geomet® | REN-01-1PT_| Geokote® 200
BD [ Goomot® | Geome® | RFN-O1-1PT_| Geokote® 200 | Geokote® 200
EE | Geome® | Geomet® | REN-01-1PT_| Plus® L
FF | Geomel® | Geomet | RFN-01-1PT

In summary, none of the parts with only one coat of Geomet® met the
requirement of 360 hours in salt spray. Of those coated and treated with the

‘preferred embodiment composition, the parts with one coat of Plus® L and those

with one coat of Geokote® 200 fell 24 hours short of the requirement, with first red
rust at 336 hours. See Table 6 for a summary of salt spray results for parts with
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Tabl e 5B Door Strike Coating Variations 1s Coat 2"
Coat 3 Coat 4 Coat 5 Coat R Geone Geomet RFN-01-1PT
Dacrokote 105 S Geonmet Geonet RFN-0l -1 PT Dacrokote
105 Dacrokote 105 T Geonet Geonet RFN-01-1 PT
WOMHAMIPE 107 U Geonet Geogret RFN-01- 1PT DadCERGpY4E786
Dacrokote 107 V Geonet Ge t RFN-01-1 PT Geokote 147
W Geonet Geonet RFN-01-1 PT Geokote 147 Geokote 147 X
Ceonet" Geonet RFN-01-1PT Geokote 200 Y CGeonet Geonet

| Dnegg{togﬁe}ﬂgg{@_&okote 200 Geokote 200 Z Geomnet Geonet

AA Geomret Geonet Plus L BB Geonet -de-
REN- 01-All Fh@lpasts wilbGwGamats olBeame! Rmkt the BOFhaoied spray

200 t Geonet 01-1

requ B eSS O XGRONEY ORMIE DRPPPETS R Mie-Sekt GEGREY™ treated

with @S?h@éfeﬁEBF é}ﬂ;bdcﬁfﬁtenﬂ- f@ohélgo@lti?ﬁﬁWhich?ﬁTtee e&ﬁibﬁﬁﬁm@w&stt at 216
W on one Ccoa 0 nme r renen

hours; SpeqT a1 401 (o GummaR w0 epat Faemet Rk Sk girey Tesults.
treat edraidd ¢ fhd B ebRkNE hupdiRdl 'Blhgs APREDbh@IRg fo the

the parts wth one coat of Plus(r) L and those wth
percentage oeft redf rusk okiothe( $gmplecor pait. 2UNeh §QF gsioRdpymbgrstidhose

: tabléﬁiﬁﬁgé%@ﬁ%ﬁeﬁewﬂ?rédﬁéﬁ#ﬁ@f’ﬂ‘é'r“St at 336 hours. See

a sunmmary spray results for parts
wi th WO 2004/ 108407 PCT/ US20041017786 21 one coat of
Geonef (r) Pofbbniabietfad Rast s wilt h t wRatirag s of
Ceonel{(Tr) net pher@el- hour sallt spray 5requirefent,
W th the excepriqn of théeé nonfopcoat edq t wo- coat
Geonef(T) tleil.lg_(;jS Wt the preferrtedyenpod ment

conposttiom—whigh éllbt exhityirted Ted, Tust_at |216 5
hour s —See—Fabi T Qor the—sumary—of fwo——coat
Geonmet{+)—parts- 15,%* Spray—-+gsttts—Fabtes—6jand 7
cont ai_n_nune.LLcafL_Eathgs GOorFespoen inQ* te—the

percentage of red rust on the sanple or part. The

| g?r : 23i @Eg{?ﬁ%l tia%‘t\?g hesieat 1620 s dElre8bPwhiie r@stiveithem,
the heaviest of which appeared to be on parts with the black topcoats. Parts with
no topcoat had less white rusting than the black parts. Parts topcoated with Pius® L
had the least white rust. _ |

Parts coated with fwo coats of Geor'net@’ significantly outperformed
those with one coat of Geomet®, regardless of the topcoat, or whether treated with
the preferred embodiment écmposition. The two-coat paris in accordance with the
present invention outperformed those having commercially available coatings, but
this may be due at least in part {o the higher coating weight of Geomet®.

Parts from variation O (one coat Geomet®, darkening solution, and
Plus® L) outperformed variation K (one coat Geomet®, no darkening solution, and
Plus® L), while K outperformed variation L (one coat Geomet®, darkening solution,
and Plus® L). Parts from variations BB and EE (two coais Geomet®, darkening
solution, and Plus® L) outperformed parts from variation AA (two coats Geomet®,
no darkening solution, and Plus®L). |

| Thus, it is clear that in order to meet the salt spray requirement for

these parts, two coats of Geomet® are preferred. Results also indicate that the
preferred embodiment composition RFN-01-1~PT improves corrosion reSist_ance,_

with the one exception of variation L.



Percentage Red Rust Rating O-Trace 5 1-5 4 6-15 3
16-25 2 26-50 1 51+ 0 10 Al of the parts tested
had at | east sonme degree of white rust on them the

heavi est of which appeared to be on parts w.t
WO 20p440880% opcoats. Parts with no topcoat haxfﬁ%@a%ﬁ’llpgﬁ

Tabie 6
Salt Spray Results

rusting than the bl ack p%{"rts. Parts topcoated with
Pius(r) L had the least white rust. -15 Parts coated
with two coats of CGeonet(r) significantly outperforned
those with one coat of Geonet(r), regardless of the

Light, Moderate, Heavy-indicate degree of white rusting
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2. The composition of claim 1 wherein said ratio is about 1:1.

3. The composition of claim 1 wherein the concentration of

ammonium chloride is from about 0.5 percent to about 3 percent.

4. The composition of claim 1 wherein the concentration of
ammonium chloride is about 2.5 percent.

5. The composition of claim 1 wherein the concentration of
ammonium molybdate is from about 0.5 percent to about 3 percent.

_ 6. The composition of claim 1 wherein the concentration of
ammonium molybdate is about 2.5 percent.

7. An aqueous composition adapted for application to a metallic
surface selected from zinc, magnesium, manganese, and alloys and intermetallic
mixtures thereof, the composition comprising:

from about 0.1 percent to about 5 percent ammonium chloride; and



25 Cdainms: 1. A conposition adapted for darkening and
i nparting corrosion- resistant properties to a
netallic surface selected fr zi nc, magnesi um
manganese, and alloys and internmetallic m xtures
thereof, the conposition consisting essentially of:
f r omit@Bbabowt Q.1 perewittotaboat SLrErseHarB@eNiUTMONI UM
f.rom about 0.1 percent to about 5 percent
h%ﬁﬁ@ﬁb@ﬁg%%r bdate ; and from about 90 percent to

aboutwHa®eid the rratam)f aaines iiumhetiefide thempddnigmof
de to ammoni um nol ybdate is from about

a chl or

hfg{m ?'Mg]%%t@d? from qboyt 110 dleoti™i on of claim 1
wherein said ratio is about 1:1. 3. The conposition
of claim1l wherein the concentration of anmonium

chl oBi de Thefcoompasitinr oficlaim &rwkertein saidlratit iSfrpar aleout.1:2 to
4. T€ﬁ conposition of claim1l1 wherein the

apBHEZdtrati on of ammonium chloride is about 2.5
percent. 5. The conposition of claim1l wherein the
concentration of ammoni um nol ybdate is fromabout 0.5
per c@nt t dhasempitiyr ekelaim 7evhanedn saidpatio is abouwf 1:1.
claim1 wherein the concentration of anmoni um

nol ybdate is about 2.5 percent. 7. An aqueous

conpogi ti PRead |cfrpd§f Aaiph Ft’Qﬁfﬁér@m tHe ébriveheatibh of
surface sel ected from zinc, magnesi um nmanganese, and

ARMYSmestrionide isrfremeakaut 0. %pﬁfq%éo ehevled peragig.
conposition conprising: fromabout 0.1 percent to
about 5 percent ammoni um chl oride; and 26 from about
O 1 Mar Ce'rﬁhefcon‘qimmorﬁomame9th@d§TEBTﬁhel’noncentratlon of

vvhereln the rati o of anmoni um
‘B?'i-' 'ﬁ%‘"‘iﬁr\ﬁﬁh @@ ybdate is from about 1:

3 to about 3: 1. 8. The corrpositi on of claim?7 wherein
said ratio is fromabout 1:2 to about 2:1. 9. The
conp®2i t i dhe «rbnmoesn‘tiunmi/vl:iaine irrwisexieth thet condesitrationtof

-aé@%@g@ﬂg;ﬁ%ﬁo %%?e lst #rom é)bout 0. é Qe?cevlll@ ?(; gl)gu% g %ercent.

13. The composition of claim 9 wherein the concentration of

ammonium heptamolybdate is about 2.5 percent.

14.  The composition of claim 9 comprising about 2.5 percent

ammonium chloride and about 2.5 percent ammonium heptamolybdate.

15. A coated metallic substrate comprising:
a metal substrate having an outer surface, wherein said metal is

selected from the group consisting of zinc, magnesium, manganese, and alloys

. and intermetallic mixtures thereof; and

a darkening coating disposed on said substrate, said coating
formed from an aqueous composition consisting essentially of (i) from about 0.1

percent to about 5 percent ammonium chloride, and (ii) from about 0.1 percent to



amoni um chloride is fromabout 0.5 percent to about 3
percent. 11. The conposition of claim9 wherein the
concentration of ammonium cBloride is about 2.5
percent. 12. The conposition of claim7 wherein the
concentration of ammoni um heptanol ybdate is from

aamtdi percenpentesniutromalybdatess whereiarthe ratig of angnonium chloride

osi.tian claim9 th centratlon of

AR b e B ESub okt Bar cent . 4. “The
con‘posn tion of claim9 conprising about 2.5 percent
anmoni um chl ori de and about 2.5 percent amoni um

hept 4ol ybharceatedisibsiateaf elaimdbdurther eemptisiage
wherei i odicqfoBlMesRR ol g, Ul Yarketing EBating,

wheredn shidngpredsian-nesistanpoestingcompiigeiae flaResl aad lahyrainum
nd intermetallic m xtures thereof; and a darkening

fl q’lﬁ@er&ggwgedn%sa@ﬁa Rind@bst rate, said coating
formed from an aqueous conposition consisting
essentially of (i) fromabout 0.1 percent to about 5
per céht ahhecbatedcdubstrateof eain (15iwhdneomsaid oatio & dbout 1:1.
percent to 27 about 5 percent ammoni um nol ybdat e,
wherein the ratio of amoni umchloride to amonium

ol ypglat eThe cham abtbid ofcihtn a}9‘%ﬁer@|n1t’ne](§mcj'éﬁf?atson of

coated substrate of claim 15 further conprising:
apprandenehiariss istfeamn abott 0 Hopearcenidesbonh 3seardentar kem ng

coating, wherein said corrosion-resistant coating

conprises zinc flakes and alum num flakes dispersed

i N afp.i NoTIgRBb&teli idtrataldf cldine 16 et srdinstab donakatrafion of
claim 15 wherein said ratio is about 1:1. 18. The

- apgpnim shisyideds @beuit 219peRcest. wher ei n t he concentrati on

of amoniumchloride is fromabout 0.5 percent to
about 3 percent. 19. The coated substrate of claim15

wherzd.n t'ﬂvr—: coaedrdubatratyofodlainanfavhargincthewondeniration of
about 2. Bercent. 20. The coated substrate of claim
a’ﬁ!@‘Wé“‘Q{ beateds floahabayt Qn ReFcentip@RoUs Rergelat e i s
fromabout 0.5 percent to about 3 percent. 21. The
coated substrate of claim 15 wherein the concentration
of Zdmonthercoatky ksmastraiesofabaim 12 wihepeindbetconzéntraiien of
coated su st r%te 0 erein the concentration

afB'F‘O“&Imﬂ?f? FI'sAPEY $§ pof’dﬁ%l'i’ 2.5 percent and the

concentrati on of ammoni um

22. The coated substrate of claim 15 wherein the concentration of
ammonium chloride is about 2.5 percent and the concentration of ammonium

molybdate is about 2.5 percent.

23. The coated substrate of claim 15 further comprising;
a corrosion-resistant coating disposed between said outer surface
of said metal substrate and said darkening coating, wherein said corrosion-
resistant coating comprises zinc flakes and aluminum flakes dispersed in an

organic binder.



nol ybdate is about 2.5 percent. 23. The coated
substrate of claim15 furt herzgorrpri sing; a
corrosion-resi stant coating di'sposed between said
outer surface of said netal substrate and said

TR N A
di spersed providing & Sibtatd hBdRg arrSute? SurfAcdst Hipd, f or

darkening the surface of zinc cConprising: providing a
substrat e REMHPY @rcwnpesitisuincledingfron abouil.dwietcent ta about 5

GEFRBE b By E LA TR B pEESCD ) Bibbon

amncavitm mobMdate;arRer cent  anmoni um nol ybdat e; and

appl ying said conposition to said outer surface of

sai d zi nc BBPYEIGwaid compasiianiasaid outerisvwsiesef sakl zinc to form
A 0. s : ' 4 further conprising, after said
step@lnggggflwﬁgér%ﬁ'd conmposition, a step of: drying

said coating at a tenperature of from about 37C (100F)

tc t 121C (250F).. .26. T thod of clajm 24
‘fartﬁ ot Bpita ‘i%'g,d JM%W %F@T@éﬁﬁaﬂr&%@@%&@%ﬁﬁa of

8 | ddi®@ oot afs )0sing said coating to a
cgwﬁ'g oper ariﬂ)on. 2‘/’fé S‘It'ﬁ'géﬁet hod of claim 24 wherein

sai d conpoghing raidornatingest o teomperaburatof Grotn pboated3n°Q (1 00°F) to
tando pL, ammoni um chl ori de and from about 0.5

%@é@e@ %(Zgﬁo%}- 3 percent ammoni um nol ybdate. 28. The

met hod of claim 24 wherein said conposition conprises

about 2.5 percent ammoni um chl ori de and about 2.5

per ced®. anmtBainathed of strire24 hgthex aomprising, @fter spiat stepepf
' i.nhibi t.i [o¢ ties to a substrate of an
%@élﬁ\@l %mquﬁmp%eﬁt@wn&ﬂgﬁ%gonpri sing: providing a

substrate ekp@gin%@;taid/@oétﬁfgado:a BUANG BpBhtR_NCONPOSI ti on
i ncluding fromabout 0.1 percent to about 5 percent
amoni um chl ori de and from about 0.1 percent to about

5 t ' in th tig of .
o rmonim cATSTHa bR STHRE 24 GinetBR il b MpoS bl eSipyises from
abGutt @5 qeventdo Hboan @ FRPOEN ArEnfoNith CHBIRY dndfrofrPabout 0.5

sai d substrate. ]
percent to about 3 percent ammonium molybdate.

28. The method of claim 24 wherein said composition comprises about

2.5 percent ammonium chloride and about 2.5 percent ammonium molybdate.

- 28. A method for imparting corrosion inhibiting properties to a substrate
of an active metal, said method comprising:
providing a substrate of an active metal;
providing a composition including from about 0.1 percent to about 5
percent ammonium chloride and from about 0.1 percent to about 5 percent
ammonium molybdate, wherein the ratio of ammonium chloride to ammonium
molybdate is from about 1:3 to about 3:1; and

applying said composition to said substrate.



29 30. The nmethod of claim29 further conprising,
after said step of applying said conposition, a step
of : drying said coating at a<tenperature of from about
37C (100F) to about 121 C (250F). 31. The nethod of
claim?29 further conprising, after said step of
appl ying said conposition, a step of: exposing said
coating to a curing operation. 32. The nethod of claim
29 wherein said conEosition conprises from about 0.5
0

per it t bhepwibod opelaine A° fuRthshrampERingr atier said steral

: : t 3 percent ammoni um
a%?@éf&?%@@?bgﬁﬁé’ éng’%%(gyof claim?29 wherein said
cglnposi ti dmyirrgasmb id iceating b attempehatpes o’efrtbmabmml bdiSlIﬁC (100°F) to
chl or | about 2.5 percent ammoni um nol ybdat e.
aboyit Wﬁét(ﬁgg F?}or i nparting corrosion resistance
properties to a zinc surface, said nethod conprising:
provi ding a conponent having an outer surface of zinc;
pr ov3ti ngThke owtped df claimi28dudbiengormpdsingbafier $aid step of
'goﬁr.cent .&lo abouii 5 g%r&ce_t amoni um chl ori de and from
a (¢ 58" C%'E'PB%' PNtd out 5 percent anmoni um

ol ybdat egxpithgpeRl oBng & 8 CPRBVPrARIh.t 0 sai d outer
surface of said zinc.
32. The method of claim 29 wherein said composition comprises from
about 0.5 percent to about 3 percent ammonium chioride and from about 0.5
percent to about 3 percent ammonium molybdate.

33. The method of claim 29 wherein said composition comprises about

2.5 percent ammonium chloride and about 2.5 percent ammonium molybdate.

34. A method for imparting corrosion resistance properties to a zinc
surface, said method comprising:
providing a component having an outer surface of zinc;
providing a composition including from about 0.1 percent to about 5
percent ammonium chloride and from about 0.1 percent to about 5 percent
ammonium molybdate; and

applying said compaosition to said outer surface of said zinc.



