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| PETIT| Radicacion 1 OSIEZ000 0000000 Falios 2%

: Fecha CHB); 2005-12-05 16056125

Tremite : 011 PCT-PATOR 279 FAGE MACT 411 PRESLNTAC

Ladustria ¥ Comercio ) Bepenimeia; 2020 DIVISIOH JE NIEWS CREACIOHES
SUPERINTENDENCIA
FORMULARIO UNICO DE SOLICITUD DE PATENTE
PCT
ENTRADA EN FASE NACIONAL
1) SOLICITUD DE:
IZI Patente de invencién D Patente de Modelo de Utilidad
D Capitulo 1. IZICapitqu .
2) Nombre: METAL COATINGS IDENTIFICACION
S LICITANTE INTERNATIONAL INC.
(71) C.C. D NIT:
Direccién: 275 lridustrial Parkway
Chardon, Ohio 44024-1083, Estados
Unidos
Nacionalldad o domicllio:Ohlo,
Estados Unidos
Lugar de constitucién: :Delaware,
Estados Unidos
Teléfono: Fax:
E. Mail:
3) Nombre: DILIA MARIA RODRIGUEZ IDENTIFICACION
REPRESENTANTE | D'ALEMAN
APODERADO C.C. E NIT: D
Direccion: Carrera 11 N°. 86-53 Piso 6
Bogota D.C. ce. 1 omo O
Teléfono: 6181088 Fax: 6350824 NOMERO: 41.654.882
E. Mail: info@clarkemodet.com.co - 41.004.
TP: 20824 CSJ

4)
INVENTOR (ES) |Nombre: 1. Michelle R. PEARCE. 2. Brian G. STRAKA. 3. Donald
J. GUHDE. 4. Terry E. DORSETT
(72)
Direccién: 1. 9810 Kile Road, Chardon Ohio 44024 , Estados
Unidos. 2. 1569 Trotter Lane Painesville, Ohio 44077. Estados
Unidos. 3. 160 East 191 Street Euclid, Ohio 44119. Estados
Unidos. 4. 11205 Hosford Road Chardon, Ohio 44024. Estados
Unidos.

Nacionalidad o Domici!io: 1. Eatados Unidos. 2. Estados
Unidos. 3 Estados Unidos. 4. Estadoa Unidos.

5) PCT (86)
Solicitud Internacional No.PCTAUS2004/017786 Fecha: Junio 4, 2004

Publicacién Intemacional No. WO 2004/108407 Fecha: Diciembre 16, 2004

6)Titulo (54) COMPOSICIONES PARA OSCURECER E IMPARTIR PROPIEDADES
DE RESISTENCIA A LA CORROSION AL ZINC U OTROS METALES ACTIVQS.

7) ClasHicacién Internaclonal: B32B 15/04

8) PRIORIDAD 33) Pais de Origen | (32) Fecha (31) Namero de
Solicitud

s XI no [[] |[EetadesUnidos |Junio§, 2003 60/476.119

9) Comprobants de pago N°. 05.79.894 Fecha:Octubre 14, 2005
Comprobants de pag N°. 05.91.289 Fecha: N viembre 29, 2005
C_mprobante de pag_ N°. 05.80.614 Fecha:Noviembre 25, 2005

Instrucciones para el diligenciamiento del presente formulario. Ver reverso de esta pagina *




P

Z &

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
NIT : B800176089-2

" SUPERINDUSTRIR ¥ CONERTIO
RECIEO OFICIAL DE CAJA : 05 - 79,894 Ralicacion @ OLE3300 0000000 Folios: 226
FECHA : OCTUBRE 14 DE 2005 Y Fecha (AD): 20051205 16:56:25
Temite & 01t FCI-PATENT 379 FAGE HACT ALY PRESENTAC
Dependepcia: 2020 DIVISION DE NUEWS CREACIONES

iy CONSIGBNALCTON 1318t

CLARKE NODET Y CD. COLOMBCONSIGNACION  DBAHCO POPULAR  030-00110-6 85331664 1371072005 5,064,000.00

nuy £ 0 NCEPTO 182

. [
CANT. RENTISTICO CONCEPTO TOTAL CONCEPTO
1 50005-01-01 SOLICITUDES 83 EXANEN DE PATENTABILIBAD DE INVEN 371,000.00
TOTAL ¢ $ 371,000.00

56M:  TRESCIENTOS SETENTA Y UND MIL PESOS

O

RESPONSABLE :

—7

RECIBO DE CAJA APLICADD AL EXPEDIENTE Ho.
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FRERCI0 ... 2%k
) Wﬂmﬁmﬂ ekl foligss o
L
gagicacd® 02;05.12—0 16336 = et A piEsEt
Fecha (DY a1t SCI-PETENT 513 P CEACIONES
framite G 3020 PYISION
NW‘“ at
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
4 NIT ¢+ BOC174089-2
CIBD OFICIAL DE CAJA 05 - 91,289
ECHA NOVIEMBRE 29 BE 2003
ey CONSIGNACTION It
DEPOSITANTE TIPO PABD BANCO CUENTA No. PAGO FECHA PGO Yr. PABD
CLﬁRKE MOBET Y CO. COLOMBCONSIGNACION - BANCO POPULAR 050-00110-6 A2212697 2971172005 &,780,000.00

i

CO0ONCEPTID tittt

CONCEFTO

TOTAL CONCEPTO

1 50005-01-08 PRORROGA DE TERMINOS

SON: SESENTA Y SEIS MIL PESOS

31 PRORRDGA DE TERMINDS
TOTAL :

RESPONSABLE : )
7

RECIED DE CAJS APLICADO AL EXPEDIENTE No.

£4,000.00
b, 000,00



SUPERINTENDENCEA DE INDUSTRIA Y COMERCIO

RECIBO OFICIAL DE CAJA : 05 - 906,414
FECHA : NOVIEMBRE 23 DE 2065

BG6176089-2

' “SUMEKINBUSTHIA ¥ CURERUIY
Radicacion & 05!233ﬁ0 G0050540

Fecha (AHD): 2005-12-05 16:bb:2b
Trapite @ 011 PUT-PATENT 379 FASE MACT 411 PRESENTAD
_bependencia: 2020 DIVISION DE WUEURS CREACIONES

‘Fo}ios: EE&I

B CONSIGNACTON trin

| ' .
CLARKE HODET ¥ CO. COLOMBCONSIGNACION °

CANT. RENTISTICO

t 30005-01-0% OTROS SERVICIOS DE:PROPIEDAD I

SON:  DIEZ MIL PESOS

RESPONSABLE :

_______ CUENTA No. PABD  FECHA PBO Vr. PAGD
BANCO POPULAR  050-00110-4 42212701 25/11/2005 4,397,000.00
tHih C O N CEP T 0 tany

EUNEEPTD o - TDTAL CONCEPTO
21 CERTIFICACIONES 10,000, 00
TOTAL : $ 10,000.00

s

O

RECIBO DE CAJA APLICADD AL EXPEDIENTE Ho.




—
(=
R

ANEXOS

'_ Comprobante de pago de |la tasa de presentacion de la solicitud

0 Comprobante de pago por reivindicacion de prioridad .

O Documento que acredita la existencia y representacién legal cuando el solicitante sea persona

~_ Auridica

Pederes, si fuera el caso

[0 Documento de cesidn del inventor al solicitante o a su causante

O Declaraciones

Copia de la solicitud Internacional. (Resumen, descripcion, reivindicacion, Dibujos).

Traduccion de la solicitud internacional al castellano. (Resumen, descripcion, reivindicacion,

~ Dibujos)

[X] Copia del examen preliminar efectuado por la IPEA

O De ser el caso, copia dei contrato de acceso

O De serel caso, documento que acredite la ficencia o autorizacién de uso de conocimientos
tradicionales de las comunidades indigenas

0 De ser el caso, certificado de depdsito del material biologico

O Arefinal12x12y6x6cm

O De ser el caso, informacion sobre otras solicitudes de patente o titulos obtenidos en el

extranjero por el mismo titular o su causante, relacionados parcial o totalmente con la
~ invencion de esta solicitud.
Xl  Otros:
1. Reporte busqueda internacional
2. Opinidn escrita
3. Solicitud PCT

11) FIGURA CARACTERISTICA:

N Fiqura 1,
Bafio a Terparaturs Ambientetiaeacs ¢ A
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gy Caning!

i e Hemad fiiuiss)

12) Solicitud conces_idf;\ de la patente, . ;.
| - NOMBRE: DILIA_RODRIGUEZ D'ALEMAN

2

FIRMA:

“

C.C. 41.654.882 de Bogota TP 20824 CSJ
X ————

Instrucciones para el diligenciamiento del presente formulario. Ver reverso de esta pagina
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PODER

Yo (nesotros), sbajo firmante(s)
George C. Palek

o1y mi (nuestro) caraclar da regrasqntante(s) legales de

METAL COCATINGS INTERNATIONAL INC.

una socieded ocganizads y extatente do acuerdo con las layes da

Delaware, EEUU
y on aclust cumplimianto de su objele socisl, con domicliic on
275 Industrial Parkway, Chardon,

99 l;’llpgle_nteE tﬁs}:n?mc%ﬁos cor%ol(%gf?ﬂmos) podes especlal a

favor de DILIA MARIA RODRIGUEZ [FALEMAN, tp. 20624 y
CLAUDIA LUCIA CARO RAMIREZ, tp. 36448, con domicillo en
Sanlg Fé de Bogota, Colombla, para que ectusndo en su arden an
nrombeg -del  (de le) otorgante le (la) representen ants cuaiquler
ontidag, sutorided y/o parsona, eapecielmente ante tas del orden
Adminisirativo, Contericlosa Administrativo, Judiclal, Tribuneies de
Arbitrsmento yfo cualquisr otre en lo roferents 3 los sigulentes
osunlos!

1) Solicltar, Wamitar, ablenes ylo reglsirar cusiquiera de las
modalidades de Propledad {nduslrlpl, tales como: palentes de
lvencidn, modelos de uiligag: disefos industriales, valledades
vegeiales; marcas, lemas, nombrés y ensefas comerclales y
denaminaciones de origen; asl coma sus rensaciones, prdrrogas,
lranclersncles, cambloa de nombre y/o domiclllo, contratos y
ficencias

2} Sohcitar, trernitar, obtene: ylo reglsirar derechos de suted, en
cuakquiera da sus presenlacionss asf como la profeccidn de
$acrolos industriales y know-how.

3} Sollciar, tremitar, oblener ylo regmlrar reglstios aanitarios,
permisos y/o ficanclas de funcionamienls; asl como sus

- renaveclones o prérrogas, transferenclas, camblos de nombve yio

domigilio. canlralos y icencias.

4) Elercer acclones oo oposiclin, observacién, reclamos,
teconsideracidn, roposicldn, apetacion, cancelacion sdminlstrative o
judicial, nulided, proteccldn al consumidor, concesidn de licenclas,
pioteccion de secretos Industriales y demiés acclonas y recursos
relacionados con deréchos detivadoo de los asuntoe amba
indicedos vy on conira de la compelencia desleal, acclones
derlvadas de la obtencldn o axplolacién do licenclas, acclones de
Indemnizacton de perivictos. Tamblen podra{n) Interven!r an julcios
civiles comerclales, pendlas, conlancloso-administialivos, tutelas y
do policra; an acclonas ¢ [uicloa promavidas par ef {18) mandants ¢
an conira el (alia} , ‘
5) En @ vlescicio de esle mandato 108 mandalzrios arrba
menclonades quedan faculiados pere: conclilar, cancelar, transigle,
comprometer en drbitros, deslstlr, recibir y tomar posesikdn de s
cosa objele da fMigh y renunciar o dasistir a derechos concedidos
© en cursa de concasidn, admills los hechos del proceso.

& Ralificar o no le egencla oficioss.

T) Asi misma fecule (facultamos) a fos menclonados apcdaradoy
para recibir notificaclones y designar apodetados judiciales o

<]

D

@ g

% julio % 1997

RTEAN

SRR

nol

POWER OF ATTORN

{ (%), the undersignod

George C. Palek
legal reprasantativels) of

Metal Coatings International Inc.

on organization existing under the laws of

Delaware, U.S.A.
and in present execution of ita bualnass ectivily, domiciiad at

275 Industrial Parkway, Chardon, Chi

do hereby grant POWER OF ATTORNEY lo OILIA MARIA
ROORIGUEZ D'ALEMAN, tp. 20824 and CLAUDIA LUCIA
CARO RAMIREZ, lp. 35448, residing In Santa Fé de Bogold, .
Calombla, to act in tho order of thelr sppoiniment In behall of
grantor bafore any antity, euthority and/or natural or juridical parson,
epacially balore those Administrative, Acministrative-Contentious,
Judiclal, arbitration courts, eadfor eny other, in af maiters
concerning the following:

1) To apply, process, obtaln and/or reglater any of the modatilles of
industdal Property, auch a8 Petents of Invention, Uiillty Modets;
Desings, vegets) varlelies; Marks, Siogans, Trade Names and
emblems and appelialions of Qrigln; as well @8 thelr renewsls,
exlenslons, “sasignments. changes of name andior domicite,
agreaments and lcenses. .

2} To apply, proceas, chialn andlor reglsler copyrights of sny kind
88 well as proloction of indusirial aecrets o know-haw. ~
3) To apply, procese, oblaln end/or reglster sanitery reglsirations,
operaling suthorizalions andfor licengqs; ag well as thelr. renevaals
of extentlons, assignments, changes of name and/or domicle,
egreoments and lcenses,

4 To bring ectlons of oppostion, observations, claime,
reconsideration, appeal or legal remedies, cancellations, nulllty,
pretection to the consumer, granting of ficenaes, protection of trade
secrats and other actons related with rights desived from the abovae-
mentioned mailers and agalnet the unfalr competilion, actions
rosulling from he oblontion or exptodation of ficanss, tcovaring
damages actions. They can also Intervene or paricipeto In Civil,
Commetclal, Orminal o Contantious-Adminiatrative Trials: the
pelions for witt mandamus, police actions; in actions. [awwulls of
kiigations instituted by the grantor or ageinst him.

%) To the effsct of this mandate the above-named proxy zre
empowsred to: concillale, cancel, setlle, submit to arbiration,
withdraw and to recefva and take possassion of the tigalion ratated
objet and walve or rencunce the rights granted or In " process of
granding. admit the facts of the case.

8) To ratity or nat the offlclous sgency, _

7) | {we) hereby eppoint he sfore mentioned sttorneys with powers
to receive nollfications and to designste judiclal and extrajudielat
sttorneys. subsitute this Power of Attorney and to revoke such
susiititions,

Zardon, Ohio, Estados Unidasedandsignedat Chardon, Ohio, U.S.A.

on s oond  deyol guly o 1997
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George C. Palek, Treasurer and €.0.0.
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CERTIFICADO NOTARIAL:(S8CCIEDADES) ' 4
{Podaras otorgados en: El Salvador, Eclades Unides, NOTARIAL CERTIFICATE (CORPORATIONS)
1 ] Mericoy Vanezueln) {Powars of ollornay granied In: €@ Seivador, Mawco, .
U.S.A. and Venozuela)
Alos dias dol mas de
de . 61 Notarlo que suscribe DA FE de qua This 12th day of May , 1998, .
‘ tha undersignad Nolary CERTIFIES thal
(nombra 6o 1§ paraons quo flirma el poder) 1._Georqge C. Palek
. masyor do odad y domiciliaco en frama of ine porvan who slgnt e powss of atornay)

of laga! ege and domiclled in

firmd de ¢u pufio

' v lets of documonto quo aniacece Mentor, Ohio, YSA  saths nans on the
2 Conato ol (afe) olorgante y qus etla (a) osla legal- taregoing document

manly capnalingo para ol oloIgamienio 2 The @rantar 13 10 i parsonally knowns and that hossl'a
3 Efotorgante ha firmaco el reforido dncumento an su has tagal capacity to nxacute tha document

J. The granior has execuled lhe loregolng gocumant in
caraclar de .
his capacity of President and CEQ

da 1a persona furldica

of the ]uf!dl;:all person

Metal Coatings International Inc.

4. Lo atads persona |uridica con sade an

4. The montioned jurldical poreon with place of buinass

65! logaimenle conshituida, que tiene actualimenle imn_Chardon, Ohio, USA
oxistoncia lege! y qua o aclo patu ol cust s6 ha I8 duly organized, has aclual legal oxislence and 1hal
olorgade esle podor estd comprendida enlre los que the purposas for which the power of sflarney |s pranied

constiluyen su objato sogial, aro within the scope of ils corporate purposss.
5 Elolorgania fiene efoctivemento I representacién quo 6. The grantor has in [ acl the referred qualily and that
obsianta, quo esla o laghtima y que estd facultado hisher representalion it legal and thal halshe s

para o'orgar acte lpodeg ompowerad 1o grant this power of attorney.
§ las anteriores cortificaciones de los punlos 3,4 y 5, me 6. | havo based Lha above certificalicns 3, 4 and S, or. tha

consten porque he tonide a ls vista los siguionlas following authonlic documents which for such purposo
documontcs auténlicos: wera axhibited lo ma:

Minutes of Board of Directors
i Meetings
| BRENDA L. HAVEL

Nolarlo Piblico
KOTA A continuaclén da lo anterlor, 8t Consul do Colam-
bia dobe autonticar {a firma del Notarls Publico.

NOTA: Than the Colomblan Consut must logellze’ tha  ~> "
signafure of tho Notary Publle.

CERTIFICADO NOTARIAL {INDIVIDUOS)

]
. revras NOTARIAL CERTIFICATE (INDIVIDUALSB)
e o 4
o 10§ {4/ gias det mes da .

Motarla quo sueeribo DA FE de que: On this dny of

the undersigned Motary CERTIFIES that:

b

e RTE WYY,
Sed vl V)
#ya0 admd yoni!

-y
p4s DidIID

"_,‘, 1.

GY domiclliado en {name of the pason who Aigns Lhe Powor of Altorney}

. "

-3 s fitmé on su prasenca of logal age and domicited at

g_l\_gocum‘dngg ‘qUd anlecods, conoce el otorgante y que signed In his prosence the
etip e“é-@ﬁ,},’ﬁ te capacilado pars et olorganilento, foragoing document, 1ha granio: Is (o bl porgonslly known Bnd
¢ mie s

= lkat he/she has logal capacily 10 oxocule the documont.
L4 B d
23 o7

|
{ et S
o :} Nolario Pabhico
. NOFAA‘continuacisn da lo anterlor, el Consul do Colom-
; ) bia dobse autenticar ta firma del Nolano Publico.

Notary Public
NOTA: Than the Colemblan Consul must legalize the
slgneturo of the Nolary Pubtic,

; Para todos low demén palves el SaMor Con de

' Colombla o ants quion oo otorguo,dobe expedir CH ”GM or aountrias the Colomblan Consul or
) cortiflasalon dojando constancla: 1) de 1o existoncPee ¥ whao It l& grantod must Issue » cortifleation
" do

fegal 's nacledad, 2) de que osta oforoa ctating 1} the logsl oxistencs of the corporatlon, 2) - < \
thzt the corporatas RUrpeces are actusily belng ﬁ\ %
accompllchoed , 3} that the person or porsong who

safuaimonte gu objoto goclal, y 3}1‘60 que 1a parsona o
parnonac que olorgan ol poder qgu_n facultadas pars
hacerto, dojando conctanals ast mitmo de quo tuve o

grant this Power of Attarney are ampowerad to do it.
la wvisls  las  prusha¢ “qua  pcrediton  Luluy The Consul wlil certify slss tnat ho dusunients
nlrounstanatas. ' srtdzaping thege zlrounstancen weora ghipited in

I
[ o o o e Bt A -y - Y
- - . : R Y i T - ©oey T R ¢ AL — KL,
- T B L B e o - AL B
f v . = I L o . A . . . e . et Y
) . [P . s N to e R X C A
“

"

re

. ¢
1 S e
ST R R TS L S s FERIN




I, Carol A. Mead, Clerk of the Court of Common Pleas, a court of Law and Rece. . «. .aid County,
NO. 00 21 0 6 do hereby certify that PRl A L. HAVEL

before whom the proof or acknowledgement of the foregoing instrument was laken and whose
signature appears fo the foregoing certificate of proof or acknowledgement was at the date of said

. proof or acknowledgement, a NOTARY PUBLIC, in and for the State, duly authorized to take the
same and certify affidavits and oaths, and to take and cerify the proof and acknowledgement of
deeds recorded in said State; and that | am well acquainted with his/her handwriting and verily
believe that the signature to said certificaie purporting to be his/hers is genvine.

- THE STATE OF OHIO In Testimony Whereof, | have hereunto set my hand and affixed the seal of said Court at Jefferson,
Ashtabula County, ss Ohiothis |5 4w dayof MAY 19 4%

W A- ”7—06(.»6(_ Clerk
Sl : Deputy lekb\'
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) 500 NORTH MICHIGAN AVENUE, SUITE 2040 - 0 3
i CHICAGO. ILUNOIS 60611 = e
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TEL.{3121923-1196 FAX(312)923-1197 - =
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aba

El smsul eneral de Colombia, CERTIFICA que el sefior GQM—{_‘r ?4

, qﬂ"e{n autoriza el presente do umeni, ejercia legalmente, en la
fecha allf expresada, las funciones de Cotj%,ou_a aé( , é.ng%?[ ,

¥ que la firma y sello que en el documerffo aparccen como suyos son los que usa y acostumbra en sus
actos oficiales,

"t

EI Cénsul no asume responsabilidad alguna por el contenido del documento.

: T .-

DERECHOS DE TIMBRE Y DERECHOS CONSULARES (VEINTIUN DOLARES US$21.00),
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sella con ol sello del Traductor al mismo tiempo que la presents. Esta Traduccién ha side
preparada por Ana Marfa Salvett, Traductora Oficial debidamente reconocida por el Ministeric

de Relacionss Exteriores y aprobada por el Ministerio de Justicia mediante Resotucién No.158
de 1991.

Traduceitn Oficial No.97918 de ufi documento escrito en nglés, 6l-cual para su identificaciém se ( O i?’

(Se traducen sellos y legalizaciones que aparecen a continuacion de un Poder

escrito en inglés y espafiol otorgado por la sociedad Metal Coatinas'

Infernational Inc. a favor de DILIA MARIA RODRIGUEZ D'ALEMAN y CLAUDIA
LUCIA CARO RAMIREZ )

Dado y firmado en Ohio, EE.UY., el 22 de julio de 1987 por (Firmado), ilegible,
George C. Palek, Tesorero y P.F.O. Acepto, (Firmade), Claudia Lucia Caro,
c.Cc. No.40.017.374 de Tunja, T.P A. N0.36.448 Minjusticia.

{(al dorso, en inglés y espafiol) CERTIFICADO NOTARIAL (Sociedades)
referente a la existencia y representacién de la sociedad mencionada.
(Firm_aldo), Brenda L. Havel, Notario Publico. Sello en tinta: BRENDA L. HAVEL,

Notaria Publico, Estado de Ohic. Mi comision expira 7 de agosto del 2001

&l Condado de Ashtabula. Sello circular en relieve.

A

HIO,

SO

Ashtabula, ss:

il c&i!ﬂs
zvDY 3¢

e -

Yo, Carol'AoMead, Escribano de la Corte de Causas Comunes, una corte Legal y

"-_'..._a:: -

R
uld L S gl

:'Eie .Rééustro::;e dicho Condado, par medio de! presante certifico que Brenda L.
Havel, ante quien la prueba o reconocimiento de! instrumento que antecede fue
tomado y cuya firma aparece en el anterior certificado de prueba 0 recongcimiento
gra en fa fecha de dicha prueba o recanocimiento, un NOTARIO PUBLICO, eny

para el Estado, debidamente autorizado par;i tdmann y certificar declaraciongs
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juramentadas y juramentos, y para tomar y certificar Ia prueba y reconocimiento de ( \ $

escrifuras registradas en dicho Estado; y que estoy blen familiarizado con su
caligrafia y sinceramente crec que ia firma en dicho certificado que pretende ser 12
suya, es auténtica.

En testimonio de 16 cual, he firmado y estampado el sello de dicha Corte en

Jefferson, Ohio, hoy 31 de julio de 1997. (Firmado)}, Carol A. Mead., Escribanao.

Sello circular en refieve.

(en espahol). Certificacion N0.3913 del 6 de agosto de 1987 de ia firma que

antecede por el Consulado de Colombia en Chicago. Pagado impuesto de

O timbre y derechos consulares. (Firmado), Carlos Alfonso Negret Mosquera.

Sello consutar en tinta. L egalizacion No 219898 del 4 de septiembre de 1997

de la firma que antecede por el Ministerio de Retaciones Exteriares. (Firmado),

Jefe Legalizaciones.

Es Traduccion fiel y completa tomada de su original en inglés a ia cual me

remito.

. ,,.,_—-wSantij;ﬁEmﬁ iogota, 12 de septiembre de 1997
pags i .gél}. I
eta upo‘,g'fgl frxe

o % _J ; 5 ) ‘
7ok ¢ C /u/xé/ :
B ANA MARIA SALVETT!
: : TRADUCTORA OFICIAL

INGLES - ITALIANO . ESPAROL
RES. 1B8/91 MINJUSTICIA
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EY. SUSCRITO JEFE DEL AREA DF
LEGALIZACIONES DEIL MINISTERIO DE
RELACIONES EXTERIORES

CERTIFICA

@ue revisados los registros gque se

llevan en la
Legalizaciones aparece

oficina de

la firma de la sefiora ANA MARIA SALVETTI

GOMEZ como Traductora e Intérprete Oficial para los idiomas

INGLES-ESPAROL, ESPANOL~INGLES, ITALITANO-ESPAROIL,, ESPAROL-
ITALIANO,

segun resolucidén 158 del 11 de febrero de 18991.
La

anterior certificacidn se expide a solicitud de la interesada
quien se

identificé con cédula de ciudadania nro. &1.773.103
expedida en Bogotd.

Dada en, Sangﬁfé de Bogotd, D.C.,
de 1992¢~f

a los diez

(10} dias de julio
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TRADUCCION OFICIAL DEL CERTIFICADO NOTARIAL QUE ACOMPAR; \5
PODER QUE METAL COATINGS INTERNATIONAL INC. LE OTORGA / ;

DRA. DILIA MARIA RODRIGUEZ D'ALEMAN Y A LA DRA. CLAUDIA LI
CARO RAMIREZ

CERTIFICADO NOTARIAL (SOCIEDADES)
(Poderes otorgados en: El Salvador, Estados Unidos, México y Venezuela)

A los 12 dias del mes de abril de 1998 ei Notario que suscribe DA FE de que:

1. George C. Palek

(Nombre de la persona que firma el poder)

mayor de edad y domiciliado en Mentor, Ohio, USA firmé de su puio y letra el
documento que antecede.

2. Conoce al (a |a) otorgante y, que este(a) esta legalmente capacitado para el
otorgamiento.

3. El otorgante ha firmado el referido documento en su caracter de Presidente y
O Principal Ejecutivo de la persona juridica Metal Coatings International Inc.

4. La citada persona juridica con sede en Chardon, Ohio, USA esta legalmente
constituida, que tiene actuaimente existencia legal y que el acto para el cual se ha
otorgado este poder esta comprendido entre los que constiiuyen su objeto social.

5. El otorgante tiene efectivamente la representacion que ostenta, que esta es
legitima y que esta facultado para otorgar este poder.

e, s EEZTITESTANteriores certificaciones de los puntos 3, 4 y 5, me constan porque he
Pt 'tenjldo=azl vista los documentos auténticos.

gas Directivas

s N

o O ol
Ei documepto lleva un sello circular en alto relieve que reza:
\ SELEG:NQTARIAL

\_;ESTADO {DE OHIO
Igualmente tiene un sello himedo que lee :

! otarjcr E’«jblsco

BRENDA L. HAVEL
Notario Publico, Estado de Ohio
Mi Comision Vence Agosto 7, 2001 DIANA JACOBSON: S.

' : Traductor e taté
Registrado en el Condado de Ashtabula Resafucttn e4- u:pﬁﬁgf T:L
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5) En el ejercicio de este mandato los mandatarios arriba mencionados que \){
facultados para: conciliar, cancelar, transigir, comprometer en arbitros, desi
recibir y tomar posesion de la cosa objeto de litigio y renunciar o desisl
derechos concedidos o en curso de concesidn, admitir ios hechos del proceso.

6) Ratificar o no la agencia oficiosa.

7) Asi mismo faculto (facultamos) a los mencionados apoderados para recibir

notificaciones y designar apoderados judiciales o extrajudiciales, sustituir e
presente poder y revocar las sustituciones que se hicieren.

Dado y firmado en Chardon, Ohio U.S.A.

a los 12 dias del mes de mayo de 1988

(Firma llegible)
George C. Palek, Presidente y Principal Ejecutivo

O Firma

OIANA JACOBSON S,
Traductor ¢ (ntérprete Oficial
Resoluclén 44 Minjusticia 1994

El documento lleva un sello humedo parcial que reza :
CONSULADO GENERAL DE COLOMBIA
CHICAGO
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Yo, Carol A. Mead, Clerk de la Corte de Suplicas Ordinarias, una corte de Loy y
de Inscripcion del citado Condado, por este medio certifico que BRENDA L.
HAVEL, ante quien se verificé o reconocié el instrumento anterior, era en |a fecha
de dicha verificacién o reconocimiento un NOTARIO PUBLICO, en y para e!
Estado, debidamente autorizado para efectuarlos y para certificar atestaciones y
juramentos, y para tomar y certificar la prueba y el reconocimiento de las
escrituras registradas en el Estado citado; y que conozco bien su escritura y

realmente considero que la firma que aparece en los certificados citados y que se
afirma como suya, es auténtica.

En fe de lo cual lo firmo y estampo el sello de la Corte citada en Jefferson, Ohio,
este dia 15 de mayo de 1998

Firmado Carol A. Mead Clerk

Sigue una firma ilegible  Clerk Comisionado

DiANA JACOBSON §.
Traducier ¢ Intérprete Oficlal

ticia 1994

EL ESTADO DE OHIO
Condado de Ashtabula, ss

Resojucidn 664 Minj
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TRADUCCION OFICIAL DEL. PODER QUE METAL COATINGS INTERNATIOI
INC. LE OTORGA A LA DRA. DILIA MARIA RODRIGUEZ D’ALEMAN Y A
DRA. CLAUDIA LUCIA CARO RAMIREZ

PODER

Yo, (nosotros) abajo firmante(s) George C. Palek, en mi (nuestro) caracter de
representante(s) legales de Metal Coatings International Inc. una sociedad
organizada y existente de acuerdo con las leyes de el estado de Delaware y en
actual cumplimiento de su objeto social, con domicilio en 275 Industrial Parkway
Chardon, Ohio, U.S.A. por el presente instrumento confiero (conferimos) poder
especial a favor de DILIA MARIA RODRIGUEZ D'ALEMAN con cedula de
ciudadania No. 41.654.882 de Bogota, y tp 20824 y CLAUDIA LUCIA CARO
RAMIREZ, con cédula de ciudadania No. 40.017.374 de Tunja, y tp 36448, con
domicilio en Santafé de Bogota, Colombia, para que actuando en su orden en
nombre del (de la) otorgante le (la) representen ante cualquier entidad, autoridad
ylo persona, especialmente ante las del orden administrativo, Contencioso
Administrativo, Judicial, Tribunales de Arbitramento yf/o cualquier otro de los
O' referentes a los siguientes asuntos:

1)  Solicitar, tramitar, obtener y/o registrar cualquiera de las modalidades de
propiedad industrial, tales como: patentes de invencion, modelos de utilidad:
disefios industriales, variedades vegetales: marcas, lemas, nombres y ensefias
comerciales y denominaciones de origen; asi como sus renovaciones, prérrogas,
transferencias, cambios de nombre y/o domicilio, contratos y licencias.

-----

-_/-:’4 ncionamiento: asi como sus revocaciones o prorrogas,
. cambios de nombre y/o domicilio, contratos y licencias.

\ umldo; concesron de licencias, proteccion de secretos mdustr;a!es y demas
\ o
gsiyrecursos relacionados con derechos derivados de los asuntos arriba

“m‘*-“tndlcades-—y) en contra de la competencia desleal, acciones derivadas de la

- obtencién o explotacion de licencias, acciones de indemnizacidon de . perjuicios.
También podra(n) intervenir en juicios civiles, comerciales, penales, contencioso-
administrativos, tutelas y de policia; en acciones o juicios promovidos por el (la)
mandante o en contra de él {ella).

-DIANA JACOBSON S,
Traductor, o Intérprete ﬂchl




N

RSk

PODER

Yo (nosolron), soalo fanante(s)

en mi (nuoslio) carscter da roprosanianiefs) ogaos de

una socwedad oiganizaca y existents de acuarda con las leyes ga

y cn aclunl cumplimilonio de su objeto soclal, con domicllio en

por el prosenle Inslrunento confioro {oonformos) poder especlal a

lavor de DILIA MARIA RODRIGUEZ D'ALEMAN, con Cédula o
: Cludadania No. 41.654.882 do Qogotd, y 1p. 20824 y CLAUDIA
LUCIA CARO RAMIREZ, con Cédula de Ciudadania No.
40017.374 de Tungs, y Ip. 36448, con domiclta en  Sanls Fé do
Bogata. Colombla. para quo sclusndo on su oeden on nombre del
{de 13 olorgante lo (la) ropresenten ante tualquier  ontidad,
suloridad  yio  persona,  especialmante ante las dot  orden
I Administrativo, Conlencloso Adminlsiratvo, Judiclal, Tribunales de
Afbitramento yio cualquiar otro on ko reforonta & ko6 sigulenies
asunlos

1} Sclichar, wramdar, obienor yio registrar cuaiquicrs de las
i modalidades de Proplodad industilal, lates como: paicnies de
‘ |mvencion, modolos de ulilidad; disefios Industiiales, varodades
! vegetales. marcas. lemas, nombres y ensefas comercigles y
| denominaciones de odgen; asl como £us ranovacionos, pré&Togas,
i transiorencias, camblos de nombre yio domiclio, coniratos y
i llconclas .

) 2) Sohchtar, tramilar, oblener yio regisirar derechos de anor, on
I cuaiGuia's do sus prosantaclonss asl como la proteccion da
secrelos indusinales v knowhow.

3} Sohcesr, lramdar, obloner yio registrar regisiros sanilarios.
permisos  ylo llceuclas  de  funclonamionio: asl como  sus
tenovasiohin” GTATSITOGAS . lransferenclas, camblo; de nombre yio
domicllio, cénliatet yilgonclas

.-y A Bieroer labciodst de  oposicion, ouservacisn,
), Tecansiderscion, Fedfbs

livdielat, nubidsd; e gtbe

PDIOLBCEON B8 <D0

1oclamos
10, apelacton, cancelaeitn adminisirsiiva o
G 8l consumidor, concesion ge Icencias,

Wfa de 12 competencia desleal accionas
Qg\tlm o explolacidn do lleonclas, scciones de
thclos. Tamblon podra(ny Intenvenic en juicios
panales, contencloso-adininksirivas, {ulelas ¥
oﬁbg 0 Jultios promovidos por el {la) mandante o

‘_—”do o516 mangaio fos mandatanos  armiha
visculados pars: concliiar, canoctar, transigir,
enoler eaBalos. dosltir, foclblr y tomar pecesion de |
_oﬁélé-'.domigig’y renuncior o desistir a derechos concedidos
wn i 9é Eontieston, admitit los hechas del process

! 6] Ratihicar o ag la agencla oficloss

| 71 Al mrmo faculto {facultamos) a los mencionados apodorados
. pars recoir notficaclones y des'gnar apodorados judiciales o

extaudiciacies. eustituir of presente poder y revocar las sustitucio-
Nos que hicxeron

i 13030y rmado en

A los diss de ge

.88
\Pa

POWER OF ATTORNEY
!(wc). ihe undercigned

George C. Palek

lega! repras ontatiweds) of

Metal Coatings International Inc.
n oegenization exisling under he laws of

the state of Delaware

ang in present execution of ity business aciwity, nancilod Al
275 Industrial Parkway
Chardon, Ohio, USA

do heredby prenl POWER OF ATIDORNEY 10 DILIA MATIA
RODRIGULEY. OPALEMAN, Wenlficalion carg No, 41 $54.882 of
Oogedd, and tp. 20824 and CLAUDIA LUCIA CARQ KAMIREY
p 36448, entficalion card No. 40017 374 of Tuma. resiging in
Santa F¢ de Bogwa, Colombua, to act in the oeder of their
apponimont In bohall of granior beteds any entity, authorfty andlor
nalural or Juridical person, specialy belore those Agminisitathve,
Adminigirativo-Contentious. Judicial, arbitration courts, andier sny
¢ther, in all matlers conceming the foliowing:

1} Yo apply, process, obtain ang/or regisier any of the modtalities of
Industrial Properly, such as: Patents of tnvenlion, Ulility Modets:
Desings, wogetsl varicties: Merks, Slogans, lrade Names and
ombloms and appellalions of Origin; as woll as thels renewals
edenslons, essignmente, changes of name sndior domicile,
agroomants and licenses,

2) To apply, process, obtaln and/or reglsic: copyrights of any Xing
a3 woll as protection of indusiral secrets or know-how

3 To apply, process. obtatn andser reglster sanftary reglstrations,
opevating sutholzations andior liconses: as we'l as their rencwals
o extentions, assignments, changes of name andlor domicite,
agrocinonls and licenses. ’

4) Yo biing sclions of epposdon,  obiefvations.  clamag,
reconsideralion, appoal o kogal femndies, cancellations, nutlity,
proloclion (o tha consumer, granting of licenses, protection of irads
tocrots and other aclions refated with rghls derived 1tom the atiove-
mentioned matiers atd agains! the unfalr compelifion. aclions
resulling from (he obtestion or explodation of Guenses, fecoveiy)
damages eclions. They ¢an alse Intorvene of padicipate in Cwil,
Commercial, Criminal or Contentious Adminisirative  Trials, the
actions for writ mandamus. police actions; in aclions, lawsuits or
ligations Inslutad by Ihe grantor oc ag ains! him,

5) To the effect of this mandale the above.named proxy are
empowertd 0. concilisle, cancel, scitle, submd 1o arbidration,
wilhdraw and 1o roceive and lake possession of (he gation related
ot and walm of renounce the rights gronled or In proeass ol
pranting, sdm’t the facts of the case

6} To ralify of not the officious agency )

1} I (we) hereby appoint 1he aloce mentionss Aloincys wilhy peawtery
to recave nolifications and 1o designate judicial and exti gudicial
anerncys.  subsidule this Power of Allorney Bng 10 fevoke such
susdutions

Granlod and sigred at

12th

Chardon, Ohio, USA
May

on this day of

< X%

leky

LI

Firma / signature

Président and CEQ




Gonsuwlads Generad do Colombea

500 NORTH MICHIGAN AVENUE, SUITE 2040 1
CHICAGO, iLUNOIS 80811

TEL.{3121923-1196 FAX(312}923-1197

4

No. a’}y Chicago, MAY 22 1998

El suscrito Cénsul General de Colombia,CERTIFICA, que el sefor (a)

Ao A. MEAD , quien comg
SR ETARLO YW (A CoPTr , autenticb';ﬁ.];.a L

firma del signatario del poder precedente, ejercia en la fecha las

funciones indicadas y su firma corresponde a la registrada en este -

Consulado; que la compania METAL COATINGS TATERNATI CJNA‘L ;L_ho

es una sociedad constituida de acuerdo con las leyes de

O %LALUA’}Z{E y cumple su objeto conforme a las mismas;
que el (a) senor (a) 6)60/265 C. rpla’(/g/(
quien eh su carécter de _ LEPRESENTANTE  LEGAT

el oy

de la citada compania confiere el poder precedente,’ffés'é‘u' i
Y -1 : E‘
3 representante legal en este pais. I
.‘ ]

. : — )
Lot
- —— . -1
§

: El Cénsul General no asume responsabilidad alguna por el céntenido %f
del . documento.
Rl

-PAGADO IM]?UESTO DE TI!IBRE Y DERECHOS CONSULARES

oo seone o

cansud’ @General o
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CERTIFICADO NOTARIAL (SOCIEDAQEE;Q}?
(Poderes otorgados en; £l Salvador, Estados Unidos,
Moxico y Venezusla):

Alos dias dal mes de
de , ai Notario que suscribe DA FE do que;

1.

{nombre de la parsona que firma el poder)

mayor de sdad y domiclilado en

firmo de su puito

y ielre 8l documenlo que antecede.
2. Conoce al (ala) otorgante y que este (a) asta legal-
mente capacitado para el otorgamiento,
3. El otorgante ha lirmado el retarido documento en su

caracter de

Ode ta persona jurldlca

4. La clledw persona |uridica con sode en

astd legalmante constitulda, que tiene aclualmenle
existoncla lega!l v que ol aclo para el cual seha
-otorgedo este poder estd comprendido entre |os que
canstituyen au oblato soclal,

5. €l otorgante tlene efectivamente la representacién que
-obstenta, que esta os legitima y que estd facultado
para otorgar este podsr.

- 8. lae antarlores cartificacionses de los puntos 3, 4y 5, me
constan porque he tenido a is vista los sigulenles
documantos auténtlcos

i oiafagun

| SHHAIY Glizsns uy,

£ PObilco
n!lguaclén. de 13 Anterior, o Consul de Colom-
‘ tféarla#lrm del Notarlo Publico. 3

" o

j\ [osw
de , 8 Nolano que suscriba DA FE de que;

! 1.

{nombre de la pargona que frma ef poder)

mayor de adad y domiitiado en

firmé en su presencia
sl documento qus antecede, conoce el otorgante y que
sate esta tegaimenta capacitade pare el olorgamiento.

Notarlo Publiceo
NOTA: A conlinuaclén da lo anterlor, el Consul de Colom-
bla debe autenticar {a firma del Notario Pablico.

NOTARIAL CERTIFICATE (CORPORATIONS)
{Powers of suitorney granted In. El Sulvador, Mexico,
U.8.A. and Venezuela)

T . “
This 22nd gayof July, 1997,
the undersigned Notary CERTIFIES tha:

4. George C. Palek

{name of the-person who signs the power of atterney)

of legal age end domiciled In__Mentor,

Qhio, U.S.A.
foregolng document.
2. The grantor Is to him personal!y known and that he/she
has tegeal capacity to executa the document.
3. The grantor has executed the foregoing document In

set his hand on the

)
his capacity of_| " casurer & €.0.0. 5~%
of the Jurldical person [etal Coatings § £
International Inc. 1=

4. Tha mentioned Jurldical person with place of business

in__Chardon, Ohio, U.S.A.

is duly organlzed, has sctual legal existence and that
the purposas for which the powaer of attorney is granted
ara within the scops of its corporate purposes. .

8. The grantor has in fact the referred quality and that
histher representation is legal and that helshe Is
empowered to grant this power of attornay.

8. | have based the above caflificalions 3, 4 and §, on the
tollowlng authentic documants which for such purpose

were oxhiblied to me;
M1nutes of Board of Directors Meet1ngs

BRENDAL HAVEL 0 "
Notary Public, State of Ohio -~

My Commissjon Expires August 7,200 1o

NOTA: Then the Colomblan Consul muat Iegahza lhe
signaturs of the Notary Public.

NOTARIAL CERTIFICATE (INDIVIDUALS)

Onthls day of
the undersigned Notary CERTIF IES that:

&

(name of ihe pesoh who slgna the P&asr of Altorney)

of legal age and domiciled &t

signed In his presence the

foregoing document, the grantor is to him parscnally known and
that he/she has legal capacity 1o exeoute the document,

Notary Public
NOTA: Then the Colomblan Consul must legalize the
signature of the Notary Public. ‘

F_’a:_-a todos los demdés palses el Sefior Consul de

For all other countrles !he Colomblan Consul must

An AL o kol



and Record

1, Carol A. Mead, Clerk of the Cgurt of Common Pleag, a goyrt of
NO. 2 0 0 7 do hereby certify that .
before whom the proot or acknowledgement of the toregoing instrument was taken
signature appears to the foregoing certificate of proof or acknowledgement was at-
proof or acknowledgement, a NOTARY PUBLIC, in and for the State, duly authorized to take the
same and certify offidavits and caths, and to take and ceriify the proof and acknowledgement of
deeds recorded in soid State; and that | am well acquainted with his/her handwriting and verily

believe that the signature to said certificate purporting to be his/hers is genuine.

ose
e of said |

t my hand and affixed the seal of said Court at Jefferson,

THE STATE OF OHIO In Testimony Whereof, | have hereunto
19

Ashtabula County, ss

4. IYean/ ~ Clok

Deputy Clerk

pred=al -9
) ;
a3 pe :
~s TS5 3
‘:-o: B
o P
gg33 ey
- s LTE r m.
A3 ego = B
‘s = .2 g
-2 3 cd T e
b7 g =
y _-e —
ra:o 3 a o
23 - .
~2E3 =2
P 2 3
H] go .
g. - "4:
" -
: 22. 4
e i3 = =
A L
| Ny~ bl =
) N 4]
. e =
A E =4
- @ < o~
o‘."-""




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
Intemational Bureau

(43) Intermational Publication Date

ij| ] "" 000 1 TR AR A g

(10) Internationa! Publication Number

16 December 2004 (16.12.2004) PCT WO 2004/108407 A1l
(51) International Patent C]assificatlon": B32B 15/64, (74) Agents: BANDY, Mark, E. et al.; Fay, Sharpe, Fagan,

C23C 22440, 22/68, 22/82, C23T 11/00, CO9K 13/04
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Conipositions and Methods for Darkening
and Imparting Corrosion-Resistant Properties
to Zinc or Other Active Metals

Field of the Invention

The present invention relates to bifunctional coatings for zinc and
other active metals. The coatings serve to darken the surface of the zinc and
impart anti-corrosion properties to the coated product.

Background of the Invention

Compositions for coating industrial components and assemblies are _

becoming increasingly important. For example, many mechanical parts and
fasteners are coated with a composition to improve the aesthetics and overall
appearance of the part or fastener, particularly when the part ié visiblé in the final
assembled product. Additionally, mechanical fasteners such as bolts or screws
may be colored to simplify assembiy or disassembly of a manufactured product.
These compositions often contain pigments or other colaring agents as desired, to
impart a certain color or appearance to the coated part.

Many mechanical components used in automobiles are coated with a
darkening paint or compaosition to impart a black, gray, or dark finish. Since many
mechanical components must, as a result 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.

Various compositions are known for imparting a black or dark color to
a metaliic part. Many of these compositions are commercially available. However,
for many applications, in order 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

technique to reduce the expense otherwise associated with the use of these
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coloring coatings.

In addition to applying a composition to color a metallic part, other
compositions are often applied to the partf to impart other physical characteristics.
Corrosion resistance is a desirable property for metallic parts, and particularly for
such parts used in automotive applications. The art is replete with a wide variety of
compaositions for imparting corrosion-resistant properties fo a metal surface.
Coating compositions have evolved along with the changing technology of alloys
and understanding of the science of corrosion.

A factor affecting the evolution of corrosion-inhibiting compositions is
the relative toxicity or environmental impact of the composition or ifs components.
For this reason, molybdate has been investigated as a suitable anti-corrosion
agent, and particularly as a replacement for toxic chromium or chromium-based
compounds.

Molybdenum and compounds thereof have long been recognized as
corrosion inhibitors. For example, U.S. Patent 4,409,121, herein incorporated by
reference, describes corrosion inhibiting compositions containing a molybdate salt.
in the background section of that patent, the 121 patent notes other patenis
directed to corrosion inhibiting compositions containing molybdate such as U.S.
Patents 4,176,059 and 4,217,216; both of which are hereby incorporated by
reference.

Similarly, U.S. Patent 4,440,721, herein incorporated by reference,
describes compositions for inhibiting mineral scale and corrosion in the presence of
aqueous liquids. The compositions of the '721 patent inciude one or more water-
soluble molybdate compounds. Other patents directed fo aqueous compositions
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 properties of
molybdate led to U.S. Patent 4,548,787, herein incorporated by reference. The
'787 patent describes a composition that protects against cavitation-erosion and
corrosion of aluminum in aqueous 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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Additionai mention was made of the use of water-soluble saits of
molybdenum in corrosion inhibiting mixtures based on a particular class of
polymers, in U.S. Patent 4,640,793, herein incorporated by reference.

Perhaps the most relevant prior work in the patent literature is U.S.
Patent 4,798,683, herein Incorporated by reference, AThe ‘683 patent is directed to
methods of controlling corrosion by the use of molybdate compositions.
Specifically, the '683 patent describes methods and compositions for inhibiting the
corrosion of metallic surfaces in contact with aqueous systems. The compositions
of the '683 patent contain a molybdate ion source and cerain water-soluble
components. The '683 patent discloses molybdate ion sources as including
maghesium molybdate, ammonium molybdate, lithium molybdate, sodium
molybdate, and potassium molybdate.

Another interesting, although less relevant, prior work involving
molybdate compositions is by Philippe Lienard and Clement Pacque entitied,
"Analysis of the Mechanism of Selective Coloration Facilitating the Identification of
Various Phases in Aluminum-Silicon-Copper Casting Alloys,” Homes Et Fonderie,
June-July 1982, p. 27-35. In that paper, an agueous composition of 0.5 weight
percent ammonium heptamolybdate and 3 weight percent ammonium chloride was
used to emphasize and highlight grain boundaries in various alloys that were the
subject of their work. There was no attempt to impart corrosion inhibiting properties
to the alioys under review by the aqueous molybdate composition.

Although satisfactory in many respects, much of the prior art is
directed fo applications involving corrosion control in heat transfer systems and not
to coating compositions for corrosion control. The two applications have
significantly different criteria.  Additionailly, many of the prior art anti-corrosion
compositions contain numerous other agents, many of which are exotic, costly, or
highly toxic. Accordingly, there remains a need for a composition and method for
readily imparting corrosion resistance to a metal surface. Moreover, prior art anti-
corrosion compositions do not address the concerns over improving the aesthetics
of metallic parts and fasteners, and particularly 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 sﬁrface to a metal. Moreover, Lienard and Pacque

never described any aspect concerning a corrosion inhibiting composition for their
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alloy. Instead, they used the noted molybdate composition to render grain
boundaries of an aluminum-silicon-copper alloy more visible, i.e. to increase the
contrast between certain regions of a metal surface. Accordingly, it would be
desirable to provide a composition and method for readily darkening a metallic
surface. Moreover, it would be desirable to provide a composition and technique
for reducing the contrast between a shiny or silvery metal surface and a dark
pigmented or colored top coat. Furthermore, it would be particularly desirable to
provide a composition and method for simultaneously impalting anti-corrosion, or at

least corrosion-resistant properties and darkening the outer surface of a metal part.

Summary of the Invention

In a first aspect, the present invention provides a composition
comprising from about 0.1 percent to about 5 percent ammonium chioride, from
about 0.1 percent to about 5 percent ammonium molybdate, and from about 80
percent to about 99.8 percent water. The composition also utilizes particular ratios
of ammonium chloride to ammonium molybdate. Generally the ratio of these
components is from about 1:3 to about 3:1, respectively.

In another aspect, the present invention provides an agueous
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. The ratio of ammonium chloride to ammonium heptamolybdate is
from about 1:3 to about 3:1. '

" In another aspect, the present invention provides a coated metallic
substrate comprising a metal substrate having an outer surface wherein the metal
is selected from the group consisting of zinc, magnesium, aluminum, manganese,
and alloys thereof. The coated metallic substrate also comprises a darkening
coating disposed on the substrate in which the coatiné is formed from an agqueaus
composition comprising (i) from about 0.1 percent to about 5 percent ammonium
chloride, and (i) from about 0.1 percent to about 5 percent ammonium molybdate.
The ratio of ammonium chloride to ammonium molybdate is from about 1:3 to about
3:1.

In another aspect, the present invention provides a method for

darkening the surface of zinc comprising providing a substrate having an outer
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surface of zinc and providing a composition including from about 0.1 percent to
about 5 percent ammonium chioride and from about 0.1 percent to about 5 percent
ammonium molybdate. The method also corhpn'ses a step of applying the
composition to the outer surface of the zinc to form a darkening coating thereon.

In a further aspect, the present invention provides a method for
imparting corrosion inhibiting properties to a substrate of an active metal. The
method comprises providing a substrate of an active metal. The method also
comprises a step of providing a composition inclluding from about 0.1 percent to
about 5 percent ammonium chloride and from about 0.1 percent to about 5 percent
ammonium molybdate. The ratio of ammonium chloride o ammonium molybdate is
from about 1:3 to about 3:1. The method also comprises a step of applying a
composition to the substrate.

In yet another aspect, the present invention provides a method for
irﬁparting corrosion resistance properties to a ziné surface. The method comprises
providing a component having an outer surface of zinc. The method also
comprises a step of 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. The method aiso comprises a step of applying the

composition to the outer surface of the zinc.

Brief Description of the Drawings

Fig. 1 is a graph illustrating corrosion resistance of metal samples
soaked and coated for various time periods at room temperature and air dried.

Fig. 2 is a graph illustrating comosion resistance of metal samples
soaked and 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 periods at room temperature and dried at
177°C (350°F).

Fig. 4 is a graph illustrating corrosion resistance of metal samples

coated and dried at 177°C (350°F).
Fig. 5 is a comparison of metal samples coated in accordance with
the present invention with uncoated, conventional samples.

Fig. 6 is another comparison of metal samples coated in accordance
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with the present invention, illustrating varying degrees of corrosion resistance.

Description of the Preferred Embodiments

The present invention provides methods and compositions for
darkening the surface of a metal, and particularly zinc or other active metals. The
invention also provides methods and compositions for imparting corrosion-resistant
properties to metals such as zinc or other active metals. In a most preferred
aspect, the present invention provides a composition that achieves both of these
objectives. The invention also includes the resulting coated articles or products.

In a preferred embodiment, the present invention provides an
aqueous solution comprising from about 0.1 percent to about 5.0 percent
ammonium chloride and from about 0.1 percent to about 5.0 percent ammonium
molybdate. All percentages noted herein are percentages by weight uniess
otherwise indicated. More preferably, the aqueous solution comprises from about
0.5 percent to about 3.0 percent ammonium chioride and from about 0.5 percent to
about 3.0 percent ammonium molybdate. Most preferably, the agueous solution
comprises about 2.5 percent ammonium chloride and ahout 2.5 percent ammonium
molybdate. It is contemplated that aqueous compositions according to the present
invention may utilize significantly higher concentrations of ammonium molybdate
since that component is relatively soluble in water. In contrast, ammonium chloride
is significantly less soluble in water. Regardless of the particular concentration of
ammonium chloride and ammonium molybdate utilized, it is most preferred that the
concentrations of these two components be the same or substantially so. Dual
benefits in coloring and corrosion resistance result when the concentrations of
these components are approximately the same. Generally, it is preferred that the
respective concentrations of these two components are from about 1:3 to about
3:1, preferably from about 1:2 to about 2:1, and most preferably about 1:1. These
ratios are weight ratios and are given with regard to the ratio of ammonium chloride
to ammonium molybdate, respectively. The balance of the preferred composition is
water. The present invention composition may include other additives and
components as described herein.

As previously noted, it is often desired to impart a black or dark color
to various metal components, particularly those used in the automotive industry.

73
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Examples of such components include, but are not limited to, fasteners, door
strikes, and refated assemblies. And, as previously explained, it Is also desired or
necessary to coat such metal components with a corrosion-resistant or corrosion
inhibiting coating. The composition of the present invention may be utilized either
alone to provide a dark color and/or corrosion-resistant properties to a coated part,
or in conjunction with one or more other coloring coatings or corrosion-resistant or
corrosion inhibiting coatings. When utilized in conjunction with other coatings, the
present invention composition may lead to cost savings since less of the other
coating may be required, and may also provide increased corrosion resistance or
corrosion inhibiting characteristics. These advantages are described in greater
detail herein.

The assignee of the present invention offers several commercially
available corrosion-resistant coatings under the trademarks Dacromet® and
Geomet®. Dacromet® is an inorganic coating based upon zinc and aluminum
flakes in an inorganic binder. Specific grades of Dacromet® include Dacromet 320°
which contains low volatile organic compounds {(VOCs); Dacromet 320 LC® which
is a low chromium formulation; Dacromst 500® which is based upon the use of
polytetrafiuorethylene to provide consistent torque-tension characteristics; and
Dacromet 320% HS which is formulated to provide a relatively thick and heavy
coating. Geomet® is an aqueous coating dispersion containing zinc and aluminum
flakes, with an inorganic binder system. Geomet® was formulated as an altemnative,
environmentally friendly corrosion-resistant coating. Geomet® is water-based, low
in VOCs, and free of all highly regulated toxic metals including chromium, nickel,
cadmium, barium and lead. Dacromet® and Geomet® products are available from
Metal Coatings International, Inc., Chardon, Ohio, and also through numerous
licensees thereof. Further descriptions of corrosion-inhibiting coatings are
described in U.S. Patents 3,907,608; 4,555,445; 4,645,790; 4,891,268, 4,799,959;
5,006,597, 5,868,819; 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-resistant coatings, such as previously noted or with one or more
coloring or pigment-containing compositions, it is preferred to apply the present
invention coating to the uncoated and exposed metal surface, prior to application of
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the corrosion-resistant coating and/or the coloring coating. Application of the
present invention coating provides a base layer of a corrosion-resistant coating. In
addition, the layer of the present invention composition provides a dark coloring
over the metallic and often silvery or shiny appearance of the underlying metal.
Thus, upon subsequent application of a corrosion-resistant coating, such as a
Geomet® coating, coverage is typically further improved with minimal or no
indication of the metallic surface underneath. Furthermore, metallic components
that are first coated with the present invention composition prior to receiving a
coating of a corrosion-resistant material, generally provide a more durable and
longer lasting black or dark color than if only coated with the corrosion-resistant
material. The reason for this is that parts not coated with the present invention
compasition, and only coated with a comosion-resistant material, if scraped, often
display the silvery or shiny metallic surface directly under the comosion-resistant
material. Instead, if such part is first coated with the present invention composition,
the coated part is black or dark in color. And so, after further application of a
corrosion resistant coating, upon scraping of that part, if a region of the corrosion-
resistant coating is removed, instead of the shiny metallic surface being exposed,
the black or dark color of the present invention composition is exposed. This is
much less noticeable as compared {o the underlying metallic surface.

The present invention also includes methods in which the inventive
compositions are applied onto the outer layer of a coated surface, such as the outer
surface of a metal part previously coated with a Geomet® formulation. That is, the
present invention composition may be used as a top coat or as an outer coating.
Many of the parts described in the discussion of testing results herein, were first
coated with Geomet®, prior to application of a preferred composition according to
the present invention. Significant anti-corrosion benefits resulted. Although not
wishing to be bound to any particular theory, it is believed that the presence of one

or more active metals in the previously deposited coating, assists in the adherence

of the coating of the present invention. Therefore, for those applications in which |

the present invention composition is applied onto a previously coated metal
substrate, 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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substrate in which the coating does not contain any active metals.

Additionally, the present invention composition and associated
methods also include strategies in which the inventive composition is used as an
intermediate coating or layer. That is, the present invention composition may be
applied on a coated substrate, and then one or more additional coatings applied
thereon. For instance, a metal substrate may be first coated with an anti-corrosion
compasition such as a Geomet® formulation. Then, the present invention
composition may be applied onto the layer of Geomet®. After that, one or more
additional coatings or layers of other formulations may be applied on the previously
applied layer of the present invention composition. Examples of additional coatings
that may be applied on a previously applied layer of the present invention
composition include, but are not limited to Dacrokote® 50 Clear, Dacrokote® 108,
Dacrokote® 107, Dacrokote® 127, Dacrokote® 135, Geokote® 137, Geokote® 147,
Geokote® 200, and Plus® L, all of which are commercially available from Metal
Coatings Intemational, Inc., and also through numerous licensees thereof.
Descriptions of forming such multi-layer coating systems are provided in the
discussion of testing results herein.

As noted, the present invention composition may be used alone or in

conjunction with other compositions to provide both a dark color and corrosion.

protection to a metal surface. As will be appreciated, the determination of whether
to use the present invention composition alone or in conjunction with one or more
corrosion-resistant coatings and/or coloring compositions depends upon the
application and desired properties of the coated component.

The preferred embodiment composition comprises ammonium
chloride and ammonium molybdate. Although not wishing to be bound to any
particular theory, it is believed that the ammonium chloride serves as an etchant to
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 zin¢ surface to form insoluble zinc molybdate or zinc moiybdate oxide
compounds upon the exposed zinc surface. The resulting zinc molybdate or zinc
molybdate oxide compounds that are formed are believed to be passivators. The

formation of these Iinsoluble compounds creates a black or dark color. The dark
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color is a result of the mixed oxidation state of molybdate. As previously noted, the
dark color renders the coated part eligible for subsequent coatings with one or
more corrosion resistant coatings such as Geomet®.

Although the preferred compositions of the present invention are
aqueous, the present invention includes compositions that contain one or more
organic components. The term “aqueous” as used herein refers to water or water-
based and includes, but is not limited to, tap water, distilled water, and deionized
water. The organic component of the coating composition is preferably a low-
boiling organic liquid, aithough there may be present some high-boiling organic
liquids, so that the liquid medium may include mixtures of the foregoing. Suitable

coating compositions can also be produced that contain low-boiling organic liquid,

while retaining desirable composition characteristics, such as composition stability.

The low-boiling organic liquids have a boiling point at atmospheric pressure below
about 100°C (212°F), and are preferably water-soluble. Such low-boiling organic
liquids may be represented by acetone, or low molecular weight alcohols such as
methanol, ethano!, n-propylalcohol and isopropylalcohol, and further include
ketones that boil below 100°C (212°F), such as water-soluble ketones, e.g., methyl
ethyl ketone. ]

Generally, for compositions that .comprise one or more organic
components, the organic component will be present in an amount from about 1 to
about 30 percent, basis total composition weight. Presence of such organic liquid,
particularly in amounts above about 10 percent, e.g., at 15 to 25 percent, may
enhance the corrosion-resistance of the coating, but use of greater than about 30
percent can become uneconomical. Preferably, for economy plus ease of
composition preparation, acetone will supply the low-boiling organic liquid and will
be present in an amount between 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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detrimental. As will be appreciated, white corrosion or white rust is generally
associated with zinc corrosion products. Red rust is generally associated with steel
or iron cormrosion products.

The present invention composition may comprise other compounds
besides or in addition o ammonium chloride and ammonium molybdate. Similarly,
other sources of molybdate ion may be used instead of or in addition to ammonium
molybdate. Examples of suitable molybdate ion sources include, but are not limited
fo magnesium molybdate, lithium molybdate, sodium molybdate, potassium
molybdate, rubidium molybdate, and cesium molybdate. The term "ammonium
molybdate" includes ammonium dimolybdate and ammonium heptamolybdate.
Depending upon the particular application and characteristics of the solution, it is
also contemplated to utilize molybdic acid as a source, either partially or entirely, for
the molybdate ion. The specific concentration of the molybdate ion in the system
may vary depending upon the degree of hardness of the aqueous system, the
temperature, and the amount of dissolved oxygen in the aqueous system.

The present invention composition may also comprise additional
agents such as fluoride compounds for instance sodium fluoride, to promote
etching of the zinc surface. It is also contemplated to include one or more oxidants
or peroxides.

Furthermore, the present invention composition may also comprise
additional agents such as, but not limited to, wetting agents, pH modifiers,
thickeners or viscosity adjusters. Suitable wetting agents or mixture of wetting
agents can include nonionic agents such as the nonionic alkylphenal polyethoxy
adducts, for example. Also, there can be used anionic wetting agents, and these
are most advantageously controlled foam anionic wetting agents. Serviceable such
wetting 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 wetting agent is typically
present in an amount from about 0.01 to about 3 percent of the total coating
composition.

It is contemplated that the composition may contain a pH modifier,
which is able to adjust the pH of the final compaosition. Where a modifier is used,
the pH modifier is generally selected from the oxides and hydroxides of alkaii
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metals, with lithium and sodium as the preferred alkali metals for enhanced coating
integrity; or, it is selected from the oxides and hydroxides usually of the metals
belonging to the Groups lIA and 11B in the Periodic Table, which compounds are
soluble in agueous solution, such as compounds of strontium, calcium, barium,
magnesium, zinc and cadmium. The pH modifier may also be another compound,
e.g., a carbonate or nitrate, of the foregoing metals.

The coating composition may also contain thickener. Thé thickener,
when present, can contribute an amount of between about 0.01 fo about 2.0
percent of thickener, basis total composition weight. This thickener can be a water-
soluble cellulose ether, including the Cellosize™ thickeners. Suitable thickeners
include the ethers of hydroxyethylcellulose, methylceliulose,
methylhydroxypropyleellulose, ethylhydroxyethylcellulose, methylethylcellulose or
mixtures of these substances. Although the cellulose ether needs to be water
soluble to augment thickening of the coating composition, it need not be soluble in
the organic liquid. When thickener is present, less than about 0.02 percent of the
thickener will be insufficient for imparting advantageous composition thickness,
while greater than about 2 percent of thickener in the composition can lead to
elevated viscosities which provide compositions that are difficult to work with.
Preferably, for the best thickening without deleterious elevated viscosity, the total
composition wili contain from about 0.1 to abeut 1.2 percent of thickener. It will be
understood that although the use of a cellulosic thickener is contemplated, and thus
the thickener may be referred to herein as cellulosic thickener, some to all of the
thickener may be another thickener ingredient. Such other thickening agents
include xanthan gum, associative thickeners, such as the urethane associative
thickeners and urethane-free nonionic associative thickeners, which are typically
opaque, high-boiling liquids, e.g., boiling above 100°C (212°F). Other suitable
thickeners include modified clays such as highly beneficiated hectorite clay and
organically modified 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 polytetrafluorethylene; graphite; molybdenum disulfide; or
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combinations thereof.

A further advantage of the present invention composition is that, if
desired, the composition may be pigment free and/or colorless prior to application
{o the metal surface. This feature stems from the fact that the dark color of
coatings of the present invention composition after application is due to the mixed
oxidation states of the resulting molybdenum compounds formed on the substrate,
and not a result of pigment in the composition. Prior to application, the present
invention composition is generally transparent or colorless. However, it will be
appreciated that the present invention compesitions may, if desired, include one or
more pigments or coloring agents. | ‘

The present invention compositions and methods may be used in
conjunction with a wide array of metal sudaces. For example, nearly any active
metal may be coated as described herein. Preferred metals include, but are not
limited to magnesium, aluminum, zinc, manganese, and alloys containing these
metals. Most preferably, the metal surface to be coated in accordance with the
present invention is zinc. By a "zin¢" surface it is meant a surface of zinc or zinc
alloy, or a metal such-as steel coated with zinc or zinc alloy, as well as a substrate
containing zinc in intermetallic mixture. The term "zinc" surface also includes
surfaces of coatings that contain zinc or zinc compounds.

Before coating, it is in most cases advisable to remove foreign
material from the substrate surface, such as by thoroughly cleaning and
degreasing. Degreasing may be accomplished with known agents, for instance,

with agents containing sodium metasilicate, caustic soda, carbon tetrachloride,

trichiorethylene, and the like. Commercial alkaline cleaning compositions which.

combine washing and mild abrasive freatments can be employed for cleaning, e.g.,
an aqueous trisodium phosphate-sodium hydroxide cleaning solution. In addition fo
cleaning, the substrate may undergo cleaning plus etching, or cleaning plus hot
blasting.

The present invention cormposition may be applied in a variety of
fashions, including but not limited to dip coating, rolling, or spraying. Generally, the
coating compositions may be applied by any of these various techniques, such as
immersion technigues, including dip drain and dip spin procedures. Depending

upon the application, the coating compositions can be applied by curtain coating,
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brush coating or roller coating and including combinations of the foregoing. 1t is
aiso contemplated to use spray techniques as well as combinations, e.g., spray and
spin and spray and brush techniques. Coated articles that are at an elevated
temperature may be coated, often without extensive cooling, by a procedure such
as dip spin, dip drain or spray coat. Depending upon the technique, several
considerations should be noted.  Spraying or otherwise administering the
composition onfo an exposed metal or coated surface is generally the simplest
technique, since the composition of the feed remains constant throughout the
application. In contrast, when a preset or fixed amount of the composition is used
in a dip coating operation, the composition and concentration of its constituents
change over time since formation of the coating is reactive in nature. For instance,
upon dipping a zinc part in a bath of the present invention composition, an amount
of zinc is efched or removed from the part and displaced into the bath.
Concurrently, molybdate from the bath is used in the formation of the insoluble
coating that forms on the exposed zinc part. And, various ammonium compounds
and precipates may form, further altering the composition of the bath. Therefore, it
is preferred that controls or other monitoring methods be used to ensure that the

concentration of at least the molybdate ion in the bath is maintained at an -

acceptable level.

After application of the coating composition to the metal or coated
metal, it is preferred for best corrosion-resistance to subsequently heat-cure the
applied coating. However, volatile coating substances. may be initiaily simply
evaporated from any of the applied coatings, e.g., by drying before curing. Cooling
after drying may be obviated. The temperature for such drying, which may aiso be
referred to as’precuring, can be within the range from about 37°C (100°F) fo 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 often be a hot air oven cure, although other curing procedures can be
used, e.g., infrared baking and induction curing. The coating composition 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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temperature, usually as a peak metal temperature, of at least about 232°C (450°F).
Oven éir temperatures may be more elevated, such as on the order of 343°C
(650°F) or more.

Curing, such as in a hot air convection oven, can be carried on for
several minutes. Although cure times may be less than 5 minutes, they are more
typically on the order of from at least about 10 to about 45 minutes. |t is to be
understood that cure times and temperatures can be effected where more than one
layer of coating is applied or when there may be a subsequently applied topcoating
that is a heat-cured topcoating. Thus, shorter time and lower temperature cures
may be employed. Also, where more than one coating is applied, or with a heat-
curable fopcoating, the coating may only need be dried, as discussed hereinabove.
Then, curing can proceed after application of the heat-cured topcoating.

Testing

A series of tests were conducted to further evaluate the present
invention compositions and methods. In particular, a variety of parts coated with
commercially available corrosion-inhibiting compositions were compared to
corresponding parts also coated with the same corrosion-inhibiting compositions
and further coated with a coating of the present invention. These frials are as
follows.

In many of these trials, various parts and coated samples were
subjected to salt sprays of varying duration. Exposure to such sprays and the
effects thereof provide an insightful 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 means of the standard salt spray (fog) test for paints and

. vamishes as set forth in ASTM B-117. In this test, the parts are placed in a

chamber kept at constant temperature where they are exposed to a fine spray (fog)
of a 5 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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A.  Trial No. 1

Two coats of Geomet® coated on 40 mm bolts as described below,
were used in this first trial. The bolts were coated by placing in a wire basket and
dipping the basket into the Geomet® coating composition, removing the basket and

draining excess composition therefrom. The bolts and basket were then dip spun.

" During dip spinning, the basket was spun at 300 rpm for 10 seconds forward and

10 seconds reverse,

Draining was followed by baking. The bolts were placed on a sheet
for baking. Baking was performed at an air temperature of about 121°C (250°F)
for a time up to 10 minutes and then at 232°C (450°F) for 30 minutes. The bolts
were coated twice with the coating composition using this procedure.

The Geomet® paris were used as the control with a coat weight of
33.7 g/im®. The post-treatment used a preferred embodiment compaosition in
accordance with the present invention, designated as RFN-01-1-PT. The
formulation of this composition is set forth in Table 1, and contains 2.5 percent
ammonium chloride and 2.5 percent ammonium molybdate in 85 percent water. A
bath was also prepared that contained only 2.5 percent ammonium molybdate.
Another bath was prepared that contained only 2.5 percent ammonium chloride.
Parts were soaked in the baths for different amounts of time, ranging from 30
seconds to 10 minutes. A de-ionized water only bath and the RFN-01-1-PT bath
were applied to 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 (150°F) and then dried at 177°C (350°F) for
5 minutes. '
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Table 1
RFN-01-1-PT
Component Weight Percent
Di Water 95.00
Ammonium Chloride 2.50
Ammonium Molybdate 2.50
Total 100.00
Table 2
Hours of Salt Spray
Prior to Red Rust
Soak Minutes 0 0.5 1 3 5 7 10
Room Temp Bath/Air Dry
Conirol 192
D! Water 168 168 144 | 168 | 144 | 144
RFN-01-1-PT ] 192 216 384 | 384 | 384 | 216
150°F Bath Temp/Air Dry
Conirol 192
Dl Water 144 144 144 144 | 144 | 144
RFN-01-1-PT . 504 384 384 | 384 | 312 | 312
Room Temp bath/350°F Dry
Control ‘ 192
2.5% NH4Cl 336 336 336 384 | 384 |.384
2.5% NH4Mo03 216 216 216 | 216 | 216 | 216
RFN-01-1-PT . 384 384 528 | 528 | 384 | 384
350°F Dry
Control 192 | .
Room Temp RFN-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 iliustrated in Figs. 1-5.

The data clearly demonstrates that post-treatment, i.e. 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

In yet another series of trials, brake rotors previously coated with
Geomet® were further coated with the preferred embodiment composition and
subjected to various testing as follows.

The rotors were cleaned with acid or alkaline 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 followed by acetone
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before application of the Geomet® coating. The acid cleaned rotors were first
cleaned using the alkaline cleaner method listed above followed by 7 minutes in
Madison Chemical Acid 162 at 48°C (120°F). The acid cieaned rotors were then
rinsed in tap water followed by Madison Chemical DX 1100 de-smutter for 3
minutes at room temperature. The rotors were rinsed in tap water and then
acetone prior to Geomet® application. The Geomet® was sprayed onto the rotors.
The rotors were warmed in a 65°C (150°F) oven for 5 minutes before application of
RFN-01-1-PT. The compaosition of RFN-01-1-PT is set forth in Table 1. The RFN-
01-1-PT was sprayed and dip drained onto rotors. Rotors B and G were rinsed with
water after applying RFN-01-1-PT. Rotors 2 and 8 were not rinsed with water
following application of RFN-01-1-PT. Table 3, set forth below, lists the various

rotors, manner of coafing, and resulting coating thickness.

Table 3
Parts, Coatings and Film Thickness

Rotor Coating Film Deviation | Cleaning
Thickness
{Microns)

B Acid
Brake Surface Up : 7.64 0.94
Brake Surface Down | GEOMET and RFN-01-1PT 7.10 0.85
Mating Surface Up Dip Drain RFN-01-1-PT 11.18 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 Alkaling
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-01-1-PT 6.59
Brake Surface Down Dip Drain RFN-01-1-PT 7.54
Mating Surface Up 7.09

8 Alkaline
Brake Surface Up GECMET and RFN-01-1-PT 6.15
Brake Surface Down Spray RFN-01-1-PT 6.89
Mating Surface Up 7.35.

bo
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The coated rotors were then subjected to salt spray testing as

previously described.
Table 4
Salt Spray Testing
Rotor Salt Spray Hours
144 240 380 480 576 720 1004
B 5 no rust no rust no rust no rust 110 2% 10%
rust rust
[e] 5 no rust no rust no rust no rust < 1% rust | 3% rust
1 < 1% rust 2% rust - 5to 10% 15 1o 20% pulled
rust rust
13 1 to 3% rust 5t010% 15 10 20% 50% rust pulled
rust rust
2 no rust no fust no rust no rust no rust ongeing
8 norust na rust no rust no rust no rust ongoing |

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 resistance.

C. Trial No. 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 accordance 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 to 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 cured 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.

ar
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Table 5A
Door Strike Coating Variations

1¥ Coat

2" Coat

3" Coat

4" Coat

Geomet®

RFN-01-1PT

Dacrokote® 105

Ceomel®

RFN-01-1PT

Dacrokote” 105

Dacrokote® 105

Geomel®

RFN-01-1PT

Dacrokote® 107

Geomeat®

RFN-G1-1PT

Dacrokote® 107

Dacrokote® 107

Geomel®

REN-O1-1PT

Geokote® 147

Geomet®

RFN-01-1PT

Geokote® 147

Geokote” 147

Geomet®

RFN-01-1PT

Geokote® 200

Geomel®

RFN-01-1PT

Geokote® 200

Geokote® 200

Geomet®

RFN-01-1PT

Geomefl®

REN-01-1PT

Geomel®

Plus® L

Geomel®

REN-01-1PT

Pius® L

Geomat®

RFN-01-1PT

Dacrokate® 105

Geomel®

REN-01-1PT

Geokote” 200

Geomel®

RFN-01-1PT

Pius® L

Geomet

REN-01-1PT

Dacrokote® 107

olololziglr | Rl —|{T|®] T m|T|C|wml >

Geomet”

REN-01-1PT

Table 5B

Door Strike Coating Variations

1™ Coat | 2- Coat | 3° Coat _ 4" Coat 5" Coat
Geome® | Geomet® | REN-01-1PT | Dacrokote® 105
Geomet® | Geomel® | REN-01-1PT | Dacrokote® 105 | Dacrokote® 105
Geomel® | Geomet® | RFN-01-1PT | Dacrokote® 107
Geomel® | Geomet® | REN-01-1PT | Dacrokote® 107 | Dacrokote®™ 167

Geomet®

Geomet®

RFN-01-1PT

Geokote® 147

Geomel®

Geomel®

RFN-01-1PT

Geokote® 147

Geokote® 147

Geomel®

Geomet®

RFN-01-1PT

Geokote® 200

Geomef®

Geomet

RFN-01-1PT

Geokote® 200

Geokote” 200

Geomel® . | Geomet REN-01-1PT
Geomet® | Geomet® | Plus® L
Geomet® | Geomet® | REN-0T-1PT_ | Plus® L
Geomet® | Geomet® | REN-01-1PT_| Geokote® 200
Geomoal® | Geomet® | REN-01-1PT_| Geokole® 200
Geomet® | Geomet® | REN-01-1PT_ | Plus® L
Geome® | Geomet® | REN-01-1PT

ln|=<|x| 2| <jc|«| 0|2

m
Loe]

[
O

=)
lw}

Geokote® 200

I1H
m

s
M

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 resulis for parts with

Ly
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one coat of Geomet®.

All of the parts with two coats of Geomet® met the 360-hour salt spray
requirement, with the exception of the nontopcoated two-coat Geomet®, treated
with the preferred embodiment composition, which first exhibited red rust at 216
hours. See Téble 7 for the summary of two coat Geomet® parts' salt spray results.

Tables 6 and 7 confain numerical ratings corresponding to the
percentage of red rust on the sample or part. The corrosion numbers in those

tables indicate the extent of red rué.t as follows:

Percenfage Red Rust Rating
0 —Trace
- 1-5
6-15
16-25
26-50
51+

O | N[

All of the parts tested had at least some degree of white rust on them,
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 Plus® L
had the least white rust.

Parts coated with two coats of Geor'net® significantly outperformed
those with one coat of Geomet®, regardless of the topcoat, or whether treated with
the preferred embodiment composition. The two-coat parts in accordance with the
present invention outperformed those having commercially available coatings, but
this may be due at least in part to 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 coats 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. Resuits also indicate that the
preferred embodiment composition RFN-01-1-PT improves corrosion resistance,

with the one exception of variation L.

43



Table 6
Salt Spray Results
One Coat Geomet®

SALT SPRAY HOURS
cafsE TOPCOAT 72 9% | 120 | 144 288 | 312 | 336 | 408 | 432 | 456 | 480 | 504
Geornet® Dacrokota® 105 1.5 0.0
A | REN-01-1-PT 1110 ma/sq ft heavy 1.0 1.0 heavy 0.0 — | — = | - = | = | —
Geomet® Dacrokote® 105 2.0 0.5
B8 | RFN-91-1-PT 1468 mg/sq i fight 20 | 20 | moderste 00 | - -] = = = | —
c Geomef® Dacrokota® 107 3.5 55 15 05
RFN-01-1-PT 380 mg/sq_ft moderate - moderate - — — — —_ — — —
o Geomet” Dacrokote® 107 3.0 30 1.0 0.0
REN-01-1-PT 1089 mqlsg ft light - moderate ) — - — — — — —
g | Geomel® Geokote” 147 4.0 20 2.0 10
RFN-01-1-PT 422 mg/sq ft moderate 3 moderate . - — — — — —_ f—
F Geomet® Geokote® 147 4.5 35 3.0 05
REN-01-1-PT 802 ma/sq ft light - N f— — — —_ —_— f— —
c Geomet® Geokote™ 200 45 40 4.0 25
REN-01-1-PT 452 mg/sg ft moderate " moderate i — — — — — — —
| Geomef® Geokote® 200 5.0 €5 4.0 30
RFN-01-1-PT 966 mg/sq ft light i light . N — — — —_— —_— — —
y | Geomel® NONE 1.5 00 0.0 00
RFN-01-1-PT o moderate : - - — — —-— —— — — —
Plus® L. 5.0 50
K Geomet® 545 mafsq ft light 80 light 4.5 4.5 4.5 4.0 4.0 4.0 4.0 3.0
L Geomet® F‘Iusg L 35 30 3.0 20
REN-01-1-PT 442 mafsq ft light . fight y —_— —_— —_— —_ f— — -—
M Geomet® Dacrokote” 105 5.0 40 3.5 25
RFN—01(;1-F'T 976 ma/sq ft heavy - heavy o — — f— — —_— —_— —
Geomel Geokote™ 200 5.0 5.0
N | REN-D4-1-PT 966 mg/sq ft moderate 50 heavy 50 50 4.0 35 0 | — | — | —
Geomef® Geokote” 200 5.0 5.0
O | REN-D1-1-PT 381 mg/sa f tight 50 | modeiata 50 50 | 45 | 45 | 45 | 40 | 40 | 35
P Geomet® Plus® L 5.0 45 4.0 20
RFN-01-1-PT 555 mafsq ft moderate " heavy - — o — — — e e
Geomet® 35
Q | RFN-01-1-PT NONE 4.5 Heavy 35 heavy 25 . — _ . _ — —
Notes

A-L: Geomet applied at 14.3 g/sgm
M-Q: Geomet applied at 15.5 g/sq m

Light, Moderate, Heavy indicate degree of white rusting
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Table 7
Salt Spray Results
2 Coats Geomet®

SALT SPRAY HOURS
BASE
COATE) TOPCOAT 216 360 | 384 480 - 504 624 | 792 840
Geomet® (2} Dacrokote® 105 5.0 4.5
R | REN-01-1-PT 904 mg/sq ft heavy 5o | 5® 50 58 50 | 80 heavy
Geomet® (2) Dacrokote® 105 5.0 . 50
S | RPN.01.1-PT 1778 majsy light 50 | 50 50 50 50 | s¢ hea
Geomef® (2) Dacrokote® 107 5.0 5.0
T_| REN-014-PT issmgisa i | moderate | 50 | 8O 5.0 50 50 | 50 | moderats
Geomet” (2) Dacrokote™ 107 5 5.0
v REN-011-PT 894 maisq fi tight 50 | &0 50 50 50 1 50 | moderate
Geomef” (2) Geokote® 147 50 50
V| REN-01-1-PT 391 mglsq ft | moderate | 5 | 30 50 50 50 | 80 heavy
Geomef® (2) Geokate® 147 5.0 5.0
W | REN-D1-1-PT 719 mglsa ft fight 50 | s8¢ 50 50 50 | 88 heavy
Geomet® (2) Geokate® 200 5.0 5.0
* | REN-014-PT 473 mglsq & tight 50 | 50 50 S50 50 50 heavy
Geomet® (2) Geokote® 200 8.0 5.0
¥ | RENG1-1-PT 894 mg/sq ft gt | °° | SO 50 50 50 50 heavy
Geomet” (2) 5.0 4.0
2 | REN-011-PT NO':E moderate | >0 50 50 50 45 48 | moderate
Geomef® Plus® L 50 3.5
AA | Geomet® 493 mg/sq ft none 5.0 50 50 40 35 35 light
Geomel® (2) PUSPL 50 5.0
B8 5. 50 | 50 5.0 50 50 | so -
REN-01-1-PT 462 mgisq i Hight i fight
cc Geomet® (2) Geokote® 200 5.0 5.0 45 45 40 20 20 1.5
REN-01-1-PT 85 mglsq | moderate | > : - ; - : heavy
Geomet” (2) Geokote® 200 5.0 20
D0 | ReN.p1-1-PT 899 ma/s ft heavy 50 | 80 45 45 40 | 20 heavy
Geomet” (2) Plus® L 5.0 3.0
EE | REN.014-PT 411 moisq ft light 50 | 80 50 50 40 | 30 light
Geomet” (2) 4.0
FE | Seame @) NONE oo e | 20 | 20 10 10 00 | oo 0.0
Notes

R-BB: Geomet applied at 14.3 g/sqm
CC-FF: Geomet applied at 15.5 g/sqm
Light, Moderate, Heavy indicate degree of white rusting
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The foregoing description is, at present, considered to be the
preferred embodiments of the present invention. However, it is contemplated
that various changes and modifications apparent to those skilled in the art, may
be made without departing from the present invention. Therefore, the foregoing
description is intended to cover all such changes and modifications
encompassed within the spirit and scope of the present invention, including all
equivalent aspects.

Lo
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We claim:
1. A composition comprising:
from about 0.1 percent to about 5 percent ammonium chloride;
from about 0.1 percent to about 5 percent ammonium molybdate;
and

from about 90 percent fo about 99.8 percent water,
wherein the ratio of ammonium chloride to ammonium molybdate is
from about 1:3 to about 3:1.

2. The composition of claim 1 wherein said ratio is from about 1:2 to
about 2:1.

3. The composition of claim 1 wherein said ratio is about 1:1.

4. The composition of claim 1 wherein the concentration of -

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

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

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

7. The composition of claim 1 wherein the concentration of

ammonium molybdate is about 2.5 percent.

8. An aqueous composition comprising:
from about 0.1 percent to about 5 percent ammenium chloride; and
from about 0.1 percent to about 5 percent ammonium
heptamolybdate;
wherein the ratio of ammonium chloride to ammonium

heptamolybdate is from about 1:3 to about 3:1.



10

15

20

25

30

WO 2004/108407 PCT/US2004/017786
26
9. The composition of claim 8 wherein said ratio is from about 1:2 to
about 2:1.

10.  The composition of claim 8 wherein said ratio is about 1:1.

11.  The composition of claim 8 wherein the concentration of

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

12.  The composition of claim 10 wherein the concentration of
ammonium chloride is about 2.5 percent.

13.  The composition of claim 8 wherein the concentration of
ammonium heptamolybdate is from about 0.5 percent to about 3 percent.

14.  The composition of claim 10 wherein the concentration of

ammonium heptamolybdate is about 2.5 percent.

15.  The composition of claim 10 comprising about 2.5 percent
ammeonium chloride and about 2.5 percent ammonium heptamolybdate. -

16. A coated metallic substrate comprising:

a metal substrate having an outer surface, wherein said metal is
selected from the group consisting of zinc, magnesium, aluminum, manganese,
and alloys and intermetallic mixtures thereof, and

a darkening coating disposed on said substrate, said coating
formed from an aqueous composition comprising {i) from about 0.1 percent to
about 5 percent ammonium chloride, and (ii) from about 0.1 percent to about &
percent ammonium molybdate, wherein the ratio of ammonium chloride to
ammonium molybdate is from about 1:3 to about 3:1.

17.  The coated substrate of claim 16 further comprising:
a comosion-resistant coating disposed on said darkening coating,

wherein said corrosion-resistant coating comprises zinc flakes and aluminum

4
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flakes dispersed in an inorganic binder.

18. The coated substrate of claim 16 wherein said ratio is from about
1:2 to about 2:1.

19.  The coated substrate of claim 16 wherein said ratio is about 1:1.

20. The coated substrate of claim 16 wherein the concentration of
ammonium chloride is from about 0.5 percent to about 3 percent.

21. The coated substrate of claim 16 wherein the concentration of
ammonium chloride is about 2.5 percent.

22. The coated substrate of claim 16 wherein the concentration of

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

23. The coated substrate of claim 16 wherein the concentration of
ammonium molybdate is about 2.5 percent.

24.  The coated substrate of claim 16 wherein the concentration of
ammonium chloride is about 2.5 percent and the concentration of ammonium
molybdate is about 2.5 percent.

25. The coated substrate of claim 16 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.

26. A method for darkening the surface of zinc comprising:

providing a substrate having an outer surface of zing;

providing a compasition including from about 0.1 percent to about 5

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

applying said composition to said outer surface of said zinc fo form

a darkening coating thereon.

27,  The method of claim 26 further comprising, after said step of
applying said composition, a step of:
drying said coating at a temperature of from about 37°C (100°F) to
about 121°C (250°F).

28.  The method of claim 26 further comprising, after said step of
applying said composition, a step of:

exposing said coating to a curing operation.

29.  The method of claim 26 wherein said composition comprises from
about 0.5 percent to about 3 percent ammonium chloride and from about 0.5
percent to about 3 percent ammonium molybdate,

30. The method of claim 26 wherein said composition comprises about
2.5 percent ammonium chloride and about 2.5 percent ammonium molybdate.

31. A method for imparting cotrosion 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 chioride 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 compaosition to said substrate.

32. The method of claim 31 further comprising, after said step of
applying said composition, a step of:
drying said coating at a temperature of from about 37°C (100°F) to
about 121°C (250°F). '
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33. The method of claim 31 further comprising, after said step of
applying said composition, a step of:

exposing said coating fo a curing operation.
34. The method of claim 31 wherein said compaosition comprises from
about 0.5 percent to about 3 percent ammonium chloride and from about 0.5

percent to about 3 percent ammonium molybdate.

35.  The method of claim 31 wherein said composition comprises about

~ 2.5 percent ammonium chloride and about 2.5 percent ammonium molybdate.

36. A method for impariing corrosion resistance properties to a zinc
surface, said method comprising:
providing a component having an outer surface of zinc;
providing a composition inciuding 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 composition to said outer surface of said zinc.

54
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Fig. 3
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Fig. 4
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COMPOSICIONES PARA OSCURECER E IMPARTIR PROPIEDADES

RESISTENCIA A LA CORROSION AL ZINC U OTROS METALES ACTIVOS

La presente invenciédn se relaciona con recubrimientos
bifuncionales para zinc y otros metales activos. Los
recubrimientos sirven para oscurecer la superficie del zinc e

impartirle propiedades anticorrosivas al producto recubierto.
Antecedentes de la Invencién

Las composiciones para recubrir componentes y montajes
industriales se estidn volviendo crecientemente importantes.
Por ejemplo, muchas partes mecadnicas y aseguradores son
recubiertos con una composicién para mejorar la estética y la
apariencia total de la parte o asegurador, particularmente
cuando la parte es visible en el producto final ensamblado.
Adicionalmente, los asequradores mecdnicos tal como pernos o
tornillos que pueden ser coloreadés para simplificar el
montaje © desmontaje del producto elaborado. Estas
composiciones a menudo contienen pigmentos u otros agentes
colorantes segin se desee para impartir un cierto color o

apariencia a la parte recubierta.

Muchos componentes mecdnicos utilizados en automotores son

recubiertos con una pintura o composicién para oscurecimiento

&



para impartir un acabado negro, gris u oscuro. En razén a qgu=z
muchos componentes metdlicos deben, como resultado de 1los
requisitos de esfuerzo, ser de metal; sin tales
recubrimientos, los componentes metdlicos son en apariencia
plateados o al menos brillantes. Con el fin de impartirle una
apariencia blanca u oscura a tales componentes, es necesario

aplicar un recubrimiento adecuado.

Varias composiciones son conocidas por impartirle un color
negro u oScuroc a una parte metalica. Muchas de estas
composiciones estan comercialmente disponibles. Sin embargo,
para muchas aplicaciones, con el fin de pulir efectivamente
la superficie metdlica plateada y brillante de la parte, =se
deben aplicar miltiples recubrimientos del recubrimiento de
color o del recubrimiento colorante. Esto es indeseablc on
razén a que tales composiciones son a menudo relativamente
costosas. Y, miultiples operaciones de recubrimiento son d-:
trabajo intensivo. De acuerdo con esto, existe la necesidad
de una técnica para reducir el costo de otra m;nera asociado

con el uso de estos agentes colorantes.

Ademas de aplicar una composicidén para colorear una parle
metdlica, otras composiciones son a menudo aplicadas a la
parte para impartir otras caracteristicas fisicas. Ta
resistencia a la corrosién es una propiedad deseable para las

partes metdlicas, y particularmente para tales parles
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utilizadas en aplicaciones automotrices. La técnica esta
llena con una amplia variedad de composiciones para impartir
propiedades resistentes a la corrosién a una superficie
metdlica. Las composiciones de recubrimiento han evolucionado
junto con el cambio de la tecnologia de aleaciones y el

entendimiento de la ciencia de la corrosién.

Un factor que afecta la evolucién de las composiciones quc
inhibe la corrosién es la relativa toxicidad o el impacto
ambiental de las composiciones o sus componentes. Por esta
razén, el molibdato Acido investigado como un agente anti-
corrosién adecuado, y particularmente como un reemplazo de

los compuestos téxicos de cromo o basados en cromo.

El molibdenc y los compuestos de éstos han sido largamente
reconocidos como inhibidores de la corrosién. Por ejemplo, la
Patente U.S. 4,409,121, «que se incorpora aqui como
referencia, describe composiciones que inhiben la corrosién
que contienen una sal de molibdato. En la seccién de
antecedentes de esa patente, la patente ‘121 anota otras
patentes dirigidas a composiciones que inhiben la corrosion
que contiene el molibdato tal como 1las Patentes U.S.
4,176,059 y 4,217,216; las cuales se incorporan aqui como

referencia.
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De manera similar,. la’, Pg&enﬁéﬁ?ﬁ?g. 4,440,721, que sc
incorpora aqui como referencia, describe composiciones para
inhibir el encostramiento y la corrosién mineral en la
presencia de ligquides acuosos. Las composiciones dc u
patente ‘721 incluyen uno o mas compuestos de molibdato
solubles en agua. Otras patentes dirigidas a composiciones
acuosas que contienen compuestos de molibdenc incluyen la:s
Patentes U.s. 3,030,308; 2,147,409; y 2,147,395; todas las
cuales  se incorporan aqui como referencia. kistas

composiciones son sin embargo, generalmente dirigidas &

composiciones anti-congelamiento.

Investigaciones adicionales en las propiedades que inhibén la
corrosidn del molibdato conducen a la Patente U.S. 4,548,787,
incorporada aqui como referencia. La Patente ‘787 .describ..
una composicidén que protege contra la cavitacién-erosidén y la
corrosidon del aluminic en liguidos acuosos. Esa composicion
estd basada en la combinacién de un fosfato y ciertos agentcs
insolubles en agua gque pueden incluir un compuesto de
molibdato soluble en agua.

Se hace mencién adicional al uso de sales solubles en agua de
molibdeno en mezclas que inhiben la corrosidén con base en una
clase particular de polimercs, en la Patente U.S. 4,640,793,

incorporada aqui como referencia.
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Quizas el trabajo anterior mas relevante en la literatura de
patentes es la Patente U.S. 4,798,683, incorporada aqui como
referencia. La Patente ‘683 estd dirigida a métcdos par-
controlar la corrosidén mediante el uso de composiciones de
molibdato. Especificamente, la patente ‘683 describe métodos
imposiciones para inhibir la corrosién de superficics
metdlicas en contacto con sistemas acuosos. Las composiciones
de la patente ‘6B3 contienen una fuente de idn de molibdaic vy
ciertos componentes solubles en agua. La patente ‘683
describe fuentes de idén de molibdato incluyendo molibdato de
magnesio, molibdato de amonio, molibdato de litio, molibda «

de sodio, y molibdato de potasio.

Otro trabajo anterior interesante, aungque menos relevanic,
que involucra composiciones de molibdato es el de Philipon
Lienard y Clement Pacque titulado, “Analysis of the Mechanism
of Selective Coloration Facilitating the Identification of
Various Phases in Aluminium-Silicen-Copper Casting Alloys”
Home FEt Fonderie, Junio-Julio 1982, p 27-35. En .

documento, una composicién acuosa de 0.5% de peso de
heptamolibdato de amonio y 3% en peso de cloruro de amonio so
utiliza para enfatizar y resaltar uniones de grano en varias
aleaciones que fueron objetc de su trabajo. No hubo intenLo
por impartir propiedades que inhibieran la corrosidén a las
aleaciones bajec revisién por medic de una composicidén de

mclibdato acuosa.
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Aunque satisfactoria en muchos aspectos, muchas de talns
técnicas anteriores estan dirigidas a aplicaciones que
involucran el <control a la corrosién en sistemas dc
transferencia de calor y no a composiciones de recubrimiento
para control de corrosién. Las dos aplicaciones LULiencn
criterios significativamente diferentes. Adicicnalmenle,
muchas de las composiciones anti-corrosidén de la técnica
anterior contienen otros agentes, muchos de los cuales son
exbéticos, costosos o altamente téxicos. De acuerdo con estn,
subsiste la necesidad de una composicidn y método para
impartir facilmente resistencia a la corrosién a superficinc
de metal. M4&s auin las composiciones anti-corrosién de la
técnica anterior no manejan las preocupaciones sobre <

mejoramiento de la estética de partes y aseguradoras
metadlicos, y particularmente impartir un color negro u oscuro
a la parte recubierta. El trabajo previamente anotado de
Lienard vy Pacque no estd dirigido a suministrar nn»n
superficie oscura o metal. Mas aun, Lienard y Pacque nunca
describieron ningin aspecto concerniente a una composicion
que inhibiera la corrosidn de su aleacidn. En su lugar, ellos
utilizaron la composicidén anotada de molibdato para hacer méas
visible las uniones de grano de una aleacién de aluminio-
silicio~cobre, es decir, incrementar el contraste entre
ciertas regiones de una superficie de metal. De acuerdc con

esto, seria deseable suministrar una composicidén y mélodn
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para oscurecer facilmente una superficie metilica. Mas aun,
seria deseable suministrar una composicidén y técnica pdia
reducir el contraste entre una superficie metdlica brillantec
o plateada y un recubrimiento superior pigmentado o coloreado
de oscuro. Adicionalmente, seria particularmente deseable
suministrar una composicidn y método para impartir
simultidneamente anti-corrosién, y al menos propiedades de
resistencia a la corrosidén y oscurecimiento de la superficie

exterior de una parte metalica.

Resumen de la Invencidn

En un primer aspecto, la presente invencién suministra una
composicién que comprende desde aproximadamente 0.1% a
aproximadamente 5% de cloruro de amonio, desde
aproximadamente 0.1% a aproximadamente 5% de molibdato de
amonio, y desde aproximadamente 90% a aproximadamente 99.8%
de agua. La composicién también utiliza proporciones
particulares de cloruro de amconio a molibdatoc de ameonio. Dc
manera general la proporcidén de estos componentes va desde

aproximadamente 1:3 a aproximadamente 3:1, respectivamente.

En otro aspecto, la presente invencién suministra wuna
composicidén acuosa que comprende desde aproximadamente 0.1% a
aproximadamente 5% de cloruro de amonio Yy desde

aproximadamente 0.1% a aproximadamente 5% de heptamolibdato
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de amonio. La proporcién  del cloruro de amonie o

heptamolibdato de amonio va desde aproximadamente 1:3 a 3:1.

En otro aspecto, la presente invencidén suministra un sustraln
metalico recubierto que comprende un sustrato de metal quu
tiene una superficie exterior en donde el metal se selecciona
del grupo que <consiste de zing, magnesio, aluminio,
manganeso, y aleacicnes de estas. El sustrato metéalico
recubierto también comprende un recubrimiento oscuroc .=

dispuesto sobre el sustrato en el cual estd formado el
recubrimiento de una composicidn acuosa que comprende (i)
desde aproximadamente 0.1% a aproximadamente 5% de cloruro do
amonioc, y (ii) desde aproximadamente 0.1% a aproximadamentc
5% de molibdatc de amonio. La proporcién del clorurc de
amonic al molibdato de amonio va de 1:3 a aproximadamente

3:1.

En otro aspecto, la presente invencién suministra un método
para oscurecer la superficie de zinc, que conmprende
suministrar un sustrato que tiene una superficie exterior dc
zinc y suministrar una composicidén que incluye desdo
aproximadamente 0.1% a aproximadamente 5% de cloruro do
amonio y desde aproximadamente 0.1% a aproximadamente 5% de
molibdato de amonio. El método también comprende una etapa de
aplicar la composicién a la superficie exterior del zinc .. .

formar un recubrimiento oscurecedor sobre ésta.
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En un aspecto adicional, la presente invencidn suministra un
método para impartir propiedades que inhiban la corrosidén a
un sustrato de un metal activoe. El1 método comprena.»
suministrar un sustrato de un metal activo. El método también
comprende la etapa de suministrar una composicidn que incluye
desde aproximadamente 0.1% a aproximadamente 5% de cloruro de
amonico y desde aproximadamente 0.1% a aproximadamente 5% -~
molibdato de amonio. La proporcidn del cloruro de amonio al
molibdato de amonic va desde aproximadamente 1:3 =&
aproximadamente 3:1. El métode también comprende la etapa de

aplicar una composicién al sustrato.

En aun otro aspecto, la presente invencién suministra un
método para impartir propiedades de resistencia a 1la
corrosién a una superficie de =zinc. El1 método compreor-'r
suministrar un componente que tiene una superficie exterior
de zinc. El método también comprende una etapa de suministrar
una composicidn gque incluye desde aproximadamente 0.1% a
aproximadamente 5% de cloruro de amcnio y desdo
aproximadamente 0.1% a aproximadamente 5% de molibdato do
amonio. El método también comprende la etapa de aplicar 1la

composicién a la superficie exterior del zinc.



10

Breve Descripcion de los Dibusjos

oF|

La figura 1 es una gréafica
corrosién de muestras de
durante varios periodos de

secados al aire.

La figura 2 es una grafica

corrosién de muestras de

que ilustra la resistencia a Ia
metal embebidos y recubierlos

tiempo a temperatura ambiente vy

gue ilustra la resistencia a la

metal embebidas y recubiertas

durante varios periocdos de tiempo a 65°C (150°F) y secadas al

aire.

La figura 3 es una grafica
corrosién de muestras de
durante varios periodos de

secadas a 177°C (350°F).

La figura 4 es una grafica

que ilustra la resistencia a 1la
metal embebidas y recubiertas

tiempo a temperatura ambiente v

que ilustra la resistencia a la

0o

corrosién de muestras de metal recubiertas y secadas a 177"

(350°F) .

La figura 5 es una comparacidén de las muestras de metal

recubiertas de acuerdo con la presente invencidén con muestras

no recubiertas, convencionales.
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La figura 6 es otra comparacidén de las muestras de metsal

recubiertas de acuerdo con la presente invencién, gui:

ilustran varios grados de resistencia a la corrosidn.

Descripcién de las modalidades preferidas

La presente invencidn suministra métodos y composiciones pu.a
oscurecer la superficie de un metal, y particularmente zinc u
otros metales actives. La invencidén también suministra
métodos y composiciones para impartir propiedades d
resistencia a la corrosidén a metales tales como el zinc u
otros metales activos. En el aspecto mas preferido, La
presente invencién suministra una composicidn que logra ambos
objetivos. La invencién también incluye los articulos o

productos recubiertes resultantes.

En una modalidad preferida, la presente invencidén suministra
una solucidn acuosa que comprende desde aproximadamente 0.1.
a aproximadamente 5.0% de cloruro de amonio y <desde
aproximadamente 0.1% a aproximadamente 5.0% de molibdato de
amonio. Todos los porcentajes anotades aqui son porcentajes
en peso a menos que se indique otra cosa. Mas preferiblemente
la solucidn acuosa comprende desde aproximadamente 0.5+ o
aproximadamente 3.0% de cloruro de amonio y dcsdo
aproximadamente 0.5% a aproximadamente 3.0% de molibdato de

amonio. Mas preferiblemente, la solucién acuosa comprendo
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aproximadamente 2.5% de clorurc de amonio y aproximadamenin
2.5% de molibdato de amonio. Se contempla gque laus
composiciones acuosas de acuerdo con la presente invenciodn
puedan utilizar concentraciocnes significativamente mayores de
molibdato de amonio en razén a que ese componente cs
relativamente soluble en agua. Como contraste, el clorur. ..
amonio es significativamente menos soluble en agua. Sin
importar la concentracidn particular del clorurc de amonioc y
el molibdato de amonio utilizado, se prefiere que !as
concentraciones de estos dos componentes sean iguales o
sustancialmente iguales. Beneficios dobles en el coloreado vy
la resistencia a la corrosidn resultan cuando las
concentraciones de estos componentes son aproximadamente
iguales. En general, sc prefiere gque las concentraci.i ..
respectivas de estos componentes sean desde aproximadamente
1:3 a aproximadamente 3:1, preferiblemente desde
aproximadamente 1:2 a aproximadamente 2:1, y Mé.s
preferiblemente a aproximadamente 1:1. Las proporciones son
proporciones en peso y son dadas con relacién a la proporcidn
del cloruro de amonio al molibdato de amonio,
respectivamente. ELl balance de la composiciédn pfeferida s
agua. La presente composicidén de la invencidén puede inc.. .

otros aditivos y componentes como se describen aqui.

Como se anotd previamente, se desea a menudco impartir un

color negro u Qscuro a varios componentes de metal,
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particularmente agquellos utilizados en la industiria

automotriz.

Ejemplos de tales componentes incluyen, pero no estan
limitados a, aseguradores, cantoneras de puertas, y montaj-r
relacionados. Y, como se explicdé previamente, también se
desea o es necesario recubrir tales componentes de metal con
un recubrimiento resistente a la corrosién o gue inhiba la
corrosién. La composicidén de la presente invencidén puadoe
utilizar solo o suministrar un color oscuro y/o propiedades
de resistencia a la corrosién a una parte recubilerta, o en
conjunto con uno mas de otros recubrimientos colorantes o
resistentes a la corrosidén o recubrimientos que inhibkan 1-
corrosién. Cuando se utiliza en conjunto con olLros
recubrimientos, la composicidén de la presente invencidén pucde
conducir a ahorros en costos en razén a que se requieren
menos de otros recubrimientos, y también se puedeon
suministrar resistencia incrementada a la corrosidén o
caracteristicas que inhiban la corrosién. Estas ventajas son

descritas con mayor detalle aquil.

El cesionario de la presente invencidén ofrece varios
recubrimientos resistentes a la corrosidén comercialmenic
disponibles bajo las marcas Dacromet® y Geomet®. El Dacromcl
® es un recubrimiento inorganico basado en laminas de zinc y

aluminio en un ligador inorganico. Los grados especificos cel

B

{
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Dacromet® incluyen Dacrcmet 320® que contiene compuestos
organicos poco volatiles (VOCs); el Dacromet 320 LC® gque es
una formulacién baja en cromo; el Dacromet 500® que esté
basado en el usc de politetrafluoretileno para suministrar
caracteristicas de torgque-tensién consistentes; y el Dacromet
320®@ HS estd formulado para suministrar un recubrimicnto
relativamente grueso y pesado. El Geomet® es una dispersion
de recubrimiento acucso que contiene laminas de zinc v
aluminio, con un sistema inorgénico. El Geomet® fue formulado
como un recubrimiento resistente a la corrosion
ambientalmente amigable alternative. El1 Geomet® estd basado
en agua, bajo en los VOC, libre de todos los metales téxicns
altamente regqulados que incluyen cromo, niquel, cadmio, bario
y plomo. Los productos Dacromet® y Geomet® estan disponiuvloes
de Metal Coatings International Inc., Chardon, Ohio, vy
también a través de numerosas licencias de éstos. las;
descripciones adicionales de los recubrimientos que inhibe 1la
corrosidn se describen en 1las patentes U.S. 3,907,608;
4,555,445; 4,645,790; 4,891, 268; 4,799,959; 5,006,597;
5,868,819; 6,270,884; vy 6,361,872; todos los cuales =0

incorpecran aqui como referencia.

Si la composicidédn de 1la presente invencidn se utiliza en
conjunto con unc o mas de los recubrimientos resistentes a |3
corrosidén, tal como se anotd previamente con uno o mas

composiciones colorantes o que contienen pigmento, se

™
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prefiere aplicar el recubrimienkto de la presente invencidn cn
superficies de metal no recubiertos y expuestas, antes de la
aplicacién de el recubrimiento resistente a la corrosidn y/o
el recubrimiento coloranlte. La aplicacién del recubrimicii.o
de la presente invencidén suministra una capa base de o
recubrimiento resistente a la corrosién. Ademas la capa de la
composicién de la presente invencidén suministra un coloreaao
oscuro sobre la apariencia metédlica y a menudo plateado o
brillante del metal subyacente. Asi, luego de la aplicacidn
subsecuente de un recubrimiento consistente a la corrosiédn,
tal <como el recubrimiento Geomet®, el cubrimiento ©cs
tipicamente mejorado adicionalmente con una indicacidn ml.. ...
o sin ninguna indicacién de la superficie metdlica
inmediatamente por debajo. Adicicnalmente, los componentes
metalicos que son primero recubiertos con la composicidn dc:
la presente invencidén antes de recibir un recubrimiento de un
material resistente a la corrosidn, generalmente suministran
un color negro u oscuro durable y de larga duracién que si
solamente se recubriera con un material resistente aza la
corrosién. La razdn para esto es que las partes .o
recubiertas con la composicién de la presente invencidn, vy
solamente recubiertas c¢on un material resistente a la
corrosidn, si se pelan, a menudo despliegan una superlicic
metalica plateada o brillante directamente bajo el materia.
resistente a la corrosién. En su lugar, si tal parte no

estuvo recubierta <con la composicién de la presenle

b A
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invencién, la parte recubierta es negra o de color oscuro. Y
asi, después de una aplicacién adicional de un recﬁbrimiento
resistente a la corrosidén, luego del pelado de la parle, .i
una regién del recubrimiento resistente a la corrosién se
remueve, en Jlugar de que quede una superficie metélica
brillante queda expuesta, el color negro u oscuro de 1o
composicidn presente invencién. Esto es mucho menos notorio

comparado con la superficie metdlica subyacente.

La presente invencidén también incluye métodos los cuales las
composiciones de la invencidén son aplicados sobre la ou,.u
exterior de una superficie recubierta, tal como la superficie
exterior de una parte metalica previamente recubierta con una
formulacién de Geomet®. Esto es, la composiciébn de 1.
presente invencidén se puede utilizar como un recubrimientu
superior © como un recubrimiento exterior. Muchas de las
partes descritas en la discusién de ensayar los resultados
aqui, fueron primero recubiertos con Geomet®, antes de la
aplicacién de una composicién preferida de acuerdo cofn _.a
presente invencidon. Se obtuvo como resultado beneficios
significativos anticorrosidén. BAunque no se desea estar ligado
con ninguna tecria en particular, se cree que la presencia d.
uno o mas metales activos en el recubrimiento previamentec
depositado, ayuda al recubrimiento de la presente invencion.
Por lo tanto, para aquellas aplicaciones en los cuales la

composicién de la presente invencidén se aplica sobre ol

%
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sustrato de metal previamente recubierto, se prefiere que el
recubrimiento subyacente contenga una cantidad efectiva Aec
unc o mas metales activos. Sin embargo, se apreciard que la
presente invencién incluye la aplicacién de las composiciones
de la invencidén sobre un sustrato de metal recubierto en el
cual los recubrimientes no contengan ninguno de los metales

activos.

Adicionalmente, la composicién de la presente invencidén los
métodos asociados también incluyen estrategias en los cualr=s
la’ composicidén de la invencidén se utiliza como un
recubrimiento capa intermedia. Esto es, la composicidén de Ia
presente invencién se puede aplicar sobre un sustrato
recubierto, y entonces uno o més recubrimientos adicionalc;
se aplican sobre este. Por ejemplo, un sustrato metdlico
puede ser primero recubierto con una composicidn
anticorrosién tal como la formulacién de Geomet®. Luego, la
composicién de la presente invencién se puede aplicar sobre
la capa de Geomet®. Después de esto uno o mas recubrimientos
o capas adicionales de otras formulaciones se pueden aplicar
sobre la capa previamente aplicada de la composicién de ta
presente invencidén. Ejemplos de recubrimientos adicionatas
gue se pueden aplicar sobre la capa previamente aplicada d¢
la composicién de la presente invencién incluye, pero no
estdan limitados & Dacrokote® 50 Clear, Dacrokote® 105,

Dacrokote® 107, Dacrokote® 127, Dacrokote® 135, Geokote® 1737,

x4
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Geokote® 147, Geokote® 200, y Plus® L,m todos los cualrs
estadn comercialmente estan disponibles de Metal Coatings
.International, Inc., y también a través de numerosas
licencias de estos. Las descripciones para formar tales
sistemas de recubrimiento multicapa se suministran en 1l

discusidén de los resultados de ensayo mencionados aqui.

Como se anota, 1la composicién de la presente invencidn se
puede utilizar sola © en conjunto con otras composicior~s
para suministrar tanto un color oscuro como proteccidén a la
corrosién a una superficie metalica. Como se apreciara la
determinacién de si el usc de la composicidén de la presente
invencién sola en conjunto con uno © mas recubrimienlos
resistentes a la corrosidén y/o composiciones coloranies
dependerd de la aplicacidén y las propiedades deseadas del

componente recubierto.

La composicidén de la modalidad preferida comprende cloruro de
amonio y molibdato de amonio. Aunque no se desea estar ligado
por ninguna teoria particular, se cree gque el clorurc dc
amonic sirve comc un decapante para recubrir la superficie do
metal. Por ejemplo, para una superficie de zinc el cloruro dc
amonio ataca el sustrato de =zinc y disuelve la capa mas
exterior expuesta del zinc. El i6n molibdato del molibdatoc de
amonio reacciona con la superficie de =zinc expuesta pare

formar compuestos de molibdato de zinc insoluble u 6xido de
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molibdato de zinc sobre la superficie de zinc expuesta. Il
molibdato de zinc resultante o los compuestos de o6xido de
molibdato de zinc que se forman se cree gque son pasivadores.
La formacién de estos compuestos insolubles crean un color
negro u oscuro. El color negro es el resultado de un estado
de oxidacidén mezclada de molibdato. Como se anokd
previamente, el color oscuro hace la parte recubierta
elegible para recubrimientos subsecuentes con uno o© més
recubrimientos resistentes a la corrosién tal comc el

Geomet®. .

Aunque las composiciones preferidas de la presente invencién
son acuosas, la presente invencién incluye composiciones quo
contienen wuno o© ma&s componentes organicos. El1 término
“Acuoso” como se utiliza aqui se refiere a agua o materiales
basados en agua e incluye, pero no estan limitados a, agua de
drenado, agqua destilada, y agua desionizada. El1 componcnlce
inorganico de la composicién de recubrimiento 0s
preferiblemente wun liquido organico de Dbajo punto de
ebullicidén, aunque pueden estar presentes algunos liquides
organicos de alto punto de ebullicidén, de tal forma que el
medio liguido pueda incluir mezclas de los anteriores. Las
composiciones de recubrimiento adecuadas también se pueden
producir de tal forma que contengan liquidos orgé&nicos de
bajo punto de ebullicidén, aunque reteniendo caracteristicas

de composicién deseables, tales como estabilidad de
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composicién. Los liquidos organicos de bajo punto de
ebullicién tienen un punto de ebullicién a presibdn
atmosférica por debajo de aproximadamente 100°C (212°F), v
son preferiblemente solubles en agua. Tales 1liguidos
organicos de bajo punto de ebullicidén se pueden representar
con acetona, o alcohecles de bajo peso molecular tales como
metanol, etanol, n-propilalcochol e isopropilalcohol, y ademas
incluyen cetonas gqgue bullen por debajo de 100°C (212°F), vial
como cetonas solubles en agqua, por ejemplo, metil etil

cetona.

Generalmente, las composiciones que comprenden unc o mas
componentes organicos, el componente organico estara presente
en una cantidad desde aproximadamente 1 a aproximadamente
30%, de peso base total de la composicién. La presencia de
tal 1liquido orgénico, particularmente en cantidades por
encima de aproximadamente 10%, por ejemplce de 10 a 25%,
pueden mejorar la resistencia a la corrosién del
recubrimiento, pero el uso de més de aproximadamente 30%
puede ser antiecondémico. Preferiblemente, para una
preparacién de una composicidn econdmica y facil, la acetona
suministrada en liquido organico de baic punto de ebullicién
y estard presente en una cantidad entre aproximadamente 1 vy
aproximadamente 10% de la composicién total. Ejemplos
adicionales de liquidos orgénicos de bajo punto de ebullicinn

y liquidos orgénicos de alto punto de ebullicién se

£3l\
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suministran en las patentes U.S. 5,868,819 y 6,270,884, los

cuales se incorporan aqui como referencia.

Aun otra ventaja de la composicién de la presente invencidn
es que los recubrimientos de la invencién evitan o al menos
reducen significativamente, el sangrado de productos de
corrosién blanca a través de la parte recubierta. Las parl ..
recubiertas son negras o de color oscuro, la apariencia de la
corrosién blanca es ©particularmente notoria y origina
detrimento. Como se apreciara, la corrosidén blanca o el oxido
blanco estd generalmente asociado con productos de corrosibn
de zinc. La corrosidén roja estd generalmente asociada con

productos de corrosidn de acero o hierro.

La composicién de la presente invencidn puede comprc:.c

otros compuestos ademds o en adicién al cloruroc de amonio y
al molibdato de amonio similarmente, otras fuentes de idn
mclibdato se pueden utilizar en lugar de o en adicidén al
molibdato de amonio. Ejemplcos de fuentes de idén de molibdatn
adecuado incluyen, pero no estdn limitadas a, molibdato de
magnesio, molibdato de litio, molibdate de sodio, molibdatlko
de potasio, meclibdato de rubidio, y molibdato de cesio. El
término “molibdato de amonio” incluye molibdate de amoni~n .
heptamolibdato de amonio. Dependiendo de la aplicacidn
particular y las caracteristicas de la sclucién, se contempla

utilizar &cido molibdico como fuente, bien sea parcial o
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completamente, para el 1ién molibdate. La concentraciédn
especifica del 1ién molibdato en el sistema puede variar
dependiendo del grado de dureza del sistema acucoso, la
temperatura, y la cantidad de oxigeno disuelto en el sistema

acugoso.

La composicidén de la presente invencidén también puede
comprender agentes adicionales tales como compuestos de fluor
por ejemplo fluoruro de sodio, para promover el descapado de
la superficie de zinc. También se contempla incluir uno © més

oxidantes o perodxidos.

Adicionalmente, 1la composicidén de la presente invencidn
también puede comprender agentes adicionales tales como, G-
no limitados a, agentes humectantes, modificadores de pH,
espesantes o ajustadores de viscosidad. Los agentes
humectantes adecuados ¢ mezclas de agentes humectantes pucder
influir agentes no bidénicos tales «como aductos dno
alquilofenol polietoxi no iénico, por ejemplo. También, sc
pueden utilizar agentes humectantes anidnicos de espuma
ventajosamente controlados. Tales agentes o] mezclas
humectantes Utiles de agentes humectantes pueden inclu®

agentes anidénicos tales como ésteres de fosfato organico asi
como el diéster o los diéster sulfosuccinatos representados
por bistridecil sulfosuccinatoc de scdio. La cantidad de lLal

agente humectante estd tipicamente presente en una cantidarl
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desde aproximadamente 0.0l a aproximadamente 3% de la

composicién de recubrimiento total.

S5e contempla que la composicién pueda contener un modificador
de pH, que sea capaz de ajustar el pH de la composicidén
final. Cuando se utiliza un modificador, el modificador de pH
se selecciona generalmente de los éxidos e hidrdxidos do
metales alcalinos con 1litio y sodio comoc los metales
alcalinos preferidos para la integridad de recubrimiento
mejorado; o, se selecciona de los 6xidos e hidréxidos
usualmente de los metales que pertenecen a los grupos IIA vy
ITB de la tabla periddica, cuyos compuestos son solubles en
solucidén a acuosa, tal como compuestos de estroncio, calcio,
baric, magnesio, zinc y cadmico. El modificador de pH tambhién
puede ser otro compuesto, por ejemplo, un carbonato © nitraio

de los metales anteriores.

La composicién de recubrimiento también puede contener un
espesante. El espesante cuando estl presente, puede
contribuir wuna cantidad de entre aproximadamente 0.01% vy
aproximadamente 2.0% del espesante, del peso base total de la
composicién. Este espesante puede ser éter de celulosa
soluble en agua, incluyendo los espesantes Cellosize™. Tos
espesantes adecuados incluyen los éteres de
hidroxietilcelulosa, metilcelulosa

metilhidroxipropilcelulosa, etilhidroxietilcelulosa
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metiletilcelulosa © mezclas de estas sustancias. Aunque el
éter de celulosa necesita ser soluble en agua para aumentar
el espesamiento de la composicié4n de recubrimiento, este no
necesita ser soluble en liquido orgénico. Cuando el espesante
estd presente, menos de aproximadamente 0.002% del espesan.e
serd insuficiente para impartir espesamiento ventajoso a 1la
composicidn, aungue mas de aproximadamente 2% de espesante en
la composicidén puede conducir a viscosidades elevadas cuc
suministren composiciones que sean dificiles de trabajar o
con las que sea dificil trabajar. Preferiblemente, para cl
mejor espesamiento sin la viscosidad deletérea elevada, la
composicidén total concentrada desde aproximadamente 0.1 a
aproximadamente 1.2% de espesante. Se entendera que aungue so
contemple el wuso de un espesante celulésico, y asi el
espesante puede ser denominado aqui como espesante
celuldsico; algunos o todos los espesantes pueden ser otro
ingrediente espesante. Tales otros agentes espesantes gque
incluyen goma de =xantano, espesantes asociados, tales como
espesantes asociados con uretano y espesantes asociados no
iénicos libres de uretano que son liquidos tipicamente
opacos, de alto punto de ebullicidn, por ejemplo, bullen por
encima de 100°C (212°F). Otros espesantes adecuados incluyen
arcillas modificadas tales como arcilla hectorita altamente
beneficiada y arcilla esmectita organicamente modificada v

H

activada, aunque tal no se prefiere. Cuando se ulkilize



espesante, este es usualmente el Ultimo ingrediente agrcgado

a la formulacién.

Adicionalmente, dependiendo de la aplicacién, la composicaié.
de la presente invencién puede también incluir uno © méas
lubricantes tales como, perc no limitados a cera, materiales
poliméricos tales COMOo polietileno, copolimeros que
incorporan polietileno, o© politetraflurcetileno, grafito.

disulfuro de molibdeno; o combinaciones de estos.

Una ventaja adicional de la presente invencidn es que, si se
desea, la composicidén puede ser libre de pigmento vy .
incolora antes de la aplicacién a la superficle de metal.
Esta caracteristica procede del hecho de que el color oscuro
de los recubrimientos de la composicién de la presentc
invencién después de la aplicacidén se debe a los estados dn
oxidacidén mezclados de los compuestos de molibhdeno
resultantes sobre el sustrato, y no es un resultado del
pigmento de la composicidén. Antes de la aplicacién, la
composicidén de la presente invencién es generalm.:.’

transparente o incolora. Sin embargo, se apreciard que la
composicidén de la presente invencidn puede, si se desea,

incluir uno o mas agentes de pigmento o colorantes.

Las composiciones y los métodos de la presente invencién se

pueden utilizar en conjunto con una amplia disposicidn de

g
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superficies de metal. Por ejemplo, aproximadamente cualquier
metal activo puede ser recubierto como se describe aqui. Los
metales preferidos incluyen, pere noc estdn limitados -~
magnesio, aluminio, zinc, manganeso, y aleaciones que
contienen estos metales. Mas preferiblemente, la superficic
de metal al ser recubierta de acuerdo con la presenie
invencidn es zinc. Por una superficie “zinc” significa una
superficie de zinc o aleacidén de zinc, o un metal como acero
recubierto con zinc o aleacién de zinc, asi como también un
sustrato que c¢ontiene zinc en mezcla intermetélical El
términco superficie de “zinc” también incluye superficies e

recubrimiento que contienen zinc o compuestos de zinc.

Antes del recubrimiento, es en la mayoria de los casos
remover el material extrafio de la superficie de sustrato, La.
como al limpiar y desengrasar completamente. El desengrase so
puede lograr con agentes conocidos, por ejemplc, agentes que
contienen metasilicato de sodio, soda caustica, tetracloruro
de carbono, tricloroetileno, y similares. Las composiciornr:
de limpieza alcalinas comerciales gque combinan el lavado y
los tratamientos abrasivos medios se pueden emplear para
limpieza, por ejemplo, una produccidén de limpieza de fosfato-
de trisodio-hidréxido de sodio acuoso. Ademds de la limpiexza,
el sustrato puede sufrir limpieza mas descapado, o limpieza

mas chorreo en caliente.
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La composicién de la presente invencién se puede aplicar en
una variedad de formas, incluyendo pero no estando limitado
i
recubrimiento profundo, enrollado o rociado. De manera
general, las composicicnes de recubrimiento se pueden
aplicadas por cualquiera de estas varias técnicas, tales como
técnicas de inmersién, que incluyen procedimientos de giro
con bafio quimico. Dependiendo de la aplicacidn, las
composiciones de recubrimiento se pueden aplicar mediante
recubrimiento de cortina, recubrimiento con brocha o
recubrimiento con rodillo e incluyendo combinaciocnes de los
anteriores. También se contempla utilizar técnicas de rociado
asi como también combinaciones, por ejemplo, técnicas da
rociado y girado y rociado y brochado. Los articulos
recubiertos gque estdn a una temperatura elevada pueden ser
recubiertos, a menudo sin enfriamiento extensiveo, mediante un
procedimiento tal como girado con bafio quimico, drenado con
bafic quimico o recubrimiento por rociado. Dependiendo de la
técnica, se deben anotar varias consideraciones. El1 rociado o
la administracién de otra manera de la composicién sobre un
metal expuesto o superficie recubierta es generalmente 1la
técnica mas simple, en razén a que la composicidén de la
alimentacidén permanece constante a través de la aplicacién.
Como contraste, cuando una cantidad preestablecida o fija dec
la composicién se utiliza en una operacidén de recubrimiento
de bafioc quimico, la composicién y la concentracidén de sus

constituyentes cambian durante el tiempo en razén a que la

A\
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formacién del recubrimiento es de naturaleza reactiva. Por
ejemplo, luego del bafdo quimico una parte del bafio de .a
composicidén de la presente invencién, en una cantidad de 7inc
se descapa o se remueve de la parte y se desplaza hacia el
bafio. Concurrentemente, el molibdato proveniente del bano su
utiliza en la formacién del recubrimiente insoluble gue se
forma scbre la parte expuesta de zinc. Y, se pueden formar
varios compuestos de amonic y precipitados, ademés de alterar
la composicién del bafio. Por lo tanto, se prefiere que los
controles y otros métodos de monitoreo sen utilizados pa.a
asegurar que la concentracién de al menos el ién molibdateo on

el afio se mantenga a un nivel aceptable.

Después la aplicacidén de la composicién de recubrimiento al
metal o metal recubierto, se prefiere para una mejor
resistencia a la corrosidn curar por calor subsecuentemente
largo el recubrimiento aplicado. Sin embargo, las sustancias
de recubrimiento volatil pueden ser inicialmente simplemen.e
evaporadas de cualguiera de los recubrimientos aplicados, porx
ejemplo, al secar antes de curar. El1 enfriar después de
secado se puede obviar. La temperatura de tal secado, también
puede ser denominada como un precurado, y puede estar en el
rango desde aproximadamente 37°C (100°F) a aproximadamente
121°C (250°F). Dependiendo de la aplicacién, se pueden

emplear temperaturas mayores. Los tiempos de secado pueden

&
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ser del orden de aproximadamente 2 a aproximadamente 7'

minutos, © mayores.

Cualquier temperatura elevada gque curd la composicidon de
recubrimiento sobre un sustrato serd a menudo una cura en
horno con aire caliente, aungue otros procedimientos de
curacién se pueden utilizar, por ejemplo, horneado infrarrojo
y curado por induccidén. La composicidédn de recubrimiento puede
ser curada con calor a temperatura elevada, por ejemplo, d-:
orden de aproximadamente 232°C (450°), pero usualmente una
temperatura de aire de horno mayor. La cura tipicamentc
suministrara-temperatura de sustrato, usualmente comoc una
temperatura metdlica pico, de al menos aproximadamente 232°C
(450°F). Las temperaturas de aire del horno pueden ser mas

elevadas, tal como del orden 343°C (650°F) ¢ mas.

El curado, tal como en un horno de conveccidén de i+
caliente, se puede llevar acabo durante wvarios minutos.
Aunque los tiempos de curado pueden ser menor de 5 minutos,
ellos son tipicamente més del orden de al menos
aproximadamente 10 a aproximadamente 45 minutos. Se dcbe
entender que los tiempos de curado de las temperaturas sc
pueden efectuar donde se aplica mds de una capa de
cubrimiento o cuando puede ser subsecuentemente aplicado un
recubrimiento superior gque es un recubrimiento supecri-

curado con calor. Asi, tiempos mds cortos y temperaturas
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inferiores de curado se pueden emplear. También, cuando se
aplica mds de un recubrimiento, © c¢on un recubrimiento
superior curable con caler, el recubrimiento sélc necesita
ser secado, con se discutidé anterlormente. Entonces, o1
curado puede proceder después de la aplicacidén del

recubrimiento superior curado con calor.

Ensaxo

Una serie de ensayos fueron conducidos para evaluar
adicionalmente las composiciones y métodos de la presente
invencidén. En particular, una variedad de partes recubierias
con composiciones gue inhibe la corrosién comercialmentic
disponibles se compararon con las partes correspondientes
también recubiertas con las mismas composiciones que inhiben
la corrosidén y ademés recubiertas con un recubrimiento de '~

presente invencién. Estos ensayos son como sigue.

En muchos de estos ensayos, varias partes y muestras
recubiertas fueron sometidas a rociados con sal de duracidn
variante. La exposicidén a tales rociados y los efectos de
estos suministran una indicacidn perspicaz de las
caracteristicas de resistencia a la corrosién de la parte o
muestra recubierta. Todos 1los ensayos con rociado con sal
descritos aqui se desarrollaron de acuerdoc con la ASTM B117.

La resistencia a la corrosidén de las partes recubiertas sc



31

midié por medio de un ensayo con rociado con sal -estandar
(niebla) para pinturas y barnices como se establece en la
ASTM B-117. En el ensayo, las partes estdn ubicadas en una
camara mantenida a temperatura constante donde ellos son
expuestos a un rociado fino (niebla) de una solucidén de sal
al 5% para periodos especificados de tiempo mejorada en agua
y secado. La proporcién de la corrosién de 1las partes
ensayadas se puede expresar como porcentaje del la corrosion

roja.

A. Ensayo No 1

Dos capas de Geomet® cubiertas con pernos de 40 mm como se
describe adelante, se utilizan en este primer ensayo. Los
pernos se cubrieron al colocarlos en un canasto de alambre y
sumergir el canastc en la composicién de recubrimiento
Geomet®, remover el canasto y drenar el exceso de composicion
de este. Los pernos y el canasto son luego hilados. Durante
el hilado, el canasto se hila a 3000 rpm durante 10 segundos

hacia delante y 10 segundos hacia atras.

El drenado se sustituyd® por el horneado. Los pernos se

colocaron en wuna lamina para hornear. El1 horneado se¢

desarrolld en aire a temperatura de cerca de 121°C (250°F)

durante un tiempo de hasta 10 minutos y luego a 232°C (450°F)



32

durante 30 minutos. Los pernos se cubrieron dos veces con la

composicién de recubrimiento que utiliza este procedimientLo.

Las partes Geomet® se utilizaron como el control con un peso
de cubierta de 33.7 g/m®’. El postratamiento utilizé una
modalidad de la composicién preferida de acuerdo con la
presente invencién, designada como REN-01-1-PT. 1.a
formulacidén de esta composicidédn se establece en la tabla 1, vy
contiene 2.5 por ciento de cloruro de amonio y 2.5 por ciento
de molibdato de amonio en 95 por ciento de agua. También sc
prepardé un bafic que contiene solo 2.5 por ciento de molibdato
de amonio. Otro bafic se prepardé y contiene solamente 2.5 por
ciento de cloruro de amonio. Las partes se remojaron en bafios
para diferentes cantidades de tiempo, que varian de 30
segundos a 10 minutos. Solo un bafc de agua desionizada y cl
bafio de RFN-01-1-PT se aplicaron a las partes recubiertas
cuando los bafios estaban a temperatura ambiente y 65°C (150°F)
para comparacién en rociado de sal. Después de aplicacidén del
agua desionizada y los bafos de RFEN-01-1-PT, las partes se
secaron al aire 24 horas antes de ensayar la sal de rociado.
El bafic de RFN-01-1-PT, soloc el bafio de cloruro de amonio 2.5
por ciento, y el 2.5 por ciento de molibdato de amonio se

aplicarcn a temperatura ambiente y las partes se secaron

durante 5 minuteos a 177°C (350°F). El bano RFN-Q01-1-PT también
se aplicdé a temperatura ambiente y 65°C (150°F) y luego se

secaron a 177°C (350°F) por 5 minutos.

2%



Tabla 1

RFN-01-1-PT

Componentes Porcentaje en peso
Agua DE 95.00
Cloruro de amonio 2.50
Molibdato de amonio 2.50
Total 100.00 )
Tabla 2

Horas de Rociado de Sal Antes de Corrosidén Roja

Minutos de 0 0.5 1 3 5 7 10
enjuague

Bafio a
temperatura
ambiente/secado
al aire

Control 192

Agua DE 168 168 144 168 144 144

REN-01-1-PT 192 216 384 384 384 216 |

Bano
temperatura
150°"F/secado al
aire

Control 192

Agua DE 144 144 144 144 144 144

REN-01-1-PT 504 384 384 384 312 T

Bafio
temperatura
ambiente/secado
350°F

Control 192

2.5% NH4CL 336 336 336 384 384 384
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2.5% NH4Mo03 216 216 216 216 216 | 216
RFN-01-1-PT 384 384 528 528 384 384
Secado 350°F -
Control 192 T
Temperatura 384 384 528 528 384 384
ambiente REN-
01-1-BT ‘
150°F RFN-01-1- 384 528 384 384 384 h2y
PT

Los datos en la tabla 2 se ilustran graficamente en las

figuras 1-5.

Los datos demuestran claramente que el postratamiento, es
decir 1la aplicacién de la composicién de 1la modalidad
preferida aplicada por cualguier medioc mejora el desempefic y
las propiedades de resistencia a la corrosidn del Geomel” on

rociado de sal.

B Ensayo No 2

Aun otra serie de ensayos, rotores de frenos previamente
cubiertos con Geomet® se cubrieron adicionalmente con la

composicién de la modalidad preferida y se sometieron a

varios ensayos como sigue.

Los rotores se limpiaron con é&cido o limpiadores alcalinos.
Los rotores que se limpiaron con composiciones alcalinas sc

sumergieron el limpiador de metal alcalino Metal Cleaner 478
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durante 15 minutos a 65°C (150°F). Los rotores fueron Lluego
enjuagados en un grifo de agua seguido por acetona entes de
aplicacién del recubrimiento Geomet®. Los rotores limpiades
con Acido se limpiaron primero utilizando un método limpiad~-
alcalino 1listado anteriormente seguido por 7 minutos en
Madison Chemical Acid 162 a 48°C (120°F). Los roloras
limpiados c¢on A&cido fueron luego enjuagados en un grifo
seguido por decromado Madison Chemical DX 1100 durante 3
minutos a temperatura ambiente. Los rotores se enjuagaron cn
un grifo y luego se agregd acetona antes de la aplicacidn del
Geomet®. El Geomet® se rocid sobre los rotores. A 65°C
(150°F) en un horno durante 5 minutos antes de aplicacior )
RFN-01-1-PT. La composicidén de RFN-01-1PT se establece en la
tabla 1. El1 RFN-01-1-PT se rocid y se drend scbre los
rotores. Los rotores B y G se enjuagaron con agua después de
aplicar RFN-01-1-PT. Los rotores 2 y B no se enjuagaron co.
agua luego de la aplicacién de REFN-01-1-PT. La tabla 3 que so
establece adelante, lista varios rotores, forma de

recubrimiento, y espesor del recubrimiento resultante.

Tabla 3

Partes, Recubrimientos y Espesor de peliculas

Rotor Recubrimiento | Espesor de | Desviacion Limpieia
pelicula
{micrones)

B ' Acido
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Superficie
de frenado
para arriba

.94

Superficie
de frenado
para abajo

GEOMET y RFN-
01-1-PT

7.10

.95

Superficie
de
acoplamiento
para arriba

Dip Drain
RFN-01-1-PT

11.19

.61

G

Acido

Superficie
de frenado
para arriba

GEOMET y REN-
01-1-PT

8.10

.93

Superficie
de frenado
para abajo

Rociado RFN-
01~1-PpT

.81

Superficie
de
acoplamiento
para arriba

12.16

.02

1

Alcalino

Superficie
de frenado
para arriba

GEOMET

.

Superficie
de frenado
para abajo

Superficie
de
acoplamiento
para arriba

13

Acido

Superficie
de frenado
para arriba

GEOMET

Superficie
de frenado
para abajo

Superficie
de
acoplamiento
para arriba
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2

Blcalino

Superficie
de frenado
para arriba

GEOMET y REN-
01-1-PT

Superficie
de frenado
para abajo

Dip Drain
REN-01-1-PT

7.54

Superficie
de
acoplamiento
para arriba

BAlcalino

Superficie
de frenado
para arriba

GEOMET y REN-
01-1-PT

Superficie
de frenado
para abajo

Rociado RFN-
01-1-PT

Superficie
de
acoplamiento
para arriba

Los rotores recubiertos fueron luego sometidos a ensayos de

rociado como se describid previamente.

Tabla 4

Ensayo de rociado con sal

Rotor Horas de Rociado con sal
144 240 360 480 576 720 1004
B 5 Sin Sin Sin Sin 1 para 16% )
Corro- Corro- Corro- Corro- 2% corro-
5i6n si6n s5ién sién ..
cCOorro- 5100
sidén o
G 5 Sin Sin Sin Sin < 1% 3%
Cor.rosn. Corrosid | Corrosid | Corrosid corro- Corro-
on n n n . s r o
510N 510N
1 < 1% 2% 5 para 15 para halado
corro- corrosi 10% 20%
s1i6n én corrosid | corrosid
n n
13 1 5 para 15 50% Halado

M
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para 10% para corro-
3% COrro-~ 20% sidn
COrro sién COrro-
-5ién 5i.6n
2 Sin Sin Sin Sin Sin En
Corro | Corros | Corros | Corros | Corros curso
sién ién i16n i6n ién
8 Sin Sin Sin Sin Sin En
Corro | Corros | Corros | Corros | Corros curso
5idén ién idn ién ién

Los datos en la tabla 4 se ilustran gradficamente en la Figura

6.

Los rotores Geomet® limpios gue utilizan limpiador alcati .
produjeron mejor resistencia a la corrosidén en el ensayo de
rociado de sal luego de que se limpiaron los motores con
Geomet® en Aacido, con o sin postratamiento en RFN-01-1-PT. Vv
los datos demuestran claramente que 1la aplicacidén de la
composicidn de la modalidad preferida incrementa

significativamente la resistencia a la corrosién.

C Engsayo No 3

En otras series de ensayos, cantoneras de puertas de
automotores se cubrieron y ensayaron en varias formas. las
muestras de las cantoneras se cubrieron con varios
recubrimientos comercialmente disponibles y se utilizaron
para comparacidn contra cantoneras cubiertas de acuerdo con

la presente invencidén. Partes con una cubierta de Geomet®

09
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también se aplicaron contra partes ensayadas con dos

cubiertas de Geomet®.

La solucién de pretratamiento de la modalidad preferida,
designada aqui comoc REN-01-1-PT, se establece en la tabla 1,
como se prepard para la aplicacidén a las cantoneras de puerta
cubiertas con Geomet®. Se aplicé el tratamiento al sumergir
las partes en la solucién durante 3 minutos, enjuagéndolas

con agua desionizada, y secadas con aire comprimido.

Las partes se recubrieron mediante un método de hilado, a
varias velocidades, dependiende del recubrimiento. Todas las
partes se curaron a 177°C (350°F) durante 20 minutos, exceplLo
para aquellas gque se cubrieron con Dacrokote® 107, que sc
curaron a 121°C (250°F) durante 20 minutos. Las tablas 5A vy

5B listan las variaciones de recubrimiento.

Tabla 5A

Variaciones de Recubrimiento de Cantonera de Puerta

lra Capa 2da Capa 3ra Capa 4ta Capa

Geomet® REN-01-1PT | Dacrokote®105

Geomet® RFN-01-1PT | Dacrokote®105 | Dracrokote®105

Geomet® REN-01-1PT | Dacrokote®107

Geomet® REN-01-1PT | Dacrokote®107 | Dracrokote®107

= Ol O m| B

Geomet® RFN-01-1PT Geokote®147

N0
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F Geomet® RFN-01-1PT Geokote®147 Geokote®147
G Geomet® RFN-01-1PT Geckote®200
H Geomet® RFN-01-1PT Geokote®200 Geokote®200
I Geomet® RFN-01-1PT
J Geomet® | RFN-01-1PT -
K Geomet® Plus®L 1
L Geomet® | RFN-01-1PT Plus®L B
M Geomet® REN-01-1PT | Dacrokote®105
N Geomet® RFN-01-1PT Geokote®200
0 Geomet® REN-C1-1PT Plus®L “
P Geomet® REN-01-iPT | Dacrokote®107
Q Geomet® REN-01-1PT

Tabla 5B

Variaciones de Recubrimiento de Cantonera de Puerta

lra 2ra 3ra 4ra Capa S5ra Capa

Capa Capa Capa

Geomet® | Geomet® | RFN-01- | Dacrokote®105
1PT

Geomet® | Geomet® | REN-01- | Dacrokote®105 | Dacrokote®105
1PT

Geomet® | Geomet® | REN-01- | Dacrokote®107 B
1PT

Geomet® | Geomet® | REN-01- | Dacrokote®107 | Dacrokote®107 |
1PT

Geomet® | Geomet® | RFN-01- | Geokote®147 i
1PT

Geomet® | Geomet® | REN-01- | Geokote®147 Geokote®147
1PT

Geomet® | Geomet® | REN-01- | Geokote®200
1PT

Geomet® | Geomet® | RFN-01- Geokote®200 Geokote®20u
1pT

Geomet® | Geomet® | RFN-01-

=
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1PT

AA Geomet® Geomet® o

BB Gecmet® | Geomet® | RFN-01- Plus®lL
1PT

cC Geomet® | Geomet® | REN-01- | Geokote®200 -
1PT

DD Geomet® | Geomet® | REN-01- Geokote®200 Geokote®200
1PT

EE Geomet® | Geomet® | RFN-01- Plus®L -
1PT

FF Geomet® | Geomet® | RFN-01- o
1PT

En resumen, ninguna de las partes con s0lo una cubierta de
Geomet® cumple con los requerimientos de 366 horas de rociado
con sal. De aquellas cubiertas y tratadas con la composicidn
de la modalidad preferida, las partes con una cubierta de
Plus®L y aquellas con una cubierta de Geokote® 200 caen
dentro de las 24 horas del requerimiento con la primn:
corrosién roja a 336 horas. Ver tabla 6 para un resumen de
los resultados de rociado de sal para las partes con un

recubrimiento Geomet®.

Todas las partes con dos recubrimientos de Geomet® cumpien
con los requerimientos de rociado de sal de 360 horas, con la
excepcién de las dos cubiertas Geomet® no recubiertas en la
parte superior, tratadas con la composicién de la modalid-«

preferida, que primerc exhibe corrosién roja a 216 horas. Ver
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tabla 7 para el resumen de los resultados de rociado de sal

de las dos partes Geomet® de capa.

Las tablas 6 y 7 contienen proporciones numéricas gue
cerresponden al porcentaje de corrosidén roja en la muestra o
parte. Los numeros de corrosidén en aquellas tablas indican el

alcance de la corrosion roja como sigue:

Porcentaje de corrosién Grado

roja

O-traza
1-5
6-15
16-25
26-50
S1+

o] B | W e W,

Todas las partes ensayadas tienen al menocs un grado de
corrosidén sobre ellas, el mas pesado de los cuales parecc
estar en las partes con recubrimientos superiores negros, las
partes con recubrimiento superior tienen menos corrosidén
blanca que las partes negras. Las partes superiores cubiertas

con Plus®L tienen al menos corrosién blanca.

Las partes cubiertas con dos capas de Geomet® superd
significativamente agquellas con una capa de Geomet®, con

respecto a la cubierta superior, o si se trata con lLa
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composicién de la modalidad preferida. Las dos partes dc
cubierta de acuerdo con la presente invencidn superaron
aquellas que tienen recubrimientos disponibles
comercialmente, pero esta se puede deber al menos en parte al

mayor peso de recubrimiento del Gecmet®.

Partes de wvariacidén O (una cublierta Geomet®, solucidédn de
oscurecimiente y Plus®L) superaron la varijiacidén K (una
cubierta Geomet®, soclucidén no oscurecida y plus®L) mientras X
supera la variacidén L (una cubierta Geomet®, solucidén dc
oscurecimiento, y Plus®L). Las partes de las variaciones BE y
EE (dos cubiertas Geomet®, solucién de oscurecimiento, vy
Plus®L) superaron partes de la variacién BRA (dos cubiertas

Geomet®, sin solucidén de oscurecimiento, y Plus®L).

Asi, es claro dque cumplir los requerimientos de rociado de
sal para estas partes, se prefieren dos capas de Geomet®. l.0s
resultados también indican que la composicién de la modalidad
preferida RFN-01-1-PT mejora la resistencla de la corrosidn,

con una excepcién de la variacidn L.
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Tabla 6
Resultados de Rociado con Sal
Una Capa Geomet®
Horas de rociado de sal

Capa Capa superior 72 96 120 144 288 312 336 408 432 456 480 504
base (s)
Geomet® | Dacrokote®105 1.5 1.0 1.0 0.0 0.0 | _ | ) t— | —_
RiN—-Po'rl_ 1110 mg/sq ft| pesado pesado
Geomet® | Dacrokote®105 2.0 2.0 | 2.0 0.5 0.0 | | ___ i I 1 | |
RFlN_—POTl— 1469 mg/sq £t | liviano moderado
Geomet® | Dacrokote®107 3.5 2.5 1.5 0.5 | _ —_ - PR N - _—
RF,‘N_‘;J’}‘ 380 mg/sq ft [moderado moderado
Geomet® | Dacrokote®107 3.0 3.0 1.0 0.0 y_ | ol
RE;N_—POTI— 1089 mg/sq ft | liviano moderado
Geomet® Geokote®147 4.0 2.0 2.0 1.0 - —_— - - _ —_ _
R=1N_-§T1- 422 mg/sq ft |moderado moderado
Geomet® Geokote®147 4.5 3.5 3.0 0.5 | | — |— |— |— |—
RFlN_-POTl- 802 mg/sq ft | Liviano moderado
Geomet® Geokote®200 4.5 4.0 4.0 2.5 | —_ N PR _— —_— _—
RE‘IN_‘:Tl' 452 mg/sq ft |moderado moderado
Geomet® Geokote®200 5.0 4.5 4.0 3.0 | __ - - - N J— —_
REN-01- | 966 mg/sg £t | liviano liviano

\

Q

(
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1-PT
J Geomet® 1.5 0.0 0.0 0.0
RFN-01- Ninguno moderado
1-PT
K Geomet® Plus® L 5.0 5.0 5.0 4.5
545 mg/sq ft | liviano liviano
L Geomet® Plus® L 3.5 3.0 3.0 2.0
REN-01- | 442 mg/ sq ft| liviano liviano
1-PT
M Geomet® | Dacrokote®105 5.0 4.0 3.5 2.5
RTfﬁi‘ 976 mg/sq ft | pesado pesado
N Geomet® Geokote®200 5.0 5.0 5.0 5.0
R?F?E— 966 mg/sq ft |moderado pesado
=-PT
0] Geomet® Geokote®200 5.0 5.0 5.0 5.0
R?Tﬁ;' 391 mg/sq ft | liviano moderado
P Geomet® Plus® L 5.0 4.5 4.0 3.0
R?fﬁ:‘ 555 mg/sq ft |moderado pesado
Q Geomet® 4.5 3.5 3.5 2.5
R?Tg:‘ Ninguno pesado pesado

Notas
A-L: Geomet aplica en 14.3 g/sqm
M-Q: Geomet aplica en 15.5 g/sg m

Liviano, moderado, pesado indican el grado del corrosidn blanco
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Tabla 7

HORAS DE ROCIADO CON SAL

Capa Capa superior 216 360 384 480 504 624 792 840
base
R Geomet® | Dacrokote®105 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.5
(2) RFN- | 904 mg/sq ft | pesado pesado
01-1-PT
S Geomet® | Dacrokote®105 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
(2) REN- | 1998 ma/sq £t liviano pesado
01-1-PT
T Geomet® | Dacrokote®107 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
(2) REN- 1 483 mg/sq ft moderado moderado
01-1~PT
§) Geomet® | Dacrokote®107 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
(2) REN- | ggq mg/sq ft liviano moderado
01-1-PT
v Geomet® Geokote®147 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
(2) RFN- | 39 mg/sg ft , moderdo pesado

103
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(oY

01-1-PT

W Geomet® Geokote®147 5.0 5. 5.0
(2) REN- | 719 mg/sq fr | Piviane pesado
01-1-PT

X Geomet® | Geokote®200 5.0 5. 5.0
(2) REN- | 473 mg/sq ft liviano pesado
01-1-PT

Y Geomet® | Geokote®200 5.0 5. 5.0

1livi

(2) REN- | g9y mg/sq £t | —-Viano pesado
01-1-PT

7 Geomet® Ninguno 5.0 5. 4.0
(2) RFN- moderado moderado
01-1-PT

BAA Geomet® Plus® L 5.0 5. 3.5
Geomet® 493 mg/sq ft ninguno liviano

BB Geomet® Plus® L 5.0 5. 5.0
(2) REN- | 4> mg/sq £t | L1VEERO liviano
01-1-PT

cC Geomet® | Geokote®200 5.0 4. 1.5
(2) REN- | 385 mg/sq £t moderado pesado
01-1-PT

\ad_
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DD Geomet® Geokote®200 5.0 5.0 4.5 4.0 2. 2.0
(2) RFN- | 899 mg/sq ft pesado pesado
01-1-PT
EE Geomet® Plus® L 5.0 5.0 5.0 4.0 3. 3.0
(2) REN- | 417 ma/sq £t liviano liviano
01-1-PT
FF Geomet® Ninguno 4.0 2.0 1.0 0.0 0. 0.0
{2) RFN- moderado
01-1-PT
Notas
R-BB: Geoment aplica en 14.3 g/sgm

CC-FF:

Geoment aplica en 15.5 g/sgm

Liviano, moderado, pesado indican el grado de corrosién blanco.

1 ©S

N
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ILa anterior descripcidn, se considerada actualmente la
modalidad preferida de la presente invencién. Sin embargqo, sc
contempla que varios cambios y modificaciones evidentes para
aquellos expertos en la técnica, pueden ser hechas sin
apartarse de la presente invencién. Por lo tanto, la anterior
descripcidén se pretende cubra todos tales cambios vy
modificaciones abarcados dentro del espiritu y alcance de la
siguiente invencién, que incluye todos los aspectos

equivalentes
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REIVINDICACIONES

Reivindicamos:

l.Una composicidén que comprende:

De cerca de 0,1 por ciento a cerca de 5 por ciento de

clorurc de amonio;

De cerca de 0,1 por ciento a cerca de 5 por ciento de
molibdato de amonio;

Y

Cerca de 90 por ciento a cerca de 99,8 por ciento de agua:
en donde la proporcién de clorurc de amonio para el

molibdato de amonio es cerca de 1:3 a 3:1.

2.La composicién de la reivindicacidén 1 en donde dicha

proporcién es de 1:2 a cerca de 2:1.

3.La composicién de la reivindicacién 1 en donde dicha

proporcidén es de 1l:1

4.La composicién de 1la reivindicacién 1 en donde la
concentracidon de cloruro de amonio es de 0,5 por

ciento a cerca de 3 por ciento
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5.La composicidén de la reivindicacién 1 en dondn -
concentracidén de cleoruro de amonic es de cerca de 2,5

por ciento

6.La composicién de 1la reivindicacién 1 en donde 1la
concentracién de molibdato de amonic es de cerca de

0,5 por ciento a cerca de 3 por ciento.

7.La composicidén de 1la reivindicacién 1 en donde =
concentracién de molibdato de amonio es cerca de 2,5

por ciento.
8.Una composicién acuosa comprende:
De cerca de 0,1 por ciento a cerca de 5 por ciento de
cloruro de amonio; y de cerca de 0,1 por ciento a cerca

de 5 por cientc de heptamolibdatc de amonio;

En donde la proporcidén de cloruro de amonio para el

heptamolibdato de amonio es cerca de 1:3 a cerca de 3:1.

9.La composicién de la reivindicacidén 8 en donde dicha

proporcidén es de 1:2 a cerca de 2:1.

10. La composicidén de la reivindicacidén 8 en donde dinhn

proporcidén es de 1:1
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La compesicidén de la reivindicacién 8 en donde la
concentracién de cloruro de amonioc es de cerca de 0,5

por ciento a cerca de 3 por ciento.

La composicidén de la reivindicacidén 10 en donde la
concentracién de clorurc de amonio es de cerca de 2,5

por cliento.

La composicién de la reivindicacidén 8 en donde la
concentracién de heptamolibdato de amonio es de cerca

de 0,5 por ciento a cerca de 3 por ciento.

La composicidén de la reivindicacién 10 en donde la
concentracidé4n de heptamolibdato de amonic es cerca de

2,5 por ciento.
La composicién de la reivindicacién 10 comprende
cerca de 2,5 por ciento de cloruro de amonio y cerca

de 2,5 por ciento de heptamolibdatc de amonio.

Un sustrato metdlico que comprende:

Un sustrato de metal que contiene una superficie exterior,

en donde dicho metal se selecciona del grupo que cons =«

de 2Zinc, magnesio, aluminio, manganeso, y aleaciones y

mezclas intermetalicas de estos; y

g
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Un recubrimiento de oscurecimiento dispuesto en diche
sustrato, dicho recubrimientc formado de una composicidn
acuosa gque comprende (i) de cerca de 0,1 por ciento A
cerca de 5 por cilento de cleoruro de amonio, y (ii) dc
cerca de 0,1 por ciento a cerca de 5 por ciento de
molibdato de amonic, en donde la proporcidén de cloruro de
amonio para el molibdato de amonio es de cerca de 1:3 a

cerca de 3:1.

17. El1 sustrato recubierto de la reivindicacién 16 que

comprende ademas:

Un recubrimiento resistente a la corrosidén dispuesto
en dicho recubrimiento de oscurecimiento en donde
dicho recubrimiento resistente a la corrosion
comprende laminas de 2inc y léaminas de aluminio

dispersas en un ligador inorganico.

18. E1 sustrato recubierto de la reivindicacién 16 en
donde dicha proporcidén es de cerca de 1:2 a cerca de

2:1.

19. El1 sustrato recubierto de la reivindicacidén 16 en

donde dicha proporcidén es de cerca de 1l:1.

|19
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20. El sustrato recubierto de la reivindicacién 16
donde la concentracién de cloruro de amonio es

cerca de 0,5 por ciento a cerca de 3 por ciento.

21. El sustrato recubierto de la reivindicacién 16
donde la concentracién de cloruroc de amonio es

cerca de 2,5 por ciento.

22. E1l sustrato recubierto de 1la reilvindicacidén 16
donde la concentraciétn de molibdato de amonio es

cerca de 0,5 por ciento a cerca de 3 por ciento.

23. E1 sustrato recubierto de la reivindicacién 16
donde la concentracidén de molibdato de amonio es

cerca de 2,5 por ciento.

24. El sustrato recubierto de la reivindicacién 16
donde la concentracién de cloruro de amonio c¢s
cerca de 2,5 por ciento y la concentracidn

molibdato de amonio es de 2,5 por ciento.

en

do

en

de

en

e

en

de

en

de

25. El1 sustrato recubierto de la reivindicacién 16 que

comprende ademas:

Un recubrimiento resistente a la corrosidén dispuesto

e

dicho recubrimiento de oscurecimiento en donde dichn

recubrimiento resistente a la corrosién comprende laminas

|



de Zinc y léminas de aluminio dispersas en un ligador

organico.

26. Un método para oscurecimiento de 1la superficie de

Zinc comprende:

Suministrar un sustrato que tiene una superficie exterior

de Zinc;

Suministrar una composicién que incluye cerca de 0,1 por
ciento a cerca de 5 por ciento de cloruro de amonic vy
cerca de 0,1 por ciento a cerca de 5 por ciento de

molibdato de amonio; vy

Aplicar dicha composicién a dicha superficie exterior de
dicho Zinc para formar un recubrimiento de oscurecimiento

en esta.

27. E1l método de la reivindicacién 26 que comprendo
adem&s, después de dicha etapa de aplicar dicha

composicién, una etapa de:

Secar dicho recubrimiento en una temperatura de cerca de

37 °C (100°F) a cerca de 121°C (250°F).
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El método de la reivindicacidn 26 que comprendn
ademas, después de dicha etapa de aplicar dicha

composicidén, una etapa de:

Exponer dicho recubrimiento a una operacién de curado.

29.

30.

31.

El método de la reivindicacién 26 en donde dicha
composicién comprende de cerca de 0,5 por ciento a
cerca de 3 por ciento de cloruro de amonio y cerca d»

0,5 por ciento a 3 por ciento de molibdato de amcnio.

El método de la reivindicacién 26 en donde dicha
composicidén comprende de cerca de 2,5 por cientc
cloruro de amonio y cerca de 2,5 por ciento de

molibdato de amonio.

Un método para impartir corrosién que  inhibn
propiedades a un sustrato de un metal activo, dicho

método comprende:

Suministrar un sustrato de un metal activo;

Suministrar una composicién que incluye de 0,1 por cienio

a cerca de 5 por ciento de cloruro de amonio y cerca 9,1

por ciento a cerca de 5 por ciento de molibdato de amonio,

en donde la proporcidén de cloruro de amonio a molibdalo de

amonio es de 1:3 a cerca de 3:1; vy

\\“’ﬁ

o’
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Aplicando dicha composicidén de dicho sustrato.

32. El método de la reivindicacién 31 gque comprende
ademdas, después de dicha etapa de aplicar dicha

composicién, una etapa de:

Secar dicho recubrimiento en una temperatura de cerca do

37 °C (100°F) a cerca de 121°C (250°F}.

33. El método de 1la reivindicacién 31 que comprende
ademas, después de dicha etapa de aplicar dicha

composicidén, una etapa de:
Exponer dicho recubrimiento a una operacién de curado.

34. E1 método de 1la reivindicacidén 31 en donde dicha
composiciédn comprende de cerca de 0,5 por ciento a
cerca de 3 por ciento de cloruro de amonio y cerca de

0,5 por ciento a 3 por ciento de molibdato de amonio.

35. E1 método de 1la reivindicacién 31 en donde dicha
composicidén comprende de cerca de 2,5 por ciento do
cloruro de amonio y cerca de 2,5 por ciento dno

molibdato de amonio.
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36. Un método para impartir propiedades de resistencia a

la corrosidén para una superficie de Zinc, dicho

método comprende:

Suministrar un componente gque tiene una superficic

exterior de Zinc:

Suministrar una composicién que incluye de 0,1 por ciento
a cerca de 5 por ciento de cloruro de amonic y cerca 0,1
por ciento a cerca de 5 por ciento de molibdato de amonio;
Y

Aplicar dicha composicidén a dicha superficie exterior de

dicho Zinc.
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REIVINDICACIONES

[Recibido por la Oficina Internacional el 10 de Diciembre del
2004 (10.12.2004): reivindicaciones originales 1-36
remplazadas por las reivindicaciones corregidas 1-36 (5

paginas) ]

Reivindicamos:

1. Una composicién adaptada para oscurecer e impartir
propiedades resistentes a la corrosidén para una
superficie metdlica seleccionada de zinc, magnesio,
manganeso, Yy aleaciones y mezclas intermetalicas de

estos, la composicidn consiste esencialmente de:

De cerca de 0,1 por ciento a cerca de 5 por ciento de
clorurc de amonio;

De cerca de 0,1 por ciento a cerca de 5 por cientc -Ar
molibdatc de amonio;

Y

Cerca de 90 por ciento a cerca de 99,8 por ciento de agua:
en donde 1la proporcidn de cloruro de amonio para <

molibdato de amonioc es cerca de 1:2 a 2:1.

2. (cancelada)
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La composicidén de la reivindicacién 1 en donde dicha

proporcién es de 1:1.

La composicidén de la reivindicacidén 1 en donde la
concentracién de cloruro de amonio es de 0,53 por

ciento a cerca de 3 por ciento

La composicidén de la reivindicacidén 1 en donde la
concentracidn de cloruro de amonic es de cerca de 2,5

por ciento

La composicién de la reivindicacién 1 en donde la
concentracién de molibdato de amonio es de cerca do

0,5 por ciento a cerca de 3 por ciento.

La composicién de la reivindicacién 1 en donde la
concentracién de molibdato de amonic es cerca de 2,5

por ciento.

Una composicién acuosa adaptada para aplicacién a una
superficie metdlica seleccilonada de zinc, magnesio,
manganeso y aleaciones y mezclas intermetalicas dn

estos, la composicién comprende:

De cerca de 0,1 por ciento a cerca de 5 por ciento de
cloruro de amonio; y de cerca de 0,1 pof cienlo -

cerca de 5 por ciento de heptamolibdato de amonio;



10.

11.

12.

13.

14.

6l

En donde la proporcién de cloruro de amonio para cl

heptamelibdato de amonic es cerca de 1:3 a cerca deo

3:1.

La composicidén de la reivindicacidén 8 en donde dicha

proporcidén es de 1:2 a cerca de 2:1.

La composicién de la reivindicacidén 8 en donde dicha

propocrcidén es de 1:1

La composicién de la reivindicacién 8 en donde la
concentracién de cloruro de amonioc es de cerca de 0,5

por ciento a cerca de 3 por ciento.

La composicién de la reivindicacién 10 en donde la
concentracidén de clorurc de amonio es de cerca de 2,5

por ciento.

La composicién de la reivindicacién 8 en donde la
concentracién de heptamolibdato de amonio es de cerce

de 0,5 por ciento a cerca de 3 por ciento.

La composicién de la reivindicacién 10 en donde la
concentracién de heptamolibdato de amonic es cerca de

2,5 por ciento.

19
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cerca de 2,5 por ciento de cloruro de amonio y ceorga
de 2,5 por ciento de heptamolibdato de amonio.

15. La composicidén de la reivindicacién 10 comprende @

16. Un sustrato metdlico recubierte que comprende:

Un sustrato de metal que contiene una superficie
exterior, en donde dicho metal se seleccicna del
grupo gue consiste de 2Zinc¢, magnesio, aluminio,
manganeso, Yy aleaciones y mezclas intermetdlicas de

estos; y

Un recubrimiento de oscurecimiento dispuesto en dicho
sustrato, dicho recubrimiento formado de una
composicidén acuosa que comprende esencialmente (i) de
cerca de 0,1 por ciento a cerca de 5 por cientoc de
cloruro de amonio, y (ii) de cerca de 0,1 por cicnto
a cerca de 5 por ciento de molibdato de amonio, on
donde la precporcidén de clorurc de amonio para el
molibdato de amonio es de cerca de 1:2 a cerca dco

2:1.

17. E1 sustrato recubierto de la reivindicacién 16 que

comprende ademas:

Un recubrimiento resistente a la corrositén dispuestc on

dicho recubrimiento de oscurecimiento en donde dicho
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,l QO

recubrimiento resistente a la corrosidén comprende laminas

de Zinc y laminas de aluminio dispersas en un ligador

inorganico.
18. (cancelada).
19. E1 sustrato recubierto de 1la reivindicacién

20.

21.

22.

23.

24,

donde dicha proporcidén es de cerca de 1:1.

El sustrato recubierto de la reivindicacién
donde la concentracién de cloruro de amonio

cerca de 0,5 por ciento a cerca de 3 por ciento.

El sustrato recubilerto de 1la reivindicacién
donde la concentracién de cloruro de amonio

cerca de 2,5 por ciento.

El sustrato recublierto de la reivindicacién
donde la concentracidon de molibdato de amonio

cerca de 0,5 por ciento a cerca de 3 por ciento.

El sustrato recubierto de la reivindicacién
donde la concentracidén de molibdato de amonio

cerca de 2,5 por ciento.

El sustrato recubierto de 1la reivindicacién

donde la concentracidén de clorurc de amonio

16
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cerca de 2,5 por ciento y la concentracién de

molibdatc de amonio es de 2,5 por ciento.

25. El1 sustrato recubierto de la reivindicacién 1€ que

comprende ademéds:

Un recubrimiento resistente a la corrosién dispuesto erlr-
dicha superficie exterior de dicho sustrato de metal y
dicho recubrimiento de oscurecimiento, en donde dicho
recubrimiento resistente a la corrosién comprende laminas
de Zinc y léaminas de aluminio dispersas en un ligador

organico.

26. Un método para oscurecimiento de la superficie de

Zinc comprende:

Suministrar un sustrato que tiene una superficie extcrior
de Zinc;

Suministrar una composicién que incluye cerca de 0,1 por
ciento a cerca de 5 por cienteo de clorurc de amonio y
cerca de 0,1 por cientec a cerca de 5 por ciento de

molibdato de amonio; y

Aplicar dicha composicién a dicha superficie exterior de
dicho Zinc para formar un recubrimiento de

oscurecimiento en esta.

|
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27. El método de la reivindicacién 26 que comprende
ademds, después de dicha etapa de aplicar dicha

composicidn, una etapa de:

Secar dicho recubrimiento en una temperatura de cerca

de 37 °C (100°F) a cerca de 121°C (250°F).

28. E1 método de 1la reivindicacidén 26 que comprende
ademds, después de dicha etapa de aplicar dicha

composicién, una etapa de:
Exponer dicho recubrimiento a una operacidén de curado.

29. E1 método de la reivindicacién 26 en donde dicha
composicién comprende de cerca de 0,5 por ciento a
cerca de 3 por ciento de cloruro de amonio y cerce dc

0,5 por ciento a 3 por ciento de molibdato de amonio.

30. El1 método de la reivindicacién 26 en donde dicha
composicién comprende de cerca de 2,5 por ciento de
cloruro de amonio y cerca de 2,5 por ciento de

molibdato de amonio.

31. Un métode ©para Iimpartir corrosiédn que inbibc
propiedades a un sustrato de un metal activo, dicho

método comprende:



; A25
Suministrar un sustratc de un metal activo;

Suministrar una composicidén que incluye de 0,1 por ciento
a cerca de 5 por ciento de cloruro de amonio y cerca 0,1
por ciente a cerca de 5 por ciento de molibdato de
amonio, en donde la proporcidén de clorurc de amonio a

molibdato de amonio es de 1:3 a cerca de 3:1; vy

Aplicando dicha composicidén de dicho sustrato.

32. El1 método de 1la reivindicacién 31 gue comprende
ademds, después de dicha etapa de aplicar dicha

composiciédn, una etapa de:

Secar dicho recubrimientoc en una temperatura de cerca dc

37 °C (100°F) a cerca de 121°C (250°F).

33. E1 método de 1la reivindicacién 31 que comprende
ademds, después de dicha etapa de aplicar dicha

composicidén, una etapa de:

Exponer dicho recubrimiento a una operacidén de curado.

34. E1 métodc de 1la reivindicacidén 31 en donde dicha
composicién comprende de cerca de 0,5 por ciento a
cerca de 3 por ciento de cloruro de amonio y cerca dc¢

0,5 por ciento a 3 por ciento de molibdato de amonio.

}
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35. E1l método de la reivindicacién 31 en donde dicha
composicién comprende de cerca de 2,5 por ciento de
cloruro de amonioc y cerca de 2,5 por ciento de

molibdato de amonio.

36. Un método para impartir propiedades de resistencia a
la corrosién para una superficie de Zinc, dicho

método comprende:

Suministrar un componente gque tiene una superficie

exterior de Zinc;

Suministrar una composicidén que incluye de 0,1 por
ciento a cerca de 5 por ciento de cloruro de amonio y
cerca 0,1 por ciento a cerca de 5 por ciento do

molibdato de amonio; y

Aplicar dicha composicién a dicha superficie exterior

de dicho Zinc.
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COMPARACIONES Y METODOS PARA OSCURECER IMPARTIR PROPIEDADES

DE RESISTENCIA A LA CORROSION AL ZINC U OTROS METALES ACTIVOS

Resumen

Se describen métodos y composiciones que sirven para
oscurecer zinc u otra superficie de metal activa e impartir
propiedades de de la corrosién a ésta Las composiciones
incluyen una solucidén acuosa que contiene aproximadamentic
0.1% aproximadamente 5% de cloruro de amonio y
aproximadamente 0.1% aproximadamente 5% de anhidrido de
amonio. De las composiciones utilizan ProporCivicsa
particulares de concentraciones de cloruro de amonio vy

anhidrido de amonio.

\25



Figura 1.
Baiio a Temperatura Ambiente/Secado al Aire
400-
¥ Control
350~ D Agua DE
ORFN-01-1-PT

300 (R |

Horas de
Rociado
con Sal 250-
Antes de
Corrosion 200 g
Roja g0
100
50§
RFN-01-1-PT
Agua DE
Control
7 10
Tiempo de Remojo (minutos)

LOV80/400T OM

98LLTO/H00ZSN/LDd



2

(23

Figura 2.
Bafio a 150° F /Secado al Aire

500-
Horas de

Rociado 409

con Sal

Antes de
Corrosion 300 w Control

Roja i 1 Agua DE g
200 CRFN-01-1-PT

100

RFN-01-1-PT
Agua DE

~ Control

5

Tiempo de Remojo (minutos)

LO¥801/#00C OM

98LL10/¥00TSN/1Dd



Horas de
Raciado
con Sal

Antes de

Corrosion

Roja

Figura3.
Bario a temperatura Ambiente/ Secado 350° F

8C0

' RENO1-1-PT
2.6% NH4Mo0O23
2.5% NHACI
Control

Tiempo de Remojo (minutos)

[w'Control

82.5% NH4Cl
| &2.5% NH4MoO3

“ERFN-D14-PT

\"2o

9/¢

L0¥801/400T OM

98LL10/%002SN/LDd



23\ )29

£
®]
N
<2
b=3
B
=
Figura 4. =3
RFN-01-1-PT Horneado a 350° F £
Q
800
&00-
Horas de
Rociade 400
con Sal
Antes de
300
Corrasion b
Roja (=
200 n Control
100 . ’ ’ ERE X o Temp.
. : k g 5 Ambiante
REN-01-1-PT
180°F RFN-01-1-PT .
Temp. Arrblenta REN-01-1-PT u:-.ﬁrF"FM1-
Control
7
10 g
=
c
w
[
Tiempo de Remojo (minutos) =
ES
<
o:



0

Figura 5.
Post-Tratamientos sobre GEOMET

Horas de
Rociado
con Sal
Antes de
Corrosion
Roja

Tiempo de Remojo (minutos)

3 o Temp. Amb DE/Secado ai Aire

(@450 = REN 0. PT/350° F
} Llfmvp Amb 2.5% NH4 CHasO'F

rl’ Conzrol T

0 “emp Amb REN-O1-1-PT/Sec. Alrel
1m0 150" F DF/Secado al aire

u 150" F RFN-01-1-PT/Sec. Aire
M Tump Amd RFN-01-1-PTRS0F

& oo Amy 2.5% NHA MoO3/350°F

L

9/S

DO

L0¥801/#00C OM

98LL10/4002SN/1Dd



Horas de
Rociado
con Sal

800

600

400

200-

100

Primera Corrosion Roja

[cs |
=[]
=1
13
B2

W

9/9

LOY801/¥00T OM

98LL10/400ZSN/LOd



ECryy
PATENT COOPERATION TREATY D
From the AY, =y,
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY NICH & py SreAn,
. s, Lips
To: 2
MARK E. BANDY
FAY, SHARPE, FAGAN, MINNICH & MCKEE, LLP PCT \ 2)
1100 SUPERIOR AVENUE, SUITE 700 NOTIFICATION OF TRANSMITTAL OF
CLEVELAND, OH 44114 INTERNATIONAL PRELIMINARY
REPORT ON PATAENTABILITY /
{Chapter II of the Patent Cooperation Treaty) .—~

{PCT Rule 71.1}
Date of mailing

(day/monzhlyear) 1 4 MAR Zﬂﬂﬁ

Applicant’s or agent’s file reference

IMPORTANT NOTIFICATION
MCI20002PCT
Internationsal application No. International filing date (day/moncthiyear) Priority date {day/month/year}
PCT/US04/17786 04 June 2004 (04.06.2004) 05 June 2003 (05.06.2003)
Applicant '

ETAL COATINGS INTERNATIONAL INC.

I

The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the

international preliminary report on patentability and its annexes, if any, established on the international
application.

1
A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communijcation to
all the elected Offices.

Where required by any of the elected Offices, the International Bureau will prepare an English translation of the
report (but not of any annexes) and will transmit such translation to those Offices.

REMINDER

The applicant must enter the national phase before each elected Office by performing certain acts (filing
translations and paying national fees) within 30 months from the priority date {or later in some Offices)(Article
39{1))(see also the reminder sent by the International Bureau with Form PCT/IB/301).

‘Where a translation of the international application must be furnished to an elected Office, that trapslation mmust
contain a translation of any annexes to the international preliminary report on patentability. It is the applicant’s
responsibility to prepare and furnish such translation directly to each elected Office concemed.

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the PCT
Applicant’s Guide.

The applicant’s attention is drawn to Article 33(5), which provides that the criteria of novelty, inventive step and
industrial applicability described in Article 33(2) to (4) merely serve the purposes of international preliminary
examination and that “any Contracting State may apply additional or different criteria for the purposes of deciding
whether, in that State, the claimed invention is patentable or not" (see also Article 27(5)). Such additional criteria

may relate, for example, to exemptions from patentability, reqyirements for enabling disclosure, clarity and
support for the claims. Tg

Name and mailing address of the IPEA/ US
Mail Stop PCT, Atm: IPEA/US

Facsimile No. (703) 305-3230

Commissioner for Patents
P.0O. Box 1450

Alexandria, Virginia 22313-1450 Telephone No. 571-272-112£5

Form PCT/IPEA/416 (January 2004)

DOCKETED

g



PATENT COOPERATION TREATY

PCT

. INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapter II of the Patent Cooperation Treaty)

(PCT Artticle 36 and Rule 70)

Applicant's or agent’s file reference

FOR FURTHER ACTION See Form PCT/IPEA/416
MCII20002PCT
International application Ne. International filing date (day/month/year) Priority date (day/month/year)
PCT/US04/17786 04 June 2004 (04.06.2004) 05 Juzne 2003 (05.06.2003)

Intemnational Patent Classification (IPC) or national classification and IPC

IPC(7): B32B 15/04;C23C 22/40,68,82:C23F 11/00;C09K 13/04 and US CL.: See Electromic data bases.
Applicant

METAL COATINGS INTERNATIONAL INC.

1. This report is the international preliminary examination report, established by this International Preliminary
Examining Authority under Article 35 and transmitted to the applicant according to Article 36. -

2. This REPORT consists of a total of _C_G/shcets. including this cover sheet.
? 3. This report is also accompanied by ANNEXES, comprising:

a. g(sent to the applicant and to the International Bureau) a total of i sheets, as follows:

sheets of the description, claims and/or drawings which have been amended and are the basis
of this report and/or sheets containing rectifications authorized by this Authority (see Rule
70.16 and Section 607 of the Administrative Instructions).

sheets which supersede earlier sheets, but which this Authority considers confain an
amendment that goes beyond the disclosure in the intermational application as filed, as
indicated in item 4 of Box No. I and the Supplemental Box.

b. D (sent to the International Bureau only) a total of (indicate type and number of electronic
carrier(s)) )
, containing a sequence listing and/or tables related thereto, in computer readable form only,

as indicated in the Supplementai Box Relating to Sequence Listing (see Section 802 of the
Administrative Instructions).

4, This report contains indications relating to the following items:
VA Box No. 1 Basis of the report
Box No. Il Priority

]

E Box No. Il Non-establishment of opinion with regard 1o novelty, inventive step and industrial
applicability

X] BoxNo.IV  Lack of unity of invention

VA Hox No. V Reasoned statement under Article 35(2) with regard to povelty, inventive step or
industrial applicability; citations and explanations supporting such statement

D Box No. VI Certain documents cited

[]

Box No. VII  Certain defects in the international application

X] Box No. VI Certain observations on the international application
Date of submission of the demand Date of completion of this report

04 January 2005 (04.01.2005) 14 Febrjary 2005 (14.02.005)
Name and maifing address of the IPEA/ US uthhriged offider

Mail Stop PCT, Astn: IPEA/US 4

Commissioner for Patents

P.O. Box 1430

Alexandria, Virginia 22313-1450

Facsimile No. (703) 305-3230
Form PCT/IPEA/409 (cover sheet){January 2004)




International application No.
INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY

PCTIUS04/17786

7

Box No.1 Basis of the report

1. With regard to the language, this report is based on the international application in the language in which it was
filed, unless otherwise indicated under this item.

D This report is based on translations from the original language into the following language
which is the language of a translation furnished for the purposes of:

[ ] international search (under Rules 12.3 and 23.1(b))
D publication of the international application (under Rule 12.4)
D international preliminary examination (under Rules 55.2 and/or 55.3)

2. With regard to the elements of the international application, this report is based on (replacement sheets which have been

Jurnished to the receiving Office in response to an invitation under Article 14 are referred 1o in this report as “originglly filed”
and are nor annexed to this report):

[:I the international application as originally filed/furnished
@ the description:

pages 1-24 as originally filed/furnished
o pages* NONE received by this Authority on

pages* NONE received by this Authority on

E the claims:
pages NONE as originally filed/furnished
pages™ NONE az amended (together with any staternent) under-Article 19
pages* 25-29 received by this Authority on 04 January 2005 (04.01.2005)
pages* NONE received by this Authority on

E the drawings:
pages 1-6 as originally filed/furnished
pages* NONE received by this Authority on
pages* NONE received by this Authority on

D a sequence listing and/or any related table(s) - see Supplemental Box Relating to Sequence Listing.

3. & The amendments have resulted in the cancellation of:

EI the description, pages
e D the claims, Nos. 2.18
D the drawings, sheets/figs
D the sequence listing (specify):
D any table(s) refated to the sequence listing (specify):

4, I::I This report has been established as if (some of) the smendments armexed to this report and listed below had not been made,
since they have been considered to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rute 70.2(c)).

D the description, pages
D the claims, Nos._
[:I the drawings, sheets/figs
D the sequence listing (specify):
D any table(s) related to the sequence listing (specify):

* [f itens 4 applies, some or all of those sheets may be marked "superseded.”
Form PCT/IPEA/409 (Box No. ) (January 2004)
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INTERNATIONAL PRELIMINARY REFORT ON PATENTABILITY .
RE ¥ REPORT ON PATENT PCT/US04/17786

Box No. I Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

The questions whether the clqimed invention appears to be novel, to involve an inventive step (to be non obvious), or to
be industrially applicable have not been examined in respect of:

I:I the entire international application
& claims Nos. 26-36

because:

D the said international application, or the said claim Nos. relate to the following subject matter which does
not require an international preliminary examination (specify):

D the description, claims or drawings (indicate particular elements below) or said claims Nos. are 50 unclear,
that no meaningful opinion could be formed (specify):

EI the claims, or said claims Nos. are 50 inadequately supported by the description that no meaningful
°i opinion could be formed.

IE no international search report has been established for said claims Nos. 26-36

D the nucleotide and/or amino acid sequence listing does not comply with the stendard provided for in Annex C of
the Administrative Instructions in that:

the written form D has not been furnished
. D does not comply with the standard
the computer readable form D has naot been furnished

D does not comply with the standard

I:I the tables related to the nucleotide and/or amino acid sequence listing, if in computer readable form only, do not
comply with the technical requirements provided for in Annex C-bis of the Administrative Instructions.

L__I See Supplemental Box for further details.
Form PCT/IPEA/409 (Box No. IIT) January 2004)




International application No.
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Box No. IV Lack of unity of invention

1. & In response to the invitation to restrict or pay additional fees the applicant has:
D restricted the claims.
paid additional fees,
D paid additional fees under protest.
[_—_1 neither restricted nor paid additional fees.

2. I:l This Authority found that the requirement of unity of invention is not complied with and chose, sccording to
Rule 68.1, not to invite the applicant to restrict or pay additional fees.

3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3 js:
L] complied with, '
’ @ not comphied with for the following reasons:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general

inventive concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must
be paid. )

Group L, claim(s) 1 and 3-15, drawn 1o formulations comprising aqueous solutions of ammoniym chloride and ammonium
molybdate/heptamolybdate.,

Group 1, claim(s) 16, 17, and 19-25, drawn to metallic substrates treated with the formulations of claims 1 and 3-15,

Group IT, claim(s) 26-36, drawn to methods of treating metallic substrates with the formulations of claims 1 and 3-15.

‘The inventions listed as Groups I, II, and 11T do not relate to a single general inventive concept under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding specizl technical features for the following reasons: The common technical -

features to all claims are found in the formulation of claim 1. This formulation is known as disclosed by Lewis et al. (US 2554526),

see column 1, lines 50 to column 2, line 3; accordingly, such does not constitute an advancement in the art and is not a "special”
technical features as required for unity of invention.

4. Consequently, this report has been established in respect of the following parts of the international application:

I:l all parts

E the parts relating to claims Nos. 1,2-17,19-25

Form PCT/IPEA/40Q9 (Box No, IV) (January 2004)
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Box No. V Reasoned statement under Article 35¢2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N)

Inventive Step (IS)

Industrial Applicability {IA)

Claims
Claims

Claims
Claims

Claims
Claims

8-15,17,25 YES
1,3-7,16,19-24 NO
17 YES
1, 3-7, 16, 19-25 NO
1,3-17,19-25 YES
NONE NO

2. Citations and Explanations (Rule 70.7)

q Please See Continuation Sheet

Form PCT/IPEA/409 (Box No. V) (January 2004)
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Box No, VIII  Certain observations on the intéernational application

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully
supported by the description, are made:

Claims 1, 3-17, and 19-25 are chjected to as lacking clarity under PCT Ruie 66.2(a)(v) because of the claims being not fully
supported by the description, The description does not disclose the claimed invention in a mamner sufficiently clear and complete for

the claimed invention to be carried out by a person skilled in the art because: The formulations are not described as to the basis upon
which they are to be created; i.e., weight percent, volume percent, mol percent, or otherwise,

Claims 1, 3-17, and 19-25 are objected to under PCT Rule 66.2(a)(v) as lacking clarity under PCT Article 6 because claims 1,3-

17,19-25 are indefinite for the following reason(s): The claimed formulations are not specified as to the basis upon which they are to
be created; i.e., weight percent, volume percent, mol percent, or otherwise.

Form PCT/IPEA/4Q9 (Box No, VIII) (January 2004)
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.

Continuation of:

V. 2. Citations and Explanations:

Claims 1, and 3-7 lack novelty under PCT Article 33(2) as being anticipated by Shipley, Jr., et al. (US 3650957). The reference
discloses formulations of aqueous solutions of ammonium chloride and ammonium molybdate (coluran 4, line 74 1o column 5, line 65;
examples 12, 13, and 19). Concentrations are “about” 1:1 (claims 8-10) and 2,5 percent, as required by the claims.

Claims 1, 3-7, 16, and 19-24 lack noveity under PCT Article 33(2) as being anticipated by Mitcheli et al. (US 3314811). The
reference discloses formulations of aqueous solutions of ammonium chloride and ammonium molybdate at “about” 1:1 by weight
(column 3, lines B-18), concentration determined ar “about 1 ounce to about 3 pounds™ per gallon of water (there are 8.34 pounds per

gallon of water) (see claim 1) is “about” 2.5 percent, as required by claims 1-7. Such are for blackening aluminum substrates.
Coated substrates with corrosion resistance are disclosed, as required by claims 16 and 18-24.

Claims 1, 3-7, 16, and 19-24 lack novelty under PCT Article 33(2) as being anticipated by Lewis et al. (US 2554256). The reference
discloses formulations of aqueous solutions of ammonium chloride and ammonium molybdate at “about™ 1:1 by weight and
concentration of “about® 2.5 percent (column 4, lines 15-18), as required by the claims. Such are for coloring aluminum substrates.
Coated aluminum substrates with corrosion resistance are disclosed (column 3, lines 52-55), s required by claims 16 and 18-24.

Claims 1, 3-7, 16, and 19-24 lack novelty under PCT Articie 33(2) as being anticipated by Belkin et al. (SU 1678900 Al, as
evideaced by USPTO obtained trapslation). The reference discloses aqueous formulations of ammonium chloride and ammonium

molybdate at “about™ 1:1 and “about™ 2.5" percent, as required by claims 1-7. Aluminum substrates are coated to provide corrosion
protection, as required by claims 16 and 18-24.

Claims 1, 3-7, 16, and 19-24 lack novelty under PCT Article 33(2) as being anticipated by Merekina et al. (SU 827613 B, as
evidenced by USPTO obtained translation). The reference discloses aqueous formulations of ammonium chioride and ammonium

molybdate at “sbout™ 1:1 and “about™ 2.5 percent, as required by claims 1-7. Zinc substrates are coated to provide corrosion
protection, as required by claims 16 and 18-24.

Claims 8-15 lack an inventive step under PCT Article 33(3) as being obvious over Shipley, Jr., et al. (US 3650957). The reference -
discloses that the source of the complexing molybdenum compound is not critical (column 5, lines 15-18). Thus, it would have been
obvious to the ordinary artisan to employ any commercially available molybdate, such as heptamolybdate.

Claims 8-15 and 25 lack an inventive step under PCT Article 33(3) as being obvious over Mitchell et al. (US 3314811) in view of

Formn PCT/TPEA/409 (Supplemental Box) (January 2004)
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Supplemental Box

Paulet (US 4018628). The Paulet reference is directed ta formulations for blackening aluminum, as is the Mitchell reference. The
Paulet reference discloses ammonium molybdate or heptamolybdate (column 2, lines 4-7). It would have been obvious to the ordinary
artisan to madify the formulations of the Mitchell reference in view of the disclosure of equivalence in the Paulet reference for reasons

of economics or availability. The substrate of claim 25 is merely another aluminum substrate suitable to the disclosures of the
references for blackening/coloring,

Claims B-15 and 25 lack an inventive step under PCT Article 33(3) as being cbvious over Lewis et al. (US 2554236) in view of Paulet
(US 4018628). The Paulet reference is directed to formulations for blackening aluminum, as is the Lewis reference. The Paulet
reference discloses ammonium molybdate or heptamolybdate (column 2, lines 4-7). It would have been obvious to the ordinary
artisan to modify the formulations of the Lewis reference in view of the disclosure of equivalence in the Paulet reference for reasons

of economics or availability. The substrate of ¢laim 25 is merely another aluminum substrate suitable to the disclosures of the
references for blackening/coloring.

Claim 25 lacks an inventive step under PCT Article 33(3) as being obvious gver Belkin et al. (SU 1678900 Al, as evidenced by
USPTO cbtained translation). Aluminum substrates are coated to provide corrosion protection, as required by claim 25. The
substrate of claim 25 is merely another alurninum substrate suitable to the disclosure of the reference for coating.

Claim 25 lacks an inventive step under PCT Article 33(3) as being obvious over Merekina et al. (SU 827613 B, as evidenced by
Q USPTO obtained translation). Zinc substrates are coated to provide corrosion protection, as required by claim 25, The substrate of
claim 25 is merely another aluminum substrate suitable to the disclosure of the reference for coating.

Claims 1, 3-17, and 19-25 satisfy the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject
matter claimed can be made or used in industry.

Claim 17 satisfies the criteria set out in PCT Article 33(2)-(3), because the prior art does not teach or fairly suggest further providing

upon the coated substrates resulting from coating the zinc or aluminum substrate with the respective formulations a corrosion resistam
coating of zinc and aluminum fiakes in an inorganic binder.

Applicant's amendments to claims 1 and 16 are noted. Applicant’s Remarks are noted. In response it is noted that Applicant has not
provided any indication of original support in the Application for the contention that the percentages in the claims and specification are

expressed in weight percent; the artisan would have to experiment to determine the metes and bounds of the invention. In response it |

is noted that Applicant has not provided any facts or reasoning to support the contention that any of the references’ compositions
contain ingredients that would materially affect the basic and novel characteristics of the claimed invention. In response it is noted
that the metallic surface may be an alloy, which encompasses aluminum alloys having one or more of the recited metals,

e NEW CITATIONS ~e—een——

Form PCT/IPEA/409 (Supplemental Box) (January 2004)
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We claim:
1. A composition adapted for darkening and imparting corrosion-
resistant properties to a metallic surface selected from zinc, magnesium,

manganese, and alloys and intermetallic mixtures thereof, the composition
consisting essentially of:

from about 0.1 percent to about 5 percent ammonium chloride;

- from about 0.1 percent to about 5 percent ammonium molybdate;
and

from about 90 percent to about 99.8 percent water;

_ wherein the ratio of ammonium chloride to ammonium molybdate is
from about 1:2 fo about 2:1.

2. (Canceled)
3. The composition of claim 1 wherein said fatio is about 1:1.

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

5. The composition of ciaim 1 wherein the concentration of ammonium
chloride is about 2.5 percent.

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

7. The composition of claim 1 wherein the concentration of ammonium

.molybdate is about 2.5 percent.

8. An aqueous composition adapted for application to a metaltic
surface selected from zinc, magnesium, manganese, and alfoys and intermetallic
mixtures thereof, the composition comprising:

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

25
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from about 0.1 percent to about 5 percent ammonium : '“2’
heptamolybdate;

wherein the ratio of ammonium chioride to ammonium
heptamolybdate is from about 1:3 to about 3:1.

g, The composition of claim 8 wherein said ratio is from about 1:2 to
about 2:1.

10. The composition of claim 8 wherein said ratio is about 1:1.

11. The composition of claim 8 wherein the concentration of ammonium
chloride is from about 0.5 percent to about 3 percent. '

12. The composition of claim 10 wherein the concentration of
ammonium chioride is about 2.5 percent.

13.  The composition of claim 8 wherein the concentration of ammonium
heptamolybdate is from about 0.5 percent to about 3 percent.

14. The composition of claim 10 wherein the concentration of
ammonium heptamolybdate is about 2.5 percent.

- 15.  The composition of claim 10 comprising about 2.5 percent
ammoniutn chloride and about 2.5 percent ammonium heptamolybdate.

16. 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 agueous composition consisting-essentially of (i) from about 0.1
percent to about § percent ammonium chioride, and (if) from about 0.1 percent to

26

Substitute Sheet

AMENDED SHEFT



10

15

20

26

30

. : POTs DL /71778¢

PET /050U /17 7HEB JOWGLE0GRS m U4 JAN 2[][]5

uh 0
about 5 parcent ammonium molybdate, wherein the ratio of ammonium chioride /
to ammonium molybdate is from about 1:2 to about 2:1.

17.  The coated substrate of claim 16 further comprising:

a corrosion-resistant coating disposed on said darkening coating,
wherein said corrosion-resistant coating comprises zinc flakes and aluminum
flakes dispersed in an inorganic binder.

18. (Canceled)

19. The coated substrate of claim 16 wherein said ratio is about 1:1.

20. The coated sﬁbstrate of claim 16 wherein the concentration of
ammonium chloride is from about 0.5 percent to about 3 percent.

21. The coated substrate of claim 16 wherein the concentration of
ammonium chloride is about 2.5 percent.

22. The coated substrate of claim 16 wherein the concentration of
ammonium molybdate is from about 0.5 percent to about 3 percent.

23. The coated substrate of claim 16 wherein the concentration of
ammonium molybdate is about 2.5 percent.

24. The coated substrate of claim 16 wherein the concentration of

ammonium chloride is about 2.5 percent and the concentration of ammonium
molybdate is about 2.5 percent.

25. The coated substrate of claim 16 further comprising;
a cofrosion-resistant coating disposed between said outer surface
of said metal substrate and said darkening coating, wherein said comosion-

resistant coating comprises zinc flakes and aluminum flakes dispersed in an
organic binder. '
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26. A method for darkening the surface of zinc comprising:
providing a substrate 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 fo about 5 percent
ammonium molybdate; and

applying said composition to said outer surface of said zinc to form
a darkening coating thereon.

27. The method of claim 26 further comprising, after said step of
applying said composition, a step of:

drying said coating at a temperature of from about 37°C {100°F) fo
about 121°C (250°F).

28. The method of claim 26 further comprising, after said step of
applying said composition, a step of:

exposing said coating to a curing operation.

29, The method of claim 26 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.

30. The method of claim 26 wherein said composition comprises about
2.5 pefcent ammonium chioride and about 2.5 percent ammonium molybdate.

31. 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 subsirate.
' ' 28
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32.  The method of claim 31 further comprising, after said step of f/

applying said composition, a step of:

drying said coating at a temperature of from about 37°C (100°F) to
about 121°C (250°F).

33. The method of claim 31 further comprising, after said step of
applying said composition, a step of:

exposing said coating to a curing operation.

34. The method of claim 31 wherein said composition comprises from
about 0.5 percent to about 3 percent ammonium chloride and from about 0.5
percent to about 3 percent ammonium molybdate.

35. The method of claim 31 wherein said mhposition comprises about
2.5 percent ammanium chloride and about 2.5 percent ammonium molybdate.

36. A method for imparting corrosion resistance properties fo 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 chioride and from about 0.1 percent to about 5 percent

- ammonium molybdate; and

‘applying said composition to said outer surface of said zinc.

29

Substitute Sheet

AMENDED SHErr



PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
' (PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER see Form PCT/ISAIZ20

MCIR0002PCT - ACTION us well as, where applicable, item 5 below.

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/US04/17786 04 June 2004 (04.06.2004) 05 June 2003 (05.06.2003)

Applicant .

PEARCE ET AL.

msmn:mauonn]uarchreporthasbeenprepamdbythu[ntemauonalScarchmgAuthomyandummmnedtuthcnpphcam
according to Article 18, A copy is being transmitted to the International Burean,

'I'hisimemaﬁomlmhrepoﬂcomimofamalofsfz sheets.
It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the Report

a.. With regard 1o the language, the international search was carried out on the basis of the internationz| application in the
language in which it was filed, unless otherwise indicated under this item.

I:] The international search was carried out on the basis of a transiation of the international application
furnished to this Authority (Rule 23.1(b)).

b. D With regard to any nueleotide and/er amino acid sequence disclosed in the international application, see Box No. 1.
2. D Certain claims were found unsearchable (See Box No. II)

E Unity of invention is lacking (See Box No. III)
4, With regard to the title,

the text is approved as submitted by the applicant,
D the text has been established by this Authority to read as follows:

(™)

5.  With regard to the abstract,
the text is approved as submitted by the applicant.
El the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No., IV. The applicant

6.  With regard 1o the drawings,
a. the figure of the drawings td be published with the abstract is Figure No. 1
as suggested by the applicant.
as selected by this Authority, because the applicant failed to suggest a figure.
I:I as selected by this Authority, because this figure befter characterizes the invention.
b. D nope of the figures is 10 be published with the abstract.

may, within one month from the date of mailing of this internationat search report, submit comments to this Authority.
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Box No. I  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

L[]

1. [

2 [

This international search report has oot been established in respect of certain claims under Article 17(2)(a) for the following reasons:

Claims Nos.:
because they relate to subject matier not required to be searched by this Authority, namely:

Claims Nos.: -

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(z).

Box No. Il  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

X OO

« U

This International Searching Authority found multiple inventions in this international application, as follows:
Please See Contimuaction Sheet

As all required additional search fees were timely paid by the applican, this international search report covers all
searchable claims. ’

As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite
payment of any additional fee.

As only some of the required additional search fees were timely paid by the applicant, this imernationa! search report
covers only those claims for which fees were paid, specifically claims Nos.: 1-25

No required additiona] search fees were timely paid by the applicant. Consequently, this international search repart is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest {:l The additional search fees were accompanied by the applicant’s protest.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet(2)) (January 2004)
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International lication No.
INTERNATIONAL SEARCH REPORT Frationa’ apgiication Mo
) ' PCT/US04/17786
A. CLASSIFICATION QF SUBJECT MATTER
IPC(T) :  B321B 15/04:C23C 22/40,68,82:C23F 11/00;C09K 13/04
USCL . :  See Electronic data bases.

According to International Patent Classification {IPC) or to both national classification and IPC
B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
U.S. : See Electronic data bases.

Documentation searched other than minimum documentation (o the extent that such documents are included in the fields scarched

Electronic data base consulted during the international search (name of data base and, where practicable, search termy used)
Please See Continuation Sheet

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Catcgory * Citation of document, with indication, where apprupriate, of the relevant passages Relevani to claim No,
A _| US 4798683 (BOFFARDI et al.) 17 January 1989 {17.01.1989), cited in application to show
state of the art.
A | US 4548787 (WILSON et al.) 22 Ocwber 1985 (22.10.1985), cited in application to show
' the state of the art.
A | US 4440721 (WILSON et al.) 3 April 1984 (03.04.1984), cited in application to show the
state of the art,
A | US 4409121 (LATOS et al.) 11 October 1983 (11.10.1983), cited in application to show the
state of the art. '

A .| US 4217216 (LIPINSKI, Richard J.) 12 August 1980 (12.08.1980), cited in application to
show the state of the art.

A -] US 4176059 (SUZUKI, Fumiko) 27 November 1979 (27.11.1979), cited in application to
show the state of the art. ' .

Y -] US 4018628 (PAULET, Jean Francois) 19 April 1977 (19.04.1977), column 2, line 4-7; g-15
claim 1.

A~ | US 3920488 (PITTON, Oscar) 18 November 1975 (18.11.1985), cited to show the state of
the art.

m Further documenis are listed in the continuation of Box C. D See patent family annex.

. Special categories of cited documents; " Later document published after the intereatinna] filing date or prigrity
date and not in conflict with the application twut clied to undersiand the
“A" document defining the peneral state of the ant which is nol considered 1o be principle or theary underlying the invention
of particular relevance .
“xe document of garticular relevance; the clatmed invention carot be
“E” earlier application or patent published on or after the inlermmional filing date considered novel of cannot be considered 1 involve an invedtive nep
when the document is taken alope
"L" decument which may throw doubts on priority claimys) or which is cited 10
esiablish the publication date of another citation gr other special reasan (a8 "Y" document of particular relevance:; the claimed Invention canmat be
specified) cansldered o involve an inventive stzp when the document is
combined with one or more oter such documents, such combination
“0" document referring to an oral disciosure, use, exhibitlion or other means being obvious to a persan skiiled in the an
"P"  dotument published prior to the international filing date but later than the “&" document member of the same patend family
priority date claimed

e

03 September 2004 (03.09.2004)

Date of the actual completion of the international search Date 04,'33“-05'0‘!&2.“?4‘&0“[ search report
Athotiz=d offs

Name and mailing address of the ISA/US
Mail Swp PCT, Aun: ISA/US

Commissioner for Patents . ton
P.O. Box 1450
Alexandria, Virginia 22313-1450 Telephone No. 571-272-

Facsimile No. (703) 305-3230
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C. (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category *

‘Citation of document, with indication, where appropriate, of the relevant passages * Relevant to claim No.
X .| US 3650957 (SHIPLEY, IR. et al.) 2] March 1972 {21.03,1972), examples 12, 13 19; 1-7
— column 4, lines 55—57 uolum.n 5, lines 70-73. ————
Y . 8-15
X | US 3314811 MITCHELL et al.) 18 April 1967 (18.04.1967), column 2, lines 4-21; column 1-7,16,18-24
-—_— 3, lincs 48-57; claim 1. ————
8-15,25
_ | US 2554256 (LEWIS et 'al.) 22 May 1951 (22.05.1951), column 1, line 50 to column 2, line 1-7,16,18-24
-— 3, column 3, lines 52-55. -
8-15,25
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BOX HI. OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. 1n order for all inventions to be examined, the appropriate additional examination fess must be paid.

Group 1, claim(s) 1-15, drwn 10 formulations comprising aqueous solutions of ammonium chloride and ammonium
molybdate/heptamolybdate, .

Group II, claim(s) 16-25, drawn to metallic substrates treated with the formulations of claims 1-15.
Group III, claim(s) 26-36, drawn to methods of treating metallic substrates with the formulations of claims 1-15,

The inventions listed as Groups I, I1, and III do not relate to a single general inventive concept under PCT Rule 13,1 because, under
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasans: The commoan technical features
10 al} claims are found in claim 1. This formulation is known as disclosed by Lewis et al. (US 2554526), see column 1, line 50 to

column 2, line 3, accordingly, such does not constitute an advancement in the art and is pot a “special” technical feature as required for
unity of invention.
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons;

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. [ ] Claims Mos.:
bedause they relate to parts of the intermational application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.: '
q because they are dependent claims and are not drafted in accordance with the second and third sentences of Ruie 6.4(a).

Box No. Il  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple invémions in this intcrnationel application, as follows:
Please See Continuation Sheet

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all
searchabie claims,
2. r_-] As all searchable claims could be searched without effort justifying an additiona! fee, this Authority did not invite
E payment of any additional fee.

As only same of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.: 1-25

4, D No required additional search fees were timely paid by the epplicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: |

Remark on Protest I:l The additional search fees were accompanied by the applicant’s protest.
D No protest accompanjed the payment of additional search fees.
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Group 1, claim(s) 1-15, drawn to formulations comprising aqueous solutions of ammonium chloride and ammonium
molybdate/heptamolybdaie,

Group II, claim(s) 16-25, drawn to metailic substrates treated with the formulations of claims 1-15.
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| The inventions listed as Groups I, 11, and ITf do not relate to a single general inventive concept under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding special rechnical features for the following reasons: The common technical features
to all claims are found in claim 1. This formulation is known as disclosed by Lewis et al. (US 2554526), see column 1, line 50 to
column 2, line 3, accordingly, such does not constitute an advancement in the art and is not a “special” technical feature as required for
urity of invention.
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E The applicant is hereby notified that the international search report and the written opinion of the International Surchmg
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Filing of amendments and statement under Article 19: )
The applicant is entitled, if he so wishes, 10 amend the claims of the international application (see Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the international
search report.

Where? Directly to the International Bureay of WIPO, 34 chemin des Colombeties
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 740 14 35

For more detailed instructions, see the notes on the accompanying sheet.

2. [ The applicant is hereby notified that no imernational search report will be established and that the declaration under
Anricle 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

[C]  with regard to the proteit against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified thar:
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Shortly after the expiration of 18 months from the priority date, the international application will be published by the International
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before the expiration of 30 months from the priority date.
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In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19 months.

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applican:’s
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liguide & bes point de fuslon dont la compoaltion est donnde
par lma coordonndes du polmt mipla. La préscnce d'eutrex

- didments dana le méral, volr miéme Impurités, asoamtue
entore e phénsming.

Cas allleges sant sux mmgl susceptiblaa d'Ste traitéa
thermiquement. La préclipitation flng ot homogkne da compo-
sta Lrrwemdtmiliquan dams ta matrice, qul hermet d'optimall
azr les carsctdrstiguas mécanitee, a lleu pendant be trat
temeont 46 revenu b basxe wmpérature. La prédipitation
maxknym 1 un troHamant préalable de ramise wn o
wtion das 61 durclazsms dans la malrice ot ca & une
twimparatire aussi dlevée que poasible. valsing an tour ces
- da \a temnpdrature de début do fuslon de 'alinge.

Bl jea phénombnes da ségrégetion mioraacopique dirge
te ont ¢ intensap lory de la solidificetion de (n plbgs. Ie
risque de reliquéfaction du songtituant interdendrit! riche
en elémants d'addittan ast grand a |a température
&n soluvtion, c'asrt une ceuse de brilore. bt

Outro l'augmentetinn du ragus dapparttion de ebrOke-
rus- pandent Iy traitement & haute températurg, la présencs
de ce copmituant & Las point de fuslan su sein du métm! (wo-
voque und fragllisstion Imparterte de ln place.

Pour mimx mattrizer g3 conditdons depparition de cs
canstituant mémllographique, yon identtfication rapids et

. iscm parm! |es sutror phases s avire Indispansable,
%EN STRUCTURAL, «

MISE AU POINT D'UN REACTIF SPECIAQUE

Laxamen métallograshique d'ellisges d'stumdhium conte-
nant T % de sliiclum ae révile ddlicat En affyt. n présonca
du sificium rend ditticiis, voirs Imposslble, tout poilapago
alectrotytiqua alory gue la shmple polissage macaigue maon-
trg une mytrice daluminium terhs ot dea greind de elifedum
grigdtran at smns relief,

remise

TARLEAD 1

Compowition da quelgoes riaciifs nivélent W structure
des wiluges ahomdnlomegifctum

| voa.. DS oe ﬁ!
ROy e e 15 oc
HKOy , 25 cc
8 1o Caeaeies 5 5e
lrénctf de KELLEH)
HMNO: - HLec
Had o T8 cc
NoF 0.f gr
Q HNOs e e 10 cc
HCE .. . e . 20 T
HOQ i L e V70 ec
CHiCOOH .. ... . iean. .. 34 cc
HNOy . 704 cc
[NRHuijp May Oy s Ha0 ..., 25 gr
HMGQs .., 108 ex
C-HzOH 1900 cc

Falrz un ghoix d'un rdgotif d'attague exst toujours une
tAche ddlicata, On peut trouvgr dane o littArature [n compe-
sitlon de nombreux réactifa qui révélent plus gu moine blen
b structure des allisges aluminium-silicdlum [5) [6]. s t»
blaau | an rmprend qualgues exemplss,

Or ¢ m&me proposd un résctlf & baze de molybdate
d'ammonium dlssous dars un méipnge aelcookscide mtrique
qui cokore [e sliiclum de différentes meanidres s2jon ey
conditvana d'attequo [7] Cspandant la préperstion d'un tel
réactlf mpose 12 divsotulian du molybdme d'smmonium dany
i'acide nitrique slx tals narmai, dtepe ddlloare 8] l'on vew
sviter lo precipltation d'aclda melybhdique.

No.184  F. 23

En sftet Uspparition d'acide mohydique est rdplke & o
tols par la réactlon da dissociation du mobdbdate d'ammo-
nfum

{NHq) Mox Oz 4 HaD == 6 NH, +M0:0u"+l'ri10_
81 1#quilfore de formation de facide molybdigoe -

8 NHy

+ MosGx % + 10 a0 = 7 HeMiole 4+ 8 NHL - 8 OH-

La constamte d squilibre de cotts gernlérs rédacTion a sa
valaur flxde por la relation :

[OH M« [HeMat]?
[Mov0y -1

On voit quiuna sugmentation ¢de a congentration én
o {OH-) dana le systdms déplooe dqulithre varmy lo gau-
che st lImtte la formation d'weide molybdigus. Cool proanve
I'imérdt dutillger au départ una soluton basigue plutht
quacide poyur feciver la dissolution des oristaux de molyb-
dete.

Cas oconsiddtations nous ont conduit 4 cholsir un pre
mier rdactif oontamert du molybdete demmonium et une
quant!té de moude teile que la p.  fBnal et woluin de §.
Lotague ['on souhsite Utliser cotta solution pour révéler fa
atructurs sz ailiagas sluminim-sllicium contenant du cuivre,
la tempsrawure datteque cotl dre mulnteowe constammant a
ure velsur de B30°C duram Jrnmersion da {'schantilion. Cetwe

Keg =

tonditon eat assantiells pour assursr urm parfalts repro-

ductibilid dob teinme parmattant |donttficmion aiséa des
dlifdrentes phases [B].

L'obligatioh de mamianir fe réecttf 3 oeita tampératre
précise de AO'C ot los difficuinis que coia pose parfole ou
point de vue expé | nous ont armend & revolr €a com-
postiion &t A la fler. En rempliacant {1 zayde par du
chlorure d'snoniun 1| a'svire que 18 miss sn polutlon du
molybdate est toujours aygsl faclie ot qus pour la compo-
shfont aubvants :

1 gr dhepmmolybdats d'emmontum

200 cc & mau dlrnllée

8 gr da chloture dsmmonium
I'atteqisa peut s'etectuer simplamant & ta ampératurs pm-
Murre. LYmmemion de 2 mlmutes tronte 3 3 mimass dana
catts nouvella soludon différéncle parfslwment lac greins

do silicium et les phages d'surtectiqus tatvaits qud apparmis-
sont culorées reapschvement £n bisy sombre ot an jaune,

%
T

2. Alllags b 7 % do tllicium at 4 % de ctivre
coulé ep coqullia Frolde - Bryt de oou'ée.

Poilszage mécanique suivl d'uns !mmergion

de 2 minides trents dang le rdactll d'stagque.

Qrelna T afuminium primalre repréeentdr ¢n A
¢! plages o ewtectiqua ternalre ¢n B.

Voici dalleurs auskques exampies d'atisgug obtenie
cous 025 candiiena. On paut obssrver bur ke photo m 2 b
microntructure dun aill comtanant 4 % b cotvrg BT T %
de allicium. brut de soulda en coquilis frolde. L'simque of-
vile un constituant eifectique non rdsa’u co'oré en brun el
lgs graing d'aliminmum primaires. La photo n* 3 représgnte
la microstructurd du méma alllads sprde un treirement de
remise en soktion da huit hsurss & BADYY sutbui A'ne trem
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B - Alllags A 8§ % de xHizluwrr at 10 % ela cuolvra - 7 - Micrextruesre do (8 mime plaga 3 . Microstructure dv ta mime plage =
Solidificatipn lents dans la creuset de fusiom. apris 30 sacandes dattequn dany |n rductll. apris une minute d'attegre deow le reactl. ]

Simple polfssage mécanique seme laque. On disfrpus fes gredns alvminkan an A, Laa praind de sTcrum soni davanus griz-bron, o

On décdia d4jd les pmins d'alusdntem an A 3 plager de Cudh givfatalirg e 8 Jes plagew ds Cull, viclackes. -

las plages de CuAl, en B «f lpa greing o gficium an C. #i lay grainy de 7iism bleuvwombrs sn C. ©

-

LAl (5?“““, NOLIYRIND U2 S24HEL2: SN  HIX- S 43-0.1dSUAS « 3400 14BAe Wi W 152124} 40024415 1Y QMDY ¢ 55106 3D¥d

Al o =
A e =
T ., . =
9 « Microstruchrv de ia mime pinge 10 - Microstrurhaw dn la méme plays 11 - Mioroattociore de (& mdme plage
prds 1 minute 30 d'atteqvue dans 1s réactif. . aurés 2 minatan dtisque dans be réacut. mprés 2 minutes 30 d'artague dens la 7éaclif. -
Lag graing ds sficlvm sonl devanus blaus, Loe greéna de allfchr 2oal davemss Orik {los graing de sificiuen gon! covanus vicfmcés )
tes piagee os Cudk [sunas @ ey pleges de CuAly rouge-vioisck, 6! I8y pfager de. CuAly verkas, =




(¥
=
12

nprdz & minuten d'sitaqus dans e rénctd,

Lae grofog de tiffcium of les plages de Cuwdh
1on! fouz deur devenur grir wl pauvery dlficifemand

14 - Microatrociury dw ie méme plagn

. Migraatrootirs A In exime plage

eprix 3 w'oulen X0 dattzgae durs |a rémadf.

13

. Microstrugtire 9o la méme placa
apréx 1 mintes d'attaques dane la réactd.

12

—
w
o

viofsct.

de a¥cium zowl dereur griwverdilre

8! les plapes oo Cudh oS

Les graina

Loz grainy de stiiclum eonl dayeaux gris
of e plages de CuRf brunes.

8ire didinguds.

prode _ platine

acier 18-8

cathode

[

15 - Olapowitit sxpérimental o dlectrafyse conatlipd
d'une callule comanant e résctl!, Ture cathode poiie
¢n sdler inoxydabla 18/8 et dPune &19da quus poncivoe.

dlectrodon croiszznts du centra de Ie plaguetos 3 sa périghé-
rta orveque s formation d'un dépdt éralaseur varable di-
mimuant progresalvament dy cemire su bord de he carhade.
Une tddle mrfaco obsorvde on Jumldre blanche. & la lumisrs
du Jour par e, ext recouverty d'anneaur toncantdques
colords de péd mamfexste [photo ~* 16).

=o BEFVE .

18 - Cathoda oh d&/er inoxydable recauverie du didpd
Sectrofytigus (courgnt ("&ectrolyse 1 mA,
durde de [dlectrohes & minvtes)
obaervie on hudro du four _[a niffexion wédivaitre
de in [umitre dignene provoque Fapperition
danaauy COTeeniriques ooiords.

Par contrs, pour dp tréd longues dirdes d'dlactrniyse Ja
cethods 58 recouvre d'un épals . déptt noirtre qui 3'écallis
gprée séchage, s'snihve fanllsment ot restie: o plaque
d'sclgr Inoxydahle dans son ctat indtinl, parfaheenent olic ot
mon attwyude.

Cea earxals conHrmant que I'utilieation du réactit pm;ro-
bien sur les zones cathodigquea 1o formadon d'un dépdt.

nuramh 1 prouver qu? une épeiseeyr donnde cOrTeRpond une
colaration préciaa.

La Tumigre blapche sat composSe dondes slectroms-
phétiques phines et monochromatiques dont la longueur

d'onda varle de 4000 A {dans le bleu) & 8000 A {dans le
rouge).

La cathods rocouvente du dépdt dont 1a représantation
schimaticua en un polnt dopnd figura & [a photo »* 17 56
compoTte COvume un gypthme réfléchimsant conatitud par |a
supetposition de Asux millgux 0 w1 la face Inférteure” de
13 fema ainal formds aet ntertacy deEpbtubstrat, Ly dépdt
glectrolytiqua. milipy §, st caractdricd par sewr indloss o
rifraction ne ot d'@xtinction Kk, la subsret medtallicue |'est
quant & lui par 8aa indices de rdfragtion ny et d'ortinction k.
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o o PRVRRL [ e
.Tl ID’° D
5 mitiey 0
'E i g Ky
|
3
F b
..-n!\_rnau1 e
SUBETRAT milieu 1
iy, Ky
- Moddle de symtémse véfléchissant,

L face lnummc de 12 fame mince osl Fimeriace
cépdi-aubstral. D.. el Je vecleur astocld & Fonoe

Incidents av nivaau 0, D.. sot Iy vecteur moc:l
& londe réfidchie lorsgii'elle aivaini le niveau 0.

Pour un td modéle une onds Instdenta qui, oy nlvesu 0,
peut 3 mettrn oova forme &
- -
Do = 8« uUs = 001 ot '
rt dans le dépbt un chemin da ‘ongueur | correspon-
dnmhmmm-ur

onde électromagmiti o age dend un
bllw Isotropa sbaorbant 2 pg:r.::mpm- m] 1

kg ¢
- . e -+ sn
Dhwate " Ua® 605 o [t — —)
1
felstion dans lagoeile
-
Dnmlnv_ccuur-mltil_uprppmmdnl'mde
wEks
)
a'a ampliitude de I'onde
dnn.!h milleu d'indlos d'udmllm t
e
O =2%-ypy=12— o valaur da la vitegoe ds la
b tumidre dans fa vide
- .
U vEstour uniteire

.su(‘t—-——] Iz phasa dg Ionﬂu fonction dy ehunln
¢ parcourn B3 deng le milku dindice de
réfraction n

Au nivean | 'andg Incldente apra son percours | dana fe
milleu 0 aurp paur expregsion :
to ko
- e T - 1o
Dh=a-a 'olp 408 0t e —)
15

- [ ne
=W Uyt GOF W (f e ]
[
o b !

enposant & = 8 ' 4

A I1nterhr-o dé| rt-substm métallique eltle subit une
réflexion aecomp, d'un déphasegn o fonction- dey pro-

Dl‘l.élp‘:r optiques du dépbt at dy gubstrat ! ‘elle est représen

- . { ma
°n=-{-—-n- u.-mun-——)]-
& M < M

lﬂl—mu

tntasulel'ti-rm:ydahl-

No.1841 P. 32

Tous calexds folts (voir annexe) ot oomple tenu de ce

. qus dans 1B relation de MOHVRE cow 0 represente Ja pantie

téetie de v | " O gette valsur devient :
m — Ma

- | pane rdelle de [ — m - e

Drnw m 4+ ma

| * @t — —=)
[

ou eqcore .
—_ _ -b fn.
Dy m — = Vr s wercon[ o[t e =) o 2]
o
le‘pnuvolr rdfiecteur nv & |'Interface dépot-substrat est don-
né per
hh =
[ 3"+ laP=—1i}] * +d[hn-—lfon:]‘
Elm + m) ® 4 (o + k) M}
ot lo déphasage & la réflexion 5 defini gar I3 relation :
2 (ks e — ko ™)

ml— B4+ th®—k

L'onds rifischia o8 propape & nouvemu au trovers du dé-
pot ofi. au nhveau 0, ello 3'aXprime par ja wlation :
-

e =

D =
okl
c -+ i ne
——eface f et con [t — % =) — 5]
..
o2/

o Ine
mw—0"fn"e r s Bft—2 ) — ]
0

ot vient interférer avec l'onds tncidents su niveau 0
- -
Ow =0* U cos st

Ln résultante g8 ces ek andos a uns axpregelon de la

- -
Dn-Am(ut-l-M' (™™

Le flux lumineux assoolé & cetto résultamte ot propm
tionne! su ooird de 'anpiftude. Cest-d-dire :

okl anlhl
T [

Fl{t+nre

, tny |
EveC J = ? weames . p
g

‘v ¥n ocos BAQ)

Lorsque, commmb dana hmwmmmmlnlw
simplifications Umpor-
l.'nt dana Iweulm dy flux luminguol En
tﬂ‘ltlln lpll ihreﬂulnn-toelle-den
wizle d t-suhstm. Si do pluds noun négl
Iuhaomﬂnnﬁnsledipm o Gqul ast vral pour lea
I:Iur‘:p;u:em. ia valaur du flux lumineux donnde per (1)
3 ridy

3
d-glopin?2 s —
b

ohlmmtbnwduﬂeduspmvlﬂhhetﬁlera-
wrd de (a lamedd

SI nous portans 0 graphéqus n 18) co facta
fomttion du etard g6 1 1ema 6t Uone e fornaben |§;a?2
seur du dépdt, aous conmetone |k rlﬂe:dun af'sctive . d

composantas fondamentnles de la hapidre bienche : lo tlln.
le Jaune. lo rouge dcl'll fes Imgueuu d'onde sont respegtive-

ment dgales & 4500, 800 ot 7000 A.
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exd
yedaton du tactaur 4 sind

" oft feneten de |a fonguem
Horvda et du retard do W Lame-ddpdi

AR | % m 4500 A A = 5880 A% = 7000 A
0 9,000 0.000 0000
400 K <! 0883 0434
%00 323 2771 1,702
1,200 3958 3,102
1500 2484 328 3,028
2.000 | 0.488 2882 1B02
2.400 8,173 1208 2788
2.800 1.930 0,0BS - { g2
1.200 3756 0.280 (] ]
1.500 LR T 1855 .63
4000 1 B53 31258 0763
4.400 0077 3999 290
4 800 DAe2 3370 3382
8300 2,748 1,803 382z
5 80D bR L) 0371 s
6.000 3000 0.088 2445
8400 0,882 1078 1082
6 P00 o019 2725 0.128
7,200 1382 3581 6,128
7,500 1439 31748 h 2
B.000 JABTE 1418 2443
8.400 2,209 0.801 2618
8 BO0 0304 0.008 Y-
L1.11:'1 1 e bl

soon A=n.l

2= A
18 « Représontation graphique du faotsur 4 unt

an fonction o ratard de ta fame pour lrole longuelrs oonde
choisias dans le bicu [d4.500 A). le aume (5890 A)

ot e rouge (7400 ;:J. La resuilants des réftaxicnp adiactivea
Juatiffe (a tormation Jee mnmeaux colords our 1a cathode
an atfar (naxydabie.

Cn conatate pour {ea trés falbles apalegeurs una sbrorp-
tion de toutes |83 longueura d onde du spectrs. o résultents
sare donc umn griz blauté pulsque ‘a bisu sst toujours préda-
minat, Au fur at i masure que |'dpaleseur du mnu
mente on peut hrdvolt par Ulnterprdtanign du gr s &
succession dex talmtes suivantes - d'ebord clalre par une
poasibiiitd de rifilaxton de ioutes les compoammies. puls
Jaune qul devient prédominent, viglat récuitant dg (3 gombl-
Aalson du rouge et cy blou, vert résuitante du bov et du Jaune,
jaupe o nouveru dominant, violst combinaison du rouge et
du bisu. et mins| da suta,. Pour dou épdlsseurs plus impor-
tantea lea caractéristiques optiques du depdt pervtennent &
mastUer ez phénomanes d'intetdrancs,

 d'stuminium st une wrire

No. 1§41 P, 33
Cetty succanalon da taibtes pat -bien oetle que nous
s remarquer =T L cathode d poiwr Lmox lu apras
dl-utrvlyu (photo m 17] &t justifis alnal potrs wxplication
du mécanisnv d¢ L colorotion

SYSTEME MUTIPHASE. -
APPLICAYTION AUX A.-87G

Ls structure dun échemtillon d'AS?G comtanart du cuk
wa, fralchament poll ot dégraicsé, tmmergé do dewx minutes
rentz & trols minutes dang la anlution d tteque A tempére-
fure mmbiante eat parfaltement rdviida. Dans cas condithans
un examan sy mroecope optiqua parmet ['ldentifioation ra
plds dex gruios do eilickum cokwds on blsy ot dea plages
d'atectique tamelre colordss en jams.

Un tal ailispe consthue un systhme muttiphese formé
Jd'one metrict dalomndum dune ou plusieurs
aunas’;hunn, \oraguil est plongé daos |9 solution, un cous
rant d'¢leotrolyes Interne compte-tena dea I» diMg-
rents forme sur las phases plus dlsctro * que ¢ ma
trice d'slumdnium un déndt adhArent qul. eqlon son Aoels
solr. provoque s réfledon selactive des nos iz
lumidre blanche &t donne des colorstiony .

Pour Inﬁ[lqmr Rous pronocsdns jc schéma réact) sul
vant aur e ce de I'échemiilon tmmeryé :

1) Lors de |'Mlectrolyss Inteme un dipdt, vradssmblabie
mant de sesquiaxyde do molybdére sp furme A la
surtase de chacurns den plager plua ruvuT;gla
matrice d'shroinium, plus oo molne repidemant salber ['dcart
du potertind qu'slie prdsente par rapport A gette phass.

2] Le dédpit Wftial xolg lo substrar do I'action du réeotif
mala 11 pout continuer & oroftrs, soo dpalgoiasameant yitérisur
sit alovy g par la difffrence de W qull prépecte
hil mvbime par epport A In metfoe 4'luminiom.

3] La couche déposés fore de obmervation su mi
optiqua, la rdla d. lame nrince st grovoque una

proLEOPo
‘réflexion sélecrive ¢ la fumidre blanche llsa non soule

ment & T'épnlaseur duy ™mals aurssi mux proprtédis opth
quee du substret. Loy chasrwéaa, fonction de ln du-
rfa de l'sttague, se Justiient par ldpalssaur obtenue fous
cea candlions et nom par ung goloration propra du dépdt.

4) Loreque |p diféronca dg putent’al shte la wmetrics
e ear Incuffisents, 1s pramlars

enaadum“m Hiolla voire tmpussibla 8 phtentr
ot in poloration de cattg phesa n'syre ¢anc pas Heu.

CONCLHUBIONE

L'spplication de [z théorle dss phinoménes dinterfs.
rance &b la lumikre blanche polsrisée par une lame minca
nove. & permls d'avencor uné explicerton de la colorstion des
phosed ilkolum wt Cudls décoldor lory os [2tsque métal
logrmptigqus par un rfactif & base do motybdars &'emmontum
dans Ica allinges hypoautactigues « tluminfum-alliclum- eomte-
namt du culvre.

Lutillastion d'un dispositsf #lsctrochimiqun originel a
rivdld la Fermstion sur Je métal d'une pelilculs dont Cépats
sew ant directomant foncton do la nature du auhstret. de
la duré de l'atteque et de la composition da |'électrotyte.

Une dtuée systématique dc coa corkditions rove amdne
4 propaser 14 composifion auivente paur ln solytion ;

1 g d'heptamolybdets d ememonium.
6 g d&a chlorure d'ammontum,
$0¢ cc dwau isdllde

Uimmerslon dea A-S7G dang ta réact¥ frold révele sans
ambigurtd les phasar sllicium et CuAh par coloration adlee-
tive. Dmn pcdcipiths 1als ARNI, MpAl., " padfols préanntc
dang d'aumes alllagos ldgere peuvant dtre idemtifids par o
méma techniqua. les obeervatiomy gins! teltes ont chague
fols #14 confirmées par det examany osomplémentaires Bu
microarsiysaur ofin de déterminat kb eormélation : Aewre QU
préciphtéd/colorosion,
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' . | ANNEXE

CALCUL DU FLUX LUMINEUX
DANS UN SYSTEME LAME-SUBSTRAT

Une onde dlaciromapnéiioue se prupagesnt deas s vide
peUT 58 motire gouala formn

— - .
D = »oos mt y. dans lagua'le
D est |z vecteur assoclé 3 ls propagation de l'onde,
¢« [lamplwdae da l'oncde
-4
Ua Un vecteur unhtaire,
2=
» la pulaation = 2 7 v =

— (4 aa la'iongueur d'orde
A v Iz fréquencs).

w1 Im phasa de I'pnde {00 1 représams e tomps).

- Le fiux lumineux associd ¢ cette unds est progortion-
nal b &%
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USSR Inventor's Certificate No.
539983, Cl. C 23 C 22/06, 1977

The invention relates to the chemical treatment of metals, specifically to chemical
oxidation of items of aluminum and its alloys, and can be used in the production of
radioelectronic equipment in the radioelectronic and other mechanical branches of industry.

The goal of the invention is a reduction of the electrical contact resistance of the coatings
while simultaneously improving their protective properties.

The proposed solution contains, g/L..

Ammonium or alkaline metal phosphate 15-30

Ammonium or alkaline metal chloride 20-50



52

\67

2
Ammonium or alkaline metal citrate 10-25
Ammonium or alkaline metal molybdate 4-12
N,N'-Diphenylguanidine 0.2-0.6

The solution is prepared in the following way.
First the calculated quantities of all of the components are weighed out and dissolved
(except for the molybdate) in warm (60-70°C) water in separate containers. N,N'-
Diphenylguanidine is dissolved in slightly acidified water. Then the solutions of the phosphate,
chloride and citrate are mixed together in succession. The mixture of solutions is mixed, acid is
added (for example phosphoric or hydrochloric) to a pH of 1-3 and the molybdate salt is poured
in. After the molybdate has dissolved the solution of N,N'-diphenylguanidine is added, the pH is
orrected to 1-3, and the total volume of the solution is brought up to the required value with
Q/ater.
The process of application of coatings includes the following stages.
First smooth plates measuring 50 x 20 x 2 mm of aluminum type AO and its alloys AMg-
6 and D16 AT (surface roughness Ry = 1.25 pum) are degreased in the usual way.in an organic
solvent (for example gasoline) and in a solution containing disodium phosphate (10-15 g/L) and
soda ash (5-7 g/L.). Then the degreased plates are subjected to etching in a hydrochloric acid
solution (100-120 g/L) at 50-60°C for 0.5-1.5 min and, after being washed in hot and cold water,
are subjected to brightening at rcom temperature in a nitric acid solution (1:1) for 1-5 min. After
a thorough washing, chemical oxidation of the samples is carried out. The oxidation time at room
temperature is 20-60 min, depending oa the composition of the solution, while at higher
temperatures (for example, 80-90°C) it is 3-5 min. The oxidation process is stopped when the
plates have reached a yellow or pale green color. The coated plates are washed in hot water and
dried in a drying chamber.
The density of the single-use charge of solution is no more than 2.0 dm?/L. In operation,
the pH of the solution decreases, which leads to a significant slowing of the rate of the chemical
......xidation process even before the solution is completely spent. In order to prevent a reduction of
the rate of formation of the coatings, it is necessary to correct the pH periodically to the initial
value,

The contact resistance of the oxide coatings is measured with an E6-18/1 millichmmeter
by the four-wire scheme using current and voltage leads. For this purpose, two plates with the
tested coating are put into a special holder of a dielectric material in which reliable contact
between the plates with a strictly defined area (5 cm?) is supported by a load of 100 g over the
entire contacting surface. To connect the plates into the electrical circuit, knife electrodes, which
are brought to the surface of the plates without contacting each other, are used.



The protective properties of the coatings are determined by accelerated tests with the
plates held in a 5% NaCl solution. Examination of the plates with a BMS-1 microscope
(X4 magnification) is carried out once a day. If points of corrosion in the form of white bloom
are found on the surface of the samples, the tests are stopped and the last 24 h are not counted in
the test result.

The table givés the compositions of the tested solutions and the results of testing the
oxide chemical coatings.

As the results show, the proposed sclution supports the formation of coatings with low
contact resistances (0.070-0105 mOhm/cm?) compared with the known solution
(0.310 mOhm/cm?), which improves their functional characteristics and makes it possible to use
them in low-amperage cable connectors.

The better protective proj:erties of the proposed coatings allow the coated articles to be
used in a marine atmosphere that contains chlorides. An important advantage of the proposed
solution is also the fact that it can work at room temperature, thereby simplifying the
technological process.

The technical and economic advantages of the proposed solution are a reduction of the
electrical contact resistance of the coatings while simultaneously improving their protective
properties.

Claim

A solution for chemical oxidation of aluminum and its atloys, which contains an
ammonium or an alkali metal phosphate and an ammonium or an alkali metal chloride, which is
distinguished by the fact that, with the goal of reducing the electrical contact resistance of the
coatings while simultaneously improving their protective properties, it additionally contains an
ammonium-or an alkali metal citrate, an ammonium or an alkali metal molybdate, and N,N'-
diphenylguanidine in the following component ratios, g/L:

. Ammonium or alkaline metal phosphate 1330
Ammonium or alkaline metal chloride 20-50 )
Ammonium or alkaline metal citrate 10-25
Ammonium or alkaline metal molybdate 4-12

N,N'-Diphenylguanidine 0.2-0.6
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Components of solution and properties of coatings
Characteristics of composition

Known

Concentration of components, g/L:

Temperature, °C

Time, min

Contact resistance, mQhm/cm?

Protective properties, days

Samples of aluminum type AO.

Samples of alloy D16 AT.
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(54) PACTBOP ANA XUMWYECKOIQ OKCH-
ARUPOBAHMA ANIOMUHUA WU EM0 CMAA-
808
{57} VNaobpererna OTHOCHTCA K XMMUYECKOA
obpaGorke meTannos, B YaCTHOCTU K XUMUYE-
CKOMY OXCMAMPOBEHNIO MIZENUA N3 3NIOMUHUA
W 870 CRAAROE, ¥ MOXET BLTL NCNONLIOBAHOD B

M3obpeteHne OTHOCWTCA K XUMUYECKOR

obpabuTee merannon. B H3CTHOCTK X XUMUYE- .
CEOMY.OKCHAUPOBAHHIO-UIAEAUA- W3 3RIOMIHIAR -

" ero cnnasos, # MoxeT GuTe NCNONL3083H0 B
NPOM3BOACTEE PAAMOINEXTPOHHOR annapary-
PH B PaANO3NEKTPOHHOR W ADYruX MaUIMHO:

- CTPOUTENLHEX OTPACNAX NPOMLILLAEHHOGCTH.

Uens naobpareHna — CHUXEHUE INBKTPU-
YELKOro NepexoaHoro ConpoTHBAEHUA NOKP.-
THA NPW OINOBPEMEHHOM NOBHIWEHUW MX
33WMTHLIX CBOACTR,

Npeanaraemuf pacTeop coaepxwr, r/i:

docdaTt aAMMOHUS AU LLEADYHD"

fO METanna 15-30
Xnopna aMMOHNA UAW WENOYHD~
ro MerTanna 20-50 .

Liurpar aMmMOHNA MAW LenoYHO-

NPOUIBOACTEE PAZVMOINEKTPOHHON Bnnapary-
pul. Liens — cHuXOHUE 3nexTpuYecKOro nepe-
XOAHOrQ CONPOTUBACHMA NOKPHTHA npu
OAHOBPEMEHHOM NOBHILGHWA WX 3AUMTHLIX
ceoncTa. Pactaop cogepxwr, r/n: docdar am-
MOHWA UMK Weno4Horo metanna 15 ~ 30, xno-
PWA @MMOHVA WAV LieNO%HOro meTanna 20— 50,
UWTPaT SGMMOHMA WAM WBNOYHOrQ0 METaNRAa
10 — 25, MONMBAAT aMMOHUR KW WENOYHOro

matanna 4 - 12 v N, N’ -andennaryannpun:
- 0.2 — 0,6. CHuxenne anexTpU4ecKoro nepe-
. XOAHOrO CONPOTUBAGHMA NOKPLITUA NPU OAHD- -

BPEMEHHOM NOBHWEHAN WX S3UNTHHX

CRORCTS JOCTWrasTCA BEEAGHWEM B COCTad

pPacTeOpa UMTPATA BMMOHMA WAK LLENnoY-
HOro metanna, monubaata MMOHUR NN

wenouHoro meranna n N, N-umbaunnrya-

HuauHa. 1 Tabna.

ro Meranna

10-25
Monubaar aMmonna wan wenow
_Horo METARAg— "~ ~ T T gt
N. N'-audenmnryannamn 0.2-06

MpurotosneHve pacTeopa ocyu;ecnnam
cneayiouum 0bpazom.

CHavana oTpetwnsannTt pac-muue Konuve-
CTBA BCEX XOMNOHEHTOB M 8 OTAENLHBIX eMKO~
cTax patresopaldr ux {kpome Monnﬁnara) 8
Tenno (60 ~ 70°C) sone. N. N'-gu¢ennnrya-
HUAVH POSTBOPRIOT B CAGIKA NOAKMCNEHHOR

.sofie. 3aTem NOCNEA0BATENLHO CANBAIOT BME-

CT@ pacraopul ¢ocdara, xnopvaa. M UATPaTA.
Cmech pacTeopos nepemewmeaior, A0ROAST
xucnoron (Hanpumep, GOCHOPHOR ww cona-
HORA) a0 pH 1= 3 v BricuNaNT cons Monmbaarta.
Flocne pacTteoperna monubaara esopaT pac-

A 0068!;L9l

\>©
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1e0p N, N' -audenunryanmauna, koppexrupy-
o1 o pH 1 - 3 1 aoeoasT soaoi obumh obuem
pacTaopa A0 HeoDxOAWMOTo 3HAYEHUS.
Mpouecc vaseceH!n NOKPLTAR BKAKGYEET
B cebn cnegyounme craavn.
CHavana peoBHbE fIAACTHHW Pa3MepoM
50 x 20 x 2 mm 13 anioMuHa Mapku AO » ero
cnnasos mapkm AMr-6'w 116 AT (wepoxosa-
TocTe nonepxHocTv R, = 1,25 mx} ob6eanupwn-
saioT aGuunuM cnocoliom e OpraHMYeckoMm
pacrsopuvene (Hanpumep, Genaune) h e pac-
TROPE, COAEpXalEeM AByxaameweHHui ¢oc-
darwarpns (10 - 151/0) M xaNbLUWHKPOBAHHYIO
copy (5= 7 r/n). 3arem oBeaxwpennue 0bpas-
Ukt NOABEPralnT TPABNEHWIO B PACTBOPE eaKko-
ro Hartpa (100 — 120 r/n) npu 50 - 60°C
TewoHue 0.5 — 1,5 MUH ¥ NOCHhE NPOMLIBKIA B
ropsyeR v xonoaHoA BoAe — OCBETREHWUIO NPW
KOMHaTHOM TeMneparTyps 8 pacTeope a3oTHOA
cnoTu (1 : 1) 8 Teuenuwe 1 — 5 mun, Nocne
TWATENLHOA NPOMLIBKA NMPOBOART XMMWYO-
cKkoe okeungvpaBatue oBpaanos. Bpema oxcn-
AMPOBAHUR NPU XGMHATHOR TemMnepaType 20 -
60 MyH 8 JaBucMOCTH QT COCTaea pacreopa,
a npu Gonee smcokux Temnepavypax (Hanpu-
mep 80 - 90°C) — 3 — 5 mun. Mpouece oxcruan-
POBAHWA NPEKPALAIOY NPHU AOCTHXEHNH
XenToro waw ceetno-ienenoro yeera aGpas-
yoe, MokpuiTeie obpaauw NPOMLBAICT B FOPA-
yell BOAE W CYLUAT B CYLWMALHOM WKady. -
NnoTHacTs OQHOPA3IOBOA 3argysku pac-,
T80pa cocraanseT He bonea 2,0 oM
yecce paborw aHauewwe pH pacreopa
W3MEHASTCR B CTOPGHY YBGAWYEHWA, YTO Npn-
BOAWMT K CYTUIECTEEHHOMY 3AMEANEHWNIO CKOpo-
CTU NPOLUECCA XMMWHMECKOrD OKCMAWPOBAHWA
eute Ao BuipaboTkv pacTsopa. [las npepoTepa-
WOHUA CHUXEHWA CKOPOCTU 06Pa3oBaHva no-
KPHTHA HeoDXOAMMO RnepuoanvECKM
xappexTuposare pH 40 UCXOLHOTO JHAHEHUA,
NepexopHoe anexTpuveckoe conpornene-
HN@ OKCWAHLX NOKPLITUA WIMEPAIOT C NO-
Mowbld muanuwommerpa EG6-18/1 no

- YeTbPEeXNPOBOAHOM CXEME-C UCNONLICBIAHNEM -

TOKOBWX ¥ NOTEHUMANLHLIX NpoBoAHnKDB, C
STOA Uensio ABe NAACTUHL C UCCABAYeMbIM
" NOKPLITHEM NOMEUWLAINT 8 CneywansHoe npu-
cnocobneHue N3 AN3NeXTPUYECKOro MaTepua-
N3, B KOTOPOM HAAEXHHMA KOHTIKT Mexay
NNACTMHaMK_CO CTPOrO OnPEeAeneHHoRA nno-
waneo (5 cm*) obecneunsaeTcR Harpyskon se-
coM 100 r Ha BCIO KOHTEKTHUPYOWYWD
NOBEPXHOCTe. [NA EKAIOYEHMS NNACTUH. B
SNEeKTPUMECKYID CXEMY UCMDAL3YIOT HOXEeBRue
anexTPOAL, KOTOPLE NOABOAAT X NOBEPXHO-
CTH ANACTUH, HE CONPMKACcalnWMXCA Mexay
cobon.

3auTHeie CBOACTAA NOKPEITMA Onpeae-
NAIOT METOAOM YCKOPEHHLIX MCNETAHWA C NO-

/n.Bnpo-~

1678000 : 4

MOWBI0 ngxepmu obpa3suos 8 5%-Hom pac-
Teope NaCl. Ocmorp oGpasuos ¢ nomowsw
mukpockona EMC-1 (4- xpathoe yseanuenus)
NPOROAST OAWH pa3 & CyTKN, B.cayuae oGuapy-

5 xeHwa Ha noBepxHocTy 06pa3yOR Touex Kop-
poaun B Buae Denofu Hanera MCNHTEHUA
NPEXpawaT U NOCAeHKe CYTKM B pesynLTar
UCALTANVA HE 33CHWTHDBAIOT.

Cocrasn onpo6GoBBHHMX DACTROPOA M

10 peaynuTETH MCALITAHUA OXCHMAHBIX XUMK-
YecKkHX MOKPLTUA npeacTanners s vaban-
ue. )

Kak nokadusanT pesynstate onpabosa-
- HUM, npeanaraeMuin pacteop obecneumsaer

15 nonyyenwe noxpaiti ¢ Gones HUAKUM IHAYE-

i Hueu'nepexoqimro conpotusnenus (0,070 -
- 0,105 mOm/cm ))no CpaBHEHWIO ¢ WIBECTHLIM
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The invention relates to the electrolytic deposition of coatings, specifically to the
deposition of passive molybdate films on zinc-plated steel. '

There is a known method of passivating zinc coatings by chemical treatment at
pH = 5.5-5.0 and room temperature over a period of 0.5-1.5 min in an aqueous solution
containing, g/L: '

Ammonium molybdate 5-8

Ammonium chloride 20-60 [1].

A shortcoming of this method is the significant length of the passivation process.
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Closest to the invention is a method of passivating a zinc surface that includes treatment
with industrial frequency AC current in an aqueous solution at a current density of >30 A/dm?
(30-80 A/dm®) and a solution temperature of 35-60°C [2].

However, the known method is carried out in an alkaline four-component solution using
organic additives, which contains sodium hydroxide, sodium nitrate and nitrite and an
alkanolamine. Passivation is carried out for 7-90 sec.

A passive black film 1.5-2 pum thick is obtained on articles of pure zinc in the known
method. However, the corrosion resistance of this film is insufficient.

The goal of the invention is an improvement of corrosion resistance.

This goal is achieved by the fact that passivation is carried out in an aqueous solution that
contains, g/L:

Ammonium molybdate 5-8

Ammonium chloride 20-60. '

A wire (or ribbon) 0.5 mm in diameter is drawn at a speed of 2-10 m/min through
successive baths for degreasing, etching, electrolytic zink plating, and passivation.

Passivation is carried out with the application of an industrial frequency AC current at a
density of 30-100 A/dm® with noncontact feed of the current in a solution of the composition
indicated above at pH = 5-5.5 and a temperature of 35-60°C for 3-20 sec.

As a result of this treatment a dense black film forms on the surface of the zinc-plated
wire; the corrosion resistance of the film is judged both from the time to appearance of foci of
corrosion of the steel base and also by comparing the potentials with an oxide film (known
method) and molybdate film after treatment in a 3% sodium chloride (NaCI) solution
(immediately after passivation and after 24 h of testing by periodic immersion in a 3% NaCl
s-olution). |
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The tests show that the electrochemical activity of the zinc coating after the additional

treatment decreases in differing degrees.

The potential of the zinc coating formed electrochemically in molybdate solutions is
50-80 mV more positive than the potential of the unpassivated zinc coating, while the potential
of the zinc coating treated in the alkaline solution is 17-25 mV more positive than the potential

l



of the untreated zinc, i.e., electrochemical treatment in a molybdate solution lowers the
electrochemical activity of the zinc coating to a greater degree; the difference between the
potentials of the passivated and oxidized zinc after 24 h of testing is 33-55 mV.

The invention may be illustrated by means of several examples, which are presented in
the table.

As can be seen from the table, the invention makes it possible to increase the corrosion
resistance of the zinc surface substantially by comparison with the known methods.

In addition, the invention makes it possible to use the passivation operation in a unified
technological process of application of the zinc coating.

Claim

A method of passivating a zinc surface, which includes treatment with AC voltage of
industrial frequency in an aqueous solution at a current density >30 A/dm® and a temperature of
35-60°C, which is distinguished by the fact that, with the goal of improving the corrosion
resistance, passivation is carried out in'an aqueous solution that contains, g/L:

Ammonium molybdate 5-8

Ammonium chloride 20-60.

Sources of information considered in examiner's evaluation:

1. G. Ya. Yakimenko et al., "Colored molybdate films on zinc and their protective
properties," Zashchita metallov, 1977, Vol. 13, No. 1, p. 123.

2. USSR Inventor's Certificate No. 639970, Cl. C 25 D 11/34, 1977.
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ANALYSIS OF THE MECHANISM OF SELECTIVE COLORATION FACILIT ATING THE
IDENTIFICATION OF VARIOUS PHASES IN ALUMINUM-SILICON-COPPER CASTING
: ' ' ALLOYS

Introduction.

The nse of silicon as an clement added to aluminum to oake molded parts has been
known for 2 long time. Besides the range of ATS4G and ALS10G, foundry operators have had,
for soma ten years, a serics of alloys containing 5-<7% silicon whlch make it notably possible to
obtain sealed parts without difficulty {1,2,3).

Besides this characteristic, AFS7s have good melting pmpe.lﬁes which can be explained
by the shape of the "aluminom-silicon" equilibiium diagram, that is:

- small liguidus-solidus separation,

- high eutectic proportion, and

- low melting temperature.

The morphology of the solidification structure of the aluminum-silicon eutectic has a
predominant influence on the mechanical properties of the alloys. The industria} hypoeutectic
aluminum-silicon alloys essentially contain, in addition to the phosphorus impurity (from a few
ppm 10 approximately 10 ppm), two elements: iron, an impurity originating from the electrolysis

. alumioum, aod magoesivm, the added element which is required for the cbtention of good

mechanical properties. Their structural effect during the solidification can be summarized as
follows:

1) Addition of iron up to l% has no detectable effect on the entectic. It remains very
finely lamellar.

2) Magnesium contents of approximately 0.3-0.6% which give it always an acicular form.

A modification treatment applied to the liquid metal by elemnents such as sodium,
strontinm or antimony is then necessary if ope wishes to increase the mechanical chamacteristics
of the alloy bya fine and dispersed distribution of the grains of eutectic silicon.

The rate of solidification plays also an essential role on the structure of the eutectic
silicon. A slower solidification rate will tend to promote, for the same composjtion, a coarser
structure. In contrast, very rapid solidification can result in a modified structure without the
introduction of sodium or strontium.

Effect of the addition of copper

In addition to silicon and magnesivm, an introduction of copper further increases the load
upon rupture and the hardness after the thermal aging treatment. However, the improvement of
these characteristics is accompanied by a decrease in the resistance to commosion.
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The i;aterpmaﬁon of this statc diagram of the temary system "aluminum—siliéoﬁ-coppm"
[4] shows (see Photograph No. 1) that an alloy containing 7% silicon and 4% copper is entirely
solidified at 530°C if the equilibrivm conditions are respected, that is for infinitely slow rates of

solidification and cooling.
il 3
= 2 \‘ ‘ \. \ . l
E by secuay |

® tenaur en simics

Y

o N

' n ---—........_-.....--....' = "

1. Representation of a part of the state diagram of the ternary aluminum-silicon-copper system.
According to Phillips [4].

Key: 1 Silicon content (%)
2 Copper content (%)

In practice, the solidification rates arc far from negligible. While they improve the
distribution of the eutectic silicon, they also cause the appearance of a direct microscopic
_ scgregation effect which results in an abnormal enrichmeat in copper and silicon of the residual
- liquid to the detriment of the primary aluminum grains. At the end of the solidification, one
T obtains a liquid interdendritic phase with low melting point whose composition ig given by the

PAGE 435" RCVD AT 2004 11:17:51 AH [astem Dayiht Tine]* SYRCUSPTO-EFRF-24 DNS:27 125" CSD: DURATION k51028



184

E Sep. |. 2004 11:16AM  Fay Sharvee o No.1841 P. 5

coordinates of the riple point. The presence of other clements in the metal, and cven impurities, '
further accentuates this phenomenon. '

These alloys arc also capable of being thermally treated. The fine and homogeneous
precipitation of intemetallic compounds in the matrix, which allows the optimization of the
mechanical characteristics, takes place during the anncaling treatment at low temperature. The
maximum precipitation requires a prior treatment of re-dissolution of the bardening elements in
the matrix, at the highest possible temperature, which, in any case, pmst be close to the
temperature of the beginning of melting of the alloy. :

While the direct microscopic segregation phenomena were intense during the’
solidification of the part, the risk of re-liquefaction of the interdendritic constituent which is rich
in addition elements is high at the temperature of re-dissolution, and this canses burns.

Besides the increase of the risk of the appearance of "burns” during the treatment at high

. temperature, the presence of this constituent with low melting point inside the metal cavses a
considerable fragility of the pagt.

To better continl the conditions of the appearance of this metallographic constituent, its
rapid and easy identification among the other phases tumns out to be indispensable.

Structural examination — development of a specific reactant '
The metallographic examination of aluminum alloys containiog 7% of silicon was shown

to be tricky. Indeed, the presence of silicon makes any electrolytic polishing difficult, if not

impossible, while simple mechanical polishing shows a matrix of Justerlcss alumimm and

grayish silicon grains and without relief. '
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Table 1. Composition of several reactants revealing the structure of a!nnunum-sxhem alloys
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Keym 1 Keller reagent

It is always a delicate task to choose an ciching reagent. To the literature, one can find the
composition of numerous reactants which reveal the strucure of aluminuam-gilicon atloys to
varying degrees of satisfaction [5,6). Table 1 shows some examples.

An ammonium molybdate based reagent has even been proposed, which is dissolved in a
alcohol-nitric acid mixture which colors the silicon in differént manners depending on the
conditions of etching [7]. However, the preparation of such a reagent requires the dissolution of
the amxnoniwn olybdate in 6N nitric acid,whjchisaticklishstepifonewishutopuwmttﬁc
precipitation of molybdic acid. '

Tndeed, the appearance of molybdic acid is governed both by the reaction of
disassociation of ammonium molybdate:

lﬂl'llklhlou4l'h0l=:ﬁmk + MO 4+ & HO

and 1he equilibrivm of formation of the molybdic acjd:
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ONM - ' -
+ Monlyg * +1o&q=1m+;m - & OH-

The equilibrium constant of the Jatter reaction has a value which is fixed by the relation:

TOH P + [bhonel’
[ TR |

One can see that an increase in the concentration of (OH) ions in the system djsplaces the
equilibrium to the left and Yimits the formation of molybdic acid. This proves the advantage of
using, at the beginning, a basic solution rather than an acidic solution to facilitate the dissolution

, of the molybdate crystals.

"~ ° These considerations Jead us to choose a first reagent containing ammonium molybdate
and a quantity of sodiu hydroxide such that the final pH is close to 6. If one wishes to use this
solution to reveal the structure of copper coptaining aluminum-silicon alloys, the etching
temperature must be constantly maintained at 80°C during the immersion of the sample. This
condition is essentia} to assure perfect mpmdumblhty of the hues which allow easy ndcnuﬁcmon
of the different phases [8].

The obligation of maintaining the reagent at this precise temperature of 30°C, and the
difficulties which this raises sometimes from the experimental point of view, led us to review its
composition and to modify it. By replacing the sodium hydroxide with ammonivm chlorida, it
was shown thet the dissolution of the molybdate is always easy and that for the following
composition:

1 g ammonium heptarolybdate

200 cm® distilled water

6 g anymonivm chloride
the etching can be carried out simply at ambient tempesature. Immersion for 2 min 30 sto 3 min
in this new solution perfectly differentiates between silicon grains and texpary eutectic areas
which appear colored in dark blue and yellow, respectively.
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2. Alloy of 7% silicon and 4% copper, cast in a cold mold - as cast.
Mechanical polishing followed by immersion for 2 min 30 s in the etching reagent. Primary
aluminum grains represented at A and ternary eutectic areas at B.

Here are same examples of ctching obtained under these conditions. One can observe, in
Photograph No. 2, the microstructure of an alloy containing 4% copper and 7% silicoo, as cast in
a cold mold. The etching reveals an unresolved eutectic constituent colared in brown and the
primary alumioum grains. Photograph No. 3 presents the microstructure of the same alloy after a
treatment of re-dissolution for 8 h at 540°C followed by quenching in water. In the photograph,
one can distinguish the primary aluminum grains, the silicon grains and the ternary eutectic areas
colored in yellow. The latter, liquid at 540°C, are abruptly solidified during the quenching.
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3. Alloy with 7% silicon and 4% copper, cast in cold mold —
Re-dissolution by a treatment of 8 h at 540°C followed by quenching in water.
Immersion for 2 min 30 s in the etching reagent after mechenical polishing.
Primary aluminum grain represented at A, ternary eutectic areas at B and silicon greins st C.

4. Alloy with 7% silicon and 2% copper, cast in cold mold — as cast,
Mechanical polishing followed by an immersion for 2 gun 30 s 1o the eiching reagent.
The primary alurmnurn grains are represented at A, the termary cutectic aress at B, and the
aJuminum-silicon binary eutectic at C.

Photogléph No. 4 represents the microstrocture of A-57G containing 2% copper, as cast
in & cold mold. The etching shows the presence of three constituents: prirnary alurminum grains,
binary aluminum-silicon eutectic and a few areas of terpary eutectic of orange-yellow calar,
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where the presence of the ternary eutectic is explained by direct microscopic segregan'bn events
which we have already mentioned. Photograph No. 5 represents the microstructure of the same
alloy at 2% copper after a treatment of re-dissolution for 8 h at 540°C. In the aluminum matrix,
onc notes the presence of rounded silicon grains, while the termary eutectic areas have
completely disappeared, which means that the copper is completely re-dissolved in the aluminnm
during the high-temperatuze treatment,

To determine the best conditions of etching and the optimum composition of the reagent,
we attexnpted to make clear the mechanism of the coloration of phases. For this purpose, an alloy
with 6% silicon and 10% copper was prepared. For such a composition, the ternary
"aluminvim-silicon-copper” diagram (see Photograph No. 1) indicated that the end of
solidification is necessarily at the triple point; the average chemical composition of the lates
metallographic constituent which appears is given by the coordinates of the triple point itself,
that is, 66% aluminum, 26.5% copper and 5.5% silicon.

5. Alloy with 7% silicon and 2% copper cast ia cold mold — re-dissolution by a treatment of B h
at 540°C followed by quenching in water.
Immersion far 2 min 30 s in the etching reagent after mechanical polishing,
Aluminum matnix is represented at A and a fine distribution of rounded silicon graips at C.

Influence of the duration of the etching

- The microscopic observation of this alloy immersed in the reagent shows, for increasiog
ctching times, a clearly cyclic variation of the coloration of the silicon grains and of the ternary
cutectic areas.
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Al the micrographs (Photograpbs No. 6-14) also illustrate this phenomenon very well
The first micrograph shows the appearance of the alioy afier simple mechenical polishing, the
following micrographs represent the same area for increasingly long etching times, each time
longer by 30 s compared to the preceding one.

The ereas of silicon and CnAl; which were initially identificd with the microprobe
. successively go through the following hues: dark blue, yellow-gray, dark blue, gray, purplish,
greenish-gray, greenish-gray [sic] and gray for silicon and straw yellow, purplish, yellow,
purplish-red, green, brown, purplish-red and gray for CuAl,. For an etching time longer then 4
min, the two phases can mldngubhdisﬁnguishedheczmebothhnveamynppeum. :

The clearly cyclic character which we have just shown for the coloration is strangely
reminiscent of interference phenomenon produced by a thin blade which is obsexved undex
polarized white light and which is know to change its hne with the retardation which itself is »
. function of its thickness [9,10].
' This leads us to the formulate a first hypothesis to explain the appearance of colored
areas: during the ioumersion of the metal in the reagent, it is thought that a transparent deposit
forms, whoee thickness would, mgreover, be a function of the etching time, on the most
clectropositive constituent, which deposit causes the appearance of interferepce phenomena in
white light during observation under the microscope.

Behavior of a monophese structure

To verify this hypothesis, we used an experimental setap which, as shown in the diagram
of Photograph No. 15, is an electrolysis cell containing the etching reagent, whose originality
consists in that it consists of e cathode in the form of a perfectly polished circular plate made of

stajnless steel 18/8 having an austenitic monophase structure and a nearly point-shaped anode
'~ consisting of a platinum wire whose one end is itamersed in the solution straight above the center
of the cathode.

For a limited electrolysis time, the distance between the electrodes, which increases from
the centex of the plate to its periphery, causes the formation of a deposit of varying thickness,
with a progressive decrease of the thickness from the center to the edge of the cathode. Such a
surface, obsexved in white light, for example in daylight, is covered with colored concentric rings
of obvious periodicity (Photograph No. 16).
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6. alloy with 6% silicon and 10% copper — slow solidification in the'malﬁng crucible.
: Simple mechanical polishing without etching.
One can already gee the aluminum grain at A, the CuAl; arcas at B, and the silicon grains at C,

7. Microstructure of the same arca after 30 s of etching in the reagent.
One distinguishes the alominum grain at A, the gray-yellowish CuAl; areas at B, and the dark
blue silicon grains at C.
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8. Microstructure of the same area after 1 min of etching in the reagent.
The silicon grains have become gray-brown, and the CuAl; areas purplish.

9-Nﬁmmofthesamcmaﬂerl min 30 s of etching in the reagent.
The silicon grains bave turned blue, and the CuAl, areas ‘yellow.
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*10. Microstructure of the same area after 2 min of etching in the reagent.
The silicon grains have become gray end the CuAl;» areas purplish-red.,

11. Microstructure of the same maﬂaznﬁnwiofcmhinginthcmgmt.
The silicon grains have become purplish and the CuAl; areas green.
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12. Microstructure of the same place [sic; area] after 3 min of etching in the resgent. '
The silicon grains have become gray and the CuAl, areas brown.

13. Microstructure of the same area after3 min 30 s of etching in the reagent.
The silicon grains have become greenish-gray and the CuAl, areas purplish red.
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14. Microstructure of the same area after 4 min of etching in the reagent.
The silicon grains and the CuAl; arcas both have become gray and are difficalt to distinguish.

15. Experimental electrolysis device consisting of a cell containing the reagent, a polished
‘cathode made of stainless steel 18/8 and a nearly point-shaped anode.

" Key 1  Platinum
2 Reagent
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3 Steel 1878

16. Cathode made of stainless stee] covered with the electrolytic deposit (electrolysis crurent
1 m4, durstion of the electrolyzis 6 min) observed in daylight. The selective reflection of the
white light causes the appearaoce of colored concentric rings.

Moreover, for very long durations of electrolysis, the cathode is covered with a thick
blackish deposit which flakes after drying, i3 easy to remove, and reconstitutes the plate of
stainiess stecl in its initial, perfectly polished and unetched state,

These tests confirm that the use of the reagent indeed causes the formation of deposits on
the cathodic zones. It remsins to be proved that a given thickness correspends to a precise
coloration.

The white light consists of planar and monochromatic electromagnetic waves whose
wavelength varies from 4000 A (in the blue range) to 8000 A (in the red range).

The cathode, which s covered with the deposit, of which a schematic representation at a
given point is given in Photograph No. 17, behaves like a reflecting system consisting of the
superposition of two media, 0 and 1, the lower face of the plate so formed is the deposit-substrate
wterface. The eiectrolytic deposit, medium 0, is characterized by its indexes of reflection ng and
of extinction kg, while the metallic substrate is charactenzed by its indexes of refraction n; aod of
extincton kq.
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Figure 17. Model of reflecting system.
The lower face of the thin blade is the deposit-substrate interface. Die i the vector agsociated
with the wave which is incident at level 0, D, is the vector associated with the reflected wave

when it reaches the level 0.
Key: 1 Level __
2 Deposit
3 Thickness L
4 Medium ___
5 . Substrate

L

F-or such a mode), an incident wave which, at level 0, can be in the form:

Duw = 8 " oos ot

travels in the deposit glong a path of length 1 corresponding to its thickness.
" An‘electromagnetic wave which propagates in an absorbing isotropic medium has the
expression [9]: ’

. 3n
=g~ . *Uarcob B [t ——)

in which relation 13, is the vector associated with the propagation of the wave
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. " .. ] /
ae  the amplitude of the wave after traveling a path s in the medivm with extinction index k

re
=2y = 2 —

¢ is the value of the speed of light in vacuum

i, unit vector

- 'n. .
COB 6 {t o
. L ]

the phase of the wave, which is a function of the path traveled s in the medium of index of '
refraction n.

At level 1 the incident wave, after having traveled along path 1 in the medium 0, will bave '
the following expression: o

e = 1 oo
Duzia-g LA Y | —
-]

. I
- gy Ut oW [ — —}
. €. .

LRY

leta;=axe.
At the deposit-metallic substrate interface, it undergoes a reflection accompanied by a
phase shift @ which is a function of the optical properties of the deposit and of the substrate: it is
represented by
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D!I_‘.:[.-__'..- ;:'mﬂ(t—'ﬂ.:)]. g = oy

¢ m 4+ m

After all the calculations bave becn made (see appeadix), and taking into account the fact
that in the MOIVRE relation cos 0 represents the real partof ¢ 1° 9, this value becomes:

- )
Oan !
u]em‘mor f[._.,-:';:.ﬂ'_..-.
) . m 4 me
Jre(t——}
[ I -p
1V
or
Do m — - fn- wmrcor [ wft——)— 3]

]
]

the reflecting capacity r, at the deposit-substrate interface is given by

n=_ )
(E.'-n.')-uu.'—h.-!] Th A=k}
. (m+ nd" o+ k)t

and the phase shift at reflection, @, is defined by the relation:

- 2 (ha ap —~ ko ma)
‘@ M — D +latembk

Key: A tan

i | The reflected wave again is propagated through the deposit where, at level 0, it is
: expressed by the relation:
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" and it interferes with the incident wave at level 0

- 9 .
Dy =3 u,» ot

The resultant of these two waves has an expression of the form:

- -
Dn-.Awl[nlt-l-’]“ ™

The Jight flux associated with this resullt is proportional to the square of the amplitude,

that is:
) .k )
T e T e -
F1+rne - "' ¥n coa YO0
] oan ]
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When, as in the case which concemns vus, the substrate is stainless steel, lmponant
simplificstions can be made in the expression for the light flux. Indeed, there is no phase shift at
reflection, and the reflection is 1otal at the deposit-substrate interface. If, in addition, we neglect
the absorption in the deposit, which is valid for the low thicknesses, the value of the lnminons
flux given by (1) is reduced to

A
4@ anf2a —
i

where A is 2 wavelength of the visible spectrum and A the retardation of the blade-deposit,

If we graph (Photograph No. 18) this factor as a fonction of the retardation of the blade
and thus as a function of the thickness of the deposit, we observe the selective reflection of the
fundamental components of the white light: the blue, the yellow, the red whose respective
wavelengths are aqual to 4500, 5890 and 7000 A.
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' Table I
Variation of the factor 4sin2%£ as a function of the wavelength and the retardation of the '
blade-deposit
AGR) |2 w 6500 A|% w 3200 A Ae = 7000 &
¢ | oow 0,000 0.000
400 11 LT LF LT
L] 3| i 1R
1200 3556 3,
1,800 2494 3Igas ‘e
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5200 2,789 1003 Y] '
5.600 3508 oI asie
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2

18. Graphic representation of the factor 4 sin? %ﬂ as 8 function of the retardation of the blade

for three chosep wavelengths of blue (4500 A), yellow (5890 A) and red (7000 A). The resultant
of the selective reflection explains the formation of the colored rings on the cathode made of

b}

stainless steel.

Key: 1 Bloe '
Yellow
Red

One notes for very small thicknesses absorption of all the wavelengths of the spectam,
the resultant will thus be a bluish-gray, since blue always predominates. As the thickness of the
deposit increases, one can predict by interpreting the graph the succession of the followiog tints:
first clear, doe to the possibility of reflection of all of the components, then yellow, which
become predomitiant, purple, resulting from the combination of red and blue, green, resulting
from the combination of biue and yellow, again yellow dominant, purple, combinatiop of red aad
blue, and so on . . . For large thicknesses, the optical characteristics of the deposit succeed in
masking the interference phenomena. ‘

This succession of tints is indeed the one which we observed on the cathode made of

stainless steel after electrolysis (Photograph No. 17) and it thns justifies our explanation of the
mechanism of coloration. '
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Multiphase system — application o A-S7G

The structure of a sample of AS7G containing copper, which has been freshly polished
and degressed, and has been immersed for 2 min 30 s 1o 3 min io the erching solution at ambient
temperature, is perfectly revealed. Under these conditions, an examination under an optical
microscope allows the rapid ideptification of the silicon greins colored in blue and the ternary

- eutectic arcas colored in yellow. _

Such an alloy constitutes a multiphase system formed from an aluminum matrix
accompanied by one or more other phases. When it is immersed in the solution, an internal
electrolysis current, taking into account the different potentials, forms on the phases which are
more clectropositive than the aluminum matrix, an adhering deposit which, depending on its
thickness, camses the selective reflection of the components of white light and produces the
different colorations.

. To explain them, we propose the folowing reactive scheme on the surface of the -
 jmmersed sample:

1) During the internal electrolysis, a deposit, probably a hydrated molybdenum

 sesquioxide, forms on the surface of every area which is more electropositive than the aluminum
matrix, at varying speeds, depending on the difference in potential which it presents compared to
this phase. ' '

2) The initial deposit isolates the substrate from the.action of the reagent, but it can then
continue, to increase, its subsequent thickness is then governed by the difference in potential
which it presents compaered to the aluminum matrix. '

3) The deposited layer plays, during the obscrvation under the optical microscope, the

- role of a thin blade, and it causes & selective reflection of the white light which is not only
connected with the thickness of the deposit, but also with the optical properties of the substrate.
The hues observed, which are a function of the duration of the etching, are explained by the
thickness obtained under these conditions and not by an intrinsic coloration of the deposit,

4) When the difference in potential between the aluminum matrix apd another phase is
insufficient, the first step of the process is difficult, if not impossible, to obtain and the colaration
of this phase will thus not take place.

Conclusions : :

The application of the theory of interference phenomena of polarized white light caused
by a thin layer allowed us to propose an explanation for the coloration of silicon and CuAl;
phases detected during metallographic etching by a reagent based on ammonium molybdate in
hypoeutectic "aluminum-silicon" alloys containing copper.
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The usc of an original clectrochemical device revealed the formation on the metal of
film whose thickness is a direct function of the nature of the substrate, the durstion of the etching
and the composition of the electrolyte.

A systematic study of these conditions leads vs to propose the following composition for
the solution:

1 g ammonium heptamolybdate,

6 g smmonium chloride,

200 e’ distilled water,

_ The immersjon of A-S7G in cold reagent reveals, without ambiguity, the silicon and
CuAl phases by selective coloration. Precipitates such as ALNi, MgAl, .. . whichwre
sometimes present in other light alloys can be identified by the same technique. The observations
which have thus been made were each time confirmed by additional examinations with a
microanalyzer 1o determine the correlation: nature of the precipitate/coloration.
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applicability; citations and explanations supporting such statement

Certain defects in the international application

Box No. VIII Certain observations on the international application
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that written opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a writien opinion of the IPEA, the applicant is invited to submit to the
IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of
mailing of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later,
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Intermational application No. {
WRITTEN OPINION OF THE. tional application No \

INTERNATIONAL SEARCHING AUTHORITY PCT/US04/17786

Box No. I Basis of this opinion

1. With regacd to the language, this opinion has been establishex on the basis of the international application in the language in which
it was filed, unless otherwise indicated 'under this item.

[] Tnis opinion has been established on the basis of a translation from the original language into the- following language ,
which is the language of a translation furnished for the purposes of international search (under Rules 12.3 and 23.1(b)).

2. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and necessary to the
claimed invention, this opinion has been established on the basis of:

a. type of material
] 2 sequence tisting

[] table(s) related to the sequence listing

b. format of matc_:rial

D in written fomn'L
L] incomputer readable form
c.: time of filing/furnishing
D contained in international application as filed.
[C] filed together with the international application in computer readable form.
[C] fumished subsequently to this Auchority for the purposes of search.

3. D In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto has been
filed or furnished, the required statements that the information in the subsequent or additional copies is identical to that in
the application as filed or does not go beyond the application as filed, as appropriate, were furnished.

4. Additional comments:

y

Form PCT/ISA/237(Box No. I) (January 2004)



Imernational application No.
WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/US04/17786

Box No. IV Lack of unity of invention

1. & In response to the invitation (Form PCT/ISA/206) to pay additionat fees the applicant has:
paid additional fees

D paid additional fees under protest

[] ot paid édditionl fees

2. D This Authority found thit the requirement of unity of invention is not complied with and chose not 1o invite the applicant
to pay additional fees.

3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2 and 133 is

‘ D complied with
& not complied with for the following reasons:
See the lack of unity section of the International Search Report(Form PCT/ISA/210) . 1

4. Consequently, this opinion has been established in respect of the following parts of the international application:
all parts.

D the parts relating to claims Nos.

Form PCT/ISA/237 (Box No. IV) (January 2004)
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International application No.
PCT/USO4/17786

Box No. V Reasoned statement under Rule 43 bis.1{a)(i) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N)
Inventive step (1S)

Industrial applicability (IA)

Claims
Claims

Claims
Claims

Claims
Claims

§-15,17,25 YES
1-7,16,18-24 NO
17 YES
8-15,25 ' NO
125 : YES
NONE NO

2. Citations and explanations:

Please See Cominuation Sheet '

Form PCT/ISA/237 (Box No. V) (January 2004)



International application No.
W}!ITI‘EN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US04/1T7786

Box No. VI  Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the questions whcdler the claims are fully
supported by the ducnptmn. are made:

Claims 1-25 are nbjum:r.l to as lacking clarity under PCT Rule 66.2(a)(v) because of the claims being not fully snpponed by the
description. The description does not disclose the claimed invention in a manner sufficiently clear and complete for the claimed
invention to be carried out by a person skilled in the art because: The formulations are not described as to the basis upon which they
are to be created; i.e., weight percent, volumne percent, mol percent, or atherwise.

Claims 1-25 are objected to under-PCT Rule 66.2(a)(v) as lacking clarity under PCT Article 6 because claims 1-25 are indefinite for
the following reason(s): The claimed formulations are not specified as to the basis upon which they are to be created; i.c., weight
percent, volume percent, mol percent, or otherwise.

LN}

Form PCI/ISA/237 (Box No. VIIT) (January 2004)
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International application No.
WRITTEN OFINION OF THE ) PCT/IUSD4/1T786
INTERNATIONAL SEARCHING AUTl_iOR'ITY

Supplemental Box
In case the space in any of the preceding boxes is not sufficient.

V. 2. Citations and Explanations: _ .

Claims 1-7 tack novelty under PCT Anicle 33(2) as being anticipated by Shipley, Jr., et al. (US 3650957). The reference discloses
formulations of aqueous solutions of ammonivm chloride and ammonijum molybdate {column 4, line 74 to columa 5, line 65;
examples 12, 13, and 19). Concentrations are “about™ 1:1 (claims 8-10) and 2.5 percent, as required by the claims.

Claims 1-7, 16, 18-24 lack novelty under PCT Article 33(2) as being anticipated by Mitchell et al. (US 3314811). The reference
discloses formulations of aqueous solutions of ammonium chloride and ammonijum molybdate at “about™ 1:1 by weight (column 3,
lines 8-18), concentration determined at *about 1 ounce to about 3 pounds™ per gallon of water (there are 8.34 pounds per gallon of
water) (see claim 1) is “about™ 2.5 percent, as required by claims 1-7. Such are for blackening alumimum substrates. Coated
substrates with corrosion resistance are disclosed, as required by claims 16 and 18-24.

Claims 1-7, 16, 18-24 lack novelty under PCT Article 33(2) as being anticipated by Lewis et al. (US 2554256). The reference
discloses formulations of aqueous solutions of ammonium chloride 2nd ammonium molybdate at “sbout” 1:1 by weight and
concentration of “about” 2.5 percent (column 4, lines 15-18), as required by the claims. Such are for coloring aluminum substrates,
Coated aluminum substrates with corrosion resistance are disclosed (column 3, lines 52-55), as required by claims 16 and 18-24,

Claims 1-7, 16, and 18-24 lack novelty under PCT Article 33(2) as being anticipated by Belkin et al. (SU 1678900 Al, as evidenced
o by USPTO obtained translation). The reference discloses aqueous formulations of ammonium chloride and anunanium molybdate at

“about” 1:1 and “about™ 2.5” percent, as required by claims 1-7. Aluminum subsirates are coated to provide corrosion protection, as
required by claims 16 and 18-24. '

Claims 1-7, 16, and 18-24 lack novelty under PCT Anticle 33(2) as being anticipated by Merekina et al. (SU 827613 B, as evidenced
by USPTO obuined translation). The reference discloses aqueous formulations of ammonium chloride and ammonium molybdate at
“about” 1:1 and “about™ 2.5" percent, as required by claims 1-7. Zinc substrates arc coated to provide corrosion protection, as
required by claims 16 and 18-24.

Claims 8-15 lack an inventive step under PCT Article 33(3) as being obvious over Shipley, Ir., et al. {(US 3650957). The reference
discloses that the source of the complexing molybdenum compound is not critical {colums 5, lines 15-18). Thus, it would have been
obvious to the ordinary artisan to employ any commercially available molybdate, such as heptamolybdate,

Claims 8-15 and 25 lack an inventive step under PCT Article 33(3) as being obvious over Mitchell et al. (US 3314811) in view of
Pauler (US 4018628). The Paulet reference is directed to formulations for blackening aluminum, s is the Mitchell reference. The
Paulet reference discloses ammonium molybdate or heptamolybdate (column 2, lines 4-7). 1t would have been obvicus to the ordinary
artisan to modify the formulations of the Mitchell reference in view of the disclosure of equivalence in the Paulet reference for reasons

of economics or availability. The substrate of claim 25 is merely another aluminum substrate suitable to the disclosures of the
references for blackening/coloring.

Form PCT/ISA/237 (Supplementa] Box) (January 2004)
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Imernational application No.
WRITTEN OPINION OF THE PCT/USO4/ 17786

INTERNATIONAL SEARCHING AUTHORITY

Supplemental Box
1n case the space in any of the preceding boxes is not sufficient.

Claims 8-15 and 25 lack an inventive step under PCT Article 33(3) as being obvious over Lewis et al.’ (US 2554256} in view of Paulet
(US 4018628). The Paulet reference is directed to formulations for blackening aluminum, as is the Lewis reference. The Paulet
reference discloses ammonium molybdate or heptamolybdate (column 2, lines 4-7).. It would have been obvious to the ordinary
artisan to modify the formulations of the Lewis reference in view of the disclosure of equivalence in the Paulet reference for reasons

of economics or availability. The substrate of claim 25 is merely another aluminum substrate suitable to the disclosures of the
references for blackening/coloring.

Claim 25 lacks an inventive step under PCT Article 33(3) as being obvious over Beikin et al. (SU 1678900 A1, as evidenced by
USPTO obained translation). Alumimum substrates are coated to provide corrosion protection, as required by claim 25, The
substrate of claim 25 is merely another aluminum substrate suitable to the disclasure of the reference for coating.

Claim 25 lacks an inventive step under PCT Article 33(3)-as being obvious over Merekina et al. (SU 827613 B, as evidenced by
"USPTO cbtained translation). Zinc substrates are coated 1o provide comosion protection, as required by claim 25. The substrate of
claim 25 is merely another aluminum substrate suitable 10 the disclosure of the rcfamcc for coating.

Claims 1-25 suusfy the criteria set out in PCT Acticle 33(4), and thus havc industrial applicability because the sub_]ect matter clumed
can be made or used in industry.

Claim 17 satisfies the criteria set out in PCT Anrticle 33(2)-(3), because the prior art does not teach or fairly suggest further providing

upon the coated substrates resulting from coating the zinc or aluminum substrate with the respective formulations a corrosion resistant
coating of zin¢ and aluminum flakes in &n inorganic binder.

.oy

Form PCT/ISA/237 (Supplemental Box) (January 2004)
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. Remarks _

The Examiner cited a number of references which purportedly very ciosely
show the claimed subject matter (designated by the "X" reference), and/or which
show similarly related subject matter (shown by the "Y" designation). Numerous
other references . were cited which were given "A" deéignations. generally
suggesting less relevance. | .

Specifically, the Examiner acknowledged that claims 1-25 met the
requirements for industrial applicability. As for inventive step, the Examiner noted
that claim 17 met this requirement, however, asserted that claims 8-15 and 25
allegedly did not. As for novelty, the Examiner indicated that claims 8-15, 17, and
25 were novel, however, contended that claims 1-7, 16, and 18-24, were not.
Thus, one claim, claim 17, appears to meet all three requirements.

The Examiner also objected to claims 1-25 for allégedly lacking clarity
because the claims are allegedly not fully supported by the description.
Specifically, the Examiner alleged that the formulations are not described as to
the basis upon which they are prepared, i.e. weight percent, volume percent, mole

percent or otherwise.

These compositions and their - percentages are expressed in weight

percent. It is’ submitted that the Examiner's objections in this regard be.

withdrawn.

Conceming the requirements for patentability, the Examiner asserted that:

' Claims 1-7 lack novelty under PCT Aricle 33(2) as being
anticipated by Shipley, Jr., et al. (US 3650957). The reference
discloses formuiations of agueous solutions of ammonium
chloride and ammoniurm molybdate {column 4, line 74 to column
5, line 65; examples 12, 13, and 19). Concentrations are "about”
1:1 (claims 8-10) and 2.5 percent, as required by the claims.

Independent claim 1 has been amended to further distinguish the claimed
compositions from the prior art. Claim 1 now expressly recites that the recited
composition is "adapted for darkening and imparting corrosion-resistant
properties”™ and that the composition "consists essentially of" the recited
components. The Examiner will appreciaté the significance of this terminology as
it "excludes ingredients that materially affect the basic and novel characteristics of

the claimed composition." Atlas Powder Co. v. E.l. DuPont de Nemours & Co.,
750 F.2d 1569, 224 USPQ 409 (Fed. Cir. 1984).

;
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The '957 patent in contrast describes various copper etching solutions.
Although several aqueous solutions are noted as containing ammonium chloride
and ammonium molybdate (Examples 12, 13, and 18), these solutions also
contain other ingredients that would éffect the basic and novel characteristics of
the claimed darkening and anti-corrosion compositions. For example, the
solutions described in the '957 patent also contain cupric chloride dihydrate,
tartaric acid, and ammonium nitrate, Simply put, the cupric etching solutions of
the '957 patent are entirely different than the recited compositions of claims 1-7.

. Furthermore, claim 1 has been amended to recite that the composttions are
adapted fpr a specific "metallic surface selected from zinc, magnesium,
mangane"'se. and alloys and intermetallic mixtures thereof." The '957 patent in
contrast is directed to etchants for cupreous metals.

Since independent claim 1 is believed to be patentable over the '957
patent, so, too, are claims 3-7 dependent therefrom.’

Clearly, the claims at issue, as now amended, are patentable-over the cited
art.
The Examiner continued and asserted:

Claims 1-7, 16, 18-24 lack novelty under PCT Article 33{2) as
being anticipated by Mitchell et al. (US 3314811). The reference
discloses formulations of aqueous solutions of ammonium
chloride and ammonium molybdate at “about” 1:1 by weight
(column 3, lines 8-18), concentration determined at "about 1
ounce to about 3 pounds" per gallon of water (there are 8.34
pounds per gallon of water) (see claim 1) is "about™ 2.5 percent,
as required by claims 1-7. Such are for blackening aluminum
substrates. Coated substrates with cormosion resistance are
disclosed, as required by claims 16 and 18-24.

The claims at issue are patentable over the '811 patent. Claim 1, as now
amended, recites in part that the composition "consists essentially of" the recited
components. In contrast, the '811 patent describes compositions that must
contain a metal salt (falling below aluminum in the electromotive series), and a
sulfur-bearing compound. Claim™ and claims 3-7 dependent therefrom, expressly
exclude such additional ingredients.

Independent claim 16 and claims 19-24 dependent therefrom, are directed
to coated metallic substrates. Claim 16 has been amended to parallel the

amendments to claim 1 and so, is also patentable over the '811 patent for the

! Claim 2 has been cancelled in view of amendments to claim 1 (discussed herein) regarding ratios
of ammonium chloride to ammenium motybdate.



reasons set forth above. Since ciaim 16 is patentably distinguishable from the
'811 patent, so, too, are claims 19-24 dependent therefrom.?

Furthermore, all claims at issue recite the metallic surface (either the
substrate itself as in claim 16 or the composition adapted for application thereto
as in claim 1) as "selected from zinc, magnesium, mangaﬁese, and alloys and
intermetallic mixtures thereof." Aluminum is not included.in this listing. And, claim
16 has been amended to expressly exclude aluminum. For at least these
reasons, all claims at issue are patentable over the '811 patent.

The Examiner also argued:

Claims 1-7, 16, 18-24 lack novelty under PCT Article 33(2) as
being anticipated by Lewis et al. (US 2554256). The reference
discloses formulations of aqueous solutions of ammonium
chloride and ammonium molybdate at "about” 1:1 by weight and
concentration of "about” 2.5 percent (column 4, lines 15-18), as
required by the claims. Such are for coloring aluminum
substrates. Coated aluminum substrates with corrosion resistance

are disclosed (column 3, lines 52-55), as required by claims 16
and 18-24.

As previously explained, independent claims 1 and 16 have been amended

~ to expressly recite that the metallic surface is "selected from zinc, magnesium, .

manganese; a_nc‘]ialloys and intermetallic mixtures thereof.” Aluminum is not
included in this listing. In contrast, the '256 patent is strictly limited to treatment of

aluminum surfaces. For at least these reasons, independent claims 1 and 16 and '

claims 3-7 and 19-24 dependent therefrom,” are all patentable over the 256
patent.
Next, the Examiner contended:

Claims 1-7, 16, and 18-24 lack novelty under PCT Article 33(2) as
being anticipated by Eelkin et al. (SU 1678900 Al, as evidenced
by USPTO obtained translation). The reference discloses
aqueous formulations of ammonium chloride and ammonium
molybdate at "about” 1:1 and "about™ 2.5" percent, as required by
claims 1-7. Aluminum substrates are coated to provide corrosion
protection, as required by claims 16 and 18-24.

The SU '900 document fails to anticipate the cited claims. As previously
noted, independent claims 1 and 16 have been amended to exclude ingredients
that would affect the basic and novel characteristics of the recited compositions.

In contrast, the SU '900 document discloses a solution containing an ammonium

2 Claim 18 has been canceled in view of amendments to claim 16.
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or alkali metal phosphate, and ammonium or alkaline metal citrate. Theée
ingredients are expressly excluded by the claims at issue.

' Furthermore, all.claims at issue are directed to metallic surfaces "selected
from zinc, magnesium, manganese, and alloys and intermetallic mixtures thereof.”
Aluminum is not included in this group and was cancelled from the former listing in
claim 16. The SU '900 document is strictly limited to aluminum. For at least these
reasons; the claims at issue are patentable over the SU '900 document.

The Examiner further argued:

Claims 1-7, 16, and 18-24 lack novelty under PCT Aricle 33(2) as
being anticipated by Marekina et al. (SU 827613 B, as evidenced
by USPTO obtained translation). The reference discloses
aqueous formulations of ammonium chloride and ammonium
malybdate at "about™ 1:1 and "about" 2.5" percent, as required by
claims 1-7. Zinc substrates are coated to provide corrosion
protection, as required by claims 16 and 18-24.

The SU '613 document fails to anticipate the claims at issue. - Both
independent claims 1 and 16 have been amended to recite that the ratio of
ammonium chloride to ammonium molybdate is-from about 1:2 to about 2:1. In
contrast, the SU '613 document discloses the use of ammonium chioride in
significantly greater proportions. For at least this reason, the claims at issue are '
patentable over the SU '613 document. '

| The Examiner further argued:

Claims 8-15 lack an inventive step under PCT Article 33(3) as

being obvious over Shipley, Jr., et al. (US 3650957). The

referenca discloses that the source of the complexing

molybdenum compound is not critical (column 5, lines 15-18).

Thus, it would have been obvious to the ordinary artisan to

employ any commercially available molybdate, such as
. heptamolybdate.

Independent claim 8 has been amended to specifically recite that the
composition is "adapted for application to a metallic surface selected from zinc,
magnesium, manganese, and alloys and intermetallic mixtures thereof." In shamp
distinction, the '857 patent teaches that its compositions are for cupreous metals.
The ‘857 patent entirely fails to teach or even suggest applying solutions to the
specific metallic surfaces recited in claim 8. Since claim 8 is patentable over the
‘957 patent, so, too, are claims 9-15 dependent therefrom.

The Examiner further contended:

Claims 8-15 and 25 lack an inventive step under PCT Aricle
33(3) as being obvious over Mitchell et al. (US 3314811) in view
of Paulet (US 4018628). The Paulet reference is directed to
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formulations for blackening aluminum, as is the Mitchell
reference. The Paulet reference discloses ammonium molybdate
or heptamolybdate (column 2, lines 4-7). It would have been
obvious to the ordinary artisan to modify the formulations of .the
Mitchell reference in view aof the disclosure of equivalence in the
Paulet reference for reasons of economics or availability. The
substrate of claim 25 is merely another aluminum substrate

suitable to the disclosures of the references for
blackening/coloring.

As previously explained, the '811 patent is not particularly relevant. The
'811 patent is directed to compaositions for treating aluminum. Independent claim
8 has been amende;:i t6 recite a specific listing of metallic surfaces, which does
not include aluminum. For at least this reason, claims 8 and 9-15 dependent
therefrom are patentable over the cited patents.

Claim 25 depends from independent claim 16 which has also been
amended fo exclude aluminum as the metallic substrate to which a darkening
coating is applied. Claim 25 recites that the darkening coating is disposed on a
corrosion-resistant coating that comprises zinc flakes and aluminum flakes. The
‘811 patent fails to teach application of its coatings to such a flake-containing

composition. Specifically, claim 25 recites a specific coated substrate having a

coating compﬁsiqg zinc flakes and aluminum flakes, that is disposed between (i) a

metal substrate. selected from zinc, magnesium, manganese, and alloys and

intermetallic mixtures thereof, and (ii) a darkening coating consisting essentially of '
the components recited in claim 16, as now amended, from which claim 25 '

depends. In no way does the '811 patent teach, suggest, or even hint at this
particular afray of coatings on a certain substrate. For at least these reasons,

claim 25 is patentable over the cited art. For at least these reasons, all of claims -

8-15 and 25 are patentable over the cited art.

The '628 patent fails to remedy the deficiencies of the '811 patent. The

'628 patent is also strictly limited to the treatment of aluminum.

Neither of the cited patents teaches or even suggests an aqueous
composition adapted for application to a metallic substrate selected from zinc,
magnesium, manganese, and alloys and intermetaliic mixtures thereof. For at
least these reasons, all of claims 8-15 and 25 are patentable.

The Examiner continued and .argued:

Claims 8-15 and 25 lack an inventive step under PCT Article
33(3) as being ohvious over Lewis et al. (US 2554256) in view of
Paulet (US 4018628). The Paulel reference is directed to

2LNEL
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formulations for blackening aluminum, as is the Lewis reference.

The Paulet reference discloses ammonium molybdate or )
heptamolybdate (column 2, lines 4-7). It would have been obvious

to the ordinary artisan to modify the formulations of the Lewis

reference ih view of the disclosure of equivalence in the Paulet

reference for reasons of economics or availability. The substrate

of claim 25 is merely another 'aluminum substrate suitable to the
disclosures of the references for blackening/coloring.

As previously noted, independent claim 8 has been amended to recite that
its compositions are adapted for application o particular metallic surfaces, i.e.
"zinc, magnesium, manganese, and alloys and intermetallic mixtures thereof."
Aluminum is not included. Both the '256 patent and the '628 patent are directed to
the treatment of aluminum. For at least this reason, they fail to teach or even
suggest the subject matter of claims 8-15.

Claim 25 recites a specific coated substrate having-a coating comprising
. zinc flakes and aluminum flakes, that is dispoéed between (i) a metal substrate
selected from zinc, magnesium, manganese, and alloys and intermetallic mixtures
thereof, and (ii) a darkening coating consisting essentially of the components
recited in claim 16, as now amended, from whicﬁ claim 25 depends. In no way do
the '256 patent and/or the '628 patent teacﬁ. sugg'est, or even hint at this

particular'arréy of coatings on a certain substrate. For at least these .reasons,

claim 25 is patentable over the cited art.
The Examiner further contended:

Claim 25 lacks an inventive step under PCT Article 33(3) as being

abvious over Belkin et al. (SU 1678900 Al, as evidenced by

USPTO obtained translation). Aluminum substrates are coated to

provide corrosion protection, as required by claim 25. The

substrate of claim 25 is merely another aluminum substrate
suitable to the disclosure of the reference for coating.

Claim 25 recites a specific coated substrate having a coating comprising
zinc flakes and aluminum flakes, that is disposed between (i) a metal substrate
selected from zinc, magnesium, manganese, and alloys and intermetallic mixtures
thereof, and (ii) a darkening coating consisting essentially of the components
recited in claim 16, as now amended, from which claim 25 depends. In no way
does the SU '613 document teach, suggest, or even hint at this particular array of

coatings on a certain substrate. For at least these reasons, claim 25 is patentable
over the cited art.

The Examiner further contended:

~ Claim 25 lacks an inventive step under PCT Article 33(3) as being

Y



obvious over Merekina et al. (SU 827613 B, as evidenced by
USPTO obtained translation). Zinc substrates are coated to
provide corrosion protection, as required by claim 25. The
substrate of claim 25 is merely another aluminum subsirate
suitable to the disclosure of the reference for coating.

S ’ro
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Claim 25 recites a specific coated substrate having a coat_ing comprising

zinc flakes and aluminum flakes, that is disposed between (i} a metal substrate

selected from zinc, magnesium, manganese, and alloys and intermetaltic mixtures
thereof, and (ii) a darkening coating consisting essentially of the components

recited in claim 16, 'as now amended, from \_Nhich claim 25 depends. In no way

"does the SU '900 document teach, suggest, or even hint at this particular array of
coatings on a certain substrate. Furthermore, claim 16 from which claim 25 .

depends, was amended to recite that the darkening coating composition contains

a particular proportion of ammonium chloride to ammonium molybdate. The SU
'613 document entirely fails to teach that particular range of proportions. For at
least these reasons, claim 25 is patentable over the cited art.”

The Examiner continued and stated:

Claims 1-25 satisfy the criteria set out in PCT Article 33(4), and
thus have industrial applicability because the subject matter
claimed can be made or used in industry.

Claim 17 satisfies the criteria set out in PCT Article 33(2)43).

because the prior art does not teach or fairly suggest further
providing upon the coated substrates resulting from coating the
zinc or aluminum substrate with the respective formulations a

corrosion resistant coating of zinc and aluminum flakes in an
inorganic binder. '

and 19-25 are patentable over the cited art.

Respectfully submitted,

Date

Dee 42#;4’ W“’C fK&M@

MarkE. Bandy, Reg. No. 35,788
FAY, SHARPE, FAGAN,
MINNICH & McKEE, LLP

1100 Superior Avenue, Seventh Floor

Cleveland, Ohio 44114-2579
(216) 861-5582

NAESCZ\200143\MAT0001270V001 .doc

In view of the foregoing, it is respectfully submitted that all claims 1, 3-17,
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We claim:
1. A composition adapted for darkening and imparting corrosion-
resistant properties to a metallic surface selected from zinc, magnesium,

manganese, and alloys and intermetallic mixtures thereof, the composition
consisting essentially of:

from about 0.1 percent to about 5 percent ammonium chloride;

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

from about 90 percent to about 99.8 percent water;

_ wherein the ratio of ammonium chloride to ammonium molybdate is
from about 1:2to0 about 2:1.

2. (Canceied)
3. The composition of claim 1 wherein said ratio is about 1:1.

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

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

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

7. The composition of claim 1 wherein the concentration of ammonium

.molybdate is about 2.5 percent.

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

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

25
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from about 0.1 percent to about 5 percent ammonium
heptamolybdate;

wherein the ratio of ammonium chloride to ammonium
heptamolybdate is from about 1:3 to about 3:1.

9. The composition of claim 8 wherein said ratio is from about 1:2 to
about 2:1.

10.  The composition of claim 8 wherein said ratio is about 1:1.

11.  The composition of claim 8 wherein the concentration of ammonium
chloride is from about 0.5 percent to about 3 percent.

12.  The composition of claim 10 wherein the concentration of
ammonium chioride is about 2.5 percent.

13. The composition of claim 8 wherein the concentration of ammonium -
heptamolybdate-is from about 0.5 percent to about 3 percent.

14. The composition of claim 10 wherein the concentration of
ammonium heptamolybdate is about 2.5 percent.

18.  The composition of claim 10 comprising about 2.5 percent
ammonium chloride and about 2.5 percent ammonium heptamolybdate.

16. 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 infermetallic 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

26
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about 5 percent ammonium molybdate, wherein the ratio of ammonium chloride
to ammonium molybdate is from about 1:2 to about 2;1.

17. The coated. substrate of claim 16 further comprising:
a corrosion-resistant coating disposed on said darkening coating,

wherein said corrosion-resistant coating comprises zinc flakes and aluminum
flakes dispersed in an inorganic binder.

18. (Canceled)

19: The coated substrate of claim 16 wherein said ratio is about 1:1.

20. The coated sﬁbstrate of claim 16 wherein the concentration of
ammoenium chloride is from about 0.5 percent to about 3 percent.

21. The coated substrate of claim 16 Wherein the concentration of
ammonium chloride is about 2.5 percent.

'+ 22. The coated substrate of claim 16 wherein the concentration of
ammonium molybdate is from about 0.5 percent to about 3 percent. |

23. The coated substrate of claim 16 wherein the concentration of
ammonium molybdate is about 2.5 percent.

24, The coated substrate of claim 16 wherein the concentration of
ammonium chloride is about 2.5 percent and the concentration of ammonium
molybdate is about 2.5 percent.

25. The coated substrate of claim 16 further comprising;
a corrosion-resistant coating disposed between said outer surface
of said metal substirate and said darkening coating, wherein said corrosion-

resistant coating comprises zinc flakes and aluminum flakes dispersed in an
organic binder. ‘

27
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26. A method for darkening the surface of zinc comprising:
providing a substrate 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 composition to said outer surface of said zinc to form
a darkening coating thereon.

27. The method of claim 26 further comprising, after said step of
applying said composition, a step of:

drying said coating at a temperature of from about 37°C (100°F) to
about 121°C (250°F). '

28. The method of claim 26 further comprising, after said step of
applying said composition, a step of:
exposing said coating to a curing operation.
29. The method of claim 26 wherein said composition comprises from
about 0.5 percent to about 3 percent ammonium chloride and from about 0.5
pemeqt to about 3 percent ammonium molybdate.

30. The method of claim 26 wherein said composition comprises about
25 pefcent ammonium chloride and about 2.5 percent ammonium molybdate.

31. 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 inciuding 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.
' ' 28
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32. The method of claim 31 further comprising, after said step of
applying said composition, a step of:’

drying said coating at a temperature of from about 37°C (100°F) to
about 121°C (250°F).

33. The method of claim 31 further comprising, after said step of
applying said composition, a step of:

exposing said coating to a curing operation.

34.  The method of claim 31 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.

35. The method of claim 31 wherein said composition comprises about
2.5 percent ammonium chloride and about 2.5 percent ammonium molybdate.

36. 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 composition to said outer surface of said zinc.
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Como resultado del examen de forma, realizado con fundamento en el articulo 38 de
la Decisifn 486 de la Comisién de la Comunidad Andina, articulo 27 del Tratado de
Cooperacidn en Materia de Patentes {PCT}, regla 51 bis del Reglamento y Circular
Onica de la Superintendencia de Industria y Comercio, se le comunica que:

1. La solicitud no contiene la copia del documento en que consta la cesién del
derecho a la patente del inventor al solicitante o a su causante. (Art. 26-k)
Decisidén 486.

En cumplimiento de lo dispuesto por el articulo 39 de la Decisién 486, se le
requiere para que dentro del término de dos meses siguientes a la fecha de
notificacién del presente oficio, complete los requisitos anteriormente enunciados.
En caso de no dar cumplimiento al presente requerimiento, la solicitud se
considerari abandonada y perdera su prelacién.
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