1 Title: AQUEOUS ACI DI C | MMERSI ON PLATI NG SCLUTI ONS AND METHODS FOR

PLATI NG ON ALUM NUM AND ALUM NUM ALLOYS Field of the Invention This

i nvention relates to aqueous acidic imersion plating solutions and to a
process for depositing a zinc alloy protective coating on al um num or

alum num alloy substrates. The invention also relates to nmetal plated

al um num or alum num alloy substrates. Background of the Invention One of
the fastest growi ng worl dwi de narkets in the netal

finishing/electroplating industry is the processing and plating of alum num
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el ectrodeposition is applyi ng Backgnensd@f thedavertiahi ng (better known as

incate) to the substrate just prior to plating. .This rocedure has | on

f)laen coZ]si der ed bf@ m?gt %Eé':oﬁc@ CEh Qdﬂ\?f"fﬁ a&qr@wlg%m%@egs ”bréb?ré"ﬁﬂaﬁg
Lo The: hai e : C | ‘
al um num hﬁlsﬁmq?éleeﬁaﬁlfahgg irRfus Hé%h@gﬁgcﬁsi}fgaéﬁd ﬁé{@m{gdé)%mﬁﬁ%r% BN

are the relative ow cost equi prrent stry, er operating
afloys. Aluminum’s unique physical and mechanical characteristics make it

particularly attractive for industries such as automotive, electronics,
telecommunications and avionics, along with a plethora of decorative applications.
Among aluminum’s most endearing properties include it's low overall density (2.7
g/ce), high mechanical strength achieved through alloying and heat treating, and its
relatively high corrosion resistance. Additional properties of aluminum include; high
thermal and electrical conductance, its magnetic neutrality, high scrap value, and
its amphoteric chemical nature. Aluminum articles for many applications are made
from a variety of aluminum alloys with alloying elements including: silicon,
magnesium, copper, efc. These alloying mixes are formed in order to achieve
enhanced properties such as high-strength or ductility.

The plating of aluminum and its alloys requires specific surface preparations
for successful electrolytic and electroless deposition. The most common practice
used in order to achieve successful electrodeposition is applying an immersion zinc
coating (better known as zincate) to the substrate just prior to plating. This
procedure has long been considered the most economical and practical method of
pre-treating aluminum. The major benefits of applying a zincate layer for
pretreatment are the relative low cost of equipment and chemistry, wider operating

windows for processing, and ease of applying a controlled deposit.



wi ndows for processing, and ease of applying a controlled deposit. 2 The
presence of other netals in the zincate solutions has an affect on the rate
and efficacy of the zinc deposition. Small anmounts of alloy conponents
(i.e. Fe, N, Cu) inprove not only the adhesion of the zincate deposit,
but al so increase the wusability of the zincate on a variety of alum num

al l oys. For exanple, the addition of Fe i®ns inproves the adhesion on
magnesi um cont ai ni ng al l oys. The presence of nickel in the zincate

i nproves the adhesi on of nickel plated directly onto the zincate, and
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is the extrenely toxic nature of cyanide, and therefore,
fini shing pSEWREPE,oftgrmplexingragants andytatiodef metal ions in the composition. This

becomes even more critical with the addition of the cooper ions in the alloy zincate.

he

Due to its noble position in the galvanic series, the deposition rate of copper in the
immersion zincate deposition is much higher than the other elements in the zincate.
Therefore, control of the deposition rate of copper becomes important. It is
possible to control the deposition rate of copper by the selection of the right
complexing agent(s) for copper ions and adequate ratio with the other metal ions.
There are few strong complexing agents for copper ions which offer good stability
and performance of the alloying zincate, and cyanide appears to be the best
candidate., Cyanide is a complexer of choice for the copper containing zincate
compositions and it has been the industry standard for that application for many
years. A negative aspect for the use of cyanide is the extremely toxic nature of
cyanide, and therefore, like other metal finishing products, the search for a cyanide
replacement in the alloying zincate has been a topic of interest for many years.

In recent years there are some non-cyanide alloy zincate compositions that
have been developed but these compositions still contain hard complexing agents
such as EDTA, NTA, ethylene diamine, etc. to keep the muli-ion system in the
stable form which makes waste treatment of spent zincate solutions as well as its



repl acenent in the alloying zincate has been a topic of interest for many
years. In recent years there are sone non-cyani de alloy zincate
conpositions that have been devel oped but these conpositions still contain
hard conpl exi ng agents such as EDTA, NTA, ethylene diamne, etc. to keep
the multi-ion systemin the stable formwhich nmakes waste treatnent of
spent zincate solutions as well as its 3 Jinses nore difficult. Zincate
treatments al so generally performbetter under multiple treatnment nodes.
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the Invention The present Inventi I n one e 0 aqueous
aci di ¢ i meledngrsaiiitian egmpdsiogizimsionsi olckat Bnkrarel/of calyahiods, fluorie mnd,
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on al um nunafangs, V@ bEtHiRbYEM BUEN RARLGtoms. The present invention also relates to
methods for depositing zinc alloy protective coatings on aluminum and aluminum
based alloys comprising immersing the aluminum or aluminum based alloy in the
acidic immersion plating solutions of the invention to deposit a zinc alloy protective
coating, optionally followed by plating the zinc alloy coated aluminum or aluminum
alloy substrate using an electroless or electrolytic metal plating solution.

Detailed Description of the Invention
The present invention, in one embodiment, relates to aqueous acidic

immersion plating solutions which are free of cyanide ions, and more particularly to
non-cyanide aqueous acidic immersion plating solutions which are useful for
depositing a zinc alloy protective coating on aluminum and various aluminum based
alloy substrates. Thus, in one embodiment, the non-cyanide aqueous acidic
immersion plating solutions of the invention have a pH of from about 3.5 o about
6.5 and comprise zinc ions, nickel and/or cobalt ions, and fluoride ions provided that
the solution is free of cyanide ions. In another embodiment, the aqueous acidic
immersion plating solution of the present invention may contain other metal ions
such as copper ions, iron ions, manganese ions, and zirconium ions, and/or one or

more metal complexing agents. In another embodiment, the solutions also contain



al l oy substrates. Thus, in one enbodi nent, the non-cyani de aqueous acidic

I mrersion plating solutions of the invention have a pH of fromabout 3.5 to
about 6.5 and conprise zinc ions, nickel and/or cobalt ions, and fluoride
ions provided that the solution is free of cyanide ions. In another

enbodi ment, the aqueous acidic immersion plating solution of the present

i nvention may contain other netal ions su#h as copper ions, iron ions,
manganese i ons, and zirconiumions, and/or one or nore met al conplexing
agents. In another enbodi ment, the solutions also contain 4 at |east one
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in one embodiment, the immersion plating solutions contain nickel ions but
no cobalt ions. in another embodiment the immersion plating solutions contain
nickel ions and cobalt ions. {n yet another embodiment the immersion plating
solutions contain cobalt but no nickel ions. Because of economics, the solutions
contain nickel ions or a mixture of nickel with a small amount of cobalt. in one
embodiment the concentration of the nickel ions or the cobalt ions, or mixtures of

. cobalt ions and nickel ions is greater than the concentration of zinc ions.

The immersion plating solutions of the present invention also contain fluoride
ion. The source of fluoride ion may be any soluble fluoride compound so long as
the ions introduced with the fluoride ion are not detrimental to the performance of
the solution. Either metal or ammonium fluorides may be used. Typical fluoride
materials include hydrofiuoric acid, alkali metal or ammonium fluorides such as
sodium fluoride, ammonium fluoride, etc., and alkali metal or ammonium hydrogen
fluorides such as sodium hydrogen fluoride, ammonium hydrogen fluoride
(ammonium bifluoride), etc. Since high water-solubility is desired whenever possible,
highly soluble fluorides such as the sodium or ammonium bifluorides are preferred.



enbodi nent the concentration of the nickel ions or the cobalt ions, or

m xtures of cobalt ions and nickel ions is greater than the concentration
of zinc ions. The imrersion plating solutions of the present invention also
contain fluoride ion. The source of fluoride ion my be any sol uble
fluoride compound so long as the ions introduced with the fluoride ion are
not detrinental to the performance of the;solution. Either netal or
anmoni um fl uori des may be used. Typical fluoride materials include
hydrof |l uoric acid, alkali netal or ammonium fluorides such as sodium
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In another embodiment, the aqueous acidic plating solutlons of the present

invention may comprise

from about 10 to about 30 g/l of zinc ions,

from about 20 to about 50 g/l of nickel and/or cobalt ions, and

from about 0.5 to about 10 g/l of fluoride ions.
fn one embodiment, the concentration of zinc ions is less than the concentration of
nickel and/or cobalt ions.

The aqueous acidic immersion plating solutions of the presentinvention also
may contain at least one inhibitor containing one or more nitrogen atoms, one or
more sulfur atoms, or both nitrogen and sulfur atoms. In one embodiment, such
nitrogen atoms are not present in an aliphatic amine or hydroxylamine. In another
embodiment, the immersion plating solutions of the invention also contain one or
more metal complexing agents. Such solutions offer improved stability of the
complex system and acceptable performance on a variety of aluminum and
aluminum alloys. The immersion plating solutions of the present invention are free
of cyanide ions, and such solutions offer the additional advantage of environmentally
friendly application for the pretreatment of various metal substrates such as
aluminum and aluminum based alloys. In another embodiment, the aqueous acidic
plating solutions of the invention are free of hard complexing agents including

:aliphatic amines such as EDTA, NTA, ethylenediamine, etc.



ni ckel and/or cobalt ions. The aqueous acidic i mersion plating solutions
of the present invention also mnmay contain at |east one inhibitor

contai ning one or nore nitrogen atons, one or nore sulfur atons, or both
nitrogen and sul fur atonms. In one enbodi nent, such nitrogen atons are not
present in an aliphatic am ne or hydroxylam ne. In another enbodi nent, the
i mersion plating solutions of the invention also contain one or nore
nmet al conpl exi ng agents. Such solutions offer inproved stability of the
conpl ex system and acceptabl e perfornmance on a variety of alum num and
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et hyl enedi am ne, etc. 6 The inhibitors useful in the i mersion plating
solutions of the present invention may be selected froma w de variety of
conpositions which contain nitrogen angqug oyl fur atoms. Thusy in one
enbodi nent, the inhibitor may be selected fromone or nore conpounds
characterized by the formula R2N—C(S)Y |  wherein each R is independently
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i ndependent Im;d%m,@g%z@esan al kyl, cycloal kyl, al kenyl or aryl group. The
al kyl, cycl oal kyl, al kenyl and aryl groups nay contain up to ten or nore
The thiourea compounds which may be utilized in the present invention may

be characterized by the formula:
[R,NLCS (1)

wherein each R is independently hydrogen or an alkyl, cycloalkyl, alkenyl or aryl
group. The alkyl, cycloalkyl, alkeny! and aryl groups may contain up to ten or more
carbon atoms and substituents such as hydro_xy, aming and/or halogen groups. The
alkyl and alkenyl groups may be straight chain or branched. The thioureas used in
the present invention comprise either thiourea or the various art recognized
derivatives, homologes or analogs thereof. Example of such thioureas include
thiourea, 1,3-dimethyl-2-thiourea, 1,3-dibutyl-2-thiourea, 1,3-didecyl-2-thiourea, 1,3-
diethyl-2-thiourea, 1,1-diethyl-2-thiourea, 1,3-diheptyl-2-thiourea, 1,1-diphenyl-2-
thiourea, 1-ethyl-1-(1-naphthyl)-2-thiourea, 1-ethyl-1-phenyl-2-thiourea, 1-ethyl-3-
phenyl-2-thiourea, 1-phenyi-2-thiourea, 1,3-diphenyl-2-thiourea, 1,1,3,3-tetramethyl-
2-thiourea, 1-allyl-2-thiourea, 3-allyl-1,1-diethyl-2-thiourea and 1-methyl-3-
hydroxyethyl-2-thiourea.  2,4-dithiobiuret, 2,4,6-trithiobiuret, alkoxy ethers of
isothiourea, etc.

The thiocarbamates which can be utilized as inhibitors in the acidicimmersion
plating solutions of the present invention include thiocarbamates represented by the
formula

R,NC(S)-XR! I



carbon atons and substituents such as hydroxy, am no and/or hal ogen groups.
The al kyl and al kenyl groups may be straight chain or branched. The
thioureas used in the present invention conprise either thiourea or the
various art recogni zed derivatives, honol oges or anal ogs thereof. Exanple
of such thioureas include thiourea,

1, 3-di met hyl - 2-t hi ourea, 1, 3-di butyl - 2-t hi durea, | , 3-di decyl - 2-t hi ourea, 1, 3-
di et hyl - 2-thi ourea, 1,1-diethyl-2-thiourea, 1,3-diheptyl-2-thiourea,

1, 1-di phenyl -2- thiourea, 1-ethyl-l -(1-naphthyl)-2-thiourea,
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In yet anothgsr enbodinent, both R groups are alkyl groups containing 1 or
2 carbon atonms. Exanpl es of such thiocarbamates include di et hyI
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acidic i MegsieaBnilddty Mg SahYid ons of the present invention include
t hi osem car bairi@des reypresent ed by the formula RRNNC(S)-N(H)NR2 IV wherein

each R is independently hydrogen or an al kyl, al kenyl or aryl group. In one
RoN-C(S)-N(H)NR, Y

wherein each R is independently hydrogen or an alkyl, alkenyl or aryl group. Inone
embodiment, the R groups are alkyl groups containing from 1 to 5 carbon atoms,
and in another embodiment, the alkyl groups can each contain 1 or 2 carbon atoms.
Examples of such thiosemicarbazides include 4,4-dimethyi-3-thiosemicarbazide and
4,4-diethyl-3-thiosemicarbazide.

The aqueous acidic immersion plating solutions of the present invention also
may contain, as inhibitors, one or more nitrogen-containing disulfides such as those
represented by the formula

[RNCS,], Vv

wherein each R is independently hydrogen, or an alkyl, atkenyl or aryl group. The
alkyl groups may contain from 1 to about 5 carbon atoms. In another embodiment,
the alkyl groups can each contain one or two carbon atoms. In another
embodiment, both R groups are alkyl groups containing one or two carbon atoms.
Examples of such organic disulfides include bis(dimethyithiocarbamyl)
disulfide{thiram) bis(diethylthiocarbamyl) disulfide, etc.

The inhibitors which are useful in the present invention also may be nitrogen-
containing heterocyclic compounds which may be substituted or unsubstituted.



enbodi ment, the R groups are al kyl groups containing from1l to 5 carbon
atons, and in another enbodi nent, the al kyl groups can each contain | or 2
carbon atons. Exanples of such thioseni carbazi des include

4, 4-di net hyl - 3-t hi osem car bazi de and 4, 4-di et hyl - 3-t hi osem car bazi de. The
aqueous acidic inmmersion plating solutions_of the present invention also
may contain, as inhibitors, one or nore nitrogen-containing disulfides such
as those represented by the fornula [RZNCS2]2 V wherein each Ris
independentlé hé‘drogen, or. an al kyl, al kenyl or aryl group. The alkyl
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het er ocycl i %mgﬁmgﬁy al so contain other atons such as oxygen or
sul fur. An exanple of a heterocyclic conpound containing nitrogen and
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heterocyclic compounds useful as inhibitors in the immersion plating solutions of the
present invention include: 2-mercapto-1-methyl imidazole; 2-
mercapiobenzimidazole; 2-mercaptoimidazole; 2-mercapto-5-methyl benzimidazole;
2-mercaptopyridine; 4-mercaptopyridine; 2-mercaptopyrimidine (2-thiouracil); 2-
mercapto-5-methyl-1,4-thiadiazole; 3-mercapto-4-methyl-4+-1,2 4-triazole; 2-
mercaptothiazoline, 2-mercaptobenzothiazole, 4-hydroxy-2-mercaptopyrimidine; 2-
mercaptobenzoxazole; 5-mercapto-1-methyltetrazole; and 2-mercapto-5-
nitrobenzimidazole.

The inhibitors which are useful in the immersion plating solutions of the
present invention also may include alkali metal thiocyanates such as sodium
thiocyanate and potassium thiocyanate. Thio alcohols and thio acids also may be
included in the immersion plating solutions of the invention as inhibitors. Examples
of these inhibitors include: 3-mercapto ethanol; 6 mercapto-1-hexanol; 3-mercapto-
1,2-propanediol; 1-mercapto-2-propanol; 3-mercapto-1-propano!: mercaptoacetic
acid; 4-mercaptobenzoic acid; 2-mercaptopropionic acid; and 3-mercaptopropionic
acid.

In one embodiment, the immersion plating solutions of the present invention
rmay contain one or more of the above described inhibitors. in another embodiment,
the immersion plating solutions contain two or more of the above described



a nmercapto group. Specific exanples of nercapto substituted
nitrogen-containing heterocyclic conpounds useful as inhibitors in the
i mmersion plating solutions of the present invention include:
2-mercapto-|-methyl imdazole; 2- nercaptobenzi m dazol e;

2- mer capt oi m dazol e; 2-nercapto-5-nethyl benzim dazol e;

2- mer capt opyri di ne; 4-nmercaptopyridine; 2-@ercaptopyrinidine
(2-thiouracil); 2- mercapto-5-nethyl-1, 4-thiadi azol e;
3-nercapto-4-nethyl-4H 1, 2, 4-tri azole; 2- mercaptothiazoline,
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range from HBe@in heigragisian plating solutions of the presentinvention. Specific examples

of such complexing agents include sodium tartrate, sodium acetate, disodium
tartrate, sodium gluconate, potassium gluconate, potassium acid tartrate, sodium
potassium tartrate (Rochelle Salt), etc.

The metal complexing agents which may be included in the immersion plating
solutions of the present invention also may, in some embodiments, comprise
aliphatic amines, aliphatic hydroxylamines or mixtures thereof. In another
‘embodiment, the complexing agents comprises a mixture of one or more aliphatic
amine and/or aliphatic hydroxylamine and one or more of the other complexing
agents described above. The amount of the amine included in the immersion
plating solutions of the present invention may vary from about 1 to about 50 g/i.
Examples of the amines which are useful include ethylenediamine, diaminopropane,
diaminobutane, N,N,N,N-tetramethyldiaminomethane, diethylenetriamine, 3,3-
aminobispropylamine, triethylene tetramine, monoethanolamine, diethanolamine,
triethylanolamine, N-methyl hydroxylamine, 3-amino-1-propanol, N-methyl
ethanolamine, etc. In another embodiment, the immersion plating solutions of the
invention are free of aliphatic amines and aliphatic hydroxytamines.

The aqueous acidic immersion plating solutions of the present invention may

be prepared by dissolving the various components mentioned above in water. The



250 grans per liter or nore. In one enbodi nent, the concentration of the
conpl exi ng agent(s) is fromabout 20 to about 100 g/l. Useful conplexing
agents may be selected froma wide variety of materials including those
cont ai ning anions such as acetate, citrate, glycollate, |lactate, naleate,
pyrophosphate, tartrate, gluconate, glucoheptonate, etc. Mxtures of two
or nore conpl exing agents may be wused in e imersion plating solutions
of the present inventi-on. Specific exanples of such conpl exi ng agents
include sodiumtartrate, sodium acetate, disodium tartrate, sodium

gl uconate, p ' uconate, potassiumacid tartrate,. sodium potassium
Cartrate. ( RocHPPRo sy SR tebod R SRR o @iy Rudhiestis Siehay Betc
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may, in sone enbodi nents, conprise aliphatic amnes, aliphatic
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agents conpri ses i of._one.or .por,e aliphatic amne and/or. aliphatic
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di et hanol aminet or heaehtmbgstadranpregsufe. met hyl hydr oxyl am ne,

3-am no-| - propanol, N-nethyl ethanolam ne, etc. In another enbodi nent, the
i mrersion plating solutions of the invention are free of aliphatic am nes
and al i phatic hydroxyl am nes. The aqueoug,@gidi c i mrersion plating
solutions of the present invention nagkgi? é%r_@gred by di ssol ving the
vari ous conponents nentioned above in"watér. "The 10 conponents may be
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Nickel Acetate 4H,0 36 70 70 70 70 70 70 70

Cobait Acetate 44,0 - - - - - - -

Ammonium Biflucride 1 3 3 3 3 3 3 3

2-Mercaptobenzothiazole 0.01 -

2.2 dipyridyf 0.01 - -

1,3-diethyl-2-thiourea 0.01 -

2-benzimidazole o 0.01

2-mercapto-i- 4§ 0.01
methylimidazole

1,10-phenanthroline Q.01

pH 5.5 5.5 6.5 5.5 5.5 55 5.5 5.5

* all parts in g/, remainder is water



solutions of the present invention. Unless otherw se indicated in the
follow ng exanples or elsewhere in the witten description and/or cl ains,
all parts and percentages are by weight, tenperatures are in degrees
centigrade and pressure is at or near atnospheric pressure. Table |
Exanpl es A-H Solution Exanple® ABc O EF GH Zinc Acetate 211,0 30 30 30
30 30 30 30 30 Nickel Acetate 4H 0 30 70170 70 70 70 70 70 Cobalt Acetate
4HO - - - - - - AmmoniumBifluoride 1 3 3 3 3 3 3 3

2- Mer capt obenzot hi azole 0.01 - -- 2,2'-dipyridyl 0.01 - -
1,3-diethyl-2-thiourea 0.01 - 2-benzimdgzelie 0.01 2-nercapto-1- 0.01
nethylln1dazole 1,10- phenant hrol i ne GhpipHipg5 5.5 5.5 5.5 5.5 5.5 5.5
5.5 all parts in gll, renainder is mater 11 Table Il Exanples |-M

Sol ution EXW T ™ ¢|n(, Aretatg2H0—P38—38 45 40 35 Ni ckel
Acet ate 4H2 OrFEEMPRG 75 dnhalt Acetpfe 4H30 75| Knmpni um Bifluoride 4 4 5

4 3 2- Mercaptobenzotchi azdlse 0. 085 0. 0485 0./005 0} 805 |2, 2' -di pyri dyl

Nickel Acetate 4H,0 75 75 100 75

Cobalt Acetate 4H,0 75
Ammonium Bifluoride 4 4 5 4 3
2-Mercaplobenzothiazole 0.005 0.605 0.005 0.005
2.2'-dipyridyl

1,3-diethyl-2-thiourea 0.005 0.005

2-benzimidazole

2-mercapto-1- 0.005 0.005
methylimidazole

1,10-phenanthroline

pH 5.0 2.0 5.0 5.0 5.0

* all parts in g/, remainder is water

The non-cyanide acidic immersion plating solutions of the present invention
which have been described above are useful in depositing zinc alioy protective
coatings as a pretreatment for aluminum and various alloys of aluminum. In one
embodiment, improved results are obtained when the plating solutions contain one
or more of the inhibitors described above. The use of the inhibitors, and the
combination of the inhibitors and complexing agents described above in the
immersion plating solutions is believed to be responsible, at least in part, for the
improved performance of the immersion plating solutions of the present invention.
The inhibitors affect the zinc alloy deposition rate and provide a thin even coating
or the aluminum and aluminum alloys. Zinc alloy protective coating weights of from
about 2-6 mg/ft* can be obtained with the immersion plating solutions described
herein.

In addition to aluminum, the immersion plating solutions of the present
invention are useful for depositing a zinc alloy protective coating on various
aluminum alloys, including both cast and wrought alloys. Exemplary cast alloys
include 356, 380 and 383 alloys. Exemplary wrought alloys include 1100, 2024,
3003, 3105, 5052, 5056, 6061, 6063, and 7075 type aluminum alloys.



1, 3-di ethyl -2-thiourea 0.005 0.005 2-benzim dazol e 2-nercapto-1- 0.005
0.005 nethylimdazole 1, 10-phenanthroline pH5.0 5.0 5.0 5.0 5.0 ' al
parts in gll, renmainder is water The non-cyani de acidic inmrersion plating
sol utions of the present invention which have been described above are
useful in depositing zinc alloy protective coatings as a pretreatnent for
al umi num and various alloys of alumnum [& one enbodinent, inproved
results are obtained when the plating solutions contain one or nore of the
i nhi bitors descrlbed above. The use of the inhibitors, and the conbination
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metal pl ati opapiig)tthe@lurhinufhgehérag is rinsed in water.

Etching of the cleaned aluminum substrates then is performed using
conventional etchants which may be either acidic or alkaline. An acidic etchant
generally is used. In one embodiment, the etching solution may comprise 50% nitric
acid. in the process utilized in the following Examples, the etching solution used to
remove excessive oxide from the aluminum surface is Alklean AC—Z (5% vol) from
Atotech USA, and this etching solution comprises phosphoric acid/sulfuric
acid/fluoride. The aluminum or aluminum alloy is contacted with Alklean AC-2 for
about one to two minutes at about 20-25°C. The etched samples are then rinsed
with water.

The etched aluminum surface is then desmutted. Desmutting is a process
whereby excess grime is removed from the surface of the aluminum., Desmutting
may be performed using a nitric acid solution (e.g., a 50% by volume solution) or &
mixture of nitric acid and sulfuric acid. in one embodiment, a typical desmutting
solution for aluminum alloys may contain 25% by weight sulfuric acid, 50% by weight
nitric acid and 25% by weight ammonium fluoride. Desmutting also can be
accomplished with a mixture of nitric and sulfuric acids containing an acidic, fluoride
salt product containing ammonium bifluoride. In the Examples which follow, the
etched aluminum alloys were desmutted using DeSmutter NF (100 g/l) Atotech USA
at a temperature of about 20-25°C for about one minute and rinsed with water
DeSmutter NF comprises a mixture of acid salts and a persulfate-based oxidizing

agent.



understood that water rinses generally are enployed after each processing
step. The first step in the optional pretreatnent process is to clean the
al um num surface of any grease, dirt or oil utilizing, for exanple,

sui tabl e al kaline, acid or solvent, non etch cleaners. Suitable cleaners
i nclude nonsilicated mldly alkaline cleaners and silicated mldly

al kal'ine cleaners, both of which are usedqgver a tenperature range of
about 49 to 66 C for about | to about 5 mnutes. After cleaning, the
alum num generally is rinsed in water. Etching of the cleaned al um num

substrates then iz RerLALTRHHSING cRAMYCRt h9NAly 54 GABMBEnUAAER dBYmDRed

either acidic or al i'nel "An aci han generally Ts use e
enbodi nent , dlbeiretre blubgirstelbytimomersiayn of trgpelusenmd%ubistraiedn aacneyahidetaoidic

process utilized n the fol|low n anpl es, the etching saolution used to
remove exced¥IMSEX Hlaling @Hl‘ﬁ’ﬁ’é‘ ‘%Itﬁéi‘%‘{ﬁﬁt@ﬁrfpé@éﬂi@ w’%ﬂéﬁm@%% 3%?%?)
from Atote ! ' | 0f~Ut 0 ’ r@r@p&g@

aci d/ sul fur ?{bold??io(?fwl?rg:&}lgg:%b%ﬁéé%%ngnnéﬁr@a?ﬁ%@ﬁ% Iil gy i sk%goenpgé?%d
wi th Al kl earalw@irink eubstadieufl hertemperatuce of theiremeasioaptaling2e! 4Ba.is Taeerallg hed

sanples are then.rinsed wt S T ched al um num sur f I.S..then
doomutted - chaRedEEfuedh Balifel’c adiubt’ dteds PRt hpBig skl bR g,
the surface rgfndvBg fRIH i Yitfabe dHe Al0BindRYSsuBSrBRY, fuehBRly Wsi d@aterinkeiis
acid solution (e.g., a 50% %@vol ume solution) or a mxture of nitric acid

and sul f uri cedeniged watene lertbedeiewing Bxeppiasalthaeduiminumds iBaised N foe
al um num al |.Qy: Y | 9 J | fel i Ld, 0 |-ght

nitric acid ;@(ﬁ%%@ﬂ@@@&ﬂ&ﬂ%ﬁéﬁ%%@gﬁﬁtlZ?S—rzlﬁa'(g_f8ﬁ§§%ﬂ”@?ﬂ?é§@¥9%ﬁé%2 be
acconpl i shed wi t FaoWing theealodvandésdribeanakigivlifruiarsicacpldtng rahianentnthearine

acidic, fluoride salt product containing amonium bifluoride. In the.
Exanpl es whigdRY cepiashalunnaumesilpsitatas mﬁ)gb%%’tﬁéy@“%\é% seéag el yalizgy

CoS o, Nelkifosld) oBLaeaL iRy MooBel BIRBI RHEIP RipsdR e biTel:

acid salts amdude peickel, f ebppdrasednee] dirassgsihegengoldl3and platinum.  In one
embodiment, the zinc alloy coated aluminum substrates are plated in electroless
nickel or by electrolytic plating processes such as sulfamate nicket strike or copper
pyrophosphate strike solutions.

The following Examples 1-14 illustrate the deposition of a zinc alloy protective
coating in accordance with the present invention on various aluminum alloys
followed by metal plating. Test plaques of the aluminum alloys of 1 inch by 4 inch
with a thickness of 0.09-0.25 inch are used for the plating tests. All the test plaques
are cleaned, etched and desmutted as described above before immersion in the
non-cyanide acidic immersion plating solutions of the invention. Metal layers are
plated up to about 1 mil or somewhat thicker prior to the adhesion test. In Examples
1-13, the zinc alloy coated samples are plated with nickel utilizing Nichem-2500
(Atotech USA) electroless nickel bath for 90 minutes at about 95°C. In Example 14,
the zinc alloy coated samples are plated electrolytically in a copper pyrophosphate
electroplating solution for 45 minutes at about 25 ASF current density. The zinc
alloy coated samples of Example 15 are plated in a sulfamate nickel electroiytic
strike bath followed by bright acid copper, bright nickel and decorative chromium
electroplating steps. The metal plated samples of Examples 1-15 are then rinsed
with water, dried, and tested for adhesion of the nickel or other plated metal to the

aluminum substrate. Adhesion of the plated metal is determined using one or more



A zinc alloy protective coating is applied to the etched and desnutted

al um num substrate by i mersion of the alum num substrate in a non-cyani de
acidic imersion plating solution of the invention for a brief period of
time such as from about 100 to about 150 seconds in order to obtain

conpl ete coverage of the alum num substrate. The tenperature of the

i Mmersion plating solution is generally fdintai ned between about 20C and
25C. Excess immersion plating solution is renoved fromthe surface of the
al um num substrate, generally by a water rinse in deionized water. In the
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m | or sonmewhat thicker prior to the adhesion test. In Exanples 1-13, the
zinc alloy coated sanples are plated with nickel utilizing N chem 2500
(Atotech USA) el ectrol ess nickel batlhxdrople30i-niinut es at about 95C. In

Exanpl e 14, the+gi | ated s |es_are plated el ectrolytically in a
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aci d copper COHLAFMMiUER alloynaredaen piated én Nivhem-2500 (Atotech USA) electroless
nickel bath for 90 minutes at about 95°C. The plated samples are rinsed with water,
dried, and tested for adhesion using the 90" bend test described above. The resuits

are summarized in the following Table Iil.



el ectropl ating steps. The netal plated sanples of Exanples 1-15 are then
rinsed with water, dried, and tested for adhesion of the nickel or other
plated netal to the alum num substrate. Adhesion of the plated netal is
determ ned using one or nore 14 of the followng tests. One adhesion test
i nvol ves using a 90* bend. In this test, after a 90* bending of the plated
sanpl e, inside and outside surfaces of th&bent area are checked for
lift-off (flaking) of the plated netal fromthe base al um num substrate.
Adhesi on of plated netal is rated as: Good (0% Ilift-off), Fair (less than
10%lift-off on either side of the bentT#eq) and Poor (greater than 20%
lift-off). For cast alloys, "Reverse Saw', "Ginding" and

"Scri be/ Cross- Hat ch” net hods at% BepedAdhesiendekt Resullgihesi on of the pl at ed
nmetal, and the adhesion is rated using the above criteria. Sone plated

sanples also are tested aft“%r é) Ki t 150C for two hours, quenched in
col d wat er % 9 ieand t he ter 108 ?gﬂ% IS theér& na’ yzed for Dblisters
using a " notbg‘rsgmr/ pass” d fail ——@&&J@H i a. ExaRpBaAlDy10 The

i mmersion plating solutions of Exanples A-K and Mare used to deposit a
zinc alloy goating on wought alum num alloys 202 6061. zinc all oy
coated alum num alloys are then plated in N chem %%Q(At ot ecEgESA)

el ectrol ess2 nickel bath f8 90 ninutes at abo®od@5C. The pl aFeft sanpl es
are rinsed with water, dried, and tested for adhesion using the 90 bend
test described above. The results. are summari 23—95"% n the foll @Hotﬁ’g Tabl e

I11. 15 Table 11l 90 BendpAdhesi on Test Resul o4 Mersi on PgEgting Exanpl e
Sol uti on of _Exanple 2024 Al loy 6061 Alloy A Gooé)/ Fair Fair lZ: E Good Fair
3 C Good Godd E Good Good

6 F Good Good

7 G Good Good

8 H Good Fair

9 I Good Fair

10 J Good Good

11 K Good Good

12 M Good Good

Example 13

Aluminum alioys including cast alloys 356 and 380, and wrought alloys
including 1100, 2024, 3003, 5052, 6061 and 7075 are coated with a zinc alloy using
the immersion plating solution of Example L followed by electroless nickel plating.
The nickel-plated parts are tested for adhesion in the 90° Bend Test and the grinding
and cold water quenching methods. All of the samples are rated as Good.

Example 14
Aluminum alloys 2024 and 6061 are coated using the immersion plating
solution of Example L by the procedure described above. The zinc alloy coated
samples are then plated electrolytically in a copper pyrophosphate bath for 45
minutes at about 25 ASF current density. The copper plated samples are tested for
adhesion of the plated copper to the aluminum alloy, and no adhesion failure is
noticed in the 90° bend test.



4 D Good Fair 5 E Good Good 6 F Good Good 7 G Good Good 8 H Good Fair
91 Good Fair 10 J Good Good 11 K Good Good 12 M Good Good Exanple 13
Al um num al | oys i ncluding cast alloys 356 and 380, and w ought all oys

i ncludi ng 1100, 2024, 3003, 5052, 6061 and 7075 are coated with a zinc
alloy using the inmmersion plating solution of Exanple L followed by

el ectrol ess nickel plating. The nickel-plated parts are tested for
adhesion in the 90 Bend Test and the grinding and cold water quenching
met hods. All of the sanples are rated as Good. Exanple 14 Al um num al | oys
2024 and 6061 are coated using the imensipigl@ing solution of Exanple L
by the procedure descri bed above. The zinc alloy coated sanples are then
plated el ectrol yti cihwr@wd&r‘%b%éamﬂ& bposeated baesptithat ths zing allmesoated

about 25 ASF cpusente %Qe?:f IEBé'S Qﬁ'n% el Ble%ttr%g/ti%asn}rﬂ(eeﬁ%tﬁr{gli (ig}/gﬁlgii\t acid

adhesi on of the plate um num
failure is notaped, |tm|91hlneﬂglﬂal baml deiﬁ)Tratavth chmrmh eelé&rd’dﬂ@tu@g? ogtegsir eTfPlfese

Exanple 14 is & ate xcept that the zinc all oy, coated s are plated
in a sul famat €'H 5‘3 eéf ’8P9f€f@Sﬁqfiokéd%%%'ﬂ”ﬁél"l%b\@&ob?efﬁﬁ t%lﬁ@séa}@“das the

copper, bri ghtbaldu%%(@:st @@chﬁ%@oit%%bv‘?«}océm%&dﬂ“o%%?bﬁ grtﬁ’%e[ﬂ% rfa@% ate

el ectropl ated sa es are tested for adhesion using
wel | as the Hm{ierﬁ‘ged esanged the platehbavelesNo adhe5| on Ioss or bli sters on
_ the plated surface are
Example 16
The procedure of Example 15 is repeated except the immersion plating
solution of Example M is used to deposit the zinc alloy coating. No adhesion loss

or blisters on the plated surface are observed in any of the plated samples.

While the invention has been explained in relation to its various
embodiments, it is to be understood that other modifications thereof will become
apparent to those skilled in the art upon reading the specification. Therefore, it is
to be understood that the invention disclosed herein is intended to cover such

modifications as fall within the scope of the appended claims.



observed on any of the plated sanples. Exanple 16 The procedure of Exanple
15 is repeated except the inmmersion plating solution of Exanple Mis used
to deposit the zinc alloy coating, No adhesion loss or blisters on the

pl ated surface are observed in any of the plated sanples. Wile the

i nvention has been explained in relation to its various enbodinents, it is
to be understood that other nodifications thereof will becone apparent to
those skilled in the art upon reading the specification. Therefore, it is
to be understood that the invention disclgsed herein is intended to cover
such nodifications as fall within the sdﬁbe of the appended clains. 17
CLAIM5S 1. An aqueous acidic imrersion plating solution having a pH of from
about 3.5 to about 6.5 conprising zinc jons, nickel and/or cobalt ions, and
fluoride ions, and at |east one inhibiﬁH#M@G%taining one or nore nitrogen

atons, one or nore su QM BaidRh i o SNdioRi g\g‘eﬂ t A ®m

provi ded t hat the1 sol h%llé(rglﬁé?s f?lggio_ c‘?gﬁilﬂéfie ons ‘gﬁﬁ\lu_t 8? dgr ovi ded
that when t hehioshBi toaboutdhtcarmpsistngezing iomsr eickeltandierobelbians, auch nitrogen
atons are nOtfiuBFiﬁé?d}\ts %Ll?d Qﬂe?étjéfr%hﬁmbﬁof%lﬂginﬂ{g SNEE %X AM B en Atondd1e

i mrer si on plating solttion of claml also containing one or  nore netal
conpl exi ng ageeta.m@e stifer atomey si bethpiudfur agd sdtogenh atorod, whdted thaltise

containing o I Lo i ons. e r er ions,
iron ions, n&%b@ﬁgs@e’rﬁégﬁg‘?@n deg'ﬁgé ﬁﬂ?ntflg%iﬁéér @ﬁ‘c’fa%ﬁ%%ﬁﬁﬁ%%%r The
i mer si on pl abniansoataibn moreoditrogen atomaysack inifrddea atorhg bird not presesidh eat ed
fromnit rogen-.cf?%t ai ni n%rgi a%l fli des: al kali netal thiocyanates;
t hi ocar bamat ggp 'ct%rglag T & rt§?”ﬁ'|.r}\rbé'heterocycl i ¢ conpounds; nercapto
substituted nitrogen- coim mimnemiprhgibeng sylalion of ceipoditis, cdrithinmgi o, or
t hi oal cohoi s, congor.mds characterized by the formula

. moré metal complexing agents.

3, The immersion plating salution of claim 1 also containing one or
rmore additional metal ions selected from copper fons, iran ions, manganese ions,
magnesium lons and zirconium ions.

4. The immersion plating solution of claim 1 wherain the inhibitor s
selected from nitrogen-containing disulfides; aliall metal thiocyanates;
thiocarbamates; nitrogen-containing heterocyclic compounds; mercapto
substituted nitrogen-containing heterocyclic compounds, thioacids, thioalcohols,

compounds characterized by the formula
RN-C(S)Y i

wherein each R is independently hydrogen or an alkyi, alkenyl, or aryl group, and
Yis X R', NR, or N(H)NR,; wherein X is O or 8 and R" is hydrogen or an alkali
metal; and mixtures thereof,

5. The immersion plating solution of claim 1 wherein the inhibitor is a
thiourea compound représented by the formuia:

[R,NJ,CS I

wherein each R is independently hydrogen or an alkyl, alkenyl or aryl group.



R2ZN-C(S)Y | wherein each Ris independently hydrogen or an al kyl, al kenyl,
or aryl group, and Y is X R, NRZ2 or N(H NR2; wherein Xis 0 or 5 and R

is hydrogen or an alkali netal; and m xtures thereof. 5. The i mersion
plating solution of claiml wherein the Inhibitor is a thiourea conpound
represented by the fornula: [RZNJ2CS | | wherein each Ris independently

hydr ogen or an al kyl, al kenyl or aryl group. 18 6. The inmersion plating
solution of claim1l wherein the inhibitor is at |east one nitrogen
cont ai ni ng heterocyclic conpound or nercapto substituted nitrogen
cont ai ni ng heterocyclic conpound, or nidk ures thereof. 7. The imersion

pl ati ng solution of claim®6 wherein the heterocyclic conpound is selected
frompyrroles, imdazoles, benzim dazol es, pyrazoles, triazoles,

pyri di nes, pi pertazi né8e ipipessomplatingispkitipaion slgm gywherein hednhibiieriz@tes,

t hi azol i ne n@z,?{ ' s ] : W Ae. | rsion
pl ati ng soﬁﬁ?‘%’@n 0 r%ﬁ@g{k%ﬁfaumgﬁgfagﬂt@f%c?gﬂ}p@ E’ g:&?ﬂé}ggptﬁgp ?%%ém
subst i t ut edifipgeroeiiaicing hatarpeyslit compoogd) dronixbmpe threteo®, The | mrer si on

D i ng ol o S8l et DGR ade AR B | oot
10. The i muengicundps stlectgd Solrupyranesfimidearotes) bahefrfdayolds pyelzoldspn al so
ConL Al S, DA U 0 D BB g, ey Bk B 07 o
atoms. 11. tfiaeolinesethkizondims rhatansiaby! amrefpiediabs 1 which is free of
?H@?gf l)(r:] i’im' nes a lﬁa{ i Qlf%i{l{ﬂcmht){dr oijI_ar?i nesl.rn 12. Arg atggeo%s, aci gi C
platiflg so JUnp pRiutien of efim 3n¥harely Bedkilg it 96. 5 and
conpri si ngméreafoalbstiutkdintrafedbontSRing/ Het&b cgbiRcdnitiund.
9. Theimmersion plating solution of ¢taim 1 containing:
from about 1 to about 150 ga of zinc ions, and
from about 5 to about 250 g/l of nickel and/or cabalt ions.
10. The immersion platirig solution of claim 9 wherein the solution also
contalns from about 0.0005 to about 5 g/l of an inhibitor contalning one or more
nitrogen atoms, one or more sulfur atoms, or both sulfur and nitrogen atoms.
© 11.  The immersion plating solution of ¢laim 1 which is free of aliphatic
amines and aliphatic hydroxylamines.
12, Anaqueous acidic immersion plating solution having a pH of from
about 3.5 to about 6.5 and comprising: '
from about 1 to about 150 g/t of zinc ions,
from about 5 to about 250 g/l of nickel and/or cobalt ions,
from about 0.005 to about 100 g/l of fluoride ions, and
from about 0.003 to about 100 g/l of an inhibitor containing
one or more nifrogen atoms, one or more sulfur atoms, or
both sulfur and nitrogen atoms.
provided the solution is free of cyanide ions and further provided that when the
inhibitor contains one or more nitrogen atoms, such nitrogen atoms are not
present in an aliphatic amine or hydroxylamine.
13. The immersion plating solution of claim 12 also containing at feast
one metal complexing agent.



fromabout 5 to about 250 g/l of nickel and/or cobalt ions, from about
0.005 to about 100 g/1 of fluoride ions, and from about 0.005 to about 100
g/l of an inhibitor containing one or nore nitrogen atons, one or nore

sul fur atons, or both sulfur and nitrogen atons. provided the solution is
free of cyanide ions and further provided that when the inhibitor contains
one or nore nitrogen atons, such nitrogen atons are not present in an

al i phatic am ne or hydroxylam ne. 13. Thegi hmersion plating solution of
claim12 also containing at |east one netal cornplexing agent. 19 14, The
i mrersion plating solution of claim13 wherein the netal conpl exing agent

is selected from ac e I te, |Aactate, .naleate,
pyrophosphate, t a?? r at glf\é"’lgnlmag%h&ar{ @%ﬁ%q 9@%@3{#@% '%é?&heéﬁﬁ ﬂ?‘ﬁ Q}e?ﬁ'es
f[hﬁ_rg_oz. 15. cTﬁh'e‘Jllﬁaxm:gaa@e:ct‘mm @'@‘{fefﬂ‘@Ommmme?ﬁmg@'gﬁr@gﬁ@h@Cﬁlfg, r}n_@l@ate;, |
inhibitor is el.ecte rom,ni trogen-cont ai ni n isul fides, alkali neta
t hi ocyanat es PY CLHINUE ﬁ'etf’gTat‘?*lﬁ% i e e ,ORW? Patse AN S thgreof.

het erocyclic conpéandsThaedBeRion platipsdibtisrest diikd PO VUPerAA tRd Rhibdtor is
nds, .t hi oaci ds,. t hi oal cohol s ounds characteri zed

het erocyclic ¢ 0, I conp "

by the for rruﬁﬁ'%%‘ﬁa%}wogﬁﬂ‘é’% aliag disulides, gikaibpet dipexanaies: sl or an

al kyl , al kenylatalGhioaak ey Bitrodd.- i ; , in Xis O
or S and R isa?l d'r('3 %en OE@;B}&% ,kaI%Oﬁtdr;@?%(ﬁe?ﬁ%IQFS%@{}%Q%}?S&%G. The

i mrer si on pl ﬁ?ﬁ’ﬁé‘tﬁg BROU8R-containiag heterosystie edmpewrds, thipatidarthioglcaholshi our ea

conpound T epEEHBAIRT dNarddEr e B8 oA 2CS 11 wherein each Ris
i ndependent |y h)g/drogen or an alwh; a‘F‘E%nyl or aryl group. 17. The

i mrersion plating solution of claim12 wherein the inhibitor is at |east
one nitrogen containing heterocyclic gchrT_@?gjw or a mercapto SUbSt!I tuted

wherein each R is independently hydrogen or an alkyl, alkenyi, or aryl group, and
Y is XR', NR, or N(H)NR,, wherein X is Q or S and R is hydrogen or an alkali
metal and mixtures thereof.

16.  The immersion plating solution of claim 12 wherein the inhibitor is a
thiourea compound represented by the formula:

[RNL,C8 It

wherein each R is independently hydrogen or an alkyl, alkenyl or aryl group,

17.  The immersion plating solution of claim 12 wherein the inhibitor is
~at least one nitrogen containing heterocyclic compound or a mercapto substituted
nitrogen containing heterocyclic compound or mixtures thereof.

18.  The immersion plating solution of claim 17 wherein the heteracyclic
compound is selected from pyrroles, imidazoles, pyrazoles, triazoles, tetrazoles,
thiazoles, thiazolines, thiazalidines, pyridines, piperazines, pyrazines, piperidines,
pyrimidines, and morpholines.

19.  The immersioh plating solution of claim 12 wherein the inhibitoris a
mercapto substituted nitrogen containing heterocyclic compound.

20.  The immersion plating solution of claim 12 having a p'H of from
about 4 to about 6.



ni trogen containing heterocyclic conpound or mxtures thereof. 1$. The
i mrersion plating solution of claim17 wherein the heterocyclic conpound
is selected frompyrrofes, imdazoles, pyrazoles, triazoles, tetrazoles,
t hi azol es, thiazolines, thiazolidines, pyridines, piperazines, pyrazines,
pi peridines, pyrimdines, and norpholines_ 19. The innmersion plating
solution of claim12 wherein the inhibitor is a mnercapto substituted
nitrogen containing heterocyclic conpound. 20. The i mersion plating
solution of claim 12 having a pH of fromz0about 4 to about 6. 20 21. The
imrersion plating solution of claim 12 also containing one or nore netal
ions selected from copper ions, iron ions, nanganese ions, mnagnesi umions
and zi rconi um i on&if. 22Thé|1mnémmr;§ét’nmg pblatiomgf dailwut ? atscofontdiainmob2 oshi ch i s
free of aliphatic a.'nes a tic hydroxyl amnes. 23..A non-cyanide
aqueous aci di r?rﬁlr%tfdgp%s‘ftj?&?fjﬁﬁ’"ﬁS@W?rdWY%g\‘?PX@%m%}ga@fes?l'% about 4 to
about 6 and eQEEsRITNBhs BHOHréhout idBst o about 30 g/ of zinc ions, from
oyt

about 20 to about of nickel and/ cob i ons

about 10 g/1 of f?gor?é@’mfﬂ%m%atﬂ% qﬁ%?fa%a'ﬂbgzm'%é?ﬁee@?@ﬂp'@qc of an
i nhi bi tor coaﬁﬁfl,éyMal%gt,@ﬁyd}:ggﬁam,ﬁg@gen atons, one or nore sul fur atons,
or both sulfur and nitrogen atons provided that when the inhibitor

contains one or née it IPEGERNIdaAEHROUS BRAICIMMasyen Platisessclitiondeyvingrasent
In an ali phabHCofWEwatBysﬂ% W'a%ﬁ‘d%‘?‘npr%ﬁg The inmmersion plating solution
to

of claim 23 also contalinin rom about about 250 g/l of at |east one
metal conpl exi ng agent. 2Bormakoutigdesihent 80 gfliofigineddra,i on of cl ai m 23

wherein the Inhibitor is agam about 20 to about 50 g/l of nickel and/or cobalt ions,
from about 0.5 to about 10 g/t of fluoride ions, and
from about 0.005 fo about 0.05 g/l of an inhibitor containing
one or more nitrogen atoms, one or more sulfur atoms, or both sulfur and -
nitrogen atoms provided that when the inhibitor contains one or more nitrogen
atoms, such nitrogen atoms are not present In an aliphatic amine or
hydroxylamine.
24, The immersion plating solution of claim 23 also containing:
from about 1 to about 250 g/l of at least one metal
complexing agent.
25. The immersion plating salution of claim 23 wherein the inhibitor is a
mercapto substituted nitrogen containing héterocyclic compound.
26. A process for depositing a zinc alloy protective coating on
“aluminum or aluminum based alloy substrates which comprises
(A) immersing an alumingm or aluminum based alloy substrate
in an aqueous acidic immersion plating solution of ¢laim 1 for & period of fime
sufficient to deposit the desired coating, and
(B8) removing the coated substrate from the immersion plating
solution.
27. The process of claim 26 wherein the surface of the aluminum or
aluminum based alloy is cleaned, efched and desmutted prior to immersion in the

immaersion plating solution.



mer oapt o substituted nitrogen containing heterocyclic conmpound. 26. A
process for depositing a zinc alloy protective coating on alum num or

al um num based all oy substrates which conprises (A) immersing an al um num
or alum num based alloy substrate in an aqueous acidic inmrersion plating
solution of claiml| for a period of tinme sufficient to deposit the desired
coating, and (B) renoving the coated substrate fromthe i mrersion plating
solution. 27. The process of claim 26 wherein the surface of the al um num
or alum num based alloy is cleaned, etc and desnutted prior to
imrersion in the imersion plating solution. 21 28. The process of claim
27 wherein the cleaning is performed with an al kaline, acidic, or solvent

cl eaner, and the ejghi ﬁ%eipg?%sfc% A fhedh @bk }ﬁfﬁ ﬁ;&ﬁrﬁrﬁ‘%‘ép%ﬂ‘éﬁg

solution. 29. The process aim 27 wherein the a or al'um num
based all oy #lkaline;geidionpr solvert sreaatt.emddhe letafing isepecfomaei vgth &n efaling

desnutting, agd,. AR is%'ﬂ;t@)éati ng steps. 30. A process for depositing a
zinc alloy protectrve Coating on alumnumor alum num based al | oy

substrate which cdlfori Jbs pfdjessmieladiniy vherebubstalahinurmosaluatuenbasadi di c
deposi t the da6Y TLHTRAt T Har afal vebn PLB A R 6t lrSEU 208 1rom
the i mer si onmphationglatbglagépson. 31. The process of claim30 wherein the
AL G I o A N A
wherein the cl@eamufgot SuRRivn®bagsh Wdys@trate which comprises
(A}  immersing the substrate in an aqueous acidlc immersion
plating solution of claim 12 for a period of time sufficient to deposit the desired
coating, and
(B) removing the coated substrate from the immersion plating
solution,
31.  The process of claim 30 wherein the surface of the substrate is
cleaned, etched and desmutted prior to immersion in the immersion plating
solution.
32. The process of claim 31 wherein the cleaning is performed with an
alkaling, acldic or solvent cleaner, and the efching is performed with an aikaline
or acid etching solution. '
33. The process of claim 32 wherein the substrate is rinsed with water
after each of the cleaning, etching, desmutting, and immersion plating steps.
34. A process for depositing a zinc alloy protective coating on
aluminum or aluminum based alloy substrate which comprises
(A)  immersing the substrate in an aqueous acidic immersion
plating solution of ¢laim 23 for a peﬁod of time sufficlent to deposit the desired
coating, and
(B) remaoving the coated substrate from the immersion plating
solution.
35. The process of claim 34 wherein the surface of the substrate is
cleaned, etched and desmutted prior to immersion in the immersion plating

solution.



al kaline, acidic or solvent cleaner, and the etching is performed with an
al kaline or acid etching solution. 33. The process of claim 32 wherein the
substrate is rinsed wwth water after each of the cleaning, etching,
desnutting, and imrersion plating steps. 34. A process for depositing a
zinc all oy protective coating on alum numor alum num based al |l oy substrate
whi ch conprises (A) immersing the substrate in an aqueous acidi c i nmersion
plating solution of claim23 for a period of tinme sufficient to deposit the
desired coating, and (B) renoving the cagated substrate fromthe i mmersion
plating solution. 35. The process of claim 34 wherein the surface of the
substrate is cleaned, etched and desnutted prior to imersion in the

i mersion plati ngaesol Whé Eﬂace@?of &@im?ﬁ@vlﬁr@ﬁﬁtﬁé dgar@'i g[pte?»@lreﬂeswrpaﬁ he
Vv

cleaning is pﬁ?agor med with an al kaline, acid eaner, and the
etching is pefPIPeReRFidiFcar salvear rlhanen anﬁéh%le@!‘]ﬁ'}ﬂ inpesiormet sith avalineher

process of Cb@ld@t@ﬁn%@@h%ﬁ' the substrate is rinsed wwth water after each
of the cleaning, etching, desnutting, imrersion plating steps. 38. A
process for depos#{i nnga%‘ nE:tCaBS cbelainm §5evheneindha subsiratoris rindadhwvitiimzddd oy

ot v on” RS S5} R, B, OTRCACED o] HRE RSche o i
i mer si on plati ng38 soIMprmssfforrd@omtfhg senneliz] Bhatdpbn B8 dilainghher al | oy
col uti on. 3o- B A0 S St e P SBoher of n the ourface of fhe substrate
is subjected to cleariApg, apolyhgedcihmersisrdzife sy brdiether dofing SnitAEET Si on
In the substrate by immersing the substrate in an aqueous acidic immersilon plating
solution of claim 1, and
(B) plating the zinc alloy coated substrate using an electroless or
slectrolytic metal plating solution.

39.  The process of claim 38 wherein the surface of the substrate is
subjected to cleaning, acid etching and desmutting, prior to immersion in the
immersion plating solution.

40.  The process of claim 39 wherein the dleaning is petformed with an
alkaline, acidic, or solvent cleaner, and the etching s performed with alkaline or
acid etching solufion.

41, A process for depositing @ metai coating on-an aluminum or
aluminum alloy substrate comprising

{A)  applying an immersion zinc afloy protective coating on the
substrate by immersing the substrate it an aqueous acidic immersion plating
solution of claim 12, and

(B)  plating the zinc alloy coated substrate using an electroless or
electrolytic metal plating solution.

42.  The process of claim 41 wherein the surface of the substrate is
subjected to alkaline, acidic or solvent cleaning, acid etching and desmutting,
prior to immersion in the immersion plating solution.

43.  The process of claim 42 wherein the cleaning is performed with an
alkafine cleaner, and the etching is performed with alkaline or acid etching
solution.



i rmersion plating solution. 40. The process of claim 39 wherein the
cleaning is perforned wwth an al kaline, acidic, or solvent cleaner, and
the etching Is perforned with alkaline or acid etching solution. 41. A
process for depositing a netal coating an an al um num or al um num al | oy
substrate conprising (A) applying an immersion zinc alloy protective
coating on the substrate by Imrersing the substrate in an aqueous acidic
imersion plating solution of claim112, and (B) plating the zinc alloy
coated substrate using an el ectroless or oglectrolytic netal plating
solution. 42. The process of claim4l wherein the surface of the substrate
is subjected to alkaline, acidic or solvent cleaning, acid etching and
desnutting, priorg4 o iAHeRf HBELIE hatd i-QR.i» 43 The
process of clainligymherelﬁﬁFﬁgegﬁﬁgﬂﬁﬁ is]ger 5?R§%éﬁﬁ$ﬁggﬁghgpﬁgline
cl eaner, and #¢reréansgiwith the ppeeEs Oe@inidBh al kal i ne or acid etching

solution; 23 44. nmet ] L U bt ai ned
in accordance w t‘ﬁ&t héqgﬁ%ggé%g%%h c| alﬂm gSéluwBﬁgt%gﬁ%gg%@é@géllﬁm num or
al um num basegbcardanceoitrahagddess chckbnd@nce with the process of clai m 39.
46. A netal coated, al urg nu [ 1 num based al |l oy obtained.in  accordance
with the process oﬁécl B%E%SO%% %E’ﬂ@mé\ &cagﬁ?lwné%ﬁﬁ?%%?ﬁyo&tﬂipﬁﬂi'%um based
al | oy obt ai nestcordarsewithdae pmosiss of tlaén@driocess of cl ai m 42.
47. A metal coated aluminum or aluminum based alloy obtained in
accordance with the process of claim 42.



