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Title: AQUEOQUS ACI DI C | MVERSI ON PLATI NG SOLUTI ONS AND
METHODS FOR PLATI NG ON ALUM NUM AND ALUM NUM ALLOYS

woe@ba1B3 t he | nventi on This i nvention rel at esSPEDUS2004/011417

aqueous acidic inmmersion plating solutions and to a
process for depositing a zincqalloy protective coating
on al um num or al um num all oy substrates. The

i nventional so relates to netal platedal um num or

B RATIEDDSACIIE MERS GRTERTIE v s NG AR "

net al METHODSFORIFIATING TN mumnhwmwm&&bmwm ALLOYS
processing and plating of aluminumand its alloys.

Al um num s uni que physical and nmechani cal

characteristics make i[‘f I@Eﬂ!%ul: @r!}f gttract ive for
i ndustries such as au ni cs

t el ecpmigumiertibhreRiteNtd aytietiiscacidialipgerdiohplatif 8610868s and to
of decorative applications. Among al unmi num's nost

2 RRGessIfgr peppEling azingeliuderotectye| eating &nsglumiryrsiqryaluminum

él SulstiSles. hl'h U?lﬁtilg‘[‘élgelrelﬁé %Qta"f’fif%{te?d’ gﬁlrﬁiﬂlﬂr&hucﬂlbluminum

oyl ng and I'ng, ively
aihnyrsm]stratefse5| stance. Additional properties of
al um num i ncl ude; high thermal and el ectri cal
conductance, its magnetic neutrality, high scrap

val ue, and its ampid&droundedl Hl InV8htibg: Al um num
articles for many aﬁ%m—e—wa—g@“ﬁrom a variety
of al @Qnenuoh atheoyﬁastesth gﬂd\mwg ngvaldwidat smaratsidiimg:the metal
[ I i.co etc. These allo
SiFg IR BB S BheavibCesmiag.epd edie pPaliiam and its
éldﬁ/@ A |Hr§HLma'S! @ﬁi%@ Bhysieat bhé t shechBichl %hb%té\fstlcs make it

alum num and 1ts alloys reciw res specific surface
parépuledyi oaldractive su‘@tessdtuﬁ ries ecauchl yesc awtgmotive, electronics,

EIFErB TR bBiosap il BT HaR ERp B Bbicatons.

Appngi dgmiurh’' 8RO St enticairing propéitied ifndeds &rs lbwowerans density (2.7
zincate) to the substrate just prior to plating. This

@eok bighymephanicalfirepgtihaciaeditireuoh aloyingane b@aﬁmaitmg and its
%Tﬁjuv@[ﬂﬁél'\ {Sgllro%b P@gst%\;cgr ﬁd&ﬁlS%Q{}gp%%gpwmmlmﬁ include; high

maj or res o ng a zinc
uheahabamdrerdctma cbh@ucctaheé Jitsembgnetto atutplitg chighrsendp value, and

i?sngm%ﬂgtrgnsc crhemlc\é\g\ldn%Ecur%p(Xlgrtnmu%n articles for many applications are made
from a variety of aluminum alloys with alloying elements including: silicon,
magnesium, copper, etc. 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.
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wi ndows for processing, and ease of applying a
control | ed deposit. The presence of other netals in the

warmsat®e3sol uti ons has an affect on the rate aPdr/us2004/011417

efficacy of the zinc deposition. Small anmounts of

al I oy components (i.e. Fe, Nip Cu) inprove not only

t he adhesion of the zincate deposit, but also increase
the usability of the zincate on a variety of al um num

aI ' oyﬁhe é@seﬂé@'ﬁlo?herl Pl‘étael@ ﬂp%te%%l%%s ﬁ%ér? W¥ect on the

Ion on na HESIUH1CO

rateasr@emcaéy uﬁthézlncldprbmom B@@éll&amﬁmt@oﬁ?élldyﬁbmponents (i.e. Fe,
ated directly onto the zincate,

d f k
'\3 EUEirﬁBro&p '”g%@ egiontfithe quaﬁe dapesit, byt gkso increase the

SEBIN pf AN 5809 T NSARUADISAPIRS Bl i, b, sion

qfrﬁwods lmprawesrthaladhasloe omnmpgnesmﬂpmﬂamm@alwys. The presence

560 Y S Pl B o b Pt ity ot e

Ziﬁdlﬁé AN Similah @ffe ez Bd %n@fw@rpaééjlltlﬁﬁ o Eo;g%(%}qﬁtﬂ?e zilncate and

becones nore and nore conplicated Wth the
swbsanuenireopnper platec @hﬁ@getalohpwevernmeeall@mgaof rincatefhas shown

A M I TR T

athelsitin ebdpwAsiean eléctr@égs/émmywq)lémfg] Dithe bﬂhrér hand, the
conpositions for the selection of conplexing agents

camPesifiqrooban allevingiziesate heevaes onpresand orore pemplicated with the
dRAUES n‘?éf&ﬂoﬂ? th‘\erc}cfrhéc?éltlaﬂ t F rﬁQ& aé%i%&th%nofocgodfﬂgxmg agents

cooper 1ons 1 n Zinca

rpo= ¢ornplicated hadgnitmalrfoc tixeovesll gdrforaepeeidfithe zfn@bﬁe A zinc-
er in the imrersion Z|ncate deposj tion is nuch

.of ¢
IIGHEKS!: RAMPOROB RemMake cFRIRIVE, thaming-irem@mpositions for the
sHlfc”u%ﬁQSf%orﬁBl@kfn' {rgn& %ﬁd%eegqftme{a rl(%&no{h ﬁ&ﬂﬁésltlon This

beconmes i nmportant. is possible to contro
bespoEstéveam mataecrdfcatwﬂbme agditibie of tleszidpen ianfs m thiee alloy zincate.

S BRSSP o e

lﬁﬁ'i@?k;%h'i}ﬂ:a@é €€b§31f|@ﬁ |5Qﬁ9§l¢hlgh@9ﬁ1dﬂ’ché Btﬁgrfeﬂ’émgméqn the zincate.
stability and performnce of al l oying zincate, an

Tdﬁﬁfoﬂ% é@rpiédr ef the lﬁ@pﬂhl@obe@de dlfn@tbmmrebe@)‘aeﬁ dmposaat. It is
SEAENE o I Sl S AESn  PGAPR e o

dohﬂ:ile)ﬁﬁg Iag@at(spfmrfc@ppamohsmr@de ar@g@ttd WRh a5 efieriiétal ions.
t he use_of cyanide is the extrenely toxic nature of

T&x%ﬂ iR fe\'&ﬁHOt"E SPEIRIENG PORBISTOREPP PRIt IANS Whighseiferggood stability
RS of 33 Shel i AnSHet 6, LS Ryt To e e et
cgedidate. 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 multi-ion system in the
stable form which makes waste treatment of spent zincate solutions as well as its
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In recent years there are sone non-cyani de all oy
zi ncate conpositions that have been devel oped but

WO b@s®12e3rposi tions still contain hard conpl exP@myUS2004/011417

agents such as EDTA, NTA, ethylene dianine, etc. to
keep the nulti-ion systemin ghe stable form which
makes waste treatnent of spent zincate solutions as
well as itsrinses nore difficult. Zincatetreatnents

e A A

tmatmene nibaesn' Alum’ e gretreatpstt witsa |sirfg|@§|pi |h€th§rzﬂﬁ5é‘5é doesn’t
wi th double or triple dips in the zincate prior to

REBBYeRBREPOD r%ﬁu”ﬁ@%h% Br°°§t§§ NihAquble er tripledipe lrpt’r@cze@@te prior
[ g n

1o e SR DI SEBY, SUEEMAIL st Ep iR Rctires more

mooema;gd sfEpsie neﬂ?]nnm aIndknem’t&‘rmmdnebfaMpllcated lanﬂGesls productive and
roducts, searc or t o onv ntiona

oRAITGA RPERT e THETORE e PIET PPy MR G Pleductey search for

repRicBhint Bﬂcdﬂ“\/eﬁhéﬁél%ﬂ@llﬁé%ygﬁ B8 o"f‘nbﬁ%‘y‘én dllﬁgﬁgezﬁ’icate forthe

in recent years. Sunmary of I'nvention

alatinghen elurpinom bas beem cartowzaaﬁmiterwulemserHQIedra:

i mrer sion plating solution conprising zinc ions,

ni ckel ions and/or cobalt ions, fluoride ions, and

optionally, at |eastSiiigdriifthé Wvésidii Ni ng one or

nore nitrogen atons, sulfur atonms, or both nitrogen

and Sihe presenéhmventine povideata nansyenise aq@ejaue:eaad@summersuon

TN e LA

Senpstionially, atreastonedinhibitoptomtaing ohe ak mr@mmr@@éredtoms sulfur
alloy in the_acidic imersion plating solutions of the

atamsner §pth pitpgshsand guliyraiogs. oyhgrns@%%ﬂh ipeerdiowy alsg, relates to
c.Al

?ﬁw&ﬂ%ﬁ!ﬁ# %(ra;f)g’:%lﬂl @ﬁ]k%lf)? (g@&ﬂe@ﬁv«% ?ﬁﬁg{% ot S'I%mﬁﬂ%ﬁg aluminum
tlflsedtallob/emrrtpTlsm$|tMmetsyng thenaluadingrhadri algmimimitiased alloy in the
Det.ai | ed Descrl i on of | nventi on The prese
S GHDTSHSOn PIRIRG s i ne TVENkPa L dbasll Aging alloy protective

it C i I [

polihlichy @E%W%%‘Pz%%ﬁ"?.t@%ar Y BT Bulr R aluminum
allgysoibstrats usiog am@e@miesqoolaelengolybc metalnzatiig solutioe.

useful for depositing a zinc alloy protective coating

on al um num and various al unm num based al | oy _
substrates. ThupetaifedDeseAPASN GIthe IhVEnfieA- cyani de

aqueous acidic rmmersion plating solutrons of the o
i nventhepresen wvertian, v oneabobodinent oelaiesitto 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 to 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
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6.5 and conprise zinc ions, nickel and/or cobalt ions,
and fluoride ions provided that the solution is free

w@boospanszle i ons. I n anot her enbodi nent, the aPOUBUS®04/011417

acidic imrersion plating solution of the present
invention may contain other ngtal ions such as copper
ions, iron ions, manganese ions, and zirconiumions,
and/ or one or nore netal conplexing agents. In another

TR0 R e PE% B S b P Soms,orbot
ritibdern and e0ur sonxot h nitrogen and sul fur atons. The

aqueous acidic imersion plating solutions of the
pr es e aqHRMNSasHHIGEYMBESION BiiNg §oljions etihrenrasentdnention may

b%‘)'p@eﬁea At %ilé%%l\)il{i viftst [SSQJbTEEBQIt% dfth%ehESire FHAIBISER water.
source of t ZInNC 10Ns 1 n he 1 TMersi on
Ebtannpleg of theisounse df tied zithe iansin ﬂ'ieumrhehs;orzblatm@ isbiudibas include

ﬁ éortde,, zt?gc sulfat zinc cetate et
¢ RePride, FNGRifalge Zjng Ghiew c?—"?%%lﬁ %tﬁ@'a%@a?t@te ‘ete..
. mmrr\‘ﬁbﬁél iBhS r'i‘Be?rﬁ’tlréUddé@ﬁp@l/th@'e?t?rd}bthH%réibﬁ‘iﬁétuﬁaéélétlons by

such as nlckeFéacetate ni c nitrate ni ckel

dasﬂcﬂ\ang nieket .salts malch ass)mmhehyacb’eatennmhdlunmtasmcbeiaﬂ;ulfate etc.
et cobal t nitrate f at, e, of

CoaPGRs o5 nyBalict & PReR sestthg ittt i, papal sifate, ete.

S4lSof ifsn WHRH el @&TulCiR | iftrb@igsing &id bptieMalafdriRns include ferrous

ferrous sulfate, ferric sulfate, ferrous nitrate,

ghderides feiricreilerides ferrous suliippiarric suatenieriusi nitratsd fersig nitrate,

W 118 TobiP o i 2PE nB3ol BUFSHIER Syt 88 cuprous
chlbridy, ecupouss inftrate) tapiec nittate, copr@tchloridey h,aprdmi @ulfate cupric
i ons may be introduced bPll di ssol vi ng sal ts such

Wﬁ@%r%%éant§r dpther imeta ﬁﬁﬁ@éﬁ%@%' qud}lcgmbb/é}l%solvmg salts such
d
RGNS Bl FARASRL AN B A RARSHIUBl mpgnesi
mmdé,mnaganUmlsmlfateclem i ons but no cobalt |ons I n

anot ger enbo nt t e . nmer si o Iat 9 sol ut
cont dMPNg &R P dMREEian IP %9 SPE‘ 98¢ CaH ’hQICke' ions but

r%*@@gélmﬁs t n?ah&ﬂﬁ%F Shbdindht Bt FAMESIOADISHY %Iﬂtlons contain

cobalt but no nickel i1ons. Because of econom Cs,
nickeltions andoenkslhiomsc kil yétoalsofber £mipodioneat die minmeafslon plating

W, t.h f c. [.t. d { .
Sty GSffan, RN s o GRRR bos Bsafing B SffafFics, dfe solutions
dUntahXiicke? So9s of @bmbdureooBniakél Witls kebmiaf imbentasfesdiRilt. In one
than the concentration of zinc ions. The i mmersion

gnhediment dhecpoerntestiontef the suckel iansveithpiebaltdens, or mixtures of
SSHAiAbRs fal‘nH?ﬁdk%?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 hydrofluoric 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.
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ion. The source of fluoride ion may be any sol ubl e
fluoride conpound so long as the ions introduced wth

wo b@sokazas i de i on are not detrinental to the PCT/US2004/011417

performance of the solution. Either netal or anmoni um
fluorides may be used. Typicalk fluoride materials

i ncl ude hydrofluoric acid, alkali netal or amoni um
fluorides such as sodium fluoride, amoni um fl uori de,

etc.,an kal i . | orn ni n fluornides,.

such TR Sl Rasi s Ro T EPREL SO TGS PR Rt Sl LifBhton have
4 pHan tisterdngernstiionabofil 3161o @dbut 615¢ . In Sndfferinglodiment the pH of
wat er-solubility is desired whenever possible, high

tb_@|semti@_ns My ieaas fronrabowt 4.(ito @wtﬁrﬁ,@ndawﬁnmher e_r%/bodiment
thkg{%f m%%@&&&%% ﬂﬁ%%& NG ABEAUS 1 Rgb&iiGs Emmer si on
P | ut i e

ng so oNns 0 esent | nvention have a pH
i n t he greng@botiinemtttabagtedussatidicabmérsiorbplating solutions of the

anot her enbodi qent t he pH of the solutions may range
presantipyeRtion WkeompRR 6.0, and in yet another

embodi ment e afio dbbuE AU IS Siohd ¢ he range of

about 4.5 to a 5.5. I'n one enbodi nent, the aqueous
aci di ¢ i nrfeorsi avoysl @to mpoab R0 igihef nickehangioe vebalt
invention Wll conprise fromabout 1 to about 150 g/l
of zinc idA8S M%bm about 5 to about 250 g/l of nickel

and/ or cobbh diRiuE 0.G0FHd A80t TOBIE/ ©f B06rid@icout 0. 05

g/l of fluoride ion. In another enbodinent, the
aqueolnsardhen @mppdimery. el aquepuis asidie piatingesadutions of the present

1 nvent | rise fromabout 10 to about 30 g/l
|8yer2ﬁl%9]%g;@,¥n§rfs§?n about 20 to about 50 g/l of nickel
and/ or cobfbin alsvig,1020boue B0 lwftzidt nsp about 10 g/l
of fluoride ions. In one enbodi nent, . the ca/ncer&)rﬁﬁti on

of zinc ioWemi 8beus0 o zRorhel Hhekhickat ABH ObCARRlK el
and/ or COb'ﬁh% é'“%}s. The aqueous aci di c i nmmersion
ut

pl ati ng so| ons of the present invention also nay

contai n atfroestiouti®es tovhboutt I g offladnidenpnsne or nore

IR e geRoRITe R e forizealfation B oHE S rsRen g pnoentration of
nickel and/or cobalt ions.

The aqueous acidic immersion plating solutions of the present invention 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.
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nitrogen atons are not present in an aliphatic am ne
or hydroxyl am ne. |In another enbodi nent, the inmersion

w@bk@siong3zol uti ons of the invention al so cont aP@T/Oe®00011417

nore netal conpl exing agents. Such solutions offer
i nproved stability of the conglex system and
acceptabl e performance on a variety of al um num and
al um num al | oys. The immersion plating solutions of

t he ent i .ar.e_f. C ide j

e P SR phLT " Fe BOIEE 583 W prosen

inventiopn eIyt Bl seléctednfibry appbecadrety dfatorhpesitions which contain
pretreatment of various_netal substrates such as

ratrgaemuﬁﬂdé%swfurnatﬁmﬁ bddes. 1 Peagsemprdimgithdhe inhibitor may be
f
t Ie Inventl QE%Zrnq&#r ee o(?mL @ac?%%hgg?ﬁ t@%(lfe&frﬁng

i ncludi ng aliphatic am nes such as EDTA, NTA,

et hyl enedi am ne, etc. The Hg%&l% rs useful in the
I mrersion plating solutio ( present invent ilon

may be selected froma w de variety of conpositions

whi ch contain nitrogen and/or sulfur atoms. Thus, in
winereémbach Resindepeadently bydrogemay abealisd) alkeryd of ordgeoup, and Y

QR RGN OBESEIEDL4, e S5 R g e meta

E’Xarﬁple@' kot sipdhkebyinpelnads Y indid!P thidDeka¥%, | shisBarbabides, and
NR2 vvhere Xis Oor S, and Rl is hydrogen or an

fbl%ﬁmlcﬁlf@ﬁaldeSExan'pl es of such conpounds incl ude

SRR g BB o may

s eheraictarizedrty e foryulae characterized by the formul a:

[R2N] 2CS (11) wherein each R.is_independently hydrogen

or an al kyl, cycl oal kyl al[ﬁéﬂyq-\'sor aryl group. The (1)

al kyl , cycloalkyl, alkenyl and aryl groups nay contain

up to ten or nore carbon atons and substituents such

\alaenfejnml eagl R énindepandértty Imgdrogem ogramugikyl, W@oallkkly Iallmmdl or aryl

al ken 0 t chain or bran

SR e R B Ryl I A B ar R AL P ST B¢ 10 t6n or more
&rbBRGtdMS aHA §9b§tﬁuéﬁ‘t§ svieh bQH?dFUxS/ érﬁﬁ%ﬁd?@ﬂwalo?en groups. The
derivatives, honol oges or analogs’'thereof. Exa
allgylrartdﬂlbemsd@sowpa:may@etsiraaght@@am or branched. The thloureas used in

t}wespaqsggiyﬁ\_/eﬁ{t%gﬁ{ﬁ%e é@erdfh%ﬂr& 3r ttlli‘é Wrishs 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-phenyl-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 presentinvention include thiocarbamates represented by the
formula

R,NC(8)-XR' 1]
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di et hyl - 2-thi ourea, 1, 1-diethyl-2-thiourea,
1, 3-di heptyl -2-thiourea, 1, 1-diphenyl-2- thiourea,

wda2@slowi233 - ( 1- napht hyl ) - 2- t hi our ea, PCT/US2004/011417
1- et hyl - 1- phenyl - 2-t hi our ea, 1 et hyl - 3-
phenyl - 2-t hi ourea, 1- phenyl hi our ea,
1, 3-di phenyl - 2-t hi our ea, , 3- tetranethyl

2-thiourea, 1-allyl-2- th|ourea 3-allyl-

e TS C———

Q, oqr B- arrd RﬁllSbeerQEn crldnoaikakistak Phe a#G Bh@ @&yl groups may
etc. rbarrat es. which can be utilized as

GQHAIR f?%msa th He aRuliSccarharBiorpa. pn anpigr senkadimest, the alkyl
LS AR BIRTLY ARl SR 06 e, o R
g{oup&ar&epkyldgrﬁdgs boytaimireg,1 or 2acaeddty bioras keBydmplss of such
ke i ke 1 e A B acic

Sddimnafrasihyldiffoci?Bathake INA rQ@”s@&Gﬁﬁﬂeﬂh@lo‘?tﬂﬂfd&T&%npatftrihydrate,

enbodi ment,” the al kyl groups can eac ntain
&fgr bon atoms In yet anot her enbodi ment, both R groups

arenpajpi% thBSQURSrE2AGAL Nl & Ortpg]a?‘f‘%goo%sﬁ@ﬁﬂ{ﬁors in the acidic

ihrh&isturaplaingcsalgtichs 6 ﬂt&m‘es@ht MHveedibR antIGd@hdsemicarbazides
sodi um d| met yI di t hi ocar bamat e hydrate, sodium

"gPErIRNte bl farpwidt et ri hydrate, etc. The
t hi osem car bazi des which can be utilized as inhibitors
in the acidic imersion plating solutions of the

present invention incl udgNO(BONERNNRL bazi des v
represented by the formula R2ZN-C(S)-N(HHNR 2 1V
wherein each R is independently hydrogen or an al kyl,

\ﬂh&%‘ﬂ?’ ta}x/@’f R HdeBERYENYY W&B?e@gp Wg%lkeh&feor%r?f%% In one

are a groups’ cont ai"nin car
embodimentptheeR gmbpsiarmalkyl gﬂwpaldoyntalglnglfpcsn daﬂm ®Baatbon atoms,
es of

Crhc{] %%tl%q?e&g@qcﬁar b?ﬁg E&Fgrog)ég can each contaln 1 or 2 carbon atoms.

Efxémﬁl'e%f Mhtﬁm%@hﬁt%@ﬁéﬁ@ééﬁﬁélb@@ 430dimethyl-3-thiosemicarbazide and
4, 4-di et hyl - 3-t hi osem car bazi d The aquéous acidic

4, Ariiethyba-thiosemigpreazidei ons of the present invention

ey I A S T S ———

may contain, as inhibitors, one or more nitrogen-containing disulfides such as those
represented by the formula
[R,NCS,], \Y

wherein each R is independently hydrogen, or an alkyl, alkenyl 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(dimethylthiocarbamyl)
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.
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represented by the fornula [ RRNCS2] 2 V wherein each R
i s independently hydrogen, or an al kyl, al kenyl or

waeybk/ogrep. The al kyl groups may contai n fronPdT/U82004/011417

about 5 carbon atons. In another enbodi nent, the al kyl
groups can each contain one og two carbon atonms. In
anot her enbodi nent, both R groups are al kyl groups
cont ai ni ng one or two carbon atons. Exanples of such

EXeS sBsPHs R RGN S bRIBSCEMDKigBs” B GBS, meroapto
@baps, ldte. Mhiei dlirb@és-cohiatiinghetarsefdlic dompdimdeagbntain one or

I nvention al so may be nitrogencontaining heterocyclic

e ditFRgenRtems napdpexamplesi eliseah opitrogen-containing heterocyclic
| S : ti S u -

APHATIIS Rl P aRs! N 5P, vrcines

agipyridyld) piperbringspyraznes miperidint g inaxsies, heneotrizioits, tetrazoles,

may .cont ain e or nore nitrogen atons, and e |l e .
DRTBEERSHFIEr feALESRSFa AP BV I coTBeRAgRsRTRaY also contain
othet Hﬂﬁn@%hbﬁ'a%s?@} g ndtaizﬁﬁlﬁfr: yﬂlﬂﬁ @?(%l??g?@épbeﬁeterocyclic compound

pyrazol es, pyrid pyrid er azi nes,
ntaininggstrogemand dkyges is marpholires andexaotplésaiiiwsgen-containing

bR rab s ha Phitos et Ruly BE R Hedias Hazoines,
siEthiasoliginegen or sul fur. An exanple of a heterocyclic

conpound cont ai ni ng nitrogen and oxygen is norpholine,
and dRa@fe @nmdlmetnt,oﬁ@uguiwtcui enmprises @necotimaere of the above

@%&)@gﬁ %ﬁf@%ﬁ-ﬁ#ﬂﬂfﬁﬁ%@ h%{q‘i&@%ﬂp %HE‘%QOUM& which are substituted with

4 heregdtodiroes. Shecifioexampist obmercapte substitbiddatitrogen-containing
conprises one or nore of the above described )
hgterasyelic enpayndsigsatakasipRipipisdn thaipvuesionpating seldtions of the
[+t U T a; t 050 ecifi anrpl: . .
At e HliBR, T ITRLERE L2 BaptReF rhetn it TRl Gazole; 2
inetcaptahanizinnidazolp RHikscapsteimit azalej 2xhidocapio H-methiythbenzimidazole;

[ mrer sion plating sol utions, of the present. inveniion )

+ TR GaRoDIBR ATrG AR Raerapiopysmidine  (2-flouracil); 2-

@%F&aﬁ‘ﬁé@%ﬁjﬂﬂﬁﬁik@iaz%@?f@-ﬂ?éreéﬁﬂod@-%ﬁétﬁ' l-4H-1,2 4-triazole;  2-
- mer capt o- 5-met hyl benzi m dazol e;” 2- ner capt opyri di ne;

menaptatpiazpling d-mercaptokenzbiapyle; Aihydraxy-2-mercaptopyrimidine; 2-

SRHAENE AT g | BERERNSe - PR lstdazcle! MaPd *55hEicapto-s

mebBaRtiflidua®! | ne, 2-ner capt obenzot hi azol e,

4- hydr oxy- 2- mer caﬁt opyrimdine; 2- )

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-propanol; mercaptoacetic
acid; 4-mercaptobenzoic acid; 2-mercaptopropionic acid; and 3-mercaptopropionic
acid.

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

the immersion plating solutions contain two or more of the above described
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mer capt obenzoxazol e; 5-nercapto-i-nethyltetrazol e; and
2-nmer capt o-5- nitrobenzi m dazole. The inhibitors which

wae@sosesul in the i mrersion plating sol uti onspof/ustve4/011417

present invention also may include al kali netal

t hi ocyanates such as sodi umtgi ocyanate and potassium
thiocyanate. Thio alcohols and thio acids also may be
included in the i mersion plating solutions of the

RS R B TR 3 5 3 S it
rﬁamaw&rﬁmabﬂauﬂ@ @ooaa@edom 5 g/l ofefore e iA-gHotihéngrhbodiment the
3- rrerca t o- 1- pr opanol : rrercapt oacetic acid;

ADORNIABY ¥BRHFINEbR B:000 ReRRAUB R 8 oni ¢ aci d; and
3- ”Erﬂ%ohﬁ’rﬂé%%r?gla?m ‘“éo%tldn%oc?fr’cﬁﬁzﬁg%tqﬁ%ntﬁmglso may contain

i mrersion platin utions resent invention
aney oc omarei metalecomnplexing a{gertthe 'Eih)@\cerrqﬁe)ong tEegents are useful for

sotchipzing i mef B8 The PRt bl r A PHE: esgeplexing agent

n‘i’&ﬁééd ‘i}?ﬂié”ﬁl'a’ﬁhé 9bRitioME A the Hv@ﬁﬁé’n iyl Fge TP Bt 5 to about
pl ating solutions, the anmobunt of I nhi bltor may vary

2500 graipsupen ligu0s moraboln @egﬁrntmdlmenta thendongentration of the

§RY8%0a RRBHLTE rsh FBoB7HIS s AP, Ut holexing agents

ragy bbisehsted frbfea pidsedriety BF Afaltéls &i(ﬁlﬁdlﬁ@}hdb@rﬁo?itéimng anions
one or nore netal conplexi ng{ agents. The conpl exin
2

sgEnes gnedalgs ditater alycollpisni ptﬂt%gmalﬁatﬁeﬂoaronfmwhate tartrate,

gﬂ@&r é‘gdlﬂé’olfe?t&ﬁ%tatl ng@ﬂ%&v{%o{ﬁ?ﬁ@csm e |ﬁ%§é‘ént3 may be

uszdde the mwnaksimnl:co plgtm@ salutiohs aﬁmegrressntpmmdtno?e rslgmmflc examples
nore. | n one_ enbodi ment oncntr tiron of t
Qfo?rHﬂ SEPW@?%%@Q@P 1§ gﬂd%@fﬁﬁﬁ@@m %f @ UM fé@t%‘?l disodium

thiR Rty s&figﬁ‘n n@ﬁb&%tﬁgﬁé‘ﬁﬁflﬁﬁ?’ﬁg ﬁﬁi&%ﬁ%sﬁdrﬁ@cﬁj Vérﬂlgte sodium

variety o terials inc 0sé contal ni ng ani o
paiassiam tadeatat(Rocbélta Sak), etgd. ycol | ate, |actate,

g? ngﬂ&qﬂ%ﬁpgmp )@% eﬁgg{{tg v bgc%dﬁé}l aglﬁgfuqa%f gthe immersion plating

éammr%Xbﬂ%@QﬁéééntWHVemru%% iyt he sdm@réh@éu.mem ,Nomprise
solutions of the present invention. Specific exanples

ajrphgtm hamings, exliphgtiagbydroxylanine aomixiwesirtheegod, In another
SR Banclb AR B E Pl A LA BLLAERR e aonane
aﬂﬁtr@sémd}'m biiphatds BydrBraheiine ahal bhe cttraore 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/l.
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 hydroxylamines.
The aqueous acidic immersion plating solutions of the present invention may
be prepared by dissolving the various components mentioned above in water. The

components may be mixed with water in any order. Organic acids such as acetic
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the i mersion plating solutions of the present

WO pws01G261 al so may, i n sone enbodi nents, conpPCEES2004/011417

al i phatic am nes, aliphatic hydroxyl am nes or m xtures
thereof. In another enbodinenjg the conplexing agents
conprises a mxture of one or nore aliphatic am ne

and/ or aliphatic hydroxyl am ne and one or nore of the

L T s R T

stlutidre present invention nay vary fromabout 1 to
about__50 es of the am nes which are useful

i ncl ubf® é&?{m'eae%ﬁamlﬁé, l"aﬁ‘réﬁﬂentn@r apupRus acidic immersion plating

@ﬁEL f‘ﬂ?é“?)reé}én%' N&é}gfo‘ﬁ d3y bfﬂ'eﬂﬂ‘s@qucg?é@m the following
I ethyl enetriam ne m nobl spr opy
axanapley | amelseatheeariimehe morithen htmsohahmmand/or clalms, all parts and

di et hanol am trie | am ne, met hyl
Wﬁ?%@?ﬁrﬁrﬁgy weight, &%%Peﬁ?l&'ﬁﬁlﬂf? in &egt@@st{%ntlgrade and pressure
|§ta*ﬁéﬁﬁbaﬂhih%spﬁfe‘ilc dresdiftat her enmbodi ment, the

i mrersi on plating solutions of the i nvention are free

of aliphatic amines and aliphatic hydroxyl am nes. The
aqueous acidi c i nmersion pl it sol utions of the

present invention nay be Fg y di ssol ving the

vari ous conponents rrentl |n wat er. The
canponents may be mxed with \ tpr in any order

Goiganexenmici ds saich g® acefccaci|dy | a¢ki c apFd, qte. H
r%yAc i k*p&' uded, i n I$EQDL EEC Ng [SQrutiQns tp,adjusr—the

ol ult] nn_ owHn avarml es Ll Ustrate

Mv@el@qtetem ac ijfrer s{ on pljawi ng |3 Q)I ut] ons qf7ot he| 70
RIL&R &bt pyentf on. Unl ess| ot herw se ifndi cafed i1 the

W-Rg—exanptes—gr—et-sewhere—+r—the—witten
degeryniiieste and! or dl%ai ms{3all jparts|dnd pe? cent|léges |3
@rh@rcg,)ebéﬁ@ihgﬁk, t enpegr at ur ego@re i n degr ees| centijgrade
ard ESSUTE T _at gr medal atTos Ill:‘l TCpressure.| rapt
IzquEp;X”‘MI es A-H Solutlion Fkanple A B"C D F'F GIH Zi n¢

Acsutem]e;tmadﬂgo 30 30 30 30 BO 30 |30 30|Mbcke|--Acet|at e
%méntgmﬁu 70 70 [0 70|70 7070 Copbalt Acetatf. ZRZQ - -

v

@
o

et ool oo

g

azole ~0.01
2-mercapto-1- 0.01
methylimidazole
1,10-phenanthroline 0.01
pH 5.5 5.5 5.5 5.5 55 5.5 5.5 5.5

* all parts in g/l, remainder is water
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35

Ammonium Bifluoride 1 3 3 3 3 3 3 3
2- Mer capt obenzot hi azole 0.01 - - 2,2'-dipyridyl 0.01 -

wo 258182t hyl - 2-t hi ourea 0.01 - 2-benzi m dazoP€r/0SDH4/011417

2-nmercapto-1- 0.01 nethylim dazol e 1, 10- phenant hrol i ne

0.01 PH5.5 5.5 5.55.55.5 SH'S 5.5 5.5 * all parts in

g/l, remainder is waterTable Exanpl es I -M Sol uti on

Example * | J KL MZi nc Acetate 2H20 38 38 45 40 35

Ni ckel Acetate 4H20 75 75 ngti'z’g' - Cobalt Acetate 4H20

75 Ammonium Bifluoride 4 4

2-Mer capt obenzot hi azol e G~658°185¢d6 0. 005 0. 005

2.2 -dipyridyl 1 3-diethyl-2-thiourea 0 005 0.005

Bolipienexbmpedazol @ 2- nercapt pk1- (..L005 OmMO05
3

I azol'e, I, 10— phenppi hrdlrjine PH5. 0 5.0 5.0 5.0
gﬁ%‘pogtatéﬁzgparts%i R 5’3? ¥ %‘a'n &P is %at-er- The
migkel Acsteied e ac) @i c ifffrer s| ¥4 plja®di ng|sol utfi ons of the
RESR &AL, kyentf on whi ch have bden deggs i bed above are
useftt—tn—depostttng—2ztneattoy—proet¢ettve coatings as
AmpeinEderidtent | 4 or _altumi nUfn and 4vari ¢ofs alll oys of
alMdidpRbERothiAdIe ON € 0.005 |[0.005 |0005 |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 5.0 5.0 5.0 5.0

* all parts in g/l, remainder is water

The non-cyanide acidic immersion plating solutions of the present invention
which have been described above are useful in depositing zinc alloy 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
on 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.
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enbodi nent, inproved results are obtai ned when the
pl ating solutions contain one or nore of the

WO pdshi2as s descri bed above. The use of the i nbCbUSTINS011417

and the conbi nation of the inhibitors and conpl exi ng
agents described above in thej mrersion plating

solutions is believed to be responsible, at least in
part, for the inproved perfornmance of the imrersion

i L eoehadtient ind dendbaraing B ALY Bretodfie cogting utizing
thecadidie inrnbrsiorepatingostlution®f tthe wresentninieatish comprises pre-
retFieBhokahs, O oA et BaNG It b @bminust on@liminum alloy
JUBERiafdOisiRy gfn' SEcPALYS P %fe&%ﬁﬁi?:' rngf%'l Eﬁtﬁg%so(l)l;lt&q. ok should be

addition to um num t he 1 nmer’si on of'1
widerstood tieatamater rinses generaily avs employear aftepssin progessing step.

21 1oy ik BiiRdhe S6HS R draimeri aghtoss o g slean the aluminum

| WY r oG i i
Eroal o Rt B AR Ao s, aci o

ot Bok ichsdganensosvitadds sleanats MCBlet yqresilidated mildly alkaline

) ' .1 he deposition of the zinc
oqrfS i SRR BOUDT Rhelis RIS bRl et afe l8ed over
temperstuce ragys bhabsal 497 NE6OC foRebRIUEICRE abAYES trhiRlites. After
c&%‘?“ ses pretreatnent steps for an optional netal

ngtherlymus ganeraly éy riasechinivatesl | oy substrat es

[ =Y I I vyt l.at] .
sol Ut gng) BF 48, FEEREY AyTFLIE Yieiiaf Joel F; hllymed using
openentidvial efclardspiityiednaf Ibe reitb@e lacilio oe atiialife S /&P aciﬂl‘t‘;‘etchant
cemeEA!i e Ipichearaed Eisut 3hS sigf g slyidn ey cogrpriseI0% itrc

. | . . . H i .. .

0. Rl SRS AR A 18RSI g usc
remeyelexcasside piide! fyoralthebluminohresurtace isidklsahiAG2¢B% vol) from

Al AR 1ELEB0SN Sy DAL e Fo SR e Ssutrc
dofd/AbsYide. STHE BHIEIBUNOF SIUNFhERATRIRY is bBﬁta@téHWNﬁﬁ r,ﬁllklegn AC-2 for
ag]enerally is rinsed in water. Etching of the cleane

oytPAE 9 W shindtesatiahent 26-28€t orheedtchedsgmples are then rinsed

i onal etchants which may be either acidic or
V@ﬁﬂ\)ao?{grrfe. An acidic etchant generally is used. In one

embodiheestched atureinghi s@fac istthen deRmERAP DESMBANY is a process
Eitric acid. |n the process utilized in the foll ow ng

ﬁlay §§<,:eqsn@rirgp&$]rq1“gogqq frempthe sistpcef the aluminum. Desmutting
may be performed using a nitric acid solution (e.g., a 50% by volume solution) or a

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.
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renove excessive oxide fromthe alum num surface is
Al kl ean AC-2 (5% vol) from Atotech USA, and this

wet@kiong3zol uti on conpri ses phosphoric aci d/ suP€TIUE04/011417

acid/fluoride. The alum numor alumnumalloy is
contacted with Al klean AC-2 f about one to two

m nutes at about 20-25C. The 1g{ched sanpl es are then
rinsed with water. The etched al um num surface is then

des nut t ed. b
a1 el s alte doteebie chetulif gt oniha e and desmutted
ARG RiALnh bﬂ‘l?st@té b?“?mﬁ?erréleﬁ E?fﬁelé‘?u Mﬂnﬁ‘n §Ul¥>§tfé’ce ﬂ% ﬁon tyanlde acidic

sol ution urme sol ution) ure
imimenisioni latiog dokmrtldnsaﬁ Itheun\nenaon dor & riefi @een@(mcﬂutlmsucfaas from

i o SS5PBY! BB feectiobitl o @en o biaob By ol gfbrage of the

AMifnfriuim 8Gbstratad T?l@%ﬂh)éelﬁu @Bf tﬁém‘ﬁﬁie%rbﬁ blgihg@elution is generally
Desnutting al so can acco%lse with a mxture of

maintaiged hetween abpyt a@ (Cand @ @i rfxpgsarimeeergiop, plating solution is

e o e el BB Bl RuBEFRR. SEhPiell rd Hter inse in
ddibmiyed Wedter.das rthé tfelowisignBxaxapblag; ttiee dNﬁn(nl@ﬁ) igimmersed in the
At otech USA at a tenperature of a about

laﬂ@atﬁdqlmraew plaiag goltion atedle2 t@%ﬂm@? 51§;9f 50 seconds.
COlTer Eﬁw éb‘ ésé?'ﬁiegl é&él&%ﬂﬁ‘i@si@m I ?tln treatment, the zinc
ased oxi oy

persul ate |2| ng agent zi nc
a:lroqtc&:fdted/elmmUnngubsiraﬂpplmadbe plathd vethc Beyl saitable metal utilizing

e e S ASSTPIE B hokessRmnaL Kaana e e al SufRole metals
iQ#I@Ubnﬂl&%\ Ubbgﬁ?r"f biohSe! e8| QvdrorgaldrdrRf pheires.  In one

trme such fom about 100 to about 150 seconds in
embedummtomeazmc@diap|ceatecbahnm|a@@ gibstratespimplated in electroless

Skl B sedf e&?féé‘%q%ﬁgéaé@%%ﬁ@%@ﬁ%ﬁiﬂ%@ﬁe or copper
?ﬂépﬁé@hﬁé%ﬁ% ddTmssd. on' pl ating solution is rermved
romthe surface of the al um num substrate, genera

by a ﬁmwlownn@%xamp@@no‘rﬁ&léatrm@ttbedep@ﬁltlmo m%ajlwrotectlve

FHABEL eV o T 930k OF S i ol
Fﬂm%e%g?ognrﬁ@tdl ;pmm@t Flé?}t ﬁelurﬁuesdﬁihe ehﬂ'dlnalm dllays of 1 inch by 4 inch
with ﬁ]thi@hﬂggﬁﬁaftq e-0s25nphise hpgd gf?ﬁ 83‘!%‘&; @Eﬁ%test plaques
Or @baHby) ét%:"w?@ a?\lde&ésrnﬁ’ut?ﬁ:gag:dte%b &d QB&S% %eF&r@tlhtherSIon in the

pProcesses we u itable nmeta
non-cyanide acidic immersion plating solutions of the mventlon Metal layers are

U

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 electrolytic
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



i ncl ude nickel, copper, bronze, brass, silver, gold,
and platinum In one enbodinent, the zinc alloy coated
wa@bkasiom2as substrates are plated in el ectrol essPai/vkmo4/011417

or by electrolytic plating processes such as sul famate

ni ckel strike or copper pyropﬂ¥sphate strike

sol utions. The follow ng Exa es 1-14 illustrate the

deposition of a Z|nc aIon protective coating in

I sent i nvention on var _

Sfiiomato ksS. 10 BaSHD HRYEVolBE Rhg 8ol BRna. 1n this test,

afterqu00° béndihg oalth@praﬂ@d 8h é 'ﬁé"ﬁé dﬁ%P@ut@bde“sdrFé‘%s of the bent
e

with a thickness of 09-0. inch are used f

Feataraghesked forgjfi-off r(ﬂalﬂ@g)t ofpiqhsqazletedarmetai Ifesan dlle base aluminum
Selate. SREhESBYr RBfled etFES o UL Bk S pirgless than

%k liftiaffion efthéhsidé of et her aré@)téﬁd P@dﬁ@ﬁeaﬁtéﬁtfﬁ'naﬂ(ﬁ)d lift-off). For
%ﬁ%o abopt 1 ml, or somewhat t‘Jckercgrlor toth
BlOYsn R@Varse Sawety GrrfIdirg and3 Scrihe/ pﬁ%—l‘bﬂtq:fbynetb@dwre used

DA s Dbt el did HOHALANER 388,y e
aﬁwet@ﬁerd}i Sameqlateldesatvples sz amctestddoyfterdaikingy at 150°C for two

Sy i Beetn SEbwhlsab tybnd i Plsicd uriags s theneanalyzed for
mltstei“g@%tngzé |ﬁ§5h§éf/[)§§§ a‘i'ﬁ”%h&’r)ér(s?/féﬁl” %hféq'%am | oy coated

sanpl es of Exanple 15 are plated n a sulfanate nickel
electrolytic strike bath foll ovved by bright acid

copper, bright nickel g dec L %e chrom um

el ectropl ati ng steps. 'I ted sanpl es of
Exanpltesinimaisia platihg @oru|t|6ﬁ§df Ekéﬂﬁpl’@tRJK art Meéllfe u%%@ to deposit
tested for adhesion of the nickel or other plated

Tging| alloy qording| aiwreHE NS @beminane allpym @824 ansk 686  The zinc alloy

ST ahn Ay BT AR A0 TRESE ) afporotss

rielced batmfor BOsnihets,atabbeat 95 CO 0T Hegpldictisapihple 8 ardtiadbwith water,
cgwgin |nS|? nd outside surfaces of the bent area

8ne tasiad fasadhepongising he 0 Rgnd &stdﬁgcrw%q APveet e results

te. Adhesion of plated

J&%%‘?é”?@?@dmgg&%@g :gﬂ/% P?ft off), Fair (less than
10%lift-off on either side of the bent area) and Poor
(greater than 20%Ilift-off). For cast alloys, "Reverse
Saw', "Ginding" and "Scribe/ Cross-Hatch" nethods are
used to check the adhesion of the plated netal, and
the adhesion is rated using the above criteria. Sone
pl ated sanples also are tested after baking at 150C
for two hours, quenched in cold water (20C), and the
pl ated surface is then analyzed for
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blisters using a "no blister/pass" and
"blister(s)/fail" criteria. Exanples 1-10 The

WO povs/0$02631 pl ati ng sol uti ons of Exanpl es A- K apdr/Vsawn€011417

used to deposit a zinc alloy coating on w ought
al um num al | oys 2024 and 6061, The zinc all oy coated
al um num al |l oys are then plated in N chem 2500
(At otech USA) el ectroless nickel bath for 90 m nutes
at about 95C. The pl ated safal%{eﬁl are rinsed with
water, dried, and tested for®4d ésion usi ng the 90
bend test descri begy aseAdRESion Tedt Resalte summari zed
inthe following Table I11.Table Il 90 Bend Adhesi on
Test Results Imersion Plating Exanple Sol ution of
Exanpl e 2024 Allmswes@siPlatihgy 1 A Good/ Fair Fair 2 B
Exawpleai r 3 C @oldtiGiofiEXampEod F0245AbyGood Go@bed Alloy
F Good Good 7 G Good Good 8 H Good Fair 9 | CGood Flair
0 J Good Good 11 K Good Good 12 M Good Good Exanpl e
3 Al uni num al I'%ys i ncl udi ng cast dPPe/Eaitse and JFar
nd w ought al l@ys including 1100, , 3003, 5052,
28061 andg7075 aE?e coated with a zi nééga | oy usi ng ?—ﬁaér
3 mersion plati@g sol ution of Exanmbeod foll owed WSood
| ectrol ess ni c[gel pl ati ng. The nickel -plated parts
E

re tested for adhesion in the 90 ‘P\Q\dTest and t Heair

grinding 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 alloys 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.
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20

and cold water quenching nethods. Al of the sanples
are rated as Good. Exanple 14 Al um num al | oys 2024 and

WwW®o@E/0a283 coat ed using the inmmersion plating sSBCTIUSING/011417

of Exanple L by the procedure described above. The

zinc alloy coated sanples are,then plated

electrolytically in a copper ?) rophosphate bath for 45

m nutes at about 25 ASF current density. The copper

pl ated sanples are test edﬁfﬁ ngh sion of the plated

copper to the al um num al IF@M o adhesion failure

isn

o ocggl'&e? gij%dféau'i’é‘%f E ﬁ@l& ‘r‘?sleo ,P@é%%at i }ng% E'tﬁhe zinc alloy coated
pants are pla;edcloaﬁ adfq]mtemlm efdcatobydici strilee lsalhffailmﬂed by bright acid
ni ckel tr.o rike.bath fol

SRR SEIBE TiBkelyafe dielRovEn haRBli: SlpeteRpng frpps.  These

@Ib@ﬁbﬁl@f&oﬁéérﬁﬁle%fa?@%sté@ﬁﬁgdﬁéﬁéh mmdcﬂhs@os BERY &?st@é @veu as the
tested for adhesion using t test as wel

baking tast dgserérad akaver iNRaderior losser hlistess @mthej@eta@ksurface are

' I fiace are observed on any of
&#e&{pl)%\ g?ﬁyﬁ‘ép%gﬂt@gﬁﬁ%@%(s The procedure of
Exanple 15 is repeated except the inmersion plating
solution of Exanple Mis used to deposit the zinc
al l oy coating. No adhesi orENaé%@edrﬁ blisters on the
pl at r : ;
el e HipErare & RRaRRkedc!iR BBEally Lol Bk fhmersion plating
saltidn oﬁEkamplesMnamsedstoeidpodlthZmp dlloyiceating.b®lo adhesion loss
un erstood that, ot hey nodifications thereof w.|ll

R tedetet A TrsSereiabeebied i aeotine dafgH samples.
read| ng the specification. Therefore, it is to be

under st ood tha@ the_ i nvention di scl psed _her ei n is _ _
i nt enB4dlet dheomengqnhhasdbéénaemlameais inarelatipn hton its various

h . ai
SRPGPERFTneltds BhoBRRraCed e GheR B MIFAoph BT 5y become
apwatenBtdtHose ket iR the BATNONSICRINY the dpaitficalib Kk diherefore, it is

and/or cobalt ions, and fluoride ions praovided that
tchbe sinderstend;that the inengoardisdoseshserain istatengag tej eaver such

Bli|caflons LY bR iRy (b ¥cBbt GF 40 E0BR A EAmat | east

al nrng one or rogen atons,
one or nore sulfur atons, or both
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sul fur and nitrogen atons. 3. The immersion plating
solution of claim1 also containing one or nore netal

wa@eowploendg agents. 4. The immersion plating sBCTIUSING011417

of claim1l al so containing one or nore additional
nmetal ions selected fromcoppey ions, iron ions,
nanganese ions, negnesiumions and zirconiumions. 5.
The i mmersion pI ating solution of claim2 wherein the

inhibitor is selected frompj en- cont ai ni ng

di sul fides; alkali netal thﬂ'ﬁéyﬁgat es; thiocarbamates;

ni t rogen- cAntagjueons d%ﬁil@ﬁtﬂﬁ%?bi‘oﬁ%ﬂﬂl%’%@ﬁmon having a pH of from
nmer capt osubpstjtuted nitrogen-containing heterocy 9

i abeu & acomprising élaDcL@?ﬂ)Ir@ked:anW@\mdbalt ions, and fluoride

| wh h
'%“é‘ﬁ“?ﬂﬁé%é‘e% Y sbitfoh s P B BBREETs Bl keryl . or
aryl 2yr oupTheimim¥rsion ¥laRhg sRRioprofS(ditnNRakko d@hﬁilﬁlh@ aKleast one
and RL is hydrogen or an alkali netal; and

'HEBH?BF gn H’@?%BFG Of MOFRAITORRST 8105, PINQLQrHgORSSUltLIr @tprs, or both

S 3nd ,A,Mp(g@% Btdnhg i nhibitor is a thiourea conpound
represente y the formula: [RZNJ2CS Il wherein each R

is i rﬁjepen'ﬂmummel'&ym plgting soludionaif kigim 1adise oyhtatingobié or more
rsion plating solution of claim?2

mﬁﬁﬁwgf’ﬂ‘&'%“g ﬁﬂfn"nf is at |east one nitrogen
cont &4 ni ngTﬁ@Wh@?é(&H} b%tlﬁg%%[ﬂﬁ o%la‘iFﬁWCa?I?é 80ntam|n%0|ae or more

substituted nitrogen containing heterocyclic conpo
%ﬂdlﬁ*ﬁﬂd unetaltines easleded Tiiemi nopperi omspliein fanss chahgamese ions,

het erocyclic conmpound is
%P%\%%S%"EE?&E@ "I dazol es, benzi m dazol es,
yr aZEQI es Tl’ié iraArsisn ;ﬂﬁfmgilsaﬁﬁlonpbﬂo@lfaﬁﬁ'Z‘Qﬂwerem the inhibitor is
peri di nes, pyrimdines, thiazoles,

azl nes,
5%?(&9@ i ﬁ@@ FWOQEBTQO@taiQEIQ r tistideses alkalid metal  thiocyanates;

FRIcBh S niftoap i on ERSF BferBLt ElrBBl s eapto subsiitutea

mtubgem-tonmmg thetgresydient@npoumgdd) ehivaergs thisaleeRvIeY B8mpounds
he i r5|?nPIat|ng solution of claim1l
%@ﬁ@q by the formula

R,N-C(S)Y |

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

6. The immersion plating solution of claim 2 wherein the inhibitor is a

thiourea compound represented by the formula:
[R:N],CS Il

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

7. The immersion plating solution of claim 2 wherein the inhibitor is at
least one nitrogen containing heterocyclic compound or mercapto substituted
hitrogen containing heterocyclic compound, or mixtures thereof.
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fromabout 1 to about 150 g/l of zinc ions, and from
about 5 to about 250 g/l of nickel and/or cobalt ions.

wda 2005033 mer si on pl ating sol uti on of clai m 1BCAIST004/011417

the solution also contains fromabout 0.0005 to about
5 g/l of an inhibitor contai n’lé‘g one or nore nitrogen
atons, one or nore sulfur atons, or both sul fur and

nitrogen atons. 12. The imrersion plating solution of

claim1 .al Lphatic am.ne

al i phnéatl C““'" ydrrjgﬁ'lelr ﬁ@i%tm%lg&uﬁﬂn g&&@ﬁg?ﬂwq{p@ the heterocyclic

Gdlmeclslmd)ris pelédted Fromuipyaaldsavinilgazoles] @%nilhﬂﬂéﬂﬂ%ﬂ %/razoles
to abq éjlt 6.5 and conprising: fromabout 1 to ab

ti%@'@?i PYFdipeRc PIRGHAZINGS .o RYEBHGS, PiReridinesit pvmnldmes dhiazoles,
tA a%BﬁrHe@'SH/a?{)llcﬁﬁgf rhoﬂ%%esagﬂdfrﬁg hgﬁ@@% 0.005 to
about 100 g/T of "1l h

uoride 16Nns pro e sol ution
i s fr@ee ofThey anmeesionmiatintdsollitien ofmekrimi 2 whelréihi the inhibitor is a

P e SO B S o OO
nore {p t I opindhersion %%n@rngHfoﬁ SfLHléll'H 1 %bﬂfﬁ?mpgr. bot h

sul fur and nitrogen atons I mrer sion plating
sol ution of cl d&aemBdoat §do tabnu’aﬂﬁﬁ) ad cmzidoaass amda

met al conpl exi agent 6. . The.] rsio

sol ution of cl gibﬂ'%@ g&%lapoyﬁ%é@ﬁﬁ ?BQ OﬁgrOba't lons.

agent1 1.5 SE\ephRerdio® Platifg 2efitRincof dGaihi & Svherein the solution also
r%f%:lol | ate, lactate, nal eate, )gyrophos phate, tartrate,

e dram abpulyDHORptalnat & 9/ el aniinbibites containing on@. or more

AT o460, SRS e

di sulf4. desThalrkmlersmretpaétlrrghscﬂw@ﬂ@f emimal kAidh Refréd of aliphatic

t hj ocar bann ni tro - cont ai ni ng heterocyclic
Faies @ngal H&P@F'EQWW iNB$it ed ni t r ogen- cont ai ni ng

Ceneet AT sS0EmaACe [ RRSOH atiL SaRBRAgs o o o rom
ahmltél&tceabcbutFB Bsandmﬂmpmrmk@t l'y hydrogen or an al kyl,
al kenyl, or ar yfronq Do B’C'I?O about 150 g/l of zinc ions,
from about 5 to about 250 g/l of nickel and/or cobalt ions, and
from about 0.005 to about 100 g/l of fluoride ions
provided the solution is free of cyanide ions.
14.  The immersion plating solution of claim 13 also containing:
from about 0.005 to about 100 g/l of an inhibitor containing one
or more nitrogen atoms, one or more sulfur atoms, or both
sulfur and nitrogen atoms.
15.  Theimmersion plating solution of claim 13 also containing at least one
metal complexing agent.
16. The immersion plating solution of claim 15 wherein the metal
complexing agent is selected from an acetate, citrate, glycollate, lactate, maleate,

pyrophosphate, tartrate, gluconate, or glucoheptonate, and mixtures thereof.
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Y is XRl, NR2 or N(H NR2, wherein Xis Oor S and Rl
is hydrogen or an alkali netal and m xtures thereof.
wda 005033 mer si on pl ating sol ution of clai m 1ECWST004/011417
the inhibitor is a thiourea conpound represented by
the formula: [R2ZNJ2CS Il whergin each Ris
i ndependently hydrogen or an al kyl, al kenyl or aryl
group. 19. The inmersion plating solution of claim14

\é\g(ne{ al ni ngﬁhé P%%g%)@{'.%g"gﬁqfra%'aﬁ (Sﬁniaime a'glE%rem the inhibitor is

mmed froneditroigeha@itai APt AS TS, faﬂtamrrﬁ@w; kRiScyEREL! Rikali metal
m xtures thereof. 20. The imrersion plating

thiocahametes. r@tragﬁm@gnm@nghﬁtqra@yqﬂ@pemoyods,cmer@apmmubst.tuted

qlﬁ?iﬁoﬁgéﬁﬂ} ??\%‘tﬁ%}ﬁﬁg&'ce aé%ﬂ”gg%ﬁ%g@%{ é)IFSEOIs, compounds

dhiairactetizell bg$he forniutkh nes, pi perazi nes, pyrazines,
pi peridines, pyrimdines, and norpholines. 21. The
i mrersion plating solution of claim 14 wherein the

inhibitor is a mercapto syRg|. \ed ni trogen
cont ai ni ng heterocyclic conzpo%g 22. The i mmersion

pl ati ng sol ut| on of claim 13 havi ng a pH of from about
on of

B SRS kel B dhoatoligh Akfuhér am group, and
\sglmt AR fr NI R SWhERNEX i OB S Qﬁé REPAIBESR o;rgﬂ%lkan metal

magnesi um i ons ‘and zirconi um i ons.
andamixtgresdhensiobn of clai m 13 whi ch |s free of

non. oyant di e R0 BlePE SolfiarLor it T Ao e iibitor i a

thiaurescempbund répreseatedusy thetformligut 6 and conpri sing:
fromabout 10 to about 30 g/l of zinc ions, from about

20 to about 50 g/l of nickel and/or cobalt ions, from
about 0.5 to about 10 g/l ,\f I¢|§ri de ions, and from I
about 0.005 to about 0.05 ¢/4 an i nhi bitor

contai ning one or nore nitrogen atons, one or nore
%uelzrfaweaéhoﬁs I$ m‘%jependent?y gr%ggﬂ%rnalntéll?y alkenyl or aryl group.

19.  The immersion plating solution of claim 14 wherein the inhibitor is at
least one nitrogen containing heterocyclic compound or a mercapto substituted
nitrogen containing heterocyclic compound or mixtures thereof.

20.  The immersion plating solution of claim 19 wherein the heterocyclic
compound is selected from pyrroles, imidazoles, pyrazoles, triazoles, tetrazoles,
thiazoles, thiazolines, thiazolidines, pyridines, piperazines, pyrazines, piperidines,
pyrimidines, and morpholines.

21.  The immersion plating solution of claim 14 wherein the inhibitor is a
mercapto substituted nitrogen containing heterocyclic compound.

22.  The immersion plating solution of claim 13 having a pH of from about
4 to about 6.

23.  Theimmersion plating solution of claim 13 also containing one or more
metal ions selected from copper ions, iron ions, manganese ions, magnesium ions

and zirconium ions.
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atons. 26. The inmmersion plating solution of claim25
al so containing: fromabout 1 to about 250 g/l of at

wo e@siise netal conpl exi ng agent. 27. The | MmBCEHUSIW04/011417

plating solution of claim25 wherein the inhibitor is
a mercapto substituted nitrogftgl cont ai ni ng

het erocyclic conpound. 28. A process for depositing a
zinc alloy protective coating on alunm num or al um num

base [ substrates ich c rises. (A i rsing . .
on a1 2 nothe IREEEEbR SRS bt S&in ) whiEhin Haor aiphatic
AR dieglighatic Ihyars§iaminesat i ng sol ution of claim

1fora period of tine sufficient to deposit the desired

coat iy, ahBopRyanglemguegus heidivimradrsiamglatiag solutienrhaving a pH

' i | At} sol ut i . 29. The process of
%fﬁg?’t‘n%{‘%gggﬁﬁaﬁ?%%QUC?’H@HE%- t he al um num or
al um num based fedrhaibous 10lteabedt 3eighddimidngesmut t ed

prior to imersjon in the imrersion plating sqlution,
30. The process T aboyt 409 appuf ab ﬂ/thfé"@‘iegaHW@@ cpgalt ions,

performed W th @t [ i di 3
cl eaner, and the e?éc@hgr?? %gc?v.ﬁ(;l:b”%/gﬁw r@bgfk%?q ne
or acid et chi ngromlabbub®.008 1o abbiet (h0D gk ebaminhibitar coR@ining one

wherei n .t he al g}r{nﬁnum or alum nﬂg}é{batsed allo i NS
rft

: IS d.
Qhi FRTGAVEPISL BB Of TIRE BY Rg'S: & 'Hg?“'f{" and nitrogen
ABpjutting, and imersion plating steps.32. A process
for depositing a zinc alloy protective coating on
al umi 2fum ofhalromiersion plating salution efutigim 26 @lsehcentaining:

2e 6 ¢ 1 mer &1 JOBIAROLRS 1€ BpAHEA0 81 B plleARt S G complexing
period of tinme gydrti cient to deposit the desired

Coati% and (B) renoving the coated substrate from =
t he i%dver sllmipmersiag piasingt sadutiorsaf claie 25 waerei Bye inhibitor is a

RbAldPtS suBBRIRI hitrBGers YbhBifng hetdicriRYdrSurld

28. A process for depositing a zinc alloy protective coating on aluminum

or aluminum based alloy substrates which comprises

(A) immersing an aluminum or aluminum based alloy substrate in
an agueous acidic immersion plating solution of claim 1 for a period of time sufficient
to deposit the desired coating, and

(B) removing the coated substrate from the immersion plating
solution.

29. The process of claim 28 wherein the surface of the aluminum or
aluminum based alloy is cleaned, etched and desmutted prior to immersion in the
immersion plating solution.

30. The process of claim 29 wherein the cleaning is performed with an
alkaline, acidic, or solvent cleaner, and the etching is performed with an alkaline or
acid etching solution.

31.  The process of claim 29 wherein the aluminum or aluminum based
alloy is rinsed with water after each of the cleaning, etching, desmutting, and

immersion plating steps.
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cl eaned, etched and desnutted priorto imersion in the
i mrersion plating solution. 34. The process of claim

wQ@3ostoenes n the cleaning is performed with an et Rabinep11417

acidic or solvent cleaner, and the etching is
performed with an al kaline or,acid etching solution.
35. The process of claim 34 ﬁ%ereln the substrate is
rinsed with water after each of the cleaning, etchlng,

ool 0% pRbsh TORISIR) SRl HSiesife sgBh 6 Huminum

| dinHdmh Qés@di 11 0)7 gubétaeﬁ@dvmbh eympvibes r at e which
COITprI Ses | mTerS| nrgt@t he substrate in an agueous

acidic i s. dmMeratngnge sebsirate in a1 aquenus apilie amersion plating

s%‘ﬁft o%dof% é&H‘R’t @;’E\Ide‘?i'oarbtftl &ﬁﬁ&é{\tttatoiség)ggﬁmé §g§i;e&ﬁoating, and

e COa

the | mTer gByn peaiovirg $e ot sdBstratbefrpmotias $mafersion plating
clajm 36 wherein the surface of the substrate is

QEoRed, et ched and desnutted priorto i mmersion in the

| mTergy on 'Ifﬂéhag)ir SObH bR 3§§/¥he-||—’gﬁ'1 {*Hé’g §cé?;cifcth?' Sbstrate is

37 wherein t eaning I's pertorned Wt
ceanid; etahedsariddesmutiesbprior to ancherdien ﬂsttbbummersmn platlng solution.

The pHbcesthePratess af Shilinas dtersndne,fedinag & Pifored with an
dIkarRd aWdH‘orV‘@dlﬁén@Tééﬂereéﬁ@ tied ettchl?\g% %ed%ﬂ*‘érﬁ‘ glkalme or

desnutting, irmmersion plating steps. A process f
atigetahinghgolatiomt al coating on an al um num or al uni num

21 o 3 oy s BERERF U TP PhsRBR e el T e witn water

Affereiath s thé elesinig, 'edding, MM @EHE Catsd MEMBrsioh PRERING REps.
plating sol ution of claimi, and( plating the zinc

al | 0y3 oatlé@rcsqmt pad@p%tlmg;am@l tRretasdiye gpating on aluminum
ﬁﬁﬁ%ﬁrﬁ]rﬁj@gmﬁ%ﬂe SB{) 4189 8#1%@)%%1 The process

clalm sur ace € substrate is
subj ect ed (A) CI|Ermersgxgtaesdbﬁtaibnrr@1aqlwbcdﬂmmﬂltlmmersmnplatmg

srgltljt%n ct)foclallrrlr1n§5r ?or a perlod oq tlmenéﬁﬁlglgg{] topcje%tolsqghes 8<|ag|tredo coating, and
(B) removing the coated substrate from the immersion plating
solution.
37. The process of claim 36 wherein the surface of the substrate is
cleaned, etched and desmutted prior to immersion in the immersion plating solution.
38. The process of claim 37 wherein the cleaning is performed with an
alkaline, acidic, or solvent cleaner, and the etching is performed with alkaline or acid
etching solution.
39. The process of claim 37 wherein the substrate is rinsed with water
after each of the cleaning, etching, desmutting, immersion plating steps.
40. Aprocess for depositing a metal coating on an aluminum or aluminum
alloy substrate comprising
(A) applying an immersion zinc alloy protective coating on the
substrate by immersing the substrate in an aqueous acidic immersion plating

solution of claim 1, and
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42. The process of claim4l wherein the cleaning is
performed with an al kaline, acidic, or solvent

waeb@anen33 and the etching is perforned wth al Rat/Ua®0©011417

acid etching solution. 43. A process for depositing a
metal coating on an alum num 4y al um num al | oy
substrate conprising (A applying an i nmersion zinc
all oy protective coating on the substrate by i mersing
t he substrg e | ueous acidic i

on ol ati
sol ution dP)cl eﬁq?ﬁ?n%ﬁ‘%am'ac Aty B?%t?p:‘ﬁé"blshé{eggﬁgg%”: ‘Q%Cﬂoless or
SOcttSigtic ksl PMtthd!SolGBordn el ectrol ess or electrolytic

netal " pl ating solution. 44. The process of claim43

wher ét'n t hEhespreerss of claie 4Qbwherainethes sydafe aifdbiet substrate is

ka0, 8406, Y BIIRL 5h°3HS unBe BB HIRLAR in tre
iminadrisiom ;Sla‘;im@ solutiodS. The process of claim44 wherein

the cJeaning is perfaorned with an al kal i ne cl eaner, )
and t4e et 0K REpGess g daimtt whereindhr fleanngis gerfarmed with an

eSS, B entbarty i EheRAGAd IR AR glkgline or aci
gicliogseluioncl ai m 40. 47. A metal coated al um num or

al um pum based al Loy, obtai ned i p, accordance with the )
orocdes oA BloRess 1oy depgsiing adafal oansEom A AlUMIRY BYOr aluminum

éll'oyrgu%ffb@écﬂﬁpﬁéihgy obt ai ned in accordance with the
process of claim44. 49. A netal coated al um num or

al um num HAged applyigg aint immetsion zine alldumretestivé coating on the
Ribdtets b(y)/firr(l:rlngire;rllﬂg4 E%he substrate in an aqueous acidic immersion plating
solution of claim 13, and

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

44. The process of claim 43 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.

45. The process of claim 44 wherein the cleaning is performed with an
alkaline cleaner, and the etching is performed with alkaline or acid etching solution.

46. A metal coated aluminum or aluminum based alloy obtained in
accordance with the process of claim 40.

47. A metal coated aluminum or aluminum based alloy obtained in
accordance with the process of claim 43.

48. A metal coated aluminum or aluminum based alloy obtained in
accordance with the process of claim 44.

49. A metal coated aluminum or aluminum based alloy obtained in

accordance with the process of claim 45.



