1 2237032 1 METHOD OF PLATI NG ALUM NI UM 2 3
This invention relates to the nmetal plating of zincated 4 aluniniun1and,
nore particularly, to providing an 5 enhanced adhesive and s
pl ati ng by enpl oying an 6 I mproved doubl e zj ncating preﬁes§35gu
preferably, in 7 conbi nation with a uni que el ectrol ess netal platlng 8
procedure, utilizing a specially fornmulated el ectroless 9 nmetal plating
bath. 10 11 1IMetal plating ofMEZHQDIiOE TENG OALUMDNEUMeEr abl e 12 .
comercial igterest and one application is the 13 preparation of
menory di sks which are used in a variety 14 of electronic applications
such as conpuder gﬁdsdd{fé’elﬁlorprmmg:tsy@uemtal p\lam:mgumflzlﬁbsted
referred 16 su t r di 5o sui t.abl s 17
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are Al unmini ung25 préAsedural,edtuizEmy w&@eaﬂ&liﬁﬁﬁformﬁmcﬂléﬁécéﬁél l‘ié‘éé‘h
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aluniniun1disgg a@g%§%0g§%%$f§ %gt%'ﬁﬁl 28 thick and contain, by weight,
about 4%to 4090% 29 nmagnesi um 0.01%to 0.40% copper, 0.01%to 0.40%
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alun1n|un1and I nevitable |npur|t
12 commercial J.nterest and one application is the
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13 preparation of memory disks which are qsed in a variety
14 of electronic applications such as computer and data
15 processing systems. Aluminium is the preferred
16 substrate for the disk although other suitable metals
17 may be employed. 1In general, a relatively thin layer
18 of nonmagnetic electroless nickel is applied on the
19 aluminium followed by a thin layer of a magnetié
20 material such as cobalt. A signal is stored on the
21 disk by magnetizing the cobalt layer to represent the
22 signal at a selected moment in time.

23 .

24 Typical alloys used .for memory disks are Aluminium
25 Associated Numbers 5086 and 5586. These disks contain
‘26 magnesium in an amount of about 4% by weight.
27 Generally, the aluminium disks are about 1.25 to 5 mm.
28 thick and contain, by weight, about 4% to 4.90%
29 magnesium, 0.01% to 0.40% copper, 0.01% to 0.40% zinc,
30 chromium, nickel, 4iron, silicon and the balance
31 aluminium and inevitable impurities.
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1 The conpleted netal plated disk nust be extrenely 2 snooth and uniform so
as to prevent "crashing" against 3 magnetizing head of the device which
flies extrenely 4 close (generally 5-8 mcroinches) to the disk surface. 5
Wil e the starting al um nium substrate nust ptself be 6 extrenely snooth
and flat as described in U S. Patent 7 No. 4,825,680, the netal plating of
the disk nust 8 |ikew se be snooth and uniformso that the final disk 9
product neet silt heThractompglepedi fmetal opslatedi rddcsiof mist bbesext;tenely
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depositing zinc, rass copper; anodi zi ng, especl y I'n

phosphoric, @I phtReeecEYRR BRPEUGEFeds: 29 and el ectroplating with zinc

at low currenf densities 30 for a feM/seconds. O these treatnents, the
are
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al um ni um by13 and even electroless metal plating, doces not
14 necessarily produce a smooth coating. Plating voids,
15 inclusions, bridging and the like are only some of the
16 plating problems which can cause a rough disk surface
17 which is unacceptable.
18
19 Aluminium and its alloys also present additional
20 plating problems because of the rapidity with which
21 they form an oxide cocating when exposed to air. As a
22 result, special treatments must be employed when
23 plating on aluminium. These treatments include
24 mechanical treatments; chemical etches, especially acid
25 etches containing iron, nickel, and manganese salts;
26 alkaline displacement solutions, especially those
27 depositing zinc, brass, and copper; anodizing,
28 especially in phosphoric, sulphuric or chromic acids:;
29 and electroplating with zinc at low current densities
30 for a few seconds. Of these treatments, the alkaline
31 displacement solutions are generally the most
32 successful commercially.
33



[ nt, zinc is the nost common. In this case, 3 the process is
ingknggcfﬂg zincate process. 4 5 Over the years~a nunber of inprovenents
have been made 6 in the conventional zincate fornulation and zincating 7
process, with nost of them ai ned at accelegatlng_the 8 rate of film
formation, and the degree of adhesion and uniformty of the zinc Jb
coating produced. A detailed 10 summary of the zincating process may be

found in Logh, WhileU mmanyPatedal¥. cdn34 1agP°§&d—e§aL@§Stag.ilgni Sim P %gnt
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4 1 reqU|2r ed?lf?n'd 3['?@71661%35 Zincate coating is applied using 2 an

i mrer sionl3dinc bath to prevent re-oxidation of the

14 In Loch, U.S. Patent No. 4,346,128, the proéess
15 involves soaking the zincated work piece in nitric acid
16 for from one to three minutes (instead of the usual
17 20-30 seconds) used to strip the zincate coating. This
18 procedure purportedly produces a thin uniform oxide
19 coating on the substrate that serves to further reduce
20 zinc deposition rates and to thereby provide better
21 zincate adhesion for the final (second) zincate
22 coating.

23

24 In the conventional zinhcating process, the aluminium is
25 prepared by alkaline cleaning to remove organic and
26 inorganic surface contaminations such as o0il and
27 grease, followed by a cold water rinse. The cleaned
28 aluminium is then sufficiently etched to eliminate
29 solid impurities and alloying constituents which might
30 Ccreate voids resulting in bridging of subsequent
31 deposits. After a water rinse, the aluminium is
32 de-smutted to remove metallic residues and aluminium
33 oxides remaining on the surface. Thorough rinsing is



3 cleaned surface. 4 5 The zinc coating is obtained by inmersion of the
6 al.um niumpart in an al kaline solution containing zinc 7 ions. The
anount of zinc depends on the tine and type 8 of imrersion bath wused,
the alumnium alloy, 9 tenperature of the solution and pretreatnent
process. 10 The zinc coating bath also functions as an etching 11
solution and any oxides refornmed during the 12 transferring

operations are diSsplMed ihd Nenéh k@ﬁéﬂﬁ;ﬁéatezwse&ﬁgwsl %ﬁiﬂﬁ%ﬁ tidh Inc

onto the alumnium™14 15 The ,general procedure now fol by |ndus
is to 16 ddubl &%iiRBRESHPRr &hPCt RALH; rts& Pﬁ%‘t"’f‘?lﬁﬂ'g"}é @ P thei ng

nitric acid f30l | @xhned Fudfasd. on of a second 18 i mrer si on Z|nc

deposi t. gouble zincating is a 19 preferred method for plating
alumnium afd is 20 especially useful on certain difficult-to-plate 21
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13 zincate while depositing zinc onto the aluminium.

14
15 The general procedure now followed by industry is to
16 double zincate whereby the first zinc film is removed

17 using nitric acid followed by application of a second
18 immersion zinc deposit. Double zincating is a
19 preferred method for plating aluminium and is
20 especially useful on certain difficult-to-plate
21 aluminium alloys to ensure better adhesion of the final
22 metal layer deposit.

23

24 Double zincate methods for preparing aluminium for
25 metal plating are well-known in the art as discussed.
26 In generdl, any aluminium alloy may be treated using
27 the present invention and exemplary alloys are 5086,
28 5586 and CZ-46. The aluminium may be wrought or cast.
29

30 While ﬁhe specific double-zincate method employed may
31 vary according to the alloys treated and the claimed
32 results, all the methods use a HNO, acid dip to remove
33 the first zincate film and this is the step that the
34 present invention is concerned with.



3 di scl osed as affecting the hydrogen overvoltage and is 4 consi dered
beneficial to inproving the brightness of 5 the deposit. Amount s of up
to 100 ng/| cadm um 6 chloride are shown. 7 8 Despite the acceptance

and effectiveness of the double 9 zincating process, the need stil
exists for an 10 i nproved process provi dPng both enhanced adhesi on anrd

11 snoot hness of the netal plating on the zincated 12 al um ni um
substrate. VVtkﬁHg L NQel L0l t Q_t heor 3 it,is believed that the
properties i the n€®%+ ffa?gh§§gm &Pé%}qégﬁﬁquﬁﬂQ&ﬁkp%dp%ﬁﬁlﬂﬂibﬂhbﬂs,
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16 generaldy i Hses : and r Lve jyetal. 17 | ati ng.
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al um ni um whi cff %ﬁﬁﬁﬂﬁu?ﬁﬁwﬁhﬁk?rwovides a thinner, 26 nore uni f orm
and continu@us zincate coating and 27 produces enhanced adhesi ve netal
pl ating depgsitsg, L0g ot.hness. 29 30 The invention
addi ti onal | seef%ﬂgéégF%v?ﬁéé%ﬁ§#%%¢%v%%ggf%gegiéXFpﬁﬁés§Qnﬁﬁﬁ dpukleg
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12 aluminium substrate. Without being limited to theory,

13 it is believed that the properties of the metal plate

14 are directly related to the thickness, uniformity and

15 continuity of the zincate coating with thinner coatings

16 generally providing a smoother and more adhesive metal
17 plating.

18

19 The present invention seeks to provide a method for
20 preparing aluminium substrate articles that may have
21 extremely smooth metal plated coatings.

22

23 The present invention also seeks to provide an improved
24 double zincating process for the -metal plating of
25 aluminium, which improved process provides a thinner,
26 more uniform, and continuous zincate coating and
27 produces enhanced adhesive metal plating deposits and
28 metal plating smoothness.

29

30 The invention additionally seeks to provide an improved
31 electroless metal plating composition and plating
32 method for coating zincated aluminium substrates with
33 extremely smooth coatings.



4 Thus according to a first aspect of the present 5 I nvention there
I's provided a nethod of formng a netal 6 coating on an alumnium

substrat e, the nmethod 7 conprising: 8 (a) formng a zinc or zinc
all oy deposit on the 9 substrate; 10 (b)g contacting the substrate with
a zine renoving 11 conposition containing a source of Goup VIIl (in this

12 specification of the Mendel eef Periodic Table) netal 13 lons; and 14
(c) optionally rGdpmeti ogj(aa):s andl @dvarntdgeprmEderbedonbatppayrens fatom
optional; th SHL 811 %I ng stages (a) and (c) are
both 18 I nc udedﬁ ]hl S TS k%%ém]ﬁrfard "doubl e zincating" 19 process.
20 21 In orfe, or both, of the zincating stages (a) and/or (c) 22 t he

zinc or zing altpysi Sa@é@faiagl Yeof of Meq Aut 2%spe0@@t%>cftl RGel NBraulsitr ate
with a zinc or zinc allpo pl ati ng comnposition. Such a conposition

suitably 25 3 con‘ﬁ?“f%lg% @Eﬁﬁ%el%fpl%?‘h’cd?%r% methpdy & forming 6 metal

optional Iy aesourseaefinget ain alalrpy alanfin2am?8subdd eathe tefhe” ahdghaiqunt',
in relation t_}) a substraI enconpasses substrates nade only of

al uni ni um no'st | "I rﬁﬁﬂ n| um (Al is the major conponent) and al unini um
31 alloys (&e g (anli t rfcarﬁylngntn natiiman oft MginCu,alleyCdepdsBR omndher
Fe). Q her ¢ be present in the 33 substrate e.g. silicon.
Preferred substrate ar 4 alum ni um di sks (e.g. nenory disks). 71

A preferred It ocedd ackRERFHLRG ttHee pRARERTaGR elitbn 2 Z2ighpreseying

11 composition containing a source of Group VIII (in this
12 specification of the Mendeleef Periodic Table) metal
i3 ions; and

14 (c) optionally repeating (a).

15

16 It is preferred that (c) is not optional; that is to
17 say, the =zincating stages (a) and (c) are both
18 included: this is known as a "double =zincating"
19 process.

20

21 In one, or both, of the zincating stages (a) and/or (c)
22 the zinc or zinc alloy is preferably formed by
23 contacting the substrate with a zinc or zinc alloy
24 plating composition. Such a composition suitably
25 comprises a source of zinc ions, an alkali and
26 optionally a source of metal alloy ions.

27 '

28 Here the term "aluminium", in relation to a substrate,
29 encompasses substrates made only of aluminium, mostly
30 aluminium (Al is the major component) and aluminium
31 alloys (e.g. with any combination of Mg, Cu, 2n, Cr, Ni
32 and/or Fe). Other elements may be present in the
33 substrate e.g. silicon. Preferred substrate are
34 aluminium disks (e.g. memory disks).



[ [ I Ni trate, such 5 as by
4 a) optionally cleaning an al um ni um subs . :
contgc%ingpthe al um ni um substrate with an 6 alkaline (and SU|tab!y8
non-etch) cl eaner, for exanple a 7 non-silicated al kali ne cl eaner;

(b) optionally etching the al um ni um substyate, such 9 as by contacting

the al um ni um substrate with a 10 (preferably acidic) etchant; 11

optionally de-snutting the alum nium substrate 12 such as by contacting
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one itfaat. contains nitric acid and/or sulp _
oot onalTy 2 flﬁﬁﬁ?gg sal't; 16 (d) formng a zinc or zinc alloy deposit
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optionally a fluoride salt;

(d) forming a zinc or zinc alloy deposit on the
aluminium substrate (such as by forming a =zincate
coating) such as by using a zinc or zinc alloy plating
composition comprising a source of zinc ions, an alkali
(preferably a hydroxide) and opticnally a chelating
agent, a wetting agent (e.g. anionic) and/or a metallic
additive (such as a source of metal ions other than
zinc, such as iron (e.g. Fe3¥));

(e) contacting the aluminium substrate with a (zinc
removing) composition comprising nitric acid and a
source of Group VIII ions (such as ferric ions) ;

(£) repeating stage (d), to apply a zincate coating on
the aluminium substrate;

(g) forming a metal coating, preferably other than
zine, (such as a nickel or nickel alloy deposit) on the
aluminium substrate, preferably by electroless plating,
such as for example using a metal (e.g. nickel or
nickel alloy) electroless plating composition

' her th
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5 metal coating, which is preferably thicker than the 6 coating forned
in(g). 78 In preferred nethods (a), (b), (c) and (h) are not 9
optional. 10 11 It has been found that extrenely snmooth netal plated 12
al um nium substrates, e.g., nenory disks, cgn be made 13 by preferably
enpl oyi ng a special double zincating 14 process in conjunction with an
el ectroless netal 15 pl ati ng bath containing an effective anmpbunt of

cadmum 16 1 Theod@xhlsarzg ng atsourde Oﬁﬁsﬁleft@.ll p(ep@rl rrgica&eum ntLumsJ,7 a and
al um nium al Loys for

specially fo nulngﬂcFeF% S 3?%“5%1§%E.p 1§e “?%gg ?9?§F X?# Bﬁ?é g?f%]

fromthe al u@ ni amcomplexdng0or gheﬂppepgaagﬁnnbuanday then be water rinsed
and coated 2} "t"ht)h gp%%%‘il%ﬂ & tfil] f(egr)grﬁ%?‘dé%oﬁ&é edn L88:iEE5h%1 22

bath used to strip zincate“coatl ng pre rises a source
of at |east 8ne @%ﬁﬂi\ﬁ¢¢tiﬁﬁr 2¢lcﬁwéﬁe@5@ﬁﬁﬁfhiﬁu%blé eFerthia@ i®R8 (in

an effectiveg2d coamanat Fortedeiame., present at fromO.1 g/l to 2 g/l 26
and [err] in_an anmount “of from 250 or 350 to 600 g/l or 27 hi gher. 28 29

Fol | owi ng thé zincate procedure, an electroless netal, 30 e.g., nickel,

pl ati ng of the allmp&emzaedbmémwds/edam (dy, depl andg (han adteechovl ess
net al platlgg baEq %1 containing an effective anount of a source of
cadm um 33 (io ?) £8 provi de an extrenely snooth netal coating. 34
Broadly staf@d, the electroless netal bath preferably 35 conpri ses: 9

1 (1) a i?urC?tthé(Ftﬁéeﬁeﬁoﬁhﬁk@ﬂat' Lt réme 1§ 2hmoBthe it gogntasuch
as a hypophosphlte an am ne bor ane;
aluminium substrates, e.g., memory disks, can be made

13 by preferably employing a special double zincating
14 process in conjunction with an electroless metal
15 plating bath containing an effective amount of cadmium.
16 The double zincating process for preparing aluminium
17 and aluminium alloys for metal plating can be improved
18 by utilizing a specially formulated HNO, bath to strip
19 the first zincate film from the aluminium. The
20 stripped aluminium may then be water rinsed and coated
21 with a second zincate film. Broadly stated, the HNO,
22 bath used to strip the zincate coating preferably
23 comprises a source of at least one Group VIII ion,
24 preferably a source of ferric ions (in an effective
25 amount) for example , present at from 0.1 g/l to 2 g/l
26 and HNO4 in an amount of from 250 or 350 to 600 g/l or
27 higher.

28

29 Following the zincate procedure, an electroless metal,
30 e.g., nickel, plating of the aluminium can be improved
31 by employing an electroless metal plating bath
32 containing an effective amount of a source of cadmium
33 (ions) to provide an extremely smooth metal coating.
34 Broadly stated, the electroless metal bath preferably

35 comprises:



[ r al kali eg hydroxide) pH.adjuster to 5 provide the
fequﬁ?éd Sa;ag'd ?4) a conpfeginé agent for the netal ions su;flc!ent 7
to prevent their precipitation in solution; and 8 (5) anhef eftlveof he
anount of cadmumions (to provide 9 the extrenely snoot cia |?? Ln
invention). 10 11  Suitably the cadmumlevel is from0.1 to 1 ng Wit
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loﬁrce of tal ions; a red%cing agent; a 33 éﬂ%lﬁﬁ%ﬁ? 1 or a pH .
adjuster.l hese conponents are 10 1 conventionally replenished y

measuring 11t he Suitaoincerthe atadniah 18€eLONRORSRL 8nd ggdilg ég v%'.];}:é{ gtei ﬁg

conponent ;> as rﬁ‘i%deetferréé) ]tr%:"eg]tS Iqqié%gheflloen\l/eol .4bet;[oV\le0e.n7 mg/l.e

limts. qgesent pl ati'ng metho
14 The invention may thus use a cadmium containing
15 electroless plating bath as hereinbefore described to
16 provide an enhanced smooth coating on a zincated
17 aluminium substrate.
18
19 It has been found that the consumption of the cadmium
20 can occur rapidly in the first stages of plating, but
21 at about 10 minutes and thereafter the consumption can
22 be very slow and the presence of the cadmium may not be
23 important during further plating. Thus a preferred
24 mode of operation is to start the plating of the
25 zincated aluminium substrate in an electroless bath
26 containing an effective amount of cadmium, for example
27 from 0.1 to 1 mg/l, and not to replenish the cadmium
28 until a new zincated substrate is to be plated in the
29 bath.
30
31 The electroless metal plating bath suitably also
32 contains a source of metal ions; a reducing agent; a
33 chelator, and/or a PH adjuster. These components are



5 use automatic controllers which continually neasure and 6 repl eni sh
the bath conponents are suitable (a 7 conti nuous dynam c
repl eni shnent process). O her 8 nmet hods, such as manual neasuring and
repl eni shnent at 9 certain intervals, e.dgq hourly, etc., nmay also be
10 ~enmployed. 11 12 The invention enconpasses a doubl e zincating process
13 for preparing alum niumand alum niumalloys for netal 14 pl ati ng
wherei n the alum apmwahtteropadt} pat meptl éa ikbhedzi bq;atecéb;dx‘rtrnrgsi @hén a

zpneating path, 1Benebhedkedold or ANE MIbASL "Efa TRAGHS e dd | bl )

to renove the 17 zi ncate coating Amer §rof rPn & i feat g 18
bath to coat %he @PURPREOH-ards nﬁ?&ldeﬂl:attﬁgméﬂ-mtﬁenlglhe zﬂ-mvatledaetween

al umi nium  Qoe eﬂ@éﬂféd'@péf@tﬂhér].i?mﬁﬁéd 2Presdit Np 1%:?%1‘&&61&&&5
of a Group VI%> i on. |nveg£|on met hod can 1 nv ve depositin a

snooth 23 ect‘r‘%?e%’ét%?té}c EB%F?‘H %ﬁsawm%a‘t'%‘bt’afll ¥ ypg3spre an
substrate conﬁ)rl staeplecat shg ahehi baftl Stcdmyehedftd haa?d swetableon (tahe

substrate ng ral e pl.a bat h _cont nlng dm um
f ol | owed by the u‘g%ng#ﬁ%?u% a%flfra%er enfegllgé’tlr%f“éeg% C B sjl)tl ng BATIF% o
plate the 28 8 substhods, mﬁunhaase@‘@marlemascnamgn@nd) nellﬂa:taﬂahneditZQat
thi ckness, wyth E:thyﬂhc‘i@f:?r\ﬂilé he es%con 24519 Can{H]%go Hgg be

thi cker than the first neta coating. 3 e |nvent|on ad
cont enpl at est@ neRPRECYSE - 32 depositing a smooth el ectrol ess netal
coating on a3 zincated alumnium substrate wherein the zincated

1 substrat1 Is jhnersed in an el ectrol ess net ating 2 ., bath to plate
a coating of det??e&r‘tvﬁfl&ﬁﬁ&seréﬁﬁm?ﬁﬁsgs éfcﬁlkﬁtﬁ]t ﬁFﬁEaﬁépgl REesthd a
reduci ng agem which Brepavipgnshtminanm andntdamiedun tiiloyseddrednetal
operating 5 14' ' ;giét?xgpwe%ﬁl £l eghgm m%'%%ef "BEOVEOERheRE is

conprising util ng an-effective anmount
15 zincated by immersion in a zincating bath, the zincated

16 aluminium is then dipped in a nitric bath to remove the
17 zincate coating, followed by immersion in a zincating
18 bath to coat the aluminium and metal plating of the
19 zincated aluminium. One employs in the nitric acid
20 bath, an effective amount of a Group VIII ion.

21

22 The invention method can involve depositing a smooth
23 electroless metal coating on a zincated aluminium
24 substrate comprising coating a thin first layer of the
25 metal on the substrate using an electroless metal
26 plating bath containing cadmium, followed by the use of
27 a different electroless metal plating bath to plate the
28 substrate with a second metal coating to the desired
29 thickness, with the thickness of the second metal
30 coating being thicker than the first metal coating.

31 The invention additionally contemplates a method for
32 depositing a smooth electroless metal coating on a
33 zincated aluminium substrate wherein the zincated



7 the bath at the start of the plating operation and not 8 replenishing
the cadmumto the desired operating level 9 until the plating operation
is finished and/or new, 10 unpl ated zincated al um nium substrates are
imrersed in 11  the bath for plating. 12,13 In a highly preferred

enmbodi ment, multiple plating 14 baths can be enpl oyed whereby a thin-

' ' ' ' ' from an
coating of nickel 15 I's provided on the zincated surface
el ectrol ess- 16 sulbsthateniai mmn@r&e@urmeamfep@g&gmggnﬁﬁ?gél %\i%g

a such_as 0
52?2%39(2 Eblggﬁﬂg%tgé) * §|%C?38F£§g 5 & gﬁ&ﬁ?ﬁ& EQPEkneFﬁ|§n@réﬂEired
process is |mh%%ht6°?ﬁé12@ mq#akessndesnnibedrEﬂwdﬁ&gF@%@ﬂﬁ Nﬂlch

4,567,066 ar anfcﬁﬂnp"énenﬁ@ RA Sitldsa aod En.Fthl af gsské'géirz Bgarggl]n@ | OWS.

referred roc of the present |nvent|on
IIot shoul d Be u %'fﬁocpifh&e‘?@dlﬁ/atléﬁiplens@éimret prdier dnprevpheyed

after eachsstagempaiélhg %%iliiﬂngﬂéweefﬁe%ggggrQﬁsgﬁF'8fU§g§|'é tg C|ean
ce
;PEaF?ne ?ngg‘gp%ﬂ] qi%ﬁgr éﬂéﬁgﬁg %ﬁB ?#@5%39e9§§r3910nTaadenb&rk)
NS- 35 sol d8by Eephemdshimgoitiher aaerhiuteto thekdiéé\ieég ogﬁgra%ghbcﬁtavel
- al Lne
cuitable 1o usneas epr BYEIAY onfafidng U HRLEhed i e never a

ui tabl e for use
i2 1 teﬁﬁeraPGPéaF§ﬁg@¥ﬂCaﬁQ§n%kumﬂnxum[subécratqs &Pe [ thérded in

ref erabl yif or thet Ba®hOEcS BhRHY & Et ching of the cleaned al um ni um
gubstrateygay then be 5 pggfornéd u3|ng et chants such as ACTANE

(Reglstere Trade Mark) E-10, ENBOND E-14 or ENBOND E-24, all of 7
whi ch arel3ol dIby #ntlighdy PbeSerrederéibsdahént)tMfliltiple plating

14 baths can be employed whereby a thin coating of nickel
15 is provided on the zincated surface from an electroless
16 bath containing a source of cadmium ions followed by
17 plating a thicker, final coating (such as also of
18 nickel) from a second (e.g. conventional) electroless
19 plating bath. This preferred process is similar to the
20 process described in U.S. Patent No. 4,567,066 granted
21 to P.B. Schultz and E.F. Yarkosky.

22

23 A preferred process of the present invention is
24 described as follows. It should be understood that
25 water rinses are preferably employed after each stage.
26

27 A first stage in the process is usually to clean the
28 aluminium substrate surface, of grease and oil with an
29 alkaline (non-etch) cleaner, such as ENBOND (Registered
30 Trade Mark) NS-35 sold by Enthone, Incorporated, West
31 Haven, Connecticut. ENBOND NS-35 is a nonsilicated
32 mildly alkaline cleaner. This is suitable for use
33 (i.e. contact with the aluminium substrate) over a



8 acidic or alkaline. However, an acid etchant is 9 generally
preferred, -particularly when surface 10 di nensi ons, tolerances and
integrity are inportant. 11 The etchants are preferably used (i.e.
contacted with 12 the al um nium substratg) at el evated tenperatures, such
13 as fromf[err] to [err], e.g. 60-[err], preferably for from 14 1to 3
m nutes. 15 16 De-smutting of the alum nium substrate nmay be perfornmed 17

using a [err] sot&mperathoe vy oH0Berdy 1oPeRL BB, eolhXt Woes3 W
[err] and [err]__a one}%}gef%. %150%5&&%% .solution) or in combination
Wi th ACTANE 40 SBFGrey? hthoh@. NS an acidic, fluoride salt
product 21 3containing ammonium bifluoride. A preferred 22
de-smutting sol ution. cong ai 25%0 olq$ﬁ- . 0 err]
and 1 | b/gal onﬁ@&i\@?%éi gﬁﬁa?greg¥l§§ 2 é&%‘]y sgggégraigrrre \é}:?leggg)u%
room t enper & ur ep¢vfoz@ed fusinBoeyghaatsndsick. gs B fRegieteze7

It is at thig popphgbhihrk)Zig0R) @ ERBONDIECAR RE poMPPELSd, t @10h&

alum niumby inmersion in a zincate bath 29 as descriheq in Saubestre,

U S. Patent No. whdal ane sqad by, gnfhonen ,These Mptesigls fre &ither
delrrgngt r at eﬂlg 31 acefiiectovenaxaliries. ALUH:alZJe(vlaegl i sta?f edcidacecdbaky B 32
o) y Enthone. ALU EN contai.ns an alkal,i. netal .33 r oxi| zinc
conmpound or Sal tgfgﬁff? Yzi%fe%ﬁrd'éegﬂ peﬁ‘ﬁﬁJo?uélaﬁcl%ulwplﬂ%’ge)%(ug%aC%

chel ating agent dimlenpibosal | fod8rangesarndti ¢negriity asgeat imporant.
and/or a 1 ddit.i (e | €a2 it i

pr ef er abl ;E]E’i ab‘g}ﬁ? g%%hﬂ%ﬁéﬁpg’% Lﬁ%%éga%ﬁ&%%%t -Eai-gf &d %Bgﬁg?ﬁtgdgﬁ’uln%ﬂ um
substrate. 425 ApheralenitnbymsePstEatebrat VIR "19RRIEI B B CotGihgs

on Alum ni g, PLiatfpgmangPSuEdagceCE] né shi Nglo-63°C, preferably for from
14 1 to 3 minutes. .
15
16 De-smutting of the aluminium substrate may be performed
17 using a HNO; solution (for example 50% by volume) or
18 mixtures of HNO4 and H,S0,4 alone (e.g. a 50/50
19 solution) or in combination with ACTANE 70 sold by
20 Enthone. ACTANE 70 is an acidic, fluoride salt product
21 containing ammonium bifluoride. A preferred
22 de-smutting solution contains 25% by volume H,S0,, 50%
23 by volume HNO; and 1 lb/gallon ACTANE 70 in water.
24 This may be performed at about room temperature for
25 from 30-90 seconds, e.g. about 1 minute.
26
27 It is at this point that a zincate coating can be
28 applied to the aluminium by immersion in a zincate bath
29 as described in Saubestre, U.S. Patent No. 3,216,835,
30 supra. A preferred bath, due to its demonstrated
31 effectiveness, is ALUMON (Registered Trade Mark) EN
32 sold by Enthone. ALUMON EN contains an alkali metal
33 hydroxide, a zinc compound or salt (such as zinc oxide
34 and/or zinc sulphate), a chelating agent and optionally
35 an anionic wetting agent '




' 8 ferric chloride) in
es 36-42 (1980) shows the use of iron (e.g., 8

Zh27£igggte solutign to deposit 9 iron along with the zinc and prodgcila
nore adhesi ve 10 zincate coating which can be very resistant ?Qial
o kotut insoluble_in_[err]iB fthmﬁiﬁgkgpﬁyOtgeéoﬁﬁ|e gﬁzzgte process

[ | utions contain iron. _ , ( _ _
fhcgﬁbgssﬁnﬁersion 15 of the alum nium substrate in a (dllrte) ; .
zincate 16 1 pl&ﬂdﬁp&OHDMQuébmiorﬂ@aﬁt#f%aggagyagF%guwi%ﬁ%%ugﬁrEkﬁd
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a subsequent rinse. 22 23 In contras
odvant ageously gt 24 i nvention involves the use of a source of
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netal platithg nB§rHéc2 chlopeida) 3Ind tthEiﬁbhEbCéﬁigﬁg&gpggzyi %‘?/%fﬁne g
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Sol i on. L Tiis. pay_have o St cHe Bbe Aa SR ann morssmane w0ee gl |

andrnefa%%ly§+6§?$9)F@aEHPQIMhICh can be very resistant and

11 comparatively insoluble in HNO;. ALUMON EN and other
12 commercial zincate solutions contain iron.

13

14 Generally, a double zincate process involves immersion
15 of the aluminium substrate in a (dilute) =zincate
16 plating composition or bath (such as an ALUMON EN) for
17 a period of from 20-50 seconds, suitably followed by a
18 thorough cold water rinse, a zinc removing operation
19 with nitric acig, preferably a further cold water
20 rinse, and a second zincate immersion and
21 advantageously a subsequent rinse.

22

23 In contrast to the Loch procedure, the present
24 invention involves the use of a source of Group VIII
25 ions, e.g., ferric ions, in the nitric acid bath. This
26 accomplishes a similar result of reducing zinc
27 deposition rates while providing a =zincate coating
28 which may be very adhesive, uniform and continuous and
29
30
31
32
33




8 The conposition also contains a source of Goup VIII 9 I ons,
preferably a source of ferric ions. This is 10 suitably provided in an
anount of fromO0.1 g/l to 1 or 11 2 g/l, preferably 0.3 g/l to 0.8
g/l and nost 12 preferably 0.4 g/l to O. 61‘{; At | evels bel ow about 13
0.1 g/l, mnimal effects nmay be obtained while at 14 | evel s bel ow about

(2)' é/ ?/ ¥ t hemsswglce%flf@&h?opogr apFYu:L emeq%teaég‘\‘égrgn ec!tsgi/dﬁé%}& % Egut

nitric acid z&nc Feabeflag conposition may be 19 errpl oyed (that is to say
contacted witf the al um nium 20 substrate) at any sui tabl e terrperature

although it is 21 referred that th|S|sfrom rrj.to LI h
but 22 preférab??efé’r’ﬁr’t‘b ?EFa] compaiition ] ﬁ%‘g ?] ﬁ') 8 g

times suitably raggestyomiidte 9eoaed:ngda,s rpméﬁeaﬂ:WZd 50% dny4ﬁoilumeo

seconds. 25 2 EX Lary C 27
I ron, nickel and §8§§?ng F(Cai;l‘rﬁlli(% ?goﬁjs are par |cu fél&zgﬂp* g ePrEegggng
30 It will Be un86r w0600y gYAosecandi preferabliye %?Fth RB0 P 5%0e9/l.
concentration Co‘fﬂgs'c{%idiﬂ:é% ah Y58 2RHtAAHACE 3durce BEIGrop VITER

are interrel a?ed In general, 33 the hlgher t he terrper ture, and
concentration? tAens, 1BrEfer§98Vte? ?ﬂErEGnt%t e r

necessary toi1g aahtapeyt beod&aeaednsumf anowlt anf frmcbmegmetof 13o0r
grrglcj)ltohxglsls ol?‘otn?\e Irrg?t Eeplbg‘}ﬁgﬂ,\ggggov & eagﬁ rre?aPsdazil g%?vaggmgﬁat ed
on the speciatly preferapdyed.zi rg/ kot ed. &l ghilni umt'sdmebﬁ ebelm; about
following 8 ) desgriyptipp, ahiRPHIR aPtd&ad! ady BBY svtifhéd WRifle at
14 levels below about 0.1 g/1l, minimal effects may be
15 obtained while at levels above about 2 g/l, the surface
16 topography may be severely affected.
17
18 The nitric acid zinc removing composition may be
19 employed (that is to say contacted with the aluminium
20 substrate) at any suitable temperature, although it is
21 preferred that this is from 20°C to 25°C or higher but
22 preferably 21°C to 23°c. contact (suitably immersion)
23 times suitably range from 30 to 90 seconds, preferably
24 from 40 to 60 seconds.
25
26 Exemplary Group VIII ions which may be employed include
27 iron, nickel and cobalt. Ferric ions are particularly
28 preferred.

29
30 It will be understood by those skilled in the art that

31 the concentration, composition temperature and contact
32 (immersion) time are interrelated and that, in general,
33 the higher the temperature and concentration, the



9 may specifically reference nickel, as illustrative 10 because of its
commercial inportance. 11 12 El ectrol ess nickel plating conpositions for
appl ying 13 ni ckel coatings (that is to ay, nickel and nickel 14

al | oy- deposits) are well known in the art Thd pl ati ng 15 processes and
conpositions are described in nunerous 16 publications. For exanple, .
conposi tiong fogh@ggggth 1 ct re described in U S.
Patent Nos. 21890, 405“ Fonsaet! (ohBRr ) o (5aYenny 4m 10
and 3, 338, 2/26 achigy, gleﬁllr%nﬁ‘éé'f?FGnSEff@FtZO andie phei tu@e Iasf.ckel
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Lbucausqar@f/eits commeteial oimpeLeaRedat i on in sol ution;
of cadmumions. 5 A large nunber of suitable coaneX|

el ectrol ess nickel solutions are described in the abov
|5%ﬁ9tr°lﬁsﬂﬁDHQ&gkumﬁatLage¢dmpd§uﬁ$nﬁs fﬁﬁlé 1*ﬂng

lrpl“’@lel eoa®liffs TPERALY is PELNLAPP! I fdy dy I L usual Ly,

giloQ,dep051ts) are well known in the art and plating
processes and compositions are described in numerous
publications. For example, compositions for depositing
electroless nickel are described in U.S. Patent Nos.
2,690,401; 2,690,402; 2,762,723; 2,935,425; 2,929,742;
and 3,338,726. Other useful compositions for
depositing nickel and nickel alloys are disclosed in
the 35th Annual Edition of the Metal Finish Guidebook
for 1967, Metal and plastics publications 1Inc.,
Westwood, N.J., pages 483-486.

Preferred electroless metal, e.g. nickel, electroless
plating compositions are aqueous and suitably comprise
at least four ingredients dissclved in a solvent,
typically water. They are:

(1) a source of metal, e.g. nickel, ions;

(2) a reducing agent such as a hypophosphite,
borohydride, hydrazine or an amine borane:

(3) an acid or hydroxide pH adjuster to provide the
required pH;
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and 4
ng
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10 with other materials present in the bath. Thus, if 11

hypophosphite is used as the reducing agent, the 12 deposit will usually
contai n ni ckel and phosphorous. 13 Simlardy, if an am ne borane is

enpl oyed, the deposit 14 wll wusually contain nickel and boron. Thus,
use of. 15 the term"nickel"” includes the other elenents, such as 16 S

and P, normally d qags! ebabey hhcohp1eGingTbe ehd1GE 10 ARfedt

ni ckel , ions nay e(?prgwg S‘g ‘9‘ é;a%%sarga L e 1ebsaur sucﬁlbrg:he

sul phate, 20 2 chRgtRde 1°“§cet5&’c‘é:a 4 iR @ uPRtt 1??15?@0? k& Preve

concentrationzof meealetiahn, pﬂelipatammheh.n sbladﬂlm oan®? nmay vary

wdely and is pref(gsably fromO. %to 10gmgrg such as from2 to 50
5

g/l, e.g. 2 t8 10 38 Pprc§4 cad:m. é’gum ng agent, especially when
the al um ni uns26 A s].lbsgeatnumher aofrersuitakilek, comp&exu-SIQal pgents: fpr

hypophosphi tei on; T3 0RK g Eaapgbggtaanghsﬂaahas@h%&a 1A e

source such af sodi um or pot assi U amoni um
and/ or netal, 7 egnox@d pukkigat 9’p§phos’-'r#1|‘l’b11 benAPRERRAATRA JB¥n EROSS:h

as 31  am neghor agg31ed0iRNYEE Olﬁsta&@kaktvdmal RdcKe al oe ?&theﬁumba:ially

be enpl oyed. The concentratlon f the reducy t f
in excess of Phe RR4HG aPPLipdy wilk f4sy t%er%ﬁu{égg ﬁg?gngﬁta%r 1

ions, e.g. 210 ni eieh pesent materiallsatpresent Tha ritel bathe i ndrhus, lf

composi (7on 630 bg AclthodokiLdl B Sised! &Y fRe rdBupthd ohgshisl | waoH

adj ust er r6m a W de rang material s
hydr oxi des (e2g depos idtm wi/lt onsyaldy aﬁ%@#lﬂepélckeé- anpd phasphorous.

h%d(rj](c)xi ﬁe) ba?ﬁ Tog‘imlla% 4 S.iff #h ShiéreshPaRei Esaehnfloged,t hd ideposhte
P © al WT?.{L ruasnuaIJ]i);Ocr:norzxtta?.nlguc%ccelfi Sar?gt ggraog'le. prﬁ;erred A of
15 the term "nickel" includes the other elements, such as
16 S and P, normally deposited therewith.
17 '
18 The source of metal, e.g. nickel, ions may be provided
19 by any suitable soluble salt such as a sulphate,
20 chloride, acetate and mixtures thereof. The
21 concentration of the metal, such as nickel, in solution
22 may vary widely and is preferably from 0.1 to 100 g/l,
23 such as from 2 to 50 g/1, e.g. 2 to 10 or 30 g/l.
24
25 The reducing agent, especially when the aluminium
26 substrate is a memory disk, is usually the
27 hypophosphite ion. This may be supplied to the bath by
28 any suitable source such as an alkali metal (e.g.
29 sodium or potassium) ammonium, and/or metal, e,9,
30 nickel, hypophosphite. Other reducing agents such as
31 amine boranes, borohydrides and hydrazine may also
32 suitably be employed. The concentration of the
33 reducing agent is preferably in excess of the amount



range of 4 to 5, e.g., 4.3 to 4.6, is preferred, 12 both for the
gidﬁﬁunlcgntained in the gath when 13 depositing the nmetal coating on the
zincate | ayer, such 14 as depositing a finfy | ayer of nickel when the
cadm um 15 containing bath is used to provide only a thin, strike 16
coating. 17 18 The conplexing (or chelating) agent nay be selected 19 from

[ Iac ic acid, nmalic
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smooth thi %&aé? nSadmiyr, containgd hnckehe IpaBhe,whéAr
exanpl e udi3ng dapdﬁxﬁxn@ the metal coating on the zincate layer, such

14 as depositing a final layer of nickel when the cadmium

15 containing bath is used to provide only a thin, strike

16 coating.

17

18 The complexing (or chelating) agent may be selected

19 from a wide variety of materials such as carboxylic

20 acids, lactic acid, malic acid and those containing

21 anions such as acetate, citrate, glyccllate,

22 pyrophosphate and the like, with mixtures thereof also

23 being suitable. Ranges for the complexing agent, based

24 on the anion, may vary widely, for example, from 1 to

25 300 g/1, preferably from 5 to 50 g/l.

26

27 The electroless metal plating compositions may also

28 contain other ingredients known in the art such as

29 buffering agents, bath stabilizers, rate promotors,

30 brighteners, etc. Stébilizers such as lead, antimony,

31 mercury, tin and oxy compounds such as iodate may also

32 be employed.

33



13 el ectroless netal, e.g. nickel, plating conposition. 14 15 The net al
deposited using the netal plating conposition 16 (or first nmetal coating
if there are two) preferably 17 has a thickfess range up to about 0.1
ml, or higher, 18 wth from0.005 to 0.08 mls, e.g. fromO0.01 to 0.05,
19 'being preferred. An imersion tinme of 15 seconds to 15 20 m nut es

wil | utsual ly QFOVAdesﬁiJEaM% r od atirids nmoiﬁosxf[éqnﬂﬂdmra@ OBeCORBRHed OBy
par anet ers. erat ure rom/[err

ot Ty be?2s SIBRBRYIEG, Thg S eafents! T SRden And Aifssifalrhe s
preferred 25326 pHAtoethesdegered rangpreferred procedure is to conplete
27 t he netai plating to the desired thickness and physical 28

characteristiCs by immersing the netal, e.g. nickel 29 coated substrate
i n anot her eléctrﬁhésslnpcEQBQQQﬂﬁhﬂ?XR}umtﬁﬂhﬁtrﬂﬁﬁnmmynhs pdatpd vikb or

_d'fg grent ]tremblt’eaa %htecw@ﬁed £8 ﬁéﬁﬂth? .o r%tldi‘%tlaJcadiQﬁiﬁ33 N9to WEhah
is prefera mai Nt ai_ned_a enper a om

[err], e.g. bBrI|a551ﬁFgfgFQB#y%Pgﬁ#Pféﬁr] t ékﬁg %%?rfubStk?te is’

t hi ckness up 80 5céhtactedr wiithh&hempl atringy canpnsmtxbn by t immerabor dh
fromO0.1 to 2 nrl e fer e t I ga S e hi s
"strike 4 bath" ?o%esgg?étgégd BPL mgg tggﬁrgggggtgt%hg?nggt?pg % b
strike coateHOaIunlnkehmsggetlageadequaterhﬂepspﬁhdeaGSUlthblgubQSBaferrn

the next, i,g. éﬁEOEQti-'éqle‘i agnraro&; thisrl de%E'ﬂ&Q W%ih&ﬂ métal

The cadnrunrrons may provi by the use of é sol ubl e dm um’
source such b3 a ®admi uﬁigliPll,v e.Pé.atfl £0Xd e ¥ AT ﬁPpHﬁ’eng a |@1:§erent

i nportant topgontépbctheldds métdl] ugl gonatekeal i phlatngbtompokieientremel y
snooth 13 egatrngs of the invention and a suitable effective

15 The metal deposited using the metal plating comp051tlon
le (or first metal coating if there are two) preferably
17 has a thickness range up to about 0.1 mil, or higher,
18 with from 0.005 to 0.08 mils, e.g. from 0.01 to 0.05,
19 being preferred. An immersion time of 15 seconds to 15
20 minutes will usually provide the desired coating,
21 depending on composition parameters. A temperature
22 range of from 25°C to boiling, e.g., 100°C, may be
23 employed, with a range of from 30°C to 95°C being
24 preferred.

25

26 A next stage in the preferred procedure is to complete
27 the metal plating to the desired thickness and physical
28 characteristics by immersing the metal, e.g. nickel
29 coated substrate in another electroless nickel plating
30 bath, (which may be the same or different, from that
31 used to form the first metal coating) which is
32 preferably maintained at a temperature ranging from
33  30° to 100°C, e.g. boiling, preferably from 80°C to



14 level is fromO0.1 to 1 ng/l, preferably 0.3 to 0.8 ng/l 15 and nost
preferably 0.5 to 0.7 ng/l. Amounts as high 16 as 2 or 3 ng/l or higher
may be used for certain 17 applications not requiring as snooth a surface
as for 18 menory di sks. 19 20 It will b2 appreci ated by those skilled
in the art that 21 the rate of pl ating may be influenced by many fact.ors

22 including: g38¢, (1 ting ol ution; 24 2)

concentration of9 rgductg\nt%gﬁnggg) E?hg tésrsrp’@f'il?ur %ﬂ alayig be

conposi tion? 262€ (‘-&)’edcont’éﬁhre‘ﬁlﬁﬁnge o uﬁremrrmtal te Q. mj_;pgeh,eﬁ,g

(5) ratio mf tbfef@kﬁm@ff&fmﬁeétt 'awltz%éé?osxgé °a fhen 12};5 uﬁgrﬁe -
prom) er

presence $ ﬁgl fluori sal.ts,  (rat
presence of wet PR aﬁﬁﬁfeﬁﬁd}ﬁruﬁggt aEFoFls prefegmed: not ttherahs\eethe

parameters @re shrjkpr ccated talgiiei dd subStehte BHLSREe] xfu?é Qégﬁt |

the inventign 2 stag of formng the net coalng be
2  repeat e%) oT A%t %z‘ilrl]:s(;cnzg}ee %ﬁ e%&érp%’& i Le® | FoERNd @ndlasusilwase
it is prefefredfimat phetirgonompesitidn. coat i ng is thicker than the
first. 5 6g A though the cadm um nay be replenished periodically, 7 it

I's not replenished %such as to a desired operating 8 | evel ) until the
plating (oberat?®nFadmdulyiPReeday benprevised abynitlienusebs aang

(zi ncat ed mes)somleléocamlﬁnﬁcéedr&ét @ddiﬁ‘ &Q”'Qosdédxh) SQSH as by
I mer si on) A1 &E | ectr,Q s pI ati ng 12 secon aspec Pne
present i nvent i BHpE t?%lltFtp IH uﬁ?nﬁi‘?ﬁ%@?at@ hGOhﬁg‘orl rmhal
coating fd2ved cadmium concentratlon to obtain the extremely smooth
13 coatings of the invention and a suitable effective
14 level is from 0.1 to 1 mg/l, preferably 0.3 to 0.8 mg/1l
15 and most preferably 0.5 to 0.7 mg/l. Amounts as high
16 as 2 or 3 mg/l or higher may be used for certain

17 applications not requiring as smooth a surface as for

18 memory disks.

19

20 It will be appreciated by those skilled in the art that
21 the rate of plating may be influenced by many factors
22 including:

23 (1) pH of the plating solution:;

24 (2) concentration of reductant;:

25 (3) the temperature of the plating composition;

26 (4) concentration of soluble metal, e.g. nickel;

27 (5) ratio of the volume of composition to the area
28 plated;

29 (6) presence of soluble fluoride salts (rate
30 promoters); and

31 (7) presence of wetting agent and/or agitation,

32 and that the above parameters are only provided to give
33 general guidance for practising the invention.



15 according to a nethod of the first aspect. Preferred 16 features
and characteristics for the third aspect are 17 as for the first aspect
mutatis mutandis. 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 21 1
The invention may be illustrated by way of exgnple with 2 reference to

t he acconpanying drawi ngs, in which: 3 4 FI GURES 1A and 2A (PRI OR ART)
are phot om crographs at 5 magni fication 500X of el ectrol essly nickel
plated 6 al unm nThe ssbageat @y whEchfowrmengr epar edetal Pt gy 7 mayusbag a
conventional , ,pri I ' t ocC : FI QJRES B n

2B are phot%m’ c?%&%ggﬁgpq%%ééﬁﬁagﬁ%fcgﬁioﬁiag‘g&f'og&e ceec‘tro]flr(’ésgllgillyg

ni ckel plated311 lajtes nfagesubst st eerefiechedertthat efsdeedseoengl anetpgl 12

using a doubl g zi peatenp’ @sCshiake? €hag tHet BerpEeSENt 13 i nvention; 14
15 FI GURE 53 is a graph showing that a nitric acid

Although the cadmium may be replenished periodically,
it is not replenished (such as to a desired operating

level) until the plating (operation) is completed

v 00 g9 O

and/or new aluminium substrates (zincated ones) are
10 contacted with the'composition (such as by immersion)
11 for electroless plating.

12

13 A second aspect of the present invention relates to an
14 aluminium substrate having a metal coating formed
15 according to a method of the first aspect. Preferred
16 features and characteristics for the third aspect are
17 as for the first aspect mutatis mutandis.

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33




ripping solution according to the present invention 17 (cont ai ni ng
%2rr]sfong? ?ennves nore zinc gfronla 18 zi ncated al um ni um substrate
than a conventional, prior 19 art zincatg nitric acid solution; 20 21
FIGURE 4 is a graph showi ng that alum nium substrates 22 pr epar ed
according to the present invention have | ess 23 zinc on the surface to be
metal plated (Ehehinyentien mcxoabfengl;nbaﬁasubshyagsszgfggﬁéﬁ %Igﬁ'ﬂngp\ -

onventionagd, 2 ; t o) : . FIGU

g photonic?%gr5%%f%f5?§%ﬁ??i%%%i%%%ékééﬂggﬁs g%ggggg?ECi?oVB%gpy ni ckel
pl at ed al um ni um substrate 29 using a conventional, prior art, zincating

and plating 30 FIGUREAUIR; afdd23]1 (3BRTORFARHEAre ot S0 2T €
phot (F;m' crog’r aphs. _at -33_,..magni fi cegt i gn 500X "of angéif ec%%s%f@pqﬁfcﬁgl
blated 22 1ma%’i‘hﬁ%ﬁ?&rh°§ﬂb§9r°3‘t eOfsi begtrodans by avidioelpiplated?
process acdéor diaigminivm pnbstlﬁate_aa/ﬁmi?n. ware tpgﬁfﬁfﬁvﬁp%%%%?\évsbe
descri bed By wa); qu] th reference [ ,
whi ch are lg prol\?{gd?(; or‘ﬁ?féioﬁluar ospferél_‘?ﬁ ?‘H’r L%?‘ﬁ%l}?o?ﬁ%?ﬁ}lt%rErWSg.
i ntended t & be construed as being limting on the 8 present |nv§n;|on.
In the fol lbow FrcoeEd i ¢ exgnPhay 9 2 (VLGN %rﬁotbhtﬁéﬁgtéggﬁgns Iant no
way limtative aII,%O garts and percentages~are by _ (
t enper at uﬁés i MABNILIERFLER RAPKgrefic qARGEECdesal soicghel f pdhtd® 13
COVPARAT| VE EXANRIN nAmANBUBXAYREEs! Bll'ﬂ-fcté-5w_erEA-plré£t¥§r€tl§de Sgag rcal}gg f;}{s‘# gé
?k:kforfgﬁfgguBEQnélQC%%%QI£6ziﬂ@; epg¥g%e§giﬁcé%£aing to the present

13 invention;

14 .

15 FIGURE 3 is a graph showing that a nitric acid

16 stripping solution according to the present invention

+++ ions) removes more zinc from a

17 (containing Fe
18 zincated aluminium substrate than a conventicnal, prior
19 art zincate nitric acid seolution;

20

21 FIGURE 4 is a graph showing that aluminium substrates
22 prepared according to the present invention have less
23 zinc on the surface to be metal plated (a thinner
24 coating) than substrates prepared using a conventional,
25 prior art, double zincate process;

26 '

27 FIGURE 5A is a photomicrograph at magnification 500X
28 of an electrolessly nickel plated aluminium substrate
29 using a conventional, prior art, zincating and plating
30 procedure; and

31

32 FIGURES 5B, 5C and 5D are photomicrographs at

33 magnification 500X of an electrolessly nickel plated



17 procedure (a cold water rinse followed each of the 18 steps): 19 20
(1) Imerse in ENBOND NS-35 (al kaline cleaner) for 3 21 m nut es at

[err]; 22 (2) Imerse in ACTANE E-10 (etchant) for 1 mnute at 23

[err]; 24 (3) Imerse in 50% by volune [gpr] for 1 mnute at room 25
tenperature (to de-snut); 26 (4) Imerse in ALUMON (Registered Trade
Mar k) EN 27 (first zincate) for 35 seconds at roomtenperature; 28 (5)
| merse in 500 byalwhimbupesubstziate reshover 2 hdmchtxhg and/ice platdowr
tenperature; 80 ﬁggesgrgggafalﬁélg%i@ﬂ%ié?g idicate for 16 31
seconds at room t'enperature; rse in Regi stered Trade
Mar k) ADP- 303 33 (nickel plating conposition) for 1 hour at 84-[err] (pH

34 4.5 + 0.4l). The Zﬁnaeﬂ-\Péﬁ\TEli\DPnaaobésdaacesbéaCb#}aﬁas} G

el ectrol ess ni C E|atl bat h cgﬁt i_n ni Ckel s Ipﬁ%te 3
hexahydrate < 26)¥*t 05 Gpho2 ph "(qﬂﬁ'i)i"ln%o ?‘ﬁﬁ?lteS'I a‘ﬁl'l”a‘t’}é e56%
(71), nal:c a&lclgﬁdyfﬂedsﬁdrynhby@mmpakeéiof(r&Iﬁstﬁuﬁfaﬁluﬁuladétﬁot
0.015), lead,nit 0QQ3 n_.ani_oni tan Q.02

( ) Cl7 r?t%@ncﬁgd Q:IQ) bg cgﬁ'gt?u a%n Bgﬂ‘ig 1mi 11(19h L %bgég

Fl GURE 1A shows ni ck surface' r esu usTh
conventional ,8 prexgsent  inventienio InzthgaﬁDAQOpnogespeclfig &xampllBs

When the sang prmeaf@slmiﬁgt%%q% thad 1l§5no fiedy 'fle@ Fété.@é)f‘é'i

chlorlde) mere added to the [err] 14 in step (
Fe+++, riedl PAES AN RIEFCHRAI&S R R to@m FETPET AENEHA |1ﬁl
FI GURE 16 1hB. degrees centigrade unless otherwise specified.

12

13 COMPARATIVE EXAMPLE IA AND EXAMPLE IB

14

15 IA. CZ-46 aluminium alloy disks were double zincated
16 and plated with electroless nickel using the following
17 procedure {(a cold water rinse followed each of the
18 steps) :

19

20 (1) Immerse in ENBOND NS-35 (alkaline cleaner) for 3
21 minutes at 60°C;

22 (2) Immerse in ACTANE E-10 (etchant) for 1 minute at
23 60°C;

24 (3) Immerse in 50% by volume HNO, for 1 minute at room
25 temperature (to de-smut);

26 (4) Immerse in ALUMON (Registered Trade Mark) EN
27 (first zincate) for 35 seconds at room temperature;

28 (5) TImmerse in 50% by volume HNO, (zinc remover) for 1
29 minute at room temperature;

30 (6) Immerse in ALUMON EN (second zincate for 16
31 seconds at room temperature;

32 (7) Immerse in ENPLATE (Registered Trade Mark) ADP-300
33 (nickel plating composition) for 1 hour at 84-87°C (pH
34 4.5 + 0.1).



17 18 COVPARATI VE EXAMPLE |1 A AND EXAMPLE | 1B 19 20 ITA A
procedure simlar to COWARATI VE EXAMPLE | was 21 conducted on 5586
alum niumal l oy disks as follows: 22 23 (1) Irmerse in ENBOND NS- 35
(alkali cleaner) for 524 mnutes at [e23]; 25 (2) |Inmerse in ACTANE
E-10 (etchant) for 2 minutes at 26 [err]; 27 (3) Imrerse in 50% by.
volunme [err] fo Ut t. room 28 tenperature (to de-snut); 29 (4)

| mrerse | n]lALUba%LE}H%U@ﬁP??{OO AR e3°144F R3sed (pPHdo6)delectumiess

t enperat ure2 31nickgl plartEnge bathS@¥nity indng)e ilreig/h Hi'@céle%?ﬁ)aéeog 32
secon

30 seconds at r SEEE UY S 33 Lmerse 1.n, ALUVON EN
zi ncat e) fgr 1%&9925 sec%%]désgl) ’ro%ﬁé?éﬂpé}yﬁ‘ﬁ%é‘?sl’hlﬁﬁ 1£20),;7) sodivm se
i n ENPLATE ADP- 386tatai dR6R) (Favingalic acigoqi1qi.e)), sodiimh Mydrcdide
84-[err] (pHl 4. 24t69,1 ; ;3% WS nickel _surface
resulting f omg ?J)Si )r?o',tt%r%lgggvle cor?veﬁﬁ onal’ i%%iopigpﬁte d&u90934

zi ncati ng p%oceaﬂ?‘ef‘m7a loniepsupfastant $8m@2procedure was used except
that 9 fefric ions were added to the [err] in step (5) at a 10 | evel of
0.5 g/l, a gmark moot her_.nj ckel .surface 11 was obtained as shown by
FI GURE 2B. 12 1§ﬂ?ﬁﬁ A SIIATIENE hSReE 154REaRe BRRWItENG | B2oR 15
1A, The prséngurthel VMPARATONEDUIKEL, (pirdrsr Lart ( laoubdk Was
fol I owed tpo Preppheaify "BEScQauFL NCat ed

11
12 IB. When the same procedure was used except that

w

13 ferric ions (as ferric chloride) were added to the HNO,
14 in step (5) at a level of 0.5 g/1 Fe™**, a markedly
15 smoother nickel surface was obtained as shown in FIGURE

16 1B.

17

18 COMPARATIVE EXAMPLE ITA AND EXAMPLE IIB
19

20 IIA. A procedure similar to COMPARATIVE EXAMPLE I was
21 conducted on 5586 aluminium alloy disks as follows:

22

23 (1) Immerse in ENBOND NS-35 (alkali cleaner) for 5
24 minutes at 63°c;

25 (2) TImmerse in ACTANE E-10 (etchant) for 2 minutes at
26 639c;

27 (3) Immerse in 50% by volume HNO, for 1 minute at room
28 temperature (to de-smut);

29 (4) Immerse in ALUMON EN (first zincate) for 45
30 seconds at room temperature:;

31 (5) Immerse in 50% by volume HNO, (zinc remover) for
32 30 seconds at room temperature;

33 (6) Immerse in ALUMON EN (second zincate) for 15
34 seconds at room temperature;



17 CZ-46 alum nium alloy disks. 18 19 The di sks were chosen at random

and a.total of 40 ft2 20 was stripped at roomtenperature for each [err]

bath 21 tested. The control [err] was 50% by volunme. 22 23 I'11B.

Here an [err] conposition of the present 2#% "invention was used whi ch was
50% by vol une and 25 contained 0.50 g/l ferric ions (supplied as ferric

26 chloride). 2 8 I%& S a t Zj oat i nq r.epoved
per 29 squa%e fg'éf oF.nEi_es st rﬁ)pmﬁéﬁhe@%ﬁ@ c4‘£§‘??‘§%opq%w
that the [err? coRPBRPEiIBHORbNERAF N2 nAORTSrat 86m873C (DPHf4tHeti OvENti on
renoves nore »f the zinc coating than 32 a conventional [err] solution.
This is inportant f3 because_  less _zinc, is, introduced to the
plating 34 ‘%ol fTQYRE 28 phows the nigkehasunface\presulingnrErom

EXAMPLE | VB % 3 |udinghi shéxatpbeedesdneentiizndhat pedvri A¢t,S 4Aouble
deposited on éhe Eﬁéééﬂiré9°g§%‘2?%al pl ated when 5 using the double
I on )

zincate nethod of e Inv conpared to the conventional zincate
process. 7 8 TZ-46 alum nium all oy di sks were treated using steps 9 (1) -
(4) of the prpcedifg, Q@hWT!s\éﬁieEXé%‘ghgdhrelOwasmﬁsgfiou@xQL {:he?ﬁiééks
were randomy selected and 11 | mer.s In a conventional, pri of Car :

[err] solutich 1Xer¥Igodgns,Jiexe)afded: tq fthe HNOgodh t8heRr 450r @t 183 14

| VB. The othey grroaweDf oti 9KS W/ ¥E, | AMhaTkedlV smeBtRErlnickedl WRrfskél

solution containing 0.5 g/l ferric ion 1 ccording to the present
i nvention ( pli a%btf%'??‘i as s °WnSBY PIGU&E 2B.

12

13 Wm&

14

15 IIIA. The procedure of COMPARATIVE EXAMPLE I (steps

le (1) - (4) was followed to prepare a number of zincated

17 CZ-46 aluminium alloy disks.

18

19 The disks were chosen at random and a total of 40 ft?

20 was stripped at room temperature for each HNO, bath

21 tested. The control HNO5 was 50% by volume.

22

23 IIIB. Here an HNO, composition of the present

24 invention was used which was 50% by volume and

25 contained 0.50 g/l1 ferric ions (supplied as ferric
. 26 chloride).

27

28 FIGURE 3 shows the amount of zinc coating removed per

29 square feet of disk stripped and the results clearly

30 show that the HNO, composition containing ferric ions

31 of the invention removes more of the zinc coating than

32 a conventional HNO; solution. This 1is important

33 because less zinc is introduced to the plating

34 solution.



17 chloride) for the same length of time and tenperature. 18 19 Bot h
groups of disks were then inmmersed in a second 20 zZincate bath (as in
step (6) of COWPARATI VE EXAMPLE I) 21 for either 10, 20, 30, 40, 50 or 60
seconds at room 22 tenperature. The zingated disks were then stripped in
23 50% by volune [err] and the anount of zinc deposited on 24 the disk
determ ned _by Atomc Ab%prbance 25. Spectrophotooraphy 26 27 FI GURE

4 shows that |ess zinc o2 AND HAMBLE Bing the
met hod of ®he invention as 29 conpared to the conventlonal doubl e

ncat e net Rod rt cayse there is less surface
:Z>,|1 di stur ance%gnd y&nésegl%n @8 ‘f ﬂﬂgg d’g'f%’ér lgss &iétq:ng-%f
zinc is obt4i nedepomidead oanafihe esubptaate 380 bes methalhipiieedt Rken o
Jine. - Fart her maary (99! BBuRIE =ingBes, mdelipd; 32°iHe TovepBicimanic |

zinc. Furt her nore, nner osSi
the 3 subéequSHPPéFéétF8I§§§ ﬁP@W@PtBQPﬁlaglm&pmelproteés. .
COVPARATI VE7EXAMPLE VA AND EXAMPLE VB 6 7 VA. Al um um 5586 al |l oy disks

wer e Iated usi rpcedu of COVPARATI VE EXAMPLE | to a thickness
of 9 P abouf §8 ﬁ? fﬁuqéhlﬂﬁe iggysq&§¥§rﬁﬂrﬁnGEPﬂﬂﬂﬂs%m%nqostqﬂsu|ng

condi ti ons @fd[élo]- pH Y. 6 ?hnomtdchﬁhté SfiﬁokbARﬂﬁﬁVﬁﬁﬁgﬁgﬁggéFﬂﬁfus
filtration;gn ti e

hypophosphﬁe V\g%}a @oﬁéﬁfnﬁéésl%g?gpl e‘iﬁ%ﬁ g;lrﬁﬁ}'re 3| andng
tinme 14 35i nglBRexsedndin @ ceanventdonals mrlofl @UFEE 3HNogpsesatisnt he

ni ckel surface 6yl by"Goiand) lfor ¥ShifutBea2DRUEHCRRYRALARNG . 2i NCating
and plat|r¥% _

14 IVB. The other group of disks were immersed in a 50% by
15 volume HNO, solution containing 0.5 g/1 ferric ions,
16 according to the present invention (supplied as ferric
17 chloride) for the same length of time and temperature.
18

19 Both groups of disks were then immersed in a second
20 zincate bath (as in step (6) of COMPARATIVE EXAMPLE I)
21 for either 10, 20, 30, 40, 50 or 60 seconds at room
22 temperature. The zincated disks were then stripped in
23 50% by volume HNO,; and the amount of zinc deposited on
24 the disk determined by Atomic Absorbance
25 Spectrophotography.

26

27 FIGURE 4 shows that less zinc was deposited on the
28 disks when using the method of the invention as
29 compared to the conventional double zincate method.
30 This is important because there is less surface
31 disturbance and consequently a thinner, but denser
32 coating of zinc is obtained. The iron apparently acts
33 as an inhibitor thus retarding and thereby controlling



18 procedure.

resul ti
0.5 g/l

ng 21

from

19 20 VB. FIGURE 5B represents the nickel surface

usi ng the above procedure with the exception that 22

ferric ions (as ferric chloride) were added to 23 the nitric acid

(step (5)). 24
26 t-he above procedure with the exception that 0.75 ng/l 27 cadm um was
added to the nick

25

FIGURE 5C represents th&®nickel surface resulting from

T iaiksed ek BF Wdhsualpl alAcSn’ AiRrriedRay  dfe

during the 2 ho

ni ckel surfacé re§gl1tﬂn¢g-‘ f dem;_xts usfngzlhe apblle maktedontaninatdec the
exception thag O. S e I re added to
t he 27 1 n|tr|%uggfgugéke%q%Ehgﬁébg? gﬁ%&eﬁ ba %i&%l%;?qﬁg ed to 2 the
ni ckel platlné bat h and not replenlshed durlng the 3 two hour plating
time. 4 5 As gan clearly beonpaRafrTom Exambrs : pTFORAEENt | Ona

process produges
show t he bene

I CI

a rough surface haV|ng 7 many nodul es. Figures 5B and 5C
al 8 effects of using ferric ions and cadm um

respectively 9 anWARi gAlenilms 5586t Ad 1oyt réieky wers hplatkdcaising the

18

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

provi ded using thg BLebRi LG FEEOREARATTNR ERBIA T 1 1P €81dfnd2s10¢17

about 0.40 mils. All the tests were run under the same
plating conditions of 84°C, pH 4.6, a work load of 0.31
ft%/gal, continuous filtration and plating time of
2 hours. The nickel, pH and sodium hypophosphite were
continuously replenished over the 2 hour plating time
using an automatic controller.

FIGURE 5A represents the nickel surface resulting from
using the above conventional zincating and plating
procedure.

VB. FIGURE 5B represents the nickel surface resulting
from using the above procedure with the exception that
0.5 g/l ferric ions (as ferric chloride) were added to
the nitric acid (step (5)).

FIGURE 5C represents the nickel surface resulting from
the above procedure with the exception that 0.75 mg/1l
cadmium was added to the nickel plating bath before
plating and not replenished during the 2 hour plating
time.

FIGURE 5D represents the nickel surface resulting from
using the above procedure with the exception that 0.5
g/l ferric 1ions (as ferric chloride) were added to the
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CLAIVMS 2 3 1. A nmethod of formng a netal coating on an 4

al um ni um substrate, the nethod conprising: 5 6 (a) formng a zinc
or zinc alloy deposit on the 7 27substrate; 8 9 (b)

contacting the substrate with a zinc renmoving 10 conposition
netal ions; and 12 13

t

(o) “opt i ond f%@%@é AR Nieter, S5 and 0.75 ma(hRAGELER drae dadded w0 m 1

wherein (c) 2i s ridxe reickedptplaking 1Batk and. no%@l@ﬁs@z’%&'ﬂfﬁﬁ;'{h&' aim
oy~ TS

1 or 2 whergin 't'aro(?i)oujzgpla%lq{gotufec) the zinc or zinc

formed by

As can clearly be seen from the figures, the
conventional process produces a rough surface having
many nodules. Figures 5B and 5C show the beneficial
effects of using ferric ions and cadmium, respectively
and Figure 5D shows the extremely smooth surface
10 provided using the preferred method of the invention.
11
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20 contacting the substrate with a zinc or zinc alloy 21 pl ati ng
conposition. 22 23 4. A nethod as clainmed in claim3 wherein the

pl ati ng 24 conposition suitably conprises a source of zinc ions, 25 an
al kali .and optionally a source of netal alloygions. 26 27 5. A et hod
as claimed in any of clains 1 to 4 28 wherein the zinc renoving
conposition contains nitric 29 acid. 30 31 6. A nethod as clained in
any of clainsll to 5 where 32 the G oup MAfmMgetal is iron, cobalt or

ni ckel . 33 229 1 7. A nmethod as clained in any of claine 1 to 6 2
wherein the C?oup VIII nmetal ionis a ferric ion. 3 4 8. A nmet hod as
claimed in ady oft-cl aifnsmethqed & fasreirgn & hemneGalp d,ébdatlmigt abni o&ni s
provided in ang 6 aﬁﬂmﬁﬂﬂhdﬁédﬂéﬂPdQel E%h 2 ol cgm§ A method as
claimed in gy of claims 1 to erein t it reﬁDV|ng
conposition conprises 50% by 10 volune nitric acid. 11 12 10. A nethod
as claimed i8 any of dadi N"EFordily H dBnc ¥begehp gﬁqé$a§é§ggfgwggst Lon
contains an h drOX|de 14 15 % A method as claine clai m
wherein the hydr oxi de 5"k 3%al i metal hydroxide. 17 18 12. A
met hod as cIaBned in any of clains 3 to 11 19 wherein the plating

conposi tion cgntains aQbﬁni%BEEa%Qing“@BEiQﬁbgg%QEe with a zinc removing

10 composition containing a source of Group VIII
11 metal ions; and

12

13 (c) optionally repeating (a).

14

15 2. A method as claimed in claim 1 wherein (c) is not

16 optional.

17

18 3. A method as claimed in claim 1 or 2 wherein in (a)
19 and/or (c) the =zinc or zinc alloy is formed by
20 contacting the substrate with a zinc or zinc alloy
21 plating composition.

22

23 4. A method as claimed in claim 3 wherein the plating
24 composition suitably comprises a source of zinc ions,
25 an alkali and optionally a source of metal alloy ions.

26

27 5. A method as claimed in any of claims 1 to 4
28 wherein the zinc removing composition contains nitric
29 acid.

30

31 6. A method as claimed in any of claims 1 to 5 where

32 the Group VIII metal is iron, cobalt or nickel.
33
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21 22 13. A nethod as clained in any of clains 1 to 11 23 conpri si ng:

24 25 (a) optionally cleaning an alum nium substrate 26

with a non-etch cleaner; 27 28 (b) optionally etching the

al um ni um substrate; 29 30 (c) opyionally de-snutting the

al um ni um 31 substrate; 32 3 301 (d)y formng a
zinc or zinc alloy deposit on the 2 al um ni um substrate; 3 4
(e) contacting7the Rl w@tHddn g@bsélgiﬁean tih aaﬁy of claims 2| ncb&eng)w ng
corrp03| ti or12 CO”‘},@é{-‘efg ntﬁ é source of oup VI 11
nmetal ions;“7 8 [&D; ?%‘r‘?nYnﬁlﬁ netRl o’r°r2|’n% aalﬁetﬁf’d%ddm-t on the 9
al um ni um s'-Ubst rate; 10 11 (g) formng a netal coating other than

zinc on 12 4 in bstrate by_el ectrol ess 13
pl ati ng usi ng & het af |at| ng corrpé(:)gg%‘ %ﬁ dt elac’d?ﬁ)r ilsi kg &
source of rRet alwhmlna%r@éouﬁ VIII metal c.foncanlsn pnovdriedangdna an

reduci ng agent ;amithtl A Erom 0.1 (Y 1 QPtgAnally repeating (g) to

provide a 18 di fferent netal®’coating. 19 20 14. A nethod as
clainmed in‘claim13 wherein the 21 non-etch cl eaner is al kaline.
8 9. A method as claimed in any of claims 1 to 8

9 wherein the zinc removing composition comprises 50% by
10 volume nitric acid.

11

12 10. A method as claimed in any of claims 3 to 9
13 wherein the plating composition contains an hydroxide.
14 '
15 11. A method as claimed in claim 10 wherein the
16 hydroxide is an alkali metal hydroxide.

17

18 12. A method as claimed in any of claims 3 to 11
19 wherein the plating composition contains an anionic
20 wetting agent.

21

22 13. A method as claimed in any of claims 1 to 11
23 comprising:

24

25 (a) optionally cleaning an aluminium substrate
26 with a non-etch cleaner;

27

28 (b) optionally etching the aluminium substrate;
29

30 (c) optionally de-smutting the aluminium
31 substrate;

32

33
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22 23 15. A nethod as clainmed in claim13 or 14 wherein the 24

non-etch cleaner is a non-silicated al kaline cleaner. 25 26 16. A nethod
as claimed in any of clains 13 to 15 27 wherein the etchant is acidic. 28
29 17. A nethod as clainmed in any of claj 13 to 17 30 wherein the
de-snutting agent contains nitric acid 31 and/ or sul phuric acid and
optionally a fluoride salt. 32 33 18. A nethod as clainmed in any of
claims 13 toul7 = 31 () \heneiny (2)gikb) ox(sLn@d100) aipdiot. bl i phal - 2
3 19. A nethod as cl aine |n aUMb cl alns 13 to 18, erern n (g)
t he cadm um i“s provided at FUpStIAtesn 0. 1 to 1. 0 my/l. 6 7

An al um ni um3substrat e having a netal coating 8 prepared according to a
met hod as cl gined in An alunrnlum

9..10
substrate havr ng a maa({éél cozitl ng Wt#&n% t%’ébﬁ“ﬂl r‘?g“ki LatRt Wdgh 2
substantial |y as herein 13Zlnﬁﬁxﬂm¢mthnchmpeéeteonednmuannxﬁgtﬁmtrlc

Exanpl es 1D, g14 11D, I"Qc1bygnafavgou}églgf Ggguﬁbg?IfE&Q?gl iQn ﬁ;?;?hng

a nmetal coating on an 17 al um ni um substrate s antira
described 187 with reference to the Exanples Ib, Ilb, IllDb, IVb or 19
Vb. 20 21 228 (£) forming a zinc or zinc alloy deposit on the
9 aluminium substrate;
10
11 (g) forming a metal coating other than zinc on
i2 the aluminium substrate by electroless
13 plating using a metal plating composition
14 comprising a source of metal ions, a sou}ce
15 of cadmium ions and a reducing agent; and
16
17 (h) optionally repeating (g) to provide a
18 different metal coating.
19

20 14. A method as claimed in claim 13 wherein the
21 non-etch cleaner is alkaline.

22

23 15. A method as claimed in claim 13 or 14 wherein the
24 non-etch cleaner is a non-silicated alkaline cleaner.
25

26 16. A method as claimed in any of claims 13 to 15
27 wherein the etchant is acidic.

28

29 17. A method as claimed in any of claims 13 to 17
30 wherein the de-smutting agent contains nitric acid
31 and/or sulphuric acid and optionally a fluoride salt.
32 .

33 18. A method as claimed in any of claims 13 to 17
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31
wherein (a), (b), {c) and (h) are not optional.

19. A method as claimed in any of claims 13 to 18,
wherein in (g) the cadmium is provided at a level of
from 0.1 to 1.0 mg/1l.

20. An aluminium substrate having a metal coating
prepared according to a method as claimed in any of
claims 1 to 19.

21. An aluminium substrate having a metal coating
formed according to a method substantially as herein
described with reference to any of the Examples 1Ib,
IIb, IIIb, IVb or Vb. )

22. A method of forming a metal coating on an
aluminium substrate substantially as herein described
with reference to the Examples Ib, IIb, IIIb, IVb or
Vb.
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