WD 2009/ 044266PCT/ 1B2008/ 002612 SYSTEM AND METHOD OF PLATI NG METAL
ALLOYS BY USI NG GALVANI C TECHNOLOGY DESCRI PTI ON The present
invention relates to a systemof plating netal alloys by using

gal vani ¢ 4&shnehAgs and to an associated plating nmet hodepasoN@lobs12S
to a structure plated by using said systemand nmethod. The
application field of the invention is that of gal vanic technol ogies,
in particular 5 the plating of netal alloys onto the cathode of an
el ectrolytic cell. More in general, the invention relates to the
field of technologies for producing netal alloys. In the field of
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similar electrochemical potential values. The potential of each component is also
related to the respective superpotentials, to the concentration of the saline solution
20 in the galvanic bath, to activity coefficients, to the presence of complexing agents
in the solution, and to the physical conditions at the boundaries of the bath itself.
The galvanic technologies known in the art are based on the principle that the
deposition of each metal component onto the cathode is implemented by
controlling the galvanic bath supply current. The process is typically carried out
25 by using electromotive means adapted to apply an appropriate electromotive
force or potential difference between the cathode and the anode of the electrolytic
cell, and means for controlling the electric features of the current supplied by said
electromotive means, in particular the intensity of said current. Such means

typically consist of an electric generator associated with a current rectifier which



cell = Eo,cey +77A-77C + where E cell is the potential difference
applied to the cell, EUell is the counterel ectronotive force, 71,4
and 17B are respectively the anodi c and cat hodi ¢ superpotential s of

the netal wd2d080ih& €l ectric resistance of the bath, apdrAsiessidobaz0
current intensity. The counterel ectronotive force EO,cell is the
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and constantly checked and adjusted.
The methods known in the art are based on the fact that, if current is fixed and the
20 ratios among the concentrations of the metal components to be plated are kept at
certain values, the potential difference will stay almost constant and the cathode
plating process will take place in a sufficiently controlled and regular manner. The
main reason for a fixed current being applied to the bath is that the current
flowing through the bath can be directly related to the thickness and quantity of
5  the metal depositing onto the cathode over time.
In the practical implementation of known galvanic technologies, which as
aforementioned are based on controlling the bath supply current and saline
concentration, it is very difficult to control the plating deposition in case of more
than two metal components are to be plated, especially when anodes made of
30  metal alloys are used. To give an idea of such difficulties, let it suffice to say that
the addition of a single metal to a bath will affect the solubility of the other metals;
therefore, effects which are thoroughly different from the expected ones may



the potentials and concentrations of the different nmetal conponents,
whi ch substantially cannot be kept at fixed values. It follows that
the cathode netal 5 deposition is characterized by layers having
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When we consider metal elements having different oxidation numbers, such as Fe

and Cr, such elements require, in order to be plated, the presence of complexing
0 agents, typically organic ones, for maintaining in the solution the most

appropriate oxidation number for plating, generally the lowest one. In fact, if

different redox systems are simultaneously present with regard to a metal element

in solution, unwanted reactions may take place which sometimes would make
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It is another object to carry out a plating process wherein it is
possible to control the cathode deposition process of the netals in a
sinple and effective manner. 15 It is another object to carry out a

pl ati ng prosemsowbésch, once started, takes place in a sobstaodosdiby
automatic manner, i.e. without requiring any external control or
adjustnent, e.g. changes to the saline bath chem cal conposition. It
Is a further object to obtain netal structures on the cathode which
are chflract,eri ze | ow i nt er nal nsi on and exce gnt chani cal
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characterized by low internal tension and excellent mechanical characteristics, in
20 particular consisting of crystalline structures substantially void of impurities.
It is a further object to obtain structures on the cathode which have particularly
complex and/or irregular shapes and excellent mechanical characteristics.
Said objects are achieved by the present invention by providing a system and a
method of plating metal alloys having the features as set out in the appended
25 claims, which are intended to be an integral part of the present description.
The present invention is based on the fundamental concept that the plating
process is carried out under voltage control, in particular by imposing between the
anode and the cathode of the electrolytic cell a potential difference having a value
that changes over time according to a predefined law. This solution differs from
30 all known plating processes, which control the intensity of the current flowing
through the bath.
The law that defines the potential difference value over time depends on the alloy

to be plated and on other parameters of the galvanic bath, eg. pH and
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cell fitted with a plurality of anodes. Wth reference to Fig. 1, the
el ectrolytic cell 1 conprises a tank 2 containing an electrolytic
solution 3 which includes salts and/or acids in the appropriate
gquantity &nel2@eones tion for the plating to be obtai nedcTdsxnaentt a
difference L5 &di is applied to two el ectrodes imrersed in the
solution 3, i.e. an anode 4 and a cathode 5, through a direct voltage
generator 6. In a per se known nmanner, the generator 6 nmay consi st of

el ectronotive ne _ns and a voltage rectifier. For the purpaoses of the
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range % appl icab¥e potenti a erences | eading to a successful
pl at i Ag appeceEsknown manner, the generator 6 may consist of electromotive means

and a voltage rectifier. For the purposes of the present invention, the generator 6 is
preferably equipped with a control logic capable of adjusting the potential
)0 difference Ecen applied between the anode and the cathode. In particular, means
are provided which are adapted to change the potential difference Eca between
the anode 4 and the cathode 5 over time, so that a potential difference that changes
over time according to a predefined law can be imposed between the anode and
the cathode. In other words, said means are operative during the plating process
25 to the purpose of imposing said predefined law.
The potential difference imposed between the cathode and the anode is chosen, in
particular, according to parameters, criteria and operating modes such as, for
example:
1) the imposed potential difference value is such that each metal element of
30 the wanted alloy can diffuse from the anode to the bath and can deposit itself onto
the cathode;
II)  the potential difference value is such that the metal elemenis to be plated
can only diffuse into the bath when they are in the wanted oxidation. state, which



V) pH nunber of the electrolytic solution: a | ower nunmber allows to
keep nore easily the netal ions in solution, so avoiding any
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VI) tenperature of the galvanic bath: a higher tenperatures increases
the velocity at which the netal ions diffuse through the sol ution,
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Furthermore, the anode may advantageously have the very same composition in
weight as the metal alloy to be obtained onto the cathode, as will be further

explained below.



Means adapted to change the potential difference between the anode
and the 5 cathode of the electrolytic cell over tine are adapted, in
particular, to apply a potential difference that follows a |aw having

a pul sed nabgoensdzese. a potential difference that foll eeveisaeésdogast
for a certain period of tine, a pulse-like or step-like laww th

respect to the tinme variable, as clearly illustrated and exenplified
bel ow. Advant ageously, this causes a cathode deposition of

crystalline, in partjcular .0 mc¢ro-granular netal structures, which
are fHaelerisoiytia sakiion of e Selginin B Gy PaY “eReie) ¢lehtolHien dave =0

char agbbd§tdotsposhebiant dgeitbits tbR matanividl thdisbiehpnatoN dhdiat i on
| aw appl i ed bet'ween the anode and the cathode may. be of any kind,

i e. BUFheRENIR AHETWTE GRARERT ef FPTRRPHUIGR ASidsATK! C%PI%H%F%"W%,
provi gedhé hadtidd phdvelly &VbOUshikdeshabh iosii@dio Satdn aRGUecGREARECOn

potential difference variation | aw pay advant ageously be repeated
cy! i 1esiop i fleg mgtal BRecifelo hfdﬂqrteéqwaﬁta& aefesgEyitBricpsitiasithe 2dpX i re

| engt hhiefeht betbliath Bige WaAGRASSercentASE BT Hefthtd Bnd PH&&EﬁrdoﬁditﬁﬁBQHé ment,
said |l aw_can be_expressed as foll ows: _(ﬁ {E Cell "= ECell,b E Cell =
ECel | adsual gommpqsitiqrowith pe spegifipd daten pn)ih the degeription qfsomyg examyplgs

<t <( ngd shvédtdortbRbodidhisse ti is the length of a time interval in which
the potential difference is kept at a | ower level Ecab, t2 is the

| engt A rathrdeaf the igabeniabatmmati exmsishof siibeneimptrly rreeeicacia kept
atg a biehel, LaMehviEeR e tele@rFoBinkd: coMifhgl bf ithe ﬁlﬂkeﬂnhﬁ‘&ﬁr afigy ween O
and (T/(ti. +1t2)) - 1. In other words,” (1) indicates that "the

pot end¢rasitadf ard dcwhidy stidl Beating|4ddgrasoReiBaATEndlyl wrof eMslustEe c

pot enti.al i Aicf 2 LARER HEE 8RB RofPmed cto'aﬂﬁ%tchn peUdeiRE, AYistbntel g LS

pul se A Ecen having a duration t2. Such a pulse-like trend i s Tound
i n evenypenes haringragishepe+ t2 that follows * 0); therefore, it

fol l Y it i -ent L
ot ur e Jt raBhoft Aepibldhelin| MraP R BEPRILEE fw ahilRERICRS 2,
i t5 gowatdrisd kevagaimeass eheomplaxeoFdyyegular IshEpem ihngl possible, td obtaime

02 ar By el SRR Pl ) Rt ] 21
t2), sténgihdbaweiviisdes-the time ratio between the duration of each
T e e
succeadvfarntagaaushymellof tcheopr ecedgo-permraieyl olatds dongbéaipirgt imdgrokavi ng
a £ YSbAs' uctiB, . M dthe type described in patents GB2356684, US6488238 or
US6682022, with a metal alloy having a wanted composition in weight, and in
particular which is especially suitable for aeronautical applications, such as
Hastelloy.
Means adapted to change the potential difference between the anode and the
5 cathode of the electrolytic cell over time are adapted, in particular, to apply a
potential difference that follows a law having a pulsed nature, i.e. a potential
difference that follows, at least for a certain period of time, a pulse-like or step-like
law with respect to the time variable, as clearly illustrated and exemplified below.
Advantageously, this causes a cathode deposition of crystalline, in particular
0  micro-granular metal structures, which are free from internal stresses and offer
excellent mechanical characteristics.

Advantageously, the potential difference variation law applied between the anode
and the cathode may be of any kind, i.e. either constant or variable within a certain

7



"particularly good nechani cal characteristics, depending on the
different alloys to be plated onto the cathode. The Ecetz,b and
4Ecel | factors may be constant with respect to tine, as in the

f ol | owi ng vex asuphegseof enbodi ment of the invention, or poeysu®oba2any
functions which are dependant on the time variable. ?0 The net hod
according to the invention inposes a basic potential difference val ue
Ecenb chosen according to any of the above points 1) - VIII).

Accordin the inv the atin rocess is divided into two

st ageB™ ‘?dgpméﬂ‘? P?ﬁvtlﬁ‘%%é @{Qd@lﬂ &f‘&aﬁ?ﬁﬁng stage", and a pl ated
SL r uc$aidea1ttrdwl¢mho<ﬂmh potagial d'fﬁerenf:e ﬁ&hahbﬁllawgta%ft_ra@@nt& geously be f

char acterj eni ca anc si tuat.ion iti n of a
e ER e D AR T BoTR R ORT EATHIaE AEFonTE 0 Ao e IR ML by

llaw (the sleti p&@@ﬁsconcentratlon and activity values of the ionic
species of 't uded al vani ¢ bath, .ch are

E T aBre RS g T PROPASHY SAQ 6 I CRRPe A PIGNE 1 n fact,
as can be evicted fromFick's diffusion | aws, the gal vanic bath has a
dynanj.¢c behavipur . @gsause when thﬁnqgﬁeepgpapggqleg_an eneri c netal

i on i¥sol ution”gr spe |ssofut|o hat netal from

t he anode dec lse"%lfsmlT ft s z?}eétf t ﬁ@ﬁo‘éFf Do&n()"tta}te cat hode
will crease i s, stage, qu ty of ch depos ting onto
the cHPRERE F B @agtql 9fr H%tealtw |md§1§éfaa1¥%1%0teﬁe EARCa ARl 2
cheﬂtlb%i: Q8 AN f, 119 1ef 1ehBeh bﬁ&n@@&ﬁyeﬁeﬁmlmlmﬁhltﬁe Stk AN.

Pr efergP , this initial stage of th | ati ng process is _conducted by
usi ngd eéatq?otaéepé af pdusherdemst n%Ceu,at » GRS WrATEHtegRs Redypeul
Iigangﬁdcr/ ponponents of the deposited netal alloy, deposit in

rati os whic are g)nerally different fromthe 15 wanted_ones and
f ol | ol Aiet Brasdsi (L) Beicates that tha potsdisg AiferencerEan tpde applied gonsists

trai nhAg st agebafi@Por&tal ArdRNEOEUL L 95 RIDGE 9c§ %M@Médrt%aﬁhﬁ‘o‘ita%e
stationary flow condition, characterized int hat the rat’i os between

t h cBH@éﬁﬁ%%ﬂhﬁﬂ%&%6ﬁ“¥%%ﬂe¢ngle el enents stay constant over tine.
This 5aml hesaldake ORI SPRRHOI ks okt eral 1L he i Riloal(rans)

whi ch are considered to be produced at the anode, equals the”speed

of defwseforet ffllovrethahfamsnemitane ﬁethéalﬂ?lﬁ’bé@ powyitial diffrreageoietinst r ue
when tharevar g H9,,G0ld @teera' th@e?at NS il Bl BER ﬁ%%&pgoﬁﬂ m@e

deposition efficiency of the plating process, gr exanpl e,

t he rea]@telﬁmlbthé’ﬁfmeﬂl@a@e@ rrstbe euting duvagion. Ofrﬂﬁﬁ Beiétd & case, while it
| S0Stirh GRS of Bakse W TPAR] 1, it 1eIRAGS hciOBR: I8 ERL RN coltt bt De
want e e eac

onposl tion in wel g concentratl on
howev &r= % dlgds?, owywﬁmnﬁsﬂ@mem@ betevacalthadurasfongfsach pulse

hydr 0g&8 the overall length of the period of the pulse-like law.

Tests have shown that the choice of the constant t can affect the successful
outcome of the process, i.e. by obtaining a plating having a crystalline grain with

15 particularly good mechanical characteristics, depending on the different alloys to
be plated onto the cathode.
The Ecay and AEcn factors may be constant with respect to time, as in the
following examples of embodiment of the invention, or they may be any functions
which are dependant on the time variable.

0 The method according to the invention imposes a basic potential difference value
Ecen» chosen according to any of the above points I) - VIII).
According to the invention, the plating process is divided into two stages, i.e. an
initial stage, called “training stage”, and a plated structure production stage. The

8



The production of gaseous hydrogen causes a higher pH and a sol ution
conposition variation, which requires to be checked and corrected
over tinme by adding water and acid in appropriate proportions. If not
corr ect ed,wo boosioBBssphenonmenon actual ly | eads the sol ut ponviR200838bd1nE
saturation, with unwanted netal salt precipitation and the setting of
ti me-stable concentration rati os anong the various netal species,
characterized by ratios in weight which are unsuitable to obtain the

want ed._pl.at.i ng. 2009/ 044266RPCT/ |.1320Q8/ 002612 Thi s probl em can be
pr eve% gtﬁ%?ﬂ%%%(g%iis BSRIIgE Ibytai%m%fagt‘?‘g’ﬁfaﬁ'ﬁ?? B means, e.g. a
cent r iThegiabpgsithgn of m patehticlullifferdrme i begwbdre te thibbddianecthe dhrioawadsds

t he cat hode (of ;the,.electrolytic bath.. Advant ageously, a strong .

201 t Al BReg oY Ve TP SprrbiT i Y KEieT Kb e o
c]?ncempea'es@ oftief mietids irelwded Dinghei gmh&}rﬁ@barﬂi, ®ﬁu§h tahii Pafallebival findean % e
of Lappropri ate ,val ues .ensurin rfect cathode .pl ating,process. An
even ﬁgreéqp ?gtctp%%ugf}g Cé’ﬁdftb&l‘sa]él) B PO i e‘ﬁF*@@ETWFﬁ%%ﬁ oz
concerawstthogalvianickathttiaen dyramig bekdnguoYeaukd, hdrstHehonddd dticel al
product.ion of. h d%ﬁgen,i on§+i nthe s nu(:T[‘T:‘Peé1 as those discharged
onto tHé EHBEEN IR P t5REHEBNS 0¥ % 482 §PesH §h£E5011t08, o thith mes

end, dranithabdrodeedagesRsilalsitofspas axddpoRitenaBARE theesmalis axill
referred to as,.co ensgti n anoqe whi ch may, be either soluble or

| nsol dBPEGe bt HaEtrie AELHADIPL Chetes AEPartnRAPEL tesnthoisder el n
paital Ireétal wilt aeﬁ@t bn aRo B tantiigolb R6Ad R aBlonSRNEitERRRE @ﬁ@%ésgecta)&ode
isto }qe rat e i.ons in the sane nunber as those di scharged onto
the cAPHBHIEaMSHBHEsed in 15 gaseous form by taking the necessary

cur r effrefefedlly, etlisCIANRE Bk iof ThCHRIAR rodes 1 LREuARAS ﬁs’i‘n%g EatiBABET
descri bed, be|] Qw. T%:Qs al'lows to keép. constant the concentration of

the i GAded FaupRg CRdRdeerforraFh thy varipusdigamelspie. shepanperatesf therr om

a pr aclep6dited M0y, ddiRsEUR@Rbs HRER S techbRlIyt BEQUIR 488 the
cqnpensat |qu19 anode_is experinentally determined by neasuring the
caPhod&EFd PRESANG IQNeEHNG soppositiphe i WelehE ABARgINE PEAHE. t he

conpemmaind GhaN @anink. Stagh TeHHQﬁﬁGﬁ”Hﬁ@%RMo?Qﬁ&%@ ;pain
i nserted, igqn th ?rolagti C %ol ution. Cathode effi %sllg{%gy%agﬂénsegsured

|
by noffatieRaRg inw chﬂéﬁﬂf#@fpﬁb%@s@ﬂrze@ an cEhataithe t ratosi rfebweett | thien

par t i Guhantl¥iols 88 tHd STk RRrBES Gy Cbndthie: AREYEmAand cat hode in order
to calculate the_ differéence betvvee% t he lglger mass di ssol ved from

AL €] A t bi _

the ardée mpies HBak e #reeds ofrgtissolitinss iof etheo metdle catzanso dehiclThaxe mass
dijof ergR&Beledl & bE i f ; i he
sol ut ico_n fecz)lr di sch rrt%i%%&it ﬁ%e%&%oﬁi%jgﬁ%%q%ﬁeﬁgg#h‘%gg%po\g\ﬁlﬁgh(sgg{gs not
t r ans|3&iEs| pRig Hie spthedpodhis candidor e tyag yehest théresateune evllatezal been
cal cul.gt@dns tths GaR i 1S Loned .t ic
resi strancenss uch that %t&ﬁgke%gé@gg des?%(% ig%?%{&?r%n%{evﬁ Fﬁﬂ%gjlrggetﬁé’r at ed
i n t heughen fopexgmple, theresgiipr tatuplsasessgagseess hydrogen atsucharcase,
di sehagidd id bl broktuap e ARkl DB AOURES BntaRd, Lokt Ne
dissolution of netals fromthe anode. Thus, once thé conpensation
arfdde cREMPOBEOR @ Weigitothedcansenfaaiion bedach heetalybowaves tehddéo ignow
condi t4 Whe!Sl i issolution current is equal to
t he c?tvﬁﬂﬁlinc &?P&F‘%@S@%ﬁ’?ﬁ%ﬁ@%%&%&%l ectrodes nmade of graphite
or codhenpyodicsionr ab| gasseus nipidigpgen aausempe fighdrngHhnodes, swhitoh can
advan S . d._i . - qal i.c bath. At the.end of a
Ca; ni eaEoaroh PR, s Rdodito He SEKETRfin Bhbe ol WofREy

adding water and acid in appropriate proportions. If not corrected, this

30 phenomenon actually leads the solution to saline saturation, with unwanted metal
salt precipitation and the setting of time-stable concentration ratios among the
various metal species, characterized by ratios in weight which are unsuitable to
obtain the wanted plating,



5 cat hode deposition speeds of the single nmetals is equal, in an
absol ute sense, to the anode di ssolution speeds, and the solution is
bal anced as well. When the process is carried out in conditions of
gaseous hwdy ogemseesl ease, the anodic currents of the netwiERosbisibe
hi gher than their cathodic currents according to a coefficient which
is the same for all elements. The deposition of the single netals
will still take place LO according to the sane ratio in weight, but

th I 1 f bal d
sol ut1 BAe M heR s e Pl uE e e Sep o g b o Rt OparTe 8 ar.
this ce)gtdatdentriﬁlgalapumpgl ]I]Sb&:d‘idﬂi’&l&ﬂihﬂﬁ%lthg M&tb@ﬁé\:’cé&ltdwtﬂdé ehe

val ue C ot nd u st ro agi tatl on of the
sol utl%%oa%dpor&ﬁ ]t? ﬂ@@o%@ns‘%@ﬁfg g‘?%’ﬁ 2| HToHEe ABHEHAR i iage
ends aaéecﬂmbyhaasolaﬁsh aaﬁlbmatroykéept Mtglotsallcsana@meav@dof whRehRtd ibRein
concent ;; |ont&m%|os of the ions to _be plated in solution no
| onger °ch RS t@tlhtf"i’lb%? ? aWHﬁﬁeaWé‘é%G g‘?‘ﬁi’-‘t‘tﬁea Ferigel caghedy ng
st age pianng‘Jprcftas;srl ed out. The training cathode is then rem)ved and
repl ac d with the o onto which the wanted alloy will have to

deposit? POHTSUBSEqRETYE FopdR el ithe HFW‘E’Fer:eP’@V%W%)I thewimrala
pr edefdonedtfkﬂilt\tnsv}zhls@m‘dcﬁl foef erabing dwienihe#d Hattiatal Ys8dubibd be
trai nlrl_g’g%rstaI? ?l%?ul i ed bet en the a ‘g]e a@éij t he cat hode.
Prefe I’t@sptna §FhetHER %tc%#&ﬂsﬁ 1parged ionbe ihe sathode and
i il erfharteed Ridagdd th grab@ldsOftfrAY T i BhAAR YoudaBRS nRaME BRERSs of an
conplete 03|t£on of the vvanted alloy is analysed in

t er ms a&?‘qWEﬁPP ?f@h%’ffﬁé? et dip ag Rempensating t whigh mayrheahes to
be pl abhrbledt enddieble atdpedding oh PR batildRmiby, aﬁ&wﬁctn he céﬁﬁéattﬂfﬂt

el ectrocgfegt %@ﬁq{@em' al of t he si ngl e netal elements; the basic
pot entH&f P &neds. Tiag fupstion of prid GaPPERFRTEEROdA fStto gpReratee : O
I's detr@r rgrRed thd ¥4rh€ aldiber kBiBo QS @8 RARMSHthIhb REHIRE fana%g%%]ééﬁm

p enti al r% lt:)he ran e of electrochen cal potentials o
nerfPSes E‘%p &t%lﬂng @netqtéarmlérrwt;aﬁllml CemPSHeation ¢mrqaﬁ,sftremy
pl ati nfe amode metigr Qxlﬂé‘{ﬁte'&'odéshﬁbé@'ﬂeﬂi’%‘ NGLEX JAPHE t-é) ﬁe} LOKE MRS
r

reference and used as a nini mum basic potenti al ence at Whi ch

the fiSPEFeRdTAtORAL the ' ipRs wegdution, and theyefosa alsplthesH nurohet ﬂhelewél ue
of therbas praetanibabpotiyf iR &RES: Whdtlmbs ARG tﬁl%%@tit 3k %QH@J

parti cul gr .accordin o] preset i ncrenments, unti
by usidRgdR itperEreTBaly deteamingd by measwrng thexadnde efflemm Whaneto

Pres eRlu et tlﬁ@nﬁgyt Wtd 383 Egh—%s %!iﬁﬁ%sﬁnoc% .S QUi | tt)?@ cﬁﬂp{)ﬁ%]t}n@ ank

solution” is used, which incl e el enments except
met al o8y BRING gNotn IRgeriedndry  thet elgrtrolyte wdigjon.o Cadradey efffoierapotbe

di ssOlHéds@RedMpiyh nlfd}ﬁt%'u'{ée FRS )plaﬂ%ga }ﬁ‘oces's L S chy ?fa[lﬁ‘? dt%rﬁ{@ eﬁtlt'&glaf" "

paral |l el reactions occur. in the ' addi tion
el ect M3EdEdY bY Biragiang eheymapses of tmanaststanseented<Cin dwier kecalculate

af or enROWARELLILREEARAE bljgger mass dRES! S’gg 2%)1{1 QEE %&? &l %ﬁ&smaﬁ]el

gal vani ¢ bath conposition i term ne
quéant itpgss Gaposiferd caf thecpatbode. o'ﬁlptselxtawgdé@em@ andlll&alyt selaﬁedrmet des to

e PLakets, sl ol elBehiabod i AL B Bibie” 1
pr epaivétichcloss diohdranslake de metal deposit. Once the value of this current has
been calculated, the compensating anode is dimensioned with an electric
resistance such that the exact compensation current will be generated in the bath,
30  ie.the current that is used in the bath for discharging the H* ions and that will not
anymore be used for the dissolution of metals from the anode. Thus, once the

compensation anode has been dimensioned as described, the system will be in

conditions wherein the anodic metal dissolution current is equal to the cathodic
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pr ocedur es; the anodic and cathodic -treatnent of the bath is

i npl enented by subj ecting the anode and the cathodic matrix,
respectively, to pickling operations, in particular by using the

el ectrol ytwoioepseder to avoid any contam nation; sai d epensf®nngsikake
pl ace in separate baths for the anode and the cathode; a training
cathode is inserted into the tank The electrolytic cell with its

gal vanic bath is prepared in this manner before starting the cathode

pl ati nge ol wanted al oy, which is typically inplenmented
by foll oih\?vllr ﬁh t%?lg descri bed above, which conprises the 5

f ol | ovleftt ﬁsade Cé)gralpiptq/omg)aé eyt preférablydief draplogee ab etmpensdting
anode ,apdad By Ezﬂ%!:ﬁra!n?a avf%lf%gﬁi @ycﬁecgf%@é%gsg a predefined

| aw, e.g. the a ove rrentl | ods wherein
t he aﬁ‘gﬂ ﬂ@derpﬁ)tﬂérﬂt training fpfeelce’lnae ths ababyceegfiahy tperadite baajt@nppﬂent i al

w dt T dRgoRkhE spBRle ife BB SHRE, WAL PRNRSEHR, I e
basi c apodentidsalutivnfspeednend the sshﬂwm istbabmatlae wielb #Vhen ’cheb;)rocess

f t whj.ch t
ver 14 00l SUILRURTENS LB APROAALBR L A0LGh, e, sonesnt) it on
over tpetels wilide kighel thaurthbmcatjloﬁ?ametdraﬁs hbadrdipetd esads;iﬁm@m whiche.
adal ;1 fHe Ssaﬂ%sf?)hgﬁ Bleherdl. afht “ 1 oégﬁ? SRg ed tallbgtﬁﬂ%i%hpﬂc%m

c) extractl t'raining ca
i n8er Etmtgdmwkoehlmtsama redb hndvelghiabnt m’mrﬂh)o:lmgemhelém Bl 49y cdsB, e

dep05| a sane b h po tial difference
" cbRaBRNaE BT SRaOT RN B RER s S0es) elare&;f%%tw
d| ffepermmlmeusl nbmd{mbhes abd¢aayplvieddonpdjastahy tansdthracaBrWad eglue
iy T AT
sem cumzlugmm@&maﬂmg:m@sor el enent onto which the alloy to be .0
WSy eithe s lmic i Ty anive T ReBbto R b Ad b hG e G
i rrFI ;amniee_tkaflﬁn 1g’&®tﬁbﬁthr?g@1etai Idnd @nbe pmtéchhﬁl b@lhﬂoﬁ!{r@cltbﬁ b}y&%dﬁxggs g
soluti;on in.the sane .nu i scharge nt o cat hode an
r el eallPIREGREAATE ?%P‘Fﬁdeﬁfﬁﬁﬁg“%ﬁ@ p?%&@s% aé'&?ﬁp‘@ﬁ%‘é P8R current
from The t@ai@ﬁhg cashcﬁiems aheedetbvad avd. refiabbd MatieRaNsSe betcShaRhhe t he
potentia c{j?}i e bet en, the anode and the cathode is set

accor §f @P% bed prelinmnary steps.
0 Subsequently, a poten’ual difference also following a predefined law, which is

preferably identical to that used in the training stage, is applied between the
anode and the cathode.

Preferably, the plating method according to the invention is implemented after the
following preliminary steps have been completed:

5 - the composition of the wanted alloy is analysed in terms of quantity and
quality of the metal elements or components to be plated onto the cathode, in
particular by noting the standard electrochemical potentials of the single metal
elements;

- the basic potential difference Ecep at which the galvanic bath must operate

30 is determined: typically, this corresponds to the most negative potential among
the range of electrochemical potentials of the elements to be plated (e.g. the
potential of chrome Cr in Hastelloy plating, with reference to the following

example 1) is taken as a reference and used as a minimum basic potential

11



In their practical inplenentation, said prelimnary steps require
that a potential difference be applied between the anode and the

cat hode by starting froman initial potential difference val ue chosen
as descri venlzmbyomess t he val ue being increased until cuPCEIH2008/002612
circulation and all the wanted el enents di ssolving fromthe anode is
verified. The attai nment of such a condition determ nes the val ue of
the basic potential difference to be applied to the gal vanic bath.

Al so, .t.he potentia i fference var.i,ation,l over ti nmust be, such
to engﬁ‘{ééergcﬁt ?etn’ﬁr Chi'i &@(ffrﬁ{ F%?F‘Byé{ﬂha[%?eﬁﬁgﬁ P C‘f‘ré@f)tg@?‘i"% DS m t he
anodevalnd dinthe i potehifidediffeferichewiibbalinabasvdngadihity, ik tidalak he
alloy _to be deposited. Advantageously, in eral. terns the ] aw above
descr pisBirtg EaosridnEreptel L b e Todtaly B Rt otar i ng
step tliw)a;t aﬂhlhe am{té@l@lno@k@mmﬁts g'ré badseniciey &baysgnmr(% &ﬁg pRYSbsel h e,

t el ecfro ic, tion.wi, e saturate n al anced, an

contr %‘éa%%@%ﬁ%%ﬁ%%&&ﬁm@ ' uaﬁﬁ ﬁ'ﬁs&"@m ‘?m?%ﬁégﬁﬁﬁce on
t he cbatdhogiept Mngtalst Byulicihgi in e WK, Vit SAELY ABO IS iveriSy ithe WabERt as
t hose ,exi.st.ing an,the anode, if the anode is a sol ubl e one.

Pr ef ef&BPYFHO g’%‘ghlﬁwwgl?%ﬁérrent ed by applying a potential difference

val ue- betigeshdched aneteerang pdreliglabhanins Weteninchanaasiroy&ditibh 8
accor&%lz tqaéhe sane |l aw as the one used for_the potenti al

diffe CEBAFR WYl O Frg S Bh E°ERTR| BRFVEERJE-C g rforsEKEtionsths may
algo bexapRlt;ed during step c), different fromthose of step a). 5 If
nevert hel ess qne shoul d nt, during.sfep c) of the nmethod, to carry
out the pl %Sﬁagmpﬁ?%éﬁ%e 3@?&%@@&%‘{%@ i@*@rqomosetm psleterayneaagft per
se bypidpared,iifrtedhs bf qladkityldhdi0offadal, [Bhipl%ahs 8tk GRJICANs RE
deducg}%ﬁqﬂy measuyin th&ﬁ{)rew ously m’&gsed potenti al difference, one
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of the metal ions to be plated in the solution do not change over time, the
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5 definitely turns out to be of mnor inportance than in prior-art
systens. In fact, the currents generated in the galvanic bath foll ow
the evolution of the various concentrations which, being in constant
reci procalweatepsizégenerate current intensity rati os wWeCT/MB®MOsH02612
constant as well. Therefore, the system and nethod according to the
invention prove to be self- LO consistent, i.e. the galvanic bath has
sel f-saturation properties in terns of absolute values of current
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W th I'nso
5  and deposition, respectively from the anode and onto the cathode, of the metal

elements that make up the alloy to be deposited. Advantageously, in general

terms the law above described is excellent from this point of view as well.

When, during step d), the applied potential difference stays constant over time,

the electrolytic solution will be saturated and balanced, and a controlled and
30 uniform deposition of the metals will take place on the cathode, in particular in

the very same proportions in weight as those existing on the anode, if the anode is

a soluble one.

Preferably, step d) is implemented by applying a potential difference value
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.0 anodes, it is nmuch nore difficult to plate thick alloy |ayers
while at the sane tinme preserving the pure crystalline structure of
the deposited material. In conclusion, the present invention is
successf ulwo poogt4aéeni ng, on the cat hode of the gal vani eChaA0s/@2612
crystalline netal structure particularly free frominpurities and
havi ng excel | ent mechani cal characteristics, which are nuch superior
to those .5 of an anal ogous structure obtained through a
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over the ratio in weight and deposition uniformity of the metal elements

%

depositing onto the cathodic matrix, just as it happens with known technologies.
This risk increases with deposition thickness, i.e. as time passes during the plating

15  process.

Due to the above reasons, it is apparent that it is important, in order to implement
the plating method according to the invention, to impose a potential difference
between the anode and the cathode of the galvanic bath according to a predefined
law, i.e. to only control this electric feature, and no other bath parameter.

20 In particular, the best result in terms of process effectiveness is obtained when the

- control is accomplished through a law that prescribes that a preset potential
difference is to be applied between the anode and the cathode for the entire
plating process, which would otherwise suffer from transients that would make it
difficult to control the plating and the bath phenomena generating therefrom.

25 In summary, when the electrolytic solution is in balanced conditions, the galvanic
bath reaches a ratio among the concentrations of the single cations of the metals to
be plated which is stable over time and which can be used for plating the alloy
until the anode is completely dissolved, the anode being a soluble one.

It is also clear that the choice of the initial concentrations of the metals in solution

30 and of their reciprocal ratios is a marginal factor for a successful implementation
of the method, since the initial solution may consist only of acids and complexing
agenfs at a certain pH value, i.e. with no metal salts dissolved in ionic form.

Advantageously, by using only acids and suitable complexing agents it is possible
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Co 0.5 2.5 M 8.0 10.0 Fe 17.0 20.0 WO0.2 1.0 N Remaining %in
weight The initial electrolytic conposition of the galvanic bath and
its electrical and physical paranmeters are those shown in the

f ol | owi ng W@api0g/0266Gal vani ¢ bat h conposition N (tot aPCEHiBR0¢H002612
conpounds)

to obtain a deposition void of any of those impurities which are typical of metal
salts; also, it promotes metal solubility.
According to another important aspect of the present invention, the conirol over
the conceniration of the metal ions in solution during the plating process
5 definitely turns out to be of minor importance than in prior-art systems. In fact,
the currents generated in the galvanic bath follow the evolution of the various
concentrations which, being in constant reciprocal ratios, generate current
intensity ratios which are constant as well.
Therefore, the system and method according to the invention prove to be self-
L0 consistent, ie. the galvanic bath has self-saturation properties in terms of absolute
values of current density of the single cations and of the ratios thereof, which are
mutually related through the mass percentages depositing onto the cathode. In
other words, the system electrochemically evolves through a potential difference
imposed between the anode and the cathode until it reaches a thermodynamic and
15 electrochemical balance state which ensures equal anode dissolution and cathode
deposition speeds at any time for each metal involved. In particular, when the
anode advantageously provides the same composition in weight as the alloy to be
deposited, it is possible to attain considerable plating thicknesses because the
anode completely dissolves in solution, thus providing the greatest mass flow
0 supply.
After a certain time from start-up, with the system according to the invention in a
stationary condition, it is no longer necessary to correct the ionic concentration of
the metals to be plated, since the system has reached a balance among the various
ratios thereof which remain constant over time (balanced solution condition), nor
5 the plating process requires any other adjustments.
The plating system and method according to the invention, wherein a potential
difference is imposed between the anode and the cathode of the galvanic bath,
advantageously allows to select the cationic species to be deposited onto the
cathode, because the applied potential difference represents an actual energy
0 barrier which cannot be crossed by certain species. This advantageously allows to
prevent the formation of compounds having a high oxidation number, which
would otherwise interfere in several ways with the galvanic bath and the plating

process, e.g. like chromates, manganates or Fe?* based compounds. Furthermore,

15



70 Ni SO46H20 242 N C126H20 68 Boric acid 30.0 FeCl26H20 6 TEA
(Triethanolamna) 60 HGt 6 HCL at 33%to pH < 0.5 Bath paraneters
nmeasur ed val ue Tenperature 20 - 50 C

WO 2009/044266 PCT/TB2008/002612

any deposition of impurities onto the cathode is successfully prevented, which
might have unfavourable effects on the final mechanic or electromagnetic
properties of the plated alloy.

In accordance with the method of the invention, a metal alloy can be plated onto

5 the cathode even by using electrolytic solutions comprising the wanted
concentrations of the metals to be plated and by using insoluble anodes, once the
solutions have proven to be balanced. However, the outcome will not be wholly
satisfactory over time, due to the progressive exhaustion of the metal cations in
solution, resulting in solution balance variations. 1t follows that, with insoluble

0 anodes, it is much more difficult to plate thick alloy layers while at the same time
preserving the pure crystalline structure of the deposited material.

In conclusion, the present invention is successful in obtaining, on the cathode of
the galvanic bath, a crystalline metal structure particularly free from impurities
and having excellent mechanical characteristics, which are much superior to those

5 of an analogous structure obtained through a thermoforming process.

It also allows to obtain a large number of metal alloys having many different
compositions in weight, even those which cannot be obtained by the means of
thermoforming techniques. The invention therefore opens the path to a new
metallurgy, consisting of metal alloys with percentages in weight never

0 implemented before.

Furthermore, the plating process takes place in a substantially automatic manner
after the training stage, i.e. with no need of continuously monitoring the process in
order to change the bath parameters, unlike the galvanic methods known in the
art.

5  Further objects, features and advantages of the present invention will become
apparent from the following detailed description of some preferred, but non-
limiting, embodiment examples.

Example 1
A metal alloy for aeronautical applications, called Hastelloy and containing the

30 basic components listed in Table 1, is to be obtained on the cathode of a galvanic

bath.
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Basic potential difference Ecenb 2.5 -3 V Wdth of pul se dtall 50% of
ECentb Pul se time constant r 0.23 Anode/cathode surface ratio > 2.5
5 The potential difference |aw i nposed on the gal vanic bath has a

pul sed natW@aldMd26l | ows the tine |aw (1) as descri be@CamBanes/o0Rq12.
0 { ECell = ECell,b ECell = ECell,b LIE Cell for n(t,
+2)<t<(n+l)tl +nt2 for (n+l)t, +n t2 <t<(n+l) (tl +t2) Said |aw has

been applied for a tinme T equal to the entire duration of the plating
process, incl udAngyefiena®t YtNeA. %A WHisk PRIakO% inlWeiht S exanpl e, the
gal vani ¢ bat hiempt O&S am—anodit et ectrodeto be_dissorved,
T 20.5 23.0
Co 0.5 2.5
Mo 8.0 10.0
Fe 17.0 20.0
W 0.2 1.0
Ni Remaining % in weight

The initial electrolytic composition of the galvanic bath and its electrical and
physical parameters are those shown in the following Table 2:

Galvanic bath composition g1
Ni (total sum of compounds) 70
NiSOu6H-0 242
NiClz 6HO 68
Boric acid 30.0
FeCl6H20 6
TEA (Triethanolamina) 60
HCit 6
HCl at 33% to pH <0.5
Bath parameters measured value
Temperature 20~50 °C
Basic potential difference Ecap 25-3V
Width of pulse AEca 50% of Ecab
Pulse time constant 7 0.23
Anode/cathode surface ratio >25
5
The potential difference law imposed on the galvanic bath has a pulsed nature and
follows the time law (1) as described above, i.e.:
{ECE,, =Ecup for n(t, +t,)<t<@m+1)t, +nt,
. Bea =Ecap +ABcy  for n+1)t, +nt, <t<@m+1) (t; +t,)
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which is made of the same alloy as the one to be deposited onto the

cathode and in 5 the exact percentages in weight, in particular

obt ai ned by thernoform ng or casting. As can be seen, for the purpose

of controWQ py/pH@s6deposition, in particular of chronePCHIBAE/ GOz

Fe, the process uses Triethanolam na and HCit as respective

conpl exi ng agents, boric acid as a pH buffer, and hydrochloric acid

as necessary to obtain a pH value of the electrolytic solution |ower

t han € g the
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cat hqnhoceasﬁmaludmm%dﬁteord@pmgpmmbf Hast eHoy havi ng excel I ent
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techn rding I nvent1 on een p055|ble
t o plahizhds medalof dhd sa}nmaﬂcmmgs e anerty baslegosataﬂi entoribe catbpdé and in

. '. | .
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for tcrash?g()@si mrabq)dseienafdrdhs putlb@emfa:onhfolimgdbe ltdepnsmfmm wirtipaar t)ee nf
tt or . i o

? hme g \1/%% ¢ %gar%ﬁl Lgérbly? h]-é(gé a‘%c%geés‘?o ’}?ﬁﬁ?ﬁi ajﬁquac&ltg;l#g#e @%&8&@ >

appl i c&ﬂlnpllamngt agenfSaburniaciched & ptbipier, andhygiréchlibric fabmﬂosim@@a(‘}r 1)

150 %p&%ginfal fﬂglb %L?e & ti'x!a Ie:iec ly-g%'%ofign Ffow)eQ i Og.cﬂ‘?e plating process

0  has been carried out by following the steps a) - d) of the method as previously

described, obtaining on a cathodic metal matrix the deposition of Hastelloy having
excellent purity and mechanical strength behaviours.

By following the galvanic technology according to the present invention, it has
been possible to plate a metal alloy having as many as six distinct metal

5 components; this result has never been achieved by using any known technology.

Example 2

This example relates to a bronze alloy (Cu, Sn) for tribologic applications, the exact
composition of which has been omitted for simplicity. The following Table 3 lists
the components of the galvanic bath and the values of the electric parameters

0 applied thereto:

Galvanic bath composition g1

Tin fluoborate (II) 150
Copper fluoborate (II) 40
TEA 100
Fluoboric acid 100
Boric acid 30
Hydrochloric acid topH1-0.5
Bath parameters

Temperature 15-50°C
Basic potential difference Ecerp 0.5V
Width of pulse AEca 70% of Ecenp
Pulse time constant ¢ 0.23
Anode/ cathode surface ratio >3
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100 Boric acid 30 Hydrochloric acid to pH 1 - 0.5 Bath paraneters
Tenperature 15 -50 C Basic potential difference ECcibb 0.5 V Wdth of
pul se Can 70% of Ecett,b Pulse tine constant r 0.23 Anode/ cat hode
surface ra¥9acos/08264 n t he above-detail ed bath, fl uobor PETARIR/MAE?2
boric acid are used in order to lower the pH of the solution as well
as to act as conplexing agents of tin Sn and copper

In the above-detailed bath, fluoboric acid and boric acid are used in order to lower
the pH of the solution as well as to act as complexing agents of tin Sn and copper
Cu. An anodic electrode made of the same bronze alloy to be obtained is used.

The potential difference implementation law applied to the bath is identical to the

5  one iltustrated for the preceding example, and it is likewise applied for the entire
duration T of the plating method.

Among the peculiarities of this bath, the cathode needs to be inserted into the bath
under voltage, ie. in the so-called “live mode”, in order to avoid a preferential,
non-adhering deposition of copper compared to tin.

0 Itis clear that many changes may be made by technicians skilled in the art to the
metal alloy plating system and method according to the invention as described in
the appended claims; it also clear that in the practical implementation of the
invention the llustrated details may have different shapes or be replaced with
other technically equivalent elements.

5  For example, a metal alloy can advantageously be plated onto the cathode of a
galvanic bath by using a bath which comprises a plurality of soluble anodes made
of single metals to be plated, or of alloys thereof, wherein the cations of the alloy
to be deposited onto the cathode are obtained from each anode dissolving
separately.

'0  Anexample of such a variant will now be described with reference to Fig, 2, which
shows a cell 1 that comprises a tank 2 containing a bath 3 in which two anodes 4a,
4b and one cathode 5 are immersed. The anodes 4a, 4b are electrically connected in
parallel to an electric circuit 60 fitted with means 61 for controlling the potential
difference supply provided by suitable electromotive means 62, so that the anodes

5 4a and 4b have the same potential as the galvanic bath. This parallel electric
connection prevents an anode from behaving like a cathode towards the other
anode, which would result in unwanted deposits on the anodes themselves.
Advantageously, this variant provides control over the anodic dissolution process
of every single metal in solution, since it allows to obtain predetermined bath

0 compositions and cathode alloy plating compositions by changing, for example,
the number of anodes for each metal to be plated or the electric resistance of the
single anodes, thus generating the wanted electric currents for each metal

component of the alloy to be plated.
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Cu. An anodic el ectrode made of the sane bronze alloy to be obtained
is used. The potential difference inplenmentation |aw applied to the
bath is identical to the 5 one illustrated for the precedi ng exanpl e,
and it i sWQKENPYGapplied for the entire duration T oPCTHEISMAGIRg
met hod. Anong the peculiarities of this bath, the cathode needs to be
inserted into the bath under voltage, i.e. in the so-called "live
node”, in order to avoid a preferential, non-adhering deposition of
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t he angpesitiomprueby/es. Advantageously, this variant provides control
over the anodic dissolution process of every single netal in
solution, since it allows to obtain predeterm ned bath conpositions
and cathode alloy plating conpositions by changing, for exanple, the
nunber of anodes for each netal to be plated or the electric

resi stance of the single anodes, thus generating the wanted electric
currents for each netal conponent of the alloy to be plated. 1In
addition, the solution using a plurality of anodes allows to naxim se
the ratio between the anodic surface and the cathodic surface of the
bat h, thereby inproving the dissolution of the anodes in solution,

i ncreasing the concentration in solution of the respective salts and
thus the respective diffusion towards the 5 cathode, and increasing
the overall effectiveness of the entire plating process. A further
variant of the plating systemand nethod according to the invention

i ncludes neans for purifying the saline solution which conprise, for
exanpl e, punpi ng neans, which may advant ageously be the sane ones
that participate in the agitation of the electrolytic solution,
having an inlet in fluid connection with a 1.0 wall on the

el ectrolytic cell side, preferably the bottom thereof, and

sel ectively associated with filtering neans. Advantageously, said
purification nmeans are adapted to collect and filter any inpurities
deposited on the bottomof the electrolytic cell, thus elimnating
any risk of contam nation of the cathode all oy deposition process.
CLAIMS 1. Systemof plating netal alloys, conprising: an

el ectrolytic cell containing an electrolytic solution (3) in which at
| east one anode (4, 4a, 4b) and a cathode (5) are i mrersed, said at

| east one anode conprising a plurality of netal conponents of an
alloy to be plated onto said cathode, 5 neans (6,60) adapted to apply
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characterized in that 10 said cathode is adapted to be renoved and
replaced with a second cat hode onto which said alloy is deposited, as
soon as said concentration of ratios of said ions no | onger changes.
2. System according to claim1, wherein said anode (4) conprises at

| east sgﬂ§g§é§said nmetal conmponents. 15 3. System according to claim
2, Wwher +d anode (4) is a soluble one. 4. System according to
any of the clains 1to 3, further conprising nmeans for agitating said

solutio ans fo urifying said solution (3), which are

adapt edqt gy%f d’ﬁT‘% ’Fqltaﬁ?ysaﬁ PHENS ti es depositing in the

el ectr Obﬁtdl@ctﬁﬂj’ﬂlc cell conéumﬁ ¥ S41£ BlecBERA HolgidiP (@h Ui 8t st oho 4,

further co %r%g 15 3%%1 a_20 conpeéensati ng anode (4b) electrically

connect 880 4p pef arcgthoded Shnsdemperagd, saig atdgast eng apedaRANPIE NG

claim5; pm@hey o 1§1€ta5ﬂ c6RPBAaSELE BY aﬁﬂﬁéﬁbé‘ﬁﬁteﬁi‘orﬁb%ﬁﬁda@hécﬁé' stance
sai difference is applied between said

such_t hat, tential
cat hode IS s(gqg%) E‘éﬁi‘ﬁé‘gst&tﬁﬁﬁY%]BH@}Tﬁ?hélf%ﬁﬁf@n eAy saitbdk least one

crossedahyd@(@aeggrangggird%tthm 31 is equal to the current used for
di schar gi ngi ons being 95 present’ in said solution onto the cathode.

7. Syst A NAGERREH Y cheskadvar s thatsenesnasiandadonplths denanf saisbuetal

conpri SesmPbABs 1esRH s6R@on 3)8 System according to claim6, wherein
sai d conpensati ncg anode is | nsol uble in said solution. 30 9. Method

of pl at FiRyanristiae aﬂl"@?s wherein at |east one anode (4,4a,4b) and one
cat ﬁ!@des&é)oatMehis Qla B ?e(rﬁéngé%f LA %}Jlbﬁ:&ﬁ%@cﬂc& Letbnd %%ﬁgfd?m{té ed

into an el ectrol ol ution erein a potentia f'erence
i s appl "8 Wb@ld@éﬁygadapoated, @as$oopne S@lddd@(l@ﬂhﬂa)md) radiod of anidl ions
cat hoden(,@néeg chii§-dRur pose of depositing a plurality of netals
intended for " form an alloy on the cathode, wherein said potenti al
di f f er eRceyHiemy @pcom%ue te ekatirf o [Wlkaneinesajsk autaid (43 dothavisevariedst rexme of

char act gfilizR&k.i a training cathode is inserted into said
el ectrol yltl C 3 ({bnﬂ]?@{en Sg) and said potential difference is applied,

wheh? t hé. S,rﬂ’c@@n@qcal:dlog te gleinn g, phesen daidetalis (4)is sabkibodnt i on do not
change gv Séésal o?‘&fn% i%:g g]:'l 'O?th %;ahlglgel lcc? ?eM "El?e%tc?ognlgplrz %Hq%ﬁ‘%ﬁns for

solution a d cat I nSer ying sai
di f f er engiéating paidtdebutihep P aricbmdaas foo ppiléjtlﬂg salD sdlﬁlhoNE(B})Odluch are

s6cor 0 oS0 e, B BB ol pamR P o
pot ent i &l Sylitehe rerdirapbi @y bét deiers data 4atfui:thastcon‘[]_:ﬁ‘1@ﬂfg)d& least a
(535 ot M A e
t hat sabdSysdemhasordipglte ethidbs, nahenem sadeomMehmm aam’&rldatsrt@l dlectaay
o 12 gl A W S8, elfalogle ancde () s Lhe o
cat hodecathode ah3. satdat:hmqb;—:nﬁﬁmgr sihoty, e atiyipehisatingl Aod? fsQrdsbedfByr 4 her
conpri s| ne%eg &SRR is equal to the current used for discharging H* ions being
25  present in said solution onto the cathode.
7. System, according to claim 6, wherein said compensating anode comprises
graphite or coal.
8. System, according to claim 6, wherein said compensating anode is insoluble in
said solution.
30 9. Method of plating metal alloys, wherein at least one anode (4,4a,4b) and one
cathode (5), both of which are electrically conductive, are immersed into an

electrolytic solution (3), and wherein a potential difference is applied between said
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20 generating, in the electrolytic solution of the bath, El+ ions in
t he sane nunber as those rel eased in gaseous formto keep constant
the concentration of the FP- ions in solution. 14. Method,
according to claim 13, wherein the step of generating Fit ions is

i npl enent ed by supplying a preset conpensation current to a
conpensét feﬁ‘ét o8¢ anede (4 ath) s Rud, caleadsy @) rig the pamposst ofcdlenasiiingza t o
14, chabaghBfy gQdetalt thRaled #bd0RE §n51%)b§% ﬁ%ﬁ%tlﬁéc&q conprise at

| east three different chenical el enents. al Structure

obt ai nedeinmsie RerHAG ditkrsenaet msch slesrtbirintyllowsanprastetiskbdilars wer o
15. 30 time, characterized in that:

5 a training cathode is inserted into said electrolytic solution (3) and said potential
difference is applied; when the concentration ratios of said metals in said solution
do not change over time, said training cathode is extracted from said solution and
said cathode is inserted, applying said potential difference until the deposition has
completed.

10 10. Method, according to claim 9, wherein said potential difference between said at
least one anode and said training cathode is the same as said potential difference
applied between said at least one anode (4,4a,4b) and said cathode (5) onto which
said alloy is to be deposited.

11. Method, according to claim 10, characterized in that said law has a pulsed

15  nature.

12. Method, according to any of claims 9 to 11, wherein said at least one anode (4)
has the same composition in weight as the metal alloy to be deposited onto the
cathode.

13. Method, according to any of claims 9 to 12, further comprising the steps of

20 generating, in the electrolytic solution of the bath, H* ions in the same number as
those released in gaseous form to keep constant the concentration of the H* ions in
solution.

14. Method, according to claim 13, wherein the step of generating H* ions is
implemented by supplying a preset compensation current to a compensating

25  anode.
15. Method, according to any of claims 12 to 14, characterized in that said metals
to be deposited comprise at least three different chemical elements.
16. Metal structure obtained by implementing the method according to any of
claims 9 to 15.
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