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SYSTEM AND METHOD OF PLATI NG METAL ALLOYS BY USI NG
GALVANI C TECHNOLOGY DESCRI PTI ON The present invention
WO 200a0e266 0 a system of plating netal alloys bRCT/EB20¢8/002612
gal vani ¢ technol ogy and to an associ ated pl ating
met hod, as well as to a structure plated by using said
system and nethod. The application field of the
invention is that of galvanic technologies, in
particular the plating of netal alloys onto the
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invention relates to the field.of technol ogles
GALVANKHTECHNQEQGYal | oys. In the field of

cat hode-pl ati ng gal vani ¢ technol ogi es, several

technol ogies of plating different binary alloys, such
DESCRERTIGNCr or Fe-N alloys for magnetic applications or

Pb-.sSn alloys.for tribolo | icafi ave, becone
The preqgi BT E P (9 oy ePES] PREPBaFE! S105S Hadsinthedvanic
technol Iamhto:aﬁ assoaited plairef metiadd, ag wal ad th k@ﬁ@tﬁ@%@até‘& by

ﬁ t hree f conponents, which however have found
using sa SW%I&% gtffﬁfh cations in the industry. As a matter

The appﬁ@atf&@ﬁeld"@f"%eﬁh@@ﬁﬁﬁ isHHat B¢ ﬁrﬁn}@feﬁﬂn nge@;nh{:garticular
t echnol og 11t o obtai ni ngha si ntl t aneous  and “cohst-ant
A

the platiggd sneteballeys amm ilveapthadeot arreelactrobrrmmanh@renngenmL
the mveﬁﬁ&l? 9Q§Ré§hcbltﬁe ﬁ ﬁzpo{@' H_{&' gceggglg ?c?cit% é‘ e%(%npzﬁ c|>yIs on
In the fselﬁf Dﬁlcmmhodet-pha:tlr@ Igatheic aemhmlogzets,als&diral/ &e&trmld)gés of

. l.ect rochem cal otent al
plating SGREBERLE PR, Mlhr e MReliFrer diren calfidie e magmetic
applicatiup erriR-Sat dIys, fok anbﬁgecoagﬁlﬁktdmiﬂsona@é befteing a,bﬂdagpread

. solution in the gal vani c ba to activity

Overnméoeffl cients, to the presence of conplexing agents in
The literhiffe SQ 8 ERBbe3 BHIVRId RERROSBIE A b\ &RFaifys'isd

© lerbouﬁ arles&of et%g batlh itsel % ﬂwéﬂ%ﬁ% é)c a?&ys eup
of three ppépitotgPeseRisowhidhheeverr hav é)tbwsed pmncttdaé applications

i ple that the deposition of each netal conponent

in the mﬁﬁéﬂ;t he cathode is inplenmented by controlling the
As a maféw efifactbanins yppblentu arisa twhdhaigin® gedeariis té@&mcﬁagjf fto
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compon@htﬁfcﬁi{tenﬂfé bahweenwhile &) hesiatanthg heceaned eco‘i’lflpés'i‘ﬁon in

rolytic
weight. Git is 1In Pac¥ necessary, but not sufficient, that all the various metals have

similar electrochemical potential values. The potential of each component is also
related to the respective superpotentials, to the concentration of the saline solution
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
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
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cell, and neans for controlling the electric features
of the current supplied by said el ectronotive neans,
WO poopasescul ar the intensity of said current. BUEB2008/002612
means typically consist of an electric generator
associated with a current rectifier whichadjusts the
intensity of the current flowing in the gal vanic bath.

) .known, in the case of a single netal elenent to be
adjusts thE FREntBHob e O IR Ea WREPETRnPRaY i 11 er ence
As knov@BRhitRE che! YL Birdle ndtaddeARdt thBe CRPRSHEE] Bhtdhe cathode,

electraolytic cell”is related to the Current apﬁl i ed
o

the potenfil eelibiesencs @pmdiedo bersedrolthewrrrrlesiansl ithe eepthode of an
1 i.on: = . 2C + MF%E i
€ eCtrOIYS%;{gﬁtllga Ia%i e’!rhee n%gr%ggp Hpgﬁatt@e¥el?8 el , ﬁg E%E% fcfl%o%%g
simplifigchequadiont er el ect ronoti ve force, A and B are
respectively t anogdi ¢ gnd cat i C superpotentials
of the netal, p§E4hggbﬁ@3??ﬁc%?ggggtance of the bath,
Apg L. ig .t : 1€ 0 o] SLEMa gh Eo,cell -
where countlser e ee?’?) Fc ‘(%Ilrtrltrloatﬂi \%ﬁ%%ﬁlgg hlgélﬁd i t§> the rCJ%l ‘ential *° the
counteref¢dtfeenetice fexcer {/ddamy heareiréspertideyuthecdnddie and cathodic

node- sol,ut i on-cat hode stem which is, function. gf.
superpofRREE SR BRI o Ui S R oo biRrer o Yo Pobhet T is the
current @Xérditzi The coMmpoanelicsronhdtivhfrte Ay Bahesdteatialofifference

urrent _or valtage iations in the galvanic bath can

exerted Byt (e Pilfcmesls: G $tan cBOMRTOlR oT-6rR08E TX5eRe Which s

functionBFhB@bnEdhtPAteSH SEpBE BRCRIRME ald thd Bxidigingtddnponents.
practice, the plating process i's adjusted by

In shortraheqicenhigtianuwearirent savphege satationsain the galvahis bath can
affect th% %Ls\f&ﬂ' ﬂ%@ﬁ&é&%ﬁt@cﬁ op Sﬁei_%ﬂgfﬂeﬁr g)g.sqr%]éisg%gﬁlncg ﬂ\kfsc‘
ring t I ese additio q

e plating process. NS requrre
In the intinetripdipractice, et platimgr pyubses isyadausded byshaitthining aokadted

. and adj.uste The net hods .kno in the art are,based
satine oo RRHGTHF Yo zeTvarre BGAT SHECER iibre SRRt St Bigsale
during thepigiridpraens aitiesa biddittordf regierertht alal €ATPBARNDE réulRely

gl a eq aﬁe ke%t (gt certain val ues, the potenti al
and congjpp ef dignd a Pé’%‘?dal nost constant and the cathode
The metRbd kRGvRTAGRS artrel basd @nRth@ F4ctitha@ iStrkéi 8 Hdkd and the
controll ed and regul ar manner. The main reason for a

ratios anpen@ thecercentraiena of sppimesal eemppaemistth Hesplakerd axenkept at

cerin GRS LA D0 TERAGD o B SR oo
plating mtepessivillngke piacet inen sfibieddyaoatrolledend reguler manner. The

main re?s&?ﬁ&okf%lgﬁi% ICbe%rT]I%n alt%lelérqg aopfpl%(erc]lo¥\A1 tHE lﬁla%ﬁli(s: that the current
flowing through the bath can be directly related to the thickness and quantity of

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
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
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nore than two netal conponents are to be pl ated,
especi al |y when anodes nade of netal alloys are used.
To give an idea of such difficulties, let it suffice

to say that the addition of a single netal to a bath
result by gdinga pagtal ftor?esﬁBPGB: lity of the other netals;
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he expected ones result b to a
the PO’CGQ@BIH pod. conaenstatipnswate rthepdit rF:Wg mﬁdb rconppeesds, which
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S an oncen I ons ere
depos1t1oﬁ01|smhafm:tesnze¢ﬂfb§c laygn@ha‘amg chlfﬂeyerrta:nmposlumoﬂmtd atdifferent
| u he cat
degree of oty Mireblier She SoU sy TR SRR NG GHFRER aNer
time allo®@ngibet tleoftscliflical sbdctionend talegpree of thabh, M. parasitic
Mor eover, the potenti al i fference varjation occurring

or dissipa{fp TERGROTEI FeAlh 2B TAAPX SPER FERHENMENFD TB8E (B rHfe Sy5tem

totally olttf@oRL@Ee i N the bath, e.g. parasitic or dissipative
reactions, such as redox short circuits, which may put

In conclush@i,slsmwm techrzolpgies are ogfnly opantielly affeckive onbendherplating
rtial hy . Y, .

proces W ELOORLEE, T8 0L KOPRLLLE bt SLABGI SaiERne

three or e metal ted)erhmﬂsnhﬁ ffmt]: byesewmegl audénsityt alee for thewcerrent

flowing {EpTgh h€ BRlVeRic PRt roRtbRcte (B Poahbey Bt tRarges

globally idssch@fsdddbatd ehec eathiodle, b€ ndwThelr Qialkhaygandoyeadithiive
di scharged onto the cat hode, but not flhel r quali tatlve
C

distributigny | §UARIFERACHYE P5ORPEEPTRDE WEIEhtiWRICh R neeRssapt in/erder

to create PEORRLE PHSo \A}gn wei ght which are necessary in order to
create the nted alloy. On the whol e, several

On the pihols, evevens] prodlemacefl Apsteengrimpach cnevgh dalovemigalvanic
technoloé%gla}ﬁgé oag]b&?gwﬂlag anong whi ch: solubility of the

conmponents in solution; O- polarization
sohttahqm:ﬁm singlp andtaedaponeadin spkmltm, zat i on; typol ogy

- pidSlerttie e uresont he, bath pupplp current:
- typ mgs'ra%daéléctﬁkﬂéétaaﬁém thalbapot@pblydugrerdy di r ect
curréent suppljed to the galvanic at h, for exampl e
- pPrEsengs o oMasak glemengn with different oxidation numbers and
electrochemical potentials.
A direct current supplied to the galvanic bath, for example, leads to the formation
of column-like structures which will exfoliate after just a few microns of
deposition due to the high internal tensions accumulated during the deposition
process.
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
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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S of colum-1like structures which will exfoliate after
just a few mcrons of deposition due to the high

WO paoenebe t ensi ons accunul ated during the depoBCT/IB208/002612

process. Wen we consider netal el enents having

di fferent oxidation nunbers, such as Fe and Cr, such

el ements require, in order to be plated, the presence
for

. .of copplexing O ents, typically organi ¢ onpes, .
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eliminaté Beice liynitfiatsndhehe Eribf arpmavilousinihiliee \rtdveut cafipletely
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It i &fRBtrenad ihladdt tOpRr@int ARafHddRI piakih ith
oan ngr?%%i di ng pa systlem and a %%hod of apI at i%g lnéﬁ%:lfloicess V.Vl

two or mgregpstahpemponents k1 optimatly coatigllingthespereertages irhweight

o the oy W LEaFl N o2 AR SHELY g o
elementsd is tb beabtaippdct of the present invention to performa
latin

. t hod ith t {
5 anofiBR A8 AL LRGSR YELR LU RETES, LA o contol
the cathowkd @dyposifion peoslss af thrdnatdloin a bitnglarahidcaffetivemeiniad.

. | | oy. made ug_of tgiee, four or nqre elerrent3|st? be
It is anoth qbicebto Aty SubABIAREIS BECEEs WhiF b ARFS SHETa FHeARIRE In
a substaRHARE SRS Mahher, S.ep %ﬁ{&{terehﬁiﬁﬂgta??' e%t@ﬁlaq a%bﬁ%@ or

deposition process o he netals in npl e an

adjustmesiti e gt ¢hangeaiaghe salinejkath sbeméeal prassitian.carry out a
It is a Bhdhéd Q)Hij)éﬁ‘l? CES HHMILC et QN GR-Rhieh 8gn 2K Egtt{())ldgc%ﬂi& e
substantrally autonatic manner, T.e. W thout requifing
characteringd dyt lovn atecmalttensionraratl pxs{lenhmechagicak tlargeteristics, in
a

. the sal.ine bath .chemcal co ition. It.is a further
panticulaysBpSRlipd Sy ARt FREPhT e PR SR Craatal vl oeorsdbom: on
It is a fuatleerchljeacioesbtarsticiuows bAte rathdd®Neibich BAde particularly

excel | ent ngghgni cal characteristics, in particular
complex @giidios {TRgUGE sERpetand errellent merbrrisalhpsrcartistiast y
Said objd@ dr&hchiERUA Iy Bf gféseh@ irﬁférﬂfoﬁihgf/ g‘?@bﬁﬁﬁ% taosg%l@érﬁ' dhd a
structures on the cathode which h particul &rly
method of plating metal alloys having the features as set out in the appended
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
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, e.g. pH and
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conpl ex and/ or irregular shapes and excell ent
nmechani cal characteristics. Said objects are achi eved

wWhoovke2ps esent i nvention by providing a syst ePCEBL0E8/002612

met hod of plating netal alloys having the features as
set out in the appended clains, which are intended to
be an integral part of the present description. The
present invention js based on the fundanental concep

tempera@lﬁ%ct Thise afiputsi iy sglest dhe law ovhichdg Bigst ghied tﬁmth%ld@th
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Also, saidi fefve meayc e)rhsmhegﬂatt \eithee at ¢rrtstasttaoiy e stimeerariabhe potential
C e ol f
dlfferenc?rrgl%gé;FF %P&??lea g'{%l Irllll\&]@%r %%@‘3%18 chld% Hycon Iegfr I}ﬁ({c cell,
dependingbr pdatiyg oéncﬂllﬁxe)ns lahdecaquifrbd)\ptenﬁg)riﬂametgh the bath. The

Further ?ﬁ'ﬁ%tshat def ] nﬁ’:ls L he ot §Pets|8n{) élg‘li){rfg{%gﬁnwg V%llq% Eégarent

from the@@]!l@ﬁﬁ{§ﬂ§sc@f tid}ﬁarﬁﬁfféﬁﬂﬂfé fated AIrBiwifgs, wherein:
andterrperature This allows to sel ect the | aw which is

- Figst! showea pstal wéloafawlﬁﬂag@rﬁtﬁnh GOeRt ding te SheiryesHiomin
part1cula"r'&ﬁeli’&téﬂﬁ itesy, Al so, said law may prescribe that
her a tonstant or a tine-variable potential
- Elg f2esherveea vagianb ef ﬁg@‘&ysé@mtqf Kigel dnaeh tignldr telneelectrolytic
troI ytic cell, depending on plating
Cellflﬁe&%@l%j?ongh er?‘léogcﬁu red performance. Further objects
With refarthicads digadetheoéletirolypicesdinl clom}&miescm tamld R dmﬁcalmg an

aretf e.fall,ow ng des oh and.fromt he
clectroly §f PEHOB, SAVHIST EHET 2t GACERSHE I nibeanPRIdigjate
quantl’cy RIrRt t@ﬁlp%ﬁﬁicﬁmcﬁcﬂw Platihet ® b@ Q)btéh‘h@ﬁt A0 Potdritial difference
articular an el ectrolytlcpgzlgell shows a
i

Ecen is awqdam tp elgpirades drymeypsedin t qsqﬂ_hltl@ giul@ualalanaﬁe 4and a
cathode@ltﬁ%ﬁ%m XH&écF@Htaéé %ér?éilaé@r%h a plurality of anodes.

ference to , the electrolytic cell 1
In a per seriprdver gnannemithe geoetaddmp myayroskist bf elegtiomeitialmeams

and a vol?’ca%@i'é%qlﬂ &dt%% L%FE) 3{}%1%%% | %xt gﬁvéf i} hﬁ}é %‘f’% rator 6 is

riate quant osition 'ng
preferablyo eQalp;hidalmﬁH afcqritalntogit dhipabky erf ced]lﬁeﬁng tl® potential
I ed

} appl elec rode rse solutjon 3,
differench it 3RPiRd GV oa dhe 20aHRGHE B SPBUE PaPaf Bl micans
are providiid a4g8cl9 @B@ &dhpfedﬁto tihreP@le SGekNONAifFREAGS Ecéilh&tween

gener at or consi st of el ectronotjve means_ and

the anodg %Iaigt%ler@éh@@q: aovergmey p thaieppetestiak ltffﬁéer,meetbéhfhanges
over timb BEESHIRE to NEr IREREAUMNy &l Be imposed between the anode and

the cathode. In other words, said means are operative during the plating process
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:

I) the imposed potential difference value is such that each metal element of
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 elements to be plated

can only diffuse into the bath when they are in the wanted oxidation state, which
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preferably equipped with a control |ogic capabl e of
adjusting the potential difference Eceii applied

wheirneenr66 he anode and the cathode. | n parti cuP@r/|B2008/002612

nmeans are provided which are adapted to change the
potential difference Eceii between the anode 4 and the
cathode 5 over tine, so that a potential difference
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elo tance, the gréater
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the galveﬁﬁé’ Qtrem pitates in the solution; LO however, this
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electrolyﬁenellﬁtt oy a ducg@%(%o o gY]hlE g e&%% eoﬁfs&ﬁglfa nf%&oré{' gmong
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transferrpd intenthg Sou i B0 ER EREPAYE SSTRPRUCRBE AN GeMite and

composition of the electrolytic solution.

For the plating system and method according to the invention being able to
properly operate and control the process, it is preferable that the anode employed
is a soluble one, even though it is nevertheless still possible to implement the
process by using insoluble anodes. In particular, the soluble anode may
advantageously be made of the same alloy as the one to be deposited, i.e. it may
contain all, and only, the elements to be deposited, so that no unwanted metals
can deposit onto the cathode and no slag can precipitate into the solution.
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.
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material, sgnig vohich Fhet glachipfermed ecaativge ofrdifie aplrded agetplsaljoy is
deposicfsy B SATTAPIROSHHEAR LOMBLANL oo P egiRlie
material fngmn hehuch she alma@fdmehaﬁvcﬂih’éng Icentbeoﬂqtadmeds ¢hus iobteining a

compone Eﬁa al vani g bath may consist of a solution having an
P glt %}PFP §sition of the elements to be pl at ed,

Since the/\llrﬁé’thbﬁedés@hbeﬂl heredt iatlowshédr dep&Ritihg COMEW tillineters of
adequat

e%%uatlt of co SItIO aci ds and c¢ Iemﬂg
material £ygR & £33 P é"OB{I%{F%‘rf& ?ﬁf Pe% ¥dfrpesigrto phtain
structured rﬁ@sﬁngopéﬂﬂﬂﬁhﬁir tcBﬁﬁﬁeﬁ %/Hrr fhreANaP shapb®urlf ekb@lent

net al eci es t | ated which are necessary to
strengthgl@:gggﬁeﬂsﬁgsthe al I oy onto t he cathode in the wanted

In parhcgga?,u o ARELAD 98! %@E&Paﬂgo%}ﬁ | ©atheC dﬁ&@#ﬁbﬂ@fec‘c&?]ﬁ/ and

conposi cifre
advantagﬂaeas]ryi pilown t@fcoabrve mchmied@rmiedl magriki fom ebtaddingenticro-

he cat hode of the galva bat h ' ' r
porous s uEiRY,  eictsr O pe o 6 Pl 8 el e SR L or
US6682022 ewithod eneral aloathavingfa Waeited abathdsedial i@lweight,Sand in

g]%%bed and tﬂ l(‘)‘ﬁ%{}sa d coatin dherﬁ‘F

ParthUIabe At |§PPefa € gt Wea‘ﬁ‘é’ﬂf@l“ APBHEYHRRS Tueb as
Hastellof' ectroformed coating can be detached, thus obtaining
Means adapted to change the potential difference between the anode and the
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
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



conmponent havi ng any shape. Since the nethod descri bed
herein allows for depositing a fewmllineters of 5

woreaoe#ebe even in case of conplex or irregul arPGIHER2E68/002612

it is possible to obtain structures having
particularly conplex and/ or irregular shapes and
excel l ent strength characteristics. In particular, the

. t hod an tem accordl t,0. 1.he jnvention
period of Rrigo PFOBE Y AN ML T SO hRSly & o coat a
Said and¥eCéRhBEE fpﬁt@ﬁﬁﬂ Hﬁtérbﬁcé erantaabﬁl R Gn &y Cdcﬁran@a%&iu@liﬁ be
structures, of the type described 1n_paten

repeatedcmbs@bsﬁ)r 486@&8?2381 dr eq¥88 68 2dp2ction %thth@eqrmre dengih of

the plat want ed conposition in weight, and in
palﬁg?tl cular which is especially suitable for

Accordlr@m aefeoetl eappidivwnitcasd lavcan s expseseed ay folMsasns
adapted to change the potenti aI d| fference between the

anpde and the .5 cathode_ of ect olytic cell over
(1) ti ciaFdicadapt ed, in par®f {S’p Ib thdtent i al
B gl eritg, t haE fol | fms(nall)amhaykmg(ﬁmul(spdtnat ure,

|.e. apotentlal difference that follows, at |least for

where t; @s ! ledicth BERitRAe HtefvdlBn vehiPHBEE pbidiial iRk ikiRept at
| aw with respect to the tine variable, as clearly

a lower {qyahdiqes cd T ribe dergthl of tle tives é)weﬂﬁ@iv@nw&‘g@b ia¢ potential

d ;
diferend WAL IIEELAGIS PO g0l FEY IR hlen

and (T/(ar%tzb)reé frominternal stresses and offer excel | ent

L P
only of &tmo‘dasmqﬁ)téﬂit@lc@fﬂeod&:enﬁ&ubéoxofa t&my tj fullowed byeh tiodfage

stant or variable within a certainperiod of tine,
pulse AEE‘i”g\?l 1‘{’1‘5? ten ?ZI s previously established. Said

Such a p@mdl@k@ aleREds fORhE Hh Ie@br;d th e RBGR] VAF irAHa0 Toll 30 THY: 0),
dvant agequsly be repeat’ed cyclically for a tine

thereforep &k fadlpws Eplider @ sew Himechithba apblied ndtentdaltdifferensegetirns
to the Vag%%?&qz bpcll'ﬁf ﬂ{égl, e P8t | Cﬁl@élqzlap égpggesfﬁ%fkeééeﬁﬂ tf)the

sai I aw can be express
value Ecgn,EGeAEcéﬁzoemd]sc( on ot 1 ela:tuke(cﬁur-atllo‘,mof]:h& peribd2l.[ ECel | =

b | f | 2 I ). &
The valubs8f Hiesé ity epfi 3 aisThelated bo &R0t dimek Mool fipgohsint
7 =1, /(t,thg ) perhivdt detbridirfeb ehe rinee tidegiveah thOdarhive bf kastepulse
is the | en%%%epufs@:%“ me interval in which

and the qu%SgIB g«%régt.’gp:o;the period ke 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
particularly good mechanical characteristics, depending on the different alloys to
be plated onto the cathode.

The Ecaip and AEcs 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.

The method according to the invention imposes a basic potential difference value
Eceny 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
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difference is kept at a higher level ECell b + DECeU
and n is an integer between 0 and (T/ (ti + t2)) - 1.
woO poookese wor ds, (1) indicates that the potentPEl/1B2008/002612
di fference Eceii to be applied consists only of the
basic potential difference Eii,b for a tine ti,
followed by a voltage [5 pul se LEceii having a

dur at.i on |ketred|sfound|n every
fist traifUleEtp O is A aqe o oy Sl TP ALance SUERBPB! o o0 1
The 1mﬁd?sﬁﬂ1<§ﬂ\/$)ftd'1 potdrAfal *iffEMNnkE MRtWebhehaRAHKEE BRY ecﬂE'a{i‘{ode as
fference returns to the val ue Ecell b and t hen,

defined iy lawx (1) fpiernyines: ancentyatiogo andbaetkyitg aiahuasoof e onic
species (Y@Jcﬂéem%@ﬁb fmauae@%ﬁe&é @ﬂ%ﬁgﬁgfh vtzﬂirchtrﬂg \%Efa'biee pver time

duration of the period e values o ese
with respeeirte the initiel renditiods.tlo fecizhs cithbe eviu:temgrbnaFtckfmiﬁfusmn
nes

laws, thg BARVARR, battTuds Sxheinls befPatotn BB Bach B0 FLE Caperifngion
of a genm{ﬂrmletall ienginhsalfitibh gzrpers) die gpeddrof ﬂﬁbﬁﬁu’éld)ﬂi of [tAt metal

Test s, have shown, t.hat the e of .the constant. t can
from thd ZRictle Abereavo CRBUF dfs SERRE e %qusrréorb Bt she Gathodgwill
increase OBt @i btage Athel Atanfidy Bﬁ&ﬂhiﬁ%e@d@ ¥sitiabl e t8E @étﬁo%tf& Sach
metal Wgﬁrtl cul ar | ¥} good nechani cal aracteristics,

BRRAG g etlhféaﬂtaﬂ?@%ﬁ@nwﬁ@&@m@r@éﬂ@mfa@%ﬁlmpectwe
metal1o£§‘ﬁ1§‘<ﬁh38ﬂe The Eceii,b and DEceii factors may be
constant with respect to time, as in the foll ow ng

Preferaby dhisi xesnaifst@mfonhmhmg ptdvess swemiduated oy usimgya cetiiode,

are. de enda the ti
called =8y Rp K tHORE, bR E ik By R ARG R e plaregte of the
deposﬁeidnnmdsaléojaadepos@(otre paficd wetii€h efe I’géelevaﬁlyJ thEI@l;éht Brom the
ve points -

chosen ordi ng to of the_ab
wanted Qpgg ghd %@EO(W ni‘]%osﬂtﬁ%“ﬁ VERIEhE ﬁgalﬂgfélgrﬂv&ff itEae-pr ocess
During ithisditifie@ isBide, LaMehS ERURS m' s@lutﬁh ?i‘é%lv%lyagl%aches a
cal led "trajning stage", and | ate ructure

stationagyy odeit | encitiane. chppeqterized t rrau Hﬁléﬁg theagetips between the
concentr‘éﬂ@ﬁ@%f B éﬁgle%feﬁeﬁﬁes@f%dﬁft{%r%e At 3' tuation. The

I NPOSI tion o ot ent et ween t he
This implieshdet e sp@edamﬁdélsaelud@h oédthey nhetal (ch}iodst evhitinesre

consider"GERE IAbUREA RS S bk e e Tho inebdrat HEbGaiRRR o
anions oredi iy eathoe]re tThie cohtiftidrespeasie twhéheahefd birélno collateral
can. be VI cted fromFick's

. candi tions.
reactiongy gt ?f&ﬁaﬁ%%e C%’fﬁedgéf SfftoThaticieney of Himalating process,
such as, E@lhé%arﬁpIe RE adtGion R rd1B&se6 %ﬁu@@&ia{ &ﬂfﬁf@eﬂf I s?&{] Gl daSe,
% ion_in solution ?roms eed of” di ssol ution

while it g st | fruenihadthe metal will deposit onto the cathode with the wanted
composition in weight, the concentration of each metal however tends to grow
over time due to the release of gaseous hydrogen.

The production of gaseous hydrogen causes a higher pH and a solution
composition variation, which requires to be checked and corrected over time by
adding water and acid in appropriate proportions. If not corrected, this
phenomenon actually leads the solution to saline saturation, with unwanted metal
salt precipitation and the setting of time-stable concentration ratios among the
varjous metal species, characterized by ratios in weight which are unsuitable to

obtain the wanted plating.
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fromthe anode decrease, while its speed of deposition
onto the cathode will increase. In this stage, the

w@ iy of charges depositing onto the cat horPer/iB08/002612
each netal will depend on the instantaneous
concentration conditions of the respective netal ions
in solution. Preferably, this initial stage of the

This pr@feL G PP g BoBelLebis BIAPBHIC HauGapiagHistion means,
eg. a dehﬁﬁ‘ﬁ%%l purfip, t1ﬂep§1@ﬁ'8%eﬂiﬁn%f tHeh %uﬁ%PQﬁf%c@Qi F?\%\ﬁ&'ds the

0 dep03|t in ratios which are general rent
cathodey Pén%iﬁ]@ loghnnltc opreh. ahdvangngenushy eonposet agnstwm of the
electrol}gd Q&htﬁﬂaﬂ%ﬁg tSwengrlll TobM! ddi%e ﬁ"a’?loyc?f' t%enIglefc'al 9985 in

each cation in solut ogressivel'y reaches
solutiors wathin rraesrtdinownge nafi apooprieteavalciee rensetingra pbefect dighode

between the concentrations of the single
platmgé?&egits stay constant over tine. This inplies that

An evdrh e?nep@eeffétftlv(él syeleui | N the phepsRt alf Gabli@Meng WHeC tine’cal
con3|(ggéed to be produced at the  anode, eq uaI s the

Comenfgaﬁbf’éﬁ B SARHER: 7BV nECOH| BMS 18ihe ArHECiahRoduction of
hydrogélih liene aNahé i@fhd Hrubhbe dﬁ“%sﬁh@{sﬁlﬁ‘g‘édngn&omeatz%%he and

ctions that decrease the cathode™deposition
thereoné@ qage@ Bygaseonh dopnatlionthip eodesssuitahle rasans oonsists of an

T
soluble @i IlnSCﬂEb](@Stﬂ‘tpfmdlngtdileﬂ”%bithckéle\l\iﬂsm, telmel wéidledbs connected in
pcsc TR 35, i RS ERRL BT e B

H* ions gast]em ssmbydimbenas tHuse plietdetdDoneS tlﬁzaé‘aeﬁ?’ée bxdreR8skd in
n_conposition

I
sescous R By e e Ry S SOk ot g

the ano@éei théBmbindddieb& Nt SelARd TR Qﬂbﬂfsa%’rl&@ ' @&%tant the
roportlons If not corrected, this phenonen

Concentfa?éltoalaq fithe Faigas i sokssion: pash thereforkiale ﬁwtpﬂammbﬁr thietdof.
From a Pfﬁ&t@i@éﬁ@bﬂgﬁcﬁh’c $AS Luflehf E}Pit;rﬁﬁétoﬁo@%r&tl%}é ;}E(!?rgxﬂgnsatmg

cohcentration r I 0S anong
anode isexperinggretally sietetminadtier mzeeshfmryg thad eathoilo efidighty wihies o
obt ai n . Thi s

d pl
current %t%]f}%% c;ﬁsblkgg %‘ge?%ﬂ?@bs gl %?‘ﬁfg ‘rfg ‘g’% 2 ofgppgnsating

anode lmhgttnmn ingirtad i ion tlfi@aéléctrcﬁ%/ﬂg @blﬁgagr { (ﬁé’cﬁ@ge p?ﬂhﬁleﬂcy is
lrecte owar ds e

messus L5 SUbSIoaY! 8, LISoutL el Focted tovards the
partlculztﬁt E}ﬁﬁ%aﬁﬂiﬁhgttlh@ E!n?%fsesi BPtk%'t aﬁﬁ{c%’ega#]ﬂ% lf'é:tthﬁﬁta Yh 'o?fiela%én%\i\ﬁlate
the dlffergnceegeﬁ)m}eeg the %1§gercr?12§segls£(?lved from the anode and the smaller
mass deposited on the cathode. This mass difference is directly related to the
electric current used in the solution for discharging the H* ions onto the cathode,
which does not translate into 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,
i.e. 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

10
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solution wthin a certain range of appropriate val ues
ensuring a perfect cathode plating process. An even
worne/oef2bect i ve systemto the purpose of preveP@T/IRpOed®2612
metal concentrations in solution fromgrow ng over
time is the artificial production of hydrogen ions in
the sane nunber as those di scharged onto the cathode

metalde?&g t}%egu%&trel eased in gaseous form To this end, a
t € neahs consists of an auxiliary anode,

Electrodbsanmi‘etcffrgraphﬁe og dob Dy Ifmgaliablgfdid a9 kﬂmﬂbas ddh E\ns{]@ﬂmg
ither,soluble or,insoluble depen at
anodes, Wiich G AdTAM AP Y bedgr deper Y Bﬂ%%% & hagh po

At the éiﬁi lof %ﬂ&ﬁﬁunﬁﬁ@eﬁ@cﬁ'ciﬂ @Re Qbsérdedof ‘aﬁ?e}ﬂ&f&%itﬁgré%l@ﬁgﬁs,' the
gener at e ions in the same nunber as those

cathode éﬁﬁeﬁapgéﬂe% of thesinglerpelelsis@qpal, éagaabpalugasersgsto the
anode dfs%l@tlol?ly tﬁegﬁb Nohd % Q&Pﬁ%ﬁ% %aféf{cﬁgrgs'w il Watkn the process

npensa n_current romthe ano in the man
is carrlecél @gt i bmdlbenawf gzﬁwsdlychwgem mellee@p tlamanscocémtcutzrmts of the

n_sol
metals WRTREREREH Pl Bleil SGnOHin S0TenR ap Rk R icent wjen
is the samiedopall Kzieméﬂite ’Ehki! depbsmbatof the ‘Smfglle)mdi'ls ouigihstillheke place

sccorarfERRRILIC AN L csper el el Ly et BY .

cond1t10h rﬁfebﬂbh&’edf M drD Wil R ORP@RRh RlleABOEC0 be epremrﬁéa in
he conpensating anode_ bei'ng not inserted in the

Partlculaér g congttion 1§@cepnmilsh@éthyw@uémmg chehath addirdowr salue
which isP¥ot"RY Bi%‘h, Rgdt @ﬁoﬁgﬁ %ggﬁﬁﬁoﬁ Ut tRle SRR ah#i?ﬁj] by

interval,” in partic suring the nasses o
us1ngcomp§a@eafamgian@d¢sode in or der to calculate the di ffer ence
di ssol v fromt
The taidff G 1P 28050 aface SR b oA el the
concentrdtibf entos ef itlse ojhlertalcidrgs toebeaprded tn tsthtﬁineﬁb lld)l@géi‘LUHaﬁgEs,

sol.uti.o char in H+ i ops onto
the Solufe%seb%i?a@maﬂ ot WseCtumbp Tt Py 6n fe Gerrechput
The traisi@pQgithod ORC RIS AE 2Rl thPiated WitRHhe A% HREWhich the
cal’cul at ed, the conpensating anode is di mensioned wth

wanted aflpyevdlhavetq depedibnce such that the exact

Subsequ&‘?ﬂ'?egﬁ?ﬁtbﬂﬂalcﬂiff&@hcé“aﬂo fﬁgﬂﬁ@@{ éﬁ%déﬁn%& 9aR2hich is

current that i s use
preferablji sd¢nticgl rtg thak udedi onsharrhitingt staigel imepphied mteebe the

e dissolution of netals fromthe anode.
anOdearﬁﬁ%,J glﬁl%&eéjt he conpensati on anode has been di nensi oned

Preferab]q»s thi@ptaltir*getdethdtbacs:xbsdﬁ@ 1o thb ieeritiorcierdiplemestethefte the
he anodi c 2] di ssol ut c rrent is equal to the

following JFRRT AT S ieéht

- 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 Ecenp at which the galvanic bath must operate
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
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El ectrodes nmade of graphite or coal may preferably be
enpl oyed as conpensati ng anodes, which can

wa@eaniageously be used in any type of gal vani BCHE2008/002612

At the end of a training period, in the absence of any
parasitic reactions, the 5 cathode deposition speeds
of the single netals is equal, in an absol ute sense,

) to the anode _di ssol ution, speeds d the solution_is
differendsaptadih He HETH 2R Vil Pacles 3t e wartelp e the the

value ofC@RAbAIOPS1RNtia) FBEOUPCENHIPBE NNERLERS Grad 2 NAGb&rticular
currents of the netals will be higher “t han t'heir

accordinggfiohprgiset mererannts, vatibildisnagcedainedo by fusing dmonn oretheds,
rq: alql . 0Si+1 i. .
that all th 3 RRPH SOUAUeRfRAETRRY BroslPuf BRONIANEN @ dlioBurpose, a
solution tdafled dftdamlaisolutiom” visi gded, viebichvinthudes dilb glen elephass eaf the
I n, an a the condition of b nced sol uti.pn
bath exgpt AEER IS shiife TR P8 % oYL B r P Rty the anode
dissolutipg_rvtrith%@thmlé%ﬁs)ﬁond! tionis accoln'pl i sh_edhb_y
. adj usti ath acidity to a val ue whi is not too
- it @ﬁ*ﬁ%ﬁ%ﬁﬁgh@w poslle GRS RIBA frioq Fetd fszc’ilaﬁn to
the elec@Bdep&YitibY o1, g CRIREBAS BdHeBAOMEE Y fhOtHENafdreAldNdGed
stage ends as soon as a stationary situation is

examplegde hi eved, wherein the concentration ratios of the

. | T (] . _
R i e R L
preparedstiagermarwf bprapsity iaed tyye. of Taweds, raviomplegingaa deode aind dalis rof

metts PGNP BECTI] IO TG A e o o

predefinpétvaiid;al di fference also followi ng a predefined |aw,
which is preferably identical to that used in the
- thergalyepy 5@@@&3 & éﬁM St AGWGERPRIFS AfeIEngh dot eown
procedufed} hode. Preferably, the plating nethod according to
he invention is inplenented after the foll ow ng

t
- thgragiodig arad yathodisstrrateenteefrthe baph i isaplementediby subjecting

I hi.on, of e [,S (an i .
e anoff BRSO AGRAN OSSR, LB, i
particulazobpomsng sthecelberplyst déd omtes tohevoat hogecoritamination; said

opersiof g L A BB TR S BELESEDETL 2

- a pairenticathodiefi$ fiserted ikaeite thnRl whi ch the gal vanic

The clecBIYUS foll S o 1 R HBRE WEbals VESBedI His afignger before
starting the cathode plating process for the wanted alloy, which is typically
implemented by following the method described above, which comprises the
following steps:

a) applying a potential difference between the anode and the cathode in the
galvanic bath according to a predefined law, e.g. the above-mentioned law (1),
which includes periods wherein the applied potential difference is only equal to
the basic potential difference and other periods wherein a pulse having a
predefined width is added to said basic potential difference, e.g. 50% of the basic
potential difference, as shown in example 1 below;

b) verifying the achievement of a condition in which the concentration ratios

of the metal jons to be plated in the solution do not change over time, the
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the range of el ectrochem cal potentials of the
el ements to be plated (e.g. the potential of chrone Cr

WO poobiaseed | oy plating, with reference to the fRCT/B0BY02612

exanple 1) is taken as a reference and used as a

m ni mum basi ¢ potential difference at which the first
attenpt will be nmade. If no current flows, then t he
val ue of the basic potenti al Qlffergnce W||

be

condition petgheenagh asiuzrlapiced pobatien cularwher ot df mpstiblpeseart

plating tﬁ@Wa fmce'tal%frﬁ ositior;S ascertained, by using known
hods, that all the 'wanted anodic el ements are

c) @rte@cémg ithe tthaingng wathwdle( frome hihs galveoie bath Bndolinseridng

thereinto % ?]?oedr%g ln gﬁn? Q) ﬁ; 'vgﬂ‘g]ﬁ tgl)egaép WPaI Spo%%l %c?&c*fhtgil;eously

keeping ﬂfeﬂ sanv@lathi fotentid]l diffesagy ak on Vee pf@vmﬂmastaps;d e

9 e e beelRen b UEane? fitdrane HR Gl AR I, has

completeuF@ ahBEoLhetahsleaesdditedbitBehe @athodeeact i ons bet ween
in the afqrenmenti oned LO exanple 1; based on the

In the pa%@% GeREERtIORN ey Erpanicathoske r%%bsg@wﬁllysrefers to any
conductl{;?tcﬁ'r ﬁéﬁﬁéna{lfé?@é SRALRHe b clcBhdTR ?ﬁtoqmﬂ [ %ﬂ@gt%oﬁe
acl ds, conplexing agents and salts of netals t
obtainedphdhegroesss tist bepdatpéh of the el ectrolytic solution is
In the acﬁﬁéﬁﬁgéeoq*st ats% Whé& 1%%' n oqn }éérﬁgi&ga%%%(%% hse ug%vag‘[] 'aadﬁ%r{}ﬂ
step is alpo dopiimestedtfoe ganm’itmgdﬁﬂ i@t imothie dattIn ekﬁ‘cﬂalyttlcoéolhhen in

bat h.is i npl ement ed by, supjectin the e and. t he
the same G s oRT KTESHL oL TGE CRgofraRr Fyctpe: i Peous
form, takifigPeled hectsddryd¥ompeRshtidie ceeat HRIni! @el Anddcdas dx@lained
avol d any confam nation; said O operations take place
above. jp separate baths for the anode and the cathode; a
. [ t IS4l r
With. refefdied @1e(5 B afip 'R PRAFT, SRS peBfco e albRe and, the
cathode isrset mcerdmgt@rthbebovedescacmedwgredimem@ay Brlzepe pI at i ng

In their Erac 18%3‘916{1&&%en%?t\{\$n25%9% &reﬁ%ﬁn&%&h é%ecg otentlal
dlfferencwhba lpp hﬁﬁrb@a&ehhhe&ﬁcﬁid aw:in@esta&hsde aby al;amhyg rfgom an

nce .bet ween and ode

di ff er
initial pPRHERL OSEF%WF Ve rCRRED o (sSraPe et e qrdid, beine
increasec@ufltil bii@eAPEY&T AR hAARH thaWdrtbd elements dissolving from the

anode is verified. The attainment of such a condition determines the value of the
basic potential difference to be applied to the galvanic bath. Also, the potential
difference variation law over time must be such to ensure optimum dissolution
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
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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whi ch includes periods wherein the applied potenti al
difference is only equal to the basic potenti al

waledopesence and ot her periods wherein a pul se PEIIB20802612

>0 predefined width is added to said basic potenti al
difference, e.g. 50% of the basic potenti al
dlfference as shown in exarrpl e 1 below, b) verifying
e achieve t of_ a_condi n in which. the i
between it SIS ENAnIeatAtBadE MR FS Q% tirge pecpnding doi the

same la @ theldHel @ediRrNAk ;ﬁ‘géﬁ% AMBferick 'Hi)plfeﬁe&l‘i’ﬁﬁg tthé’ @ralmng

bei ng naned as "bal ed solution” .
stage. Howegiepl ethes lawarmap 2lso g %}hléll%ﬁﬂ@wgréte@l c) dlfferent from
sition; c) extracting the training cathode from
those Ofﬁ‘%gpdgm vani c bath and inserting thereinto a cathodic
If nevertieiass orenstwowldi whnt, hburdahg step s) 00 thike m&sthbd, to carry out the

R T TR AT SR AT DN

e.g. by ushey @rc&ﬂﬁ‘nlt ﬁ;%dh@ﬁﬂﬁéﬁ tal bdidddeiced ¢ hvsuithd lthé Peeviously
al | oy ﬂ npl etely an/ or as wanted e03|ted ont o

imposed, piehtinhgiféeTenss, G WsTRd ap kiEQ SPPpide e ik tigr igrms of

plating re3afith Qelics RN I fa@EBRIcal du¥rdifil 187 R1dted QBVC&QQQHQM)]?@ and
or sem conductive structure or elenent onto which

potentiah|diffgrensepdt .ig appatientothah ame ipeistonsal medifisation a@fe@ny

pecamert {05, SRS R0, WSO 0 HIZRER 0o
over th«g emadioatin ngyefghti end dapbmaohaumfetmmyr @If ythiec nsetblutel@nents
depositing G SREH PR SIS W AS LRI oIy frmologies.

This riskn@eReséy Wittod@ssstidn eiiclkntss i, afs [t Passes l’éﬁﬁrﬁl%’iﬁhe plating
expl ai ned 5 above. Wth reference to step a)

Process-potential difference between the anode and the cathode

Due to thS aB&¥e ?é‘a%@fxéj'ﬂf‘% e&@ﬁt @Q@Yﬁs @xﬁiﬁyﬂa‘?@ &Ryl EB BAp¥ement
steps. In their p ctlca i npl emént at i 'on, said

the platipgemetharhrgcarding te éh@ iipeenticn, te ipopesst & aqot@tmaledléﬁec@ce

betweentEﬁe %E{Bhb %?Ldbcﬁte\%% 6f ! mtp@%%?vﬁpg r}?% ?&c%traﬁ‘%r é)ﬁ% 1ned

law, i.e. tmoxﬂyra:oasrodiﬁsls eidvedc fatwe, andil eovatheebbidi peyaietereas ed
in partici i< P %E*r%ﬁ#&?y&o?%%fiﬁcﬁvgﬁes“sﬁﬁ oBaitef R tn

- control Bf aéi:@@ﬂﬁpl@shéﬂn dirouph dethar thareprédeeibealther af prdvet kgﬁﬁéﬁnal

potential difference to be applied to the alvanlc )
differendgqish 1o Resaprlied hsbween ithe an A e, eathadle dAr | thgy entire

plating (Y68&ss! WHCHUIul@StRsé SufBSHLE ARLEH Glad SRIMYE Rk it
difficult to control the plating and the bath phenomena generating therefrom.

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
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
agents at a certain pH value, ie. with no metal salts dissolved in ionic form.

Advantageously, by using only acids and suitable complexing agents it is possible
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.5 and deposition, respectively fromthe anode and
onto the cathode, of the netal elenents that make up

W@ b@oakd20e) t o be deposited. Advant ageously, i nPQEM20¢H/002612

terns the | aw above described is excellent fromthis
point of view as well. Wen, during step d), the
applied potential difference stays constant over tine,
.the,electrolytjc. solutipon wll he saturated and
to obtairy 4 depostion i of By 06 there BaiE e b et boRcel ofmgtal

salts; alsé i€ pfahates mbtlall sbialbdlityl ace on the cathode, in
particular in the very sane proportions in weight as

According, i aneshies iRpristiaspeatneidée presenteinygBten; theacayrelmreer
Rrefer )id Sof |
the coniEEra ey Snedl B i Bel IReh AL B PR, fofeos
definitely gutnsdeuintt bh of ainyssingpentandenthaacivopdpngrit systéras.shanfact,
one,used for ntjal differe .
e carn i @R IE RS AR IS BELST VRSS9 v
concentrafigns| whidbe heiplei éd domdtagt steiprodal datidr gaterhteorourrent
. . th?se q_fg ste‘fc) {J}Zf‘.f‘ | f neverthel ess one should want,
intensity fafips whigh gregoristantias Wellhod, to carry out the plating
ThereforB] €&espstedBhd GABEHRN he@HB RN to CROTRAINHAS pher b HReself-
. se by the prior art), e.g. by using a current val ue
consistenjn}-¢ fthe gial vnig datiches slt-Fiusaiompreprstios &yt 9f absolute
satue o EOBSSCIBRIET e Sl XS 0 MRkl Sy o
mutually refeted| throagh, thei mees peremtagassdemisiiiagl ondo the cathode. In
cancegnt [.on nd.potential difference, it is. ..
other w AT DA Ea oS RRNER: B ofisoif AR poprdhl ifference
imposedietaret eisanddeaind tige tdthode anitih ¢ reactassthspnlodynapliy and
the risk of |osing.control over the ratio in weight
clectrochgficgldialines FARATIGT ATYes FE el e s and cathode
depositisleBpsdds BYafPtEmbhRr @Lhadbe] MY lved. INYarB8ulak, when the
happens w t h” known technol ogi es. This risk increases
anode adijaragRopeli Provdenthasrane compesitipn iy weighi s ébe glipy g be
. h i . el , i i
depoic, L BOMLPTO e UMD AL Pl e
anode complatélat disgolves Hodsautiondilng pootidéng rike greamst twss flow
supol I npose a potential difference between the anode and
PPY: t he cathode of the gal vani ¢ bath according to a
After a cprieftefinrefdohrastari-up, with thelsysteanhdclrdiny ® @ledavehion in a
) featrlg]ie, and no_other bath yar aneter. In particular,
stationary ONGIREN LSNP IPRETERGESBEY 57 SEBSST Hrerion{q areniration of
the meta@ob SRt &indc @R hab SeRBCAMPbARRE akidn@UHB vArious
| aw t hat, prescribes"that a preset potenti al
ratios thereof which remain constant over time (balanced solution condition), nor
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
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,
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difference is to be applied between the anode and the
cathode for the entire plating process, which woul d

wordenrizéee suffer fromtransi ents that woul d nRKEIB2008/002612

difficult to control the plating and the bath

phenonena generating therefrom In summary, when the

el ectrolytic solution is in balanced conditions, the

galvanlc bath reaches_a rati o anong the _concentrations
any depegitioneofsinppaties ongm shefcathasdenist sicsesssulle preyertedniviiph

might h'a%e Sﬁﬁf&k/%u‘f’éllﬁé Effﬁ@c sapf W cfﬂleﬁapff&ﬁa e, f @fecﬁjogﬁdg?%tm

oy untr| anode 1s conplete I ssolve
properu@sm:fcthep@.ta@aﬂogol uble one. It is also cI ear that t he

oi ce. pof the Niqt conc ntratlon t
In accoria(ﬂcS 8]& tla% anet mg efath-le négerb Q4 ™) 5%51 gfo ga% ? eﬂ qnto
the catHoriet Q;Veﬁclb eelﬁcuiolytmol @iended | @Tnpflsitrigeftlhiet hfgnlhted
si.nce e I ni sol,ution consj st of aci ds
concentrafigns, h’% éﬁtr&af&fi B BY (358 pige Uﬁq’qe gnogleg, ongethe
solut1on§ﬁa&@%>%ve?ﬁ’cd Be @aﬁ@eﬁe Fidﬂﬂe\}éi‘n‘c}{é b@fcBme will not be wholly
dvant ageousl ¥lﬁUSI ng aci ds and suit abl

SatleaCtQ,i‘éfn‘i’Neéxﬁlfﬁgf dg@ rost tpnogrfpiss@a Wat@tl@nt%f ﬂﬁeamGéﬁ}ic}i@fﬂpﬁé AR
solutlon,\r/r%'tsg tﬂfgaﬁp éc_)ﬁ)lfl: oEPBélgnEQ%Efaho% Wl’oﬁt&m%f ﬁ‘battyahﬁ’? kns@luble

ronotes netal sol
anodes, iAds:nmd:hmore)dﬁﬁou}teto plartpedi’nicémllcg;sb@rers whileres the eg@rttime

ention tr ent,ratj on of the
preservifd M4y b Bief R e S e oS T AN Dot s B
In conch@t&éxh mhbqimsémrlmeﬁubnh@ shecesbfulriin @btainpos, tande: tdthode f
rt s %]i’tr'ﬁ Infact t he lﬁurrl ED’% geﬂerated in.
the galv%lﬁé ARt mstalgiragiare pattislaRly drea Hem, impygiies
and haV1‘f'1 RERAN drtrh &bt CRarRedridics 'wh IS4 R_hubR %hﬁéﬁ@fv\{o those
ti 0S, gener ate current int enS| téyr at i os which are

of an anaé@g@usmﬁucégrm@buamemWQﬂghé themaokpysragpaAersiet hod
It also aﬁg%rt%' Qgtatu? ! Efargb nIYL?l{JlB P LA a%l%ﬁp %a%?%n% m different

consi stent, vanlc as se ration
composmonrpm twcﬁght newe@r tfmsefwhﬁélotaxtr@t\kael okmindd d:xyr tlreanmeans of

ensi t f.th nglectlo and of the, rati
thermof il el JHEiertiory B be oot PR thaasnew
metallurgyi,r conkistag dxfpmethl rnglcgmt avithe éﬁielﬁ@&ig%s lin e¥dight never

dgﬁ the system el ectrocherni cal l'y evol ves through a
implemegég §fO%- i ference i nposed between the anode and the

Furthem@@fehg&e 1ol pfdcegseﬁma@ Pldkel ﬁea H&B’é‘cﬁﬁcﬁ&l@ affbrhatic manner

el ectrochem cal bal ance state which ensures equal
after the sredniagdtagsol-at Wik rmoeeheohedinigyshi moswtosiesdhe procegsyin

order togcﬁgﬁ%é glgev%g-ﬁh Hﬂrﬁkteﬁ@\llﬂhﬂ%dthe lggﬁtc'ﬁk!{lﬂfds mn 1Heche

ant ageously prov e same composition’in
art. wei ght as the aIon to be deposited, it is possible to

Further %E]Iec is,n 0198180 (fva%tggésngf N C%Qseesﬁ SR BREBYSS it 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
basic components listed in Table 1, is to be obtained on the cathode of a galvanic
bath.
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anode conpletely dissolves in solution, thus providing
the greatest mass flow -0 supply. After a certain tine
WO p@pis266 t - up, With the system accordi ng to tPET/IB2008/002612
invention in a stationary condition, it is no |onger
necessary to correct the ionic concentration of the
nmetals to be plated, since the system has reached a

bal a 1 ar bOUS_ I at. oS ere0 | remain
02 aRfiSy ADRInE "M bOUS W EERCEMA ‘i/e;iw&gﬁw), oy

‘Dvn—wrrvvu

.5 the ptatlng prOCeSSZOSQUIreS any oRRAgr adj ustnents.
The platlng System and net hod accordi ng_to the
Lrposed

i nventi olk® wherejn a potential differ e is il
bet ween Nﬁp anode and t@@ cat hode of qb@ galval
bath,—advantageousty attows—to setect—the—cationi c

speci es e be deposited’énto the cath@dd, because the
appl i ed tential diff nce representspan act hal
energy—>0—barri-er—whi-ch-cannotbe crossed by—¢ertain
species.bﬁhls adyant ageRerahiniag Noissweiplpr event |t he
formation of conpounds having a hi gh oxi dation nunber,
whi ch woul d otherwise interfere in several ways with
The initiah@I&@lIPN CoRBditaed dfhghePbaAvbAR BAAC @SS, it§ dectlitdeand
chr omat €5, nanganates or. Fe3+ based _conpounds.
physical pgrathelierrorte, thage shapusiin thpidiowingrabie @ onto t he
cat hode |s successfully prevented, which nm ght have

s A nffant o An + I~ £, I; alhan Aar
|1T a’VU’UITlUT e—ertectSohtner+iar—frecnattc—ot

dEQbmnmﬁhghaKunppmumwwtles of {the platgd alloy. In
Or th the thod of t he inver}ion, a net al

51 Ng

aﬂgxmgpbyilc solutlons conprlalng t he @t ed
concentratrions of the metals o be plrated and Dy |using
iNidp bR anodes, once the sollutions h e provenlto be
b‘%ﬁ(ngcqg However, the outconﬁh vvi I ncgg(pe whol |y

sat Iﬁl actot y uvtel -t I—Ilbﬁ, Uutc 1 l—llbﬁpTU'gl CDDI veE

dkﬁaﬁﬂﬂibn of the metal cations in sol iion, resulting

If@?& on alanevarlatlond. It foll vvsthat, W th

S+t —s—mich-nmpre dirrficult to

pHale thICk aIon | ayers while at the s@ne tine

ﬁégierg g the pure crystarrine structure of the
A material. In conclusion, theH:T 89ent

|1§1%ﬁ|154rgﬁlelt§rssuccessful i n obt al nh{&sufga{,gﬁlecat hode

Ol 111 gdl valrr T Ddat1r, —a Ilwb—[ atHtnenetat—struct r e

phempewtard v free fron1|gpur|t|es agd Hl"ag excel | ent
E&Qﬁ%t&ﬁhﬁ&ﬁfe@%&rﬁﬁ' cs V\/rl ch ar m{)c{} superijor to

ueture o inLnor*l fhrnllgh a

OO U T o

t Wed thodfqsuised Epsioc ess. 50% of Ecenp
Pulse time constant 7 0.23
Anode/cathode surface ratio >25

The potential difference law imposed on the galvanic bath has a pulsed nature and

follows the time law (1) as described above, i.e.:

Eca =ECell,b for n(t, +’£2)<1'.<(1’1+1)t1 +nt,
Ecy =EBcap TAEqy  for m+1)t, +nt, <t<(m+1) (t; +t,)
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It also allows to obtain a | arge nunber of neta
al l oys having many different conpositions in weight,
We@ @/ 0¥f206e whi ch cannot be obtai ned by the neRCEIR2008/002612

t her nof ormi ng techni ques. The invention therefore

opens the path to a new netallurgy, consisting of

nmetal alloys with percentages in wei ght never 0

i, mpl. enment e ore. thernnr the p cess,
Said laWthé‘ﬁé?§%l g‘ Brffoé as%@ ﬁﬂ%]i ﬁoy%&ﬁrﬁﬂ:ﬁt‘* lﬁﬁﬁrﬁg t1gfp§%t,mg
process, inbRidiAg kM 8uBbAGfiningpertddh no need of continuously

nmonitoring the process in order to change the bath

In this expanpleetle galviamic kath repiays anianodit BleEORsdRNbe dissplyed,
which is ?‘[?tde of hE Hﬁﬁl@ &ito gbcisetﬁE% eftS ?)E l&eﬁésﬂ&? oﬁf’d’ au caagﬁéd%gnd in

resent 1 nvention w apparent from
the exact qplelrmmtwsd gt avéiglit, das qxammlan abftaisedeby r dieemogermimgt or

casting. 7145 By b0t viRERe S8 SP T s i B S Rl falE Ry
of chrom@lf[d aahiten Fe/het precesshass Trictpiemnite hnd H‘?’c B rdspletive
e cat a. gal.yani c

, IS to_be, obtained od
Complex%gt%eﬂ;?e Hogictac aélaeE%‘ng?ﬁf énéz‘ﬁﬁfg*%{q%ﬁ ffid aggnecessary

to obtamgagél‘{%'l&e BetHe éi@éjcré gﬁc QbREIdH Io@eraRsn DB q‘h@%ﬂaﬁng process
ameters are shown in the foll ow ng

has beenwrlpétceﬁt bsalfoléwwr@ e stepavd) i-nhosk the metthed 99é| wmce,usly

descrlbecgg)tbgaes g% @é glijgglgv eIE] ?th\é{éfamﬁﬂ‘g)é e é}yﬁsnﬁ&g of Hégté 1%‘9’ }{%ﬁng

excellentiputity apdfroecl{aniedl s)rehlgthbelna\ﬁouts <( n +l ) ( t +

By folloydtl Tis GrlS PR oiroBt ol RTRg o Biseoloseln Edsy” of B8

been possiblet t@rplhtedian Irﬁ@ap eiliogd hatih hﬂsS nexXFRk esixt Hﬁtmct metal
gal vani c gg ny s an ano I.C electro to be
componegts & Syt BAT RAVEY eﬁ:m 4Sing a4y Vé% teqhgolpgy-

Example20 be deposited onto the cat hode and in the exact
percentages in weight, in artlcular obt ai ned by

This exampke relftes t afronzecalkay G%A ns ferihdogie @@th:@frlom&a ghe exact
I ] 1 t
composr%?ﬁ gg ?\g}.}gﬁ 8:219 ?ﬁ%ﬂ.drhﬁ&'c_ie%?ﬁ tsﬁ@@%?ft% Pl f(')lﬂ)npﬁ{gt TS A lists

iron ess uses
the componeett$ af dhangaiwamiadoddlli anchshe esees: 0f ¢he elutex ipagameters
1 dtﬁge nts, boric acid as a pH buffer, and hydrochloric
applied thExeto:as necessary to obtain a pH val ue of the
el ectrolytic solution |Iower than 0.5. The plating

PEQRamic bath composition g/l
Tin fluoborate (II) 150
Copper fluoborate (II) 40
TEA 100
Fluoboric acid 100
Boric acid 30
Hydrochloric acid topH1-05
Bath parameters
Temperature 15-50°C
Basic potential difference Ecap 05V
Width of pulse AEce 70% of Ecenp
Pulse time constant 7 0.23
Anode/ cathode surface ratio >3
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has been carried out by followng the steps a) - d) of
the nmet hod as previously described, obtaining on a

W@ 200b0¢i266 net al matrix the deposition of HastePCDIB2008/002612

havi ng excellent purity and nechani cal strength
behavi ours. By follow ng the gal vani c technol ogy
according to the present invention it has been

ble .t W i

In the abfy S ppadec ety Medhifinanit end btk sadart uhed Fhavisd todafrer

the pH of &t @wﬁoﬁxés USEINEs 8 UKAPNSMPRETHLD %Yts oExaﬁm and cHpipsr
for

exanple relates tg a bronze aIIo (
Cu. An anedxs(ﬁleesf@rq,dearpadp Cathesame b@%{q}’ f@d@ﬁp%éﬁatneéirﬂswed

The poteiﬁﬂ%f@lf% | < gﬂ?l@ﬂletr{t%ﬁ Aw %bg?!ac'i ¢ fdfe bé[ﬁﬁs 18[3119 IQQ the

he conponent s al vani ¢ bat
one illustrhedvial dbe pmécetdmg ekenplé, anglait aﬁhkewssaamheeﬂdfor the entlre

tozl.a the ve-detail ed bath, fluoboric acid and
duratlony]&rtg éatép%%et %‘gd in order to Iovver the pH of the
Among thelpatiltaritiss ovedhlis bathi theaeithade neady exbegsaged tistocthetbiath

n and copper Cu nodi c, el ectrqde made, of the sa
under valfogiy ke B T BIbHREF mee s TeBaer evpis ariirenta,

non-adh&hﬁg 8E55K580h BPLE pg@it@mp&eﬁathappl ied to the bath is
dentical to the one illustrated for_the preceding

It is clearetl@ﬁm@y ghanges may |heaads dydephnisigns skiltesbrethy 9 the

metal allgz g)?efth%] };,F |tglf§l Jix?f xxﬁe%tﬂ& %&ﬁtnllﬂé Calﬁrﬁﬁ%nhggl 7S desc%lbed in

the appemtﬂsdr tleting;nitoalsh e:ltf&t thaimnhetha/ piracitge] 1mpéementatthm of the
1nventlorb?1é(? i‘:l%%ﬁtsﬁi d%gﬂo éla% ave O%g%{éesrl{tfﬁhaa%% orabe reé?laced with

other techﬂi@play edquivaldritrelerdents. i S cI ear that many changes may
made b echniciagns skilled.in the, ar
For examgiipo) TBFEL PHGY oGRSt BT aMABHEE T Pealebrl R (e FRode of a
1 ILAMERY LQThASs bEES MHilIeEoPrishea pRRRMNEE8f sblaibisa d)de ahs@e
gavamcc ea?}thatga?n the practi Eall |er1'rpl emaﬁfatl on of n i

of singlejmgtalst ioobe pladed] prueh aliiesdthgreati whereip thavatigns pé fﬂéwﬂoy
to be d«gﬁ%ﬂ@a BhtP % £ epliRGad éﬁ"gt el ﬂf&ﬁh ghapl rﬁéd]e dissolving

val ent e enents or exanp a nmeta | oy can
separatelg(dvant ageously be plated onto the cat hode of a

e VAR PGy P08, AR SRR S8 s 2 i
shows a b€l plleitedmprisefa ainkoy Boﬁtbﬁﬁﬁgfa bath & i@ Whichetv&ahm@nhes 4a,
i s oGRS B LSS OR 0, LU ERLOOHE i
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
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
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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Q An exanple of such a variant wll now be descri bed

wth reference to Fig. 2, which shows a cell 1 that
w@orpoiees a tank 2 containing a bath 3 in whiR¢T/IB2008/002612

anodes 4a, 4b and one cathode 5 are inmmersed. The

anodes 4a, 4b are electrically connected in parall el

to an electric circuit 60 fitted with nmeans 61 for

tn addi Bl ol PEnnd Ao Oy a2 Ral R fRbH e dato

between] E‘leﬁaarwddc_rh 4&311?&&%:'6‘ a}hﬂe tlseamatmle n§1l11fihcea€oft fee daitharhereby
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lmprow%&laee f%SBﬁ%’f%Eh a£ Ffﬁfgam in solnHeNeNCERASG teft%%or&eﬁéqaﬂon
in soluti8f QﬁebheV%'sﬁQctWEﬂtsf 88dlthub he @@@;ﬂécﬁ% ABPRS1dnS tardiCthe
anodes t hehsel ves. Advant ageous hi s vari ant
cathode, ginghingressingribesivesald ptfectty eagesipfcthy |e@§1@¢ @ﬂatmg PYasEss s
f 0
A furthe?vdrYdrtYofSt é{ég%ﬁfﬁg %}L térﬂhérgi lﬁtzétﬁBd e?ch?c‘ﬁn ajcﬂe ﬁﬁf&hﬁon

obtai n prede nposi t1ons n cat

includes adnleanys ;ﬁd)mpumxjymgrﬁms isaliima solm;hou:h wigengonimisesamekemple,
t .of an

b | ) )
pumping ffea8 R ic byl ad e lorly e Bt R i B bifisdbate in

the agitagionesfahk Riedhs msbmoﬁl ha-trmgcm:uﬂétemt ﬁuﬂ‘d%orﬁ@@ﬁoﬁ%ﬂh a
ﬁ fnen of t? 1o P ]E gted In addltHH?
wall on {he fechivolyids sgllsige up <Fr1a§7 3ot Roiem Aheisas v selefively
associateXith F8tdriey Abhi, bﬁH‘O@ﬁt@ tesﬁslﬁn QHE pUHAREBNARkahb Care
cat hodi ¢ surface of the ereby i nmprovi ng the
adapted dffos selleat ard ofilteh @nanzmégrltlﬁs sirpgsited, on ribechetiton of ethe
n t
clectroly AR TERTHASY EBihJiSE Pk B cORGAGIRGH of it dihBae e
depositiompraass.ng the overal |l effectiveness of the entire
pl ati ng process. A further variant of the plating
system and net hod according to the invention includes
means for purifying the saline solution which
conprise, for exanple, punping nmeans, which may
advant ageously be the sanme ones that participate in
the agitation of the electrolytic solution, having an
inlet in fluid connection with a wall on the
el ectrolytic cell side, preferably the bottomthereof,
and sel ectively associated with filtering neans.
Advant ageously, said purification neans are adapted to
collect and filter any inpurities deposited on the
bottom of the electrolytic cell, thus elimnating any
risk of contam nation of the cathode all oy deposition
process. CLAIM5 1. System of plating netal alloys,
conprising: an electrolytic cell containing an
el ectrolytic solution (3) in which an anode
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(4, 4a,4b) and a cathode (5) are inmmersed, a plurality
of metal conponents of an alloy to be plated onto the

w@ ai0hodiess 5 t he anode (4, 4a, 4b) and t he cat hodeCT/B2008/002612

being electrically connected to neans (6,60) adapted
to apply a potential difference between said anode
(4, 4a, 4b) and sai d cathode (5), characterized in that

aid nmeans (6,60) adapted to apply a potenti al
———QSjCLAIM i fference between said cat hod_e (5) and said anode
1. Systerﬁ‘bfgﬁa rrtémoaﬂFo , ®h ﬁ&ﬂn di fference LO having a

val that chang s ove according to a predefined
an electrodyitic xel sygmf@mmgcé@r%leﬁgolvac ctarHPnR, ayhiclks sarg anode
(4’4a’4bt adaeéaltﬂsge @v}%lg ds&p at |east one stage in which

otentl erencé€ val ue changes over tine. 3.
a plurali’@ysft mntal aougratiengs ovarchlkinicdbe pladed ontstiakadtbodd, s a

acc i.ng,.to0 cla wher gi
the anocfh8 0] 4 e ot PLbe RERRC G Snbi R Gt B D)
adapted dof 4plens pebaysl difistacd batwder! baislt anade €4,204bR ahtr stid
me interval (ti) and then stays constant at a second
cathode (B4 ye for a second time interval (t ) . 5. System

characteASEPH thdt QicE h@édﬁs‘lﬁé O &k b?ecﬁ 2 daéﬁﬁgod" bo¥@ltie difference
greater than said fi val ue. em according to

bemeenaayd @ﬁtlmdm (P8 and enid, arwd@r @/%,@@u lanpem presentiy) edifferpnce

having iu QAR SRS LHERERRR B I R ARl P2 (O

2. Systerﬂt ataomdatg/ t@ oludirt 1,0wheseinchid peed efirerdelaw tcbmprises at least
congc ion rati of the of said.neta

one stagE SIS e FotebBht PRtsiincs Ybhd BaBlesaie” e & st em

3. Systerﬁp@@bddztg@ tbttrllaclhalz,rwﬂterem%1allawaala?pq@t@ﬂebneled I aw

rescripes t otenti| erence val ue, st YS

4. Systergoﬂ%qoaﬂtng tﬂ %Wgerﬁélh g PtﬁﬁI 3v1éw REgssHbes t 61185 the

potentla] aﬂfer&%cﬁayg dbhaBst 8f a $RLOvATRE abr GOTROBERE ttbfval (t) and
solution. 8. System according to any of the pr eceal

then stays| @nﬁ@ntméﬁqu%&alaeémé@l wqm@dtlm@wntﬁéﬁélr(@é on one or
5 SysefPRE AR SLane D ST LN B 9K PUAIE IARA g s
flrstvaluarf the sol ution (3) pH of the solution (3)

t ureg of t o) con ration.
6. Systerhepireraing & Sty of Rlt@oriels: kikreif S3EE iy Shoiped thalhe
potentlalC ttﬁffgﬁertcéa betweers Uped pedthotie al® ahdt Beid nireydeaqeda db) is

tween the liquid of the elecirolytigc solution and
ehmmat@qe1 8S 8991 8¢ @ stationary condition is achieved wherein the concentration

ratios of the ions of said metal components in solution no longer change.

7. System, according to claim 1, wherein said predefined law prescribes that the
potential difference value stays constant for a time depending on the variation of
ions concentrations of said metal components in solution.

8. System, according to any of the preceding claims, wherein said predefined law
depends on one or more parameters selected from a group including: distance
between the cathode and the anode, agitation of the solution (3), pH of the
solution (3), temperature of the solution (3), concentration in the solution (3) of the
materials to be deposited, charge transfer superpotentials at the interfaces between
the liquid of the electrolytic solution and the cathode.

9. System, according to any of the preceding claims, wherein said metal
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9. System according to any of the preceding clains,
wherein said netal conponents conprise a plurality of

woreioal4ebenent s or conponents whi ch are preseneCT/IB29¢t/$2612
solution in ionic form 10. System according to any
of clainmse 1 to 9, wherein said anode (4) conprises at
| east sone of said metal conmponents. 11. System

accordln to c 10,, wherei.n the ano IS
compon§§E idtuBeine = Pl o el colfimeits b coragens Which are
presentmrs'aﬁ@sbmiozﬁﬂlbmctfbﬁh the anode (4) conprises all of
conpon Jfg‘gs to_be deposited onto the cat hode.

10. Systei@ aCS%‘S@B]th?éB’o? 1akms b t fe WhicaeiBdiaig aBrdp i¢) comprises at

leastsonQ@@fé’éiH%étéﬁgo poh&% the anode (4) has the sane in
nposition as the alloy to be obtained on the

11. Syste@ata@é@u@ilngzto chjmt Wnwheseiorthie ragtode (4nip agolulble gpeecedi ng
12, Syste ae{ @?rdﬁgacé %i:éh al i]tz ?:gxiap%:lte%?s o hrég t%?ﬂ&i%&f) §omtprhs]es all
of the mairab ommhlpogents to bHdi{;C&ﬂltB@ otlk@thg caikhedel n said

1. Sy SO 6 B BRI LY e e

has the safr&cmckwe%m k:amﬁosnrdaﬁ&same%u ec@ HaYolt@ifREi i e dAeRdife.
ying said sol ution , which are adapted to

14. Systegp| 4cRRRi B GOt rth 8riRFeFaHing |C¥a1@§, elarasterizag hqumﬁrlsmg
means fcﬁﬂla?ifa"tﬁ’l! yﬂlb‘él&%fdl tlélgolu%ﬁgﬁny according to any of the

cedi gcalms addi tion conprising at |east a
15. Syste@@cam@r@ngd@ 1 pgcesling chilva Wierenaeidt dectrolypiarsalution (3)

contains o%ljagﬂs%%(a]dcg)lrﬁnﬁ@(hnﬁ& gystem according to the

I'ng C terized in that said anodes
16. Systefd aacdbdiogrp ram‘yeofatlmlpremdmg chfinspthdrbeteainod & crmdpr sihg

mesns Q0BT T SRR 5 o G SRS g

impuritieh@ép ésﬁﬁn%@@ﬂﬁ@el@&@d@tﬂc%eﬂ conpensating anode for said
system 2 System  according to the precedi ng claim

17. Systegha?r%@?ff@ﬁng@damh of fhe Pseqeding flramsatddiy 1oawBaecq%Brlaﬁg at
least a se%bﬁata'h'o‘ae (€5) eﬁE@rFi‘Eﬁl 7 Hg&éé’t’@d in g@%’ﬂ ﬁ*]éjaéﬁ %‘h%g& é

erence I'S app | tween s e an

18. Syste@@rmﬁgémgn@ o greeceding clvipe whatdaterizarbdie that aendsmuies
) Byl S8 S Dol B SOab S BB
plated ox)allﬂ(uyatﬂnerenft hode. 21. System accor d| ng to the

19. Syste?n e%ggllc{] gg %o datin Wo 3 fé Q:h%?alc erized i t aatt Ith seacr(])g eanode isa
compensating anode for said system.

20. System, according to the preceding claim, characterized in that said
compensating anode has an electric resistance such that, when said potential
difference is applied between said cathode and said compensating anode, the
compensating anode is crossed by a preset current which is equal to the current
used for discharging H* ions being present in said solution onto the cathode.

21. System, according to the preceding claim, wherein said compensating anode
comprises graphite or coal.

22, System, according to the preceding claim, wherein said compensating anode is
made of graphite or coal.

23. System, according to any of the preceding claims, characterized in that said
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conprises graphite or coal. 22. System according to
the preceding claim wherein said conpensating anode

wo gooamgiee©f graphite or coal. 23. System accoPCi/IBp0e8s#002612

any of the preceding clains, characterized in that
sai dcat hode conprises a conductive matrix from which
an el ectrof orned coating can be det ached 24. System

accor.di ng to.any of the precedi wherein.said

cathode GRRHSSS @ cpRAREt TS TR OB B Blech olhed Foins cin
bedetachii:kiffer ent chem cal elenents. 5 25. System accor ding to
aim 24, characterized in that said netal co onents

24. Systemo agrorging éaa%wéfth% presedmecdpiras onperedn spidanatrals to be

depositec® E‘d)ltn?l? s€ at %alsf’{ﬂpe@ dﬂ?eclrewﬁjc L bt Ql)éme%@s Met hOd of

%@mt a l'oys, wherein at | east one anode
25. Systel(nzlacatar ¥ endaim@4; aharaderizsyl, intibeh said miekal froanonents to

be plated%{o%%célrlé aﬁeir%ﬁcég@g#%n'ﬁ ‘fr@)tc%r are g%éfeetg) nf'ogrtngaoflgntieillgpf alloy.
26. Methalil fof qﬂeﬁng rmetahpliby s dvheteiean leat dn aanmkée(él(%,@a) a4:hi) one

d,saj d cathode (5), to.t ose of de oSi ti
cathode [l gt SR Ao isAE LSRR et RS selyirgn an
electrolyi8o168bAQEIR anthRhafdi® b iptshtidl diffdtenich & MOHIER bétween said
di fference i nposed between the anode (4,4a,4b) and_the

anode (4éla qad s3idneashade dpluto tlr?apurmﬂeovfs dgpovitngfd phiralifivof

tal dt R to the preceding
measm al | fo\gg%rre} salig Ielgﬁ‘?l ne Igaw 5 conprises at

haracterﬁm thhat tlse agtenitial d{tﬁferhncmenpoﬁhbeta\reem theemeded4,4a,4b)
and the Y GRABOESAUSIet TRy 28 pr RO LRSS ARG €O

ereln er ence
27. Methodyr batgrding aw itlse apreeedingi claﬁne wﬁ&eum/atali‘@ dpreal@ﬁﬁedi hagv

. to_ any of clains rized i at said
comprisep & Fas A o 1 SePiriatler BoteHGal FRETRSRCS Kelis deger Sver
time. the preceding claim wherein said pul sed-nature

predefined | aw is _defined by the foll ow ng

28. Meth@(él agcpHBBitpslaim 26 pp?, wheteinthe potesitiak d(fferemcemar)laf&on
1) t , +nt 2| Eceii E Cell>b + DE Cell

law is a gerfodjciofle; )t +nt2<t<(n+1)CQ 1+t 2) where

29. Methed,, dcsordieglteregtyhofoflaians 2ario 2Rt dvavadterinedvin itishisl law has

a ulsedﬁg ential difference is kept at the | evel Eceii,Db,

P ﬁelength of the tinme interval in which the

30. Methiod} esicoadlingi ftbetlengfreceding claim, wherein said pulsed-nature

predefined law is defined by the following relationships:
Eca =Ecap for n(t, +t,)<t<(@m+1)t, +nt,
Eca =Ecqp +AEqy; for (n+1)t +nt, <t<(n+1) (t; +t,)

where t1 is the length of a time interval in which the potential difference is kept at

the level Ecelp, t2 is the length of the time interval in which the potential difference

'is kept at the level Ecy;, +AEc,, , nis an integer between 0 and (T/(t1 + t2)) -1, T

being the period of time during which said law is applied.

31. Method, according to the preceding claim, characterized in that the period T is
the entire duration of the plating method.

32. Method, according to claim 30 or 31, characterized in that Ecap and AEca are

constant over time.
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Is kept at the level ECellb + DECell , n is an integer
between 0 and (T/ (ti + ti)) - 1, T being the period

wW@Roovlséduri ng which said law is applied. >0 BAI/1B2008/002612

Met hod, according to the preceding claim
characterized in that the period T is the entire
duration of the plating method. 32. Method, accordi ng

to claim30 or 31 harac ed.in that Eceij,b _and
33. Meth%%c%qqorg] Qo ABY dif Clepes ﬁ&z%sc hagagteideed &o dbriihey ratie

v,/ 389 8 gubsﬁchﬁtmyﬁgswaﬁ%om acterized in that the

| +t2 ) substantially has a val ue of
34. Meth@d,a;coshngw@tqlmm 3ot 8t dihagacterisedimtl®g Kwns3and AEca are

variable cg\\geg:tﬁﬁggﬁé&%oéga égﬁ CL’E@p{‘édekﬁ nd,DEceii are variable

ne acc seC| I'c predefined law. 5
35. Meth@d,. acvbtdiog,to atxdor 28, l\wdqdrmrcé.aad mré’&efmm}aw prsanbes that the

. .pr.edefi ne crlb s that the pote
potential G o Bl EY it nfifet alte foi 2 Hryapine Pisrval fihand
then sta Bbﬁﬁsthﬁf@Ealﬁécoﬁﬂlx)alwfbrtah@@oﬁaaﬁﬁe aeasiaAnt).at a second

r a second tine |nter£ 36. Met ho

36. Meth%@@@ﬁaxdﬁagtte theprosediedt Ao P’fﬁm\ﬁﬁéirséicﬁn@ é’?gleslé&ﬁ%fer

than said¥@kH6ai® 9reater than said first value. 0 37. Method,
according to any of clainms 26 to 36, wherein said Iaw

37. Methed, exsprdiag toraty ehelapns 8Attb A6, wlereinesiid lowt pusserilesi that

the poteﬁéélﬂ ﬁgfzelfe?& P38 dsa?cpo%ﬁ%&f]’e ‘@ 4Rd éa%de%ﬁ%é‘e ?%?%4?}? Is

T at1onary condr t10n \i’s “achieve
eliminatecloasceamtr & 4 statioatiyosorafitibhéds admnsved wdardimthiealoncentration

. onpone in solution nolon r cha Met hod,
ratios of fR0BRA PheRgneRnrrpanendp SPHHal b Bties thante | aw
38. Methdd efebidia; fgr tb Rédimt 76 whdetreftid PredéfidRl RRE Brasatibes tHad ke
r a time depending on the variation of the

st ant
potentlaléﬁﬁsﬁﬂ%‘ﬁ ¢ §tays Cpﬂ@tanbffér dfmaargpeRiias b Hsorwidon pf
the conce?@fa‘ﬂfdr@rbf ’cﬁ&or%f@gﬁi n@?&ﬂ%ﬁﬁ\ﬂ&e&@s 1Qfiof! @i ms 26 to

wherein said predefined I"aw depends on one or nore
39. Meth@@,r asrording e laayt efd claimm 20 e Gdp Wlmrleud saig: pridsfimedelaw

dependsg) ! |8 Lbnr %%rg %aEﬁ%?te?E%egg cfﬁ%ﬁirg K ggc;ﬁ}?‘ ﬁﬁﬂdﬂ{ Lc{r}gtag e
between tthe cmhude mnc( Zﬂhe amodeg ragrtatmnnoﬁ mhet h;eluimrut(ﬁ)o rpI(IBM dhe

otution EJSTBLEL1 85,40 DS, SROS) Lod char e ool S, o) oo

materialso Bé@e;ﬁis@t@tir Ehattk EravefeilsuPBrpitEntifle ot BidRAEfadl between
%hod accordln to an clains 26 to 39, wherein

the liquids gf theplecieelyHego Wﬁ@%ﬁﬁlqa&od%r the entire duration
40. Meth&d, Qccto['@fn%' Parky 29€12hnst T8 138 NRherdifsalidl @r@ﬁé@n&f 84F is

applied for the entire duration of a training stage of the method, the training stage
ending as soon as a stationary condition is achieved in which the concentration
ratios of the ions of said plurality of metals in solution no longer change.

41. Method, according to the preceding claim, wherein at the end of said training
stage said cathode is extracted from the solution (3) and is replaced with a new
cathode comprising a conductive structure.

42. Method, according to the preceding claim, additionally comprising the step of
applying a second potential difference between said new cathode and said at least
one anode according to a second predefined law that sets the value of said second

potential difference over time.
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S ending as soon as a stationary condition is achieved
in which the concentration ratios of the ions of said

wpbweakdi2sey of netals in solution no | onger chaPQEIB240d8/002612

Met hod, according to the preceding claim wherein at
the end of said training stage said cathode is
extracted fromthe solution (3) and is replaced with a

w cat risi,n conducti.ve structyre. .0.42. .
4. Methqig Seb Rt dn i RiFEomaaBRorbalsil selbrronddaini sfatisp!
tosaldlaﬁﬁ)n'prl sing the step of applying a second potenti al
di fference befween sal d new cat hode and sal d at. | east
44. Methegheacgpwshiag 46 cbe Brergding dayacy r%n@a{s? sqcepdlayy is dafferent
from saiccBie the val ue of said second potential difference
over tine.43. Method, according to the preceding

45. Methed aaqeprdilngrtei anys af daias @adtol 4w Wherete pidcpliuralitysef mpetals
compriseh St 4P Bl PSS Pol BERRERE AT LT g
solution #Sionkkfioliod, according to any of clainms 26 to 44,

erein sald Iura tals C. [is Iural
46. Methglf, FegpBiing 2 abine it Spomen PO Rper g br Cam ot D
comprise§ @k WasPgorhB oE@ﬁdeét(a[sm 46. Method, according to any
of claine 26 to 45, erein sald at | east one anode

47. Methedy) agegrshingsiosthe: Presedingsdndorherain thewarde (8) isza soluble
one. Met hod, according to the preceding claim wherein the
anode (4) is a soluble one. 48. Method, according to

48. Meth«vcﬂ»eaq@f)gbegutﬁgh@ pa¢aeding elesinn whezeiarbeenody (Bbepnpsises all
of the me%l tﬁ/fgte Ogﬁé&bﬁt t,[(?1e %&g&[)eo& ted onto the cathode.

, accor o any of clains 26 to 48,
49. Methmlh,aamorcémgzieobmy of olapms %rtg 4& e:hﬁraajtemnaecbby genqmmngl dhe
ol ut,i

in t el ec C n he bat i.on
steps of pRCtalng: FiuporSEoPRGs e HEPRaetS PG dbolbdsr S e Sone
number d‘ﬁhﬁ@@relé@é‘e@ﬁﬂ@é@ed@ folag. pr ecedi ng cl ai m
haracterized jn that the_ step _ of gener i ons

50. Meth@@ peRordiente wrwﬂ@mgl%@t Hregageriz rrglat ithe, step of
generaﬂr%ﬂ“ €6hs Isq 1@8@%@%}? g% gr@sé%ﬁgf?éﬁgﬂon current to

cording t any of acteri ze
a compendadingsaiodenet al s to be dep05| ted conprise at | east

51. Meth&&rfc%ogcﬁ getr eeﬂ{y shedlfighesh B Rhiracterized in that said metals

to be deposited comprise at least three different chemical elements.

52. Method, according to the preceding claim, characterized in that said metals to
be deposited comprise chemical elements which are suitable for forming a
Hastelloy alloy.

53. Method, according to any of claims 26 to 52, characterized by comprising the
following preliminary steps:

- 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, noting
in particular the standard electrochemical potentials of the single metal elements;

- a basic potential difference to be applied to the galvanic bath is determined
for making a first attempt:

- it is checked whether any other reactions occur in the bath along with the

electrodeposition one;
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52. Method, according to the preceding claim
characterized in that said netals to be deposited
w@opliees chem cal el ements which are suitabl eP¢DIB2008/002612
formng a Hastelloy alloy. S 53. Method, according to
any of clains 26 to 52, characterized by conprising
the foll ow ng prel im nary steps: the conposition of
the wapted, allo sed i.n terns of uant ty. and
- baigidh P rore et e e Hth comRiRL t deited dnd
preparedp i t@eh D8t quirieyGaldggR of Wids)dohiplBRink afgéh@sf aﬁdﬂ @ny salts
standard el ect rochem cal got enti aI s of the sin

of the mafalsdp helrlntery g0 thay the pabptthslesttelitic aplutionds @%m%e%‘éo a
pmeddhm&PQéh%d to the galvanic bath is determ ned for making
first attenpt: it is checked whether any ot her
- th¢ gab)tammwbafbdenk i§ fittedhouband pakpagdwi t h t h e
e Siti ed t he
54. Meth&d %E&%gﬁ tfﬁ hE 1%??(9 ?% laci) 3 e%'qg%lg ' aarcg%}gonally

gal vani c éci

compnsmg,r amafg qharpnehmlmmy sps, Qlf step 0§ mqﬂﬁf‘mleaﬁngga agieklisg
f.the netal.s to be plated

nd any salts p t he .
treatmenf g e R354F BBttty RHEOLG | POHCRET AT, dSiggeay Sectiolytic
&ﬂuﬁan§m@g@§&ﬁg§byggue t he gal vani c bath tank is fitted out

prepared. 54. Method, according to the grecedlng
p

55. Metalcﬂtaiqwrec%tﬁaadem 9§ty asgRncing fapny of slapns ditAgd. anong
56. Metalt 5@ Pﬂiﬁbléﬂtaﬁm SRibleeAlif ﬂ?lfe}zgﬂl. @Edrﬂgrgét £
e u I ng treaFne e e 3 gde an catho %Ry ©
daunszéimﬁﬂ cul ar by using sald electrolytlc solutlon and
t

57. Strucﬁ&@ aé[C?hBlgdéRg tg’i cr}algfr? 05621/§1§/ %ZT §111 rlégge%{z dqt?;; %g ch Pﬁ\?ﬁ% aartly
numnpomﬁ@ucture obt ai ned by inplenentlng t he net hod

according to any of clainms 26 to 54. 57. Structure

according to claim56 or 57, characterized by being at

| east partly m croporous.
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