; e3eLsnnoq( Dg~r 6r TLsrx? El ectrolytic bath for electrochem cally depositing
gold and its alloys The present invention relates to an electrolytic bath

i ntended for electrochem cally depositing gold or its alloys. i
gilding was born in the wake of the invention of the battery ﬁ@M@@M@BB@MMW
Volta. It was in fact Luigi Brugnatelli, Volta's scholar and ,
and professor of chenmistry at the university of Pavia, who in 180553915

di scovered neans of gilding silver medals with the aid of the battery. The
met hod that he g} ayed ;% ?;P&ﬁi'e notably in a |letter addressed to Van
Mons, of Brussefs: s eiecachemicgily deposiing gold-and s ghovs. chl ori de
in anmoni a solution, in which the object to be gilded was i mrersed, and had
the latter connected via a silver or steel wire with the negative pole of a
battery. Nothing wasThepreseot inveationtrelatesato s alectiolRiciithalended ok 0 t he

i mpossi bili télqogh_ opt ali ni n%éa constant current, and therefore a satisfactory
deposit, wit iocgemigally depositing goldieeds @lleyd.o the state of war which

carried on until 18 el t | §. nt i was not tioned by
t he distingui shed silég(r:letp@wg gi@?’g’o‘ﬁé%w mmé g’\é '%%Sde}sefﬂif’ﬂ\a"ﬁ&eeon to
communi cat e battesc by ilishdropVoits.eB swad ineracttm@i&rmnu@haﬁmva{]&%i'sogchdlér vas
necessary to wait for the result of the gl eces of researc y Ant ol ne

C

Becquer el ondbfecaliaba@ionrand peefiessen of coemistyy atithe nunivergitproft Pavigener al
f ol i Daniel |’ inventi ft t ant t

batery. Tni oMo 1dos BRCRRH means.otuiinG Shvdrmediis uth thraidef e et al

d its t [ : I | I Gl f

Goneva, uho e, THRE frethbd et WO adipRe 1" dBsithes” pBRaEM b “T4ed i i nea,

in 1840, an adtldressed ya Vandaons, dfBrasselarBrioghatolli AvRIRAliscA8a HidseRitidpy Usi ng
a solution ofﬁaol d hﬁtgrlriﬁ)ri' de under a very low current. The deposit had

despite ever §t BPIHL & Fhammenia splution, inTwhichcihel ebjettetst belgjlded avas i n f act
t ant | h . l e, ht

Sherr cont v Ihelsddy SngLALHE Bitel 1EnABIRHIS BoVEY B Stedl b withcthen as

Bl sner, Boet hegativeRpaleaf ADakt&IYe Nothing"Res hearly 8f tld fetél af théfpehal the

precursor of nodern gold baths appearéd wt pi eces 0

Engl i sh br ot P@bablyedllg tonthesdomgssiblliky reft obtaiming & cohstafit enefem aHgnry de
Ruol z, who hecuse of al kal i.ne sol utions of gold cyanide in

pot assi um CSW %ngtéqugachs%eR%geWWfV@E%%hgﬁ%éﬁ indeecth duerte theed f or
nearly eight i 7 (I IO i i p.order to proceed
W th ol ectrolan o e gheticapfed BB 8l Vi ka3t BiSPENHRR: Fe
jevel lery treaag,nefi méntipnetl byt the aistieguishddzaestificMpefsorae nhoe Wiray ed

above all for the manufacture of pendul a, candel abra, cups, chandeliers,
and the fabrSQURYSSIONSD BY | legn &2 commupisatesthe scigatific ipsogress afterent  of

the el ectronhe g 1 h rties that c ed. a renewed
interest i nmggl Fgl’aﬁ%‘?EE.%@E(@BUge@ééé%cﬁgé}tjﬁ%o\ﬁgqitf rie §eH C&iﬁ% PI§€8enand of
deposi ts whiafhreseaecthibygAhtoiherBacqaies @@rtﬁécééﬂs%s%\diﬁféééemaﬁtchEttﬁB' of

t hi ckness, inter alia. The pieces of research led in order to obtarn these

resul ts | ed Qbrantangee thg senerabmeanis of avoidirg ity and Panieliairdventiontognded f or
bri ght deposi.ts A ifries. .The S xties saw the devel opnment of acidic

gol g al | 05 Etfa‘%hs?b\az%ﬁt‘@ﬁ E‘é{ﬁéﬂetom'l t 'ﬁaWWQesﬁth‘F'i"%ntptﬂj‘B_ﬁcﬁﬂaUﬁéperti es
such as ducthdmbgendosi FHPEGEIE MER 'depbSits t(plg@é S%Fggf%s’%@s%e It was

al so at that noment that noncyani de-containing go
reappear ed, 48 \@afiveyi a physicianbfrect iGeneve, olitcaivasbfiisphd 1@afly hasply @R d

d its. | h ' t hi sticati |

el oot r oni cs,PARTY JBGEG] He:btaietnn  1840e b clestiobicpgoldedefiosgoon, | ed
th f : : . Of i | at i dt
i m S he aaPta 200 Y Y REIRER S8R of SIS Pl AR ool o

al | oy rat hedowheurrgntr érlmouepoﬁhmauﬂcue«spn@ éthhmg;%ﬁ%bifz%cef faRptect ronic
products vvasl_ al so, determning in the research for electrolytes enabling
t

i ncreasi ng tihe 3pEIc elsctrobfiesdidi im fagt: rorstantly raftacky the isugfapeves thed a good
penetrati on,ggj I ti e obtaining, a.good distribution of

t he deposit su ?tﬁ%tgm?hgg@rbﬁ{’&gsﬁ ggﬁ’at #Wér %\%@h&'%gtoamgedﬁn&vrsaemnbpf har d

gol d al | oyedheidehaRiek ehethe@Palidh as ERnief O '@Qi hndtdiike Mt é%
research was focalised on their | nproverr’e%’?et% fﬁg}raoggppi%}ﬁé%'ﬁo‘& ni c
additives enabling the use of these electrol ytes under high current
densities (brighteners, surfactants), and enabling increasing the

resi stance to rubbing (teflon, carbon-containing chains) or jmﬂm“lﬂmmmmmn
cathode yield (formates) to be increased. These grow ng conc

relation to ecotoxicol ogi cal problens enabl ed seeing t he appear anc@osf

novel gold baths w thout cyanide or sulphite, but unfortunately with indeed

o Y o I T N




4 Hitherto, the nmethods of inprovenment of the speed of el ectrode position
wer e based either on the addition of a g?ld reducer, enabling to not affect
the cathode yield by the reduction of gold (I1l) originating fromthe
oxidation of the gold (I) salt constituting the anode bath (US 4,238, 300,
US 4,670,107, US 4,795,534), or based on the addition of an organic or
metallic brightener enabling the use of higher current densities to the
detrinment of the cathode yield (US 4,767,507, US 4,591, 415). At present,

d [ h f ' ini I | yti | d
bt hs. 1 emi n oS oo weg it e BRchs P FnBle REOVA LR aBngeaoHn of (e
wel | -knoun ditheipiedes of workfofoiieEngiis BRjthbReHBARP 8REGESroEYARESy | N the

bath is responsible for the formation of polynmers ‘during efFec ytic
deposi t . Thes8d] theerrenclymenthieny|deaiReolzhwhdeteveidpedatng wsensfalkealiié y har m

the quality J | ol ytic.deposit. Furthernmore, it is classical to
have recoursggku%'%ﬁﬁg)ffg@g@fgrg%% SIHEY &¥anide.n particul ar cobalt and

ni ckel, as hardener ¢ ' I [ d deposits. It
is particularly freq}t}gﬁégttgé%!re aé:sgsggf%:t @Bg%%vﬁg%g’wrédﬁsﬁk% B%& from
sol utions of eighiyyearsawith¢ut) armyfrfoglifiedtion theind matietinigrdactdpRIcasg wWitR citrate
systemat a pg gfob&et WF(ﬁn 4_and 5, and contal ning cobalt as deposit

har deni ng mefgctropfics@ldiag.oThe applicationsoithesedbaths tweredo- thepiesiallenn of
carbon and ni [o[=Y re, refore a cantam nant for durjng the

el ectr odepos:t'talhghggqmégﬁaaﬁ Pg?*ﬁﬂgg@ﬁ'dobéﬁ% .Wc'?ﬁé“f%&@?»?!ey‘%ﬁgw%ahé ami nant
seens to be thespoaaaufacturbobft Ely | 0 n iand stancg of the
deposit in two different vvaysm'lg{ltgé' tglbgenéé'?ts)@'ngl#lse‘sgsgﬁ%%deemgo%ht éﬁ:@ &eesi st ance

of the deposfabricationefigjdes wiresfondraidé.i | m at the surface of the deposit,

but al so by being p;lgsent vviqt’hi n this deposit. The formation of polfyrrers IS
dependent upon the a3 de¥plopMento electsonig dndustyy atthenstart o

el ectrol yte. AR Y. i i\n. t sit,is also largely

dependent upg@fﬁe comaetg%a%ghc%gg %\n&rjlgﬂgeg%%fnml\gsggsgﬁs {Tﬁ'@ H?%?e?fce of

cobal t oxi deseleatrolytie gildiigeerefint demaied @Fi deposite vifich ‘Wé?@rl?riiél'\te Hapd, the
rticula

contact resistance af the gol d-cobalt deposits, in pa by tHe
formation of 980¢ SARAYSIOLS and wyith areemtre) afithisknesserioker alre The qiidasssofl | nked

h [ [N | h j1l, f d i di
the case of STaga kDGt Bofih dndds rasiiCleble. the Apilonewsk o ol 1 oy
whi ch are wi aﬁd)andslﬁéijtmmld]%fﬁsﬁmténﬁﬁpﬂﬁ"dﬁe fﬁ.rcfep?)gft'% lt'l'ﬁ-:lI F(::i %Soﬁ@%deposi ‘s

publication entitled Notes on the electrodeposition
Charl es L.Sigtigersaveithei development doacidR3golil aflegchatheswhi Jedapri ed out

(/\/iththe vi e o mroving the properties of a thick deposit of gold,

i nt ended for&%o%'qsgﬁvf%g&?q‘ﬁq HEYﬁcﬂrﬁp%'ﬁslﬁﬁlcm?é ahagtil sf@ﬂsﬁtﬂ@grtdi ng to
this docune o5ien. | by At t] f / or a gold
concentrati g%or{)f 18 rEg:)]L/"‘Iﬂl_tyl gﬁlgléﬁtgs@setgbceigir"?%é[s?’néfﬁ?% Wg)ﬁﬁ{gn#‘ai H¥A"f rom 30
auxi | i ary agefanide-esntaihinggbld sledirblytes wagpesicas %iwvals_switﬁfahé dbfirapecd

i nproving the ity of the deposits and that vanillin enableS obtaining
grai ns whi crr:toaﬂlébatﬁhrbhb'?gmer?nchn fichi 80ldi ¢leippsits tInatthearfaventies,s theed i n

this bath a [ r C 7. 25 escri pes a et hod

i nt ended forssogjgz)%@?ﬁl ngalﬁgﬁgm%e&?gégglc& %HEI Vear r §trgB9d by

havi ng recounemeaste iantre @@ité%Wbb}ﬂtbﬁghtf@%éhnbf‘%’d{é‘%éthg rloaafe\pélbﬁht eni ng
po

agent at a concentration of 0.5 g/L, for a concentTation of asstum gol d
cyani de of gNgodsefaselactivec platiag pandi$o troinimisarihel amoanh oémolditin ahe of t he

order of O. Per of qold to be deposited. M Dettke et al.
descri bed, i rméﬁﬁéﬁ%aﬁér{f@@%ﬂ%gr’@?%@? %P?%qﬁ%é{dfaﬂiﬁﬁfrném OYFdiaeid.i The of
f or mal dehydancreass M RO B rhdi ' Agsn W th
arsenic and an al i phati c&;srlfll% r%@gioﬁlegqr%@?%éd&éWa%@l&?dﬁ%%%ng n
the research for electrolytes enabling increasing the speed of deposition
with a strong levelling power and a good penetration, ie. while at the
same time obtaining a good distribution of the deposit. Since the Eighties,

and the advent of acidic baths of hard gold alloyed with nickel, cobalt,



conpound for obtaining a very bright gold deposit having an excell ent
adherence. The property of al dehydes to:pe cyanyl ated in the presence of
cyanide is well known. It is in particular nade use of in US patent US
5,380,562 which relates to a nethod of chemcally depositing gold using a
bat h whi ch conpri ses a cyanoaurate or an al kali ne cyani de, a reducing
agent, an al kal i ne hydroxi de, and agent controlling the formation of
crystals, and a stabilising agent, and in mhich an al dehyde or a ketone is
added at the.s ne(ﬁine as.t he gghd salt, so prevg}t fhe accunul ation
of free cyani'@ts MU, Qr BEhGT MEtals, JESeAIGHh Was, OH@ QUIMRIVEMNEBt yse of
vel | - deter m ngcdl SRIEESS gy %gdnt% EBING thel B8 dr Ochtééé 2 SfiAbHAEDOS! L1 Ng
gold or gold alloys enable onsi erab |ncr asi ng €posit of

netal or of aindey, highi cerrent tdensitiese (brlglmtene:h,lcsmlgacttbntsgt rain@lctenlabﬁmgtance
and in mnimsing envjronnental problens, in particular in the case of the

use of cyani d@ﬁrg ipgithe Tgsistanes . toTribbing ktefion; saden-enntaining chains) ar

ise of “gol d ofanidfecBRiFuR bR obAERY oL he rRtete, ST OR,
wi t hout af f e(tbhc‘@“ntshm Galtiofe tey léddﬂoxnirdiléﬁlcala%@bléh@ dngbRed’ iskéing am@ct the
invention relates to an electrolytic i ntended for dep05|t|ng gol d or

al | oys of golappearanse baf hnovelt agolﬁl nbathswewithaldt eryanided arusulphitey &gent

whi ch enabl es d el ectrode s|t| f r of its alloys to be

i mproved congi ”&‘ﬁ%ﬁ?ﬁ"(}(ﬁ @ée&dtlgﬁ%e FQ&?CSW@"’@%WEBW% e

resi stance ar&g g%ﬁﬁplar&gm?pgm l%’c gent denS| t| es to be used. According to a
t,

second aspec nvent Fon re at es to a nethod of electrolytically

depositing gold or aTheymaost detméndingg spilichtions, inustepdist f lBpeéd obf t he
invention as electrolytic bath. 7 According to a third aspect, the

i nvent i on r eleG0depositinn ase withousrany deubt dese rofi Geaaetiesyi Inyfast, gingaini c

Cntended to HirofEsnine, SBRBeARR BUUSH Jasc NRE redpediiatbithy A Moo« on
of gold or ofm \Aﬁhésnxwm@fe aﬁbdn@fe ma%ﬁlbétmﬁﬂﬁctldfhﬁf'd%?,tWﬁiEhaé? ldaged O any

known net hod makes use of a step of el ectrodeposition o goI or of

al | oys of gomdth preciousrmetads.fi el d of decoration as well as in the field of

el ectroni cs and conn Ctb? The jnvention . js ofanrtl cul ar inportance in
r

cases of nmethods of &Mé Qﬁrﬂ?‘?@'v&e 0dh tORSiMigatien of ArpaueiRthrotsc i ai ni ng

bath, in partg I \ form
of cyanoauraltlsgé%’(%1 o grgbggne{ﬁ@aoﬁr s?i}‘m ﬂr&éﬁﬁp&%ﬁ@@aﬂwgﬂfbﬁ%k R}Y'-haﬁases of
deposits of gmsdadthwbh&me'd ol theSﬂosmsta_rghtMealto aptintisé (AML Weisherg ghal t
iron or nickel. According to one of its essential features, the invention

relates to a®oluBlbiagel echnelogyi cFisht IReidr apfle WiGidign Electrpcliespisal t i ng
gold or its @Iuéﬁé/q?t ?rmfﬂt? 'QYI?HgZﬁgst one sol ubl e gold conpound i ntended
ro 7

to be deposite optionally, at |east one secondary

metal conpound i nt engprd tmobe @eﬁ@@ﬁosgélad bathfsheaé Orré@;éafdsansﬁéédoyowth
gol d, characterised in that it further conprises 0.3 t0 3 noles, per nole

of gol d cont &lagb@depositien,cmdich qrgservebthen, de@bsm excgﬂant propexiesdof
e o P A Wil il e SR
e e Sy e e A AR R
saturated, ufid vy whiah are intendedi for depgsiting gold hardened by alloying with a

very small amount of a common metal, most commonly cobalt or nickel,

originating from an acidic electrolyte based on the citric acid/citrate

system.

The improvement of the speed of electrodeposition is also a
demand of the jewellery industry with types of baths ranging from citrate-

based electrolytes to phosphate-based electrolytes.



it being possible for said organic conpound to further conprise at |east
one heteroel enent sel ected from oxygen, pitrogen, sul phur, and 8
phosphorus, or to be in the formof a salt, particularly in the formof a
sul phonate. Thus, according to this first aspect, the invention relates to
an aqueous electrolytic bath intended for electrolytically depositing gold
or its alloys. The person skilled in the art knows perfectly well that a
bath intended for electrolytically depositing a nmetal differs froma bath
known as chemcal b cpg t he sane netal, not only by the

h f d it
i npl enent ati on condi ?I%‘ﬁgoggyégﬁgﬂt&'f Sa C_éfur”m@ﬁ@vemqltt Hf pheseépeed odf
of “Tts const eedeBagyEh WErbEEed REPoif kS Hdddrin o 7' aify FFales, "

of its constituents. or exanple,

deposi t ed vi @nabig ol ; " ' th
eposi ted vi anabling mtsafféctsuié”lcamoﬁeczélwwrﬁeeréddctlog gmh;qacggm?a

will conprise a significant amount of reducing agents an
char act er i se@rigipating fsersthec exidatian tof thecgnld ) salt i constifutingethec snodales,

Sought 1o beoPEEt fethatty TS kP VLA rds mahE. of Veasedomn ties o

t he speeds ohddiipnsoit aﬁr@@bﬁicfﬁ?mé‘ﬁ"cwqht%| égée@r@nt@ BELT QCICIEIﬁe- al bath

are not at all the sane, an is a prior he use o cal

baths for i npuaRBhdensitiesrioi theodetritapits iof thancathbdé ryaelds(us t4,767,50g, f act
that the el eﬁgr‘?gpi@ﬁ ath can be constituted by any bath which is used
classically T P depositing gold or gold alloy that essentially

h teri the fi : i i , f th t at
whicn it Turther coriaPrEtiE” el thie MAERRLRT el oLt above, bramde: -
al dehyde funcontairingseleefolpge gaRP\Bathd I?én%Ir?%ryﬁ’IsﬁIng‘r? d%éghauéftot ffeir

i nvention advantageously contain 1.5 to 2.5 nole sal d organi ¢ conpound
conpri si ng oRerferMmangesaiHpvyames, one of ithe welkknowh edrafvbgokslof Buelf dathy v of

th d f.2 f id i d I f Id. It will b

caci Iy under 5t S0 0% PERGNCE B EYarida dBi ik HaEhcts gsraveibie rongthe gani
d wl : . i I | d I

' The bath v Genr e Uit electto Rt R B b ar S cOrBtyl o ' °

bat hs of t hepolhtterthedepaditaandgeomsetyenthnhaim therdeiits opthe dldtudtih can
vary wdely Béj\ﬁt) s:an general are of between 1 and 100 g/L (the soluble salt

contents are ‘respect to the content of netal). Thus, the content of
conpounds bearing o ald i Qns_can vary, over w de ranges.
In general, the bat @@@r@pge,i Ltvgﬁ%ﬁkgg%aﬁﬂve aI?C%u'IanEQi%ﬁ H#€t®e nol ar
basi s of thesedonebdenetdls] hopalictids edbaAt eInglaflIck@Pea II%HE%F%EIHMCI ‘

e eftamly o

conprising one or two_al dehyde functions as i ned above.
organi ¢ conpdighiengnptiecelactselytic golcdepositsng to the invention as auxiliary

[ bat h f ical l iti | d | | f | d
T o L AR e S5 ol
O e oINS &SR8 oL e o B AR, 1

al dehyde function. It can be aliphatic co ut al'so
contai n one Retagsium citrage , systess eatcarpto wfdbetwrenorabng 5, uand@oneffing ni ng at

| east one heterqel enent .such as ox n. nitrogen, sul phur, and phoSphorus.
The fanily gzo%aﬂo%ﬁ@ego%ﬁw eeiRg mé%isﬂaﬁm%ﬂtﬁ@_re @chpaTﬂeﬁw:IItt?apalA;p i
conprises s s r.odu n nticular _su onat es ic
haI/rg addi t i orgé??@ﬁstﬁée}?gg\tﬁaéx?%rggﬁgf ﬁIIIgIﬁeﬁgdrsII??? QgtthﬁIeIIBrre()Be‘quII@g"rinn%t hey are
suf fici entl yfolmed. duringe tiee aélectrodepdsitorP'sfdpld RBRY SuchNPathdV Thebe

advant ageousl,y sel ected which are soluble inthe nedium or at |east those
whi ch can be'8FRRE Ok dhisHeandaminant seeimeyfo itfe responbible forsthed aelatintlyor any

ot her produgt; ' | dehyde. function-contai nihg organic

conpound to I%%Qﬁ%&?@%étgﬁﬁ%gg tﬁ%gﬁﬂés'gﬁ II'?’O different ways. The polymers
increase the contact resistance of the deposit, not only by forming a film
at the surface of the deposit, but also by being present within this deposit.
The formation of polymers is dependent upon the availability of the free



10 According to a first variant, the organic conpound used according to the
invention is glyoxal. According to anotq§r variant, the organi c conpounds
used according to the invention will be selected fromthe al dehydes of
formula RRCHO in which Ris a linear or branched, saturated or unsaturated
al i phatic group having 3 to 12 carbon atons. Al kyl chains having 3 to 9
carbon atons will preferably be sel ected. According to another variant, the
organi ¢ conpound has 4 to 20 carbon atons and conprises at |east one

d, . iG] isin the formof a salt,
oar i cutar |y TANHREF I bIPATRE, i alBunt of bRivatestncged T She denasit when
recourse is mgouargeryg@éﬁé?ud@ﬁﬂnayﬁ@ﬁe\éeht%*ht‘b?%?é]lgirﬁlq]d'g g, In particular

when this ring is aromatic, a comnmpound I n which , in particular the
aromatic ring, bearsMareovee thespreseacs wfstdbalteoxidgs atthe aduefavecheEmd! v

sel ected, for, obvjous, reasons . olybility of this conpound. According to
yet anot her \qupﬂhﬂs, aﬁ?e"‘%ﬁpgaﬁ'ﬂ? ZQT ﬁ@n%@ rgsisange ofathes gold-cokaltand

cont ai ns at el ; . aromat,i c heterocycle, or is
in the form g? Bgélts% tﬁI %g‘éﬂr'l{@éc'ﬁ%r W?ﬁﬁ%ﬁhgﬁoﬁn%fé&y@% p‘Nﬁﬁa{r@, fE8€ one of
t hese conpounganidésivant ageously, the organic conpound used according to the

invention wll be selected fromthe group consisting of propional dehyde,
but yral dehyde, val erl3¢nfenyiae, pubierssdinketyte the -usepohl ayahidéecontaiping i c

| dehyde, d | dec. |, | | dehyd I |,

Gl yoxal o nc oGP 3RO 3¢ s S6GRIImedPET R B B edt Wbyesand ot et hy!
tal . . I | | il

gfgeﬁyde?cgfﬁﬁg%‘lﬁgﬁyde, gan%éggﬁggl deﬁy@e?mgﬁ'(rjwh%ﬁ%a@i @%gﬁﬁﬁg‘m& (il As

set forth abbakd goldedeposits are goughtiaftdn. i nt ended for depositing gold or its

all oys wll further%ﬁﬁgri_se an¥ addi tives which are commonly used in
such baths. It will aligse endisledhrdNates on the eleeinodeposition pafi t i cul ar

Var i , t] ' i c brjght h b
Tt ars nownTIEk Sodif 4aSediS . NEREAGE 1 O Ball Bl (185 58y e a1

| ected frodeszeibesdestd, cabri : L Odi ifieation of
She ol omont o Eariben testd, cabriedioub vith e JRUERY IfpRAANG e piysetbs of &) 0" ©
These al | oy thigkarepasit of ol nistendeskfoscapplicatioms o blaérmoforming). .Ini then,
i ndi dn i C.. . tin, |ead, .and _ Th f d
motal s w11 BATCue BEl AR S BOrurRnt s 45 Uised R 2noncerbition ¢ nat
the of fect obf baweyi Mer bNGola REhtrbESh Sirafs &1, ufa P 14 Eggﬁﬁeeﬁﬁgg of the

al dehyde function-contai ni ng conmpoun e grea Rer al ,

the secondargocuseent that from 80 wuediannagentscestatinonly vamlih @R Rtasskimhat e,
carbonate, h qr ide, oxide acetylacetonate, citrate, gluconate,
sul phanat e, %,}plcjfe &“HP%C':JFBP@M% eliboghdBe deposits and that vanillin

enables obtaining grains which are much finer, and this signifies that
vanillin is used in this bath as brightener.

Czech patent CS 107 253 1 describes a method intended for
depositing two successive coats of bright and hard gold by having
recourse to an electrolytic bath containing vanillin as brightening agent at

a concentration of 0.5 g/L, for a concentration of potassium gold cyanide
of 8 g/L, and this corresponds to a vanillin concentration of the order of
0.1 mole per mole of gold to be deposited.

M. Dettke et al. described, in US patent US 3,878,066, a method
using a combination of formaldehyde, acetaldehyde or of one of their
bisulphite compounds with arsenic and an aliphatic amine-containing



c) Brightening agents These brightening agents are all those which are
classically used in the field of the eleﬁtrolytic deposit of gold.
3-(3-pyridyl) acrylic acid or 3-(3-quinolyl) acrylic acid, or one of their
salts, will be advantageously selected as brightening agent, at contents of
between 0.01 and 10 g/L. d) Conducting salts These salts contribute to the
good functioning of the electrolytic system In general, the bath contains
at least 10 g/L of a conducting salt, preferably selected fromthe group
consi sting of_cj t h hate, borate or | phat al.ts, and their

m xt ures. 1?%5‘&@%{)95??3@"89%‘{@%{# %5‘@ ‘%ﬂoéﬁdé@v"f‘% ah QEF‘?'P% t he
pH, said buf fghepsgder ably being of acetic, citric, boric, phosphoric, or
phthalic type. f) Wetting agents Tolyltriazole or benzotriazole wll

preferably be sel ect ddegaropertyiofcpldefeydes. toFbeaybyylamdein tHe presenor@fition is
not limted to t% el ect{ | ytic baths in which the gold is In _cyanoaurate
(1) or cyanodYPRIGe (§ well kepwn. (Kelsi iy aartigfansnadedisei ofiliar U$ Bptantes to

this type of t i i i i r i t.he

dr awback of Ilg%ddl‘l’%%d\’l‘(%gggw ngﬂléﬂég%gat ﬁeehikfdeg)? roeﬁ?%"){igSngﬁhggﬁ%ggh t he
formation of ysmyebath Meicle confstisel dehydRoduraes idPnars GikAingi gsaa_r%aaai c
conpound according to the invention is found to be introduced in a

parti cul arl y rgdveing ageptisamalkaling bydeaxide, iandwgerts controimgathiesformatidni n
cyanoaurate (/| [, f . but it can also uselgsiqn ot her, haths with

) .0 orm I be
the effect of°fi°rﬁ$$t8 r A9 t%é{aﬁéﬁf’@rﬁﬂﬂ&te?"gf'”t‘ﬁ'@c'éla@c? YAG or @heione . |t
will in partijgu i At Qe t [N ineh LS INn
gol d sul i t - Sajes’ R Ble i rhe" &5 e B Sl o 65" Seltng e |
second aspectaccuhnelationeoft free cyanhidésin the bathet hod of el ectrodepositing gold
or an alloy of gold, _according to which an electrolysis of an electrolytic

bath as defined abovl has paws begn gamonatratast thatitha useodfewellsieterneipedce of

an al dehyde f 0 iN| i j ne qQve

conei dor bl y 0EloE e BatsclrRehdih a0k, ek, MaeEBiti BoRE B a0l 1 or
deposi ti ng gallidy9enabledycrsidesgblyl incieasing RAE ispeld JF deyasit $F rRe| at FNg

bat hs whi ch contaln_%gld i n cyanoaurate ?I) or cyanoaurate (IlIl1) form The
mai n advant acdioyowhilee at rtheosamei timeotredudingthie hgatdactumesistance aartchiimi ng

or gani ¢ conpaoyund Efe to .l nmprove, the speed of electr?deposi to | oner

the contact rBSTREHEENVFRIENta), REFRICIRLIN RtigHIapin ﬁ‘%ﬁ?%ﬁbb%ﬁﬁ yee &fir r ent

densities.  cyanide-containing baths.

The present invention in particular enables improving the speed
of electrodeposition of gold by enabling the use of gold electrolytes with
high current densities, up to 120 A/dm2, without affecting the cathode
yield.

Thus, according to a first aspect, the invention relates to an
electrolytic bath intended for depositing gold or alloys of gold, this bath
containing a well-determined auxiliary agent which enables the speed of
electrodeposition of gold or of its alloys to be improved considerably, while
at the same time reducing the contact resistance and enabling high
current densities to be used.

According to a second aspect, the invention relates to a method
of electrolytically depositing gold or alloys of gold on a substrate, using
the bath of the invention as electrolytic bath.



13 The inprovenent of the invention is applicable to all types of nethods
of electrolytic deposit of gold, and for7aII types of application, whether
it be for decoration, for preparing el ectronic conponents or in connectics.
The current densities used in the nethods of the invention can vary within
w de ranges, generally between 0.5 and 120 A/dnR. O course, current
densities of less than 10 Aldnz will in general be used for applications in
the field of decoration, while current densities of the order of 10 to 120

A dn2 will be enploygd. § | ications known as,.. high speed applications,
this type of high spég%"rﬁ@ﬁﬁ‘gﬁa itﬁ'ré ASBete "}V@é‘gpﬂég'afi%?rtq AdOVEE LISE of
el ectroni cs afigh Wwel t i i ! I f it
enabl es the use of nggfétrrgﬁ?%r?%"‘ﬂ%ﬁ%c%ﬁ gél'ﬁ%sgléﬁé?%Ie@nh%&ﬁqiﬁlegé%&ﬁ% up to
120 A/ dme, f iidehydepdunction aas yaexilianyt agkichs istppitésdidd O | bt HeRi C

applications i H:v\,hi chit_is s%ght to work with a maxi num deposit speed,
and in whi chPEHOMYERERS ok adrethodpfeleetrolytic slepasitian afegatd ogiof alldysof | e and

non- por ous. égﬁj aﬁrgz%ﬂéﬁ%gel nthis field nust, in order to obtain high

producti viti on urider the highest current densities possible, and

this in particular eThdirmentiba af)bﬁe:f)fo bAP knbwn! rhéfHd’quHEgngné‘E@ﬁéa’e% Bf’ot 0 the

i nvention. However, the baths of the invention can al so used wer
speeds and carstepof @eriadepesiting afrgaie.oriaf wllays ofi golte Hatkelinshefielteepr at i on.

As forth t l t,.of. the in ti i [ i ble t [ 1
ot hots v o AEEGHaton ASSVelEHE I RERBIAGH dkiTranes a GomecsEonl | ova. of ng‘d.

I ti | , [t i@l i i

el acel ca Ly can be yrRemvehtibRlie B aiicuatiftideRtanca it gase Bt AhefSds B b
anodes wi |l pleetrolytial gepusitusf dolda rdnprae tparibéconfaimhgt batdmie L g

titanium of _iridium oxide-covered platinumor of preécious tal such as
plati num anffol ABEleqtralyir bathseontating ppidoe thedforn efcyaadhorte (1) drd

Finally, | il | f the foll ow
xcanpl o, "t neATRRRREC T a8, 3R0reE BaRlicuari cnaCnds aF cposls @ho0bRe use of
an organi ¢ chamlened Hsa deéd ARDAE i gaﬁcguﬁredvfcfﬂda‘fyﬁéih%n%tmcli tended for

el ectrolytically depositing gold or on Its'a as auxiTiary agent
whi ch inproves the dssedling telane obitemssentialrfeaturas)| theoinvehtion selatdsoys

ARG SR I VL o L S M I e
Cancontr o opts CATPERELEC ook s B bl e,
netal s) are depdsitedselectrolyticallye anmf aptionally, at least one secondary metal
compound intended to be co-deposited in the form of an alloy with gold,
characterised in that it further comprises 0.3 to 3 moles, per mole of gold
contained in the electrolytic bath, of an organic compound comprising one
or two aldehyde functions, said organic compound being :
- either glyoxal, or
- an organic compound having 3 to 20 carbon atoms and one or two
aldehyde functions in the form :
= of a linear, branched, saturated or unsaturated aliphatic group, or
= of a group containing at least one saturated, unsaturated or aromatic
ring,
it being possible for said organic compound to further comprise at least
one heteroelement selected from oxygen, nitrogen, sulphur, and



Cd. O to 50 g/L - Brightener,
preferably 3-(3- pyridyl) acrylic acid........................ 0.01 to 10
g/L - GCtric acid and/or potassium

Citrate. . ... . 10 to 300 g/L -
V0 1= 07 o =

et al o suoh SoSoges i Y CHSE of b ueRUCHERER B SR g BB ot
gol d and al | of/itsreons$tituents. wi t h respect to the netal. The Exanpl es which

followillustrate the good performances of the invention. a) In all these
Exanpl es, the subst rEius fos exampleain thegases inpwdich galchis depasitedblia a

Copper - cont arineG S S6rh 8.8y dhPaliatt dRce rPemical bk Fomplirea 1y
c ont a? ShPewa | i
dopase vat od onr e e e oftredieiy et Bhd oyl 0F SR LM ot i

rinsed with prssencgedf wat diglbetomeentrtiog ioft rfeskiceghriidds) Qvtdleofint kg
el ectrol ytes

of  the inveptjon tionally, certain additives can be added.
Thus - As coﬁlﬁﬁgf’a?ﬁf"@Q‘eB?trkJH?%ﬁ%@l‘T‘%Q?@"?@aﬁ/a@@Qﬁs\é’dl be pought &o het assi um
sul phate or %ﬂwnﬂ] ) t . etic itric,
bor !Dc, or t hophosp d(;?% o Cﬁ%ﬁ?ssye':ﬁgpt%%m&ebﬂﬁ @g@é’péﬁp I'i"'t": ﬁp?%cfs
ef ficient inofttepgsit framge chemieal ibath ead fasmusreeict@ochémRal batnsret ket PH of

the bath. - “ﬁ&“;% agent can be added in order to avoid the adsorption
of hydrogen #ofhdle samexanchthis & paariexglusies theousss of chemnjcat batiesyfemt |y, in

ot oni o wet RS anbAE ARl LRSI Sibsr be. for “exanpl e possi bl e to
use benzotriazol e it lsoeafdet'tHat the electrolytic bath can be constituted by any
bath which is used classically for electrodepositing gold or gold alloy that
essentially characterises the first aspect of the invention, as from the
moment at which it further contains an organic compound comprising one
or two aldehyde functions as defined above.
The electrolytic baths of the invention advantageously contain
1.5 to 2.5 moles of said organic compound comprising one or two
aldehyde functions per mole of gold, preferably of the order of 2 moles of
said organic compound per mole of gold.
It will be easily understood that the amount of aldehyde
function-containing organic compound will depend upon both the



16 EXAMPLE 1 : DP~corativegold bath (Conparative Exanple) - gold
(i ntroduced as potassi um cyanoaurate (| )Q ............................... -

Anmroni um

citrate. . ....... . . . .. e
.......... - Trans 3-(3-pyridyl)acrylic

acid................. I T T P - pH
(Gtric acid / Potassium

hydroxide).. . ..... traition of Soluble’dold salts in the bath and Ubon | H |

Tenper at ur e. CON¢ENtration of soluble gold salts in the bath and upon the molar mass of . . . . . ..
R this aldehyde. -

Agitation...... ... . 0. . . ... e L e e e e

................ - - - The electrofyticobdthsubf te invertidh dvarlagedudiyl cBnfif- 3-5 to

60C Mobderate_to vigorous - Current _
geﬁgi E; ..... contents of gold which can vary widely. but in general are .of .between.1. ... ...
anode and 1b0f §/L e’ silfbie salt contents are with respect to the content of
metal) ...... Pl ati numcontaining titanium This bath deposits

gold at nore than 99.9% the deposit is bright, ductile, wth a contact

resi stance of 12 nOhiusa thewopbentsoft gompduads dearhy estie be et aldeRyde
eed of electrodeposition is of 0.05 to 0.5 pmim hute. It

;:gr nggoinde;f"fsrlpﬁgﬂs ne'h oY kA¥EHn ViSe Fangespl i igegeralr thei bahsatafnthe
met hods. | )lefrtign coRfi?) & &'Ein@Ror oP Bhe' nfibr b4l b 98¢ éfq(feh%gnﬁdnp Prg o

ryanoaurate (1)).........0 o0 AR e QUm
citrate..... 50 g/L of .at least.one organic compound comprising ene or two aldehyde -+ - -+ - -
......... 90 to 130 g/L - Trans 3-(3-pyridyl)acrylic

acid........ functions as defined above. . ... ... . ... . 0. L. 0.5 to 1.5

g/L - . . . .
Pel ar gonal dehyde, The family of organic compounds which can be used according

0 . i : i it FAd i le . PO i .
i ol ey 0 the: inVinibiohO a8 @lidlianpfadeft ' I a 2ath 'for I8gPecHBmigally

ol d at noreut 9 % it s bright, ductile, with a contact
?esi st ance (;c‘?t %ﬁ?gaﬁ?%\?\ﬁﬂg&%ﬁftwg}mﬁaﬁ Qe INiFR9eMys SYiPANEe ang _
corrosion. Ipkospheas, of el ectrodeposition is of 0.1 to 0.7 pmmnute. It is
used ideally in nethods known as rack plating or dip plating nethods.

17 The family of products which can be used according to the
invention also comprises salts of the above products, and in particular
sulphonates which have additionally the advantage of having surfactant
properties if they are sufficiently long.

In general, from the products above, those will be
advantageously selected which are soluble in the medium, or at least
those which can be dissolved therein by adding, if need be, a surfactant or
any other product which enables the aldehyde function-containing organic
compound to be rendered soluble in the bath.



EXAMPLE 3 : Decorative gold bath - gold (introduced as anmoni um gol d
sulphite). ... ... ... ... .. . . 2 to 10 g/L - potassium
bisul phite. . ... ... .

.......... 2 to 50 ng/L -
| soval eral dehyde. . ... ... .

Agitation........... According- to - another -variant, the - organic -compounds: used - - - - - - -
................. .......... Mderate to vigorous -~ Current

density. . ... according to the invention will be selected. from. the. aldehydes of formula. . . . . . .
......... - ReCHO TP WA AR 5

Anode. . ..... o2 v Ich’ Ris a linear or branched, saturated or unsaturated . . ...

............ aliphatic -havi kg1 eH¥B iAakng titanium This bath deposits
gold at nore t?}an g%r'og&)ha![vhneg gégolszit .Qﬂtﬁ??’gﬁ't, ductile, has a |l ow porosity
and an excel | ent resAlkylankains chaxing 03iton9 vartbona atsms awill besfefdydse of 7
nChm It depgsits at a speed of 0.1 to 0.7 ~Immnute. It is used ideally
in methods kAofA®ds rack plating or dip plating methods. EXAMPLE 4 :

I(-||I ?;1 speed gol d- CObaActcoPcﬂﬁa to ag'gk%rg\}ér}%bagﬁ%fa&&%ﬁ.glp(?c;tlﬁé@nu gg/ﬁrtg% ate

sul phate) . . . carbon. atoms - and -comprises- at - least -one: saturated, - unsaturated-or - - - - - -
........ 0.5 to 1.5 g/L- potassium '

citrate..... aromatic ring, .or.is.in. the form .of. a .salt, .particularly .in.the. form of.a ... .. ..
.......... 50 [L- T 3- (3-pyri dyl | i

acidl stindfitedofond bftfest dompotnds! "Y' 1¢ 0.5 to 1.5
g/ L-

hydroxide) .. ...... .. ... v, e .
Tenper at ure fing, in particular the aromatic rin ,.bears at the most .two substituent

Agitation... 7. . . L L T R IR LR AR s
............ compound.. . ......Vigorous to very vigorous - Current
density.................. e e e,
_____________ 10 t o Aggordingrko -yet another variant, the organic compound has 4

A g Yo Yo =S

deposi ts gol gropiatil! 99p% i t L ol j I idh a low
contact resi st ance,@é{dgyvcgbpgsg; 'tr@ﬂ%n@ﬁ@g&eégém @é‘t@@l@@?ﬁ@ﬁ{@w
corrosi on. Théulpbbaate, bf one aftheseotompbynds metal lic brightener but also as

all oy nmetal hardener,. |t enables at the deposit, to give a good resistance
to rubbing and to pASVeNtAZRQUSKs the IREdaRIS tCoRMRAMNG: Yseth@ccanding b thel ecom

it s g v ] . | ati
Selective manreoif Sl b8 Selectel 1 SHAOUPN R oo et 8P HEoRibRalaRvde. cont act
resi stance ibutpraid@hydef tvalertltiehyae, @gpimmépfy]gé,l}oﬁ%ﬂt?nﬂd%ﬂg% tcﬁér@gt © does

indication, it is under the sane conditions o

not cont ai n ai@ghysed delargonaldebyde ndenanal; andticagal, daurytaldhdeBabibxal,

Standard). T i is 0.5t i pm m nut ith al dehyde, 0.4 t

5 5" unt m nuoRRtid: SRS plstscttiimPurogBRstlael. AbosaLiragtayl a specd

of 1.5 ns, wetd, RORIMT cARBAS t berfaldetfFROShhel i &thRbniYe, | Surfihidt | N9:
aldehyde, cinnamaldehyde, anisic aldehyde, and phthalic aldehyde.



EXAMPLE 5 : High speed gol d-nickel bath - gold (introduced as potassium

cyanoaurate (1))..., ... ... ... ... ...... TEEREEE 5to 20 g/L- N ckel (as

SUl phat €) . . . o
.......... 0.5 to 1.5 g/L- potassium

citrate......... ... . . . . ... ... ... e e
............ 50 to 180 g/ L- Trans 3-(3-pyridyl)acrylic

ACH . o e e 0.5to 1.5
/L-

But yral dehyde. . .. ... As set forth above, the electrolytic bath intended for depositing. . . . . ..

hydroxide)...m .. .. ... . . . . . . U ST
Tenper at ure. commonly.usedinsuch baths., - . - . . . ..o

....................... 40 to 60C- _ _
Agitation........... It will therefore be possible for it to.comprise, in particular.:. .. ... ... ..
densi iy, @) Various metats achhgdsHordahic BhMene ol as hafdends,

A dAnRANOAE. . . . . . T T T

covo........Generally. selected. from . pétiars Wyns cand abnohguendeleens pdribdidi s bat h
deposits gold, at._close tf(r)FE'ﬁ?g 5% the deposit is bright, ductile, wth a | ow
contact resi SlesHficatign ¢ Rlementsy gop Fancentiationin gensrraleaf bebueen ance to
corrosion, agfy{ gﬁ&lgokgLa speed of 0.5 to 11 Nmm nute. The nickel acts as
metal lic brightener ant as alloy nmetal hardener. It enables, at the

deposit, to give a Jhiwsber sifjyshRnsle dre inugnetdl sadcted ROf EbbALYnieRES the
test known as the British Telecom test. It is used ideally i'n nethods
known as coHPNniRgiEMpradmivgn,, arsericcmanganess; iting leadataindgcopper.  sel ecti ve

jet plating method LE 6 . S, ~€e ol.d-cobalt baths - gold
(i ntroduced as pot a@%ﬁéﬁéﬁwﬁa&ﬁm be cgbaqt,%lckel, and Tron.
(1)) eeo However; it-is with cobalt tiattRe 2fredt bf 104 the 8Sntact

acetylacetonate)........... ... . . o o T
........ 0. Sresistanée, gtue- tpdhas presence of the aldehyde function-containing

citrate............... e e e e e e e e e e e

............ compgand.owiidese Ehe greatestyi ¢

acid................ : i S e el i e e

.................... I 9Tl tBE grPndary, igtalals1BURPHEe ftactis path in

(ilC:S d. TR the .form. .of. sulphate,. carbonate,  ‘hydrexide, -oxide,- acetylacetonate, 0- © t0
-9 g

Hept al dehyde€itrate, gluconate, sulphamate, or of a mixture of these compounds. . .. .........

............ : .5 to 10 g/L - pH (citric acid / potassium
hyr oxi dej - C) Brightening agentg> 12 12 7% - PR LeliTIe Actd ] 75 t0 60

............ contents. of. between .0.01 aRdaty g cont ai ning titani um This bath
deposits golg ét &I'o_se to 99.5% the deposit is bright, ductile, with a
contact resi9}&aR @dngsalisim a | ow porosity and an excellent resistance to

corrosion, and | ead i ed of 0.5 tq. 11 ~ipimnute. The cobalt
acts as metallic br ﬁ&%@%ﬁé&sgﬁﬁ‘!@ﬁg?ﬁ’ gg}e HBPQ&UH%%%PWW‘% eg?ﬁgrlﬂ'\@& at the
deposit, to g a fhat i i 0, WhHMESE s the
oot known ag oy por I GRAerSUhE! A T onfalhy B At A g/ 0P Toh kG BAED 0
known as copieferablyssetecied fipm the greup comsistingkeficitriate, i prwsphate, boeatect i ve

jet plating _nethods. 20 VPLE 7 : High speed gold-cobalt bath - gold
(i ntroduced %f'ss‘ﬂBlP%?sﬁauﬁn ?@‘fﬁf%mm&

(D)) e 5to 20 g/L- Cobalt (as
gluconate)................. L e e e e
........... 0.5 to 1.5 g/L- potassium

Cltrat B, . e e
............... 10 to 50 g/ L- Trans 3-(3-pyridyl)acrylic

= o o 0.5to
1.5 g/L-



This bath deposits gold at close to 99.5% the deposit is bright, ductile,
with a contact resistance of 7 nOhm a Lgw porosity and an excel |l ent

resi stance to corrosion. It leads to a agposit speed of 0.5 to 11

pm m nute. The cobalt acts as netallic brightener and as all oy netal
hardener. It enables, at the deposit, to give a good resistance to rubbing
and to positively pass the test known as the British Telecom test. It is
used ideally in nethods known as continuous plating , selective nmasked

lating , lective jet. plati methods. 21 CLAIMS 1. A
ol ect 1ol yt | ¢ DHUTHIVPE AGENEDLINGR dea IRfedarh o stakjlisgothe 6H iseid A1 3?2:3
rol _ . . 1
c ooty of yei cATIETably BRMCSt SE, RN (AR PR dHce B BRATcdTRE D onpound
i ntended to fpWettidgpoehtsed in the formof an alloy with gold,

characterised in that it further conprises 0.3 to 3 noles, per nole of gold
contai ned in the el etelylirigzale emthenzetriazaleomglinpreferabhourel sadeqted sasig one

or two al deh . ggﬁghﬁns sai d organi c conpound being - either glyoxal, or
- an organic Cco aving 3 to 20 carbon atons and one or two al dehyde

functions in the forphaly, avdr e ifVctiiohes. n?t:iini@defb Qﬁe@éﬁ;@?ﬁé ed

aliphatic group, or of ‘a group containing at ast one satura
unsat ur at ed d®aths smwthich thevgold is recyanqausateb(d drocyameadrate gdIt) copappound
to further c%gé)'r_i se at | east ape heteroel ement selected from oxygen,

ni trogen, sultBRiRvention MAe padicyarlyoppRligsde this B‘Iﬁ’@l ¢fo|P3ﬁh|01WhiC|%éﬂ W,ﬁ”-
i cul arlyi f ; T ] '
P tor ding t & KB thed arf (o VY e it dcRorleainG ¥ a I of 1) o o

sai d organi Cth@@@ﬂ@@tk(ﬂéﬁo@ﬁitﬁ@@h&hﬁrmpmi@h _@gbﬁ%érg.ﬂct i ons per nol e of
no

gold, preferably of the order of es of said organic conpound per nole
of gold. 3. The el echlengest the ldahyda dunctien-containingf orgamicrscampourdd

Ch oot o Skl o e rReRE0n s RS A R i By o £
compoung s Savatsbydeuel ey etk in TR WAL T YRR, O
at ons. or (IIT) form, but it can also be used in other baths with the effect of
improving the performances of the electrolytic deposit. It will in particular
be introduced into the baths in which the gold is in gold sulphite, gold
thiosulphate or gold chloride form.

According to a second aspect, the invention relates to a method
of electrodepositing gold or an alloy of gold, according to which an
electrolysis of an electrolytic bath as defined above is carried out.

As set forth above, the presence of an aldehyde function-
containing organic compound as defined above considerably improves the
performances of all the electrolytic baths for depositing gold or alloys of
gold and in particular cyanide-containing baths which contain gold in
cyanoaurate (I) or cyanoaurate (III) form.

The main advantages of the introduction of the aldehyde
function-containing organic compound are to improve the speed of
electrodeposition, to lower the contact resistance and to enable the use of
particularly high current densities.



5. The electrolytic bath according to one of claims 1 or 2, characterised
in that said organic conpound has 4 to carbon atonms and conprises at

| east one saturated, unsaturated or arormftic ring, or is in the formof a
salt, particularly in the formof a sul phonate, of one of these conpounds.
5. The electrolytic bath according to one of claims 1 or 2, characterised
in that said organic compound has 4 to 20 carbon atons and contains at

| east one saturated, unsaturated or aromatic heterocycle, or is in the form

of a salt, particul .ln_the faqr f a sulphonate, of one of these
conpounds. 7. The e?t'h‘%(H'HPm".eé“ &&&&V@Phgnt'é applicahile doaalhiypes of 4,

! ' ' i@ Y¥ebBsi di I f qroup
Consi St ng of aroar of eHIoIOYpBeE PRI ahd, BF A s b ghbitEnsh
val er al dehyd@hetiagr tinbe dehyleeoratienpifdie pyetsaringe pleatrdalty 68mpeAGHts! &Cin

al dehyde, pel arlg;onﬁl dehyde, decanal, undecanal, |auryl al dehyde, gl yoxal,

gl yoxal i ¢ acfan %{-Tt 8xal - bi s(sodi um hydrogen sul phite), glyoxal -1, 1-di net hyl

tal, | ein, . - phenyl.acet a hyde, .cum ni c
Al denyde. —ci nnamal defyacarrent BPASEELSAn SR ReRnE B gﬁﬁwt@nt@n o
| ectrol yti Wwith i e ' 5t/ gterised in a
?t ego:]?a%/nlsml/b% llogm/d% ﬂgfﬁggg"l d. ESQM?}%@S@C??O St]fzco:ggq according to one

of clains 1 to 8, cHaf ZouEse, sedrrent tdeasities obriess rthant 10@gdm2onglngi al
acting as in 23 10, The electrolytic

. . e
bat h accor di ﬁé’%@“ bﬁgﬁl erg?eﬁr’ﬁ'%ritig'is @‘?rtlﬁég.keehpérq%@@thﬁ, twhile cyrredit ai ns

I t é"rg,tdé? t ' 6..0f .. .
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bet ween 0. 01knowin@8 high sheediheapplitation yihistypatdf I'ﬁ?l@@bééd‘ﬁlétﬁo& iinm 10,
characterised in }hat sai d secondary metal is cobalt, nickel or iron,
preferably c8eRgre! feﬁzrvem@réhécﬁﬁld)ogeleetrgamaadcronueatgsto one of claims 10

or 11, characterisedrdfdifhy $f' Pe>RESNGGH Vintsta? ad f drupiedissd Lnto said
path particularly high current densities, which can be up to 120 A/dm2, finds a
particularly advantageous application in electronic applications in which it
is sought to work with a maximum deposit speed, and in which the
deposits desired must, inter alia, be bright, ductile and non-porous. The
baths used in this field must, in order to obtain high productivities,
function under the highest current densities possible, and this in particular
enables the use of the auxiliaries used according to the invention.

However, the baths of the invention can also be used at lower
speeds and current densities and in particular in the fields of decoration.

As set forth above, the development of the invention is
applicable to all methods which are classically used for depositing gold or
alloys of gold.

In particular, all types of soluble or insoluble anodes which are
used classically can be used in the method of the invention.

However, insoluble anodes will preferably be used, and
preferably of platinum-containing titanium, of iridium oxide-covered
platinum or of precious metal such as platinum, and a metallised substrate
will be placed as cathode.



the form of sul phate, carbonate, hydroxi de, oxide, acetyl acetonate,

citrate, gluconate, sul phamate, or of a1g1 xture of these conpounds. 13. The
el ectrolytic bath according to one of cl'dinms 1 to 12, characterised in that
it contains an organic brightening agent. 14. The electrolytic bath
according to claim 13, characterised in that it contains 0.01 to 10 g/L
3-(3-pyridyl)acrylic acid or 3-(3quinolyl)acrylic acid, or one of their
salts. 15. The electrolytic bath according to one of clains 1 to 14,
characterised in tha#_ iﬁMcont ins at |east 10£/L of ‘a conducting salt,
preferably sel ected TPa:t Ae S]F%ﬁﬂ)’ &8hstosth apdofasc will semergendesphathe bor at e

| ph i 1 T | Lyti.c, bat h di
2o one of ol Tiching BADIES, (Bl ik, séifhes; abesidid i et aSieerl > @' "
i ntended for tise abeldfsamordamic pbinpsand dsudémiedPaBEWE AP b é?é&trtggl?frg tic,
y

citric, boric, phosPhoric, or phthalic type. 24 17. The e ic bath

iaccordi ng t olMiARded m%leﬁsolygieaily%cl&,po&t?ngfmlms:fm (bfn'tst) aldys; 'ascaunFiai'y]s at )
t i . t tri . tri . 18. T

el oot rol vt 1 & opan Wit impPovesCtn shesd . plectodeqpsition’ Ghageld a PEdES i ' t hat

the gold is bRbysoshdyed whicH Ridces 'ﬂhé’fzoﬁtﬁi‘f‘%ﬁtﬁlﬁ@e.( I) or cyanoaurate (111).

19. A nethod of electrodepositing gold or an alloy of gold, characterised

in that it conpriseslhe peefieoiedsformulatiariseof batlyd aecdrairy &5 tHef pragent n one
of claims 1 to 18 in _inplenenti n% current densities of between 0.5 and 120

A dnR. 20. THVEREPRS@Nadt &r enriestacingimanner, badlescrkbed bydtherfollowingsai d

el ectrol ysi sgqj i US| i NSO e.anodes referabl v of

pl ati nuntont g?ﬁ?’%glbpfrﬁ’gﬁ?@h] 'HOWHF:Pi glseuh&g nifatiogy & e’geélé{qrwaﬁi’%? (ef

preci ous net gbldsardhopordligtofraiey mad ' SWF pl aced as

cat hode. 21. gbUse, i nﬂge\ e?ect rg}lyti clsggtﬁﬁtv?}m fee:??g or e@é@i’r’ol ytically
depositing gold or one of its alloys, of an organic conpound as defined in
claim1 or o_n§'okpf claims 3 to 7, as auxiliary agent i ch i pproves the

t he contact 36y getphsush ap0o, NijFe, @t cor.di.ng. t.0..cl.ai.m.20toGhayact eri sed in
that said ag hi (L [ of 0.3 to I er nol e of
gol d contai nlea%ﬁ% tneﬁ?ﬁgl%%éﬁly ?Eﬂ?@?gf‘i‘@ﬁ?@ fa23'1""(':'6’?1'(':''e"h"t"r é)gqlgﬁ 1§19R'1. 5to 2.5

mol es, per nptBICAFid Gol/er ROtASEIUM B@tS-n--t-he--bat-h,..Aore (046 3%BdLY at a
concent r at i onaigdhyadre. or der. of 2 ...rm!..e.s,...p.@.r....@!..?...9.1?....90'of.’qﬁggbél&/@ed in the
bath. . Ayas. Ayf. A A Ay. Ay. Ay. Ay. Ay. AE . A A Ay. Ay. A Ayul .
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WYH' " ~#( ( v) xJhg operating)cenaitionedreidvantagecatlythe #bkmying (] ca] ca] ca] ca] ca] ca]
ca] ca] ca] caV]ca] ca] ca] caV]ca] caV]ca] ca]ca]ca] ca]cTa]ca]c”a]c:al 477,
<??2DEE~H] J LINHRRMVWNKSYY.YZZ ..ot r s s 3.5 to 12 (as a function of

the nature of the gold

complex)

= TEMPEIALUNE.........cvicreer s e s 10 to 75°C

= AGIALION.......oocreee et Moderate to very vigorous

= CUITENE AENSILY......cceveeeeeee et e es 0.1 to 80 A/dm?2

S ANOGE......ocit e et All those used Cclassically,
particularly platinum-

containing titanium, iridium
oxide-covered platinum, or
precious metals such as

platinum
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10°% =10% ()-! O%fLe x_arr:pTes?’\}v%T{:% #ollow illustrate the good performances of
the invention.

a) In all these Examples, the substrate to be metallised is
prepared by a suitable procedure, according to the nature of the metal.
For example, the copper-containing substrates or nickel substrates are
electrolytically degreased beforehand, after a rinse with water, the
Ssubstrate is depassivated in sulphuric acid diluted to 5-20% by volume,
the substrate is rinsed with deionised water before being introduced into
one of the electrolytes of the invention.

Optionally, certain additives can be added. Thus :

- As conducting salt, sodium sulphate can be used, but also
potassium sulphate or ammonium sulphate, or a mixture thereof.

- An acetic, citric, boric, orthophosphoric buffer, or any other
buffer system which is efficient in the pH range concerned can be used for
stabilising the pH of the bath.

- A wetting agent can be added in order to avoid the adsorption
of hydrogen formed at the cathode during electrolysis and, consequently,
in order to avoid its inclusion in the deposit. A cationic, anionic or non-

ionic wetting agent can be suitable, it will be for example possible to use
benzotriazole in low amount.
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% ()- 10 - gold (mtroduced as potassium cyanoaurate (I))..........cccoveveeeevnnnenn, 2to 10 g/L

= AMMONIUM CIFBEE......ccoeeecetvceece e 90 to 130 g/L

- Trans 3-(3-pyridyDacrylic acid.............cccoeveeoeeeeeeoeeeoeoooeoo 0.5to 1.5g/L

- PH (Citric acid / Potassium hydroxXide)...........o.cocoveeeveeemoeoo] 3.5t05

= TEMPERATUNE.......oeiiceet et 40 to 60°C

S AGIEALION. ...t Moderate to
vigorous

= CUITENE AENSILY......c.ovnieieiece e ee e 1to 20 A/dm2

S ANOGE.......oii ettt Platinum-containing
titanium

This bath deposits gold at more than 99.9%, the deposit is
bright, ductile, with a contact resistance of 12 mOhm, a low porosity and
an excellent resistance to corrosion. Its speed of electrodeposition is of
0.05 to 0.5 pm/minute. It is used ideally in methods known as « rack
plating » or « dip plating » methods.

:D iv
- gold (introduced as potassium cyanoaurate (I))...........cco.overvvnn... 2to 10 g/L
= AMMONIUM CITALE........cveveieercc et e 90 to 130 g/L
- Trans 3-(3-pyridyl)acrylic acid............c.coemeeeeeveeeereeeeoeoooeooon, 0.5to 1.5g/L
- Pelargonaldehyde...............c.eveeiecnneeenieecereeece oo 0.5to 4 g/L
- pH (citric acid / Potassium hydroxide)............ooeveoveevervoreoeeoo, 3.5t05
= TEMPEIALUTE........oieeeecterecete st e et oo eeeea 40 to 60°C
T AGIRALION. ..ot e et Moderate to vigorous
= CUITENE ENSILY........veeeeeeeecee e, 1to 20 A/dm?2
TANOGE.......o e ettt Platinum-containing

titanium

This bath deposits gold at more than 99.9%, the deposit is
bright, ductile, with a contact resistance of 5 mOhm, a low porosity and
an excellent resistance to corrosion. Its speed of electrodeposition is of
0.1 to 0.7 ym/minute. It is used ideally in methods known as « rack
plating » or « dip plating » methods.
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" TERMPEIALUNE. .....ccvccnetteeeet ettt e e res e e e e 40 to 60°C
S AGIEALION. ...ttt e Moderate to vigorous
= CUITENE ENSILY.......ooeeicreeiee et s e et 1 to 10 A/dm?2
TANOAE.........ooci et e e s Platinum-
containing
titanium

This bath deposits gold at more than 99.9%, the deposit is
bright, ductile, has a low porosity and an excellent resistance to corrosion,
with a contact resistance of 7 mOhm. It deposits at a speed of 0.1 to
0.7 pm/minute. It is used ideally in methods known as « rack plating » or
« dip plating » methods.

LE 4 : Hi -cobal

- gold (introduced as potassium cyanoaurate (I))........cccoevvevevenn... 5to 20 g/L

= Cobalt (@S SUIPRAE)........ccveveeeeeeeeeeecee e e 0.5to1.5¢g/L

= POASSIUM CILFALE..........oicriiereieeeec e e 50 to 180 g/L

- Trans 3-(3-pyridyD)acrylic acid...........coevevrieeeeereee e e eeerises 0.5to1.5g/L

- Butyraldehyde.............oooieieicceee e 0.5to 10 g/L

- pH (citric acid / potassium hydroXide).............ooeeeeevevererereresrerensins 35t05

= TEMPEIALUNE. ...ttt oo 40 to 60°C

T AGIRALION. ...t Vigorous  to
very vigorous

= CUITENE AENSILY......cccoe ettt et 10 to 80
A/dm?2

TANOGE.......oiee et er e et Platinum-
containing

titanium
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This bath deposits gold at close to 99.5%, the deposit is bright,
ductile, with a low contact resistance, a low porosity and an excellent
resistance to corrosion. The cobalt here acts not only as metallic
brightener but also as alloy metal hardener. It enables, at the deposit, to
give a good resistance to rubbing and to positively pass the test known as
the « British Telecom » test. It is used ideally in methods known as
« continuous plating », « selective masked plating », or « selective jet
plating » methods.
The contact resistance is 5 mOhm after thermal ageing for 1
hour at 250°C. As an indication, it is under the same conditions of
14 mOhm, when the bath does not contain any aldehyde (measurement
according to the ASTM B667-97 Standard).
The deposit speed is 0.5 to 11 pm/minute with aldehyde, 0.4 to
8.5 pm/minute without aldehyde, using a rotating cathode turning at a

speed of 1.5m/s, as a means of deposit, or a deposit material by jet

plating.
t Hi e Id-nickel

- gold (introduced as potassium cyanoaurate (I))............coooevvvvivnnin 5to 20 g/L

= Nickel (@5 SUIPhAE)........ccccvieieeeeieeeeete oo 0.5to1.5¢g/L

= POLaSSIUM CILFALE.......c.covvveeereci e oot 50 to 180 g/L

- Trans 3-(3-pyridyl)acrylic acid.............c.coeeeeervemreeeeeeeeeeeeooeoses 0.5to 1.5¢g/L

= Butyraldehyde............co.ooomiueeirereiiecee e 0.5to 10 g/L

- PH (citric acid / potassium hydroxide)...............coocoevreeevvercorosn, 35t05

= TEMPEIALUFE.........oitecteee ettt 40 to 60°C

= AGIEALION. ..ot Vigorous to very
vigorous

= CUITENE ENSILY. .....eovvirecreeececeree e 10 to 80 A/dm?2

T ANOGE. ..ot ORI Platinum-
containing

titanium
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ductile, with a low contact resistance of 7 mOhm, a low porosity and an
excellent resistance to corrosion, and leads to a speed of 0.5 to 11
Mm/minute. The nickel acts as metallic brightener and as alloy metal
hardener. It enables, at the deposit, to give a good resistance to rubbing
and to positively pass the test known as the « British Telecom » test. It is
used ideally in methods known as « continuous plating », « selective
masked plating », or « selective jet plating » methods.

LE 6 : Hi - h

- gold (introduced as potassium cyanoaurate (I))........co.coeevvovrrrcererennnn. 5t020g/L

- Cobalt (as acetylacetonate)................ovveveerrvemveecereeeeeeeeeeeeeeeov. 0.5t0o 1.5g/L

= POLASSIUM CITALE.......coiverieiei et ee e e s 50 to 180 g/L

= FOFMIC ACIG........ovmre et eer e oo 30 to 60 g/L

= Trans 3-(3-pyridyDacrylic @Cid............eoevvveerereee oo 0.5to 1.5g/L

- Heptaldehyde................ccomiiice e 0.5t0 10 g/L

- PH (citric acid / potassium hydroXide).............cocovevermeemeieeesessooriisn 45to 6

= TEMPEIALUIE. ...ttt et 40 to 60°C

= AGIEALION.....ceii e e et Vigorous to very
vigorous

= CUITENE AENSIEY.....cuvvieeeece e cr e et 10 to 80 A/dm?2

T ANOAE......ceeer e s ettt Platinum-containing
titanium

This bath deposits gold at close to 99.5%, the deposit is bright,
ductile, with a contact resistance of 7 mOhm, a low porosity and an
excellent resistance to corrosion, and leads to a deposit speed of 0.5 to 11
pm/minute. The cobalt acts as metallic brightener and as alloy metal
hardener. It enables, at the deposit, to give a good resistance to rubbing
and to positively pass the test known as the « British Telecom » test. It is
used ideally in methods known as « continuous plating », « selective
masked plating », or « selective jet plating » methods.
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E LE 7 : High Id- h

- gold (introduced as potassium cyanoaurate (I)).......c..co.coovvvvevrovenn.s, 5to 20 g/L

- Cobalt (35 GIUCONBLE)..........cveveeieirireeeeetere e 0.5t01.5g/L

= POLASSIUM CItFAe..........coiiieeceece e e 10 to 50 g/L

- Trans 3-(3-pyridyl)acrylic Cid.............ooovrveeereeeremeeeeeeeeeeeeoeoeoooen 0.5t0 1.5¢g/L

= HeXaldEhyde..........c.ouiuieeiee e e 0.5to 10 g/L

- pH (citric acid / potassium hydroxide)............cocoooereeeereeeeoeoeoo 45to6

= TEMPEIALUIE. ...ttt oo 40 to 60°C

= CUITENE AENSILY........oceieeeeeecteeee e oo 10 to 80 A/dm?2
TANOAE. ...t Platinum-containing

titanium

This bath deposits gold at close to 99.5%, the deposit is bright,
ductile, with a contact resistance of 7 mOhm, a low porosity and an
excellent resistance to corrosion. It leads to a deposit speed of 0.5 to 11
Hm/minute. The cobalt acts as metallic brightener and as alloy metal
hardener. It enables, at the deposit, to give a good resistance to rubbing
and to positively pass the test known as the « British Telecom » test, It is
used ideally in methods known as « continuous plating », « selective
masked plating », or « selective jet plating » methods.
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CLAIMS

1. An aqueous electrolytic bath for electrochemically depositing
gold or its alloys comprising at least one soluble gold compound intended
to be deposited electrolytically and, optionally, at least one secondary
metal compound intended to be co-deposited in the form of an alloy with
gold, characterised in that it further comprises 0.3 to 3 moles, per mole of
gold contained in the electrolytic bath, of an organic compound comprising
one or two aldehyde functions, said organic compound being :

- either glyoxal, or

- an organic compound having 3 to 20 carbon atoms and one or two
aldehyde functions in the form :

= of a linear, branched, saturated or unsaturated aliphatic group, or

= of @ group containing at least one saturated, unsaturated or aromatic
ring,

it being possible for said organic compound to further comprise at least
one heteroelement selected from oxygen, nitrogen, sulphur, and
phosphorus, or to be in the form of a salt, particularly in the form of a
sulphonate.

2. The electrolytic bath according to claim 1, characterised in
that it contains 1.5 to 2.5 moles of said organic compound comprising one
or two aldehyde functions per mole of gold, preferably of the order of 2
moles of said organic compound per mole of gold.

3. The electrolytic bath according to one of claims 1 or 2,
characterised in that said organic compound is glyoxal.

4. The electrolytic bath according to one of claims 1 or 2,
characterised in that said organic compound is an aldehyde of formula

10
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5. The electrolytic bath according to one of claims 1 or 2,
characterised in that said organic compound has 4 to 20 carbon atoms
and comprises at least one saturated, unsaturated or aromatic ring, or is
in the form of a salt, particularly in the form of a sulphonate, of one of
these compounds.

6. The electrolytic bath according to one of claims 1 or 2,
characterised in that said organic compound has 4 to 20 carbon atoms
and contains at least one saturated, unsaturated or aromatic heterocycle,
or is in the form of a salt, particularly in the form of a sulphonate, of one
of these compounds.

7. The electrolytic bath according to one of claims 1 to 4,
characterised in that said organic compound is selected from the group
consisting of propionaldehyde, butyraldehyde, isovaleraldehyde,
valeraldehyde, capronaldehyde, hexaldehyde, heptaldehyde, caprylic
aldehyde, pelargonaldehyde, decanal, undecanal, laurylaldehyde, glyoxal,
glyoxalic acid, glyoxal-bis(sodium hydrogen sulphite), glyoxal-1,1-dimethyl
acetal, acrolein, crotonal, benzaldehyde, phenylacetaldehyde, cuminic
aldehyde, cinnamaldehyde, anisic aldehyde, phthalic aldehyde.

8. The electrolytic bath according to one of claims 1 to 7,
characterised in that it contains 1 to 100 g/L of gold.

9. The electrolytic bath according to one of claims 1 to 8,
characterised in that it contains at least one metal acting as inorganic
brightener or as hardener.
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10. The electrolytic bath according to one of claims 1 to 9,
characterised in that it contains at least one secondary metal selected
from periods 4, 5 and 6 of Mendeleev’s periodic classification of the
elements, at a concentration of between 0.01 and 60 g/L.

11. The electrolytic bath according to claim 10, characterised in
that said secondary metal is cobalt, nickel or iron, preferably cobalt.

12. The electrolytic bath according to one of claims 10 or 11,
characterised in that said secondary metal is introduced into said bath in
the form of sulphate, carbonate, hydroxide, oxide, acetylacetonate,
citrate, gluconate, sulphamate, or of a mixture of these compounds.

13. The electrolytic bath according to one of claims 1 to 12,
characterised in that it contains an organic brightening agent.

14. The electrolytic bath according to claim 13, characterised in
that it contains 0.01 to 10 g/L 3-(3-pyridyl)acrylic acid or 3-(3-
quinolylacrylic acid, or one of their salts.

15. The electrolytic bath according to one of claims 1 to 14,
characterised in that it contains at least 10 g/L of a conducting salt,
preferably selected from the group consisting of citrate, phosphate, borate
or sulphate salts, and their mixtures.

16. The electrolytic bath according to one of claims 1 to 15,
characterised in that it contains a buffer intended for stabilising the pH,
said buffer preferably being of acetic, citric, boric, phosphoric, or phthalic

type.



10%&' ()-m 10%' ()-m? y@10%' ()-mgvU4 fAF1I0% & ()-3 fl:10%
{g? fylogg&f(¥§%0 10 g% f+1%@6&f()- L$310% & ()-2xzY8vW4  fFy*310%
()- ffF10% & ()-3 ffF10% & ()-3 ffF10%& ()-3 TfFlO%) .

()-3-!1ffF10%u& ()-3vud fyY 10%& ()- fy310%&' ()- f 109%& ()-19 10 10
Fy8310% & ()- fKy3 10% & ()-*; Th|[:vU4 f fylO0%&' ()-f fyL310%& (g-f
fAy310%& ()- fylOo%& ()- fyGlO%& ()- fFy 310%&T()-h7|[:-410f f9 109& ()-f
fy8GLO%& ()-f f 610%& ()- fy3109%& ()- fFllO%&'() f Ky" 310%&' () & . bA410f f

& (11010 i | | A1br: THS @STBINHE Bath aschicioa e b i aigins ot acy) - 1y

% & ()- f ( | 1 fy910%
) et ot U et Bl
f K& 4109 ()IolvkrlaMO(benzmmef& ()- T 109%& ()-1 fT410% ()-Y Nor rral

Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43] c" 'Il-leadl ng 53] c"
"Fbading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default

o e 4<B | o £ U FICRINS bath, 35°o5ding 49258 of SRHRRL 17 ghni oi kB

~c COpharaztar diinbeha the-GaldnesniedudeRIMNe RIFPF bdnddeirat (rpot
Egtsmmc%dgocgnent Lsgh " HSUR ()9+ -.10123456789: v ¥

<= >9@EBCDEFGHF§¥@ﬂﬂ@§ﬁﬂ@§fUVMXYZ[\]A_ abcdef ghi j ki mopgr st uvwyz{ |} ~

?
&
&
&
f

19. A method of electrodepositing gold or an alloy of gold,
characterised in that it comprises electrolysing an electrolytic bath as
defined in one of claims 1 to 18 in implementing current densities of
between 0.5 and 120 A/dm?2.

20. The method according to claim 19, characterised in that said
electrolysis is carried out using insoluble anodes, preferably of platinum-
containing titanium, of iridium oxide-covered platinum or of precious metal
such as platinum, and a metallised substrate placed as cathode.

21. Use, in an electrolytic bath intended for electrolytically
depositing gold or one of its alloys, of an organic compound as defined in
claim 1 or one of claims 3 to 7, as auxiliary agent which improves the
speed of electrodeposition of gold or of its alloys and/or which reduces the
contact resistance.

22, Use according to claim 21, characterised in that said agent
is used at a concentration of 0.3 to 3 mole per mole of gold contained in
the bath, preferably at a concentration of 1.5 to 2.5 moles, per mole of
gold contained in the bath, more preferably at a concentration of the
order of 2 moles per mole of gold contained in the bath.



