DESCRI PTI ON SI LVER- CONTAI NI NG ALLOY PLATI NG BATH AND ELECTROLYTI C
PLATI NG METHOD USI NG THE SAME TECHNI CAL FI ELD

[ 0001] Thepresentinventionrel atestoa silver-containing alloy

el ectrolytic plating bath which can produce silver-containing alloy
pl ated products suitable for electronic nenbers, decoration nenbers,
and dental nenbers, to a nethod for electrolytic plating using the
sane, and to a substrate on which the electrolytic plating is
deposi t ed. BACKGROUND ART [0002] Si IRFeyCHST oNeaut i ful white gl oss or

the 11 ke, si ned Siater iy fih oty deri BV Bl vl vy e = 10
nmetal s, silver plating is @ppligd dLrddie N, fsﬂm‘tals in
I'Te par

el ectric parts including contacts, autono s, aircraft parts,
and the like. (For exanple, refer to Japanese Patent Lai d-Open No.
2000- 76948 (Patent Docunent 1) and to Japanese Patent Lai d- Open No.
HO5- 287542 TELYDRCATPAtIeNtD Docunent 2).) [0003] On the ot her hand,
silver is likely to be oxidized and tends to generate whiskers on the
surface of [$00&r pl afiRg. AeE®sdnhgl y, iarengloit h highedensit yto a

ti f .el ect I,C .parts i t ,. the sil -pl ated
product s &1 9d S PONE rHo0 et o3t CAL Hosi SUARET Ut ¢ e can
roducts | e Brot &l . .
The. surfacB oo st Pon (For SRanare, SrapsrParsamhamdh= i iadh e -

Engi neer i ng1A%$06¢nald A8moérd ARRb oA . A meNBe8s , PPad BEniBE, méRB02), to
(Non- patent Docunent 1).) [0004] Regarding the above pr obl ens, persons

skilled inat metdrad soughtlargasinesi ¢ oppaeient us heggeher abmen ehd to a

whi skers on silver-plated products. Until now, however, no .

sat i sf act oF{PSEPPIEEs S0 hnkihsk erl egérerlattiion Als tdeni dvve daparsdugs -

t he StUdieﬁﬁﬁg I in% ath and/or electrolytic plating nethod.
PBPENE" 4,

Currently, |d plating is very often used, which is nore

expensi ve thagosi | verg;ihough d Q}%&lﬁﬁﬁi R0k d‘ir‘$$§<%rrsn£§a%f8§sa%qld

the electric conductivity 1s goo or exanple,“refer to anesé

Patent Lai dsQoesd Ne £2006wR087 16 Hadetd, BRGUNBAE Ha Kl JAPANESE ike.
Pat ent Lai d- Open No. 2002-167676 (Patent Document 4).) [0005][ Patent

Docunent 1PidapanéswcPahanthlighes Opeiediori@00rDB48! § Patenty metals,

Docunment 2] = _Japanese, Patent Lai d-Open No. H05-287542(1993)

[ Pat ent DoSiikERE g}atlng is applied to the surface of metals in electric
parts including contacts, automobile parts, aircraft parts, and
the like. (For example, refer to Japanese Patent Laid-Open No.
2000-76948 (Patent Document 1) and to Japanese Patent Laid-Open
No. H05-287542 (1993) (Patent Document 2).)

[0003] On the othexr hand, silver is likely to be oxidized
and tends to generate whiskers on the surface of silver plating.
Accordingly, along with high density mounting of electronic
parts in recent years, the silver-plated products raise serious
problems c¢f contact resistance failure and electrical short

circuit resulted from the generation of whiskers and the surface

oxidation. (For example, refer to Journal of Reliability



Jabanese Pat ent Lai d- Open No. 2005-005716 [ Patent Docunent 4]
Japanese Patent Laid-Open No. 2002-167676 [ Non-patent Docunent

1] Journal of Reliabil ity Engi neering Associ ation of Japan, vol. 24,

No. 8, pp.761-766, (2002) DI SCLOSURE OF THE | NVENTI ON TECHNI CAL
PROBLEM [0006] The present invention has been perfected to solve the
above problens, and an object of the present invention is to provide

a silver-containing alloy electrolytic plating bath which can prevent
surface oxiEHRHLGFIOMG He Shtd et S0 veRadont@ hidfy Ai2 -6 pirat &l -766,

product and suppress .th ener ation of whiskers, to provide a

net hod for @ﬁ@gt)r o‘ﬁ{(}ﬂ c?%eé)teti gjé)ct}grleﬁ]gtt e)sa_rre, and to provide a
substrate qotich tNe-65e650aloild GpBl AL A1t ] SndeBastbad. o ANOILL f the
obj ect of the present invention is to provide the silver-containing

al l oy pl at edtpedytt abhauned by bhevaRLhEHe OfchbLaplosSest WHWE 9 bn
wi th physical and electrical characteristics equivalent to those of
gol d- pl at ed ipveduetis.t cTECHNCEGALL sSSOLUTE ON 1090 7} Thever esentsd tnivefd d torry

provi des a silver-qontaining,alloy el ectrolytic plating bath which
can produc & SPNFSSiONtA nVAgS ART oY epraréd opr obuceshhavedg taxeamiberthe

member o, afi BRRAl TRIBEIEY PO R RBCHGH o iHetORor HE THF jisghod-
ing th ern@A¢ terar Lehot t i Ce i
'S deposi t o0 TBO08) SSBETTICArTy "Ehe Braring backrL To depount g Meen

si | ver - contiginbigeabkayion then sunfaee wioddterahsddeatss: hhef whiskers
silver-containing alloy plated products having excellent resistance

t o oxidati 68 ¢aasbendurhd adtanted dyonsiueg itvhie ypliat gogdbat HFavhiectanple,
contains (a) .a silver conmpound containing 99.9%to 46% by mass of

| Yy
silver on ERéSkadics GIPANE T otalevet af A8k hlPei #0000 Td&dolRatiauth
conpound cantaining 0.1%to_54%b of adol L ni um_on Sl
of the totgPCHgFgF ﬁgsSa?%ePEPﬁ?e%ST%%§*¥EQS 20 éb%?%d 8t E%ﬁh#%iﬁﬁth
agent, and pd} atSPb%eRkntaAd By using the method for electrolytic
pl ating applying the plating bath. EFFECT OF THE | NVENTI ON [ 0009] The

el ectrol ytiroopkati ng neébedcusbBaméhe $il \EIcGRHAPALBELALL DY-Pbah iNdg
bath of the present invention can provide a silver-containing alloy
pl at ed prodd8P-@REEABprevents the surface oxidation and suppresses

t he generation of whiskers. Furthernore, thus obtained _

si | ver - cont ai ni ng 29y I hridduc? 2RaECEShafahess ofadcckeres sdio-
to 180 on e of and has a surface contact resistance at
a conparabhggl%gzﬁg%o{?ﬁgé?of gold, thus the silver-containing alloy

pl ated product gan@l80 RE-UIREH > a 5%5%15&&695%@0' gxplabedn  wo.
products. BEST FOR CARRYI NG T | NVENTI ON [ 0010] The nodes
for carryi pgobubOBERARGI Nnvention are
[Patent Document 4] Japanese Patent Laid-Open No.
2002-167676
[Non-patent Document 1] Journal of Reliability
Engineering Association of Japan, vol.24, No.8, pp.761-766,

(2002)

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM



described in the followi ng. The enbodi nents given bel ow are sinply
exanpl es of the present invention, and a person skilled in the art
can nodify the design adequately. [0011] (Pl ati ng bath) The
pl ati ng bath according to the present invention contains (a) a silver
conmpound containing 99.9%to 46% by nass of silver on the basis of
the total netal mass therein, (b) a gadolinium conpound containing
0.1%to 54% by mass of gadoliniumon the basis of the total netal
mass thereil®00&d) at [CBgsprerenki haventiéenphesiheeadgesticaed () =plve
sol vent . %210&12%3& Si | vehlcorrpounéi . The silver corrgoun,d accordi ng
to the pre APRYENPT BRI FLS ar BRY rdt YRG0 Ghd TRE BRESSE he R Rt 15

can be di ssq| k t Y Pﬂ% r. it .CO i
agent desc??)b%gg%g{?%\?\% g?%ﬁggpfég%gﬁ}éégéi%ver i%gr?sc\.@rlon y{%ﬁe %’Eégjél!ﬁg%ath
invention, wapRh calle Shiarpein€ONPELNLS: ar xshk¥ebnsSabls $¥Eh ahtained
silver chloride, silver bromde, silver sulfate, silver sulfite,

sil ver car bddate-conganinénsi lavérys plfadrat @ rgidorerarguldzos uepipticts the
acid, silver nitrate, silver citrate, silver tartrate, silver

gl uconat e, 9&NE¥EIC 16%aPat BR1GKETS | TercBRVHES arteHrdd thar wlssitsletic
sal ts containi n% t hese stgllts, t hough not limted tgQ them

As of
these, sal PSAWTH B §RAI T S GPFEnat e dre PPt arr 2 ¢ UG RIeTRR "gIFJr%rthe

i ons provi :Si | ; n Is int i Q- h_of

t he pr esengq?ﬁ\%gg’t' or%%b ga{r}-blug:{ s9$rgr%p§§.l§%/odt'o fg&tglye%rmgs%%#t g the
basi s of tbeekehtl iARtaltiFASS sl ol heoRliall RhbaLn v eirraling dhese oy
silver ions may exist by anmpbunts from 99. 7% to 50% by mass, nore

pr ef er abl ypflrdomd99rFdtto @B%s nedrhysthameitosd ofr eher@abd serdt dmvedhtd%n
to 70% by mass. [0014] The concentration of total nmetal ions in the
pl ating bat’hths Physd GPdngend rokset baca b 2bararterantipseraralipyehitormo
0.5 to 100tg %/L. Nor E%I_I '] /t:h% si | ver ions exist in the plating bath
by amounts fPaf 26 £819081§FEY RAGIIFEPerably from 25 to 80 g/ L.

[ 0015] b. GagekhRtirHRY.CQRRA¥REN The gadol i ni um conpound accordi ng
to the present invention is arbitrary conpound if only the conpound
can be di geobved in 'ﬂhé@iﬂ@'&nﬁ@h@b&‘lt@bn’f?ﬁ@ﬁﬂ@ésﬂts'll@re@i@@léh@éii&gng
agent described bel ow, thus providing gadoliniumions. In the present
i nventi on, 2aappli cablecigedby T hé umrclorpounds biatdl udehgadol igarum salktiuce
such as gadoliniumnitrate, gadolinium oxide, gadol i nium sul f ate,
gadol i ni unPehVBFirgentasaigddot umBRéSshaPECCHRAESa %N e ciFeldent
t hough notrl L m %ed to ttohem .éng]ng t hese dolfi nium oxide is b
preferred. "TOOT6TTRE gadoPiAldm P8ns" pr's dPront & Yadot i Gmeers.
conpound exksbrhBibhe irld AY bahh Aed® PRERBRL s, MVEN LON BYhod  for
amounts fromO0.1%to 54% by nass on the basis of the total meta? mass
in the platleagtbalhtibrefariab vst heseh«gadaki MudMtboNsulbBY r@X%ksén B¥iich
anounts fromO0.3%to 50% by mass, nore preferably fromO0.3%to 40% by
mass, and hbetepeeferdbiyct poatOngyicod8pusbycamss. I|f the anount of
gadoliniumions_.is smaller than 0.1% by nmass, the whisker generation

fromthe obP3PRkd si|ISReCThbHEal by ndhsl iviabiad e@afiodiet tOardRROSiE |
be suppres .On th her hand, if .the anmopunt o adol ini.um.ions_is
54% by nas%gg‘rfe?;(r:g%?a?%lﬁﬁea ic:?%lonrrﬁ%ls? SPg?ﬁgen%%a 1S P S et cThe
conduct i vi ty) fetecbRE At 8SngCelerd) | p1the gadpbinbym ikﬁ?ﬁj | Skl

pl ati ng bath by anmounts f?%m 0. O&#t% 5.0 g/xg, pre?era y rgr(o% 8!8?1%%%
5.0 g/L. [boidT$tafoaploeskigadgenican be mahE acopleeXbP@saggnthd 51ating
conpound that coordinates with the silver ions and/or the gadolinium
i ons, suppbaeld hriom tdmntagove ($i)l eesitoapotebamid ororgadoling @M. 9% to
conmpound, thus stabili zi ,ngét he ions. According to the present

i nvent i on, P hEYIBRPT & FHl Bger MRS PReve eWshertdprbmetal mass therein,
tal - i i i . 1 [ | i ts in_th
resent -1 obnt SRadhif Run: CORPhORE FaRRaSrRgTn s S Boe I BoRy aaRs. of



" at’a concentration ranging fromO0.1 to 250 g/L. Preferably the

conpl exi ng agent exists in the plating bath at an anount from2 to
220 g/L, and nore preferably from50 to 150 g/L. [0021]d. Sol vent

The solvent in the plating bath of the present invention may be the
one that can dissolve above silver conpound, gadolinium conpound, and
conpl exi ng agent. Applicable solvent includes water and non-aqueous
sol vent such as acetonitrile, alcohol, glycol, toluene, and

di met hyl f ogRgield@ium G@eﬁéﬁrééséélOénthent¢©@b§mQ¢ﬁﬂcmﬁﬁ$r&hﬁmﬁﬁnﬂ1( c)
ot her netal

ions are renpved by an ion-resin and the |iKke.
preferablea§oﬁ9§ﬁ ?Eemgq@g‘§$F§meéﬁﬁﬁﬁhﬁgﬁﬁﬁalapgné [@0?%%W?R¥f and

rom 1oto T4, 5 elor Shr y Mol CRoro T narcr Lo sror BB BFar SbFy MigR” CHe

nore than @1a{h@gpﬁaqm_the pl ati ng bath may be naintained at a
desired | evel by adding a buffer thereto. Any conpatible acid or base
can be useﬁEQECEh@EbGHEeENvamdlﬁm@anlc or inorganic conpound thereof
can be applied. The term "conpatible acid or base" neans that no

preci pi t at |[8190(9f] si | vépej or%leaiﬁdflcdrytclm*rpl E&ﬁhgnﬁgeme’qf@@en@ﬁan@d the
fromthe | vent when t.hat nd of acid or base IS used at an

anount suf 1B|JL VENt SPE M6 EE RheCEHD ‘%(Jarh‘i)Ib(?§:ho1‘3 tFEetﬁﬁ?%efntar“éwﬁqFéqun
met al hydreé'nd ARAS, SO0 Y hydl.ox] de @ngwggagigegah e i ch

car bonat e, C|t$1c acid, tartaric aC|d% acet c aci
phosphori Cp@é'v@nttshﬁbl@hSBQEal:é %i@@aﬁgomt%m 402 s fa 5 AdH tgie\h%ratlon
The plating bath of the present invention can optionally contain
known addi bfveshistecirsas strfdcimamine stabidi sbtaigkdssidgent-containing
sem - gl oss agent anti oxi dant, and pH adjustor. [0024] Above

sur f act ant 2i-heV Ukt SR aHicsHIGE §ast adtaa?ﬁnﬁﬁseﬁér‘éﬁcb?rﬁoﬁ;ﬁ tticoh80 on the

condensati on gf Cl- c20 al anq&cﬁghenol pht hol sphenol s, Cl-C25

al kyl phenoP " afyFal kA Stveéndt” 28 & %%%ﬂﬁ?ﬂta?ﬁ f%%lﬁF%%i?lﬁFe@
phosphoric. t rbjt ster yr

ponaIkerngﬁ5?§%§?le %EV%EZP%I?% gtégggﬁg% tﬁ%%i%%ﬁpgﬁﬁgﬁgtangﬁﬁglng
and the |ikelwit ?bl%tte@ Foadescoh el byl eae wddend ED) sapdt9tute for
propyl ene oxide (PO ; and various surfactants of cationic, anionic,

or anphot egped-p[LB02E] Albbovecgsven stabilizer is added aimng to
stabilize the |I§UId or to revent deconposition of the liquid, and

speci fi cal P§Séf ¥ 9?|§@Roﬁé§ AEHGKRERIN TEEaBNVENEESNsuch as cyan
conpound, - cont n onpound such_as th| reas, sulflte and
acet yl cyst iUh%U and o@i‘/ %eaﬁ e5°5ucH & T ri% cgﬁ FUFfHE 8t e 27
above- descaéggglgegphgxmg ﬂgfﬂgﬁlﬁ%e aill'ﬁeoe% eg'lsché gﬁ.v%tnal%'el'o%deare

[ 0026] Above- gi ven gl oss agents 1 ncl various a

suchasm Chb@ﬂhpb?@&ézﬁkﬁfmﬁ@mtﬂétpﬁ@@éﬂ@ idefyde.on, and a person skilled
p- hydr oxybenzal dehyde, 1-naphtoal dehyde, salicyl al dehyde,

par al dehyden bbeokebngavhhotdfsl dbhydesighuedealidébyde, and vanillin;
ket ones such as_benzal acet one and acet ophenone; unsaturated
carboxylic Qeialsuch é%l%E¥®nga%%]d met hacrylic acid, and crotonic

acid; triazine; da ol e ui nol i ne y ridine
aniline. [0027] %l%%%gsgﬁ?kgloss é%%ﬁ%st?né¥ﬁaepp¥%?%5ré5¥englon
N- (13- hydr 05&!9&'&Yﬁédf’1§‘)e)a Ql_SL‘JEEa@é%%uﬁld M A8 es Wsf 2BY) 688 Anass
N- ci nnanoyl i dene sulfanilic acid

2, 4- di am nef 6s { Pre e \HaTidaz y>E( thy) ebbyl -deBa b-dd Q2 MG ein, (b) a
2, 4-di am no-6-(2' -ethyl -4-net hyl i ndazol y1(1rnethyl -1, 3,5-t ri azi ne;

2, 4- di anmi ngaée{ 2hiundemdduriddaent i iny Petlltyte D43, By meisazd hgedophenytn
saIC|Iate and benzot hi azol es such as henzot hi azol e,

2- et hyl bePR ot 22qS 9-(%%%9@%% e B“éﬁfo?ﬁ?é?épe c) at least one

2- benzof i 2. h h
2 ot hy |- SERRTof SbERUB AT I8 8955 hydF ybanzt RPLIErs:



' [ 0029] (El ectrol ytic plating method) The present invention
provides a nmethod for electrolytic plating, conprising the steps of:
imersing a substrate in a plating bath; and applying an electric
field to the substrate, wherein the plating bath contains (a) a
silver compound containing 99.9%to 46% by nass of silver on the
basis of the total netal nass therein, (b) a gadolinium conpound
containing 0.1%to 54% by mass of gadoliniumon the basis of the
total metallOPdd therei-n, (E)lvar lezmpownk kind of conpl exi ng agent,
and (d) a solvent. The nethod for electrolytic plating according to

the present invert$ oi-tEAT USTROWRE SN GEPY Knowie tior pessbngivention
skilled in.th p i r lLatin hi gh speed, continuous . .
pl ating, ré&?égg%ggﬁ Jﬁ%?bg%%dp%gnﬁge%hf}g%%%ﬁbcsaﬁ f%\)teealssog‘)Vecj 1n
According tosbhecpresendiy rb\&e@Ebg’ﬂhe&’hﬁi@lﬂ%SEBﬁerﬁliln%%?gn\tz k@%scribed
silver-containing alloy to depoSit on the surface thereof Is the
conduct i vebedew,Wwhhak psousadnass Bhvencdend .n tThetrkest&obyt i inpdadidg,
process. The conductive material used as the substrate includes iron,
ni ckel , coppediceldemsdmvean eomdavaidsamrd |soyl wcherssoft s amethr esd rsilver
Substrate t i?)t ed by the netal or alloy thereof_as the netal surface
prepar at i of MPRGEGh ot Y55 PeamLger hethl set Srhbh kS mafdiivalr tHekefter

i ncl udes stai Ss al | nosphor- bronze ickel , and .

br ass. Ftus;i ﬁvgﬁrmrég%ﬁhgagébstr%gaﬁgg be&s:h jé]gct e%ilf%oo%%??’ace silver
treat ment i@ 1irgRiLQE ntike Adhesi yengss QftPLALi Ndilver citrate, silver
[ 0031] b. El ectrol ysis condition According to the nethod for

el ectrol yt itarplatiengsvivehegpresentej migntd woxatlhe esubstir & even d:ile,
surface of which the silver-containing alloy is deposited (plated) is
used as th@ngnddeltsSerylselWrlyeefésabbyt s hsbhalbiesathdde, i shoged ras
t he secondﬁr.él. I(é;:tro%e. In_the_present inventiaon, there can_be

appl i ed pufs 13? FAg N eBFf QUERE pPatFAgIi o cEgRbiLRat R bROBREE are
pul se platingsw.thidirect current plating. [0032] A person skilled in
the art ca aéequatél y vary the current density and the el ectrode
surface pofeoial in the deskar QlorihglecidP! ¥Edk R @AY PIOEERFind
dependi ng on the substrate being plated. CGenerally cathode current
density andxamoddencuire gntatdiensidativarfy the preaage faoemOidntioy 3mounts
A cn2, respectively. Generally the tenperature of plating bath is

mai nt ai nedfifﬁma99a§%g|etff ridrh PyCraes48t g inrFitshefprbeesgtal metal mass

| ectrol yti ti .JTo f t d it of desired thick , the
ol cotrol Jt 16 BPRPREE PSRt o Eetictery ISP S it orio o S X
met hod accggdar&m% Fh}%mp?§.s?9ttd Byent ﬁgsggf}néfg E;'rtel%%rablé/ £rom 99.7%

silver-containing oy plating on the surtace of "substrat

thi ckness tangdadhy mRMs0. Qhdt 8c50 PraFefAOBI]Bubtor. Flzetgn7 i Gh rihe .
el ectrolytic plating is deposited) The present invention

provi des af80b4ir at e Time whinclertthe teleect £ dottd lcmpkatli ons I ndeposiliedng
which electrolytic plating contains (1) 99.9%to 46% by mass of

silver on PRENbASi 300t IFecetbrem hethitoed wid @C PrEfhtE4%inpn

ST iver - contaPHhAUR! Pt/ 51 at CHUeB05I £ IR R ST ot 61 ARG Eing

substrate gg?ha#fgimﬁﬁgﬁ%ﬁﬁefﬁ%ooﬁb@awﬂn %Qc%%‘f@f%f ;ﬁ%@ 25 to

generation o ers. rmore, the’silver arnin

pl ati ng haggoaghardness of Vickers from60 to 180. [0035]1n addition,
the silver-containing alloy plating deposited on the surface of the
substrate &§@8d5Hi ng tlw. t heGpdedentiumneentioandcan have a surface
contact resistance at a conparable level to that of gold. The term
"surface contacfP€esiosdadd@ivef GEPUNS h&csiordsingni flices thige present

i st _under . appl yi t ] | gaded state, Th
Si ver - contAI MR hi Rl 5y  pPat TG abEBPHRRG to PRAVpEESeRPTRRVER FoR Pe



har dness) Usi ng a surface hardness gauge (Mdel DVH 2,

manuf actured by Matsuzawa Co., Ltd.), the Vickers hardness was

determ ned in an environnent at nornmal tenperature under a | oading
condition of 0.245 N (25 gF) for 15 seconds. [0041](Salt spray test)
In accordance with JI'S H8502, an electrolytically plated substrate
was subjected to neutral salt spray test (5% NaCl aqueous sol ution).
After 1 hour, 24 hours, and 168 hours (1 week) had passed, the

condi tion ofisglodtvieniy isuraf acd gorte serice/valise eeysofheaomriosi an)camgsl exing
observed. [0042] (Solder wettability test) I n accordance with
JI'S 73196, 3§sné| aeseblyeddeg 1gn pltatedr50h5e i ag Jamsl Subjredoad -t oIn the
sol der wettability test by the wetti bal ance,nmet hod. The eval uatj o
v gi ven BEPHE e TSHIHer bt HOBT - CEIHE | BA0OCATAER] COSEIGERS tiffr Luce
| ead = 60%,: 9. - - [ Lp-silver- al.de
(Vr05, tin Pt SEE BA% G St s by S e a BPERE g e,
Senj u Met alyakpdustiiph Ceul fhtd,) gadbead:fhiheecsobdese, r espectd el Vinium
[ 0043] (Exanple 1) A plating bath containing the

f ol | owi ng- bhstetiacenpendnd srit twom cdrdreatfi ,on$ogicvenoicnl Tabt ed 1t awwashem.
prepared. Thus prepared plating bath showed strong acidity.

[ 0044] ( TabP&oDy Shieger GRIAGPLIF G <slsr dpamslefyideshat e 150 g/ L

Di eth | ami /L t5 g/L,L- bi. idl g/L Gadol.ini,

oxi 00,3 GRECE0845] To B (HAOR BACEH ShBREr SEVARE n TOBReF- BASE 1nLm
 ded. 3 «  To dn FFGT Hisel sUist v seat

At h, | reahSclToars SThe. CURSt aPe uaL T hrey Sca T PR R Al ! Ah paly &Y

a tenper at dfneuhaBgf Agm f0.0m 25G 4 D Abfkasansh ¢l 8AL : Wast appl ¢ 66aatmdk B,
to 3.0 A/Vdn2 of current density for 2 to 3m nutes using the substrate

as the anodegsaid thkeuslat phatted:-h.co&trefigrably pnesea gehicdkimessn wass may
obtai ned. The content of gadoliniumin thus obtained plated coatin
was 0. 10% BYif&sRY GFRANE HASPE Bf 3% He O8FaPY mass -oforRer e B aaoly from
coating. [Q046] To ys, obt ai ned_pl ated coatin ests were, given,in
Corms o hdart 68; ADAnRE MEBAe adbe FREF SoBnEEe AP LR erohal aHess 3 by
salt durabilLity. fhe-gesuylt r i j N e 4.. Al(Examp )} e
A plating %‘at h cont g? n]gng t‘ﬁne@f%f ?%%&%%ﬁgﬁgﬁsoﬁ%%gﬁatﬂsl% 21
concentrat bens ngisgn i ahdablhe ik wmas pgeparediofhusiyrepated pladitiaigied

bath showed strong acidity. [0048](Table 2) Silver oxide35 g/L

| sopr opanokisuktonangalpdng/ LabDleyhanbibaiinegdfogutt A omsnagentbl lgf L be

L-ascorbic acidl g/L Gadoliniun1oxide0.5,g/L o _
suppressSed. On the other hand, if the amount of gadelinium ions
is 54% by mass or larger to the total mass of the metal, the
electric conductivity deteriorates. Generally the gadolinium
ions exist in the plating bath by amounts from 0.01 to 5.0 g/L,
preferably from 0.1 to 5.0 g/L.
[0017] c. Complexing agent

The complexing agent is a compound that coordirates with

the silver ions and/or the gadolinium ions, supplied from the
above silver compound and/or gadolinium compound, thus

stabilizing the ions. According to the present invention, the

complexing agent may have two or more metal-coordinating sites.



[ 0049] To an iron-based substrate and a copper-based substrate,

el ectrolytic plating was applied in the above plating bath,
respectively. The substrate was inmmersed in the plating bath at a
tenperature ranging from25C to 45C, and current was applied at 0.5
to 3.0 A/Vdn2 of current density for 2 to 3m nutes using the substrate
as the anode, and thus a plated coating of 1 pmin thickness was
obt ai ned. The content of gadoliniumin thus obtained plated coating
was 0. 30% Hypoiwds on Rbplhasbdeof coheleatah magenafs t He pltdieed present

coating. [0050]To thus obtained plated coating, tests were given in
terms of hé&Vardgiot aieudontating e3¢ 5¢ aheBingi gképs lRacdmdesy adimdus;

salt durability. The results are given in, Table 4. [0051 anple 3).
A bl ati g BRNTEGROE A ERe THTT G Fi5t LSkt borfoRaR aoig, Ticoitlic
concentrati o] L e epar.ad.. , re i

bat h shome§Q2§¥ohé§§8F§i%??a[dggg??QS%ﬁg%fg%Si%@gﬁogéggg§59%¥éa§&gg‘as
| sopr opanohiswifieoratie ck2@t@/;L D eyhanel aoipering/ bl psse@pent 3ughl as
L-ascorbic acidl g/L Gadolinium oxide8 g/L [0053] To an iron-based
substrat e amthyd ecegpemibased subsicat ;e el ¢EDTA) yt | cigtatyiiratasi amine
applied in the above platin%Tbath, respectively. The substrate was

i mrersed | REFRE&aFeaRItRg bat Pl BR) a t edpdrathyce orasgiing ) fetdmlzsedigmine
45C, and curr.ent lied .at 0.5 to 3.0 ALdn@ of current densit
for 2 to SNFHGEEE 248 ng ¥ He SaBLTPArs PIOTHE lanbdle,Y and TS o2 e
coating of b&.sm('l&@zgﬁgkc%ﬂ%% 1%%t&§l%§%§g€%ﬁrﬁ%dﬁ%@e‘%%tteOf gadol i ni um

in thus obtaine coati ng S by nass on the basis of

the total emsmigbctheopkeatineg. [0054] To thusrobtaiped, pl ated coati ngyg
tests were given in terns of heat resistance, contact resistance,

Vi ckers heatdnyessegandodaktl seur(@biahingethiyd ettésul) -3, &' e tgitverdatate) ;

Tabl e 4. [0055] To the coatings prepared by using the plating baths of

Exanpl es 1PPéY3M&R& Conparative Exanples BYH 6, given in Table 4, as
resi st ange,

LS T NIRRT O o LSt onhact oSl St ot

4. Sal t Sg%ﬁ¥léﬁ§8i;%§%é,o 00000 2,2'",2"-triaminotriethylamine,
trimethylenetetramine, diethylenetriamine, and
tetrakis(amincethyl)ethylenediamine; citrate; tartrate;
N,N-di-(2-hydroxyethyl)glycine; gluconate; lactate; crown
ether; cryptand; polyhydroxyl group compound such as
2,2',2"-nitrilotriethanol; hetero aromatic compound such as
2,2'-bipyridin, 1,10-phenanthroline, and 8-hydroxyguinoline;
thio-containing ligand such as thioglycol acid with
diethyldithiocarbamate; and amino alcohol such as ethanolamine,
diethanolamine, and triethanolamine, though not limited to them.
Above complex agents may be used in combination of two or more
of them.
[0019] The complex agent in the present invention can be

used at wvarious concentrations. For example, to the total
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amount of silver ions and/or gadolinium ions existing in the
plating bath, the complex agent can be used at an amount of
stoichiometric equivalent to or of excess to the stoichiometric
equivalent so as to complex all the silver ions and/or
gadolinium ions. The term "stoichiometric" referred to herein
signifies "equimolar" as used herein.
[0020] The complexing agent may exist in the plating bath
at a concentration ranging from 0.1 to 250 g/L. Preferably the
complexing agent exists in the plating kath at an amount from
2 to 220 g/L, and more preferably from 50 to 150 g/L.
[0021] d. Scolvent

The solvent in the plating bath of the present invention
may be the one that can dissolve above silver compound,
gadolinium compound, and complexing agent. Applicable solvent
includes water and non-aqueous solvent such as acetonitrile,
alcohol, glycol, tcoluene, and dimethylformamide. A preferred
sclvent includes the one from which other metal ions are removed
by an ion-resin and the like. Most preferable solvent is water
after removing metal ions.
[0022] The plating bath of the present invention normally
has a pH value ranging from 1 to 14, preferably not more than
7, and more preferably not more than 4. The pH of the plating
bath may be maintained at a desired level by adding a buffer
thereto. Any compatible acid or base can be used as the buffer,
and crganic or inorganic compound thereof can be applied. The
term "compatible acid or base" means that no precipitation of

silver ions and/or complexing agent is generated from the
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solvent when that kind of acid or base is used at an amount
sufficient to buffer the pH. Examples of the buffer are alkali
metal hydroxide such as sodium hydroxide and potassium
hydroxide, carbonate, citric acid, tartaric acid, nitric acid,
acetic acid, and phosphoric acid, though not limited to them.
[0023] e. Additive

The plating bath of the present invention can optionally
contain known additives such as surfactant, stabilizer, gloss
agent, semi-gloss agent, antioxidant, and pH adjustor.
[0024] Above surfactant includes: nonionic surfactant
prepared by addition condensation of C;-Cy alkanol, phenol,
naphthol, bisphenols, C;-Czs alkylphenol, arylalkylphenol,
C1-Css alkyinaphtol, C1-Cys alkoxylated phosphoric acid (salt),
sorbitan ester, styrenated phenols, polyalkylene glycol, C;—-Csys
aliphatic amine, C:-Cs; aliphatic amide, and the like with 2 to
30C moles of ethylene oxide (EQ) and/or propylene oxide (PO);
and various surfactants of cationic, anionic, or amphoteric.
[0025] Above-given stabilizer is added aiming to stabilize
the liquid or to prevent decomposition of the ligquid, and
specifically effective ones are known stabilizers such as cyan
compound, sulfur-containing compound such as thioureas,
sulfite, and acetylcysteine, and oxycarbonates such as citric
acid. Furthermore, above-described complexing agents are also
useful as the stabilizer.
[0026] Above-given gloss agents include: various aldehydes
such as m-chlorobenzaldehyde, p-nitrobenzaldehyde,

p-hydroxybenzaldehyde, 1-naphtoaldehyde, salicylaldehyde,



280C, 3nin 00 0000 U UCGCB a)c c44-r1-2 0.0 Om?.-.. -rirl .004

E

T

a) -Pcas-i -Pwn COIron-based substrate Copper-based

substrate |ron-based

paraldehyde, acrelein, chlotonaldehyde, glutaraldehyde, and
vanillin; ketones such as benzalacetone and acetophenone;
unsaturated carboxylic acid such as acrylic acid, methacrylic
acid, and crotonic acid; triazine; imidazole; indole;
guineoline; 2-vinylpyridine; and aniline.

[0027] Above-given semi-gloss agents include: thioureas;
N-(3-hydroxybutylidene)-p-sulfanyl acid;
N-butylidenesulfanyl acid; N-cinnamoylidene sulfanilic acid;
2,4-diamino-6-{2'-methylimidazolyl (1'))ethyl-1,3,5-triazine
2,4-diamino-6~(2"'-ethyl-4-methylimdazolyl (1'))ethyl-1,3,5-t
riazine;

2,4-diamino-6-(2'-undecylimidazolyl (1'))ethyl-1,3,5-triazin
e; phenyl salcilate, and benzothiazoles such as benzothiazole,
2-methylbenzothiazole, 2- (methylmercapto) benzothiazole,
2—-aminobenzothiazole, 2—~amino-6-methoxybenzothiazole,
2-methyl-5-chlorobenzothiazole, 2-hydroxybenzothiazole,
2-amino-6-methylbenzothiazole, 2-chlorobenzothiazole,
Z2,5-dimethylbenzothiazole, 2-mercaptobenzothiazole,
6-nitro-2-mercaptobenzothiazole,
5-hydroxy-2-methylbenzothiazole, and
2-benzothiazolethicacetate. Above-given antioxidants
include: ascorbic acid or salt thereof; hydroquinone; catechol;
resorcin; phloroglucin; cresol sulfonate and salt thereof;
phenol sulfonate and salt thereof; and naphtol sulfonate and

salt thereof.

- 10 -
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[0028] Above-given pH adjustors include: wvarious acids
such as hydrochloric acid and sulfuric acid; and varicus bases
such as ammonium hydroxide and sodium hydroxide.

[0029] {(Electrolytic plating method)

The present invention provides a method for electrolytic
plating, comprising the steps of: immersing a substrate in a
plating bath; and applying an electric field to the substrate,
wherein the plating bath contains (a) a silver compound
containing 99.9% to 46% by mass of silver on the basis of the
total metal mass therein, (b) a gadolinium compound containing
0.1% to 54% by mass of gadelinium on the basis of the total metal
mass therein, (c) at least one kind of complexing agent, and
(d) a solvent. The method for electrolytic plating according
to the present invention can use amethod widely known to persons
skilled in the barrel plating, rack plating, high speed
continuous plating, rackless plating, and the like.

{0030] a. Substrate

According tc the present invention, the substrate
allowing the silver—-containing alloy to deposit on the surface
thereof is the conductive one, which is used as an anode in the
electrolytic plating process. The conductive material used as
the substrate includes iron, nickel, copper, chromium, tin,
zinc, an alloy thereof, and resin substrate treated by the metal
cr alloy thereof as the metal surface preparation, though not
limited to them. Preferable material therefor includes

stainless steel, 42 alloy, phosphor bronze, nickel, and brass.

_11_



00 O0O0OO0OO0OOO 89 BET 69 69 821 Of bbTO 6190 910 fit "0 6E 9'T
000O0O0O

Furthermore, the substrate may be subjected to surface
treatment to improve the adhesiveness of plating.
{0031] b. Electrolysis conditicn

According to the method for electrolytic plating of the
present invention, the substrate on the surface of which the
silver-containing alloy is deposited (plated) is used as the
ancde. Soluble or preferably insoluble cathode is used as the
secondary electrode. In the present invention, there can be
applied pulse plating, direct current plating, or combination
of pulse plating with direct current plating.
[0032] A person skilled in the art can adequately vary the
current density and the electrode surface potential in the
design of the electrolytic plating process depending on the
substrate being plated. Generally cathode current density and
anode current density vary in a range from 0.5 to 3 A/cm?,
respectively. Generally the temperature of plating bath is
maintained in a range from 25°C to 45°C during the process of
electrolyticplating. To formthe deposit of desired thickness,
the electrolytic plating process is conducted for a sufficient
period. The method according to the present invention can form
the silver-ceontaining alloy plating on the surface of substrate
at a thickness ranging from 0.01 to 50 pum.
[0033] (Substrate on which the electrolytic plating is
deposited)

The present invention provides a substrate on which the
electrolytic plating is deposited, which electrolytic plating

contains (1) 99.9% to 46% by mass of silver on the basis of the



000O0O0O Copper - based substrate Copper-based substrate

| ron-based substrate Copper-based substrate Copper-based substrate
Copper - based substrate (by oTos) Conparative Exanple 2 (Ag+0.01%:d)
Conparative

total metal mass, and (2} 0.1% tc 54% by mass of gadolinium on
the basis of the total metal mass.

[0034] The silver-containing alloy plating deposited on
the surface of the substrate can suppress the surface oxidation
and can prevent the generation of whiskers. Furthermore, the
silver-containing alloy plating has a hardness of Vickers from
60 to 180.

[0035] In addition, the silver-containing alloy plating
deposited on the surface of the substrate according to the
present invention can have a surface contact resistance at a
comparable level to that of gold. The term "surface contact
resistance” referred to herein signifies the resistance under
applying current in a loaded state. The silver-containing
alloy plating according to the present invention can have a
surface contact resistance of 1 mQ or less when 5A of current
is applied under 1000 N of loading.

[0036] Although the reason that the silver-containing
alloy plating deposited on the surface of the substrate
according to the present invention has above-given excellent
property of oxidation resistance is not necessarily defined by
the theory, a presumable reason is that a silver-containing
alloy having a dense crystal structure is formed by the addition
of gadolinium.

[Examples]

[0037] The present invention and the effect of the

invention are described below referring to Examples and



Exanpl e 3 (Ag+60%:=d) Conparative Exanple 4 (solo Au) Conparative
Exanple 5 (solo Zn) Conparative Exanple 6 (Zn-1-0.3&X)

[ 0057] Regardi ng the plated coating of sole silver, (Conparative
Exanple 1) , there appeared discoloration after the heat-resistance
test. On the other hand, Exanples 1 to 3, according to the present

i nvention, induced no discoloration or separation of plated coating,
and were confirmed to have sufficient heat resistance. As for the
salt spray Coeghratanrieogixamplas .obses yedzoamb hes pl ladweve€patdnch®f 1Sl e
silver, (Conparative Exanple 1), and on the silver-plated coating
cont ai ni ngtde03uPGe, ofChlaraciseatEXaveing i2n. To the contrary, the
pl at ed coating of the present invention did not generate corrosion
even after [foaéék. [OGBSanr‘éﬁaFF?Bﬁ? tREtHl ated coating of the

resent inventiaqn was confirmed.to hav cont act resistance o
Bqut val ent o t Mt “OFBord b ared SeBAFERG, SUNte RavE S hErded to 260°C
hardness net, .l 58 dihads ! halg Q;Beté}?axg&égja(ﬂg?éaﬁpe&%ﬂttHpr%%@%gé ROof- A%

o &0,

zinc-plated coating, even a plated coating containing O.

(Conpar at i verExapéeved, showed ih€ain,r eseshanter agdteQrFNst 0y surface
resi stance equivalent to those of the plated coating containing no
Cd, (Conpawasi e¥akxaivplde v%) th0Cs0ENextt seltded Wit mabidf tsypatcdsty )was
given to the coatings obtained using the plating baths in Exanples 1
to 3 and i h983Rpar at i VeCERAFI é@sisgﬁnﬁ?)The results are given in

Tabl e 5. no'b%ﬂﬁ?<9f%cf¥31§tfé%ff§Lﬁﬂafé%(ggbs€¥§9e was clamped by a
pair of terminal electrodes. The contact area between the
terminal electrode and the substrate was set to 10 cn@, and the
terminal electrode was pressed against the substrate applying
1000 N of force. 1In that state, a 5.00 A of current was applied
between the terminal electrodes, and the potential difference
between one terminal electrode and the substrate was determined.
Using thus obtained potential difference, the contact
resistance was determined.

[0040] (Method for determining the surface Vickers
hardness)

Using a surface hardness gauge (Model DMH-2, manufactured
by Matsuzawa Co., Ltd.), the Vickers hardness was determined
in an environment at normal temperature under a loading
condition of 0.245 N {25 gF) for 15 seconds.

[0041] (Salt spray test)

In accordance with JIS HB8502, an electrelytically plated

substrate was subjected to neutral salt spray test (5%-NaCl

agqueous solution). After 1 hour, 24 hours, and 168 hours (1

- 14 -
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week) had passed, the condition of plating surface
(presence/absence of corrosion) was observed.
[0042] (Solder wettability test)

In accordance with JIS 723196, an electrolytically plated
substrate was subjected to solder wettability test by the
wetting balance method. The evaluation was given using the
solder bath of: tin-lead eutectic solder {(tin : lead = 60%
40%) as lead-based solder, and tin-silver-copper solder (M705,
tin : silver : copper = 96.5% : 3% : 0.5%, manufactured by Senju
Metal Industry Co., Ltd.) as lead-free solder, respectively.
[0043] (Example 1)

Aplatingbath containing the following-listed components
at concentrations given in Table 1 was prepared. Thus prepared
plating bath showed strong acidity.

[0044] (Table 1)
Silver oxide 35 g/L

Isopropanol sulfonate 150 g/L

Diethanolamine 60 g/L
Gloss agent 5 g/L
L-ascorbic acid 1 g/L
Gadolinium oxide 0.3 g/L
[0045] To an iron-based substrate and a copper-based

substrate, electrolytic plating was applied in the above
plating bath, respectively. The substrate was immersed in the
plating bath at a temperature ranging from 25°C to 45°C, and
current was applied at 0.5 to 3.0 A/dm® of current density for

2 to 3minutes using the substrate as the ancde, and thus a plated
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coating of 1 pm in thickness was obtained. The content of
gadolinium in thus obtained plated ccating was 0.10% by mass
on the basis of the total mass of the plated coating.

[0046] To thus obtained plated coating, tests were given
in terms of heat resistance, contact resistance, Vickers
hardness, and salt durability. The results are given in Table
4.

[0047] (Example 2)

Aplatingbath containing the following-listed components
at concentrations given in Table 2 was prepared. Thus prepared
plating bath showed strong acidity.

[0048] (Table 2)
Silver oxide 35 g/L

Isopropanol sulfonate 120 g/L

Diethanolamine 50 g/L
Gloss agent 5 g/L
lL.—ascorbic acid 1 g/L
Gadolinium oxide 0.5 g/L
[0049] To an iron-based substrate and a copper-based

substrate, electreolytic plating was applied in the above
plating bath, respectively. The substrate was immersed in the
plating bath at a temperature ranging from 25°C to 45°C, and
current was applied at 0.5 to 3.0 A/dn?® of current density for
2 to 3minutes using the substrate as the ancde, and thus a plated
coating of 1 pm in thickness was obtained. The content of .
gadolinium in thus obtained plated coating was 0.30% by mass

on the basis of the total mass of the plated coating.

_16_



SET E Sn-Pb eutectoid > -0 -.-1 :QHH rtl -
ocor oor o1 C-.-1a-) 4-) (1.) 3 CO() O 4-
0 6E0 39 *0

0 CD Stu) ao OOr 001 GOr
105 -H-Pri F1 Des 39

[0050] To thus obtained plated coating, tests were given
in terms of heat resistance, contact resistance, Vickers
hardness, and salt durability. The results are given in Table
4,

[005B1] (Example 3)

Aplatingbath containing the following-listed components
at concentrations given in Table 3 was prepared. Thus prepared
plating bath showed strong acidity.

[0052] (Table 3)
Silver oxide 35 g/L

Isopropanocl sulfonate 120 g/L

Diethanclamine 50 g/L
Gloss agent 5 g/L
L-ascorbic acid 1 g/L
Gadolinium oxide 8 g/L
[0053] To an iron-based substrate and a copper-based

substrate, electrolytic plating was applied in the above
plating bath, respectively. The substrate was immersed in the
plating bath at a temperature ranging from 25°C to 45°C, and
current was applied at 0.5 to 3.0 A/dm® of current density for
2 to 3minutes using the substrate as the anode, and thus a plated
coating of 1 um in thickness was obtained. The content of
gadolinium in thus obtained plated coating was 54.00% by mass
on the basis of the total mass of the plating.

[0054] To thus obtained plated coating, tests were given

in terms of heat resistance, contact resistance, Vickers

_17_
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hardness, and salt durability. The results are given in Table
4.

[0055] To the coatings prepared by using the plating baths
of Examples 1 to 3 and Comparative Examples 1 to 6, given in
Table 4, tests were given in terms of heat resistance, contact
resistance, Vickers hardness, and salt durability. The

results are given in Table 4.
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[0057] Regarding the plated coating of sole silver,

(Comparative Example 1), there appeareddiscoloration after the
heat-resistance test. On the other hand, Examples 1 to 3,
according to the present invention, induced no discoloration
or separation of plated coating, and were confirmed to have
sufficient heat resistance. As for the salt spray test,
corrosion was observed on the plated coating of sole silver,
(Comparative Example 1), and on the silver-plated coating
containing 0.01% Gd, (Comparative Example 2). To the contrary,
the plated coating of the present invention did not generate
corrosion even after 1 week.

[0058] In addition, the plated coating of the present
invention was confirmed to have a contact resistance equivalent
to that of geold-plated coating, and have a surface hardness not
less than that of the gold-plated cocating.

[0059] For the zinc-plated coating, even a plated coating
containing 0.3% Gd, (Comparative Example 6), showed heat
resistance and corrosion resistance equivalent to those of the
plated ceoating containing no Gd, (Comparative Example 5).
[0060] Next, solder wettability test was given to the
coatings obtained using the plating baths in Examples 1 to 3
and in Comparative Examples 1 to 4. The results are given in

Table 5.
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substrate Copper-based substrate Copper-based substrate Copper-based
substrat e Copper-based

[0062] As shown in Table 5, Examples 1 to 3 of the present
invention showed a wettability comparable to that of
gold-plated coating (Comparative Example 4) for both the

lead-based solder (tin-lead eutectoid solder) and the lead-free

solder (tin-silver-copper solder).
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substrate Iron-based substrate Copper-based substrate (Pou7g+5v)
Conparative Exanple 1 (solo Ag) Conparative Exanple 2 (Ag+0. 01%x)
Conpar ative Exanple 3 (Ag+60%=d) Conparative Exanple 4 (sol o Au)

[ 0062] As shown in Table 5, Exanples 1 to 3 of the present invention
showed a wettability conparable to that of gol d-plated coating
(Conparative Exanple 4) for both the | ead-based solder ( tin-Ilead
eutectoid solder) and the | ead-free solder (tin-silver-copper

solder). CLAIMS 1. A substrate with @hAgMectrolytic plating
deposited on the surface thereof, said electrolytic plating

contai ningl- & subgiyags. 9oihoaneod Hythaststbe BlavERg ieRdel trdian dgthe
total netal S an 2). 0..1% t 0 .54% by mass of gadaqli,ni um on
the basis 51“1?&5&‘:% t%‘@rra%Ofﬂass T e 10E IO SFaPd 3 d§r NG A% m 1,
wherein said substy joS an ek roni I e i nenhy

or a dental rrenbg). aj39.e' gAﬁ’ r?g)t ﬁga%}%ﬁ%géc({?;g}léﬁeéagﬁa??%gg%%f%epos?D{taal
si |l ver - contnaiBilngaadlsl @aqgon the surface of a substrate, conprising the
steps of: i mrersing the substrate in a plating bath; and appl yi ng
an electric fiel@)t0.lRetcildsSt patmasanhérgado Siaiidinpbatting bbatils of total
cont ai ns: (a) a silver compound containing 99.9%to 46% by
mass of si M¢&RloAeEke basis of total metal mass therein; (b) a
gadol i ni um conpound containing 0.1%to 54% by mass of gadol i nium on
the basis of total netal mass therein;

2. The substrate according to claim 1, wherein said substrate
is an electronic member, a decoration member, or a dental

member.

3. A method for electrolytic plating teo deposit a
silver-containing allecy on the surface of a substrate,
comprising the steps of:

immersing the substrate in a plating bath; and

applying an electric field to the substrate, wherein said
plating bath contains:

(2) & silver compound containing 99.9% to 46% by mass of
silver on the basis of total metal mass therein;

(b) a gadelinium compound containing 0.1% to 54% by mass
of gadolinium on the basis of total metal mass therein;

(c) at least cne kind of complexing agent; and

(d) a solwvent.

4. An electrolytic plating bath to deposit a silver-containing

alloy on the surface of a substrate, containing:
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(c) at |east one kind of conplexing agent; and (d) a solvent.
4. An electrolytic plating bath to deposit a silver-containing alloy

on the surface of a substrate, containing: (a) a silver
conmpound containing 99.9%to 46% by nass of silver on the basis of
total netal nass therein; (b) a gadol i nium conpound cont ai ni ng
0.1%to 54% by mass of gadoliniumon the basis of total metal nass

t herei n; (c) at |east one kind of conplexing agent; and

(d) a solvent. (&) a silver compound containing 99.9% to 46% by mass of

silver on the basis of total metal mass therein;

(b) a gadelinium compound containing 0.1% to 54% by mass
of gadolinium on the basis of total metal mass therein;

(c) at least one kind of complexing agent; and

{d) a solvent.
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