1 CYANIDE-FREE SILVER ELECTROPLATING SOLUTIONS This application claims the benefit of
priority under 35 U.S.C. 119(e) to U.S. Provisional Application No. 61/385,066, filed September 21, 2011,
the entire contents of which application are incorporated herein by reference. The present invention is
directed to cyanide-free silver electroplating solutions. More specifically, the present invention is directed
to cyanide-free silver electroplating solutions for high speed deposition of bright silver.  Silver

electroplating has beep ¢aRyeiipaty YSed s gggoration pnd foxdinsel Waiesywing to its excellent

electric characteristics, silver electroplating has had a wide utility in the electronics industry, such as for

switches, connetkpssapil catiopnt HmeksHerHinveltpitorepier 85 U Manysome)tienglsilver

electroplating solutions are very toxic because th% contain cyanide compounds. In many cases the
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same time maintain the desired plating performance of the silver electroplating solutions as well as
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satisfaction of the plating ipdustries. . anide-free silver electroplating solutions are | toxic to both
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There is also room for improvement i the maximum icable current density as well as the physical
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solutions include complexing agents of hydantoin and hydantoin derivatives for complexing silver ions and
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densities of 1- 30 mA/cm2 at room temperature an ieves a mirror bright silver deposit. However, 2,2'-
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speed electroplating where high temperatures are needed. High temperatures are desired to enable
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enabling_ﬂéquﬁﬁ(g@ Mlgzgg{%palgﬁgﬂté:}qﬂgitm.aﬁHbtnﬁ&e%tz'-dipyridyl presents a hazard to workers using

the solutions and presents a hazard to the environment when waste water from the silver electroplating

solutions is dispegadide-fat1QHaLy Rk R SIMVEs RIRRIPIBINGRREIN MRS hndayRrovide

mirror bright deposits, there is still a need tor cyanide-free silver electroplating solutions which provide a
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temperatgg@taminate the environment with cyanide. Overaitess safety is improved with cyanide-free
silver electroplating solutions. However, in galesuch cyanide-free silver electroplating
solutions have not been very stable. The solutigpisally decompose during electroplating and
the silver ions in the solution are often reducedrgo deposition on the substrate, thus

shortening the life of the solutions. There i®alsom for improvement in the maximum



Solutions include one or more sources of silver ions, one or more complexing agents chosen from
hydantoin, hydantoin derivatives, succinimide and succinamide derivatives, one or more organic sulfides
chosen from dialkyl sulfides and dialkyl disulfides, an% one or more pyridyl acrylic acids, the solutions are
cyanide-free.  Methods include: a) providing a solution comprising one or more sources of silver ions,
one or more complexing agents chosen from hydantoin, hydantoin derivatives, succinimide and

succinimigie,fleANRIVARPRRIGN ST EARRANUS SHEIARGSBsmetidont thallvlevlidpaanrd dalsylcpridlides,

and one or more pyridyl acrylic acids, the solution is cyanide-free; b) contacting a substrate with the
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the pyridy ae{ydcppigarihie Wﬁ@jﬂ&éﬁ%@aﬂ@)’@éﬁdﬁﬁ%ﬁd%ﬁ%ﬁ&'m e IgRRRght silver

deposit which can be electroplated at high current densities %h electroplating temperatures and can be
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environmeatly Wiesd!:eeatiaenbfiearexeraiidegmand also exclude such compounds as
2,2'-dipyridyl. Accordingly, the cyanide-free silver electroplating solutions are worker friendly and safe in

operation and cheglicadsuIdEgs1 didtfodsed iedepue iiscsnepifinaiipsothedesnmadmisstnadaridr
"electroplgtin " are used interchan%eabl . The indefjnite articles "a" and "an’ are intfnded to includ$ both
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such nunzepicdippig@sRrrecoinaicdnest iophatthgstiuticdiables dleetesplaang sil\eirelaciepkiting sphutions
include on orﬁpﬁg sources of silver ions.[Bneﬁ?)ources of silve io@%éigflude, but are not limjted to, silver
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aqueous solutions in amounts of 5 g/L to 100 g/L or such as from 10 g/L to 50 g/L. The. pyridyl acrylic
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the environment when waste water from the silvectebplating solutions is disposed.

Although there is a cyanide-free silgictroplating solution which may provide mirror
bright deposits, there is still a need for cyarfige silver electroplating solutions which provide
a mirror bright silver deposit and which can becelgplated at high current density ranges at

high temperatures.

Solutions include one or more sourcesilgér ions, one or more complexing agents
chosen from hydantoin, hydantoin derivatives, suatide and succinamide derivatives, one or
more organic sulfides chosen from dialkyl sulfides! dialkyl disulfides, and one or more

pyridyl acrylic acids, the solutions are cyanideefr

Methods include: a) providing a solutamprising one or more sources of silver ions,
one or more complexing agents chosen from hydantgutentoin derivatives, succinimide and

succinimide derivatives, one or more organic seidhosen from dialkyl sulfides and dialkyl



Preferably the pyridyl acrylic acid is cis-3-(3-pyridyl) acrylic acid and trans-3-(3-pyridyl) acrylic acid. The
pyridyl acrylic acids are included in the silver electroplating solutions in amounts of 1 g/L to 10 g/L or such
as from 2 g/L to 6 g/L. The pyridyl acrylic acids in“combination with the organic sulfides provide a
mirror bright silver deposit which can be electroplated at high current densities, high electroplating
temperatures and can be used in reel to reel electroplating. The organic sulfides are chosen from

dialkyl sulficiassnd didkyhdisyliidng, pIAES ARIGHY JErr:SdstiBrad & 'KM&WE@?B%%%H%;&EO' dialkyl

disulfides. Typically the substituted dialkyl sulfides and substituted dialkyl dislfides are thiodialkanols
having theRHieakm Y b ABe-FebiHANa 2R B G oP RENIRE RN IR thi aURS ERECiIndependently (C2-C8)alkyl,
straight or branched, preferably, R1 and R2 are each -CHR3CHR4-, where R3 and 124 are independently
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hydrogen and x is 1. The arganic sulfides are included in the silver electroplating solutions in amounts of
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included in th&lsilver electroplating SOIut(?é]' Succinjmide and succinimide derivatives, hydantoin and

hydantoiff GOARAGEAURE INAYEEG Y I SNGEARLRISRERCHSIFATIROMASR AR 668 B Y250 g/L, or
such as HredrdmdQO - chivciaatpisalsiivativre insisteniuiciie aet Woilest friehdpeiylbatantoin,
1,3-dimethylhydantoin, 5,5-dimethylhydantoin, 1-methanol-5,5- dimethylhydantoin and

5,5-diph H%'ﬂt%ﬂﬁj. SRR @rlgé'ﬁ\gatives include, but are not limited to, 2,2-dimethyl succinimide,
2-methyl 2-ethyl succinimide, 2-methyl succinimde, 2-ethyl succinimde, 1,1 2 2-tetramethyl succinimide,
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sulfonic aci%ﬂgdﬁheqol sulfonic acid; amino-containing sulfonic acids such as amido sulfonic acid;
sulfamic &¢f , hé Hiferal acids such as sulfuric acid, hydrochloric acid, hydrofluoric acid and nitric acid.
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of chloride and nitrate may be such as potassium chlor ssium nitrate her, the
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Optionally, the silver elec ating solutions inc ditional components. ditional
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ions are included in the aqueous solutions in artsooi5 g/L to 100 g/L or such as from 10 g/L
to 50 g/L.

The pyridyl acrylic acids include, but are not lied to, 3-(2-pyridyl) acrylic acid, 3-(3-
pyridyl) acrylic acid, 3-(4-pyridyl) acrylic aci®-(6-phenyl-pyridyl) acrylic acid, trans-3-(3-
pyridyl) acrylic, trans-3-(3-pyridyl) acrylic aci@nd z-2-fluoro-3-(3-pyridyl) acrylic acid.



A substrate may be electroplated with silver by spraying the silver solution onto the surface of the
substrate using conventional electroplating spray apparatus or by immersing the entire substrate into the
silver solution. Conventional electroplating apparatus'may be used. Although electroplating may be done
at temperatures ranging from room temperature to 90 C, 6 the silver solution is preferably used at
temperatures from 30 C to 90 C, more preferably from 40 C to 70 C. The high temperatures enable

electroplatiegaiighesiprd eriesRRrrLisr 2 s proRRiatus sifiusinraob e plestighee ions

is increased throughout the electroplating solution. The substrate to be plated typically functions as a

cathode 8RllarhhSuRYIMIY | RFVERRSIGS A8 dRAEE S/ BINEN SRR RIOROIINSTIRARRIHIF Rlylbe a

soluble efgctigde) gHCBRSLRISAS HBHIY QY ElRFERME. or insoluble anodes may be used, such as iridium
oxide. The electrodes are connected to a conventional rectifier which provides the source of current.

Although current gepsitdmacrArgadimMdcbAvsimaith A/ ikl da e eovieatdensty irigatal to
or greater than 5 A/dm2, more typically from 6 A/dm2 to 30 A/dm2, most typically from 6 A/dm2 to 15

Aldm2. stiMEhifPesieiicRcabde Sﬁgﬂqmegﬁtmgmgdﬁﬂfﬂﬁ@ﬁcﬂig FlGELRRISNY electroplating.

The silvefeim pltat redtaibecanisér ateaufaee sofe énapsiargjlver layer is directly adjacent to the surface
of the substrate. The silver layer plated onto the substrate ranges in thickness from 0.5Rm to 20Rm, or

such as from 3rTihe GRpanichsutfidisirate shdasasroniavaghdaidinedislieje diifries, intlusle metals
such as copper, copper alloys, nickel, nicke| alloys, tin and tin gllqys, silver. and silver alloys, gold and
ol aloy Sl B e R b ESEUREY B slbuss AL S HtaEs o MRl locica
connectosalestitigadichakk josaltdtonicdisviceiuted bilitkinlfite siblwer taiedirdkiatolg IsalitignHe used to
electropl\?t onto silver, it Ii? to typically build-up a silver strike layer where the silver strike layer functions
to impro e OHH'Q&&?Qﬁ{ﬁ‘aR u gl’lying metal such as nickel or copper, such as in the manufacture of
photovoltaic devices. Such additional silver Ia%Ffoetg eﬁ Bnche silver strike layer may range in thickness
from 0.5Rm to 20Rm. While the silver electropla u%@ $6lution may be used to deposit mirror bright
silver lay ' iti Jyar roplati jan is
pretera o B e B e g e MR
temperat@éeh are Mg ttki- Reaee- e g Ria s darsghident ahydiogesmicatyegnodpericdingilgws for
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can plate strips of manufactured products or reels of raw materia ey are stamped into parts. The
method sadFoqreayiaggen reemeihd angexriselindoati onefanéblesichihpischyditg en methisisvhich
include, Byl are pOGINIRG L SROPRILGBARA REReCatibialiny SIRKELALYSoRARE iR RlgYs, Mg by
using a capstandé?/{sltem, the product i% fed throu;ﬁ\wf v%ri%qlﬁ%é%g processes{.leh(E:'J reel is pﬁteg with one
or more lgAk@nRstaisagHichimPedAldifét @ik metal than the metal of which it is composed. The reel is then

electroplated with silver from the silver solution to form a mirror bright silver deposit on the base metal. At
the end of the lif¥)8<04 FARER WPEGE RN RIRICAITEGHR SRR EBEIPY ABPIES €8RSEANBETUN with the

use of arh(?@%%’ﬂ&‘iﬂﬁmd’&%ﬁ%@w&ﬁ@&%Haoébééﬁﬂﬂm@%{ﬂéhﬁahd%ldfhmfﬁ%‘&‘ﬂv&e' plating
methods demand electroplating solutions which can be operated at high temperatures and high current

densitiesSFHARINESOLIORN SUSECIRENILe ABFLRE E B MBHYaHMEANRIFeaNEbaNAlhg the
silver eleggapiaiing sPlIliRIasHae REISNREBERS AGARBIGRAC NIgheLAtsHEBRrRTER §/to &0 C.

Current densities may range from 6 A/dm2 to 15 A/dm2.  The silver electroplating solutions may be

Used to FHRBTHAEH biRRO09I0L: ISR ERIG HHASBH: BlodabaTestDddsired. The
combinatigeay iaraanic selidemanteRisiHy RS Tisangsindie eYRRiterfessiver electroplating

solutions provide a mirror bright silver deposit which can be electroplated at high current densities, high
electropl &G fayHpetanieds and 2aendenesdnyoRielD. reENde B pTARIY ah IRGHEE PHREG Liftie-free
silver elegfppiglingsoldiipra-gie cevianmenialydiigndbiepascunmiiry armeranidacerrmaad also exclude

such compounds as _2,2'-di%\/£|dyl. Accordingly, the cyanide-free silver electroplating solutions are also
worker friiAYBUCCIHIRCR bk detiametiy s iseinyalith AtansibyheurvBHRC I hrsMYintended to
limit the sgRRehHiRe. invention. Example 1

Any of a wide variety of electrolytes may be usedhe silver electroplating solutions,

including acids and bases. Electrolytes include aoe not limited to, alkane sulfonic acids such



An aqueous silver electropalting solution was prepared as shown in the table below. Table 1
COMPONENT AMOUNT Silver ions as silver 5,5-din%ethyl hydantoin 40 g/L 5,5-dimethyl hydantoin 70 g/L
Sulfamic acid 35 g/L 8

as methane sulfonic acid, ethane sulfonic acidpiogane sulfonic acid; alkylol sulfonic acids;
aryl sulfonic acids such as toluene sulfonic apltenyl sulfonic acid and phenol sulfonic acid;
amino-containing sulfonic acids such as amido sudfacid; sulfamic acid; and mineral acids
such as sulfuric acid, hydrochloric acid, hydrofiaacid and nitric acid. Salts of acids and
bases also may be used as the electrolyte. Conegelts such as alkali metal salts of chloride
and nitrate may be included, such as potassiumrideland potassium nitrate. Further, the
electrolyte may contain a mixture of acids, a migtaf bases or a mixture of one or more acids
with one or more bases. Mixtures of acids, basdssalts also may be included. Such
electrolytes are generally commercially availalotarf a variety of sources, such as Aldrich
Chemical Company, Milwaukee, Wisconsin. Typicallich electrolytes are included in the

silver strike solutions in amounts of 1 g/L to 1§Q or such as from 10 g/L to 50 g/L.

The silver electroplating solutions may contain onenore buffering agents. Buffering
agents include, but are not limited to, borate diySuch as borax, phosphate buffer, citrate
buffer, carbonate buffer, and sulfamate buffere @mount of the buffer used is that amount

sufficient to maintain a pH of the plating solutian8 to 14, preferably from 9 to 12.

Optionally one or more surfactants are includethesilver solutions. A wide variety of
conventional surfactants may be used. Any of aojaationic, amphoteric and nonionic
conventional surfactants may be used as longduse’ not interfere with the performance of the
silver plating. Surfactants may be included invantional amounts known by those of skill in
the art for silver electroplating solutions. Exdespof commercially available surfactants are
AMPHOTERGE K, AMINOXID WS-35 and RALUFON EA-15-90.

Optionally, the silver electroplating solutionslumbe one or more additional components.
Such additional components include, but are natdiento, anti-tarnish agents, levelers and
ductility enhancers. Such additional componergsuaed in conventional amounts and are

known to those of skill in the art.

A substrate may be electroplated with silver byagprg the silver solution onto the
surface of the substrate using conventional elpltimg spray apparatus or by immersing the
entire substrate into the silver solution. Coni@ral electroplating apparatus may be used.

Although electroplating may be done at temperattarging from room temperature to 90° C,



Potassium hydroxide 50 g/L 3-(3-pyridyl) acrylic acid 4 g/L Potassium nitrate 15 g/L pH 9.5 Two brass
coupons were provided. Each coupon was placed in a separate plating cell containing the silver solution
in Table 1 above. The coupons functioned as cathodes and soluble silver electrodes were used as
anodes. The cathodes, silver solutions and anodes were joined in electrical communication to a
conventional rectifier. The temperature of each solution was maintained at 60 C. One coupon was

electroplatRosyikr SH(afiGh s PrersthBRNGLEPhE tBff ArbHSB0tET W aB ClECHPEEMIEb RN 2

current densi(%/e of 12 A/dm2. The solutions in both plating cells were agitated. Electroplating was done

until a sil98r GefdER ofsnT DREIGPHERREF WA EARIB RIBFENS 0E NigB GHFpedensIiRh B Rratsthah
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matte. Example 2 An aqueous silver solution was prepared as shown in the table below.
solution. The substrate to be plated typicallyctions as a cathode and any suitable

conventional anode for silver electroplating mayubed. The anode may be a soluble electrode,
such as a soluble silver electrode or insolublelaaanay be used, such as iridium oxide. The
electrodes are connected to a conventional rectifirech provides the source of current.
Although current density may range from 0.1 Afdm50 A/dnd, typically the current density is
equal to or greater than 5 A/dnmore typically from 6 A/drhto 30 A/dnf, most typically from

6 A/dn? to 15 A/dnf. Such high current densities shorten the elektiog time, such as in
reel-to-reel electroplating. The silver is platedo the substrate surface such that the silver
layer is directly adjacent to the surface of thiesttate. The silver layer plated onto the subestrat
ranges in thickness from Q& to 2Qum, or such as fromydn to Gum. The substrate surfaces
onto which the silver is electroplated include neetaich as copper, copper alloys, nickel, nickel
alloys, tin and tin alloys, silver and silver alfyygold and gold alloys and steel. Articles which
are made by this method include, but are not lighite electrical connectors and switches for

electronic devices.

When the silver electroplating solution is useel&xtroplate onto silver, it is to typically
build-up a silver strike layer where the silverkstrlayer functions to improve adhesion with an
underlying metal such as nickel or copper, sucim dse manufacture of photovoltaic devices.
Such additional silver layers plated on the sikteike layer may range in thickness fromorb
to 2Qum.

While the silver electroplating solution may be dise deposit mirror bright silver layers
over wide temperature ranges and current denditiessilver electroplating solution is
preferably used to plate silver in reel-to-reeliplg methods where high current densities and
high temperatures are needed. Reel-to-reel plaiag efficient and economical method which
allows for select plating of metal. Various relreel apparatus are known by those of skill in
the art. The method can plate strips of manufadtproducts or reels of raw material before
they are stamped into parts. The method startsaming the reels onto a de-reeling station.
The reel may be made of metals which include, beihat limited to, copper, copper alloys,



Table 2 COMPONENT AMOUNT Silver ions as silver 5,5-dimethyl hydantoin 40 g/L 5,5-dimethyl
hydantoin 70 g/L Sulfamic acid 35 g/L Potassium hyd/roxide 50 g/L Potassium nitrate

nickel or nickel alloys or tin or tin alloys. Théy using a capstan system, the product is fed
through various plating processes. The reel teg@lavith one or more base metals which are a
different metal than the metal of which it is corapd. The reel is then electroplated with silver
from the silver solution to form a mirror brightv@r deposit on the base metal. At the end of
the line, is a take-up system which re-spools tagenal. Multiple reels can be run with the use
of an accumulator which facilitates a smooth tramsibetween them. Such reel-to-reel plating
methods demand electroplating solutions which eaogerated at high temperatures and high
current densities to maintain the efficiency of #tteelerated electroplating method. In reel-to-
reel plating the silver electroplating solutiorused at temperatures of°30 and higher or such
as from 50 C to 90 C. Current densities may range from 6 Afdm15 A/dnf.

The silver electroplating solutions nieeyused to provide mirror bright silver deposits
wherever mirror bright silver layers are desirddhe combination of the organic sulfides and the
pyridyl acrylic acids in the cyanide-free silveeelroplating solutions provide a mirror bright
silver deposit which can be electroplated at higitent densities, high electroplating
temperatures and can be used in reel-to-reel efgatmg. In addition, the cyanide-free silver
electroplating solutions are environmentally frignidecause they are cyanide-free and also
exclude such compounds as 2,2'-dipyridyl. Accogtimthe cyanide-free silver electroplating

solutions are also worker friendly.

The following examples are included to illustrdte tnvention but are not intended to

limit the scope of the invention.

Example 1

An aqueous silver electropalting solatweas prepared as shown in the table below.

Table 1
COMPONENT AMOUNT
Silver ions as silver 5,5-dimethyl hydantoin 40 g/L
5,5-dimethyl hydantoin 70 g/L
Sulfamic acid 35¢g/L




15 g/L 2,2-thiodiethanol 8 g/L pH 9.5 9

A brass coupon was provided. The coupon was placed in a

plating cell containing the silver solution in Table 2 agove. The coupon functioned as a cathode and a
soluble silver electrode was used as an anode. The cathode, silver solution and anode were joined in
electrical communication to a conventional rectifier. The temperature of the solution was maintained at 60

C. The coupon was electroplated with silver at a current density of 2 A/dm2. The solution in the plating

cell wag
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Two brass coupons were provided. Each couporplaasd in a separate plating cell

containing the silver solution in Table 1 aboveheToupons functioned as cathodes and soluble

silver electrodes were used as anodes. The cahsitler solutions and anodes were joined in

electrical communication to a conventional rectifid he temperature of each solution was

maintained at 60° C. One coupon was elect

rophattsilver at a current density of 2 A/dm

and the other was electroplated with silver atraetu density of 12 A/df The solutions in

both plating cells were agitated. Electroplati

ngsvdone until a silver deposit girh was

obtained on each coupon. The silver electroplategbons were then rinsed with deionized

water at room temperature and air dried. Eaclesélectroplated coupon appeared matte.

Example 2

An aqueous silver solution was prepared as showhe table below.

Table 2
COMPONENT AMOUNT
Silver ions as silver 5,5-dimethyl hydantoin 40 g/L

5,5-dimethyl hydantoin 70 g/L
Sulfamic acid 35¢g/L
Potassium hydroxide 50 g/L
Potassium nitrate 15¢g/L

2,2-thiodiethanol 8 g/L

pH 9.5




Table 4 COMPONENT AMOUNT Silver ions as silver 5,5-dimethyl hydantoin 40 g/L 5,5-dimethyl
hydantoin 70 g/L 2,2-thiodiethanol 2 g/L 3-(3-pyridyl)9acrylic acid 4 g/L Potassium nitrate

A brass coupon was provided. The coupon was @lexca plating cell containing the
silver solution in Table 2 above. The coupon fiored as a cathode and a soluble silver
electrode was used as an anode. The cathode, sillvgion and anode were joined in electrical
communication to a conventional rectifier. The pemature of the solution was maintained at
60° C. The coupon was electroplated with silvea atirrent density of 2 A/dm The solution in
the plating cell was agitated. Electroplating wase until a silver deposit ofifn was obtained
on the coupon. The silver electroplated coupontiwas rinsed with deionized water at room

temperature and air dried. The silver electropl@@upon appeared mirror bright.

Example 3

The method disclosed in Example 2 alveag repeated using the same aqueous silver
electroplating solution with the same electroplgtbonditions except that the current density
was 12 A/dm. The silver deposit obtained was matte in appearén contrast to the mirror
bright coupon of Example 2.

Example 4

An aqueous silver solution was prepagdhown in the table below.

Table 4
COMPONENT AMOUNT
Silver ions as silver 5,5-dimethyl hydantoin 40 g/L

5,5-dimethyl hydantoin Mg
2,2-thiodiethanol 2 g/lL
3-(3-pyridyl) acrylic acid 4 g/L

Potassium nitrate 15 g/L

Potassium hydroxide 50 g/L

Sulfamic acid 35¢g/L




15 g/L Potassium hydroxide 50 g/L Sulfamic acid 35 g/L 10 pH 9.5
10

pH 9.5

A brass coupon was provided. The coupon wasglata plating cell containing the
silver solution in Table 4 above. The coupon fiored as a cathode and a soluble silver
electrode was used as an anode. The cathode, sillvtion and anode were joined in electrical
communication to a conventional rectifier. The pemature of the solution was maintained at
60° C. The coupon was electroplated with silvea atirrent density of 12 A/dfm The solution
in the plating cell was agitated. Electroplatingswdone until a silver deposit gird was
obtained on the coupon. The silver electroplatagoon was then rinsed with deionized water at

room temperature and air dried. The silver elgtated coupon appeared mirror bright.

The combination of tiffethioalkanol, 2,2-thiodiethanol, and the 3-(3-pyt)cacrylic acid
enabled a mirror bright silver deposit at the higirent density of 12 A/dfn In contrast, the
silver electroplating solution in Example 1 whicltluded 3-(3-pyridyl) acrylic acid without the
2,2-thiodiethanol failed to provide a mirror brighlver deposit at both the low current density of
2 A/dnt as well as the high current density of 12 Afdmlthough Example 2 which included
2,2-thiodiethanol without the 3-(3-pyridyl) acrylacid enabled a mirror bright silver deposit at
the low current density of 2 A/dimit failed to produce the same mirror bright dépasthe high
current density of 12 A/dfrin Example 3. Accordingly, in order to achieve tiesired mirror
bright silver deposit at the high current densityt® A/dn?, the combination of 2,2-
thiodiethanol and 3-(3-pyridyl) acrylic acid waseded.



A brass coupon was provided. The coupon was placed in a plating cell containing the silver solution in
Table 4 above. The coupon functioned as a cathode gnd a soluble silver electrode was used as an
anode. The cathode, silver solution and anode wereTjoined in electrical communication to a conventional
rectifier. The temperature of the solution was maintained at 60 C. The coupon was electroplated with
silver at a current density of 12 A/dm2. The solution in the plating cell was agitated. Electroplating was
done untihi sivecAeRR: & SM was obtained on the coupon. The silver electroplated coupon was then
rinsed with ‘deionized water at room temperature and air dried. The silver electroplated coupon appeared

mirror bright. AT gRINRIBAINTERIGIoRE dhipeiaselrées bisdlinibabak andite Tdmpwidy agerlts acid

enabled a mirror bright silver deposit at the high current density of 12 A/dm2. In contrast, the silver

electropl SRS ¥ tHBh ALY ARRION HETMRIVE S e SHEA PR HC St BGE R ¥o5-tRIRIREhanol

failed to prievéderganit au it sHuce dernnitial RatsriRVREKENdidanrRIBsOBANNBD MY as the
high current density of 12 A/dm2. Although Example 2 which included 2,2-thiodiethanol without the

3-(3-pyri®F A ARDAIG REHSHIBE SAHHRR BtHEYRAART8Eposit at the low current density of 2 A/dm2, it
failed to produce the same mirror bright deposit at the high current density of 12 A/dm2 in Example 3.
Accordingly, in order to achieve the desired mirror bright silver deposit at the high current density of 12

A/dm2, the comhination of 2,2- thiodiethanol and 3-(3-pyridyl) acrylic acid was neede What is
claimed 16, 1 A LT o O e B e B S AR S N e e
chosen fiemryhy dandoiri s F8rdasnpiit gk rivative s,cadic8 Higymid gl padk ghic i) g€ GHpiheayl-qs)rayd) or more
organic sulfides chasen from djalkyl sulfides and dialkyl disulfides,.and one or more pyridyl acrylic acids,
the sl e L A e R T D AR e Shosen from
3-(2-pyridyl) acrylic acid, cis-3-(3-pyridyl) acrylic acid, 3-(4-pyridyl) acrylic acid, 3-(6-phenyl-pyridyl) acrylic
acid, trans-3-(3-pyridyl) acrylic acid and z-2-fluoro-3-(3-pyridyl) acrylic acid. 3. The solution of claim 1,

pherein e NYCROULIRIBIALY ehaft £AORERIFAMRE WOARH e aMRUAY EABKUR o HREIenK RO,

5,5-dimethylhydantoin, 1-methanol-5,5- dimethylhydantoin and 5,5-diphenylhydantoin. 4. The solution of
claim 1, Wiethaithvearighatitugdimatkylsygdetan PaHbameiygasIion), A-methed@omprising: a)

providin%ﬂﬁgw%mﬂ% @g_grm@mg;amgmf silver ions, one or more complexing agents

chosen from hydantoin, hydantoin derivatives, succinimide and succinimide derivatives, one or more
organic sulfides chosen from dialkyl sulfides and dialkyl disulfides, and one or more pyridyl acrylic acids,

the solution is cyanide-free; b) contacting a substrate with the solution; and
4, The solution of claim 1, wherein the subséitutialky sulfide is §-thiodialkanol.
5. A method comprising:

a) providing a solution comprisimige or more sources of silver ions, one or more
complexing agents chosen from hydantoin, hydardenivatives, succinimide and succinimide
derivatives, one or more organic sulfides chosemfdialkyl sulfides and dialkyl disulfides, and

one or more pyridyl acrylic acids, the solutiortysnide-free;
b) contacting a substrate withgbkition; and

c) electroplating a silver onto théstrate.

6. The method of claim 5, wherein a current dgrisiequal to or greater than 5 A/8im



c) electroplating a silver onto the substrate. 6. The method of claim 5, wherein a current density is equal to
or greater than 5 A/dm2. 12 7. The method of claim_§, wherein the current density is from 6 A/dm2 to 15
A/dm2. 8. The method of claim 5, wherein a temper&t%re of the solution is 30 C and greater.

7. The method of claim 6, wherein the current dgns from 6 A/dnf to 15 A/dnf.

8. The method of claim 5, wherein a temperatuthefsolution is 30° C and greater.



