1. "COVPCSI TI ON AND PROCESS FOR HI GH SPEED ELECTRODEPCSI TI ON OF SILVER' The
"t he

present invention relates to the el ectrodepo- sition of silver. Al though
ngDectrodeposition of silver froma variety of plating baths has been
di sdldsed in the art, 5. there is still a need for baths cg

pabl e of -
functioning effectively for high speed bright silver pIating.gﬂEéfﬁB@%ﬂnt
‘invention relates to new and i nproved el ectroplating baths, utilizing an
al kali nmetal silver cyanide as theg source of the silver, for high speed 10.
silver plating. More particularly, the invention pertains to particul ar
el ectropl ating baths wherein mrror bright silver platikng is achi eved at

current densiti ecoMpdsITHU ME HOEESSHOR ASICH SBEEDKNOW in the art,
silver cyanide 15. HIUEUTRUPEROSETICV ODESILVER? oyed for nmany years. Many
efforts al so have been nmade to devel op- non-cyani de or | ow cyani de silver

pl ati ng baths. See, for exanple, -U.S. Patents 4,155,817 (Fletcher) and

[0 e A oot G it

el ectropl ati ng ba ow silver - i S essentl
neutral pH SA%iopercfi ®&llvartantially without free cyani des. The patent to

Fletcher (No. 4, }q3n3ugh & EXdkerddepositt fbh cIf d8SLvept E98mOR Si | ver

pl ati ng; and 25. when this is caonsidered alo th disclosures in the

prior art creEdety of Pipking Qéﬁgﬁﬂha%ﬁb??Ptagséi?ﬁ%g gﬁtEﬁF,aSFG obt ai ns

an exggl | entheaek@e0WKhiID 4 hteed for baths capable of functioning
effectively for high speed bright silver plating.

The present invention relates to new and improved
electroplating baths, utilizing an alkali metal silver
cyanide as the source of the silver, for high speed

10. silver plating. More particularly, the invention
pertains to particular electroplating baths wherein
mirror bright silver plating is achieved at current
densities up to 5000 ASF (540 ASD). | '

As is well known in the art, silver cyanide

15. plating baths have been employed for many years. Many
efforts also have been made to develop non-cyanide or
low-c&anide_silver plating baths. See, for ekémplé,
-U.S.”  Patents 4,155,817 (Fletcher) and 4,024,031
(Lerner); where the latter patent is directed to an

. 20. electroplating bath with a low silver content, which is
essentially at a neutral pH and operates substantially
- without free cyanides.

The patent to Fletcher (No. 4,155,817) also -
contains a detailed description of silver plating; and

25. when this is considered along with disclosures in the
prior art cited in this patent as well as in the Lerner
patent; one obtains an excellent background to the
historical silver plating art as well as the numerous
endeavours to develop improved electroplating baths

30. for a ﬁarief& of coﬁmerciai advantaéeé su&h as high

TR,
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*historical silver pltating art as well as the nunerous endeavours to devel gp
i nproved el ectropl ati ng baths 30. for a variety of commercial, advant ages\-
Such as high 2. speed deposition and high quality, bright silver )
deposits. The patent to Fletcher discloses, inter alia, the use of a

di val ent (-2).seleniumconplex together with 5. an electrol yte .
bat h-having a free cyanide content of Igss than 1.5 g/l. The use of alkali
nmet al sel eni um conpounds as brighteners is also disclosed in U S Patent

No. 2,613,179 (Wl fson) and U S. Patent No. 4,121,982 (Fletcher). Wl fson
di scl oses, inter alia, 10. that the use of a selenite of an al kali netal
together with alkali nmetal cyanides and nitrates results in the formation
of a high speed bright silver deposit because of the presence of.nitrate
(100-150.g/1) and potassium selenite up. to 1.0 g/l. Wl fson states that

15. t he presencggféﬁgggpgﬁiggégsaﬂgrﬁi B eﬁglig%Flﬁffgﬁéygg%ﬁ€ﬁloo ASF

(10 ASD) and that ut the nitrates this“curr denSi t not be
achi eved. Anot herdeBP8iEBt patent for the present purposes is U S. Patent

No. 2,735,808 (G eensppre phténtteacheétdler aibelosds, Usetet a194ycene!
conpl ex and pota55|un1$yan obtain, brigh ver

i ¢ o] _
deposits from an Bf8cP oﬁléggﬁgggﬁ?ﬁ?sizgéxePguTaf??B}%gf %%?E%?Eéﬁ§55n
‘states that5his bahheleuttobptéabaththatring a free cyanide content of

less than 1.5 g/1l. The use of alkali metal selenium
compounds as brighteners is also disclosed in U.S.
Patent No. 2,613,179 (Wolfson) and U.S. Patent No.
4,121,982 (Fletcher). Wolfson discloses, inter alia,
10. that the use of a selenite of an alkali metal together
- with alkali metal cyanides .and nitrates results in the
‘formation of a. high speed bright silver deposit
because of the presence of nitrate (100-150 g/l) and
potassium selenite up to 1.0 g/l. Wolfson states that

15. the presence of the nitrates permits him to plate at up
‘to 100 ASF (10 ASD) and that without the nitrates this
current density could not be achieved. |

‘Another relevant patent for the present purposes
is U.S. Patent No. 2,735,808 (Greenspan) which teaches

20. that the use of a glycerol complex and potassium cyanide
are necessary to obtain bright silver deposits from
an electroplating bath, which is tartrate-free.
Greenspan states that his baths must be tartrate-free
when using the glycerol complex of antimony.

25. . Furthermore, in U.S. Patent No. 2,777,810 (Ostrow)
there is a disclosure that. divalent (-2) selenium
compounds in the pfesence of antimony compounds and
free cyanide gives bright deposits..at up to 100 ASF
(10.8 AsSD). .

30. It should further be noted that when divalent or



: using the glycerol conplex of antinony. 25. Furthernore, in- ¢
uU. Patent No. 2;777,810 (GCstrow) there is a disclosure that.divalent (»2).
se

ni um conpounds jn the presence of antinmony conmpounds and free cyanide i\,
gi ves: pright deposits. at up to 100 ASF (10.8 ASD). 30. It should
"further be noted that when dival ent or 3. hexaval ent sel eni um conpounds
are used, either by thenselves orgin conbination with antinony, they da_rot
gi ve bright deposits over a wide current density range, i.e. over the range
200 to 5000 ASF (21.6 to 5. 540 ASD). The present invention relates to a
particul ar electroplating bath for producing mrror bright silver deposits.
More particularly selenium or conbinations of seleniumand antinony, are
added as additives. The 10. sel eni um conmponent may be any bath sol ubl e
sel eni um c argreardl drie Wellerivm sompounds aadeusa@| @lithéz dy is in a

al ency st at,e of and i, ' t_.he ani /.0r ti sqQci,ated with
;/he te%/rav%&%ﬁseégee%%ﬂlg‘o%g%qﬁﬁ#&o I@&é’e%@’%i&qnﬁt Itg%%e#%g'raﬁ he "
el ect ropl atgine kExighthaldpasitishewsx \ewislee sturpsayo densittiuced.
General ly, fthgreseliend Uddere AiRd %0 Yd i dlsti @4 @il or as an

alkali netal or ammoniumselenite. “Simlarly, the antinony conponent nay
be arfr bat P4&biARR)e conpound or conpl ex of antinony in which the anions

and/ or The present invention relates to a particular

electroplating bath for producing mirror bright silver
deposits. More particularly selenium, or combinations
9f selenium and antimony, are added as additives. The

10. selenium component may be any bath soluble selenium _
compound in which the selenium istetravalent, i.e. is in
a valency state of4 ; and in which the anions and/or
cations associated with the tetravalent selenium do not -
have an adverse effect on either the electroplating

15. bath or the silver electrodeposit produced. Generally,
the selenium KIV}L is added as either selenious acid
or as an alkali metal or ammonium selenite. Similarly,
the antimony component may be any bath scluble compound
or complex of antimony in which the anions and/or

20. cations associated with the antimony do not have an
adverse effect on either the electroplating bath or
the silver electrodeposit.produced. Desirably, the
antimony component is employed in the form of its
complex with an alkali metal carboxylic acid salt.

25. With selenium or both antimony and selenium present a
mifror bright silver deposit results.

'The source of silver may be an:alkali metal or
ammonium or amine silver cyanide. Other essential
components are boric acid or citric acid or mixtures

30. thereof, or the alkali metal or ammonium salts of



20. cations associated with the antinony do not have an adverse effect on.-
either the electroplating bath or the silver el ectrodeposit produced.
Besirably, the antinony conponent is enployed in the formof its conplex
with an alkali netal carboxylic acid salt. 25. Wth sel eniumor both
antimpny and sel enium present a mrror bright si-lver deposit results.
source—of Silver may be an alkali metal gr ammoni um or amine silver

cyani de. Ot her essential conponents are boric acid or citric acid or

m xt ures 30. t hereof, or the alkali metal or amonium salts of 4. such
acids. Preferably, for operations at current densities above about 500 ASF
(54 ASD), both boric acid and citric acid are enployed; and nost preferably
the acids are utilized in the formof their alkali 5. netal salts. The

el ectropl ating bat lguch a¢hdsst apre&bkibiycefot bpecaeyansdat turkent

f bly fornul ated to,h h b bout
5 0: and 1t i profBREEsS,aParBARPLH HOD B8F (3AcASR ar HPER BRGECo
about 20 to about ajcddr pndncittria hicdd ewer empldged;t yndf moptt prelfenabi@00
ASF (540 ASD). The (gl ol g a&ebﬁtﬁiﬁﬁ B 1hnehBe eBRhnok QFREF?WQEEEM‘" chis

at | east suff|C|ent o ro uce SnoOot ectrodep05| ver on the
substrate. Ti%e 15. metﬁltﬁéﬂésand borate will be present in anmounts "which

are The electroplating bath is sub-
stantially free of free cyanide. It is preferably
formulated to have a pH withih the range of about 7.0
to about 9.0; and it is preferably operated within a
10. temperature range of about 20° to about 80°C and at a
high current density of up to about 5000 ASF (540 ASD).
' The silver will be present in the bath in an
amount which is at least sufficient to produce a smooth
'electrodeposif of silver on the substrate. The
15. citrate and borate will be present in amounts which are
" at least sufficient, either alone or .in combination, '
to effect buffering of the bath to maintain it within
the desired operable pH range. The selenium or
- selenium and antimony will be present in amounts which
20. are at least sufficient. to produce a brlght electro-
'deposit of silver.

As previously set forth, the goal of the present
invention is to provide an electroplating bath, which
can be operated at high speed up to 5000 ASF (540 ASD)

25. to produce a mirror bright silver deposit on various
substrates or workpieces such as copper alloys or |
nickel alloys.

‘The source of the silver in the bath is desirably
an alkali metal or ammonium silver cyanide. Althbugh

30. ammonium, potassium, sodium, and lithium silver



“at |east sufficient, either alone or in combination, to effect buffering of
he bath to maintain it within the desired operable pH range. The selenlun1-
(%Q sel enium and antinmony will be present in anpunts which 20. are at
ast; sufficient.to produce a bright electro- deposit of silver. As
previously set forth, the goal of the present invention is to provide ~
an. el ectropl ati ng bath which cag, be operated at high speed up to 5000~ASF
(540 ASD) 25. to produce a mrror bright silver deposit on various
substrates or workpi eces such as copper alloys or nickel alloys. The source
of the silver in the bath is desirably an alkali nmetal or amonium silver
cyani de. Although 30. ammoni um potassium sodium and lithiumsilver
5. cyani des nay be enpl oyed, the nost preferred material is potassium
silver cy=yateiddes may Ibéaeenim‘mm U mositt cmdafélated araterstabur poses of

the prese [ scri bed, 5.
pot assi um@sﬁgﬁ%l y pre erre%ﬁc@ess ot ervm se |‘£§ te"g’l e anount of
silver, det¥eRdY #h#m e IRABRYPASSS of Hmmrrsent #ﬂ‘@‘&%ﬂﬂy in.the

range fr omtad¥ute P He Ul oFf lan NONG 1 Gl D! ivs fpuB3PLE& 100 g/ | . 10.

r | kal | or a ni sal t r ef er abl ot assi um
I,hter -It;“ic %d ig.pgll t%s/ easpeacj'.a %apre erred unless oth rw:{s y p

indicated. _

The amount of silver, derived from the potassium
silver cyanide, is preferably in the range from about
20 to 120 g/1, more preferably from 30 to 100 g/l.

10. The citric acid or its alkali metal or ammonium
salt, preferably potassium citrate, is preferably
employed in amounts ranging froﬁ about 50 to 200 g/1,
more preferably 75 to 140 g/1.

 The boric acid or its alkali metal or ammonium

15. salt, which for operations at current densities above
about: 500 ASF (54 ASD), will be employed not in place
of the citric_acid or its alkali metal salt but rather
in conjunction with the citric acid, is preferably
utilized in amounts ranging from about 10 to 50 g/1,

. 20. preferably 20 to 40 g/l. Again, the preferred boric
acid component will be its potassium metal salt, namely
potassium borate.

The selenium component is desxrably selenious
acid (HZSe03) or an alkali metal or ammonium selenium

25, salt wherein the valence is -4, (i.e. tstravalent) rather
than divalent as prescribed in the prior art teaching
described above. The selenium component is preferably
utilized in the bath in amounts ranging from about
2.0 to 5 g/1, and preferably 2.5 to 5 g/l. In forming

30. the alkali metal salt, the selenious acid need merely be
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enpl oyed in anounts ranging fromabout 50 to 200 g/1, nore preferably 75 to
140 g/l .. The boric acid or its alkali metal or ammoni um 15. salt, which .
sf\ar operations at current densities above about\500 ASF (54 ASD), willgbe =
enpl oyed not in place of the citric acid or its alkali netal salt bu

rathier in conjunction with the citric acid, is preferably utilized in

anoumts ranging fromabout 10 to 50 g/lg_20. preferably 20 to 40 g/l.

Again, the preferred boric acid conponent will ‘be its potassiumnetal salt,
nanel y potassi um borate. The sel eni um conponent is desirably sel enious acid
[err] or an alkali metal or amoni um sel eni um 25. salt wherein the

valence is -4, (i.e. tetravalent) rather than divalent as prescribed in the
prior art teaching described above. - The sel eni um conponent is preferably
utilized in the hmébtral bsedniysth amngi alkdld mebalimdtérial Ss@ch , aginthe

el en ous’ aci o nallaREsLIs” o Phil SOrGE: exatlfe.” KordatEif ATF Ga1d nay
materi al such as béereé3ydilyiemplayed, téorevkrablize the asslemioysiracide nay
oo ol obes The BAke SR SASkh 26 fEuE! UL, 64 e BRI pILELERLTY
preferably 4:5 tocentain kokocdrgéln #od paeee E¥3f¢ﬁéblﬁvbﬂgi%® 3rg4kt i nony
conponent is also enpl pypdecéftal® PaiPosdscHsUERLsNnvention an antimony
component is also employed in the bath to ensure the
deposition of mirror bright silver deposits. . Preferably
the antimony is used in the form of an alkali metal
10. carboxylic acid complex, and most preferably as
potassium antimony tartrate. Other complexes that
could be employed in the present invention include
antimony potassium glycerate, or antimony oxide
dissolved in other carboxylic acids. The amount of
- 15, antimony metal used in the bath will preferably range
' from about 0.5 to 2.5 g/l1, more préferably 1.0 to 1.5
- g/l. ' - '
It'is an important feature of the present inven-
tion. that the resﬁlting electroplating bath be
20. substantially free of free cyanide,. which is another
distinction between the present invention and the known
baths of the prior art. By substantially free of free
cyanide one means a cyanide ion content of less than
1.5 g/1, and preferably less than 0.25 g/1. Further=~
25, more, the electroplating bath is preferably also free
of nitrate ions.
Orie of the preferred class of bath compositions
in.acdo:dance'with the present invention is set forth
- "below: '




position of mirror bright silver deposits. Preferably the antinony is-
<§§xi|n the formof an alkali netal 10. carboxylic acid conpl ex, and nobst -
ef erably ‘as potassiumantinony tartrate. Ot her conplexes that could be \Jq
enployed in the present invention include antinony potassium glycerate,.
antlnDny oxi de dissolved in other carboxylic acids. The anmount of 15.
antinmony netal used in the bath -w.l| preferably range from about O. 5 towd 5
g/l, nore preferably 1.0 to 1.5 g/l. It is an inportant feature of the
present inven- tion that the resulting electroplating bath be 20.
substantially free of free cyanide, which is another distinction between
the present invention and the known baths of the prior art. By
substantially free of free cyanide one neans a. cyani deCongentzrtdont of |ess
than 1.5 g/, and pref SompoRentss than 0.25 g/|. Further- #f1 nore, the

electroplabangebahe po AU 1Y valrs @yiahqQ@eof nitrate igpsyogne of the
preferred % b%HQE mposi tions in accordance with the present
i nventi on FO&ES & 7. Concentration Conpondri

o/l SiIverPasapsﬁamanmntelver cyani de 30- 1OQOPouisiunlcitrate
75-140 H,Se0, (neutralized with KOH) 2- 5
Antimony (as potassium antimony tartrate) 1-1.5
The pH of the bath may range from about 7.0 to
9.0 and preferably is 7.5 to 8.5; while the temperature
is maintained with the range of 20 to 80°C, preferaﬁly
10. about 40 to 70°%¢c. as described above the current
densiﬁy may be relatively high, i.e. up to 5000 ASF
(540 AsD). Although the current density employed may
be as low as 100 ASF (10.8 ASD), in order to ensure the -
production of mirror bright silver deposits the
15. densities will preferably range from about 200 to
5000 ASF, i.e. about 20 to 540 A/dm® (ASD).
) The invention may be put into practice in various
- ways and a number of specific embodiments will be
described. to illustrate the invention with reference
20. to the accompanying Examples.
: - EXAMPLE 1 :
An electrolytic bath was prepared having the
following composition:

Silver as potassium silver cyanide - 60 g/1

25. Potassium citrate - 100 g/1
Boric Acid _ _ - 30 g/l )
Selenium as Selenious acid - 2.0 g/1

. This electrolyte at 70°C deposited mirror bright
plates when selectively plated at current densities
30. between 1000 and 4000 ASF (108 to 423 ASD) on copper
alloys. The pH of the bath was 8.



Pot assi um Bor at e: 20- 40 5. [err]
ggfutTalized w th KOH) . 2- 5 Antinony (as potassium

aatinony tartrate) 1-1.5 The pH of the bath nmay range from abouf<y.0
to 9.0 and preferably is 7.5 to 8.5; while the tenperature is naintzﬁggi
with’the range of 20 to [err], preferably 10. @ about 40 to [err]

descr+-bed ‘above the current density may be relatively high, i.e. up to 5000
ASP (540 ASD). Although the current dedsity enployed nmay be as | ow as 100
ASP (10.8 ASD), in order to ensure the production of mrror bright silver
deposits the 15. densities will preferably range from about 200 to 5000
ASF, i.e. about 20 to 540 [err] (ASD). The invention nay be put into
practice in various ways and a nunber of specific enbodinents will be
described to illustrate the invention with reference 20. to the
acconpanyi ng Exanpl es. EXAVPLE 1 AnEXRMBEERytic bath was prepared having

the foll owi ng conposi t k@ampHe ! ¥ adsr éaééauméléﬂeso‘édanam pléled/ | 25.
Potassiumcitrate

00. g/l Bo
P30 o/ 1 sel eny unbaleatiERtg ALzEeR brishe %encslis a¥ Syrzent densities o
[err] deposited nbétweehr4QbtandalSeoWash $48c2tane! Y6l mSBY, at current
densities 3 bet ween 1000 and 408QA§§£E(§08 to 423 ASD) on copper
al l oys. The bH of the bath was 8.

Example 1 was repeated at 30 C, and plated
selectively mirror bright deposits between 200 and 400
ASF (21.6 and 43.2 asD).
" EXAMPLE 4
10. Example 3 was repeated except that the potassium
citrate was omitted.from the bath and similar results
were obtained. |
o EXAMPLE 5
Example 3 was repeated except that the boric acid
15. was omitted from the bath and s;milar'results were
obtained. - |
EXAMPLE 6
An electrolytic bath was prepared having the
following composition:

20. Silver as potassium silver cyanide - 80 g/l
Potassium citrate - 75 g/1
Boric acid - 20 g/1
Selenium as selenious acid - 2.0 g/1

Antimony as potassium antimony tartrate - 1.5 g/l
25, This electrolyte when operated at 60°¢ selectively
plated mirror bright silver.deposits at current
densities from. 1000 to 5000 ASF (108 to 540 ASD).
The above Examples demonstrate that the electro-
'lytic baths of the present invention give outstanding
30. silver deposits.



EXAMPLE 2 Exanple 1 was repeated but at 50 C, and pl ated selectively”
or bright deposits at current densities between 400 and 1500 ASF (43’2_'

162 ASD). 5. ' EXAMPLE 3 Exanple 1 was repeated at %
30 Cﬁ,and pl at ed selectlvely mrror bright deposits between 200 and 400 ASF
(21.6 'and. 43.2 ASD). EXAMPLE 4 10. Exanpl e 3 was repeat ed. excepte.

that the potassiumcitrate was onitted fromthe bath and sinilar reSul e/
wer e obtai ned. EXAMPLE 5 Exanpl e 3.was repeated except that the boric acid

15: was omtted fromthe bath and simlar results were obtai ned. EXAVPLE
6 An-electrolytic bath was prepared having the foll ow ng conposition: 20.
Silver as potassiumsilver cyanlde - 80 g/l Potassiumcitrate

- 75 g/l Boric acid - 20 g/l Sel enium as
sel eni ous acid _ - 2. /1 An{inony as potassium anti nony
tartrate - 1.5 g/l 25. E | yte when operated at 60 C

sel ectively platnﬁ wa rOf b@ﬁgﬂfisbﬁyeitd@@@Sféﬁn@ltEutrenéndensltles

ILgP]%ggoefg%??% ous ac 08rt0 éoogﬁgke E?fugggggive e oéimeQEnStrate

was substituted with a selenide (where the selenium is
5. divalent) (Example 7) or selenate (where the selenium

. is -hexavalent) - (Example 8) the thus formed electrolytes
did not give mirror bright or bright silver deposits
when plated selectively at current densities in excess
of 500ASF (54 ASD). -



vlytic~baths of the present invention give outstandinE

30. silver
deposits. 9. EXAMPLES 7 and 8 By way of conparu ﬂl théézb
Iy
t

pdaen the selenious acid or salt of the illustrati
substituted with a sel enide (where the seleniumis divalen (%xdhple 7) or
sel enate (where the seleniumis hexavalent) - (Exanple 8) the thus forned
el eci+dl ytes did not give nirror bright qr bright silver deposits when

pl ated sel ectively-at current densities i*Y-excess of -500ASF (54 ASD).

10. CLAI M5 1. An aqueous, stable electroplating bath substantially free
of free cyanide, the bath conprising: a) an alkali netal, anmonium or

am ne silver cyanide; b) citric acid, %&%&&sacid, an alkali netal. salt of
citric acid or of boric acid, or an anefiromm salt of citric acid or boric
acid, or mxtures thereof; and c) a bath sol ubl e sel eni um conpound in which

the seleniumhas .a valence of A 2. An electroplating bath ai clain?p in
Claim1l . 1. An aqueous, stable electroplating bath .

sibstantially free of free cyanide, the bath camprising:
' a) an alkali metal, ammonium or amine silver
cyanide; .

"b) citric acid, boric acid, an alkali metal salt
of citric acid or of boric acid, or an ammonium salt
of citric acid or boric acid, or mixtures thereof; and

c) a bath soluble selenium compound in which the
‘selenium has a valence of 4.

"2, An electroplating bath as claimed in Claim 1°
or Claim 2 which also contains a bath soluble compound
or complex of antimony. '

. 3, - An electroplating bath as claimed in Claim 2
in which the antimony. is present in the form of an-
alkali metal carboxylic acid complex.

4. An electroplating bath as claimed in Claim 1,
2 or 3 which contains potassium silvexr

-

eyanIdE "

5. An electroplating bath as claimed in any one
of Claims 1 to4. which contains both alkali metal '
citrate and borate.



or Claim 2 which also contains a bath sol uble conpound or. conpl ex of

ant {spny. Em“ﬂﬂnﬂmﬁmtm ting bath as claimed in-Claim2 in which the”
ant ny. i LU formof an alkali netal carboxylic acid conpl ex\s
4. An el ectfopfating bath as claimed in aim1, 2 or 3 which contains
potassiumsilver 5. An electroplating bath as clained in any one of O atas

1 to -4 which contains both alkali netal citrate and borate. 11 6. Aje™

el ectroplating bath as clainmed i A1€laim 5 which contains potassiumcitrate
and potassiumborate. 7. An electroplating bath as clainmed in any one of
Clainms 1 to 6 in which the sel enium conpound conprises sel enious acid, or

an alkali metal or ammonium salt of selenious acid.. 8. An electroplating
bath as clainmed in any one of.Clains 1 to 7 in which the sel enium conpound

I s sel enious acjd. L at i aL | ' agm 7 in which
t he seleniun1coﬁbou§% éﬁgsgggéiggfﬁgngggg §§|§§?¥%352§3 gna%%eétroplating
bat h as clwihieh conbajnsnpobaseiumnsiratedand pptaasivm harabeany is

present in the formof a potassiumcarboxylic acid salt conplex. 11. An

el ectroplating bath_as clained_in Caim10 -
1. An electroplating bath as claimed in any one

of Claims 1 to ¢ in which the selenium compound
comprises selenious acid, or an alkali metal or

ammonium salt of selenious acid.

8. An electroplating bath as claimed in any one
of Claims 1 to 7 in which the selenium compound is
selenious acid.

'8, An'electroplating bath as claimed in Claim 7 -
in which the selenium compound is an alkali metal
selenite.

10, An electropléting bath as claimed in any one
of Claims 2 to !9 in which the antimony is present in
the form of a potassium carboxylic acid salt complex.

1%~ An electroplating bath as claimed in Claim 1c
in which the antimony.complex is potassium antimony
tartrate. '

'12. An electroplating bath as claimed in any one
of Claims 1 to 11 having a pH of from about 7.0 to

13. An electroplating bath as c¢laimed in Claim 1
substantially as specifically described herein with
reference to any one of Examples 1 to 6. '



rn which the antinony corrpl ex i s potassium MZ An
%ctropl ating bath as clained in any one of to 11 having a pH of
m-about 7.0 to 9.0. 13. An electroplatlngﬁ&’ﬂsﬂ in Claiml
substantially as specifically described herei to anﬂe of
Examples 1. to:6. 12. 14. A nethod of el ectrodep05|t| ng®brt ght 5| on
a sub&"t‘rate whi ch conprises passing an electric current between a cat hode
and an anode through an electroplating bggth as clainmed in any one of C ains
1 to 13 at a current density of from about 200 to about 5000 ASF (20 to 540
ASD) for a period of time sufficient to deposit the desired thickness of
silver. 15 A substrate carrying an el ectrodeposit of silver whenever nade
by a nethod as clainmed in Caim114. The text of the specification has been
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the Patent Office current between a cathode and an anode through an
electroplating bath as claimed in any one of Claims 1
to 13 at a current density of from about 200 to about
5000 ASF (20 to 540 ASD) for a period of time
sufficient to deposit the desired thickness of silver.

15 A substrate carrying an electrodeposit of
silver whenever made by a method as claimed in
Claim 14. '
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