SI LVER ELECTRODEPCSI TI ON PRCCESS Thi s invention rel ates taigﬁ§?ﬁl§p()olytlc i
depo- sition of silver on netal surfaces. |In conventional nethods of-. o
el ectzotytical ly depositing silver, cyanide is conmonly used .as an 5. (“
el ecte or as an additive to t[ﬂe bath. Such baths tend to, be unstable |
unl esg'\$oTubl e silver ele- trodes are used, and when operat ed at hi-gh ,
current densities especially, for exanple above 800 anperes per square foot ;
(80 anperes per square netrgeR ASEECTRODEPOSITIOdsUl ting silver deposit

usual by lacks sufficient snoothness, In certain procedures where silver is €
el ectro- deposited at hi gher BRPFERE densities, for exanple, in the

manuf acture of m ni ature conponents ftor I5. eIectronic circuitry,
substantially insoluble, non- silver electrodes are required and silver
el'ectrodes are qiic|ireshtionsnebapesceduthe dlectradlytisnddepo- be unstabl e
and the snogQt, d e eposit is usually adversely
af f ect ed. 2%&m¥%§;§¥]?§¥§%Po§§e§%t%? F%I?%?%bentlon to provide stable
processes for dire @onirpoiona hgnebhatdsi ofsiellestrglivicadbivli ng t he need for
sol ubl e i | yep Rl RLIAPUeP1vdt, | &yAROERC oo Richitlorhlly I Igy e i on Lo

provi de proce ses for dep05|t|ng metallic silver mnthout 25. dependence

on cyani de §3eHFRAERS FY12S #R addotdyec&anithe BaEh nveShn, there is §
provided a meidhed deHd eteché oﬂﬁaeabubn@ntxetsa |§dluﬁblé/€§1WH1€|’EL‘é3¥Tp“ ses '

i nmersing a t cathode the s rate whi silver plated in a
bat h con305| :ﬁ%%; % 3 en operé%ed at(ﬂfgi current

densitles especlally, ‘for example above 800 amperes

per square foot (80 amperes per square metre (ASD), i
10. the resultzng silver deposit usually lacks sufficient
smoothness.
In certain procedures where silver is electro-
deposited at higher current densities, for example,

in the manufacture of miniature components for :

15. electronic circuitry, substantially insoluble, non- ' ;
silver electrodes are required and silver electrodes |
are precluded. 1In such procedures, the bath tends
to be unstable and the smoothness and evenness of the

. silver depos;t is usually adversely affected.

20. It is an object of this invention to provide
stable processes Zor electrodepositing metallic silver
while avoiding the need for soluble silver electrodes.

It is another object of this invention to provide
processes for depositing metallic silver without

25, dependence on cyanide as an electrolyte.

In accordance with the invention, there is provided
a method for electrodepositing metallic silver which
comprises immersing as the cathode the substrate which
is.to be silver plated in a bath composition camrising:-



—~—

1;2; (a) a bath soluble source of.silver ions and first anions other than

cyanide, the said.second anions being different fromthe said firs
(c) an'effective amdunt of an organi c Phosphonate conpound sel ect

the following or mxtures thereof:- 10.

[-err] HO- C -
-CH2 - H2P0O3 N
[err]

passing a current th

anper es/ squar e
5.

10.

15.

20.

25.
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30.
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“}cyanrde; (b) a bat.h sol ubl e source of second anions other 5. th:?;::?

njons;
am
[err] .

(I'1) H2PO3 [err]

]. 30.

©  Pa) . a vath sgiblegeprqeny SdvamdanEsed Hinet

bei ng at a tenpeandionse cdhexhithian tcysinildeyr oduce gal vani ¢ deposits, and

a current

ensi t

f oot ?§392§E¥% ga%ﬁéﬁ%éfhgﬁgrgﬁrp cé.eco¥1

than cyanide, the said second anions being different

from the said first anions:;

of at | east 800
d anions other

(¢} an effective amount of an organic phosphonate
campound selected fram the following or mixtures thereof:-

N‘(mﬁa‘w

H2P03 - CH,

/

CHZ
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15. The ingredients may be added separately to water to forma
bat h or the ingredients may be mxed to- gether to forma saleable article
of comfBnce which is then added to ¥water. The pHis preferably ad- justed \é}
to be e 7. 20. ~° The bath conposition is stabilized and the

snmoot Q-+ ‘Aess of the silver deposit is enhanced when the bath is operat ed at
current Hensities above 800 anperes per square foot (80 ASD). The organic

phosphonat e conpounds (1) to (V) areo25. comercially avail abl e -

from Monsant o any, Inc., under the nane "Dequest"” (Registered Trade \
Mar k), or the be‘?ﬂgpared by foll ow ng known pr ﬁedurge described in

the chemcal literaturg. The electrolyte for the bat Bs~seb QPed from 30
anong non-cyani de congggpds capabl e of dissolving if water to formions.

Usual Iy, these are solu

phosphat es, 4 citratgs, nitréftas car Nfor exanpl e o(vpotassium
ors sodium The silver Lonpound is pr ferably a mat sol ubl e i norganic

& Adsply rr_etifl C ounds, fand preferably, are
conmpound capaﬁhBogf-bS g dissolved i the 5. bat at roontor slightly

el evat ed tenperatUres hin the opefatid ng range of G %?Oiﬁanples of
such conpounds include potassium silyer.cyani de, 5|Iver chl silver
nitrate, silver nitrite and silver bfom de.
10. L :
the camposition being at a temperature at which it will produce
galvanic deposits, and Passing a current through
the bath at a current density of at least 800
amperes/square foot (80 ASD) of the cathode surface.
15. - The ingredients may be added separately to water

to form a bath or the ingredients may be mixed to-
gether to form a saleable article of commerce which
is then added to water. The pH is preferably ad-
justed to be above 7.
20. The bath composition is stabilized and the smooth-
ness of the silver deposit is enhanced when the
-bath is operated. at current densities above 800
amperes per square foot (80 ASD).
The organic phosphonate compounds (I) to (V). are
25. commerciallf available from Monsanto Company, Inc.,
under the name "Dequest” (Registered Trade Mark),
or they can be prepared by following known procedures
described in the chemical literature.
The electrolyte for the bath is selected from
30. among non-cyanide compounds capable of dissolving
in water to form ions. Usually, these are soluble
alkali metal compounds, and preferably, are phosphates,
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"10 The conpositions useful in the nethod of the invention are
preferably-fomulated within the follow ng ranges shown in Table 1 and the

,Qgth is preferably operated under the conditions of pH and tenperature';.
shown in Table’l. Table 1 15. | NGREDI ENTS )
AMOUNT Sol uble silver conpound, preferably 30-90 e.g. 50-90 g/l ;
potassium silver cyanide (source of first as silver anions other tha
cyani de - nanely conpl ex cyani de) Sol ubl e non-cyani de canpound, preférably
9Q-110 g/ 20. potassiumcitrate (sourceypf second ani ons other than

cyani de nanely citrate) CXganlc phosphonat e conpound 10-500 e. g.
20-40 g/ pH 7-10 Tenperature
50- 700C 25. ' The pH is adjusted by adding suitable anmbunts of a weak

acid, preferably citric acid or phosphoric acid, or a base, preferably

pot assi um hydr oxi de or potassium carbonate. :The bath is operated at current
"densities 30. above 800 anperes per square foot (80 ASD), and nnre usual |y

bet ween about 1, QAQANLS, 400 AIPEL S REErBEHEE sf0P5r<T1{29m§99 using

conventional non-silver el ectrodes i ch are substanti nso bIe in the
bath, for exanpl @SASHLYR AT iPS¥Re or nesh, or platlnun1coated 5

tantal um or col unbi UMThe silver compound is preferably a water soluble’

inorganic compound capable of being dissolved in the
5. bath at room or'slightly elevated temperatures within .
the operating range of the bath., Examples of such
compounds include potassium silver cyanide, silver
chloride, silver nitrate, silver nitrite and silver
bromide.
10. The am@nsﬁd@nsusefulin'ﬂuema&mﬁ.ofiie invention are
preferably formulated within the fdlhmﬁng‘ranges:ﬂxmn in
‘ Table 1 and the bath is preferably operated under the
conditions of pH and temperature shown in Table 1. -

. Table ;-
-~ 15. INGREDIENTS AMOUNT |
Soluble silver camound, preferably 30-90 e.g. 50-90 g/1
: potassium silver cyanide (source of first as silver
n mucms:ﬁﬂmm-ﬂmm cyanide = namely complex ¢

" cyanide)

Soluble non-cyanide campound, preferably 90-110 g/1
20. DPotassium citrate (source of second
anions other than cyanide namely

- citrate)
Organic phosphonate compound 10-500 e.g. 20-40 g/l
pH o 7-10
| Temperature : - 50-70%
25. The pH is adjusted by adding suitable amounts of

a weak acid, preferably citric acid or phosphoric acid,
or a base, preferably potassium hydroxlde or potassium
carbonate.
The bath is -operated at current densities
30. abcve 800 amperes per square foot (80 ASD), and more usually



Plating is conducted for a period sufficient to obtain a silver deposit of
the desire thickness. In general, at the indicated conditions of ~
tenpergéyre and current density, a period of about 3 seconds or 10 less is e,
I | @ to deposit a layer of silver having a thickness of. 130-150

m cro- hes, 3.3 x [err]to 4.1 x PO 4 cns (3.3 to 4.1 nicrons)." The
pl ati ng—peri od may be shortened or extended accordingly to achi eve any
ot her desired thickness. 15 Using this invention, substantially .
snoot h, adherent silver deposits may be produced, with sui t abl e s
preparatlbatweﬁnvabpu&lﬂyoﬁﬁyanét3h°9@rﬁ@@ére§u@ﬁra§qyé§9eﬁOQﬁ ckel ,
silver, S‘(isb-%oaglsaxs hg‘ihﬁof:on%ﬁth%ait RLe13 veke @l et Addays such as
brass or bro I ngredi ents conventially used In silver _
el ect r odepBaFhi areharhstARFLaldy Basplubd@edn &hgedddit-y £94 ght ening agents
L or ﬁnhanékaﬂplléesan.h.agbll%&inl(ﬁn t,:lielesdcvmes@kepw Tplat@ihugpml c'pngl 2'5

right nts used.in.silver plating processes can be enpl oye
Prefer engB§g§ uF &?@E *JPe water soluble salts of a netal or netals
sel ect ed fron1a&angngrssncondhatedxinpia,pamiadisuﬁﬁﬁQMem; teead, for
exanpl e, Fﬁ@g%ﬁ'ﬁrg%gve%hﬁ% bde LF «RxaHRls » t@gld |%s%hlo de, . Dbisnuth,
for exanple I 'smut te and ant1 nony, exanpl e antlnnny

chl ori de E@ﬁﬁral:Tﬁéséh&rénéésé¢9¢ conéitééaédQﬂntgmmqraéms@nts for

exarrﬁlie f AR alevbnk Henabey!, 40 pR#ibd b@am%l 3 RRcdiidd it parts by
wei g
(8]

less is sufficient to deposit a layer of silver having

a thickness of 130-150 micro-inches, 3.3 x 10 %to 4.1 x

10”* cms (3.3 to 4.1 microns). The plating period

may be shortened or extended accordingly to achieve

any other desired thickness. ' |

15 Using this invention, substantially smooth,
adherent silver deposits may be produced, with suitable
preparation, on virtually any metal surface, such as
copper, nickel,'Silver, steel or alloys thereof, such
as stainless steel or alloys such as brass or bronze.

20 Other ingredients conventially used in silver

- electrodeposition baths may also be included, especzally

d brlghtenlng agents for enhancing "the brxghtness of the
silver deposit. Any conventional brightening agents
used in silver plating processes can be employed.

25 Preferred for such purposes are water soluble salts of

a metal or metals selected from among arsenic, for

example, arsenic trioxide: lead, for example, lead

citrate: thallium, for example, thallium chloride, Bismuth

’

for example, bismuth molybdate and antimony, for example,
30 antimony chloride (SbCl, or Sbcls); These are usually



‘of the total conposition. Qther conventional inorganic or organic

: bri ght'eni ng 5 agents, such as mnercaptobenzothi azole, thiazole or thio
_&yanate, may be used in place of, or together with, the foregoing -
d a

bri ghteners. The.invéntion nmay be put into practice in various wa
hunber of specific enbodiments will be 40  described to illustrate e

i avention with reference to the acconpanyi ng exanpl es. EXAMPLES 1A and 1 B

EXAMPLE 1A I n accordance with the present invention, a copper 15 strip,

syjtably cl eanedadded efmvemaly amotnts,dfor exagpesdromaabouthdniteal |y

orating head corfETeFaldyPACHE| Lo cub ikt REFCHRRRHAR: PBr%s™ Bo YR bRt o,

bat h havi ng t he ¢0lthei hgtadnposposdtiono Pota55|un15|lver cyanlde

Pot Sssi Um i tratc | Otner SBAVLRELRRITINGYRRRIE or Egconﬁ"an.? i)

ot her than csanl%Eﬂnt%an§u9hcﬁ$rQQEFanﬁghﬁnéoﬁhégsﬁéﬁat§hé9#9

g/l pH _ thio cyanate, may be uEe&OiﬁhﬁlﬁaedeCOB%'%b@@tﬁ%rpWﬁ%h
platinumwre. .Bg Bgﬂgecurren ource was an 8-volt d.c. power supply.

The current denst?§ FRiRE Gh§Fn§§§® anperes per square foot (150
ASD) during the platiTgepgnvedtidhembgnber put into practice in various

ways and a number of specific embodiments will be

410 described to illustrate the invention with reference to
the accompanying examples.
f EXAMPLES 1A and 1B

EXAMPLE 1A _
In accordance with the present invention, a copper
15 strip, suitably cleaned to remove any surface dirt or
grease, was mechanically masked to allow the area for
deposition to be exposed in a selective.piating head
commercially available from the Dynacraft Corp. to a
silver bath having the following pompositioné
29 . Potassium silver cyanide 60 g/1

(source of ﬁbﬁﬂ:;ﬁlaﬁéiiiﬁﬁﬂ .
than.cyanide namely:xmtﬁ

qwnﬁde) - |

-

Potassium citrate - 100 g/1
(source of second anions'

25 other than cyanide - |
: namely‘crtrabe) i
'Organic phosphonate compound I 30 g/1
-pH . 7-10_ .
- The anode consisted of pure platlnum wire. The
30 current source was an 8-volt d.c. power supply. The
current density was maintained at 1500 amperes per
square foot (150 ASD) during the plating period. The tempera-
ture was maintained between 65°C and 70°C while
plating took place. |
35 After 3 seconds the copper strip was removed from
exposure to the bath. A metal deposit having a thick-
ness of 150 micro-inches,4.1 x 10'4 cms (4.1 microns)

30



e was mai ntai ned between 650C and [err] while plating took place. 35 *

R 3 seconds the copper stri p was renoved from exposure to the bath. A

ﬁ deposit having a thick- ﬁf of 150 mcro-inches, 4.1 x [err]cns (4 1 a
crons) -was obt ai ned. The se bri ght sil ver dep03|t was substantially

snoot h and even, and _di spl ayed good adhesi.gn to the substrate even when

rubbed. E¥edreRtatned. R'he ?ﬁF‘g"P? ig Viedo e@?ﬁﬁ:ﬂé"asl'he procedur e of

Exanpl e léhweaﬁeﬂsmydsbabtm tahauevehe emarazles present. This

led to ar uneven S|Ivr de 03|t | had adhesion to the v
substrat eatﬂ&%sion 0°¥hd' substrate EXX%!;IPE 1%?é{procedure of Exanmple IA
was repemmcegt that trivalent arsenic ions, As (Il 1), were included in

t he th at a grgt bgapg%%ggﬁog%l The resul ti ng silver deposit, in

addi t1on to be and even, had better surface
bri ght ness thaThehprpcedure of B;ampﬂe MA meﬁeﬂnm ocedure of

Exanpl e 43 ¥guteRg8! Blgatitngn g e Preitt NV tﬂh‘q fgd lowi ng
conmposi ti on: ot as um s cyanl d (source of
first am%n%o‘égheru{lﬁ&'ﬁncﬁéivéé‘ depg "@5-@5! &@%Mfdé esion

to the substrate.
10 | . EXAMPLE 2
The procedure of Example 1A was repeated, except
that trivalent arsenic ions, As (III) were included
in the bath at a concentration of 0.005 g/1.
The resulting silver deposit, in addition to being
15 substantially smooth and even, had better surface
brightness than the product of Example 1A,
' EXAMPLE EXAMPLE 3
The'proceduré of Example 1A was repeated, using a
deposition bath having the following composition:
20 Potassium silver cyanide 60 g/1
' (source of first anions other
than cyanide - namely camplex
cyanide)
25 . Potassium citrate ; , 100 g/1
(source of second anions other
than cyanide - namely
citrate)
Organic phosphonate compound (I) 30 g/1

Organic brightening agent,
30 Silverex II,. Sel-Rex Co. 8 ml/1

pH _ 7-10

- This produced a b:ight, adherent silver deposit.

, Substantially the same results as in the foregoing
examples were obtained when the other organic phosphonate
caupounds useful in this invention were used in the baths.



25 Potassiumcitrate -~ . 100 g/1 (source of second ani ons
ot her 'than cyanide.- nanely citrate) cx a

und (1) 3G -
8./

=8/} Oganic brlghten|ng agent, 30 Si [*ver ex
m/l pH 7-10 ” u“ rlght

adherent silver dglgi'g Substantially the sawe ¢esults as tn the fore
exanpl es were obt< g=fihen the ot her organi ¢ phosphonat e conpounds
useful in this |nvent|on we used in the baths. 8. CLAINB 1. A
f-qr el ectrodepositing,netall I [ ]g?qé t he

cat hode t he substratelv\,hl ch |§leséh°\tée ft:\litl]\/efaﬁ'%:p at e(f! In a bat c%‘?rlp%éleon
conpri sing 5. silvey) whighh somprdises dyansdiadfassitheercathndeind first
ani ons other thangayagiBgerbite FHRUN 1014l RS ;ﬁlaslf‘éd) )i sh Ot her
t han cyani de, the said second anions being different fromthe said first
ani ons; and 10. c°mP°€éF1°naF°M££$$¥&ﬁé of the organic phosphonate

<2:8rrpounds identified ipw)t he of @al 3Iublle Idduddé Bf \SUiwah LaliHvand err]

first anions other than cyanide;

(b) = a bath soluble source of second anions
other than cyanide, the said second anions being
different from the said first anions; and

10. (c) at least one of the organic phosphonate
compounds identified by the formulae I,II,III,IV
or V given below._

/ CH2 - H2PO3
' N CH, - H.PO
15. \ 2 273 (I)
. CH, = H,PO,
) H,PO,
20. .
_HO C _ CH3 - (II)
H2P03- t
25.

-T2



[ ] (I'r) [err] 25¢ [err] 30. : [err].
KEEE% 23 [err] = {IV)! 15. the conposition being-at a’
t

rature gt &high iL,t will produce gal.vani eposits, and-.passing a ;—HL
current througﬁ 8he BHgh at a current it At | east 800, °
anperes/square foot (80 ASD) of the caphode surface. 20. 2. - A

met hod as clainmed in d ajgn_1 E% i ch# he organic phosphona&gfcohpound S
present in the.compositipn ié ad &mount of from-10 to 500 g s per litre. ..~
3. A method as claimgd in Caiml ok Caim-2 25. in which!the bath .
sol ubl e sourgep@f si r ions conprisegyppotagsi silver cyanide. 4. A

met Hdd as cl af ne int‘K aiml, 2 or 3 ir%fH{%hi c?iﬁztﬂrd]g.second ani ons ot her than
cyanide -com prise citrate ions. 30. - 5. A method as clained in

any one of (& mj‘ 4 .4 in which the first ani om;o.tfysrpdhan cyani de
conprise conpTex cya 'a

e anions, or chloride, niyrée, fitkite or brom de

ani ons.
10. N - (CHZ)é? II\T - (CH,), i
ot N
HpPO; —CH, - fH, CHy= H,P0; (V) !
 2P°3
15.

the composition being at a temperature at. which it
will produce galvanic deposits, and passing a current
through the bath at a current density of at least 800
amperes/square foot (80 ASD) of the cathode surface.
20. 2. A method és claiméd in Claim 1 in which the
organic phosphonate compound is present in the
composition in an amount of from 10 to 500 grams
per litré.

3. A method as claimed in Claim 1 or Claim -2
25. in which the bath soluble source of silver ions
) comprises potassium silver cyanide. : ' ' ¢

4. A method as claimed in Claim 1, 2 or 3
in which the second anions other than cyanide com-
 prise citrate ionms.

30. - 5. A method as claimed in any one of Claims 1
to 4 in which the first anions other than cyanide
comprise complex cyanide anions, or chloride, nitrate,
nitrite or bromide anions. ' '

T
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10. 6. A nmethod as clainmed in Cains 1,2,3,4 or 5 in which an effective =
anmount ~ of bri ght eni ng -agent effective to brighten the silver deposit is aag"
~gl uded in the conp05|t|on 5. 7. A net hod as clainmed in any

niteite or silver Drimiweich an effagti¥e AWOBRE REJDFATRESNIRG éHeGQm

one of Clainms 1 t.o 67n which the conposition has a pH of 7 to 10. 8. A
met hod as claimed in agy oney a%hethdlMs! galﬁeanmhcqalﬁgl 15%,13085 el Lhe

cenposition are provided by silver | ori |ver nitrate, sil'ver
;} A
provi ded by al kal i, netal dghosghatg citrates, nitrates or carbonates.
10. A nethod as P aFhe ﬂ% of Clains 1 to 9 containing 30-90 ¢

of silver.sll. A nethpd aSACﬂxetl‘i’ad a8 Claimed, inhangi anbhefbeuhmnsi sts
essentially of 50 0 /1l _of .t ble silyer c ound | a first
ani on 20. other th 9 %ﬁ Qﬁggﬁﬁ cﬁPPsb¥§8ﬂ gggc?rgpypg ﬁﬁo&ﬁd
provi di ng the second a&xon oA fmethbdnasyeahadmedi ftherayt ohe pife Clliadsis dni on
Other Lhan cyam deuoOPLLRNghl ¥ 3 Pital! ¢BhR04A0AL LBhoBll¢Tbnaadel) Lo, 500

grans of a single onhe organi ¢ phosp whi ch is
one of those identp¥9ebded bies bvamablpride, su.ﬂ-vervn&naave.lgilvex
met hod as 8ba|ned AlePAWe 08f 811643 BPomilie. 11, wherein the conposition

cont ai ns 90-110

td.8, in which anigpsestbes thapreyabedechansiilfethaepo8ResSikl ARcALGd

8. A method as claimed in any one of Claims
1l to 8, in which anions other than cyanide ions in
the composition are provided by alkali metal
_ phosphates, citrates, nitrates or carbonates.
15. ' 10. A method as claimed in any one of Claims
1l to 9 containing 30-90 g/l of silver.
1l. A method as claimed in Claim 1, wherein
the bath consists essentially of 50 - 90 g/l1 of
the soluble silver compound having a first anion
20. other than cyanide, 90-110 g/l of an electrolyte
compound providing the second anion other than cyanide.
different to the first anion other than cyanide,
optionally a brightening agent for silver and 10 to
500 grams of a single one of the organic phosphonate

A

25. "compound which is ohe of those identified by the -
formulae I, II, IIXI, IV and V.
12. A method as claimed in any one of Claims 1
to 11, wherein the composition contains 90-110 g/1
of potassium citrate as a source of the second anion
30. other than cyanide.
13. A method as claxmed in any one of Claims
1 to 12 wherein the composition contains 20~-40 g/1

NE) )RR
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of potassiumcitrate as a source of the second ani on 30. ot her than

cygrirde. 13. A nethod as clainmed in any one of Cains 1 to 12 whereinthe

Cu@g§§ition contains 20-40 g/l of phosponate conpound. A met hod as
chaingd in aiml in which the silver in the ovi ded by
potassium silver cyani de and t h&lani ons ot her Ilm uM“ HIIEIH“I -are

provi ded By potassiumcitrate. 15. A nethod a% ckaikhedtirf C*aim 1

substantially as specifically described herein with reference to
Exanpl esl A, &X whdspditate ¢ompotndle whenever provided W th a sitver 10.

el ectrodeposi t py#?bg?éhﬂgﬁﬁad %glgggihgdagx g&glﬁp r@ h#? The

text of the speci een reproduce tocopylng
appl i cants @ikvewmlin yehe| pempositian GsnpapﬁléeﬂehwaGOWW§m1WMnch are

di fficult tcéff#ﬁk QZEa&é'Sh&akhéyaﬁishetoEﬁ%&athﬂgc&%ﬂi@e@”endnentS may
‘be inspected on the prem ses of the t ent
. are provided by potassium citrate.
15. A method as claifmed in Claim 1 substantially
as specifically described herein with reference to
Examplesla, 2 or 3. ) :
16. An article whenever provided with a silver
10. electrodeposit by a method as claimed in any one
of Claims 1 to 15. o o
'!hotutottbo specification bas been Teproduced bypho‘aocew!.ns the spplicants original

typesczipt. I+ may comtain a few amendments whioch are difficult to read, The original
typeseript containing these amendments may be inspected on. the premises of the Patent Office
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