1 2089374 " ELECTRODEPGCSI TI ON OF PALLADI UM AND . -
P DI UM ALLOYS" The present invention relates to conpositions and methods\
f e el ectrodeposition of palladiumnetal or alloys.on substrates from

b utilizing palladiumin the form of palladi um am ne CO@PB%E%E$§H4h as
cOHsT de

patrtadous 5. di am ne chloride, -p,e. Pd(NH3)2Cl13. ‘There is a

abl

body of prior art dealing with the el ectrodeposition of palladiumnetal &and
its alLoys on substrates. This art is represented by the followi ng U S.

Patents: 10.  spLEChRGYERSSITION OFEPAILAPIUMOARE0 - Yamanura et al.
3,677,909 - Yamanura et DALAADSOMO AT.LoYS"™vens et al. 4,098,656 - Deuber
15. It is—apparent Trominese rererences that the palladi um netal
conponent of the electroplating bath, whether enployed alone or in
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heated to
to drop t ower - C€E
preci pi tation offhewe pks$| adcomsidieddable body of prior art

rdps3to these levels

agﬁn?%r gﬁh#&ﬁe?&téqfﬁ?ﬁ#ﬁ[ etf:[] to 70 C because the pH tends

remat ur e
ealing

with the electrodeposition of palladium metal and its
allqys on substrates. This art is represented by the

following U.S. Patents:
10. 3,530,050 - Hill et al.
3,580,820 - Yamamu:a-ét al.
3,677,909 - Yamamura et al.
4,066,517 - Stevens et al.
4,098,656 - Deuber

15. It is apparent from these references that the

palladium metal component of the electroplating bath,
whether employed alone or in conjunction with an

alloying metal, is advantageously in the form of amine

complex salts such as, for example, palladous amine

20. chloride and palladium diamine dinitrite.

The amine palladium and palladium alloy electro-

lytes or electroplating baths disclosed in the prior

art are normally operated at a pH within the range of
about 6.5 and 10.0. Unfortunatély these baths with

25. use become difficult to operate when heated to tempera-
tures of from about 20° to 70°C because the pH tends to
drop to pH 5 or lower. Once the pH drops to these
levels premature precipitation of the palladium metal

salt as well as the alloying metal salt occurs.

It

30. has been suggested previously that this undesirable



salt as well as the alloying netal salt occurs. It 30. has been suggested,
pteyi ously that this undesirable . 2. drop in pH might be avoi ded by
utilizing buffers such as anmoniumor alkali metal phosphates. Howevey
thé use of such buffers had the untoward effect of causing undesi rabl' -
he

~

o f

preC|p|tat|on of these netals as phosp tes. 5. Consequently, the

pr o m associ ated with use of am ne pdl‘ adi umconplex electrolytes
necessity of frequent pH adjustment and prenature preC|p|tat|on of the
pal | adi um and/or its alloying netal. This invention ains to provide

el ectropl ating baths 10. cont ai ni ng pal | adi um am ne conpl exes al one or
with an alloying netal conpound which are less liable to an undesirable
drop of the pH during operation. This invention also ains to provide a
pal | adi um am ne conpl ex-cont ai-ni ng el ectroplati ng bath wherein 15. t he
tendency to pren@I@PelprPﬁlpightlbe<ﬂVQﬂdedxbyemhi¢nz¢nglbuﬁfagsnBUEh

sal Lo 1 | essenci binGERI3A°S NN YR 4V SORMORINER! | Oohbelds AW Doen

found that pH sta ty can be inprove senlng ten
premat ur e preC|pm$%t¢5n5§FhZQUffq&ﬂIhﬁﬂthhennnﬂownrélﬁ jealy aft spusdings,
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borate buffer is used 1 n an nnunggQ¥% |<n ent to brin
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of frequent pPH adjustment'and premature precipitation
of the palladium and/or its alloying metal. o '
This invention aims to provide electroplating baths
10. ngcontaining palladium amine complexes alone or with an
alloying metal compound which are less liable to an
undesirable drop of the pH during operation.
This invention also aims to provide a palladium
amine complex-containing electroplating bath wherein _
- 15. the tendency to premature precipitation of the palladium
or alloying metal salts is lessened. _
In accordance with.the.present invention it has
now been found that PH stabilitj can be improved, while
lessening the tendency to premature prec1pitation of
20. palladium metal or alloying metal salts, by utiliZing
a borate buffer in formulating the electroplating bath.
" The borate buffer is used in an amount suffic1ent to
‘bring the bathto a pH within the range of 6.5 to-
9.5. This pH Will_notrdrop to pH 5 or lower under
- 25, - actual-operating conditions:utilizing conventional
palladium metal plating temperatures of-from'about
20° to 75°C and'current densities ranging from about
1 to 1000 ASF (0.1 to 108 ASD), preferably 3 to 50 ASF
(0.32 to 5.4 ASD). Consequently, the premature
30. precipitation of palladium,or alloying metal salt is



pal | adium metal plating tenperatures of fromabout [err] to 75 C and -
“current densities ranging fromabout 1 to 1000 ASF (0.1 to 108 ASD), “ \J
e+ably 3 to 50 ASF (0.-.32 to 5.4 ASD). Consequently, the premature 30. '
tation of palladiumor alloying netal salt is- 3. avoided through .
nt.enance of the desired pH range in the bath; and, in addition, the
borates enployed in the pr3actice of the present inven- tion do nat.
have the tendency to formnetal salts 5. whi ch woul'd wundesirably
precipitate and interfere with the normal functioning of. the
el ectropl ati ng bath. The borates enployed for the present purposes are
formed by the neutralization of boric acid wwth an alkali netal, amoni a,
anmoni um hydroxi de, or an amne. 10. . The neutralization can be conduct ed
ei ther in sAveddéedethuonghgther malinderdneeeobHatlhe desised pHparate step
with the  nigndoriROCHEr BhRHYSERAS 13 GRIBMNRI, OfnbNgplRLY, The
neutralization” of the bor aci d cdan be carried olt, 38~ dascri bed above,
with the f ROEAFSG &'BPlOYS‘erQ-Pal#é’@s prantuite; OﬁﬁhbﬁlBﬂﬁﬁ?dtoanen-al kal i or
al kal ine eagidn naéahoeomwn%es%@h&%ﬁp%&%mrﬁém - Sp1Rg! assi um

hydr oxi de; qr an am ne such as et hyl ene “di am ne or diethylene triam ne.

Pref &red BEthERsWarsdsvafgmhiteblah Aracinikrtemand uinbebéeaeewith, -
Preferably ¢he horase Eﬁn&@&@h@.rﬂgﬂo@ﬁtﬂhd*@l@c&ft@pﬁékﬁhgnsai:ﬁact ant. i s used

i n an anmount not onlg sufficient to convert the boric acid, usually about
10 orates employed for the present purposes are

formed by the neutralization of boric acid with an

alkali metal, ammonia, ammonium hydroxide,uor an amine.

10. The neutralization can be conducted either in situ,
i.e. during formation of the bath}_Or as a separate
step with the thus formed borate used as a component of
the bath. The neutreiization of the boric acid can be

- carried out, as desc:ibed aboye,'with the following

15. substances, ammonia; ammonium hydroxide; alkali or
alkaline earth metal compounds such as sodium hydroxide.
or potassium hydroxide; or an amine such as ethylene
diamine or dlethylene triamine. Preferred borates are
sodium tetraborate and ammonium biborate.

20. _ Preferably the borate is formed in situ where the
alkaline reactant is used in an amount not only
sufficient to convert the boric acid, usually about 10
to 50 g/1, to the corresponding borate but also
sufficient to raise or adjust'the initial pH of the

25. newly formulated electroplatlng bath to about 6.5 to
9. 5. ' :

' The palladium amine complex can either be the halide,
nitrite, nitrate,sulphate, sulphamate or carboxylic acid derivative.
. Nlustrative . complexes include the follow1ng
30. Palladous diamine chloride [?d(NH )2C13]



to 50 g/, to the corresponding borate but also suff|C|ent to raise or
adjyst the initial pH of the 25. newy fornul ated el ectroplating bath to
about 6.5 to 9:5. The pal | adi um ani.ne conpl ex can either be the halide,
nitfrite, nitrate, sul phate, sul phante or carboxylic acid derivative. 2 :
[I'lustrative conpl exes include the fol lggqwi ng 30. Pal | adous d{ d®/rtet ¢

chl orvde [[err] 4. Palladiumdiamne dinitrite [err] Palladiun1tetran1ne
nitrate [err] Palladium diam ne sul phate [err] Oher palladiumsalts may be
utilized for exanple 5. . dichloredi am ne_pal |l adium chl ori de. The

palladiun1nEtaI inhthe anine conplex is prefer- ably used in an anmount
rangi ng fromabout ‘1 to 50 g/1, and preferably about 5 to 35 g/l. It IS .

often desirable to pIBablaBEumodRpm&ne<ainutriten1 g) (Nb dal | adi um
al l oy, and aIonlng ch lLoyed i 33 i ncl ude
copper, cobalt, cadm u%r?igg}m@h th%\é“\qﬁ'& H’ﬁ]t E;cc e&égﬁﬁstﬂﬁp nd zinc
whi ch convenlently nﬁ&abkaéﬂdmddnamMWelsnﬂphatenﬁ?ﬁﬁ N oustrative

al | oyi ng 15. met al Ggﬂggngaaia u%%' %@%fﬁﬁ%gge fif hogbgeex%ﬁb& |ncpi

acetate, ethylene diamne t race iC aC|
n|tr|Iotrﬁacetlcd&@héOmnﬂ&ﬂmhnﬂwﬂiiiaﬂhmmthb?tﬁQenetaI conponent: may be

present in the The palladium metal in the amine complex is nrefer-
' ably used in ‘an amount ranging from about 1 to 50 a/l
and preferably about 5 to 35 a/l.
c It is_often,desirable to plate the workpiece or
10. substrate with a palladium alloy, and alloying'metals
- which may be employed in this invention_include' N
copper, cobalt; cadmium, gold, iron, indium, nickel,
silver, tin and zinc which conveniently may be added
to the bath as amino salts. Illustrative alloying
15. metal components include nickelous amine chloride,
aminozinc acetate, ethylene diamine tetracetic acid.
cobalt complex, and nitrilotriacetic acid nickel
‘complex. o |
. The alloying metal component may be present in the
20. electroplating bath in an amount ranging from about 0
| to 50 g/l, and when present preferably in amounts of
from about 5 to 20 g/l.
The bath will also preferably contain from about
_ 5 to 150 g/1, preferably from 10 to 100 g/1, of a _
25. conducting salt. The conducting salt may be an ammonium
or alkali metal halide, carboxylic acid, sulphate,
nitrate, or_sulphamateisalt. -Examples of such salts -
include ammonium chloride, ammonium citrate, ammonium
nitrate, sodium nitrate, ammonium sulphamate, and
30. potassium sulphate, and mixtures thereof. The



20. electroplating bath in an anount ranging fromabout 0 to 50 g/I, and
when present preferably in anmobunts of fromabout 5 to 20 g/l. The bath MA||\/

al so. preferably contain fromabout 5 to 150 g/l, preferably from10 to 100
g/l, ‘¢t 25. conducting salt. The conducting salt nay be an anmmoni um or.
al kal wtal halide, carboxylic acid, sul phate, nitrate, or sul phamate _
salt. Banpl es of such salts include amoni um chl oride, ammoni um citrat e, ws:
anmoniumnitrate, sodiumnitrate, ammoni um sul phamate, and 30. pot assium
sul phate, and m xtures thereof. The especially preferred conducting

salts are ammoni um chl oride, ammoniumcitrate, potassiumcitrate, and
m xtures thereof. In fornulating the electroplating baths of this 5..
ons_to utili,ze a
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aromatic sulgihbonzt del, aamn_ien;.umr mat&,lﬂm.ﬁdmnidgateal laa 1(r)nst al
fhereof . STEBRRRLES, sEPPBE°LT] it aner o are naphtha- | ane. sul phonat e
sodi um sal t, saccFairforsuliatingalthe amtoﬁnogmatingebaahs (¢ § @uﬂifu, t he
bri ghener s MnbEchopd 1§ SIUMNLSAAN A COREPRULEIL L0 8ol e
de5|rable1xﬁ##kﬂ¢ﬂeaabsbghtenet "f (he' hyrighcemetexsdshi tsietfali dox i n t he
bath. The ﬁﬂﬂgﬁﬁrégeﬁ@epﬁrﬁssgst“féaaraﬁatfcpsglﬁﬁonated amides,
aromatio_sulphonated imides, alkali metal aromatic
sulphonates,'and aromatic sulphonic acids and mixtures
10. thereof. Specific preferred brighteners are naphtha-
lene sulphonate sodium salt, saccharin sodium salt,
and mixtures thereof. In general, the brighteners will
be used in amounts ranging from about 0. 1 to 5 g/1,
preferably from about 0.5 to 4 g/l
15. In some instances it is deSirable to provide a
source of "free" or uncomplexed nitrite ions in the
bath. The source of the free nitrite ions is prefer-
ably a water soluble inorganic nitrite compound such as
an alkali metal nitrite. Especially preferred nitrites
20. are sodium nitrite, potassium nitrite, and ammonium
nitrite. The amount of nitrite ions,employed may vary
widely and is preferably at least about 0.05% by weight
relative to the palladium ions in the bath. Initially
the concentration of the nitrite ions may range from
25. about 0.1 to about 50% by weight, based on the weight
~of the palladium ions. ' _
The baths of this inVention have been used in
conjunction with insoluble platinum, platinum clad,
| tantalum, or columbium anodes. In general, rack
30. plating is employed and the workpieces, e.g. box and



ably a water soluble I norganic nitrite conpound such as an alkali netal
n\tjlte Especially preferred nitrites 20. are sodiumnitrite, potaSS|um
nitrite, and ammoniumnitrite. The amount of nitrite ions enpl oyed may
widely and is preferably at | east about 0.05% by weight relative to t 'QO
palladiumions in the bath. Initially the concentration of the nitrit\et>
|ons¥ﬂay range from 25. about 0.1 to @bout 50% by wei ght, based on the
wei ght -of the palladiumions. The baths of this invention have been used in
conjunction with insoluble platinum platinumclad, tantal um or col unbi um
anodes. In general, rack 30. plating is enployed and the wor kpi eces,

e.g. box and 6. pin contacts; printed circuit board contacts, -or
decorative jewelr have surfaces of netals such as copper, brass bronze,
ni ckel, silver, ¥3398§F33P§hlQEM&%Q@HQﬂrQ#l%dP¢%§duﬁ?ﬁﬁ?&FSalPGy deposi ts

of 5. hi gh quaéebfaﬁel&ebge&&%%a@%ﬂf&&éOafCﬁetaesp%hchmae
practice in various ways_and a nunber of specjfic, enbodi ments wi_ll be

described to |IIG§PPSF@ bréssny &RAnAe mitkrket er eht¥efo PKeSE€&dnpanyi ng

exanpl es. 10. Palladium metal or ga¥iddfuh fecagugousypdebediv® B al
el ectroplating b %ghmas ared th the foll ow ng fornul ati on: Cbnponent

g/l Palladbus D BhFRedBALIEY San e produgedpy net al )
: -  The invention can be put into practice in various

ways and a number of specific embodiments will be
described to 111ustrate the 1nvent10n with reference to
the accompanying examples.
10. BT  EXAMPLE I | |
| An agueous paliadium metal electroplating bath wae
prepared w1th the following formulation:

Component ' : g/l _
. Palladous Diamine Chloride 10 (P4 metal)
-15. " Ammonium Chloride. , '-_ 50 | e
 ‘Boric Acid . ' 30
- Ammonium Hydrcxide . to pH 8,2
. Water ' . 'Remainder

‘The bath was operated at a temperature of from
20.  about 20° to 70°C and at a current density of 10 ASF
(1.1 ASD). After 4 hours of operatlon, the pH had not
'dropped below 7.5.
_ EXAMPLE II
_An aqueous ‘palladium metal electroplatlng bath was
.25, prepared with the following formulation:

~ Component - S g/l
Palladium Diamine Dinitrite 10~30 (P4 metal)
Sodium Nitrite S : . 10
Ammonium Nitrate ) o 30
30. Boric Acid 20
| “Ammonia o to pH 7.5

Water : - ' Remainder



15.. Ammonium Chl ori de : 3_ 50 Boric Acid

30 _Ammmoni um Hydr oxi de to pH 8.2 Water o
Re nder The bath was operated at a tenperature of -from 20. about 200 to-
70 nd at a current density of 10 ASF (1.1 ASD). After 4 hours of <
operation, the pH had not dropped below 7.5. EXAMPLE Il An aqueous

pal | adi um netal el ectroplating bath7was 25. prepared with the follomﬁnga
formul ati on: Conponent g/l Palladi um D am ne
Dnitrite 1030(Pdrmtm) SodiumNitrite '

10 AMmonium Nitrate 30 30. Boric Acid

20 Ammoni a ' to pH 7.5 Water

Renmai nder 7 The. bath was operated at a tenperature of from about [err] -

to 70 C and at a Ther bathderes topexfatednaf 08 tem?:éﬁatASE Il fronl 08 ASD) .
Th H had d |-\0 f 4 _hour t [11 An
aqﬁegus apargﬁ‘aﬂég}gglecl? e@etczyila%cfl%gr%l%%??%at ngg %bggju ﬂﬁ%’l y ar ed

with the fol towlfgof 86Ful(d-1l thcork0&AgDhentThe pH had not dropped g/
below 7.5 after 4 hours of operation.
5. - . EXAMPLE III

An aqueous, palladium~nickel metal alloy electro-
plating bath was prepared with the fcllow1ng formula-

tion:
Component | o g/1

10. Palladous Diamine Chloride - 10 (Pd metal)

' Nickelous Amine Chloride 12" (Ni metal)

Ammonium Chloride B 30
Ammonium Citrate 10
Boric Acid - 15

15. Ammonium Hydroxide to pH 9.0
Water | Remainder

The bath was operated at a temperature of from
about 20° to 50°C and at a current density of about
20 ASF (2.2 ASD). After 4 hours of operation the pH
20. had not dropped below 7.5.
EXAMPLES IV A to IV D

Example IV A
Example II was repeated, with the exception that

the palladiﬁm metal content was reduced to 24 g/l and
25. . 5 g/l of silver metal was present in the form of silver
dinitrite alkali metal salt. The temperature of the
bath was maintained at between 20° and 25°C.
Example IV B ' '
Example II was® repeated, with the exception that

30. palladlum metal content was reduced to 5 g/l and



10. Pal | adous Di am ne Chloride 10 (Pd netal) Nickel ous Amne

Chgprlde - 12 (Ni met al’) Ammoni um Chl ori de 30,

Amoni um Citrate ' - +10 Boric Acid T a

15" 15. Ammoni - un1kydrOX|de - to pH 9.0 Water ' S
0 50C’

Remai nder The bath was operated at a tegperature of from about 200 t
and ® a current density of about 20 ASP*(2.2 ASD). After 4 hours of
operatlon t he pH 20. had not dropped below 7.5. EXAMPLES IV Ato IV D -
Exanple |V A Exanpl e Il was repeated, with the exception that the pal I adi um -
netal content was reduced to 24 -g/l and 25.. 5 g/l of silver netal was
present .in the formof silver dinitrite-alkali netal salt The tenperature

| Vos repoat od, TTNATE ibe BHERET Al WAL HendRI LS NG CrPERTBIS.

reduced to 5 gllamxhoziﬁb atebgteg zinc nmetal (1 g/I) was present in'the
formof am nozing v anple IV C Exanple |1l was repeated with the
exception that S: benzal dehyde- o- sodi um sul phonate and 0.1 g/l
of sodium salt of napmxmmhe SEIpWeSarepaatedadds:h the exception that

5. 3 g/l eflbenzaldehyde-o-sodlum sulphonate and 0.1 g/1
| of sodium salt of naphthalene sulphonate were added.
'This bath was operated at 30 c and between 10 and 50
ASF (1.1 and 5.4 ASD)
Exam le IV D
10. Example III was repeated, with the exception that
'_from 0.1 to 10 g/1 o6f sodium saccharin were added.
This bath was electrolyzed at 35 C and at current
-densitles between 5 and 50 ASF (0.54 and 5.4 ASD) to
give low stress nickel-palladium deposits.

15, None of the baths of Example IV A to D ‘showed an
excessive pH drop, i.e. from 7.5 to 5 over a 4 hour
operating period. On the other hand, when these baths
as well as the baths of Examples I through III were

_ operated without the prescribed borate buffer, i.e.

20. alkali metal or ammonium hydroxide neutralized boric

acid, or when other buffers such as.citrates, phos-

phates, or tartrates were used in place of the borates,
the pH dropped in 4 hours or less to pH 5 undesirably
resulting in a concomitant preéipitation of'the

25. palladium and/or the'second or alloying metals.



Thi s bath was operated at 30 C and between 10 and 50 ASP (1 1 and 5.4 ASD) _
Exa |V D 10. Example 11l was repeated, with the exception that \J
fro to 10 g/l of sodium saccharin were added. This bath was. N
elegzgg?yzed at 35 C and at current densities between 5 and 50 ASP (0.54 <
and 5.4 ASD) to give |ow stress niclel - pal | adi None

of the baths of Exanple IV A to D showed an exc i e, froms.
7.5 to 5 over a 4 hour operating period. Onth mﬁm B n t hese

baths as well as the baths of Exanples | throug ed w t hout
the prescribed borate buffer, i.ecrtA@mMs alkali metal or anmoni um hydroxide . -
neutralized boric acid, or when ofher buffers such as - citrates, phos-

phates, or tartrates were used in place of the borates, the pH dropped in 4
hours or less to p ndesirably r ac omta recipitation

of the 25. palla 1un$ nﬁgg?oPﬁepégéﬁﬁ%“%£ Qﬁ&#&é@ﬁﬂaﬁgi b 9 CLAIMS 1.
_An aqueous mﬁlentrmprmtpaglhdthnnahb@¢nﬂngnannﬂmm¢mmmbatamﬂﬁatabaing an
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“containing 1ab Hfony/| of p&LBadouELﬁetal 0 to 20 g/l of an alloying
metal, 5 to 150 g/l of a conductivity

2. An aqueous-palladiuﬁ electroplating bath
containing 1 to 50 g/1 of pailadium metal, 0 to 20 g/1
of an-alloying-metal, 5 to 150 g/1 of a éonductivity
salt, 0 to S g/1 of a brightener, and 10 to 50 g/1 of
boric acid neutralized with an alkali metal or ammonium
hydroxide, ammonia or an amine whereby the pH of the
bath is in thé range 6.5 to 9;5.

3. An electroplating bath as éléimed in Claim 1
or Claim 2 éontaininq_an alloying metal component
comprising_cdpper, cobalt, cadmium, gold, iron, indium,
nickel, silver, tin or zinc or mixtures thereof.

4. An electroplating bath as claimed in Claim 2
or Claim 3 in which the alloying metal component is
present in the bath in the form of an amino complex or
salt. |

5. An electroplatihg bath as claimed_in Claim 3
in which the alloying metal is present as a nickel amino
complex. | '

6. An electroplating bath as claimed in Claim 3
in which the allbying‘metal is present as a silver

amino complex.



traljzed with an alkali netal or ammoni um hydroxide, anmonia or
wher eby the pH of the bath is in the range 6

‘bath as claimed.in Caim1l or Caim2 contai n ngmﬁmmﬁetegf ropj
I U

salt,.0 to 5'g/l of a brightener, and 10 to 50 g/l of bdric'acid' ‘
vl

conponent conpri sing copper, cobalt, cadmium ygol

sil'ver, tin or

Lren,sin m . ni ckel’,
zinc or. mxtures there *4, An electroplating bath as

“clainmed in Caim2 or Aaim3 in which t he al l oyi ng netal conponent is

present in the-
- el ectropl ating

bath in the formof an ami no conplex or salt. 5. An
bath-as claimed in Claim3 in which the alloying netal is

present as a ni ckel anino conplex 6. An electroplating bath as clalned
G aim3 in which thesall a ¥eH 2
10.- 7. An electroplat|n§¥b%gh Jﬁ?ﬁ@gfﬁﬁ£%9a$%1 ?% %hlcﬁ)the oy|

metal is presenlnawhacblmbeamhiPXinﬁﬂmgtaB lSAhréﬁeétréEIétF&QQxﬂW%Q%

clained in any
electropl ati ng

E gkxClaims 1 to 7 containing a conductivity salt. 9.
as claimed in Claim8 in which the conductivity salt

a hal i de, carboxyllc acid, sulphate, nitrate or sul phamate salt of anmon
or an alkall metal og.a ﬁ&%%&ﬁé&éﬁ&ﬁfﬁﬁlng bath as claimed in any one

of Clalms 1 to 7 containing a conducxplvity salt.

9. An electroplating bath as claimed in Claim 8 |
in which the conductivity salt is a halide, carboxylic

in
ng
An
i's
ium

acid, sulphate, nitrate or sulphamate salt of ammonium .

or an alkaii metal or a mixture thereof.

10. An electroplatihg_bath-as claimed in any one
of Claims 1 to 9 containing a brightener.

11. An electroplating bath as claimed in Claim 10
in which the brightener is an aromatic sulphonated

imide, an a:Omatic'sulphonated amide, an alkali metal

aromatic sulphonate, or an aromatic sulphonic acid, or

a mixture thereof.

12, An electroplating bath as claimed in any one
of Claims 1 to 11 in which the palladium metal is

-presént‘as'an amine palladium halide, nitrite, nitrate,

sulphate, sulphamate, or carboxylic acid derivative.

13. An'électroplating bath as claimed in Claim 12

in which the palladium is present as palladous diamine

-chloride,



" cont.

10.

in
sul

“An electroplatlng bath as claimed in any one of Clains 1 to 9

am ne palladiumhalide, nitrite, nitrate, sulphate sulphanate or

carboxylic acid derivative.

12 in which the palladiumis present as palladous diam ne chloride.

An el ectroplating bath as claimed in Caim12 in which the palladiumis
present as palladiumdianmine dinitrite. 15. -An electroplating bath as

claimed in any ongq gf Ci:alérﬁeati—@piétmg%a%h tal3e e RCifl ¢PafiRUL S a-
An el ectroplating bath as_clained in

hydr oxi d
any one of CH& MQ%?Q(ﬁh9lPﬁfkﬁémetﬁ§ BEPSen&ciaf RS ap 4i3mEne) t h
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