2171721 PALLADI UM AND PALLADI UM ALLOY PLAfING Thi s invention.relatés'to a
conposition and a nethod for the plating of palladiumin its pure netal
formand alloyed with other netals. The noble metal palladiumhas been .~

plated 5 on to a variety of substrates for several years for such
functional uses as increasing conductivity at electrical g t g ng act
el enents and such decorative uses as prolvi ding a bright m: e'zga}sit

rivalling rhodiumin quality. Palladium deposits 10 have al so been

noted for their ability to with- stand post-plating form ng operations and
mai ntain | ow contact resistance; further, they wear well|l and have good

sol derability propertk& U OND| Y ABRADIAM Ay 365Cie been plated 15
from conpositions containing palladi umdi anm ne dichloride as discl osed
in, for exanple, US-A-4098656. Conpositions such as these, however, suffer
fromthe di sadvant age TORSuARTSHEATE ERELT bRt R oFNPRATEACRNBPBde t he

evol ution of chiEometaddRrFornHIRC BIt 1Ry 29F palBadiehhen oksdpaira8g species

which can lead to,the breakdawn .of organjc addition nts (usually

bri ght ener s and@?ﬁsﬁ’i’@d 5&&?490%% HRE ?’és’@ﬁ?g Rd the passivation
of substrates such as Thecheblen mgtialh pdkl pddtmdhas beeal phatadl oy may be
desiod 85 ue: BB B0 ICRAYIRY of Al SAFILODSEbPLIEELT (BaRYCN @ SYSTEM

are as follows:
for such functional uses as increasing conductivity

at electrical switch contact elements and such
3 decorative uses as providing a bright white deposit efg‘
rivalling rhodium in gquality. Palladium deposits
10 have also been noted for their ability to with-
stand post-plating forﬁihg-operations and maintain
low contact resisténce; further, they wear well
and have good solderability properties.
Previously palladium has commonly been plated
- 15 from compositions containing palladium diammine
dichloride as disclosed in, for example, US-A-4098656.
Compositions such as these, however, suffer from the
disadvantage of undesirable anode reactions, which
include the evolution of chlorine gas, hypochlorite
20 and other oxidising species which can lead to the

(™~

breakdown of organic addition agents (usually ~
brighteners and stress reducers) which may be present
and the passivation of substrates such as nickel
on which the palladium metal or alloy may be desired
25 to be deposited. The reactions that occur in such
a system are as follows:



cat hode [err] anode _ [err] but [err]” 5 and:

[err] so total is :3 [err] I't should be noticed that this scheme does not
se{_out the intermediate reactions involving [err], [err] and Pd(IV)

speci es. 10 " Anot her known pal | adi um pl ati ng conposition invol ves
the use of-palladiumdianmno dinitrite, as taught in, for exanple,

US- A- 4401527. O her di sadvantages are associated with such conpositions.

- These include the reaction of nitrite ion with amoniumion to produce
ni-trogen gas and water. Control of nitrite ion concentration is therefore
a problem Further, although this is not such a significant di sadvantage, a
build up of both nitrate ion and anmoniumion occurs as the nitrite ions

tend to be oxidised at the cathode. 20 The reactions that occur in the
pal | adi um di ammi no dlnltrlte systemare as follows: [err] cathode : [err]
anode: [err] 25 n [ @i on e [r 12 andl, — [eaqiey (] 2%0stptey”
Is:[err] - 3 Palladlun1sul ite i ons have alTo beeh ﬁreV|oust
di scl osed (see,cdtogxanpl e[lﬁ(/mﬁg ¥d2)+ gl tdToughes ned .504 qmgronl y used in
the art. The _ e
anode - 2 cC1” - Cl2 + 2 e
but : 3Cl, +2 Ny + 60H — N, +6Cl +6H0
5 and : NH, + H,0 | — nu," + on”
_. ' e . ~ - +
'\/ so total is: 3 Pd(NH;),Cl, + 2 NH; = 3Pd+N,+6Cl1 +6 NH,

It should be noticed that this scheme does not set
out the intermediate reactions involving ocl™,
~ NH,CL and PA(IV) species. '
10 Another known palladium plating composition
involves the use of -palladium diammino dinitrite,
as taught in, for example, US-A—4401527,”'0thér
disadvantages are associated with such compositionsf
~ These include the reaction of nitrite ion with ammonium
15 ion to produce nitrogen gas and water. Control of
| nitrite ion concentration is therefore a problem. Further, -
although this is not such a significant disadvantage,

N\ _ _ a build up of both nitrate ion and ammonium ion occurs
as the nitrite ions tend to be oxidised at the cathode.
20_ The reactions that occur in the palladium diammino
'~ dinitrite system are as follows:
- . _ 24 -
| [pd(nn3)2(uoz)2] + 2 N —»[Pa(nm,) ,]°7 + 2NO,
r 2+ -
cathode :  [Pd(NH;), 7 + 2 e —Pd + 4 NHy |
anode :  NO,” + 2 OH —H,0 + NO;~ + 2 e
25 in solution : NH, + H,0 - ot o+ oon”
| ) " -
and : NH4 + NO2 —+N2 + 2 H20
. + -
so total is: [pd(Ng3)2(N02)2] —Pd +H,0 +N, +NH," +NOg



reactions that occur in the sulphite systemare 5 as follows: [err]
cat hode: [err] anode: [err] solution: [err} 10 so.total is : -
[err]([ﬁsadvantages associ ated with sul phite baths include the difficulty;/
of{ using a concentration of sulphite which is neither |ow hor high, as at '
these internedi ate concentrations the pagladiumtrianmno 15 sul phite
conplex tends to precipitate out of solution with an appropriate cation.
This problemcan theo- retically be avoi ded by working at | ow sul phite con-
centrations, in which solubility is not a problem or at high sulphite
concentrations, in which the soluble 20 pal | adi um di amm no di sul phite
conplex jon is formed. But |ow sul phite concentrations are difficult to
control as sul phite ions are broken down at the anode, and high sul phite

concentrations can | agh jgafinUBaEpRRte 8BhBo8NRYBhsOhatY BlWO bR
pl ated deposit: this _result

_ S_1I'n poor _Ccorrosion resistﬁgég. 2tAIso, a
bui I d up of sulpFeYtowsky dteglesedn(geew 5PTt R¥EEPAL PPcArEPES8Rdh
- pal | adi um di and 1o &k L bt Es@Ndolibh ¢ UBelr taMEheo azt.phithe conposi ti ons,

pal | adi um di amm no dj chl orj de baths 30 4 have.renmained t nost widely
used in the art?e??th%%snﬁbPBegﬁcPﬁuﬁﬂ thtspipﬁgtsoggﬁaeg-?%e

5 as follows: |
| [pa(NE,) ;S0,] + NH; — [PA(NH;) 4]2++so32'
cathode :  [Pa(muy) ,1?" + 2= — Pd + 4 Nuy B
anode : = 80,27 + 208 — 50,2 +H,0+2 ” o/
solution : NH, + H,0 ~ NH," + OH”

. . . | SR 2-
10 so total is : [Pd(NH;);80,] + H,0 — PA+NH3+2NH, +8O0,

Disadvantages associated'with sulphite baths
_inclﬁde the_diffiéulty of using a ccncenﬁration of
éﬁlpﬁite which is neither ldw nor high, as at these
intermediate concentrations the palladium triammino

15 sulphite complex tends to precipitate out of solution

| with an appropriate cation. This pfoblem can theo- _

reticaily be avoided by-wo:king'at low sulphite con-
centrations, in which solubility is not a problem, or
at high sulphite concentratiohs, in which the sodluble .\)

20 palladium diammino disulphite complex ion is formed.

" 'But low sulphite concentrations are difficult to
control as.sulphite ions are broken dqwn at the anode, -
and high sulphite_conéentrations can lead to an unaccept-
able amount of sulphur ih_the plated deposit: this

25 results in poor corrosion resistance. Also, a build
up of sulphate ions occurs.

In view of these difficulties with palladium
diammino dinitrite and palladium triammino sulphite
compositions, palladium diammino dichloride baths

30
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pl ate pal |l adium from a conposition whose anode reactions .present less of a
probl em than paliadium5 - diamm no dichloride conpositions. It has been
gi scovered ‘that if oxalic aci:d or oxalate ions (the two terns are used

i Wter\changeably in this specification unless the context requires

ot herw se) are present and are the nost readily 10 oxi di sabl e speci es
present, they will be oxidised at an i#sol uble anode with the evol ution of
carbon di oxi de, carbonate ions or bicarbonate ions. This oxidation nay be
found to proceed with an el ectrochem cal efficiency of virtually 100% thus
effectively 15 preventing the occurrence of other undesirabl e anode
reactions. According to a first aspect of the present invention, there is
provi ded a pal | adium netal or palladiumalloy plating conposition
conprising a 20 pal | adi um oxal ate conpl ex or a pall adi um conpl ex which

yi el ds_oxal atvedendl fedOEKke MRoSPEUPLEE1F0FBEA! 1hoBhandreptionally  a
source of alloying netal ions. The_ concentration of palladiumin the
conposi tion may br dddIBAS e heemn foupd thatoll LSoPOERAPIENte of 25
solubility, widted geuIged Nim f £:00M Sa WtdmpOs BLi6h! whesBJapeakerred and a

concent Tt O SlceRgit e dhhe D0, SPL PRl LHELAELORT LA ) o0 oo
certai rb al | oydirmgpniions dichhoesdatcompostxbonse ni ckel and cobalt, a
conpl exi: ng agent | YK %éé’n Qrig%%@[ered éhat’ if oxalic acid or
. - oxalate ions (the two terms are used interchangeably
W, in this specification unless the context requires
’ otherwise) are present and are the most readily
10 - oxidisable species present, they will be oxidised
at an insoluble anode with the evolution of carbon
dioxide, carbonate ions or bicarbonate ions. This
oxidation may-be found to proceed with an electrochemical
efficiency of virtually 100%, thus effectively
15  preventing the occurrence of other undesirable anode
reactions. | |
According to a first aspect of the present
invention, there is provided a palladium metal or
‘palladium allby plating composition comprising a
20 palladium oxalate complex or a palladium complex which
| yields oxalate ions in a working aqueous composition and
optionally a source of alloying metal ions. The
concentration of palladium in the composition may
broadly range from 1 g/1 to 60 g/1 or the limit of
25 solubility, with a range of from 5 g/1 to 30 g/l being
preferred and a cohcentration of about 10 g/1 be2ing
optional.
The alloying metal ions can be nickel, cobalt,
silver or any other suitable alloying metal. When
30 certain alloying ions are present, for example nickel
and cobalt, a complexing agent is generally present '
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to Q<eep the i ons in sol ution and preven*c thelr preci pitatlon by oxal ate.

An exanpl e of a conpl exi ng agent for nickel or cobalt is pyr ophosphat e.

The concentration of alloying ions, added as for exanple a 5 bat h
soluble salt, may range from1l to 60 g/l or the limt of solubility, with .
range of 5 to 30 g/l being preferred and a concentration of about 10 g/l

bei ng optimal. The concentration of conpl exing agent to be -used 10

wi || depend on the concentration of alloying netal ions and the

stoi chionetry of the conplex of the alloying netal and the conpl exing
agent. The concdmar Xdem dhexalemns oinaveolultli®omx@nd e preveatcokpediat i on

may broadly ran %ﬁ@ t By 2 Ohnt I ol th
a range of fro %gré @%@%%b M:%afle erredagn%%adcﬁmnceﬁ%rgt |dgﬁid&fet’%bﬂ
0. 25M bei ng opt |mntpuf@rrer%p§taiotom@%hh 3.5 1py&erwsphatie paMhedi um
i s conpl exed to doHddttirattioh | 88 a?.@.om:.ng ions Blddéadi éspibkl @xlatip e a

adi

referred to co e th urce _of pa um a the, s urc xal at ons

gs a sifgle ent {%{h fu"s’i ﬁé&tbeg‘PPYOGﬁBthgiqq 1h&o (ﬁnPFs

as z_n oxal at e cdrnimick of aelalfoiliﬁyqomltax aA/maﬂgauffds,huaBa;gﬁlormi;ngthe

wor ki ng agueous o] SQlu r -
9 aq gg:oanorsf'éd Onfl O %%@%g%t@&ﬁﬂdé 8k 4}1%5'..\9 1y %(i”ygiﬁ%ng

then a further age becones appar 'S TS t no app
build up of sal topkimak. 5 in the solution apart fromthe establishnent

of equilibrium concenfy@t ;gRSeAtraTHBA W CaLABNELENGhgent to be used

10 - will .-dep,end on the concentration of alloying metal ions _
and the stoichiometry of the complex of the alloying \J/
metal and the complexing agent. .

The concentration of oxalate or available oxalate
in the composition may broadly range . from 0.01M to 2M

15 or the 1limit of Solubility, with a range of from 0.1M
to 0.5M being preferred and a concentration of about
0.25M being optimal. : -

Preferably not more than 5, 10 or 15% of the
| palladium is complexed to sulphite moities.

20 But it is particularly preferred to combine the
sbu:ce of palladium and the source of oxalate ions as a
single entity. It has been found that if the
palladium is added as an oxalate complex or as a
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ampni'um bi carbonate, which are slow y _but steadity |ost to the atnosphere
as_-ammoni a and cdrbon di oxi de. The reactions that occur are, in one

efpedi ment : 10 [err] cathode: [err] anode: [err]
so total is : [err] The nature of these reactions is such.that the 15
solution is essentially self buffering, so that |less pH buffering salts are
needed than m-ght otherw se be required.gln this preferred . aspect of the

i nvention, the palladium bxal ate nay be added as pal | adi um di amm no oxal ate
20 [err] palladiumtetranm no oxalate [err], or an anmmoni um or al kal

nmetal salt-of palladiumdioxalate [err], where Mrepresents an anmoni um or
al kali nmetal cation. O these, the tetranm no oxalate salt is preferred
because of its 25 i nproved light-stability resulting fromthe fact that
no oxal ate noities are conplexed to the palladiumatom The conposition may

al so contai n apcfkhaetd Yhich %:EHIF%Q JEfe e, present
in an effective a?ount up tbytsl%glrﬁsflmt 0 sﬂrggl/ﬁr? _|np€l§§2}m§ t he bath..
From 10 to 2003gMec@se@ompopisinny fopesample fhy dleapletiednPE0 to 150
g/1, typicallyh{deciilsisine tHHP S flr¥hd®Yadd &P 458 5é BofbE CappheaHES S S
and/ or brlghteqﬁfs in effective anmounts. Stress :
ST is is that no appreciable build up of salt occurs
5° in the solution apart from the establishment of
' equilibrium concentrations of ammonium carbonate and
| ammonium bicarbonate, which are slowly but steadily
-~ lost to the atmosphere as ammonia and carbon dioxide.
The reactions that occur are, in one embodiment:

10 -~ [Pamm,),c,0,] + 2 NHy = [Pa(v,) %% +c,0,%”

04

| 2

cathode :  [Pa(NH,),J** +2e”  —> Pd + 4 NH,
2- -

anode : C,0, . - 2 CO, +-2 e

50 total is: [ra(nu,) ,c,0,] ~ => PA+2NHy+ 2C0,

The nature of these reactions is such that the
15 solution is essentially self buffering, so that less
| 'pH buffering salts are needed than might otherwise be
required.
- In this preferred aspect of the invention, the
., palladium bxalate may be added as palladium diammino oxalate
zo_f..(Pd(NH3)2C204) palladium tetrammino oxalate (Pd(ﬁHé)4C204l,
-Or an ammonium or alkali metal salt of palladium
 diqxalate_(MZPd(C204)2), where M :epresents an
ammonium or alkali metal cation. Of these, the
. o 'tétramminé oxalate salt is preferred because of its
25  improved light-stability resulting from the fact that
no oxalate moities are complexed to the palladium atom.
' ' The composition may also contain an electrolyte,
such as disodium hydrogen phosphate, present in an
'_ eff?ctive amount up to the limit of solubility in
30 ' o



reducers’ and brlghteners whi ch have been found to be effectlve incl ude
-those generally used in nickel plating systems. Nany acceptabl e. st Fess
redugers contain sul phur, for exanple sul phonates such as 10 sodi um- . ”ggﬁ

allyﬁ sul phonat e and sodi um ort hobenzal dehyde sul phonate. “Saccharin is o
al so an acceptable stress reducer. For _brighteners, any of the Cass | or .
ni ckel brighteners, which are aenerally unsat urated, can be used.
Bri ghteners which are 15 al dehydes or are alkenically or alkynically

unsaturated are suitable. The pH of the bath will typically range from6 to
9, with from6.5 to 8 being the preferred range and 7 or 7.5 being

Cl ass |1

optional. 20 According to a second aspect of the invention, there
is provided a nmethod of plating palladiumnetal or palladiumalloy on a
substrat e,

conposi tion cobpeibably. a Poaemad

t he met hod conpr|3|n8 contactln%Cthe substrate with a
ukroR8Page 1c @dsiabr gy e |ay dek um conpl ex

25  which yiebfss, O' affr'ﬁ?ﬁxabﬁr;g?a‘fé%hos%gt%q‘i%@l%ﬁpc 4101 ¢nd

optionally a source

| o ns and cath y electrifying

the substrate. 1@ c® b net hod can be used to deposit palladiumin
thicknesses of 0.1 tPhdOcHhpb8NEi0R ﬁu&?r alilse &ntallaﬂtyﬁeés@ Pedh€eps

dependi ng on the application, typiccally between 0.5 and 2.5 for

catij or hrighteRergpis esfpstiyie amaunts. o BX2IMi cs

industry. Pl atieguéerer aharbblyheaneired whdlchthaird argeai af oured otofbem [ er r]

m crons

such app?l

to [err],
10
15
20
25
30

prefeégéc 1$éogka &L %Roge égnerally used in nickel

plating systems. Many acceptable stress reducers
coﬁtain sulphur, for example sulphonates such as
sodium allyl sulphonate and sodium orthobenzaldehyde
sulphonate. Saccharin is also an acceptable stress
reducer. For brighteners, any of the Class I or
Class TITI nickel brighteners, which are generally

" unsaturated, can be used. Brighteners which are
aldehydes or are alkenically"or alkynically unsaturated:
are suitable. | | | _

The pH of the bath will typically'range from

6 to 9, with from 6.5 to 8 being the preferred range
and 7 or 7.5 being optional.

- According to a second aspect of the invention,
there is provided a method of plating palladlum metal
or palladlum alloy on a substrate, the method comprising _
contacting the substrate with a compositlon compriSLng
a palladium oxalate complex or a palladium'complex
which ylelds oxalate 1ons in a worklng aqueous composition
and optlonally a source of alloylng metal 1ons and

"cathodlcally electrlfylng the substrate. _

Such a method can be used to dep051t palladlum
'in thicknesses of 0.1 to 10 mlcrons, preferably
between 0.2 and 5 m1crons, dependlng on the application,
typically between 0,5 and 2.5 for such applications

-,

v/



wi.th about [err] being preferred. 5 The current density at which
the nethod is carried out can vary widely, for exanple fromO0.1 to 200 ASD,
praferably from1 to 100. ASD and typically, for |ow speed operations, from
2 {0 20.-ASD. The plating rate will clearly depend on the current density,
10 but it has been found that rates in the order of 1 micron per mnute
are obtainable at current densities at 48or 5 ASD. The nature of the anode
~used is not believed to be particularly critical. Anodes such as those
formed of 15 (a) a noble netal coated in a readily passivated substrate
(for exanple, platinised titanium (b) pure noble netal, for exanple pure
pl ati num (these anodes are particularly suitable as nozzles in jet
plating)., (c) carbon or (.d) stainless steel may be found to 20

suitable. Other preferred features of the second aspect of the invention
are as for 'the &srsepaspbiée uuhnécﬁonetaoﬁlSheAeubbtdoﬁiaQCHnahstﬁg

composi (1ons wit h a paMFSHant BxBraPerBBs| s 8roh Bt AR dreemRpraben o
yi el ds oxal ate PEnfrem 2Ae tor RONG, apuebesabdypdson 30°akd a ¢r di ng to a
fourth aspect OﬁiEHeabBME”SbQE Bgfﬁémg§efé9¥eged a 30 9 pall adi um pl at ed

or palladigum al | oy-pl ated substrate enever plated by neans of a
conp03|t|§n in accor diRgecurrent density at which the method is

carried out can vary widely, for example from 0.1 to
200 AsD, preferably from 1 to 100 ASD and typically,
s ~ " for low-speed operations, from 2 to 20 ASD. The plating
' rate will clearly depend on the current density,
10 - but it has been found that rates in the order of
1 micron per minute are obtainable at current densities
at 4 or 5 ASD.
The nature of the anode used is not .believed to be
particularly critical. Anodes such as those formed of
15 (a) a noble metal coated in a readily passivated
substrate (for example, platinised titanium), (b) pure
noble metal, for example pure platinum (these anodes
are particularly suitable as nozzles in Jet plating),
(c) carbon or (d) stainless steel may be found to
~20 . . guitable.
Other preferred features of the second aspect
of the invention are as for the first aSbect mutatie
‘mutandis.
A third aspect of the invention involves
25 replenishing palladium or palladium alloy plating
- compositions with a palladium oxalate complex or a
palladium complex which yields oxalate ions in the
working aqueous composition and according to a

fourth aspect of the invention there is provided a



with the first aspect of the invention.or by a method according to the

second aspect. 5 "~ The followi ng exanples'illustrate the invention.-
Exanpl e 1 An aqueous 500 ml plating conposition was made up with the . 4
fqllomnng i ngredients: 10 Pd as [err] 10 g/l [err]
100 g/ saccharin 1 g/l _sodiumallyl sul phonate. 3 g/l
sufficient amonia 15 solution fo adjust pHto 7.5 A platlnlsed

titani um anode was i mMmersed in the conposition and a 0.5 [err]

ni ckel - pl ated brass test panel was i mersed as the cathode. Plating was
carried out at a tenperature of 50C for 4 mnutes. The current 20
density was 3 Al[err]. During plating, the conposition was agitated
noderately by nmeans of a magnetic stirrer. A 4 mcron thick fully bright

deposit was obtai ned. No ofparently undesi rabl e anode reactions took pl ace
during the pl atPagladbaesplabed or pallagiumpadloyArlagedogybstyake pl ating

conposi ti on wasyH@Esiever pldted Sy REARY 88 énGbﬁBb@EEionpénaﬁcE%&ﬁhnce

10 g/l Annonlunloxalat Sodi_um
or t hobenzal dehy#Fl Lﬂ?ﬁmﬁkﬁiﬁ agpeft eftihe- inXeBFGPn or by a method

100 ng/| Suffi cacrdr@ImPnta €he UséOondOoasgedsl the pH to

7.0 5 The following examples illustrate the
invention.
Example ‘1 _ : _ . _
An aqueous 500 ml plating composition was made \/
up with the following ingredients:
10 Pd as [Pd(NH3)2 4j 10 g/1
(NH4)2HPO4 . _ 100 g/1
saccharin 1 g/l
sodium allyl sulphonate 3 g/l
Vsufficient ammonia
15 solution to adjustpHto 7.5

A platinised titanium anode was immersed in the
composition and a 0.5 dm2 nickel=-plated brass test panel
was immersed as the cathode. Plating was carried out
at a temperature of 50°¢ for 4 mlnutes.--The current

20 density was 3.Aﬁﬁn During plating, the composition was
agitated moderately by means of a magnetic stirrer.
A 4 micron thick fully bright deposit was obtained.
No apparently undesirable anode reactions took place
during the plating process.
25 ~ Example 2
An aqueous 500 ml platlng composition was made

up with the following ingredients: P

. Pd as PD(NH3)4(NO
_ Ammonium oxalate . 30 g/1
30 Sodium orthobenzaldehyde sulphonate 1 g/l
Butyne-1-4 diol 100 mg/1

Sufficient ammonia solution to
adjust the pH to 7.0




> —— R b Co -

- 10 A pl.atinised titaniumanode was i mrersed in the conposition and a 0.5
[exr] nickel-plated brass test panel was imersed as the cathode.. Plating
was,carried out at a tenperature of 50C for 4 minutes. The current 5
density.-was 4 A/[err]. During plating, the conposition was agitated
noderately by neans of a magnetic stirrer. A 3 mcron thick fully bright
deposit was obtained. No apparently undesiX@bl e anode reactions took pl ace

during the plating process. 10 Exanpl e 3 An aqueous 500 m plating
conposi tion was nmade up with.the followi ng ingredients: Pd as Pd [err]

10 g/ Ni. as [err] 5 g/l 15 tetrapotassi um

pyr ophosphate 100 g/| oxalic acid dihydrate 30 g/l sodi um

ort hobenzal dehyde suI at e suffi¢ient. anmoni a
solution 20 eék%ﬁ&nﬁﬁ$q(fltanium anode %a ¥@%$5§?§|§%d £t ani um

anode was innersmmhposiﬁmbnxanﬂmatOﬁB\dm%im&&kéﬂ{piaie@rbﬁaséesésﬁanel t he
reverse side of h su ta e
i fmersed as the ﬁ(ﬁ%ﬂ%dmg F;Ir@?l ng % 1?? %I ﬁfﬁelﬁgt‘g e?ﬁfﬁ?‘%dof
600C for 20 m nu:tuets atlee trmupaar&tuiwsofyS flor\ 4§ eminutési i nDhel ahrngntt he
conposi ti ok was r 3 b Wﬁﬂgi [ C ' On
renoval of the adhesi \fq*é?df %d‘ﬁ%l ss%)i?u [ ﬁaﬁ.}x@ rglgé R %‘Ségﬁaﬂ‘on of
100 m /1 30 [é&a9 %aﬁ{ﬁﬂ modexnatiel 3y meanmtef  anadpetici skiznesth
sem bright foila vamidHcH NagciVhi eI @it ke deposit was obtained.

No apparently undesirable anode reactions took place

N during the plating process.
10 Example 3
' An aqueous 500 ml plating composition was made
up with the following ingredients:

P4 as Pd(NH3)4(_NO3)2 10 g/1
Ni as NiSO, 7H,0 5 9/1

15 tetrapotassium pyrophosphate 100 g/1
oxalic acid dihydrate 30 g/1
sodium orthobenzaldehyde
sulphonate 5 g/1
sufficient ammonia solution

20 to adjust pH to 8.0

A platinised titanium anode was immersed in the
" composition and a 0.5 dm2 brass test panel, the
reverse side of which was masked off with suitable
adhesive tape, was immersed as the cathode. Plating
25 was carried out at a temperature of 60°C for 20 minutes.
The current den51ty was 4 A/dm . Durlng platlng, the
composition was agltated moderately by means of a
magnetic stirrer. On removal of the adhesive tape
| and dissolution of the brass in a solution of 100 ml/1
' 3Q H,S0, and 100 ml H O2 (35%) in water, a 15um thick
o smooth semi bright foil was obtained, which analysis
revealed to contain 98% Pd and 2% Ni. No apparently
undesirable anode reactions took place during the
plating process.

pow—_.
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rqyealed to @ Pd and 2% Ni. No apparently unde5|rable anode
react mm“ﬁ‘ ring the plating process. - 11 CLAINS 1. . A
pal | a norspal l adiumnetal alloy plating 5 . conposition, )
conpr|3|ng a pal |l adi um oxal ate conplex or a palladi um conplex which yields”
oxal ate ions in a working aqueous conp05|t|on and optionally a source of
alloying netal ions. 10 2. A compositiofias clained in Claim1, wherein
the concentration of palladiumin the conmposition ranges fromb5 g/l to 30
g/l. 15 3. . A cogﬁosition as claimed in CGaiml or 2, wherein nickel,
cobalt or silv ying netal ions are present. 20 4. A conposition as
claimed in daiml or 2, wherein aIoning netal ions are present at a

G aim3 or & Sher ofinPalianiul s aY RO 43393%;5%2?2%3%%??" "
preseng. 30 6. composdtmmn1uampnmsiﬂgmanphllad&qmousa atenaomplgxt9r5a
wherein the cORRaNIfY QN HhnBYaK WhER Y Ebidd) bRA1PIPOUASN HANgeS
- working aqueous composition, and optionally a source of
alloying metal ions. "

10 . _ . : .
2. A composition as claimed in Claim 1, wherein the

concentration of palladium in the composition ranges

from 5 g/l to 30 g/l. : W/

15 o
3. A composition as claimed in Claim 1 or 2, wherein

nickel, cobalt or silver alloying metal ions are
present.
20 | O
4, A composition as claimed in Claim 1 or 2, wherein
alloying metal ions are present at a concentration of
from 5 g/1 to 30 g/1.
25 - _ _
5. A composition as claimed in Claim 3 or 4, wherein
a complexing agent for the alloying metal ions is
present,
30 _ o , _
6. A composition as claimed in any one of Claims 1 to
5,'wherein the_concentfation'of available oxalate in
the compositidn ranges from 0.1M to 0.5M.
35 | - . |
7. A composition as claimed in any of c1aims 1 to 6,
wherein the palladium oxalate complex is palladium
diammino_oxalate or palladium tetrammino,oxalate.
40 S _ o : _ L
8. A composition as claimed in any of.qlaims_1 to 6,
vherein the palladium oxalate complex is an ammonium or



357 Acorrpbsltlon as clalrredln'ainybf Clalmslt
pal | adl um oxal ate "‘conpl ex i s -pal l.adi um di anm no oxal aﬂl E"i I,
lto

t efgammi no oxal ate. 40°8. A conposition as clained I & a
6, Wherein the palladium oxal ate conplex is an amoni um or 12 al kal i
metal salt of palladium dioxalate. 9. Al@onposition as clainmed in any one

of Clains 1 to 8 which also contains an electrolyte. 5 10. A conposition
as claimed in Cdaim9 in which the electrolyte is disodi um hydrogen
phosphate.” 10 alkali. metadospddi wifopaddadiameiiaxalatem 9 or 10, wherein
the electrolyte is present at a concentration of from50 to 150 g/l. 15

12. A conposition as clainmed in any one of Clains 1 to 11 which al so
contains a stre8s redusomposdtions s icliadmesd im@ny ong pf W%’o‘ﬁ‘bo&??on

as clainmed in agy aAech a¥sd Eonkalidislan WIRIRIdbIye pH is from6.5 to 8.
14. A palladiummetal or palladiumnetal alloy plating 25 conposition

substanfially as herein described in any one of the exanples. 15. A nethod
of* plating pal | a0i,umAniciipoyifiadr adls uelifmed :ai |OYaim & dmbsthixthe, thée

met hod conpri SI I_n E@gﬂ i on conprising a
pal | adi um oxal a g.eg:% i % ogs %&P@d‘?" %&%r% %\,l\}ié) ylée'l ds oxal ate ions
in a working aqueous conp03|t|on and

100 . 11. A composition as claimed in Claim 9 or 10, wherein

- the electrolyte is present at a concentration of from
50 to 150 g/1.

15, " '-12. A composition as claimed in any one of Claims 1 to
11 which also contains a stress reducer and/or a
. brightener. '

20. 13. A composition as claimed in any one of Claims 1 to
12, wherein the pH is from 6.5 to 8.

_ 14. A palladium metal or palladium metal alloy plating
25 composition substantially as herein described in any
one of the examples.

W, ' 15. A method of plating palladium metal or palladium
30 alloy on a substrate, the method comprising contacting
the substrate with a composition comprising a palladium
oxalate complex or a palladium complex which yields
oxalate ions in a working aqueous composition, ahd
optionally a source of alloying metal ions and
35 cathodically electrifying the substrate.

16. A method as claimed in Claim 15, wherein the
composition is as claimed in any one of Claims 1 to 13.
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opLJ onal ly a source of aI | oy| ng metal—ons and 35 . cat hodmal |y

electrif . A nethod as .claimed in daim15, wherein -
t he corrpzunﬂm, "IH" m ned in any one of Clainms 1 to 13. 13 17. A_M
met hod as *cl &i nmed \'nOaﬂmlS or 16, wherein palladiumis platedtoa ' '

t hi ckness of from0.1 to 10 microns. 5 1813 A nethod as clained in any of
Clains 15 to 17, V\/nerein plating is carried out at a terrpeTature of from
[err] to [err] 3(9 thod as clained in ang of Clainms 15 to 18,
wherein. plating'is cérl"} Qdt % %I%EF‘Fénti’He?é-?-? dfs fOBm! 6 rt ¥hemeinp
15 20. A npammddehmremd epilsbeddteo Rl thickness 1oH | febmmoall ovo 10
pl ati ng. conpos %I an...whi ch net hod conprises adding, to.such a plating
conposi tion, % PESBRam oxal at e conpl ex or a palladi um conpl ex which

yi el ds gxal ate ions in the conposition. 20 21. A palladiumplated or

pal I adi um al | oy gl at g0 pubisdhabe WEnekel AlA'Sey DS CRLLAL 45 A& 199 TN

any one of d ai 15t
wherein plating is carried out at a temperature of from

30° to 70°c.

10
- 19. A method as claimed in any one of Claims 15 to 18,

wherein plating is carried out at a current density of
from 1 to 100 ASD.

15 20, A method of replenishing a palladium or palladium
alloy plating. composition, which method comprises
adding, to such a platin§ composition, a palladium
oxalate complex or a palladium complex which yields
20 oxalate icns in the composition.
21. A palladium-plated or palladium alloy-plated
substrate_whenever_plated by a method as claimed in any
one of Claims 15 to 19.




