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€9 Alkaline baths and methods for electrodeposition of palladium and palladium alloys.

@ Alkaline aqueous electrolytes for the electrodeposition
of palladium comprising a soluble palladium compound,
one or more complexing agents of an organic compound
containing a heterocyclic ring having one or more nitrogen
atoms in the ring position, at least one carboxyl group
substituted on a ring carbon, and at least one hydroxyl or
carbonyl oxygen attached to a ring carbon. The palladium
compound and complexing agents are soluble in the elec-
trolyte. Optionally, one or more soluble alloying metal com-
pounds can be added to the electrolyte when palladium
alloys are to be electrodeposited therefrom. Also, methods
for formulating these electrofytes and for electrodepositing
palladium or palladium alloys therefrom.

ACTORUM AG



10

15

20

25

30

35

., Q
U I ;; wa
022542 p/va
ALKALINE BATHS AND METHODS FOR
ELECTRODEPOSITION OF PALLADIUM AND PALLADIUM ALLOYS

Field of the Invention

The invention relates to the electrodeposition of
pure palladium or palladium alloys and to alkaline
electrolytic plating solutions containing palladlum metal, a

complexing agent, and, when desired one or more alloylng
metals.

Background of the Invention

Electrical contacts and conneetors, es used in the
electronics field, are generally fabricated frqm copper
alloys onto which is electrodep051ted a thin layer of a
precious metal such as gold or palladium. The electrodep051t
must possess certain metallurglcal propertles such as
corrosion resistance, freedom from porosity, wear re51stance,
low and stable contact resistance, ductlllty, etc. 1In most
cases, gold which has been hardened with a small amount of
nickel or cobalt is used as the electrodeposit.

The industry initially began to substitute
palladium or palladium alloys in place of gold in an attempt
to lower the cost of these contacts. Thus, the 1ndustry is
continually searching for better electroplatlng baths and
processes for dep051t1ng these metals.
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Numerous electroplating solutions for pure
palladium have been disclosed by the prior art. Although
these solutions may contain various palladium species, a wide
range of additives, and pHs ranging virtually from 0 to 14,
the most commonly employed palladium plating solutions
contain inorganic amine complexes of palladium. Two
preferred complexes are palladosamine chloride Pd(NH3)4C12 or
palladium diaminodinitrite Pd(NH3)2(N02)2 and baths
containing these complexes are usually operable over a pH
range of between about 8 and 10. It is also common to
utilize a slight excess of ammonia or ammonium hydroxide to
stabilize these complexes in the bath.

Such prior art plating baths have several
disadvantages, including evolution of ammonia fumes, frequent
replenishment of the ammonium stabilizing compound and the
required use of strike baths for certain basis metals.

The present invention proposes electrolytes and
methods for the electrodeposition of pure palladium or

palladium alloys that present an improvement over the prior
art electrolytes and their deposits.

Objectives of the Invention

An objective of this invention is to provide an
alkaline electrolyte for the electrodeposition of palladium
or palladium alloys. This electrolyte has a minimum attack
on the basis metals being plated, and is stable so that it
will not deteriorate with extended use. In this regard, the
electrolyte formulation is commercially feasible and able to
operate satisfactorily in modern electroplating equipment.
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Another objective of this invention is to
electroplate a palladium or palladium alloy by utilizing
these novel electrolytes. Such palladium or palladium-alloy
electrodeposits are lustrous, semi-bright to bright deposits
having suitable ductility, freedom of porosity, wearability,
corrosion resistance and low contact resistance. These are
the physical and metallurgical characteristics which are

nhecessary for applications involving electrical contacts and
connectors.

Summary of the Invention

The invention relates to an alkaline electrolyte
for the electrodeposition of palladium or palladium alloys
which comprises at least one soluble palladium compound, at
least one complexing agent and, when desired, one or more
soluble alloying metal compounds. When palladium alloy
plating is desired the amount and type of the complexing
agent should be sufficient to provide electrodeposition
potentials of palladium and the alloying metals sufficiently
close to obtain the desired palladium alloy deposits.

Preferably, these deposits should have a palladium content of
at least about 20%.

The complexing agent should be present in an amount
sufficient to maintain the palladium and the alloying metal
compounds in solution in the electrolyte. Also, the
electrolyte must have a sufficiently alkaline pH to
solubilize the complexing agent and metal complexes. The pH
of these electrolytes normally ranges from about 8 to 14,
with 12 to 14 being preferred.

The complexing agents of the invention include any
organic compound which is soluble in the electrolyte and
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which contains at least one heterocyclic ring having at least
one nitrogen atom in the ring, with at least one of the ring
carbons containing a hydroxyl or carbonyl oxygen group, and
the ring being substituted with at least one carboxyl group.
A single four, five, six or seven member heterocyclic ring or
groups of such rings may be utilized in the invention.
Specifically preferred complexing agents include chelidamic
acid, orotic acid, or 2-pyrrolidone-5-carboxylic acid.

The invention also relates to methods for
formulating electrolytes which can be used for electroplating
palladium or palladium alloys. The electrolytes are
formulated by adding the pailadium compound, the complexing
agent, and, optionally, an alloying metal compound, to water
and adjusting the amount of complexing agent as well as the
pPH of the solution to solubilize these compounds. The
electroplating methods include immersing a suitable anode and
a substrate to be plated into these electrolytes and
electroplating palladium or a palladium alloy thereupon by
passing an electric current through the electrolyte.

Detailed Description of the Invention

The invention achieves substantial improvements
over prior art palladium and palladium alloy baths and
plating methods by supplying an electrolyte that contains
palladium and, when used, the alloying metal, in an alkaline
bath. These metals are complexed by chelating or complexing
agents so that their electrodeposition potentials are close
enough to permit the electroplating of palladium alloys
having the desired palladium content. All metal compounds in
the electrolyte are complexed by the complexing agent
provided. “Complexing agents” or “chelating agents” are
equivalent for purposes of this invention.
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The complexing agents which are suitable for this
invention include any organic compound which is soluble in
the electrolyte and which contains at least one heterocyclic
ring having one or more nitrogen atoms in the ring, at least
one carboxyl group substituted on a ring carbon and/or at
least one hydroxyl or carbonyl oxygen attached to a ring
carbon. When a single heterocyclic ring is utilized as a
complexing agent, it preferably should contain between four
and seven members. Multiple-rings are also contemplated by
10 the invention.

The nitrogen heterocycle may be a mono, di, or
tricyclic ring system which is saturated or unsaturated and
fused or joined by single bonds. These compounds can be

15 represented by the general formula: ’

20

2 Na

wherein:

R1 is a carboxyl group attached to the ring and W
is 1, 2, or 3;
30
R2 is a carbonyl oxygen or its hydroxyl tautomer
attached to the ring and X is 0, 1, 2, or 3;:

35
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R3 is a substituent which may include hydroxyl,
carbonyl, carboxyl, aldehyde, H, Cl1, S, 3803, phenyl, NHZ'
NO, or any other substituent which will not adversely affect.
the solubility of the compound in the bath, its stability or
its chelation or complexing ability and Y is 0, 1, 2, or 3;

2 is 1, 2, or 3; and

A indicates an additional substituent that may be
the same or similar to the presently described heterocyclic
ring which will form a di or tricyclic ring system therewith.

The carboxyl group of R, is preferably attached
directly to a ring carbon. However, it may also be
indirectly attached to a ring carbon through another
substituent as long as the solubility, stability, and )
complexing ability of the compound is not adversely affected.

also be directly or indirectly attached to a ring carbon.

Eg 9@%&'similarly, the carbonyl oxygen and its hydroxyl tautomer may

Examples of di and tricyclic rings in accordance
with the invention are as follows:

carboxy uric acid carboxy xanthine
N-H
‘1\\\ //1§> AL\\ ¢: OH_
H H fi

7,8- ammg a\oxazife.
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5-(4-hydroxyphenyl)-5 phenyl-2-imidazolidone-4-

carboxylic acid

HO

Preferred compounds include those described above
which have at least 1 carboxyl group substituted on a
ring carbon and at least 1 hydroxyl or carbonyl oxygen
attached to a ring carbon, singly or in combination.

Other preferred compounds are those having at least
two carboxyl groups attached to ring carbons. Optionally,

these compounds may also have a hydroxyl or carbonyl oxygen
attached to a ring carbon.

For any of these compounds to be successful in the
present invention, the compound must be soluble in the
electrolyte. Thus, solubilizing groups may be added to these
compounds to increase their ability to remain soluble in the
electrolyte. Also, the pH of the solution can be adjusted to
increase the solubility of the compound in the electrolyte.

The heterocyclic ring compound must be capable of
complexing the palladium compound as well as the alloying
metal compounds, over an alkaline pH range of 8-14 in order
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the plating potentials of the metals can be brought
sufficiently close so that the desired alloy can be plated.
A pH range of about 12 to 14 is usually optimum.

Examples of the preferred heterocyclic ring
compounds are those that are substituted with at least one
carbonyl group and at least one carboxyl group. These
compounds, which must be stable and form soluble metal
complexes at the operating pH of the bath, include:

chelidamic acid

orotic acid

hydantoin carboxylic acid

succinimide carboxylic acid

2-pyrrolidone-5-carboxylic acid

carboxy hydroxy pyridine

carboxy caprolactam

picolinic or dipicolinic acid

carboxy xanthine

quinoline carboxylic acid or dicarboxylic acid

Q- yadozidore - H- e,o&\:.c,xj\ TN,

The compound of choice should be readily soluble in
the bath at the operating pH and should be capable of
complexing the selected metals. Also, the metal complexes
should likewise be bath soluble. The term “complexing
ability” as used herein includes both the complexing and/or
chelating functions of the compound.

-

The pH of the bath can be varied by adding a base
such as lithium, sodium, ammonium, or potassium hydroxide
(for raising the pH) or by adding a suitable acid to reduce
the pH. When using any specific compound that is disclosed
herein, the pH range to be used is that which maintains all
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metals in solution so that the proper alloy can be deposited
containing the desired metallurgical characteristics.

The most advantageous compounds within the scope of
this invention can be readily determined by those skilled in
the art by routine experimentation.

Plating tests are run at the PH values which
produce homogeneous solutions. The metallurgical
characteristics of the deposits are then examined for
suitability for the intended application, i.e., such as for
use on electrical contacts or connectors.

Not all compounds within the‘scope of the groups
disclosed herein are capable of achieving all of the
objectives of this invention. Some compounds do not achieve
sufficient solubility and some of the resultant electrolytes
are not stable. Some of the deposits may not have sufficient
brightness, some may be too brittle and crack, others may be
non-uniform, etc. All of these compounds, however, achieve
some of the objectives of the invention. Those skilled in
the art can readily determine which compounds or combinations
of compounds are most suitable for the intended uses.

The most desirable compounds for complexing
palladium from those disclosed in this invention are, as
mentioned above, those heterocyclic ring compounds that
contain one or more carboxyl groups attached to one or more
carbons in the ring, along with one or more carbonyl or
hydroxyl groups each attached to one or more carbons in the
ring. Specific examples of preferred compounds are
chelidamic acid, orotic acid and 2-pyrrolidone-5-carboxylic
acid. These compounds are illustrated below.
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Chelidamic Acia Orotic Acid
o A O=C-~OM
5 N-H
o o .
" "
Ho-C C-OW 6 o
N
W W
10
"
No-C ©
N
- 15 H

2-pyrrolidone-5 carboxylic acid

For alloy plating, two or more complexing agents
20 can be used. In certain situations, when the preferred
palladium complexing compounds are utilized, the second
complexing agent can be a lesser substituted compound (i.e.,
an organic compound having a nitrogen heterocycle wherein the
ring is substituted with one carboxyl, carbonyl or hydroxyl
25 group. This is because alloying metals in general, will not
form the same strength of complexation as palladium.

Other, secondary complexing agents may be added.
Eﬁq@s These agents include ammonia, amines, amino acids, phospﬁgg;g;
7 30 and the like. For certain situations, bases such as ammonium
%éb\- hydroxide or other hydroxide compounds (i.e., alkali
hydroxides and the like) are also suitable as secondary
complexing agents.

35
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If the pH of the electrolyte is high (i.e. above
about 12), there may be substantial amounts of hydroxyl ion
~ present which can also form complexes certaln meéals in the
electrolyte. Such metals which are capable of being
complexed by hydroxyl ions include palladium (which forms
palladlte, Pdo2 ), 2inc (zincate, Zno2 ), gold (aurate,

Auo -) and tin (stannate, Sno3 ).

When secondary complexing agents are used and/or
the solution pH is above 12, the metals may be present in the
solution as an equilibrium mixture of the organic metal
complex, the metal complex of the secondary complexing agent
and/or the hydroxyl complex, depending upon the strength and
amounts of the various metal complexes formed in the
electrolyte.

The concentrations of complexing compounds or
mixtures of complexing compounds used in these electrolytes
can vary from 10-200 g/1 or more depending on the metal
concentrations and solubility. 1In general, the higher the
metal concentration, the higher the concentration of the
complexing compounds required. The minimum amount of
complexing compound is that which is required to complex the
metals sufficiently in solution to produce the desired
electrodeposited alloy. The maximum amount of such agent is
controlled by its solubility in the bath. If the
concentration is too high, there will be a lack of solubility
and crystallization or precipitation will take place.

The preferred concentrations of palladium and
alloying elements can vary widely. Advantageously, palladium
concentrations vary from about 8-30 g/l and other metal
concentrations according to the values shown in Table 2.
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Table 2
element preferred concentrations (g/1)
silver 0.8 - 3
tin 0.5 - 3
indium 0.1 - 1.5
nickel 0.3 -5
copper 0.3 -3
gold 0.5 - 2
cobalt 0.3 -5
zinc 0.5 - 3
cadmium 0.5 - 3

Operating temperatures can vary from ambient T
(i.e., 70SF) to about 170°F, with 120-150°F preferred.
Current densities can vary from 1-200 ASF or higher depending
upon degree of agitation, temperature and metal
concentration. The pH can vary from 8-14 depending upon
compounds chosen, solubility and ability to complex the
metals, with a range of 12 to 14 being especially
advantageous.

When silver chloride is used as a source of silver
metal, the strength of the complexing agent used must be such
that it can complex silver in the presence of chloride ion.
If this is not the case, then silver must be supplied as
another metal salt such as silver nitrate or silver
hydroxide, and the solution should be free of substantial
amounts of chloride ions.
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Palladium can be supplied in a salt form such as
palladium sulphate, palladium nitrate, palladium hydroxide,
or palladium chloride, if chloride does not cause
precipitation. It may also be possible to separately form
the palladium and or other metal complexes of the desired
compound and then add the metal to the electrolyte in the

form of the metalycomplex which is soluble in the eledtrolyte
at the operating pH.

Examples:

Having thus described the invention, the folloﬁing
non-limiting examples are further illustrative of the
invention. 1In each example, a plating bath was prepared by
adding the disclosed components into water.

A stock solution was prepared as follows:

palladium metal as palladium chloride - 8 g/l
orotic acid - 30 g/1
potassium hydroxide - sufficient to
adjust the pH to 13.5
temperature 150°F
current density 1-5 ASF

Example 1 Pure palladium was plated from the above stock
solution and a sound, uniform, bright to semibright deposit
was obtained.

Example 2 1.8 grams/liter of tin metal as tin sulfate was
added to the stock solution. The deposit obtained contained

54.7% palladium and 45.3 tin. The deposit was sound, and
bright to semi-bright.
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Example 3 0.3 grams/liter of indium as indium sulfate was
added to the stock solution and the deposit obtained
contained 90.4% palladium and 9.6% indium. The deposit was
sound and bright to semi-bright.

Example 4 1.0 g/1 of nickel as nickel sulfate was added to
the stock solution and the deposit contained 87.6% palladium
and 12.4% nickel. The deposit was sound and bright to semi-
bright.

Example 5 0.9 g/1 of copper as copper sulfate was added to
the stock solution and the deposit which was obtained
contained 64.2% palladium and 35.8% copper. The deposit was
sound and bright to semi-bright.

Example 6 1.1 g/l of gold as gold chloride was added to the
stock solution and a deposit was obtained that contained
68.6% palladium and 31.4% gold. The deposit was sound and
bright to semi-bright.'

As noted above, predetermined amounts of cobalt,
zinc, or cadmium metal can also be added to the stock
solution to provide the desired alloy. The only limitation

on the Ailoying metal is that it should be soluble in the
electrolyte.

If more than one alloying metal is used, then a
ternary, rather than binary, alloy can be electrodeposited.
The following example illustrates a ternary alloy according
to the invention.

Example 7 1 g/l silver metal (as silver nitrate) and 1 g/l
gold metal (as gold chloride) were added to the stock
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solution. The deposit was sound and bright and analyzed
43.8% palladium, 55.4% silver, and 0.6% gold.

The remaining examples illustrate various
palladium-silver baths and electrodeposits.

Example 8

Pd as PdCl2 20 g/1
Ag as AgNO3 ‘ 1 g/
Orotic acid 80 g/1
Temperature 150°F

pH adjusted to 14 with KOH
Hull Cell testing produced lustrous deposits from 0-20 ASF.
Alloy composition at 10 ASF was 60% Pd 40% Ag.

Example 9

Pd as Pd Orotate 10 g/1
Ag as AgOH ' 1l1g/1
Orotic acid 15 g/1
Tenperature 140°F

PH adjusted to 14 with KOH
Hull Cell testing produced lustrous deposits from 0-15 ASF.
Alloy composition at 15 ASF was 60% Pd 40% Aqg.

Example 10

P4 as Pd(NO3)2 10 g/1
Ag as AgN03 0.8 g/1
Chelidamic acid 45 g/1
Temperature 120°F
pH adjusted to 11.8 with NH4OH

Hull Cell testing produced lustrous deposits up to 8 ASF.
Cathode efficiency was reduced.
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Ag as Ag dipicolinate
Dipicolinic acid

Temperature

pH adjusted to 11.0 with NaOH

0225422

12 g/1
0.9 g/1
50 g/1
120°F

Hull Cell testing produced lustrous deposits from 0-15 ASF.

Example 12
Pd as Pd(NO
Ag as AgNO,
2-pyrrolidone~5-carboxylic acid
Temperature

pH adjusted to 11.5 with KOH

3)2

20 g/1
1.2 g/1
60 g/1
o
150°F

Hull cell testing produced lustrous deposits to 5 ASF.

Example 13
P4 as PdCl2
Ag as AgCl

5-nitroorotic acid Hzo

Temperature
pH adjusted to 10.5 with KOH

15 g/1
1 g/l
70 g/1
130°F

Hull cell testing produced lustrous deposits from 0-20 ASF.

Cathode efficiency was reduced.

Example 14

Pd as Pd012

Ag as AgNo,
2-hydroxynicotinic acid
Temperature

pH adjusted to 12.0 with KOH

12 g/1
0.9 g/1
45 g/1
140°F

Hull cell testing produced lustrous deposits from 0-3 ASF.
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Example 15
Pd as Pd(N03)2 20 g/1
Ag as Agzso4 1.5 g/1
2 - pyrrolidone 40 mnl/1
Potassium Nitrate 20 g/1
pH adjusted to 9.2 with KOH
Temperature 110°F

Hull cell testing produced lustrous deposits from 0-20 ASF.

Example 16

P4 as Pdso4 12 g/1
Ag as Ag2c03 0.9 g/l
Barbituric acid 50 g/l
pH adjusted to 12.8 with KOH

Temperature 120°F

Hull cell testing produced lustrous deposits from 0 - 10 ASF.

Example 17

P4 as Pd(No3)2 10 g/1
Ag as AgOH 1gqg/1
Uric acid : 35 g/1
PH adjusted to 12.5 with KOH
Temperature 130°f

Hull cell testing produced lustrous deposits from 0-3 ASF.

Examples 10 through 17 produce palladium-silver
alloy deposits ranging from about 70:30 to 50:50 composition.

Although the examples illustrate the use of a
single complexing agent in each bath, it is understood that
two or more of such agents can be combined to obtain equal or
better results. Also, secondary complexing agents, as
described above, may be added to the electrolyte to complex
the alloying metals.
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While it is apparent that the invention herein
disclosed is well calculated to fulfill the objects above
stated, it will be appreciated that numerous modifications
and embodiments may be devised by those skilled in the
art,and it is intended that the appended claims cover all
such modifications and embodiments as fall within the true
spirit and scope of the present invention.
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CLAIMS:

1.

An alkaline aqueous electrolyte for the
electrodeposition of palladium comprising: a
soluble palladium compound and an organic
complexing agent containing at least one
heterocyclic ring having one or more nitrogen atoms:
in a ring position, at least one carboxyl group and
at least one hydroxyl or carbonyl group; said
complexing agent being present in an amount
sufficient to maintain the palladium compound in
solution in the electrolyte, said electrolyte
having a sufficiently alkaline pH to solubilize the
complexing agent and palladium compound.

The electrolyte of claim 1 wherein the complexing
agent heterocyclic ring includes at least two
carboxyl groups.

The electrolyte of claim 1 further comprising at
least one bath soluble metal compound of silver,
tin, indium, nickel, copper, gold, cobalt, zinc or
cadmium.

The electrolyte of claim 3 further comprising a
sufficient amount of a second complexing agent to
help complex the metal compounds.

The electrolyte of claim 4 wherein said second
complexing agent is an organic complexing agent
containing at least one heterocyclic ring having
one or more nitrogen atoms in the ring and at least
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one carboxyl, carbonyl, or hydroxyl‘group; a
hydroxide compound; an amine; ammonia; an amino
acid; or a phosphonate compound.

The electrolyte of claim 1 wherein the complexing
agent is present in an amount between about 10 and
200 g/1.

The electrolyte of claim 1 wherein the PH is
between about 8 and 14.

An alkaline aqueous electrolyte for the
electrodeposition of palladium comprising: a
soluble palladium compound and an organic
complexing agent containing at least one
heterocyclic ring having one or more nitrogen atoms
in a ring position and at least two carboxyl
groups; said complexing agent being present in an
amount sufficient to maintain the paliadium
compound in solution in the electrolyte, said
electrolyte having a sufficiently alkaline PH to
solubilize the complexing agent and palladium
compound.

The electrolyte of claim 8 wherein the complexing
agent heterocyclic ring further includes at least
one hydroxyl or carbonyl group.

The electrolyte of claim 8 further comprising at
least one bath soluble metal compound of silver,
tin, indium, nickel, copper, gold, cobalt, zinc or
cadmium.
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The electrolyte of claim 8 further comprising a
sufficient amount of a second complexing agent to
help complex the metal compounds.

The electrolyte of claim 11 wherein said second
complexing agent is an organic complexing agent
containing at least one heterocyclic ring having
one or more nitrogen atoms in the ring and at least
one carboxyl, carbonyl or hydroxyl group; a
hydroxide compound; an amine; ammonia; or a
phosphonate compound.

The electrolyte of claim 8 wherein the complexing
agent is present in an amount between about 10 and
200 g/1.

The electrolyte of claim 8 wherein the pH is
between about 12 and 14.

An alkaline aqueous electrolyte for the
electrodeposition of palladium alloys comprising:

a soluble palladium compound, one or more soluble
compounds of silver, tin, indium, nickel, copper,
gold, cobalt, zinc, or cadmium, and one or more
organic complexing agents each containing at least
one heterocyclic ring having one or more nitrogen
atoms in a ring position, at least one carboxyl
group, and at least one hydroxyl or carbonyl group:
said complexing agent being present in an amount
sufficient to maintain the metal compounds in
solution in the electrolyte, said electrolyte
having a sufficiently alkaline pH to solubilize the
complexing agent and metal compounds.
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The electrolyte of claim 15 wherein the complexing
agent is chelidamic acid, orotic acid, or
2-pyrrolidone-S-carboxylic acid.

The electrolyte of claim 15 further comprising a
sufficient amount of a second complexing agent to
help complex the metal compounds.

The electrolyte of claim 17 wherein said complexing
agent is an organic complexing agent containing at
least one heterocyclic ring having one or more
nitrogen atoms in a ring position and at least one
carboxyl, carbonyl, or hydroxyl group; a hydroxide
compound; an amine; ammonia; or a phosphonate
compound. ’

A method for electroplating palladium onto a
substrate which comprises:

immersing a suitable anode and the substrate into
an alkaline aqueous electrolyte comprising a
soluble palladium compound and an organic
complexing agent containing at least one
heterocyclic ring having one or more nitrogen atoms
in a ring position, at least one carboxyl group and
at least one hydroxyl or carbonyl group; said
complexing agent being present in an amount
sufficient to maintain the palladium compound in
solution in the electrolyte, said electrolyte
having a sufficiently alkaline pH to solubilize the
complexing agent and palladium compound; and
electroplating palladium upon the substrate by
passing an electric current through the
electroiyte.
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The method of claim 19 which further comprises
maintaining the electrolyte temperature between
about 70 and 1700?.

The method of claim 20 wherein the electroplating
step utilizes a current density of between about 1

and 200 ASF.

A method for electroplating palladium onto a
substrate which comprises:

immersing a suitable anode and the substrate into
the alkaline electrolyte of claim 2; and
electroplating palladium upon the substrate by
passing an electric current through the
electrolyte.

A method for electroplating palladium alloys onto a
substrate which comprises:

immersing a suitable anode and the substrate into
the alkaline electrolyte of claim 3; and
electroplating a palladium alloy upon the substrate
by passing an electric current through the
electrolyte.

A method for electroplating palladium onto a
substrate which comprises:

immersing a suitable anode and the substrate into
the alkaline electrolyte of claim 8; and
electroplating palladium upon the substrate by
passing an electric current through the
electrolyte.

A method for electroplating palladium alloys onto a
substrate which comprises:
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immersing a suitable anode and the substrate into
the alkaline electrolyte of claim 10; and
electroplating a palladium alloy upon the substrate
by passing an electric current through the
electrolyte.

A method for electroplating palladium alloys onto a
substrate which comprises:

immersing a suitable anode and the substrate into
the alkaline electrolyte of claim 15; and
electroplating a palladium alloy upon the substrate
by passing an electric current through the
electrolyte.

A method for formulating an electrolyte for the
electrodeposition of palladium which comprises:
adding a palladium compound and at least one
organic complexing agent containing at least one
heterocyclic ring having one or more nitrogen atoms
in a ring position, at least one carboxyl group,
and at least one hydroxyl or carbonyl group to
water to form a solution; and

adjusting the amount of organic complexing agent
and the pH range of the solution to solubilize the
palladium compound and complexing agent, thus
forming a stable electrolyte.

The method of claim 27 which further comprises
adding one or more metal compounds of silver, tin,
indium, nickel, copper, gold, cobalt, zinc or
cadmium to the solution prior to adjusting the

amount of complexing agent and pH range.
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The method of claim 28 which further comprises
adding to said solution a sufficient amount of a
second complexing agent to help solubilize the
metal compounds; wherein said second complexing
agent is an organic compound containing at least
one heterocyclic ring having one or more nitrogen
atoms in a ring position and at least one carboxyl,
carbonyl, or hydroxyl group; a hydroxide compound,
an amine; ammonia; or a phosphonate compound.

The method of claim 29 which further comprises
adjusting the amount of metal compounds in the
electrolyte before immersing the substrate therein
to obtain an electroplated palladium alloy deposit
containing at least about 20 weight percent
palladium.

A method for formulating an electrolyte for the
electrodeposition of palladium which comprises:
adding a palladium compound and a single organic
complexing agent containing at least one
heterocyclic ring having one or more nitrogen atoms
in a ring position and at least one carboxyl,
hydroxyl or carbonyl group to water to form a
solution; and

adjusting the amount of organic complexing agent
and the pH range of the solution to solubilize the
palladium compound and complexing agent, thus
forming a stable electrolyte.

The method of claim 31 which further comprises
adding one or more metal compounds of silver, tin,
indium, nickel, copper, gold, cobalt, zinc or
cadnmium to the solution prior to adjusting the
amount of complexing agent and pH range.
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The method of claim 32 which further comprises
adding to said solution a sufficient amount of a
second complexing agent to help solubilize the
metal compounds; wherein said second complexing
agent is an organic compound containing at least
one heterocyclic ring having one or more nitrogen
atoms in a ring position and at least one carboxyl,
carbonyl, or hydroxyl group; a hydroxide compound,
an amine; ammonia; or a phosphonate compound.

The method of claim 33 which further comprises
adjusting the amount of metal compounds in the
electrolyte before immersing the substrate therein
to obtain an electroplated palladium alloy deposit
containing at least about 20 weight percent
palladium.

A method for electroplating palladium onto a
substrate which comprises: ‘

formulating an eléctrolyte according to claim 27;
immersing a suitable anode and the substrate into
the electrolyte; and

electroplating palladium onto the substrate by

passing an electric current through the
electrolyte.

A method for electroplating palladium alloys onto a
substrate which comprises:

formulating an electrolyte according to claim 28;
immersing a suitable anode and the substrate into
the electrolyte; and

electroplating palladium alloys onto the substrate
by passing an electric current through the
electrolyte.



10

15

20

37.

38.

39.

40.

e ).0225422

The method of claim 36 which further comprises
adjusting the amount of metal compounds in the
electrolyte before immersing the substrate therein
to obtain an electroplated palladium alloy deposit

containing at least about 20 weight percent
palladium.

A method for electroplating palladium onto a
substrate which comprises:

formulating an electrolyte according to claim 31;
immersing a suitable anode and the substrate into
the electrolyte; and

electroplating palladium onto the substrate by
passing an electric current through the
electrolyte.

A method for electroplating palladium alloys onto a
substrate which comprises:

formulating an electrolyte according to claim 32;
immersing a suitable anode and the substrate into
the electrolyte; and

electroplating palladium alloys onto the substrate

by passing an electric current through the
electrolyte.

The method of claim 39 which further comprises
adjusting the amount of metal compounds in the
electrolyte before immersing the substrate therein
to obtain an electroplated palladium alloy deposit
containing at least about 20 weight percent
palladium.
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