
EP 0 512 724 B1 Description Technical Field 5     This invention is
concerned with palladium strike plating for improving adhesion and porosity
of palladium, palladium alloys and other precious metals plated on metal
surfaces, especially surfaces susceptible to passivation. Background of the
Invention 10 One way to achieve good adhesion of plated deposits on
passivated metal substrates is by chemical activation, that is by removal
of a passivating film by chemical means, such as by acids, prior to plating
the surface. However, the success of this method depends on the speed at
which repassivation will occur In relation to the time interval between
activation and plating. Furthermore, the use of chemical activation may 15
result in contamination of the next plating bath with drag-in of
ingredients of the activating bath. Strike plating may be used as an
alternative way of achieving good adhesion of plated deposits on metal
substrates to be plated. Strike plating is a deposition of a very thin film
of fine nuclei of a selected metal over the surface of a metal substrate to
be plated. Strike plating serves to improve adhesion of an electrodeposit
on a substrate, especially on a passivated substrate, to protect the main
plating bath from 20  contamination by corrosion products of the metal
substrate, and to diminish drag-in from previous operations. It can also
lead to a reduction in the porosity of subsequent plating coatings,
especially of thinner coatings (i.e., < 1.27 [err] (50 microinches)).
Therefore, the strike plating seems to be a more advantageous alternative.
Strike baths adapted for different surfaces and platings are in commercial
use throughout the 25  electroplating industry. For instance, highly acidic
nickel strike baths (e.g., Wood's nickel) are used on nickel, stainless
steel and cobalt alloys, among others; acid gold strike is used as a
preplate on nickel and other substrates before gold or other precious
metals, including palladium and platinum; silver strike is used before
silver plating; copper strike baths have many applications ranging from
lead and beryllium alloy to low-carbon and stainless steel substrates for
better adhesion, and on zinc and zincated metals for corrosion 30
protection. Acid palladium electroplating baths apparently found no
commercial use. Highly acidic palladium baths attack the substrate and may
cause metal displacement, which is undesirable. In the pH range of from 2
to 7, palladium baths lead to co-deposition of hydrogen with possible
cracking of the deposits. Often the strike and the subsequent plating are
not of the same metal; however, bonding is better when 35  the deposit has
the same or a similar crystallographic structure, which allows epitaxial
growth. Therefore, it is desirable to provide a palladium strike chemistry
for plating of palladium and palladium alloys on metal surfaces other than
palladium and palladium alloys. U.S. patent 4,098,656 issued on July 4,1978
to John Martin Deuber discloses a palladium bath containing Pd as Pd([err]
)[err], EDTA and two brighteners (Class l-unsaturated sulfonic compounds
and 40  Class II - unsaturated or carbonyl organic compounds), the bath
having a pH value from 4.5 to 12. It is suggested that the bath with
palladium content of from 0.1 to 5 g/l and with pH of 4.5 - 7, preferably
6.5, could be used for strike plating. However, it seems that this bath has
also found no commercial use. This may be explained by its being not
suitable for in-line plating because it decomposes easily. While freshly
prepared baths are stable, during the plating operation EDTA undergoes
oxidation and/or reduction at the 45  electrodes with formation of
compounds which can reduce Pd in the solution and subsequent precipitation
of Pd from the solution. Therefore, there is still a need for an acid
palladium strike bath which could remove or at least reduce the passivation
of a surface to be plated and to present a surface readily plateable by
subsequent palladium or palladium alloy baths, and which results in better
adhesion than chemical activation (acid pickle). 50 Summary of the
Invention This invention is an acid palladium strike bath chemistry which
improves both the adhesion and the porosity of subsequent platings of
palladium or palladium alloy such as palladium-nickel alloy on nickel and
55  other substrates, especially those susceptible to passivation. The acid
palladium strike bath which is useful for both low-speed and high-speed
plating operation, includes a complexing agent selected from a group of 



organic diamines and has a pH ranging from 2.0 to 6.0, preferably from 3.0
to 4.3, most preferably from 3.7 to 4.1. Strike plating applied from this
bath to a passivated substrate, effectively prevents repassivation of 2
EP 0 512 724 B1 the surface even if the strike plated sample is stored dry
for prolonged intervals after the strike. Adhesion of palladium-nickel
deposited on nickel substrate using this strike chemistry has been found
superior to the adhesion obtained either without any activation or with
chemical activation of the nickel substrate. The acid palladium strike also
improves the porosity of subsequent palladium or palladium-nickel plating.
Thin 5  coatings of palladium and palladium alloys, such as
palladium/nickel, on nickel exhibited considerably lower porosity when the
acid palladium strike was applied before palladium or palladium alloy
plating, than without strike. When used on easily corrodable substrates
(e.g., copper) the palladium strike protects the parts from chemical attack
in the main bath and prevents its contamination. The acid palladium strike
has been applied successfully to metals such as nickel and bronzes
directly; 10 some stainless steels require a special pretreatment. Its use
In combination with gold, rhodium, ruthenium and other precious metal
platings Is possible. The acid palladium strike baths can be made up and
replenished from concentrates. The bath retained its coating capability
even after a sizeable amount of Pd (relative to the starting bath) was
plated from the periodically replenished bath. The chemistry described
hereinbelow for both the high-speed and the low-speed acid palladium strike
15 baths is expected to find wide acceptance in industry for electroplating
of palladium and palladium alloys over easily passivated surfaces, such as
chromium, nickel, bronze, steels, and others. This will be especially true
for such operations as barrel plating, where optimum process control and
repeatability are not always present. The electronics industry should also
profit from the improvement in porosity achieved by preplating with the
acid palladium strike bath since it increases the life of the plated parts,
specifically 20 electrical contacts and connectors in a hostile
environment. Also the decorative industry could benefit from this
improvement - for instance, on jewelry - which would enhance the quality of
the product while reducing the cost. Brief Description of the Drawings 25
FIG. 1 is a schematic representation of number of pores per square
centimeter versus the thickness of palladium plating with and without
palladium strike; FIG. 2 is a schematic representation of corrosion effects
on a copper substrate for the strike bath and for an ammonia/ammonium
chloride solution (pH= 8) expressed as mgs lost per 100 square centimeters
30    versus immersion time. Detailed Description This invention is a
chemical formulation which exhibits good chemical and electrochemical
stability in 35 the pH range of from 2.0 to 6.0, preferably from 3 to 4.3,
more preferably from 3.5 to 4.3, and most preferably from 3.7 to 4.1,
contains a complexing agent for palladium, which in combination with
certain organic acids provides high buffer capacity in this pH range. An
adequate supply of chloride-containing supporting electrolyte and small
amounts of additives complete the bath chemistry. Two formulations of the
acid palladium strike bath and their operating parameter ranges and
preferred 40 parameters, one for low-speed plating and another for
high-speed plating, are shown in Table I below. Intermediate ranges of bath
formulations and operating parameters are also useful. TABLE I 45
Low-Speed           High-Speed Range    Preferred    Range    Preferred Pd,
g/l                  0.1-5     31       5-30       102 50
Supporting Electrolyte, g/l  10-100    60    20-200     60 Complexing
Agent, g/l   1-50      40        50-250     65 Buffering Agent, g/l
20-200    150       200-350    250 Additive, ppm           0-50      1
0-50       1 



Bath temperature, [err]    25-75     455      25-75      455 pH
2.0-6.0   3.90.2   2.0-6.0    3.90.2 Current Density,mA/cm2    0.1-10    51
10-250    5010 3    EP 0 512 724 B1 Palladium can be added to the bath in
the form of simple or complex salts which include at least the following:
palladium dichloride, PdC12; palladium dibromide, PdBr2; palladium sulfate,
[err].[err]; pal- ladium nitrate, Pd([err] )2; palladium monoxide hydrate,
PdO.xH20; diamminepalladium(II)hydroxide, Pd- ([err])[err];
dichlorodiamminepalladium(II), [err];dinitriodiammine-palladium(II), [err];
5  tetramminepalladium(II)chloride, [err];
tetramminepalladiumtetrachloropalladate,[err- 4.[err]; and others. In order
to expedite dissolving and mixing, It is preferable to react these
palladium compounds, before they are added to the bath, with the same
complexing agent as is used in the bath. Supporting electrolytes are
preferably selected from sodium chloride, potassium chloride, and ammo-
nium chloride. Other salts such as alkali metal and ammonium bromides,
sulfates, nitrates and others can 10  also be used. Chlorides are preferred
because of the stability of chloride ion under conditions of the
electroplating process. Organic diamines selected from 1,2-diaminobutane,
1,2-diaminopropane; 1,2-diamino-2-methylpropane; 1,2-dlaminopentane;
1,2-dlaminohexane; 2,3-diaminobutane, 2,3-diaminopentane;
2,3-diaminohexane: 3,4- diaminohexane and higher aliphatic diamines with
adjacent primary, secondary or tertiary amino groups are 15 usable as the
complexing agent. The preferred complexing agent according to this
invention is 1,2- diaminopropane. Acetic acid/acetate is the preferred
buffering agent because of its low price. Acetic acid is added as glacial
acetic acid, and acetate is formed when the alkaline mixture of the
palladium complex and free complexing agent is neutralized with acetic
acid. More acetate can be added in the form of sodium, 2o potassium or
ammonium acetate. Other acids such as citric acid, tartaric acid,
tetraboric acid, acetoacetic acid, chloroacetic acid, malic acid, maleic
acid, itaconic acid and many other sufficiently water-soluble acids in
combination with their anions can also be used as buffering agents. The
additives include non-ionic and cationic surfactants, typically
polyethylene glycols and fluorinated alkyl quatemary ammonium halides, such
as fluorinated alkyl quaternary ammonium iodide. 25     Periodic monitoring
of the palladium content is essential for uniform operation. Atomic
absorption analysis may be used to monitor the palladium level in the bath;
other methods (e.g., gravimetric) are also applicable. For metal
replenishment, a replenisher concentrate (typically 100 g/l Pd) Is added,
which assures easy blending with the bath. The pH of the bath is affected
very little, if at all, when the replenisher Is added. 30     Temperature
control is neither critical nor difficult; control within +5 * C of the
bath temperature is quite sufficient. Higher temperature increases the
cathode current efficiency, within the given temperature range this change
does not affect the function of the strike. The baths are well buffered and
pH control is not difficult. The pH of the bath Is maintained within a
range of from 2.0 to 6.0 with 3.5 to 4.3 being preferable, 3.7 to 4.1 being
more preferable and 3.9 being the 35 most preferable. The pH has little
effect on the current efficiency and rises very slowly during the bath
operation. Adjustment is made by adding concentrated hydrochloric acid for
lowering and potassium hydroxide or sodium hydroxide for raising the pH.
All the given pH values refer to room temperature. Improved adhesion of the
subsequent alloy deposit on the strike-coated surface is the primary
objective of the strike baths. For its evaluation, two different methods of
adhesion testing, the Bend Test and the 4o Tape Test, were used as
described hereinbelow. Most test plating was performed on 2-mil (5.1x
10t3cm) thick copper foil coupons (15 cm2) wrapped around a stainless steel
cylinder (2 cm in diameter) rotating in the test bath about Its
longitudinal axis. For adhesion testing, a layer of 100 microinches (2.54
=m) thick nickel was deposited on the copper foil from a nickel sulfamate
bath. After specified sequences of activation steps, made for comparison
purposes, as shown in Table II (no activation, acid pickle, or strike
plating; 45  different delay times; wet or dry), a 100 microinch (2.54 ktm)
thick coating of palladium-nickel alloy was 



plated on the nickel coated coupon from a proprietary bath. When the test
plating was performed on bronze or stainless steel flat sheet coupons,
these coupons were hand-agitated in the baths. The bath for deposition of
palladium-nickel alloy is described in U.S. Patent No. 4,486,274, issued on
December 4, 1984 to Abys, J.A. et al or in U.S. Patent No. 4,911,798 issued
on March 27, 1990 to Abys, J.A. et al., both of so which are incorporated
herein by reference. The plated foils then were subjected to a number of
testing procedures including a Bend Test and a Tape Test. The results are
shown in Table I. In the "Activation" column of the Table, "none" - means
that samples underwent no activation, "pickle" - means that samples were
subjected to an acid pickle activation in 10 wt-% HC1 for 15 minutes at
room temperature, and "strike" means that samples were subjected to 55 the
acid palladium strike bath, at low-speed, 40 'C, pH 3.9, 5mA/cm2, for 90
Sec. Samples marked "W" were kept immersed in distilled water during the
given time interval; samples marked "D" were exposed to the ambient
(laboratory) atmosphere; samples marked "D" were exposed to the ambient
(laboratory) atmosphere and then degreased with acetone before further
processing. 4    EP 0 512 724 B1 For the Bend Test, the palladium-nickel
alloy plated foils were tightly folded (180 degrees) with the deposit being
on the outside, pressed together at the bend causing a break in the deposit
layers, and then unfolded with a small ridge remaining at the bend site.
The crest of the ridge was Inspected microscopi- cally; both optical and
scanning electron microscopy were used. To rate the adhesion as determined
by the 5  Bend Test, an arbitrary scale from 1 to 4 was introduced as
follows: 1 - If deposit separates spontaneously before bending, 2 - If a
separation occurs along the whole bending crack, 3 - if there is some
separation and some adherence along the bending crack, and 4 - If no
separation at all between substrate and deposit occurs. The Tape Test
involves affixing a piece of an adhesive tape (e.g. transparent type) to
the plated 10  surface, pressing it down by rubbing with the thumb, and
pulling the tape off. If the deposit adheres to the tape (even in part) the
sample has failed the test (mark F"); if the deposit remains on the
substrate the sample has passed (mark "P"). TABLE II '5 ADHESION TEST
RESULTS Time After Ni Plate  Wet/Dry  Activation  Time before PdNi Plate
Wet/Dry  Adhesion  Test Tape ________  _ _________ _________Bend 20
30 sec          W       none           none                       2
F 10 min         W       none            none                       2
F 10 min         D       none            none                      1
F 30 sec         W       pickle          30 sec           W         3
F 10 min         W       pickle          30 sec           W         2
F 10 min         D       pickle         30 sec            W         2
F 1 day          D*      pickle         30 sec            W         2
P I week         D*      pickle         30 sec            W         2
P 10 min         W       strike         10 min            W         4
P 10 min         D       strike         10 min            W         4
P 30        10 min          D       strike         10 min           D
4         P 1 day          D*      strike         10 min            D
4         P I week         D*      strike          1 day            DI
4         P 35     SEM micrographs at 35x and 1 00x magnification of
examples with 2-rated adhesion showed that the deposit lifted off the
substrate on either side of the bend ridge about 1/2 to 1 mm wide. In
contrast, SEM micrographs at the same modification of examples with 4-rated
adhesion showed perfect adhesion even of very small sections between two
crack lines. Among the listed samples, only the ones treated with the acid
palladium strike showed perfect (4-rated) adhesion. SEM micrographs of
examples with 4-rated adhesion 



40 taken at 1000x and 6000x magnification disclosed that, even at such
large magnification, plated layers of nickel and palladium-nickel can be
discerned appearing firmly bonded to each other even at such large
magnification. Acid pickle was somewhat effective when the time lapse
between preparation steps was short and the foils were kept under water
(out of contact with atmosphere). No satisfactory adhesion was obtained
without 45 activation. Similar tests were performed on nickel substrates
plated with the high-speed acid palladium strike bath, with perfect
adhesion in all trials. Similar tests were performed on several acid
palladium strike-activated bronzes and stainless steels. In general, it was
found that for P and Be bronzes, acid Pd strike is recommended; for lead
bronzes, Pd strike was useful but substrate may require pretreatment. For
stainless steels, Pd strike would be also useful with 5o special
preparation of stainless steel surfaces; for example, the following
sequence of steps may be of use prior to palladium or palladium alloy
plating: soaking the stainless steel surface in hot alkaline cleaning
solution, followed by cathodic degreasing, cathodic activation (10 % H2SO4
+ 5 % acetic acid) and acid palladium strike. Each of these steps is
followed by a water rinse. The low-speed acid strike bath was used on
square contact pins in a barrel-plating operation. The pins 55 used were of
connector copper alloy with an overall length of 13.5 mm and an overall
width of 0.64 mm. They were consecutively plated as follows: 5
EP0512724B1 Nickel plate        4.0 Am Acid palladium strike   0.125 alm
Palladium plate     0.25 - 1.5 arm Hard gold plate     0.125 alm For test
purposes, the palladium thickness was varied over the specified range. The
test lots were compared to similar lots that were plated without the acid
palladium strike. The porosity was evaluated using Western Electric
Manufacturing Standard 17000, Section 1310, which is a io  variation of
ASTM Method B 799, 'Porosity In Gold and Palladium Coatings by Sulfurous
Acid/Vapor". This method exposes the plated parts to an atmosphere which is
corrosive to underlying nickel or copper so that products are generated In
spots where pores are present In the coatings. These spots can be counted
and used as a gauge in determining the relative corrosion protection. FIG.
1 compares pore counts per square centimeter obtained with and without the
acid palladium strike i5  at palladium plate thicknesses ranging from 0.25
to 1.25 micrometers. At 0.25 urm thickness the pore count drops from -200
pores/cm2 without the use of strike to -25 pores/cm2 when the strike is
used; the improvement extends to greater plating thicknesses until the
reference sample is also virtually pore-free. For further comparison, FIG.
1 also contains the pore count of hard gold plated on nickel as a function
of plating thickness. 20     For testing substrate corrosion effects of the
acid palladium strike bath on a substrate to be subjected to the strike
bath, a copper coupon was immersed In the high-speed acid palladium strike
bath (pH = 3.9) at room temperature for six hours; in a parallel test, an
equal coupon was immersed in an ammo- nia/ammonium chloride (1 M) solution
with pH = 8. Both baths were kept at room temperature (23- C). In FIG. 2
are shown respective weight losses after 2, 4 and 6 hours immersion. The
acid strike bath according 25 to this invention is less corrosive to copper
substrate than the ammonia/ammonium chloride solution by a factor of > 20.
To determine resistance of the acid palladium strike bath to aging, a
sample of high-speed acid palladium strike bath was aged until 20 g Pd per
liter were plated out from the bath; After 10 and 20 g/l Pd had been plated
out, nickel-coated copper foils were strike-plated in the test bath and
then plated with 30  palladium-nickel alloy. Both samples showed perfect
4-rated adhesion and passed the tape test. The following examples describe
experiments which further demonstrate the efficacy of the acid palladium
strike bath. Unless otherwise stated, various materials, concentrations,
dimensions, operating conditions and other parameters, are provided by way
of Illustration and are not intended to limit the scope 



of the invention. 35 EXAMPLE 1 A coating of 2.5 am thick nickel was.
electroplated from a commercially available nickel sulfamate plating bath
onto a 50 am thick copper foil coupon of 15 cm2 area. The nickel sulfamate
plating bath 40  contained approximately 400 g/l nickel sulfamate and 30
gal boric acid, and had a pH of 4.5; a soluble nickel anode was used: the
temperature of the bath was 55 * C, the cathode current density was 1
A/dM2, and the agitation speed was 100 cm/second. The plated coupon was
rinsed, dried and exposed to the laboratory atmosphere for 9 days. After
this period, the test coupon was degreased with acetone and strike-plated
in a low-speed bath according to this invention, for 90 seconds at 40 IC, a
cathode current density of 0.5 A/dM2 45 and an agitation speed of 50
cm/second. The strike bath with a pH of 3.9 contained 1 g/ Pd, 5.4 mI/l of
1,2- diaminopropane, 23.3 mI/l glacial acetic acid, 60 g/l sodium chloride
and 1 ppm of a cationic surfactant (a fluorinated alkyl quaternary ammonium
iodide). After the Pd strike plating, the coupon was dried and kept at the
laboratory atmosphere for 10 minutes. Then it was electroplated with a 2.4
urm thick layer of palladium-nickel alloy (ca. 20 wt-% nickel) at 45 o C,
50  10 A/dM2 and 300 cm/second agitation speed in an ammonia-based
commercial bath. The deposit of palladium-nickel alloy adhered perfectly to
the nickel undercoating. When inspected at 1000x and 6000x magnification
through a scanning electron microscope, there was no separation between the
nickel and the palladium-nickel layers after folding the foil back sharply
180' (causing the deposit layers to crack). For comparison, a similar
nickel-plated copper foil was treated in the same way but without the 55
application of a palladium strike between the nickel and the
palladium-nickel coating. It showed no adhesion at all between the nickel
and the palladium-nickel layers; rather, the palladium-nickel coating
flaked off spontaneously. 6    EP 0 512 724 B1 EXAMPLE 2 A sample was
prepared similarly to the one in Example #1, but was exposed to the
laboratory atmosphere for a full day after the palladium strike was applied
and before the palladium-nickel deposit was 5  electroplated on the
palladium strike layer; no activation treatment was used on the
strike-plated surface before the subsequent plating. The result was an
equally perfect adhesion between the deposited layers as in Example 1.
EXAMPLE 3 10 The low-speed acid strike bath of this invention was used on a
bitch of square contact pins in a barrel- plating operation. The pins were
of connector copper alloy with an overall length of 13.5 mm and an overall
width of 0.64 mm. The following metal deposits were plated on the pins In
sequence and with thickness as shown below: 75 Nickel plate        4.0 am
Acid palladium strike   0.125 ilm Palladium plate     0.25 Um )   20
Hard gold plate     0.125 am The plated pins were exposed to sulfurous acid
vapor in a standard corrosion test procedure (Western Electric
Manufacturing Standard 17000, Section 1310) followed by taking an average
pore count per square centimeter. It was found to be 25 pores/cm2, as
compared to about 200 pores/cm2 when no strike was 2s  applied. EXAMPLE 4
Another batch of the same connecting pins was plated similarly as in
Experiment 3, but the palladium 30  deposit was made 0.5 am thick. In this
case, the average pore count of the pins with the palladium strike was 14
pores/cm2, as compared to 80 pores/cm2 without the use of the acid
palladium strike. 



Claims 35  1. A process of plating an electrically conductive surface,
which comprises electroplating on said surface at least two layers In
succession comprising a palladium strike layer on said surface and a cover
layer comprising a metal selected from the group consisting of palladium
nickel alloy and palladium, gold, rhodium, ruthenium, platinum, silver and
their alloys, wherein said palladium strike layer is deposited L)
from an aqueous bath comprising from 0.1 to 30 grams per liter palladium,
from 1 to 250 grams per 40     liter of a complexing agent, which exhibits
a pH value within a range of from 2 to 6, and in which said complexing
agent comprises an organic diamine selected from the group consisting of 1
,2-dia- minobutane, 1,2-diaminopropane, 1,2-diamino-2-methylpropane, 1,2
diaminopentane, 1,2-diaminohex- ane, 2,3-diaminobutane, 2,3 diaminopentane,
2,3-diaminohexane, 3,4-diaminohexane, and higher al- iphatic diamines with
adjacent primary, secondary or tertiary amino groups. 45 2. The process of
claim 1 in which said strike bath further comprises from 10 to 200 grams
per liter of a supporting electrolyte, from 50 to 350 grams per liter of a
buffering agent, and from 0 to 50 ppm of a additive selected from non-ionic
and cationic surfactants. so  3. The process of claim 1 in which said
complexing agent is 1,2-diaminopropane. 4. The process of claim 1 in which
a source of palladium is selected from the group consisting of palladium
dichloride, palladium dibromide, palladium sulfate, palladium nitrate,
palladium monoxide hydrate, diamminepalladlum(lIl) hydroxide,
dichlorodiamminepalladium(ll), dinitritodiamminepalladium(ll), 66
tetramminepalladium(ll) chloride and tetramminepalladium
tetrachloropalladate. 5 The process of claim 1 in which said supporting
electrolyte is chosen from the group consisting of chlorides, bromides,
sulfates and nitrates of sodium, potassium and ammonia. 7    EP 0 512 724
B1 EXAMPLE 2 A sample was prepared similarly to the one in Example #1, but
was exposed to the laboratory atmosphere for a full day after the palladium
strike was applied and before the palladium-nickel deposit was 6
electroplated on the palladium strike layer; no activation treatment was
used on the strike-plated surface before the subsequent plating. The result
was an equally perfect adhesion between the deposited layers as in Example
1. EXAMPLE 3 10 The low-speed acid strike bath of this invention was used
on a bitch of square contact pins in a barrel- plating operation. The pins
were of connector copper alloy with an overall length of 13.5 mm and an
overall width of 0.64 mm. The following metal deposits were plated on the
pins In sequence and with thickness as shown below: 75 Nickel plate
4.0 alm Acid palladium strike   0.125Lam Palladium plate     0.25 aJm i  20
Hard gold plate      0.125 am The plated pins were exposed to sulfurous
acid vapor in a standard corrosion test procedure (Westem Electric
Manufacturing Standard 17000, Section 1310) followed by taking an average
pore count per square centimeter. It was found to be 25 pores/cm2, as
compared to about 200 pores/cm2 when no strike was 26  applied. EXAMPLE 4
Another batch of the same connecting pins was plated similarly as in
Experiment 3, but the palladium 9o  deposit was made 0.5 am thick. In this
case, the average pore count of the pins with the palladium strike was 14
pores/cm2, as compared to 80 pores/cm2 without the use of the acid
palladium strike. Claims 



as  1. A process of plating an electrically conductive surface, which
comprises electroplating on said surface at least two layers in succession
comprising a palladium strike layer on said surface and a cover layer
comprising a metal selected from the group consisting of palladium nickel
alloy and palladium, gold, rhodium, ruthenium, platinum, silver and their
alloys, wherein said palladium strike layer is deposited from an aqueous
bath comprising from 0.1 to 30 grams per liter palladium, from 1 to 250
grams per 40     liter of a complexing agent, which exhibits a pH value
within a range of from 2 to 6, and in which said complexing agent comprises
an organic diamine selected from the group consisting of 1,2-dia-
minobutane, 1,2-diaminopropane, 1,2-diamino-2-methylpropane, 1,2
diaminopentane, 1,2-diaminohex- ane, 2,3-diaminobutane, 2,3 diaminopentane,
2,3-diaminohexane, 3,4-diaminohexane, and higher al- iphatic diamines with
adjacent primary, secondary or tertiary amino groups. 46 2. The process of
claim 1 in which said strike bath further comprises from 10 to 200 grams
per liter of a supporting electrolyte, from 50 to 350 grams per liter of a
buffering agent, and from 0 to 50 ppm of a additive selected from non-ionic
and cationic surfactants. 50  3. The process of claim 1 in which said
complexing agent is 1,2-diaminopropane. 4. The process of claim 1 in which
a source of palladium is selected from the group consisting of palladium
dichloride, palladium dibromide, palladium sulfate, palladium nitrate,
palladium monoxide hydrate, diamminepalladium(ll) hydroxide,
dichlorodiamminepalladium(ll), dinitritodiamminepalladium(li), 55
tetramminepalladium(ll) chloride and tetramminepalladium
tetrachloropalladate. 5. The process of claim 1 in which said supporting
electrolyte is chosen from the group consisting of chlorides, bromides,
sulfates and nitrates of sodium, potassium and ammonia. 7
1 Il~~~~ll~~l ail~l glen1 glum111   1 1    EP 0 512 724 B1 6. The process
of claim 5 in which said supporting electrolyte is chosen from the group
consisting of chlorides of sodium, potassium and ammonia. 7. The process of
claim 1 in which said buffering agent is selected from the group consisting
of acetic 5      acid, citric acid, tartaric acid, tetraboric acid,
acetoacetic acid, chloracetic acid, malic acid, maleic acid, itaconic acid,
and their salts. 8 The process of claim 1 in which said buffering agent
comprises acetic acid. 0o  9. The process of claim 1 In which said strike
bath, when used for a low-speed plating, comprises 0.1 to 5 grams per liter
palladium, 10 to 100 grams per liter of the supporting electrolyte, 1 to 50
grams per liter of the complexing agent, 20 to 200 grams per liter of the
buffering agent, 0 to 50 ppm of the surfactant additive, and water to
volume, and which exhibits a pH value within a range of from 3.7 to 4.3. 15
10. The process of claim 9 in which said strike bath comprises 3Ul grams
per liter palladium, 60 grams per liter of a supporting electrolyte, 40
grams per liter of a complexing agent, 150 grams per liter of a buffering
agent and I ppm of cationic surfactant additive, and which exhibits a pH
value of 3.7 to 4.1. 11. The process of claim 1 in which said strike bath,
when used for a high-speed plating, comprises 5 to 30 20     grams per
liter palladium, 20-200 grams per liter of the supporting electrolyte,
50-250 grams per liter of the complexing agent, 200-350 grams per liter of
the buffering agent, 0 to 50 ppm of the surfactant additive, and water to
volume and which exhibits a pH value within a range of 3.7 to 4.3. 12. The
process of claim 11 in which said strike bath comprises 102 grams per liter
palladium, 60 grams 25     per liter of the supporting electrolyte, 65
grams per liter of the complexing agent, 250 grams per liter of the
buffering agent and 1 ppm of the cationic surfactant additive, and which
exhibits a pH value of 3.7 to 4. 1. 13. The process of claim 1 in which
said passivated surface is one chosen from the group consisting of 30
nickel, chromium, bronze, and steels. 14. A process of plating palladium
strike on an electrically conductive surface of an article comprising the
step of passing current through an article acting as a cathode, an aqueous
strike bath and an anode, wherein the pH of the strike bath ranges from 2
to 6 and the strike bath comprises from 0.1 to 30 35     grams per liter
palladium and from 1 to 250 grams per liter of a complexing agent, said
complexing 



agent comprises an organic diamine selected from 1,2-diaminobutane,
1,2-diaminopropane, 1,2-dia- minopentane, 1,2-diaminohexane,
1,2-diamino-2-methylpropane and 2,3-diaminobutane 2,3-diaminopen- tane,
2,3-diaminohexane, 3,4-diaminohexane and higher aliphatic diamines with
adjacent primary, secondary or tertiary amino groups. 40 PatentansprUche 1.
Verfahren zur Beschichtung einer elektrisch leitfihigen Oberfl~che,
umfassend das elektrochemische Beschichten der OberflAche mit wenigstens
zwei Schichten in Folge, die eine Palladiumvorgalvanisie- 45
rungsschicht an der OberflAche und eine Deckschicht mit einem Metall
umfassen, weiches ausgewahlt ist aus der Gruppe, die aus
Palladiumnickellegierung und Palladium, Gold, Rhodium, Ruthenium, Platin,
Silber und deren Legierungen besteht, wobei die
Palladiumvorgalvanisierungsschicht aus einem wABri- gen Bad abgeschieden
wird, das von 0,1 bis 30 g/l Palladium, von 1 bis 250 g/l eines
Komplexbildners aufweist, das einen pH-Wert innerhalb eines Bereichs von 2
bis 6 aufweist und in welchem der 50     Komplexbildner ein organisches
Diamin umfa~t, das ausgew~hit ist aus der Gruppe, die aus 1,2-
Diaminobutan, 1,2-Diaminopropan, 1,2-Diamino-2-methylpropan,
1,2-Diaminopentan, 1,2-Diaminohexan, 2,3-Diaminobutan, 2,3-Diaminopentan,
2,3-Diaminohexan, 3,4-Diaminohexan und h6heren aliphatischen Diaminen mit
benachbarten primAren, sekunddren oder tertigren Aminogruppen besteht. 56
2. Verfahren nach Anspruch 1, in welchem das Vorgalvanisierungsbad ferner
von 10 bis 200 gAl eines unterstltzenden Elektrolyten von 50 bis 350 g/l
eines puffernden Agens und von 0 bis 50 ppm eines Additivs umfaBt, welches
ausgewahit ist aus nichtionischen und kationischen oberflAchenaktiven
Mitteln. 8 I   ri i  1111 111    c11    1I    EP 0 512 724 B1 3  Verfahren
nach Anspruch 1, in welchem der Komplexbildner 1,2-Diaminopropan ist. 4.
Verfahren nach Anspruch 1, in welchem eine Quelle des Palladiums ausgewahit
ist aus der Gruppe, die aus Palladiumdlchlorld, Palladiumdlbromid,
Palladiumsulfat, Palladlumnitrat, Palladlummonoxldhydrat, 6
Diamminpaltadlum-(ll)-hydroxld, Dichlordiamminpalladlum-(Il),
Dlnitrodiamminpalladium-(ll), Tetrammin- palladium-(11)-chlorld und
Tetramminepalladium-tetrachlorpalladat besteht. 5  Verfahren nach Anspruch
1, in welchem der unterstttzende Elektrolyt aus der Gruppe ausgewahIt ist,
die aus den Chloriden, Bromiden, Sulfaten und Nitraten des Natriums,
Kaliums und Ammoniaks vo     besteht. 6  Verfahren nach Anspruch 5, In
welchem der unterstUtzende Elektrolyt aus der Gruppe ausgewahlt ist, die
aus den Chloriden des Natriums, Kaliums und Ammonlaks besteht. t6  7.
Verfahren nach Anspruch 1, In welchem das puffemde Agens ausgewihit Ist aus
der Gruppe, die aus Essigsaure, Citronensdure, Weinsaure, Tetraborsaure,
Acetessigslure, Chlor-Essigsaure, Hydroxibern- steinsdure, Maleinsdure,
Methylenbemnsteinsaure und deren Salzen besteht. 8. Verfahren nach Anspruch
1, In weichem das puffernde Agens Essigsaure enthalt. 20 9. Verfahren nach
Anspruch 1, in welchem das Vorgalvanisierungsbad bei Verwendung fUr eine
Niedrigge- schwindigkeits-Plattierung 0,1 bis 5 g/l Palladium, 10 bis 100
g/l des unterstUtzenden Elektrolyten, 1 bis 50 gil des KomplexbIldners, 20
bis 200 gA des puffemden Agens. 0 bls 50 ppm des oberflichenaktiven
Additivs und Wasser bis zum Nennvolumen autweist und welches elnen pH-Wert
In elnem Berelch von 25     3,7 bis 4,3 aufwelst. 10. Verfahren nach
Anspruch 9, in welchem das Vorgalvanisierungsbad 3 + 1 g/l Palladium, 60
g/1l eines unterstUtzenden Elektrolyten, 40 g9l eines Komplexbildners, 150
g/l elnes puffernden Agens und 1 ppm eines kationischen oberflachenaktiven
Additivs aufweist und einen pH-Wert von 3,7 bis 4,1 aufweist. so 11.
Verfahren nach Anspruch 1, in welchem das Vorgalvanisierungsbad be!
Verwendung fUr eine Hochge- schwindigkeitsbeschichtung 5 bis 30 g/l
Palladium, 20 bis 200 g/l des unterstUtzenden Elektrolyten, 50 bis 250 g/l
des Komplexbildners, 200 bis 350 gA des puffernden Agens, 0 bis 50 ppm des 



oberfl~chenaktiven Additivs und Wasser bis zum Nennvolumen aufweist und
einen pH-Wert im Bereich 35     von 3,7 bis 4,3 autweist. 12. Verfahren
nach Anspruch 11, in welchem das Vorgalvanisierungsbad 10 t 2 gA Palladium,
60 gA des unterstUtzenden Elektrolyten, 65 gA des Komplexbildners, 250 gA
des puffernden Agens und 1 ppm des kationischen oberflachenaktiven Additivs
aufweist und welches einen pH-Wert im Bereich von 3,7 bis 40     4,1
aufweist. 13. Verfahren nach Anspruch 1, in welchem die passivierte
Oberfilche ausgewAhIt ist aus der Gruppe, die aus Nickel, Chrom, Bronze und
St~hlen besteht. 45  14. Verfahren zur Palladiumvorbeschichtung einer
elektrisch leitenden OberflMche eines Gegenstandes, umfassend den Schritt
des Stromflieflenlassens durch einen Gegenstand, der als Kathode wirkt, ein
waBriges Vorgalvanisierungsbad und eine Anode, wobei der pH-Wert des
Vorgalvanisierungsbades von 2 bis 6 reicht und das Vorgalvanisierungsbad
von 0,1 bis 30 g/l Palladium und von 1 bis 250 g/l elnes Komplexbildners
umfaBt, wobei der Komplexbildner ein organisches Diamin enthalt, das
ausgewlhit ist 50     aus 1 ,2-Diaminobutan, 1 ,2-Diaminopropan, 1
,2-Diaminopentan, 1 ,2-Diaminohexan, 1 ,2-Diamino-2-me- thylpropan und
2,3-Diaminobutan, 2,3-Diaminopentan, 2,3-Diaminohexan, 3,4-Diaminohexan und
hohe- ren aliphatischen Diaminen mit benachbarten primaren, sekundaren oder
tertiaren Aminogruppen. Revendications 55 1. Un procdd6 de formation d'un
d6p8t sur une surface conductrice de l'lectricit6, qui comprend
l['lectrod~position sur cette surface d'au moins deux couches en
succession, comprenant une couche de depot amorce de palladium sur la
surface et une couche de recouvrement consistant en un metal 9
' I 1||1||1 ~~~~~~111111 Hlll 11|11 11 1111    EP 0 512 724 B1 selectionne
dans le groupe qui comprend un alliage de palladium-nickel et le palladium,
Ior, le rhodium, le ruthenium, le platine, I'argent et leurs alliages, dans
lequel la couche de dep8t amorce de palladium est d6pose6e a partir d'un
bain aqueux comprenant de 0,1 a 30 grammes par litre de palladium, de 1 A
250 grammes par litre d'un agent complexant, qui pr6sente un pH dans une
plage de 5      2 & 6, et dans lequel l'agent complexant comprend une
diamine organique s~lectionnre dans le groupe forme par les substances
sulvantes : 1,2-diaminobutane, 1.2-diaminopropane, 1,2-diamino-2-methylpro-
pane, 1,2-diaminopentane, 1,2-diaminohexane, 2,3-diaminobutane,
2,3-diaminopentane, 2,3-diamino- hexane, 3,4-diaminohexane, et des diamines
aliphatiques sup6rieures, avec des groupes amino primalres, secondaires ou
tertiaires adjacents. 10 2. Le procede de la revendication 1, dans loquel
le bain de formation de dep8t amorce comprend en outre de 10 & 200 grammes
par litre d'un electrolyte de support, de 50 a 350 grammes par litre d'un
agent ayant une fonction de tampon, et de 0 A 50 ppm d'un additif
selectlonne parml des surfactants non ioniques et cationiques. 15 3. Le
procede de la revendication 1, dans loquel l'agent complexant est le
1,2-diaminopropane 4. Le proced6 de la revendication 1, dans loquel une
source de palladium est selectionn6e dans le groupe qul comprend le
dichlorure de palladium, le dibromure de palladium, le sulfate de
palladium, le nitrate 20     de palladium, I'hydrate de monoxyde de
palladium, I'hydroxyde de dlamminepalladium(ll),le
dichlorodiamminepalladium(ll), le dinitritodlamminepalladium(ll), le
chlorure de t6traminepalladium (II), at le tetrachloropalladate de
tetraminepalladium. 5. Le procede de la revendication 1, dans lequel
l'eloctrolyte de support est choisi dans le groupe forme 25     par des
chlorures, des bromures, des sulfates et des nitrates de sodium, de
potassium et d'ammonium. 6. Le proc6de de la revendicatlon 5, dans lequel
l'lectrolyte de support est cholsi dans le groupe forme par des chlorures
de sodium, de potassium et d'ammonium. 3o  7. Le proced6 de la
revendication 1, dans loquel l'agent ayant une fonction de tampon est
selectionne dans le groupe qui comprend l'acide acetique, l'acide citrique,
I'acide tartrique, I'acide tetraborique, 



I'acide acetoac6tique, I'acide chloracetique, I'acide malique, I'acide
malelque, I'acide itaconique et leurs sels. 36  a  Le proc6de de la
revendication 1, dans loquel l'agent ayant une fonction do tampon consiste
en acide  - - ac~tique. 9. Le procede de la revendication 1, dans loquel
lorsque le bain de formation de dep8t amorce est utilise pour un d6p8t a
faible vitesse, il comprend 0,1 & 5 grammes par litre de palladium, 10 a
100 grammes 40     par litre de l'electrolyte de support, 1 & 50 grammes
par litre de l'agent complexant, 20 a 200 grammes par litre de l'agent
ayant une fonction de tampon, 0 a 50 ppm de l'additif surfactant, et de
l'eau pour completer le volume, et 11 presente une valeur de pH dans une
plage de 3,7 & 4,3. 10. Le procede de la revendication 9, dans loquel le
baln de formation de dep8t amorce comprend 31 46     grammes par litre de
palladium, 60 grammes par litre d'un electrolyte de support, 40 grammes par
litre d'un agent complexant, 150 grammes par litre d'un agent ayant une
fonction de tampon et 1 ppm d'additif surfactant cationique, et il
pr6esente une valeur de pH de 3,7 & 4,1. 11. Le procede de la revendication
1, dans loquel lorsque le bain de formation de d6p~t amorce est utilise so
pour un dep8t a vitesse elevee, il comprend 5 & 30 grammes par litre de
palladium, 20-200 grammes par litre de I'4lectrolyte de support, 50-250
grammes par litre de l'agent complexant, 200-350 grammes par litre de
l'agent ayant une fonction de tampon, 0 a 50 ppm de I'additif surfactant,
et de l'eau pour completer le volume, et il presente une valeur de pH dans
une plage de 3,7 & 4,3. s5  12. Le procede de la revendication 11, dans
loquel le bain de formation de dep8t amorce comprend 102 grammes par litre
de palladium, 60 grammes par litre d'un 6lectrolyte de support, 65 grammes
par litre de l'agent complexant, 150 grammes par litre de I'agent ayant une
fonction de tampon et 1 ppm de l'additif surfactant cationique, et il
pr6sente une valeur de pH de 3,7 a 4,1. -0 * C   L   M   S*    7
EP0512724B1 13. Le proc~d4 de la revendication 1, dans lequel la surface
passivse est choisie dans le groupe qui comprend le nickel, le chrome, le
bronze et des aciers. 14. Un procdd4 de formation d'un dep8t amorce de
palladium sur une surface electriquement conductrice 6      d'un article,
comprenant l'dtape qul consists a faire passer un courant a travers un
article remplissant la fonctlon d'une cathode, un baln aqueux de formation
d'un depot amorce et une anode, dans lequel le pH du bain de formation de
ddp8t amorce est compris entre 2 et 6, et le bain de formation de ddp8t
amorce comprend 0,1 a 30 grammes par litre de palladium et 1 & 250 grammes
par litre d'un agent complexant, cot agent complexant consistant on une
diamine organique s6lectionnde parmi les to     substances suivantes
:1,2-diaminobutane, 1,2-diaminopropane, 1,2-diamino-2-m6thylpropane,
1,2-dia- minopentane, 1,2-dlaminohexane, 2,3-diaminobutane,
2,3-diaminopentane, 2,3-diaminohexane, 3,4-dia- minohexane, et des diamines
aliphatiques sup6rieures avec des groupes amino primaires, secondalres ou
tertialres adjacents. 15 20 25 90 35 40 45 50 55    


