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{54) Title: ELECTROLYTY MEDIA FOR THE DEPOSITION OI TIN ALLOYS AND MIZTHODS FOR DUPOSITING TIN AlL-
1.OYS

(57) Abstract: An clectroplating bath medium for cleciroplating articles with a tin-coball, tin-nickel, or lin-cobali-nickel alloy
comprises: at least one tin salt; an alloying metal salt comprising a cobalt salt and/or a nickel salt; a complexant comprising a hy-
droxycarboxylic acid or alkali metal salt thereof such as a sodium or potassium gluconate or heptonate complexant; boric acid; and
a bath soluble substitated phenolic componnd. ‘Ihe current regime applied to the plating bath can include time intervals of direct
current and of pulsed current in order Lo selectively control the deposition of tin by activation or dilTusion control.
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Electrolyte Media for the Deposition of Tin Alloys and Methods for Depositing
Tin Alloys

The present invention relates to the deposition of tin alloys, especially tin-cobalt

- alloys, tin-nickel alloys and tin-nickel-cobalt alloys and to electrolyte media for use

in the deposition of such alloys. The invention relates especially to the use of such

alloys as bearing overlays.

The “End of Life” vehicle regulations in Europe for 2003 aim to increase the
“recyclability” of vehicles by removing toxic materials such as hexavalent chromium
and lead. One common use of lead in automotive applications is the use of lead
alloys in bearing overlays. Overlays are generally soft alloys deposited onto harder
bearing alloys to produce a surface ha%/ing compatibility and conformability with a
co-operating shaft and also to provide a means of embedding debris particles to
prevent damage to the shaft. More than 300,000,000 bearing shells are currently
plated every year. The most commonly applied bearing overlay material is a lead-
tin-copper alloy containing at least 90% lead. In higher performance engines, lead-
indiom (where the indium is plated on top of the bearing and diffused into the
underlying lead) is commonly applied. Clearly, in order to comply with the 2003

regulations, a replacement for lead must be found.

A suitable replacement alloy must be soft enough to allow the bearing to “bed in”
correctly and the melting point of the alloy must be higher than 250°C because
engine operating temperatures can approach this level. Tin-based alloys are an
obvim‘ls choice as they have good lubrication properties and are soft enough. The
low toxicity of tin is also an advantage. Tin cannot be used alone because the
melting point of tin is too low. The easiest alloy of tin to produce would be a tin-
copper alloy. A tin-copper alloy containing approximately 5% copper would have
the required melting point. However, tests have shown that tin—copper alloys do not

have the necessary fatigue strength. Tin zinc alloys can readily be produced but

these alloys fail corrosion testing due to the appearance of white corrosion products .

from the sacrificial corrosion of the zinc in the alloy.

1

CONFIRMATION COPY
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Other tin based alloys include tin-nickel, tin-cobalt or ternary alloys comprising all
three of these metals. The use of these alloys for bearing overlays has already been
suggested. In particular, tin cobalt has been found to be advantageous, US
4,795,682 discloses the use of tin cobalt alloys containing preferably between 2 — 8%
cobalt. These alloys are claimed to have superior fatigue resistance as compared to
standard lead-tin-copper bearing overlays (90 — 100 Mpa as compared to 60 — 70
Mpa when tested on a “Sapphire” testing machine). However, as far as the applicant
is aware, these alloys have not been exploited commercially due to the difficulty of
producing a tin cobalt alloy of the required composition and thickness. According to
US 4,795,682, the tin cobalt alloy overlays were produced by the technique known as
“Brush Plating” where the coating is applied manually by brushing the bearing with
an anode coated with an absorbent me;terial soaked in an electrolyte containing tin
and cobalt salts and a gluconate complexant. This technique is not easily applicable
to mass production techniques and so the use of tin-cobalt alloy for bearing overlays

has not been possible in commercial practice in spite of its performance advantages.

The production of tin-cobalt alloys is also described in other prior art documents.
One commercial use of tin-cobalt alloys is in the production of thin overlays for
nickel plated components as a replacement for chromium. However, it is not
possible to produce thick coatings from these electrolytes as the content of tin is only
2-4 g/l. These electrolytes also produce coatings of a composition approximating to
the intermetallic alloy composition (20 — 25% cobalt), whereas the optimum desired
composition is about 2 — 8 % cobalt for bearing alloys since the intermetallic
coméésition is too hard.

Several compositions have been proposed in the patent literature which claim to be

suitable for pmduﬁng thicker deposits of tin-cobalt alloys.

US 3,951,760 and US 4,021,316 suggest an alkaline bath based on pyrophosphate
and utilising an organo sulphur compound as a brightening agent and peptones as

grain refining agenis. Baths based on pyrophosphate have the disadvantage that the

JP 2004-536219 A 2004.12.2
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stannous tin jons are not stable in alkaline media and quickly oxidise to stannic tin

' rendering the bath useless. Also, insoluble anodes have to be used in these baths as

tin does not dissolve effectively in these pyrophosphate baths. These baths would
therefore be unsuitable for the high volume production of plated bearings.

Several patenis have been granted for baths based on stannous chloride and cobalt
chloride also containing fluoride in order to complex the tin ions and facilitate co-
deposition of cobalt (US 3,966,564 and US 4,029,556). These electrolytes are very
corrosive and toxic and because they contain large amounts of ammonium ions, they
are difficult to effluent treat.  Additionally, these electrolytes produce an
intermetallic alloy over a wide range of current densities and so are unsuitable for

producing alloys of the required composition.

US 4,168,223 describes a citrate-based bath from which it is claimed tin-cobalt
alloys could be deposited. However, attempts by the present applicant to reproduce
the examples cited in US 4 168 223 resulted in only deposits of pure tin with no co-
deposition of cobalt (when examined by Energy Dispersive X-ray Analysis).

A more recent patent (US 4,828,657) discloses baths based on stannic tin in either
alkaline or acidic media. Maintenance of tin concentration in these baths is very
difficult as it is not possible to directly dissolve tin anodes in stannic baths because
build-up of stannite ions in the bath leads to spongy deposition. Also, if acid baths
are formulated based on stannic tin, the tin tends to eventually precipitate as alpha or

metastannic acid.

The present invention seeks to provide a method of depositing smooth, functional
alloy coatings of tin and an alloying metal comprising nickel and/or cobalt, the
coating having a thiclmﬁs of up to and in excess of about 50 microns and a
composition of about 1 — 25% (preferably about 2 to 15% and especially about 2 to
8%) of the alloying metal and to provide electrolyte media and electroplating baths
and bath media suitable for use in the method. The invention also relates to tin

alloys and bearing overlays produced by the method.

JP 2004-536219 A 2004.12.2
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According to a first aspect of the invention, there is provided a process for
electroplating a substrate with a tin alloy, which alloy comprises from about 2% by
weight to about 15% by weight of alloying metal, said process comprising:

a) contacting the substrate with an electroplating bath medium

comprising:

1. a soluble stannous tin salt;
2. a soluble salt of the alloying metal; and

3. a complexing agent;

b) applying a current regime which includes a first condition in which
the average current density is such that the alloying metal is deposited and a second
condition in which the average current density is lower than in the first condition

such that substantially only tin is deposited.

It is particularly preferred that the current regime comprises applying a pulsed
current, and especially that the current regime comprises applying a direct current for
at least one first time interval and applying a pulsed current for at least one second
time interval.

Preferably the tin salt, the alloying metal salt and the complexing agent respectively
are selected from those set out in accordance with the second aspect of the invention

below.

According to a second aspect of the present invention, a composition for the
preparation of an electroplating bath medium for electroplating of tin and an alloying

metal comprising‘ cobalt and/or nickel alloys comprises:

(a)  at least one tin salt selected from the group comprising stannous

sulphate, stannous chloride, stannous methanesulphonate, stannous

JP 2004-536219 A 2004.12.2
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fluoborate, stannous phenolsulphonate and stannous

toluenesulphonate;

(b)  at least one alloying metal salt selected from the group comprising
cobalt sulphate, nickel sulphate, cobalt chloride, nickel chloride,
cobalt methanesulphonate, nickel methanesulphonaie, cobalt
fluoborate, nickel fluoborate, cobalt phenolsulphonate, nickel
phenolsulphoﬁate, cobalt  toluenesulphonate  and  nickel

toluenesulphonate;

(c)  one or more bath complexants selected from the group comprising
mono-, di- or poly-hydroxy carboxylic acids or alkali metal salts

thereof; and
(d)  boric acid.

The tin salt is preferably present in a concentration range of about 2 to about 80 g/l
Either the cobalt salt or the nickel salt or a combination of both may be used. A
concentration range of about 10 to about 250 g/l in total of the salt(s) of group (b)
will preferably be present in the plating bath. The bath complexing agent
(complexant) will preferably be present in the bath in a concentration of about 20 to
about 200 g/l. Although polycarboxylic acid are presently preferred as the bath
complexant, mono- and di-carboxylic acids respectively provide good results and are
also favoured in the present invention. Preferred examples of suitable bath
comfléxants include lactic acid, malic acid, tartaric acid, gluconic acid,
glucoheptonic acid, ascorbic acid, glycolic acid, and citric acid or alkali metal salts
thereof. The boric acid is preferably present in the bath in a concentration range of

about 10 to about 150 g/l.

According to a third aspect of the invention there is provided an electroplating bath
medium for electroplating tin-cobalt or tin-nickel alloys comprising the composition

of the second aspect of the invention, and

JP 2004-536219 A 2004.12.2
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€) a grain refining agent comprising a bath soluble substituted phenolic

compound of the formula:
R1 —o—[—(CHz);n—o—]n—Rs

‘where n is an integer from 1 to 100, m is 2 or 3 and R1 is either a phenolic

group of the formula:
R2 :

where R2 is a (C1 to C14) alkyl group or,
an alpha or beta naphthalene group of the formula:

and,

R3 is selected from the group comprising H, CH,CH,OH, CH>CH,CHOH,
CH;CH(OH)CH>SO:H and CH;CH,CH,SO;H.
These compounds are preferably present in the bath in concentrations of between

about 10 ppm and about 10 g/l

In addition to these essential ingredients, the bath medium may optionally contain
anionic wetting agents to reduce sutface tension and aid the dissolution of the grain
refining phenolic compounds (e) in the bath medium. Salts such as sodium sulphate
and/or ammonium chloride may be added to increase the conductivity of the bath

medium.
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A fourth aspect of the invention provides an electroplating bath comprising an
clectroplating bath medium according to the second aspect of the invention and a
vessel for containing the medium. Preferably, the electroplating bath comprises at

least one tin anode.

A fifth aspect of the present invention provides a process for electroplating an article
with a tin-alloy coating, which process includes the step of immersing the article in

an electroplating bath according to the third fourth of the invention.

In preferred embodiments of the fifth aspect of the invention, the process includes
the step of utilising a current regime which includes a first condition in which the
average current density is such that the at least one alloying metal is deposited and a
second condition in which the average current density is lower than in the first
condition such that substantially only tin is deposited. In the first condition, tin may
also be deposited with at least one alloying metal.

The invention also relates to electroplated articles produced by the processes of the
invention and especially to electroplated bearings wherein the electroplated coating

constitutes a bearing overlay.

Bath media formulated according to the invention are stable in operation, contain no
highly toxic or corrosive components and can be readily effluent treated. The
operating pH of the medijum bath in an electroplating bath is preferably between 2
and 3 ‘(although the bath may be operated between pH 1.5 to 6). At this pH, tin
anodes may be utilised so the electroplating process may be operated on a continuous
basis. Without wishing to be bound by theory, the applicants believe that the boric
acid reacts with the hydroxyl groups on the complexant species to form boro-
hydroxycarboxylate complexes. Typically, the baths are operated at temperatures
from about 20 to 70°C and at current densities (subject to the pulsed current
techniques discussed below) between about 2 and about 5 A/dm®

JP 2004-536219 A 2004.12.2
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Deposits produced from the baths of the present invention are smooth and fine-
grained. By using direct current with the electrolyte medium of the invention to
plate Hull cell panels, and analysing the deposit composition at various positions
along the panel, the present inventors have been able to determine a relationship
between current density and alloy composition. The inventors have found that below
a certain threshold current density (typically between 2 and 3 A/dm®), a deposit
consisting essentially of 100% tin (analysed by energy dispersive X-ray analysis) is
typically deposited. Above this current density, an alloy is deposited of composition
dependent on the bath formulation, temperature and pH.

Thus, the inventors have appreciated that alloy coatings produced from the
electrolyte medium of the invention show a particular compositional dependence on
the applied current density. Without ;m'shing to be bound by theory, the inventors
postulate that at low current densities the deposition process is under activation
control and a deposit consisting essentially of pure tin results. At higher current
densities, the deposition of tin is under diffusion control and this mass-transport
limitation. of tin deposition allows co-deposition of cobalt or nickel. A very large
difference in the composition of the obtained alloy coating results as the
electroplating moves (with increasing current density) from activation control to
diffusion control. This relatively sudden change conventionally makes fine control of
the composition of the deposited alloy difficult to achieve.

However, the inventors have appreciated that this difficulty can be turned to
significant advantage. In accordance with the present invention, the current density
dudng plating can be varied, or pulsed cutrent can be used, in order to control, in any
given time period, whether the plating system is acting under diffusion control or
activation control of tin deposition. In this way, fine control of the deposited alloy
composition is achievable, or compositionally modulated alloy layers can be

deposited. Pulsed current techniques per se are known in the art.

JP 2004-536219 A 2004.12.2
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For example, a compositionally modulated alloy of the correct desired average
composition may be achieved by utilising a current which “surges”, i.e. alternates,

between high and low current density.

Alternatively, the composition of the deposited alloy can be controlled by using a
pulsed current. Preferably, a current regime is employed including time intervals of
direct current and of pulsed current. In the direct current time interval, deposition
proceeds under diffusion control. By switching between direct current and pulsed
current, activation conirol of tin deposition is re-established in the pulsed current
cycle because the “off” time between current pulses allows time for tin to diffuse to
the cathode surface. Adjustment to the relative lengths of the direct current and
pulsed current time intervals and adjus}ing also (or alternatively) the duty cycle (as
defined below) of the pulsed current can be used to compensate for compositional
variation, temperature variation or hydrodynamic variation in a plating bath, thereby
ensuring consistent plating results. A schematic representation of a portion of a

direct current and pulsed current cycle is shown in Figure 1.

Thus in Figure 1, time interval I represents a period of direct current and time
interval II represents a period of pulsed current. In each time interval I, the current
density is such that diffusion control of tin deposition is achieved. In the time
interval II as illustrated, the pulsed current changes between an “on” pulse period at
which the current density is the same as that in time interval I, and an “off” pulse
period at which the current density is substantially zero. In variations of the
invention, in time interval Il the current density in the “on” pulse period need not be
the sallne as the current density in time interval I, provided only that the current
density is sufficient to enable diffusion control of tin deposition to be established.
Also, in the “off” pulse period of time interval II, the current density need not be
zero, provided that it is low enough to allow activation control of tin deposition,
allowing time for tin ions to diffuse to the cathode surface. The duty cycle,
mentioned above, is defined as the percentage of the pulsed current time period (time

interval 1I) when the current is in an “on” pulse period.

JP 2004-536219 A 2004.12.2
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The invention will now be described with reference to working examples:

Example 1

A bath medivm was made to the following formulation:
Sodium Gluconate 150g/1
Boric Acid 100g/1
Stannous Sulphate Anhydrous 30g/1
Cobalt Sulphate Hexahydrate 100g/1
Lugalvan BNO 24* 1g/1

Empicol ESB3 Anionic Surfactant**  1g/l

The bath was heated to 50°C and a Hull cell test was performed at 1 amp for 10
minutes using agitation by mechanical .stirrer. The resultant deposit was smooth and
even. At a position on the panel corresponding to a primary current density of 4
A/di?, a tin cobalt alloy was obtained having a composition of approximately 16%
cobalt with the balance being tin. This example illustrates that a significant decrease
in the amount of cobalt (as compared to the intermetallic composition) is achieved
_using the electrolyte medium of the invention. A still further reduction in the amount

of cobalt is, however, desirable.

* Lugalvan BNO 24 is an ethoxylated beta-napthol in accordance with a compound

of class e). It is manufactured by BASF.

** Empicol ESB3 is an anionic surfactant manufactured by Albright & Wilson PLC.

Example 2

A bath medium was made to the following formulation:
Sodium Gluconate 150g/1
Boric Acid 100g/1
.Staunous Sulphate Anhydrous 30g/1
Nickel Sulphate Hexahydrate 75g/1
Cobalt Sulphate Hexahydrate 7g/1

10
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Lugalvan BNO 24 1g/1
Empicol ESB3 ig/l

A Hull cell test as in Example 1 was performed at a temperature of 20°C. The

5 - deposit obtained was smooth and even. At a position on the panel cotresponding to a
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primary current density of 4A/dm’, a tin nickel cobalt alloy was obtained having a
composition of 8 — 10% nickel and 1 — 2% cobalt with the balance being tin, This
example illustrates that a ternary tin-cobalt-nickel alloy can be produced using the
electrolyte medium, resulting in an alloy having useful amounts of nickel and cobalt.

Example 3

A Hull cell test was performed on 2 bath of composition as in Example 1, but
substituting nickel sulphate hexahydrate for cobalt sulphate hexahydrate, and using
the same conditions as in Example 1. A tin-nickel allow was obtained having a

composition of about 14% nickel ,with the balance being tin.

Example 4
A Hull cell test was performed on a bath of composition as in Example 1 at 2
temperature of 60°C. A tin cobalt alloy was obtained at 4 A/dm® having a

composition of 21% cobalt with the remainder being tin.

Example §
A Hull cell test was performed on a bath of composition as Example 2 at a

temperature of 60°C. A tin nickel cobalt alloy was obtained at 4 Aldm?® having a

composition of 15% nickel, 3% cobalt and the remainder being tin.

Example 6

2 litres of the bath medium of Example 1 was placed in a plating cell equipped with
mechanical agitation and a tin anode. A small test piece was plated at an average
current density of 4 A/dm’ at a bath temperature of 60°C. ‘The resulting deposit was
analysed and found to consist of 22% cobalt.

JP 2004-536219 A 2004.12.2
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A test piece was then plated at 2 A/dm? in a similar manner. The resulting deposit
had a composition of 100% tin.

A third sample was produced using pulsed current. A programmable pulse-plating
unit (JCT Controls Ltd) was-used with the following parameters:

Channel 1 Direct Current 20 seconds

Channet 2 Pulsed current 100 Hz, 30% duty cycle 60 seconds

The plating voltage was adjusted so that during the DC cycle (Channel 1), the cumrent
density on the test piece was 4 A/dm”. The sample was plated for 15 minutes (the
average current density was observed to fall approximately 1.3 A/dm? during pulsed
current cycle). The resulting deposit was analysed and found to be 5.5% cobalt with

the remainder being tin. This is the ideal composition for bearing overlays.

Example 7
A sample was plated using the same method as the pulsed current sample of Example
5 but using the following parameters:

Channel 1 Direct Current 30 seconds

Channel 2 Pulsed Current 100 Hz 30% duty cycle 30 seconds -

The alloy composition of a test piece plated with these parameters was
determined to be 10.2% cobalt. This example serves to illustrate the ease of

control of the deposit composition by adjusting pulse parameters.

Example 8

The bath medium of Example 1 was used in the plating cell of Example 5 to produce
a test piece. A‘temperature of 60°C was used. A test piece was plated using
alternate current densities of 4 and 2 A/dm® (30 seconds each) to produce a layered
coating. The deposit composition was analysed and found to be 10.5% cobalt. This

example illustrates an alternative means of controlling the alloy composition.

12
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Example 9

A bath medium was made to the following formulation;

Stannous sulphate anhydrous .~ 30 g/1-
Cobalt sulphate hexahydrate 100 g/1
Boric acid 100 g/

Sodium potassium tartrate tetrahydrate 150 g/1
Ralufon NAPE 14-00%#:# 21

The bath was adjusted to pH 3.0 with sulphuric acid or sodium hydroxide solution as
required, heated to 50°C and a Hull cell test was performed under the following

pulse plating regime:

Channel 1 Direct Current 20 seconds
Channel 2 Pulsed current 100 Hz, 30% duty cycle, 60 seconds.

The current used was 1 amp during the d.c. cycle, this fell to approx 0.3 amps
(average) during the pulse cycle, The plating time was 20 minutes.

The panel was analysed and found to contain 3.5% cobalt at a point corresponding to
a current density of 4 A/dm? during the d.c. cycle.

This example illustrates the use of a di-hydroxy carboxylic acid.

*** Ralufon NAPE 14-90 is a sulphopropylated 2-naphthol ethoxylate available
from Raschig GmbH. 7

Example 10
A bath medium was made to the following formulation;

Stannous sulphate anhydrous 301

13
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Cobalt sulphate hexabydrate 100 g/l
Boric acid 100 g/1
Sodium potassium tartrate tetrahydrate 50 g/l
Sodium gluconate 100 g/t
Ralufon NAPE 14-90%%* 2l

The bath was adjusted to pH 3.0, heated to 50°C and a Hull cell test was performed
under the same conditions as Example 9.

The panel was analysed and found to contain 7.3% cobalt at a point corresponding to

a current density of 4 A/dm® during the d.c. cycle, and 3.2% cobalt at a point

corresponding to 3 A/dm®.

Example 11

A bath medium was made to the following formulation;
Stannous sulphate anhydrous 301
Cobalt sulphate hexahydrate 100 g/1
Boric acid 100 g/t
Sodium potassium tartrate tetrahydrate 100 g/l
Sodium gluconate 50 g/1
Lugalvan BNO24 1g1
Empicol ESB3 1g1

The bath was adjusted to pH 3.8, heated to 50°C and a Hull cell test was performed
under the same conditions as Example 9.

The pancl was analysed and found to contain 5.3% cobalt at a point corresponding to
a current density of 3 Aldm? during the d.c. cycle.

Example 12

" A bath medium was made to the following formulation;

14
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Malic acid

Lugalvan BNO24

Empicol ESB3
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30g/1
100 g/1
100 g/l
100 g/l
19l
1gl

The bath was adjusted to pH 3.8, heated to 50°C and a Hull cell test was performed

under the same conditions as Example 9.

The panel was analysed and found to contain 3.4% cobalt at a point corresponding to

a current density of 4 A/dm® during the d.c. cycle.

This example illustrates the use of a mono-hydroxy carboxylic acid.

15
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Claims
1. A process for electroplating a substrate with a tin alloy, which alloy

comprises from about 2% by weight to about 15% by weight of alloying metal, said

process comprising:

a) contacting the substrate with an electroplating bath medium

comprising:

1. a soluble stannous tin salt;
2. a soluble salt of the alloying metal; and

‘3. a complexing agent;

b) applying a current regime which includes a first condition in which
the average current density is such that the alloying metal is deposited
and a second condition in which the average current density is lower

than in the first condition such that substantially only tin is deposited.

2. A process as claimed in claim 1 wherein the alloying metal is selected from
the group consisting of cobalt, nickel and combinations of the foregoing.
3. A process according to claim 1 or 2 wherein the electroplating bath further

comprises boric acid.

4. A process as claimed in any of claims 1 to 3 wherein the tin salt is selected
from the group comprising stannous sulphate, stannous chloride, stannous
methanesulphonate, stannous fluoborate, stanmous phenolsulphonate and stannous

toluenesulphonate.

5. A process as claimed in any of claims 1 to 4 wherein the alloying metal salt is
selected from the group comprising cobalt sulphate, nickel sulphate, cobalt chloride,

nickel chioride, cobalt methanesulphonate, nickel methanesulphonate, cobalt

16
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fluoborate, nickel fluoborate, cobalt phenolsulphonate, nickel phenolsulphonate

>

cobalt toluenesulphonate and nickel toluenesulphonate.

6. A process as claimed in any of claims 1 to 5 wherein the complexing agent is
5 selected from the group comprising mono-, di- or poly-hydroxy carboxylic acids or

alkali metal salts thereof.

7. A process according to any of claims 1 to 6 wherein the electroplating bath

medium further comprises a grain refining agent comprising a bath sotuble

10 substituted phenolic compound of the formula:
R1—0——(CH,)—0—J;R3

where n is an integer from 1 to 100, m is 2 or 3 and R1 is either a phenolic

S

15 where R2 is a (C1 - C14) alkyl group or,

group of the formula:

an alpha or beta naphthalene group of the formula:

and,

R3 is H, CHCHOH, CHCH,CH;OH, CH,CH(OH)CH,SO;H or
20 CH,CH,CH;SO3H.

JP
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8. A process according to any of claims 1 to 7 wherein the process produces a
tin alloy electrodeposited coating having a thickness in the range of from S to 50

microns.

9. -~ A process as claimed in-any of claims 1 to 8 wherein-the current regime

includes applying a pulsed current.

10. A process as claimed in claim 9 wherein the current regime comprises
applying a direct current for at least one first time interval and applying said pulsed

current for at least one second time interval.

11. A process as claimed in claim 10 wherein the first and second time intervals

are consecutive.
12. A process as claimed in claim 10 or 11 wherein the first time interval is from
about 10 seconds to about 100 seconds and second time interval is from about 20

seconds to about 200 seconds.

13. A process as claimed in any of claims 9 to 12 wherein the pulsed current has
a frequency of from about 10Hz to about 500Hz.

14. A process as claimed in any of claims 9 to 13 wherein in the second condition

. of the pulsed current, the current density is substantially zero.

15. A process as claimed in any of claims 9 to 14 wherein the duty cycle of the

pulsed current is from about 20% to about 50%.

16. A process as claimed in any of claims 1 to 15 wherein the substrate is a

bearing and the electroplated tin alloy coating constitutes a bearing overlay.

JP 2004-536219 A 2004.12.2
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17. A composition for the preparation of an electroplating bath medium for
electroplating alloys of tin and an alloying metal comprising cobalt and/or nickel,

wherein the composition comprises:

(a) - at least one tin salt selected from the group comprising stannous
sulphate, stannous chloride, stannous methanesulphonate, stannous
fluoborate, stannous phenolsulphonate and stannous

toluenesulphonate;

(b) at least one alloying metal salt selected from the group cornprising
cobalt sulphate, nickel sulphbate, cobalt chloride, nickel chloride,
cobalt methanesulphopate, nickel —methanesulphonate, cobalt
fluoborate, mnickel fluoborate, cobalt phenolsulphonate, nickel
phenolsulphonate,  cobalt  toluenesulphonate  and  nickel

toluenesulphonate;

(c) “one or more bath complexing agents selected from the group
comprising mono-, di~ or poly-hydroxy carboxylic acids or alkali
metal salts thereof: and

(d)  boric acid.

18. A composition as claimed in Claim 17 wherein the tin salt is present in an

amount of from about 2g/1 to about 80 g/l

19. A composition as claimed in Claim 17 or 18 wherein the cobalt salt and/or
the nickel salt are present in a total amount of from about 10 g/l to about 250 g/L.

20. A composition as claimed in Claim 17, 18 or 19 wherein the complexing

agent is present in an amount of from about 20 g/1 to about 200 g/1.

JP 2004-536219 A 2004.12.2
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21. A composition as claimed in of claims 17 to 20 wherein the boric acid is

present in an amount of from about 10 g/l to about 150 g/l.

22, A eleciroplating bath medium for electroplating tin-cobalt alloys comprising
the composition of claims 17 to 21 and a grain refining agent comprising a bath

soluble substituted phenolic compound of the formula:

R1—0+(0Hz)m—o~]n—R3

where 1 is an integer from 1 to 100, m is 2 or 3 and R1 is either a phenolic group of

ST

where R2 is a C, to Cy4 alkyl group, or,

the formula

an alpha or beta naphthalene group of the formula:
and,

R3 i selected from the group comprising H, CHCH,0H, CH.CH,CH,OH,
CH>CH(OH)CH,SO03H and CH;CH,CH,SO5H.

23, An electroplating bath medium as claimed in-claim 22 wherein the grain

refining agent is present in an amount of from about 10 ppm to about 10 g/l

20
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24.  An electroplating bath medium as claimed in claim 22 or 23 wherein the tin
salt is stannous sulphate and the alloying metal salt is one or both of nickel sulphate

and cobalt sulphate.

25..  An electroplating bath medium as claimed in claim 22, 23- or 24 wherein the
bath complexing agent is a poly- hydroxycarboxylic acid or alkali metal salt thercof.

26.  An electroplating bath medium as claimed in claim 25 wherein the bath
complexing agent is sodium gluconate, sodium glucoheptonate or an alkali metal salt

thereof.

27.  An electroplating bath medium as claimed in any of claims 25 or 26 wherein
the complexing agent is present in an amount of between 70 g/l and 200 g/l and

‘wherein the boric acid is present is an amount of from 50 g/l to 120 g/I.

28.  An electroplating bath medium as claimed in any of claims 22 to 27 wherein

the grain refining agent is a bath soluble beta naphthol derivative.
29.  An clectroplating bath medium as claimed in any of claims 22 to 28 wherein
the tin salt is present in an amount of 10 g/l to 60 g/l and the at least one alloying

metal salt is present in a total amount of between 70 g/l and 150 g/1.

30. An electroplating bath medium as claimed in any of claims 22 to 29 wherein
the grain refining agent is present in an amount of from 0.5g/1 to 4 g/l

31.  An electroplating bath medium as claimed in any of claims 22 to 30 wherein
the operating temperature of the medium is between about 20°C and about 70°C.

32.  An electroplating bath medium as claimed in any of claims 22 to 31 wherein
the operating pH of the medium is between about pH 2 and about pH 5.
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33. A process as claimed in any of claims 1 to 16 wherein the electroplating bath
medium is a composition as claimed in any of claims 17 to 21 or a medium as

claﬁned in any of claims 22 to 32.

-34..  An electroplating bath comprising an electroplating bath medium according

to any of claims 22 to 32 and a vessel for containing the medium.
35.  An electroplating bath as claimed in claim 34 including at least one tin anode.

36. A process for electroplating an article with a tin alloy coating which process
includes the step of immersing the article in electroplating bath according to claims
34 or 35.

37. A process as claimed in claim 36 including the step of applying a current
regime which includes a first condition in which the average current density is such
that the at least one alloying metal is deposited and a second condition in which the
average current density is lower than in the first condition such that substantialty

only tin is deposited.

38.  An electroplated article produced by the process of any of claims 1 to 16, 33,
36 or 37.

39,  An article as claimed in claim 38 wherein the tin alloy electroplated coating
is a tin-cobalt alloy comprising from about 2% to about 15% cobalt, with the balance

being tin and incidental impurities.
40.  An article as claimed in claim 38 wherein the tin alloy electroplated coating

is a tin-nickel alldy comprising from about 2% to about 15% nickel, with the balance

being tin and incidental impurities.
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41, Anarticle as claimed in claim 38 wherein the tin alloy coating is a tin-cobalt-
nickel alloy comprising from about 2% to about 15% in total of nickel and cobalt,

witi: the balance being tin and incidental impurities.

42, An electroplated article as claimed in any of claims 38 to 41 wherein the

article is a bearing.

43.  Anarticle as claimed in any of claims 38 to 42 wherein the tin alioy coating

has a thickness of at least 5 microns.

44,  Anarticle as claimed in claim 43 wherein the tin alloy coating has a thickness

in the range of from 5 to 50 microns.

45, An electroplating bath medium substantially as hereinbefore described with

reference to Example 1, 2 or 3.

46 A process substantially as hereinbefore described with reference to any of

Examples 1 to 8.

23

JP 2004-536219 A 2004.12.2



(40)

uboobooboboobdooboooboooboaoadao

L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

O

o
<
o0
o
=)
N
o~
=)
<
I
<

& (57 Abstract: An eleciropling bath mediom for electropafing articles with a tin-cobal, tin-nickel, ar tin-cobaltnickel alloy
comprises: at Jeast one tin salt; an alloying meta) salt comprising a cobalt salt and/or a nickel salt; a complexant comprising a hy-
Q© droxycarboxylic acid or alkali metal salt thereof such as a sodium or potassiom g} or heptonat

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burean

(43) International Publication Date

19 September 2002 (19.09.2002) PCT

{0 0 0O O

(10) International Publication Number

WO 2002/072923 A3

(51) International Patent Classification”:
5/18, 7/10, F16C 33/12

C25D 3/60,

(21) International Application Number:
PCT/GB2002/001044

(22) Infernational Filing Date: 13 March 2002 (13.03.2002)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

0106131.6 13 March 2001 (13.032001) GB

(71) Applicant (for all designated States except US): MAC-

DERMID PLC [GB/GB]; Palmer Street, Bordesley, Birm-
ingham B9 4EU (GB).

(75) Inventors/Applicants (for US only}: HERDMAN, Rod-
erick, Dennis [GB/GB), c/o Macdermid PLC, Palmer
Street, Bordesley, Birmingham B9 4EU (GB). PEARSON,
Trevor [GB/GB]; 8 Cricketers Meadow, Cradeley Heath
B64 7HR (GB).

(74) Agent: HARRISON GODDARD FOQOTE; Belgrave
Hall, Belgrave Street, Leeds LS2 8DD (GB).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, Fl, GB, GD, GE, GH,
GM, HR, HU, ID, IL, TN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK,
SL, TI, T™, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA,
ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, 8D, SL, §Z, TZ, UG, ZM, ZW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent
(BE, BI, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
NE, SN, TD, TG).

Published:

—  with international search report

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(88) Date of publication of the international search report:
8 April 2004

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: ELECTROLYTE MEDIA FOR THE DEPOSITION OF TIN ALLOYS AND METHODS FOR DEPOSITING TIN AL-

LOYS

; boric acid; and

a bath soluble substituted phenolic compound. The current regime applied to the plating bath can include fime intervals of direct

cnrrent and of pulsed current in order to i control the

of tin by activation or diffusion contral.

JP 2004-536219 A 2004.12.2



gbooogbodaoan

INTERNATIONAL SEARCH REPORT

(41)

ne! Appitcation No
PCT/GB 02/01044

A CLASSIFICATION OF SUBJECT MATTER
1PC7 €25D3/60 €2505/18 €2507/10 F16C33/12

According to Interntionat Patent Clessification {IPC) or to both national classification and IPC

B. nELns SEARCHED

searched (claseiication system i syrmhole)
IPC7 C25p

the extent that such documents are included in the fiekis searched

EPO-Internat, WPI Data, PAJ

Electionic data base consultec during the infernational search (name of data base and, where practical, seatch erms used)

20 October 1992 (1992-10-20)

Ry

C. TO BE RELEVANT

Category * | Citation of document, with indication, where appropriate, of the relevant passeges Retevant to olaim No.

A DATABASE WPI 1,2,4-6,
Sectton Ch, Week 198027 17-20,
Derwent Publications Ltd., London, GB; 24-27,
Class M11, AN 1980-47445C 29,
XP002269507 31-34,
& JP 55 069289 A (SHINKO KINZOKU KK) 36,38,
24 May 1980 (1980-05-24) 40,45,46
abstract

A US 5 156 729 A (MAHRUS DURAID ET AL)

Further documens are fistedin the continuation of box C.

Patent tamily members sre listed in annex.

< Spetial categories of Gited Gocuments :

fiing date

“L* document which mey thiow doubis on priarity nlmms) o
ViR is oG 10 aStzblich e publication date o 3
citation o+ other special reason (a5 specili

0" document referring {0 ar oral disclosure, use, exnibition or
other means

“P*" document published prior to the infernational fling date but

fer than the priarily date claimed

-
*A* document delining the general siate of the an which is ot

corisidered to be of pariculsr relevance fenion
*E* earier document bul published en o alter the international x

S document ol patticular relevance; Ihe chaimed inventiar n

iser dacument published sftethe intemstions| fing dste
“or priosity ate and not in conilict wih the application bui
3 Underetand T pinele of neory wreisfing the

rnof be considered novel or cannol be considered
vt on e step when ihe dacument is lahsn ‘aone
dosumen o partculer relevance; tbe claimed invertia
20 ConbioRro0 1o fiaive an Ianive Step whan the
Gocument Is Combined with oné of More Oiher Such dogu-
ments. such combination being obvious to & person skl

docurnent merber of the same patert lomily

Dste of the actual completion of the inlematianal search

9 February 2004

Date of mailing of the inlemations! search (epor

19/02/2004

Name and mailing address of the ISA
European Ptent Ofiice, P.B. 5818 Patentiaan 2
AL - 2280 HV Rijswijk
Tel. (+31~70) 340-2040, Tx. 31657 opo .,
Fax: (+31-70) 340-3016

Authorized officer

Van Leeuwen, R

Fosm PCTASAR10 (sac0nd sheat) (luly 1662)

C
L
L
{
L
C
C
L
C
L
L
{
L
C
C
L
C
L
L
{
L
C
C
L
C
L
L
{
L
C
0

page 1 of 2

JP 2004-536219 A 2004.12.2



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

O

INTERNATIONAL SEARCH REPORT

(42)

jonal Application No

PCT/GB 02/03044

€ {(Continugticn) DOCUMENTS CONSIDERED TO BE RELEVANT

Calegory *

Citation of document, with indication,whese appropriate, of the relevant passages

Relevant to claim No.

A

ABD EL REHIM S S ET AL: "ELECTRODEPOSITION
OF SN-CO ALLOYS FROM GLUCONATE BATHS".

1 April 1996 (1996-04-01), JOURNAL OF
APPLIED ELECTROCHEMISTRY, CHAPMAN AND
HALL. LONDON, GB, PAGE{S) 413-418 ,
XP000590299

ISSN: 0021-891X

US 4 795 682 A (DENNIS JOHN K ET AL)
3 January 1989 (1989-01-03)
cited in the application

Form PECTABARIC {oontinuation of ascand sheat] {uly 1962)

page 2 of 2

JP 2004-536219 A 2004.12.2



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

O

INTERNATIONAL SEARCH REPORT

Aformation on patent family members

(43)

intigiionst Application No

PCT/GB 02/01044

Patent document Publication Patent family ] Publication

cited in search report date member(s) date
JP 55069289 A 24-05-1980  JP 1137608 C 28-02-1983
g 57027945 B 14-06-1982
US 5156729 A 20-10-1992 BR 8805772 A 12-06-1990
AT 253389 A B 15-10-1993
DE 3936498 AL 03-05-1990
GB 2224748 A B 16-05-1990
SE 8903661 A 02-05-1990
US 4795682 A 03-01-1989 AT 56227 T 15-09-1990
. : DE 3764736 D1 11-10-1990
EP 0254355 Al 27-01-1988
GB 2192641 A B 20-01-1988
JP 2605049 BZ 30-04-1997
JpP 63028839 A 06-02-1988

Farm PCTAGARD (patont famiy armex) Wy 1682)

JP 2004-536219 A 2004.12.2



(44) JP 2004-536219 A 2004.12.2

gobogooaon

@éGnoooooono  AP(GH,GM,KE,LS,Mw,Mz,SD,SL,SZ,TZ,UG,ZM,ZW) ,EA(AM,AZ,,BY ,KG,KZ ,MD,RU, TJ, TM) ,EP (AT,
BE,CH,CY,DE,DK,ES,FI,FR,GB,GR, IE,IT,LU,MC,NL,PT,SE, TR) ,0OA(BF,BJ,CF,CG,CI,,CM,GA,GN,GQ, GW, ML ,MR,,NE, SN,
TD,TG),AE,AG,AL,AM,AT,AU,AZ,BA,BB,BG,BR,BY,BZ,CA,CH,CN,CO,CR,CU,CZ,DE,DK,DM,DZ ,EC,EE,ES,FI,GB,GD, GE,
GH,GM,HR,HU, ID, IL, IN, IS, JP,KE,KG,KP,KR,KZ,LC,LK,LR,LS,LT,LU,LV,MA,MD,MG,MK,MN ,MW ,MX ,MZ ,NO,NZ,PL,PT,R
0,RU,SD,SE,SG,SI,SK,SL,TI, T™, TR, TT, TZ,UA, UG, US,UZ,UN, YU, ZA, ZW

OO000O@O) 4Ko24 AA21 BBO5 CA02 CA04 CAO6 CAO7 GAl6



	bibliographic-data
	abstract
	claims
	description
	international-document-image-group
	search-report
	overflow

