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Electroless Nickel Plating Bath

Field of the Invention

The invention relates to an electroless nickel plating bath for a low-temperature
deposition of nickel phosphorus alloys having a phosphorus content of
4 to 11 wt.-%. The derived nickel phosphorus deposits can be directly coated
with copper from an immersion copper plating bath during a plating on plastic

process.

Background of the Invention

Plating on plastic processes for decorative and electromagnetic impedance
shielding purposes are widely used in the industry. Said processes are applied
to various plastic parts such as shower heads, mobile phone covers and radia-
tor grills. One main process route involves an electroless plating step after pre-
treatment and activation of the plastic substrate to be coated. The electroless
plating methods applied are usually electroless deposition of copper or nickel.
The metal or metal alloy layer deposited onto the activated plastic substrate
serve as a full area conductive surface for further metal layers deposited later
by electroplating methods. The main plastic materials used for said purpose are
ABS (acrylnitrile-butadiene-styrene copolymer), ABS/PC blends and PA. The
main electroplating processes applied after electroless deposition of copper or
nickel are plating of copper, nickel and finally chromium. Such methods are well
known In the art and for example described in EP 0 616 053 B1.
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In case a nickel alloy is deposited by an electroless plating method the require-
ments for the electroless nickel plating process and the nickel plating bath used

are manifold.

Electroless nickel plating baths capable for deposition of nickel phosphorus al-
loys having a phosphorus content in the range of 4 to 11 wt.-% are known in the

art.

An electroless nickel plating bath useful for deposition of nickel phosphorous
alloys onto conducting SnO, surfaces Is disclosed In US 2002/0187266 A1.
Sald electroless nickel plating bath may contain thiosalicylic acid as a stabilizing
agent. However, disclosed plating temperatures are as high as 70 °C and the

plating bath requires hazardous substances such as lead ions.

An electroless nickel plating bath comprising sulphide ions together with a sul-
phide ion controller is disclosed In US 2,762,723. Compounds suitable as sul-
phide ion controller are selected from inorganic sulphides, other thio com-

pounds, bismuth and lead ions.

summary of the Invention

Thus, it Is an object of the present invention to provide an electroless nickel
plating bath for plating on plastic process which Is capable to deposit nickel
phosphorous alloys having a phosphorus content in the range of 4 to 11 wt.-%,
preferably 6 to 9 wt.%, to deposit said alloys at a plating bath temperature of not
higher than 55 °C, preferably below 40 °C which saves energy and which does
not contain hazardous components such as lead and ammonia. Furthermore it
IS an object of the present invention to provide an electroless nickel plating bath
which allows deposition of nickel phosphorus coatings which can be coated In a
successive process step with copper from an immersion copper plating bath
without activation of the nickel phosphorus coating by immersing the substrate
INn e.g., sulphuric acid prior to copper deposition. This leads to a reduced num-

ber of process steps and less waste water production.
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This object Is achieved with an lead- and ammonium-free electroless nickel plat-
iIng bath according to claim 1 comprising a nickel salt, a hypophosphite com-
pound as reduction agent, a complexing agent mixture, and a stabilizer compo-

nent mixture.

By applying the plating mechanism according to the present invention using a
plating bath described in more detail below nickel phosphorous deposits can be
obtained which are low In phosphorous and suited to be directly plated by im-

Mmersion Copper.

Without being bound to It, it is believed that the direct immersion plating on
nickel phosphorous deposits obtained by a method of the present invention Is
possible because of lower phosphorous as well as bismuth content of the nickel

deposit, both of which negatively effect the copper deposition.

Detailed Description of the Invention

It has been surprisingly found by the inventors that nickel phosphorus coatings
on an activated plastic substrate can be deposited from an ammonia- and lead-
free electroless nickel plating bath for deposition of nickel phosphorus alloys
having a phosphorus content of 4 to 11 wt.-% at low temperatures, which are

suited for direct deposition of iImmersion copper, the plating bath comprising

. asource of nickel ions
Il.  a source of hypophosphite ions,
.  a complexant mixture comprising

a) at least one first complexant selected from the group
consisting of hydroxy carboxylic acids, dinhydroxy

carboxylic acids and salts thereof and
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b) at least one second complexant selected from the
group consisting of iminosuccinic acid, iminodisuc-

cinic acid, salts and derivatives thereof,
iv.  a stabilizer mixture comprising
a) bismuth ions, and

b) at least one compound selected from the group con-
sisting of mercapto benzoic acids, mercapto carbox-
vlic acids and mercapto sulfonic acids and salts

thereof.

The advantages of the inventive electroless nickel plating bath are a) ammonia
and lead are not required in the plating bath and b) the activation of a nickel
phosphorus layer prior to copper deposition from an immersion copper plating

bath Is not required.

The inventive electroless nickel plating bath contains nickel ions in a concentra-
tion of 0.5 g/l to 5 g/l, more preferred 2.5 g/l to 4 g/l. The source of nickel ions Is
selected from water soluble nickel salts. Preferred sources of nickel salts are
selected from the group comprising nickel chloride, nickel sulphate, nickel me-

thanesulfonate and nickel carbonate.

The inventive electroless nickel plating bath further contains a reducing agent
which Is selected from hypophosphite compounds such as sodium hypophos-
phite and potassium hypophosphite. The concentration of hypophosphite ions In
the plating bath preferably ranges from 10 g/l to 35 g/l, more preferably from
20 g/l to 27 g/l.

The inventive electroless nickel plating bath further contains a mixture of com-
plexants which Is constituted of at least one first complexing agent selected
from the group consisting of hydroxy carboxylic acids, dihydroxy carboxylic ac-

iIds and salts thereof.
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The at least one second complexing agent is selected from the group consisting

of Iminosuccinic acid, Iminodisuccinic acid, derivatives thereof and salts thereof.

The at least one first complexing agent is preferably selected from the group
consisting of hydroxymalonic acid, glycolic acid, lactic acid, citric acid, mandelic
acid, tartaric acid, malic acid, paratartaric acid, succinic acid, aspartic acid and
salts thereof. Cations In salts of the at least one first complexing agent are se-
lected from lithium, sodium and potassium. The most preferred first complexing
agents are selected from the group consisting of succinic acid, glycinic acid and

glycolic acid.

The concentration of the at least one first complexing agent ranges from 1 g/l to

50 g/l, more preferably from 10 g/l to 20 g/I.

The at least one second complexant which Is selected from iminosuccinic acid,
diiminosuccinic acid, derivatives thereof or salts therof is selected from the
group consisting of iminosuccinic acid, iminodisuccinic acid, derivatives thereof
and salts thereof. Cations in salts of iminosuccinic acid derivatives are selected

from lithium, sodium and potassium.

The concentration of the at least one second complexing agent ranges from

0.2 g/l to 10 g/l, more preferably from 0.8 g/l to 5 g/l.

The inventive electroless nickel plating bath composition further contains a sta-

bilizer mixture consisting of two components:
a bismuth sallt,

mercapto benzoic acids, mercapto carboxylic acids and mercapto sulfonic acids

and salts thereof.

The bismuth salt added to the electroless nickel plating bath is a water soluble
bismuth salt selected from the group consisting of bismuth nitrate, bismuth tar-
trate, bismuth sulphate, bismuth oxide and bismuth carbonate. The concentra-

tion of bismuth ions In the electroless nickel plating bath ranges from 0.5 mg/| to



CA 02860596 2014-07-04

WO 2013/113810 PCT/EP2013/051889

100 mg/l, preferably from 0.5 mg/l to 30 mg/l, more preferably from 1 mg/l to
30 mg/l.

The mercapto benzoic acid, derivative or salt thereof are selected from the
group consisting of 2-mercapto benzoic acid, 3-mercapto benzoic acid, 4-
mercapto benzoic acid, salts thereof and mixtures thereof. Preferably the salts
of the mercapto benzoic acid or derivative thereof are selected from the group
consisting of lithium, sodium and potassium salts and mixtures of the foregoing.
The concentration of the at least one mercapto benzoic acid or salt thereof

ranges from 0.1 mg/l to 100 mg/l, more preferably 0.5 mg/l to 30 mgl/I.

The mercapto carboxylic acid Is selected from the group consisting of 3-
mercaptopropionic acid, 3-mercapto-2-methylpropionic acid, 2-mercaptopropa-
noic acid, mercapto acetic acid, 4-mercaptobutyric acid, 3-mercaptoisobutyric
acid. Preferably the mercapto carboxylic acid is not mercapto acetic acid. More
preferably the mercapto carboxylic acid is selected from the group consisting of
3-mercaptopropionic acid, 3-mercapto-2-methylpropionic acid, 2-mercapto-

propanoic acid, 4-mercaptobutyric acid, 3-mercaptoisobutyric acid.

The mercapto sulfonic acid is selected from the group consisting of 2-mercapto-
1-ethane sulfonic acid, 3-mercapto-1-propane sulfonic acid, 4-mercapto-1-

butane sulfonic acid.

The concentration of the at least one mercapto carboxyl acid or mercapto sul-
fonic acid or salt thereof ranges from 0.1 mg/l to 100 mg/l, more preferably
0.5 mg/l to 30 mg/l.

The pH value of the inventive nickel phosphorous plating bath ranges from 6.5
to 11.5, preferably 6.5 to 9.0.

The nickel phosphorous plating bath is held at a temperature in the range of 20
to 55 °C, preferably in the range of 25 to 35 °C, more preferably in the range of
27 10 32 °C during plating.

The plating time ranges from 4 to 120 min.
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During the deposition of the nickel alloy, mild agitation of the plating bath gen-
erally 1Is employed; its agitation may be a mild air agitation, mechanical agita-
tion, bath circulation by pumping, rotation of a barrel plating, etc. The plating
solution may also be subjected to a periodic or continuous filtration treatment to
reduce the level of contaminants therein. Replenishment of the constituents of
the bath may also be performed, in some embodiments, on a periodic or contin-
uous basis to maintain the concentration of constituents, and in particular, the
concentration of nickel ions and hypophosphite ions, as well as the pH level

within the desired Iimits.

The nickel phosphorous plating bath can preferably be employed in the plating
of non-conductive plastic substrates, which generally comprises the following

steps:
a) provide a conductive seed layer onto the plastic substrate

b) apply a nickel phosphorous coating to said plastic substrate by
bringing it into contact with above mentioned plating bath compo-

sition,
c) optionally, rinse the such plated plastic substrate with water and

d) apply a copper coating onto the nickel phosphorous coating by
bringing the plastic substrate into contact with an immersion cop-

per plating bath comprising copper ions.

No additional activation step of the nickel phosphorous coating is required be-

fore the copper immersion plating in step d).

The non-conductive substrates can be activated according to step a) by various
methods which are described, for example, in Handbuch der Leiterplattentech-
nik, Vol. 4, 2003, pages 292 to 300. These processes involve the formation of a
conductive layer comprising carbon particles, Pd colloids or conductive poly-
mers. Some of these processes are described In the patent literature and ex-

amples are given below:
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European patent EP 0 616 053 describes a process for applying a metal coating

to a non-conductive substrate (without an electroless coating) comprising:

a. contacting said substrate with an activator comprising a noble metal/Group

IVA metal sol to obtain a treated substrate;

b. contacting said treated substrate with a self accelerating and replenishing
iImmersion metal composition having a pH above 11 to pH 13 comprising a

solution of;
(1) a Cu(ll), Ag, Au or Ni soluble metal salt or mixtures thereof,
(i) a Group IA metal hydroxide,

(1) a complexing agent comprising an organic material having a cumula-
tive formation constant log K of from 0.73 to 21.95 for an ion of the

metal of said metal sallt.

United States patent 5,503,877 describes the metallisation of non-conductive
substrates involving the use of complex compounds for the generation of metal
seeds on a non-metallic substrate. These metal seeds provide for sufficient
conductivity for subsequent electroplating. This process is known in the art as

the so-called "Neoganth” process.
Preferably, the following process sequence is applied:

a) provide a conductive seed layer onto the plastic substrate by first
etching the substrate, e.g. an ABS plastic substrate, in an aque-
ous solution containing 100-400 g/l CrOs and 100- 500 g/l sul-

phuric acid at elevated temperatures between 50 to 80 °C,

b) apply a nickel phosphorous coating to said plastic substrate by
bringing it into contact with above mentioned plating bath compo-

sition,

c) optionally, rinse the such plated plastic substrate with water and
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d) apply a copper coating onto the nickel phosphorous coating by
bringing the plastic substrate into contact with an immersion cop-

per plating bath comprising copper ions and sulphuric acid.

Generally, immersion copper plating baths contain a source of copper ions, e.g.
copper sulphate. The copper ion concentration can vary depending on the plat-
INng process. It can for example range between 0.5 — 1.0 g/l. Generally, 1t Is
slightly acidic and contains an inorganic acid like sulphuric acid. Additionally
additives like surfactants can be added if required. Such additives are known In
the art.

Thereafter, the such coated substrates can be further metallised by electro-

chemical methods with copper, chromium, nickel etc. known in the art.

Examples

The invention will now be illustrated by reference to the following non-limiting

examples.

Pre-treatment of the ABS substrate material prior to deposition of a nickel phos-

phorus material applied for all examples:

The ABS substrates were first etched in an aqueous solution containing 360 g/
CrOs and 360 g/l conc. sulphuric acid heated to 65 °C for 6 min. Next the sub-
strates were rinsed with water, dipped into an aqueous solution of sodium hy-
drogene sulfite and again rinsed with water. Next, the ABS substrates were
dipped into an aqueous solution of 300 ml/l conc. hydrochloric acid, activated
for 1 min in an aqueous solution consisting of 300 ml/l conc. hydrochloric acid,
250 mg/l palladium chloride and 17 g/l tin(ll)chloride and rinsed with water

again.
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After deposition of the nickel phosphorus alloy coating from electroless nickel
plating baths the ABS substrates of Examples 1 to 4 were rinsed with water and
then subjected without any further activation for 2 min to an immersion copper
plating bath comprising 0.7 g/l of copper ions and 1.7 g/l conc. sulphuric acid
held at 35 °C.

The phosphorus content of the nickel phosphorus alloy deposits was measured

with AAS (atomic absorption spectrometry) after dissolution of the deposits.

The contact resistivity of the derived copper coating was measured with a
standard multimeter and 1 cm distance between the contact tips. The lower the
contact resistivity of a sample, the better the coverage of the nickel phosphorus

layer coated with copper.

Example 1 — according to invention

A nickel phosphorous alloy was deposited from an aqueous electroless nickel
plating bath containing 3.5 g/l nickel ions, 25 g/l hypophosphite ions (corre-
sponding to 11.9 g/l of phosphorous), 5 g/l of citric acid and 2.5 g/l iminodis-
cuccinic acid as complexant mixture and 2.7 mg/l bismuth ions and 12.8 mg/l 2-

mercapto benzoic acid as stabilizer mixture.

The operating temperature of the electroless nickel plating bath was held at

35 °C and the ABS coupons were dipped into the plating baths for 10 min.

A nickel phosphorous alloy deposit having a phosphorous content of 7.9 wt.-%

was obtained.

Next the as coated substrate was rinsed with water and then dipped without any
activation directly for 2 min in an immersion copper plating bath comprising
0.7 g/l of copper ions and 1.7 g/l conc. sulphuric acid held at 35 °C. The whole

nickel phosphorous alloy layer was coated with a layer of copper.

10
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The contact resistance of the nickel phosphorous alloy and then copper plated

ABS coupons was Iin the range of 0.1 Q to 1.6 QQ/cm, which corresponds to a

high conductivity which is suitable for subsequent electroplating.

Example 2 — according to invention

Example 1 was repeated using an_electroless nickel plating bath containing the

same compounds except that 2-mercapto benzoic acid as stabilizer was re-

placed by 15 mg/l 3-mercaptopropionic acid.

A nickel phosphorous alloy deposit having a phosphorous content of 7.6 wt.-%

was obtained.

Next the as coated substrate was rinsed with water and then dipped without any
activation directly for 2 min in an immersion copper plating bath comprising

0.7 g/l of copper ions and 1.7 g/l conc. sulphuric acid held at 35 °C. The whole

nickel phosphorous alloy layer was coated with a layer of copper.

The contact resistance of the nickel phosphorous alloy and then copper plated

ABS coupons was in the range of 0.2 Q to1.4 QQ/cm, which corresponds to a

high conductivity which is suitable for subsequent electroplating.

Example 3 — comparative

Example 1 was repeated using an_electroless nickel plating bath containing the

same compounds except that 2-mercapto benzoic acid was omitted.

A nickel phosphorous alloy deposit having a phosphorous content of 11.2 wt.%

was obtained.

No immersion plating of copper was possible when treating the deposited nickel

phosphorous alloy with a copper immersion plating solution described above.

11
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The contact resistance of the nickel phosphorous alloy was in the range of 40 Q

to 60 Q3/cm.

Example 4 — comparative

Example 1 was repeated using an_electroless nickel plating bath containing the

same compounds except that iminodisuccinic acid was omitted.

A nickel phosphorous alloy deposit having a phosphorous content of 11.2 wt.%

was obtained.

No immersion plating of copper was possible when treating the deposited nickel

phosphorous alloy with a copper immersion plating solution described above.

The contact resistance of the nickel phosphorous alloy was in the range of 50 Q)

to 70 QQ/cm.

Example 5 — according to invention

A nickel phosphorous alloy was deposited from an aqueous electroless nickel
plating bath containing 3.5 g/l nickel ions, 25 g/l hypophosphite ions (corre-
sponding to 11.9 g/l of phosphorous), 5 g/l of citric acid and 2.5 g/l iminodis-
cuccinic acid as complexant mixture and 1 mg/l bismuth ions and 2 mg/l 2-
mercapto benzoic acid as stabilizer mixture. The pH value of the electroless

nickel plating bath was 8.0.

The operating temperature of the electroless nickel plating bath was held at

35 °C and the ABS coupons were dipped into the plating bath for 10 min.

A nickel phosphorous alloy deposit having a phosphorous content of 7.23 wt.-%

and a bismuth content of 0.19 wt.-% was obtained. The deposition rate was
1.93 um/h.

12
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Example 6 - according to invention

Example 5 was repeated using an electroless nickel plating bath containing the

same compounds except that 2-mercapto benzoic acid as stabilizer was re-

placed by 5 mg/l mercapto acetic acid.

A nickel phosphorous alloy deposit having a phosphorous content of 8.5 wt.-%
and a bismuth content of 0.13 wt.-% was obtained. The deposition rate was

1.40 um/h.

Example 7 - comparative

Example 5 was repeated using an electroless nickel plating bath containing the

same compounds except that iminodisuccinic acid in the complexant mixture

was replaced by 2.5 g/l succinic acid.

A nickel phosphorous alloy deposit having a phosphorous content of 11.4 wt.-%

and a bismuth content of 0.22 wt.-% was obtained. The deposition rate was

1.43 um/h.

Example 8 - comparative

Example 5 was repeated using an electroless nickel plating bath containing the

same compounds except that 2-mercapto benzoic acid as stabilizer was re-

placed by 2 mg/l thiodiglycolic acid.

A nickel phosphorous alloy deposit having a phosphorous content of 12.4 wt.-%
and a bismuth content of 0.22 wt.-% was obtained. The deposition rate was

1.28 um/n.

13
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Example 9 — according to invention

A nickel phosphorous alloy was deposited from an aqueous electroless nickel
plating bath containing 3.5 g/l nickel ions, 25 g/l hypophosphite ions (corre-
sponding to 11.9 g/l of phosphorous), 5 g/l of citric acid and 2.5 g/l iminodis-
cuccinic acid as complexant mixture and 4 mg/l bismuth ions and 5 mg/l 2-
mercapto benzoic acid as stabilizer mixture. The pH value of the electroless

nickel plating bath was 8.6.

The operating temperature of the electroless nickel plating bath was held at

35 °C and the ABS coupons were dipped into the plating bath for 10 min.

A nickel phosphorous alloy deposit having a phosphorous content of 8.9 wt.-%

was obtained.

Example 10 - according to invention

Example 9 was repeated using an electroless nickel plating bath containing the
same compounds except that 2-mercapto benzoic acid as stabilizer was re-

placed by 5 mg/l 3-mercapto-1-propane sulfonic acid.

A nickel phosphorous alloy deposit having a phosphorous content of 8.6 wt.-%

was obtained.

14
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CLAIMS

1. An ammonia- and lead-free electroless nickel plating bath for deposition
of nickel phosphorus alloys having a phosphorus content of 4 to 11 wt.-%

comprising
. a source of nickel ions
. asource of hypophosphite ions,
.  a complexant mixture comprising

a) at least one first complexant selected from the group
consisting of hydroxy carboxylic acids, dinhydroxy

carboxylic acids and salts thereof and

b) at least one second complexant selected from the
group consisting of iIminosuccinic acid, iminodisuc-

cinic acid, salts and derivatives thereof,
Iv.  a stabilizer mixture comprising
a) bismuth ions, and

b) at least one compound selected from the group con-
sisting of mercapto benzoic acids, mercapto carbox-
vlic acids and mercapto sulfonic acids and salts

thereof.

2. An electroless nickel plating bath according to claim 1 wherein the at
least one first complexant Is selected from the group consisting of hy-

droxymalonic acid, glycolic acid, lactic acid, citric acid, mandelic acid, tar-

15
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taric acid, malic acid, paratartaric acid, succinic acid, aspartic acid and

salts thereof.

3. An electroless nickel plating bath according to any of the foregoing
claims wherein the concentration of the at least one first complexant

ranges from 1 g/l to 50 g/I.

4. An electroless nickel plating bath according to any of the foregoing
claims wherein the concentration of the at least one second complexing

agent ranges from 0.2 g/l to 10 g/I.

5. An electroless nickel plating bath according to any of the foregoing
claims wherein the concentration of bismuth ions ranges from 0.5 mg/I to
30 mg/l.

6. An electroless nickel plating bath according to any of the foregoing
claims wherein the mercapto benzoic acid derivative Is selected from the
group consisting of 2-mercapto benzoic acid, 3-mercapto benzoic acid,

4-mercapto benzoic acid, salts thereof and mixtures thereof.

/. An electroless nickel plating bath according to any of the foregoing
claims wherein the mercapto carboxylic acid is selected from the group
consisting of 3-mercaptopropionic acid, 3-mercapto-2-methylpropionic
acid, 2-mercaptopropanoic acid, mercapto acetic acid, 4-mercaptobutyric

acid and 3-mercaptoisobutyric acid.

8. An electroless nickel plating bath according to any of the foregoing
claims wherein the mercapto sulfonic acid is selected from the group
consisting of 2-mercapto-1-ethane sulfonic acid, 3-mercapto-1-propane

sulfonic acid, 4-mercapto-1-butane sulfonic acid.

9. An electroless nickel plating bath according to any of the foregoing
claims wherein the concentration of the mercapto benzoic acids, mercap-
to carboxylic acids and mercapto sulfonic acids or salts thereof ranges

from 0.1 mg/l to 100 mg/I.

10
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10.An electroless nickel plating bath according to any of the foregoing

claims wherein the phosphorus content ranges between 6 to 9 wt.-%.

11. A method for metal plating of non-conductive substrates, which compris-

es the following steps:

. provide a conductive seed layer onto the non-conductive sub-

strate;

. apply a nickel phosphorous coating to said non-conductive sub-
strate by bringing it into contact with a plating bath composition

according to any of the claims 1 — 10;
. optionally, rinse the such plated substrate with water; and

Iv. apply a copper coating onto the nickel phosphorous coating by
bringing the plastic substrate into contact with an immersion cop-

per plating bath comprising copper ions.

12. A method according to claim 11, wherein the plating temperature ranges
between 25 — 35 °C.

13.A method according to claims 11 and 12, wherein the non-conductive

substrate is a plastic substrate made of ABS or ABS/PC blend.
14. A method according to claims 11 — 13, further comprising

V. apply at least one electrolytically deposited metal layer onto the
iImmersion copper layer deposited in step Iv., wherein the at least one
electrolytically deposited layer is selected from copper, nickel, chromium

or its alloys.
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