METHOD AND €OVPCSI TI ON FOR BRI GHT ELECTROLESS NI CKEL DEPCSI TI ON THE PRESENT
| NVENTI'ON rel ates to an inproved nethod and plating solution for carrying
out the electroless or chem cal deposition of a nickel alloy on a netallic
or non- netallic substrate. Electroless nickel plating is a process

I nvol ving the control |l ed autocatal ygi-c reducti on of nickel ions by hydrogen
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stabilisers or brighteners. Electroless nickel - phosphorus deposits displ ay
excel l ent corrosion and wear resistance. No electrical current is applied

in thi ' ni ckel - phosphor can be deposited
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applications of electrol ess nickel-phosphorus coatings that demand a

deposit with a smooth and bright surface finish.
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Electroless nickel-phosphorus deposits display excellent corrosion and wear resistance. No
electrical current is applied in this plating process, and so nickel-phosphorus can be deposited
uniformly on metallic or non-metallic surfaces of complex shape. Because of this, electroless
nickel-phdsphorus coatings have found widespread applications in many fields such as the
acrospace, automobile, microelectronics, chemical, petrochemical, food, and precision

engineering industries.

The essential principles and applications of electroless nickel-phosphorus depositions are
known in the art, and may be found in, for example, ‘Electroless Nickel Plating’ by W. Riedel
or ‘Electroless Plating: Fundamentals and Applications’ by G.O. Mallory and J.B. Hajdu.

One of the problems typically associated with electroless nickel-phosphorus plating is
micropitting of the nickel deposited on a very smooth surface as a result of hydrogen
evolution during the plating process. Despite measures to avoid this, which may include
agitation of the plating solution, movement of a part being plated, addition of surfactants and
so on, micropitting is in many cases the limiting factor for special engineering applicatiohs of
electroless nickel-phosphorus coatings that demand a deposit with 2 smooth and bright
surface finish,
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-2- The nost* effective renedy for this problem has been found to be to
reduce .t he surface tension of the plating solution by the addition of
carefully selected surfactants to it. The | owering of the surface tension
of the plating solution |leads to the rapid di scharge of hydrogen bubbl es.
Surfactants known in the art includ@alkyl or aryl sul phonates, and

fl uorocarbons. However, even with the use of such surfactants, mcropitting
can still occur. It is an object of the present invention to provide a

pl ating solution and nethod for el ectrol ess nickel deposition which results
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such as a nickel sulphate. Preferably, the toncentratio e sourcé of
ni ckel ¢mns~ﬁﬂsﬂlbwm§smhgﬁﬂfadtmt£nﬂclgpittingbchrmﬁﬂlagemusI y, the concentration
of the source of nickel ions is substantially 6.0 g/l. The reduci ng agent
may be an al kali netal hypophosphite, such as sodi um hypophosphite.
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Accordingly, in one aspect, the present invention provides an aqueous plating solution for use
in depositing an electroless nickel coating on a substrate, which solution contains: a source of

nickel ions; a reducing agent; and an anti-pitting agent in the form of a water-soluble styrenic

compound.

The source of nickel ions may be a soluble nickel salt, such as a nickel sulphate.

Preferably, the concentration of the source of nickel ions is from 5.2 g/l t0 6.8 g/l
Advantageously, the concentration of the source of nickel ions is substantially 6.0 g/I.

The reducing agent may be an alkali metal hypophosphite, such as sodium hypophosphite.

Preferably, the concentration of the reducing agent is from 20 g/l to 40 g/l and,
advantageously, is about 28 g/1.

The water-soluble styrenic compound corresponds to the general formula:
CH2=CH'C6H4Z

where Z is a hydrophilic group.



-3- In preferred enbodi nents of the invention, Z is one of the polar
chem cal -groups consisting of: sul phonate; ethylene glycol oligomner;
car boxyl ate; quaternary anmonium primry am de; or phosphate. The
concentration of the water-soluble styrenic conpound is preferably fromO.1
to 10 mcro nol/Il. Desirably, the spLution contains a netal conplexing
agent which may, for exanple, be selected fromthe group consisting of
| actic acid, nmalic acid and m xtures thereof. Suitably, the netal
conpl exing agent is present in stoichionetric excess over the |evel of
ni ckel Ih'bréf@ﬁe& enYbdiftiants UTGheS RIvEAfGH) 7R Y%ne YRRl Poldr ¢HenAckl ;g%dﬂﬂgzoﬁﬂﬁiﬁg whi ch
may, for "exanple, be selected fromthe group consisting of bdrax, adipic
aci d arof: sulphonats; ethylenof glyddeokgimer] aarborylatey nquatennary saradpiohiusi; nprimgent
sel ected,, .for exanple, fromthe group consisting of ions of |ead, cadm um
zi nc, s%mésrqrpﬁez €1 : and SCN, and conbinations thereof. Advantageously,
the concentration of the stabilising agent is between 1 and 50 ppm In
anot her aspect, the invention provides a nethod of depositing an
el ect r dllesonoéntdatibn of thel wegeresolubls stshicadompound dcpreferdtily frome.hddl 10 amipra ses
the step of at least partially inmersing the substrate in a plating
sol uti dROMecor di ng to the present invention. Advantageously, the nethod
further conprises the step of nmaintaining the plating solution at a
tenperature of from85[err]Cto 95[err]C The nethod may further conprise
the st ePespdablyRithd 36ltio® cohRingl Atnhdlgl Shplexifp apentdwhidhOmad, & ékanpl®) Be 5.
Preferably, the pHis maintained at substantially 5.

selected from the group consisting of lactic acid, malic acid and mixtures thereof. Suitably,

the metal complexing agent is present in stoichiometric excess over the level of nickel in the

solution.

The solution may contain a pH adjusting agent which may, for example, be selected from the

group consisting of borax, adipic acid and mixtures thereof.

The solution may contain a stabilising agent selected, for example, from the group consisting

of ions of lead, cadmium, zinc, silver, I0,’; and SCN", and combinations thereof.
Advantageously, the concentration of the stabilising agent is between 1 and 50 ppm.

In another aspect, the invention provides a method of depositing an electroless nickel coating
on a substrate surface, which method comprises the step of at least partially immersing the

substrate in a plating solution according to the present invention.

Advantageously, the method further comprises the step of maintaining the plating solution at
a temperature of from 85°C to 95°C.

The method may further comprise the step of maintaining the plating solution at a pH of from
4.5 to0 5.5. Preferably, the pH is maintained at substantially 5.



-4- Conveniently, the pH of the plating solution is controlled by adding to
the solution at |east one acid or at |east one base or a conbination
thereof. Preferably, the pH of the plating solution is controlled by adding
sul phuric acid or amroni um hydroxi de or a conbi nation thereof. Desirably,
the nethod further conprises the stgp of cleaning the surface of the
substrate prior to at least partial imersion of the substrate in the
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pl ating solution. In order that the invention nmay be nore readily
under st ood, an Exanple of nickel plating using a conventional plating

solutiqQn w e red with Exanpples of nickel platin ing plating
ol ut | chietotablse At e BV g s LBAR 1 coptRls-Lhy Siiia et et o erdim -
nor e dqﬁ@} : i I eral, an electroless nickel plating bath
enbodyi géfﬁgﬁ%%é§§§®%@ﬁ€§%?ggﬂ contains the follow ng constituents
dissolved in distilled water: (a) a sol uble source of nickel ions, such as
ni ckel sul phate which is readily avail abl e or, any other sol ubl e nickel
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to 40 g/l. (c) a conplexing agent for nickel ions which nmay be sel ected
fromlactic acid, malic acid or a m xture of these. (d) a pH adjusting
agent , Adnantageousby, ashereibie aehspats isan aluptinivm sibsirate the methed fugharapmpriges

pr eventthé 3 elpdoip gn&a@%ggt?esajtment of the substrate prior to at least partial immersion of the

substrate in the plating solution.

In order that the invention may be more readily understood, an Example of nickel plating
using a conventional plating solution will be compared with Examples of nickel plating using
plating solutions which embody the present invention and which are described in more detail

hereinafter,

In general, an electroless nickel plating bath embodying the present invention contains the

following constituents dissolved in distilled water:

(a) a soluble source of nickel ions, such as nickel sulphate which is readily available or any .
other soluble nickel salt. The concentration of nickel ions can range from 5.2 to 6.8 g/l.

(b) a soluble source of a reducing agent which may be an alkali metal hypophosphite, such as
sodium hypophosphite with a concentration of from 20 to 40 g/1.

(c) a complexing agent for nickel ions which may be selected from lactic acid, malic acid or a
mixture of these.

(d) a pH adjusting agent, such as borax and adipic acid which can be used as buffers to
prevent rapid pH changes.



-5- (e) a stabilising agent which may be selected fromions of |ead,
cadm um .- zinc, silver, 10[err] and SCN or conbi nations of these at
concentration levels of from1l to 50 ppm (f) a water-soluble styrenic
conpound whi ch serves as an anti-pitter with a concentration between 0.1 to
10 micro nol/1. The water-sol uble s§yrenic conpound corresponds to the
general structure CH2=CH C6H4Z [err] Where Z is a hydrophilic head which
can be one of_the polar em cal consi s of sulphonat hyl ene
gl ycol (®l2 g@h}é\smgcag%wwgt@y 'ef'u %ﬁﬁ%&%ﬂf [?ﬁﬁq sl ﬁ@
phosphat €, Tmbcﬁ%oﬁ)bfﬁalhﬂﬁwtﬁ atF&ﬁ:eH@étﬁihlé@léJMf?mﬁtM sn' gnpormounds has
a hydroph I C styrenyl group Inks wth a water-so group

Al t hougf) 4 Reatitphudiy/ btyfﬁhmlébxhp@nﬁmbhﬁcﬂlsems @rﬁlrahtmuémaéfswnhtas carehtrgined
structure (the doubl e bond and the benzene ring are copl anar) endows it
wi t h muchbgweem@éto hQ drienotmdlilci ty than other C-8 CHAINS. Since surface or

i nterfacial tension reduction depends upon the replacenent of sol vent

nol ecul es at the interface by surfactant nol ecules, the efficiency of a

sur f actgply, at&-goﬁ?dr&sts}&nfwoir find §6l§és?6‘nd%h9%ﬁ hefel @Rlcnirge concentration of
the surfactant at the |nter1ace relative to that in the bulk liquid phase.
For surfactants in aqueous solution, the efficiency increases wth increase
i n the hydrophobi c character &f éh surfactant. Hence, the styrenic
conpounds have a hi gher séH:E ption concentration than other
surfactants having a C-8 chain as their |ongest chain. Wilst a conparable
surface adsorption could be achieved by the use of a surfactant with a | ong
enough carbon chain, su€h-sogw factant would al so have a high foam ng

ability,
-(OCH,CH,),-OH
Z= -COONa
-NR,X
-CONH,
-PO,Na
Where Z is a hydrophilic head which can be one of the polar chemical groups consisting of

sulphonate, ethylene glycol oligomer, carboxylate, quaternary ammonium, primary amide and

phosphate.

The basic structure of the water-soluble styrenic compounds has a hydrophobic styrenyl
group that links with a water-soluble group. Although the styrenyl group has only eight
carbon atoms, its conjugated structure (the double bond and the benzene ring are coplanar)
endows it with much stronger hydrophobicity than other C-8 CHAINS. Since surface or
interfacial tension reduction depends upon the replacement of solvent molecules at the
interface by surfactant molecules, the efficiency of a surfactant in reducing surface tension
should reflect the concentration of the surfactant at the interface relative to that in the bulk
liquid phase. For surfactants in aqueous solution, the efficiency increases with increase in the
hydrophobic character of the surfactant. Hence, the styrenic compounds have a higher
surface-adsorption concentration than other surfactants having a C-8 chain as their longest
chain. Whilst a comparable surface adsorption could be achieved by the use of a surfactant
with a long enough carbon chain, such a surfactant would also have a high foaming ability,



-6- which is a drawback as far as electroless plating is concerned. Thus,
it- has been found that water soluble styrenyl surfactants in an electroless
ni ckel plating solution can achieve a high surface-adsorption concentration
wi t hout produci ng undesirable foam resulting in a bright electroless

ni ckel - phosphorus deposit on the sugstrate surface. The plating solution is
mai ntai ned at a tenperature of from85 to 95[err]C and at a pH of from4.5

to 5.5. For.catalytic tallic substrates, the depasitiaon gan he ried
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and/ or Siestoless By ?lrﬁioﬁ&oéﬁlq e(f’o%ﬁ%ﬁ'&eéggﬁa%aﬂfaﬁ%tion is required before the
pl ati ng process, as known to those skilled in the art. Exanple 1. - Plating
in accordance with a conventional plating solution and nethod. A 500
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plating solution with: 26 g/l of nickel sul phate hexahydrate; 28 g/l of
sodi um$hypodhosphit e nonohydrate; 15 g/l of lactic acid; 14 g/l of malic
acid; 6 g/l of borax; 10 g/l of sodiumacetate; 2 ng/l of cadm um acetate
and 2 ng/| of lead acetate. The pH of the solution was adjusted to 5.0
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g
sheet was exam ngg visually as we
substrate and the nickel-phosphorus deposit. For non-conductive and/or non-catalytic metallic

substrates, activation is required before the plating process, as known to those skilled in the

art.

Example 1. - Plating in accordance with a conventional plating solution and method.

A 500 millilitre electroless plating bath was prepared, containing an aqueous plating solution
with: 26 g/l of nickel sulphate hexahydrate; 28 g/l of sodium hypophosphite monohydrate;
15 g/l of lactic acid; 14 g/l of malic acid; 6 g/1 of borax; 10 g/l of sodium acetate; 2 mg/1 of
cadmium acetate and 2 mg/] of lead acetate. The pH of the solution was adjusted to 5.0 using
ammonium hydroxide. The temperature of the plating bath was controlled to 90 +/- 1°C. The
bath was agitated using a magnetic stirrer. A sample in the form of a polished and cleaned
brass sheet with a total surface area of 0.75 dm” was immersed in the said plating bath and
subjected to electroless nickel-phosphorus deposition for 1 hour. The surface of the resulting
electroless nickel-phosphorus deposit on the brass sheet was examined visually as well as
under a scanning electron microscope (SEM). Micropits were observed with an average
density of greater than 40 pits/mm?, and the sizes of the micropits were as large as a few

micron-meters observed under SEM.



under a scanning electron mcroscope (SEM. Mcropits were observed with an
average density of greater than 40 pits/merr], and the sizes of the

mcropits were as large as a few nmicron-neters observed under SEM -7-
Example 2. - Plating in accordance with a first enbodi nent of the present
i nvention. A series of 500 mllilitge electroless nickel plating baths were

prepared, each with the sanme conposition as that given in Exanple 1 but
with t addi ti of .4-styrenesul.phonjc acj.d- sqdi umsalt at.various
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I dentical conditions to those described in Exanple 1 and the resultant
surface finish of the el ectrol ess nickel -phosphorus deposit was exam ned.
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was 5 pits/mm? and the pit size was typically in the sub-micron range.

Example 3. - Plating according to a second embodiment of the present invention

(1)  Synthesis of 4-vinylbenzyltriethyl ammonium chloride (VBTEAC) - a styrenic
cationic surfactant.

In a 100-m! flask, equimolar amounts of 4-vinylbenzyl chloride and triethylamine were
allowed to react in N,N’-dimethylforamide under stirring at ambient temperature for 24
hours. The formed VBTEAC solid was then precipitated by introducing a large excess of
ether into the flask. After being washed several times in ether, the solid was filtered and dried.

(2)  Testing

A series of 500 millilitre electroless nickel plating baths were prepared, each containing
plating solution with the same composition as that given in Example 1 but with the addition
of the synthesised VBTEAC in various concentrations. Polished and cleaned brass sheets
were plated using these baths under conditions identical to those described in Example 1 and
the resultant surface finish of the electroless nickel-phosphorus deposit was examined. It was
found that the number of micropits in a given surface area was also largely reduced by the

addition of the VBTEAC with concentration in the range of 0.1 to 10 micro mol/l. When the



A series .of <500 nmillilitre electroless nickel plating baths were prepared,
each containing plating solution with the same conposition as that given in
Exanple 1 but with the addition of the synthesised VBTEAC i n various
concentrations. Polished and cl eaned brass sheets were plated using these
bat hs under conditions identical to8those described in Exanple 1 and the
resul tant surface finish of the el ectrol ess nickel - phosphorus deposit was

exam ned. | e area
oo =1 <gnrenirgih of BUYREFRS ol B DHIRE 1 PR e ooy RV at RS, O
in the deasigeofdbssGhan wplismnmzcrrﬁe 52é df thd/Pieswerevithin th2 subeeibfdthsigd, | on of
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di net hyl hydroxyet hyl (4-vi nyl benzyl ) - ammoni um chl ori de (DVEVBAC) - a
styrenic cationic surfactant. N, ND nethyl et hanol amne (3.56 g, 40 mmol)
was di 3pl velnithesikof ﬂimﬂhylﬂ&ﬁo{cyhﬂnﬂ(@yxhyfoenzyﬁ)mﬂm))muﬁd ¢hdoride (BMENBAQ) ut i on
was cool ed to, abqut, r]C in an ice-water bath, 4- vinylbenzyl chloride
(6. 249," %W%IW“M%S%!%? Eit-dr opwi se with magnetic stirring and the system
was kept, under stirring, at the sane tenperature for about 30 mn or
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system was kept, under stirring, at the same temperature for about 30 min or longer. White

crystals precipitated and were washed with stirring in 30 ml of ethyl ether and filtered in a
Buchner funnel. This operation was repeated three times. After vacuum drying, 6.5 g of white

powder was obtained.

(2)  Testing _

A series of 500 millilitre electroless nickel plating baths were prepared, each containing a
plating solution with the same composition as that given in Example 1 but with synthesised
DMEVBAC added in various concentrations. Polished brass samples were plated using these
baths under identical conditions to those described in Example 1 and the resultant surface
finish of the electroless nickel-phosphorus deposits was examined. It was found that the
number of micropits in a given surface area was also largely reduced by the addition of the
DMEVBAC at a concentration in the range of 0.1 to 10 micro mol/l. When the concentration
of the DMEVBAC was at 1 micro mol/l, micropits were observed with an average density of
less than 10 pits/mm?. The sizes of the pits were within the sub-micron range.

Example 5. - Plating in accordance with a further embodiment of the invention.

(1)  Synthesis of 4-vinylbenzylpolyoxyethylene (VBPEG) - a styrenic non-ionic
surfactant.



DMEVBAC added in various concentrations. Polished brass sanples were plated
using these baths under identical conditions to those described in Exanple
1 and the resultant surface finish of the el ectrol ess nickel - phosphorus
deposits was exam ned. It was found that the nunber of mcropits in a given
surface area was also largely reducged by the addition of the DVEVBAC at a
concentration in the range of 0.1 to 10 mcro nol/l. Wen the concentration
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further enbodi ne of the ihvention. (1) Synt hesi s of
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very slsoleyit was évaporattdl tArosil-liké progusitt EBPBEGsvaslobtaiwed. t 0 refl ux for two hours
under stirring. Then the NaC precipitate was filtered and the THF sol vent

was evaporated. An oil-Ilike product VBPEG was obtai ned. (2) Testing A
series § 5OPe L Llilitre electrol ess nickel plating baths were prepared,
each coft ai ni ﬁgh pl ating solution with the sanme conposition as that given
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condi t i pating seluthamswith) thecamsegmpasitien apthat givemin Exempleduw butwith he VBPEG i ni sh
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baths under identical conditions to those described in Example 1 and the resultant surface
finish of the electroless nickel-phosphorus deposit was examined. It was found that the
number of micropits in a given surface area was significantly reduced by the addition of the

VBPEG at a concentration in the range of 0.1 to 10 micro mol/l.

When the concentration of the VBPEG was at 0.5 micro mol/l, micropits were observed with
an average density lower than 20 pits/mm?’. The sizes of the pits were within the sub-micron

range.

Example 6. - Plating in accordance with a fifth embodiment of the present invention

A 500 millilitre electroless nickel bath was prepared, containing an aqueous plating solution
with 26 g/l nickel sulphate hexahydrate; 28 g/l sodium hypophosphite monohydrate; 20 g/l
lactic acid; 14 g/l malic acid; 6 g/l of borax; 10 g/l of sodium acetate; 4 g/l of glycine; 1 g/l
of adipic acid; 2 mg/l of cadmium acetate; 2 mg/l of lead acetate; 1 mg/l of potassium
thiocyanate; and 20 mg/l potassium iodate; in further combination with 1 micro mol/l of 4-
styrenesulphonic acid - sodium salt. The bath was adjusted and maintained at a pH of 4.8 to
5.2 with ammonium hydroxide or 25% sulphuric acid and at a temperature in the range of 89
to 91°C for a prolonged test. The bath was periodically replenished to maintain constant
concentrations of nickel and hypophosphite ions for more than 10 metal turnovers. By “metal
turnover” is meant a plating cycle when all of the original nickel metal content in the bath has



nunber of .mcropits in a given surface area was significantly reduced by
the addition of the VBPEG at a concentration in the range of 0.1 to 10
mcro nol/I. Wen the concentration of the VBPEG was at 0.5 micro nol/l,
mcropits were observed with an average density |lower than 20 pits/mierr].
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pol i shed and cl eaned brass sheets were plated in the bath in accordance
with the procedure set forth in Exanple 1 and the resultant surface finish
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acid - sodiumsalt served as an anti-pitting agent w thout any detrinental
effects on the bath life of the electroless nickel plating bath. It is
envi saged that plating solutions and nmet hods enbodyi ng the present
invention will be particularly useful in producing bright. eleetroless

ni ckel coatings with snooth surfacel for decorative appli i
t echnol ogi cal applications such as silicon wafer unc‘%‘ﬁ@ “mm on.
el @C

1. ous plating solution for use in deposith sol ess

ni ckel g on a substrate, which solution contains: a source of nickel
ions; a reducing agent; and an anti- pitting agent in the formof a

wat er - sol ubl e styrenic conpound. 2. A solution according to Caim1,

wher ei nl.t he Anagquedusfplatingkselutionrfor use m daposikihg anieldctioless hickel3coating An a

sol ution. accor d'ng tf Caim2, wherein the ni.ckel sal t is a nickel .

sul phat Wbstgate, whigh sglutiop sentainisy A foHEe ‘Hﬁ?l PP BdCAYCRE 2BTHRY HEARIAAUT he
concent t:-at : i I i mb5.2 g/l to 6.8 g/l 5.
A sol utﬁlgl%]ﬂg;ﬂgg@‘;lg%o%%%%rfpl%%%ﬁeﬁﬂ?ﬁgﬁgﬁdgent ration of the source of
ni ckel ions is substantially 6.0 g/l. 6. A sol ution according to any
precedi ng d ai Wherein the reducing agent is an alkali netal .
hypopho&phi t & solption acgordigg (@ Claimab veienwin the swurgeafmickel igns is? solible nigkel) i
nmet al hg/aﬂophosphi te is sodi um hypophosphite. 8. A solution according to
any preceding Claim wherein the concentration of the reducing agent is
from20 g/l to 40 g/l. 9. A solution according to Claima8, wherein the

concentration of the reduci n8 agent is, ] o
A solution according to Claim 2, wherein the nickel salt is a nickel sulphate.

4, A solution according to any preceding Claim, wherein the concentration of the source

of nickel ions is from 5.2 g/1 to0 6.8 g/l

5. A solution according to Claim 4, wherein the concentration of the source of nickel

ions is substantially 6.0 g/I.

6. A solution according to any preceding Claim, wherein the reducing agent is an alkali

metal hypophosphite.

7. A solution according to Claim 6, wherein the alkali metal hypophosphite is sodium
hypophosphite.

8. A solution according to any preceding Claim, wherein the concentration of the

reducing agent is from 20 g/l to 40 g/I.

9. A solution according to Claim 8, wherein the concentration of the reducing agent is
about 28 g/1.

10. A solution according to any preceding Claim, wherein the concentration of the water-

soluble styrenic compound is from 0.1 to 10 micro mol/l.



about 28 .g/I-. 10. A solution according to any preceding Claim wherein
the concentration of the water- soluble styrenic conmpound is fromO0.1 to 10

mcro nmol /1. -12- 11. A sol ution according to any preceding Caim
wherein the water-soluble styrenic conpound corresponds to the general
formula: [err] 12. A solution acqggrding to Caim1ll, wherein Z is one of

t he polar chem cal groups consisting of: sul phonate; ethylene glycol
ol i goner; carboxyl ate; quaternary amonium prinmary am de; or phosphate.
13. A solution according to Caim12, wherein the water-soluble styrenic

conmpound i s A-sofftibheRRsMii & ahf ptQLIME SR, whirein e SaterlsbRBleASH I Ny t 0
Claim 12, wherein the water-soluble styrenic conpound is 4-

vi nyl besompound eorngspomdsito the genetal foringila:  15. A solution according to daim
12, wherein the water-soluble styrenic conmpound is

di met hyl hydr oxyet hyl (4-vi nyl benzyl ) -anmoni um chl or.i.de. .16..... .A.sol.ution

accordi ng t%ﬁ%ﬁ“cl ) wherein the wat er-sol uble &mmﬁmﬁmﬁwd 1i‘SCI4-'
0 ai s

vi nyl benzyl po §/oxy_e1Js yl ene. 17. A sol ution aCﬁHiﬂi
13 to 15, wherein the 4-styrenesul phonate sodiu y

4-vinyl benzyl triethyl amoni um chl oride, or dinethyl hydroxyethyl (4-

vi nyl beybsre ¥-ig phgdiophilici i de i s present at a concentration of about 1
mcro nol /1. 18. A solution according to Caim 16, wherein the

4-vi nyl benzyl pol yoxyet hyl ene is present at a concentration of about 0.5

mcro npd./|.A solution according to Claim 11, wherein Z is one of the polar chemical groups
consisting of: sulphonate; ethylene glycol oligomer; carboxylate; quaternary ammonium;

primary amide; or phosphate.

13. A solution according to Claim 12, wherein the water-soluble styrenic compound is 4-

styrenesulphonate sodium salt.

14. A solution according to Claim 12, wherein the water-soluble styrenic compound is 4-

vinylbenzyltriethyl ammonium chloride.

15. A solution according to Claim 12, wherein the water-soluble styrenic compound is

dimethylhydroxyethyl(4-vinylbenzyl)-ammonium chloride.

16. A solution according to Claim 12, wherein the water-soluble styrenic compound is 4-

vinylbenzylpolyoxyethylene.

17. A solution according to any one of Claims 13 to 15, wherein the 4-styrenesulphonate
sodium salt, 4-vinylbenzyltriethyl ammonium chloride, or dimethylhydroxyethyl(4-

vinylbenzyl)-ammonium chloride is present at a concentration of about 1 micro mol/l.

18. A solution according to Claim 16, wherein the 4-vinylbenzylpolyoxyethylene is

present at a concentration of about 0.5 micro mol/l.



19. A sol ution according to any preceding Caim containing a netal
conpl exi ng agent. 20. A sol ution according to daim 19, wher ei n the net al

conpl exi ng agent is selected fromthe group consi sulllm ﬂ“ll m‘mﬂ
malic acid and m xtures thereof. 21. A sol ution m 19 or
20, wherein the netal conplexing agkht is present in Stoi'chl'onetric excess

over the level of nickel in the solution. A solution according to any
pr ecedi d L

accor di ;1% tog uﬂ%ﬁ%{z@dr%ng r'?p Fﬁ%ﬁ%@ﬂﬂs@?gﬁ%sm@@@@ﬁ“v & %?e?'i'om t he
group consi sting of borax, ad| pic acid and m xtures thereof. 24. A

solution according to any preceding Claim containing a stabilising agent.
25.  A2Qo| ubli Sﬂliltt%!c%ﬂcgt tooClilimi 19, Merméh@metal tnengﬂeimg agantgs aglected i s

sel ecte nS|st g |ons | ead m um zinc, silver,
Ne| err]ﬂo;néﬁggﬂﬁgfg SI% ﬁ’éﬂ? Wﬁfé tmx%smer sol ution according

to Cdaim24 or 25, wherei n the concentratlon of the stabilising agent is
from 1p§m to 50ppm 27. A nmet hod of depositing an el ectrol ess nickel
coat i ng2bn aAssationaacsonding a@e(;lanmwhomﬂ&) heHeremntiri metal tcbmpkxing agenatis | east

partial Ly inmersi t he subst rat ting_ sol ution according to any
pr ecedi Pfé G 1 Stpic g@mem%:wsmyar Fg?ﬁ‘ﬁalf% hgisplusion. f yr ¢ her conpri sing

the step of nmmintaining the plati ng solution at a tenperature of from
85[err]Cto 95[err]C 29. A met hod according to Claim?27 or 28, further
conpri s?hg t Asobitiep acdording td anypracedinpeClaivh \dontainiag a pHptdjwting bgent4. 5 to 5. 5.

23. A solution according to Claim 22, wherein the pH adjusting agent is selected from the

group consisting of borax, adipic acid and mixtures thereof.
24. A solution according to any preceding Claim, containing a stabilising agent.

25. A solution according to Claim 24, wherein the stabilising agent is selected from the

group consisting of ions of lead, cadmium, zinc, silver, I0;” and SCN" and combinations
thereof.

26. A solution according to Claim 24 or 25, wherein the concentration of the stabilising

agent is from 1ppm to 50ppm.

27. A method of depositing an electroless nickel coating on a substrate surface, which
method comprises the step of at least partially immersing the substrate in a plating solution

according to any preceding Claim.

28. A method according to Claim 27, further comprising the step of maintaining the
plating solution at a temperature of from 85°C to 95°C.

29. A method according to Claim 27 or 28, further comprising the step of maintaining the
solution at a pH of from 4.5 to 5.5.



30. - A nethod according to Caim?29, conprising maintaining the pH of the

solution in the bath at substantially 5. 31. A fethod ac kilg to Claim
29 or 30, wherein the step of controlling the p“‘m‘\““&m WL\TE in the
bath is perforned by adding to the solution at | A f at | east
one base or a conbination thereof.- Bg- A met hod aécording to d aim 31,
wherein the step of controlling the pH of the solution in the bath is

perf or by h N 0 _L.he .soluti sul phuric aci.d or, a | um hydr oxi de or
a corrbin%g't i oﬁ%ﬂg%?‘gg%@r%ﬁg 0 Aalﬁb?é]fo‘iﬁ’ TSHePATAiRng the %T&ﬁe UM IB7 t o
32, furﬂﬁ%ﬂm@ws&;ﬁ{ﬁaﬂyshe step of cleaning the surface of the substrate

prior to at least partial imersion of the substrate in the plating
sol ution. 34. A nmet hod according to any one of clains 27 to 33, wherein

th b te i tallj.c. 35§, . t h di t ] f Caim 34,
wher ot m3bhe. & BERPS adbordifi 16" Claimi 2D g d0e iheeins he Sifco Raunlingdhe PHrafiiae

i ncl ud t Zi j nri t

| er o ot 60 bt £ REBnAN by REANTEH the Sotittn 31038 Bk Sl 43 e one.
Cl ai s Baéebpa 8@mbinhtiorethercofie substrate is non- netallic. 37. A substrate

havi ng an el ectrol ess nickel coating produced by the nethod of any one of
Clains 27 to 36.

32. A method according to Claim 31, wherein the step of controlling the pH of the

solution in the bath is performed by adding to the solution sulphuric acid or ammonium

hydroxide or a combination thereof.

33. A method according to any one of Claims 27 to 32, further comprising the step of
cleaning the surface of the substrate prior to at least partial immersion of the substrate in the

plating solution.

34. A method according to any one of claims 27 to 33, wherein the substrate is metallic.

35. A method according to any one of Claim 34, wherein the substrate is an aluminium
substrate and the method further includes the step of zincation treatment of the substrate prior

to immersion in the plating solution.

36. A method according to any one of Claims 27 to 33, wherein the substrate is non-

metallic.

37. A substrate having an electroless nickel coating produced by the method of any one of
Claims 27 to 36.



