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Electroless nickel plating in solutions containing acetate, lactate, citrate
and glycine as ligands has been studied at pH 4.5 and a temperature of
85 °C. A decrease in nickel plating rate and an increase in P amount
incorporated into the coatings have been found to be proportional to
the increase in stability of Ni?* ions complexes with organic acid ions
and are related to their steric and adsorption hindrance on the nickel
surface. This is distinctly expressed at higher concentrations of glycine
and citate bound with nickel in a more complicated manner, if compa-
red to acetate and lactate.

0.2 mM CuSO, stabilize all the electroless plating solutions studied and
increase the nickel plating rate. The Cu content in the coatings varies
in the range 0.8 to 1.3 wt.%. The presence of dicarboxylic acid (malonic,
succinic or adipic) along with Cu?* ions in the plating solutions increases
the NiP plating rate even more, due to the increased buffering capacity
of solutions. An increase in nickel plating rate always is related to a
decrease in P content in the coating and to an increase in the hypop-
hosphite utilization efficiency. These effects are more pronounced if

dicarboxylic acid of higher molecular weight is used as an additive.
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INTRODUCTION

Electroless nickel coatings have gained a good deal
of popularity and acceptance in recent years as they
provide considerable improvement of desirable pro-
perties. The plating process enables to deposit a
uniform coating regardless of the shape of surface
irregularities. Electroless nickel plating has been con-
ducted in different baths to find optimum condi-
tions for desirable properties, such as good corro-
sion and wear resistance, hardness and others [1-7].
The amount of phosphorus codeposited with nickel
can affect the strength and wear properties of coa-
tings. The P content can be changed under certain
conditions of plating, such as composition and pH
of the plating bath used.

An addition of some inhibitors may improve the
stability of the plating bath, surface roughness of
coatings, however, they frequently lower the NiP de-
position rate. It has been established that a certain
quantity of Cu?* ions sufficiently stabilizes electro-
less nickel plating solution containing glycine as a
ligand for Ni2* ions, increases the NiP plating rate,
improves coating appearance and ensures non-fer-
romagnetic stability [8]. Experiments of using Cu?*
in an acetate—citrate bath allowed proposing a mo-
del to explain the stabilizing role of Cu?* ions by a

partial reduction of them to the Cu* state [9]. A
positive action of the combination of Cu?* with adi-
pate was observed in an acidic citrate nickel plating
solution [10]. It has been established that the depo-
sition of smooth and bright nickel coatings in this
case is determined by a stronger adipate interaction
with NiPCu surface than with that of NiP [11].

The aim of the present work was to study pecu-
larities of electroless nickel plating in acidic solu-
tions containing different ligands for Ni?* ions and
to elucidate the influence of adipic and other dicar-
boxylic acids present in these solutions along with
Cu?* ions.

EXPERIMANTAL

The NiP coatings were plated at a temperature of
85 °C in solutions containing (M): NiSO, - 0.1,
NaH,PO, — 0.25 and one of the ligands: Na aceta-
te, Na citrate, glycine or lactic acid. Their concen-
trations necessary to bound 0.1 M Ni** were estab-
lished spectrometrically (FEK 2). The concentrations
of the additives used in the indicated cases were:
CuSO, - 0.2 mM, dicarboxylic acid (malonic, succi-
nic or adipic) — 0.1 M. Solution pH was adjusted to
4.5 at room temperature with NaOH and H,SO,.
NiP coatings were deposited during 1 h onto acti-
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Fig. 1. Dependence of absorbance at A 670 nm on the
concentration of lactic acid in solution containing 0.1 M
NiSO,; pH 4.5
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Fig. 2. Dependence of absorbance A 670 nm on the con-
centration of Na acetate in solution containing 0.1 M
NiSO,; pH 4.5

vated copper foil to determine the plating rate and
buffering properties of solutions (load 1dm?1). Co-
atings of equal thickness (10 pum) were deposited
onto roughened glass, to determine coatings com-
position and hypophosphite utilization efficiency.

The quantities of P and Cu after dissolution of
coatings were detected photometrically with ammo-
nium molybdate and diethylditiocarbamate, respec-
tively. The concentration of hypophoaphite in the
plating solution was determined by titration with am-
monium vanadate [12]. Hypophosphite utilization ef-
ficiency was estimated as a ratio of its theoretical
quantity necessary for the discharge of the Ni, P
and Cu quantities detected in the coatings to a to-
tal sum of hypophosphite consumed in the process.
It has been accepted that the discharge of 1 M
nickel or 1M copper requires 2M of hypophosphite
while 1M phosphorus requires 4 M hypophosphite
[13].

The data presented in Tables are the arithmeti-
cal mean of no less than three experiments.
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Fig 3. Dependence of absorbance A 670 nm on the con-
centration of glycine in solution containing 0.1 M NiSO,;
pH 45
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Fig 4. Dependence of absorbance A 670 nm on the con-

centration of Na citrate in solution containing 0.1 M
NiSO,; pH 4.5

RESULTS AND DISCUSSION

NiP plating without additives

Three reactions catalyzed by Ni and taking place
simultaneously comprise the electroless plating pro-
cess, which in a weak acidic solution may be desc-
ribed as follows [13]:

2H,PO, + 2H,0 + Ni#* - Ni + 2HPO- +

+ 2H" + H, (@)
4H,PO, + H* + HO - 3HPO, + P +
+ 2.5H, @3]
HPO, + HO - H,PO, + H, ©))

The amount of the hypophosphite consumed in
each of these reactions (at constant Ni**, H,PO,
concentrations, pH and temperature) depends on the
nature of the ligand which determines the stability
of a complex with Ni?*, the buffering properties of
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solution and other parameters. Therefore, a compa-
rison of electroless nickel plating in solutions con-
taining different types of organic acid (acetic, lactic,
citric or glycine) ions as ligands along with NiSO,

and NaH,PO, was carried out
first. According to the stabili-
ty of complexes with Ni?* they
may be aligned as follows:
acetate < lactate < citrate <
glycinate [14]. Ligand concen-
trations necessary to bind 1 M
Ni#* ions were established on
the basis of spectrometric me-
asurements. Taking into ac-
count the data presented in
Figs. 1-4, ligand concentra-
tions for further investigations
were chosen as follows (M):
lactic acid 0.25, acetate 0.2,
citrate 0.1, glycine 0.4.

As is shown in Table 1, the
NiP plating rate from acetate
solution was the highest and
tended to diminish with an
increase in the stability of the
complex Ni?*-acid ions. It dec-
reases drastically when glyci-
ne or citrate are used as li-
gands. It should be noted that
citrate nickel plating solution
is unstable under the studied
conditions (as is also acetate
plating solution) and may be
used in practice only after its
stabilization. Taking into ac-
count this circumstance, NiP
coating deposition in citrate
nickel plating solution could
be somewhat easier. It is like-
ly that the low NiP plating ra-
te in the case of more com-
plicated glycinate and citrate
complexes is caused by diffi-
culties related to their steric
hindrance in hypophosphite
adsorption and nickel dischar-
ge onto an active surface. A
particularly strong adsorption
of citrate onto the NiP surfa-
ce, observed in our previous
work [11], may support this
presumption. According to the
literature data, the hindering
action of some additives on
Ni2* ions discharge from ace-
tate nickel plating solution was
arranged as follows: lactate <
malonate < citrate < EDTA

[15]. The fact that these additives may be aligned
in the same manner according to their steric com-
plexity is another point in favour of the steric hin-
drance. Strong adsorption of ligand ions onto NiP
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Table 2. Nickel plating parameters and coating composition depending on ligand concentrations.
Solution composition (M): NiSO, 0.1, NaH,PO, 0.25, adipic acid 0.1 and CuSO, 0.2 mM; pH 4.5

Ligand, M Plating rate,| ApH for Coating composition,| Hypophosphite utilization
um/h - |deposition of wt. % for reaction (3)| efficiency
1 mg NiP Ni [ P [ Cu [mol/mol Ni
Na acetate 0.1 11.7 0.0035 93.1 6.1 0.96 0.32 0.89
0.3 12.3 0.0020 93.7 55 0.84 0.20 0.92
0.6 12.3 0.0012 934 58 0.79 0.10 0.96
Lactic acid 0.1 114 0.0053 935 58 0.69 0.12 0.96
0.2 11.0 0.0049 925 6.8 0.71 0.11 0.96
0.3 11.2 0.0046 925 6.8 0.71 0.11 0.96
Glycine 0.2 8.0 0.0043 915 7.6 0.92 0.27 0.91
0.4 7.3 0.0030 90.5 8.8 098 0.31 0.89
0.6 6.4 0.0027 90.7 83 0.96 0.55 0.84
Na citrate 0.05 7.5 0.0040 920 7.0 0.89 0.39 0.87
0.1 5.1 0.0025 89.6 9.4 1.0 0.64 0.81
0.15 2.6 0.0020 89.1 89 150 1.53 0.64

surface hinders H,PO,™ adsorption and formation of
a -PHO,  radical, which is considered as an inter-
mediate in the following (1-3) reactions [16-18].
Probably acetate and lactate ions distinguished by
simpler steric location do not create such troubles
in hypophosphite adsorption, Ni?* discharge, and are
easier to remove from the NiP surface.

NiP coatings plated in acidic solutions usually
contain 8-12 wt.% of phosphorus, depending on the
deposition conditions. The catalytic reactions of P
reduction (2) and oxidation of hypophosphite by the
proton from a water molecule (3) also need active
hypophosphite ions adsorbed on the NiP surface, so
both these reactions compete with the reaction of
Ni2* discharge (1). A comparatively higher P quan-
tity found in the coatings whose deposition occurs
at a low rate (in glycinate and citric solutions) and
a higher consumption of the hypophosphite obser-
ved in these cases (Table 1) is probably conditioned
by difficulties in Ni** ions access to the surface be-
cause of the steric factors of glycinate and citrate
complexes. Thus, the conditions stimulating the pla-
ting rate lead to a higher hypophosphite utilization
efficiency but, unfortunately, to a low quantity of P
incorporated into a nickel coating.

2. Action of additives in nickel plating

The presence of 0.2 mM Cu?* ions essentially
stabilizes all the nickel plating solutions studied and
increases the plating rate by 7-15% (Table 1). An
increase in nickel plating rate was attributed to the
improved catalytic activity of the surface with Cu
incorporated [19]. A similar increasing effect was
also observed for Cd, Pb and S ions containing sta-
bilizers at certain concentrations [20] and might be
also attributed to qualitative changes in the nickel
surface structure. The content of Cu in the coatings
10 pum thick varies from 0.8 to 1.3 wt.%, depending
on the plating solution composition. A higher Cu

quantity, similarly to that of phosphorus, is found
in the coatings deposited at a lower rate.

The alteration in plating solution pH after depo-
sition of 1 mg NiP in the presence of Cu?* ions is
slightly higher as compared to that in the plating
solutions without the additive (Table 1). A more
pronounced decrease in solution pH after deposi-
tion of the same NiP quantity in the presence of
Cu?* ions may confirm the earlier proposed model
[9], whereby the adsorbed Cu?* ions are reduced
equally into Cu® (codeposited in the alloy) and Cu*
(acting as a stabilizer) by the following reactions:

Cu?** + 2H,PO, + 2H,0 - Cu + 2H,PO, +
+ 2H* + H,, 4

2Cu** + 2H,PO,” + 2H,0 - 2Cu* + 2H,PO.
+ 2H" + H, ®)

These reactions occur only in the presence of
active nickel surface, because Cu does not catalyze
hypophosphite oxidation.

The hypophosphite utilization efficiency in the
presence of Cu?* ions has a tendency to increase
with an increase in the coating deposition rate and
a decrease in the P content incorporated into the
coating, since these reactions are interdependent, si-
milarly to NiP deposition without additives (Table
1).

The NP plating rate increases even more signi-
ficantly when a dicarboxylic acid (malonic, succinic
or adipic) takes part in the plating solution along
with Cu?*ions. This increase (at equal acid concen-
trations) is proportional to the length of a -CH,-
chain in the dicarboxylic acid. The increase in pla-
ting rate is the highest when adipic acid is used,
reaching 100% in the glycinate solution (in the ot-
her plating solutions — about 40%). An increase in
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plating rate is related to an improvement of solu-
tion buffering capacity and is proportional to the
molecular weight of the dicarboxylic acid used.

No distinct changes are evident in the composi-
tion of coatings plated in the presence of dicarbo-
xylic acid as compared to the coatings plated only
with a Cu?" ion additive. Some tendencies in the
decrease of P and Cu quantities, observed in the
presence of dicarboxylic acids are probably related
to the increase in the nickel plating rate.

The consumption of hypophosphite in the cata-
Iytic reaction with water (3) is lower, thereby hy-
pophosphite utilization efficiency is higher in the
presence of dicarboxylic acid independently on its
nature. One more advantage of using them (espe-
cially adipic acid) along with Cu?* ions is an impro-
vement in coatings’ appearance, because they beco-
me brighter and smoother.

Table 2 shows that no distinct changes were obser-
ved in the nickel plating parameters either with an
increase or decrease in acetate or lactate concentra-
tions in the solutions containing Cu?* ions and adipa-
te. At the same time, an increase in glycine or citrate
concentrations in corresponding solutions leads to a
significant decrease in nickel plating rate, particularly
in citrate solution. With the increase in glycine or cit-
rate concentrations the P and Cu quantities in the
coatings first increase to some extent, however, with a
subsequent increase in ligand concentrations the com-
position of the coatings remains practically idential. A
more considerable increase in Cu quantity is observed
at a higher citrate concentration in the solution when
the plating rate decreases drastically. The decrease in
hypophosphite utilization efficiency with the increase
in glycine and citrate concentrations in the nickel pla-
ting solutions is proportional to the decrease in nickel
plating rate. Therefore, steric and absorption hindran-
ces of ligand ions significantly affecting the Ni?* ion
discharge apparently less affect the other two reac-
tions taking place simultaneously.

CONCLUSIONS

1. The reaction of nickel discharge from more com-
plicated complexes is more significantly hindered by
steric and adsorption factors than the other reac-
tions catalyzed by nickel, that simultaneously take
place in the electroless plating solution. Therefore,
a decrease in nickel plating rate is related to a inc-
rease in the quantity of P incorporated into the
coating and to a decrease in the hypophosphite uti-
lization efficiency.

2. 0.2 mM Cu?* sufficiently stabilizes all the elec-
troless nickel plating solutions studied and to some
extent increases the plating rate. The quantity of
Cu incorporated into the coatings 10-15 um thick
varies in the range 0.8 to 1.3 wt.% depending on
the plating conditions.

3. The ability of dicarboxylic acids (malonic, suc-
cinic, adipic) to increase the nickel plating rate is
proportional to their molecular weight and is rela-
ted to an improvement of the solution buffering
capacity. The presence of dicarboxylic acid along
with Cu?* ions in the plating solution increases the
hypophosphite utilization efficiency.
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Rima Tarozaité

Cu?* IR DIKARBOKSIRUGDEIZ ATAKA CHEMINIAM
NIKELIO DANG@ NUSODINIMUI

Santrauka
Nikelio dangos buvo nusodinamos 85°C temperatdroje hi-
pofosfitu tirpaluose, kuriuose Ni?* jonams ligandais buvo
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acetatas, citratas, pieno rdgdtis arba glicinas. Tirpalg pH iki
4,5 buvo reguliuojamas kambario temperatdroje. Nustaty-
ta, kad dangg nusédimo greitis tuo mapesnis, o fosforo kie-
kis jose tuo didesnis, kuo patvaresnis Ni?* — organinés r{igé-
ties jong kompleksas. Ypaé létai nusodinamos dangos tir-
paluose, kuriuose ligandais yra glicinas arba citratas. Ma-
noma, kad Ni?* jong idsikrovima apsunkina dig kompleksg
erdviniai faktoriai bei penklesné laisvg ligando jong adsorb-
cija ant aktyvaus NiP pavirdiaus.

0,2 mM CuSO, pakankamai gerai stabilizuoja visus tirtus
cheminio nikeliavimo tirpalus ir greitina dangg nusodinima. A
dangas ésiterpia 0,8-1,3 sv.% Cu. Kartu su Cu?* jonais pridé-
jus & nikeliavimo tirpala dikarboksir(igdties (malono, gintaro ar-
ba adipino) dangg nusédimas dar labiau pagreitéja, padidéjus
tirpalg buferinei talpai. Nikelio dangg nusédimo pagreitéjimas
yra susijes su fosforo kiekio jose sumapéjimu bei efektyvesniu
hipofosfito sunaudojimu. Die efektai rydkesni, kai 4 tirpala pri-
dedama didesnio molekulinio svorio dikarboksirQgdties.



