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Abstract The influence of sorbitol or glycerol on the
electrodeposition of ZnNi alloys and on the morphology,
composition and structure of the ZnNi deposits was
investigated. The highest current efficiency (CE), around
90%, was obtained in the presence of glycerol in the
potential range from approximately —1.30 V to —1.40 V,
while in the presence of sorbitol or absence of either
polyalcohol the CE was 82-85%, for the same potential
range. Scanning electron microscopy (SEM) analysis
showed that ZnNi deposition at —1.26 V or —1.40 V from a
bath with sorbitol led to the formation of more compact
deposits than with glycerol. Energy dispersive X-ray
spectroscopy (EDS) analysis showed that the Ni content in
the deposit obtained in the presence of sorbitol remained in
the range of 7-9.5 wt% Ni, over a large range of deposition
conditions. On the other hand, ZnNi deposits with variable
Ni content (5.5-19.5 wt% Ni) were obtained from baths
with glycerol or without either polyalcohol, by shifting the
deposition potential. All ZnNi deposits showed uniform
distribution of the elements Zn and Ni. X-ray analysis of
ZnNi deposits obtained from plating baths with and with-
out polyalcohol’s at —1.26 and —1.40 V presented the y, '
and Pt;—Zn phases.
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1 Introduction

ZnNi alloys are used mainly as a surface layer to protect
steel against corrosion. This alloy has replaced Zn, Cd, or
Cr deposits used for this purpose [1]. The Zn deposit has
the disadvantage of rapid dissolution [2, 3], while Cd and
Cr are highly toxic [3-5]. The ZnNi alloys provide good
sacrificial protection when the Ni content in the deposit is
in the range 10-15 wt% [6] or 15-18 wt% [3].

Zn and Ni co-deposition is of the anomalous type.
Moreover, the electrodeposited ZnNi alloys show three
main phases, 7 (ZngoNi;), y (Zn, Nis) and o (Zn,Nis) [7].
According to some authors [8] the J (Zny,Niz) and f
(ZnNi) phases are only observed when obtained by a
metallurgical method. However, some research has dem-
onstrated that ¢ and f phases can be observed in
electrodeposited ZnNi alloy [9, 10].

ZnNi alloys have been obtained from alkaline or acid
plating baths. In both cases it is possible to deposit ZnNi
alloy with the required percentage of Ni, but acid plating is
utilized more often, owing to its high deposition rate and
cathodic efficiency. Moreover, this bath does not require Ni
complexing agents, leading to a less expensive deposition
process than alkaline plating. On the other hand, it is
reported that the alkaline bath produces a better distribution
of Ni in the alloy electrodeposited [11].

The acid plating baths are based on solutions of chloride
[2, 5, 8, 10, 12-24] or sulfate salts [3, 9, 25-28], or both
[29, 30]. These baths may contain electrolytes such as
ammonium chloride or sulfate [8, 12, 16, 24, 27, 28], boric
acid [2, 3, 9, 10, 14, 15, 17, 19, 21, 23, 30, 31], sodium
[9, 17] or potassium chloride [10, 13, 15, 23, 24], sodium
acetate [10, 28], sodium citrate [3, 9, 27], etc.

There is a strong trend to replace the ammonium chlo-
ride by another electrolyte. Although the plating bath
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containing ammonium chloride is widely used, the removal
of nickel from the waste electrolyte is difficult and this has
limited its use [11]. Hence, boric acid has been used as a
substitute for ammonium chloride with good results. In
addition, the ZnNi plating bath contains other additives,
usually aromatic or sulfur compounds, for example: aro-
matic sulfonimides, chlorohydrated imines [16], phenolic
derivatives, unsaturated aromatic, aromatic carboxylates
[17], p-toluenesulfonic acid [19], benzoic acid salts, ben-
zylidene acetone, Na-decylsulfate [29].

Studies on the influence of the polyalcohols sorbitol or
glycerol on the electrodeposition of other metals or alloys
[32, 33] have shown excellent results, with the formation of
smooth deposits that do not burn, even in the region of high
hydrogen evolution. Crucially, these organic additives are
not toxic.

In this article the effect of adding sorbitol or glycerol to a
ZnNi alloy plating bath containing boric acid is described.
The electrodeposition process was studied potentiodynam-
ically and the morphology, composition and structure of
the ZnNi deposits were determined by scanning electron
microscopy (SEM), energy dispersive X-ray spectros-
copy (EDS) and X-ray diffraction spectroscopy (XRD),
respectively.

2 Experimental details

All experiments were carried out at room temperature
(25 °C), in a glass single-compartment cell of 50 mL
capacity. A platinum disc (0.16 cm?), a platinum plate
(~2 cm?) and a calomel electrode (1 M KCI) were employed
as working, auxiliary, and reference electrodes, respec-
tively. Immediately before each experiment, the Pt working
electrode was ground with 0.3 pm alumina, immersed in
concentrated sulfuric—nitric acid solution and then rinsed
with deionized water. The ZnNi alloy electrodeposits were
obtained in the baths described in Table 1. The ZnNi
electrodeposition baths were a compound of Watts bath
traditional (0.22 M NiSO4 + 0.33 M NiCl, + 0.13 M
H3;BO3), used in Ni electrodeposition, +0.55 ZnSO,. For
formation of complex boric—sorbitol in the proportion 1:2,
0.52 M sorbitol was added to the bath. This bath, named
ZnNi2, contained 0.26 M H3BOj;. The pH of the freshly
prepared plating baths, with or without glycerol (C3HgO3),
were ~4.0 and ~3.9. However, it was found that after some
deposition voltammetric cycles the pH of the baths
decreased to ~pH 3.0. Therefore, the pH of ZnNi baths, with
or without glycerol, as prepared, were adjusted to ~3.0 with
H,SO,. The plating baths containing sorbitol (C¢H;40¢) had
a pH of 2.80 (0.26 M sorbitol); 2.60 (0.39 M sorbitol) and
2.50 (0.52 M sorbitol). pH was measured with a Micronal
B474 pH meter. Potentiodynamic curves were recorded
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Table 1 Composition of baths

Baths

. ZnNil

. ZnNil 4 0.26 M sorbitol
. ZnNil + 0.39 M sorbitol
. ZnNi2 + 0.52 M sorbitol
. ZnNil + 0.26 M glycerol
. ZnNil + 0.39 M glycerol
7. ZnNi2 + 0.52 M glycerol

AN L AW N =

ZnNil = 0.55 M ZnSO,4 + 0.22 M NiSO,4 + 0.33 M NiCl, 4+ 0.13 M
H;BO;

ZnNi2 = 0.55 M ZnSO,4 + 0.22 M NiSO,4 + 0.33 M NiCl, + 0.26 M
H;BO;

using a PARC electrochemical system consisting of a model
173 potentiostatic/galvanostat. SEM and EDS measure-
ments were made with a Philips FEG XL 30 microscope.
XRD patterns of the ZnNi deposit surface were produced
with Cu Ka radiation (1.5406 A), using an X-ray Rigaku
Rotaflex RU200B goniometer, in 20 scanning mode (fixed
w = 2°).

3 Results and discussion

3.1 Electrochemical studies in the absence
of polyalcohol

Figure 1 shows the deposition voltammetric curves of pure
metals Zn, Ni, and alloys ZnNi on the Pt electrode.
The initial deposition potential (E;;) of the ZnNi alloy
(—1.15 V) does not coincide with those of Zn (—1.18 V) and
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Fig.1 Voltammetric curves for Pt substrate in 0.55 M ZnSO4 4 0.13 M
H;BO3 (—*—), 0.22 M NiSO4 + 0.33 M NiCl, + 0.13 M H3;BO; (— )
and ZnNil bath (—), Table 1; v = 10 mV st
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Fig. 2 Voltammetric curves for Pt substrate in solution 0.55 M
ZnSO4 + 0.22 M NiSO4 + 0.33 M NiCl, (— —) and ZnNil(—),
Table 1; 0= 10 mV s~

Ni (—1.0 V) as pure metals. However, it is closer to the
deposition potential of Zn than of Ni. These results indicate
that ZnNi alloy was probably formed. Moreover, the dis-
solution potential (E ) range of the ZnNi deposit
(—1.08 V to —0.33 V) is between those of the pure metals,

i.e.,—1.08 V to —0.70 V for Zn and —0.50 V to +0.95 V for
Ni. This suggests that possibly the ZnNi deposit contains a
high percentage of Zn, since its range of E;, is close the to
Zn dissolution potential. Also, the formation of several
peaks in the anodic scan indicates that various ZnNi phases
are present in the deposit.

The effect of H;BO; during deposition of ZnNi was
investigated further by cyclic voltammetry (Fig. 2).
Figure 2 inset shows that in the presence of H;BO3 (—) the
E;; of ZnNi alloy, —1.15 V, was 30 mV more negative than
that in its absence (- -), —1.12 V. Also, the deposition
current density (j,;) decreased significantly, suggesting that

H;BOj; inhibits ZnNi alloy deposition. At —1.4 V, the j,
decreased from ~90 mA cm 2 (absence) to ~70 mA cm >
(presence). This behavior can be attributed to adsorption of
H;BO; on the cathodic surface, in preference to H' and
Zn*t [31]. Pushpavanam and Balakrishnan [31] reported
that the adsorption of H3;BO; inhibits Zn deposition,
resulting directly in a drop in the alloy j;. Also, it is known
[31] that both Ni and Zn deposit from their hydroxides and
that the boric acid has buffering action at the electrode-
solution interface [34]. Thus, the boric acid inhibited the
formation of (ZnOH)", (NiOH)*, due to its buffering
action and also HER inhibition. Hence, ZnNi alloy depo-
sition was inhibited.

In the anodic scan (Fig. 2), in the presence of H;BO;
(—), the charge densities of peaks a; a,' and a; are bigger
than those of a; and a," showing that Zn deposition was
inhibited. However, in the absence of H;BO; (- -), the
peaks a, a,’ and a; were suppressed. These results cor-
roborate those reported in the literature [31], i.e., in the
presence of H3BOj; the Ni deposition in the ZnNi alloy is
probably favored, owing to preferential adsorption of
H;BO;, relative to HT or Zn>" ions, inhibiting both Zn and
S-Ni (phase rich in hydrogen) deposition.

Figure 3a, b shows voltammetric deposition curves of
ZnNi from plating baths with various sorbitol or glycerol
contents, respectively. Figure 3a shows that j; decreases
with rising sorbitol concentration. Comparing j; at
approximately —1.30 V in the absence (~56 mA cm %) and
presence (~29 mA cm 72) of 0.52 M sorbitol, it can be seen
that in the latter case it was reduced by ~48%. In contrast,
in the presence of glycerol (Fig. 3b), there were no sig-
nificant changes in j; with different concentrations of the
additive. For 0.52 M glycerol (~40 mA cm _2), at—1.30V,
the decrease in the j; was ~28%. The lower values of j; in
baths containing sorbitol (Fig. 3a) was due to the formation
of a boric—sorbitol complex (2C¢H;4,06—H3BO3) [32, 33,

Fig. 3 ZnNi alloy deposition
voltammetric curves from

electrolytic solutions: a ZnNil
(—); ZnNil + 0.26 M sorbitol
(***); ZnNil + 0.39 M sorbitol
(—-) and ZnNi2 + 0.52 M
sorbitol (— ¢ —); b ZnNil (—);
ZnNil + 0.26 M glycerol (s * *);
ZnNil + 0.39 M glycerol (——)
and ZnNi2 4 0.52 M glycerol
(—*—);0o=10mVs !
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35, 36] which effectively blocks the cathode surface
[32, 33]. As reported above (Sect. 2) the pH values of the
plating baths with or without glycerol (C3HgO3), as pre-
pared, were ~4.0 and ~3.9, indicating that there was
effectively no formation of boric—glycerol complex. Thus,
it must be expected that when the pH of the plating bath
was adjusted to ~pH 3.0, the boric acid would be proton-
ated at this acidity and, consequently, the formation of
boric—glycerol complex can be disregarded. However, it
must be stressed that we were unable to find the pK, values
of either the boric—sorbitol complex or the boric—glycerol
complex.

Also, Fig. 3a, b shows that E,;; did not change, in any of
the baths studied, implying that there was no complex
formation between zinc or nickel ions and the boric—sor-
bitol anion or glycerol.

3.2 Analysis of the ZnNi alloy composition and current
efficiency of the cathodic process

EDS analysis of ZnNi deposits was performed to verify the
influence of the polyalcohol concentration and E,; on
the percentage of Ni in the deposits. Figure 4a, b shows the
content of Ni wt% in the ZnNi deposits versus different E,
and plating bath compositions. It can be seen in Fig. 4a that
ZnNi deposits obtained from solutions without (1) or with
0.52 M glycerol (7) show an increase of ~5.5 wt% Ni to
~19.5 wt% Ni in the deposits, as E,; becomes more nega-
tive, from —1.26 V to —1.55 V. These results corroborate
the voltammetric deposition curves, (Fig. 3b), i.e., these
curves were similar and those obtained by Petraukas et al.
[10] and Pushpavanam and Balakrisnan [31], who report
that the content of Ni in the ZnNi deposits obtained from
ZnNi solutions with H3;BOj; increases with increasing

polarization. Also, it was reported that ZnNi baths: without
H;BO; [25]; with H3BOs-citrate [9] or ammoniacal solu-
tions with and without H;BO; [2] showed the opposite
behavior, i.e., Ni wt% in the ZnNi alloy decreased as the E,
became more negative. In our work, this behavior was not
observed for ZnNi deposits.

However, the proportion of Ni in the ZnNi deposits
obtained from baths containing 0.52 M sorbitol remains in
the range of 7.0-9.5 wt% Ni as E; shifts to more negative
potentials, i.e., from —1.26 V to —1.55 V (Fig. 4a). These
results imply that the sorbitol-boric complex in the plating
bath did not inhibit zinc or nickel deposition, when the
deposition potential became more negative.

The results of Fig. 4a showed that all ZnNi alloys,
obtained with baths without or with sorbitol or glycerol,
will have sacrificial protection in the potential range
studied. Also, the alloys obtained from baths without
polyalcohol or with glycerol must be obtained in the
potential range —1.40 V to —1.55 V to show better sacri-
ficial protection of the steel substrate. On the other hand,
though ZnNi alloys obtained from baths containing sorbitol
show a Ni percentage below 10 wt% Ni, in this case the
change in Ni percentage in the alloy for various deposition
potentials was smaller. Thus, for ZnNi alloys electrode-
position on to irregular substrates, from baths with low
throwing power [37], the use of sorbitol is indicated with
the aim of obtaining a uniform distribution of Ni in the
layer. It can be observed in Fig. 4b that there was no sig-
nificant change in wt% Ni in the deposits for changing
concentrations of the same polyalcohol, at the same
deposition potential, except for 0.52 M glycerol, at
—1.26 V, which showed ~5.0 wt% Ni, while the Ni content
obtained in the presence of 0.26 M or 0.39 M glycerol was
between 12.5 and 11.0 wt% Ni, respectively.

Fig. 4 Ni element content ]
(Wt%) in the alloy ZnNi 20 7 (@)
obtained chronoampero- 18 E
metrically from —0.20 V to: a 5= 3 14 4(b)
-1.26 V, =1.40 V and —-1.55 V; E 16 e E 0 .40V
b —1.26 V and —1.40 V from . i
baths ZnNil (1); = 14 % 121 m -1.26 v
ZnNil + 0.26 M sorbitol (2); o - - 7
ZnNil + 0.39 M sorbitol (3) © 12 1 3
and ZnNi2 + 0.52 M sorbitol 2 E 5
(4); ZnNil + 0.26 M glycerol = 10 3 o
(5); Znl + 0.39 M glycerol (6) o = £
and Zn2 + 0.52 M glycerol (7) c ] c
£ 61 £
[*] =] [
o 47 £
= - [+]
2 ;
o -

@ Springer




J Appl Electrochem (2009) 39:1313-1321

1317

Fig. 5 X- ray dot maps of ZnNi
films obtained
chronoamperometrically from
—0.20 V:to —1.26 V (a, ¢, and e)
and to —1.40 V (b, d, and f).
Plating baths: ZnNil a and b;
ZnNi2 + 0.52 M sorbitol ¢ and
d and ZnNi2 + 0.52 M glycerol
eandf;q=4Ccm 2 L{
(200 pm)

(a)

Finally, these results suggest that codeposition of Zn and
Ni in the absence and presence of polyalcohols is of
anomalous type [7].

X-ray dot maps and contrast backscattered electron
images (BSE) were used to intensify the contrast between
regions containing Zn and Ni (Fig. 5a—f). These figures
showed that the distribution of these elements, in all
deposits studied, was uniform. Thus, the main problem
(bad distribution of elements) that can occur in the ZnNi
alloy electrodeposition from acid baths was not observed in
this study.

The deposition current efficiency (CE) was calculated
from the stripping/deposition charge ratio. In these experi-
ments, the ZnNi deposits were laid down for a deposition
time of 40 s. Previous studies were necessary to choose the
best conditions for dissolution of the electrodeposits. 1 M
NH,4CI solution was used at various pH, 1.0, 1.5 and 2.0 and
different sweep rates, 10, 20 and 30 mV s ! to dissolve the
electrodeposits. Thus, in 1 M NH,4CI pH 1.0 the formation of
bubbles during dissolution of the electrodeposits was
observed at all sweep rates, due to chemical dissolution; in
1 M NH,CIl pH 2.0 the electrodeposits did not dissolve
completely; in 1 M NH4CI pH 1.5 and a scan rate of
10 mV sfl, chemical dissolution was also observed, but for
scan sweep of 20 and 30 mV s’ the electrodeposits dis-
solved completely with no formation of bubbles. A larger
CE was also obtained. Thus, the conditions of 1 M NH,Cl
pH 1.5 and sweep rate of 30 mV s ' were chosen for ZnNi
electrodeposit dissolution. The experimental error was 2%.

Figure 6a, b shows the current efficiency (CE) of ZnNi
deposition from plating baths without and with various
sorbitol (Fig. 6a) or glycerol (Fig. 6b) concentrations.
Values of CE lower than 100% can be attributed to HER
taking place simultaneously with the deposition process. At
E; — 1.15 V the CE values were appreciably lower than
those obtained at more negative deposition potentials.

These results imply that in the initial moments of the ZnNi
reduction process (E; — 1.15 V), on to Pt, the HER is more
significant than ZnNi deposition, particularly in the pres-
ence of sorbitol. For the E, range from —1.30 Vto —1.40 V,
the CE in the presence of glycerol was ~90% and, with
sorbitol or without polyalcohols, between 82 and 85%.
Comparing the CE values obtained in this potential range
and those at —1.15 V, it can be suggested that the increase
in the CE, in the first case, is due to the increase in the j; of
ZnNi deposits (Fig. 3a, b). When the deposition potential
was more negative than —1.50 V, the CE fell, since the
contribution of HER at these potentials becomes signifi-
cant, compared to the formation of ZnNi deposit, and burn-
out deposits were obtained. It can be inferred from these
results that the presence of glycerol in the plating bath
inhibits the HER.

3.3 Morphological analysis of ZnNi deposits

Figure 7a—g shows micrographs of the ZnNi deposits
obtained at —1.26 V. The ZnNi deposit obtained without
polyalcohols (Fig. 7a) was compact and formed of irregular
grains. The addition of various sorbitol concentrations
(Fig. 7b—d) did not lead to significant changes in the
deposit morphology compared to that without polyalcohol.
Actually, there was only a small refinement of grains at
0.26 M and 0.39 M sorbitol, while for 0.52 M sorbitol, the
deposit was more compact than the others and formed of
spherical grains. The presence of glycerol in the bath
(Fig. 7e—g) led to significant changes in morphology of; as
the glycerol concentration increased, the grains were
refined. For the bath containing 0.26 M glycerol, grains
larger that ~5 pm were formed and the deposit was not
compact. However, for 0.52 M glycerol the hexagonal
grain size was smaller that ~2 pm and the deposit was
compact.
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Fig. 6 ZnNi deposition current efficiency (CE) at several deposition
potentials and a deposition time of 40 s. Plating baths: a ZnNil (m);
ZnNil + 0.26 M sorbitol (@); ZnNil 4+ 0.39 M sorbitol (A) and
ZnNi2 + 0.52 M sorbitol (*); b ZnNil (m); ZnNil + 0.26 M glycerol
(@); Znl + 0.39 M glycerol (A) and Zn2 + 0.52 M glycerol (*)

Figure 8a—g shows micrographs of the ZnNi deposits
obtained at —1.40 V. The ZnNi deposit obtained from baths
without polyalcohols (Fig. 8a) now has a non-compact
structure with grains of size ~5 pm. The ZnNi deposits
obtained from baths containing sorbitol (Fig. 9b—d) were
compact and formed, in general, by coalesced globular
crystallites, with a grain size smaller than ~1 pm. The most
compact deposit was obtained with 0.26 M sorbitol. The
presence of glycerol in the bath (Fig. 9e—g) also led to the
formation of globular grains more refined than in
the absence of either additive, but there was no systematic
trend in terms of the concentration. The deposit obtained
from the bath containing 0.52 M glycerol was more com-
pact than those at other glycerol concentrations.

@ Springer

EDS analysis of ZnNi deposits obtained at —1.26 V
without and with polyalcohols at various concentrations
(Fig. 4b) and morphological studies of deposits (Fig. 7a—d,
g) showed correlation between deposit morphologies and
Ni contents, i.e., as the Ni content in the deposits was
~6 wt% the grains were more refined than for deposits
containing ~12 wt% Ni (Fig. 7e—f). However, for ZnNi
deposits obtained at —1.40 V (Fig. 8) was not possible to
make a direct correlation between deposit morphologies
and Ni contents (Fig. 4b).

Deposits obtained from the baths with sorbitol showed
more refined grains than those obtained without polyalco-
hol or with glycerol for both potentials, —1.26 V and
—1.40 V. These results corroborate the voltammetric stud-
ies (Fig. 3a), which indicate that the adsorption of boric—
sorbitol complex on the Pt cathode during deposition will
lead to formation of ZnNi deposits with more refined
grains. Also, these results corroborate those for nickel or
zinc electrodeposition, in the presence and absence of
polyalcohols, reported in the literature [32, 33].

3.4 X-ray analysis of ZnNi deposit

Figures 9a—c and 10a—c show typical X-ray diffraction
patterns of ZnNi deposits obtained at —1.26 V and at
—1.40 V, respectively, from solutions of Zn and Ni salts
without and with 0.52 M sorbitol or 0.52 M glycerol. It
must be stressed that for the ZnNi2 4 0.52 M glycerol bath
an effect of the glycerol and of the boric acid on the
electrodeposition process is observed, since in this bath the
boric acid was added in double in the solution and did
not react completely with glycerol. In contrast, for the
ZnNi2 + 0.52 M sorbitol bath the effect the boric—sorbitol
complex is observed, since boric acid totally reacted with
sorbitol.

The X-ray diffractograms of the ZnNi deposits indicated
the presence of y, yl (Zn3Ni) and Pt3Zn phases. Moreover,
the diffractograms also suggested the occurrence of the
o-phase. Although, the formation of the J-phases with Ni
content of 0-25 at. % by electrodeposition has been
reported [38] its formation is controversial [2, 38].

Finally, these results are also consistent with the EDS
(Fig. 4) finding that Zn was present in larger amounts than Ni
and also with the ZnNi potentiodynamic deposition studies
(Fig. 1), which suggested that ZnNi deposits could have high
Zn content and be formed of several ZnNi phases.

4 Conclusions

ZnNi electrodeposit was successfully obtained from solu-
tions of Zn and Ni salts and boric acid, with and without
the polyalcohols glycerol or sorbitol.
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Fig. 7 SEM micrographs of
ZnNi films obtained
chronoamperometrically from
—0.20 V to —1.26 V with

4.0 C cm™ 2. Plating baths: a
ZnNil; b ZnNil + 0.26 M
sorbitol; ¢ ZnNil + 0.39 M
sorbitol; d ZnNi2 + 0.52 M
sorbitol; e ZnNil + 0.26 M
glycerol; £ ZnNil + 0.39 M
glycerol, and g ZnNi2 + 0.52 M

glycerol; |—| (5 pm)

Fig. 8 SEM micrographs of
ZnNi films obtained
chronoamperometrically from
—0.20 V to —1.40 V with
4.0 C cm 2. Electrolytic
solutions: a ZnNil;
b ZnNil + 0.26 M sorbitol;
¢ ZnNil + 0.39 M sorbitol;
d ZnNi2 + 0.52 M sorbitol;
e ZnNil + 0.26 M glycerol;
f ZnNil + 0.39 M glycerol, and
g ZnNi2 + 0.52 M glycerol;
(5 pm)

The presence of glycerol in the baths did not result in
significant changes in the voltammetric curves, whereas in
the presence of sorbitol there was a decrease in the j, as the
sorbitol concentration increased. The j,; values at approxi-
mately —1.30 V in absence and for 0.52 M sorbitol were
~56 and ~29 mA cm 2, respectively. This fall in j, was
~48%, due to the adsorption of boric—sorbitol complex on
the electrode.

The highest CE values (~90%) were obtained in the
presence of glycerol in the E; range from approximately

—1.30 V to —1.40 V, while in the presence of sorbitol or
absence of either polyalcohol, the CE values were 82—85%,
for the same potential range. Thus, it can be concluded that
the presence of glycerol in the plating bath inhibits the
HER.

EDS analysis showed that the Ni content in the ZnNi
deposits obtained in the absence of polyalcohols or pres-
ence of glycerol increased from ~5.5 wt% Ni to ~19.5 wt%
Ni, in the E, range of —1.26 V down to —1.55 V. It can be
concluded from the results that this occurred because of the
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Fig. 9 X-ray diffraction patterns of ZnNi alloy obtained chronoamp-
erometrically from —0.20 V to —1.26 V with 4.0 C cm 2, from baths:
a ZnNil; b ZnNi2 + 0.52 M sorbitol, and ¢ ZnNi2 + 0.52 M glycerol
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Fig. 10 X-ray diffraction patterns of ZnNi alloy obtained chrono-
amperometrically from —0.20 V to —1.40 V with 4.0 C cm ™2, from
baths: a ZnNil; b ZnNi2 + 0.52 M sorbitol, and ¢ ZnNi2 + 0.52 M
glycerol
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presence of boric acid in the plating bath. However, in the
presence of sorbitol, the Ni content remained in the range
of 7.0-9.5 wt% Ni, for the same E, range, owing to the
formation of a sorbitol-boric complex, which did not
inhibit the zinc or nickel deposition as the E,; became more
negative. These results suggest that the ZnNi deposits
obtained from these baths containing Ni wt% lower than
19 wt% probably offers sacrificial protection to the sub-
strate. Moreover, relative distribution analysis of Zn and Ni
in the deposits by dot mapping showed that the distribution
of the elements, in all deposits studied, was uniform.

SEM examination revealed that the best morphology of
all the ZnNi deposits was obtained at —1.40 V from baths
containing sorbitol, since these deposits were compact and
formed of spherical grains smaller than 1 pm. Thus, it can
be concluded that sorbitol works as a brightener of ZnNi
deposits.

X-ray analysis of the ZnNi deposits obtained at —1.26 V
and at —1.40 V, in all baths, indicated the presence of y, y'
and Pt;Zn phases.
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