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Hydrogenation and cracking of nickel coatings electrodeposited in the presence of
brighteners
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During cathodic polarization in an acidic media containing hydrogenation-enhancing additives, nickel absorbs large
quantities of hydrogen and a new crystal phase, nickel hydride is formed. The investigation of the phase transformation
of electrodeposited nickel into nickel hydride under cathodic charging showed that the organic compounds 1,4-
butynediol and saccharine, both being typical representatives of two classes of additives for nickel electrolytes, which
are usually added in order to improve the properties of the layers such as their appearance, internal stresses, etc.,
contribute to a more complete phase transformation of nickel into nickel hydride. This is assisted by the fine structure of
the nickel deposits with a higher density of defects as well as the incorporated compounds containing sulphur as a
product of electrochemical transformation of the saccharine. The type of the additives influences both the tendency of

the nickel layers to form cracks and the shape of the cracks.
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INTRODUCTION

During cathodic polarization in acidic media
containing  hydrogenation-enhancing  additives,
nickel absorbs large quantities of hydrogen [1]. A
new crystal phase, nickel hydride (B-NiHy, where
0.7 < x < 0.8) with a f.c.c. lattice is formed, the
lattice parameter being approximately 6% larger
than that of nickel [2]. For a very short time
strongly stressed layers are formed [3] that lead to
lasting structural alterations - broadening of the
grain boundaries [4], crushing of the crystallites [5],
formation of cracks [6].

In a previous X-ray analysis it has been
established that the conversion of nickel into nickel
hydride in bright nickel electrodeposits is more
complete than that of matt ones obtained from an
additive-free electrolyte [7]. The hydride phase is
unstable and disintegrates under normal conditions.
In contrast to matt coatings where the disintegration
follows an equation inherent to first-order reactions
[8], the disintegration of the hydride phase in the
bright coatings is not so a fast process and it begins
after a certain period of time after the end of
hydrogenation [7]. When the hydrogenation is over
above a certain degree, a process of crack formation
in the bright nickel deposits starts [9]. The cracking
process proceeds at a rate which offers a possibility
for a direct observation of the initiation and
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propagation of the cracks by using a metallographic
microscope. A part of the cracks shows a shape
close to that of the Archimedes spiral [10].
However, bright coatings can be obtained in the
presence of at least two organic additives — each
one of the two classes of additives for nickel
electrodeposition [11]. In the present work the
effect of saccharine and 1,4-butynediol - typical
representatives of the two classes of additives on
the process of phase transformation, as well as on
the subsequent cracking of the nickel coatings after
the end of cathodic hydrogenation was investigated.
The study of the process of phase transformation
and hydrogen induced cracking can be also of
interest for the water electrolysis. Nickel electrodes
are widely used in the electrochemical technologies
for hydrogen production [12]. With long-term
electrolysis in alkaline solution, energy efficiency
losses at the nickel cathodes are established, which
is manifested in increase in the hydrogen
overvoltage at constant cell current [13]. According
to one of the hypotheses, such a behavior is
associated with the formation of hydride at the
nickel cathode surface [14]. In order to reduce the
energy consumption, a large number of studies are
focused on electrodeposition of new electrode
materials on the base of nickel for alkaline as well
as for acidic medium (Proton exchange membrane
(PEM) hydrogen generators work at very low pH
values) [15]. Lowering of the hydrogen overvoltage
is reached by increase of the catalytic activity
(modification of nickel by incorporation of
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metallic/non-metallic compounds, including such,
containing sulfur [16-18]) and/or by increase of the
active surface area of the electrodes. However, the
modification of the elemental composition and/or
the structure changes the susceptibility of the
electrode to hydrogenation, as well. Consequently,
the question about the stability of the electrodes in
acidic media arises also in the case, where
inorganic materials like solid acids or a composite
material based on them, containing S, Se, P, As
(hydrogenation-enhancing compounds) are used in
order to extend the working window of PEM [19].

EXPERIMENTAL

Nickel coatings of thickness approximately 20
um were deposited onto mechanically polished
copper substrates from electrolyte containing:
NiSO4.7H20 - 280 g I, NiCl2.6H20 - 50 g I'* and
H3BO3 - 30 g It. Current density of 5 A dm™, pH
4.0-5.0, deposition temperature of 55 °C and air
agitation of the bath were used. Saccharine up to
concentration of 1.0 g It and 1,4-butynediol up to
concentration of 0.2 g I were added to this
electrolyte either separately or in a combination.
Immediately after deposition and rinsing, the
samples were subjected to hydrogenation in a 1N
H>SO, solution containing selenious acid (H2SeQs).
The conditions of each hydrogenation procedure
are given in the figure captions.

After rinsing with distilled water and ethyl
alcohol the hydrogenated samples were studied by
X-ray analysis with Co K, X-rays. The volume
fraction of the hydride phase (Mnix) was calculated
by means of the formula proposed in [7]:

Ihkl) NiH

Ith)NiH +(|th)Ni

The integral intensities of the Ni line 111
((Tna)ni) and Ni-H line 111 ((In)nin) Were measured
by oscillating the goniometer of the X-ray
diffractometer within the range of 47° < 0 < 55°.

The samples were examined for cracking by a
metallographic microscope using a magnification of
120 x.

MNiH:(

RESULTS
Formation and disintegration of nickel hydride

The X-ray analysis of samples, deposited from
electrolytes containing individual brighteners
shows that in both cases the tendency towards
hydrogenation increases with increase of their
concentration the effect being more expressed in
the presence of 1,4-butynediol in the electrolyte
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(Fig. 1). The successive addition of both
brighteners leads to an increase in their activity, and
almost a total transformation of the nickel coating
into a hydride phase is achieved for a short time
(Fig. 2). According to the previous investigations,
the saccharine activity could be related to
deposition of fine-grained coatings [20] and to
incorporation of disintegrated products containing
sulphur [21]. The addition of 1,4-butynediol also
causes a decrease of the crystallites size [20, 22] as
well as an increase of the value of
microdeformations [20]. Moreover, the 14-
butynediol stimulates the incorporation of sulphur
when both saccharine and 1,4-butynediol are added
in the electrolyte [11].
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Fig. 1. Volume fraction of hydride phase as a
function of brighteners’ concentration at separate
addition to the nickel electrolyte. Hydrogenation
conditions: 1n H,SO4 + 10 mg It H,SeOs, 15 mA cm?
(1.5 A dm cathodic current density), 30 min.
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Fig. 2. Volume fraction of hydride phase as a
function of brighteners’ concentration at successive
addition to the nickel electrolyte. Hydrogenation
conditions: 1n H;SO4 + 10 mg I* H,SeOs, 15 mA cm?,
30 min.

Under normal conditions, the nickel hydride
phase is unstable (Fig. 3). Coatings, deposited from
electrolyte containing only saccharine disintegrate
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immediately when the hydrogenation is over.
Obviously, the incorporation of sulphur in the
coatings as a product of electrochemical
transformation of the saccharine facilitates not only
the hydrogenation of nickel layers but also the
desorption of the hydrogen after the end of
hydrogenation. Coatings, deposited from electrolyte
containing both brighteners exhibit a retarded
disintegration and the time of delay increases with
increasing butyndiol concentration (Fig. 4).

040 B—=8

03

M NiH

01

Saccharine

Saccharine +1 4-Butynediol

OOO 1‘0 Qb Sb 46 SIO 80
Time { min
Fig. 3. Disintegration of hydride phase at a room
temperature as a function of the type of the nickel
coating. Hydrogenation conditions: 1n H,SO4 + 1 mg I
H,Se0s, 2.5 mA cm?, 40 min.

20

Time / min

000 0.05 010 015 0.20
1,4-Butynediol f g 11

Fig. 4. Time of delay of hydride phase disintegration
as a function of 1,4-butynediol concentration in
electrolyte containing 1 g I* saccharine. Hydrogenation
conditions: 1n H,SO4 + 1 mg It H,SeO3, 15 mA cm?, 30
min.

A smaller delay of hydride phase disintegration
is observed in coatings obtained from an electrolyte
containing only butyndiol. The influence of 1,4-
butynediol on the disintegration of the hydride
phase could be seen in several directions. The
addition of 1,4-butynediol leads to deposition of
coatings with a fine structure, showing a higher
density of defects [20] and by this way, favourable
conditions are created for stronger absorption of the

hydrogen into the nickel matrix. It is known that the
defects and grain boundaries are sites which could
act as H traps [23, 24]. Moreover, a largest quantity
hydrogen is absorbed in the coatings obtained from
an electrolyte containing both brighteners. The
bright nickel coatings occlude hydrogen in amounts
exceeding those needed for hydride phase
formation [21, 25], and this phase visibly begins to
disintegrate only after desorption of a portion of the
occluded hydrogen.

Cracking of the hydrogenated nickel coatings

The metallographic study of samples subjected
to cathodic hydrogenation indicates that cracking of
the coatings is not observed when they are
produced in an additive-free electrolyte. The
hydrogenation degree of such coatings is
considerably low [7, 21] and obviously, the internal
stresses are not so high in order to cause cracks.
The coatings produced in electrolyte containing
only saccharine didn’t show a tendency for
cracking. These coatings are strongly hydrogenated
and this effect is confirmed by the great alteration
of the internal stresses during the cathodic
hydrogenation [21]. However, cracks are not
formed and this is probably due to the internal
stresses which after the end of cathodic
hydrogenation  (followed by the hydrogen
desorption) remain in the range of compressive
stresses as are the own stresses of these coatings
after deposition [21]. Cracks of an irregular shape
are formed after hydrogenation of coatings,
deposited from electrolyte containing only 1,4-
butynediol. The spiral type of cracking begins to
appear when the deposits are obtained from an
electrolyte containing both brighteners (Fig. 5a).
This occurs under “mild” hydrogenation.
Ununiform cracking after “mild” hydrogenation
shows that the hydrogenation doesn’t run
uniformly, both on the surface and in the bulk of
the bright coatings. A regular net of cracks is
formed after a strong hydrogenation of the coatings
obtained from electrolyte containing both
brightening additives [9, 10].

In some cases, probably due to improper
preliminary processing of the substrate, the
cathodic hydrogenation doesn’t cause crack
formation but blistering. Formation of bubbles is
observed after cathodic hydrogenation of the
coatings, deposited in the presence of saccharine
(Fig. 5b). In coatings, deposited from electrolyte
containing both brighteners, circle peelings are
removed from their surface because these coatings
are more brittle (Fig. 5¢). The same circle peelings
were also observed on the surface of zinc coatings,
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obtained from zincate electrolytes in the presence
of certain brighteners [26]. This effect could be
connected with a hydrogenation of the iron
substrate in the initial stages of the process when
the rate of hydrogen reaction is much higher than
that of the zinc electroreduction. The formation of
bubbles as well as the removal of circle peelings
from the surface of the coatings were observed after
a certain period of time after the end of
hydrogenation of nickel as well as after the
deposition of zinc. The form and the time for
appearance of blistering indicate that centres of
internal stresses are created because of the
ununiform  hydrogenation  and/or of the

redistribution of the hydrogen after ending up the
hydrogenation.
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Fig. 5. Hydrogen induced structural alterations in
nickel coatings: a - cracking after cathodic
hydrogenation of coatings deposited from electrolyte
containing both brighteners; b - blisters, formed after
cathodic hydrogenation of a coating deposited from
electrolyte containing saccharine; c - circles, peeled after
cathodic hydrogenation of a coating deposited in the
presence of both brighteners.
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CONCLUSION

Both additives in the nickel electrolyte - 1,4-
butynediol and saccharine contribute to a more
complete phase transformation of nickel into nickel
hydride. This is assisted by the fine structure of the
nickel deposits with a higher density of defects as
well as the incorporated compounds containing
sulphur as a product of electrochemical
transformation of the saccharine.

The delay of the hydride phase disintegration is
related to the influence of 1,4-butynediol on the
coating structure, the effect being more enhanced in
combination with saccharine.

Cracking of the coatings, as a result of cathodic
hydrogenation, is not observed when they are
produced in an additive-free electrolyte or in an
electrolyte containing saccharine. Concentric and
spiral cracks are formed only in coatings, deposited
from an electrolyte containing both brightening
additives. It could be suggested, that this is related
to the influence of three factors: formation of strain
regions in the nickel deposits, as a result of
irregular  hydrogenation;  various mechanical
properties of the layers due to the influence of the
additives and adhesion of the layers to the substrate.
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HABO/JIOPOASABAHE N HAITYKBAHE HA HUKEJIOBU ITOKPUTUA
EJIEKTPOOTJIOXEHU B ITPUCHCTBUE HA BJIICBKOOBPA3YBATEJIN

M. Moues
Hnemumym no gusuxoxumus, Bvreapcka akademus na naykume, yi. Axao. I'. bonues, bn. 11, 1113 Coghua
[MocTenuina Ha 9 okromBpH, 2015 r.; kopurupana Ha 3 HoemBpH, 2015 1.
(Pestome)

IIpu xatomHa moJspU3alUs B KHCENa cpela, ChIbprKalla CTUMYJIMpAIld HaBOJAOPOASBAHETO NOOaBKH, HUKEIBT
abcopOupa 3HaYNTEITHN KOJIMYECTBA BOJIOPOA U ce 00pa3yBa HOBa KpHUCTalIHa (a3a, HUKEIOB Xuapua. M3ciaensanero Ha
(a30BOTO MpEBpBILAHE HA EJIEKTPOOTIOKEH HUKEN B HUKEJIOB XHMIPHUI TPH KATOJHO HABOAOPOJSIBAHE IIOKa3Ba, e
opraHu4yHUTE CheauHeHus 1,4-OyTHHIMON W 3aXapWH, TUIIMYHU NPEICTaBUTEIM Ha JBa Kiaca J00aBKM 32 HUKEJIOBU
CJIEKTPOJIUTH, KOUTO OOMYAifHO ce W3IONI3BaT 3a MOAOOpsSBaHE Ha CBOWCTBAaTa Ha IOKPHUTHUATA KaTO BBHHINEH BHI,
BBTPELLHU HANPEKEHUS U Ap., JONPUHACAT 32 MO-II'BJIHOTO MPEBPBLIAHE HA HUKEJIa B HUKEJIOB XUApuA. ToBa ce IbJIKU
Ha TOo-(QHUHATA CTPYKTypa Ha HUKEIOBUTE OTIOXKCHHS C MO-BUCOKA IDTHTHOCT HA NE(EKTH, KAKTO M HA BKIFOUCHUATA,
CBIBPIXKAIIH CSpa KaTo MPOIAYKT OT ENEKTPOXUMHIHOTO MPEeBphINaHe Ha 3axapuHa. JJo0aBKUTe OKa3BaT BIMSIHAE KaKTO
BBPXY CKJIOHHOCTTA Ha HUKEJIOBUTE CJIOEBE KbM HaIllyKBaHE, TaKa ChILIO U BbPXY BHUJIa HA ITyKHATUHUTE.
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