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Neste trabal ho sdo apresentados os resultados dos estudos do comportamento eletroquimico do
eletrodo deniquel enH2S041,0 N, naausénciae napresencadea cool propargilico (Propin-2-ol-1).
Observou-se umaforte interacdo entre 0 composto organico e asuperficie do eletrodo. A incidéncia
de um feixe de luz policromética afeta 0 processo de transferéncia de carga sobre 0 mesmo. Os
processos anddicos, associados a eletrooxidagdo da superficie do eetrodo, foram inibidos com a
presenca de dcool propargilico no meio. Esta interagdo aumenta quando o sistema esta sob
iluminagdo. A acdo inibidora do alcool propargilico foi observada mesmo em solugdes de écido
sulfirico aeradas ea 30 °C.

The electrochemical behavior of anickel electrodein 0.5 M H2S0gin the absence and presence
of propargyl alcohol (2-Propyn-1-ol) was investigated. Three different electrochemical methods
were used in this paper: potentiometry, partial polarization curvesand cyclic voltammetry. A strong
interaction between the organic compound and the electrode surface was observed. The incidence
of polychromatic light on the electrode surface affects the charge transfer process on it. The anodic
reactions related to the electrooxidation of the electrode surface were inhibited by the presence of
propargyl acohol in the medium. The interaction between the organic compound and the electrode
surface increases when the system is under illumination.

The inhibitory action of propargyl alcohol on the electrooxidation reactions of nickel was
observed even at 30 °C in aerated sulfuric acid.
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| ntroduction

The electrochemical behavior of nickel in agueous so-
[utions is complex. It depends on the ionic composition of
the medium, the crystal orientation, thermal treatmentsand
on the perturbation applied to the metal/solution interface.
Electrochemical studies confirm that the kinetics of the Ni
electrode involves the presence of adsorbed hydroxo-spe-
ciesh.

Nickel passivation in acid solutions containing a high
concentration of sulfate and nickel ions was explained by
reaction pathways involving hydroxo- and oxo-species as
reaction intermediates’.

The behavior of freshly generated electrode surface of
Ni at low potential, shows that a monolayer of NiOH is
formed. Passivation of nickel at high potentialsis control-
led by the nickel oxide component of the film?®.

* Author to whom all correspondence should be addressed

The resigtivity of the film formed during the anodic
oxidation of nickel in 1.0 N H2SO4 solution suggests the
presence of NiO®.

The existence of anions on the passive film, formed on
anickel surfacein acid solutions, confirms the mechanism
involving competition between the species®®.

Some studies have been made with propargy! alcohol
as a corrosion inhibitor in acid media for iron and iron
alloys”®. The interaction between propargy! alcohol and
nickel was studied with respect to the mechanism of
inhibition of cathodic evolution of hydrogen®. Previous
studies state that the corrosion of nickel in 0.5M H2SO4
solution was not significantly affected by the presence
of propargy! alcohol°.

Thiswork intends to characterize the inhibitory ability
of propargyl acohol on the electrooxidation reactions of
nickel electrode in deaerated and aerated sulfuric acid.
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Three different electrochemical methods were used: a)
potentiometry, b) potentiodynamic I(E) profiles and c)
partial polarization curves. Some experiments were made
in darkness in order to observe the influence of the inci-
denceof polychromaticlight onthe electrochemical behav-
ior of the metal in the absence and presence of propargyl
alcohoal.

Experimental

Electrochemical measurements

The electrochemical experiments were carried out in a
three-electrode electrochemical cell with a platinum coun-
terelectrode and a saturated Ag/AQCI electrode as refer-
ence. The working electrodes were made from pure nickel
foil 99.5% (Carlo Erba). The samples were cut in rectan-
gles. The active surface of the electrode was not fixed and
varied from 0.2 cm? to 0.6 cm?. The electrode preparation
is described elsewhere’.

The electronic arrangement consisted of a PAR 173
potentiostat with a PAR 376 logarithm current converter, a
PAR 175 universal programmer and a PAR RE0089 X-Y
recorder.

Potentiometric experiments were made with a digital
pH meter Philips (PW9409) coupled with a X-t recorder
Varian model A-25.

Some experiments were made in darkness and, for
comparison, with illumination. The polychromatic light
source was a dide projector with a 150 W bulb. The light
beam was collimated to shine directly on the electrode
surface by using aglass lens.

Electrolyte preparation

The 0.5 M H>SOs agueous solutions were prepared
from pure concentrated sulfuric acid (Merck) and distilled
water. Before each experiment, the electrolyte was deaer-
ated by bubbling pure nitrogen through the solution. To
obtain comparative performance data, some tests were
repeated in aerated acid solutions. The propargy! acohol
purity was controlled by periodical distillation.

Results and discussions

Potentiometric measurements

The purpose of these experiments wasto determine the
interaction between the nickel electrode and propargyl
alcohol at open-circuit potential conditions. Before each
measurement a preactivation of the electrode was applied
in the supporting electrolyte. This consisted in a cyclic
variation of the potential between -0.38 V (Ag/AgCl) and
-0.030 V (Ag/AgCl) at v = 10 mV/s during 10 min. The
procedure was interrupted and the corrosion potential
measured. Propargy! alcohol was added to the deoxygen-
ated supporting e ectrolyte solution with stirring, and the
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potential of the electrode was then alowed to attain the
steady state condition value (corrosion potential). Typical
data showing the changes of the working electrode poten-
tial versus time are shown in Fig. 1. The effect of the
illumination is also presented.

The corrosion potential shifted to amore positive value
instantaneously. These results are in agreement with that
observed with unsaturated organic compounds'®. This ef-
fect suggests that there is a strong interaction between
propargy! alcohol and the electrode surface since the cor-
rosion potential changes abruptly with the presence of the
organic compound. The difference between the initial and
final potential values (DE) is lower in darkness than with
illumination. The adsorption/desorption process related to
the interaction may depend on the illumination conditions.

The presence of propargyl acohol may inhibit some
anodic reactionsthat occur on the active sites present in the
nickel surface. The adsorption of the organic compound
displaces the adsorbed water that isinvolved in the oxida
tion mechanismt. The effect of theincidence of light inthe
electrode surface may be related to the water or organic
desorption process.

Thepotential shiftsto more positivevaluesand depends
on the alcohol concentration. The electrode potentia dis-
placement, (DE), was 140 mV when the concentration of
PA was Cpa) = 1.0mM and 150 mV when Cpa) = 5.0 mM.
This difference may suggest that the amount of adsorbed
species formed during propargyl alcohol adsorption in-
creases with the organic compound concentration.

This method confirms that the interaction between
propargy! acohol and the nickel surfaceisfast and stable,
and is related with an adsorption process of the organic
compound. The electrode coverage depends on the water
desorption and alcohol concentration.

0.05

E/V (Ag/AgCl)
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Figure 1. Equilibrium potential changes of nickel electrodein deaerated
0.5 M H2S04, at 20 °C, under stirring conditions (750 rpm), versustime.
Theinstant of addition was labelled at time zero, where propargy! a cohol
(Cap= 1.0 mM) was added in the medium: (C}) under illumination and
(----) in darkness.
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Partial polarization curves - Studies in the absence of
propargyl alcohol

The effect of light: @) deaerated acid solutions

The effect of the light observed in the previous poten-
tiometric studieswas explored also by thismethod in order
to verify the influence on the electron-transfer process. At
more positive potencial sthe el ectrode processes arerel ated
to the passive layer formation. This passive film may have
semiconductor properties which affect the rate constants
for electron transfer at the semiconductor/electrolyte inter-
face. The theoretical aspects of semiconductor electro-
chemistry are well described in the literature™®®2,

The current-potential curves under potentiostatic con-
trol and in steady state conditions were recorded after an
electrode preactivation as described before. Afterwards, a
potential program was applied. A potential step at -0.030
V (Ag/AgCl) was applied to oxidize some organic material
eventually adsorbed on the el ectrode surface; then apoten-
tial step at -0.38 V (Ag/AQCl) was applied in order to
reduce the oxide layer formed. After this preactivation
period, the process was interrupted and, the open circuit
potential of the electrode was then alowed to attain the
corrosion potential value. Both anodic and cathodic polari-
zation curves started from the corrosion potential.

The cathodic and anodic partial polarization curves of
nickel electrode in deaerated 0.5 M H2SOg4, are shown in
Fig. 2. In the potential range between -0.10 V and 0.10 V
(Ag/AQCI) the process is active; the current densities in-
crease with potential. In this potential range an electrooxi-
dation of the electrode is occurring. On the negative side
thehydrogenreductionisthemainreaction ontheelectrode
surface. The effect of the incidence of polychromatic light
on the electrode surface is also presented. The current
density valuesrecordedinthe positive potential rangewere
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Figure 2. Partia polarization curves of nickel electrode in deaerated
0.5M H2S0g4, at 25 °C, in static conditions: (- ) in darkness and (D) under
illumination.
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lower when the electrode was under illumination than in
darkness. Based on the datait is possible to consider:

a)The influence of the light on the passive nickel films
may be related with semiconductor capacity to produce
electrons and holes in the conduction and valence band,
respectively. In buffered 0.5 M NapSO4 a photoresponse
was observed on nickel passive films. The dependence of
the photoresponse on light energy is comparable to that
observed on Ni oxides'*. Some authorsfound that when the
filmed Ni electrode immersed in the Briggs solution was
polarized close to and into the hydrogen evolution range,
cathodic photocurrents were observed. In this discharge
range the electrodes behave as if it were covered with a
p-type semiconducting oxide. With the electrode anodi-
cally polarized, large photocurrents were observed, point-
ing to a n-type passivating oxide layer’®. In 1 M KOH the
authors confirmed that anodic photocurrent from oxidized
filmsof nickel which behave as n-type semiconductors can
be generated by visiblelight of energiesaslow as1.5eV2°.

However, the data obtained in this work show that
anodic currents decrease when the electrode surface is
under polychromatic illumination. Since the oxide phase
formation depends on the amount of adsorbed water?, the
effect of the light may be related with water desorption.

b)The anodic behavior of Ni in acid electrolytesisvery
complex and depends strongly on the metal purity, on its
crystallographic characteristics, on the solution composi-
tion and on the type of perturbation applied to the metal/so-
[ution interface. The kinetics of the Ni electrodes in acid
solutions with a high chloride ion concentration involves
an uniform dissolution at low anodic potentials with a
probable reaction path™:

Ni + H20 NiOH +H* +¢&
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Figure 3. Partial polarization curves of nickel electrodein aerated 0.5 M

H2SO4, a 25 °C, in static conditions: (-) in darkness and (D) under
illumination.
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which considers the water adsorption process in the
mechanism of electrooxidation. This reaction path may be
influenced by theincidence of thelight, thus decreasing the
guantity of adsorbed water as the anodic currents were
lower under illumination than in darkness.

The effect of light: b) aerated acid solutions

The results shown in Fig. 3, however, confirm that the
incidence of the light on the electrode surface, decreases
the anodic current values even in aerated sulfuric acid
solutions. This effect may also suggest that the surface
reaction ratesrel ated to the process of water adsorption are
being influenced by the incidence of the light on the elec-
trode surface. The same comments used to explain the
effect of the light in deaerated solutions should be applied
here.

Partial polarization curves. Sudiesin the presence of
propargyl alcohol

a) Deaerated acid solutions

The presence of propargyl alcohol in the medium de-
creases the current density values asit is shown in Fig. 4.
This effect was remarkable in the anodic potential range.
The presence of the organic compound inhibits the elec-
trooxidation of the metal in deaerated 0.5 M H>SO4 over a
large potential range. This effect may be related to the
adsorption of propargyl acohol on the active sites, block-
ing them from the reaction pathway involving water ad-
sorption.
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Figure 4. Partia polarization curves of nickel electrode in deaerated
0.5 M H2S0g4, at 25 °C, in darkness: (- ) in absence and (D) presence of
propargyl alcohol 0.05 mM.
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Figure5. Partial polarization curves of nickel electrodein aerated 0.5 M

H2S0g4, at 25 °C, indarkness: (- ) in absence and (D) presence of propargy!
alcohol 0.05 mM.
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Figure 6. Cyclic voltammograms of nickel in deaerated 0.5 M H2SOs4,
at 25°Cand v =2 mV/s: (—) in darkness and (----) under illumination.
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b) Aerated acid solutions

The same experiment was made in aerated acid solution.
Fig. 5 shows that, even in such aggressve medium, the
inhibition effect of the organic compound is evident over the
anodic potential range. These results do not agree with those
previously published in the literature'. This difference may
be related to the preactivation procedure and potentia pro-
gram that was applied to the electrode in thiswork.

Cyclic voltammetric studies

a) Studiesin the absence of propargyl acohol

Figure 6 showsthe I (E) profiles of the nickel electrode
at 25 °C, in deaerated 0.5 M H>SO4. The effect of the
incidence of the light is also presented. The same preacti-
vation procedure was applied on the electrode before each
measurement, as described before. In the potential range
between -0.36 V and -0.15V (Ag/AgCl) the current densi-
ties were related to cathodic processes. On the other side,
inthe potential rangefrom-0.15V t0-0.005V (Ag/AgCl),
the current densities were attributed to the el ectrooxidation
of the electrode. The electrodissolution of the electrode
occursin this potential range'*.

Some results obtained in the Ni/0.5 N H>SO4 suggest
that the anodic electrochemical process depends funda
mentally on the solvent and acidity of the solution'’. The
authors suggest that these anodic processes are related to
the electrodissol ution of the metal and to the formation of
passivating species. The mechanism involved may be as
follows:

Nix Ni(H20) = Nix Ni(OH) + H" + &
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Figure 7. Plot of the currentstaken at E = -0.23 V/(Ag/AgCl) from the
voltammograms VS. the geometrical surface area of the nickel elec-
trodes in deaerated 0.5 M H2SO4, at 25 °C, in darkness (CJ) and under
illumination (D).
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Nix Ni(OH) = Nix Ni(OH)* + &

Nix Ni(OH)*+ H* = Ni?* + Ni(x-1) Ni(H20)
Nix Ni(OH)* + H20 = Niy [Ni(OH)7] + H*
Nix [Ni(OH)z] = Nix + Ni?* +2 OH"

Nix-1) {2Ni(OH)2]} = Ni-1) [(NiOOH) .Ni(OH)2] +
+H +¢e

where Nix denotes the bulk metal, the parenthesis and the
brackets refer to adsorbed surface species and to film
forming species, respectively.

The current density valuesin the anodic potential range
were lower when the electrode is under illumination than
in darkness. This effect agrees with that observed with
partial polarization curves. Since the water adsorption is
involved in the electrooxidation mechanism of the elec-
trode, the same comments should be applied to explain this
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Figure 8. Cyclic voltammograms of nickel in deaerated 0.5 M H2SOg4, at

25 °C and v = 2 mV/s, under illumination: (—) in absence and (----)
presence of propargy! alcohol 0.05 mM.
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Figure 9. Comparative cyclic voltammograms of nickel in deaerated
0.5M H2S04, at 25°Candv =2mV/s, inthe presenceof propargyl a cohol
0.05 mM: a) in darkness and b) under illumination.

effect. The incidence of polychromatic light decreases the
quantity of adsorbed water.

Thereproducibility of the data regarding this method is
shown in Fig. 7. The current values abtained from the
voltammograms versusthe geometrical surface areasof the
different electrodes are plotted. The current density values
vary linearly with the geometrical surface area of the elec-
trodes.

b) Studies in the presence of propargy! alcohal.
Deaerated solutions

The effect of the presence of propargyl alcohol on the
I(E) curvesof nickel in deaerated sulfuric acid solutionsare
showninFig. 8. It isnotablethat the anodic current density
values decrease in the presence of the organic compound,
indicating that the electrodissolution of the metal was in-
hibited. The interaction between propargyl alcohol and
nickel surface shift the corrosion potential, Ecorr, to more
positive values.

The same strong interaction was observed using acety-
lene as inhibitor'l. The authors explain the results as an
adsorption displacement reaction such as:

X[NiyL(L)ads] + XM ® Xm[Niym(M)aas] + yLL

where M isthe inhibitor adsorbate and L represents OH or
H>0 species.

J. Braz. Chem. Soc.
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Figure 10. Cyclic voltammograms of nickel in aerated 0.5 M H2SO4, at

25 °C and v = 2 mV/s, under illumination: (—) in absence and (----)
presence of propargy! alcohol 0.05 mM.

The adsorption of propargyl alcohol on the nickel
surface blocks the water adsorption or displaces adsor-
bed water involved in the corrosion mechanism. The
electrodissolution of the metal decreasesin the presence
of the organic compound as suggested by the voltammo-
grams.

Figure 9 shows the effect of the incidence of polychro-
matic light on the voltammograms of nickel inthe presence
of propargyl acohol. The interaction between the organic
compound and the electrode surface improves when the
electrodeisunder illumination since that both cathodic and
anodic currents decrease morethan in darkness. Theanodic
current val ues related to the electrodissol ution of the metal
were lower under illumination than in darkness. Thiseffect
may suggest that the mechanism of inhibition of the corro-
sion process of nickel by this compound depends on the
illumination conditions. The electrooxidation of nickel in
the presence of propargyl alcohol starts at more positive
potential than in the absence of theinhibitor. Thisfact may



Vol. 9, No. 5, 1998

0.64 -

0.48 |

032 |

j/mA cm?

0.16 |

0.0

-0.16

|
0.38 0.20 0.03
-E/V (Ag/AgCl)
Figure 11. Comparative cyclic voltammograms of nickel in deaerated
0.5M H2S04, at 25 °Cand v =2mV/s, under illumination: (—) in absence
of inhibitor at 5 °C; (- - -) in the presence of propargyl acohol 0.05 mM
a 5 °C and (----) in the presence of propargyl alcohol 0.05 mM at 30 °C.

suggest that more active siteswere occupied by the organic
compound or that they were liberated by adsorbed water
that is involved in the e ectrodissolution mechanism. No
evidenceof theeffect of thelight ontheinteraction between
propargyl alcohol and nickel surface was found in the
literature.

¢) Studiesin the presence of propargyl alcohol. Aerated
solutions

Figure 10 showsthe effect of the presence of propargyl
alcohol ontheelectrochemical behavior of nickel in aerated
sulfuricacid. Theinhibition effect of the organic compound
was notable even in such aggressive solution. This result
agreeswith that observed in the partial polarization experi-
ments. The same comments given in deaerated solutions
should be applied here to explain the results under these
conditions.
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Figure 12. Comparative cyclic voltammograms of nickel in deaerated
0.5 M H2S0g4, at 25 °C and v = 2 mV/s, in darkness: (—) in absence of
inhibitor at 5 °C; (----) in the presence of propargyl alcohol 0.05 mM at
5°Cand (- - -) in the presence of propargy! alcohol 0.05 mM at 30 °C.

d) Studiesin the presence of propargyl acohol. Different
temperatures

The effect of the temperature was investigated to deter-
mineif the interaction between the organic compound and
the electrode surface decreases when the temperature in-
creases. Fig. 11 showsthe voltammograms of nickel inthe
absence of propargyl alcohol a 5 °C and, comparatively,
in the presence of the organic compound at 5 °C and 30 °C
keeping the system under illumination. Theinhibitory per-
formance was not strongly influenced by the temperature
increase, as is shown by the low anodic current density
values observed.

The same experiments were repeated in darkness asis
shown in Fig. 12. The inhibitor interaction of the organic
compound was noticeable aso under these conditions.
However, the inhibitory effect was lower in darkness than
under illumination.
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Conclusions

Thedataobtained by different methods confirm that the
illumination of nickel can affect the electrochemical beha-
viour of themetal in 0.5 M H2SO4. Theinteraction between
propargy! alcohol and the electrode surface changes the
corrosion potential remarkably in deaerated sulfuric acid.

The results observed from partial polarization curves
confirm the inhibitory effect of propargyl alcohol even in
aerated sulfuric acid solutions.

The cyclic voltammetric method shows that anodic
currentsrel ated to the el ectrooxidation process of the metal
decrease strongly in the presence of propargyl alcohol. The
interaction el ectrode/organic compound was greater when
the electrode was under illumination than in darkness. The
inhibitory effect was observed even when the aerated sul-
furic acid solution was at 30 °C.
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