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The periodic current oscillations of Fe/HNO5 are presented in this paper. The ef-
fects of HNOj3 concentration and imposed potential were investigated. The dropping
method was used to change the local pH of the Fe/electrolyte interface, creating environ-
ments that favor the occurrence of current oscillations. Some interesting results were ob-
tained and an explanation of the current oscillations is suggested.
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INTRODUCTION

The periodic oscillatory behavior at the transition region from the active state to the
passive state of certain metals has always been an area of research interest,!~14 not only
because of its potential importance in corrosion and protection of metals, but also because
of its role in attempts to understand the oscillation phenomena occurring in interfacial
processes.2~4 The most extensively studied electrochemical oscillator is the Fe/H,SOy4
system. However, as the metal active dissolution-passivation is a very complicated pro-
cess, the oscillation mechanism of Fe/H>SOy system is still far from clear.>8

Beck found the formation of a ferrous salt film in the prepassive potential region
in the Fe/H»SOy4 system. 19 Then current oscillation phenomena were attributed to peri-
odic changes in the salt film porosity or in the exposed area under the salt form.!1.12
However, many authors believe that the formation of an oxide film is the reason of cur-
rent oscillation.3:%%13 Pigeaud and Kirkpatric thought that, before the formation of a
stable passive film, precipitation of colloidal dispersed Fe(OH), occurs.!3 Wang and
Chen obtained some interesting results using the holographic microphotographic tech-
nique at the interface of an Fe/0.5 M H,SOj4 oscillatory system.3 The results support the
temporal formation of Fe(OH), and Fe3O4 during the current oscillations. They
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thought that the temporal formation of Fe(OH), and Fe30y4 is the cause of the current
oscillations. With the dissolution of Fe, the Fe2™ is accumulated at the interface causing
adecrease of the H* concentration due to the migration of H* ions away from the vicin-
ity of the electrode. The local increase of pH leads to a temporal precipitation of
Fe(OH); and Fe304 which block the Fe surface. The back diffusion of HY ions from the
bulk to the interface causes the dissolution of the Fe(OH); and Fe304 and a reactivation
of the electrode.3:4

In this paper, some experimental results concerning electrochemical oscillation
in the Fe/HNOj3 system are presented. The effects of HNO3 concentration and imposed
anode potential were investigated. Particularly, in order to investigate the electrochemi-
cal oscillation mechanism, a dropping method was used to change the local pH of the
Fe/electrolyte interface, creating environments that favor the occurrence of current os-
cillations. Some interesting results were obtained.

EXPERIMENTAL

The electrochemical experiments were carried out in a three-electrode system. The electrode
potential was controlled by a PAR M173 potentiostat and a PAR M175 function generator. The re-
sponse current was monitored by a YEW 3086 X-Y-¢ recorder. The working electrode, 2.5 mm in di-
ameter, was prepared from an iron rod 0f 99.99 % purity (Johnson Mattey Chemicals). The electrode
was carefully sealed with epoxy resin in a glass tube, leaving only the working surface exposed to the
solution. The counter electrode was a Pt sheetand a Hg/HgrSO4/0.5 M HySO4 electrode was used as a
reference electrode, with its Luggin capillary probe located 2 mm below the working electrode. The
electrolytes were prepared from analytical grade reagents and triply distilled water. The working
electrode was polished with 600 and 1200 grade emery paper and washed with water, triply distilled
water in an ultrasonic bath prior to each experiment. All measurements were performed at 25+2 °C.

RESULTS AND DISCUSSION

Anodic i—E polarization curves in HNO3 solutions of various concentrations

The current-potential (i—F) polarization curve of the Fe/HNOj3 system are shown
in Fig. 1. The potential scan rate was 2 mV s~1. When the HNOj3 concentration is very
low (0.05 M), a well-defined i—F curve is traced, as is shown in Fig. 1a, no current oscil-
lation was found. With increasing HNOj3 concentration, current oscillations occur over
awide range of HNOj3 concentratios (0.1 M —8 M). In the range 0.1 M <cgno3 <8 M,
the i—E curves can be divided into two types according to the HNOj3 concentration. The
first type is in the range 0.1 M < cgno3 < 1 M, where by scanning the potential from
—700 mV to 500 mV, the current increases continuously until oscillations take place,
then passivation is achieved. The second type is in concentrated HNOj3 solutions (2 M —
8 M). With increasing potential, the current first increases and then decreases over a
wide potential range, after which current oscillations occur within a certain potential
range where the iron electrode is in transition from the prepassive to the passive state.

Podesta et al. studied current oscillations in the Fe/H,SOy4 system.!4 They
pointed out that a cy,50,> 1 M, a ferrous sulphate salt film forms on the surface of the
Fe electrode, while at cy,50, < 1 M, a Fe(OH); film maybe forms. In the Fe/HNO3 sys-
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tem, the solubility of Fe(NO3), - 6H,O is 83.5 g/100 ml H,O at 20 °C,!5 hence a
Fe(NO3); salt film can not form on the Fe electrode surface. On the other hand, taking
into account the increase of the interface pH, caused by a migration of H" away from the
vicinity of the electrode, a Fe(OH); film maybe forms at the Fe electrode surface. With
decreasing HNO3 concentration, the Fe(OH); film becomes thicker and thicker, and
the amplitude of the current oscillations becomes smaller and smaller.

It can be seen from Fig. 1a that in 0.05 M HNOj solution when the potential is scanned
in a positive direction, the anodic dissolution current of Fe is very small. The amount of FeZ*
produced by the anodic dissolution of Fe is small, and the decrease of the H' concentration
due to the migration of H' ions away from the vicinity of the electrode is slowed down. It is
difficult to form the certain thickness of a Fe(OH), film which is necessary for the occurrence
of current oscillations. Hence, no current oscillations are observed.

The effect of the HNO3 concentration on current oscillations

Figure 2 shwos typical potentiostatic current/time curves at £ =-210 mV for the
Fe/xM HNOj systems. For 0.05 M HNO3, the i~ curve (Fig. 2a) shows clearly that the
current decreases to a very low value within a few seconds of the onset of polarization,
the Fe electrode enters a passive state. No current oscillations are observed. When the
HNOj concentration is 0.1 M, current oscillations occur 54 s after the formation of the
passive state. However, when the HNOj3 concentration is 0.5 M, current oscillations oc-
cur immediately the polarization is commenced. For HNO3 concentration >1.0 M, the
i—t curves are obviously different compare with that obtained with 0.5 M HNO3 as
shown in Fig. 2d and Fig. 2e. When the potential of the Fe electrode is suddenly
changed from the open-circuit value to —290 mV, the current decreases gradually for a
few seconds, and then current oscillations are observed. In 5.0 M HNO3 solution, the
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current decreases gradually to a relatively steady value and no oscillations are observed,
as shown in Fig. 2f. In this concentration of HNO3, even if the electrode is polarized for
a long time (for example, 30 min), no current oscillations are found.

The effect of the imposed potential on the current oscillations

The potentiostatic i~ curves of a Fe/0.5 M HNOj3 system with different imposed
potentials are shown in Fig. 3. It can be seen that changing the anode potential results in
different types of i~ curves. When £=—190 mV, the current is very low, the electrode is
in the passive state and current oscillations are not observed, as shown in Fig. 3a. With

N ¥
0 600mAcm™ < 10s _ﬁ Fig. 3. it transients of the Fe/0.5 M
v HNOj system as a function of the po-
tential. a: £=—190 mV; b: £=-200
t mV;c: E=-220mV;d: E=-240mV.
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this potential, even if the electrode is polarized for a long time (for example, 30 min), no
current oscillations are found. The current oscillations appears in the potential range
—200mV~-230mV. In this potential range when £ =-200 mV, current oscillations ap-
pear after some period of time, while when £ =-220 mV, current oscillations occur im-
mediately after commencement of polarization, as shown in Fig. 3b and Fig. 3¢. On fur-
ther increasing the potential to —240 mV, no current oscillations are observed.

Explanation of the current oscillation phenomena in 0.5 M HNO3

As occurs in 0.5 M H>SOy solution,? it can be inferred that a change of pH in the
Fe/electrolyte interface would influence the formation and dissolution of a Fe(OH),
film and a Fe304 film, as well as the occurrence, development and ceasement of current
oscillations. In the other word, if current oscillations can be induced by changing the pH
in the Fe/electrolyte interface artificially, the current oscillation mechanism based on
the temporal formation of Fe(OH); films and Fe3zO, films would be supported. In this
section, a dropping method was used to change the local pH of the Fe/0.5 M HNOj3 in-
terface, creating environments that favor the occurrence of current oscillations.

I\ r\/_ Fig. 4. Effect of dropping on the

3 - 4 d potentiostatic current oscillations of

EY 205 the Fe/0.5 M HNO; system. a: E =

400mAcm? H ~290 mV, 0.5 M NaOH; b: E= ~320

mV, 0.5 M NaOH; c: £ =-290 mV,

H,0; d: E =-290 mV, 0.5 M HNO;3
dropping.

(1) Effect of dropping NaOH solution. The effect of dropping a 0.5 M NaOH so-
lution when the Fe electrode is polarized at—290 mV in 0.5 M HNOj3 solution is shown
in Fig 4a. As the potential is changed suddenly from the open-circuit value (— 700 mV)
to —290 mV, the polarization current decreases gradually and finally regains a steady
value, no oscillation are observed. When 0.2 ml of'a 0.5 M NaOH solution is dropped
through a needle (internal diameter 0.2 mm) into the electrolyte 2 mm below the surface
of the Fe electrode, the current decreases suddenly and reaches a very low, indicating
that the Fe electrode enters into a passive state. These effects can be attributed to a thick-
ening of the Fe(OH), film and the formation of a Fe304 film. The passive state is main-
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tained for 16 s, then current oscillations occur. However, these last for only 10 s, when
the current resumes its original steady value. Similar phenomena are observed when the
dropping is repeated once again.

For a given potential, a suitable pH value in the Fe/electrolyte is necessary for the
formation of Fe(OH), and Fe3O4 films. If the pH value can not be achieved only by the
migration of H' ions caused by the accumulation of Fe2* ions, usually, current oscilla-
tions can not occur. Through the dropping of the NaOH solution, the pH value can be ar-
tificially attained and a Fe(OH); film is formed which results in the current decrease. At
the end of the dropping, the diffusion of H" ions from the bulk solution to the interface
causes the dissolution of the Fe(OH), and then the Fe3Oy4 film. The Fe electrode is reac-
tivated and the current becomes larger. The Fe?" ions, produced by the electro-
dissolution of iron, cause migration the H™ ions away from the vicinity of the Fe elec-
trode. The increase of pH in of the Fe/electrolyte interface leads to the formation of
Fe(OH), and Fe30y4 films once again. Thus, current oscillations appear.

As the amount of NaOH dropped is small compare to the bulk solution, as soon as the
dropping is stopped, the Fe/electrolyte interface is restored to its original state as is the effect
of diffusion before dropping. So the current oscillations can not continue for very long.

The effect of dropping a 0.5 M NaOH solution when Fe electrode is potentiostatic
polarized at =320 mV in 0.5 M HNOj solution is shown in Fig. 4b. Phenomena similar to
those at —290 mV are observed. After dropping 0.2 ml of a 0.5 M NaOH solution, the Fe
electrode enters a passive state, and then current oscillations occur. Only the oscillation am-
plitude is smaller and the time of oscillations is shorter than at 290 mV. In fact, when £ <
—240 mV, no current oscillations are found ina 0.5 M HNOj solution, but the dropping a 0.5
M NaOH solution can introduce current oscillations until £=-320 mV. At E <-320 mV,
current oscillations can no longer be introduced by dropping a 0.5 M NaOH solution.
Maybe at this potential it is not possible to form the Fe(OH), and Fe304 films essential for
current oscillations even by the dropping of a 0.5 M NaOH solutiion.

(2) Effect of dropping H>0. The effect of dropping 0.2 ml of H,O when the Fe
electrode is polarized at —290 mV in 0.5 M HNO3 solution is shown in Fig. 4c. Before
dropping H>O, no current oscillations are observed. When HO is dropped, the phe-
nomena similar to those induced by dropping a NaOH solution follow: the current de-
creases suddenly to a very low value. The low current is maintained for 6 s, when cur-
rent oscillations occur. The change of the pH of the interface caused by dropping H>O is
less than that caused by dropping a NaOH solution, as can be seen from Fig. 4c and Fig.
4a, and the continuous time of current oscillation is shorter also.

(3) Effect of dropping a 0.5 M HNOj3 solution. Taking into account the fact thata
disturbance of the electrolyte could affect the current oscillations, a 0.5 M HNO3 was
also dropped into the electrolyte as a control experiment. The i—¢ curve of an Fe elec-
trode polarized at—290 mV on dropping 0.2 ml of a 0.5 M HNOj solution into a 0.5 M
HNOj solution is shown in Fig. 4d. A completely different result is obtained compared
with that obtained by dropping NaOH and H>O. Immediately after the dropping, the
dissolution of Fe(OH), is accelerated by H' ions, so the current increases violently.
Once the dropping is stopped, diffusion makes the pH of the Fe/electrolyte interace in-
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crease, and the current restores its original value quickly. The above experimental re-
sults indicate that the cause of current oscillations is mainly the change of pH at the
Fe/electrolyte interface.

CONCLUSIONS

Current oscillations occur in the Fe/xM HNO3 system (0.1 <x < 8) within a certain
potential range. According to the experimental results of dropping a NaOH solution, H;O
or a HNOj5 solution at the Fe/electrolyte interface, a change of pH at the Fe/electrolyte inter-
face is the main cause of current oscillations. The formation of a Fe(OH), film at the elec-
trode surface is the essential condition for current oscillations in the Fe/HNO3 system.
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IMPOYYABAE INEPUOANYHNX CTPYJHUX OCLIUJIALIMIA HA TBOXDHBY Y PACTBOPUMA
A30THE KUCEJIMHE
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VY pazay cy npukasane nepuoanyHe ctpyjHe ocumianyje 3a cuctem Fe/HNO3. [IpoyuaBanu cy
yruuaju konuenrtpauuje HNO3 u HaMeTHyTOr ToTeHIujana. 3a npoMeHy JiokanHor pH Ha mosp-
muHy Fe/enektponut kopuitheHa je MeToa ToKamnaBama, Ipu YeMy je CTBapaHo OKPYKembe Koje je
(aBopU30BaO TMOjaBy CTPYjHUX ocumianuja. JJo0MjeHH Cy WHTEpECaHTHH Pe3yJTaTH, a Ipe.-
JIOKEHO je U 00jalllkbChe Y3pOoKa M0jaBe CTPYJHUX OCIHIIAIN]a.

(ITpumubeno 4. anputa 2001)
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