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The time-dependent corrosion rate, droplet height, volume loss and contact angle were monitored
during the course of evaporation of a single droplet of NaCl on zinc surface. The results show that
contact angle and droplet height decrease linearly with increasing droplet holding time, while volume
loss increases. Experimental results indicated that the outmost surface of the droplet is fixed during the
last stage of evaporation without changing the location of edge. The evaporation process of a single
droplet can be divided into two stages. It begins from the droplet surface and continued during the
second drying stage with increasing the amount of corrosion products. The mechanism zinc corrosion
under a single droplet of NaCl will be proposed and discussed.
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1. INTRODUCTION
Zinc is one of the most used metals in electroplating and is generally used as sacrificial anode
in cathodic protection of steel against corrosion. The atmospheric corrosion of zinc has been studied in
field exposures as well as in laboratory with controlled environments [1–14]. It was reported
previously that zinc hydroxide chloride and zinc oxide are the dominant corrosion products [1].
Kalinauskas et al [15] noticed the formation of zinc hydroxide carbonate or hydrozincite;
(Zn5(OH)6(CO3)2H2O during the exposure in NaCl solution [16]. The effect of NaCl, Na2SO4, NH4Cl
and (NH4)2SO4 nuclei has been investigated on zinc corrosion at 40oC and 85% RH [17]. The results
showed that the loss of zinc decreased in the order NH4Cl > NaCl > Na2SO4 > (NH4)2SO4. Patterson
and Wilkinson [18] also investigated the effect of NaCl and NH4Cl particles on zinc corrosion at 20oC
and 80% RH. They indicated that the corrosion of zinc in the presence of NaCl was greater than that in
the presence of NH4Cl. The time of wetness (TOW) can be defined as the period during which a
metallic surface is covered by adsorptive and/or liquid film of electrolyte, necessary for initiation and
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progress of the atmospheric corrosion, which can be measured or calculated [19-20]. The study of the
wetting of metal surfaces is important in order to understand the process controlling atmospheric
corrosion [21– 25]. A metal runoff process [26–34] is defined as liberation of metal ions from the
corroded surface to the environment. It was reported that roofs made from galvanized hot dip steel
generated zinc runoff precipitations of 1–44 g m-3, while roofs made from zinc generated zinc
concentrations between 0.01 and 2.6 g m-3 [35]. Despite the extensive amount of work reported on the
atmospheric corrosion of zinc, there is still a lack of study on the electrochemical behavior of zinc
under a single droplet of NaCl. The aim of the present work was to examine the corrosion process of
zinc under a single droplet of NaCl using a recently developed an experimental set-up [36]. The
mechanism of zinc corrosion under a single droplet of NaCl will be discussed.

2. EXPERIMENTAL PROCEDURE
2.1 Electrochemical impedance spectroscopy (EIS)
EIS impedance measurements were performed using a Solartron 1470E system
(potentiostat/galvanostat ) with Solartron 1455A as frequency response analyzer. Multistate software
was used to run the tests and collect the experimental data. EIS experiments were measured in
frequency at 10kHz and 0.01 mHz with perturbation amplitude of 10 mV. Testing electrolyte of 0.5
M NaCl aqueous solution was prepared by dissolving NaCl in deionized water. The polarization
resistance (Rp) was determined by subtracting the high frequency impedance at 10 kHz from the low
frequency impedance at 10 mHz.

2.2. Material and electrode preparation
Two-electrode cell configuration was fabricated from zinc sheet (99.99) with dimensions 1mm
(width) and 10 mm (length) and embedded parallel in an epoxy resin with 0.1 mm apart from each
other. Prior to experiments, the electrode was polished with SiC emery paper down to #2000. The cell
containing the two metal plates was set horizontally on an acrylic vessel with the metal surface facing
upwards.

2.3. Monitoring the droplet characteristics
The changes in contact angle, volume loss and droplet height during the progress of corrosion
process will be monitored using a drop shape analysis system (DSA-100, Kruss, Germany) with
analysis software DSA4 software (V.1.0-03).
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3. RESULTS AND DISCUSSION
3.1 Monitoring the Volume loss and the droplet height
Figure 1 shows the droplet shape at different holding times. The monitoring data for the
volume loss and the droplet height during the course of droplet evaporation is shown in Figures 2 and
3, respectively. It can be seen that the volume loss increases while, the droplet height decreases
linearly with time as a result of the droplet evaporation as holding time progresses. The volume loss or
the evaporation process can be divided into two stages.

Figure 1. Droplet sahpe at different holding times.

Figure 2. Monitoring data of volume loss with droplet holding time
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Figure 3. Monitoring data of droplet height with droplet holding time

The droplet initially has greatest amount of liquid when it enters the drying medium during the
initial stage of evaporation. The evaporation of liquid begins from the droplet surface owing to
gaining sensible heat from surrounding environment. During the second drying stage, the droplet
height decreases and the thickness of the corrosion products continuously increases, while the diameter
of the contact area remains constant. It is clear that during the last stage of evaporation, the corrosion
process inside the droplet becme similar to the corrosion process occurred under thin electrolyte layers
with different rates of evaporation in radial and vertical directions. It is generally expected that the
evaporation process occurs fast as the droplet surface area contact with air becomes large. It can be
seen that the outmost surface (edge) of droplets is fixed during last stage of evaporation just before
being dried out, without changing the location of edge as shown in Fig. 1.

3.2 Monitoring of contact angle
Contact angles play an important role in the interaction of the liquid with exposed surface and
gives information about hydrophilicity or hydrophobicity of a surface. Contact angle of the droplet is
closely related to the electrochemical properties of liquid/metal interface. Changes in contact angle
with holding time are shown in Fig. 4 for a single droplet of 0.5M NaCl placed gently on zinc surface.
In general, contact angle decreased with increasing holding time. It seems that the dissolution of zinc
give rise to charges attached on the metal surface, leading to the decrease of liquid-metal interfacial
energy and the acceleration of the water evaporation from primary-droplet, which might causes a
changes in the corrosion rate. Therefore, it is reasonable to conclude that the low wettability observed
during the initial stage exhibit low corrosion rate, while high wettability exhibits high corrosion rate.
The deposition of corrosion products as well as NaCl crystals may form an insulating layer, which acts
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as a new substrate and give rise to more error in contact angle measurements especially during the last
stage of monitoring.

Figure 4. Variations of contact angle with droplet holding time.

3.3. Monitoring the corrosion rate of zinc
The polarization resistance (Rp) is monitored continuously versus the droplet holding time and
the data is shown in Fig. 5. The polarization resistance Rp can be calculated using electrochemical
impedance measurements (EIS) by measuring at two different frequencies: ZH (high frequency of
about 10 kHz) and ZL (low frequency of about 10 mHz) [36-45]. The reciprocal of Rp (1/Rp) is
proportional to the corrosion rate and can be determined from the following equation [46]:
Icorr = k/Rp

(1 )

Where is k constant and is given by:
K = ba.bc / 2.303(ba + bc)

(2)

where ba and bc represent anodic and cathodic Tafel slope, respectively. The value of K is a
function of metal and electrolyte [45] and can be assumed to be constant for a given metal/electrolyte
system. The reciprocal of Rp (1/Rp), which is proportional to the corrosion rate increases slowly
during the initial stage of monitoring and rapidly increases with increasing holding time during the last
stage of monitoring. The corrosion process under a single droplet can be classified in two distinct
regions. The corrosion process of zinc experiences in the first region during the initial stage of
monitoring is slow and is anodically controlled by zinc dissolution, which is similar to the behavior in

Int. J. Electrochem. Sci., Vol. 8, 2013

9997

of zinc in bulk solution, while droplet height is high. The rapid increase in corrosion rate observed
during the last stage of monitoring changes from an anodically controlled process (high droplet height)
during the initial stage of monitoring (limited oxygen diffusion) to cathodic controlled process of
oxygen reduction (low droplet height) . Hence, it permits gases to diffuse faster to the surface
resulting in an increase in the cathodic reduction of oxygen and increasing the corrosion rate during the
last stage of monitoring.

3.4. Mechanism of Zinc corrosion under a single droplet of NaCl
The mechanism of zinc under a single droplet of NaCl can be described in two stages. Zinc
dissolved during the initial stage in NaCl according to:
Zn = Zn2+ + 2e
(3)
In this stage the corrosion of zinc is controlled by zinc dissolution.
As the droplet holding time progresses the cathodic reaction occurs during the last stage of
monitoring as:
O2 + 2H2O + 4e = 4OH(4)
As the droplet holding time progresses zinc hydroxide (Zn(OH)2) will be produced from the
reaction of Zn2+ with OH- as :
Zn2+ + 2OH- = Zn(OH)2
(5)
Zinc hydroxide chloride Zn5(OH)8Cl2 [15] will be formed as the droplet height decreases as a
result of water evaporation during the last stage of monitoring according to:
Zn(OH)2 + 2Cl- + 2H2O = Zn5(OH)8Cl2
(6)
During the last stage of monitoring there is possibility for the formation of zinc hydroxide
carbonate (Zn5(OH)6 (CO3)2) [16].

Figure 5. Monitoring data of corrosion are with droplet holding time
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Figure 6. Droplet shape after complete drying

It is evident that the mechanism of zinc corrosion changed from anodically controlled by zinc
corrosion during the initial stage of corrosion (equation 3) to cathodically controlled by a reduction of
oxygen as the droplet height decreases during the last stage of monitoring (equation 4). The higher
corrosion rate observed during the last stage of monitoring shown in Fig. 5 can be attributed to a
decrease in droplet height as a result of water evaporation, which provides a shorter path for oxygen
diffusion. Hence, enhances the corrosion rate during the last stage of monitoring. After complete
drying corrosion products will be formed and entirely covered the surface with the formation of zinc
corrosion products as well as NaCl crystals as shown in Fig.6. It can be concluded that the corrosion
mechanism proceeds through dissolution–precipitation mechanism under a single droplet of NaCl. The
mechanism commences with the formation of distinct anodes and cathodes under the droplet during
initial stage of monitoring. As the droplet holding time progresses the volume loss of electrolyte
increases followed by a reduction of oxygen during the evaporation of electrolyte. Ionic species
migrate in the droplet solution and eventually precipitated as corrosion products after complete drying
during the last stage of monitoring as shown in Fig. 6.

4. CONCLUSIONS
1- The contact angle and droplet height decrease linearly with increasing droplet holding time,
while volume loss increases.
2- Experimental results indicated that the outmost surface of the droplet is fixed during the last
stage of evaporation without changing the location of edge.
3- The evaporation of liquid begins from the droplet surface and continued during the second
drying stage with an increase in the amount of corrosion products.
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4- The mechanism zinc corrosion under a single droplet of NaCl proceeds through dissolution –
precipitation mechanism.
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