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Abstract

The mechanism of corrosion is mainly sustained by an electrochemical process, in
which anodic and cathodic reactions take place, keeping their kinetics alive by elec-
trons and ions fluxes. Several specific conditions can accelerate corrosion processes.
When studying anticorrosive coatings, one of them is the contamination of metallic
surface by soluble salts prior to coating, leading to premature failure of the paint sys-
tem due to corrosion between the metallic surface and the coating. So the surface
preparation step prior to coating is a procedure of great importance to the coating
anticorrosive performance. The aim of this step is to clean the surface by removing
visible and non-visible contaminants. Usually, wet abrasive blasting methods are the
most efficient ones to achieve the latter objective, because they may clean the surface,
create a surface roughness and also remove the non-visible contaminants, as they use
water as a media. On the other hand, evaporation of water after blasting may create
flash rust and to avoid this, it is common to use corrosion inhibitors in the water of
wet blasting methods. In this paper, the use of sodium tetraborate (borax) as a corro-
sion inhibitor in wet abrasive blasting is discussed. Electrochemical measurements
and mass loss tests show that a borax content of 1% in a saline solution has the best
inhibitory action over carbon steel and zinc surfaces, allowing postponing for the
painting step some time. However, residual borax left on the surface generated blis-
tering and corrosion under coating, during accelerated corrosion test in a humidity
condensation chamber. Electrochemical impedance spectroscopy confirmed that bo-
rax accelerated the permeation of water through the coating, downgrading the anti-
corrosive performance of the paint system.
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1. Introduction

The electrochemical mechanism of corrosion is the main one to explain most of the
corrosion processes. So, the use of coatings as an impermeable barrier protecting the
metal substrate from contact with the aggressive environment is a widespread and ef-
fective way to block the electrochemical reactions of corrosion [1]. It is also known that
the performance of a paint system depends on the degree of surface cleaning prior to
coating [2]. A good cleaning process able to remove visible and non-visible contami-
nants, generating an adequate roughness profile, prior to coating, is the key to success
of the anticorrosive performance of any paint system [3].

Nowadays, the Brazilian Electric Energy Research Center, Cepel, is carrying out ex-
perimental research in the field of anticorrosive protection methods aiming to investi-
gate alternative methods or new protection technologies against corrosion in order to
reduce maintenance costs and increase productivity, while maintaining the same anti-
corrosive performance compared to traditional methods. Concerning surface prepara-
tion methods, wet abrasive blasting is already used in the maintenance of buried feet of
the Brazilian transmission line towers [4] and is a promising option to be applied in the
maintenance of galvanized steel structures from the above ground part of the transmis-
sion line towers. For instance, the great advantage of the method in comparison to
manual surface treatment is its higher productivity and degree of cleaning. Besides re-
moving visible contaminants, the wet abrasive blasting gives the benefit of removing
non-visible contaminants, such as soluble salts, known to damage the anticorrosive
performance of paint systems if left in the metallic surface prior to coating [3]. Howev-
er, wet blasting methods may cause flash rust [5]-[7].

The term flash rust refers to an instantaneous surface oxidation of steel, appearing
mainly after wet abrasive blasting or high pressure water jetting processes [5]-[7]. The
phenomenon occurs while waterjet-cleaned steel dries off, quickly changing its surface
appearance [8]. The color of flash rusted surface may vary depending on the time
passed after jetting and composition of the steel [9], the time of wetness on the sub-
strate prior to drying [5] and the quality of substrate cleaning [7]. If flash rust is present
in the surface, the anticorrosive performance of the paint may be harmed and cause
premature failure of the paint system.

Corrosion inhibitors are used to retard the formation of flash rust on metallic sur-
face, allowing a longer time interval to new painting. On the other hand, if a corrosion
inhibitor is a soluble salt, it could be a non-visible contaminant in the metallic surface
prior to coating, and consequently premature failures of the paint system may be ob-
served [10]. Sodium tetraborate (borax) is one example of a corrosion inhibitor which
can be used for avoiding flash rust, it is soluble in water and regarded as an anodic in-
hibitor [11]-[13].

So, in this work, the influence of borax was investigated as a corrosion inhibitor in
wet abrasive blasting processes during anticorrosive protection of metallic structures
and electrical equipment. The performance of a painting system was evaluated in acce-

lerated corrosion tests when residues of different contents of borax were left between
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the metallic substrate and the coating. This study gave important results for the tech-
nical requirements of Brazilian Standards used in the Electric Power Sector, concerning

corrosion protection services [14].

2. Materials and Methods

In this work, two kinds of samples were prepared with complementary purposes. Un-
painted metal samples of carbon steel SAE 1010 and zinc were used to evaluate the in-
hibitor behavior of borax solutions, by means of mass loss and electrochemical tests.
The same metal samples, but painted with an epoxy coating, were prepared, simulating
different contents of borax in a wet abrasive blasting, during the surface treatment step,
in order to evaluate the anticorrosive behavior of the paint systems. For this investiga-
tion, an accelerated corrosion test in a humidity condensation chamber was applied.

For the mass loss test unpainted metal samples were dry blasted and sandpapered to
a smooth finish. The samples were weighted prior to the test and immersed for 7 days
in solutions of 3.5% sodium chloride (NaCl), with different contents of borax (% w/w):
0%, 0.25%, 0.5%, 1%, 2.5% and 5%. After the test, samples were etched and weighted
until constant weight to determine the corrosion rate of the metals in the different bo-
rax media, according to ISO 8407 Standard [15].

The electrochemical measurements were carried out in the same solutions mentioned
above. For these tests, circular metal electrodes with 3.14 cm?® of area were sandpapered
to a smooth finish and immersed in the solutions, in a conventional three-electrode
electrochemical cell. Graphite was set as the counter electrode and saturated calomel as
the reference electrode (SCE). In order to infer the inhibitor mechanism of the borax
solutions, after one hour of the work electrode stabilization in the open circuit potential
(OCP), anodic polarization curves were obtained up to 100 mV of overvoltage from
OCP at a scanning rate of 0.1 mV/s, with the assistance of an Autolab Potentiostat.

The experimental tests with the painted metal samples were carried out also using
carbon steel and zinc as the metallic substrates, which were treated by dry abrasive
blasting and washed by brush with different solutions prior to coating. The degree of
cleaning obtained after abrasive blasting was a near white standard, with an average
roughness profile of 50 4m. After the dry abrasive blasting process and prior to coating,
metal samples were treated, producing four different surface conditions that are inden-
tified in Table 1.

Table 1. Identification of metal samples, according to the surface condition after dry abrasive

blasting.
Sample identification Surface condition prior to coating
D Dry surface, as obtained from the dry abrasive blasting process.
w Wet surface, washed with deionized water, after the dry abrasive process.
1B Wet surface, washed with a 1% borax solution, after the dry abrasive process.
5B Wet surface, washed with a 5% borax solution, after the dry abrasive process.
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After surface preparation, the samples were dried at ambient laboratory condition,
temperature of (23 = 1)°C and relative air humidity of (60 £ 1)%, and were painted
with two-layer solvent-borne epoxy paint. A light degree of flash rust was developed on
the surface of samples W and 1B. The degree of rusting found on the surface of samples
5B was higher than the previous samples and classified as a moderate one. The average
dry thickness of the coating in all surface conditions was the same and equal to 100 xm.

The corrosion accelerated test was carried out with the painted metal samples in a
humidity condensation chamber for 744 hours, at 40°C and 100% of relative air humid-
ity, according to ASTM D 4585 Standard [16]. During the test, the degree of blistering
was evaluated following ISO 4628-2 [17]. The procedure reproduced a very aggressive
condition of high relative air humidity and, indirectly, was useful to evaluate coating
permeability. So, the effect of borax (left as a residue between metal substrate and coat-
ing) to permeability and anticorrosive performance of the paint system could be ac-
cessed by this test. Pull-off adhesion tests were performed before and after the corro-
sion accelerated test, according to ASTM D 4541 [18].

Additionally, an area of 12 cm® of unpainted and painted metal samples was im-
mersed in a solution of 3.5% NaCl, in order to perform electrochemical impedance
spectroscopy (EIS), after OCP stabilization. These measurements were carried out in
the OCP, with a potential amplitude perturbation of 10 mV (unpainted metal samples)

or 15 mV (painted metal samples). Frequency scanning ranged from 40 kHz to 4 mHz.

3. Results and Discussion
3.1. Mass Loss Test

By mass loss test, it was possible to calculate the corrosion rate of carbon steel and zinc
with different borax concentrations in NaCl 3.5% solutions and verify in which condi-
tions borax acts as a corrosion inhibitor for these metals. Figure 1 shows corrosion rate
results of carbon steel and Figure 2, of zinc. Besides, the average error is also indicated
in the figures, as each experiment was carried out with three replica samples.

Figure 1 shows that when adding a small amount of borax in the solution (0.25 to
0.5%), the reduction of corrosion rate is not significant, if compared to 3.5% NaCl solu-
tion (“blank™). When borax concentration was equal to 1%, the reduction of the corr-
osion rate was considerable and of approximately 45% compared with 3.5% NaCl
solution without inhibitor. However, as more borax was added to the solution, the
corrosion rate increased, which is not very common to happen. This may be related to
the nature of borax, which is an oxidizing substance and an excess of it in the solution
may accelerate the corrosion of steel.

In field services, the blasting process is an open operation and it is not possible to
have an effective control of the inhibitor concentration on the steel surface. In fact, this
type of control could only be achieved in closed systems with sensors for monitoring
the instantaneous concentration of the inhibitor in the solution, and a control system to
adjust inhibitor concentration when necessary. So, it would be difficult to maintain the

corrosion inhibitor concentration at 1% in the mettalic surface, while performing wet
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abrasive blasting processes.

Figure 2 shows zinc corrosion rate in NaCl solutions with different concentrations of
borax. It can be seen that there happened an effective reduction of corrosion rate in low
concentrations, between 0.25% and 1%, a fact that did not occur with carbon steel. The
optimum inhibitory concentration was again 1%, for zinc substrate, and after this value,
the zinc corrosion rate kept at a constant level, independently of borax concentration.
This fact means that borax addition, in concentration higher than 1%, did not improve
its corrosion inhibition performance. In fact, this excess would increase only the oper-
ating costs by using a larger amount of inhibitor.

Figure 3 shows the comparative performance of borax as an inhibitor of corrosion

for carbon steel and zinc. It can be seen that there is a reduction of corrosion rate in
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Figure 1. Carbon steel corrosion rate in NaCl solution with different con-
centrations of borax.
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Figure 2. Zinc corrosion rate in NaCl solution with different concentra-
tions of borax.
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Figure 3. Reduction of corrosion rate for carbon steel and zinc in different

concentrations of borax.

both cases, but with different mechanisms of action. It is remarkable that in both sub-
strates, borax had optimum inhibitory concentration efficiency at about 1%. However,
in the case of carbon steel, increasing the concentration more than 1% resulted in in-

creasing the corrosion rate, what was not observed for zinc.

3.2. Anodic Polarization

In Table 2, there are values of OCP, current density at 10 mV of anodic overvoltage
and the inhibition efficiency at 3.5% NaCl solutions, containing different concentra-
tions of borax. The last parameter was calculated using Equation (1):

E(%)= —iNaC;S'S% oo %100 (1)

NaClI3.5%

where: E'is the inhibition efficiency, 7is the current density at 10 mV of anodic over-
voltage, NaCl 3.5% is the index that stands for the NaCl solution and borax is the index
that refers to the borax solution.

Table 2 shows that increasing the concentration of inhibitor is related to an increase
of OCP, reducing the current density. These facts indicate that borax behaves as an
anodic inhibitor, which is in agreement with the literature [13]. The concentration of
1% borax generated a greater reduction in current density, resulting in more efficient
inhibition. This concentration of borax was also shown to be the optimum one in mass
loss tests.

Anodic inhibitors act by blocking the anodic reaction, usually in contact with the
corrosion products formed initially and generating an adherent and insoluble protec-
tive film on metal surface [13]. Through electrochemical measurements, this mechan-
ism is evidenced by the increase of open circuit potential and decrease of current den-
sity in anodic polarization, precisely what was observed in the results of Table 2.

In Figure 4, it is possible to observe the anodic polarization curves for carbon steel in
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3.5% NaCl solutions, containing different concentrations of borax. It is clear that the
addition of the inhibitor shifted anodic curves towards lower current density ranges as
compared with the curve in 3.5% NaCl solution without inhibitor. This kind of shift
can be attributed to a decrease in the velocity of anodic reactions [1]. Still in Figure 4,
higher current density reductions were observed with the concentrations of 1% and
2.5% borax, suggesting that the best inhibition effect is in this concentration range, a
result that is also in agreement with mass loss tests. In fact, increasing borax concentra-
tion to 5%, there was a decrease in the inhibitory effect, with a shift of the curve to-
wards higher current densities.

In Figure 5 the influence of borax in the anodic curves of zinc is presented. By this

result, the effect of different borax concentration is not as well defined as for carbon

Table 2. Open circuit potential (OCP), current density at 10 mV of anodic overvoltage and inhi-
bition efficiency for carbon steel and zinc. Reference electrode: saturated calomel.

Substrat Borax concentration oCP (V) Current density Inhibition
ubstrate
in 3.5% NaCl (v/v) (uA/cm?) efficiency (%)
0 -0.69 6.56
0.25 -0.55 4.56 30.5
0.5 -0.51 4.89 25.5
Carbon Steel
1 -0.49 3.11 52.6
2.5 -0.43 3.47 47.1
5 -0.44 4.56 30.5
0 -1.09 716
1 -1.01 149 79.2
Zinc
2.5 -0.92 129 82
5 -0.97 110 84.6
0.10
1 ——3.5% NaCl
0.099 —e—0.25% inhibitor
008_‘ —6— 0.5% inhibitor
7] —%— 1% inhibitor
0.07 - —+— 2.5% inibidor
— ] —=— 5% inhibitor
2 0.06-
S 0
% -
= 005
E <
D 0.04-
6 |
0.03
0.02
0.01
0.00
T LI | T UL LI | T T o T TrororTTT
1.0x10” 1.0x10° 1.0x10° 1.0x10°* 1.0x10°
Current density (A/cm?)

Figure 4. Anodic curves for carbon steel in 3.5% NaCl solutions with different
concentrations of borax. Reference electrode: saturated calomel.
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Figure 5. Anodic curves for zinc in 3.5% NaCl solution with different concentrations of bo-
rax. Reference electrode: saturated calomel.

steel. However, there is a tendency at values of overvoltage lower than 0.04 V, in which
polarization curves confirmed the anodic inhibition behavior of borax and showed an
efficient performance in reducing current densities as function of its concentrations in
solutions.

Results presented so far allowed to evaluate inhibition characteristics of borax on
unpainted metal samples. Besides that, it was also investigated the inhibitor effect to the

performance of painted metal samples. The results are presented in the following items.

3.3. Humidity Condensation Test

In Figure 6, it can be observed the appearance of the carbon steel and zinc samples
prepared with 5% borax, after 24 hours of exposure in the humidity condensation test
chamber, where both cases presented blistering. For carbon steel, blisters were classified
as 4 (S3), while zinc presented blisters classified as 2 (S2), a smaller size and frequency
when compared to carbon steel.

In Figure 7, it is observed the behavior of painted carbon steel samples under differ-
ent conditions of preparation, tested in the humidity condensation chamber. After 360
hours of test, those samples prepared with 1% and 5% borax and painted showed blis-
tering in the coating classified as 4 (S2) and 2 (S4), respectively. The other two condi-
tions, one with flash rust without inhibitor and other treated with dry abrasive blasting,
showed no defect in the coating, with similar anticorrosive performances in this test.

The results presented so far from the humidity condensation test were interesting to

evaluate the permeability property of the paint system and its resistance to blistering in
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Carbon Steel Zinc

Figure 6. Visual aspect of samples prepared with 5% borax solution
and painted, tested on humidity condensation chamber, after 24 h of
test.

1B 5B

Figure 7. Painted carbon steel samples tested on the humidity con-
densation chamber after 360 h. In the subtitles, D refers to the dry
blasted painted sample, the other designations to the washed samples,
using deonized water (W), 1% borax solution (1B) and 5% borax solu-
tion (5B).
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a high humidity condition. Blistering formation is observed in this test especially if so-
luble salts are left between the substrate and the coating, because they are not properly
removed during surface preparation step [3]. The mechanism that explains this expe-
rimental behavior was already studied [2]. Blistering occurs due to water permeation
through coating, enhanced by osmotic pressure, once there is a difference in concentra-
tion of salt between the external and internal environment (metallic surface). As borax
is a saline compound and hygroscopic, this mechanism may happen if borax is left in
metallic surface prior to coating. The higher the salt concentration between the sub-
strate and the coating, the more accelerated will be water permeation through coating.
Then water hydrates the salt, which increases in volume, produces corrosion products
and blisters in the coating, greatly reducing corrosion protection.

In Figure 8, it is observed the behavior of painted zinc samples under different con-
ditions of preparation, tested in the humidity condensation chamber. After 336 hours
of test, it can be seen that with painted zinc the osmotic effect was more pronounced
than with painted carbon steel, as a considerable more intense damage resulted on the
protective coating in the former. It is observed that all painted zinc samples showed
blistering. The conditions with 1% and 5% with borax showed blisters classifications 2
(S5) and 3 (S5), respectively. The condition simulating flash rust without borax and the
one obtained with dry abrasive blasting had blisters of 3 (52) and 2 (S4) classifications,
respectively. The difference between them was mainly the size of the blisters, which
were larger in the first case.

Blistering was observed in all cases of painted zinc and this result cannot be uniquely
related to the use of inhibitor in surface preparation. It should be considered that the
paint system used is not suitable to be applied directly onto the zinc substrate, due to
the generalized lower performance on this substrate in comparison to that applied on
carbon steel.

It is known that painting galvanized steel or zinc requires the application of an adhe-
sion primer, in order to assure a good anticorrosive performance of the paint system.
Therefore, the effect of the inhibitor on the coating performance in zinc substrate was
not clear, because of an inappropriate coating type for this base metal. It is worth men-
tioning, however, that for painted carbon steel samples, the use of the inhibitor was re-
sponsible for the lower performance of the paint compared to those conditions in
which borax was absent.

After 744 h of test in the humidity condensation chamber, Figure 9 points out the
visual aspects of the painted carbon steel samples, prepared without inhibitor in the
surface. It can be observed the effect of flash rust compared to a dry blasted surface for
the performance of the coating. The instantaneous oxide layer formed was not detri-
mental to the anticorrosive coating performance, because both samples presented simi-
lar behavior after the test.

The set of test results in the humidity condensation chamber, especially regarding the
painting in carbon steel, shows that if the paint system is compatible with the presence
of flash rust formed on the surface, when borax is absent, it is better not to use a hy-

groscopic corrosion inhibitor to prevent the formation of instantaneous oxidation.

602

K
0:52: Scientific Research Publishing



J. F.R. Pontes et al.

Figure 8. Painted zinc samples tested on the humidity con-
densation chamber after 336 h. In the subtitles, D refers to
the dry blasted painted sample, the other designations to the
washed samples, using deonized water (W), 1% borax solu-
tion (1B) and 5% borax solution (5B).

D w

Figure 9. Painted carbon steel samples tested on the humidity conden-
sation chamber after 744 h. In the subtitles, D refers to the dry blasted
painted sample, W to the washed one, using deonized water.

3.4. Pull-Off Adhesion Tests

Table 3 shows the results of adhesion, before and after the humidity condensation test

for the different samples of painted carbon steel. It is possible to observe that the ten-
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Table 3. Adhesion results before and after the humidity condensation test.

Before humidity test After humidity test
Sample
Tension (MPa) Fail type Tension (MPa) Fail type
D 27.0 B 26.0 80% A/B, 20% B
W 17.1 A/B 25.0 80% A/B, 20% B
1B 8.7 A/B 9.0 A/B
5B 5.6 A/B 4.3 A/B

sion values for sample D are higher than for all other samples. Sample W had a thin
oxide layer without the presence of inhibitor, which was responsible for an adhesive
loss between substrate and paint. However, tension values were kept high, differently
from samples 1B and 5B. In these cases, the presence of the inhibitor was responsible

for a significant reduction on tension values, compared to samples D and W.

3.5. Electrochemical Impedance Spectroscopy

Additional electrochemical tests were carried out with carbon steel samples. Table 4
presents polarization resistance data in 3.5% NaCl solution, before coating the sub-
strate. These values were obtained from the electrochemical impedance diagrams, in
the limit of low frequency, after one hour of immersion.

Samples D and W showed the same value of resistance, while the addition of borax
(samples 1B and 5B) determined a significantly increase in the polarization resistance,
showing the inhibitor effect of borax. This observation is coherent with the characteri-
zation of borax as an anodic inhibitor, already indicated by the polarization curves.
Treatment with 1% borax solution showed a better anticorrosive performance, as in the
previous tests with unpainted metal samples.

For the painted carbon steel samples, electrochemical impedance diagrams were ob-
tained, after 24 hours of immersion in 3.5% NaCl solution. Figure 10 shows the im-
pedance diagrams for sample D in two different conditions, before and after the test on
the humidity condensation chamber. Initially, the impedance at low frequency was
close to 6 GQ-cm’, which represents the coating resistance [1] and as the coating might
have experienced some degradation during the test, the resistance decreased to 3
GQ-cm® The frequencies at the maximum of both diagrams are in the same range, and
the capacitances of the coating, calculated using these frequencies and the coating re-
sistance [1] resulted in 0.5 nF/cm® and 0.4 nF/cm’® for the painted samples before and
after the corrosion test, respectively. So the coating resistances are in the same order of
magnitude and the coating capacitances kept almost unchanged, suggesting that the
barrier property of the paint system against the corrosive environment was maintained

after the corrosion test and the diffusion of water to the substrate was slow.
Figure 11 shows the results of impedance measurements for sample W, before and
after the test on the humidity condensation chamber. Before and after the corrosion
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Table 4. Polarization resistance of carbon steel in 3.5% NaCl solution, after one hour of immer-

sion.
Sample Polarization resistance (Q-cm?)
D 3480
w 3480
1B 5562
5B 4355
3.0x10°
o] m  |nitial
2.7x10" 1 & After corrosion test
2.4x10°
2.1x10°
_ l 0.056 Hz
N [ ]
£ 1.8x10° . " .
o ] . u n
S 15x10° . .
N 4
1.2x10° . "
o ] " 0149 Hz "
9.0x10° ., . s e,
s 7 Ha QQ | |
6.0x10°4 m* -
I R
@,
3.0x10° RO
0.0 4
T T T T T T T T T T T T 1
0.0 1.0x10° 2.0x10° 3.0x10° 4.0x10° 5.0x10° 6.0x10°
Z' (Q.cm?)

Figure 10. Nyquist plots for the dry blasted painted sample D of carbon steel, in 3.5% NaCl solu-
tion.

test, the frequencies at the maximum of the semicircle of the diagrams are in the same
range. It is possible to extrapolate the semicircles to find Z’ and estimate the coating re-
sistance. Before the corrosion test, the coating resistance was equal to 9x10’ cm® and
after the test, to 8x107 cm® So, after the test, the coating resistance showed a slight de-
crease and an additional resistive element tending to form a straight line superimposed
at 45° to both axes, in the range of low frequencies. This behavior resembles Warburg
impedance, due to partial diffusion control [1]. In the case studied, it can be associated
with the diffusion of water through the coating. Considering the coating capacitance, it
was equal to 0.2 nF/cm? for both diagrams, a value in the same range found for sample
D, suggesting that the barrier property is still good.

Figure 12 shows the results of impedance measurements for sample 1B, before and
after the test on the humidity condensation chamber. This figure demonstrates the high
impedance mismatch of the sample under the two conditions. Before the corrosion test,

the paint system had a remarkable protective barrier property, showing a
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Figure 11. Nyquist plots for sample W of painted carbon steel, in 3.5% NaCl solution.
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Figure 12. Nyquist plots for sample 1B of painted carbon steel, in 3.5% NaCl solution.

coating resistance equal to 4 GQ-cm’. After the test, there was a reduction of one order
of magnitude in the coating resistance, which was equal to 0.3 GQ-cm”. In this case, be-
sides the reduction of the first capacitive loop impedance diagram, a second capacitive
loop is shown in the range of low frequencies, which can be attributed to faradaic

processes [1]. In fact, blistering was observed after the test and this impedance diagrams
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confirm that the barrier property of the coating was significantly reduced due to water
permeability, accelerated by the presence of the inhibitor on the surface of the substrate.

Figure 13 shows the results of impedance measurements for sample 5B, before and
after the test on the humidity condensation chamber. The coating resistance was equal
to 16 GQ-cm? and to 0.001 GQ-cm?, before and after the corrosion test, respectively. So,
it was observed a decrease of four orders of magnitude in the coating resistance, after
the test, compared to the initial condition. The test was very aggressive for this sample,
resulting in a significant decrease in the impedance of the coating. This effect was also
observed visually, with the formation of a high degree of blistering in the coating. In the
figure expansion, there is the presence of two semicircles, the first one related to anti-
corrosive coating properties and the second one, to faradaic processes, which suggest a
severe corrosion process under the coating.

In Figure 14, it is possible to analyze the Nyquist plots for painted carbon steel sam-
ples, in 3.5% NaCl solution, before the humidity condensation test. The use of borax at
the concentration of 5% resulted in the highest coating resistance of the paint system.
Considering just this result, it could be prematurely concluded that this condition
would be the ideal one, in terms of the anticorrosive performance.

However, after exposition of the coated samples to the accelerated corrosion test, the
inhibitory effect of borax is vanished and as it is a hygroscopic salt, it acts accelerating
the permeation of water through the coating, downgrading the anticorrosive perfor-
mance of the paint system. By this mechanism, borax becomes rather a salt contami-
nant between metal and coating than a corrosion inhibitor, accelerating blistering and

metal corrosion, when the paint system comes into use in aggressive conditions.
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Figure 13. Nyquist plots for sample 5B of painted carbon steel, in 3.5% NaCl solution.
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Figure 14. Nyquist plots for painted carbon steel samples, in 3.5% NaCl solution. In the sub-
title, D refers to the dry blasted painted sample, the other designations to the washed samples,
using deonized water (W), 1% borax solution (1B) and 5% borax solution (5B).

4. Conclusions

In this work, mass loss, electrochemical adhesion and accelerated corrosion tests were
carried out to investigate the corrosion inhibition properties of borax solutions and
their behavior if used during wet abrasive blasting prior to coating of steel and zinc
metallic surfaces.

By mass loss and electrochemical results with unpainted metal samples, it is evident
that borax solutions play an anodic inhibition role, mainly at 1% content. In open op-
erations, such as wet abrasive blasting processes of transmission towers, this corrosion
inhibitor content would be very difficult to control.

If left as a residue under the paint system, borax acts more like a soluble salt conta-
minant than a corrosion inhibitor. In fact, it promotes water permeability through the
coating, gets wet and accelerates blistering and corrosion between the metallic substrate
and the coating.

The flash rusted surface obtained by deionized water washing prior to coating was
not as critical to the performance of the paint system as it was in the case when borax
residues were left in the metallic surface. So, paints tolerant to flash rusted surfaces, in
which soluble salts are absent, can be applied and may have an anticorrosive perfor-
mance as good as the same paints applied in a dry blasted surface. Moreover, the use of
a soluble-salt type corrosion inhibitor is not recommended during wet abrasive blasting
processes.

The effect of other types of corrosion inhibitor, such as organic ones, on the anticor-
rosive performance of a paint system may be investigated as a suggestion for further

study on this subject.
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