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Abstract:

Electrochemical studies and surface analysis were performed in order to compare the electrochemical behavior of
reinforced stainless steel (UR45) and carbon steel. The investigations were done in presence of chloride ions and using
solutions simulating the concrete interstitial electrolyte. The evolution of open circuit potential of steel samples shows that
potential decreases with time of immersion. Currents are more important in seawater for carbon steel than stainless steel
UR45N. Stainless steel UR45N resist better than the carbon steel in concrete solution.
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1. Introduction

Reinforcement corrosion is the most common degradation in concrete structures [1]. The presence of aggressive
species, such as chlorides and carbon dioxide can diffuse through concrete and causes localized breakdown of
the passive film inducing degradation of the metal [2-7]. To minimize the corrosion processes, many procedures
can be used based on metallurgical properties of the steel, the composition of the concrete pore solution, and the
interface conditions of steel / concrete [8-10]. Generally, the almost metal used is carbon steel. But actually,
stainless steel reinforcement [11-13] can be also, for some applications, considered as a solution to minimize the
reinforcement corrosion in concrete structure. Its excellent corrosion resistance can increase the durability of
structures exposed to aggressive environment [14-15]. Despite the advantages of stainless steel in construction,
this type of reinforcement is still limited compared to carbon steel [16].

The aim of this work is to study the electrochemical behavior of stainless steel UR45N and carbon steel in
solution simulating the concrete interstitial electrolyte in presence of different concentration of chlorides ions.
The study was performed through the use of electrochemical techniques, surface analysis and standard pitting
test.

2. Experimental section

2.1. Concrete simulating solutions

An extract solution was obtained from a cement mix having a water/cement ratio of 0.5. The cement mix was continuously
stirred, before obtaining the extract. Since the reactions of cement hydration are exothermic the temperature of the mix
increases with time. However, the remaining aqueous electrolyte was recovered and filtered only after temperature
stabilisation. The pH of the extract solution was between 12.5 and 13. The chemical composition of the extract solution was
presented in Table 1. To study the effect of chlorides ions, different concentrations of chlorides ions were added to the
extract solutions.

Table 1: Composition of the extract solution (ppm)

Cao

Al,O;

S0%,

P20s

K0

Fe,04

Na,O

CI

233.34

560

6752

4.53

12275

2568.6

1242.7

314

The second simulating solution used was prepared with 4.66 g.L™ of KOH and 1g.L™ of NaOH. The pH of the solution
was about 13.07.
The working electrodes were commercial steel (stainless steel and carbon steel). There compositions were given in Table 2.
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Table 2: Chemical composition of stainless steel and carbon steel
Chemical
composition | C Si Mn P S Ni Cr Mo Cu Fe
in wt%
Carbon
steel 0.38 0.36 1.20 0.016 0.011 | 0.0324 | 0.077 |0.032 [0.096 | 97.7
Stainless 16517 | 034 | 146 | 0024 | 0002 | 531 | 2206 | 296 | 0.23 |67.1
steel UR45

2.2. Electrochemical investigation

Electrochemical experiments were performed of aerated concrete simulating solutions by means of potentiostatic
techniques. The cell contained a platinum disc as counter electrode, a saturated calomel electrode as reference and the
working electrode (UR45N, carbon steel).

Before every run, the surface of the electrode was abraded using emergy paper of 1200 grades. The potential scanning rate
was 50mv/min. The cathodic and anodic curves were recorded separately from the free corrosion potential after a 20min
preliminary hold time.

The polarization curves were performed on different solution of cement extract without and with addition of chloride ions.
In order to get more information about the redox processes and to determine the changes of pitting potential values due to
the presence of NaCl, the potential range was adjusted for different % NaCl to avoid excess reduction or oxidation
reactions on the electrode surface.

2.3. Pitting standardized test
Standardized test of pitting corrosion was performed using the two studied materials at different temperatures in solution
containing Ferric chloride. Performs the test was standardized corrosion bite for different materials studied.

2.4. Preparation of specimen

To study the behavior of steels into mortar, immersion tests were done in seawater on steel UR45 and carbon steel
embedded in mortar. The mortar composition was given in Table 3. The water/cement ratio was 0.5. The amount of sand
was two times that of cement. The mortar disks were then cured for 28 days in a high humidity environment (100% relative
humidity) at room temperature.

Table 3: Composition of mortar

Aggregates content (Kg/m®)
Gravel [15/25 mm] 570
Gravel [5/15 mm] 470
Rice grain [2/8 mm] 200
Sand [0/1.25 mm] 640

Cement CPJ 45 350
water 175

3. Results and discussion

3.1. Pitting test result

To evaluate the material’s resistance to pitting corrosion, critical pitting temperature (CPT) according to the
ASTM standard G48-03 was determinate (standard test methods for pitting and crevice corrosion of stainless
steel and alloys by use of FeClz). The critical pitting temperature (CPT) is the minimum temperature to produce
pitting corrosion. The Pitting standard test was performed at different temperatures in ferric chloride solution.
The immersion time was about three days at selected temperature. The obtained results are presented in figure 1
and 2.

As shown in figure 1, the sensitivity of stainless steel to pitting corrosion increases with the temperature. At 40 °
C, it is clear that there is deep pitting on stainless steel. For the temperature 30° C the surface is attacked but
less than 40 ° C. At 25°C, no damage on the surface state is observed.
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Figure 1: Surface analysis of stainless steel UR45N after 3 days of immersion in solution containing FeCl; at

different temperature.

The obtained results for carbon steel are presented in Figure 2. At 25 °C, the surface is greatly attacked by

FeCls. So, the CPT for carbon steel is 25 ° C.

Figure 2: Surface analysis of carbon steel after 3 days of immersion in solution containing FeCl; at 25°C.
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3.2. Open circuit potential

Figure 3 shows the evolution of open circuit potential of steel samples in cement extract solution and simulating
solution. The potential values of the carbon steel decreases with time. For stainless steel, a continuous shift of
the potential towards positive vales is observed corresponding a hindering the corrosion reactions.
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Figure 3: Open circuit potential evolution for two steels immersed in the stimulating solution and cement
extract solution (a) UR45N, (b) Fe-C.

Figure 4 depicts the evolution of open circuit potential of steel samples in cement extract solution containing
different concentration of chloride ions (NacCl).
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Figure 4: Open circuit potential evolution for two steels immersed in the cement extract solution (a) UR45N, (b) Fe-C.

Monitoring the open circuit potential as a function of immersion time of the two steels shows that the addition
of chloride does not change the overall behavior of steel in the filtrate. For UR45N, the potential increases until
to reach stationary state while in the case of carbon steel, there is a displacement of the potential to more
negative values. However, increasing the amount of chloride in the middle has little effect on the values of the
potential and the general shape of the curves.

3.3. Electrochemical study

- behaviours of UR45N and Fe-C steels in simulating solution and cement extract

The polarization curves of steels electrode immersed in the stimulating solution and cement extract solution are
presented in figure 5. Electrochemical parameters like corrosion potential (E,) and corrosion current density
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(leorr) Were determined (Table 4). As presented in figure 5 and table 4, the cathodic currents for UR45N are
significantly decreased in the simulating solution. The contrary behavior is observed for Fe-C steel. The data
show that rate of corrosion of stainless steel UR45N is less than Fe-C steel in all studied medium.
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Figure 5: polarisation curves of UR45N and Fe-C immersed in the stimulating solution and cement extract solution

Table 4: electrochemical parameters

Solutions Cement extract solution Stimulating Solution
steel
ECOFI’ ICOFI’ VCON Ecorr Icorr Vcorr
mV/SCE| mA.cm?| mmlyear | mV/SCE| mA.cm® | mmlyear
Stainless steel UR45N -597 1.927 10° [1.49110° |[-479 7.32210° |5.642 10°
Carbon steel -635 433510° [3.20710* |[-773 428910 [3.26810°

- Effect of chlorides ions

In order to study the effect of chloride ions on the electrochemical behavior of studied steels in cement extract,
different mass of NaCl is added to the medium. The obtained curves are presented in figure 6. Addition of CI-
induce different behavior depending on the nature of steel. For Fe-C steel, an increase of the corrosion current
density (Icorr) with the increase of chlorides concentration for Fe-C steel. The presence of chlorides resulted in
a shift of the corrosion potential (Ecorr) toward more negative values in comparison to the result obtained in the
absence of chlorides. For UR45N, the increase of chlorides concentration in cement extract induce a decrease of
anodic current and shift the corrosion potential to more positive value.
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Figure 6: polarization curves for (a) UR45N, (b) Fe-C immersed in cement extract solution without and with
different concentration of chlorides.
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The electrochemical parameters for the different chloride concentrations are given in Table 5.

Table 5: Electrochemical parameters for UR45N and Fe-C immersed in cement extract solution without and
with different concentration of chlorides.

Without With 10g With 20g With 30g
Parameters NaCl
Ecor (MV) -599 -370 -304 -453
Stainless steel lor (A/cm®) 9.86110” 3.24107 3.09610" [3.704 107
UR45N Vo (Mm/year) [7.599 10° 2.496 10° 2.38510° [2.85410°
Ecor (MV) -637 -694 -890 -838
Carbon steel leor (Acm®) [ 2.7120" 29210 14110 |27410°
Veor (MMiyear) [200510° [2.16010°  |1.04310° |2.02710°

- Studies of specimens (in the mortar)

Concrete acts as a barrier and blocks aggressive species, such as chlorides and carbon dioxide which can diffuse
through and causes localized breakdown of the passive film inducing degradation of the metal. For structure
immersed continually in seawater and the porosity of concrete can facilitate the diffusion of chlorides ions.
When the concentration of chlorides ions is up to the critical value ([CI')/ [OH-] > (0.6)), the corrosion begin
and its rate increase with the concentration of chlorides.

The aim of this part of work is to study the behavior of UR45N and Fe-C steels embedded in concrete in
seawater for different time of immersion. The obtained curves are presented in figure 7. For Fe-C steel, there is
no modification on the behavior according to the immersion time and anodic current is high. When immersion
time increases, the anodic current for UR45N decreases due to the passivation behavior of stainless steel. It is
well known that stainless steel has a great corrosion resistance in the oxidizing corrosive environment because
of the passive film which forms on the steel surface to protect the material from destroyed in the atmosphere.
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Figure 7: Polarisation curves of UR45N (a) and Fe-C (b) embedded in concrete for different time of immersion
in seawater.
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Conclusion

Failure of concrete structures due to corrosion of embedded steel is a major problem causing significant loss of money and
time. Hence, there is a need to fully understand the root causes of failure before the repairing for effective remediation. The
measure corrosion is a fundamental requirement for planning maintenance, repairing, and removal for reinforced concrete
structures. The objective of this work is to study the corrosion of UR45N and Fe-C steels in different media (cement
extract, simulating solution and embedded in concrete in seawater). Electrochemical studies combined with pitting tests
show that the use of UR45N results in a reduction of the corrosion rate of reinforced stainless steel. A good agreement is
observed between the pitting test results and those from electrochemical measurements. The investigations were done in
presence of chloride ions and using solutions simulating the concrete interstitial electrolyte. Currents are more important in
seawater for carbon steel than stainless steel UR45N. Stainless steel UR45N resist better than the carbon steel in concrete
solution.
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