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The aim of this study is to examine the protective effect of N,N0dimethylaminoethanol (DMEA – organic
corrosion inhibitor) against rebar corrosion in the presence of chloride ions. The inhibiting properties of
DMEA based corrosion inhibitor were evaluated in artificial concrete pore solution and in cement mortar
specimens. The electrochemical measurements were performed using synthetic concrete pore solution
which was contaminated with chloride ions in order to simulating the concrete interstitial electrolyte.
Corrosion parameters such as corrosion rate, corrosion current density icorr, polarization resistance Rp

and pitting potential Epitt of reinforcing steel have been evaluated by electrochemical measurements
and compared with that obtained from metal loss determination. Results indicated that the addition of
N,N0dimethylaminoethanol to the artificial concrete pore solution as well as into the concrete contami-
nated with chloride ions decreases the corrosion rate of steel reinforcement.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Corrosion of reinforcing steel embedded in concrete is becom-
ing a significant structural and financial problem. As it is known
in Greece many historical buildings and structures are located
in coastal regions (islands) where the weather is characterized
by pollutants such as chloride ions (Cl�) and carbon dioxide
(CO2). This leads to an increased incidence of spalling, delamina-
tion and as a consequence the deterioration of concrete in rein-
forced structures. The use of chemical admixtures, which act as
corrosion inhibitors, is a method for preventing and delaying
the onset of rebar corrosion. An ideal corrosion inhibitor has been
defined as ‘‘a chemical compound which when added in adequate
amounts to concrete can prevent corrosion of embedded steel and
has no adverse effect on the properties of concrete’’. Nowadays
chemical corrosion inhibitors present an easily implemented
solution to the growing problem of corrosion of reinforcing steel
in concrete. However, to be considered viable, these additives
should not only prevent or delay the onset of corrosion they must
not have any detrimental effect on the properties of concrete it-
self such as strength, setting time, workability and durability. It
must be clarified that corrosion inhibitors do not totally stop cor-
rosion but rather increase the time to the onset of corrosion and
reduce its eventual rate. Drawbacks of corrosion inhibiting
admixtures are that they may not remain in the repair area,
potentially reducing the concentration of the inhibitor below nec-
essary values and secondly, when used in a limited area along a
continuous reinforcing bar there is the potential for microcell cor-
rosion development [1–6]. The effect of N,N0dimethylaminoetha-
nol (DMEA) on the corrosion of steel due to chloride ingress
was experimentally investigated in this paper. The aim of this
study was to examine the protective effect of DMEA (organic cor-
rosion inhibitor) against rebar corrosion in cement mortar speci-
mens and in artificial concrete pore solution containing corrosion
inhibitor in the presence of chloride ions. Corrosion parameters
such as corrosion rate, corrosion current density (icorr), polariza-
tion resistance Rp and breakdown potential of reinforcing steel
were evaluated by electrochemical measurements and compared
with that obtained from metal loss determination.
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2. Materials and evaluation methods

2.1. Mortar specimens

2.1.1. Materials
The test specimens were prepared with cement, sand and water in ratio 1:3:0.6.

The mean value of the sand grains diameter was 250 lm < d < 4 mm. Greek Port-
land cement was used in all the specimens. Table 1 presents the chemical and min-
eralogical composition of the cement.

Cylindrical steel rebars of type S500s (Vanadus type steel) which meet Greek
specification for weldable reinforcement were used for all test specimens with
dimensions of 12 mm in diameter and 10 mm high [7]. Fabrication of the steel
for the test specimens simply involved cutting to the consistent length of
100 mm. The chemical composition of steel is given in Table 2.

Drinking water from Athens water supply network and DMEA corrosion inhib-
itor were used in the preparation of the specimens. DMEA based corrosion inhibitor
was in liquid form and the solid content was 29 wt.% and it was mixed in the mixing
water at two dosages of 1 wt.% and 2 wt.% of cement. Two categories of cement
mortar specimens were prepared. The first category included chloride contami-
nated cement mortars which were produced with the addition of sodium chloride
to the mixing water, thus producing specimens with chlorides at 1 wt.%, 2 wt.%,
3 wt.%, 4 wt.% and 5 wt.% of cement. The second category consisted of mortars with
both corrosion inhibitor and chlorides. For corrosion inhibitor at 1 wt.% of cement
the chlorides were 1.5 wt.%, 2 wt.%, 2.5 wt.% of cement and for specimens with cor-
rosion inhibitor at 2 wt.% of cement the chlorides were 2 wt.%, 2.5 wt.%, 3 wt.% of
cement. The proportions of the materials used and the code names of the specimens
are given in Table 3.

2.1.2. Casting of the specimens
The test specimens considered for the present study were cylindrical 100 mm in

height and 40 mm in diameter. One steel rebar was axially embedded in each ce-
ment mortar as shown in Cement, sand and water were mixed in a mortar mixer
for approximately 5 min until a uniform consistency was achieved. The molds
(100 mm in height and 40 mm in diameter) were filled with mortar and vibrated
for consolidation using a vibrating table. Copper wire cables were connected to
the steel bar in order to receive electrochemical measurements. Steel rebars were
cleaned prior their installation into the mortars according to ISO/DIS 8407.3 Stan-
dard [8]. In particular the surface of the steel bars was washed with water and then
immersed in strong solution of HCl (500 ml HCl, density q = 1.19 g/ml3 in 1000 ml
distilled water) with organic corrosion inhibitor (3.5 g hexamethylene tetramine in
1000 ml distilled water) for 15 min, washed with water and washed thoroughly
with distilled water to eliminate traces of the corrosion inhibitor and chloride ions.
Following that, the surface was cleaned with alcohol and acetone and finally
weighed to accuracy of 0.1 mg. Thereafter the bars were placed in cylindrical molds,
as shown in Fig. 1, where the mortar was cast and stored at ambient conditions in
the laboratory for 24 h. After being demolded the specimens were placed in water
in curing room (RH > 98%, T = 20 ± 1.5 �C) for 24 h and then kept for an additional
7 days at ambient temperature in a laboratory environment to stabilize internal
humidity. Epoxy resin was placed in the region shown in Fig. 1 in order to avoid
atmospheric corrosion. Finally the specimens were partially immersed in 3.5 wt.%
NaCl solution up to 20 mm from the bottom. The objective of partially immersing
the cement mortar specimens was to provide an increase of required moisture
Table 1
Oxide and compound compositions of OPC cement.

Oxide composition of
cement (wt.% of cement)

Compound composition (per cent)

Oxide Content (%) Compound Content (%)

SiO2 20.67 C3S 56.80
Al2O3 4.99 C2S 16.49
Fe2O3 3.18 C3A 7.85
CaO 63.60 C4AF 9.67
MgO 2.73
K2O 0.37
Na2O 0.29
SO3 2.414
CaO(f) 2.41
LOI 2.52

Table 2
Chemical composition of microelements in the steel bars S500s, type of Vanadus.

C Mn S P Si Ni Cr Cu V Mo

% 0.22 1.24 0.044 0.032 0.28 0.10 0.10 0.52 0.075 0.028
and oxygen for the initiation and acceleration of reinforcement corrosion. The chlo-
ride concentrations of the exposure solutions were selected to avoid leaching of
chloride ions casted into cement mortar as contamination. The experimental dura-
tion of this study was 7 months.
2.2. Steel reinforcements in artificial concrete pore solution

For the electrochemical measurements disk-shaped steel specimens were pre-
pared with 12 mm diameter and 10 mm of thickness and their chemical composi-
tion is given in Table 2. The steel disks were cleaned according to ISO/DIS 8407.3
Standard [8]. Prior to the electrochemical tests steel specimens were exposed to sat-
urated Ca(OH)2 solution containing salt and inhibitor for 24 h. The code numbers
and the composition for the different sets of the artificial pore solutions used in this
study as a corrosion medium for the electrochemical measurements are shown in
Table 4.

SCH: Saturated Calcium Hydroxide, Ca(OH)2.

The first number ‘‘0’’ indicates the wt.% concentration of corrosion inhibitor in
the solution and the second number ‘‘1’’ the wt.% concentration of chloride ions
added as NaCl.
2.3. Evaluation methods

Methods used to assess cement mortar specimens’ performance included the
measurement of corrosion potential, corrosion rate and mass loss. The corrosion
potentials for each of the test specimens were recorded at regular intervals versus
a saturated calomel reference electrode (SCE). The measurements were initially re-
corded on an everyday basis until equilibrium conditions were established and then
they were recorded on a weekly basis. In order to evaluate the corrosion of steel re-
bars corrosion rate and %weight change of the steel rebars were estimated accord-
ing the following equations:

%weight change ¼ minitial �mfinal

minitial
ð1Þ
Corrosion rate ðlm=yÞ ¼ 8:76� 107 �W
A� T � D

ð2Þ

where W is the metal loss (g), A the rebars’ surface (cm2), T the time of exposure (h)
an D the density of steel (g/cm3). The total exposure time was 7 months while the
determination of the mass loss of the bars was made in intervals of 91, 183 and
210 days. The corroded surface of the steel rebars was also examined with an optical
fiber microscope and specifically with the Picoscope system by Moritex. Steel rebars
were also electrochemically examined in order to evaluate reinforcement corrosion
after their immersion in the synthetic concrete pore solution with the aforemen-
tioned concentrations of corrosion inhibitor and sodium chloride (Table 4). The com-
puter program ‘‘Softcorr III’’ developed by EG&G Princeton Research was used for
applying the potential scan and analyzing the parameters icorr, Rp. For each polariza-
tion test the steel specimens were transferred to a standard electrochemical cell con-
taining the working solution (Table 4) and then corrosion current density, corrosion
rate and breakdown potential were measured. The corrosion rate of reinforcing steel
was determined according to Stern–Geary electrochemical method at the same
exposure ages (24 h). Linear polarization method (LPR) can be used to measure the
active rate of corrosion of steel reinforcements. To apply the LPR technique a small
perturbation is applied to the reinforcing steel specimen and the resulting response
is measured. Although the corrosion of steel in concrete is an electrochemical pro-
cess and does not obey to Ohm’s law it has been shown that Ohms’ s law is be
approximately true if polarization applied to the steel does not exceed ±20 mV. Thus
Table 3
Categories of specimens – composition ratio wt.% of cement.

Code name NaCl wt.% of cement Corrosion inhibitor wt.% of cement

A0 – –
Cl1 1 –
Cl2 2 –
Cl3 3 –
Cl4 4 –
Cl5 5 –
A1Cl1.5 1.5 1
A1Cl2 2 1
A1Cl2.5 2.5 1
A2Cl2 2 2
A2Cl2.5 2.5 2
A2Cl3 3 2



Table 4
Results of electrochemical measurements of steel reinforcements in artificial concrete pore solution.

Code name Chemical composition of artificial concrete pore solution Electrochemical parameters

LPR technique Cyclic polarization

Corrosion inhibitor (wt.%) NaCl concentration (wt.%) Icorr (lA/cm2) Rp (k Ohms) Corrosion rate (mpy) Pitting potential (mV)

SCH 0_0 0 0 0.4870 44.57 0.4461 535
SCH 0_1� 1 1.732 12.54 1.586 419
SCH 0_2 2 5.730 3.790 5.246 185
SCH 0_3 3 6.042 3.594 5.532 119
SCH 0_4 4 10.74 2.021 9.836 117
SCH 0_5 5 13.24 1.640 12.12 85

SCH 1_0 1 0 0.2494 87.08 0.2283 660
SCH 1_1 1 0.763 28.44 0.6992 570
SCH 1_2 2 4.056 5.353 3.714 496
SCH 1_3 3 5.235 4.148 4.793 233
SCH 1_4 4 5.453 3.982 4.993 131
SCH 1_5 5 5.640 3.850 5.164 114

SCH 2_0 2 0 0.172 126.244 0.1574 757
SCH 2_1 1 0.717 30.284 0.6564 658
SCH 2_2 2 2.896 7.497 2.6515 458
SCH 2_3 3 3.202 6.781 2.9317 263
SCH 2_4 4 4.298 5.0521 3.9352 220
SCH 2_5 5 5.195 4.1797 4.7565 134

Fig. 1. Schematic representation of reinforced mortar specimen.
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the resulting current is linearly plotted versus potential. The Rp polarization resis-
tance, which is the slope of the potential–current curve at Ecorr is related to icorr

through the Stern–Geary relationship.

icorr ¼
B
Rp

ð3Þ

where B is the Stern Geary constant equals to ba�bc
2:3ðbaþbc Þ

. The ba and bc are the anodic
and cathodic Tafel constants, respectively. For steel in concrete, a value of
B = 52 mV for steel in passive condition and a value equal to B = 26 mV for steel in
active conditions are normally used.

From Faraday’s law:

Corrosion rate ¼ E:W � icorr � t
q� z� F

ð4Þ

the following equation can be derived, which is used to calculate the corrosion rate
once icorr is determined,

Corrosion rate ðlm=yÞ ¼ 3:27� icorr � E:W
d

ð5Þ

where icorr is the corrosion current density (lA/cm2), E.W. the equivalent weight of
steel (g) (for iron E.W. = 27.92 g), q the density of iron (g/cm3) (q = 7.95 g/cm3)
and t the time in seconds [9]. The linear polarization resistance of steel reinforce-
ment was evaluated at a scan rate of 0.15 mV/s. The values reported are the average
of the polarization resistance measured in each set of artificial pore solution accord-
ing to corrosion inhibitor percentages ratio and sodium chloride concentration. For
each set of solution, there were 10 disk-shaped steel specimens. For all the electro-
chemical measurements a standard corrosion cell was used. The steel reinforce-
ments were fitted with a standard size disk specimen holder which exposes
100 mm2 area of specimen surface. The corrosion cell consisted of a reference
electrode which was a Saturated Calomel Electrode (SCE) in luggin capillary filled
with the same solution as the corrosion medium, a working electrode which was
the reinforcing steel and a counter (auxiliary) electrode with a surface of approxi-
mately 2 cm2. A platinum mesh sheet was used as counter electrode. In this tech-
nique, the reinforcing steel bar is polarized to ±20 mV of the open circuit potential
(Ecorr), the potential within which the current varies linearly with applied potential.
Cyclic polarization curves were used to calculate the pitting potential value for each
of the above mentioned working solutions with corrosion inhibitor and sodium chlo-
ride concentration. The tests were run with the potentiostat using the following
parameters: Initial potential = 100 mV more negative than the open circuit corrosion
potential Ecorr, Return potential = 900 mV more positive than Ecorr and Final poten-
tial = 100 mV more negative than Ecorr, at polarization scan rate of 0.7 mV/s.
3. Results and discussion

3.1. Steel reinforcement embedded in contaminated cement mortar

The potential shift is a function of the durability of the protec-
tive layer on steel surface. Thus, the corrosion potential of rebars
in concrete is a good indication of either the depassivation or acti-
vation of corrosion. The corrosion potential measurements given in
Figs. 2 and 3 are for specimens without and with inhibitor respec-
tively. According to the guidelines involved in ASTM C876-87 [10]
the probability of corrosion initiation is greater than 90% when cor-
rosion potentials are more negative than �350 mV relative to the



Fig. 2. Half-Cell Potential measurements versus time in specimens contaminated
with various concentrations of chloride ions (0, 1, 2, 3, 4 and 5 wt.% of cement).

Fig. 3. Half-Cell Potential measurements versus time for mortar specimens with
chloride ions and inhibitor treated. The first number is indicative of the concen-
tration of the inhibitor whereas the second displays the contamination of chloride
ions.

Fig. 4. Mass loss measurements versus time in mortar specimens contaminated
with various concentrations of chloride ions (0, 1, 2, 3, 4 and 5 wt.% of cement).

Fig. 5. Mass loss measurements versus time in inhibitor treated specimens (1 wt.%
of cement) and various concentrations of chloride ions (0, 1.5, 2, 2.5 wt.% of
cement).
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copper–copper sulfate (CSE) and�270 mV relative to the Saturated
Calomel Electrode (SCE).

Figs. 2 and 3 illustrate the variation of corrosion potential for
the rebars embedded in mortar contaminated with Cl� ions and
immersed in 3.5 wt.% sodium chloride solution. Regarding the
untreated cement mortar specimens contaminated with chloride
ions it is observed that as the concentration of the chloride ions
increases, the corrosion potential values shift towards to more
electronegative values (Fig. 2).

On the contrary, for the inhibitor treated cement mortar speci-
mens contaminated with chloride ions it is evident (Fig. 3) that all
these values of corrosion potential measurements are in the range
of �300 mV to �100 mV vs SCE. These values suggest a high prob-
ability of 90% of a passive stage. The results of mass loss measure-
ments of reinforcing steel after 7 months of exposure to chloride
solution are given in Figs. 4–6. From these results the improvement
of the corrosion performance of steel rebars when the amino alco-
hols corrosion inhibitor was added is evident. The DMEA decreases
the steel rebar mass loss after 91, 183 and 210 days of exposure by
approximately 17.96%, 62.29% and 48.90%, respectively in inhibitor
treated cement mortar specimens (2 wt.% of cement). It has been
reported that DMEA (N,N0-dimethylethanolamine) provides pro-
tection by forming an adsorbed layer on the steel surface which
hinders the dissolution of the steel [11]. Moreover DMEA was
found to partially displace chloride ions from the oxide surface of
the steel rebar, forming a durable passive film. Consequently ami-
noalcohols, although they are generally absorbed on non-corroding
sites, they can also be absorbed on potentially anodic sites as well
[11]. Overall, weight loss and corrosion potential measurements
performed on mortar specimens indicated that the addition of
DMEA-based corrosion inhibitor reduces the rate of corrosion in
chloride-contaminated cement mortars (2 wt.% DMEA) as it is
shown to the following figures.

3.2. Fiber optical microscope observations

Further analysis was performed after 7 months by fiber optical
microscope. The cement mortar specimens were destroyed and
steel rebar surface was inspected by fiber optical microscope to as-
sess its state (passive or active). Fig. 7a illustrates the surface mor-
phology of steel reinforcement embedded in contaminated mortar
with chloride ions (2 wt.% NaCl). Direct visual observation indi-
cates that the corrosion process has already been activated. The
reinforcing steel surface is not homogenous because the whole sur-
face has not undergone the same mechanisms. Two distinct areas
were observed, one presenting a pitting corrosion and another
one without corrosion products. Pitting corrosion was observed
to be the predominant form of localized corrosion. Brief examina-
tion of the steel surface indicated that pits were formed under the
rusted surface (Fig. 7a–c) and the microstructure of the layer of the
iron oxides seems to be porous. However, comparing the surface
morphology of untreated and treated specimens with corrosion
inhibitor, steel reinforcement embedded in cement mortar with
DMEA, exhibit substantially better performance against corrosion
(see Fig. 7b and c). Overall, after 7 months of immersion in



Fig. 6. Mass loss measurements versus time in inhibitor treated specimens (2 wt.%
of cement) and various concentrations of chloride ions (0, 2, 2.5, 3 wt.% of cement).

E. Rakanta et al. / Construction and Building Materials 44 (2013) 507–513 511
3.5 wt.% sodium chloride solution the corrosion scale produced on
steel rebar surface embedded in cement mortars treated with
DMEA (1 wt.% and 2 wt.%) was less than that on the steel bars in
the specimens without inhibitor.
3.3. Steel reinforcement in artificial pore solution

Reinforcing corrosion in concrete is an electrochemical process
that involves the transfer of electrically charged ions between pas-
sive and active locations. In the absence of chloride ions, the anodic
dissolution reaction of iron is balanced by cathodic oxygen reduc-
tion. The Fe2+ ions produced at the anodes combine with the OH�

ions from the cathodic reaction to ultimately produce a stable pas-
sive film. Chloride ions in the pore solution, having the same
Fig. 7. Fiber optical microscope images after 7 months partially immersion in 3.5 w
contaminated mortar with chloride ions (2 wt.% of cement), (b) steel reinforcement emb
corrosion inhibitor (DMEA 1 wt.% of cement) and (c) steel reinforcement embedded in
inhibitor (DMEA 2 wt.% of cement). For all the steel reinforcements the magnification u
charge as OH� ions, compete with these anions to combine with
Fe2+ cations. The resulting iron chloride complexes are thought to
be soluble therefore metal dissolution is not prevented and ulti-
mately the buildup of voluminous corrosion products takes place.
Therefore, the electrochemical measurements of steel rebars in
artificial concrete pore solution allowed to evaluate the behavior
and the protective efficiency of the DMEA based corrosion inhibi-
tor. This behavior was assessed through linear polarization and
cyclic polarization techniques. Table 4 shows the results of electro-
chemical parameters which were measured by LPR and cyclic
polarization techniques for all the types of artificial pore solution
with varying concentrations of corrosion inhibitor and varying
amounts of Cl� ions. The test results indicated that DMEA retards
reinforcement corrosion in the presence of chloride ions. After
24 h of immersion the corrosion rates were 12.12, 5.164, 4.756,
4.565 mils per year (mpy) in solutions containing 0 wt.%, 1 wt.%,
2 wt.% and 3 wt.% corrosion inhibitor, respectively and 5 wt.% NaCl.
It is also observed that the polarization resistance, Rp, of steel rein-
forcements decreases as the chloride content increases. This is due
to the presence of chloride ions in the working solution which are
typically responsible for the local breakdown of the passive layer
on steel surface. The corrosion current density of steel reinforce-
ment in artificial pore solution containing various amounts of cor-
rosion inhibitors and chlorides is presented in Fig. 8. It is shown
that corrosion current density on steel in solutions without inhib-
itor is higher than that in the solutions with the inhibitor. This
indicates that N,N0dimethylaminoethanol inhibitor retards rein-
forcement corrosion. The critical potential for pit initiation is a
function of the nature and concentration of aggressive and inhibit-
ing molecules. Furthermore, the pitting potential is more positive
as the concentration of the aggressive anions decreases (catalyzing
the anodic metal dissolution) and as the concentration of the
t.% NaCl solution. Surface morphology of (a) steel reinforcement embedded in
edded in contaminated mortar with chloride ions (2 wt.% of cement) treated with

contaminated mortar with chloride ions (2 wt.% of cement) treated with corrosion
sed was �50.
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inhibiting molecules increases (inhibiting the anodic metal disso-
lution). Fig. 9 depicts the cyclic polarization curves obtained in
the artificial pore solution with 2 wt.% DMEA contaminated with
varying amounts of chloride ions. Corresponding to Fig. 9 in artifi-
cial concrete pore solution with 2 wt.% DMEA a straight increase of
current intensity at approximately 754 mV is observed. The curves
with chloride ions at varying amounts of 1 wt.%, 2 wt.%, 3 wt.%,
4 wt.% and 5 wt.% showed a significant increase of corrosion cur-
rent density at approximately 658, 458, 263, 220 and 134 mV,
respectively. As expected, chloride ions are typically responsible
for the breakdown of passive film on the rebar surface. Chloride-in-
duced reinforcement corrosion tends to be localized corrosion pro-
cess with the original passive surface being destroyed locally under
the influence of chloride ions. In cyclic polarization curves the
probability of localized corrosion is related to the difference be-
tween the repassivation, Erep, and corrosion potentials, Ecorr, thus
the higher the difference the lower the probability of pitting corro-
sion [12–17].

Overall, the experimental results obtained on the steel rebars
immersed in saturated calcium hydroxide solution with varying
amounts of chloride ions showed that in absence of DMEA inhibitor
the corrosion activity on the steel surface strongly increases with
the increase of chloride ion content leading to high corrosion rates
and low pitting potentials as observed in Table 4. However, the
addition of DMEA inhibitor to the working solution, once corrosion
Fig. 9. Cyclic polarization curves obtained in the artificial pore solution, with 2 wt.%
DMEA, contaminated with varying amounts of chloride ions.
was initiated, leads to a reduction of this activity. Thus the results of
electrochemical measurements suggested that inhibitor molecules
are able to reduce the corrosion rate and pit initiation due to pres-
ence of chloride ions. The results of the electrochemical measure-
ments for calculating the corrosion rate in steel reinforcements in
artificial concrete pore solution are certified and confirmed by the
results of the calculations of the reinforcements mass loss in the
mortars for a 7 month corrosion period.

4. Conclusion

Based on the findings of this study, the following main conclu-
sions could be obtained:

1. The corrosion potentials in cement mortar specimens contami-
nated with chloride ions shift to more negative values as the
chloride concentration increases. On the other hand, when cor-
rosion inhibitor is added, the corrosion potentials shift towards
more positive values.

2. The addition of 2 wt.% of cement DMEA inhibitor decreases the
mass loss of the steel rebar about 43%.

3. The corrosion current density on steel in solutions containing
Cl� ions is higher than that in solutions with the same Cl� ion
and no inhibitor is higher than that on steel in the saturated
Ca(OH)2 and inhibitor. This indicate that N,N0dimethylamino-
ethanol retards reinforcement corrosion.

4. The corrosion rate of steel reinforcement increases as chloride
concentration increases. However, the corrosion rate of the
rebars decreases as the concentration of the corrosion inhibitor
increases.

5. The surface of the steel rebars that were embedded in contam-
inated cement mortar specimens were examined with a fiber
optical microscope after 7 months of exposure. The results
revealed that under the presence of inhibitors the area of the
rebar that suffered from pitting corrosion was restricted.

6. Overall, the addition of N,N0dimethylaminoethanol to the artifi-
cial concrete pore solution contaminated with NaCl decrease
the corrosion rates of steel reinforcements due to the fact that
this type of organic inhibitor forms a stable interfacial layer
on steel surface which is able to keep the interface in a passive
state.
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