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Chloride Corrosion of Reinforced Calcium 
Aluminate Cement Mortar
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Abstract: This paper describes a study on the corrosion behavior of steel reinforcement in CAC mortars 
via electrochemical methods including corrosion potential, electrochemical impedance, and linear polarization 
evaluation. Results indicate that there is a non-linear relationship between the corrosion degree of steel rein-
forcement in CAC mortar and the concentration of NaCl solution. The electrochemical parameters of specimens 
immersed in 3% NaCl solution suddenly drop at 40 days, earlier than 60 days of the reference. And the charge 
transfer resistivity of the specimen has decreased by 11 orders of magnitude at 40 days, showing an evident cor-
rosion on steel reinforcement. However, it is interesting to notice that the corrosion is delayed by high external 
chloride concentration. The specimens immersed in 9% and 15% NaCl solutions remain in a relatively stable 
state within 120 days with slight pitting. The great corrosion protection of CAC concrete to embedded steel bars 
enables its wide application in marine.
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1	 Introduction 

Corrosion of steel reinforcement seriously threat-
ens the durability of reinforced concrete structures, and 
brings huge economic losses[1]. Generally, the pH of 
Portland cement concrete is maintained around 12.5- 
14[2-4], and in such a strong alkaline environment, a 
layer of the ferric oxide film can spontaneously form 
on the surface of steel reinforcement to ensure it is in a 
passive state. However, when the reinforced concrete 
structure is affected by carbonization and chloride 
attack[1,5,6], it may damage the passive film and result 
in the corrosion of inner steel reinforcement. Natural 
carbonation takes place at a relatively slow rate[7,8], 
only playing an important role in the corrosion of steel 
reinforcement when the concrete layer is not thick or 
porous in practical engineering[9,10]. Compared with 

carbonization, the corrosion caused by chloride perme-
ation is more serious. The external chloride ions can 
easily permeate into the concrete structure and compete 
with the hydroxide ions in the pore solution to adsorb 
on the surface of steel reinforcement[11,12]. On one hand, 
the adsorbed chlorides cause shrinkage, cracking, and 
even completely destroying of passive film[1]. On the 
other hand, it leads to the decrease of local pH at the 
interface between steel reinforcement and concrete 
matrix, accelerating the ionization process of iron, as 
shown in Eqs.(1) and (2)[1]. Moreover, the deposition 
of corrosion oxides (Eqs.(3) - (5)) on the surface of 
steel reinforcement can result in high expansion stress, 
which further leads to the cracking of the whole con-
crete structure[1,13].

Anode reaction:

Fe→Fe2++2e-                            (1)

Cathodic reaction:  

2H2O+O2+4e-→4OH-                   (2)

Further oxidation of ferrous ions:

Fe2++2OH-→Fe(OH)2                     (3)

4Fe(OH)2+2H2O+O2→4Fe(OH)3             (4)
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2Fe(OH)3→Fe2O3·H2O+2H2O               (5)

In view of the above-mentioned steel corrosion in 
Portland cement concrete, the most important preven-
tion method at present is using corrosion inhibitors[14-18]. 
However, the performances of commercially available 
corrosion inhibitors are uneven and there are compati-
bility problems with concrete matrix[19-21], which easily 
leads to poor durability in practical application. Based 
on this, the durability issues and performance improve-
ment of reinforced concrete structures give impetus to 
the development of new types of cementitious materi-
als[22,23]. Due to the different hydration mechanism and 
the composition of pastes, more and more attention 
needs to be paid to the impact of new cementitious 
materials on the long-term performance and protection 
of steel bars. For instance, many studies investigated 
the chloride permeability and corrosion process of em-
bedded steel in the supplementary cementitious mate-
rials (including coal fly ash, silica fume, and volcanic 
ash, etc.) modified Portland cement[24-29]. Structural 
differences caused by multiple factors will also have a 
greater impact on the erosion resistance of cement[30-32]. 
Recently, the interest on innovative binders based on 
calcium aluminate cement (CAC) has increased, which 
is mainly related to its corrosion resistance[33-38].

Although there is a problem of strength retraction 
owing to the phase conversion from hexagonal calci-
um aluminate hydrates (CAH10, C2AH8) to the cubic 
one (C3AH6), studies showed the excellent corrosion 
resistance of CAC in severe environments, especial-
ly for marine engineering[33,39]. Many CAC structures 
continue to provide satisfactory service after several 
decades[40,41]. And binary or ternary systems composed 
of CAC and Portland cement or pozzolanic materials 
also exhibited better resistance to chloride attack[33,42-46]. 
This offers possible reentry of CAC to the family of 
high-performance building materials. Due to the low al-
kalinity of CAC concrete, it could have adverse effects 
on the corrosion protection to the steel reinforcement, 
but CAC enhances its chloride binding capacity to form 
Friedel’s salt because of its high content of Al2O3

[34,36,47], 
which is conducive to the resistance to chloride-in-
duced corrosion of steel reinforcement. Therefore, the 
chloride corrosion resistance of CAC binders in rela-
tion to the durability of reinforced concrete structures 
is still with mysteries, especially regarding to the elec-
trochemical corrosion behavior of steel reinforcement 
in CAC-based concrete[33,38,39]. 

To further clarify the electrochemical corrosion 

behavior of the steel reinforcement in CAC, the corro-
sion potential, electrochemical impedance spectrosco-
py, and linear polarization parameters were measured 
to identify the corrosion process of the reinforced CAC 
mortar immersed in different concentrations of chloride 
solution.

2	 Experimental

2.1	 Raw materials 
CAC used in this study was supplied by Kerneos 

Aluminate Technologies (China) with grade CA50. Its 
chemical composition measured by XRF is given in Ta-
ble 1. The main mineral composition of CAC tested by 
QXRD is summarized in Table 2. Q235 ordinary round 
steel bar was used as the embedded steel, and its tensile 
strength was 412 MPa. The chemical composition of 
the steel bar is shown in Table 3. Sand and deionized 
water were also employed. The particle size distribu-
tion of sand is listed in Table 4. Chemically pure NaCl 
reagent was utilized as the chloride source.

2.2	 Specimen preparation
For specimen preparation, in order to accelerate 

the corrosion process and shorten the test period, the 
water to cement ratio was fixed at 0.6. And the cement 
to sand ratio was 1:3. Before molding, the surface of 
the steel bars was polished step by step with sandpaper 

Table 1  Chemical composition of CAC/wt%

MgO Al2O3 SiO2 P2O5 SO3 Cl K2O CaO TiO2 MnO Fe2O3

0.46 48.45 7.33 0.15 0.46 0.01 0.45 37.87 2.52 0.04 1.90

Table 2  Mineralogical composition of CAC/wt%

CA CA2 C2AS CT

51.12 4.31 35.15 4.86

Table 3  Chemical composition of the steel bar/wt%

C Si Mn P S Ni Cr Cu Fe

0.14 0.18 0.33 0.017 0.004 0.01 0.01 0.01 99

Table 4  Particle size distribution of sand

Side length of 
square hole/mm

Range of cumulative 
sieve surplus/%

Actual cumulative 
sieve surplus/%

2.00 0 0.00

1.60 7±5 8.15

1.00 33±5 33.24

0.50 67±5 66.65

0.16 87±5 87.87

0.08 99±5 99.56
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of 400#, 800#, 1 200#, and 2 000#, until the bright sil-
very-white metallic luster was emitted, then the steel 
bars were ultrasonically cleaned with absolute ethanol 
and blown dry with a cold air blower. One end of the 
steel bars (with a diameter of 10 mm and height of 30 
mm) was welded with copper wires and then the up-
per and lower ends of the steel bars were coated with 
epoxy. The cylindrical side of each steel bar was as 
the working surface with an area of 9.425 cm2. Prior 
to being embedded in the concrete, the steel bars were 
immersed in strong alkaline solution for 8 days to pro-
mote passivation. After that, the reinforced cylindrical 
specimens (with a diameter of 70 mm and a height of 
35 mm) were prepared to study the corrosion behavior 
of steel bars embedded in CAC mortars. All specimens 
were cured in an environment of 20±2.0 ℃ and relative 
humidity of 98±2.0% for 8 days and then the two round 
ends of the specimens were also coated with epoxy to 
ensure that only the cylindrical sides of the specimens 
were directly in contact with the chloride salt solution 
in a subsequent corrosion test.
2.3	 Chloride corrosion

The above-mentioned specimens after pre-cured 
for 8 days were continuously immersed in different 
concentrations of chloride salt solutions at 20±2.0 ℃, 
3 specimens were chosen as a set, as shown in Table 
5, and every month the solutions were changed. The 
volume ratio of each set of specimens to the solution 
was 1:20. Electrochemical tests were carried out on the 
immersed specimens regularly.

2.4	 Electrochemical test
The classic three-electrode system was utilized in 

the electrochemical test. Each reinforced CAC speci-
men acted as a working electrode. A saturated calomel 
electrode (model number 232, made by INESA Sci-
entific Instrument Co., Ltd) and a platinum electrode 
(model number 213, ibid.) were selected as the refer-
ence electrode and the counter electrode respectively. 
The 3 electrodes were connected with a CHI 660E elec-
trochemical workstation (manufactured by CH Instru-
ments, Inc.) and a computer to form a testing system. 
All test results derived from the average of 3 specimens 

in each set.
After connecting the circuit, the corrosion poten-

tial was measured firstly by open circuit potential (OCP) 
test procedure of the electrochemical workstation. The 
corrosion potential of the specimen was the potential 
difference between the specimen and the saturated calo-
mel electrode. If the OCP did not exceed ±2 mV within 
5 min, the corrosion system was considered to be sta-
ble, and the final value was identified as the corrosion 
potential. 

The electrochemical impedance spectroscopy 
(EIS) test was performed after the corrosion potential 
testing. It was obtained under a frequency range from 
105 Hz to 10-2 Hz. In order to quantitatively analyze the 
microstructure of CAC mortar and the electrochemical 
characteristics of the steel reinforcement during the 
corrosion process, the ZSimpWin software program 
was used to provide the equivalent circuit model for 
analyzing the EIS data. After comprehensively com-
paring the fitting effects of various classical equivalent 
circuit models[27,48-53], the model Rs(QcRc)(Qdl(RctW)) 
was used to fit the impedance spectroscopy of the re-
inforced CAC mortar for chloride ion attack (shown in 
Fig.1). In the proposed model, Rs is the resistivity of 
the chloride salt solution, Qc is the capacitance of the 
interface between the specimen and the salt solution, 
Rc is the resistivity of the CAC mortar layer, Qdl is the 
double-layer capacitance between the steel bar and the 
mortar layer, Rct is the resistivity of the charge transfer 
on the surface of steel bar, W is the Warburg resistivity 
of the charge diffusion.

The corrosion current density can quantitatively 
characterize the corrosion degree of the reinforcement, 
but it is difficult to be measured directly. It is generally 
determined according to the Stern-Geary formula[36,39].

icorr = B/Rp                                (6)

where B is given by 

B = ba bc/2.3(ba+bc)                        (7)

ba and bc are the Tafel slopes of the cathodic and 

Table 5  Grouping of chloride corrosion test

Designation
Thickness of mortar 

layer/mm
Solution/wt%

W 30 deionized water

MRI 30 3% NaCl

MRII 30 9% NaCl

MRIII 30 15% NaCl

Fig.1  Equivalent circuit model for fitting EIS data
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anodic processes respectively. But for the corrosion 
process of the reinforcement in concrete, B can be con-
sidered as a constant to calculate other electrochemical 
parameters[36,39]. So the higher the polarization resistiv-
ity Rp, the lower the corrosion current density icorr and 
the slower the corrosion rate. Therefore, the polariza-
tion resistivity Rp is an important parameter to study the 
corrosion dynamics of the steel reinforcement. In order 
to get it, the linear polarization curves were obtained 
using the linear sweep voltammetry (LSV) method, 
and the AC voltage amplitude was 10 mV, scanning 
rate was 0.5 mV/s. Then the polarization results were 
approximated to a straight line, and the slope of the 
straight line is the reciprocal of Rp.

3	 Results and discussion

3.1	 Corrosion potential of steel bar in CAC 
mortar
The corrosion potential of reinforced CAC mor-

tar electrodes immersed in different concentrations of 
NaCl solutions are shown in Fig.2. The initial corrosion 
potential of the control (W set) is -260 mV, and it is 
positively shifted around 60 mV within 28 days. There-
fore, the passive film on the rebar surface is stable 
and strengthened during this period, and CAC mortar 
layer ensures the reinforcement is in a passive state. 
At 40 days, the corrosion potential decreases to -260 
mV again, and the passive film on the rebar surface 
gradually becomes thinner from 28 to 40 days. When 
the immersion age increases to 60 days, the corrosion 
potential reaches -590 mV, and further decreases with 
the extension of age. It shows that the passive film is 
destroyed and the corrosion degree is gradually deep-
ened. For specimens immersed in 3% NaCl solution 
(MRI set), the corrosion potential is gradually reduced 
with age, which suggests that the passive film on the 
surface of reinforcement is not stable under the chlo-
ride corrosion environment. It decreases slightly within 
28 days, and then dramatically drops by 320 mV at 40 
days, illustrating that the passive film is exhausted and 
the reinforcement is corroded. With further increase 
of age, the corrosion potential continues to decrease 
and the corrosion degree is aggravated. In contrast, the 
corrosion potential of specimens immersed in 9% NaCl 
solution (the MRII set) and 15% NaCl solution (MRIII 
set) do not change obviously within 120 days. This 
finding indicates that CAC mortar plays a prominent 
role in protecting the inner steel bar under high concen-
trations of chloride corrosion.

Comparing the corrosion potential change of four 
sets of reinforced CAC mortar electrodes, the corrosion 
potential of the MRI set first suddenly drops (the pas-
sive film is destroyed firstly), and followed by the W 
set. Different from the above two sets of specimens, the 
MRII and MRIII sets do not undergo significant corro-
sion damage within 120 days. Considering the corro-
sion of the MRI set, it may result from that with a low-
er concentration of Cl- intruding into CAC matrix, the 
reaction between calcium aluminate hydrates and Cl- 
to form Friedel’s salt is slow in the short term[54,55]. And 
few Friedel’s salt can not well refine the pore structure 
of CAC mortar to resist further ingress of external Cl-. 
The corrosion of the reference (W set) depends mainly 
on the low compactness of CAC mortar prepared by 
high water to cement ratio, and thus the diffusion of 
oxygen becomes the corrosion controlling factor[42]. As 
for the MRII and MRIII sets in higher concentration of 
NaCl solutions, NaCl is much easier to crystallize and 
adhere to the surface of the specimen, which acts as a 
barrier to hinder the further ingress of external Cl-. Ad-
ditionally, CAC mortar combines with Cl- to generate 
massive Friedel’s salt, thereby refining the pore struc-
ture and delaying the further ingress of chloride from 
the outside[39,56]. And the combination process of Cl- 
and hydration products is accompanied by the increase 
of free OH- in the pore solution, which enhances the 
alkalinity of CAC pore solution, also achieving a better 
protection of the inner steel bar[44].

3.2	 Electrochemical impedance spectroscopy
The Nyquist curves of reinforced CAC mortar 

electrodes are given in Fig.3. All Nyquist curves appear 
as two interconnected arcs at different corrosion ages. 
The impedance arcs in the high-frequency zone (the 
left half curves in Fig.3 (a-d)) reflect the microstructure 
of CAC mortar layer, and the impedance arcs in the 
low-frequency zone (the right half curves in Fig.3 (a-d)) 
show the electrochemical properties of the passive film.

Fig.2  Corrosion potential of reinforced CAC mortar electrodes
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As shown in Fig.3 (a), when the specimens in 
W set are immersed for 0, 7, 28, and 40 days, its im-
pedance arcs in the low-frequency region are close to 
straight lines with their slopes more than 1, indicating 
that the impedance arcs have large diameters. Accord-
ing to the typical characteristics of impedance arcs in 
the low-frequency region for passive steel reinforce-
ment[49], it can be determined that the passive film is 
stable to keep the inner reinforcement in a relatively 
good passive state during the immersion time. It is con-
sistent with the change in its corrosion potential. After 
60 days, the diameters of the impedance arcs in the 
low-frequency region decrease sharply. It indicates the 
collapse of the resistivity of CAC mortar layer and the 
charge transfer resistivity of the steel bar.

For the EIS results of the MRI set (Fig.3 (b)), the 
diameters of the impedance arcs in the low-frequency 
zone are large within 28 days, meaning that the rein-
forcing steel is in a passive state. However, after 40 
days, the Nyquist curves in both low and high frequen-
cy regions become flattened arcs, and the diameters of 
them decrease gradually with an increase of age. This 
can be mainly because the concentration of Cl- on the 
surface of steel reinforcement reaches a certain thresh-
old with increasing immersion time[6], which results in 
the destruction of the passive film and a sharp decrease 

of the resistivity of steel reinforcement. Compared with 
the EIS data of W set, the diameters of the impedance 
arcs in the low-frequency zone are smaller, indicating 
that the initial corrosion time of the MRI set is ad-
vanced, which is consistent with the above corrosion 
potential test results.

The Nyquist curves of the MRII set are depict-
ed in Fig.3(c). It can be seen that the diameters of the 
impedance arcs in the low-frequency zone decrease 
slightly within 7 days, suggesting the passive film on 
the surface of steel reinforcement is unstable at the ear-
ly age. It lies in that the concentration of Cl- infiltrated 
into the CAC mortar is too low to reach the concentra-
tion threshold for Friedel’s salt crystallization[39,54], and 
the protection ability of CAC mortar to the reinforce-
ment is weakened. When the immersion time increases 
to 40 and 60 days, the diameters of the impedance 
arcs increase slightly, owing to more Cl- is combined 
to form Friedel’s salt with the increase of age, which 
improves the protection ability of CAC mortar to rein-
forcement[56]. With the corrosion age further extending 
to 120 days, the change of impedance arcs is not obvi-
ous.

Fig.3(d) shows the Nyquist curves of the MRIII 
set. Within 120 days, although the diameters of the im-
pedance arcs in the low-frequency region decrease with 

Fig.3  Nyquist curves of reinforced CAC mortar electrodes: (a) W set; (b) MRI set; (c) MRII set; (d) MRIII set
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age, this change is not obvious. Therefore, the failure 
rate of the passive film is slow, which mainly benefits 
from the formation of Friedel’s salt[36,56]. Compared 
with the W and MRI set, the corrosion degree of steel 
bars in MRIII set is still lower even after the immer-
sion in a higher concentration of NaCl solution for 120 
days. CAC mortar plays a significant role in protecting 
the inner steel bar in such a severe chlorine-rich envi-
ronment.
3.3	 Fitting calculation of electrochemical 

parameters
The Nyquist curves enable the tracing of chloride 

migration in the cement mortar[49]. In order to quanti-
tatively analyze the effect of chloride concentration on 
the corrosion process of reinforced CAC mortar, it is 
necessary to determine the electrical parameters of the 
equivalent circuit components. The resistivity of CAC 
mortar (Rc) obtained by fitting the Nyquist curves data 
is given in Fig.4, and the resistivity of charge transfer 
(Rct) is listed in Table 6.

Rc reflects the microstructure of CAC mortar lay-
er. With the increasing immersion time, the Rc of all 
specimens shows a downward trend. Especially within 
7 days, the value of Rc decreases the most, which is 
mainly due to the water absorption and saturation pro-
cess of the mortar layer. Moreover, the higher the con-
centration of salt solution, the greater the decrease of 
Rc during this period. For example, the Rc of the W set 
decreases by 5.42 kΩ·cm2 within 7 days, while that of 
the MRIII set decreases by 12.37 kΩ·cm2, almost half 
of the initial value. When the immersion time increas-
es from 28 days to 90 days, the downward trend of Rc 
values of all specimens is gradually slowing down. 
This finding confirms that the compact state of CAC 
mortar in each group is relatively stable and not obvi-
ously influenced by chloride corrosion. At 120 days, 

the Rc of W set decreases sharply, from 13.29 kΩ·cm2 
(at 90 days) to 4.34 kΩ·cm2. It may be owing to the 
more prominent phase conversion of hydrates with the 
increase age[33,57]. While the Rc of specimens immersed 
in NaCl solution (MRI, MRII, and MRIII set) does not 
change significantly at 120 days. It results from that the 
formation of Friedel’s salt inhibits the phase conversion 
of the calcium aluminate hydrates and also further fines 
the pore structure of CAC mortar[36,53].

The variation of Rct with age directly reflects the 
de-passivation and corrosion process of the reinforce-
ment. As listed in Table 6, the Rct of the W set gradually 
increases within 28 days, and there is a stable passive 
film on the surface of the inner steel bar. After that, 
the value of Rct decreases slightly at 40 days. When 
the immersion time increases to 60 days, the value of 
Rct decreases by 8 orders of magnitude compared with 
that at 40 days. It illustrates that the passive film is de-
stroyed and the passive state of reinforcement changes 
to the activated state. After 60 days, the Rct of W set 
continues to decrease and the corrosion process of steel 
reinforcement is accelerated. For the MRI group, the 
Rct gradually decreases with age, and it changes sharply 
at 40 days, which is 7 orders of magnitude lower than 
that at 28 days, mainly due to the failure of the passive 
film. At 60 days, the Rct of the MRI set further decreas-
es, but after that, it changes little with the increase of 
age and the corrosion rate slows down. It is consistent 
with the corrosion potential test results. The Rct values 
of the MRII and MRIII sets also decrease with age. But 
it changes less within 120 days than that of W and MRI 
set, only decreasing by 3 to 4 orders of magnitude and 
does not drop suddenly. It further confirms that even 
under a higher concentration of chloride corrosion, 
CAC mortar can prominently weaken the chloride at-
tack on the reinforcing steel.
3.4	 Linear polarization

For further quantitative analysis, the linear fitting 
results are summarized in Table 7. It can be seen that 

Fig.4	 Variation of the resistivity of CAC mortar (Rc) with 
immersion time

Table 6	 The resistivity of charge transfer (Rct) changing with 
immersion time/kΩ·cm2

Immersion time/d W MRI MRII MRIII

0 4.41×1011 1.02×1012 8.57×109 8.32×109

7 1.42×1012 1.34×1011 2.61×109 2.40×109

28 4.84×1013 1.96×108 4.32×108 1.24×108

40 2.42×109 26.41 1.00×108 8.83×107

60 33.42 12.08 5.51×108 5.17×106

90 13.29 12.68 9.71×107 8.96×107

120 11.43 12.63 9.75×106 2.41×105
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before the corrosion (0 d), the polarization resistivity Rp 
of each set is around 12-23 kΩ·cm2, and the linear cor-
relation coefficient R2 ranges from 0.5 to 0.7. There is a 
complete passive film on the surface of reinforcement. 
With the proceeding of immersion, the changing trend 
of Rp in four sets varies from each other.

The Rp of the W set increases first and then de-
creases with age. At 28 days, it increases by 10 kΩ·cm2 
compared with that at 0 d, indicating that the passive 
film is strengthened. When the age increases to 60 days, 
the Rp of the W set is reduced by an order of magnitude 
and the linear correlation coefficient R2 reaches 0.977. 
This finding explains that the corrosion current density 
increases to about 10 times at 40 days. With respect 
to the MRI set, its polarization resistivity Rp increases 
within 7 days. But after 28 days, it decreases with the 
extension of immersion time. The passive film gradual-
ly disappears owing to the chloride corrosion. When the 
immersion time increases to 40 days, the Rp of the MRI 
set drops to 1.57 kΩ·cm2, and the linear correlation 
coefficient R2 is close to 1. There is a good linear rela-
tionship between the current density and potential at 40 
days. It illustrates that the concentration of free Cl- near 
the steel surface has accumulated to a certain threshold 
to corrode the embedded steel[6,58]. Compared with the 
reference (W set), the initial corrosion time of the MRI 
set is earlier. The Rp of the MRII set changes slightly 
and the linear correlation coefficient R2 is about 0.5-0.7 
within 120 days. There is a relatively slow corrosion 
process of inner reinforcement in MRII set, which may 
benefit from the binding effect of CAC mortar layer on 
chloride ions[39]. Additionally, the variation of Rp and R2 
in the MRIII set is similar to that of the MRII set.

Overall, compared with the control, the corrosion 
process of the MRI set immersed in the low concentra-
tion of NaCl solution is accelerated, while it is delayed 

for the MRII and MRIII groups immersed in a high 
concentration of NaCl solution. CAC mortar exhibits 
excellent performance against chloride attack in the 
high concentration of chloride salt solution to protect 
steel reinforcement.
3.5	 Macroscopic corrosion morphology

The steel reinforcements in CAC mortars im-
mersed in different concentrations of chlorides for 120 
d are given in Fig.5. It is evident that all steel reinforce-
ments in the W set are passive, due to its relatively 
porous structure caused by the large water to cement 
ratio (0.6). Also, the phase transition of CAC hydrates 
has a negative effect on its porous structure, which 
makes it easier to be exposed to water and oxygen and 
thus leads to accelerated corrosion. Compared with the 
control, a larger amount of rust can be observed in MRI 
set, while relatively few pitting pits in MRII and MRIII 
sets. The corrosion of steel rebar in low concentration 
of NaCl solution is accelerated while being delayed in 
high concentration ones. The result is consistent with 
the results of electrochemical tests, indicating that the 
chloride binding ability of CAC in low concentration 
of NaCl solution is weak, with most chloride remaining 
free, resulting in a poor performance against chloride 
attack.

4	 Conclusions
 

In this work, the electrochemical corrosion be-
havior of steel reinforcement in CAC mortar has been 
evaluated considering the effect of external chloride 
concentration and electrochemical testing technologies. 
Based on the experimental results, the following con-
clusions can be obtained:

a) The corrosion potential, electrochemical im-
pedance spectroscopy assisting with an equivalent cir-
cuit model, and the linear polarization have good con-
sistency in describing the chloride corrosion process of 
the reinforced CAC mortars.

b) The corrosion process of the embedded steel in 
CAC mortar is accelerated by low concentration chlo-
ride corrosion, while initial corrosion time is delayed 
when the reinforced CAC mortars are immersed in high 

Table 7	 Linear polarization fitting results of the reinforced 
CAC mortar electrodes immersed in different 
concentrations of NaCl solutions

Designation Fitting term
Immersion time/d

0 7 28 40 60 90 120

W
RP /(kΩ·cm2) 22.7 32.2 32.6 22.5 1.79 1.60 2.08

R2 0.5450.5630.5210.5230.9770.9920.980

MRI
RP /(kΩ·cm2) 12.4 14.0 8.41 1.57 1.43 1.49 1.50

R2 0.7200.6370.6940.9930.9990.9980.998

MRII
RP /(kΩ·cm2) 16.1 11.0 11.3 11.2 13.0 8.91 6.92

R2 0.6910.7790.7420.6400.5740.5700.613

MRIII
RP /(kΩ·cm2) 16.0 22.1 19.4 4.32 8.30 9.92 7.95

R2 0.6460.5630.5340.6680.5820.5690.590

Fig.5	 Macroscopic corrosion morphology of steel reinforcement in 
CAC mortar at 120 d
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concentrations of NaCl solution. This phenomenon may 
partially relate to the chemical bonding and adsorption 
of CAC paste with the chloride ions.

c) The reference (W group) shows obvious 
de-passivation and corrosion state at 60 days. Com-
pared with the reference, the reinforcement in the CAC 
mortar immersed in 3% NaCl solution (MRI set) is 
already in a corrosion-activated state at 40 days and is 
more severely corroded at 120 days. However, the em-
bedded steel in the CAC mortar immersed in 9% (MRII 
set) and 15% NaCl (MRIII set) solutions are less cor-
roded within 120 days, with slight pitting.
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