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Concrete properties can be improved by various additives. Nowadays there is a strong interest concerning the
use of spent fluid catalytic cracking catalyst (SFCC) as an admixture to improve mechanical properties of con-
crete. This work aims at studying the corrosion resistance of steel rebars in SFCC modified mortar specimens.
Results of physicochemical characterization indicate the acceleration of cement hydration due to pozzolanic ac-
tivity of SFCC. Electrochemical measurements show that the addition of the SFCC enhances corrosion resistance
by delaying its corrosion onset and decreasing the corrosion rate. These benefits can be attributed to the reduc-
tion of the mortar permeability.

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

Corrosion of reinforcing steel is a major problem in the maintenance
of the integrity of concrete structures. Steel rebars are protected against
corrosion by both chemical and physical mechanisms. The chemical
protection is provided by the concrete high pH (12–13), which promotes
the formation of a passive film on the steel surface. On the other hand,
concrete acts as a physical barrier, hindering the access of aggressive
agents. However, oxygen, water, chlorides and/or carbon dioxide can be
transported through concrete, reaching the rebars and inducing corrosion
attack. The chloride ions, when above a threshold value, provoke a local
breakdown of the passive film and pitting corrosion. Carbon dioxide,
and its hydrolysis products react with the alkaline species present in con-
crete, leading to pH decrease to values as low as 9. In this condition the
passive film is no longer stable, and the rebars enter a process of uniform
corrosion. Independently of its origin, the corrosion process results in the
formation of expansive corrosion products, which accumulate at the steel
concrete interface, promoting cracking and, ultimately, spalling of the
concrete cover [1,2].

There are several strategies to extend the lifetime of the reinforcing
steel. At steel level protection can be achieved via the application of coat-
ings (e.g. galvanized steel [1–4], organic coatings [1,2,5,6]), use of stainless
steels [1,2,7–9] or cathodic protection [1,2,10,11]. Use of steel corrosion
inhibitors is also a common approach [1,2,12–14]. At concrete level, the
strategy normally consists on the modification of its composition with
additives that enhance concrete resistivity and therefore the barrier
mor).
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properties. Admixtures like fly ash [15–18], slags [18,19] and silica fume
[17–20] arewidely used. These additives are reported as having beneficial
effects on the mechanical properties and porosity of concrete, delaying
the ingress of aggressive species. Another additive that can be used for
the modification of the concrete matrix is spent fluid catalytic cracking
aluminosilicate catalyst (hereinafter referred SFCC), awaste from the pet-
rochemical industry [21–24].

The utilization of SFCC in concrete production brings economic bene-
fits because it is a low costmaterial that can be used to replace the higher-
cost cement. This approach also provides an environmental friendly solu-
tion for the use of such industrial waste. In the 2004 the market for fresh
fluid catalytic cracking catalyst was around 120 thousand tons per year
with a compound annual growth rate of 4.4%; the total quantity of SFCC
generated worldwide was estimated in the range of 150–170 thousand
tons per year [23]. On the other hand, in 2010 the annual world produc-
tion of hydraulic cement was 3300 million tons [25]. Therefore the appli-
cation of SFCC as an admixture in a reasonable amount to all cement
produced is hardly possible; however it can be used in cases when en-
hanced characteristics of the concrete are necessary.Most of the literature
is focussed on the compatibility of the SFCC with concrete with emphasis
on the resulting mechanical properties. According to literature, SFCC
shows pozzolanic activity [26–32] and contributes for the acceleration
of the hydration and setting processes [27]. SFCC addition also increases
the compressive andflexural strength [22,28,33] anddecreases theporos-
ity of concrete [29,32]. However, studies focussed on the effect of SFCC on
the electrochemical behavior of the rebars are scarce. Pacewska et al. [29]
have investigated the role of these additives and found that in addition to
beneficial effects on the mechanical properties, they do not deteriorate
the steel passivation ability of concrete when used as a 10% additive, but
at a content of 20 wt.%, it can make difficult the formation of a passive
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layer. Zornoza et al. [34] have reported that spent catalyst improves
chloride binding properties of mortars.

The present work aims at contributing for the state-of-art, by evaluat-
ing the impact of SFCC on the corrosion behavior of reinforcing steels in
mortar specimens. For this purpose, accelerated corrosion tests were
performed usingmortar samples exposed to chlorides. The use of mortar
with low cover thickness provides a reliable and fast way to evaluate the
corrosion behavior of steel rebars and has been reported in several papers
[15,16,35,36]. It is consensual that these tests anticipate the behavior of
the reinforcing steel in larger concrete samples.

The electrochemical behavior of the reinforcing steel can be studied
by means of various electrochemical techniques. Open circuit potential
(OCP) is one of the most used procedures for routine inspection of
reinforced concrete structures [37–39], providing qualitative information.
Measuring of the DC polarization resistance allows extracting quantita-
tive data concerning the corrosion rate [1,37,39].

Electrochemical impedance spectroscopy (EIS) is a non-destructive
monitoring technique that induces little perturbation on the steel elec-
trode, being very suitable for the studies of reinforcing steel. EIS provides
a wide range of quantitative information such as electrical resistivity,
dielectric properties of the concrete cover, corrosion rate, properties of
surface films, presence of adsorbed species and kinetic information
[39–45].
2. Experimental

2.1. Mortar specimens

The materials used were Portland cement, Tagus river sand, SFCC
from local petrochemical industry, and low carbon steel (composition
in wt.%: C (0.35–0.45), Mn (0.6–0.9), Si (0.1–0.3), S (max. 0.05), P (max.
0.05), bal. Fe).

The SFCC is a powdered material represented by round and elliptical
particles or their agglomerates with sizes ranging from 10 to 200 μm
(Fig. 1), which is comparable with the size of cement grains (1–80 μm).
The EDS analysis showed that SFCC is aluminosilicate with the ratio of
Al2O3:SiO2 equal to ca. 1:1.5 (mol.). The BET surface area assessed by
the nitrogen adsorption at−196 °C is 118 m2/g.

The configuration of the cylindrical mortar specimens is shown in
Fig. 2. Steel rebars were cut and cleaned out with silicon carbide paper
up to 2400 grit size and rinsed afterwardswithwater and ethanol. Iden-
tical abrading procedure was implied to ensure the similar conditions
for all the bars used in the experiment. A copper wire was used for elec-
trical connection and the exposed area 18.9 cm2, was defined with an
epoxy resin (Araldite™AralditeRapid); the thickness of the mortar
cover was 0.7 cm. The mortar mixtures used in this work are depicted
in Table 1: formulationswith andwithout SFCC, with andwithout chlo-
ride addition were used for the accelerated corrosion tests. Duplicated
Fig. 1. SEM images of
sampleswere prepared for all the conditions. After vibration themortar
sampleswere cured in a humidity chamber (95% RH, 20 °C) for 28 days.
2.2. Electrochemical experiments

After cure, the samples were partially immersed for 5 weeks in a 3%
NaCl solution, in which half of the exposed rebar was under immersion
level. This was done to simulate the nature conditions occurred in
reinforced concrete structures partially subjected to seawater. Themortar
samples were kept in humid and aerated environment. The electrochem-
ical measurements were carried out at room temperature in a Faraday
cage. A conventional three-electrode arrangement was used, consisting
of a Ti mesh radially located around the sample as counter electrode, a
saturated calomel reference electrode connected with the sample by a
wet sponge, and the rebar as working electrode.

The electrochemicalmeasurementswere performed using anAutolab
PGSTAT302N potentiostat–galvanostat. The potentials are presented
versus the standard hydrogen electrode (SHE).

The electrochemical impedance spectra were obtained using an am-
plitude of 10 mV (rms) versus the open circuit potential (OCP) within
the frequency range from 50 kHz to 5 MHz. The impedance spectra
were validated using the Kramers–Kronig (K–K) relations, to ensure cau-
sality, linearity and stability of the measurements [45]. The impedance
plots were fitted within the range from 756 Hz to 5 MHz using the
ZView 3.1c software.

The potentiodynamic polarizationmeasurementswere performed at
the end of the immersion period (35 days) with a scan rate of 1 mV/s
from −0.35 V (OCP) towards anodic potentials, until the current or
potential reached 40 A/m2 or 1.2 V (OCP), respectively.
2.3. Physicochemical analysis

The infrared spectra were collected with a resolution of 16 cm−1,
using FT-MIR spectrometer BOMEN (FTLA2000-100, ABB) with DTGS
detector. A horizontal total attenuated reflection accessory with ZnSe
crystal (PIKE Technologies) was used. 64 scans were obtained for
each spectrum to optimize signal-to-noise ratio.

Thermal analysis (TG and DTG) was performed at 10°/min speed
from 50 to 950 °C in 30 ml/min flow of air using Labsys (Setaram).
Thermal data were recalculated regarding to ignited weight basis
[38].

The XRD patterns of powder samples were recorded at room tem-
perature using a Rigaku Geigerflex diffractometer with Cu-Kα radiation
(Ni filter) at 40 kV and 40 mAwith 2 from 5 to 80° and a step of 0.025°
on 1 s/step scan speed.

Low temperature physical adsorption–desorption of nitrogen was
studied with an analyzer of surface and porosity ASAP 2020 MP
SFCC as received.



Fig. 2. The embedded steel electrode.
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(Micrometrics, US). The samples were vacuumed prior measurements
at 250 °C for 1 h.
3. Results and discussion

3.1. The effect of the SFCC on the composition of mortar

The XRD patterns (Fig. 3a) obtained prior immersion for the blank
mortars and for the mortars with SFCC (samples I and II, respectively)
indicate the presence of hydrated and non-hydrated calcium silicate
(CSH and CS respectively), portlandite (Ca(OH)2), calcite (CaCO3)
and silica (SiO2) phases. The peaks of hydrated calcium aluminum sil-
icates should be detected, however they overlap with CSH and are not
presented in the XRD patterns (Fig. 3a).

The FT-MIR spectra (Fig. 3b) reveal that the mortar sample with SFCC
shows more intense peaks for CSH (4000–2800, 1550–1650 cm−1) and
weaker peaks for CS (700–1200 cm−1) comparatively to the blank
sample. Thus, the addition of SFCC seems to enhance the signal of the
hydrated phases and therefore the mortar hydration processes.

The thermal analysis (Fig. 3c) evidences the three regions of mass
loss. The first one (50–200 °C) corresponds to the dehydration of free
Table 1
The composition of the mortars.

Sample designation Liquid phase SFCC

Blank, H2O (I) Distilled water No addition
SFCC, H2O (II) Distilled water 15% replacement of cement
Blank, Cl− (III) 3% NaCl solution no addition
SFCC, Cl− (IV) 3% NaCl solution 15% replacement of cement
water and CSH. Several overlapped peaks can be observed. According
to TG data, the SFCC based mortar has higher amount of hydrated
products, supporting the FT-MIR findings. The second region
(390–510 °C) is attributed to the dehydration of Ca(OH)2. DTG curves
indicate that SFCC evidences pozzolanic activity, but the accurate
quantification could not be performed. This finding agrees with previ-
ous works [26–32], which report that this additive shows pozzolanic
activity. The decrease of the peak maxima (10 °C), with the addition
of SFCC, can be attributed to the reduction of Ca(OH)2 crystal size
[46]. Sharper shift to lower temperatures (35 °C), as well as the de-
crease in mass loss with the addition of SFCC, can be noticed by ana-
lyzing the third region (650–850 °C), which corresponds to the CaCO3

decarboxylation. However, mostly CO2 and some carbonate peaks
(2250–2400, 1730–1780, 1350–1450 cm−1) in the FT-MIR spectra
are more intense for the mortar sample with SFCC. One possible ex-
planation is that carbon dioxide undergoes a selective adsorption on
SFCC added to the mortar samples.

XRD and thermal analysis of the samples I and II performed at the
end of the immersion tests are depicted in Fig. 4. Additional contribu-
tion appears in DTG curves (Fig. 4a), corresponding to the formation
of Friedel's salt (FS). This peak was detected at 310 °C (sample I) and
318 °C (sample II), as shown by XRD at 11.1° (Fig. 4b). The thermal
analysis shows that SFCCmodifiedmortar is characterized by the higher
Fig. 3. Characterization of blank mortar (I) and mortar with 15% replacement of cement
by SFCC (II): (a) theXRDpatterns: 1— CS-phases, 2— CSH-phases, 3— portlandite phases,
4 — calcite, 5 — silica phases; (b) FT-MIR spectra; (c) TG/DTG results.
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Fig. 4. Characterization of blank mortar (I) and mortar with 15% replacement of cement by
SFCC (II) after the immersion test: (a) TG/DTG results; (b) the XRD patterns: 1— CS-phases,
2 — CSH-phases, 3 — portlandite phases, 4 — calcite, 5 — silica phases, 6 — calcium silicate
hydroxide chloride (FS).

Fig. 5. OCP evolution of the steel electrode embedded in mortar samples immersed in a
3% NaCl solution.
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concentrations of FS. The increased chloride binding ability and the
resulting higher chloride threshold was also reported elsewhere
[31,34].

The comparison of the TG/DTG curves before and after immersion in
NaCl solutions shows that the first peak (50–200 °C) increased more
than twice, mainly due to the water, which can be revealed by the
shift of the global minimum on DTG curve to lower temperatures. The
amount of Ca(OH)2 decreased twice. The corresponding DTG peaks
aremore than 10 °C lower, pointing a decrease in the crystal size. Unlike
Ca(OH)2, the CaCO3 peaks remain unchanged, indicating that the aging
in the immersion solution was not affected by the carbonation process.
3.2. Electrochemical behavior of the reinforcing steel

The evolution of the open circuit potential (OCP) of the steel rebars
embedded in mortar for the various compositions is presented in the
Fig. 5. Samples I and II reveal the most positive potential values during
the early stages of immersion. However, after a certain time, the poten-
tial starts to decrease, suggesting corrosion onset. This happens after ap-
proximately 1 and 3 weeks of immersion, respectively, for samples I and
II. Such behavior clearly indicates that the presence of SFCC delays the
time necessary for corrosion initiation. However, for samples III and IV,
the potential values decrease gradually from the early stages of immer-
sion indicating that rebars' depassivation occurs much earlier, since the
mortar was contaminated with chlorides in the mixture phase. The
OCP values are very similar and follow the same trend, thus revealing
that SFCC does not affect the OCP evolution for samples III and IV. After
4 weeks all the samples showed potential values below −300 mV
(SHE), revealing active corrosion processes. Therefore, according to the
OCP measurements, SFCC contributes to decrease the access of chloride
to the rebars, thus extending the passivation period in the mortar mix-
tures without chloride addition at the preparation phase.
Electrochemical impedance (EIS) was used to extract electrochemical
quantitative information. Fig. 6 shows the impedance spectra after 3, 15
and35 days of immersion. The high frequency response can be attributed
to the interstitial mortar electrolyte and increases with time, indicating
an enhancement of the mortar resistivity. The mid-and low frequency
response is characteristic of the steel/concrete interface and can be corre-
lated with the corrosion activity.

For early stages of immersion the EIS evolution reveals a сapacitive re-
sponse for samples I and II; the effect being more pronounced in sample
II. For sample I, the impedance values showa significant drop after 7 days
of immersion whereas for sample II the capacitive trend can be observed
until 3 weeks of immersion. This points out that the presence of SFCC
delays rebars depassivation in agreement with the OCP evolution.

Samples III and IV revealed the lowest impedance values since the
early stages of immersion. This result was expected due to the con-
tamination of the mortar mixture with chlorides in the preparation
phase. The low frequency impedance values are about one order of
magnitude lower than the ones measured for samples I and II and
no relevant differences could be observed between the blank mortar
and the SFCC containing mortar (III and IV, respectively). This result
also agrees with the OCP observations.

At later stages (4–5 weeks) of immersion, all the samples showed
similar impedance values in the low frequency range. The evolution of
the phase angle plot,which starts to reveal a low frequency tail accounted
for the presence of phenomena characterized by low relaxation times,
most probably processes controlled by mass diffusion kinetics.

Decoupling of the various electrochemical parameters can be per-
formed by fitting the EIS spectra. Various equivalent electrical circuit
models can be used to fit the experimental data, but the one illustrated
in Fig. 7was selected in thiswork for the EIS analysis. Since the dispersion
effects and semi-circle depression are very common phenomena in
experimental EIS data [45], constant phase elements (CPE) were used in-
stead of capacitors.

Theoretically, three main current paths can be outlined in the
concrete/mortar cover: (i) continuous conductive path (CCP), corre-
sponding to the crossing pores, and assigned to a resistance RCCP; (ii) dis-
continuous conductive paths (DCP) resulting from occluded pores, or
pores, whose continuity is blocked by the cement paste layers referred
to as the points of discontinuity (DP), described by resistance RCP and
capacitance CDP in series; and (iii) insulating path (IP) assigned to gel par-
ticles and stony aggregates, represented by capacitance CIP and resistance
RIP in parallel. The dielectric properties of the concrete/mortar cover
should result in two capacitive loops in the Nyquist plot in the high fre-
quency range (>100 kHz) [47,48]. In this work these effects are hardly
visible due instrumentation limitations and small mortar сover used.
The response from the steel can be described by the conventional circuit
presented elsewhere [49,50]. Therefore, the equivalent circuit used for
fitting is composed of the following electrical elements: in the high fre-
quency range, the resistor Rir accounts for the resistive contribution of
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Fig. 6. Impedance spectra (Nyquist and Bode plots) after (a) 3, (b) 15 and (c) 35 days of immersion.
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the electrolyte in the mortar pores; Rox and CPEox, can be attributed to
passive film resistance and capacitance, respectively; Rct and CPEdl, ac-
count for charge transfer resistance and double layer capacitance. Finally,
CPEd was included in order to simulate the contribution of diffusion phe-
nomena occurring at low frequencies. The average values of the resistive
and dielectric parameters extracted by fitting are given in Fig. 8 and
Table 2, respectively.

The Rox/CPEox association accounts for the response of the protective
surface film. At the beginning of the immersion Rox values (Fig. 8a) are
similar for all the samples and it is not possible to correlate it with the
presence of SFCC. However, the sample II tends to present higher values
of electrical resistance up to approximately 2 weeks of immersion. At
the end of the immersion test, all samples showed a decrease of Rox

and the values are all in the same range. The CPEox values are listed in
the Table 2. The decrease of CPE exponential factor, alpha (α), (from
above 0.9 to 0.8–0.85) can be associated to a more heterogeneous
steel surfacewithmore defects in the passive film, an effect that appears
more evidenced for the samples contaminated with chloride during the
preparation phase.

The charge transfer resistance, Rct (Fig. 8b) is one of the most infor-
mative parameters, since it is inversely proportional to the corrosion
rate of the steel rebars. For samples III and IV the Rct values are close
and decrease gradually with the immersion time. Concerning the effect
Fig. 7. Equivalent circuit model used for fitting the EIS spectra.
of SFCC no relevant differenceswere noticed, confirming that in chloride
contaminated mortar the addition of SFCC has neither beneficial nor
negative impact in the rebar corrosion activity. Contrarily, for samples
I and II, the beneficial effects of SFCC are clearly reflected in the Rct evo-
lution. During the first week of immersion both samples show values
above 1 MΩ·cm2, confirming that the steel is in the passive state. For
sample I, after the first week, there is a drop of Rct indicating corrosion
onset. After that the values gradually decreased until the end of the im-
mersion test, attaining values similar to samples III and IV. This is consis-
tent with the accumulation of chlorides at the mortar/rebar interface
and consequent corrosion activity.

Sample II shows the highest Rct values (3–8 MΩ·cm2) that keep
approximately constant during the first three weeks of immersion.
After this period, and in agreement with the OCP evolution, there is
a gradual decrease of Rct with stabilization around 0.7–0.9 MΩ·cm2

at the end of the immersion tests These values are more than 3
times higher than the ones determined for the other three samples,
pointing out the protective role that SFCC exerts on the reinforcing
steel. Therefore, in mortar samples without chloride contamination
of the fresh mix there are two major effects arising from the presence
of SFCC: delay of corrosion onset (related to passivation enhance-
ment) and, after depassivation, lower corrosion activity.

The CPEdl values (Table 2) are comparable for all the samples in the
beginning of the immersion test, and there is a general tendency to in-
creased values, which can indicate an increase of the active area at the
metal–solution interface and more heterogeneous electrode surfaces.
For longer immersion times the highest CPEdl values and the lowest
exponent factors (alpha — α) were measured for samples III and IV,
the ones heavily contaminated with chlorides, which confirms that in
these samples intense and more heterogeneous corrosion activity is

image of Fig.�6
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Fig. 8. Resistive parameters estimated by fitting: (a) Rox, (b) Rct and (c) Rir.
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occurring. The CPEd values increase with time, because the diffusional
control becomes progressively more significant; the effect is more rele-
vant for samples III and IV. The results suggest that samples I and II, at
early immersion times, do not present diffusion phenomena contrarily
to samples III and IV. However, for longer immersion times the diffusion
related phenomena start to emerge also in samples I and II, indicating a
delay in the diffusion controlled phenomena response and probably the
lowered amounts of corrosion products comparedwith the chloride con-
taminated samples III and IV.

The evolution of Rir is depicted in the Fig. 8c. Since the conductivity
of the solution, measured by the conductivitymeter, was relatively con-
stant (ca. 50 mS/cm), the changes in Rir are determined by the internal
changes of mortar. The Rir values showed that a gradual increase for all
the samples account for an increase of the concrete resistivity due to the
evolution of the hydration and pozzolanic reactions.

During the early stages of immersion, the values were almost iden-
tical. However, sample II showed slightly higher Rir values, suggesting
that the addition of the SFCC results in more dense and less permeable
mortar cover. The samples with the highest corrosion rate (with the
lowest Rct and OCP values) show the highest increase in Ris. The most
plausible explanation involves the accumulation of corrosion products,
which block the conductive pathways at the mortar/steel interfaces,
thus increasing the electrical resistance.
Table 2
CPE parameters estimated by fitting.

Fitted
element

Sample Parameter Time, d

1 7 23

CPEox Blank, H2O (I) CPE, μS·cm−2·sα 19 20 28
α-Parameter 0.94 0.91 0.88

SFCC, H2O (II) CPE, μS·cm−2·sα 12 14 16
α-Parameter 0.97 0.94 0.93

Blank, Cl− (III) CPE, μS·cm−2·sα 19 24 25
α-Parameter 0.91 0.86 0.78

SFCC, Cl− (IV) CPE, μS·cm−2·sα 23 31 38
α-Parameter 0.95 0.88 0.84

CPEdl Blank, H2O (I) CPE, μS·cm−2·sα 14 24 31
α-Parameter 0.90 0.87 0.84

SFCC, H2O (II) CPE, μS·cm−2·sα 19 17 38
α-Parameter 0.90 0.91 0.84

Blank, Cl− (III) CPE, μS·cm−2·sα 13 27 78
α-Parameter 0.87 0.81 0.74

SFCC, Cl− (IV) CPE, μS·cm−2·sα 19 35 55
α-Parameter 0.91 0.84 0.81

CPEd Blank, H2O (I) CPE, μS·cm−2·sα – 40 30
α-Parameter – 0.17 0.47

SFCC, H2O (II) CPE, μS·cm−2·sα – – 3
α-Parameter – – 0.32

Blank, Cl− (III) CPE, μS·cm−2·sα 24 59 197
α-Parameter 0.31 0.39 0.64

SFCC, Cl− (IV) CPE, μS·cm−2·sα 16 25 111
α-Parameter 0.21 0.46 0.72
The comparison of the potentiodynamic polarization curves (Fig. 9),
performed at the endof the immersion tests reveals thatmortar samples
with SFCC present higher anodic current densities, when compared to
the respective samples without SFCC, this is particular visible for sample
II. The presence of SFCC also shifts the corrosion potential towards more
anodic values. This trend suggests that the steel rebars in such media
presents an enhanced passivation behavior. Sample II shows the lowest
corrosion current density value — approximately 3 μA/m2.

Thus, the potentiodynamic polarization results account for the benefi-
cial role of SFCC inmortarswithout chloride contamination, corroborating
the previous electrochemical measurements.

The electrochemical results reveal a good agreement, pointing out
that the addition of SFCC inmortar samples prepared without chlorides
leads to improved corrosion resistance. It is also worth noticing that in
mortar samples initially contaminated with chlorides, the presence of
SFCC does not present neither negative nor significant positive effects
over the corrosion behavior of the steel. The EIS data shows that the ad-
dition of SFCC leads to a slight increase of the high frequency resistance,
suggesting denser and less permeable mortar microstructure, originat-
ed by the higher amount of CSH gel formed due to pozzolanic reaction
involving SFCC, which is confirmed by the XRD, FT-MIR and TG/DTG
data.

The results obtained in thiswork highlight the effect of SFCC addition
in mortar mixtures and present a detailed electrochemical study in
which the beneficial effects of SFCC are pointed out: delay of the corro-
sion onset and decrease of the corrosion activity in mortar mixtures
exposed to chloride environments.
4. Conclusions

Accelerated corrosion tests were performed on reinforced mortar
samples with and without the addition of spent fluid catalytic cracking
catalyst (SFCC). The results of the electrochemical measurements,
namely open circuit potential and electrochemical impedance, show
that corrosion initiation for samples with 15% substitution of cement
powder with SFCC, without chlorides in the fresh mixture, is delayed
for more than three times. The chloride free mortar mixtures modified
with SFCC show much higher charge transfer resistance values, reveal-
ing that SFCC enhances reinforcing steel protection and decreases the
corrosion ratewhen the steel becomes active. For samples contaminated
with NaCl in the mixture preparation phase, which revealed corrosion
activity since the early stages of immersion, neither beneficial nor detri-
mental effects of SFCC addition could be drawn concerning the corrosion
resistance of the rebars.

The beneficial role of SFCC concerning the delay of the corrosion ac-
tivity can be explained by the pozzolanic reactions involving SFCC that
result in higher amount of calcium silica hydrated gel, proved by XRD,
FT-MIR and TG/DTG data, making the concrete less permeable towards
chlorides.
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Fig. 9. DC potentiodynamic polarization curves after 35 days of immersion.
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