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ABSTRACT 

In this paper examines the improving durability of different limestone cement and effects of the use of corrosion inhibi- 
tor. The target is to experimentally investigate the effect of different types of cement in corrosion of reinforcement in 
presents of corrosion inhibitors and without it. Three types of cement have been used: CEM II, LC1 and LC2. For this 
purpose constructed mortar specimens, containing 4 reinforcements, with or without corrosion inhibitors for each group, 
these exhibited to partial immersion in sodium chloride in 3.5% w.t NaCl solution. The methods, with which the corro- 
sion of reinforcement in concrete was tested, were measurements of corrosion potential, corrosion current and mass loss 
of reinforcement. The mortars with CEM II cement have better durability than that with limestone cement. The use of 
VpCI, Cyclohexylammonium benzoate, improves the corrosion protection of mortars with CEM II cement upper 50%. 
On the other hand, the addition of VpCI, Cyclohexylammonium benzoate, improves the corrosion protection of mortars 
with limestone cement 30% or lower. 
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1. Introduction 

The cement industry continues to introduce more sustain- 
able practices and products for constructing and main- 
taining our concrete infrastructure and buildings. That 
sustainable development focus, proposed implementation 
of more restrictive environmental regulations on cement 
manufacturing, and a legislation of potential global cli- 
mate change has prompted the US cement industry to 
propose provisions for Portland-limestone cements with- 
in specifications ASTM C595 [1] and AASHTO M240 
[2]. Portland-limestone cements are in common use 
around the world.  

Limestone that is provided from the European standard 
EN 197-1 (CEN 2000) allows cements to contain lime- 
stone in three different dosage levels. CEM I, “Portland 
cement”, may contain up to 5% minor additional con- 
stituents, of which limestone is one possible material. 
CEM II/A-L and CEM II/B-L, both called “Portland 
limestone cement”, contain 6% to 20% and 21% to 35% 
ground limestone, respectively. Roughly 19% of all ce- 
ment sold in Europe contains between 6% and 35% 
limestone [3]. The requirements were specified for lime- 

stone use pertaining to effects on performance only. 
In most early research it was believed that limestone 

acted as inert filler; however more recent researches have 
shown that limestone participates to some extent in hy- 
dration reactions. In addition, fine limestone particles 
may promote silicate hydration by providing nucleation 
sites for C-S-H precipitation. 

Calcium carbonate has been reported to react with the 
tricalcium aluminate to form high and low forms of car- 
boaluminates [4].  

Tsivilis [5] found that the addition of limestone as an 
intergrinding material increased the reactivity of the 
clinker. Campiteli and Florindo [6] found that the addi- 
tion of limestone decreased the optimum SO3 content. 
Production of CH appears to increase at early ages, 
which was attributed in part to the dissolution of lime- 
stone and in part to the role of the limestone in acting as 
a nucleation site [7]. 

Permeability is the key to the durability of a porous 
material in all but the most protected environments. With 
the exceptions of abrasion and erosion, deterioration 
mechanisms involve the ingress of water and/or other 
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harmful species (oxygen, carbon dioxide, chlorine ions, 
sulfate ions, acids, etc.). Corrosion requires water and 
oxygen, and is catalyzed by chlorine ions.  

In a related study, Tsivilis [8] produced concretes with 
five cements with limestone contents ranging from 0% to 
35%, and conducted the “Rapid Chloride Permeability 
Test” (RCPT) (ASTM C1202) after 28 days of moist 
curing. Table 1 shows details of the cements and con- 
crete together with the results of the RCPT. Addition of 
lime over 10% increases the value of RCPT. The results 
show little impact due to the increase of limestone con- 
tent up to 15 % to 20%. The mix with 35% limestone had 
a higher RCPT value despite being cast with a lower 
w/cm, indicating that permeability increased at this level 
of limestone [5].  

This paper examines the improving durability of two 
different limestone cements compared with CEM II ce- 
ment and the protective effects of the use of corrosion 
inhibitor. The methods, with which was tested the corro- 
sion of reinforcement in concrete, were: measurements of 
corrosion potential, corrosion current and electrochemi- 
cal calculated mass loss of reinforcement. 

2. Analytical Investigation 

2.1. Materials 

2.1.1. Cements 
In the present experiment 3 type of cement were used 
CEMII, LC1 and LC2. Portland limestone cements, con- 
tain 15%, 35% w/w limestone, were produced by inter- 
grinding of clinker, limestone and gypsum in a pilot plant 
ball mill of 5 kg capacity. Preliminary tests with varying 
grinding time have been done in order to produce ce- 
ments of appropriate compressive strength. The cements, 
LC1 and LC2, contain 15%, 35% limestone, respectively. 
The composition of the cement, as well as their 28 days 
compressive strength and specific surface are shown in 
Table 1 [9]. 

The chemical and mineralogical composition of 
clinker is shown in Table 2. 

The chemical composition of the CEMII cement is 
shown in Table 3 [10]. 

Portland cement clinker of industrial origin and lime- 
stone of high calcite content (CaCO3: 97.5%) were used. 
The chemical composition of the above materials is pre-  
 

Table 1. Characteristic of the LC1 and LC2 cements. 

Code 
Cement  

composition 

28-days 
compressive 

strength (Mpa) 

Specific surface 
(cm2/g) 

LC1 
Clinker: 85% w/w, 

limestone: 15% w/w 
41.3 3980 

LC2 
Clinker: 65% w/w, 

limestone: 35% w/w 
32.4 5040 

Table 2. Chemical and mineralogical composition of clin- 
ker. 

Chemical composition (%) Mineralogical composition (%) 

SiO2 21.92 C3S 48.4

Al2O3 5.68 C2S 26.3

Fe2O3 3.29 C3A 9.5 

CaO 63.35 C4AF 10.00

MgO 1.44   

K2O 1.32 Moduli  

Na2O 0.84 Lime Saturation Factor (LSF) 95.7

SO3 1.25 Silica Ratio (SR) 2.5 

LOI 0.91 Alumina Ratio (AR) 1.43

fCaO 1.15 Hydraulic Modulus (HM) 2.18

 
sent in Tables 3 and 4 respectively. The used clinker has 
a moderate C3A. 

2.1.2. Aggregates 
The use of aggregates should be according to EN12620 
for normal and heavyweight aggregates and according to 
EN13055-1 for lightweight aggregates. In this sand have 
been used aggregate, which confirm all required terms 
and conditions. 

2.1.3. Reinforcement 
Concrete reinforcement steel should be protected against 
corrosion, both before it is incorporated into concrete, 
and after. During its placement into the final position, 
steel should be relieved of all visible scaling alterations, 
or unwanted deformations and damage, which, decides 
other things, speed up the effects of corrosion. 

In this experiment we use steels type of B500C ELOT. 
The marking for identifying the quality by a grad of con- 
crete reinforcement steel is done with a different con- 
figuration of the transverse ribs on the surface of the bar.  

Steels with ribs are characterized by their surface geo- 
metry, which dictates their adhesion to the concrete. 
Concrete reinforcement steels with ribs have at least two 
rows of parallel transverse ribs uniformly distributed on 
each side of the steels surface and at equal distance 
throughout both rows. Longitudinal ribs may be added, 
but are not mandatory. 

The tensile strength limits that the mechanical proper- 
ties of concrete reinforcement steels must meet are given 
in Table 5. 

The values of yield strength fy and fi are calculated 
according to the nominal cross-section. 

The chemical composition and production methods are 
isplay in Table 6. d 
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Table 3. Chemical composition of CEMII cement. 

SiO2 AL2O3 Fe2O3 Cao Mgo K2O Na2O SO3 CaOf LOI Specific surface (cm2/g) 

27.38 9.1 5.65 45.39 2.73 0.94 0.56 2.71 2.67 5.04 3900 

 
Table 4. Chemical analysis of limestone (% w/w). 

SiO2 AL2O3 Fe2O3 Cao MgO K2O Na2O SO3 LOI Total 

0.57 0.33 0.19 54.60 1.64 0.04 - 0.02 42.76 100.15 

 
Table 5. The tensile strength limits of the mechanical prop- 
erties of steel according to ELOT 1421-2 and ELOT 1421-3 
(typical values). 

Table 7. Technical characteristics and physical properties 
of the corrosion inhibitor. 

Display-Painting White milky liquid 

Waiting time between  
coats 8 - 24 hours 

8 - 24 hours 

Specific gravity 1.03 ± 0.01 kg/lt 

Application Temperature 
Minimum +1˚C  

(ambient and substrate) 

Consumption 1 ή 2 coats x ~ 0.0150 kg/m2 

Grade pH 8.9 - 9.4 

Technical Quality 
Grade Property 

Β500C 

Yield strength, fy (MPa) ≥500 

Ratio of the actual to the nominal  
value of yield strength fy,act/fy, nom 

≤1.25 

Ratio of tensile to yield strength ft/fy ≥1.15 ≤1.35 

Total Strain (elongation)  
under maximum load εu (%) 

≥7.5 

2.2. Methods  
Table 6. Chemical composition, production methods. 

As part of the experimental work, electrochemical stud- 
ies as monitoring the corrosion potentials, linear polari- 
zation and mass loss of rebars were carried out as de- 
scribed below. 

Common chemical  
composition (% of weight) Steel 

Grade 
C Mn Si S 

Production 
Method 

B500C 0.20 - 0.22 0.90 - 1.20 0.15 - 0.30 0.03 - 0.05 
HRT  

(Hot Rolled 
Tempered steel)

2.2.1. Monitoring the Corrosion Potentials 
The corrosion trend of the samples was estimated by 
monitoring the corrosion potential versus exposure time. 
The corrosion potential of steels was measured according 
to ASTM C876-87, using a Ag/AgCl/KCl (3M) elec- 
trode as a reference electrode which was placed in 3.5% 
NaCl solution. A voltmeter is also needed. 

2.1.4. Corrosion Inhibitor 
The corrosion inhibitor used is Cyclohexylammonium 
benzoate, as admixtures. Cyclohexylammonium benzoate 
is a VpCI (Vapor Corrosion inhibitor) volatile low pres- 
sure corrosion inhibitor and multifunctional corrosion 
inhibitor. Protects rebars electrochemically through an- 
odic or cathodic reaction as contact inhibition and diffu- 
sion of molecules (potential migration molecules). The 
nature of the product is to exploit whatever substrate ab- 
sorption, creating diffusion through the porous concrete, 
approaching the reinforcing steel (structural steel ele- 
ments) in order to protect them from further corrosion, 
extending both the length and the operating limits of 
construction. The addition of VpCI is 0.4/100g cement. 
The structural formula Cyclohexylammonium benzoate 
is the following [11]: 

As it’s referred in ASTM C 876-87: 
1) Potentials less negative than −0.2 volts generally 

indicate 90% higher probability of no corrosion taking 
place at the time of measurement. 

2) Potentials in the middle of −0.2 to 0.35 volts are 
inconclusive. 

3) Potentials greater than −0.35 volts generally indi- 
cated, 90% or higher probability of active corrosion in 
the area at the time of testing. 

4) Positive potentials, if obtained, generally indicate 
insufficient moisture in the concrete and should not be 
considered valid. However, stray DC currents may also 
cause potential measurements and therefore careful re- 
view analysis of the obtained data is required. 

2 2 3

2 2 2 2 6

CH CH CH NH

CH CH CH O CC H

  

  
 

5

 

Further technical characteristics and physical proper- 
ties are presented in Table 7. 

2.2.2. Linear Polarization 
The linear polarization technique requires us to polarize 
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the steel with an electric current and monitor its effect on 
the half cell potential. It is carried out with a sophisti- 
cated development of the half cell incorporating an aux- 
iliary electrode and a variable low voltage DC power 
supply. The half cell potential is measured and then a 
small current is passed from the auxiliary electrode to the 
reinforcement. The change in the half cell potential is 
simply related to the corrosion current by the equation: 

corr pI B R  

where B is a constant (in concrete 26 to 52 mV) and it 
depend on type of cement, water cement ratio and the 
passivity or active condition of the steel. For steel in pas- 
sivity condition B = 52 mV and for steel in active condi- 
tion B = 26 mV. In this present thesis, assuming that steel 
was in active condition, B = 26 mV. Rp is the polarization 
resistance (in ohms): 

   change in potential applied currentpR   

Rp gives the technique its alternative name of polariza- 
tion resistance. The change in potential must be kept to 
less than 20 mV or so for the equation to be valid and 
remain linear. 

The change in potential must be kept to less than 20 
mV or so for the equation to be valid and remain linear. 
The “iR drop” must also be removed. This is the voltage 
that exists because a current is flowing through concrete 
that has an electrical resistance. This is also referred to as 
the solution resistance. This means that the current is 
usually switched off during the measurement process so 
that the potential without the iR drop is measured [12]. 
Corrosion is an electrochemical process whereby the 
amount of corrosion is related to the electrical energy 
consumed, which is a function of voltage, amperage, and 
time interval. The amount of corrosion can be estimated 
using an equation based on Faraday’s low: 

corrt M I z F      

where: t is time (sec), Icorr is corrosion current (Amperes), 
M is atomic weight of iron (55.847 g/mol), z is in charge 
(assumed 2 for Fe→Fe2++2e−) and F is Faraday’s con- 
stant (96.487 Amp.sec). 

3. Experimental Procedure 

During this project all Reinforcements were cleaned by 
immersing in acetone in order to removes grease and oils, 
immersing in solution HCl and corrosion inhibitors to 
remove rust from steel. Steel bars were sunk in deionized 
water, in Acetone and alcohol. Few seconds later they 
were weighted. 

The specimens were prepared using three different 
cement types CEMII, LC1, LC2. In all specimens the 
aggregate used was the same. Reinforcing steel bars of 
steel type B500C and tap water were used. Mix propor- 

tions aggregate/water/cement was kept constant and 
equal to 3/1/0.5. Each specimen was cast into a prismatic 
mould (80 × 80 × 100 mm), where four identical steel 
bars (100 × 12 mm) was embedded in position shown in 
Figure 1. 

Specimens were stored at ambient condition for 48 h, 
then cure in tap water for 7 days and then the part shown 
in Figure 1 was insulated with epoxy glue. Finally, all 
specimens were partially immersed up to 2/3 of their 
height in 3.5% NaCl. 

4. Measurements 

4.1. Measurement of Corrosion Potential 

Corrosion potentials were measured for a period of 305 
days for specimens. Measurement of corrosion potentials 
for specimens started after passing 12 days from im- 
mersing in 3.5% NaCl. The measurements of corrosion 
potential for CEM II, LC1 and LC2 without corrosion 
inhibitor are shown in Figure 2. 

Figure 2 shows the comparison of corrosion potential 
for CEM II, LC1 and LC2 without corrosion inhibitor. It 
is noticed that CEM II without corrosion inhibitor has 
better behavior than LC2 without corrosion inhibitor and 
LC2 without corrosion inhibitor has better behavior than 
LC1 without corrosion inhibitor.  

The measurements of corrosion potential for CEM II, 
LC1 and LC2 with corrosion inhibitor are shown in Fig- 
ure 3. 

Figure 3 shows the comparison of corrosion potential 
for CEM II, LC 1 and LC 2 with corrosion inhibitor. It is 
noticed that CEM II with corrosion inhibitor has better 
behavior than LC2 with corrosion inhibitor and LC2 with 
corrosion inhibitor has better behavior than LC1 with 
corrosion inhibitor. 

4.2. Electrochemical Calculated Mass Loss 

The corrosion rate of the bars was determined by meas-  
 

 

Figure 1. Schematic representation and dimensions (mm) of 
specimens. 
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Figure 2. Figure of corrosion potentials for CEM II, LC1 and LC2 without corrosion inhibitor. 
 

 

Figure 3. Figure of corrosion potentials for CEM II, LC1 and LC2 with corrosion inhibitor. 
 
uring their mass losses at predetermined exposure time 
intervals in the corrosive environments. In order to find 
the mass loss the polarization resistance (Rp) was meas- 
ured and corrosion current (Icorr) and mass loss were cal- 
culated. 

The measurements of mass loss for CEM II, LC1, LC2 
without corrosion inhibitor are shown in Figure 4. 

From Figure 4 is obvious that the durability of mortars 
with CEM II cement is better than LC1 and LC2.  

The measurements of mass loss for CEM II with and 
without corrosion inhibitor are shown in Figure 5. 

Figure 5 shows the comparison of mass loss of CEM 
II with and without corrosion inhibitor. It is noticed that 
the CEM II without corrosion inhibitor appears greater 
mass loss than the CEM II with corrosion inhibitor. It is 
obvious that the corrosion inhibitor protects the rebars 
from the corrosion. 

The measurements of mass loss for LC1 with and 
without corrosion inhibitor are shown in Figure 6. It is 
known that the concrete or mortars with limestone ce- 
ment have lower durability as concrete or mortars with 
CEM I and CEM II cement [13]. 

Figure 6 shows the comparison of mass loss of LC1 
with and without corrosion inhibitor. It is important to 
mention that the mass loss of LC1 with and without cor- 

rosion inhibitor is approximately the same. From the 
measurements of mass loss of LC1 with and without cor- 
rosion inhibitor, there is no significant difference. 

The measurements of mass loss for LC2 with and 
without corrosion inhibitor are shown in Figure 7. 

Figure 7 shows the comparison of mass loss of LC2 
with and without corrosion inhibitor. It is noticed that the 
LC2 without corrosion inhibitor appears greater mass 
loss than the CEM II with corrosion inhibitor. It is obvi- 
ous that the corrosion inhibitor protects the rebars from 
the corrosion. 

The measurements of mass loss for CEM II, LC1, LC2 
with corrosion inhibitor are shown in Figure 8. 

Figure 8 show that the protective action of corrosion 
inhibitor is greater in mortars with CEM II cement. 

5. Discussion 

It is known that the concrete or mortars with limestone 
cement have lower durability as concrete or mortars with 
CEM I and CEM II cement [13]. It is also known that the 
addition of corrosion inhibitors such as calcium nitrite, 
N-N’-dimethylaminoethanol increases the protection of 
rebars of mortars or concrete from corrosion in chloride 
environment [6,10]. In this study is made an effort to 
promote the protection of rebars, of mortars with lime-  
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Figure 4. Figure of (electrochemical calculated) mass loss for CEM II, LC1, LC2 without corrosion inhibitor. 
 

 

Figure 5. Figure of (electrochemical calculated) mass loss for CEM II with and without corrosion inhibitor. 
 

 

Figure 6. Diagram of (electrochemical calculated) mass loss for LC1 with and without corrosion inhibitor. 
 

 

Figure 7. Diagram of (electrochemical calculated) mass loss for LC2 with and without corrosion inhibitor. 
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Figure 8. Figure of (electrochemical calculated) mass loss for CEM II, LC1, LC2 with corrosion inhibitor. 
 
stone cement, with VpCI Cyclohexylammonium benzo- 
ate in chloride contaminated environment. 

From the half-cell potential of rebars versus time (see 
Figures 2 and 3), it is no possible to establish a protec- 
tive action of corrosion inhibitor. From the electroche- 
mical calculated mass loss (see Figures 4-6) the VpCI 
Cyclohexylammonium benzoate has a protective action 
to corrosion of rebars after 200 days. 

The addition of VpCI in mortar with CM II cement has 
corrosion protective effect about 52% (calculated for 300 
days). On the same time, the LC2 mortar with limestone 
cement has corrosion protective effect of 30%. For the 
LC1 the protective effect is lower. 

The corrosion protective effect of mortar with CEM II 
cement is compared with the general opinion that the 
corrosion inhibitors duplicate the technical service life of 
concrete [4,9,14]. On the other hand, the corrosion pro- 
tective effect of mortars with limestone cement has lower 
protective effect. It is possible that the VpCI Cyclo- 
hexylammonium benzoate cannot be used in mortar and 
concrete with limestone cement. 

The degreasing of corrosion protective effect, it is 
possible to explain through the observation, that the use 
of concrete with limestone cement is entrapped in large 
air voids that concrete with CEM I and II cement [12,15]. 
In this case the simultaneously use of VpCI and air-en- 
training can be improved the percentage of VpCI corro- 
sion protection. 

6. Results 

Based on the results of this experimental investigation 
under corrosive environment, the following conclusions 
are drawn: 
 The mortars with CEM II cement have better durabil- 

ity than the limestone cements. 
 The use of VpCI Cyclohexylammonium benzoate im- 

proves the corrosion protection of mortars with CEM 
II cement 52% (calculated for 300 days). 

 The use of VpCI Cyclohexylammonium benzoate im- 
proves the corrosion protection of mortars with lime- 

stone cement LC2 (35% limestone) 30%.  
 The use of VpCI Cyclohexylammonium benzoate im- 

proves the corrosion protection of mortars with lime- 
stone cement LC1 (15% limestone) only 10%. 
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