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ELECTROCHEMICAL 
MEASURES FOR THE EVALUATION OF  

MULTIPLE CORROSION INHIBITING 
SYNERGIES (MuCIS) IN THE 

DEVELOPMENT OF REPAIR SYSTEMS 
OF REINFORCED CONCRETE 

STRUCTURES 
 

There are well known the problems of 
structures deterioration induced from steel 
bars corrosion in the reinforced concretes, 
particularly when humid ambiental 
conditions and with chlorides presence. 
The use of Very High Durability Repair 
Systems (VHDRS) are researched and 
developed. 



 
 
 

 
O B J E C T I V E S 

 
 

è The use of MODEL SPECIMENS on 
which make measures of the electrochemical 
parameters of corrosion in as simple and fast 
as possible way. 
 
 
è The R & D of advanced repair systems 
(VHDRS) containing Multiple Corrosion 
Inhibiting Synergies (MuCIS) together with 
high level of rheological and physico-
mechanical performances. 



 
 
 

 
 
 

 



 
 
 

 
 
 
 
 
 



 
 
 

 

 
 

(modello campione per misure elettrochimiche) 
 
 

THE SAMPLE MODEL USED FOR THE 
 ELECTROCHEMICAL DETERMINATIONS



 
 
 

 

The concrete mix design 
Cement type 42,5 Porland 

Dosage 400 Kg./cu.m. 

Aggregates 0 ÷ 8 mm (Bolomey) 

W / C 0,6 

Containing or not containing NaCl 2% 

 
Tests briefing 

Test MuCIS NaCl in the 
concrete mix 

C1 (blank) no no 

C2 (MuCIS) yes no 

E3  (MuCIS) yes yes (2%) 

 
 
 



 
 
 

 
 

Measures of CORROSION POTENTIAL 
 
 
It is the meaure of the state of corrosion 
activity or corrosion passivity of the steel 
bars. 
As orientative indications we can consider      
4 ranges of potential ref. to the reference 
electrode Ag/AgCl. 
 
 
V>-150 mV (Ag/AgCl) passivity 

-150>V>-250 activity 

-250>V>-500 strong activity 

-500>V diffusion control 
 



 
 
 

 



 
 
 

 



 
 
 

 



 
 
 

 
Measures of IMPEDANCE SPECTROSCOPY 
 
The more advanced electrochemical technique giving 
the possibility of wider consideration on the samples 
performances is the impedance spectroscopy. 
 

Ro 
 
Ro is the first interesting parameter and it represents 
the resistance to the passage of electrical charges 
through the electrolita and, mainly in this case, 
through the mortar or concrete layers covering the 
steel bars. This parameter is evidenced in the 
NYQUIST diagram (like here following represented) 
on the lower value of REAL IMPEDANCE in the 
point in which the semicircunference (representing the 
faradic reaction happening on the steel bars) intersects 
the REAL AXIS indicated for the arrow. 
 



 
 
 

 
 
 
 
 

 
 
 
 
 



 
 
 

Rp 
 
Rp the Polarization Resistance is the second parameter 

evidenced from the impedance diagrams and it is 

inversely proportional to the speed of corrosion. 

Referring to the following diagram (Bode type, 

frequency-modulus) it is possible to extrapolate the 

value of the IMPEDANCE MODULUS at the lower 

value of frequency (as indicated from the arrow). 

 

 

 

 

 

 
 

 

 



 
 
 

 

 

 

 

 

 

 



 
 
 

 

TEST nr. days of 
NaCl 3% sol. 

ponding  

potential Ro Rp 

*C1 (blank) 1 -143 1100 900000 
*C1 (blank) 3 -208 1580 1000000 
*C1 (blank) 10 -401 1270 90000 
*C1 (blank) 21 -370 1920 60000 
*C1 (blank) 50 -265 2650 180000 

*C2 (MuCIS) 0 -28 17000 1000000 

*C2 (MuCIS) 25 -33 16200 1000000 

*C2 (MuCIS) 50 -8 16500 1200000 

*C2 (MuCIS) 142 -40 28000 1200000 

*C2 (MuCIS) 144 -39 50000 1000000 

**E3 (MuCIS) 12 -217 18000 350000 

**E3 (MuCIS) 48 -26 24000 1150000 

**E3 (MuCIS) 63 +53 50000 1200000 

**E3 (MuCIS) 130 +109 50000 1150000 
 

POTENTIAL Ro, Rp values ref. to C1, C2 and E3 tests. 
 

Ro = resistance to the passage of electrical charges through the electrolita 
and,  
 mainly through the mortar layer (see diagram : Individuation of Ro) 
 

Rp = polarization resistance (see diagram : Individuation of Rp) 
 note : Rp is inversely proportional to the speed of corrosion 
 

*   Concrete not containing NaCl 
** Concrete containing 2% NaCl



 
 
 

 
 



 
 
 

 



 
 
 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

TESTS MADE ACCORDING TO 

ASTM C876 (Corrosion Potential) 

and 

ASTM G109 (Corrosion Current) 

 

using 

GECORR 6 technique 



 
 



 



 



 
 
 



 



 
 



 
 
 
 
 
 
 
 
 
 
 



 



 
 



 
 



 
 


