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Abstract: Corrosion control of copper alloys such as brass is of great interest to researchers and scientists. Clays 

become materials of choice as corrosion inhibitors and as their reservoir in corrosive environments. The effect of 

Rhassoul on the corrosion of Cu-36Zn alloy in 3% NaCl solution has been studied. Electrochemical techniques 

showed that the optimum concentration was 1g/L showing the highest inhibition efficiency (82%). This 

concentration was evaluated at five different temperatures. In order to determine the influence of purification, 

this result was compared to that of the homoionic clay labeled Na
+
-ST and to the pure calcite. Chemical 

composition of the brass specimen and solutions were done by inductively coupled plasma atomic emission 

spectrometry (ICP-AES) and atomic absorption (AA) respectively. The effectiveness of this clay against the 

dissolution of Zinc reached 61%. XRD technique demonstrated the homoionization of this clay by shifting the 

basal spacing d001. 
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1. Introduction   
 

Corrosion is the deterioration of a metal by an 

aggressive agent or a chemical reaction with its 

environment. It is a permanent problem, difficult 

to eliminate. Corrosion affects most industrial 

sectors and can cost billions of dollars each year 1. 

As an alternative to steel, Brass is used in different 

domains thanks to its excellent processability, 

aesthetic appearance, ease of production and high 

resistance 2. This alloy is likely to corrode under 

certain circumstances, especially in a chloride-

containing aqueous medium such as seawater 

which contains a significant concentration of 

dissolved salts and is very corrosive. Many efforts 

are being made to limit corrosion in marine 

environments, as industries develop and 

implement solutions to prevent degradation of 

these materials. Several methods were used to 

reduce the high economical cost by protecting this 

relatively noble metal from corrosion, and among 

which, are corrosion inhibitors: benzotriazole and 

its derivatives have been used by several authors 3-

7. Chromate was used for a long time 8,9. These 

compounds have shown better corrosion inhibition 

but may damage the environment due to its 

toxicity. In terms of protection of the environment, 

essential oils were tested, where eugenol 10 and 

Ammi visnaga (L.) Lam 11, were the inhibitors. 

Results showed high inhibition performances of 

brass in 3% NaCl solution. Thanks to their many 

advantages, clays were recently studied 1 2 , 13. 

Halloysite, as a biocompatible nano-container 

material 14, has been used to encapsulate 

benzotriazole and incorporated it into a coating 

matrix. 

Aït Aghzzaf et al., 1 5  studied the effects of 

modified beidellite mineral clay by calcium ions 

on the inhibition of Zinc from corrosion in NaCl 

medium, this inhibitor was precipitated in the form 

of calcite in the presence of carbonate ions. The 

same author investigated the effect of grafted 

palygorskite for corrosion protection of steel by 

heptanoic acid in chloride medium 1 6 , 17. The 

corrosion mechanism of brass in the chloride-

containing medium was described According to a 

recently published article 18 as follows: the brass 

surface upon reaching the potential corrosion 

Ecorr in the anodic area is passivated resulting in  

the formation of oxide/hydroxide of the brass film. 

This later rapidly deteriorated when potential  
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increased leading to chloro-complexes of Cu(I), 

Cu(II) and Zn(II). The objective of our study is to 

simplify the manipulation of a new alternative 

compound to fight against corrosion of brass in 

3% NaCl solution. An abundantly, safety and 

green raw clay was used without pretreatment. 

"Rhassoul" as described by several authors. It is a 

magnesian smectite 1 9 - 21 with a high rate of 

Stevensite clay fraction. In order to assess the 

effectiveness of these new alternative inhibitors 

and understand how this inhibition occurs. Various 

concentrations of Rhassoul were immersed in 3% 

NaCl solution in contact with a brass surface, 

followed by a study on the effect of temperature. 

The corrosion protection brought by the optimum 

concentration of this raw clay was compared to the 

same concentration of the homoionic one labeled 

Na
+
-ST and to the equivalent concentration of 

pure calcite CaCO3 at 298°C. In these conditions, 

in order to predict the synergistic feasibility of the 

calcite and the purified clay fraction in the raw 

Rhassoul, the electrochemical behavior of brass 

was monitored by electrochemical techniques such 

as potentiodynamic curves, and electrochemical 

impedance spectroscopy (EIS). While the surface 

morphological study was carried out using 

scanning electron microscopy (SEM) and the 

composition of the brass surface was analyzed 

using energy dispersive X-ray analysis (EDS). The 

concentrations of dissolved copper and zinc in the 

electrolyte were calculated using atomic 

absorption technique. X-ray diffraction and ICP-

AES techniques were used to characterize raw 

and purified Rhassoul. 

 
2. Experimental  

2.1. Raw clay (Rhassoul) 

The studied clay is located in Jebel Rhassoul in 

the mountains of the Atlas of Morocco. This clay 

presents a high rate of Stevensite fraction. It is 

recovered and dried at 100◦C to remove water, 

then crushed and sieved. Only aggregates with a 

diameter of 20 µm (micrometer) were selected. 

Chemical composition (expressed in  weight  

pe rcent  wt. %) of raw Rhassoul is: Si: 19.78, 

Mg: 10.76, Ca: 7.65, Al: 1.32, Fe: 0.92, Sr: 0.17, 

Ti: 0.13, Na: 0.08. The concentration ranges of 

raw and purified clay used for this study were 

0.5, 0.8 and 1g/L. 

 

2.2. NaCl aqueous solution and Calcite powder 

NaCl and Calcite powders were purchased from 

Scharlab S.L to prepare the aqueous solution at 

(3% wt.) simulated to the seawater for the first and 

to confirm the responsibility of corrosion 

protection for the second.  

 

2.3. Metal electrode 

The working electrode used for the 

electrochemistry tests is in brass having the 

chemical composition of 64% Cu, 36% Zn, 

0.0151% Fe, 0.0012% Ni, 0.0033% Pb, 0.0016% 

Se and 0.0019% Sn, expressed in weight percent. 

The brass plates are cut into discs of 1cm in 

diameter and mechanically polished with abrasive 

papers of different grades (from 600 to 1200). 

 

2.4. Clay treatment 

Raw Rhassoul has undergone purification 

treatments to eliminate the accessory minerals 

(quartz, dolomite, carbonates ...). The purification 

procedure was as follows: 

The raw clay sample was firstly ground and sieved 

in order to obtain excellent powders at 20 µm in 

order to reduce the number of impurities by 

eliminating the corresponding large particles 

which consequently facilitates further purification 

operations. 

Secondly, decarbonisation to remove all carbonate 

phases (dolomite and calcite) that may exist, by 

attacking the samples with hydrochloric acid 

solution 1M. For that reason, 30 grams of the 

obtained powder are dispersed in bidistilled water in 

a 1L flask with stirring for 30 min (minute). Then a 

solution of 1M HCl is added gradually (whose action 

on the decomposition of carbonates is accompanied 

by the release of CO2 bubbles) until the 

effervescence stops and the stirring is continued for 1 

hour. Note that in order not to destroy the clay 

fraction of Stevensite, we opted firstly for the use of 

an acetic acid/sodium acetate buffer solution which 

has the advantage of setting the pH at a suitable 

value (4.5 in our case) throughout the process. 

The Stevensite dispersion obtained is homoionized 

by exchange reaction of the charge compensator ions 

(Ca2+, Mg2+ and K+) by the Na+ cations. This 

operation was carried out by dispersing the clay in a 

solution of sodium chloride (NaCl) 1mol.L-1 for 24 

hours with stirring. The clay fractions, flocculating 

in the presence of salt, were easily recovered, 

washed several times with bidistilled water and then 

centrifuged several times at 4000 round per minute 

(rpm) for 5 min. Obtaining a stable dispersion is 

favored by the almost total elimination of the 

chloride ions evidenced by the AgNO3 test. Na+-ST, 

having a particle size less than 2 µm in diameter 22, 

was isolated from this clay when transferring this 

stable dispersion to a 2L test tube and adding the 

bidistilled water up to the gauge line. After a giving 

time (t (min)) the size of our particles (d (μm)) were 

sedimented to a known depth from the mark              

(x (cm)). This process is governed by Stokes's law 23 

equation Eq. 1. 
 

190
2
Xt

d


            (1) 

After 24 hours, our fine fraction (d=2 μm) is taken 

for a depth of about x=30 cm and completed with the 

bidistilled water to the previous mark. This operation 

is repeated until the dispersion is almost transparent. 
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Our collected dispersion is then centrifuged at 4000 

rpm for 40 min to recover the Stevensite clay 

fractions. This later is dried at 60 °C, crushed and 

then stored under laboratory conditions. 

 

2.5. Instrumentation 

Experimental measurements were carried out 

using a potentiostat/galvanostat PGZ301, 

equipped with voltamaster software, accompanied 

by a double-walled pyrex glass cell to check the 

homogeneity of the solution. In this cylindrical 

cell were immersed three electrodes which are the 

working electrode WE (brass) masked with 

polyester and having an active surface area of 

0.785 cm2 (square centimeter), the reference 

electrode RE with saturated calomel (SCE) (ESCE 

= 0.241 V (volt)) and a platinum counter-electrode 

CE to ensures the flow of electric current in the 

working electrode through the solution. Before 

running each experiment, the surface of the 

working electrode was polished mechanically by 

using emery paper of 600, 800, 1000 and 1200 

grades, washed with bidistilled water and then 

dried. During the experiments, the solution was 

stirred with a magnetic stirrer at a constant speed. 

During all measurements, solutions were exposed 

to the atmosphere in a controlled temperature 

using a thermostat. Those measurements were 

done after 1 h immersion time with stirring and 

were repeated at least three times in order to 

obtain the same result. 

The potentiodynamic current/potential curves in 

3% NaCl solution were obtained by automatically 

changing the electrode potential from -0.7 to +0.2 

V (V/SCE), at a scanning- rate of 0.5 mV/s 

(millivolt per second). 

Nyquist and bode (module and phase) plots were 

obtained from EIS experiments at open circuit 

potential (OCP) after 1 hour of immersion in the 

corrosive solution. The measured frequency range 

was from 100 kHz (Kilohertz) to 10 Mhz 

(millihertz) with disturbance amplitude of 10 mV 

at the corrosion potential with 10 points per 

decade. To interpret the results of impedance 

spectroscopy, electrochemical interfaces 

(electrode/electrolyte) were modeled by equivalent 

electrical circuits using EC-LAB V10.40 

software. 

 

2.6. Surface morphology and composition 

After polarization experiments in corrosive 

medium, washing with distilled water and drying 

carefully, the brass specimens surface was 

visualized by a SUTW-Sapphire, Resolution: 

131.40, Lsec: 10 Scanning Electron Microscope 

(SEM) connected to an energy dispersive X-ray 

analyzer (EDS) using SH-4000M model. 

Concentrations of Zn2+ 
and Cu2+

 

in the 

electrolytes, after polarization experiments in the 

presence and absence of 1g/L of raw clay and were 

determined by atomic absorption technique using 

Varian Spectra AA 220 FS. This technique was 

used to measure the amount of dissolved zinc and 

copper from the brass surface. The chemical 

compositions (wt. %) of the brass and raw clay 

samples were determined by Inductively Coupled 

Plasma atomic emission spectrometry (ICP-AES) 

technique using ULTIMA 2CE. 

 

3. Results and Discussion  

3.1. Chemical characterization of raw Rhassoul 

and Na+-ST 

Rhassoul is a mixture of clay fractions whose 

Stevensite presents the majority 24 (84.2 wt %). In 

Fig. 1(a), the XRD pattern of natural Rhassoul 

shows that the dominant phase is the Stevensite, 

whose characteristic peaks 25 at 2θ = 5.74◦,            

2θ = 12.46◦…, and from the International Centre 

for Diffraction Data (ICDD), we note the presence 

of quartz (ICDD: 03-065-0466), dolomite (ICDD: 

01-083-1766) and calcite (ICDD: 01-072-4582). 
2θ refers to the angle of reflection.

 

 
Figure 1.  XRD patterns of (a) raw Rhassoul and (b) Na

+
-ST 
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In the purified clay (Fig. 1(b)), we can notice the 

presence of Stevensite phase and the absence of 

calcite and other impurities provided by the 

diffractogram. The XRD pattern of raw Rhassoul 

sample in Fig. 1(a), reveals a well resolved (001) 

reflection centred at a basal spacing d001 = 15.04 Å 

(angstrom), corresponding to cations such as Na+, 

Mg2+ and K+, Upon ion exchange with sodium 

cations illustrated in Fig. 2. The Stevensite basal 

spacing shifts to about 14.20 Å (Fig. 1(b)), which 

is indicative of the saturation of Stevensite 

interlayer spaces with Na+ ions surrounded with 

equivalent layers of water molecules 26,23. Note that 

the Stevensite as a magnesian pole of the smectite 

series constitutes the majority phase of this raw 

clay with the presence of free silica and quartz in 

small quantities. The 2θ peaks at 25.27◦ and 

48.01◦ confirm the anatase structure of TiO2. The 

broad diffraction peaks indicate small size 

crystallite 27. These results are in good agreement 

with the chemical composition of this purified 

clay shown in Table 1. 

 

 
Figure 2. Scheme showing the exchange mechanism between Na+ and interlayer cations present in the natural 

Stevensite. 

 

Table 1.  Mass Percentage obtained from ICP-AES technique of different elements composing Na+-ST. 

 SiO2 Al2O3 Fe2O3 CaO MgO K2O MnO TiO2 P2O5 Na 

Na+-ST 

% 

57.15 3.50 1.82 ˂0.10 26.91 1.11 ˂0.01 0.22 0.05 1.63 

 

3.2. Electrochemical study 

Fig. 3 presents the potentiodynamic polarization 

curves for brass in absence and presence of 

different concentrations of raw Rhassoul, obtained 

from an aerated 3% NaCl solution after one-hour 

immersion time. For all concentrations, the 

cathodic curves present a diffusion plateau. This 

plateau was attributed to the reduction of dissolved 

oxygen 28, following the reaction given in Eq. 2. 

2 22 4 4O H O e OH           (2) 

The cathodic current density of the brass was 

significantly reduced after adding different 

concentrations of raw Rhassoul, and no significant 

change was detected in the shape of the cathodic 

curves, it can be said that the cathodic process 

remained the same, indicating the precipitation of 

clay components on the brass surface 29, thus the 

delay of corrosion without altering the cathodic 

reaction mechanism by blocking the active sites 
3 0 , 31. This suggests that the investigated raw 

Rhassoul is a cathodic type inhibitor. Mixed 

process of diffusion and activation was observed 

at the corrosion potential 3 2 . The same author 3 2  

indicates that when studying the electrochemical 

behavior of copper in neutral aerated medium, the 

presence of a reduction peak in the cathodic area is 

in agreement with the reduction peak attributed to 

the reduction of Cu2O formed by the hydrolysis of 

the primary cuprous corrosion products. The 

anodic process was not affected by the addition of 

raw clay. According to Avramovic and Antonijevic 
3 3 , the presence of anode peaks on the anodic 

polarization curves is due to an active dissolution 

of the samples and formation of Cu(I)-chloro-

complex (CuCl2
-
) formed by a primary reaction 

Eq. 3. 
 

22 1Cu Cl CuCl e            (3) 
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                Figure 3. Polarization curves of the studied raw clay in 3% NaCl solution. 

 

When increasing potential, the anodic current density 

decreases and a passive film of zinc oxide/hydroxide 

was formed. Rapidly this later deteriorates and a 

Zn(II)-chloro-complex is released in the electrolyte. 

Table 2 presents the corrosion current density (Icorr), 

corrosion potential (Ecorr) and cathodic slopes (βc) 

(millivolt per decade). The inhibition efficiency             

(IE (%)) was calculated using the following Eq. 4. 

Where Icorr and Icorr(inh) correspond to the current 

densities in the absence and presence of raw 

Rhassoul, respectively. 

 

Table 2. Polarization parameters of brass in the absence and presence of different concentrations of the raw clay. 

 

 
 Figure 4. Nyquist plot of brass in 3% NaCl solution at different concentrations of raw Rhassoul at 298◦K. 

 

( )
( ) 100corr corr

E

corr

I I inh
I

I


         (4) 

 

The inhibition efficiency values increase, and 

those of corrosion current densities decrease with 

the increasing concentrations, reaching 82.3% 

and 13.0µA/cm2 (microampere per square 

centimeter), respectively. This might be possible 

proof that the raw clay or some of its components 

Concentration (g/L) -Ecorr  

(mV/SCE) 

Icorr  

(µA/cm2) 

-βc  

(mV/dec) 

Inhibition efficiency 

IE (%) 

Blank 220   73.0 307 - 

0.5  156   19.5 200 73.5 

0.8  154   19.0 197 74.0 

1  151   13.0 161 82.3 
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precipitate on the brass surface, preventing it from 

corrosion. 

Fig. 4 shows the Nyquist plot of the brass at 

different concentrations measured at the corrosion 

potential, without and with the three inhibitor 

concentrations. The diagram shows a depressed 

semicircle throughout  
 

the measured frequency range, this shape is 

probably caused by the heterogeneity of the 

surface. The diameter of the semicircle increases 

simultaneously by increasing concentrations. 

Taking into account the low chi-squared value, 

experimental Nyquist data were fitted to an 

equivalent circuit with and without raw clay             

(Fig. 5). The constant phase element (CPE) was 

used to consider the non-ideality of the system 

being investigated (as will be indicated from SEM 

observations) and represented by Eq. 5. 
 

1( )n

CPEZ Q j             (5) 

 

Where: (n) is the CPE exponent attributed to 

deviation from ideal capacitive behavior, (ω) the 

angular frequency and (j) for the imaginary unit. 

Re, Rct, CPE1, Rf and CPE2 are electrolyte 

resistance, charge transfer resistance, capacitance 

related to the double layer, film resistance formed 

on the surface and the corresponding capacitance, 

respectively. The film resistance is attributed to 

the weak corrosion products layer in the new 

solution. When using the inhibitor, this layer is 

reinforced by a compact one due to the 

precipitation of the element responsible for the 

inhibition in addition to some corrosion products. 

 
Figure 5. Equivalent electrical circuit used for computer fitting of the experimental data for the brass surface in the 

absence and presence of different concentrations of raw clay 

 
The extrapolation to 10 Mhz frequency in the 

bode-magnitude plot (Fig. 6(b)), permits to get the 

polarization resistance Rp and consequently 

calculate the inhibition percentage E’ which is 

defined by the following Eq. 6. Where Rp and 

Rp(inh) denote the polarization resistances 

without and with inhibitor, respectively. 

( )
' 100

P p

p

R inh R
E

R


          (6)

 
Figure 6. Electrochemical impedance: (a) Bode phase and (b) Bode module of brass in 3% NaCl solution at 

different concentrations of raw Rhassoul at 298◦K 

 

Bode-phase plot (Fig. 6(a)) shows two-time 

constants related to the charge transfer resistance 

Rct and the low corrosion products resistance Rf 

(without inhibitor). When adding the raw clay, the 
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second time constant appeared in low frequency, 

which refers to the precipitated film resistance Rf 

in parallel with the corresponding capacitance 

 CPE2. Polarization resistance Rp and inhibition 

efficiency E’ (%) values were mentioned in              

Table 3. 

 

Table 3. Rp and E’ values of brass immersed in 3% NaCl medium in the absence and presence of different 

concentrations of raw Rhassoul. 

 

Table 4 indicates that; all resistances increase 

when increasing the concentration of raw clay. 

Furthermore, CPE1 and CPE2 values tend to 

decrease and the inhibition efficiency increases 

(where F and S denote Farad and Siemens, 

respectively), lets conclude that from one hand 

there is an increase in the thickness of the electrical 

double layer and that corrosion product are less 

susceptible to the redox process, from the other 

hand there is increase of real surface area which is 

partly due to the formation of the corrosion 

products and also to the precipitation of the clay 

fraction and/or some of the raw clay components 

on the metal/solution interface 7 . 

 

Table 4. Parameters of the equivalent circuit elements calculated from the fitting results of EIS data at different 

concentrations. 

 

3.3. Effect of temperature 

The influence of temperature on the inhibition of 

brass against corrosion was studied by 

electrochemical techniques already mentioned, 

with and without the addition of 1 g/L of raw clay 

for one-hour immersion time in the temperatures 

between 298K and 328 K. In Fig. 7(a), we note 

that the temperature has an effect on both branches 

(cathodic and anodic) and Ecorr goes to cathodic 

values by increasing temperature. Besides, the 

corrosion current density Icorr increases and the 

corresponding inhibition efficiency decreases, 

probably because of the dissolution of the 

protective layer 3 4 . In this part of the study, the 

potential area was reduced to 300 mV (from            

-400 mV to -100 mV) to not affect the brass 

sample at high temperatures. 

 
Figure 7. (a) Polarization curves and (b) Nyquist diagrams of brass in presence of 1 g/L of raw Rhassoul at 

different temperatures. 
 

Nyquist plot in Fig.7 (b) confirms the polarization 

results by a noticeable decrease in the diameter of 

the capacitive loop, which leads to a decrease of 

the inhibition efficiency when increasing 

temperature. This result has been explained as 

follows: the interactions between the brass surface 

 

 

Blank 0.5 g/L 0.8 g/L 1 g/L 

Rp(Ω.cm2) 1088 4080 4150 6030 

    E’ (%) - 73.3 73.7 82.0 

Concentration (g/L) Re 

(Ohm) 

CPE1×10-6 

(F.s(n-1)) 

Rct 

(Ohm) 

n1 CPE2×10-6 

(F.s(n-1)) 

Rf  

(Ohm) 

n2 

Blank 5.3 391 1081 1.00 035 010 0.59 

0.5  5.5 057 3709 0.87 234 387 0.57 

0.8  5.6 046 3745 0.87 189 418 0.54 

1  5.9 047 5573 0.88 179 449 0.55 
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and the protective layer are susceptible to thermal 

agitation and are easy to break, causing desorption 

or dissolution when the temperature increases. 

 

3.4. Surface and solution analysis 

The surface morphology and composition of the 

brass samples were investigated by SEM 

technique and EDS spectra respectively, after 

polarization tests. Before immersion in the 

corrosive medium (see Fig. 8 (a) and 8 (a’)), the 

surface appears to be relatively uniform in rough, 

and little narrow scratches are attributed to the 

polishing process according to several researchers. 

This surface is almost recovered by porous layers 

attributed to hydrozincite Zn5 (OH)6 (CO3)2 and 

simonkolleite Zn5 (OH)6 Cl2 - H2O 3 5 , 36, and non-

porous (Cu-oxide) films of corrosion products (see 

Fig. 8 (b) and 8 (b’)). The addition of 1 g/L of raw 

clay (see Fig. 8(c) and 8(c’)), leads to two areas: a 

compact precipitated film of Calcite (CaCO3) in 

neighboring of brass surface explains that the 

porous film was prevented from growth and a 

thinner and more compact layer was formed. Yu et 

al., 1 7 , pointed out the beneficial effect of calcite 

on corrosion inhibition. The second area is 

recovered with the clay fraction of Stevensite, 

leading to a barrier effect on the surface and thus 

reducing the corrosion products formation. 
  

 

 
Figure 8. SEM micrographs: (a) before, (b) after immersion in 3% NaCl solution and (c) in the presence of 1 g/L 

of the raw clay. EDS spectra: (a’), (b’) and (c’) respectively, of the already mentioned environments. 

 

To determine the amount of Cu and Zn dissolved 

in the electrolyte, solutions were analyzed by 

atomic absorption technique after polarization 

measurements in the absence and presence of the 

optimum concentration of raw Rhassoul (1 g/L). 

Table 5 shows the results and indicates that both 

copper and zinc were present in the electrolyte in 

small quantities. The Rate release inhibition             

Rr (%) is calculated using the following equation 

Eq. 7. Where Cm(inh) and Cm are the 

concentration of an element in the solution with 

and without inhibitor, respectively. 
 

 
( )

100% m m
r

m

C C inh
R

C


        (7)

 

Table 5. Concentrations of Cu
2+

 and Zn2+ 
in the electrolyte in absence and presence of 1 g/L of raw Rhassoul and 

their release inhibition. 

 Cu
2+ (ppm) Zn

2+ (ppm) 

Cm 11.4 9 

Cm(inh) 8.3 3.5 

Rr (%) 27% 61% 
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The release inhibition of Zinc ions Zn2+ 
was higher 

(61 %) concerning that of Copper ions Cu2+            

(27 %).  This means that the porous layer of Zn-

oxide and/or Zn-hydroxide was prevented to forms 

on the brass surface when adding the optimum 

concentration of raw clay. This result is in good 

agreement with that of the surface analysis results.  

 

3.5. Comparative study between raw and 

homoionic Stevensite Na+-ST 

3.5.1. Electrochemical study 

After polarization experiments in 3% NaCl 

medium, the polarization curves of brass for 

samples free from clay mineral (Blank) and in the 

presence of the same concentration of Rhassoul 

and Na+-ST (1 g/L) are presented in Fig. 9(a). 

These curves clearly show both a decrease of the 

corrosion current density of brass. As we already 

mentioned, corrosion inhibition is under mixed-

type control in the presence of raw Rhassoul. 

While in the presence of Na+-ST, current densities 

of potentials more negative than -500mV disclose 

the mass transport in the cathodic process. Before 

the mentioned potential, we observe an activation 

controlled region (Tafel), where currents were 

almost linear. In that case, the kinetics of O2 

reduction is governed by its diffusion through the 

clay mineral layer and the corrosion products film 
2 9 . These results are further confirmed by 

assessing polarization resistance (Rp) from the 

impedance modulus at low frequency in the EIS 

curves. Fig. 9(b) completes the electrochemical 

study as the diameter of the capacitive loop and 

the inhibition efficiency decrease when purifying 

this clay. 

 
Figure 9. (a) Polarization and (b) Nyquist curves in the presence of the optimum concentrations of raw and Na+-

ST. 

 

As shown in Table 6 indeed, the Rp obtained in the 

presence of raw clay is 2 times greater than that 

corresponding to Na+-ST. Also, this table reports 

the Ecorr, and the inhibition efficiency (IE %) 

assessed according to the already mentioned 

relationship Eq. 4. This result can be interpreted 

by the absence of the main component responsible 

for the inhibition, which is the calcite layer. 

 

Table 6. Parameters and polarization resistance for brass corrosion in the absence and presence of optimum 

concentrations of raw Rhassoul and Na+-ST. 

Concentrations -Ecorr 

(mV/SCE) 

Icorr 

(µA/cm2) 

-βc(mV/dec) Rp(Ω.cm2) IE(%) 

blank 220 73 307 1088 - 

1 g/L Rhassoul 151 13.1 161 6030 82 

1 g/L Na
+
-ST 245 17.4 258 3000 63.7 

 
3.5.2. Surface analysis 

To prove the absence of precipitated film of calcite 

on the brass surface in the presence of Na+-ST, 

scanning electron microscope SEM was carried 

after 1 hour of immersion in 3% NaCl solution 

after polarization experiments (Fig. 10 (a)). The 

micrograph shows from one hand, the absence of 

calcite and presence of some corrosion products, 

evidenced by the EDS spectrum in (Fig. 10 (b)), 

leading to a decrease of the inhibition efficiency 

and from the other hand the surface indicates the 

presence of the mineral clay components such as: 

Si, Al, Ca, Mg. Fe... (Fig. 10 (c)) Those elements 

are attributed to the precipitation of the Stevensite 

clay fractions. This result lets suggest that this 

Stevensite layer precipitates on the brass surface, 

leading to a barrier effect against chloride ions and 

eventually increases slightly the inhibition 

efficiency to 63.7 %. 
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Figure 10. (a) SEM micrograph, (b) and (c) are EDS spectra of the corrosion products and the Stevensite 

elements respectively, in the presence of 1 g/L of Na+-ST. 

 

3.6. Effect of pure calcite 

3.6.1. Comparison by EIS measurements 

To ensure the responsibility of calcite on the 

inhibition of brass in the previous environment, 

we chose to compare its inhibition effect with 

that of Rhassoul and Na+-ST using the EIS 

technique. Fig. 11 shows that when using an 

equivalent concentration of calcite in the 

electrolyte (0.76 g/L), the shape of the 

capacitive loop was not modified and that the 

adjustment to the less chi-square value using             

EC-Lab program has confirmed the equivalent 

circuit mentioned in Fig. 5. 

 
Figure 11. Nyquist plot of brass in 3% NaCl solution in absence and presence of 1 g/L of raw Rhassoul, 1 g/L of 

Na
+
-ST and 0.76 g/L of calcite. 
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In the presence of calcite, the diameter was one 

time and a half higher than that obtained with 

Na+-ST, but it is equally smaller when using the 

raw clay. Polarization resistance Rp and the 

corresponding inhibition percentages E’ (%) are 

shown in Table 7. This confirms that the corrosion 

inhibition performances exhibited in the presence 

of raw Rhassoul are better than those observed in 

the presence of Na+-ST or pure calcite. Data of 

this fitting are in good agreement with our 

interpretations.  

 

Table 7. Rp and E’ are values of brass immersed in 3% NaCl medium in the absence and presence of different 

concentrations of raw Rhassoul.  

 

3.6.2. SEM observation and EDS analysis 

In the presence of calcite, the brass surface is 

covered by a compact layer (Fig. 12(a)). This later 

is composed of CaCO3, as shown by EDS analysis 

(Fig.  12(b)). Furthermore, we note the absence of 

the porous layer attributed to the hydrozincite. 

Finally, Table 8 shows the number of different 

elements composing the compact layer, which 

confirms the precipitation of calcite on the 

surface.  

As evidenced by SEM-EDS and EIS techniques, 

the synergistic precipitations of calcite and 

Stevensite clay fraction offer excellent protection 

against corrosion of brass. 

 

 

Figure 12. SEM micrograph (a) and EDS spectra (b) of brass surface in the presence of 0.76 g/L of pure calcite 

in 3% NaCl medium. 

 

Table 8. Composition of different elements composing the brass surface obtained from EDX Analyzer in the 

presence of 0.76 g/L of pure calcite in 3% NaCl medium. 

Elements            Mass %            Atom % Error % 

Carbon           15.44          23.46 0.79 

Oxygen            55.50          63.31 2.90 

Calcium            29.06          13.23 0.76 

Total            100          100  

 

4. Conclusion 
 

The corrosion behavior of the brass (Cu-36Zn) 

was investigated by electrochemical measurements 

in simulated seawater (3% NaCl) in the absence 

and presence of various concentrations of raw 

locally Rhassoul and at different temperatures. 

Thanks to the synergistic effect of calcite and the 

Stevensite clay fractions presented in this raw clay, 

this later exhibited a better inhibition efficiency 

using an optimum concentration of 1 g/L at 298°C. 

The release of Zinc ions in the electrolyte was 

inhibited by 61%, measured by atomic absorption 

technique. SEM-EDS techniques confirmed the 

precipitation of those components on the brass 

surface. A spontaneous and relatively strong bond 

 

 

Blank 1 g/L 

Raw clay 

1 g/L 

Na
+
-ST 

0.76 g/L 

Calcite 

        Rp (Ω.cm2) 1088 6030 3000                               4500 

        E’ (%) - 82.0 63.7                                   75.8 
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was occurred with the surface and thus prevents 

the growth of corrosion products. Separately, Na+-

ST did not show a significant inhibition (63.7%), 

while pure calcite behaves as main inhibitor 

presented in this raw clay, reaching 76%. 

Accordingly, Rhassoul should become a material 

of choice to protect brass against corrosion in the 

marine environment. 

In order to transfer this research paper to the 

industrial sector, a new electrochemical study for 

an appropriate treatment using mineral inhibitor 

and incorporation of this modified Stevensite               

Xy+-ST into a suitable paint system is carried out. 
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