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Abstract 

The inhibition efficiency of eugenol in controlling corrosion of titanium grade 

2 in saliva medium containing bacteria at different pH has been evaluated by 

electrochemical polarization methods, and electrochemical impedance 

spectroscopy. The electrochemical data show that the corrosion resistance is 

greatly enhanced after surface modification. The best protection is obtained 

with eugenol at pH 7. The Scanning electron microscopy analysis showed that 

theses inhibitors act by establishment of a thin film at the metal surface. The 

film, act as a barrier to the transport of the metal ions from the metal to the 

solution at high concentration of inhibitor acts by establishment of a thin film 

at the metal surface.  
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Introduction 

 

The deterioration of metal due to microbial activity is termed biocorrosion or 
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microbially influenced corrosion. Wing to its economic and environmental importance; 

microbially influenced corrosion has been the subject of extensive studies for the past five 

decades and several models have been proposed to explain mechanisms governing 

biocorrosion [1]. 

Bacteria are considered the primary colonizers of inanimate surface in saliva medium; 

the majority of microbially influenced corrosion investigations have addressed the impact of 

pure or mixed culture bacterial biofilms on corrosion behavior of iron; copper; aluminium and 

their alloys. The main types of bacteria associated with metals in terrestrial and aquatic 

habitats are sulfate-reducing bacteria and bacteria secreting organic acids and slime [2]. These 

organisms typically coexist in naturally occurring biofilms forming complex consortia on 

corroding metal surfaces [3-5]. 

An important method of protecting materials against deterioration from corrosion is by 

using inhibitors [6-8]. The corrosion inhibition of iron and its alloys by different inhibitors in 

acidic medium has been studied by several authors [9]. 

The objective of this study was to demonstrate the effect of eugenol on the titanium 

corrosion in artificial saliva at different pH. The result shows that eugenol is a better inhibitor 

of bacterial corrosion of the titanium G2 in the both medium at high concentration. 

 

 

Material and Method 

 

The used specimens were plants (1cm x 1cm x 1mm) placed in different medium, 

adaptable to the working electrode. The samples were mechanically cleaned with abrasive 

strips. The electrolyte reference used was Fusayama Meyer artificial saliva. The composition 

of this solution, which closely resembles natural saliva, is KCl (0.4 g/l), NaCl (0.4 g/l), CaCl2. 

2H2O (0.906 g/l), NaH2PO4 2H2O (0.690 g/l), Na2S 9H2O (0.005 g/l), and Urea (1 g/l). The 

pH was measured with an XC type glass electrode. The first test medium is the saliva at 

pH=7.03.The second medium used had the same contents as the first, but the pH was lowered 

by adding lactic acid. This acid was chosen in order to obtain conditions that were as close as 

possible to the clinical reality. The third medium was identical to the reference medium but 

was enriched with bacteria and the last medium was containing bacteria at pH 2 at different 

concentration of eugenol. 
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For electrochemical step, a glass electrochemical cell was used, with the thermostat set 

at 37 ± 0.1°C. The three electrodes system was used, with a saturated calomel electrode, 

platinum plat (1cm x 1cm) counter electrode and working electrode (specimens test) 

connected to a Volta lab 10 type computer controlled potentiostat. The electrochemical 

analysis involved, measuring of linear polarization resistance (Rp), potentiodynamic 

polarization and AC impedance in different media. The surfaces of the specimens were 

observed on scanning electron microscopy. 

The bacterial strain used in this study was Staphylococcus aureus ATCC 25923. The 

strain was cultured overnight at 37°C in Luria–Bertani agar containing the following (per liter 

of distilled water): 10 g of tryptone, 5 g of yeast extract 10 g of NaCl and 15 g of agar. Then, 

the bacterial cells were harvested by centrifugation for 15 min at 8400 x g and were washed 

twice with, and resuspended in saliva medium solution with. The concentration of bacterial 

suspensions was adjusted by measuring the initial DO at 405 nm (DOi = 0.7 to 0.8) which 

corresponds to 108 CFU/ ml. 

 

 

Results and Discussion  

 

Figure 1 and Figure 2 shows the cathodic and anodic polarisation curves of titanium 

grade 2 in saliva medium containing bacteria at different pH with and without addition of 

eugenol. 

Table 1 and table 2 gives the values of the associated electrochemical parameters. The 

corrosion inhibition efficiency (E%) was calculated by: 

E% = [(Icorr – I’corr) / Icorr] × 100 (1)

where Icorr and I’corr are the uninhibited and inhibited corrosion current densities, respectively, 

determined by extrapolation of the cathodic and anodic Tafel lines to corrosion potential 

(Ecorr).  

As can be seen from Figure 1, cathodic and anodic current-potential curves give rise to 

parallel Tafel lines indicating that the hydrogen evolution reaction is activation controlled and 

the addition of the inhibitors studied does not modify the mechanism of this process. The 

value of the corrosion potentials (Ecorr) is modified by the addition of eugenol compounds. 

The addition of the compounds studied decreases the current densities in a large domain of 
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anodic and cathodic potentials. This result indicates that eugenol compounds acts as anodic 

and cathodic inhibitors. The decrease in Icorr was pronounced with eugenol (Table 1).  
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Figure 1. Polarisation curves of titanium G 2 in saliva medium at pH=7 containing bacteria 

at with eugenol inhibitor at different concentrations, Intensity curve potential 
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Figure 2.Polarisation curves of titanium grade 2 in saliva medium at pH=2 containing 

bacteria at with eugenol inhibitor at different concentrations 

 

The electrochemical parameters determined from the polarization curves (Figure 1 and 

Figure 2) are given in Table 1 and Table 2. The corrosion current density of titanium grade 2 

increased with increasing of pH, from 53.30 µA/cm
2 

in reference medium containing bacteria, 

to 111.99AµA/cm
2 

in pH= 2 medium containing bacteria. The corrosion current density 

decreased with the increasing concentration of eugenol in the both medium, from 8.10µ 
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A/cm
2 

in reference medium containing bacteria and eugenol at concentration210-1M and to 

34.63 µ A /cm
2 

in concentration 210-1M of eugenol in pH 2 medium. The results showed that 

eugenol revealed a good corrosion inhibitor. The inhibition efficiency depended by the 

concentrations of eugenol and pH medium. 

 

Table 1. Summary of electrochemical parameters for titanium grade2 in medium saliva 

containing bacteria at different Concentration of eugeno 

Concentration of eugenol I corr  (µA/cm2) Rp (ohm cm2) E (i=0) mv E% 
0 M 53.30 1060 -1111.8  

10-1M 33.29 2170 -1278.7 37.54 
210-1M 8.10 6120 -1236 84.80 

 

Table 2. Summary of electrochemical parameters for titanium grade2 in medium saliva 

containing bacteria at different Concentration of eugenol 

Concentration of eugenol I corr (µA/cm2) Rp (ohm cm2) E (i=0) mv E% 
0M 111.99 111.99 -1493.5  

10-1M 74.05 988.41 -1336 33.87 
210-1M 34.63 2170 -1287.5 69.07 

 

An impedance spectroscopy study was performed in order to confirm the results 

obtained with polarization tests. 

 

EIS Measurements 

The corrosion behaviour of titanium grade 2, in saliva medium containing bacteria at 

different pH, in the absence and presence of inhibitors, was also investigated by EIS after 30 

minutes of immersion (Figure 3 and Figure 4). The locus of Nyquist plots is regarded as one 

part of semi circle. The same result as obtained with Kraljic in phosphoric acid and in saliva 

medium containing fluoride and eugenol [10-11].  

Figure 3 and Figure 4 show the impedance diagrams recorded for titanium grade 2 in 

different medium to examine the concentration of eugenol effect. In case bacteria medium at 

pH=2 and pH=7 the impedance curve is in the form of a half-circle which can be attributed to 

electron transfer step. The diameter of circle increased with increasing the concentration of 

eugenol in the both medium; the corrosion resistance measurement of dental alloys has been 

studied by several authors [12-13]. 
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Figure 3. Electrochemical impedance spectroscopy for titanium grade 2 in saliva medium at 

PH=7 containing bacteria at different concentration of eugenol 
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Figure 4. Electrochemical impedance spectroscopy for titanium grade 2 in saliva medium at 

PH=2 containing bacteria at different concentration of eugenol 

 

The SEM micrographs (Figure 5) of titanium grade 2 after electrochemical analyses 

confirmed the electrochemical results They show a general change in the surface of titanium 

in the both medium, in the much more aggressive bacteria-acidified saliva medium the metal 

is characterized by localized pitting and adhesion of bacteria on the surface. Adhesion of 

microorganisms to the medical devices and these problems are widely studied in several 

works [14-16]. Microbial activity within biofilm formed on surface of metallic materials can 

affect the kinetics of cathodic or anodic reactions [17] and can also considerably modify the 

chemistry of any protective layer leading to either acceleration of corrosion [18-19]. 
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However, the addition of eugenol in medium containing bacteria at pH 2 led the formation of 

film on the surface which increases the metal resistance and inhibits attached bacteria in the 

surface. 

  
Figure 5. SEM of titanium after test electrochemical a) medium containing bacteria at pH2, 

b) medium containing bacteria at pH2+eugenol 

 

 

Conclusions 

 

Behaviour of titanium in a solution containing bacteria at different pH and eugenol 

were studied electrochemical properties, surface analyses by SEM and pH. These results are 

summarized as following:  

• The corrosion resistance of titanium specimens solution containing bacteria at PH=7 

decreased in comparison with that in a solution containing bacteria at pH=2. Adding 

eugenol to the solution resulted in preventing the corrosion of the titanium from the 

bacteria.  

• The rate corrosion of titanium in medium saliva (pH 7) by adding eugenol was clearly 

lower than that in the solution containing bacteria at pH 7. 

• From these results, the effects of eugenol are not only the protection of titanium from 

bacteria attack but also the suppression of dissolution of titanium ions via formation of the 

eugenol films. These effects evidently suppress the corrosion of titanium by bacteria.  
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