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Abstract- The purpose of this study was to investigate the effect of Juglans regia extract 

concentration on the corrosion behavior of Ni-Cr dental alloy in artificial saliva (AS) using 

potentiodynamic polarization (PDP), Impedance spectroscopy (EIS) and their surfaces were 

analyzed by optical microscopy (OM). The presence of Juglans regia extract in artificial  

saliva had a significant influence on the corrosion rate, the icorr value increased and linear  

polarization resistance (LPR) decreased in artificial saliva (AS) medium, but in the presence of 

Juglans regia extract the corrosion resistance of this alloy improved. Impedance measurements 

confirm the anti-corrosion ability by adding the extracted plant and this is correlated to the 

enlargement of capacitive loops. The optical microscopic studies show the formation of a film 

on Ni-Cr dental alloy surface in the presence of the plant extract. 

Keywords- Ni-Cr dental alloy, Artificial saliva medium, Corrosion inhibition, Juglans regia 

extract, Electrochemical techniques, Optical microscopy  

 

1. INTRODUCTION  

Metallic Alloys play a vital role in repairing or replacing lost or damaged tooth structure. 

This is why dental alloys based on Ni, Cr, Co ... are widely used in the field of prosthetic 
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dentistry and are very useful because of their good mechanical properties, their high durability 

and their resistance to corrosion [1,2] and composition of the material and the environment.  

Corrosion is one of the major problems in the use of metals in dentistry, as this process 

leads to the destruction of materials in the oral medium [3]. 

However, over time, oral ecology will vary and may become more aggressive due to tooth 

eruption or extraction, pH variation induced by ingested foods, type of medications taken, ... 

therefore causing damage to dental materials eventually leading to the formation of corrosion 

products, thus causing local infections and pain with the host tissue the reaction [4]. 

Saliva is a hypotonic solution containing bioactonate, chloride, potassium, sodium,  

nitrogenous compounds and proteins [5]. In this environment, dental materials can be  

dissolved in water or saliva or they can release constituents by the diffusion processes, they 

can be eroded in the presence of acids, they can change color, or corrode [6]. Resistance and 

biocompatibility of some alloys in oral media are of fundamental importance, to avoid the 

formation of allergenic, toxic or even carcinogenic corrosion products [7,8]. One of the  

fundamental conditions of any metal used in the mouth is that they should not produce  

corrosion products that are harmful to the person. Corrosion, the graded degradation of  

materials by electrochemical attack, is of concern, particularly when orthodontic appliances are 

placed in the hostile electrolytic environment provided by the human mouth [9,10]. 

The study of behavior resistance to corrosion in the oral medium has been performed out 

by many researchers using various Biomaterials  such as;  the investigation of the effect of pH 

and corrosion inhibitors  with citric acid, sodium nitrate and benzotriazole on the tribocorrosion 

of titanium in artificial saliva [11]. The electrochemical corrosion of different dental alloys in 

saline was examined for different durations to assess the stability of the passive film and the 

growing of the corrosion characteristics over time [12]. The effects of toothpastes were 

evaluated on the different types of alloys used in the fixed prosthesis in artificial saliva, in order 

to detect the maximum amount of ions released due to the lower resistance to corrosion [13].  

The study of different three Ni-Cr based dental alloys in artificial saliva in the presence of 

that extract as an inhibitor by electrochemical measurements has established that the corrosion 

resistance of these alloys diminishes with the concentration of this extract [14].  

Other authors have analyzed several non-precious alloys in order to compare their 

resistance capacity in the oral environment [15]. The effect of the addition of eugenol plant 

extract in artificial saliva in the presence of titanium as the materials used was verified by the  

calculation of the inhibition efficiency which affirm that this plant is a good inhibitor and that  

prevents the process of corrosion to not take place [16], Zienowicz et al. investigated the  

corrosion behavior resistance of two different types of Nickel-Titanium-based wires in an 

artificial oral environment [17]. 

Ni-Cr alloys are widely used in dentistry owing to the many advantages they contain 

(mechanical properties, durability, ...). They are most often used to evaluate the corrosion 
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behavior, they also allow to assimilate their use and their biocompatibility. This latter is related 

to the formation of the oxide film in spontaneously way on the alloy surface, consisting of a 

combination of chromium and nickel oxides [18]. 

The Juglans that belongs to the family Juglandaceae, comprises several species and is 

widely dispersed throughout the world. Cultivation of walnuts (Juglans regia) began c.a. 4000 

yr B.P within the ancient Greek empire. It was traditionally cultivated for its important wood 

and fruits. Juglans regia is used in the pharmaceutical and cosmetic industry [19,20]. Juglans 

regia L. bark is used in some countries as a toothbrush and as a colored for lips as a makeup 

[21]. Several studies have shown that walnut bark has an anti-inflammatory, anticancer, blood 

purify, diuretic, and laxative activities. It has also an antibacterial, antifungal, and antioxidant 

activities [22, 23]. On the other hand, Juglans regia extract was described as an efficient  

eco-friendly corrosion inhibitor in 1 M HCl for aluminium and stainless steel, the inhibition 

efficiency was explained by the antioxidant effect of Juglans regia extract [24]. 

Walnuts contain a diverse mixture of nutrients and many therapeutically active components 

of importance for human health, including the highest known levels of phenolic antioxidants 

(phenolic acids, flavonoids, tannins, …) [25]. There are numerous ways to reduce corrosion, 

altering the environment using addition natural or synthetic products [26,27]. A great number 

of scientific studies have been devoted to the subject of corrosion prevention for dental alloy 

in artificial saliva [19-21,28,29]. Plant extracts have become important as an environmentally 

acceptable, readily available and renewable source of materials for wide range of corrosion 

prevention; therefore, it has become of great importance to find natural substances in order to 

avoid and prevent the destruction of materials [23,24]. 

The objective of this investigation was to evaluate the corrosion behavior of Ni-Cr dental  

alloy in artificial saliva, without and with the addition of Juglans Reggie extract, using a  

electrochemical measurements such as Tafel polarization and electrochemical impedance 

spectroscopy (EIS) at a constant temperature of 37 °C. Optical microscopy technique was also 

used. 

 

2. EXPERIMENTAL STUDY 

2.1. Materials and solutions used 

A Ni-Cr dental alloy (Kera NC alloys) was used in this study and its chemical composition 

is: 66% Ni, 22.5% Cr, 9% Mo, 0.9% Si and 0.9% Fe. The sample is cylindrical, with an exposed 

area of cm2. The electrode of the alloy was mechanically polished with an abrasive paper up to 

1500 grains, then rinsed with distilled water. Then it was dipped in the test solution of artificial 

saliva for electrochemical measurements. 
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2.2. Solution preparation  

The Fusayama’s artificial solution (AS) was used as an electrolyte, consisting of NaCl (400 

mg/L), KCl (400 mg/L), CaCl2.H2O (795 mg/L), NaH2PO4.H2O (690 mg/L),  

NaS.9H2O (5 mg/L), and urea (1000 mg/L). This solution was prepared daily by adding these 

chemicals to distilled water. The pH is measured for both tested solutions of saliva; 4.7 is 

reference saliva, and in the case where Juglans regia extract has been added the PH has become 

4.2. The temperature of the artificial saliva solution was maintained at 37 °C. 

 

2.3. Preparation of Juglans regia extract  

Juglans regia (stem bark) was collected from Taroudant, Morocco. Barks were dried at 

room temperature and crushed in a grinder. The plant extract was obtained by soxhlet extraction 

of 98.13 g of bark for 8 h in about (700) mL of ethanol. The extract was concentrated to dryness 

and the residue was kept at 4-5 °C. The yield obtained is of the order of 26.3%. This extract 

was used to study its corrosion effect properties on the Ni-Cr dental alloy. The concentration 

range of Juglans regia extract employed was varied from 1000 ppm to 2000 ppm and the  

volume of electrolyte used was 50 mL for each experiment. 

 

2.4. Corrosion monitoring 

All the electrochemical experiments were performed out using a computer controlled 

VoltaLab Potentiostat (PGZ 301) electrochemical. A three-electrode glass cell was used for the 

potentiostatic polarization measurements. (MSE) and a platinum electrode was used as 

reference and counter electrodes, respectively. Ni-Cr sample was used as working electrode in 

all the work that follows, the potentials were referenced with respect to the reference  

electrode. The working electrode was dipped in artificial saliva for 1 h in order to establish its 

equilibrium state Eocp. Once this latter is measured, electrochemical tests were performed  

at 37 °C. 

The electrochemical behavior of our sample with and without Juglans regia extract solution 

was studied by recording anodic and cathodic potentiodynamic polarization curves.  

Measurements were performed in the Fusayama’s artificial saliva solution containing  

different concentrations of the plant extract by changing the electrode potential automatically 

from -1200 to +600 mV vs Hg/Hg2SO4 at a scan rate of 1 mV/s. The linear Tafel segments of 

anodic and cathodic curves were extrapolated to the corrosion potential to obtain corrosion  

current densities (icorr). 

The electrochemical measurements of Ni-Cr Alloys sample in inhibiting and uninhibited 

medium was investigated by potentiodynamic polarization (PDP) and electrochemical 

impedance spectroscopy (EIS). Those Measurements were carried out in the Fusayama’s 

artificial saliva solution containing different concentrations of the Juglans regia extract. The 
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(PDP) was recorded in the potential window  -1200 to +600 mV at a scan rate of 1 mV/s. The 

(EIS) experiments were conducted in the frequency range from 100 kHz to 100 mHz at open 

circuit potential, with 10 points per decade. Experimental results of the (EIS) measurements, 

including Nyquist and Bode, were analyzed after 1 h immersion in solution at a peak-to-peak 

voltage of 10 mV AC. These corrosion tests were repeated three times to ensure reproducibility. 

 

2.5. Morphology of the alloy surface 

The Visualization of microstructures of materials was shown out using the optical 

microscope (type of optical microscope DFC 295). The achievement of the micrograph is done 

by computer with appropriate software. The surface of Ni-Cr dental alloy was examined by 

optical microscopy (OM), before and after immersion in Fusayama’s artificial saliva in the 

absence and in presence of the optimum concentration of the investigated Juglans regia extract 

at 37 °C, for 3 days immersion time. The specimen was washed gently with distilled water, 

then dried carefully and examined without any further treatments. 

 

3. RESULTS AND DISCUSSION 

3.1. Potentiodynamic polarization plots 

Figure 1 presents the representative potentiodynamic plots of the Ni-Cr dental alloy in the 

Fusayama’s artificial saliva with the addition of a variety of concentrations of the Juglans regia 

extract on a potential domain of -1200 to +600 mV. 
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Fig. 1. Polarization plots of Ni-Cr dental alloy in (AS) at 37 °C with and without the addition 

of Juglans regia extract 

 

It can be seen that all the potentiodynamic curves (PDP) exhibited a similar curve shape; 

the polarization plot can be splitted into four potential domains. The first one is the cathodic  

domain where the potentials are under –1200 mV and the current represent the reduction of 

water and, moderately of dissolved oxygen. The second potential domain is from –1200 mV to 
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–500 mV, characterized by the passage from cathodic to anodic current at the corrosion  

potential. The third domain since –500 mV up to 300 mV corresponds to the development of 

some protective film on the alloy surface’s. The last domain is the trans passivation,  

characterized by the rise in current due to the dissolution of the passive film composed by 

chromium oxide. 

The corrosion parameters established from the (PDP) were calculated. The values of  

cathodic Tafel (βc) and anodic Tafel (βa) slopes, corrosion current density icorr and linear  

polarization resistance LPR are given in Table 1. 

 

Table 1. Electrochemical parameters of Ni-Cr dental alloy in artificial saliva media at 37 °C 

with and without addition of Juglans regia extract 

 

Medium icorr 

(µA/cm2) 

-Ecorr 

(mVMSE) 

βa 

(mV dec-1) 

-βc 

(mV dec-1) 

LPR 

(Ω cm2) 

(AS) 1.481 722.0 182.1 572.0 4.06×104 

(AS) + Juglans regia 

extract 1000 ppm 

0.955 592.9 150.3 301.1 4.78×104 

(AS) + Juglans regia 

extract 1500 ppm 

0.701 541.1 119.4 250.2 5.11×104 

(AS) + Juglans regia 

extract 2000 ppm 

1.027 663.0 196.0 280.6 4.80×104 

 

The corrosion potential of Ni-Cr alloy dipped in artificial Saliva (AS) is stabilized at -722 

mV vs Hg/Hg2SO4. When 1000 ppm of Juglans regia extract is examined the corrosion 

potential has increased to -592 mV vs. Hg/Hg2SO4. This result revealed that the corrosion 

potential has moved to the anodic domain. Similarly, when 1500 ppm of Juglans regia extract 

is tested, the corrosion potential is changed from -592 to -541 mV vs Hg/Hg2SO4. While, this 

indicates that the type of protection or the inhibition mechanism of the extract is predominantly 

anodic. When adding 2000 ppm of the plant extract, the Ecorr became -663 mV vs Hg/Hg2SO4. 

Although, the 1000 ppm concentration of the plant tested, shifted the linear polarization  

resistance LPR value from 4.06×104 to 4.78×104 Ω cm2. This indicates that when Ni-Cr dental 

alloy is tested in Artificial Saliva containing 1000 ppm of Juglans regia 

extract, the corrosion ability of Ni-Cr dental alloy decreases. When 1500 ppm of Juglans regia 

extract is added, the LPR value increased from 4.78×104 to 5.11×104 Ω cm2. That is to say, that 

Ni-Cr dental alloy corrosion resistance increases more at the optimum concentration of Juglans 

regia extract. When 2000 ppm of the Juglans regia extract is added, the LPR  

decreased at higher concentration. 
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This is sustained by the fact that when 1000 ppm of Juglans regia extract is added to  

Artificial Saliva, corrosion current shifted down from 1.48 µA cm-2 to 0.92 µA cm-2. When 

1500 ppm of Juglans regia extract is added, the corrosion current decreases from 0.92 µA cm2 

to 0.701 µA cm-2. In contrast, the corrosion resistance of Ni-Cr dental alloy in presence of 2000 

ppm of Juglans regia in artificial saliva slightly increases from 0.701 to 1.027 µA cm-2. 

Thus, polarization study reveals that when Ni-Cr dental alloy is immersed in artificial saliva 

with the addition of 1000 and 1500 ppm of Juglans regia extract its corrosion ability decreases. 

Conversely, the Ni-Cr dental alloy corrosion resistance exhibits a slight decrease in artificial 

saliva with the addition 2000 ppm of Juglans regia extract. 

 

3.2. Electrochemical Impedance Spectroscopy (EIS) 

The (EIS) measurements are one of the important analysis technique used for the 

examination of electrochemical behavior of passive films for different metals and alloys 

studied in different corrosive mediums [25, 30-32]. The metallic dissolution of the Ni-Cr dental 

alloy was studied in Artificial Saliva at 37 °C. 

The AC impedance curves of dental alloy specimens immersed in artificial saliva with and 

surtout the addition of the plant extract are shown in Figure 2 (Nyquist plots) and Figure 4a 

(Bode plots). The AC impedance parameters extracted from Nyquist plots: 

Polarization resistance Rp and double layer capacitance Cdl, are given in Table 2. Also, the 

impedance Log (Z/ohm) values obtained from Bode plots are also mentioned in Table 2. 

It can be seen from Figure 2 that plots obtained for the Ni-Cr dental alloy at different  

concentration of Juglans regia extract had a similar shape. The experimental results obtained 

from the EIS have been adjusted using an equivalent circuit model presented in Figure 3. 
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Fig. 2. Nyquist plots (EIS) of Ni-Cr dental alloy immersed in the absence and presence of  

three concentrations of Juglans regia extract at 37 °C 
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Fig. 3. Simple (EEC) for fitting the impedance parameters, where Rs: solution  

resistance, Rp: polarization resistance, and CPE: constant phase angle element 

 

   

                                       (a)                                                                  (b)   

Fig. 4. a) Bode plots of Ni-Cr dental alloy immersed in various test solutions containing plant 

extract: Blank (AS), 1000 ppm, 1500 ppm and 2000 ppm; b) Phase angle plot for Ni-Cr dental 

alloy in AS without and with three solutions of Juglans regia extract 

 

The Nyquist plots of the Ni-Cr dental alloy with and without different concentration of 

Juglans regia extract exhibited an incomplete semicircle and high impedance values,  

indicating a capacitive behavior and the formation of a passive film [33-35]. In this case, the 

Juglans regia extract concentration expanded the diameter of the semicircles therefore, the 

increase in the polarization resistance is observed. The EIS plots have a perfect passive state 

format characterized by high polarization resistance values and phase angles close to 90º,  

suggesting the formation of a stable film on the electrode superficies [36, 37]. To better know 

about the controlled corrosion phenomenon, Fig. 3 gives the electrical equivalent circuit (EEC) 

for impedance curves in our investigate.  

However, concerning the phase diagram (Fig. 4b) we note that the corrosion process 

occurred at the electrode surface has one time constant caused by the detente of the electrical 

double layer capacitor, developed at the interface between the alloy surface and the (AS)  

electrolyte, which can be characterized by Rp and CPE [38-40].  

AC impedance spectra have been used to confirm the formation of protective film on the  

metal surface [37,41]. The formation of a protective film on the metal surface, can be proved 

by the increases of the polarization resistance Rp, decreases of the double layer  

capacitance value Cdl and the rise of the impedance Log (Z/ohm) value [42]. 
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Table 2. Electrochemical parameters of Ni-Cr dental alloy in AS solution without and with 

Juglans regia extract 

 

Medium Rs 

(Ωcm2) 

Rp 

(kΩcm2) 

Cdl 

(µF/cm2) 

Log 

 (Z/Ω cm2) 

(AS) 83.8 30.7 20.2 4.78 

(AS) + Juglans regia extract 1000 ppm 80.6 102.3 15.4 4.9 

(AS) + Juglans regia extract 1500 ppm 73.2 139.9 2.86 5 

(AS)+ Juglans regia extract 2000 ppm 60.70 75.9 19.5 4.8 

 

When Ni-Cr dental material is immersed in (AS) without the addition of plant extract, the 

polarization resistance Rp is 30.7 kΩ cm2. The double layer capacitance value is 20.2 µF/cm2 

(Figure 2). The logarithmic impedance Log (Z/Ω) value is 4.78 (Figure 4a). The phase angle 

approaches 75° (Figure 4b). When Ni-Cr dental alloy is immersed in AS containing 1000 ppm 

Juglans regia extract, the polarization resistance Rp increases from 30.7 to 102.3 kΩ cm2. The 

Cdl value diminishes since 20.2 to 15.4 µF/cm2. The Logarithm of impedance Log (Z/Ω)  

augmented from 4.78 to 4.9 value. Bode plots shown on the Figure 3a, that the slope value is 

0.75. So a very stable layer is formed on the Ni-Cr dental alloy surface [43]. The phase angle 

approaches to 76°. Accordingly the resistance to corrosion is enhanced [44-46]. 

When 1500 ppm of Juglans regia extract is added, the Rp value increases from 30.7  

(in absence of plant extract) to 139.1 kΩ cm2. The Cdl value decreases from 20.2 to  

2.86 µF/cm2. The impedance Log (Z/Ω) value rises from 4.78 to 5. This observation  

demonstrated that in the presence of Juglans regia extract in artificial saliva (AS), the  

corrosion dissolution of Ni-Cr dental alloy was declined, owing to the construction of a  

passive layer on the alloy surface. These results demonstrate an augmentation of Rp and a  

reduction of the capacitance Cdl as they are correlated to each other [37]. The value of the phase 

angle is 78°. Thus, the increasing of Juglans regia extract concentrations results in a rise in the 

maximum phase angle which prove the anti-corrosive action of Juglans regia  

extract on Ni-Cr dental alloy in the study medium.  

Also, it can be concluded from this study that the addition of 2000 ppm Juglans regia 

extract concentration, the corrosion resistance decreases and becomes worse. According to the 

EIS data, which show that the polarization resistance decreases and the capacity of the double 

layer increases upon adding 2000 ppm of extract, it can be concluded that beyond 1500 ppm, 

the extract has no protective effect on the surface of the alloy. 
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3.3. Optical microscopy measurements (OM) 

The surface morphology of Ni-Cr dental alloy was shown by (OM) after 72 h immersion in 

(AS) without and with the presence of the Juglans regia plant extract. Figure 5 (a) gives the 

image obtained of the polished dental alloy without being immersed in (AS) medium,  

whereas, Figure 5 (b) presents a strongly damaged dental alloy surface caused by the  

formation of corrosion products after being exposed to (AS) medium. In contrast, the (OM) 

images of Ni-Cr dental alloy surface after immersion in (AS) with 1500 ppm of Juglans regia 

extract (Figure 5 (c)) show that the Ni-Cr dental alloy surface was barely corroded. On top of 

that, no attack is observed on the dental alloy surface, after addition of the extract, the  

formation of a protective layer on the dental alloy surface was formed, which was not present 

in Figure 3b. The result was a reinforcement of the dental alloy area coverage such that the  

exposure between the Ni-Cr dental alloy and the aggressive electrolyte were reduced. As a 

result, a good protective passive layer was formed which can reasonably prevent the corrosion 

of Ni-Cr dental alloy. 

 

 

 

Fig. 5. OM (x100) of Ni-Cr dental alloy (a) before immersion; (b) after 72 h of immersion in 

(AS); (c) after 72 h of immersion in (AS) +1500 ppm of Juglans regia extract at 37 °C 

 

4. CONCLUSION 

The experimental measurement studied here demonstrates that the addition of Juglans regia 

extract to artificial saliva (AS) reduces the corrosion rate of Ni-Cr dental alloy. This plant  

extract behavior is enhanced at a concentration of 1500 ppm. The presence of Juglans regia 

extract in artificial saliva (AS) medium resulted in improved corrosion resistance of the Ni-Cr 

alloy surface. The addition of 1500 ppm of Juglans regia extract increases the resistance of 

polarization, decreases the double-layer capacitance and augments the impedance value, 

awarding to the impedance experiment at open circuit potential. These results indicate the 

presence of a protective layer on the alloy surface whose stability is enhanced and that  

reduces the corrosion process with the augmentation in plant extract concentration from 1000 

to 1500 ppm. Surface morphology studied by optical microscopy has shown that the addition 
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of the optimal concentration of Juglans regia extract (1500 ppm) contributed to protect the 

dental alloy from corrosion. While the surface is uniformly covered with an apparently thin 

product layer, this is caused by the formation of a protective film. 
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