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Abstract 

 
      Several inhibitors synthesized in the laboratory allowed to significantly reduce the corrosion of 
amalgam and alloys in artificial saliva. However, their high toxicity and their impact on the 

environment have encouraged the useof extract of plants as a new generation of inhibitors like the 
Jasminium sambac extract, which are characterized by a high inhibitory efficiency of metal alloys 
and amalgam in salivary environment and secondly by their ecological effects, respect to the 

standards of health and environment. 
      The aim of this paper is to study the effect of the extract of Jasminum sambac on the corrosion 
of dental amalgam in saliva medium, we studied the behavior of this amalgam in the presence and 
absence of the extract. The electrochemical study based on the layout of the current -potential 

curves has allowed us to determine the inhibition efficiency of the extract of Jasminum sambac. The 
gravimetric method was used, after immersion of the amalgam in the medium for one week, the 
corrosion rate was calculated. The weight loss measurement shows that the maximum efficiency of 

100% is obtained at a concentration of 0.33 g/ L. 
      The results obtained by gravimetric measurement were confirmed by analysis of the surface by 
scanning electron microscopy, which showed the absence of attack signs on the surface in the 

presence of extract and adsorption of the inhibitor on the surface of amalgam.  
Experimental article (J Int Dent Med Res 2017; 10(2): pp. 222-232)          
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 Introduction 

 
 Dental amalgam appeared for the first 
time in China in the fourth century BC, which is 

composed of a silver, tin and mercury paste. 
Taveau in 1826 introduced the silver paste that 
composed form silver and mercury. This 

prepared cold amalgam was made from filings 
obtained by machining coins1. In 1833, in the 
United States, the "royal metal" was distributed 
by "Grawcour" society, which was derivate from 

Taveau formula. There were many mercurial 
poisoning. 

In 1845, the “peace amalgam " Charter is 

signed in the United States by the members 
American Society of Dental Surgeons, prohibiting 

the use of many materials and excluding all 

dentists who use it. In 1855, Townsend1 added 
tin in the formula powder. At the same year, 
flagg1 added copper which improves 

considerably mechanical properties. In 1895, 
Black1 highlights the Dimensional variations in 
the material. In 1896, he published the physical 

properties of a powder for amalgam of precise 
formulation2: Ag: 68%, Sn 26%, Cu: 5%, Zn: 1% 
(percentages weight).  

An amalgam is an alloy of mercury with 

one, or more metals1,3  
Dental amalgam corrosion and its wearing 

resistance is a problem that has taken a lot of 

attention in recent years due to increased 
concerns about the toxicity resulting from oral 
cavity’s corrosion inhibitory and amalgam 
particles products. In addition to the previous 

statement, raising concerns about the release of 
mercury and its vapor4–7 as well as the negative 
impacts of mercury in terms of antioxidation8 and 

neurotoxicology9. 
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The rate of corrosion can be affected by a 
many factors, like the temperature and acidity of 
the contacts medium10,11,12. Both of these 

parameters can undergo great variations quickly 
in the oral cavity, taking into consideration the 
effectiveness of the amalgam13,14.  This is why it 

is beneficial to have a full understanding of the 
electrochemical and the corrosion properties of 
the amalgam in order to avoid its corrosion, and 
to have a full integration so that no mercury 

vapor is released. 
Particle shape (which can be spherical or 

irregular) and the chemical composition of the 

powder influences the nature of the compounds 
formed, which are mainly phases of Sn–Hg, Ag–
Hg systems andAg–Cu and Ag–Sn phases 

remaining from the reactants. 
 For the currently used, high copper 
amalgams, the main reaction is15: 
 

 γ -Ag3Sn +Ag–Cu + Hg                   γ1-Ag2Hg3+ γ 
2-Sn7Hg + γ -Ag3Sn +Ag–Cu.   
(1) 
 

The Sn–Hg phase, which has a relatively 
low corrosion resistance, then undergoes further 

reaction, according to 
 

γ2-Sn7Hg + Ag–Cu            ή-Cu6Sn5 + γ 1-Ag2Hg3     

(2) 
 

New produced microphases, in the 

reactions above, as well as the remains of the 
powder alloy particles, are responsible for the 
formation of complex dental amalgam 

microstructure within the γ 1-Ag2Hg3 matrix 
phase, as exemplified by Dispersalloy16. 
Individual phases have been recently fabricated 

metallurgically following standard 
recommendations and further investigated using 
electrochemical and surface analysis techniques 
in 0.9% sodium chloride solution, in order to 

better understand the role of the various 
phases15. 

The immersion time was varied and the 

influence of applied potential investigated by 
electrochemical impedance and electrochemical 
noise techniques. 

These studies showed clearly that some 

of the phases undergo corrosion more easily 
than others and that in 0.9% sodium chloride the 
γ 1-Ag2Hg3 phase is clearly the most affected. 

Comparison has been made with the corrosion 
behavior of dental amalgams16,17,18.  

Previous investigations have reported the 
differences between corrosion rates of different 
amalgams using open circuit potential 

measurements, polarization curves and cyclic 
voltammetry19–21. The variations of the rate of 
corrosion due to the bathing solution effect has 

been vigorously studied with the rare exception 
of body fluids22 , has only recently begun to be 
studied23,24. 

A great deal of possible solution have 

been used to simulate body fluids in the 
previously stated studies, particularly those 
similar to saliva and to physiological serum. This 

variety has been recognized and compiled25,26, 
but it does make comparisons between results in 
the literature in different bathing solutions difficult. 

In this study was to use a solution similar to the 
saliva. 

The purpose of the present study is 
mainly to assess the influence of the extract of 

jasminum sambac on the corrosion resistance of 
the dental amalgam alloys.  
   

Materials and methods 
 

1.1. Material studied 

1.2. Processing of the oil fraction of Jasminum 
sambac (flowers) 

The volatile oil of this plant was obtained 
from fresh plant flowers by solvent extraction 

method using petroleum ether (60-80 C°) as non-
polar solvent. Flowers were macerated in 
petroleum ether and then allowed to room 

temperature during three days. Then Filtration of 
the mixture, the product concerted. 

The composition of the amalgam  

The composition of the (Ag–Cu-Zn) dental 
alloys studied are shown in table 1. These alloys 
were used as test materials in this study. The 
material was cut in the form of a cylinder of 

diameter 7 and 15 mm length, and then 
embedded with epoxy resin leaving a working 
area of 0.38 cm². Abrasive paper of different 

grades (400-1000-1500) was used to 
mechanically polish the working electrodes, and 
then they were washed in distilled water and 
dried with ethanol before corrosion test 

 The artificial saliva used, well known in 
the field of dental research; it is characterized by 
a similar human saliva, mainly as to the ionic 

composition. The artificial saliva consists of an 
aqueous solution with the composition reported 
in Table 2. pH of prepared artificial saliva was 
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about 8.4. Artificial saliva were prepared with 
ultrapure water pro-analysis. 
2.2. Measurements  

2.2.1. Weight loss measurements 

The amalgam were abraded with different 
grades of emery papers, washed with distilled 

water, degreased with ethanol, dried and kept in 
a desiccator. After weighing accurately by a 
digital balance with high sensitivity the 
specimens were immersed in solution containing 

artificial saliva solution with and without the 
inhibitor. At the end of the tests, the specimens 
were taken out, washed carefully in ethanol 

under ultrasound until the corrosion products on 
the surface of the amalgam specimens were 
removed thoroughly, and then dried, weighed 

accurately.  
The experiments were performed in 

duplicate in each case and the mean value of the 
weight loss is reported. Weight loss allowed 

calculation of the mean corrosion rate in mg cm-2 
h-1 27. 
2.2.2. Electrochemical measurements  

Electrochemical measurements  

The electrochemical measurements were 
carried out at room temperature, a potentiostat 

(PGZ 301 France radiometer analytical S.A.S) 
was used to perform the electrochemical 
measurements.  

A saturated calomel electrode (SCE) was 

used as reference electrode, platinum was used 
as counter-electrode and amalgam samples as 
working electrode, controlled by a personal 

computer with dedicated software (Volta Master 
4). The working electrode was immersed in test 
solution for 60 minutes to a establish steady state 

open circuit potential (Eocp). After measuring the 
Eocp, the electrochemical measurements were 
performed. 

The polarization curves were plotted in 

the potential range of -1000 mV/SCE to +1000 
mV/SCE at scanning rate of 0.5 mV/s 28 . 

The Corrosion parameters, including 

corrosion potential (Ecorr), corrosion current 
density (Icorr).The corrosion potential values are 
given in mV/ SCE, Corrosion current density 
values are given in μA cmˉ².  

The experiments were performed two 
times for each amalgam dental alloys in each test 
solution. The Ecorr, Icorr, and values are the 

mean of two experiments with a maximum error 
of 10-15%. 
  

Surface analysis  

The alloy, of amalgam was observed 
using scanning electron microscopy (SEM) 

(Philips, Quanta 200 X. TM-© Fei Company).The 
samples were subjected to immersion for 7days 
in two different media: Fusayama-Meyer artificial 

saliva. 
 
Results 

 
3.1. Polarization curves 
 

Figure 1 shows Tafel polarization curves of 

amalgam in artificial saliva in the absence and 
presence of inhibitor.  
 

 
Figure 1. Polarisation curves of amalgam in 
artificial saliva without and with addition of 

inhibitor. 
 

The associated corrosion parameters 

such as Ecorr and corrosion current density 
(Icorr) are listed in Table 3. In this case, the 
inhibition efficiency is defined as follows: 
 

 

 
 (1) 

 
Where Icorr and Icorr(inh) are the corrosion 

current densities for amalgam electrode in the 
uninhibited and inhibited solutions, respectively.  
It is clear that the addition of Inhibitor causes a 

decrease in the corrosion rate, i.e. shifts the 
cathodic and anodic curves to lower values of 
current densities. Namely, both cathodic and 

anodic reactions of amalgam electrode corrosion 
are inhibited by the inhibitor in salivary medium. 
This may be attributed to adsorption of inhibitor 
over the corroded surface of amalgam29.30.31.  

It follows from the data of Table 3 that the 
corrosion current, Icorr decreases. The decrease 

http://www.ektodermaldisplazi.com/dergi.htm
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in the corrosion current density was observed in 
presence of the inhibitor, corresponding to an 
efficiency of 42.6%(cath) and 40%(anod) at 

concentration 0.33g/l. Examination of these 
results shows that the addition of the inhibitor has 
a beneficial effect. 

We followed the evolution of the natural 
corrosion potential versus time of immersion of 
dental amalgam in artificial saliva medium 
(Figure 2). The inhibitor used is extract of 

jasmine in petroleum ether (60-80 C°) at a 
concentration of 0.33 g / L. 

 

 
Figure 2. Evolution of potential natural corrosion 

of amalgam in saliva medium with and without 
inhibitor over time of immersion. 

 
In the absence of inhibitor, the potential 

becomes increasingly less noble and tends 
towards values that are more negative. Note that 
the plateau is approximately the height of the 

corrosion potential of the amalgam raised on IE 
curves. 

In presence of inhibitor, the potential tends 
towards values that more positive, which shows 

the formation of a corrosion product layer on the 
surface. 
1.3. gravimetric study of amalgam 

The samples were immersed in free potential 
in synthetic saliva for 154 hours. The results of 
the gravimetric study of amalgam in the absence 

and presence of the inhibitor are shown in Table 
4. 

The corrosion rate of amalgam specimens 
after exposure to artificial saliva solution with and 

without the addition of inhibitor was calculated in 
mg cm-2 h-1 and the data obtained are given in 
Table 4. The corrosion rate, ρWL (mg cm-2 h-1), 

IEWL of each concentration were calculated using 
the following equations. 

 

 

 
(2) 
 

 

 

 
(3) 

 
Discussion 

 
Where w1 is the weight of the specimen 

before corrosion, w2 is the weight of the 
specimen after corrosion (mg), A is the surface 

area of the specimen (cm2) and t∞ is the final 
immersion time (h), ρWL and ρ°WL are the 
corrosion rates in the absence and presence of 

inhibitor. The corrosion rate values (in g m-2 h-1).  
In the absence of inhibitor, we observe a steady 
weight loss over time. This loss is less important 

as the immersion time increases. In the presence 
of inhibitor, the corrosion rate is zero and efficacy 
is 100% for an immersion time of 7 days.  

This no variation in mass in the presence 

of inhibitor may be due to the formation of a 
product corrosion layer on surface that can 
compensate for the loss of mass due to the 

corrosion of the material.  
Table 4 indicates that the IEWL% values 

obtained from the weight loss measurements 

were higher than those obtained based on other 
techniques. This indicates that the adsorption of 
inhibitor is not strongly dependent on the 
potential. On the other hand, the high IEWL% 

values found indicate a strong adsorption favored 
by the long duration of the experiments. 
Therefore, the weight loss experiments confirmed 

the electrochemical results regarding the 
adsorption of this compound on the amalgam 
surface forming a protective film barrier.  

Surface analysis  

The scanning electron microscopy of the 
immersed amalgam in artificial saliva for 7 days 
were studied. In artificial saliva, the micrographs 

have shown that pitting corrosion on the surface 
of amalgam (Fig. 3), while for artificial saliva (Fig. 
4) there is a change in color of the alloy surface, 

which may be due to immersion for long time. 
Observation under a scanning electron 

microscope of the surface of the amalgam before 
immersion showed the presence of three regions 

(Figure 3). The EDS analysis shows the 
composition of each phase (Table 5 and 6). 

http://www.ektodermaldisplazi.com/dergi.htm
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Figure 3. The scanning electron microscopy of 
amalgam before immersion. 
 

Zones 1 and 2 are rich in Ag, compared to 
zone 3, which is less rich in Ag and contains a 
higher amount of Sn and Cu. There is a certain 

inhomogeneity composition in surface. 
After immersion in synthetic saliva, we 

always distinguish two zones (Figure 5). The 

observations show the presence of islets covered 
with a layer of corrosion product (Figure 5). 

 

 

 
Figure 4. Spectra EDS of the surface of the 

amalgam before immersion. 

http://www.ektodermaldisplazi.com/dergi.htm
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Figure 5. The scanning electron microscopy of 
amalgam after 7 days immersion in the 
syntheticsaliva without inhibitor. 

 

 
Figure 6. Spectra EDS of amalgam after 7 days 
of immersion in artificial saliva without inhibitor. 
 

We distinguish two phases (gray light). The 
grayish grains are rich in silver and mercury, 
higher than the obtained on clear grains that are 

rich in tin and can be associated with the 
formation of SnO2. 

http://www.ektodermaldisplazi.com/dergi.htm
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Figure 7. Micrographs SEM of the amalgam after 
7 days immersion in the artificial saliva with the 
inhibitor. 

 

 
Figure 8. Spectra EDS of amalgam after 7 days 

of immersion in artificial saliva with the inhibitor. 

http://www.ektodermaldisplazi.com/dergi.htm
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In the presence of inhibitor, the studied 
amalgam has two areas where the distribution of 
the composition is as follows: Zone 1 rich in 

mercury and tin (Table 10) clear zone and very 

low in Ag. Zone 2 is grayish area; it is rich in 
mercury and silver (Table 11). We note the 
absence of tin. 

 
 

 

Pure metals silver Copper Tin 

Amalgam Ag69-Cu12.5-Sn18.5 + mercury 

materials 
silver 

(Ag) 

copper 

(Cu) 

tin 

(Sn) 
Ag69-Cu12.5-Sn18.5 Mercury(Hg) 

Composition % 69 12.5 18.5 50 50 

Table 1. Mass composition of metals and amalgam. 
 

 
Nature of the added 
element 

KCl NaHCO3 

The quantity in (g / L) 1.12 1.24 

The ionic composition K+ Cl- Na+ HCO3
- 

 Table 2. Composition of artificial saliva. 
 
 

IE%=42.6% IE%=40% 

Ecor (mV/ECS) Icor(μA/cm²) (Cath) Icor(μA/cm²) (Anod) 

Sans -313 35.9 25 

Avec -397 20.6 15 

Table 3. Electrochemical parameters of the amalgam in salivary medium with and without inhibitor.  
 
 

sample 
Surfac
e 
in cm2 

mass of the sample after each day immersion (g) 

P0 
in 
0h 

P1 
in 
22h 

P2 
in 
44h 

P3 
in 
66h 

P4 
in 
68h 

P5 
in 
110h 

P6 
in 
132h 

P7 
in 
154 

without inh 1.95 1.4169 1.4166 1.4164 1.4161 
1.415
9 

1.4158 1.4157 1.4156 

with inh 2.2 2.6285 2.6285 2.6285 2.6285 
2.628

5 
2.6285 2.6285 2.6285 

Rate in 
(mg cm-2 h-1) 

*10-4 

without 
Inh 

------ 0.699 0.582 0.621 0.582 0.512 0.466 0.433 

with 

inh 
----- 0 0 0 0 0 0 0 

E% 100% 

Table 4. Corrosion parameters obtained from weight loss measurements for amalgam in artificial 

saliva without and with inhibitor. 
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Element 
 

Wt % 
 

At % 
 

O  0.68 6.45 

Cu 2.34 5.58 

Hg 72.40 54.68 

Ag 14.89 20.91 

Sn 9.69 12.37 

  Table 5. Analysis of the dark area on surface of the amalgam before immersion (zone 1).  
 

Element 
 

Wt % 
 

At % 
 

O 1.64 13.96 

Cu 2.60 5.56 

Hg 67.94 46.03 

Ag 22.61 28.49 

Sn 5.21 5.96 

  Table 6. Analysis of the clear area on surface of the amalgam before immersion (zone 2).  

 
 
 

 
 
 

 
 
 
 

   Table 7. Analysis of the gray area on surface of the amalgam before immersion (zone 3). 
 

   Table 8. Analysis of the light area on surface of the amalgam after immersion in artificial saliva 
without inhibitor (zone 1). 
 

 

Element 
 

Wt % 
 

At % 
 

O 4.06 29.13 

Cu 1.19 2.16 

Hg 64.59 36.99 

Ag 25.93 27.61 

Sn 4.24 4.10 

  Table 9. Analysis of the gray area on  surface of the amalgam after immersion in artificial saliva 

without inhibitor (zone2). 

Element 

 

Wt % 

 

At % 

 

O 5.39 31.55 

Cu 12.94 19.09 

Hg 47.97 22.41 

Ag 4.32 3.75 

Sn 29.38 23.20 

Element 
 

Wt % 
 

At % 
 

O 4.62 27.87 

Cu 12.43 18.89 

Hg 46.45 22.36 

Ag 14.27 12.78 

Sn 22.24 18.10 

http://www.ektodermaldisplazi.com/dergi.htm
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Element 
 

Wt % 
 

At % 
 

C 4.67 21.20 

O 11.21 38.21 

Cu 7.4 6.35 

Na 4.43 10.50 

Hg 50.71 13.79 

Ag 0.59 0.30 

Sn 20.99 9.64 

Table 10. Analysis of the clear area on surface of the amalgam after immersion in artificial saliva with 
the inhibitor (zone 1). 
 
 

Element 
 

Wt % 
 

At % 
 

C 2.93 25.89 

O 1.12 7.46 

Cu 1.29 2.16 

Na 0.47 2.16 

Hg 67.55 35.80 

Ag 25.74 25.37 

K 0.19 0.51 

Sn 0.71 0.63 

Table 11. Analysis of the gray area of the surface of the amalgam after immersion in artificial saliva 

with the inhibitor (zone2). 
 

 

Conclusions 
 

The aim of this work is to study the 

amalgam behavior in artificial saliva with and 
without inhibitor, using electrochemical technique, 
weight loss method and surface analysis. The 

gravimetric measurements and electrochemical 
results show an excellent inhibitory effect of 
jasminum sambac extract.  

Microscopic observations showed the 

absence of attack figures on amalgam in salivary 
medium in the presence of the extract. However, 
the composition of amalgam is heterogeneous, 

and the formation of corrosion products whose 
composition varies according to the contested of 
area attack. 
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