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Introduction 

Dental amalgam, in widespread use for 

over 150 years, is one of the oldest 

materials used in oral health care. Its use 

extends beyond that of most drugs, and is 

predated in dentistry only by the use of 

gold. Many blended or dispersed phase 

high Cu amalgams show excellent clinical 

performance in long term clinical trials 
(1)

. 

However, little is known concerning the 

microstructural changes that occur during 

clinical use of these systems
(2)

. The 

corrosion and wear resistance of dental 

amalgams has been of much interest in 

recent years as a result of increased 

concern   regarding  toxicity arising  from  

 

amalgam particles and corrosion products 

in the oral cavity. A further concern results 

from the possible release of mercury and 

mercury vapour as well as the effect that 

mercury can have on antioxidant activity 

and neurotoxicological effects
(3)

. A 

number of factors can influence the rate of 

corrosion. These include acidity of the 

contacting medium and temperature, 

which can both undergo sharp variations 

in a short period of time in the oral cavity, 

as well as the effective potential of the 

amalgam. For these reasons, a full 

understanding of the electrochemical and 

corrosion behavior of the amalgams can be 

of much benefit in taking appropriate 

measures to reduce amalgam corrosion as 

well as ensuring complete amalgamation 

such that there is no free mercury that can 

be vaporized
(4)

. Many authors were 

investigated about various properties of 
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This work involves experimental study for corrosion of amalgam 

as filling material after different period time (0, 7, 14, 21, 35, 42 
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corrosion parameters such as corrosion potential Ecorr, corrosion 

current density icorr, and Tafel slopes bc & ba. The results of 
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days of filling, i.e. after at least 6 years. 
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amalgam especially corrosion behavior. 

Jaro studied corrosion attacks on twenty-

two dental amalgam restorations after in 

vivo service by Scanning Electron 

Microscopy together with the Energy 

Dispersive X-Ray Technique, and by 

optical microscopy. From the measured 

depth and type of corrosion attack, 

estimates of released mercury amounts are 

made. Model calculations of released 

mercury, based on previously published 

measurements of corrosion currents with 

and without abrasion are also given 
(5)

. 

Heloı´sa  et al. observed that corrosion is a 

complex process, which involves 

contributions from each of the phases 

present as well as intergranular corrosion. 

It is thus of interest to investigate the 

corrosion of individual phases present in 

dental amalgams. In this work the 

corrosion behavior in 0.9% NaCl solution 

of Ag–Hg, Ag–Sn and Sn–Hg phase 

components of dental amalgams was 

investigated by electrochemical 

methods
(6)

. Chang et al. studied 

electrochemical behavior on 

microbiology-related corrosion of metallic 

dental materials. They showed that the 

corrosion behavior of dental metallic 

materials in the presence of streptococcus 

mutants and its growth by products is  

increased 
(7)

. Christopher et al. studied an 

electrochemical impedance study of the 

corrosion of Tytin dental amalgam in 

electrolytes similar to artificial saliva with 

or without lactic acid, and in standard 

inorganic artificial saliva with higher ionic 

concentration. Spectra were recorded in 

the presence and absence of dissolved 

oxygen to show the importance of the 

formation of oxide film and the adsorption 

of the organic component, as well as the 

exposed surface microstructure. The data, 

supported by open circuit potential and 

polarization curve experiments, obtained 

in the presence and absence of dissolved 

oxygen are interpreted in the light of 

possible corrosion mechanisms 
(8)

. 

Maruthamuthu studied the electrochemical 

behavior of microbes on orthodontics 

wires in artificial saliva with or without 

saliva, and he showed that bacteria slightly 

reduce the resistance and increase the 

corrosion current 
(9)

. Van Vuuren  et al. 

studied galvanic corrosion due to release 

elements from the alloy into the oral 

cavity with possible harm to the patient. 

This in vitro study was conducted to 

determine the extent of galvanic corrosion 

where different dental amalgams  

and Co-Cr alloy combinations were placed 

in contact with artificial saliva as an 

electrolyte. The tests were conducted with 

potential measurements as well as 

potentiodynamic and potentio-static 

polarisation techniques. Results showed 

that the galvanic corrosion current density 

is much lower than the corrosion current 

density, indicating that galvanic coupling 

of the samples does not have a substantial 

effect on the overall corrosion of the 

samples
(10)

. Mahler et al. observed that 

amalgam restorations, when first placed, 

have been shown to exhibit a gap at the 

amalgam/tooth interface. With time in 

service, this gap fills with corrosion 

products that have the potential to “seal” 

the restoration. With the advent of high-

copper, more corrosion-resistant 

amalgams, there has been concern that the 

time required to create this seal would be 

increased significantly when compared 

with low-copper traditional amalgams. 

The current study was designed to address 

this concern. Analysis of a tooth extracted 

after 16 years of clinical service that had 

been restored with an amalgam-containing 

zinc was also shown to contain zinc 

corrosion products in the occlusal 

marginal area. This could explain the 

reported reduction in marginal fracture of 

clinically placed amalgam restorations 

made from zinc-containing alloys
(11)

. 

Zhang et al. studied effect of silver on 

corrosion behavior of Ti-Ag alloys in 

artificial saliva solutions. They showed 

that addition of silver to titanium is 

effective in reducing the corrosion current 

density and increasing the open circuit 

potential of Ti-Ag alloy in artificial saliva 

environment. The presence of fluoride 

leads to higher corrosion current densities 

and lower open circuit potential for the 

alloys 
(12)

. Mareci et al. studied 

electrochemical behavior of two Ag-Pd 

alloys in Carter-Brugiard/ AFNOR/NF 

artificial aerated saliva at pH 8.1. 

Electrochemical measurements were 

carried out at 25°C under static conditions. 

They concluded that the open circuit 



                                                             37 -30)3(2011….Experimental Study and Math 

13 

 

potential of Ag–Pd are attributed to 

dealloying followed by surface enrichment 

with Ag and the possible formation of an 

insoluble AgCl surface film on the 

respective alloy surfaces 
(13)

.  This work 

investigates the corrosion behavior of 

amalgam after preparation for different 

period (0, 7, 14, 21, 35 and 42). The 

electrical potential at the metal electrolyte 

surface is strongly dependent on the nature 

and the concentration of the electrolyte, 

pH and surface conditions. As a result, the 

electrochemical reactions at this interface 

vary with time.  

Experimental Procedure 
Materials and Chemicals 
 

The used alloy in this study was high 

copper amalgam which obtained from 

Megalloy EZ spherical alloy (high 

strength and high copper) ; the specimens 

were made by triturating 0.7 gm of powder 

alloy and the corresponding weight of 

mercury by amalgamator type (YDM-Pro) 

for 15 seconds at high speed. The 

specimens were prepared according to 

A.D.A. specification No.1; after the 

triturating, the amalgam paste was 

immediately inserted into the cavity of the 

die with several thrusts of an amalgam 

condenser, and then a compressive stress 

has applied by inserting a punch in the die 

and applying 80 Kg/m
2
 over the punch for 

15 seconds. The chemical composition of 

this alloy is shown in Table (1). Cold 

mounted using pyrax polymers to obtain 

only surface area for corrosion test. All 

experiments were carried out at 37+1 
o
C 

by using water bath.The open side was 

polished mechanically to a mirror finish, 

rinsed in distilled water and stored in 

desiccators. The electrolyte reference used 

was modified Fusayama artificial 

 saliva 
(14,15)

, which closely resembles 

natural saliva, with composition of  

(0.4 g/L KCl, 0.4g/L NaCl, 0.906 g/L 

CaCl2.2H2O, 0.69 g/L NaH2PO4.2H2O, 

0.005g/L Na2S.9H2O and 1g/L urea). pH 

of this electrolyte was 5.3 . 

Corrosion Test 
Polarization experiments were performed 

in (WINKING M Lab 200 

Potentiostat/Galvanostat from Bank-

Elektronik) with electrochemical standard 

cell with provision for working electrode 

(amalgam), auxiliary electrode (Pt 

electrode), and a Luggin capillary for 

connection with saturated calomel 

electrode SCE reference electrode. 

Electrochemical measurements were 

performed with a potentiostat by SCI 

electrochemical software at a scan rate 3 

mV.sec
-1

. The main results obtained were 

expressed in terms of the corrosion 

potentials (Ecorr) and corrosion current 

density (icorr) in addition to measure the 

Tafel slops by Tafel extrapolation method. 

 

Results and Observations 
Corrosion Behavior 
 

Fig.(1) shows the variation of open circuit 

potential (ocp) with time, from which 

several deductions can be made. The first 

is that the initial potential in artificial 

saliva vs. SCE. This could be due to the 

mixed potential resulting from the ionic 

constitution of the solutions. This figure 

indicates that through the time the Eoc 

shifts to nobler values. The polarization 

curves, (Fig. 2), show, in general, that the 

anodic and cathodic region shifted to the 

lower current densities and more noble 

potentials, the data are listed in the Table 

(2). In these curves can be seen the anodic 

reactions which represent the dissolution 

of metals in amalgam, while at cathodic 

sites reduction of hydrogen and oxygen 

can occur.The polarization resistance (Rp) 

can be determined from the Tafel slopes 

and according to Stern- Geary equation: 

 

…….(1) 

 

 

The values of Rp which have been 

calculated from above equation are 

presented in table (2). These data indicate 

that the polarization resistance values of 

amalgam were increased when the time of 

filling increased. Cyclic polarization 

curves as shown in Fig.(3) show that after 

7, 14 and 21 days of filling, the reverse 

scan shifted to lower current densities and 

the better behavior was noted after 14 
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days, as well as disappear the small 

hysterias loop in scan of 0 days. Cyclic 

polarization of amalgam after 35 and 42 

days show wide reverse scan and shifted 

to lowest current densities. This type of 

cyclic polarization curve is known to resist 

localized corrosion. It is also observed that 

the reverse scan curves meet the forward 

scan curve along the passive range. The 

potentials for the reverse scan curves are 

more positive than those for the  

forward scan. 

 

Discussion and Interpretation  
 

Mercury diffuses into the alloy particles 

and reacts with silver, tin and copper, 

forming various compounds. The exact 

compounds formed depend on the 

chemical composition of the powder and 

on particle shape (which can be spherical 

or irregular) but are mainly phases of the 

systems Sn–Hg, Ag–Hg, with Ag–Cu and 

Ag–Sn phases remaining from the 

reactants. For the currently used, high 

copper amalgams, the main reaction is 
(16)

: 

  

γ-Ag3Sn +‏ Ag–Cu ‏+ Hg → γ1-Ag2Hg3 +‏ 
γ2-Sn7Hg + γ-Ag3Sn ‏+ Ag–Cu   …..(2) 

 

The Sn–Hg phase, which has a relatively 

low corrosion resistance, then undergoes 

further reaction, according to 

 

γ2-Sn7Hg +‏ Ag–Cu → ή-Cu6Sn5 ‏+ γ1-

Ag2Hg3     …..(3) 

 

The microstructure of the dental amalgam 

is complex, consisting of new 

microphases, as produced in the reactions 

above, and the remains of the powder 

alloy particles, within the γ1-Ag2Hg3 

matrix phase
(16)

. For this reason, and in 

order to understand better the role of the 

various phases, individual phases have 

electrochemical measurements can lead to 

an improved understanding of the 

processes that take place at the amalgam 

electrode surface as well as the influence 

of surface oxide. The conventional silver 

amalgam consists of several 

metallographic phases, mainly gamma, 

gamma-1 and gamma-2. In literature, the 

composition of the phases is often given as 

Ag3Sn, Ag3Hg4 and Sn7Hg, respectively. 

However, the composition of gamma-1 

and gamma-2 does not seem to be the 

same in various fillings. For gamma-1 

phase the following formulas have been 

reported:  

Ag3Hg4, Ag4Hg5, Ag2Hg3, Agi,Hg15, 

Ag5Hg8.  

 

The gamma-2 has been described as 

Sn7Hg, Sn8Hg, Sn7.8Hg2 and Sn6Hg. 

Apparently, the structure of a fresh 

amalgam filling can vary considerably. 
Hypothesis has also been proposed, that 

the released mercury may partly react with 

Ag3Sn, to produce additional Sn7Hg, so 

that the corrosion cycle can continue. The 

filling becomes porous and can lose most 

of its strength. Absorption of released 

mercury by Ag3Sn requires the absorbing 

phase in close vicinity of the corroding 

Sn7Hg-phase, otherwise there is no 

thermodynamical reason for mercury to 

diffuse into the filling with high mercury 

content. Rather, it will evaporate. The 

content of Ag3Sn may vary depending on 

amalgam composition and working 

methods of the particular dentist. As the 

amount and distribution of Ag3Sn cannot 

be controlled, the hypothesis about Ag3Sn 

as a sink for all mercury released by 

corrosion is not substantiated. In 

particular, surface corrosion will result in 

evaporation and abrasion of major part of 

free mercury, rather than its diffusion into 

the filling. As has been shown by Brecht-

Bergen 
(17)

 the partial pressure of mercury 

over amalgam is 11–25% of that over pure 

liquid mercury, and increases with 

increasing mercury concentration and 

temperature. The corrosion products found 

on amalgam surfaces are mainly tin oxide 

and hydroxichloride 
(18)

 and silver chloride 
(19)

. Instead, as reported by Brune 
(20)

 silver 

has been found in the solution already 

after a few days exposure to artificial 

saliva. Though ionized mercury also has 

been found among the dissolved corrosion 

products by radioactive tracer method 
(21)

 

the main part is released as metallic 

mercury, which can be found as droplets 

on freshly corroded amalgam surfaces 
(22)

. 

The evaporated mercury can be measured 

in expired air 
(23, 24)

. 
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Mathematical Modeling 
 

Mathematical calculations were achieved 

to predict the corrosion behavior of 

amalgam for long-term as shown in the 

Figs. (4) and (5) using Mat Lab analysis. 

Table (3) shows the predicted values of 

long time and corrosion parameters.  
Fig. (4) shows the predicted values of 

open circuit potential and corrosion 

potential for amalgam at long time, this 

figure indicates that these potentials 

became more negative. Fig. (5)   shows the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

predicated values of polarization 

resistance for amalgam at long time  and 

the results of this figure indicates that the 

resistance decreases with time, but after  

2200 days, i.e. after at least 6 years. These 

results agreement with the investigations 

that show the long-term release of mercury 

from a few amalgam fillings will often 

reach or exceed the recommended limits 

for daily intake of mercury. Hence, 

mercury from corroding amalgam fillings 

represents a potential health hazard 
(6)

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(1):- The variation of open circuit potential – time for amalgam in artificial saliva. 

 

Fig. (2):- Potentiodynamic polarization for amalgam in artificial saliva at different time 

after filling. 



                                                             37 -30)3(2011….Experimental Study and Math 

13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3):- Cyclic polarization for amalgam in artificial saliva at different time after filling. 
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Fig. (5):- Predicted values of Rp for amalgam in artificial saliva at long time after filling. 

 

Table (1):- Chemical composition of amalgam. 

Metal  Ag Sn Cu 

Wt% 56.7 28.6 14.7 

 

 
Table (2):- Corrosion parameters of amalgam in artificial saliva during different periods. 

 

 

Time 

Day 

-Eoc 

mV 

-Ecorr 

mV 

icorr 

nA.cm
-2

 

-bc 

mV.dec
-1

 

ba 

mV.dec
-1

 

Rpx10
+6

 

Ω.cm
2

 

0 755 653.0 1100.0 68.6 94.8 0.0157 

7 482 496.0 569.40 126.0 111.9 0.0453 

14 652 512.3 371.31 60.9 69.4 0.0380 

21 356 367.0 355.42 104.7 112.1 0.0662 

35 447 475.0 581.29 153.9 160.3 0.0587 

42 459 444.5 380.26 115.0 131.5 0.0701 

 
 

 

Table (3):- Predicated corrosion parameters of amalgam in artificial saliva during long different 

periods. 

Time 

Day 

-Eocx10
14

 

mV 

-Ecorr x10
14

 

mV 

Rpx10
+33

 

Ω.cm
2

 

730 0.0013 0.0005 -0.0012 

1460 0.0436 0.0188 -0.0399 

2190 0.3391 0.1459 -0.3095 

2920 1.4462 0.6222 -1.3177 

3650 4.4458 1.91221 -4.0468 
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