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A preliminary experimental investigation of the electrochemical characteristics of a high and a low 
copper dental amalgam in contact with saline solution has been carried out. The impedance and the 
corrosion current (in the absence of dissolved oxygen) have been measured at each potential in the 
near steady state for fresh amalgam surfaces. Analysis of the electrochemical data produces charge 
transfer resistance, double layer capacity, ohmic resistance and Warburg coefficient curves, which 
are briefly discussed. The aim of the work is, ultimately, to determine the in vivo corrosion rates and 
heavy metal ion release from amalgams. 

Nomenclature  
a 

DA 
E 

Eo 
i 

J 
anodic Tafel slope R~ 
differential capacity Rct 
diffusion coefficient of A Z(co) 
potential with respect to SCE electrode co 
standard potential with respect to SCE 6 
current density a 

1. Introduction 

Dental amalgams and their chemical and physi- 
cal properties have a long history which has been 
reviewed by Greener [1]. They consist primarily 
of silver, tin and mercury, often with additions 
of copper and small quantities of other metals. 
The popularity of particular dental amalgams is 
much determined by their convenience in use, 
e.g. ease of application, rate at which their 
mechanical strength develops and their sub- 
sequent resistance to creep. It is generally 
assumed that these properties are connected 
with the chemical constitution and phases of the 
amalgams, which develop when the powdered 
alloy of silver and tin, with additives, is amalga- 
mated with the mercury to initiate the setting 
reaction. This reaction results when the pow- 
dered alloy containing a gamma phase, Ag3 Sn, 
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square root of - 1 
ohmic loss resistance 
charge transfer resistance 
impedance 
frequency of a.c. potential 
diffusion layer thickness 
Warburg impedance parameter 

reacts with mercury to produce a gamma-1 
phase, Ag2Hg 3 or Ag22SnHg27 [2], and some- 
times a gamma-2 phase, SnT_ 8 Hg. The formation 
of the gamma-2 phase is considered undesirable 
and can be avoided by the inclusion of copper in 
the alloy powder which reacts with tin in com- 
petition with the mercury reaction. Copper is 
also thought to improve the mechanical proper- 
ties by forming a hard dispersed intermetallic 
eta-1 phase, Cu6Sn 5. The gamma-2 phase is con- 
sidered to be the most corrodable phase so that 
a 'non-gamma-2 amalgam' should give superior 
results by reducing corrosion cracks originating 
in surface reactions. These surface reactions 
occur because the amalgam fillings are in contact 
with the oral and interdentinal fluids which are 
electrolyte solutions. They are of considerable 
importance since they determine the electrical 
potential and the corrosion rate at which the 
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constituents of the amalgam filling enter the 
body. Interfaces, in general, are not easy to 
investigate because of their small volume. For- 
tunately, in this case, however, the interface is 
the region between a conducting material and an 
electrolyte, and electrochemical methods offer a 
means of identifying and investigating the rates 
of surface processes which occur. Some investi- 
gations have already been attempted. The linear 
potential sweep method [3, 4] shows a number of 
current peaks which have been used to identify 
the potentials at which tin, mercury, silver and 
copper in dental amalgams dissolve or form 
films on the surface. Also, the solid corrosion 
products have been investigated under a number 
of conditions [1, 5-8]. For conventional amal- 
gams it has been suggested that in the region of 
the corrosion potential the Sn7Hg phase influ- 
ences the behaviour, and a corrosion film con- 
taining tin is formed. The nature of the film will 
depend on potential and the chemical environ- 
ment in which the amalgam is situated. From an 
electrochemical point of view these are the fac- 
tors which determine the behaviour. The steady 
state current-potential curves for the dissolution 
of various amalgams have also been measured in 
the presence of oxygen around the corrosion 
potentials [9, 10]. The extrapolated corrosion 
current has been estimated using the Stern- 
Geary equation. The dependence of the cor- 
rosion current on chloride ion concentration has 
also been measured [11]. 

Although the overall pattern of the corrosion 
reactions is now known from linear potential 
sweep, chemical analysis of the solution and 
identification of the chemical nature of the 
phases formed, the details are unknown. For 
example the electrochemical steady state behav- 
iour and the amounts of tin, silver and mercury 
ions instantaneously dissolving from the amal- 
gam surface are unknown. The electrical state of 
the metal surface under particular conditions of 
potential and chemical environment has also not 
been investigated. 

There have been significant improvements in 
the methods of electrode kinetics in recent years 
and it is the purpose of this paper to report the 
use of more powerful electrochemical methods 
to measure the surface properties and the steady 
state corrosion reactions for two dental areal- 

gains, namely Amalcap and Dispersalloy in 
Ringer's solution. In order to cover a wide range 
of potential the measurements were made in the 
absence of oxygen. This is a usual device for 
simplifying the experimental conditions. It will 
be assumed that the metal dissolution reactions 
are a function &potential and the solution com- 
position only and are independent of the par- 
ticular reduction reaction which determines the 
corrosion potential. 

2. Experimental details 

A low copper amalgam, Amalcap, and a high 
copper amalgam. Dispersalloy (11.9% wt/wt 
copper in the powdered alloy) have been used in 
the present investigation. The amalgam speci- 
mens were made using premeasured capsules of 
alloy powder and mercury and mixed according 
to the manufacturers recommendations with a 
Silamat vibrator. The amalgam was then packed 
into an acrylic mould of 10mm internal 
diameter and 1.6 mm depth. The mercury-rich 
surface layer was then removed. After ageing for 
one week in distilled water at 37~ about 
0.2 mm of the surface of the amalgam discs was 
removed by wet grinding on 800 grit silicon 
carbide paper. The discs were then mounted by 
potting in acrylic holders and the surface cloth- 
polished with wet gamma alumina. 

The sample was used in the usual three- 
electrode configuration with the dental amalgam 
held in a p.t.f.e, holder. The area (0.79 or 
0.13 cm 2) to be investigated was isolated with a 
suitable o-ring. The reference electrode was a 
commercial saturated calomel electrode (SCE) 
to which all the potentials refer. A glass flit 
separated the platinum subsidiary electrode 
compartment from the working electrode com- 
partment. All the solutions were made up with 
distilled water and Analar reagents. A two- 
thirds concentration of the usual Ringer's sol- 
ution was made up from Oxoid BR52 tablets. 
Oxygen was usually removed from the solution 
by bubbling nitrogen. It is assumed at this stage 
that the oxygen or other reduction reaction, 
which may be associated with amalgam electro- 
chemical corrosion, only serves to fix the 
potential. In this investigation that function is 
carried out by the imposed potential, E, with 
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respect to the SCE. Some preliminary investi- 
gations were carried out to determine at what 
potential amalgams sit when in service in the 
mouth and when isolated in a NaC1 solution in 
the presence of  oxygen. 

The amalgams were investigated in contact 
with aqueous Ringer's solution using equipment 
which applies all the most powerful methods of 
electrode kinetics to the sample under test. 
Ringer's solution (containing NaC1 6.00, KC1 
0.28, CaC12 0.32 and NaHCO 3 0.13gl  -~ 
respectively, and having a pH of  7) was used at 
two-thirds strength. This is isotonic with saliva 
and has roughly two-thirds the sodium, potass- 
ium and chloride concentration of the interden- 
final fluid [12], thus representing a convenient 
compromise between the two electrolytes. 

The equipment used for the electrochemical 
measurements was computer controlled and has 
been described in the literature [13]. Linear 
potential sweep, potential pulse and steady state 
potentiostatic methods are available with equal 
facility and can also be applied automatically. 
For  the qualitative investigation of dental amal- 
gams non-steady methods such as the well- 
known linear potential sweep methods are 
appropriate, but for investigating electrochem- 
ical corrosion under realistic conditions it is 
essential to go to the steady state. At the present 
time, the only satisfactory method of  probing 
the steady state, determined by the potential of 
the sample with respect to a fixed reference elec- 
trode, is by the measurement of impedance [17, 
18]. This method is used here as a quantitative 
tool for investigating the characteristics of  the 
corrosion reaction of a sample of dental amal- 
gam. As the steady state of a piece of  dental 
amalgam in service can encompass a range of  
conditions it is essential to be able to measure 
the impedance as a function of frequency and 
potential over a wide range. This philosophy of  
experimentation has proved valuable for other 
similar problems such as electrocatalysis, cor- 
rosion reactions and electrosynthesis, all of  
which have been investigated by one of the 
present authors (JAH). 

As a large amount of data is accumulated by 
this method a system of data handling and 
graphical output is necessary. The impedance 
data were fitted to Equation 1, 

Z(o~) - R~ 

1 
Rot + (1 - j)a60 -~/2 tanh[c~(jco/D) 1/2] 

+ jocal (1) 

and curves of the frequency-independent par- 
ameters Rot - E, R~ -- E, Ca1 - E a n d  a - E 
produced as output. The set of curves constitute 
an electrochemical spectrum of  the electro- 
chemical processes occurring. In particular, the 
double layer capacity-potential curves are a 
sensitive measure of  the electrical state of the 
interface, and the charge transfer and Warburg 
coefficient curves are governed by the nature and 
rate of the corrosion reactions. 

An indication of  which electrochemical pro- 
cesses might occur is provided by the tables of 
standard potentials of known processes. Elec- 
trochemical measurements on the pure metal 
constituents of the amalgams are also valuable. 
In the present investigation measurements have 
been made on silver and tin, in addition to those 
of  Amalcap and Dispersalloy. 

3. Results and discussion 

3.1. Non-steady state measurements 

An investigation of  the electrochemical effects 
and rates of the processes which occur when the 
dental amalgams are in contact with Ringer's 
solution was carried out by linear potential 
sweep experiments. Typical results for the 
Amalcap and Dispersalloy amalgams are shown 
in Fig. la and b. To observe a response for 
Dispersalloy it was necessary to go to higher 
sweep rates indicating that some faster inhi- 
bition processes occur. The notable feature of 
Fig. la and b is the similarity in shape, in spite 
of  the fact that Dispersalloy contains an appreci- 
able amount of copper. However, the exact shape 
of the curves depends on the history of the elec-' 
trode, but the various curves for different physical 
states of one particular amalgam were qualita- 
tively similar. There seems to be a first current 
peak starting at about E = --1000mV, then 
a series of current peaks from about E = 
- 5 5 0 m V  to more positive potentials. Tile 
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Fig. 1. Examples of linear potential sweep curves for Amalcap and Dispersalloy stationary electrodes (electrode area 
0.79cm 2) in two-thirds Ringer's solution. Start potential, - 1500mV. (a) Linear potential sweep curve at 10mVs ] (sweep 
size, 2500 mV), sweeping in the positive potential direction for an Amalcap electrode. (b) Linear potential sweep curve at 
1000 mV s-] (sweep size, 1600 mV), sweeping in the positive potential direction for a Dispersalloy electrode. 

peaks starting at about  E = - 1000 mV and at 
E = - -550mV are probably linked and are 
associated with the dissolution and then passi- 
vation of tin. Similar curves were seen when a 
pure tin electrode was investigated in 1 M NaC1 
solution. Investigations by other workers on the 
mechanism of  electrochemical tin dissolution in 
phosphate buffer solutions [14, 15] indicate that 
the first peak is probably associated with the 
dissolution and the passivation of tin in the 
valancy two state, and the second peak with the 
dissolution and passivation in the valency four 
state; the precise reactions are not known. The 
sharp current peak starting at about  E = 
100mV is probably due to the dissolution and 
then passivation of  silver. According to the stan- 
dard electrode potentials the passivating film is 
most  likely to be AgC1, although an Ag20 film is 
possible under some conditions of  potential and 
pH. Similar statements can be made about  the 
mercury oxidation reactions to form Hg2C12 and 
Hg20 which are expected from the standard 
potentials at somewhat more positive potentials. 

3.2. Corrosion potential measurements in the 
presence of  oxygen 

In order to have some idea of the potential 
region of most  interest, corrosion potential 
measurements (versus SCE) were made for 
samples of  Amalcap and Dispersalloy in either 
two-thirds Ringer's solution containing oxygen, 
or in the mouth.  For  comparison, the potentials 
in the mouth of  fillings (of unknown origin) were 
measured. The measurements were not precise as 
they depended on the history of  the amalgams. 

However, freshly polished Amalcap in Ringer's 
solution seemed to have a corrosion potential of  
about  E = - 5 0 0  mV and Dispersalloy a cor- 
rosion potential of  about  E = - 296 mV. Simi- 
lar values were measured for isolated amalgam 
samples in the mouth.  Old fillings in teeth 
seemed to have corrosion potentials at more 
positive potentials, around E = - 1 3 0 m V  to 
E = - 200 m V. The potential-determining 
mechanism of amalgams in the mouth is 
unknown. It  is probably determined by the 
oxygen reduction reaction as would be the case 
for an isolated amalgam sample sitting in 
Ringer's solution. 

3.3. Steady state current potential and 
impedance-potential measurements on Dispersalloy 

Fig. 2a-c gives the results of  the 'steady state' 
measurements on a specimen of freshly polished 
Dispersalloy. Fig. 2a gives the current-potential,  
Fig. 2b the charge-transfer resistance and Fig. 2c 
the double layer capacity-potential  results. The 
electrode remained for about  60s at each 
potential. Results taken in the potential range 
from E = - 1 5 0 0 m V  to E = - 1 0 0 m V  were 
recorded in a single run in which the potential 
was transversed from the most  negative poten- 
tial in a positive direction. In the frequency 
range used (0.77-1000 Hz), the impedance data 
fitted Equation 1 at each potential with an ohmic 
resistance, a charge transfer resistance and 
a double layer capacity parameter,  but the 
Warburg coefficient, a, was negligible for 
Dispersalloy. 

In Fig. 2a the steady state i -E curve indicates 
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Fig. 2. Electrochemical characteristics for a stationary Dispersalloy electrode (0.79 cm 2) in two-thirds Ringer's solution. The 
analysis of the impedance at each potential was carried out according to Equation 1. (a) Measured 'steady state' i -E curve. 
(b) High frequency charge transfer resistance-potential curve. (c) High frequency double layer capacity-potential curve. 

that at negative potentials the hydrogen evolution 
reaction occurs, and at potentials up to E = 
- -150mV a possible series of active-passive 
features are observed. However, these are at the 
limit of sensitivity of  the equipment and, even 
through the current is averaged until the steady 
state value is reached, they are scarcely resolved 
from electrical noise. 

The impedance can be measured more pre- 
cisely than the steady state current in a situation 
where the currents are less than 1/~A cm 2. The 
parameter curves Rct - E and Cdf -- E 
obtained from the use of  Equation 1 show sig- 
nificant changes with potential. A further advan- 
tage of measuring the impedance is that the 
parameter curves have a physical interpretation. 

Fig. 2b, in which the charge transfer 
resistance-potential curve is plotted, suggests 

two active passive dissolution reactions from 
E = - 1 3 0 0 m V  to E - -  - 9 0 0 m V  and from 
E = - 900 mV to - 400 mV. A further dissolu- 
tion reaction occurs at more positive potentials 
than E = - 3 0 0 i n V .  If  these steady state 
processes are identified with the effects in the 
linear potential sweep curves, then the first 
active-passive reaction would be identified with 
Sn to Sn(II), and the second with Sn to Sn(IV). 
The further dissolution may be primarily con- 
nected with silver and also mercury. The role of  
copper in the potential range E = - 1500mV 
to E = - 150 mV seems to be an indirect one, as 
far as can be ascertained. Measurements on the 
active dissolution of copper in acid chloride- 
containing solutions show that the dissolution 
reaction occurs near to E = 0 mV SCE in 0.1 M 
chloride solution [19]. It seems likely that the 
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charge transfer resistance is close to the steady 
state resistance of the interface. If  that is the case 
then the charge transfer resistance curve in 
Fig. 2b is directly related to the corrosion cur- 
rent. In the absence of the oxygen reduction or 
another corrosion partner, as in the present 
investigation, the connection between current 
and charge transfer resistance is expected to be 

1 2.303. 
- - - z  ( 2 )  

)~ct a 

for a simple metal dissolution reaction in which 
the metal forms a metal ion which then diffuses 
into solution. The low frequency resistance will 
be higher than the charge transfer resistance 
when diffusion becomes significant in the steady 
state current-potential curve. An order of mag- 
nitude calculation indicates, for a = 40mV 
(an expected value for active metal dissolution 
reactions), that at the corrosion potential E = 
- 2 9 6 m V  where (from Fig. 2b) the charge 
transfer resistance is about 3000f~cm 2, the 
corrosion current should be about 5.8 #Acm -2. 
The interpretation of  low frequency resistance in 
terms of  corrosion current requires a model of 
the electrode process. This problem has been 
most investigated for the corrosion of iron 
(see Symposium proceedings [20]) and is not 
completely solved. A solution for amalgam 
corrosion might be to carry out a calibration 
experiment of weight loss to set against the elec- 
trochemical parameter curves. 

The double layer capacity-potential curves are 
interesting and provide more information. In the 
potential region of the first active passive tran- 
sition from E = - 1300mV to E = - 9 0 0 m V  
the capacity rises in the active dissolution region 
and falls in the passive region. It is possible that 
the metal surface roughens during active dis- 
solution, leading to the rise in capacity, then 
becomes covered with a thickening film as 
evidenced by the increasing charge transfer resist- 
ance and a decrease in the double layer capacity. 
In the potential region from E = - 9 0 0  mV to 
E = - 4 0 0 m V  the capacity initially falls, 
suggesting dissolution in the presence of a film, 
and then rises with potential, possibly indicating 
a dissolution which involves roughening. At 
potentials positive to E = - -300mV the 

capacity becomes approximately constant at a 
reasonably high value of 62/IF cm -2. 

3.4. Steady state current-potential and 
impedance-potential measurements on Amalcap 

The current-potential,  charge transfer resistance 
and double layer capacity-potential curves 
reproduced in Fig. 3a~l are for a specimen of 
Amalcap in contact with the Ringer's solution. 
Over a potential range from E = - 1400 mV to 
E = - 150 mV the curve is similar in general to 
that for Dispersalloy, but has some significant 
differences. 

Fig. 3a shows a pseudo steady state i-E 
curve. The currents were, in the early stages of 
an experiment, much higher than in the case of 
Dispersalloy. The potential was increased step- 
wise at about 60 s per potential point. Before a 
measurement was commenced the current was 
virtually steady with time; however, the cor- 
rosion inhibition processes are slow. This is 
shown by the currents at E = - 1 5 0  and 
E = - 5 0 m V  which show a downward trend 
with time on a long time scale of the order of 
minutes. The other parameters show a corre- 
sponding trend (see Fig. 3b-d) .  

The analysis of the impedance diagrams at 
each potential leads to the Rot - E, Cd~ -- E, 

- E parameter curves. A similar a.c. fre- 
quency range to those used for the Dispersalloy 
measurements was used. Over most of the poten- 
tial range a high frequency semicircle, corre- 
sponding to the dominance of the Rct , Cd~, R~ 
terms in Equation 1, was obtained. However,a 
Warburg impedance type response, associated 
with the ~ parameter, seems to appear in the 
potential range E = - 6 0 0 m V  to E = 
- 5 0 0 m V a n d E =  - 1 5 0 m V t o E =  - 5 0 m V .  
In the potential interval E = -- 500 mV to E = 
- 1 5 0  mV an impedance with a low frequency 
resistance characteristic of a passivating elec- 
trochemical reaction is observed. These effects 
have not been investigated further in this investi- 
gation as the emphasis has been on surveying the 
dependence of the parameter curves on poten- 
tial. However, a more detailed investigation will 
be reported in a later publication. 

Fig. 3b shows the charge transfer resistance- 
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Fig. 3, Electrochemical characteristics for a stationary Amalcap electrode (0.79 cm 2) in two-thirds Ringer's solution, The 
analysis of the impedance at each potential was carried out according to Equation l. (a) Measured 'steady state' i -E  curve. 
The potential was held at E = - 150 mV and E = - 50 mV. (b) High frequency charge transfer resistance-potential curve. 
(c) High frequency double layer capacity-potential curve. (d) High frequency double layer capacity-potential curve. 
(e) Warburg coefficient-potential curve. The parameter 6(D) v2 was 0.I. In the frequency range applied in the experiments, 
a Warburg impedance was only observed in the potential range shown. 
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potential curve. Equation 2 suggests that at the 
corrosion potential on a fresh Amalcap surface 
E = - 500 m V, the corrosion current should be 
0.017mAcro -2. However, a Warburg imped- 
ance is observed at this potential and in the limit 
the low frequency resistance related to the slope 
of the steady state current-potential curve, is an 
order of  magnitude larger than the charge trans- 
fer resistance. The actual corrosion current must 
be of the order of 7 #A cm -2. 

Fig. 3d shows a double layer capacity- 
potential curve for a freshly polished electrode in 
which the potential was taken from negative 
values in a positive direction, stopping short of 
the main dissolution potential region. The 
meaning of this complex curve has not yet been 
elucidated completely. It is probably charac- 
teristic of  the particular chemical composition of 
this amalgam and its surface structure. At nega- 
tive potentials (E = - 1500 to E = - 1100 mV) 
the values of the double layer capacity are typi- 
cal of those for a metal in contact with an elec- 
trolyte. In fact the curves are close to those 
observed for solid silver in contact with an elec- 
trolyte [16], but larger, thus indicating that the 
surface is fairly rough. From E = - 1100 to E 
= - 1 0 0 0 m V  the rise in capacity may be 
associated with active dissolution of the amalgam 
and a roughening of  the surface. The downward 
trend from E -- - 1 0 0 0 m V  is associated with 
the films formed on the electrode surface which 
are responsible for the corrosion inhibition. The 
double layer capacity curve at more positive 
potentials (Fig. 3d) which was measured in a 
separate run, confirms the downward trend and 
the low value of the capacity compared to the 
value observed at negative potentials. An 
inference would be that in this potential region 
the electrode is always covered by a film. As the 
curve has a peak this may indicate a dissolution 
process, at E = - 6 0 0 m V  to E = - 4 5 0 m V ,  
with further passivation and film thickening 
with potential and time at more positive poten- 
tials. The chemical nature of the film is 
unknown. However, at these potentials it may 
contain four-valent tin as hydroxide and possibly 
chloride. At the potential of interest, E = 
- 1 5 0  mV, the capacity increases with time on 
holding the potential constant. In spite of the 
presence of  a substantial passivating film the 

electrode surface seems to roughen with time as 
the amalgam dissolves. 

In a particular potential range a Warburg 
impedance response as contained in Equation 1 
and described by the parameter a is observed. 
The result is shown in Fig. 3e. The fact that a 
Warburg response is observed in the impedance 
is consistent with the lower charge transfer resist- 
ance for Amalcap compared with Dispersalloy 
and hence the higher rate of the metal dissolu- 
tion reaction. 

The only work that seems to be comparable 
with the present work is that of Grajower and 
Greener [9]. They were limited to making d.c. 
i - E  measurements about the corrosion potential 
for a number of amalgams in the presence of 
oxygen. They found, for example for an 
N T D A  amalgam, a corrosion potential of  
E = - 5 4 6 m V  and a corrosion current of 
1.4 ~tA cm -2. 

4. Conclusions 

A comprehensive investigation of the electro- 
chemical corrosion characteristics of a range of 
amalgams of different compositions would be 
desirable. Problems of  this type also have wider 
interest in corrosion research. The present 
limited investigation of Amalcap and Dispers- 
alloy suggests: 

1. Measurement of steady current-potential 
and impedance-potential  data are powerful 
electrochemical methods and would be very suit- 
able for the routine characterization of dental 
amalgams. Even when the currents are small, the 
parameter curves derived from the impedance 
measurements show a characteristic pattern. It 
should be possible to carry out accelerated test- 
ing by following the parameters as a function of 
time. 

2. The parameter curves Rot - E, Ca1-  E, 
R ~ - E ,  o - - E  have been derived from a 
simple model of an electrochemical corrosion 
reaction. More detailed investigation over a 
wider frequency and potential range and at 
smaller potential intervals would be desirable in 
order to develop a better electrochemical model 
for the interpretation of the data. 

3. Even at the level of investigation presented 
in this paper it seems evident that Dispersalloy is 
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more protected against  corrosion in the steady 

state compared  to Amalcap.  

4. In  view of the high impedance  of  the inter- 

face as films bui ld  up on the metal  surface under  

some condi t ions  of potential ,  ionic env i ronmen t  
and  time, and  the expected very low currents  for 

the direct measurement  of  the corrosion rate, 
there is further  work in progress. This  is 
a t tempt ing  to optimize the measurement  of  cur- 
rent  and  impedance for the rout ine  testing of 

dental  amalgams.  
5. In  this invest igat ion Ringer ' s  solut ion alone 

has been used. It would  be desirable to vary the 

ionic envi ronment .  

Acknowledgement 

We are indebted to Dr  J. F. McCabe  of 

Newcastle Universi ty Denta l  School for his 

interest in the work. 

References 
[1] E.V. Greener, Operative Dentistry 4 (1979) 24. 
[2] S. Espevik and I. A. Mjor, 'Biocompatibility of 

Materials' Vol. 3, (edited by D. C. Smith and 
D. F. Williams), CRC Press Inc., Florida (1982). 

[3] H. Do Duc, J.-M. Meyer and P. Tissot, Electrochim. 
Acta 25 (1980) 851. 

[4] S. Nomoto, K. Kobayashi and H. Onose, J. Dent. 
Res. 56 (1977) 1238. 

[5] S.J. Jensen, Seand. J. Dent. Res. 90 (1982) 239. 
[6] G.J. Ewers and M. R. Thornber, J. Electroanal. 

Chem. 118 (1981) 275. 
[7] J-H. C. Lin, G. W. Marshall and S. J. Marshall, J. 

Biomed. Mat. Res. 17 (1983) 913. 
[8] S.J. Marshall and G. W. Marshall, J. Dent. Res. 59 

(1980) 820. 
[9] R. Grajower and E. H. Greener, J. Biomed. Mater. 

Res. 14 (I980) 547. 
[10] E.H. Greener, J. Dent. Res.55 (1976) 1142. 
[1 l] G.F. Finkelstein and E. H. Greener, J. Oral Rehab. 

6 (1979) 189. 
[12] Coffee et aL in 'The Physiology and Biochemistry of 

the Mouth', 4th edn (edited by G. Neil and 
N. Jenkins), Blackwell (1978) p. 169. 

[13] J.A. Harrison, Eleetrochim. Aeta 27 (1982) 1113. 
[14] H. Do Duc and P. Tissot, J. Electroanat. Chem. 102 

(1979) 59. 
[15] B.N. Stirrup and N. A. Hampson, ibid. 73 (1976) 

189. 
[16] I.L. Cooper and J. A. Harrison, EIectrochim. Acta 

29 (1984) 1165. 
[17] D.D. Macdonald and M. C. H. McKubre, 'Modern 

Aspects of Electrochemistry' No. 14 (edited by 
J. O'M. Bockris, B.E. Conway and R.E. 
White), Plenum Press, New York (1982). 

[18] M. Sluyters-Rehbach and J. H. Sluyters, 'Electro- 
analytical Chemistry', Vol. 4 (edited by A.J. 
Bard), Marcel Dekker, New York (1970). 

[19] J.A. Harrison, D. R. Sandbach and P. J. Strenach, 
Electrochim. Acta 24 (1979) 179. 

[20] Electrochemical Techniques in Corrosion Testing 
and Research: a series of papers in Corrosion 
Science 23 (I983). 


