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Publications

D. B. Mahler, J. D. Adey, and M. Marek.»”"Creep and -Corrosion of Amalgam." J. Dent.
Res. 61: 33-35 (1982)

Conference Presentations:

D. F. Averette and M. Marek: "The Effect of Creep Deformation on Corrosion of Dental
Dental Amalgam;

M. Marek, T. Okabe, M. B. Butts, and C. W. Fairhurst: '"Corrosion of the n' (Cu-Sn)

Phase in Dental Amalgam";
. :

Presented at the 1982 meeting of the IADR, March 17-21, 1982, New Orleans, LA.

Progress Report

1. OBJECTIVES

A. Overall Objectives. To improve the understanding of the role of corrosion in
the deterioration of dental amalgam restorations by investigating the mechanism
of corrosion, the effects of corrosion on the properties, and by developing
suitable testing methods.

B. Goals for the Current Year.

a. To examine the breakdown of the CuGSn5 phase in mixtures with other
phases.

b. To examine the effects of aging on the corrosion of high copper
amalgam.

c. To determine the effect of tensile creep deformation on the corrosion
behavior of various amalgams.

d. To examine the mechanism of corrosion in the pores in dental amalgams.

2. STUDIES AND RESULTS

A. A Study of the Breakdown of the Cu.Sn_. Phase in Mixtures with Other Phases.
Previous studies have shown thafgﬁggﬁuhigh—copper amalgams corrode the Cu.Sn
reaction phase is primarily attacked. Corrosion tests have shown, however,
that the metallurgically prepared, pure Cu.Sn_ is highly corrosion resistant.
In this study samples were prepared in which ¢rystals of Cu.Sn_ were dis-
persed in various matrices, which included the y, phase (Ag-Hg and Ag-Hg-Sn),
pure Ag, and a mixture of y, + unreacted alloy (Commercial high-copper dental
amalgam alloy). The suscep%ibility to corrosion was evaluated using constant
potential coulometry; the electrodes were exposed to 1% NaCl at 37 C and
maintained potentiostatically at 0.0 V (SCE), the current was integrated for
24 hours. Some of the electrodes were examined in the SEM before and after
the test.
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The results confirmed the high corrosion resistance of pure, isolated
Cu.Sn_.. There was no increase in susceptibility in the matrix of Ag.
Susceptibility sharply increased in the matrix of Ag-Hg and Ag-Hg-Sn.
The SEM examination showed that corrosion initiated at the interphase.
The increase in corrosion susceptibility was attributed to the presence
of Hg. This was confirmed in tests in which small amounts of mercury
were plated on pure Cu,.Sn_; a significant increase in the corrosion
current density was observed.

The study was performed in cooperation with the Medical College of Georgia,
where most of the specimens were prepared. All corrosion tests were per-
formed at Georgia Tech. The results were reported at the 1982 Session of
the IADR.

B. A Study of the Effects of Aging on Corrosion of High Copper Amalgam.
It has been reported in the liberature that the dispersed-phase high-
oppper amalgam (Dispersalloy) exhibits an increase in corrosion resistance
as a function of aging (Sarkar and Greener, J. Oral Rehab. 2, 139 (1975))
This effect was attributed to small initial amounts of the vy, phase which
is consumed as the amalgam ages. In this study the corrosiofi behavior as
a function of the aging time was examined both for the dispersed phase
amalgam, which contains about 12% Cu in the alloy, and for a very high-copper
amalgam (Sybraloy), which contains about 30%Cu in the alloy and in which no
Y, phase can be detected even initially.

The corrosion tests were made using the constant potential coulometry.

The aging times ranged from one day to two months. The results have
confirmed the previously reported change in the corrosion susceptibility
of Dispersalloy with aging; however, the very high-copper amalgam showed
even stronger influence of aging on corrosion. The corrosion index (total
anodic charge in 2U4 hours) for Dispersalloy changed from 9.9C to 8.0C
(mean values) for aging time one day and two months. For Sybraloy the
mean values were 12.3C and 6.4C. A metallographic and X-ray examination of
the structure of Sybraloy as a function of aging so far has not revealed
the cause of the change in corrosion susceptibility, and the study is
continuing. ‘

C. A Study of the Effect of Tensile Creep on Corrosion of Various Amalgams.
Both creep and corrosion have been correlated with deterioration of dental
amalgam restorations. In this study the relationship between creep and
corrosion was examined by subjecting amalgam specimens to tensile loads
sufficient to induce creep strain and measuring the corrosion parameters.

A constant load pneumatic tensile machine was adapted for the tests; dumb-
bell-shaped amalgam specimens were placed in a temperature-controlled cell
which also contained a reference and counter electrodes. The electrolyte
was synthetic saliva at 37°C. Tests were made at various tensile loads.
Five commercial amalgams, representing all the major types, were included
in the study. The polarization resistance, which is inversely proportional
to the corrosion rate, was determined using a transient polarization tech-
nique. The results showed that for y,-containing amalgams the creep
deformation had a marked effect on po%arization resistance, indicating that
deformation of restorations enhances the corrosion attack, especially in
the regions of margins. This effect has been attributed mainly to the
destruction of the passive film on the Yq and Y, phases by the strain.
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High-copper amalgams, which exhibit much lower creep rate and do not
contain the soft Yy, phase alsc showed much smaller effect of tensile
load on corrosion.” Anodic polarization curves for loaded and unloaded
specimens confirmed the effect of creep; the passive current density
increased for each type of amalgam.

The results of the study were presented at the 1982 Session of the IADR.

A Study of Corrosion in the Pores in Dental Amalgam.

A study of the effect of porosity on corrosion of a high-copper dental
amalgam, performed in the previous year, has shown a significant rela-
tionship between porosity and susceptibility to corrosion. In a continua-
tion of this study, the structure of the amalgam in the vicinity of the
pores was examined using scanning electron microscopy and energy-disper-
sive X-ray analysis. The phases observed on the internal surfaces of the
pores wWere then metallurgically duplicated, assembled in galvanic cells
simulating the cells in the pores, and the corrosion potentials and cur-
rents were measured.

The results have shown that the acidification of the solution in the
pores, which results from ‘the corrosion processes, makes the Cu.Sn. more
susceptible to the attack; the y, phase containing tin alsoc showed anodic
activity. This study was perforimed before the results of the study on
the effect of mercury on the corrosion of CuBSn were known; therefore,
the effect of mercury was not taken into accoun%.

3. SIGNIFICANCE

Understanding of the causes of deterioration of the restorations is necessary
for the improvement of their performance.

4. RESEARCH GOALS FOR THE COMING YEAR

A.

Determination of the Effect of Mercury on Corrosion Susceptibility of
Phases in Dental Amalgam:

The effect of Hg on corrosion of CuéSn , found in the past year, raises
the question of a similar effect on otger phases, specifically Cu,Sn and
Ag.Sn. The data in literature were obtained without regard to the pos-
sible effect of Hg.

Quantitative Determination of the Relationship between Strain and
Corrosion Parameters:

The data obtained to date related corrosion parameters to load. In the
follow-up the strain will be measured and the relationship between strain
and corrosion determined.

Investigation of the Effect of Aging on Corrosion of High-Copper Amalgams:
Further effort will be made to determine the microstructural changes which
cause the change of corrosion resistance with aging. A more detailed
analysis of the corrosion behavior of aged specimens will be made.
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