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Summary

The aim of this study was to examine the validity of a test method (report from ISO/TC
meeting in London, October 1998, document N55) for the corrosion resistance of amalgam,
considered for adoption as ISO (International Organization for Standardization) test. The
corrosion resistance of six types of amalgam was evaluated using the proposed poten-
tiostatic test (N55). The test procedure (N55) was found to be relatively simple and provide
reproducible results. Therefore the proposed potentiostatic test can be justified as a stan-
dard test of corrosion resistance for dental amalgams.

Introduction

The ISO (International Organization for Standardization) has evaluated standard test methods
for dental materials and devices in special working groups. One of the groups has considered devel-
opment of a standard test method for the corrosion resistance of dental amalgam. In Japan, the use
of dental amalgam is decreasing rapidly in view of the concerns regarding toxicity of mercury, which
is a component element of amalgam. The health risk due to the mercury released from amalgam has
not been substantiated, however. Dental amalgam continues to be used throughout the world and a
standard test of the corrosion resistance is desirable.

The working group ISO TC106/SC1/WG7 (alloy for dental amalgam) has discussed a test of the
corrosion resistance for dental amalgam for several years. Several tests have been proposed, and
some round robin testing has been performed. The test method, which was the subject of this study
(report from ISO/TC meeting in London, October 1998 document N55), was proposed to ISO by Dr.
M. Marek in 1998. The test is based on an electrochemical polarization method, and the corrosion re-
sistance is evaluated according to the anodic charge passed during the test period at a constant po-
tential. The test was subjected to round robin testing at five laboratories in four countries, which
was a prerequisite for the acceptance of the method.

The aim of this study was to examine the reproducibility of the proposed test method (N55). The
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corrosion resistance of six kinds of amalgam was evaluated using the potentiostatic test procedure.

Materials and Methods
Specimen preparation
The chemical composition of the alloy pow- Table 1 : Chemical Composition of Alloy Powder
ders used to prepare the six types of tested com- (wt. %)
mercial amalgams is shown in Table 1. Amal- Alloy Code | Az Sn Cu Zn

cap Plus (Vivadent Lot A532292) and Spherical Tytin TYT | 60 28 12 -
D (Shofu Lot 119826) are 1:—free and zinc—free =~ Amalcap Plus | AMP | 70.1 18 119 -
dispersed phase amalgams . Dispersalloy  Dispersalloy | DIA | 693 179 118 1
(Dentsply Lot 971111F) is also a dispersed  SphericalD | SPD | 59.56 275 13 -

phase alloy. Vivacap (Vivadent Lot A06359) and ~ Vivacap VIC | 465 30 235 -
F400 F400 70 26 35 05

Tytin (Kerr Lot 8-1008) are single component
alloys. F400 (SDI Lot 711262) is a micrograin,
lathe—cut alloy. The powders were triturated and condensed according to ANSI/ADA Specification
No.1 to produce standard specimens (diameter 4mm). After aging for two weeks at room tempera-
ture the specimens were embedded in epoxy and prepared as working electrodes. The exposed end of
the specimen was wet—ground to 600 grit or FEPA #1200 and washed with distilled water.
Corrosion test cell

A three—electrode corrosion cell was used, holding the specimen (working electrode), a reference
electrode (0.1M KCI1 Ag/AgCl) probe, and an inert counter—electrode (platinum wire). The cell was
maintained at 37+0.5C by means of a temperature—controlled bath. The electrolyte was an aqueous
solution of 0.9% NaCl by weight, and the solution volume was 500 ml.
Test procedure

The cell was filled with the electrolyte, which remained open to the atmosphere, and maintained
at 37+£0.5C. The specimen (working electrode) was inserted into the cell and the three electrodes
were connected to the potentiostat. During a waiting time of 10minutes the specimen was under
open circuit conditions, and the potential was recorded at the end of the 10-minute exposure period.
The potentiostat (SEIKO EG&G Model 283, Corrosion software Model 252/352) was set to the poten-
tiostatic mode, and the control potential and time were adjusted. The control potential was—0.047V,
to provide the specified working electrode potential of 0.0V vs. SCE (0.242V vs. SHE). The time was
set at 24 hours. The potential was applied and the current was measured and recorded.

Results and Discussion

Figs.1-6 show the potentiostatic curves for each amalgam. These curves revealed a sharp initial
current peak, the current then decreasing to an almost constant value. The integrated current den-
sity (anodic charge, coulombs. cm™) is the corrosion index Cz4. The stabilized value of the current af-
fected the corrosion index C2s more than the initial sharp peak value. Since the anodic charge is pro-
portional to the mass of the metal dissolved or converted into corrosion products according to the
Faraday’s law, the value of the corrosion index Ca4 corresponds to the amount of the corrosion dam-
age. The larger the corrosion index Cqs, the lower is the corrosion resistance of the tested dental
amalgam in 0.9% NaCl aqueous solution.



‘€ 900
o 800
< 700
2 600
5. 500
£ 400
300
a 200
£ 100

ens

Curren

R

3
B
+i

6 12 18

Exposure Time (hours)

24

Fig.1 : Potentiostatic curve (current density as a
function of exposure time) in 0.9% NaCl at
37T for Tytin (TYT).
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Fig.2 : Potentiostatic curve (current density as a
function of exposure time) in 0.9% NaCl at
37T for Amalcap Plus (AMP).
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Fig.3 : Potentiostatic curve(current density as a
function of exposure time)in 0.9% NaCl at
377 for Dispersalloy (DIA).
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Fig.4 : Potentiostatic curve (current density as a
function of exposure time) in 0.9% NaCl at
37C for Spherical D (SPD).
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Fig.5 : Potentiostatic curve (current density as a
function of exposure time) in 0.9% NaCl at
37T for Vivacap (VIC).
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Fig.6 : Potentiostatic curve (current density as a
function of exposure time) in 0.9% NaCl at
37T for F 400 (F400).

Fig.7 shows the measured values of the corrosion index Css for the tested amalgams. When the
amalgam contains the ¥ phase, like F400 does, the test results in a large value of the corrosion in-
dex Cz4. The corrosion resistance of F400 was lowest of the tested amalgams. This result is consis-
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tent with the corrosion data reported in previ- 80

ous studies, which showed that the y: phase was 70 b —-I-
the most corrosion—-prone phase in the struc-

ture of low-copper amalgams,"™ and that y.— 60 r-

containing amalgams exhibited corrosion resis- 50

tance inferior to y:—free amalgams.” Tytin, a 40

high-copper, 12— free amalgam, exhibited the 30 F

20
s { | { |
agreement with previous reports™. The results —

0
for the other amalgams were intermediate be- TYT AMP DIA SPD VIC F400
tween those for F400 and Tytin, but generally
superior to those for F400. There was no statis-

tically significant difference between the results Fig.7 : Bar graph comparing the corrosion indices
Ca for six kinds of dental amalgams in0.9%
) ’ NaCl at 37C. Data bars represent means
cap Plus, Shofu Spherical D, and Dispersalloy), (n=5), error bars represent their standard

indicating similar corrosion performance. Viva- deviation.

smallest value of the corrosion index Cs4, indi-
cating that the corrosion resistance of Tytin
was the highest of the tested amalgams, also in

Corrosion Index (C/cm?)

Amalgam

for the three dispersed phase amalgams (Amal-

cap, a high-copper, single composition alloy

amalgam, showed results significantly inferior to Tytin, the other high-copper, single composition
alloy amalgam, and the highest value of the corrosion index Cz:; among the high~copper amalgams.
The difference may be attributed to the very high copper content of Vivacap. Copper combines with
tin to form the phase 1’ (CusSns) which, in the absence of the y: phase, is the most corrosion—prone of
the structural phases in high—copper amalgams.”

The corrosion index Cz4, obtained by means of a potentiostatic method, was successfully used to
rank six kinds of dental amalgams with respect to corrosion resistance. The potentiostatic test re-
sults were in good agreement with the results of the ISO immersion test, in which the amounts of
elements dissolved from the alloys were determined by solution analysis (N59)”. The potentiostatic
test procedure was substantially simpler than the immersion and analytical procedures used in the
ISO immersion test. A potentiostatic test also can be applied to evaluate the corrosion resistance of
other dental alloys. However, the test cannot be applied without modification to compare alloys of
substantially different composition. Electrochemical dissolution of different elements depends on
their thermodynamic and kinetic parameters, and a potentiostatic exposure at the same potential
would accelerate differently dissolution of different elements.

Standard test methods should involve a simple procedure, and the principle must be theoretically
sound. The evaluated test procedure is relatively simple and does not require special skills of the op-
erator or unusually sophisticated electrochemical or analytical instrumentation. The interpretation
of the results (corrosion index Cqs) is straightforward and based on a sound electrochemical theory.
Therefore, a potentiostatic test can be justified as a standard test of corrosion resistance for dental

amalgams.
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