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ELECTROCHEMICAL STUDY ON THE CORROSION BEHAVIOUR
OF DENTAL AMALGAM IN ARTIFICIAL SALIVA

Yeoung-Nam Kim,D.D.S., M.S.D., and Chung-Meon Um, D.D.S., M.S.D., Ph.D.
Deptartment of Operative Dentistry, College of Dentistry, Seoul National University.

—Abstract—

The purpose of this study was to observe characteristic properties through the polari-
zation curves and EMPA images {rom 4 different types of amalgam obtained by using the
potentiostats (EG & G PARC) & EPMA (Jeol JSM-35), to investigate the degree of
corrosion of each phase of amalgam on the oxidation peak, and to identify corrosion
products from the corroded amalgam by use of X-ray diffractometer(Rigaku).

After each amlgam alloy and Hg were triturated as the direction of the manufacturer
by means of the mechanical amalgamator(Shofu), the triturated mass was inserted into
the cylindrical metal mold which was 12mm in diameter and 10mm in height and was
condensed by means of routine manner.

The specimen was removed from the mold and stored at room temperature for about 7
days. The standard surface preparation was routinely carried out.

Anodic polarization measurement was employed to compare the corrosion behaviours of
the amalgams in 0.9% saline solution(pH6.8~7.0) and artificial saliva(pH6.8~7.0) at
37°C.

The open circuit potential was determined after 30 minutes’ immersion of specimen
in electrolyte and the potential scan was begun at the potential of 100mV cathodic from
the corrosion potential. The scan rate was 1mV/sec and the surface area of amalgam
exposed to the solution was 0.64cm? for each specimen. All the potentials reported are
with respect to a saturated calomel electrode (SCE). EPMA images on the determined
oxidation peaks of each amalgam in artificial saliva were observed.

X-ray diffraction patterns of each sample were recorded before and after polarization in
artificial saliva (Aristaloy, Caulk Spherical, Dispersalloy and Tytin: at +770mV, +585mV,
+810mV and +680mV respectively) by use of a recording diffractometer. Nickel filtered
Cu Ka; radiation was used and sample was scanned at 4°(20)/min. from 25° to 80°.

The following results were obtained.

1. Oxidation peak potential in artificial saliva shifted to more anodic direction than that
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in saline solution.

2. The corrosion potential of high copper amalgam was more anodic than the potential

of low copper amalgam.

copper amalgam.

3. The current density was lower in artificial saliva than in saline solution.
4. One of the corrosion products, AgCl was identified by X-ray diffraction analysis.
5. 72 phase was the most susceptible to corrosion and ¢ phase was stable in low copper

amalgam and 7’ phase and Ag-Cu eutectic were susceptible to corrosion in high
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Table 1. Amalgam alloys

Aristaloy—Low copper lath cut; Engelhard Co.

Caulk Spherical—~Low copper spherical; L.D.
Caulk Co.

Dispersalloy—High copper dispersed; Johnson &
Johnson Co.

Tytin—High copper single composition; S.S. White
Co.

Table 2. Composition of artificial saliva
(Fusayama et al)
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Schematic illustration 1

CORROSION INSTRUMENTATION

Chloride
formula KCl 0.4g/l, NaCl 0. 4g/! 1
Potenti
Phosphorus 71\\I/Ig2§2P06 0. 0016gl/l, otentiostat XY
formula 82 + 0. 6g/ Cell Current Recorder
Convert
Protein mucin 4. 0g/! To verrer
Other components  Na,S 0.0016¢/!
uréa 1.0g/! Voltage
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mechanical amalgamator
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Graph 1. Polarization curves of four dental amalgams at 37°C in artificial saliva
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Graph 2. Polarization curves of four dental amalgams at 37°C in saline.
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Graph 3. Polarization curves of Aristaloy at 37°C.
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Graph 4. Polarization curves of Caulk Spherical at 37°C.
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Graph 5. Polarization curves of Dispersalloy at 37°C.
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Graph 6. Polarization curves of Tytin at 37°C.
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Graph 7. Portions of X-ray diffraction patterns of Aristaloy, showing AgCl peaks from the amalgam
corroded at +~770mV 1n artificial saliva.
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Graph 8. Portions of X-ray diffraction patterns of Caulk Spherical, showing AgCl pearks from the

amalgam corroded at +585mV in artificial saliva.
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Graph 9. Portions of X-ray diffraction patterns of Dispersalloy, showing AgCl peaks from the amalgam
corroded at +810mV 1n artificial saliva.
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Graph 10. Portions of X-ray diffraction patterns of Tytin, showing AgCl peaks from the amalgam
corroded at +680mV in artificial saliva.
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Graph 11. Portions of X-ray diffraction pattern of AgCl as standard.
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WY BRME 1

Fig. 1. Surface of Aristaloy Amalgam before corrosion.




R BEEME 2

Fig. 2. Surface of Aristaloy Amalgam corroded at +305nV in
artificial saliva.
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W BRHE 3

Fig. 3. Surface of Aristaloy Amalgam corroded at +450nV in
artificial saliva.




A BERMIE 4

Fig. 4. Surface of Aristaloy Amalgam corroded at +570mV in
artificial saliva.
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Fig. 5. Surface of Caulk Spherical Amalgam before corrosion.




A BEM

Fig. 6. Surface of Caulk Spherical Amalgam corroded at
+130nV in artificial saliva.
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Fig. 7. Surface of Caulk Spherical Amalgam corroded at
+260mV in artificial saliva.




Wy BERHE 8

Fig. 8. Surface of Caulk Spherical Amalgam corroded at
+385nV in artificial saliva.
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Fig. 9. Surface of Dispersalloy Amaigam before corrosion.
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Fig. 10. Surface of Dispersalloy Amalgam corroded at
+130nV in artificial saliva.
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Fig. 11. Surface of Dispersalloy Amalgam corroded at
+200mV in artificial saliva.
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A BRME 12

Fig. 12. Surface of Dispersalloy Amalgam corroded at
+260nV in artificial saliva.
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WY BRME 13

Fig. 13. Surface of Dispersalloy Amalgam corroded at
' +610nV in artificial saliva.
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Fig. 14. Surface of Tytin Amalgam before corrosion.
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Fig. 15. Surface of Tytin Amalgam corroded at +260mV in
artificial saliva.
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Fig. 16. Surface of Tytin Amalgam corroded at +480mV in
artificial saliva.
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