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Corrosion Test of Dental Alloys by Electrochemical Measurement
—Part 3 Application of hydrodynamic voltammetry using a rotating disk electrode—

NOrRIKO HORASAWA & SHIGEC TAKAHASHI

Department of dental technology Matsumoto Dental University School of Dentistry
(Chief : Prof. S. Takahashi)

Summary

Hydrodynamic voltammetry is able to increase the accuracy of measurements to rotate the

electrode. This study used hydrodynamic voltammetry by means of a rotating disk electrode

to examine the corrosion mechanisms of three kinds of pure metals ; gold, silver and copper,

and six kinds of binary gold alloys. The results were compared with cyclic voltammograms in a

statistical system.

Hydrodynamic voltammetry provided rapid the steady corrosion reactions. Therefore this

method was able to distinguish the elementary processes of chemicals and discharge.
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Fig. 2 : Cyclic voltammograms of binary gold containing copper 50 at% alloy
in 1-mol perchloric acid solution for effect of rotating speed.
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Fig. 3 . Relationship between rotating speed
and current density for copper oxide.
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Fig. 4 : Cyclic voltammograms of pure gold, silver and copper in 1-mol perchloric acid solution
(upper : static system, lower : kinematic system, scanning rate=3x10’mV/sec, rotating

Fig.5:

speed=1500 rpm, 25C).
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Fig. 6 . Cyclic voltammogramms of binary gold alloys containing 75 at%, 50 at% and 25 at% of sil-
ver in 1-mol perchloric acid solution (upper : static system, lower : kinematic system, scan-
ning rate=3x10’mV/sec, rotating speed=1500 rpm, 25C).
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Fig. 7 : Cyclic voltammograms of pure gold, silver, copper in 1% lactic acid solution (upper : static system,
lower : kinematic system, scanning rate=50 mV/sec, rotating speed=1500 rpm, 37C).
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speed=1500 rpm, 37C).
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Fig. 11 : Cyclic voltammogramms of binary gold alloys containing 75 at%, 50 at% and 25 at% of
copper in 0.05% hydrochloric acid solution (upper : static system, lower : kinematic sys-
tem, scanning rate=50 mV/sec, rotating speed=1500 rpm, 37C).
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Fig. 13 : Cyclic voltammograms of pure gold, silver, copper in 1% sodium chloride solution (up-
per : static system, lower : kinematic system, scanning rate=50 mV/sec, rotating speed=
1500 rpm, 37C).
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Fig. 14 : Cyclic voltammogramms of binary gold alloys containing 75 at%, 50 at% and 25 at% of
copper in 1% sodium chloride solution (upper : static system, lower : kinematic system,
scanning rate=50 mV/sec, rotating speed =1500 rpm, 37C).
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Fig. 15 : Cyclic voltammogramms of binary gold alloys containing 75 at%, 50 at% and 25 at% of sil-
ver in 1% sodium chloride solution (upper : static system, lower : kinematic system, scan-
ning rate=50 mV/sec, rotating speed =1500 rpm, 37C).
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Table 1 : Amount of released metalic element (ug/
cm’) in 1-mol percloric acid solution after
cyclic votammetry.

1998
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Table 3 : Amount of released metalic element (ug/
cm?) in 0.05% hydrocloric acid solution af-
ter cyclic votammetry.

Au Ag Cu Au Ag Cu

Au o[o] - - Au 0[35] - -

Ag - 14016[19841] - Ag - 116[0] -

Cu - - 5885 (3404) Cu - - 507 [1529]
Au-Cu (75 at%) olo] - 789[190] Au-Cu (75 at%) olo] - 712{911]
Au-Cu (50 at%) ofo] - o[o] AuCu (50 at%) | 0[388] - 0[99]
Au-Cu (25 at%) o[o] - o[o] Au-Cu(25at%) | 0[140] - ofo]
Au-Ag (75 at%) olo] 2641[3217] - Au-Ag (75 at%) ofo] 68[0] -
Au-Ag (50 at%) o[0] o[o] - Au-Ag (50 at%) o[s2] ofo] -
Au-Ag (25 at%) o[o0] ofo] - Au-Ag (25 at%) 0[50] olo] -

[ 1:RDE, ( ) : difference of scaning range [ 1:RDE, ( ) : difference of scaning range

Table 2 : Amount of released metalic element (ug/
cm’) in 1% lactic acid solution after cyclic

Table 4 : Amount of released metalic element (ug/
cm’) in 1% sodium chloride solution after

votammetry. cyclic votammetry.
Au Ag Cu Au Ag Cu

Au o[o] - - Au 347[2194] - -

Ag - 431[523] - Ag - o[o] -

Cu - - 199(134) Cu - - 259[1454]
Au-Cu (75 at%) 0[0] - 9[0] Au-Cu (75 at%) 0[0] - 2042(1788)
Au-Cu (50 at%) o[o] - o[o] Au-Cu (50 at%) | 1799[2432] - 396[492]
Au-Cu (25 at%) 0[0] - o[0] AuCu (25 at%) | 553[1668] - 0[70)
Au-Ag (75 at%) o[o] 158(197] - Au-Ag (75 at%) o[o] ofo] -
Au-Ag (50 at%) ofo] ofo] - Au-Ag(50at%) | 490[0] ofo] -
Au-Ag (25 at%) olo} ofo] - Au-Ag (25 at%) olo] o[o] -

[ J:RDE, ( ) : difference of scaning range
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Fig. 16 : Streamline flow on the disk electrode.
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