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ABSTRACT

The dental alloys for frameworks destined to strengthen prostheses as
bridges must be not only mechanically resistant, but also corrosion resistant.
After having characterized its microstructure and its mechanical and thermo-
physical propertiesinthefirst part of thiswork, the same dental cobalt-base
alloy was heretested in corrosion. Mounted asworking el ectrodein athree-
electrodes cell containinga{ 9g/L. NaCl; pH=7.4} agueoussolutionsmulating
saliva heated to human body temperature, this cobalt alloy was subjected to
Stern-Geary, Tafel and cyclic polarization experiments. Added to the open
circuit potential evolution over two hours, these electrochemical tests
demonstrated that the alloy passivated rather rapidly and thereafter well
behaved in corrosion. The obtained polarization resistanceswere very high,
and the determined corrosion current densities very low. They were of the
samelevelsasfor nickel-base alloys characterized in similar artificial saliva.
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INTRODUCTION

In prosthetic dentistry metallic alloysare used to
mechanically reinforce bridgesand other prostheses
replacing natural teeth. They ensureanimportant me-
chanica rolesncemetalicframeworksalowsbridges
((for example) ressting theintensecydicflexura solic-
tationsinvolved by mastication. But thetwo main parts
of themetdlic assemblage, the parent dloysaswell as
thepre- and overal post-solder dloys, areadditionally
exposed to the bucca milieu and, consequently, they
arein contact with moreor lessaerated saliva. They
must bethen resi stant against agueouscorrosonto pre-

vent possi blemechanical wesakening of theframework
but a so to avoid the loss of metallicionswhich may
results from corrosion, phenomenon depending of
different parameters such asthe electrolytenature, its
pH, the aeration conditions?® and the consequences
of which may be dangerous®.

Amongthedental aloysusedinthisfieldthereare
aloysbased on noble metalssuch asgold, platinumor
paladium and silver (American Denta Association).
But therearea so must cheaper alloysdisplaying high
mechanical strength too, and possibly dsohighress-
tance against corrosion. These “predominantly base”
alloys can be based on nickel or on cobalt, and they
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contain highquantitiesof chromiumwhichisfavourable
to thedevel opment of aprotective passivation layer.

With about 25 wt.%Cr in their composition some
nickel-base aloys, such as the Pisces Plus (61.5Ni-
22.0Cr-11.2W-2.6Si-2.3Al, inwt.%) and the 4ALL
(61.4Ni-25.7Cr-11.0Mo-1.5Si, in wt.%)® may be
very resistant against corrosion, eveninvariousmedia
simulating salivad®*?. Thealloysbased on cobat may
beresistant, asthe““Vitallium” alloy*®. Furthermore
some alloys bel onging to this second family of “pre-
dominantly base” alloys can be more resistant than
nickel-base aloys*. The present work concernsan-
other dental cobalt-base dloy, thedSIGN30 one. Af-
ter having characterized its microstructure and itsme-
chanical and thermo-physical properties™ thisishere
itsbehaviour incorrosoninasolution smulating sdiva
whichwill bestudied in thissecond part.

EXPERIMENTAL

Thestudied alloy

The chemical composition of the so called
dSIGN30 which was studied here, is reminded in
TABLE 1 (commercial data). In fact measurements
performed in Energy Dispersive Spectrometry gavea
littledifferent resultg4.

rich in Cr

TABLE 1 : Chemical composition of the dSIGN30 alloy
(commer cial data); all contentsin weight per cent[*

Co Cr GaNb Mo S B Fe Al Li
60.2 30.1 39 32 <10<10<10<10<10<10

Itsmicrostructure, reminded in Figure 1, iscom-
posed of adendritic matrix of solid solution of cobalt
containing themain part of chromium, and of precipi-
tates of two types: thefirst onesrichin niobium and
molybdenum, and the second onerichin chromium.

Theedectrode

A cut part of dSIGN30 was partly sawed and the
denuded extremity of aplastic-gained copper wirewas
stick inthedot. Thedloy and the not gained part of the
copper wire were embedded in cold resin (Araldite
CY 230 and HY 956) to isol atethese metdlic partsfrom
the solution when the électrodewill beimmersed, ex-
cept of courseamain face of dSIGN30. The surface
of theemerging aloy was measured usingasimpleof-
fice scanner and the A dobe Photoshop CS software of
Adobe. Thisled to 0.284 cm?. This Working Electrode
(WE) will beassociated with anAuxiliary Electrode
(AE) (dlso caled counter electrode) and aReference
Electrode (RE). The second el ectrode (AE) wasapl ati-
num one and thethird electrode a Saturated Calomel
Electrode (SCE).

rich in Nb,
Mo and Si

matrix

BEC 15kV WD10mmSS60 30Pa x500

Figurel: Theas-cast microstructureof thedSIGN30 alloy!™
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Figure2: Evolution of theopen cir cuit potential of thedSI GN30alloy duringthefir st two hour sof immersion

Theused electrolyteand theapparatus

Thesolution chosenfor smulating sdivawasa{ 9g/
L NaCl} -containing solution the pH of which was ad-
justed at 7.4. Thissolution was heated then maintained
at 37°C with a Julabo F32 apparatus.

Theexperimentswereperformed usngaVersaStat
potens ostat from EG& G Princeton Applied Research
driven by the 352 software.

Theelectrochemical experiments

Theexperimentswhichwererunwerea?2 hours-
longimmersion duringwhichthevariationsof theOpen
Circuit Potential (Eocp, or freepotential) wererecorded,
amingtoknow inwhich state—active or passive —the
dloyis, anddsoif thereischangeduringtheimmersion
(from activeto passiveor thecontrary: depassivation).
Every 60 minutesalinear polarization betweenE__-
20mV uptoE _+20mV at 10mV/minwasperformed
inorder to get valuesof the polarization resistance Rp
according to the Stern-Geary method. A Tafel experi-
mentfromE__-250mV upto E _ +250mV wasthere-
after applied, with ascanning rate of 10 mV/min, in

order to specify thevaluesof | __andE_, (corrosion
density of current and corros on potentl al) aswell as
theonesof the anodic and cathodic Tafel coefficients
B, andB_.Alsoaftera2hourslongE_ . recording dur-
ing which to Stern-Geary runswere also realized, a
cyclic polarization run was carried out with scanning of
the applied potential from Ep,— 150mVuptoE +
1.225V a1mV/s(i.e. 60 mV / min) to seewhether
thedloy isableto get passiveand whether thiseventua
passive state remains stable when the applied potential

decreases.
RESULTSAND DISCUSSION

Theopen circuit potential over 2hours

Theevolution of Ero withtimeisshowninFigure2
with thethree successive curves plotted together, from
the datarecorded beforethe Tafel experiment. Inthe
same graph the corresponding three successive curves
obtained inthe same conditions but beforethe cyclic
polarization experiment are added. One can seethat,
inboth cases, the potentid increasesfromaninitial low
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value (between -250 and -200 mV / HNE) character-
istic of an active state, to amuch higher potentia (be-
tween+0 and-50 mV / HNE) characteristic of apas-
svestate. Theseincreasesareinitidly fast but they de-
celerate before stabilizing. One can point out that the
two global curvesare not exactly superposed but they
arecloseto oneanother.

Thepolarization resistances

During thetwo hours before the beginning of the
Tafd experiment twoliner polarizationswereperformed
over asmall potentia interval centred ontherunning
E o Att=1 hour and at t=2 hoursthisleadsto polar-
ization resistanceswhich are Rp,, =248 kQ x cm?” and
Rp,,=266 kQ x cm?. The same two linear polariza-
tionswere a so performed during thetwo hoursbefore
thestart of thecyclic polarization run. At t=1 hour and
at t=2 hoursthisleadsto polarization res stanceswhich
are Rp,,,=124 kQ x cm? and Rp_,,=124 kQ x cm?.
Despitethat thesefour valueswere not the samethey
wereadl very high and characteristic of apassive state.

Thetafel experiment

Theobtained Tafe curveisplottedinFgure 3, with
thefirst part of thecyclic polarization curve.

TheTafel curveissituated at arather low level in
current density, this suggesting very low corrosion cur-
rentdensity (I ). TheTafel determination effectively
ledtovery low vaueof | (88 nA/cm?) and a corro-
sonpotentia E__of about +30 mV/HNE. The Tafel
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Figure3: TheTafe curve(thick blueline), and thefirst part
of thecyclic polarization curve (thin green line)

determination wasal so carried out on thelow potential
part of the E-increasing cyclic pol arization curve: cor-
rosion current density of about 0.1 mA / ¢ (i.e. much
morethanfor the Tafel experiment) and corrosion po-
tential of about +20 mV/HNE.

TheTafel characterization asoled to cathodic and
anodic Tafel coefficients of about 198 mV / decade
and 302 mV / decaderespectively.

Thecyclicpolarization run

TheE-increasing part and E-decreasing part of the
cyclic polarization curve are plotted together in Figure
4. One can seethat no passivation plateauispresentin
the E-increasing part of the curve, maybe becausethe
alloy wasalready passivated beforethe cyclic polar-
ization part of the experiment. Thereisaprogressive
increasein current when the gpplied potentia exceeded
the corrosion potentia, with additiondly afind increasse
beforereaching E,,+1.225V. Thelatter high currents
are probably related to the oxidation of the solution
(solvent’s wall) itself (H,O — O,), to add to the prob-
abledtart of transpassivation (re-oxidation of Cr''(OH),
or Cr'" O, into Cr' species. Theresulting enrichment
of thesolutionindissolved O, isprobably responsible
of thehighest currents measured during the E-decreas-
ing part of the cyclic polarization experiment for the
same potentiadsasinthe E-increasing part. Notably the
new corroson current (about 10mA/cn?) is much higher
thantheinitia onewhilethenew corrosion potentia
(@bout -20mV/HNE) isdlightly lower than theinitial
one (about +10mV/HNE): thislet think that the passi-
vation scalewas deteriorated by the exposureto very
high potential sat theend of the E-increasing part).

General commentaries

The present dental cobalt-base alloy seemsthus
rather resistant against corrosion in thebucca milieu,
asproven by these electrochemical experimentsreal -
izedinasolutionamulating sdiva The Stern-Geary runs
aswell asthe Tafel runs, which gavevery highvauesof
polarization resistancesand very low values of corro-
sion currentsrespectively, showed that the alloy was
certainly already passi vated when these experiments
werecarried out. Thiswas a so confirmed by the ab-
senceof passivation plateau in the potential-increasing
part of the cyclic polarization curve. The evol ution of
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Figured: Theobtained polarization curve(E-increasing part
inthick red lineand E-decreasing part in thin blueline)

—E-decreasing part

the open circuit potential during the 2 hoursfreeim-
mersion probably reveal ed the progressivefast then
dow establishment of the protective passivation layer
over thedloy. However thetimenecessary for that was
obvioudy not much lower than thesetwo hours. But
thefirst polarisation resi stances which wererecorded
(at t=12 hour) show, by their aready very high val ues,
that passivationwas probably already redlized after one
hour of immersion.

CONCLUSIONS

ThedSIGN30 dental cobalt-basealloy, which al-
ready gppeared asrather mechanically res stant assug-
gested by itshigh va ues of hardness™®, appeared here
additionally very corrosion resistant. Thevaluesof Rp
andl_,_arecomparableto theonesearlier™® measured
for nickel-basdloysinthesame{ 9g/L NaCl; pH=7.4}
solution at 37°C. However the solution simulating sa-
livawas hererather simple and one can think poten-
tidly useful to confirm with additiond e ectrochemica
experiments in other artificial saliva, such as the
Fusayama’s one.
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