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ABSTRACT

Themetallic alloysused to mechanically strengthen ceramic-metallic dental
prosthesis may partly emergein contact with the salivapresent in the buccal
milieu. They are then subjected to a possible corrosion by the more or less
aerated saliva. Specific electrochemica runswere here performed to measure
the corrosion rates of several selected dental alloys used in frameworks
reinforcing some fixed partial dentureswhen they are maintained at ahigh
anodic potential in an acidified Fusayamasaliva, in order to better know the
behaviour of these alloys in a saliva which may contain alot of dissolved
oxygen. Theinitial cyclic polarization runs performed over alarge anodic
range of potentialsallowed choosing, inthe E-increasing part of the obtained
curves, values of high potential at which alloys were permanently exposed
during 3 days. After each experiment the electrolyte was analyzed by ICP
measurements to detect the eventual presence of the more or less noble
metallic elementsinitially belonging to the alloys.
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INTRODUCTION

Many dentd dloysused for dental prosthesescon-
tain nobleelements(e.g. Au, Pt, Pd...) while other al-
loys, based on less noble metals (Ni, Co, Cr...) may
show also avery good resistance against corrosionin
the buccal milieu, thankstotheir easinesstoreach a
passivation state. However, they can lead to significant
anodic currentswhen exposed to high potentials (ina
three-el ectrodes cell for example), asshown by theend

of theanodic partsof somepolarization runsperformed
inartificid saliva Inred caseshigh eectrochemica po-
tential s can be sometimes encountered, for instance
when sdlivaisintensively agrated. Thus, it may appear
important to know the corrosion behaviour of theal-
loysin someextremesituations.

Suchmetallic dloyscan bepresentindenta pros-
thesesinwhichthey congtitutetheinternal frameworks
which mechanically support the cosmetic ceramic (the
artificid teeth). Thisframework can beeffectively con-


mailto:patrice.berthod@univ-lorraine.fr

MSAIJ, 9(7) 2013

Patrice Berthod et al.

261

cerned by corrosion sinceasmall part of it canbelet
outside the ceramic and then exposed to the buccal
milieu. Such aframework for fixed partial denturere-
sultsof theassemblage of several main partsmadeof a
“parent alloy”, joined together by brazing (using a “pre-
solder aloy”). The obtained assemblages are thereaf-
ter them toojoined to oneanother by brazing (thistime
using a“‘post-solder alloy”) to finally obtain the pros-
thesis. If the pre-solder alloy isnot in contact with the
buccal milieuthanksto the cosmetic ceramic deposed
after joining, itisnot the casefor the post-solder aloy
which cannot be covered and necessarily emerges out-
sde. Theextremitiesof thetwo joined piecesof parent
alloy sometimes partly appear too, when the ceramic
doesnot always cover them entirely. Thus, post-solder
joints, and sometimes a part of parent alloy, are ex-
posed to a possible corrosion by salivamore or less
richindissolved oxygen™.

Thisiswhy eectrochemicd runsareoften performed
to evduatethe corrasion behaviour of post-solder dloys
and of parent dloysin different e ectrolytessmulating
salivawhich can beof different types, suchassimple
neutral NaCl-contai ning agueous solutions?4, Afnor s
liva5® or Fusayamasdivd”, for example.

Inthiswork several parent aloysand post-solder
aloy werechosen among familiesof variousnobilities,
to bestudied inacomplex artificia sdiva(Fusayama-
type) acidified downto pH=2.3. Theinvestigationswere
donefirst by performing cyclic polarizations, and sec-
ond by applying constant anodic potential s (sel ected
from the potential increasing partsof thecyclic polar-
ization curves previoudy obtai ned) during three days.
Theselatter runswerefollowed by the | CP analyses of
the eectrolyte, and by the characterization of the sur-
face states of the electrodes.

EXPERIMENTAL DETAILS

Eight parent alloysand four post-solder dloys, sup-
plied by Ivoclar Vivadent®, were studied. Five out of
these parent alloys are very rich in noble elements
(dSIGN98, Aquarius Hard, dSIGN91, Lodestar, W-:
TABLE 1), oneisless noble (dSIGN59: TABLE 2)
and two aresimple (Ni, Cr)-based alloys (4ALL, Pi-
scesPlus: TABLE 3), whilethefour post-solder aloys
aredl richingold (TABLE 4). Theparent alloyswere
obtained, by investment casting, as parallel epipedic
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samplesof averagedimensions 10 mm x 10 mm x 1
mm. Fusionimplied agas-oxygentorch andthefilinga
centrifugal arm. Each sample was cut into four
parallel epipedic pieces(5mmx 5 mm x 1 mm) using a
Isomet 5000 precision saw (Buehler). They werethere-
after blasted with alumina50 um - powder. A heat treat-
ment was applied tothealloysin aProgramat X1 ce-
ramic oven (Ivoclar Vivadent), with redization param-
etersconform to the manufacturer’s preconisation for
ceramic (IPSdSIGN ceramic, Ivoclar Vivadent®).

TABLE 1: Chemical compositionsof thefivehigh noblepar-

ent alloysstudied here(all contentsin wt.% ; manufacturer’s
data).

COMMERCIAL NAME Au Pt Pd Ga In Others
dSIGN98 86 12 / | |/ 20Zn
Aquarius Hard 8 8526 / 14 /
dSIGN91 60 / 311084 /
Lodestar 52 / 39 1585 /

w 54 |/ 26 | 15 16Ag-25Sn

TABLE 2: Chemical composition of thesingle noble par ent

alloy studied here (all contentsin wt.%; manufacturer’s

data).

COMMERCIAL NAME Pd Ag Sn In Zn Others
dSIGN59 59 28 82 2.7 1.3 /

TABLE 3: Chemical compositionsof thetwo predominantly
base parent alloys studied here (all contentsin wt.%;
manufacturer’s data).
COMMERCIAL NAME Ni Cr Mo W S Others
4ALL 61 26 11 / 15 /
Pisces Plus 62 22 / 11 26 23Al

TABLE 4 : Chemical compositionsof thefour post-solder
alloysstudied here (all contentsin wt.% ; manufacturer’s
data).

COMMERCIAL NAME AuAgCu GaOthers  Tousewith:
.650 65 13 20 2 dSIGN98
.615 61 13 17 / 7.6In d91, d59, Lodestar
.585 59 16 18 7 / Aquarius Hard
LFWG 56 27 |/ | 16Zn W,PiscesPlus, 4ALL

Thepost-solder aloyswere melted inaborax-vit-
rified crucible using abutane-oxygen blowtorch, then
solidified ashaf ball-likeingotswe ghing about 1 gram.
Theseoneswerea so sand-bl asted, then steam-cleaned.
Findly, the heat treatment defined by the manufacturer
especialy for this post-solder alloy wasapplied to the
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ingot in the ceramic oven. All the heat treatments, ap-

plied to the parent alloysand to the post-sol der aloys,

areentirely described in aprevious paper.

Theéeectrodeswere prepared asfollows:

- asampleof each parent alloy or post-solder alloy
was soldered (using tin) to acopper wire covered
by plastic,

- itwasembeddedinacold{resn+hardener} mix.,

- thesurfaceof eech dectrodewaspolishedwith SIC
paper from 80 to 1200 grit under water, and fin-
ishedwith 1um diamond particles.

Thesurfaceof dloy exposedto sdivawasasquare
of a&out 5mm x5 mm (parent alloy electrode) or a disk
of about 35 mm? (post-solder alloy electrode). The sur-
facesof thedloysinthee ectrodeswere observed using
aHitachi FEG-Scanning Electron Microscope, in Back
Scattered Electronsmode (BSE) for themicrostructure
examinations, and in Secondary Electrons (SE) mode
beforeand after the pol arizations at congtant potentid to
evauatetherelief resulting of thedegradation.

A potentiostat 263A (Princeton Applied Research)
was used for the e ectrochemical experiments(driven
by the software: EGG/Princeton model 352), connected
to thethree el ectrodes (Working Electrode: the studied
dloy, Auxilliary Electrode: platinum, and Potentid-ref-
erenceElectrode: aSaturated Calomel Electrode), im-
mersedinacell containing the el ectrolyte heated and
maintained at 37°C by a Julabo F32 thermo-cryostat
(electrolyte’s composition given in TABLE 5).
TABLE5: Chemical compositionsof thefour post-solder

alloysstudied here (all contentsin wt.% ; manufacturer’s
data).

Species Concentrations (g/L)
KCI 0.4
NaCl 0.4
CaCl,, 2H,0 0.91
NaH,PO,, 2H,0 0.69
Na.S, 9H,0 0.005
urea 1

RESULTSAND DISCUSSION

Results

Someof the obtained cyclic polarization curvesob-
tained areplottedin Figure 1, Figure2and Figure 3,in
which arrowsshow thevalues of the potential sthereat-

ter imposed to aelectrodes). TABLE 6 (High Noble
aloys), TABLE 7 (Nobledloy), TABLE 8 (Predomi-
nantly Baseadloys) and TABLE 9 (Post-solder aloys)
show the Pourbaix’s domains!® which correspond to
the potential s sel ected to be applied: first for the 10
5Mol/L of dissolved species, concentration usually
adopted to stateif corrosion existsor not, and second
for IMol/L (corresponding to amuch moresevereand
vishblecorroson). Thesetablesa so givetheidentity of
the speciesrel eased intheeectrolytein case of corro-
sion of thealloysafter the 3 days-testsat imposed an-
odic potential, and detected by ICP; if any, quditative
dataabout their concentrationsareprovided inthesame
tables: “X”, “A”, “A+”, “B”, “C” and “C+” notations
correspond respectively to thefollowing ranges: X: [0
to 1ppb], A: [1 to 10 ppb], A+: [10 to 100 ppb], B:
[100 to 1,000 ppb], C: [1,000 to 10,000 ppb], and
C+: [higher than 10,000 ppb].
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Figurel: Thecyclicpolarization curvesobtained for ahigh
nobleparent alloy (AquariusHard) and potentialsapplied for
the3-dayspolarizationsat constant high anodic potential.

The potentiaslower than +1000mV/NHE were
considered inorder to better characterizethe behaviour
of thealoys(microstructure deteriorationsand species
lost intheelectrolyte) at the potentia of constant cur-
rent plateau end or at the peaks of high currents. The
high potential of +1470mV/NHE was appliedto al-
most all thealloysfor comparatively observing their
behaviour for asamevery high potentia .

General commentaries

The five High Noble parent alloys (dSIGN98,
AquariusHard, dSIGN91, Lodestar and W) and the
four post-solder alloys(.585,.615,.650 and LFWG)
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aredl richingold and their base-element (Au) isstill
initsimmunity domain for an applied potential equal
to +1,000mV / ENH. The other noble elements, Pt
and Pd, are passivated for thissamevalue of applied
potential. After 3 days of exposure at this potential,
no noblest parent alloyshaslost any elementsin the
electrolyte, at least with quantitiesreally detectable
by ICP. The ICP measurements only revealed the
presence of Zn (e.g. dSIGN98 and dSIGN59) or Sn
(e.g. W and dSIGN59) speciesinthedectrolyte after
tests. Gold isasoinitsimmunity state after 3-days
immersion of each of the post-solder alloyswith po-
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larization to +1000mV. In contrast, these alloys con-
tain other metals, lessnoble, and thisin great quanti-
tiesfavoringther presencedfter testin significant quan-
titiesintheartificial sdliva(Cu: about 20wt.%inmass,
Zn: 16wt.%inLFWG Ga: 7wt.%in .585). Agisinits
corrosion domain but seemingly suffersrather low
corrosion despiteits content which issometimesvery
highinthealloy (from 13wt.%in.615 and .650 up to
27wWt.%in LFWG). Indium, which can be presentin
thealloy inmoreor lesshigh amounts (from 1.4wt.%
in Aquarius Hard up to 8.5wt.% in Lodestar), was
never realy foundin saliva.

TABLE 6: High noblealloys- thedifferent potentialsapplied during 3daystothealloys, position in the Pour baix’s diagram,
corresponding speciesstable(criteria: IMol/L and 10®*Mol/L), and | CPresults.

dSIGN98 86% Au 12% Pt 2%2Zn
1Mol/L Au(OH), PO, n
10°Mol/L AU(OH)3 PO, '
E = +1470mV B C C
1Mol/L Al PO, '
10°Mol/L Al PO, zZn*
E = +1000mV X X B
Aqu. Hard 86% Au 8.5% Pt 26% Pd 1.4% In
1Mol/L AU(OH), PO, RI(OH), il
10°Mol/L AU(OH)3 PO, RI(OH)4 Int*
E = +1470mV B B B
1Mol/L Al PtO, RI(OH), In"™
10°Mol/L Al PO, RI(OH): In**
E = +1000mV X X X
dSIGN91 60% Au 31% Pd 1.0% Ga 8.4% In
1Mol/L AU(OH), Pd(OH), Ga,0, In™™
10°Mol/L AU(OH)3 Pd(OH)4 Ga™* In**
E = +1470mV A A A A+
1MollL Al Pd(OH), Ga,0, In"*
10°Mol/L Al Pd(OH), Ga™"* Int*
E = +1000mV X X X A
L odegtar 52% Au 3% Pd 1.5% Ga 8.5% In
1Mol/L AU(OH), Pd(OH), Ga,0, In™™
10°Mol/L AU(OH), Pd(OH), Ga™" In"+
E=+1470mV A A+ A+ A+
1MollL Al Pd(OH), Ga,0, In"*
10°Mol/L Al Pd(OH), Ga™"* Int*
E=+1000mV A A A A
W 54% Au 26% Pd 16%Ag 15% In 2.5% Sn
1 Mol/L AU(OH), Pd(OH), Ag'/ Ag,0;, In™" Sn(OH),
10*Mol/L AUOH)3 Pd(OH)4 Ag’ In*** Sn(OH),4
E= +1470mV A A A A C
1 Mol/L Au’ Pd(OH), Ag* In™™" Sn(OH),
10*Mol/L AU Pd(OH), Ag’ In*** Sn(OH)4
E = +1000mV X X X X B
1 Mol/L Au° Pd’ Ad° T Sn(OH),
10*Mol/L AU’ P Ag’ In*** Sn(OH),
E= +500mV A X A A C
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TABLE 7: Noblealloy - thedifferent potentialsapplied dur-
ing 3daystothealloys, position in the Pour baix’s diagram,
corresponding speciesstable (criteria: IMol/L and 10°Mol/
L),and ICPresults.

TABLE 9: Post-solder alloys- the different potentialsap-
plied during 3daystothealloys, positionin the Pourbaix’s
diagram, corresponding speciesstable(criteria: IMol/L and

10°Mal/L),and ICPresults.

dSIGN59  59% Pd 28%Ag 2.7% In 8.2% Sn 1.3% Zn .585 5% Au 16% Ag 18% Cu 7.2% Ga
1 Mol /L PdOH), Ag" N S(OH), zZn™ 1 Mol/L Au(OH); Ad' Cu™ Ga, 0,
10°Mol/L PdOH), Ag"  In"" Sn(OH), zn™ 10®Mol/L Au(OH); Ag' Cu™ Ga™"
E=+1000mv.___ X A A c C E=+470mV C A+ C+ C+
1 '\.430' L F’d0 %g . In+++ Sn(OH), ZI’]++ 1 Mol/L AP Ag* cu™ Ga,0,
ooMen o AdAG In o SO 2 10 MoliL AP A ot Ga”
= E =+960mV A A B B
TABLE 8: Predominantly basealloys- thedifferent poten- 1 Mol/L AL Ad Cu™ Ga,0,
tials applied during 3 days to the alloys, position in the  10%Mol/L A’ Ag Ccu™ Ga™
Pourbaix’s diagram, corresponding species stable (criteria:  E = +475mV X A A+ At
IMol/L and 10°Moal/L), and ICPresults, .615 61% Au 13% Ag 17% Cu 7.6% In
AALL 61% Ni  26% Cr 11% Mo 1 Mol/L Aﬂg g@go cd/cu™ I
- - 10°Mol/L A Ag/AgT  Cu” In"**
1Mol NiC, HCrO, MoGs ~
10°MollL Ni** HCrOy HMoO; E = +430mv X X At A
E=+1470mV C+ C+ C+ .650 65% Au 20% Cu 13% Ag 2% Ga
1Mol/L Ni™ Cr(OH), MoO, 1 Mol/L AL clicu™ AL Ga,03
10°Mol/L Ni™ cr HMoO, 10"°Mol/L AL cut  Ad/Ag  Ga™
E = +1000mV B A+ A+ E = +430mV X A+ X X
PiscesPlus 62% Ni 2% Cr 11% W LFWG 56% Au 27% Ag 16% Zn
1Mol/L NiO, HCrO, WG, 1 Mal/L AU/AUOH); AgGO/Ag "
10°Mol/L Ni* HCrOs W03 10°Moal/L AU(OH)3 Ag* Zn**
E=+1470mV G+ C+ C+ E =+1470mV A+ A C
1Mol/L Ni** Cr(OH), WO, 1 Mal/L Al Ag* '
10°Mol/L Ni** cr+ WO, 10Moal/L Al Ag* zn*t
E=+1000mV C+ C C E =+1000mV A A C
1500 1 Moal/L Al Ag°® Zn**
/“V 10°Mal/L AL Ag ALzt
1300 E =+490mV X X B
l JUyY | V
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Figure2: Thecyclicpolarization curvesobtained for apre- Figure3: Thecyclic polarization curvesobtained for apost-
solder alloy (.585) and potentialsapplied for the 3-dayspo-

dominantly basealloy (Pisces+) and potentialsapplied for
the3-dayspolarizationsat constant high anodic potential.
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Nickel (thebase dement of thetwo Predominantly
Base parent aloys) is in its corrosion domain at
+1000mV inthe present acidic conditions (pH=2.3). It
may besignificantly corroded if exposed to this poten-
tial, thisresultinginthe presencein moreor lesshigh
quantitiesof nickel oxidized speciesinthedectrolyte.

Exposingtheelectrodesat +1470mV/NHE often
led to severecorrosion of thealloys, thisresultingin
high concentrationsof metallicionsor hydroxidesin
the electrolyte. Thisistruenot only for the Predomi-
nantly Base4ALL and PiscesPlusalloysbut alsofor
the High Noble dSIGN98 and the .585 post-sol der
aloy. SEM micrographsillustrating the degradation of
oneof thesealoyswhen exposed to different high po-
tentialsduring 3 daysare presentedin Figure 4.

Microstructure after polarization at
+1000mV/NHE for 3 days

Microstructure before polarization at
high potential

Microstructure atter polarization at
+1470mV/NHE for 3 days

Scale for all micrographs: m

Figure4: Corrosion stateof the predominantly base parent
alloy 4ALL beforeand after exposur etodifferent constant
high anodic potentialsduring 3 days.
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CONCLUSION

TheHigh Nobleand Nobledenta alloysaswell as
the post-solder aloysstudied herearevery corrosion-
resistant, thanksto their high contentsin dementssuch
asgold, platinumor paladium. Thetwo Predominantly
Basedloysarea sovery corrosionresistant, thanksto
thefact that their main elements can get easily passi-
vated, chromium notably. In contrast, their exposure
for alongtimeto high anodic potentials may lead to
detectable or severe corrosion. Fortunately, such high
potentid s(+1000mV/NHE) arenot achievableinred
Situation sincethisshould supposefor examplethat sa-
livaisextremely aerated on long times, whileanodic
potentials 500mV higher are strictly not possibleto
observeinnormal conditions. But it wasinterestingto
seethat thedloys, eventheonescomingfromtheHigh
Nobleclass, did not show the same behaviours.
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