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ABSTRACT

The making of frameworksreinforcing the ceramic part of fixed partial denture
involvesjoining aloys of different natures. Some of the solder joints, made
of post-solder alloys, can be in contact with buccal saliva and then possibly
suffer corrosion. In thiswork electrodes were prepared from four soldering
aloys classically used after ceramic deposit, and were immersed in three
different simple solutions derived from an artificial saliva usually used for
such tests of dental materials. Their corrosion behaviourswere characterized
by the measurement of the open circuit potential and their polarization
resistances according to the Stern-Geary method for estimating their corrosion
currents. The recorded open circuit potentials are high (= 100mV/NHE) or
very high (= 300mV/NHE) and they generally depend both on the chemical
composition of the studied soldering alloy as well as on the electrolyte (its
pH: 6.6 or 7.4 and its NaCl concentration: 9 or 90g/L). The e potentials
logically indicate that the noblest elements are in their immunity domains
whilethe othersarein their passivation ones(criterion: 1mol/L). Polarization
resistances are high (several kQ x cm?) or very high (almost 1 MQ x cm?),
and they lead to low or very low corrosion currents (lessthan 0.1 pA/cm? in
several cases). © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Insideafixed partia denture, themost visiblepart
of whichisthe ceramic (caled “cosmetic”) part, there
isgenerdly ametdlicframework theroleof whichisto
ensuretheres tanceof the prosthes sagainst mechanicd
solicitations. Such anunderlying metdlic part needsto

bemodified/corrected at severa stepsof theprosthesis
fabrication sncedistortion may occur duringthecasting
processY, the seating accuracy possibly needs be
improved®?, a teeth movement can have appeared
before prosthesis cementation™, ... To takeinto account
these possible phenomena and their necessary
corrections, aframework supporting afixed partial
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dentureisthus generaly realized by manufacturing
individud parts(madeona‘“parent alloy”: noble rich in
Au, Ptor Pd, or Cr-rich nickel or cobalt-based aloys)
and by joining these onestogether first during aprimary
brazing (operation followed by the covering with
ceramic), and second by soldering the extremities of
the preceding prosthetic elements during a second
brazing. Sincethisfinal brazingisachieved after the
ceramic deposit on the frameworks parts and is not
followed by anew ceramic covering, the post-sol der
alloy remainsuncovered and it isnecessarily exposed
to the buccal milieu (aswell asthe extremitiesof the
framework parts of parent alloy, sometimes). This
potentiadly leadsto apossibleloca corrosonby sdiva
of themetdlicframeworksin these post-soldered parts,
which can be aggravated by a pH lower than the
physiologic one(amost neutrd) following acidification
dueto the possible presence of dental plagque, or by a
temporary elevated chloride concentrationsdueto eat
food.

In order to better know the possible damages
resulting from such corrosion onlongtimes(which can
locally weaken the mechanical resistance of the
framework and consecutively of thewhole prosthes's,
the corrosion behavioursof four post-solder dloyswere
studied inthree simplesolutionssimulating saliva, the
pH and the chloride concentrations of which have
different vaues. Thiswasdoneby usngthe Stern-Geary
method, which allows estimating, with simple
electrochemical measurements (polarisation
resistances), the corrosion currents*9).

EXPERIMENTAL

Thestudied post-solder alloys; preparation of the
electrodes

Four post-solder aloys were considered in this
study. They aredll of themrichinAu (between 56 and
65% in mass) and contain also |ess noble elements.
These alloys, provided by the Ivoclar Vivadent
company, arethefollowings (manufacturer’s data):

e .585(58.5Au-16.0Ag-18.0Cu-7.2Ga, with pos-
sibly Zn, <1%)
e .615(61.3Au-13.1Ag-17.4Cu-7.6In, with possibly

Zn, <1%)

e .650(65.0Au-19.6Cu-13Ag-2.0Ga, with possibly

Zn, < 1%)

e LFWG (56.1Au-27.4Ag-15.8Zn, withpossbly In

and Sn, each < 1%)

al contentsbeinginweight percents.

Meta lographi c observationsmadeusingaScanning
Electron Microscope showed that three of them appear
being single-phased (exampleof .585 presentedinfigure
1, PhilipsXL30 SEM used in Secondary Electrons
mode) while LFWG isobvioudy double-phased (figure
1to0).

p———— 100 um

Bras Il B8b electrode

F.r:'_ln ~ I} i (1] l.‘Jf:; _|
Figure 1 : Two examples of post-solder alloys’ micro-
sructures: Asinglephased one (.585) on theleft hand and a
double-phased one (LFWG) on the right hand (SEM
micr ogr aphs, taken in SE mode)

To preparefor the study the el ectrodes from these
aloys, solder rodswere melted inacrucible, heated by
agas-oxygentorch, then solidified. Haf bal-likeingots
weighing about 1 gram were obtained by thisway, and
they were heat-treated in order to reproducewhat it is
donein practice (heat-treatment parameters already
detailed in aprevious work!®). The electrodes were
realized by tin-soldering asampleper dloy toan elec-
trical wireand by embeddingtheminacoldresin. The
metallic surfaceswere polished, until obtainingamir-
ror-like state, with first SiC papersfrom 120-grit to
1200-grit, and second 1um-alumina. The metallic part
emergingfromresin, asisto say thedectrode surface
destined to be exposed to the el ectrol ytes, wasin each
caseadisk the surface of which wasaround 35 mm?.

Electrochemical tests and measured properties
The e ectrochemica experimentswere performed
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usingapotentiogtat / g vanostat modd 263A (Princeton
Applied Research), driven by the software M 352 of
EGG/Princeton which aso alowed the expl oitation of
the measurements. The electrolytes which were
considered were:

e distilled water added with NaCl (9g L), witha
not-fixed pH (pH measured just before
electrochemica experiment = 6.6)

¢ thesamesolutionasabovebut withapH initially
fixed to 7.4 (physiologic pH) using either HCI or
NaOH diluted solutions

e thesamesolution (pH rated to 7.4) as above but
tentimesenrichedin NaCl chlorides(90g L?).

This set of three electrolytes is to be considered as

constituted of asmpleartificial salivaclassically used

for for suchsimulation of denta dloyscorroson (9gL™,
pH=7.4)["8 and of two other solutionsbeing either an
amost tentimes{ H*} -enriched version or aten-times

{ ClI'} -enriched version, of thisfirst reference solution.
Indl casesthe solution temperaturewas maintained

at 37 = 1°C (with a heating device situated under a

special electrochemical cell) and the solutionswere

supposed to be in equilibrium with the laboratory
atmosphere concerning the quantity of dissolved
oxygen. Theéeectrode madefrom thestudied aloy was
used asWorking Electrodewhileaplatinum disk-like
electrode played therole of Counter Electrode. The

potentials were measured versusthe one given by a

Saturated Cdome Electrode (SCE dectrode: potentia

=241.5mV/Norma Hydrogen Electrode).

Thed ectrochemica experimentsweresuccessvely
composed of :

- immersion of theworking electrode (the studied
aloy) during onehour for continuously measuring
theevolution of theopendircuit potentid (Eocp) versus
the SCE electrode,

- linear polarization of thedloy from S 10mV to
Eoo 10mV at 10mV min* for determining the
polarizationresstance (Rp),

- secondfollowing of the Eo for asecond hour,

- and second determination of Rp.

Fromthetwo Eeo follow-upsit ispossibleto know
thegateinwhichiseach dement b ongingtothedloy’s
chemical composition (immunity, corrosion or
passivation) with moreover the nature of the eventual

—= Fyll Poper

oxidized species)’®, whilethe polarization resistance
va uesalow estimating thedensity of corrosion current
|, (corrosionrate).

Moreprecisdly, thevaues of thecorrosion current
., were deduced, according to the Stern-Geary
method, by exploiting thefour following equations:

l,,=B/Rp @
B=(B,*B)/(2303x(B,*+B) 2
Ba=2,303xR*xT/(0,5xn, xF) (3)
B.=2,303xRxT/(0,5xn XxF) 4

in which: Rp is the measured polarization resistance, B is
calculated fromthe Tafel coefficientsp,and B_(Eq. 3and 4), F
isthe Faraday’s number (96500C/Mol), T=310K (for 37°C),n_=
2or3andn =2.

Thevauesof theanodic (8,) and cathodic (3 ) Tafel
coefficients were deduced from the positions of the
measured valuesof E__inthePourbaix’s diagrams!,
which alowed considering that the oxidation reactions
wereeither M -M"+2.eorM -M" +3.e(n =2
or 3) and the reduction reaction was > O, + H,O +
2.e— 2.0H (n =2).

RESULTSAND DISCUSSION

Evolution of the open circuit potential over two
hours

E,, was recorded at the beginning of the
experiment just in thefirst minutes after immersion
(“t=0h), after one hour of immersion (just before the
measurement of the first polarization resistance,
“t=1h") and one hour later (just before the second Rp
measurement, “t=2h”’). The measured values are
presented in ahistograminfigure 2. Inthe{9g/L —
pH=7.4} solution all thesolderingaloysareat ahigh
potential (more than +250mV/NHE), and no
significant evolution can be observed over thetwo
hoursof immersion. Inthe{ 9g/L — pH=6.6} solution
the potentials tend to be less regular over the two
hours (except for the Au-richest of the alloys:. .650)
aswell asalittlelower in averagefor thethree other
soldering aloysin thismore acid solution. When the
quantity of NaCl dissolved in the electrolyte is
multiplied by tenfor apH initially also equal to 7.4,
the potentia are seemingly moreregular again but they
stay at alevel significantly lower than for the{ 9g/L —
pH=7.4} solution.
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Figure?2: Evolution of theopen cir cuit potential over 2hours
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In all cases these potentials correspond to the
immunity domain of bothgold and silver, mgor dements
present inthechemica compositionsof thefour dloys.
Inversaly the potentia sare high enoughto lead copper
tobeoxidized at thedegreel or 11, indiumand galium
to be also oxidized at the degree 11, and zinc at the
degreell. If thecriterion of corrosionisconsideredto
be 1Mol/L of dissolved ions, these speciesare either
oxides (Cu,O, In,O,, Ga,0,) or hydroxydes
(Cu(OH),, Zn(OH),).

Polarization resistance over two hour sand calcu-
lated corrosion currents

Thepolarization resistances at t=1h and at t=2h,
deduced from the polarization curves around E oo
(inversevauesof thedopesat E:Eocp), aregraphicaly
presented ashistogramsinfigure 3. Inthetwo solutions
containing 9g/L of NaCl the polarization resistances
displayed by thefour dloysarehigh: severa kQ x cm?,
and even almost IMQ x cm? for the .585 alloy in the
pH=7.4 solution (figure 3). By consdering the previous
vauesof E potentia sand the corresponding vaences
of theions, oxidesor hydroxidesof Cu, In, Gaand Zn
(n, = 2, 3 or between 2 and 3), one can assess,
accordingly to the Stern-Geary method, the values of
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Figure3: Evolution of the polarization resistance over 2 hoursfor all thesoldering alloys(+ vertical enlargement of the

histogramin thecase of the{9g/L — pH=7.4})
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B, and then, supposing that n =2 (reduction of the
dissolved oxygen considered asthe main oxidant), the
vauesof Bandfindly | usingthemeasured Rp.

Theobtained resultsaredisplayedinfigure4, as
histogramstoo. Following the high valuesseenfor the
polarization resistances, al corrosion currentsarelow
(lower than 0.1 mA/cm?), or very low (lower than
0.01mA/cm?). In several cases (.585 in the {9g/L —
pH=7.4} solutionand all solderingaloysintheNaCl-
enriched { 90g/L — pH=7.4} solution), the corrosion
currentiseven lower than 0.1uA/cm?. The latter cases
logically correspond to the very high values obtained
for the polarization resistances (severa hundreds of
thousandsQ x cm?).
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Figure4: Evolution of thecorrosion current over 2 hoursfor
all thesoldering alloys
General commentaries

When immersed in the solutions of thisstudy the
four studied soldering aloysdisplay good behaviours
sincetheopencircuit potentia sarehigh aswell asthe
polarization resstance. However significant differences

= Fyll Poper

can be noticed between the alloys, for example
concerning the high values of polarization resistances
which can bespread over awideinterva (1 to 1000kQ
x cm?), with consequently also an extended interval of
corrosion currents.

If the studied aloys are based on noble metals
(notably Au, but dso Ag) whichareobvioudy stayingin
thelr respective immunity domains as shown by the
comparison betweenthe{ E__ - solution’s pH} couples
and the Pourbaix’s diagrams corresponding to these
elements, itistruethat the state of the other el ements
(Cu,Zn,In,Ga, ...) isan oxidized Sate, characterized by
oxidesor hydroxidesif thecorrosgon criterionis1Mol/L
of dissolvedionic species. If thecriterionismoresevere
(themoreusua 10° Moal/L value), someof theseE .
pH} couplescanleadtothecorrosondomainsfor severad
of thelessnobledements. Thedifferencesbetween high
Rpvauesand very high Rpvauesmay beduetoamore
or lessgreat exposition of these not noble element to
corrosion, thelatter one partly depending on thetotal
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wei ght content of theseoxidizabledementsinthechemica
compositioninthefour different solderingdloys. Hence
it can beinterestingto plot theva ues of E,.» Rporlcorr
versusthistota content of theseelementseasy tooxidize
or inversdly versusthe complementary contentinnoble
elements. Thiswasdoneinfigure5for thevaueof open
circuit potentia recorded after 2 hoursof immersonand
infigure6for the polarization resi stanceresulting from
theStern-Geary runa thesametime(inlogarithmic scde
for distinguishing thevauesof both thehigh Rpandthe
lesshighones).

Concerning theopendircuit potentia onecannotice
again the variability already observed for {9g/L ;
pH=6.6} but no new clear dependence versus the
aloy’s nobility (except maybe the fact that the lowest
Eeo isobtained for the noblest dloy LFWG whichdso
containsin great quantity — 16wt% - a very oxidizable
element: Zn), thegreat and stableleve of E for {9g/
L ; pH=7.4}, and thelow but also stablelevel of E oo
for {90g/L ; pH=7.4}.

Concerning the polarization resistance, the plot
versustheAu+Agweight content seemsrevealing a
clearer dependence of Rp versus the chemical
composition sincethe polarization resistance at t=2h
regularly increaseswith this content in noble e ements
among thethreefirst soldering aloys(.585 — .615—
.650) whileit falsagainfor thealloy LFWGwhichis
therichestinAubut also which containsagrest quantity
of Zn. The polarization resistance of the aloysis
independent on the chemica compositionwhenpH is
6.6. Thisis aso observed for the chlorides-richest
pH=7.4solutioninwhichtheRpvauesareexceptiondly
high despite chlorides are generally considered as
detrimental for the corrosion resistance of alloys. Itis
truethat it ispitting corrosion affecting the passivation
layer which isoften evocated intheir caseswhileno
such passivation scaeisredly expected heresincethe
base element (Au) cannot be oxidizedin such solution
innorma conditions. Onthecontrary theespecidly high
[CI] concentrations maybe led to precipitation of
compoundsinvolving metallic cationsfrom thealoys
and chloridesions, which may lower corrosion rate.

CONCLUSIONS

Thefour soldering dentd dloysstudied hereshowed

agood, and evenin somecasesavery good, resistance
against corrosionwhen immersed in each of thethree
simple solutionsdisplaying two different pH and two
different chrlorides concentrations. Open circuit
potential swere high and the polarization resistances
situated between 1kQ x cm? and IMQ x cm? led to
low or very low corrosion currentsobtai ned by applying
the Stern-Geary method. However the differences
observed between two aloysin the sameelectrolyte or
between two solutions for the same alloys, are not
adwayseasytointerpret. Thisfirg articlewill befollowed
by a second one*@ which, by characterizing the
corrosion behaviour of parent alloysaccordingto the
Stern-Geary method too, will completethisstudy.
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