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ABSTRACT

The frameworks supporting ceramic in fixed partial dentures are generally
constituted of several dental alloys. Inthe mouth, some partsof the framework
may be exposed to amore or less agrated salivaand then exposed to corrosion
on long times, which can be detrimental for their mechanical resistance.
Commercia alloysusedin frameworks have specific chemical compositions,
chosen for reaching high level of mechanical strength aswell asfor resisting
corrosion. Threeternary Ni-based alloys derived from acommercial dental
one, withvarying Cr and W contents, were el aborated and tested in corrosion
inan artificial saliva. Electrochemical techniques were used to specify the
behaviour of each new alloy (follow-up of free potential, measurement of
polarization resistances, cyclic polarizations). Theimportance of maintaining
the chromium content to resi st corrosion was evidenced, and the detrimental
role of the heat treatment discovered. Moreover, it is possible that the minor
elements present in the commercial alloy also play an important role in the
corrosion resistance. © 2009 Trade Sciencelnc. - INDIA
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INTRODUCTION

Thefixed partial dentures, for whichone usualy
seeonly the cosmetic ceramic parts (artificial teeth),
also contain metallic alloys congtituting aframework
amog never visible, except the post-solder dloysjoining
the partsof parent alloy!™. Indeed these parent aloys
aregeneraly totally covered by ceramic, but in some

cases, the extremitiesof some of these partscan bein
contact with the buccal milieu and then possibly
subjected to corrosion, aphenomenon which can be
enhanced by gal vani c coupling with the post-sol dersif
these ones play acathodic rolein the coupling. Such
problemisnot seriousif the parent aloysarebased on
elementssuch asgold, platinum or palladium (“High
Noble” or “Noble” parent alloys, as named in the
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Identalloy norm). It can be not the casefor parent dloys
based on nickel and chromium (belonging to the
“Predominantly Base™ alloys, Identalloy norm), and this
isthereasonwhy they are, for example, richinchromium
whichisunfortunately moreexpensivethan nickd.

The purpose of the present study isto try specifying
theimportancefor the mechanica behaviour, and for
theresitanceagaingt corrosioninthebucca milieu, of
the chromium content and a so of the tungsten content,
whichisdsomoreexpensvethannickd andfurthermore
moredifficult toincludeinthedloyinthemelting step
of theelaboration.

EXPERIMENTAL

Elaboration of thealloys

Thecommercid dloy fromwhichthealoysof this
study arederived, isthe PiscesPlus (Ivodlar Vivadent®),
the chemica composition of whichisabout 62Ni-22Cr-
11W-2A1-3S (inwt.%). Itsmicrostructure, whichwas
earlier described™, ismainly composed of adendritic
matrix, with dendriteswhich aremorerichintungsten
in their corethan in their outer parts, and of W-rich
particles dispersed in the interdendritic spaces. The
aloyswhichweresynthesized inthisstudy isa(Ni, Cr,
W)-based (Al, Si)-free version of the Pisces Plus
(named “PP std”), a similar ternary alloy but with a
chromium content divided by 2 (“PP Cr2”), another
onebut withatungsten content divided by 2 (“PP W2”),
andfinaly another oneinwhichthe contentsin Cr and
inW aresmultaneoudy divided by 2 (“PP Cr2 W2”).

They were aborated by foundry under controlled
atmosphere, using a CELES High Frequency (80-
300kHz) induction furnace under 300mbars of pure
argon gas. Purenicke, pure chromium and puretung-
sten (>99.9%, AlfaAesar) were melted together ina
copper crucibleinwhichthey solidified theresfter. The
obtained 30g-ingotswere either kept inthese as-cast
conditions, or subjected to aheat-treatment realized
respectingthered thermd cyclesusudly appliedinthe
case of aprosthesisinvolving the Pisces Pluscommer-
cid dloy (opaque, dentine, glazing: already described
inapreviouswork™).

M etallography
Mounted and mirror-like polished sampleswere
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prepared for metallography examinations (cut,
embedded in acold resin added with a strengthener
(Escil®) then polished from 240-grit SIC-paper to 1200-
grit, ultrasonic-cleaned, then polished with 1um-
particles). The microstructures of these samples, as-
cast or heat-treated, were examined using a Scanning
Electron Microscope (SEM Philips XL30) in Back
Scattered Electrons mode (BSE) with a 20kV
acce eration voltage.

Preparation of the electr odes and electrochemi-
cal runs

Some parts of alloys cut in theas-cast ingotsand
inthe heat-treated ingots were used for realizing the
electrodes. They weretin-soldered with an el ectrical
wire, embedded in acold resin (the same as for the
metall ography samples), and polished until amirror-
like surface state was obtained. Theareaof emerging
aloy, whichwasthereafter in contact with the el ectro-
lyte, was of avariable shape. Thedetermination of the
surfaceswasthen done by scanning themain areas of
the e ectrodesand thereafter by determiningthealoy
surface fraction by image analysis using the Adobe
Photoshop software. The measured surfaces varied
from0.2t01.2 cn.

The e ectrochemica experimentswere performed
using a 37°C-heated three-electrodes cell and a
potensiostat / galvanostat (Princeton Applied
Research, model 263A), driven by a computer
(supporting the software M 352 of EGG/Princeton).
Theartificial salivawas an acidified version of the
Fusayamaone, the composition of whichisdisplayed
iINTABLE 1. ThepH wasdecreased to 2.3 using lactic
acid (concentration: 90%). Such artificial salivahas
been often used for studying the corrosion behaviour
of variousdental alloysin thepast, based onAu, Pt or
PdZ¢ aswell ason less noble metals: Ag or Hgi247,

TABLE 1: Theused fusayama saliva, before acidification
with lacticacid

Components Concentrations (g/L)
KCl 0.4
NaCl 04
CaCl,, 2H,0 0.906
NaH,PO,, 2H,0 0.690
Na&S, 9H,0 0.005
urea 1
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and even on Ni or Cof2479, The electrolyte
temperature was constant and equal to 37°C, thanks
to aJulabo F32 device. Inthe electrochemical cell,
theWorking El ectrodewas one of the eight el ectrodes
of the studied alloys, the Counter Electrode was a
platinum disk-like electrode and the Reference
Electrode was a Saturated Calomel Electrode
(referencein potential: 241.5mV versus Hydrogen
Norma Electrode).

Each el ectrochemical experiment was composed of :

* record of thefreepotentid (i.e. corrosion potentid
E.,.) of theimmersed working €l ectrode during about
2 hours, with two measurements of polarization
resistance (Rp) at t=1h and t=2h (scan rate of 10mV/
minfromE_ -20mV to E_,_+20mV),

* cyclic polarization between the cathodic domain
and theanodic domain: increasein potentia fromE__
—150mV up to 1.225V/SCE (scan rate of ImV/min),
followed by decreasein potentia from 1.225V/SCE
downtotheinitia valueE_, —150mV, with the same
scanrate.

The results were thereafter compared to the

Pourbaix’s diagrams™® of Ni, Crand W.
RESULTSAND DISCUSSION

Chemical compositionsof the obtained alloys

Thegenerd chemical compositionsof theobtained
aloyswere determined by the Wave ength Dispersion
Spectrometry technique (WDS) using a Castaing’s
€l ectronic microprobe (CamecaSX50 or SX100). This
wasdonein not focdized mode (magnification x400),
infivelocationsineach sample. Theresultsaregivenin
TABLE 2, inwhich the chemica composition of the
commercial Pisces Plus (manufacturer’s data) is
reminded for comparison.

Globdly thetargeted vduesarewd | respected, with
chromium and tungsten contentsnot far fromthe Pisces
Plusones(alittletoo highfor Cr and, onthe contrary, a
littletoolow for tungsten) inthe case of theAs-cast PP
std and the Hesat-treated PP std. The half contentsin
chromium (PP Cr2 and PP Cr2W2) and half contents
intungsten (PPW2 and PP Cr2W2) are, in contrast,
very closetothe contents of PiscesPlusafter division
by 2.

Woteriols Science mmm—

TABLE 2: Chemical compositionsof theinitial PiscesPlus
(inwt.%; manufacturer’s data) and of the four ternary alloys
derived fromtheprecedent one(inwt.% ; WDSmicroprobe
measur ements)

ments Ni Cr W Al Si ot
's Plus M
lar 61.5 22.0 112 23 26
me

dent)
ast
. 644405 235402 99402
’ T
jI{i‘iated 63.4+04 250+02 8.9=02
ast
. 727+1.5 116£02 11.7+0.4
- T
:";‘tz‘?fj 735+ 0.6 117404 11.6+0.5
;,Stz 731412 231415 4.9+1.0

T
sated
N2 not meas. not meas. not meas.
ast
S wy» 80607 11:01 5402 o
sated
W 81207 11202 5303

Microstructuresof theobtained alloys

Thereareno real differences between the eight
microstructures, as illustrated by selected
micrographsin Figure 1. Indeed, first the differences
of chemical compositions between thefour aloys of
this study did not induce any changes in the
microstructures, and thisis also true between the as-
cast condition and the heat-treated condition.
However one can note that the microstructure is
dendriticinall cases, but there are no pronounced
grain boundaries or interdendritic boundaries, when
the samples are observed at high magnification. In
fact, thetwo very distinct levels of grey which can
be seen (and which alow distinguishing the dendritic
network) are only due to severe chemical micro-
segregationsduring solidification. Thetoo short heat
treatment did not changethis heterogeneous chemica
distribution: “Oxidation cycle”: S minat 1010°C, “1*
opague”: 1 min bellow 900°C, “2™ opaque”: 1 min
bellow 890°C, “1% and 2™ Dentin”: 1 min bellow
870°C and “Glazing”: 1 min bellow 830°C, with in
addition, of course, sometime spent for increaseand
decreasein temperature.

Thesemicrostructuresarealittle different from
thereal PiscesPlus, athough it presented the same
dendritic structure enhanced by segregations at
solidification. Indeed it also contained small particles
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(white when seen with the SEM in BSE mode)
obvioudy extremely richin tungsten, dispersedinthe

PPCr2

PPstd
Figurel1: Microstructuresof threeof thefour studied alloysin theas-cast state (SEM micrographs, BSE mode)

Electr ochemical measurements

During thetwo hours before cyclic polarization,
the free potentials of the as-cast alloys are very
different (Figure 2, TABLE 3). The PP std alloy
remainsat ahighlevel of potential (near +140 mv/
HNE) whilethe PP Cr2 andthe PPW2 areat avery
low one (near -50 mV/HNE). The PP Cr2W2isin
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an intermediate position (slow decrease from +50
down to +10 mV/HNE). In the heat-treated state,
al PPalloysareat alow potential (several tensmV
/HNE) for PP std, PPW2 and PP Cr2W2, especidly
the PP Cr2 alloy (near -170 mV/HNE). The best
heat-treated alloy isthe Pisces Plus, thefree potentia
of which varies but which finishesto be stabilized
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Figure2: Evolution, over about 2 hours, of thefreepotential of theas-cast alloys(left) and of theheat-treated alloys(right)
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near +150 mV/HNE.

Sincethedomains of existence of the speciesNi'"
(Ni**), Cr'"" (Cr* or Cr(OH),) and W¥' (WO,) are
very largein potentia range, thesegreet differencesof
potentia given before do not generdly induce changes
of theconcerned E-pH domainsfor thethreeelements.
All dloys, during thisfreeimmersion in the Fusayama
sdiva, are either inthe domainsof stability of { Ni**,
Cr+,WO,} if theconsidered corrosion criterionis 1
uMol/L of dissolved ion species or in the stability
domains of {Ni**, Cr(OH),, WO_} if the chosen
criterionis1 Mol/L.

Concerning the pol arization resistances, they are
generally at high levels, but there are significant
differences between alloys and a so between an as-
cast aloy and the same heat-treated (TABLE 3). The
highest valueswere obtained for the as-cast PP; they
aremuch higher thanfor the heat-treated PP std (x100),
the Rp of which aretentimeslower than for the heat-
treated Pisces Plus. Thislet think that the polarization
resistance of an as-cast Pisces Plus should be higher
than the 400-700kQ cm? of the as-cast PP std. The
lowest values of Rp were obtained for the PP Cr2,
with also adetrimental effect of the heat-treatment
(0.7-0.8 decreased to 0.4-0.5kQ cm?). Other very
low values were obtained for the other Cr-
impoverished alloys. the PP Cr2W2 the Rp of which
are decreased by comparisonto the PPW2 aloy. The
decreasein W content (PP W?2) affected the value of
polarization resistance of the PP std only for the as-
cast condition.

Cydicpolarizationrunswereperformedfor dl dloys
for thetwo conditions (as-cast and heat-treated). One
of thesecurvesisgivenin Figure3forillustration. One
can seethat the as-cast PP std seemsto behaveasan
auto-passive alloy since no anodic peak before
passivation can be seen before the anodic current
became almost constant. Neverthel ess one can think
that the not decreased chromium content allowed
devel oping an oxide or hydroxideof Cr'"' on surface
snceabeginning of trangpassivationisvisblewhenthe
E-increasing part of thecurve (inredin Figure 3) is
quitting the Cr''(OH), domain to penetrate in the
HCr"'O, one.

InFigure4, only the E-increasing partsof thecyclic
polarization curves are plotted, for al as-cast aloys

TABLE 3: Free potentials and polarization resistances
beforecyclic polarization

_ Rp
Alloys Corroson e /HNE(MV)att=... (kOhm x cm?)
criterion at at
oh 1h a5
Pisces Plus vaueof 109 4154 4150
ECD”
(heat-treated) 1 pMol /L Ni** Cr** WO, 64 89
n
1Mol/ L Ni** Cr(OH)s WO,
PP std vaueof 16y 4139 4136
ECD”
As-cast 1uMol/L Ni™ Cr* wo, 441 703
1Mol/L Ni™* Cr(OH)s WO,
PP std vaueof 159 410 +2
ECD”
Heat-treated 1uMol/L Ni** Cr*™* WOs 4.7 4.8
1Mol/L Ni"™* Cr(OH)s WO,
PP Cr2 value of +97 -35 -41
ECO”
As-cast 1 Mol /L Ni*™ Cr* WO, 08 07
1Mol/L Ni™* Cr(OH)s WO,
PP Cr2 vaueof 25 478 178
ECO”
Ni™ Cr'* WOy
Heat-treated 1 pMol /L W05 WO, 04 05
Ni*"/Ni® Cr(); WO3/
1Mol/L Wooo,
PP W2 valueof -82 -35 -45
ECO”
As-cast 1uMol/L Ni** Cr'™* WO, 4.8 29
1 Mol/L Ni** Cr(OH)s WO,
PPW2 vaueof o5 g7 +24
ECD”
Heat-treated 1 uMol /L Ni** Cr** WO, 7.6 8.2
1Mol/L Ni"™* Cr(OH)s WO,
PP Craw2 value of +46 +44 +12
ECD”
As-cast 1uMol /L Ni*™ Cr* WO, 15 15
1Mol/L Ni™ Cr(OH)s WO,
PP Craw2 value of +73 +49 +15
ECD”
Heat-treated 1 pMol /L Ni** Cr'** WO, 2 17
1Mol/L Ni"™* Cr(OH)s WO,

together (Ieft), andfor dl heat-trested dl oystogether (right)
whilethe characterization of thewholecurvesof cycdlic
polarizationledtotheresults presentedin TABLE 4.
Onecan seethat the E-increasing partsof thecyclic
polarization curvesarevery different from oneanother.
For the as-cast all oysthe best resultswere obtained by
thePPstd dloy, with thehigher corros on potentia and
thelowest corrosion current. At higher potentials(in
theanodic part) thereisseemingly apassivation plateau
(anodic current remainssmall, lower than 10°A/cnm?)
but thereisaperturbed part (probably pitting) before
that transpassivati on occurs (which demonstratesthat
thedloy waseffectively passivated, by chromiaor tri-

Wateriols Science  mmm—
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Figure3: Exampleof cydicpolarization curve(as-cast PP std)
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hydroxideof chromium). Thethree other as-cast dloys
display worse behaviours, with lower corrosion
potentialsand higher corrosion currents. If the as-cast
PP Cr2 and PP Cr2W2 seemed to become passive
(anodic peaksfollowed by decreasein anodic current)
thispassivationisprobably not uniform and unstable
sncecurrent remainhigh for higher potentias.

The heat-treated PP std, PP W2 and PP Cr2W2
ledtosmilar corros on potentia sand corroson currents,
withapartia and unstable passivation (anodic peaks
for the PP Cr2 W2 and the PP W2), with maybe a
passivation aready achieved for the PP std (lower
current than for the precedent alloysfor high anodic
potentials, and visibletranspassivation Cr'"' (chromia
or hydroxide) -> CrV'. The worst alloy is the heat-
treated PP Cr2 dloy which displaysthelowest corrosion
potentia and thehighest corrosion current: itisobvioudy
entirely inthe active state. The best oneremainsthe
heat-treated Pisces Plus, which led to the highest
corrosion potentia and thelowest corrosion density of
current. Its passivation isefficient (very low anodic

o

-500 0 500 1000
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-3

HE o !
< “ps\ y
e, Nl |
_2‘_ ““——.‘_"-3 f’f“/
¥ all |
= I
-&
.
-6
E/ENH (mV)
—FPPstd —PPCr2 —PPW2 PP Crawz PP lvoclar

Figure4: E-increasing partsof thecyclic polarization curvesfor theas-cas alloys(left) and for the heat-tr eated alloys(right)

currentsa ong the passivation plateau) and apronounced
transpassivation near 1100mV/HNE showsthat the
surface was probably wholly covered by chromiaor
by thetri-hydroxide of chromium.

General commentaries

It appearedfirgt inthisstudy that themicrostructure
of the four alloys is seemingly independent on the
contents in Cr and in W: the same qualitative
microstructureisobtaned whatever the Cr content and
W content.

Second, themicrostructure of the one of thefour

elaborated adloys, whichwaswanted to beasmplified
versonof thecommercid PiscesPlus, isalittledifferent
than the latter one. If the dendritic network and the
heterogeneous distribution of elements between core
(whitein BSE mode, richin W) and surrounding zones
of dendrites (dark in BSE mode, impoverishedin W)
are common to the real parent aloy and its ternary
modd, thefirst onepresentsadditional particles(white
in BSE mode) precipitated here and there in the
interdendritic spaces. For itsreatively high chromium
content, it seemsthat the 11.2 wt.% of tungsteninthe
PiscesPlusisalittlehigher thanthelimit of solubility of

ey, Pty Seience
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TABLE 4: Exploitation of thecyclicpolarization curves(with
Tafel calculationsfor thetwo parts)

i Ecorr T Loorr Ecorr wL Beta (mV/decade)
Alloys Cc‘r)lrt::f'ozn INHE /NHE /NHE — . .
(mv) (nAfem?)  (mv) pa pe
Pisces Plus +98  near 100 +45
1uMol /L ET NI Cr** WO, E;:gf" ET: 92
(heat- EL Ni** Cr** WO,
treated) 4 oL ET Ni** Cr(OH)s WOs El:52 Ei@t’:’o
EJ Ni* Cr(OH); WO;4
PP std +70 27 +34
1uMol /L ET Ni** Cr*** WO, ET139 ET:75
Ed Ni** Cr*** WO,
As-cast
s 1 Mol/ L ET Ni** Cr(OH)s WO EV:151  E:254
EJ Ni* Cr(OH); WO,
PP std +17  near10000 -79
et et ET:too E T too
1uMol /L ET Ni*" Cr** WO, high high
Heat- Ed Ni** Cr*** WO,
treated ” El:too E: too
1 Mol/ L ET Ni** Cr(OH); WO, high high
EJ Ni** Cr(OH)s WO;
PP Cr2 42 nearl0000  +23
1Mol /L ET Ni** Cr'* WO, ET: 88 EJ@L"O
As-cast Ed Ni** Cr** WO,
1 Mol/ L ET Ni** Cr(OH)s WO El:121 EL:250
EJ Ni* Cr(OH); WO;,
PP Cr2 -195 nearl0000  +74
1uMol /L TNi**Cr™* WOyJW,0s /WO, ET:42 ET:138
Heal- LN e, El:too E: too
treated iINi° : :
r 1Mol/L  TNi**/Ni® Cr()sWOy/W,05/WO, high high
4 Ni™ Cr(OH); WO,
PP W2 -38  near10000 97
et et ET: too E T too
1uMol /L ET Ni*" Cr** WO, high high
As-cast BLNTerTwo, El:too E: too
1 Mol/ L ET Ni** Cr(OH); WO, high high
EJ Ni* Cr(OH); WO;
PP W2 +50 4070 91
1uMol /L ET NI Cr'** WO, ET: 94 E;:gthoo
trHe?e'd EL Ni*™* Cr'** WOy/W,0s
1 Mol/ L ET Ni** Cr(OH); WO, EV:79  EJ:389
EJ Ni** Cr(OH); WO3/W,0s
PP Cr2 W2 +6  near10000 -70
1Mol /L ET Ni* Cr'** WO, ET:79 E;:gthoo
As-cast Ed Ni** Cr** WO,
1 Mol/ L ET Ni** Cr(OH)s WO EL: 71 EL: 79
EJ Ni* Cr(OH); WO;
PP Cr2 W2 +7  near10000 -94
1uMol /L ET NI Cr'** WO, ET: 76 Egi;hoo
tr"'e?e'd EL Ni*™ Cr** WOyW,0s
1 Mol/ L ET Ni** Cr(OH)s WO EV:722  EL:269

EJ Ni** Cr(OH); WO3/W,0s

W in the (Ni, Cr)-matrix, even if the latter is not
homogeneous chemically. Thisisnot the casefor the
ternary dloysfor which thetungsten content isgenerdly
lower (PP std) or very lower (PPW2 and PP Cr2w2)
thanintherea PiscesPlus. Onetimeonly thecontent in
tungstenisalittle higher inan alloy of thisstudy (PP

Woteriols Science mmm—

Cr2) but this alloy aso contains a low content in
chromium. Itispossiblethat chromiumtendsto decresse
thelimit of solubility of W innickd, what could explain
the absence of W-rich particles in that aloy which
containsalittlemoretungstenthanthe PiscesPlus. One
can add here some results of thermodynamic
ca culations performed with the Thermo-Calcversion
N software working with a database containing the
systemsinvolving Ni, Cr and W for thefour chemica
compositions of this study the alloys (at their
thermodynamically stable stateat hightemperature) are
al single-phased (Ni FCC solid solution containing al
Cr and W atoms). Unfortunately, it was not really
possibleto seeif aW-rich second phase can be present
inamal massfractions, by performing such cdculations
for thePiscesPlussincethisonea so containssignificant
amounts of other elements (Al, S)). Itistruethat all
thesedloysarenot in any thermodynamica stabledtate,
anyway.

Such W-rich particlesare maybe of great interest
for the behaviour in corrosion of the PiscesPlussince
W, whichformsWQO,, whatever theion-concentration
criterion cond dered, can accel erate passvation. Indeed,
these particlesaredirectly exposed to the electrolyte
and can react independently of thecorrosion of thea loy
itsdf. Thismaybeexplansthebetter corros onbehaviour
of thePiscesPlus.

Concerning theeectrochemica measurements, it
appears that the results, in terms of free potential,
pol arization resi stances, corrosion potential, corroson
current and anodic currentsinthe““passivation” plateau
werevery dispersed among thedloys, as-cast or hest-
treated. Nevertheless it clearly appeared that the
decreasein chromium significantly deterioratesthe
corrosion behaviour of theternary aloy. Thisisnot a
surprise, of course, but in this situation (acidified
Fusayamasalivaat 37°C), for the PP Cr2 and also the
PP Cr2W2, the chromium content isobvioudly under a
limit in chromium separating good behavioursand very
bad behaviours. The effect of adecreasein tungsten
content islessmarked in general. A moreinteresting
obsarvationisthedetrimentd effect of the hest-trestment
usualy appliedin practice: the corrosion behaviour is
noticeably deteriorated. It ispossiblethat thiscan be
asotruefor thecommercia PiscesPlusitself sincethe
as-cast PP std has seemingly better polarization
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resi stancesthan the heat-treated Pisces Plus. Studying
anot treated Pisces Plusmay beinteresting.
Thiscommercial alloy displayed anyway the best
behaviour in corrosion. The presence of freeW-rich
precipitates may help by apre-passivation by WO,, or
by deposition onthedloy surfaceof precipitated species
formed from anionsand cations, formed duringtheearly
sepsof corrogon, involving chromium and tungstenfor
example (asencountered in some austenitic stainless
steels containing several percents of molybdenum),
which dlowswaitingto ared passvationwith oxideor
hydroxide of chromium. The presence of Al and Si,
and maybea so of rareearth (Mischmeta ismentioned
inthechemica composition of themanufacturer), may
explainthissuperiority of the Pisces Plus.

CONCLUSIONS

It isnot necessary to empl oy noblemetal sas parent
alloysfor framework destined to support fixed partial
dentures to achieve very good resistance against
corrosion, eveninthe caseof agrated acidified solutions
simulating sdiva. Passivable nickel-chromium aloys
permit reaching high level of performance but their
chemical composition needs to be well chosen for
dlowingthemto efficiently resst corrosionthankstoan
early development of apassvation layer but which must
bevery stableand protective. Chromium must berated
at highlevesof contentsand attention must begivento
possible effect of heat-treatment included in the
elaboration procedure of the prosthesis.
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