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ABSTRACT

Oxidation of the molten bath during oxidation, as well as oxidation in ser-
vice at high temperature can lead to aglobal or alocal impoverishment of
the carbon contained in an alloy. The determination of the carbon content
was achieved by using thermodynamic calculationsfirst for a Co(bal.)-Cr-
C-Ta alloy elaborated by foundry in a not totally inert atmosphere, and
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second after oxidation for 50 hoursat 1,000°C, 1,100°C and 1,200°C. The
association of metallographic quantifications, micro-analysis measurements
and calculated results with iterations about the carbon content, allowed to
assess the loss of all the elements during casting and to specify the new
distribution of carbon in the sub-surface affected by oxidation.
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INTRODUCTION

Among the sol utions of mechanical reinforcement
for the cast alloys and superall oys employed at high
temperature, thereisthe strengthening by carbides*2.
These onescan be primary carbides (appeared during
solidification) and secondary carbides (obtained by
applying aspecific heat treatment to the alloy). These
can be of different varieties(M.C,, M, .C, or MCfor
example), thisdepending onthe chemica composition
of thealloy, the contents’ ratio of carbon and the car-
bide-forming metalicelements.

Achievingadrengthening by carbidessupposesthe
introduction of carbon inthe charge beforeor during
the melting which can be achieved in aninert atmo-
sphere or simply in air. In the second casg, it is not

aways easy to obtain thetargeted carbon content be-
causethiselement tendsto react with oxygen at high
temperature and it disappearsin gaseous species. In
addition thesame problemisgenerally encountered for
themetalic carbide-forming elements, suchasTi or Ta
for instance, with formation of solid oxideswhich seg-
regatetothesurface of thebath. Findly thiscanlead to
real compositionsof alloysthat are not very closeto
the targeted ones, which can have significant conse-
quencesfor thetypesand volumefractionsof the ob-
tained carbidesand then for their strengthening effect.
Secondly, when they are used in oxidizing atmo-
spheres, thedloysfor hightemperature gpplicationsun-
dergo anoxidation of their surfacewhichinvolvesmodi-
ficationsof their chemica compositionandtheir micro-
structurein amore or less deep zonefromthe externa
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surface. Generaly carbidestend to disgppear inthe sub-
surface while somenew carbides sometimes precipi-
tate between this appearing carbide-free zoneand the
bulk. These phenomenaarereated to thediffusion of
theelementswhichinitially belonged to the carbides,
i.e. carbon and the carbide-forming elements.

Thus, becauseof the phenomenon of hightempera:
ture oxidation, undergone by theliquid dloy duringits
elaboration or by thesolid dloy duringitsuse, generd
or local changesof the chemical composition of thed-
loy can be induced. They can be evaluated by mi-
croanalysis measurementsfor the contents of the me-
tallic elements, whileit isoften not possible, or at least
moredifficult, for carbonwhichisatoo light element
althoughitisof great importancefor the mechanical
properties. Fortunately, indications about the carbon
real contents can be obtained by fitting amicrostruc-
ture state obtained after asufficiently long exposure at
acongtant hightemperature by iterativethermodynamic
cdculationsfor varying contentsof carbon. Inthiswork
two examplesaretreated with asame cobalt-base al -
loy. Firstly thisaloy obvioudly lost apart of itscarbon
during itselaboration by casting becauseanot totally
inert atmosphere abovethebath, and it was attempted
to better know thereal carbon content which wasfi-
ndly obtainedinthesolidified dloy, by usingthermody-
namic calculations. Secondly, after several tenshours
of exposureto hightemperaturein an oxidizing amo-
sphere, microstructure modifications occurred inthe
sub-surfaceof thisalloy. They canberdaedtoaloca
new distribution of carbon dueto high temperature oxi-
dation which can be a so better known thanksto ther-
modynamic caculations,

EXPERIMENTAL

Choiceand elaboration of thealloy of thestudy

Thealloy which was considered hereisacobalt-
base alloy, bel onging to the same family as some cast
industrid aloysfor high temperature gpplications. But
it hasamoresimplecompostion sinceit only contains
cobalt (the base e ement, about 60 wt. % of thewhole
dloy), chromium (toresist hot corrosion but dsowhich
isacarbide-forming e ement, targeted content 30 wt.%),
tantalum (whichisalso acarbide-forming element, but
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TABLE 1: Chemical composition of thestudied alloysmea-
sured intheobtained alloy by microanalysis(3 EDS measur e-
ments, aver agevalue+ standard deviation)

Elements Contents (wt.%)
Co bal.
Cr 29.31+1.98
Ta 4.23+0.39
C unknown(but lower than 0.4)

stronger than Cr, targeted content 6 wt.%), and carbon
(targeted content 0.4 wt.%). The obtained chemical
compositionisgivenin TABLE 1. Thisaloy wassyn-
thesized from pure elements (99.9%, AlfaAesar), us-
ing ahigh frequency induction furnace, in order to get
aningot of about 100g. It was melt under apartially
inert atmosphere (mainly argon but with the possible
presence of residual air), in order to limit apossible
oxidation of the elements during heating and melting.
Fuson and solidificationwereachieved inacopper cru-
ciblecooled by circulation of water. Theobtained ingot
wascut in order to get, firstly asmall part to measure
thetemperatureinterva sof fusonand solidification, and
secondly moreimportant partsfor the study of stable
microstructuresat high temperature.

Determination of the solidus and liquidus
temperatures

Thesolidusand liquidustemperaturesof thealoy
was determined by performing Differential Thermal
Andyss(DTA) experimentsfroma2x2x7 mmésample,
using aSetaram TGA 92-16.18 apparatus. Thether-
mal cycle was composed firstly by a heating rate of
20K mint upto 1,200°C then by a slower heating at
5K mintupto 1,500°C for a better accuracy for this
level of temperature, and secondly by acooling at 5K
min* down to 1,200°C, then at 20K min* down to
room temperature. Beginningsand endsof fusion and
solidification were determined. The solidustempera
tures (respectivey liquidustemperatures) were sup-
posed to be closeto the average va ue of thetempera
tures of the beginning (respectively end) of fusion and
of theend (resp. beginning) of solidification.

High temperatur e exposur e and metallographic
characterization

Three 10x10x3mm? sampleswerecut fromthein-
got, and polished with 1200-grit paper. The samples
were exposed for 50 hours in a Setaram TGA 92
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thermobalanceat 1,000, 1,100 and 1,200°C under air
at atmospheric pressure. The heating wasdone at 20K
min? and, at theend of the 50 hours stage at hightem-
perature, the cooling to room temperaturewas done at
10K min®. The microstructureswereexaminedinem-
bedded samples. These oneswere prepared by cutting
the sampleswith aBuehler Isomet 5000 precision saw,
and by embedding theminamold usingacoldresin
mixture (Escil CY 230 + HY 956). They werepolished
using SIC paper from 120 to 1,200 grit under wate,
andfinaly withalpm diamond paste.

The chemical composition of thealloy was mea-
sured by using the Energy Dispersion Spectrometry
device of aScanning Electron Microscope (SEM, type:
XL30 Philips), only for Co, Cr and Ta, since carbon
cannot beandyzed because of itstoolow atomicweight.
Three measurementsweredonein threedifferent places
inthemiddleof thesample’s bulk, i.e. far from the zone
affected by oxidation. Thethree analyzed areaswere
about 0.5mm? (magnificationx125), and the average
weight content was cal cul ated for each e ement.

M etall ographic observationsweredonewith the
SEM in the Back Scattered Electrons mode with a
20kV acceleration voltage. Theregion of interest for
the characterization of the stablemicrostructuresat the
threetemperatureswasa so themiddleof thesample’s
bulk. Thechemicad compositionsof carbidesweremea:
sured withaCAMECA SX 100 microprobe (pinpoint
microanaysis). Thesurfacefractionsof carbideswere
measured on three BSE micrographs taken on each
samplewiththe SEM in BSE mode, in three different
locationsrandomly chosen (magnificationx 1,000, ar-
easof amost 0.005mm?). The BSE detector leads to
different levelsof gray, depending ontheaverageaomic
number of the considered phase. Thisalowed to sepa
ratethepixesof matrix (gray), of chromium carbides

After 50 hoursat 1,000°C;
Figurel: Microstructuresafter 50 hoursat 1,000, 1,100 or 1,200°C (SEM pictures in BSE mode)

After 50 hoursat 1,100°C;

> W/ Paper

(darker than matrix), and of tantalum carbides (white).
The carbides surfacefractionsweremeasured using the
Photoshop CS software of Adobe. Thiswasdoneon
thethree micrographsfilesof asamesample, and each
final surfacefraction, average of threemeasures, was
supposed to be closeto thevolumefractions.

Thermodynamiccalculations

Thecalculationsof al thetheoreticliquidusand
solidustemperatures, naturesand massfractionsof car-
bides, and chemica compositionsof matrixes, wereper-
formed using the Thermo-Calc version N software®
withthe SSOL database to which thedescriptions of
some missing systemswere added: Ta-C®, Co-Td®,
Cr-Td" and Co-Ta-C®. Theca culated massfractions
of carbideswere convertedinvolumefractionsaccord-

ingto fulp;]= uleil pg) 1 Xl lipa) , inwhichf [o)],

f, [(pj] and po, are respectively thevolumefraction, the
massfraction and thedensity of the phase ?, Thevd-
uesof thedensitieswhichweretakenfor thesecalcula-
tionswere 7.95g cnmr3 for matrix (obtained by direct
measurement on aCo-30Cr sample), 6.941g cm=for
Cr.C,, 6.953g cm? for Cr,,C, and 14.5g cm? for
TaCl,

RESULTSAND DISCUSSION

Deter mination of the carbon content of thealloy

Themicrostructures of Alloy 1 after 50 hours of
exposure a thethree high temperatures, illustrated in
Figure 1 (magnificationx1,000), arecharacterized by a
dendritic austenitic matrix of Co-solid solutionand car-
bideswhichareamogt exclusvely TaC carbides(clearly
identified by microanalysis). Some of them are
interdendritic primary carbidesand they obvioudy form

After 50 hoursat 1,200°C
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aeutectic compound with matrix. These primary car-
bides seem to beless present and rounder for 1,200°C
than for the two lowest temperatures. The other TaC
carbidesareintragranular secondary very fine carbides
which obvioudy precipitated in thematrix during the
stage at hightemperature, essentidly inthe casesof the
two lowest temperatures. Another type of carbide can
aso beseeninthesamples, but their quantitiesarevery
lower than for TaC. They seem to be chromium car-
bidesbut their too small sizesdid not alow their identi-
fication by microanalysis. Surface anaysiswere per-
formed on three micrographstaken with the SEM in
BSE modeat themagnificationx1,000 and TABLE 2
presentstheval ues obtained for the surfacefractions of
thetwo typesof carbides. The TaC carbides (about 2
vol.%) are effectively the main carbide phase. Chro-
mium carbides, which arealready rarefor 1,000°C,
have dmost disappeared for thetwo highest tempera-
tures. The surface or volume fraction of thetantalum
carbidesdightly decreaseswhen the stagetemperature
incresses.

Globd EDSmicroanaysiswereperformed of three
0.5mm? areas in each sample, and this led to similar
chromium and tantalum contents, whicharedready dis-
playedin TABLE 1 above. Theobtained contentsare,
for chromium alittlelower than expected (30wt.% Cr),
andfor tantalum sgnificantly lower than targeted (6wt.%
Ta). Oxidation during hestingand mdlting obvioudy in-
duced apartid lost of thesetwo elementsfor thefina
aloy. Concerning carbon, which cannot beanalyzed, it
seemsthat its content is sensibly lower than the tar-
geted one (0.4wt.%C) sincethe obtained carbidesare
essentidly TaC athough thetantalum content hasfalen
to near 4wt.% instead of 6 wt.%.

With the measured val ue of thewei ght content of
tantalum (4.23wt.%), significantly decreased fromthe
targeted value (6wt.%), one can think that chromium
carbidesought to be present in themi crostructurewith
higher volume fractions than really observed in the
samples. Thiscan be confirmed by Thermo-Calc cal-
culationswhich may lead, for the Co-29.31Cr-4.23Ta-
0.4C composition, to volumefractions (after conver-
son of themassfractions given by Thermo-Calc) that
are2.60vol.%M..C, and 2.22vol % TaC for 1,000°C,
2.15v0l.%M,,C, and 2.17 vol.% TaC for 1,100°C,
and 1.32 vol.% M_.C. and 2.12 vol.% TaC for
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TABLE 2: Surface(or volume) fractionsof thecarbidesin the
bulk at thethreetemper atur es, measur ed by surfaceanaly-
ds(averagevalue+ standard deviation)

Carbidesfractions(vol.%) TaC M 2Cs
1200°C 2.08+0.17 0.01+£0.01
1100°C 2.11+0.26 0.02+0.01
1000°C 2.21+£0.05 0.16+0.10
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Figure2: TheTaC carbidefraction and theM ,C, carbide
fraction plotted ver susthe carbon content for thethree
temper atur es(Thermo-Calc calculations); deter mination
of thereal car bon content from themeasured car bidefrac-
tions(broken linesand arrows)

1,200°C. Then, the carbon content was certainly also
decreased because of oxidation during theelaboration
of thealloy, and the obtained microstructureswhich
wereobserved and characterized intermsof carbides
fractionsallow to deduce aprobabl e value of carbon
content, with thehelp of thermodynamic ca culations.
For that, cd cul ationswere performed for severa com-
positions Co(bal.)-29.31Cr-4.23Ta-xC with x varying
from 0.25wt.% to 0.40wt.%, for the three tempera-
tures 1,000, 1,100 and 1,200°C. The calculated mass
fractions of thetwo types of carbides, TaC and Cr,.C,
were converted in volumefractionsand plotted versus
thetheoretic carbon weight content infigure 2. Then,
for each temperature and each type of carbide, itis
possibleto specify the carbon content leading to the
measured val ue of volumefraction of thiscarbide, as
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illustrated by the broken linesin thetwo graphsof fig-
ure2. It was much moreeasy to do and theresult much
more precise for the TaC phase than for the M,,,C,
phase, sincetheformer was more present than thelat-
ter. Thisled to the carbon contentsdisplayedin TABLE
3, which are close from one another, and the average
vaueof whichis0.30wt.% C. So, it seemsthat about
0.1wt.% (i.e. aquarter of the carbon mass) of the car-
boninitially present asgraphite partsin the chargeto
melt, was oxidized during the el aboration of thealloy
and quitted thefurnace asges.

A DTA experiment was performed onthealoy to
measure the temperatures of beginning and of end of
fusion, in order to verify if thereisagood correspon-
denceof thesetemperaturesand thesolidusand liquidus
temperaturesthat can be cal culated from the supposed
chemical composition Co(bal.)-29.31Cr-4.23Ta-
0.30C. The DTA curve and the results are given in
figure3and TABLE 4. With adifferenceof about 10°C
between the experimental values and the calcul ated
values, one canreasonably consder that thereisagood
agreement, evenif itisnot perfect. Thisconfirmsthat
the carbon contentisreally 0.30 wt.%C or at least very
closetothisvaue.

Assessment of thenew car bon distributionin the
sub-surfaceafter oxidation

Figure4 presentsthe microstructures of the sub-
surfaces after exposure at the threetemperatures. The
oxidized samplesall display an externa chromiascale
(average thicknesses equal to 8um for 1,000°C, 10
pum for 1,100°C and 16pm for 1,200°C), sometimes
mixed by tantal um and chromium oxidesfilms. Interna

After 50 hoursat 1,000 °C
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TABLE 3: Possiblevaluesfor thecarbon content, deduced
fromthecarbidesfractions

from the from the from the from the
vol.% of vol.% of vol.% of vol.% of
TaC at M 3Cg at TaC at M 3Cg at
1,100°C 1,100°C 1,200°C 1,200°C
0.29 0.29 0.32 0.33
From the From the
vol.% of vol.% of Average
TeC a M2sCo value: 0.30
1,000°C 1,000°C ' '
0.27 0.28

TABLE 4: Averagetemper aturesof fusion’s beginning and
solidification’s end, and of solidification beginning and
fusion’s end (DTA); comparison with the temperatures of soli-
dusand of liquiduscal culated by Thermo-Calc

Temperature of liquidus (°C)

After 50 hoursat 1,100 °C

DTA (average heating + cooling) Th.-Cdc
1403 1392
Temper atur e of solidus (°C)
DTA (average hesting + cooling) Th.-Cac
1302 1309
35 3
a0 3
25 endarl
o] =oldfication st ol !
e | goildification
|3t A %
@ 2]
E o E L __I/-‘ IL—_
_51 0 1390
-0 star: of “f * enaaf
Tusian Calk. fuslon
15 T [~

Temperaturs (12
Figure3: DTA curvewith postionsof thebeginningsand
endsof fusion and solidification; comparison with thetem-
peraturesof solidusand of liquiduscalculated by Ther mo-
Calc (thetwovertical lines)

Cr,0,
(Cr, Ta) oxides
carbide-free zone

After 50 hoursat 1,200°C
Figure4: Sub-surface statesafter 50 hoursat 1,000, 1,100 and 1,200°C (SEM pictures in BSE mode)
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Figure 6: The two superposed isothermal sections
(T =1,100°C) corresponding to 0.73 and 0 wt.%Ta

oxidation can a so be seenin the sub-surface (oxides of
both Cr and Ta too) where one also sees azonein
which carbides disappeared and which isdeeper when
thetemperature of exposureishigher (average depths
equal to 11um for 1,000°C, 29um for 1,100°C and
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Figure 7: Plots of the solidus temperatur es versus the
depth acr ossthecar bide-fr eezonesobtained after 50hours
at 1,000°C, 1,100°C and 1,200°C (results calculated from
theTaand Cr contentsat each depth accordingtotheWDS
profiles)

67umfor 1,200°C). WDS profiles performed across
thesub-surface zone affected by oxidation show anim-
poverishment in both chromium and tantalumfromthe
bulk to the externa surface, asillustrated by figure 5
with real WDS profiles for the sample oxidized at
1,200°C, and for Cr and Ta only across the carbide-
free zonesfor thethreetemperaturestogether.

Thepresenceof carboninan aloy containing chro-
miumwith or without tantalum easily leadsto theexist-
ence of carbides at the equilibrium for temperatures
comprised between 1,000 and 1,200°C, even if the C
content isnot high. However it istruethat very small
quantities of carbon are compatiblewithaFCC-matrix
monophased state, asdemonstrated for 1,100°C (i.e.
theintermediate temperature) by figure 6 for thetwo
extreme values of the Tacontent inthe WDS profiles
performed acrossthe carbide-free zone obtained in the
aloy for thistemperature, i.e. 0 at theextreme surface
and 0.73wt.% Taat thefrontier separating the carbide-
freezoneand theareawhere carbidestill exist. More
precisely, for 1,100°C the carbon content is necessar-
ily decreased to at least 0.1wt.%C in the carbide-free
zone (acontent limit whichisfew dependent onthered
Tacontent between 0 and 0.73 wt.%), and probably
to Owt.% sincethevery little carbon atoms have cer-
tainly diffused quicker than Taand even Cr towardsthe
oxidationfront.

The development of acarbide-freezone, inwhich

Wotzrioly Science mm——
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Cobal-based superallow after 20 howrs at 1,300°C
(no eommmmication of the molten parts with
cutside, thanks to a refractory carbide-fres shin

Another Co-based superallow after 20k at 1, 300°C
{probably no such refractory shan and then strongz
oxidation of the bulk)

Figure8: Oxidationinair at 1,300°C of two Co-based su-
per alloyshaving solidustemper atur eslower than 1,300°C;
thefirst one (left hand) waspr otected from the oxidizing
atmosphereby thestill solid car bide-free zone, whilethe
bulk of the second one (right hand) wascatastr ophically
oxidized becauseof theabsenceof suchrefractory barrier

no carbides- then no eutectic carbides- aretill present
andwhichisimpoverishedinaloyingdements(Taand
Cr), can beconsidered asbeing ametallic outer part of
thealoy, whichisespecialy refractory. Indeed, if the
carbon content can be supposed to beamost zero, the
knowledge of the Cr and Tacontentsmeasured by mi-
croanaysis(WDS profiles) alowsdetermining alocal
solidustemperature by using thermodynamic cal cula
tions. Thiswasdoneherefromthesmplified Taand Cr
profiles(limitedto the carbide-free zoneareq) presented
together in the second graph of figure 5 (for thethree
temperaturesof exposure). Thegraph giveninfigure7,
(corresponding to the hypothesi s of acarbon content
equal to zero everywhere in the carbide-free zone),
which containsthe three curves which represent the
evolution of thelocal solidustemperatureversusthe
depth from the externa surface, effectively showsthat
thelocd solidustemperatureisnear onehundred higher
than thebulk’s one.

> U Poper
General commentaries

The atmosphere not perfectly inert in which the
elaboration of thedloy wasachieved effectively caused
alossof themore oxidable elementsbel onging to the
chemica composition of thealloy. Thechromium con-
tent wasdlightly decreased (lossof amost 1 wt.%Cr),
but theloss especially concernstantalum (lossof a-
most 2wt.%) and a so carbon since themetalographic
characterization coupled with thermodynamic calcula
tions showed that about 0.1 wt.%C, asisto say 25%
of theinitia carbon massinthecharge, hasgone away
Into gaseous species. Despite of the decreasein tanta-
lum, the carbides present in the microstructure were
essentidly TaC carbides, asinitialy expected with the
choice of both 6 wt.% Ta and 0.4 wt.%C, since the
appearanceof lessrefractory other carbides, i.e. chro-
mium carbides, was avoided by the decrease of car-
bon. Nevertheless, the TaC volume fraction is de-
creased, thisinducing consequently aprobable weak-
ness of themechanica strength at high temperature™.
In addition some rare chromium carbides, supposed
beingM,,,C, as shown by cal culations (these carbides
aretoo small to be analyzed by microprobe), area so
present.

Thegraphsof variation of the carbidefraction ver-
susthe carbon content (Figure 2), initialy plottedin
order to specify thered carbon contentinthedloy, are
alsointeresting for other considerations. Firstly they
showed that thefractions of thetwo types of carbides
increase with the carbon content and decrease when
thetemperatureincreases, asexperimentally observed
withimage analysis. Secondly, the carbide-forming
power of tantal umwhichisstronger thanthechromium’s
oneisrevealed by the priority of TaC formationwhen
the carbon content increases. From thelowest carbon
contents, each increasein C content isprofitableto the
TaC formation, until the Tacontent in matrix has suffi-
ciently decreased. Theresfter, each new increasein C
content promotesanincreasein Cr,,C, carbides. The
carbon content of trangition fromtheincreasein TaCto
theincreasein Cr,,C; isall themorehigh sincethetem-
peratureishigh. Depending onthelevel of thecarbon
content, elther thetantal um carbidefraction or thechro-
mium carbidefraction leadsto the carbon content in
thedloy.

s, P gl iy Science
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Concerning theeffect of the high temperature oxi-
dation, the development of acarbide-freezonedueto
thediffusion, towardsthe externa surface, of the car-
bide-former d ementswhich area so themost oxidable
elementsof thechemica composition of thealoy, im-
pliesthat carbon isaso lost inthispart of the aloy.
Obvioudly it quitted the alloy, oxidized into gaseous
Species, since No coarsening or precipitation of new
carbidesobvioudly occurred d ong thefrontier between
the carbide-freezone and the bulk, as sometimes ob-
served in other carbides-strengthened alloys or super-
alloysoxidized at such temperatures***2, The disap-
pearanceof carbon fromthiscarbide-freezonecanhave
important consequences. A first oneisthe presence of
an alloy’s external part which has an average solidus
temperaturewhichissignificantly increased, morepre-
cisdy about one hundred degreeshigher than thebulk’s
one. Thismeansthat asuddenincreasein temperature
can accidentally occur without partial melting of this
external part. Then, in such asituation, if the bulk be-
ginsto melt, themolten areasall remainsinternal. A
second oneisabest separation of the oxidizing atmo-
sphereand the most oxidable phasespresent inthea -
loy, i.e. chromium carbides and tantalum carbides. Af-
ter several tenshoursat moderatetemperatures(e.g.
1,000 0r 1,100°C), the obtained carbide-free zone can
act asatemporary barrier whichisableto protect, from
oxidation at higher temperatures, @ther theinterdendritic
carbides or the molten Cr and Ta-rich interdendritic
areas (depending on theva uereached by thetempera-
ture), in case of sudden increase of temperature (ex-
ampleinfigure8). Of course, thisbarrier can bergpidly
lost because of itsenhanced oxidation onitsexternal
side, and diffusion of elementsfrom the bulk solid or
partidly molten, onitsinterna sde.

CONCLUSIONS

Cadtinginnot totally inert atmospherescan lead to
theimpoverishmentinthemos oxidabledements. This
lost can beknown for all e ementsby spark spectrom-
etry for example, or usng micro-analysi's measurements
for theelementsthat arenot too light or toorarein the
aloy. Thermodynamic cal cul ationscan a so beconsid-
ered asanindirect mean for determining the content of
thelightest e ements, such carbon, when other appara-
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tusdlowingtheir measurement isnot available. How-
ever, for that, performing sufficiently long exposuresat
high temperature to be sure that the thermodynamic
equilibriumiseffectively reached, isnecessary and un-
fortunately time-consuming. Thermodynamic calcula-
tions are also very useful to assess carbon contents
whereloca microstructuremodificationspossibly in-
volving changesof carbon contentscan benoticed. Itis
the case of phenomenainduced by oxidation at high
temperaturewhich can modify the propertiesof theouter
part of thealloy.
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