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ABSTRACT

A binary Ni-30Cr alloy, known for itschromia-forming behaviour, previously
elaborated by foundry and tested in oxidation at temperatures ranging from
1000 and 1300°C in dry air and in moderately water vapour-enriched air, has
been here subj ected to hot oxidation at the same temperatures (1000, 1100,
1200 and 1300°C) for 48 hours in a very humidified air, with thermogravimetric
measurements. The exploitation of the mass gain files was carried out
following several methods. Since chromia volatilization was particularly
fast (at 1300°C notably) the treatment was done by applying the {m x dm/
dt = Kp—m x Kv}-method. The values of the parabolic constant Kp and of
the chromiavolatilization constant Kv were specified together. I f they both
logically increase with temperature the variation with the air humidity rate
was less evident. These present kinetic results will be strengthened by
metall ographic characterization in a second part of this work, for a better
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interpretation of the effect of water vapor in such high concentration.

© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Thehot atmospheresinwhich superdloysare used
inhigh temperature applications often contain gaseous
water. Thisisnotably the caseof industria pieceswork-
ing at high temperature under atmosphericair inwhich
water vagpour isnecessarily present inmoreor lesscon-
tentsdepending onweather or of turbineblades of jets
flying through clouds or just above sess, for instance.
Therearea so other machinesinwhichwater vapour is
present in high concentrations, asinthepower genera:
tionfieldwiththevapour turbines. Theprotectiveoxide

scaleswhich develop over the piecesmade of superal-
loys (mainly chromia, dluminaor silica)™ may suffer
faster deterioration because of theformation of volatile
Species, phenomenainduci ng an over-consumption of
the element initially added to thealloysto form these
protective scales(respectively chromium, aluminium,
silicon)®. Theinfluenceof vapour presentinair aswell
asin other gaseswas examined in many previousstud-
ies, astherecent workswhich were carried out inthe
case of puremetal§34, of intermetal lic compoundg®®,
of metallic coatingd”, of aloysrichinheavy meta S8 or
of ceramic materia §9.
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TheNi-30Cr dloy, evenif itisavery smpleone, is
veay interesting to udy in oxidationin presenceof water
vapour since—except an eventual small amount of NiO
oxidepossibly formedintheearly stageof oxidation—
only chromiadevelopsover thisaloy, thankstoitshigh
chromium content and the general good behaviour of a
nickel basefor Cr diffuson. Thisisthereason why this
aloy wasespecidly prepared by foundry in atwo-parts
previous work!%1Y to examine its high temperature
oxidationbehaviour inar moderately richinvapour, in
termsof oxidation start at heating and of oxide spalla-
tion at cooling, and used again in amore recent work
with the same purposes (heating and cooling) butina
morehumidified air™.

Inthe present work it waswished to analyzed what
occurred duringtheisothermal stagefor thissame Ni-
30Cr dloyinthesameair very richinwater, intermsof
massvariaionkineticat dl thetested temperatures, mass
gain (chromiagrowth) or massloss(chromiavolatiliza-
tion), thisusing amethod recently developed™ to si-
multaneoudly extract the parabolic constant Kp and the
volatilization constant Kvincaseof oxidationindry ar
at temperatures higher than 1000°C.

EXPERIMENTAL

Theadloy used for thiswork was previoudy e abo-
rated by foundry. Thiswas done by melting parts of
purenicke and of pure chromium (AlfaAesar,>99.9
wt.%), inahigh frequency induction furnace under an
inert atmosphere made of 300millibarsof pureargon.
Theingots, of about 40g, were cut in order to obtain
parall e epi pedic samples of about 10 x 10 x 3 mm3for
thethermogravimetry tests. These sampleswere pol-
ished up to the 1200-grade SiC paper. The
thermogravimetry runs were a SETARAM Setsys
thermobal ance coupled withaSETARAM Wetsysva-
por generator. Thehumidified air wastargeted with a
relaivehumidity of RH=90%at 60°C (gas flow of 20mL
min?). Thetests’ temperatures were 1000, 1100, 1200
and 1300°C and the common test duration was 48 hours.
Thehesating and cooling rateswere 20°C min?* and 5°C
min’ respectively.

Therecorded mass gainswere plotted in the con-
ventionad schememversust (m: massgain per surface
unit area, t: time) to observe the general form of the
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curves.

They werethereafter according to them?-m * ver-
sust-t, (t,: timeat whichthekinetic beginsto be para-
bolic, m: massgainat timet, m: massgainat timet,
including themassduring heating (valuestakenin )
andtheoneduringtheeventud trangentisothermd lin-
ear mass gain preceding the parabolic one) in order to
specify the parabolic constant with moreaccuracy.

Themassgainsweretreated another time, by plot-
ting m x dm/dt versus —m in order to specify the values
of thereal parabolic constant Kp (real because by tak-
inginto account themasslossby chromiavolatilization
and thentheinstantaneousrea chromiamass per sur-
faceunit areaor real chromiathickness). Indeed, the
following equation may be verified during theparabolic
part of theisothermal oxidation: m x dm/dt=Kp—Kv
x m. Thus plotting m x dm/dt versus —m may lead to a
graight linetheordinateat theoriginisK pandthed ope
Kvi:, The Kp and Kv values were thereafter tested
by plotting mathematical curvesand by comparing them
to theexperimental ones.

RESULTSAND DISCUSSION

Mass gains plotted versustime

All theobtai ned thermogravimetric curvesare pre-
sented in Figure 1. They areglobally parabolic, ex-
cept one obtained at 1000°C since it was obviously
affected by small jumps probably due to oxide de-
tachment. Thethreeother curvesaremuch moreregu-
lar and seem parabolic. However one can observea
beginning of stationarity at the end of the curves ac-
quired at the highest temperatures, whichisreally ob-
viousfor 1300°C since the end of the curve is almost
horizontal (and even seems starting to decrease). This
letsthink to amassloss by volatilization, probably of
chromia

Mass gains plotted as m*-m versus t-t,

Thesame mass gainfilesplotted asm?-m ” versus
t-t,, displayed in Figure 2 for thetestsdoneat 1000°C
and 1100°C, and in Figure 3 for the tests done at
1200°C and 1300°C. If the curve obtained in this
schemeisnot straight for thetest performed at 1000°C
(becauseof theirregul aritiesdready showninthem=f(t)
representation for thistemperature) the curve corre-
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Figurel: Thefour thermogravimetric cur vesobtained, plotted asm ver sust

sponding to thetest at 1100°C is on the contrary much
morestraight (except at the beginning of thecurve), this
allowing an accurate determination of the parabolic
constant.

Thisisnot thesamewiththe{m*-m > versus t-t } -
curvescorresponding to 1200°C and 1300°C (Figure
3) for which acurvature appears. Thisone, whichis
especialy strong for 1300°C, clearly shows that the
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massgain did not increase according to aparabolic law
but gnificantly dower. Thisconfirmsthat chromiavola
tilization exitsand eveninducess gnificant mass|osses,
ableto balancethe oxidation-duemassgain. It appears
thus compul sory to anadyzethemassgainsfilesby tak-
ing into account thechromiavolatilization in order to
specify redigtic v uesof the parabolic congtant Kp (and
asotovduethevolatilization constant Kv).
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Figure2: Thetwother mogravimetric curvesobtained at thetwolowest temper atures(top : 1000°C, bottom : 1100°C), plotted
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Ni-30Cr 48h 1300
Determination of Kp by taking into account the transient mass gain
(heating and isothermal linear first part)
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Figure3: Thetwothermogravimetric curvesobtained at thetwo highest temper atur es(left: 1200°C, right: 1300°C), plotted

asm’-m? versus t-t,
Mass gainsplotted asm x dm/dt versus —m

Thesamemassgainfileswerethustreated accord-
ing to the {m x dm/dt = Kp — m x Kv}—method to
assesssimultaneoudy thevolatilization constant Kv -
dataasimportant asthe parabolic constant sinceit dso
describes an aspect of the high temperature oxidation
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Figure4: The{m x dm/dt versus —m} plot of the mass gain
filesacquired at 1000°C for the Ni-30Cr alloy (top) and the
testsof comparison totheexperimental {m=f(t)} curveof the
classically determined K p value (red cur ve, “math1” and of
the{Kp, Kv} coupleof valuesdeter mined above (green curve,
“math2”)

behavior of thedloy— and the not underestimated value
of the parabolic constant Kp. Two examples of such
{mx dm/dt versus —m} plots are given in the top parts
of Figure4 (1000°C) and Figure 5 (1200°C), the bot-
tom parts of the samefiguresillustrating thetest of the
Kp and Kv vaues obtai ned by comparison of themath-
ematicd curvewiththeexperimentd one.
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Figure5: The{m x dm/dt versus —m} plot of the mass gain
filesacquired at 1200°C for the Ni-30Cr alloy (top) and the
testsof comparison to theexperimental {m=f(t)} curveof the
classically determined K p value (red curve, “math1” and of
the{Kp, Kv} coupleof valuesdeter mined above (green cur ve,
“math2”)
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Inthetwo casestheva uesobtained for Kp by tak-
inginto account chromiavolatilization aremuch better
thanthedasscdly determined Kp sincethegreen curves
fit very correctly the experimenta curveswhileitisab-
solutely not the casefor thered curves. Thisisasotrue
for theconstants’ values determined for the two other
temperatures (1100 and 1300°C).

Thevauesof Kpand Kv determined by applying
the{m x dm/dt = Kp — m x Kv}—method are graphi-
calygiveninFigure6 for Kpand Figure 7 for Kv, for
thefour temperaturesand this“very wet” air (90% of
relative humidity at 60°C), with the recalled values of
the constant earlier obtained for the samealloy at the
sametemperaturesbut in “dry” air (no water vapor)
andin‘“wet” air (80% of relative humidity at 40°C)14,
One can seefirst that the two constantslogically in-
crease with temperature but second that Kp and Kv
do not follow asystematic variation (thedifferencesdue

to humidity depend ontemperature).
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Figure6: Plot ver sustemperatur eof thevaluesof K p derived
fromthe{m x dm/dt = Kp — m x Kv}-plot for the Ni-30Cr
alloy oxidized inthe“very wet” air (90% of relative humidity
at 60°C, this work); comparison with earlier values obtained
for thesamealloy in “dry air” (no humidity) and in “wet air”
(only 80% of relativehumidity at 40°C)
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General commentaries

Thus by enrichingagainar inwater vapour thehigh
temperature oxidation behaviour of the Ni-30Cr aloy
goes on changing, by comparison with what wasprevi-
ously observed between dry air and moderately hu-
midified airl*4. However theparabolic constant Kp does
not continueto decrease with thewater vapour enrich-
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Figure7: Plot ver sustemper atur eof thevaluesof Kv derived
fromthe{m x dm/dt = Kp — m x Kv}—plot for the Ni-30Cr
alloy oxidized inthe“very wet” air (90% of relative humidity
at 60°C, this work); comparison with earlier values obtained
for thesamealloy in “dry air” (no humidity) and in “wet air”

(only 80% of relativehumidity at 40°C)
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ment whilethe chromiavolatilization constant Kv be-
comeshigher only for 1300°C (with as result a remark-
able stationarity of the massvariation near theend of
the 48 hours stage).

CONCLUSIONS

Thus, the evolutions of the genera kinetic of iso-
thermal mass gainwith the humidity rate of air previ-
ously seenarenot really found again with thisnew es-
pecidly highwater vapour content. Theoxidized samples
will becharacterized inthe second part™ of thiswork
(XRD diffraction, metalography of cross-sections...)
inorder totry interpreting the present observationsdone
hereinthemassvariationkineticfied only.
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