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ABSTRACT

Two commercial chromium-rich cobalt-based cast superalloys belonging
to the ones often considered for the hottest pieces of aero-engines were
reproduced in laboratory scale by melting of pure elements under inert
atmosphere and solidification of ingots of several tens grams. The as-cast
microstructures were examined and specified using electron microscopy
and energy dispersion spectrometry while the room temperature hardness
was measured by Vickersindentation. The microstructures of thetwo alloys
areespecially fineand richin carbides of several types: chromium carbides
and MC-carbides, thanks to rather high carbon contents. Chromium, and
eventually tungsten, wasfound in some of the coarse carbideswhile tantalum
and tungsten obviously belonged to the elongated M C carbides. Titanium
and zirconium, the two other MC-former elements were essentially found,
in addition to Ta and W, in the blocky MC carbides existing besides the
elongated ones. The Vickers macro-hardness at ambient temperature of the
two aloysareall dightly higher than 400 HV.
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INTRODUCTION

Animportant family of polycrystallinesuperalloys
isthe carbides-strengthened cobal t-based superalloys
one'?, They aregenerdly richin chromium to besuffi-
ciently resistant against high temperature oxidation and
hot corrosion by devel oping aprotective continuous
layer of chromiaover their surface®4, and their rein-
forcing carbides can be primary ones (formed during
solidification and located in theinterdendritic spaces)
and/or secondary ones (precipitated inthematrix as

fine homogeneously di spersed particles)®. Thecom-
mercia alloys Mar-M 322 and Mar-M 509 are two
examples of such superalloys based on cobalt and
strengthened by carbides®™. They are usually elabo-
rated by foundry ingreat quantitiesand poured inmoulds
withrather great sizeto solidify with shapesof various
piecesof aero-enginesfor example. Thisleadstorather
coarse microstructures characterized by coarsegrains
favourableto agood resi stanceto creep deformation.
In the present work it was wished to explorethe
microstructuresof such alloyswhenthey are solidified
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muchfagter thaninusud indudtrid conditions Suchrapid
solidification wasfavoured by bothasmall sizeof ingot
and by ametallic mould cooled by an external water
circulation. Theroom temperature hardnesswasa so
specified toanticipate onthe possibledifficultieswhich
may beencountered during machining.

EXPERIMENTAL

Compositionsof thealloysof thestudy

Thetwo dloyswere synthes zed by mdting together
thedifferent eementsbe onging to the chemical com-
positions of thecommercia aloys. Thus, for thefirst
aloy, named “CoX”, pure cobalt, chromium, iron, car-
bon, tantalum, titanium, tungsten and zirconium were
prepared with massesall owing obtaining aningot of 40
grams and reaching theweight contentsin these ele-
ments of the commercia Mar-M 322 cobalt-based
superdloy. Thechemica composition, asgivenin™, is
presentedinthefirst lineof TABLE 1. Similarly, the
same pure elements, except iron replaced by nickel,
were prepared by weighingin order totarget the differ-
ent contentslisted inthefirstlineof TABLE 2for re-
producing theMar-M 509 industrial superaloy, asan
ingot of about 40g again (alloy named “CoY”’). Most
of theseelementswerechosenwith apurity higher than
99.9wt.%, (AlfaAesar).

Elabor ation of thestudied alloys

Thesedifferent d ementswere put inthe copper cru-
cibleof aCELESHigh Frequency induction furnace,
following aprocedure (mix) favouring agood homog-
enizatiion of theliquid dloy during fusion. Heeting of the
mix of solid pureelements, fuson and hightemperature
dwell for homogeni zation of theliquid, and finaly so-
lidification and cooling were performed in 300 millibars
of pureargon. Suchinert atmosphere was absolutely
necessary to prevent any oxidation of the onesamong
thesenumerousdementswhich areespecidly oxidable:
Ti, Zr, Taand W notably.
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M etallographic preparation

Thetwoingots, both with acompact shape, were
cut using anAbrasmet Deltacutter of Buehler. A part
of suchingot wasthen embedded in acold resin mix-
ture (ESCIL: Aradite CY 230 and hardener HY 956).
Themounted sampleswerethereafter polishedwithSC
paperswith gradefrom 120 or 240 up to 1200, under
water. After ultrasonic clean the mounted samplesun-
derwent final polishingwith atextiledisk enrichedin
1um hard particles, until obtaining a mirror-like surface
dSate.

Microstructureobservations

The polished sampleswereexamined usngaJEOL
JSM 6010LA Scanning Electron Microscope (SEM).
Observationswere donein Back Scattered Electrons
(BSE) modeto with different magnificationsmainly
between x250 and x1000. The Energy Dispersive
Spectrometry (EDS) device equipping the SEM was
used to control the general chemical compositions of
thealloys, toidentify the observed precipitatesand to
specify the chemical composition of thematrix, both
with pinpoint measurements. Additionally X mapswere
also acquired to better seetherepartition of thediffer-
ent eementsinthemicrostructure.

M acr o-har dness measur ements

TheVickersindentationswere performed onthe
mounted samples by applying aload of 30kg, usnga
Testwell Wolpert machine. Threeindentationswere
realized and thethreevaluesof hardnessledtoan av-
eragevaueand astandard deviation one.

RESULTSAND DISCUSSION

Chemical compositionsof the obtained alloys

Theresultsof EDSanays sof thetwo synthesized
aloysaregivenin TABLE 1for theCoX aloyandin
TABLE 2 for the CoY one, in the two casesin the
second line of thetable to make easy the comparison

TABLE 1: Chemical composition of the CoX alloy (M ar-M 322: chemical composition of thecommer cial alloy asgiven in[™;
CoX: EDSanalysiswith the SEM on ax 1000 area); all contents given in weight percents

Alloys Co Cr Fe Ta Ti W Zr other
Mar-M 322 60.5 215 0.5 1.0 45 0.75 9 2 none
CoX x1000 59.22 2231 0.73  not mess. 4.92 0.66 10.65 150 /
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TABLE 2: Chemical composition of the CoY alloy (M ar-M 509: chemical composition of thecommercial alloy asgivenin [7;
CoY: EDSanalysiswith the SEM on areawith different magnifications) ; all contentsgiven in weight per cents

Alloys Co Cr Ni C Ta Ti w Zr other
Mar-M 509 54.5 235 10 0.6 35 0.2 7 0.5 none
CoY x1000 53.91 24.11 1029  not mess. 404 004 736 025 /

with thetargeted compositions. Microstructureof the CoX alloy

Thechemica composition of theCoX dloyisrather
closetotheMar-M 322 commercia one, for themain
elementsaswell asfor theminor e ements, despitethe
lack of accuracy of the ED Stechnique by comparison
with the Wave ength Dispers on Spectrometry one (mi-
croprobes). Thisis aso true for the CoY aloy, the
chemica compostion of whichisasoclosetotheMar-
M 509 commercia one.

The CoX dloy presentsadendritic microstructure
and many interdendritic particleswhich are probably
carbides (Figure 1, top), the great number of which per
surfaceunit aeraand cumul ative apparent surfacefrac-
tions result from the rather high carbon content (1
wt.%C) and the presence of several metallic elements
with strong carbide-forming character (Ta, Ti, W, Cr...).
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Figurel: Micrographsof thebulk microstructureof theCoX alloy in itsas-cast condition at two magnifications (top: x250,

bottom: x1000)
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At higher magnification (Figure 1, bottom) thecarbides
seemsbeing of essentialy two types, appearinginwhite
for most of them and ingrey paler than thedark grey of
the matrix. Thewhite carbidesare blocky for some of
them (shapewhichlet think that they perhapsformedin
theearly stage of solidification, smultaneoudy withthe
dendritic development or even before) and have more
ascript-likeshapefor al the others, typical of acar-
bide-matrix eutectic compound, formed at the end of
solidification of thealloy. Thegrey particlesareboth
lessnumerousand coarser.

EDS pinpoint anaysisalows better specifyingthe
particles(Figure2). Thewhiteonesareeffectively car-
bides, probably M C carbides more precisely. Indeed
they contain onthe one hand great quantitiesof Ta, Ti
and Zr which arewell-known to be MC-former ele-
ments, and on the other hand seemingly carbonin con-
tentssignificantly higher thaninmatrix but which cannot
be assessed by the ED S technique (too light el ement).
The particleswhich appear paer thanthe previouscar-
bides seem being also carbides. They are effectively
richer in carbon than matrix (heretoothereal content
cannot be quantified because of thelimitationsof the
EDStechnique) and especidly richinchromium aswell
asintungsten.

They areprobably carbidesof both chromiumand
tungsten, but it isnot possibleto specify their stoichi-
ometry by EDS. They seems to be not (Cr,W),,C,
since, onthe one hand they do not have the same mor-
phology (M.,,.C, areeutecticin such baseof dloy), and
on the other hand it is not probable that M,.C, may
gppear inandloy with so high carbon content (1 wt.%).
With aso high tungsten content, which explainsthe
colour not darker (as many chromium carbidesin a
cobalt base aloy) but paler than matrix, it ispossible

67.3Co-21.5Cr-0.9Fe-0.8Ta-
0.3Ti-9.0W-0.24Zr (wt.%)

Figure2: EDSpinpoint analysisof the phases present in the CoX microstructure

= Fyl] Peper
that these pale particleswould be M C carbides.
Microstructureof the CoY alloy

The CoY alloy also displays adendritic cobalt-
based matrix and many carbides (Figure 3). Thedark-
est onesareseemingly eutectic chromium carbides: ac-
cording to their morphol ogies, to therather high car-
bon content in the alloy (0.6 wt.%C) and to the pin-
point EDSresults (Figure4), theseones are probably
(Cr,Co).C, carbides. Besides these M_C, carbides
there are also white carbides which are without any
doubt MC carbidessincethey arerichinmoreor less
heavy M C-former elements:. essentialy Tabut alsoW
andTi.

AsfortheCoX dloy the EDS pinpoint measure-
mentsarenot so really efficient in e ongated carbides
asinthemore compact onessincethe excitation vol-
umeinvolvenot only these elongated carbidesbut also
apart of matrix. X-Ray mapswere performed for the
aloys, asillustrated in Figure5in the case of the CoY
alloy. One can see on these mapsthat:

* matrix mainly containscobalt, nickel and apart of
chromium;

* agreat part of the latter element (Cr) islocated
werethedark carbides are present;

*  tantdum and tungsten areconcentrated intheel on-
gated white carbides;

* thepreviouselements(Ta, W) areaso presentin
thewhiteblocky carbides but together with thetwo
other M C-former e ementstitanium and zirconium.

Hardnessof theCoX and CoY alloys

Several Vickersindentationswere performed on
thetwo mounted metall ographic samples. Theaverage
value andthe standard deviation aregivenin TABLE

42Ta-33Zr-4Ti-
. 3Co(-14.4C*)
N (wt.%)

S8 31C0-39Cr-
B 19W(-9C*)
(wt.%)

63.8C0-24.9Cr-0.8Fe-0.03Ta-
0.16Ti-10.2W-0.14Zr (wt.%)
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Figure3: Micrographsof thebulk microstructureof theCoY alloy in itsas-cast condition at two magnifications (top: x250,
bottom: x1000)

59Ta-11W-6Cr-
13Co-3Ti (-8C*)
(wt.%)

s 60Co-21Cr-12Ni-
7W-0.47r-0.1Ta
(wt.%)

40Co-38Cr-7Ni-7W (-8C*) (wt.%)

Figure4: EDSpinpoint analysisof the phasespresent in the CoY microstructure
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Figure5: X-Ray map acquired with the SEM and itsEDS deviceon theCoY alloy

3. Onecan seethat thehardness of both alloysisrather  nessof cobalt alloyson thefirst hand, andto therather
high. Thiscan beattributed to theintrinsichighhard-  high density of carbides on the other hand. Indeed co-
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balt alloystend to be harder that nickel or iron aloys,
and carbidesare phasesespecialy hard (morethan one
thousand Vickerd®) by comparisonto themetallic ma-
trix. One can notice that the hardness of the carbon-
richest alloy (CoX which contains 1 wt.%) isslightly
higher than the one of the other dloy (CoY which con-
tains 0.6 wt.%), thefirst one containing consequently
more carbidesthan the second one, for, inthetwo cases,
anespecidly hightota content in strong carbides-former
dements.

TABLE 3: Vickershardnessof thetwo alloys (load 30 kg)

CoX alloy CoyY alloy
Average Standard Average Standard
value deviation value deviation
423 +20 404 +16

General commentaries

Inthisgpecia set of conditionsof e aboration (labo-
raory-type synthes sfrom pureelementsinstead ferro-
dloysfor example), low weight of ingot and fast solidi-
fication, the obtained microstructuresarerather inter-
esting and severa differenceshave appeared between
thedloysindustrialy e aborated and the present aloys
obtained inlaboratory in small quantity. First the mi-
crostructurefinenessisof coursein oppositewiththe
microstructure coarseness of the corresponding super-
alloyssolidified asingots of several kg or tensof kg.
Second some of the phases may be not exactly thesame,
asfor examplethe chromium carbidestypicaly of the
M_.C, typeinthe CoY aloy against therather M, .C_
often observed inthe corresponding industria superd-
loy.

Despitethefiner microstructureswhich were ob-
tained the hardness of thesedloysintheir as-cast con-
ditionisnot very high and machining remainsnot very
difficult to achieve. However, onenoticed that the cut-
ting of theingotsfor preparing sampleswas not very
easy to do.

Concerning the propertiesat hightemperaturethe
finer microgtructurewhich were obtained hereare prob-
ably lessfavourablefor agood res stance against creep
a hightemperature, snceitisgenerdly considered that
coarse microstructuresare preferablefor the mechani-
cal resistanceat high temperature?57, The difference
of fineness may also have consequences about the
behaviour in oxidation at high temperature®, The

consegquences of thefiner microstructuresobtained on
the propertiesof thesealloysremain to be studied.

CONCLUSIONS

Thelaboratory reproduction of thetwo cast com-
mercia superaloysof interest here, by mdting pured-
ementstogether in order to get the origina chemical
compositions, wassuccessful. Only smal mismatches
werefound, essentially concerning theminor e ements,
and themicrostructures obtained, anal ogousto thecom-
mercial dloys, wereobtainedin afiner version, witha
room-temperature hardness <till compatiblewith anot
too difficult machining. The propertiesof thesenew d-
loyshaveto belater characterized, notably concerning
themechanica and chemical behavioursat high tem-
perature.
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