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ABSTRACT KEYWORDS
Thiswork focuseson an alloy based on Nickd and Cobalt in smilar quantities, Nickdl;
containing 30 wt.% Cr for its corrosionresistance, 1 wt.%C and 1 wt.%Tafor Cobalt;
obtaining many TaC carbides. In afirst time thermodynamic calculations Tantalum carbides;
were performed to describe the microstructure development during Thermodynamic calcula
solidification and solid state cooling. In a second time the real ally was tions;
elaborated by casting from pure elements. Thermodynamic calculations Solidification;
predicted that solidification should start not classically by the crystallization Microstructures;
of matrix dendritesbut by TaC carbides. Thiswas effectively verified in the Hardness.

real alloy with the presence of blocky TaC carbides obviously of a pro-
eutectic nature. Thispresence of TaCinthereal alloy aswell asitsmatrix the
chemical composition of which is of the same type as the high temperature
austenitic matrix predicted by thermodynamic calculations show that the
microstructure of thereal alloy get frozen at about 1000°C during the cooling.
The short temperature range of solidification determined by thermodynamic
calculations did not allow the pro-eutectic carbides to migrate towards the
periphery of the ingot during solidification under the decreasing
electromagnetic gtirring. The Vickers hardness of thereal alloy isof about 30
HY g © 2015 Trade Sciencelnc. - INDIA

INTRODUCTION matrix thankstothe presenceof nickd . But either nickel

or cobdt isthemain e ement, the second onebeing an

Many superalloysreinforced by carbidescontain  alloyingelement. Additiondly alloysrichinnickd and
simultaneoudly nickel and cobalt, for examplefor ex-  cobat rarely contain TaC carbides, notably with great
tending thetemperaturerangeof thestability of theFace  fractions. Whenexistingin such aloyscarbidesareof-
Centred Cubic crystalinenetwork of the cobat-based  ten deve oped from other carbides-former dementsthan
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tantalum.

Concerning the nickel-based alloys, if the au-
minium-containing versions are maybe better known,
notably asy/y’ superalloys which feature among the
best onesfor high temperature applicationsunder me-
chanical stressesin oxidizing aimospheres, the chro-
mium-rich nickel-based dloysrepresent ahightempera-
turedloys’ family of interest. They can be still encoun-
teredinthe aero-enginesand hot industria processes™?
(resstanceagaingt hot corros on ensured by severd tens
percentsof chromium) aswell asinlow or room tem-
peratures applicationsasprosthetic dentistry®# inwhich
high mechanicd propertiesand resi tanceagainst agque-
ouscorrosionarerequired (heretoo favoured by chro-
mium). Cr being acarbide-forming element the addi-
tion of carbon may |lead to thedevel opment of carbides
insuch dloys, and with sufficient amountsof Cand Cr
together itispossibleto obtain herd particlesfor achieving
wear resistance™d.

Many applicationsinvolve chromium-rich cobalt-
based aloys. These ones can be encountered in many
domains, from cryogenic/ambient/body temperatures,
asprosthetic dentistry!®, up to very high temperatures
(e.g. aero-engines®, industrial processes'?), where
corrosion resistancein corrosive agqueous milieusor
resistance agai nst high temperature oxidation by gases
or hot corrosion by molten saltsor CMASglassesare
required™. Many of them al so contain carbon which
alowsthedeve opment of carbidesuseful for highme-
chanical resistanceat high temperature (e.g. for com-
bating creep deformation) 2. Someversionsespecidly
richincarbon and highly aloyed with carbides-former
elements can be used to take benefit from theintrinsic
rather high hardnessof cobat and the high hardness of
carbides, for exampl e as cutting tool §*¥ made of aco-
balt matrix hardened with high amountsof dispersed
tungsten carbides, or for Co-W.,C coatings® for im-
proving wear resistanceof somemetallicalloys.

Alloyscontaining, ontheonehand same quantities
of nickel and of cobalt, and on the other hand great
quantities of tantalum carbides, seem to do not exist.
Thisisthe reason why we undertook the thermody-
namic and microstructura study of analloy based on
nickel and cobat s multaneoudy, containingahigh chro-
mium content to achieve high corrosion resistance at
low aswell as high temperature, and high contentsin
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carbon and tantal um— with equals atomic contents — to
promotetheformation of TaC carbidesonly.

EXPERIMENTAL

Thechemical compositionof interestisbasically
{27Ni-27Co-30Cr-1C-15Ta}, al contents being in
weight percentage. Such composition ought to lead to
a{Ni,Co}-based aloy possibly with high TaC frac-
tionsand s multaneoudy res sant againgt hightempera-
ture corrosion.

Thiswork startedwith preiminarily thermodynamic
calculations, inorder to get previsionsabout thedevel -
opment of themicrostructureduring solidificationand
solid state cooling. This was realized by using the
Thermo-Calc version N software™, with adatabase
developed from the SSOL database*® enriched to
contain the descriptions of many of the sub-systems of
the quinary { Ni, Co, Cr, C, Ta} ond'¢%, Cdculations
were used to predict the appearance and disappear-
anceof thesuccessive phases, their theoretic massfrac-
tionsand chemical compositionsversustemperature,
from the start of solidification down to 500°C, tem-
perature at which it can bereasonably considered that
additiond solid statetransformations have not timeto
occur, & least with atomic diffusion.

Inpardle thisdloy wasd so eaborated by foundry
under 300mbarsof pureArgon from pureeements(Ni,
Co, Crand Ta AlfaAesar, purity higher than 99.9wt.%;
and C: graphite) placed in the water-cooled copper
crucibleof aCELEShigh frequency induction furnace.
Thelatter onewasused for achievingmelting, with as
operating parameters. aamosphere of 300 mbarsof pure
Ar, voltage up to 4kV, alternative current frequency
about 100kHz, (almost) isothermal stay at high tem-
peratureintheliquid state: 3minutes. Thesolidification
of theobtained liquid alloy was achieved by progres-
sively lowering power. Thealloy solidifiedinthewa:
ter—cooled copper crucible of the HF furnace.

Theobtained ingot, of about forty grams, was cut
intwo haf parts. One of themwasused to characterize
the microstructure of the as-cast alloy over thewhole
ingot, inorder to reved possibleheterogenetiesandto
takethisinto account for futuretestsor investigations.
Thehalf part under consideration wasembeddedina
cold resinmixture (resin CY 230 + hardener HY 956
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from ESCIL — Lyon, France), then ground first with
SiC papers from 240 to 1200 grit. Thereafter, after
intermuediate ultrasonic cleaning, final polishing was
performed using atextile disk enriched with 1um alu-
minaparticles. Themetalogragphic characterization was
done using a Scanning Electron Microscopy (SEM
JEOL JSM-6010LA) under an accel eration voltage of
20kV, in the Back Scattered Electrons mode (BSE)
for themicrostructure observations, and with the En-
ergy Dispersion Spectrometry (EDS) gpparatusfor the
globd and pinpoint chemica compodtion messurements.
The surfacefractionsof the carbideswere determined
by using thebasicimage andysistool of the Photoshop
CS software (Adobe). Hardness indentation was per-
formedingx locations, usng aTestwel | Wol pert appa-
ratus (technique: Vickers, load: 30kg).

RESULTSAND DISCUSSION

Themain solidification and solid statetransfor ma-
tion stepsaccordingto Thermo-Calc

Many thermodynamic cd culationswere performed
with Thermo-Calc to better know the genesis of the
microstructure. The obtai ned description supposesthat
thethermodynamicequilibriumisrespected & eech step,
whichisgenerally not the casefor solidification and
cooling of red dloys. Results (number, naturesand mass
fractions) aregraphically givenin Figure 1.

Thevalue of liquidustemperature automatically
determined by Thermo-Calcis 1333.70°C. The first
crystalsto appear are not metallic but carbides. These
onesarethe Face Centred Cubic (FCC) TaC carbides,
the chemical composition of whichis{93.37Ta-6.22C-
0.39Cr-0.02Co-0.01Ni (inwt.%)} at thistime. Their
massfractionincreases during cooling, toreach 2.18%
at 1245.21°C when the second solid phase starts to
appear. Thissecond phaseis FCC too, and its chemi-
cal composition at itsappearance, { 34.77Co-31.89Ni-
31.25Cr-2.03Ta-0.06C}, showsthat it isthe matrix.
When temperature has decreased to 1244.94°C a third
solid phase appears. the M_C, carbide {86.97Cr-
8.97C-3.04C0-1.02Ni and OTa(inwt.%)} . Thisone
israpidly disappears, before 1235.40°C which is soli-
dustemperature. There, thelast drop of liquid, con-
taining { 30.85Cr-28.06Ni-24.97Co0-15.42Ta-0.70C
(wt.%0)} solidifies. TheM_C, isreplaced by another
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Figure 1. Development of the microstructur e of the 27Ni-
27C0-30Cr-1C-15Taalloy during solidification, accor ding
to Thermo-Calc (B: enlargement of thelow massfractions
part of A)

carbide: M,,.C, thechemical compositionis{85.12Cr-
8.56C0-5.62C-0.70Ni and OTa (in wt.%)} at
1235.40°C. With a mass fraction of 1.59% at 1200°C
and of 1.88% at 1000°C this new carbide goes on
dowly developing and its growth accel erateswhen a
Ni, Taintermetallic phase appears and developsbefore
900°C. At the same time, the mass fraction of the TaC
carbides, which reached 14.34% at 1000°C for ex-
ample, decreases. Thisleadsto itsdisappearance next
t0 700°C. The mass fraction of the M,,,C, carbidefin-
ishesat 17.78% at 500°C, temperature at which the
Ni,Ta phase reaches 29.59% and the second kind of
matrix — the hexagonal compact one HCP appeared
before 800°C — represents 52.63% of the alloy. The
austenitic FCC matrix isno more present, sinceit dis-
appeared at about 700°C.

Evolution with temper atur e of themassfraction
and thechemical composition phaseby phase

Thethermodynamic cal culations, even performed
for a given temperature may allow anticipating the
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Figure?2: Evolution of the chemical compasition of theliquid
phaseduringthe cooling until itsdisappear ance, accor ding
to Thermo-Calc (B: enlargement of thelow weight contents
partofA)

possible chemical segregationswhich may occur at
high temperature, during solidification as well as
during the cooling in solid state. Thermo-Calc was
used to determine the exact temperature of appear-
ance of each phase over thewhol etemperature range
of solidification, and 100°C by 100°C for the solid
state cooling. The results are given as graph in the
following figures (from Figure 2 to Figure 7).

The chemical evolution of theliquid phasewith
temperature is described in Figure 2, in which the
mass fraction is also recalled. The liquid phase ex-
ists aone for temperatures higher than 1333.70°C
(liquidustemperature). Over thishigh temperatures
rangeits chemical composition logically staysequal
to the aloy’s one. When the TaC phase begins to
precipitates, consuming tantalum and carbon essen-
tialy, thetantalum content and carbon content in the
liquid slowly decrease When the austenitic matrix
starts precipitating, since this new phase contains
lesstantalum than the whol e all oy, the tantalum con-
tent increases in the liquid, this promoting a posi-
tive tantalum segregation in the remaining melt. But
when the carbides, the eutectic part of TaC carbides
and the new chromium carbides, precipitate close
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Figure3: Evolution of thechemical composition of theTaC
phaseduringthe cooling until itsdisappear ance, accor ding
to Thermo-Calc (B: enlargement of thelow weight contents
partofA)

to the solidustemperature, the carbon content in the
liquid decreases. Theliquid phasetotally disappears
at 1235.40°C (solidus) with a chemical composi-
tion dlightly enriched in chromium (30.85 against
30wt.%), tantalum (15.42 against 15 wt.%) and also
in nickel (28.06 against 27%), and impoverished in
cobalt (24.97 against 27 wt.%) and in carbon (0.70
against 1 wt.%).

Thefirst solid phaseto appear, the tantalum car-
bide TaC, starts precipitating at 1333.70°C (Figure
3). This pro-eutectic part of TaC develops until
reaching 2.18% when the FCC matrix appears it-
self, and 2.53% at 1244.94°C at which the M.C,
also appear to disappear just after. The end of so-
lidification, at 1235.40°C (solidus temperature),
leadsto asignificantly greater massfraction of TaC,
with the eutectic part of this phase, to add to the
pro-eutectic one. The obtained total fraction, which
isequal to 14.17% at the solidus temperature, goes
on slightly increasing to reach 14.34% at 1000°C,
thereafter it ought decreasing and disappear before
temperature reaches 600°C, according to thermody-
namic calcul ations.

Over its whole temperature range of existence
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Figure4: Evolution of the chemical composition of the FCC
matrix duringthecooling down to 500°C, according to Thermo-
Calc (B: enlargement of thelow weight contentspart of A)

the chemical composition of thetantalum carbideis
rather constant. Beside Taand C it contains also a
small quantity of chromium andits contentin Cr de-
creases from 0.39 to 0.03 wt.% when temperature
decreases from the TaC precipitation start and its
disappearance.

The FCC matrix startscrystallizing at 1245.21°C
(Figure 4). Its chemical composition is then rather
equilibrated between Co (34.77wt.%), Ni (31.89
wt.%) and Cr (31.25 wt.%). All these contentsarea
little higher thanin theliquid phase at the same tem-
perature but the contents of these first crystals of
matrix are poorer in carbon (0.06 wt.%) and Ta(2.03
wt.%). During the solid state cooling all these con-
tentsremain rather constant, but only beforean alo-
tropic change occurs, which progressively trans-
formsthe high temperature FCC matrix intoaHCP
new one. Its Ni and Co contents increase while its
tantalum content decreases. Thealloy arrived at tem-
peratures slightly lower than 600°C the FCC has to-
tally disappeared while replaced by the HCP matrix
and also the intermetallic Ni, Ta phase.

Thechemicd evolution of theHCPmatrix isgraphi-
cally presented in Figure 5. Shortly after its appear-
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Figure5: Evolution of thechemical composition of theHCP
matrix phaseduring the cooling down toitsdisappear ance,
accordingto Thermo-Calc (B: enlar gement of thelow weight
contentspart of A)

ance by solid state transformation the chemical com-
position of the HCP phase is rather rich in cobalt
but also in chromium in chromium, for example
{42.40Co—38.51Cr—18.90 Ni—0.17Ta—0.01C}
at 800°C when its mass fraction is already 18.61%.
Gradualy asthetemperature dropsitschemical com-
position evolvesand it reaches{48.39Co—28.10Cr
—23.51 Ni — 0Ta — OC} at 500°C. At this lowest
temperature the HCP phase represents 52.63% of
the alloy, the FCC matrix having disappeared just
under 600°C.

The M_.C, carbides start precipitating between
1245°C and 1235°C when the alloy is partially lig-
uid. They develops thereafter through solid state
transformations, mainly during the cooling from
1000°C (their mass fraction is then only 1.88%) to
500°C (mass fractions equals to 4.60% at 900°C,
11.87% at 800°C, 17.78% at 500°C). Their chemi-
cal composition does not evolve significantly (Fig-
ure 6). One can notice only that the Co and Ni con-
tent of these Cr-rich (about 85 wt.%) carbides
evolves a little, around 8.5 wt.% for cobalt, and
slightly decreases from 0.70 wt.% (at the solidus
temperature) to 0.19 wt.% at 500°C.
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Figure6: Evolution of thechemical composition of theM,,C,
phaseduringitsshort existence, accor dingto Thermo-Calc
(B: enlargement of thelow weight contentspart of A)

The chemica composition of thelast solid phase
to consider, Ni,Ta(defined compound appearing be-
tween 1000 and 900°C, mass fraction of 4.98% at
900°C thereafter increasing to 29.59% at 500°C), is
constant (49.32 wt.% Ni - 50.68 wt.% Ta) over its
whole temperature range of existence (Figure 7).

Microstructure of the {27Ni —27Co - 30Cr - 1C
— 15Ta} alloy really elaborated

After having prepared and weighed (about 40
grams for the mix) the different pure elements they
were melted together under inert atmosphere. After
solidification and metallographi ¢ preparation of half
an ingot, the chemical composition was measured
by EDS and the microstructure was examined by
SEM/BSE, in severa locations selected far from
one another on the whole metall ographic surfaceto
reveal eventual chemical or microstructural hetero-
geneities.
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The chemical composition appears as being
rather homogeneous. ItisdisplayedinTABLE 1. As
we can see the targeted composition is rather re-
spected. Tnatalum appearsalittletoo high, whichis
of course not possible. This classical overestima
tion of tantalum in aloys rich in TaC carbides is
probably due to atoo great exposition of these car-
bides on the metall ographic section in electron mi-
croscopy. Concerning carbon, a too light element
present in low quantity (despiteits 1 wt.% whichis
high for carbon), EDS was not efficient enough to
give areliable value.

The microstructure of the alloy isillustrated in
Figure 8 by six SEM/BSE micrographstaken in six
locations chosen far from one another on the whole
half ingot. One can see that the microstructure varies
in term of phase surface fraction (particularly
obvious for the white phase) and coarseness.

EDS pinpoint measurementswerecarried out in

TABLE 1: TheEDS-measured chemical composition of thereal alloy

. Ni Co Cr Ta C
Weight percent (targeted: 27) (targeted: 27) (targeted: 30) (targeted: 15) (targeted: 1)
Chemical composition of the alloy  26.04+ 1.15 2590+ 101 29.68+ 1.17 18.37 £3.32  Not measured
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Figure8: Theas-cast microstructuresof thestudied alloy in
several locationsof thehalf part of theingot (symbolized in
red)

rather heterogeneous though the ingot, but also that
the chromium carbides do not represent a great
surfacefraction (only 0.36 + 0.29%) by comparison
with the tantalum carbides (12.47 + 4.04 %). To
finishthe hardnessof thedlloys, inthesamelocations
wherethemicrographs of Figure 8 weretaken, were
measured by Vickers indentation under a load of
30kg. Theresults, givenin TABLE 5, showsthat the
obtained hardness (around 300) is not very high
despite of the quantity of carbides.

General commentaries

TABLE 2: TheEDS-measured chemical composition of thematrix

Weight percent Ni

Co Cr Ta C

Chemica compasition of the alloy 3195+ 0.23

31930+ 0.13

3106+ 0.29 5.0+043 Not measured

the matrix, in the dark particles and in the most
compact white compact particles. The obtained
results (TABLE 2) show that thetantalum content in
matrix, which el sewhere contains similar quantities
of Ni, Co and Cr, is rather high (about 5 wt.%Ta).
The EDS measurements also showed that the dark
particles, obvioudy richin chromium, are chromium
carbidesand thewhiteparticles, very rich in tantalum
are tantalum carbides.

The surface fractions of the carbides were
measured by image analysis. The results are
presented in TABLE 3 for the chromium carbides
andin TABLE 4 for thetantalum carbides. Thisshows
more quantitatively that the carbides fractions are
TABLE 3: The surface fractions of the chromium car-

bides as measur ed by image analysis on the micrographs
presented above in Figure 8

. BGH CM BDH
Localization
BGB BCB BDB
0.34 0.34 0.18
Values (surf.%)
0.92 0.12 0.24
Average + std deviation 0.36 £0.29

TABLE 4: Thesurfacefractionsof thetantalum carbides
as measured by image analysis on the micrographs pre-
sented above in Figure 8

N BGH CM BDH
Localization
BGB BCB BDB
1947 10.36 8.47
Values (surf.%)
1464 1201 9.84
Average + std deviation 12.47 + 4.04

Thegreat weight contentsin tantalum and carbon
introduced in the studied aloy led to arather dense
precipitation of carbidesduring solidification. Many
of them precipitated very early during solidification.
The TaC phase was the first solid one to appear (as
shown by the thermodynamic calculations), before
the FCC matrix (dendritic asseeninthe micrograph
of the real alloy). A significant part of the TaC
carbides, the most present type of carbides, isof the
pro-eutectic nature, while the complementary TaC
areeutectic ones, mixed with matrix. Therearemuch
less chromium carbides than TaC carbides as
predicted by thermodynamic calculations (much
more TaC than chromium carbides)... but only for
high temperature! Indeed According to Thermo-Calc
the mass fraction of TaC predominates over the
M.,,,C, onesonly for temperatures higher than 1000°C.
This let think that the carbide repartition between
TaC and chromium carbideswas fixed at such high
temperature, the subsequent cooling being too fast
to let time to carbides to transform for a better
correspondenceto thermodynamic equilibria. Inthe
samefield, thermodynamic cal cul ations showed that
the FCC matrix becomes unstable under 900°C.
According to the metall ographic observationsit did
not seem that the matrix wasmulti-constituted. This
oneisnot amix of HCPand Ni Ta, since:

e first no contrast seemsexisting inthe matrix;

e second thesix EDS pinpointsanalyses performed
randomly in matrix all showed equivalent
contentsin Ni, Co and Cr (31-32 wt.%) and about
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TABLE5: Thehardnessvaluesobtained in theareaswherethemicrogr aphspresented abovein Figure 8 weretaken

L BGH CM BDH

L ocalization BGB BCB EDB

302 301 288

Values (Hv30kg) 302 319 301

5 wt.% of Ta (TABLE 2), very different from

what the HCP matrix should show ((around 40-

50 mass.% of HCP containing 19-23Ni, 40-

50Co, 28-40Cr and almost 0Ta, according to

Thermo-Calc for 500-800°C);

e third no Ni3Tawas seen in the matrix (about 50
mass.% at 500°C according to Thermo-Calc)
while a great fraction of TaC carbides was still
present (they should be totally absent according
to Thermo-Calc at 500°C).

Themicrostructure existing over 1000°C seems
have been frozen during the subsequent cooling. To
better specify the temperature level at which the
microstructure finished to evol ve during cooling the
Cr and Tacontents measured by EDSin matrix have
been superposed with the chemical composition of
the FCC matrix according to Thermo-Calc plotted
versus temperature (horizontal dotted green lines
(average + one standard deviation and average - one
standard deviation) for chromium in Figure 9 and
horizontal dotted bluelines (average +std deviation
too) for tantalum in Figure 10). The comparison
concerning chromium (Figure9) seems showing that
the chemical composition of the matrix was frozen
between 900 and 850°C. The same deduction is not

100

== -CC matrix
T 90
——Cr
S — - - EDSCrmax ||l gg
— — EDS Crmin
70 _
g
60 o
o
o
50 ©
S
40 9
\ 8
.......... -‘“ﬁ:}\‘-\-‘ﬁ: -- 30 £
\ — 20
\ 10
- T . 0
300 1200 1100 1000 900 800 700 600 500

temperature (°C)

Figure 9: Comparison of the real chromium content
determined by EDS analysisin the ingot (average value +
standar d deviation, two dashed horizontal green lines) with
the FCC matrix chromium evolution with temperature
calculated with Ther mo-Calc

possible with tantalum (Figure 10) since the EDS
valueremains higher than predicted by Thermo-Calc
whatever thetemperature.

One can comparethe obtained microstructurewith
what was observed in previous works concerning a
Co-30Cr-1C-15Ta aloy?? and a Ni-30Cr-1C-15Ta
alloy'®. The same types of microstructures were
encountered with these cobalt-based alloy and this
nickel-based one: dendritic matrix, blocky pro-
eutectic TaC carbides (identified thanks to Thermo-
Calc too), other TaC forming a script-like eutectic
with matrix, and presence of few (Co-based) or
numerous (Ni-based) chromium carbides. There are
also differencesin Themicrostructural point of view:
the carbide fraction seems higher in the present case
than for the Ni-based and the Co-based aloy. This
can be due to the outwards migration of many of the
pro-eutectic TaC carbides under the electromagnetic
stirring (induction heating was operating during the
cooling, but with a decreasing power) in al cases.
Since the te mperature range of solidification
(Thermo-Calc calculations) isherelower thanfor the
previousaloys (T, ;. — Teyas = 1334—1235=99°C
for theNiCo-based alloy against 1444 1296 = 148°C
for the Co-based on€?” and 1375 — 1235 = 140°C

et
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Figure 10: Comparison of thereal tantalum content deter -
mined by EDSanalysisin theingot (aver agevalue+ standard
deviation, two dashed horizontal green lines) with the FCC
matrix tantalum evolution with temper atur ecalculated with
Thermo-Calc
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for the Ni-based oneé?®!), more precisely since the
temperaturerange of pro-eutectic TaC freedominthe
meltisherelower than for thepreviousalloys (T4,
— T iqe = 1334 — 1245 = 88°C for the NiCo-based
alloy against 1444 — 1307 = 137°C for the Co-based
ong? and 1375 — 1272 = 103°C for the Ni-based
ond?), thetime avail ablefor thegrowing pro-eutectic
TaC to migrate towards the externa surface of the
semi-molten alloy was greater (the elaboration
parameters were identical between the three works).
For this reason there were much more blocky TaC in
the periphery of theingot for the Co-based?” and the
Ni-based® aloys than for the present NiCo-based
alloy, which consequently contains more pro-eutectic
compact TaC carbidesin itsinternal microstructure.
This helped here the hardness (average 302) to be
dightly higher than the Ni-based alloy!® (average
293) but not than the Co-based one?! (average 436)
which was helped by itsintrinsically hard matrix.

CONCLUSIONS

Thus, adding so high contents in carbon and
tantadum asthese 1 and 15 wt.% respectively to dloys
with rather short temperature range of solidification
allowed to not only devel op many carbides, principally
of the TaC variety which isamong the most stable at
high temperature, by minimizing the migration the part
of these onestowardsthe periphery of theingot when
fusion is achieved by high frequency induction. The
microstructures obtained here are much more
homogeneous than previoudly encountered for Ni-
based or Co-based aloys with similar Cr, C and Ta
contents. If it appeared here that this is not really
beneficid for the room temperature hardness (notably
when the comparison is done with Co-based® and
Ni-based®! aloys highly reinforced by chromium
carbides), one may wonder if the high temperature
mechanical strength should be enhanced by the
presence of so high TaC fractions.
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