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The experimental phase diagram data of the C-Cr-Ta ternary system available in the literature were
critically reviewed. A thermodynamic modeling of the ternary system was then conducted by taking
into account the literature data including the isothermal sections and invariant reactions. A set of self-
consistent thermodynamic parameters for the Gibbs energies of individual phases in the C-Cr-Ta system
was obtained by using the CALPHAD approach. Comprehensive comparisons between the calculated and
measured phase diagrams show that all the reliable experimental information is satisfactorily accounted
for by the present thermodynamic description.
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1. Introduction

The alloys based on quasi-binary metal-carbide eutectics, which
could be considered as in situ composites, are of interest due to their
high-temperature strength. The quasi-binary eutectic reactions
between ‘fcc-carbides’ with the NaCl-type structure (e.g. TaC) and
chromium-based bcc-phases of the ternary C-Cr-M systems (M is
a d-metal of groups IV-VIII in the periodic table) have been studied
rather comprehensively [1]. At present, for the C-Cr-M alloys, their
most important applications are the as-cast and sintered chromium
alloys with a d-metal carbide as the dispersion-strengthening
phase, the cast alloys based on chromium-carbide eutectics (espe-
cially (Cr)+(TiC)), and sintered composites based on chromium
carbides with a binder whose principal component is a metal of
the iron group (for instance, the materials based on Cr3C, with a
KKhN nickel binder) [2]. It was reported that the hardness of the
eutectic alloy (Cr)+(TaC) is higher than that of the eutectic alloy
(Cr)+(TiC) [3].

Information on the phase equilibria in the C-Cr-M systems is
essential to solve practical problems in the development of the
new materials and define the conditions for the production of these
materials and subsequent heat treatment to obtain optimal engi-
neering properties. Thermodynamic description is also needed to
obtain the thermodynamic factor via the CALPHAD approach for the
development of the diffusion database. So far, no thermodynamic
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description of the C-Cr-Ta system is available in the literature. In
the present work, a thermodynamic optimization for the C-Cr-Ta
ternary system is performed based on the experimental phase dia-
gram data in the literature.

2. Evaluation of experimental phase diagram data in the
C-Cr-Ta system

The phase equilibria of the C-Cr-Ta ternary system at 1000
and 1350°C were investigated by Fedorov et al. [4] and Rassaerts
et al. [5], respectively. The phase relationships on the published
isothermal sections at 1000 and 1350°C do not show any major
differences. It could be deduced that the phase relationships in the
system remain unchanged in the temperature range from 1000 °C
to the solidus, considering the report by Velikanova et al. [6]. It
should be mentioned that the homogeneity range of TaC on the
binary side of the 1000 °C isothermal section published by Fedorov
et al. [4] is quite different from that in the currently accepted C-Ta
phase diagram [7]. The latter [7] is accepted in the present mod-
eling of the C-Cr-Ta ternary system. However, the topology phase
relationships established by Fedorov et al. [4] are used as reliable
experimental data in the present thermodynamic optimization.

The solidus temperatures of the C-Cr-Ta system were deter-
mined by Velikanova et al. [6] using the Pirani-Alterthum method.
It was revealed that the thermodynamically most stable fcc-carbide
(TaC) is predominant in the phase equilibria of the C-Cr-Ta sys-
tem at the solidus temperatures. The TaC phase, which has the
largest homogeneity region, is in equilibrium with all the phases in
the ternary system, except for the (Ta) phase. Velikanova et al. [6]
pointed out that this carbide forms quasi-binary eutectics with the
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Cr7C3 and (BTaCr, ), which melt congruently. Three maximum tem-
perature points were observed on the liquidus projection, which
are L« (TaC)+(PBTaCry) at 1990°C, L« (TaC)+Cr;Cs at 1720°C
and L < (TaC)+(Cr) at 1683 °C.

Afterwards, Velikanova et al. [8] determined the phase bound-
aries of the phases involved in the invariant equilibria by electron
probe micro-analyses (EPMA). The fields of primary crystallization
for the phases were established with metallography and EPMA.
They suggested the existence of another maximum temperature
point for L« (TayC)+(BTaCr,) above 1960°C. Nevertheless, this
conclusion is contradictory to their previously reported maximum
temperature point for L« (TaC)+(pTaCry) [4], the existence of
which was not confirmed by their subsequent investigation [8].

The quasi-binary eutectic of (Cr) +(TaC) reported by Velikanova
et al. [6,8] was reinvestigated by Dovbenko et al. [3]. Based on the
differential thermal analysis (DTA) curves of the alloys including
the arrests that correspond to three-phase eutectics, the reaction
temperature of L <> (TaC)+(Cr) was concluded to be about 1690 °C.
They suggested that the maximum temperature point is shallow
and located between the alloys Cr;9g9Ta18C7.3 and Cryg5Taq15C,
and the Crgy 5Ta;9C7 5 alloy is close to the quasi-binary eutectic.

3. Thermodynamic models

In the present modeling, the Gibbs energy functions for C, Cr and
Ta were from the SGTE compilation by Dinsdale [9]. The thermody-
namic parameters in the C-Cr, C-Ta, and Cr-Ta systems were taken
from Refs. [10,7,11], respectively. The sublattice model [12,13] was
used to describe the binary phases extending into the ternary sys-
tem. In view of the experimental data [4-6] that the solid solubility
of Ta in the C-Cr binary compounds (Cr,3Cg, Cr;C, Cr3Cy) and the
solubility of C in the Cr-Ta binary compounds ((«TaCry), (BTaCr;))
are small, all of them are treated as pure binary ones.

3.1. Binary systems

3.1.1. The C-Cr system

Many researchers [14-18] have determined the phase equilibria
of the C-Cr system by DTA and Pirani black body hole techniques.
The thermodynamic modeling for this system was performed firstly
by Andersson [19], and updated by Kajihara and Hillert [20] taking
into account the emf (electron motive force) data published by Du
et al. [21]. The thermodynamic parameters obtained by these two
groups of authors, however, could not meet the demand for a rea-
sonable extrapolation to the Fe-Cr-V-C system. Consequently, Lee
[10] reassessed the C-Cr system by taking into account the extrap-
olation to the C-Cr-Ni system as well as Fe-Cr-V-C system. The
parameters published by Lee [10] were regarded to be most suit-
able for the C-Cr system. Though, a reassessment of this system
was carried out by Teng et al. [22] using the new emf data for the
Cr3C; phase, their results are close to those obtained by Lee [10].
Thus the modeling by Lee [10] is adopted in the present modeling,
and the calculated phase diagram [10] is reproduced in Fig. 1. The
differences between the measured and the calculated phase dia-
gram for the the C-Cr binary system have been discussed in detail
by Schuster and Du [23].

3.1.2. The C-Ta system

The establishment of the C-Ta phase diagram is mainly due
to three groups of authors [24-26]. The thermodynamic model-
ing of the C-Ta system was conducted by Frisk and Guillermet [7].
The complete thermodynamic description of the C-Ta system [7]
was used to describe the ternary system Ta-C-N [27], resulting in
an excellent agreement with the experimental data. Consequently,
the parameters from Frisk and Guillermet [7] were accepted in the
present modeling, as shown in Fig. 2.
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Fig. 1. Calculated C-Cr phase diagram according to Lee [10].

3.1.3. The Cr-Ta system

The first contribution to the Cr-Ta phase diagram was made by
Kubaschewski et al. [28,29]. Subsequently, this system was inves-
tigated by Gebhardt and Rexer [30], Rudy [31] and Kocherzhinsky
etal.[32]. Based on these experimental data, a set of self-consistent
thermodynamic parameters for the Gibbs energies of individual
phases in the Cr-Ta system was obtained by Dupin and Ansara
[33]. Most recently, a remodeling of the Laves phases ((aTaCr,),
(BTaCry)) in the Cr-Ta system was conducted by Pavlu et al. [11]
using the results from the first-principles calculation. As shown in
Fig. 3, the calculated composition range of the (aTaCr;) phase (in
solid lines) according to Pavlu et al. [11] is considerably larger than
Dupin’s results. Due to the better extrapolation to the 1000°C [4]
and the 1350°C [5] isothermal sections in the C-Cr-Ta ternary sys-
tem, the Pavlu’s thermodynamic parameters for the Cr-Ta system
[11] are accepted in the present modeling and the calculated Cr-Ta
phase diagram is reproduced in Fig. 3.

4500 | | | |

4000_ L+(C) -

3500 3481

Do oo w
o (4] o
o o o
o o o
| | |

|

(C)+TaC

Temperature, °C

(TazC)+(Ta) |_

500

T T T T
0 0.2 0.4 0.6 0.8 1.0
C Mole fraction of Ta Ta

Fig. 2. Calculated C-Ta phase diagram according to Frisk and Guillermet [7].



5998 C. Sha et al. / Journal of Alloys and Compounds 509 (2011) 5996-6003

3500 . ' !
— Pavluetal.[11]
3000 . Dupin and Ansara [33]
O
° . 25004
[}
-
=
®™ 20004
S
o
Q d
£ 1500+
ﬁ (aTaCr2)|:
1000+ (aTaCr2)+(Cr) (aTaCr2)+(Ta)
500

T I I T
0 02 04 06 0.8 1.0
Cr Mole fraction of Ta Ta

Fig. 3. Calculated Cr-Ta phase diagram according to Pavlu et al. [11] compared with
Dupin and Ansara [33].

3.2. Solution phase

3.2.1. Liquid phase
Theliquid phase is described using a substitional solution model,
(C, Cr, Ta);. The Gibbs energy per mole of atom is given by:

OG%,I = XCOGE + Xcl—OGér + XTaOG%-a
+RT(XC Inxc + Xcr InXxcp + X2 InX13) + exGLm (] )

where x; is the mole fraction of element i and OGiL the Gibbs energy
of elementiin the liquid form. The second termin Eq. (1) is the ideal
entropy of mixing and the third term is the excess Gibbs energy.

For the liquid phase, the excess Gibbs energy is described by the
Redlich-Kister polynomial [34]:

ex L L L L
G = XcXcrLe o + XcXTaLl 14 + XcrXTal ey 1y +Xc - Xcr - X1a

orL 17L 271
(Xc - "L orra FXer Le crra T XTa - “Le crma) (2)
orL 7L 2L
where LC’Cr’Ta, LC,CI.,Ta and “L are ternary parameters to be

C,Cr,Ta
evaluated in the present work. The parameters denoted as L{.- jare

the interaction parameters from the binary systems.

3.2.2. fcc, bee and hep phases

The fcc, bcec and hep phases are described by a two-sublattice
model (Cr, Ta);(C, Va),. The Cr and Ta atoms can substitute for each
other on the metal sublattice and the carbon and vacancy (Va) on
the interstitial sublittice. The symbol n denotes the number of inter-
stitial sites per metal atom. In the case of fcc, n is equal to 1 for
crystallographic reasons. If ¢ denotes the phase, the Gibbs energy
per mole of formula unit of (Cr, Ta);(C, Va), is given by:

0G¢ = y/Cr 'y/(/I'OG?r:C +y/Cr 'y(/a'oc?r:Va +-yfl'a 'yE'OG'll?a:C

+y/Ta ’y{lla ’ 0G'(lj‘)a:Va +RT- (y,Cr ]ny,Cr +y',l'a lny,Ta)

1 RT(EINYE + 95, 1Y) + Ve a L va
+ / v . L¢ + / / 4 . L¢ + / / i . Ld)
yTayCyVa Ta:C,Va yCryTayVa Cr,Ta:Va yCryTayC Cr,Ta:C
/ / i d’
+YerY1a¥cWVa - Ler taic,va ®)

in which y and y/, are the site fractions of the Cr and Ta on the first
sublattice, y/. and yy, are the site fraction of C and Va on the second
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Fig. 4. Calculated isothermal section at 1000°C of the C-Cr-Ta system, compared
with the experimental data reported by Fedorov et al. [4].
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4. Results and discussion

The model parameters were evaluated using the computer-
operated optimization program PARROT [35], which works by
minimizing the sum of square of the differences between measured
and calculated values.

The optimization began with the phase (TaC). Using the experi-
mental phase equilibrim data for the (TaC) phase at 1350°C[5], the
ternary parameters were assessed for this phase and then fixed
during the subsequent optimization steps. Secondly, the (Ta,C)
phase was included in the optimization. Using the experimen-
tal solubility data for the Cr in the (Ta,C) phase at 1000°C [4]

C
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Fig. 5. Calculated isothermal section at 1350°C of the C-Cr-Ta system, compared
with the experimental data reported by Rassaerts et al. [5].
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Fig. 6. Calculated Crg;Ta;3-Cr;5Cy5 vertical section of the C-Cr-Ta system, com-
pared with the experimental data reported by Dovbenko et al. [3] and Rassaerts
etal. [5].

and 1350°C [5], a constant regular parameter was assessed. The
regular interaction parameters for the liquid phase were then
adjusted in order to reproduce the experimental data on the
invariant reactions [6], two vertical sections [3,8], solidus sur-
face [6] and liquidus surface [3] of the C-Cr-Ta system. Finally,
the thermodynamic parameters for all the phases were optimized
simultaneously by taking into account all of the selected phase
diagram data.

The thermodynamic parameters describing the C-Cr-Ta sys-
tem are given in Table 1. The parameters assessed in the present
work are underlined. Using this set of parameters, a series of phase
diagrams, including isothermal sections, vertical sections, and the
projection of the solidus surface and liquidus surface are calculated
to account for the rationality of this thermodynamic description.

Table 2 compares the calculated invariant reaction tempera-
tures and liquid compositions with the experimental observations
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Fig. 7. Calculated vertical section at 10 at.% C of the C-Cr-Ta system, compared with
the experimental data reported by Velikanova et al. [8].
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[3,6,8]. A good agreement is obtained for most of the established
invariant reaction temperatures. However, the presently calculated
temperatures for the invariant reactions Us and E4 are notice-
ably different from the experimental ones. These discrepancies are
due to the fact that the thermodynamic parameters for the C-Cr
binary system [10], which were used in the present work, were
obtained based on the experimental data measured by Rudy [14]
and Knotek et al. [15] rather than the researchers [3,6,8] utilized
one [16]. The temperatures determined by Eremenko et al. [16]
for the invariant reactions L <> Cry3Cg +(Cr)and L+ Cr;C3 < Cry3Cg
are about 40°C higher than the ones determined by Rudy [14]
and Knotek et al. [15]. From the paper published by Velikanova
et al. [8], we found that the determined invariant temperatures
in the C-Cr-Ta system have been amended by the researchers
[3,6,8] according to Eremenko et al. [16]. This can explain why

Velikanova et al.[6]
o two-phase
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(TaCJ+CHCrC:
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O FAY 1965°C N\ 1793 FAY
0 0.2 0.4 0. 6F™C™y 8 1.
Ta Mole fraction of Cr Cr

Fig.9. Calculated solidus surface of the C-Cr-Ta system, compared with the exper-
imental data reported by Velikanova et al. [6], the temperatures marked in different
regions are the start melting temperature for the alloys in each region.
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Table 1
Thermodynamic parameters in the C-Cr-Ta system?.

Liquid: Model (C,Cr,Ta);
OLf?, =-90,526 — 25.9116T, 'Li% 2139 =80, 000
O[d9 = ~173413.25 — 7.1858T, 'Lqu =23643.16

OL"‘q =-18,600+6.2T, 'L{9, 712 600 — 4.2T

1114 — 80, 000,

Cr,Ta

Li Li Li
OLedr, = =1, 112,430, 1Lc‘g 1 =—159,819, 2L.¢ .. = 490,000
(Cr,Ta)-bcc: Model (Cr,Ta,Va);(C,Va)s
°Gbcc 0Gbee _ 3"G§ra =416, 000 OL‘C’“CCV =-190T

’ ’ T a

"G"“c "G‘T’gc - 3°G§” =601379.32 — 61.1233T, °L‘T’“CV = —749073.01
0pbee =46,800 — 11.4T, 'Lbc =37,200—-17.3T, 2Lbc =16,200 - 5.4T

Cr,Ta:Va Cr,Tazva = Cr,Tazva =

(TaC)-fcc: Model (Cr,Ta);(C,Va);

Ochc oncc _ oGgra 1200 — 1.94T, Orfcc —— 11,977 +6.8194T

Cr:CVa
OG%.CC HSER HSER —163834.55 + 266.90346T — 44.957558T In(T) — 0.0036198T2 + 594677.55T~" — 2.310674 x 10°T3 + 1.9237 x 10'*T—5
OL%C_CVa —60408 461 +4.17256T

L e _M 2L = =499, 846 + 125T

OL‘fCrTa cva = 250, 000, LCCICTA cva = =650, 000

(TazC)-hcp: Model (Cr,Ta);(C,Va)os

0Geh —0Ghee — 0.59GE™ = 18,504 +9.4176T — 2.4997T In(T) + 0.001386T2, °L)P
Oth’ 0. SHSER H%ER = —107522.86 + 142.266T — 26.879883T In(T) —
OL’;Q’C o= — 6917.5538

OLE3h . = 20.000

(aTaCrz)-Laves_C;5: Model (Cr,Ta),(Cr,Ta);

OGO(T1C12 30Gbec — 81, 870, OGthaCrz 3Uchc =32,820
Cr: Cr

oGsfatr, oGhe _ 06bec — 223 170 - 0.65T 0GETacr:

1B — 240000, IPTaCt, — 35,000 -9.85T

Cr,Ta:Cr
1BlaCiy 79,000, LBaC — 55,000+ 4.95T

20 Gbcc

(BTaCr;)-Laves_Ci14: Model (Cr,Ta),(Cr,Ta);

OGPTaCr, _ 30Ghee — 85,890, OGETaCr2 — 30Gfc = 28, 050

OGPTatr Ucbff 20Ghee = 229,050 +.112T  0GBTaCr2 — 20Ghee _ 0¢Ghee —
Lnggfg, — 79,000, LETAC = —2500 - 23.4T

LBiay = 240,000, P32 = 80,400 - 10.3T

C: Model (C)
Cl'z3C6 Model Cr23 Ce

—3.5155676 x 10'°T-7

= 4165

Cr:iCVa —
0.0057393884T2

0Ghee — ~33,870 + 2.53T

—30, 750 + 0.999T

0GEr3% — 230Ghee — 6OGE™ = —521, 983 + 3622.24T — 620.965T In(T) — 0.126431T2
Cl'7C3 Model Cr7C3

0GErEs — 70Ghee — 30GE™ = —201, 690 + 1103.128T — 190.177T In(T) — 0.0578207T?
Cr3C;: Model Cr3C;

0GErs& — 30Ghee — 20GE™ = —100823.8 + 530.66989T — 89.6694T In(T) — 0.0301188T?

2 In J/(mol of atom). The Gibbs energies for the pure elements are from the SGTE compilation. The thermodynamic parameters in the C-Cr, C-Ta and Cr-Ta systems are
taken from Lee [10], Frisk and Guillermet [7] and Pavlu et al. [11], respectively. Only the underlined parameters are assessed in the present work.

the experimental temperature of the ternary eutectic reaction L <>
(TaC)+Cry3Cg +(Cr) at 1542 °Cis even higher than that of the binary
eutecticreaction L < Cry3Cg +(Cr)at 1533 °Ccalculated by Lee [10].
Consequently, the calculated invariant reaction temperatures for

the invariant reactions Us and E4 according to present thermo-
dynamic description are acceptable. Taking account into all of the
experimental data including the liquidus projection and invariant
reaction temperatures, the value of 2LX9__ was fixed at 490,000

C,Cr,Ta
Table 2
Comparison of the calculated and measured invariant reaction temperatures and the liquid phase compositions in the C-Cr-Ta system.

Reaction Composition (at.% Cr, at.% C) T(°C) Reference

L< (BTaCry)+(Ta,C), e; 58.6 2.0 >1960 [8]
1987 This work

L < (TapC)+(TaCry)+(Ta), E; 50.9 05 1935+7 [8]
1962 This work

L+(TayC) < (TaC)+(BTaCry), U >67.5 6 1943 +21 [8]
67.6 71 1930 This work

L+(C) < (TaC)+Cr3Cy, Uy 56.6 393 1748 £5 [6]
1751 This work

L« (TaC)+CrsCs, eg 64.7 31.6 1720 [6]
1712 This work

L< (TaC)+Crs3C, +Cr,Cs, E» 64.8 315 1704+ 4 [6]
1702 This work

L< (TaC)+(Cr), eq 82.5 7.5 >1690 [3]
81.5 8.4 1690 This work

L« (TaC)+(Cr)+(BTaCry), Es 81.1 6.8 1675+8 3]
1685 This work

L+CryC3 <> (TaC)+Cra3Cs, Us 77.6 19.6 1576 £16 3]
1552 This work

L< (TaC)+Cry3Ce +(Cr), Eq 82.1 15.3 154246 3]
1510 This work
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Fig. 10. Calculated liquidus surface of the C-Cr-Ta system, compared with the
experimental data reported by Dovbenko et al. [3] and Velikanova et al. [8].

1.0Cr

in the present modeling. However, the large value of the parame-
ter zLél,%r,Ta led to that the calculated invariant temperature for the
invariant reaction E; is about 25K higher than the experimental
one.

Figs. 4 and 5 show the calculated isothermal sections at 1000 °C
and 1350°C of the C-Cr-Ta system, compared with experimen-
tal data reported by Fedorov et al. [4] and Rassaerts et al. [5],
respectively. The experimental data reported by Fedorov et al. [4]
are not utilized in the present optimization but used for a com-
parison. As shown in Fig. 5, the agreement between the present
thermodynamic description and Rassaerts’s [5] results is very
well.

Fig. 6 presents the calculated Crg;Ta;g-Cry5Cy5 vertical sec-
tion of the C-Cr-Ta system, compared with the experimental data
reported by Dovbenko et al. [3] and Rassaerts et al. [5]. Good agree-
ment is obtained between the present thermodynamic description
and experimental data. As shown in Fig. 6, we can also find that
the maximum of L < (TaC)+(Cr) is shallow, which is reported by
Dovbenko et al. [3]. Fig. 7 is calculated vertical section at 10 at.%
C of the C-Cr-Ta system, compared with the experimental data
reported by Velikanova et al. [8].

Fig. 8 compares the calculated quasi-binary eutectic reaction
L < (TaC)+(Cr) of the C-Cr-Ta system with the experimental data

Binary systems: C Ternary systems:
e1,3481°C  e6,1793°C 1.0 e3,max,1987 °C
p1,3363°C  e7,1745°C ' es,max.]g;g °g
s o e9,max, “
€2,2801°C  p2,1577 °C E11962°C E3,1685°C
e4,1965°C e10,1533°C U1,1929 °C U3,1552 °C
£5,1804 °C 0.8 U2,1751°C  E4,1510°C
O E2,1702°C

7~ e4 es
0.4 0.6 0.8 1.0Cr
Mole fraction Cr

Ta 0 0.2

Fig. 12. Calculated liquidus projection of the C-Cr-Ta system together with the
temperatures of invariant reactions.

reported by Dovbenko et al. [3]. As can be seen in Fig. 8, the cal-
culated temperature of L < (TaC)+(Cr) is 1690 °C, which fits very
well with the measured one, and the calculated liquid composition
is Crgy.5Ta10.1Cg.4, Which is very close to Crgy 5Ta¢C75 determined
by Dovbenko et al. [3].

Fig. 9 presents the calculated solidus surface of the C-Cr-Ta sys-
tem, compared with the experimental data reported by Velikanova
et al. [6]. As shown in Fig. 9, the calculated results fit well with the
experimental data.

Fig. 10 presents calculated liquidus surface of the C-Cr-Ta sys-
tem, compared with the experimental data reported by Velikanova
etal.[8] and Dovbenko etal.[3]. Ascan be seenin Fig. 10, the present
thermodynamic description can reproduce the primary phases of
alloys determined by Velikanova et al. [8] and Dovbenko et al. [3].
Fig. 11 shows the calculated liquidus projections in the Cr-rich cor-
ner, compared with the experimental data reported by Dovbenko
et al. [3]. Good agreement is obtained between calculation and
experiment.

Using the parameters assessed in the present work, the cal-
culated liquidus and solidus projections of the C-Cr-Ta system
together with the temperatures of invariant reactions are presented
in Fig. 12. Finally the reaction scheme for the C-Cr-Ta system is
shown in Fig. 13.

Binary systems
€6,1793°C
€10,1533°C
p2,1577 °C

Ternary systems
e9,max,1690 °C
U1,2205.6 °C
E3,1685°C
U3,1552 °C
E4,1510°C

Dovbenko et al. [3]
o two-phase

o three-phase

Fig. 11. Calculated liquidus and solidus surfaces of the C-Cr-Ta system in the Cr-rich corner, compared with the experimental data reported by Dovbenko et al. [3].
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Fig. 13. Reaction scheme of the C-Cr-Ta system according to the present calculation. Temperature is in°C.

5. Summary

The phase equilibrium data in the C-Cr-Ta system available
in the literature were critically reviewed. On the basis of reliable
experimental data, athermodynamic description of the ternary sys-
tem was developed. Comprehensive comparisons show that most
of the experimental data are well accounted for by the present
description.

The liquidus projection and reaction scheme of the C-Cr-Ta
system over wide temperature and composition ranges were pre-
sented, which is of interest for practical applications as well as basic
materials research.
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