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Abstract: The Al-C-X (X=Mo, Nb, Ta, V) systems are studied by CALPHAD (calculation of phase
diagrams) coupled with first-principles calculations. Two ternary phases, Ta;AlLC and Ta,AlC are
identified in the Al-C-Ta system. All of the other three systems exist only one stable ternary phase,
Mo,ALC for Al-C-Mo, Nb,AIC for Al-C-Nb, and V,AIC for Al-C-V, respectively. The enthalpies of
formation of these compounds are obtained by First-principles calculations, and their Gibbs free energies
are presented by stoichiometric models. Finally, a series of self-consistent thermodynamic parameters are
derived by CALPHAD method. The optimized isothermal sections and thermodynamic properties are in
good agreement with experimental and computational results. The Al-C-X (X=Mo, Nb, Ta, V) systems
assessed in this work can help to establish a thermodynamic database of hard alloys with precipitation
strengthening bonding phases, which will be used to guide the design of new materials with excellent
properties.
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Table 1 Crystal information and formation enthalpy of ternary phases in the Al-C-X(X=Mo,Nb, Ta, V) systems' 2!/

Pearson Lattice parameter AH(/

System Phase symbol Space group  Prototype T o/ o (kl-mol atom 1) Ref.

Al-C-Mo Mo;AlLC cb24 P4,32 3-Mn 0.6860 0.6860 0.6860 [27]
0.6876 0.6876 0.6876 —24.132 This work

Al-C-Nb Nb,AIC hP8 P6./mmc Cr,AlC 0.3105 0.3105 1.3890 [28]
0.3109 0.3109 1.3920 —61.168 This work

Al-C-Ta Ta,AlC hP8 P6,/mme Cr,AlC 0.3075 0.3075 1.3830 [28]
0.3090 0.3090 1.3962 —56.071 This work

Taz;Al,C hP16 P64/mem B-Mn;Si, 0.5245 0.5245 0.7734 [28]
0.5331 0.5331 0.7792 —38.484 This work

Al-C-V V,AIC hP8 P64/ mme Cr,AlC 0.2911 0.2911 1.3140 [29]

—47.08+3.53 [31]
0.2892 0.2892 1.3176 —51.750 This work
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Table 2 Thermodynamic parameters for the optimized Al-C-X(X=Mo,Nb, Ta, V) systems

System Phase Thermodynamic parameters *
Al-C-Mo Mo,AlLC OGNS, - =—144792.62 + 3Gy + 2GR 4 GIR
Al-C-Nb Nb,AIC OGN o =—249672.37 + 15T+ 2GR 4 G + GER
(Nb),(AD(C)
Al-C-Ta Ta,AlC 0GFmAC  =—256000 4 515T — 90.69TIn(T)
(Ta)(AD(C) —0.0095027% + 22OLT5 ) 0000006148 T
Ta;ALC OGN - =—346356.93 + 20T + 5G IR + 3G IR + G
(Ta);(A14(C)
Al-C-V V,AIC OGYAS .« =—237000 + 5157 — 90.54TIn(T")
(V)LAD(C) —0.01079T* + 79234945 0.0000008552T"*
- 0 # Agne et al. (chemical calculation) X EF‘ﬁ“ﬁ E/‘J Al-C-Mo M:/% 1000 CAI 1450 °C E/‘J%
S  -10f 2 This work (CALPHAD) NEP S AN =] — SN YE R
% "g v This work (first-principles calculations) /Jm/@ﬁﬁ g jJIJ ﬂl] lg] 2 ( a) %ﬂ [E] 2 ( b ) Fﬁﬂ? o 27 f’:émé‘z‘ﬁ_F
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Fig.1 Calculated standard enthalpies of formation for the Al-C-X(X=
Mo, Nb, Ta, V) ternary compounds along with the literature data"*!’
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