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Literature review

Ternary systems

Application of database

Fig. 2. (a) Calculated Rh-Ti phase diagram compared with experimental data; (b)
calculated standard enthalpies of formation for Rh-Ti system with the reference
states of Rh (FCC_A1), Ti (HCP_A3).

Table 1. Crystal structure and lattice parameter in the Fe-Ni-Rh-Ti system.

Modified binary systems

Fig. 3. The calculated isothermal sections of Fe-Rh-Ti with experimental data 
at (a) 1000 °C and (b) 800 °C.

Fig. 4. The calculated isothermal sections of Fe-Ni-Ti with experimental data at 
(a) 1000 °C and (b) 900 °C.

Fig. 5. (a) Calculated NiTi-RhTi pseudo-binary system along with experimental 
data. (b) Calculated isothermal section of Fe-Ni-Rh at 1000 °C.

Conclusions

No ternary or quaternary compound was observed in this system.
According to literature the TiRh3 phase is an ordered phase.

Ni-based alloys are extensively used to fabricate critical components of gas turbines in aircrafts,
ships, warships and power stations due to their high specific strength, excellent corrosion and
heat resistance. These excellent properties of Ni-based alloys originate from their microstructure.
Ni-based alloys have a characteristic two-phase structure comprised of a disordered FCC_A1
phase and a FCC_ L12 ordered phase. In order to maintain the coherency of FCC_L12 phases in
Ni-based alloys, the elements such as Rh possessing both negative and positive misfits are
required. Thus the Fe-Ni-Rh-Ti quaternary system thermodynamic database is needed.

Base on the structure and experimental data, the TiRh3 phase
was described by (Rh,Ti)0.25 (Rh,Ti )0.75 (VA).

The Fe-Rh-Ti and Fe-Ni-Ti systems were re-optimized in this
work. For the Fe-Rh-Ti system, the two-phase region
(BCC_A2+BCC_B2) is much larger and the second order phase
transition line of BCC_A2/BCC_B2 is more reasonable than
those in literature. In the Fe-Ni-Ti system, thermodynamic
models of the FCC_L12 phases in different binary systems were
unified. The Fe-Ni-Rh system was obtained by extrapolation,
while the Ni-Rh-Ti system was optimized based on the
experimental NiTi-RhTi pseudo-binary system for the first time.

The chemical composition was selected based on the
commercial GH4169 alloy, which is widely used on
aircrafts. With Rh addition, the precipitation temperature
of FCC_L12 increases, which means FCC_L12 phase
becomes more stable. However, at high temperature,
the fraction of FCC_A1 phase decreases.

Fig. 6. Calculated phase fraction diagram of Fe0.44-xNi0.55Ti0.01Rhx 
with x changing from 0 to 0.1

 TiRh3 phase was described by two sub-lattice models in this 

work.

 Fe-Rh-Ti system and Fe-Ni-Ti system were re-optimized.

 The Ni-Rh-Ti system was optimized for the first time, while 

the Fe-Ni-Rh system was obtained by extrapolation.

 Fe-Ni-Rh-Ti thermodynamic database was established, with 

which the effect of Rh in Ni-based alloy can be predicted.

Fig. 1. Ni-based alloys applied in 
gas turbines.

Phase name Pearson Symbol Space Group prototype Lattice parameter(nm)

FCC_A1(Fe) cF4 Fm3m Cu a=0.3647
FCC_A1(Ni) cF4 Fm3m Cu a=0.3523
FCC_A1(Rh) cF4 Fm3m Cu a=0.3807
BCC_A1(Fe) cI2 Im3m W a=0.2866
BCC_A1(Ti) cI2 Im3m W a=0.3306

HCP_A3(Ti)      hp2 P63/mmc Mg a=0.29506 c=0.46825

FCC_L12(FeNi3) cP4 Pm3m AuCu3 a=0.3552
FCC_L12(TiRh3) cP4 Pm3m AuCu3 a=0.3845

BCC_B2(FeTi) cP2 Pm3m CsCl a=0.2979
BCC_B2(FeRh) cP2 Pm3m CsCl a=.2987
BCC_B2(NiTi) cP2 Pm3m CsCl a=0.3120
BCC_B2(TiRh) cP2 Pm3m CsCl a=0.3120

Ni3Ti hP16 P63/mmc Ni3Ti a=0.5108
NiTi2 cF96 Fd3m NiTi2 a=1.1319

Laves(Fe2Ti) hP12 P63/mmc MgZn2 a=0.4785

Ti3Rh5 oP16 Pbam Rh5Ge3 a=0.536 c=1.042

Ti2Rh tI6 I4/mmm Zr2Cu a=0.3078 c=0.9882
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