
Abstract
The phase equilibria and thermodynamic properties of the Re-Y system were modeled by 
combining first-principles calculations with the CALculationof PHAseDiagram (CALPHAD) 
technique.  Finite temperature properties were calculated using the frozen phonon method 
and special quasirandom structures ό{v{Ωǎύ ǿŜǊŜ ǳǎŜŘ ǘƻ ǇǊŜŘƛŎǘ ŜƴǘƘŀƭǇƛŜǎ ƻŦ ƳƛȄƛƴƎΦ
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Theory: First-Principles SQS
Å16 atom SQS structure for bcc and hcpphases for 25%, 

50%, and 75% yttrium[1-2]

Åhcphas two degrees of freedom, c/a ratio and a

bcc hcp

Motivation
Improving the longevity and the ability to withstand higher temperatures of Ni-base 
superalloys is desirable.  CALPHAD modeling helps to meets this challenge with an 
efficient, low cost solution to predict  phase stability in multi-component systems.  Re-Y 
is a constituent binary of the Ni-superalloy database.

Theory: First-Principles Phonon
ÅAt finite temperatures, free energy of a crystal is based on [3]

ÅA supercell for each of five volumes varying by 2% strain 
was developed.  The free energy was minimized with 
respect to each volume from 0-2000 K so that the free 
energy is a function of the equilibrium volume, V*(T)

ÅThe ATAT[4] package was used to do the force constant 
calculations and calculate the electronic contribution to the 
free energy for the various volumes.

Results
ÅExcellent lattice parameter agreement with both 

experimental data and previous calculations indicate a 
sound first-principles methodology

ÅThe enthalpies of mixing for both the bcc and hcpsolid 
solutions were positive, indicating little or no solubility

ÅTo validate the phonon technique, comparison of Y and 
Re phonon dispersion curves were made with existing 
experimental data (blue) [9-10]
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Theory: CALPHAD
ÅThermoCalc[5] uses thermochemical and phase equilibria 

data to model the Gibbs energy of constituent phases
ÅRe2Y was modeled from  first-principles enthalpy, heat 

capacity and entropy

ÅLiquid and solution phases were modeled using

hcp
bcc

Re Y Re2Y

Exp.[1] This 
work

% error Calc.[2] % error Exp.[1] This 
work

% error Calc.[2] % error Exp.[3] This work % error

a, Å 2.76 2.769 0.343 2.785 0.558 3.65 3.656 0.160 3.654 0.050 5.397 5.406 0.176

c, Å 4.46 4.472 0.278 4.498 0.564 5.73 5.679 0.886 5.649 0.534 8.824 8.845 0.242

ÅGood agreement was also found 
with pure element  heat capacity 
so the CP for Re2Y was calculated 
from phonon calculations and 
compared to pure element  
phonon and SGTE pure element 
database by CP = 1/3(2CpRe+CpY)
ÅCP data was fitted to the C, D, and 

E constants for Re2Y

ÅEntropy was also calculated as a 
function of temperature and 
fitted to the B term in the 
equation for Re2Y
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ÅFinally, the Re-Y system was modeled and optimized 
using the Parrot module in ThermoCalc with the 
following parameters:

Phase Parameter Value
Liquid 92789 �� 38.430T

12.385T

hcp 320,000
bcc 320,000

Re2Y -81382 + 365.48T ��
70.982CTln(T) ��
.00763T2 �� 3598.4T -1 
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Exp. [2]

Re


