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Using Re-W o-phase first-principles results in the Bragg-Williams approximation
to calculate finite-temperature thermodynamic properties
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First-principles(FP) calculations of total energies for 32 different configurations of Re~#hase were used
to fit a compound energy formalis@CEF Hamiltonian that was used in phenomenological Calphad method
calculations to model finite-temperatures thermodynamic properties. A comparison with Connolly-Williams
method—cluster variation methg@WM-CVM) calculations indicates that the first-principles CEP-CER
describes temperature-dependent site occupancies as well as the CWM-CVM approximation within the tem-
perature range of interest for applications. This result seems to indicate that the Bragg-Williams approximation
(BWA) is sufficient to describe the Re-\W phase. A complete Re-W phase diagram is calculated using the
FP-CEF Hamiltonian for ther phase. Differences between the phase diagrams, and single phase properties
calculated both with, and without, the first-principles results are striking. It is expected that using the FP-CEF
o-phase description that takes into account the first-principles energetics will yield more reliable extrapolations
into higher-order system.
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[. INTRODUCTION The surface of reference for the model is the sum
of Gibbs energies of all configurations with atomon
The compound energy formalidrh (CEP is commonly  each sublattices weighted by the site fractionyi(s). The
used within the Calphad methbtb model complex multi- o phase has five sublattices with different numbers of sites
component systems with: phases that have interstitials; inteand coordinations and can be described as (Rg,W)
metallic phases with wide homogeneity ranges; or phasefRe,W),(Re,W)(Re,W)(Re,W);, sites 1-5, respectively.
with order/disorder transformations. The firstphase de- This gives 2=32 ordered configurations. Thus, the surface
scribed thermodynamically with CEF was in the Cr-Feof reference becomes
systent and current databases have thermodynamic descrip-
tions of o phases with 5—-15 components, e.g., Ref. 5. Be- Gsrf:pijklmoGijklmr
cause there are very few experimental data on site occupan-
cies ofo phases it is very useful to calculate them from first
principles(FP). But a previous pap&describing FP calcula-
tions for the Fe-Cwr phase failed to reproduce experimental
site occupancies.

Pijkim= yfl’y}z)y(ka)yf“’yﬁns) . 2

These compound energieG;;ym , are exactly the same

Recently, Berneet al” published a FP study of the FP energies calg:plated in the paper by Beenal.’ .
phase in Re-W. They presented total-energy calculations for The only additional term necessary to calcula_te_ the G'bbs
32 different configurations of Re and W on the 30 sites in theEN€rgy at any temperature is the entropy of mixing that is
o-phase unit cell. The Connolly-Williams mettfocwin) ~ assumed to be ideal in CEF
was used to obtain a cluster expansion Hamiltonian for cal-
culation of site occupancies as functions of temperature and onf_ _ (s) (s) (s)
composition, using cluster variation meth@VvM).® We fit Se= RES a i:;&W yi InCyi™), &
our CEF coefficients to the Berre al.” total-energy results,
and model thes phase in a phenomenological Calphadwherea® is the number of sites on sublattiseThis means
calculation!® the FP-CEF results are then compared withone can directly calculate the properties of thephase in
Berneet al.” CWM-CVM results. The CEF is a generalized CEF from the FP result&~P-CEB. No pair- or higher-order
Bragg-Williams approximation, which implies random distri- effective cluster interaction paramettese needed to obtain
butions of components within each crystallographic site; i.e.tfemperature-dependent properties.
short-range order is ignored.

I1l. RESULTS AND COMPARISON

Il. THE CEF
Direct comparison between the FC-CEF and CWM-CVM
The general Gibbs energy expression is (Ref. 7 calculations of site fractions as functions of compo-
of onf - xs sition and temperature are showed in Fig&) land 1b).
Gm=Gn —TS"+Gpy. (1) Note that the diagram at 1500 K, Fig(al, is almost identi-
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(a) FP-CEF calculated
site occupancies at 1500 K

{(b) FP-CEF calculated
site occupancies at 300 K

cal to the CWM-CVM resultgtheir Fig. 5, here plotted as dencies ofo-phase site occupancies as the CWM-CVM cal-

dashed lines culations; at least for temperatures well above 500 K, which
At temperatures below 1000 K the results of the twois the range of practical interest. This suggests that short-

model calculations differ, in Fig.(b) a calculation at 300 K range order, which was ignored in the FP-CEF calculation,

is shown that can be compared with Fig. 4 in Beeteal. may not be essential for modeling topologically closed-

Site occupancies of sublattices preferred by Re and W argacked(TCP) phases such as.

fractions in sublattices with mixed composition are quite dif-the thermodynamic database referenced aboi@). It is

ferent from the CWM-CVM results. Ther phase is not 4 interesting to compare some properties of dhphase
stable at these temperatures, so experimental verification Fom this database with the FC-CEE descriptigmesent

problematic. In Fig. 3(a) the excess heat capacity for the FC-CEF descrip-

In Fig. 2 site occupancies and heat capacity are plotted &Fon is compared with CEF one, which was modeled with
functions of temperature. Above 1000 K there is praCtica"yKopp-Neumann’s rle and thl;s has 7ero excess heat

no difference between Fig.(®@ and the analogous CWM- .
capacity.

CVM diagram, Fig. 7 in Ref. 7. It is interesting to note that i . " A
the rapidg changeg in site occupancies belowg 500 K corre- The CEF description was obtained by fl'ttl'ng a simplified
sponds to a peak in the heat capacity Fig)2 o phase model that assumed the same mixing on three_sub-
lattices, only Re on one, and only W on another sublattice;
i.e., (Re}(W),(Re,W)g. With this simplification there are
only two terms in thezS'" term and these can be fitted to the
Site occupancy diagrams are critical for describing thescarce experimental data. In Fig(bB the enthalpy of the
properties of thes phase. The FP-CEF yields as good anFP-CEF-fittedo phase is compared to the CEF fitted; refer-

approximation of the temperature and composition depenence states aree Re ando W. In the stable range foor

IV. CONCLUSIONS AND PERSPECTIVES
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(a) FP-CEF calculated
site occupancies at x(w)=0.4

(b) FP-CEF calculated
heat capacity at x(w)=0.4
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FIG. 3. Comparisons betweenfor old (CEF) and presentFP-CER models.(a) FP-CEF calculated heat capacity at 1500(1). CEF
and FP-CEP calculated enthalpies at 150QdX.CEF and FP-CEP calculated entropy at 1500 K.

phase, the enthalpies are not very different, but CEF model Additionally a contribution depending only on composi-

did not extend to the pure elements and gave much loweion and temperature is used

enthalpy at high Re content. Such differences can be very Gore L ®)

important when extrapolating the data for a binary assess- XReXWhRew:

ment to multicomponent systems. where x; is the mole fraction ofi and Lgew=—24700
The FP-CEF description of the phase was fitted into the —5.4T. In Fig. 3b) the FP-CEF enthalpy calculated with

CEF old assessment without changing the descriptions #@nd without this excess contribution is shown. A small

any other phases. The additional parameters needed are vadjustment of one parameter in thephase was needed

ues for the difference between Gibbs energies for the purt® describe the temperature of the invariant equilibria at

elements in ther phase relative to other phases, and a valug400 K_- ] »

of HZ(T=0 K)_Hg%p(Tzo K)=16300 J/mol HZ(T In F|g.. 3(c) the entropy as fqncﬂon of composition at

=0 K)— HES%(T=0 K)=20200 J/mol taken frof? En- 1500 K is shown calculated using the CE6ld) and the

tropy values for the pure elements in thgohase were fitted FP-CEF(present o models, with and without the contribu-

subject to the constraint that the phase does not become tion of Eg. (5).

L ) ; .« The old phase diagram is shown in Fig@a4and the
stable at pure element compositions. The final Gibbs energler')s,reserlt one in Fig. (). The largest difference occurs at the

are )
low temperature where the phase is stable to lower tem-
peratures and for higher W contents. This is a direct effect of
°GZ.— °GheP=16 300- 2.6, the better FP-based energetics on the site occupancy. Without
the FP results, there was no constraint on the eutectoid com-
oo orbee position. There is an Calphad assessment in the litefdture
Gw— "Gy =20200-4.55T. (4)  that gives a phase diagram very similar to the one calculated
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here using the FP energetics. However, the enthalpy ofrthe tions with different structures of TCP phases, and more gen-

phase is not better than in the CaFmodel presented here. erally for the so-called Hume-Rothery phases, in the binary
The contribution from the Eq(2) and Eq.(3) only de-  subsystems of Ag-Al-Cu-Co-Cr-Fe-Hf-Nb-Ni-Re-Ta-Ti-W-

pends on configuration and the excess term,(Bgadded to  Zn, are very helpful. A similar treatment of Re-Ta system is

the phase description in order to fit the phase diagram, is progress.

only depending on composition. The CEF Hamiltonian used
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