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First-principles study of stability and local order in substitutional Ta-W alloys
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A parameter-free electronic structure approach is applied to the study of stability and chemical order in
substitutional bce-based Ta-W alloys. The method is based on a Green’s function description of the electronic
structure of the random alloys. Configurational order is treated within the generalized perturbation method, and
temperature effects are examined with a generalized mean-field approach. In contrast to the results summarized
in the assessed phase diagram, an unambiguous tendency toward ordeB&itbugerstructure in a broad
range of alloy composition is predicted. The details of the thermodynamics analysis, phase diagram, and
short-range order are given for Ta-W alloys as a function of temperature and concentration.
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[. INTRODUCTION structure of CsCl type. Our analysis also reveals a low-lying
phase diagram that supports the experimental findings dis-
Much attention has been paid to alloys made of refractorcussed above. These results will be simply explained in
metals of columns VB and VIB of the Periodic Table, and interms of the average number of valence electrons and the
particular, Nb, Mo, Ta, and W that display high melting differgnce in the number of valence electrons of the alloy
points. These alloys show excellent strength at elevated tengonstituents. . .
perature and therefore have been found useful for high- The paper is organized as follows. In Sec. I, we discuss
temperature space and nuclear applications. As part of W€ electronic structure properties of Ta-W alloys based on
more extended and systematic study of this class of alloys, i€ first-principles TB-LMTO-CPA results. In Sec. IlI, ten-
the present paper we focus on Ta-W alloys. dencies toward order or phase separation are examined in the
According to the assessed phase diagram' Ta-W Substitl(}.ontext of the GPM. It W|” pe shown that the nature and the
tional alloys should display complete solubility in the solid Strength of local order in this alloy can be well explained in
phase with a body-centered cubibcc, or a) crystalline — terms of simple electronic parameters. In Sec. IV,_the mf_lu-
structure up to the solidus-liquidus lidelthough no inter- ~ €nce of temperature on stability and local order is studied
mediate phases have been reported in the literature, there akth a standard generalized mean-field approach. The coher-
indications that chemical order may exist in this alloy sys-ent phase diagram for bcc-based Ta-W is predicted, and the
tem. Indeed it has been shown experimentally that the variagSRO results are discussed before the results are summarized
tion of the lattice parameter with composition displays ain Sec. V.
negative departure from Vegard's 1awand also that the ac-
tivities of both elements determined at 1200 K indicate nega-
tive deviation from Raoult’s law and therefore ideafitiur-
thermore, the measured negative excess free energies of As far as we know, electronic structure studies of Ta-W
mixing are attributed to mostly negative enthalpies of mixingalloys based on a proper treatment of the disordered alloys
and also small negative excess entropies of soldtiothese  have not been reported till date. The motivation for the use of
sparse experimental facts have led us to reexamine this allay quantum-mechanical-based methodology is the desire to
system with a first-principles approach to stability andperform an unbiased study of Ta-W alloys, in which the re-
chemical order. Our focus will be primarily on the short- sulting thermodynamic behavior is determined on the basis
range ordefSRO taking place at high temperature in the  of ab initio obtained interaction parameters that are free of
solid solution. The configurational order will be examinedimposed constraints, parametrization schemes, or fitting pro-
within the generalized perturbation meth68PM).*®> The  cedures. The single-site CPA, expressed with the Green's
electronic structure properties of the reference medium offunction formalism and implemented within the TB-LMTO-
which the GPM relies are described in the framework of theCPA, provides an appropriate basis for such a sfudy.
self-consistent tight-binding linear muffin-tin orbit&TB- This methodology allows the determination of an effec-
LMTO) multiple-scattering formulation of the coherent po- tive medium whose scattering properties on the average re-
tential approximation(CPA).>® Finally, temperature effects flect those of a chemically random alloy. Calculations based
on local order and stability will be examined by means of aon this method yield such relevant physical properties as
standard generalized mean-field approach, namely, thequilibrium lattice constants, energies of mixing, and bulk
cluster-variation methodCVM).’ moduli for substitutionally disordered alloys. The effects of
From our thermodynamic analysis, Ta-W alloys shouldstatistical fluctuations away from this average medium can
exhibit a definite tendency toward order withB®2 super- be studied through GPMRefs. 4 and b which leads to

Il. ELECTRONIC STRUCTURE PROPERTIES
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uniquely defined, concentration-dependent effective cluster o T T T
interactions(ECI). When used in conjunction with a statisti- B (a)
cal model, such as CVMthese concentration-dependent ef-
fective interactions lead to the prediction of the most stable
ordered structures at zero temperature, and of concentration/
temperature alloy phase diagrafs.

For bcc-based chemically random Ta-W alloys, electronic

DOS (states/Ry atom)
3
T

structure calculations were carried out on the basis of the s|

charge self-consistent fully relativistic version of the TB- 0 : - -

LMTO-CPA method within the atomic sphere approximation 40 [T T
(ASA) and the local-density approximatiofLDA) of s ®) ]

density-functional theory. The LDA calculations were based
on the exchange-correlation energy of Ceperley and Alder
as parametrized by Perdew and Zuntfefo eliminate the
charge-transfer effects, at each lattice parameter and alloy
composition, the atomic sphere radii of the two species were
adjusted in such a way that atoms were charge neutral while

DOS (states/Ry atom)

preserving the total volume of the alloy. In our calculations : ]

we used 16& points in the irreducible wedge of the Bril- 0

louin zone to perform the integrations that are necessary dur- w | ' ' ' ' ' .
- © ]

ing the self-consistent calculations, and 232points in the

full Brillouin zone for the calculation of the ECI. We use 12
energy points on a semicircle in the upper half-plane of com-
plex energy to perform the energy integration using Gauss’
method. The densities of states were evaluated on a line
0.005 Ry above the real ax(with an energy step of about 5

DOS (states/Ry atom)
]
T

mRy) and then deconvoluted on the real axis. The CPA s
equations were solved iteratively using the method described L
in Ref. 8. O T T

In Fig. 1 we display the density of statd30S) of chemi- - BF (@ 4
cally random Ta-W alloys at various compositions. Note that S Y ]
when going from pure W for which the number of valence > [ -
electronsN,=5 to pure Ta withN,=4, the Fermi energy §
spans a deep minimum of density of states that clearly sepa- &
rates the bonding and antibonding states in the alloy band 8

Q

structure. This minimum in the DOS is, to some extent, re-
lated to a negative energy of formation, more so for the
tungsten-rich alloys. Since the two alloy species are neigh-
bors in the periodic table, the scattering properties of the
electrons and therefore the DOS'’s remain practically un-
changed with alloy composition. Thus the variation of the
electronic structure properties with alloy composition is al-
most entirely reflected in the variation df,, and therefore
the location of the Fermi energy as would be the case for an
alloy treated within the virtual crystal approximation.

In Fig. 2(a), we show the variation of the equilibrium i
lattice parametera® of the chemically random Ta-W alloy %o v e e T T "
with composition together with the experimentally assessed E (Ry)
lattice parameter-composition relation represented ay _ _
—3.164+0.1054 c;,+0.03226 C%a inA.2As usual, there is FIG: 1. Density of states o_f bcc-base_d '_I'a-_W disordered al_loys as
about a 1% discrepancy between the theoretical and expeﬁx_functlon of energythe Fermi energ¥ is indicated by a vertical

mental values of lattice constant, but as seen in Rig,, Zhe line) and of Ta concentratioo;,=0,1/4,1/2,3/4,1from top to bot-
, J eq_ ~eq " eq tom), as obtained from TB-LMTO-CPA. In the alloy case, the solid
departure from Vegard's law, given b3a®%=a;,,— Ctadta

i A lloy line indicates the total density of states, whereas the d¢dshed
—(1-crr)ay (whereais the equilibrium lattice constant |jing refers to the partial densities of states of (V4).
of the pure elemeny is accurately reproduced by this elec-
tronic structure method. This result strongly suggests that Figure 3 displays the variation of the bulk modulus with
alloy formation is favored and leads to a more compacitomposition. For the pure elements, there is a typical 15%
structure than a simple combination of both alloy speciegliscrepancy between predicted and measured values. One
would. should note that, as observed experimentally, a one-valence
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3.32 - w - T ' w - . ; overlap of atomic spheres and for higher partial waves inside
230 | [ Theoy the atomic spheres, and with exchange and correlation poten-
|0 Experiment 2 tial proposed by von Barth and Hedifi.Method 2 corre-

sponds to the full-potential LMTQFP-LMTO) (Refs. 14
and 195 that includes nonspherical terms within the muffin-
tin spheres and provides a fully relativistsemirelativistig
treatment of the coréralence electrons, with spin-orbit cou-
pling taken into account for the valence electrons. The ex-
change and correlation potential has the form proposed by
Ceperley and AdléP and parametrized by Perdew and
Zunger! Finally, method 3 corresponds to the fully relativ-
istic TB-LMTO-ASA-CPA, that has been selected in this
work for its applicability to off-stoichiometric alloy§nclud-
ing the pure elementswhereas the other two are only ap-
plicable to stoichiometric alloy&@nd pure elemenkslescrib-
able by supercells. Note that all three methods give values
for the lattice constant and the bulk modulus, which are
within the error expected from any LDA calculation.

Finally in Fig. 4 we show the variation of the formation
(or mixing) energy of the chemically random alloy with
composition. This energy is given by
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whereEa”F;y is the total energy of the alloy described within
0.0 02 0a 06 08 10 the CPA at its equilibriur_wj Iat_tice paramete_r, aiff |s the
Tantalum concentration total energy of pure speciésit its corresponding equilibrium
lattice parameter. This mixing energy is negative in the case
FIG. 2. Variation Of(a) the bcc lattice constat®™ (ln A) of the of Ta-W with a maximum value of9.36 mRy/atom at a

0.010 . 1 : 1 . L L ¢

chemically r"’e‘;‘d_om alloy Ta-W an) of the departure from Veg-  tantalum concentration of about 0.375. Hence, the energetics

ard's law, 5a*? (in A) with Ta concentration. The solid line corre-  fay0rs the formation of the disordered alloy configuration in

sponds to the theoretical results and the dotted line to the expeline whole range of alloy composition. This result confirms a

mental data from Ref. 2. previous conclusion drawn from a semiempirical tight-
o binding estimation of the energy of formation of the random

electron variation leads to a decrease by almost a factor 2 i, \y alloy as a function of compositidfi.However in this

the bulk modulus when going from W to Ta. _study, the tight-binding energies are underestimated by about

_ For comparison purposes, we report in Table | the equizgy, and the general evolution of the formation energy with
librium lattice constant and bulk modulus for the pure SPe-alloy composition does not reveal any asymmetry as it

cies, obtained by threeb initio approaches. Method 1 refers gpq1d since the DOS at the Fermi energy that controls the
to the standard scalar relativistic LMTO-ASRef. 12 with  girength of the bonding in this alloy varies significantly with
inclusion of so-called combined corrections that account fok,e number of valence electrons.

360 . ; . . ; ; . .

IIl. GROUND-STATE PROPERTIES

330 In recent years a number of methods have been

developed to map the quantum-mechanical description of
the energetics of an alloy in the form of an Ising model that
is most appropriate for a subsequent statistical mechanics
treatment of order-disorder phenomena in alloys as functions
of temperature and concentration. This mapping has been
originally achieved within the so-called GP({Refs. 4 and b
which is the method that will be used here. Within the GPM,
only the configuration-dependent contribution to the total en-
I * ergy is expressed by an expansion in terms of effective pair
180 : ' : ' : ' . : : and multisite interactions, and since the reference medium is
00 02 04 o8 o8 " concentration dependent, so are these interactions. One
Tantalum concentration should emphasize that this method is in contrast with the one
FIG. 3. Variation of the bulk moduluén GPa of the bcc-based  based on the knowledge of the electronic structure properties
chemically random Ta-W alloy with Ta concentration. The solid of ordered configurations of the alloy, such as the so-called
circles indicate the experimental value of the endpoints. Connolly-Williams method; which leads to an expansion of
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TABLE I. Equilibrium properties, i.e., lattice constafih A), bulk modulus(in GP3, and when appli-
cable the formation energy of the orde®@@d phasgin mRy/aton), of bcc-based pure Ta and W, and of the
B2 ordered phase of Taw. Methods 1 to 3 correspond to LMTO-ASA, FP-LMTadd TB-LMTO-ASA in
the case of the pure species or TB-LMTO-CPA-GPM in the case of the or@&qzhase of TaW, respec-

tively.
Property Method Pure Ta Pure W Ordei®d TawW
Lattice constant Experiment 3.3031 3.1652 N/A
(in A) Method 1 3.3098 3.1934 3.2421
Method 2 3.2518 3.1438 3.1890
Method 3 3.2766 3.1802 3.2203
Bulk modulus Experiment 196.1 310.4 N/A
(in GPa Method 1 206.4 314.0 255.8
Method 2 208.8 333.1 269.2
Method 3 215.3 337.3 276.8
AERZ, Method 1 N/A N/A ~8.0
(in mRy/atom) Method 2 N/A N/A —-8.5
Method 3 N/A N/A —-13.0

the total energy itself in terms of cluster interactions that areelies on the CPA medium, the small parameter in the GPM
concentration independent, except via volume effectsonly depends on the scattering properties of the electrons,
Within the GPM, the ordering contribution to the total en- which means that the expansion for the ordering energy is
ergy of anA-B alloy is given by valid even for large fluctuations of local concentration. In
practice, the second-order contribution to the EC{) is,
1 ® within the GPM, essentially numerically indistinguishable
AEord({pn}):kZl K > Vay . .nOCn, - 6Cn, from the full summation of all scattering processes taking
R k place between the two sitesandm. Hence, to second order
31y ! : . .
in perturbation and for alloys based on simple lattices de-
where sc,, refers to the fluctuation of concentration on site SCibed by one type of site per cell, such as bee, Bd) is
Ni, 6Cp=Pn—C, wherec is the concentration iB species, rewritten as
and Pn, is an occupation number associated with site 2
equal to 1 or 0 depending on whether or not sités occu- AEord({pn}):ZS Vs 0Co0Cs (3.2
pied by aB species. Th&/{? , corresponds to th-order

ECI involving a cluster ok sites. The prime in the summa- ©OF equivalently, at zero temperature
tion over the{n;} indicates that consecutive site indices must
be different. Note that, as in any perturbation theory that AEord({qs})zz qeVe 3.3

0 &

ith ge=— (%8 herenZ® andng ref h
wit qs—z(nS cng), whereng” andng refer to the num-

ber of BB pairs and the total number of pairs per site, re-
spectively, associated with theth-neighbor shell, and is
the concentration i species. In this last equatio¥ rep-
resents &th-neigbor effective pair interactiaiPl) given by
V=VAA+VEB_2V2B "and by definition corresponds to the
second-order interaction between a site at the origin and a
site belonging to thesth-neighbor shellV{?) entering Eq.
(3.2. Hence, the sign convention that has been adopted is
such that whe/;>0 (<0), AB (AA or BB) pairs associ-
-10 : ‘ : : : : : ‘ : ated with a species at the origin and the other in the
00 oz o4 08 o8 9 sth-neighbor shell are favored.
Tantalum concentration As seen from Eq(3.3), any alloy configuration is speci-
FIG. 4. Variation of the mixing energyE,, (in mRy/atom of  fied by a unique set of parametdig} that only depends on
the bce-based chemically random Ta-W alloy with Ta concentraSite occupancies. For example, at zero temperature and for
tion. s=1-5, these parameters take the valueks, 3/4, 3/2,— 3,

AEx (mRy/atom)
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04 [V T FIG. 6. Effective pair interactiong'?), or EPI's(in mRy/atom)
e as functions of the reduced distang&a®® for TasoWsp, wherea®?

) corresponds to equilibrium lattice parameter of the alloy, as ob-

tained from TB-LMTO-CPA-GPM.

EPI (mRy/atom)

TaWs, and to a less extent 7@/, and theB2 ordered phase
for TaW, with the corresponding ordering energies equal to
about —1.55, —.82, and —4.07 mRy/atom, respectively.
Since the EPI's beyond second-nearest neighbors are small,
L L L L see Fig. 6, the results of the analysis remain the same, with
0.0 0.2 0.4 0.6 08 1.0 minor modification in the magnitude of the ordering energies
Tantalum concentration quoted above. Overall, the ordering tendencies are stronger
. . . _ for the W-rich Ta-W alloys, and this trend is consistent with
(2) ,
_ FIG. 5. Effective pair interaction/s (wheres is .the shell what is expected for transition metal alloy3.Indeed, the
index), in mRy/atom, as functions of Ta concentration for bcc- S . \ .
. ) variation of the dominant EPI's with the number dfelec-
based Ta-W alloys, as obtained from TB-LMTO-CPA-GR[s):for . .
_ i trons displays in general two zeros that are located around
s=1,2 and(b) for s=3-5. . ;. . )
three and seved electrons, with a positive sign of the EPI's
—1/4, —3/16, 9/8, —3/4, —1/4 for DO, order (of Fe,Al €S with the scattering properties of the electrons and alloy
type) atc=1/4,3/4. In the case of the Ta-W alloy system, theCOMPposition, heteroatomic pairs are increasingly favored
EPI's were computed from the knowledge of the electroni¢¥hen the number ofl electrons increases from Tabout
structure of the chemically random alloy at each compositiors-3 to W (about 4.4 in the Ta-W case, which is what Fig. 5
and lattice parameté®° In Fig. 5 the EPI’s up to the fifth ShOWs in a more quantitative way. _
neighbor shell are plotted as functions of alloy composition 10 confirm the GPM predictions, calculations were per-
at the equilibrium lattice parameter and Fermi energy of thdormed with methods 1 and 2 described in Sec. Il, and com-

corresponding chemically random alloy. As expected, th?ared with those of method 3, i.e., TB-LMTO-CPA-GPM
first two EPI's are an order of magnitude larger than thewithin the ASA, to study the equilibrium properties and the

more distant interactions, with a rat\,/V,=0 for c;,  energetics of the ordered2 phase of TgWs,. In the case
<0.76. In Fig. 6, we show that the EPI's, here given for theOf method 3, the energy of formation of the ordered configu-

B2
stoichiometric TgyWs, alloy converge rapidly with distance,

ration B2 is given byAEgZ, = AE+AEE%, see Eqgs(2.1)
a property that is valid in the whole range of composition.and (3.3. The equilibrium lattice constanBtzof th2 phase
Also, we found that the EPI's vary very little as a function of was obtained by minimizing the energyEg, with respect

lattice parametefnot shown, and therefore with pressure, at to volume since, from the CPA and the GPM calculations,

any alloy composition. the variation with volume ofAE,;, and of the EPI's that
From the results of the ground-state analysis of the Isinguilt up the ordering energ&ES2 are known. The results of

model, the most probable ground states at zero temperatued three methods, reported in Table I, are consistent in the
can be predicted. The most extensive study of the Isingense that the formation energy of the ordeB&dphase, of
Hamiltonian applied to the bcc lattice includes up to the fifththe order of—10 mRy/atom, is negative and therefore fa-
neighbor pair interactioriwith the exclusion ofV,) in the  vors phase formation. The variation in the results, within the
analysis>'8-20with the EPI's displayed in Fig. 5, and if one error expected from any LDA calculation, reflects the vari-
only considerd/; andV, in the expansion given by E¢R.3)  ous levels of approximation that characterize each method:
and in the analysi& it is concluded that, at zero tempera- ASA versus no-shape approximation, form of exchange-
ture, there exist two ground states: D85 ordered phase for correlation potential, and scalar relativistic versus fully rela-
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1200 . ‘ x ' < ' where second order in accordance with the results of the
I Disordered Phase ] Landau theory of phase transitions.
1000 - 7 Since the elastic properties of Ta and W are quite differ-
I T ent, the vibrational free energy was estimated to study its
£ 800 7 impact on the alloy free energy and thus on the phase dia-
2 i gram. To this end, we followed the procedure proposed in
g 600 [ B2 . Ref. 23. The vibrational contribution to the free energy is
g - 1 expressed within the well-known Debye approximation. The
- 400 . Debye temperature for the alloy is written as
200 | oy . Op=(K)(rwsBm/(M))*, (4.2
L |D°3 ] where(X) refers to a concentration weighted average of the
%.0 0.2 04 06 08 10 quantity X associated with the pure speciagys is the
Tantalum concentration Wigner-Seitz radius which, in the case of a bcc lattice, is

; _ 1/3 ;
FIG. 7. Predicted bcc-based Ta-W phase diagram, as obtaine,[ Iatbedlkto thg Ilattlce (,;ontstzatby r\’l\"/ls._ (fé%)t a, By is
from the tetrahedron approximation of the CVM. e bulk modulus evaluated ajys, IS thé atomic mass,

andK is a constant of proportionality. From the relation be-

tivistic treatment. However, one can note that the departurl?/é€n Debye temperature and bulk modulus for the pure spe-
of the lattice constant from Vegard's law given by all three €i€S, and with®p°=240 K and ®5 =400 K, then Ky,

methods is about-0.008 A, once again consistent with a =39.844 anKy=54.289. Despite the noticeable difference
tendency towards alloy formation and order. in the elastic properties of Ta and W, the vibrational free

energy is more than an order of magnitude smaller than the
CVM free energy. For example, &i=1200 K, at equi-
atomic composition, the vibrational free energy is about
By making use of the energetics presented in Secs. Il and-0.27 mRy/atom, compared with the configurational free
Il the Ising model has been solved within a generalizedenergy of the order of-14.19 mRy/atom. Hence the vibra-
mean-field approximation with the CVM. At each tempera-tional free energy has little effect on the predicted phase
ture and alloy composition, the configurational part of thediagram displayed in Fig. 7.
free energy has been minimized with a Newton-Raphson To compare the experimental thermodynamic assessment
technigue with respect to the correlation functions defined asf Ta-W alloys to our predicted data, the individual activi-
the following thermodynamical average product ties a; (i=Ta, W) have been determined as a function of
tantalum concentration a&t=1200 K. These quantities are
§o=(01 - 04, (4.1 related to the excess grand potenil as follows*

IV. STABILITY AT FINITE TEMPERATURE

whereo, cor.respond to the so—cilled spin variable reIatgd to ar.=exg (60 + w)/kgT],

the occupation numbep, by o,=2p,—1, and the maxi-

mum value ofa correspond to the number of sites in the _ _

maximum cluster that characterizes the level of approxima- Aw=ex (50~ p)/keTl, “3

tion of the CVM. In the present case, the maximum clustewherekg is the Boltzmann’s constant, andis the chemical
corresponds to the irregular tetrahedron made of four firspotential differenceu= (ura— uww)/2. As usual, the grand
and two second-nearest-neighbor p&irghis cluster allows potential is given bysQ = 6F — u(2cr,— 1), with SF being

a proper statistical treatment with the EPV3 andV, in-  the configurational free energy. The results of the compari-
cluded in the pair expansion of the Ising model, an approxison are displayed in Fig. 8. Although the negative departure
mation that is justified here since the more distant EPI's havérom linearity is confirmed by the calculations, the discrep-
negligible amplitude, see Figs. 5 and 6. The predicted phasancies between prediction and experimental assessment may
diagram is presented in Fig. 7. Considering the high meltinde attributed to the low temperature of 1200 K at which the
point of the alloy species, tH82 andD 05 ordered phases of experiments were carried out where equilibrium is difficult
Ta-W alloys are stable at low temperature, not exceeding & reach, a remark that is certainly applicable to this refrac-
1000 K. Note that around the stoichiometry;W4 we ig-  tory alloy system. However, from both our study and the
nored the region of stability of th®0, ordered structure experimental resultsthe negative departure of the elemental
that, according to its energetics, should exist at temperaturexctivities from Raoult’s law, i.e., from ideality, clearly indi-
below 100 K. The asymmetry of the phase diagram is acates a tendency towards not only formation of the Ta-W
direct consequence of the energetics of Ta-W alloys, i.e., arolid solution but also chemical SRO.

extremum of energy of mixing, see Fig. 4, and stronger or- Although a low-lying phase diagram is predicted in the
dering trends, see Fig. 5, for W-rich alloys. Since belowsolid phase, one can expect the SRO to remain quite strong
C1a=0.76 the ratioV,/V,<2/3, the phase diagram exhibits at high temperature, well above the critical order-disorder
typical features:?? In particular, the transition from the dis- line since theB2 to disorder transition is second order in
ordered to theD0; state is first order, whereas the one be-nature. To show that property, we calculated a quantity pro-
tween theB2 and theDO; ordered states is almost every- portional to the intensity of diffuse scatteringzdk), de-
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FIG. 8. Activities of tantalum and tungsten in the Ta-W alloy
system at 1200 K: calculate@olid line) and experimentally as-
sesseddotted ling from Ref. 3.
scribed ink space and given within the Krivoglaz-Clapp-
Moss (KCM) approach®?° by
| k)= , 4.4
srd k) 1+c(1—c)BV(Kk) 4 aal

T

where B=1/kgT and V(k) is the Fourier transform of the P

EPI's. As expected, a minimum M(k) for some speciak
point leads to a maximum of intensity of diffuse scattering,

with a divergence of the intensity at the critical prder- FIG. 9. Short-range order diffuse intensity in tt@®1) plane for
disorder temperaturg; according to the results of the single- o hased Taws, at T=2000 K (a), and TaW;, at T
site mean-field theory on which the KCM approach is based.- 1500 K (b).

In Fig. 9a) the SRO diffuse-scattering intensity is displayed

in the (001) plane in the reciprocal space for Ta-W at equi- Our main conclusion, and a prediction that results from
atomic composition af =2000 K. The maxima of intensity this work, is that Ta-W alloys exhibit a strong tendency to-
show up at the &/a(100) (wherea is the lattice constapt Wwards order with aB2 superstructure in a broad range of
and equivalent positions, which correspond to the superlat@lloy composition. This should not come as a surprise since
tice reflections of thd2 ordered phase. Note that even well experimentally there were indications that this alloy system
above the critical order-disorder line the intensity remainsshould not follow an ideal law of mixing. This result is con-
strong as was anticipated, and that the SRO persists far aw&jstent with the behavior of quantities related to the ordering

from the equiatomic composition as shown in Figo)¥or a  tendencies of alloys, such as the negative departure from
TagoW, alloy at T=1500 K. Vegard’'s law of the equilibrium lattice constant and the

negative departure from Raoult’'s law of the activity of each
species, as a function of alloy concentration. This departure
was found in all of our calculations, those of disordered al-
We have carried out detailed calculations on electronidoys based on the CPA and those of the electronic structure
structure and related thermodynamic properties of Ta-W alef stoichiometric compounds obtained using different meth-
loys using the TB-LMTO formulation of the coherent poten- odologies. Similar general agreement among the results of
tial approximation. We have also compared some of our redifferent electronic structure methods was found with respect
sults with those obtained through different methodologiesto other quantities of interest, such as the bulk modulus.
The CPA and the GPM were used to obtain ordering tenden- Although the solid-phase part of the phase diagram is pre-
cies and related thermodynamic information across the cordicted at low temperature, relatively to the location of the
centration range of these alloys. Temperature effects wersolidus-liquidus line, the second-order nature of the transi-
accounted for within the generalized mean-field approach otion from B2 to the disordered state can be used advanta-
which the CVM is based. geously to identify the short-range order in this alloy, at tem-

ST ) \0\\0\

V. CONCLUSION
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peratures as high as 2500 K. Anomalous dispersion x-rathe numbers of valence electrof3 or 1) are expected to
diffuse-scattering measurements at a synchrotron stusce  dictate the ordering trends in a rational way, and this will be
neutron-diffraction experiments should reveal unambigupresented in a forthcoming paper.

ously the nature of the short-range order on samples well

annealed at relatively high temperature to promote the ther-

mally activated ordering process. This work will be extended ACKNOWLEDGMENTS
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