Properties of
Complex Inorganic
Solids

CONFERENCE

Edited by

Annemarie Meike, Antonios Gonis,
Patrice E. A. Turchi, and Krishna Rajan




Library of Congress Cataloging-in-Publication Data

Intermational Alloy Conference (Znd: 1999: Davos, Switzerland)
Properties of complex ingrganic solids 2edued by Annemane Meike .. [et al)
p.  Cm
“Procecdings of the Second Intemational Alloy Conference, held August B=13, 1999, in
Davos. Switzerland™ —T.p. verso.
Includes bibliographical references and index
ISBN (-306-26458. 5

. Alloys—Coagiesees. 1 ladfganic compounds—Congresses. [ Meike, Annemane, 1
Title

TA4EY |59 1999
620.1"6—dc2l
Q0045741

Proceadings of Second Internabgnal Alloy Conference,
hekd August B-13, 1939, in Davas, Switzerand

ISBN 0-306-46498-5

02000 Kivwer Academic/ Plenum Publshars, Mew York
233 Spring Street, New York, N.Y. 10013

hittp ! www. wiap i/
W 89 87 65 4321
A C.LP. record for this book is available from the Library of Congrass
Al rights resarvad

Mo part of this book may be reproduced, stored in 8 retieval system, or transmitted
in any form o by any maans. electronic, mechanical, photocopying, microfiiming, recarding,
or otharwise, without writlen permission from the Publishar

Printed in the United States of America



MICROSTRUCTURAL PROPERTIES

Fast wonic transport along twin walls in ferroclastic minerals . ... ..
E. K. H. Salje*

Dcpcndmﬂ of carbide precipitation on grain boundary structure
' in sensiized austenitic stainless steel,
Hiroyuki Kokawa, Takeshi Koyanagawa, ‘wiu.sa}uk: .‘:hmuda_ Yuhu S .‘sua
and Takeshi Kuwana

Cirain boundary engineering for the control of oxygen embrittlement . ... .. ... ... ... ... ..

5. Yamaura, Y. Igarashi, 8. Tsurekawa, and T. Watanabe

Self-assembly in epitaxial semiconductor alloys . .

K. Rajan, Y.-C. Chen, V. Bucklen, C, A, “-a.ng.G W(.'hlrm:!wf' Nchrﬂs M ]-rl:nmn

and . Sanders

A, Lodder* and J. P. Dekker

ORDERING

Ab initio study of vacancies in metals and compounds. . . ... oo i e

P, A, Khorzhavyi, I. A. Abrikosov, and B. Johansson

Order and disorder phenomena at surfaces of binary alloys .. .........
F.F. Haas, F. Schmd®, and K. Binder

Analytical description of the short-range order in alloys with many-body atomic interactions . . ... ..

R. V. Chepulskii

Changes in the alomic coordinates and state of anion and cation order mdmed!:ry a.]luymgmd

temperature change in Y 2[M(2vM( 111420 pyrochlone solid solutions .
Bernhardi J. Wuensch and Kevin W. Eberman

Ordering kinetics in B2-FeAl .
H. Lang, K. Rohrhofer, W, Pfhltr,li S:hweug:r l.nd R Pndl.uuci}

Theoretical study of spinodal disordering and disordering relaxation ... ... ... ... ... .......

T. Mohri

.39

49

L

N

89

i

123



KINETICS AND DIFFUSION

Lsing arrested solid-solid multiphase reactions in gmlug;ca.] materials
to deduce the rate of crustal uplift . . . -
William E. Glassley® and Annemarie Mnk:

Kinetic features of non-simplest alloy orderings: DOy, L1y, and Llgordenngs . ... ... .. ..

K. . Belashenko, V. Yu. Dobretsov, |. R. Pankratov, G. D). Samolyuk, and V. G. Vaks

Kinetics of phase separation in a binary alloy: Influence of the atomic mobalities . ... ... ... ..

M. Athenes, P. Beilon, and G. Martin

Point defect energiesin Lls-ordered NisAL . ... oo o it

H. Schweiger, R. Podloucky, W. Pilschl, M. Spanl, and W. Pfeiler

Tests of the polymorphous coherent potential approximation . .

J. S. Famlkner®, B. Ujfalussy, Nasscio Moghadam, G. M. Stocks, and Yang Wang

PHASE STABILITY AND TRANSFORMATION

Iron phase diagram and high pressures and IEmMperalures . . . ... iv e s iiareeioaranianascs

5. K. Saxena* and L. 5. Dubrovinsky

Effects of continuous atomic displacement on the phase stability of metallic alloys . .. ...
K. Masuda-Jindo, R. Kikuchi, and Vu Van Hung

Maximization of cluster emtropies via an ireversible algonthm:

Application to the cluster vanationmethod . ... _ . 0 o oo oo o

Yictor L. Vinograd, Udo Becker, and Andrew Putnis

CWAM Caleulations of the solid-state eguilibria in the Fe-Co phase diagram .. .. .. ... ... ...

. Colinet and A, Antoni-fdziobek

The Onsager cavity fiebd in FOC AIOFS . - ... oo v ettt et

5. Shallcross and B, L. Gyarffy

In-situ chemical dynamics and phase mapping under steep thermal gmdn:nu
using time-resolved and spatially resolved x-ray diffraction .
J. Wong®, E. M. Larson, J. B. Holt, T. Ressler, and 1. W, Elmer

Development and properties of e-manensite in Co-Cr-Mo alloys for hiomaterials
Applications . . e ieiaeaaa
Hugo F. Lopez, A.mn.amin Md.wur an.dl" Iluang

MAGNETIC PROPERTIES

Diffuse scattering of CuyAu displacements and Fermi surface effects . ... ...

W, Schweika®, G. E. lee, J. L. Robertson, C. J. Sparks, and J. Bai

Ab imitie theory of perpendicular transport in metallic magnetic multilayers . ............... ...

Josel Kudrmovsky*, Vaclav Drchal, Clandia Blaas, Peter Weinberger,
i Turek, and Patrick Bruno

14

155

175

187

221

. 235

..249

261

267

.- 285

|

329

343



The Fermi surfaces of metallic alloys and the oscillatory magncuc :a:ruplmg hetween

magnetic layers separated by such alloy spacers . . .. M6S
B. L. Gydeffy * and N. M. Lathiotakis
On element-specific magnewmetry with linear dichroism in photoemission .. ... ............... 381
F.0». Schumann, R. F. Willis, K. W. Goodman, and J. G. Tobin*
ELASTIC PROPERTIES
Deformation and fracture of TiC/Mo(Nb) in-situ composites. . ... ... cii i iiineenn. .. 193
5. Hanada, N. Nomura, and K. Yoshimi
Doubled fatigued strength of box welds
by using bow transformation temperature welding material . .. ... .. L ool 401
Akihiko Ohta, Naoyuki Suzuki, and ¥ oshio Maeda
The evaluation of the fracture strain of 1TO films on polymeric substrates . . ................... 409
L. Chen, W, Wang, and B. Cottereil
Ab initio study of structure and compressibility of gamets . ... ... .. .. .. A17
V. Milman, R. H. Nobes, E. V. Akhmataskaya, B. Winkler,
C. I. Pickard, and J. A. White
Short-range ordering kinetics and microstructural development
during post-deformation annealing. . T
M. Spanl, P. Rosenkranz, A. Komer, W. Pﬂschl W Pl'mcr
Point defects in NiAl alloys under pressure, . . 439
A. Y. Lozovoi®, Ali Alavi, Pavel A Km‘ﬂul.'}rl. .u.nd Mmha.elw mes
Microstroctural characteristics of mixed TH-V layers . . ... oo i cnnnnes . 455
5. Mahajan®
Dynamical lattice instabilities in alloy phase diagrams ... ... ... ... iiviaiiiieeoaa.. . 473
Gifiran Crumvall
Bond-order potentials for mansition metals based binary alloys: Ti-Al and Mo-Si allovs . ... .... . 479
8. Znam, 1. Nguyen-M.nh, D.G. Pettifor, and V. Vitek
The magnetite (001 ) surface: Insights from molecular dynamics caleulations . ... _............. 450
Jumes K. Rustad®, Evgeny Wasserman, and Andrew R, Feliny
Chairpersons/Organizers of TAC-2 . ... .. oo ciiiiicneenneeaaeena s 3
List of Participants . .. .. .. ... e ciaia e ie e iiea e B
Index . ..oocvvnioinnnnn. . ]

*Invited Speaker



ANALYTICAL DESCRIPTION
OF THE SHORT-RANGE ORDER

IN ALLOYS WITH MANY-BODY
ATOMIC INTERACTIONS

R. V. Chepulskii

Department of Solid State Theory, Institule for Metal Physies, N. A. 5. U, UA-03680
Kyiv-142, Ukraine
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ABSTRACT

The high-accuracy ring approximation elaborated in [R. V. Chepulskii and V. N.
Bugaev, J. Phys. Condens. Matter 10, 7309; 7327 (1998]] by use of the thermody-
namic fluctuation method in the context of the modified thermodynamic perturbation
theory as applied to the lattice gas model is generalized for calculation of the short-
range order (SRO) parameters and their Fourier transform in disordered binary alloys
with many-body atomic interactions of arbitrary order and effective radius of action.
On the basis of the comparison with the Monte Carlo simulation data, the numerical
accuracy of the derived approximation is studied. It is demonstrated that the tem-
perature dependence of a position in reciprocal space of the SRO Fourer transform’s
maximums is correctly described within this approximation.

INTRODUCTION

In [1], a number of analytical approximations were elaborated for
calculation of the short-range order (SRO) parameters and their Fourier
transform in disordered (i.e. without a long-range order) binary alloys
with a Bravais crystal lattice and with many-body atomic interactions
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of arbitrary orders and effective radius of action. To achieve this aim,
the Krivoglaz approach [2] based on application of the thermodynamic
fluctuation method within the mean-field approximation was used. From
the all obtained approximations, the generalized spherical model one
vielded the highest numerical accuracy of results.

However, within the spherical model approximation it is impossible
to describe the phenomenon of temperature dependence of a position
in reciprocal space of the SRO Fourier transform’s maximum in case of
temperature independent atomic interactions. The presence of nonpair
atomic interactions has no effect on this conclusion [1]. Thus, the use of
this approximation is not adequate when the denoted phenomenon takes
place, as, e.g., in Pd-V [3, 4], Cu-Au, Cu-Pd [5}-[9] as well as Pt-V [10]-
{12] alloys and in a binary Madelung lattice [4, 13].

In case of absence of nonpair atomic interactions in alloy, the denoted
temperature dependence can be correctly (see [4]) described using the
ring approximation, derived by use of the thermodynamic fluctuation
method within the first order of a modified thermodynamic perturbation
theory under the choice of the inverse effective number of atoms inter-
acting with one fixed atom as a small parameter of expansion [14, 15].
For such description to be correct also in case of alloys with nonpair
atomic interactions (such as Cu-Au and Cu-Pd ones [5]-[7]), it seems to
be useful to generalize the ring approximation to this case. The present
paper is devated to the performance of such generalization.

THEORY

In general, in the framework of the lattice gas model, the Hamiltonian
H of a two-component A-B alloy with a Bravais crystal lattice and with
many-body atomic interactions of arbitrary orders and radius of action
can be written in the following form [1]

H=Nw+ 00 & TR Rafe YRR, 1, CRiCRy - O, =
T 2
= N+ g Vg }CR;' 3 TR, ks Vi R.CR CRat (1)
+4 Chy o ks Vit Ry m, O CRaCRg +

In Eq. [1): vp is the energy per site of "alloy™ in which all N sites are
occupied by B-tvpe atoms, VA’:{MI_“R_‘ is the mixing potential of n-th
order (n=1,2,.... N}, Cr takes the values 1 or 0 depending on whether
the site R is occupied by an A- or B-type atom, the summations on the
vectors R, Ry, Ry, ..., Ry are carried over all crystal lattice sites. The
expression for the grand thermodynamic potential Q of the system in



