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CORRELATION PARAMETERS IN THE FCC ALLOYS AB; DOPED BY C

Theoretical investigation of ordering in ternary substitutional solid solutions with fcc lattice of
type AB; doped by component C is carried out. Correlation parameters of ordered alloys are calculated
from the minimum free energy in the framework of the quasi-chemical approximation without taking
into account the interaction between pairs of atoms C-C. The analysis of the correlation parameters
dependence on the alloy composition, temperature, degree of long-range order and energy parameters
is carried out by numerical methods. Temperature dependences of the correlation parameters of the
binary fcc alloy AB; are obtained for different values of atom concentration. It is shown that the
correlation parameter values decrease with increasing temperature of the alloy, decreasing energy
parameters and increasing impurity C concentration. The degree of long-range order increasing leads
to the decrease of the correlation parameters. It is shown that in the case of low concentrations of C
atoms at the investigated values of the energy parameters, the tendency to the ordered placement of
atoms in the lattice sites of the alloy is maintained.
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IIpoBegeHo TeopeTHYHe [OCJiIKeHHS] BHOPAAKYBAHHA B MNOTPIHMX TBepAUX PO3UMHAX
3amimennss 3 'K kpucraniyboro pemitkor tunmy AB; 3 10MilIko0 Tperboro kommnoHenty C.
ITapameTpn Kkopeasuii cnjiaBy, 10 BHOPAAKOBY€TbCS, PO3PAaX0BaHi 3 yMOBH MiHiMyMYy BiJIbHOI eHeprii
B paMKax KBa3ixiMiuHoro Ha0/uzkeHHs1 0e3 BpaxyBaHHs B3aeMozii Maxay napamu atomis C-C. AHaji3
3aJ1eKHOCTI mapaMeTpiB kopeJsinii BiI ckiany cnjiaBy, TeMIEepaTypH, CTyleHs AAJeKOro Nopsiaky i
eHepreTHYHUX NapamMeTpiB NMPOBeJeHO YHCeJIbLHUMH MeTofamMu. OTpuMaHi TeMnepaTypHi 3aJle;KHOCTI
napameTpiB kopesuii 6inapHoro I'lIK cninaBy AB; npu pi3HMX 3HAYeHHSAX KOHUEHTpauiii aTomis.
Iloka3zaHo, 10 3HAYEHHS apaMeTPiB KopeJsAlil 3MEeHIIYIOThCA i3 301/IbLIIEHHAM TeMIepaTypH CILIaBy,
3MeHIIEHHSIM eHEePreTHYHUX mNapaMeTpiB i 30inbmenHsiM koHuentpaunii gomimku C. 30LIbLIEeHHS
CTyIEeHs JAJIEKOr0 NOPS/IKY CHIPUYMHSAE 3MEHIIeHHs1 napaMeTpiB kopeasuii. IlokazaHo, mo y Bunagky
MaJIMX KOHIeHTpaniii aromi C IpH J0C/IiIZKeHUX 3HAYCHHAX eHEPreTHYHUX NapaMeTpiB TeHJeHIisd 10
BIIOPSI/IKOBAHOI'0 PO3MIllICHHs1 aTOMIB 110 By3J/IaX KPUCTAJIIYHOI pelliTKU cn1aBy 30epiraerncs.

Kurouosi cioBa: craB AB; T'LIK crpykrypu 3 gominikoro C, mapamerpu Kopesusiiii, TeMiepaTypHa
3aJIeXKHICTb.

IlpoBeaeHo TeopeTHyeckoe HCC/Ie0BAHHE YINOPSIIOYEHHS] B TPOIHHBIX TBepPABIX PacTBOpax
3amemtenus ¢ 'K kpucramiunyeckoii pemerkoii Tuna AB; ¢ nmpuMechbl0 TpeTbero kommonenra C.
IMapameTpsl KoppeJsIUU YNOPSA0YHBAIONIErocs CILIABA PACCYUTAHBI M3 YCJOBHA MHHHMYyMa
cBO0OJHOIl 3JHepIruM B paMKax KBa3HXHMHM4YECKOro NpuOIm:keHus 0e3 yuyera B3aHMOJACHCTBUA MEXKIY
napamu  aromoB C-C. AHanu3 3aBHCHMOCTH IapaMeTPOB KOpPpeJsilMM OT COCTaBa CILIABA,
TeMIepaTyphbl, CTeNeHHU JAJTbHEero IOpsAaKa M HepreTHYecKHX HapaMeTPOB NpPOBeleH YHCICeHHBIMH
Merogamu. IlonyuyeHbl TeMmepaTypHble 3aBHCHMOCTH NapaMeTpoB koppeasuuu OmHapHoro I'ITK
ciaBa AB; npH pa3sIMYHBIX 3HAYEHHAX KOHIeHTpaunuii atomoB. IlokazaHo, 4YTO 3HaYeHHs
NMapaMeTPOB KOPPeIsliMM YMEHBINAIOTCS ¢ YBeJIHYeHHeM TeMIlepaTypbl CILUIaBa, YMeHbIICHHeM
JHepreTHYeCKHX MNapaMeTPOB U YBeJWYeHHeM KoOHUeHTpauuu mnpumecn C. YBejln4yeHHe cTerneHH
JaJbHero Mopsiika NMPHBOAMT K YMeHbLIEHHIO MapamMeTpoB koppensuun. IlokasaHo, 4To B ciyuae
MaJbIX KOHUeHTpamuii atoMoB C NpH HCCIEJOBAHHBIX 3HAYCHUAX JHEPreTHYECKUX NApaMeTpoB
CTPpeMJICHHE ATOMOB K YHNOPSII0YeHHOMY Pa3MeIleHHIO 110 Y3J1aM KPHCTAJJIHYeCKOil pelleTKH CIIaBa
coxpaHsieTcs.

KioueBble ciaoBa: cmaB AB; T'LK crpykryper ¢ mpumecsio C, mapamMeTpbl KOppessluy,
TeMIepaTypHasi 3aBUCUMOCTb.
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1. Introduction

Creation of new materials for the development of modern energy systems of special
purposei involves the widespread use of "metal - hydrogen" stuctures.

Simple electronic structure, low weight and dimensions form the uniqueness of the
systems "metal-hydrogen" both as for the theoretical study of a number of problems in
solid state physics (diffusion, atomic transport during phase transitions,
superconductivity, change of magnetic properties), and for applications, such as transition
metal hydride storage systems and hydrogen storage for the power supply battery
electrodes and similar systems [1-3].

It is well known that different physical properties of alloys significantly affect the
appearance of the atomic order [4, 5]. On the basis of experimental evidence the authors
of [6, 7] argue that some physical parameters of the alloys are due to the possibility of
placing hydrogen atoms onto lattice sites also.

Short-range ordering in body-centred cubic (bcc) and hexagonal close-packed (hcp)
crystal lattices in ternary alloys was studied in [6-9]. Effect of substitutional impurities on
the short-range order in alloys with face-centred cubic (fcc) lattice has not been
investigated with the quasichemical method yet.

The subject of interest of the present paper is the theoretical research of the ordering
process and calculation of the correlation parameters in ternary substitutional solid
solutions AB; with fcc lattice type doped by a third component C, which can be hydrogen
atoms.

2. Theory. Correlation parameters

Let us consider an ordered AB; alloy doped with a third component C. We assume
that the geometrically perfect crystal lattice of the alloy contains N = 8N, (2N, — number
of unit cells) units; NV = 2N, of them are nodes of the first type and N* = 6N, are nodes
of the second type. Nodes of the first type, "legitimate" for the atoms of type A, are
located at the vertices of the cubic cells, and nodes of the second type, "legitimate" for the
atoms of type B — in the centres of their faces. Atoms of the third component C may be
located at nodes of both types. Pair interaction of atoms is central and considered to be in
the first coordination sphere.

Calculations will be carried out within the framework of the quasi-chemical
approximation [5, 10, 11], except for a couple of neighbouring atoms of independent
"molecules". Interaction between pairs of atoms C-C will not be taken into account.

We denote the number of atoms in the alloy grade as N,, N’ — the number of
atoms of type o for node types i, N, é’é) — the number of pairs of atoms of type a, B (o, B =

A, B, C) of the following type of node i, j (i, j = 1, 2). Pof") — the aprior probability of

substitution of atoms o node i, Pofé’ )_ the posterior probability of the location of atoms o,

B in the nearest-neighbour sites i, j, Vo ~ minus the energy of interaction between pairs

of atoms of type a, B.
Short-range order in the arrangement of the atoms can be characterized by
correlation parameters

S(’]) — P(’]) _ POEZ)PB(]) . (1)

ap — “ap
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In a disordered alloy, the correlation parameters ¢ = s%) can be easily expressed

through the short-range order parameters vy, introduced by Cowley [10, 11] and often used
in experimental studies.
Constraint equation for a binary alloy is

g=—yab. ()
Free energy F of the alloy in the configuration approximation is calculated by the
formula
F=E—-kTlnWw 3)

where E - the configuration part of the internal energy of the alloy, W - the number of
different configurations of atoms on the lattice sites, k - Boltzmann constant, T - absolute
temperature.

Taking into account the number of pairs and number of different configurations W in
the quasi-chemical approximation, the expression for the free energy takes the form

F ==24N,| S(BGY + B3P )Woo + X (BEY + BUY +2P5 vy |+
o o=p

) ) 4
+ 24Nk T 2 X PY In P ~22Nok TS (P In P +3P In P)) @
a,pi,j a
a=A4,B;, P=A4,B,C, 1ij=1,2.
From the minimum free energy condition, one can determine the equilibrium values
of the probabilities P(fi) , Pég ), knowledge of which gives us possibility to investigate the
correlation parameters of ordered alloys, depending on its composition, temperature,

degree of long-range order and energy parameters Vo -
Assume that the posterior probabilities Rx(éf ) (0= A, C) and the correlation parameters
el) differ little from the values P, and &,. corresponding to the disordered state of the

alloy, C atoms are randomly distributed over alloy lattice sites and ng =0 [5, 8]. Then for
the ternary alloy A-B-C with an fcc lattice, in which the degree of long-range order is zero,
and the posterior probabilities P, and Pj- in the linear "c" approach in the case of equal

concentrations of 4 atoms a = 0.25 can be determined as follows

-1

1-30)2 +(1+30) )
Pic=c 1+(((1+39))+(:E;”2)J exp(o) (5)
-1
(1+30)2 - (1-0) 1 ©6)
e =9 Sy razanz) S0
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where 0 =exp(®,5/kT), o=(0pc—wyc)/2kT, ®u =2V,g—V4, —Vgg — mixing
energy of atoms of type a, .

In a disordered binary alloy correlation parameters are equal e1? =g —¢
2a°b? (exp4B |

(exp= =D

(7

12
2m 0} ®
a—b) exp—AB 1 4abexp—48 | +(a* +b*)exp—4L +2ab
[( yexpr Pur | T@rben s

The obtained formulas (5-7) allow us to investigate the change of short range order
in the alloy with the addition of a third component of the impurity.

3. Results and discussions

The results of numerical analysis methods concerning the temperature dependence

of the correlation parameters e of binary disordered alloy 4-B at mag= 0.0125 eV and

different values of the concentration of atoms in the alloy show that the correlation
parameters for pairs of atoms AB take positive values, thus demonstrating the 4 and B
atoms tendency to the ordered distribution over the lattice sites of the alloy (Fig. 1).
Increasing the temperature of the alloy reduces the values of the correlation parameters.

g, 107

2 : . : |
500 600 700 800 900 1000 T.,°C

Fig.1. Graphs of the temperature dependence of the correlation

parameters of the disordered fcc binary alloy AB; constructed

by formula (7) with ®,3=0,0125 eV and concentration a, equal
to 0.2, 0.25, 0.3 (curves 1, 2, 3)

The calculations also show that the addition of the impurity C to a disordered alloy

AB; reduces the correlation parameters 8(12),8(22). The parameter ¢ increase slows

disordering which occurs while adding impurity C. For example, for an alloy with the
stoichiometric composition of the 4B;, with (wap/kT) = 1.22 and ¢ = —1.1, the impurity
concentration change from 0 to 0.1 reduces the correlation parameters value from 0.035
to 0.027, and for ¢ = 0.8 the correlation parameters decrease from 0.035 to 0.026.
Characteristically, that in the case of low concentration of C atoms and the indicated

values of the energy parameters (wap/kT) and o, the tendency to the ordered placement of
atoms in the lattice sites of the alloy is maintained.
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Our investigations show that the appearance of long-range order in the alloy has
different effects on the correlation parameters. Increasing the degree of long-range order
reduces the correlation parameters. Correlation parameters decrease with decreasing
energy parameters ¢ and (wap/kT), but increase with the impurity concentration C.

It should be noted that the addition of impurity C decreased correlation values g2

are larger than ¢ . This is apparently due to the fact that C atoms are getting into the

alloy at ¢ <0 and eager to surround themselves with atoms 4, which mainly occupy sites
of the first type. This decreases the number of pairs of 4-B holding units of the first and
the second types and the degree of short range order in the alloy decreases.

Such results are consistent with investigations of soluble component C in the binary
hcp alloy that show the following: the property of impurities to change the physical
parameters of the alloys is largely determined by both the crystal structure and the
presence of long-range ordering as well as by energy parameters of interatomic
interaction [12]. The latter may be such that the impurity atoms C are placed mainly in
the ordered state of the alloy on the nodes of a certain type. In this case, the extremity
may occur in the temperature dependence of occupation probabilities of C atoms from
these positions, the experimental identification which can be used to establish a presence
in the alloy superstructure [5].

4. Conclusions

The investigation of parameter correlations in ternary substitutional solid solutions
with fcc lattice showed that the addition of a third component to the alloy with a low
concentration can significantly affect the degree of short-range order in the arrangement
of atoms of the alloy, and hence lead to changes in its physical properties. The resulting
independent experiments values of the energy parameters of atom interaction in the alloy
may allow using the derived formulas (5-7) to calculate the required amount of a certain
type of impurity needed to produce an alloy with a given degree of near- and long-range
order.

When comparing the calculated and experimental results, they should be considered
as concerning the given composition of the ternary alloy. The development of the theory
of correlation effects for the ternary alloys of any composition is a promising step in the
research field under consideration.

References

1. Chotard, J. N. Hydrogen induced site depopulation in the LaMgNi, hydrogen system
[Text] /J. N. Chotard, D. Sheptyakov, K. Yvon // Z. Kristallogr. — 2008. — V. 223. — P.690 — 696.

2. Denys, R. V. New Mg-M-Ni (M = Mn, Ti, Al) alloys as efficient hydrogen storage
materials [Text] / R. V. Denys, I. Yu. Zavaliy et al. / Hydrogen materials science and chemistry of
carbon nanomaterials. — 2007. — P. 332 — 335.

3. Denis, R. V. Struktura i vodorodosorbtsionnyye svoystva novykh soyedineniy i splavov
na osnove magniya [Text] / R. V. Denis, V. V. Berezovets, I. V. Koval'chuk i dr. / Vodorodnoye
materialovedeniye i khimiya uglerodnykh nanomaterialov. — K., 2009. — P. 40 — 43/

4. Smirnov, A. A. Molekulyarno-kineticheskaya teoriya metallov [Text] / A. A. Smirnov —
M., 1966. — 488 p.

5. Matysina, Z. A. Rastvorimost' primesey v metallakh, splavakh, intermetallidakh,
fulleritakh [Text] / Z. A. Matysina, S. Yu. Zaginaychenko, D. V. Shchur. — D., 2006. — 514 p.

6. Masharov, S. I. Korrelyatsionnyye effekty i pogloshcheniye gazov binarnymi
uporyadochivayushchimisya splavami [Text] / S. I. Masharov, N. M. Rybalko // Izv. vuzov.
Fizika. — 1979. —No. 2. - P. 75 - 81.

103



Z. A. Matysina, D. A. Zarits'kyy

7. Masharov, S. I. Korrelyatsionnyye effekty v uporyadochenii troynykh splavov [Text] / S.
I. Masharov, A. I. Rybalko. / FMM. — 1979. — Vol. 47, No. 4. — P. 702 — 710.

8. Matysina, Z. A. Molekulyarno-kineticheskaya teoriya uporyadochivayushchikhsya
tverdykh rastvorov [Text] / Z. A. Matysina. — D., 1978. — 119 p.

9. Matysina, Z. A. Atomnyy poryadok i svoystva splavov [Text] / Z. A. Matysina. — D.,
1981.— 112 p.

10. Cowley, J. M. Short— and long-range parameters in disorder solid solutions [Text] / J. M.
Cowley // Phys. Rev. — 1960. — Vol. 120, No. 5. — P. 1648 — 1657.

11. Cowley, J. M. Short-range and long-range order parameters [Text] / J. M. Cowley // Phys.
Rev. — 1965. — Vol. 138, No. 5. — P. 1384 — 1389.

12. Matysina, Z. A. The solubility of substitutional impurity [Text] / Z. A. Matysina // Phys.
Met. Metallograph. — 1992. — Vol. 74, No. 4. — P. 322 — 327.

Received 15.03.2014.

104



	p_1-2_V2014
	p_3-4_V2014
	p_5-12_V2014_Gulov
	p_13-17_V2014_Ivanov
	p_18-25_V2014_Galdina
	p_26-33_V2014_Gorev
	p_34-41_V2014_Sokolovsky
	p_42-49_V2014_Orlovsky
	p_50-57_V2014_Turinov_pr1
	p_58-62_V2014_Gladush
	References

	p_63-67_V2014_Bibikova
	p_68-72_V2014_Volnyanskaya
	p_73-80_V2014_Bochkova
	p_81-86_V2014_Spichak
	5. Aliev, A. Thermal conductivity of opal filled with a LiIO3 ionic conductor [Text] / A. Aliev, N. Akhmedzhanova, V. Krivorotov, I. Kholmanov, A. Fridman //Phys. of the Solid State.– 2003.– V.45, No. 1. – P.61-68. 

	p_87-94_V2014_Syetov
	p_95-98_V2014_Susla
	p_99-104_V2014_Matysina
	p_105-111_V2014_Bashev
	p_112-116_V2014_Sukhova
	p_117-122_V2014_Kushnerov
	p_123-128_V2014_Prokhoda
	p_129-132_V2014_Fedorenkova
	p_133-138_V2014_Bulanyi
	p_139-148_V2014_Kaliberda
	p_149-156_V2014_Lyasota
	p_157-160_V2014_Contents



