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Simulation of the magnetic sourronding distribution in diluted A 55.95B43 75 alloys,
for different long range order parameter, and its effect on the magnetic properties

W.R. Aguirre-Contreras, F. Reyes-Gomez, and G.&eR Al@zar
Departamento deBica, Universidad del Valle, A.A. 25360, Cali, Colombia.
e-mail: wracwrac@gmail.com

Recibido el 25 de junio de 2010; aceptado el 28 de marzo de 2011

Ordered and disorderedsf25B43.75 samples were computationally simulated in a BCC phase, where (A) are magnetic atoms and (B)
are nonmagnetic atoms. We obtained the probability distribution of the number of first magnetic neighbors for different long-range order
parameters, and simulating in this way the possible hyperfine field distribution of the system. It was found that the average number of near
nearest magnetic neighbors decreases quadratically with the long-range order parameter. By ughigithg model and the Monte Carlo

method with Metropolis dynamics, the magnetic behavior of the alloy was simulated as a function of dimensionless teripemdtofe

the long-range order parameter. It was obtained a para-ferro phase transition when the average number of magnetic bonds per atom excee
the value2.37 (bonds/atom); besides the behavior of the mean hyperfine field,fer0, as a function of the number of mean near nearest
neighbors was determined in the lightiof2 Ising model.

Keywords: Magnetism; binary alloy; long range order parameter; hyperfine field mean; Monte Carlo.

Se simularon computacionalmente muestras AB4s3.75 en fase BCC, ordenada y desordenada, compuesta@qnos magéticos (A) y
diluidores (B). Se obtuvo la distribum de probabilidad delirmero de primeros vecinos magitos para diferentes ganetros de orden de
largo alcance, simulandoida posible distribudin de campo hiperfino del sistema. Se endpgtre el fimero medio de primeros vecinos
magréticos disminuye cuaédticamente con el pametro de orden de largo alcance. Utilizando el modelo de Isig el método de Monte
Carlo con dimica de Metropolis, se simukl comportamiento ma@tico de la aleadin como funaddn de la temperatura adimensiofiaf

el paametro de orden largo alcance, obteniendo una tramsiz fase para-ferro cuando el numero medio de enlacesatigmnporatomo
supera el valo?2.37 (enlacesitomo); asimismo se plantea un posible comportamiento del campo hiperfino medib;-paracomo funcon
del nimero medio de primeros vecinos a la luz del modelo de Iji2g

Descriptores: Magnetismo; aleadn binaria; paimetro de orden de largo alcance; campo hiperfino medio; Monte Carlo.

PACS: 05.10.Ln; 75.30.Et; 75.30.Cr; 75.30.Kz; 75.60.Ej

1. Introduction ordered phase BCC DQwith S = 1 (Fig. 2a) up to a total
disordered system with = 0 (Fig. 2b).

The binary alloys composed by magnetic and diluter atoms

has been studied because their wide variety of magnetic anc L ' ' '

structural properties. The experimental studies shows that in s S

this type of alloys (4B:_,, A: magnetic and B: diluter) the 34 T Para

structural properties depend on the concentration of magnetic %

atoms and the thermal treatment, as an example, in BCC 0 “m

phase is possible to obtain A2, QOB2 y B32 [1]ordering - '

types. In addition, the role played be the atomic sustitutional 2

disorder in the critical behavior of the system has been the L]

subject of a considerable amount of work from the theoret- ]

ical [2—-4] and experimental points of view [5-7]. One of Fe o 'g

the most employed experimental technique is the Mossbauer :

Spectrometry [5]. 14 .
In previous works, [4-8] the disordering effect on sam- ;

ples of the BCC phase, heterostructures [4] and; [BDhas

been simulated, founding that the disorder induce a phase

transition from a paramagnetic state to a ferromagnetic state. 0 R

In Fig. 1, we depict the phase diagram for a system wit DO 0.0 0.2 0.4 0.6 0.8 1.0

ordering type. S

In the pregent \{vork, we have performed a detailed study-jgure 1. Phase diagram of thesf.»5Bas.75 System. Dimension-
of the magnetic neighborhoods of the systegg #&B.s.7s 8S  less temperatur@as a function of the long-rang order parameter S.
the long-range order parameter decreases, from a perfectly
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3. Results and discussion

To study the effect of the variation in the long-range order
parameter with the distribution of neighborhoods, it was ini-
tiate with a perfectly ordered DGsample (Fig. 2a) with size
LxLXL (L = 100 lattice parameters). The calculations were
! performed by using the algorithm of Aguiret al., which
- ) ¢ — (O has been modified in order to calculate the long-range order
a)  AsgosBas 75 Ordered. b)  Ase25Baszs Disordered parameter and introducing a counter of the magnetic neigh-
bours. In this way it was obtained the probability distribution
FIGURE 2. (a) Ordered (D@) and (b) disordered (& lattices of ~ Of the magnetic neighbours as a function of the order parame-
a binary alloy with a concentration of 56.25% of magnetic atoms ter of the sample. In order to improve the statistical reliability,
(dark spheres) and 43.75% of diluter atoms (white spheres). we have considered ten diferent samples for each valise of
In Fig. 3, it can be seen some hystograms corresponding
. to the probability of the 9 types of neighbors for ten different
2. Theoretical framework order parameters. This probability distribution determine the
possible behavior of the hyperfine field distribution within

In order to obtain the thermodynamic properties of theihe sample [5,6]. The hyperfine field is determined, in first
As6.25B43.75 alloy, using the Ising (1/2) model with inter- approximation, by:

actions between first neighbors jnn¢,, the Hamiltonian for the

e ¥

system without external applied magnetic field, is given by: Hpjsy = Hosy +naHpn g, (6)
H—_J Z - (1) where H, corresponds to a mean field locally present in the
= sample around the Mossbauer atom @hg, corresponds to

the mean magnetic field exerted by a neighbor on the Moss-

wheres = +1 for magnetic atoms (A) ana=0 for diluters ~ bauer atom and depend on the valueof
atoms (B).J > 0is the exchange energy betweenittie and

j-th spins. For a BCC lattice, the Hamiltonian of Eq. 1 can e o s o i
be rewrited as: R i iy
0.50 [nJ]=1.77 [n,]=3.
J Na 8 J Na na 0.25
H:_gzaizaij:_gzzoiaiﬁ ) 0.004-
i=i  j=1 i=i j=1 1.00
075 S =095 S =0.51
wheres runs through the magnetic atomssNand j runs 0.50 [n,]=2.11 [n,]=3.77
through the neighboring magnetic, i-th spin. Considering 025
the 9 neighborhood types (&0, 1, ... 8), the Hamiltonian 0.00 LB
becomes: il
a 075 S =0.90 S =0.31
8 Nua na =) =230 = =
J £ 050 n,] [n]=4.24 z
H = —3 Z Zzaiaij; 3) 8 025 ’ =
na=0 i=1 j=1 2 000{+t H o [
& 100
where N, is the number of atoms A witlh4 magnetic 0.75 S =085 S =0.15
neighbors A. As we havd > 0, then asf — 0 the prod- 0.50 [n,J]=2.11
uct between neighbor spins tends to 1 025
0.00+=
J 8 Nnpa na J 8 1.00
Hpo=—-5 Y 1=-2%" Ny,na (4 0.75 S =0.00
2 — £ 2 3
na=0 i=1 j=1 na=0 0.50 [nv] =450
IN 8 JIN 0.25
77714 77714 0.00,‘4‘3:‘3?""1,,‘ TS ki, ‘,"":3‘ . S
Ho—o = 2 ZOP"A'”A* 2[”A]’ ®) 012345678012345¢678
naA=

Magnetic next neighbors

WhereP"A_'S the pro'_“ab"'ty thatan Qtom A has, magnetic FIGURE 3. Number of bonds probability distributions vs. mag-
atoms as its first neighbors, and.] is the average number peic neighbors number, for different order parameters for the alloy
of magnetic neighbours of an atom. Therefore, the energy oA ,.B,; 5. Bars represent the different types of neighborhoods
the system is determined by means of the statistical distribuand the curves are a visual guide for the shape of the hyperfine field
tion of the magnetic neighborse. by P, 4. distribution.
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In Fig. 3 we show the distributions corresponding to large —

(right column) and small (left column) values of the order pa- 45- i
rameter.

When the sample is perfectly ordered (Fig. 3 with= 1,
corresponding to Fig. 2a) the only probably sites are those 4.0 7
of atoms that have one or eight magnetic neighbors. These
two sites are paramagnetic sites (see Fig. 1), because they d 3.5. i

not show long-range magnetic correlations. As the sample is
disordered the atoms are redistributed and begin to presen __
different types of paramagnetic sites (Fig. 8, = 0.95 =% 3.0 -
and S = 0.90), but the redistribution of atoms is not suf-

ficient to establish long-range correlations. On the other
hand, one can see from Fig. 3 that as the order paramete
decreases likelihood of new types of neighborhoods are prob- 1
able (Fig. 3S < 0.85) and begin to appear magnetic perco- 204 i
lation paths within the sample as can be seen in the phase
diagram (Fig. 1). Samples present ferromagnetic behavior

[

2.5 -

and the distributions of neighborhoods can be assumed as th 15 — T T T

hyperfine field distributions (continuous curves in Fig. 3). It g0 02 D4 06 08 10

is observed how the decrease of the order parameter modi S

fies the original bimodal distribution until a perfect binomial

distribution (Fig. 35 = 0.0). FIGURE 4. Change of the average number of magnetic bonds as a

Using the probability distributions from Fig. 3 we obtain function of S. The squares correspond to the results obtained in the
the average number of magnetic neighborg][as function  Simulation and the continuous line to the Eq. (7).
of the order parameter within the sample. As it can see from

Fig. 4, [na] shows a cuadratic dependence with S as follow 3.3 T T T T T - |
3.0' ., .’. -
[na) =nao+C - 52, (7) 27] L |
,4] Para - ]
where ry, is the average number of bounds for S=0, and may By e ’
be obtained by the following expression: 2.11 e Ferro 1
® 18 s _
sl ¢ 15] E
— : k 8-k, __ _ Rok E
Nao = Z ml) q k=8p=4.5, (8) ] [}
k=0 1.2 :\ i
with p=0.5625. The average number of bounds for S=1 is - s i ] .=2.3714 ]
obtained from 0.6 : -
0.3 ; i
(4] . 50% 48 6.25% 1 ©) ; 0. '
A S=1 = = = '-'-_ T T T T
56:25% ~ 56:25% p 20 25 30 35 40 45
Equation (7) may be reduced to: [nA]
[na] = 8p (1 _ 52) +p_152. (10) FIGURE 5. Effect of average number of magnetic bonds per atom

on the dimensionless critical temperature of the allgy #B4s.75.

From Figs. 1 to 4, we may conclude that the critical adi- From Fig. 6 we notice that the specific magnetization in-
mensional temperature increases with the avegare number ofeases with the average number of bounds, which is consis-
magnetic bounds per atom. Fig. 5 shows that the minimuntent with the increases of the hyperfine field as determined by
average number of magnetic bonds per atom, it is to have thie Eq. (6). For higher values of S, an increase of the average
sample for the existence of phase transition, or equivalentlpound numbers induces an increasing of the spins in the per-
magnetic percolation paths must be equal to 2.370.008 colation routes. This may be observed from Fig. 3, in which
per atom magnetic neighbors. it can be noted a decreasing of the probability for atoms with

Rev. Mex. Fis. 58 (2) (2012) 233236
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2
1.0 0.8 0.6 S 04 0.2 0.0
1 1 1 1 1 ]

0.01 T T T T T
2.0 25 3.0 3.5 4.0 45

[n,]

FIGURE 6. Simulated specific magnetization vs. average number

its growth rate and begins a process of stabilization to the
value 0.5625 and consequently a hyperfine field stabilization
mean.

4. Conclusions

We have simulated the probability distributions for the neihg-
borhoods of magnetic atoms in the&5B43.75 System ob-
taining a distribution for the hyperfine mean field as a func-
tion of the long-range order parameter.

We have found that the average number of first neighbors
is related quadratically with the long-range order parameter
by means of the Eq. (10).

Finally, the system presents a phase transition when the
average number of magnetic bonds per atom is 2:87008.

of bonds, and of the parameter of magnetic long-range order vs, the

possible behavior of the hyperfine mean field.
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