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Abstract. We study the structure, phase behaviour and growth laws in Ising ferromagnets and binary mixtures with bond
disorder introduced at regularly selected sites for a critical quench. The results presented here are from extensive Monte Carlo
simulations on two-dimensional Ising systems. Domain growth in a ferromagnet is modelled by using nonconserved spinflip (Glauber) kinetics, and phase separation in a binary (AB) mixture is modelled by conserved spin-exchange (Kawasaki)
kinetics. In both cases, we observed that the domain growth law is consistent with the respective power-law growth with the
variable growth exponent that depends on the number of disordered sites. The nonconserved Ising system follows dynamical
scaling for all the number of disordered sites studied here; however, a small deviation is noticed for r → 0 at a large number
of disordered sites. Whereas, for the conserved case, dynamical scaling deviates from the master curve after a reasonable
number of disordered lattice sites; we notice the formation of lamellar evolution morphology at a higher number of disordered
sites at later times.
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1. Introduction
A binary (AB) mixture remains homogeneous (disordered) at
high temperatures (T  Tc ) due to large entropic contribution
as per the thermodynamic relationship: F = E − T S; here F
is the Helmholtz free energy, E is the total energy, T is the temperature and S represents entropy [1,2]. The system becomes
thermodynamically unstable due to small amplitude, longwavelength instability introduced when rapidly quenched
below the critical temperature (i.e., inside the coexistence
curve; T  Tc ) [2]. The small inhomogeneities that appear in
this far-from-equilibrium system evolve with time and form
domains of either component. Here, Tc represents the critical
temperature at which the system under consideration changes
its physical behaviour (e.g., paramagnetic to ferromagnetic
state, order–disorder transition in the binary mixture and so
on).
In general, to quantify the evolving morphologies, we
compute two important and experimentally relevant physical
quantities: (a) the domain growth law (characteristic domain
size grows with time: R(t) ∼ t φ ) and (b) the correlation function, C(
r , t) (measures the time-dependent correlation of a
spin with other spins) or its Fourier transform, the structure
 t); k represents the wave vector. The characfactor, S(k,
teristic domain size depends on general properties of the
system, e.g., the nature of conservation laws governing the
domain evolution, the presence of hydrodynamic velocity
fields and the presence of quenched or annealed disorder
[1–6].
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The phase-ordering kinetics is well understood, particularly, for pure and isotropic systems where domain scale
shows a power-law behaviour, R(t) ∼ t φ ; φ is referred to
as the growth exponent [7–10]. For nonconserved spin-flip
(Glauber) kinetics, which models domain evolution in ferromagnets into up and down phases [11], domain growth is
determined purely by the reduction of local curvature [2].
The domain wall velocity, d Ṙ(t) ∼ K , and the curvature,
K ∼ (d − 1)/R(t), where d represents system dimensionality. The corresponding growth law: R(t) ∼t 1/2 is known as
the Lifshitz–Cahn–Allen (LCA) law with the growth exponent φ = 1/2 [1,2]. For conserved spin-exchange (Kawasaki)
kinetics which models diffusion-driven phase separation of
a AB mixture into A- and B-rich phases, the rate of domain
2

evolution (interface velocity) scales as Ṙ(t) ∼|∇μ|∼σ/R(t)
giving R(t) ∼ t 1/3 , which is known as the Lifshitz–Slyozov
(LS) growth law with the growth exponent φ = 1/3; σ is
the interfacial tension between A and B phases [1,2]. If a
model system has the hydrodynamic effects included (e.g.,
segregation of a binary fluid), various growth regimes appear
depending on the dimensionality and other system parameters
[12–15].
In general, the experimental systems always endure some
amount of impurities (annealed or quenched) within the system. There are a few vital sets of analytical and numerical
studies being conducted on Ising systems with quenched disorder [16–25]. The disorder was introduced either by the
random-bond Ising model (RBIM) [19,25,26] or by a sitedependent random-field Ising model (RFIM) [27,28]. In the
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nonconserved RBIM, disordered sites were assumed to act
as traps for domain boundaries. The energy barrier is considered to follow power-law dependence on the domain size [16].
Subsequently, it was observed that the power-law growth of
the domain evolution changes over to a logarithmic growth
R(t) ∼ (ln t)φ [26]. Several numerical [17,20–24,29] and
experimental [30–32] studies have been conducted to test the
above proposal. However, no definite confirmation of logarithmic growth in the asymptotic regime has been observed
to date.
Extensive Monte Carlo (MC) simulations of the RBIM
were performed later for both the Glauber (nonconserved)
and Kawasaki (conserved) kinetics. The energy barrier for
trapping domain boundaries, in this case, was proposed to
follow logarithmic dependence on the domain size rather
than a power law [25,26]. In contrast, the average powerlaw domain growth was observed where the growth exponent
depends on temperature and disorder. This observation was
similar to the one observed in the experiments on domain
growth in disordered systems [30–32]. At early times, due to
the small average domain size, the energy barrier would also
be negligible, and therefore, the system evolved like a pure
system. However, due to a larger length scale at later times,
the disorder traps became effective, and the domain evolved
further by thermal activation over the corresponding energy
barrier. Thus, the domain growth in disordered systems at
later times (asymptotic) is mainly driven by the thermal fluctuations present in the system, which is in contrast to the pure
case where thermal fluctuations are irrelevant [25,26].
In the above cases, quench disorder was introduced at all
the lattice sites by uniformly varying the exchange interaction
strength of spins between zero and one. Besides, we recently
conducted MC simulation studies with quenched disorder
using conserved spin-exchange kinetics where bond disorder was introduced in two different ways: (a) at randomly and
(b) at regularly selected lattice sites [33]. The strength of the
spin–spin exchange interaction was set to zero at the selected
sites, and the rest of the sites have values equal to one. The
characteristic length scale illustrated a normal power-law (LS)
growth where the growth exponent depends on the number of
disordered sites in the system [33].
In this paper, we show additional results for a comparative study of phase-coarsening dynamics with bond disorder
introduced at regularly selected lattice sites in two different
classes of physical systems: (a) ferromagnets modelled by
nonconserved spin-flip kinetics and (b) a binary (AB) mixture
modelled by conserved spin-exchange kinetics. By varying
the number of disordered sites, we discuss the effect on the
domain growth law and the dynamical scaling. Here, the presented results, in conjunction with those in our previous paper
[33], constitute an understanding of domain growth in a system with the bond disorder. We aim to acquire a conceptual
understanding of disordered systems where theoretical calculations are challenging at present. This paper is organized as
follows. In section 2, we describe the methodology we used
to simulate the system. In section 3, we present the results

Bull. Mater. Sci.

(2020) 43:185

and discuss both the cases of introducing disorder. Finally, in
section 4, the paper is concluded with our results.
2. Modelling and numerical details
To study the effect of the bond disorder introduced regularly
in phase-ordering systems, we chose to employ MC simulations on a two-dimensional Ising model with Hamiltonian
described as
H=−


i j

Ji j Si S j −

N
=L 2

h i Si , Si = ±1,

(1)

i=1

where Ji j is the coupling strength between the neighbouring
spins and Si denotes the spin variable at the i th lattice site. We
consider two-state spins (Si = ±1) where Si = +1 denotes
an up spin (A-atom type of binary (AB) mixture) and Si = −1
shows a down spin (B-atom type of binary (AB) mixture) at
a lattice site i. The summation is performed over nearestneighbour pairs (i j ) only. In this simulation, we consider
the field variable h i = 0; however, h i = 0 for the Ji j ≥ 0 case
is known as the RFIM, one of the simplest examples of a
system with quenched disorder.
We considered exchange couplings to be locally ferromagnetic Ji j ≥ 0 in the system. The system, where both Ji j ≥ 0
(ferromagnetic) and Ji j ≤ 0 (antiferromagnetic) exist, belongs
to spin glass. Usually, we set Ji j = 1 to study phase ordering
in two-dimensional pure
√ systems with a critical temperature
kB Tc /Ji j ≈ 2/ ln(1 + 2)(= 2.269) achieved from the exact
Onsager’s result on a square lattice with nearest-neighbour
interaction. The zero exchange coupling strength, Ji j = 0
corresponds to the maximum disorder in the system which is
equivalent to have a system at T  T c where we accept all the
proposed spin exchanges. We introduce the disorder through
the exchange coupling parameter: Ji j = 1 − , where  quantifies the degree of disorder. For simplicity, we consider only
two values of degree of disorder:  = 0 for pure lattice sites
and  = 1 for disordered sites (T  Tc ) that correspond to
impurities in the system.
The spins are placed on a square lattice (L x ×L y = N ) with
periodic boundary conditions in both the x and y directions
where indexes i = 1 · · · L x and j = 1 · · · L y denote the
respective positions of the lattice points. Each spin is assigned
random initial orientations of up (Si = +1) or down (Si =
−1), i.e., the system corresponds to have a critical mixture:
50% up spin (A-atom) and 50% down spin (B-atom). Further,
we select a fraction of sites in a regular manner: for each
i, we trace all the j indexes and in the process, every m th
site is selected to introduce the disorder. Thus, the number
of disordered sites in the system are N1 = N /m where we
set  = 1; the remaining lattice sites are set to  = 0 [33].
We quench the system below the critical temperature for the
evolution to take place. As mentioned earlier, we carry out
MC simulations for both the nonconserved and conserved
kinetics to study the effect of bond disorder at regular lattice
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points on the scaling properties and length scales of both the
systems. These different kinetics correspond to the way we
implement the Metropolis algorithm in MC simulations. We
present results for three different percentages of disorder sites
( = 1) as N1 = 2%N , 5%N and 10%N and compare them
with the pure case (N1 = 0%N ;  = 0).
The Ising model itself does not have any intrinsic dynamics, and therefore, to couple the Ising system with stochastic
dynamics, we place it in contact with a hot bath. As a result,
the dynamical model is referred to as a kinetic Ising model.
We chose spin-flip (Glauber) kinetics, an appropriate model
to study the phase ordering in ferromagnets, where for an
MC move, a randomly selected spin is flipped, Si → −Si . For
phase separation in the binary (AB) mixtures, we implement
the standard Kawasaki spin-exchange mechanism, where a
randomly chosen pair of nearest-neighbour spins (opposite in
orientation) is exchanged, Si ↔S j . A move is then accepted
or rejected according to the standard Metropolis algorithm
[1,5,34].
The change in energy that occurs when the spins are flipped
is computed as
∇HG = 2Ji j Si

q


Si  ,

(2)

i

where q denotes the number of nearest neighbours of site
i. However, the change in energy resulting from the spinexchange is computed as
⎡
⎤
q
q

 

Jii  Si  −
J j j S j ⎦ .
(3)
∇HK = Si − S j ⎣
i= j

j  =i

The corresponding move is then accepted or rejected with
probability [35]:
P=

exp(−∇H/kB T ) for ∇H ≥ 0,
1
for ∇H ≤ 0,

(4)

where ∇H denotes the energy change depicted in equations
(2 and 3); T is the temperature and kB is the Boltzmann
constant. In a single MC step (MCS), the completion of N
attempted updates is performed, regardless of whether the
move is accepted or rejected. Note that, while performing
this algorithm, if a randomly selected spin belongs to the disordered site, the proposed spin-flip or spin-exchange will be
accepted with probability P = 1.
To characterize the evolution morphology, we compute the
two-point (
r = i − j) equal-time (t = t1 − t2 ) correlation
function:
C(
r , t) =

1 
Si (t)S j (t) − Si (t) S j (t) .
N i

(5)

The Fourier transform of equation (5) yields the structure
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factor:
 t) =
S(k,



exp(i k · r)C(
r , t) .

(6)

r

The correlation function measures the overlap of the spin
configuration at distance r; square bracket represents an average over different initial configurations, and angular brackets
denote a thermal average (average over different noise realizations) and k represents the scattering wave vector.
The structure of a morphology is evident from the higher t) at
order Bragg-reflections in the structure factor S(k,
(2n + 1)km for n = 1, 2, . . ., where km is the magnitude of
the most probable wave vector around which the scattering of
 t) dominates, which leads to a narrow peak. For a finite
S(k,

lattice size (as in our case), only a discrete set of k-vectors

are physically meaningful: k = 2π n/L, n = (n x , n y ) where
0 ≤ n i ≤ L for i = x, y [36,37]. The ordered phase is then
 t), produced by the
identified by the number of peaks in S(k,

periodicity of the morphology for all the k-vectors.
In general,
for an isotropic system, we improve statistics by spherically
averaging the correlation function (denoted by C(r, t)) and
the structure factor (denoted by S(k, t)) where r = |i − j| is
 is the
the separation between two spatial points and k = |k|
magnitude of the wave vector. One can also do the same calculation even for the lamellar (an anisotropic) morphology if
the objective is to probe the periodicity induced in the system;
for example, the structure factor exhibits a distinct shoulder
other than the main peak for the lamellar pattern [7,33].
Typically, the domain evolution is mostly isotropic, and
characterized by a unique length scale R(t). The correlation
function and the structure factor exhibits the dynamical scaling form [1,2]
C(r, t) = g(r/R(t)),
S(k, t) = R(t)d f (k R(t))

(7)
(8)

where g(x) and f( p) are the scaling functions. The characteristic length scale (average domain size), R(t), can be
calculated using the scaling properties of the morphological
functions in equations (5 and 6). In this paper, we calculate
R(t) from the decay of the correlation function, i.e., the distance over which C(r, t) decays to (say) zero or any fraction
of its maximum value [C(r = 0, t) = 1]. We find that the
decay of C(r, t) → 0.1 gives a good measure of R(t) for
both the nonconserved and conserved dynamics. There are a
few different definitions of the length scale, e.g., (a) from the
first moment of structure factor and (b) from the first moment
of the normalized domain-size distribution function. All these
results are found to be equivalent in the scaling regimes, i.e.,
they differ only by constant multiplicative factors [7,38].
3. Results and discussion
We present results for the critical quench of the time evolution of domain morphologies for both the nonconserved
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Figure 1. Evolution snapshots for nonconserved (e.g., ferromagnets) kinetics at t = 1.0×103 MCS, for four different percentages of
disordered sites: (a) 0% (N1 = 0; pure case), (b) 2% (N1 = N /50),
(c) 5% (N1 = N /20) and (d) 10% (N1 = N /10). The numerical
details of the simulations are described in the text.

and conserved dynamics with bond disorder using the MC
simulations approach. We carry out our simulation with a
50:50 random mixture of up and down spins confined to a
square lattice of linear size L = 512. The system is then
quenched from a high-temperature homogeneous phase (random configuration) to a temperature T = 1.0 (T < Tc ) at time
t = 0 (MCS = 0) and then domain evolution is monitored at
various MCSs. In presenting these results, our purpose is first
to analyse the effects of bond disorder on the domain coarsening, and second how the number of disordered sites changes
the characteristic features of the domain morphologies and
scaling behaviour for both the kinetic processes.
3.1 Nonconserved kinetics
In figure 1, we show the evolution morphologies for a nonconserved Ising system at t = 1.0 × 103 MCS for four
different percentages of regular disorder: (a) N1 = 0% (pure
case), (b) N1 = 2%, (c) N1 = 5% and (d) N1 = 10%,
respectively. After quenching homogeneously mixed 50:50
spin states below the critical temperature, the system evolves
via the emergence and growth of domains that are rich in
either up (marked in red) or down (marked in white) spins.
There are two important observations from figure 1. First,
with the increase in disordered sites, thermal noise increases,
and hence domains look fuzzier [7,16]; this is explained by
the fact that at the disordered sites, all the proposed spin-flips
are accepted. Second, domain growth becomes slower for a
higher N1 .
To demonstrate how the evolution morphology depends
on the number of disordered sites, N1 , we plot C(r, t)
vs. scaled distance r/R(t) (the scaling behaviour of the
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Figure 2. Scaling plots of the correlation function: C(r, t) vs.
r/R(t) for the evolution depicted in figure 1, collapses nicely onto a
single curve (denoted by the specified symbol type). The inset shows
a plot of the structure factor: S(k, t) R(t)−2 vs. k R(t) corresponding to the correlation function data sets. The vast k region (tail) of
the structure factor deviates from the Porod’s law, S(k, t) ∼ k −3 for
k → ∞ with N1 . The correlation function and the structure factor
data sets are obtained as an average of over 10 independent runs.

correlation function as expressed in equation (7)), in figure 2,
for the evolutions depicted in figure 1. The curves in figure 2
are for the asymptotic time t = 1.0 × 103 MCS when the
system is already in the scaling regime (see the corresponding evolution snapshots in figure 1). The black curve (star
symbol) denotes the scaled correlation function for the pure
system, plotted as a reference curve. The collapse of the significant part of scaling curves on the reference curve regards
the dynamical scaling of the domain morphologies. Therefore, the system with a different number of disordered sites
considered here belongs to the same dynamical universality
class. In other words, domain morphologies at various N1 are
numerically equivalent to those for the pure case. However,
with an increase in the disorder, a small deviation of the scaling functions is observed at lower r values. The rise in the
disorder makes domain interfaces rough and less distinct, and
hence a slight departure from the scaling. As N1 increases
even further, the disorder begins to resist the cluster formation and ultimately leads to an entirely random system and,
consequently, a complete departure from the scaling.
In the inset of figure 2, we illustrate the logarithmic plot
of the scaled structure factor, S(k, t)R(t)−2 vs. scaled distance k R(t). A reasonably well data collapse with a large
portion of the master function (denoted by the black curve
for a pure system) further confirms the dynamical scaling.
For a pure system, the structure factor tail that corresponds
to smaller domain size (S(k, t) at large k values) depicts
the well-known Porod’s law: S (k, t) ∼ k −3 (see the solid
black line with slope −3) which results from scattering
off sharp interfaces [39,40]. However, as expected, sharp
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Nevertheless, when the domain size becomes comparable
with the system size (i.e., R(t)−1 < 0.02; finite-size effect
appears to set in), domain evolution becomes slower, and
we observed a lower effective growth effect (see the black
curve). In the disordered case, φeff shows slightly lower values due to an increase in the thermal noise. The extrapolation
of these data points leads to φeff ≤ 0.45. Note that one can also
compute the instantaneous growth exponent from an alternate
formula [33]:
φi =

Figure 3. Time dependence of the characteristic length scale for
the evolution shown in figure 1 on the logarithmic scale. The symbol types represent different percentages of disorder sites. The solid
black line shows the expected growth exponent, φ = 1/2, for the
pure binary mixture. The inset shows the variation of effective growth
exponent, φeff , as a function of 1/R(t).

interfaces start to fade with the increase of thermal noise,
and therefore, S(k, t) also deviates from the Porod’s law
as k→∞. Similarly, we also observed the dynamical scaling behaviour of the correlation function and the structure
factor for three different times during the evolution where
a neat data collapse confirms that the system at a fixed N1
belongs to the same dynamical universality class (not shown
here).
Figure 3 displays the time dependence of average domain
size, R(t), for the evolution in a nonconserved Ising system with increasing disorder. Recall that R(t) is calculated
from the decay of C(r, t) to be 0.1 from its maximum value,
C (0, t) = 1. The plot exhibits a prolonged linear regime on
a logarithmic scale, hence confirms the power-law growth for
each number of disordered sites N1 considered in our simulation. The black curve demonstrates the typical LCA growth
law: R(t) ∼ t 1/2 , for a pure system where the growth exponent φ ∼ 1/2 (solid black line). However, the asymptotic
growth exponent noticeably depends on the number of disordered sites, N1 . The growth exponent φ slightly decreases as
the randomness in the system rises with N1 .
There is a contemporary way to extract the asymptotic
growth exponent by computing an effective growth exponent
[16,36,41]:
φeff = logα

R(αt)
R(t)

(9)

where we set the log-base α = 2. The inset shows the corresponding plots of φeff vs. R(t)−1 . Notice that our result
for the pure case is consistent with the LCA-growth law;
effective exponent, φeff → 0.5 for R(t)−1 ∈ (0.02 − 0.06).

d ln R(t)
.
d ln t

(10)

However, the corresponding plots of φeff vs. 1/R(t), and φi
vs. 1/R(t) provide similar results (not shown here), except
that in the latter case data fluctuate around the average value
of the growth exponent. The main reason for fluctuation in
the data obtained by using the formula in equation (10) is the
logarithmic denominator term where the difference (d ln t =
ln t2 − ln t1 ) significantly decreases as time increases.
In general, we find that the nonconserved system with the
disorder at regularly selected sites displays the dynamical
scaling at various lower N1 values considered in our simulation. The system begins to show a small deviation from the
scaling at r → 0 with a higher disorder. The system follows
the expected power-law growth: R(t) ∼ t φ , where the growth
exponent depends upon the number of disordered sites.
3.2 Conserved kinetics
In figure 4, we show the evolution morphologies of a conserved system (binary (AB) mixture) at t = 1.6 × 106 MCS
for various percentages of disordered sites: (a) N1 = 0%
(pure case), (b) N1 = 2% (N /50), (c) N1 = 5% (N /20)
and (d) N1 = 10% (N /10), respectively. After quenching a
critical homogeneous mixture, domains of A-rich (marked in
red) and B-rich (marked in white) phases start growing. It is
clear from figure 4 that for the pure case, we observe usual
bicontinuous domain structures. As the disorder sets in at the
regular lattice sites, we observe the beginning of the formation of stripe patterns, oriented along the disorder direction
(see figure 4b and c). More interestingly, the striped patterns
evolve into a lamellar pattern for N1 = 10% at later times.
Moreover, it is quite possible that even at the lower disorder
percentages (N1 = 2 and 5%), one could observe the formation of a lamellar pattern at much longer times which has
occurred much earlier for N1 = 10%.
Now, to understand the stripe/lamellar formation, let us
recall that we set  = 1 at the impure sites; this implies that the
exchange interaction strength with nearest-neighbour spins,
J = 0 which is equivalent to have a lattice site at sufficiently
high temperature, i.e., T  Tc . As a result, we accept all proposed spin exchanges at these lattice points while a typical
phase separation is also taking place at other lattice points
following equation (4). Thus, the nearest neighbours of the
impure sites seem to be the most promising locations to start
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Figure 4. Snapshots at various percentages of disorder sites N1 :
(a) 0%, (b) 2%, (c) 5% and (d) 10% for the conserved system (AB
mixture) at t = 1.6 × 106 MCS. The disorder is introduced at regularly selected sites. Other numerical details of the simulations are
described in the text.

the Kawasaki dynamics, and therefore, the cluster formation
begins along with the disordered sites first, which eventually
steers the system to illustrate lamellar patterns.
For further justification of the above argument, a few new
sets of experiments are performed on a smaller size system
(N = 256×256), where we consider a different regular disorder pattern (not shown here). For each regular disorder pattern,
the growth of domains initiates in the nearest neighbours of
the disordered site that later formed the stripped/lamellar patterns aligned along the direction of the disordered sites as
displayed in figure 5a–d. Thus, by introducing disorder at
regularly selected lattice sites in a phase-separating binary
mixture, one can tune the typical domain morphology of the
coexisting A and B phases into an ordered stripped/lamellar
pattern.
To appreciate the anisotropy present in the system due to the
evolution of stripes, particularly in figure 4d at N1 = 10%, we
calculate the structure factor, S(k x , k y ), along both the lattice
diagonals, i.e., normal and parallel to the lamellar, as shown
in figure 6. Note that, S(k x , k y ) is not a spherically averaged
quantity, as discussed in figure 2. The structure factor, normal to the stripe, maintains a sharp peak with high amplitude
(red curve), whereas the peak, along the stripe, remains very
weak (blue curve), hence confirms the presence of anisotropy
in the system as we anticipated. This observation becomes
distinct when compared with the structure factor of the pure
case (N1 = 0%). The excellent overlap of both the black and
green curves (open symbols) that portray the diagonal and
cross-diagonal structure factors of a pure system confirms the
presence of structural isotropy. The correlation function and
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Figure 5. Evolution snapshots for the conserved kinetics when the
bond disorder is introduced in various regular manners: (a) diagonal,
(b) vertical, (c) vertical in the lower half region of the lattice and
(d) vertical in both the halves; as if disorder is set at x = i in
the lower half, corresponding disorder in the upper half is set at
x = i + d x of the lattice.

Figure 6. Plot of S(k x , k y ) vs. k along the lattice diagonals for the
lamellar (filled symbols) and pure cases (open symbols).

the structure factor depict dynamical scaling and Porod’s law
at different times for a given N1 , and at various N1 for a given
time; the deviation in the dynamical scaling is observed for
the lamellar morphology (N1 = 10%) when compared with
a lower percentage of disorder; we do not show these results
here.
Finally, we display the time-dependence of the domain size
on a logarithmic scale in figure 7 at various N1 values for the
evolution shown in figure 5. The black curve indicates the
well-known LS growth law (R(t) ∼ t 1/3 ) for the pure case. At
the lower percentages of disorder, the growth law is mostly
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Figure 7. R(t) vs. t in the logarithmic scale and the variation of
effective growth exponent φeff , as a function of 1/R(t) for the evolution shown in figure 4 represented by various symbol types.

consistent with the LS growth law; however, a significant
deviation is observed at N1 = 10%. To clarify it further,
we compute the effective growth exponent φeff and plot φeff
vs. R(t)−1 for various N1 values. The curves at lower percentages of the disorder can be extrapolated to the LS growth
exponent φeff ∼ 0.33 as R(t)−1 →0. We, however, observe a
gradual crossover from φeff ∼0.33 to a higher value at later
times for N1 = 10%. This is because at higher N1 , diffusive dynamics (random motion) at the interfaces where the
average spin displacement is proportional to t 1/2 sets in with
the phase separation dynamics at later times, and hence the
crossover from φeff ∼ 0.33 to 0.5.

4. Conclusion
Using computational modelling (MC simulations), we studied the segregation kinetics in nonconserved (ferromagnets)
and conserved (binary (AB) mixtures) Ising systems with
bond disorder. Specifically, we utilized well-known spin-flip
(Glauber) dynamics to model the nonconserved Ising system and spin-exchange (Kawasaki) dynamics for binary (AB)
mixtures. The bond disorder was introduced in both the systems at regularly selected sites where the coupling strength,
J = 1 −  was set with  = 1 and at remaining sites with
 = 0. We considered the critical composition (i.e., 50:50)
of up (A-type) and down (B-type) spins for several percentages of disordered sites, N1 = 0 (a pure case), 2, 5 and 10%
and explored the characteristic features of the evolution morphologies of phase-ordering systems.
With the disorder integrated into a nonconserved Ising
system at regularly selected sites, the system displayed
dynamical scaling in the correlation function, C(r, t), and
the structure factor, S(k, t), at various N1 values studied here
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at a fixed time step. A slight deviation, however, is observed
at r → 0 (k → ∞) due to the swift roughening of smaller
domain interfaces for increasing bond disorder. The system
followed LCA power-law growth: R(t) ∼ t φ with φ ∼ 1/2 in
the pure system, whereas, for other cases growth exponent,
φ, clearly depended upon the number of disordered sites: φ
decreases with increasing N1 .
Next, for the conserved Ising system, regular disorder led to
stripped/lamellae evolution morphologies. At lower percentages of disorder sites, N1 = 2 and 5%, domain morphologies
were mostly connected short stripes; the system illustrated a
good scaling behaviour at these disordered values. Whereas
at higher disordered sites studied here (N1 = 10%), short
stripes noticed at early stage led to a lamellar morphology at
later times; the system, therefore, did not belong to the same
universality class that was seen at lower values of N1 , hence,
a corresponding crossover is noted in the scaling functions.
We also observed that in the conserved case introduction of
spatial shifts in the appearance of disorder in different layers/lines (see figure 5) leads to a different alignment of the
stripes. The domain growth law was also consistent with the
LS growth law at the lower number of disordered sites on
the time scale of our simulation. A gradual crossover of the
growth exponent from 0.33 to 0.5 is observed at later times due
to the influence of diffusion over phase separation dynamics at
N1 = 10%.
The phase separation dynamics with the disorder have
broad applications to understand numerous physical phenomena such as self-organizing mussel beds, coloured patterns of
bird feathers due to phase-separated nanostructures in ecological systems and so on. Moreover, domain growth in systems
with the disorder has significant technological interest. The
phase separation in multiphase fluid flow, mineral exsolution
and growth and structural transition in biological systems can
also be explained with ease. Finally, our simulation results
provide a framework for the experiments on domain growth
in nonconserved and conserved Ising systems with the disorder. We aim to address d = 3 aspect of the system in the
future, where the comparable experiments have not yet been
performed. Hence, our simulations certainly provide essential
guidelines for future studies.
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