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We present a computational study on the effects of a uniaxial compression with compression ratio %

on the ordering processes via spinodal decomposition (SD), by numerically integrating the time-
dependent Ginzburg-Landau equation. We investigate the pattern growth and two-dimensional structure
factors both after a compression in the intermediate stage SD and after a compression in the late stage
SD. The results indicate that the compression in the intermediate stage SD causes the phase-separated
structure to orient with its interfaces in the direction parallel to the compression axis, and that the
compression in the late stage SD causes the phase-separated structure to orient with its interfaces in the

direction perpendicular to the compression axis.

PACS number(s): 64.60.Cn, 64.70.Ja, 83.80.Es, 47.11.+j

I. INTRODUCTION

The dynamics of phase separation via spinodal decom-
position (SD) of binary mixtures has been one of the ac-
tive research topics of nonequilibrium statistical physics,
and isothermal processes of SD have been studied for
various kinds of binary mixtures [1]. Recently, the effects
of external fields, e.g., stress or flow fields, on the phase
separation via SD have attracted much attention from
both theoretical [2] and experimental [3] viewpoints. The
processes of the phase separation via SD is a nonlinear
phenomenon and hence dynamical evolution of the
phase-separated structure depends on the paths that the
systems take before the execution of the process under
consideration. We may anticipate that a unique path in-
volving an application of an external field forms a unique
phase-separated structure that is not obtained by an iso-
thermal process without external fields.

Hashimoto, Izumitani, and Takenaka [4] reported the
homogenization process of an immiscible mixture of
poly(styrene-ran-butadiene) (SBR) and polybutadiene
(PB) (designated hereafter SBR-PB) by Baker’s transfor-
mation. In Baker’s transformation, the film specimens of
the mixtures are subjected to repeated unaxial compres-
sion. They found that the phase-separated mixture was
brought into the single-phase region near the critical
point by the transformation. The proposed mechanism
of homogenization by the transformation is as follows.
The wavelength of concentration fluctuations parallel to
the compression axis was compressed by the transforma-
tion so that the concentration fluctuations along this axis
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become unstable, resulting in the dissolution of the con-
centration fluctuations.

Hashimoto and Izumitani [S] further extended their
studies to investigate the effects of uniaxial compression
on the kinetics of isothermal SD processes of the SBR-PB
mixture of 60°C. They applied uniaxial compression for
the film specimens of the mixture at a particular stage of
SD and investigated the kinetics and ordering processes
after compression. Figure 1 shows an example of such
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FIG. 1. Time change in peak position g,,(¢) of the scattering
function during the SD processes of SBR-PB. Uniaxial
compression of various compression ratios was imposed on the
mixture during SD, 31 min after phase separation at 60°C.
¥, =1/l are equal to 1 (diamonds), 0.608 (squares), 0.504 (trian-
gles), and 0.310 (circles), where [, and [ are the thickness of the
samples before and after uniaxial compression, respectively.
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studies in which the uniaxial compression of various
compression ratios y, =1/, (I and , respectively, being
the thicknesses of the sample parallel to the compression
axis before and after the compression) was applied 31 min
after onset of phase separation, which corresponds to an
end of the early stage SD of this system [6]. They ob-
served the time change in the scattered intensity as a
function of the magnitude of the scattering vector q in
the direction perpendicular to the compression direction
(g, or g, directions in Fig. 2) before and after compres-
sion by the time-resolved light scattering method. Here
q =|q| is defined by

g =47 /\)sin(0/2) , (1)

with A and 0 being the wavelengths of the incident beam
and the scattering angle in the medium, respectively.

If compression occurs according to an isochronal affine
deformation, the width of the specimen in the directions
perpendicular to the compression direction becomes
1/Vy p times as wide as the original width. Correspond-
ingly, the wavelength of a particular Fourier mode of the
concentration fluctuations in_this direction is also
elongated by a factor of 1/1/y p (see Fig. 2). The rate of
compression used in their studies is much faster than the
growth rate for the dominant mode of the concentration
fluctuations [7], so that the domain growth does not
effectively occur during the compression process. How-
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ever, this rate is much slower than the molecular relaxa-
tion rate, so that the compression does not involve molec-
ular orientation and deformations [6]. The flow induced
by the compression gives rise to deformation of the
phase-separated structure in which molecules are essen-
tially relaxed, unoriented and undeformed. Since the sys-
tem is still thermodynamically unstable, the domains
grow further, even after the application of the compres-
sion, under an initial constraint given by this deforma-
tion.

In Fig. 1, a time evolution of the wave number g,,(?) at
the peak position of the scattered intensity during the SD
processes of SBR-PB is plotted as a function of time ¢
after onset of phase separation and at 60°C. The results
obtained in their study are as follows: before compression
and at 31 min after the onset of SD, the time evolution of
scattered intensity at various g is approximated by
Cahn’s linearized theory [8], i.e., the scattered intensity
at a given g grows exponentially with time and the peak
scattered intensity appears at ¢ defined as
4»,(0)=8X10"3 nm~!. In this time domain the spatially
periodic concentration fluctuation grows in the mixture
in such a way that the wavelength of the dominant
Fourier mode of the fluctuations is essentially kept con-
stant with ¢, equal to 27 /gq,,(0). By applying compres-
sion, the original peak position g,,(0) of the scattered in-
tensity [see pattern (2) in Fig. 2] shifts to g,,(0)}/ Y, in

Qy r/ e
M ©) @

dz dy @
L)Qy L)QX
after compression

(b)

FIG. 2. Schematic illustration of the optical geometry and the change in the scattering pattern caused by uniaxial compression of
the compression ratio y,. Thick arrows marked o and B are the propagation directions of incident beams. x and y axes are defined
as the directions perpendicular to the compression axis and the z axis is defined as the direction parallel to the compression axis. g,
and g, are components of wave vector q in the direction perpendicular to the compression axis and g, is one parallel to the compres-
sion axis. By using beams a and B, respectively, the scattering patterns in the g,¢, plane and in the g,g, plane are obtained. Before
compression (a), the scattering pattern is isotropic as shown in patterns (1) and (2), since the structure is isotropic. After the compres-
sion (b), the structure is elongated to the g, and g, directions by a factor of 1V, 7p so that the scattering pattern in the g,,q, plane
shrinks by a factor of V7, 7 p> as shown in pattern (4). On the other hand, the scattering pattern in the g, g, plane is elongated along the
g, direction by a factor of 1/y, and shrinks along the g, direction by a factor of Vv, ¥ p» as shown in pattern (3), since the structure is
compressed along the compression axis.
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the ¢, g, plane [see pattern (4) in Fig. 2] or, as seen in the
change of g,,(t), from point 4 to B, C, or D in Fig. 1.
After compression, the peak position g,,(t) keeps con-
stant for some time in the curve DE for y,=0.31 in Fig.
1. Then the peak wave number starts to decrease with
time as seen in the curve EF in Fig. 1, in the same
manner as that for the undeformed specimen. The time
domain where the peak position stays constant becomes
longer with decreasing compression ratio y,. While the
peak position stays constant, the scattering intensity
grows exponentially with time [5].

In this paper we study the effects of uniaxial compres-
sion on SD processes, especially on the dynamics and
phase-separated structure, with computer simulation. In
the simulation, we can study without difficulty the
phase-separated structure in the g,q, plane parallel to the
compression axis, the study of which is difficult in experi-
ment and has not actually been carried out in the experi-
ments. Thus, we can anticipate obtaining important in-
formation which is difficult to obtain in experiments.

II. SIMULATION METHOD

We used the time-dependent Ginzburg-Landau
(TDGL) equation [9] to study the dynamics of SD pro-
cesses in A-B binary mixtures, where a binary mixture is
represented by a continuous field. If we define the order
parameter field as (r,t)=p 4(r,t)—pp(r,t), where
p4(r,t) and pg(r,t) are the densities of 4 and B com-
ponents, respectively, at position r and at time ¢, the time
evolution of the order parameter ¥(r,¢) is expressed as

é%itﬁ=LVZ[—szgb(r,t)—m//(r,t)+u{1/;(r,t)]3] ,

()

where L is the transport coefficient, and ¢, u, and D are
positive constants. It should be noted that the thermal
noise effects [10] and the hydrodynamics interaction
effects [11] are neglected in Eq. (2). Adjusting the units
of time, length, and the order parameter, we can set
L=1, c=1, u=1, and D =1 without loss of generality.
The parameters L, ¢, and D are related to those that
characterize the early stage SD, predicted on the basis of
the following linearized time evolution equation. Name-
ly, if we neglect the {(r,?)}3 term, we find the following
linearized equation for the g-Fourier components ,(t) of

P(r,t):

oY, (2)
ot

=Lq2[c—Dq2]¢q(t) . 3)

This equation is valid only in the early stage SD, where
the magnitude of y¥(r,¢) is small. Rearranging Eq. (3), we
obtain the following equation:

oy, (1) 2
Yol b d? 1= L |9, (1), @
ot PP 2qm(0)2 q9
where D, , the mutual diffusion coefficient [6], is given

by
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D Lc (5)
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and g¢,,(0) is the dominant mode of y(r,t) which grows
with a maximum growth rate
172

2D (6)

q,,(0)=

D,,, and g,,(0) become 1 and 1/ V2, respectively, by us-
ing L=1, c=1, and D=1 in this study.

Our simulation was carried out in two-dimensional
(2D) space. In order to study computationally the time
evolution of ¥, we divided the two-dimensional space into
small cells whose size Ar=1 and numerically integrated
Eq. (2) in the discrete space up to ¢ =1000 with a time
step At =0.05 and periodic boundary conditions. The in-
itial condition is set to the field of ¢ having an averaged
value of ¥ equal to zero, () =0, and a standard devia-
tion from the average value 0.2. We ran our simulations
ten times for each set of parameters from different initial
configurations and the results were averaged. In this
study, the uniaxial compression with compression ratio
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FIG. 3. Schematic diagram showing the method of executing
uniaxial compression in computer simulations.
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Yp =+ Wwas simulated as follows on the basis of an affine
deformation on the cell size scale. To apply the uniaxial
compression along the x axis in the xy plane, we de-
formed 256X 64 meshes in x and y axes into 128 X128
meshes as shown in Fig. 3. In the y axis or the elongation
direction, 64 new cells were added between original cells.
The values of each new cell were taken to be the average
of two values of the adjacent cells. For the x axis or the
compression direction, odd number cells were eliminated.
Note that the compression axis taken in the 2D computa-
tional study is different from that taken in the experimen-
tal system shown in Fig. 2.

We employed three experimental conditions: (i) iso-
thermal SD without compression, (ii) isothermal SD and
compression at t=20, and (iii) isothermal SD and
compression at t=500. The time ¢t =20 corresponds to
the intermediate stage SD [6], where the amplitude of 3
has not yet reached its equilibrium value and both the
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wavelength and the amplitude of ¥ grow with time. On
the other hand, the time # =500 corresponds to the late
stage SD [6], where the amplitude of ¥ has reached its
equilibrium value and only the characteristic length of ¢
grows with time. We investigate the structure factor
S(q,t) at time ¢ and at the scattering vector q=(gq,,q, ),
where g, and g, are the components of q parallel and
perpendicular, respectively, to the compression axis. We
obtain S(q,z) by applying fast Fourier transform to
(¥(r)y¥(0)). It is noted that r, ¢, q, and 1 have no units,
since they are reduced variables.

III. RESULTS AND DISCUSSION

A. Isothermal SD process without compression

Figure 4 shows the time change in the phase-separated
structure and the profiles of ¢ along the horizontal lines
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FIG. 4. Time change in the phase-separated structures for the SD processes without compression. The patterns in the left-hand
part of the figure are the snapshot pictures of domain structures developed in the systems. Filled and open cells represent A-rich and
B-rich cells, respectively. The profiles in the right-hand part of the figure indicate the fluctuations of ¥ along the horizontal lines cut-
ting through the centers of the snapshot pictures. The upper and lower limits of the ordinate in the right-hand side of the figure cor-
respond to equilibrium values of .
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cutting through the centers in the phase-separated struc-
ture during a SD process without compression. Figure
4(a) illustrates the time change of the structure in the ear-
ly stage SD. The random distribution of ¥ changes into a
periodic phase-separated structure and the periodic struc-
ture keeps its wavelength constant while the amplitude of
the structure grows with time. In the intermediate stage
SD, the periodic structure coarsens with time and the
amplitude of ¢ increases with time toward the equilibri-
um value as shown in Fig. 4(b). The features of the time
change in the structure in the late stage SD is that the
amplitude of 3 reaches the equilibrium value while the
structure coarsens self-similarly with time as shown in
Fig. 4(c).

Figure 5 presents time change in the circularly aver-
aged structure factor S,.(q,?) at time ¢ and at q. S.(q,t)
is defined by

1 ror
Se(g,1)=— fo S(q,t)dp , 7)

where u is the azimuthal angle of q with respect to the x
axis. In the early stage SD, S.(q,t?) increases and de-
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FIG. 4. (Continued).
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creases with ¢ at ¢ <1 and g >1, respectively. Here
q.=Vc/D =1 is the critical wave number of growth. In
this stage, the time change in the ¥,(¢) follows Eq. (4), so
that S(q,t) is described by

S.(q,t)=S.(q,0)exp[2R(q)t], (8)
where
2
R(q)=D,p,q" 1—-2—qi0—)2 9)

The quantities D,,, and g,,(0) are already defined by Egs.
(5) and (6), respectively. It is noted that g2=2q,,(0)? the
characteristic time ¢, of our system defined by
t, =[Dﬂppqm(0)2 17! is 2. The exponential growth of
S.(g,t) can be seen at ¢t <10. The peak of S.(q,t) first
appears around g =1/ V2 and the peak position does not
change with ¢, as shown in Fig. 5(a), the results of which
are consistent with the results predicted by the linearized
theory. In the intermediate stage and the late stage SD,
however, the peak position then shifts to the smaller g
and the peak intensity increases with time, owing to

S:(q.t)

SAGHY

FIG. 5. Time change in the circularly averaged scattered in-
tensity distribution S.(g,?) during the SD processes without
compression.
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coarsening of the phase-separated structure as shown in
Fig. 5(b).

Figure 6 shows the time change in the first moment of
g, q,(t) in double logarithmic scale. g,(¢) characterizes
the characteristic wave number of the phase-separated
structure at ¢ and is defined by

[ "aS.(q,t)dg
fowSc(q,t)dq )

The slope of this plot tends to approach —1 at a long
time limit that agrees with the previous results in the case
without hydrodynamic interaction [12].

Figure 7 presents the time change in the scaled struc-
ture factor F(x,t) defined by

ql(t)= (10)

F(x,t)=q,(t)’S (x,t), (11)
with
x=q/q,() . (12)

As shown in Fig. 7, F(x,t) at t <40 increases with ¢ due
to an increase of the amplitude of the concentration fluc-
tuations in the system [Fig. 7(a)], while F(x,t) becomes
time independent at ¢ >40 [Fig. 7(b)], where the ampli-
tude of the concentration fluctuations reaches the equilib-
rium value and the S(q,?) can be scaled with the time-
dependent characteristic wave number ¢,(¢). This time
t.. =40 is the crossover time from the intermediate stage
to the late stage. The results indicate that the isothermal
SD process without compression can be divided into the
three stages: (i) the early stage 0<t <10, (ii) the inter-
mediate stage 10<t <40, and (iii) the late stage 40 <¢.
Hence, compression at ¢ =20 and ¢t =500 corresponds to
those in the intermediate stage and in the late stage, re-
spectively.

—&— without comp.

Q

0.1k L L .

10 100 1000
time

FIG. 6. Time change in g, plotted double logarithmically as
a function of time ¢ during the SD processes without compres-
sion.
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FIG. 7. Time change in the scaled structure factor F(x,t)
during the SD processes without compression.

B. Isothermal SD process with a uniaxial
compression at ¢ =20 (intermediate stage)

The left-hand and the right-hand parts in Fig. 8, show
respectively, the time change in the phase-separated
structure and the profile of i along the horizontal lines
cutting through the centers during a SD process before
[part (a)] and after [parts (b) and (c)] compression at
t =20. Before the compression is applied to the system,
the random distribution of ¥ changes into an isotropic
periodic phase-separated structure, as shown in the left-
hand parts in Fig. 8(a). The fluctuation profiles from
t =0-15 indicate that the fluctuations did not reach their
equilibrium values before the compression. The pattern
and the fluctuation profile at t =20 in Fig. 8(b) displays
those just after compression. The compression direction
is horizontal as indicated by the arrow in the figure. The
compression makes the pattern elongated and oriented in
the direction perpendicular to the compression axis, i.e.,
the interfaces of the domains tend to orient parallel to the
y axis. The compression ratio of J applied at the inter-
mediate stage SD (at £t =20) is found to have interesting
effects on further growth of the pattern with time as
shown in Figs. 8(b) and 8(c). Surprisingly, the orientation
direction of the pattern appears to change from the direc-
tion perpendicular to the direction parallel to the
compression axis as time after the compression increases,
i.e., the domains with their interfaces parallel to y axis
disappear and those with their interfaces parallel to the x
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FIG. 8. Time change in the phase-separated structures during the SD processes before (a) and after (b) compression at t =20. The
meaning of the figure is the same as that of Fig. 4. Arrows above the snapshot at # =20 indicate the compression axis.
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axis become influential.

This interesting result is shown more clearly by the
time change in S(q,?) in two dimensions. Figure 9 shows
the time change in S(q,t) after compression, where g,
and g, are the components of q parallel and perpendicu-
lar to the compression direction, respectively. At t =20,
a trajectory q giving rise to a maximum intensity in
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S(q,tz) is elongated in the compression direction,
reflecting the phase-separated structure elongated along
the direction perpendicular to the compression axis. It
should be noted that the peak intensity along the g, and
g, directions has almost the same value just after
compression at t=20. However, S(q,t) around the g,
axis decreases with time during the coarsening after
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FIG. 9. Time change in S(q,¢) plotted as a function of scattering vectors q during SD processes and after compression at ¢ =20,
where g, is a component of q parallel to the compression axis. The left-hand part of the figure is the bird’s view of S(q,#). The
right-hand part of the figure is the density plot of the S(q,?) corresponding to the left-hand part.
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compression, while that around the g, axis increases as
time elapses. At t=100, the main parts of S(q,?) are
biased along the g, axis, so that the scattering pattern ap-
pears to show a two-point pattern oriented along g,.
This indicates that the domains that develop are oriented
with their interfaces parallel to the x axis, i.e., the
compression axis. In the time domain from ¢ =100-1000,
a new peak appears along the x axis, the peak position
shifts toward smaller g, and the peak intensity increases
with time. On the other hand, the peak position along
the y axis changes negligibly with time and only the peak

x108
207

159

S(aY)

1.0

2255

intensity increases with time.

In order to explore the reason why the orientation
direction changes with time during the coarsening pro-
cess after compression, we focus on the time changes in
intensity of the S(q,z) along the g, axis,
S,(q,t)=S(qx,9,=0,t), and along the g, axis,
S,(q,t)=S(g,=0,q,,t). Figure 10 shows the time
change in S,(q,?) before [part (a)] and after [part (b)]
compression. The compression shifts the peak position
from ¢=0.6 to g==1.2 for S,(q,t). The shifted peak
then loses intensity with time at ¢ slightly longer than

FIG. 9. (Continued).
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t=25. The reason for the reduction of S, (g,t) upon
compression is the shift of the g,,(¢) for the dominant
mode of the concentration fluctuations beyond g, so that
the fluctuations for g > g, decay even after the early stage
SD [8].

After the disappearance of the peak of S, (q,?) around
qg=1.2 (see the profile at 1 =20), a new peak appears at
q=0.8 (see the profile at t=25) and the peak shifts to
smaller g while the peak intensity increases with time, as
expected for the usual coarsening process. The behavior
of S,(qg,t) indicates that the ordering processes via SD
restarts and that the fluctuations of the order parameters
grows after the disappearance of the original peak.

On the other hand, as shown in Fig. 11, the compres-
sion shifts the peak position of S,(q,¢) from ¢=0.6 to
g ==0.3, which reflects the fact that the domain structure
is elongated along the y axis. After compression, the
peak position of S,(q,?) is kept constant from =20 to
250, as found in the experiments [5]. Then the peak
shifts toward smaller g while the peak intensity increases
as seen in the profiles obtained from ¢ =250 to 1000. This
result agrees with the experimental result reported by
Hashimoto and Izumitani [5]. The increases of the peak
intensity means that the characteristic length of the

S,(@a.t)

FIG. 10. Time change in S,(q,?) during SD processes before
(a) and after (b) the compression at ¢ =20.
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FIG. 11. Time change in S,(q,t) during SD processes before
(a) and after (b) compression at ¢ =20.

phase-separated structure and the amplitude of the con-
centration fluctuations grow with time.

A comparison between S, (q,?) and S, (q,¢) at ¢ =1000
indicates that the peak intensity of S,(qg,t) is about 5
times larger than that of S,(q,z). This reflects the
compression effect: the concentration fluctuations in the

1
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0.1 i1 )
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FIG. 12. Time changes in gy, g1, and q,, plotted double log-
arithmically as a function of ¢t. ¢, g4, and g, are defined by
Egs. (10), (13), and (14), respectively.
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FIG. 13. Time change in the phase-separated structures during the SD processes before (a) and (b) and after the compression at
t=500. The meaning of the figure is the same as that of Fig. 4. Arrows above the snapshot at ¢t =500 indicates the compression axis.
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compression axis disappear at t =20, while those in the y
direction do not. The compression effect gives rise to a
unique orientation of the domain structure with inter-
faces parallel to the compression axis.

Figure 12 shows the time change in the characteristic
wave number ¢, and g;, parallel and perpendicular to
the compression axis, respectively, in double logarithmic
scale. Here g, and q,, are defined by

quSx(q,t)dq

L) =%
T [ Tsa0dg

(13)

and
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quSy(q,t)dq

g5,(1)=—F%
P [7s (a0

(14)

In Fig. 12, the broken line corresponds to the time
change in g, for the SD process without compression as
already shown in Fig. 6. The characteristic wave number
g1, shifts to the higher g after compression and then the
time change in g, gradually approaches that of the case
without compression. The slope of the plot at a long time
limit is — 1 in agreement with the results [12] without hy-
drodynamic interactions, which indicates that the order-
ing processes via SD restarts after compression. On the
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FIG. 14. Time change in S(q,?) distribution plotted as a function of scattering vectors q during the SD processes after compres-
sion at t =500. The meaning of the figure is the same as that of Fig. 9.
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other hand, g, first shifts to the lower g by compression,
then is kept almost constant with time after compression
from ¢ =30 to =100, and finally the time change in g,
approaches that in g, without compression. The results
are consistent with the experimental one [5]. The relaxa-
tion of the compression effect is due to the nonlinear
effect associated with the term u® in Eq. (2). It is in-
teresting to note the anisotropy in the relaxation process:
the relaxation parallel to the compression axis is much
faster than that perpendicular to it. This anisotropy can
be understood because the modes having higher g have a
stronger thermodynamic driving force for decay than
those having lower g and hence the former relaxes faster
than the latter. A small mismatch among g, g;,, and
g, at the long time limit of our study is within the experi-
mental errors of our computational accuracy.

C. Isothermal SD process with a uniaxial
compression with compression ratio %
at =500 (late stage)

The left- and the right-hand parts of Fig. 13 show the
time change in the phase-separated structure and the
profile of ¥ along the horizontal lines cutting through the
centers in the left-hand parts, respectively, during the SD
process before [part (a)] and after [part (b)] the compres-
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FIG. 15. Time change in S,(q,?) during the SD processes be-
fore (a) and after (b) compression at ¢ =500.
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FIG. 16. Time change in S,(q,?) during the SD processes be-
fore (a) and after (b) compression at ¢ =500.

sion at t=500. Before compression is applied, the ran-
dom distribution of ¥ changes into a periodic phase-
separated structure and the structure coarsens with time
as shown in the patterns from t=0-400. These struc-
tures are isotropic. The fluctuation profiles at ¢t =400 in-
dicate that the amplitudes of concentration fluctuations
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FIG. 17. Time changes in g, ¢,,, and q,, plotted double log-
arithmically as a function of z. g, ¢, and g,, are defined by
Egs. (10), (13), and (14), respectively.
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before compression have already reached their equilibri-
um values, which is different from the case with compres-
sion at t=20. The pattern and the fluctuation profile at
t =500 show those just after compression. The compres-
sion direction is indicated by an arrow in the figure. The
compression makes the pattern elongated and oriented
with interfaces parallel to the y axis, as in the case with
compression at t =20. After compression, the structure
coarsens with time, while keeping the orientation direc-
tion of the interfaces essentially unchanged. Therefore,
the result is very different from the case with the
compression at ¢ =20.

Figure 14 shows the time change in S(q,z) after
compression in two dimensions. The peak intensity in
each direction increases with time, which is different
from the behavior in the case with the compression at
t=20. Figures 15 and 16 show the time changes in
S,(q,t) and S,(q,t) before [part (a)] and after [part (b)]
compression at ¢t =500, respectively. Contrary to the re-
sults for the case with compression at ¢t =20, the reduc-
tion of S, (q,?) after compression does not occur but the
peak position of S, (q,¢) shifts toward larger ¢ while the
peak intensity of S, (g,?) is kept almost constant [see Fig.
15(b)]. The behavior of S,(q,t) after compression at
t=500 [Fig. 16(b)] is similar to that in the case with
compression at =20: the peak position of S,(g,?) keeps
almost constant and the peak intensity of S,(g,t) in-
creases with time. At t=1000, the peak intensity of
S,(g,t) is almost as large as that of S,(g,¢). This indi-
cates that the structure is only elongated and that the
amplitude of the concentration fluctuations is not affected
by compression.

Figure 17 shows time changes in g,, and g,, for the
case with compression at ¢ =500. Here again the broken
line shows the behavior of g, without compression. After
compression, ¢q,, decreases rapidly with time between
t =500 and 800 and then tends to gradually approach the
level of g, without compression. On the other hand, q,,
rapidly increases with time between ¢ =500 and 600 and
then is kept constant with time from ¢z =600 to 1000.

The difference between the pattern developed after
compression at ¢t =20 and that at £ =500 comes from a
difference in the stability of the Fourier modes of the con-
centration fluctuations in the g, axis after compression.
In the case of compression at ¢ =20, the modes will de-
cay, since their g are shifted to the values larger than q,.
On the other hand, in the case of compression at ¢ =500,
the domain structures are well developed, characterized
by a considerably large domain size, equilibrium local
compositions, and well defined interface. Hence, most of
the Fourier modes have their wave numbers smaller than
q., before and after compression. Although they are de-
formed with compression, they do not decay. The con-
centration fluctuations further grow with time after de-
formation to result in the coarsening and the formation
of the unique domain structure.
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IV. CONCLUSION

Effects of uniaxial compression on ordering processes
via SD in binary mixtures were investigated by computer
simulations based on the TDGL equation. The scattered
intensity distribution in two-dimensional space shows
that the compression in the intermediate stage SD causes
the phase-separated structure to be oriented with their in-
terfaces parallel to the compression axis. The origin of
the unique orientation of the domain structure is found to
be attributed to the fact that the most of the g modes of
the concentration fluctuations with their wave vectors
along the compression axis decay after compression, but
the ¢ modes with their wave vectors perpendicular to the
compression axis do not decay, although they are de-
formed into longer wavelengths. Further growth of the
domains continues even after compression in the context
of the TDGL equation subjected to the new initial condi-
tion produced by uniaxial compression. The unique initial
condition results in the unique domain structure. The
reason the decay of the modes occurs is that they have
wave numbers larger than the critical wave number g,
after compression. The decay of the Fourier modes of
the concentration fluctuations induced by compression
can support our proposed homogenization mechanism
brought by Baker’s transformation [4], i.e., a binary mix-
ture containing phase-separated structure can be brought
into a single-phase mixture near the point on the binodal
curve when it is subjected to a repeated uniaxial compres-
sion. Thus the present computational study can give sup-
porting evidence for our hypothesis on the homogeniza-
tion induced by Baker’s transformation. On the other
hand, compression in the late stage SD causes the phase-
separated structure to be oriented in the direction per-
pendicular to the compression axis, because the domain
structures are already well developed and compression in
the late stage SD does not lead to the decay of the modes.
This is because even after compression g, is still smaller
than q.. However, if compression is repeatedly applied to
the system, most of the modes are compressed so that
their wave numbers eventually become greater than ¢,
resulting in the decay discussed above. Hence the mix-
tures should be brought into a single phase, providing a
theoretical interpretation for the homogenization induced
by Baker’s transformation.
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FIG. 14. Time change in S(q,) distribution plotted as a function of scattering vectors q during the SD processes after compres-
sion at t =500. The meaning of the figure is the same as that of Fig. 9.



1.6

><1054
3.0} 0 S 08
2o}
c% 1-022 " Auﬂ Cai .

AW v

0.8 1.6
Ox

1
0.8 16
Qx
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where g, is a component of q parallel to the compression axis. The left-hand part of the figure is the bird’s view of S(q,7). The
right-hand part of the figure is the density plot of the S(q,) corresponding to the left-hand part.
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