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Figure 1.3 : Domain structures imaged with B2 superlattice reflection ]
‘ in 23.0, 24.7 and 24.9 at. % Al alloys, from left to right.
‘ The samples are quenched from 630°C and annealed at 570°C
in the case of 23.0 and 24.7 at. % Al alloys and at. 568°C
in the case of 24.9 at. % Al alloy.
a) as quenched; b) annealed for 15 min. in 23.0 and 24.9
at. % Alﬂzga for 10 min. in 24.7 at. % Al alloy; c) 100
min.; d) 1000 min.; e) 10000 min.. o

(From Oki ’E; ana and Eguchi, Ref. [4].)
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droplets overcoming the nucleation barrier, and determined from n} for the
temperature 7/T,=0.59, is shown in Fig. 6. The straight line is the
prediction from Eq. (3.2.1) where the classical prefactor was used and the
surface tension was taken to be =3.1 (cf. Table 1). For small nucleation
rates (small applied field) the data, however, indicate some curvature and are
probably not just statistical fluctuations or finite size effects. Kehr and
Binder®® interpreted these deviations as being due to the transition from
spherical to cubical droplet shape when the droplet size increases due to a
decreasing field.

Deviation from the expected behavior of the nucleation rate was also
found for the temperature T/T, = 0.86 (cf. Fig. 7). The nucleation rate shows

a curvature and not the expected linear behavior.

-6 A®

107+

-7
10'F .
h-31/h2~"
A
1.4n,e £
10°h . -
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[ ]
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3
10° 5\ -
1 1 1 I Lo
o 1 2 3 4

——» 1/h?

Fig. 6. Nucleation rate plotted logarithmically versus 1/h* for the temperature 7/T, = 0.59.
The solid line is the prediction from the classical nucleation theory with the surface tension
o/ky T taken from series expansions (Ref.22). The crosses give the number #} of critical
nuclei, as found by our simulations. The dots give the observed nucleation rate.
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FIG. 2. Structure factor S(k,t) for R2=420. Times are t=1,
2, 3, 4, and 5 MCS. Inset shows the very-early-time evolution
from O up to 0.5 MCS, with a period of 0.125 MCS. (Noncon-
served order parameter.)

the order parameter in phase separation. From observa-
tion of coarsening in the configurations, we expect a
linear regime (when the fluctuations in the local order pa-
rameter are small) for times less than about 60 MCS for
R2=312, and about 30 MCS for R?*=220. Figure 7

[ SR R N )

A(k)

A(k)

10 20 30 0
103 2

or

FIG. 3. Amplification factor 4 (k) vs k2, for (a) R 2=544 and
(b) R*=760. (Nonconserved order parameter.)

FIG. 4. Critical wave number k. vs 1/R. (Nonconserved or-
der parameter.)

shows the time evolution of the structure factor for
R?%=220 up to 70 MCS. We note that S(0,t) is fixed dur-
ing the phase separation due to the conservation law.
Note also that the maximum of S(k,?) is approximately
fixed for early times. This implies that domains form and
become more compact, but their sizes remain approxi-
mately constant. As in the order-disorder transition, we
fitted the structure factor for R2=220 and 312 to linear
theory [Eq. (3)]. The resulting amplification factors are
shown in Fig. 8, from which it is evident that,

Ak k2= (k2—k?) ,

which is in agreement with Eg. (6) for phase separation.
The critical wave number, k., was then extracted from
the fit in Fig. 8, and the critical wave numbers for both
the order-disorder transition and phase separation were

1.0 T T T T T
0.8
0.8
0.4
0.2
0.0
-0.2
-0.4
-0.8
-0.8

-1/S'(k)

FIG. 5. Fitted results for —1/8'(k) vs k? for R*=760.
(Nonconserved order parameter.)
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FIG. 8. Amplification factor 4 (k)/k? vs k?, for (a) R*=220
and (b) R?=312. (Conserved order parameter.)
found to be equal within approximately 12% for R?=220
and 7% for R*=312. This shows that k. does not de-

pend on the dynamics, but only the local quasiequilibri- . T . T . T —
um aspects of spinodal decomposition. Also, as in the 2.4 v (a)
order-disorder transition, we verified the scaling of S(k,?) ';;H
with R, i.e., S (kR,t/R?), which is displayed in Fig. 9 for & B
. 2.0f & '*g .
early times.
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der parameter.) t/R?=0.06 and (b) t /R*=0.31. (Conserved order parameter.)
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droplets overcoming the nucleation barrier, and determined from n} for the
temperature 7/T,=0.59, is shown in Fig. 6. The straight line is the
prediction from Eq. (3.2.1) where the classical prefactor was used and the
surface tension was taken to be =3.1 (cf. Table 1). For small nucleation
rates (small applied field) the data, however, indicate some curvature and are
probably not just statistical fluctuations or finite size effects. Kehr and
Binder?® interpreted these deviations as being due to the transition from
spherical to cubical droplet shape when the droplet size increases due to a
decreasing field.

Deviation from the expected behavior of the nucleation rate was also
found for the temperature T/T, = 0.86 (cf. Fig. 7). The nucleation rate shows

a curvature and not the expected linear behavior.

i T T \. T I T
10°F \ .
Ae
\ © )
A‘\\ ns*

10'F .
h-31/82-"
A
14n,e .
10°F . .
A
[ ]
-y
3
10'% A 4
1 I R d 14
0o 1 2 3 & 5

— > 1/h?

Fig. 6. Nucleation rate plotted logarithmically versus 1/A* for the temperature T/T, = 0.59.
The solid line is the prediction from the classical nucleation theory with the surface tension
o/ky T taken from series expansions (Ref.22). The crosses give the number n* of critical
nuclei, as found by our simulations. The dots give the observed nucleation rate.
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Fig. 7. Nucleation rate as determined by the number of droplets of critical size s* versus
1/h? for the temperature 7/T, = 0.86.

3.3. Growth of Droplets

Finally, let us look at the growth of droplets. According to classical
nucleation theory, the growth of droplets after nucleation is governed by the
difference of two terms: the incorporation rate and the evaporation rate of
monomers, i.e., spins. This approximation should be valid, however, only in
the early stages of the growth when the average supersaturation does not
change appreciably and for low supersaturations. In the late stages of growth
coagulation becomes important due to excluded volume effects.

One takes the incorporation rate and the evaporation rate proportional
to the surface area of the droplet, i.e., to s*’>. Then the droplet radius, for
large s, increases linearly with time. Assuming further that dF/ds varies as
s~ for large s, we obtain

(d/dt)s'”* = const, — const, s /3 (3.3.1)

Figure 8 shows a typical growth process at T/T.=0.59 and a field
h=0.45. After overcoming the nucleation barrier, the droplet grows
monotonically and eventually the droplet radius increases linearly with time.
In Fig. 8b this growth process is shown for a temperature 7/7,= 0.86 and
h =0.06. In both cases the modified droplet definition was used. Runs with
the Ising definition gave almost the same result.

The above result [Eq. (3.3.1)] was derived under the assumption of a




10 E T T 1 T T T T T [ T T ] T T 3

5: ) N

10 E_ e ] ) L —g

2 - @ ¢ ]

< ool 4 1
-6 .

- JET 1l = -
E - s -
> 10_7?__ 6 s =
< — =
= - o . -
— - .

P ) -8 0] '] ]
— D 10 E X Q ¢ “é
z  E 5
e 2 ' E
10-10[ A NN AN U SN N N SR SN SN SN SR N j
0 7.2 2.4 23.6 4.8 6

1/h

Fig. 3.2 Log of the nucleation rate as a function of A~2 for a d = 3 Ising model at 0.59T
simulated with the Swendsen-Wang cluster algorithm.




Li-39

/M(‘Vc&éaw/ Sptus.

{0 ’ﬁ/Va S/’WC? Mdc@ — 7 ?( %KW"U
5%/%;@L % //OOL%CL 467;{0‘0«44 sl

Oler, /%/c)ééwas es wed — éssW/af{'MJ 2ye

C ACahe Qfaoa/JL S !{44{«’_ “ﬂz Cretical %Vd,p Za

“ (cvador o Splevical or /%M/S/LWCJ

feantield  AeseripRens ks becocae precesn
R o B b
sptuodals  EVE prrecdsely Llagfioadd.

) limople  Sisepthld 22 s a

| St oy o Vaatows F

%—Z&&éﬂ 5%(;\- cen 7(/&‘:{/095 /9(0% /u,yzfz)/qc/é
B W.,ﬁ 7 &Tler S plus /a &(7:?

- ¢ = weavest Mj"ébé"”

f"?l - wext Geaeof- Mf"{“

L /Vw‘c/%m)
Y Ao fne e, Kol gve Shsavued




IS
»
W

it el

S~
1 '

01 0.5 10 14

— h

Fig. 10. Inverse susceptibility as a function of the applied field. The full curve is the mean-
field prediction for T/T, = 4/9. The spinodal is predicted at 4, = 1.43. The broken curve is a
fit of the classical nucleation theory to the mean field prediction.

made deeper into the metastable region, which gave almost identical results.
Surprisingly, the classical droplet model fits over a wide range. But near the
mean-field spinodal, the classical nucleation theory breaks down as can be
seen by the Monte Carlo results for ¢ = 342. The data follows the mean-field
prediction and do not bend over. The figure makes clear that the
pseudospinodals converge very rapidly to the mean-field spinodal.

5. A NEW DROPLET MODEL

In Section 3 we used two droplet models, the Ising droplets and the
modified droplets (see Definitions 3.1 and 3.2). Here we want to extend the
definition of the modified droplets in such a way that the droplets diverge at
the mean-field spinodal. The droplets used in nucleation theory of Becker
and Doring do not have this property. Their radii stay finite at the spinodal.
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Figure 1. Examples for complex geometrical structures observed in
various experiments on growth of unstable interfaces. The three major
types of patterns found in the experiments on i) crystallization (a, b and
c), ii) viscous fingering (d, e and f), and iii) electrodeposition of zinc
(g, h and i) are grouped in separate columns. The fractal dimension
of the structures shown in the middle column is close to 1.7. (This
set of pictures is reproduced from Vicsek and Kertész (1987). The
individual pictures are from: (a) Ben-Jacob et al (1986), (b) Radnéczy
et al (1987), (c) Bentley and Humpreys (1962), (d) Buka et al (1986),
(e) Daccord et al (1986), (f) Ben-Jacob et al (1985), (g and i) Sawada
et al (1986) and (h) Matsushita et al (1984); For details see references
to Part III.)
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Figure 1 Determining the fractal dimension of the coast of Norway by counting how
many boxes the outline of the coast penetrates [Fed 88].
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line gives the fractal dimension of the coast D ~ 1.52 [Fed 88].

Measured length of Norwegian coast against grid size r. The slope of the straight
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Figure 3 Apparent lengths and fractal dimension of different coasts and land frontiers

[Man 83].
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