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1) ( Ü�ó��Æá�Æ�, ÜS 710072 )

2) ( Ü�ó��Æv�I[­:¢�¿, ÜS 710072 )

( 2011 c 10 � 22 FÂ�; 2012 c 3 � 5 FÂ�?Uv )

±�|�{�[�.Ü7��L§¥�D�â�3�y�. �[O�L², �.Ü7M��fßÝ� c = 0.1

M��f©ê!Ð©¬Øº�3 80l � 90l (l = 12.18 Å) �mü��â¬u)3�, �â3�´XÚ�5UÚXÚ
.¡UÏL*Ñ�p�^�(J. 3��ÐÏ, Ð©¥/�â3�5UÓýé`³�^e, .¡÷ 〈110〉 ��kb
z, ��M�ßÝ3�D�o�L8
3%Ü«z, ��â3�ME
¤©^�, d��â3��)�Ï, Ly�X
Úo.¡U3dÏm��Y²��. ²L¤©)���D�â3 300τ (τ = 4.65 s) �m©3�, �� 1000τ 3�(
å�XÚo.¡U��4��:
o�5U��4��:. O�uy, �â3�)�ÏXÚo.¡U�Y²��Ú
3�(å��Uþ4�:´�â3�� 4 ¬�;.A�. Ð©¬Øº��u 90l ��â��Ïm�k.¡U)�Ï
Y²��
vkUþ�4�:, 
Ð©¬Øº��u 80l ��â.¡UUüN4O.

'�c: 3�, .¡U, �5U, 3�)�Ï

PACS: 64.10.+h

1 Ú ó

Miyazaki � [1] *	�k
Ü73ozL§¥
ü�á�N γ .�D��â¬©�¤ü��á�
N�D|¤�ì, X Ni-Ti, Ni-Al Ú Ni-Cu-Si Ü7;
k
$�©�� 8 ��á�Nì, X Ni-Si, Ni-Al
Ú Ni-Al-Ti Ü7. ù«�Doz!©�y�8c
�ØU^yk�oznØ5)º. éõnØ­#
�Ä�5�p�^éozL§¥�D�w�(�
�­½5 [1−4] Úé�â©Ù�K� [3]. 3�DL
§¥, ��Úå�5AC��¹e, ozL§�°
Äå®²Ø==´.¡U�µþ, 
AT´�¹
�5U!.¡U±9�D�âm��p�^U�
XÚoUþ�ÑÑL§. Miyazaki � [1] �ïÄL
², �âm��5U�p�^��â¥%må�
O\½NÈ©ê�~�
×�eü, 3ü�âº�
�Ó�eüÌÝ��, =�Óº��ü�â�p�
^U�$, ½ö`k�½må��NÈ�ü��â

â´�­½�, ddíäü��â©���º��
�âéÃI�ÑU^. òü��âoz¯Kí2
�¢SÜ7�oz¯K, �ª�±¼�ü��Ñ�
�âº�©Ù, 3���?�Ú��L§¥¬��
­½.

�©�8�´|^�|�{ïá�D3��
nØ�., �[Ü7�D�â�3�1�, Ó��
Ñ�D�â3�����m9�â3�L§¥
�5U!.¡U�K�. éõ�âXÚ�3�, ï
Ä
�âº��Ó�, ØÓ�âmåé3�1�
�K�.

2 O��.

�ó�­:3u|^Ü7�Doz��|n
Ø�.�[�D�â�3�1�. Ü7�DozÄ
åÆ�±d Cahn-Hilliard �§£ã

∂c

∂t
= ∇ · M∇δF

δc
, (1)

* I[g,�ÆÄ7 (1OÒ: 51075335, 10902086, 51174168) ]Ï��K.
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Ù¥ F ´ßÝ�þ!Ü7gdU�Ý�¼, c �
Ü7M�ßÝ, M ��fÀ[£Ç. 3Ø�Ä(�
|Cþ��¹e, �þ!Ü7gdU�Ý�¼ F

L��

F =
∫

V

[
f(c, φi) +

β

2
|∇{c}|2

]
dV + Eel, (2)

Ù¥ β ´ßÝ|Cþ�FÝUXê, Eel �XÚo
�5U, f(c) ´�Û�ßÝ|Cþ�'�XÚÛ�
gdU�Ý. ±e�?Ø¥�
�BòÃS1�¡
� γ �, ��L§ÛÑ��1����kS�D�
¡� γ′ �, du�´é�D3�1����5&
?, Ïdùp� γ �Ú γ′ �Ø�?Û¢SÜ7�
éX. �D γ′ ��â/�üzÚozÄåÆo��
5U�z�±^�*�5nØ [5] ��. K��5
U�Ï�kn�: ØÓ�m�¬���!�5~ê
�Øþ!5!	\Aå½AC. b�XÚ��5~
ê�´|Cþ�¼ê, =

Cijkl(r) = C0
ijkl +

∂Cijkl(r)
∂c

|c=c0∆c(r)+ · · · , (3)

Ù¥ Cijkl L«Ü7²þßÝe��5~ê, c0 L
«Ü7²þßÝ, ∆c = c(r) − c0 �Ü7Û�ßÝ
Øþ!Ü©. 3�?Cqe, þª�±��

Cijkl(r) = C0
ijkl + ∆Cijkl∆c(r), (4)

Ù¥ ∆Cijkl = (Cp
ijkl − Cm

ijkl)/(cp − cm) ´XÚ�
5~êéßÝ�CzÇ. �£ã�D��â�1�
�â�¬�~ê�Cz�M�ßÝ�'X, b�¬
�~ê a ��6u|Cþ c

a(r) = a0 +
∂a(r)

∂c
|c=c0∆c(r) + · · · , (5)

Ù¥ a0 ´²þßÝÜ7�¬�~ê, XJb�¬
�~ê÷v Vegard ½Æ, �Ò´¬�~ê�ßÝC
z¥�5'X, @o (5) ª�±��

a(r) = a0 + ε0a0∆c(r), (6)

Ù¥ ε0 = (ap −am)/[a0(cp − cm)] ´�D¬�)ä
Xê, d Vegard b�, ε0 ´~ê. d�§ (6), �ßÝ
©O� cm ½ cp �, �§ (5) Ò©OL�
�DÚ
1��¬�~ê. Û�ÃAåAC ε0

kl(r) ��D�
1�¬���AC, L«�

ε0
ij(r) =

a(r) − a0

a0
= ε0δij∆c(r), (7)

Ù¥ δij � Kronecker-δ ¼ê, ε0 �¬��ßÝ)ä
Xê, K�5AC�

εel
ij(r) = εa

ij + δεij(r) − ε0
ij(r), (8)

Ù¥ εa
ij �	\÷*AC, δεij(r) ��þ!AC.

δεij =
1
2

(
∂ui

∂rj
+

∂uj

∂ri

)
, (9)

� δεij(r) ½Â�∫
V

δεij(r)d3r = 0, (10)

Ù¥ u(r) ´Û� £|. d��½Æ�±�ÑA
åÜþÚACÜþ�'X

σij = C0
ijkl(r)[εa

kl + δεkl(r) − ε0
kl(r)]. (11)

dÛ�åÆ²ï^�
∂σij

∂rj
= 0, (12)

�ÑCz�p�Ã¡�þ, �±¦�

C0
ijkl

∂2uk

∂rj∂rl
= σ∗

ij

∂∆c(r)
∂rj

, (13)

Ù¥ σ∗
ij = c0

ijklε
0
kl − ∆Cijklε

a
kl �k�Aå. XÚ

��5UL��

Eel =
V

2
C0

ijklε
a
ijε

a
kl − ∆Cijklε

a
ijε

0
kl

∫
V

∆c2(r)d3r

+
1
2
C0

ijklε
0
ijε

0
kl

∫
V

(∆c)2(r)d3r

− 1
2

∫
niσ

∗
ijΩjkσ∗

klnl|∆c(g)|2 d3q

(2π)3
, (14)

Ù ¥ ∆c(g) ´ ∆c(r) � Fourier C �, ∆c∗(g)
� ∆c(g) ��Ý. 3XÚÃ	\Aå�^�XÚ
�5þ!�b�e, = εa

ij = 0 � ∆Cijkl = 0, XÚ
�o�5UL«� [5]

Eel =
1
2

∫
B(n)|∆c(g)|2 d3g

(2π)3
, (15)

Ù ¥ B(n) = C0
ijklε

0
ijε

0
kl − niσ

∗
ijΩjkσ∗

klnl,
� (Ω−1)jk = niC

0
ijklnl. é � � � ¹, 3 � Ñ

p�Ã¡�þ�, B(n) ¥��D�â/�k'
��� [6,7]

B(n) ≈ Beln2
xn2

y, (16)

Ù¥ nx, ny ´.¡	{�þ. éu��É5X
ê ξ = (C0

11 − C0
12)/(2C44) < 1 �Ü7, X Ni ÄÜ

7 Bel ´�ê [5], du�©Ì�ïÄ3Û«�¹e
�D�â¬3�, Ïd@� Bel ´�N��ê, Ù
�N��d Ni ÄÜ7�Ôn5���(½ [8]. 2
grN, ��.�´�nØ�., Ø´�é Ni ÄÜ
7��[, |^ Ni ÄÜ7�Ôn5��´^5�
�(½��ëê, ¯¢´þã�§¥����ëê
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3O�L§¥´�N�. é¢SÜ73�L§��
[ò,	Øã. b�XÚÛ�gdU�

f(c) = 2H

[(
c − 1

2

)2

− 1
4

]2

, (17)

Ù¥ H = G(ε0)2, G �XÚ�}��þ. Ó�@
�ÄåÆXê M ´��Ó5�~ê. du�´?
1nØO�, ùpb½1�ßÝ cγ = 0 
�D�
ßÝ cγ′ = 1, ù��EÛ�gdU�8�´�

�BO�, é¢S�Ü7ù���¦´é���.
ò (15), (16) ª�\ (1) ª�

∂c

∂t
= M∇2

(
∂f

∂c
− β∇2c + eel

)
, (18)

Ù¥

eel =
δEel

δc
= {B(n)∆c(g)}r. (19)

�
�B¦), I�é�§?1Ãþjz, Ãþj
z�(J�

∂c

∂t∗
=∇∗2

[
∂f∗

∂c
− β∗∇∗2c

+ {B∗(n)∆c(g)}r

]
, (20)

Ù ¥ ∇∗ = l∇, t∗ = tMH/l2, β∗ = β/Hl2,
Bel∗ = Bel/H , �Ãþj�Î, Ù¥ l �1�Ú
�Dm.¡°Ý.

3 �DozÄåÆ�§¦)

�§ (20) �±^­½ Fourier Ì�{ [9] ¦).
d©z [9] �±��

c̃m+1
pre (k) = A(k)c̃m(k) − B(k){φ̃(cm

N )}k,

c̃m+1(k) = A(k)c̃m(k) − B(k)

{φ̃0(cm
N,pre, c

m
N , α)}k,

(21)

Ù¥

φ(c) = 8c

(
c2 − 1

4

)
, (22)




φ0(u, v) = 4(u + v)
[
αu2 + (1 − α)v2 − 1

4

]
, (23)

Ù¥ v = cm
N,pre −

1
2

, u = cm
N,α − 1

2
, �â©z [9],

A(k), B(k) �±L«Xe
A(k) =

(
1 − 1

2
τB(n)k2

−1
2
βτk4 + βτ2k2

)
/D(k),

B(k) = τk2/D(k),

(24)

Ù¥

D(k) = 1 +
1
2
τB(n)k2 +

1
2
βτk4 + βτ2k2. (25)

é���¹, þã�§¥ k = (kx, ky), k2 = k2
x+k2

y,

n = k/k, � −N

2
6 kx, ky 6 N

2
− 1.

�§ (21) �{£ãXe:
1) Ð©z
O� ũ0(k) Ú {φ̃(u0

N )}k;
O�¿�; A(k) Ú B(k);
2) SÜS�, ^wªS��IO�
ũn+1,[0](k) = A(k)ũn(k) − B(k){φ̃(un

N )}k

ũn+1,[j](k) = A(k)ũn(k) − B(k)

{φ̃0(u
n+1,[j−1]
N , un

N , α)}k,

(26)
Ù¥ j = 1, 2, 3, · · · ,m.

ë ê α � À J û ½ X � m l Ñ ° Ý, k ±
e(Ø [9]:

1) XJ α = 0.5, �§ (21) ´���m°Ý;
2) XJ α = 1.0, �§ (21) ´���m°Ý.
3 ± e � O � ¥ X Ã A O ` ², α � � �

� 0.5.

4 ��ëê�(½

�
(½�.¥���ëê, ë�
 Ni-Al Ü
7 [10−12] �Ônëê, ¤ÀJ�ÔnëêXeL 1.
���Ñ�´, du (20) ª�´�nØ�., ë
�¢SÜ7�Ônëê�´�ÀJ��ëêJ
øë�, ¿Ø`²T�.´ Ni ÄÜ7��Doz
�..

L 1 Ni-Al Ü7¥���Ônëê

ëê C11/GPa C12/GPa C44/GPa a0/Å σs/(erg/cm2)(1 erg = 10−7 J) D/(cm2/s)

Ni 246.4 153.6 121.6 3.524 24.3 65.1 × 10−15

Ni3Al 212.6 145.5 120.8 3.566 24.3 65.1 × 10−15
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du�5þ!5b�, e¡�O�±DM�
ÃSÄN��5~ê��þ!�5~ê?1O
�. d Ni-Al Ü7Ônëê, �±O��§ (20)
¥��ëê����, ��ëêÿÁ�ë�. Ù
¥ ε0 = (a0

γ′ − a0
γ)/a0

γ = 0.0118.

Bel∗ = − 4(C11 + 2C12)2∆
C11(C11 + C12 + 2C44)C44

, (27)

Ù¥ ∆ = C11 −C12 − 2C44. �±d γ′ Ú γ �m.
¡U σs O�ÑFÝUXê β = 1.256×10−12 J/cm,
.¡°Ý� l = 12.18 Å, ddO�Ñ β∗ = 0.5. �

(½O��m�ý¢�m�'X [13], �±|^
�§ (1) 3���¹eò�§ (1) �5z��Äå
ÆXê�*ÑXê�'X [6]

∂c

∂t
= M

∂2f

∂c2
|c=c0∇2c = D∇2c, (28)

� c0 = 0.1 � D = 1.96 MH, dd�� τ = t/t∗ =
4.64 s.

5 ü��â�3�

ã 1 ´�[ü��â�3�, O�¥À� ∆ =
0.2τ , ∆x = 1.0l, O�«�� 256l × 256l. Ð©
�3«�¥%ý����»� r = 80l ���
� ¬ Ø, ¬ Ø S ß Ý � cγ′ = 1.0, ¬ Ø 	 ß Ý

� c0 = 0.10. ã 1(a) ´�â�Ð©/�, d��
D��/. ã 1(b) ´�� 200τ ��D�/�, d
��D�o�m©âÑ, ù´du�D�5U��
z��¦���. d (16) ª��, b½.¡{�þ
� [100] ���Y�� θ K

B(n) ≈ 1
4
Bel sin2(2θ), (29)

� θ = nπ/2 �, B(n) ����; θ = (2n + 1)π/4
�, B(n) ����. dd��, �
�±XÚUþ
��z, XÚk¦�UO\ 〈100〉 ���.¡¡È

¦�U~� 〈110〉 ���.¡¡È�ª³. Ó�
du�DßÝpu1�ßÝ, À*Ñ¦�.¡k�
	)��ª³. nÜ±þü�°Ä.¡í£�°
ÄåÏ�, .¡3 〈110〉 ���	{���âÑ!
kbz, 
3 〈100〉 ��²wz. .¡3 〈110〉 �
�kbz�(J, ¦��/�â)�¤o�âÑ�
��/.

�5U���D�1�.¡3 〈110〉 ��kb
z�Ó�, XÚ¥ßÝu)­#©Ù. ßÝ­#©
Ù��ü�(J: �D�1�.¡	NCM�ßÝ
,p, 
�D%ÜßÝü$, þãü�(J���
D�âSÜM�� 〈110〉 ���o��8¥, 
�
DSÜ 〈100〉 ��M�«z.

 

 

(a)

 

 

(b)

 

 

(c)

 

(d)

 

(e)

 

(f)

ã 1 O�«�� 256l× 256l, �»� 80l �ü��â¢�L§¥, �â/��¢��m�üz (a) 0τ ; (b) 200τ ; (c) 500τ ; (d)
3000τ ; (e) 6300τ ; (f) 7000τ

ã 1(c) ´�� 500τ ���D/�, �D�â
%ÜM�UY«z�(J¦�%ÜÑy γ �M�
ßÝ, $�' γ �M�ßÝ�$� γ �, Xã 2 (c).

γ ��Ñy¦ γ′ �D3����Ú/GA���
�Ó� 4 ¬. �¡���Ñ, γ′ %ÜÑy γ ��´
�D3�� 4 ¬�7�^�
�¿©^�. ��
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� 6300τ , 3��� 4 ¬�D�©�ü|, z|¥
�ü¬�p�C¿KÜ, /¤�p²1�÷ 〈100〉
��éà�ü^ γ′ �D, Xã 1(e), (f), ü¬�pK
Ü�U��Ï´§��mvk��Æ.. ü��â
�3��Ä�¬Ø���k', O�uy, |^þ
ã¤ÀJ�ëê, �»3 80l—90l �m��â¬u
) 4 ¬.3�, �»�uT«m��âØu)3�,

�»�u 90l ��â$�¬3���u 4 �õ
¬, du�u 4 ¬�3�3¢�¥vk�uy, 3
�©¥Ø��ã.

ã 3(a) ´�»� 60l ��â�� 8000τ ��
/�, Ùüz��ª/�´/¤��­½� γ �


Ø´3�, T/�3¢�¥�~�, Xã 3(b) ´
¢�¥uy�ù«/� [14], ã 3(c) ´¢�uy Ni
ÄÜ7��L§¥ γ′ �D�â3�� 4 ¬Ú²1
u 〈100〉 ���V^G�D.

dþ¡�©Û���D�â3��Ï´AC
U��z��.¡�­, o�kbz, �¦M��
f­#©Ù, l
r?M��f*Ñ���É5
Ú.¡U���É5, ?
���D�1�.¡
�­½5©�. XJ.¡U!�5U±*Ñ�x
0�p�^/¤��", ò¦�â.¡��5�
­
3�; XJ/¤K�", K�D.¡�­�Ø
3�.

ã 2 O�«�� 256l × 256l, �»� 80l �ü��â¢�L§¥, �DÚ1�M�­#©Ù (a) 0τ ; (b) 200τ ; (c) 500τ ; (d)
3000τ ; (e) 6300τ ; (f) 7000τ

ã 3 u)3��¬Øº�^�9O�(J�¢�'� (a) �»� 60l �¬Ø 4000τ ��/m; (b) Yoo[14] 3¢�¥uy
� Ni ÄÜ7 γ′ ��â� (a) ã/m; (c) Yoo[14] uy� Ni ÄÜ7�D3�/�
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�
ïÄ�D�â�3��.¡UÚ�5U
�½þ'X, yO�NX�o.¡UÚo�5U�
�mCz. dXÚ�ogdU�¼L�ª (2) ��
Ãþjz�gdU�¼L�ª

F ∗ =
∫

V

[
f∗(c) +

β∗

2
|∇∗c|2

]
dV + Eel∗ (30)

��XÚÃþj�o.¡U Eσ∗[13]

Eσ∗ =
∫

V

[f∗(c) − f∗(c0)]
β∗

2
|∇∗c|2dV (31)

ÚXÚo�5U (15) ª�Ãþj/ª Eel∗

Eel∗ =
1
2

∫
B∗(n)|∆c∗(g)|2 d3g

(2π)3
, (32)

|^ (31) Ú (32) ª�±O�ÑØÓÐ©�»��
D�â��L§¥XÚ�o.¡U Eσ∗ Úo�5
U Eel∗ ��m�'X. ã 4 ´XÚ.¡UÚ�5
U����mCz�'X­�, Ù¥ R = 80l, 85l,
80l n«�â3��L§¥3�� 4 ¬, R = 60l

��âØ3�, �´3�D%ÜÑyM�«z«,

 R = 100l ��â�±3�¤õ¬ (�u 4).

ã 4 ØÓ�»�ü��D�â��L§¥, Ãþj�.¡U Eσ∗!Ãþj��5U Eel∗!.¡U��5U�' Eσ∗/Eel∗!
�5U�.¡U�' Eel/Eσ ��mCz­� (a) Eσ∗; (b) Eel∗; (c) Eσ∗/Eel∗; (d) Eel/Eσ

é3�� 4 ¬��¹, l¬Øm©)�� 100τ

Ïm, ¬Ø�.¡UüN,p
�5UüN4~,
¬Ø/�l¥/ (�/) LÞ�á�N (��/) ¿
o�âÑ!kbz¶duvku).¡�âC, ¤
±.¡UÚ�5UÑ´ëYCz�. l� 100τ �
� 300τ Ïm.¡UÑy����, éAuã 1(b)
�ã 1(c) �CzL§, dÏm�¬Ø3��)�Ï.
3)�Ïm, �/�DA�Ø�	*Ü, .¡¡È
vkCz, 
�D%ÜM�«z, ��D�3��

O�, ���D%ÜM�«z´�D3��7�^
�. ����m�u 300τ , du�â�3�, .¡
¡È×�O\, .¡U�×�O\, Ó��5U�
�Aü$. ��� 1000τ �m, .¡U��4��

�5U��4��:, d��D�â3�L§�
., �D��©��NÈA����Ó� 4 ¬, �
±@��5UÚ.¡U3��� 1000τ , �Ò´3
�(å�Ñk4�:´ü��â 4 ¬.3��¿
©^�.
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4 ¬.3��¤��é��ã�mS, �D/
�A�Øu)Cz, Ó�.¡UÚ�5U�Cz²
�, ù�L§�±w�´e��/�âC�)�Ï.
dã 4(c), (d) ��, 3dÏm, �5UÚ.¡U�
'�Cz�ú,p, `²3TL§¥�5UÓ`.
.¡Uþ,��Ï´©�� 4 ¬3)�, 
�5U
,p��Ï´du�g)���p�C�z¬�
NÈÑ3O\¤�. éu R = 80l ��â, ���
� 6300τ �, ©�� 4 ¬©ü|­#KÜ�²1�
ü¬, d�.¡UÑy�ëYCz, 
�5�Cz
%´ëY�. éu R = 85l Ú R = 90l �ü��â,
©O3�u 6300τ �,����Ñy� R = 80l

�q�y�. .¡UØëYCz´�D3���K
ÜL§��N, ���A�´�âKÜ�²1�ü
^. ���Ñ�´, éu R < 80l �¬Ø, �DØ
3�
�´)��ã 3(a) �/�, dXã 4 ¤«
� R = 60l �­���, ��L§¥ü��âX

Ú�.¡UüN4O
�5U3 1200τ ?k��
��, �±@�T­��r�´�äÑyã 3(a) /
���â. éu R > 90l �ü��â5`, .¡U
3 100τ � 200τ «m¬Ñy�â�3�, �Ø´3
�� 4 ¬, 
´�u 4 ¬, du3¢�¥vkuy
aq�y�d?Ø?1?Ø.

6 õ�â�3�

õ�â�3�1�du�â�m��p�5
�p�^�K��ü��â�3�1�k¤ØÓ,
ã 5´õ�â�/�üzÚ3�L§. ã 5 �O
�« � � 1024l × 1024l, �D � â� Ð © �»
� R = 80l!�â3 〈100〉 ��må� D = 250l.
ã 5(a) ´Ð©¬Ø�ÙÛ, �
{üå�, �â�
�½�5K©Ù
Ø´�Å©Ù.

 

(a)  

 

(b)  

 

(c)  

ã 5 �»� R = 80l, D = 250l �õ�â�D���L§/�üz (a) t = 0τ �Ð©¬Ø; (b) t = 400τ � 4 ¬.3�� 2
¬.3���; (c) t = 1200τ � 4 ¬.3�÷ 〈110〉 ��©Ù
ü¬.3�÷ 〈100〉 ��©Ù

dã 5(b) Ú (c) �±wÑ, õ�â3üzL§
¥o¬.3�Úü¬.3�A�Ó�Ñy, ù�
ü��âk?1o¯.3�,�KÜ�ü¬²w
ØÓ; ,	©Ù3 〈110〉 ����â?1o¬.
3�
3 〈100〉 ��?1ü¬.3�, ØÓ3�/
�k��5´7,�´ó,k�?�Úy¢, �
ü«3�Ó�?13ã 3(c) ¤«�¢�¥��
y¢.

ã 6 ´�»� R = 80l 
måØÓ��â3
��L§¥, XÚo.¡UÚo�5U��mC
z�'X­�. dã 6(a) �±wÑ, .¡U3�
� 50τ � 300τ �mãSA�Ø��mCz, ù´
�â3�c�)�Ï. 3)�Ïm.¡UØu)C
z, ù´o.¡¡È��ØC�(J, �M�*Ñ

E3?1, *Ñ�(JØ´�D�1��.¡�
	*Ð, 
´�D%Ü�M�«z, .¡�{�M
��.¡	*Ñ, l
/¤��M�*Ñ�²ïG
�, ���D%ÜM���½$u1�M�ßÝ
���D3�. ØÓmå��â3��L§¥, �
D/�üz±9.¡UÚ�5U��mCz5Æ
ØÓ. dã 6(a) ��, ��D�âmå���, '
X D = 300l ��¹, õ�â�D�üzA�´Õ
á�D�â��1��U\, ¤±ã¥Ñy
.¡
UCz���, ù´duØÓ�â3ØÓ�ÏÑy
3���.¡O\�(J.

éu�âmå'����¹, �D��u)
3�, duvk�Ä��Æ.�K�, õ�â�
�DozL§¥�p�>KÜ, l
.¡¡ÈØ
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2×�O�, .¡U�´�úO\. dã 6(c) ¥
� D = 180l Ú D = 200l �, ���� 600τ , .¡

U��5U�'k��¸�, d�.¡UO\��
Ç�u�5UO\��Ç.

(b)(a)

(c) (d)

 

D/
D/
D/
D/
D/

D/
D/
D/
D/
D/

D/
D/
D/
D/
D/

D/
D/
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ã 6 Ð©¬Ø�»� 80l 
�âmlØÓ��D��L§¥, Ãþj�.¡U Eσ∗!Ãþj��5U Eel∗!.¡U��5
U�' Eσ∗/Eel∗!�5U�.¡U�' Eel/Eσ ��mCz­� (a) Eσ∗; (b) Eel∗; (c) Eσ∗/Eel∗; (d) Eel/Eσ

7 ( Ø

Ü7��L§¥, Ð©¬Øº�3 80l � 90l

�m�ü��¬u)3�, �â3���Ï´XÚ
�5UÚXÚ.¡UÏL*Ñ�p�^�(J. 3
��ÐÏ, Ð©¥/�â3�5UÓâýé`³�
^e, .¡÷ 〈110〉 ��kbz, ��M�ßÝ3�
D�o�L8
3%Ü«z, ��â3�ME
¤
©^�, d��â3��)�Ï, Ly�XÚo.
¡U3dÏm��Y²��. ²L¤©)���D
�â3 300τ �m©3�, 33��¤�XÚo.
¡U��4��:
�5U��4��:. O�u

y, �â3�)�ÏY²��Ú3�(å��Uþ
4�:´�â3�� 4 ¬�;.A�. Ð©¬Øº
��u 90l ��â�k)�ÏY²²�
vkUþ
�4�:, 
Ð©¬Øº��u 80l ��â.¡U
üN4O.

éõ�â�D�3�, �â�3�1�Ø

�Ð©¬Ø�»k'	, ���âm�ålk
'. 3Ð©¬Ø�»�½��¹e, �âmål
��, �âm��p�^��, ��â�3�1
���CÕá�â3��U\; �âmål��,
du�âm�p�^��, ��Cuü��â3
�1�.
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The simulation of precipitate splitting in alloy (...):
segmentation mechanism∗
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1) ( School of Materal Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China )

2) ( State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China )

( Received 22 October 2011; revised manuscript received 5 March 2012 )

Abstract

The splitting of particles precipitating from solid solutions, e.g. Ni-based alloy, is studied with the phase field method. The

simulation results show that in the single particle system, the nucleuses of crystal with the sizes of 80l to 90l (l = 12.18 Å) split during

ageing. The splitting is the result of the interaction between elastic energy and interface energy. During the earlier stage of ageing,

the sharpening along 〈110〉 of the interface of the initial spheric shape particle will lead to the solute beneficiation at the corner but

impoverishment in the center of the particle, it is the splitting incubation stage (SIS). The total interface energy (TIE) appears as being

of horizontal step during SIS. The particles split at 300τ (τ = 4.65 s) after the SIS and at the end of splitting the TIEs reach their

maxima and the total elasic energy (TEE) reaches minimum at 1000τ . The horizontal step during SIS and the extreme points of TIE

and TEE are the representative features of splitting. The TIE has SIS but no extreme point lying on TIE and TEE when the particle

sizes are bigger than 90l. For the particles with sizes smaller than 80l, the TIE increases up monotonically.

Keywords: splitting, interface energy, elastic energy, incubation stage

PACS: 64.10.+h

* Project supported by the National Natural Science Foundation of China (Grant Nos. 51075335, 10902086, 51174168).

† E-mail: superware@163.com

186401-9


