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Ü7�2(¬´7áá�¤.L§¥[zw
�|�Ú��5U���{, du2(¬L§�
E,5, ^¢���{¢y2(¬L§¥�*|�
üz�*	ïÄ�~(J [1−4]. Cc5, ��XO
�ÅEâ�×�uÐ, <�^O�Åw�|��[
��ª5ïÄ2(¬L§�Eâ���
�vu
Ð, Ù¥'�¤õ��[�{k�AkÛ{ [2]!�
�gÄÅ{ [3,4] Ú�|{ [5−10].

Radhakrishnan � [2] ¦^k��{Ú�AkÛ
{�(Ü��ª�[
¡%á�¬N�2(¬L
§, ÙeC/|�^k��{?1�[, reC/
|���[(Jê�z�£���AkÛ{¥, ¢
y
2(¬/Ø��[, ¿�[ïÄ
Ð©AC
���2(¬/ØÇé2(¬¬âº��K�.

Kugler � [3] ^��gÄÅ{�[ïÄ
2(¬¬

âº��Ð©eC/¬âº�9;U�m�'X,

¿�Ñ
/ØÇ!eC/Ð©¬âº��2(¬
¬â���Ý�m�'X. �´, du�AkÛ{
Ú��gÄÅ{þ"y�ý¢Ônþ�'�S�
�m!�mºÝ [2,3], �¦ùü«�[�{¤��
[(J�Ôn¿ÂÚnØd���.

©z [5] ^�|{�[
 AZ31 yÜ7�2(
¬L§, ¢y
2(¬L§�|{ó�ý¢��
ºÝ��[. �´, ©z [5] ¥2(¬/ØL§Ø
ÎÜ/Ø�ÔnL§, ´æ^
<��½¬Ø�
�Ð©^���{, ¿�©z [5] ¥;Uº��.
´�é���½�, "yý¢�Ôn¿Â. ©z [8]
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¬.�3¬S�Å½Â2(¬Ø%��{5?n
�, "y2(¬/ØL§�Ôn¿Â. ©z [9] ^�
|{�[
¡�G|��/¤, |^
V²¼ê�
/ª, �½
��;U�.. �´, ©z [9] duv
kò2(¬c�2(¬��¬â«©m, Ïd;U
�Ôn¿ÂØ
O(, �ØU^u�[2(¬/Ø
�ÔnL§.

�©æ^kSzëê«©Ð©eC/¬â�
2(¬¬â�ØÓ, ¿UìÔn¿ÂJÑ
��;
Uº��., ^U?���.?1
�|{2(¬
/ØÔnL§��[. 3&¢�|�.�õ�Ó�,

:�[ïÄ
 AZ31 yÜ7eC/æ¬âº�!
eC/;U!eC/þ�2(¬�¬â���'
X, ò�[(J� AZ31 yÜ72(¬�¢�(J
?1
éì¿mÐ
?Ø.

2 2(¬�|�.�ïá

2.1 ÄÄÄ������§§§

�|{�nØÄ:´²;9åÆÚÄåÆ
nØ, ÏLÚ\�@��mÚ�mk'�|Cþ
òE,�|������N5ïÄ, ù
|Cþ
�Cz�±ÏL¦)±e Cahn-Hilliard �§ [11]

Ú Ginzburg-Landau �§ [12] 5¼�:
∂ηq(r, t)

∂t
= −L

δF

δηq(r, t)
(q = 1, 2, · · · , n), (1)

∂C(r, t)
∂t

= M∇2 δF

δC(r, t)
. (2)

ùp F ´XÚ�ogdU¼ê, ηq(r, t) ��§
kSz|Cþ, C(r, t) �¤©|Cþ, L Ú M ©
O´�(�tµÚ*Ñ[£Çk'�ÄåÆ~
ê. �2(¬§Ý Tre = 400 ◦C �, L Ú M ©O�
� [13]1.72×10−2 mol/Js[5] Ú 3.87×10−20 m2mol/Js.

�©3�[M�*Ñ�, ·�/?1
{z, ��
Ä
¾�*Ñ, vk�ÄÙ¦�þ���*Ñ.

2.2 XXXÚÚÚgggdddUUU¼¼¼êêê

� © ¥ X Ú � o g d U ¼ ê F � æ ^ e
ªL« [5]

F =
∫ [

f0(C(r); ηde
1 (r), ηde

2 (r), · · · , ηde
p (r);

ηre
1 (r), ηre

2 (r), · · · , ηre
q (r))

+
kc

2
(∇C(r))2 +

8∑
i=1

kde
2

2
(∇ηde

i (r))2+

32∑
j=1

kre
2

2
(∇ηre

j (r))2
]
d3r. (3)

�
¦��|CþL«��*|�Cz�±k�
*�Ly, �©¥^ 8 � ηde

i �²�Ú�����
Ý�5L«eC/¬â, 32 � ηre

j �²�Ú�� [5]

���Ý�5L«2(¬¬â. duù
²�Ú�
�3¬âSÜ� 1, 3¬.?�éé�, ù
²�
Ú��XJ±����^çÚL«!����^
xÚL«, ^ØÓ��ÚÚ� (=�Ý) 5�ã, @
o3¤���ã¥xÚÜ©L«¬âçÚ�^
L«¬., �1Æw�º*	��|�/mCq.

ù��±ò�[|��¢S*	��Ü7|�é
�B/?1'�. (3) ª¥ f0 ´Û�gdU�Ý¼
ê, ÙÏ^'Xª��Xe/ª [5]:

f0 = f(C) + f(C, ηde
i ) + f(C, ηre

j )

+
re∑
de

8∑
i=1

32∑
j=1

f(ηde
i , ηre

j ). (4)

ùp

f(C) = A +
A1

2
(C − Cl)2 +

A2

4
(C − Cl)4.

é u AZ31 y Ü 7, � Tre = 400 ◦C �, Cl, A,

A1 Ú A2 ��©O� [5] 0.2, –27.5, 16.28 Ú 31.5.

f(C, ηde
i ) Ú f(C, ηre

j ) �/ª� [5]

f(C, ηde
i ) =

Bde
1

2
(C − Cl)2

8∑
i=1

η2
i

+
Bde

2

4

8∑
i=1

η4
i +

kde
1

2

8∑
i=1

8∑
k 6=i

η2
i η2

k,

f(C, ηre
j ) =

Bre
1

2
(C − Cl)2

32∑
j=1

η2
j (5)

+
Bre

2

4

32∑
j=1

η4
j +

kre
1

2

32∑
j=1

32∑
l 6=i

η2
j η2

l .

(5) ª¤L«�Uþ�´±��Uþ�å:�U
þ��, Ïd, 2(¬��eC/��gdU�Ý
¼êÑI�¹k�zd9�. 3 (5) ª¥, �r¤
k (eC/�2(¬) ��§kSz|Cþ�� 0

�, �L��|��Uþ, �r?¿��|Cþ
�� 1 �, �L��¬â|��Uþ, ò ηp = 1
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Ú ηp = 0 ©O�\ (5) ª¥�1�ª, üö��Ò
´v�d9 Ela, = [5]

Ela =
Bde

1

2
(C(r, t) − Cl)2 −

Bde
2

4
,

qk [5]

Bde
1 (C(r, t) − Cl)2 = Bde

2 .

éu AZ31 yÜ7, L:v�d9 Ela0!L: T0

Ú � � � þ ½ Ø 9 N cps © O � [14] 373 kJ/kg,

605 ◦C Ú 1040 J/kgK,  � � � þ ½ Ø 9 N cpl

� [15]1360 J/kgK, � Tre = 400 ◦C ��v�d9
�

Ela = Ela0 −
∫ t1

t0

cpldt+
∫ t1

t0

cpsdt,

= Ela = 307.4 kJ/kg, � � Bde
2 = 30.12 J/mol,

Bde
1 = 1.042 kJ/mol, � k Bre

1 = Bde
1 , Bre

2 =

Bde
2 . 3 � © � [ ¥, kre

1 Ú kre
2 � � © O �

� [7]4.0×102 J/mol Ú 3.55×10−12 Jm2/mol, kde
1 =

kre
1 , kde

2 = kre
2 ; �[���º�� [7]2.95×10−7 m,

¬.°Ý� 4 ��� [7], �mÚ�� [7] 1.5 s.

2.3 ;;;UUUººº������...���ïïïááá

du��.^u�[2(¬L§, ¤± (4)

ª¥7L\\���Ä;U�z�gdU�Ý
� f(ηde

i , ηre
j ), �â;U�Ôn¿Â, �¦T�äk

Xe5�: 32(¬m©�c (ηde
i = 1, ηre

j = 0), ;
UATäk���, éAu2(¬ÿ�m©; 32
(¬?1L§¥ (ηde

i Åì~�!ηre
j ÅìO�), ;

U�AÅì~�, éAu2(¬¬â��!eC/
¬âC�; 32(¬L§�¤� (ηde

i = 0, ηre
j = 1),

;U�A�", éAueC/¬â����. �

÷vþã�¦, �©ïÆ;U���Xe/ª:

f(ηk
i , ηk

j ) = Es(ηde
i )2(1 − (ηre

j )2). (6)

3 � © ¥, ò ; U Es � � � � [16] 0.54 J/g,

= 12.8 J/mol.

æ^�©�;U�.é AZ31 Ü7eC/�2
(¬§Ý Tre = 400 ◦C e�2(¬¬â��L§
?1
�[, �[(J«uã 1. ã 1 ¥ dre �2(
¬¬â²þº�, t �ò»�m, �©¥�ò»�m
Ø�)2(¬)�Ï. ã 1 Ó���Ñ
Ù¦;U
�.3�Ó9åÆ^�e��[(J. ©z [5] �
eC/;U´^ B1 Ú B2 5L«�, ��u^2
(¬�����Uþ��5½Â;U, ¡��zÆ

;U�.; ©z [8] Kò;U±ê�z�/ª\3

Ð©^�¥, Ã{wÑÙ;U�º�é2(¬¬
â/Ø��L§��z, ¡��ê�;U�.. ã 1

¥�¢��d©z [17] ��, duò»�m�á�
¢�¥Ã{«©eC/¬âÚ2(¬¬â, ¤±ò
»�m�á��eC/¬â²þº��¢�êâ
Ã{¼�, Ïdã¥�¢���k t = 10 min ��
êâ.

ã 1 � © ; U � . � Ù ¦ � | ; U � . ¬ â º � O �
(J'� �[é�Ó� Tre = 400 ◦C e� AZ31 yÜ7

d ã 1 � ± w Ñ, © z [5,8] ü « � . ¥,

t = 10 min �, eC/¬â²þº�Ñ3 3 µm

±e, Ã{3�á�mS¢y¬â�¯�)�, �
[¤�eC/¬â²þº��¢�� [17] �3é�
��å. æ^�©��.3 t = 10 min ��[¤
�eC/¬â²þº�3 16 µm ±þ, �±¢yá
�mS¬â�¯�)�, ��¢�� [17] ÎÜûÐ.

ù`²�©�.¥�;U���±±2(¬°Ä
å�/ªº�Ñ5, eC/;U��L�Ün, �
�¿	�¤õ.

3 yÜ7 AZ31 2(¬/ØÚ���
üC

3.1 222(((¬¬¬www���|||���üüüCCC

dueC/Ü7Ø=�3�©¬., �3¬
â¥��3�þ�æ¬., ¬.!æ¬.�pU
þG�� �p [18], �,3w�ºeéJw�Ù,

�%´2(¬/Ø��Ü . Ïd, ��2(¬
�[Ð©^���©eC/|�, ±¢�w�|�
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ì¡Ñ\´ØÜ·�. �©ÄkÐÚ�½eC/
|�¬â²þº� dde ÚeC/¬â�°' ras,

,�3§S¥$1 5 min, ò$1(J�½��[
�Ð©^�, Xã 2(a) ¤«. d�, dde = 14.2 µm,

ras = 3, ¬.¥éõÜ©�±@�´æ¬..

Ï�2(¬/Ø3Ånþ�U3¬./¤,

2(¬¬Ø´®²�3��ã�Ä¬. [19], 

�2(¬/ØØI�9Þá!ØI��m [19],

¤ ± � ï Ä 2 ( ¬ / Ø § S æ ^ 
 3 Ð
© e C / | � � ¤ k ¬ . þ � ½ � �
¬./ØÇ, O�Å�g5Ö�êâ5½Â2(
¬¬Ø��{. �¬./ØÇ� 7.64 µm−1 �, �
g5/Ø(å� t = 100 s ��[¤� AZ31 yÜ
7�w�|�Xã 2(b) ¤«.

ã 2 � Tre = 400 ◦C � AZ31 yÜ7�*|���[(J±9©z [17] ¥�¢�(J (a)t = 0 s �[(J; (b)t = 100 s

�[(J; (c)t = 200 s �[(J; (d)t = 600 s �[(J; (e)t = 3600 s �[(J; (f)t = 3600 s ¢�(J [17]
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ã 2(c), (d) ´æ^�©�.�[��� t =

200, 600 s � AZ31 yÜ7�w�|�ã, ã 2(f)

�Ñ
 AZ31 yÜ7 Tre = 400◦, t = 3600 s �¢
���*ÿ��w�|�ã, ��Ó^���[
ã (ã 2(e)) éì��±wÑ, �[(J�¢�(J
éAéÐ. ùL²�©��|�. (cÙ´;U�)

�L�Ün.

� t = 10 min � Ð © e C / ¬ â � Ü �
� (ã 2(d)), d � e C / ; U ½ � Ñ � ., Ï
d t = 10 min TÐéAnØ2(¬�¤��m.

�Xò»�m�UYO\, 2(¬��¬âE,¬
��, Xã 2(e) ¤«. ùL²Ü73eC/��ò
»L§�UÅn©�nØ2(¬Ú9¬â��ü
��ã, 2(¬�°ÄåÌ��eC/;U, �
��¬â9���°ÄåÌ�´.¡U. ¢�*ÿ
Ã{«©2(¬Ú¬â9��ü��ã, ¢��Ñ
�2(¬|�Ñ´ü��ã(Ü��Ô. ��.Ä
g�[«©�ÙnØ2(¬Ú9¬â��ü��
ã, JÑ
nØ2(¬�¤�m�Vg.

�
'�nØ2(¬�mÚ¢�2(¬�m,

·��[ÿ½
 AZ31 Ü732(¬§Ý (Tre =

0.35Tm = 0.35 × 605 ◦C = 212 ◦C) e�nØ2
(¬�m. �â.¡[£Çúª [5]L = L0e−

Q
RT ,

� O � Ñ 2 ( ¬ § Ý (212 ◦C) e � . ¡ [ £
Ç L = 0.0025 mol/Js, �\�©��.¥�[�
�2(¬§Ýe�nØ2(¬�m´ 40 min. �2
(¬§Ýe¢�2(¬�m (60 min) �'�, nØ
2(¬�m´¢�2(¬�m� 2/3, `²¢�2
(¬�m¥®²�¹
�ã9���L§. dd�
�, ¢�¥�
¼���2(¬¬âÝ, �±·�
~�S.æ^�2(¬�m.

3.2 ÐÐÐ©©©^̂̂���éééæææ¬¬¬âââººº���ÚÚÚ///GGG���KKK���

��[�½�Ð©^�´eC/��õ¬|
�, Ð©^�����I´¬ââÝÚ¬â�°',

ùü��I�ûuý¢Ü7�v�!eC/��
ªÚ/Cþ, ��âý¢á��ÿ½�Ñ\. �´,

ùü��I3¢�¥�Jÿ½, ¤±ùpéùü�
�Ié2(¬�¬âº��K�?1
�[ïÄ.

3eC/¬â²þº��� 14.2 µm �cJe, e
C/¬â�°' ras é2(¬¬â²þº� dre K

���[(JXã 3(a) ¤«. 3�°'�� 3 :1 �
cJe, eC/¬â²þº� dde é2(¬¬â²
þº� dre K���[(JXã 3(b) ¤«.

ã 3 � Tre = 400 ◦C � � [ Ð © ^ � é AZ31 y Ü
7 dreK���[(J (a)ras é dre �K�; (b)dde é dre �
K�

dã 3(a) �±wÑ, 2(¬¬â²þº�¬�
XeC/¬â�°'�O\eü, �K�ØwÍ.

ù´du3eC/¬â²þº�ØC�cJe, �
°'�O\¬¦O�«�S�¬.o�ÝO\, 3
�Ó�¬./ØÇe, 2(¬¬Ø�êþ¬O\,

l��2(¬¬â²þº�k¤eü. dueC
/æ¬âØ´�¶¬, 3O�eC/æ¬âº�
�/^
�¶¬2(¬�¬âº��O��{, ¤
±ã 3(b) ¥eC/¬â²þº� dde �ü � µm.

dã 3(b) ��, �ò»�me�2(¬¬â²þº
�Ñ¬�XeC/¬â²þº��O\wÍO
\. ù´dueC/¬â²þº���K¬.��,

2(¬/Ø�U3¬. (�©�[�Ð©^��
��ræ¬.���ÊÏ¬.?n) /¤, Ïd2
(¬¬ØÑy��, 2(¬¬â²þº�7,��,

eC/¬â²þº�'�°'�Uk�/UC
¬.êþ, ÏdeC/¬â²þº�é��2(¬
�K��wÍ�õ.
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3.3 222(((¬¬¬¬¬¬...///ØØØÇÇÇ rn ���KKK���

�|{2(¬/Ø��[, Ï~æ^�´3�
��[XÚ¥<��½¬Ø [5] ½ök3¬.þ�
3¬âS±ê�z��ª�½¬Ø [8], ùü«¬Ø
�½�ªÑ"yÔn¿Â, �Ã{�	 rn é2(
¬|��K�. �©ÏLÚ\;Uº��., ^�
|{¢y
2(¬Ôn/ØL§��[, =3Ð©
eC/|��¬.þ± 6×6 ��f���/Øü
�, 3ü�¥/¤ØÓ���2(¬¬Ø, ü ¬
.�Ýþ/¤�2(¬¬Øê=�¬./ØÇ rn,

Ïd�© rn �ü ´ µm−1. � Es = 12.8 J /mol,

dde = 14.2 µm, ras = 3 �, �Óò»�me2(¬
¬./ØÇ rn �2(¬¬â²þº� dre �'X
�[(JXã 4 ¤«.

ã 4 � Tre = 400 ◦C � AZ31 y Ü 7 dre � rn C z
��[(J

dã 4 ��, �Óò»�me�2(¬¬â²
þº� dre �X rn �O\¥Åìeü�ª³, �
3������.� 6.87 µm−1, � rre �uT�
�, 2(¬¬â²þº��X rn �O\wÍe
ü, � rn �uT��, rn é2(¬¬â²þº�
Ø¬�)wÍ�K�. ã 1— ã 3 ��[(JÑ´
3 rn = 7.64 µm−1 �?1�, �©z [17] ¥�¢�
(JÎÜûÐ. ��@�, /ØÇ´K�¬âº�
���Ï�, ù�@£´3v�L§���, 
v�L§¥/Ø´3��NÈ¥?1�. ùp¤ï
Ä�´2(¬, 2(¬/Ø�U3¬.?1��
±]��Ü�¤. Ïd, û½2(¬¬Øêþ�Ï
�Ø
¬./ØÇ	�k¬.�êþ, �ª2(
¬��¬âº�Ì��ûud;Uû½����
ÝØ´¬.þ�/ØÇ. �©���ù�(JØ

=#L, �é^2(¬��w�|��ó�)�
äk��ë�d�.

3.4 eeeCCC///;;;UUU Es ���KKK���

2(¬L§´ÏL/ØÚ���ª?1�,

2(¬���°Äå�eC/;U, Ïd;U¬
é2(¬�)�K�. �©�[�ò;U3�
½���S?1��, Es ©O�� 6.4, 9.6, 12.8,

16.0 J/mol, ?ØeC/;Ué2(¬¬â²þº�
�K�, �[¤�(JXã 5 ¤«.

ã 5 � Es � Ø Ó � � AZ31 y Ü 7 dre � t � C z
Tre = 400 ◦C

dã 5 �±wÑ, eC/;U Es �O\�±
wÍ/O�2(¬¬â�²þº�, ã 5 Ó���
Ñ
©z [17] ¥�¢�(J, T¢�(J´éA
u Es = 12.8 J/mol ����. ��ÓeC/;U�
��[�'���±uy, �[(J�¢�(J
ÎÜéÐ. lã 5 ��±uy, eC/;U�K�
3ò»ÐÏ��wÍ, �Xò»�m�O\, K�
ÅìC�. ù`²ò»�m�á�´nØ�2(¬
�ã, ;Uåû½�^, �3���ò»�me2
(¬¬âº�É�9���K�, ;U�K�C�.

�©�[(JéÐ/w«
2(¬ò»¬â��
�Ôn��.

3.5 eeeCCC///AAACCCþþþ ε ���KKK���

eC/¬â²þº� dre �eC/ACþ ε �
3XéA'X, �©éXÔ [20]!LY11 ¾Ü7 [21]

±9 AZ31 yÜ7 [22] ?1
�	, ¤�(JX
ã 6(a) ¤«. dã 6(a) ��, �XeC/ACþ�
ÅìO�, eC/¬â²þº�¬×�~�, ¿�
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ACþ�O\eC/¬â²þº�~��ÇÅì
C�. �©�[æ^
ã 6(a) ¥yÜ7�¢�êâ
9Ùò��.

Doherty � [19] ò;UL«�

Es =
2γ

dre
, (7)

ª¥ γ �ü «�¬.�Uþ, γ = 0.55 J/m2[14].

Verdier � [16] ò;U�	AåéXå5, L«�

Es =
1
2
Gb2(ρ − ρ0), (8)

σs = σ0 + MαGbρ1/2, (9)

ª¥ G �á��}��þ; b �Ë�d¥þ; ρ

�   � � Ý; ρ0 � á � ¯ Ñ � �   � � Ý; σs

Ú σ0 ©O�	AåÚ¯ÑAå; M ��VÏf,

� [16]M = 2; α �~ê, � [16]α = 0.3.

�©|^þãü«;UL��ªO�
 AZ31

yÜ7�;U�eC/ACþ�'X, ¤�(JX
ã 6(b) ¤«. �©�[æ^
 (8), (9) üªO�¤
��êâ.

ã 6 ε é e C / | � � K � (a) ε é dde � K �; (b) ε

éEs �K�

�½ØÓ�eC/ACþ�, dã 6 ¥�
�©O��éA�eC/¬â²þº� dre 9;
U Es ��¿�\��©U?�2(¬�.¥, Ò
�±éØÓeC/ACþe2(¬¬â��L§
?1�[O�. ùpeC/¬â�°' ras = 3, ¬
./ØÇ rn = 7.64 µm−1, O����(JXã 7

¤«.

ã 7 � Tre = 400 ◦C � AZ31 y Ü 7 dre � ε C z
��[(J

dã 7 �±uy, 32(¬ò»�m t = 10,

40 min �, �XeC/ACþ�O\, 2(¬¬â
²þº�Ñ¬¥ykO\�~��ª³, O\�~
���.ACþ εc = 0.1. ù«y�´¢�*ÿ
��ÊHy�, �´ÙÅn%���3�Ø. e�
â©z [19] O�¤�(J?1�[, Ó�¬ka
q�y�u), �ØL εc ØÓ, �©�¤±À�©
z [16] O�¤�(J?1�[, ´Ï�ù�� εc

����, ��C¢�*ÿ� εc �. 3¢Só�¥
�
U
3/CÜ72(¬���[��¬â, ²
(�¦æ^�eC/ACþ, ¦þ;�þãy��
u). �,, �k|^þãy����º�V¬N
5ïÄ¬.A5���.

|^��.¤õ2y
ù�¢�y�, Ø=y
²
��.�k?5, ��)ºù�y�Jø
n
Øyâ. eC/ACþé2(¬¬â²þº��K
�´ÏLeC/¬â²þº��eC/;U�Ó
�^�(J. �eC/ACþ���, eC/AC
þ�O\¬¦�;UO\¿¦eC/¬â²þº
�~�. ;U�O\¬¦2(¬¬â²þº�Åì
O�, eC/¬â²þº��~�q��2(¬
¬â²þº��~�, �ª(J¦�2(¬¬â²
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þº�ÅÚO�. �eC/ACþ���½���,

�XACþ�UYO\, ;UA�Ø2O�eC
/¬â²þº�3Åì~�, eC/¬â²þº�
�~���2(¬¬â²þº��~�, =2(¬
¬â²þº�¬Åì~�, Ïd�)
2(¬¬â
²þº��¸�.

4 ( Ø

�©3�|2(¬�.¥JÑ
��/ª
� f(ηk

i , ηk
j ) = Es(ηde

i )2(1 − (ηre
j )2) �eC/;U

�, ¿A^T�.�[
 AZ31 yÜ7�2(¬L
§, �[(JÚ¢�(JÎÜéÐ. �©JÑ��
.�±reC/Ü73ò»L§¥�¬â)�L

§«©�;U°Ä�nØ2(¬Ú.¡U°Ä�
¬â9��ü��ã, ¢y
2(¬/ØÔnL§
��[. �[(J¤õ/2y
2(¬¬âº�
�ýkeC/ACþO\�Cz�þ3�.A
Cþ (ε = 0.1) ?Ñy��º�¸��ÊH¢�(
J. �[�Ñ: nØ2(¬�m´¢�2(¬�m
� 2/3, `²¢�¥�2(¬�¹X��êþ�¬
â9��; 2(¬¬./ØÇ�3��é���.
� (AZ31 yÜ7��.�� 6.87 µm−1), ��uù
��.��, ¬./ØÇé2(¬¬â²þº�A
�vkK�. 2(¬¬âº�¸�K´duýAC
þ�O\¦�eC/¬âº�~�!;UO\ü
�Ï��ÓE¤�.
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Abstract

A format of f(ηk
i , ηk

j ) = Es(η
de
i )2(1 − (ηre

j )2) to express cold deformed stored energy is suggested in a phase-field model for

simulating recrystallization in alloys. Using AZ31 magnesium alloy as an example, the recrystallization process is simulated by the new

model, and the simulation results are in good agreement with experimental measurements. The nucleation process of recrystallization

is realized for the first time by the model based on the physical background. The simulation results show that the grain growth of a cold

deformed alloy in the annealing process indicates automatically two stages: recrystallization driven by the restored energy and thermal

growth driven by boundary energy. A theoretical time spent in finishing recrystallization, obtained by simulation, is found to be 2/3 of

that obtained by industrial practice. The mechanism and the experimental results about the influence of cold deformation on subgrain

size and stored energy are examined, and the experimental results are introduced into the simulation. The common experimental

phenomenon shows that there is a peak at the critical strain on the curve of recrystallized grain size versus cold strain. A theoretical

explaination to the mechanism of the peak occurrence is also discussed.

Keywords: phase field method, nucleation, stored energy, recrystallization
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