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í�Ñ
ü�B�¬Ü7�¬.L�NÈ�¬âº��m�½þ'X, ïá
B�¬Ü7�¬.9åÆ5�
�§ÝÚ¬âº�u)Cz�(½5¼ê. �é SmCo7 B�¬Ü7, ÏLB�¬.9åÆ¼êO�Ú©Û, ïÄ

ü�B�¬Ü7�¬â|�9­½5. ïÄL², �B�¬Ü7�¬âº��uéAuNX¥¬.gdU��
���.¬âº��, B�¬|�?u�é­½�9åÆG�; �B�¬âº���Ú�L�.º��, B�¬|
�òu)9åÆ�­, ��ØëY�¯�¬â��. |^B�¬Ü79åÆnØ���gÄÅ�{�ÍÜ��.
é SmCo7 B�¬Ü73,§L§¥�¬â��1�?1
O�Å�[, �[(J�B�¬Ü79åÆ�.�O�
ýÿ(J��, ddy¢
'uB�¬Ü7¬â|�9­½5�ïÄ(Ø.

'�c: B�¬Ü79åÆ, SmCo7 B�¬Ü7, 9­½5, O�Å�[

PACS: 61.46.−w, 05.70.Ce, 02.70.−c

1 Ú ó

Cc5, �XÊ�ÊU!I�Ú�ó�kà�
E+��×�uÐ, é^5á�JÑ
�5�p�
�¦, X�¦3p§ (400—500 ◦C) ^�eEU�
±`û�[^5U [1]. 3DÚ�d9åÆ­½�
�¤� Sm-Co [^Ü7NX¥, Sm2Co17 Ü7äk
�âÑ�p§^5U [2], ,
, Ù�pó�§Ý=
� 300 ◦C, ���Lù�§Ý, Sm2Co17 Ü7�

�åò�ÌÝeü [3]. ���', äk TbCu7 (�
�9åÆæ­��¤� SmCo7 Ü7 [4], Ù��É
5|p� 105—140 kOe (1 Oe = 103/4πA · m−1),
Ó�äk�p� Curie §ÝÚ$�S�
�å§Ý
Xê, Cc5�@�´4ämudåÚA^cµ�
#.p§[^Ü7 [5].

,
, o¬(�� SmCo7 ´9åÆæ­�, Ø
U3¿§e­½�3 [6,7], Ïd, 'uÃV\­½
z���ü��� SmCo7 Ü7�ïÄmk��.
�C, ·�ÏLmu�pU¥����¬�Ü7
®"2?1�>�lf�( (spark plasma sintering,
{P� SPS)[8,9] ��{, ¤õ��Ñ
3¿§e

­½�3���ü� SmCo7 B�¬Ü7 [10], l

y¢
��ü�� SmCo7 B�¬Ü7�Ó«¤
©�o¬Ü7�', äkØÓ�¿§9­½5. d
u SmCo7 .B�¬[^Ü7�9­½5��K�
ÙõUA5, Ïd, é SmCo7 B�¬Ü7�§ÝC
zÙ9­½5u)üC�A�?1�\�L�Ú
©Û, ��mu#.B�¬[^á�Jø�O��
Ú�Æ�â. ÄuXþ�Ä, �©3uÐB�¬Ü
79åÆ©Û�.�Ä:þ, (Ü9åÆO�ÚO
�Å�[, XÚïÄ
 SmCo7 B�¬Ü7�9­
½5.

2 B�¬Ü79åÆ©Û�.

2.1 ¬¬¬...LLL���NNNÈÈÈÚÚÚ¬¬¬âââººº���½½½þþþ'''XXX���
ííí���

�âB�¬á��(�A:, �òB�¬á�
w¤düÜ©�¤, =B�¬N (¬SÜ©) ÚB�
¬., cö�w�d u�~:
 ���f�¤,
�ödÃS½Ü©kSü���f�¤ [11]. ¬S
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Ú¬.ØÓ�(�ÚUþG�7,¬é�NB�
¬á��9åÆ5��)ØÓ��^. �X¬âº
�~��B�ºÝ, B�¬.òwÍK�$�Ì�
B�¬á��9åÆ5�. �
£ãB�¬.�(
�G�, Fecht[12] Ú Wagner[13] JÑ
 “.¡¬N)
ä�.”, Ú\L�NÈ�Vg5£ãB�¬.�
(�A�, L�NÈ�½Â [13] �

∆V =
Vb

V0
− 1, (1)

ª¥ Vb Ú V0 ©O´B�¬á��¬.«� “)ä
¬N” ��f²þNÈÚ¬S²ï�¬N��f²
þNÈ; ∆V L�
¬.�fNÈ�éu¬S�f
NÈ�Oþ [13], ´£ã¬.(�ÚUþG��­
�ëþ. B�¬.L�NÈ ∆V �¬âº� d ��
�'. �,, <�ÊH@�B�¬.L�NÈ�X
B�¬âº��~�
O� [12−14], �´'uüö
�m(��½þ'X¾���. Cc5, <�JÑ

�
�.5��üö�m�'X. Chattopadhyay
� [14] b�B�¬.L�NÈ�^ uål¬â¥
% (d2D + h/2)/2 ?�.¡L�¡È���5�O,
JÑL�NÈÚ¬âº�'X�AÛ�.:

∆V =
(d2D + h/2)2 − d2

2D

d2
2D

, (2)

Ù¥ d2D ´B�¬â�����», h �¬.þÝ.
Song � [15] @�, æ^n�B�¬â���¥�»
U�O(/�OL�NÈ���, =éuB�¬(
�, �Ä��¬â�m�.¡��, B�¬.L�
NÈ�L«�

∆V =
[d3 − (d − h)3]/ρb

d3/ρi
, (3)

ª¥, ρb Ú ρi ©O�B�¬.Ú¬âSÜ�f�
�mü��Ý. �â®kïÄ, B�¬.«���
fü��Ý~�¬âSÜ�fü��Ý� 70%—
80%, X±c��¥Qæ^ ρb/ρi = 0.8 �b� [15].
�´, ù«?n¢Sþ´Ø
°(�, Ï� ρb/ρi ò
�¬âº��Cz
UC, ¿��¬âº����
½§Ý�, ρb/ρi �¬âº��Czò�\wÍ. �


L� ρb/ρi �¬âº��Cz'X, ·�Ú\�
��½¼ê [16]:

ρb

ρi
= A + BdC , (4)

ª¥ A, B Ú C ´�½Xê. ù�, 3¢S¥, ��
¼�né±þ�L�NÈ ∆V Ú¬âº� d ��,
�½Xê A,B Ú C Ò�±ÏLgU�{��. �
±ÏL�«{ü��{5¼� (4) ª¥��½X
ê. Äk, b½B�¬â�¥/, ¬âº�Ú¬.þ
Ý©O^ d Ú h L«. �â®k¢�*ÿ(J, h

b½äk 4 ��f�þÝ, ¿�Ø�¬âº���
�Cz
UC. dd�¦�B�¬.�NÈz©ê
�

fb =
3h(d − h/2)2

d3
, (5)

¬.�fêÓ�NB�¬á�o�fê�z©¹
þ xb �

xb =
fb

1 + ∆V − ∆V fb
, (6)

B�¬á����NÈ V nc
mol �L«�

V nc
mol = NA

[
(1 − xb)V0 + xbVb

]
, (7)

NA � Avogadro ~ê.
,��¡, B�¬á����NÈ��±dÙ

¬�~êO���, ÙL�ªX (8) ª¤«. ¬�~
ê�ÏL¢�ÃãX X ��û� (XRD) ��{ÿ
þ��

V nc
mol = NA

VCE

Z
, (8)

Ù ¥ VCE ´ ü � N È (é u 8 � ( � � ¬ N,
VCE = 3

√
3a2c/2, a Ú c �¬�~ê), Z ´ü�

S��f�ê.
(Ü XRD �{Úß�>fw�º (TEM) *

	, �(½B�¬á��¬âº�. nþ, (Ü (3)—
(7) ªÚ (8) ªÒ�±O����½¬âº�¤
éA�¬.L�NÈ. |^þã�{, d¢���
� SmCo7 B�¬Ü7��'ÿ½êâ, O���

n|ØÓ²þ¬âº�¤éA�¬.L�NÈ
�, (J«uL 1.

LLL 1 ¢¢¢���ÿÿÿ½½½��� SmCo7 BBB���¬¬¬ÜÜÜ777���²²²þþþ¬¬¬âââººº���ÚÚÚ¬¬¬���~~~êêê±±±999OOO���������������AAA¬¬¬...LLL���NNNÈÈÈ

á�
²þ¬âº� d/nm ¬�~ê /nm ¬.L�NÈ ∆V

(±10−2—10−1) (±10−5—10−4) (±10−4—10−3)

a c

20 0.49012 0.4108 0.2095

SmCo7 25 0.48861 0.4097 0.1615

35 0.78708 0.409 0.1083
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�âL 1 ¥�n|L�NÈ ∆V Ú¬âº� d

�ê�, (4) ª¥��½Xê A,B Ú C �±ÏLg
U��, dd�� SmCo7 B�¬Ü7�¬.L�
NÈÚ¬âº��m�½þ'X, X (9) ª¤«

∆V (d) =
[d3 − (d − h)3]

d3
/(0.19 + 0.2d0.3). (9)

ã 1 «Ñ SmCo7 B�¬Ü7�¬.L�N
È � ¬ â º � � m � ' X ­ �. ' � © z [15]
¥�Ñ�L�NÈ�¬âº��m�'X (b
½ ρb/ρi = 0.8), �±uy, �¬âº��u 30 nm
�, ü«�{���L�NÈ�¬âº�'X� 
�²wO�. ��, Ú\ ρb/ρi �¬âº��Cz'
X��O(/L�¬.L�NÈ�¬âº��m
�¼ê'X.

ã 1 SmCo7 B�¬Ü7�¬.L�NÈ ∆V ±9¬
.Ú¬S�f�müÙ�é�Ý ρb/ρi �¬âº� d �
Cz'X

2.2 BBB���¬¬¬...���ÄÄÄ���999åååÆÆÆ¼¼¼êêê

|^þã¬.L�NÈ�¬âº��½þ'
X, �?�Ú��B�¬Ü7¬.�f²þNÈ�
¬âº��m�½þ'X�

Vb = V0

(
1 +

[d3 − (d − h)3]/ρb

d3/ρi

)
, (10)

dd�¼�B�¬Ü7¬.Ä�9åÆ¼ê=¬
.ü �f�L�ó Hb, L�� Sb ÚL� Gibbs
gdU Gb 'u¬âº� d Úýé§Ý T �¼ê
'X [11]:

Hb(d, T ) = E(d) + P (d, T )Vb, (11)

Sb(d, T ) = CV(d, T )γ(d, T ) ln[Vb(d)/V0], (12)

Gb(d, T ) = Hb(d, T ) + CV(d, T )(T − TR)

−T [Sb(d, T )

+CV(d, T ) ln(T − TR)], (13)

ª¥eI b L«¬., E �²ï�(ÜU [17,18], P

�¬.)ä�)�KØ [19], CV �½N9N [12,13],
γ � Grüneisen ëê [12,13], Vb Ú V0 �B�¬.
Ú ¬ â S Ü � Wigner-Seitz � � N È [20,21], Ù
¥ Vb = 4πr3

b/3, V0 = 4πr3
0/3, rb Ú r0 ©O�

B�¬.Ú¬âSÜ�f� Wigner-Seitz �», TR

�ë�§Ý. k'B�¬.9åÆ¼ê��[í�
�ë�©z [22,23].

3 ü� SmCo7 B�¬Ü79­½5�
9åÆ©Û

| ^ þ ã � . O � SmCo7 B � ¬ Ü 7 ¬
. � L � 9 å Æ ¼ ê, 3 d Ä : þ, l B � á
� 9 å Æ � � Ý © Û SmCo7 B � ¬ Ü 7 � 9
­ ½ 5 A �. � � Ð © Ñ \ ë ê, SmCo7 Ü 7
3 ë � § Ý T=298 K � � N ) ä X ê α0 =
21.27 × 10−6 K−1, N�5�þ B0 = 105.36 GPa,
Debey §Ý Θ0 = 328 K, Wigner-Seitz �» r0 =
0.1485 nm[24].

3.1 SmCo7 BBB���¬¬¬ÜÜÜ777���¬¬¬...LLL���óóóÚÚÚLLL
������

ã 2 Ú ã 3 © O « Ñ 
 � . O � � �
� SmCo7 B�¬Ü7¬.�L�ó Hb ÚL�
� Sb 'u¬âº� d Ú§Ý T �n�¼ê'X.
O�L², �½§Ýe, ¬.�L�óÚL��þ
�¬âº��~�
O�, 
�, �3��AÏ�
�.º�, �¬âº��uù��.º��, 9å
Æ¼ê�u)wÍCz. �XB�¬âº�~�,
¬.L�NÈO�, ¬.«��f¤ÉåP�^~
�, �f�ÄÌÝO�, ¬.«��fü��ÃS
§ÝO\, l
Úå¬.L�óÚL���O�.

3.2 SmCo7 BBB���¬¬¬ÜÜÜ777���¬¬¬...LLL��� Gibbs
gggdddUUU999999­­­½½½555©©©ÛÛÛ

3 ¼ � ¬ . L � ó Ú L � � � Ä : þ, |
^ (13) ª�O���¬.L� Gibbs gdU'
u¬âº� d Ú§Ý T �n�¼ê'X. ã 4
� SmCo7 B�¬Ü7�¬.L� Gibbs gdU
�§ÝÚ¬âº��n�Cz'X. dã 4 �wÑ,
��¡, �¬âº��½�, §Ý�p, SmCo7 B�
¬.�L� Gibbs gdU�$. ùL²�§Ý,p,
XÚäkü$gdU��­½G� ($UG�) �

016102-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 016102

guª³. ,��¡, 3�½�§Ýe, ¬.L�g
dU�¬âº��~�u)�üNCz, =éA�
½��.¬âº� dc, �3��4�� (ØÓ§Ý
e�.¬âº� dc ØÓ). 3,��.¬âº�?
¬.L�gdU l�5üNCz�A5, ù¿�
X SmCo7 B�¬Ü7�9­½53�.¬âº�
eòu)âC.

ã 2 �.O���� SmCo7 B�¬Ü7�¬.L�
ó�§ÝÚ¬âº��Cz'X

ã 3 �.O���� SmCo7 B�¬Ü7�¬.L�
��§ÝÚ¬âº��Cz'X

Äu±þ'u SmCo7 B�¬Ü7�¬.L
� Gibbs gdU�O�(J, lB�ºÝ9åÆ
��ÝéB�¬Ü7�9­½5?1©ÛÚýÿ.
ã 5 «Ñ
�X�§Ýeã 4 ����¡ã, =
ØÓ§Ýe¬.L�gdU�¬âº��Cz­
�. ã 5 L², 3�p§Ýe, þ�3���.¬
âº� dc éAX¬.L� Gibbs gdU�4�
�, ��X§Ý�,p, dc ~�, ù¿�X3�½
�§Ý9�.¬âº�^�e, SmCo7 B�¬Ü
7�9­½5u)ÕACz. ± T = 900 K �~
?1äN©Û. Xã 5 ¤«, ÃØB�¬âº��

u�´�u�.¬âº�, = d > dc ½ d < dc,
¤éA�¬.L� Gibbs gdUÑ'Ù����
�, �Ò´`, �?u�.B�¬âº��NX�
', ÃØ¬â|��º����´��, �A�N
XÑ?u�é�$�UþG�. ?�Ú`, �B�
¬âº��u�.¬âº�, = d > dc �, ¬âò
u)ëY��, ¦�B�¬Ü7NX�Uþü$,
XÚª�­½. 
�B�¬âº��u�.¬â
º�, = d < dc �, �º��B�¬Ü7|��
XÚUþ'�u�.º��B�¬Ü7|��X
ÚUþ�$, ù¿�X�[��B�¬Ü7|�

ã 4 �.O���� SmCo7 B�¬Ü7�¬.L
� Gibbs gdU�§ÝÚ¬âº��Cz'X

ã 5 3 Ø Ó § Ý e SmCo7 B � ¬ Ü 7 � ¬ . L
� Gibbs gdU�¬âº��Cz

'���B�¬Ü7|�äk�p�9­½5.
3ù«�¹e, �k�	Uþ°Ä�, X9-¹U
½AC;�U�, �UÚåB�¬Ü7(�u)
ØëY¬â��
�­. �Ò´`, éuÐ©¬
âº��u�.¬âº��B�¬Ü7|�, �
§Ý�L�.§Ý TC �, duv
�9-¹��
^, �5?u�$UþG��¬â|��Uâu¯
�¬â��.
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4 ü� SmCo7 B�¬Ü79­½5�
O�Å�[ïÄ

��y SmCo7 B�¬Ü79­½5�9åÆ
ýÿ(J, |^á�w�|�½þz!�Àz�O
�Å�ý�{ [25−27], ÏLX�O�Å�[¢�é
9åÆO�(J?1u�Ú'�©Û. Äkò�Ñ
�B�¬Ü79åÆ¼êÚ\O�Å�ý�{ —-
��gÄÅ (cellular automaton, {P� CA), ïá
ÍÜ�., éü� SmCo7 B�¬w�|�üC?
1O�Å�[ïÄ.

4.1 BBB���¬¬¬ÜÜÜ777999åååÆÆÆ/CA ���{{{���ÍÍÍÜÜÜ���
���ýýý���...

3äkO(zÆOþ'�Ü7¥, ±ü�Ü7
zÜÔ�ÐÄ¬��Ä�, éu��Ü7NX, d
ü�ÐÄ¬����NÈ V0 �±^²þ�fNÈ
L«� V0 = xAVA + xBVB, Ù¥ xA Ú xB ©O�
Ü7¥��|����©ê, VA Ú VB ©O���
|��f���NÈ.

�âÜ7B�¬õ¬Ná��(�A:, Ùw
�|��¤|��©¤ü«: (1) ¬â|�, T|�
¥¤k�fþ u¬N:
��:þ; (2) ¬.|
�, Ù¥¤k�fÑ u¬â�m�.¡«�. ^
8>/��lÑB�¬Ü7á�, z�����
��� SmCo7 ÐÄ¬����. �½3B�¬Ü
7 CA �.¥B�¬.�þÝ� 4 ����, dd
ïáB�¬Ü7w�|�� CA Ä��.. Ó«�
�����¤��B�¬â, ¬â��	ü���
áu¬.«�.

ò���[«�lÑ¤ 200 × 200 �8>/�
�, éz���l N (N ��[á�¥L�¬â�
��oê) ��ê¥?���D��L����*
��, �Ó������¤��¬â, ¬â��	
ü����¤T¬âm¬.«�. ���[á�N
X� Gibbs gdU�¤k¬.��Ú¬S��g
dU�Ú, =:

G =
N∑

j=1

Nbj
∆Gbj

N0
+ Ni

∆Gi

N0
, (14)

ª¥, N0 � Avogadro ~ê, Nbj �1 j �¬â¥¬
.����ê, ∆Gbj �1 j �¬â�¬.L�g
dU, Ni ��[«�¬S����ê, ∆Gi �¬S
� Gibbs gdU¼ê, éuæ­�Ü7, X SmCo7,
¬S Gibbs gdU¼ê�dæ­�Ü79åÆ�

.¼� [28]. òB�¬Ü7¬.Ú¬âSÜ�þ�
f� Gibbs gdUN�� CA �.�¬.Ú¬S
��þ, ¼�B�¬Ü7Ð©|��UþG�. d
¬SÚ¬.��­#����NXUþ�Czû
½w�|�u)üC��U5. 3����gÄ
Å�Ì�Ú½ (CAS) ¥, �ÅÀ�����, �	
T����C�k 6 ��Ø, �ÅÀ����Ø�
���DuT��. O���­#��c!���
�[«�� Gibbs gdU G1 Ú G2, ¿dUþ�C
z ∆E = G2 − G1 5(½��´Ä­#��. ��
­#��òÚåB�¬|��ÛÜüC. XJ­#
���Uþ,p, ���±���; eUþü$, �
�¢y­#��; UþØC, ��Q�U¢y­#
����U�±���. dd, ïáB�¬Ü79
åÆ/CA �{�ÍÜ�½þz!�Àz�ý�..

4.2 SmCo7 BBB���¬¬¬ÜÜÜ777CCC§§§¬¬¬âââ������������
[[[(((JJJ

|^þãïá�B�¬Ü79åÆ/CA ÍÜ
�., é SmCo7 B�¬Ü7C§¬â��?1

�[ïÄ. �ý� SmCo7 B�¬Ü7�Ð©²þ¬
âº�� 6 nm. ©O3 T = 800, 900, 950, 1000 K
^�e$1 2000 CAS, ±�[ØÓ§Ýeü�B
�¬Ü7�¬â|�üCL§.

ã 6 «Ñ�[���ØÓ§Ýe SmCo7 B�
¬Ü7�w�|�. lã¥�±wÑ, �X§Ý�
,p, ¬âu)��, ¬â�ê~�. 3¬â��L
§¥, º����¬â����º����¬â¤
ó¿
��. 3�[�¬â��|�üCL§¥,
�>ê¬âlº�~����!õ>ê�º�¬
â±Y���A��ý¢õ¬Ná��~¬â�
��A��Ó.

ã 7(a) «Ñ
�§Ýe²þ¬âº���[
�m�Cz. dã�±wÑ, SmCo7 B�¬Ü7
3 T = 800 K �, B�¬|�Ä�þØu)¬â
��, 3 T = 900 K �, B�¬|�Ñk��; 

3 T = 950 K Ú T = 1000 K �, B�¬|��
²þ¬âº���[�m�ò�O�×�. ��,
3 900—1000 K �Ä�§Ý��S, SmCo7 B�¬
Ü7¬â����ÇwÍO\, �±@�, 3d§
Ý«mS SmCo7 B�¬Ü7|�u)
ØëY¯
�¬â��. ã 7(b) «Ñ
3�Ó�[�m�^
�e, SmCo7 B�¬Ü7|��²þ¬âº��
§Ý�Cz'X. �±wÑ, 3 900—1000 K §Ý
��S, SmCo7 B�¬Ü7|�u)
²w�Øë
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Y¯�¬â��. ù«¯�¬â��´�NB�¬
|�Ó�u)� (ë�ã 6 Úã 7(a)), ��
á�
¥duâf¹S½¬.[£Ç��É5��ÏÚ
å�ÛÜÉ~¬â��ØÓ, Ù¢�´dB�¬.
�9åÆG�û½�. dc¡éã 5 �©Û��,
� SmCo7 B�¬Ü7�¬âº��uéAuNX
¥¬.gdU�����.¬âº��, ÙB�¬
|�?u�$�9åÆUþG�; 3,§L§¥9

-¹U��^e, �B�¬âº���Ú�L�.
º��, B�¬âUY��òÚåNX¥¬.gd
U�wÍeü, dd�� SmCo7 B�¬|�u)
9åÆ�­, �)ØëY�B�¬â¯���. ã 7
¤«�[(JéÐ/y¢
�©B�¬Ü79å
Æ�.'u SmCo7 B�¬Ü7|�9­½5�O
�ýÿ.

ã 6 O�Å�[��� SmCo7 B�¬Ü73ØÓ§Ýe�¬âw�|� (2000CAS)

ã 7 �[��� SmCo7 B�¬Ü7�²þ¬âº��Cz­� (a) �½§Ýe��m�Cz; (b) �Ó�me�§Ý�Cz
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(1) ïá
ü�B�¬Ü7�¬.L�NÈ�
¬âº��m�½þ'X, ¼�
B�¬.Ä�9
åÆ5��§ÝÚ¬âº��n�¼ê'X.

(2) |^í��B�¬Ü79åÆ¼ê£ã

 SmCo7 B�¬Ü7�¬.L�ó!L��ÚL
� Gibbs gdU�§ÝÚ¬âº��Cz5Æ. d
�.O����B�¬.L� Gibbs gdU�¬â
º�Ú§Ý�Cz'X��: B�¬.L� Gibbs
gdU3�½��.¬âº�Ú�.§Ý��3
��4��; �¬âº��u�.º��, B�¬
|�?u�$�9åÆUþG�; 3,§L§¥9

-¹U��^e, �B�¬âº���Ú�L�.
º��, B�¬â��òÚåNX¥¬.gdU�
wÍeü, dd��B�¬|�u)9åÆ�­,
ÚåØëY�B�¬â¯���.

(3) A^B�¬Ü79åÆ¼ê� CA �{�
ÍÜ��.é SmCo7 B�¬Ü7C§¬â���
O�Å�ý(JL², éuÐ©¬âº��u�.
¬âº��B�¬Ü7|�, �§Ý�L�.§Ý
�, B�¬â|��u)ØëY¯�¬â��. d
d, y¢
�©B�¬Ü79åÆ©Ûé SmCo7

B�¬Ü7¬â|�9­½59ÙCzA��ý
ÿ(J.
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Thermodynamic study and cellular automaton
simulation of thermal stability of

nanocrystalline SmCo7 alloy∗
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Abstract
The accurate quantitative relationship between the excess volume at the grain boundary and the nanograin size in nanocrystalline

alloy is deduced. The fundamental thermodynamic function of nanocrystalline alloy is derived as a function of nanograin size and
temperature. By taking the SmCo7 alloy for example, the thermal stability of the nanocrystalline alloy, as well as its evolution charac-
teristics, is studied based on the calculated excess Gibbs free energy of nanograin boundary. The results show that the nanostructure
with grain size below a critical value that corresponds to the maximum excess Gibbs free energy can have higher thermal stability than
a coarser nanograin structure. Once the grain size is larger than the critical value, the nanostructure may lose its stability and undergo
discontinuous grain growth. By combining the nanothermodynamic model with the cellular automaton algorithm, the quantitative and
visual simulations of nanograin growth in nanocrystalline SmCo7 alloy are performed. The nanograin growth behavior described by the
two approaches are consistent with each other, which validates the conclusion of the thermal stability of nanocrystalline alloy, drawn
from the present thermodynamic study.

Keywords: nanothermodynamics, nanocrystalline SmCo7 alloy, thermal stability, cellular automaton simulation
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