
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 200510

æææ­­­������BBB���ºººÝÝÝ­­­½½½zzz: 999åååÆÆÆ���...���¢¢¢���ïïïÄÄÄ*

y¡ý† M©É ÜóR

( �®ó��Æá��Æ�ó§Æ�, #.õUá���Ü­:¢�¿, �® 100124 )

( 2012 c 1 � 6 FÂ�; 2012 c 5 � 15 FÂ�?Uv )

ïá
æ­�Ü7�9åÆ�., £ãæ­���«9åÆÔnþ9Ù�¤©!§Ý!¬âº��Ï��C
z. (Ü�.O�ÚX�¢�, �«
æ­��9åÆ5�!CzA�9ÙB�ºÝ�A. ±æ­� SmCo7 Ü7�
~, ½þïÄ
æ­�±ü�/ª­½�3�^�9�­u)��©)1�. ïÄ(Jéæ­�Ü7A^L§¥�
­½5Ú�C�N�äk½þz��¿Â.

'�c: æ­�, 9åÆ, �­½5, B�ºÝ�A

PACS: 05.70.Ce, 05.70.Fh, 05.70.Ln, 05.70.Np

1 Ú ó

B�¬Ü7du¬â|�[�, S.¡ (�)
¬.!�.!Æ.�) ¤ÓNÈ©êép. B�S
.¡wÍ/K�B�¬Ü7�Ôn!zÆ!åÆ
5UÚõUA5, ¦Ù¥yDÚo¬Ü7Ã{'[
�`É5U, Xp�MÝ!rÝ!9N!>{Ç!
^5U�. XJB�¬Ü7�­½5u)Cz, X
B�¬|�âu¬âoz
��9­½5ü$, ½
B�¬|�u)�©l!�ÛÑ!�=C���
�­½5ü$, þ�E¤B�¬Ü75U�wÍC
z, XåÆ5Uü$!õUA5~f�. ��, B�
¬Ü7�­½54Ù­�.

�´duB�¬Ü7¥�3��NÈ©ê�
S.¡|©, ÙÔn5UÚ9åÆA5ØUd²;
9åÆ�.?1O(£ã [1,2]. DÚ�9åÆ�.
�ÑS.¡��^, ·u£ã.¡�Ó4�'~�
o¬|��9åÆG�. �
�«B�á��9å
ÆA5, 7L�éB�|�(��A:, ïáB�
ºÝ�9åÆnØÚ�., ½þz/£ãB�(�
á��9­½5Ú�­½5.

l9åÆ�Ý5`, B�¬.«�?uÃSü
�½á§kSü���f8ÜNK�á��|�
�Ú�Ä� [3], ¿du “¬.KØ” �A [4] K�á
��ó, l
é Gibbs gdU�)­�K�. Äu
B�¬.«��f8ÜN�(�ÚUþG��£
ã, �©�öïá
ü�B�¬9åÆ�. [5] ½
þïÄB�¬|��9­½59Ù�§ÝÚ¬â
º��üC5Æ, ?
�éÜ7NX¥�9åÆ²
ï� (=DÚ�ã¥�3�Ô�), ïá
­½�B
�¬Ü79åÆ�. [6] ½þ£ã­½�B�¬Ü
7NX¥��C1�.

Ó­½�Ü7�', æ­�Ü7~äk�
A
Ï�±�`É�åÆ5UÚõUA5. ,
, éu
~5Ü7NX¥�æ­�, Ï?u9åÆæ­²ï
�½�²ï� (�DÚ�ã¥Ø�3�Ô�), 3Ø
V\­½z��½Øæ^4à¢�Eâ (X4�§
Ý/ l9åÆ²ï�) �^�eÃ{��Ñ½�
±4daÜ7�. Ïd, éæ­�Ü7��\ïÄ
3¢�+��3éõ(J. �8'u�²ï�æ­
��9åÆA�9Ùé�C1��K�m���.

�CïÄuy, o¬Ü7¥�æ­��±3B�º
Ýe­½�3 [7]. �d, �©�éÜ7NX¥�æ
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­�, ïá�¹ºÝ�A�Ü79åÆ�., ±½
þ£ãæ­��9åÆ5�!Cz5Æ9�­½
5. (Ü;.�æ­� SmCo7 [^Ü7�¢�ï
Ä, �«æ­�Ü7���­^�Ú�C5Æ.

2 Ü7æ­��9åÆ£ã

2.1 999åååÆÆÆÔÔÔnnnþþþ999ÄÄÄ���¼¼¼êêê

Äk, éu~5�o¬Ü7NX, ± 1 mol Ô
� (äk N = nNA ��f, n ´NX¥zÜÔ©
f���ê, NA �CÏ³�Û~ê) �ïÄé�,

Ù Helmholtz gdU F Ì�dnÜ©�¤ [8]: �
f³U φ, ¬��ÄU FD Ú>f9-ugdU
Fel, =

F (r, T ) = φ(r) + FD(r, T ) + Fel(r, T ), (1)

Ù¥, �f³U φ ´NX¥�f��³U�\Ú:

φ =
N

2

N∑
i±j

ϕ(rij), (2)

ª ¥ rij ´ i Ú j � f m å. X J � � Ä �
�C�f�m��p�^, �f³U�±{z
� φ =

1
2
ZNϕ(r)[9], Z ´��C�f�� ê.

�f�m��³ ϕ(r) �^ Morse ¼ê5£ã:

ϕ(r) = D0

(
e−τ

(
r

R0
−1

)
− 2e−

τ
2

(
r

R0
−1

))
, (3)

ª¥�³U~ê τ , D0 Ú R0 �d1�5�n�{
5O�¼� [10].

¬��ÄU FD �L«�

FD(r, T ) = ED(r, T ) − TSD(r, T ), (4)

�â Debye nØ,

ED(r, T ) =
9
8
NkBθ + 3NkBTD

(
θ

T

)
,

(5)

SD(r, T ) = 3NkB

[
4
3
D

(
θ

T

)
− In

(
1 − e−θ/T

)]
,

(6)

ª¥ D(θ/T ) � Debye ¼ê.

>f9-ugdU Fel �L��

Fel(r, T ) = Eel(r, T ) − TSel(r, T ), (7)

Ù¥,

Eel(r, T ) = N

∫ ∞

0

n(ε, r)f(ε)εdε

− N

∫ εF

0

n(ε, r)εdε, (8)

Sel(r, T ) = −NkB

∫ ∞

0

n(ε, r)[f(ε)lnf(ε)

+ (1 − f(ε))ln(1 − f(ε))]dε, (9)

ª¥ n(ε, r) Ú f(ε) ©OL«>f��ÝÚ¤�-)
.�©Ù. éuo¬Ü7NX�æ­�, Ù>f�
�Ý�d1�5�nO�¼�.

��5`, duïÄ¥�9��§Ý���
$uNX�¤�§Ý, =Ié¤�UNC�>f
��Ý?1È©O�. ù�, d (1)—(9) ª�±
O�NX� Helmholtz gdU. �âØå�½Â
ª P = −(∂F/∂V )T , =�¦�NX�G��§

P = −
(

∂F

∂V

)
T

= − 1
3Cr2

∂φ

∂r
+

3ΓNkBT

V
D

(
Θ

T

)
−

(
∂Fel

∂V

)
T

,

(10)

Ù¥, NÈ V = Cr3, C = 9Nv/zn, ν = c/a (¬�
~ê c Ú a '�), z �ü�¥�©fê, Γ ´o¬
NXæ­�� Grüneisen ëê, ´�fmå r �¼
ê, �d Γ = −(r/6)ϕ′′′(r)/ϕ′′(r)[4] O�¼�, Ù
¥ ϕ′′′(r) = ∂3ϕ/∂r3.

� â N X � G � � §, � ± O � N X ¥ 9
N (�N9N CV Ú�Ø9N Cp)!N�5�þ
ÚN9)äXê��«9åÆÔnþ [11]:

CV = −T
(
∂2F/∂T 2

)
V

, (11)

B = −V (∂P/∂V )T , (12)

αV = (∂P/∂T )V /B, (13)

Cp = CV + (γ2C2
V/BV )T. (14)

I�5¿�´, éu^5á�NX, I�ÄØ
Ó¤©Ü7¥^5é9åÆ5��K�. ùpæ
^ Hillert-Jarl �. [12] 5£ã^5éNX9åÆë
þ�K�, eª�^5éNX9N��z:

Cpmag = R ln(β0 + 1)c(τ), (15)

ª¥, R �íN~ê, β0 �²þ�f^Ý, τ =
T/T ∗, T ∗ �Øp§Ý½G�§Ý. c(τ) deª�
Ñ:

c(τ) =
[
474
497

(
1
p
− 1

)(
2τ3 +

2τ9

3
+

2τ15

5

)]
/D

(τ 6 1),

200510-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 200510

c(τ) =
[
2τ−5 +

2τ−15

3
+

2τ−25

5

]
/D (τ > 1),

(16)

Ù¥, D = 518/1125 + 11692(1/p − 1)/15975, p �
NX�¬N(�k', éu{üá�(�Ú8�(
�©O� p = 0.4 Ú p = 0.28.

nþ, éuäk^5A��o¬Ü7NX, Ù
�Ø9N Cppc �

Cppc = Cp + Cpmag. (17)

? 
 d � Ø 9 N � O � æ ­ � Ü 7 � ó ! �
9 Gibbs gdU¼ê:

∆Hpc(T ) = ∆H298
pc +

∫ T

298

CppcdT, (18)

Spc(T ) = S298
pc +

∫ T

298

(Cppc/T )dT, (19)

∆Gpc(T ) = ∆Hpc(T ) − TSpc(T ), (20)

ª¥eI pc �Lo¬Ü7NX.

éuB�¬Ü7NX, Äuo¬Ü7NX9å
Æ5��£ã, æ^XeÚ½¼�Ù9åÆ¼ê:

Äk, ÏL¢���Ñäk�½¬âº��æ­�
B�¬Ü7, éÙ�Ø9N Cp(T ) ?1ÿþ. �â
Ä�9åÆ¼ê��Ø9N�'X, �¼�T¬â
º�eæ­�B�¬Ü7�ó!�Ú Gibbs gd
UL�ª. ,��¡, ±o¬Ü7NX�9åÆÔ
nþL�B�¬Ü7¥?u¬S«�kSü��
�f�9åÆ5�, |^�.O�Ú¢�ÿ½êâ
�gU (�§|¦)), ©O(½o¬NXÚB�¬
NX¥æ­��IOó ∆H298

pc Ú ∆H298
nc . dd, �

±O��«¬âº�eæ­�Ü7�9åÆ5�.

2.2 ������zzzÆÆÆ³³³999¹¹¹ÝÝÝ

éuÕá�B�¬Ü7NX, Ù Gibbs gd
U Gnc ´§Ý T , Øå P , ¬âº� d ±9|��
�ê�¼ê, =

Gnc = Gnc(T, P, d, ni, nj , nk, · · ·), (21)

Ù¥ ni, nj , nk, · · · �B�¬NX¥|� i, j, k, · · ·
���ê. XÚ�UþG��ûu (21) ª¥�¤k
Ï�, �ù
Ï�¿Ø´*d��Õá�.

XJXÚ¥�|©���ê�±ØC, é (21)

ª���©?n��

dGnc = −SncdT + VncdP

+
i=k∑
i=1

(
∂Gnc

dni

)
T,P,d,nj ,···

dni, (22)

Ù¥ Snc Ú Vnc ©O´B�¬NX��ÚNÈ,

�Ñ´§Ý!ØåÚ¬âº��¼ê. (22) ª
¥ Σ(∂Gnc/dni)T,P,d,nj,···dni =�B�¬NX¥¤
k|©� �� Gibbs ¼ê¦Ú. ò �� Gibbs

¼ê (∂Gnc/dni)T,P,d,nj,··· ½Â�B�¬NX¥|
© i �zÆ³, ^ÎÒ µi L«, =

(∂Gnc/dni)T,P,d,nj,··· = µi, (23)

u´, (22) ª��¤

dGnc = −SncdT + VncdP +
k∑
1

µidni. (24)

(24) ª�¡£ã
NX¥�Ô��¹þ!¬âº
�Ú§Ý�Czé9åÆG�¼ê�½þK�, Ï
d, Tª�^uO�Ú©Ûü�9õ�NX¥��
­½5ÚØÓ��m�=Cª³, cÙ´�±½þ
zL��­½5�¬âº��A.

3½ÂNX|©zÆ³�Ä:þ, Ú\Ô��
¹Ý5£ãNX¥,�|©�zÆ³�T|©?
uë��e�zÆ³�É:

µi(d) = µo
i (d) + RT ln ai(d), (25)

ª¥ ai �|© i �¹Ý. (25) ªL², ?ÛUCz
Æ³�Ï�Ñ¬éTÔ��¹Ý�)K�. 3�½
¬âº�e, ±B�¬ü�3§Ý� 298 K!Øå
� 1 atm (1 atm =1.01×105 Pa) ^�e�G��ë
��, K ai = 1 éA µi(d) = µo

i (d), =�ë���
|© i �zÆ³, ½¡IOzÆ³. ù¿�X: ��
¡, 3¬âº�ØC�^�e, ai = 1 L«B�¬
NX¥|© i ?u9åÆ²ïG�, TÔ�äk�
p��é­½5, =|© i �±­½��/ª�3
uB�¬NX¥; ,��¡, �Ù¦Ï��½�, �
X¬âº��Cz, B�¬NX¥|© i �IOz
Æ³�u)Cz. þã�¹ºÝ�A�zÆ³Ú¹
Ý�Vg9Ù½þz�.�ïá, ¦�O(£ãõ
�NX¥�|©��é­½59Ù�¹þ!§Ý
Ú¬âº��Cz¤��U.

3�½§Ý!ØåÚ¬âº��^�e, X
Ú Gibbs gdUL«�

∆G = Σni(µo
i (d) + RT ln ai(d)). (26)

dd, �â Gibbs gdU�$��K, ÏL|©�¹
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ÝO��±L�ØÓÔ�|¤�Ü7NX¥�²
ïG�9�­½5, ?
�½þïÄ�C1�.

�þïÄ®�, ¤©�½�DÚo¬Ü7¥�
�­½5Ú�CÉ§Ý!Øå!	|�õ«Ï�
�K�. �©ïá�9åÆO��., �é9åÆ
�²ï��UþG��Ü7w�|�ºÝ�Cz
?1½þ£ã, cÙéB�ºÝe9åÆ�²ï�
�­½59ÙüC?1XÚïÄ, �«3§Ý!Ø
å!	|�^�Ï��½�^�e, w�|�ºÝ
é9åÆ�²ï��­½59�C�K�.

3 æ ­ � Ü 7 N X � 9 å Æ O �
9©Û

A^ïá�Ü79åÆ�., ± Sm-Co NX¥
�ä�L5�æ­�Ü7 SmCo7 �~, ïÄÙ�
­½59B�ºÝ�A�K�. Äké¢����
B�¬ SmCo7 Ü7 (²þ¬âº��� 20 nm) ?
1�Ø9N�ÿÁ, ¼� Cp(T ) ¼ê'X. ±d¼
ê�Ä:, O�¼�B�¬æ­� SmCo7 Ü7�
ó!�Ú Gibbs gdU. 3�Ó�B�ºÝe, �
â¢�ÿ½ Cp(T ) ¼ê'X¼�� Gibbs gdU
�Ü79åÆ�.O�¼�� Gibbs gdU?1
gU, ©O��o¬|�ÚB�¬|�� SmCo7

Ü7���IOó�. dd, ?�ÚO���æ­
� SmCo7 ��«9åÆëê9Ä�¼ê.

3¿§ (T = 300 K) e SmCo7 Ü7NX��
²ï'X�¬âº��CzXã 1 ¤«. ¬âº
��u 51 nm � Sm2Co17 (d > 51 nm) �Ú¬âº
��u 51 nm � SmCo7 (d < 51 nm) �Ù¹Ý�
u 1 (a = 1), d	, SmCo5 ��¹Ý�±� 1, L²
ùn�Ô��UÑy3B�¬ SmCo7 Ü7NX�
9åÆ²ï�¥. O�(JÓ�«Ñ, éuo¬N
X (d À 100 nm), ¿§e SmCo7 ��¹Ý��u 1

(a ¿ 1), 
 Sm2Co17 Ú SmCo5 �¹Ý� 1, �ùü
�Ô�3NX¥���©ê�Ú� 1. =L², o¬
NX¥ SmCo7 ��9åÆ�²ï�, 3¿§eØ
U­½�3, ¬©)¤ Sm2Co17 Ú SmCo5 �, dO
�(J½þ)º
o¬NXe SmCo7 �ØU­½
�3�9åÆ��.

éuB�¬NX (d < 100 nm), �X¬âº�
�~�, SmCo7 ��¹Ý¯�O\, �¬âº�~
�� 51 nm ±e�, Ù¹Ýd a < 1 C¤ a = 1, L

² SmCo7 ��­½5�¬âº��~�
Or,

��¬âº��u 51 nm �, SmCo7 ¤�­½�Ñ
y3Ü7NX�9åÆ²ï�¥. �Ò´`, ¿§
e¬âº��u 51 nm �B�¬ SmCo7 ��±ü
��/ª­½�3. ù«o¬Ü7NX�æ­�3
B�ºÝe�­½z, LyÑ²wØÓuDÚo¬
Ü7��~�­½5. d	, O��L², �¬âº
� d < 51 nm �, aSmCo5 = 1 Ó� nSmCo5 = 0, =
B�¬ SmCo5 �?u�.G�, ��Ü7NX�
¤© l SmCo7 �, SmCo5 �ò��­½�²ï
�Ñy3NX¥.

ã 1 æ­� SmCo7 Ü7NX3¿§e�²ï'X�¬âº
�Cz�O�(J (a) 9åÆ¹Ý a; (b) ��ê n

ã 2 �O�����.¬âº��þ SmCo7

��©)�Ô Sm2Co17 Ú SmCo5 �1� SmCo7

� Gibbs gdU�� (∆Gdecomposition) �¬âº
�Ú§Ý�Cz'X, �dd½þýÿØÓ¬â
º�?O�B�¬ SmCo7 ��­½59�©)
1�. §Ý�½�^�e, gdU��¬âº��
~�
O�. 3¿§ (T = 300 K), �¬âº�~
�� 50 nm �, ∆Gdecomposition dK�C���,

¿�Xd�B�¬ SmCo7 ��±­½�3. é
u d < 50 nm �Ü7NX, Ù ∆Gdecomposition = 0
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éA�§Ý (=�C:) �¬âº��~�
,p,

¿�XB�¬ SmCo7 �U­½�3�§Ý«m
�¬âº��~�
O�. X�¬âº�� 20 nm

�, SmCo7 ��©)§Ý�� 830 K; XJ¬âº
�~�� 10 nm, SmCo7 ��©)§Ýò,p�
� 1257 K (Xã 2 ¤«). O�(J�Ñ�­�é
«´: �B�¬âº�~���½§Ý�, æ­
� SmCo7 �±3��°�§Ý«mS­½�3.

ã 2 ØÓ¬âº�eB�¬ SmCo7 Ü7NX¥ SmCo7→
Sm2Co17+ SmCo5 �C Gibbs gdUCz�§Ý�'X

4 æ ­ � Ü 7 N X � ­ ½ 5 � ¢
�ïÄ

�
�yæ­�Ü7NX9åÆ�.�O
�(J, éæ­�Ü7¥��­½5Ú�C1�
?1
X�¢�ïÄ. Äk, ©O��¶Â¤©
� SmCo7 �o¬Ü7Ò¼ÚB�¬Ü7¬N. ä
N�{´: ò7á Sm (XÝ� 99.99%) Ú Co (XÝ
� 99.99%) ��UìzÆOþ' 1 : 7 (��') ?
1��. �
Ö� Sm 3LõL§¥��u��, �
�� Sm ��þõ\ 3 wt.%. 3 g°õ��Ü7Ò
¼3pX�í�oe?1p§ò», ±¼�¤©þ
!�o¬Ü7. 3pX�íÃ@�¥òo¬Ü7»
�, 23�í�oe?1pU¥�, ¼��¬Ü7
®". 3ý�^�e, |^�>�lf�(Eâò
�¬Ü7®"Ó�?1¬zÚ��z, ����B
�¬Ü7¬N. ,�, òB�¬Ü73ý�^�e
?1X�ò»¢�, ÏLéØÓ§Ýò»��úe
%�¿§��¬�Ô�|¤?1uÿÚ©Û, =3
Ó�§Ý (¿§)!ØÓ�w�|�ºÝ (²þ¬â
º�) ^�e, uÿÜ7��­½5.

ã 3 ����¶Â¤©� SmCo7 �o¬Ü
7ÚB�¬Ü7� X ��û� (XRD) ãÌ. Ô�

©ÛL², ¿§eo¬Ü7��|¤� Sm2Co17

Ú SmCo5 ü � � � (ã 3 ­ � (a)). o ¬ Ü 7
¥ SmCo7 �3¿§eØU­½�3�¢�(J
�©z���ïÄ(J [7,13] ��, ��c©9
åÆ�.O�(J (ã 1) ����. B�¬Ü7
� XRD ãÌ (ã 3 ­� (b)) L²¿§eÙ�|¤
�ü�� SmCo7, d Scherrer úª [14] O�Ñ²þ
¬âº��� 20 nm. ��, o¬Ü7¥ØU­½�
3� SmCo7 �, 3B�ºÝeÙ�­½5u)U
C, �3¿§e�3. ù�¢�¯¢�9åÆ�.
ýÿ�¬âº��u 50 nm �Ü7¥ SmCo7 ��
3¿§e­½�3�(J (ã 2) ���, y¢
B
�ºÝéæ­�­½z��^.

ã 3 ¢����¶Â¤©� SmCo7 �o¬Ü7 (a) ÚB�¬
Ü7 (b) � XRD ãÌ

ã 4 �Ð©²þ¬âº�� 20 nm �B�¬
Ü73§Ý� 673, 773, 873 Ú 973 K eò» 30 min

�¿§e��¬�Ô�©Û(J. Xã¥­� (a),

(b) Ú (c) ¤«, B�¬Ü73 873 K 9±e§Ýò
»��e�¿§��¬þdü� SmCo7 �¤. |
^ Scherrer úªO��� 673, 773 Ú 873 K ò»
�¬�²þ¬âº�©O� 25, 29 Ú 35 nm. ã 5

«Ñ 873 K ò»�¬�ß�>º (TEM) ²|�!
>fû�ãÌ9I½Ú¬âº�ÚO©Ù(J. >
fû�ãÌI½(J?�Úy¢
 873 K ò»�
¬¿§e�ü� SmCo7 Ü7. T�¬�¬âº�
Ì�8¥3 20—40 nm �m, ÿ½²þ¬âº�
� 33 nm (��â XRD êâ (ã 4 ­� (c)) O��
(J�~�C).

� ò » § Ý , p � 973 K �, d ò » � ¬
� XRD ãÌ (ã 4 ­� (d)) ©Û��, ¿§e�|
¤� SmCo7+Sm2Co17+SmCo5 õ���. ã 6 ¤
«>º©Û(J�y¢
 973 K ò»�¬�õ�|
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¤. ÿ½T�¬�²þ¬âº��� 161 nm. ¢�
(JL², 973 K ò»�¬3¿§eÜ© SmCo7 �
u)
©), )¤ Sm2Co17 Ú SmCo5, = SmCo7→
Sm2Co17+SmCo5. ã 2 ¤«��.O�L², ¬
âº� d > 20 nm � SmCo7 Ü7NX¥�©)
� Gibbs gdUCz3 973 K þ�K�, = 973 K

§Ýe, �u�½¬âº��Ü7NX¥ SmCo7

��©)�Aþ�Uu). ��, ¢�(Jy¢

9åÆ�.�ýÿ(J.

ã 4 ¶Â¤©� SmCo7 �B�¬Ü7²ØÓ§Ýò»��
¬� XRD ãÌ (a) 673 K; (b) 773 K; (c) 873 K; (d) 973 K

þãX�¢�(JL², ¶Â¤©� SmCo7 �
Ð©²þ¬âº�� 20 nm �B�¬Ü7, 3¿§
� 873 K �§Ý��SÙ²þ¬âº�3 35 nm ±
e, Ü7NX¥�|¤þ±ü�� SmCo7 ­½�
3. 3 873—973 K §Ý��S, B�¬|�âu¯
�¬â�� [5], ²þ¬âº�O�� 161 nm; Ó�,

Ü7NX¥�|¤u)²wCz, dü� SmCo7

u)©), /¤õ����G�. ��, ¢�(J�
¡y¢
£ãæ­�9åÆA5�Ü79åÆ�
.O�(J.

nÜ±þ'uæ­� SmCo7 Ü7��­½
59åÆO�(J9X�¢�ïÄ, �±�Ñ:

SmCo7 ��­½5Ú�=C´d¬âº�?OÚ
¬â��L§û½�; §Ý (��±´	\Aå�
Ï�) ��B�¬â��, ��L�.¬âº��,

SmCo7 �u)�­, Ü7NXdü�©)¤õ��
�G�. duæ­� SmCo7 ��­½5��K�
Ù[^5U [13], �©�éæ­�ïá�Ü79å
Æ�.éá��OÚ��äk­����¿Â. �
±@�, ��k���B�¬â|��oz, ¦�
B�¬âº��±3�.�±e, SmCo7 Ü7NX

=��±­½�ü�G�, ù´Jpæ­�Ü7�
¿§Úp§^5U4Ù­���Æ�â.

ã 5 B�¬ SmCo7 Ü7 873 K ò»��¬� TEM ©Û (a)
²|�Ú�A�>fû�Ì9I½; (b) ¬âº�ÚO©Ù

ã 6 B�¬ SmCo7 Ü7 973 K ò»��¬� TEM ²|�Ú
�A�>fû�Ì9I½

5 ( Ø

�©(Ü9åÆO�ÚX�¢�ïÄ
æ­
�Ü7��­½5Ú�C1�, ��(ØXe.
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1) 3Øå!	|�^�Ï��½�^�e, ï
á�Ü79åÆ�.�Ñæ­���«9åÆÔ
nþÚ9åÆ¼êþ´¤©!§Ý!¬âº��
õCþ¼ê. 3¤©Ú§Ý(½�, �¬âº�~
���½§Ý, o¬Ü7NX�æ­��±3B�
ºÝepÝ­½z.

2) ±æ­� SmCo7 Ü7�~�9åÆO�L
², �¬âº�O���.� (� 51 nm) ±þ�,

SmCo7 ò�­u)�©). �¬âº��±3�.
º�±e�, B�¬ SmCo7 �U­½�3�§Ý
«m�¬âº�~�
O�. X�¢�(J�¡y
¢
�.ýÿ.

3) XJk���B�¬â|��oz¦¬â
º��±3�.�±e, æ­��±3��°�§
Ý«mS­½�3. �©ïá�9åÆ�.ép5
Uæ­�Ü7��OÚ��äk­����¿Â.
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Nanoscale stabilization of metastable phase:
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Abstract

A thermodynamic model, into which the nanoscale effect is introduced, is established to describe the thermal parameters of

metastable phase, as well as their changes with the concentration, temperature and grain size. Based on the model calculations and

experiments, the thermodynamic properties and dependence on the grain size are disclosed. Taking the metastable SmCo7 phase for

example, the conditions for the single-phase stability and the phase decomposition are studied. The results are important for the control

of the phase stability and phase transformation of the metastable-phase alloy.
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