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± SCN-30wt%H2O, SCN-50 wt%H2O Ú SCN-80 wt%H2O n|ß²NX, 3ð§|e¢y
/ØÚNÌ©)ü
«L§; 3dÄ:þ, �\§ÝFÝ, ïÄ
1���%�[£$Ä5Æ. (JL², �©l3�.¤©NX±NÌ
©)�ª?1, 3,	ü«NX¥±/Ø���ª?1; NÌ©)�/ØL§�', �A?1��¯, �%���Ó
�º�¤I�m=�/Ø¤I�m� 1/3—1/2. ��.¤©NXk���Ø·MmY, ¤±1���%äk�õ[
£�m, �«
 ¬NX�©lL§¥3�.¤©?´¼�� - Ø|��S3Ån. 3ü�§Ý|¥, ÿþ
ØÓ�
»��%[£�Ç, ¿��nØ Marangoni [£�Ç��'�, uy�%[£�ÇÚ Marangoni nØ[£�ÇÎÜ
�Ð. `²
3�Ð/³�g,é6^�e Marangoni [£éu�©lL§åÌ��^.

'�c: �©l, NÌ©), /Ø, Marangoni [£

PACS: 64.75.Op,64.75.−g, 64.60.Q−, 47.55.pf

1 Ú ó

� - �Ø·M«2��3u{üM�NX!p
©fNX97á ¬NX¥. � - �Ø·M«S�
�©lL§dü«Ån¤��: /Ø)�ÚNÌ©
) [1−4]. lgdU�Ýþ5ù, cö´æL§, �
��6ÄÚågdU�,p, ÏdI��Ñ�½�
Uþ³^; �ö´�Ø½L§, ���6Ä¬
��gdU�ü$, ��m©, �Xü�¤©��
O�, gdU~���õ, Ïd¬gu?1, ��¤
©�$, ��¤©�p, u)þ·*Ñ [1]. l=C/
mþ5ù [5−7], /Ø´#���l1��¥)¤�
�, ¤©��ª²ï�, du���mØ�3��
É5, Ïd#���¥¥/, �X*Ñ�?1, ëY
��; NÌ©)du´guL§, 6Äd�©¤
©m©, �m©�, duü�¤©3�©¤©NC,
Ïd.¡U��~�, ¥�äG|�, .¡Ø²w,
d*ÑL§¤��; �X�AL§�?1, ü�¤
©�ÅìO�, du.¡U��^, ��NX©ê
��¬Cz¤¥/, /mÚ/ØL§�q [8−10]. d

uù��Ï, và�Ôn+���@�3�CL§
¥, ùü«�ª¿Ã²w�O. �´du/ØÚN
Ì©)ÐÏÄåÆL§¿Ø�Ó, Ïdk�Ué�
CL§�/�/¤E¤ØÓ�K�. CAcuy�
7á ¬NX3Ø·M«S��C|�/m�õ
��Ò�U�dk' [11−14], ¤±ïÄ/ØÚNÌ
©)ÐÏ�ÄåÆL§�ØÓéun)�Ï/m
�CzÒw�c��.

®k�ïÄ¥, éuNÌ©)ÐÏÚ�Ï��
«º� (domain size) ��m�Cz'X�
�þ
ïÄ, L²lÐÏ��Ï, ÄåÆl*Ñ°Ä=C
�.¡Üå°Ä, �«º� l(t) éu�m t �¼ê
l l(t) ∝ t1/3 Cz� l(t) ∝ t3. ,	, éNÌ©)�
Ï��/m��
�½�*	 [8,9]. éNÌ©)
Ú/Øé�©lL§�^Ån�¡%mk��. �
©[æ^äk½Ø·M«� ¬ß²NX, À^
ØÓ�¤©, ¢y/ØÚNÌ©)ü«L§. du
Ùäkß²5, Ïd�±¢�*ÿü«Ån3Ð©
�ã�ØÓ. 3dÄ:þ, �\§Ý|, *	�Ï1
���%3§ÝFÝ^�e�[£L§, ��«Ø
·M«��©lÅnJø�â.
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�©±¶�Q (SCN)-H2O ß²M��ïÄé
�, ©O�O
ð§|Úü�§Ý|. éuð§|
¥�¢�, ÀJ SCN-30 wt%H2O, SCN-50 wt%H2O
±9 SCN-80 wt%H2O ¤©©O*ÿ/ØÚNÌ
©)�A�y�±9�A�Ç¯ú, ¿é'
ü
«Åne�%ÛÑÚ����Ç. éuü�§Ý
|¢�, ÀJ SCN-80 wt%H2O ¤©, ÿþ���A
«�§ÝFÝ, 3§ÝCz�5Ü©ÿþØÓ�
»��%[£�Ç, ¿�� Marangoni nØ[£�
Ç [15] �'�. ÀJ SCN-H2O ��Ï [16,17] ´: Ä
k,SCN-H2O ´äk½Ø·M«�ß²NX, �
±¢y/Ø9NÌ©)ü«L§, Ù�ãXã 1 ¤
«; Ùg, �� SCN �Ý�Y��Ý�~�C, l
U
���Ý/~�d�ÝÚå��ÈÚé6;
1n, SCN-H2O ��ãþØ·M��C¿§, '�
N´¢y§Ý��¿�¢y���©lÚpM; 1
o, TNX��C1�Ú ¬NX�aq, Ïdï
Äù�NX��©lL§kÏu�Ï�« ¬Ü
7��Av�Ån.

� � � � � � � � � � � �� � �� � �� � �� � �� � ���	 
 � �  � � � �
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 � �� � �� � � � � � �  !" #$%	� & � � & ' (� ' � � � & (
ã 1 SCN-H2O NX�ã [16]

2 ¢��{

2.1 ððð§§§|||���AAA

¢�3g1�O�ð§|�Ý/M�C1
«¥?1, Ù«¿ãXã 2 ¤«. M�C1«º
�� 25 mm × 20 mm × 0.5 mm, U
k�/~�
é6��^. M�C1«þeL¡d1À¡�
¤, Ý/>�dàoÍ¯LW¿µC. ð§|¥*
	 SCN-H2O NX3Ø·M«,�ð½�C§Ýe
�/ØÚNÌ©)L§.

ð § ¢ � ¥ À � SCN-30 wt%H2O, SCN-
50 wt%H2O Ú SCN-80 wt%H2O NX?1¢�*

ÿ. M�dpX SCN (99.99%) Ú�2Y��¤.
ò�Ð�M�^9Yú\9� 340 K ±þ, ¦ SCN-
H2O NX��pM, ,�¦^5�ì5\�¬C1
«, µC�¬, ��¬µCÐ�éÙ#?1\9
���pM, ,�ò�¬�uð§|¥, �½Ð§
Ý�m©�A¦^w�ºêè&Þ�����A
(å. � ���

ã 2 ð§¢�C�«¿ã (1 �w�ººÞ, 2 ��/ó
�bÔX, 3 �µC�¬, 4 �ð§Ü�)�� � �
ã 3 §Ý|¢�C�«¿ã (1 �w�ººÞ, 2 �$§
à, 3 ��¬, 4 �p§à)

2.2 üüü���§§§ÝÝÝ|||���AAA

¢�3g1�O�ü�§Ý|�Ý/M�C
1«¥?1, �¬����{Úð§|¥��¬�
��{�Ó. ¢�«¿ãXã 3 ¤«, 3Ý/M�
C1«SÜ/¤�àp§, �à$§�ü�§Ý|,
§ÝFÝ��d$§à��p§à.

¢�À�
 SCN-80 wt%H2O ¤©NX5*	
¢�y�.

3 ¢�(J

3.1 ððð§§§^̂̂���eee������©©©lll

À � SCN-30 wt%H2O, SCN-50 wt%H2O
Ú SCN-80 wt%H2O n�¤©NX3ð§|¥?
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1�A¿*	¢�y�. §Ý©O�½�: SCN-
30 wt%H2O: 326 K, SCN-50 wt%H2O:331 K,SCN-
80 wt%H2O:315 K.

3.1.1 �.¤© (SCN-50 wt%H2O) �©l

SCN-50 wt%H2O NX3 331 K m©u)�A,
±NÌ©)/ªu)�A, ÛÑL¶�Q�, Ù#
�Ø²L/Ø��, ´ÏLgu�¤©Þá, ß
Ý��ÌØäO\. Xã 4 ¤«, 3�Afm©�
ÿ, ��«�Ñy�äG|�, ²L 3—7 s �äG
|���, m©u)�%¥zL§, )¤�%¿�
��.

100 mm

(a)

(b)

(c)

100 mm

100 mm

ã 4 SCN-50 wt%H2O NÌ©)ØÓ���Ay� (a)
0 s; (b) 2 s; (c) 150 s

3.1.2 SCN-30 wt%H2O Ú SCN-80 wt%H2O
¤©NX��©l

SCN-30 wt%H2O NX3 326 K m©u)�A,
SCN-80 wt%H2O NX3 315 K m©u)�A, �ö
±/Ø/ªu)�A, L§�Ó. SCN-30 wt%H2O
NXÛÑLY��%, SCN-80 wt%H2O NXÛÑ
L¶�Q��%. ã 5 �Ñ
 SCN-80 wt%H2O N
X3ØÓ���©l|�. �±wÑ, 3�Af
m©��ÿ/¤���Ø, ,��X�A�UY,
¤Ø��»Øä��, �ª����½º��Ø
2��.

100 mm

100 mm

(a)

(b)

ã 5 SCN-80 wt%H2O /ØÅnØÓ�ã�Ay� (a)
55 s; (b) 230 s

3.2 §§§ÝÝÝ|||eee������©©©lll

À � SCN-80 wt% H2O N X 3 ü � § Ý |
¥?1�A¿?1*ÿ. §Ý©O�½�: p§
à 323 K, $§à 293 K. 3m©�Am©�, $§à
m©/Ø, �%3$§à����½º���p§
à[£, Xã 6 ��%d$§à�p§à$Ä�L
§, ã 6(a) Ú (b) �m�� 0.80 s. ÿþ���A«
��§ÝFÝ, 3�Am© 2 min �, ��«��§
ÝFÝªu½, ù��ÿP¹e��«�ØÓº
��%�[£, ¿�O��%�[£�Ç.
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ã 6 �%3§ÝFÝe[£¢�*ÿy� (a) t ���
�% �; (b) t + 0.80 s ����% �

4 ©Û?Ø

4.1 NNNÌÌÌ©©©)))ÚÚÚ///ØØØ���ªªª���'''���

¢�(JL², �.¤© SCN-50 wt%H2O N
X±NÌ©)�ª/¤�%¿���,  SCN-
30 wt%H2O Ú SCN-80 wt%H2O NX±/Ø�ª
?1. �`²�öÄåÆL§�ØÓ, ÚO
n«
NX/¤�Óº��%¤I��m, Xã 7 ¤«.
�±w�ü«�A�ª/¤Óº��%NÌ©)
¤I�m��, =�/Ø�ª¤I�m� 1/3—1/2.
NÌ©)3m©�A��ÿ´±�)�äG|�
m©, ×�¥z, L§é¯, �ª/¤�½º���
%; /Ø�ª3m©�ÿ´±/¤é�º��Ø,
,�Øúú��, �ª/¤�½º���%.

3� - ��©lL§¥, ØÓ¤©äkØÓ
�Ø·MmY¿�1���%�k����½
º��âUu) Marangoni [£. b��¤©X
3�g�Ø·M«mYS��m©O�: SCN-
50 wt%H2O � t1, SCN-30 wt%H2O � t2, SCN-
80 wt%H2O � t3, K t1 > t2 ¿� t1 > t3 /¤
�Óº��%��m3n�NX¥©O�: SCN-
50 wt%H2O � t′1, SCN-30 wt%H2O � t′2, SCN-

80 wt%H2O � t′3. duNÌ©)/¤Óº��%¤
I�m��, t′1 < t′2 � t′1 < t′3, ¤± t1−t′1 > t2−t′2

� t1 − t′1 > t3 − t′3. /¤Óº��%�, NÌ©)
/ªEäk�/Ø�ª���Ø·MmY. u´�
.¤©k�õ�mu)[£, 3�Ó� Marangoni
[£�Çe, 1���%k���[£ £, l
[£�p§à. NÌ©)�/Øù«ØÓ�A��
U¬é�ª�|�/mk�K�. Cc5uy��
Ø|�, N´3�.¤©?/¤, ÙÅnk�U�
T¤©NCu)NÌ©).

ã 7 NÌ©)ÛÑ�%�/ØÛÑ�%���Ó�º�
¤I�m'�

4.2 ���%%%[[[£££���ÇÇÇ��� Marangoni nnnØØØ[[[£££
���ÇÇÇ���'''���

3ü�§Ý¢�L§¥, �±ÿþÙØÓÜ 
�§Ý. ¢�3ØÓ �±�ålm���
A|
9>ó, ±¢�*ÿ�A§Ý�Cz. ©¥�§Ý
�ÿþ�%[£�ÿ�¢�§Ýê�. ²LO�,
§ÝFÝ� 1.08 K/mm. ã 8 ¤«�M�C1«Ø
Ó ��§ÝCz�¹. ù�§ÝFÝò°Ä1
���%u) Marangoni [£ [15]. �
½þ©Û
1���%[£�Ç, O�
 LSCN Ú LH2O �.
¡U. b½ SCN-H2O NXÎÜ�5M��., �
â Becker .¡U�. [18], A Ú B ü«Ô�|¤�
Ü7��.¡U σA/B �L«�

σA/B =
z∗N∗

zN0
ΩI(CI

B − CII
B)2, (1)

ùp� z ��f� ê; z∗ �.¡þc÷�f�
���ê; N∗ = 1/(2

√
3r2

0) �Lü .¡þ�c
÷�fê, r0 ��f�»; N0 �CÏ\�Û~þ;
(CI

B − CII
B) �æM)Ý«m, �â�ã(½; ΩI

� A-B Ü7����p�^ëê, ÙL�ª�

ΩI =
T0R0

2C∗(1 − C∗)
, (2)
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ª¥ R0 �íN~ê; T0 Ú C∗ ©O���Ø·
M«�p:éA�§ÝÚßÝ. (Ü Becker �.
ÚL 1 ¥�Ô5ëê, O�
 SCN-80 wt%H2O N
X¥�.¡U�§ÝCz�'X, Xã 9(a) ¤«.
ã 9(b) ¤«�.¡U�§ÝCzÇ. �±w��X
§Ý�,p, .¡UÅìü$, .¡U�§Ý�C
zÇ�ü$.

ã 8 M�C1«�ØÓ �§Ý�Cz�¹, 0 mm �$
§à, �Xål�p§àò�

L 1 SCN-H2O Ô5ëê

Ô5ëê ��

T0/K 330

C∗/wt% 50

r0/nm 0.2

z 12

z∗ 3

µd/10−3 Pa · s 1.01

µm/10−3 Pa · s [20] 2.60

κd/W · mK−1 0.0599

κm/W · mK−1 [20] 0.223

Young � [19] ïÄL², �¥/�%�1��
�m�3§ÝFÝÚå�.¡ÜåFÝ�, ¥/�
%òu) Marangoni [£�.¡Üå$�«�
$Ä. ½G�� Marangoni [£�ÇnØ�de
ª�Ñ [15]:

VMa =
−2κmr

(2κm + κd)(2µm + 3µd)
∂σ

∂T

∂T

∂x
, (3)

ª¥ r �1���%�», µd Ú µm ©O�1��
�%Ú1���Å¢Xê,κd Ú κm ©O�1��
�%Ú1���9�Ç, σ �1���%Ú1��

�m�.¡U.

� �� �� � ���� �	 �
� � �
ã 9 (a) .¡Üå9 (b) .¡ÜåFÝ�§Ý�Cz

ã 10 Marangoni [£�Ç��%�»�Cz'X

3�¢�¥, �y²1���%´3.¡Üå
FÝ��^e� Marangoni [£, LO�1���
% Marangoni nØ[£�Ç�¿Ú¢�ÿ½�[
£�Ç?1é'. d (3) ª�±wÑ,Marangoni [
£�Ç´§ÝFÝ!1���%�»Ú.¡U�
§ÝCzÇ�¼ê. §ÝFÝÚ1���%�»¢
��±ÿþ, éu.¡U�§Ý�CzÇ, du
§ÝCz����, �
{zO�, � T = 300 K
���, ddO�Ñ� VMa �nØ��1���%
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�»Cz'XXã 10 ¤«. �±w�éu��»
�1���%[£nØ�Ú¢��U
�Ð/Î
Ü. �±@� SCN-80 wt%H2O NX¥1���%
Ì�´3§ÝFÝ°Äe� Marangoni [£. nØ
Ú¢��ÉAT5guÔ5ëêØ(½5K�.

5 ( Ø

3 ð § | ¥ ¢ y 
 é SCN-50 wt%H2O N
X N Ì © ) y � Ú é SCN-30wt%H2O, SCN-
80 wt%H2O NX/Øy��*ÿP¹; ¿3ü�
§Ý|S¢y
é SCN-80 wt%H2O NX�©lL
§�*ÿP¹. ¤�Ì�(ØXe:

1. SCN-50 wt%H2O 3ð§|e�A±NÌ
©)�ª�)�äG|�, ¿²L¥zL§�ª

/¤�½º���%; SCN-30 wt%H2O Ú SCN-
80 wt%H2O 3ð§|¥��A²L/ØÚ��ü
�L§, �ª/¤�½º��1���%.

2. NÌ©)�A�/Ø�ì�, ¥z�Ý�¯,
�%���Ó�º�/Ø¤I�m´NÌ©)¤
I�m� 2—3 �. NÌ©)/¤Óº��%¤I
�m�, �NÌ©)Ø·MmY�Ý�, äk�õ
[£�m, ù� ¬Ü73�.¤©?´/¤� -
Ø|�Jø
�â.

3. SCN-80 wt%H2O NX¥1���%[£
�ÇÚnØO�� Marangoni [£�Ç?1
'
�, �öU
�Ð/ÎÜ. `²3aq� ¬�
©lL§¥, d§ÝFÝ���.¡UFÝl
�)� Marangoni [£´1���%[£�Ì�
°Äå.
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The effects of spinodal decomposition and nucleation
on phase separation∗
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Abstract

Spinodal decomposition and nucleation process are realized by using three transparent solutions: SCN-30 wt%H2O, SCN-

50 wt%H2O, and SCN-80 wt%H2O, and the migration characteristics of minor phase droplets (MPDs) was investigated when uni-

direction temperature field is applied. It is find that spinodal decomposition takes place in SCN-50 wt%H2O system and nucleation

processes occur in SCN-30 wt%H2O and SCN-50 wt%H2O systems. The period during which the minor droplets of the same size in

spinodal decomposition are formed is 1/3—1/2 of that in nucleation process. Moreover, the temperature interval in the system with

critical composition is larger than those in other systems, therefore, the minor phase droplet formed in spinodal decomposition is longer

than that in nucleation process. Under uni-direction temperature field conditions, the migration velocity of MPDs in SCN-80 wt%H2O

system is measured experimentally. It is revealed that the experimental results agree well with the calculated Marangoni velocity,

indicating that the Marangoni migration plays a key role in the motion of MPDs.

Keywords: phase separation, spinodal decomposition, nucleation, Marangoni migration

PACS: 64.75.Op,64.75.−g, 64.60.Q−, 47.55.pf
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