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>^EÜ|é Zn-10 wt%Bi L ¬Ü7
v�|��K�*
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( 2012 c 6 � 5 FÂ�; 2012 c 6 � 19 FÂ�?Uv )

± Zn-10 wt%Bi �L ¬Ü7��ïÄé�, 3r^|^�e, �	
ØÓ>^NÈåéÙw�v�|��
v�L§�K�. ¢�(JL², 3�½�r·^|e, ��C>6O\�,�A½�� (�C>6ªÇ� 50 Hz),

���v�|���þ!, 1���â�»�����; 3�½�C>6��^�e (�C>6ªÇ� 50 Hz),

Zn-10 wt%Bi Ü7�v�|��X^aArÝ�O\, Ù Û§Ý!�Ñ§ÝÚ1�� Bi �â���Ñk²w�
Uõ. ¢�©Û(JL², ^|EÜ�C>6�)�>^NÈå���, éÜ7v�|�ÑkwÍK�, ÏL��^
aArÝÚ�C>6��, l¼���n��L ¬Ü7v�|�.

'�c: r^|,  ¬Ü7,  Û, >^NÈå

PACS: 85.25.Am, 07.79.–v, 11.540.Dw, 62.30.+d

1 Ú ó

<�é ¬Ü7�ïÄ®kòC��V�
{¤, �8®uy 500 {«a.� ¬Ü7X.  ¬
Ü73ISþÚ¡�J·MÜ7, §´�«d��
�=C�,���Ú��� ¬�A (L→S1+L2)
��aÜ7, IS~¡� ¬Ü7 [1]. TaÜ7
�wÍ�A:´3Ù���ã¥�3��ü�
�Ø·M« (immiscibility gap), ���¡Ù� “J
·M«”.

3TaÜ7¥, ~X Al-Pb, Cu-Pb  ¬Ü7
¥�Ñ©Ù�L Pb �äkûÐ�R^5Ú~�
5, ¦�§�¤�n��¶�á�, 8c®^uð
�!uÄÅ!EÍ��¶«¥; Ga-Bi  ¬Ü7ä
k`û���N5U; Al-Bi, Al-In  ¬Ü7Kä
k`É�1ÆÚ^^5U [2−6], Zn-Bi  ¬Ü7K
´n��>zÆá�. duTaÜ7AÏ��7

A:, 3DÚ�/¡ÒE^�e, du Ostwald Ù
z!Brownian $Ä!Marangoni $Ä!Stokes $Ä
�v¿�ª, éN´�� Ûéî$�ü|��
�©��Ü7v�|�, ¦ùaÜ7A�vk?Û
¦^d�, Ã{u�Ùd3�`É5U. ùÒé�
ïó�öJÑ
�p��¦. XJ·�ÏL,«A
Ï�ÃãÚ�{, ��1���Ñ©Ù� ¬Ü7,
ùaÜ7¤%¹��«AÏ�>Æ!åÆ�5U
ÑU�����u� [7].

8c, ®"�7{ [8] ´¼�1��þ!©Ù
� ¬Ü7���¤Ù�ó²�{. DÚ� Cu-Pb
¶�Ü7Ò´ÏL®"�7��{¤��. �du
´å�!øá��k":, ¦�¬�åÆ5UÃ{
�ÒE��|{. Ù¦ÃX½�v� [9,10]!�å
^�eLKÒE{ [11−13]!��ÒE{ [14−16]!
��ÒE{ [17]!¯�v�{ [18] ��{, dug�
��«"����, ¦ÙÃ{��ó�zA^. ¤
±, XÛ3~5^�e¼�1���Ñ©Ù� ¬
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Ü7, ´�ïó�öØ�J¦�8I.

|^^|��#á�Cc5É�2�'5. �
ïó�ö®3f^| (B < 1 T) �¸emÐLNõ
 ¬Ü7v��ïÄ, (JL², ^|äk�½�
³�1���â$Ä��^, �E,Ã{;�|�
�©�. Cc5, �X��Eâ�¤ÙÚr^NE
â�?Ú, <��±��m3 20, 30 T $��p�
^|�¸e?1�«¢�ïÄ. Yasuda � [19] ïÄ

r^|é Cu-Pb  ¬Ü7v��K�, uy 10 T
�r^|é Pb ��fz©'3 65%—70%�m�
Ü7�÷* Ûäk²w�³��J. L²r^|
éL Cu ��%9Ù-Ev¿�ÇÑkwÍ�K
�, JÑ
1��âf3É�	.^|�^�LN
¥$Ä�Éå�.. Zhang � [20] �ïÄ�¼�

� Yusuda aq��J. ¤d�� [21] ïÄuy3,
��½e%�Ýe, Cu-90 wt%Pb Ü7¥�1��
L Cu ��³��^�X^|rÝ�O\O\,
¿3 12 T �^�e, d�Ý�Úå�å Û�
�
���³�. þãér^Ne ¬Ü7v��
ïÄ(JL², ¦+r^|é ¬Ü7v�¥1�
�L%�$Ääk�r�³��^, �éäk�r
©����L ¬¤©Ü7, 3~5�e%�Çe,
10 T þ?�r^|E,Ã{;�©�y���).
20 V 90 c�, Vives[22] u²
>^��{, ¿Ä
gïÄ
>^��å (>^NÈå) é A356 ¾Ü
7v��*|��K�. ÏL3 0.7 T �^|�¸
eÓ��\�^|R���C>6, l�)>^
���A. uy�>^��å���, ÎG¬Åì
=C¤o���¶¬, �X>^��å�O\, v
�|�S�¬â���Åì[z, ¿�ª��¬â
[z�v�|�. Miwa[23] �JÑ
|^>^��
��[��(��7áá��#�{. Édéu,
�ô!¨�Å� [24,25] JÑ3r^|eEÜ�C
>6�)�r�>^��å5[z ¬Ü7v�
¥1��L%�â», ?³� ¬Ü7å Û
���. (JL²éu Zn-30 wt%Bi �L ¬Ü7,
3 10 T �r·^|¥, EÜ 50 Hz, 8.5 A/cm3 ��
C>6, 25 ◦C/s �e%�Ý, ¤õ¼�
1���
â[z��Ñ|�, JÑ
�«>^��åé1�
�âf�©l[zÅn.

3 ¬Ü7v�L§¥, K�Ù' Û�Ì
�Ï��ü���Ý�!1���%�»!LN
ÅÝÚe%�Ýk', ��\>^|�, ��^a
ArÝ!>6rÝ±9>^NÈå�Ï�k'. 3

�ô� [24] �ïÄ¥, 1��L%�[z, Ü7�
 Û§Ý�.�ûu^|rÝ!>6rÝ�´>
^NÈå, E,vk½þ�êâ. Ïd, �©± Zn-
10 wt%Bi L ¬Ü7��ïÄé�, 3�ô��
ïÄÄ:�þ, ?�Ú&?>^EÜ|¥>^N
Èåé ¬Ü7� Û�K�, ©Û
>^NÈ
å (FL = J × B) éÜ7LN�*|�¥1���
â�[zÅn.

2 ¢�á�9�{

�¢�æ^ó�X� Zn (99.8%), Bi (99.8%)
�â, Uì Zn-10 wt%Bi �'~^>fU�¡�,
�3�$l�¥, æ^ý�aA\9� 600 ◦C
�§ 10 min, ��º�� Φ15 mm×20 mm ��
©Á�. ,�ò���Á��uS» 16 mm, 	
» 22 mm ��=l�¥, üà^�» 16 mm �
ØCg>4Ø;, ^�$�µ?n±��\9�
LN��³. ¢�¥æ^ K .9>ó�Ü ZF-
100 �§¤é\9¬?1�§. ¢�C�Xã 1
¤ «. ò � � � ¢ � Á � � \ \ 9 ¬ ¥, � u
ç�r^|�þ!«, �±r^|����C
> 6 � � R �. ¢ � L § 3 � í í ¨ � o ¥ ?
1. mé�§¤, ¦\9¬�§Ý± 10 ◦C/min
� \ 9 � Ç ,§� 650 ◦C, �§ 25 min, Ï L
ØCg>4 Zn-10 wt%Bi Ü7LNÏ\�C
>6, UY�§ 5 min. ,�á=ò\9¬�þ
J . (� ± Á � 3 ^ | ¥%Ø Ä), ¦ Á � 3 þ

ã 1 r^|EÜ�C>6¢�C�«¿ã
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J�Y³¥|». |»L§¥E,�±�C>6
Ï\Á�. 1 min �Á�§Ýü� 70 ◦C �m��
ÿ, Ê�Ï\�6>6, �ÑÁ�. N�^aAr
ÝÚ�C>6rÝ, EþãL§. �
¦Ü7L
N¥>^NÈåU�±�C, 3ØÓ^aArÝ
e, �C>6rÝ���?1
·��N�. 3å
Á��à 1/3 ?÷î�¡�äÁ�. ^ BUEHLER
(Simplimet 1000) gÄ��Å��. ²���1?
n�, æ^NÀw�º!4kw�º±9×£¡>

ºéÁ��v�|�?1÷*Ú�**	.

3 ¢�(J

�âcã�¢��{, ��Xã 2 ¤«� Zn-
10 wt%Bi L ¬Ü7�÷*|�/m, ù´3ØÓ
^|!ØÓ�C>6rÝ (f = 50 Hz) �z�p�
>^NÈå�Ó!¿�æ^Y|e%�^�e�
��(J.

ã 2 ØÓ>^NÈåe, Zn-10 wt%Bi L ¬Ü7�÷*|�/m

d u 1 � | � 7 á � � ¤ © � �, =�
10 wt%. ¤±l÷*þ¤LyÑ5�y�Ø´
�©²w. d©z [19] �, r^|�±³� ¬Ü
7¥1��� Û�©�. dã 2 �wÑ, éu Zn-
10 wt%Bi L ¬Ü73 10 T r^|!Ã�C>
6�^�e, L Zn ��L Bi �EÑy²w� Û
©�y� (ã 2(m)). �L Bi �3��Á��e
¡. ���\>^NÈå FL �, ¤k^�e�Ü
7, L Zn ��L Bi �Ñ�Ð/·Ü3�å, vk
Ñy²w� Û©�y�. ù`²r^|EÜ�C
>6^�e, ¤�)�>^NÈåé Zn-10 wt%Bi
L ¬Ü7�÷* Ûké��Uõ�^.
�
��Ù/
)>^NÈåéT¤©Ü7

|��K�, æ^4k7�w�ºéÙw�|�?
1�**	, Xã 3 ¤«. �
�°(/(½z�
^aArÝe��Z>^NÈå, æ^ Photoshop
CS4 � Image Pro Plus ^�ÿþ
 50 �ez�^

aArÝeØÓ>^NÈå Zn-10 wt%Bi L ¬
Ü7¥1����â�»�º���, Xã 4 ¤«.

ÏLã 4 ��, 3^aArÝ� 2 T Ú 10 T
^ � e, > ^ N È å ��� FL = 5×105 N/m3,
� � � Zn-10 wt%Bi � ÷ * | � ��* | �
¥ � 1 � � â »��� (ã 4(a), (c)), � © Ù
� ��� Ñ z (ã 3(a), (c)). � > ^ N È å�
u FL = 5×105 N/m3 � © � y � � 5 � ² w,
1 � � � � â Å ì L 8 � Ä N . Ü. � > ^
N È å � u FL = 5×105 N/m3 � 1 � � � �
â � â » Ñ y o z (ã 4(a), (c)). � 3 2 T ^
�e�Ü©Á�, l÷* ã¡�w �ÛÜx�
«. �>^NÈåO\� FL = 8×105 N/m3 �,
â » '�> ^ N È å ^ � � �, � þ ¥ e Ü �
â»©Ù'�þ!. 3^aArÝ� 5 T ^�
e, >^NÈå� FL = 3×105 N/m3, ��� Zn-
10 wt%Bi �÷*|���*|�¥�1��â»
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ã 3 Zn-10 wt%Bi L ¬Ü7�÷*!�*|� (a1) = (b1) = (c1) = 2×105 N/m3; (a2) = (b2) = (c2) = 3×105 N/m3; (a3) =

(b3) = (c3) = 5×105 N/m3; (a4) = (b4) = (c4) = 8×105 N/m3)

ã 4 Zn-10 wt%Bi L ¬Ü7 50 �e�*|�¥��âº��>^NÈå�éA'X (a) 2 T; (b) 5 T; (c) 10 T
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��� (ã 4(b)), �©Ù����Ñz (ã 4(b)), �
Ù÷*|�¥�Ñy
ÛÜx�«. �>^NÈ
å�u FL = 3×105 N/m3 �, ©�y��5�²w,
1����âÅìL8� ÄN.Ü. �>^NÈ
å�u FL = 3×105 N/m3 �1����â�â»
Ñyoz (ã 4(b)). �3 FL = 5×105 N/m3 �, â
»� FL = 3×105 N/m3 ��â»��Ø�, �vk
ÑyÛÜx�«. (Üã 3 �ã 4 ��w�, �>
^NÈå��� (FL = 2×105 N/m3), �X^aA
rÝ�O\, Ü7¥1����â� Û©�y�
Åì��³� (.Ü���â�»�X^aArÝ
�O\~�, Åì �
�¥Ü!þÜ���ââ
»�), ����v�|�¥���ââ»��O
�. 3Ù¦�>^NÈå^�e���aq�y�.

4 ©Û?Ø

4.1 ÛÜ«�«�/¤

l÷*ã¡�w� 2 T 9 5 T ^�e�Ü©
Á�ÑyÛÜx�«�, ²×£>º*	� (ã 5),
T«SL8�þ�í�. x�Ú´du31Æw�
ºe*	�, 1ì�3í�>�u�¤�. ôÚ
�Ù¦Ü �´duí�à8¦T«éN´�@
¡��. �Ù¦«��¤©CzXL 1 ¤«� EDS
(J. �±wÑT«��¹þ (wt%) 'Ù¦«�$

 2.11 wt%, =Ñy
ÛÜ Û. x�«S�í�
�U´du>^��¥��z�A��, ��U´
Á���=l�m�íN�ò\LNà8¤�.

ã 5 í�L8«�Ãí�« (�� 40 �)

L 1 í�L8«�Ãí�«S� EDS é'

1Ì« O wt% Zn wt% Bi wt% Total wt%

1Ì« 1 4.25 91.37 4.38 100.00

1Ì« 2 1.64 91.87 6.49 100.00

4.2 1����â3>^NÈå�^e
�$Ä�ª

>^EÜ|���{�Ì��^Ån3u�
>LN¥Ï±>6�, 3^|¥òÉ�>^NÈå,
= Lorentz å��^. >^NÈå���û½u^
|��ÚLN¥>6��, ^|��ç��þ, �
C>6�Y²��, ÏdLN¥>^NÈå���
ò�X�C>6���=�UC, ÙUC�ªÇ
��C>6�ªÇ��. >^NÈå���d^a
ArÝÚ>6�Ý�Óû½, d (1) ª�Ñ:

FL = J × B, (1)

ª¥, J ��C>6�Ý, B�^aArÝ.
>^EÜ|�^´ÏL>^NÈå���U

C, å�é7áLN�\����J, l[z Bi
�%!O��%$Äål!ü$�%�ü�Ý, �
ª~� ¬Ü7�' Û. >^NÈåéLN¥
1����â��^Xã 7 ¤«.

ã 6 1���%�$Ä´»«¿ã9ÙÉå«¿ã

�â6NåÆ�n, �LN�Xìê Re À 1
�, 1���%òÉ�.5å��^, ¿3.5å
��^e©l![z [24,25]. ±��â�²þâ»
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�cJ, ²O�, 1���%3LN¥�$Ä´�
«�Xìê$Ä, = Re ¿ 1. ùÒ¿�X1��
�%3 LN¥$Ä�.5å�^�±��Ñ, ¤
±Ù$Ä�ª�À��í¥�Ò%, Ù$Ä´�«
!�$Ä [26]. dã 6 �1���%3LN¥�Ü
å�

FÜ =
√

(G − F2)2 + F 2
V − (Fz + Fη)

=

√[
(ρBi − ρZn)g

4
3
πr3

p

]2

+
(

FL · 4
3
πr3

p

)2

− (6πκrpvB2 + 6πrpηv) (2)

ª¥ G��%�å/(N); F2 ��%3 ÄN¥
¤É�2å/(N); FV �ü��%Ï>^NÈå¤É
�å/(N); FL ��%É��>^NÈå/(N/m3); Fz

��%3 ÄN¥$Ä�É��^¢{å/(N); Fη

��%3 LN¥$Ä, É��Å¢{å/(N); rP

��%��»/(m); v��%$Ä��é�Ý/(m/s);
κ �� Zn LN>�ÇÚ¬â�»k'�Xê;
η � LN�ÄåÆÅÝ/(mPa·s); ρBi ����
Ý/(kg/m3); ρZn� ��Ý (kg/m3).

�â Hartmann ê���, ^|éÅÝ�K�
�3n«O��ª:

ηeff = η

(
1 +

Ha2

15

)
, Ha ¿ 1, (3)

ηeff =
η

3

/(
coth(Ha)

Ha
− 1

Ha2

)
, Ha = 1, (4)

ηeff =
η

3
Ha, Ha À 1. (5)

du Ha À 1, ¤±:

ηeff =
η

3
Ha =

BL
√

ση

3

=
2Brp

√
ση

3
, (6)

Ù ¥ L �A � � Ý, �©¥ � � % � � » 2r

(� 20 µm); σ � Zn L N � > � Ç, Ù �
� 2.67×106 (Ω·m)−1. η � Zn LN�ÄåÆÅÝ,
Ù�� 1.98×10−3 Pa·s.

dþã�Éå«¿ã��, �Üå�"�, Ù
$Ä�Ý��, �Ý�

v =
2r2

p

√
[(ρBi − ρZn)g]2 + F 2

L

9(η + κB2)
. (7)

kÆöò (η + κB2) 8(�>^NÈåÚåÄNÄ
åÆÅÝ η �O\, ¡�k�ÅÝ ηeff , d Hartmann
êL«. ÏLØÓ^aArÝek� Hartmann ê
�O� (ã 7) �±��éA�k�ÅÝ ηeff ��.

ã 7 ØÓ^aArÝe� Hartmann ê

(Ü (6) ªÚ (7) ª��:

v =
rp

√
[(ρBi − ρZn)g]2 + (J × B)2

3B
√

ση
. (8)

±þ?Ø
>^NÈå�^|��^é Zn-Bi
 ¬Ü73�-�©lL§¥1���%�$Ä�
ª�K�. ��, ^aArÝ B ����>^NÈ
å J × B ���é�%�$ÄkX��K�, c
ö��%��é$Ä�Ý¤�', �ö��%�
�é$Ä�Ý¤�'. >^NÈåØC�, �%�
$Ä�Ý�X^aArÝ�O\~�. ��w
Ñ, º������%, Ùk�$Ä�Ý��, k|
u³�÷* Û. d (8) ª��wÑ, �>^NÈ
å J × B ���, �%�$Ä�ÝÌ�É^aAr
Ý���K�. �>^NÈå���, �%�$
Ä�ÝÉ>^NÈå����^²w. �ª��

ã 4 �Ü7v�|�. du^|é�>�â!�%
3�>LN¥�$Äk³��^. oD� [27] ²L
�9©Û, uy^|é|^5X��/Økr?�
^. ��\�Ó�>^NÈå�, �X^aArÝ
�O\, é�%� Maragoni é6!Stokes é6��
³��^�wÍ, ¦1���%��Cu� �
/Ø. Zener[28] uy3kÔ�é6�XÚ¥, �%�
)��Ý� Stokes $Ä�Ý US Ú Maragoni $Ä
�Ý UM �¥þÚ U1/2 ¤�'. ¤±, � U Åì�
³��, K�%��CUìX*Ñ�ª��, ��
�)^aArÝ��, 1����ââ»����
y�. �uv�����â��»��KÉ>^N
Èå���9�C>6�ªÇ���. 3�ª�v
�|�¥Ó�w�Ó�^aArÝ^�e, �%�
$Ä�Ý���N´Ñy1���oz! Û, ù
´Ï�>^NÈå�O\, ��3Ó�ªÇ (�m)
e, Ó��%¤²L�´§O\. ¿���%�N
´`þ��%, O\�%m�î�-EVÇ, Ï
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���%��N´oz. ��%�Ý�K�AT
�Äé�â}��nÜ�^: �%�Ý��, �´
É�6N�}����â[z, ¦[z���%$
Ä�Ýü$. ��ÝO\�Ó�qUr?àÜ, Ï
d, 1���%�$Ä�Ý�3,��Z�½�Z
��.

4.3 1����â�>^©l[zÅn

Xc¤ã, Äk, 1���%3 Zn LN¥$Ä
�, ´�«�Xìê$Ä, ù�Ò�±�ÑÙÉ�
�.5å�^. Ùg, ��%3 Zn LN¥É>^N
Èå�^$Ä�, Ù�����«LN, SÜL
N��)�«�éé6, Té6´du±�� L
N��%�>¡�m�Så¤�. ù«Så��u
�«.å, ò�%L¡�LN��%$Ä����
þ.Ä, ���%SÜ�LNé6����%�$
Ä����. �ã 6 ¥�%$ÄL§¥,�]m�
$ÄG�, $Ä�Ý v =�þã¥�,��Z�½
�Z��. duÉ�±� LN��^, ÙSÜé
6�ªXã 8 ¤«.

�âã 8, �%$Ä�Ý v �ØÓ©þ�^|
��p�^��)ØÓ�aA>6, ?�)ØÓ
�ª�å. ÙaA>6�Éå�ªXã 9 ¤«.

ò��â÷Xc�ØÓ�ü�Ü �ä, ÷
X$Ä��*	, ·���ã 8 ¥� v2 ©þ��
�Xã 9 ¤«. v2 �^aArÝ©þ B1 a)�
>6� I1, I2. I1, I2 � B1 ��^, �)�	Ü�
å FI1,B1 (�Ü) Ú�SÂ �å FI2,B1 (cÜ). Ó
�, I1 � I2 3�%$Ä��þ�©þ� B2 �^�

)�âÔ[å FI1,B2 (�Ü) Ú FI2,B2 (cÜ). Ù�
�Xã 8 ¤«, c�üÜ©�Éå��fÐ��,
¿�3Ó��¡þ, ÙÉå¤é¡©Ù, ����
��. ,	, I�5¿�´, ÷X±�� FI1,B2 (�
Ü) Ú FI2,B2 (cÜ) ��©Ù¿Øþ!, 3 FI1,B2 (
�Ü) Ú FI2,B2 (cÜ) ���?�üý¤4~©Ù,
��¤é¡G�. du±þå��^, Ò¦ FI2,B1

(cÜ) � FI2,B2 (cÜ) �)Y²��þ�Üå F1.
Ó�, FI1,B1 (�Ü) � FI1,B2 (�Ü) �)Y²��
þ�Üå F2. F1 � F2 Ò��u�«�Aå�^3
�LNþ (Xã 10 ¤«), ù«�Aåòº�o��
�%[z¤º��[�����%. e[z��º
��,o�, �ÏL�Ó��^��?�Ú�[z.

²±þ©Û��, ^|�±³�1���� 
Û, ��f�^aArÝÃ{��³�÷* Û©
�. ��\�C>6�, 3d^|EÜ�C>6�
)�>^NÈå��^e, �±3�$�^aA
rÝ^�e��1���Ñ©Ù�!�L ¬Ü
7. �¿�3��^aArÝe, �Ó�>^NÈ
å�±¼�C����v�|�.�k3Ü·�^
aArÝe, �\Ü·��C>6, �)Ü·�>
^NÈåâU¼���n��L ¬v�|�. >
^EÜ|�\��)�>^NÈåUC
1��
3ÄN¥�$Ä�Ý, ?¦�%SÜLN�6Ä
�Ýu)Cz. 3þã�%��Z$Ä�Ý�½
���cJe, �%SÜc�6N$Ä�Ý��A
/	\^aArÝ��a)� Lorenz å (F1, F2)
O\�,�Ü·�, ¦�%Uã 10 ��ª?1©
l![z.

ã 8 ��%SÜÉ 6N�^�)��éé6«¿ã (a) ��; (b) n�
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ã 9 1���%$Ä¥>^©l[zÉå«¿ã (a) �%SÜLN�	.^|�ÍÜ�^«¿ã; (b) a)>6n�«¿ã

ã 10 1���%�>^©l![z«¿ã

5 ( Ø

éu ¬Ü7, K�Ù Û©��Ï�Ì�
©�n��ã. 1��ãÉ/Ø��; 1��ã
É * Ñ � � !Ostwald Ù z !Marangoni v ¿ Ú
Ù K v ¿ � K �; 1 n � ã Ì � É Stokes � ü
Ú Marangoni v¿�K�. ��\^|�, du�
$^aArÝe, ü���Ý��^Úå Û�Ì
��^Ú�p^aArÝéÜ7LN��Ä�^,
¦��ü��©l�, 3$^aArÝe± Stokes
�üàÜ�Ì, 3�p^aArÝe± Ostwald
Ùz!Marangoni é6�Ì. ��\�C>6�, °
Ä Zn LN¥1�� Bi %$Ä�å�>^NÈå
Úü����ÝÚå�2å�Üå, ¦Ù� “Z” i

/$Ä. ¤±, �±��Xe(Ø:

1) éu Zn-10 wt%Bi �L ¬Ü7, �^aA
rÝ©O� 2, 5 Ú 10 T �, >^NÈå� FL =
5×105 N/m3 �^�e, ¤���Ü7|�'��
C, â»��, ©Ù����Ñz. 10 T ^�e�|
���n�. �3 2 T ^�e, Ñy
ÛÜ�í�L
8«, =ÛÜ«�«.

2) Ó�>^NÈå^�e, �X^aArÝ�
O\�r?
1����â�/Ø��. �p�
� Û!©���
wÍ�³�.

3) �Xìêe (Re ¿ 1), 3ü�Ø·M«S,
1���%3SÜLN�$Ä��A/	\^a
ArÝ¤a)Ñ� Lorenz å��^e�)©l[
zy�.

[1] Jia J, Zhao J Z, Guo J J, Liu Y 2002 Immiscible Alloy and Its Pro-
cessing Method (Harbin: Harbin Institute of Technology Press)
pp1–2 (in Chinese) [_þ, ëÊ³, Hµ#, 4 2002 J·MÜ
79Ù��Eâ (M�T: M�Tó��ÆÑ��) 1 1—2 �]

[2] Song T, Wang T M, Zhao J Z, Xue G X, Li T J 2007 Foundry 56
1025 (in Chinese) [y7,�Ó¯, ëÊ³,Å)_, oÉÞ 2007
ÒE 56 1025]

[3] Inoue A,Yano N J 1987 Mater. Sci. 22 123

238501-8



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 23 (2012) 238501

[4] Otto G H, Ratke L 1974 Proceedings of the Third Space Process-
ing Symposium-Skylab Results Marshall Space Flight Center, Al-
abama, April 30–May 1, 1974, p1031

[5] Wecker J, Helmolt R V, Schultz L, Samwer K 1993 Appl. Phys.
Lett. 52 1985

[6] Uenishi K, Kawaguchi H, Kobayashi K F 1994 J. Mater. Sci. 29
4860

[7] Walter H U 1986 Binary systems with miscibility gap in the liq-
uid state In: Materials Science in Space, edited by Feuerbacher
B, Hamacher H, Naumann R J Heidelberg Newyork: Sprinverlag
Press pp343–378

[8] Mackay M L 1977 Met. Pro. 111 32

[9] Cahn J W 1979 Metall. Trans. 10A 119

[10] Derby B, Favier J J 1983 Acta Metal. 31 1123

[11] Carlberg T, Fredriksson H 1980 Melellurgical Transaction A 11
10

[12] Lacy L L, Otto G 1974 AIAA/ASME Paper. Boston 74
[13] Obramov P V, Semin S I, Sorkin M Z, Chashechkina D Y 1980

Phys. Chem. Mater. Process 1 47

[14] Pathak J P, Tiwari S N, Malhotra S L 1979 Metals Tech. 11 442

[15] Lee J C 1984 The Formation of Liquid-Liquid Dispersion-
Chemical and Engineering Aspects (London: Chameleon Press
Ltd.) p1

[16] Ashok S T, Rajan T V1996 Wear 197 105

[17] Xian A P, Zhang X M, Li Z Y 1996 Acta Mater. 12 345 (in Chi-
nese) [O², Ü?9, o§� 1996 7áÆ� 12 345]

[18] Duwez P, Willens R H, klement W 1960 J. Appl. Phys. 31 1136
[19] Hideyuki Yasuda, Itsudo Ohnaka, Osamu Kawakani, Kazuyuki

Veno, Kohji Kishio 2003 ISTJ International 43 942
[20] Zhang L, Wang E G, Zuo X W, He J C 2008 Acta Mater. 2 165 (in

Chinese) [Ü�,��f, ���, âF¤ 2008 7áÆ� 2 165]
[21] Shi J F, Zhong Y B, Ren Z M, Deng K, Xu K D 2006 Shanghai

Metals 28 22 (in Chinese) [¤d�, ¨�Å, ?§´, "x,M²
& 2006 þ°7á 28 22]

[22] Vives C 1996 Journal of Crystal Growth 158 118
[23] Miwa K 2001 AIST Today Intl. Ed. 29
[24] Wang J, Zhong Y B, Ren W L, Lei Z S, Ren Z M, Xu K D 2009

Acta Phys. Sin. 58 893 (in Chinese) [�ô, ¨�Å, ?�w, X�
�, ?§´,M²& 2009ÔnÆ� 58 893]

[25] Wang J, Zhong Y B, Wang C, Wang Z Q, Ren Z M, Xu K D 2011
Acta Phys. Sin. 60 076101 (in Chinese) [�ô, ¨�Å,��,�
�r, ?§´,M²& 2011ÔnÆ� 60 076101]

[26] Zhuang L X, Yi X Y, Ma H Y 1991 Fluid dynamics (1st eds.) (An-
hui: University of Science and Technology of China) pp163–168
(in Chinese) [Brp, Ù��, êz� 1991 6NåÆ (1��)
(S : ¥I�ÆEâ�Æ) 1 163—168 �]

[27] Li C J 2010 Ph.D. Dissertation (Shanghai: Shanghai University)
(in Chinese) [oD� 2010 Æ¬Æ Ø© (þ°: þ°�Æ)]

[28] Zener C 1949 J. Appl. Phys. 20 950

238501-9



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 23 (2012) 238501

The effect of electromagnetic compound field on the
solidified microstructure of Zn-10 wt%Bi
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Abstract

The effects of different electro-magnetic body forces on the microstructure and solidifying process of Zn-10 wt%Bi hyper-

monotectic alloy under the condition of high magnetic field are investigated in this paper. The result indicate, on the one hand, that

the solidified structure is wanted most and the diameter of the second phase particle is minimum when the alternative current (50 Hz)

increases to a certain value. On the other hand, the degree of segregation, dispersion and size of the second Bi phase particles in solidi-

fied structure of Zn-10 wt%Bi hyper-monotectic alloy are refined significantly with the increase of magnetic induction intensity under

a fixed alternative current (50 Hz) value. The analysis result indicates that both the magnetic induction intensity and alternative current

intensity have a significant effect on solidified structure so that we can obtain a more competitive solidified structure of monotectic

alloy by controlling the intensity of magnetic induction and alternative current.

Keywords: high magnetic field, monotectic alloy, segregation, electro-magnetic body force
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