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�©æ^ºÜd¬L'�{ (TSIG), ïÄ
ØÓâ»B� Y2Ba4CuBiOy âféüÆ YBCO ��¬á�
)�/m!�*(�9Ù^]2å�K�. ¢�¤^B� Y2Ba4CuBiOy ®N�²þâÝ©O� 283.0 nm,

170.4 nm ±9 82.5 nm, z«®N3 YBCO ��¬á¥�¹þþ� 2 wt%. ïÄ(JL²: 3�,þ� 2 wt%�
�¹e, Y2Ba4CuBiOy ®N�âÝ¿ØK��¬�÷*/m, þ���ÑüÆ YBCO ¬á; ¿�¤õ/òB
� Y2Ba4CuBiOy âfÚ\üÆ YBCO ¬á¥, �¦Ùþ!©Ù, ��¬¥� Y2Ba4CuBiOy âfþ�uÙÐ©®N
�âÝ, ©O~�� 270 nm, 150 nm Ú 50 nm; �X Y2Ba4CuBiOy ®NÐ©âÝ�~�, �¬�^]2åÅìO�,

©O� 10 N, 17 N, 22 N. T(J�?�ÚïÄB�^Ï¹S¥%�Ú\�{9Jp YBCO ��¬á�5Uk­�
¿Â.

'�c: YBCO, L'ó², Y2Ba4CuBiOy �,, ^]2å

PACS: 61.72.Ww, 74.70.−b, 74.72.−h, 74.81.Bd

1 Ú ó

glp§��Nuy±5, YBCO ��N��
´<�ïÄ�­:Ú9:. ïÄ YBCO ��¬á�
8���Ò´|^Ù3���e�òdB�A±
9^Ï¹SA5���^]2å, A^u��^]
2¶«!ÑU!��>Å9^]2�����+
� [1]. ¤±, Uõ��N5U��{��Ò´Jp
�¬�^]2å [2].

C c 5, º Ü d ¬ L ' ó ² (TSIG) � �
� YBCO ��¬á, ÏÙ��5U`uDÚ�
LK��ó² (TSMTG) 
�2�/'5 [3], �
´, du��¬á�¥��3X�k�¬N"�,
~X, ¬.m�fë�!f�^Ï¹SUå�,
ù 
 Ñ � � X � � ¬ á 5 U � ? � Ú J p [4];
,	, du ºÜd¬L'ó²��Ñ���¬

á ¥ Y2BaCuO5(Y211) â f � � â â » ® ² �
� 1 µm �m, Ä�þ��
 Y211 ®N�â���
ºÝ, Ïd, ��?�ÚJp��¬á��.>6
�Ý Jc, Ò7L3 YBCO ��N¥Ú\k��^
Ï¹S¥% [5]. lnØþù, �k���¬á¥Ú
\�1��âf�º�� YBCO ��Z�Ý�C
�, âUå�k��^Ï¹S�^, 
 YBCO ��
N��Z�Ý� ξab(0) = 1.3 nm, ξc(0) = 0.2 nm[6],
þ3B�þ?, ¤±�k3��N¥Ú\B�þ?
����âf [7] ��^Ï¹S¥%, âU
k�/
����¬á¥¡�G|��½�)�, ¿�U

���Ý��Ø��¬á¥�fë�y�. ¢�(
Jy², 3k�/Uõá�SÜ|©±9(��¡
¤æ���{¥, �,´Ú\k�^Ï¹S¥% [8]

��¢^��{��, Ù¥, räkVWv¶(�
� Y2Ba4CuMOy (M =Nb, Zr, W, Ag, Mo, Bi �) B
�âf��1��âfÚ\ YBCO ��N¥, �±
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�~k�/Jp YBCO ��N�^]2åÚ�.
>6�Ý Jc

[9,10].
�¢�¿æ^ºÜd¬L'ó² (TSIG), ¤

õ/3 YBCO ��¬á¥Ú\
1��B�â
f Y2Ba4CuBiOy (YBi2411), ¿�k�//¤^Ï
¹S¥%, 3dÄ:�þ, ïÄ
ØÓâ»�B
� YBi2411 âf3��¬á¥��,; ,�^�¢
�¿g1ï��^]2ån�ÿÁC� [11−13] é
¤����¬?1
^]2å�ÿÁ, ¿�|^�
¸×£>º (SEM) é�¬��*(�?1
©Û,
3dÄ:þ, XÚ/ïÄ
B� YBi2411 ®Nâ»
é��¬á^]2å5U�K�.

2 ¢ �

| ^ � � � ( ó ², © O �
� Y2BaCuO5(Y211), YBa2Cu3Oδ(Y123), BaCuO2

(Y011) 9 YBi2411 ® N, © O ò © Û X
� Y2O3(>99.9%), BaCO3(>99.9%), CuO(>99.9%)
±9 Bi2O3(>99.9%) �®"óZ, ©OUì�f
��' Y : Ba : Cu : Bi = 2 : 1 : 1 : 0, 1 : 2 : 3 : 0,
0 : 1 : 1 : 0 9 2 : 4 : 1 : 1 �zÆJþ�'¡þ, ¿
ò¡þÐ�®N��u®�WÐ�çØ-¥, ,�
�u¥�Å¥± 175 r/min �=�¥� 3—4 h, ¼
�·Üþ!�ý�®N�, òÙ�\�ªp§¬
¥©O3 920 ◦C, 920 ◦C, 910 ◦C 9 955 ◦C ?1�
§ 24h, Xd, ²Lng�(og¥�, B���X
� Y211 ÉÚ®N, Y123 çÚ®N, Y011 çÚ®N
9 YBi2411 �ãÚ®N [14]. Ù¥ YBi2411 ®N�
�A�§ªXe¤«:

2Y2O3 + 8BaCO3 + 2CuO + Bi2O3

→2Y2Ba4CuBiOy + 8CO2 ↑. (1)

^ Jade ^�©ÛÙ�(���, T�¬´VWv¶
(��¬N, �m+� Fm3m, ���¬�¬�ë
ê�� 8.436 Å, �nØ�¬ÜéÐ.

ò��Ð� YBi2411 ®N^ØÓâ»�çf
LÈ?n, ��n«â»ØÓ� YBi2411 Ð©®
N, |^-1âÝ©Û¤éÙâ»?1ÿþ, Ù²
þâ»©O� 283.0 nm, 170.4 nm ±9 82.5 nm(©
O{P� S-1, S-2, S-3), Ùâ»©ÙXã 1 ¤«.

,�rùn«ØÓâ»�®N©OÚ Y211 ®
NUì­þz©' YBi2411 : Y211 = 1 : 49 ^¥
�Å·Üþ!�, ©OØ�¤�»� 20 mm �n

��ÎN.��¤�� (éA�¬©O{P� S-
a, S-b, S-c), ��Ü©´d Y123 Ú Y035(= Y011
Ú CuO U��'~ 3 : 2 ·Ü
¤) ®NUì��
'~ 1:1 ·Ü
¤�, ¿�3 4 MPa ØreØ�¤
�»� 20 mm ��ÎN.�. ��, æ^ Y2O3 ®
"Ø�¤þÝ�� 2 mm, �»� 20 mm ��ÎN
.�, ò±þ.�U¶é¡�ªU� (Xã 2(a) ¤
«) ��uÙ.Ü, Ù8�´�
����6�

E¤�¬��¥.

��ò NdBCO d¬��3�¬þL¡��¥
% �, ¦ NdBCO ¬N� a-b ¡���.��L¡
p�²1, ,�3 Al2O3 =¡þ�� 3—4 � MgO
ü¬òÙÚ�¬©�m, MgO Q��� Al2O3 Ä
¡é�¬�À/, qUå�~���6���^.

ã 1 n«ØÓâ»� YBi2411 ®N�âÝ©Ùã

ã 2 �¬�÷*/mã (a) �(�cÐ©/m; (b) �
(���/mã

ò��Ð� 3 |.��å�up§¬S, ò§
Ý,� 1045 ◦C ¿��§ 2 h, ¦��
¿©©)
� Y211 ��Ú Y011 ��, ¿éÐ/�¤ Y011
� � � � . � ¥ � ' \, , � ± 60 ◦C/h ¯ �
ü§� 1020 ◦C, ��± 0.3 ◦C/h ��Çúü§
� 970 ◦C, ��¦�¬± 120 ◦C/h ��Çe%�¿
§, ¦ÙéÐ/�¤d¬Ú�'ß)�L§, Ù�
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¬/mãXã 2(b) ¤«.

��, ò®²�(Ð��¬�\'�¬¥,
± 200 ml/min �6þÏ\�í, \9� 500 ◦C,
�§ 30 h �, ± 0.2 ◦C/h ��Çúü§� 470 ◦C,
2± 2 ◦C/h ��Çü§� 400 ◦C, ,��¬e%
�¿§, ¦ÙU
éÐ/�¤o�������=
C, �ª/¤üÆ� YBCO ��¬á. ��^�¢
�¿g1ï��^]2ån�ÿÁC�, 3���
¸ (77K) eÿþ
�¬�^]2å, ¿�^�¸×
£>fw�º (SEM) *	Ú©Û
¤���¬�
�*(�.

3 (J�?Ø

3.1 ØØØÓÓÓâââ»»»���BBB���âââfff YBi2411 ���,,,ééé
���¬¬¬LLL¡¡¡)))���///mmm���KKK���

ã 3 ´�,ØÓâ»�B� YBi2411 âf�
¬�÷*/mã. dã��, ¤k��¬L¡Ñ)
�¤
���üÆ/m, ±d¬�¥%, Ñ/¤

�©²w��is«, )��o�é¡�üÆ÷«,
=÷vüÆ�¬�Ä�A� [15]. ¤±, 3d�,'
~e, â»ØÓ�B� YBi2411 âf�,é�¬L
¡�)�/mK��^¿Ø²w.

(a) (b) (c)

ã 3 ØÓâ»� YBi2411 B�âf�,� YBCO �¬L¡/mã (a) S-a;(b) S-b;(c) S-c

5mm5mm5mm

(a) (b) (c)

ã 4 ØÓâ»�B�âf YBi2411 �,�¬� SEM ã (a) S-a;(b) S-b;(c) S-c

3.2 ØØØÓÓÓâââ»»»���BBB���âââfff YBi2411 ���,,,���
���***(((���

ã 4 �ØÓâ»�B�âf YBi2411 �,�
¬�×£>º (SEM) ã. lã¥�±�©�Ù/w
�, 3 YBCO ÄN¥©Ùkü«âf, Ù¥���
�xÚâf� Y211 �, §þ!/©Ù3�¬�¥,
¿�âf�â»�� 1.0 µm � 3.0 µm; ,	�«
���:G�âf´ YBi2411 �. lã¥��, �
XB� YBi2411 Ð©®N²þâ»�~�, �¬¥
B� YBi2411 ��©ÙC��5�þ!, Ù�Ý3
ÅìO\, ¿� YBi2411 ��â»�¥yÑ~��

ª³. ã 4(a) ´ S-a �¬, Ù¥B� YBi2411 ��
â»²þ3 270 nm �m; 3 S-b �¬¥, 1��â
f�â»�� 150 nm, Ù�Ý�'�ã 4(a) k¤
O�; 3ã 4(c) ¥, 1��B� YBi2411 âf�â
»� 50 nm �m, ¿� YBi2411 âf©ÙC��\
þ!. (Üã 1 ¥ YBi2411 ®N�âÝ©Ù­�
ã, �±wÑ, YBi2411 ®N�,3 YBCO �¬¥,
�X�¬¥LK���A, T®N3Åì/[z.
3ã 1 ¥, S-3 ®N�²þâ»�� 82.5 nm, 
l
ã 4(c) ¥�±w�, )����¬¥B� YBi2411
âf�²þâ»�� 50 nm, =â»òC~�
�
�, Ïd, �éu Y211 âf
ó, Tâf3 YBCO
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ÄN¥UéÐ/å�^Ï¹S��^, ¦�¬�
��5U��?�Ú�Jp, ù�©z [16] �(
J��. 3B� YBi2411 âf�â»Åì~��
Ó�, �¬¥� Y211 âf�¹þ�3Åì/~�,
YBi2411 âf�¹þ3Åì/O\, ¿�ªuþ!
z©Ù. ¤±, �¬¥� YBi2411 âf� Y123 ��
�/¤� YBi2411/Y123 .¡È�3O\, l
¦
�¬¥�^Ï¹SUåÅìOr.

3.3 ØØØÓÓÓâââ»»»���BBB��� YBi2411 âââfff���,,,���
^̂̂]]]222ååå

ã 5 ØÓâ»�B� YBi2411 âf�,�¬�^]2
åã

ã 5 �ØÓâ»�B� YBi2411 âf�,�
¬3 77 K "e|^�e�[^N�m�^]2å
­�ã, Ù¥S�ã´ØÓ�,�¬�Ù¤éA�

��^]2å�m�'Xã. dã��, �X�,
®N YBi2411 âfâ»�~�, �¬�^]2å¥
yÑO��ª³. �,k S-1 ®N��¬ S-a, Ù^
]2å�� 10 N; �¬ S-b ¥�,� YBi2411 ®N
� S-1 ®N?�Ú[z, ¤���¬�^]2å�
�O�, �� 17 N �m, =�¬�5U���?�
Ú�J,; �,k S-3 ®N��¬ S-c Ù^]2å
�����, �� 22 N. dd��, ØÓâ»�B
� YBi2411 ®N�,¤���¬�^]2å�Ø
Ó, �X�,®Nâ»�~�, �¬�^]2åÅ
ìO�; �X�,®Nâ»�O�, �¬�^]2
åÅì~�.

4 ( Ø

�©¤õ/��Ñ
ØÓâ»� YBi2411 ®
N�,�üÆ YBCO ��¬á, ¢�(JL²:
3 � , ' ~ � 2 wt%�, � ¬ � L ¡ ) � / m
� YBi2411 ®N�â»��vk²w�'X, ¤
k��¬þULyÑ;.�üÆ/m; l�¬��
*(�©ÛL²
, �X�,®Nâ»�~�, ¤
���¬¥ YBi2411 B����Ý©Ù¥yÑþ
!©Ù�ª³, ¿�âf�â»�3Åì/[z~
�, /¤���âf, �¬¥� YBi2411 B��'
��,�c�®N�â»�
���m, ùÒU

¦�¬¥�^Ï¹¥%?�ÚOr, ��Jp
�
¬���5U.
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Abstract

Single domain YBCO bulk superconductors are fabricated by the top-seeded infiltration and growth process(TSIG). The effects

of different particle size Y2Ba4CuBiOy nanoparticles doped on the growth morphology, microstructure and levitation force of single

domain YBCO bulk superconductors are investigated. The mean diameters of the initial Y2Ba4CuBiOy nanoparticles respectively are

283 nm, 170.4 nm and 82.5 nm, and the amount of Y2Ba4CuBiOyadded to Y2BaCuO5 is 2 wt%. The results show that the single

domain YBCO bulk superconductors can be fabricated, and the surface of the sample has significant cross pattern and four single

domain sectors become smooth and flat. The second phase Y2Ba4CuBiOy nanoparticles are well-distributed into the single domain

YBCO bulk samples, and the particles sizes of Y2Ba4CuBiOy nanoparticles in the YBCO bulk sample are respectively 270 nm, 150

nm and 50 nm, smaller than that the initial powder. The magnetic levitation forces of the samples increase gradually with the decrease

of initial powders of Y2Ba4CuBiOy nanoparticles, which are respectively 10 N, 17 N and 22 N. The results are very important for

further studying the method of flux pinning of nanoparticles and improving the properties of YBCO bulk superconductors.

Keywords: YBCO, infiltration and growth process, Y2Ba4CuBiOy doped, levitation force
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