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Fig. 1. The heat treatment pattern for GABCO crystal
growth used in this study.
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Fig. 2. (color online) DTA results of the tiny samples

with different ratio of BaO doping.
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Fig. 3. (color online) DTA results of the tiny samples
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with different ratio of BaO doping.
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Table 1. The specific parameters and sample heat treatment procedure samples in the value of the growth

of the superconductors.

Temperature Superconducting properties
T1/°C T>/°C T3/°C F/N Bt/ T T./K AT/K
0.5 wt% 1028 1023 1005 30.26839 0.29255 — —
1 wt% 1028 1023 1005 28.06625 0.32198 92.05 4
1.5 wt% 1027 1022 1004 30.31768 0.29199 — —
2 wt% 1027 1022 1004 33.60396 0.32407 92.53 3.3
2.5 wt% 1026 1021 1003 35.32523 0.31735 — —
3 wt% 1026 1021 1003 33.09775 0.31447 92.81 3
3.5 wt% 1025 1020 1002 32.81698 0.32177 — —
4 wt% 1025 1020 1002 35.02053 0.32653 93.14 3.5
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Fig. 4. The top surface view of the GdBCO samples grown with different ratio of BaO doping: (a) 0.5 wt%;
(b) 1.0 wt%,; (c) 1.5 wt%; (d) 2.0 wt%; (e) 2.5 wt%; (f) 3.0 wt%; (g) 3.5 wt%; (h) 4.0 wt%.
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Fig. 5. (color online) The levitation force of the GABCO

samples grown with different ratio of BaO doping.
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Fig. 6. (color online) The trapped field of the GABCO samples grown with different ratio of BaO doping: (a) 0 wt%;
(b) 0.5 wt%; (c) 1.0 wt%; (d) 1.5 wt%; (e) 2.0 wt%; (f) 2.5 wt%; (g) 3.0 wt%; (h) 3.5 wt%; (i) 4.0 wt%.
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Fig. 7. (color online) The maximum trapped field of
the GABCO samples grown with different ratio of BaO
doping.
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Fig. 8. (color online) The schematic of the specimens

cut from the single domain GdABCO samples.
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Fig. 9. (color online) The comparision of the T¢ in the different GABCO samples: (a) 1 wt%; (b) 2 wt%;

(c) 3 wt%; (d) 4 wt%.
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BET. AR igm. R, XAFE S 4 &R 5P
Yoyl S BE T AP 3555 A8 58 B AT W73 580 5 %
tt, WEITRRT LA 2, & BaO 54 &2 85 I,
FE it P~ 24 i T 1 S I s 0 ) A, N
92.05 K (1 wt% BaO457%) 331 93.14 K (4 wt%
BaO 15 7%); ¥ i B AR 58 B B BaO 5% &
AN TRIA B, B 45 A B i g n, ~F 2 A2 58
JE 2P et NSRS, BB ARER T wi%
I, FE PR AR R E 2 4 K, B A E G N
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A B THE) 3.3 K. PRk, 8 I 6B A AN R A
BaO ) GABCO i 54 il 7l B2 1) 70 A, % HAk
REEL 4 T

Te(al) < Ti(a2,cl) < Te(c2),

T.(a2) > T,(al), Tc(c2) > Te(cl),
Te(1 wt%) < Te(2 wt%) < Te(3 wt%)
< T.(4 wt%).

gk Bk, RIS 24 BaO I & &2 & 34 wt%
J&, GABCO T fh ) i S e AR LA T BRI

fewn, 41799314 K, HFAR TR th RN EE LT,
{H 3K — 55 RO A2 W0 R 1) 25 L 3 P .
1, G5 R it 75 0L RO T 7 70 AT A R T 3 2
MR DL, 2 BaO KB AR N2 wt%—4 wth Z
RV, A ot LA 5 e PR S R, LA A Wl R L
I RSSEVIR EIR Ak AOW G bR

4 2 #®

AR R T Hh i T SR G A Y BaO 45
F I R P GABCO M 8 pf, Sii6 4 F 3R
FF S 1R 55 v I A R P T FRVED, 5 52 N 3L FE T, B
FE S 1) BaO 5 22 &3 N, 784 K FE R 18 T,
AT, #B L N E S M BaO B A EAE
0.5 wt%—4 wt% IF, #ean i) R EOGE I B AA
B I X, R T S 2 ) AR R L IR T 445
FETE 2 wt%—4 wt% Z (A8, FF 5 R I B R
Tl 237 RDART SR G0 % B[R] IR P 2 s 5B
AR E (T,) b4 BaO 145 44 & 139 i 2 30 & B
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S

[1] Durrell J H, Dennis A R, Jaroszynski J, Ainslie M D,
Palmer K G, Shi Y H, Campbell A M, Hull J, Strasik M,
Hellstrom E E 2014 Supercond. Sci. Technol. 27 082001

[2] Muralidhar M, Tomita M, Suzuki K, Jirsa M, Fukumoto
Y, Ishihara A 2010 Supercond. Sci. Technol. 23 045033

[3] ShiY, Babu N H, Iida K, Yeoh W K, Dennis A R, Pathak
S K, Cardwell D A 2010 Physica C 470 685

[4] Cheng L, Li TY, Yan S B, Sun L J, Yao X, Puzmiak R
2011 J. Am. Cer. Soc. 94 3139

[5] Nariki S, Sakai N, Murakami M 2002 Supercond. Sci.
Technol. 15 648

[6] Nitadori T, Ichiki T, Misono M 1988 Bull. Chem. Soc.
Jpn. 61 621

[7] Nariki S, Sakai N, Murakami M 2005 Supercond. Sci.
Technol. 18 S126

[8] Xu K, Zhou D F, Li B Z, Hara S, Deng Z G, Izumi M
2015 Physica C 510 54

[9] Miyachi K, Sudoh K, Ichino Y, Yoshida Y, Takai Y 2003
Physica C 392 1261

[10] Dai J, Zhao Z, Xiong J 2003 Supercond. Sci. Technol.

16 815

[11] Taskin A, Lavrov A, Ando Y 2006 Phy. Rev. B 73
121101

[12] Tsvetkov D, Sereda V, Zuev A'Y 2010 Solid State Ionics
180 1620

[13] Wu H, Kramer M J, Dennis K W, Mccallum R W 1997
IEEE Trans. Appl. Supercon. 7 1731

227401-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1088/0953-2048/27/8/082001
http://dx.doi.org/10.1088/0953-2048/23/4/045033
http://dx.doi.org/10.1016/j.physc.2010.06.013
http://dx.doi.org/10.1111/jace.2011.94.issue-9
http://dx.doi.org/10.1088/0953-2048/15/5/302
http://dx.doi.org/10.1088/0953-2048/15/5/302
http://dx.doi.org/10.1246/bcsj.61.621
http://dx.doi.org/10.1246/bcsj.61.621
http://dx.doi.org/10.1088/0953-2048/18/2/026
http://dx.doi.org/10.1088/0953-2048/18/2/026
http://dx.doi.org/10.1016/j.physc.2015.01.007
http://dx.doi.org/10.1016/S0921-4534(03)01018-9
http://dx.doi.org/10.1016/S0921-4534(03)01018-9
http://dx.doi.org/10.1088/0953-2048/16/7/313
http://dx.doi.org/10.1088/0953-2048/16/7/313
http://dx.doi.org/10.1103/PhysRevB.73.121101
http://dx.doi.org/10.1103/PhysRevB.73.121101
http://dx.doi.org/10.1016/j.ssi.2009.10.014
http://dx.doi.org/10.1016/j.ssi.2009.10.014
http://dx.doi.org/10.1109/77.620914
http://dx.doi.org/10.1109/77.620914

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 22 (2016) 227401

[14]

18]

[19]

[20]

(21]

Li B, Zhou D, Xu K, Tsuzuki K, Zhang J C, Izumi M
2014 Physica C 496 28

Shi Y, Babu N, Iida K, Cardwell D A 2008 Physica C
468 1408

Li B, Xu K, Hara S, Zhou D F, Zhang Y F, Izumi M
2012 Physica C 475 51

Xu C, Hu A, Sakai N, Izumi M, Izumi H 2005 Physica
C 426 613

Xu C, Hu A, Sakai N, Izumi M, Izumi H 2005 Supercond.
Sci. Technol. 18 229

Xu C, Hu A, Sakai N, Izumi M, Izumi H 2005 Physica
C 417 77

Shi Y, Babu N H, Tida K, Cardwell D A 2007 IEEE
Trans. Appl. Supercon. 17 2984

Cheng X F 2010 Ph. D. Dissertation (Xi’an: Shaanxi
Normal University) (in Chinese) [F£EBe7 2010 {547
WO (P BerIiiE K]

22]

[25]
[26]

27]

(28]

227401-8

Cheng X F, Yang W M, Li G Z, Fan J, Guo X D, Zhu
W J 2010 Chin. J. L. Temp. Phys. 2 150 (in Chinese)
(REETT, MR, R, S5, S0, K468 2010 IGR
YIEEAR 2 150]

Li G Z, Yang W M, Liang W, Li J W 2011 Mater. Lett.
65 304

Wang M, Yang W M, Li J W, Feng Z L, Chen S L 2013
Physica C 492 129

Yang W M, Chao X X, Shu Z B, Zhu S H, Wu X L, Bian
X B, Liu P 2006 Physica C 347 445

Shiohara Y, Endo A 1997 A Mater. Sci. Eng. R: Reports
191

Guo L P, Yang W M, Guo Y X, Chen L P, Li Q 2015
Acta Phys. Sin. 64 077401 (in Chinese) [F8FI3, # /i R,
IR, BEIE, 2558 2015 PR 64 077401)

Wang M, Yang W M, Li J W, Feng Z L, Yang P T 2015
Supercond. Sci. Technol. 28 035004


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1016/j.physc.2013.06.017
http://dx.doi.org/10.1016/j.physc.2008.05.126
http://dx.doi.org/10.1016/j.physc.2008.05.126
http://dx.doi.org/10.1016/j.physc.2012.01.017
http://dx.doi.org/10.1016/j.physc.2005.04.031
http://dx.doi.org/10.1016/j.physc.2005.04.031
http://dx.doi.org/10.1088/0953-2048/18/3/004
http://dx.doi.org/10.1088/0953-2048/18/3/004
http://dx.doi.org/10.1016/j.physc.2004.09.010
http://dx.doi.org/10.1016/j.physc.2004.09.010
http://dx.doi.org/10.1109/TASC.2007.899474
http://dx.doi.org/10.1109/TASC.2007.899474
http://www.cnki.net/KCMS/detail/detail.aspx?dbcode=CMFD&QueryID=2&CurRec=6&dbname=CMFD2011&filename=2010192673.nh&urlid={}&yx={}&v=MDExMzFvRnkvaFc3ckJWMTI2SHJLeEhOZkxySkViUElSOGVYMUx1eFlTN0RoMVQzcVRyV00xRnJDVVJMeWVaK2Q=
http://www.cnki.net/KCMS/detail/detail.aspx?dbcode=CMFD&QueryID=2&CurRec=6&dbname=CMFD2011&filename=2010192673.nh&urlid={}&yx={}&v=MDExMzFvRnkvaFc3ckJWMTI2SHJLeEhOZkxySkViUElSOGVYMUx1eFlTN0RoMVQzcVRyV00xRnJDVVJMeWVaK2Q=
http://www.cnki.com.cn/Article/CJFDTotal-DWWL201002016.htm
http://dx.doi.org/10.1016/j.matlet.2010.09.069
http://dx.doi.org/10.1016/j.matlet.2010.09.069
http://dx.doi.org/10.1016/j.physc.2013.05.007
http://dx.doi.org/10.1016/j.physc.2013.05.007
http://dx.doi.org/10.1016/j.physc.2006.04.080
http://dx.doi.org/10.1016/S0927-796X(96)00198-2
http://dx.doi.org/10.1016/S0927-796X(96)00198-2
http://dx.doi.org/10.7498/aps.64.077401
http://dx.doi.org/10.7498/aps.64.077401
http://dx.doi.org/10.1088/0953-2048/28/3/035004
http://dx.doi.org/10.1088/0953-2048/28/3/035004

) I8 2 48 Acta Phys. Sin. Vol. 65, No. 22 (2016) 227401

Influences of BaO doping on the properties of singe
domain GdBCO bulk superconductors®

Wang MiaoV"  Yang Wan-Min? Yang Peng-Tao? Wang Xiao-Mei®)
Zhang Ming? Hu Cheng-Xi®

1) (School of Science, Xi’an Aeronautical University, Xi’an 710077, China)
2) (School of Physics and Information Technology, Shaanxi Normal University, Xi’an 710062, China)

( Received 2 July 2016; revised manuscript received 19 August 2016 )

Abstract

In this work, a series of single domain GdBCO bulk superconductors with different ratios of BaO addition in the solid
phase pellet, is successfully fabricated to inhibit the Gd/Ba substitution in the growth process by the modified top seeded
infiltration growth (M-TSIG) technique. The reaction of the precursor powders, the growth morphology, the magnetic
levitation force (F'), the trapped magnetic flux (By;) and critical temperature (7¢) of the single domain GdBCO bulk
superconductors are investigated in detail. First, the differential thermal analysis is performed on the precursor powders
of 10 mg solid phase pellet (containing various amounts of BaO) and 15 mg liquid phase pellet in order to investigate
the melting temperature (T, ) and the peritectic temperature (7},) of the GABCO superconductor system. The results
show that the melting point of the precursor powder decreases by nearly 8 °C as the BaO composition increases from
0 wt% to 4 wt%, which leads to T} decreasing with BaO content increasing. Second, the top view morphologies of the
GdBCO samples are also discussed. All of the samples exhibit clear, fourfold growth sector boundaries on their top
surfaces, and spontaneous satellite grains are observed in none of these samples. It can be seen that the different ratio
of BaO addition cannot affect the growth morphology of the single domain GdBCO bulk superconductor. And thirdly,
the levitation force and trapped field of each of the samples are measured under a zero field cooling state at 77 K by the
three-dimensional magnetic force and field device. The values of the levitation force for the samples are slightly different
for different ratios of BaO additions. The largest levitation force is 35 N, which is obtained in the sample with 2.5 wt%,
and the smallest one is 28 N in the sample with 1 wt% BaO addition. And also, the trapped field of the sample can be
attributed simply to the variation in the pinning strength. It can be obviously seen that these values fluctuate between
0.28 T and 0.32 T for these samples. Finally, the critical temperatures of the samples are measured by the vibrating
sample magnetometer with an external magnetic field of 0.01 T. The samples exhibit outstanding features of high T¢,
which indicates that these samples are of good quality and the Gd/Ba substitution is inhibited by the BaO addition.
The above results show that the values of melting temperature (71, ) and peritectic temperature (7},) of the samples have
the decrease tendencies, and the superconducting properties of the samples (such as F, By, and T¢) can be improved to
a certain extent when the amount of BaO added ranges from 2 wt% to 4 wt%, which are very helpful in inhibiting the

Gd/Ba substitution and fabricating the high-quality single domain GABCO bulk superconductors.

Keywords: singe domain GdBCO bulk superconductor, levitation force, trapped flux field, critical

temperature

PACS: 74.72.-h, 74.25.Sv, 61.72.—y, 74.81.Bd DOI: 10.7498/aps.65.227401

* Project supported by the National Natural Science Foundation of China (Grant No. 51572164), the Keygrant Project of
Chinese Ministry of Education (Grant No. 311033), and the Scientific Research Project of Xi’an Aeronautical University,
China (Grant No. 2016KY1213).

1 Corresponding author. E-mail: cwnanmao@126.com

227401-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.227401

	1引    言
	2实验内容
	3实验结果与分析
	3.1 GdBCO样品熔化温度Tm的确定
	Fig 1
	Fig 2
	Fig 3
	Table 1

	3.2 BaO掺杂量对样品表面生长形貌的影响
	Fig 4

	3.3 BaO掺杂量与样品磁悬浮力的关系
	Fig 5

	3.4 BaO掺杂量对样品捕获磁量密度的影响
	Fig 6
	Fig 7

	3.5 BaO掺杂量对样品临界温度的影响
	Fig 8
	Fig 9
	Fig 10


	4结    论
	References
	Abstract

