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Fig. 1. (a) TEM image of BZO nanocrystals; (b) XRD pattern; (c) size distribution profile indicating an average particle size of

(8 &+ 2) nm; (d) dynamic light scattering (DLS) particle size distribution curves of BZO nanocrystals in ethanol and YBCO precurs-

or solutions.
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Fig. 2. (a) The XRD patterns of the BZO-YBCO films with different BZO concentrations and (b) the (005)-w scan and (c) (103)-¢
scan of the BZO nanocrystal added YBCO film with 0.10 mol/mol; (d) FWHM of out-of-plane w-(005) scan and in-plane ¢-(103)
YBCO films added with different BZO concentrations.
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Fig. 3. Composition and microstructure of the YBCO nanocomposite film: (a) TEM cross-sectional image; (b), (c) high-resolution

TEM image showing isolated, randomly oriented BaZrO; particles within the YBCO matrix; (d) particle size distribution comparis-

on of BZO nanocrystals before and after coarsening.
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Fig. 4. Self-field I, of YBCO films with different BZO con-
centrations at 77 K. Each tape is about 1 m.
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Fig. 5. Variation of critical current density (J.) and pinning force (

) with magnetic field for YBCO films with different concentra-

tions of BZO nanocrystals at various temperatures: (a) 4.2 K; (b) 30 K. (c¢) Variation trend of critical current (I,) for YBCO films

with different concentrations of BZO addition under various temperatures and magnetic field conditions.
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Abstract

Introducing nano heterogeneous phases into YBa,Cus0; s (YBCO) superconducting films is a common way
to improve its flux pinning properties and in-field performances. The heterogeneous phases generated through
traditional element doping strategies is highly sensitive to the sintering conditions, making the growth of the
nano inclusions difficult to control under high-temperature environments. Unintended large-scale growth and
aggregation of the doped phases can significantly reduce the efficiency of flux pinning of YBCO superconducting
films, thereby limiting the overall enhancement of pinning performance in superconducting thin films. This
occurs because the size of the vortex core (=2¢) cannot be effectively matched with excessively large defects. To
address this challenge, the incorporation of monodisperse, small-sized prefabricated nanocrystals into YBCO
superconducting coated conductors fabricated by the metal organic deposition (MOD) method offers an effective
solution. This method can significantly improve the uniformity of heterogeneous phase size and spatial
distribution, enabling the formation of dispersed and size-controllable artificial flux pinning centers. Such a
strategy represents one of the most promising methods of enhancing magnetic flux pinning and increasing the
critical current density under applied magnetic fields through MOD route. In this study, the prefabricated
nanocrystals addition technology is adopted to introduce the mono-dispersed small-sized BaZrO; (BZO)
nanocrystals as flux pinning centers in YBCO high-temperature superconducting tapes, resulting in the
significant enhancement of the in-field performance of YBCO films at low temperatures. This study
systematically examines the effects of adding BZO nanocrystals with an initial size of approximately 8 nm at
various mol concentrations from 4% to 10%. The results indicate that the optimal mole concentration for
improving both self-field and field properties of YBCO is 8% BZO under temperature conditions of 4.2, 30, and
77 K. At 30 K and 3 T, the F, value for the sample with a mole concentration of 8% BZO is approximately
92.06 GN/m?, which is 1.54 times higher than that of the mole concentration of 4% BZO sample and 2.3 times
higher than that of the original sample.

Keywords: YBa,Cu30; g, flux pinning, BaZrO; addition, critical current
PACS: 74.78—w, 68.37.—d, 68.37.Lp DOI: 10.7498 /aps.74.20250728

CSTR: 32037.14.aps.74.20250728

* Project supported by the National Key R&D Program of China (Grant No. 2022YFE03150200) and the National Natural
Science Foundation of China (Grant Nos. 52172271, 52307026, 52477022).
1 Corresponding author. E-mail: minjuanli@shu.edu.cn

1 Corresponding author. E-mail: cbcai@t.shu.edu.cn

197401-7


http://doi.org/10.7498/aps.74.20250728
https://cstr.cn/32037.14.aps.74.20250728
mailto:minjuanli@shu.edu.cn
mailto:minjuanli@shu.edu.cn
mailto:cbcai@t.shu.edu.cn
mailto:cbcai@t.shu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

BaZrO, 40K M NI YBa,Cu 0, _ 5 WR/E A PRRERTIHT I
FEXH G ERG FHHE NEF RMEE

Research on enhancing the performance of YBa,Cu,;0, 5 coated conductor through the incorporation of BaZrO,
nanocrystals

WU Wenjing CHENJing HUANG Rongtie LI Minjuan  LIU Zhiyong  CAIl Chuanbing
515 &, Citation: Acta Physica Sinica, 74, 197401 (2025) DOI: 10.7498/aps.74.20250728

CSTR: 32037.14.aps.74.20250728

TELR T2 View online: https://doi.org/10.7498/aps.74.20250728

MHAPZE View table of contents: http://wulixb.iphy.ac.cn

T RERRGER N H A SCEE
Articles you may be interested in
MgO?““EQJ:YBaZC% = B W U B2 SR e AR A 1) i B PRk

Fabrication and characterization of YBa,Cu;0,, step—edge Josephson junctions on MgO substrate for high—temperature

superconducting quantum interference devices

YrE2E 4. 2021, 70(3): 037401  https:/doi.org/10.7498/aps.70.20201291

YBa, Cuy 0, o WAL A TR ART — 4 {5 2= [ 5
Microstructure study of YBa,Cu30,_ s thin film with synchrotron-based three—dimensional reciprocal space mapping

YIBR2AHR. 2023, 72(4): 046101 https://doi.org/10.7498/aps.72.20221776

WA YA Y T 220 Y By 0, 5 556 42 Bam Cu— O, ORI B R A 8o e s 2

Transient liquid phase-assisted fluorine—free chemical fabrication of YBa,Cu;0, 5 and complete [Ba—Cu—O]; liquid phase films:

Phase transformations during intermediate—high temperature heat treatment

YAz, 2025, 74(10): 107401 https://doi.org/10.7498/aps.74.20250037

EuBa,Cuy0, o KA BB A HIRY He B 47 BB . S 8

Effect of doping on evolution of He™ ion irradiation defects and superconductivity in EuBa,Cu,0, 5 superconducting strips

YAz, 2024, 73(8): 087401  https://doi.org/10.7498/aps.73.20240124

HY B FARIRY ) SGd sBayCuy0, 5 8 R B T 1L
Defect evolution in Y ; sGd) sBa,Cu;0, 5 superconducting layer irradiated by H* ions

YFREHR. 2022, 71(23): 237401 hitps:/doi.org/10.7498/aps.71.20221612

CugMoy0/MoO KA £ bPRYI 5 B = T CHCHERERT
Research on synthesis of Cu;Mo,0/MoO; nanocomposite and trimethylamine gas sensing properties

WAL 2023, 72(16): 168103 https://doi.ore/10.7498/aps.72.20230720


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20250728
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20201291
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20201291
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20201291
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20201291
https://doi.org/10.7498/aps.70.20201291
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20221776
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20221776
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20221776
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20221776
https://doi.org/10.7498/aps.72.20221776
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250037
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250037
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250037
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250037
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250037
https://doi.org/10.7498/aps.74.20250037
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240124
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240124
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240124
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240124
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240124
https://doi.org/10.7498/aps.73.20240124
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221612
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221612
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221612
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221612
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221612
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221612
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221612
https://doi.org/10.7498/aps.71.20221612
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230720
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230720
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230720
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230720
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230720
https://doi.org/10.7498/aps.72.20230720

	1 引　言
	2 实验方法
	2.1 实验步骤
	2.2 测试方法

	3 结果与讨论
	3.1 薄膜物相表征
	3.2 薄膜超导性能

	4 结　论
	参考文献

