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Fig.1. Temperature profile and schematic configuration of the TSIG + 011 method
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Kl 2 AENR RS TR YGdBa:SraCuZrOy MK X 5 AT 5T ik
Fig. 2. The XRD patterns of the YGdBa>Sr2CuZrOy powders sintered at different
temperatures

Kl 3 R[EITE R4t T/ Y GdBaxSraCuZrOy WA I 457 B (a) 1090 °C; (b)
1120 °C; (c) 1150 °C; (d) 1180 °C; (e) 1210 °C
Fig. 3 The microstructure of the YGdBaxSr2CuZrOy powders sintered at different
temperatures: (a) 1090 °C; (b) 1120 °C; (c¢) 1150 °C; (d) 1180 °C; (e) 1210 °C.
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Kl 4 KA YGdBaxSr.CuZrOy 5% & 1) GABCO # S Hubt 72 M SR K () x = 05(b)
x=1c)x=2;(d)x=3;e) x=4;(H) x=5;(g) x=6
Fig. 4 The morphology of the GABCO bulk superconductors with different
Y GdBaxSr2CuZrOy additions: (a) x =0; (b)x=1;(c)x=2; (d) x=3; () x=4; (D x =
5 (g)x=6.
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Fig. 5. The levitation force of GdBCO bulks with different YGdBa,Sr2CuZrOy
additions.
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WiVl NN 5 wt%, FERIFHHIREAM 0443 T FHEE] 0401 T, BEINA FTREAL,
A IH S TRBRES . 9B 5 wi% BINE] 6 wt%lf, £k
KM% 0286 T, [RIFERAERIERERL, TN TRBARMFEMN. ZRES
55 Frsiy GABCO Hebf it & 112 % — 5.
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=0;(b) x=1;(c) x=2;(d) x =3;(e) x =4;(H) x =5;(g) x =6
Fig. 6 The trapped field mapping of GABCO bulks with different YGdBa>Sr2CuZrOy
additions: (a)x=0; (b)x=1;(c)x=2;(d)x=3;(e)x=4; () x=5; (g)x =6.
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Fig. 7. The trapped field along the radial direction of GdABCO bulks with different
Y GdBaxSr2CuZrOy additions.
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K 8 ANF YGdBaxSroCuZrOy 5 44 & 1) GABCO #8 SERM W ESE () x = 0;(b)
x=Le)x=2)(d)x=35(c) x=4(H x=5;(g) x=6
Fig. 8. The microstructure images of GdABCO samples with different
YGdBa;Sr,CuZrOy additions: (a) x =0; (b)x=1; (c) x=2; (d)x=3; (e)x=4; () x =
5 (g)x=6.

ik 8 Fizn, Gd-123 AHBEJR b B A0 PR AL B R0k . AR R SRy
Gd-211, JRSFAE 0.5 um 2 2 pm 2 [0], FHXIS S A fE GABCO FE i . 1%t
RFFL 2 YGdBa:SrCuZrOy 4K K-, [FFE S Hsr fifE GdBCO #F i s
YGdBa:SrCuZrOy KL (¥ % FE b6 45 A« & I 8 mnmi . A FE H
Y GdBaxSr2CuZrOy ki i R SFzE /N T Gd-211 kL, (EEA 5 2 m RS,
Y GdBa:Sr2CuZrOy FURL ) R SF A E . 55K, YGdBaxSrCuZrOy ik [
JUSFRRER /N, W 8b)-(DFT R, HBREMN 1wt BINE 5 wi% B,
YGdBa;Sr2CuZrOy FIRL°F 2 R SF AR 120 nm 98/ E 40 nm, Horfr, HEAgRAER 3

wt% B8, YGdBa:SraCuZrOy Mk R~ 2174 80 nm. 5 GdNb-2411 (100-500
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nm)2% 27f1 YGANb-11411(80-130 nm)Z¥ ML, YGdBaxSroCuZrO, ik )X~} 45 3]
REWD, KR Z TuER BRI PR BRI R . Y GdBaxSr2CuZrOy i
BRSFE /N, BHEE R, A LGN YGdBa:SrCuZrOy Jiki 5 Gd-123 # 3L K A
T AR RO AR X LS Bl SR B 7T DAV R T HL A, T B 5l 5 Bt O )
HPERE. B, & 5. K6 M 7 FR, Hx<5H, BT YGdBaSraCuZrOy
KR Sl R S A SR G A3 B 2% . AR, 2 x> 5 I, W& 8(g) A,
Y GdBaxSr2CuZrOy Ffi A8 45 B a5 4K, 1 2 11 YGdBaxSroCuZrOy MUk 4] K 7E Gd-
123 Bk b, gD 7l SRR, XS PR M B R . X AT
BRI 5 wt%IGINE] 6 wt%hf, A fn e S SR 3 A P58, i
5. B 6 A1 7 Fiaso

KT Z IR BARAMLGURIURL I S5 B, o] DU B R 7 AT RS FEAREAR
AR TCR BN R, 10 Jm A S PR AR XS f87 B, A5 Blod F2 b 10
TERHLREL, KEY A KA, R EhaT Usic®, SRR .
ME 2 TR BRI R, T RN RIEIR T, SR 7R Rk 507 (R s o
LRI, R A2 KIERTE, R EESEUR T KES BBIEEE On
BETHE . B ARGEE R P A R % Do i S, s R 2 4 33 /) 2
KRBT,

v=MP=Mexp (-22).p )

Ho My NIRRT, T NGRS, P OASRIK KIIIRED /7. 3 B a6
On THim, BEAS M AT H M LI T B, K E AR b AR kAL ,
RAMFRLZ T ERBR YGdBarStCuZrOy GK MRk 15 8 2 /N T A& B AT
UL
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AHFFCHI S T —FH . YGdBa:SrCuZrOy 4KKH A, BAEHITZI0REHR
SNSRI B AR, DL A2 YGdBaxSraCuZrOy % GABCO # S HA PERERI 5
M. 25 RELH, B AT ORISR B e, TR O R 2 U AR
KFRIETIR T, BRI A R SR 57 o FPE, T AL & Sl # i A K
W T B, e & S9N K kL B 44, . Y GdBa2StCuZrOy K4S N 40 nm % 120 nm,
Lt GAND-2411 K550k () B 7 R ~F(100 nm) 7 60%.0 AL, 33X EEgh K kL 14 5] H
IIAGAE Gd-123 B b, IO SR 78 2 1A ORI BOEETFL O, AT

T GdBCO M rERE. 5K 21 GABCO S ML, YGdBa Sr>CuZrO,

H

RIS =i FI AN SR B 7 3R 5y 1 2 16.6% A1 21.7%, BLIE SRR ik
88.6%, XM [ BAKERBLBETSLAI AL . RIUTAERY, ZIoR B
Pk N IIRL R ~ 3F B 35 H5) REBCO #8 S U E I e —Fh A 206815
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Effect of Y and Sr co-substituted YGdBa:Sr2CuZrQOy
nanoparticles on the properties of single-domain GdBCO

bulk superconductors

ZHAO YiJin”  YANG WanMin” ' LIU JiaRui’

1) (College of Physics and Information Technology, Shaanxi Normal University, Xi'an 710062, China)

Abstract
REBCO bulk superconductors have broad application prospects in high-
field magnets, magnetic levitation systems and other fields, but there is still
a lack of effective sub-hundred-nanometer scale artificial pinning centers.

Based on this, YGdBa,Sr,CuZrQO, nanoparticles were successfully
fabricated via solid-state reaction sintering through half-site substitution of
Gd with Y and Ba with Sr in the Gd,BasCuZrO, matrix. To explore the
influence of multi-element substitution on particle size and macroscopic
properties of GABCO bulks. we firstly prepared a series of single-domain

GdBCO bulks via the RE+011 top-seeded infiltration growth (TSIG)
method. The adopted solid-phase precursor was composed of [(99-x)

wt%(Gdy03+1.2BaCu0;) + x wt%YGdBa,Sr,CuZrO, + 1 wt%CeO,]. The
superconducting properties and microstructure of all  samples were

characterized_by a 3D magnetic force and field testing system and scanning
electron microscopy (SEM). The results indicate that: The size of Y and Sr

co-substituted YGdBa,Sr,CuZrOy nanoparticles have been reduced to a
range between 120 nm and 40 nm. Compared with Gd,Ba;CulNbO,
nanoparticles with a minimum size of 100 nm., the grain size is reduced by
60%. The YGdBa,Sr,CuZrOy nanoparticles are uniformly distributed on
the GdBa,CusO, substrate and act as effective magnetic flux pinning

centers, significantly improving the physical properties of the single-
domain GdBCO bulk samples. For the pristine sample, the maximum
levitation force is 39.7 N, the maximum trapped field is 0.364 T (77 K. 0.5
T). and the field capture efficiency is 72.8%. At doping concentration x =

3, the sample reached its optimal properties in both levitation force and

18



trapped field. Specifically, the peak levitation force hit 46.3 N.

approximately 16.6% higher than the undoped counterpart. For the trapped

field. the maximum value reached 0.443 T. marking a 21.7% enhancement
over the undoped sample, with a capture efficiency of up to 88.6%. The

study demonstrates that multi-element substitution increases the mixing
entropy and chemical disorder of the system,_thus refining the secondary-
phase nanoparticles. These refined particles form dense flux pinning sites
with enhanced pinning capability, which effectively improves the overall
physical properties of REBCO bulk superconductors.

Keywords: single-domain GdBCO bulk superconductor; YGdBa,Sr,CuZrOy nanoparticles;

levitation force; trapped field;
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