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Fig. 1. (a), (b) SEM images of Bi;O3 and Sb,O; nanopowders; (c) configuration of the precursor pellets and the film seed; (d) heat

treatment profile used for the IG process of the YBCO samples.

5 pm 2 pm

0.5% 4K Bio OB A MR 0.5% 24K Sbo OB AR

2 JREE0.5% 40K BiOs FIZK Shy04 #8751 YBCO
FE i ) 2 TR S

Fig. 2. Surface morphology of the weight percent of 0.5%
nano-Bi,O3 and nano-Sb,03 doped YBCO samples.
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Fig. 3. SEM result of the weight percent of 0.5% nano-
Bi,O3 doped YBCO sample.

AR A T, IR SR ASI A & P 7 P
(35 2% ) ol 3 E FAA B et o v SR A A S 4 A
SEARR RMERY, 2% OIS B R Es . i,
AR HAE ) T L E Bl T WA E 24 (R
ML 5%) HIRES, FEA IESANE 4 BR. 7614
BIeE T, Bi,O MM Y-123 dbiAiy A4 4
RGN, IR IR K, T
AT A AR Xk, I B AEFF SR 0 TR
PMB 4. (B2, tHELTF B34 0.5% 41K SbyO,
BB RER (RD L 2 A0 DIRE &), A o o 3 4K
5% YK BiyOg MFB 2N FE i 1E A 4 1 B 52
BH S /N AP TR AR K X B LR S, %%
WEAREILSAZ. FIE, XF YBCO # Sk iigh
K BiyOq B2 —Fh I A% T-BE A RE &

160706-3


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

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 16 (2026) 160706

TR T IE R, IR BT T8 A
PRFNRG AP I PERE I, BEJS ¥ PMB X811 %]
TORBER AR AT X SERAT S (X-ray diffraction,
XRD) MHA LA HrAH, S8 )5 TERE Sl S T M
FESEAT AR EE5E L SEM I DA Al oM 2544, 728
KAV B DTN AT VSM I DA SR TE
FHME (WE 4 TP ETRRR). X TR 5 5% N
K SbyO4 18 2% WAL i, T T A< 52 AL 1) Y-
123 AKX, BEHHAF i 5 3 10 ) A E A K 2 0Tk
SEIR, I HLRE S 2 A S B 2 A, SRR Y
() 7 UL BT B ™. e Ak, FEAE A TS RE RS
B BEALAAZ 5 K R PMB Xk Xt
TR S, FRATTIRIREZEHT A B I DT — X Sl 1 7
WE5E A XRD .

HA ﬁ%ﬂEXf{Dilﬂ

X HTSEM
KIX !

R

5%AKBio O 4534

5%4NKSboO 315 2 HIA A

B 4 R 5% 91K Biy0s 4K Shy0, 5241 YBCO
Bl A 2R TEDE 3

Fig. 4. Surface morphology of the weight percent of 5%
nano-Bi,03 and nano-Sb,05; doped YBCO samples.
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Fig. 5. Levitation force properties of YBCO bulk supercon-

ductors at the liquid-nitrogen temperature.
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Fig. 6. XRD patterns of the weight percent of 5% mnano-
Bi,03 and nano-Sbh,03 doped YBCO samples.
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Fig. 7. SEM results of the weight percent of 5% nano-Bi,O3 doped YBCO sample.
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Fig. 8. T, properties of the YBCO samples.

K9 E/R T YBCO FEMEY J, PERE. FRIE 9 7]
UL, R4 0.5% 41K BiyO, 1824 HIRE S R 2
B S R J A, TEE R T B
I (BRI . TREE TR IRE i AR 2 T
B 61 RUETFL AL (FRAOUES #4 Fh Y YBi-2411 26—
FHAKRL T DTHR), [R] I 38777625 A 30 6 T, Al
ETHLAL (R IR S T, # A 5Tk). 5
PO S5 —HRL TR LG, 4/ NI AN KR 7588 S AR
F14) S T AT AR B i %) AL T BT L AL, A T 4
J, PERE. UL, LA B AR AR K T RE AR
i), FATICAXTT YBCO #8SHb ki, 45K BiyO,
ST A B B2, WA eI o
A REBCO R4 AT fEr#HBA. X T
[ 5% K Bi,Og B4R RE S, H T, P RE
B ERRAC FOATEIZS BB AT, oW b YBI-
2411 5 AHY AL 1) 5047 2% FE W = LA SR A
RS (WNE 7 TR, 2R MR AR Y 25

160706-5


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

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 16 (2026)

160706

R, SO PR R RN R AY. eAh, BT 43 ER
0.5% K SbyOg 48 2% FAE il 2R B Fe IRy J, 1k
A, XA FZAEM T, HEREM AR DL R A K X
B PMB 4. 45 R HBAIES T PMB B4 %)
VERE AN SZ M, PR A I 2 48 2% S 56 v o 1 42 512
B 25 DARE SR B G () HE R

6L T=7TK —— RIBAEEN
—— 0.5%4KBiy O3
5F —— 05%?[’1*81}203
& —— 5%41KkBi03
g 4F
o
<
+ 3F
[}
el
S 2t
i
1 -\
0 Lo I 1 T T

uoH/T

# 9 YBCO iy J, HERE
Fig. 9. J. properties of the YBCO samples.
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Nanosize Bi,O5; and Sb,0; doping effects on the growth and
properties of Y-Ba-Cu-O bulk superconductors”
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Abstract

Chemical doping is an important method to introduce new flux pinning centers in high-temperature
superconductors. RE,Ba,CuMO, (REM-2411, where RE is a rare-earth element, and M = Nb, W, Sb and Bi
etc.) phase has been widely investigated in recent years because of its chemical stability and spontaneous
formation of REM-2411 nanoparticles in the RE-Ba-Cu-O (REBCO) superconducting matrix. Using metallic
oxide doping to in-situ form REM-2411 in REBCO is a more simple and efficient method. In this article, the
effects of nanosize Bi,O; and Sby,O; doping on the growth and properties of Y-Ba-Cu-O (YBCO) bulk
superconductors are investigated using the 011-type infiltration growth technique. The compositions of Y,03+
1.15BaCu0y+0.1Cu0 and Y,03+10BaCu0,46CuO are used as solid source and liquid source respectively. The
nanopowders are doped in the solid source pellet. It is found that the normal growth of YBCO bulk is not
affected by the weight percent of 0.5% nano-BiyOs, and the sample exhibits enhanced levitation force property
and higher J, property. The size of the introduced YBi-2411 nanoparticles is mainly below 100 nm. While for
the weight percent of 0.5% nano-Sby,Os, the sample exhibits a much smaller growth region containing periodic
macrosegregated bands, and both the levitation force and J, are significantly reduced. X-ray diffraction (XRD)
results for samples with a high doping level (weight percent of 5%) confirm the existence of the YBi-2411/YSb-
2411 phase in the nanosize BiyO3/SbyOs-doped sample. Scanning electron microscopy (SEM) results indicate
that large amounts of YBi-2411 nanoparticles (approximately 200 nm) with very high density are observed in
the weight percent of the 5% nano-Bi,O; doped sample, indicating that in situ formation of YBi-2411
nanoparticles in the YBCO regime occurs readily. Taking into account both the doping effect on the growth and
superconducting properties, nano-BiyO; can be considered a safe and superior dopant for the YBCO bulk
superconductors, and also has the potential to serve as a universal route for enhancing the properties of all the
REBCO superconductors. The results of this study are important for further increasing the performance of the
YBCO bulk superconductors.

Keywords: Y-Ba-Cu-O, infiltration growth, nano-Bi,O5; doping, nano-Sb,O5 doping, superconducting property
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