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Fig. 1. (color online) The top views of the single domain
GdBCO bulk superconductors with different BaO doping;:
(a) 1 wt%; (b) 2 wt%; (c) 3 wt%; (d) 4 wt% [11].
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Fig. 2. (color online) The microsturcture of the solid solution phase in the GdABCO bulk superconductor

with 1 wt% BaO doping.
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a Gd Cu
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Acquisition 398 Date: 3/6/2015 2:28:08PM HV: 15.0 kV Puls th.: 2.70 keps
El AN  Series unn. ¢ norm. ¢ Atom. ¢ Error (1 Sigma)
/wt.% /wt.% /at.% /wt.%
Cu 29 K-series 25.09 27.73 3324 0.95
(6] 8 K-series 6.11 6.76 32.17 1.04
Ba 56 L-series 36.66 40.51 22.47 113
Gd 64 L-series 22.63 25.01 12.12 0.78
Total 90.49 100.00 100.00 (a)

Spot

4/

700 nm

Acquistion 391

10 12 14

Acquisition39 1 Date: 3/6/2015 11 :39 :28PM HV: 15.0 kV Puls th.:  5.01 kecps
El AN  Series unn. c norm. ¢ Atom. ¢ Error (1 Sigma)
/wt.% /wt.% /at.% /wt.%

(6] 8 K-series 11.92 12.50 48.22 1.65

Cu 29 K-series 25.12 26.34 25.58 0.90

Ba 56 L-series 36. 87 38.67 17.38 111

Gd 64 L-series 21.44 22.48 8.82 071

Total: 95.34 100.00 100.00 (b)

3 (MTR) B458 1 wt% [ GABCO #8 SR A Gd123 AR AERE /047
Fig. 3. (color online) The EDX of the Gd123 matrix in the GABCO bulk superconductor with 1 wt% BaO doping.
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PRy D, A il O R G 123ss W0 ARRL T 2 33 H
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B DOV AT DL el 49 2 1 5 (a) HOoRE T T3 R
~FZ850—120 nm Z 6], X — g5 RUL i, E15 4
BaO K T 1) #.5 GABCO #8 S HAf v 4 pl 7 — Ff
GURRBT IPIARRL T, TARYE RE123 8 SR 5
T ARHE SARRL T A RLE AT SLALH B AT g (1617
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500 / J 800 i
SE MAG: 50000 x HWAS0 KV WD: 5.0 mm Px: 3 nm
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Acquisition 399 HV: 15.0 kV Puls th.: 4.85 kcps
El AN  Series unn. ¢ norm. ¢ Atom. ¢ Error (1 Sigma)
/wit.% /wit.% /at.% /wt.%

(0] 8 K-series 11.75 12.29 53.79 1.66

Cu 29 K-series 22.00 23.01 23.01 0.81

Ba 56 L-series 33.46 34.99 11.19 1.02

Gd 64 L-series 28.40 29.71 12.01 0.92

Total 95.61 100.00 100.00 (a)
Acquistion400

siz -
SE MAG: 30000 x HV. 150kV WD:50mm Px: 4 pm

6 1oy 8 10 12 14
Acquisition 400 HV:15.0 kV Puls th.: 4.98 kcps
El AN  Series unn. ¢ norm. ¢ Atom. ¢ Error (1 Sigma)
/wt.% /wt.% /at.% /wt.%

o 8 K-series 11.04 12.56 52.00 1.55
Cu 29 K-series 28.30 32.18 30.32 1.00
Ba 56 L-series 25.99 29.55 17.88 0.80
Gd 64 L-series 22.62 25.72 13.80 0.75

Total: 87.95 100.00 100.00 (b)

B4 (MTIER) B4EN 1 wt% i GABCO #8 SR i H I R JiH (1 s i 2 1
Fig. 4. (color online) The EDX of the unknow phase in the GdABCO bulk superconductor with 1 wt% BaO doping.

(a) (b)

5 (MFEE) BIEN2 wt% I GABCO #8585 i 18 R J A (KoM 7 5
Fig. 5. (color online) The microsturcture of the unknow phase in the GABCO bulk superconductor with
2 wt% BaO doping.
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FAERE R AT AR K B E B, A — kT il T
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NS 2 AR it O 1SR /N RS 1 20—50 nm
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\

(00 nm
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A NS VAR P % G L = 39D 1A i i 2 i
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GdBCO # F £ il B i 1) Gd123ss, X B 6 7
LE =Nl = 551 = = s W 21 YN R
A3 2 B s o LUE B, A H I Gd, Ba,
Cu =FH MR+ A &5 8 8.88 at%, 16.14 at%,
24.53 at%, L& HHLJH FHAHGd : Ba : Cu =
1.086 : 1.974 : 3, Bl, Gd, Ba, Cu =& {5 1 EL
281 : 23, AL R Gd123 i@ S48,
BETT UL, 3X Fh Gd123ss AT A Y0AH I R 2 IR A J B —
ANAZ [, T A2 B BaO 5 4% & (138 0 2 90 H A R
AR L. B B GABCO #8 S 45 BaO & &
(R HE N, BE h  Gd123ss RTZEYAR BT 1LY
(RN GOB B A3 2 T H0 R, o iR
T Gd123 RS LA

B I X iZ AR i Gd123ss [ 5E &5 Hr ] LLE 3,
M 1E GABCO # FH A 15 2% 3 wt% ) BaO ¥ &
I, I RE S o ) Gd123ss 77 AR AR B R 23 E A 2
T Gd123 RSy, BIFE S FAELE R Gd123 8 FAHAE
BTN, X Nt s GABCO M S M I SR
FRft T A EIR K.

Acquistion 370

2 4 10 12 14

6 keV8

Acquisition 370 HV: 15.0kV  Puls th.: 4.93 keps
El AN  Series unn. c norm. ¢ Atom. ¢ Error (1 Sigma)
/wt.% /wt.% /at.% /wt.%

(0] 8 K-series 12.18 13.48 50.38 1.68

Cu 29 K-series 23.55 26.07 2453 0.86

Ba 56 L-series 34.53 38.22 16.14 1.05

Gd 64 L-series 19.90 22.03 8.88 0.67

Yb 70 L-series 0.17 0.19 0.07 0.06

Total 90.34 100.00 100.00
6 (MTIEM) BAEA 3 wt% [ GABCO A b A AR F04HR 10 g 4 b 1

Fig. 6. (color online) The EDX of the unknow phase in the GdBCO bulk superconductor with 3 wt% BaO doping.
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7 (MAEE) BEN 4 wt% I GABCO #8584 5 b 1R R A (KoM 77 55 Pl
Fig. 7. (color online) The microsturcture of the unknow phase in the GABCO bulk superconductor with
4 wt% BaO doping.
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TS AT REHER 2 2404
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Abstract

In order to inhibit the Gd/Ba substitution in the growth process effectively, a series of single domain GdABCO bulk
superconductors with different ratios of BaO additions in the solid phase pellet is successfully fabricated by the modified
top seeded infiltration growth technique on the basis of previous research. In the present work, the macroscopic feature,
microstructure and critical current density (Jc) of the single domain GABCO bulk superconductor are investigated in
detail. From the top view of the surface of the single domain GdBCO bulk superconductor, all of the samples exhibit
clearly the 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 (from 1 wt% to 4 wt%) cannot affect
the growth morphology of the single domain GABCO bulk superconductor. At the same time, for observations of the
microstructure, the small test specimens of dimensions about 2 mm X 2 mm X 2 mm are cut from the top surface of the
singe domain GdBCO bulk superconductors with different BaO doping ratios and at a distance 5 mm away from the
seed, then microstructure analysis is performed in the cleavage phane of the test specimen by using scanning electron
microscope. For the sample with 1 wt% BaO doping, the derivative phase of GABCO (Gd123ss) is found in the Gd123
superconducting matrix. To detect the atomic ratio of the Gd123ss, energy dispersive X-ray spectrometry measurement
is carried out on the samples. It is shown that the atomic ratio of the Gd123ss phase is Gd : Ba: Cu = 1.566 : 1.459 : 3,
which proves successfully that the Gd123ss is a kind of phase with lack of barium. With the increase of BaO doping, the
phenomenon of lack of barium is effectively controlled and, the nano Gd123ss phase is generated as the flux pinning centre
which can be used to improve the superconducting properties in the growth process of GdABCO bulk superconductor.
This results can be concluded that the proper doping ratio can control the element substitution effectively, and the solid
solution phase can be greatly reduced to some extent, and the critical current can be improved to a certain extent when
the amount of BaO added ranges from 2 wt% to 4 wt%, which is very helpful in inhibiting the Gd/Ba substitution and
fabricating the high-quality single domain GdBCO bulk superconductors.

Keywords: singe domain GdBCO bulk superconductor, microstructure, critical current density, flux
pinning
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