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Tk 3B 5T HL 1 BE X GdBaoCusO7— s # T HUM I 52 Br B2 A B B2 2 ma, 1 91 N\ & 3& 1 38 AR 7 1]
LAk 3% GdBagCusOr_s # 3 HUM B BEIE AT FL A BE. AR SCR F T0l 51 i 445 Fi 208 v25 B Dy b ) 45 L 499 K AR
BaFe12019(<100 nm) B4 %ﬁ%ﬁ%jﬁ, FEM B B & 05y N Gd123 + 0.4 Gd211 + = BaF612019($ = 0,
0.2 mol%, 0.4 mol%, 0.8 mol%) + 10 wt%Ag20 + 0.5 wt%Pt. HILHF R A 5 2 & 1 BaFe12019 HkL

X GdBagoCusOr_ s 8 5 B M W 25 4 FiLHE 5 12 B

UM, SRR B RN 0.2 mol% I, A b A Il 77

ML B L P AE AN N T A SRR R EEY T, IR BREELT 5.5 x 10* A/em®. 9K
TokE BaFe12019 A AT EAGREF 15 2% B HOAL 22 4L, VR A R0 T L b Do A7 A8 T 3 Bkt v, JF HLRERS o0
Gd2BaCuOs K1 2 A M AN Gd2BaCuOs i1, 2 Gd2BaCuOs K1 [ k42 AR B 28 I ) 1.4 pom I
NEIBAIR I 0.79 wm, BETTSE S 1S I A AE SRR, WSS T GdBaoCuszOr s T
BRAF R SR RE. I FHELEE T A BT T, JFRERSAERRAE 92.5 K /iofi. 245 ROvitt — Dt Fe 9K b AT 4L
LGN FFEGE GdBagCuzO7 5 i FHM K1 EAT 3 5L 210 L.

KH#IR): GdBagCusOr_s HFHAT, A S ARSI TS, I 5 o it 3 L, 99K ok BaFe 2019

PACS: 74.72.-h, 74.81.Bd, 74.25.~q, 74.62.Dh
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Gd) 2BaCuXO0s5, X=Mo, Nb(<10 nm) i JE 47
6T RE S b 3R R Gd123 8 S A P RS, Xu
BT T Fe-B & &0 1 115 24 4 Gd123 B bt
TOW 45 4 FER 5 M RE I 2 MR, 45 RO I Fe-B &
&R 5 ANFE G 229 f# 8 Fes Oy FF H BA Fe3 04
(17 M Gd123 Hepf IR G B 4T L1 BB, NipOg,
BisO3 fl YFeO3 & ALY 1115 2 i & T RE123
UE 5 SRR 37 500 P R 207 025 kg 14— 160, i
%5 071 3@ 1 WF 5T BaTiO3, TiOy #1BaOy ALY 1E
NER R SR T VR AR K G123 e i R
(RS20, 2 B TiOo A BaOo A AL Y@ it B 1 % i
B3 T Gd123 HUM I 1 B8, 1 BaTiOs 1] BAAE 7E
T Gd123 e H st 8 T MR RE S B B AE . AT
R LGN KH K ZrOg+SnOo+ZnO 1E N EE — A5
A GA123 b, (%3 F IS B Jo ik 3 T
7.25 x 10* A/em? 18],

AN F) YR AR 45 2 R 8 o4 25 6 5 b 1) 1
RE, (H2 R0 45 R ARIE I & S Hup b 2
B 2 H AR, A2 58 SR FH TR o I ik
ZUREAE K EARN 20 mm ) Gd123 iR Sk
M, BB T A F5 2 R KT BaFe12019
o B TR BOUE 5 AL A SR I T RO 2 T AN
S AR IR, S R IB 4 5 M
BaFe15019 49K OB AR FF T 545 2% 5 AH A 1) 1k 2%
2 .

2 X B

KR AR G I A R as T2, Bl R
Gd123(99.9%), GdyBaCuOs(Gd211)(99.9%) 1E N
Je IRk R, 55 4% AH 95 K fUORL BaFe1,019 #3 R
18 Gd1234+ 40%Gd211+ 2 BaFey5019(z = 0,
0.2 mol%, 0.4 mol%, 0.8 mol%, H ' BaFe ;2019
ok ROsF /N F 100 nm) (9 B B BE 4T RS ORL
10 wt%Ag20(99.9%) F10.5 wt%Pt(99.9%) A5
LI N R D5 B R T =T 2 1 = L T
Gd211 K7 FIFAG. K R HERBHLR A 35 )5,
JE il B ELAE A 20 mm- JE 2N 10 mm B R A R B
IR S B T ZrOo (P FE EH UG5 AL O3 3
BB, K2 mm x 2 mm NdBCO Ff & iUE 724 i
() b2 IR A0 AL, AR5 K AR TN il g,
ITIER SR AR K. KR 2056 W e il 2R 10 B e IR

(Trmax) 1 T 60 58 NEHR FE (T3,) 83 °C A £ IR IR
1 h, SREBACEEE 1012 °C (FH T, 2 °C A A),
B J5 L 0.25 °C/h HE R 2218 [ 25 °C AT fh ik
A, B fE VA E A B R, 8 BORE i OO B 475 il
UK IR, N T e R d AU J7 AR
FHEL AR R IEAZ AL T4, A8 e P2 7R T8 A B R
17, AAH A, K28 1.1 MPa. — Al &
X, 1A, RIUE 7 2 AR L B KGR
FEHIWR: BN 5 h AHE S 450 °C AR 40 h;
SR JE FIIF 140 h 2218 33 42 350 °C; f )5 30 h P BF
2300 °C, B KW, AARFEEZFE.

TEMR AT, WA 7R, &k
BB N1 T, 30 min 5 # K 410t 3,
FH BB IR BRI 25 I 159 K S IO G35 1% 3k i 28,
Bk SRES R E N 0.5 mm. N T HERY K
Wk BaFe12019 15 24 5 Gd123 #8 5 Hobf M e 10 52
Wi, 43 5 AR AS FE S IORF SR 5 R 2 Ak AU
2 mm x 2 mm x 1 mm W5 R/DNEESEATI &, #
PRI F P E R 1 I B R Gt (PPMS) WIS, I e
It AR I b AR A S AR DO @
(SEM) RIUAE it (R TR S5 44

3 4R5iHH

Kl 12 BaFe2019 B4t 2 = 0.4 mol% I £
mn T E LS. B 0] LA H Nd123 #F ff 5
UM AERK SRR A RIS, F R TR
KT 51 FAEKIEN; JubtRim S 2 80+
1640, VYA B X a] WL, I B tHIBE AL it%,
Ut BIRE SRR I R AR KRR P B T IR AR TR R
A EAAYE /NN 17T mm, EEAE NS mm.

an K207 75, BaFe;osO10 M % & 2z =
0.4 mol% i Gd123 i FIMZ R M & 2 R
U (R0 R R (B PR 2, 3K 100 B A o ) P 1 L e
Uy 0L S P B KA R BE 7 9 0.094 T, 1% 3 i
SEY11.48 pWh, HEARB HIRE i 70 ) i H 17.5%
F128.3%. X i B gl K ki BaFe 2019 )35 4% %
Gd123 Yt I 47 SR 7 18 B RS 3] 1 — & 1 I s A
R XA A REMEBE G123 #8 S HUb M A I B

K 3 8 9 K Tk BaFe12019 B 28 2 = 0,
0.2 mol% A10.4 mol% B, Gd123 i 5 H 4 11l F
AR To PIhEe. WEF AT LLE H, RIBRGK
ki BaFe12019 B, Gd123 844 1) Te 41 8 91.5 K;
Yz = 0.02 mol% I, ¥t i) Te H i 7t, ik 2
92.5 K, HEI TREMNHEFHEEREL NS K;
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KI5 24 5 I 5A WA G123 B Hubs (e S vk
BE. M2 = 0.4 mol% B, B Te FEIKE 89 K
B, XU YRR BaFe 2019 HI5 245 3] —
E I, 2 HOM B 5 1 e 7 AR — e R,
A] BEE— 2D S HObA I S e R SR X
SR HAMHME S S&SENE - HBREKES
HbE 45 A — 5 12122,

1 BaFei2019 %% z = 0.4 mol% i Gd123 H 1
bt i) % A
Fig. 1. Surface appearance of the Gd123 bulk doped

with 0.4 mol% BaFe12019.
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Fig. 2. (color online) Trapped field profiles of the bulk

doped with 0.4 mol% BaFe12019 at liquid nitrogen
temperature.
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Fig. 3. (color online) The superconducting transition

curve, T with the additions of 0, 0.2 mol%, 0.4 mol%
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Fig. 4. (color online) Applied magnetic field depen-
dence of Jc near the edge of bulks with the additions
of 0, 0.2 mol%, 0.4 mol% BaFe12019.
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5 BT 7~ A/ [F] BaFe12019 # 4% B K Gd123
SR HIET I T Fo ) Fp max 5 AT 139 B/ By
e R EHZE. 248 = 0.2 mol% I, WEAR X I )
ho = 0.4, MBS (AT LR 8 F 0T £THL 520 6T¢
ETFLA BT Gd3+ Al Bat (9 R~HAHIE, 4B Kl
P2 R AR B AT % Gd1+yB&2—yCU3O7 557 3
FH, X Fh 5588 FARLE P R 5% TIRE 5k
S, SOMTAEHUM RS T BT HL A0, R T
T R ET FUAE A BT @ RN I S H I
Jo SAEFE N HI—ASH R, R L
(58 VA, IX A U5 T 4 Hp Il S PO R ) & R
—H. 4PBLEr = 0.4 mol% I, FM AT N
sk DA F T 1B PSP, i &= 9Kk
BaFe2019 135 ¢ A& HE IR T G123 44 1R 5
FElE, (ERTE ho = 0.1 WHAEAE —ANIEAE, 1591 1%
BebA AT AZAE 01 4T 4L 27, B %5 BaFe19019 5 44
% G123 Bt I T s 2 Ak A E AR 5
HH, X LR S AH BRI IR T Bk p S k RE, HD
AT ATE SO s T 4L O, BE T2 i T Bkt 1
BETHLY). XARE T A& 2 = 0.4 mol%
I I PR T (B 4) A S E6 AR TR T (K 3) #5F
R ) B, (H 73R (B 2) 20 — 2 g7t

1.2
-a— 0
1.0 .;F‘-'h —u— 0.2 mol%
o —a— 0.4 mol%

0.8+

0.6

Fy/ Fpmax

0.4+

0.2+

(0]

E5 (MTRE) Gd123 SBEIAETH S Fp/Fe max 5
AWHY) B/ By 1K & H 1 BaFe12019 B4 & 2 =0,
0.2 mol%, 0.4 mol%

Fig. 5.
density, Fp/Fp max, as a function of reduced
field, B/Biyy, of Gd-123 superconductor with the
BaFe12019 additions of 0, 0.2 mol%, 0.4 mol%.

N T i BaFe 2019 5 22 X 5 Gd123 i F
Pkt v BRI 78 (0 52 ma WL, AR H SEM A g
BE 4> 1 (EDS) XF Gd123 B 4 i3k 47 7 0% T 55 W
MAL 2B A, B6RT R B REr = 0M
0.2 mol% I HURHP GO 4544, 7T W, Gd123 Jebf
AT T B RN — R 3 ok 7. 3R
I KT A, B, C, D AN 347 T EDS 70 #fr, 45253

(color online) Normalized pinning force

R e e e e e
0 1 2] 3 4 5 6 7
WHRRR1372 cts bR 7.285(22 cts) keV

6 (MTIER)(a) BREz = 011 Gd123 B 1
MEEH; (b) B8« = 0.2 mol% I Gd123 Bt i
WLEA; () (b) BT C KB I EDS it

Fig. 6. (color online) (a) Scanning electron micro-
graphs of the Gd123 bulks superconductor with 0
additions; (b) scanning electron micrographs of the
Gd123 bulks superconductor with 0.2 mol% additions;
(c) EDS spectrum in the location C as indicated in (b).

KHAGBK TFHRGd : Ba: Ca¥giz2 : 1: 1,
BP v Gd211 Mk f. [, BATKAB K E
r = 0.2 mol% i G211 A KL 7 P I 47 75 5 WA
DERFe TUE. AT HIE & TG R AEFE S ARELE
R, BATK A, B, C, D Abki+ B0 % 5 34T 5
Mr, & RA TR 1. BATRKILAIE J& BaFe12019 B,
H R 2 Gd211 AH LA 53 A BaCuOo,
CuO AR MM B AEEr = 0.2 mol% B, KIM
F ) Fe L& A2 L BaFe 15019 HIE S Gd211 HA!
WA BaCuOs, CuO [FBAE7E. X i) B BaFe 2019
TWORLTE 8 5 Hob AR KRl 5 97 A SR Ak 5 21 k.
Z 45 B 5 HO, 5 44 1l 4 Gd123 8 53 HL 0 16 oW
SIMTAR— S8 R Gd211 KL T kAR 4 #T
AV T B ARIIKE ) BaFe1,019(<100 nm)
AT JG GA211 KL (1 SRR (1 A8 1k, K35 2=
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i G211 KT HP I RIAR 208 1.4 pm, M35 4%
B2 = 0.2 mol% I} Gd211 ki1 ) °F Bk 42 sk /> 2]
0.79 um, W3 2. BT BaFe19019 f77E T Gd211 %I
T AL B LU A FE S I BaFe 2019 K1)
NAKEDL, T BaFe12019 UL AT LAFERE it o
B S AR AT SL 0y, B T B R AT 4L
RE 71, M HIAF 3837 A S R IR 2% B A — 58 1
2T, IRl BaFe12019 KR 15 44t B R 4104L T
Gd211Rif. T B 7 % FE 2B Gd211

*1

R B R ST B8N Tk 29200 [R5 24K i
Fi BaFe12019 5 B4 11l F1 o3 25 FE 15 AAR T2
BT 49K 211 BaFe 12019 HURLAE W 7E G123 HLbs
HOE A R ET LG, RIS S BB 3 2403 Gd211
BT 1A A A4 Gd211 K FIIMER. 4B
x = 0.4 mol% B} Gd123 Hp 1) ife 5 s I AR %
AR PE AR FEAIK, X2 B THi %G BaFe12019 544
%2 G123 Bt B T i 2 Ak A E AR 5
FH, TR B SRR — 8 BIRERAE .

6 FHRIN A, B, C, D WA~ 51 EDS 22 o 7

Table 1. Stoichiometry of spots A, B, C, D in Fig. 6 by EDS analysis.

Gd/% Ba/% Cu/% Fe/%
A 13.3 8.5 9.46 0 7Gd211+4 2BaCuO2 + CuO
B 5.47 3.27 3.34 0.04 273Gd211 + 53BaCuO2 + 7CuO + 1/3BaFei2019
C 3.30 5.40 7.23 0 Gd211 + 2BaCuO2 + CuO
D 2.87 5.84 8.24 0.09 143Gd211 + 440BaCuO2 + 241CuO + 3/4BaFe12019

#2 BaFei2019# & x = 0, 0.2 mol% i Gd123
SHb R Gd211 B4 A
Table. 2. Gd211 particles distribution of Gd123 bulks

superconductor with 0, 0.2 mol% additions.

$ 2k &E /mol% RAF¥EHE /um FH R /um
0 0.76—2.88 1.40
0.2 0.27—1.93 0.79
4 &% ®

AR SL R FH TERF & 0 fik 230 5 v R T b i) %
T AR GK TR BaFe12019 5 2% 8 T 1 Gd123 &
HEE S YO, FE X kT e B O S L i
73R« W 52 7 Ui PR AN 57 i it 45 P2 4 8 S P e
BEATHEFE. I A B R I, BaFei2019 ORLTE
B2 J5 18 Y AT R AE R A 22 2R, BAH
KEHAFAET GdyBaCuOs Fi 71 & B, I HLAT LA
Yk Gd211 ki1, A8 G211 KT HSE RS B R 15
) 1.4 pm BN BB 2R 5 10.79 pwm, AT LA
TERE O C— S BT L, 32 s b 1%
SR FERE EE. 9B RE 2 = 0.2 mol% i
I 57 FELIAL 25 B I8 B e KAHL, £995.5 x 10* A/em?,
H5XRBRAMMHEEAZ M b &S FEHA W R
PIER T, I SR FE To A B I+ I Re e 4 ¢ 1
92.5 K /i, RS T Gd123 8 SHM 1 S
e, HEUBEEHINE 2 = 0.4 mol% i, B

FFIRME I DL T 3R TT, E 2 i F 3 B N i 7 v 7 %
FERBIE TR, X T & 1 BaFe12019 R 1 1£
Gd123 Hebr e B T8 BB S A, xR
SRR A T — R R BRE L. @R BIRE
BaFe 5019 A LE N — R 201028 —H1 5 2 hi 1
RICAINGE Gd123 i T Hbs i TR E, 12503452k
K e 5 B AE AR R b 1 82 i i B B Y S
Bk
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Abstract

The flux pinning performance of the superconductor is important for the applications of the GdBazsCusO7_s su-
perconductor bulk. To introduce the suitable secondary phase into the GdBa2CusO7_s matrix is an important way to
enhance the performance of flux pinning. By using top-seeded melt texture growth process, single domain GdBazCuzOr_s
superconductor bulks (20 mm in diameter) doping with different quantities of BaFe12019 nano-particles (<100 nm) are
successfully fabricated. The final compositions of the bulk are Gd123 + 0.4 Gd211 4 zBaFei12019(x = 0, 0.2 mol%,
0.4 mol%, 0.8 mol%) + 10 wt% Ag20 + 0.5 wt% Pt. The effects of different quantities of BaFe12019 nano-particles on
superconducting properties and microstructure are also investigated. The result shows that the critical current density,
Jc, with 0.2 mol% BaFe12019 additions reaches a maximum value in the zero field, which is about 5.5 x 10* A/cmg.
And the critical current density Jc, almost increases in the whole field compared with those of the undoped bulks. The
microstructure and chemical composition of GdBa2CusO7_s bulk with BaFe12019 nano-particles are implemented by the
SEM-EDS technique. It is found that BaFe;2019 nano-particles keeps a similar form to that of the precursor in the final
superconductor bulk. The average size of Gd2BaCuOs particles is reduced from 1.4 um in the undoped bulk to 0.79 um
in the bulk with 0.2 mol% BaFe12019 nano-particles. We suggest that BaFe;2O19 nano-particles may form effective
magnetic flux centers in the bulks, which affects the homogeneous distribution and refinement of Gd2BaCuOs particles.
Therefore, the improvements in the critical current density and the trapped field are observed in the GdBazsCuzO7_s
bulk with low-level doped content. The superconducting transition temperature T, can be maintained at around 92.5 K.
However, with the addition of 0.4 mol% BaFe12019 nano-particles, the critical current density and superconducting tran-
sition temperature decrease obviously. It indicates that the excessive addition of BaFe12019 nano-particles may affect
the superconductivity properties to reduce the critical current density, Jc. The result indicates that the low-level content
BaFe12019 nano-particles can be an effective second phase for the improvement of the GdBasCusO7_s superconductor
bulks, which is very important for the further enhancing the superconducting properties of GdBazxCuszO7_s bulks by

introducing the flux pinning of nano-particles.

Keywords: GdBa;CuzO7_s superconductor bulks, top-seeded melt texture process, critical current

density, BaFe;2019 nano-particles
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