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20140720 1599 N D40 x1.0k 100 pm

20140728 153N D43 ¥0% 100 pm

20180728 1620 N D43 x1.0% 100 um

2014-07-2 1643 M D42 x1.0k 100 pm

20140726 1506 N D45 x1.0k 100 pm

20180728 1625 N D43 %10k 100 im

20140720 1648 N D44 x1.0k 100 pm

B4 A NixO3 %28 GABCO £ M i s (SEM) Bl (a) z = 0 wt%; (b) z = 0.02 wt%; (c) z = 0.06
wt%; (d) x = 0.10 wt%; (e) z = 0.14 wt%; (f) z = 0.18 wt%; (g) x = 0.30 wt%; (h) z = 0.50 wt%
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—A— 1 =0.06 wt%
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-z = 0.14 wt%
-1 =0.18 wt%
>z =0.30 wt%
-z =0.50 wt%

1
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T R UL P 1A 1 i 2
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T. R, IS ECFE B PERE I %, (HNBT B
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[ RE.

34 NipO; B BN HERWEEFH
HISZ R
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N
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W B 71 N 29.5 NI NI 34.2 N; Z )&, 1fE15 ¢
= M0.14 wt% B0 F]0.50 wt% Kk FE A, FE
B RE B J1 0 M 34.2 N BE 2] 23.4 N; 24 NipO3
BEr = 0.14 wt% B, FESREET ik 3K
4 34.2 N.

35
R 34t —a— 2z =0 wt%
30 |- % 32t —o— x=0.02 wt%
530 —a— 1 =0.06 wt%
e =30t —v— 2 =0.10 wt%
25 MW HE ogl —o— 2 =0.14 wt%
| iy = —<—z=0.18 wt%
ey &= 26¢ 2 =0.30 wt%
>, 20 1 24+ —e— x = 0.50 wt%
S TR el
w15k 4 0 0.1 02 03 04 0.5
ui; L Bz /wt%
E 10 -
5+
0+
—5 L1 N A ” N L N N N N
0 5 10 15 20 25 30 35

PEE /mm

B6  (MFIZE) 7R NipOs %4 GABCO K il i
BT 2

3.5 Ni,Oz;BHEr W REREEBEZE
vaRirl: oAl

I8 3 X AN [A] Nig O3 48 J% ' GABCO H: i 7£
RSN KW TR, W& T HAT IR %
o). ERREA, FTA RS AT IR 008 % R A
RA—ASXFRI g, ROAE M B R UL
Wt B 72 H N0z B4 & 2 = 0, 0.10, 0.50
wt% [ GABCO ¥ ity 32 T 145 3K B 388 2% 4 A7 .
FH T 70 1 1 3 A 2R At R 7 B 7 1) LA M 40
KWW N05T. ISR R 8 T Wk
AR 2 8] 35 GABCO #8 S HuA, A A
10 min X2 FRE G, LK AWK, HER
PR W2 b 2R TR P A SR 0 5 R A A (R
L5 N 30 mm x 30 mm, E/RFELE
P BRI EEL 81 mm). B8 &R[F NipOs
%2k 5 GABCO Ff il I 5 R AT 3R Bl 3 % P55 A8 A
R, B8 ATAIL 2 Nip O3 5255 o A 0 35 n 2
0.10 wt% B, FF 5 1) KAT 3R MG 0E % FE M 0.303 T
#0354 T; 25, MEBRELMN0.10 wt%
BNE]0.50 wt% R FE b A 10 B K AT SR s
BEMIM 0.354 T FBE30.286 T; 24 NipO3 544 &
x = 0.10 wt% B, FF 5 AR SR8 % Bk B i K
1#0.354 T.

& 6. B 8H %I, NipOz 45 2% & o ££ 0—0.50
wt% ()75 Fl N AR AL, GABCO K 1 1 £ % 71 1

5 3R 10 188 2 F5E 35 52 30 2 1 K i ek s 19 A% Ak R AR
KRR AL A, T RE 5 RE a0 SR . Gd211 K
T T A s AR SR A k. HE3 e, pr
1) GABCO Ff ity B 14 R 4, WA YRR A 52
M AP 4 R S RSO S5 A RT S0, BT R S R
Gd211 ki At s, H Gd211 ki FHRisE 34 1

—0.02600
0.02150

—0.02800
0.01125
0.05050
0.08975
0.1290
0.1683
0.2075
0.2468
0.2860

K7  (MTREH) A NiOs 28 # GABCO Ff i %
T 09 4% 3k 1 % B oy A B (a) z = 0 wt%; (b)
z = 0.10 wt%; (c¢) = 0.50 wt%

0.36
0.35

E.

5*3 0.34
1)
=
#Z 0311

ﬁg 0.30F

0.33
0.32

0.29

02807 ""02 03 04 05
B X/ wt%

K8 A[E NiaOz 54w GABCO ¥ i 1) e K A7 3Rl
S AR i 2R
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B, X R BARE S RERIPE R AN T Gd211
b BIVE . DRk, 3 R AR b R 2 AR 5 R
T Nip O3 4B 22 BX T, B mA L. BN, BT
Nio O3 3524, 5it i Ni3T B4R GABCO fiik i)
Cu?t, LR FE Sl TR T 1 T B, R, Bl
Niy O3 45 42 & o 3G N, D558 5 BORE ik S M
[ B%; {H &, NipOj (148 24 7E GABCO # &  5
N /Cu?t B e, [RIBLERE S P24 T Rdkfh
A WA X A S 3t R AR T I P S S AT A Sy
WEEET FLH ORI B AR S IR RE. 4 GABCO %
iR NipOs 4% (x = 0) I, FEFI0 T, B, ik
F92.5 K, {HH T A di b W5 A8 5] T 11 s b 42 4t
FEIBAT FL 0o, FE S IO RLE AT 4L /0555, #F ik RE
BAK; 4 NiO3 B2 & 2 < 0.14 wt% i, T, B
HRT TR, J3R7E90 K UL L, [FEF, BE#E NiaO3 1
B o 3N, B N3 B A Cut {7 51 & kg B
AT B D SR o 328 T 186 o, T R v A o TR R T
FLRE IR T e, A0 RE S 0 RGBT ) AN B 2
Niy O3 [129.5 NI R BB AR E Nz = 0.14 wt% I}
[1)34.2 N, ¥ i 47 SR8 %5 5 NANIB 24 Nip O (1)
0.303 T KFB 24 E N 0.10 wt% BF 7 0.354 T; 24
Bk o — PR, BAANBT B GABCO
P rR Cut A7 51 S i A% B A8 T B R 3 %2, T gk
— PR RE S I ROE ET FLRE 1, (EFE L T, A1 EH
8RR, HEKT 90 K, Wi 51 R i RE B,
Wz =0.50 wt% i}, T, T P4 86.5 K, iz /1A
(PR MEE % B 4373 B % %1 23.4 N A10.286 T. [,
WA NigO3 HI#B 4 8 o 638, BERECRIERE & B A 5
B T, SCREDRUFARE T A I8 &1 b b R B 1 ST
BETFL A, NIMIA 23 5 GABCO £ 5 i 54
REMIH I

4 % @

AR F I [ AR Y5 TVHOR i i AR KT OB
TSIG V%), s Bl 4 7 B 42920 mm ) NisOg
B s AHPGIBCO M S M. Lih4s %R
B: 1)NipO3 544 &8 2 7F 0—0.50 wt% (30 H A B,
GABCOMFHMMAEKEFR B BB G Y
Bk R, A BRE S L R 68 &
gy BH, R UL BRI BRE T 30; 2) BT A RE
Gd211 ki 7oAt 5], H Gd211 K T k2%
B2 )AL 3) Bl A NioOp 15 44 & o 3G I, I 5
BT, R EMES, Me =01192.5 K N2

x = 0.50 wt% [1186.5 K; A fb [ B % 71 Al e K
TR AR RN e N =E AN N) S MSE? T/ 4
x = 0.14 wt% i, #iEF 1k Bk K{E 34.2 N,
FeEr = 0.10 wt% B, 73R 0EIE % Bk B i KA
0.354 T. iX &gt B it — P4 GABCO # S
MR A —E 1R B L
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Effect of Ni;O3 doping on the properties of single domain
GdBCO bulk superconductors fabricated by a new
modified top-seeding infiltration and growth process®
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(College of Physics and Information Technology, Shaanxi Normal University, Xi’an 710062, China)
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Abstract

Single-domain GABCO bulk superconductor (20 mm in diameter) has been fabricated by a top-seeding infiltration
and growth (TSIG) mathod, it has a new solid phase of [(1 — z)(Gd203+1.2BaCuOz2) +z NizOs] (where z = 0, 0.02,
0.06, 0.10, 0.14, 0.18, 0.30, 0.50 wt%). Effect of NioO3 additions on the growth morphology, microstructure, critical
temperature 7., magnetic levitation force, and trapped flux of single-domain GABCO bulks have been investigated.
Results show that the single-domain GdABCO bulk can be gained when z is in the range of 0-0.50 wt%; and the Gd211
particles are not affected by the NioOs doping in the samples. The 7. of the samples decrease from 92.5 K (x = 0 wt%)
to 86.5 K (x = 0.50 wt%) when x increases from 0 to 0.50 wt%, which is caused by the substitution of Ni** for Cu®*.
Both of the levitation force and trapped field of the samples increase first and then decrease with the increase of x;
the largest levitation force of 34.2 N is obtained for the samples with x = 0.14 wt%, and the largest trapped field of
0.354 T is obtained for the samples with x = 0.10 wt%. The change of the levitation force and trapped field of the
samples is closely related to the doping content x. As is known, the doping of NioOs can result in substitution of Ni**
for Cu?* at its site in GABCO crystals, which can reduce the critical temperature T, of the samples; although T, and
the physical properties of the samples is reduced with the increase in the doping amount of NizOg, but at the same time,
the substitutions of Ni®* for Cu?* in GdBCO crystals can produce local lattice distortions, which can act as magnetic
flux pinning centers to improve the properties of the samples. The highest 7. is obtained in the samples without any
NizO3 additions (z = 0), but the magnetic flux pinning force of the samples is weak, so both of the levitation force and
trapped field of the samples are relatively lower. When the doping content z < 0.14 wt%, although the T is reduced
slightly, it still has a value higher than 90 K; and the magnetic flux pinning force in the samples, due to the substitutions
of Ni** for Cu?*, would increase with the increase of doping content x, and result in an enhancement of levitation force
and trapped field. When the doping content x is greater than 0.14 wt%, the magnetic flux pinning force of the samples
is still increasing with the increase of z, but the T, of the sample is significantly reduced and even less than 90 K, and
finally result in an decrease of levitation force and trapped field. Only when the doping amount of Ni2Og is appropriate,
both of T¢ and magnetic flux pinning force are of a relative optimal value, and lead to an enhancement of levitation force

and trapped field.

Keywords: single-domain GABCO bulk superconductors, top-seeding infiltration and growth, new solid
phase, NiO3 doping
PACS: 74.62.Dh, 74.72.-h, 74.25.Ha, 74.62.— DOI: 10.7498 /aps.64.077401
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