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E ALO; # v b R KBS MgO Hd B
SCREY . WAV ST R [ AR B BV SR Y,
B SEURT it T S IR AR B bR gy, JREIL ab [
AT FRES IR TH, TE I LRI AR o IX P B AH IR B K T
S SR [ AH B e e 5, AT DA v v AH U B () S B e
75 DT B A ot ) A 1L R A AR MUY K B L T
AR, BLEE/NEE 120 °C B THR 3R THE £
920 C, FLARE/NE 60 C Tl R THIR 2 1060 C,
R 1 hy DA/ 60 °C Y FRRIE R FRIR 2 1 040 C,
PABE/N 0.3 CHIBRIREAEME R 2 1015 Cy Bl AR
AMEREE, 55 %1 GABCO Htf. K GABCO Bt
BNBEY D, EREE T, 450 ~350 C )
X 1274 200 h, 753]§1 GABCO &8 S 5. Hrr,
FEah ST 6 MY ) S Uk [ AH B R e 4l FFA S2. S3. S4.
S5 S6. S7 X IV 1 46 IR [ AH B 43 il & 7 900, 950, 975,
1000, 1100, 1200 Ckediid 6 h 1) Gd211 [FAHE,

h T WA ) AR A 2R S5 R 1 G211 56 9K ] AH B

L% GABCO 3 Ff b 2l 4h K 1) 5C 3R SR b 4 4
XA S PR BE R RE L, A AR S 56 5 B AT T A 1) s 7
IR e T R S K R EE D, 4 HLBE(SEM)
RLEERN I3 AT AT it (1 8 44

2 FHR5WR

Gd211 R ERRA E N R = E
K1 AN FEE S RE4h 10 G211 56 K [l AH ke 1)
Fo WAEBIA IR R RERES (A1), 900, 950, 975,
1000, 1100, 1200 CHELGH Gd211 Sk Ak, W]
F i, 900, 950 TR SLIR M AR, K/NFIFE AR
W EAR, AReghif e ST 975 CH, SEIRIE AH B
FLARH AR /N, B AR IR

2 EARRNERERESE GA211 56 R AT B frl) s 1 Je
RALE . FTLUE Y, Beghil B imy, i fe o6 oK [ AH e )
WREHOR . RBELE Gd211 B, #5E L 4.55 g/em®, &
900, 950, 975, 1000, 1100, 1200 CHe4li)a, &
Wh: 4.65, 4.86, 5.51, 6.16, 6.41. 6.76 g/em’.
IR S IR [ A B AR B S Gd211 BEAE S (7.76 g/em’)
AR e IR B AR b AL EE RS Y 41%, HKIR
B 40%, 37%, 29%, 21%, 17%, 13%.
2.2 Gd211 SEIR[EFER AT R AR 454

K3 AR RS Gd211 SR A E ) SEM
MR ATRAE W, ERBEL Gd211 AR, 5
2 HEFUIR BT R A LB IRAS K 70K 2 Gd211 Hi

2.1

an

il

BT Gd21156 BRI AR P
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S5 40%98 /0 %) 950 CHI 20 %, KeLElE 7=975 C
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Fig.3 SEM images of the Gd211 pre-forms: (a) as-compact, sintering at 900 C (b), 950 C (c), 975 C (d), 1000 C (e), 1100 T (f),

and 1200 C (g)
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Fig.4 Morphologies of the GABCO samples: (a) S1, (b) S2, (c) S3, (d) S4, (e) S5, (f) S6, and (g) S7

& 1 TRLE R, BE GA211 5 5K [ AH B 5 42 1) 9
/N, U GABCO FF b 1 A% 52 56 36 K5 06 iR 3,
FE&L S3 [ H A2 K (20.80 mm). XK, #HAR
KH) Gd211 ZeRK [ AH e, BAR Gd211 KL 1 ~F- ki
RN, AHHTF Gd211 K72 (A [ T BRASE R, B
AR A L, WO RE O B Hb % 2 B) Gd211 2k
OK[E AR, AR AL AR ORI . PR,
Gd211 SEIRFE AP ) HAR RO BRI, &R
LW GABCO K & I ELAR I AR /o iR Be & 1)
Gd211 SEIR [ AH P i) B AR 5 KR 20.1 mm, 17 2E 5
W GdBCO Ffih S1 K EAAN 20.28 mm. Ffi% Gd211
246 0K 5] R B AR P /N R TR R (LI 2), 5 R [
FHY G211 K1 (] 18] BRI (L 3), 58 SR [ A
S AR 7 T 2 (A | A A e S S B R I e |
Gd211 S IR EAH BB B4, il s 242K ) GdBCO
FE S BTN . W12 Gd211 5 0K [ A B i) B 42
20.1 mm JE/NF) 19.7 mm I, FBE GABCO FF & () B
A ST FESL ) 2028 mm K F| S3 KEA K
20.80 mm(WL3 1), HEEHE Gd211 SEIKIEAH R BRI
BE— 25 ek /N R I HE— D K, S IR TE A e
Gd211 RL RPRLAR AR, L1 [1] 114 422 flk 117 Bk ok
Ky AALRBCRBAL, BUE G211 S8 9K [ AH e g
AR BB HI0IE DL S RS 28 9 AR 1) % T] [A) Bt
ki, M E T RAEKE GABCO i HAA R
W o Y G211 SE IR AP ) EAR AN 19.7 mm 98
/NE17.6 mm B, EAE W GABCO A I H AR
WA S3 #¥ i 1) 20.8 mm fsk /) 2] S7 # 5  19.0 mm( W
F D)o AT HEFE AT, FEA S3 0T VIR 58 5K [ AH

P B AT (R BR G R AR S5 1, BEA R AF AR BB 1
WIE, XATRERS AN I A ) TR B, AT A i
ROR BT, IR GABCO FEfh S3 I AR5 K.
24 GABCO H#mBIHEIZN

5 JE ARSI BT 4 19 GABCO #8 S A il 7 77 K.
TN NIRRT T Ih g, P B R b I
T 8 5 LR Y. 5 R [ A e 4 i FE 1 O R I .
R FH ) NdFeB 7RG AR ELAR 0 20 mm. K 1H B R #EA 2
0.5 T, 7KLV FHH 2 [0 B/ ME S 0.5 mm.
H P 5 AT, FEGY ST 2 ST MIRERTE )1 b )13 T LB
HH S8 38 K ek /N R AR AR, FF b S3 MG F 1 K T
5 8 14135 B B KAE(38.7 N 11.4 N/em?).
2.5 Gd211 FEIREHE A BB L 43T GABCO ##

h UL 557 B 52 i

Bl 6 52 R I AN ] G211 2% 3K [ AH $ 1l 45 11 GABCO
FE S BOCAS BUR K SEM [ . i 3 AT 6 ml 4,
B 5 5l DX A B b G211 R ST~ 3400428 (10 8 37 14 K

F 1 Gd211 EREHRE XN GIBCO #miIERE
Table 1 Diameters of Gd211 pre-forms and corresponding

GdBCO samples

Diameter of the Diameter of the

Samples pre-forms/mm GdBCO samples/mm
S1 20.10 20.28
S2 20.00 20.30
S3 19.70 20.80
S4 18.82 20.62
S5 18.20 20.30
S6 17.90 19.70
S7 17.60 19.00
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Fig.5 Levitation force curves of the GABCO samples
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FHER ) RE211 KL 78K, REBCO £ & 1] RE211
R AR HOCHS10) 3 R S3 BIRE S ST IS I — 5.
A&, FEah S1. S2. S3 MBI sE AR, 7E Gd211
6 R [ AH e b JF B AR ORI Gd211 RE (R T
5 um), {HFES ST A1 S2 HHIHILT 20 pm LL LT
Gd211 i ¥, XE—FRrL G, LLRT A WL EIAH SRk
o FEAFAH 5 HTAH Y. G211 5 IR [ AH B 58 25 46 1 ik
fi b, RIFBOX—FIZ MR FELE T HBAEKE
W] AH e b A7 V8 2 TEARA LR /) G211 Ki -1 (L 3a);
Gd211 R MRLAR N, TERBRAS RN, L3R TH Bt
B, EPERUBR S 7SR R, XA Gd211 KL
MA IR, FERPIRE G T IR RN
YRR, Gd™ BT W/ G211 KL [ 45 i

ORI Gd211 L4850, AR Gd211 R+
Kk, B/ME G211 KTk — B AL . B
B R IXFEFAERE R ST P AR TV 2 BRI Gd211
BT (LK 6a). BEE RSB AEKAT G211 JedR [ AH e
TEARASHE I (0 /KL 5~ ) gl /> (WL 3b), AR B a3 2K
THRER S2 K Gd211 KT u A (LI 6b). T
FE i S3 AH R R 5 B [ AR e rbr T8 T R AS B0 g 7
Gd211 KL (W1 3c), MUEFE Al 83 Hh 2B BRI Gd211
ki, RSN Gd211 KL~ (W & 6¢).

B 7 2 R AR Gd211 56 SR [ AH Bk 31 45 11 GABCO
FE S BORAS BN SEM B . i 3 R 7\l 40,
B A5 5 90K ] AF B AL 6 1R 8 /), GABCO FF iy
AL . BRI R, S8 R AT BRI LA
fiK, #1401 GABCO i 4L, X5 Kim M4
(1 51 58 48 S — B0

GABCO M5 ¥ i (1) V7 70 % 5 5B e 3 K
Jig ok /IS 1) 7 A R B4 R RE it TR S 2 A R e 1
FESL ST A, 4 20 pum BL B Gd211 #i (LK 6a)fi
B2 MAALE Ta). BRI, RE S I ROE ET HLAE 1 59
W LR BT R /N6.6 Nem?), XK 5 i
7 A g5 A4

MIXEF ST AR =, S3 bR LD, K
) Gd211 ki 73 H b /b, {H/N Gd211 ¥ 140 B H45 fr
Hon, AT A R TORE S O REIE T FL e ) R E ) B
FE(M 6.6 N/em? B4 K F] 11.4 N/em?). X 5K 5 bl
7 1R g5 AN — 2. M S4 F| S6, GdBCO # T F i
HE G211 KA K AR S (WL E 6), Gd211 Ri+
102 FE Bk sy, B T R A R R D R
SRIXFIG B0 R BE AL 28 Bk b (B 7)), (EIEVEHR

Kl 6 GdBCO #:ih it SEM My
Fig.6 High magnification SEM images of the GABCO samples: (a) S1, (b) S2, (c¢) S3, (d) S4, (e) S5, (f) S6, and (g) S7
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Fig.7 SEM images of the GdBCO samples: (a) S1, (b) S2, (¢) S3, (d) S4, (e) S5, (f) S6

T PR Gd 123 A R s> S G211 RL 148 KK
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/NN 10.3 N/em? /M 5] 4.8 N/em?). X 58 5
BIVF AL RAR— B FE S3 T Gd211 KT
Bl /N BB OLE 6c), [AIERE S T <L
AN, HRE SRR ) (11.4 N/emP) e K. XK
5 TR S 85 RARW) 4 .

UGS R, S IR A B A 2R g R ]
HHGE W 2 GABCO 5 FF il 1) 0 A 20 23 45 1 A i
FrERE . FEMLIEAL B, AEE VAR T B S SR
P B 10 2 9K A B i 2 LR JLANRE A Gd211 R T
B S Bk B ERCIR Uk, P BIRLAR RN, fE 1~2 pm;
G211 K PR E A 538, ALRLE 30% 440

3 & it

1) Bl 4530 R 1 T i, 5 SR i AR Bl e I AROK 2
TEARA TN () G211 Fr 7 PRI« FFTE BRIk B
BORAL 5 AR N B 9 G211 3 1 D) 328 ik 1

2) BeLkiE Rk, Se oK B A B G211 R P
BRI, AL,

3) KA YR AR P A2 . Gd211 K3 A 3R
EI1EE SN LRI B8 S A Gt 5 NN 1 2 S R P L
Hul GABCO # FH M 1) G211 RL 7 P3R4 e/
FE b () G £ T FL O G D1 K2 387 N(FE i L
1220 mm, MR 77 K, KA EE 20 mm, FIH
3% 0.5 T).
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Effect of Microstructure of Gd211 Particles on the Levitation Force of Single Domain
GdBCO Bulk Superconductors by TSIG Process

Yuan Xiaochun '#, Yang Wanmin '
(1. Shaanxi Normal University, Xi’an 710062, China)
(2. Xi’an University of Science and Technology, Xi’an 710054, China)

Abstract: By controlling the sintering temperature of Gd211 solid block, a series of Gd211 precursors with different microstructures were
obtained. On this basis, single domain GABCO bulk superconductors were fabricated by a top-seeding melt infiltration growth process.
The macro morphology and microstructure of the GdBCO bulk and Gd211 precursors, as well as the magnetic levitation force of the
GdBCO superconductor were researched. The results show that it is only when the microstructure of the precursors block meets the
conditions below: Gd211 particles are spherical or ellipsoidal and the average size is relatively small, the gaps between Gd211 particles
are appropriate that the size of Gd211 particles in the single domain GABCO bulk superconductor is the smallest, and the levitation force
of the samples are the largest (the maximum force is 38.7 N, the sample diameter 20 mm, the test temperature 77 K, the permanent magnet
diameter 20 mm, the surface magnetic field 0.5 T).

Key words: Gd211 solid block; single domain GdBCO bulk superconductors; microstructure; magnetic levitation force
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